
CO:-otPUTER S : · A'AR'!: PACI\AG.E fOR 3-:::> PLaiTING 



DEVELOPMENT OF COMPUTER SOFTWARE PACKAGE FOR 3-D PLOTTING 


AND SOME APPLICATIONS 


by 

PETER P. ZACHAR (Dipl. Eng.) 

A Thesis 

Submitted to the School of Graduate Studies 

in Partial Fulfillment of the Requirements 

for the Degree 


Master of Engineering 


McMaster University 

March, 1972 



MASTER OF ENGINEERING (1971) MCMASTER UNIVERSITY 

(Design) Hamilton, Ontario 

TITLE: 	 Development of Computer Software Package 

for 3-D Plotting and Some Applications 

AUTHOR: 	 Peter p. Zachar (Dip 1. Eng.) 

SUPERVISOR: 	 Professor M. C. de Malherbe 

Nill1BER OF PAGES: 	 227, xiv 

SCOPE AND CONTENTS: 

This thesis is a design of a three-dimensional plotting 

routine for the computer facilities at McMaster University ~vith 

a subroutine to adopt the package for use on other computer 

systems and is divided into four sections. 

Section A is a review of the necessity of computerized 

plotting in science and engineering design with particular 

emphasis on software sophistication, which is the subject of this 

work. 

Section B describes the principles employed and the basic 

logic of the soft\vare package. The method by which a three

dimensional solid is mapped is also explained. 
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Section C is a complete user's guide to the package. 

Section D deals with some applications for the package 

such as the solution of design optimization problems, visual 

analysis of data sets, an aid to teaching and combined interpolation 

and display of experimental results. 

iii 



ACKNOWLEDGEMENTS 

The author expresses his sincere gratitude to Dr. M. C. 

de Malherbe of McMaster University for invaluable help and guidance 

given during and before this project. 

Dr. G. L. Keech, Director of McMaster Computing Centre is 

gratefully acknowledged for his help and understanding and his 

assistance in making available the facilities of his department. 

Co-operation and help of Computer Centre's Academic 

Systems Group and computer operating personnel is also acknowledged 

and appreciated. 

The author also wishes to thank Marg Hruboska for her 

dedicated and expert typing of the manuscript. 

The author is particularly indebted to his parents whose 

guidance and encouragement is much appreciated. 

iv 



TABLE OF CONTENTS 

CHAPTER PAGE 


SECTION A 1 


BACKGROUND 


1 INTRODUCTION 1 


1.1 Abstract 1 


1.2 Fundamentals of the Problem 2 


SECTION B 7 


BASIC PRINCIPLES 


2 ASSUHPTIONS AND DEFINITIONS 7 


3 GENERATING & PREPARING THE ARRAY FOR PLOTTING 9 


3.1 Generating the Array 13 


3.2 Application of Area Restrictions 13 


4 OPERATIONS ON THE HATRIX 14 


4.1 Rotation of the Hatrix 14 


4. 2 Maximum and Minimum Values 15 

4.3 Horizontal Size and X and Y Increments 15 


4.4 Vertical Scale 18 


4.5 Conversion of the Array of Values 19 


5 DRAWING OF THE SURFACE 20 


5.1 Positioning of the Surface 20 


5.2 Choice of a Path for the Pen 22 


5.3 The Hidden Lines Algorithm 25 


v 



5.4 Discussion of Difficulties which may Occur 

6 MAJOR SUBROUTINES EMPLOYED IN MAPPING 

6.1 Subroutine FIZL 

6.2 Subro1,1tine ELEV 

6.3 Subroutine EYE 

6.4 Subroutine INCO 

6.5 Subroutine MOVE 

7 FITTING OF THE MAPPED SOLID 

7.1 General 

7.2 The Cube Approximation 

7.3 The Maximum Angle of the Tilt 

7.4 Calculation of the Dimensions 

7.4.1 	 The Angle of the Side of the Base 

7.4.2 	 The Length of the Side of the Base 

7.4.3 	 The Scaling Factor and the Vertical 

Size of the Mapped Plot 

SECTION C 

GUIDE TO THE USE OF THE 

8 GENERAL DESCRIPTION 

9 SERVICE SUBROUTINES 

9.1 General 

9.2 The Calling Program 

9.3 Subroutine OBJECT 

9.4 Subroutine UFILL 

9.5 Subroutine CONST 

PACKAGE 


25 

29 

29 

29 

32 

33 

33 

38 

38 

39 

41 

41 

41 

43 

44 

46 

46 

48 

48 

48 

49 

49 

50 

vi 



9.6 Subroutine EQUAL 51 


10 INPUT DATA 53 


10.1 General 53 


10.2 Subroutine INPUT 53 


11 DESCRIPTION OF THE INPUT PARAMETERS 56 


11.1 General 56 


11.2 INTX1,INTX2 60 


11.3 ISIZE,JSIZE 60 


11.4 NCONS 62 


11.5 NEQUA 62 


11.6 KLASS 64 


11.7 ALPHA 66 


11.8 ANGLE 68 


11.9 PAPER 68 


11.10 XLENG 70 


11.11 VSIZE 72 


11.12 XYROT 74 


11.13 XlMAX,X2MAX,XlMIN,X2MIN 76 


11.14 Defining of the Parameters 76 


12 DESCRIPTION OF THE SHITCHES 78 


12.1 General 78 


12.2 NOLAB 78 


12.3 NOPLO 79 


12.4 PRINT 79 


12.5 PUNCH 79 


vii 



12.6 ENDDA 

12.7 Setting the Switches 

13 OUTPUT 

13.1 The Plot 

13.2 Printed Output 

13.3 Diagnostics and Fatal Errors 

14 COMPUTER MEMORY 

14.1 General 

14.2 Dynamic Storage Allocation 

14.3 Selection of the Loader 

14.4 Input/Output Buffers 

15 INPUT/OUTPUT FILES 

15.1 General 

15.2 TAPE2 

15.3 INPUT,TAPE5 

15.4 OUTPUT,TAPE6 

15.5 TAPElO 

15.6 PUNCHB,TAPE8 

15.7 TAPEn 

16 USE OF THE PACKAGE ON OTHER COMPUTERS 

16.1 General 

16.2 Subroutine DIFFER 

16.3 Library Subroutines 

17 PERFORMANCE AND TIMING (SUMMARY) 

80 

80 

81 

81 

87 

91 

92 

92 

92 

97 

98 

100 

100 

100 

101 

102 

102 

102 

103 

104 

104 

104 

105 

106 

viii 



SECTION D 108 


SUMMARY - APPLICATIONS 


18 GENERAL 108 


19 OPTIMIZATION PROBLEMS 109 


20 FUNCTIONAL ANALYSIS IN DESIGN 115 


21 EVALUATION OF DATA SETS 117 


22 TEACHING DESIGN OPTIMIZATION 124 


23 IMPROVEMENT OF INCOMPLETE EXPERIMENTAL DATA 125 


24 VISUALIZATION OF DISCREET EXPERIMENTAL DATA 127 


REFERENCES 

ix 



APPENDICES 


. PAGE 

A LIST OF STOPS, DIAGNOSTIC MESSAGES AND 


SUBROUTINES GENERATING THEM 134 


c CROSS REFERENCE DIRECTORY OF THE PACKAGE 


B LIST OF PACKAGE SUBROUTINES AND FUNCTIONS 138 


LIST OF LIBRARY SUBROUTINES 144 


SUBROUTINES 145 


REFERENCE DIRECTORY OF SERVICE SUBROUTINES 148 


D TYPICAL DECK STRUCTURES 149 


E LISTING OF THE 3-D PACKAGE 154 


X 



LtST OF }'IGUEES 

Figure Page 

3.1 Flowchart of Subroutine SURF99 	 11 


4.1 Directions of View 	 14 


4.2 Original Matrix as Stored in the Memory 16 


4.3 Original Matrix as Plotted 	 16 


4.4 Rotated Matrix as Stored in the Memory 	 16 


4.5 Rotated Matrix as Plotted 	 16 


4.6 Principle Projection 	 17 


5.1 Plan View of the Matrix as Plotted 	 21 


5.2 Left-to-Right Pen Paths 	 23 


5.3 Right-to-Left Pen Paths 	 23 


5.4 Combined Pen Paths 	 24 


5.5 Plot Without Subroutine INCO 	 27 


5.6 	 Line Printer of Representation of Figures 5.5 27 


6.1 	 Flowchart of Subroutine FIZL 30 


6.2 	 Special Configuration of Flagged and Nonflagged 


Values 32 


6.3 	 Flowchart of Subroutine EYE 34 


6.4 	 Flowchart of Subroutine INCO 36 


7.1 	 Cube Approximation 40 


7.2 	 Maximum Angle of Tilt 40 


7.3 	 Relationship between Projection and Tilt 


Angles of Base 42 


xi 




7.4 

10.1 

11.1 

11.2 

11.3 

11.4 

'11.5 

11.6 

11.8 

11.9 

11.10 

11.11 

11.12 

11.13 

11.14 

11.15 

11.16 

11.17 

11.18 

11.19 

11.20 

12.1 

13.1 

13.2 

End Elevation of Figure 7.3 

Sample of Error Message 

Basic Plot of 3-D Solid for Parameters Listed 

on Page 58 

INTX1=5 

INTX2=10 

NCONS=l,NEQUA=O 

NCONS=O,NEQUA=l 

NCONS=l,NEQUA=l 

KLASS=2 

ALPHA=l5.0 

ALPHA=40.0 

ANGLE=l5.0 

ANGLE=25 

ANGLE=60.0 

XLENG=2.0 

XLENG=3.0 

VSIZE=2.0 

VSIZE=4.0 

XYROT=90.0 

XYROT=-90.0 

X1MAX=2.0,XMIN=0.5,X2MAX=4.0,X2MIN=0.7 

Switch NOLAB "On" 

Identification of Plot and List of Parameters 

Report on Plotting 

42 

55 

59 

59 

61 

61 

63 

63 

65 

65 

67 

67 

69 

69 

71 

71 

73 

73 

75 

75 

77 

80 

85 

88 

xii 



13.3 	 Line Printer Representati.on of the ;Figure 11.6 90 


14.1 	 Computer Memory Structure 93 


14.2 	 Flowchart of Subroutine PLOT3-D 95 


19.1 	 Solution of Optimization Problem with no 


Constraints 113 


19.2 	 Solution of Optimization Problem with One 


Inequality Constraint 113 


19.3 	 Solution of Optimization Problem with One 


Equality Constraint 114 


19.4 	 Solution of Optimization Problem with One 


Equality and One Inequality Constraint 114 


20.1 	 Response Surface for Tool Life 116 


21.1 	 Flood Wave Propagation - Basic View 119 


21.2 	 Flood Wave Propagation - Rotated View 120 


21.3 	 Concentration of Pollution from Two Sources 

Basic View 122 


21.4 	 Concentration of Pollution from Two Sources 

Rotated View 123 


23.1 	 Interpolated Results from High Temperature 


Experiment 126 


24.1 	 Display of Matrix with Eratic Data 127 


xiii 

http:Representati.on


LIST OF TABLES 

PAGE 


TABLE 1 List of Parameters 57 


TABLE 2 List of Switches 78 


TABLE 3 Memory Requirement 97 


xiv 



SECTION A 

BACKGROUND 

CHAPTER 1 


INTRODUCTION 


1.1 Abstract 

A computer program and a user's guide is developed for 

representing three-dimensional surfaces on a two-dimensional 

plane. 

The program is user-oriented and the way the input is 

handled by the program makes it very easy and convenient for 

the user to prepare. 

Given a function z = z (x,y) the program evaluates and 

plots, in orthogonal dimetric projection the values of z for 

any x and y variables while eliminating all hidden lines. The 

program also plots and scales on the same diagram the axes, 

marks the maximum and the minimum points if they are visible, 

writes on the plot the parameters controlling the plotting, and 

prints any heading specified. 

An important feature of this package is that the function 

z(x,y) does not have to be a continuous function. 

The function can also be supplied as discreet points 

and if the function is known to be smooth and the array is not 
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complete, 	 the program can interpolate between known values 

using the 	method of "cubic spline fit" and plot the smooth 

'complete' surface. 

Various applications are given in the field of optimization 

techniques, function analysis, data evaluation, and teaching. 

1.2 	 Fundamentals of the Problem 

It is well known that, in general, pictures of surfaces 

can convey certain messages faster and easier than any other 

form of communication. 

A designer's or scientist's world is full of formulas, 

equations, sets of data or experimental results and he or she is 

very often forced with the problem of presenting the results 

or analyzing the formulas or data sets obtained. 

Figures, graphs and models are used to describe this 

abstract data in many cases. 

For the relationship between two variables, one independent, 

the other dependent, it is easy to draw a plot in two dimensions. 

Such a plot may be drawn by hand, but for a fast display or a 

display of repeating data sets a computer may be utilized and 

its use in this field is growing rapidly. The problems arising 

from the use of computers in a graphic field are not of hardware 

availability, but of software sophistication. 

The basic level software for digital plotters is well 

developed and adequate for any two-dimensional drawing (1,2). 


However, if a r.elationship between three variables is to be 




3 

represented on the plotter, a plotting program has to be written 

to perform the task. To satisfy the need for higher level soft

ware there are basically two ways of approaching the problem of 

representing a function of two independent variables. 

The surface representing the function may be represented 

by a set of curves, that join the points of equal values (2,3). 

These are called contours and are analogous to isotypes on 

topographic maps or isobars on the weather maps and are very 

convenient for quantitative evaluation of the functions. The 

flexibility of contour plotting programs usually allows the user 

to specify the values at which the contours are to be drawn 

and,therefore,relevant numerical information may be extracted 

from the plot. 

The other approach to representation of relationships 

between two independent variables is a planar projection of the 

surface, which is formed by a dependent variable as a function 

of the two independent variables. This type of representation 

emphasizes the qualitative aspects. Properties, rather than actual 

numerical values of the function are of interest in this case. 

There are several types of projections, that may be used 

as well as several ways of visualizing the function. 

Among the methods of representing three-dimensional figures 

on a two-dimensional surface, the following methods are most 

common: (5, 6) 
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Perspective Projection 

Perspective projection is as close as possible the same as 

viewing the object itself in the space (7). This type of projection, 

however, is not directly measurable. 

Orthographic Projection 

Orthographic projection produces an acceptable pictorial 

view and is easier to measure than perspective projection, as all 

parallel lines are equally foreshortened. 

Among several types of orthographic projections such as 

trimetric, dimetric, isometric or oblique, the dimetric projection 

seems to be especially suitable for computer generated drawings. 

Two principle axes are foreshortened in the same ratio, i.e., 

the line of sight is equally inclined to two of the principle 

planes if using dimetric projection. 

Once the type of projection is determined, there are 

various methods and techniques for displaying the surface. The 

surface is most commonly represented by a set of curves that 

join the points at the surface. The set of points that lie on 

each of the curves may be,generated using four basic techniques: 

- for constant z find the x and y values and plot z 

- for constant x vary y and plot z 

- for constant y vary x and plot z 

- vary x and y using given algorithm and plot z 
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The first method is similar to contour plotting and not used 

much in computer derived planar drawings. 

The last three methods are very common and the method 

chosen for this thesis is a combination of the second and third 

methods which results in shading of the drawing if the density 

of the curves is sufficient. 

As the sophistication of the display increases, the 

program becomes more complicated. This can be shown if the 

length of the plot program in reference (4) for contours is 

compared with the length of the three-dimensional program in this 

work. 

Mo~of the work in three-dimensional computer generated 

displays is centered on functions such that z=z(x ,y) where z is 

continuous and smooth (8). The need for plots of discreet and 

piecewise continuous functions arises when t he fields of topography (9 ) 

statistics, vibrations or acoustics are studied. Wherever random 

numerical data is presented, a 3-D plot helps, when available, 

to visualize the data (10,11). 

When functions are discontinuous at one or several points 

or along certain curves, the plots of the functions become more 

valuable since the visualizing of these functions becomes more 

difficult. 

The visualizing of the intersection of two surfaces also 

becomes simple with the aid of 3-D plots. This thesis also deals 

with the plotting of any surface z=z(x,y) intersecting the surface 

Y1=y1 (x) · 



6 

The art of plotting of intersections and/or discontinuous 

surfaces offers great possibility for advances in the computer 

graphics field. 



SECTION B 

BASIC PRINCIPLES 

CHAPTER 2 


ASSUMPTIONS AND DEFINITIONS 


The basic logic of the program requires a two dimensional 

rectangular or square array (matrix) of values, which represents a 

surface, which is a function of two independent variahles, xl and x2 

as an :input. Elements of the matrix represent a grid of points of a 

rectangular mesh dividing the area defined by the lower and upper 

limits of xl and x2 into equal intervals for each variable. 

The values stored in the matrix are represented by the function: 

u = u(xl,x2) (2 .1) 

Elements of the matrix are represented by the function 

u
1
.J. = u(xl . + (i-l)~xl,x2 . + (j-l)~x2) (2.2)m1.n ml.n 

where 

x~in and x2min are the lower limits of the variables xl 

and x2 respectively 

xl max - xlmin 
~xl = (2. 3)n 


x2 max - x2min 

~x2 = (2.4)m 

where: n is the number of intervals along the xl axis 

m is the number of intervals along the x2 axis 

To store all the values xl and x2, a matrix of dimension 

7 
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(n+l,m+l) is required. 

If the surface is restricted in an area within the range of xl 

and x2, all elements falling within this restricted area are flagged. 

These flagged elements are assumed to have zero elevation with respect 

to the base even though their values might be known. 

An algorithm was written to draw the surface by scanning the 

matrix, first column wise, then row wise. The pen is directed to join 

the neighbouring values, subject to the condition that hidden lines are 

not drawn. It is assumed that the function representing the surface 

exists and is continuous between two neighbouring non-flagged values. 

Thus it is possible to join the values by a straight line. The surface 

is assumed not to exist between a flagged and non-flagged value, as 

well as between two flagged values, thus a grid pattern on the base is 

mapped between all values where the surface does not exist. 

It is further assumed that if both points of a line segment 

joining two elements are visible/hidden, then all points on this segment 

are visible/hidden. This assumption is true in the majority of cases 

and should it cause a significant inaccuracy in a particular mapped 

plot, a change in the xl and/or the x2 intervals or a finer grid will 

remedy the problem. 

The surface is assumed not to exist at all between two flagged 

values. It is assumed to exist between two non-flagged values and 

to either not exist or partly exist between a flagged and a non-flagged 

value. 



CHAPTER 3 


GENERATING AND PREPARING THE ARRAY FOR PLOTTING 

The array of values defining the surface undergoes several 

processes before the drawing routines are called to map the matrix 

on the paper (see Figure 3.1). 

3.1 Generating the Array 

The matrix is initially stored for plotting by a subroutine 

called GETMAT. All elements are flagged as non-existent by setting 

them to a dummy quantity before any operation on the matrix starts. 

The values of the matrix are supplied in two basic ways: 

a) Internally, i.e., using a function repres enting the surface, 

b) Externally , i.e., the matrix is supplied from a source outs ide 

the plotting package and is merely transferred to the program. 

In the latter case, if not all the elements are known, or 

defined, the matrix can be completed by an interpolating routine 

included in the package. 

3.2 	 Application of Area Restrictions 

Area restrictions which represent constraints on the data 

contained in the matrix are introduced by means of a subroutine 

called CONST. The matrix is searched to find and flag any element 

that lies in the restricted area. In addition, the matrix is further 

searched after elimination of elements in restricted areas for single 

elements surrounded by the flagged ones. Such elements, if found are 

also t"lagg ed. The second e l imina t ion procedure is included because 
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of the necessity to map the surface clearly, i.e., to eliminate 

the drawing of single lines that represent isolated values within 

a restricted area. 



SURF99 

Check validity of 
input data 

Print list of parameters 

Check if available memory 

is sufficient 

Fill the matrix array 

for future plotting 

DATAT 

PRINTL 

DIFFER 

GETMAT 

Mark elements 
that violate the 

constraints 

Mark isolated 
elements as 

viola tin 

Rotate the 
matrix 

11 

Store original matrix 
on logical unit t!2 

Figure 3.1 


Flowchart of Subroutine SURF99 (cant' d) 
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Convert the matrix 

MAXIM
to plotter units 

Store scaled matrix 
on logical unit #2 

Initiate plotting 
and identify plot 

Draw left to right lines 
and contours associated 

with inn'er corners 

Draw right to left lines 
and contours associated 

with inner corners 

Draw base contour 

DATE 
INITP 

PLOT 
LETTER 

MOVE 
FIZL 
INCO 

MOVE 
FIZL 
INCO 

MOVE 

Mark paths of 
equality constraint 
on the drawing and 
mark elements 
lying on· the 
paths 

Figure 3.1/1 

Flowchart of Subroutine SURF99 



Yes 

Finish the plotting 

(Write message, 
end the plot tape) 
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No Write comments 
on plot 

Print the top 
vie'11 of the 

plotted surface 

PRINTG 

Print and/or 

punch the 

matrix 

UOUT 

RETURN 

Figure 3.1/2 


Fowchart of Subroutine SURF99 




CHAPTER 4 


OPERATIONS ON THE MATRIX 


4.1 Rotation of the Matrix 

The matrix can be rotated if a view of the surface is required 

from a point other than the lower left hand corner as shown in figure 

4.1. 

I 
MATRIX(Xl) 

Direction 1 ~ 
Pd 

J 

(X2) 
~irection 2 

~ 
Figure 4.1 

Directions of View 

Rather than changing the algorithm for mapping the contour, 

which is set up for view from direction 1, the whole matrix is rotated 

within the core space allocated to it in the computer memory until the 

corner required can be seen from direction 1. 
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The rotating routines are called ROTOR and READU and they rotate 

the matrix clockwise so that the surface mapped is rotated anticlockwise. 

The matrix is written row-wise starting from the last row in the file, 

element by element, from which it is read back into the same array, 

column-wise. The necessity of doing this in two different routines 

arises from the need to rotate arrays that do not have equal sides in 

which case the dimensions of the matrix have to be mutually changed. 

Figures 4.2 through 4.5 show the rotation and its effect on the drawn 

surface. 

4.2 Maximum and Minimum Values 

The maximum and minimum values of the matrix have to be known 

primarily in order to scale the mapped plot so that it fits into the 

specified overall vertical size on the paper. As their locations are 

also recorded for the surface generated analytically, they are marked 

on the mapped plot if visible. In cases where there are multiple 

maxima and minima, the largest maximumand smallest minimum will be 

marked. 

4.3 Horizontal Size and x and y Increments 

The horizontal size of the mapped plot results from the specified 

length representing the larger of the two dimensions of the matrix and 

the angle of inclination of the side of the base as shown in Figure ·4.6. 
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J: ... J .... 

1 

2 

3 

4 

5 

5 4 3 2 1I 

Figure 4.2 

Original Matrix as Stored 

in the Memory 


Figure 4.4 

Rotated Matrix as Stored 
in the Memory 

Figure 4.3 Figure 4.5 


Original Matrix as Plotted Rotated Matrix as Plotted 
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FC 

VSIZE 

Figure 4.6 


Principle Projection 
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Each element is located at the grid point whose location on the 

paper has to be known prior to the drawing of the surface. Depending 

on the position of the matrix which is discussed in Chapter 5, the 

location of the grid point of the element u .. is calculated as follows: 
l.J 

llx(j-i) (4.1) 

l:ly(j+i-2) 	 (4.2)yij 

where xiJ' andy,. are co-ordina tes of the point with respect to
l.J 


the origin at u11 • 


l:lx Q, cosa./m 


l:ly Q, sina./n 


where is the length of the longer side and 


a is the projected ang le of t he side 


The overall horizontal s ize is given by the equation 


m n 

h 	 I I l:lx

l.J
.. (4.3) 

i=l i=l 

4.4 Vertical Scale 

The vertical scale is calculated with respect to t he overall 

size of the mapped plot so that this overall size is equal to a pre

specified value. Two points have to be recognized before calculation of 

the scaling factor. 

a) The mesh parallel to the xl-x2 plane is positioned at 

u = 0 for u . ~ 0ml.n 

u = umin for umin < 0 

This means that when the minimum value of the matrix i s negative, 

the minimum value is subtracted from each value before the scaling 

factor is calculated. 
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b) 	 The grid points of the mesh have their actual locations on the 

paper given by (4.1) and (4.2). 

Thus the scaling factor is given as the minimum of all vsij as 

follows: 

vs ..
l.J 

(v-y .. )/(u .. - flu)
l.J l.J 

(4.4) 

where: vs ..
l.J is the scaling factor for element u . . 

l.J 

v is the overall vertical size 

Yij is the vertical co-ordinate of the grid point 

corresponding to the element uij 

U· • is any value of the matrixl.J 

flu=O for u . ~0
m1.n 

llu=u . for u . <0 m1.n m1.n 

4.5 	 Conversion of the Array of Values 

Before mapping of the surf ace starts, the original matrix is 

recalculated so that each element which had a non-flagged value 

representing its elevation on the surface is scaled and elements that 

had their value flagged are set to -1.0. Because the origin for 

drawing of the mapped plot is located at the grid point u all11 , 

defined elements have positive values which distinguishes them from 

those which are not defined. Conversion of the matrix is then as 

follows: 

-1.0 for flagged elements 

u1·J· = (u .. -flu).vs + Y· · (4.5)l.J l.J 

where uij' flu, vs and yij have the same meaning as in equation (4.4). 



·cHAPTER 5 


DRAWING OF THE SURFACE 


5.1 Positioning of the Surface 

The surface is mapped so that the observer's direction of view is 

45° from a pos i tion in front of a corner of the mapped solid corresponding 

to the element u 11 as shown in Figure 4.1 (i.e. a ilime~c projection). 

The variable subscripted by I is represented by the left hand 

horizontal axis. The J subscripted variable is represented by the 

right hand horizontal axis. 

The surface is completed by the two front visible vertical 

planes to give an image of a solid body. The sides of the base are 

kept in the ratio of the dimensions of the sides of the matrix used for 

storage of the elevation of the points on the surface of the solid. 

11 m'-1 
-= (5.1)n'-1lR 

where 11 is the length of the left side of the base 

lR is the length of the right side of the base 

m' is the first dimension of t he matrix 

n' is the second dimension of the matrix 

By the above method, the grid points of the mapped plot are 

ordered in rows so that when projected they lie on vertical lines. 

This method has been adopted so that rapid search can be made by the 

algorithm that checks for hidden lines. Also, it limits rotation of 
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the matrix to multiples of 90° which is not a limitation of the program 

since,besides rotation,the object may be tilted as well and so be seen 

from all sides. If the angle of rotation were allowed to take on any 

value, the time required to execute the program would be greatly 

increased with no benefit in terms of increased utility. 

Figure 5.1 shows the projected base network of a 5x7 matrix. 

Figure 5.1 


View of the Matrix as Plotted 
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5.2 Choice of a Path for the Pen 

The surface is mapped by sending the pen from one element to 

the next according to an algorithm. There are three basic ways of 

drawing the lines. 

a) The pen travels along the rows of the matrix, i.e. the I subscripted 

variable runs through a complete cycle before the J subscripted 

variable is changed (see Figure 5.1). 

b) 	 The pen travels along the columns of the matrix, i.e. the J 

subscripted variable runs through a complete cycle before the I 

subscript is changed. 

c) 	 The pen travels along diagonals, i.e. both subscripts vary simul

taneously, the one increasing, the other decreasing as shown on 

the dashed line of Figure 5.1. 

Each of the three algorithms may be used alone, or in combination 

with the others. Figures 5.2 through 5.4 show examples of some alter

natives. 

It is obvious that for a thin mesh, or large increments ~x and ~y 

the image of the mapped solid will not be satisfactory. Therefore, the 

algorithm built into the progr.am draws the lines both row-wise and 

column-wise. This is especially necessary for cases where the program 

has to produce a clear plot of the edges of the solid and restricted 

areas as apparent from Figures 5.2, 5.3 and 5.4. 

http:progr.am
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Figure 5.2 


Left-to- right Pen Paths 


Figure 5.3 


Right-to-left Pen Paths 
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Figure 5.4 

Combined Pen Paths 
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5.3 The Hidden Lines Algorithm 

The fact that the hidden lines are not drawn is one of the major 

advantages of the package. 

The conversion of the matrix as described in Chapter 4 and the 

choice of the position of the surface, in Chapter 5 enable the logic 

to perform a rapid check. 

Before the pen is moved to its next position, the visibility 

of the point is checked against all points standing in front of the 

tested one. If the tested value is the largest value in the line of 

sight, the point is visible, otherwise the point could be hidden. 

Comparing the visibility of the next point with the point at which 

the pen has stopped , the line is either drawn fully or not drawn at 

all for the cases where the points are both visible or hidden 

respectively. 

If only one of the points is visible, a point of intersection 

with the shading contour is found and the line is drawn up to this 

horizon (inthe case where the next point is hidden) ar starts at the 

horizon when the next point is visible. 

The advantage of having the grid points ordered along the line 

of sight is apparent because they have to be checked for visibility. 

If the points did not run along the line of sight it would be necessary 

to interpolate to find a horizon. Such a procedure would involve 

added CPU time with no apparent advantage. 
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5.4 Discussion of Difficulties which may Occur 

As has been mentioned, it i .s difficult to interpret a plot 

with a low density mesh, particularly so ,.,hen the surface has restricted 

areas (constraints). This difficulty of interpretation can only be 

improved by increasing the density of the lines. 

Since the surface is assumed not to exist between two flagged 

values, or between a flagged and a non-flagged value, lines joining such 

values represent the grid on the base only. This does not cause any 

difficulties ~thin the restricted area; however, at the boundaries 

elements have two values, one on the base and the other on the surface. 

The pen has to be moved to the boundary between restricted and non

restricted areas and at this boundary it has to either be moved from 

the base to the surface or from t he surface to the base depending on 

whether the boundary was approached from a restricted or a non-restricted 

area. These two types of moves have to be made in one step 'vhile main

taining the hidden line condition . Thus, the hidden line algorithm has 

to be modified to adopt straight vertical lines that jam the edge of 

the surface to the base at the intersection of restricted and non

restricted areas. 

Figure 5.5 represents another major problem, namely the 

representation of inner corners. Comparing this figure with Figure 5.6, 

representing the top view of the surface, it can be seen that the 

contours of the corners resulting from the situation at the element 

U(6, 6) (Figure 5. 6) cannot be drawn by a simple algorithm that joins 

two consecutive points while handling the boundaries as described above. 
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Figure 5.5 


Plot Without Subroutine INCO 
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Line Printer of Representation of Figure 5.5 
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In order to complete the plot, namely, to draw the vertical 

contour of the corner and the horizontal contour of the bottom (base) 

of the surface, a special routine has to be called before a move to 

the next point is made. 

In contrast to the above, values at the corners that project out 

- element U(5,6) - are accessible from both the I and the J directions. 

Thus the vertical line would be drawn twice (Figures 5.5 and 5.6). 

To prevent this, the value that causes the problem is flagged once, 

the vertical line is drawn, and when found by drawing the lines in the 

other direction, mapping of the corner is bypassed. 



CHAPTER 6 


MAJOR SUBROUTINES EMPLOYED IN MAPPING 


The main tasks during the generation of the mapped plot are 

accomplished by five subroutines, the overall logic of which are 

discussed in the following paragraphs. 

6.1 Subroutine FIZL 

This subroutine, once supplied with the identification of the 

matrix element to which the pen is supposed to move next, checks for 

various conditions before the move is made and calls for movement of 

the pen; see the flowchart represented on Figure 6.1. 

The routine tests whether the boundary has been reached, and if 

so, supervises the repositioning of the pen from the surface to the base 

or vice versa, by calling subroutine ELEV. It also flags elements, when 

necessary,to prevent the drawing of a duplicate contour as discussed at 

the end of the previous chapter. 

Before moving from one point to another, this subroutine checks 

visibility by calling a subroutine EYE and finally for the actual move 

a call to the subroutine MOVE is issued. When the move has been made, 

control is returned to the calling routine to obtain the location of 

the element through which the line has to be drawn next. 

6.2 	 Subroutine ELEV 

The purpose of this subroutine is to move the pen from the 
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FIZL 


No 

Yes 

Move pen towards the 

base r-~~--------

Move ahead 

on the base 

RETURN 

Figure 6.1 


Flowchart of Subroutine FIZL (cont'd) 
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No 

Move towards 

the boundary 

~--------r---------~ 

Move pen towards 

the surface 

RETURN 

Yes 

EYE 

~ 
Move ahead 

on the surf ace 

Figure 6.1/2 

Flowchart of Subroutine FIZL 
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surface to the base of the solid and vice versa while checking the 

visibility of the vertical lines. The visibility of the next point is 

checked by calling subroutine EYE and the move is made by subroutine 

MOVE. While the basic algorithm for hidden lines is still used, this 

subroutine has an extension to handle the conditions at the boundaries 

when the basic algorithm fails. It also takes care of the problem of 

not drawing double vertical lines in situations similar to the one shown 

in Figure 6.2. 

+ + 

Direction of the 


Movement of the Pen 


+ 

Figure 6.2 


Special Configuration of Flagged and Nonflagged Values 


6.3 Subroutine EYE 

The hidden line algorithm is contained in this subroutine. The 

routine, once supplied with the location of the tested element and its 

value, returns the proper mode for the pen to make its next move. If 

the returned mode is opposite to the supplied one, it finds the point 

at which the mode changes and moves the pen up to this point; see the 
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flowchart represented on Figure 6.3 

The subroutine EYE uses several assisting subroutines, the most 

important of which is the subroutine CORNER, to determine whether the 

element causing the change in mode of the pen is an element at the 

boundary of the surface and a constrained area. When this check is 

posi t ive, the mode of the pen has to be decided relevant to the 

particular circumstances and no point of intersection is looked for. 

6.4 Subroutine INCO 

Subroutine INCO (see the flowchart represented on Figure 6.4) 

is called immediately after a move of the pen has been made, i.e. 

after control has been returned from subroutine FIZL, in order to see if 

the element the pen was moved to is located at an inner corner as 

explained in the previous chapter. If the check is positive, the 

contour of the corner is drawn by subroutine ELEV and the base contours, 

Figure 5.5, are completed using subroutines EYE and MOVE. 

This subroutine represents a break in the continuity of logic 

for drawing a line through a given path. For this reason, all indicators, 

pointers and the present position of .the pen have to be saved and before 

leaving the routine the saved data has to be restored to its status when 

the routine was entered. 

6.5 Subroutine MOVE 

This subroutine controls the movements of the pen while generating 

the mapped contour in order to avoid inefficient travel of the pen on 

the paper. The routine issues calls to the library routine PLOT only 
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Flowchart of Subroutine EYE 
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if a line is actually drawn, rather than letting the pen follow the 

hidden lines as well. It has been found that the introduction of 

this subroutine reduced the time required for the actual drawing of the 

surface by 20 to 30% for the majority of surface shapes. 



.CHAPTER 7 


TILTING OF THE MAPPED SOLID 


7.1 ·General 

The dimensions of the mapped plot result from three parameters 

supplied to the rout ine . They are, respectively: 

v the overall vertical size of the plot 

1 the length of t he longer side of the base 

a the angle that the sides of the base make \vith the 

horizontal, i.e. the angle of projection. 

Using these physical dimensions of the plot and bearing in mind 

what was discussed in the previous two chapters, the angle of vie~r 

in the vertical plane can be changed. 

As the program is primarily supposed to analyze functions or 

sets of data, the plotted display can be purposely distorted and changed 

by varying the parameters listed above independently provided they 

do not inte.rfere \vith one another or with other parameters or with 

the limits imposed on them. However, if a surface is to be studi ed 

in successive steps, looking at it from different angles of view, or 

some typical angle of view is required, any angle of view as meas ur ed 

from the hori zontal plane may be specified. 'hlhen an angle of vi ew is 

speci fied, the dimensions of the mapped plot result from this par t icular 

angle and various assumpt ions built into the program. 
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7.2 The Cube Approximation 

Because the values of the function are incompatible with the 

values of the independent variables as far as dimensions are concerned, 

an assumption has to be made regarding their mutual physical relation

ship. 

The relationship between the xl and x2 axes is given by their 

limits and the number of intervals through which each ranges. In order 

to generate plots of the same surface that are in proportion when 

viewed from different angles (compatible), the assumption has to be made 

that the maximum height of the surface is located at the corner 

opposite to the front corner of the base. This allows for the calculation 

of the scaling factor for conversion of the matrix so that the vertical 

dimension in the limiting case, corresponding to the limiting angle of 

view, is equal to the specified value. For all other angles of view, the 

vertical size is less. 

Assuming that the maximum height of the surface when in the 

corner diagonally opposite the front corner of the base is the worst 

possible case . ensures that the mapped plot does not ex ceed the maximum 

specified vertical dimension of the plot on the paper. 

From the above it can be assumed that the object being viewed 

is a box and it simply has to be decided what the principle dimension, 

namely the height of the box has to be. Figures 7.1 and 7.2 illustrate 

the principle. It is assumed in the program that the box is a cube, 

atherefore the ratio is simply
b 

a 1 
r = (7 .1)

b 12 
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Figure 7.1 

Cube Approximation 

v 
1 

p 

Figure 7.2 


Maximum Angle of Tilt 
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This ratio can, however, be any other value without creating 

any difficulty in the program other than changing the cube 

approximation to a prism approximation. 

7.3 The Maximum Angle of Tilt 

The maximum angle is understood to be that angle of 

view at which the plot would reach its maximum size if in fact 

the maximum elevation of the surface was at the corner opposite 

the front corner of the base. From Figure 7.2 it is apparent 

that the maximum angle is 

arctan (~) (7. 2)~ax b 

where is the angle of view 

7.4 Calculation of the Dimensions 

7.4.1 The Angle of the Side of the Base 

Figures 7.3 and 7.4 show the relationship between the 

vertical angle of view ~ and the angle of. projection a. 
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I 
I 

The angle E;, is simultaneously .the angle between the horizontal plane 

and the angle of the plane of the base, since it may be assumed that 

rather than the observer change his angle of view, the object is titled 

towards the observer. 

Figure 7.3 shows the projected bases corresponding to an angle 

of 90°, the rectangle A B C D and an angle E;, , the parallelogram 

A B'C'D'. Figure 7.4 shows an end elevation of the base. While the 

base is tilted, the distance A B'' does not change. From Figure 7.3 

tan a = . . c 

A B'' 


From Figure 7.4 

sin E;, 

Since A B1 1 = B B" A B 1 

1 

tan a = sin E; 

Thus, the required angle a is: 

a = arctan (sin E; ) (7. 3) 

7.4.2 The Length of the Side of the Base 

The length of the side of the base is the distance A B1 

in Figure 7.3. Since this distance is common to both triangles A B B11 

and A B1 B11 
, the following relations may be written for the distance 

A B". 

A B1 
' =A B cos 45° 


A B11 
 =A B1 cos a 

·cas ·45° 
thus A B1 

• A B ------- (7. 4)cos a 
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I . 
I 


I 


The angle a is known and the distance A B can be evaluated from Figure 7.3 


and condition (5.1) 


From (5.1); 

. . n'...,.l 

.. 

A B B C (7. 5) 
m'-1 

From Figure 7.3; 

a = (A B + C B) sin 45° (7. 6) 

From (7. 1) ; 

a = b.r 

From Figure 7.2; 

a2 + b2 = p2 (7.7) 

Solving equations (7 .1) and (7. 7) results in the relation 

)~a = ( ~2 . r (7.7)
l+r2 

Equations (7.5) and (7.6) can now be solved for A B to give the 

relation; 

a 12A B = (7. 8) 
m -1 


n'-1 + 1 


The value for A B, substituted in equation (7.4) gives the length of A B'. 

7.4.3 The Scaling Factors and the Vertical Size of the Mapped Plot 

Assuming that the maximum elevation is as discussed above, 

the distance v2 (see Figure 7.2) is the projected maximum vertical size 

of the plot. This is the limiting case and,for a maximum elevation 

located at any other position,will cause the vertical size of the plot 

to be less than p. Thus the scaling factor is computed as 
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v2vs 	 (7 .10) 

where v2 	 b cos I; 

is the largest value in the matrix"\nax 

lm = 0 for 	u . ~ 0 
m~n 

6u u . for 	u . < 0 
m~n m~n 

The overall size of the mapped plot is then; 

v = vl + v2 (7 .11) 

where vl = a sin I; 

For a maximum value of I; (discussed above) the overall 

size is: 

v = p 



.. SECTION C 

GUIDE TO THE USE OF THE PACKAGE 

·cHAPTER 8 

GENERAL DESCRIPTION 

The program is written in FORTRAN IV and assumes use of a 

CDC 6400 computer with the RUN compiler and Benson-Lehner plotter 

and some of the associated plotting routines. 

The entire program comprises a set of routines that may be 

divided into three sections. 

a) Package subroutines, 

b) Service subrout i nes, 

c) Library subrouti nes. 

Appendix B i s a list of all package subroutines and functions 

with their brief diagnostic. A description of the most important 

routines is contained in Chapter 6. The package subroutines contain 

an independent subsection that has been added to the package to 

complete the incomp l ete sets of data. These interpolating subroutines 

are modified routines using the spline interpolation method 

with links designed to suit the concept of dynamic storage allocation. 

Appendix C gives a full cross reference dictionary for the 

entire program. The service subroutines are described in the 

following section. Library subroutines are routines associated with 

the Benson-Lehner plotter; however, they may become service 
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subroutines supplied by a user and calling corresponding routines 

from a set of routines for a different plotting system. 



CHAPTER 9 


SERVICE SUBROUTINES 


9.1 General 

Service subroutines are routines supplied by the. user to 

generate the array for plotting and to apply any constraining con

ditions on the surface. There are four special purpose subroutines 

with reserved names and together with the input data they represent 

an interface with the user. However, these subroutines may call 

any other additional user's or library subroutines if it is 

necessary for them to fulfill their purpose. 

9.2 The Calling Program 

The calling program is the program containing the call to 

the package. It may be a subroutine but in the majority of cases 

it will be a small main program containing the call and perhaps, if 

the user specifies his mm plot identification, the blank COMMON/ A./ 

and statements redefining the array KODE(S). 

An example of part of the calling routine is as follows: 

COMMON/A/ PHI(20),PSI(5),KODE(5) 

c 

READ 100 ,KODE 


100 FORMAT (5A4) 


c 
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CALL PLOT3D 

c 


STOP 


END 


9.3 Subroutine OBJECT 

This subroutine contains the equation of the function that 

is to be displayed as a surface and is called to evaluate the 

function at a given point U(xl,x2). Calls are issued for each 

grid point so that the array to be plotted is systematically filled 

with values. 

An example of the subroutine that has been used to generate 

Figures 	11.1 through 11.20 is, 

SUBROUTINE OBJECT (Xl,X2,U) 

U=SIN(Xl)+SIN(X2) 

RETURN 

END 

9.4 Subroutine UFILL 

Subroutine UFILL serves the same purpose as subroutine 

OBJECT; i.e. it fills the plotting array with values. UFILL and 

OBJECT are mutually exclusive and unlike OBJECT, UFILL is called 

only once to supply the entire matrix. This subrouti ne enables 

the package to analyze a set of data that, in the general case, 

results from a previous calculation. However, these may be a set of 

values that do not lie in a smooth surface; for example, statistical 
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data or experimental results. Figure 11.8 shows one such example. 

An example of the subroutine is, 

SUBROUTINE UFILL(U,M,N) 

DIMENSION U(M,N) 

READ(l) 1J 

RETURN 

END 

9.5 Subroutine CONST 

The area restrictions that may be formulated analytically 

are passed to the package via this subroutine. While analogous to 

the inequality constraints in optimization problems and actual 

inequality constraints if the program analyzes an optimization surface, 

these constraints are defined as; 

~i = ~i(x1 ,x2 , ...• xn)~O for i=l,p 

where n is the number of independent variables 

p is the number of constraints 

For the three dimensional display, the number of independent 

variables is limited to two. The total number of constraints is 

unlimited in the general case, but the program only allows up to 20 

constraints in its present form. Thus, for three dimensional 

problems the constraints have the form; 

~i = ~i(x 1 ,x 2 )~0 for i=l,20 
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By definition, the surface is defined in areas where all 

constraints are satisfied and not defined in areas where at least 

one constraint is violated. 

An example of the subroutine that has been used to impose 

restrictions in Figure 11.4 is; 

SUBROUTINE CONST(Xl, X2) 

COMMON/A/ PHI(20),PSI(S),KODE(S) 

PHI(l)=Xl**2+X2**2-2.5**2 

RETURN 

END 

9.6 Subroutine EQUAL 

This routine is used for marking of lines in intersection of 

the surface with a vertical plane in the general case. In the specific 

cases, where an optimization problem is being solved, these lines of 

intersection represent equality constraints defined as; 

~j = ~j(x1 ,x2 , .... xn)=O for j=l,q 

where n is the number of variables 

q is the number of constraints 

The program allows up to 5 equality constraints and for two 

independent variables, the equality constraints have the form; 

~j = ~j(x1 ,x2 )=0 for j=l,S 

An example of the subroutine as used in generating Figure 

11.5 is; 
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SUBROUTINE EQUAL (Xl,X2) 


COMMON/ A/ PHI(20) ,PSI(S) ,KODE(S) 


PSI(l)=Xl-0.25*X2-0.33 


RETURN 

END 

http:PSI(l)=Xl-0.25*X2-0.33


·cHAPTER 10 

' INPUT DATA 

10.1 General 

The necessary data required for execution of the program 

is supplied via logical unit no. 5 (card reader most commonly) and 

is. read in two parts: 

a) Parameters and switches, 

b) Comment (or heading) card. 

The parameters supply actual numerical values used during 

computation. Switches route the execution of the program depending 

on their state "on" or "off" (refer to chapters on input parameters 

and switches). 

The comment card is a card whose punched characters 

represent any comment the user may wish to use. This card is 

simply copied on both the mapped plot and the printed report on 

plotting (see chapter on Output). This card may be omitted al 

together or left blank if no comments are required. 

10.2 	 Subroutine INPUT 

The general form of the input data is as follows: 

A parameter name followed by an equality sign, followed 

by a numerical value, followed by a comma, or a similar sequence 

with a switch name followed by a comma. 
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For example: 

NCONS=l,XlMAX=3Eb,PRINT,X2MAX=8.2E02,ENDDA 

The data is. decoded in the subroutine INPUT and the values 

are passed on to the other routines via labelled common. The data 

on the input cards is not order dependent and all blanks are 

ignored. The names on the cards are compared character by 

character with a table of specified 5 letter words and as soon as the 

first 5 letters are recognized, the rest of the name on the card 

is ignored up to the equality sign. Illegal names cause termination 

of the program with an error message. 

Integer type parameters must be followed by values in I 

format such as 3,1,2. Real parameters must be followed by values in 

E format such as 3.EO, 2.E-l, -6.5E+Ol, etc. 

Scanning of data cards is terminated by the key word ENDDA. 

There can be as many data cards as necessary provided that no parameter 

or switch is split between two cards. If a parameter is specified 

more than once, the last value read is recorded. 

The following errors cause termination of the program: 

a) Illegal parameter or switch names, 

b) Illegal characters, 

c) Integer type parameters not followed by an I format number, 

d) Real type parameters not followed by an E format number, 

e) Syntax errors in I or E format numbers, 

f) A name split between two cards. 
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Any of the above errors are indicated by an error message 

together with a copy of the card with the error and a pointer 

showing the place where the error occurred. However, since the 

pointer is printed by a subroutine called DIFFER it could be missing 

if the package contains a modified version of this subroutine (refer 

to section on DIFFER). 

An example of a typical error message is shown in Figure 10.1: 

•~•••SYNTAX ERRCR 1~ INPUT DATA IN OR AFTeR GOLLMN 22 


•••X2MAX=10EO,X1HAX=4EO,WSIZE=7.SEO, ENOO ATA 

t 

Figure 10.1 


Sample of Error Message 


The manner in which input data is supplied to the package is 

very convenient because the user is not required to punch a given 

parameter in a given colum~ or field and he does not have to punch 

them all. At the same time, the user has convenient visual control 

over the parameters being specified or changed. Punching data in a 

given column or field very often results in input errors. As 

most of the parameters and switches are present before execution of 

the program, the user does not have to specify all of them This 

makes the input of data simple and safe. 



CHAPTER 11 

. DESCRIPTION OF INPUT PARAMETERS 

11.1 General 

The input parameters are required to scale the .results 

plotted by the package. The program uses up to 17 parameters 

for this control. 

Some of the parameters are complementary and not all of 

them are used or applicable in a given problem. Furthermore, a 

value can be given to some of the parameters which causes other 

parameters to be ignored when the program is executed. For example, 

(refer to table TABl) ALPHA, VSIZE and XLENG are ignored if an 

angle of observers view, ANGLE is specified. Values not given to 

some parameters are substituted for depending on the mode of the 

program. For example, limits XIMIN, XIMAX, X2MIN and X2MAX are 

substituted for when not specified and in addition KLASS 1 and no 

constraints are specified. In the first case, ignored parameters are 

computed by the program and,in the second case,the limits that are 

not specified are taken to be the dimensions of the matrix, that is 

X1MIN=X2MIN~l, XlMAX=ISIZE and X2MAX=JSIZE. 

The parameters are divided into two groups: 

a) Compulsory parameters, 

b) Optional parameters. 
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DEFAULT 
.PARAMETERS EXAMPLE OF THE USEVALUES 

INTX1 = 301 INTX1 50 

2 INTX2 INTX2 = 6050 

3 I SIZE I SIZE = 3151 

JSIZE = 614 JSIZE 51 

NCONSTRAINTS = 25 NCONS 0 

NEQUALITY = 16 " NEQUA 0 

KLASS = 27 KLASS 1 

8 ALPHA 20.0 ALPHA = 15EO 

ANGLE = 6.5E19 ANGLE N/A 

10 PAPER 10.0 PAPER = 28EO 

VSIZE = 1. 5E0111 VSIZE 10.0 

12 XLENG XLENGTH = 2E17.5 

0.0 XYROTATION = 180.EO13 XYROT 

14 XlMAX 0.0 XlMAX. = 0.1EO 

15 XlMIN 0.0 X1MIN = 0.01EO 

X2MAX = 2E-10.016 X2MAX 

17 X2MIN 0.0 X2MIN = 4E-02 

TABLE 1 


LIST OF PARAMETERS 
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The distribution of parameters belonging to each group depends on 

the method used for generating the matrix to be plotted which is 

governed by the value of the parameter KLASS. 

The influence of the input parameters is illustrated in 

Figures 11.1 to 11.20. Each of these figures is the matrix plotted 

on "Figure 11.1 with the appropriate parameter or group of parameters 

changed. This figure has been generated using subroutine OBJECT 

from paragraph 9.3 and the following parameters: 

INTXl 10 


INTX2 = 20 


I SIZE = 11 


JSIZE = 21 


NCONS = 0 


NEQUA 0 


KLASS 1 


ALPHA 25.0 


ANGLE N/A 


PAPER = 10.0 


VSIZE = 3.0 


XLENG = 2.5 


XYROT 0.0 


XlMAX = 5.0 


XlMIN = 0.0 


X2MAX = 6.5 


X2MIN 0.0 
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11.2 INTXl,INTX2 

Parameter INTXl specifies .the number of intervals to be 

plotted along the Xl axis. The number of lines drawn in the vertical 

plane is then INTXl+l and the maximum value of INTXl is ISIZE-1 

where ISIZE is the appropriate side of the matrix to be plotted. 

INTXl has a minimum value of 1. In order to draw the boundaries of 

the matrix, INTXl has to be chosen so that it is a ~ultjple ' of ISIZE-1. 

If both of the above conditions for INTXl are not satisfied, the 

program is terminated with an appropriate message in the printed 

plotting report and dayfile. 

The number of intervals to be plotted along the X2 axis is INTX2. 

The conditions applicable to INTX2 are the same as for INTXl except 

for the size of the matrix which is JSIZE. Effect of a change in 

these parameters is shown Figures 11.2 and 11.3. 

11.3 	 ISIZE, JSIZE 

ISIZE and JSIZE are dimensions of the matrix to be plotted, 

i.e. U(ISIZE,JSIZE). The dimensions of the sides of the matrix can 

be any value greater than 1, provided that there is sufficient memory 

available to store the full matrix. The methods used to improve the 

use of core space are discussed in another section. If ISIZE or 

JSIZE are less than or equal to 1, or the matrix U does not fit into 

the core memory, the program is terminated with an appropriate message 

in the printed plotting report and dayfile. 
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11.4 NCONS 

NCONS is the number of inequality constraints inserted when 

the package is used for the solution of optimization problems. 

Because an inequality constraint specifies an area in which the 

matrix is not defined, the use of this parameter is generally not 

restricted to the solution of optimization problems. In this case the 

inequality constraints are used merely to constrain an area in the 

matrix and not as in optimization procedure to determine maxima and 

minima. The allowable number of inequality constraints is 20 and if 

NCONS is out of limits, the program is terminated with appropriate 

messages. 

If O<NCONS~20, the program refers to a user's subroutine 

CONST (discussed in 9.5) and calls are issued to this subroutine 

whenever necessary. Figure 11.4 shows a plot with a constrained 

area in the matrix. In this case NCONS=l and the user's subroutine 

CONST is that shown in paragraph 9.5. 

11.5 NEQUA 

NEQUA is the number of equality constraints and is a parameter 

primarily used in the solution of optimization problems. This 

parameter can be used in the same way as NCONS in general plotting 

routines, its function being to specify a number of paths to be 

marked on the surface of the solid mapped. The allowed number of 

equality constraints is 5 and the program terminates if NEQUA is 

specified outside this limit. 



63 


Xl 

&.SDE+OO 
S.BSE+OD 

S.ZDE+OD 
4a55E+OO 

J.9DE+OO 

o. 

,.ZSE+OO 
Z.&DE+OO 

l.,SE+OO 
l.,OE+OO 

&.SDE-01 

X2 

Figure 11.5 

NCONS = 0, NEQUA 1 

Xl 

6 .SDE+OD 
5.35£+00 

S.ZDE+OO 
4.55E+OO 

J .!!OE+OO 

o. 

J .ZSE+OO 
Z.I:OE+OO 

1.!!5E+OO 
1o30E+OO 

&.SDE-01 
X2 

Figure 11.6 

NCONS = 1, NEQUA = 1 



64 

If O<NEQUA~S the program refers to a user's subroutine 

EQUAL (discussed in paragraph 9.6) and calls are issued to this 

subroutine whenever necessary. Figure 11.5 shows the plot for NEQUA=l 

and subroutine EQUAL from the paragraph 9.6. The combined effect of 

both subroutines is shown in Figure 11.6. 

11.6 	 KLASS 

KLASS is the parameter specifying two basic modes of 

generating the matrix to be plotted. 

If KLASS=! the matrix is generated by means of a user's 

subroutine called OBJECT (paragraph 9.3) which specifies the surface 

analytically within the interval <XIMIN,X~ and ~2MIN,X2~. 

The subroutine OBJECT, when specified by the user is called periodi

cally by the program to generate the value of the surface at each 

point U(I,J). 

If KLASS=2 or KLASS=3, the matrix values are obtained 

externally by means of a user supplied subroutine called UFILL. 

This subroutine is called only once to supply either the entire 

matrix (for KLASS=2) or all the known values of the matrix (for 

KLASS=3). 

As all the elements of the matrix have to be defined before 

plotting is possible, interpolation routines, internal to the program 

are called to complete the matrix when an incomplete matrix is 

specified, i.e. KLASS=3. If the number of elements specified for 

the matrix in the external routine are insufficient for successful 
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completion of the data by interpolation, the program is .terminated 

with error messages. 

The most common way of obtaining the matrix for KLASS=2 and 

KLASS=3 is by reading it in. The user has the option of specifying 

a logical file unit on PROGRAM card which contain the data. The 

logical unit number has to be different from 2, 5, 6, 8 and 10 

because these units are reserved for the program (discussed in 

Chapter 15). 

If values of KLASS are used that differ from 1, 2 or 3 

the program is terminated with error messages. Figure 11.8 shows 

the surface for the case when KLASS=2. As it can be seen, the limits, 

since not specified, have been substituted for by the dimensions of 

the matrix. 

11.7 ALPHA 

ALPHA is the angle that the base axes of the plot make with 

the horizontal when drawn by the plotter (see Figure 4.6). ALPHA 

can have any value between 0° and 90°. Although ALPHA is essential 

for the plotting routine, it is ignored as an input parameter if a 

value for the parameter ANGLE is specified at the same time, since 

ALPHA is calculated with respect to the parameter ANGLE. If the value 

specified for ALPHA is greater or equal to 90.0 degrees or less than 

0.0 degrees, the program is terminated with error messages. Figures 

11.9 and 11.10 show the effect of changes in angle ALPHA. 
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11.8 ANGLE 


This parameter represents the angle of view of the observer 

measured in vertical plane when looking at the solid plotted by the 

routine. The value of ANGLE is specified in degrees and may vary 

from 0 to 90 degrees including both limits, all the intermediate 

values being allowed. Variation of the parameter ANGLE results in 

tilting the solid plotted by the routine on a horizontal axis 

through the intersection of the Xl and X2 axes. When ANGLE has a 

specified value ALPHA, the parameter discussed above, XLENG, the 

length of the longer axis in the horizontal plane and, VSIZE, the 

overall height of the mappled plot, are calculated as explained in 

Chapter 7, and these parameters are ignored if specified together 

with ANGLE. If ANGLE is specified outside the allowed limits the 

program is terminated with error messages. Figures 11.11, 11.12 and 

11.13 show views of the solid plotted as ANGLE is increased from 

15° through 25° to 60°. When ANGLE is specified as 90° the mapped 

plot is a plan view of the matrix. 

11.9 PAPER 

Parameter PAPER specifies the assumed effective width of the 

paper in the plotter. The standard sizes of the plotting paper are 

12 inches and 30 inches from edge to edge. The useful plotting width 

is one inch less than the nominal size and because it is difficult 

to use the whole plotting width of the paper (from a practical stand

point) a further inch should be subtracted from the useful width; this 

allows space for headings, etc. above the plot. From the above 
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cons.iderations, the maximwn allowed value for PAPER is 28 inches 

and if a value outside the limit is specified, the program terminates. 

There are no means of checking the actual size of the 

plotting paper used and for this reason, the plotting may be unsuccess

ful if a matrix generated for 30 inch paper is plotted on 12 inch 

paper. 

For the parameter ANGLE, PAPER has a special meaning as it 

represents the overall possible size of the mapped plot. If a 

maximwn occurs at U(ISIZE,JSIZE) and the angle of view is 

; =arctan (a/b), see Chapter 7. 
max 

·1LlO XLENG 

XLENG is the length of the larger side of the matrix 

specified in inches as plotted by the program and forms the one 

dimension of the base sides. Both base dimensions correspond to the 

sides of the matrix and are in the mutual ratio given by (5.1). 

For the special case JSIZE=ISIZE, both dimensions of the base are 

equal, i.e. 

L=XLENG (11.1) 

where L is the length of the appropriate base line. 

For JSIZE>ISIZE, the shorter base side is 

ISIZE-1 XLENGL (11. 2)
JSIZE-1 

For JSIZE>ISIZE, the length of the shorter base side is 

L = JSIZE-l XLENG (11. 3)
ISIZE-1 
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If XLENG is specified together with ANGLE, its value is 

ignored as a new angle is calculated that is compatible with the 

specified value of ANGLE. If XLENG is negative, the program termi

nates with an error message. 

An upper limit for XLENG is not built into the program, 

but it is apparent from any plot that if ALPHA and XLENG (for a 

given size of matrix ISIZE and JSIZE) are not correctly chosen, the 

far corners of the base of the plot FC will exceed the overall size 

of the solid mapped (VSIZE). See Figure 4.6. Should this happen, 

the program will terminate with an error message. The effect of 

changes in XLENG is illustrated in Figures 11.14_ and 11.15. 

11.11 VSIZE 

VSIZE is a parameter that specifies the overall size of the 

mapped plot in inches as shown on Figures 11.16 and 11.17 where 

VSIZE is specified as 2 and 4 inches respectively. VSIZE is tested 

for being less than or equal to the paper size and greater than 

zero. If the mapped plot will not fit onto the paper, the program 

terminates with a diagnostic message. This test is bypassed when the 

parameter ANGLE is specified,as VSIZE is then calculated with 

respect to parameters PAPER and ANGLE. If ANGLE is not specified, 

VSIZE, XLENG and ALPHA have to be matched in such a way that the 

projected distance of the far corner of the plotted matrix is less 

than the maximum specified height of theplot. This can be explained 

as follows: 

Assume that Figure 4.6 shows the mapped solid in its original 
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position, i.e. for an angle of rotation XYROT = k. 2rr. where 

k;Q,l,2 ••.. ,n; then, 

FC = XLENG.StN(ALPHA)+L.SlN(ALPHA) 

since JSIZE >ISIZE from (11. 2) 

L = 	ISIZE-1 XLENG 

JSIZE-1 


therefore, FC XLENG.SIN(ALPHA)(l+.ISIZE-l) (11. 4)
JSIZE-1 

It is obvious from (11. 4) that for a square matrix where ISIZE=JSIZE 

FC=2.XLENG.SIN(ALPHA) 

VSIZE is tested against the computed FC and if less than or equal to 

FC the program is terminated with error messages. 

11.12 XYROT 

Parameter XYROT specifies the angle of rotation of the plot 

in the horizontal X-Y plane (or Xl-X2) plane. The angle can be 

either positive or negative; however, it must be a multiple of 90°. 

Positive XYROT causes rotation in an anticlockwise direction and 

negative XYROT rotation in a clockwise direction. If XYROT is not a 

multiple of 90 degrees the program will terminate with an error 

message. 

For rotation of the matrix, the program uses logical unit 

no. 2 which has to be reserved even if no rotation is going to be 

requested as this unit has another function as well, as will be 

discussed in another section. Figures 11.19 and 11.19 show the object 

rotated by +90 and -90 degrees respectively. 
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11. 13 XlMIN; XlMAX . and X2MIN, X2MAX 

These parameters specify upper and lower limits for the 

independent variables Xl and X2 respectively. These limits are 

essential if the user subroutines OBJECT and/or CONST are inserted 

by the user because of the way in which the plotting routine calls 

these subroutines; i.e. in the case KLASS=l and / or O <NCONS ~20 and/or 

O<NEQUA:;:5. 

The upper and lower limits of each vari able are tested for 

mutual equality and,if this test is positive, the program is 

terminated with an error message. 

For the case where the parameter KLASS=2 or KLASS=3 and 

NCONS=O, these parameters are ignored if specified as they are not 

needed for the plotting. 

The change in limits is illustrated by Figure 11.20. 

11.14 Defining of the Parameters 

All the input parameters (except ANGLE) are preset to the 

default value shown in Table 1 before execution of the program starts. 

The parameter ANGLE is preset to the dummy quantity. 

It will be appare~t from the discussion of the input 

parameters that a simple form for the input data card deck would be 

the parameters XL~,X2MAX (assuming XlMIN and X2MIN=O) and the 

terminator ENDDA or KLASS=2 and the terminator ENDDATA. In this 

case the other parameters and switches would take their default 

values, KLASS would have a value of 1 and the user subroutine OBJECT 
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would have to be supplied to generate the matrix in the first case. 

ln the second case, the user subroutine UFILL together with a 

matrix 5lx51 would have to be supplied. 

Xl 

Figure 11. 20 

XIMAX=2.0,XMIN=0.5, X2MAX=4.0,X2MIN=0.7 



.CHAPTER 12 

DESCRIPTION OF SWITCHES 

12.1 General 

The switches are required to route the program run and 

are turned off when equal to 0 and on when set to 1. When turned on, 

the action corresponding to a given switch will be initiated. There 

are five switches in the program, all of which have a default value 

of "off" (0) (refer to table TAB 2). 

SWITCH DEFAULT VALUE EXAMPLE OF THE USE 

1 

2 

3 

4 

5 

NOLAB 

NOPLO 

PRINT 

PUNCH 

ENDDA 

0 

0 

0 

0 

N/A 

NOLABEL 

NOPLOT 

PRINT 

PUNCH 

ENDDATA 

TABLE 2 


LIST OF SWITCHES 


12.2 NOLAB 

This switch suppresses the printing of all comments and 

labels normally written on the mapped plot, except for the user's 

identification, checking marks and the plot terminating message. 

78 
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;Figure 12.1 shows an example of a plot wi.th the labelling suppressed. 

12.3 NOPLO 

The switch NOPLO suppresses the entire plotting procedure 

and no plot file is written at all. This switch is useful when 

used with switches PRINT and/or PUNCH, for cases where only the 

interpolation routines included in the package are needed. In such 

cases, the user may enter an incomplete matrix which will be 

completed by interpolation with the plotter bypassed. 

12.4 PRINT 

The PRINT switch causes the matrix to be printed out in 

both the original, unsealed form as it enters the preparation 

procedure for plotting and in the scaled form as it would normally 

be plotted complete with marked elements that violate inequality 

constraints if any were specified. 

12.5 PUNCH 

When the switch PUNCH is turned on, the matrix is written 

in binary form in logical unit no. 8 as two files of a similar 

structure to those written when the switch PRINT is on. 

The first file is the original unsealed matrix , the second 

file is the scaled matrix ready for plotting. Both matrices are 

written column-wise and are preceeded by two integers recording the 

dimensions of the matrix. The files are written in the same format 

as if the write statement for each was: 
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WRITE(8)ISIZE,JSIZE,((U(I,J),I=l,ISIZE),J=l,JSIZE) 

This discussion is expanded in the section on "Input/Output Files". 

12.6 ENDDA 

ENDDA is the key word terminating the reading of input 

data (discussed further under "Input"). Since it has no "on" or 

"off" state, it is not a switch in the true sense; however, its 

function is that of a switch (i.e. decoded in the same way by the 

subroutine INPUT). 

12.7 Setting the Switches 

All the switches are automatically set to zero before the 

start of program execution. The switches remain off by default 

but can be turned on by naming and setting the appropriate switch 

to 1 on the input card(s). The routine decoding the input data 

then finds the key word and turns the switch on. 

Figure 12.1 


Switch NOLAB "On" 




.CHAPTER 13 

:OUTl.'lJT 

Tltere are two independent outputs from tlte program. 

a) The mapped plot (from a plotter), 

b). Printed output with information pertaining to the plot 

(from a line printer). 

13.1 The Plot 

The plot is the primary output comprising a 3-D drawing 

and comments (or labels). The drawing represents a body with a 

square or rectangular base, positioned with one edge towards an 

observer so that the angle of projection ALPHA is equal on both 

sides as shown in Figure 4. 6. 

The reason for choosing equal angles of projection was 

discussed in 5.1. 

The standard size paper used is 12", with an effective 

drawing width of 10 inches. If necessary, 30" paper may be used, 

with an effective drawing width of 28". 
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The vertical size of the drawing is given by VSIZE, a 

parameter that may vary from zero to the maximum effective width of 

the paper (discussed uner parameters). Unless the default value is 

changed, the vertical height of the plot will be 10 inches. 

The horizontal size of the plot depends on the type of 

matrix and the value of the parameters XLENG and ALPHA. Because 

XLENG specifies the length of the longer side of the base and ALPHA 

the angle of projection (Figure 4.6), it is obvious that the 

horizontal size is a maximum when a square matrix is plotted and 

is "equal to 

2. XLENG • cos (ALPHA) (13. 1) 

For a rectangular matrix the horizontal size will be; 

XLENG .• cos (ALPHA) + k. XLENG . cos (ALPHA) (13.2) 

where 
i-dimension-1 


k = ~ 1 

j - dimension-1 

The base of the mapped plot is scaled and marked within 

the limits XlMIN,XlMAX,X2MIN and X2MAX. The difference is divided 

into ten equal intervals and marks are drawn on the respective sides 

of the base together with a numerical value (for each mark). 
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The standard size of the numbers is 0.12"; however, if the 

numbe.rs overlap, this size . is reduced . to 0. 06", or .the marking of 

numerals is suppressed entirely for that particular axis (compare 

Figure 11.8 and 11. 9). The base axes are also marked to show which 

variable they represent, namely, Xl or X2. Hhen the mapped plot i.s 

rotated, the scaling and symbols remain in their correct places 

(compare Figures 11.1, 11.17 and 11.18). 

If the parameter KLASS is set equal to 1, the mapped plot 

is assumed to represent an optimization problem and additional 

symbols are drawn. Symbols ~ and V mark the maximum and the minimum 

altitudes of the surface respectively; i.e. the maximum and minimum 

values of the function. 

If equality constraints are specified, the paths of the 

constraints are marked with numerals 1 to 5. Each numeral 

represents an equality constraint as specified in the user subroutine 

EQUAL: for example, the numeral 1 could represent an equality 

constraint PSI(l) (see Chapter 9). 1-lhen equality constraints are 

specified the symbols 6 and V mark the maximum and the minimum 

elevations of the surface subject to the equality constraints. 
' 

The symbols representing maximum and minimum elevations of 

the surface do not appear on mapped plots where the matrix has been 

read into the program by means of a data file, i.e. for KLASS >l 

because in such cases the package is intended for use in visualizing 

a set of given data (see Figure 11.8). 

http:numbe.rs
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A heading is printed above the mapped plot contai.ni.ng up to 

80 characters as read from a card (see Input Data, Chapter 10). 

All parameters, togetherwith their numerical value are 

listed on the left of the drawing to complete the information on the 

plot (Figure 13 .1). If it is necessary to produce a plot with no 

labelling, the labelling can be suppressed by turning the switch 

NOLAB "on" (see NOLAB, paragraph 12.2). The list of activated 

switches is not printed on the plot, but can be found on the printed 

report from the line printer (Figure 13 . 2) . 

In addition to the comments pertaining to the problem 

being solved by the package, there is additional information printed 

on the plot dealing with the actual plotting procedure and bearing 

no relation to the problem being solved. 

At the start of the plot there is a written identification 

of the plot and the date of the run. Identification is stored in 

the array KODE(S) which contains 20 characters and is preset to 

MCM/PPZ72-3D-PACKAGE before execution of the package starts. The 

identification characters can be redefined by the user in the calling 

program as shown in paragraph 9.2. 

The data is supplied by the FORTRAN function DATE called 

by the package as CALL DATE (DD) (12) where DD is a ten character 

Hollerith constant containing the date in the form bmm/dd/yyb 

http:contai.ni.ng
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where b is a blank 

dd is a ·day of the month_ 

mm is the . month. 

yy is the year. 

If necessary, the user may supply his own subroutine DATE 

and use it for generating a different hollerith constant to be 

used as additional identification or comment or date in a different 

form. 

Following the identification, there are positioning marks 

drawn on the paper. These marks are 0.2 inches long and 10 inches 

apart and perform two functions as follows: 

a) Since the lower one has the same Y-eo-ordinate as the origin; 

i.e. the lower front corner of the mapped plot and the upper 

one is 10 inches above it, they mark the maximum size of the 

plot and therefore serve to locate the position of the paper 

in the plotter. 

b) 	 After the plotting process has been completed, the marks are 

extended by an additional 0.2 inches. If these extensions do 

not line up with the lines drawn at the start of the plotting 

process and form a continuous line 0.4 inches long, the plotter 

has malfunctioned and the plot must be discarded. 

When a plot has been completed, the message END OF PLOT 

is written on the paper. 
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P.ri.nted Output 

The printed output comes fromthe line printer and is called 

~PORT ON PLOTTING (Figure 13.2). Th~s report is actually written 

on logical unit no. 6 and could be exited on a device other than a 

line printer. 

The comment card read in as part of the input is printed 

under the label HEADING as a string of 80 characters between asterisks. 

A list of parameters follows the heading together with a numerical 

value and explanation for each parameter. If any switches have been 

activated they are listed after the list of parameters. 

Before generating the matrix for plotting, the program 

tests for sufficient memory space and before the memory test is 

made the message "TEST FOR SUFFICIENT MEMORY SPACE" is printed. 

This message is followed by information on the space needed and the 

space available. If the memory is not large enough, the program 

terminates with an error message. However, since the information 

on the available space is calculated by subroutine DIFFER, it may 

not appear if the plotting package is assembled with a modified 

version of this subroutine (paragraph 16.2). If the memory is 

large enough, the message "TEST PASSED" is printed. 

During the search for maximum and minimum elements, any 

number of "finds" will be recorded and when there is more than one 

of either or both, a message appears recording the values and 

frequency. When the extremes have been found, their values and 

location in the matrix are printed. For multiple maxima 



------- -------------------------
REPORT ON PLOlTING 

HEADING ••• CHANGE OF PARAMETERS 


LIST OF PARAMETERS 


IN TX 1 = 10 NUMBER OF INTERVALS PLOTTED ALONG Xi AXIS

IN TX 2 = 20 NUMBER OF INTERVALS PLOTTED ALONG X2 AXIS 
IS IZE = 11 I-DIMENSICN OF THf PL01TEC MATRIX u<I,u)
JS IZ E = 21 J -0 I MEN 5 I 0 N 0 F THt: P L 0 l T£ 0 t-; AT ~IX U ( I , ..J) 
N CCNS = 1 NUMBER JF INECUALITY CuNSTRAINlS
NE QUA = 0 NUMBER OF [QUALITY CON~TRAINTS
KLASS = 1 MATRIX riAS CE~~RATEO BY MEANS OF SuBROLTINE OB~ECT 

:;d AL FHA = 2. 50 0 E+ 01 ANGLE OF THE EASIS OF THE PICTURE <OEG~Et.S} 
CD ANGLE = N/A ANGLE OF ~IE Yi <ut:Gr:~t:.ES> 
'0 
0 "1'j PA FER = 1. 0 0 0 E+ 01 t11NI Ml..1'1 SIZE CF THe. FLuT FAPc..R (INCHES> 
ti ..... VS IZ E = 2.5COE+ CO VERTICAL CIM£~SION OF THE PICTURE <INCht.S> 
1"1' ()Q XL ENG = 2.1ll0E+0( LENGTH OF T~E LONGc..R SluE OF THE BASIS llNCHES)~ 
0 ti XY ~0 T = o. ANGLE OF ROTATION UF Th~ CkiGlNAL MATRIX <O~GREE~> 
::I CD Xit-AX = 5.000£+00 UFPt.R BJU~O OF THE VARlABLt. X1 
'"0 ....... X1t'IN = o. LCWLR BOUND OF THE VARIABLE X1 

....... w
. X2t<AX = 6.5JOE+OO UFPlR BOUND OF Tht. VARIA8L~ X20 
1"1' N X21".IN :: 0. LOWtR BOUND OF TH~ VARlAtLE X2 
1"1' ..... 
::I 

()Q 

TEST FOR SUFFICIE~l MEMORY SPACE 
SPACE NEECEC IS 231 LOCATIONS
SPACE AVAILABLE IS ~498 LOCATIONS 


TEST PASSED 


MI 1\I MUM VALUE - 1 • 9 6 4 3 7 E + 0 0 F0 U N C A T I = 1 u , .; = 15 fOR X1 = 4.~uu0Uc+Ou ANO X2 = 

MAXIMUM VALUE 1.90783E+OO FOUND AT I = ~, J = 6 FOR Xl. = ~.~uuOuc+Uv AND x, = 
<» 
<» 

••• PLOTTING CCMFLETED ••• 

http:ut:Gr:~t:.ES


I 

89 

the element with the largest sum of element subscripts i+j is 

recorded. For multiple minima it is the element with the smallest 

sum of subscripts i and j. Additional information on extremes is 

printed when any equality constraints have been printed. This 

information comprises maxima and minima and their locations. for each 

equality constraint listed in the same order as they have been 

specified in subroutine EQUAL. 

At the end of the program run, the messag~ ***PLOTTING 

COMPLETED*** is printed to confirm that the plot has been success

fully generated. 

If any constraints were specified, a symbolic printout 

of the plotted matrix called "TOP VIEW OF THE PLOTTED SURFACE" 

appears on the next page. Figure 13.3 shows a sample printout. 

Symbol + represents an element of the matrix that does not violate 

any inequality constraint. The symbol - represents the area in 

which at least one inequality constraint is violated. The 

numerals 1 to 5 represent paths of equality constraints (if any) 

in the same order in which they have been specified in subroutine 

EQUAL. The matrix is printed so that the I subscript varies along 

the vertical axis, starting with I=l at the bottom of the printout. 

The J subscript varies along the horizontal axis from left to right. 

This orientation of the matrix was chosen because it corresponds 

visually to the drawing produced by the program, the lower left 

corner of the printed plot corresponding to the front vertical edge 

of the mapped plot. 
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TOF VIEW OF THE PLOTTED SURFACE - MATRIX UCI,J) 

5 10 15 20 
I I I I 

11 +++++++++++++++++++++ 11 
10 ++++++++++ ++++ +++++++ 1U 


s +++++++++++++++++++++ 9 

8 +++++++++++++++++++++ 8 

7 +++++++++++++++++++++ 7 

t -++++++++++++++++++++ b 

5 -----+++++++++++++111 5 

4 -------+++++111111+++ It 

3 --------1111+++++++++ 3 

2 --------++ ++++ +++++++ 2 

1 --------+++++++++++++ 1
, I I I I 

5 10 1~ 20 

.Figure 13.3 

Line Printer Representation of the Figure 11.6 
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Both subscripts are printed around the plot. Because of the 

limited number of characters that can be printed on a single line, 

the J subscript is suppressed if it exceeds 123 and J values are 

truncated at this number. The I subscript is unconstrained as 

regards printing and the plot is printed with page skipping suppressed. 

If for some reason it is essential to print the full range of values 

for J, the matrix can be rotated and then the I subscript will be 

truncated if the value exceeds 123. 

The ''plotting completed" message may be followed by a 

listing of the matrix if switch PRINT is turned "ON" and/or by a 

message pertaining to punching of the matrix on cards if the switch 

PUNCH is turned "ON". 

In all cases where the program was prematurely terminated 

by "fatal" errors, the diagnostic message·appears as the last 

printed information, (see section on "diagnostic messages"). 

13.3 Diagnostic and Fatal Errors 

All input data and partial results are checked for validity, 

limits and correct logical combination before the actual plotting 

is started. There are 18 possible fatal. errors that may occur, that 

result from incorrect input data specification. These errors are 

detected during program execution and each of them causes premature 

termination of the program. Before the program terminates a 

diagnostic message is printed and the program stops with a corres

ponding STOP n in the dayfile where u is the octal constant from 1 

to 22 referring to the particular e~ror. A list of diagnostics is 

contained in APPENDIX B. 



CHAI,>TER 14 

.COMPUTER MEMORY 

14.1 General 

The complete package with its 34 subroutines represents 

about 2,800 cards of FORTRAN coding and the memory requirement for 

storing the entire program with its arrays is 35K. This, however, 

does not mean that 35,000 memory locations are enough for execution 

of the program. There must be space for a loader to load the program 

into the memory which represents another 7,000 to 11,000 locations 

and in addition to all this, space is required for the user's 

subroutines. Although, in most cases, the coding of the user's 

subroutines does not occupy significant memory space, they have to 

be taken into account, particularly if they contain any arrays, 

because of the large space required for the I/O buffers. There are 

three ways to significantly reduce the memory required: 

a) Dynamic storage allocation - this is built into the program, 

b) Selection of a loader, 

c) Specification of number of input/output files and the sizes of 

their buffers 

14.2 Dynamic Storage Allocation 

The 35K memory locations necessary for storage of the 

package coding does not include an array for the matrix to be plotted. 
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This matrix array is the largest array the program uses. Its size is 

dependent on the problem being solved and may cause the program to 

abort i.f it cannot be stored in the memory allocated to the program. 

Because the loader that loads the program into the memory is 

only needed for this purpose has to be allocated a memory 

space, its space can be used as additional storage space at the 

time of execution. It can thus be used as additional storage after 

it has served its purpose if the arrays are assigned to blank 

COMMON. Blank COMMON begins immediately after the last routine 

loaded and may expand up to the last location of the memory allo

cated to the program, overlapping the loader and loader labels (13) 

(see Figure 14.1). 

Total memory 
allocated 

Job communication 
area 

First loaded 
routine 

Next loaded 

. . . 
Last loaded 

Blank common 

Unused space 

Loader tables 

Loader component 

Figure 14.1 

Computer Memory Structure 
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If th_e 	blank COMMON specified exceeds the memory allocated, 
·" 

i .t is truncated reserving all re_maining core for storage purposes. 

The use.r is informed about this situation by the message "BLANK 

COMMON EXCEEDS AVAILABLE CORE, TRUNCATED" which is printed on the 

dayfile. This idea is employed in the program for storing the 

matrix to be plotted. 

The routine PLOT3D called by the user specifies in the 

blank COMMON array WORK which has a size of 30K locations. It 

calls subroutine INPUT to obtain the size of the matrix . It 

then passes the address of the first word of the array WORK, 

together with the size of the matrix on to the plotting routine 

SURFGG, which handles the array WORK as a t wo-dimensional matrix u. 

The 	calling sequence is (see flowchart 14.2): 

SUBROUTINE PLOT3D 

c 

COMMON WORK(30000) 


c 


CALL INPUT(ISIZE,JSIZE) 


c 


CALL SURF99(WORK,ISIZE,JSIZE) 


c 


RETURN 


END 


SUBROUTINE SURF99(U,NUI,NUJ) 


DIMENSION U(NUI ,NUJ) 




PLOT3D 

Specify working array 

in blank COMMON 

Fetch input data 

, 

Generate the drawing 

RETURN 
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1------+11 J
I NPUT 

1-----..._.,i SURF99 J 

Figure 14.2 

Fowchart of Subroutine PLOT3D 
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The amount of core occupied by the loader is about 7 to 12K 

(i.e. 7,000 to 12,000 octal locations). The actual size varies 

depending on the user's subroutines but nevertheless, there are 

automatically a minimum of 4,500 decimal locations available as 

storage space for the matrix. The figures refer to the different 

loaders (see paragraph 14. 3). 

If the default storage is not sufficeint, it can be 

increased by requesting more core for the program and for a 

requested total storage of 124K the storage available varies from 

23K to 26K decimal locations with respect to the number of input/ 

output files and sizes of their buffers (see I/O buffers). 

Table TAB3 shows the minimum memory requirements and 

guaranteed maximum storage space available for a number of different 

situations assuming reasonably small users subroutines. 

A COMPASS memory searching routine called SPACE is supplied 

with the package. The routine using the job communication area 

and loader area obtains both the size of memory as requested by 

the user and the last word of the loaded program (reference 14). 

This information is processed by subroutine DIFFER which, 

if the space available is not sufficient for storing the full 

matrix, terminates the program prematurely. 
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No. of 
· ·:Files 

Size of I/O 
buffers (dec 

Minimum memory 
required (octa l ) 

Maximum total storage 
f or memory 124K (octal) 

(in decimal)PP Loader CP Loader 

4 

5 

6 

1024 (de£) 

1024 (de£) 

1024 (def) 

54K 

56K 

60K 

56K 

60K 

62K 

25,000 

24,000 

23,000 

4 

5 

6 

512 

512 

512 

50K 

51K 

52K 

52K 

53K 

54K 

26,000 

25,500 

25,000 

Maximum default 
storage (in 
decimal) . 

3,500 4,500 

TABLE 3 


MEMORY REQUIREMENTS 


14.3 Selection of the Loader 

For computers with two types of loaders, the user can cut 

down the memory requirement by selecting the PP loader, that is, if 

it is not selected automatically as the installation's default 

loader. This will decrease the memory required to load the program 

by approximately 2K when compared with the memory required if the 

CP loader is used (TAB 3). On the other hand, loading is faster 

when the program is loaded with the CP loader (reference 15). 
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14.4 Input/Output (I/O) Buffers 

]!o;r execution, the program uses a minimum of four files 

(see I/O files) and tne . total number of files could .be as many as 

six. Because each file has its own I/O buffer within the .memory 

space assigned to the user's job, these buffers represent a 

significant portion of the core. 

By default, the size of each buffer is specified to be 

1024 decimal locations (i.e. 2K octal) by the FORTRAN compiler. 

For six files, this represents 14K (octal). It is possible to 

reduce tne memory requirement by only assigning files the program 

is going to use and by the specification of shorter buffers for 

each file. The assignment of files is described in the section on 

"INPUT/OUTPUT files". 

The size of the buffers can be decreased safely to 1011 

octal locations (16), and this represents a saving of about 

500 decimal locations per file. This shortening of the buffers 

causes a decrease in the efficiency of the I/O processes, however, 

it has been observed from test runs that this decrease in efficiency 

does not represent any significant decrease in the speed of the runs. 

To shorten the memory using this feature, the main program 

has to be compiled with the buffer size specification. One way of 

doing this is to set the appropriate parameter on the compilation 

control card to the size of the buffer (this should not be less 

than 1011 octal locations). 

Example: RUN (S,, 1011) 
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The above example would cause the size of the buffers for 

all files to be equal (L e. 1011 octal focations). 

There is another way of specifying shorter buffers and that 

is by stating the size of each buffer individually on the PROGRAM 

card (16,17). 

Example: PROGRAM MAIN(INPUT=lOll, .... ) 

This would cause the size of the buffer for file INPUT to be 1011 

octal locations while the other files .remain with buffers of the 

default size unless also specified. 

A review of typical examples is shown in TAB 3. Generally, 

the minimum memory necessary for the loading and execution of the 

program is given by the formula: 

n 
CM = 35000 + l hi + t 

i=l 

where CM is the memory size in octal 

3500 represents the size of the package and service 

subroutines (octal) 

n is the number of files 

bi is the buffer size (octal) 

t = 7000 (octal) for the PP loader 

t = 11000 (octal) for the CP loader 
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...... 

CHAPTER 15 

·rNPUT/OUT?UT FILES 

15.1 General 

During execution, the program uses up to six files, of 

which four are compulsory and two optional because they are job 

dependent. 

The compulsory files are as follows: 


a) TAPE2 


b) INPUT,TAPES=INPUT 


c) OUTPUT,TAPE6=0UTPUT 


d) TAPE10 


Optional files are as follows: 


e) PUNCHB,TAPE8=PUNCHB 


f) TAPEn 


15.2 . TAPE2 

The logical unit TAPE2 serves two purposes: 

a) It is a working file used for rotation of the matrix if required. 

b) During execution of the program, it is used for storing a plotted 

matrix. This is done primarily for printing or punching 

purposes if the corresponding switches have been activated. 
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A.J;ter . th.e progrcun . termi.nates successfully (after execution) 

TAJ?E2 is not destroyed (erased) and remai.ns available to the user. 

The same applies for TAPES (paragraph 15. 6). 

TAPE2 contains two files, both of which are written in 

binary·. The first file contains the plotted matrix in its unsealed 

form (i.e. as it was generated or read in). This matrix is already 

completed if KLASS=3 and interpolation was successful, rotated if 

rotation was requested and has its elements for which the inequality 

constraints have been violated set to the dummy quantity. 

The second file contains the matrix in the form it was 

transposed to before plotting started, that is, scaled and adjusted 

for plotting. It contains values between zero and VSIZE that repre

sent the actual elevation of the elements on the paper. 

Both matrices are written column-wise as if the equivalent 

FORTRAN statement was 

WRITE(2)((U(I,J),I=l., ISIZE),J=l,JSIZE) 

where the original limits ISIZE and JSIZE have been mutually 

switched if the rotation angle was 

w = ±(90+kl80) for k=O,l,2 ..•. n 

15.3 INPUT,TAPES 

TAPES is the logical unit containing the input data. If 

TAPES is made equivalent to input as is usually done, the data is 

input from the INPUT file (i.e. card reader). 

http:remai.ns
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15.4 OUTPUT~TAPE6 

TAPE6 is the logical uni.t . containing the output generated 

by .the program, other than the drawing and punched cards, making 

TAPE6 equivalent to OUTPUT directs the output to the line printer. 

15.5 . TAPE 10 

TAPE10 is the logical unit containing the plot file. It 

is the magnetic tape that is mounted on the plotting device after 

the program has successfully been executed. Although TAPE10 is a 

magnetic tape, it is not requested under normal circumstances 

by the user because the request is automatically generated by the 

SYSTEM on the first call of subroutine PLOT (18). This 

however, is a MCMaster software modification and, therefore, the 

procedure to write the plot tape will be different for other 

computers. Regardless of the installation, the plot file is 

generated in all cases and has to have its logical unit specified 

in one way or another. 

15.6 PUNCHB,TAPE8 

TAPE8 is the logical unit onto which the matrix is written 

for further use outside the plotting program. The output written on 

TAPE8 consists of the two binary files representing the matrix in its 

unsealed and scaled form respectively as discussed in paragraph 15.2. 

In contrast to TAPE2, each file on TAPE8 is. preceded by two 

integers stating the size of the matrix. The write statement for 

each file can be assumed to be 
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WlU.TE.(8} lS.lZE,JSlZE., (_(U (I_,J), 1=1, lSlZE) ,J=l,JSlZE) 

The file T~ES is primarily intended to serve the user in 

providing a source for the deck wi.th the matrices. For this reason 

TAPES is commonly equated to PUNCHB, which directs that the output 

be punched in binary by the card punch. 

The above feature is not necessary because it is possible 

to use the system copying utility .(15) to control the output 

from TAPES. In this case PUNCHB is not stated on the PROGRAM 

card and the user may select either of the files if it is not 

necessary to output both of them. 

15.7 TAPEn 

TAPEn is the logical unit containing the matrix if it is 

to be read in (i.e. for KLASS=2 or 3). If the matrix is punched 

in coded form it may be placed in the card reader and no special 

T.APEn has to be specified as in this case TAPES serves the purpose. 

When the parameter KLASS is specified other than 1, a call 

is issued to the user's subroutine UFILL. UFILL reads the matrix 

using the logical unit number n, i.e.: 

READ (n,format) list or READ(n) list 

Since it is not safe to handle mixed mode files (reference 

(16), the matrix punched in binary may not be read into the program 

from the card reader; however, it still may be read by the reader 

and copied onto TAPEn prior to the program execution (see the 

example 5 in APPENDIX D). 



·cHAPTER 16 

·usE OF THE PACKAGE ON OTHER COMPUTERS 

16.1 · General 

Although the program was set up for a CDC 6400 computer, 

the method and approach to the problem of 3-D plotting can be used 

on most systems with the necessary hardware and software. However, 

the program has to oe modified for a particular computer system; 

Also; the differences lie mainly in the coding that solves assisting 

tasks, such as variaole format for printing, writing numbers on 

the plot, etc. 

16.2 Subroutine DIFFER 

The parts of the coding that might be different are collected 

in the subroutine DIFFER where the purpose of a particular statement 

is explained by a comment preceding the particular statement. 

Therefore, to adopt the program for another computer it should be 

sufficient to replace the subroutine DIFFER with a new one with the 

appropriate modifications. 

It might even be necessary to replace this subroutine if the 

program is assembled by the same computer using a different compiler. 

An example of this is RUN and FORTRAN Extended (FTN) compilers on 

CDC computers (reference 15,16). 
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Also, i.f fTN . i_s to be .used, a _modi.:ti.ed .yersi_on of . th.e COMPASS 


subroutine SPACE must .be uaed .because of different subroutine linkage (19). 


16.3 Library Routines 

rf li'&rary· plotting routines are not available in a 


particular installation under the names used in the package (see 


APJ?ENDIX C), the user may supply his own routine in th.e set of service 


subroutines calling the correct available subrout i ne. For example, 


if the subroutine that moves the pen is called PLOTT instead of 


l?LOT the subroutine supplied will be: 


SUBROUTINE PLOT (X,Y,N) 


CALL PLOTT (X, Y, N) 


RETURN 

END 

Because the routines directly involved in generating the 


mapped plot do not use DIFFER, the conversion of the package for 


other computers can be done easily and without any chance of 


interfering with the main algorithm. This feature adds a significant 


degree of flexibility to the package. 
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CHAPTER 17 

PERFORMANCE AND TIMING (SUMMARY) 

During the test runs and a short period of actual use, the 

program performed very well, producing precise and accurate images 

of the surface. 

It is difficult to give a guideline for estimating the 

total CPU time required to generate a given plot. This is because, 

although the time increases with the size of the matrix, it also 

depends significantly on the shape of the surface. The execution 

time required to generate figures 11.1 through 11.20 was of the order 

five to six seconds. The compilation time should also be taken into 

account, although it is insignificant for most usage of the package 

since the package will be used in object form. The entire package 

represents about 2,800 cards and the assembly time is about 20 

seconds. 

Another time that should be considered is the time the 

tape is engaged on the plotter while the drawing is being done. 

For the same drawing, the time is proportional to the size of the 

drawing, although the computer CPU time will remain the same. 

When the subroutine MOVE, paragraph 6.5, was introduced, 

the plotting time became independent of the computing time and two 

drawings having close computing time may have vastly different 

plotting times. If, for instance, after the rotation the front 
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part of the solid shaded the rest of it, the plotting time would be 

a minimum while the computing time remained without significant 

change. 

As an illustration, the time required to map Figures 11.1 

through 11.20 was about five minutes. For a smooth surface and 

larger matrices with about one third of the points hidden, it may 

be estimated that for each two seconds of generating time, the 

plot takes about one minute to be drawn. 
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SECTION D 

SUMMARY - APPLICATIONS 


CHAPTER 18 


GENERAL 


A three dimensional display finds its usage anywhere 

where the properties of a function of three variables are to be 

examined. This section deals with some of these application 

areas, some of which have been investigated in detail and some 

of which are little more than ideas at this time. 

The usefulness of the package lies mainly in the fact 

that it enables the user to visualize a three dimensional prohlem, 

such as a complicated surface that is a function of three variables. 

Visualizing a function of two independent variables is particularly 

difficult when the function is not continuous. The introduction 

of inequality constraints has the effect of making the function 

discontinuous. 
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·cHAPTER 19 

OPTIMIZATION PROBLEMS 

Optimization problems involve the optimization of some 

objective function 

u = u(x ,x2 ,x •.• xn)
1 3 

where x1 , x
2

, x •.. xn are independent variables.
3 

If there are two independent variables, the objective 

function can be represented as a surface in three dimensional 

space. If there are more than two independent variables, the 

objective function represents a hyperplane and cannot be represented 

in three dimensional space. The plotting package is, therefore, 

limited to the solution of three dimensional problems. 

Algorithms have been formulated to solve both linear 

and nonlinear optimization problems. The solution of such problems 

involves finding a maximum or a minimum value for the objective 

function, subject to equality or inequality constraints. When 

the constraints and the objective function are linear the problem 

is one of linear optimization and algorithms such as the "simplex 

method" (reference 20 and 2 1) can be used. Simple problems 

can be solved manually, but more complex problems require the use 

of a digital computer. When one or all of the constraints or the 

objective function are nonlinear, the problem of solving for an 
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optimum value of th~ objective function is considerably more 

complicated and in some cases i .t becomes impossible to find a 

solution. The plotting package is equipped to find a numerical 

solution to a nonlinear optimization problem, but of considerable 

importance is the fact that the problem, with its solution is 

displayed visually. 

The constraint functions may be inequality functions, such 

as 

or equality constraints such as; 

~k = ~k(xl,x2,x3 .... xn) for k=l,p 

where are independent variablesxi 

n is the number of independent variables 

m is the number of inequality constraints 

p is the number of equality constraints 

The package has been designed with a view to the solution 

of optimization problems in design work and also to gain insight 

into the effect of changing variables in the objective function. 

Because the package can only handle problems with three variables, 

the number of independent design variables is limited to two giving 

the objective function the form 

u = u(x ,x )
1 2
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Two independent variables could be regarded as a serious 

limitation of the objective function; however, a choice of the two 

variables that are allowed to vary independently can be made and 

in a manner that leaves the nature of the objective function 

unchanged. A single or a series of sensitivity tests may be 

performed on the objective function to make the choice of indepen

dent variables simpler. It is also often possible to reduce the 

number of independent variables and by so doing also reduce the 

number of constraints since constraints on independent variables 

that have been removed from the problem are redundant. 

The program allows twenty inequality and five equality 

constraints because test runs of the program have shown that these 

are sufficient in almost all cases. Constrained regions in the 

mapped solid are defined by inequality constraints in such a way 

that only that part of the surface that represents feasible 

solutions is drawn. The grid pattern on the base of the solid 

is drawn in places where the solid has been "cut away" because of 

an inequality constraint. The boundaries are clearly represented 

by vertical lines and this ability to represent multivalue elements 

(sudden drops from the surface to the base) makes the package 

unique. 

The equality constraints are mapped as paths consisting 

of numerals, each of which represents a particular constraint. 

Both the maximum and the minimum values of the objective 

function, subject to the constraints are marked on the surface 
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provided that the solid is oriented in such a way that these 

points are visible. 

Figures 19.1, 19.2, 19.3 and 19.4 show views of a typical 

objective function and the change in the solutions when constraints 

on the oojective function are changed and combined in different ways. 

By multiplying the original objective function by -1.0, the solution 

had its maximum and minimum reversed. 

Use of the three dimensional plot for visualizing a 

designer's objective function makes it simple to recognize variables 

that have a marked effect on the solution and also how the variables 

affect the objective function. It is also possible to see whether 

the solution found represents a global or a local optimum. 
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Figure 19.1 

Solution of Optimization Problem with no Constraints 

Figure 19.2 

Solution of Optimization Problem with One Inequality Constraint 
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Xl X2 

Figure 19.3 

Solution of Opti~ization Problem with One Equality Constraint 

Figure 19.4 


Solution of Optimization Problem with One Equality and 

One Inequality Constraint 




CHAPTER 20 

FUNCTIONAL ANALYSIS IN DESIGN 

Figure 20.1 shows the application of the package to the 

analysis of the functional relationship between tool life, cutting 

speed, feed rate and depth of cut in a chip removable machining 

process. 

An extended Taylor's basic equation for tool life 

(reference 22) defines tool life as: 

(20.1) 


where 	 T is the tool life in minutes 

v is the cutting speed in feet per minute 

f is the feed rate in inches per minute 

d is the depth of cut 

k is a constant 

m, n and p are experimentally determined constants 

Combining the feed rate and depth of cut into a single 

variable representing the. cross-sectional area of the cut, the 

tool life becomes a function of t~vo independent variables. 

T = T(V,N) (20. 2) 

where M is the volume of metal removed 

Thus, the function is suitable for display by the three-dimensional 

plotting 	package. The surface resulting from the study of a model 
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based on equation (20.1) is shown in Figure 20.1. 

An analysis of the plot shows that the cutting speed has 

a bigger influence on tool life than the volume of metal removed. 

Using the scale along the vertical axis, readings of tool life 

may be taken from the surface for a given cutting speed and volume 

of metal (maximum and minimum values are obtained from the printout 

accompanying the plot). Plots similar to Figure 20.1 may be 

extremely useful in machine shops if supplied in a suitable form. 
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Figure 20.1 


Response Surface for Tool Life 




·cHAPTER 21 

.EVALUATION OFDATA SETS 

The three dimensional plotting package has application in 

the preparation of diagrams for visual aids. A fast and cheap 

line drawing of a family of curves, or a response surface can be 

drawn as viewed from each of four corners, and the plots quickly 

coloured (eg. using letra-tone). If all four views are photographed 

together in one illustration, readers are given maximum information 

in an easily assimilable form. 

The 3-D package can also be used to plot a 2-D transient 

response (eg. longitudinal dispersion against time) or a 3-D 

response at various instances of time. Figures 21.1 and 21.2 

show a flood wave propagation through a body of water as seen 

from opposite corners. Alternatively, in the latter case, a simple 

adaptation can be made by plotting a relavent parameter, eg. the 

instantaneous peak flood levels, against time. 

In the case of such transients, the 3-D package is 

particularly suitable for illustrating the effect of several inputs 

distributed along the boundary of the configuration (eg. pollutant, 

flow, etc.), and provides a worthwhile condensation of otherwise 

unwieldy tables of numbers, inherent in the output of most models. 

Figures 21.3 and 21.4 shmv a graphical representation of the 
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Figure 21.1 

Flood Wave Propagation - Basic View 
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~gth) 


Figure 21.2 

Flood Wave Propagation - Rotated View 
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dissipation of pollutants from two sources in abody of water. 

The Xl and X2 dimensions represent an area in the body of water 

and the altitude of the mapped solid represents the pollutant 

concentration. The manner in which they mix is of interest 

(reference 2 3). 
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Figure 21.3 

Concentration of Pollution from Two Sources - Basic View 
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Figure 21.4 

Concentration of Pollution from Two Sources - Rotated View 
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.CHAPTER . 22 

TEACHING DESIGN OPTIMI ZATION 

The optimization feature of the package with its mapped 

display has interesting possibilities as a teaching tool. 

The idea would be that students would try to search for 

maxima or minima in three dimensional engineering design optimi

zation problems via computer experiment s on a response surface fed 

into the computer by the instructor ahead of time. The student 

would be allowed several experiments and the results of each 

experiment should appear as printout of the numerical value of the 

objective function for each experiment. Furthermore, the experiment 

number could be stored at the appropriate location on the response 

surface for later display purposes. 

When the students have computed their set of experiments, 

the surface, the optimum and the values of the objective functions 

corresponding to each experiment could be displayed (reference 24). 
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CHAPTER 23 

IMPROV~IENT OF INCOMPLETE EXPERIMENTAL DATA 

Often experiments are too costly or too time-consuming to 

determine sufficient data for a complete range of variables. 

Usually in such cases, only the minimum number of points are 

obtained experimentally and interpolation is necessary to complete 

a description of the phenomena. 

Figure 23.1 shows a 3-D figure obtained on the plotter 

from an incomplete set of experimental data. In this case, the 

problem was to determine the shape and values of a surface 

describing the relationship between the nonstochiometry of 

cobaltwnstite (the vertical axis) with respect to the pressure 

(x2 axis) and weight percentage of ferrous oxide in the mixed 

oxide (xl axis) at a given temperature (25). 

Data was obtained for the nonstochiometry "of cobaltwustite 

at a temperature of 1000°C. Because of the high temperature, the 

experimental results were difficult to obtain. It was, therefore, 

decided to attempt to use the package to simultaneously double 

the number of results by using the spline interpolation routine 

built into the package and to map a three-dimensional display of 

the total data. Figure 23.1 shows a display of the three variables 

where every second value was obtained by interpolation (26). 
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Interpolated Results from High Temperature Experiment 
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CHAPTER 24 

VISUALIZATION OF DISCRETE EXPERIMENTAL DATA 

A neutron beam was point.ed at a detector and the flight 

time and energy of each neutron as it reflected off the detector 

and hit another detector was recorded (reference 27). 

A plot was required to display the full spectrum of 

results. Therefore, the package described herein was used to 

plot the number of neutrons hitting the second detector (vertical 

axis), versus the pulse height representing the energy (xl axis) 

versus the time of flight _ (x2 axis). 

Figure 24.1 is a display of only a sample of the full 

range ·of the original data and the original plot. This figure 

demonstrates the performance of the package when applied to 

discrete "unsmoothed" data. 
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Time of Flight 

Figure 24.1 

Display of Matrix With Eratic Data 
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APPENDIX A 


LIST OF STOPS, DIAGNOSTIC MESSAGES 


AND SUBROUTINES GENERATING THEM 


If the program aborts, the following STOPn is printed in the 

dayfile and the associated message is printed on the printed output. 

STOP 1 SUBROUTINE DATAT 


"Number of intervals to be plotted along Xl or X2 axis is less than 


or equal to zero". 


See Parameter INTXl. 


STOP 2 SUBROUTINE DATAT 


"Error in matrix dimensions. ISIZE or JSIZE are less than or equal 


to one". 


See Parameter ISIZE. 


STOP 3 SUBROUTINE DATAT 


"Number of inequality constraints greater than twenty or less than 


zero". 


See Parameter NCONS. 
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STOP 4 SUBROUTINE DATA 


"Number of equality constraints greater than five or less than 


zero". 


See Parameter NEQUA. 


STOP 5 SUBROUTINE DATAT 


"Klass is not equal 1, 2 or 3". 


See Parameter KLASS. 


STOP 6 SUBROUTINE DATA 


"Angle of the matrix side is less than zero or greater than or 


equal to ninety". 


See Parameter ALPHA. 


STOP 7 SUBROUTINE DATA 


"Size of the plot exceeds nnn inches or is less than or equal to 


zero". 


See Parameter VSIZE. 


' STOP 10 SUBROUTINE DATA 


"Length of the plot side is less than or equal to zero". 


See Parameter XLENG. 
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STOP 11 SUBROUTINE SURF99 


"Total number of intervals (size of the matrix minus one is 


not an integer multiple of the number of the intervals to be 


plotted". 


See Parameter INTXl. 


STOP 12 SUBROUTINE SURF99 


"Upper limit of Xl or X2 is equal to the lower limit". 


See Parameter XlMIN,XlMAX,X2MIN,X2MAX. 


STOP 13 SUBROUTINE SURF99 


"Surface is not defined at specified interval. No feasible 


solution for optimization problem". 


Although the surface exists at the interval specified 

by limits of Xl and X2, inequality constraints are violated at 

that particular interval. Therefore, the function is said to be 

"not defined" at the interval in question. 

STOP 14 SUBROUTINE SURF99 


"Size of the plot is less than far corner of the basis". 


See Parameter XLENG. 


STOP 15 SUBROUTINE DATAT 


"Angle of view is less than zero or greater than 90 degrees". 


See Parameter ANGLE. 
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STOP 16 SUBROUTINE DIFFER 

"Memory allocated is not sufficient". 

This message may not be issued for a modified subroutine 

DIFFER. If this subroutine does not supply the space available 

for the matrix, the program fails due to insufficient memory during 

the test done in Subroutine SURF99. (See Memory, page 96). 

STOP 17 SUBROUTINE DATA 


"Paper size is exceeding 28 inches or i s less than zero". 


See Parameter PAPER. 


STOP 20 SUBROUTINE ROTOR 


"Rotation angle is .not an integer multi ple of 90 degrees". 


See Parameter XYROT 


STOP 21 SUBROUTINE INPUT 


"Syntax error in input data in or after column nnn". 


See Input Data. 


STOP 22 SUBROUTINE XINTER 


"Ill conditions for interpolation". 


This message is accompanied by an additional message 

specifying the cause of failure to interpolate and aprintout of 

the matrix at the instant of termination. 



APPENDIX B 

LIST OF THE PACKAGE SUBROUTINES AND FUNCTIONS 

1. CHECK 

Checks if criteria for interpolation to be possible are 

satisfied. 

2. 	 COORD 

Calculates X andY co-ordinates of a matrix element u ..• 
l.J 

3 . .CORNER 

Checks if the element which forces the pen to change its 

mode is an element standing on the edge of a constrained and non-

constrained area. 

4. CROSS 

Finds X and Y co-ordinates of a point of intersection of two 

straight lines. 

5. 	 DATAT 

Tests input parameters for specified limits. 

6. 	 DIAG3 

Solves a tridiagonal system of equations. 

7. DIFFER 

Contains the instructions that may be different for 

different computers or different FORTRAN compilers. 
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8. ELEV 

Lifts the pen from the base to the surface or slides it to 

the base from the surface if the edge of the surface due to the 

constrained area ·has been reached. 

9. EYE 

Finds the pr~per. mode of the pen (2 or 3) for the next 


movement. · It also moves the pen in its present mode up to the 


point of intersection if the pen changes its mode. (See Figure 


6.3). 


· 10. FIZL 

FIZL checks the conditions for the next move of the pen, 

namely, whether the move is to be on the surface or on the base 

(for constrained areas), positions the pen for arty surface-

base interchanges, obtains the ~ode of the move and moves the pen 

to the next position (see Figure 6.1). It also marks the outer 

corner elements in order to prevent multiple drawing of their 

vertical contours. 

11. GETMAT 

Reads or generates the matrix for plotting, depending on 

the parameter KLASS. 

12. IGET 

Finds the position of the next nonblank character for its 

identification by subroutine INPUT. 
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13. INCO 

Checks if element lies on the inner corner of the boundaries 

of constrained areas and if so, arranges for the plotting of both 

the vertical contour and the contours at the base. 

14. INITP 

Initiates the plot file by issuing the first call to 

subroutine PLOT. 

15. INPUT 

Reads the input data, decodes the key words and sets 

appropriate switches and/or parameters. 

16. 	 INSERT 


Interpolates column-wise or row-wise. 


· ' 17. LINES 

Identifies the intersecting lines by two pairs of 

co-ordinates of the points lying on each one. 

18. MARK 

Controls the writing of all the text and symbols connected 

with the problem on the plot~ 

19. MAXIM . 

Locates the maxima and minima of the values in the generated 

matrix. 
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20. MOVE 

Checks the mode of the pen and,while generating the drawing 

controls, movements of the pen so that the pen .is moved only if it 

is supposed to draw a line. 

21. NKVD 

Searches the matrix to determine if any elements have been 

eliminated due to the constraining conditions and clears out 

elements that do not have _any neighbouring ones in order to get a 

clear drawing. 

22. PLOT3D 

This is the driving routine for the plotting package. 

Specifies working space in blank corner, calls subroutine I1~UT 

for input of parameters and passes control to the plotting routine 

(see Figure 14.2). 

23. PATHS 

Marks the paths of equality constraints on the drawing 

and marks the elements on the paths for further printer-plot. 

24. PRINTG 

Generates a printer-plot representing the top view of 

the plotted matrix. 
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25. PRINTL 


Prints list of parameters, their values and meanings and 

list of activated switches. 

26. READV 

Reads the matrix column-wise from the logical unit #2 onto 

which it has been written by subroutine ROTOR, thus rotates the 

matrix clock-wise. 

27. ROTOR 

Checks validity of the angle of rotation, switches limits 

of variables and writes the matrix row-wise onto logical unit #2. 

28. SPACE 

This COMPASS subroutine searches the job communication 

area (Figure 14.] for total memory allocated to the program and 

the first address of the blank COMMON. These values are analyzed 

by subroutine DIFFER to check if space in blank COMMON can 

accommodate the matrix with the working arrays, if an interpolation 

is necessary. 

29. 	 . SPLINE 

Executes cubic spline interpolation. 

: 
30. 	 SPLIT 

Calculates second derivatives for interpolation. 
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31. SURF99 


This is the backbone of the program (see Figure 3.1). 


It controls and performs calculations and other tasks necessary to 

generate the matrix and prepare it for plotting, initiates and 

terminates the plotting, controls the generating of the drawing 

and servicing tasks such as printing of the report, outputting 

the matrix, etc. 

32. UOUT 

Outputs the matrix on the printer and/or binary punch with 

re~pect to the setting of appropriate switches. 

33. uso 

This function retrieves the actual value (altitude) to be 

used for plotting since some elements have been artificially 

modified-flagged by subroutine FIZL. 

34. XINTER 

Arranges for the completion of the matrix by the method 

of spline interpolation if the matrix has not been supplied fully. 
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LIST OF LIBRARY SUBROUTINES 


1. DATE 

FORTRAN function supplying the current date as a 10 

character Hollerith constant. 

2. GRAF 

Draws symbols ~ and V to mark maximum and minimum on the 

plot respectively. 

3. 	 LETTER 

Draws string of characters used as comment on the plot. 

4. PLOT 

Moves the pen above or on the paper with respect to the mode 

specified. 



APPENDIX C 


CROSS REFERENCE DIRECTORY OF THE PACKAGE SUBROUTINES 


N.AME CALLING CALLED BY 

1 

2 

3 

4 

5 

6 

7 

8 

9 

CHECK 

COORD 

ENTRY XCO 

ENTRY YCO 

CORNER 

CROSS 

DATAT 

DIAG3 

DIFFER 

ELEV 

EYE 

U50 

SPACE 

COORD,EYE,MOVE 

U50 

CORNER, CROSS, 

LINES ,MOVE, U50 

XINTER 

ELEV,FIZL,INCO,LINES, 

PATHS, SURF99 

EYE 

EYE 

SURF99 

SPLIT 

INPUT ,MARK, PRINTG, READU, 

ROTOR, UOUT .WfCfl 

FIZL,INCO 

ELEV,FIZL,INCO 
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NAME CALLING CALLED BY 

10 FIZL COORD,ELEV,EYE, 

MOVE 

SURF99 

11 GETMAT OBJECT,UFILL,XINTER SURF99 

12 IGET INPUT 

13 INCO COORD,ELEV,EYE, 

MOVE,PLOT 

SURF99 

14 INITP PLOT SURF99 

15 INPUT DIFFER,IGET PLOT 3D 

16 INSERT SPLINE, SPLIT XINTER 

17 LINES COORD,U50 EYE 

18 MARK DIFFER,LETTER, 

PATHS, PLOT 

SURF99 

19 MAXIM 
. 

SURF99 

20 MOVE PLOT ELEV,EYE,FIZL,INCO,SURF99, 

21 NKVD SURF99 

22 PATHS COORD,EQUAL,GRAF, 

LETTER,OBJECT,USO 

MARK,SURF99 
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NAME CALLING CALLED BY 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

PLOT 3D 

PRINTG 

PRINTL 

READU 

ROTOR 

SPACE 

SPLINE 

SPLIT 

SURF99 

UOUT 

U50 

XINTER 

INPUT, SURF9 9 

DIFFER 

DIFFER 

DIFFER,READU 

DIAG3 

CONST,COORD,DATAT, 

DATE,DIFFER,FIZL, 

GETMAT,INCO,INITP, 

LETTER,MARK,MAXIM, 

MOVE,NKVD,PATHS, 

PLOT,PRINTG,PRINTL, 

ROTOR,UOUT 

DIFFER 

CHECK,INSERT 

MAIN 

SURF99 

SURF99 

ROTOR 

SURF99 

DIFFER 

INSERT 

INSERT 

PLOT3D 

SURF99 

ELEV,EYE,LINES,PATHS 

GETMAT 
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REFERENCE DIRECTORY OF SERVICE SUBROUTINES 

NAME CALLING CALLED BY 

1 CONST SURF99 

2 EQUAL PATHS 

3 OBJECT GETMAT, PATHS 

4 UFILL GETMAT 



APPENDIX D 

TYPICAL DECK STRUCTURES 

1) Package in Source Form 

abcd,MT1,T40,CM52000. name 

LOADER(PPLOADR) 


RUN (S,, 1011) 


SETINDF. 


REDUCE. 


LGO. 


RETURN(TAPE10) 

7/8/9 END OF RECORD 

PROGRAM MAIN(INPUT,OUTPUT,PUNCHB,TAPE1, 

* TAPE2,TAPE5=INPUT,TAPE6=0UTPUT,TAPE8=PUNCHB, 

* TAPE10) 

user's service subroutines 

package subroutines 

7/8/9 END OF RECORD 

data 

6/7/8/9 END OF FILE 
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2) Package in Object Form as a Deck 

abcd,MTl,CM52000. name 


LOADER(PPLOADR) 


COPYBF(INPUT,LGO) 


RUN(S, ,lOll) 


SETINDF. 


REDUCE. 


LGO. 


RETURN(TAPElO) 


7/8/9 END OF RECORD 


object deck with package subroutines 

7/8/9 END OF RECORD 


PROGRAM MAIN(INPUT, ..............•. ) 


user's service subroutines 

7/8/9 END OF RECORD 

data 

6/7/8/9 END OF FILE 
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3) Package in Object Form on Magnetic Tape 

abcd,MT1,CM52000. name 

LOADER(PPLOADR) 

RUN(S, ,1011) 

REQUEST(TP)READ/tape identification 

REWIND(TP) 

COPYBF(TP,XX) 

UNLOAD(TP) 

LOAD(XX) 

LGO. 

7/8/9 END OF RECORD 

PROGRAM MAIN(INPUT, ........• ) 


user's service subroutines 

7/8/9 END OF RECORD 

data 

6/7/8/9 END OF FILE 
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4) Package in Object Form on Permanent File 

abcd,MTl,CM52000. name 

LOADER(PPLOADR) 

RUN(S, ,lOll) 

ATTACH(XX,filename,ID=abcdname,MR=l) 

LOAD(XX) 

LGO. 

7/8/9 END OF RECORD 

PROGRAM MAIN (INPUT, ...•...•.. ) 

user's service subroutines 

7/8/9 END OF RECORD 

data 

6/7/8/9 END OF FILE 
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5) Input Matrix as a Binary Deck 

abcd,MTl,CM52000. name 

LOADER(PPLOADR) 

RUN (S,, 1011) 

COPYBF(INPUT,TAPEl) 

REWIND(TAPEl) 

ATTACH (XX, ...•...•.. ) 

LOAD(XX) 

LGO. 

7/8/9 END OF RECORD 

PROGRAM MAIN(TAPEl,INPUT, ..... ) 

user's service subroutines 

7/8/9 END OF RECORD 

binary deck with the matrix 

7/8/9 END OF RECORD 

data 

6/7/8/9 END OF FILE 
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4 A X, U M IN , X 1'-l , Xl , X£: , Y1'-1 , Y Y 1 , Y Y ~ , Y l. , Y 2 

b 
b 
8 
fj 

8 
b 
b 
fj 

/j 
~ 

:L.U 
:.Li. 
~~ 
1.:1 
.l'-t 
l.S 

c 
CO ,·J i"lL I ~ I ~ri J. TL. h / KL y s ( j ' lU )' N i\t:. y s' li~rl l J.U) b 

8 
lb 
lf 

c 
l.IATA Alc..ll/.~..Hl/ 0 

!3 
1/j 
1~ 

c u £.u c 
C T t.~ T lNPLT JAlA 

b 
b 

"1 
'-'

G b ~.) 

CALL UtlTAT li ~It 
c 8 c:.:
C 
C 
c 

CAL L S l. bti:OLJTHk TU GALCULATL 
ANGLE CF Vl t.W AIW TO 1-'fUNl A 

ALPHA, 
LI~T Ut

v :::.lLt. A1W XLd'IG 
f-lAt<.Af': i:.lJ.:. t<:) 

f(JR GlVt.N 8 
~ 
b 

d.> 
i.l 
i:::() 

CALL Pf'li\TL (1/ 2 ) 0 C:.~ 
G 8 .JU 
c Tl 3T FOR AVAlLA~L~ Ht.MURY SPACt 8 .) .... 

c 1 HJ..S TE S T dJ.IY UlFft.k FOt< u lFF C:KlNT l"iAL..hll~t.~ . I H t:. ~ I rofJi..c.~T WAY uf 8 ~c:. 
(.; Tt.::iTING 1 S U:::.11-.JG -lrlt. Vt. t< Y LA ST LUt- ATll.A~ Of tH~H<lx U fuR SH,R..LNG 0 ,j.) 

c Of A uld'1 MY L.lUt-.NTl'f Y. FUR KLA SJ = 3 J..l W.!.L L b l:. -lHi:. LAS1 LUL Ai liJ N uf ~ ~It 
c WUK.KlNG ARK.AY~. 8 .::.::; 
c FU::iSlllLc Fut<, 'l OF lt.ST l~ U<LA~T>=u.u b .Jb 
c 8 ~I 

Wt·U T i <o , u .U 
..LF ( KLtl~~ -j) 2 , 1 ,~ 

d 
B 

.)() 
vSI 

.1. K='IJU l b 4u 
lF (i\U..;.GT.IJU..L) K=-N UJ 
K~=NUl""l'-ll..J+ I""K+l 

b 
b 

41 
4C.. 

GU T lJ 3 8 'iv 
c K:..=NUl,.NLJJ fj Lt4 
3 
c 
c 

Wi-< ll t:. <o,b3J 

GAL L UlFft:r< 

Kl 

( o , Kl ,A,lC,NUI,U, I-JUJ) 

t.l 
b 
8 
b 

4:... 
<.;b 
"tl 
4b 

I-' 
Vl 
Vl 

U ( t( U = u.U 
WRl T t.: <o , b i ) 

0 
8 

... ~ 
::>u 



c 
c 	 PR~StT U-MATRlX 
c 

uu 4 1=..~.,1-.Jul 
LO 4 J=1,NU-..i 
U<ItJ>=.x.Lt.ll 

4 	 CON 11\JUt..:. 
c 

I'Jl=NUl -.o. 
NJ=I~UJ-1 
ISTt.P=f\1/INl.X:l
-.JS I t. P =~-..iII I~ l X: 2 

c 
c 	 CH::.CK IF NLJI·1J c.R 

8 :.1 
TU I 8 ~C:: 

b ~;) 
b .:;,., 
8 ~:;, 
b ~b 
8 ':;/ 
u .?b 
b 
b 

~':; 
bu 

d bl 
u Oc... 
8 b.J 

Ut- lNTt.RVALS TO St. PLLJTlt:.C lS AN il'llt.Gt.k f'iLLTlF-Lt. b b4 
c Of THL SlZL ~f THt:. MATklX 	 b 0~ 

c 	 b bb 
IF ( <ISlc.P~..t.N iXl) .u;r.Nl.ANO. (J::)TC:.P•HI1X.::> .t.u.NJ) l>O TO ;,; 	 b of 
~-~ rurc: co,b:.>>
STuP 11 

c:> 	 lF (KLIJ SS . I~c. • .l.At~~.NCuNS.d~.u.ANU.ll.!U~L.tQ.u) 
lJlF 1 =Xi h 1-1 )(- X . .Li ·tl r~ 
UIF2= X21"1AX-XchlN 

c 
c CH::Ct< IF UPPt:.f~ Llt·,l T OF Xl 01<. X2 lS UlFFC:Rt.l.._.T 
c Ll hl T 
(; 

1 F ( U l F 1 o Nt. • u, u • A(\j U. U IF ~ o 1\j t.. u o U ) l>O 1 U b 
Wra T c (o, o 7 ) 
ST:JP 12 

b 	 0t. L l =U] F l/ r LU1-1 T ( ~~ l ) 
ULL2=0IF2/FLO~T(N-J) 

c 
C 	 GET 
c 
7 	 CALL 
c 
C SU 
C AT 
c 

U-MAl~lX FUR t-UT LRt. PLOTTiNG 

GE. H1Al <u, NUl,NUJ) 

U-E:.Lt.t'lcNlS TU Nt.G~T lVC: IF ANY 
l-~ LUC~llUN I~ VlULATt.O 

IF ( NCGN~ ) 11,11,o 
5 	 1'-lVl U L = U 

Ou 1 u 1=1 ,t"llJl 
XI=- X J.IHN+u c.LJ. +f LOH T (I-iI 
UU 1 G J =1 1 ~~ UJ 
XJ::. X 2 I'll N+U t. L 2..,.. F L 0 AT ( ....1-1 ) 

c 
CA ... L CON~T (Xl 1 XJ) 

c 
00 10 K=1 1 1H.~U,~S IF (Phl(KJ) Y,<:l,lu 

u 
b 

GU 10 7 b 
b 
l:.l 
b 

Ftwtt 1Ht. LOWt.R b 
B 
b 
u 
b 
8 
u 
b 
b 
8 
8 
b 
b 

bo 
o':J 
i'U·, ... 
7c. 
~~ 
/4 
-, :J 
lb 
II 
lo 
(~ 
OlJ 
til 
bC:: 
b.J 
ti't 
b:.> 
bb 

l&~i:.UUALlTY LON:::.tRAJ.N"I b ol 
8 db 
b 0'::) 

b ':;lJ 
b ~l 
1:) ~'-
8 '='~ 
b '='4 
8 '='~ 
b 
8 

So 
'-;;( I-" 

VI u ':;jb (j\ 

0 '-;;':J 
B LUU 
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9 IF <LJ<I,.JLc.Q.Xli::li> GU TO ill 	 8 ..LUl 
UCl,J)=XLt:Tl 	 b l .U' ---. 
NVlOL= NVlOL+..i. 	 b ..LlJ.J 

lU 	 CCJN T I NUt:. 
c 
c CH~ C I< IF TH~ ~U~fACl 15 U~FINtO AT lHt. GIIIt:l~ J.N T~R VHL 
L; 

lF CNVIUL.LT. CNUI~NUJ)) GO TO 11 

1-lk. J.. T t:. Cu,bo)

:)lJ j-l 13 

c 
c 	 CL~AR THe HAl r<. lX LIG!UlDATING ANY SH.JGLt VALut:. OF u 
G 
11 lF ( 1\ CO o'-l S • L t:.. • ll) Gu TG 12 
(.; 

CALL NKV J ( U, NUI, r~ U J) 
L; 
c 	 ROTAT~ TH~ 1·1A 1 tdX IF l ~ l Cc. SSARY 
(.; 


12 IF L< YtW T> J..-:>,14,..1....:> 

c 
G 
c 	 ST:JRt: BUUNUS uF X1. ANU X2 
c 
).,) 	 PHI { l) =X H 1l N 

PHI(2}=X1 MAX 
PHI ( 3) =X21'lH~ 
PH1(4)=X2t-iAX 

c 
CALL RCTL.f< ClJ,NUI,NU.;) 

14 COi·H l NLc 
L; 
c WiU Tt THt. uRlGINAL MATk.lX l.i:.. IN UA1A FUkl'l lN blNA r<. Y 
c TH;_ F lR ST FIL~ CJN UN ll 2 
G 	 TH C: l':AlRlX ..LS NUW ROlATi:.O lf XYROT 1-iA::> UIFFt:.RtNl F kvt"l 
c 

k t rl IN U 2 

v~ R I T t u
(t::} 


i:JJJ FILe. 2 

c 
c 	 FINO L CL; AT1 UN S AN LJ VAL Ut:. S UF H1 Nl !'I Ui'l ~~~L.l t'1 AXHI u11 U 
c 

GALL l"i.ll XlM ClJ,NUI, NlJJ) 
c 

Wt<lT l Ct:, ? o> Ui'll N ,Hil t~,JI1lN

l F (KLA SS . N ~ ..... ANLJ .NCU N5 .LL.u> GU TU .I. :I

xI= x1 r1I N+tJ c. Ll .,.. F LUA T cH 1:u~-1) 

XJ=X~ NlN +Li~L2 • ~LUHf (~ h lN-1) 

W~ l T t ( 6 ,5':1) Al,XJ 

GU TG 	 ..LO 

A~ 

Zi:.RU 

8 1U4 
b l.U~ 
iJ J..l.ib 
8 
b 

:L.u/ 
1uo 

b lu<;J 
b i:.L lJ 
8 .o.J.J. 
b 112 
b 113 
ll ll't 
b .o.J.;.. 
!:l llu 
b 111 
u llb 
b ll':l 
b lt::lJ 
!:l 1~1 
b l2C:: 
8 12.) 
b .O.L"t 

8 1L..~ 
b li:.b 
b 
b 

12/ 
.l..'-0 

t.;j l'':l 
b .o...:>LJ 
!J l..H 
b l.:.i:. 
8 ,1.;.,) 

8 1..:>'-t 
b l.j:;t 
b l.:lb 
8 J..v7 
u l.;.b 
B l.:l<;J 
8 14U 
b 141 
t.;j ..L4c::. 
IJ lLtj 
b 1'-t~ 
d 
!:l 

14~ 
.i.'tb 

1-' 
V1 

b l<tf "-J 

8 .i..Ltb 
l:j J..4<j 
8 l !>U 
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LURNt.~ 

b 1!:11 
13 .i.!.l ... 
b 1~~ 
8 1?4 
b 1~~ 
e .... .::nJ 
8 1?7 
b l?v 
b 1~~ 
U loll 
b lol 
lJ loL 
b lo.)
B lc4 
b ... c.:;, 
u ... uo 
u lb/ 
b lob 
tl ..I.C~ 
b llu 
b 1/l 
b 1/~ 
b .i. l.J 
8 174 
8 l/? 
8 li'o 
b j. r, 
b 17b 
u 1/9 
u lblJ 
b lt-1 
8 ..l.b'
8 1.63 
d lbl.t 
8 lb~ 
U ..t.bO 
u l.bl 
8 lbo 
b 16'=' 
b ..1.Su 
b l Sl 
b l~c 
8 1~~ 
13 J.S4 
b 1':1 :::> 
b 1 ':io ...... 
u l':J7 
I..J l~b 

V1 
00 

t3 J.~~ 
b 2uu 

1~ 
16 

17 
1ti 
c 
c 
c 

19 

c 
c 
c 
c 
zu 

c 
L,; 

c 
21 

22 

23 
c 
c 
c 
24 

25 

c 
L 
c 
io 

WR.l T i:. <b , b U ) . 

WR..L Tt. ( 6 ,Sb) ui·IAX_,IMAX,.;I'1AX 

IF <KLAS::::.Nt..l.Ar·HJeNCONS.Lt..U> 

XI= X1Jvi i 1HD~ Ll"'F LJ AT ( ll'liiX-1)

XJ =X 2 f1l r-H LJ L. L2 "' F l J A T ( J lvl A X- l ) 

~If-aT E. ( t: , 5 ':i) X l , Xv 

GU T 0 ll:l 
1--i f< ITl <c ,oU) 
clJ :'H H.iU L 

GO Tu J.l 

CALCULAlt. Uldd·J~lliNS A!~U INGR.t.MLNT~ FUt<. 

OY L =XL c. I~ G"" ::i lN (ALPhA"" t.t • 0 <~<A fAN (1. U) /lb U. U) 

0 XL = XLt. I~ G.., C U ~ ( A UJh A "" 4 • 0 "'A TAl"l ( 1 • U) /1 b Li • u ) 

IF < ~l .Gl. i'iJ ) GU "IU 1'3 

UX = OX Ll FLUii T ( i ·~ .;) 

LJY=CJYLIF LOAT( t<J) 
Gu T 0 .:: u 
OX=OXLifLUA -1 ( J·d) 
UY=OYLIFLOAT ( IH) 

PLCTT.i.l'iG 

CHc.CK IF THt. ~lZl OF THe. PLOT IS GRt.Alt.~ ThAN THL O~OSI1 
Of T h t. ~AS l ~ 

IF (YL G<I\Ul,NuJ) .Lt:.VSILt.> GO TU ~1 
Wf< l T 1:.. <b , b u ) 
ST:JP 14 

CALCULAlt. Vt.RTlCAL SCALt. 

IF (Ut'IAX .L U.Ui·llN) GO TO 22 
IF (l.JI"l lN) ~3, .:. 2,22 
UCu R= U 
GO T 0 2 4 
UCJR::uf". lN 

S~T INITIAL VALUt. OF VS 

OU 2S I=l,NUl 

DU 2 S J =1, N U.; 

IF (A GS <L<l,J>-UCLRl.G1.1.ul-b) GU 10 2b 

CONTI NL t. 

W l<l T t. <c , b 4 ) 

VS= u • U 

GO T 0 3 u 

CA~CULATc. VLkTICAL SCAL~ FUR SPt.ClflllJ ANGLe. OF V.L~W 

IF (ANGLt..t.Coi.XLETl> GU TO ~7 
VS=V2/(LMAX-UL;ORJ 

http:UCJR::uf".lN
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G 
27 

28 

. 29 
G 
c 
C . 
.)U 

j~ 

32 
33 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 

j4 

GO T 0 3 tJ 

VS=VSIZc/(U(l,~)-UCOR> 
DO 2tj I=l,NUl 
DO 2 9 J=l, 1\JLJJ 
IF <U<l,..;)-XLdl> 26,29,2t
IF (AllS(ldl,-.J)-UCLI{).LT.i.OI:.-b) GO TO 2'::i 
VSS= ( VSIZ~.-- YL.U ( 1,_~)) I CU (l ,J> -UCOR) 
IF ( V~S.L T. V~J VS=VSS 
CONTI NUt: 

GC. L C U LA Tc. U- 1 ~ t. T Wuk K 

CON T l NUt 
uo 33 l=l,l'll.Jl 
(J L) 3 3 J =1 ' l'l u -.)
lF (LJ<I,,.d-XLt.TI> 32,.H,32 
U<ltJ>=-J..u 
GU C 3 3 
Ulli_J>=<u<I,J)-UCLJR>•VS•~COCI,J) 
CU\l l N L..:. 

WRlTt. U-MATI{J.X SCALED FU~ PLOTTING 1.~.-. CCNVt.KTLu 
UNiTS IN B1 NAkY A~ THt ~cCONO Flll UN UNIT ~ 

WRITE <d U 
ENJ F lLc. c. 
Rt.~lNO C:: 

dY?ASS PLOTTING If NCPLUT SWlfCH l~ SeT 

lF CNSW(3).Nc..lJ) GO TO ~5 

PLJTTI~G STAkfS HLRt. 

WRITL COUt ANu OAlc 

CA_L UATt. (UlJ) 

CALL If'..lTP <u.u)

CALL PLUf (U. u ,u.c::,-3) 

XC-1 =1 • 5 

CALL PLOT CXC H,10 .tJ,~) 

CA1..L PLuT (XGt1+0.C::,1U.U,C:} 

ou 34 1=1,'::> 

YKJUt.=11J.U-FLUAT(l-1)•4.u•u.3

CALL L tlTt:~ 14 ,u • .s,27u.u,1.U,YKOUL,KOut.<l»

CONTlNL.:. 
Cii1..L LEilC.:k (.J..u,J.S,27u. U,1.u,4.u,LJu) 

CALL PLUT (X.~, H+u • .:::,u.u,.:;) 

C~-<~..L PLCT ! XCH ,u. u ,2) 


Tu PLUlt.R 

8 
6 
b 
lj 
8 
ll 
b 
b 
8 
8 
8 
lj 

8 
b 
B 
8 
8 
lj
ll 
b 
8 
b 
b 
b
B 
8 
b 
b 
b 
8 
b 
B 
b 
b 
B 
8 
b 
b 
b 
8 
B 
b 
b 
b 
b 
b 
b 
8 
l::l 
ll 

2Ul. 
c.u~ 
c.·u;.) 
21.14 
c:::u!;l 
i::::Ub 
2ul 
~lJo 
iv~ 
~lU 
ell 
..::1(:: 
.::: ... .;. 
;::::lLt 
2:1.:;. 
2lb 
.:. ... "t 
~10 
c:: i I;) . 

i~U 
~'-.!. 
t:::c..Z 
2.::3 
C.'-Lt 
.:::£:~ 
C:::c..b 
i_(_j 

C:l::b 
C:::.::~ 
'-.;;u 
c-:>1 
~.:.,;:: 
2.:>;) 
'-.:14 
~.)~
C::.:.b 
i:;::.)f 
2-:.b 
C..:.~ 
24u 
i::::'-11 
24c: 
'-'hi 
C::~4 
i"t~ 
2ltb 
~47 
C.'ib 
O::<t9 
C::!;>u 

f-' 
V1 
\0 
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X1L=FLOAT<NU1-1)~UX 
xsr=X1 L+B.u 
CALL 

c 
G 	 URL\ W 
c 

IK= U 
JK= 1 
GU 3 7 
I\J U:~=u 
lf-J:. N = 
CALL 
u u .s j 
CALl 
1-JX l = 1 
CALL 

PL CT {X~T, U.u,-.3) 

LEFT-tUGtiT PP.TH S 

l=l,NUl,ISlLP 

~ 
hO Vc:. ( XL.U <l,l) ,YGUU,1) ,3) 

J = .:: , l'lUJ 
FlZL ( l , J , U , I'< Ul , l'lU J ) 

lNCC { I , J , U , l" U I , i~ U J > 
J5 	 LU\lT I NUt. 

IF (l. c.U .l) GU TO .37 
I F ( U(l -l, NUJ )) .3o,31,3/

3& r, Xl=2 
Ch L L li'l c lJ {l, NU Jf~,U, NUl , NUJ)

37 COIH l NLc:. 
LP.L L PL U f ( J • ...,,u.u,-3> 

G 
c Ul<A ~~ Rl Gt-.T- Lt.: F T P J< T H S 
G 

I K=l 
JK=u 
uu 4 u 	 J=1,NUJ,JSTc.P
NL: => = u 
IP:.N=2 
CAL L f'l 0 V t. ( X(.; v ( 1 , ..; ) , Y G 0 ( 1 , J ) , 3 ) 
DU ;-jb 1=2 , 1\lUl 
CJ,i.L FIL L (l,J, U , I\iUl , NUJ )

35 	 CUN T I l'lU c. 
I F (J .t.l.l.1 } Gu TO 4u 
It-- (L( I\Ul ,J-1)) .3s,4u,4u

39 NXl = .J 
CALL H.CC { NUl+l,~ ,U, NUI , NU J) 

40 CUN T l NUc. 
c 
c DR.A W 8A~t: 
G 
c 	 Rl:;HT-Lt.FT 
c 

lPi:. N = 2 

CALL PLOT ( uo u, Uo u ,-.)) 

l=NU I 

.J=l 

CALl ~ 10 vc:. tX Cu <I , .; ) ,Y GO <I,J) , 3 ) 


u 2!:11 
u 2!;, ~ 
B (.;.;..;) 
b ~:J'+ 
[l i;;!:;; 
8 ~:;;b 
u C.'i7 u (. :;;ib 
8 C. !:IS! 
8 2tu 
8 C.b~ 
b .:.u.:. 
8 c. t.J.) 

t3 C.o"+ 
b ~c:;.. 

8 C::t;u 
d C.t..i 
b C.:bb 
b ~o':l 
l:l ~lu 
B C.7J.. 
b ~/.:. 
b C.I.:J 
b 274 
6 (.f';l 

ll ~ t t. 
b 2ii 
8 2{b 
b .::1<-.J 
u c:ou 
8 ~(.)1 

d C.bC. 
8 C.b .:J 
b ~b'+ 
8 C.b::> 
b c.tlb 
b 2o/ 
tl ~bB 
b C.U';I 
b c.su 
8 C.<;, l. 
b .:;<.;,.:. 
tl C.'J.:i 
8 ~<;,4 
8 2 ';1!:1 
8 C.'::lb

c.':;) ( 	 1-'
b 	 0\ 
u ~':Jb 
b ~~':l 
8 .:iuu 

0 

http:Rl:;HT-Lt.FT


41 I=I -1 
IF <U<l,J)) 42 ,4;),4 3 

42 IPi;, N= 3 
GO T 0 4 J 

4:.> IF <U <l+l,J)) 42,44,lf4 
44 IP::. N = 2 
4~ CALL l'I CVt (XG UCl ,J>,'t'LO<I,J>,I~t:.N> 

IF < I -1 ) <to, <to, 4~ 
c 
c 	 Lt.=T-t<lGhT 
v'"' 
46 J=J+ 1 

IF <U CI,J> > 4t,4d,48 
47 lP:.N=3 

GU T U 	 5 u 
48 IF ( UCl,J -1)) 47,4-j,49 

49 IP:.I~=.::: 

:>u LAL.L fviO VL <XCU(l ,.;),YCu<l,J>,lPl N) 


IF (J.LT. NU J) GU 10 'ib 
c 
c 	 DRAW PAThS OF ~~U~LITY 
c 

IF (lQuAL> !:.12 , ?2 , ::; 1 
(.; 
j,i CALL PAT~S <u , NU l, NUJ ) 
(,; 

c l'iA R. K A X 1;) 
c 
52 	 IF ( NSW (4)) ~4 , S3 , !;)4 

ClJNSTt<AINT~ 

c 
S3 	 CA LL ~1 Ar<K 
c 
(; 	 FlNlSH uF 
c 
S4 	 XC-1= -XlL -

CAL L FL01 
CALl PL U l 
CALL PLU1 
CAL L PLUl 

<U, I'~ Ul,I'~ UJ) 

P LU lTING 

6 .	 3 
( XLH ,1 u .u, 3 ) 
(XL H+ u • ~ , 1 U • 0, 2) 
l XCH+u .c..,u. u ,~) 
(XLt1,0.u,2> 

Xi:..~O=FLUAT ( NUJ-1) 4 0X+4 oU 
r F < < xt: ,n + F L<nd <1'-l v1 - 1 > • u x > • L r. 2 u • u> 
CA L L l E T H:. t< <~ l , u • c:: , c:: "1 u • u , X E N 0 , b • u , ~ 
CAL.. l PLuT ( Xt:.i '-l U+lf . u, u. u, -,:))
CALL PLOT <u • . , , u.u,SS<:J ) 

WklTL l o , :)/) 


x t.. Nu= ~ u • u - F L uA T l l~ u1 
1 H~;..1'-l U 0 f t- L L.. I } 

1 > • ux 

P k ~ SLN { 

8 .SiJl 
b .3uC:: 
8 ,)U.) 

8 jul.; 
b .lu!:l 
8 .>uo 
8 .:.ild 
b .>uo 
b 3lJ'=' 
8 
b 

.) 1 u 
j11 

b ..JJ.<:. 

b Jl.J 
tj 314 
b .;)l.:) 

b -lJ.C 
b .)1/ 
b 3ib 
e ..>.:-....;, 
8 .J.:.u 
b .)£:.J. 

8 .Jc..t!. 
t3 ..) (..j 

b .)(:.1.; 
b .:>0:::';) 
B .SC:.b 
8 .)'-{ 

b .>c.:o 
e J<-':1 
e .> vU 
b J.J~ 
b .);)(.. 

8 ;),.).;) 

d .> v '-t 
b jjl;.> 

8 ,)jt;., 

8 S.J7 
B 
8 
8 
8 

.) ~0 

.s jg 

.)'-tU 
-l41 

8 .:) 't c:: 
tl S4 .J 
b .S4<t 
b 
b 

,)4? 
..J'tO 

f-' 
0\ 

8 .:>Ltl f-' 

b JLtb 
8 .SI.t':i 
b v.:.lu 

c 	 PR.1NT PLAlN V~~;.H LF 1H~ SURFACt:. IF ~NY (.;lJN~TRAl~t~ n~kt:. 
c 

l F ( N C 0 N ~ o L t.. • u o Ai~ u • I G U A L • L t. • 0 ) G U T U :; :; 
c 

c 



CALL Pfdi\TG <u,NUl,NU.;) 
G 
G OUTPUT U-MATRlX IF TH~ CU~~L~~U~UlNG ~ WlTCh~~ ARc S~l c 
5 5 lF (1\ SW (l).I .JL.O . OK .NSnLd.NE. O> GALL UUUT <L, I"li.J l,hl;,..d 
G 

Rl:. TURN 
G 

56 F O~I1 AT (// ~X , 14H illi'Hr1Ul"l VALUe ,t:1 3 . ::> ,14H FOI.J NU AI l = ,l3,6H, ..J = 


1 13 ) 
5 7 F0;.;. ~1 A1 (I I I ? X ' C:: b H""" • """ p L 0 T TIN G c 0 1'1f.' L L l c.. u ...... "' )
58 F0t< I1 AT U/;;..X,.~.4H l'1 J..IX..l M UI ·1 VALUt. ,t.l.:J. ~ ,14H FC:.uNL AI I= ,l3,bh, .J = 

1, 13 ) 
59 FO~MA l (lH+, o~ X,d hFOR X1 = 7 t14.~ 7 ~h ANU X2 =,Ll~.~)
bO FO~ ~I Al <lX ) 
bl Fllt<HAT (II~X,vc:.HT t..~ T fOk ~UFFlClt. I\T hc..hu kY ~F AC t.J 
b2 FU-{MAT {I:;,X, :UHTt:.~T F AS~ciJ ) 
63 FU~ I lAT ( dX , i':>rl~PALt. Nt.LUctJ l::i,I1u,luh LUCAT lUI'II S) 
b4 FO~t·1Al (// :;>X , '-T:SHlJU TH HliHI'i Ui•l AI~O l·J;..XlllUI·I Af<:.._ c...Cl...i-iL iU LU-lu/)
b5 f 0i{I1A T (// .;:.)'q bJ..H4-~""""'"""l lifA L NUI'!Ot..k UF 11'-lTC:t-<ltkL~ ( ;) ll .... OF .lHt. l'l AIRlX 

1 i ·JU~US Cl\t ) 1~ NUl At--; l!HiGt:.~ I'+X, !:J ld I"IULllPU:. l.:F 1Ht:. NL hbt..R uf l 
2NT~RVALS Tu bt. PLUTTt.U I) 

bb FOK~IAT (1/ .:iX ,:.- YH•• ••• ~ILt. OF lH l FdJl 1 ~ L£:. ~!:> lhf.ll'i rAK LL k.Nd;,_ ul- l 
1Hc 8ASI~ I) 

o7 FO~i·IAl II/ 3X , :.- 7H"'""'"'""uPPtK LH1lT L,f Xl LlK. X'- l~ c:.l.lJJ..\L TU lHt LLr1d< 
1 Llhll I) 

b8 Fu~ M A T ( I I .;) X , :.d.J HH· -~'- • " ~ U R F A C t. i S i'l L, 1 U L f li'l t (J A l St- t:. Cl. F 1 L G l. I'll d~ VA L 
1/ ~X ,4 bhi~LJ 1-t.A::,ldLL ~CLUIIGN Fur< Uf..'TlhlZATlui~ ~k L, L Lcrr /)

l:.fJ) 

8 
8 
B 
8 
b 
8 
8 
b 
b 
8 
b 
b 
b 
b 
8 
b 
b 
b 
b 
tj 

b 
8 
b 
b 
b 
b 
tl 
8 
b 

J!;Jl 
.>~C:: 
.:l . .:;.) 
.):;>4 
.)::>:;. 
3!;1b 
,J ~ -, 

.)~b 
,b<j 
-Jt.U 
.;:.t.;..r. 

.:>LC.: 
3t..:> 
..)1:,4 

~ b~ 
.:>tb 
.St.l 
..>t.b 
.:it.~ 
,J -, lJ 
.:Sil 
J((;. 
.;;(~ 
..> t't 
.St':;J 
5110 
..> I I 
..) 7b 
.j(';)

...... 
N "' 

http:NSnLd.NE


FUNCTION COOf<(u <I,J) c l ·---c c 
(.; CALCl..LATt:S X AND ·r COOkOINATc.S OF lHc. MATfd X t.Lt.Yd;:.l'll (, 
G (., 

CllM ~O ~J ~L:LUGK.J..I _ u~;-Lltul:-~~,DX,UY,ul 1 u'-,lAi<T~,lbL,.~.LS o u) , l~OI"I ,i l..ilG (l. 

c 

f U ) z. l i:. U , 1 K , l i"1 A X , I r1l N , i 1\l C U1 K, H-i~ U ..; K 1 N T , l N 1 N lm 1 l P t: 1\ 1 l t ' c. R , l t l..l..1 ~ , l ;:;:. ~l P (, 
(; 


2 , I I , l £: 3 , I 3 , ...; K , , )1-1 AX , J 1'1 11'-J , J l , J Ur1 P , ..J 3 , K t: , K c. Y ( !:;I , L u ) , I'Ill~ v~ , 1'1 0 uL , 1'1 L. Ui' l t-' , N (; 

J CO 1<. N , NC: L c. V , N l i~ C U, 1-.J Kt. Y , N t<O T , N UP , N X 1, N Xi,~~ X.3 , 1%:.t. l't Lll~, , Ur- ( 1 ;) u ) , uLA ~ f , 1.; h c 

4 A X, U 1'1 I 1~ , X N , X .1. , X~ , Y N , Y Y l. , Y ) c: , Y1 , Y~ c 


c (; 

tl~ l R Y XCG (, 

CO JRG=O X 4 FLllAf l...; -.~. ) (.; 

Rt: T U R1'-l (, 


(., 

t:NTR Y YCU (.. 


4COJRO=CY F LUAf1...;+~-2> c 
Rt. TUK N c 

G L 
UD (., 

,_2 
~ 
4 
:;, 
b 
I 
b 
s, 

lu 
11 
1(:. 
l.v 
lLr 
1::;. 
lo 
.l. ., 

lb 
1\j 

...... 
0\ 
w 

' 




c 
SU3ROUTI~~ ~U ~N~R CU, NUI ,NUJ) 0 1 

(J 4::: 
c CH:.CKS IF GUNTCJlJR IS A CUKNC:R LINt. u 3

.4 c lJ 
DIMENS lO~ U<Nul,N~J) u ;;., 

c u b 
CO nMQN / ~L~CKl / O~L1tU~LZ,OX,~Y,D1 1 G2,lART~,l~L,~L(oU},1~UM,1Ylb~l 0 I 


1~~ 1 l;U llK ,I hAX ,IMlN,l~CUl~ ,I NCUJK~ 1 N l ,INT~~M,lPc~,l ~~K ,lPL~~,l~Kl~ 0 b 

c:, ll , l c:.: ,) ,16, J K, J 1'1 A X , J M l N , J 1 , J UIt P ? J.:. , Kt. , Kt. Y (!;; , i U) , i' i l NU ~ , 1'1 UU~ , l~ ~ U t·:P, N (J ~ 

3CU <I~ , NE LL V, NhiL 0, N K~ Y, l'l kU T 1 NU P , NX l, f'i X 2 , t'-l X 3 , n kc.. N l.i,, Ut ( 1 6 u} , UL AS f, ~ h 0 1u 

4 AX, U f·ll N , ;<I~, X1, X2, Y1'-l , Y Y 1, Y Y 2, Y1, YC. lJ 11 


c [J J..c. 
NCU R N= G 1~[J 

IF <NlNCGl 4,1,4 0 14 
1 IF ( JK ) 3,~,.5 u 1:., 
2 lF (1 ~3 ) S,:J, ~ lJ l.o 
6 IF <Ic.:3) 9 ,:;,'? u ll 
4 IF CI NCO uK) 2 ,.:>,2 0 1b 
c u 1~ 
c +- u c:li 
c u (..J.. 
c 0 c:2 
~ IF <UCIT,JT+l)) b,44,44 u ~j 

6 IF ( I T- 1 > I , 4.:;, l u £::<+ 
(..!)c u 

c 

c 
7 IF · (~(IT- :L ,Jl)} ~,44 1 'T4 u <::.b 
8 IF CU<IT-i,Jl+l}) 13,'+4,44 0 27 

I.) (::b 
c 0 c:':l 
c -+ [J ~u 
c (J .:.1 
9 IF CU<IT+1,.;l)} 1u,44,4't (J ~4::. 
1lJ IF (JT-1> 11 1 43 1 11 u ~.:) 

[J v4 
~1 IF (U<IT,JT-1)) 1~ 1 44,44 lJ ,)~ 

12 IF CU<IT+l,JT-1)) 16,44,44 0 .:.b 
c (J ~~ 
13 IF <1 23 > 4j,l4,43 0 .;.ti 
14 Is~= .1 u .:.S 

[JGO T U 1 ti 4u 

c u 41 

15 IR=IT-1 u '+~ 


JR= JT (J 4.:. 

ILl<= 1 0 4'+ 

.;C<= 0 u 4~ 


I Sri= 1 'tO
(J 
1.+{ 1-' 

c 
GO TU .:5c. u 

0\[J 4b ~ 

16 IF (123> 4J,li',43 lJ 49 
c 0 .:..u 



17 IS>~= 2 0 ~1 
18 IR= I l 

JR=J T 
0 
u 

?2 
;,.;·.) 

l.9 I k =IR-1 
J R.=JR-1 

u 
u 

!;.14
:;,:;, 

~u 

IF 
IF 
IF 
GO 

ClR.LT.1.uK.JR.LT.1) Gu TU 3l.J 
(l.J <lK,JR)) 19,2u, 2Ll 
(L~u(lk,~R,U,Nui,~UJ).GT.ULAST) GO 
T 0 1 '3 

1 U C:1 

0 
u 
0 
u 

:;,o 
;.,{ 
:.>b 
;.,':I 

c u t-u 
21 
c 

GU T 0 (~C::)(::b )' I Sr. [J 
u 

b1 
cc:. 

22 
23 
24 
25 
c 

lF 
IF 
IF 
IF 

<U<IKfJI'<+lJ) ?..) ,44,44
( H<-1 l ':J,l<j , 24 
( L (lr<-1 ,_; K) > 2';.1 ,<+4,41+ 
(I.. <l R -1,~k+1 )) 1':1,44,44 

u 
u 
u 
0 
0 

b~ 
tiLt 
v~ 
vt.l 
tl 

26 
21
cB 
c::9 
c 

lF 
IF 
lF 
IF 

CU<I r<+l,JK)) 21 1 <+4 ,44 
( J R- 1 ) 1 ':1 , J. 9 , 2 b 
(l.;(l R ,Jt-<-1)) 2':1 ,44,44 
( U <lK+.1. , J K. -1.) > l9,<t4,'t4 

u 
0 
0 
u 
0 

bo 
t.':l 
/u 
/1
It:. 

3Ll 
c 

GU T 0 (1:::>,~1)' l~r; u 
u 

f.:J 
14 

31 I R.= IT u i;; 
J R= J T -1 u lo 
ICK= U 
.;C~ = 1 

0 
u 

( l 
fb 

lS w= ~ [J "l":J 
c lJ bU 
J2 IF ( ( I I'+ I C K > • ~:. Q • 1. 0 R • <J R+ JC K) • c:. Q. 1 > 

lt<=IR-1 
GO TO 4-S u 

0 
bl 
be:. 

Jt<= J R-1 0 b..:. 

c 
33 

IF CJ<IR,JR>> 

Il=lR+lCK 

:s~ ,.:J3, 33 lJ 
[J 
0 

bLt 
b!;; 
bb 

JJ=JR+JCK u bl 

c 
GO T C IJ '1,.)i:l), ISw u 

u 
tH> 
bY 

c 
c 

+- 0 
u 

su 
':1.1.. 

c 
34 
3S 

IF 
lf 

<u<rlrJJ+1)) 3~ ,42,42cu:-1 62,.:J2,3u 

u 
u 
u 

<;,'
":J~ 
S4 

G u <:,:;. 

36 
37 
G 

IF 
IF 

(U(ll-1,JJ)) .31,4c:.,'tc:. 
<U<Il-1,JJ+1)) .)2,~.t~,42 

L) 

0 
lJ 

<;c 
':If 
l.:l8 

I-' 
0\ 
V1 

c - 0 ":Jl.:l 
c -+ 0 J.uu 



c 	 u 11.11 
~8 	 IF ( u Cll+l, JJ)) 3'?,42,4~ (J .J.u~ 
J9 	 IF ( J J-1) u llj.:>.)~,~t:.,~U 

c l.J lu4 
4U IF CU<Il,JJ-1)) 41,42,42 (J lU~ 
41 IF (U(ll+i,J.;-1)) 62,42,42 l.J lub c l) l.u'i
42 	 CCJIH INUc. u l.Ub 

lF {U~U(Il,JJ,U,Nui,NUJ).Ll.ULAST> GU TU 32 u lulj
RL.TU RN LJ 11lJ 

c u .l..l.:l. 
'tJ NCJRN=1 I.J 11(:
44 Rt. TURN u 11~ c 	 LJ l.!.Lt 

lNJ 	 LJ .L~!I-

I-' 
0'\ 
0'\ 



SUEsROUTil\E LR.uSS E l. 
c t t.: 

COrl MON / ELUCKl/ Ot.Ll,UlL2,UX,UY,Ul,U2,lAKl~,ldL,l~(0W) ,lLuM,~D!Gll t. ,) 

10~fic 0 1 l~ 1 l N A X ,I M iN,l~COI~,INLO~K,l ~ T,l N T N ~ M ,~Pt.~ , I ~ i k,l~LL~,l ~KlP E '+ 
2 7_1 1 l ~.) 1 1.5 , .; K , J 1'1 AX , v r"'ll--4 , J T, J U11P , J .j , 1\ t. 1 Kc. Y ( 5 , ~ u ) , h l i'J u;) , l'l u Ut , NL Ur lP, N t ~ 
..) CO ~ I~ , Nc. L t II, I'I l l~ C.. G, ~~ Kt:. Y, Nt<:O T, l'l UP , NXl, t~ X'-, l~ X ,j , h r< c. NL t ' t , Ur ( 1.) lJ ) , lJ L ~ 
4 AX, U I~ 11~ , X~~ , X1 , X 2 , YN , YY1 , YY~ , Y1 , Y2 

c 
c SOLVt::::, J..f\T c. t< ::,t:: CTl l.... G ~lJ1 N T uF TWu ~k.AlGHI Llt~c~ 
c Xl.,Y~ r-UH-rl A T lhc Fl1~;)T Ll i'< c. 
c X<::: , Y2 F> UH-i1 A T T h t. fIr< S T L li'k 
c X1 ,YY1 f-'Ul 1JI Al T He. St.GU NIJ L H'l L 
c Xc ,YY( f-' 0 11~1 AT THe. Si:. CUt'lu LHII t. 
c XN, YN P UI 1 ~ ·1 OF l NTt:.t<.ScCTIUt, 
c 

Sl. GN ( X, X 1 , X <:::, Y , Y1 , Y2 ) = ( X~- X1 ) ...- ( Y- 'r 1) - l Y2- Y1 j .Y. (X- )U.) 
c 
C CH:.CK IF Lli~ I:.S Ar~t. l N-ItkSC:C T l i--4G 
c 

S1 =S i Gi\ ( X1 , X1 , X 2-, YY1 , Y1 , Y C: ) 
ST=SIG~(X2,Xi,X~,YY 2 ,Y1,Y2> 
1 F ( S 1 ""' S ·1 ) 1 , 1 , 2 

1 A=YY,-YY1 
E=Y2-Y1 
IF (ll,l\c.,B> GU TU 3 

2 HH= 0 
Ri:..T URN 

c 
3 C=II\2- X1 

XN=X1+(YY1-Y1)•C/lB-A) 
Y N=YJ.+B~<XN-Xl)/C 
l Nl =1 

c 
RdURN 

Ei'-J ) 


Wllhl l'l THt:. .J. I'Ic:.R\IAL AL - x, 

S I , \JI't 1:. b 
t. I 
t b 
t. ~ 
1:. lU 
t 11 
L 1(:: 
t. l,j 
t. l"t 
l 1!;1 
t. lb 
t. 1/ 
1:. Lb 
t. 1~ 
t.. t::u 
1:. C.l 
1:. '"' t. c:.;:, 
t. ~'+ 
[.. '::> 
t. .::.b 
1:. C. I 
t C::b 
[.. '-'=' t. 3Ll 
t.:. ,)~ 

1::. .;)(:: 

c 3J 
t. ,jl.t 
1:. .);, 

0\ 

" 
f-1 



SU3ROUTlN~ OATAT F 1 
c 
c PERFCRM~~ Tt.~T ON INFUT OATA TO CHLLK lF THeY Ake IN 

F 
F 

(:: 
.) 

c ALLOWABLe Ll MlTS F 4 
c 

G 

CUrlMON /~ ATA/ lNTX1,I~TX2,IS1Zt::,J~lit,NCO~~,l~0AL,K~AS~,AL~HA,ANGL 
ll,PAPt.R,VSlLc,Xlt.~G,XYRUT,Xli1~X,X~HlN,X~MAX,X~M1~ 

F 
F 
F 
F 

:» 
b 
7 
8 

G 
OA1A XL c TI/lHl/ F 

F 
(_;; 

lU 
c 
c CH;CK IF NUh~~~ uf ~PcClFilU INT~kVAL~ 1S Pu~ITlVL 

F 
F 

11 
1£: 

c f l~ 
IF <I ~TX1.G1 . u .A Nu .1~TX2.GT.UJ GU TU 1 F :14 

c 
Y<Ki T t. ( o, 1 ~ > 
STOP 1 

F 
f 
F 

l.:J 
lb 
17 

C TlS T CORReGT ~IZ~ UF THe. MATRIX F ld 
c 
1 lF <I SIZf.GT .~. ANu .~SIZt.GT.~> GU TU ~ 

F 
F 

l<j 
e:.u 

h RLT~ <o,ll> 
~T:JP 2 

- f 
F 

C:.l 
C::C:. 

c 
C 
C 

CH;.CK
Llh I l 

IF NUI'IULR Of lM:.QUALITY CON;::,Tk.AlNfS Out.~ Nul ~Xf.;t.LUi:. 
F 
F 
F 

(::j 
~'t 

C:.? 
c t (::b 
2 

c 
C 
c 
19 

IF <NCUI~~.Lc..~U.AI\IUei'iCOI'-IS.Gt::.LJ) GU Tu 1~ 
~~ K.i. T t. <o , 14 J 
STJ P .) 

H.ST IF I\UI· if:lt.t~ OF l:.QLALl.TV COt~~TRt-~li'< T;) UOc:.S 

IF <I QUAL .Lt.. ~ .AN 0 .1GUAL.GL.U} GU lU ~ 
~iklTc:. < o,l~ > 
STJP 4 

NUT ~,;XCc..t.Dc:. LlMll 

F 
F 
F 
f 
F 
F 
F 
F 
F 

i./ 
C:.b 
.:.<:i 
.;,U 
.)1 
.)(.. 

..:J.J 
~'+ 
~!;I 

G F jb 

C 
G 
3 

c 
C 
c 
4 

c 

CHc..CK IF KLAS;::, 1::> c:.l.ILAL TO 1, 2 OR~ 

lF (kLAS~.GT.u.ANG.KLASS.LT.4l GO TU ~ 
Wf<lTi:. <o,1dl 
STJP ~ 

CHi:;.CK IF Trlt. ANG Lt. OF Tlk. SlOe UF TH~ I'IATRlX 

IF (ALFH~.L l.:Ju.U.ANO.ALPHA.G~. O. u> Gl.J TO ~ 
WR.ITt <o ,lb)
s1) p b 

lS ru.THlN lll' 1ll~ 

F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 

\)/ 
.)() 

.5'-' 
4u 
4~ 
42 
43 
'-t4 
4~ 
'ttl 
4/ 
4b 

1-' 
0\ 
00 

C 
c 

CH.:. (; K I F P APt. K S l L E 0ul ::> 1~ U T t. X C l c. U ~ b ll'-l C H c. ::> f 
F 

't':J 
;..u 



5 IF CPAPi:.R.GT. u .O.ANU.PAPi:.KoLt:.21:l.U)
WRI T c <t, 1 u > 
STJ P 17 

Gu TU t; F 
F 
F 

~1 
!:;I~ 
j.) 

c F :?4 
c CH~CK lr THt ~lZc OF THe PLOT UOt~ N01 ~XCct.Dt TH~ ~lZt OF F :;;.~ 
c 
c 

TH:. P f.<F c:.R f 
F 

!;;b
:.; , 

b lF CA N GLt.oi~L:..XLt::Tl> GO TU 7 F :..b 
IF CV SIL~:. .Gl • ..,.u.t-~ 1-.JO .VSIZc.Lt..PAPt.K> GU TU I F :,.~ 
lm.lTi:. (o,l.S) 
STJP 7 

1-'AP~k. F 
F 

Lu 
c..L. 

c F bi 
c 
(.; 

CH:.GK IF ANGLt. 
SU Ut:.Gh.LS 

OF THE VIt.l'l <IF SPt.ClFlt:.U) l~ bt:.lh~,;.t:.t< Lt:.kG ~NU F 
F 

00 
t.J4 

c F b~ 
7 

c 

IF <A NGLL oc. t,;. .XLt.fl> GU TO 1:l 
IF <A NGLt .Gtovo\JoANU.ANGLt:.Lt.o9U.U) 
hk.l T c. <b , <7J > 
~ TJ p 1? 

ktTUK.N 
F 
F 
F 
F 
f 

CCJ 
bf 
t....b 
t.~ 
iu 

c 
G 

GHt.CK IF THt. Lt.NGlH Gf THe LONGE.t< Sl.Ot. UF THi:. PLU1 1.;::, POSlTlVt:. F 
F 

11 
f'c:. 

1:l IF CXLEI'-lG.GT. u .O> ~t.TUKN F I~ 

c 
WkiTt. Co ,l/) 
STJP 1U 

F 
F 
F 

14 
7::;
fb 

c F If 
y FU=<.Mi-11 U/SX,UuHAl,G lc:. 

1 u:.GRt.E~ . > 
OF lllt:.W IS Ll~~ THAN Lt::.kO liK uKI:.ATt.k lHAN I.JU f 

F 
i b 
I ':J 

1U 

11 

FO :.:.r1AT U/~X,uUH-'~-,...v-.v-.._ pA I-'t:.R 
1TH~N Zt.~G /) 
FU~MAT (//3X, 7 1:lH.._.._.._.._.._t.k~UR 

Sllt.: I~ i:XLc:.t.l.JlNG C::b 

IN MATklX UlML.~~lGNS 

.L.i ·~CHc:.S UR l~ LL.S~ 

l.~lL~ Ok ~SlLt. Ar<.t. 

F 
F 
F 

bU 
bl 
tl2 

lt.: 

13 

1 Lt.SS TH AN Uk I:.UUAL TO uN~ /) 
FO=<.~lAT (//..)X 1 <.L.SH,.. ... ..,.,..,..IWHUC::k. Of lN"lt.kVAL;::, ·1u bt. f-LUllt:.O ALOf'.IG X.L. UR 

1 X2 lS LUi~ tHA N u R t.UUAL TO lt:.kO/)
FU:.;.t•IAT (//.) X, ..';lJH,....,.,....,_,..S 1Lt:. OF THt. f-LOl i..XCt.t.t.Jc:.;),f:..IJ,t+1H l.I~Lht.S Ur<. 

F 
F 
F 
F 

b.; 
b4 
b:;;. 
bt; 

~~ 

15 

lb 

17 

liS lt~S fHA 1~ LJI'( t:Li.UA L TU Lt.RU /) 
FO~NAT (//.5X, ~bH-'~--'~-"',..~•~l.Jl' l6t.:t< UF lt'lL(.{l.JP.LllY LUN~Tk~ lNt;::, GK.t:.ATc:.~ lH~N 

1 TvH:.I\ lY , 1b hLk. LL~S TH~i~ LU<O I) 
FC:.(f1Al u;;sx,liH'~- -'~-,....,.,,'lLtitl.... k. OF Ll.IL~Ll1Y CuN~TkAltdS Gk.t:.ATd.:. lhAN t

1 llll UK LL~~ IHAN Li:kU/) 
FUK.I1AT (//.))" /'iH,..>r~.Y.•AI --J GLt. OF THt:. l'lJ.,ft,l.X Slue:. 1;) Lc...l;::, THAI· ~ LI..KlJ ut< 

1 1::> G kt~H.K. l t1i-.l~ Lt< t.L.UA,llHL TC I•Hlt:. ll'/) 
FU~I1AT UI~X, <jH'~-"~--'~-"'"""Ll::.I~L>lH UF THL f-'Lu -1 ~lOt 1.~ L1..S,j TH/..N Lk t:..l..lJAL 

F 
F 
f 
F 
F 
F 
F 
F 

bl 
btl 
b'j 
':1lJ 
':a 
':J2 
'1J 
'j4 

l.b 
1 T::: Zu~u /) 

fGi<.I 'IAT (//.:~X,..>bH.Y.<-¥-""-'~- KLA;).) 
1:.1'-l J 

l S NOT LUUAL TL 1,.::. uK.) /) 
F 
F 
F 

';J::; 

St:J 
S?

1-' 
0\ 
\0 



SUBROU TI N£ UlFFtR <I SW , N ,XX , IA~ , N~ , RA~ ,N2 J 
c 
c 	 CONTAINS ALL lNSTkUCT10NS THAT MAY Ul~FcR f ~OM G~~ ~OMPUT~R 
c 	 TO ANUTHtR 
c 

OIMENSlO~ lA~(Nl>, ~AR<N2) 
c 
c 
c 	 SUbROU ll Nt. SLTUP FO~ CUL b4U~ 
c 
G 	 P~~SlT FO~MAT OF UNE C0~PUTtR HOR G 
c 

OIMlNSIGN WUku<2> 

DATA ~C~U/~~hlOiu l ,:Luh I 


c 
GU TC 	 <1,2,3,'+,5,t-,7,!:3), ISH 

c 
c CU~P L tlc VA RlA8Lt FC~MAT (5X,l3,1X, A~,l~) lN AR KA Y VA R 
c SU3STlTUTH~G f-UR t:LAI\KS INTt.G~:.R L UI'J~TANT N ll'l FU i'>.i'IAt l"+ 
c VAK.lA tJ Lt: FuKi'IAT ~r<.r<P. Y Ulrld~::illll~t.O :) l~ lRAN:Jf'llTlc.u vlP. ARRAY Rt.k. 
c 
1 	 t: NC0 0 t. ( 1 U, ll , t< AI~ ( 3 ) ) k AR ( 3 ) , N 

RUU~N 
G 
L CU"'PLLlc:. VA RlAb lt FORiviJ.\TS ( 9X , {"tX, :l.ti1)) IN Ar<KA'r VAkl Al'lu 
c <YX, ( 3 X , l c:..:) ) lr'IJ ARR A Y VA ia S UbS ·1 1 I U1 I NG FUR u L Ai'l KS lN I t. Gc:. R 
G VA~IA B LI: FUR1·1A T Ar<.t<.AY DHh...NSlONt.i.J S L > Tt<AI\:::.i·rlTTcu 1Ji.A AkkA¥ RAt<. 
G CON S TANT N 1~ FORMAT 14 
c 
2 	 t::tD 0 0 L ( 4 , 1 2 , r<. AR L:.. ) ) I'J 

Rc.T U k N 
c 
c CO'JVtRT lNTc.Gt.k Cut~:::.lANl N TO BCU FURH IN Ft..R h A.I J.'+ ANU 
c PLCIC c IT iN l14K 
c 
3 	 li ~ ~OUt (4,l 2 ,J. AR <l ) >N 

ktlU I<N 
L 
c CO\lVEkT REAL t..UNSlANT XX lU 1::3~0 Fu Rh 11\l FL.RI'1A T [i:J.~ ANU 
c PL LICt: If IN lAR 
c 
4 	 t..NCUUt. ( 9 ,1 3 ,1 AR <l> )AX

Rl:. TURN 
c 
c 	 PlJT THt. VARlAblt:. f-Ukl"iAT uF ONe. LU I'if-lUh.k WURLJ 10 KAR 
c 
:; . 	F<J.\1'( ( 1 ) =WCRU ( 1 ) 

Rht-< ( 2 ) =ViUt<u ( i::)
Rt:r URN 

G 

G 1 
G " --·- G J 
G 4 
G ~ 
G b 
(, 7 
G d 
G 9 
G lu 
G 11 
G li 
G 1;:) 
G J.4 
G 1~ 
G li:J 
b J.l 
b ~b 

G J. c..; 
G t::u 
G '1 
G ~'-
G '- .:.. 
G £:4 
b (;.:;.. 
b c...t. 
G (:7 
G i::b 
G ''=' G ..JU 
G vl 
(, .:..c:. 
G .:)~ 
G .)4 
G .:>J 
G .)0 
G ',j/ 
G ..JO 
G .::.'::i 
G 4u 
G 41 
b '+L 
G 4.> 
G '+4 
G ... :. 
G 
G 

'+o 
4/ 

1-' 
-....! 
0 

G 'tb 
G 4':) 
G ~u 

http:4,l2,J.AR
http:Ar<.t<.AY


c Tt.:>T IF MC.:::t1vR Y SPACt:: ALLUCATt:U I::, SUFfl Llt. i'li FCJK uYi~AI•iiv G ~l 
c 
c 
b 
c 

ALLOCAT lU N OF I.J- f'IATt<lX 

CALL SPAC.t: (UIA , I"ILI 'IOK Y> 

f",t '1S P::::i1i_:. M O~ Y- LWA 
Wk.ITi:. <o , 1<+ ) i'ldbP 
1 F { N • l c:. • i'i t. 1' 1 s1-' ) RL TuKN 
Hf<lTl:. (o,l;:;) 
STJP 16 

ANO/Ct< WU~Kl t~ G At-<.~A¥~ G 
G 
6 
(,
(,
G 
6 
G 
G 

=-~ 
!)3 
:; 't 
!;I:, 
:.n... 
':.; 7 
:.,b 
:;.<:j 
bu 

c 6 u J. 
c 
G 
c 

1 I J J l C A L.. CLl L Uril-l W l T H t. K r<. 0 i( l N I N P l,; T (HI 1 A 
CO:VIPl t lc:. VAIU~-<blc. FLf(HA -1 t<Ak ( X,lH-t) WllH 
lNJEGt.R N AN u PRlNT ll UUT 

lHRr.::.c U.l 6l1 
(.,
G 
6 

t, c.:: 
c.~ 
1:...4 

c G t,!) 
7 trLOOc. <4 1 lo 1 r<. At<(1) 

WiaTt <o, RAk J 
Rt. r J R 1\J 

>RArdl>,N (.,
G 
G 

ob 
u i 
Cib 

c 
c 
c 

TL S T F 0 K c. I ~ i.J u F F 1 Lt. 
SLT 1\=1 lF cUr FOut·HJ 

U!'. UtH T N 0 • 2 
G 
c.,
G 

L'::i 
lu 
-,".A. 

c G I c.. 
8 
9
1u 
c 

IF (l::. CJ F,d
N=1 
r<L. r u ,:;;. N 

Y , 1U G 
G 
G 
L1 

i~ 
I'+ 
IS 
I tJ 

c G Jr 
11 
12 
16 
l't 
1S 
16 

FU~MAT 
FO~I1AT 
FU i(. I•IAT 
FO r<.M AT 
FO R.H AT 
FU <!1 AT 

CA2 ,lb) 
<£<+)
( t<j . 2) 
(dX,~bHSPAvi:. AVAlLABLl::. IS ,l7,1 uH LGGAT!G~~) 
U/ ~X , 4UH-~'.Y.'f -~<-¥r· ll::.l"ILH Y ALLOLATLI.J l.:> Nu I ;)l.lf-f.J.C.t.c:.NT 
( A l , i J ) 

(,
L1 
(., 
G 
G 
G 

' b 
I '-j 
blJ 
bl 
tc:: 
b.;> 

C:I-JU (, b't-

I-' ...... 
I-' 



SU3ROU1I~~ LLLV <lt,~L,U,NUl, NU~ )
c 
c 	 MOIII::.S FE!'< FR.Oi'l TH L BA~L TO THt. SUKFAC1... AI-JO \/ll-t. lit.R-:>A 
c 

OlMI::.NSIUI'< U(NUI,NU~) 
c 

COMMON / ELUCK~/ Gi...Ll , ~t.L~,UX , UY ,U l ,u~,lART~,lUL,~l-( oJJ ,lC Uh 7 lU~~( 1 
1 U )_l I E Q ~ 1 K_, li"H~ x , I MJ. N , lf:~ C Ul I< , l i-J C U .; K _, hlT , HH 1\ ~ 1', , l P t '' , I I"''- k , l F, L l; ~ , l ;) 1\..J.. P 
2 (- l I , 1 2 v , 1 3 , J r<. , ~ I'IA X , .; f1l N , J T , J Ut1 P ' ..J 6 , 1\ t. , 1\. ._ Y ( !:> , ~ lJ ) , n.it'-1 U;) , l' l 0 U L , I~(.. () riP , N 
3 --U~ N ' i'lc LE-. v ' 1\j .L I~ c0' i •P< t y ' i·H<O T 'N u1-' ' r-; X l' 1'1 X(::' I~ X ~ ' t'if<L N Lil' i ' ur ll ,:) lJ ) ' (;LA~ l 'u ('-; 
4AX,UMIN,XN,X~,X~,)N,YY1,YY2,Yl,Y2 

c 
Nc. _t:V=1 
SEP=u.u!:;l 
I F (1\lJP) 1v,.1.,1..) 

c 
c THe:. FLN lS t.l PRc.:.:.t:NT AT THc:. oASI:::, 
L 
1 lf (J t: .t. G.l.O t< .lt..EQ.l} GU TO 8 
c 

tv!O.J 1::. =u 
Ct.. L L 1::. Yc ( 1 '- , ..J t. , U:.. u ( I c. , J C: , U , N U l , 1-.J U~ J , U , 1'1 U l , 1'-l U~ ) 

c 
IF ( I SK 1 P) 7, c.., 7 

2 IF CHUUc.-IPt.t~> 3 7 J.1,:5 
~ UTLST=YCCC1t.,~L)+~TtF 
4 	 l F ( U T c. S T • G t. • U < 1 c.:. , J t. > ) GO T 0 7 
c 

MO:Jt. =lJ 

CA _l t. Y1.. ( .J.. c. , J 1::. , U 1 t.:.. S T , U , N U 1 , 1'-1 UJ } 


c 
IF ( l Pt. i\j - 11 u ud 1 u , 5 , J. u 

5 	 UTC.ST=l..Tc.ST+:::,Tt.P 
GU T C 4 

b MUJE=3 
GO T U 12 

7 /"!OJ t: = 3 
GU T U 11 

tl IF <ISKIP> 6,':1,b 
9 ~100!::. =2 

GO T 0 	 1 ~ 
c 
10 	 Cj_,.._ L f·lC V c. ( XC u ( I c. , J t ) , U? u ( 13 , .J 3 , U , i'-l U l , NUJ ) , 1 P L N ) 

DU '1 =U ~ 0 (l.) , J j , U , NUl , 1\ U~ ) 
J.l 	 CAL L ~~~ Clc,.Jc. 1 u ~u(l~ ,Jc.,U,NJ1,N0~),U, NUl ,NU.J)
12 	 Lt.Ll 1"101/t. {Xl- U{ C:,Jt;.),U~U<II::.,Jt:.,U,NUl,I~UJJ , l'iLUU 

i\Ui-'=1 
GO T 0 	 2 7 

c 
c 	 TH:. FLI\ lS AT Pf<L :::,i:.IH Jd THt. ~Ukft..C.L 

H l 
li "'H J 
H 4 
H s 
H tJ 
li l 
H d 
H y 
H .LU 
li 1~ 
H 12 
H 1~ 
H ..l't 
H l~ 
H lb 
H 
H 

1/ 
1b 

H .L':l 
H ~lJ 
H .21 
H ~(:: 

H c;..:> 
H £-.4 
H '~ H (::t, 

h L. -, 

H C:.b 
H £:.9 
H .:llJ 
H ~l 
H vC:. 
H .:>3 
H v4 
H v~ 
H vc 
H v't 
H vb 
H vY 
H 'tli 
H 41 
H '12 
H 4.:> 
H 44 
H 4:; 
H 4b I-" 
H 
H 

4i 
"tb 

""-! 
N 

H Li':l 
H ~u 

http:Jt:.t.G.l.Ot<.lt..EQ


c 	 H :;.1 
13 IF <I L . £G.~.OK.J~.~Q .l) GO TO 22 	 H !:;;C:: 
c H ~~ 
c St.T MOGc UNCUNDITlONALY TO 6 IF THt VLkfiL~L Ll~c r~ C~V~~~U bY H !::14 
c 	 AlJJACt.NT P0S.J..llVc U 
c 

lF (u(lt.-JK,JL-lKJJ 1b,lb,14 
14 lF Ci\ INCG > lb,l::i , lb 
15 hUJC: =;) 

I..>= I t. 
.;3=Jt. 

1 Pt.N =3 

GU T 0 	 2 b 

c 
16 	 MU.Jt.=u 

CALL EY~ (.Lt.pJt:.,YGU(lc.,Jc},U,,'-4Ul,I\U..;J 
c 

IF Cl SKlF J lLt 1 17,44
17 lF C lP~N-Mu0~J 1d,~S,1b 
1t; UT~ST=U~U<I~,..;L,U,~Ui,NuJ)-STcP 
1Y IF <UTCST.L~.:..YCO<lc.,Jt..lJ GO TLl i:..i 
c 

I'IOJt=u 

C:.LL LYe. <lc.,Jt.,UTl~l,U,l~Ul,NUJ) 


c 
1 F ( I P l N- t-1\.J u t. ) 2 3 , 2 0 , 2 3 

iu urc. s 1 =u r t. s1 - ~ i t. P 
lFJ.. RS T=u 
GO T C 	 1-::1 

~1 l"lu.JL=3 
GO T 0 ~o 

22 I"IUJ t:. =2 
GU TO 	 2:; 

c 
23 IF ClF ir<:::.T J c..J.,'-<t,il 

L4 CI-ILL i'IOVL (XC.. u <lt.,Jt:.J, U~l) n::,,Js,U,NUl,NUJ) ,i.Pt.N) 


0 Uit = U~ J ( I 3 , v 3 , lJ , I~ L; l , 1\ UJ ) 
2S Ct<Ll LYe. (.J..c.,..Jt:.,YL,(J(h. ,. Jc.JfU'I~Ul,f~ U..;) 
26 CA... L H0Vt. (XCU{lc,Jt.J ,YL,U ( -t.,..JI;;.) ,t•tUUU 

NUP = u 
GO T 0 	 3o 

c 
c C H t:. C K 1 F 1:. L c. V l ;) G U l N G -fU l:H:. US t U 11~ l Hc. f L L L G rd 1'-t G 
c 0 !-<J lR iO AVUl U UUvolt. IJt.RTlCAL LH~t.. 
c 
2 7 	 C..U'J T 1 i'! Uc. 

lf (Nli\CLJ 36 ,2b,.)b 
ib 1F L.JK) .::~, .... ':1 ,.).1
29 l F (It.. Gt. . I-~Ul I GU fU JU 

IF (Ldlt+l,Jd) S;, ,3U,:SU 

i ' U \1 t. H-1 

h !;;;~ 
H ~b 
H 'J/
H :;~b 
H .:,;'7
H bU 
H ol 
H tJi:: 
h 0.:> 
H t.Lt 
H Lt~ 
H t-b 
H L/
H ub 
H b'='
H tu 
H 11 
H 7'
H (-.:; 
H I '"t 

H ~~ 

H 'u 
H /7
h fb 
H I Y 
H ou 
H bl 
H e>2 
H b~ 
H b4 
H b.:; 
H oo 
H bl 
H bb 
H b~ 
H ~u 
H ~1 
H ':1~ 
H ':1-:. 
H ':1'-t 
h '7:;~ 
H ~b 
h ':1f 
H ':1b 
H ':J':I 
H luv 

1-' 
-....J 
VJ 

http:AlJJACt.NT


3U 	 ISKIF=O 
GO TO 36 

31 IF (J !::. ,Gc:..NUJ) 
IF (U <It.,Jt+l)) 

32 lF (l t .Lt.lJ GO 
IF <U <I E. - 1 , vt:. l ) 

33 IP:. N = 3 
13= It:. 
J .;;;=J E 
GO T 0 3 5 

34 lr (J t. .Lt..l> GO 
IF ( U (lt,Jt.-lJ) 

~.5 	 l SI\ I P =l 
c 
36 	 I'H:. _ C. V=0 

KE TUR N 
C: NJ 

Gu TO 3u 
3~, ~u,3u 
TG ~~ 
3::;; ,3J,33 

Tu 3 S 
3~,.SJ,33 

H lUl 
H 1 ue:: 
H ..l.u.; 
H ..LIJ4 
H llJ~ 
H 1 uo 
H lui 
H .~.ub 
H .lu~ 
H .LlU 
H 111 
H "-.i..'
H 1 1 .:. 
H 1 1 4 
H 11:;;. 
H l..I.U 

H l.lf-

I-' 
"'-.1 
.:::-



!:>U3ROUTII\t: t.YL <I,J,UTEST,U,NUI,NuJ) 1 l 
c I ~ -·
c Rt:TURNS MU~~ UF Th~ F~N FOR TH~ NLXI MGV~M~Nl l .) 

c I "t 

c 
UI~ENSIOI\ U(NUl,NUJ) J. 

1 
::, 
b 

c 

COMMON / bLULK1/ DLLl,D~L2,DX,DY,U1 1 G2,1A~T3,luL,~L(oJ) ,ICUM,lUlbll 
1 0) , It::. Q , l I< , i f'1A X, I 111. N, l NC Ul K, I 1''-lL UJ K , lin , ll'i T I'< L!', , l P l:.h, 1 t- c R, l P L li ~, l ~ K.l t' 
c '-.IT , I t:. .J , l S, J K,.; 11 A X, .; M.l.l'i , ~ T, J u 1"1 P , J ..:l, K~ , K ~ Y ( ) , '"- Li ) ·' !'J l•~U :::> , 1·1 U U 1.:. , I.H. ~ n P, N 
3 LUrUJ ' Nt.l c.. lj ' IIJl r;\.; u' [,.,Kt. y' l'h<O r' N up' N X 1 ' l'>i X L' 1'-l X j ' I'J K t: N UI 'J ' Ut ( l ~ u ) ' uL ".) I 'u I I 
4 A X , U I'> I I~ , 1.. N , X 1 , X 2 , ) i'J , Y Y 1 , Y Y 2 , Y l , Y 2 

l 
I 
I 
l 
I 
1 

I 
0 
~ 

~u 
11 
li 

NCJ RN=u 1 j..) 

ll =-I 1 14 
JT::: J 1 l:i 

c l lb 

~ 
Nt::,= 1 
IF (ll.tC.l.U K.JT.t: O.ll 
lT=IT-1 

GO TO 7 
1 
1 
1 

~~ 
lb 
1':1 

Jl = J r -1 l ~u 

c:: 
If <u<lr,JT>> 1,2,~ 
NL::; = u 
IF <UTESf.Gt..U5uUT,.;T,U,I\Ul,NUJ)) 
l"l c.r t: = 3 

GU TU 1 

1 
1 
1 
l 

~l.,, 
L_j 

c:..'+ 

s 
4 

5 
0 

lF <Nt.LtV) 4,~,4 
IF (hLYc.-IPt. N> "l''t''l. 
13== IT 
.;6=JT 
lF (110Cc) :;t;,,b,59 
H U J t: =1'1 E Y t: 

l 
I 
I 
l 
1 
1 

.:..~ 
c:..b 
2/ 
'b 
'-~ 
.:>U 

GO T U 6 lJ 1 .H 
c l vC:: 
7 
ti 
':l 
1(J 

IF 
I F 
IF 
IF 

{Ntl~ll) b,17 ,d 
( N l. 1, C U > .o. 'I , Cj , 1 ·, 
l Nt.G > 1u,11,1u 
<l-1 > 11,11,11 

l 
I 
l 
I 

.).) 

vLt
.):; 
~b 

11 
12 
1-S 
14 

IF < LJ <I-i, .;) > 11,12,12
IF (J-1) 17,11,13 
IF <U<I,.;-1)) 17,l4,14 
ISKIF=i 

l 
I 
1 
1 

~7 
... 6 
.)~ 
4U 

15 
IF ( 1·1uOc:> 
t'IUJ E =3 

1b, 1:; , 1t. 1 
l 

Lrl 
't.:.. 

GO T U t u I 'f.) 
lb IP:.N=::. l Lt4 

.Gu T u c u I 't~ ,_. 
c 
17 l' lt: Y L =2 

1 
1 

lfo 
'i7 

"-l 
U1 

15 
1':l 

Ir 
IF 
IF 

(NLl:..V) :..,lb,:J 
( ML Yc-l~ ~N> 19,~,1~ 
!1A~T3) :; , <::u,;. 

l 
1 
1 

'+b 
Lt~ 
~u 



U ( ll 3 , v 1 3 , U , N U 1 , NU.;) • L l • 

WHlLH f--Ulr~T~ uf 

1 ?1 
l !;;.(: 
I :;,~ 

l ~4 
l ~~ 
l ~0 
r 'Jl 
I :0,6 
l :,~ 

l t..u 
l t.l 
1 (.;c:_ 

1 Q.) 

I t'"t 
I ()';) 

l t..b 
l b( 
1 ub 
1 0':1 
1 7u 
l il 
l 72 
I ~~ 
l {4 
1 ' J1 lb 
l {I 

I ib 
l ('-;) 
l bu 
l o1 
l o.: 
I b~ 
1 64 
1 b? 
1 bb 
1 b7 
1 bb 
I b~ 
1 ~lJ 
l ':11 
1 '::1.:. 
l '::1.::> 
I ~4 
l '::1::. 
I ~b 

1-'
l ':17 -...J 

0\l '::lb 
1 '::I '::I 
l J.UU 

2ll 

c 
C 
c 
c 
G 
G 
c 
c 
C:::1 

c 
22 
c 
23 

24 

c 
c 
c 
c 
c 
25 

2b 

c 
c 
c 
C.l 

.:::8 
29 
JU 
Jl 

IT=I3 
..JT= J 3 
126= 0 

IP::.N wA:::, ;:;. 

CALL COt<l'-lt.k 

IF <NGORtO 

lP~N W~S 2. 

I2:S = 1 
IT5> = l T 
JT:::.= J T 
lL= ll 
JT3 = J T 

GA-.L CUI<Nct< 

IF (NLO~N) 

CHLCK. FOR CU~NC::.R CONTOUr< 

<u, NUl ,NUJ) 

?,2b,~ 

CHECK FOR CUi-< Nt.R CONTIJl.Jk 

IF <lT~.cU.l.UR,..Jl3.t~.1) GO TO 6U 
IT:::l=IT3-1 
JT3=J13-1 
IF <lJ ~ u ( l T .:> , .; l 3 , lJ , 1'4 U l , N U J ) • G T • U T c.~ 

(U,_NUl ,NUJ) 

2~,.::::> , C:::S 

lU S> u(lT,Jf,U,Iwl,Nl.JJ)) 
GO T U 2 3 
IT=IT3 
..JT = J T .:J 
GO T U 2 2 

NOl A Cur<Nr:t<, GU I'{IUUR 
Sl:l T Hf:: lNulGATUr<:c, OF 
l NTEf<SECTIUN AR.l IU 8c:. 

H I4T=llS 

Jl' lA T = Jl S 

GU TC 1::7 

It-.4 T=1 T 

..Ji1 ~ T =-.JT 


~d J UKP 

..JU'1P =u 
IF <Nli\CCd 2ti,29 ,c::ti

IF <l NCDJK> ~~,Jl,Ju 

IF ( JK) 31, ;:su, .31 

..JU!'I P =1 
IF <123) 3S,3.:>,3S 

Gu TO 2~.t 

LINt. 

T. Ai~tJ • U ~ 

l Ht. UIAt..UNALt ALONG 
L.Hc:.GKC:u 

http:lUS>u(lT,Jf,U,Iwl,Nl.JJ
http:CONTIJl.Jk


32 JU'1 P = 0 
GU T 0 3~ 

.S..> lF (JU MP) ~~ 1 J4,JC:.: 
34 	 ..JU-1 P=1 
c 
c 	 Ot.FI 1~t. COOt<Olt'lATi.~ OF THE Pt:;.l'<l S LJ..N~.:. 
c 
35 	 CONT lNUt 

Ck .. L LlNt. S (l,.;,U,IWl,NUJ) 
c 

NFAIL=l 
c 
c 	 SP:.C l FY YYl A I~D YY2 A':J COU Rul r'iAlt.S uF 
c 
36 	 YYC. =lJ ~ U ( 11'1A T, J I-ii~ T , U , NUl , 1'-l U.; ) 

1 S t-~= l 
I F ( J lJ 11 1-l l 4 4 , .) 7 , 4 t,. 

c 
37 IF ((JI'1 AT-1l.Llo1J GC TU 42 

IF (U(i r1 AT,J 11 ~-<T-1J) 4~ 7 .)8 7 .:>d 
38 YYl=U~~<lMAT,.;N A T-1,~,~ui,NUJJ 

GU TU 	 4-3 
c 
39 IF (Ju 11 PJ <t ... 7 -tu,<t J. 
4Ll I F (U{ht t< T+l,Jf•tAfl) :} '::1 ,4S,4..) 
41 l F ( U ( lo'lAT , -.11 ' t AT+ 1) ) S :> , 4/ , 4 7 
(; 
42 IF <U<I rt AT+l,J I'IAT>> :3 :::>, 43 ,43 
43 YYl=U ~ u(l M ~l+ l ,J MAT,~, N U I , NUJ) 

GO T C 	 4 o 
c 
c 
't't 	 IF ((1 11A 1- ... l.LT.J.l GC T U 4o 
c 

IF (U(l MAT-1,Ji-IATJl "i b ,4? ,4 S 
4 ::.i YY1 =lJ 5 G <:J.. i1 A r- 1 , J 1'1A T , U, NUI , 1-..J UJ )

GO T 0 4 9 
c 
4b IF (LJ(HIAT,J l't ~T+1ll ? :;,<.+/,47 
47 YY1 = L 5 G(l 11A1 , J I"I AT 1- 1 , U, NUI , NUJ ) 
(; 
4b I S ri= 2 
(; 
c 	 FI~U POINT GF lNTc~ScCTlUN 
c 
't 9 	 CALL LRC ..) S 
c 
c f<c~ L T 1H t. LUU I,Oiw., TLS Of fHt. PUINl UF 
c POII''H hA S br..C:r~ FUu!W hl'Jf; fHi:. UlSTAI'iLL 
c Ii'Ht:: RS El.llU I\I A l ~ O irlt. i-Julfll T Wrl t. r< t.. lhr_ 

l N Tlk~LL.Tll\G Lll~t. 

J..NTt:..R~t:.LTJ..ui'l .LF l'h.H 

bcn·•L._N "Jhc. N._w 


Pl:..I'J I~ U k l'l .l. Ll Ut.. UN Tht:.. 

I 
1 
J. 
l 
l 
J. 
r 
l 
I 
l 
1 
l 
I 
.1. 
l 
1 
l 
1 
l 
1 
l 
l 
1 
l 
l 
l 
l 
l 
I 
l 
.1. 
l 
l 
1 
l. 
1 
l 
I 
l 
1 
l 
I 
l 
l 
I 
l 
l 
l 
l 
l 

101 
.I.IJC:. 
lu.) 
11..1 4 
lu:> 
lub 
lui 
llJO 
lu9 
11L 
... .~.:a. 
.i.lC:: 
Ll.~ 
114 
1.1.:> 
llb 
111 
llb 
.1..1.~ 
l~u 
L:::l 
.lC:.:C:.: 
1c.;, 
l£:4 
l~~ 
lcb 
L:::1 
.I.Lb 

l£:9 
.l~lJ 
1.:>1 
.1.-.JL 

l,.) .) 

LA 
l~ij 
.1. jb 
J...) 7 
.i.. .:~o 
1~9 
14u 
.l.'f.L 

l<+c 
1'-t.::. 
l'i4 
.~.4:::> 
14ll 
l'-!f 
l4b 
14':; 
l !:~ U 

f-' 
........ 
........ 




c PA=>ER IS Lc.SS THArJ THi::. PRc!::iE.rH L E.!::iT lHH::. 
c Xi ANO Yi At<i:.. THt:: C CLRUli~A TES OF 1hr... PUlN T 
c TH~ PAFt.f.:. 
c 
!;>J 

51 

IF <INT> ~ut SLt ,~U
Y Y C. =l. 5 0 U 1'1 A , J HAT , U , 1\ Ul , N UJ} 
[) b 1'-l =SQ R T ( ( X ..1. - X t~ ) -~'- "i- ~ + ( Y ..1.- 'f 1H + J~. t:'. ) 
IF ( f\FAlU ~ 1,~2,:;,1 
NFI-I I L =C 
Gu T 0 S 3 

j~ IF Cu l::l\ , GL . !.Jl~CR > GC T0 :5 4 
~3 XG-<O~S = XN 

YC~OSS=YN 
Ol::; C k. =U i ::::d ~ 

j<t 
c 

GU 1 0 ( .:J ':1 , ~ ::J ) , l ~ h 

c GA~RY THe PKOCi::.DUkc ALONG THe DIAGONALc UF 
c TH~ I"ATklX 
c 
:;)~ H1 A T =lt·l AT - 1 

JI'IA T =Jrl A ·1-1 

!)b 
'37 

lF <I11AT.t:l.l .u,UR • ..J1'1AT.t.w. J) 
IF (L;(I MAT ,Ji"'I-. T>) ~~,3b 7 3b 
IF (1\ ff-\l U ~7,!:18,:;,( 
IP;. N=2 
GO T 0 4 

GU TO ~t. 

c 
c MU ~E TH~;;. PLN 1N ThE Ft<t.~~N1 MOOL UP 10 THt. 
c 
58 C1-H. l l'l 0 II c: ( X(., t< 0 S S , Y C R 0 S S , l Pt. I~ ) 

1 F <l Pt. 1'-l  2 > :> , 4 , ? 
c 
59 IP:.N=r'lL:. YC:. 
6U UL£-1 S T =U 1 c.ST 

Rl TURN 
c.i'~J 

rll"l h -lhi: Pt.N ON 

10 Tht. tu~t. UF 

FClNT UF l NTt.R~LUliGN 

l 1!::}1 
I ~JC. 
1 1!:1.) 
l 1:>4 
1 1!::}~ 
l .L5b 
l J.'.)f 

l l:;.tl 
l l:/'::1 
I ..I.CIJ 

l lo1 
l lo~ 
l lu~ 
l J.C't 
l 1o:
l lob 
l lbf 
l lob 
l ..1.(..'=' 

l li'i.J 
l 111 
I lie:: ... ,._l 
l 11 4 
l lf~ 
l 1./o 
l J.ti 
l lib 
I 11~ 
1 lo u 
I 1b1 
l lbc. 
l lC.."> 
l lb'"t 
l 10~ 
I J.bc.

.... 
--...J 
00 



SUUR.UUTIN1:. FlZL <l,J,U,I~Ul,NUJ) J 1 
c 
(.; 
c 

SU3RCUT1~~ FlZL ~~ FOLLOWING 
Bt.FORc. .LIUVANCJ.NG lH~ f-lt:.l~ Ar~U 

A GIVlN PAf H, ~H~LKlNG U-FUNLllUN 
t10Vl~G Hk Pdlf 'lu lht. IH:.XT Fu~J.llulli 

J 
J 
.) 

C:. 
3 
4 

c ~ ? 

c 
0 I M E N S 1 uN U U~ U 1 , N lJ J ) J 

J 
() 

i 
GOMMCN /~LU~Kl/ O~L1 7 U~L2,0X,JY,J1fu2,lART~,ltL,l~<~~) ,lLUh,lUlb(1 

~ IJ >.t I C: ~ t I K , H : A X , I 1vll N , I l'i L ul K, l N C 0 J K , 1n , H-l f Nl:m ?. 1 P u• , I r- L i<! l P.Lu ~ , l ~ 1\J.. P 
<:: 1 I 1 , 1 ~ ~ , l 3 , J K , ,m Ax , ,)111 N , J T , J u 1'1 P , J 0 , " t:. , K c. Y <? , L u > , r; J. 1'-h_, ~ , 1·1 uli L , N~ ur·;P , I'>~ 
,)(.,; () K N ' l'l E L t. v ' j\j ll <c () ' h K t. y , j\lt·W T ' N up ' t~ X l ' N X q ~~ X 3 ' 1'1 k L N l;r. ' uf { 1 ,:) lJ J ' uLA ::::, ., ' u l'l 
4 AX, U M 1 ~ , X N , X1, X 2, YIJ , Y Y 1, Y Y 2, Y1, Y~ 

J 
J 
J 
J 
J 

b 
'j 

..I.U 

11 
lC:: 

c 
c 
c 
(.; 

1 J.\NU 
1'1Uvt.IJ 

J ARL 
~t:.XT. 

PuiNTHlG AT ltit. 
:::,L~ H IT I~ f(; 

Pu:::>Ill01'l -IU WhlGH l~ 
Bt:. SUt-<fALc. Ut-( bA:::,l~ 

!H._ 1--'t.l'-l ·1u Lt. 
J 
~ 
J 
J 

1;) 
14 
J.::;> 
lo 

IF (U<I,.;)) 1,~,~ ..; li 
G J J.o 
c tviOvE Ut\ THL bA:::,I~ , Ghc.CK PR.i:;:i.:IH f-U~liJ.UI'Ii OF 1HL Pt:1~ .) .... '::J 

t_; J C:.u 
1 IF (NUF) 2,4,.:: J 2J. 
L ~ 21:: 
c PEN IS Al lHt. SURFALt.. :::.Lluc. l.T Uui-11~ 1u THi:. t::s:.Sl~ FJ.RST J """ c 
2 

3 

C A L L ~ L i:. V Cl - i. K , J- J K , U , i'-l U I , N U J ) 
IF (JK) .5,'-+,:S 
IF (LJ<I-lK,J-JK>.GC..SU.u) Gu iO 
U(l-lK,J-J~)=LJ<I-lK,J-~K)+ju.J 

4 

J 
J 
..; 
~ 

J 

c:.t;. 
'-.!:1 
O::.b,_, 
LO 

4 ISK I P=U J '-';:j 

c J ..)u 
c 
c 

TH:. F t. N l ::::, A ·r T H t: 8 A ~ l S • L 0 0 K F 0 t< t1 U U ~ UF T h t.. 11 u 'Jt:. 1-d'-l U t-l U V' t • J 
J 

;jl 
~0::. 

CALL 
CAL L 

~Y t. 
l1 0 V c. 

<.t.,..;,YLuU, ...d,LJ,NUl,NU.JJ 
( X(_, U ( l , ...; ) , Y C 0 ( 1 , J ) , l Pt. 1'-1 ) 

..J 

..; 
.J6 
~4 

GU T U 2 u J .J!::I 
(.; J vO 
s IF (u<l,J>.LT.'::iu. u ) 

u (l. 'J) =LJ (l' J) -'::i lJ. u 
IS:< I P=1 

GU 10 b .) 

J 
J 

.j7 

.:>0 
~';J 

b 1 F 
lF 
GD 

( 1 • c1.. • 2 • A1'-1 u • I K • ~ l.i • 1 ) 
<J.~ J .~.t.~ Nu .JK.t:U.l) 
T lJ 11 

G 0 
GO 

T U 
TO 

7 
7 

J 
J 
J 

"tu 
41 
42 

c J '-+ ~ 
c 
r
v 

PAlH ::,TAF<T:::, HLRt.. 
LlFTt..O U~ iF U Af 

TH E PLI'-1 I::, ::,Tll AI lH..:. 8A.;d~ ~'-' li 
TH~ SlAkllNG PU~lll~N WAS P0SlllVL 

MU~l h. ..J 
J 

~ ... 
Lt? 

c 
7 
8 

IF 
lF 

(U(.i-.J..K,.J-.JK)) 11,b,b 
{LU-l K,J -JK>.LT. Su.u ) GU lU '::l 

J 
J 
J 

4b 
Ly{ 
Ltb 

f-' 
"-J 
1.0 

U(l-IK,w-JK)=G(l-l~,w-JK)-~u.~ J 4'J 
I SKIP =l .) :;u 



GO T 0 ~ u J !;.1 
9 ISKIP=L J ?2 
10 

c 
CALL Elt:.V U-li<,1J-JK 1U,,4Ul,NUJ)
1 F ( L. <I -1 K, .;- J IO • L T, 5 u • (J) U <1- I K, ..J-..J K) =u ( 1- .i.. K, .J- •..!<.) + 7 U , U 

J 
J 
.J 

!;;..) 
!:;4 
!;:) !;.. 

c I·I OV!.:. ON 1He ~ u R.FAl-t:. CHc:.CK Pr<cSENT Pli~lTlGN uF THe t'c..N J !:;;b 
c J ';;J{ 
11 
c 

IF (NUP) l':l,1 2 ,1':l J 
J 

?b 
;)'j 

c Hit:. Ft. N l S A1 TH t:. t:lASI~. MOVE iT 1-'R.llit< lU llF -IlNl> U~ TO Tht. J Lu 
c 5U F~ AC E ..; b l 
(.; J b~ 

12 GALL t:.Yt. ( l ,J,YCOU, •.d 7Uii'lUl,NUJ)
CALL i10 Vt (XLu(l,.;),YCU( ,J),lPt:.N} 
AS~IGN 11 TO J.~w 

J 
J 
J 

b;) 
L'+ 
b~ 

c J b ll 
13 
14 

If 
IF 

( NLCRtl-1> lo,14,1b 
(l~.:l-l) :..o,~:),J..o 

J 
J 

b7 
l...b 

1:1 I Pc.N=.::i 
13=l T 

J 
J 

o':l 
1u 

16 
J 3= J T 
NCOR i~=O 

J 
J 

(1-, (:. 

c 
17 

lti 

GO T C ISH, (17,18) 

CO\jT I NL. t:: 
CAL L t.lt.V <l,J1U,i~Ul,IWJ)
l F (l~Kl F ,t;.~,.;J U(l,..;):U(.(,J)+;}u,u 
RL l u KN 

...J 
J 
J 
J 
J 
..; 

'3
/4
/";;) 
lo 
i'( 
i ' b 

c J i':l 
c J ou 
c THt:. PLN l ~ Al k l.:.AUY Al THt: SU~fACt., LUCK FCk MLDt. 0F fHt:. MUVt. MlNT J 61 
c ANJ ~ OVc.. J b2 
c J b.:l 
19 UIJ=L <l,..;) J b4 

2Ll 

C ~Ll LYe <l,.J,UlJ,U,l\lJl, NUJ) 
CA_L l'l CVt:. <XL u <I,v>,UlJ,lFt.N> 
AS S I GN lb TU 1:SW 

J 
J 
J 

b ;;l 
ob 
at 

GU T 0 
t.l ~) 

1 J J 
J 

bb
o'='

1--' 
CXl 
0 



c 

S U ~ R 0 U T 11\ 1::: 
c 
L SUPPLIS lH~ 
G KL~SS=1 
c KL~SS=2 
c KLA..) S= .)
c 
G 

GL 1 1"1 A T ( lJ , I~ U l , N U J ) 

PkOGkAM WlTH U-MAT~IX lN ~ MA~~~k ~PLLltll0 BY kLA~~ 
t.J.dk.!.X l~ CALCULATLU u::.11~G Su5kOUTl1\lc. vi.J ..Jc.GT 
I"IATklX l S ::.UPPLlc.U t)Y V.:>LR t~ ~Lt:r<OLilf'L 1'Uf lLL f' 
1·1A H<..1.X I~ t.X Tt.Rt~AL Y :::..uH'Llc.U l.ii\I L Y fi-\td .1.1-1L Y Al•LJ 1S Tv 
c c. GUMPLc.Tt.U bY lN lc. kPULkTlU~ 

OH1cf\SlGN UW ul , Nu J) 

COi"l ~1 0 N I LA l A/ I N I >- 1 , I h T X C. , lSI L c. , J ~ l L c. , Nl. 0 1'<:::.. , H~ l; k L , KLA::, S , 1-1 L P 1"1 A7 ~-<N G L 
H. , :.~ A F c. R , \1 ~.; 1 L c. , XL L i~ G , X'r f<. (J T , X 11'1 A X , X li'lll'< , X 2 11 A X , X d·l 11 ~ 

GCJi'l H UN I t l U L. K.... I 1k L 1 , Ut. L 2 , U X , u Y , U 1 , u (:: , l A~ I .) , 1 c L , 1 t... ( 0 .; ) , l CU1'1 1 ll.J l\.) ( 1 
l u) .l ItU, l K, ll"l A'" H1.d~ , 11'~ C.. Ul K, I N L.. U..; K , .L I'< T , .1.1d 1\ l; i' i , 1 P c. h, In;;.l<, l P Lu:::.., l ~i5l f-' 
2 ' l I ' 1 c. ..) ' LS ' J K ' ..; I'll~ A ' J ,~. l N ' J T ' J uI'I p ' J .) ' ;.._ t. ' 1\ c:. y ( ~ ' i:. u ) ' .. l i~ u::. ' I'Iu L L ' NL. u I ' ll-' ' N 
3 Cu .::.;_ N , 	l~c:. L t. V , I'H t JL C, H r< l Y , 1'-H<O T, N UP, r~ X1 , N X.::, I~ X .3 , I' I k dH.. n , Ur l1.5 u ) , li L k:::, I , U1' 1 

4 A X, U 1"1 I i'l , X N , X 1 , X2 , ) I ~, Y Y 1 , Y Y 2 , Y 1 , Y l:. 
c 
1 	 IF (KL I.,:).:> -1> 4 7 2 7 4 
c 
C 	 CALCU LA Te. U-t·lt. TRlX 
c 
C 	 l c.FT-RI GhT P~THS 
c 
2 	 UU 3 I =1 , i'HJl 

XI=XliYJ dHULL1"'' FL0~-<T <I-1) 
c 
C 	 RI~HT -Lt FT PAlHS 
c 

Uu 3 J =l , NUJ 
XJ=X~ MIN +~c.L~•FLO~T(~-1) 

c 
CALL OBJu~T ( Xl ,X..;,U(l,J)) 

c 
>) 	 CO'JTINuc 

Rt:.T URN 
c 
G 	 CI\L l SUBtWUT l lh. Tu FILL U-MATRlX 
c 
't 	 CA LL UFILL . <U,NUl,NU.J) 

1 F ( K L A S ::. • t:. l.i • ~ ) k t. T U k i~ 
c 
C 	 U-A~RAY lS FlLLiU PA~llALY, kcMAl Nl NG P0INl~ hA~c 
G 
C 	 CA_Gl.JLATc. VAK.!.ABLt. Ulr·. t.NSluNS Uf h0f~ K1NLJ tlf\t<AYS 
c 

KS=NUl•i\LJ + l 

K=\JUl 

IF iNUJ.GT.NUi.) K=NU..; 

K1=K?+K+1 


Tu bt GtNL~~~l~ 

K 1 
-~-K .:.. 

K 3 
K. .... 
K ~ 
K b 
K i 
1\ 0 
K. s 
K l.u 
K 11. 
K. 1~ 
K 1~ 
K 14 
K 1:.> 
K lb 
K li' 
K lb 
K l':l 
K (:u 
K ~1 
K '-" K t;;) 

K t::4 
K .:,.!; 
1\ <..0 
K C..( 
K ~b 
K. t:. ~ 
K .JU 
K ~1 
1\ ,j~ 
I( .:>3 
K ~4 
K ,:,!;) 

K ..>b 
K ,:,{ 
K .:>b 
K. .,<;, 
K 4U 
K 'tl 
K 4~ 
K '1-:l 

K 4'-t 
K. 4:> 1-' 

K 4t.:. 
(X) 

K 41 	
!-' 

K '10 
K 4':1 
K :- u 



------ -
K2=K1+1< 

K3=K2+K 

K4=K~+3•K 

c 
c C~LL INfEKPULATIGN ~OUliNt~ 
c 

CALL XlNTLK <u,NUl,Nl...;,U(t<S,1),l.J(K1,1),U(KC::,1),U(I\3 1 1) ,U(K.Lt,l)) 
c 

RETURN 
c 

dD 

K 
K 
K 
K 
K 
K 
K 
K 
K 
K 
K 

!::Jl 
!;;)~ 
~3 
!;.'t 
:;,~ 

!;>o 
<;,I 
!::>b 
!;.~ 
cu 
cl-

I-' 


N 

00 



SUBRUUTll'<t. lG .... T (l) 
c 
(; RETUR.NS PCJSlllCJN CJF THl Nt:XT NUNULAI~l<. LHARALli:.k IU Lit. ANI-IL'r!:ii:..i..J 
C BY SU~RUGllNt. 1NPGT 
c 

C O~MU N /clUCKl/ DLLl,U~L2,DX,OY,01 1 u~,li-IRT~,lbL,l~(J0J ,J.LUMzl0J.Gl1 
1 0) 1 It::. 9, l t< ~ lt · t~ X., HI J. l~ , I NC OI ~, 11.'-l C0.; K-', 11'1 T , liH Nvt·,, l P c 1 ~ , lt"c.l<., l P L Li..;, 1 ~~J. P 
2 , ll , l 2 j , l 3 , J K., -.J t1 A X., ..; 1".IN ' J I , -.J U i"JP , J.:; 'K t. , I\ c.'( ( ~ , .:; u) , t , .J. l~v ~ , d U Lit. , N~ v l'tP, I~ 
.S C 0 i<. N , N L L c. V , N l i ~ C 0 , h K t:. )' , N R. 0 T , N UP , N X l 1 Io: .:. , f'l )( ;) , I'll_;; t. NLi 1'I , Ur ( 1 .) U ) , U LA ::, I , U h 
Lt A!- , U 1'1 I t'J , X N , X 1 , X 2 , Y 1~ , Y Y 1 , )' Y 2 , )' 1 , )' 2 

c 
c 
1 	 I=l +:!. 

IF \I.Lc..ou> 00 Tu ~ 
Rt. l.\0 b,3l lL 

l-=1 


~ 	 I r ( I(;{i.) .L U.1l3U GO 10 1 
RL lU tHJ 

c 
;5 	 FUi< 1"1 A T ( .j uA 1 l 

t. NJ 

L 
l 
L 
L 
l 
L 
L 
L 
l 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
l 

1 
(:: 

4 
~ 

!;> 
b 
I 
tl 
9 

lu 
1~ 
~(.. 
1.;. 
J..'-t 
J.!;) 
l.v 
Ll 
J.. b 
.J.I:l 

C::i.J 
c:.l 

1-' 

(..,.) 
00 

http:RETUR.NS


SUtjRQUTINt: lNLO <I,J,U,NUI,NUJ) M ~ c l"i ;,: 
c CH:.CKS FOR ll~fH:.. k LORNt.k AI\D AriK.ANGc;.~ ut<~~~lt-.G Uf .1.TS GUtnUlJk::) M 3 
c f'l 4 

DIMENSION u(NlJI,NUJ) N :;) 

c N b 
COMMGN / 8LUCK1/ ULL1,ull2,UX,UY,U1,G2,1~Kl~,1cL,lL(oJ) 7 lCGM 1 1G1bll I"J 7 

1 U) 1 l t:. U, l K , H 'l~X , It'll N , 11'>~ CUI K, 1 N l., 0 J K , li'd , li~ T NlJ 11 , 1 PU'i 1 1h:. k , l f.- Ll.. ~ , I ~K.L P M b 
2 11 r , I 2 ~ , l..S , J K , J 11 A X , J M1 N , J T , J Url P , J j , K L , K.c;. Y ( :, , .::. lJ ) , 1'• ll'lu::> , 1'1 U i.J t. , N L- un t-', 1\1 ri 'j 

~ LU K IIJ , NE. L t V, IH rJC.. (;, ~~ Kt. Y , N r<O T, NUP, N X J.., I~ X'-, 1~ ;( .5 , 1'1 t< t. N u 1'1 , Ur ( 1 .:i u ) , lJ LA~ I , vI' I I"I lU 
4 AX , U M l N , X IIJ , X 1 , X 2 , Y I J , YY 1 , YY1.: , Y1 , Y~ j •j 11 c f"i 1~ 

I'll 'l C C =1 h 13 
GO TO (J.. 1 7,'-u} 1 NX.i. I' I l4 

1 t..ONTlNLt. N l:J 
IF (l-1> 4::>, ... ;; ,2 M lb 

2 IF CU<l,J)) 4::; 1 3;.:.. 11 lf 
3 lf (1...(1- .... ,J-.J.)) 't,'t!J,4j l"l :O.b ... 1F (U(l-l,J}) ~.r:;,, :;~ ,~ f•f 1':1 
5 lF (U(l,..;-1)) 4~ 1 t.,b 1'1 c::u 
c l·i C::l 
c STURt FRc~t.NT INUlCATURS l'i '-'c I"I (::,.) 

b NUPS=NLF t·l , ... 
l'lC:J R N S= 1\C Ot<t'l f1 ,~ 

ULiiST~=LLA~l l'i '-<-
I.:>:>= I .J t1 <..I 
..;j~=J3 l•l c.o 
II-':.NS=IPcN H ;c::<;J 
CJ.,LL PLUT (X~,YS,u) H .JU 

G 11 .;,~ 

c SLIOt THt. PeN DOWN TC TH~ BASIS l'l .J2 
c M ~j 

CALL t.Lt.V <I,J,lJ,hUI,NUJ> h ~4 
c !1 ~~ 
C SlJkt lNGIGATORS l"l Jb 
c f'l ~~ 

c 
c 

ULASS=UdiST f·j .:;b 
I P~ N S S= l Ft: l'l h ..)<.j 

l.:.SS=l.j I"I 4U 
J3~S=J3 h i.tl 
CALL PLLJT (XS ~ 1 YS::>,O) M 4£:: 

j'j '-t..:> 
c [JR~W LcFl-RIGtil COR!\Jt:R CONTOUr< AT THt:. 8A::IIS I•J '-t't 

j · j '-t~ 

7 l'll.J :~ 0 S =u h 4tJ 
NU'.JEG=O ~I (X)4{ ~ 

~H~C 0 l K= U l"l <tb 
l i -.J ~OJK= .... M '-t':l 
li-IRT 3=u I"I :...u 
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GO IU '- 4 

t-'1 
I'I 
r·t 
1"1 
h 
N 
I"I 
t"l 
M 
1"1 
h 
I"I 
M 
1"1 
1'1 
H 
M 
i•l 

h ,., 
M 
i"l 
I•I 
I'"I 
M 
M 
I"I 
1'1 
t•1 
11 
1'1 
M 
t·l 
M 
i"l 
I"I 
I"I 
1'-1 
1"1 
I"' 
1"1 
I"I 
1"1 
i'l 
l·l 
M 
t'l 
I' I 
H 
i' l 

:;.1
:,(: --!:>~ 
:;. Lt 
!;;> ~ 

~b 

':;/ 

!:;b 

;;ij 

t u 
b l 
bi::: 
t .:.. 
t-4 

o:;;> 

o u 
1.,.( 

bb 
b':1 

I u 

·, .I. 

12 
( .) 

I J.t 

f ;) 

fb 

II 

l b 
"('j 

t U 

ol 

oi: 

b.J 
O"t 
0 ':; 

bb 
bl 
b6 
O'J 
1:1 u 

'::i l 

':;1'
1:1.:> 
';;4 
';i:;J 

'Jb 	 f-' 

';;/ 	 CXl 
Vl 

';;b 
~':J 

.LUU 

J l=J 
b 	 J I=JI - 1 

CAL L c. YL. ( l 
IF (NU Nc.G> 

9 	 IF ( I'JUF G ~ ) 
1 0 	 I PS =J. PEN 

l P :. N= 3 
l A kT .5=1 
GO T u 	 l Lt 

c.; 

, J I , YGlJ (1 , J I ) , U , NUl , NUJ) 
1U 1 Sl 1 1U 
.~. u , :..J. ,:.. u 

11 IF <U <I- 1 7 Jl> ) 1'+ 1 1 2 ,1 2 
1 2 I F ( l Pc. N-40 14 , 1 .3, 1 4 
13 	 11-':.1~= 3 

l ,:,=I - l 
J3= J l -1 

1 4 	 C~L L 110 vt. 
lF ( NUFCS )

15 r·w:::>os=u 
I P :. N=IPS 
li-I<T .3=0 

16 	 IF ( 1\ CCRN )
17 It" { lC:::J ) J.b , ..L':;J , :Ld 
18 IP:. N= 3 

13= I 
J3= J 1 

19 I F ( Jl - u 2'+ , C.Lt , 2u 
2Ll IF ( U <I - 1 , J l - 1 > • Gt. • u • u • AN 0 •.u ( I , J l -1 J • l:> t. • i.J • lJ l 

<XGu <l, •.Jl ) ,YLU<l,J l> , I P l:.N > 
1!:> ' ltJ , 1 ~ 

1 1, 19 , 1 7 

I F (ldi , ..Jl - 1 )> 21 , 22 , 22 
21 h U\1 E G= 1 

GCJ T 0 8 
22 lF < ~ UN c.O .:::~ , 8 , 2.:> 
23 1\! U~O :::,=1 

Nu,-. E G=U 

GO T CJ b 


(; 

c.; U ~(A W k l GH T- Lt.fT LURNi~ CON TOUR AT 

c 
24 	 IF ( NX l - :.d <t.:;i,~.:J,<t.? 
2 ~ 	 CALl f'iU II C. ( X S .:> ,Y ::>~ ,.)) 

lPt I'>J = I t-" c l\ S~ 
NC0R N=I\L.0Rr-!:)
l 2.i = I 3 ;) :) 
J..;= J..) ~ ::::, 


l.JLA S f= l.JLAS~ 

c 
2b 	 i'Jl.Jr'O S = u 

NU \l E G=L 
H J:;O l K=l 
l t~ ::;u ..;K = u 
l AR. T .3=1J 

THt:.. 8A~l~ 



••• 

II= I 
27 	 Il=II-1 

GA_L t.Yt. (1l,J,YCO<Il,J>,U,NU1,NUJ) 
IF { NUI\~.:.G > 2'1,2d,c::Y 

2b IF <l~l..JPu~ ) 2ij,3U,'--j 
29 IPS=lPCN 

lP:.N=" 
IA~T3=1 

GO T U ~j 


L 
.)U IF (U CI.L,J-.l)) J,j,,Sl,->1 
31 lF <IP _ N-~) ~,j,J2,j3 
32 	 1Pc:. N = 3 

13=11-1 
J3= J -1 

33 	 CJ.LL 110 VE 
1F (f\UF(J~) 

34 	 NU? CJ S = ( 
IP:.N=lFS 
!Ar(T v=CJ 

3 3 	 IF ( 1\t...: CRf\ ) 
36 	 lF ( 123) 37,3b,37 
37 	 lPi:. N= 3 

L= I I 
J3=J 

38 lF (ll-1) Ltj,-t 3 ,J':i 
.j9 If- (u (I l- 1 ' J- l.) • GL • (J • u • AN c. u ( i l- 1 'J) • Gt. • IJ • lJ )

IF (U<Il-J.,J)} 4u 7 41,41 
'+Ll NU'JEG=i 

GU T 0 21 
L•l 	 lF ( I~ UN c:. G) 42,27,42 
't~ 	 NU~ U S:::.l 

NUNtG=O 
GU T 0 27 

c 
c 	 Rt:S t: T li'H)ll.Al UR:::i 
L 
43 lF ( NX1 -l) 4:;..,44,4:;> 
44 CALL l'iO Vt. ( xs' y s'.;;)

1-.. UP= NUP~ 
IPt.N=lPtN~ 
NC LJR 1\ =f\C CRN S 
ULA ~ T =l.Ju~~ T S 
l:S=IJS 

<XLldll,J) ,YLldll,J) ,IPt..N> 
.:>~,3~,.)4 

36,3~ 1 Jb 

t'l llJ1 
M li.Jc. 
N ll..) 
h lU4 
11 lu!:;> ,..., 

J.ub 
1"1 .LuI 
1'1 lub 
I"I ilJ':i 
~~ l.J..U,.. .1.11 
ti 112 
I'I ll.;:J 
~1 J.l'+ 
M J.J.!.l 
M J.l.b 
1"1 l:l/ 

llb 
1"1 .LJ..'? 

f·l l.'-IJ 
i'l 10::1 
J•j lC::2 
I"I J.(...,) 
1"1 1'-4 
f't lc:::;.. 
l'l ..l2b 

GO llJ '+3 	 I'I j,.c.l 
h l'-b 
1"1 lO::':i 
1'1 lvU 
I'I lvl 
i'l 1.)0:: 
jvj l~~ 
l'l 1~4 
l"i J.~S 
l"l ..Lvb 
1"1 l,) -, 
t'l 1.3b 
M 1~9 
1'1 .i.., v 
11 141 
I' I 1'-tC:: 
M 14.) 
I'I J."t., 

.J,) =JJ~ 	 M .l.Lt::,. 

45 	 Nli\CC=u 1'1 l.'-.Ll ...... 
lA~T 3=Li ,., 14( 00 

RL TU~ N M ....... b 0\ 

tNJ 1"1 14-;, 
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187 

zz:zzzzz 

:J 
.0 
' ') 

:0 
·-i 

z. 
..:) 

z: 
..:) 

.l:: 

LJ.. 
-l 

:J 
.u 
::> 
0 
~ 
' J.J 
0:: 

J.J 
fD 

1
Vl 

::::> 
2:: 

* * * i") 

X 
'--' :J 
z 

a.. H ::> 
1 1
·-l r =:I 

z 
rl 

::> 
_J 

• 
·::> 

a.. 
!J..l 
.::; '/) i·.-. J.J ::> 
i i ...1 
:::> <t a..z 
:::> H 0:: 
cr 1 ....1::> 
r:o -j .JI-":l 
::::> 
(/) 

z 
H 

~ .u:::: 
ua::: •LJ 



c 
c 

SU8ROUTlhc INPUT lNUI,NUJ) 

Rl~DS INFUT ~ATA lN FORM K~Y WORD = lNTtbtk U~ t-~uRMAT NUMbc~ 

0 
0 
lJ 

l 
~ 
,J 

c 0 4 

c 
c 

CO~MU N / UATA/ lNlXi,INTX~,ISI Z ~,J~lL E ,NLUN~,l~UAL,KL~S~~ALPH~,~NbL 
1 L,?APtR ,V~ lLt ,XLL ~G 7 XY RUT ,Xl M ~X,XlM l N ,X2MA X,X~ M l ~ 

CU.-IMON / Ht.AU / H LAU (~lJ) 
COl'! 11 0 N I t: L (J L K i I UL L 1 , U t.. L 2 , 0 X , U Y , ~ 1 , u 2 , l 1-1 R. ·1;) , l i..J t.. , l C ( v u ) , l. L. U l'l , l L l b ( .._ 

1\J > , I i:. G! 1 l K , l h A X , Hll d , i N C. l.J l i( , I i\j L. U.J K 7ll" l , li'J T 1\ U1'i , 1 h .. I' , l i-' cR , l ~ LlJ ~ , I :::. K.ll-' 
2,11, l23,1S,JK,JI1t-1X 1 vt'. li ·~ ,J I,JUhP ,J.:i,K.t.,K L... Y l !::.> , ~u ) 1 r ..t Nv~ ,rtGUc., NL u nP , l~ 
3 Cl.J-..!. f\j , I'J E L c v , I'U rJL U, t. Kt. Y, 1-.J ~0 T, NUP , N X 1, 1-.J X~ , N X j , 1·1 Kt.. NLn , U; ( 1 ~ u ) , lJ Lt. S 1 , u l'i 
4 A X, U 1-1 I N , X i\j , X 1 , X 2 , Y r~ , Y Y 1 , Y Y C: , Y .1. , Y<:. 

COMM0N / ~WlTCH/ Kt.. YS( ~ 7 lu >,N KtYS , NS~ llu) 

ul1'1l 1\ ~ I u~ l u ( I ) ' lJ ( 1 u ) ' vAk. ( ,.) } 

0 
0 
(; 
u 
() 
0 
(.) 
u 
u 
(.; 
(; 

. u 

!::,) 

b 
1 
tl 
~ 

lL 
11 
... c:. 
l.:J 
14 
1 ::... 
..i..O 

c 
t:QJ IV A L U~Ct. (l. ~ C.d,I NT.lU ), ( U(l ),J.lL i-> HA) 0 

u 
lf 
lo 

c 
DATA l ~/cl O I,V Ak / 4h ( , 4 HX, , ... Hlr-t-) I u 

0 
l':l 
c:.lJ 

c u c:l 
c 0 C.2 
1 CALL 

I=lS 
lG LT (l~) u 

u 
L,.,) 

~"t 
c (; L.~ 
C SU ~WlTGHt.S G (:b 
(.; 0 ~ ~ 

DO b J=l,NKt:.Y~ (.) ... o 
Jl= u 0 t:<:i 

2 J1= J1+1 (.) .)IJ 

IF ( l C <l ) • 1 ~ t.. Kc. Y::> <J 1 , .J) )
lF (Jl. G t.~) bU TU 3 
CAL L 1 G c. T <l) 

GO T U !::> 0 
(.) 

0 

~l 
.;:;'
;);) 

GO T C 2 u .:JI..t 
3 
c 

IF ( J • c l.l • 1\j Kc. 'I' ~) Gu T C 1..t iJ (J 

u 
.,);) 

;)b 
C SET APFRUP~!Ail S~lTCH 0 .;,;( 

c u .:>b 

c 
NSrl ( J >=1 0 

0 
~l;:j 
LtlJ 

C SlAR.CH fUR. LU i ii1 A u 'tl 
c (; Lt(:: 
4 CALL IGc. T (l)

IF <lC(.l.). N~ .lCUrl)
IS= I 

GC TO"* 
lJ 
0 
(; 

4.) 
44 
4!:1 

GO T U 1 (J 't' 1-' 
S 
o 

I=l S 
LO'ITlrJu~ 

0 
u 

4'1 
"tb 

CXl 
CXl 

c 0 4 <:J 
C GLT NUI•iLkl CAL VALv i:.S (J .:i li 



(.)c !>J. 
00 35 J=1 7 NKLY 0 !:;.2 ~--

JJ..= u 0 ~~ 
7 Jl=j1+1 0 ;; ... 

IF <lCLd.Nt..Kt.Y<v1 7 ..;)) GG TO 37 u :;;, 
IF <~-Jl) ~;~,'::l,tl (.) ~b 

8 CALL ICt:T (l) 0 ;;( 
GO T 0 1 u ~ (j 

c u ?'=' c Sc~RCH FOR = ~lGN () bu 
c 0 cl 
9 CALL IGt.T ( l) u Lc 

IF < I C < I > • I'll t.. • 11::. Q ) GO TO 9 t) b..) 
lF (J.Gf.li~TI"luh ) GU TU 2U 0 6Lt 

c 0 u~ 
c Gt. T lNTt.Gt.k NUr"lBd< 0 Ct.. 

c 0 t-1 
1 VA L= U u t.b 
I::ilGN=1 lJ b~ 
lSri = li lJ lu 
CALL lG t: T (l) 0 /1
If ( l c ( 1 ) • L u • i"l I N u::, ) Gll TO lb 0 12 
IF { IG (l) o Ll.to J.PLU:::,) Gu TU 17 u ~~ 

10 IF (lSW> 12,11t12 l) fl.t 
-(:;;11 IF ( I C ( IJ • ::. ~. ll... u r1) GC TO ..1..d 0 

12 00 i:S J"=l, lU 0 lb 
rr: ( ..((., (l) oLl~ oJ.0lulJ2)) Gll TO 14 u 17 

13 CO\ITINLt: 0 lb 
GO T U 3 ':l 0 1<-:J 

J.4 IVAL=lVAL~lu+J2-1 0 ou 
l:ll't = u 0 <H 

1::.1 CALl J.G.:.T (l) u bi 
GO T C 1U 0 o.... 

1o l::>lGN=·J. 0"+(.) 

17 IS>~= 1 u b:.O 
GO T U 1 :> L bb 

18 lU( J) =I VAL~ J:Si.GN u o{ 
19 lS= l 0 bb 

GO T U 1 (.) b~ 
c 0 ':lu 
c Gi:. T E- F 0 R f'l AT I'll U1'l bE R 0 Sl 
c ':ic..(J 
zu VAL=u.J () ~.:> 

I ~ P;;.R=U 0 ~4 
. NSlGLX=U u ';)::;, I-' 

(J \.0l~ i:..= u ";;u 
0lt.X. = i.J u '='' UlV = 1 (J <jb 

I S n= u (.) ~'=' 
CALL IG~:.T ( l) 0 J..l.IU 

http:lCLd.Nt..Kt


ISl GN=1 0 1Ul 
IF <IC (l) .t.U • .J.PLU~) GO TO 21 u .u.. c:. 
IF < I C <1> • Nt.. 1'1 I N U S ) GU TO 24 u luv 
ISl G N =-1 U lu4 

21 	 I Sri= 1 
c 
~~ 	 C:.L l IGcl (l)

IF <I sw > 2<t,l::-l,24 
23 IF ( IC(.J.) .t.U • .i.CUI' IJ G C T U 3b 
24 ou 2 5 J 2 = 1 ' 1 u 

IF ( l C <U • 1:. l.i. lU 1 G <Jc:.)} GO TU .:>C:: 
25 CO~TINLc 

iF ( l'l p t t"< ) i 7 ' ~ b ' 2/
26 	 IF <lC <U . r~c. • .:..Pt.k. ) GO TO 27 

1\iP;. R= 1 
GO T 0 c:~ 

c 
27 	 IF <NU 29,.::o,29 
2ti 	 lF ( I C ( 1 ) • I~ c. Kt:. ) G 0 10 3'3 

Nl =l 
Nf--:.R= 1 
GO T 0 	 22 

c 
.::9 	 IF CNS lGtX> v'3?jJ,v9
60 	 IF CIC<U.t.U.l LUS) GO TO 31 

IF ( l C ( l ) • lit.. 111 NuS) GO 10 3<j 
NSIGc.X =-1 
GU T 0 21 

..H 	 NSlGt::X=l 
Go T 0 '1c 

32 	 IF ( N l::. • 1:. t.: • 1 • Ai'J lJ • N S I G EX • i Q • 0) NSI Gt:.X=l 
I Sri= J 
IF <NSIGcX ) 3:;..,33,3:; 

c 
33 	 VA_=VAL•lu. u+ FLOAI (..JC::-1) 

IF (NPt:.td ..;,'t,..:'",~" c 
34 	 UIV=DlV'~-1U.IJ 

Go T 0 2 2 
(; 
35 	 It.X=lLX'~-.J.Ll+..J2-l 

GO T C 22 
c 
36 0 ( J - 1 N1 N u 11 ) =F LU A T <1 S l L:. 1\i ) • ( VA LI U I V ) "" J. i.J • u"' "" 

GO T U 1~ 
37 I=LS 
3d 	 CO NTINUe. 
c 
J9 	 wRl T £ (b,4(::) l,lC 

(1 L X • N S J. Gt:: ,\} 

u l.v~ 
u J.UO 
0 lu1 
0 li.Jb 
u lu':J 
u llu 
(J J.ll 
0 l:J.c:. 
0 11~ 
u 114 
u J.J..:.
0 lJ.b 
u 111 
0 llb 
u J.J.~ 
u lo:.U 
(J ll.:l 
u J.C:'-. 
u 1'-~ 
(; J. '-<t 
(; lc:.~ 
0 lc:.L> 
() lc:.i 
(J J.C:.O 

0 J.l::Sl 
0 1..:.u 
l) l~J. 
u .J.~C:: 
0 1.;,.:> 
0 l..J<t 
0 J..:> ~ 
0 J..:.o 
0 J. vI 
u 
0 

J..) b 
1~<:1 

0 J.'tU 
u 1~1 

0 .J.<tc:. 
(J l<tv 
0 u 144

.._.,.j 
u l ... b 
u 
u 

J.Ltf 
140 

...... 
1..0 
...... 

u ... .,~ 

u i~I.J 

http:It.X=lLX'~-.J.Ll
http:UIV=DlV'~-1U.IJ


CALL 01 F F t: R ( 1, I+ 7 , A , l C , 1 , VA R, .3) u .1.~1 
STJ P C::.1 0 .,1.:;.~ -·c 

C RE:.AD Ht..AOII~G 
u 
(J 

1.:;.) 
1:..01; 

G (J 1~~ 
40 
c 

READ b,'11) HLAD u 
l) 

J..::;o 
1::.> 

NUi=I SIZ~ u 1?8 
NUJ=~SILt 0 ~:;,'j 

RLTU~N (.) .!.OU 
c u lul 
41 
42 

FO RM Al 
FU~MAT 

(2uA4) 
(//JX, ~OH •••••~YNTAX t~R0R I~ ~NPUT JAlA ~N u~ A~TtR G0LU~N 

u 
u 

lb 2 
lo.:> 

1,1 3/ /~X,JH•••,buA1,3h•••) 
I:. I~) 

(.) 

u 
lcl.t 
lo~-

f-1 
1.0 
N 



G 
G 

!:>U:3ROUT1N t: Ll Nt.S U,J,U,I~ul, r~UJ) 

D~FI NE S INTL R!:>t.CllNG LlN~S 

p 
p 
p 

l 
(:: 
j 

G p 4 

c 
OIM~~!:>I O ~ ul Nul, N0J) p 

p 
:;; 
b 

G 

CO MM ON / ELULKl/ 0LL1,U~L2,UX, O Y, D l,G2,1AR13, lUL , 1 L(0U) ,l.L GM ,lL~Gll
1 u > , It:. Q , l K, li'l AX, Hll1~, lt~L Ul K, l N C 0 J K , lt~ T , 1 i\1 TI\ lJ 1'1 , l. Pt:l'., It- c. t<, l FLl.1!:l, l ~~1 P 
2 , 1 r , 1 2 J , 1 s , J K , J 1·1 A ;.. , .; ~ 1 N , J T , ..; uo'l P , J ..) , "'t. , K c. Y ' J , 4. lJ > , , • l.lll v .J , r. uu t. , "'L L , .,~..), N 
3 L 0 k 1\ , HE L t: V , N ;. ,, L () , I~ K t. Y , l'i t< UT , N U P , N X 1 , I~ X .:. , Ill X ..:l , ,.., RL N Ur1 , U i l 1 .:> u ) , lJ LA~ 1 , u I' I 
4 A X , U t'. I N , X I~ , X 1 , X ~ , ) o'-1 , Y Y ~ , Y Y C. , Y 1 , Y 2 

p 
p 
p 
p 
p 
p 

I 
b 
<.; 

1u 
11 
ic: 

c 
I F ( I\ I 1\ (; () ) Lt , J. , '+ p 

p 
J.v 

1.'+ 
G P ATH UF THL f-'LN p l!::l 
c 
c 
c 

P t. N IS AT l-J.t<- 7 J-...;K AI'W lS TO bE liOIIt:u TO l,v 
p 
p 
p 

J..b 
].{ 

1o 
1 

2 

Xl= XL O <1-lK, J-JK)
XZ=X CO (i ,J)
lf lt~l.JF) 2 , 3 ,t:: -
Yl=USU< l -IK,..;-..; K,u,I\LJI, NUJ) 
Y 2 =U 3 ull,J,U, NUI, ~UJ> 
GU T u 5 

p 
p 
p 
p 
p 
p 

l';l 
.:.Lo 
.::1. 
.::..:. 
ij 
c::Lt 

3 Y1~YCO<I-IK,..J-JK> p t::~ 
Yc=YCG<l,J)
GU T C :; 

tJ 
p 

.:.<:J 
t:.l 

G p c::o 
G 
G 

PEN I S AT l+l NGOIK,J+lNLOJK ANU I!:> lU be. MUVc.U lu I,J p 
p '-'=' 

;)lJ 
't 

c 

Xc.:=XCU<l,J)
X1=XCU(l+lNGOJ.K 7 J+l NCOJK) 
y 2= y c 0 ( l ' J) 
Yl=YCOll+l i\I LUlK,J~l N COJ"-) 

p 
p 
p 
p 
p 

.Jl 

.Ji:.. 
~~ 
-..J't 
.:;~ 

C CH:.CK F Gk PO!:llTIOt'l OF THt. I'IAXlMU f"i p ~ C' 
c 
s 
c 
C 

lF <lc3> 
MAXI MUM 

7,b, l 
l S AT TH t. DIAGO NALt OF THl Pt.N 

p 
p 
p 
p 

;.;;r 
.:>b 
.)C, 
'tiJ 

C SHITCH C G Ot<Gl NAT ~~ OF TH t: Pt:.N~S PATh p '+1 
c p 'tt:. 
b Tt: MP=Xl p <tv 

Xl= X2 p 4Lt 
X ~ = T U IP p 't:;.. 
l l '1 P =Y1 1-' 4b 
Yl = Y 2 p 't -, 1-' 

7 
Y.::. =T t. I'IP 
Rc.T Ur< N 

p 
p 

Lt6 
'"t';; 

\0 
w 

tfJ} p ::-u



SUt)RGUTlNt: MAf<.K (U,l\ UI ,NUJ) Q 1 
G Q 4:: 
C h RlTES TtXT UN THL FLLT (..( 3 
G (.( Lt 

Dl~ENSiu~ Ul Nul , NLJJ Q :;c: 

G Q b 
CU•lr·1U N I CA T AI l N 1 X 1 , lN T X2 , IS L~ t. , J S 1Z t. , NC 0 N ~ , HWA L , K<... A~ S , AlPHA , A I'll> L Q 7 


1 t:: , :>A PLR , vS J. Zt , X Ld• G1 X Y RU T, X111 ~X 1 X:..hl N , X '- 11 A X,.( d'llt~ l.( tl 

Cul'lt-1 U I'~ I J.l I PH .. U U ) , t-' S1 ( :- > , KU U t. (? J Q 
 '=' 

c 

C01HU~ / Hl~U/ ht~ U ( 2U J c.. 1u 
CU,HWN IL:LUCKJ../ D.... Ll,t..J!:.L2,UX,DY,Ol,LC:.,lAR.l;),lbL,J..G(oJ} 1 J.ClJI"i,lLJ.Gll (.( 11 

1 0 J , I t. U , l k., 1 1·1AA, li1J.t-..l , l i'i (, U I K, INC U,.Jl< , l l'>~ T , 1 NT N Lm , l P t.r~ , L " ~:.. k , 1 1-' L lJ:::, , .l Sk. J.I-' Q l.c: 
t;. ' l! ·'I i::~ ' .£0' JK. ' ,Jl:iA;< ' .;1<;11~ ' ~ r_ , ~Ji'IP ' J0' KL ' KL y (?' C::u ) , Jtl.l-..ju ::)' l~ lJUL '1-.J(..~ ,_.t-J, N u. l.J 
;5 LlJK ~~ , 1 ~ t. L c V , l'Jli.JL U, l·1Kt. 'I , l''l t< U1 , ~~UP , 1\ X 1 , 1·o , c::, ~~X: 3 , i· k .:.I\ Lt·, , Li r- l 1 .:t u ) , l.J L t.:., 1 , u r1 (,( 1'+ 
4 A X, U f1 IN , X N , X 1 , X 2 , ) I~ , Y¥ 1 , Y Y2, Y 1 , Y2 Q 15 

ClJ!'It·1U N /~v4l IC rt / 1\LY::> b ,lO) , I~K .... YS,i'-l~Y. L..u) u. l.O 
c Q l/ 

GH1EI\S I UI" .L. U {t), U ( lll J l.( i.b 
c (.( 1':1 

i::.lNlVALi:.I\Ct. (J.UlU,l NlXl), ( U (l>,~-<L PH~ J Q c..u 
G u. c:l 

UATA XLt.li/lHl/ Q £:2 
c (.( c...:~ 

G St. l Xi AI~D X'- IJOJt~ US ·1u THt. SlZL l.JF The. i1ATrdX H BuUNUS WtRt. Q t::Lt 
c NUT Ut.Fll\t:U Q '-:;; 

(.( c:b 
IF lXlMl N) ::;, , 1 , 5 Q c.. I 

1 lF ( X1 1", AX) :) , .:. ,::> l.( C..b 
2 IF (X 2t"ilhd :;,J,S l.( c:':1 

~ 

.) 	 lF cx a .AX J :; , "! ,:; Q .; U 
4 	 Xl "I= 1 • C Q Jl 

X2'1=1 . Ll (,( .)C.. 

Xi~T=FLOATlNUl-1)/10.0 Q .).) 

X'-~ T =F L CAT ( I'JU J- 1 ) I .1. U • u u. .JLt 
GO T 0 6 (.( ~:.. 

c (.( .)tJ 
c St.T VALU~~ fUK FUTUR~ MAR~lNG UF TH~ AXi S l.( .)f 
G Q .)b 
:i X1'1=X111ll\ (..( .J';j 

X<:1=X2I".d\ (,( Ltu 
X1ST=<X1KMX-X1HlN)IlO.u (.( "+.l. 

x'-~T= <x, ~Ax-x~Ml~ J/ lu .u (.( 'tL. 


c l.l "tJ 
G R~Si::.T UUGNU:C, 10 THcl~ Uki GlN VALULS FOk LUkri~~l LlSllNG (.( "t"t 
G Q Lt:.. .....6 	 IF ( XH<Ul > l, o ,7 (.( 'tt. <..0 

(.( 'f:f 	 ~7 	 Xl i'l I N =P H I <... ) 
Xl !~II-\ X =PHI (2) (.( 48 
X2"1IN=PH J.{-)) l.l 41:; 
Xd·i A X = f-J H l ( '+ ) Q :;; u 

http:l'Jli.JL


c 
c W~ITt INPUT UATA UN THL PLOT 
c 
B 	 SIZC:=U.c 

X~T= -FLUAT< NUl -1) -~'-0X -~.~ 
RAUALP=ALPHA•4oJ-~'-~TA~ <loU)/18Jou 
IF (RAuAL~oLT.u.u~> ~AU~LP=UoJ~ 
YL=lU.l 
LJ!..JY=1o5-~'-Sl.i~:. 

c 
c 	 Wl-\. l Ti:. HC:J.~U..i. I ,~G 
G 

XH= -FL 0Af ( N01-l l• LX 
lJU '3 l =1 2 u 
CALL U:fL:.. k (!t,SlLt., u.U,Xrl,YL,HtALJ(l.) > 
XH=Xh+4.u•~lLL-SlLC:I~ou 

9 	 LO fiT 1 NU L:. 
'fL=YL-Uo4 
Sl Lt.= uo 1 i 

c 
XL= X~ T 
CALL LETlC:R (~b,~llc ,u.u,AL,YL,18HLlSl UF 
YL=YL-0.1 
CALL PLOI (XL+:i8.-~'-::>1Zt,YL,3) 
CAL L PLU .l (XL,YL,d
YL='tL-G.l 

c 
I~L U 0 P =t\ K t Y- i 
DO 13 ... ::l,NLUUP 

YL=YL-ClJY 

OU 1 u 	I =1 ~ 
XL =XSTiSlZL•F L0AT<l-1)
CALL U:: lTd< <l,!:>l.Lt.:, u. u,XL,YL,Kt.Y U,J))

10 CO\lTINU~.:. 
c 

XL=XL+c::.u+srzc. 

CA Ll L £ T l t. k. ( l, S l L L , tJ o U , XL, Y L , I t Q) 

XL=XL+3 . U-~'-~1LL 

c 
lF {J. GT .i NTNUM ) GO TO 11 

c 
CALL OIFFd< L5,ID<J>,O.u,lt.;,3,Uf 1 :-s> 

CALL LtfT~K <~,SlL~,J.u,XL,Y~,lCJ 

GO TU .i,) 


c 
11 	 IF (..J,L lJ ,U Nl!WH+(::),.Ar'llJ .A I~GLtoi....U.XLLT U GC. 

CALL LJiffLi~ (4,NX,U(.J-l1H NUI'1) 1 lL,j,LJF,3) 
CAt-L Lt:.llC.: R (":J 1 ::>l.t..C.:,u.u,XL,YL,lL) 
GO T U 1-5 

12 	 LALL LLfT t:f{ (G,Sl...:C::, U.lJ, XL,'I'L , oH N/1-1) 

PARAM~ILR~> 

iO 1£:: 

Q 
lJ. 
u 
l..l 
u 
(..(
Gt 
u. 
u. 
l.i. 
Q 
!.;, 
1.;, 
l.l. 
U. 
U. 
u. 
U. 
U. 

Q 

u. 
u.
l..l 
L.t 

U. 
u. 
l.( 

Q 

Q 

~.;, 
l.t 
l.l. 
u. 
u. 
Q 
tJ. 
l.,( 
Cot 
Gt 
Q 
u. 
Cot 
L.t 

Lt 
. (,( 

(,( 
l.t 

u. 
u. 
U. 

:>1 
~1::: 
~.J 
:>l.t 
:;,~ 
Sb 
:.11 
~b 
::.>'::t 
tHJ 
(..;~

b'
t)~ 
b4 
c:; 
t~o 
c,{ 
ob 
u':l 
/u 
/1 
(2 
., .;) 
/4
iS 
/b
·n 
lb 
f9 
bu 
b ... 
bl::: 
b~ 
64 
(.)~ 
Oti 
bl 
b8 
b'::t 
'::tu 
'?1 
':Ji::: 
'j;) 
'::tl.t 
':1? 
'::tl.. 
'::tl 
'::td 
';;';; 

luu 

1-' 

\..11 
1.0 

http:l,!:>l.Lt


c 
13 CO\IT lNUC: 
c 
c MQRK Xl AUU X~ AXiS 
c 
c 

HU~ = 0 X...,. F L 0 J.1 T ( I~U J -1) /1 U • ll 

vL~T=uY• F L u~T <NuJ-l>l lO .u 

IF <v t.tH .LT.v.u.J) GO lU ;...7 

S.J.Lt. = u.lc

IF (1/ L~f .LT.u.J..'t) SlZI:. =u.Jb 

DV=SlLE I I:: .u 

I.JH=-t.l.6 

ou 1'-i l-=1 11 

A= x. d 1+X'-~ f ¥- F L 0 AT {.J.- .1. ) 

V=V t: 1:! T"' F L 0 A T ( .L - 1 ) 

H=-101-< ..... FLUAT <l-1)

CA _L PLOT ( h , V, ..:;) 

CALL PluT ( H+u .;:~, V ,L.) 

CiiLL ulFFt.r< <4 , NX ,A,IC 1_3 ,uF,3) 

C(,Ll L ETTt.r< ('J,SlLt.,lJ.u,H-uH,V-DV,lC)


14 LU1H li'J U c: 
J.5 CU'J T I I'lL t. 
c 

Db=l.S 
lf CSlZc.t.U.u.UbJ DIS= 1.u 
XX2=0lS / :::lN <RALJALP ) 
lf ( XX2.GT. (fL(.JAflNU.;-1J+JX+2.5)) XX 2=FL0Al (NUJ-.U.Y.uJ<.+c. S 
C~Ll LETTt. K (l,D.L.,u. u , XX2 , 0 . 2 ,1HXJ 
Ltl=lDI;., L) ) 
lf ( I~KO T . N'- .d Lt. .l =lCI G LO 
CA LL u:Tit.R ( .l. ,Uo'-,u. u ,X X~ +tJ.I::,G.~,LI:.TJ 

c 
c hARK Xl J..Xl:::, 
c 

HOt<=UX-¥-FLOA I (I~Ul-.~.JI ~u. u 
VL=<.T =UY-'~-FLU A T (NUl-l) I lL .u 
IF ( Vt. tT .L 1 .u.lJ?) GU 10 11 
SHt:.:=U • .l.c:: 
IF ( Vt.r<r.Ll .u. l.<t ) :::,lZL=J.uo 
OV=SlLC: / c..u 
DH=-S1Zr.. 4 S. u+u.o 
oo 1c 1=1 11
A=~1H+X~~f~FLLAT <.J.-ll 
CALL UlFh.f-< (4, NX , A,IC , ~ ,LJF,6) 

IJ=Vl R T"~ F L U AT (.J.-1) 

h=- H C k l' F L CJ AT l l - 1)

CiiLL Li:.ITl:.r< (':J,~l L.t:. 1 u . u ,H-DH ,v-
LJ.\L L FLu T ( H- u . :;, , v, 3 J 

CA:... l P L 0 1 ( H, V, 2 ) 


O II,lL) 

Q li.J1 
Q 1u2 
Q lv~ 
Q .L U't 
Q .Lu !.:> 
Q .J.uo 
(.( .J.u/ 
\.( .L U() 
u .LlJ~ 

Ll 11u 
{.,( .l. :U. 
Ll 11(:: 
Ll l.I..J 
G! ..L.J.'t 
Q ll~ 
Q iJ.b 
G! 11( 
(._ J..Lb 
l.l 11~ 
Ll 1'-u 
Q l~l 
0, J.L.L 
Q .l.C:...) 

Q 1~4 
l..l .L;.;: :; 
Q .J.~b 
(,( .l.L.f 
Q .J.4:::b 
Q .J. L.':; 
Q l..:>u 
u .J. ..:u.. 
(,( 1.JO::: 
Q ..!.,.),.) 
(.,( 1.54 
l.l 1 ,.)~ 
(.J. l..:JtJ 
u. 1 vi 
l.l. .l.vb 
l.l l..:S'.:l 
Q l'tu 
u. 14~ 
(.( lite 
l.l ..!.'tv 
l.l ..l.'t't 
u J.4? 1-' 

\DQ J. 'tb 
Q 0\.l. 't ., 

Q l'tb 
L( 1 Lt '.; 

u J.?lJ 

http:lZL=J.uo
http:Vt.r<r.Ll
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16 CUN T 1 NU c. 
17 CO'J T l Nl.t. 
c 

01~=1.5 
IF <Silt:..C: W. u.u6l tJIS=l.ll 

XX l =2 • ("" U • 2 + U.1.:) I.:) ll~ ( k J.\ (J ALP) 

l F ( X X1 • G T • ( F L 0 AT l 1'-J U I -1} ""0 X+ 2 • S )) XX 1 =F L 0 A 1 l N LJ J -1) • u X+ 2. !:) 

CALL LLTTt:t< ( .J.. ,Uo'-,UoLl 1 -XXl,u.t:;,.J..tiX) 

LtT=l UIG l2) 

11- ( ~~ r~ CT• 1-.J L • 2 I L c. T= I LJ 1 G l .S ) 

CALL LE.TlLr< <l ,u.c:.,u. u ,-XX1+U.2,J.2,Lt:.l> 

lf <I ULAL.ul'.u) KLTU RI·J 

NX.:> =1 


G 
c t'!Ar<.K f•IAXHIU r·l J.\tW I·JlNl i'I U I"I IF THe I"IATt<l X rlAS Uc.LN GLN ... i"<.J.\Tt.U 
c 

IF ( K l A S ~ , c. l.! • .:. ) C A L L P A T H ~ ( U , N U l , NU J ) 
c 

RL 'I URN 
cl'u 

Q 1!:>1 
(;( l~C:. 
l.( 1:-.->~ 
l.( 1:;,'-r 
Q 1~!;. 
(.( i:>o 
l.( l~f 
(,( .~.;;..c.; 

Q :!.:.>9 
u. lt:JIJ 
Q lO.i. 
Q .u.. c:. 
u. ltJ.;) 
(,( lb't 
Q it;? 
Q .~.t;b 
L.l. ltd 
l.( loo 
l.( 1ol:l 
(.( .J.Iu

1-' 
~ 
'-J 

http:tJIS=l.ll


c 
SUbRO UT11'<L ~~AXHi CU,l'<UI, r~UJ) R 

R 
1 

"c LO:AT~S ~AXIMUM A~O MINIMUM VALU~ ~ lN U MAl~lX k .:J 
c R Lt 

G 
0 PI E N S I 0 1\ U ( N U I , 1'4 UJ ) k 

R 
~ 
b 

COMMON /bLO~Kl/ ULL~iU~L~,UX,UY,~~,L~,lA~T~,lbL,~L(ou) ,lCUM,lU~Gll 
1 U) , l E Q?. 1 K1 1 1'1h A , Hl li'.J , N G u 1 i< , IN L 0 .; K , 11 • T , H" T I\ U h , l h .. " , H' c k , iF LL; ~ , l :::01\~ 1-' 
2 1I T , l 2 3 , 13 , J K , v 1'1 AA , J i'1l N , J T , J Uri P 1 J ~ , K t: , Kc. Y ( ~ , (: u ) , i • ~ Nu ~ , t·IU Uc.. , N1.- u rlr', 1-. 
3CO ~ i'J , N t: 1.. t: V , lH t,C G, l'i K t Y, N kU T , l·W P, N X 1, I'• X~, l\1 X 3 , • -u~ t. N L1 1, Ur ( 1 .S U ) , L LA~ i , lJ 1-1 
"tA X, U Mlt~ , X N, X J.. , X~ , 'r N , Y Y1 , Y Y '-, Y l. , Y ~ 

f< 
R 
k 
R 
k 

i 
b 

'=' :...u 
1.1 

c t-< l.~ 

c 
OAI A .>..LL. TI/ lHl./ R 

R 
1~ 
.itt 

c k 1.~ 
I"IUL 1·11 N= J R lb 
I·JUL 1·1A X= U K 11 

c 1- l N 0 S I A k T li'l G VAL U E. S k 10 
c R .i.Sl 

1 

Uu 1 l=l,NUl 
00 1 J=l,I~UJ 
lF (L;(I, .... ).I''-lL .Xli:.ll) 
COI'lTlNUc. 

GO TU 2 

k. 
R 
k. 
R 

dJ 
C::i 
Li 
~.;) 

c k ~Lt 

c 
c 

S.;:T ~TAr<TlNG VAlu t:S R 
k "~ C::o 

2 lh l N =l k C::.l 
Il l AX= I R 4:.b 
J i-ll N =J k. C::':l 
Jl·i A X= J R ::;u 

c 
c 

Uftll'-l=U(l,J) 
UIIAX=U(l,J) 

FINJ MII\lMU~ AND MAXIMUM 

R 
R 
R 
k 

.:>J.. 
,Jc;, 

~.;) 

.:.Lt 
c 

3 

DO b I=l,NUl
OU 5 J= .... ,Nuv 
IF < U<l ,,.dt~.;. Q .XLc.TI> GO 
1 F ( U <I , .; ) - UIU N ) 4 , 3 , 5 
1"1UL HI N=•"1UUll.IH1 

TU 8 

k 
R 
K 
R 
R 
k 

.;)!;} 

Jb v .., 
~0 
.j<j 
Ltll 

4 
i.F ( <l+v) .GL• UMAX+JMAX)) 
Ul•tl N =U <l, J) 
li'li N=I 

GO TU ~ k 
R 
R 

"t.L 
Lt;:;: 
Lt~ 

J i-l l N =.; R Ltl.t 

;; 
6 

7 

GU T u 8 
lF ( L; (I, .J) - Ui' l AX) c, b, 7 
f"IUL 1"1 Ax-= i1Llt1 I.\ X+ 1 
l F ( ( 1 +J) • Lc.. (HI AX t- J Mf.\ X ) ) 
Ul lAX= U ( 1, J) 
li11-\X=l 

GU I' 0 ti 

R 
t-< 
k 
R 
R 
R 

4.:;~ 
4b 
Ltl 
l.tti 
'+':I 
!:.>U 

f-' 
1.0 
00 



J!-14 X =J K Sl 
8 CONTI Nl.J c R ~C::: 
c k. SJ 

c 
IF 
lF 

( 11 UL MiN • G T • 1) 
(t-:UL MA X.GT.i> 

hRlTL 
WRJ. H. 

(b '<j) UMIN , ML L hlN 
(6 '1 0) U I"IA X, I'I ULI'IJ..\X 

K. 
R 
f~ 

~ Lt 
~~ 
~0 

Rt:.T URN R ?I 
c R ~d 
9 
10 

FU~M AT 
FUt-<.~1 A T 
f:.I-.JJ 

(I I ~ X , :.> H VAL U t. , t: 1 3 • 5 , 7 H 0 C C U R:::. , l? , 1 C) H 
(//SX,~HVALUt,t.1~.S,7H ULLUk~,l!;I,~SH 

TlMt:~ 
llMt.~ 

A..j 
A..j 

A 
A 

l•l l l\lli'lUf'd 
MAXlMU~) 

R 
R 
R 

!;I':; 
bu 
t.l

.... 
\0 
\0 



c 
c 
G 

SUbROUTll\t:: l"iOVi::. CXN,YN,N} 

CHECKS THt: hUut: 01 THt: i'IOII!::.Mc.:.IH 
FOK N=2 CNLY PRtiiLNTING TH~ PiN 

OF l He Pt: I'< 
TkAVcLU.I'lG 

ANt.J •·•LV E.::. 1 Ht: 
ll~ LF J.. Ld. t:: r~ I L Y 

h::.f\1 

:::> 
::, 
::> 
~ 

1 
C:: 
6 
't 

-
c A8UV E THL PAPt:.R !:> ~ 
c 
1 
c 

IF 
IF 

(N-:.S) l,<t,l 
(1\LASJ-j) ;s,z,~ 

s 
!:> 
~ 
s 

b 
i 
8 
g 

2 CALl PLOT {XL,Yl,_,J ~ lu 
c 
3 
c 

CALl PLLJT <xN,YN,'-) 
~ 
!:> 
!:> 

:.L:!. 
12 
~,) 

4 NL4 S T =1'-l 
XL= X N 

s 
:::> 

l't 
1:> 

YL= Y N :::> lu 
c s .l.l 

RL r uRN 
EI~J 

s 
~ 

.ib 
19

N 
0 
0 



SU!:$ ROUT I NL NKVu ( U, NUl, NU J) 
c 
c 	 LIQUOAliS PUSlTIVt. VALUlS UF U-fUNLTlUI~ If 11 S l 1-11'1 U.:. ALU N t.:. 
c 

DI~ENSluN U(NUl,NUJ) 
c 

lJATA XLcTI/lHl/
c 
c 

00 5 1-=l,NUl 

lJU 8 .J=l, t~UJ 

IF (LJCI, •.d.u~.Xlt.TI> GO TuB 

IF (1-.d ~,(..,.L 


1 IF (U <1-l,J>. i'l t.aXLcll) GO TO d 
2 IF CI-~Ul> 3,~,4 . 
3 lF ( U (l +1,...;) • .t:: • XLt. T l> GO TU d 
't lF (J-1) o,0,:; 
s IF ( u (I, ..;-1) • t~ t.. XL c T l) Gu TU d 
b IF (..;- f\J L..;) i', IJ ,U 
7 IF (L (1,..,.+1) .1-J c.XLt::T I> GO TO d 
c 

U<ltJ>=xu:rl 

wR. l 1:. ( b 'y) l ' ...; 


13 	 CONTI NL c 
c 

RUU k N 
c 
9 	 F0:.(1'1A T ( 0 X, ll.trlt.LC:t <t::.N T AT 1 =,II.t,bH, J =,l4,1uHLJ.L.i.UJ.i.JJ..Ilt:.O) 

I:.NJ 

1 
1 
T 
T 
T 
T 
1 
T 
1 
l 
T 
T 
l 
T 
1 
T 
T 
T 
T 
T 
1 
l 
T 
T 
T 
l 
T 
l 
T 

1 
i 
;s 
4 
~ 

b 
I 
b 
y 

llJ 
ll 
J.c:. 
J..,) 

1.4 
1:;. 
.I..CJ 
11 
lb 
:..':1 
L.\J 

Li 
2.:::
;::.) 
24 
(::~ 
i::o 

l::.b '"' 

c::':;

N 

1-' 
0 

http:d.u~.Xlt.TI


c 
c 
c 
c 

c 

c 
c 
c 

G 

1 

2 

c 

3 

c 
4 

SUOROUTl~ E PAlHS lU,~UI,NUJ} 

UR~ WS PATH~ OF t. Ql.IAL IT Y CuNS T r<AINl~ ~~~Ll St.l:::> LU h: t,L:::>i-'uNUlNG 

U-~Lt. ME~TS TO -2.0 FG k FU r< TH~r< P~lNTI N G PLk ~ U~l~ 


OI~ E ~ S IU N Ul NUl,NLJJ 

Ul1t.l\~luN PSlL<S>, PSr1(lu) 


COrlMLN / O Al~/ lNTXl,I N TX2,I:::>IZt.,JSlLt.,~L0~S,lGUAL,KLASS,ALPHA,~N~L 
1 t: , P A P f. R , VS J. L. t. , X l t. i'l. G ~ XYk 0 T , X1 f•l A X J X Ht l N , Xc:d A X , X c..t"l 11' 

COI'Il'IU N / A/ P H Uul,PSlb>,KOt.Jc.(~J 
CU.'111 U t•t I l:: L u l.J K 1 I UL L 1 , U L L 2 , 0 X , U Y , Ll 1 , U ~ , i A r( T 3 , J. b l , J. L. ( o l) ) , l CU t-'t , l U l G l 1 

iu > , I t. u , I K , 11 ,Ax , lt·1J. 1·J , 1 r~ (; u l K , 1 Nc; u.; K , l i~ l , 11~ T I\ u1,, , 1 ~ L h , It- c. K. , 1 PL u:::, , 1 ;:, 1\1 P 
2 ' I T ' 1 2 .) ' l j ' .J 1\ ' v f1A)\ ' J r': li\J ' J r ' J ud p ' J " ' "'L ' K c. y ( :;; ' '- oJ ) ' , , J. I ~ 0,:) ' 11uGt. ' N 1.. lJ 1"1p' 1\1 
3 GOk N , I'~ L Lt. V , IH t ~ L G, l'i K t. Y , I\ i\ L) T, NU ~ , N X 1, 1'-< X'-, r>J X 3 , ,., K L N L n , Ur ( 1 ;:i u ) , U LAS I , L 1·1 
4 AX, U h l N , XN , X l , X 2 , 'l' I'>I , YY1 , Y Y2 , Y1 , Y~ 

CU l"l 11 U I~ I S Wl TL hI KL Y:::> ( :i , 1 u I , 1"1 Kc. YS , h S~4 l J. u ) 

UAl A Ut"'i.J / .::HU N/ 

ll= 1 

.JL= l 

I SY'I = u 

l F ( i\X3.N t. .U) GO ·10 2~ 

Ut..: -1= (Xl i"' AX-XliHNJ /FLUAl (t~Ul-1) 

D t -~= (Xd'I AX-X'- l"l ltn /FLOAl (i~UJ-..L) 


OU 1 k.=l,I U. U~L 
UHK)=liW 
CU'JTl Nt,; t 
I = u 
J = l 
l=i + 1 
IF ( l.Lt.NUl> 
I=u 
J=J+ 1 
I F (J.LC:.NUJJ 

l S ti = 1 
J=u 
I=l 
J = J+ 1 
lF (J.Lt..NUJ) 
J = l 
I=i + 1 
I F ll.GT.NUl) 

GO 10 'f 

GO TU 2 

G0 T U 4 

GU Tu 21 

Xl = X 1 Ml N+ ULLl•FLOAT<I-1J 
XJ= X2 M I N ~0LL 2•~LUAf(~-1) 

u J. ·- --- u ~ 
u ~ 

u 4 
u :> 
u 0 

u I 
u b 
u t:; 
u J.li 
li 11 
u J.~ 
u 1~ 
u J..'t 
u J..:;.o 
u lb 
li 17 
u ..~.b 
u lSi 
u ,~; 

li ~l 
u '-' 
u ~.:> 
u i::Lt 
u C::J 
u (.0 

u '-' u '-:b 
u c:~ 
u ..:.u 
u ~1 
u jC;: 
u ~~ 
u ~4 
u ~:, 

u .:>b 
u {) ( 

u ;,;,b 
u ~<;, 
u Ltu 
u Ltl 
u 41::: 
u 't-l 
u 44 
u '-t~ 
u 4u 
u •d '"' 

Nu 4b 
u ... ~ 
u ::;;u 

0 



IS= I u ~1 
JS=J u ~~ 

c u ~3 

c 
CAt..L C.GUAL (XJ.,XJJ lJ 

u 
;J't 
!:J7 

5 

b 
L 

uu 
IF 
IF 
IF 
I F 
IF 

2 i) 1<=1,J..LIU>-~L 
<I.E U .l.UK.Jot~.1) Gu lCJ 1:; 
(P S l(K>•PS l L(KJ) S,l':J 19 
( Ads (Fs l ( K) ) • L-, • A8s (PS lL ( K) ) ) 
(l;(lL,JL)) 1~,1,7 
(U(l,..,)J l ':l ,e,o 

GO T U b 

u 
u 
u 
u 
u 
u 
lJ 

~b 
i;;7 
!:l b 
:- <:J 
ou 
bl 
I..IC::. 

7 Xl=Xl M l N +ULL~•F LO~ T( l L-~) 
XJ =X (:: IH I'd Uc. L 2-'~- F L\J ~-; T ( ..,; L- 1) 
I=l L 

lJ 
l; 
l; 

Oj 

u4 
b~ 

c 
..J= JL u 

lJ 
00 
b l 

b 
c 

CALL Oi3 vc. CT (Xl,XJ,l.JL) u 
u 

bb 
t;':; 

(.; 
c 

SLT lN l l l AL Vi-ILUt: :J 
-

u 
lJ 

7u 
fl 

<.j 
lF ( UF <K) - lJ i'J U) lu,9,1u 
UF< K) =u U 
IL< K) =1 
P S "I ( !< ) =U' u ( l , J , U, I ~ U1 , NlJ J)
PS '1 ( I<.+ 1u LAL ) = U5 u(.l , J , U, 1-I UI, NUJ) 
l C <K+ 2•1t..UAU=J 

u 
u 
u u 
lJ 
u 

{(;: 

~~ 
-, 't 
f';) 
{b 
i I 

UF CK+ H i l.JA L) =Uu 
lC< K+l JvA U =l 

lJ 
lJ 

ld 
{<;; 

lL< K+ 3 .1f.l GUAU=J u blJ 
c u bl 
c 1'1g X I MUf1 u b~ 
c u ().) 

lll 
11 

I F <Uu- u F ( K) ) 
UF <K) =u u 
l C ( K)=I 

12,12,11 u 
u 
u 

o4 
bS> 
ob 

l G < K + c -'~- l l.UAU =J u b { 
P~ 1 ( K l= U ~U(l 1 J,U, ~UI, NUJJ lJ Ob 
GU T U l't u 0':1 

c u '.:JU 
c l' il \j I 11 UK u ~J. 
c u ':ic.. 

1 2 
c 

I F ( UlJ- u F ( K+ll<UAL ) ) 1.S,l4,14 u 
u 

':;~ 
':14 

13 Uf <K+ l GUAU =Uu u ':1~ 

L 

PS t( t< + lt...iL A LJ= u ~u (J. ,J ,u, NUI,NUJ) 
I C <K+ l GU1-1U =J. 
I L< K+ 3" J.L.U AU =J 

u 
u 
u 
u 

Si b 
':II 
':lb 
':;<; 

N 
0 
w 

1 't U T L S T=L~ U (l,J,U, N LI,~UJJ u lLiu 



1 T= I 

JT= J 


15 	 IF <1T.t:Gt.1.0t<. • .;T.t.Q.l) GO TO 17 
lT=IT-1 
-JT=JT-1 
IF CU<IT,JT)i 1~,.1b 1 lb 

16 IF <U"It.ST-U:..uUT,JT,L,NUI,NUJ)) 1b,1S,1? 

17 CALL u;: TT i:. t< ( J.. , U • .i 2 , lJ • lJ , XGU ( l , J) - lJ • u b , U? u { 1 , .; , U , N uI , r~ U J) 


i(Kt-1) > 
ltl LJ(l ,J>=- K-1 
19 P~l L ( r-) =F:)~ UU 

l=J.. s 

J=JS 


£::U 	 CUI'JTlNUt:. 
IL=l 
JL=J 
11- (l~Yi) 3 ,2, ~ 

C:::l. l F ( I~ S~ ( lj ) • I~ t:. • u ) G U T() ,j 7 
G 
c 111-\KK f",AXlt'IUt·, Al\lU 11INHIUM 
c 
22 K=l 

IF < l uU AL) .::3, 2 3, '- 4 
23 PS•l ( K> =u?lJ ( ll' ti-\X ,J t·.~X ,u, l~Ul , I~UJ) 

GO. T 0 2:; 
2'+ 	 li'li-\X=IC<t<.) 

Jti~X=lC (K+c:.-T10_UAL) 
c 
25 	 ISN =J 

I= l t1A X 
J=J~IAX 

Uh. S T =P~ 11 ( K) 


c 
2b 	 lF <l.~~.l.UR.J.t:.~.l) GO fU ~d 

1=1-1 
.;=J- 1 
lF (U{l,..;)) 2b,27,27 

27 lF <LlEST-LJ~ull,J,U,I\Ul,i'lUJ)) 31,2b,~b 
c 
2tl 	 IF ( I~W ) ju , 2~ 1 3u 
2':3 	 CALL G~AF (Xu u<ldt.X ,Ji'IAX ) ,P~ivl<K), U.H~ 1 ::.>) 

CA1..L Gt3~F (XCLJ( Hit-\X 1 vi 1AX> ,PS11(K ),u • .J..~,~)
CALL Grod- (XCu< hlt.~X: ,J iiAX > , PSI'l (IO, u. ~..o,:;) 
GU TC :)1 

3u 	 CALl G R A 1- ( X(.; U ( 1 d .uJ , .; 1·111 d , P :::> 1'1 ( K + l l.Ui-1 L i , U • 1 b , i) 
CALL GRAI- <Xuu(l.lll,-J, ...JtllN> , PStHK·Hl.Ui-<LJ,U olC::,d 
CAL L G ~ P. F ( XC U ( 1111 N , v rll N) , P :::> 1'1 ( K + I~u AL J , :.J • lJ o , c:. )

J1 IF <iSid 3u 1 .)c::,.:>b 
J2 lSN =1

lr (ll.lUAL) ,j3,.S3,.:J4

- u • Uo, li.H G 

u lu~ 
U lu.C:: 
U lu;:s 
lJ 11.14 
U .l.u:;;
U lub 
U 1 ui 
u li.Jb 
l,; .di~ 
U llu 
u 111 
u !.lt:: 
lJ ...... ..:. 
u 114 
u l.i::.> 
u J..~b 
U J...A.I 

U lHI 
u ... 1':;
U l.::U 
u .L.::l 
lJ .J..(.(. 

u 1(::.) 
u 1.::4 
u 1'-~ 
u ... .:.c. 
u lc:.l' 
lJ ..i..C::b 
u .i.::Sl 
lJ ..i..JU 
u .1..:.1 
u l.~2 
u l;;;~ 
u ..i..:J't 
u l..:J::> 
u l.)b 
lJ 1 ~7 
lJ ..L.)b 

lJ l.J~ 
u 14lJ 
lJ .l"r..L 
u 14&:: 
U 1'"+.:. 
u .l44 
u 14:;.> 
lJ J..4b N 

u lit/ ~ 


u 1'-tb 

u 14~ 

U l?U 


0 

http:1T.t:Gt.1.0t


33 PS ~ ( K ) =LiS U ( lt'1l N , J '' 1 N , U, NU l , 1\ UJ )
GU T u 3 0 

u 
u 

1~1 
1~~ --34 

35 

IhiN=lC ( K+lQUAU 
Jmr~ =I C <K+..;;.V.ll.(LJAU 
l=lM l N 

u 
u 
u 

J,.!:,;;.) 

1::;~1.; 

1~!:;; 

..J=J i1lN u l::;~b 

UTt:S T=FSI"I (1\+ll..i,UAL)
GO T C cc 

lJ 
u 

J. ;) "l 
l!:;;b 

c u 1:;;.~ 

36 

c 
G 

l F ( I U L A L • L t. • u) RL T U R I~ 
K=-t<. + 1 
IF < K -I ~uAL > ~~,~~,~7 

Wk..i. Ti:. t', l,~ll 'IUI 'I ANU 1'IAXH'IU1·1 VALUe:.~ 

u 
u 
u 
(j 
u 

lou 
lbl 
leG 
lo~ 
loLt 

c (j .l..o:> 
37 

c 

hRl T E ( o, 6 o > 
WR.l Tt: <o,,:d ) (l.Jf(l\.+lQLJAU ,IG<K+ll.tuAd ,J.G(K+S.v-l.Gi U14 U,uFUO,lGU•d,IL 

1(1<+2-'flGl.J.AU ,K =1,ll.I.UAL) 

u 
u 
(j 
u 

J.C..O 
;.o/ 
1t-b 
it~ 

kt. T UK N u .iu 
G 
38 

.39 

FO~MAT (//~X,b~HMlNlMUM ANU MAXIMLM 
1'1 COI\STKAhll~) 

FOF<.i1AT U7X,Ihi'llN1MUM,i:.13.~,/H AT l 
11:.1,:> • .:;~,7H AT 1 =,1'-t,oh, J =-,I;)

LNJ 

VALUL~ hllH 

=,14,bh, J 

k~S~c:.CT TU t.WlJAL~l 

=,l<.t,5X,lhl·tA.x:u·,Uri , 

lJ 
u 
u 
u 
u 
u 

~11 
1/2 
ll:l 
1/4 
17~ 
ito-

N 

l.rl 
0 



G 
SU3ROUTINE P~lNTG lU, NUJ.,NUJJ v 

v 
1 
C::: 

G PRINTS PLAlN VI~W UF THi SURFACi v ~ 
G v 4 

G 
DIMENSIO~ UlNui,NGJJ v 

v 
5 
0 

CO~MuN /UATA/ INlXl,INlX2,lSILc,JSlLt 1 N~UNS,l~UAL 1 K~A~S,ALPHA 1 HNbL 
1 t: 1 P A F L t< , VS 1 L t 1 XL t:.l ' G, XYRUT , XHl AX , X 11-ll. f., , X~ l1 A X , X(: M11 ~ 

GO.·It'IGN /A/ PH.i.l2u J,PSll:d ,t<.OUt:...l~)
COi·d-iLJN / ~ / U.i. G (5) 
CU I'll ~: U 1'-J I Ll l lJ (., r< .i.l UL L 1 1 lJ t. L 2 , UX , lJ Y , U 1 '- L 2 , l. AI{ 1 3 , .J. l.J L , .J. L.. ( o U ) , J. L..ld"i , l.lJ ..i. G ( 1 

1 U) } l t L.i , l K , l r i AX , lrll N , l NCuI r< , II"~ L U J K , I id , li'l T N U1·1 , l h:." , I r- ..:. k , .i. 1-' L U.) , l ,;) ~ l P 
~ 11 , l 2 j , l.S 1 -.J K , .J ivl 1-\ X , .; Ml.i ·~ , J f , -.J U ,., P , J 0, K t , Kc. Y (:;; , c U ) , ,·1.L Nu .::> , i"l U lJ L , N L.. U n P, ~ ~ 
3GUr< i'J 1 t-Jt L c V , h li•L U, t. Kt. 't , I'J t<U T 1 I'> U~ , NX 1, ,., X c.: , I-IX 3 , 1', i< L I~ Lm 1 Ur ll j lJ ) , uL ~ S 1 , u 1·1 
4 AX, U ivl .l. i'-J , XN , X1 , X2 , Y I ~, YY1 , Y Y2 , Y1, Y 2 

v 
v 
v 
v 
v 
v 
v 
v 
v 

I 
b 
:, 

11J 
l.L 
1,(.. 

1.:. 
14 
1~ 

c v l.b 
or,.,E 1\ ~1 u~ 
[;I ' I t: 1'-l S l U N 

L 1t~ L < c.: ::d 
V i-1 i< (~ ) , VA k l ( :.> ) , VA r( 2 ( S ) 

v 
v 

.i.l' 
lb 

G v 1~ 
[)AlA 
UAJA 
OAl A 
0.4114. 

f--'LU:::,r.:llli,US i i.rH- , lH- 1 
VAr.:I4H(:; X, 4hL:S ,i 1 4HX , ,'+H Al.t4h,I4}/ 
VllK1/4HhX, 1 4H 1 4h(4X, ,4H1HlJ 1 4H) I 
Vlli<cl4hhX, , ~.tH ,4H( 2X, , 4Hl..>J) ,4H I 

v 
v 
v 
v 

'-U 
c.:l 
C:::i::. 

C.:j 
(.; v '-"' c v '- ::;; 

WR.l T i 
WRIT C: 

<b , d ) 
<t, 7 > 

v 
v 

.::: o,, 
L.L:'IIEJ=I\u..,. 
IF (LJ.I\t:-.ioLt.ol.::.:..> 
llNEJ=123 

GU TU 1 
v 
v 
v 

(..b 
(_':j 

~IJ 

1 

2 

WRJ.Tt. ( o,1U) 
CALL UlFFb~ 
Ll= L li'..JE vi;; 
CALL UlfFc.t< 
C~LL LllFFc.r.: 
Du 2 l= 1, L 1 
Ll'H: (I> =;.~.v-l. 
CONTI NU c 

NlJJ 
< l ,Ll NcJ ,u.u,IC,l,VAR, ~) 

U, U, u. Ll,lL, 1,VHIU ,5)
<c:,u:, u.u,IG, l,VARZ,S> 

v 
v 
v 
v 
v 
v 
v 
v 

.)1 
oJ(.. 
.J,j 

.34 

.:~~ 
,jtJ 
::..t 
~0 

hr<lTi:.. (c,VAf-<2) 
~~ Rl T i:. ( G, VA t<l)
GO o !<..= ..1.. , Nu I 

(Ll.l'hL.J) ,J=1,LI> v 
v 
v 

~s 
4u 
itl 

l=NUl -K+.i. v 42 
GU 5 0= 1 , N U J v 4~ 

3 

l..Jf-(J)=h.L.::> 
IF (l..J(l, J )+..~...u) 
uF<J) =RrHNU~ 
GU T 0 ~ 

"t,.J,:5 
v 
v 
v 
v 

"1'1 
4~ 
'-tb 
~I 

N 
0 
C\ 

4 

s 
Jt'l= - U ll 1 J) - lo U 
L-F <J } =lJ 1 G { J I~ ) 
CON T l i ~ Ut:. 

v 
v 
v 

'-ttl 
4~ 
:.;.lJ 



b 
WRIT t:. <o, VMd I, <u F ( J) , J= .l., L l NLJ > , I 
(,ONTIN Ut. 
WR.i T E:. ( o , Vt... Rl > 
Wl<l T!:. ( b ,VAr<i) (Lli'-lt:. (J) ,J=l,LU 
WRl T i::. ( o , ~) 
Rt: l Uf< N 

v 
v 
v 
v 
v 
v 

~1 
~~ 
~ ~ 
~4 
!;i:; 
:;b 

c v ';;( 

c v !:ib 
7 
8 
<j 
10 

FO R.M Al 
FO ~ l1 AT 
f0 KI1 A 1 
F0 i<. 1'1AT 

l ~ X,47HTUP VI EW UF 
(Hll.l) 
( lHtd 
{I/~X,33HL'-NGTh OF 

TH~ 

THt:. 

PLOlTLD ~U R FALt.- ~ ATKlX Ull,J)//J 

LINt:. lkuNCAlt.J fRL1'1, h , l H TU 1~ 3 //) 

v 
v 
v 
II 

;;";1 
tJU 
t:~l 
tu. 

Li'l J v c:. .... 

N 

...... 0 



!:>U~ROUT H.JC: t't-<lNTL ( V c:.> 
c 
c.; CA_CULATt.S ALPHAl ~SILl: ANU xu::N~ .J.i- lh~.:. Af'<Glt. lir T1 1 ~ llld< 1!::> 
c SP~:.GlFit..u ANlJ Pr< 1 -d~ Ll~T UF PAkAI'•t.Tt.r...!::> 
c 

C U ;-J l'i 0 N I U L U CK l I u L i_ 1 , U t. L 2 , 0 X , U Y , D 1 7 u2 , 1Ak ·1 .;) , .J. b L , .1.. C ( o i.J ) , .1.. l- UI'I , .J. u .1.. b( 1 
1 0) , It. Q , 11< , 1 I' ll-\ .X , lrll i'J , l r'-l Gui K, I I~ G 0 J t<. , .J.I '-J T , 11~ T 1\; lJ t", , 1 P L I\ , 11-'.:. k, 1 FlU~ , 1.)1\.!. P 
2 ,l T , l 2 3 , 1. 3 , J r< , J M A X , J 11l i'J , J T , J U11 P , J ;:; , K t , K L:. Y ( S , ~ U ) , I'I .1.. 1-.f u .) , i•l l.ll.d... , 1\ L Li i'1 P , N 
3 CU ;.( N , Nt L c. V , N li'JC U, l • K l:: Y , N t-<0 f 1 I~ U t' , N X l. 7 I~ X'-, i~ X ..:.. , hI< t.N U1 ·1 7 Ur ( l. _, u ) , U U.-:::., I , u 1'1 
4 A X , U i' i l N , X 1 ·~ '- X1 , XC: , 'r N , Y Y 1 , Y Y c: , YJ.. , Y 2 
CU"liH.~ N /UAfA/ li'Jf>-l,h.Jlxt.,J.!::>J.Lt.,JS.J.Lt.,i'-i LOI\S,lu.u~L.,K~....AS~,ALt-hA,AhiGL 

1 t., -:; A P t ~ , V S.!. Z t. , XL c. I" b , X Y k u T , Xi r1 A X , X 111..1. I"J , X'- 1'1 A1- , Xd"l ll~ 

CLJ"'HU N / hli-IU/ HLI-HJ (2 U ) 

CU,"il1 lJ 1\l I.:> wll L HI KL Y~ ( ':1 , J.Ld , I~ K.:. Y S , f'J!:> w ( l u ) 


c 
D 1 '1 t:: 1\ S I 0 I~ l lJ ( I ) , u ( 1 u ) 

c 
LUJl\/ALENLL (.J.U(.d 7 lNlX1), (U(1) 7 Alt'riA ) 

c 
DATA XLL:.Ili1Hl/

c 
c.; 
c 
C CALCULATe:. ALt-lhA, ALt.I\G Ai~u 1/S.J.ZL rlJK .)Pt.G.l.flLU At~vl._ OF Vllw 
c 

IF <A NGu.• c.u.XLI::Tl) GO TO 1 

RR=S Qf<T < ~ . u) 

PI 1'1 = ~ • U'~- A T 1-\ ~- ( 1 . (J ) 1 1 b 0 • U 

CI B=Sl.n<T (FAPd<.'~-¥2/ <1. O+Rt<~"'"c)} 

AA=- Ll L.i ¥-Rr< 

L IH T=t.A-~'.::.U.t<TL... uUFLUAT <l:::>lZc:.+JSlZc.-2j 

KA:J AN=~ 1\ G L L ~P 1. ~1 

A L -:; H !-1 =J.\l A1~ ( ~ lt\J ( R Au A N ) > 

NlJ= l ~l ic:. -1 

IF (J S lZc:..bl.J.~llL) 1\.J.J=JSlZ~-.J. 

X L :. N G = L. rH T If F L u ~ T ( '' l J ) I ( ~ G1 t-< T ( i. • U> If LUS <ALP HA ) ) 

V 1 =A A ..,. :::, l i' ( f<. ALJ A 1\J ) 
V 2 =- B c '~- C U ~ ( t< Au !.\ 1\l ) 
V ~ lZL=V1+Vc: 
AL :J H A =ih. f H ,..; P 1. 1'1 

c 
1 rlt<1. T t. < u , 11 > 

rH<I T t. ( u , i ~ ) 
~H-<. 1 T c ( b , 1 ~ ) 
~l k1 T c <u, 1 u) 
v~ R. 1 T t:: ( b , 1 ' )
W i<1 T L ( o , ..._ b ) 
ht :.lTt. l b ,l ';j)
IF (KLAS :; -2) 

2 Wr<llc:. <o,2u> 

ht:. ALl 

l K t:. Y ( l, J.) , .J.= .L, j } 

t Kt. Y U, iO , l= 1, S>) 


, I U ( ..._) 
, I U ( 2) 

<Kc.'lll,3 ) ,1=1,~) ,lU(.J) 
li\LY ll,Ll) ,l=l,S) ,IlH4> 
<K l Y <l, j) , l= 1., ;;>) , l U ( .:.;) 
<KtY<l,t;) ,1=1,~) ,IU(u) 

.::: ' 3'.., 
l r, l. 'f ( I , t ) , l =1 , :> ) , 1 U ( I ) 

w .i. 
...w 2 - 

,;) 

w·~ 4 
w ;J 

~~ tJ 
w I 
w b 
w s 
w lU 
1-i 11 
VI 14::: 
w ,J..;) 

w l<t 
w 1? 
w J.u 
~j if 
w l. b 
w lS; 
w C.u 
w .::1 
ri c:.c:. 
w C:..:i 
~~ C..Lt 
w (:~ 
w '-u 
w C.. I 
w 2o 
w c:.':J 
w ..:,u 
w .:d. 
w ~(::: 
w ,).,) 

w .:J't 
w ~::; 
w ..>b 
w .)/ 
w .;;b 
k ~':J 
w LtU 
w <tl 
Yi 'tc:. 
w '-t..) 
k Lf ~t 
~-~ Lt:;., N 

0k 4tJ 00 w 4:7 
w Ltb 
w '-t':;) 
r4 ;.,u 
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GO T 0 S W Sl 
3 WR.i. T E <b, 21) <Kt: Y<1, 7) , I= l, !:;> > , I 0 <I> w Jt. 

GO T0 ~ w ::>~ 
4 wRITL <t:,<::n <K t:. Y<I,ll ,.1.=1,:;1) ,lU(() ~4 ~4 
5 WRi Te: ( o ,1 3 ) lKt:.Yll,e>,I=1,7),U(1) w :;;,::; 

lF ( AN GLt.ot:.l.i.Xlt.Tl> GU 10 b w :;)(J 

~ Rl T i <o , i. v > l k. t.:. Y <1 , ':i J , I = 1 , ~ > , U <~ ) w !;;{ 
GO TU 7 Vi :;d 

b hR.I.Tt <o ,':3) ( l\t Y< .i. , 9 >,1=1,~> w !;l ~j 

7 ~·;R.l T i:.. <c , 2 3 > l I< t. Y l 1 , 1 u > , l =1, :., > , U ( ;) ) W bu 
hR.i. Tt < t ,c:;;~) lK EYU , ll ), l= i.,::d,u('t) w t.Jl 
r; r<.l T c. ( o , 2 o > l Kt:. Y l l. , 1 ~) , l =1 , :;) J , lJ ( !:i) w t:.J2 
ViRl.Tt ( o , i() l Kc.Yl.i. ,1 S >,l =1. , ';;> ), LJ ( u) w 0~ 
WrUTt l t: ,~ b ) lK t. Y (l ,1 4 ), l= l,~>, U <7> w tJ'+ 
Wi~i T c (t,c.: 'j ) lK t.Y\l ,~ :; >, l= ... ,5>,tJ( b ) w t..!:J 
~ K.l. T t:. <6 , S u > <Kt Yll , 1u ) , 1 =1 , S > , L ( ':l > · W ob 
wR.i.TC:: <o,31) (K~:.YU,1l> ,l=1,:.,J,O<~u) W u7 

G 11 bo 
c PRINT L.1.ST UF Stf Swl TC rlc.S w t;'j 
c W I u 

1-l ki Tt:. <c, 2 Lt) w /l
NL=NKt:. YS- 1 w /C. 
OiJ 8 ~= l ~ N L . . . h ~~ 

I F ( N~I'i (l), NL .U) Wr<lTt lb,14) <KlY~<J,l>,J=l,:;d w li-t 


13 CO I'l T Il~lJt. h f';;) 

c w /u 

Rt. TU k l'l w il 
c w fb 
9 FLHt/1Al ( ~ X,:/Al,9H = . N/A,7X,24HA NL> l t. uF \tJ.c.h lu t.Gr.;. c;. t.:) )) ~~ I y 
10 FUr<. t'l.llT ( !::IX , ~A1 ,3H = ,C.lu, J,3X,24HANl>LL UF li.1. d~ luLG I'-.c. c;.~) ) H b u 
11 F03MAl (ltil,:>X,~Uii t<t.FuRT CN PLO)fJ3~ l> . 1 / S X _1 lbl1h = l/1/SX,1.5hHc.Aull~G W 0.1. 

1 ~•~ , ~uA't ,'tH •• • ,1!/j X ,.i.bHLl~f Lf PARAM t:.lc.k ~ / ~ A,l u ( lH-1//) w o2 
12 FU k11 in ( :- X,';;>Al,SH = ,lS,luX,41H l\ UJ ,tJLt·<: Of i. N l c.K VAL ..:> r-'L.0lfc..U ALOhl> X h (j..) 

11 1.\ Xl~) w 0'+ 
13 FO<MAT < S X,~A1,3H = ,c..1U.J,sX,4 3HA~bL~ JF lHt:. ~A ~ J. S u F lHL ~ l LIUKL w b::l 

l ( J E G~ c. L ~ ) ) h ot; 
14 FUr<M A1 <:>X , SIA 1.) 1-4 t> I 
iS FUK.I1A T bX,!:.iAl,3H = , I3 ,1uX,41H NUI'Il:ld<. uF 11\.itt<II~\L~ t-' LUlTcl.J ALUt\IG X h bb 

1 2 AXlS) w ()':;, 
1.0 FU~rlAT (JX,jA~,~H = ,l~,~UX,~JH l -Gl hc..~~ l O~ LF T h~,. F~uiTL~ hAlklX U W ':lu 

1<l,J)) w <::,1 
17 f-G~I".J..\T bX,SA1,3H = ,l3,1 uX 1 4tJH.;- lJif'tt:.i'-i ~l01\i uF lH~,. PLUTTc..G 1·1ATK1X lJ w 'J C::: 

1 n, J 	» w '),)
18 FU;.:_ t·1 Al { :;; X , !:1 A .._ , ~ H == , l v , 1 uX, S ~ H1\ lJ h Ll L K lJ F l t\1 t:. l.llJ AL.1. l Y C 0 I~~ l t< /.< 1 N1 .;, ) w ':>4 
1 9 f- O;.c~JA T <SX , SAl , ;)H = , IJ ,1u X , 3uHNULut..K Uf tl.illi-1LllY Cu~~~Tto~ ... N -1 ~ ) w ':l:;> 
20 FUf.(. 11tl T ( :;X ,:;A l 1 3 rl = , l3 , 1uX ,:> uH~iATkJ.X W~S Gc.. Nd':AiLlJ u Y i · ,i... A f\~ Lt- ~U r.J ':H;; 

1 ~kUUTlNc;. Ud~tL l) ~" Yi N 
~1 F 0 i~YI Al ( :;X, .J /.\ .l..J ~ H = , l S , l J X, ~ '+ Ht'i A·1kl X r. ~ S k t. f-1 u l1\ FuLL Y) w ':lb 0 

\0
L2 	 ~FU~i"IA T ~:.;X 7 !:->~l ,3 ~ ;;: ,l ~ ~1 uX , :-.H;Hl ·tATr<. .J..X ~~::) kL..I-IU lh PJ., ,(lJ.J..L't AJ'4 G t,.;uh H Y':J 

~ Plc..Tc.U cY l~f Lt<POL ATlU N J r4 liJU 

http:GLt.ot:.l.i.Xlt.Tl


23 FO~MAT bX,~A1,3H = ,Ll U. 3, 3X, 39HI'a11H l' iUJ·l ~lLt Of lHc. P u.J l ~~-~~l:..t< ( l. w lUl 
1NLHt.Sl) w lu£: - - - -

24 FO F-.1·1 AT (/) w .J.l.l.:l 
C::5 FU RM AT <:~X,:;,A ::i. ,..)H = , E~~ .J,~ X ,4~HV~~T1LAL IJ1M~I';::,1UN Of ·1li 1.: P 1 C I LiK. t. H .J.UI.t 

1 LLNCHES>) w lU:::> 
2b F0-<1·1 AT (':.IX,~A1f3H = , c 1 u. 3, 3 X , 4 l HLt.l~ G l H 0 F lhL. Luf'>~G .... K. SJ..LJt. uf fHt. w .J.\Jb 

lbJ..>.2> IS (11\~Ht.~) w J.ul 
i.7 Fu~ t-1 AT LX,::~A ... ,.>H = , EJ..u • .S 1 ..>X,~UHJ.IN(;.Lt. uF k 0 T J.\ 1 1~.., l'l u F THe. Uk ..i. (, ii"A L w lub 

1 H~TKIX <ULGr<..:...t..S)) w :l.u':l 
28 FUi<H A l bX,::>A.:...,3H = ,t..lU.3,3X, 3uHu~PcK dOLNL GF I HI.: 1/ARlAoLL.. X.d w l:l.IJ 
29 FUK.I·IA T (::> X , !:IA:J..,3H = ,t.lu.3,JX,3UHLUW~ k bULiNU LF lht::.. 1/~r<lAbLt. X :d W ... .J.:... 
.:IU FO': 1·1 AT < ;.x ,:~ Al,.:~H = , ... lu.j 1 ..>X , ..)0huPPt:..~ bUGNu GF 11-it. liAklJ.\ult. Xd w 1 .J.c.. 
31 FU-<11 t.. T < SX ,~A 1 , 3H = ,c1u.3,3X,3uHLUht.K ouL~u LF l h t: vAr<Hit:J LL Xd w .J.l~ 

t.:ln rl .J.l Lt-

N 
1-' 
0 
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-- - - --
c 
c 
c 
c 
c 
c 
c 

c 

c 
c 

c 

SUBROUTl~c RcAUU lU,NUI,N~J) 

RlADS U- M AT~IX COLUMN-WI~~ FR OM TH~ UNlT 2 
U-~ATki~ WA~ WklT1~N UN THt UNIT 2 bY SUBR0UT~Nc 
SHRT l !~G FRCr1 THe. LAST Kl.Hi, THUS ~Ur<UUl.ll'h. Kt.AlJu 
Trlt ~AT~IX KUIATtU ULGCK-~IS~ BY ~U ULG~~tS 

Dl Ml N~ I O~ U(~uJ 1 NUl> 
DIM!:..l\~lt.Ji'i UUT l2J 

Ri::.NIND C. 
CALL UlFF~K b,u, u.u,IG,l,OCT,2) 

RtAU <.::, OCT) l(U(~ 1 J>,l=l.,Nl.iJ),..;=.._,I~UU 

l T::. H P =I,JU l 
NUl=I\U-.J 
NUJ=lT t:. i'IP 

RdU~N 
l:.l\J J 

t\.OIUR. K.lH'i-rHSL 
Kc I Uf<I'-J~ 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

1 
2 
3 
L; 
~ 
l> 
I' 
b 
9 

lu 
11 
12 
1~ 
14 
J..:;i 

lb 
lf 
J..b 

1~ 

'-U 
0:::1 
~'"-

N 
..... ..... 
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SUbRUUT!~E ROTOR tU,NUI,NUJ)
c 
C ROlATtS uPPtK AN!..I LOrlLR llf"tJ..T~ ANU C.ALLS FOK kU .IAllvi~ UF 
C ~HULt MAT~lX 
c 

u1'1EN~IUN UCT <2> 
Ol ME ~SlU~ U(N Ul,N0J) 

c 
CO~MUN / GATA I lNTXl,INTX~,J..SlLc,JSlLL,NLO~S,l~UAL,KLM~S,ALPHA,ANGL 

1 E, P A P t ~ , 11 S l l_ c. , X l t:.l\ G , X Y !-( () T , X 1 t1 i-1 X , X 11"11 N , ;( 21'1 A X , X'- h l ~'< 
(; lJ; 'l t1 0 N I d L U 1..; K .._I lJ c.. l 1 1 D L L C: , U X , U Y , tJ l , u 2 , i A K. ·10 , l b L , .1. 0 ( o u ) , l C u 1·1 , 1 D .1. G l .._ 

1 u) 1 It(,) 'l K' .1. I 'IH X ' HI HJ' il~ cur K' li'J G u..;" '.J.I ~ 'j '.J.IH "u i'. '.1. p u~' .(I- ck.' l p l u:J' l ~K.J. p
2 , 1 1 , 1 2::1 , 1 :3 , J K , J 11 Ax , J r·11 N , J T , J u f' ' P , J ,:, , K t:. , Kc Y <:- , .:: u> , , , J. ~~ '-' .::> , M u u.:. , i'< ~.- u "' P, ~~ 
3 cu,;:.,~ ' t-J t l t. I) ' N.J.I j c 0 ' '" K I: y ' N KU r 'i\i up ' N X 1 ',,X '-'I~;( .,) ' f·, k L J\j l. l' ' ur { J..,) \.J > ' L; L ..... ~ I ' l; n 
4 A X, U M l I\ 1 X I~ , >- 1 , X 2 , Y ~~ , f Y 1 , Y Y ~ , Y 1 , Y 2 

c 
c 
c 

ROl =XYK0T 
Nr<J T = RU f I 9 u • U 
IF (A 8 S<ROf-FLUATlNt<Or~' 
Wk l T l 	 t b , Y ) 
STOP '-C 

G 
1 	 IF (J.\lJSlkOT).Ll.3Lu.u) 

RUT=RUl-SlGNljbU.u,RUT) 
GO T G 1 

G 
2 IF <~UT> 3,o,4 
c 

~:HJ)J.LT.l.u} Gu TO 1 

GU TU 2 

3 lF (KuT.c. l.l .-':lu.u> R.UT=27LJ.Ll 
lF CR Ol.c:Q .-c.: ·lu.,J) ROT=':JJ.u 

G 
4 	 NRJT=AdS<RuT)I':JU.u

CAi... L DIFf c. R b , U , lJ. U , I G , 1 , 0 G T , 2 > 
liO 7 Il=l,i ·JROT 
h:11P.:.:Xll~. t..x 
X 1 •j A X =X.:;: l'; A X 

X2 '1 A X= X l M I l\i 

X l "I I N =X.:. li I r~ 

X2M I I~ =T '- 1'1 P 


c 
RU-I!Nu t: 
l='lU 1 

S 	 wr.:l T t. ( 2 , U C T ) W (l , J ) , J =1 , N U J) 
I=l-1 
lF ( l) u, b , ~ 

c 
o 	 CALL RL AuU (U, NUl ,i~UJ) 
c 

y 1 

y 
y 

' 
., 

3 
¥ l.t 
'( ~ 
'( 0 
y I 
y b 
y 9 
y ~u 
y l.l 
y 12 
y lv 
y ..1..4 
y 1? 
'y lb 
y 1/ 
y J..O 
y l.':J 
'( c.u 
y Ll 
y '-L 
y .:..J 
y <::Lt 
'( c.:~ 
y LO 
y L .( 
y di 
y c:'=' 
y .)U 
'( .J..I.. 
y vi 
y ~.J 
y .:>4 
y ~:;; 
y .:JO 
y ',:;/ 
y .Jb 
y ,;;'-.; 
y '+U 
y '+l 
y Lt~ 
y 4..) 
y 44 
y 4~ 

Ny '-tb t-' 
y 4( N 
y 'ib 
y 4S, 
y ::>U 

http:R.UT=27LJ.Ll
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I 
M :\J I'? -:T -" _o "- .0 
S\ J\ ..\ "'"' S'l -" i"\ ;fl 

u.. 
;::) 

.&.J 
_J 

::l. 
~ 

1
J 
.:) 

~ 

y: 
J 

<.!) 

L.J 

2: 
H 

·z 
~ 

t

0 
z 
,1 

H 

;_JJ 

_J 

·~ z. 
<t 

z 
0 
>-i 
1

<t 
1
0 

* 
~ 

* * * *I 
...... 
.0-><' 
f") 

...... (/)
'lJLl ~:.~ 

.J iX 
z z: 1- •-.!> 
rl .:1::: -:{ ,JJ 

1- ::::> ·~ ::') 

z 1- fr:' ( :) 

·::::> ...J 0-=>Z:: 
(..) ~ Lt.. J' _.J 

M 



,. 
NAl"' t.,. 
SPACE 

,. 
,. ,. ,. 

• 
EN) 

l OENl 
t.NlR'r 

liFO 

0 A 1 A 
MXJ 
L XC 
SA1 
2 X2 
S A1 
8X E
sAc 
~ A1 

E Xu 
;:: Ab 
tl,i 

SPACt:. 
:.:.PAG t. 

42/~LSPAC£,11)/2 

oJ 
ll:l 
lb 
b / U 
.>-u .1{-x 1 
XC:::-2 
X u""X 1 
tll 

b0 tJ 

X:.. ,.XU 
I:J£:. 
SPA\Jl 

Sf:..T t-IA;::, K lf-..j xu lb bl -IS Llfl ..;u~ llrlliJ 
ROTAlt. TrlL l'i A~ 1\ 10 .;)LT LUI'i~.;.:)l lb ol -l ~ 
FWA LUAi.J c. K. TC Xl 
t.X TRAG ·1 Fwl-\ LUALlc.R lu AC:.. 

FriA UF bLAI\I K C Li'1 1"1 C r-.. -, 0 Xl 

~:. X 1 r< i-IVl r hA lllf-l l'iK Lu. ,f'lu r-1 TU Xb 

PA SS F WA bL A1\ K uC ~i l'l U>~ li.J C1-1LLll'i l, f-K.U t, 


Au UR t.~~ uF T hL F l R ~ 1 Wv r<. J AVAlLAULt. 
fOt< llk. LlJi.<Ui:.K lu x. ... (Iii L> l:::. THt. 
TOl ti.L i"ILIIU K Y AVAll~ t: Lt. ;:)l N U~:. U L M~K 

-l.U I'1 tvl GN F l LL:::. L N ll kL k. c. .. A ll\l ii';G ~ P A L..c.J 
1 uT A L I" I t. I I u r<. y lu Xb 
PAS S Tu 11-11.. r l i:.l' t lJ K Y ~ i- AL._ Tu Gi-IL&...itli ll t-'k. 

l. 
'z z 
L 
l 
'
L 
l. 
l z 
L 
z 
2 
L 
z 
z 
l. 
'z 
L z z 

:.. 
i 
;j 
4 
? 
b 
l 
b 
':; 

lU 
11 
1C::: 
13 
:O.'t 
1~ 
1o 
1( 
:..o 
lf::l 
C:..lJ 
C::l 
c:..c: 
(::.) 

N 
f-' 
.j:>



SUt:$ROUTINt: UCIUT (U,l\Ll,NUJ) 
c 
c Rt::ADS u-r'tA TRlX 11~ 80TH UA TA ANU PLUfLk ul~ll ~ FRL1'1 T4Pt 2 ANU 
G UPUN ~EOu~ST PkiNlS lT ULT ANU/OR PUN~H~~ ll ~lNAkY. 
c 

COrJMON / SWlTCH/ K~ YS b, lU) ,NKt.YS, ~~~~ (.J..u} 
c 

DlMlNSI0l\ U(NUl,NUJ)
G 
c 

00 9 15~=1, L 
c 
G 	 f<t.AD TI- C: HATKlX 
c 
~ 	 RUO <2> U 
c 
c 	 SWALLOh cNU-Uf-FlL~ MAR~ 
c 

I EO F =U 
CAL L UIFft.k (b 7 lC:uF,t~,l,l,A,lJ 
IF <1 L0 f} 1,2,1 

2 IF <N Sh (l)) -5 7 5,3 
.) GO . T U < 4 , :; > ~ l ~ W 
'+ WrdTt: (o 7 1C:.J 

GO T 0 b 
5 WklTC: !o,lS} 
c 
0 	 00 7 l=l, NU l 

WR.lTL (u 7 1u} I,NUJ 
rHU T~ (b,ll) <U U,J> ,J=l, l~UJ) 

7 	 Cu'4TII~L..: 
IF (1\ SrH d.t.l,t.u) GU TO 9 

c 
c PUNCH ~lNAKY u-MATKIX 
G 
8 	 W Rl T l ( b } 1 ·~ lJ l , N U J , U 

UJJ Fllt. b 
'::l 	 CuNTINUt. 

Rtt~It·w C:: 
I F ( N S r. ( d • I'J t. • u ) 1-1 R. l T i (b , 14 )

c 
RLf U R N 

c 
10 FU:.(I1AT (l:.iX,.jHl =7 14 7 11rl 7 J = 1 lU,l"t/}

.11 FOi< t-1 A T <1 u~ .1._,. j ) 

12 FU~I'-1 AT (1Hl,?J<-,17t1U-1'1AT r< IX Ui'lSCALt.u/bX 7 l7 (lh=)/) 

13 FO~I ·1 AT (J.Hl 7 0X ,~b hU -I·l ATKIX SCALt.IJ Fvk PL0llli~G/tx,2o(1H=)!)

14 FU~i'IJd (1/:;X, u~ HU-I'IATtdX. FUNGHt:U ll'l u. ~ ~LAlli.J 1-<Nu .JCKLt.U FOrUJ 


~	0 tJ I i\ At< Y F l L L ~. ) 

c.NJ 


AA 
AA 
AA 
AA 
AA 
AA 
AA 
J.J.A 
AA 
AA 
A~->. 
AJJ. 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
J.J.A 
AA 
AfJ. 
AP. 
J.l.A 
AJJ.. 
AA 
JJ..A 
JJ..A 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
JJ..A 
AA 
;;..A 
l-iP. 
AA 
AP. 
AA 
AA 
AA 

A~ l ~ H. A 
AA 
AA 

1 
(:: 
3 
4 
:J 
b 
I 
d 
'j 

.J.U 
1~ 
lC:: 
1.5 
.l.'t 
1.:
lo 
~~ 
.1.0 
1~ 
2u 
41 
"' 
(..) 

L4 
(:.~ 

(.b 

(.0 "' £.~ 
~u 
.J.I. 

~c:: 
.:>3 
,:,'+ 
~~ 
.JC. 
.;;I 
..)b 

~'=' 
'tl.J 
'+1 
42 
Lt;) 
't4 
Lt ::> 
'tb 

N4l I-'
Ltb V1 
4'-j 
:~u-
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I 
,-1 .\J .t) ..1" ,, .0 "- XJ ~ .:J rl 

.-lrl 

.:o::n .:o .nLO ·.n :l ::J .n :n :l 
•:t <( <(<:;( ...::( -::(-:;( <( 'l:-'{ 'l: 

...... 
J 
-::) 

z 
H 
=> .--1 
z 

,.... 
-::) J 

"' :::> "' J z 
H ...... ::;)~ 

=> z .;:) ::> 
.::> l.l'l 1'1 
(\ => I I 

::::> 
z: 

...... '"" ., ., .., 
z ~ 
0 H Hrl H 
.--1 i./) --z ~ z ,.... z:; :::>:J'Y .::> 'Y 
(.) ...u --II::> II:J 
7 
:::> 
LL.. 

"L: ...... 
a 

.:>I
LL.. L\ '-W 
H..::> X 

J~ .l 

!.f \ _J :: 
..J a:: '.1..1 



--
SUJRUUllN~ X! NT~~ lU,Nl, NJ ,XC,YC, O,A,UTL Mf ) AL 1 

c AC i:. 

c Tu COI"IFLt.T~ PARllALLY FlLU:.D SURFALL. I'IAT KlX U BY lHL Nt:.THUG AC ..::;, 
c OF SPLINt lNTLRPULATIU~. AC it 
c li~PUT TO SULlt-<UUTlht lNTtr< P CUI'-lSlST::, 01- FU LLUrl.l.NG- AC ? 
c 1. I"J ATf.lX \d(tdfNJ) rH:!USL c. Ltf'L:.i'HS Ar<t. Pr-:t:::,t. l l_U ~Aluc ~hl AL o 
c EXt.;tPf t-Uk He:. Kf\l..WN t:. L c.H~IHS hHlt.;H AKt. wt.t-lN..;.U ,..j AL l 
c GRlC PU~NT~ OF A ~c. L TA~GU LA~ ML~h. AC b 
c 2 . 1'-11= NC . Uf kUr~:.:. IN U, i\J=tW . Uf· L-ULUI'tt'-IS H-j U AL '::J 

c 3. Xl"tl N = tH NHIUt'l X1 Vj.. LU c. AC lu 
c 4 • X M 11\ = 1'1 iN~ h U1'1 X 2 VA L U L At.,; :.&.l 
c 5. 0 X = liH.. t~ '- i"l L N i l ~ X 1 J l k c:. (; T I U l\ AL 1<::: 
(.; b . UY = INCk c t·tL N I 11\ Xc:: GlRc.L TlJ I\ AL 1~ 
c TH... FuLLUWJ.i~G /It-<.:. WORKl t ~G AR.t<AYS lUuLIHLR ~HTh l''i AX. ul Mt t'l~ .LlJNS AL 14 
c XL<Nl ,YCp·.U ,ulf~) ,__td3,i~ ) , U T t.HP(i~ l AC J.:i 
c N= LA t< Gt.K UF 1H Uh, NJ i-IG lo 
c AL li' 

DI I'llN~IUI\ U ( tH , I~J ), XC(l l, l'ClU, UllJ, A(~ 1 1), vlt.:."P(l) 1-1C 1o 
c I-IC l ':j 

OAlA t<OW , CUL/'tH RuW ,"' H GOL/ AC (;:u 
DATA XL t. 1 l I 1H ll AC C:::i 

c AL C::C: 
c Sd LUWd(. LJ.itl T ::, ANLJ li ~G~LI'Ic.NTS AL .:::.l 
c AC £.'1 

Xi il N=1 . J AC ~::;, 
Yt-11 N =1 . U A(.; Lb 
OX = 1. u AC (;:/ 
UY=l .L AC '-b 

c AL .::<:, 
c CH:.C K IF FUuR COs<tkk POHHS Akt. tJtflNt.U AL .:>U 
c A(., .:>1 

IF (L( 1 1 1l. t:U..X LC::T l l GU TO 22 AL .J<::: 
IF (UC.., NJ) . u ..t .XLLTI> GU TO~'- Al. ,).) 
IF (U( Nl 7 U.t. O. XLt.Tll GU lO 2:2 At.; .J4 
IF (U<I'd,N..J).c..U. • .<u:lll GU TO i::2 AC .-~ 

c AG .-b 
Nil=Nl-1 AC vi 
NJl=N..J-1. AL ~b 
Kf.: =: N~ AC .:~<j 
KC :: N J AL 't u 

c Ac 't:.L 
c CU ."JP L tTL eND LULU1·d'JS AL 't4::: 
c AL itJ 
1 Cu\l T liJUc. AC 4'-t 

KRO W=I'Jl AC 4? 

KLLJL=Nv iu.,; <-rc. N

K.:;:::Q AC 4/ ....... 


~J J = 1 AL <tb 
uu :;) ,J= 1' 2 AL "'<j
DO 2 l= 1, N l AI.... ~v 



UT:..MP <I>=U<l,J.J) P.(; !;.1 
2 CO~TlNLt. AG ~' c AL !:J.:> 

CALL Ctit.CK <U lt.11P , IH , K1 ,K2,N) AG ~4 c AC ~~ 
lF <N. EU .u> GO TO 4 AL ::>b 
IF (Ki. GT. u) GO Tv 1.u AC ~~ 
IF <K ~ .Gf. u ) GU TU lU AC :>b c AL ~!;; 
CAL L 11\St.RT (.>- C ,YL, O,P.,Uh.. MP , NI ,Y l'IIN ,uY,C UL,J.;,KuU t. l AC u u 

{; A(; O J. 
IF <KUDL.GI.u) GU TO c;:!;l AL oC::: 
UG 3 1= 1, t·H t.C o;) 
U(lfJ.J)=lJT~_dP{l} AG b <t 

3 GUN lt~Lc AC t.;, 
4 KC DL=KCGL-.1.. AL uo 

..;J= f'l J AL b l 
~ cu :\JT HJLt: At; bb 
c M.. L'::l 
c FIL L r1 A T k I X RlJ W- W l SL AC . I u 
c AL fl. 

0 0 9 l =' ' j-.J l 1 i<L i ~ 
DO 6 J= 1 , i~J AC i .:> 
LIT:.MP ( J ) = U< l,J } AL 7"'t 

0 co,n 1 Nu ~.:. AC I':;) 
c AL l b 

CALL CHc.LK <U TI:.i'lP , NJ ,K1 ,K2,N) AL II 
G J.<C I b 

IF <N.t. ~ .u) Gu TO b AL 1'-.J 
IF <Kl.GT .u> GU TU 9 AL bU 
IF ( KC:.: . Gl.u> uU Tu CJ AG bl 

c AL oc 
CAL L 1N .:> c. R I ( "C , Y L , u , A , U T t 1'1 P , IJJ , Xh l N , u X , R u ~ , l , l< GL. d t..C o~ c AL bit 
iF ( KUUc. . GT .u) GU TU 2~ AL d!:..> 
uo 7 J= 1 ' j ·~ J AL bb 
U <I f ..; > =u Tt: t' ' P < J > P.L o ..i 

7 CU \J ll~ U 1:. Al. bb 
8 Kk.OW=KkJW - 1 J..IL b':J 
Cj CO\l T I 1\i Ut- Al. ';j U 

GU T U 11 AC ':il 
c AL ':lc c CUMPLLTt. LNU ~OWS 1--1 L. ';:1.) 
c AL ':llt 
iU K3= 1 AC ';j;; 

11 11= 1 AL ~CJ N 
00 1. 7 I= ..1. , t:: AL ':if ~ 

UO 1 2 J =1 , N J AC ':Jb CXl 

-UT:.MP L . .d=U<.U,J) 1-\L ';I~ 
12 CUfJT lt~l..t. AL ..li.JU 
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c AC 1u1 
CALL Chc.CK (U1LMP,NJ,K1,K2,N) AC lll~ --·-c 

13 

IF 
IF 
J..F 
lF 
GO 

(N.EQ.U) GO TO lb 
<K1.1\C:..ui GU TO 13 
<KZ.t:G.u> GO Tu 14 
(K3.Lc.u) GO Tu i7 
T 0 2S 

AC 
AC 
AL 
A(;
AC 
AL 

J..U;) 
lU4 
lu~ 
ll.Jb 
.LU( 

lUO 
c 
14 
c 

CALL lN~lRl ( XC , YL.. , LJ , A , U Td'lP , I~ J , X !<1lN , OX , k Uh , l J. , K L.. Uc. J 
A(;
AL 
AG 

lU~ 
J.J..u 
.i..L ... 

15 

IF <K OC ~.:..Gl , u) GU 
DO 1 S "= 1 N J 
U(ll,Jl=l.L... .-~P (.J)
COIH ll~ Li: 

TO 25 AC 
AL 
AC 
A(.; 

1J.'
11;::,
J.l'+ 
.LJ..:.J 

lb 

17 

KRJW=KRUW-"
IF ( K RO n • L c. • U } 
Il=N 1 

l~t::lURN 
AG 
J.IC. 
AC 

llb 
J.ll 
.Lld 

c 1-IL.. ... .L. ':1 
c 
c 

15 
c 

FILL i-IA ·1tdX (; vl Ui'lh - t-ll ~ E 

uu ~ 1 J = 2, r• .;1 
UlJ 1 d J. = 1 , N I 
U T c. 1·1P <I ) =u ( l , J) 
CU\JT 1 Nl; L 

AL l.:.u 
AL . .LC:l 
AL .J..d:: 
AL ... '-.;;
AL 1'-4 
Av J..c:::> 
AL :.i.C:::b 

c 
CALL CheCK (U 1 l:. h P , N l , K 1 , K 2 , I~ ) AL 

AL 
.J..C::/
.L£:b 

c 

IF 
IF 
lF 

< N . u..~.u > Gu TO 2Li 
{ Kl , GT .u) GU Tu 21 
(K 2 , Gl.ui GU TU 21 

AL. 
AL 
AC 
AC 

lC:::':l 
l0u 
1.; 1 
.i..J<:. 

c 

1':l 

CALl n~~ ct< r ( XC , Y L , 0 , A , UTdiP , NI 

IF ( K OU c, G l • U ) c;u TU 2~ 
ou 1 <:3 I= 1, l'l l 
U < .L t J ) = Ld t: r1 P ( 1 ) 
CON l N l..:. 

, Y1'11 N , u Y , C UL , J , KUu L) AL 
AL; 
AC. 
AL 
AL 
AL 

J...).) 

.J...jt;. 
1-l~ 
..L..JI:.J 

10? 
l~b 

2U 

C:::..l.. 

KCJ L= t<-..C u L-1 
I F ( ~CCL.Lr:..U)
C.O .\J T l NU ~.:. 
IF ( K kU ~i • Gc. • 1\ ~.;)
J.F (KLCL,vt..K. t< ) 
KR= K k UVi 

Rt:lURN 

Gu 1 c 
GL TG 

24 
2'+ 

AL 
AC. 
AL.. 
><L 
AC 
AC 

1;) <j 
J.-tu 
.i4l 
1'-t~ 
1~-t.; 

144 
KC= KLuL 
GO T U 1 

AL 
AL. 

..L.'t:; 

l<to 
c 
22 hRl T 1:. 

WR.l T l 
GO T C 

(o , C./ ) 
{o,2b) 
2~ 

I-lL 
AG 
i-<L 
t..L 

1., i' 
.l.<tb 
.i-tl:1 
l:;.>U 

N 
...... 
\0 



2 3 WRIT t. <b, 21:1 > AC .l.;;;:L ----hRITt.. <o,c.b> AC l::>c::.
GO T 0 Z !:.J AL 1~.:1

2 4 ~I R l T i:. ( b , 3 U) A(.; .l.::>Lt 
l~t<I T t <o, 2 o > A(.; J.;);)

i 5 WRl T t.:. ( t, .J d ~(.; 1.~6
h F:l TC:: <b,.)l) AL J.SI 
[JU 2 o I =1 , I~ l AL l:~b
WRl T t < t , .:, 3 ) I AL J.;)':J
1'1t<.1TE <o,.:>'tl (U(l,Jl,J=l,NJ) AL .I..U!.J

26 CON TI Nl.. c A(.; lbl
STJ P 2 2 AL .LoC.: c AL lb.Jc AL l.CJ'+c At. lb:;.. 

27 FU~I1AT <7X,3uHNOT ALL LUt~Nt:.R POINTS Oc.rll~c.L) . I AG lvb 
28 FU~MAT UX,b8HC0t1f>u.T:l.ON Or SUR.fACt. ht.TrUX cLE.ht.rdS l~Ol PUS~lbi...t. u ~c lb7 

1 Y l N T l ~Pl. u~ T l u l·~ ) ~ G ~ob 
1:::9 FO~I"lAT (7X,'+S.HTOO i'·lANY UOUI~JARY PU:.I.I~T~ l;LlJ::.tt.Rt.lJ 10Gt:.1Ht.f< AL. lt..S 
30 FU K. I·1AT (7X,41HTUU FLW PU1 1HS Ot:Fll\ t.U 1-'t.t<. RUW UR LULudN AL l/U
31 FUK.MAT (/7X,~ 0 HSUk FALi... NAlRlX AT Tt:. RM.l.NATlUN /) AL 1/1
32 FO rU'1AT (//.SX,.::Sl.JH....,.+-¥- 4 -~'-lLLCOI'-lUlllUN:::, fO r< H~TI:.KI-'ULAilO •• AL .-.It:.. 
j.;> F U ~ M AT (/JX,:; HR OW =,14/) AG li'.)
34 FU~I-IAT (1Ut:13.~) AC 114

i:.. NJ J.<L li' :;

N 

N 

0 



SU3ROUT1Nt. CHc..CK <UT c.r,P , Nt; ,Kl,r< 2 , N) 
c 
c CH£Cr<S ThE FOLLUWlNG CklTcRIA TO bl S~TlSflcU FCK lNTt.~PULATlUN 
c TU Bt.:. Pu~S.J.bLL-
c 1. NOT LtSS T ti td~ PC1 ~t.t<.Cc..l'iT UF PUliH.;) PcK ku~ Lit< CuLUt1N I'IU:)l
c BC: lJ;;..fllh.U 
c 2, N 0 T MCt< c Tt-1 AN 1-' G2 P1:. RC c NT UF UI~u L FHk i.J 1- u ll\ 1S 1'1 U....1 t:l t. 
c CLU~lt.t<.t.U lUGc..lHtR. 
c 
c Kl=O CR..LTt.t<lUt ~ 1 ::,ATISI-.J.t.O , Kl=l GRl .lctdL.N 1 VluLMic..D 
c KZ=U Cf<l.lc.r<lU1'l 2 ~ATl:JflEJ 1 K2=1 Lr<llt.klCI'-1 _2 VluLAtc..t..J 
c N= N U 1·1L3 t:. r< U I- l..J t'-1 u t. t- ll'-1 t. U F- U l N I S P t. t<. I<Li t--1 ( lJ r<. (, CL U f-1 NJ 
c 

0l11E.N~lUI• Ult.IIP (.i) 
c 

uATA Xlt. .II/J..Hll 
c 

PCc=u.Ltu 

PC.l= U . Su 


c 
K.J.= U 
Kc= u 

· I·J= u 

JJ=(J 

N:-J = u 

lJU 1 J=1,NL 

IF <UTtiW C.J).I Jt.:. .Xli;.TJ.) GU TO 1 

IF (J.J. I'lt. (J-1)) 1-.N=i.; 

JJ= J 

N= N+ 1 
NI'~ =Nf\.+1 
If (fLCAl U~N)/FLOt<T<NC) ,GT,PG2) G0 10 2 

1 CU 1~T lNlJt 
lF lFLGAl(N)IFLUA -1 ( NL >. GT ,PLl) Kl=l 

RL TU i< I~ 


2 KZ= 1 
RUURN 
C:NJ 

AO 
AD 
AU 
AU 
AD 
AU 
AU 
~u 
AU 
i-IU 
i-IU 
1-\U 
AU 
AU 
AU 
Au 
14U 
AU 
AU 
AU 
AU 
~[J 

AU 
AU 
AU 
t-~U 
AU 
AU 
Au 
AU 
AU 
HU 
AG 
AU 
AU 
AU 
AU 
Au 

c: 
~ 

..) 

Lt 
!:> 
.b, 
0 
':;t 

lU 
.i..J.. 
lL 
1.$ 
l'"t 
1.~ 
lb 
l( 
lb 
l';j 
~u 

~l 
it:: 
(;.,) 

~., 

'-~ 
c::tJ 
~I 
... b 
c:;';j 

.)U 
~1 
.)~ 

.;,..) 

.SLt 

.)~ 

~b 
v/ 
~t)-

N 

N 

1-' 



SU3 RCJUllNE UlAGv <A,X,N) 
c 
c SULUTIUN UF I R 1 U.1. A G U I~ AL S Y S Tt.!1 
c 

Ol"iEN!::>lON A (.:.J 1 l), XQ (.!.) 
c 

DO 1 J= 2, N 

Z=-A ( l,JUA <2,J - 1)

A(l,J)=u.

If (L.E Q.u. > GO l u 1 

A ( 2 , v ) =A (~ f J) +Z"~-A ( ;-:> , ... - 1 ) 

XQ<J>=X u <J Tz~x u <J-1> 


1 	 CU :'ITll\lUt 
JJ= 1\l + l 
uo 2 J= 1, N 
JJ=J..J-1 
IF (JJ. c.C ol'i ) 00 TU 2 
X U (J J >=X G l JJ )-A(S,JJl"~-XU(JJ+l} 

2 	 XU(JJJ= XG (JJ)/A(2,JJ)
RtTUK tJ 
t.I ~ J 

U F t.. u. uATl Ut~ :::, 

At. 
At. 
At 
At. 
J..lc:. 
AL 
At.. 
At 
1-<L 
At 
AL 
At. 
At. 
At. 
At. 
At.. 
At. 
At. 
At. 
AL 
At. 

l 
~ 
.s 
4 
:; 
0 
I 
b 
';; 

:.t..U 
l ..:L 
1(:: 
l~ 
14 
1:..0 
J.b 
.... , 
:.t..U 
:i_lj 
c::u 
,1

N 
N 
N 



SU8ROUT1N~ lN~E~T <X C ,Y C ,u, S , UTtM~ , NC ,AM l ~ ,uA,AL~ HA ,J ~ ,K UuL J Af l. 
c Af 2 
c COLUMN-WlSL UK RJ~ -h l~L INT~RPOLATlUN AF ~ 
c i'-l~f = Fit<::,T Ut.FINt.u PC1Nl r<C.LAT.l.Vt 10 t'UlNTS 11~ Akk.AY. UTt.f"lf" AF 4 
c Nt 'J= LA~T Ut.flNt.u PLlNT Rt. L AfiVt:. TO t-'UlNl~ J.l\ AKt\A1 U"Tc. MP AF ~ 
c AF b 

GI~ENSIUI\ XC ( l) , YC(1J, UTt.l"lPC:LJ, tj ( 3 , 1 J, U(lJ ~f I 
c AF 0 

OATA XLC:Tl /lH.i! AF s 
c Af llJ 

A= AM IN Af J.l 
KOO L =lJ J•l- lc;. 
1\:Cc::=NC-2 Af 1.)
N=u AF ~<t 

JO 1 J=.!.,N1., AF 1:;; 
A=A + L.l A Af lb 
IF (L!l t:i1P (J). t.Gi. .XLt.:.ll) l>v TO 1 AF 1/ 
JJ=J M . o 
1\='J+l s.<F l~ 
IF ( N.E.Q.l) N~T=JJ AF (;i.J 
Y C ( N J =L Tc i<l P ( J ) M C:.l 
XC ( N ) =A AF c:.c:. 

l CCJ ,'H l NL t AI- (::.:> 
Nt. \l = v J s.<F C.:4 
lF <NST.tQ .1) vO TO 2 AF (:.:;, 

lF (1\ :JT -3) 2,.::::,5 f.if '- b 
2 IF ( Nt.f'- .t.U.r~ L-) Gu TO s AF ~ 7 

lF <NLI\-I\C2J ~ , 3 ,~ ;.~F c:. b 
3 CALL SFLlT ( r..J , XI.., ,)'(.;, o ,B> AF c::<:! 

f-1=4t'llN AF ~lJ 
UU 4 J= l , !·H. ~-<F vl. 
A= A+ U A Af .:>C.: 
lF (L. T U1 P(J}.I~ I:. . X u:.TI> GO TO 4 Af .:>.5 
U T:. 1"1 P C J > =S P u.: l'l t ( A , N , x~., , YC , U) AF .:>Lt 

4 C0 1~ T I f ~ Uc Af ..,:;; 

Rt. fUR N AF ~b 
c AF .Jf 
5 KOJ E =1 AF .)I.) 

RUU fl 'll At- v':J 
c s.<t 4lJ 

t.NJ AF 41

N 

N 

w 
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FUNCTION :)Plli~L <xP,N,X,Y,U> 
c 
G CUJIC S~LlNL ~Nl~~P8LAT1U N 
c 

UII1E1\SIUN X\.iLJ 1 Yl.i.Cl), lJ(~) 
c 

N1= N -1 
UU 1 l= l N1 
IF OP.LLxc..<l>> GU lLJ .J.. 

IF <X P .G T.x Q<l+l )) GO TU 1 
J:::J. 
GU T 0 2 

1 C00l T I NUt. 
C::: CO'-JT l Ni.J .... 

IF <XP.LT.X (,dl)) ..;=1 
l F ( J • G T • XU. ( 1~ I ) J =N- 1 

c 
H::: ;( Q ( J+ .d - XU ( J) 
LC= {Yu(J+1) -Y I) (.,J) li~-H• (0 (J+1)-0(J))/ b, 
0 U:: '( (; ( " ) - U ( J ) ..,. H ...,.H I b • 
A= ( X U l J i· 1 ) - X P ) "'" Jf. .:i I b • I H 
O=<XP - XQ(J) ).f. -Y ~Il:l.lt-t 
C= < X P- X\.l ( J) I 
SPLIIH.=U (J) -'~-JaU (J~l) •u+CG ...C+UU 
Rt. 1 U R ~~ 
EI~J 

AG 
J.<G 
AG 
AG 

AG 

AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
l-Ib 
P.G 
-.~G 
AG 
AG 
AG 
AG 
AG 
AG 
J.<G 
AG 
AG 
AG 

1 
~ 
.:> 
4 
~ 
tl 
( 

b 
lj 

1U 
11 
12 
~.,) 

14 
1~ 
:l.b 
".L-7 
io 
J.~ 
c::u 
'-.L 
LC:.: 
~;:; 
~Lt 
L;,; 
Lt:J

N 
N 
.p.. 



SU:SRUUTll\1:: ~PLIT <N,X,Y,u,A> 
c 
c TO I NI TlAL~Lt. CALCULATtS ~tC0NO UtRlVATlVt~ 
c 
c 

Ol"it::NSION X QU) , YQ(l), 0(1), A<.~p.) 

Oi::.L =0. S 
A<l, l)=U. 
A<2,1>=2.U 
A<.:- 7 1)=-'-•~ULL 
U<lJ =u. 
N ~~= N - 1 
uu 1 J=.::,fll'l 
Hl=X W (J)-X~ (J-1) 
HZ=X Gl LJ+l) -.XQ (J) 
F2= ( YQ(J+1) -Y U. <J) )/HZ 
F 1= ( Y Gi ( -.J) - Y u ( .;- 1) >I H 1 
IJ (J) =b."~- <F ~-F:d I (hl.+ HU 
AL=H 2 /(H l +Hn 
AU=1.-IL 
A<l,J>=~l 
A <'",J>= ~. 

1 
A<3fJ)=AL
LU'-l ll"l lJi.... 
A(l, N)= -e:.,+ lJt:.L 
ldc:.,N>=c:.u 
AU,N)=u.
D<'-lJ=u. 
CALL Ui.AG3 
k.LT URN 

(A,I.J,N) 

lhi) 

AH· 1 

AH ~ 

AH .:i 
AH 4 
Ah :; 
AH b 
AH I 
AH b 
J.<H S 
AH lu 
~H 11 
AH 1(:.
AH .._.;, 
AH 14 
AH 1::. 
t.IH lb 
Ah ~ -1 

AH lb 
AH 1'::1 
AH LU 
A H L.i. 
AH c::C:: 
J.\H '.:. 
AH t:4 
AH L? 
AH C::tJ 
AH d 
~H C::b 
AH '"~ 
AH .:. t.. 
AH .)1

N 

N 

V1 



BUGK JATA Al. 1 c Al 2 

c 

CU'1t1UN / UATP. / INTA1 1 1NTX~,IS1 Lc.. 1 J!:: 1L t. 1 1-i~UI~S,.J..t.IJAL , K ~.. I-ISS , ALPH 1-1 1 ~111GL 
1 ~ , P A P!;; R , V S l L c. 1 X ~E i ~ G '- X yRU T , X 1 i"l.4 X ( X Hll N , X d1 A X , X ._ Mll'> 

CUriMU!'J / A / t-'Hl{~ ..J} 1 1-'.::> .L< :;>) , KUUt. ( :; ) 
CU .IIjHUN /C. / LJJ..l,{S ) 
CUrlMul~ /tlULK.J. / UL L1 1 uL L 2 , uX , OY,ul , Li:: ,.J. Ak.T~ , lul , lL ( uu} 1 lGUh 1 lul ~( 1 

1 u) t I t 0 ' l K ' l H A)i. ' Hill'~ ' l ~~ cu l K ' 11 ~ (.. (J J K ' 11' l ' 1 1 H NLJ I I ' l p L h ' It- c.f~ ' i p L u .:> ' l :;, Ki fJ 
i 1 I , lc..:l 1 l...i 1 -JK,Ji' ii\ X 7 J I1 1N , JT,JU: · IP, J ~ , K.L,Kt:..Y ( ~ 1 LU } , ,Jli~uS 1 1'JUut:. 1 1\i l. UnP 1 N 
3 Cu K 1\1 , i ~ t.. l t. 1/ , 1\i l1 '1G U , i • Kt: Y , f\J K. 0 f , t~ UP , l\ X 1 , 1<.X .:: , I~ X 3 , r . k '- i~ L..1 ·, , L.. r { 1 j L ) , L L P. ~ I 1 \.J h 
Lt A X, U 1111~ , X~~ , X1 , X~ , 'r 1..j , Y Y 1 , Y Y 1::., Y 1 ,_ Y i 
COI'ii'1Li~ /~W.ltt..:l11 KLY~ ( 0,1u) 1 1~r\cYS , I ·~~~, ( ... u J 

ui-\TA KCl L: I <-tr-ll'it.,h /, e; HP~L/ , Ltrl2 - ..:lu , ~;H-P~-.C , 4HKt.~G..:./ 
lJ AT A l Ard 3 , .1. i <L. U J K ) I 1\ I I'J U1'1 , l ~ K l r- , ld l\i l.u , ~~I\. c.. Y , I' 1r< Li~ U h 1 u , ~ , l , (., , u , 1 b , .J. u I 

J.l l 
AI 
Al 
Al 
Al 
Al 
AI 
Ju 
Al 
AI 
Al 
Al 
Al 

::>., 
? 
0 
/ 
d 
<:J 

l lJ 
1 1 
.J.C:. 
1..)
lit 
1!:1 

c 

0 AT A I N 1 X 1 ' 11 ~ I X 2 ' l ::, l LL ' J :J I L c.. ' I..J l- u j\j ~ ' l (>~, u H L ' 1'- L A ~ ..J I ;_ ,J ' :J _, ' ;) .I. ' ;. J. ' u ' u ' .J.I 
LHI rA A LP h A ' 141~ i.J l t. ' r' j.i, p c:: K' v ~ ILl. ' ,( L t. N G' A yr\U l ' X l t•l A X ' X.l.i' llt. ' Xi i't A)( ' A '" !-1 .J.N/ '

1U.u, 1 HI ,i::-¥1u. u1 l. '.> ,?"~'u. U/ 
U1-\ l A l [ L , l1... 1.... 1 .1. 1-' l U:.:., , r·r h ! lJ :::. ' .!:P 1.:. t< , l C U r 1 , 1\ r.. I 1 H , 1 h = , 1 h ;- , 1 n - , 1 H • 1 ~ h , , .J.H 1.. I 
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