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A COMPUTER PROGRAM FOR CLUSTERING DATA POINTS
‘ ON THE SPHERE

by

Rebert J. Shanley 1 and M. Ashref Mchtab2

ABSTRACT

The computer program, HYBMODE, has been developed to meet the need for
8 fast and economical method for clustering data points on the sphere. -The
algorithm used in this development is an extension of D. Wishart's one-level
mode analysis. The program can be used to cluster either vectorial or axial
data; it is currently being used by the Bureau of Mines to cluster fracture
orientations.

INTRODUCTION

An understanding of many phenomena necessitates the collection and
analysis of orientation data by physical and earth scientists. Some examples
of the types of data collected are magnetic orientations, axes of glacial
till pebbles, crystallographic axes, and fracture orientations. Since such
measurements can be conveniently represeanted by unit vectors, it is natural
that the methods of cluster amalysis be applied to collectioms of points on
the unit sphere. When the data are vectorial the entire sphere may be _
involved. However, when the data are axial, only one hemisphere is involwved.
The algorithm used in this report comstitutes an improvement over the author's
previous work (_l_)a which was concerned ounly with axial data, did not cluster
the entire sample, and used a unit cell four times as large as the one cur-
rently employed.

SIMMARY OF ALGORTTHM

One-Level Mode Analysis

The algorithm used in program HYBMODE is an adaptation of Wishart's one-
level mode analysis (2). The purpose of one-level mode analysis is to divide
& set of points in any coordinate space into a collection of distinct subsets
representing meaningful classifications of the data.

“Mathematician.

ZPhysical scientist.

Synderlined numbers in parentheses refer to items in the list of references at
the end of this report.



To start a one-level mode analysis, two numbers must be chosen: r, a
positive real number which is a distance and k, a positive integer. Spheres
of radius r are constructed about every data point. The centers of those
spheres containing k or more observations are called dense points. The
dense points are then clustered by assigning two dense points separated by a
distance less than or equal to r to the same cluster. At this stage, the
algorithm has defined distinct sets of points, each point being dense., Next,
the nondense points are allccated to clusters using some criterion; in this
report, a nondense point is allocated to the cluster containing the closest
dense point. Now, every point belongs to a cluster and the clusters are
distinct. This marks the end of a one~level mode analysis.

The Hybrid Mode Analysis

A major drawback of one~level mode analysis is that the user must choose
both r and k. To make the procedure less arbitrary an additional step is
introduced. A value is chosen for r but a test for randomness is used to
determine the value of k, namely, a point is defined to be dense if there is
a 95 percent probability that the observations within a sphere of radius r
about that point do not consitute a random grouping. The randomness test is
based on the Poisson distribution (1, p.7).

The addition of the above step to one-level mode analysis achieves two
advantages; (1) the user makes only one decision, namely, in choosing the
size of r and (2) there is at least a 95~-percent probability that each cluster
contains a nonrandom grouping. The latter advantage results in dividing the
data into subsets that represent meaningful classiciations.

[ Application to the Sphere

For vectorial data, the
sphere is divided into 800
equal area cells and for
axial data, the hemisphere
is divided into 400 equal
area cells. The user must
specify whether his data are
vectorial or axial, since
this information influences
the randomness test
_________ described earlier. A value
must be chosen for r in
degrees and the value of k
is determined by the random-

NOTE © Percent of hemispherical surface contained in sphere of ness test. Then, for each
radius b=2 ﬂnb%)ubouffhe point P is {[-cos r), point, the observations con-
tained in a sphexe of radius
FIGURE 1. - Spherical counting cell. b=2sin( %) about that
- rd

point are counted {(see
fig. 1). Each point for



which this count is k or more is called dense. However, no cell may contain
more than one dense point, This restriction on the mumber of dense points is
introduced to minimize the computational effort invelved in the analysis of
large samples. Points in a cell containing a dense point belong to the
cluster which contains that dense point. From this point on, the algorithm
proceeds as described in the previcus two sections,

The value of r is given in degrees and then converted to an Buclidesan
distance te provide the user with a better idea of the size of the counting
cell being used (see fig. 1).

The Obijective Function

Different values 0f r produce different partitions of the data. In some
cases kunowledge of the structure of the partitions formed as r assumss differ~
ent values may not be sufficient. It may be desirable to select that parti-
tion which is "best" in the sense that it minimizes or maximizes some varizble
associated with the partitions. For example, 2 minimum variance partition may
be most desirable. HYBMODE evaluates the function:

M Ni . M-1 M
- i} : 2
p=32 zllcx|®+ 5 [l €2 -¢]]
i=1 j=1 i=1 j=i+1 :
where M is the number of clusters in the partition,
N is the number of observations in the i*! cluster,
C, is the mean of the it® cluster,
Xg is the j'® datum of the i*® cluster,
and “ a-b H denotes the Euclidean distznce from a to b.

Note that the definition of "best" employed here is subjectively deter-
mined and implies a prior knowledge of the distribution of the data. The
function given above has, however, performed well for the several examples of
actural and hypothetical data analyzed by the azuthors. The hypothetical data
consist of several artifically generated hemispherically normal (1, appendix D)
clusters. These results are provided in the program description under the
heading "example output."

" Application to Fracture Orientations

When the attitude of a rock fracture it measured, the values of azimuth
of the dip and dip (see fig. 2) give the attitude of a plane which approx-
imates the fracture surface. Now, given any plane in three-dimensionzl’
Euclidean space, there is a line perpendicular to that plame (2 normel to the
plane) which passes through the coordinate origin:(0,0,0). This normal must
intersect the unit sphere (that is, the set of all points (X,Y,Z) such that



¥ + Y +2Z° = 1) at two

distinct points: (X, ¥,
(X5, Y5, Zy), where

either Z, > 0 or Zp > 0.

For one of these two
points, the following rel-
ationship holds' X, = sin
¢1 cos 6, 1 = sin é, sin
8, 2 = coS By > wheré ®,
and § are the' dip and
azimuth of the dip respec-
tively, of the plane of
approximation (for axial
data, Z, > 0). Since the
set of all such points
(X ,Y , Z ) comprises
the sample” that is actu-~
ally analyzed, no distinc-
tion is made between the
planes approximating frac-
ture surfaces and the
fracture surfaces

¢ . dip of plane ABC

6. azimuth of dip of plane ABC themselves.
Xo= sin ¥, cos g,
Y, = sin®$, sin g, PROGRAM DESCRIPTION
Z,=cos P
Summary of Subroutines
of HYBMODE
FIGURE 2. - Representation of fracture orientations by The program HYBMODE
points on the unit sphere. is written in Fortran IV

and is designed to rum ona
CDC 6400 computer. It is 803 cards long. When dimensioned to handle 500 data
points, 75,600, words of memory are required to load. The main program flow
chart is provided in figure 3. The two subroutines POLARC and SPRPAG have
been adapted from another Bureau of Mines publication (3). Subroutine SORTﬂ‘
has been adapted from a publication of the Kansas State Geological Survey (4)

HYBMODE Main Program
Calls input and initialization routines, sorts data into patches, and
‘defines randomness test for spherical counting cell. -Clusters dense points,
allocates non-dense points, and outputs results with value of objective
function
Subroutine CHANGE (M, N)
Points belonging to M'" dense point are reallocated to N'! dense point.

Subroutine ALLOC

Allocates each nondense point to the nearest dense point.



v

Initialize constants
and variables.
Subroutine INIT

v
Read input data.
Subroutine
INPUT

[Yes

Sort data info pafches.
Subroutine SORTA

v

Construct randomness test
Subroutine POISSON

v

Plot data. -
Subroutine
PLTPT

v

Compute direction cosines
of each datum.
Subroutine DIRCOS

v

Define dense points,
timit one per patch.
Subroutine QPTION

v

Allocate nondense points
to dense points,
Subroutine ALLOC

v

Cluster the dense points.
Subroutine DENCLUS

\

function
Print results.
Subroutine
QUTPUT

FIGURE 3. - Flow chart of main program.

Subroutine PQOIARC
Prints "%" at the center and
at every 10° interval around the
boundary of the output graph.
Places N, E, 8§, W at 0°, 90°,
180°, 270°, respectively, and
prints assembled page,
Subroutine SPRPAG (IX,TIY,DIN,AZN)
Calculates page coordinates
(IX,IY) of 2 peint with spheriecal
coordinates (1,AZN,DIN).
Funtion DIST (I, J)

Computes distance from I*E
observation to J'! observation.

Function DISTZ (K, J)

Computes distance from K'!
dense point to J*P dense point.

Function DISTLI (KK, JJ)

Computes distance from KK'!
observation to JI'P demse point.

Subroutine SORTA (KKL., LL3)
Sorts data into patches,
Subroutine OUTPUT
Prints contents of each
cluster and evaluates the objec-
tive function.

Subroutine TINPUT

Reads imput data and program
options. _ ;

Subroutine PQISSON

Formulates randomness test
for spherical counting cell,



Subroutine OPTION (KK1)
Defines dense points.
Subroutine BPLTPT (NN,XK)

Loads arrays CUl, CU2 with observations belonging to NN'® dense point.
There are K such points.

Subroutine PCTPLT (KK1)
Plots RLEVEL(J) at the projected {polar equal area) midpoint of patch J.
Subroutine DIRCOS (A,D,N,SL,5M,SN)
Calculates direction cosines of points, given azimuths of dip and dips.'
Subroutine SPHRPT (X,Y,Z,D,A,R,)

Computes dip and azimuth of the dip of a point, given its (X,Y,Z)
coordinates.

Subroutine DENCLUS
Clustefs the dense points.
Subroutine PLTPT (A,D,N)

Given the azimuths and dips of a set of points, plots them (polar
equal area projection).

Subroutine INIT (RADIUS)
Initializes constants and subscripted variables.
Subroutine SUMCOS
Computes (X,Y,Z) coordinates of resultant of cluster CUl, CU2.
Subroutine SORT {X,Y.N)
Sorts the N elements of X and Y into decreasing order of X.
Function DIST3(K, J)
Computes distance from the negative of the K'! point to the J*" point.
Subroutine‘XLEVEL {(KK1)

Computes density of each cell.



Description of Qutput Produced by HYBMODE

The density (percent of sample) im each patch is computed and plotted
(polar equal area projection) at the projected midpoint of the patch. Plots
of the sample, the dense points, and the-contents of each cluster are pro-
vided. The mean of each cluster is also computed. A summary of the above
results and the values of the objective function correspeonding to the various
radii (RDIS) are alsc provided in the computer output.

Input Instructions

The data deck structure for program HYRMODE is given below:

Card No. Columns ‘ Contents Format

1 1-80 HED 8A10

2 1-5 NOBS ' ‘

2 6-10 TANS

2 11-15 ISPHER

2 16-27 RDIS

2 28-39 " R1

2 40-51 RZ 315, 3F12.5
12F5.0

3-NOBS/8=K-1 - 1-80 AZ(1), DIP(I)

' I=1, NOBS

K 1-8 CONTINUE A10

K+l 1-5 TANS

K+i 6-17 RDIS

R+1 13-29 RI

K+1 30-41 R2 15, 3Fi2.5

K+2 1-8 CONTINUE AlQ

K+3 - TANS -

ete. - etc. -

The user may select severai option lists by use of the CONTINUE card.

More than one data deck may be submitted at a time by assembling them in

order in which they are to be run. They need not be separated by any special
card.

All observations must be coded in the form (8, ¢) where ¢ denotes azimuth
of the dip and ¢ denotes the dip. The spherical coordimates of this observa-
tion when plotted on the unit sphere are (R, 9, ¢). The spherical coordinzte
system is presented in figure 2.



Glossary of Frequently Used Variables

Variable name

SL(K), SM(K), SN(K).....
LPATCHCK) + v oo evvvvnnnens
KBAND(K). . .... s

IBND(K) . o evinennnnnns
DANG(K) - - e v e eeeveennnn..

Definition

Heading identifying data.

Number of observations in data deck.

=1, Vectorial data; # 1, Axial data.

Radius of spherical counting cell.

Azimuth of dip of I'P observation (degrees)..

Dip of I'" observation (degrees).

Percentage of hemispherical (ISPHER=0) or spherical
(1ISPHER=1) surface contained in a spherical count-
ing cell,

Randomness test value,

Number of points whose spherical counting cells con-
tain KPCUT or more points.

The (X,Y,Z) coordinates respectively of the It
dense point,

Index of the dense point to which the J*! observa-
tion belongs.

(X,Y¥,2) doordinates of the point whose spherical
coordinates are (1, AZ(K), DIP(K) ).

Number of observations lying in patches 1 through
K inclusive.

Number of the band containing patch #K.

Number of patches in band #K.

Range of possible dip values for points in K!® band
is: DANG(K-L) < DIP < DANG{K).

Number of points with Dip > 90°.

=] An observation is counted among those points in
sphere of radius RDIS about point ¥ if either the
distance from X to Y or the distance from -X to Y
is less than or equal to RDIS.

#1 An observation X is counted among those points
in sphere of radius RDIS about point Y if the
distance from X to Y is less than or equal to Y.

Radius of data plot and dense point plot. If Rl = 0,
these plots are not provided. )

Radius of density plat. TIf R2=0, .this plot is not
provided.



FROGRAM LISTING
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PROGRAM HYBMODE(TAPES,QUTPUT, TAPEG=UUTPUT.TAPET)
COMMCON/BL/ AZ(500),0Ip{5C0),NOBS
COMMON/B2/ NDENSELKPCUTLIFLAGLISO00)
COMMON/B3/ RDIS, ISPHER,LANS
COMMON/BBZ SLISCO),SMI5001,5N(500)
COMMON/B21/ R1,it2
cOMMON/BZ22/ 10P
COMMON/B23/ PCTSURFLRDES
COMMON/B247 MC,VARSUMS
[ 2 3 23
C¥e2et INITAILIZE CONSTANTS AND VARTABLES
Cnakok ok
CALL INIT
99997 CALL SECONDITL)
CHEHRE
Cxxxx® READ INPUT DATA
Chok otk x
CALL 1INPUT
CRERES
Cx%¥%s CONSTRUCT TEST FOR RANDOMNESS
ChEEk%
CALL POISSON
CEERER
Cx&a®%x SORT DATA [NTO PATCHES
Cxxdds& DETERKMINE DENSE POINTSIMAXIMUM OF ONE PER PATCH)
[ 12323
[F{I0P} 300043000,3001
3000 IFLISPHER - 1) 241,2
1 Kl=1
K2=1
G TQ 3
2 Kl=lg
K2=401
3 cALL SORTA(K1.K2)
IFIR2-6.0) 49,5G,50
50 CALL xLEVEL{K2)
CALL INITR{RZ}
CALL PCTPLT{KZ2)
49 IF(R1) 1000,1000C, 993
9393 CALL INITR(R1)
CALL PLTPT{AZ,DIP,NOBS)
IF{ICyUT «GE. NGBES) GO TO 1001
CALL PLTPTI{AZ,E1Ip+NOBS)
1001 WRITE(64900) NGBS
00 FORMAT(//71Xs®DATA PLOT{POLAR EQUAL AREA PROJECTION).*/
1 IX,*THERE ARE*,15¢IXs*pOINTS IN THE SAMPLE, %)
1000 WRITE{7,902)
902 FORMATILH]»*SUMMARY OF RESULTS*//
1 30X, #*RANDOMNESS®,3X,¥NO OF %, 4X o *%OBJECTIVE® 92X *TIMELSECONDS) %/
2 1X.%RDIS ISPHER  LANS PQTSURFt,Sx,*TEST*,SX'¢CLUSTER5#,
3 X e FUNCT I ON%, 4X o *REQIUIRED®/ £ /)
CALL DIRCOS{AZ,CIP,NOBS,SL,S5M;SN)
3001 CALL OPTION(KZ)
Chxxs® ALLOCATE EACH REMAINING PDOINT TO THE DENSE POINT NEAREST 1T
1FINCENSE) 99997499997,91
91 CALL ALLUC
Ce¥2ex (L USTER THE DENSE POINTS
CALL LENCLUS
Cexa%xx COMPUTE VALUE OF OBJECTIVE FUNCTION AND OQUTPUT CLUSTERS

HYBMODE
HYBMODE
HYBMODE
HYBMODE
HYBMODE
HYBMQOOE
HYBHODE
HYBMODE
HYBMODE
HYBMDDE
HYBMODE
HYBMODE

‘HYBMODE

HYBMCDE
HY8MODE
HYBMODE
HYBMODE
HYBMODE
HYBMQODE
HYBMODE
HYBMODE
HYBMODE
HYBMQOOE
HYBMODE
HYBMODE
HYBMODE
HYBMODE
HYBMODE
HYBMODE
HYBMODE
HYBMODE
HYBMODE
HYBMODE
HYBMODE
HYBMODE
HYBMODE
HYBMODE
HYBMODDE
HYBMODE
HYBMODE
HYBMOpE
HYBMODE
HYBMODE
HYBMODE
HYBMODE
HYBMODE
HYBMODE
HYBMODE
HYBMQADE
HYB8MODE
HYBMODE
HYBMODE
HYBMODE
HYBMODE
HYBMODE
HYEMODE
HYBMOOE
HYBMODE
HYBMODE

N o g g e s b o o o
COORAIPVPVUNRODODDYIPND W~

NN
GRS e

NN N
o &

NN
o -
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CHrd

‘CALL QUTPUT

CALL SECGNDIT)
TIMNE=T2-T1
WRITE{6,9013 NOBS,TIME

901 FORMATILIX,*TIME REQUIRED TO ANALYZET, 15, 1X.#DATA POINTS2,F7.351X,

1 *SECONDS®)
WRITE{7,911) ROEG,ISPHER,LANS,PCTSURFKPCUT +MCyVARSUML, TINE
S1l FORMATIFS5.1.15518,F8.2,110,111,FE14.3,F10.3)

GO TQ 99997
END
SUBROUTINE CHANGE(M,N}

** REALLOCATE POUOINTS BELONGING TC DENSE POINT NUMBER M TC DENSE

Cxx3sx POIMT NUMBER N

COMMONJE1/ AZ{i5003}.GIP{S00) NGBS
COMMON/BT/ 8(500)

INTEGER B

DO I NM=1,NOBS

ITF{BIANY .EQ. M) BINNI=N
CONTINGE

RETURN $ END

SUBROUTINE ALLOC

Crrxxx ALLOCATE EBACH POINT TO A DENSE POINT

Ao n

POLARC * % % % % % * * ¥ % & & &£ * = * ¥ ¥ £ % * ¥ % £ & ¥ & * & %
DRAYWS AND LABELS AXES AND CIRCLE SURRCOUNDING DUTPUT GRAPH.
PLACES AN ® AT EVERY 10 DEGREES AROUND CIRCLE CIRCUMFERENCELWITH
NeEsSo¥W AT 029G, 180,270 DEGREES RESPECTIVELY.

COMMON/BL/ AZI5C0),DIP{S00),NOBS
COMMONSB2/7 MOENSE.KPCYT, [FLAG(500!
COMMONSBT?/ B{500)

INTEGER B

DIMENSION DISIS5C0)

D0 1 JJ=1,NOBS

IF(BLJIY) 1,5,1

DO 2 KK=1.,MDENSE
DIS{RK)=DISTIIJIo KK}

0S=109.

00 3 MMN=1,NDENSE

IF{DIS{NN} .GE. DS} GO 7O 3
ES=DIS{NN)

MINDEX=MN

CONTINUE

B{JS)=MINDEX

CONTINUE

RETURM % END

SUBRGUTINE POLARC

% % CALLS— SPRPAG % % % % & % * % 2= %
%

N R R R E E N EE EEEEEE I N I i
COMMONIBE/ NXMIDoNYMIDSNXoNYs XCONY, YO OUNY

200

COMMONS/ES/ LPAGE{1320,78}
DIMENSICM LOIR{4}

DATA LASTER/LHF/L4XINC/10, 0’1LDIR/1HN91HS,1H€'1HH/

DATA LBLANK/1H /.Q50/90.0/
NX 1=MX-1

ANGL=0.0

DO 200 I=1l.436

CALL SPRPAGIIX,1Y,490,ANGL)
LPAGELIX,IY}=LASTER
ANGL=ANGL#10..
LPAGEINXHIDNYNIDI=LASTER

P
%
*
*
*
*

HYBMOODE®
HYBMODE
HYBMODE
HYBMONDE
HYEBMODE
HYENODE
HYBMODE
HYBMODE
HYBMODE
HYBMODE
CHANGE
CHANGE
CHAMNGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
CHANGE
ALLOC
ALLOC
ALLOC
ALLOC
ALLGC
ALLOC
ALLOC
ALLOC
ALLTLC
ALLGC
ALLOGC
ALLOC
ALLOC
ALLOC
ALLGC
ALLODC
ALLOC
ALLOL
ALLOC
ALLOC
POLARC
POLARL
POLART
POLARL
POLARL
POLARC
POLARC
POLARC
FOLARC

- POLARE

POLARS
POLARL
POLARL
POLARC
FOLARL
POLARC
POLARL
POLARLC
POLARC

=
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QOO SEN SN ON
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C LABEL N,S+E,w AT APPROPRIATE POSITIONS ¥
600 LPAGE(NXMID NY )=t DIR(L}
LPAGEINXMID,1)=LDIR{2)
LPAGE {INX,NYMIDI=LDIRI{3)
LPAGE(1,NYMIC)=LDIR( 4}
PRINT THE COMPLETE ASSEMBLED PAGE [MAGE.ROW BY ROW : *
*##NOTE** THE INDEX X MUST GO BACKWARDS BECAUSE THE ASSUMED *
COORDINATE ORIGIN IS AT LOWER LEFT HAND CORNER OF PAGE. *
DO 700 J=14NY
K=NY-J+1
700 WRITE(6+2000) {LPAGE(I.K}eI=14NX]
2000 FORMAT{121A1)
00 199 Ji=1,73
00 195 J2=1.121
199 LPAGE (U2, 41 )=LBLANK
RETURN
ENOD
SUBROUTINE SPRPAGUIX,IY.0IN,AZN)
SPRPAG % % % ® # % % ¥ % % % &+ % % & & & % % & ¥ ® % % # % % ¥ & & *
GIVEN HEMISPHERE COORDINATES (DINsAZN},SPRPAG RETURNS NEAREST *
*
*

Aoy

PAGE COORDINATES (IX,1Y}. IF DUTSIDE PAGESMOVES IX DR IY 710
CLOSEST POINT ON E0GE OF PAGE
COMMGN/B4&/ NXMIDyNYMIDsNXsNYs XCONV, YCONV
COMMON/B12/ DEGRAD,RADEG
ANGLR=AZN*0DEGRAD
c THE NEXT 3 STATEMENTS PERFORM EQUAL-AREA PROJECTION: *
100 XYT=127.2798«SIN(DEGRAD*DIN/ 2.0}
NOUM= XYT®* SINC(ANGLR)IZXCONV4+0.5
JOUM=XYT*COS{ANGLR )} #YCONV +0.5
200 IX=NXMID+NDUM
c ‘ BRING X {NDEX IM RANGE I[F IT IS CQUTSIDE. *
IFCIXLT1l) IX=1
IFLIX oGTJNX) IX=NX
1Y=NYMID+JOUM .
c BRING ¥ INDEX IN RANGE I1F 17 IS QUTSIDE. *
IFLIY LTal) IV=1
IF{IYLGT.NY] IY=NY
RETURN
END
FUNCTION CIST(Isd}
CHkdxg DIST = DISTANCE FROM PY NUMBER [ TO PT NUMBER J
COMMON/B8/ SL{S00),SMI500),SN{500}
DIST={SLITI=-SL(J))**2 & (SMIT)-SMIJI}%%2 & (SNCT}=SN{J)Ixe?
RETURN $ END
FUNCTION DIST2(K,J)
CH*#%x DIST2 = DISTANCE FROM DENSE PUINT NUMBeR K TO DENSE PCINT
Crrdre NUMBER J
COMMON/ZBGE/ SLD(S00Y.SMD(SCDY,SNDE5S00)
DIST2=(SLDIK}-SLO(I))*%24{ SMOL{K)I-SMDIJ) ) 2#2 4 ISNOIK)-SNC{J) 1 %%2
RETURN § END
FUNCTION DISTL{KK,J3J)
Casdds DISTL = DISTANCE -FROM-POINT NUMBER KK TC OENSE -POINT NuMgeR
Cxexzx ]
COMMON/B6/ SLDISQOO0) s SMBIS0D) 4 SNDIS00)
COMMON/B8/ SLU500)sSMI500)+SN{500)
DISTI=(SLIKK)I-SLDIJJ) ) ##2+{SM{KK)~SMDIJI})%*2+4 ( SNTKKI=SND (4} ) &*%?
RETURN $ END
SUBROUTINE SORTA{KKI,LL3)
C**s%% SORYTS DATA INTO PATCHES. IPATCH{J) 15 THE LARGEST INDEX I

[sEaNalel

POLARC
POL ARC
POLARC
POLARC
POLARC
POLARC
POLARC
PPLARC
POL ARC
POLARC
POLARC
POLARC
POLARC
POLARC
POLARC
POLARC
POLARC
SPRPAG
SPRPAG
SPRPAG
SPRPAG
SPRPAG
SPRPAG
SPRPAG
SPRPAG
SPRPAG
SPRPAG
SPRPAG
SPRPAG
SPRPAG
SPRPAG
SPRPAG
SPRPAG
SPRPAG
SPRPAG
SPRPAG
SPRPAG
SPRPAG
SPRPAG
DIsTy
DIST
DIST
olsy
DIST
DIST2
plIsT2
DIST2
pIst2
plIsT2
DIST2
DISTL
DisTL
0ISTL
DIS¥1
DISTL
DI5TY
DISTL
SORTA
SORTA

N g O W Rom O WD W N N e



C33x2 SUCH THAT (A(11,00(I3) IS IN PATCH NUMBER J. IF PATCH NUMBER
Cxxxx J 1S EMPTY, IPATCHU4) = IPATCH{J-1). IF{ISPHER = 1, THEN
F5¥FF KK1l=L13=1. IF ISPHER Nf 13 KKi=19, Li3=401, AND
C=>x=% BANCS 19 THROUGH 36 AND CELLS 4C1 THROUGH 800 CONTAIN ALL
C**33x THE CATA. IF ISPHER = 1 THEN THERE ARE DATA POINTS WITH
Cxx#%% QIP GREATER THAN 90 DEGREES IN WHICH CASE BANDS 1 THRCUGH
C=¥x% 19 ANDC PATCHES 1 THROUGH 400 COMTAIN DATA ALSO.
COMMON/ZBLY A{5CQ1+D{5001,N0O8S -
COMMON/B9/ TPATCHIBO00),KBAND{80OG)
COMMONSBLLY IBNO{36)
COFMON/BIGS DANGI3T7)
CATA NB73&/
REAL KANG
g 9 [=1.,800
G IPATCHIT)=(

Cx*2%% ARRANGE OATA IN DECREASING QORODER OF DIP

NOBSL=NCBS~-1
CALL SORF{0OsA-NOBS)
c

Ceexxx ARRANGE THE PCUINTS IN EACH BAND IN INCREASING ORDER OF AZIMUTH

M=1
CO 93 L=KK1.NB
iFIM .£Q. NOBSY GO TO 888e
94 CONTINUE
0o S2 J=M,NOES1
Ji=Jd+1
IFID{Jd) .GE. DANG{L+l})) GG TO 8884
8885 M=J
GO Tg 93
8884 DU 90 K=J1.NOBS
’ IF({D{X} .GE. OANGI{L#1)) GO TG 8886
8887 M=J+1
GG Tg 94
8886 IF{A1JI-ALIK)} 90.90,91
91 TMP=A{J]
CALdY=AIR)
A{KI=THP
TNP=01(J)
DiN=01K)
BIK)I=TMP
90 CCANTINUE
Mg g )
92 CONTINUE
83 CONTINUE
8888 CONTINUE

Ch#xixs CETERMINE WHICH PATCHES CONTAIN DATA

Fi=L13-1

Lp=0

KK =0

1CP=1

00 87 J=KK1.N8
TI=1]+K%
1BJ=I8NDCT )

SORTA
SORTA

SORTA

SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SGRTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA

SORTA

SORTA
SGRTA
SORTA

- SORTA

SORTA
SORTA
SORTA
SORTA
SORTA
SGRTA
SORTA
SORTA
SORTA
SORTA
SORTA
SCRTA
SCGRTA

. SORTA

SORTA
SORTA
SORTA
SORTA

SORTA

SGRTA

SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
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DO 87 K=1,18)
IFILP .EG. NOBS) GO TO 88
KK=K
KANG=FLOAT(K)*360./FLOATIIBNDID})
IFI{K +EQ. IBNDU{J}} KANG=360.5
DC B4 L=1CPNOBS
IFGALLY .GT. KANG ,OR. B{L)Y LT. DANGLJ+1)) GO TO 79
LP=LP+]
IF{LP .NE. NOBS) GO TO 86
T3 IPATCH({IT+K)=LP
10P=t. P+]1
L=114K+]
GQ TQ 871
86 CONTINUE
87 CONTINUE
88 IF{L .EQ. 801} RETURN
DO 89 J=1,800
89 IPATCH{J)=NOBS
RETURN $ END
SUBRQUTINE OUTPUT
Cxnhkxk
Chkkdadk PRINTS CONTENTS OF CLUSTERS AND EVALUATES OBJECTIVE FUNCTION
Cresex
COMMUN/B2/7 NDENSEKPCUT.IFLAG(500)
COMMON/ B3/ RDIS, ISPHER4LANS
COMMON/BL 3/ KOU
COMMON/BY4/Z CULIS500),CU2(500)
COMMON/B157 SLL{500),SMM{500),SNN(500)
COMMON/B19/ SX.S5Y,S2
COMMON/B21/7 R1eR2
COMMON/B23/ PCTSURF.RDEG
COMMON/B24/ MC,VARSUME
COMMON/B26/ ICUT
DIMENSTION CGX{50)+CGY(50),LG2(50)
DATA IPLUS/lH+/
MC=0
VAR=0,0
VARA=0Q,0
WRITE(6,907)
907 FURMAT{1H1l,*0QUTPUT OF CLUSTERS, CLUSTER MEANS¥)
DO 30 MJI=1,NDENSE
IFUIFLAGIMS) .NE. MJ) GO TO 30
VAR1=0.0
MC=MC+1
IF(MC-1) 1001,1000, 1001
1000 WRITE{6,908) MC
908 FORMAT(//% CLUSTER NUMBER#*,15///)
60 10 '1002
1001 WRITE(64910} MC
910 FORMATI{LHI*CLUSTER NUMBER*,15//7)
1002 CONTINUE
cex¥xk PUT POINTS BELONGING T DENSE POINT NUMBER MJ INTO ARRAYS
Crrexx (Ul AND CU2({AZIMUTH OF DIP AND DIp RESPECTIVELY). KOU S
Cr*x¥x¥ RETURNED TO THE CALLING PROGRAM AND IS THE NUMBER OF SUCH
Cexxx2 POINTS.
CALL BPLYPT{MI,XOU)
XKOU=FLOAT{KOU)
WRITE(65+900) (KK CUL{KK} CUZIKK}KK=L,K0U)
9C0 FORMATISX ¢ ®NUMR,SX,*AZIMPTH * ®INCLINATION®,/{18,2F12.2))

SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
SORTA
ouTPUT
QuUTPUT
QuTeUTY
QuTPUTY
outTePuUT
QUTPUT
ouTPuT
ouTPuUT
CUTPUT
ouTPYT

: ouTRUT

oUTPUT
QuUTPUT
oureyr
guteut
ouTPUT
auTPuUT
QuUTPUT
ouUTPUT
oyTPyT
outTPUT
QUTPUT
SUTPUT
ourPuT
QUTPUT
ouTPUTY
oUTPUT
ouTPUT
oUTPUT
ouTPUT
ouTPUT
QUTeuUT
QuTPUT
ouTPUT
guTPUT
QUTPUT
QUTPUT

-BUPYY

guieUT
OUTPUT



Cxx3%% COMPUTE DIRECTION COSINES
61 CALL GIRCOSICUL-CUZsKOU,SLL,SMM, SNN) )
C*x¥+* CALCULATE RESULTANT BY ADDING THE DIRECTION COSINES
CALL SuMCOS
Ckxzxx QFETERMINE SPHERICAL COORDINATES FOR RESUL TANT AND MEAN
CALL SPHRPT(SXsSY,SZsDP,ATHR)
WRITE{&248) AT.0P
48 FORMATI///IXoa*¥MEANS/ I, %ATIMUTHR FT.2, 1% ,¥DEGH/ IX $INCLINATIONS,
1 F7.2,1X,%0EGS)
WRITE{6¢906) ReSX2SYsSZ
906 FORMAT{/1X¢*RESULTANT AND ITS COMPONENTS = ReSH,SY+SZ %/ 4F1Z.5)
SUM2=0.0
AL 1=CEOX {MCI=5SX/XKOU
AM1=CGY {MC }=SY¥Y/XKOU
ANI=CGI{MC =S Z/XKOU
WRITE{®,911) AL1,AM1.8N1
911 FORMAT{//1X,*CENTER OF GRAVITY - (XsY,Z} COQRDINATES%/
1 3F10.4)
DO 10 LJ=1,K0U

quTPuT
oUTPUT
QuTRUT
ouTPUT
guTRuT
ouTPUT
GUTPUT
QuTPUT
ouTPUT
ouTPUT
QUTPUT
ouTPUT
ouTPUT
ouTeuT
ouTRUT
DUTPUT
ouTPUT
QuTPUT
OUTPUT

DIS={SQRTULALL-SLLILJI)I¥2Z + (AMI-SMM{LJI)#*2 + (ANLI-SNN(LJ))}#%2))}0UTPUT

1xa2
SUM2=SUM2+DIS
10 CONTINUE
VARA=VARA+SUM2
IF{R1) 31,31,200C1
2001 CALL PLTPT(CULl,CUZ,KGU)
IF{ICUT .GE. KOUJ GO TO 31
IF{ICUT) 2002-2002,2003
2003 WRITE(6,912) MC.KOQU,RDEG
2002 CALL PLTPTLICUL,CUZ,KOU)
31 WRITE{(65912) MC,KOULRDEG
3¢ CONTINUE
VARSUMZ=0.0
912 FORMAT{//IXe#CLUSTER NO.#215,1X,
1 *CONTAINSF;1551XsPOINTS.%/1X,
2 #FOR THIS ANALYSISs RDIS =%,F7.2)
VARSUM2=0.0
IFIMC .EQ. 1) GO TO S0
MCL=MC~1
00 &40 LJ=1.MC1
Lil=LJsl
DC 40 MJI=LJI1,MC
DIS={COX{LIN-COXIMIII*®2 + (COY{LJII-COY(MI) )22
T (CGI(LII-CRZ{MI %7
VARSUM2=YARSUM2+DIS
40 CONTINUE
50 VARSUM4=YARSUMZ+VARA
WRITEL6,905) VARSUME
9C5 FARMAT{//1X,*0BJECTIVE FUNCTION =%,FL2.3)
RETURN & END '
SUBROUTINE INPUT
C¥2xs READ INPUT DATA
COMMON/BLY AZ15003,DIP{S0C},NOBS
COMMON/B3/ ROIS: ISPHER,LANS
COMMONSB21/ R1,R2
COMMON/B22/ 10P
DIMENSTION HED( 8}
READ{ 5,900} HED
900 FORMAT(S8A10)

QuUTPUT
ocuTPUT
CUTPUT
QuTPUT
GuTPUT

- OUTPUT

ouTPUT
QUTPUT
QUTPUT
QuTPUT
QuUTPUT
QuUTPUT
auTrPUT
ouUTFUT
QuTPUT
QuTPUT
ouTPUT
autTeurl
QUTRUT
QuTPUT
QUTPUT
OUTPUT
autPuTt
GUTPUT
GUTPUT
QUTPUT
CGUTPUT
guTPUT
QuTPUT
auTePuT
INPUT

INPUT

INFPUT

INPUT

CINPUT

INPUT

CINPUT

THPUT
INPUT

15

el BENN RN I RPN S



16

IF{ECF,5) 1000,1001
1001 LL=1
IF(HEC(1) .EQ. LOHCONTINUE ) LL=2
GO YO {7002,700C)sL L
7002 READ(55,906) NOBS,LANS, ISPHER¢ROIS,R1,R2
1 J{AZ(I),CIPII),I=1,NOBS)
906 FORMAT(315,3F12.5/7{12¥5.0))
WRITE(6H99CT7)Y HEDoNOBS,LANS ISPHERRDIS4RL,R2
1 Q(Al(l"D[Pll)nlzllNUBS’
90T FORMAT{1Hl/8AL0//
1Xy#¥NOBS =#*415/7
L X ¥LANS =%, 15//
LXy* LSPHER =#,15//
1Xy*RDIS =#%4F6.1//
1X,#*RACIUS OF POINT PLOT =%,F&,177
1Xo*¥RACIUS OF CENSITY PLOT =*,Fb.1//
1X,#*AZIMUTH OF THE DIP AND DIP OF THE DATA POINTS*//
{12F5,0))
1aP=0
RETURN
7000 READIS5,908) LANS,RDIS
908 FORMAT{I%,F12.5)
WRITE(64909) LANS,RDIS
909 FORMATIIH1,*FOR NEXT ANALYSIS OF SAMPLE®/
1 1Xy*LANS =%,15//
2 1X,*RDIS =%#4F6.1/7)
CALL INITI{4.0}
10pP=1
GO Y0 1002
1000 STOP
1002 CONTINUE
RETURN $ END
SUBROUTINE POISSON

QO O AT BN e

Cesx¥x CONSTRUCT TEST FOR RANDOMNESS - SPHERJCAL COUNTING CELL MUST

Ce*s+x CONTAIN AT LEAST KPCUT PGINTS FOR A SIGNIFICANT{95)}
Cesass CONCENTRATION TO BE PRESENT
COMMON/BL/ AZ(500)sDIP(SOC)NUBS
COMMON/B2/ NOENSE+XPCUTJFLAGI500]
COMMON/B37 RDIS, [SPHER.LANS
CCMMON/BL2/ DEGRAD,RADEG
COMMON/B23/ poREEG
RBEG=ROIS*BEGRAD
FN=FLOAT{NOBS)
PCTSURF=1.0~-COS{RDEG)
IF{ISPHER LEQ. 1) PLTSURF=0.5%PCTSURF
A=FN&PCTSURF
P=100.0%pCTSURF
WRITE (6¢910) ROLS4P

910 FORMATI1Xy*FOR RDIS =%4F6.2,1X,#PERCENTAGE OF SURFACE AREA I5%,

1 F6.2)
RDIS=4.0%(SIN{RDEG/2.0))%%2
RDEG=RDEG*RADES
EFAC=EXPL-A)

SUM=EFAC
FAC=1.0

00 874 N=1,1008
FIN=N
FAC=FAC*A/FIN
PROB=EFAC*FAL

INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
[NPUT
INPUT
INPUT
[NPUT
INPUT
[NPUT
INPUT
INPUT
INPUT
INPUT
INPUT
ENPUT
INPUT
POLISSON
POISSON
pOISSON
POYSSON
POISSON
POLSSON
POISSON
POISSON
POISSON
POISSON
POISSON
POISSON
POISSON
POISSON
POISSON
POISSON
PCISSON
PDOISSON
POISSON
POISSCON
POISSON
POISSON
POISSON

_POISSON

POISSON
POISSON
PCISSON



SUM=SUM+PFRTB
TEST=1.C-SUM
IF{TEST - 0.05) 875,876,876

8746 CONTEINUE
875 KPCUT=FIN
WRITE(&,901

301 FORMATILX,%A PCINT X S DENSE IF THERE ARE#,15, IX,*0BSERVATIONS®/
1 # WHOSE EUCLICEAN DISTANCE FROM X [S LESS THANZ,E10.2,%.%/

23
RETURN
END
SUBROUTENE
Cxedr: BCIMMNIMG W
Cex3+x [F IT 1S
coMMOnN/sBLYS
COMMONSIB2YS
COMMON/B3S
CCHMMUNSBSS
COMMONSBT Y
COMMONSBS S
COMMONSBES Y
CCHMMCN/BLYY
CoMMgMsIBLZY
COMMON/BLlays
COMMONSB21/
CONMOMIR2ES
INTEGER B
DATA [PLUSY
KOUNT=1
KS=1
LANSL=L ANS-
LPRE=0
D0 10 KK=X%K
NL=LPATCHIK
CEFINY1 - IPR
100 B0 11 Jd=xs
ISuUM=0
Lo 12 MM=1,
FD=DISTI{JIs

TFILANSL) 7,

9 FOi=CIST3(Y
IF{FC1-ROIS
IF{FD-REIS)
ISuUM=T5UMs]
{F{ISUN-XPC
‘8 CONTINUE

o~

} KPCUT,RDIS

CPTICNEIKKL)

ITH PATCH NUHBER KK1, EXAMINE EACH POINT TO SEE
DENSE
AZ{5C0),DIP{500),NOES
NOENSESKPCZUT,IFLAG(500)
ROIS, [SPHER,LANS

SLOIS0C) 4SMDI{SLO), SNOLS0O)
B{saC?
SLES500),SMI500),SN(500)
LPATCHIBCO ) KBANDI 8OOY
IBNC{3s}

BEGRAD, RADEG
CUL(5T0,CU2{500}

R1.R2Z

[cut

LH*/

1

1, 6CC

Kl

E) 104,104,100
eN1

NOBS
M)

=

Ja MM}

) G467
Gaby12

UTI1LZe8e R

C==¥%¥ [F PATCH NUMBER XX CONTALMS A DENSE PUINT, STORE THE
Cxxs3+ DIRECTION COSINES OF THE POINT IN (SLD,S®D,SND)

SLO{KCUNT )=

sLldd

SMO{KOUNT }=8M1JI)

SND{KCUNT )=
CULIROUNT Y=

Snidd
AZ(4Ny

CU2 IXQUNT )=DTP{L4)

C*x3*> AL10CATE &

LL OTHER PQINTS N THE PATCH TO THE DENSE PLINT

BC 1001 JM=KS.N1

1001 BLJM) =KOUNT
© KOUNT=KOUNT
GC TC 164
12 CUONTINUE

+1

PCISSON
POTISSON
POISSON
POISSON
POISSON
POISSONM
POISSON
POISSON
POISSON
POISSON
POISSON
OPTIONM
arFTION
OPT 10N
oPTION
OPTIONM
OPTION
GPTION
CFTION
OPTICH
OPT10H
OPTION
OPT ION
GPTION
OPTICH
CPTION
ORTION
QPTION
OFTION
OPTICN
CPTION
OQPTION
OPTION
OPTICN
aPTION
OPT 108
OPTIEM
oPTEIAON
OFPTIOM
OPT 10N
GPTION
OPTITON
GPTION
OPTEON
GPTION
GPTIOM
OPTIOH
0PTION
GPTION
gPTION
OFTIgH
GPTION

. OPTION

CPTION
OPTICH
OPTLON
aP7TIan
OPTION
OPTEDON
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11
1C4

10

CONTINUE

CONTINUE
KS=LPATCHIKK)+1
IPRE=N1

CCNTINUE

NCENS E=KOUNT-1
IF(NDENSE) 90,90,91

Cerddkx NDENSE IS THE NUMBER OF DENSE POINTS

s1

IF(R1) 9049041999

1999 CALL PLTPT(CUY,CU24NDENSE)

93
92
90
900

IFLICUT +.GE. NCENSE) 60 TC 90

IFUICUT) 92+92,93 :

WRITE(6,900) NBENSE

CALL PLTPTYIICULLCUZWNDENSE)

WRITE (6,9C0) NLENSE

FORMAT(//1X*THERE ARE#*,15,1X,*DENSE POINTS,.%)
RETURN $ END

SUBROUTINE BPLTPT(NN,K}

Cos4a% POINTS BELONGING TO DENSE POINT NN ARE PUT INTC ARRAYS CUL

COMMON/BY/ AZ(5C0),DIPIS0C)4NDQBS
COMMCN/BT/ BL5C0)

COMMON/BL147 CULIS00),CU2(50C)
INTEGER B

MM=NN

KOQUNT=1

DC 3 M=1.NOBS

IFIB(MI-MN} 3,4,3

CULIKQUNT )=AZIM)
CUZ({KOUNTY=DIP (M}
KCUNT=K0OQUNT ¢+1

CONTINUE

K=XKOUNT-1

RETURN

ENC

SUBRCUTINE PCTPLTIKK])

l

cuz2

OPTION
OPTION
OPTION
OPTICN
OPTION
GPTION
QPTICON
OPTION
OPTION
OPTION
nPTICN
OPTION
OPTION
OPTIGN
OPTION
OPTIDN
OPT ION
BPLTPT
BPLTPT
BPLTPT
RPLTPT
BPLTPT
BPLTPTY
APLTPT
ROLTRY
BRLTPT
BPLTPT
BPLTPT
RPLTPY
BPLTPT
BPLTPRYT
BPLTPT
BPLTPT
BPLTPT
pCTELY

Ce¥dsx PLOTS RLEVEL(JV(DENSITY OF PATCH J, I.E., PER CENT OF TOVAL SAMPLPCTPLTY
Coxsxs CONTAINED IN PATCH y) AT THE pROJECTED MIDPOINT OF PATCH
Ckssex NUMBER JIPOLAR EQUAL AREA PROJECTIONY.

905

340

CCMMON/BS5/ LPAGE(130,79)

COMMON/B9/ LPATCH(B00D) ,KBAND{ 800)

COMMON/BLC/ POSIB00)

COMMON/RLY/ IBND{35)

COMMON/BLl&Z DANGE3T)

COMMCN/B20/ RLEVEL{ 800}

COMMON/B21/ R1,4R2

DIMENSION NUMI(10),NUM{10)

INTEGER O

WRITE(64905)

FCRMAT(1HY)

DATA NUML/L1H ,1H1,1H2,1H3, 1H4, 1HS, LHO 4 1HTy 1H8,1HI/
NUMZLHO, LHLy 1HZ 9 LH3 4 LH4» LHS s LH6 s THT 9 1HB,1HI/,LDOT/1H,/

WRITE {6,900)

FOAMAT{1HQ. *DENSITY PLOT - LOWER AND UPPER HEMISPHERES*//}

00 1 J=KK1,800

IBJ=K BANDLJ) _

AZN=(PGSLJ)~D.5)%360./FLOATUIBNDLIBJ) )

1841=18J¢1 :

DIN=(CANG(IB))+DANGIIBIL) ) £2.

IFIDIN GTa 90.C) DIN=18C.0-DIN

PCTPLT
PCTPLT
PCTPLY
PCTPLTY
PCTPLTY
PLTPLT
PCTPLY
pCTPLY
PCTPLT
PCTPLT
PCTPLY
PLYPLY
PCTPLTY
PCTPLT
PLTRLY
PCTPLY
PCTPLT
PCTPLTY
PCTPLY
PCYPLY

PLTRLT

pCTPLT
PCTPLT



C*
C

303

2%
P

3

CALL SPRPAGUIX,IYL0IN,AZN)

IF{CIN «tT, 81.0) GO TO 3033

IFLAZN LT, 18040 IX=1%£-2

IF{AIN .GT, 180.,) IX=[X+2

CONTINUE

IF(J .£EQ. 1 .OR. J .EQ. 8OO) 1Y=IY-1
K=RLEYEL{J)*100C0.+5.

M=K/1000

N=[K=(M*1000) /100
C=(K-¥=1000-N*1C0)/ 10
LPAGE{IX-2,1Y}=NUML(M+1)
LPAGE{TX—1, 1Y I=NUM{N+1) | .
IF{N 4EQ. D) LPAGELIX~1,TyY)=NUMI(N+L)
LPAGE{IX, ¥Y)=LL0OT

LPAGE({IX+1, [Y}=NUK{O+1)

IFIM JEQ. O «ANC. N oEQs C <AND. 0O .EQ. 0) GG TQ 2
GC 1O 5

LPAGE(IX-2, 1Y }=NUML{]]}
LPAGE{IX—1,1¥)=kUML{L}
LPAGE{IX+1, I¥ I=NUML(L}

[F{J NE. ¢00 ANO. J NE. 800) GO TC 1
[F{J .EG. 800} GO T4 6

WRITE({&4501)

FORMAT(1X,#LOWER HEH(SPHERE#I/)

CALL POL&RC

" GC TO ¥

%
*

WRITE(&,902)-

FORMATI1X,*UPPER HEMISPHERE®//}

CALL POLARC

WRITE{&,903)

FCRMATILHR)

WRITE(6,9C5)

WRITE[5,504)

FORMAT ( LHG

CONTINUE

WRITEL6,903)

RETURN

ENT

SUBROUTINE DIRCCSIAsDsNsSLaSM,SNY

# GIVEN THE SPHERICAL CUORDINATES (L,ACI)0{T141=1,N},
* RETURN THE CORRESPONDING (x,Y.Z) COORDINATES {SL{I),SM{L),
T SN{Td,T=1eN)

COMMON/BL12/ DEGRAD, RADEG

DIMENSICN AINY DIN)¢SLUIN)I4SSMIND S SNIN?
00 1 JJ=1.N

D0=D{ JJ}+CEGRALD

AA=AL JJI*DEGRAD
SL{JJII=SIN{COY*COSI AR
SMLJII=SIN{CDI*SIN{ AA)

SN{JJ)=COS{DD}

CONTINUE

RETURN

END

SUBROUTINE SPHRAT(X:Yel,0, A RY -
* GIVEN THE (XsYsZ) COORGINATES OF A POINT, RETURN ITS
# SPHERICAL COORCINATES (R,D,A}
COMMCN/B12/ DEGRAD,RADEG

DATA PI276.283185307L795864769/
R=SGRT{XEX + Y=Y & I=7)

PETPLT
PLTPLT
PLTRLT
PCTPLT
PCIRLT
PCTPLT
PCTPLY
PLTRLT

PLYPLT -

PCTPLT
PCTPLT
PCTPLT

PCTPLT -

PLTPLT
PLTRLTY
PLTPLT
PCTPLT
PCTPLT
PCTPLTY
PLTPLT
PLCTPLT
PCTPLY
PLCIPLTY
PCTPLT
PLTRLT
PCTPLT
PCTPLT
PCTPLT
PCTPLT

PCTPLT

PCTPLT
PCTPLT
PCTPLT
PCTPLT
PCTPLY
PCTPLT
PCTPLT
PCTPLT
DIRCOS
DIRCDS
DIRCOS
DIRCUS
DIRCOS
DIRCOS
DIRCOS
DIRCOS
DIRCOS
DIRCOS
DIRCOS
DIRCOS
DIRCOS
DIRCOS
DIRCOS
SPHRPT
SPHRPT
SPHRPT
SPHRPT

ChOUDOT

Sriinr g

SPHRPT

19
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9397
9398

9395
3394

9393
9394

IF{X «EQ. Co0 +ANG. Y +EQ. 0,0} GO TO 9395
IFLY) 93974934964 9397

1F{X) 9398,9393,939A
A=ATANZ (Y, X}

IF{A LT. 0.0} A=A+PI2

A= A¥RADEG

GO TO 9394

D=A=0.0

RETURN

A= ABS{(X/ABS(X)-1.0)%90.0) .
GO TO 9394

A=ABS {(Y/A05{Y)-2.0)%50C.0)
D=ACCS(Z/R}*RADEG

RETURN

END

SUBROUTINE DENCLUS

Crepsx CLUSTER THE DENSE POINTS AS FOLLOWS - TWO DENSE POINTS
Cxxds% BELONG TO THE SAME CLUSTER IF THE D] STANCE BETYWEEN THEM
Cx*3%%* [S LESS THAN RLCIS DEGREES

3¢l

COMMON/ B2/ NDENSEKPCUT4IFLAG{500)

COMMON/B3/ RDISs ISPHER »LANS

NCENSEL=NGENSE~-]

DC 6 K=1¢NDENSEL

Ki=K+}

DO 6 J=KY NDENSE

FO=DISTZ{K,J)

IF(FC .GE. RDIS OR. IFLAGE(K) .EQ. IFLAG(J}) GO 1O 6
CALL CHANGE{IFLAGIJI)yIFLAGIK))

DC T NN=1,NDENSE

TFUIFLAGINNY <EQ. [FLAGCJ)) TFLAGINNI=IFLAG(K)}
CONTINUE

CONTENUE

RETURN

END

SUBRCUTINE PLTPT(AsDeN)

Cx*#%% PLOT THE ARRAY (A{D1) D{[),I=1,N] {(POLAR EQUAL AREA
Cx¥t=+ PROJECTION

776

T
T8

TE1

783
180

179

COMMUON/BS5/ LPAGELL3C,78R)
CoMMON/B26/4 ICUY

DIMENSICN A(N),LIN)

DATA IPLUS/1H+/

1CUT=9

DO 777 KK=1.N

IFIDIKKY ~ 9D.G) 776,778,776
D180=180,C0-DIKK)

CALL SPRPAGUIX,IYD1IBO4ALKK))
LPAGELEXs 1Y )= 1H+

ICUT=KK

CONTIEINUE

IFLICUT .EQ. O) GO 1O 783
WRITE[6,781)
FORMAT{1H1,*LGKER HEMISPHERE*//)
CALL POLARC

RETURN

ENTRY PLTPTI

ICUTL=ICUT+1

DC 779 KK=ICUTI1.N

CALL SPRPAGIIX,LY,D{KK)+ALKK))
LPAGELIXy 1Y )=1He

SPHRPT
SPHRPT
SPHRPT
SPHRPY
SPHRPT
SPHRPT
SPHRPT
SPHRPT
SPHRPT
SPHRPT
SPHRPT
SPHRPT
SPHRPT
SPHRPT
SPHRPT
DENCLUS
DENCLUS
DENCLUS
DENCLUS
DENCLUS
DENCLUS
DENCLUS
CENCLUS
DENCLUS
DENCRUS
DENCLUS
BENCLUS
DENCLUS
DENCLUS
DENCLUS
DENCLUS
DENCLUS
DENCLUS
BENCLUS
PLTPY
pLTPT
PLTPT
PLYPT
PLTPT
PLTPT
PLTPT
pLTPT
PLTPT
PLTPT
PLTPT
PLTPT
PLTPT
PLTPT
PLTPT
PLTPT
PLTPT
PLTPT
PLTPT
PLTPT
PLTPT
PLTPT
PLTPT
PLTPT
PLTPT



782

Eass
CEeas

WRITE1H,78B2)

FORMATI{1IH L *UPPER HEMISPHERE®//)
CALL POLARL

RETURN
ENT .

SUBROUTINE INITIRADIUS)

% INITUALUZE CONSTANTS AND VARIABLES
CCMMUNSBL/S AZ{5C0Q}.CIP{S0CINGES
COMMONSB2/ NODENSE,KPCUT,IFLAG{S0Q)

COMMONZBLS NUMID,NYMID,NX,NY, XCONV,YCONY
COMMONABT/S B{50Q0)

CCMMCN/BS/ LPATCHI{BCO)KEANDIBOG)

. CCMMONSBLOY POSLBCO)

COMMON/BIL/ IBNC(326)

CCMMCN/ELZ7 DEGRADSRADEG
CCMMONSBLAZ DANGIZT)

DATA C90/S0.0/7

" CATA DEGRAD/Q.01745329725/,RADEG/ST,.2957795131/

DaTA GANGIISD.G,175.9?171.9,164.8,16&.1,15%.2.149.3,
1460 10139,54134.05129215125.19l19.35114.5,109.9,105.1,
LO0u4399-2490e0584.8+79.6474.9¢70.196525960.7955.9
5049:462095404523549:30.T025485192G915.228,10%e120.0/+
IBND/193210410516916520020+4265286428+28-30430932+320
3693693603693 2332,301309284928926+76492G920516516,
16,10+3:1/,

KBAND/ Lo 3%25 L0%3, 10F4, 16F5916F 6 207T7220%8,26FF426710,
28%FL 1428%12330% 1 3,30%14,32%15+32%16936%1T7e36%18,36%193,
F6*20,32%7 19 32%22,4 3037330286328 2725428%26,206%2 792628,
20225, 20%30,16%31416%32,10%33,10%34,3%35,1%36/

INTEGER B

=0

Ge 3 Jd=1,.36

{BJ=IBND(J)

OC & K=1,IBJ

M=M+3

PCSIMI=K

CCNTINUE

CONTINUE

ENMTRY INIYFT

0C 1 J=14N08S

B{J}=C

00 2 J=1,900

IFLAG Y=Y

RETURN

EMTRY INITR

IF(RADIUS ~LEs G.C) RETURN

KPINCH=10.0C

YPINCH=6.0

NT=RALTIUS2XPINCE+0.5

NX=2+NT+1

NT=RADIUS*YPINCH+0.5

NY=2=NT+1

NX1=NX-3

NY I=NY-1

NYMID=NY/2+1

NAMID=NX/2+1

NXMIDL=NXMIG~-1

NYMID 1=NYMID-1

XCCN=090/NXMIDL

Lol RV Vi« SR L BE VE RN R o

PLYPT
PLTPT
PLTPT
PLTPT
PLTPT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
ITNIT
INIT
INET
INIT
INIT
INTT
INIT
INET
INTT

CINIT

INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
NIy
INIT
INIT
ENIT
INIT
INIT
INTT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
iNIT
INIT
INIT
INIT
INIT
INIT
INIT
TRIT

21
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Cx¥xxxx COMPUTE (X.Ye2)} COORDINATES QOF RESULTANT OF CLUSTER CUl,Cu2

1

C SCRT THE N ELEMENTS OF X AND Y IN DESCENDING ORDER OF X

L5
25
40
50

55

&0

65

70

5

80

XCONV=1.0/XCCN
YCON=QaC/NYMIG]
YCCNV=1.0/YCON
RETURN

END

SUBRQUTINE SUMCOS

CCMMOKR/B137 ¥KOu
COMMON/BIS/S SLLIS0D),SMMIS00),SNNT500)
COMMON/BL1G/ SX45Y452
$X=5y=52=0.C

OC 1 K=1ysK0OU
SX=8X+SLL(K)
SY=SY+SMM(K)
SZ=SZ+SNN(K)

CONTinNUE

RETURN

ENT

SUBRCUTINE SORT(XaY.N)

CIMENSION X{NJ),Y{NI,LTL(201,UT(20)
J=N

I=1

=1
IF{J=-1-1}85,85,10
IP=(1441/2

T=X{1P)

XUIP)=XII)
YT=Y(IP)
YUIP)=YLI)

IG=J

K=1+1

IFIK=[Q) 254254£5
IFIX{K)I=T}40+55,59
IF{X(IQ)-TYI6C+6C50
P=X{K)

X{K)=x(1IQ)

XLiQ)=pP

YR=Y(K)

YIK}=Y(1Q)
Y{IQ)=YP

[g=1g-1

K=K+}

G 10 1s

10=1Q-1
IFLIg-K)65,40,4C
Xt1y=x(1Q)

XtIQ)=T

Y{i)=Y(1IQ)
YUIQy=Y1
IF(2%10-1-0)75,75,70
LTt{M) =1

UT{MY=16-1

I=10+]1

G0 TC 80
LT{¥)=1Q+1
UT{M)=)
J=10-1
M=M+]

INLT
INIT
ENTT
INIT
INIT
SUMCLOS
SUMCOS
SUMCOS
SUMCOS
sumcnos
SUMCOS
SUMCDS
sumcos
SUMCUS
SUMCOS
SumMcaos
sumMcos
SUMCOS
SORT
SORT
SORT
SORT
SCRT
SORT
SORT
SORT
SORT
SORT
SCRT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SGRT
SORT
SORT
SCRT
SORT
S0RTY
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORY
SORY
SCRY
SORT
SORY
SORT



g5

165

1i0
115

120

60 TC 5
IF{I-J4)95,110,110
IFIXUEY-X{Jd1}1Css110, 110
P=xXI1)

X(I)=X04)

X{J}="F

YE=Y{1)

Y{I¥=Y(J1}

Y{J)=Y¥p
[F{M-1)12C.12Cs115
M=M-1

{=LT{M)}

I=UT{M)

GC TC S

RETURN

END

FUNCTION DIST3{1I,4)

COMMON/BBS SLI5C0),SMEB0CT «SN(500)

DIST3={SLET)+SLLI ) iFF2+{SMITIFSMEJ) I $=Z+ISN{TV+SNIJ)) *%2

RETURN

END

SUBRGUTINE XLEVEL[XK])

COMMON/BL/ AL5CCY.D{50Q)4N
COMMON/BSI/ LPATCH{EO0)KBANDIBCO)
COMMONSB20/ RLEVELI BOC)
FN=FLCOATIN)

RLEVEL(KKL)=FIL CAT(LPATCHIKKL) }/FN
KK2=KKL4+1

DO 1 J=KKZ2,800

J¥l=d-1
RLEVEL{J)=FLOATILPATCH{JI}-LPATCHIJIMLY}Y/FN
CONTINUE

RETURN

ENC

C¥ *xx* CIST3 = DISTANCE FROM POINT NUMBER I TO THE NEGATIVE CF POINT
C=¥3#% NUMBER J.

SORT
SART
SORT
SORT
SART
SORT
SORT
SORT

| SORT

SORT
SORT
SORT
SORT
SORT
SORT
SORT
DIST3
NIST3
DEST3
pDIsT3
NIST3
DIsT3
DIST3
XLEVEL
XLEVEL
XLEVEL
XLEVEL

XLEVEL

XLEVEL
XLEVEL
XLEVEL
XLEVEL
XLEVEL
XLEVEL
XLEVEL
XLEVEL

23
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EXAMPLE OUTPUT



AXTAL DATA CCNSISTING OF 6 HEMISPHERICALLY NORMAL CLUSTERS

NOBS
LANS
I[5PH

ROIS

RADIUS

RABT

= 1
£ER =

1

]

44

¢

245

OF POINT PLOT

US OF DENSITY PLOT =

4.0

6.0

AZ7IMUTH OF THE DIP AnND DiP OF

380
349
337
&
72
80
T7
98
144
157
165
172
217
223
226
212
2838
301

298

262
168
230
324
257
FOR

60
65
19
36
6C
52
41
51
57
&7
53
58
59
Tl
76
84
59
54

58

3

i

19

22
RDIS

44,

0

9
337
352
12
&9
T4
g5
146
143
143
149
218
204
239
187
© 288
297
306
269
261
14
131
113

= 12.50 PERCENTAGE (OF SURFACE AREA IS

61
71
&0
84
61
[]
40
80
63
46
41
85
59
68
58
56
61
71
68
78

3
1%
s
24

i
347
g
329
74
56
87
1Cz
145
158
148
137
210
1¢g
215
247
288
239
26%
269
le8
19
26
187

57
49
41
&4
57
53
76
63
5¢
69
&0
34
54
52
g0
54
59
71
69
38

4
15
20
28

THE DATA PCINTS

4
0
22
Z
77
53
71
L4
140
128
1253
113
215
229
193
186
287
286
310
278
338
163
356
gb

A PUOINT X IS DENSE IF THERE ARE

WHOSE EUCLIDEAN DISTANCE FROM X IS LESS THAN 4.T74E-0Z.

57
76
€6
g9
63
51
g1
70
65
&8
15
68
54
70
68
51
38
16
49
85

5
15
21
28

351
20
24

335
66
g0
50

101

136

129

142

178

222

232

220

163

291

212

310

321

362

248
23
S&

7 OBSERVATIONS

58 35¢
55 348
67 339
37 32
59 64
T7 &7
69 49
68 47
56 13&
48 161
39 131
61 161
68 205
50 197
36 24}
78 236
68 278
5¢ 277
48 301
59 300

8 42
15 201
21 297
29 341

237

69
75
42
44
55
79
47
37
68
68
80

85

55
69
83
&8
46
78
B7

17
21
30
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DENSETY PLOT - LTWER AND UPPER HEMISPHERES

UPPER HEFISPHERE

N
* -
* s
.7
. . -7
*
. o7 .
® - W7
+7
- . - . 1.4
* - -7 -7 .
. . o7
* 7 -7
-7 .
T .7 . a7
. Lot l.& .
* o7 «7 - . .
. . . .7
+ . . w?
2. . - -
. + .
* . W1 . T
.7 «7 -
. .« . - -
1.4
we + . Y . . L3
- - -7 2.1
. . . . o7 l.a .
. . .
* - - .
B . o7
« o7 - -
. . .
* ot . R T
.7 -
. . o7 .
7 .
+ - .
! . .7 .
- ot . .
) lo4 -
2.1
* «7 o7 . -7
. - . . .7
.
.4 . l.4
. . (.
. .7 .
*
. . .
* . )
& -
]

-1

.7

*
T .
«7
.7

.

o7 .

.7

.7

-7

.7

.7

-
*
«T7 .
1.47.
.
*



UPPER HEMISPHERE

*
*
¥ +
*
*
+
* +
+ +
* *
+
+
*2
3+ + FS
+ +
+ +
* * +
*
& +
+% Y
t .
+ + +
¥
+ +
W + + + 4
+* + +
w
*
E 3
+
* + + +
* +
*
+ + + +
+4 + +
* + + +
+ +
+
* + +
+
* +
%
-3

-DATA PLOTIPOLAR EQUAL AREA PROJECTIOND.
THERE ARE 144 POINTS IN THE SAMPLE.

+
+4
+
+
+
+
+
+
+
+
+
+
+
+ *
+
*

27
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UPPER HEMISPHERE

W¥

THERE ARE

25 DENSE POINTS.



QUTPUT OF CLUSTERS,

CLUSTER MEANS

CLUSTER KUMBER 1
NUM AZIMUTH INCLINATION

1 149.C0 ' 85 .G¢
2 161.00 85,0¢C
3 131.00 80.00
4 12%.00 75.0C
5 1132.00 &8 .GC
6 128.00 68.CC
7 134,00 68.C0
8 157.00 67.00C
9 158.00 69.0¢C
10 161,00 68.CC
11 140.00 65,00
iz 146.00 632,0C
i3 136,00 56400
is 144,00 $7.CC
15 145,00 56 .00
15 172.00 58,0C
17 165,00 53,0C
18 129.00 48.CC
19 143.00 46,00
20 143,00 41.00
21 142.00 39,00
22 148.00 40 .00
23 137.00 34,0¢C

MEAN

ALTMUTH 144.02 DEG

INCLINATION S9.66 UES

RESULTANT ANC ITS CCOMPCONENTS — RySXsSYeSZa
-15.23083 li.05826

2l.80881

CENTER Of GRAVITY -

- 66 2’2’

4808

(X,YgsZ1 COQRDINATES
- é‘?’% )

11.01640

29
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UPPER HEMISPHERE

¥ N
*
¥
%
*
*
*
*
W¥ *
*
*
*
%
x
*
*
* *
S

CLUSTER NO. 1 CONTAINS 23 ppINTS.
FOR THIS ANALYSIS, RLIS = 12.50

++



CLUSTER NUMBER 2
NUH AZIMUTH INCLINATICN

1 212.00 84,00
2 215.00 80.0C
3 236.00 83,0C
4 192400 78.CC
5 226,00 76.00
6 223.00 71.0C
7 193,00 66 .00
g 204.00 £8.CC
) 222,00 68,00
10 229,00 70,00
11 241.00 6€9.0C
12 178.00 61.CC
13 210.00 64,00
14 187.00 56.0C
15 217.00 59.CC
16 218.00 59,0¢C
17 239,00 58200
18 186.00 51.0C
19 197.00 55.CC
20 199.00 52.0C
21 205.00 53.GC
22 215.00 54 .0C
23 247.00 54 ,CC
24 232.00 5040C
25 220.00 36.00

MEAN

AZIMUTH 213.97 DEG

INCLINATION 61.82 DEG

RESULTANT ANL ITS COMPGNENTS - RySXs5Y4SZ,
~17.21700 ~1l.60176

23.55255

CENTER OF GRAVITY ~

—.6B87

- 8541

{Xe¥sZ2) COCROINATES
44649

11.12130
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UPPER HENMISPHhERE

*
L
*
%*
*
*
*
*
W
%
+
* + &*
+ +
*
+ 4+ + &
4+4 + +
% + + +
+ 4
+
& 4+ +
+
* +
*
*
CLUSTER KNO. 2 CONTAINS 25 POINTS.

FOR THIS ANALYSIS. REIS = 12.%0



CLUSTER NUMBER 3

NUM AZINMUTH INCLINATIGN
i 278.00 85.0C
2 300.00 B7.00
3 269,00 " 78.0C
& 286.00 76 -0C
S 301.00 78.0C
(] 297.00 71.0¢C
7 299.00 71.0C
8 269.00 69.0C
9 278,00 66,00
10 291.00 €%.00

11 306.€0 68.0C
12 288,00 61.0C
13 262.00 58,00
14 287,00 58.00
i5 288.00 59.0C
16 288,00 59.0C
17 321.00 £9.00
i8 301.00 54.,0C
1S 272.00 50.0C
20 277.00 46,0C
2l 310,00 49400
22 310.00 48.0C
23 258.00 44 ,0C
é4 269.00 38a0C
MEAN

A7IMUTH Z2B%9.42 DEG
INCLINATION 61.73 CEG

RESULTANT AND ITS COMPONENTS - R45XeS5YeSiZ.
22.7T9199 £.67552 -18.93151 10.79399

CENTER OF GRAVITY - {X:Y»Z) COGRDINATES
« 2781 -~ 7888 « 44697
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UPPER HEMISPHERE

e
+
F
+
+
*
+ +
W* + +
*
*
*

CLUSTER NOa

+4

3 CONTAINS

FOR THIS ANALYSIS, RDIS =

24 POINTS.
12.50



CLUSTER NUMBER &

Z
e
WO =0 N e

DD P e b o o i i et pet e
O DO~ NS WwWN R

MEAN

AZ IMUTH
2.00
352.00
.00
348,00
357,00
G.00
22.00
24,00
358.00
C.00
329,00
34%.00
1.06
4, 00
337,00
351.00
360,00
20.G0
347.00
33%.00

A7IMUTH 357.61 DEG
E4.54 DEG

INCLINATION

INCLINATION
89.00
84.00
76.00
7500
79.0C
71.00
66.0C
67.CC
69.00
61.00
64.00
65.0C
57.00
57 .00
60.00
58.0C
60.0C
55.00
49,00
42.00

RESULTANT AND ITS COMPONENTS — RsSXsSY»S7e
17.27309 -.71946

19.14823

CENTER OF GRAVITY -

«8637

(XoYys23 COCRDINATES
<5116

8.23271

35
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UPPER HEMISPHERE

* N+ *
L]
+ o+
& L
*
+ +
% +
+
+ + 4+ ¢
* * +
+
&
+
*
*
W *
&
*
*
¥*
*
*
&
* * *
S
CLUSTER NOQ. 4 CONTAINS 2C PCINTS.

FOR THIS ANALYSIS, RpIS = 12,50

++



CLUSTER NUMBER 5

2=
c
=

O oD W

MEAN

AZIMUTH 70,

INCLINATION

AZIMUTH INCLINATION
71.00 81.0C
85,00 80.00
67.00 79.0C
69.00 75.00
80.00 7700

- 87.00 76 .00
44,00 70.CC
50.00 69.00

101.00 68.0C
72.00 &1.0C
7700 £3.00

102.00 &€3.00
66,00 59,00
72.00 &0.00
74400 $7.00
53.00 51.00
56,00 53.00
64.00 55.CC
80.00 52.00
98,00 51.0G0
49,00 5£7.0C
32.00 44,00
77.00 41.00
47,00 37.Q0
74,00 40,00

68 DEG

59.24 CEG

RESULTANT AND ITS COMPONENTS — RpSXoSY.SZ,
6.69527 19.49328

23.54€75

CENTER OF GRaAVITY -

+ 2678

« 7637

LAt

(XsY+Z) COORDINATES
«+4818

12.046447

37
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UPPER HEMISPFHERE

ne

CLUSTER NQO. 5 CONTAINS
FGR THIS ANALYSIS, ROIS =

25 POINTS.
i2.50

wr
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CLUSTER NUMBER 6

NUM AZTMUTH INCLINATION
1 6. 00 41.00
3 335.00 37.00
& 86.00 25.00
5 94, G0 29.0¢C
6 187.00 28.00
7 341.00 30.00
8 23.00 21.00
g 26.00 206.0C

10 113.00 24.0C
11 257.00 22.00
12 297.00 21.00
13 356.00 21.0C
14 131,00 19.0¢
15 201.00 17.00
18 324,00 19.0¢
17 14.00 14 .00
18 13.00 © 15.0C
1 42.00 9.0C
20 163.00 15.00
21 230.00 - 10.0C
22 248.00 15.0C
23 302.00 8.00
24 336.00 $.00
25 168,00 4,00
26 168.00 3.00
27 261.00 3.00

MEAN
AZIMUTH 6.59 DEG
ENCLINATION 6.04 CEG

RESULTANT ANC ITS COMPUONENTS — Rp35¥,SVY,SZ.
25.25966 2.64190 «3053¢ 25.,11926

CENTER OF GRAVITY - (X,Y,z) COCRDINATES
.0978 0113 .9303
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UPPER HEMISPHERE

*
*
*
*
&
+
* +
*
*
+
we +
+ +
e
#
L3
*
*
E-d
*
*

CLUSTER ND, 6 CONTAINS 271 POINTS,
FOR THIS ANALYSIS, RLIS = 12.50
UBJECTIVE FUNCTEICON = 37.3C1

TIME REQUIREC TO ANALYZE 144 LATA POINTS

8.584 SECONDS



FOR NEXT ANALYSIS OF SAMPLE
LANS = €]

ﬂ.ﬂls = 1305

FOR ROIS = 13.50 PERCENTAGE OF SURFACE AREA IS

2.76

A POINT X IS DENSE IF THERE ARE 7 GBSERVATIONS

WHOSE EUCLITEAN CISTANCE FROM X IS LESS THAN

5.53E~-02s

41
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UPPER HEMISPHERE

¥
+*
*
+
* +*
+*
+e
*
+
Wk
*
™
*
+
+4
*
+*
*

THERE ARE 33 DENSE POINTS.



QuTPUT OF CLUSTERS, CLUSTER MEANS

CLUSTER NUMBER 1

NUM AZIMUTH INCLINATICN
i 2.00 839.00
2 352.00 84 .00
3 0.00 76.0C
4 348.00 = 75.00
5 157.00 79.0C
6 © 9,00 71.0C
7 22.00 66,00
8 24,00 £7.00
9 3156.00 £9.00

10 0.00 61,60
i1 223,00 64.00
12 349,00 65.00
13 1.00 57.00
14 4,00 57.0C
15 337.00 60,00
16 351.00 58.C0
17 360400 60.0C
18 20.00 55.0C
19 347.00 49,00
20 8,00 41.00
21 339,00 42.0C

MEAN
ALIMUTH 357.99 CEG
INCLINATION  63.38B DEG

RESULTANT AND ITS COMPONENTS — R»SXsSY.SZ. :
20.059786 17.9227¢ —at 2815 B.98742

CENTER OF GRAVITY ~ {(XsYesZ) COCRDINATES
a8535 _00299 . -‘}280



4t

UPPER HEMISPHERE

*
%
+
%
*
* +
+ +
& +
+
*
+
*
*
(VL
*
¥
%*
%*
*®
*
*
*
CLUSTER NO. 1 CONTAINS 21 pOINTS.

FUR THIS ANALYSISs RCIS = 13,50

*

++



CLUSTER NUMBER 2

NUM AZIMUTH INCLINATICN
1 212.00 84.0C
2 215.00 80.0C
3 236.00 83.0C
4 193.00 78400
5 226.00 76.0C
6 223.00 71.0C
7 206,00 68.CC
8 222.00 68.GC
9 229.C0 70.0C
10 241.00 69.GC
11 210.00 64400
12 217.00 5%9.CC
13 218.00 59.0C
14 239.00 58.00
15 197.00 55 .00
16 199,00 . 52.00
17 205.00 53.CC
18 215.00 54.CC
19 247.00 54.00
20 232.00 50.00
2L 220.0C0 36.00

MEAN

AZIMUTH 219.C6 DECG
INCLINATION 63.13 DEG

RESULTANT ANC ITS CCMPONENTS - RpSX.SY,SZ.
20.00528 -13.85704 -11.,2445] SeC&l1B4

CENTER OF GRAVITY - (XeYsZ) CCOCRUINATES
-26599 -«5355 «4306 '
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CLUSTER NO. 2 CONTAINS 21 POINTS.

FOR THIS ANALYSIS, RDIS = 13.50



CLUSTER NUMBER 3

MM AZIMUTH INCLINATICH
i 149.00 85.CC
2 161,00 85,00
3 131.00 8C.0C
4 129.00 7500
5 113.00 68.0C
6 128.00 £8.0C
7 134,00 £8.CC
8 157.00 67.00
9 158.G0 69.0C
10 161,00 £8,.0¢C
1l 120,00 65.CC
12 146,30 63.00
13 136.00 56.0C
is 1644.00 57.0C
15 145.00 56.00
16 165.00 53.0C
17 12%9.00 48,0C
ig 143.00 456.0C
19 143.00 41.00

20 142.00 39.0C
21 148,C0 4C.0C
22 137.00 34£.0C

ME-AN
AZTMUTH 142.76 CEG
INCLINATION 59,88 CEG

RESULTANT ANC ITS COMPOMENTS — RyS5XsSYeS7.
20.89873 -14.39103 10,.94023 1C.48648

CENTER CF GRAVITY ~ (XsYesZ) COORDINATES
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CLUSTER NO. 3 CONTAINS

FOR THLIS ANALYSISe RUIES

=

22 PGINTS.
13.50



CLUSTER NUMBER 4

NUM AZIMUTH INCLINATION
1 278.00 85400
2 300.00  87.CC
3 269,00 78,00
4 286,00 76.00
5 361.00 78.0C
& 297.00 71.0¢C
7 299.00 71.00
8 269.00 £9.0C
) 278.00 66 .00

10 291.00 £9.0C
11 306400 6800
12 288.00 €1.CC
13 262.00 58.CC
14 287.00 58.CC
15 288.00 59.00
16 288.00 59.0¢C
17 321.00 59.CC
18 301.00 54 .00
19 272.00 50.00
20 277.00 46.0C
21 310,00 59.0C
22 310,00 48,00
23 298,00 44,60
24 269.00 318.0C
MEAN

AZTMUTH 289.42 DEG
INCLINATION 61.73 DEG

RESULTANT AND ITS COMPONENTS — ReSX,SY,SZ.
22.79199 6.67552 -18.93151 1€.73399

CENTER OF GRAVITY - (X.Y,Z) CGORDINATES
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CLUSTER NO. 4 CONTAINS 24 POINTS.

FOR THIS ANALYSIS, RECIS = 13,50



CLUSTER NUMBER 5
NUHM A7TIMUTH INCLINATIQON
1 71.00 81.0C
2 85,00 80.0C
3 6700 73.CC
4 £%.00 75.00
5 80.00 77.CC
6 87.G0 76.0C
7 44,00 TG.CC
] 50.00 69,00
9 101.00 68.0C
1o 72.00 61.0C
11 7700 63.CC
12 102.00 63.00
i3 66.00 59.0¢C
14 72.0C 60.00
15 74,00 57-CC
15 53,00 51.00
17 56,00 53.CC
i8 6%, 00 55.0C
19 86.00 52.0C
20 28.00 51.0C
21 49.00 47,00
22 32.00 44 .00
23 T7.00 4100
24 47.00 37.00
25 74.00 40,.0C
MEAN
ALIMUTH 70.68 DEG
INCLINATION 59.24 DEC

RESULTANT AND IT7S COMPONENTS — RoSXeSY:SZa-
b6.69527 19.09328

23.54675

CENTER OF GRAVITY -

«2678

« 7637

(Xe¥YoZ) CUGRDINATES
=4818

12.04447

51
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CLUSTER NO. 5 CONTAINS

FOR THIS ANALYS[Ss ROIS =

25 POINTS,
13.50



CLUSTER NUMBER <]
MU AZTMUTH INCLINATICN
i 193,060 £6.0G0
2 178.0C0 61.0C
3 172.0G0 $8.CC
4 187.00 56,0C
-] 186,00 51.00
MEAN

AZIMUTH 183,26 DEG
INCLINATION 58,18 DEG

C RESULTANT AND ITS COMPUMENTS - ReSXsSYeSZ.
6,95047 -4.19976 —e23922 2.60993

CENTER OF GRAVITY - (X,YsZ) CUOURDINATES
-+8400 -.0478 «5220

33
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UPPER HEMISPHERE

W%

CLUSTER ND.

6 CONTAINS

FOR TH1s ANALYSIS, RCIS =

5 POINTS.
13,50



CLUSTER NUMBER 7
NUH AZIMUTH INCLINATION
1 6.00 36.00
2 335.060 37.CC
3 86,00 28.0C
4 94,00 29,CC
5 187.00 2800
6 341.00 30.0¢C
7 23,060 21.0C
8 26,00 20.00
9 113.00 24,00
10 257,00 22.0C
11 297,00 21.0¢C
12 356.00 21.0C
13 131.00 19.0¢C
14 201.00 17.0C
15 324,00 19.0C
16 14,060 14,00
17 19.00 15.00
18 42.C0 9.0C
19 163.00 15.CC
20 230,00 10.00
21 - 248,00 15.00
22 30z.C0 .00
23 336,00 5.0C
24 168.00 4,00
25 168.00 3.0C
26 261.CG 3.0C
MEAN
AZI®UTH 6.13 DEGC
INCLINATION .70 DEG

RESULTANTY AND ITS CCMPONENTS ~ ReSX9eSV,Si.
1.99222 « 21604

24 .44 680

CENTER OF GRAVITY -

« 0766

.0C82

«9371

24.36455
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CLUSTER NO. 7 CONTAINS 26 PCINTS.
FCR THIS AMALYSIS, RCIS = 13.50
DNEJECTIVE FUNCTICN = 44,489

TIME REQUIREC TO ANALYZE 144 CATA POINTS

6.729 SECONDS



SUMMARY [OF RESULTS

RANDOMMESS KO OF OBJECTIVE

RDTS ISPHER LANS PCTSURF TEST CLUSTERS FUNCTION
12.5 L4 ¢ 237 ' [ & 3.730E+01

13.5 G c 2eTE 7 7 4,449E+01

57

TIHE{SECONDS)
REQUIRED

8.584%
6,725
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