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(ABSTRACT) 

Parametric surface representations such as the B-spline and Bezier geometries are 

widely used among the aerospace, automobile, and shipbuilding industries. These 

surfaces have proven to be very advantageous for defining and combining primitive 

geometries to form complex models. However, the task of finding the intersection curve 

between two surfaces has remained a difficult one. Presently, most of the research done 

in this area has resulted in various subdivision techniques. These subdivision techniques 

are based on approximations of the surface using planar polygons. This thesis presents 

an analytical approach to the intersection problem. The approach taken is to 

approximate the B-spline surface using subsets such as the ruled surface. Once the 

B-spline surface has been simplified, elimination techniques which solve for the surface 

variables can be used to analytically determine the intersection curve between two 

B-spline surfaces.
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Chapter 1 

Introduction 

Parametric free-form surfaces are widely used in the aerospace, automobile, and 

shipbuilding industries. However, the problem of finding the curves of intersection 

remains a critical item in the modeling of these free-form surfaces when they are 

combined to form complex geometry. Also it is important to find the intersection curves 

between parametric surfaces for many meaningful CAD/CAM applications such as 

shape design, design of fillets, and generation of numerical controlled tool paths. 

From the analytical point of view, the problem of intersection may be to find the 

roots of a high-order equation with a single degree of freedom. However, due to the 

complexity of the problem, some analytical methods such as algebraic and projective 

geometries or numerical methods such as Newton's iterative scheme, may fail 

mysteriously or be unmanageable in solving the intersection equations. Some 

divide-and-conquer algorithms and techniques have evolved recently for finding the 

intersection curve, in which the surfaces are approximated with planar polygons. The 
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subdivision scheme used in these methods rely heavily on the type of surface. They face 

the problems of enormous numbers of subdivisions and reduced accuracy of the 

approximations due to the nature of the planar polygons. 

1.1 Objectives 

The objective of this thesis is to create a new algorithm which solves for the 

intersection curves between two bicubic B-spline surfaces. An analytical approach is 

taken to ensure the accuracy of the intersections, where an elimination method is used 

to solve systems of nonlinear equations in the process. B-spline ruled surface 

approximation is used to reduce the complexity of the problem, as well as to improve 

the surface approximations with fewer subdivisions. 

1.2 Literature Review 

There is a substantial amount of literature focusing on the intersection of surfaces. 

As noted by Faux and Pratt (1979), “the calculation of the intersection curve between 

two surfaces may be regarded as a problem of solving simultaneous (usually nonlinear) 

equations, Or aS a minimization problem. In dealing with the problem of solving 

simultaneous equations, an additional step constraint function is introduced, whereas 

with the minimization problem, a least-squares function is imposed. In both approaches, 

the system of equations is solved iteratively by the Newton-Raphson method.” 
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Timmer (1977) utilizes a hunting grid on a primary surface to locate at least one 

starting point on each isolated loop of the total intersection curve. He then traces the 

loop across the region of the hunting grid stepwise using Newton’s method. 

Phillips and Odell (1984) displayed the intersection points of two implicitly defined 

surfaces by iteratively computing a system of ordinary differential equations to generate 

a solution trajectory. The trajectory starts at an arbitrary point. The successive points 

are displayed only after they are within a specified distance from the intersection, thus 

displaying the solution trajectory. Sabin (1976) uses the Cayley function to display the 

intersection curve of two quadric surfaces. The Cayley function is set up by 

implementing an eye position and a picture plane, this allows the repetitive and time 

consuming calculations to be done in the 2D picture plane in place of the 3D problem 

space. 

Ocken, Schwartz and Sharir (1983) analyzed the problem of computing the 

intersection curve of two rational, quadric and algebraic surfaces. The surfaces are 

projectively transformed and normalized to a simple form in which the parameterization 

of the intersection curve can be easily obtained in homogeneous coordinates. 

Waggenspack (1987) generates a piecewise parametric approximation ofa general degree 

algebraic intersection curve by performing coordinate transformation when the curve is 

of degree three or less. Curves of higher degree are first subdivided and approximated 

with a curve of degree three or less. Comba (1968) combines the algebraic surfaces into 

a single pseudocharacteristic function, and hence uses this function to detect any 

intersection region. 

The following approaches center around a fundamental numerical approach for the 

intersection problem; namely subdivision, or the divide and conquer method. Lane and 
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Riesenfeld (1980) developed new algorithms for the evaluation and subdivision of 

B-spline and Bernstein curves and surfaces, allowing the intersection problem to be 

solved by planar approximation. Peng (1984) uses the same subdivision algorithm and 

planar approximation for his divide-intersect-stretch-divide again process to trace along 

the intersection curve of B-spline surfaces. Lasser (1986) as well as Aziz and Bata (1990) 

apply the subdivision and planar approximation to the intersection of Bernstein-Bezier 

surfaces. Carlson (1982) uses a modified Catmull recursive subdivision scheme to find 

the intersection of two bicubic patches, whereas Hanna, Abel and Greenberg (1983) 

store the points of the subdivided patches in look-up tables to detect the intersection 

points. Lee and Fredricks (1984) solve the intersection of a parametric surface and a 

plane utilizing curve/plane intersection algorithm, where the surface is subdivided 

recursively until exactly two boundaries of the subpatch intersect the plane, and hence 

provide two points on the whole intersection curve. 
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Chapter 2 

Uniform Bicubic B-spline Surfaces 

This chapter presents background information on uniform bicubic B-spline surfaces 

to which the intersection solution is to be applied. Also presented in this chapter is the 

description of the method for ruled surface approximation where it will be utilized in the 

intersection algorithm. 

2.1 Modeling of B-spline Surfaces 

A periodic, uniform cubic B-spline curve can be represented in matrix notation 

(Mortenson, 1985) as follows: 
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Pi-\ 

Pi 

aww=[uwwul]M 

Pi+) 

    | Pi+2 | 

where 

f_1o3-3 1) 

3-6 3 0 
M = 

30 3 0 

14 1 0|     

ue LO, 1] 

ie[l:n—2] 
(2.1) 

(2.2) 

i denotes the curve segment number, n is the number of control points, and M is the 

universal transformation matrix. 

The general matrix form of a periodic, uniform and bicubic B-spline surface that 

approximates an (m+ 1)x (n+ 1) rectangular array of control points is (Mortenson, 

1985): 

Pst (4, W) = [ uw? uu 1 | M P,, M? 

    

seLlim—2] 

teLlin-—2] 

u,weLO, 1] 

keLs—l:s+2] 

le[r-—1:t+2] 

(2.3) 

sand t identify a particular patch of the surface, A and/ define the control points to be 

evaluated, and M is identical to the transformation matrix of a B-spline curve (Eq. 2.2). 
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2.2 Surface Inversion for B-spline Surfaces (single patch) 

The application of matrix algebra allows the derivation of the periodic and bicubic 

B-spline surface inversion algorithm as seen below (Gandhi, 1989): 

-1 1 T-1 
B=M” U™ Py Wy, (MW) (2.4) 

where 

T "] 7 4 3 2 3 3 
uo uy yd Wy Wy w,. wy? 

3 2 
Uy Uw uw | w,? w,? w3° w4? 

U= 3 , W= 
uz; iu; wu; I W, Wy Wz Wy 

3 2 
; Us uy tw | l ] ] I         

B is the control hull matrix ( 4 x 4 ) that approximates the surface defined by the sixteen 

points P,,(4x 4) . Uand W are the matrix of parametric variables. Figure 1 on page 

8 shows a B-spline surface with its control hull that approximates the given sixteen 

points in 3D space. 

2.3 Construction of B-spline Ruled Surfaces 

The general definition of a ruled surface is that for each point on the surface, there 

will be at least one straight line that passes through the point, while lying completely 

on the surface. Given two curves p(u) and g(u), a ruled surface can be constructed by 
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Figure 1. Inverse B-spline surface with the control hull: Dotted lines represent the control hull, 
whereas solid lines show the B-spline surface that approximates the marked sixteen points.       
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joining each point along the curves with a straight line. Similarly, a ruled surface can 

be built upon the boundary curves of a general surface by using the surface patch 

inversion algorithm discussed earlier. Figure 2 on page 10 gives an illustrative example. 

The surface matrix composed of sixteen points on the surface for this procedure is as 

follows: 

511 alsy,4 + ad _ al)s), a2sy4 + (1 — a2)Syy S14 

S21 also, + (1 _ al)s, a2S>4 + (1 _ a2)S>, S24 

or in the opposite direction 
$3; Als3g+(1—al)s3, @2534+(1—a2)s3, 534 

Sq, AlSgg + (lL —al)sg, @25y, + (1 — a2)54; S44 

- (2.5) 

S14 512 $13 S14 

  
alsy,+(U—al)s,, alsy+(Ul—aljsy. aly3+(—al)s,; alsyyt+(l —al)sy, 

a254, + (1 — a2)s;;  a25y. + (1 — @2)8,,  a25y3 + (1 —a2)s)3 a2syg+ (1 — a2)5,4   54] 542 543 544 

where al =1/3,a2=2/3 , and the parametric variables uandw will be set as 

0, 1/3, 2/3 and 1 respectively in the inversion algorithm for uniform B-spline ruled 

surface. 

Note that the interior two points along a parametric direction are linearly and 

equally interpolated between the two end points. This will form a uniform B-spline ruled 

surface; where one of the surface parameters is linear. 
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Figure 2. Construction of ruled surface: Solid lines represent the general surface, whereas dotted lines 
show the ruled surface.     
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2.4 Subdivision and Ruled Surface Approximation 

Using the B-spline ruled surface construction method discussed earlier, two ruled 

surfaces can be built in both parametric directions from a general surface in order to 

start the approximation and comparison process. The criterion of comparison is based 

on the maximum distance between the lines on the ruled surface and the corresponding 

curves on the general surface (see Figure 3 on page 13 ). The lines and the curves are 

obtained by assigning values to one of the surface parameters; u or w, in the surface 

equations. Only three comparisons are made to reduce the processing time. This should 

be sufficient, especially for those approximations of fairly smooth or regular surfaces. 

The maximum distance between a curve p(u) and a line ((t), where the line X1#) is 

connected at both ends of the curve p(u), is determined by finding a vector which is 

normal to the curve as well as to the line. Figure 4 on page 14 shows the vector 

geometry. Mathematically the normal vector intersects the curve p(u) at gq when: 

p's [ bl x 52 | = 0 

or [3atu’ + 2a2u + a3 | . [a1 x 62 | = 0 (2.6) 

where 

plu) = alu? + aQu? + adu + a4 

T(t) = bit + b2 

Similarly the normal vector intersects the line ((¢) at g when: 
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[g-7]- 51 = 0 (2.7) 

So the maximum distance between the curve and the line is equal to the magnitude of 

the vector [zg —q]. 

The subdivision process utilized the B-spline surface inversion method discussed 

earlier. For example, in order to subdivide a B-spline surface in the parametric u 

direction, sixteen points are first obtained from the original B-spline surface by assigning 

Uy, Ua, U3, 4 as 0, 1/6, 1/3, 1/2, and mw, w., ws, w. as 0, 1/3, 2/3, 1, then the subsurface is 

generated by approximating these sixteen points using the surface inversion method. 

The subdivisions and ruled surface approximations start in the parametric direction 

which has the smaller maximum difference in distance. For each iteration, the subsurface 

is subdivided into two parts and approximated using a B-spline ruled surface. The 

process terminates when the maximum distance between the surfaces is within a specified 

tolerance. The iteration process starts again with the remaining subsurface until the 

whole surface is approximated. Figure 5 on page 15 shows an example of the B-spline 

ruled surface approximations of a general B-spline surface. Notice that the ruled surfaces 

share common edges (C® continuity between the patches). 
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  Figure 3. Ruled surface approximations in both parametric directions 

     MAX. DIS. 
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    Figure 4. Vector geometry of the approximations   
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Figure 5. Ruled surface approximations with subdivided patches     
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Chapter 3 

B-spline Surfaces Intersection 

In this chapter, the basic idea that leads to the solution strategy of the intersection 

algorithm will be discussed. This is followed by the description of the subsets of B-spline 

surfaces and an outline of the intersection algorithm. Different cases of intersection 

which are solved by the process of elimination will be explained, and lastly the logic for 

selection of the intersection algorithms will be presented. 

3.1 Geometric Interpretation of B-spline Surfaces 

Intersection 

The underlying idea of most of the numerical divide and conquer algorithms for the 

intersection of B-spline or Bezier surfaces is to successively subdivide the surfaces until 

they can be approximated with planar polygons. 
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This solution method however, arose from the observations of the behavior of 

B-spline surface control volumes. It was noted that when two control volumes having 

fold lines intersected on the fold lines, the resulting intersection points defined a control 

polygon for an intersection curve between the two B-spline surfaces. Having fold lines 

means that in either parametric direction, each set of four control vertices for a bicubic 

B-spline patch are colinear. After many observations and a search for a general 

underlying principle, it was decided that general B-spline patches should be 

approximated by ruled surfaces, since the B-spline patches whose control hulls have fold 

lines are ruled surfaces. It was rightly assumed that eliminations would be relatively easy 

to accomplish analytically, since it was easy to observe the surface intersection curve by 

using intersection points of the control volumes. If the fold lines of the control volumes 

did not intersect, a linear proportion resulted in control vertices defining a curve which 

was offset from both surfaces but had some similarity to the intersection curve. The 

author suspects that additional investigation may lead to more significant results 

regarding the relationship between surface intersection curves and intersection in the 

control vertex space. 

The resulting observations produced the following elimination cases. These cases are 

limited to a special class of B-spline surfaces in which the control hull matrix consists 

of columns of multiples of the first column, or rows of multiples of the first row as 

described. The control hulls intersect in such a way that the fold lines cross each other 

(see Figure 6 on page 19). The intersection curve is then constructed by using the 

intersection points of the fold lines as the control points for a cubic B-spline curve as 

described above (see Figure 7 on page 20). These discoveries indirectly lead to the 

solution strategies of this research in which the intersecting B-spline surfaces are 

approximated using subsets of B-spline surfaces. The approximations simplify the 
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intersection problem to such a degree that they are manageable using the elimination 

method. 

3.2 Subsets of B-spline Surfaces 

The bicubic B-spline surface has the generic equation form: 

Pry AU, W) = Cly tw? + Cyt? + C3, wt Cay uw? + 

C5,y,u°w" + Cb, uw" + CT yyy’ w + CB yu + 
(3.1) 

C9,,,uw? + C10,,uw" + Cl yuw + C12,5,u + 

C13,,,w° + Cl4y,w* + C15,).w + C16, 

where Ci, C,,....Ci¢ are dependent on the defining control hull and the blending 

functions, and u and w are the parametric variables of the surface. 

Depending on the nature of the control hulls, the B-spline ruled surface constructed 

earlier can be broken into two special cases : 

Subset 1 of B-spline Surfaces 

This is a special case of surfaces where the control hull matrix consists of columns 

that are multiples of the first column, or rows that are multiples of the first row. This 

kind of surface will always lies parallel with one of the coordinate axis. Below are the 

examples of the control hull matrix of this special surface: 
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Figure 6.   
  

  

Intersection of two B-spline contro! hulls: 
the marked points. 

  
    

The fold lines (heavier lines) cross each other at     
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It is constructed using the intersection points of the fold lines 

(in Fig. 6) as the contro} points. 
Figure 7. B-spline intersection curve:   
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1 2 3 4 1 1 1 1 

1 2 3 4 2 2 2 2 
or (3.2) 

1 2 3 4 3 3 3 3 

1 2 3 4 4 4 4 4 

and the examples of the surface equations: 

P,(u,w) = aw + bw? +c,w + d, 

Pi(uyw) = aw" + bw? + owt d, (3.3) 

Pu,w) = au + bw +cutd, 

where a,b,c andd are the surface coefficients. Notice that each scalar parametric 

equation is a function of just one parametric variable, and the arrangement of the 

variables in the equations is governed by the configuration of the control hull matrix. 

Subset 2 of B-spline Surfaces 

This subset is actually equivalent to the uniform B-spline ruled surface, where one 

of the parametric variables is linear in the surface equations. The control hull matrix has 

the same form and characteristics as the surface matrix in the B-spline surface inversion 

equation (see Eq. 2.5): 
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pay 

P21 

P31 

Pai 

  
alps, +(1—al)p,, 

a2py, + (1 — a2)p,, 

  

1 

Alpyat+(l—al)py, @2pjg+(1—a2)pi, pig 

Alpyg+(1—al)p., a2pyg+(1—a2)px, Pra oe 
or in the opposite direction 

alpyg+(L—al)p3; @2p34+(l—a2)p3, Pq 

Apa, t+ (1 —al)pg, @2pyg+(1—42)pq, Pag 
: 3.4) 

Pyy Pi2 P13 Pia 

Pa 

alpar + (1 — al)py, 

a2pa, + (1 — a2)p12 

Pa2 P43 

Alpy;+(1—a@l)py3 alpygt (1 —al)py, 

a2py3 + (1 — a2)py3 @2pgg + (1 — 22) p44 

P44 

where al = 1/3 and a2 = 2/3. The surface equations for this subset: 

  

Py Au, w) = w (ayy ,ut” + Day tl” + Cyy 2 + dyy2) + 

3 2 
(Expat + foyzll” + Bxy2tt + Ayys) or 

(3.5) 
Pyy Au, w) = u (a,,w” + byw" + CyyyW + dyyy) + 

3 2 
(€xy2W + fry + Exyz2¥ + hy) 

3.3 Algorithm for the Intersection of B-spline Surfaces 

The intersection algorithm described here consists of the following steps : 

Use the bounding box method as a preliminary intersection check to eliminate 

non-intersecting B-spline surface patches (two single patches at a time) as early as 

possible to avoid unnecessary computations in the algorithm. Bounding boxes are 

built by connecting the maximum and minimum values of x, y, z coordinates of the 
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corners of each patch, and the interior four points of the control hull (see Figure 8 

on page 24). This will make sure the patch will be totally enclosed in the bounding 

box due to the convex hull property of B-spline surfaces (Peng, 1985). 

2. Approximate and subdivide the intersecting B-spline patches (which have passed the 

bounding box check) with B-spline ruled surfaces as discussed in chapter 2. This 

generates a number of B-spline ruled surface patches for each intersecting B-spline 

patch. 

3. Use bounding boxes again to check the intersections of the approximated ruled 

surfaces patches. 

4. Solve ruled surface intersections using the elimination method (discussed later). The 

elimination begins along the edges of the ruled surface patches for two end points 

of the intersection curve. This is achieved by defining 0 or | to one of the surface 

parameters in the elimination algorithm, thus a total of eight eliminations will be 

carried out to find the two end points of the intersection curve (along four edges for 

each intersecting ruled surface patch).! 

5. Find the intermediate intersection points by varying the parametric variable which 

has the largest difference between the end points. This will assure that all portions 

of the intersection curve are considered as shown in Figure 9 on page 25. This step 

generates a string of intersection points in global coordinates between two 

intersecting ruled surface patches. 

1 The assumption that the intersection curves start along the edges is sufficient enough for general CAD 
applications, which usually need more than a patch for any geometry modelling. For a closed intersection 
curve where it does not cross the boundaries of the surfaces, it will still probably pass the edges of the 
patches. 
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  Figure 9. Selection of parametric variables for intermediate points: Only by varying u2 in the 
elimination algorithm will the whole intersection curve be covered. 
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6. Once all the approximated ruled surface patches of the two intersecting B-spline 

surfaces have been investigated, project the intersection points to the original 

B-spline surfaces in order to obtain the parametric values. 

7. Sort these intersection points in correct order in parametric space. The algorithm 

produces a maximum of two curves. However it can be modified easily for a greater 

number of curves. 

8. Interpolate the points to generate cubic B-spline curves in the original parametric 

space. 

3.4 Cases of Intersection Using Elimination Method 

The elimination algorithm contains the following steps: 

1. Equate the surface parametric equations for the three cartesian coordinates of two 

approximated ruled surface patches. 

2. Define one of the surface variables explicitly in the preceding equations. 

3. Eliminate the surface variables to yield a high order polynomial. Depending on the 

orientations of the ruled surface patches, or the order of defining the surface 

variables, the polynomial can be of order 3, 6, 12 or 33. For all cases, the 

intersection problems are reduced to an implicit function of one of the surface 

variables. 
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4. Solve for the roots of the resultant polynomial. 

5. The number of real roots that are obtained from the preceding procedure will most 

likely be greater than one, thus a screening scheme is required to select the correct 

root. Only one root is needed from the polynomial by assuming that only one 

intersection point is solved for each elimination process. 

_ 6. Screening scheme: All the real roots are substituted back into the original 

intersection equations in Step 1 to obtain the surface variables. Keep those roots 

which yield surface variables that are within the range of 0 and 1. Invert the 

resultant surface variables to points in global coordinates and select the pair of 

points which are closest to each other. This generates one intersection point on each 

approximated ruled surface patch in global coordinates. 

Depending on the subset of B-spline surfaces the algorithm is applied to, the 

elimination algorithm can be divided into three categories. For each category, there will 

be different cases due to the orientations of the surfaces with respect to each other, or 

the order of defining the surface variables in the algorithm. 

In the following discussion of subset 1 surface, the surface variable that appears 

twice in the surface parametric equations (Eq. 3.3) is denoted as the repeated variable, 

and the other as the singular variable. Likewise for subset 2 surface, the two surface 

variables are distinguished by referring them as cubic and linear variables (refer to Eq. 

3.5). This naming scheme is to make the following discussion clearer and more 

understandable. Also the arrangements or the occurrences of the surface variables in the 

following examples will most likely be different from real applications. 
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Category I 

The following is a description of the intersection of two subset 1 surfaces. Based on 

the orientations of the surfaces, the problem can be broken into two cases: 

a) Case 1 of Category 1 

This is the case where the fold lines of control hull of the intersecting surfaces are 

parallel (see Figure 10 on page 29). Derive the intersection equations as follows: 

a,w: + b,we +c,w, td, = a’ We + 6’ us + C' yl +d’, (3.6) 

awetbhwitow td, =a wth wetcywt+a’ (3.7) yl ye ye yu yw yea yee y , 

3 2 1 3, pr 2a 1 au, + buy t+cu,t+d, =a w,t+b wit wt, (3.8) 

The singular variables (um, w.) are evaluated by first defining one of the two variables 

explicitly in Eq. 3.8, then solving for the corresponding variable from the remaining 

cubic function. Solving for the repeated variables (w,, uw.) eliminates one of the variables 

from Eqs. 3.6 and 3.7 to yield a twelfth order polynomial (see Appendix A). 

b) Case 2 of Category I 

This is the case where the fold lines of the control hull of the surfaces are not parallel 

(see Figure 11 on page 31). Compute the intersection equations as follows: 

3 2 / 3 , 2 c t a,w, + bwy + ¢.w, td, = a')tb + by t+ cyt +d’, (3.9) 

aw; + bwy +ow, +d, = a’ ww; + b' wy +c'w,+d’', (3.10) 
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  Figure 10. Control hulls of two intersecting subset 1 surfaces - 1: Parallel fold lines   
  

B-spline Surfaces Intersection 29



a,u; + bu? + Cu, +d, = a’ ,w; + b' w; +c',w +d’, (3.11) 

The variables are evaluated by first defining any one of the variables explicitly, 

rearranging the equations, and finally solving the resultant cubic functions. For 

example, define w, in Eqs. 3.9 and 3.10 yield two cubic functions of uw, and w.. Solve the 

resultant cubic functions and eliminate w, in Eq. 3.11 result a cubic function of m. Since 

the problem only involves cubic functions, the intersection points are obtained in closed 

form. 

Category 2 

The following is a description of the intersection of two subset 2 surfaces. Equate 

parametric equations of the surfaces for the three cartesian coordinates as follows: 

X = w,X(u)) + X4(u)) = w)X,(w.) + X;(w2) (3.12) 

¥ = wyYy(ey) + ¥o(e4) = mp ¥qlwy) + Yoo) (3.13) 

Z = wi Zy(uy) + Z,(u) = wZ,(w2) + Zy(wy) (3.14) 

where Xj, X2, X., Xs, Yi, Yo, Yo, Ys, Z1, Z2,Z.and Z, are the cubic functions of the 

associated variables (refer to Eq. 3.5). 

Depending on which variable is defined explicitly, the problems of intersection can 

be broken into two cases: 

a) Case 1 of Category 2 
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This is the case where the cubic variable (mu) is defined explicitly. First of all, 

rearrange the linear variable (w,, ~) on both intersecting surfaces by using one of the 

surface parametric expressions (Eq. 3.12 is used for this step): 

XA — X. 0 Ge es 
X-X, 

uy = Se aan (3.16) 

Notice that the criterion from which the parametric expression is used to derive Eq. 3.15 

is dependent upon the magnitude of the denominator; where the largest of 

Xi(tu), Yi(t) and Z,(w) is selected to avoid any singular or ill-conditioned situation in the 

algorithm. Eliminate w,andw from Eqs. 3.13 and 3.14 by using Eqs. 3.15 and 3.16 

yield: 

Sate Y,(u,) + ¥(u,) = Sa Y,(w,) + ¥;(w) (3.17) 

= Z,(uy) + Zy(uy) = So Z,(W4) + Z,(wy) (3.18) 

Define in Eqs. 3.17 and 3.18: 

C.X+C, = aes Y,(w,) + Yp(wy) (3.19) 

K,X+ Ky = = Z,{W3) + Zy(wy) (3.20) 
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where C,, C,, Ki and K, are the values of the defined functions. Finally eliminating 

from Eqs. 3.19 and 3.20 will generate a sixth order polynomial (see Appendix B). 

b) Case 2 of Category 2 

This is the case where the linear variable (w,) is defined explicitly. Define w, in the 

intersection Eqs. 3.12, 3.13 and 3.14: 

X3(ujy) = uyX,(w.) + X,(w2) (3.21) 

Y3(t) = wY,(w2) + Y;(w) (3.22) 

Z3(u,) = uZ,(w2) + Z,(w2) (3.23) 

where ¥3, Y; and Z; are the evaluated cubic functions of m. Select any one of the Eqs. 

3.21, 3.22 or 3.23 to rearrange the cubic variable uw (Eq. 3.21 is used for this step): 

X3(u,) — Xp(w2) Uy = Yiw,) (3.24) 

Eliminate wz from Eqs. 3.22 and 3.23 by using Eq. 3.24, yielding two equations with two 

unknowns: 

XxX. — X 
Y3(u) = a ae Y,(w2) + ¥,(w2) (3.25) 

Zyluy) = AEEVR AM) 7 Ow.) + Zyl) (3.26) 

Further elimination of u will generate a thirty third order polynomial of w, (see 

Appendix C). 
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Category 3 

The following is a description of the intersection of subset 1 and subset 2 surfaces. 

Equate the surface parametric equations for the three cartesian coordinates: 

a,w; + b,wy + cw, +d, = uX,(w.) + X,(w2) (3.27) 

a,wy + bywt + ow, +d, = wY,(w2) + Yp(w2) (3.28) 

au; + bu, + CU, +d, = uZ,(w,) + Z,(w) (3.29) 

where the left and right hand sides of the equations are the expressions of subset | and 

subset 2 surfaces respectively. X,, Xs, Y., Y;,Z,and Z, are the cubic functions of the 

associated variables (refer to Eqs. 3.3 and 3.5). 

This category can be broken down into four cases as the variables w,, m4, w, and uw 

are defined explicitly and separately in the elimination algorithm. 

a) Case I of Category 3 

This is the case where the repeated variable (w,) is defined explicitly. Define w, in the 

Eqs. 3.27 and 3.28: 

Cy = uy XQ(w) + X;(wy) (3.30) 

Cy = mY,(w,) + Yo(w,) (3.31) 

where C, and C, are the values of the defined functions. Eliminate u from Eqs. 3.30 and 

3.31 to obtain a sixth order polynomial of w.. The elimination process is similar to the 

example in case 1 of category 2 (refer to Eqs. 3.19 and 3.20). Solving the polynomial 
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and performing the necessary back substitutions will eventually lead to the solutions of 

all the variables. 

b) Case 2 of Category 3 

This is the case where the singular variable (u,) is defined explicitly. Define m in Eq. 

3.29 and rewrite the intersection expressions: 

aw, + dwt + cw, +d, = uyX,(w2) + Xy(¥y) (3.27) 

aw; + bywi + cw, +d, = mYq(wy) + ¥5(wy) (3.28) 

C3 = uZ,{w) + Z,(w2) (3.32) 

where C; is the value of the defined function. The Eqs. 3.27, 3.28 and 3.32 have the same 

form as the problems in case 2 of category 2. The procedure of solutions is the same 

as that particular case (refer to Eqs. 3.21, 3.22 and 3.23). 

c) Case 3 of Category 3 

This is the case where the cubic variable (w,) is defined explicitly. Define w, in Eqs. 

3.27, 3.28 and 3.29: 

a,w; + bw, +c, +d, = E,u + E, (3.33) 

aw, + bwi tow, +d, = Fy t Fy (3.34) 

aur + bur + Ct, +d, = Gall + G, (3.35) 
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where E,, FE, F., fs, G, and G, are the values of the defined functions. Elimination of uw 

from Eqs. 3.33 and 3.34 will create a cubic function of w,. Solving this cubic function 

and carrying out the back substitutions will subsequently yield the solutions for all the 

variables. 

d) Case 4 of Category 3 

This is the case where the linear variable (i) is defined explicitly. Define m in Eqs. 

3.27, 3.28 and 3.29: 

a,w + bw: +c,w, +d, = X(wy) (3.36) 

aw; + bywt + cw, +d, = Y{w,) (3.37) 

a,u; + bu, +c, +d, = Z,(w) (3.38) 

where X,, Y, and Z, are the cubic functions of w,. Solving the Eqs. 3.36, 3.37 and 3.38 

creates the same problem as the example in case | of category | (refer to Eqs. 3.6, 3.7 

and 3.8). 

Figure 12 on page 37 shows the logic for the selection of the intersection algorithms 

for the elimination process. 
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Figure 12. Logic for the selection of the intersection algorithms   
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Chapter 4 

Post Processing of the Intersection Points 

The intersection points that are obtained from the previous procedures are in global 

coordinate space and lie on the approximated ruled surfaces. The intersection points are 

projected back to the original B-spline surfaces to obtain the parametric values, sorted, 

then interpolated to generate cubic B-spline curves in the original parametric space. 

4.1 Surface Inversion of a Point 

The projection of an intersection point from the approximated ruled surface to the 

Original B-spline surface amounts to finding the minimum distance from a point on the 

original B-spline surface to the given intersection point. The problem can be expressed 

as a vector equation as follows (Timmer, 1977): 
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V = p(uw)—G (4.1) 

where V will be minimized. p(u,w) is a point on the original B-spline surface, and gq is 

the given intersection point. An iteration scheme is required since the problem cannot 

be easily solved analytically. Computing the variation of Eq. 4.1: 

_ —_ 

> Op Op 
OV = an Cu + ow OM (4.2) 

Making an initial guess (u,, w;) such that V(u;, w,) = V;, the variation may be interpreted 

as: 

oe — 

= = Op op 
Migi— Mia (Gr) Gia — wd + CG) Ore — wd (4.3) 

Set V,,, = 0 and perform the appropriate vector products to obtain 

  

i, 
U4 = ut 

Ni 

B, 
Wray = Wp 

Ni; 
_ dp - (4.4) 
Aj=(3~) XV; 

i 

— ap — 
= V Bim (By) Mi 

- op Op 
M=(G7) (sy 

The iterations will converge u;,,, w;,, to the point on the B-spline surface that is closest 

to g , and the criterion to stop the process may be: 
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li, -U%l <e (4.5) 

4.2 Sorting of the Intersection Points 

The above inversion will produce a string of parameter values of the intersection 

points. They are stored in a sorting list that is composed of a number of sets. For each 

set, there are two end points, and a predefined number of intermediate points which 

make up an intersection curve of two patches. The sorting algorithm will first connect 

the end points of two sets that share a common edge as shown in Figure 13 on page 41 

to form a link, then it will connect the end point of the link to the end point of a set 

which shares the common edge. Once the sets are put into the link, they will be excluded 

from the sorting list. The linking process will continue until the sorting list is empty or 

there is no match between the end points of a set and the link. This algorithm is 

designed to sort for a maximum of two links from a sorting list. However it can be 

modified easily for greater number of links. 

4.3 Interpolating the Intersection Points 

Finally these strings of ordered points (links) are interpolated with cubic B-spline 

curves. This is done by providing the link and the end condition to a B-spline curve 

inversion algorithm (Gloudemans, 1990). The end condition can be specified as closed 
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  Figure 13. Sorting of intersection points: Connect the point that share the common edge     
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or open by comparing the two end points of the link. The inverted curves are in the 

original intersecting B-spline surfaces parametric space. However, they can be expressed 

in cartesian coordinate space when required. 
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Chapter 5 

Applications and Examples 

Several examples will be presented in this chapter demonstrating the applications of 

the algorithm for the intersection of B-spline surfaces. Figures 14, 15 and 16 show 

different views of the intersection of two subset 1 surfaces of case 1, where the 

intersection curve turns out to be a straight line. Figures 17 and 18 show the intersection 

of two subset | surfaces of case 2, where the intersection curve is obtained in closed form 

as discussed earlier. Figure 19 illustrates the intersection of two B-spline ruled surfaces 

(subset 2 surfaces). Figure 20 illustrates the intersection of two general B-spline surfaces 

in which the surfaces are subdivided and approximated with eight and nine subset 2 

patches respectively in the intersection algorithm. 

The following example is the intersection of the components of a conceptual model 

of an advanced aircraft in ACSYNT (Wampler et al, 1988). Figure 21 shows the 

intersections of the wings and the fuselage, and Figure 22 illustrates the intersections 

of the tail and the afterbody. All the B-spline surface patches in this aircraft model were 
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Figure 14.   Intersection of subset | surfaces of case | (view 1): 

  
Isometric view.     
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  Figure 15. Intersection of subset | surfaces of case | (view 2): Side view.     
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Figure 16. Intersection of subset 1 surfaces of case | (view 3): Top view.     
  

Applications and Examples 46



 
 

 
 

 
 

 
 

 
 

  
  

 
 

  
 
 

  
    
 
 

   
 

 
 

 
 

 
 

  
Intersection of subset 1 surfaces of case 2 (view 1): Isometric view. Figure 17.   
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        Figure 18. Intersection of subset 1 surfaces of case 2 (view 2): Top view.     
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Intersection of two B-spline ruled surfaces Figure 19.   
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Intersection of two B-spline surfaces Figure 20.   
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successfully approximated with just one B-spline ruled surface each in the intersection 

algorithm, with tolerance of 0.012 inch. The fuselage is 27.4286 feet long and it is 

approximated with subset 1 patches, whereas the wings, tail and afterbody are 

approximated with subset 2 patches. Finally Figures 23, 24, 25 and 26 show different 

views of the aircraft with the intersection curves. 

Appendices D through J contain the source code listings for all the intersection 

algorithms described in this thesis. The code is written in FORTRAN 77, and uses 

IBM’s graPHIGS for graphical output. The code is divided into seven sections: 

e Appendix D: Main program for intersection algorithms 

e Appendix E: Intersection 

e Appendix F: Ruled surfaces approximation 

e Appendix G: Intersection of two subset 1 surfaces 

e Appendix H: Intersection of subset 1 and subset 2 surfaces 

e Appendix I: Intersection of two subset 2 surfaces 

e Appendix J: Mathematical functions 
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  Figure 21. Intersections of the wings and the fuselage 
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Intersections of the tail and the afterbody Figure 22.   
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  Figure 23. Intersections of the aircraft components (view 1): 

  
Isometric view.   
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Figure 24. Intersections of the aircraft components (view 2): Side view.       
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Figure 25. Intersections of the aircraft components (view 3): Top view.     
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  Figure 26. Intersections of the aircraft components (view 4): Front view. 
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Chapter 6 

Conclusions and Recommendations 

This research investigated a new approach for solving the intersection of two bicubic 

B-spline surfaces. It differs from other conventional numerical and analytical methods 

in that: 

1. The surfaces are approximated with ruled surfaces rather than planar polygons to 

reduce the number of subdivisions, and consequently improve the surface 

approximations. The ruled surface approximations are especially advantageous in 

aircraft and ship design where such surfaces can be easily approximated with ruled 

surface patches. 

2. In contrast to algebraic geometry, where the computations quickly become 

unmanageable, even when dealing with surfaces of relatively low degree 

(Waggenspack, 1987), the intersection problems are solved analytically because of 

the ruled surface approximations. 
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3. The intersection curve is presented in the original parametric space regardless of the 

approximated nature of the intersection process. This is useful for the purposes of 

analysis, design, or manufacture, and it can be easily expressed in cartesian 

coordinates when required. 

4. While the solution method is based on uniform B-spline surfaces, it is believed that 

due to the analytical strategy, the solution is applicable to other mathematical 

forms; for instance, NURBS or Bezier surfaces. 

In the intersection algorithm, a preset number of intersection points are solved for 

between two single patches, regardless of the spacing between the intersection points. 

This will create some problems especially when the intersection points are interpolated 

with a uniform B-spline curve. The curve may be transformed or twisted to an undesired 

shape due to the uneven spacing of the points. For better control of the shape of the 

intersection curve, it is suggested that the number of intersection points solved for 

between two patches be a function of the spacing of the intersection points. IMSL 

(IMSL User’s Manual, 1987) and bisection algorithms were utilized to produce the 

examples shown earlier. The algorithms are reasonably fast and robust. However, there 

is definitely room for improvement with a better rootsolving algorithm; for example, 

Newton’s method. 
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Appendix A : Solution for Case 1 of Category 1 

In solving the intersection in case | of category 1, a system of nonlinear equations 

{two equations with two unknowns) is solved. This will generate a 12th order 

polynomial. The system is as follows (refer to Eqs. 3.6 and 3.7): 

alu’ + a2u? + a3utad = adw’ + abw + aw + a8 (Al) 

al'u’ + a2'u? + a3'u+a4' = a5'w’ + a6'w? + a7'w+ a8’ (A2) 

Rearranging the equations: 

alu? + a2u’ + a3u + a4 — a5w’ — abw’ — alw— a8 = 0 (A3) 

al'u? + a2'u? + a3’u+ ad! — a5'w — ab'w? — a7’w— a8’ = 0 (A4) 

Compute [(Eq. A3) x al’] — [(Eq. A4) x al] to reduce the highest order of u in Eqs. A3 

and A4 to quadratic, and use notation such as (Salmon, 1885): 

a2al’ — a2’al = (a2al’) , or a2’al — a2al’ = (a2’al) in the process: 
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(a2al’)u* + (a3al’)u + (a4al’) + (a5'al)w® + 
5 

(a6'al)w? + (a7'al)w + (a8'al) = 0 (45) 

Again perform [(al’u? + a2’u+ a3’) x (Eq. A3)] — [(alu? + a2u + a3) x (Eq. A4)] to 

reduce the highest order of uw in Eqs. A3 and A4 to quadratic, and use notation such as 

alaS’ — al’a5 = (ala5'),or a5’al — aS5al’ = (a5’al1) to obtain: 

u°[ (alas’)w* + (ala6’)w? + (ala7’)w + (ala8’) + (al’a4) | + 

ul (a2a5’)w* + (a2a6')w* + (a2a7’)w + (a2a8’) + (a2’a4) |] + (A6) 

[ (a3a5’)w’ + (a3a6')w* + (a3a7’)w + (a3a8’) + (a3’ a4) | = 0 

Rewrite Eqs. A5 and A6 as: 

au’ + but+c+dw'+ew'+fwteg = 0 (A7) 

u'(tlw? + 12w? + tw + 14) + u(tSw? + w6w? + t7w + 18) + «48) 

(19w? + 110w? + tlw 712) = 0. 

Compute [(Eq. A7) x (tlw + 22w? + 13w + 14) ] — L(Eq. A8) x a] to reduce u in Eqs. 

A7 and A8 to linear: 

ul (btl — at5)w? + (b12 — at6)w? + (bt3 — at7)w + (14 — at8) | + 

w°(dtl) + w?(dt2 + etl) + w'(dt3 + ef2 + ftl) + 

w'(ctl + dt4 + et3 + fi2 + gtl — at9) + (A9) 

w*(ct2 + et4 + f13 + gt2— atl0) + 
w(ct3 + ft4 + gt3 — atll) + 

(ct4 + gt4 —atl2) = 0 

Again perform {(Eq. A7) x [u(tluw) + t2uw? + t3uw + tu + t5w + t6w? + t7w + £8)]} — 

[(Eq. A8) x (au + b)] to reduce u in Eqs. A7 and A8 to linear: 
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uL(tlayw® + (tle + 12d\w? + (11f + 2e + Bdyw* + 

(tle + tlg + 12f+ Be + t4d— at9)w + 

(12c + 12g + 13f + t4e — atlO)w* + (3c + 3g + 14f— atll)w+ 

(t4c + t4g — atl2)] + 

w°(t5d) + w°(t5e + t6d) + w(t5f+ t6e + 17d) + 

w'(t5e + 15g + 16f + tTe + 8d — bt9) + w°(t6c + t6g +17 + 182 — bt10) + 
w(t7c + t7g +18f — bt11) + (8c + 18g — 6112) = 0 

Rewrite Eqs. A9 and A1l0 as: 

u(slw* + s2w* + s3w+ s4) + sSw° + s6w? + 

sTw’ + s8w? + s9w? + slOw+sll = 0 

u(vlw° + v2w? + v3w + v4w? + v5w? + vow + v7) + 

v8w° + vOw? + vlOw" + vilw? + vl2w? + vi3w+v14d = 0 

(A10) 

(All) 

(412) 

Finally perform [(Eq. All) x (v1 w* + v2ws + v3w4 + v4w8 + v5w? + v6w + v7) ] — 

[ (Eq. A12) x (slw? + s2w? + s3w + s4)] to eliminate u in Eqs. All and A12, and yield 

a 12th order polynomial of w: 
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w!*(s5v1) +w'|(s5v2 + s6v1) + w'°(s5v3 + s6v2 + s7v1) + 

w?(s5v4 + s6v3 + s7v2 + s8vl — s1v8) + 

w*(s5v5 + s6v4 + s7v3 + 58v2 + s9vl — s1v9 — 52v8) 

w'(s5v6 + s6v5 + 87v4 + s8v3 + s9v2 + 
sl0vl + sllvl —slvl] — s2v10 — s3v9 — s4v8) + 

w°(sSv7 + s6v6 + s7v5 + s8v4 + 59v3 + 
s10v2 + sllvl — slv1l — s2v10 — s3v9 — s4v8) + 

w(s6v7 + s7v6 + s8v5 + s9v4 + s10v3 + sllv2 — slvl2 — s2vl1 — s3v10 — s4y9) + 

w'(s7v7 + s9v6 + s10v5 + sllv4 — slvl4 — s2v13 — s3v12 — s4v10) + 

w*(s8v7 + s9v6 + slOvS + s11v4 — slvl4 — s2v13 — s3v12 — s4v11) + 

w’(s9v7 + s10v6 + sl1v5 — s2v14 — 53v13 — s4v12) + 
w(sl0v7 + sl1v6 — s3v14 — s4v13) + (sllv7 — s4vl4) = 0 

(A13) 
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Appendix B : Solution for Case 1 of Category 2 

In solving the intersection in case | of category 2, a system of nonlinear equations 

(two equations with two unknowns) is solved. This will generate a sixth order 

polynomial. The system is as follows (refers to Eqs. 3.19 and 3.20): 

X-X 
CX+C, = = Y,(w) + Y,(w) (Bl) 

_ X= Xiw) KX+ Ky = Se Zul) + Zi) (B2) 

where C,, C,, K, and K, are the values of the defined functions, .,.X;, Y.,¥;,Z. and Z, are 

the cubic functions of the associated variable, and XY is the second unknown (one of the 

three scalar values of the intersection point). Extend and rearrange the Eqs. BI and B2 

as follows: 

XLC,X,(w) — Yq(w)] + £C,Xq(w) + X(w)¥_(w) — X,(w) ¥,(w)] = 0 (B3) 
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XLK,X,(w) — Z,(w)] + LK.X,(w) + X,(w)Z,(w) — X,(w)Z,(w)] = 0 (B4) 

Compute {(Eq B4) x LC.X,(w) — Y.(w)]} — {(Eq B3) x LK.X.(w) — Z.(w)]} to eliminate 

X, and yield a 6th order polynomial of w: 

CK, XQ(w) + CX, (w)Z,(w) — C,X,(w)Z,(w) — Ko ¥,(w) + ¥,(w)Z,(w) 
~ CpK,Xq(w) + K, Xgl») ¥(w) + K,X_()¥(w) — CoZq(w) — Zelw) ¥,(w) = 0 (2°) 
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Appendix C : Solution for Case 2 of Category 2 

In solving of the intersections in case 2 of category 2, one variable must be 

eliminated from a non-linear system which is composed of two equations with two 

unknowns. The solution of this non-linear system eventually yields a 33rd order 

polynomial. The non-linear system is as follows (refer to Eqs. 3.25 and 3.26): 

X3(u) — X,(w) 
Y; (u) = X,( w) Y,(w) + ¥,(w) (Cl) 

X,(u) — X,(w) 

2:\4) = ~¥Gw) Z,(w) + Z,(w) (C2) 

where X3, ¥3, Z:, Xo, Xs, Yo, Ys, Zand Z, are the cubic functions of the associated 

variables. Extend the cubic functions in Eqs. Cl and C2, and rearrange the equations 

as follows for elimination: 

au’w? + bubw? + cubw + du? + eu’w" + fu'w? + gu’wt hu? + 

iuw? + iuw? + kuw + lu + mw® + nw? + ows + pw' + qw+rwts = 0 
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duwtbuwwt+cuws+a'u +euw + furw* + g’uow+ hu? + 
(C4) 

uw? + j'uw? +kuwtlutm'w +n'w +ow + p'w + q'w* +rw+s' = 0 

Compute [(Eq. C4) x (aw? + bw?+cw+d)] —- 

L (Eq. C3) x (a’w5 + b’w? + c'w + d’)] to reduce u in Eqs. C3 and C4 to quadratic: 

aauw° + bbu’w? + ccu’w* + ddu’w? + eeuw? + ffu'w + geu? + 

hhuw® + iiuw? + jjuw* + kkuw? + luw* + mmuw + nnu+ (C5) 

xlw? + x2w® + x3w! + x4w® + x5w? + 

x6w) +x7w? + x8w" +x9w+xl0 = 0 

where 

aa = (ae’ — ea’) 

bb = (af — fa’) + (be' — eb’) 

cc = (ag’ — ga’) + (bf — fb’) + (ce’ — ec’) 

dd = (ah' — ha’) + (bg' — gb') + (cf — fc’) + (de’ — ed’) 

ee = (bh' — hb’) + (cg’ — ge') + (df — fa’) 

Sf = (ch' — he’) + (dg' — gd’) 
gg = (dh’ — hd’) 
hh = (ai’ — ia’) 

ii = (aj’ — ja’) + (67 — ib’) 

dj = (ak' — ka’) + (b)’ — jb’) + (ci’ — ic’) 

kk = (al’ — la’) + (bk’ — kb’) + (¢j’ — jc’) + (ai’ — id’) 

ll = (bl’ — 1b’) + (ck’ — kc’) + (dj’ — ja’) 

mm = (cl! — Ic') + (dk' — ka’) 

nn = (al’ — Id’) 
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x1 =(am' — ma’) 

x2 = (an’ — na’) +(bm' — mb’) 

x3 = (ao’ — oa’) + (bn' — nb’) + (cm'’ — mc’) 

x4 = (ap’ — pa’) + (bo' — ob’) + (cn’ — nc’) + (dm' — mad’) 

x5 = (aq’ — qa’) + (bp' — pb’) + (co’ — oc’) + (dn' — nd’) 

x6 = (ar’ — ra’) + (bq’ — qb’) + (cp’ — pce’) + (do’ — od’) 

x7 = (as’ — sa’) + (br’ — rb’) + ( cq’ — qe’) + (dp’ —pa’) 

x8 = ( bs’ — sb') + (cr’ — rc’) + ( dq’ — qa’) 

x9 = (cs’ — sc’) + (dr’ — rd’) 

x10 = (ds' — sd’) 

Again compute L(Eg. C4) x (auw? + buw? + cuw + du + ew + fw? + gw+h)] — 

[ (Eq. C3) x (a’uw) + b’uw? + c'uw + d'u + e'w + fw? + g’w +t h’)] to reduce u in Eqs. 

C3 and C4 to quadratic: 

aad'u’w® + bb'u’w? + cc'u?w* + dd'u'w? + ec'u’w? + ffu'w + ge'u? + 

yluw? + y2'uw® + y3'uw’ + hh'uw® + 

i’uw? + jj'uw" + kk'uw? + Wuw? + mm'uw + nn'u + (C6) 

x1'w? + x2'we + x3'w! + x4’ we + x5'we + 

x6'we + x7'w? + x8'w? + x9’ w+ x10’ = 0 

where 

aa’ =(ai' — ia’) 

bb’ = (aj’ — ja’) + (bi’ — ib’) 

cc’ = (ak’ — ka’) + (bj — jb’) + (ci’ — ic’) 

dd’ = (al’ — la’) + (bk’ — kb’) + (¢j’ — jc’) + (di — id’) 

ee’ = (bl' — Ib’) + (ck’ — kc’) + (dj’ — ja’) 

if =(cl’ — Ic’) + (dk' — kd’) 

gg’ = (dl! — Id’) 
yl’ =(am' — ma’) 

y2’ = (an' — na’) + (bm — mb’) 

y3’ = (ao’ — oa’) + (bn’ — nb’) + (em' — mc’) 
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hh’ = (ap’ — pa’) + (bo’ — ob’) + (en’ — nc’) + (dm' — md’) + (e?’ — ie’) 

ii’ = (aq’ — qa’) + (bp’ — pb') + (co' — oc’) + (dn' — na’) + (ej — je’) + 

(fi + if) 
ii’ = (ar’ — ra’) + (bq’ — qb’) + (cp’ — pe’) + (do’ — od’) + (ek’ — ke’) + 

(f' +i) + (gi + ig’) 
kk’ = (as’ — sa’) + (br’ — rb’) + (.cq’ — qe’) + (dp’ — pa’) + (el — le’) + 

(fk' + kf) + (g/’ + jg’) + (hi + ih’) 

Ul = ( bs! — sb!) + (cr’ ~ re!) + (dq! — qa’) + (ft — If) + (gk! + ke’) + 
(hj’ + jh’) 

mum’ = (cs’ — sc’) + (dr’ — rd’) + (gl’ — Ig’) + (hk’ — kh’) 

nn’ = (ds’ — sd’) + (Al’ — th’) 

xl’ =( em’ — me’) 

x2' =( en’ — ne’) + (fm' — mf) 

x3’ = (eo' — oe') + (fn' — nf) + (gm’ — mg’) 

x4’ = (ep’ — pe’) + (fo' — of) + (gn’ — ng’) + (hm' — mh’) 

x5’ = (eg' — ge’) + fp’ — pf) + (go’ — 0g") + (hn’ — nh’) 

x6’ = (er’ — re’) + (fq! — af) + (gp’ — pg’) + (ho! — oh’) 
xT’ = (es’ — se’) + (fr' — rf) + (gq! — 4g") + (Ap’ — ph’) 

x8" = (fs’ — sf) + (gr’ — rg’) + (hq' — gh’) 
x9’ = ( gs’ — sg’) + (hr’ — rh’) 

x10’ = (hs’ — sh’) 

Compute [(Eq. C6) x (aaw® + bbws + ccw4 + ddw + eew? + ffw + gg) ] — 

L(Eq. C5) x (aa’w' + bb'w' + cc’w4 + dd’ ws + ee'w + ff w + ge’) | to reduce u in Eqs. 

C5 and C6 to linear: 

5 4 
auw'? + buw™ + cuw’? + duw™ + euw!! + fuw!? + 

guw? + huw® + iuw’ + juw® + kuw? + luw* + 

muw? + nuw? + ouw + put slw? + s2w'* + s3w + (C7) 

s4w!? + sswia sow? + sTw° + s8w + sow’ + 

slOw® + sllw? + sl2w’ + sl3w’ + sl4w’ + sl5w+sl6 = 0 

where 
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a = (aayl’) 

b = (bbyl’) + (aay2’) 

c = (ccyl’) + (bby2’) + (aay3’) 

d = (ddy1") + (ccy2') + (bby3') + (aahh’ — hhaa’) 

e = (eeyl’) + (ddy2’) + (ccy3’) + (bbhh’ — hhbb’) + (aaii’ — iiaa’) 

S= (GV) + (eey2’) + (ddy3’) + (cchh’ — hhec’) + (bbii’ — iibb’) + (aajj’ — jjaa’) 

g = (gevl’) + (ffy2') + (eey3’) + (ddhh’ — hhdd’) + (ccii’ — iicc’) + 

(bdjj’ — jjbb’) + (aakk’ — kkaa’) 

h = (ggy2') + (ffy3’) + (eehh’ — hhee’) + (ddii’ — iida’) + (cejj’ — jjcc') + 

(bbkk’ — kkbb') + (aail’ + llaa’) 

i= (ggy3’) + (ffhh’ — hhff) + (eeii’ — tiee’) + (ddjj’ — jidd') + (cckk’ — kkec’) + 

(bbw + llbb’) + (aamm' — mmaa’) 

J = (gghh’ — hhgg’) + (ffir — iiff) + (eejj’ — jee’) + (ddkk' + kkda') + 

(ccll’ — llcc’) + (bbmm!’ + mmbb') + (aann’ — nnaa’) 

k = (ggii’ — iigg’) + (ffi — diff) + (eekk’ — kkee’) + (ddll' + lida’) + 

(ccomm' — mmcec’) + (bbnn’ + nnbb') 

l= (ggjj’ — jigg') + (ffkk’ — kkff) + (eell’ — llee') + (ddmm' + mmdd') + 

(ccnn’ — nncc’) 

m= (ggkk’ — kkgg’) + (fll — luff) + (eemm’ —mmee’) + (ddnn’ + nnda’) + 

(ddnn' — nnda’) 

n= (ggll' — ligg’) + (ffmm' — mmff) + (eenn’ — nnee’) 

o =(ggmm’ — mmgg’) + (ffnn’ — nnff) 

p =(ggnn' — nngg’) 
sl = (aaxl’ — xlaa’) 

$2 = (bbxl’ — x1bb’) + (aax2’ — x2aa’) 

s3 = (ccxl’ — xlcc’) + (bbx2’ — x2bb’) + (aax3’ —x3aa’) 

$4 = (ddx1' — xldd’) + (cex2’ — x2cc’) + (bbx3’ — x3 bb’) + (aax4' — x4aa’) 

SS = (eexl’ — xlee’') + (ddx2' — x2dd') + (ccx3’ — x3cc’) + (bbx4’ — x4bb’) + 

(aax5’ — x5aa’) 

s6 = (ffxl’ — xl ff) + (eex2’ — x2ee’) + (ddx3’ — x3dd') + 

(ccx4’ — x4cc’) + (bbx5’ — x5bb') + (aax6’ — x6aa’) 

s7 = (ggxl’ — xlgg’) + (ffx2’ — x2ff) + (eex3’ — x3ee') + (ddx4’ — x4dd’) + 

(ccxS' — x5ec’) + (bbx6’ — x6bb’) + (aax7’ — x7aa’) 
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s8 = (ggx2’ — x2gg") + (ffx3' — x3 ff) + (eexd’ — x4ee’) + (ddx5’ — xSdd’) + 

(ccx6’ ~ x6cc’) + (bbx7’ — x7bb’) + (aax8’ — x8aa’) 

s9 = (ggx3’ — x3gg’) + (fxd — x4ff) + (eexS’ — xSee") + (ddx6’ — x6da’) 

(ccx7T’ — x7cc’) + (bbx8’ — x8bb’) + (aax9’ — x9aa’) 

$10 = (ggx4’ — x4ge") + (ffxS’ — xSff) + (eex6’ — x6ee’) + (ddxT' — xTda’) + 

(cex8’ — x8cc’) + (bbx9’ — x9bb') + (aax10’ — x10aa’) 

sil = (ggx5’ — xSgg’) + (ffx6’ — x6ff) + (eex7’ — xTee’) + 

(ddx8’ — x8dd’) + (ccx9’ — x9cc’) + (bbx10' — x10bb’) 

S12 = (egx6’ — x6gg') + (ffx7' — x7 ff) + (eex8' — x8ee’) + (dax9’ — x9da’) + 

(ccx10’ — x10cc’) 

S13 = (ggx7' — x7gg') + (ffx8' — x8ff) + (eex9’ — x9ee') + (ddx10' — x10da’) 

s14 = (ggx8’ — x8geg') + (ffx9’ — x9/f) + (eex10’ — x10ee’) 

S15 = (ggx9’ — x9gg') + (ffxl10’ — x10’) 

sl16 = (ggx10’ — x10gg’) 

Again compute [(Eq. C6) x (aauw® + bbuw’ + ccuw* + dduw® + eeuw? + 

JSfuw + ggu+ hhw® + iiw? + jiw* + kkw? + lw? + mmw + nn) | — 

[ (Eq. C5) x (aa'uw® + bb'uw> +cc'uw* + dd’uw® + ee'uw* + ff uw + ge'ut 

hh'w® + i'w? + jj'w + kk'w? + Uw? + mm'w + nn’) ] 

to reduce u in Eqs. C5 and C6 to linear: 

a'uw’? + b'uw'* + cluw? + d'uw” + e’'uw'' + fuw? + 

giuw? + h'uw® + uw’ + j'uw® + k'uw? + Fuw* + 

m'uw? + n'uw? + o'uw + put tlw? + r2w!? + 
(C8) 

3w'? + z1w?? + z2w"4 + 23w?? + 24w!? + z5w') + 

z6ow!? + z7w° + z3w* + z9w’ + z10w® +z] lw? + 

zl2w* + z13w’ + zl4w’ + zl5w+z16 = 0 

where 
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a’ = (xlaa’ — aax1') 

b’ = (x1 bb' — bbx1') + (x2aa’ — aax2') 

ce’ = (xlcc’ — ccx]') + (x2bb’ — bbx2’) + (x3aa’ ~— aax3') 

d’ = (xldd’ — ddx1') + (x2cc' — ccx2') + (x3bb' — bbx3') + (x4aa’ ~ aax4’) 

e’ = (xlee’ — eexl’) + (x2dd" — ddx2’) + (x3cc’ — ccx3') + (x4bb’ — bbx4’) + 

(x5aa’ — aax5') 

tS =(4lff —ffrl’) + (x2ee’ — eex2') + (x3dd' — ddx3’) + (x4cc’ — ccx4’) + 

(xSbb’ — bbx5') + (x6aa' — aax6’) 

g’ = (xl gg’ — gexl’) + (x2ff — ffx2') + (x3ee’ — eex3’) + (x4dd’ — ddx4’) + 

(xSce’ — ccxS') + (x6bb' — bbx6') + (x7aa’ — aax7’) 

h! = (x2ge’ — ggx2') + (x3 ff — ffx3’) + (x4ee’ — eex4’) + (xSdad’ — ddx5’') + 

(x6cc’ — ccx6') + (x7bb’ — bbx7') + (x8aa’ — aax8’) 

i’ = (x3gg’ — gex3’) + (x4 ff — ffx’) + (xSee’ — eex5') + (x6dad’ — ddx6’) + 

(x7cc’ — ccxT') + (x8bb' — bbx8') + (x9aa' — aax9') 

J’ = (x4eg’ — ggx4’) + (xSff — ffx5’) + (x6ee’ — eex6’) + (x7dd’ — ddx7’) + 

(x8cc’ — ccx8') + (x9bb’ — bbx9"') + (x10aa' — aax10’) 

k! = (x5ge’ — ggx5') + (x6ff — ffx6’) + (xTee’ — eexT’) + (x8da" — ddx8')+ 

(x9ec'’ — ccx9") + (x10bb' — bbx10') 

’ = (x6gg' — ggx6’) + (x7ff — ffx7’) + (x8ee’ — eex8’) + (x9da" — ddx9’) + 

(x10cc’ — ccx10') 

m = (x7gg' — ggxT’) + (x8 — ffx8’) + (x9ee’ — eex9’) + (x10dd' — ddx10’) 

n! = (x8ge' — gex8') + (x9ff — ffx9’) + (x10ee’ — eex10') 

o’ = (x9ge’ — gex9’) + (xlOff —/fx10’) 

p’ = (x10gg" — ggx10') 
tl =(xlyl’) 

t2 = (xly2') + (x2yl’) 

t3 = (xly3’) + (x2y2’) + (3yl’) 

Zz] = (x2y3’) + (x3y2') + (x4yl') + (x hh! — hhxl’) 

22 = (x3y3’) + (x4y2’) + (xSyl’) + (ell — tix lt’) + (x2hh' — hhx?’) 

z3 = (x4y3') + (x5y2’) + (x6yl’) + (xy? — gx’) + («2a — tix2') + 

(x3hh' — hhx3') 

24 = (x5y3') + (x6y2") + (x7yl’) + (XL kR! — kkxl’) + (x2j’ — yjx2') + 

(x3ii’ — iix3’) + (x4hh’ — hhx4’) 
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z5 = (x6y3’) + (x7y2’) + (x8yl’) + (x Ll — Exe’) + (x2kR! — kk x2’) + 

(x3 jj’ — jx’) + (x4ii’ — tix’) + (xShh’ — hhxS’) 

26 = (x7y3’) + (x8y2’) + (x9y1’) + (xl mm’ — mmx") + (x21 — Ilx2') + 

(x3kk! — kkx3') + (x4j" — jix4’) + (XSi! — iixS’) + (x6hh’ — hhx6’) 

z7 = (x8y3’) + (x9y2’) + (x1Oyl’) + (xl an’ — nnxl') + (x2mm! — mmx2') + 

(x3U’ — Ulx3’) + (x4kk! — kkx4') + (xdji’ — fix’) + (x6ii — tix6’) + 

(x7hh' — hhx7’) 

28 = (x9y3’) + (x10y2’) + (x2nn! — nnx2') + (x3mm!' — mmx3') + (x4ll’ — llx4') + 

(x5kk’ — kkx5’) + (x6jj’ — jjx6’) + (x Til’ — iix7') + (x8Ah' — hhx8’) 

z9 = (x10y3') + (x3nn' — nnx3') + (x4mm! — mmx4’) + (xSll’ — x5’) + 

(x6KK' — Kkx6’) + (x7ji’ —jjx7') + (x8ii —iix8’) + (x9hh' — hhx9') 

Z10 = (x4nn’ — nnx4’) + (xSmm! — mmx5S’) + (x6ll’ — x6’) + (xTkk! — kkx7’) + 

(x8 jj’ —jjix8’) + (x9ii! —iix9’) + (xlOhh’ — hhx10’) 

zl = (xSan’ — nnx5’) + (x6mm' — mmx6') + (x7! — Ux’) + (x8kR! — kKx8’) + 

(x9jj’ —jjx9") + (x10i —iix10’) 

z12 = (x6nn’ — nnx6’) + (x7mm! — mmxT7') + (x8ll' — llx8’) + (x9kk! — kkx9’) + 

(x10j;’ —jjx10') 

213 = (x7nn! — nnxT') + (x8mm' — mmx8') + (x91! — llx9') + (0 1LOKK’ — kkx10') + 

214 = (x8nn’ — nnx8') + (x9mm’ — mmx9’) + (x10il’ — ix10’) 

z15 = (x9nn’ — nnx9') + (x10mm' — mmx10') 

z16 = (x1l0nn’ — nnx10’) 

Finally compute L(Eq. C8) x (aw" + bw + cw? + dw? + ew'! + fw"? + gw? + 

hw® + iw’ + jw® + kw? + lw? + mw? + nw? + ow + p) | — 

[ (Eq. C7) x (a'w?? +bwitecwiht+dw+e'w'! +fw +g'w’ + 

hw +itw! +j'wo + kw +lw + mw +n'w* + owt p') J 

to eliminate u in Eqs. C7 and C8, and yield a 33th order polynomial : 

q34w™? + q33w> + q32w* + q3iw™ + q30w”? + q29w® + q28w?’ + q27w® + 
25 24 23 22 21 20 19 18 

q26w + q25w” + q24w™ + q23w™ + q22w” + q2lw” +q20w “+ql9w > + 

qi8w'’ + ql7w'® + ql6w’? + qi5w'* + law’ + gi3w”? + ql2w''+qllw’+ (C9) 

ql0w? + gaw* + q8w’ + giw° + g6w> + qsw" + g4w® + 

g3w* + qgw+qi = 0 
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where 

q34= tla 

qg33 = tlb+ ta 

q32=tle+ 12b+ Ba 

g3l=tld+ t2c+ 364 (zla— sla’) 

qg30 = tle + 12d + t3c + (z1b — s1b’) + (22a — 52a’) 

q29 = tif+ t2e + 13d + (zle — slc’) + (z2b — s2b’) + (z3a — s3a’) 

q28 = tlg + 12f+ t3e + (zld— sld’) + (22c — s2c’) + (z3b — 3b’) 

+ (z4a — s4a') 

q27 = tlh + 12g + t3f+ (zle — sle’) + (22d — s2a’) + (23c — s3c’) 

+ (z4b — s4b’) + (z5a — s5a’) 

q26 = tli+ 12h + 13g + (zif—sif’) + (z2e — s2e’) + (23d — 53d’) 

+ (z4c — s4c’) + (z5b — s5b’) + (z6a — s6a’) 

g25 = th) + 121+ 13h 4+ (zlg — slg’) + (22f— s2f) + (z3e — s3e’) 

+ (z4d — s4d') + (z5c — sSc') + (z6b — s6b') + (z7a — s7a’) 

q24 = tlk + (27+ 13i+ (21h — sh’) + (22g — 82g’) + (23f— s3f) 

+ (z4e — sde’) + (z5d — s5d’) + (z6c — s6c’) + (z7b — s7b’) 

+ (z8a — s8a’) 

g23 = tll+ 12k + t37 + (2li— sli’) + (22h — s2h') + (23g — 53g’) 

+ (z4f— s4f) + (z5e — sSe’) + (z6d — s6a’') + (z7c¢ — s7c’) 

+ (z8b — s8b’) + (z9a — 59a’) 

g22 = tlm + 1214 13k + (zlj — sly’) + (227 — 527’) + (23h — 53h’) 

+ (z4g — s4g’) + (z5f— s5f) + (z6e — s6e’) + (27d — s7d’) 

+ (z8c — s8c’') + (z9b — s9b’) + (z10a — 510a’) 

g21 = tin + t2m + 131+ (21k — sik’) + (227 — s2;’) + (z3i— 537’) 

+ (z4h — s4h') + (z5g — s5g’) + (26f— s6f’) + (z7e — sTe’) 

+ (z8d — s8d') + (z9c — s9c’) + (z106 — 5100’) + (zl la — sla’) 

q20 = tlo + t2n+ 13m + (z1/— sll’) + (22k — s2k’) + (23) — 53’) 

+ (24i — s4i’) + (25h — sSh’) + (z6g — s6g’) + (z7f— s7f) 

+ (z8e — s8e’) + (29d — s9a’) + (z10c — s10c’) + (z116 — s118’) 

+ (zl2a — s12a’) 
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g19 =tlp t+ 120 + t3n + (zlm — sim’) + (221 — 520) + (23k — 53k’) 

+ (247 — s4j’) + (z5i — s5i’) + (26h — s6h’) + (z7g — 57g") 

+ (z8f— s8f) + (z9e ~— s9e’) + (z10d — 510d’) + (zl 1c — sl 1c’) 

+ (z12b — 5126’) + (z13a — s13a’) 

g\8 = 12p + 130 + (zln — sin’) + (22m — s2m’) + (zl — 830) 

+ (z4k — s4k’) + (z5j — s5j') + (z6i — s6i’) + (z7h — sTh’) 

+ (28g — s8g’) + (z9f— s9f) + (z10e — s10e’) + (zl ld— s1ld’) 

+ (z12¢ — s12c’) + (2135 ~ s13b’) + (214a — s14a’) 

gl7 = Bp + (zlo — slo’) + (z2n — 52n') + (z3m — s3m’) + (241 — s4l’) 

+ (z5k — sk’) + (z6j — s6j’) + (z7i — s7i’) + (28h — s8h’) 

+ (z9g — 59g") + (z10f— sl0f) + (zlle — slle’) + (z12d — s12a’) 

+ (z13c — s13c’) + (z14b — s14b')(z15a — s15a') 

qgi6 = (zlp — slp’) + (z20 — s20’) + (23n — s3n’) + (z4m — 54m’) 

+ (251 — s5I') + (z6k — s6k’) + (z7j — s7/’) + (287 — 587’) 

+ (z9h — s9h’) + (z10g — 510g’) + (zl If— sf) + (212e — s12e’) 

+ (z13d — s13a") + (z14c — s14c’)(z15b — 5156’) + (z16a — s16a’) 

gi5 = (z2p — s2p’) + (230 — 30’) + (z4n — s4n') + (zSm — s5m’) 

+ (z6l — s6l’) + (27k — sTk') + (287 — 8j') + (29% — 597’) 

+ (z10h — s10A’) + (zllg — slig’) + (212f— s12f) + (z13e — s13e’) 

+ (zl4d — s14d’) + (z15c — s15c’)(z16b — s16b’) 

g14 = (z3p — s3p’) + (z40 — s4o’) + (z5n — sn’) + (26m — s6m’) 

+ (z7l — s7l') + (28k — s8k’) + (29j — 59’) + (210i — 5107’) 

+ (zlIh— sith’) + (212g — 512g’) + (213f— s13f) + (z14e — 514’) 

+ (z15d — s}5a’) + (z16c — s16c’) 

q13 = (z4p — s4p’) + (z50 — s5o’) + (z6n — s6n’) + (27m — s7m’') 

+ (z8l — s8/') + (z9k — s9k’) + (2107 — 510)’) + (zlli- s117) 

+ (z12h — s12h’) + (z13g — 513g’) + (z14f— sl4f) + (zlSe — sh5e’) 

+ (z16d — s16d’) 

gi2 = (z5p — sSp’) + (z60 — s60’) + (z7n — sT7n’) + (28m — 88m’) 

+ (291 — s9l’) + (210k — sl0k’) + (zl ly — stl’) + (2127 — 8127) 

+ (213k — 513h’) + (zl4g — 514g") + (z15f— s15f) + (z16e — s16e’) 

gil = (z6p — s6p’) + (z70 — s7o’) + (z8n — s8n’') + (29m — 89m’) 

+ (z10/ — s10/) + (z11k — s11k’) + (2127 — 512/’) + (2137 — 5137’) 

+ (z14h — s14h’) + (z15g — s15g’) + (zl 6f— 516/) 
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gl0 = (z7p — sTp’) + (z80 — s80’) + (z9n — s9n’) + (210m — 510m’) 

+ (z11l— sll?) + (212k — 512k’) + (2137 — 513/’) + (2147 — 5147’) 

+ (z15h— s15h’) + (zl6g — 5156’) 
q9 = (z8p — s8p’) + (290 — s90’) + (z10n — s10n’) + (zl1m— slim’) + 

(z12/ — s12/’) + (213k — s13k’) + (z14j — s14j’) + (z1Si— s157) + 

(z16h — s16h’) 

g8 = (z9p — s9p’) + (2100 — 5100’) + (211m — sl In’) + (212m — 512m’) + 

(z132/ — s13l') + (214k — 514k’) + (z15j — s15/’) + (216i — 5167’) 

qi = (z10p — s10p’) + (zllo — sllo’) + (212n — s12n’) + (z13m — s13m') + 

(z14/ — sl4/’) + (215k — s15k') + (z16j — 516’) + 

qg6 = (zl 1p — sllp’) + (2120 — 5120’) + (z13a — s13n’) + (214m — s14m’) + 

(z15/ — s15/’) + (z16k — 516k’) 

gS = (z12p — s12p’) + (2130 — s130’) + (2142 — 514n’) + (215m — s15m’) + 

(z16/ — s16/') 

q4 = (z13p — s13p’) + (z140 — 5140’) + (z15n — s15n’) + (216m — s16m’') + 

q3 = (z14p — sl4p’) + (z150 — s150’) + (z16n — s16x’) 

q2 = (z15p — s15p’) + (z160 — 5160’) 

gl = (zl6p — sl6p’) 
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Appendix D : Program TTBSUR 

SUBROUTINE: TT8SUR 

DESCRIPTION: MAIN PROGRAM FOR INTERSECTION 

INPUT: 
ISURF = DUMMY VARIABLE 

OUTPUT: 

C. K. WONG 
9/12/89 

N
A
a
A
O
A
N
M
N
A
N
M
A
A
N
N
a
A
a
A
N
 

SUBROUTINE TTBSUR CISURF ) 

INTEGER ISURF 
REAL PKL1(0:3,0:3,3),PKL2(0:3,0:3,3) 

INTEGER NPATCH ,NPOINT »NHULL 
+ »sIEND1(2),IEND2(2),ITHUL1(2),ITHUL2( 2) 

PARAMETER (NPATCH=20 ,NPOINT=100 ,NHULL=150 ) 

REAL TTUWPT(4,4,NPATCH ) ,UNO(4) 
+ »HULL1(2,3,NHULL ) ,HULL2( 253 ,NHULL ) 

CHARACTER FNAME*10 

C ACSYNT MODEL : 1 » INTERSECTION OF TWO B-SPLINE PATCHES : 2 

WRITE(6,%)‘INPUT CHOICE: ° 
WRITE(6,%*) ‘MULTIPLE PATCH -->1, SINGLE PATCH -->2 ' 
READ(5,* JICH 
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IFCICH.EQ.1) THEN 

C ------ > MULTIPLE PATCH <------~-- 
CALL MULPA2 

RETURN 
ENDIF 

C ------ > SINGLE PATCH <--------- 

WRITE(6,%) ‘INPUT THE FILE NAME‘ 
READE 5,222 )FNAME 

222 FORMAT(A10) 
333 FORMAT(CA2) 

C READ IN THE SURFACE DATA 

OPEN( UNIT=40 , FILE=FNAME ) 
READ(40 >* JITYPE 
READ(40 ,* ) 

DO 22 I=1,3 
DO 33 J=1,4 

READ(40 ,* JPKL1(J-1,0,I),PKL1(J-1,1,I);, 
+ PKL1(J-1,25I),PKL1(J-1,3,1) 

33 CONTINUE 
22 CONTINUE 

READ(40 >) 

DO 44 I=1;3 
DO 55 J=1,4 

READ( 40 ,* JPKL2(J-1,0,I),PKL2(J-15,1,1); 
+ PKL2(J-1,2,1),PKL2(J-1,3,1) 

55 CONTINUE 
44 CONTINUE 

C DRAW THE SURFACES 
CALL DSURN2(PKL1,10,10) 
CALL DSURN2(PKL2,10,10) 

C DECLARE THE STARTING PARAMETRIC VALUES 
DO 10 I=1,4 

UNO(T )=0. 
10 CONTINUE 

C SOLVE THE INTERSECTION 
IPATCH=0 
CALL BRINT(PKL1,PKL2,UNO,IPATCH »>TTUMPT ) 

C SORT THE INTERSECTION POINTS ON BOTH SURFACES, AND 
C DRAW THE CURVES 

IFU(IPATCH.EQ.0) RETURN 
CALL SORTUW2( PKLI>PKL2,IPATCH,TTUWPT ,IEND1 ,IEND2Z 

+ »IHUL1 > THUL2 »HULLI »HULL2) 
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SUBROUTINE: MULPA2 

DESCRIPTION: INTERSECTION ALGORITHM FOR ACSYNT MODEL 

INPUT: NONE 

OUTPUT: NONE 

C. K. WONG 
9/12/89 

O
H
O
A
M
A
O
A
A
A
A
N
A
a
A
O
 

SUBROUTINE MULPA2 

PARAMETER( ICOMP=15 ) 
REAL COMHULL(50,50,3,ICOMP ),PKL(0:3,0:353) 

INTEGER NCRCICOMP ),PTCR(ICOMP },L5M,N 

C OPEN THE MODEL FILE 
OPEN( UNIT=20 »>FILE="SRMODEL'* ) 

C READ IN NUMBER OF COMPONENTS 
c INUMP=NO. OF COMPONENTS 

READE 20 »® JINUMP 
WRITE(6,%)'INUMP-~ ‘',INUMP 

C READ IN DATA FOR EACH COMPONENT 
c NCR = NO. OF CROSS SECTIONS 
Cc PTCR = NO. OF POINTS PER CROSS SECTION 
c COMHULL= CONTROL HULL MATRIC 

DO 5 IC=1,INUMP 
CALL READCOM (CIC,NCR(IC ),PTCR(IC } ,COMHULL ) 

C DRAW THE COMPONENT 
It=-1 
BO 10 I=1,NCR(IC)-1 

II=II+1 

JJ=-1 
DO 20 J=1,PTCR(IC j-1 

JJEJI+1 
DO 30 K=1,4 

DO 40 L=1;54 
DO 50 M=1;3 

PKL(K-1,L~1,M)=COMHULL(II+K ,JJ+L»M,IC) 
50 CONTINUE 
40 CONTINUE 
30 CONTINUE 

CALL DSURN(PKL,10;2) 

20 CONTINUE 
10 CONTINUE 

5 CONTINUE 

C FIND THE INTERSECTIONS OF THE COMPONENTS 

CALL MULTINT(COMHULL »NCR>PTCR ) 
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END 
(Connon ee nn en nn ee ne ee en eee 

c 
c SUBROUTINE: READCOM 
Cc 
Cc DESCRIPTION: READ IN THE ACSYNT MODEL 
c 
C INPUT: 
Cc Ic = COMPONENT NO. 
c 
C OUTPUT: 
Cc NCR = NO. OF CROSS SECTIONS 
Cc PTCR = NO. OF POINTS PER CROSS SECTION 
c COMHULL = CONTROL HULL MATRIC 
Cc 
Cc C. K. WONG 
c 9/12/89 
c 

SUBROUTINE READCOM (IC,NCR,PTCR,COMHULL ) 

REAL COMHULL(50,50,3,%) 
INTEGER NCR,PTCR 

C COMPONENT NO IN ACSYNT DATA FILE 
READ( 20 »* JICONO 

C NO. OF CROSS SECTION 
READ(20,%)NCR 

C NO. OF PTS PER CROSS SECTION 
READ( 20 ,* )PTCR 

C READ IN THE CONTROL HULL 

DO 10 I=1,NCR+2Z 

DO 20 J=1,PTCR+2 

READ( 20 >* JCOMHULL(I,J,15IC ) ,COMHULL(I,J,2,IC)>5 
+ COMHULL(I,J,3,IC) 

20 CONTINUE 

10 CONTINUE 

RETURN 
END 

Con we nw ewe ee wn ee mo ew ee een ene ener e ene nen: 

c 
c SUBROUTINE: MULTINT 
Cc 
c DESCRIPTION: FIND THE INTERSECTIONS OF ACSYNT MODEL 
c 
C INPUT: 
Cc COMHULL = CONTROL HULLS OF THE AIRCRAFT COMPONENTS 
c NCR = NO. OF CROSS SECTIONS IN THE COMPONENTS 
c PTCR = NO. OF POINTS PER CROSS SECTION 
c IN THE COMPONENTSC 
Cc 
C OUTPUT: NONE 
c 
Cc C. K. WONG 
c 9/12/89 
Cc 

SUBROUTINE MULTINT(COMHULL »NCR>»PTCR ) 
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REAL COMHULL(50,50,3,%) 
+ »PKL1(0:3,0:353),PKL2(0:3,0:3,3) 

INTEGER NPATCH,NPOINT »NCR(X) »PTCR() 
+ sIEND1(2),ITEND2(2),IHUL1(2) »THUL2(2) 

PARAMETER( NPATCH=150 ,NPOINT=300 ) 

REAL TTUWPT(4,4,NPATCH ) ,UNO(4) 
+ »HULL1(2,3,NPOINT ) ,HULL2( 2,3 ,NPOINT ) 

LOGICAL INTALL 

C PROMPT FOR CHOICE OF INTERSECTION 
WRITE(6,%)'MAKE YOUR CHOICE ‘ 
WRITE(6,%)'O= HOZ_TAIL#1 AND AFT_BODY' 
WRITE(65%)'1I= HOZ_TAIL#2 AND AFT_BODY' 
WRITE(6,%}'2= WING#1] AND FUSELAGE’ 
WRITE(6,%)'3= WIND#2 AND FUSELAGE’ 
WRITE(6,%)'4= VER_TAIL AND AFT_BODY'‘ 
WRITE(6,%)'5= RETURN' 
WRITE(6,%)'6= ALL OF ABOVE' 
READ(5,% )INT 

C PROCESS ALL THE INTERSECTION 
IFCINT.EQ.6) THEN 

INTALL=. TRUE. 
INT=0 

ELSE 
INTALL=. FALSE. 

ENDIF 

C HOZ_TAIL#1 AND AFT_BODY 
5 IFCINT.EQ.0O)} THEN 

IC1=6 
Ic2=3 
INT=1 

C HOZ_TAIL#2 AND AFT_BODY 
ELSEIFCINT.EQ.1) THEN 

Ic1=7 
Ic2=3 
INT=2 

C FUELSLUG AND WING#1 
ELSEIFCINT.EQ.2) THEN 

IC1=4 
IC2=2 
INT=3 

C FUELSLUG AND WING#2 
ELSEIFCINT.EQ.3) THEN 

Ic1=5 
Ic2=2 
INT=4 

C VER_TAIL AND AFT_BODY 
ELSEIF(INT.EQ.4) THEN 

IC1=8 
IC2=3 
INT=5 

C RETURN 
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ELSEIFCINT.EQ.5) THEN 
RETURN 

ENDIF 

C WHICH INTERSECTION ? 
WRITE(6,%*) "INT= ‘,INT-1 
ICOUNT=0 © 

C INITIALIZE NO. OF INTERSECTION SET (1 SET = 4 POINTS) 
IPATCH=0 

C GET A SINGLE PATCH FROM THE FIRST COMPONENT 
II=-1 
DO 10 I=1,NCR(IC1)-1 

II=II+l 

C STARTING PARAMETRIC VALUE ON THE FIRST COMPONENT (W) 
UWOl 2 J=REAL(IT ) 

JJ=-] 

DO 20 J=1,PTCR(IC1)-1 

JJ=JJ+1 

C STARTING PARAMETRIC VALUE ON THE FIRST COMPONENT (U) 
UWO( 1 J=REAL( JJ) 

DO 30 K=1;4 
DO 40 L=154 

DO 50 M=1;3 
PKL1(K-1 5L-1,M )=COMHULL(II+K ,JJ+L»M,IC1) 

50 CONTINUE 
40 CONTINUE 
30 CONTINUE 

C COUNTER FOR PATCHES THAT BEEN PROCESSED (FOR WING & TAIL ONLY) 
Cc ** TO REDUCE NO. OF PROCESS ** 

ICOUNT=ICOUNT +1 
IF( ICOUNT.GT.8) GOTO 10 

C INTERSECT WITH THE SECOND COMPONENT 
CALL MULTI2 (IC2,PKL1,UWO,COMHULL 

+ »NCR»PTCR INT »>IPATCH > TTUMPT ) 

20 CONTINUE 
10 CONTINUE 

C SORT THE INTERSECTION POINTS ON BOTH SURFACE, AND 
C RETURN WITH THE END CONDITIONS AND THE CONTROL HULLS FOR 
C THE INTERSECTION CURVES 

IF (IPATCH.GT.O) THEN 
CALL SORT(IC1L,IC2Z,COMHULL ,TPATCH, TTUWPT 

+ »s TEND, IEND2 »,THUL1,IHUL2 »HULL1>HULL2 ) 
ENDIF 

C PROCESS ANOTHER INTERSECTION? 
IFCINTALL) GOTO 5 

RETURN 
END 
  

SUBROUTINE: MULTI2 

DESCRIPTION: INTERSECT A SINGLE PATCH FROM THE 
FIRST COMPONENT WITH THE SECOND COMPONENT 
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C INPUT: 
c Ic2 = IDENTIFIER FOR THE SECOND COMPONENT 
c PKLI = SINGLE PATCH ON THE FIRST COMPONENT 
Cc UWO = STARTING PARAMETRIC VALUES ON BOTH 
c INTERSECTING PATCHES 
Cc COMHULL = CONTROL HULLS OF THE AIRCRAFT COMPONENTS 
Cc NCR = NO. OF CROSS SECTIONS IN THE COMPONENTS 
c PTCR = NO. OF POINTS PER CROSS SECTION 
Cc IN THE COMPONENTSC 
c INT = INTERSECTION IDENTIFIER 
Cc 
C OUTPUT: 
c IPATCH = NO. OF INTERSECTION SET 
Cc TTUWPT = INTERSECTION SETS ( 4 POINTS IN A SET) 
Cc 
c C. K. WONG 
Cc 9/12/89 
Cc 

SUBROUTINE MULTI2 (IC2,PKL1,UWO,COMHULL 
+ »sNCR»PTCR,INT ,»IPATCH,TTUMPT ) 

REAL COMHULL(50 ,50,3,%) 
+ »PKL1(0:3,0:3,3),PKL2(0:3,0:3,3) 
+ >» TTUWPT (4 >4,%) ,UNOI4) 

INTEGER NCR(*),PTCR(*),L>M5N 

C GET A SINGLE PATCH FROM THE SECOND COMPONENT 

It=-l 
DO 10 I=1,NCR(IC2)-1 

II=II+1 

C STARTING PARAMETRIC VALUE ON THE SECOND COMPONENT (U) 

UNO(4)=REAL(IT) 

JJ=-1 
DO 20 J=1,PTCR(IC2Z)-1 

JJ=JI+1 
C STARTING PARAMETRIC VALUE ON THE SECOND COMPONENT [W) 

UNO( 3 J=REAL( JJ) 

DO 30 K=1,4 
DO 40 L=1,4 

DO 50 M=1,3 
PKL2(K-1,L~-1,5M )=COMHULL(II+K »JJ+Lb »M,IC2 ) 

50 CONTINUE 
40 CONTINUE 
30 CONTINUE 

C INTERSECTION OF THE SINGLE PATCHES 

CALL BRINT(PKL1,PKL2 »UNO,IPATCH»TTUWPT } 

  

20 CONTINUE 
10 CONTINUE 

RETURN 
END 

Conn nen wen een ee --- wow een e ween 

c 
c SUBROUTINE: SORT 
Cc 
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c DESCRIPTION: TO SORT AND INVERT THE INTERSECTION POINTS 
Cc FOR B-SPLINE CURVES 
c 
C INPUT: 
Cc Ic1,Ic2 = COMPONENT IDENTIFIER 
c COMHULL = CONTROL HULLS OF THE COMPONENTS 
c IPATCH = NO. OF INTERSECTION SET 
c TTUWPT = INTERSECTION SETS 
c 
C OUTPUT: 

Lo IEND1,IEND2 = END CONDITIONS OF THE INTERSECTION CURVES 
c ITHUL1,IHUL2 = NO. OF CONTROL POINTS OF THE INTERSECTION 
Cc CURVES 
Cc HULL1,HULL2 = CONTROL POINTS FOR THE INTERSECTION CURVES 
c 
c 
Cc C. K. WONG 
c 2/20/90 
Cc 

SUBROUTINE SORT(IC1,IC2,COMHULL »>IPATCH»TTUWPT > IEND1 ,IEND2 
+ »THUL1,THUL2 »,HULL1 ,»HULL2 ) 

REAL COMHULL(50,50,3,%) 

INTEGER NPOINT ,ICUR( 2),IEND1(2),ITEND2(2),IHUL1(2),IHUL2(2) 

PARAMETER( NPOINT=300 } 

REAL TTUWPT(4,4,%),CUR(2,2,NPOINT ) 
+ »PTS(3 ,NPOINT ) »sHULL(3,NPOINT ) 
+ »HULL1(2>3,%)} ,HULL2( 253 5%) 

C INITIALIZE THE NO. OF CONTROL HULL POINTS AND END CONDITIONS 
DO 10 I=1;2 

THULI(I)=0 
THUL2(TI )=0 
IENDI(TI )=2 
TEND2(1 }=2 

10 CONTINUE 

C SORT THE INTERSECTION POINTS ON FIRST OR FIRST & SECOND SURFACE 
C INOSUR: 1= FIRST 
Cc 2= FIRST AND SECOND 

INOSUR=1 
DO 1000 ISNO=1,INOSUR 

C SORT THE INTERSECTION POINTS; RETURN WITH MAXIMUM TWO 
C SORTED SETS OF PARAMETRIC VALUES 

CALL SORTTUW(ISNO,IPATCH > TTUMPT »CUR ,ICUR ) 

C PROCESS THE SORTED SET 
DO 1100 ICNO=1,2 

C NO ELEMENT IN THE SET 
IFCICUR(ICNO}.EQ.0) GOTO 1100 

C CONVERT THE SET INTO PTS FOR SUBROUTINE INVPTS 
DO 100 I=1,ICUR(ICNO) 

PTS(1,I J=CUR(ICNO,1;1) 
PTS(2,I J=CUR(ICNO,2,I} 
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PTS(3,I)=1. 
100 CONTINUE 

C CHECK THE END CONDITION: FIND THE DISTANCE BETWEEN 
C THE END POINTS OF THE SET 

TOL=.1E-10 
DIS=0. 
DO 110 I=1,3 

DIS1=ABS( PTS(I,1)-PTS(I »>ICUR(ICNO))) 
IF(DIS1.LT.TOL) THEN 

DIS1=0. 
ELSE 
DIS1=DIS1%*«2 

ENDIF 
DIS=DIS+DIS1 

110 CONTINUE 

TOL2=.1 
DIS=DIS**( .5) 

IF(DIS.LT.TOL2) THEN 

C CLOSED SET 
IEND=1 

C STORE THE END CONDITION 
IFC ISNO.EQ.1) THEN 

TEND1(ICNO)=1 
ELSE 
TEND2( ICNOJ=1 

ENDIF 

ELSE 

C OPEN SET 
IEND=2 

ENDIF 

C INVERT THE SET FOR A CUBIC B-SPLINE CURVE 
C TEND= END CONDITION i1: CLOSE, 2: OPEN) 

CALL INVPTS(IEND,ICUR( ICNO),PTS,HULL J 

C NO. OF POINTS IN CONTROL HULL 
ITHUL=ICUR(ICNO )+2 

C STORE THE RESULT 
IF(ISNO.EQ.1) THEN 

IHUL1( TCNO J=IHUL 
DO 20 I=1,IHUL 

DO 30 J=1>,3 
HULL1(ICNO,J,I J=HULL(J>I) 

30 CONTINUE 
20 CONTINUE 

ELSE 
IHUL2( ICNO}=IHUL 
DO 25 I=1;,IHUL 

DO 35 J=1,3 
HULL2(ICNO,J,I J=HULL(J,>T) 

35 CONTINUE 
25 CONTINUE 

ENDIF 

C DRAW THE INTERSECTION LINE 
IFCISNO.EQ.1) THEN 

Ic=Icl 
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ICOLOR=3 

ELSE 
Ic=IC2 
ICOLOR=3 

ENDIF 

CALL DINTHUL(ICOLOR,IC,COMHULL,IEND 
+ »IHUL,HULL)} 

1100 CONTINUE 
1000 CONTINUE 

RETURN 
END 

(-------- nn nee ee eee 

c 
c SUBROUTINE: DINTHUL 
c 
c DESCRIPTION: DRAW THE INTERSECTION CURVE 
c 
C INPUT: 
Cc ICOLOR = COLOR NO. 
Cc Ic = COMPONENT NO. 
c COMHULL = COMPONENTS 
c IEND = END CONDITION OF THE CURVE 
c THUL = NO. OF CONTROL POINTS OF THE CURVE 
c HULL = CONTROL POINTS OF THE CURVE 
c 
C OUTPUT: NONE 
c 
c C. K. WONG 
c 9/12/89 
c 
c 

SUBROUTINE DINTHULCICOLOR,IC ,COMHULL 
+ » LEND »>IHUL »HULL } 

REAL COMHULL(50,50,3,%),PKL(0:3,0:3,3) 

INTEGER NPOINT >NPT 
PARAMETER( NPOINT=300 ) 

REAL HULL(3,%),PTXYZ(3,NPOINT ),P(3) 
+ »TPST(153) 

C FIND NPT POINTS IN X Y 2 COOR. FROM THE INTERSECTION CURVE 
NPT=100 
REP=(1./REALCNPT )) 
U=-( REP } 

DO 200 IREPT=1;,NPT+1 

U=U+REP 

C FIND THE CORRESPONDING PARAMETRIC VALUE ON THE ORIGINAL SURFACE 
CALL PERG(IHUL »HULL ,IEND »U>P ) 

C PARAMETRIC VALUE ON THE SURFACE FOR THE POINT 
JJZINTOP(1)) 
TI=INT(P(2)) 

C THE PATCH WHERE THE POINT LOCATED 
DO 30 K=1,4% 
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DO 40 L=1;54 
DO 50 M=1,3 

PKLIK-1,L-1)M)=COMHULL(II+K »JJ+L»M,IC) 
50 CONTINUE 
40 CONTINUE 
30 CONTINUE 

C REPARAMETRIZE THE POINT 
UU=P(2)-REAL(II) 
WH=P(1 J~REAL( JJ) 

C FIND THE POINT IN GLOBAL COOR. 
CALL FBPT(PKL,UU,WW,TPST>IF ) 

C STORE THE POINT IN PTXYZ 
DO 210 J=1,3 

PTXYZ(J,IREPT J=TPSTC1,J) 
210 CONTINUE 

200 CONTINUE 

C DRAW THE LINE 
CALL DLINEN( ICOLOR ,NPT+1 ,PTXYZ) 

RETURN 
END 

(wenn nnn nn ene en ee nn ee ee eee 

Cc 
Cc SUBROUTINE: SORTTUW 
c 
c DESCRIPTION: SORT THE INTERSECTION POINTS 
c (ASSUME THERE ARE MAXIMUM TWO CURVES) 
c 
C INPUT: 
Cc ISURFNO = SURFACE IDENTIFIER 
c IPATCH = NO. OF INTERSECTION SET 
c TTUWPT = INTERSECTION SETS 
c 
C OUTPUT: 
c CUR = SORTED POINTS 
c ICUR = NO. OF SORTED POINTS 
c 
c C. K. WONG 
c 9/12/89 
c 

SUBROUTINE SORTTUW( ISURFNO,IPATCH > TTUMPT ,CUR ,ICUR ) 

INFEGER NPATCH 
PARAMETER( NPATCH=150 ) 

REAL TTUMPT(4 4 ,%),TT1(49,2 ,NPATCH ) 
+ sCURC 2 »2>%}sSTPTCZ 52) 

INTEGER ICUR(*) 

C COPY THE ORIGINAL DATA INTO TT1 FOR SORTING 
C INOTT1= NO OF DATA SET IN TT1 

INOTT1=IPATCH 

DO 10 I=1,IPATCH 
DO 20 J=1,54 

C SORT THE INTERSECTION PTS ON THE FIRST SURFACE 
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IF(ISURFNO.EQ.1) THEN 
TT1(J,1,I )=TTUWPT(J,1,1) 
TT1(J52,I J=TTUWPT( J,25T) 

ELSE 

C SORT THE INTERSECTION PTS ON THE SECOND SURFACE 
TT1I(J51,I J=TTUMPT(J,3,2) 
TT1(J525I )=TTUWPT(J,4,1) 

ENDIF 

20 CONTINUE 
10 CONTINUE 

C START TO SORT 
C INOC= SORTED SET IDENTIFIER 
C ICUR= NO. OF POINT ON THE SORTED SET 

C INITIALIZE 
INOC=1 
ICUR(INOC )=4 
ICUR( 2)=0 

C USING THE FIRST DATA SET IN TT1 AS A STARTING POINT 
C OF THE SORTED SET 

1000 DO 40 I=1;4¢ 
DO 50 J=1,2 
CUR(INOC ,J,I J=TT1UI,J,1) 

50 CONTINUE 
40 CONTINUE 

C ERASE THE FIRST DATA SET FROM TT1 

CALL ERASETT(1,INOTT1,TT1) 

IFCINOTT1.EQ.0) return 

C GET THE TWO END POINTS OF THE SORTED SET 
1500 CALL GETSTPT(INOC CUR ,ICUR,STPT ) 

C MATCH THE END POINTS WITH TT1 
C IDTT1= IDENTIFIER OF DATA SET THAT DOES MATCH 

CALL MATCHTT(STPT ,INOTT1,TT1»>IMATCH ,IDTT1) 

C FIND OUT WHAT KIND OF MATCH AND STORE THE RESULT 

oO
 IMATCH=0 : NO MATCH 

IFCIMATCH.EQ.0} THEN 

C IF INOC=1 THEN START PROCESS SORTED SET NO 2 
IFCINOC.EQ.1) THEN 

INOC= 2 
ICUR(INOC )=4 
GOTO 1000 

ELSE 

C MORE THEN THO DISJOINTED SORTED SETS 

WRITE(6,%)'"MORE THEN TWO DISJOINTED CURVES in SORTTUW' 

return 

ENDIF 

C IMATCH=1 : TOP MATCH TOP 
ELSEITFCIMATCH.EQ.1)3 THEN 
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CALL MATCHLCINOC »,CUR,ICUR,TT1,IDTT1) 

C IMATCH=2 : TOP MATCH BOTTOM 
ELSEIF(IMATCH.EQ.2)} THEN 

CALL MATCH2( INOC ,CUR,ICUR,TT1,IDTT1) 

C IMATCH=3 : BOTTOM MATCH TOP 
ELSEIFCIMATCH.EQ.3) THEN 

CALL MATCH3(INOC »CUR,ICUR,TT1I,IDTT1) 

C IMATCH=3 ;: BOTTOM MATCH BOTTOM 
ELSEIFCIMATCH.EQ.4) THEN 

CALL MATCH4( INOC ,CUR,ICUR,TT1,IDTT1) 

ENDIF 

C ERASE THE MATCHED DATA SET FROM TTl 
CALL ERASETT(IDTT1,INOTTI,TT1) 
IFCINOTTI.NE.O) GOTO 1500 

RETURN 
END 

(-----~-~ +--+ ee ne ee ee eee 

Cc 
c SUBROUTINE: ERASETT 
c 
c DESCRIPTION: ERASE A DATA SET FROM TT1 
c 
C INPUT: 
c IDTT1 = DATA SET IDENTIFIER 
c INOTT1 = NO. OF DATA SET IN TTl 
c 
C OUTPUT: 
Cc TTl = ERASED DATA SETS 
Cc 
c C. K. WONG 
c 9/12/89 
c 
Cc 

SUBROUTINE ERASETT(IDTT1,INOTT1,TT1) 

REAL TT11452,%) 

ICco=0 
DO 10 I=1,INOTT1 

C SKIP THE STORING PROCESS IF IT GETS TO THE 
C DATA SET WITH IDTT1 

IF(I.EQ.IDTT1) GOTO 10 
IcO=IcO+l 

DO 20 J=154 
DO 30 K=1,2 

TT1CJ,K,ICOI=TTICJ»K>T) 
30 CONTINUE 
20 CONTINUE 
10 CONTINUE 

INOTTI=INOTTI1-1 

RETURN 
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C----- ee en nn en ne ne ee ene 

Cc 
c SUBROUTINE: GETSTPT 
Cc 
c DESCRIPTION: GET THE STARTING POINTS FROM THE 
Cc SORTED SET FOR FURTHER MATCHING 
c 
C INPUT: 
c INOC = SORTED SET IDENTIFIER 

os CUR = SORTED SET 
c ICUR = NO. OF POINTS IN THE SORTED SET 
Cc 
C OUTPUT: 
c STPT = STARTING POINTS 
Cc 
Cc C. K. WONG 
c 9/12/89 
Cc 
Cc 
c 

SUBROUTINE GETSTPTCINOC ,>CUR,ICUR,STPT ) 

REAL CUR(252,%), STPT(2,2) 
INTEGER ICUR( x) 

C GET THE POINTS 

DO 10 I=1,2 
STPT(1,I J=CURCINOC »I51) 
STPT(2,I J=CURCINOC »I ,ICUR( INOC ) } 

10 CONTINUE 

RETURN 
END 

c 
c SUBROUTINE: MATCHTT 
c 
c DESCRIPTION: MATCH THE STARTING POINTS WITH TT1l 
c 
C INPUT: 
c STPT = STARTING POINTS 
c INOTT1 = NO. OF DATA SET IN TTl 
Cc TT1 = DATA SET 
c 
C OUTPUT: 
c IMATCH = TYPE OF MATCH 
c IDTT1 = DATA IDENTIFIER IN TT1 THAT MATCH 
c THE STARTING POINTS 
c 
c 
Cc C. K. WONG 
c 9/12/89 
c 

SUBROUTINE MATCHTT(STPT >INOTT1>TT1,IMATCH,IDTT1) 

REAL STPT(2,2)> TT1(4>25%) 
+ »PT1(2),PT202) 

LOGICAL IM 

C INITIALIZE 
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c 

C TOP MATCH BOTTOM 

c 

c 

Q
A
A
A
M
A
A
A
A
A
A
H
A
A
A
A
A
A
A
A
O
 

TOL=.5 
IMATCH=0 
TMIN=100. 
IDTTIA1 

DO 10 I=1,INOTT1 

PT1(JI=STPT(1,J) 
PT2Z(JIETTIC1,J,T) 

TOP MATCH TOP 
DO 20 J=1;2 

20 CONTINUE 
CALL PTDIS(I,PT1,PT2>TMIN,IM,IDTT1) 
IF(IM) IMATCH=1 

DO 30 J=1;2 
PT1(JI=STPTC1»J) 
PT2(J)=TT1IIG,J5I) 

30 CONTINUE 
CALL PTDIS(I,PT1,PTZ2>TMIN,IM,IDTT1) 
IFCIM) IMATCH=2 

BOTTOM MATCH TOP 
DO 40 J=1;,2 

PT1EJ)=STPT(25J) 
PT2(JI=TTIC1,J,I) 

40 CONTINUE 
CALL PTDIS(I,PT1,PT2,TMIN,IM,IDTT1 ) 
IFCIM) IMATCH=3 

BOTTOM MATCH BOTTOM 
DO 50 J=1,2 

PT1(JI=STPT(25J) 
PT20 J )J=TT1(45J51) 

50 CONTINUE 
CALL PTDIS(I,PT1,PT2,TMIN,IM,IDTT1) 
IFCIM) IMATCH=4 

10 CONTINUE 

IFCTMIN.GT.TOL) IMATCH=0 

RETURN 
END 

ene SE ee ee Se ee eee ee SS Oe SKS Pewee Ee Eee See 

SUBROUTINE: PTDIS 

DESCRIPTION: 

INPUT: 
I 
PT1 
PT2 

OUTPUT: 

TMIN 

IM 
IDTT1 

C. K. WONG 
9/12/89 

FIND THE DISTANCE BETWEEN TWO POINTS 

DATA IDENTIFIER IN TT1l 
STARTING POINT IN THE SORTED SET 
DATA THAT WOULD BE MATCH TO PT1l 

DISTANCE BETWEEN PT1 AND PT2 
FLAG FOR SUCCESSFUL MATCH 
DATA IDENTIFIER THAT MATCHED 

SUBROUTINE PTDIS(I,PT1,PT2>TMIN,IM,IDTT1) 
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REAL PT1(2),PT2(2) 
LOGICAL IM 

C INITIALIZATION 

IM=.FALSE. 
TOL=.1E-20 
DIS=0. 

C FIND THE DISTANCE BETWEEN PT1 AND PT2 

DO 10 J=1,2 
DISI=PT1C J )-PT205) 
IFCABS(DIS1).LT.TOL) GOTO 10 
DIS=DIS+( DIS1%«2 J 

CONTINUE 

C COMPARE THE DISTANCE 

O
O
A
O
A
A
N
A
A
A
A
N
A
N
A
N
A
N
A
N
A
A
N
H
A
 

DIS=DIS*x( .5) 
IF(DIS.LT.TMIN) THEN 

IM=.TRUE. 
IOTT1=1 
TMIN=DIS 

ENDIF 

RETURN 
END 

SUBROUTINE: MATCH] 

DESCRIPTION: STORE THE MATCHED SET FROM TT1 INTO CUR 
(TOP MATCH TOP} 

INPUT: 

INOC = SORTED SET IDENTIFIER 

CUR = SORTED SET 

ICUR = NO. OF POINTS IN THE SORTED SET 

TTl = DATA SET 

IDTT1 = MATCHED SET IDENTIFIER 

OUTPUT: NONE 

Cc. K. WONG 

9/12/89 

SUBROUTINE MATCHICINOC ,CUR,ICUR,TT1,IDTT1) 

INTEGER NPT 
PARAMETER(NPT=250 ) 

REAL CUR(2Z525%),5 TT1(4525%) 
+ »TCUR( 2 »NPT } 

INTEGER ICUR( *) 

C COPY CUR TO TCUR 

BDO 10 I=1,ICURC INOC ) 
BDO 20 J=1,2 

TCUR( J»I+3 J=CUR(INOC J,I) 
CONTINUE 
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10 CONTINUE 

C STORE THE MATCHED SET IN TCUR 

DO 30 I=1,3 
DO 40 J=1,;2 

TCUR( J, I J=TT105-1,J,IDTT1) 
40 CONTINUE 
30 CONTINUE 

C COPY TCUR TO CUR 

ICUR( INOC )=ICUR( INOC )+3 
DO 50 IT=1,ICURCINOC } 

DO 60 J=1;2 
CUR(INOC ,J,I J=TCUR( J>I) 

60 CONTINUE 
50 CONTINUE 

RETURN 
END 
ee 

Cc 
Cc SUBROUTINE: MATCH2 
Cc 
c DESCRIPTION: STORE THE MATCHED SET FROM TT1 INTO CUR 
Cc (TOP MATCH BOTTOM) 
c 
C INPUT: 
c INOC = SORTED SET IDENTIFIER 
c CUR = SORTED SET 
Cc ICUR = NO. OF POINTS IN THE SORTED SET 
Cc TT1 = DATA SET 
c IDMT1 = MATCHED SET IDENTIFIER 

C OUTPUT: NONE 
c 
c C. K. WONG 
c 9/12/89 

SUBROUTINE MATCH2(INOC ,CUR,ICUR,TT1,IDTT1) 

INTEGER NPT 
PARAMETER( NPT=250 ) 

REAL CUR(Z>2,%), TT11452,%) 
+ » TCUR( 2 NPT ) 

INTEGER ICUR( *) 

C COPY CUR TO TCUR 

DO 10 I=1,ICUR(INOC ) 
DO 20 J=1;2 

TCUR( J,I+3 J=CURCINOC ,J>1) 
20 CONTINUE 
10 CONTINUE 

C STORE THE MATCHED SET IN TCUR 

DO 30 I=1,3 
DO 40 J=1,2 

TCUR( JT J=TTL(I>J,IDTTIL) 
40 CONTINUE 
30 CONTINUE 
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C COPY TCUR TO CUR 

A
N
A
A
A
A
A
O
A
A
A
A
N
A
A
A
A
A
A
A
N
H
 

O
A
A
M
A
N
M
A
A
N
A
N
A
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A
N
A
A
N
A
 

ICUR(C INOC )=ICUR{INOC 143 
DO 50 I=1,ICUR(INOC ) 

DO 60 J=1,2 

CURCINOC »>J,I J=TCUR(J,I 3 

60 CONTINUE 
50 CONTINUE 

RETURN 

END 

SUBROUTINE: MATCH3 

DESCRIPTION: STORE THE MATCHED SET FROM TT1 INTO CUR 

(BOTTOM MATCH TOP) 

INPUT: 

INOC = SORTED SET IDENTIFIER 

CUR = SORTED SET 

ICUR = NO. OF POINTS IN THE SORTED SET 
TT1 = DATA SET 

IDTT1 = MATCHED SET IDENTIFIER 

OUTPUT: NONE 

C. K. WONG 

9/12/89 

SUBROUTINE MATCH3( INOC ,CUR,ICUR,1TT1,IDTT1) 

REAL CUR(2Z2,2,%),> TT114,25%) 

INTEGER ICUR(*) 

DO 10 I=1,3 

DO 20 J=1;2 

CUR( INOC ,J,ICUR( INOC J+I J=TT1(14+1,J,IDTT1) 
20 CONTINUE 

10 CONTINUE 

ICUR{ INOC J=ICURI INOC )4+3 

RETURN 
END 

SUBROUTINE: MATCH4 

DESCRIPTION: STORE THE MATCHED SET FROM TT1 INTO CUR 
(BOTTOM MATCH TOP) 

INPUT: 

INOC = SORTED SET IDENTIFIER 

CUR = SORTED SET 

ICUR = NO. OF POINTS IN THE SORTED SET 

Trl = DATA SET 

IptT1 = MATCHED SET IDENTIFIER 

OUTPUT: NONE 
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Cc C. K. WONG 
c 9/12/89 

SUBROUTINE MATCH4(INOC ,CUR,ICUR,TT1,IDTT1) 

REAL CUR(2Z525%), TT1(4,2,%) 

INTEGER ICUR( *) 

DO 10 I=1;3 
pO 20 J=1,;2 

CURCINOC ,J,ICUR( INOC )+I }=TT1(4¢-1I,J,IDTT1) 
20 CONTINUE 
10 CONTINUE 

ICURCINOC J=ICURCINOC )+3 

  

RETURN 

END 
Cc we Fn OF Gm > 8 Ee oe Oe Oe ee Oe ee Oe es Oe ee ee ee ee ee es ee ee ee es es ee es ee ee ee 

c 
c Subroutine: invpts 
c 
c Description: inverts a bunch of n points to return 
c {n+2) control points 
c 
c Krishnan V. Kolady 
c 08/15/89 

c 
Cc = Se ee ee ee ee ee ee ee ee ee ee ee ee 

c 

subroutine invpts(end, npts, pts» hul) 

Cc END CONDITIONS: 

Cc END=1: CLOSE 

c END=2: OPEN 

c declare the variables 
integer end, npts 
real pts(3,*), hul(3,%*) 

c initialize the control hull 
call inithl(end, npts, pts, hul) 

c find hul 
call fndhul(end, nets, pts, hul) 

c return 
return 
end 

c 
cr: == oe === > OP Se ae ae aes Ge ee ee ee ee es ee ee ee ee 

c 
c Subroutine: inithl 
c 
c Description: initializes the control hull 
c 
c 
c Krishnan V. Kolady 
c 08/15/89 

c 
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subroutine inithllend, npts, pts, hul) 

c declare the variables 
integer end, npts 
real pts(3,*), hul(3,*) 

do 20 i=1,3 

do 10 3=2, npts+l1 
hull i,j) = pts(i,j-1) 

10 continue 
c initialize the end points 

if(end.eq.1) then 
hul(i,1) = hullisnpts) 
hul(li,npts+2) = hul(i,3) 

else 
hul(i,1) = hul(i,2) 

hul(i,npts+2) = hul€i,nptstl) 
endif 

20 = continue 

c return 

return 

end 

Subroutine: fndhul 

Description: iterates to find the control hull 

Krishnan V. Kolady 
08/15/89 

o
n
0
g
q
0
q
0
0
0
 
0
8
0
0
0
0
0
 

subroutine fndhul(end, npts, pts, hul) 

c declare the variables 
integer end, npts», count 
real pts(3,*), hul(3,%*) 

real err, delmax 
parameter(err = 0.0001) 

c initialize delmax 

count = 0 

c initialize delmax 

5 delmax = 0.0 

do 20 i=1;3 

do 10 j=2, nptstl 

c find delta error 

call fnddel(pts(1,3-1),hulli, 3-1) ,hul(i,j),hull(i,j+1),del) 

c find delmax 

if(abs(del).ge.delmax) delmax = abs(del) 
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0
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10 

20 

continue 
initialize the end points 

iflend.eq.1) then 
hul(i,l) = hulli,npts) 
hulli,snpts+2) = hul(i,3) 

else 

hul(€i,l) = hul(i,2) 
hul(i,npts#2) = hul(i,npts+1) 

endif 

continue 

count = count + 1 
check for termination of iteration 
if(delmax.gt.err) goto 5 

return 

return 

end 

Subroutine: fnddel . 

Description: finds delta for the three points given 

Krishnan V. Kolady 
08/15/89 

subroutine fnddel(pi, qa,» qi, qb», delta) 

declare the variables 
real pi» qa» qi,» qb» delta 

find delta 
delta = pi - qi + 0.5 * ( pi - 0.5 *® (qa + qb)) 
qi = qi + delta 

return 

return 

end 
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Appendix E : Program BRINT 

  

SUBROUTINE: BRINT 

DESCRIPTION: FIND THE INTERSECTION CURVE OF 
TWO B-SPLINE RULED SURFACE. 

INPUT: 

OPKL1,OPKL2 = INTERSECTING PATCHES 

UNO = STARTING PARAMETRIC VALUES OF THE 

INTERSECTING PATCHES 

OUTPUT: 

IPATCH = NO. OF SEGMENTS OF THE INTERSECTION CURVE 

TTUWPT = INTERSECTION POINTS IN THE ORIGINAL 

PARAMETRIC SPACE 

C. K. WONG 

4/12/89 

N
A
O
A
A
A
A
N
A
A
N
A
N
N
N
A
A
A
N
N
A
A
N
A
N
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SUBROUTINE BRINT (OPKL1,OPKL2,UWO,IPATCH,TTUWPT )} 

REAL PKL1(0:3,0:3,3),PKL2(0:3,0:3,3) 

»>TXYZ1(3,8),TXYZ2(358) 

sOPKL1(0:3,0:3,3),OPKL2(0:3,0:3,3) 

» TTUNG( 4,3) 

> TTUWPT1 4 59%) UNO 4 ) ,UNO2(49) +
+
 

+ 

C ISUBP = NO. OF SUBDIVIDED PATCHES 
PARAMETER( ISUBP=50 ) 

REAL SUBPKL1(0:3,0:3,3,ISUBP },SUBPKL2(0:3,0:3,3,ISUBP ) 
INTEGER IUW(2),IOIR1( ISUBP ),IDIR2( ISUBP ) 
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LOGICAL BOX, INTF 

C USING BOUNDING BOX FOR PRELIMINARY INTERSECTION CHECK. 
CALL BOBOX (OPKL1,OPKL2 ,BOX) 
IF(.NOT.BOX) THEN 

RETURN 
ENDIF 

C SUBDIVIDE THE ORIGIN SURFACES UNTIL THE RULED SURFACE APPROXIMATION 
C IS WITHIN A TOLERANCE VALUE (ASSUME THE SUBDIVISIONS <= ISUBP). 

CALL SUBDIV(1,OPKL1,IDIR1,INOSUB1 ,SUBPKLI J 

CALL SUBDIV( 2 ,OPKL2 ,IDIR2 , INOSUB2 ,»SUBPKL2 ) 

C PROCESS THE SUBDIVIDED PATCHES: INTERSECT THE SUBPATCHES (1) 
C WITH SUBPATCHES (2) 

DO 123 IJK=1,INOSUB1L 

C DIRECTION OF SUBDIVISION FOR SURFACE 1 
IUWN(1)=IDIRI( TUK ) 

C PROCESS THE SUBPATCHES (1) ONE AT A TIME 
DO 111 I=1,4 

DO 222 J=154 
DO 333 K=1,3 

PKL1I(I-1>J~-1,K )=SUBPKLI(I-1,J-15KsIJK ) 
333 CONTINUE 
222 CONTINUE 
lll CONTINUE 

C CHECK THE SURFACE TYPE 
CALL CHKSR(PKL1L>ITYPE1 3 

REGULAR RULED SURFACE: FIND THE SURFACE COEFF. OF 
FIRST INTERSECTING PATCH 

IFC ITYPE1.EQ.0)} THEN 
CALL BRFOR(PKL1,1,TXYZ1,IUW) 

ENDIF 

a
o
 

C PROCESS SUBPATCHES (2) 
DO 456 IIK=1,INOSUB2 

C DIRECTION OF SUBDIVISION FOR SUBPATCH 2 
IUW( 2 J=IDIR2(TIK) 

C PROCESS SUBPATCH (2) ONE AT A TIME 
DO 115 I=1,4 

DO 225 J=154 
DO 335 K=1,3 

PKL2(I~-1,J-1,K )=SUBPKL2(I-1,J-1 5K »IIK) 
335 CONTINUE 
225 CONTINUE 
115 CONTINUE 

C CHECK THE SUBDIVIDED SURFACES INTERSECTION USING BOUNDING BOX 
CALL BOBOX (PKL1,PKL2 BOX) 
IF(.NOT.BOX) THEN 

GOTO 456 
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ENDIF 

CHECK THE SURFACE TYPE 
CALL CHKSRE PKL2 ,ITYPE2) 

CHECK WHETHER IT IS SPECIAL CASE OF INTERSECTION 

ITYPE=0 sNORMAL 
ITYPE=1 $PATCH 1 IS SPECIAL RULED SURFACE 
ITYPE=2 sPATCH 2 IS SPECIAL RULED SURFACE 
ITYPE=3 $BOTH PATCH ARE SPECIAL RULED SURFACES 

IF(CITYPE1.EQ.1).AND.(ITYPE2.EQ.1))} THEN 
ITYPE=3 

ITYPE=3 

INTERSECTION OF TWO SPECIAL RULED SURFACE 
CALL BRINTSS(PKLI,PKL2,INTF ,TTUNG ) 

INTERSECT? 
IFC .NOT.INTF) THEN 

GOTO 456 
ELSE 

GOTO 1000 
ENDIF 

ELSEIF( (ITYPE1.EQ.1).OR.(ITYPEZ2.EQ.1)) THEN 

FIND OUT WHICH SURFACE IS THE SPECIAL CASE 
IFCITYPE1.EQ.1) THEN 

ITYPE=1 
ELSE 

ITYPE=2 
ENDIF 

INTERSECTION OF ONE SPECIAL AND ONE REGULAR RULED SURFACES 
CALL BRINTSR(PKL1>PKL2 »ITYPE »IUW,INTF > TTUNG } 

INTERSECT? 
IF(.NOT.INTF) THEN 

GOTO 456 
ELSE 

GOTO 1000 
ENDIF 

ENDIF 

SURFACE COEFF. FOR SECOND INTERSECTING PATCH 
CALL BRFOR( PKL2 »25TXYZ2,IUW) 

FIND THE TNO STARTING POINTS OF INTERSECTION: 
TWO REGULAR RULED SURFACES 

CALL BRINTRR(TXYZ1;TXYZ2 »PKL1 »PKL2 »IUW,INTF > TTUMG ) 

INTERSECT? 
IF( .NOT.INTF) THEN 

GOTO 456 
ENDIF 

INVERT THE POINTS TO THE ORIGINAL SURFACES AND 
FIND THE CORRESPONDING PARAMETRIC VALUES 

1000 CALL INVERT4( OPKL1,OPKL2,TTUNG ,UNO,IPATCH »TTUWPT ) 
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456 CONTINUE 
123) CONTINUE 

RETURN 
END 

SUBROUTINE: INVERT4¢ 

DESCRIPTION: INVERT THE INTERSECTION POINTS 
(IN GLOBAL COOR.) TO THE ORIGINAL 
SURFACE FOR PARAMETRIC VALUES. 

INPUT: 

OPKL1,OPKL2 = INTERSECTING SURFACES 
TTUNG = INTERSECTION POINTS IN GLOBAL COOR. 
UNO = STARTING PARAMETRIC VALUES FOR 

INTERSECTING SURFACES 
IPATCH = NO. OF SEGMENTS OF THE INTERSECTION CURVE 

OUTPUT: 

TTUWPT = INTERSECTION POINTS IN THE ORIGINAL 
PARAMETRIC VALUES 

Cc. K. WONG 
9/12/89 

O
N
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SUBROUTINE INVERT4( OPKL1 ,OPKL2 »TTUNG ,UNO,IPATCH,TTUWPT ) 

REAL OPKL1(0:350:353 ) ,OPKL2(0:35,0:353),TTUNG(4,3 ) 
+ »UNO( 4) » TTUNPT (4 54 53) 
+ »SRF(3 5454) »P(3) 

C INCREMENT THE SEGMENT (INTERSECTION POINTS) NUMBER 
IPATCH=IPATCH+1 

C INVERT THE POINTS TO BOTH SURFACES 
DO 10 I=15,2 

C CHANGE THE SURFACE FORMAT INTO SUBROUTINE INVERT‘'S FORMAT 
IF(I.EQ.1) THEN 

C SURFACE #1 
DO 20 J=1,3 

DO 30 K=154¢ 
DO 40 L=154 

SRF(J>L,K }=OPKL1(L-1,K-1,J) 
40 CONTINUE 
30 CONTINUE 
20 CONTINUE 

ELSE 

C SURFACE #2 
DO 25 J=1,3 

DO 35 K=15,4¢ 
DO 45 L=154 

SRF(J>L,K J=OPKL2(L-1,K-1,J) 
45 CONTINUE 
35 CONTINUE 
25 CONTINUE 

ENDIF 
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INVERT ONE POINT AT A TIME (THERE ARE 4 POINTS 
IN A SEGMENT) 

DO 100 J=154 

Cc 
Cc 

DO 110 K=1;3 
PUK )=TTUNGI J>K) 

110 CONTINUE 

C INVERT THE POINT 
CALL INVERT(SRF »P,U,V>FMAG ) 

C PUT THE RESULT IN TTUWPT 
IF(I.EQ.1) THEN 

TTUWPT(J,1,IPATCH )=U+UNO(1) 
TTUWPT(J,2,IPATCH )=V+UNO( 2 } 

ELSE 
TTUWPT( J53,IPATCH )=U+UNO( 3 ) 
TTUWPT( J 54, IPATCH )=V+UNOI 4 ) 

ENDIF 

100 CONTINUE 

10 CONTINUE 

RETURN 
END 

Ca we we we re ew we ee we ew ee ee ee we eee ewe ee ew ewe ee we 

Cc 
c SUBROUTINE: BOBOX 
c 
C DESCRIPTION: PRELIMINARY INTERSECTION CHECK USING 
c BOUNDING BOX 
c 
C INPUT: 
Cc PKL1,PKL2 = INTERSECTING SURFACES 
c 
C OUTPUT: 
c BOX = INTERSECTION FLAG 
c 
c Cc. K. WONG 
c 1/12/90 
c 
c 

SUBROUTINE BOBOX( PKL1 »PKL2 »BOX )} 

REAL PKL1(0:3,0:3,3), PKL2(0:3,0:3,3) 
+ »BOX1(8,3 ),BOX2(853 } 
+ »TPST1¢61,3)>TPST2(1>,3) 
+ »MMBOX1(3 »2 ) »MMBOX2(3 52) 

LOGICAL BOX 

C GET THE CORNER POINTS FROM BOTH SURFACES 
C AND PUT THEM INTO BOX1 & BOX2 

IB=1 
CALL FBPT(PKL1,0.,50.,TPST1,IFLAG) 
CALL STOBOX(IB,TPST1 ,BOX1 ) 
CALL FBPT(PKL2,0.,0.,TPST2,IFLAG) 
CALL STOBOX(IB,TPST2 ,BOX2 ) 
IB=2 
CALL FBPT(PKL1,0.,1.,TPST1,IFLAG) 
CALL STOBOX(IB,TPST1,BOX1 } 
CALL FBPT(PKL2,0.,1.,TPST2,IFLAG) 
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CALL STOBOX(IB,TPST2,BOX2 ) 
IB=3 
CALL FBPT(PKL1,1. 51. ,TPST1,IFLAG) 
CALL STOBOX( IB, TPST1,BOX1 } 
CALL FBPT(PKL2,1.51.,TPST2,IFLAG) 
CALL STOBOX(IB,TPST2,BOX2 ) 
IB=4 
CALL FBPT(PKL1,1. 0. ,TPST1»IFLAG) 
CALL STOBOX( IB, TPST1,BOX1) 
CALL FBPT(PKL2,1. 0. »TPST2,IFLAG) 
CALL STOBOX( IB,TPST2,BOX2) 

C GET THE INTERIOR ¢ POINTS FROM BOTH CONTROL 
C HULL AND PUT THEM INTO BOX1 & BOX2 

IB=5 
bDO 10 I=1,2 

DO 15 K=1;2 
DO 20 J=1,3 
TPSTLE1,JI=PKLI(TI »K5J) 
TPST2(1,J J=PKL2(I KJ) 

20 CONTINUE 
CALL STOBOX(IB,TPST1>»BOX1 ) 
CALL STOBOX(IB,TPST2 »BOX2 } 
IB=IB+1] 

15 CONTINUE 
10 CONTINUE 

C FIND THE MAX & MIN OF THE BOXES 

CALL FMMBOX(BOX1 »>MMBOX!] } 
CALL FMMBOX( BOXZ »MMBOX2 ) 

C USING THE MAX & MIN BOX FOR INTERSECTION CHECK 

BOX=. TRUE. 

IF( ( (MMBOX1(1,1).LT.MMBOX2(1,1)).AND. 
+ (MMBOX1(1,2).LT.MMBOX2(151))).OR. 
+ ( (MMBOX1(1,1).GT.MMBOX2(1,2)).AND. 
+ (MMBOX1(1,2).GT.MMBOX2(1,2)))) THEN 

BOX=.FALSE. 
RETURN 

ENDIF 

IF(( (MMBOX1(25,1).LT.MMBOX2(251)).AND. 
+ (MMBOX1(2,2).LT.MMBOX2(251))).OR, 
+ ( (MMBOX1(02,1).GT.MMBOX2(2,2)).AND. 
+ (MMBOX1(252).GT.MMBOX2(2,2)))) THEN 

BOX=.FALSE. 
RETURN 

ENDIF 

IFC ((MMBOX1(351).LT.MMBOX2(3,1)).AND. 
+ (MMBOX1(3,52).LT.MMBOX2(351))).OR. 
+ ( (MMBOX1(351).GT.MMBOX2(3,2)).AND. 
+ (MMBOX1(3,2).6T.MMBOX2(352)))) THEN 

BOX=.FALSE. 
RETURN 

ENDIF 

RETURN 
END 
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SUBROUTINE: STOBOX 

DESCRIPTION: PUT A POINT INTO A BOX 

INPUT: 
IB 
TPST 

POINT IDENTIFIER 
POINT 

OUTPUT: 
BOX MAX/MIN BOX FOR A SURFACE tt 

C. K. WONG 
9/12/89 

O
O
O
M
A
N
A
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N
A
A
a
A
A
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SUBROUTINE STOBOX(IB,TPST »BOX ) 

REAL TPST(1,3),BOX(8,3)} 

DO 10 I=1;3 ; 
BOX(IB,IJ=TPST(153 3 

10 CONTINUE 

RETURN 
END 

SUBROUTINE: FMMBOX 

DESCRIPTION: FIND THE MAX & MIN OF A BOUNDING BOX 

INPUT: 

BOX BOUNDING BOX FOR A SURFACE 

OUTPUT: 
MMBOX MAX/MIN VALUES OF THE BOX 

C. K. WONG 
1/12/89 

O
A
M
 
A
N
A
A
N
A
A
A
a
A
A
D
A
A
N
A
A
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SUBROUTINE FMMBOX( BOX »MMBOX ) 

REAL BOX(8,3 ) »MMBOX(3 2) 
+ »MAX ,»MIN 

DO 10 I=1,3 
MAX=BOX(1,T) 
MIN=BOX(1,I ) 
DO 20 J=2,8 

IF(BOX(J,1I)}.6T.MAX) THEN 
MAX=BOX( J >I) 

ELSEIF(BOX(J,I}).LT.MIN) THEN 
MIN=BOX( J>I } 

ENDIF 
20 CONTINUE 

MMBOX(I,1)=MIN 
MMBOX(T , 2 J=MAX 

10 CONTINUE 

RETURN 
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c 
c SUBROUTINE: CHKSR 
C 
cC DESCRIPTION: CHECK WHETHER IT IS A SPECIAL RULED SURFACE 
c 
C INPUT: 
c PKL = A SURFACE 
c 
C OUTPUT: 
Cc ITYPE = FLAG FOR THE SURFACE TYPE 
c 
Cc C. K. WONG 
c 9/12/89 
c 
Ls 

SUBROUTINE CHKSR(PKL ,ITYPE ) 

REAL PKL(0:3,0:3,3) 

C INITIALIZE VARIABLES 
ITYPE=0 
TOL=.01 

C CHECK FOR COLUMNS OF MULTIPLES OF FIRST COLUMN OR 
C ROWS OF MULTIPLES OF FIRST ROW 

IT=0 
DO 10 I=1;3 

IS=0 
DO 20 J=1,;3 
IF( (ABS(PKL(0,0,I )-PKL(0,J,2)).LT.TOL}.AND. 

+ (ABS(PKL(1,0,I }-PKL(1,J,17)).LT. TOL). AND. 
+ (ABS(PKL(2,0,1)-PKL(2,J,IT)).LT.TOL). AND. 
+ (ABS(PKL(3 ,0,I J-PKL(3,J,1T)).L7.TOL)} THEN 

IS=IS+1 

ELSEIF(( ABS(PKL(0,0,I )-PKL(J,0,1)).LT.TOL).AND. 
+ CABS(PKL(G,1,T3-PKL(J>1,I3).LT.TOL).AND. 
+ (ABSCPKL(0,2,1 )-PKL(J>2,1)).LT.TOL}.AND. 
+ (ABS(PKL(0,3,I J-PKL(J,3,5I)).LT.TOL)} FHEN 

IS=IS+1 
ENDIF 

20 CONTINUE 

IF(IS.GE.3) THEN 
IT=IT+1 

ENDIF 

10 3 =©CONTINUE 

C SPECIAL CASE FOR X, Y & Z: SPECIAL RULED SURFACE 

IFtIT.EQ.3) THEN 
ITYPE=1 

ENDIF 
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C SET 

SUBROUTINE: BRFOR 

DESCRIPTION: CALCULATE THE COEFF. OF A 
B-SPLINE RULED SURFACE. 

INPUT: 

PKL = INTERSECTING PATCH 

Is = PATCH IDENTIFIER 

IUW = RULED DIRECTION OF THE SURFACE 

OUTPUT: 

TKYZ = SURFACE COEFF. 

C. K. RONG 

9/12/89 

SUBROUTINE BRFOR(PKL;>IS,TXYZ,IUW) 

REAL PKL(0:3,0:353),P(454),C(16),TXYZ(358) 
INTEGER IUW(2),ICC(3) 

THE VARIABLES 

R36=1./736. 
R12=1./12. 
RG=1./4. 
R2=1./2. 
R6=1./6. 
R3=1./3. 
R9=1.79. 

C SURFACE COEFF. FOR X> Y¥, & Z 

30 
20 

pO 10 I=1,3 

DO 20 J=1,54 
DO 30 K=1)4 

P(J»K J=PKL(J-1,K-15I) 
CONTINUE 

CONTINUE 

Cl 1)J=R36*P(1,1)-R12*P(1,2)+4R12*P( 1,3 )-R36%P( 1,4 )-R1Z*P( 251) 
+ +RGXP( 252 )-RGXP( 23 J#R1Z2*P( 2 94) +R12Z2*P( 3,1 )-RG*P( 3,2) 
+ +RGXPE3 3 )-R1Z2*P( 3 54 )-R36%P(451 )4R12*P(4,2 J-R12*P(4,3) 
+ +R36XP(G,4) 

Cl 2)=-R12%P(1,1)4R6*P( 1,2 )-R12¥P( 1,3 )#R4XP( 2,1 )-R2*P(2,2) 
+ +RGXP( 2 53 J-RG*P( 3,1 J4RZ*P(3 2 -R4MP( 3,3 4R1Z2"P(G51) 
+ -R6XP (4,2 )+R12*P14,3) 
C(3)=R12*P(1,1)-R12*P (1,3 )-R4*P( 251 )+RG*P( 253 )4R44P( 3,1) 

+ -RG*P( 3 53 J-R1Z*P(G,1)+R12*P14,3) 
C14 )=-R36*P( 1,1 )-R9XP( 1,2 )-R36*P( 1,3 )4R12*P( 251 )4R3*P( 252) 

+ +R12*P( 2,3 J-R1Z2*P( 3,1 )-R3*PC3 2 )-R12*P( 3,3 )+R36XP(G51) 
+ +ROXP(G,2 )FR36XPI4,3) 
C(5)=-R12*P(1,1)+RG*P(1,2 )-R4*P( 153 )+R12%P( 154 )4+ROXP(251) 

+ -R2*P( 2,2 )+4R2*P( 253 )-R6XP( 254 )-R12*P( 3,1 )4RG*P(3,2) 
+ -RG*P( 3 53 )4R12*P(3 54) 
C(6J=R4XP(1,1)-R2*P( 1,2 )4R4*P( 153 )-R2P( 251 )4P( 252 )-R2*P( 253) 

+ +R4*P(3 51 )-R2XP(3 52 4RG*P( 3,3) 
C7 )=-RGXP( 1,1 )4RGXPC1,3 J4RZ*P( 251 )-R2*P( 253 -R4*PCS > 1 4RGNP( 3,3) 
C(8J=R1Z¥P(1,1 #R3XP( 1,2 J4R1LZXP( 153 J-ROXP(2,1)-(2./3. *P( 252) 

+ -R6XP( 253 )4R1Z2*P( 3,51 )+R3*P( 3,52 )4R12*P( 353) 
C(9)=R12*P(1,1)-RGXP(1,2 )4RGXP(1,3 J-R12*P( 1,4 )-R12*P( 3,1) 

+ +RG*P( 3,2 J-RGHP( 3,3 J4RLZ*P( 3 54) 
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C(10 )=-RG4*P(1,1)4R2*P( 1,2 J-R4*P( 153 )+R4*P( 3,1 )-RZ2*P( 3,2) 
+R4*P(3,3) 

C(11 J=R4*P(1 >1 -R4*XP( 1,3 )-RO*XPC3 1 +R4*P( 353) 
C(12)=-R12*PC1 51 J-R3*P( 152 J-R1Z2*P( 1,3 }4+R1Z2*P( 3,1 tR3*PC3,2) 

+R12*P(3,3) 
C(13 )=-R36*%P(1,1)4+R12*P(1,2 J-R1Z2¥P( 1,3 J+R356%P(1,>4)-R9XP( 2,13 

+R3¥P( 252 )-R3¥P( 2,3 )+ROXP( 2 >4 -R3S6XP( 351 JtRIZ*PC3,2) 
-R12*P (3,3 )+R36*P(3 54) 

C(14 J=R12*P(1,1)-ROXP( 1,2 J+R1L2*P( 1,3 +R3*P12,1)-02./73. *P(2,2) 
+R3*P( 2 53 3+R12*P( 3,1 J-ROXP(3,2 J+R1IZ*P(3 53) 

C( 15 J=-R124P(1,1)4+R12*P( 1,3 )-R3*PC2,1)+R3*P( 2,3 )-R12*P(3,1) 
+R1LZHPC3 53) 

C(16 )=R36*P(151)+ROXP( 1,2 J +R36HP(153 J#RIXP( 251 0414.79. "PL 252) 
+ROXP( Z 53 J+R36RP( 3,1 3+R9OXP( 3,2 J+R36"P( 353) 

C RULED SURFACE COEFF. (CUBIC IN IUW(IS) DIRECTION) 

10 

o
a
q
d
0
0
q
d
q
g
q
g
g
a
d
a
 

% N 

IFCIUW(IS).EQ.0) THEN 
TRYZ(T 1 =C03) 
TRYZ(I »2 3=C07) 
TAYZ(1 53 3=CC11) 
TRYZ(T 54 J=CU15 ) 
THYZ(T 55 J=C(4) 
TRYZ(I »6 J=C(8} 
TAYZ(L,7)=C(12 ) 
TAYZ(L »8 )=CO16 ) 

ELSEIFCIUW(IS).EQ.1) THEN 
TXYZ(I,13=009) 
TRYZEL 52 3)=C(10) 
TRYZ(I 3 =C(113 
TRYZ(T »4 )=C(12) 
TXYZ(I 55 )=C(13 3 
TXYZ(I »6 J=C(14) 
TXYZ(I»7)=C(15) 
TRYZ(T 58 )=C( 16) 

Subroutine: invert 

Description: Finds the closest point on the surface 
to the given point 

Krishnan V. Kolady 
09/27/89 

subroutine invert(srf, p» u, v» fmag) 

7* declare the variables 

real srf(354:4), pl3)}>. us v» fmag 

real dumax, dvmax, maxitr, tol, itr 
parameter( dumax=0.1, dvmax=0.1, maxitr=5, tol=le-10) 

real f(3), pul3), pvt(3) 
real ni(3), delui, delvi 
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real calui, calvi 

c /* set initial values for u, v» and itr 

u = 0.5 

v = 0.5 

itr = 1 

c 7* calculate the required function f and pu, pv 
10 ~=s call cldrvitsrf, u» vs p>» f> pus pv», fmag) 

c 7® calculate ni 

call cross(pu, pv» ni) 

c /* calculate del u 
delui = calui(ni; f> pv) 
if( abs(delui) .gt. dumax ) then 

if( deluz .1t. 0 ) then 
delui = -dumax 

else 

delui = dumax 

endif 

endif 

c 7® calculate the new value of u 
u=u + delui 

c /7* calculate del v 
delvi = calvi(ni, f» pu) 
if( abs(delvi) .gt. dvmax ) then 

af( delvi .1t. 0 3 then 
delvi = -dvmax 

else 

delvi = dvmax 

endif 

endif 

c /¥* calculate the new value of v 
v=sv - delvi 

c /*% check for termination 
iff itr .ge. maxitr .or. 

- (abs(delui) .le. tol .and. abst{delvi) .le. tol )) then 
goto 500 

else 

c 7% increment itr 
itr = itr +1 
goto 10 

endif 

Cc 7% 

500 iffu .lt. 0.0) 

iffu .gt. 1.0) 
if(v .1t. 0.0) 
iffv .gt. 1.0) <

<
c
c
 

w
u
o
w
 

tt 
KF 
O
r
O
 

e
c
o
o
o
 

c 7* return 

5000 return 

  

Subroutine: cldrvi 

Description: Calculates the required derivatives for 
subroutine invert 
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c Krishnan V. Kolady 
c 09/27/89 

c 
Cc ee ee es ee es ee ee ee ee es ee ee ee es ee ee ee 

cxX/ 

subroutine cldrvilsrf, u» v» p» f» pus pv» magf) 

c /*% declare the variables 
real srf(35454), us v»s pl3), £13), pul3), pv(3), magf 

real magn, psrf(3) 

c 7* find the point on the surface 
call bpsrf(srf, u,s v> psrf(1), psrf(2), psrf(3)) 

c /* find function f 
call subipsrf, p» f) 

c /* find pu 
call bpsrfulsrf, us v» pull), pul2), pul3)) 

c 7% find pv 
call bpsrfwisrf, us v> pyv(1), pyv(2), py(3)) 

c /* find the magnitude of the function f 
magf = magni f) 

c 7* return 
5000 return 

end 
c/* 
¢ = we et an ee Om oe en ee es ee ee ee ee ee ee ee 

c 
c Function: calui 
c 
c Description: Calculate the del u for the invert 
c subroutine 
c 
c 
c Krishnan V. Kolady 
c 09/27/89 

c 
Cc a Se ee we ee em ee ee ee es se oe es ee ee a ES SES ee ee ee 

Cx/ 

real function caluilni, f» pv) 

c /* declare the variables 
real ni(3), £(3), pvi3) 

real dotni, crpvf(3), nipvf 

c 7® find dotni 
call dot(ni, ni, dotni) 

c /* find the cross product of pv & f 
call cross(pv> f» crpvf) 

c 7/* find the dot product ni and crpvf 
call dot(ni, crpvf, nipvf) 

ec 7*® find the value for del u 
calui = nipvf / dotni 

c 7* return 
5000 return 
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c/%* 
Cort en ie ee eee ee ee ee eee een eeene 

c 
c Function: calvi 
c 
c Description: Calculate the del v for the irvert 
c subroutine 
c 
c 
c Krishnan V. Kolady 
c 09/27/89 

c 
Goo 3-23 oe nee eee e+e 

cx/ 

real function calvi(ni, f, pu) 

c 7* declare the variables 
real ni(33), £13), put3) 

real dotni, crpuf(3), nipuf 

c 7% find dotni 

call dot{ni, ni» dotni) 

c 7* find the cross product of pu & f 
call cross(pu, f, crpuf) 

c 7*® find the dot product ni and crpuf 
call dot(ni, crpuf, nipuf) 

c 7* find the value for del v 
calvi = nipuf / dotni 

c 7® return 

5000 return 

end 

c/* 
ce ae ms ae ORD OR ee em ee ee ee es ee es ee ee ee ee ee es ee 

c 
c Subroutine: dot 
c 
c Description: finds the dot product of 2 vectors 
c This is available in acsmath 
c 
c Krishnan V. Kolady 
Cc 09/14/89 

c 
Cc on es Gy De se es ee es ee se ee ee ee es ee se se es ee es eo 

cx/ 

subroutine dot(a,b;c) 

c 7*® declare the variables 

real a(3), b(3), c 

c 7* calculate the dot product 
c = all)*b(1) + al 2)*b(2) + al 3 )*b(3) 

c 7* return 
5000 return 

end 

c/* 
Cc on ae ote SD ee ee OD ee ee ee ee ee ee ls ee ee ee ee ee Oe ee ee ee ee ee et ee eee eee 

c 
c Subroutine: cross 
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Description: finds the cross product of 2 vectors 
This is available in acsmath 

Krishnan V. Kolady 
09/14/89 

subroutine cross(a,b>c) 

/* declare the variables 

real a(3), bi3), cf3) 

/* calculate the cross product 
c(l) = al2)*b(3) - af 3)*b(2) 

c(2) = al3)*b(1) - allj)*b(3) 

ec(3) = all)*b(2) - al2)*b(1) 

/7*® return 

return 

end 

Subroutine: sub 

Description: finds the subtraction of 2 vectors 
This is available in acsmath 

Krishnan V. Kolady 
09/14/89 

subroutine subla;>b,c) 

/7* declare the variables 

real a(3), b(3), cl3) 

7® calculate the cross product 
c(l) = a(l) - b(1) 

o(2) = al2)} - bl2) 

c(13) = al(3) - bi3) 

/7* return 
return 

end 

Subroutine: cpyvct 

Description: copies a vector into another vector 
This is available in utilty 

Krishnan V. Kolady 
09/14/89 

oe ae 0, me Pe ee a me ln ee ee ee ee ee ee 

subroutine cpyvct(nitems, vectl, vect2) 

7* declare the variables 
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integer nitems 
real vectl(*), vect2(*) 

c /® 

do 100 i=l,nitems 
vect2(i) = vectl(i) 

100 continue 

  

c /7*® return 
5000 return 

end 
c/k 
GC-ro- —— = SP 7D UP ie GEE ee aD SRP alm SE Gre at OY ae ee Oe ee ee es ee ee ee 

c 
c Subroutine: bpsrf 
c 
c Description: uses the geometric form to compute point 
c on a B-spline patch for specific u and w 
c 
c Krishnan V. Kolady 
c 08/14/89 

c 
¢f oe ee ae Oe ee Oe ee ee ee Oe ee ee ee 2 ee 

c#/ 

subroutine bpsrf(b, us Ws px» py» pz) 

c 7* declare the variables 
real b(35454)5 Us Ws px» py» pz 

real ful4), fwl¢) 

c 7* calculate blending functions for u 
eall bbftu, fu) 

c /*® calculate blending functions for w 
call bbf(w, fw) 

c 7® calculate x coord. on patch 
call beleptil, b, fu» fw, px) 

c /® calculate y coord. on patch 
call belept(2, b, fu, fw, py) 

c /* calculate z coord. on patch 
call bclcpt(3, b» fu» fw, pz) 

c 7* return 
return 
end 

c/* 
cf = we Oe oe oe oe et ee oe > ee ee a SSS SS CSS SSS SF SBS SO BSS sees | 

c 
c Subroutine: bbf 
c 
c Description: calculates the four components of the 
c blending functions at specific u 
c 
c Krishnan V. Kolady 
c 08/14/89 

c 
Cc 8 es oe et en ee a ee es es es es es es es es es se a es es 0 es es es es ee ee ee ee 

cx/ 

subroutine bbf(u, f) 
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7* declare the variables 

real u, (4) 

real umat(4), mmnat(4,4) 
data mmat/ -0.166667, 0.5, -0.5, 0.166667; 

0.5, -1.0, 0.0, 0.666667, 
-0.5, 0.5, 0.5, 0.166667, 

0.166667, 0.0, 0.0, 0.0/ 

7* define the u matrix 

umat(4) = 1.0 

umat(3)} = u * umat(4) 

umat(2) = u * umat(3) 

umat(l} = u * umat(2) 

7* multiply the u matrix with M matrix 
call bmatm(1, 4, 4) umat, mmat, f) 

7*® ceturn 

return 

end 

ee ee ce ee es oe ee a De ee te Oe ee ee ee te ee 

Subroutine: bpsrfu 

Description: uses the geometric form to compute Plu,.w) 
on a B-spline patch for specific u and w 

Krishnan V. Kolady 
08/14/89 

subroutine bpsrfulb, us ws px» py» pz) 

7* declare the variables 
real b(3544)5 Us Ws Px» py» pz 

real ful4), fwl4) 

7*® calculate blending functions for u 
call bbfulu, fu) 

7* calculate blending functions for w 
call bbfiw, fw) 

/* calculate x coord. on patch 
eall belcept(1, b>» fu» fws px) 

/® calculate y coord. on patch 
call belept(2, b, fu, fw, py) 

/*® calculate z coord. on patch 
call bclcpt(3, b, fu, fws pz) 

7*® return 

return 

end 

Subroutine: bpsr fw 
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Description: uses the geometric form to compute Plu,w) 
on a B-spline patch for specific u and w 

Krishnan V. Kolady 
08/14/89 

subroutine bpsrfwib, u» Ws pxs py» pz) 

7* declare the variables 
real b(314s4)> Us Wy» PXs PY» Pa 

real ful4), fwl4) 

7* calculate blending functions for u 
call bbflu, fu) 

/* calculate blending functions for w 
call bbfulw, fw) 

/* calculate x coord. on patch 
call belept(1, b, fu, fw, px) 

/* calculate y coord. on patch 
call belept(2, b, fu, fw, py) 

/* calculate z coord. on patch 
call belept(3, b, fus fw, pz) 

7*® return 

return 

end 

a me a Ee ae ae Oe ee ED ee AD ey OE se Oe 

Subroutine: bbfu 

Description: calculates the four components of the 
blending functions at specific u 

Krishnan V. Kolady 
08/14/89 

subroutine bbfulu, f) 

/* declare the variables 

real uy f(4) 

real umat(4), mmnat(4.4¢) 

data mmat/ -0.166667, 0.5, -0.5;, 0.166667; 

0.5, ~1.0, 0.0, 0.666667; 

-0.5, 0.5, 0.5, 0.166667, 

0.166667, 0.0, 0.0, 0.0/ 

g -
 

~"
 

—
 

u
H
a
 

umat(1) 
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g \ 

7* multiply the u matrix with M matrix 
call bmatm(1, 4, 4, umat, mmat, f) 

7* return 

return 
end 

Subroutine: bclcpt 

Description: calculates a specified coordinate on a 
surface 

Krishnan V. Kolady 
08/14/89 

subroutine belept(xyz,» b, fu» fws p) 

/7* declare the variables 
integer xyz 
real b(354,4), ful@), fwl4), p 

integer row 

7*® initialize coordinate 

p = 0.0 

s*® 

do 20 row = 154 
7*® perform matrix mult 
call bsfmlt(xyz,» row, bs fu, fw» p) 

continue 

7® return 

return 

Subroutine: bs fmlt 

Description: performs matrix multiplication for 
calculating a point on a surface patch 

Krishnan V. Kolady 
08/14/89 

subroutine bsfmlt(xyz,» row, b, fu» fw, p) 

“/* declare the variables 

integer xyz» row 
real b(3 5454); ful4), fw(4), p 

integer lev 
real d 

“/*® initialize d 

d = 0.0 
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c 7 

do 10 lev =1;4 

c /* perform matrix mult 
d= d + bl(xyz, row, lev) * fullev) 

10 ~=s continue 

c 7*® calculate coord. 

p =p +d * fwlrow) 

c 7* return 
return 
end 

C/* 
Cr en ew er ee me ew ee ew eee teen ee ew ee eee ween e ees 

c 
c Subroutine: bperv 
c 
c Description: uses the geometric form to compute point 
c on a B-spline curve for specific u 
c 
c Krishnan V. Kolady 
c 08/14/89 

c 
cf Oe Sm Gee et eee me ee Sn ee eee ne ee eS ee Ge 0 em ee ee ee we 

cx%/ 

subroutine bpcrv(b» us px» py> pz) 

c 7% declare the variables 
real b(3,4), Uys W» px» py» pz 

real ful4) 

c 7*® calculate blending functions for u 
call bbftu, fu) 

c 7® calculate x coord. on patch 
call berdpt(1, b, fus px) 

c /*® calculate y coord. on patch 
eall berdpt(2, b, fu, py) 

c /* calculate z coord. on patch 
call berdpt(3, b, fu» pz) 

c 7® return 
return 
end 

c/* 
c se SE ee es SE ee ee ee ee ee ee ee ee ee ee ee et ee ee ee 

c 
c Subroutine: bpervu 
c u 
c Description: uses the geometric form to compute Q(u) 
c on a B-spline curve for specific u 
c 
c Krishnan V. Kolady 
c 08/14/89 

c 
Cc ee ee ee ee ee ee ee ee ee ee ee ee ee es ee ee ee ee ee ee ee ee oe et 

cx*/ 

subroutine bpervulb, u, px> py» pz) 
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7* declare the variables 
real b(3»4), Uy» Ws PX» Py>s pz 

real ful4) 

7% calculate blending functions for u 
call bbfulu, fu) 

/* calculate x coord. on patch 
call berdpt(1, b, fu, px) 

/*® calculate y coord. on patch 
call berdpt(2;, b, fu, py} 

/* calculate z coord. on patch 
call berdpti3, b; fu, pz) 

/* return 

return 

end 

Subroutine: berdpt 

Description: calculates a specified coordinate on a 
sur face 

Krishnan V. Kolady 
08/14/89 

subroutine berdpt(xyz, b, fu,» p) 

“7*® declare the variables 

integer xyz 
real b(3 54)>5 ful@), fwl4@), Pp 

integer row 

/* initialize coordinate 
p = 0.0 

7% 
do 20 row = 154 

7* perform matrix mult 
p =p + blxyz, row) * fulrow) 

continue 

7* return 

return 

end 

Subroutine: bmatm 

Description: general matrix multiplication routine 

Krishnan V. Kolady 
08/15/89 
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subroutine bmatm( rowl, collrow2; col2, matain, matbin, 
matout } 

c 7*® declare the variables 
integer rowl, collrow2, col2 
real matain(rowl, collrow2), matbin(collrow2, col2) 
real matout(rowl, col2Z) 

integer 1, j,» kK 

c 7® 

do 5 i=1,rowl 
do 4 j=1,col2 

c /® initialize output matrix matout element (1,3) 
matout(i,j) = 0.0 

c /* find the (1,3) th element 
do 3 k=1,collrow2 

matout(i,j) = matout(i,j) + matain(i,k) * matbin(k,j) 
3 continue 

4 continue 
5 continue 

c /* return 
return 
end 

c/* 
c me Ry OS Aa tO GD Se es a Ge Oe Ae le aD Oe Oe SED ee De Ge ee Ge A ee OD ee Oe ee 

c 
c Function: magn 
c 
c Description: finds the magnitude of a vector 
c 
c 
c Krishnan V. Kolady 
c 09/14/89 

c 
Cc ee es es ee es es et es ee ee ss es es ee ee ee ee ee ee ee ee 

cx/ 

real function magnla) 

c 7* declare the variables 
real a(3) 

c 7% calculate the magnitude of the vector 
magn = sqrtla(l je2 + al 2 2 + af 3 eZ) 

c /* return 

return 
end 
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Appendix F : Program SUBDIV 

  (-----~----~- ~~. eee -<= a 

c 
c SUBROUTINE: SUBDIV 
c 
Cc DESCRIPTION: APPROXIMATE A CUBIC B-SPLINE SURFACE 
c WITH RULED SURFACES 
c 
C INPUT: 
Cc ISURNG = SURFACE IDENTIFIER 
Cc PKL = SURFACE 
c 
C OUTPUT: 
c IOIR = DIRECTION OF SUBDIVISION 
c INOSUB = NO. OF SUBDIVIDED PATCHES 
c SUBPKL = SUBDIVIDED PATCHES 
c 
c C. K. WONG 
Cc 2/20/90 
c 

SUBROUTINE SUBDIV(ISURNO,PKL ,>IDIR »INOSUB ,SUBPKL ) 

REAL PKL(0:3,0:3,3),S0(0:3,0:3,3),SPKL(0:3,0:3,3) 
+ sRPKL1(0:3,0:3,3 ),RPKL2(0:3,0:353),RPKL(0:3,0:3,3) 

+ sU(G),W(G) 

+ »MAX1 »MAX2 »MAX 

+ »SUBPKL(0:350:3,3,%),LIM 

INTEGER RD»RD2,INOSUB ,IDIR( *) 

C TOLERANCE OF APPROXIMATION 
TOL=.001 
TOL2=.0001 
LIM=.2 

C INITIALIZE THE VARIABLES 
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=-(1./3.) 
DO 10 I=154 

R=R+(1./3.) 
UCIJ=R 
WOIJ=R 

10 CONTINUE 

Ui=0. 
U2=1. 
W1=0. 
W2=1. 
INOSUB=0 

PICK ONE PARAMETRIC DIRECTION ON THE ORIGINAL SURFACE 
FOR RULED SURFACE APPROXIMATION 

RO: FLAG FOR PARAMETRIC DIRECTION 

RD=0 

FIND 16 POINTS OF A RULED SURFACE USING THE BOUNDARIES OF 
ORIGINAL SURFACE 

CALL RULEDUW( PKL ,U1,U2 ,W1>,W2»RD»SO) 

INVERSE FOR A RULED SURFACE PROVIDED 16 POINTS ON 
THE SURFACE 

CALL FBPT2(SO,RPKL1,U,W,IFLAG) 

EVALUATE THE APPROXIMATION 

CALL COMLINE( PKL,RPKL1,RD»MAX1 ) 

PICK ANOTHER PARAMETRIC DIRECTION AND REPEAT THE 
ABOVE PROCEDURES 

RD=1 

CALL RULEDUW( PKL »U1 »U2»,W1 NZ >RD SO) 
CALL FBPT2(SO,RPKL2,U,W,IFLAG) 
CALL COMLINE( PKL>RPKL2Z>RD »MAX2 ) 

GaeeEEeeeecece FIX FOR ACSYNT MODEL 2¢3¢2¢3¢3¢2¢363¢3¢36200¢3¢ 

c 
Cc 
c 
c 
c 

Cc 

Cc 
Le 

FOR ACSYNT MODEL ONLY, FIX THE RULED DIRECTION 
OF WINGS AND TAIL. HAVE TO BE UNFIXED FOR GENERAL 
INTERSECTION 

IFC CABSCMAX1).LT.TOL).AND. 
+ (ABS(MAX2).LT.TOL).AND. 
+ (ISURNO.EQ.1)3 THEN 

MAX2=0. 
ENDIF 

CHECK THE ACCURACY OF APPROXIMATION 

IFC CABSC(MAX1L).LE.TOL).AND. 
+ (ABS(MAX1).LE.ABS(MAX2))) THEN 

DIRECTION RD=0 SATISFY THE TOLERANCE 
INOSUB: NO. OF APPROXIMATED RULED SURFACES 

INOSUB=1 
RD=0 

Appendix F : Program SUBDIV 122



N
a
n
 

a
a
n
 

IDIRCINOSUB }=RD 

PUT THE RULED SURFACE DATA INTO SUBPKL 

CALL WRPKL(INOSUB ,RPKL1,SUBPKL ) 
RETURN 

ELSEIF ( ( ABS(MAX2 ).LE.TOL).AND. 
+ (ABS(MAX2 ).LE.ABS(MAX1))) THEN 

DIRECTION RD=1 SATISFLY THE TOLERANCE 

INOSUB=1 
RD=1 
IDIRCINOSUB J=RD 
CALL WRPKL( INOSUB ,RPKL2 »SUBPKL ) 
RETURN 

ENDIF 

PICK ONE DIRECTION TO SUBDIVIDE BASED ON THE 
DIFFERENCE OF APPROXIMATIONS 

IFC ABS(MAX1 ).GT.ABS(MAX2)) THEN 
RD=1 
U2=U2/2. 

ELSE 
RD=0 
W2=W272. 

ENDIF 

SUBDIVIDE THE SURFACE INTO HALF FOR EACH ITERATION 

FIND 16 POINTS OF A RULED SURFACE USING THE BOUNDARIES OF 
ORIGINAL SURFACE WHERE PARAMETRIC DIRECTION RD IS DIVIDED 
INTO HALF 

25 CALL RULEDUW( PKL>U1,U2Z»N1,N2,RD»,SO) 
CALL FBPT2(SO,RPKL>»U,W,IFLAG } 

FIND THE CORRESPONDING SUBSURFACE FROM THE ORIGINAL SURFACE 
FOR COMPARISON 

CALL SUBSUR( PKL ,U1,UZ,W1,W2,RD,SO) 
CALL FBPT2(SO,SPKL>U,W,IFLAG ) 

CALL COMLINE(SPKL,RPKL »RD MAX) 

APPROXIMATION IS OUT OF TOLERANCE: 
FURTHER SUBDIVIDE THE SURFACE AND 
REPEAT THE INVERSION AND COMPARISON PROCEDURES 

IF( ABS(MAX).GT.TOL) THEN 

IF(RD.EQ.0) THEN 
W2=(W14tW2 72. 

ELSE 
U2=(U14U2 72. 

ENDIF 

STOP SUBDIVIDING : THE DISTANCE BETWEEN THE BOUNDARY CURVES 
APPROACH THE LIMIT 

IF((RD.EQ.0).AND.((W2-W1).LE.LIM)) THEN 
CALL RULEDUWI PKL ,U1,UZ ,W1>,W2»»RD»SO) 
CALL FBPT2(SO,RPKL»,U,W,IFLAG) 
GOTO 130 

ELSEIF((RD.EQ.1).AND.((U2-U1).LE.LIM)) THEN 

Appendix F : Program SUBDIV 123



CALL RULEDUW( PKL ,U1,U2,W1,W2,RD,SO) 
CALL FBPT2(SO,RPKL,U,W,IFLAG) 
GOTO 130 

ENDIF 

GOTO 25 
ENOIF 

C APPROXIMATION IS WITHIN TOLERANCE : 
C INCREMENT THE APPROXIMATED RULED SURFACE NO. 

130 INOSUB=INOSUB+1 
IDIR( INOSUB J=RD 

C PUT THE RULED SURFACE DATA INTO SUBPKL 
CALL WRPKL( INOSUB,RPKL »SUBPKL ) 

C CHECK FOR COMPLETION OF SUBDIVIDING 
IF(RD.EQ.0)} THEN 

IFCABS(W2-1.).LT.TOLZ2) RETURN 
W1=WN2 

W2=l. 

GOTO 25 

ELSE 

IF(ABS(U2-1. ).LT.TOLZ2) RETURN 
U1=U2 

U2=1. 

GOTO 25 

ENDIF 

RETURN 

END 

Cc et 6 A me i same So SANE sad mm SnD nO: CaS nr MD Gt SD) at RE SD WNL ok WES OR NS I elt NO Om PD Ome OS GD OD Gms MD ED ly SO 

Cc 

Cc SUBROUTINE: RULEDUW 
Cc 

Cc DESCRIPTION: FIND 16 POINTS ON A BICUBIC SURFACE TO FORM 

Cc A RULED SURFACE 

Cc 

C INPUT: 
Cc PKL = BICUBIC SURFACE 

Cc U1L,U2,W1,WN2 = STARTING AND ENDING PARAMETRIC VALUES 

Cc FOR THE POINTS ON THE RULED SURFACE 

c RD = RULED DIRECTION 

c 

C OUTPUT: 
Cc so = 16 POINTS ON THE APPROXIMATED RULED SURFACE 

Cc 

Cc Cc. K. WONG 

c 9/12/89 

Cc 

SUBROUTINE RULEDUW( PKL >,U1,U2»W1,N2Z,RD>,SO) 

REAL PKL(0:3,0:3,3),80(0:3,0:353); 
+ PST1B(1,3),PST1A(1;3) 

INTEGER RD 

C FIND 16 POINTS ON THE SURFACE: WITH A INTERVAL OF 1/73 
C OF THE CORNER POINTS 

EINTU=(U2-U1)/3. 
EINTW=(W2-W1 7/3. 
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IF(RD.EQ.1) THEN 

C RD=1: CUBIC IN W DIRECTION; LINEAR IN U DIRECTION 

WW=W1-EINTW 
DO 20 I5=154 

WA=WWN+( EINTW) 

C FIND THE POINTS ON THE W-BOUNDARY 

CALL FBPT(PKL,U1,WA»PST1A,ISURF } 
CALL FBPTCPKL »U2,WA,PST1B,ISURF ) 

C PUT THE POINTS INTO SO} WHERE THE INTERIOR POINTS 
C OF U DIRECTION ARE LINEARLY INTERPOLATED BETWEEN 
C THE TWO BOUNDARY POINTS 

DO 65 II1=1,3 
S0(0,I15~-1,II1 )=PSTIA(1,II1) 
50(3,I5-1,II1)=PST1B(1,II1) 
$0(1,I5-1,II1 )=PSTIA(1,II1 ¥(1.-€1.73. ) + 

+ PSTIB(1,IT1LJ*(1.73.) 
S$O(2,I5-1,1T1 J=PSTIAC1 »II1 e(1.-02.73. 39+ 

+ PSTIB(1,I1I1)¥(2.73.) 
65 CONTINUE 

20 CONTINUE 

ELSE 

C RD=0: CUBIC IN U DIRECTION; LINEAR IN W DIRECTION 

UU=U1-EINTU 
DO 200 15=1;4¢ 

UU=UU+l EINTU) 

C FIND THE POINTS ON THE U-BOUNDARY 

CALL FBPT(PKL »UU,W1,PSTIA,ISURF } 
CALL FBPT(PKL »UU,W2 ,PST1B ,ISURF } 

C PUT THE POINTS INTO SO; WHERE THE INTERIOR POINTS 
C OF W DIRECTION ARE LINEARLY INTERPOLATED BETWEEN 
C THE TWO BOUNDARY POINTS 

DO 650 II1=1,3 
S$O(I5-1,0,II1)=PSTIA(1,I11) 
S$O(I5-1,3,II1 J=PSTIB(1,111) 
SOC I5-1,1,II1)=PST1IAC1,II1 *t1.-(1.73. ) 3+ 

+ PSTIB(1,II1 )¥(1./3.) 
$O(I5-1,2,II1 }=PSTIAC1,II1 *(1.-02.73. 00+ 

+ PST1B(1,1I1)*(2.73.) 
650 CONTINUE 

200 CONTINUE 

ENDIF 

RETURN 
END 

SUBROUTINE: FBPT2 

DESCRIPTION: INVERT FOR THE CONTROL HULL OF A 
SUB-SURFACE PROVIDED THE PARAMETRIC VALUES 
{U & W) OF 16 POINTS (SUB-SURFACE) ON THE 
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Cc ORIGINAL SURFACE 
c 
C INPUT: 
Cc PKLI = 16 POINTS ON THE SURFACE 
Cc U,W = PARAMETRIC VALUES OF THE 16 POINTS 
c 
C OUTPUT: 
c PKLO = SURFACE THAT INTERPOLATED THE 16 
c ON THE SURFACE 
c IFBPTF = DUMMY VARIABLE 
Cc 
c C. K. WONG 
c 9/12/89 
Cc 

SUBROUTINE FBPT2(PKLT ,PKLO,U,W,IFBPTF ) 

INTEGER IFBPTF,IMULF 
REAL U(4),W(4), U94(454), W4(454), MLT(4,4), MLTWG(4,¢), 

+ MK04 5435 UGMK(454),5 TPKLI4,4¢), PKLI(0:3,0:3,3), 
+ PKLO(0:350:353)> IMLT(4,4), IMK(454¢),IUG(454),ING(4,4), 
+ PMNG(454), TPKL2(454) 

C B-SPLINE BLENDING MATRIX 

DATA MK/-0.166667,0.5,-0.5,0.166667, 
+ 0.5,-1.0,0.0,0.666667, 

+ -0.5,0.5,0.5,0.166667, 

+ 0.166667,0.0,0.0;,0.0/ 

DATA MLT/-0.166667,0.5,-0.5,0.166667; 
+ 0.5,-1.0,0.5,0.0,; 

+ -0.5,0.0,0.5,0.0; 

+ 0.166667 ,0.666667,0.166667,0.0/ 

C INITIALIZE TOLERANCE 

TOL=.1E~-10 

DO 11 I=1,4 

C CALCULATE U MATRIX 

IFCABSC(U(T)-0.3.LT.TOL) THEN 
U4(I,1)=0. 
US4(I,2)=0. 
U4(I,3)=0. 
U4(I,4)=1. 

ELSE 
UG(I 51 J=UCT )2ee3 
UG(T > 2 JSUT 302 
UG(1,3 J=U(T) 
U4(1I,4)=1. 

ENDIF 

C CALCULATE W MATRIX 

IF(ABS(W(I)-0.).LT.TOL) THEN 
W4(1,T)=0. 
W4(2,T)=0. 
W4(3,I)=0. 
W4(4,I)=1. 

ELSE 
W401 ,T =WCT 363 
W402 >I J=WCI J 202 
W4(3,I)=W(T) 
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W414,T)=1. 
ENDIF 

11 CONTINUE 

C INVERT B-SPLINE BLENDING MATRIX 

CALL MATINV2( MK >IMK ) 
CALL MATINV2(MLT>IMLT ) 

C INVERT U & W MATRIX 

CALL MATINV2Z(U4 ,IU4) 
CALL MATINV2(WNG,IWG) 

C MULTIPLY W MATRIX TO BLENDING MATRIX 

CALL MATMUL(4>4,ING,4,4¢,IMLT »MLTW4,IMULF } 

C MULTIPLY U MATRIX TO BLENDING MATRIX 

CALL MATMUL(454,IMK >454,IU4 ,UGMK , IMULF } 

C CALCULATE THE SUB-SURFACE CONTROL HULL ( X> Y & Z) 

DO 20 I=1,3 

C PUT THE SURFACE POINTS INTO TPKL (MATRIX FORM) 

DO 30 J=1;4 
DO 40 IT=154 

TPKL(J,III= PKLI(J-1,1I-1,12) 
40 CONTINUE 
30 CONTINUE 

C MULTIPLY THE SURFACE POINTS MATRIX TO W BLENDING MATRIX 

CALL MATMUL(4,4,TPKL .454,MLTWN4 > PMNG,IMULF ) 

C MULTIPLY THE RESULTING MATRIX TO U BLENDING MATRIX 

CALL MATMUL(4,4,U4MK »44,PMNG>TPKL2 ,IMULF ) 

C SUB-SURFACE CONTROL HULL 

DO 5 I2=154 

DO 15 J2=1,54 
PKLO(I2-1,J2-1,I J)=TPKLZ(I2,J2) 

15 CONTINUE 

5 CONTINUE 

20 CONTINUE 

RETURN 
END 

DEPECHE IE IE IE HEHE HEE IEE ETE DEEN IEEE HEHE IE DE HE IEDE FE IE DE FETE FEE HE FETE DE EEE FEE FETE HE FE TENE DE FETE TE TE PETE TE FE FETE ESE FE FE FEE FETE FE FETE 

HEHEHE IIE HEHEHE EDIE IEE EEE DEE ETE HE HEE IEE DEDE HE FE DE HEE TEBE TE FEIE TE HE FETE EME TEDE FE FETE FEE FE HE FETE FE HE HEHEHE NE FE DEDPE HE FE IE IEEE ME FETE 

3% SUBROUTINE MATINV(A;>AINV ) 
RE 

ae PROGRAM DESCRIPTION 
263 

THIS ROUTINE CALCULATES THE INVERSE OF A 4X4 MATRIX 

AX
E 

ER
 

BY: ASHIT R. GANDHI 
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RH DATE: 11/12/88 
HH 
ex PARAMETERS USED: 
HE 

Hee A 
eH AINV 
Hee 

INVERSE OF THE MATRIX (REAL>O/P ) 
MATRIX WHOSE INVERSE IS TO BE COMPUTED (REAL,I/P} 

R
e
k
E
E
E
E
 

HEHEHE IE EEE EEE HEHEHE HEHEHE HE HEE HEHEHE TE HEHEHE HEE HEE FEE EE HETEDE FE FE IESE HE JE FE IE DE DEDEDE FEE DE HEE NE FEE MED HEE JEHE TE HE FETE 

HHFFHEHA IEEE EIDE HE HEE TEESE SEE FE EME IEDE FE HEE FE HE FEIE HEHE FE DEE HEDE HE FEE HE FE JE HEIE DE FE FE FE FETE HEE TEE DE EEE DE FENE FETE FE FETE 

SUBROUTINE MATINV2( A,AINV) 

REAL®4 A(4>54), AINV(454), B(3,3) 

VALU = 0.0 

*COMPUTE THE ADJOINED MATRIX AND COMPUTE THE DETERMINANT VALUE 

DO 200 I = 154 
DO 100 J = 154 

CALL COFAC(T,J»AsB) 
CALL DET33(B,VAL ) 
AINV(J5I) = (0-1.0 )38( 140) VAL 
IF (I .EQ. 1)THEN 

VALU = ((-1)%*(14J) AC 1,J)*VAL + VALU 
ENDIF 

100 CONTINUE 
200 CONTINUE 

*IF MATRIX IS SINGULAR NO INVERSE EXISTS 

IF (VALU .EQ. 0.0)THEN 
WRITE(6»*)' MATINV == 
WRITE(6 5%)" MATINV == 
WRITE(6,%)' MATINY == 
STOP 

ENDIF 

=> MATRIX IS SINGULAR.' 
=> NO INVERSE EXISTS. ' 
=> PROGRAM TERMINATED. ‘ 

%COMPUTE THE INVERSE ELEMENTS OF THE MATRIX 

DO 400 I = 154 
DO 300 J = 154 

AINV(T,J) = AINV(I,J)/VALU 
300 CONTINUE 
400 CONTINUE 

RETURN 
END 

HEFCE IEIE IC IE IE HEHE IEICE HE ENE HEHE HEHEHE HEE IE TEESE IEE ETE HEE NE HETE ETE ME TE FE FETE SE FEE HEE HEE SESE SESE FETE FEE SE HEE IE FETE HE TE ME FEE E 

HHH IEE IEEE HE IEIEIE IEICE HE IESE IE HE IESE HEHE FEE DE DE FE FE FE FEHE HE HE FETE DE HE FEE FE TE TE TE JE HE ETE DE FE DE FETE DEDEDE FETE FEE SE TE HE FE SE TE DE HE IE FE 

1 SUBROUTINE COFAC(M>N>A>5B) 

wee PROGRAM DESCRIPTION 

1 THIS ROUTINE WILL COMPUTE THE COFACTORS FOR A MATRIX 

x 
HE 

HR BY: ASHIT R. GANDHI 
Ie DATE: 11/12/88 
HH 

x PARAMETERS USED: 
HK 

ee M = ROW NUMBER FOR WHICH THE COFACTOR IS TO BE CALCULATED 
ee (INTEGER >I/P ) 
et N = COLUMN NUMBER FOR WHICH THE COFACTOR IS TO BE CALCULATED 
mee CINTEGER »I/P ) 
Hee A = PARENT MATRIX C(REAL>I/P) 
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2 B = COFACTOR MATRIX (REAL,O/P) 
HH 

HH 

HH 

HHH HEHEHE EE IEE IE IE IE IE IEE IEE HEE EE FETE HEHEHE TE HE FE FE JE FE DEDEDE FE JE FE HE JED FE DE IE FE HE FE FE HEDE HEE ESE HE DEE HE FE FETE FE HH TETC ETE 

HEHEHE FEE HE EPEC FE FETE ENE FEE THESE IEE HEE FE HEHE HEHE DE HE IEE TEED HE HEIDE DE HEFHEDEFE SE JE HE HE ESE HE DEDE DE FE FEE HEFE FE FE HEHE FE EEE JE EFE FHEFEDE 

SUBROUTINE COFAC(M,N;A>B)} 

REAL A(4,43, B(3,3) 

L=il 
po 20 

K 
IF (I .EQ. MIL = Lei] 
DO 100 J = 1,3 

IF (J .EQ@. NIK =K #1 
B(I,J) = AC(LsK) 

u
o
 I= 1,3 

1 

K=K+#1 
100 CONTINUE 

L=Ltil 
200 CONTINUE 

RETURN 
END 

KHKHHH HHH IER HEI IEE IEE ETE DEE IEE TE HEE DE HE FETE EME FE HEFE FETE SE TEE TE FETE TE TE TE HE FE FE FE DE FE FE IE FEE DE SE HE IEE FETE HEE TE TEE 

HEHE IEE IE HEHEHE HEHE HEHE EEE HEHEHE HE HEM HE HEHEHE HEHEHE HEHEHE EIDE FE EFEHE HEHEHE TE HE FE FEE FEDE HE DE IEE PETE FE IE FEE JE DE FEE NE FEE FE FE FE FE IE 

HX SUBROUTINE DET33(A>VAL) 
eH 
HH PROGRAM DESCRIPTION 
HH 

eH THIS ROUTINE WILL COMPUTE THE DETERMINANT VALUE OF A 3 X 3 
HH DETERMINANT OR MATRIX 
HE 

HE 

HH BY: ASHIT R. GANDHI 
eH DATE: 11/12/88 
HH 

HH PARAMETERS USED: 
eX 
ee A = MATRIX/DETERMINANT WHOSE VALUE IS TO BE FOUND (REAL>I/P) 
He VAL = DETERMINANT VALUE (REAL;0/P} 
HH 
se 

HH 

HE 

HR 

HH 

HH 

HH 

HH 

RH 

HR 

HE 

HH 

HR 

RK 

NH 

HH 

KH 

HE 

FETE IE FEET IE DEE HE FETE HE DE FEDE HE IEE FE IE DE HEHE EIE IE HE JE DE ENE HEE HE HE ESE HEHE HEE FE FEDE HEME HE HEBE BEDE BENE HEME DEDEDE DHE SE DE DE FE HEHEHE EDE FE ETE 

HEIEHE FEIEIE NE TEE IEE IE HE IEICE DE HE HEIE FE FE JE IE DE NEDE TE HE IEE FE HE HE DEDE HE FE HE FE FETE TE DE HE TE DE DE HE HE ETE NE FE TE DE DE TENE HEE FE FEDE HE IEE FE HE FETE ETE, 

SUBROUTINE DET33(A,VAL } 

  

REAL A(3,3) 
VAL = 0.0 

VAL = = AC1,1 )¥(A02Z,2 )#A03 53 J-AC3 52 J¥A(253)) 
VAL = - AC1,2)%*(A(02,1 )¥A(3 »3 )-AC3,1)*A02,3)) + VAL 
VAL = = AC1,33¥*(AC251)*AU352 )-AU3 51 )#A0252)) + VAL 

200 RETURN 
END 

Conn n-ne ene ee “= -- - 

c 
c SUBROUTINE: COMLINE 
C 
c 
Cc DESCRIPTION: COMPARE A GENERAL SURFACE TO A RULED 
c SURFACE. THREE COMPARISONS ARE MADE: 
c TWO ALONG THE EDGES, AND ONE AT THE 
Cc MIDDLE OF THE SURFACE 
c 
C INPUT: 
c PKL = GENERAL SURFACE 
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c RPKL = APPROXIMATED RULED SURFACE 
c RD = RULED DIRECTION 
c 
C OUTPUT: 
c MAX = MAXIMUM DISTANCE BETWEEN THE SURFACES 
c 
c C. K. WONG 
Cc 9/12/89 

SUBROUTINE COMLINE( PKL »RPKL,RD »MAX } 

REAL PKL(0:3,0:3,3)5 RPKL(0:3,0:3,3), MAX 
+ »CUR(4,3),LINE(2,3},L0C(253),INTPT(1,3) 
+ 2V03) 

INTEGER RD 

C INITIALIZE THE VARIABLES 

TT=0. 
MAX=0. 
DO 10 I=1,3 

C FIND CURVE AND LINE COEFF FOR THE GENERAL AND RULED SURFACES 

CALL CURCOF(PKL;RD,TT,CUR) 

CALL LINECOF(RPKL»RD,TT>LINE } 

C FIND THE MAX DISTANCE BETWEEN THE CURVE AND THE LINE 

CALL MAXCL(CUR,LINE »MAX } 

C INCREMENT LINE VARIABLE 

TT=TT+.5 
10 CONTINUE 

(nnn wn nn nnn ee ee ee ne ee ne ne ee nnn ee enn ne ne 

c 
Cc SUBROUTINE: CURCOF 
c 
c DESCRIPTION: FIND THE COEFF. OF A CURVE THAT 
c LIES ON A SURFACE 
c 
C INPUT: 
c PKL = SURFACE 
c RD = DIRECTION OF THE CURVE 
c TT = PARAMETRIC VARIABLE FOR THE CURVE 
c 
C OUTPUT: 
Cc CUR = CURVE COEFF. 
Cc 
c C. K. WONG 
c 9/12/89 
Cc 
c 

SUBROUTINE CURCOF(PKL,RD>TT CUR) 

REAL PKL(0:3,0:3,3), TT, CUR(4,3), SUR(16,3) 
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INTEGER RD 

C FIND THE COEFF. OF THE SURFACE 

CALL BFOR(PKL>,SUR ) 

C RULED IN W DIRECTION: FIND CURVE IN U DIRECTION 
CU: CUBIC 

IF{ 

10 

RD.EQ.0) THEN 
DO 10 T=1;3 
CUR(1 >I )=(SUR(1 >I )( TTS ) +(SURCS »I 2 T1322 ) D+ 

(SUR( 9,1 )*( TT) )+SURC13,1) 
CUR( 2 I J=(SUR( 2 yT )3( T12*3 } 40 SUR( 6 »T 33e( TT 2 ) + 

(SURC10 ,T ITT) )4SUR(1451) 
CUR(3 »I }=(SUR(3 >I )*( TTS ) 40 SUR( 7 >I JC TT 2 ) + 

(SUR(11,I )*(7T))4+SUR(15,1) 
CUR(4 »T J=(SUR(G >I JC TTS ) +0 SUR( 8 >I Je T12 ) 4+ 

(SUR(125I )*( TT) )+SUR(16,T) 
CONTINUE 

ELSE 

C RULED IN U DIRECTION: FIND CURVE IN W DIRECTION 
CW: CUBIC 

20 

DO 20 I=1,3 
CURC1 >I J=(SURC LT 35 T13*3 ) 4 CSUR 2 oT JC TT 2 ) + 

(SUR(S >I J*( TT) D*FSURI4,1 ) 
CUR( 2 >IT =(SUR(5 >I de ( TTS } 40 SURO 6 >T J2¢( TT 22 ) + 

(SURC7 >I J*(TT))+SUR(8,I) 
CUR(3 ,I J=(SUR(9,I )¥( TT3 ) 4+ CSUR( 10 »T 1e( TT 2 ) + 

(SURC11,I (TT) )4SURC12 52) 
CUR(4 »I )=(SUR(C 13 >I JC TTS ) 4CSURCIG >I 3 ( TT 2 3 + 

(SURC1S >I (TT) +SURE16 >I) 
CONTINUE 

ENDIF 

RETURN 
END 

INPUT: 

OUTPUT: 
Cc 

Cc. 

O
A
M
A
H
A
M
O
Q
A
M
A
A
N
A
N
A
A
a
A
N
A
a
 

DESCRIPTION: 

PKL 

ee ee ee ew ey ee ee ee 0 es es ne 

SUBROUTINE: BFOR 

SURFACE 

SURFACE COEFF. 

K. WONG 
10/12/89 

SUBROUTINE BFOR(PKL>C) 

REAL PKL(0:3,0:3,3),P(4,4),C(16,3) 

C INITIALIZE THE VARIABLES 

R36=1./36. 
R12=1./12. 
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R¢=1./4. 
R2=1./72. 
R6=1./6. 
R3=1./3. 
R9=1.79. 

C SURFACE COEFF. FOR X> Y, &Z 

30 
20 

DO 10 T=1,3 

DO 20 J=1,4 
BO 30 K=154 

P(J,K J=PKL(J-1,K-1,1) 
CONTINUE 

CONTINUE 

C SURFACE COEFF. 

10 

+ 
+ 

C(1,I J=R36%P(1,1-R12*XP( 1,2 )+R1Z2*P( 1,3 )-RS6*P( 1,4 )-R12*P( 2,1) 
+R4*P( 252 )-RGXP( 2 53 JtRLZ*P( 254 J+R1Z2*P( 3,1 J-RGXP( 3,2) 
+R4*P(3 53 )-R1Z2*P(3 »4 )-R36¥%P( 451 +R1L2*P( 4,2 I-R1ZHP( 4,3 ) 
+R36%P(4 54) 

C(2Z5I J=-R12*P( 1,1 )+ROXPC1,2 J-R1LZ*P11>3 J +R4¥P( 2,1 -RZ2XP( 252) 
+RG*P( 2,3 )-ROXP( 351 )4+R2Z2*P(3,2 )-R4*XP(3 3 1+RL2*P(451) 
-R6XP(4,2 )+R12"P(453) 

C(3,1 J=R12*¥P( 1,1 -R12*P( 1,3 )-RO*PC 2,1 )+R4*P( 2,3 J4+RGXP(3>1) 
-RG*P (3,3 J-R1Z¥P(451 )+R1Z*P(4,3) 

C(4,T J=-R36%P(1,1)-R9*XPC1,2 )-R36*P( 153 J+R1Z2*P(Z>1 J4RS¥P( 252) 
+#R1Z2*P( 253 J-R1L2*XP( 3,1 J-R3*P(3,2 )-RL2XP(3,3 }+R36*P(4,1) 
tRIKP (4,2 )+RZ6HXP( 453) 

C(5,5I J=-R1Z2#P(1,1)4+R4*P( 1,2 )-R4*P( 1,3 J+R1LZ2¥P( 1,4 }#ROXP( 2,1) 
~R2¥*P( 252 J+RZ2*P( 2,3 J-REXP( 2 4 J-RILZ2*P(3 51 JtRG*P(3 2) 
-RG¥P(3 53 )+R1Z*PC3 4) 

Ct6,I J=RG*XP(1,1)-RZ2*"P( 1,2 +RO*XP( 1,3 -R2XP( 2,1 +P 252 )-RZ2*XP( 2,3) 
+RG*P( 3,1 I-RZ2XP(S 2 DtRG*P( 353) 

CCU75T J=-R4*P(1,134R4*P(1,3 +R2*P( 251) 
-R2*P( 2,3 )-R4¢*P(35,1)4+R4*P( 353) 

C(8,I J=R12*P(1,1)+R3*P( 1,2 )4+R1Z2*P0153 I-R6XP(2Z51)-(2./3. J*P(2Z>2) 
~R6*P( 253 J4R1Z2*P( 3,1 )4+R3*P(3,2 J+R1Z2*P(3,3 ) 

C(9,T J=R12*P(1,1)-R4*P( 1,2 }+RG*XP( 1,3 }-R1Z*P( 1,4 )-R12*P(3,1) 
+RGXP(3 52 )-R4XP(3 3 J+RIZXPUS 4) 

C(105I )=-R4¥P(1,1)4R2*P( 152 )-R4*P( 1,3 )4+RGXP(3,1I-RZ*P(3>2) 
+RGeP (353) 

C(11,I )=RG*PC1>,1 )-R4*¥P(1,53 )-RO*P(3,1)4+R4*P(3 53) 
C(12,I J=-R1Z2¥P( 1,12 )-R3¥PC1,2 )-R1L2*P( 153 }+R1Z2*P( 3,51 4+R3*P( 352) 

#R12*%P(3 53) 
C(13,1 J=-R36*P( 151 )+R1L2*P( 1,52 J-R12*P( 153 J+R3Z6XP(1 4 -ROXP( 2,1) 

+R3XP( 252 J-R3*P( 253 JtRIXP( 2 »4 )-R36*RP( 3,1 )+RL2HP( 352) 
-R12*P( 3,3 )+R36*P( 354) 

C(14,T J=R12*P( 1,1 J-R6OXP( 1,2 J+R12*P( 1,3 )+R3*P(251)-(2.73. J¥P(2,2) 
+R3XP( 253 34R1Z2XP(3,1)-ROXP( 3,2 +R12*P( 353) 

C( 15,1 )=-R12*P( 1,1 )+R12*P( 1,3 )-R3*P( 2,1 )+R3*P( 2,3 J-R1L2*P(3>13 
+R1Z*P(3 53) 

C(16,I J=R36*P( 1,1 )+ROXP( 1,2 )+R36XP( 1,3 #+ROXP( 251 414.79. *P( 252) 
+R9O¥P( 253 4+R36*P( 3 >1 )+RIXP(3>2 DtRS6XP( 353 ) 

CONTINUE 

RETURN 
END 

SUBROUTINE: LINECOF 

DESCRIPTION: FIND THE COEFF. OF A LINE THAT 
LIES ON A RULED SURFACE 
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c 
C INPUT: 
c RPKL = RULED SURFACE 
c RD = RULED DIRECTION 
c TT = PARAMETRIC VALUE FOR THE LINE 
Cc 
C OUTPUT: 
c LINE = LINE COEFF. 
c 
Cc C. K. WONG 
Cc 9/12/89 
c 

SUBROUTINE LINECOF (RPKL»RD>TT,LINE ) 

REAL RPKL(0:3,0:3,3),TT,LINE( 2,3 ),SUR(16>3) 

INTEGER RD 

C SURFACE COEFF. 

CALL BFOR(RPKL »>SUR) 

C RULED IN W DIRECTION: LINE COEFF. IN W DIRECTION 

IF(RD.EQ.0) THEN 
DO 10 I=1;3 

LINE(1,I J=(SUR(3 I )3e€ TTS ) 4+ (SURC7 >I 13 TT HZ J + 
+ {SUR(11,I }*TT J4+SUR(15>5I) 

LINE( 2 >I J=(SUR(G »I JC TTS ) +E SURCS I et TT 2 ) + 
+ {SUR(12 51 )*TT )4+SUR(16,1) 

10 CONTINUE 
ELSE 

C RULED IN U DIRECTION: LINE COEFF. IN U DIRECTION 

DO 20 I=1,3 . 
LINE(1,I )=(SURC9,I )( TT3 ) )4( SURO, I J9e( TT22 ) 4 

+ (SUR(11,I )¥TT )+SUR( 12,1) 
LINE (251 )=(SUR(13 51 )9¢( TTH*3 ) )+(SURC1G I (T1332 ) + 

+ (SUR( 15,1 )*TT )+SUR( 16,1) 
20 CONTINUE 

ENDIF 

RETURN 
END 

Cc ee ee Oe ne Oe et A ae Os Ms SS SO SO Om 

c 
c SUBROUTINE: MAXCL 
c 
c DESCRIPTION: MAXIMUM DISTANCE BETWEEN A CURVE AND A LINE 
c 
C INPUT: 
c CUR = CUR COEFF. 
c LINE = LINE COEFF. 
c 
C OUTPUT: 
c MAX = MAXIMUM DISTANCE BETWEEN THE CURVE 
c AND THE LINE 
c 
c C. K. WONG 
c 9/12/89 
c 
c 
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SUBROUTINE MAXCL(CUR,LINE »MAX)} 

REAL CUR(4,3), LINE(2,3), LOC(2,33, COF(4) 
+ »sNOR(3)5 RO(3), MAX 

C INITIALIZE THE VARIABLE 

TOL=.1E-10 

C FIND THE NORMAL TO THE LINE 

CALL NORMAL( LINE »NOR ) 

C FIND THE POINT (PARAMETRIC VALUE) ON THE CURVE 
C AT WHICH IS THE MAX DISTANCE FROM THE LINE 

COF(2)=0. 
COF(3J=0. 
COF(4)=0. 
DO 20 I=1;3 

COF (2 J=COF( 2 )+(NOR(TI J*CUR(1,I1)) 
COF(3 J=COF(3 )+(NORC(I JXCUR(2,I)) 
COF (4 J=COF (4 )+(NOR(I JXCUR(3,I)) 

20 CONTINUE 
COF (2 )=3.*COF(2) 
COF(3 )=2.x*COF(3) 

C SOLVE FOR THE PARAMETRIC VALUE 
IF(CABS(COF(23).LT.TOL).AND.(ABS(COF(3)).LT.TOL)) THEN 

C NO SOLUTION 
RETURN 

ELSEIF(ABS{(COF(2)).LT.TOL) THEN 
CALL LINEAR(COF,0.,1.,IR»RO) 

ELSE 
CALL QUADRA(COF,0.5,1.;,IR,RO) 

ENDIF 

C NO SOLUTION 
IF(IR.EQ.0) RETURN 

C FIND THE POINTS (CARTESIAN COOR.) ON THE CURVE 

DO 100 K=1,IR 
VV=ROCK ) 
DO 30 I=1,3 

DO 40 J=1,4 
COF(J)=CUR(J,I) 

40 CONTINUE 
CALL EVAFUN(COF ,VV>FF) 
LOC(K ,I )=FF 

30 CONTINUE 
100 CONTINUE 

C FIND THE MINIMUM DISTANCE BETWEEN A POINT AND A LINE 
CALL MINPL{ LINE ,IR>LOC ,MAX ) 

RETURN 
END 

ee 

c 
c SUBROUTINE: MINPL 
c 
c DESCRIPTION: FIND THE MINIMUM DISTANCE BETWEEN A POINT 
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c AND A STRAIGHT LINE 

Cc 

C INPUT: 

Cc LINE = LINE COEFF. 

Cc IR = NO. OF POINTS 

Cc Loc = POINTS 

c 

C OUTPUT: 

c MAX = DISTANCE BETWEEN THE POINTS AND THE LINE 

Cc 

Cc C. K. WONG 

c 9/12/89 

Cc 

c 

SUBROUTINE MINPL( LINE ,IR,LOC MAX) 

REAL LINE(2,3),LOC(2,3),MAX, XYZ(3) 

C SET TOLERANCE 
TOL=.1E-10 

DO 55 J=1,IR 
BB=0. 
AA=0. 

C THE PARAMETRIC VALUE OF THE LINE AT WHICH IS THE MAX. 
C DISTANCE FROM THE POINT 

DO 10 I=1,3 
BB=BB+( LINE(1,I )%*(LINE(2,I }-LOC(J,I))) 
AA=AA+( LINE(1 >I )¥*2 ) 

10 CONTINUE 
IFCABS(AA).LT.TOL) GOTO 55 
=-(BB/AA) 

C THE POINT ATT > 1 ORT< OO. 
IF((T.GT.1.).OR.(T.LT.0.))} GOTO 55 

C THE POINT ON THE LINE 

DO 20 I=1,3 
XYZ(I )=LINE( 1>I J*T#LINE( 2,1} 

20 CONTINUE 

C DISTANCE BETWEEN THE POINT AND THE LINE 

DIS=0. 
DO 30 I=1,3 
DIS=DIS+t( (XYZ(T J-LOC( J >I ) #2) 

30 CONTINUE 
DIS=DISx*.5 

C COMPARE WITH MAX 

IF(DIS.GT.MAX) MAX=DIS 

55 CONTINUE 

RETURN 
END 

(Cannon ne en nn en en ne nn ee oe ee ee ee 

Cc 
c SUBROUTINE: WRPKL 
c 
c DESCRIPTION: WRITE SINGLE RULED SURFACE TO A 
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RULED SURFACE ARRAY 

SINGLE RULED SURFACE 
PATCH IDENTIFIER 

2 o zA
 r 

no
n 

Y BS:
 

x -zA
 

c " ARRAY OF RULED SURFACES 

C. K. WONG 
9/12/89 

A
N
A
A
A
G
A
A
A
H
A
A
A
M
A
 

SUBROUTINE WRPKL{INOSUB ,RPKL ,SUBPKL ) 

REAL RPKL(0:3,0:3,3),SUBPKL(0:3,0:3,3,515) 

C DESIGNATE THE POSITION 
IP=INOSUB 

DO 10 I=1,4 
DO 20 J=1,4 

DO 30 K=1;3 
SUBPKL(I-1,J-1,K ,IP )=RPKL(I-1,J-1,K } 

30 CONTINUE 
20 CONTINUE 
10 CONTINUE 

RETURN 
END 

(Crone wn nn ne en ee nn ee ee ne ene eee 

Cc 
C SUBROUTINE: SUBSUR 
c 
Cc DESCRIPTION: FIND 16 POINTS ON A BICUBIC SURFACE TO FORM 
c A SUB-SURFACE TO THE GIVEN RESPECTIVE PARAMETRIC 
c VALUES 
c 
C INPUT: 
Cc PKL = SURFACE 
c UlL,U2,W1,W2 = STARTING AND ENDING PARAMETRIC VALUES 
C FOR THE POINTS 
Cc RD = RULED DIRECTION 
Cc 
C OUTPUT: 
c S16 = 16 POINTS ON THE SURFACE 
c 
c C. K. WONG 
Cc 9/12/89 
c 
c 

SUBROUTINE SUBSUR( PKL »U1,U2,W1,WN2»RD»5S16 } 

REAL PKL(0:3,0:3,33,S16(0:3,0:3,3)5 
+ PST1(1,3) 

INTEGER RD 

C FIND 16 POINTS ON THE SURFACE: WITH EQUAL INTERVAL ON 
C BOTH DIRECTIONS 

EINTU=(U2-U1 3/3. 
EINTW=(W2-W1)/3. 

WA=W1~EINTW 
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DO 20 I5=154 
WA=WWN+( EINTH ) 
UUSUL-EINTU 
DO 30 J5=154 

UU=UU+EINTU 
CALL FBPFCPKL ,UU,WA,PSTI,ISURF ) 
DO 65 II1=1,3 

$16(J5-1,15-1,II13=PST1(1,111) 
65 CONTINUE 
30 CONTINUE 
20 CONTINUE 

RETURN 
END 
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Appendix G : Program BRINTSS 

  C--- ene a ween ncnme ween een 

c 
c SUBROUTINE: BRINTSS 
c 
c DESCRIPTION: FIND THE INTERSECTION POINTS OF TWO SPECIAL 
c B-SPLINE RULED SURFACES 
c 
C INPUT: 
c PKL1,PKL2 = INTERSECTING SURFACES 
c 
C QUTPUT: 
c INTF = INTERSECTION FLAG 
c TTUNG = FOUR INTERSECTION POINTS (ONE SEGMENT 
c OF THE WHOLE INTERSECTION CURVE } 
c 
c C. K. WONG 
c 1/12/90 
Cc 
c 

SUBROUTINE BRINTSS( PKL1,PKL2>INTF »>TTUNG ) 

REAL PKL1(0:3,0:3,3),PKL2(0:3,0:3,53) 
+ » TRYZ1(03 94) »sTXYZ203 94) 
+ » TUN( 4 > TUN2(4 ) > TTUNE 8 54) > TTUNG(4 53 J 

INTEGER IUW1(3),ITUW2(3) 
LOGICAL INTF 

C SET THE INTERSECTION FLAG 

INTF=. TRUE. 

C FIND THE SURFACE COEFF. OF BOTH SURFACES 
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CALL SBFOR(PKL1,TXYZ1,IUW1 } 
CALL SBFOR(PKL2 ,TXYZ2 ,IUW2 ) 

C TEST WHETHER IT IS A PARALLEL CASE 

IF(CIUW101).EQ.IUW2(1)).AND. (IUW1L(2).EQ.IUWN2(2)).AND. 
+ (IUW1(3).EQ.IUW2(3))) THEN 

CALL PARALLCTXYZ1 >TXYZ2 »PKL1 »PKL2 
+ »IUW1 ,IUN2Z »INTF > TTUNG ) 

RETURN 
ENDIF 

IFC CIUW101).NE.IUW201)). AND. CIUW1(2).NE.IUN2(2)).AND. 

+ (IUW1(3).NE.1IUW2(3})) THEN 

CALL PARALL(TXYZ1 > TXYZ2 »PKL1>PKL2 
+ > IUW1 ,IUNZ ,INTF,TTUNG ) 

RETURN 

ENDIF 

C INITIALIZE THE COUNTER FOR INTERSECTION POINTS AT THE EDGE 

II=0 

C START THE ELIMINATION ALONG THE EDGE FOR THE 
C INTERSECTION POINTS, AND PUT THEM IN TTUNW : 

C ELIMINATION OF THE REPEATED VARIABLE 
C ON THE FIRST SURFACE 

UWR1=0. 
CALL INSURR(UMR1 > TXYZ1 > TXYZ2 »PKL1>PKLZ »IUW1 > IUWZ > TUN) 
CALL PUTUWI(II,TUN,TTUN) 

UNRI=1. 
CALL INSURR(UWR1 > TXYZ1>TXYZ2 »PKL1 »PKL2 »IUW1 »IUW2 , TUW) 
CALL PUTUW1(IT ,TUN,TTUW) 

C ELIMINATION OF THE REPEATED VARIABLE 
C ON THE SECOND SURFACE 

UWR2=0. 
CALL INSURR(UWR2 > TXYZ2Z > TXYZ1>PKL2 »PKLI ,TUN2 » TUN» TUN ) 
TUWN2(3 J=TUW(1) 
TUW2 (4 =TUN( 2) 
TUN2 (1 )=TUHC3) 
TUN2 ( 2 J=TUAN( 4 3} 
CALL PUTUNI(II,TUN2 > TTUN) 

UNR2=1. 
CALL INSURR( UWR2 > TXYZ2 > TXYZ1 »>PKL2 »PKL1 »IUN2 > IUW1 » TUN) 
TUN2 (3 J=TUNT 1) 
TUN2 (4 J=TUN( 2 ) 
TUN2( 1 J=TUNC3 ) 
TUN2( 2 J=TUN(4 ) 
CALL PUTUW1(II,TUW2 > TTUW } 

C ELIMINATION OF THE SINGULAR VARIABLE 
C ON THE FIRST SURFACE 

UWS1=0. 
CALL INSURS(UWS1 > TXYZ1 ,TXYZ2 »PKL1 »PKL2 »IUW1 ,ITUNZ » TUN ) 
CALL PUTUWI1(II TUN, TTUW ) 

UNS1=1. 
CALL INSURS( UWS] , TXYZ1,>TXYZ2 »PKL1>PKL2 > IUW1 , TUW2 > TUN ) 
CALL PUTUWN1(II,TUW,TTUN ) 
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C ELIMINATION OF THE SINGULAR VARIABLE 
C ON THE SECOND SURFACE 

UNS2=0. 
CALL INSURS(UWS2 > TXYZ2 > TXYZ1,PKL2,PKL1 ,IUW2 > IUW1 > TUN) 
TUN2 (3 J=TUW( 1) 
TUN2 (4 =TUN( 2 ) 
TUW2 (1 J=TUN( 3) 
TUN2 (2 J=TUN(4 
CALL PUTUW1ETI ,TUW2 ,TTUW ) 

UNS2=1. 
CALL INSURS(UWS2 »TXYZ2 »TXYZ1 »PKL2 »PKL1,IUN2 ,IUW1,TUW) 
TUW2 (3 J=TUH(1) 
TUN2 (4 J=TUN( 2} 
TUW2 (1 )=TUN(3 ) 
TUWN2 (2 J=TUN( 4) 
CALL PUTUWI(TI ,TUW2 ,TTUW) 

C GET RID OF THOSE UNWANTED DATA FROM TTUW, AND 
C CHECK FOR BAD CASE 

CALL GRID(TTUW,IN) 
IF(CIN.EQ.0) THEN 

INTF=.FALSE. 
RETURN 

ELSEIF(IN.EQ.1) THEN 
WRITE(6,%*)'BAD CASE (BRINTSS) IN=1' 
INTF=.FALSE. 
RE TURN 

ENDIF 

C FIND THE MAX DIFFERENCE BETWEEN THE VARIABLES. 

CALL FMAX(TTUW,IN,JRL,JR2>JC } 

C FIND FOUR POINTS ON THE INTERSECTION CURVE: 
C TWO ON THE EDGE( MAX & MIN VARIABLES), AND 
C TWO IN BETWEEN 

CALL PT4SSCTXYZ1>TXYZ2 >PKL1,PKL2 ,»IUWI ,TUWZ 
+ a JRL» IRZ JC »TTUN, TITUNG »I2 ) 

C BAD CURVE, COULDN'T FIND THE INTERMEDIATE POINTS 

IF(I2.EQ.0) THEN 
INTF=.FALSE. 
WRITE(6,%)"BAD CURVE (PT4SS) I2=0' 
RETURN 

ENDIF 

RETURN 
END 

(Canon nena enn nn ene enn ee ene we een een eon 

c 
c SUBROUTINE: SBFOR 
Cc 
c DESCRIPTION: CALCULATE THE SURFACE COEFF. OF 
c A SPECIAL B-SPLINE RULED SURFACE 
c 
C INPUT: 
c PKL = SURFACE 
c 
C OUTPUT: 
Cc TRYZ = SURFACE COEFF. 
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C SET 

IUN = SINGULAR OR REPEATED FLAG 

C. K. WONG 
9/12/89 

SUBROUTINE SBFOR( PKL »TXYZ,IUW) 

REAL PKL(0:3,0:3,3),P(4,4),C(16),TXYZ(354)} 
INTEGER IUN(3) 

THE VARIABLES 

R36=1./36. 
R12=1./12. 
R4=1./4. 
R2Z=1./2. 
R6=1./6. 
R3=1./3. 
R9=1.79. 
T=.001 

C CALCULATE THE SURFACE COEFF. FOR X> Y, & Z 

30 

20 

DO 10 I=1,3 

+ 

DO 20 J=154 
DO 30 K=1;4 

P(J,K J=PKL(J-1;,K-1,1 3} 
CONTINUE 

CONTINUE 

C(1J=R36XP( 151 )-R12*P( 1,2 J4+R12*P( 153 J-R36"P( 1,4 )-R12*P( 251) 
+RG*P( 252 J-RG*P( 2 3 tRLZ2*PC 2 54 J +R1IZ*P( 3,1 )-ROXP(3,2 ) 
+RG*P (3 3 -R12*P(3 54 )-R36*P( 451 4R12*P(4,2 J-~R1Z2*P(4 53 ) 
+R36*P14>4) 

CC 2 J=-R12*¥PC 1,1 34+R6*XP( 1,2 J-R1Z*PC153 JtRG*P( 251 )-R2*PI 2,2) 
#RO*P( 2 53 )-R4*P(3 1) 4R2*P( 3,2 )-RO*P(3 3 J+RIZ*P14,1) 
-R6*XP (4,2 34+R1Z2*P(4,3 ) 

C(3 J=R12*P( 1,1 J-R1Z24P( 153 )-R4*P( 251 FRG*P( 2 3 J 4+RGHP( 351) 
-RG*P( 3 53 J-RIZHP(4,1 J4R12*P( 49,3) 

C(4 )=-R36*P(1,1)-ROXP(1,2 -R36XP( 1,3 )+R12"P( 251 )+R3*P( 252) 
+R1Z2*P( 253 )-R12*P(3>1 J-R3*P(3 52 )-R1Z*P(3,3 J#RZ6*XP( 451) 
+ROKP(G 52 JtRZGHP(4 53 } 

C(5 J=-R1Z¥HPC 1,1 D+RGHP( 1,2 -RGXP( 153 +R12¥*P( 154 +REXP( 251) 
“R2Z*P( 2 >2 J+RZ2*P( 253 )-R6XP( 254 )-R12*P( 3,1 )+R4XP( 3,2) 
-RGXP(3 3 J+RLZ*P(3 54) 

C(6 JERGXP( 1,1 J~R2*P( 1,2 J+R4"P( 153 )-R2*P( 251 )+P1 252 )-R2XP( 253) 
+RGHP( 3,1 )-R2*HP(3 52 +RG*HP(3,3) 

CC7 )=-R4*P( 1,1 J+R4*P( 1,3 J4R2P( 2,1 )-R2*P( 2 53 D-R4XP( 351 JtRGHP( 3,3 ) 
C(8 )=R1L2*P( 1,1 )+R3¥P( 1,2 J4R12"P( 1,3 J-ROXP( 2,1 )-(2./3. P1252) 

-ROXP( 2 53 +R1Z*XP( 351 )tR3¥P( 3,2 4+R1Z2¥P( 353) 
CU 9J=R1Z2HP( 1,1 I-R4*XPC 1,2 14+R4*P( 1,3 )-R12*P( 1,4 )-R12*P( 3,1) 

+RO¥P(3 2 J-R4XP(3 ,3 )+R12*P(3 54) 
C(10 J=-R4XP( 1,1 34+RZXP( 1,2 J-RGO*XP( 1,3 J+RG*EP( 3,1 -RZ*P(352 ) 

tRG*P(3 53) 
Cl11 J=R4*P( 1,1 )-R4*P( 1,3 J-ROXP( 351 )+RGXP(3 53) 
C(12)J=-RIZ*P(1,1 )-R3*P(1,2 J-RLZ2*PC153 J+R1LZ2*P( 351 J+R3*P(3 2) 

+R12*P(3 53) 
C(13 J=-R36*P(1,1)4+R1Z2¥P( 1,2 J-R1Z2*P( 1,3 )+R36¥P( 1,4 )-ROxXP( 2,1) 

#R3*P( 252 )-R3¥P( 253 )4ROXP( Z »4 -R36*P( 3,1 )4R12"P( 352} 
-R12*P( 3,3 J+RZ6HPCS 54) 

C(14 J=R12*P( 1,1 )-ROXP( 152 )+R1Z2*P( 153 +R3*P(2Z51)-12.73. J¥P( 252) 
+R3*P E253 J+R1Z*P(3 51 )-R6*XP( 3,2 J+R1L2*P(353) 
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C(15 }=-R12*P(151)4+R12*P( 1,3 )-R3*P( 251 )+R3*P( 2,3 J-R1Z2*P(351) 
+ +R1ZeP(3 53} 

C(16 J=R36xP( 1,1 )+ROXP( 152 JtRZ6XP( 1,3 J4ROKP(Z>1 3414.79. JEP 252) 
+ tRIKP( 2 53 J4RZ6XP( 3,1 +ARIXP( 3,2 +R36HP(3,3) 

C CHECK FOR THE REPEATED OR SINGULAR VARIABLE 

IF((ABS(CC13)).LT.T). AND. CABS(C(14)).LT.7T}. AND. 
+ (ABS(C(153).LT.T)) THEN 

IUW(TI )=0 
TRYZ(T 1 )=C14) 
TXYZ(I 52 )=C(8) 
TRYZ(T 53 )=C012) 
TRYZ(T 54 }=C(16 ) 

ELSE 
IUMN(T J=1 
TRYZ(I,1)=C(13) 
TRYZ(T » 2 J=CO14) 
TAYZ(T »3)=C(15) 
TRYZUI »4 )=C( 16) 

10 3 =©CONTINUE 

RETURN 
END 

(C------- 3 ne ne ee ee ee ee ee ene 

Cc 
Cc SUBROUTINE: INSURR 
c 
Cc DESCRIPTION: START THE ELIMINATION BY DEFINING REPEATED 
c VARIABLE ON THE FIRST INPUT SURFACE 
Cc 
C INPUT: 

Le UWR1 = PARAMETRIC VALUE 
c TXYZ1»TXYZ2 = SURFACES COEFF. 
Cc PKL1 »PKL2 = SURFACES 
c IUW1 , IUW2 = SINGULAR OR REPEATED VARIABLE FLAGS 
c 
C OUTPUT: 
Cc TUW = INTERSECTION POINTS ALONG THE EDGES 
Cc 
c C. K. WONG 
c 1/20/90 
c 
Cc 

SUBROUTINE INSURR{UMR1>TXYZ1 > TXYZ2 »PKL1 »PKL2 > LUW1 ,IUN2 , TUN) 

REAL TXYZ1(354),TXYZ2(3 54) 
» TUW(4 ) ,;COFIA(4 ) ,COFIB(4) ,COF(4) 
2»UA1L(10 ) ,WA1L(10),UA2(10) ,WA2(10) 
»RO1(3 ),RO2(3),RO3B(3 ) 
»PKL1(0:3,0:353),PKL2(0:3,0:353) +

+
 

+ 
+ 

INTEGER IUW1(3),IUW2(3 ) 

C LOOK FOR THE SINGULAR VARIABLE ON THE FIRST SURFACE 
IFC IUW1(01).EQ.IUW1(2)) THEN 

IS1=3 
IRI=IUW1(1) 

ELSEIF(IUW1(1).EQ.IUW1(3)) THEN 
IS1=2 
IR1=IUW1(1) 

ELSEIF( IUW1(2).EQ.IUN1(3)) THEN 
Isi=1 
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IR1=IUA1(2) 
ENDIF 

C LOOK FOR THE SINGULAR VARIABLE ON THE SECOND SURFACE 
IFC IUW2(1)3.EQ.IUN2(2)) THEN 

IS2=3 
IR2=IUW2t1) 

ELSEIF (IUW2(1}.EQ.IUW2(3)) THEN 
IS2=2 
IR2=IUN2(1) 

ELSEIFCIUW2(2).EQ.IUWN2(3)3 THEN 
{S2=1 
IR2=IUW2( 2) 

ENDIF 

C DETERMINE THE ORDER OF SOLVING THE EQUATIONS 
IFCIS1.EQ.3)} THEN 

103=3 
IF(IS2.EQ.2) THEN 

Io1=1 
I02=2 

ELSE 
IO1=2 
T02=1 

ENDIF 

ELSEIF(IS1.EQ.2) THEN 
I03=2 
IF(IS2.EQ.3) THEN 

I01=1 
I02=3 

ELSE 
Io1=3 
ro2=1 

ENDIF 

ELSEIF(IS1.EQ.1) THEN 
I03=1 
IF(IS2.EQ.3) THEN 

TO1=2 
I02=3 

ELSE 
I01=3 
IOZz=2 

ENDIF 

ENDIF 

C DEFINE THE REPEATED VARIABLE ON THE FIRST SURFACE 
DO 10 I=15,4¢ 

COFIA(T J=TXYZ1(I01,1) 
COFIB( I J=TXYZ1(102,1) 

10 CONTINUE 

CALL EVAFUN(COF1A,>UWNR1,F1) 
CALL EVAFUN(COFIB,UWR1>5F2) 

C SOLVE FOR THE TWO VARIABLES ON THE SECOND SURFACE 
DO 20 I=154 

COFIACT J=TXYZ2(IOL,T) 
COFIB(T J=TXYZ2(102,T) 

20 CONTINUE 
COFIA( 4 J=COFIA(4 )-F1 
COF1B(4 )=COFIBI4 )-F2 

IFOUND=1 
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CALL CUROOT(COF1A,IC1,RO1) 

DO 30 I=1,IC1 
UWR2=RO1(T ) 
CALL CUROOT(COF1B,IC2Z,RO2) 
DO 40 J=1,1C2 

UNS2=RO2(J) 

C SOLVE FOR THE SINGULAR VARIABLE ON THE 
C FIRST SURFACE 

DO 50 K=154¢ 
COF(K J=TXYZ2(I03 5K) 

50 CONTINUE 
CALL EVAFUN(COF ,UWR2,FF ) 

DO 60 K=1;34 
COF(K J=TXYZ1(103 >K) 

60 CONTINUE 
COF(4 )=COF (4 )-FF 

CALL CUROOT(COF ,IC3,R03) 

DO 70 K=1,IC3 
UWS1=RO3(K) 
UAL( IFOUND )=UNRI 
WA1( IFOUND )=UWS1 
UA2Z( IFOUND )=UNR2 
WA2( IT FOUND J=UWS2 

’ TFOUND=IFOUND+1 
70 CONTINUE 
40 CONTINUE 
30 CONTINUE 

TFOUND=IFOUND-1 

C NO INTERSECTION 
IF(IFOUND.EQ.0) THEN 

DO 400 I=154¢ 
TUNIT )=2. 

400 CONTINUE 

ELSE 

C COMPARE THE RESULTS AND PICK THE PAIR OF POINTS 
€ THAT HAS THE SMALLEST DISTANCE AS THE RESULT 

IF((IR1.EQ.0).AND.(IRZ2.EQ.0)) THEN 
CALL COMRELT( PKL1,PKL2 ,UA1 »WA1 UAZ »WA2 » TFOUND > TUN ) 

ELSETF(CIR1.EQ.1).AND.(IRZ.EQ.0)) THEN 
CALL COMRELT(PKL1 >PKL2 »>WA1 ,UA1 ,UAZ »WA2 » TFOUND » TUN ) 

ELSEIF((IR1.EQ.0).AND.(IR2.EQ.1)}) THEN 
CALL COMRELT(PKL1,PKL2 ,UA1,WA1 ,»WAZ2 ,UA2 ,T FOUND, TUN) 

ELSETF€(CIR1.EQ.1).AND.CIR2.EQ.1)) THEN 
CALL COMRELT(PKL1,PKL2 »WA1 >UA1 WAZ ,>UA2 , IT FOUND , TUN ) 

ENDIF 

ENDIF 

RETURN 
END 

(nnn we en ee nee we ee ene w een e meen e eee nen en 

c 
c SUBROUTINE: INSURS 
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c 
c DESCRIPTION: START THE ELIMINATION BY DEFINING THE 
c SINGULAR VARIABLE ON THE FIRST SURFACE 
c 
C INPUT: 
c UNS1L = PARAMETRIC VALUE 
c TXYZ1,TXYZ2 = SURFACES COEFF. 
c PKL1>PKL2 = SURFACES 

IUW1 , TUWN2 = SINGULAR OR REPEATED VARIABLE FLAGS 
c 
C OUTPUT: 
c TUM = INTERSECTION POINTS ALONG THE EDGES 
Cc 
c C. K. WONG 
Cc 2/12/90 

SUBROUTINE INSURS( UNS] »TXYZ1 »>TAYZ2 »>PKL1 >PKL2 »ITUW1 ,IUNZ » TUN ) 

REAL TXYZ1(3 54), TXYZ2(3 54) 
» TUNT4 } ,COFI4) 
2UA1(10),WA1(10),UA2(10) ,WA2(10) 
»RO1(3),RO2(3),RO3(3 ) 
»PKL1(0:3,0:3,3),PKL2(0:3,0:3,3) +

+
+
 

+ 

INTEGER IUW1(3 ),IUW2(3) 

C LOOK FOR THE SINGULAR VARIABLE ON THE FIRST SURFACE 
TFC IUW1(1).EQ.IUN1(2)) THEN 

IS1=3 
IR1L=IUA1L(1) 

ELSEIF(IUW1(1).EQ.ITUW1(3)) THEN 
IS1=2 
IRL=IUW1(1) 

ELSEIF(IUW1(2).EQ.IUW1(3)) THEN 
IS1=1 
TRI=IUW1( 2 3 

ENDIF 

C LOOK FOR THE SINGULAR VARIABLE ON THE SECOND SURFACE 
IF( IUW2(1).EQ.IUN2(2)}) THEN 

IS2=3 
IR2=IUW2(1) 

ELSEIF(IUW2(1).EQ.ITUW2(3)) THEN 
IS2=2 
IR2=IUW2(1) 

ELSEIF(IUW2(2).EQ.IUN2(3)) THEN 
IS2=1 
IR2=IUW2Z(2 3 

ENDIF 

C DETERMINE THE ORDER OF SOLVING THE EQUATIONS 
IF(IS1.EQ.3) THEN 

I01=3 
IF(IS2.EQ.2) THEN 

To2=1 
I03=2 

ELSE 
I02=2 
I03=1 

ENDIF 

ELSEIF(IS1.EQ.2) THEN 
I01=2 
IF(IS2.EQ.3) THEN 

I02=1 
I03=3 
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ELSE 
to2=3 
T03=1 

ENDIF 

ELSEIF(IS1.EQ.1) THEN 
I01=1 
IF(IS2.EQ.3) THEN 

1T02=2 
IQ3=3 

ELSE 
Io2=3 
I03=2 

ENDIF 

ENDIF 

C DEFINE THE SINGULAR VARIABLE ON THE FIRST SURFACE 
DO 10 I=1;4 

COF (I J=TXYZ1(IO1,1) 
10 CONTINUE 

CALL EVAFUN(COF ,UWS1>F1} 

C SOLVE FOR THE SINGULAR VARIABLE ON THE SECOND SURFACE 

DO 20 I=1,4 
COFCI)=TXYZ2(I01;1) 

20 CONTINUE 
COF (4 )=COF(4)-F1 

IFOUND=1 

CALL CUROOT(COF ,IC1,RO1) 

DO 30 I=1,ICl 
UWR2=RO1(T ) 

C SOLVE FOR THE REPEATED VARIABLE ON THE FIRST SURFACE 

DO 130 J2=154 
COF ( J2 J=TXYZ2(102)J2) 

130 CONTINUE 
CALL EVAFUN(COF ,UWR2>F2) 

DO 140 J2=1,4 
COF ( J2 =TXYZ1(102 ,J2) 

140 CONTINUE 
COF (4 )=COF(4)-F2 

CALL CUROOT(COF ,IC2,RO02} 

DO 40 J=1,IC2 
UWR1=RO2( J) 

C SOLVE FOR THE SINGULAR VARIABLE ON THE 

C SECOND SURFACE 
DO 50 K=1>,4¢ 

COF(K )=TXYZ1( 103 ,K) 

50 CONTINUE 

CALL EVAFUN(COF ,UWR1,FF ) 

DO 60 K=154 
COF(K )=TXYZ2(I03 >K) 

60 CONTINUE 
COF (4 )=COF (4 )-FF 
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CALL CUROOT(COF ,IC3,RO3) 

DO 70 K=1,IC3 
UNS2=RO3(EK ) 
UA1CIFOUND )=UWR1 
WA1( I FOUND )=UNS1 
UA2( TFOUND }=UNR2 
WAZCIFOUND )=UNS2 
IFOUND=IFOUND+1 

70 CONTINUE 
40 CONTINUE 
30 8 =©6CONTINUE 

IFOUND=IFOUND-1 

C NO INTERSECTION 
IF(IFOUND.EQ.0) THEN 

DO 400 I=1,4 
TUN(T )=2. 

400 CONTINUE 

ELSE 

C COMPARE THE RESULTS AND PICK THE PAIR OF POINTS 
C THAT HAS THE SMALLEST DISTANCE AS THE RESULT 

IF((IR1.EQ.0).AND.CIRZ2.EQ.0)) THEN 
CALL COMRELT(PKL1>PKL2,UA1,WA1 ,UA2 ,»WA2 > I FOUND , TUN ) 

ELSEIF¢€(IR1.EQ.1).AND.(IR2.EQ.0)) THEN 
CALL COMRELT( PKL1 >PKL2 ,WA1,UA1 ,UA2 ,»WAZ »T FOUND ,TUW) 

ELSEIF(CIRI.EQ.0).AND.(IR2.EQ.1}) THEN 
CALL COMRELT(PKL1,PKL2,UA1 »WAL »WAZ ,»UA2 > T FOUND , TUM ) 

ELSEIF((IR1.EQ.1).AND.CIR2.EQ.1)) THEN 
CALL COMRELT(PKL1,PKL2>WA1,UAL »NAZ »UA2 > IFOUND, TUN) 

ENDIF 

ENDIF 

RETURN 
END 

SUBROUTINE: PT4SS 

DESCRIPTION: FIND FOUR POINTS( EQUAL INTERVAL) ON 
THE INTERSECTION CURVE: FOR TWO 
SPECIAL RULED SURFACES 

INPUT; 
TRYZ1,TKYZ2 = SURFACES COEFF. 
PKL1 »PKL2 = SURFACES 
IUW1 ,ITUW2 = SINGULAR OR REPEATED VARIABLE FLAGS 
JR1 »JRZ = ROW IDENTIFIER FOR MAX DIFF. IN 

PARAMETRIC VALUE 
JC = COLUMN IDENTIFIER FOR MAX DIFF. IN 

PARAMETRIC VALUE 
TTUN = INTERSECTION POINTS ALONG THE EDGE 

IN PARAMETRIC SPACE 

OUTPUT: 
TTUNG = A SEGMENT OF THE INTERSECTION CURVE 

(FOUR POINTS} 
I2 = BAD CASE FLAG: COULDN'T FIND THE 

INTERMEDIATE POINTS O
M
O
O
A
A
K
H
A
N
N
H
A
A
G
A
N
A
A
N
A
H
A
G
A
A
A
a
A
A
N
A
N
D
A
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C. K. WONG 
2/12790 

O
O
O
 

SUBROUTINE PT4SS(TXYZ1 »>TXYZ2 »PKL1 »PKL2 »>IUW1 > IUW2 
+ »JR1 > JR2Z JC > TTUN s TTUNG »I2 } 

REAL TXYZ103 54), TXYZ2(3 54) 
+ » TUN( 4), TUN2Z (4) > TTUN( 854) > TTUNG(4,3 ) 
+ »PKL1(0:3,0:3,3),PKL2(0:350:3,3) 
+ »TPST(1,3),T7T5(254), TTE2) 

INTEGER IUW1(3),TUW2(3) 

o INITIALIZE THE FLAG 
I2=1 

C LOOK FOR THE REPEATED VARIABLE ON THE FIRST SURFACE 
IF(IUW1(1).EQ.IUN1(2)) THEN 

IR1=IUW101) 
ELSEIF(IUW1(1).EQ.IUW1(3)) THEN 
IR1=IUW1(1) 

ELSEIF (IUW1(2}.EQ.IUW1(3)) THEN 
IR1L=IUW1(2) 

ENDIF 

C LOOK FOR THE REPEATED VARIABLE ON THE SECOND SURFACE 
IFC IUW2(1).EQ.IUN2(2)) THEN 

IR2=IUW2(1) 
ELSEIF (IUW2(1).EQ.IUW2(3)) THEN 
IR2=IUWN261) 

ELSEITFCTUN2(2).EQ.IUW2(3)) THEN 
TR2=IUW2( 2) 

ENDIF 

C GET THE PARAMETRIC VALUES FOR MIDDLE TWO POINTS 
TTC2 =01.73. *TTUWNEIR2 > JC 402.73. JX TTUN( JR15JC ) 
TT02)=(2.73. JXTTUNG IR2 JC 401.73. TTUNCJR1,JC ) 

C FIND TWO INTERSECTION POINTS IN BETWEEN TWO END POINTS 
BO 10 T=1,2 

VeTT(L) 

C CHECK WHICH ROUTINE TO CALL 
IF((JC.EQ.1).OR.(JC.EQ.2)) THEN 

IF((JC.EQ.1).AND.CIR1.EQ.0)} THEN 
CALL INSURR(V>TXYZ1 >TXYZ2Z »PKL1 »>PKL2 

+ » UH] ,IUNZ » TUN) 
ELSETF((JC.EQ.1).AND.(IR1.EQ.1)) THEN 

CALL INSURS(V,TXYZ1 >TXYZ2 »PKL1>PKL2 
+ »IUW] , IUW2 , TUN) 

ELSEIF((JC.EQ.2).AND.(IR1.EQ.1}) THEN 
CALL INSURR(V >TXYZ1 5TXYZ2 »PKL1 »>PKL2 

+ »ITUW1, TUWNZ » TUN) 
ELSEITF((JC.EQ.2).AND.(CIR1L.EQ.0)3 THEN 

CALL INSURS(V,TXYZ1 >TXYZ2 »PKL1,PKL2 
+ >» LUW1 > IUN2Z » TUN} 

ENDIF 

ELSE 

IF((JC.EQ.3).AND.(IR2.EQ.0)) THEN 
CALL INSURR(V>,TXYZ2>TXYZ1 »PKL2 »PKLI 

+ » LUN2Z »>IUWL > TUNZ2 } 

ELSEIF((JC.EQ@.3).AND.(IR2Z2.EQ.1)) THEN 
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CALL INSURS(V,TXYZ2 >TXYZ1 >PKL2 »PKL1 
+ » TUWNZ2 »IUN1 > TUNZ ) 

ELSEIF((JC.EQ.4).AND.(IR2Z2.EQ.1)) THEN 
CALL INSURR(V,TXYZ2 > TXYZ1 »sPKL2 »PKL1 

+ » LUW2 > TUW1 5 TUN2 )} 
ELSEIF((JC.EQ.4).AND.(IRZ2.EQ.0)) THEN 

CALL INSURS(V,TXYZ2 »>TXYZ1,PKL2>PKL1 
+ » TUNZ »IUW1 5 TUNZ ) 

ENDIF 

TUW( 1 =TUN2(3 ) 
TUN( 2 J=TUN2(4) 
TUN(3 )=TUN2(1) 
TUA(S J=TUN2Z (2 ) 

ENDIF 

C STORE THE RESULT 
BDO 20 J=1;4 

TTS(T J =TUN( J) 

C BAD DATA 
IF(TUW(J).GT.1.5) THEN 

I2=0 
ENDIF 

20 CONTINUE 

10 CONTINUE 

C FIND FOUR POINTS ON THE INTERSECTION CURVE 

CALL FBPT(PKL1,TTUW(JR1,1),TTUN(JR1,2),TPST,IFF ) 
DO 500 I=1;3 

TTUNG(1,IJ=TPST(1,2) 
500 CONTINUE 

CALL FBPT(PKL1,TTUW( JR2,1),TTUM(JR2Z,2),TPST,IFF ) 
DO 510 I=1,;3 

TTUNG(4,,T =TPST(1,I) 
510 CONTINUE 

DO 520 I=152 
CALL FBPT(PKL1,TTS5(I,1),TT5(1,2),TPST,IFF ) 
DO 530 J=153 

TTUNG(I4+1,J)=TPST(1,J) 
530 CONTINUE 

520 CONTINUE 

RETURN 
END 
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Appendix H : Program BRINTSR 

SUBROUTINE: BRINTSR 

DESCRIPTION: FIND THE INTERSECTION CURVE OF TWO 
B-SPLINE RULED SURFACES (ONE IS SPECIAL 
RULED SURFACE ) 

INPUT: 
PKL1,PKL2 = INTERSECTING SURFACES 
ITYPE = SPECIAL RULED SURFACE FLAG 
IUW = SINGULAR OR REPEATED VARIABLE FLAGS 

OUTPUT: 

INTF = INTERSECTION FLAG 
TTUWG = A SEGMENT OF THE INTERSECTION CURVE 

(FOUR POINTS) 

C. K. WONG 
2/12/90 

O
A
a
I
N
a
a
a
n
a
a
a
a
n
a
a
n
a
a
n
q
a
n
a
n
a
n
a
n
a
n
 

SUBROUTINE BRINTSR (PKL1,PKL2,ITYPE ,IUW,INTF > TTUNG } 

REAL PKL1(0:3,0:353),PKL2(0:350:353 )sTXYZ1(3»8),TXYZ2(3,8), 
+ TTUW(8 »4), TUN( 4), TTUNG( 453) ,MIN 

INTEGER IUW( 2),IUW2(2)},IUWSR(3 ) 

LOGICAL INTF 

C SET THE INTERSECTION FLAG 
INTF=.FALSE. 
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C FIND THE COEFF. OF THE SURFACE: 
C SPECIAL CASE STORED IN TXYZ1, AND 
C ITYPE TELLS WHICH SURFACE IS A SPECIAL CASE 

IFCITYPE.EQ.1) THEN 
CALL BRFORSR(PKL1>,TXYZ1>IUWSR ) 
CALL BRFOR(PKL2 >2»TXYZ2,IUN) 

ELSE 

C SWAP THE DATA IF SURFACE 2 IS A SPECIAL CASE 
IUW( 2 =IUWI1) 
CALL EXPKL(PKL1»PKL2) 
CALL BRFORSR(PKL1,TXYZ1 >IUWSR ) 
CALL BRFOR(PKL2>2,TXYZ2,IUW) 

ENDIF 

C INITIALIZE THE INTERSECTION POINTS AND COUNTER 
DO 132 IIH=1,8 

TTUN( IIH, 1 )=2. 
TTUN(ITH,2)=2. 
TTUNCITH,3)=2. 
TTUNC ITH» 4 )=2. 

132 CONTINUE 

C INITIALIZE THE REPEAT FLAG 
IREP=0 

lll II=0 

C DEFINE VARIABLE ON SURFACE 1 
C FIRST CASE: DEFINE THE REPEATED VARIABLE 

V=0.0 
CALL SR1(V>TXYZ1»TXYZ2 sPKL1,PKL2 > ITUW,IUWSR TUM ) 
CALL PUTUWN1{(II,TUW,TTUW) 

V=1.0 
CALL SR1(V>,TXYZ1 > TXYZ2 »>PKL1 >PKL2 »IUW, LUNSR » TUW 
CALL PUTUWL(IT,TUN,TTUN) 

C DEFINE VARIABLE ON SURFACE 1 
C SECOND CASE: DEFINE THE SINGULAR VARIABLE 

V=0.0 

IFCIREP.EQ.1) THEN 
CALL SR2D(V>TAYZ1, TRYZ2 »PKL1 »PKL2Z »IUW, TUWSR , TUN) 

ELSE 
CALL SR2(V,TXYZ1 »TXYZ2 »PKL1 »PKLZ > IUW, IUNSR >» TUN ) 

ENDIF 
CALL PUTUNI1(II,TUW,TTUN) 

V=1.0 
IF(IREP.EQ.1) THEN 

CALL SR2D(VsTXYZ15TXYZZ »PKL1 »PKL2 »IUW, TUWSR , TUM } 
ELSE 
CALL SR2(V,TXYZ1,TXYZ2 »PKL1 »PKL2 »TUW, IUWSR » TUN ) 

ENDIF 
CALL PUTUW1(II,TUW;, TTUN) 

C DEFINE VARIABLE ON SURFACE 2 
C FIRST CASE: DEFINE THE CUBIC VARIABLE 

v=0.0 
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CALL SR3(V,TXYZ1,TXYZ2 »PKL1 >PKL2 > TUW,IUWSR > TUN) 
CALL PUTUWNL(TII,TUN,TTUN) 

V=1.0 
CALL SR3(V,TXYZ1 ,TXYZ2 »>PKL1 »PKL2 »IUW,IUWSR TUN } 
CALL PUTUNL(IT > TUN, TTUN) 

C DEFINE VARIABLE ON SURFACE 2 
C SECOND CASE: DEFINE THE LINEAR VARIABLE 

v=0.0 
CALL SRG(V,TXYZ1»TXYZ2 »PKL1»PKL2»>IUW, IUMSR, TUM ) 
CALL PUTUW1C(II ,TUW,TTUW) 

V=1.0 
CALL SRG(V,TXYZ1,TXYZ2 »PKL1 »PKL2 » TUN, IUWSR > TUM ) 
CALL PUTUW1(II,TUW,TTUN) 

C MAKE SURE THE INTERSECTION DATA IS FILLED OUT 

IF(II.GE.8) GOTO 567 
DO 122 IIH=II+1;,8 

TTUN( ITH,1 )=2. 
TTUW(IIH,2 )=2. 
TTUNI(IIH,3 J=2. 
TTUNCITH »4 )=2. 

122 CONTINUE 

C GET RID OF THOSE UNWANTED DATA 
567 CALL GRID(TTUW,IN) 

C BAD CASE: JUST ONE END INTERSECTION POINT 
IFCIN.EQ.1) THEN 

C CHECK THE POINT: IS THE POINT LOCATED AT THE SAME 

C SPOT ON BOTH SURFACES ? 

CALL TESTBAD( PKL1,PKL2,TTUN(1,1),TTUN(1,2) 

+ »TTUN(1,3),TTUN( 1,4) MIN) 

IF(MIN.GT.(.5)) THEN 
IN=0 

ELSE 
IFCIREP.EQ.O) THEN 

IREP=1 
GOTO 111 

ENDIF 
WRITE(6,%)'BAD CASE (IN=1) IN BRINTSR' 

ENOIF 
GOTO 555 

ELSEIF(IN.EQ.O) THEN 

C NO INTERSECTION 
GOTO 555 

ENDIF 

C FINO THE MAX DIFFERENCE BETWEEN THE VARIABLES. 
CALL FMAXCTTUN,IN,JRI>JR2Z,IC) 

C FIND 4 POINTS ON THE INTERSECTION CURVE, AND STORE 
C THEM IN TTUNG 

I2=1 
CALL PT4SR(TXYZ1>TXYZ2 »PKL1 »PKL2 »IUW»IUWSR »JR1,JR2Z,IC> 
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+ TTUW , TTUNG »T2 } 

C COULDN'T FIND THE INTERMEDIATE POINT 
IF(I2.EQ.0) THEN 

WRITE(6,*)'BAD CASE(BRINTSR): I2=0" 
GOTO 555 

ENDIF 

C SET THE INTERSECTION FLAG 
INTF=. TRUE. 

C RESTORE THE DATA IF THEY HAD BEEN SWAPPED 
555 IFCITYPE.EQ.2) THEN 

IUWE 1 J=IUW( 2) 
CALL EXPKL{(PKL1,PKL2) 

ENDIF 

5555 RETURN 
END 

Cw ween eee ew ee een eee nn ce ene e renew eee nenen 

Cc 
Cc SUBROUTINE: BRFORSR 
c 
c DESCRIPTION: TO CALCULATE THE COEFFICIENTS OF A B-SPLINE 
c SURFACE (SPECIAL RULED SURFACE } 
c 
C INPUT: 
c PKL = SURFACE 
c 
C OUTPUT: 

TRYZ = SURFACE COEFF. 
c IUWSR = SINGULAR OR REPEATED VARIABLE FLAGS 
c 
c C. K. WONG 
c 9/12/89 
c 

SUBROUTINE BRFORSR( PKL » TXYZ>IUWSR ) 

REAL PKL(0:3,0:3,533,P(454),C(16},TXYZ(3>8) 
INTEGER IUWSR(3) 

R36=1./36. 
R12=1./12. 
R4=1./74,. 
R2=1./2. 
R6=1./6. 
R3=1.73, 
R9=1.79, 
T=.001 

C CALCULATE THE COEFF. FOR X, Y» AND Z 
DO 10 I=1,3 

DO 20 J=154 
DO 30 K=154¢ 

P(J>K J=PKL(J-1,K-151) 
30 CONTINUE 
20 CONTINUE 

C(1)=R36*P( 1,1 )-R12*P(1,2 )+R12*"P( 1,3 )-R36*P( 1,4 )-R1Z2*"P( 2,51) 
+ +RG*P( 2 52 -R4*P( 253 J#R12Z*P( 259 J+RIZ*PC351 )-R4XP(3>2) 
+ #R4*P (3 3 )-R1Z*P( 3 54 -R36*P( 4,1 )+RIZ*P( 4,2 )-R1Z2*PC4,3 ) 
+ +R36%P(4 54) 

C( 2 )=-R12Z2*P( 1,1 )4+R6*P( 1,2 J-R1Z*XP( 153 JtRG*P( 251 3-RZ2EPC 252) 
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+ 
+ +RO*P( 253 J~R4*P( 351 J4+RZ2"P(3 > 2 -RGUP(S 3 FRLZ*P(4,1) 

~R6*P(4,2 )+R12%P( 4,3 ) 
CUZ )=R1Z2*PC1,1 J-R1LZ2XP(C 1,3 }-RG*XPC 2,1 DtRGHP(Z 3 J4RGHP( 3,51) 

-RG*P(3 »3 -R12*P( 451 J4R1ZHP( 453) 
C(4 )=-R36%P( 1,1 I-R9*P( 1,2 J-R36%P( 1,3 }+R1Z2*P( 2,1 +R3*P( 252) 

+R12*P( 253 J-RIZ*P( 3,51 )-R3*P(3>2 J-R12*P( 353 J+R3S6%P(4,1) 
+ROEP (4,2 J +R3Z6%P14,3 ) 

C(S J=-R12*P( 1,1 )+RG*P( 1,2 )-RG*P( 1,3 J4R1Z2*P( 1 »>4 FROXP( 2,51) 
“R2¥*P( 252 )4+R2*P( 2 »3 )-REXP( 254 J-R1Z2*P(3 51 +R4*P( 3,52) 
~RG¥P(3 ,3 J+R12*P(3 >4) 

C6 J=ROXP( 1,1 J-RZ2*P(1,2 )+RG*P( 2,3 J-R2*P(251)+P( 252 )-R2*P( 253) 
+RG*P( 3,51 )-R2*¥P( 352 J+R4*P(353 ) 

C(7 )=-RG*P( 151 )4+RG*P( 153 tRZ2*P( 251 )-RZ2*P( 253 J-R4*P( 3,1 J4R4*P(3 53) 
C(8 J=R12*P( 1,1 +R3*P( 1,2 )+R12*P( 1,3 )-R6*XP(2,1)-( 2.73. P0252) 

-R6*P( 2,3 )+R1Z2*PC3>1 )+R3*PC352 +R1Z2"P(3,3) 
CO9)=R12*P( 151 J-R4*P( 152 J+R4*P( 1,3 1-R1LZ2*P( 1,4 )-R12*P(3,1) 

+RG¥P(3 52 )-RGXP( 353 J+R12*P( 354) 
C(10 J=-R4GXPCL>1 )+RZ2XPC1>2 J-RG*XP( 1,3 J+RG*EP(3 51 J-RZEP( 352) 

#R4*P(3,3) 
CC 11 J=R4*P( 1,1 I-R4*P( 1,3 J-RG*HP( 3,1 #RGXP(3 53) 
C(12 J=-R12Z*P( 1,1 )-R3*P(1,2 }-R12*P( 153 J+R1Z*P( 3,1 )4+R3*P(3,2) 

+R12*P(3,3) 
C(13 J=-R36XPC1L,13+R12*P( 1,2 )-R1Z2*P( 1,3 J+RZ6*XP( 1,4 )-ROXP( 251) 

+R3XP( 2,2 J-R3*P( 253 )+ROXP( 24 -R36*P( 3,1 )+R1Z2*P( 352) 
~R12*P(3 »3 +R3Z6*P(3 54) 

C( 14 J=R12*P(1,1)-R6*P( 1,2 )+R12Z2*P(1,3 4R3*P(2,1)-(2./3. *P(252) 
+R3¥P( 253 )4R12*P( 3,1 I-R6XP(3,2 J+R1Z*P(3,3) 

C(15 J=-R12*P(15194+R12*P( 1,3 J-R3*P( 2,1 )+R3*PC 253 J-RIZ*P( 3,1) 
+R1IZ*P(3 53) 

C(16 J=R36XPC 1,1 AROXP( 1,2 JERS6*P( 1,3 DERMEP( 2,1 94(4./9. HPI 252) 
+R9O*P( 253 J4+RZ6HP( 351 I¢RIXP( 3,2 J+RZ6RP(3,3) 

C STORE THE COEFF INTO TXYZ (SPECIAL CASE: JUST USE THE FIRST 
C FOUR ELEMENTS IN THE ARRAY) 

H
O
a
a
a
n
o
n
o
n
a
n
a
 

10 

+ 

IF((ABS(CO13)).LT.T3. AND. CABS(C(14¢)).LT.T). AND. 
(ABS(C(15)).LT.T3) THEN 

IUWSR(T J=0 
TRYZ(T 1 )=C(4) 
TRYZ(T 2 9=C(8) 
THYZ(I »3 J=C(12) 
TRYZ(T »@ J=C( 16) 

ELSE 
IUWSR(I )=1 
TRYZ(I,1)=C(13) 
TRYZ(I 2 J=CO1G) 
TRYZ(T 3 =C(15) 
TRYZ(I 4 }=C(16) 

ENDIF 

SUBROUTINE: EXPKL 

DESCRIPTION: SWAP THE CONTROL HULL MATRICES 

INPUT: 
PKL1,PKL2 = SURFACES 

C. K. WONG 
2/12/90 
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SUBROUTINE EXPKL(PKL1>PKL2 ) 

REAL PKL(0:3,0:3,3),PKL1(0:3,0:353),PKL2(0:3,0:3,3) 

C SWAP THE MATRIX 

DO 10 I=1,3 

DO 20 J=154 

DO 30 K=1,4 

PKL(J-1,K-1,I J=PKL2(J-1,K-1,1) 

PKL2( J-1,K-1,I )=PKLI(J-1,K-1,1 ) 

PKL1(J-1,K-1,I )=PKLOJ-1,K-1,I) 

30 CONTINUE 

20 CONTINUE 

10 CONTINUE 

RETURN 

END 

SUBROUTINE: SR1 

DESCRIPTION: DEFINE THE REPEATED VARIABLE ON 
SPECIAL SURFACE 1 IN THE INTERSECTION 

Cc 

Cc 

c 

c 

c 

Cc 

c EQs, 

c 

C INPUT: 

Cc Ul = PARAMETRIC VALUE 

Cc BRC1,BRC2 = SURFACES COEFF. 

c PKL1,PKL2 = SURFACES 

c IUW = LINEAR OR CUBIC VARIABLE FLAG 

Cc IUWSR = SINGULAR OR REPEATED VARIABLE FLAGS 

c 

C OUTPUT: 

c TUN = INTERSECTION POINT IN PARAMETRIC SPACE 

c 

Cc C. K. WONG 

Cc 2/12/90 

c 

SUBROUTINE SR1(U1,BRC1,BRC2,>PKL1»PKL2,ZTUW,IUWSR > TUN } 

REAL BRC1(3,8),BRC2(3,8) 
» TUNG ) 
R104) ,R2(4) R314) ,RO(3 ) 
»COF1(7),COF2(7),COEFF(7) 
»EQ1A(4),EQIB(4),EQ2A(4 ) ,EQ2B(4) ,EQ3A(4) ,EQ3B(4) 
»UA1(60 ),WA1( 60 ) ,UA2(60) »WA2( 60) 
»PKL1(0:3,0:3,53),PKL2(0:3,0:3,3) +

h
 
+
b
 

+ 

INTEGER IUW( 2 ),IUWSR(3),NDEG,M 

COMPLEX ZERO(6) 

EXTERNAL ZPLRC 

C SET THE TOLERANCE 
TOL=.001 

C FIND OUT WHICH VARIABLE IS REPEATED 

IFC IUWSR(1).EQ.TUWSR(2)) THEN 
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IRO=IUWSR(1) 
IR1=1 
IR2=2 
IR3=3 

ELSEIF ( IUWSR(1).EQ.IUWSR(3)) THEN 
TRO=IUWSR(1) 
IR1=1 
IR2=3 
IR3Z=2 

ELSEIF ( IUWSR( 2 ).EQ.IUWSR(3)) THEN 
IRO=IUWSR( 2) 
IR1=2 
IR2=3 
TR3=1 

ENDIF 

C ARRANGE THE EQUATIONS: START WITH THE TWO REPEATED EQUATIONS 

DO 10 I=1,4 
R1(I )J=BRC1(IR1L,T) 
R2(I J=BRC1CIR2,1) 
R3(I J=BRCL1(IRS >I) 
EQIA(TI J=BRC2CIR1,I) 
EQIB(T J=BRC2(IR1,1+4) 
EQ2A(T J=BRC2CIR2>T) 
EQ2B(I )=BRC2(IR2,1+4) 
EQ3A(T J=BRC2(IR3,1) 
EQ3B(I )=BRC2(IR3 ,I+4) 

10 CONTINUE 

C EVALUATE THE REPEATED EQUATIONS 
CALL EVAFUN(R1;,U1,F1) 
CALL EVAFUN(RZ,U1,F2) 

C CREATE THE EQUATION FOR THE ROOTS: A 6TH ORDER POLYNOMIAL 

CALL MULCO10(EQ1B ,EQ2A,COF1 ) 
CALL MULCO10(EQ2B,EQ1A,COF2} 

NDEG=6 
DO 100 I=NDEG+1,5,-1 

COEFF (I J=COF1(8-I )-COF2(8-I) 
100 CONTINUE 

DO 110 T=4;1,-1 
COEFF (I )=COF1( 8-1 )-COF2(8-I )-( FLXEQZA( 5~-I ) +1 F2XEQIA(5-I)) 

110 CONTINUE 

C SOLVE THE POLYNOMIAL 
CALL ZPLRC1(NDEG,COEFF ,ZERO) 

C SET THE COUNTER OF SOLUTION 
IFOUND=1 

DO 650 M=1,NDEG 

C DESIGNATE CUBIC VARIABLE ‘REALS OR ‘COMPLEX’ 

IF(ABS( AIMAG( ZERO(M))).GE.1.E-4) GOTO 650 

W2=REAL( ZEROUM)) 

C ROOTS WITHIN THE RANGE? 
IF((W2.LT.-(TOL)).OR.(N2.GT.€1.+TOL))) GOTO 650 

C BACK SUBSTITUTION FOR THE LINEAR VARIABLE 
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CALL EVAFUN(CEQIA,W2,E1A) 
CALL EVAFUN(CEQ2A,W2,E2A) 

IFCABS(E1A).GT.(ABS(E2A))) THEN 
CALL EVAFUN(EQ1B,W2,E1B) 
U2=(F1-E1B)/E1A 

ELSE 
CALL EVAFUN( EQ2B,W2,E2B ) 
U2=( F2-E2B)/E2A 

ENDIF 

C LINEAR VARIABLE WITHIN THE RANGE? 
IFC (U2.GT.(1+TOL).OR.(U2.LT.-(TOL)}) GOTO 650 

C FIND THE SINGULAR VARIABLE 

CALL EVAFUN(EQ3A ,W25E3A) 
CALL EVAFUN( EQ3B ,W2 ,E3B ) 
F3=(U2*ESA )+E3B 

R304 J=R3(4)-F3 

CALL CUROOT(R3,IR»RO) 

C STORE THE VARAIBLES 
DO 150 KK=1,IR 
W1=ROCKK ) 

UA1( IFOUND }=U1 
WAL( IFOUND J=W1 
UA2 CIFOUND )=U2 
WA2( I FOUND )=W2 
IFOUND=IFOUND+1 

150 CONTINUE 

650 CONTINUE 

IFOUND=IFOUND-1 

C NO INTERSECTION 
IF(IFOUND.EQ.0) THEN 

DO 400 I=1,4 
TUN(T J=2. 

400 CONTINUE 

ELSE 

C SCREEN OUT THE BAD RESULT 
IF(CIRO.EQ.0).AND.(IUW(2).EQ.13) THEN 

CALL COMRELT(PKL1>PKL2,UA1 ,WA1 ,UA2 »>WAZ2 » IFOUND > TUM ) 
ELSEIF(¢ITRO.EQ.1).AND.(IUW(2).EQ.1)) THEN 

CALL COMRELT(PKL1>PKLZ,WA1 ,UA1 ,UA2 ,WA2 > T FOUND » TUN ) 
ELSEIF((IRO.EQ.0).AND.(IUN(2).EQ.0)) THEN 

CALL COMRELT(PKL1>PKL2Z »UA1,WAL »WA2 »UA2 » TFOUND 5 TUM } 
ELSEITF((IRO.EQ.1).AND.(IUW(2).EQ.0)) THEN 

CALL COMRELT(PKL1>PKL2,WA1 ,UA1 »WA2 >UAZ » TFOUND » TUN ) 
ENDIF 

ENDIF 

RETURN 
END 

C--------------.---- + - ~~ = + = 

c 
c SUBROUTINE: MULCO1O 
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DESCRIPTION: MULTIPLICATION OF TWO FUNCTIONS (3RD ORDER) 
TO FORM A 6TH ORDER FUNCTION 

INPUT: 
COFI1,COFI2 = 3RD ORDER FUNCTIONS 

OUTPUT: 
OCOF = 6TH ORDER FUNCTION 

C. K. WONG 
9/12/89 

SUBROUTINE MULCO10( COFI1 ,COFI2 ,OCOF ) 

REAL COFI1(¢),COFI2Z(4),OCOF( 7) 

C INITIALIZATION 

20 
10 

Y6=0. 
Y5=0. 
Y¥4=0. 
Y3=0. 
Y2=0. 
Y1=0. 
Yo=0. 

DO 10 I=4,1;-1 
DO 20 J=4,1,-1 

YY=0. 
YY=COFI1(5-I )xCOFI2(5-J) 
IF((I+J-2).EQ.6) THEN 

Y6=Y6+tYY 
ELSEIF((I+J-2).EQ.5) THEN 

Y5=Y5+VY 
ELSEIF((I+J-2).EQ.4) THEN 

Y4=YS+7VY 
ELSEIF((I+J-2).EQ.3} THEN 

Y3=¥3+YY 
ELSEIF((I+J-2).EQ.2) THEN 

Y2=Y2+YY 
ELSEIF((I4+J-2)}.EQ.1) THEN 

Y1=Y1+¥V 
ELSEIF((I+J-2}3.EQ.0) THEN 

YO=YO+tYY 
ENDIF 

CONTINUE 
CONTINUE 

OCOF(1)=Y6 
OCOF(2 }=Y5 
OCOF (3 )=¥4 
OCOF(4 )=Y¥3 
OCOF(5)= ¥2 
OCOF(6)=Y1 
OCOF(7)=¥0 

RETURN 
END 

SUBROUTINE: SR2 

DESCRIPTION: 
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C INPUT: 

c Vv = PARAMETRIC VALUE 
BRC1,BRC2 = SURFACES COEFF. 

Cc PKL1 >PKL2 = SURFACES 

c IUN = LINEAR OR CUBIC VARIABLE FLAG 
Cc IUWSR = SINGULAR OR REPEATED VARIABLE FLAG 

c 

C OUTPUT: 
c TUN = INTERSECTION POINT IN PARAMETRIC SPACE 
c 
Cc C. K. WONG 
c 2/12/90 
Cc 

SUBROUTINE SR2(V,BRC1,BRC2>PKL1>PKL2,IUW,IUWSR, TUN) 

REAL BRC1(3,8),BRC2(3,8), 
TUN(4 }5EQ1(19),EQ2119),5 
XACOF (4) »XBCOF(4),YACOF(4) ,YBCOF(4},ZACOF(4),ZBCOF(4), 
RXSCOF (4), YSCOF(4) ,Z3COF( 4) 
»PKL1(0:3,0:3,53),PKL2(0:3,0:3,3) +

+
+
 

+ 

INTEGER IUW(2),IUWSRI3) 

C FIND OUT WHICH VARIABLE IS REPEATED 

IFC IUWSR(O1).EQ.IUWSR(2)) THEN 
TRO=IUWSR(1) 
INR=3 

ELSEIF(ITUWSR(1).EQ.IUWSR(3)) THEN 
IRO=IUWSR(1) 
INR=2 
ELSETF(CIUWSR( 2 ).EQ.TUNSR(3)) THEN 
IRO=LUWSR( 2} 
INR=1 

ENDIF 

C ASSIGN IUW(1) ACCORDINGLY 
TUW(1J=IRO 

C REWRITE THE FIRST SURFACE COEFF 
DO 5 JJ=1,4 

X3COF ( JJ =BRC1( 1, JJ) 
Y3COF( JJ J=BRC1(2,JJ) 
Z3COF ( JJ J=BRC1(35JJ) 

5 CONTINUE 

C SET UP THE EQUATIONS 

IFCINR.EQ.1) THEN 
CALL EVAFUNCX3COF »V>FF } 
X3COF(1)=0. 
X3COF( 2 }=0. 
X3COF(3 J=0. 
X3COF (4 J=FF 

ELSEIFCINR.EQ.2) THEN 
CALL EVAFUN(YSCOF >V>FF ) 
Y3COF(1)=0. 
Y3COF(2)=0. 
Y3COF(3)=0, 
Y3COF(4 J=FF 

ELSEIFCINR.EQ.3} THEN 
CALL EVAFUN( Z3COF >V>FF ) 
Z3COF(13=0. 
Z3COF( 2 )=0. 
Z3COF(3)=0. 
Z3COF (4 J=FF 
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ENDIF 

C SET UP THE REST OF THE EQUATIONS FOR BRPCREQ 

DO 35 JJ=1,4 
XACOF (JJ )=BRC2Z01,JJ) 
XBCOF ( JJ )=BRC2(1,JJ+4) 
YACOF( JJ )=BRC2(2 5) 
YBCOF (JJ J=BRC2(2 »>JJ+4) 
ZACOF ( JJ J=BRC2(3,JJ) 
ZBCOF ( JJ J=BRC2(3 »JJ4+4 ) 

35 CONTINUE 

C CREATE THE EQUATIONS EQl & EQ2 FOR BRPSLVA 

CALL BRPCREQ( X35COF ,Y3COF ,Z3COF »XACOF »XBCOF » 
+ YACOF , YBCOF , ZACOF »ZBCOF ,EQ1 ,EQ2 ) 

C SOLVE THE VARIABLES 

CALL BRPSLVA[PKL1,PKL2 ,EQ1 ,EQ2 ,»X3COF ,Y3COF »Z3COF »XACOF »XBCOF » 
+ YACOF »YBCOF , ZACOF »ZBCOF »V,IUN ,TUW) 

Cron nn ne en nee ne ee ne ee ene en eee en ewe een 

c 
c SUBROUTINE: SR2D 
c 
c DESCRIPTION: DEFINE THE SINGULAR VARIABLE ON SPECIAL 
c SURFACE 1 IN THE INTERSECTION EQS. 
c 
C INPUT: 
Cc Vv = PARAMETRIC VALUE 

Cc BRC1,BRC2 = SURFACES COEFF. 
c PKLI,PKL2 = SURFACES 
Cc IUW = LINEAR OR CUBIC VARIABLE FLAG 
c IUNSR = SINGULAR OR REPEATED VARIABLE FLAG 
Cc 
C OUTPUT: 
c TUN = INTERSECTION POINT IN PARAMETRIC SPACE 
c 
c Cc. K. WONG 
C 2/12/90 
c 

SUBROUTINE SR2D(V,BRCL,BRC2 »PKL1,PKL2 > IUW,IUNSR » TUM ) 

REAL BRC1(3,8),BRC2(3,8), 
TUNG), EQ1(19),EQ2(19), 
XACOF (4) ,XBCOF(4),VACOF(4),YBCOF(4) »>ZACOF(4),ZBCOF(4), 
X3COF (4) ,YSCOF(4 ),Z3COF(4) 
»PKL1(0:3,0:3,3),PKL2(0:3,0:3,3) +

+
+
 

+ 

INTEGER IUW(2),ITUWNSR(3) 

C FIND OUT WHICH VARIABLE IS REPEATED 

IFC IUWSR(1).EQ.IUWSR(2)) THEN 
ITRO=IUWSR(1) 
INR=3 

ELSEIFCIUWSR(1).EQ.IUNSR(3))} THEN 
TRO=IUWSR(1 3} 
INR=2 

ELSEIF CIUWSRI 2).EQ.IUWSR(3)) THEN 
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IRO=IUWSR( 2) 
INR=1 

ENDIF 

C ASSIGN IUW(1) ACCORDINGLY 
TUM 1 I=IRO 

C REWRITE THE FIRST SURFACE COEFF 
DO 5 JJ=154 

ASCOF ( JJ J=BRCIC1,J) 
Y3COF( JJ )=BRC1(2,JJ) 
23COF (JJ J=BRCL(3,JJ) 

5 CONTINUE 

C SET UP THE EQUATIONS 

IFCINR.EQ.1) THEN 
CALL EVAFUNEX3COF >V,FF) 
X3COF(1)=0. 
X3COF( 2 )=0. 
X3COF(3 }=0. 
X3COF (4 )=FF 

ELSEIFCINR.EQ.2)} THEN 
CALL EVAFUN(YS3COF ,V,FF) 
Y3COF(1)=0. 
Y3COF(2)=0. 
Y3COF(3)=0. 
Y3COF(4 J=FF 

ELSEIFCINR.EQ.3} THEN 
CALL EVAFUN( Z3COF »V,FF ) 
Z3COF(1)=0. 
Z3COF(2)=0. 
Z3COF(3 )=0. 
Z3COF (4 J=FF 

ENDIF 

C SET UP THE REST OF THE EQUATIONS FOR BRPCREQ 

DO 35 JJ=154 
RXACOF ( JJ )=BRC2(1,JJ) 
ABCOF ( JJ J=BRC2(1,JJ+4) 
YACOF( JJ )=BRC2(2,JJ) 
YBCOF ( JJ )=BRC2( 2 »>JJ+4) 
ZACOF( JJ )=BRC2(35JJ) 
ZBCOF ( JJ J=BRC2(3 > JJ+4 ) 

35 CONTINUE 

C CREATE THE EQUATIONS EQ] & EQ2 FOR BRPSLVA 

CALL BRPCREQ( X3COF »Y3COF ,Z3COF »XACOF »XBCOF , 
+ YACOF »YBCOF »ZACOF »ZBCOF >EQ1 ,EQ2 ) 

C SOLVE THE VARIABLES 

CALL BRPSLVD( EQ] ,EQ2 »X3COF , Y3COF »Z3COF »XACOF »XBCOF » 
+ YACOF , YBCOF ,ZACOF ,ZBCOF »V,IUN, TUN) 

RETURN 
END 

(ween no ee nen nn ne ee eee en weno een ne 

Cc 
c SUBROUTINE: SR3 
c 
c DESCRIPTION: DEFINE THE CUBIC VARIABLE ON SURFACE 2 
c 
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OUTPUT : 

W2 = PARAMETRIC VALUE 
BRC1,BRC2 = SURFACES COEFF. 
PKL1,PKL2 = SURFACES 
IUW = LINEAR OR CUBIC VARIABLE FLAG 
IUNSR = SINGULAR OR REPEATED VARIABLE FLAG 

TUW = INTERSECTION POINT IN PARAMETRIC SPACE 

Cc. K. WONG 
2712/90 

SUBROUTINE SR3(W2,BRC1,BRC2 »PKL1,PKL2,IUW,IUWSR >» TUN ) 

REAL BRC1(3,8),BRC2(3,8) 
»TUN( 4) 
aR1I04) »RZ204) R314) 
»COF1(4) ,COF2(4) ,COF(4) 
»EQIA(G ) ,EQIB(4) ,EQZA(4) ,EQZ2B(4) ,EQ3A(4 ) ,EQ3B(4) 
»ROC3),ROLU3) - 
»UA1(60 ) »WA1(60 ) ,UA2(60) »,NA21 60) 
»PKL1(0:3,0:353),PKL2(0:350:3,3) +

+
 
e
e
e
 

e
e
 

INTEGER TUW( 2},TUNSR( 3) ,NDEG»M 

C INITIALIZE THE TOLERANCE 
TOL2=0.0001 

C FIND OUT THE REPEATED VARIABLE ON SURFACE 1 

IFC IUNSR(1).EQ.IUNSR(2)) THEN 
TRO=IUWSR(1) 
IR1=1 
IR2=2 
IR3=3 

ELSEIF (IUWSR(1).EQ.IUWSR(3)) THEN 
TRO=IUWSR(1) 
IR1=1 
IR2=3 
IR3=2 

ELSEIF(IUWSR( 2 ).EQ.IUWSR(3)) THEN 
IRO=IUWSR( 2 ) 
TR1=2 
TR2=3 
IR3=1 

ENDIF 

C ARRANGE THE EQUATIONS: START WITH THE TWO REPEATED EQUATIONS 

DO 10 I=1,4¢ 
R1(I J=BRCICIR1,T) 
R2(IJ=BRCI(IR2Z,I ) 
R3t(I }=BRCLCIR3S,I) 
EQIA(T J=BRC2(IR1,T) 
EQIB(TI J=BRC2ZCIR1,I+4) 
EQ2ACT )=BRC2UIR2,1) 
EQ2B(TI J=BRC2( IR2 I +4) 
EQ3A(T )=BRC2( IRS>I) 
EQ3B( I J=BRC2(IR3,I+4) 

CONTINUE 

C EVALUATE THE REPEATED EQUATIONS 
CALL EVAFUN(EQIA>W2>,E1A) 
CALL EVAFUN( EQ1B ,W2,E1B) 
CALL EVAFUN(EQ2A>,W2,E2A) 
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CALL EVAFUN(EQ2B ,W2 ,E2B ) 

C BOTH DENOMINATERS =0 : NO INTERSECTION 
TOL=.1E-15 
IF(CABS(E1A).LT.TOL).AND.(ABS(E2A)}.LT.TOL)) THEN 

IFOUND=0 
WRITE(6,*)°ELA& E2A ---> 0. IN SR3 ' 
GOTO 555 

ENDIF 

C FIRST DENOMINATOR = 0 

IF(ABS(E1A).LT.TOL) THEN 
DO 100 I=1,4 

COF(IJ=R1I(T) 
100 CONTINUE 

COF (4 )=COF(4)-E1B 

C SECOND DENOMINATER =0 
ELSEIF(ABS(E2A).LT.TOL) THEN 

DO 110 I=1,4 
COF(IJ=R2(1) 

110 CONTINUE 
COF (4 )=COF (4 )-E2B 

ELSE 
DO 150 I=154 

COFI(TJ=R1(I)/ELA 
COF2(TJ=R2(I J/E2ZA 

150 CONTINUE 
COF1(4 J=COF1(4 )-( E1B/E1A 3 
COF2(% )=COF2(4 }-( E2B/E2A ) 

DO 160 I=1;4 
COF(T J=COFL(I )-COF2(T} 

160 CONTINUE 

ENDIF 

C SOLVE FOR Ul 

CALL CUROOT(COF »IR,RO) 

IFOUND=1 
DO 200 J=1,IR 

U1=RO( J) 

C SOLVE FOR U2 

IFC ABS(E1A).GT.(ABS(E2A))) THEN 
CALL EVAFUN(R1,U1,F1) 
U2=(F1-E1B)/E1A 

ELSE 
CALL EVAFUN(R2>U1,F2) 
U2=(F2-E2B)/E2A 

ENDIF 

C IF U2 OUT OF RANGE? 
IF((U2.GT.(1.+TOL2)).OR.(U2.LT.-(TOL2))) GOTO 200 

C FIND THE LAST VARIABLE 

CALL EVAFUN(EQ3A,W2,E3A } 
CALL EVAFUN( EQ3B ,W2>E3B ) 
F3=(U2*E3A )+E3B 
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R3(4 )=R3(4 )-F3 

CALL CUROOT(R3,IRR,ROL) 

DO 300 K=1;,IRR 
W1=RO1EK ) 
VUA1CIFOUND J=U1 
WA1( IFOUND J=W1 
UA2( IFOUND }=U2 
WA2( IFOUND J=W2 
IFOUND=I FOUND+1 

300 CONTINUE 

200 CONTINUE 

IFOUND=IFOUND-1 

C STORE THE RESULT 

555 IF(IFOUND.EQ.0) THEN 

DO 400 I=154 
TUMN(T J=2. 

400 CONTINUE 

ELSE 

C FIND THE PAIR OF POINTS WITH THE SMALLEST 
C DISTANCE AS THE RESULT 

IF((IRO.EQ.0). AND. (IUW(2).EQ.1)) THEN 
CALL COMRELT(PKL1,PKL2,UA1,WAL,UA2 ,WA2 >I FOUND ,TUW) 

ELSEIF(CIRG.EQ.1).AND.¢IUW(2).EQ.2)) THEN 
CALL COMRELT(PKL1;,PKL2,WA1L,UAL ,UAZ WAZ ,T FOUND , TUN) 

ELSEIF((IRO.EQ.0).AND.(IUW(2).EQ.0))3 THEN 
CALL COMRELT(PKL1,PKL2,UA1,WA1 »WA2 ,>UA2 >I FOUND » TUW ) 

ELSETF(CIRO.EQ.1).AND.(IUW(2).EQ.0)) THEN 
CALL COMRELT(PKL1,PKL2,WA1,UA1,WA2 ,UA2 > TFOUND » TUN ) 

ENDIF 

ENDIF 

RETURN 
END 

Con mo wo a wn ow we ee re ee ew on ee ew ene 

c 
c SUBROUTINE: SR4 
c 
c DESCRIPTION: DEFINE THE LINEAR VARIABLE IN RULED SURFACE 2 
c 
C INPUT: 
c U2 = PARAMETRIC VALUE 
Cc BRC1,BRC2 = SURFACES COEFF. 
c PKL1 »>PKL2 = SURFACES 
c IUW = LINEAR OR CUBIC VARIABLE FLAG 
c IUNSR = SINGULAR OR REPEATED VARIABLE FLAG 
c 
C OUTPUT: 
c TUW = INTERSECTION POINT IN PARAMETRIC SPACE 
c 
Cc C. K. WONG 
Cc 2/12/90 
c 
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SUBROUTINE SR4(U2,BRC1,BRC2,PKL1»PKL2,IUW,IUNSR, TUN) 

REAL BRC1(3,8),BRC2(3,8) 

»TUN(4) 

»R104),R2146),R304) 

‘  ,COF1(8),COF2(8) ,COEFF(13) 

2EQIA(4),EQ1B(4) ,EQZ2A( 4) ,EQ2B( 4) ,EQ3A(4 ),EQ3B(4) 

»RO(3),RO1(3) 

2VUA1(60 ) ,WA1(60) ,UA2(60),WA2( 60) 
»PKL1(0:3,0:353), PKL2(0:3,0:3,3) +

+
 
e
e
e
 

oe 

INTEGER IUW(2),TUNSR(3 },NDEG>M 

COMPLEX ZERO(12) 

EXTERNAL WRCRN>2ZPLRC 

C INITIALIZE THE TOLERANCE 
TOL2=.0001 

C FIND OUT WHICH VARIABLE IS REPEATED 

IF (IUWSR(1).EQ.IUNSR(2)) THEN 
TRO=IUWSR(1) 
TR1=1 
IR2=2 
IR3=3 

ELSEIF ( IUWSR(1).EQ.IUNSR(3)) THEN 
TRO=IUWSR(1) 
IR1=1 
IR2=3 
IR3=2 

ELSEIF ( IUWSR( 2 ).EQ.IUNSR(3)) THEN 
IRO=IUWSR( 2) 
IR1=2 
IR2=3 
IR3=1 

ENDIF 

C ARRANGE THE EQUATIONS: START WITH THE TNO REPEATED EQUATIONS 

DO 10 I=154 
RICI)=BRCLUIR1,I) 
R2(TI )=BRCI(IR2,1) 
R3(I J=BRCI( IRS >I) 
EQIACT J=BRC2(IR1,I) 
EQIB(T J=BRC2( IR1,1+4) 
EQ2ZA(T )=BRCZ(IR2>1} 
EQ2B(I J=BRC2ZUIRZ,1+4) 
EQ3AC(T )=BRCZ(IR3 >I) 
EQ3B(I J=BRC2(IR3,I+4) 

10 CONTINUE 

C CREATE THE EQUATION FOR THE ROOTS 

DO 20 I=1 54 
COFI(I}J=R1(T) 
COF1(1+4 )=U2*EQIA(TI JtEQIB(T) 
COF2(TJ=R2(TI) 
COF 2(1 +4 J=U2*EQZA(T }+EQ2B(T ) 

20 CONTINUE 

C ELIMINATE ONE VARIABLE FROM TWO EQUATIONS 

CALL SRTWO(COF1,COF2 COEFF ) 
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C SOLVE FOR THE ROOTS : W2 
NDEG=12 
CALL ZPLRC1(NDEG ,COEFF ,ZERO) 

IFOUND=1 
DO 650 M=1,NDEG 

C DESIGNATE SOLUTION 'REAL' OR ‘COMPLEX’ 

IF( ABS( AIMAG( ZERO(M))3.GE.1.E-4¢) GOTO 650 

W2=REAL( ZERO(M) 3 

C IF W2 OUT OF RANGE ? 
IFCCW2.LT.-(TOL2 )).OR. (W2.G6T.(1.+TOL2))3 GOTO 650 

C SOLVE FOR U1 
IFC ABS(R1(13).GT.ABS(R2(1)3) THEN 

CALL EVAFUN(EQIA,W2,E1A) 
CALL EVAFUN(EQI1B,WZ,E1B ) 
R1(4 J=R1(4 )-( (U2*E1A )+E1B) 
CALL CUROOT(R1,IRR>ROL) 

ELSE 
CALL EVAFUN(EQ2A >W2,E2A) 
CALL EVAFUN( EQZB >W2 ,E2B) 
R204 J=R2(4 J-( (U2*EZA J+E2B ) 
CALL CUROOT(R2,IRR>ROL) 

ENDIF 

DO 200 JJ=1,IRR 

U1=RO1( JJ ) 

C FIND THE LAST VARIABLE (W1) 

CALL EVAFUN(EQ3A>WZ,E3A) 
CALL EVAFUN( EQ3B ,W2 ,E3B } 
F3=(U2*E3A J+E3B 

R314 J=R304 )-F3 

CALL CUROOT(R3,IR,RO) 

DO 210 KK=1;IR 
W1=RO(KK J 
UA1t TFOUND )=U1 
WA1( I FOUND )=W1 
UAZ( IFOUND )=U2 
WAZ( ITFOUND J=W2 
ITFOUND=IFOUND+1 

210 CONTINUE 

200 CONTINUE 

650 CONTINUE 

IFOUND=IFOUND-1 

IF( IFOUND.EQ.0) THEN 

C NO INTERSECTION 
DO 400 I=154 

TUNIT J=2. 
400 CONTINUE 
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ELSE 

C FIND THE PAIR OF POINTS HAS THE SMALLEST DISTANCE 
C AS THE RESULT 

IF((IRO.EQ.0).AND.(IUW(2).EQ.1)) THEN 
CALL COMRELT( PKL1,PKL2,UA1,WAL ,UA2 ,>WAZ >» T FOUND 5 TUN ) 

ELSEIF((IRO.EQ.1).AND.¢€IUW(2).EQ.1)) THEN 
CALL COMRELT(PKL1,PKL2»WA1 ,>UAL ,UA2 »WAZ2 » IT FOUND, TUN) 

ELSEIF((TRO.EQ.0).AND.(ITUW(2).EQ.0}) THEN 
CALL COMRELT(PKL1,PKL2 »UA1,WA1 ,»WA2 ,UA2 , IT FOUND » TUM ) 

ELSEIF((IRO.EQ.1).AND.(IUW(2).EQ.0)} THEN 
CALL COMRELT(PKL1,PKL2>WA1 ,UA1 »WAZ ,;UA2 , I FOUND 5 TUN ) 

ENDIF 

ENDIF 

RETURN 
END 

(Conn n nn ene wn nn nnn nn ee rn ee ne we we ne en een eee 

c 
Cc SUBROUTINE: SRTWO 
c 
c DESCRIPTION: DERIVE A 12TH ORDER POLYNOMIAL BY ELIMINATING 
c ONE VARIABLE FROM TWO EQUATIONS WITH TWO VARIABLES 
Cc 
C INPUT: 
c EQ1,EQ2 = TWO EQS. 
c 
C OUTPUT: 
c EQ3 = 12TH ORDER POLYNOMIAL 
c 

C. K. WONG 
c 2712/90 
c 
c 

SUBROUTINE SRTWO( EQ] ,EQ2,EQ3) 

REAL EQ1(8),EQ2(8), EQ3(13) 

+ »A,B,C,D>,E>F>G 

C INITIAL EQUATIONS 

A1=EQ1(1) 
A2=EQ1(2) 
A3=EQI(3) 
AG=EQ1(4) 
A5=EQ1(5) 
A6=EQ1(6) 
A7=EQ1(7) 
AS=EQ1(18} 

AIP=EQ2(1) 
A2P=EQ2(2) 
AZP=EQ2(3) 
AGP=EQ2(4) 
A5P=EQ2(5) 
A6P=EQ2Z(6) 
A7P=EQ2(7) 
ASP=EQ2(8) 
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C EQUATION 3 

A=AZ*ALP-A2PXA1 

B=A3#ALP-A3PXA1 

C=A4*A1LP-A4PXAL 

D=A5PXA1-AS5xA1P 

E=A6P#A1-A6%A1P 

F=A7P¥A1-A7*A1P 

G=A8PXA1-A8xAIP 

C EQUATION 4 
TI1=A1L*¥A5P~A1LPXA5 
T2=A1L¥AGP-A1LPHAG 
T3=A1*A7P-ALPXA7 
T4=( A1L¥XABP-A1PXAS )4+( ALPHAG-ALEAGP } 
T5=A2*ASP-A2PxAS5 
T6=AZ*AGP-AZPHAG 
T7=A2*%A7P-A2PHA7 
T8=( A2XASP-A2PXAB )+( A2PHXAG—A2*AGP ) 
T9=AZ*A5P-ASPHAS 
T1O=A3*¥A6P-AZPXAG 
T1L1=A3*%A7P-ASPKA7 
T12=( A3Z*ABP-ASPRAS J 4+( AZPHAG-AZ*AGP ) 

C EQUATION 5 
S1=B*T1-AxT5 
S2=BxT2-AxT6 
S3=BXT3-AXT7 
S4=BRTG-AXTS 
S5=D*T1 
S6=DXTZ+EXT1 
S7=DETStEXT24+FRT1 
SB=CHTL+DHTG FE XT3S+F HT 2 +G*T1-AXT9 
S9I=CHTZ+EXTG+F HTS +6"T2-AXT1O 
S10=CXT34F*T4¢+G6%T3-AXT11 
SLIL=CxXT4+G*T4-AxT12 

C EQUATION 6 
V1=T1xD 
V2=T1*E+T2*D 
V3=TIXF +T24E+T3*D 
VG=T1*C 4T1*G+T2"F + TSE +T4*D-ARTI 
V5=T24C+T 2X6 4+T3F + TGXE -AXT10 
VO=T3xC+T34G4+T4"F ~AXT11 
V7=T4*C +T4*%G-AxT12 
V8=TSxD 
V9=T5xE+T6xD 
V1O=TS*F +T6XE+T 7HD 
VI1L=T5*C +TS*G+T 6*F +T7XE +TSXD-BHTD 
V12=T6xC+T6xXG+T 7HF +TS*E-BRT10 
V13=T7*C+T7*G+T8*F -BXT11 
V14=TBxXC+TSXG-BRT12 

C FINAL EQUATION :12TH ORDER POLYNOMIAL 
EQ3(13 )=S5*V1 
EQ3(12 )=S5*VZ+S6xV1 
EQ3(11 J=S5*V3+S6*#V24S72%V1 
EQ3( 10 )=S5*V4 4S6%VS +S 7*V2 +S8XVI-S1RVE 
EQ3( 9 J=SHHV54+S6*VG4S 7HVS 4SBRV2 +S FHVI -S1LEVI-SZEVE 
EQ3( 8 )=S5*¥V6tS6XV54S 7HVG FSBRVS 4S 9KVZ ES 1LORVI 

+ ~S1*V10-S2*V9-S3*V8 
EQ3( 7 }=S5¥V7+S6XV64S7#V54+SBHVG+4S 9RV3 FS 1LORVZtS LIVI 

+ ~S1*V11-S2*V10-S3*V9-S4*V8 
EQ3( 6 J=S6XV74S7*V64SBHV54S RVG +S1 OVS 4S1L1EVZ 

+ -S1*V12-S2*V11-S3*V10-S4#V9 
EQ3( 5 J=S7#V7+S8XV6 4S 9XVE+*S1LONVG tS 1L1LXVE 

+ ~S1*V13 -S2*V12-S3*V11~S4¢*V10 
EQ3( 4 )=S8XV74S 9*V64S10*V54+S11*V4 
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+ ~S1*¥V14-S2*V13-S3*V12-S4xV11 
EQ3(3 )=S9*¥V745S10*V6+S11*V5 

+ -S2*V14-S3*V13-S4xV12 
EQ3( 2 J=S1OXV74+S1L1*V6 

+ -S3¥V14-S4*V13 
EQ3(1)=S11*¥V7-S4xV14 

RETURN 
END 

(Cnn we wwe neem ewe wn ene ee ew een ee eee eee 

c 
c SUBROUTINE: PT4SR 
c 
Cc DESCRIPTION: FIND FOUR POINTS({EQUAL INTERVAL) ON 
Cc THE INTERSECTION CURVE: GENERAL RULED 
C AND SPECIAL RULED SURFACES 
Cc 
C INPUT: 
Cc TXYZ1,TXYZ2 = SURFACES COEFF. 
Cc PKL1,PKL2 = SURFACES 
C IUWSR = SINGULAR OR REPEATED VARIABLE FLAG 
c TUW = LINEAR OR REPEATED VARIABLE FLAG 
c IR1,IR2 = ROW IDENTIFIERS FOR MAX DIFF. IN 
Cc PARAMETRIC VALUE 
Cc Ic = COLUMN IDENTIFIER FOR MAX DIFF. IN 
c PARAMETRIC VALUE 
C TTUW = INTERSECTION POINTS ALONG THE EDGE 
Cc IN PARAMETRIC SPACE 
c 
C OUTPUT: 
c TTUWG = A SEGMENT OF THE INTERSECTION CURVE 
c (FOUR POINTS) 
Cc I2 = BAD CASE FLAG: COULDN'T FIND THE 
c INTERMEDIATE POINTS 
c 
c C. K. WONG 
c 2/12/90 
Cc 

SUBROUTINE PT4SR( TXYZ1,TXYZ2 »PKL1,>PKL2 »IUW ,IUWSR, IRL, IR2,IC,> 
+ TTUN > TTUNG »T2 ) 

REAL TXYZ1(3,8),TXYZ2(3,8),TT502 54) > TUNES), TUN2(4) 

+ ,TTUN(8,4),TTUNG(G,3),TT(2),TPST(1,3) 

+ sPKL1(0:3,0:353),PKL2(0:3,0:3,53) 

INTEGER IUW(2),IUW2(2),IUWSRI3 ) 

C INITIALIZE THE FLAG AND THE TOLERANCE 
TOL2=.0001 
T2=1 

C FIND OUT WHICH VARIABLE IS REPEATED 

IFCIUWSR(1).EQ.IUWSR(2)) THEN 
ITRO=IUWSRE 1) 

ELSEIF( IUWSR(1).EQ.IUNSR(3)) THEN 
TRO=IUWSR(1) 

ELSEIF(IUWSR( 2). EQ. IUWSR(3)) THEN 
IRO=IUWSR( 2) 

ENDIF 

c 
C GET THE MIDDLE TWO POINTS 
c 

TT013=01./3. JXTTUWNCIR2 »IC 3402.73. JXTTUWCIRI,IC) 
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TT(2 302.73. XTTUNCIR2 IC 401.73. XTTUMCIRI,IC) 

DO 200 I=1;2 
V=TT(T) 

C CHECK WHICH ROUTINE TO CALL 
IF((IC.EQ.1).0R.(IC.EQ.23) THEN 

C INPUT IN SURFACE 1 
IF((IC.EQ.1).AND.(IRO.EQ.0)) THEN 

CALL SRICV,TXYZ1,TXYZ2 >PKL1 »PKL2 »sIUW,IUNSR > TUN ) 
ELSEIF ((IC.EQ.1).AND.(IRO.EQ.1)) THEN 

CALL SR2(V,TXY2Z1,TXYZ2Z »>PKL1,PKL2 »>TIUWN,IUWSR » TUN) 
IFCTUW(1).GT.1.5) THEN 

CALL SR2D(V,TXYZ1,TXYZ2 ,PKL1 >PKLZ , TUN, IUWSR TUN) 
ENDIF 

ELSEIF ((IC.EQ.2).AND.(IRO.EQ.1)) THEN 
CALL SRICV,TXYZ1;,TXYZ2 >PKL1,>PKL2>TUW,IUWSR, TUN) 

ELSEIF ((IC.EQ.2)}.AND.(IRO.EQ.0)) THEN 
CALL SR2UV,TXYZ1,TXYZZ »PKL1 »PKL2 > IUN» IUWSR » TUW ) 
IF(TUW(1).GT.1.5) THEN 

CALL SR2D(V,TXYZ1,TXYZ2Z »>PKL1 >PKL2 > TUN, TUNSR > TUN) 
ENDIF 

ENDIF 

ELSE 

IF((IC.EQ.3).AND.(IUW(2).EQ.0)) THEN 
CALL SR3(V,TXYZ1,TXYZ2 >PKL1>,PKL2 »TUW, TUNSR » TUN } 

ELSEIF ((IC.EQ.3).AND.(IUW(Z).EQ.1)) THEN 
CALL SRG(V,TXYZ1 > TXYZ2 »>PKL1 »PKL2Z » UW» IUWSR > TUN ) 

ELSEIF ((IC.EQ.4¢).AND.(IUN(2).EQ.1)) THEN 
CALL SR3CV,TXYZ1,TXYZ2 >PKL1 »PKL2 > TUN, LUWSR » TUN) 

ELSEIF ((IC.EQ.4).AND.(IUWN(2).EQ.0)) THEN 
CALL SR4(V,TXYZ1,TXYZ2 »PKL1 »PKL2 »IUW,>IUWSR > TUW ) 

ENDIF 

ENDIF 

C STORE THE RESULT 
OO 213 J=154 

TTS(T »J=TUW( J) 
IF(TUW(J).GT.1.5) THEN 

I2=0 
ENDIF 

213 CONTINUE 

200 CONTINUE 

C FIND FOUR POINTS ON THE CURVE IN GLOBAL COOR. SPACE 

CALL FBPT(PKL1,TTUN(IR1,1),TTUN(IR1,2),TPST,IFF ) 
DO 500 I=1,3 

TTUNG(1,IIJ=TPST( 1,1) 
500 CONTINUE 

CALL FBPT(PKL1,TTUW(IR2>1),TTUN(IR252),TPST>IFF } 
DO 510 I=1,3 

TTUNG(4,I J=TPSTC 151) 
510 CONTINUE 
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DO 520 I=1,52 
CALL FBPT(PKL1,TT5(1,1),TT5(1,2),TPST,IFF) 
DO 530 J=1,3 

TTUNG(I+1,J)=TPST(1,J) 
530 CONTINUE 

520 CONTINUE 

RETURN 
END 

SUBROUTINE: PARALL 

DESCRIPTION: SOLVE THE INTERSECTION WHERE THE SURFACES ARE 
SPECIAL CASE AND PARALLEL : THE VARIABLES OF 
THE SURFACES ARE NOT RELATED (COUPLED) IN THE 
INTERSECTION EQS. 

INPUT ; 
TXYZ1,TXYZ2 = SURFACES COEFF. 
PKL1,PKL2 = SURFACES 
IUW1 , TUN2 = SINGULAR OR REPEATED VARIABLE FLAGS 

OUTPUT: 
INTP = INTERSECTION FLAG 
TTUNG = INTERSECTION POINTS IN GLOBAL COOR. 

C. K. WONG 
2712790 

A
N
Q
A
A
A
N
M
N
A
A
H
A
A
N
A
N
A
N
N
A
N
M
A
A
A
A
A
 

SUBROUTINE PARALL( TXYZ1»>TXYZ2 »PKL1>PKL2,IUW1 »ITUNZ 
+ »INTP »TTUNG } 

REAL TXYZ1(354¢),TXYZ2(3 54), TTUN(8 »¢) 
» TTUNG (4,3 ),COF1(8) ,COF2(8),COEFF( 13) 
»COF(4),RO1(3),MIN 
»UA1(20 ) »WA1( 20) ,UA2Z( 20) »WAZ(20) 
»¥(23,TPST(153),TT5(2 54) +

+
 

+ 
+ 

INTEGER IUW1(3 ),IUW2(3 ) »NDEG 

COMPLEX ZERO(12) 
LOGICAL INTP 
EXTERNAL ZPLRC 

C INITIALIZE FLAG AND TOLERANCE 
INTP=.TRUE. 
TLIM=.001 

C FIND THE REPEATED VARIABLE ON THE FIRST SURFACE 
IFCIUW1(2).EQ.TUW1(3)) THEN 

IR1=IUW1( 2) 
Isl=1 

ELSEITF(IUW1(1).EQ.IUN1(3)) THEN 
IR1=IUN1(1) 
ISl=2 

ELSEIF(IUW1(1).EQ.IUW1(2)) THEN 
TR1I=IUW1(1) 
IS1=3 

ENDIF 

C FIND THE REPEATED VARIABLE ON THE SECOND SURFACE 
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IF(IUW2(2).EQ.IUW2(3)) THEN 
TR2=IUW2( 2} 
IS2=1 

ELSEIF (IUW2(1).EQ.IUW2(3)) THEN 
IR2=IUW2(1) 
ISZ=2 

ELSEIF ( IUW2(1).EQ.IUW2(2)) THEN 
IR2=IUW2(1) 
IS2=3 

ENDIF 

C SOLVE FOR THE REPEATED VARIABLE FOR BOTH SURFACES 

C ARRANGE THE ORDER OF SOLVING THE EQUATIONS 
IFCIS1.EQ.1) THEN 

IQ1=2 
102=3 
I03=1 

ELSEIF(IS1.EQ.2} THEN 
Iol=1 
I02=3 
I03=2 

ELSEIF(ISL.E€Q.3) THEN 
Id01=1 
I02=2 
I03=3 

ENDIF 

C CREATE A 12TH ORDER POLYNOMIAL BY ELIMINATING 
C ONE OF THE REPEATED VARIABLES FROM TWO EQS. 

DO 10 I=1,4 
COF1(I)=TXYZI(IO1,I) 
COF1(1+4 )=TXYZ2(I01,1) 
COF2(T J=TXYZ1(102,>T) 
COF2(1+4 J=TXYZ2(102 >I) 

10 CONTINUE 

CALL SRTWO(COF1,COFZ,COEFF ) 

C SOLVE FOR THE ROOTS 
NDEG=12 
CALL ZPLRC1(NDEG,COEFF »ZERO) 

oO
 INITIALIZE COUNTER 

IFOUND1=1 

DO 100 I=1,NDEG 

C SOLUTION: REAL OR COMPLEX 
IFCABS( AIMAG( ZERO(I})).GE..1E-4) GOTO 100 

C REPEATED VARIABLE ON THE SECOND SURFACE 
UWR2=REAL( ZERO(T J} 

C VARIABLE OUT OF RANGE 
IF¢( (UMNR2.LT.-(TLIM)).OR. (UWR2.GT.(1.+TLIM)}) GOTO 100 

C SOLVE FOR REPEATED VARIABLE ON THE FIRST SURFACE 

IF(ABS(COF1(1)).GT.ABS(COF2(1))3 THEN 
To=I01 

ELSE 
I0=102 

ENDIF 

DO 110 J=1,4¢ 
COF( J)=TXYZ2(10,J) 
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110 CONTINUE 

CALL EVAFUN(COF ,UWR2 FF ) 
DO 120 J=1,4 

COF(J)J=TXYZ1(10,J) 
120 CONTINUE 

COF (4 )=COF(4 )-FF 

CALL CUROOT(COF,IC1,RO1) 

DO 200 J=1,IC1 

C REPEATED VARIABLE ON THE FIRST SURFACE 
UWRI=ROL( J) 
UA1( IFOUND1 )=UWR1 
UAZ( IFOUND] J=UWR2 
XIFOUND1=IFOUND1+1 

200 CONTINUE 
100 CONTINUE 

IFOUND1=IFOUND1-1 

C NO SOLUTION 
IF (IFOUND1.EQ.0) THEN 

INTP=.FALSE. 
RETURN 

ENDIF 

C SOLVE FOR THE SINGULAR VARIABLES 

TFOUND2=1 
V01)=0. 
VO2)=1. 
BO 210 K=1,2 

UWS=V(K ) 
CALL PARALLS( UWS »103 »TXYZ1 »TXYZ2 » I FOUND2 »WA1 »WAZ ) 
CALL PARALLS( UWS »I03 ,TXYZ2 ,TXYZ1 »IFOUND2 »WAZ,WA1) 

210 CONTINUE 

IFOQUND2=IFOUND2-1 

C NO SOLUTION 
IF( IFOUND2.EQ.0) THEN 

INTP=.FALSE. 
RETURN 

ENDIF 

C PICK ONE SOLUTION FOR REPEATED VARIABLE USING THE 
C FIRST SOLUTION OF SINGULAR VARIABLE AS REFERENCE 

CMIN=100. 
IMIN=1 
DO 300 I=1,IFOUND1 

IF(CIRL.EQ.0).AND.(IR2.EQ.0)}) THEN 
CALL TESTBAD( PKL1,PKL2 ,UA1(I ),WA1(1) 

+ sUA2(1I),WA2(1),MIN) 
ELSEIF((IR1.EQ.1).AND.(IR2.EQ.0)) THEN 

CALL TESTBAD( PKL1,PKL2 »WA1(1) »>UA1(T ) 
+ »UA2(1),WA2(1),MIN) 

ELSEIF((IR1.EQ.0).AND.(IR2.EQ.1)) THEN 
CALL TESTBAD( PKL1,PKL2 ,UAI(I ),WA1(1) 

+ »WA2Z(1),UA2(1),MIN) 
ELSEIF((IR1.EQ.1).AND.(IR2.EQ.1)) THEN 

CALL TESTBAD(PKL1,PKL2,WA1(1),UAL(T) 
+ »WA2Z(1),UA2(I )>MIN) 

ENDIF 
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IF(MIN.LT.CMIN) THEN 
CMIN=MIN 
IMIN=I 

ENDIF 

300 CONTINUE 

C COMBINE THE RESULTS IN TTUW 
DO 400 I=1,IFOUND2 

IF((IR1.EQ.0).AND.(IR2.EQ.0)} THEN 
TTUW(T 51 )SUALCIMIN ) 
TTUW(T , 2 )=WALCT ) 
TTUN(T 53 )=UA2(IMIN) 
TTUN(T 54 J=WA2Z(T) 

ELSEIF((IR1.EQ.1).AND.(IRZ2.EQ.0)) THEN 
TTUM(T »2 )=UALCIMIN) 
TTUW(T,1)=WAL(T ) 
TTUN(T > 3 )=UAZTIMIN ) 
TTUW(T 54 =WAZ(T) 

ELSEIF((IR1.EQ.0)}.AND.(IR2Z.EQ.1)) THEN 
TTUN(CT »2 )=UALCIMIN) 
TTUW(T,2 J=WAL(T ) 
TTUW(T 4 )=UA2CIMIN) 
TTUW(T »3 J=WA2CT } 

ELSEIF((IR1.EQ.1).AND.(CIR2.EQ.13)} THEN 
TTUN(T »2 }=UAL(CIMIN) 
TTUA(T 1 }=WAL(T } 
TTUN(T »4 )=UAZCIMIN) 
TTUN(T »3 )=WA2TT) 

ENDIF 
400 CONTINUE 

C SET THE REST OF TTUW AS UNWANTED DATA 
DO 410 I=IFOUND2Z+1,8 

DO 420 J=154 
TTUN(T J )=2. 

420 CONTINUE 
410 CONTINUE 

C GET RID OF BAD DATA 
CALL GRID(TTUN;>IN) 

C NO SOLUTION 
IF(IN.EQ.0) THEN 

INTP=.FALSE. 
RETURN 

C BAD CASE: ONE END POINT IS MISSING 
ELSEIFCIN.EQ.1) THEN 

WRITE(6,*)"BAD CASE(PARALL) IN=l' 
INTP=.FALSE. 
RETURN 

ENDIF 

C FIND THE MAX DIFF. BETWEEN THE VARIABLES 
CALL FMAX(TTUN,IN>,IR1,IR2Z,IC) 

C FIND FOUR POINTS ON THE INTERSECTION CURVE AND 
C PUT THE DATA IN TTUNG 

DO 450 I=154¢ 
TT5(1,1 )=(1./3. J*XTTUNLIRZ >I 412.73. *TTUNCIRI,T) 
TT5(2,T=02./3. JXTTUNCIR2 »I 401.73. XTTUNCIRI,1) 

450 CONTINUE 
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CALL FBPT(PKL1,TTUW(IR1,1),TTUWCIR1,2),TPST>IFF ) 
DO 500 I=1;3 

TTUNG(1,I )J=TPST(1,1) 
500 CONTINUE 

CALL FBPT(PKL1,TTUW(IR2Z,1),TTUNCIR2,2),TPST,IFF } 
DO 510 I=1,3 

TTUNG(4,I )=TPST(1;1) 
510 CONTINUE 

DO 520 I=1;2 
CALL FBPT(PKL1,TT5(151),TTS(1,2),TPST>IFF ) 
DO 530 J=1;3 

TTUNG(I+1,J3=TPST(1,J) 
530 CONTINUE 

520 CONTINUE 

RETURN 
END 

(on w new enw ee nn ee eee eee ee eee ee en ee ee eee ee ee ween 

c 
c SUBROUTINE: PARALLS 
Cc 
C DESCRIPTION: SOLVE FOR THE SINGULAR VARIABLES (PARALLEL CASE ) 
c 
C INPUT: 
c UNSI = PARAMETRIC VALUE 
Cc I03 = EQ. IDENTIFIER 
c TXYZ1L»TXYZ2 = SURFACES COEFF. 
Cc 
C OUTPUT: 
Cc IFOUND2 = COUNTER FOR INTERSECTION POINTS 
c WA1,WA2 = INTERSECTION POINTS (SINGLE 
c PARAMETRIC VARIABLE ) 
Cc 
c 
Cc Cc. K. WONG 
c 9/12/89 

SUBROUTINE PARALLS(UWS1 ,I03 ,TXYZ1 »>TXYZ2 » I FOUND2 »WAL >WAZ ) 

REAL TXYZ1(354),TXYZ2(3 54) 
+ »WA1(*) »WAZ( %) 
+ »ROL(3 },COF(4) 

C SOLVE A CUBIC FUNCTION FOR THE SINGULAR VARIABLE 

10 

20 

DO 10 I=1;4 
COF (I J=TXYZ1( 103 »T J 

CONTINUE 
CALL EVAFUN(COF ,UWS1,FF ) 

DO 20 J=1,4 
COF( JJ=TRYZ2( 103 55) 

CONTINUE 
COF 14 )=COF(4 )-FF 
CALL CUROOT(COF ,IC1,RO1) 
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DO 300 K=1,ICl 
UWS2=RO1LCK) 
WA1( IFOUND2 J=UWS1 
WA2( IFOUND2 )=UNS2 
IFOUND2=IFOUND2+1 

300 CONTINUE 

RETURN 
END 
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Appendix I: Program BRINTRR 

(-------- ~~ 2 en en eee ee 

Cc 
c SUBROUTINE: BRINTRR 
Cc 
Cc DESCRIPTION: FIND THE INTERSECTION CURVE FOR TWO 
c B-SPLINE RULED SURFACES 
c 
C INPUT: 
c TXYZ1,TXYZ2 = SURFACES COEFF. 
C PKL1 »PKL2 = INTERSECTING SURFACES 
Cc IUW = LINEAR OR CUBIC VARIABLE FLAG 
c 
C OUTPUT: 
c INTF = INTERSECTION FLAG 
c TTUNG = A SEGMENT OF THE INTERSECTION CURVE 
Cc (FOUR POINTS} 
Cc 
c Cc. K. WONG 
c 2/12/90 
Cc 

SUBROUTINE SRINTRR(TXYZ1 , TXYZ2 »PKL1,PKL2,IUW,INTF > TTUNG ) 

REAL PKL1(0:3,0:353),PKL2(0:35,0:3,53),TXYZ1(3,8),TXYZ2(3,8), 

+ TTUN(8»4) 

+ » TUME 4) > TUN2(4.) ,TTUNGI4,3) 

+ »MIN 

INTEGER IUW(2),TUN2(2) 
LOGICAL INTF 

c INITIALIZE THE FLAG AND THE COUNTER 

II=0 
INTF=.FALSE. 

C DEFINE VARIABLE ON SURFACE 1: 

Appendix I: Program BRINTRR 177



C FIRST CASE: STRAIGHT LINE AND THE RULED SURFACE 

V=0.0 
CALL BRP9(V,TXYZ1 ,TXYZZ »>PKL1 »PKL2,IUW, TUN) 
CALL PUTUWI(II,TUN,TTUN) 

V=1.0 
CALL BRP9OLV,TXYZ1 >TXYZ2 »>PKL1 »PKL2 »IUN, TUN ) 
CALL PUTUWL(IT ,TUW, TTUW) 

C DEFINE VARIABLE ON SURFACE 2: 

C FIRST CASE: STRAIGHT LINE AND THE RULED SURFACE 

TUW2(1)=IUWI 2) 
TUWZ( 2 J=IUW( 1) 

V=0.0 
CALL BRP9CV,TXYZ2 > TXYZ1 »PKL2 »PKL1,IUW2 » TUM) 
TUW2(1)=TUN(3 ) 
TUMN2( 2 J= TUNG) 
TUN2(3)=TUNT 1) 
TUN2 (4 J=TUN 2) 
CALL PUTUWI1(TI,TUNZ, TTUN) 

V=1.0 
CALL BRP9(V,TXYZ2 >TXYZ1>PKL2 »sPKL1 ,IUW2 »TUW } 
TUN201 =TUNES ) 
TUW2 (2 J=TUN( 4) 
TUN2 (3 J=TUNC1) 
TUNZ(4 )=TUN( 2) 
CALL PUTUW1(II,TUW2,TTUW) 

C DEFINE VARIABLE ON SURFACE 1: 

C SECOND CASE: CURVE AND THE RULED SURFACE 

V=0.0 

CALL BRP33A(V>TXYZ1,TXYZ2 »PKL1 »PKL2 »IUW, TUN ) 
CALL PUTUW1(TI,TUN,TTUW) 

V=1.0 
CALL BRP33A(V,TXYZ1,TXYZ2 »PKL1»PKL2,IUN, TUN} 
CALL PUTUW1(II,TUW,TTUN) 

C DEFINE VARIABLE ON SURFACE 2: 

C SECOND CASE: CURVE AND THE RULED SURFACE 
IUW2(1 J=IUN( 2) 
IUW2( 2 J=IUW( 1) 

v=0.0 
CALL BRP33A(V>TXYZ2 > TXYZ1 »>PKL2 »PKL1 ,IUW2 , TUN) 

TUW2Z(1 J=TUN( 3 } 
TUW2 ( 2 J=TUNI 4 ) 
TUW2(3 J=TUN( 1) 
TUW2 (4 J=TUN( 2) 
CALL PUTUW1(II »,TUW2 > TTUW) 

V=1.0 
CALL BRP33ACV>TXYZ2 >TXYZ1 »>PKL2 »PKL1 > IUMZ , TUN) 
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TUW2 (1 J=TUN(S ) 
TUN2( 2 J=TUN(4 
TUW2 (3 J=TUN( 1) 
TUWN2 (4 J=TUN( 2) 
CALL PUTUW1(IT,TUW2,TTUW) 

C GET RID OF THOSE UNWANTED DATA 
CALL GRID(TTUN>IN) 

C JUST ONE STARTING POINT FOR INTERSECTION: NEED 
C FURTHER INVESTIGATION 

IFCIN.EQ.1) THEN 

C CHECK IF THE ONLY INTERSECTION POINT IS ON THE SAME LOCATION? 
CALL TESTBAD( PKL1,PKL2,TTUW(1,1),TTUW(1,2) 

+ »TTUN( 1,3), TTUN(1,4),MIN) 

C LIMIT OF OISTANCE 
IF(MIN.GT.O.1) THEN 

C DISTANCE OUT OF LIMIT: NO INTERSECTION 
IN=0 
RETURN 

ENOIF 

C FIND THE STARTING POINT OF INTERSECTION (USING SUBROUTINE 
C BISECTG FOR ROOTING ROUTINE ) 

CALL BRINDRR(TXY2Z1 > TXYZ2 »PKL1 »PKL2 »IUN, TTUN ) 
CALL GRID(TTUW,IN) 

C STILL JUST ONE STARTING POINT FOR INTERSECTION : BAD CASE 
IFCIN.EQ.1) THEN 
CALL TESTBAD( PKL1,PKL2»TTUW(1,1),TTUW(1;2) 

+ » TTUN( 1,3 ),TTUNC1,4),MIN) 

C THE ONLY ONE INTERSECTION POINT ISN'T ON THE SAME LOCATION: 
C NO INTERSECTION 

IF(MIN.GT.O.1) THEN 
IN=0 
RETURN 

ENDIF 

C CHECK IF THE VARIABLES ARE OUT OF RANGE? 
DO 444 KKI=1,4¢ 
IF( (TTUN( 1 >KKI).GT.1.001).0OR. 

+ (TTUW(1 >KKT LT. -0.001 3 THEN 
IN=0 
RETURN 

ENDIF 
444 CONTINUE 

C ELSEs BAD CASE 
WRITE(6,%)"BAD CASE ----- BRINTRR' 
WRITE( 65%) 

C RECORD THE BAD CASE 
CALL BADCASE(PKL1,PKL2,TTUN,IN) 
RETURN 

ENDIF 

C NO INTERSECTION 
ELSEIF(IN.EQ.O) THEN 

RETURN 
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ENDIF 

FIND THE MAX DIFFERENCES BETWEEN THE VARIABLES. 

o
O
o
 

CALL FMAX(TTUW,IN>JR1>JR2Z JC ) 

FIND ANOTHER TWO INTERSECTION POINTS IN BETWEEN 
THE TWO STARTING POINTS o

a
n
 

CALL PTGRR(TXYZ1,TXYZ2 >PKL1 »PKL2 sIUW>JR1»JR2 JC 
+ » TTUW > TTUNG ,T2) 

C BADCASE : COULDN'T FIND THE INTERMEDIATE POINTS 
IF(Y2.EQ.0) THEN 

WRITE(6,%)'BAD CURVE ---BRINTRR, I2=0' 
WRITE( 6 5%) 

C RECORD THE BAD CASE 
CALL BADCASE(PKL1,PKL2,TTUN,IN) 
RETURN 

ENDIF 

INTF=. TRUE. 

RETURN 
END 

C oo oe Oe ie Pe ee ee ee ee ee ee se es ee ne ee ee ee es ee ee ee ee ee 

Cc 
c SUBROUTINE: BRP9 
Cc 
c DESCRIPTION: DEFINE THE CUBIC VARIABLE ON SURFACE 1 
c IN THE ELIMINATION ROUTINE 
c 
C INPUT: 
c Vv = PARAMETRIC VALUE 
Cc BRC1 >BRC2 = SURFACES COEFF. 
c PKL1,PKL2 = INTERSECTING SURFACES 
c IUN = LINEAR OR CUBIC VARIABLE FLAG 
Cc 
C OUTPUT: 
c TUW = INTERSECTION POINT IN PARAMETRIC SPACE 
c 
c C. K. WONG 
Cc 2/12/90 
c 

SUBROUTINE BRP9(V,BRC1,BRC2»PKL1 »PKL2 ,IUW, TUN) 

REAL BRC1(3,8),BRC2( 3,8) ,COF(4%),TUN(4) 
+ »XACOF (4 ),XBCOF (4) ,YACOF(4),YBCOF(4),ZACOF(4),ZBCOF(4) 
+ »PKL1(0:3,0:353),PKL2(0:3,0:353) 

INTEGER IUW(2) 

C ARRANGE THE EQUATIONS FOR ELIMINATION 
DO 25 JJ=154 

XACOF ( JJ J=BRC2(1,JJ) 
XBCOF ( JJ J=BRC2(1,JU+4) 
YACOF (JJ J=BRC2(2 JJ) 
YBCOF ( JJ }=BRC2( 2 s JJ +4) 
ZACOF( JJ )=BRC2(35JJ) 
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ZBCOF ( JJ J=BRC2(3,JJ+4) 
35 CONTINUE 

C DEFINE THE CUBIC VARIABLES IN THE SURFACE EQS. 

COF(1)=BRC1(1,1) 
COF(2J=BRC1(152) 
COF(3)=BRC1(1,3) 
COF(4 J=BRC1(154) 
CALL EVAFUN(COF »V;,X1) 

COF(1)=BRC1(1,5) 
COF( 2 )=BRC1(1,6) 
COF(3)=BRC1(1;7) 
COF(4)=BRC1(1;8) 
CALL EVAFUN(COF »V>X2) 

COF(1)=BRC1(25,1) 
COF (2 )=BRC1(2,2) 
COF(3 J=BRC1(2,3) 
COF (4 )=BRC1(254) 
CALL EVAFUN(COF,V,Y1) 

COF(1)=BRC1(2,5) 
COF (2 }=BRC1(256) 
COF(3 )J=BRC1(2;,7) 
COF(4 )=BRC1(2,8) 
CALL EVAFUN(COF,V;Y2) 

COF(1)=BRC1(3,1) 
COF(2)=BRC1(3,2) 
COF (3 J=BRC1(3,3) 
COF( 4 )=BRC1(354) 
CALL EVAFUN(COF;V,21) 

COF(1)=BRC1(3,5) 
COF( 2 )=BRC1(3,6) 
COF(3)=BRC1(3,7) 
COF(4)=BRC1(3,8) 
CALL EVAFUN(COF >V,22) 

C ARRANGE THE ELIMINATION EQS. SUCH THAT THE DENOMINATOR 
C ALWAYS HAS THE LARGEST VALUE AMONG VALUES 

IF((ABS(X1).GT.ABS(Y1)).AND.(ABS(X1).GT.ABS(2Z1))) THEN 

CALL BRP9YXYZ(V,BRC1,BRCZ,PKL1,PKL2,IUH,TUW 

+ 9X1 »X29V15V22Z15Z2 

+ » XACOF »XBCOF » YACOF , YBCOF »ZACOF ,ZBCOF ) 

ELSEIF(¢ ABS(Y1).GT.ABS(X1)).AND.(CABS(Y1).GT.ABS(Z1))) THEN 

CALL BRP9XYZ(V,BRC1,BRC2 »PKL1,PKL2,IUN, TUN 

+ 9¥15V¥29%15sX29Z1,22 

+ » YACOF » YBCOF »XACOF »XBCOF »ZACOF »ZBCOF ) 

ELSEIF ( ( ABS(2Z1).GT.ABS(Y1)).AND.(ABS(Z1).GT.ABS(X1))) THEN 

CALL BRP9XYZ(V,BRC1,BRC2Z»PKL1»PKL2,>IUN, TUN 

+ o21 922 YL V2 9X1 X22 

+ »ZACOF »ZBCOF » YACOF » YBCOF »XACOF »XBCOF ) 

ENDIF 
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END 
Cc am cee a a ete ane ee ae am min Sa SD cen ON us GS SM ee et ee 

Cc 

c SUBROUTINE: BRP9OXYZ 

c 

Cc DESCRIPTION: ELIMINATION ROUTINE WHERE THE CUBIC VARIABLE 

Cc IS DEFINED EXPLICITLY ON SURFACE 1 

Cc 

C INPUT: 

Cc Ul = PARAMETRIC VALUE 

Cc BRC1,BRC2 = SURFACES COEFF. 

Cc PKL1 »PKL2 = INTERSECTING SURFACES 

Cc IUW = LINEAR OR CUBIC VARIABLE FLAG 

Cc Al1;A2,Bl> 

Cc B2,C1,C2 = VALUES OF THE CUBIC FUNCTIONS IN THE 

Cc SURFACES EQS. 

c IACOF , IBCOF ,JACOF,; 

Cc JBCOF »,KACOF ,KBCOF 

Cc = SURFACES EQS. FOR SURFACE 2 

Cc 

C OUTPUT: 

Cc TUW = INTERSECTION POINT IN PARAMETRIC SPACE 

Cc 

Cc C. K. RONG 

c 2/12/90 

Cc 

SUBROUTINE BRP9XYZ(U1,BRC1,BRC2 »PKL1,PKL2,IUW, TUM 
+ »9A1;,A2>B1 »B2,01,C2 

+ » LACOF , IBCOF », JACOF », JBCOF ,KACOF »KBCOF ) 

REAL BRC1(3,8),BRC2(3,8),COF(4¢) 
»TUN( 4), KSTI,KST2,CST1,CST2 
» LACOF (4 },IBCOF(4) ,JACOF(4 ) , JBCOF(4 ) ,KACOF(4) ,KBCOF(4} 
»>COF1( 7) ,COF2( 7), COF3( 7) ,COFGE 7) 
»>COF5(7),COF6( 7) ,COEFF( 7) 
>TA,IB,JA>JB > KA KB 
»01,02 ,P1,P2,MIN 
»PKL1(0:3,0:3,3),PKL2(0:3,0:3,3) 
»>UA1(10 ),WA1L(10 ),UA2Z(10) »WA2(10) + 

h
e
e
h
e
e
 

e
e
 

> 

INTEGER IUW(2),NDEG 

COMPLEX ZERO(6) 

EXTERNAL Z2PLRC 

C INITIALIZATION 
TLIM=.001 

c 
C SOLVE FOR THE CUBIC VARIABLE ON SURFACE 2: 
c 

CST1=B1/Al 
CST2=B2-( (A2*B1 )/A1) 
KSTL=C1/A1 
KST2=C2-( (CA24C1)/Al) 

12 CALL MULCO1O(IBCOF ,KACOF ,COF1) 
CALL MULCOLOCIACOF ,KBCOF ,COFZ ) 
CALL MULCO10( JACOF ,KBCOF ,COF3 ) 
CALL MULCO10( IBCOF ,JACOF »COF4 ) 
CALL MULCO10( IACOF ,JBCOF ,COFS) 
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CALL MULCO10( KACOF » JBCOF ,COF6 ) 

NDEG=6 
DO 100 I=NDEG+1,5,-1 

COEFF(I )=(CST1*COF1( 8-I ) )-(CSTIXCOF2(8-I ) )+COF3(8-I) 
+ ~CKSTI*COFS4( 8-I )34(KST1*COF5S( 8-I ) )-COF6(8-TI ) 

100 CONTINUE 

DO 110 I=4;1;-1 
COEFF(LI )=(CST1XCOF1(8-I } )-( CST1¥COF 21 8-I } }+COF3(8-I ) 

+ ~(KST1L*¥COFG(8-I ) }4(KST1xCOFS( 8-I ) )-COF6(8-I ) 
+ +(CSTLEKST 2*IACOF(5-I ) J-(KST2*JACOF (5-1) 3 
+ ~(KST1L*¥CST2*IACOF(5~-I ) )4+(CST2*KACOF(5-I)) 

110 CONTINUE 

CALL ZPLRC1(NDEG,COEFF ,ZERO) 

IFOUND=1 
DO 700 M=1,NDEG 

C DESIGNATE SOLUTION 'REAL' OR 'COMPLEX' 
IF ( ABS(CAIMAG( ZERO(M))).GE.1.E-4) GOTO 700 

W2=REAL( ZERO(M) ) 

C IF THE VARIABLE OUT OF RANGE? 
IF((W2.LT.-(TLIM)).OR.(W2.GT.€1.+TLIM)) GOTO 700 

C SOLVE FOR THE LINEAR VARIABLE ON SURFACE 1 

CALL EVAFUNCTACOF ,W2,IA) 
CALL EVAFUNCIBCOF ,W2,IB) 
CALL EVAFUN( JACOF »W2,JA) 
CALL EVAFUN( JBCOF »W2 » JB) 
CALL EVAFUN(KACOF ,W2 ,KA) 
CALL EVAFUN(KBCOF ,W2 ,KB ) 

C ARRANGE THE ELIMINATION EQS. SUCH THAT THE 
C DENOMINATOR WILL HAVE THE LARGEST POSSIBLE VALUE 

MIN=ABS(TIA) 
$1=B1 
S2=B2 
SA=JA 
SB=JB 
Ti=¢c1 
T2=C2 
TA=KA 
TB=KB 
IFCABS(JA}.LT.MIN) THEN 

S1=Al 
S2=A2 
SA=IA 
SB=IB 
MIN=ABS( JA) 

IFCABS(KA).LT.MIN} THEN 
T1=Bl 
T2=B2 
TA=JA 
TB=JB 

ENDIF 

ELSEIF(ABS(KA).LT.MIN) THEN 
T1=Al 
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T2=A2 
TA=IA 
TB=IB 

ENDIF 

02=S2-SB 
02=02/SA 
O1=S1/SA 

P2=T2-TB 
P2=P2/TA 
PL=T1/TA 

21=01-P1 
22=02-P2 
Wl=-(22)/2Z1 

C IS THE VARIABLE OUT OF RANGE ? 
IFC(W1.GT.(1.+TLIM)).OR.(WL.LT.-€TLIM))) GOTO 700 

C SOLVE FOR THE LINEAR VARIABLE ON SURFACE 2: 
C ARRANGE THE ELIMINATION EQS. SUCH THAT THE 
C DENOMINATOR WILL HAVE THE LARGEST POSSIBLE VALUE 

MIN=ABS( Al) 
S1=B1 
S2=B2 
SA=JA 
S8=JB 
T1=Cl 
T2=C2 
TA=KA 
TB=KB 
IF(ABS(81).LT.MIN) THEN 

S1=Al 
S2=A2 
SATIA 
SB=IB 
MIN=ABS( JA) 

IF(ABS(C1).LT.MIN) THEN 
T1=Bl 
T2=B2 
TA=JA 
TB=JB 

ENDIF 

ELSEIF(ABS(C1).LT.MIN) THEN 
T1=Al 
T2=A2 
TA=IA 
TB=IB 

ENDIF 

O2=SB-S2 
02=02/51 
O1=SA/S1 

P2=TB-T2 
P2=P2/T1 
Pl=TA/T1 

Z1=01-P1l 
22=02-P2 
U2=-(2Z2 )/Z1 

C IS THE VARIABLE OUT OF RANGE? 
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TFC (U2.GT.01.+TLIM)).OR.(U2.LT.-(TLIM))} GOTO 700 

UA1CIFOUND )=U1 

WA1( IFOUND )=W1 

UA2 ( IFOUND )=U2 
WA2( IFOUND J=W2 

TFOUND=I FOUND +1 
700 CONTINUE 

IFOUND=IFOUND~1 

C NO INTERSECTION 
IF( IFOUND.EQ.0) THEN 

DO 240 I=154 
TUN(T J=2. 

240 CONTINUE 

ELSE 

C SELECT THE RESULT BY COMPARING ALL THE 
C RESULTS, AND PICK THE PAIR OF INTERSECTION POINTS 
C THAT HAS THE SMALLEST DISTANCE 

IFC CIUWC1).EQ.0). AND. (ITUW(2).EQ.1)) THEN 
CALL COMRELT( PKL1,PKL2 ,UA1,WA1 ,UA2 »WA2 >IT FOUND» TUN) 

ELSEIF((IUW(1).EQ.1).AND.(IUW(2).EQ.1)) THEN 
CALL COMRELT(PKL1,PKL2,WA1,UA1 ,»UAZ »WA2 » I FOUND > TUW ) 

ELSEIF((IUN(1).EQ.0).AND.(IUW(2).EQ.0)) THEN 
CALL COMRELT(PKL1,PKL2,UAI ,>WA1 »WA2 »>UA2 » IT FOUND , TUM ) 

ELSEIF((IUW(1).EQ.1).AND.(IUW(2).EQ.0)) THEN 
CALL COMRELT( PKL1;PKL2 WAI ,UA1 »WA2 »UA2 » I FOUND » TUM ) 

ENDIF 

ENDIF 

RETURN 

END 
eee 

Cc 

Cc SUBROUTINE: BRP33A 

Cc 

Cc DESCRIPTION: DEFINE THE LINEAR VARIABLE ON SURFACE 1 

Cc IN THE ELIMINATION ROUTINE 

Cc 

C INPUT: 

Cc Vv = PARAMETRIC VALUE 
Cc BRC1,BRC2 = SURFACES COEFF. 

Cc PKL1 »>PKL2 = INTERSECTING SURFACES 

c IUW = LINEAR OR CUBIC VARIABLE FLAG 

Cc 

C OUTPUT: 

c TUW = INTERSECTION POINT IN PARAMETRIC SPACE 

c 

c Cc. K. WONG 

Cc 2/12/90 

Cc 

SUBROUTINE BRP33A(V,BRC1,BRC2>,PKL1>PKL2,IUW, TUN) 

REAL BRC1(3,8),BRC2(3,8); 
+ TUN(4 )},EQ1(19),EQ2(19), 
+ XACOF (4 ),XBCOF(4),YACOF(4 ),YBCOF (4) ,ZACOF(4),ZBCOF(4),; 
+ X3COF (4), Y3COF (4) ,Z3COF(4) 
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+ »PKL1(0:3,0:3,3),PKL2(0:3,0:3,3) 

INTEGER IUW(2) 

C DEFINE THE LINEAR VARIABLE ON SURFACE 1, 
C AND ARRANGE THE ELIMINATION EQ@s. 

DO 35 JJ=1,54 
X3COF ( JJ )=CV*BRCLO1,JJ) J4BRC1(1,JI+4) 
Y3COF( JJ J=CV*BRC1(25JJ) }+BRC1(2 J +4 ) 
Z3COF ( JJ =(VXBRC1(3 JJ) +BRC1(3 JI+4) 
XACOF (JJ J=BRC2(1,JJ) 
XBCOF ( JJ J=BRC2(1,JJ+4) 
YACOF (JJ J=BRC2(2 JJ) 
YBCOF (JJ )=BRC2(2 ,JJ+4) 
ZACOF (JJ )=BRC203 JJ) 
ZBCOF ( JJ )=BRC2(3,JJ+4) 

35 CONTINUE 

C CREATE THE EQUATIONS EQ] & EQ2 BY ELIMINATING 
C ONE VARIABLE FROM THE THREE PARAMETRIC SURFACE 
C Eas. 

CALL BRPCREQ( X3COF ,Y3COF »Z3COF ,XACOF ,XBCOF 
+ YACOF » YBCOF »ZACOF ,ZBCOF ,EQ1 ,EQ2 ) 

C SOLVE THE VARIABLES USING ELIMINATION METHOD 

CALL BRPSLVA(PKL1>PKL2 ,EQ1 ,EQ2 ,X3COF , Y3COF ,Z3COF »XACOF »XBCOF » 
+ YACOF , YBCOF »ZACOF ,ZBCOF »V,IUN,TUN ) 

RETURN 
END 

Cc ene et Sa vu sD a a OD A SE a ne SD On an Get ee ee eS OS 

c 

Cc 

Cc SUBROUTINE: BRPCREQ 

c 

c DESCRIPTION: CREATE THE EQUATIONS EQ1 & EQ2: 

Cc ELIMINATE ONE VARIABLE FROM THREE 

Cc EQS. WITH THREE UNKNONNS 

c 

C INPUT: 

c X3,Y¥35Z3 = SURFACE 1 EQS. 

Cc XA>XB>YA> 

Cc YB,ZA,ZB = SURFACE 2 EQS. 

c 

C OUTPUT: 

Cc EQ1 ,EQ2 = INTERSECTION EQS. WITH TWO UNKNOWNS 

Cc 

Cc C. K. WONG 

Cc 9/12/89 

Cc 

SUBROUTINE BRPCREQ( X3 ,Y3 23 ,XA,xB, 
+ YA,YB>Z2A>ZB,EQ1 ,EQ2 ) 

REAL EQ1(19),EQ2(19),EQ3(19), 
+ XA(4),XB(4),YA(4),YB(4) »ZA(4),ZB(4); 
+ X30415,V314),23(4) 
+ >T304)5TA(4),TBG) 
+ >» TEQIAC19),TEQIB(19) 
+ » TEQ2A( 19), TEQ2BI19) 
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+ »MIN »MIN1 ,»MINZ »MIN3 

C2BBBNEHBGBRGBBBEBE UE BEER BREEN BEBE EBBBABE 
C The following procedures need special attention where 
C the trouble always occur. This is due to the different setup 
C of eqns. for elimination process. 
CP2BBBB8RB3RBBBRB EBB RRR BBRRHERBBBREBEEHE 

C TRY ALL THE POSSIBLE COMBINATION OF ELIMINATION TO 
C SELECT THE ONE THAT YIELD THE REASONABLE COEFF. 
C FOR THE EQ@s. 

ITRY=1 

C PREPARE FOR THE SECOND COMBINATION OF ELIMINATION 
5 IFCITRY.EQ.2) THEN 

DO 10 I=1;4 
T3(I)=xX30T) 
TACT J=XACT ) 
TB{T )=XBtT ) 
X3(I)=Y3(1) 
XACT J=YA(T ) 
XB(I)J=YBCT) 
Y3(I )=T3(T) 
YA(I)=TA(T } 
YB(I )=TB(T) 

10 CONTINUE 
ENDIF 

C THE EQUATIONS ;: EQ1 & EQ2 

EQI( 1 )=Y3C1 D¥XAC1 J-X301 ®YAC1) 
EQL( 2 J=Y¥3C1 DEXA 2 J-X3C1 HVA 2) 
EQ1(3 )=Y3C1 )¥XA(3 )-X301 ¥YA(S ) 
EQ1(4 J=Y3C1 )*XA( 4 )-X301 "VYAIG) 
EQ1(5 J=Y30 2 *XAC1 I-X302 HVAC) 
EQ1( 6 J=Y30 2 )*XA(2 )-X302 J¥YA(2Z) 
EQ1( 7 J=Y¥3(2 JXKA(S )-X3(0 2 ¥VACS J 
EQ1(8 )=Y3U2 J¥XA(4 )-X302 DEVAS) 
EQ1(9)=Y3(3 )*XAC1 J-X303 *XVAC1) 
EQ1( 10 J=V3(3 J¥XXAL 2 -X3B03 J*HVATZ) 
EQ1I( 11 )=Y3(3 )*XA(3 3-X303 )*YACS ) 
EQ1(12 J=Y3(3 )*XKA(4 )-X30 3 )XYAG) 
EQ1( 13 )=XB(1 )¥VA(1)-YB(1 )*¥XA(1) 
EQ1( 14 )=XB( 1 J¥YA( 2 )-YBCU1 J*XAL2 )+ 

+ RBC 2 )*XVACLI-YBC2 J*XAC 1} 
EQ1( 15 J=XB( 1 J*YA(3 J-YB(1 J¥XA(3 3+ 

+ XB 2 J¥VA( 2 -YB(2 )*XACZ 3+ 
+ XBC3 HVA 1I-YB(3 )*XAC1) 
EQ1(16 )=XB( 1 )¥YA(4 J-YB( 1 J¥XA(4 J+ 

+ XB( 2 J*YA(3 J-YB( 2 J*XA(3 + 
+ XB(3 VAC 2 )-YB(S )*XA( 2 J+ 
+ XB(4 VAC 1 J-YBC4 J*XA( 1 J+ 
+ Y¥304 PEKACL -K304 JRVYACL) 
EQ1( 17 3=XBt 2 J*YA(4 )-YB( 2 JXXA(4 J+ 

+ XB(3 J¥YA(3 J-YBCS )*XA(3 D+ 
+ XB(4 )XYAC 2 J-YBC4 J*XA( 2 )+ 
+ Y3(4 )*XA( 2 J-X304 "YA 2) 
EQ1( 18 )=XB( 3 )*YA(4 -YB(3 J¥XA(4 D+ 

+ XBU4 )*YAC3 J-YBC4 J*XA( 3 J+ 
+ Y304 *XA(3 I-X304 JHVA(3 } 
EQ1(19 }=XB(4 J*YA(4 -YBU4 J*XA(4 D+ 

+ Y3(4 JHKAUG )-X304 DHVYA(4) 

EQ2( 1 J=Z30 1 JHXAC1 )-X301 RZACL 
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EQ2( 2 J=Z3( 1 "XA 2 1-X3B01 *ZAC 2) 
EQ2(3 )=Z3( 1 JXKACS J-K3C1 *ZA3 ) 
EQ2(4 )=Z23( 1 DEXA 4 J)~X30 1 JHZAT4) 
EQ2(5 )=Z3( 2 JRXACL J-X3(02 *ZA(1) 
EQ2( 6 J=Z3¢ 2 J¥XA( 2 )-X30 2 JRZAZ ) 
EQ2( 7 J=Z31 2 JRXA(3 )~X3( 2 HZACS ) 
EQ2( 8 J=Z3( 2 DEXA G J-X3C2 *ZAL 4) 
EQ2( 9 )=Z303 J*XACL I-X303 *ZACLI 
EQ2( 10 )=23(3 J¥XAL 2 -K3(35 )*ZAC2) 
EQ2( 11 J=Z3(3 J*XA(3 J-X303 JXZA(3) 
EQ2(12 )=23( 3 D*XA(4 )-X30 3 ZAG) 
EQ2(13 )=XB( 1 *ZA( 1 )-ZB(1 J¥XAC1) 
EQ2Z2(149 J=XBC(1 J*ZAL 2 -ZBC 1 DEXA 2 J+ 

+ XB( 2 J¥ZAC1)-ZB( 2 ¥XAC1) 
EQ2Z(15 )=XB( 1 )*ZA(3 )-ZB( 1 *XA(3 J+ 

+ XB( 2 J*¥ZA( 2 J-ZB( 2 J*XACZ J+ 
+ XBU3 )*¥ZA(1)-ZB(3 )*XAC1) 
EQ2(16 )=XBE 1 )*ZA( 4 )-ZBC 1 D*XA(4 + 

+ ABC 2 J¥ZAC3 )-ZB( 2 JXKACS + 
+ XBC3 J*¥ZA( 2 )-ZB(3 )*XAl 2 + 
+ XB(4 J¥ZA(19-ZB(4 J*XAC1 J+ 
+ 2314 J¥XAC 1 I-X304 )*ZAC1) 
EQ2(17 J=XB( 2 J¥ZA(4 )~ZB(2 JEXA(4 J+ 

+ XBC3 )¥ZA(3 )-ZBUS )XXA(3 D+ 
+ XB(4 J¥ZAC 2 J-ZB(4 JEXAC 2 + 
+ 2314 )*XALl 2 J-X304 J*ZAl 2 } 
EQ2(18 )=XBI3 )*ZA(4 )-ZBC3 )XXA4 + 

+ XB (4 )*ZA(3 )-ZB( 4 J*XKAC3 D+ 
+ 2314 ¥XA(3 9-X304 *ZA(3 ) 
EQ2(19 J=XB(4 JRZA(G )~ZBI4 )*KAS D+ 

+ 2304 JHKA4 -K3 (4 JKZAG ) 

IFC(ITRY.£Q.1)3 THEN 

C STORE THE RESULT FOR COMPARISON 
DO 200 K=1,19 

TERQLA(K J=EQI(K) 
TEQZA(K J=EQ2Z(K) 

200 CONTINUE 
ENDIF 

C EXCHANGE THE VARIABLES BACK TO ORIGINAL 
C VALUE AFTER THE SECOND COMBINATION 

IFCITRY.EQ.2) THEN 
DO 20 I=1;4 

T3(I J=X30T1 9 
TACT J=XACT J 
TB(I J=XB(T) 
X3(0I=Y30T) 
XACIJ=¥YACTI) 
XB(IJ=YB(T ) 
Y3(I )=T3(T) 
YACTJ=TA(T) 
YB(IJ=TBC(T) 

20 CONTINUE 

C STORE THE RESULT FOR COMPARISON 

DO 100 K=1,19 
TEQ1B(K }=EQ1(K) 
TEQ2B(K J=EQ2(K) 

100 CONTINUE 
ENDIF 

C TRY SECOND COMBINATION 
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IFCITRY.EQ.1) THEN 
ITRY=2 
GOTO 5 

ENDIF 

C PICK THE SMALLEST COEFF. AS THE RESULT 

A
N
M
N
A
A
N
A
N
A
A
N
A
H
G
A
N
N
A
A
A
N
A
N
M
A
A
A
A
N
A
A
N
 

300 

MINI=ABS( TEQIA( 13 )) 
MIN2=ABS( TEQ2A(13 )) 
MIN3=ABS( TEQ2B( 13 )) 

MIN=MINi 
IEQI=1 
IFC(MIN2.LT.MIN) THEN 

IEQ1=2 
MIN=MINZ 

ENDIF 
IF(MIN3.LT.MIN) THEN 

TEQ1=3 
ENDIF 

DO 300 K=1,19 

IF(IEQ1.EQ.1) THEN 
EQI(K J=TEQ2ZA(K) 
EQZ(K J=TEQ2BIK ) 

ELSEIF(IEQ1.EQ.2) THEN 
EQ1(K )=TEQIA(K ) 
EQ2(K J=TEQ2B(K } 

ELSEIF(TEQ1.EQ.3) THEN 
EQ1(K J=TEQIA(K) 
EQ2Z(K J=TEQ2ZA(K ) 

ENDIF 

CONTINUE 

RETURN 
END 

SUBROUTINE: BRPSLVA 

DESCRIPTION: SOLVE FOR THE VARIABLES USING 
ELIMINATION METHOD (GENERATE A 
33RD ORDER POLYNOMIAL ) 

INPUT: 

PKL1,PKL2 = INTERSECTING SURFACES 

EQ1,EQ2 = TWO INTERSECTION EQS. WITH TWO UNKNOWNS 

%3¥35Z23 = SURFACE 1 EQs. 

KA XB VAs 
YB,ZA;ZB = SURFACE 2 EQS. 

W1 = PARAMETRIC VALUE 

IUW = LINEAR OR CUBIC VARIABLE FLAG 

OUTPUT: 

TUW = INTERSECTION POINT IN PARAMETRIC SPACE 

C. K. HONG 

9/12/89 

SUBROUTINE BRPSLVA(PKL1,PKL2,EQ1 ,EQ2 »X3 »Y3 523 »>XA»XBy 
+ YA,YB,ZA,ZB,W1 ,IUN,TUN) 
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REAL TUW(4),EQ1(19),EQ2(19),E33(34) 
XA(4 ),XB(4),YA(4) ,YB(4),ZA(4),ZB(4), 
¥3(14)5Y3(4),Z314) 
»MAX MIN 
»WA1( 60) ,WA2( 60) ,UA1(60) ,UA2(60) 
»PKL1(0:3,0:353),PKL2(0:350:3,3) +

e
 

e
e
 

+ 

INTEGER IUW(2)>M 
INTEGER NDEG 
PARAMETER( NDEG=33 ) 
COMPLEX ZERO( 33) 
EXTERNAL ZPLRC 

C SET TOLERANCE 
TLIM=.001 

C ELIMINATE ONE UNKNOWN FROM EQl & EQ2 TO YIELD 
C A 33RD ORDER POLYNOMIAL 

CALL BRP33(EQ1,EQ2,E33) 

C SOLVE THE 33RD ORDER POLYNOMIAL, AND OBTAIN THE 
C CUBIC VARIABLE ON SURFACE 2 

CALL ZPLRC(NDEG,E33,ZERO) 

IFOUND=1 
DO 650 M=1,NDEG 

C DESIGNATE SOLUTION ‘REAL’ OR ‘COMPLEX' 

IF(ABS( AIMAG( ZERO(M))).GE.1.E-5) GOTO 650 
W2=REAL( ZERO(M)) 

C IS THE VARIABLE OUT OF RANGE ? 
IFC(W2.GT.(1.4+TLIM)).OR. 

+ (W2.LT.-(TLIM)}}) GOTO 650 

C BACK SUBSTITUTING TO SOLVE FOR THE REST OF 
C THE VARIABLES 

CALL SBRP33(EQ1,EQ2,X35,Y35Z3,5 

+ XA >XBVYA,SYB,ZA,5ZB 

+ »W1,N2Z »UA1 »WAl] >UA2 »WAZ »> LT FOUND } 

650 CONTINUE 

IFOUND=I FOUND-1 

C NO INTERSECTION 
IF( IFOUND.EQ.0) THEN 

DO 240 I=154 
TUN(T =2. 

240 CONTINUE 

ELSE 

C SELECT THE RESULT BY COMPARING ALL THE RESULTS, 
C AND PICK THE PAIR OF POINTS THAT HAS THE 
C SMALLEST DISTANCE BETWEEN THEM 

IF( (IUW(1).EQ.0).AND.(IUN(2).EQ.1)) THEN 
CALL COMRELT(PKL1,PKL2,UA1>WA1 ,UA2 »>WA2 » IT FOUND > TUM ) 

ELSEIF(( TUW(1).EQ.1).AND.(IUW(2).EQ.1)) THEN 
CALL COMRELT( PKL1,PKL2,WA1 ,UA1 ,UA2 »WA2 » TFOUND > TUN ) 
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O
N
O
M
A
N
M
A
M
N
A
N
A
A
A
N
A
A
A
N
A
A
A
H
 

ELSEIF ((IUW(1).EQ.0).AND.(IUW(2).EQ.0)} THEN 
CALL COMRELT( PKL1,PKL2,UA1,WA1 ,WA2 ,;UA2 , I FOUND > TUN) 

ELSEIF((IUW(1).EQ.1}.AND.CIUW(2).EQ.0)) THEN 
CALL COMRELT( PKL1,PKL2 WAI ,UA1 ,»WA2 ,>UAZ » TFOUND » TUN ) 

ENDIF 

ENDIF 

RETURN 

END 

SUBROUTINE: BRP23 

DESCRIPTION: ELIMINATE ONE UNKNOWN FROM TWO 

ORDERED FUNCTIONS TO YIELD A 33RD 

ORDER POLYNOMIAL 

INPUT: 

EQ1,EQ2 = TWO FUNCTIONS WITH TWO UNKNOWNS 

OUTPUT: 

W = 33RD ORDER POLYNOMIAL 

C. K. WONG 

9/12/89 

+
e
 
e
e
e
 
e
e
t
e
e
e
e
e
e
 

SUBROUTINE BRP33(EQ1,EQ2,W) 

REAL EQ1(19),EQ2(19) 
REAL W134) 

DOUBLE PRECISION A>B,C,D>,E>F>GsH»I»JoK>L»M»N,O0,P,Q>R>S> 
AP ,BP,CP,DP,EP,FP,GP ,HP,IP,JP>KP>LP MP ,NP ,OP>PP, 
QP,RP>SP> 

AA,BB,CC,DD,EE,FF >GG,HH,II »JJ,KK>LL »MM>NN> 
x1 22 »X%3 »XG »X5 2X6 KT »h8 29 2X10 > 

AAP ,BBP ,CCP,DDP ,EEP,FFP,GGP »HHP ,IIP,JJP,;KKP>LLP; 
MMP >NNP 5 

ALP »XZP sXSP »X4P »XSP »XGP »X7P »>XEP »>XOP »R1OP 5 
Y1P,Y2P,Y3P>» 
S15S2 533 »S4 85 5S6»S7»585S9»S10>5 

$11,512 ,$13 ,$14,515,S16, 
T1,T25T3> 
21522 923 524525526 »Z7 »Z85»Z9yZ105 
211,212,213 ,2Z14,Z155Z16 

C SET UP THE EQS. 

A=EQ1(1) 
B=EQi(2) 
C=EQ1(3) 
D=EQ1(4) 
E=EQ1(5) 
F=EQ1(6} 
G=EQ1(7) 
H=EQ1(8) 
I=EQ1(9) 
J=EQ1(10) 
K=EQ1(11) 
L=EQ1(12) 
M=EQ1(13) 
N=EQ1(14) 
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O=EQ1(15) 
P=EQ1(16) 
Q=EQ1(17) 
R=EQ1(18) 
S=EQ1(19) 

AP=EQ2(1) 
BP=EQ2(2) 
CP=EQ2(3) 
DP=EQ2(4) 
EP=EQ2(5) 
FP=EQ2(6) 
GP=EQ2(7) 
HP=EQ@2(8) 
IP=EQ2(9) 
JP=EQ2(10) 
KP=EQ2i11) 
LP=EQ2(12) 
MP=EQ2(13) 
NP=EQ2(14} 
OP=EQ@2(15) 
PP=EQ2(16) 
QP=EQ2(17) 
RP=EQ2(18) 
SP=EQ2(19) 

C STEP 3 

AA=( AXEP-EXAP } 
BB=( AXFP-FxAP )+(B*XEP~EXBP ) 
CC=( AXGP-GAP )+(B*FP-FBP )+(C¥XEP-EXCP ) 
DD=( AXHP-HXAP )+(BxXGP-GxBP )+(CxFP-FXCP )+( DXEP-EXDP ) 
EE=(B*HP-HXBP )+(CxGP~GxCP J+( DXFP-FDP ) 
FF=(C¥HP-HxCP )+( D*XGP-G*DP ) 
GG=( D*HP-HxDP ) 
HH=( A*IP-IXAP ) 
IT={ AXJP~JAP }4+(B¥IP-IXBP ) 
JJ=(A*XKP-KAP 3 +( BX JP-JXBP 34° C¥IP-IXCP ) 
KK=( AXLP-LAP )+( BXKP-K2*BP J +( CHJP-JxCP )+( DXIP-IXDP } 
LL=(B*XLP-L*BP )+( C¥KP-KCP )4+( DX¥JP-JXDP } 
MM=(C*LP-L*CP )4+( DXKP-KXDP ) 
NN=(D*¥LP-LDP ) 
X%1=( AXMP-MAP ) 
X2=( AXNP-NXAP }+( BXMP-MBP ) 
X3=( AXOP~OXAP }+( B*NP-NxBP 34+(CXMP-MeCP ) 
%4=( AXPP-PXAP }3+(BxOP-OXBP }+( C#NP-NXCP )+( D*XMP-MDP } 
X5=( AXQP~-QXAP )+(BXPP-PXBP )+(CXOP-OxCP J+ DXNP-NXDP ) 
X%6=( AXRP-RXAP )+( BXQP-QHBP )4+(C¥PP-PxCP )+( DXOP-OXDP ) 
X%7=( AXSP-SXAP J)+(B*XRP-RxBP )+(CxXQP-QxCP )+(D*xPP-PDP ) 
X8=( BXSP-S*BP )4+( C¥RP-RXCP J+( DXQP-QXDP ) 
X9=(CXSP-SxCP J+ D¥RP-RDP ) 
X%10=(D*SP-S*DP ) 

C STEP 4 

AAP=(AXIP-I*AP )} 
BBP=( AXJP-J*AP )+(BxXIP-IXBP ) 
CCP=( AXKP-KXAP 3+( BXJIP-J*BP 340 C¥IP-IXCP J 
DDP=( AXLP-L*AP )+( B¥KP-K*BP )+(CXJP-JxCP )+( D¥IP-I*DP } 
EEP=( B¥LP-L*BP )+( C¥KP-K*CP )+( D*JP-JDP ) 
FFP=(C¥LP~LXCP )+({D*XKP-K*DP ) 
GGP=( D¥LP-L*DP } 
Y1P=( AXMP-MXAP } 
Y2P=( AXNP-NXAP )+(B*MP-MBP ) 
Y3P=( AXOP-OXAP }+( B*NP-NX*BP )+(C*MP-MxCP ) 
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HHP=( AXPP-PXAP )+(BXOP-OXBP )+( C¥NP-NXCP J+( DXMP-MxDP 34+( EXIP-IXEP ) 

TIP=( AXQP-QXAP )+( BXPP-PxBP }+( CXOP-OXCP )+1 DXNP-NDP )+( EXJP-JXEP J+ 

+ (FXIP-IXFP ) 

JJP=( A*¥RP~-RXAP J +(B*QP-QXBP J+(C¥PP-PxCP }+( D*XOP-OxDP )+( EXKP-KXEP J+ 

+ ( F*XJP-JFP )+( G¥IP-IxGP ) 

KKP=( AXSP-S*AP }+(B*RP-RxBP )+(CXQP-QxCP )4+( DXPP-PHDP )+( EXLP-LXEP )+ 
+ ( FXKP-KFP )+(G*JP-JxGP )+( HXIP-I*HP } 

LLP=(B¥SP-SBP )+(CXRP-RXCP )+( D*¥QP-QxDP )+( FXLP-LFP }4+( GHKP-KXGP J+ 

+ (H*JP-JHP ) 

MMP=( C¥SP-SCP )+( D*¥RP-RDP )+( GELP-L»GP )+( H*XKP-KXHP ) 

NNP=( D¥SP-SDP )+( H¥LP-LHP ) 

X1P=( EXMP-MXEP ) 

X2P=( EXNP-N¥EP )+( FXMP-M*FP } 

XSP=( EXOP-OXEP J+( FXNP-NXFP 34( GMP -MXGP ) 

X4¢P=(EXPP-PXEP J +( FXOP~OXxFP )+( G*XNP-NXGP )+( HXMP-MHP ) 

X5P=( EXQP-QREP ) +( F*XPP-PHFP )+( G*XOP-OxXGP )+( HXNP-NXHP ) 

X6P=( EXRP-R*EP )+( FXQP-QXFP )4+( GHPP-PXGP )+( HXOP-OXHP J 

X7P=( EXSP-SXEP )+( FXRP-R*FP )4+( GXQP-QxGP )+( H¥PP-PXHP ) 

ABP =( FXSP-S¥FP +1 GXRP-R¥GP + HXQP-QHHP ) 

X9P=( GESP-S*GP )4+( H*RP-RHP ) 

X1OP=( H*SP-S*HP ) 

C STEP 5 

A=( AA®Y1P } 
B=(BB*Y1P )+( AAX*Y2P ) 
C=(CC¥Y1P )+€ BBY 2P )+1 AAXY3P ) 
D=( DD¥Y1P )+( CC*Y2P )+( BB¥Y3P )+( AAXHHP -AAPXHH ) 
E=(EE*Y1P )+( DD*¥Y2P )+(CC#Y3P )+( BBXHHP-BBP#HH )+( AAXIIP-AAPXIT ) 
F=( FFXYIP J+( EExV2P J+( OD*Y3P J4+( CCXHHP-CCPXHH )+( BBXIIP-BBPXIT )+ 

+ (CAAXJJP-AAP#JJ) 
G=(GG*Y1P )+( FF*Y2P )4+( EExY3P }+( DDXHHP-DDP*HH )+( CCXIIP-CCPXITI J+ 

+ (BBxXxJJP-BBPJJ )+( AAXKKP-AAPXKK ) 
H=( GGY2P )+( FFXY3P J+( EEXHHP-EEPHH )+( DD*XIIP-DDP¥ITI )+ 

+ (CCKJIP-CCPHUJ 34+(BBXKKP-BBPXKK 1+f AAXLLP-AAPXLL ) 
I=(GGxY3P )+( FFXHHP-FFPXHH )+( EEXIIP-EEP#IT )+( DDXJJP-DOP#IJ J+ 

+ (€CCXKKP-CCP*KK )+(BB*¥LLP-BBPXLL )+( AAXMMP-AAPXMM ) 
J=(GG*XHHP-GGP*HH }+( FFXIIP-FFPXIT )4+( EEXJJP-EEP*JJ 3+( DD*KKP-DDPXKK J+ 

+ (CC¥LLP-CCPLL J+(BB*XMMP-BBPXMM )+{ AAXNNP-AAPXNN ) 
K=(GG*XLIIP-GGPXILI )+( FFXJIP-FFPXJJ )+( EEXKKP-EEP#KK J+( DDXLLP-DDPXLL )+ 

+ (CC*XMMP-CCPXMM )+( BB*XNNP-BBPXNN ) 
L=( GGXJJP-GGP*JJ }+( FFXKKP-FFP*KK )+( EEXLLP~EEPLL }+( DDXMMP-DDP*MM )+ 

+ (CCXNNP-CCPXNN ) 
M=( GGXKKP-GGP#KK }+( FFXLLP-FFPLL )+( EEXMMP-EEP2MM ) +( DD*XNNP-DDP*NN ) 
N=(GG¥LLP-GGP*LL )+( FFXMMP-FFP*MM )+( EEXNNP-EEPXNN ) 
O=( GG*MMP-GGPXMM J +( F FXxNNP-F FPXNN J 
P=(GG*NNP-GGPXNN ) 
S1=( AAXX1P-AAPXxX1 ) 
S2=(BB¥X1P-BBPxX1 )+( AAXX2P -AAPXX2 ) 
$3=(CC#X1P-CCPXX1 ) +( BB¥X2P-BBP*X2 ) + AAXX3P~AAPX3 ) 
S4=( DD*XX1P-DDPXXK1 34 ( CC¥*XZP-CCPXX2 ) +( BBXX3SP-BBPHXS )4+( AAXXGP-AAPHXG J 
$5=( EEXX1P-EEPXX1 }+( DDXX2P-DDPXX2Z ) +( CC¥X3P-CCPHXS J +( BBXXGP-BBPXG ) 

+ +( AAXX5P-AAP#XS } 
S6=( FFXX1P-FFPXX1 )+( EEXX2P-EEP*X2 } +( DD*X3P-DDP*X3 + ( CCHXGP-CCPHXG J 

+ +(BBXX5P-BBPXXS )+( AAXX6P-AAPHX6 } 
$7=( GGEX1P-GGPHX1 3+ ( FR *XZP -F FPXK2 J +( EEXX3P-EEP*X3 )+( DDXX4P-DDPEX4 ) 

+ +(CC¥X5P-CCP*XS )+( BBXX6P-BBPXX6 )+( AAXX7P-AAP¥X7 ) 
S8=( GG¥XZP-GGPHXZ I+ FFXXSP-F FPHXS J+ ( EEXXGP-EEP*X4 J +( DDXXSP-DDPHXS ) 

+ +(CC#HX6P-CCP*X6 J4( BB*X7P-BBPX7 )+( AAXX8P -AAPXXS ) 
S9=( GG¥XSP ~GGPXXS J+ ( FFXX4GP-FFP*X4 + ( EEXXSP-EEP#X5 3 +( DD*¥XG6P-DDPXX6E J 

+ +(CCXX7P-CCPHX7 )+( BBXXSP~BBPHXS ) + ( AAXX9P-AAPRX9 ) 
$10=( GG*X4P -GGPHXG ) + FFXXSP-FFPHXS J+ ( EEXX6P-EEP*X6 J+ 

+ (DD*X7P-DDPXX7 )+( CC*XX8P-CCPXX8 ) +( BBXX9P-BBPXX9 )+( AAXX1OP-AAP#X10 ) 
$11=( GG*X5P-GGP#X5 )+( FFXX6OP-FFP*X6 J4+( EEXX7P-EEP*X7 J+ 

+ ( DD¥X8P-DDP¥X8 )+( CC#X9P-CCPX9 )+( BBXXLOP-BBP*X10 ) 
$12=( GG*X6P -GGPXX6 ) +( FFXX7P-FFPXX7 )4+( EEXXSP-EEP*X8 ) + 

+ (DD*X9P-DDP¥X9 )+( CC*XXLOP-CCPRX1O ) 
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$13=( GG*X7P-~GGP*X7 }+( FFXXSP~-FFPXX8 )+( EEXXOP-EEPHX9 + 
+ ( DD*X10P~DDPX210 ) 
$14=( GGXX8P-GGPXXSB )+( FFXXOP-FFP*X9 )4+( EEXX1OP-EEPXXL1O ) 
$15=( GGXX9P-GGPHX9 ) +( FFXXLOP-FFPXX1O ) 
$16=( GG*X1OP-GGPxX10 ) 

C STEP 6 

AP=( AAPXX1-AA®X1P } 
BP=( BBP*X1-BB*X1P )+( AAP*X2-AA®X2P ) 
CP=(CCPXX1-CC#X1P )+( BBP*X2-BB*X2P )+( AAP¥X3-AAXXS3P } 
DP=( DDP¥X1-DD*X1P )+( CCP*X2-CC*X2P )+( BBPXX3-BB*X3P )+( AAPHXG~-AAXXGP ) 
EP=( EEP¥X1-EE®XI1P )+( DDP¥X2-DD*X2P )+( CCP*X3-CC¥X3P }+( BBPXX4-BB*XGP } 

+ + AAP¥X5-AAX5P ) 
FP=( FFP¥X1-FF*X1P )+( EEP*X2-EE*X2P )+( DDP*X3-DD*X3P )+( CCP¥X4G-CC#XGP } 

+ +(BBPXX5-BBxX5P )+( AAPXX6-AAX6P J 
GP=( GGP*X1-GGXX1P }+( FFP*X2-FFXX2P )+( EEPXX3 -EEXX3P )+( DDP*X4-DDXGP } 

+ +(CCP¥X5-CCX5P )+( BBPXX6-BB*X6P )+( AAPHX7-AAXX7P ) 
HP=( GGP*X2-GG*X2P )+( FFP*XX3~-FFxX3P )+( EEP*X4-EExXGP )+( DDPXX5-DDX5P ) 

+ +(CCPXX6-CC*X6P J+( BBP*XX7-BB*X7P )+( AAPXXB~-AA*XBP ) 
IP=( GGPXX3-GG*X3P )+( FFPXX4G-FFRX4P J4+( EEP*X5-EE*X5P }+( DDP*X6-DD¥X6P ) 

+ +(CCPXX7-CCXX7P )+( BBPXX8-BBXXSP )+( AAPHX9-AAKX9P ) 
JP=( GGP*XG-GG*XGP )+( FFPXX5-FFXXSP )+{ EEPXX6-EEXX6P )+( DDPXX7-DD*X7P ) 

+ +(CCPXX8-CC¥XSP )+( BBPXX9-BB*X9P )+( AAPXX10-AA*X10P ) 
KP=( GGP*X5-GG*X5P )+( FFPXX6-FFXX6P )+( EEP*#X7-EE*X7P )+( DDP*XX8-DD¥X8P ) 

+ +#(CCPXX9-CC¥X9P 3+ ( BBPXX10-BB*X1OP J 
LP=( GGPXX6-GG*X6P J +¢ FFPXX7-FFXX7P J+ EEPXXS-EEXXSP )+( DDPXX9-DD*X9P ) 

+ +#(CCPXX10-CCH#X1OP ) 
MP=( GGP¥X7-GG*X7P J+( FFP*¥X8-FF*X8P )+( EEPXX9-EEXX9P ) + 

+ (DDP*X10-DD*X10P ) 
NP=( GGP¥X8-GG*X8P J+ ( FFP¥X9-FFX9P 3 +( EEP*XX1LO-EEXX1OP ) 
OP=( GGP*X9-GG*X9P J +( FFP*XX10-FF*X10P } 
PP=( GGP¥X10-GG*X10P ) 
T1=(Y1P*X1 ) 
T2=(Y2PHX] J+ ( YLP¥X2 ) 
T3=CY3PHX1 J4(Y¥2PHX2 J4( YIPHXS ) 
21=( HHP#X1-HH*XIP 40 YSPHX2Z )+( YZPHXS 34+ VY LPEXG ) 
Z2=( TIPHX1-TI*X1P 34+( HHPXX2-HH*X2P J+ ( YSP*HXZ D+ ¥2PHKG J +f YIPHXS ) 
23=( JIPHX1-JI*XIP J+ ( TIP*X2-ITI*X2P )+( HHP*XS—-HH*XSP J+ 

+ (Y3P#XG +0 ¥Z2PHXS 41 VYLPHX6 
Z4=( KKP¥X1-KK*X1P )4+( JIPHX2-JI*X2P J+ ( LIPHX3-II*X3SP J+ ( HHPXXG—-HH*XGP ) 

+  +0Y3SPHX5 40 VY2PHX6 14 (V1LP¥X7 } 
Z5=( LLP¥X1-LL*X1P )+( KKP*X2-KK*X2P J +( JIPHXS—-JI*XSP J+ ( TIPEXG-ITIRXGP ) 

+ + ( HHP¥X5-HH*XSP )+( YSPHX6 40 ¥ZPHX7 J+ YLP*XS ) 
26=( MMP*X1 -MM*XLP 0 +0 LLP*#X2-LL¥X2P 3+ KKP*XS -KKHXSP 341 JIPHXG-JINXGP 

+ +( LIP¥XS5-ITI*X5P )+( HHPXX6-HH*XGP )+( YSPHX7 J+ YZ2PHRXE J4( YIP HXD ) 
27=( NNP¥X1~NN*X1P )+{ MMP*#X2-MMXX2P J4( LLPXX3-LL¥X3P J+ 

+ (KKP#*X4—-KK*XG4P )4+( JIPRX5~JJ*XSP 40 TIPHXG~ILT*XGP D+ 
+ ( HHP*X7-HH*X7P }+( YSP*XB J+ ¥ZPHX9 341 YIPHX1O ) 
28=( NNP¥X2-NN¥X2ZP )+( MMP*X3—-MM*XSP 3+ ( LLPHXG—-LLHXGP J+ 

+ (KKP#*X5-KK*X5P )+( JUPHX6-JSEXOP 4+ ( LI PHX7-II*X7P + 
+ CHHP*X8-HHXXSP )+( YSP*X9 +l Y2PHX1O ) 
29=( NNP#*X3 -NN2XEXSP + ( MMP *X4-MMEXGP 40 LLPXS-LLEXSP J+ 

+ (KKP¥X6-KKXX6P J+ ( JUPHX7~JS*EX7P 4 ( TIPHXS-II*XSP J+ 
+ CHHP*X9-HH*X9P J +( YSP*X1O ) 
210=( NNPXX4—-NNXX4P ) + ( MMP*X5-MMEXSP 1 +1 LLP*XX6-LLEXGEP D+ 

+ (KK P*X7-KKXX7P J +( JUPHXS-JI“EXSP 34+ ( TIPHXO-IINX9P J+ 
+ ( HHP*X10~-HH*X1LOP ) 
Z11=( NNPXX5-NN#X5P ) + ( MMPX6-MMEXGP }4+( LLPXX7~LL¥X7P J+ 

+ (KKP#X8-KKXXEP 34( JUPHX9-JU*K OP 34 ( TI PHX1O-ITXXLOP ) 
Z12=( NNP#X6-NNXX6P )+( MMP*X7-MM*X7P )+( LLP*X8-LL*X8P )+ 

+ (KKP#*#X9-KK*X9P ) +( JIP*X10-JI*XLOP ) 
213=(NNP*X7-NN#XX7P )+(MMP#X8-MMEXSP J +1 LLPHX9-LLEX9OP Dt 

+ C(KKP#X1O-KKXX1OP ) 
Z214=( NNPXX8~-NNXX8P ) + ( MMP*X9-MM#X 9P J4( LLPXX1LO-LL*X10P ) 
Z15=(€ NNP*X9-NNXX9P )+( MMP*X10-MM*XLOP ) 
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Z16=( NNP*XX1LO-NNXXLOP ) 

C FINAL STEP 

WC 34 J=T1¥A 
WC 33 )=T1XBtT2%A 
W( 32 J=T1HC+T2XB+TS HA 
WO31 D=T1*D+T24C+T3*B+( Z1*A-S1¥AP J 
W(30 J=T1¥E +T2*D4+T3C +( Z1XB-S1*BP 14+ Z2XA-S2Z*AP } 
WE 29 J=T1XF +T2%E+T3*D+( Z1*C-S1LHCP J+ ( Z2HB-SZHBP J +( Z3%HA-S3HAP ) 
W( 28 )=T1XG+T2F +7 3XE +( Z1*4D-S1*DP 34( Z2XC-S2xCP )4+( Z3*B-S3RBP J+ 

+ (Z4*%A-SGXAP ) 
W( 27 J=TIXH+T2XG+T3F +( Z1 HE -S1L¥EP )4+( Z2*D-S2"DP )+( Z3*C-S3HCP J+ 

+ (Z24*B-S4*BP 34+ ( Z5%*A-S5*AP ) 
W( 26 J=T1¥#I+T2*H+T3*G+( Z1*¥F-S1¥FP J +( Z2XE-S2*EP )4+( Z3*D-S3XDP J+ 

+ (Z24%C-S4xCP )+(Z5XB-S5xBP )+( Z6%XA-S6XAP ) 
WC 25 J=T1XJ+T2"I + TSH 4+( Z1XC-S1LXGP J4+( Z2*F-S2*FP J 4+( Z3XE-S3KEP J+ 

+ (24%D-S4*DP )+( Z5*C-S5*CP )+( Z6*B-S6*BP )4+( Z7*XA-S7AP ) 
WO 24 J=T1*XK4+T 245+ 731 +{ Z1¥H~S1*HP ) +1 22HG6-S2*GP }+( Z3*F -S3XFP J+ 

+ (Z4*%E-S¢XEP )+( Z5*D-S5*DP )+( Z6XC-S6XCP )+( Z27*B-S7XBP )+ 
+ ( Z8*A-S8xAP ) 
W( 23 J=TL¥L +T 24K +734 (211 -S1¥*IP J +( Z2%H-S2*HP 34+( Z3*XC-S3*GP D+ 

+ (Z4%F-SG*FP )+( Z5*E-SSEP )+( Z6%XD-S6XDP )+( Z7XC-S7HCP D+ 
+ (Z8*XB-S8xBP )+( Z9XA-SOXAP ) 
WC 22 D=TIXM+TZRL+ TSK +( Z1XI-S1*SP +1 Z2HI -SZ2IP J +1 Z3H%HH-SSHHP J+ 

+ (Z24*G-S4%GP ) +( Z5%F-SS*FP J +( Z6XE-S6XEP J+(27*XD-S7*DP J+ 
+ (Z8xXC-S8xCP )+( Z9XB-SIXBP )+( Z1O*XA-S10*AP ) 
W( 21 JETLENFT24M4tTSHL4( Z1XK-SIXKP J 4( Z2*S-S2 UP 341 Z3*I~-S3HIP J+ 

+ ( Z4*H-S4*HP )+( Z25*X6-S5*GP 1+ ( Z6%F -SGXFP J 41 Z7HE-S7XEP J+ 
+ ( Z8*XD-S8x*DP )+( Z9XC-S9OXCP )4+( Z10XB-S1OXBP )+( ZL1*A-S11AP ) 
WO 20 J=T1¥O+T2*NtT3S¥M4( Z1L¥HL-S1¥LP 3 4+( Z2*K-S2*KP 341 Z3RXI-S3HUP D+ 

+ (Z4%I-S4*IP )+( Z5*XH-SS*HP )+( Z6XG-SOXGP J+ ( Z7*F-S7*FP D+ 
+ (Z8XE -S8XEP )+(Z9%D-S9XDP )+( Z10*XC-SIOKCP J+ (Z11*B-S11"BP )+ 
+ (Z12*A-S12AP J 
W(19 )=T1¥P+T2*O+TS*N+( Z1*M-S1HMP J+( Z2*HL-S2*LP J +( 23*HK-S3XKP J+ 

+ (ZGRI-SG*JIP J +( Z5%I-SS¥IP )4+( 26%H-SOXHP J4+(Z7*XG6-S7%GP ) + 
+ ( ZB8¥F -S8*FP 14+( Z9XE-SOXEP )4+(Z10%D~-S1OXDP J+(Z11*C-S11*CP + 
+ (212*B-S12*BP )+(Z13*XA-S13XAP ) 
W(18 J=T2*P +7304 ( ZLIXN-SLENP 34( Z2HM~-S2HMP 34+( ZS*KL-SS¥LP J+ 

+ (Z4*K -S4%KP J+( Z5*XJ-S5S*IP J+ (261 -S6*XIP 341 27*H-S7H*HP J+ 
+ (Z8*G-S8*GP )+( Z9*F -SO*XFP J+( ZLOXE -SLOMEP J+( Z11*D-S11¥DP J+ 
+ (Z212*C-S12"CP J4(Z13*XB-S13xBP )4(Z14*A-SIGAP ) 
W( 17 )=T3%P+(Z1*0O-S1OP J+ ( Z2*N-S2NP )4+(Z3%M-S3HMP J+ 

+ (Z4*L-SG*LP )4+( Z5XK-SS*KP )+( Z6%J-SEXIP 4 Z7HI-S7HIP J+ 
+ ( Z8*XH-S8XHP }+( Z9XG-S9XGP )+(Z1OXF -SLOXFP J4+( ZL1¥E-SLIXEP D+ 
+ (Z12*D-S12*DP J +( Z13*C-S13CP )4+(214*B-S14"BP J +(Z15*A-S15*AP ) 
WC 16 J=( Z1*P-S1¥"PP )4+( Z2*%O-S2XOP )+( ZSXN-S3XNP 0+ Z4XM-SGXMP Jt 

+ (Z5*L-S5S*LP 0+ Z6XK-S6*KP )+( Z7HJ-S7*JIP J+ ( ZBI -SEXIP J+ 
+ ( Z9%XH-SOXHP )4(Z10*G~-SLOXGP J +( Z11"F -SL1*FP )4+( Z12XE-S12EP J+ 
+ (Z13*®D-S13%DP 3 +(Z14*xC-S14XCP }4( ZL 5*xB-S15xBP J +( Z16%XA-S16XAP ) 
W(15 )=(Z2*4P-S2*PP )+( Z3%O-S3XOP )+( Z4*N-SG*NP J 4+(2Z5*M-S5S*MP J+ 

+ (Z6#L-S6*LP )4+(Z7*K-S7H*KP J +( ZB8RI-SBRIP J+ ( Z9*I-SORXIP J+ 
+ (Z10%*H-S1OXHP )4( Z11*G-S1L1*GP )+( Z12%*F-S12*FP J4+( ZLZKE-SL3%EP J+ 
+ (Z14*D-S14DP )+( Z15*C-S15*CP )+( Z16*XB-S16XBP ) 
W014 )=(Z3%P-S3*PP )+( 24%0-S4X0P )+( Z5%N-SSXNP )4+( Z26%M-S6XMP J+ 

+ (Z7¥L-S7¥LP }+( ZB*XK-SEXKP +1 Z9%I-S9KIP J+ ( Z10*I-SLOXIP + 
+ (Z11*H-S11LXHP )4+(Z12*G-S12*GP )4+(Z13*F -S13*FP )+( Z14%E -S14XEP J+ 
+ (Z15*D-S15*DP )4+1Z16*%C-S16xCP ) 
WO13 J=( Z4XP-S4%PP ) +( Z5*XO-S5*OP 3 +( Z6%XN-S6*NP 3412 7%M-S7MP J+ 

+ { Z8¥L-SEXLP )+( Z9XK-SI*KP J +(Z10*J-SLOXIP J+ ( ZL 1*XI-S11¥"IP D+ 
+ (Z12*H-S12*HP 34+( Z13*%G-S13XGP 3+€ Z14%F -S14%FP )+( ZL SKE -SISXEP D+ 
+ (Z16*D-S16xDP ) 
W(12 3=( Z5*xP-S5PP )+( Z6%0-S6XOP )+( Z7*N-S7NP ) + ( Z8XM-SB*XMP J+ 

+ (Z9¥*L-SO*LP }4+(Z1LOXK-SLOXKP J+ ( Z11XJ-S1L1¥IP 3 4( Z12*T-S12"IP J+ 
+ (Z13*H-S13HP )+(Z14%G-S14%GP )+( Z15*XF-S15*FP )+( Z16*E-S16XEP ) 
WO11 J=( Z6*P-S6*PP ) +( Z27*O-S7XOP )+( ZBXN-SBXNP J 40 Z9%HM-SOXMP J+ 
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+ (Z10*L-SIOXLP )+(ZLIRK-SLI*KP )4+( Z12%J-S1 2 JP }+( Z13*I-S13*IP 3+ 
+ (Z14*H-S14*HP )+(Z15*G-S15*GP )+( Z16%F-Sl6XFP ) 
W(10 )=(27*P-S7%PP )+( Z8xO-S8XOP J4+( Z9XN-SOXNP )4+(Z10*M-S1O%MP + 

+ (ZLL¥L-SLI*LP J4+(Z12*K-S12*KP 34 ( Z13SXI-S13*UP 340 Z14G*I-S1G*IP 3+ 
+ (Z15*H-S15xHP )+(Z16%G-S16xGP ) 
WC 9 )={ Z8*P-S8*PP )+( Z29*XO-S9XOP J+ Z10%XN-S1OXNP J+ (Z11*M-S11MP )+ 

+ (Z12*L-S12*LP )+(Z13¥K-S13KP )+(Z14%J-S14%UP )+( ZLS*XI-SI5X*IP J+ 
+ (Z16*H-S16*HP ) 
W(8 )=(Z29*P-S9*PP )+(Z10%0-S1LOXOP J+( ZL 1L*¥N-S11*NP J+( Z12*M-S12*MP J+ 

+ (Z13¥*L-SI3*LP )+( Z14*K-S14*KP )+( Z15*J-S15xJP J+ Z16*I-S16xIP ) 
WO 7 J=(Z10*P~S10PP )+( Z11*O-S11*OP )+( Z212*N-S12NP )+( Z13%M-S13XMP J+ 

+ (Z14*4L-SIG*LP )4(Z15XK-SLS*KP J+( Z16%5-S16XUP } 
W( 6 J=(Z11*P-S11*PP )+(Z12*0-S12*OP )+( Z13*XN-S13 NP )+(2Z14%M-S14%MP D+ 

+ (Z15*L~-S15*LP )+(Z16*K-S16*KP ) 
WES )=(Z12*P -S12*PP J4( Z13*XO-S13%0P +0 Z214*N-S14%NP J+ ( Z215%M~-S15XMP J+ 

+ (Z16*L-S16*LP ) 
W(4 J=( Z13%P-S13*PP )+(2Z14*0-S14x0P )+( Z15*N-S15*NP )+( Z16%M-S16*MP ) 
W(3 )=(Z14¢*P-S14*PP )+(Z15*O-S15xOP J+( Z16*N-S16XNP ) 
WI 2 )=(2Z15%P-S15%PP }4+( Z16%0-S16x0P ) 
WE 1 )=(2Z16%P-S16PP ) 

SUBROUTINE: SBRP33 

DESCRIPTION: SOLVE FOR THE VARIABLES BY 
BACK SUBSTITUTION 

c 

Cc 

c 

Cc 

Cc 

Cc 

c 

C INPUT: 

Cc EQ1,EQ2 = INTERSECTION EQS. WITH THO UNKNOWNS 

Cc X3 V3 923 = SURFACE 1 EQS. 

c XA»XB VA» 

c YB,Z2A,2Z8 = SURFACE 2 EQs. 

c W15W2 = PARAMETRIC VALUES 
C , 

C OUTPUT: 

Cc UA1,WAL,; 
Cc UAZ »WAZ = INTERSECTION POINTS IN PARAMETRIC SPACE 

Cc IFOUND = NO. OF INTERSECTION POINTS 

c 

Cc C. K. WONG 

c 5/16/90 

Cc 

SUBROUTINE SBRP33(EQ1,EQ2 ,X3 5,323 »XA»xBYA,YB>ZA»ZB> 
+ W1>,W2,UA1 »WA1,UA2,WA2,I FOUND ) 

REAL EQ1(19),EQ2(19),COF(4),0(4),Y(4),Q,RO(3) 
+ 9X3(14),Y3(4),23(4) 
+ »XA(4),XB(4),YA(4),YB(4),ZA(4),ZB(4) 
+ »UAL(% ) ,UAZ( % ) WAZ ( %) >WAL( 3) 

INTEGER M 

EXTERNAL ZPLRC 

C TOLERANCE 
TLIM=.001 

C SOLVE FOR THE CUBIC VARIABLE ON SURFACE 1 (U1): 

Al=W2%*3 
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A2=W2%*2 

CCl )=CEQI(C 2 DXA )4( EQL(Z *AZ +0 EQ1C3 J¥H2 JHEQIIG) 
C2 )=(EQL(S )¥A1 J+( EQ1( 6 )¥A2 )4+( EQ1( 7 ¥WNZ +EQ1(8) 
C(3 )=CEQI( 9 J*AL 140 EQ1( 10 )XA2 40 EQLE 11 JEWNZ J4+EQ1( 12) 
C(4 )=( EQ1( 13 J*( N26 ) +0 EQ1 (14 (W225 ) 4 ( EQL( 15 J3e( W234 ) + 

+ CEQ1C16 )*AL 40 EQ1( 17 )*A2 40 EQ1(18 JEN2 JtEQ1(19) 

YOLD=CEQZC1 J¥A1 40 EQ20 2 HAZ J4+( EQ2Z(3 JENZ DFEQZ(4 ) 
Y¥02)=(EQ2( 5 J¥A1 )4+€ EQ2( 6 JXA2Z 4+( EQ2Z( 7 JENZ +E Q2(8 ) 
¥C3 }=CEQZ209 HAL J4+0CEQ2(10 JAZ 40 EQ2( 11 JEN2 J4EQ2(12) 
¥CG J=(EQ2013 JC N26 ) 4 ( EQZ2014 DCW 25 ) +1 EQZ2015 De ( W2HG ) + 

+ CEQ2(016 J*Al 34(EQ2(17 J¥A2 +0 EQ2( 18 DRWN2 1 4EQ2119) 

DO 105 1-154 
COF(I =C(I)+V¥(I) 

105 CONTINUE 

CALL CUROOT(COF »IR,RO) 

DO 650 M=1,IR 

U1=RO(M) 

C SOLVE FOR LINEAR VARIABLE ON SURFACE 2 (U2): 

CALL EVAFUN( XA ,W2 ,DIV1) 
CALL EVAFUN(YA,W2,DIV2) 
CALL EVAFUN(ZA,W2 ,DIV3 ) 

C PICK THE LARGEST POSSIBLE DENOMINATOR FOR 
C BACK SUBSTITUTION 

MAX=ABS( DIV1 ) 
ITRY=1 
IF (ABS(DIV2).GT.MAX) THEN 

MAX=ABS(DIV2 } 
ITRY=2 

ENDIF 
IF (ABS(DIV3).GT.MAX) THEN 

ITRY=3 
ENDIF 

IFCITRY.EQ.1) THEN 
CALL EVAFUN(X3,U1,F1) 
CALL EVAFUN( XB ,W2,F2) 
U2=(F1-F2)/DIV1 

ELSEIF(ITRY.EQ.2) THEN 
CALL EVAFUN(Y3 ,U1L,F1) 
CALL EVAFUN( YB ,W2,F2) 
U2=(F1-F2)/01V2 

ELSEIF(ITRY.EQ.3)} THEN 
CALL EVAFUN(Z3,U1,F1) 
CALL EVAFUN( ZB ,W2>F2) 
U2Z=(F1-F2)/DIV3 

ENDIF 

C CHECK IF OUT OF RANGE 

IF((U2.GT.(1.+TLIM)).OR. 
+ (U2Z.LT.-({TLIM))) GOTO 650 

UA2( I FOUND )=U2 
UALCIFOUND )=U1 
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WA2( TFOUND J=W2 
WA1( TFOUND 3=W1 

TFOUND=IFOUND+1 

650 CONTINUE 

Cw eee wee wee wee mene eee wen ee ween eee ee eee ween 

Cc 
c SUBROUTINE: BRINDRR 
c 
c DESCRIPTION: FIND THE INTERSECTION CURVE OF TWO 
c B-SPLINE RULED SURFACE (DOUBLE PRECISION 
Cc VERSION OF BRINTRR) 
c 
C INPUT: 
c TXYZ1,TXYZ2 = SURFACES COEFF. 
c PKL1 »PKL2 = INTERSECTING SURFACES 
c IUW = LINEAR OR CUBIC VARIABLE FLAG 
Cc 
C OUTPUT: 
c TTUW = INTERSECTION POINT IN PARAMETRIC SPACE 
Cc 
c C. K. WONG 

2/12/90 
C 

SUBROUTINE BRINDRR( TXYZ1 > TXYZ2 »>PKL1»>PKL2 ,IUW, TTUW ) 

REAL PKL1(0:3,0:353),PKL2(0:350:353 ),TXYZ1(3,8),TXYZ2(358)>5 
+ TTUN(S »4) 
+ >» TUN( 4), TUN2(4) 

INTEGER IUW(2),IUW2(2) 

C SET THE COUNTER 
II=0 

C DEFINE CUBIC VARIABLE ON SURFACE 1 

V=0.0 
CALL BRP9(V,TXYZ1,TXYZ2 »PKL1 »PKL2 5 IUN,TUW ) 
CALL PUTUWL(TI,TUW,TTUN) 

V=1.0 
CALL BRP9(V,TXYZ1,TXYZ2 »>PKL1 »PKL2 »IUWs TUN ) 
CALL PUTUW1(IT,TUWN, TTUW) 

C DEFINE CUBIC VARIABLE ON SURFACE 2 

IUN2(1)=IUW( 2) 
IUW2( 2 J=IUW(1) 

V=0.0 
CALL BRP9O(V,TXYZ2, TXYZ1 >PKL2 »PKL1, IUW2 > TUM ) 
TUN2( 1 =TUNE 3 ) 
TUWN2 ( 2 J=TUN(G J 
TUN2 (3 J=TUW( 1) 
TUWN2 (4 J=TUN( 2 3 
CALL PUTUWL(II,TUW2 »TTUW) 

Appendix I : Program BRINTRR 198



V=1.0 

CALL BRPO(V,TXYZ2 >TXYZ1,PKL2 >PKL1,IUW2 »TUW) 
TUN2(1 J=TUM( 3 ) 
TUN2 (2 }=TUNE 4) 
TUN2(3 J=TUN( 1) 
TUN2 (4 J=TUN( 2) 
CALL PUTUW1(II ,TUN2 ,TTUNW ) 

C DEFINE LINEAR VARIABLE ON SURFACE 1 

v=0.0 

CALL BRP33D(V 5TXYZ1,TXYZ2 »PKL1,PKL2,IUN,TUW) 
CALL PUTUW1(II,TUN,TTUN ) 

V=1.0 
CALL BRP33D(V,TXYZ1,TXYZ2 »PKL1>PKL2,IUW,TUW} 
CALL PUTUWI(TI,TUW,TTUW) 

C DEFINE LINEAR VARIABLE ON SURFACE 2 

TUW201 D=IUW(Z ) 
TUW2( 2 J=IUWN(1) 

V=0.0 

CALL BRP33D(V,TXYZ2 »>TXYZ1 »>PKL2Z »PKL1 ,IUN2 »>TUW) 

TUW2 (1 3=TUN(3 ) 
TUWN2 (2 )=TUNC4 ) 
TUWN2(3 =TUNC 1) 
TUW2(4 }=TUN( 2) 
CALL PUTUW1(IT,TUW2 ,TTUW) 

V=1.0 
CALL BRP33D(V>TXYZ2 »TXYZ1 »PKL2 »PKL1,IUW2,TUW ) 

TUN2(1J=TUW(S 
TUN2( 2 =TUW( 4) 
TUN2 (3 }=TUN(1) 
TUN2 (4 =TUN( 2) 
CALL PUTUWI(IT »TUN2 ,»TTUW) 

C FILL UP TTUW 

DO 122 IIH=II+1,8 
TTUW(ITH,1)=2. 
TTUN(ITIH,2)=2. 
TTUNIITH,3)=2. 
TTUNC ITH »4 )=2. 

122 CONTINUE 

RETURN 
END 

C-------~----~.~---~-------- ~~ -- + == = eee 

Cc 
c SUBROUTINE: BRP33D 
c 
Cc DESCRIPTION: DEFINE THE LINEAR VARIABLE ON SURFACE 1 
Cc IN THE ELIMINATION ROUTINE (DOUBLE PRECISION 
c VERSION OF BRP33A) 
c 
C INPUT: 
c Vv = PARAMETRIC VALUE 
Cc BRC1,BRC2 = SURFACES COEFF. 
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c PKL1,PKL2 = INTERSECTING SURFACES 
IUW = LINEAR OR CUBIC VARIABLE FLAG 

c 
C OUTPUT: 
c TUW = INTERSECTION POINT IN PARAMETRIC SPACE 
c 
c C. K. WONG 
c 2/12/90 
c 

SUBROUTINE BRP33D(V,BRC1,BRC2,PKL1,PKL2 »IUW,TUN) 

REAL BRC1(3,8),BRC2(3,8)> 
TUW(4),EQ1(19),EQ2(19), 
XACOF (4), XBCOF (4), YACOF(4),YBCOF(4),ZACOF(4),ZBCOF(4), 
X3COF (4) ,Y3COF(4),Z3COF(4) 
»PKL1(0:3,0:353),PKL2(0:3,0:3,3) +

+
 

+ 
+ 

INTEGER IUW(2) 

C DEFINE THE LINEAR VARIABLE ON SURFACE 1, AND REWRITE 
C THE SURFACE EQs. 

DO 35 JJ=15;4 
X3COF ( JJ =(V*BRC1LC1 JJ) +BRCI(1,JJ+4) 
Y3COF( JJ J=(VXBRC1( 2 > JJ) J4BRCI( 2 > JI+4) 
Z3COF ( JJ J=( V*XBRC1E3 > JJ) +BRC1(3 > JI+4) 
XACOF (JJ J=BRC201,JJ) 
ABCOF ( JJ J=BRO201,JJ+4) 
YACOF (JJ J=BRC2(2,J55) 
YBCOF (JJ J=BRC2( 2 > JJ+4) 
ZACOF ( JJ )=BRC203 JJ) 
ZBCOF ( JJ )=BRC213,JJ+4) 

35 CONTINUE 

C CREATE THE EQUATIONS EQ1l & EQ2 BY ELIMINATING 
C ONE VARIABLE FROM THE THREE PARAMETRIC SURFACE 
Cc EQS. 

CALL BRPCREQ( X3COF ,Y3COF »Z3COF »XACOF »XBCOF » 
+ YACOF » YBCOF » ZACOF , ZBCOF ,EQ1 ,EQ2 ) 

C SOLVE FOR THE REST OF THE VARIABLES 

CALL BRPSLVD(PKL1>,PKL2,EQ1,EQ2 ,X3COF ,Y3COF »Z3COF »XACOF ,XBCOF » 
+ YACOF , YBCOF , ZACOF ,ZBCOF ,V,IUW,TUW ) 

Coane nnn enn we wen ee en nn ee ee ee en ene 

Cc 
c SUBROUTINE: BRPSLVD 

c DESCRIPTION: SOLVE FOR THE VARIABLES USING 
c ELIMINATION METHOD TO GENERATE A 
c 33RD ORDER POLYNOMIAL (DOUBLE 
c PRECISION VERSION OF BRPSLVA) 
c 
C INPUT: 
Cc PKL1,PKL2 = INTERSECTING SURFACES 
Cc EQ1,EQ2 = INTERSECTION EQS. WITH TWO UNKNOWNS 
c X3»Y¥3 923 = SURFACE 1 EQ@s. 
c XA>XB»YA> 
c YB,ZA,ZB = SURFACE 2 EQS. 
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o
 

a
o
 

o
n
 

W1 PARAMETRIC VALUE 

OUTPUT: 

IUW LINEAR OR CUBIC VARIABLE FLAG 

TUW = INTERSECTION POINT IN PARAMETRIC SPACE 

C. K. WONG 
9/12/89 

SUBROUTINE BRPSLVD(PKL1>PKL2,EQ1 ,EQ2 ,X35Y3 523 »XA»XB> 
+ YA,YB,ZA,ZB,W1>IUW, TUN) 

DOUBLE PRECISION E33(34) 
REAL TUW(4),EQ1(19),EQ2(19), 

»WA1(60 ) ,WAZ( 60 ),UA1(60) ,UA2( 60) 
»PKL1(0:3,0:3,3),PKL2(0:35,0:353) 

+ XA(4),XB(4),YA(4) ,YB(4) »ZA(4) ,ZB(4), 
+ %3(049,Y304)523(9) 
+ sWH( 100) 
+ »MAX »MIN 
+ 

+ 

INTEGER IUW(2),M 
INTEGER NDEG 
PARAMETER( NDEG=33 ) 
COMPLEX ZERO(33) 
EXTERNAL ZPLRC,Z2PORC 

SET TOLERANCE 
TLIM=.001 

ELIMINATE ONE UNKNOWN FROM EQ] & EQ2 TO YIELD 
A 33RD ORDER POLYNOMIAL 

CALL BRP33ED(EQ1,EQ2,E33 ) 

SOLVE THE 33RD POLYNOMIAL, AND OBTAIN THE 
CUBIC VARIABLE ON SURFACE 2 

IG=34 
CALL BISECTG(IG,E33 WN, INROOT ) 

IFOUND=1 
DO 650 M=1,INROOT 

W2=WWOM) 
IS THE VARIABLE OUT OF RANGE? 

IFC(W2.GT.(1.+TLIM)).OR. 
+ (W2.LT.-(TLIM})) GOTO 650 

BACK SUBSTITUTING TO SOLVE FOR THE REST OF 
THE VARIABLES 

CALL SBRP33(EQ1,EQ2;,X3,Y3>523» 
+ XA»*XB,YA,YB,ZA;,ZB 

+ »W1 »W2 >UA1 »WA1 ,»UA2 »HAZ » IT FOUND ) 

650 CONTINUE 

IFOUND=IFOUND-1 

C NO INTERSECTION 
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IFC IFOUND.EQ.0) THEN 
DO 240 I=154¢ 

TUWN(T J=2. 
CONTINUE 

ELSE 

C SELECT THE RESULT BY COMPARING ALL THE RESULTS, 
C AND PICK THE PAIR OF POINTS THAT HAS THE 
C SMALLEST DISTANCE BETWEEN THEM 

A
a
A
E
N
M
A
Q
A
A
I
A
A
N
N
A
A
a
A
N
A
A
A
A
N
A
N
 

IF(CIUN(1).EQ.0).AND.(TUWO2).EQ.1)) THEN 
CALL COMRELT(PKL1>»PKL2,UA1,WA1 ,UAZ »WA2 >IT FOUND »TUW) 

ELSEIF((ITUW(1).EQ.1).AND.(€IUW(2).EQ.1)) THEN 
CALL COMRELT(PKL1,PKL2>WA1,UAL,UA2 »WAZ > T FOUND, TUM ) 

ELSEIF( (IUW(1).EQ.0).AND.(IUN(2).EQ.0)) THEN 
CALL COMRELT(PKL1>PKL2,UA1 ,WA1 WAZ ,UA2 , I FOUND, TUN) 

ELSEITF((CIUW(1).EQ.1).AND.(CIUW(2).EQ.0)) THEN 
CALL COMRELT( PKL1>PKL2Z,WA1,UA1 ,»WA2 »UA2 » IFOUND > TUN ) 

  

INPUT: 

OUTPUT : 

ENDIF 

ENDIF 

RETURN 
END 

SUBROUTINE: BRP33ED 

DESCRIPTION: ELIMINATE ONE UNKNOWN FROM TWO 
ORDER FUNCTIONS TO YIELD A 33RD 
ORDER POLYNOMIAL (DOUBLE PRECISION 
VERSION OF BRP33) 

EQ1,EQ2 = TWO FUNCTIONS WITH TWO UNKNOWNS 

Ww = 33RD ORDER POLYNOMIAL 

C. K. WONG 
9/12/89 

SUBROUTINE BRP33ED(EQ1,EQ2,W) 

REAL EQ1(19),EQ2(19) 
DOUBLE PRECISION W(34) 

DOUBLE PRECISION A>B,C>D>,E>sF »GsH»>I»J»Kol sMoN,O0>P,Q,R5S>» 
AP ,BP,CP,DP,EP,FP>GP,HP,IP,JP,KP,LP MP NP ,OP PP, 
QP,RP>SP, 
AA,BB,CC,DD,EE > FF »>GG>HH»,II,JJ,KK,LL>MM>NN> 
X1 »X2 »X3B XG »X5 9 K6 9X7 XB 9X9 X10 5 
AAP ,BBP,CCP,DDP ,EEP , FFP ,GGP » HHP, IIP,JJP,KKP »LLP> 
MMP »NNP » 
X1P »X2P >X3P »XGP »X5P »X6P »X7P »XSP »X9P »X10P » 
Y1P,¥2P,Y3P> 
$15S2 533 »S45S55S6 »S7 »S8,S9,S10, 
$11,512,513 ,514,S155516 >» 
T1,T2,T3> 
21522 523 »Z4 25 926 27928 52Z9,Z10> 
Z11,Z12 5213 »Z14,215,Z16 e

r
r
r
 

e
e
e
 
e
e
e
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C SET UP THE EQs. 

A=EQI(1) 
B=EQ1(2) 
C=EQ1(3) 
D=EQ1(4) 
E=EQ1(5) 
F=EQ1(6) 
G=EQ1(7) 
H=EQ1(8) 
IT=EQ1(9) 
J=EQ1(10) 
K=EQ1(11) 
L=EQ1(12) 
M=EQ1(13) 
N=EQ1(14) 
O=EQi(15) 
P=EQ1(16) 
Q=EQ1(17) 
R=EQ1(18 ) 
S=EQ1(19) 

AP=EQ2(1) 
BP=EQ2(2) 
CP=EQ2(3) 
DP=EQ2(4) 
EP=EQ2(5) 
FP=EQ2( 6) 
GP=EQ2(7) 
HP=EQ2(8) 
IP=EQ2(9) 
JP=EQ2(10) 
KP=EQ2(11) 
LP=EQ2(12) 
MP=EQ2(13 ) 
NP=EQ2(14) 
OP=EQ2(15) 
PP=EQ2(16) 
QP=EQ2(17) 
RP=EQ2(18) 
SP=EQ2(19) 

C STEP 3 

BA=( AXEP-EXAP ) 
BB=(AXFP-FXAP }+( B¥EP-EXBP ) 
CC=( AXGP-GXAP )+( BXFP-FXBP )+( CXEP-EXCP ) 
DDO=( AXHP-HAP 14+(BxGP-GxBP J4+(CxFP-FXCP )+( DXEP-EXDP } 
EE=(BxHP-HBP )+( CxGP-GxCP )+( D¥FP-FDP ) 
FF=( C¥HP-H*CP }+( D*¥GP-GxDP ) 
GG=( D*HP-H*DP ) 
HH=( AXIP-I*AP ) 
IIT=( AXJP-J¥AP J +(Bx*IP-IXBP ) 
JJ=( AXKP-KAP J+(B*XJP-JBP )4+( CIP-IXCP ) 
KK=( AXLP-LXAP )+( BXKP~-K2*BP )+( C¥JP-~JxCP )+( D¥XIP-IXDP } 
LL=(BxLP-LxBP 1+(CxKP-KCP )+( D*XJP-JDP ) 
MM=(C¥LP-LXCP )+( D*KP-KDP ) 
NN=( D*¥LP-L*DP ) 
X1=( AXMP-M#AP ) 
X2=( AXNP-NXAP J+( BXMP-MXBP ) 
X3=( AXOP-OXAP )+( BNP -NXBP 3+( CXMP-MXCP ) 
X4=( AXPP-PXAP )+( BxOP-OXBP )+( C#NP-NCP )+( D*¥MP-MDP ) 
X5=( AXQP-QXAP }+(BxPP-PXBP )+(CxOP-OxCP }+( D*XNP-NXDP ) 
X6=( AXRP-RXAP )+(BXQP-QXBP J+(C*PP-P*CP }+€ DXOP-OxDP ) 
X%7=(A¥SP-SAP )+(B*RP-R*BP )+(C#QP-QxCP )+( D*XPP-PXDP ) 
X%8=( B¥SP-SXBP )+(C#*RP-R¥CP J+( D*QP-QXDP ) 
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C STEP 

+ 

X9=( C¥SP-SxCP J4+( D*XRP-REDP ) 
X10=(D*SP-S*DP ) 

4 

AAP=( AXIP~IAP ) 
BBP=( AXJP-J*AP }+( BXIP-I*BP ) 
CCP=( AXKP-KXAP }+( B*JP-JxBP J+(Cx¥IP-IxCP ) 
DDP=( AXLP-LXAP )+( BXKP-KXBP )+( CXJP-J*CP )+( D¥IP-I%DP ) 
EEP=(B*LP-L*BP )+( CXKP-KXCP J) +( DXIP-JDP ) 
FFP=(C¥LP-L#CP )+( D¥KP-KDP ) 
GGP=(D*LP-LDP ) 
YIP=( AXMP~MAP ) 
Y2P=( AXNP-NXAP }+( BxXMP-MXBP )} 
Y3P=( AXOP-OXAP )+(B*XNP-N*BP )+(CXMP-MCP ) 
HHP=( AXPP-PXAP )+(BxOP-OxXBP )+( C*¥NP-N*CP )+( DXMP—MxDP )4+( EXIP-IX*EP ) 
TIP=( AXQP-QHAP )+( B*XPP-PXBP J3+( CXOP-OXCP )+( DINP-NXDP J 4+( EXJP-JXEP ) + 

(FXIP-~IX*FP } 
JJP=( AXRP-RXAP }+(BxXQP-QxBP 3+ (CHPP-PHCP 34+( DXOP-OxXDP )+( EXKP-KXEP J+ 

+ ( FXIP-JFP 34+(G*IP-IXGP ) 
KKP=( AX¥SP~S*AP )+(B*RP-R*BP )+(C*QP-QxCP )+( D¥PP-PXDP )+( EXLP-LXEP )+ 

+ 

+ 

( FXKP~KXFP 3+( GEJP-J*GP )+( HXIP-IXHP ) 
LLP=(B*SP-S*BP )+(C¥RP-R*CP }+( DXQP-QHDP J+( FXLP-L¥FP )+( GAKP-KGP J+ 

(H*¥JP-JHP } 
MMP=(C¥SP-SxCP }+( D¥RP-R*DP )+( G*xLP-L¥GP 34+( H*KP-KXHP ) 
NNP=( D¥SP-SDP )+( H¥LP-L*HP ) 
X1P=( EXMP-MXEP ) 
X2P=(EXNP-NXEP )+( FXMP-MXFP ) 
X3P=( EXOP-OXEP )+( FXNP-NXFP )+( GXMP-MXGP ) 
X4P=( EXPP-PXEP 3+( FXOP-OXFP J +( GXNP-NXGP J+ HXeMP—MEHP ) 
X5P=(E*XQP-QxEP )+( FXPP-PXFP )+( GXOP-OxGP )+( HXNP-NXHP ) 
X6P=( EXRP-RXEP )+( FXQP-QXFP J+( GHPP-PxGP }+( HXOP-OXHP ) 
X7P=( EXSP-SXEP )+( FXRP-R¥FP J +( GRQP-QHGP )+( HXPP-PXHP ) 

C STEP 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

X8P=( FXSP-SXFP )+( GERP-R*GP )+( HXQP-QHHP } 
X9P=( GXSP-SXGP }+( H¥RP-R¥HP } 
X1OP=(H*SP-SXHP ) 

5 

A=(AA#YVIP) 
B=(BB¥Y1P )+( AAXY2P ) 
C=(CC#Y1P J+( BB*Y2P J+( AAXY3P ) 
D=( DD*Y1P }+(CC#Y2P )+( BBXY3P )+( AAXHHP-AAPXHH ) 
E=( EEXY1P 3+(DD*Y2P 34( CC¥Y3P )+( BBXHHP-BBPXHH )+( AAXITIP-AAPXIT ) 
F=( FFXY1P )+( EEXY2P )+( DD¥YSP 3+( CCXHHP-CCPXHH )+( BB¥IIP-BBPXIT J+ 

( AAXJJP-AAP JJ ) 
G=(GG¥Y1P )+( FFXY2P 3+( EE*Y3P )+( DDXHHP-DDP*HH )+(CCxXIIP-CCPxIT )+ 
(BB¥XJJP-BBPxJJ )+( AAXKKP-AAPXKK ) 

H=( GG*Y 2P )+( FF*Y3P )+( EEXHHP-EEPXHH )+( DDXIIP-DDPxII J+ 
(CC#JIP-CCPXJJ J+( BBXKKP-BBPXKK )+( AAXLLP-AAPXLL ) 

I=(GG*YSP )+( FFXHHP-FFPXHH )+( EEXIIP-EEPXII )+( DDXJIP-DDPXJJ J+ 
(CCHKKP-CCPXKK J+( BBXLLP-BBPXLL )+( AAXMMP -AAP*MM ) 

J=( GG*XHHP-GGPXHH J +( FFXIIP-FFPXIT )4+( EEXJJP-EEP HJ J+( DDXKKP-DDPHKK J+ 
(CC#*LLP-CCPLL )+(BB*MMP-BBPMM )+( AAXNNP-AAP2NN ) 

K=(GGxXIIP-GGPxITI )+( FFXJJP-FFP*JJ )+( EEXKKP-EEP#KK )+( DD*XLLP-DDPXLL J+ 
(CCxMMP-CCPXMM )+( BBXNNP-BBPXNN ) 

L=( GGxJJP-GGP*JJ )+( FFXKKP-FFPXKK )+( EEXLLP~EEPXLL )+( DDXMMP-DDP*MM )+ 
(CC¥NNP-CCPXNN ) 

M=(GGXKKP-GGPXKK )+( FF*LLP-FFPLL )+( EEXxMMP-EEP*MM )+( DDXNNP-DDPNN } 
N=(GGxLLP-GGPXLL }+( FF XMMP -FFP#MM 34+( EEXNNP-EE PENN ) 
O=( GGXMMP-GGPxMM ) +( FF2NNP-FFPNN ) 
P=( GG*¥NNP-GGPNN } 
$1=( AAXX1P-AAPX1 } 
$2=( BB¥X1P-BBPXX1 J +( AAXX2P-AAPXX2 } 
$3=(CC¥X1P-CCPXX1 J +( BB¥X2P-BBP*X2 ) +( AAXXSP -AAPEXS ) 
S¢=( DD*X1P-DDP#X1 )+( CCXX2P-CCPX2Z J +( BBXX3P-BBP#X3 )+( AAXXGP-AAPHXG ) 
S5=( EEXX1P-EEP*X2 ) +{ DD¥X2P-DDP*X2 )+( CC*XX3P-CCP*XS J +1 BBXXGP-BBPXXG ) 
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+ +0 AAXX5P-AAP#XS ) 
S6=( FFXX1P-FFPHX1 34+( EEXX2P-EEPX2 4 ( OD¥X3P-DDPHXS 34+ f CCRXGP-CCPHXG } 

+ +(BB*X5P-BBPXXS5 )+( AAXX6P-AAPHX6 ) 
$7=( GG*¥X1P-GGP*X1 )+( FFXX2P-F FPXX2 J+( EEXX3P-EEP*X3 )+( DD*¥X4P-DDPX4 ) 

+ +(CC#X5P-CCPxX5 )+( BB*XX6P-BBPXX6 )+( AAXX7P-AAP#X7 ) 
S8=( GGXX2P-GGPXX2 + ( FFXX3SP-FFPXXS )+( EEXX4GP -EEP®X4 ) +( DD*¥X5P-DDP#XS ) 

+ = +(CC*X6P-CCPHX6 )+(BB*X7P-BBPXX7 )+( AAXX8P -AAPXX8 ) 
S9=(GG*X3P-GGPXXS J +( FFXXGP-FFPXX4 )+( EEXXSP-EEP*X5 )+( DDXX6P-DDPX6 ) 

+ +#0CC¥X7P-CCPXX7 )+( BBXX8P-BBPXXS J +( AAXX9P-AAPHEXS } 
$10=(GG*XGP -GGPEXG )+( FFXXSP-F FP XS J+ ( EEXXOP-EEP#X6 J+ 

+ (DD*X7P-DDPX7 )+( CC¥*X8P -CCP*X8 )+( BBXX9P-BBPXX9 )+( AAXX1LOP-AAP*X10 ) 
$11=(GG*X5P-GGP*X5 }+( FF*XX6P-FFP*X6 )4+( EEXX7P-EEPXX7 J+ 

+ ( DD¥X8P -DDP*X8 )+( CC*#X9P-CCPHX9 )+( BBXXLOP-BBPX10 ) 
S12=(GG*X6P -GGPHX6 + ( FFXX7P-FFPXX7 1 +( EEXXSP-EEP#XS8 )+ 

+ (DD*X9P-DDP*X9 )+( CCXX1OP-CCP*X10 } 
$13=(GG*X7P-GGP#X7 )+( FF*XXSP-F FP¥X8 )+( EEXX9P-EEPHX9 J+ 

+ (DD*X10P-DDP*X10) 
$14=( GG*X8P -GGPXXS )+( FF*XXOP-FFP#XK9 J +( EEXXLOP-EEPX10 } 
$15=(GG*X 9P -~GGPHX9 )4+( FFXXLOP-FFP*X10 ) 
$16=(GG*X1LOP-GGPxX10 ) 

C STEP 6 

AP=( AAP*X1-AA®XIP ) 
BP=( BBP*X1~-BB*X1P )+( AAP*X2-AA*X2ZP ) 
CP=( CCP*XX1-CCxXX1P )+( BBP¥X2-BB#X2P J+( AAP¥*XS—-AAXXSZP J 
DP=( DDP¥X1-DD¥X1P )+( CCPxX2-CCxX2P )+( BBPXX3S-BB¥X3P )+( AAPXX4-AA*X4P ) 
EP=( EEP#X1-EE*X1P }+( DDPXX2-DD*X2P )+( CCPxX3-CC#X3P )+( BBP¥X4-BB*X4P ) 

+ +( AAPX5-AAXXSEP ) 
FP=( FF P*¥X1-FF*X1P )+( EEP*X2-EE*X2P )+( DDP*X3-DD*X3P )+( CCPHX4-CCHXGP ) 

+ +(BBP*X5-BB*X5P )+( AAPXX6-AA*X6P ) 
GP=( GGP*X1-GG*X1P )+( FFP*#X2-FFXX2P 3+ ( EEP*XX3-EE*X3P ) +( DDP#X4-DD*XGP ) 

+ +(CCPxX5-CC¥X5P )+( BBPXX6-BBXX6P )+( AAPHX7-AAXX7P ) 
HP=( GGP#X2-GG*X2P )+( FFPXX3-FFRXSP J+ ( EEPHXG-EEXKGP J +( DDP*X5-DDXSP ) 

+ +(CCPxX6-CC¥X6P )+( BBPXX7-BB*X7P ) +( AAPXXS-AAXXEP ) 
IP=( GGPXX3-GG*XSP )+( FFP*XG-FF*XX4P )+( EEPXX5-EEXX5P )+( DDP*X6~DD*X6P ) 

+ +(CCPXX7-CCXX7P )+( BBP¥X8-BB*XSP J+( AAPHX9-AAXX9P J 
JP=(GGP*X4-GG*X4P )+( FFP*XX5-FF*X5P J +( EEP*X6-EE*X6P )+( DDPXX7-DD*X7P } 

+ +(CCPX8-CC¥X8P )+( BBPXX9-BBX9P )+( AAPXX10-AAXX10P ) 
KP=(GGP*X5-GG*X5P )+( FFP*X6-FF*X6P )+( EEP*X7-EE*X7P )+( DDPXX8-DD*X&P } 

+ +4(CCPXX9-CC#X9P )+( BBPXX10-BBX10P } 
LP=( GGP*X6 -GG*X6P J +1 FFPXX7~-FFXX7P )+( EEPHXS-EEXXSP )+( DDP*X9-DD"X9P ) 

+ +(CCP¥X10-CC¥X10P ) 
MP=( GGP*¥X7~-GG*X7P )+( FFP¥X8-F FXXSP J+ ( EEPXX9-EEXX9OP J+ 

+ (DDP*X10-DD*X10P )} 
NP=( GGP*X8-GG*X8P )+( FFP*XX9-FFXX9P )+( EEP*X10-EE*X1OP ) 
OP=( GGPXX9-GGeX9P J+( FFP*X1O-FFXXLOP ) 
PP=(GGPXX10-GGX10P ) 
TLI=(Y1PXX1 ) 
T2=( Y2P*RXI )4+( YIP *X2 ) 
T3=(VY3P*X1 40 V¥2P*"X2 J+ ( VY LPHXS ) 
Z1=( HHP*XX1-HH*XLP 34 ( Y3PHK2 4+ ( Y¥ZPHXS +l YLPHXG ) 
Z2=( TIPXX1-II*X1P )+( HHP*X2-HH*X2P J+ ( YSPHXS J+ CY 2PHXG J+ ( YLPHXS ) 
23=( JJIPHK1-JI*XIP J+ LI PHX2-II*X2P + ( HHP*X3—-HH*XSP J+ 

+ (Y3P#XS J+ 0 Y¥2P*X5 J+ VY 1PHX6 ) 
Z24=( KKP*X1-KK*XLP ) +f JIPHX2-JJ*X2P 34+ TI P*X3-II*X3P J+ ( HHPXXG-HH*EXGP ) 

+ CY 3PHXKS )4( Y2PHX6 J4( VYIPHX7 ) 
Z5=( LLPXX1-LL#¥X1IP J +{ KKP*X2-KK*X2P J +( JIPXX3-JJ*XSP J 4+( TIPHXG-TI*XGP ) 

+ + ( HHPXX5-HH*XSP )+( YSPXX6 J+ ( Y2PHX7 + ( VLP*XS ) 
Z6=(MMP*X1-MM*XIP 40 LLP#X2-LL*X2P ) + ( KKPXX3—-KK*X3P J+ DIPHRXG—-JJEXGP J 

+  #+( LIP*HX5S-LI*XSP }+( HHPXX6-HH*XKGP 34+ ( YSPHX7 J+( YZPHXE + YIPHXY J 
27=( NNPX*X1-NN*X1P J +( MMP*X2 -MM*X2P 340 LLPX3-LL*XSP J+ 

+ (KKP*X4-KK3EX4P J+ ( JIPHX5S-JIEXSP J + ( LIPHXG6-ITI*X6P J+ 
+ ( HHP*#X7-HH*X7P )+( YSPHXS 341 Y2PHRI +0 VY LPXXLO ) 
ZB=( NNP*¥X2-NN¥XX2P 34+ ( MMP*X3-MMXX3P 340 LLPXXG-LL¥XGP J+ 

+ ( KKPX5-KK*X5P J+ JIP*X6-JIJ*X6P J +( TIPHX7-II*X7P J+ 
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+ ( HHP*X8-HH*X8P )+( YSP*X9 )+( Y2P"X10 } 
Z9=( NNP*X3—NN2#X3P }+¢ MMPXX4-MM*XGP 940 LLPXX5-LLX5P D+ 

+ (KKP*X6 -KKX6P J+ JUPHX7-JS“XX7P 4+ ( LIPHXS-IIL*XSP )+ 
+ CHHPXX9-HH*X9P +1 YSPRX10 ) 
210=( NNP*X4¢—-NNXX4P + ( MMP3EX5-MMPEXSP J 4 ( LLPXG—-LLIEXGP D+ 

+ CKKP#X7-KK*X7P 94+ ( JIPHXS-JS*XXSP )4+( TIPHXO-LIXK OP J+ 
+ ( HHP*X10-HH*X10P ) 
211=(NNP*X5-NNX5P ) + (MMPXX6-MM*X6P )+( LLP*#X7-LL*X7P }+ 

+ (KKP*X8-KK*X8P )+( JIPHX9-JJ*X IP J+ ( TIPHX1O—-IT*X1LOP ) 
Z12=( NNP*X6-NNXX6P )+( MMPX7-MM2X7P J 4+( LLPXX8-LL¥XEP J+ 

+ (KKP¥X9-KK*X9P J +( JUPHX1LO-JI*XLOP ) 
Z13=(NNP*X7-NNXX7P )+( MMPXX8S-MM*X8P )+( LLP*XX9-LL¥X9P J+ 

+ (KKP*¥X10~KK*X10P ) 
Z214=( NNP*¥X8-NNXX8P )+( MMP*X9-MM¥X9P + ( LLPXX1LO-LL*X10P ) 
Z15=( NNP*X9-NNXX9P )+( MMP*X1O0-MM*X10P ) 
216=(NNPXX10-NNXX1OP ) 

C FINAL STEP 

W(34 J=T1L¥A 
W(33 J=T1¥B+T2¥A 
W(32 J=T1¥C+T2*B+T3S%A 
WO31 J=T1*D+T2*C+T3*B+( Z14A-S1AP ) 
WO 30 J=T1¥E+T2*4D+T3%C+(Z1*B-S1*BP )4( Z2*XA-S2AP ) 
WO 29 J=T1L¥F +T2%E+T3*D+( Z1*C-S1eCP )4+( Z2XB-S2"BP )4+( Z3*A-S3AP J 
WC 28 J=T1XG+T2*F + TSE +( Z1*XD-S1*DP J+ ( Z2*C-S2*CP )+( Z3*B-S3XBP J+ 

+ ( Z4%A-S4AP ) 
W027 J=TL¥H+T2*G+T3*F +( Z1XE-S1XEP 34(Z2*D-S2"DP J +( Z3*C-S3XCP }+ 

+ (Z4*B-S4*BP )+( Z5%*A-SS5XAP ) 
WO 26 J=T1¥I +T24H1+T3*G6+( ZL¥F -SLXFP 4+ 22%E -S2XEP 0 +( Z3%D-S3%DP D+ 

+ (Z24*C-S4*CP )+(Z5*xB-SSXBP )+( Z6%A-S6XAP ) 
W( 25 J=T1XS+T 21 +T3*H+( Z1XG-S1*GP )+( Z2HF-S2HFP + Z3*E-S3XEP J+ 

+ (24*D-S4*DP )+( Z5*XC-S5xCP 3 4( Z6*B-S6XBP J4( Z7HA-S7HAP J} 
W024 J=T1*K4+T 24S +T 3X1 +( Z14H-SL*HP +1 22*G-S2xGP )+( Z3*F -S3XFP J+ 

+ ( Z24%E -S4*EP )+(Z5*XD-S5*DP )+( Z6%C-SEXCP J +( Z7*XB-S7*BP J+ 
+ ( Z8XA-S8*AP ) 
W( 23 J=TI¥L4¢T 24K +T3¥J5+( Z1*HI-S1*IP )4+( Z2*%H-S2*HP )+( Z3*G-S3RGP J+ 

+ ( 24%F -SG*FP )+( Z5%E-S5*EP )4+( 26%D-S6*DP J+ (Z27*C-S7HCP J+ 
+ ( Z8*XB-S8XBP )+( Z9%A-SOX*AP ) 
WU 22 J=TL¥MtT2*L4+T3*K4( Z1¥I-S1*JP J 4( 2241 -S2"IP J+( Z3*XH-S3HHP J+ 

+ (Z4%G~-S4*GP )+( Z5%*F -SS¥FP )+( Z6*E-S6XEP J+( Z7*D-S7*DP J+ 
+ ( Z8*C-S8*CP )+( Z9XB-SOXBP J +( Z10%*A-S1OXAP ) 
WC 21 D=TLEN+T2EM+T3L 4( ZLAK-S1LEKP 41 Z2HI-S2KIP J+ ZEXI-SSHIP J+ 

+ ( Z4%*H-SG*HP )+( Z5%G-S5XGP J +( Z6*XF-SOXFP )4+( Z7XE-S7*EP J+ 
+ ( Z8*XD-S8xDP )+(Z9¥C-S9XCP )+( Z10XB-S10*BP }+( Z1L¥A-S1L¥AP ) 
WO 20 J=T1LXO+TZEN4+TS4M4( Z1*L-S1¥LP 34( Z2%K-SZ2HKP J4( ZSRI-S3HIP Jt 

+ (2Z4*I -S4*IP 34+( Z5XH-SS¥HP )+( Z6*XG-S6*GP J+ (Z27*F-S7*FP J+ 
+ ( Z8XE-S8XEP J+(Z9*XD-S9*DP }+(Z10%C-S10XCP )+(Z11*B-S11*BP )+ 
+ (Z12*A-S12%AP ) 
WO19 J=T1¥*P+T2*O+TSN4( Z1*M-S1EMP )+( Z2*XL-SZ2*LP J4(Z3%K-S3*KP + 

+ (Z4*#J5-S4*J5P )+( Z5X1I-S5*IP J+ Z6XH-SEXHP J+ (2 7*HG-S7*GP ) + 
+ ( Z8*F -S8*FP )+(Z9XE-SOXEP )4+( Z10*D-S1OXDP )+(ZLLXC-S1L1¥CP J+ 
+ (Z12*%B-S12*BP J+(Z13*A-S13XAP ) 
WO18 J=T2*P4T3*O+( Z1¥XN-S1*NP J +( Z2*M-S2*MP )+( Z3HL-SS*LP 9+ 

+ (24K -SG*KP )4( Z5%J-S5S*IP J 4+(Z6%I-SEXIP )+( Z7*H-S7HHP J+ 
+ ( ZBXG-SEXGP J+ ( ZIXF-SIXFP 34( ZLOXE-SLOXEP 34(Z11*D-S1LLEDP )+ 
+ (Z12*C-S12*CP )+(Z13*B-S13*BP )4+(Z14%A-S14%AP } 
W017 }=T3*P+(Z1*O-S1XOP )4+( ZZ2*XN-SZ*NP )4( Z3*M-SSHMP J+ 

+ ( Z4%L-S4*LP )4+0 Z5*K-SS*KP J 4( Z6%J-S6XIP J+ ( 27HI-S7HIP D+ 
+ ( Z8*XH-S8*HP )4+(Z9*XG-S9*GP )+( Z1LOXF -SLOXFP )+( ZLL¥E-S11*EP )+ 
+ (Z12*D-S12DP )+( Z13*C-S13xCP )4+(Z14*XB-S14XBP J+( Z15*XA-S15SXAP ) 
W016 )=( Z1*P-S1*PP )+( Z2XO-S2*0P J +( 23%N-S3XNP 3+ ( Z24%M-SG*MP J+ 

+ (Z5*L-SS*LP )+( Z6%K-SOXKP ) +1 Z7*IJ-S7*IP J +( Z8XI -S8XIP J+ 
+ (Z9XH-S9OXHP )4+(Z10%G-S1LOXGP J+ ( Z11L¥F-SLL¥FP )+( Z12*E-S12*EP J+ 
+ (213*D-S13DP J+(214*C-S14*CP )+( Z15*B-S15*BP )+( Z16*XA-S16XAP ) 
WE15 )=( Z2%P-SZRPP )4+( Z3XO-S3XOP ) +1 Z4N-SG*NP )4+(Z5XM-SSXMP D+ 

+ ( Z6%L~-S6*LP )4+( Z7HK-S7#KP )4( ZBXI-SBXIP J+ ( Z9KI-SOKIP D+ 
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(Z10*H-SIOXHP )+(Z11*G-S11*GP )+( Z12*F-S12"FP )+( Z13*E-SL3XEP + 
(214*D-S14DP )+(Z15*C-S15*CP )+( Z16*XB-S16XBP } 

WO 14 )=( Z3%P-S3*PP } +f 24%0-S4*0P J +( Z5%N-SS*NP J+( Z6*XM-S6XMP J+ 

(Z7*L-S7*LP )+( Z8*XK-SBXKP J4+( Z9*XI-SOKIP J 4+( ZLOXI-SLOXIP J+ 
(Z11*H-S11*HP )+(2Z12*G-S12*GP )4+( Z13%*F-S13*FP )+( Z14XE-S14XEP J+ 
(Z15*D-S15*DP )+(Z16*C-S16*CP ) 

W013 J=( Z4%P-S4*PP )+( Z25XO-S5*0P J+ Z6%N-S6XNP )+( 2 79M-S7XMP J+ 

+ 

{ ZB*XL-SBXLP } +0 Z9*K-S FKP J4+( Z1OXI-SLOXIP 94+ ( Z11*I-S1L*IP J+ 

(Z12*H-S12*HP )+(Z13*G-S13XGP )+( Z14¢"F -S14%FP )+( Z15*E-SLSXEP + 

(Z16*%D-S16xDP ) 

WO 12 )=( Z25XP-S5*PP )+( 26*X0-S6XOP ) +( Z7*XN-S7*NP )+( ZBXM-SEXMP J+ 
+ 

+ 

(Z9*4L-SOXLP J4+( Z10*K-S1OXKP J4+€Z11¥J-S11* JP J4+(Z212*I-S12IP J+ 
(Z13*H-S13*HP )+(Z14*G-S14GP J+( Z15*F-SL5*FP )+(Z16%E -SL6OXEP ) 

WO 11 )=( Z6*P-S6xPP )4(2Z720-S7%O0P 341 Z8XN-SB*NP J4+( Z9%M-SORMP J+ 
+ (Z10*L-S1O*LP )+( Z11*K-S11*KP )+(Z12*J-S12*IP 341 Z13*%I-S13xIP )+ 

(214%H-S14*HP )+( Z15*XG-S15xGP }+( ZL6*XF-S1EXFP ) 
W( 10 J=(Z7*%P-S7*PP 34+ ( ZBXO-SBXOP )+f ZIXN-SOXNP 340 ZLOXM-SLOXMP 3+ 

+ 

+ 

(Z11*L-SLIXLP )4+(Z12*K-S12*KP )4(Z13*J-S13%JP J4+(Z14%I-S14XIP J+ 
(€Z15*H-S15*HP )+(216*G-S16xGP ) 

W(9 3=( Z8XP-S8*PP )+( Z9XO-SOXOP J+ ZLOXN-SLOXNP )4+( Z11*M-S1L1L*MP J+ 

+ 

(Z12*L-S12*LP )+( Z1S*XK-S13*KP )4+(Z14XJ5-S14*UP )+( Z15*I-S15*IP + 
(Z16*H-S16*HP ) 

WU8 )=(Z9%P-S9%PP 3 4+(Z10%0-S10OP J+( Z11*N-SI1LXNP )4+( Z12*%M-S12*MP J+ 
+ (Z13¥L-SI3*LP )4(Z14*K-S14%KP J +(Z15*XI-SI5*JP )+(Z16%*I-S16X*IP ) 
W( 7 J=( Z10*P-S10*PP ) + Z11*0-S11*OP )+( Z12*N-S12*NP )+(Z13%M-S13xMP }+ 

+ (2Z14*L-S14*LP )4+( Z15*XK-S15*KP )+(Z16*J-S16*JP ) 

W( 6 J=(Z11*P-S11¥*PP )+(Z12*O-S12xOP J)4+(Z13*N-S13*NP )+( Z14*M~S14G*MP J+ 
+ (Z15*L-SI5*LP )+(Z1L6*XK-S16XKP ) 
WO 5 )=( Z12*P-S12"PP J+ Z13*XO-S13*0P 3+( Z14*N-S14G*NP J) +( ZI5*XM-S15¥MP D+ 

+ (€Z16*L-S16XLP ) 

W(U4 J=(Z13*P-S13%PP 1+( Z14*O-S14%0P )4+( Z15*XN-SI1S#NP )+( Z16%M-S16XMP ) 
W( 3 J=(Z144P-S14%PP }+(Z15*0-S15xOP )4+( Z16%XN-S16XNP ) 
W 2 )=(Z15*P-S15*PP J+(Z16*x0~-S16*OP ) 
W(1)=(216%P-S1L6XPP ) 

RETURN 
END 

SUBROUTINE: BISECTG 

DESCRIPTION: FIND THE ROOTS OF A POLYNOMIAL USING 
BISECTION METHOD 

INPUT: 
IG = DEGREE OF THE FUNCTION 
E33 = COEFF. OF THE FUNCTION 

OUTPUT: 
WH = ROOTS OF THE FUNCTION 
INROOT = NO. OF ROOTS 

C. K. WONG 
9/12/89 

SUBROUTINE BISECTG(IG,E33 WW, INROOT ) 

DOUBLE PRECISION £33(*),FA,FB,FC,A,B,C,TOL»WIDTH 
+ 

+ 

»AS»BS,WS( 100 ) 
»DIVV,NITER 

REAL WA( 100) 
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c Change the no. of bisection if the result does not 
c convert in this routine. Sometime it might go up 
c to 10000.D0 for a good solution. This slows down 
c the process tremendously. 
(3308888888888 RBBB BR HEBER RRHRHHBHE 

C ASSIGN NO. OF BISECTION 
NITER=1000.D0 

C INCREMENT 
DIVV=(1.0DO/NITER ) 

C TOLERANCE 
TOL=.1D-25 

C START THE BISECTION PROCESS 
INROOT=0 
AS=-(DIVV) 
BS=0.0D0 

DO 200 I=1,11000 
IROOT=0 
AS=AS+(DIVV) 
BS=BS+( DIVV ) 

C STOP THE PROCESS: THE LOWER BOUND HIT 1. 
IF(BS.GT.1.0D0) GOTO 555 

A=AS 
B=BS 

C EVALUATE THE FUNCTION WITH THE UPPER AND 
C LOWER BOUND VALUES WITHIN A BISECTION SEGMENT 

CALL EVAFUNG(IG,E33,A,FA) 
CALL EVAFUNG(IG,E33,B,FB) 

C BOTH BOUNDS > 0 : NO ROOT 
IF((FA.GT.0.0D0),.AND.(FB.GT.0.0D0)) THEN 

ITROOT=0 

C BOTH BOUNDS < 0 : NO ROOT 
ELSEIF((FA.LT.0.0D0).AND.(FB.LT.O.0D0)) THEN 
IROOT=0 

C LOWER BOUND IS THE ROOT 

ELSEIF(DABS(FB).LE.TOL) THEN 
TROOT=1 
INROOT=INROOT +41 
WSUINROOT )=B 

C UPPER BOUND IS THE ROOT 

ELSEIF(DABS(FA).LE.TOL} THEN 
TROOT=1 
INROOT=INROOT +1 
WSCINROOT J=A 

ELSE 

C ELSE, THERE IS A ROOT WITHIN THE BOUNDS 
C FIND THE ROOT BY BISECTION METHOD 
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WIDTH=B-A 
10 C=( A+B )*.5D0 

CALL EVAFUNG(IG,E33,C,FC) 
WIDTH=WIDTH*.5D0 

IFC(DSIGN(1.0D0,FA).EQ.DSIGN(1.0D00,FC)) THEN 
A=C 
FA=FC 

ELSE 
B=C 
FB=FC 

ENDIF 

IF(WIDTH.LE.TOL) THEN 
IROOT=1 
INROOT=INROOT+1 
WSCINROOT )=C 

ELSEIF(DABS(FA).LE.TOL) THEN 
TROOT=1 
INROOT=INROOT +1 
WSC INROOT J=A 

ELSEIF(DABS(FB).LE.TOL) THEN 
IROOT=1 
INROOT=INROOT+1 
WS CINROOT )=B 

ENDIF 

IF{IROOT.EQ.0) GOTO 10 

ENDIF 

200 CONTINUE 

555 IFCINROOT.EQ.0) THEN 
TROOT=0 

C CONVERT THE ROOT TO SINGLE PRECISION 

ELSEIF(INROOT.GE.1) THEN 
IROOT=1 
DO 400 I=1,INROOT 
WAC I J=HS(T ) 

400 CONTINUE 
ENDIF 

RETURN 
END 

Cn wn nee en wee en ne ewe ne enn ee ewe ee ne ne 

c 
Cc SUBROUTINE: EVAFUNG 
to 
c DESCRIPTION: TO EVALUATE THE FUNCTION E33 
c 
C INPUT: 
c IG = DEGREE OF THE POLYNOMIAL 
Cc E33 = COEFF. OF THE POLYNOMIAL 
Cc F = VARIABLE 
c 
C OUTPUT: 
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c FC = VALUE OF THE POLYNOMIAL 
Cc 
c C. K. WONG 
c 9/12/89 
Cc 

SUBROUTINE EVAFUNG(IG,E33,F FC) 

DOUBLE PRECISION E33(*),F,FC,P,TOL,TF 
+ »PP 

C INITIALIZE 
TOL=.1D-50 
FC=0.0D0 

C VARIABLE TOO SMALL, ASSUME ALL THE COEFF --> 0 
C EXCEPT THE LAST ONE 

IF(F.LT.TOL) GOTO 20 

C EVALUATE THE COEFF. ONE AT A TIME 

DO 10 IT=IG;25,-1 

C MAKE SURE THE CALCULATION IS MANAGEBLE 

TF=(.1D~-50 )¥*(1.0D0/DBLE(I-1)) 
IF(F.LE.TF) GOTO 10 

P=Fxx(I-1) 
IF(DABS(P).LT.TOL} GOTO 10 

IF (DABS(E33(I)).GT.0.1010) GOTO 5 
PP=TOL/E33(T) 

IF(DABS(P).LT.DABS(PP)) GOTO 10 

5 FC=FC+(E33(TI )*P) 

10 =CONTINUE 

20 FC=FC+E33(1) 

RETURN 
END 
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Appendix J: Program UTILITY 

C-----2- n+ ee en en ee nee nee nn eee 

Cc 
c SUBROUTINE: FBPT 
c 
c DESCRIPTION: FIND A POINT ON THE B-SPLINE SURFACE 
c 
C INPUT: 
c PKL = B-SPLINE SURFACE CONTROL HULL 
c U>W = PARAMETRIC VALUES 
c 
C OUTPUT: 
Cc TPST = A POINT ON THE SURFACE 
c IFBPTF = DUMMY VARIABLE 
c 
Cc C. K. WONG 
c 9/12/89 
Cc 

SUBROUTINE FBPT(PKL,U,W,TPST ,IFBPTF } 

INTEGER IFBPTF,IMULF 

REAL U,W,TPST(1,3)5 WALT(4,1), UKO1,:4)5 MK(4,4), MLT(4,4), 

+ MLTWLT(4,2), UKMK(1,4), PKL(0:3,0:353), TPKL(454), 

+ PMA(4,1), UMP(1,1) 

DATA MK/-0.166667,0.5,-0.5,0.166667, 

+ 0.5,-1.0,0.0;0.666667;, 

+ -0.5,0.5,0.5,0.166667, 

+ 0.166667,0.0,0.0,0.0/ 

DATA MLT/-0.166667,0.5,-0.5,0.166667, 

+ 0.5,-1.0,0.55,0.90> 

+ ~0.5,0.0,0.5,0.0; 

+ 0.166667 0.666667 ,0.166667,0.0/ 
DATA III/1/ 

C SET UP THE PARAMETRIC MATRIX 
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DO 10 I=1;3 
WLT(T ,1 )=Weee( G-T ) 
UKE 1 »I )=Uree( 4-1) 

CONTINUE 
WLT(4,1)=1.0 
UK(154)=1.0 

C CALCULATE THE POINT 

CALL MATMUL(4,4¢,MLT,4,1,WLT »MLTWLT >IMULF ) 

CALL MATMUL( 154 .UK 5454 »MK »>UKMK > IMULF ) 

DO 20 I=1,;3 
DO 30 J=1,4 

DO 40 IIT=1;4 
TPKL(J,IIJ= PKL(J-1,II-1,1) 

40 CONTINUE 
30 CONTINUE 

CALL MATMUL(4,4,TPKL>4,1,MLTWLT »PMW,IMULF ) 

CALL MATMUL(1,4,UKMK,4,1,PMN,UMP ,IMULF ) 

TPST( 1 ,I )=UMP(1,1) 

20 CONTINUE 

RETURN 
END 

(Cannon nw en ee nen nee eee ene een enn ee 

Cc 
c SUBROUTINE: MATMUL 
c 
c DESCRIPTION: MATRIX MULTIPLICATION 
Cc 
C INPUT: 
c IM,IN = NO. OF ROWS AND COLUMNS FOR MATRIX 1 
os MAT1 »MAT2 = MATRIX 1 AND MATRIX 2 
c IMM,INN = NO. OF ROWS AND COLUMNS FOR MATRIX 2 
Cc 
C OUTPUT: 
Cc MATS = RESULTANT MATRIX 
c IMULF = DUMMY VARIABLE 
c 
c C. K. WONG 
c 9712/89 
Cc 

SUBROUTINE MATMUL(IM,IN>»MAT1,IMM,INN,MAT2 »MATS »IMULF ) 

INTEGER IM,IN,IMM,INN,IMULF 
REAL MAT1(IM>IN), MAT2(IMM,INN), MAT3(IM,INN) 

C CHECK THE INPUT MATRIX: NO. OF COLUMNS OF MATI1 HAS 
C TO BE THE SAME AS NO. OF ROWS OF MATZ 

IFCIN.NE.IMM) THEN 
WRITE(6,%)*BAD MATRIX INPUT IN MATMUL' 
RETURN 

ENDIF 

C MULTIPLICATION 
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DO 30 II=1,INN 
DO 20 J=1,IM 

MAT3(J,II)=0. 
DO 10 I=1,IN 

MAT3(JsII J=MATS(J5II )+(MATIC J5I JXMAT2(1I,IT)) 
10 CONTINUE 
20 CONTINUE 
30 CONTINUE 

RETURN 
END 

c 
Cc SUBROUTINE: PER 
c 
Cc DESCRIPTION: COMPUTE THE COORDINATES OF A POINT ON 
C A PERIODIC CUBIC B-SPLINE CURVE. 
Cc 
C INPUT: 
c N = NUMBER OF CONTROL POINTS 
c cI = THE CONTROL POINTS OF THE CURVE 
Cc I2 = FLAG SPECIFYING IF THE CURVE IS OPEN(I2=2) 
c OR CLOSED(I2=1) 
c U = PARAMETRIC VALUE 
c 
C OUTPUT: 
c P = THE POINT ON THE CURVE 
c 
c Cc. K. WONG 
c 9/12/89 
c 

SUBROUTINE PERG(N,CI,12,U,P) 

INTEGER NPOINT 
PARAMETER( NPOINT=300 ) 
REAL CI(3,%), U, P(3)> M4144), TCI(4 53), 

+ TMM(453), TUG), CIOCO:NPOINT »3) 

INTEGER N>, Il, I2 

DATA MG/=-1. 93. 3-3. od. pd. 9 Ge 90. Gs 9-3. ode ade ake nls 90.50. 50.7 

DATA TOL/.1E-8/ 

UU=U 
NN=N-1 

C COPY CI INTO CIO (FOR COMPUTATIONAL SAKE ) 

DO 500 I=1,N 
DO 510 J=1,3 

CIO(I-1,J)=CI(J>I) 
510 CONTINUE 
500 CONTINUE 

C OPENED CURVE 
IT=NN-2 

C CLOSED CURVE 
IF(I2.EQ.1) IL=NN+1 

Cc UU=0. 
IF( ABS(UU-0.).LT.TOL) THEN 

IRANGE =0 
GOTO 100 

c uu-l. 
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ELSEIF (ABS(UU-1.).LT.TOL) THEN 
IRANGE=II-1 
GOTO 160 

ENDIF 

C FIND THE RANGE THAT U FALL IN (FIND I) 
IRANGE=0 
RII=REAL(IT) 
DO 10 I=II;>1,-1 

RI=REAL(T) 
RANGE=RI/RIT 

C THE RANGE THAT U FALL IN 
IF(UU.GE.RANGE ) THEN 

IRANGE=I 
GOTO 100 

ENDIF 
10 CONTINUE 

C REPARAMETRIZE U WITHIN THE RANGE 
100 IF(IRANGE.EQ.0) THEN 

RANGE1=0. 
ELSE 
RANGE 1=REAL( ITRANGE )/REAL(IT ) 

ENDIF 

RANGE 2=(1./REALCII ))+RANGEL 
UU=(UU-RANGE 1 )/ (RANGE 2-RANGE 1 ) 

C FIND THE COORDINATE OF THE POINT WITHIN THE RANGE OF U 
IT=IRANGE 

C OPEND CURVE 
IF(I2Z2.EQ.2) THEN 

DO 50 I= 154 
TCI(I,1)=CIOUIT,1) 
TEI(T,2 )-CIOCIT,2) 
TCI(I,3 J=CIO(IT,3) 
IT=IT+1 

50 CONTINUE 
ENDIF 

C CLOSE CURVE 
IF(I2Z.EQ.1) THEN 

DO 60 I= 154 
IFCIT.GT.IT3} THEN 

RMOD=REAL(IT )/REAL(IT ) 
RMOD=AINT( RMOD } 
RMOD=REAL( ITI )*RMOD 
IF=IT-CINTCRMOD } ) 

ELSEIF(IT.EQ.IL)} THEN 
IF=0 

ELSE 
IF=IT 

ENDIF 
TCIET,1)=CIO(IF,1) 
TCI(T 2 )=CIO(CIF,2) 
TCI(T 3 3=CIOCIF 53) 
IT=IT+l 

60 CONTINUE 
ENDIF 

C MULTIPLICATION OF M AND CI 

DO 20 I=1,3 
DO 30 J=1,4 
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30 

AA=0. 
DO 40 K=154 

AA=AA+(MG(J>K J¥TCI(K,I 3) 
CONTINUE 
TMM( JT J=AA 

CONTINUE 
20 CONTINUE 

C FIND U 

bo 

MATRIX 

65 I=1,;3 
IFC ABS(UU-0.).LT.TOL} THEN 

TU(TI }=0. 
GOTO 65 

ELSEIF(ABS(UU-1.).LT.TOL) THEN 
TUCTIJ=1. 
GOTO 65 

ENDIF 
TUT )=UU#( 4-T ) 

65 CONTINUE 
Tul 

C MULT. 1 

DO 

4)=1. 

-/6. 

67 IT=154 

TUCT }=TUCT 2%(1.76.) 

67 CONTINUE 

C FIND THE POINT 

DO 70 IT=1,53 
P(I)=0. 
DO 80 J=1,4 

PCI )=P(T )+( TU J *TMMO JT) ) 
80 CONTINUE 
70 CONTINUE 

RETURN 
END 

(Conn nn enn nn en ne ee ee ee ee ene 

c 
Cc SUBROUTINE: DSURN2 
c 
c DESCRIPTION: DRAW THE B-SPLINE SURFACE, 
Cc PROVIDED BY THE CONTROL HULL AND THE NUMBER 
c OF CURVES ON THE SURFACE 
c 
C INPUT: 
c PKL = CONTROL HULL OF THE SURFACE 
c ICOLOR = COLOR NUMBER 
c N = NO. OF CURVES ON THE SURFACE 
Cc 
C OUTPUT: NONE 
c 
C C. K. WONG 
Cc 9/12/89 
Cc 
Ls 
c 

SUBROUTINE DSURNZ( PKL »ICOLOR>N) 

INTEGER ISURF, ICOLOR 
REAL UU,WN,PST1(1,3), PST2(153),PKL(0:3,0:3,3),PLIST(6) 

INTEGER N 

C SET THE COLOR 
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CALL GPPLCI(ICOLOR ) 

C DRAW THE SURFACE IN ONE PARAMETRIC DIRECTION 

TT=1./REAL(N) 
UU=-TT 

DO 10 I5=1,N+4l1 

UU=UU4+TT 

=-TT 
DO 20 J5=1;N 

WA=WA4TT 

IF(J5.EQ.1) THEN 

CALL FBPT( PKL ,»UU,WN,PST1,ISURF ) 
WH=WA+TT 

ENDIF 

CALL FBPT(PKL ,UU,WA,PST2,ISURF } 

C FIND THE POINTS ON THE SURFACE 

DO 50 K1=1,3 
PLIST(K1J=PST1(1,K1) 
PLIST(K1+3 )=PST2(1,K1) 
PST1E1,K1J=PST201>K1) 

50 CONTINUE 

C DRAW THE CURVE 

CALL GPPL3(2,3,PLIST) 

20 CONTINUE 
10 CONTINUE 

C DRAW THE SURFACE IN THE OTHER PARAMETRIC DIRECTION 

=-TT 
DO 100 I=1,N+1l 

WA=WA4+TT 
=-TT 

DO 200 J=1;N 
UU=UU+TT 
IF(J.EQ.1) THEN 

CALL FBPT( PKL »,UU,WA,PST1,ISURF ) 

UU=UUtTT 
ENDIF 

CALL FBPT(PKL,UU,WW,PSTZ,ISURF ) 

C FIND THE POINTS ON THE SURFACE 

DO 500 K=1,;3 
PLIST(K J=PST1(15K) 
PLIST(K+3 )=PST2(15K) 
PST1(1,K J=PST2(15K} 

500 CONTINUE 

C DRAW THE CURVE 

CALL GPPL3(2,3,PLIST ) 

200 CONTINUE 
100 CONTINUE 
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c 
c SUBROUTINE: DSURN 
c 
c DESCRIPTION: DRAW THE B-SPLINE SURFACE (THE BOUNDARIES), 
c PROVIDED BY THE CONTROL HULL 
c 
C INPUT: 
c PKL = CONTROL HULL OF THE SURFACE 
c ICOLOR = COLOR NUMBER 
c N = DUMMY VARIABLE 
c 
C OUTPUT: NONE 
c 
c C. K. WONG 
c 9/12/89 

SUBROUTINE DSURN(PKL,ICOLOR,N) 

INTEGER ISURF, ICOLOR 
REAL UU,WN,PST1(1,3), PST2(1,3),PKL(0:3,0:3,3),PLIST(6) 

INTEGER N 

C SET THE COLOR 

CALL GPPLCI(ICOLOR) 

C DRAW THE SURFACE IN ONE PARAMETRIC DIRECTION 

UU=-1 ° 

DO 10 T5=1;2 

UU=UU+1. 
=~. 1 

DO 20 J5=1,10 

WH=WH+. 1 

IF(J5.EQ.1) THEN 

CALL FBPT(PKL,UU,WN,PST1,ISURF ) 
WA=WH+.1 

ENOIF 
CALL FBPT(PKL >UU,WN,PST2 ,ISURF ) 

C FIND THE POINTS ON THE SURFACE 

DO 50 KI=1,3 
PLIST(K1J=PST1(1,K1) 
PLIST(K143 )=PST2(1,K1) 
PST1¢1,K1)=PST2(1>,K1) 

50 CONTINUE 

C DRAW THE SURFACE 

CALL GPPL3(2,3,PLIST) 

20 CONTINUE 
10 CONTINUE 

C DRAW THE SURFACE IN THE OTHER PARAMETRIC DIRECTION 

WA=-1. 

DO 100 I=1;2 
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WA=WAN+1. 
e-.1 

DO 200 J=1,10 
UYU=UU+.1 
IF(J.EQ.1) THEN 

CALL FBPT(PKL»UU,WNN,PST1>ISURF ) 
UU=UU+.1 

ENDIF 

CALL FBPT(PKL ,UU,WA,PST2,ISURF ) 

C FIND THE POINTS ON THE SURFACE 

500 

DO 500 K=1,3 
PLIST(KJ=PST1(15K) 
PLIST(K+3 }=PST2(15K) 
PST1(1,K J=PSF2(15,K) 

CONTINUE 

C DRAW THE SURFACE 

CALL GPPL3(2,3,PLIST) 

200 CONTINUE 
100 CONTINUE 

RETURN 
END 

C------~-- on ee ee eee ee ee 

c 
c SUBROUTINE: LINEAR 
Cc 
c DESCRIPTION: SOLVE A LINEAR EQUATION 
Cc 
C INPUT: 
c COF = COEFF. OF THE EQ. 
Cc UMIN ,UMAX = UPPER AND LONER BOUNDS FOR THE SOLUTION 
c 
C OUTPUT: 
Cc IR = NO. OF SOLUTION 
c RO = SOLUTION 
c 
c C. K. WONG 
c 9/12/89 
c 

SUBROUTINE LINEAR(COF ,UMIN,UMAX,IR,RO) 

REAL COF(4),RO(3) 

IR=1 
RO( 1 )=-COF(4)/COF(3) 

C SOLUTION NOT WITHIN THE RANGE 

a
O
a
a
o
a
a
A
a
 

IF(CROC1).GT.UMAX).OR.(ROC1).LT.UMIN)) IR=0 

RETURN 
END 

SUBROUTINE: QUADRA 

DESCRIPTION: SOLVE A QUADRATIC EQUATION 
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C INPUT: 
Cc COF = COEFF. OF THE EQ. 
Cc UMIN , UMAX = UPPER AND LOWER BOUNDS FOR THE SOLUTION 
Cc 
C OUTPUT: 
c IR = NO. OF SOLUTION 
c RO = SOLUTION 
c 
Cc Cc. K. WONG 
c 9/12/89 
c 

SUBROUTINE QUADRA(COF ,UMIN,UMAX,IR,RO) 

REAL COF(4),RO(3) 

C SOLVE FOR THE ROOTS 

CC=COF (3 )¥*2-(4.*COF( 2 JHCOF(4)) 

C NO SOLUTION 

TF(CC.LT.O) THEN 
IR=0 
RETURN 

ENDIF 

SC=SQRT(CC ) 
ROC 1 }=( -COF(3 )4+SC )/(2.*COF(2)) 
ROC 2 3}=( -COF(3 3-SC)/(02.*COF(2)) 

IR=2 

C CHECK THE RANGE OF THE SOLUTION 

TF( CROC 1).GT.UMAX).OR.(RO(1).LT.UMIN)) THEN 
IR=IR-1 
RO(1)=RO( 2) 

ENDIF 

IFC CROC 2).GT.UMAX).OR. (ROC 2).LT.UMIN) } THEN 
IR=IR-1 
RETURN 

ENDIF 

C ARRANGE THE RESULTS WITH INCREASING ORDER 

IFCIR.EQ.2) THEN 
AA=RO(1) 
IF( CROC 1)-RO(2)).GT.0.) THEN 

RO(1)=ROC2) 
RO(23=AA 

ENDIF 
ENDIF 

RETURN 
END 

c 
Cc SUBROUTINE: CUROOT 
Cc 
c DESCRIPTION: FIND THE ROOTS OF A CUBIC FUNCTION 
c WITHIN 0 AND 1 

C INPUT: 
R3 = COEFF. OF THE EQ. 

c 
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Cc 
Cc 
c 
c 
c 
c 
c 

M
A
N
M
A
A
A
A
N
A
A
Q
A
G
A
N
N
A
N
A
A
N
A
A
N
A
A
N
Y
N
 

OUTPUT: 

SET 

IR = NO. OF SOLUTION 
RO = SOLUTION 

C. K. WONG 
9/12/89 

SUBROUTINE CUROOT(R3,IR>RO) 

REAL R3(4),RO(3) 

THE TOLERANCE 

TLIM=.001 
TOL=.1E-10 
IR=1 

LINEAR FUNCTION 
IF((ABS€R3(1)).LT.TOL).AND.(ABS(R3(2)).LT. TOL) JTHEN 

ROC1 J=-R3(4)/R3(3) 

IFC(ROC1).GT.C1.+TLIM)).OR.(ROC1).LT.-(TLIM))) THEN 
IR=0 

ENDIF 

QUADRADIC FUNCTION 
ELSEIFtCABS(R3(1)).LT.TOL) THEN 

CALL QUADRA(R3,-(TLIM),(1.+TLIM),IR»RO) 
ELSE 

CUBIC FUNCTION 
CALL CUBIC(R3S»-(TLIM),(1.+TLIM),IR,RO) 

ENDIF 

RETURN 
END 

SUBROUTINE: CUBIC 

DESCRIPTION: FIND THE ROOTS OF A CUBIC EQUATION WITHIN 
A GIVEN INTERVAL. SORT THE ROOTS 
IN A ASCENDING ORDER 

JINPUT: 
COF = COEFF. OF THE CUBIC EQUATION 
UMIN,UMAN § = LOWER AND UPPER BOUNDS FOR THE SOLUTION 

OUTPUT: 
NU = NO. OF SOLUTION 
U = SOLUTION 

C. K. WONG 
9/12/89 

SUBROUTINE CUBIC(COF, UMIN, UMAX, NU,U) 

REAL COF(4), UMAX,UMIN,U(3),UU(3), 
+ D>Q>R>»S>T»Al,A25A3 SD SQ SV,PHI 

INTEGER NU 

C CALCULATION OF THE ROOTS 
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A1=COF(2)/COF(1) 
A2=COF(3 )/COF(1) 
A3=COF(4)/COF(1) 

Q=(3.*A2-A1*%A1)79. 
R=(-9.*AL¥A2Z+27.#AS+2 , HALOS )/54. 
D=Q#*3+R*ER 
IF(D}10,10,11 

11 SD=SQRT(D) 
IF(-R+SD)12,13,13 

12 =-( ABS(-R+tSD } )**( 1.73.) 
GOTO 14¢ 

130 —- S=(-R+SD pee( 1.73.) 
14 = IF(-R-SD)15,165,16 
15 =-( ABS(-R-SD ) )**(1.73.) 

GOTO 17 
16 = =—- T= -R-SD )*(1.73.) 
17) =6U(1)=S+4T-Al/3. 

C NO ROOT 

IF(U(1).GT.UMAX.OR.UC1).LT.UMIN) THEN 
NU=0 
GOTO 100 

ENDIF 

C ONE ROOT 

Nu=1 
GOTO 100 

C DK<O, QuHEZtREHZ<O, -QHES>REHZ>0, ~Q>0 

10 = =PHI=ACOS( R/SQRT ( -Qxx3 ) ) 
SQ=-2.*SQRT(-Q) 
U(1)= SQ*COS(PHI/3. )-Al/3. 
U(2)= SQxCOS( PHI/3.+120./57.295780 )-Al/3. 
U(33J= SQ*COS( PHI/3.+240./57.295780 )-Al/3. 
NU=3 

C THREE ROOTS : ARRANGE THEM IN ASCENDING ORDER 

AA=U(1) 
IF( (UCL )-U(23).GT.0) THEN 

U(1)=U(2) 
U2 =AA 

ENDIF 

AA=U(2) 
IF((UC2)-U(3)3.GT.0) THEN 

U2 }=U3) 
UC3 )=AA 

ENDIF 

AA=U01) 
IF((U(1)-U0C2)).6T.0) THEN 

U1 )=UT2Z) 
U(2 J=AA 

ENDIF 

C CHECK THE RANGE OF THE ROOTS 

II=1 
DO 200 I=1,3 

IF(UCI).GT.UMAX.OR.U(I).LT.UMIN} THEN 
NU=NU-1 
GOTO 200 
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ENDIF 

UUCTI )=U(T ) 
IIT=II+1 

200 CONTINUE 

IFCNU.EQ.0) GOTO 100 
DO 50 I=1,NU 

UCT J=UU(T ) 
50 CONTINUE 

100 RETURN 
END 

SUBROUTINE: EVAFUN 

DESCRIPTION: EVALUATE A CUBIC FUNCTION 

INPUT: 
CCOF 
VV 

COEFF. OF THE CUBIC FUNCTION 
PARAMETRIC VALUE 

OUTPUT: 
FUNV FUNCTION VALUE 

C. K. WONG 
9/12/89 

O
N
O
A
A
A
N
M
A
N
A
A
A
A
A
a
A
H
a
A
A
a
A
N
D
 

SUBROUTINE EVAFUN( CCOF ,>VV;FUNV ) 

REAL CCOF(4),VV>FUNV 

C SET TOLERANCE 

TOL=.1E-10 

IFCABS(VV).LT.TOL) THEN 
FUNV=CCOF (4) 
RETURN 

ENDIF 

FUNV=( ( VV23 J39CCOF( 1) +0 CVV 232 JHCCOF( 2) 34 
+ (VYVxCCOF (3 ) )4+CCOF(4 3 

RETURN 
END 

(Conn en enn ee wen we wen ewww en eee en ence nena mone 

c 
c SUBROUTINE: COMRELT 
c 
Cc DESCRIPTION: COMPARE THE INTERSECTION POINTS AND 
Cc PICK THE ONE WITH THE MINIMUM DISTANCE BETWEEN 
Cc TWO POINTS ON THE SURFACES 
c 
C INPUT: 
c PKL1>PKL2 = SURFACES CONTROL HULLS 
c U1,W1,U2,W2 = PARAMETRIC VALUES 
Cc IF = NO. OF INTERSECTION POINTS 
Cc 
C OUTPUT: 
Cc TUN = THE FINAL INTERSECTION POINT 
Cc 
Cc Cc. K. WONG 
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c 2/12/90 

SUBROUTINE COMRELT(PKL1>PKL2>,U1,W1,U2,W2,IF »TUN) 

REAL PKL1(0:3,0:353), PKL2(0:3,0:3,3) 
+ 9U1( % ) pW € ) U2 0%) »W2 09) > TUNIS) 
+ »PT1(153), PT2(1,3) 
+ »DIS(3),MIN»PTDIS 

C SET THE TOLERANCE 
MIN=100. 

TMIN=.5 

DO 10 I=1,IF 

C FIND THE POINTS ON BOTH SURFACE IN X, Y, Z SPACE 
CALL FBPT(PKL1,U1(I),W1(I),PT1,JJ) 
CALL FBPT(PKL2,U2(I),W2(I),PT2,JJ) 

C FIND THE DISTANCE BETWEEN THEM 
DO 20 J=1,3 

DIS(JJ=PT101,J)-PT2(15J) 
20 CONTINUE 

PTDIS=0. 
BO 30 K=153 

IF(ABS(DIS(K)).LT.0.1E-20) GOTO 30 
PTDIS=PTDNIS+( ABS(DIS(K ) }3*2 } 

30 CONTINUE 

PTDIS=PTDIS#«*.5 

C COMPARE THE DISTANCE 
IF(PTDIS.LT.MIN) THEN 

IIR=I 
MIN=PTDIS 

ENOIF 

10 CONTINUE 

C DISCARD THE POINTS IF THE DISTANCE IS OUT OF LIMIT 
IF(MIN.GT.TMIN) THEN 
TUNC 1 )=2. 
TUWN( 2 )=2. 
TUN( 3 )=2. 
TUW(4 J=2. 

ELSE 

C OR ELSE KEEP THEM 
TUWN(1)J=ULCIIR) 
TUN( 2 )=W1(0 IIR) 
TUN 3 J=U2ZCTIR ) 
TUN(4 J=WZ2( IIR) 

ENDIF 

RETURN 
END 

SUBROUTINE: PUTUW] 

DESCRIPTION: WRITE THE THE INTERSECTION POINT INTO TTUW 

A
A
A
 O
4
a
 

INPUT: 
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It 
TUW 

OUTPUT: 
TTUW 

C. K. WONG 
9/12/89 

O
H
a
O
a
H
N
A
A
A
A
N
O
o
 NO. OF DATA IN TTUW 

INTERSECTION POINT 

SUBROUTINE PUTUW1(II,TUW,TTUN) 

REAL TUN(4),TTUN(8,4) 

IT=II+1 
DO 10 I=1,4¢ 

TTUW(IT,I) 
10 CONTINUE 

RETURN 
END 

SUBROUTINE: G 

DESCRIPTION: 

INPUT: 
TTUN 

OUTPUT: 

=TUN(T } 

RID 

GET RID OF THE UNWANTED DATA. 

DATA SET CONTAINS INTERSECTION POINTS 

INTERSECTION POINT IN PARAMETRIC SPACE 

N
O
O
M
A
A
A
A
A
A
A
N
A
A
N
A
a
N
 

IN NO. OF VALID DATA 

C. K. WONG 
9/12/89 

SUBROUTINE GRID(TTUW,IN) 

REAL TTUW(8,4) 
INTEGER ID(8) 

C SET THE FLAG AND TOLERANCE 
IREP=0 
TLIM=.0001 

TLIM2=.01 

C CHECK FOR THE SAME POINT 
DO 100 I=1,;7 

IF( CTTUNCT,1).6T.1.5).0R. 
(TTUN(T,2).G6T.1.5).0R. 
(TTUN(T,3).GT.1.5).OR. 
(TTUW(T >4).GT.1.5)) THEN 
GOTO 100 

ENDIF 

+
+
 

+ 

DO 110 J=I+1;,8 
IFC (TTUN( J,1).6T.1.5).0R. 

+ (TTUW(J,2).G6T.1.5).0R. 
+ CTTUWN(J,>3).GT.1.5).0R. 
+ (TTUN(C J>4).GT.1.5)) THEN 

GOTO 110 
ENDIF 
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C SAME POINT 
IFCCABSCTTUN(T > 1 )-TTUW(J,1)).LT.TLIM2).AND. 

+ (ABS( TTUW(T ,2)-TTUN(J>2)).LT.TLIM2).AND. 
+ (ABS(TTUNIT 53 )-TTUN(J53)).LT.TLIM2 }. AND. 
+ CABS( TTUW(I 54 )-TTUN( J>4)).LT.TLIM2)) THEN 

C PICK THE ONE THAT WITHIN O AND 1 
IB1=0 
IBz=0 
DO 120 K=1>4 

IFCOTTUN(J,K).GT.0C1.+TLIM)).OR. 
+ (TTUNCJ,K}.LT.-(TLIM))) THEN 

IB2=1 
ENDIF 
IF( CTTUN(I,K).GT.€1.+TLIM)).OR. 

+ (TTUNCT,»K).LT.-€TLIM))) THEN 
IB1=1 

ENDIF 

120 CONTINUE 

C DISCARD THE POINT THAT OFF THE RANGE 
IFC(IB1.EQ.1) THEN 

DO 130 KK=1,54¢ 
TTUN(T >KK )=2. 

130 CONTINUE 
ELSE 

DO 140 KK=154 
TTUW( J KK J=2 

140 CONTINUE 
ENDIF 

C SET THE REPEATANCE FLAG FOR FURTHER INVESTIGATION 
IREP=1 

ENDIF 

110 CONTINUE 
100 CONTINUE 

C INITIALIZE COUNTERS 
Ir=0 
IN=8 

C IDENTIFY THE DATA THAT OUT OF RANGE 
DO 10 I=1,8 

IF((TTUW(I,1).6T.1.5)3.0R. 
+ (TTUW(T,2).GT.1.5).OR. 
+ (TTUN(I,3).GT.1.5).0R. 
+ (TTUW(T>4),.GT.1.5)) THEN 

II=II+1 
ID(IT )=I 

ENDIF 
10 CONTINUE 

IN=8-IT 

C ALL OUT OF RANGE 
IF(IN.EQ.O) RETURN 

C ONE REPEATED INTERSECTION POINT: DISCARD 
IF(CIN.EQ.1).AND.(IREP.EQ.1)) THEN 

IN=0 
RETURN 

ENDIF 

Appendix J : Program UTILITY 225



C GET RID OF THE OUT OF RANGE DATA AND 

C REORDER TTUW 

JJ=0 

DO 20 [=1;8 

DO 30 J=1,ITI 
IF(I.EQ.ID(J}} GOTO 20 

30 CONTINUE 

JJ=JJI+1 

DO 40 K=154 

TTUW( JJ ,K J=TTUW(I 5K } 

40 CONTINUE 

20 CONTINUE 

DO 50 I=IN+1,8 
DO 60 J=154 

TTUN(T »J)=2. 
60 CONTINUE 
50 CONTINUE 

RETURN 
END 

(nnn nn nn nee ee enw wee ee we we we ween enn wn ene 

Cc 
c SUBROUTINE: FMAX 
Cc 

Lo DESCRIPTION: FIND THE MAX DIFFERENCE AMONG THE VARIABLES 
c 
C INPUT: 
c TTUW = INTERSECTION POINTS IN PARAMETRIC SPACE 
c IN = NO. OF VALID DATA 
c 
C OUTPUT: 
c IR1,IR2 = ROW IDENTIFIERS FOR MAX/MIN VALUES 
c Ic = COLUMN IDENTIFIER FOR MAX/MIN VALUES 
c 
c C. K. WONG 
Cc 9/12/89 
c 
Cc 

SUBROUTINE FMAX( TTUW,IN,IR1,IR2Z>,IC) 

REAL TTUW(8,4) 

C SET THE TOLERANCE 
v=0. 

C COMPARE THE DIFF. 
DO 10 I=1;,IN-1 

DO 20 J=I+1,IN 
DO 30 K=154 

VWV=ABS( TTUN(T 5K )-TTUN( JK 3) 
IFCVV.GT.V} THEN 

  

V=VV 
IR1=I 
IR2=J 
Ic=K 

ENDIF 
30 CONTINUE 
20 CONTINUE 
10 CONTINUE 

RETURN 
END 

Cw---- ~~~ en - - ~—- 
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SUBROUTINE: TESTBAD 

DESCRIPTION: FIND THE DISTANCE BETWEEN TWO POINTS 

INPUT: 
PKL1,PKL2 
U1 »W1,U2 »W2 

INTERSECTING SURFACES 
SURFACE PARAMETRIC VALUES 

OUTPUT: 

MIN THE DISTANCE BETWEEN TWO POINTS 

C. K. WONG 
2/12/90 

A
A
A
N
A
A
A
A
A
A
N
A
N
D
A
g
A
N
A
A
 

SUBROUTINE TESTBAD( PKL1,PKL2 ,U1,W1,U2 »W2 »MIN) 

REAL PKL1(0:3,0:3,3), PKL2(0:3,0:3,3) 
+ »PTI(1,3), PT2(0153) 
+ »DIS(3 ) MIN 

C FIND THE POINTS IN CARTESIAN SPACE 
CALL FBPT(PKL1,U1,W1,PT1,JJ) 
CALL FBPT(PKL2,U2,W2,PT2,JJ) 

C CALCULATE THE DISTANCE 
DO 20 J=1,;3 

DIS(JJ=PTIC1,J)-PT2(15J) 
20 CONTINUE 

PTDIS=0. 
DO 30 K=1,3 

IF(ABS(DIS(K)).LT.0.1E-20) GOTO 30 
PTDIS=PTDIS+( ABS( DIS(K ) )3€2 } 

30 CONTINUE 

PTDIS=PTDIS#*.5 
MIN=PTOIS 

RETURN 
END 

Cc = on Se oe ee oe Oe Oe ee ee 2 ee ee es se es es es ee ee ee ee 

c 
c SUBROUTINE: BADCASE 

os DESCRIPTION: RECORD THE BAD INTERSECTION CASE, AND 
Cc DRAW THE SURFACES AND THE ONLY POINT 
Cc IN THE SEGMENT 
Cc 
C INPUT: 
Cc PKL1,PKL2 = INTERSECTING SURFACES 
Cc TTUN = INTERSECTION POINTS IN PARAMETRIC SPACE 
c IN = NO. OF VALID DATA 
Cc 
c Cc. K. WONG 
Cc 9/12/89 
c 

SUBROUTINE BADCASE(PKL1,PKL2,TTUW,IN) 

REAL PKL1(0:3,0:3,3),PKL2(0:3,0:3,3), 
+ TTUWN( 8 54), TPST(1,3) 

C WRITE SURFACE 1 TO FILE 
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WRITE(10,%)'PKL2’ 
DO 119 IIIT=1,3 

DO 1009 JJJJ=154 
WRITE(10,* JPKL1( JJJJ-1,0, IIIT ),PKLI(JJJJ-1,1,1IIT) 

+ »PKLI( JJJJ-1,2, IIIT} »PKLI( JJJJ-1,3,IIIT) 
1009 CONTINUE 
119 CONTINUE 

WRITE(10,*)} 

C WRITE SURFACE 2 TO FILE 
DO 129 IIII=1,3 

DO 1229 JJJJ=154 
WRITE (10 ,% JPKL2( JJJJ-1,0,TIIT ) »PKL2( JJJJ-1,1,I11IIT) 

+ »PKL2( JJJJ—-152 »TIIT ) sPKL2(¢ JJJJ-153,ITIIT } 
1229 CONTINUE 
129 CONTINUE 

C DRAW SURFACE 1 & 2 
CALL DSURN(PKL1;2>52) 
CALL DSURN(PKL2 53,52) 

C DRAW THE ONLY INTERSECTION POINT IN A SEGMENT 
C ON BOTH SURFACES 

DO 1123 JJH=1,IN 
CALL FBPT(PKL1,TTUW( JJH>,1),TTUW( JJH>2 )>,TPST IFF } 
CALL D3PT(TPST,3) 

CALL FBPT(PKL2,TTUW( JJH»3 ),TTUW( JJH>4),TPST>IFF ) 
CALL D3PT(TPST>4) 

1123 CONTINUE 

RETURN 
END 

(--9 nnn on nn nnn en ne en een nee nee 

Cc 
c SUBROUTINE: ZPLRC1 
c 
Cc DESCRIPTION: FIND THE ROOTS OF A NDEG POLYNOMIAL 
Cc 
C INPUT: 
Cc NDEG = DEGREE OF THE POLYNOMIAL 
c COEFF = COEFF. OF THE POLYNOMIAL 
c 
C OUTPUT: 
c ZERO = ROOTS OF THE POLYNOMIAL 
Cc 
c C. K. WONG 
Cc 9/12/89 
c 

SUBROUTINE ZPLRCI(NDEG,COEFF »ZERO} 

REAL COEFF( x) 
COMPLEX ZERO(%#) 
INTEGER NDEG>»N1,N2 

C INITIALIZE 

NI=NDEG+1 

C FIND THE ZERO COEFF 
DO 10 I=N1,1,-1 
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IF( ABS(COEFF(I}).GT.(0.1E-10)) THEN 
N2=I 
GOTO 20 

ENDIF 
IF(I.EQ.1) THEN 

WRITE(6,%)'ALL COEFF = 0 IN ZPLRC1' 
NDEG=0 
RETURN 

ENDIF 
10 CONTINUE 

20 CALL ZPLRC2(NDEG,COEFF,N2,ZERO) 

RETURN 
END 

  Cc -- wee ween eee ee ee ee eee 

Cc 
Cc SUBROUTINE: ZPLRC2 
c 
c DESCRIPTION: GET RID OF THE ZERO COEFF AND 
C FIND THE ROOTS OF A POLYNOMIAL 
c 
C INPUT: 
c NDEG = DEGREE OF THE POLYNOMIAL 
c COEFF = COEFF. OF THE POLYNOMIAL 
Cc N2 = HIGHEST DEGREE OF NON-ZERO COEFF. 
c 
C OUTPUT: 
Cc ZERO = ROOTS OF THE POLYNOMIAL 
Cc 
c C. K. WONG 
Cc 9/12/89 
Cc 

SUBROUTINE ZPLRC2 (NDEG,COEFF,N2,ZERO) 

REAL COEFF(%) 
INTEGER NDEG,N2 
COMPLEX ZERO( *) 
REAL CO34( 34) ,CO33(33 ),C032(32),C031(31),C030(30) ,CO29( 29), 

CO028( 28) ,CO27( 27) ,CO26( 26) ,CO25( 25) ,CO24( 24) ,CO23( 23 )>5 
C022( 22 ),CO21(21),C020( 20) ,CO19( 19) ,CO18(18),CO17(17), 
C016(16 ),CO15(15),C014( 14) ,CO13(13 ),CO12Z(12),CO11(11), 
CO10(10),C09( 9) ,CO8( 8) ,CO7( 7) ,CO6(6 ),CO5(5 ),C04(4), 
C03(3),CO2(2) +

+
 
e
e
t
 

COMPLEX 2034(33 ),2033(32 ),Z032(31),Z031(30 ),Z030( 29) ,Z2029{ 28), 
Z028( 27) ,Z027( 26 ) »,Z026( 25) ,Z025( 24) ,Z024( 23 ) ,Z023( 22), 
2022( 21),2021(20),2020(19),2019(18),2018(17),2017(16), 
Z016(15 ),Z015(14) »2014(13 ) ,Z013(12 },2012(11),Z011(10), 
20101 9),2Z09(8) ,Z08( 7),207( 6 ),Z206(5),Z20514),Z204(3), 
Z03(2),Z02(1) +

+
 

¢
 

+
 
+
 

C REARRANGE THE POLYNOMIAL: GET RID OF ZERO COEFF. 

IF (N2Z2.EQ.34¢) THEN 
CALL ZPLRC3(NDEG,COEFF ,N2 »CO34,Z034,ZERO ) 

ELSEIF(N2.EQ.33) THEN 
CALL ZPLRC3(NDEG,COEFF »N2 ,CO33 ,Z2033 »ZERO) 

ELSEIF(N2.EQ.32) THEN 
CALL ZPLRC3(NDEG,COEFF ,N2 »CO32 ,Z032 »ZERO) 
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ELSEIF(N2.EQ.31) THEN 
CALL ZPLRC3(NDEG,COEFF ,N2,CO31,2031,ZERO) 

ELSEIF(N2.EQ.30) THEN 
CALL ZPLRC3(NDEG »COEFF »N2,CO30 ,Z030;ZERO) 

ELSEIF(N2.EQ.29) THEN 
CALL ZPLRC3(NDEG,COEFF ,N2 ,CO29,2029,ZERO) 

ELSEIF(N2.EQ.28) THEN 
CALL ZPLRC3(NDEG,COEFF ,N2,CO28,Z028,ZERO) 

ELSEIF(NZ.EQ.27) THEN 
CALL ZPLRC3(NDEG ,COEFF ,N2 »CO27,Z027,ZERO) 

ELSEIF(N2.EQ.26) THEN 
CALL ZPLRC3(NDEG,»COEFF »N2Z »CO26,Z026 ZERO) 

ELSEIF(N2.EQ.25) THEN 
CALL ZPLRC3(NDEG;COEFF ,N2,CO25,2Z025,ZERO) 

ELSEIF(N2.EQ.24¢) THEN 
CALL ZPLRC3(NDEG,COEFF »N2»C024,Z2024¢,ZERO) 

ELSEIF(N2.EQ.23) THEN 
CALL ZPLRC3(NDEG,COEFF ,N2 »CO23 ,2023,ZERO) 
ELSEIF(N2.EQ.22) THEN 
CALL ZPLRC3(NDEG COEFF ,N2Z ,CO22,Z022,ZERO) 

ELSEIF(N2.EQ.21) THEN 
CALL ZPLRC3(NDEG COEFF »N2 »CO21,Z021,ZERO) 

ELSEIF(N2Z.EQ,20) THEN 
CALL ZPLRCS3(NDEG COEFF ,5N2,CO20,2020,ZERO) 

ELSEIF(NZ2.EQ.19) THEN 
CALL ZPLRC3(NDEG>»COEFF »N2,CO19,2019,ZERO) 
ELSEIF(N2.EQ.18) THEN 
CALL ZPLRC3(NDEG,COEFF ,N2Z,CO18,Z018,ZERO) 

ELSEIF(N2.EQ.17) THEN 
CALL ZPLRC3(NDEG,COEFF »N2,CO17,Z017,;ZERO) 

ELSEIF(N2.EQ.16) THEN 
CALL ZPLRC3(NDEG,COEFF ,N2,CO16,Z016,ZERO) 

ELSEIF(N2.EQ.15) THEN 
CALL ZPLRC3(NDEG,COEFF »N2,CO15,Z015,ZERO) 

ELSEIF(N2.EQ.14) THEN 
CALL ZPLRC3(NDEG,COEFF »N2 »CO14;,2014,ZERO) 

ELSEIF(N2.EQ.13) THEN 
CALL ZPLRC3(NDEG,COEFF ,NZ,CO13,2013,ZERO} 

ELSEIF(N2.EQ.12) THEN 
CALL ZPLRC3(NDEG,COEFF ,N2,CO12 ,Z012 ,ZERO) 

ELSEIF(N2.EQ.11) THEN 
CALL ZPLRC3{NDEG,COEFF ,N2,CO11,Z011;,ZERO) 

ELSEIF(N2.EQ.10) THEN 
CALL ZPLRC3(NDEG ,COEFF »N2,CO10,Z010,ZERO) 

ELSEIF(N2.£Q.9) THEN 
CALL ZPLRC3(NDEG,COEFF ,NZ,CO9,Z09,ZERO} 

ELSEIF(N2.EQ.8) THEN 
CALL ZPLRC3(NDEG ,COEFF ,N2 ,CO8,Z08»,ZERO) 

ELSEIF(NZ.EQ.7) THEN 
CALL ZPLRC3(NDEG,»COEFF »N2»CO7»Z07 ZERO) 

ELSEIF(N2.£Q.6) THEN 
CALL ZPLRC3(NDEG »COEFF »N2 »CO6 ,Z06 >ZERO) 

ELSEIF(NZ2.EQ@.5) THEN 
CALL ZPLRC3(NDEG,COEFF »N2»,CO5,Z05,ZERO) 

ELSETF(N2Z.EQ.4) THEN 
CALL ZPLRC3(NDEG ,»COEFF ,N2,CO4,204,ZERO ) 

ELSEIF(NZ.EQ.3) THEN 
CALL ZPLRC3(NDEG »COEFF ,N2 »CO3 »Z03 »ZERO ) 

ELSEIF(N2.EQ.2) THEN 
CALL ZPLRC3(NDEG »COEFF »N2 »CO2 »ZO02 »ZERO) 

ENDIF 

RETURN 
END 
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(Connon wen ew eee ee ee eee 

to 
Lo SUBROUTINE: ZPLRC3 

Lo 
Cc DESCRIPTION: GET RID OF THE ZERO COEFF AND 
Cc FIND THE ROOTS OF A POLYNOMIAL 
c 
C INPUT: 
c NDEG = DEGREE OF THE POLYNOMIAL 
c COEFF = COEFF. OF THE POLYNOMIAL 
c N2 = HIGHEST DEGREE OF NON-ZERO COEFF. 
c co = REARRANGED COEFF. OF THE POLYNOMIAL 
c 
c 
C OUTPUT: 
c ZERO = ROOTS OF THE POLYNOMIAL 
Cc zo = REARRANGED ROOTS OF THE POLYNOMIAL 
c 
c C. K. WONG 
c 9/12/89 
Cc 

SUBROUTINE ZPLRC3(NDEG,COEFF ,N2,CO,Z0,ZERO) 

REAL COEFF(*), CO(*) 
INTEGER NDEG, N2, NDEG2 
COMPLEX ZO(*), ZERO(*) 

EXTERNAL ZPLRC 

C REWRITE COEFF INTO CO 

NDEG2=N2-1 
DO 10 I=N2;>1;-1 

CO(I )=COEFF(T ) 
10 CONTINUE 

CALL ZPLRC(NDEG2,CO,Z0) 

IDEG=NDEG-NDEG2 

C REWRITE ZO INTO ZERO 

DO 20 I=1,NDEG2 
ZERO(I )=ZO(I) 

20 CONTINUE 

NDEG=NDEG2 

RETURN 
END 

Appendix J : Program UTILITY 231



Vita 

Chee Kiang Wong was born on July 14, 1965 in Seremban, Malaysia along with a 

twin brother. After receiving his Bachelor of Science Degree in Mechanical Engineering 

from University of Southwestern Louisiana, he discovered that the CAD/CAM field is 

fascinating. Thus he came to Virginia Tech for graduate study in the Fall of 1988 . He 

will receive a Master of Science degree in Mechanical Engineering in the Fall of 1990. 

Vita 232


