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INTRODUCTION 

Pattern recognition is a developing branch of artificial intelligence . . 

that has shown great.promise, in providing a general approach to solutions 

of a large class of data analysis problems in such diverse areas .as medical 

diagnosis, environmental protection, materials science, production control, 

and the experimental physical sciences. A general statement of the type of 

problem that pattern recognition attempts to solve is as follows: 

I1 ..... Given a set of objects and a list of measurements made on these 
objects, is it possible to' find and/or predict a property of the objects 

that is not directly measurable but is known to be. related via.some 'unknown 

relationship?. . . . . "* 
m e  computer program described in this manual attempts to answer that 

question for specific data sets. It is perhaps worthwhile to note that the - 
program, called RECOG, not only answers "YES" but sometimes answers "NO". 

Namely, RECOG operates on data sets in such a way that it is apparent 

whether or not useful information is contained in the set. A variety of 

processing techniques are used to look at the data so that the scientist is 

able to make intelligent decisions about large amounts of data. The problem 

is roughly parallel to determining the shape of a multivariate function in 

ma&-dimensional space, given a number of functional values in the space. 

The difficulty is that, for the types of problems mentioned above, it is 

not clear either what the functional form is or what the proper choice of 

. variables ought to be. RECOG'S primary task is to help make those choices. 
- I. 

*B. R. Kowalski and C. F. Bender, J. Am. Chem. Soc. 2, 5632 (1972). 



DEFINITIONS AND NOMENCLATURE . . 

consider a col lect ion of NP objects f o r  which NV measurements (or  

var iables)  have been ' tabulated. !he tabular  description of the information 

i s  cal led a pa t te rn  and i s  denoted by the vector X *j' 

Eere X i s  the value of 
il 

pat te rn  space (sometimes 

' t h  t h  the  i- measurement made on the j- object. A 

cal led a pattern s e t  or data  se t )  i s  a col lect ion - -- 
of these patterns:  

O f  course, it i s  assumed tha t  the same measurements a re  made on. a l l  the .. 

objects.  The matrix representation of pat terns  is  used so t h a t  t he  methods 

of l i nea r  algebra can be applied. 

. A  c la s s  contains pat terns  which have some common unmeasurable ( e i the r  . 

economically or  physically) feature.  Most pat tern recognition problems can 

be reduced t o  two-class problems (good actors, bad actors, e tc . )  . A 

predicted property i s  a parameter t o  be predicted fromithe measurements, 
. . 

.usually a continuous function. For cases . in  which only classes  a r e  of 

in t e re s t ,  the predicted property may be simply the c lass  number. 



mOG VERBS 

RECOG analyzes pat tern s e t s  by applying various techniques t o  them. 

B e  use of verbs i n  the input stream allows the program user a great deal  - 
of f l e x i b i l i t y  i n  the analysis of h i s  data. The format f o r  the verb input 

i s  as  follows: 

nvPur ....* ( ~ 1 0 )  

Cols Type Default Description - 
1-10 A - VERB ( l e f t -  jus t i f ied)  

.The verbs presently available i n  RECOG are . 

Pattern f iput  

IIwJT 

Pattern Analysis 

CORR 
c o r n  

Preprocessing 

AUTO 
KHPRE 
SELECT 
SLT 

Display 

2DPLOT 
HISTO . 
NLM 





PlvrmRN INPUT . ... . .. 

Pattern sets' are read by one of three modes: ' (1) through the normal 

input stream, or through an alternate (2) formatted or (3) binary file. 
The last' two methods allow manipulation and analysis of input which has 

been created by other computer programs or which is too large to be 

easily handled in card form. The only verb included in this section is 
C 

INmrr . '  



VERB ..... m " 
. . + 

DESCRIPmON . . . . .!the parameters and patterns (i.e..; the matrix X )  CY fo r  a 

given pattern se t  are defined. 

INPUT ..... 
PATIlERN DEFINITION CARD . . . . . ' (~10, 415) . 

Col e Default ~ e s c .  - - 
1-10 A - ~ a h e  of pattern s e t  (must be new and unique) 

l l-15 I - Number of variables per pattern (NV) 

'16-20 I - Number of patterns (NP) 

21-25 I - Number of classes (NC) (should be a t  leas t  one) 

26-30 I .  - Nmber of patterns i n  the .training - set. (NT). If 

negative, the f i r s t  NT patterns w i l l  constitute the 

<training set; otherwi~e, the (NP-NT) unknown 

ordinal pattern numbers w i l l  be read i n  the format 

(2013). (on alternate input f i l e  i f  Option 2 i s  
selected -- see below). 

IIQUT FORMAT CARD . . . . . (8~10) 
Col. Ty-pe Default Desc. - - 
1-80 A . . - Format for  pattern input i n  the form (F1, F2, . . . , 

B, C, D) where the F 's are the formats fo r  the 
k 

pattern values X . (must be floating point numbers), 
"J - 

B i s  a floating point format f b r  the predicted 
. 

property, C i s  an alphanumeric format for  the class 

name (usually A.1-~4), .and D i s  the format (alphanumeric) 

fo r  the name of the pattern. 

If the f i r s t  three characters on t h i s  card are BIN, the patterns w i l l  

be read off the binary f i l e  assigned t o  U n i t  2 ( i  .e. ,  TAPE^) . The unformated 

read i s  

HEAD (2) (~(1, J), I=l, NV), P, 'CL, NAME 

where X i s  the pattern matrix, P the predicted property, CL the class name, 

and NAME the pattern name. If the f i r s t  three characters of the Input 

Format Cazd are BCD, then the patterns w i l l  be read off the BCD f i l e  

asslgued t o  U n i t  1 (called ALTIN) . In th i s  case, the user must read i n  two 
. . . . . .  



additionalformats F1 = (Fly F2 . . . FN) and F2 = (,B, C, D) as described 

above., The formatted read from ALTIN i s  

READ (1, F1) (~(1, J), I = l ,  NV) . . '  &" 

READ (1, F2) P, CL, NAME . . 

After the patterns are read in ,  the (NP-NT) un'known pattern numbers are 

read in from ALTIN i n  the format (2013). 
C 



-8- 
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PATllERN ANALYSIS 

The subroutines of RECOG described in this section axe used to evaluate. 

the usefulness of the measurements. Such analyses should be the first step 

of a pattern recognition application. Correlations between variables of ten 
. , reveal interesting information on the types of tests performed. Early. 

indications on the applicability of pattern recognition methods may also be 

inferred at this stage 0.f the analysis. The verbs included 'in this section 

axe: 

CORR 

CORRPP 



VERB -.*.. CORR 

DESC-ON ..... The correlation matrix C is calculated for correlations 
CY 

among all the variables, where 

I 

 on-diagonal elements of C are ordered on I C  I and printed, providgd ik . 
their value is 2 0.50. 

INmJT .'.... (~10) 
. - Cols. Type Default - Desc. 

1-10 A - Name of pattern set 



DESCRIPTION ..... The correlation coefficients for all variables with the 
predicted property P are calculated and ordered on absolute.value, where 

. . 
- 

\ 

Cols. Type Default Desc. - - 
1-10 A - N m e  of pattern set 



The subroutines described in this section are used to change the 

representation of the patterns in pattern space. Such changes.in representa- 

tion often make the clustering of like patterns more obvious and classifi- . .  

. . cation easier. The verbs described in this section are 

AUTO 

KHPRF: 

SELECT 

SLT 



VEEZB ...'... AUTO 

DESCRIPTION .:... Autoscaling i s  applied t o  the variables ' in order t o  

equally weight each variable. B e  new variables are def b e d  by , 

. 

where 

The new variables Y can also be weighted with class .information by 
i j 

set t ing 

Y' = Wi 
( code) 

ij 'i j 

mere are f ive  weighting codes available. Code 0 se t s  W!')=l fo r  all i, 
1 

1.e.. Y' - - Yij* Code 1 defines Wil) as the absolute value of the correla- 
* t ion coefficient between the predicted property andvakiable i (see discus- 

sion of CORRPP) . Code 2 weights accordingj t o  the degree of interclass 

separation 

Here the notation means that  the f i r s t  sum i s  over,& patterns i n  Cless I, 

L and the second sum i s  over all patterns i n  Class J, where J>I. Code 3 
defines ' 



-I 
2 w(3) = [ 1 . . (x . .  x i  ] , . 

i 1 J 3 >k 

i.e., the degree of intraclass clustering. Code 4 does both 2 and 3 
simultaneously: 

INPUT..... (2~10 ,  5X, 15)'. 

Cols. Type Default Desc. - - 
1-10 A - Name of input pattern set 5 

11-20 A - Name of output pattern s e t  Y ; i f  th i s  f i e ld  i s  
N 

blank, the new se t  w i l l  simply replace the old set.  

26-30 I 0 Weighting code as described above . 



DESCRIPTION . . . . New variables are defined which diagonallze the ' scatter  

matrix ' 6, where 
N 

and 

This technique i s  often called the ~arhunen-Ioke transforktion.  It can 

be used t o  reduce the number of variables by selecting only the f i r s t  few 

columns of the transformation matrix of eigenvectors E. These new variables 

have decreasing variance. 

Cols. Q-pe Default Desc. - - 
1-10 A - Name of input pattern se t  

i 

ll-20 A - Name of outpu? set; i f  blank, input i s  replaced. 

21-25 I NV Number of variables t o  be retained i n  the output 

pattern set .  The output pattern s e t  - must have a 

new name i f  the number of variables i s  t o  be changed. 
- - 



VERB ..... SELECT 

DESCRIFTION.....New variables are defined which are ordered on an a t t r ibute  

and may be uncorrelated with one another. A t  present, only one a t t r ibute  

i s  available, the absolute value of the correlation coefficient between each 

variable and the predicted property. (see discussion of CORRPP) . Note that  

a training s e t  must exist.  The program assumes that the pattern s e t  has - 
been autoscaled. 

Three selection code's are available. Code 1 slmply selects  variables 

as ordered on ICi 1.  For Code 0, the selected variable i s  "uncorrelated" t o  

the remaining variables by taking l inear combinations of the selected 

variable ( i )  and each of the remaining variables (k) i n  question. . The 

particular combination (k ') i s  determined by r e q i k i n g  the scat ter  between 

i and k' t o  be zero: 

The coefficients ci and ck are determined by the condition ,above and the 

. . requirement that  k, = 1. Since the pattern se t  has been autoscaled, . . 

= & = 1, and the coefficients are uniquely defined. Enisting variables sii , 
- are dropped i f  the scat ter  S >O.ggbefore uncorrelating. Finally, selec- 

ik  
t i on  Code 2 uses the Code 1 order of variables for selecting n e w  

variables from the original  ones. 

C 0 l s .  Type Default Desc. - 
1-10 A - Name of i w u t  pattern act 

ll-20 A - Name of output pattern set; i f  blank the new se t  

replaces the old s e t  

21-25 I W Number of variables to  be retained 

26-30 I 0 Selection Code (see above) 



VERB '..... SLT . 

DESCRIMlION ..... New variables are defined wh'icb separate one class from 

each other class. The new variables are generated by the transformation which 

defines an interclass separation plane.  o or each p a r  of classes C I' C ~ '  
I> J; column vector €fJ i s  defined f o r  the patterns contained i n  the two 

- . 
classes, where 

!Be l inear transformation i s  found by the lesst squares solution t o  

Here 5' denotes only the pattern space spanned By the members of the classes 

C and CJ. The (NC (NC-1))/2 transformations ALT are then applied t o  the I N 

f u l l  pattern s e t  t o  create the same number of new variables ( (NC * (NC-1) )/2) ) . 

Cols. Default Desc. - 
1-10 A - Name of input pattern se t  

ll-20 A - Name of output set; cannot bei blank 



DISPLAY METEODS 

The subroutines described in this section are used to display the NV- 

dimensional space in two dimensions. Many of these subroutines, if not a l l ,  

of them, require the use of special ILL hardware and software. The verbs 

included in this section are 
.. . . ., 



VERB ..... 2DPLOT 
DESCFCETION ..t..;'A two-dimensional representation of the pattern set is 

defined by the linear transformation (~arhunen-b&e) which diagonalizes the . ' 

scatter matrix. .The two eigenvectors corresponding to the two largest 

eigenvalues are retained. The 3," and. 5 y" of the plot are thus 
. . 

where 

and 

Cols. Type Default Desc. - - 
1-10 A - Name of pattern set 

h 



DESCRIFTION.....For specified variables o r . t h e  predicted property, his to-  

grams a re  generated which indicate t h e i r  d is t r ibut ion  within the pa t te rn-se t .  

The range of the var iable  i s  divided in to  sub-ranges, and the number of 

occurrences of each sub-range i s  plotted. 

m..... . - C 

Cols. Type Default De~c .  - - 
1-10 A - Name of pat tern s e t  

HISTOGRAM SPECIFICATION. . . . . (215, ~ 1 0 )  

Cols. Type Default ~ e s c .  - - 
1-5 I - Variable number; - 1 gives predidted property 

6-10 I 6 Number of Sub-ranges . 

l l -20 A Blank Name of variable f o r  p lo t  l a b e l  

Ablank card i s  used t o  terminate HISTO. 



DESCRIITION ..... Non-linear optimization techniques are used t o  display 

the NV-dimensional data i n  two dimensions. The optimization minimizes the 

function 

where 

The cdrrent version uses a contra-gradient technique fo r  the minimization. 

INPlPT ..... (~10, .315, ~ 1 0 . 0 )  

Cols. Type Default Desc. - - 
1-10 A - Name of pat tern s e t  

l l-15 I 0 Value of K 

16-x> I 250 Number of cycles (N) i n  i t e ra t ion  (-N gives i n i t i a l  

random guess f o r  (x y.) ,  otperwise the Karhunen- 
J' J 

I&ve transformation i s  used 

21-25 I 0 Non-zero gives- a p1fot a f t e r  every cycle; 0'tKeFwise 

only a f i n a l  p lo t  i s  given 

26-36 F lo+ ~f minimization cr i te r ion  



. . 

SUPERVISED LEARNING 

!lhe routines described in this section are used to classify unknown 

samples by applying, rules which were developed using a set of known samples. 

Verbs included in this section are 

KNEAR 

LEAST 

mTCL 



VERB 0 . 0 . .  KNEAR 

DESCRIPTION . . . .'. For a given pattern X i n  the training s e t  the K smallest 
-3 

distances 

C 

are calculated and retained, where. K=l ,  2, . . . 7. . The pattern i s  then 

classiffed by a majority vote of i t s  nearest neighbors. The "leave-one- 

out" technique can be used to  determine the re l i ab i l i ty  of the classif iers .  

. . Cols. m e -  Default Desc. - - 
1-10 A - Name of pattern s e t  

ll-15 I . 0 Zero gives "leave-one-out " s t a t i s t i c s  



V&tB ..... LEAST 
DESCRIPTION ..... This routine determines a 1inear.weight vector by a least 
squares solution to the equation 

where is the vector of the predicted property. The above is solved by 

premultiplication by 5, 

which can be solved using standard linear equation techniques. The weight 

vector E can then be used to predict P. for unknown patterns. 
J 

i 

INFU'I' ..... (~10, 15, ~10.0) 
Cols. Ty-pe Default Desc. - - 
1-10 A - Name of pattern set 

ll-15 I 0 Zero prints only classifications of unknown 

patterns, whereas nonzero gives full output 

16-25 F 0. Tolerance (f) for 'hit" or "miss" of predicted 



. . 

VERB ..... MUL'ICL 

DESCRIPTION ..... For each class, weight vectors are constructed.which 

separate tha t  class from each other class. I n  this '  way,' (K!*(Nc-1)/2) 

weight vectors are defined. The weight vectors are then applied t o  the 

ent i re  pattern space, and the patterns are classified based upon a majority 

vote. .If the classes are linearly separable, a pattern w i l l  receive (NC-1) 

votes for  the proper class - and a few votes fo r  all the other classes. 

For non-separable data sets,  three answers are possible: (1) a c lass i f i -  

cation i n  which the nmber of votes i s  (NC-1) (the best case); (2) a 

classif icat ion based upon a simple majority; or (3)  no classif icat ion ( t i e ) .  

Currently, there are two modes of weight vector selection; Mode 1 uses the 

l eas t  square (i.e., SLT) technique, and Mode 2 uses l ea s t  square followed 

by a feedback correction technique. 

INPUT 

Cols. e Default Desc. - - 
1-10 A - Name of pattern se t  

l l-15 I 0 Nonzero gives plot of classifications (~DPLOT) 

16-20 ,I 1 . Mode of weight vector selection (see above) 



UNSUPERVISED I X m N r N G  

The routines outlined in this section seek to . find, meaningful cluskers 

of patterns. !Be only verb included in this.sectXon is 

HIER 



VERB ..... HIER 
- .  

DESCREPION . . . . . Clusters of are determined based upon one of the 

three similarity coefficients 

where 

d 
jk,. i=l 

where 

1 y - c = -  
jk uj% i=l (Xij - j[5 (xik - q) 

Patterns or clusters are connected by maximizing the similarity coefficient 

S with (1) one particular member of a cluster or. (2) the average similarity 
j k 
coefficient over the cluster. 

. Default Desc. - - 
1-10 A - Name of pattern set 

U-15 I 1 Similarity code (see above) 

16-20 I 0 Connection code (see abave); zero.gives 1 and 2 

21-25 I 0 Minimum number of clusters 

26-30 I 0 Non-zero gives plot and analysis after each connection 

- I?' 0 -01 Plots and analysis will be given after this specified 

change in similarity 



UTILITY PROGRAMS 

The 'routines outlined in this section are ,used to control printing, 

plotting, data set manipulation, etc. Some of them require the use of 

special LLL hardware and software. The verbs included in this section are 

m 
* GIVE 

' . 
-0 

NEW 

PRrN!r 



VERB ..... END 

DESCRIFTION . . . . . This card terminates a RECOG run (no other input cards 
will be processed). 



VERB ...a. G I V E  

DESCRIPTION ..... This verb sends the printer output files to the RECOG 
primary output device (currently microfiche) . 

'. 



DESCRlPMON . . . . . This verb i s  used ' to  re ta in  a plot  f i l e  (on disk) under . 

the name H O D .  Use of this verb allows TMDS viewing or printing of the 

smed f i l e s .  



'm 0.e.. NEW 

DES&ION . . . . . This causes a complete purge o f  a l l  existing pattern se ts  

and a re ini t ia l iza t ion of mass storage allocation. It should,be the first 

verb used i n  the input stream and may be usea to  "clean the s la te"  and 

begln working on a completely separate data set,  
. . 



DESClUFTION ..... This verb w i l l  cause the writing of an ent i re  pattern s e t  
. . 

onto'the RECOG output f i l e .  

Cols. ' Q-pe Default Desc. - - 
1-10 A _. ,Name of pattern s e t  



SUMMARY 

. RECOG has been written i n  FORTRAN N using methods of programming that  

are relat ively machine-independent, yet primarily designed to  run on CDC 

6000/7000 series computers. The primary input f i l e  i s  called PATIN, and 

the secondary input f i l e s  are called TAPZ, (binary) &d ALTIN (BCD) . 
The primary output f i l e  is  c o e d  FXRADPRXYZ. .The plotting routines, 

although designed t o  use ILL'S DI%O (CRT) plotting system, are amenable t o  

the more familiar and universally available CALCOMP software. Finally, the 

bulk of the required mass stoi-age has been shifted t o  CDC's LCM (slow core 

or  extended, core storage). If comparable bulk storage i s  not available a t  

other locations,' it may be necessary t o  make changes i n  the program usfng 

disk storage so that  large pattern se ts  may be treated. 

A :sample data deck and output l i s t i ng  are given i n  the Appendix. 

I 



APPENDIX: SAMPLE 110 FOR R E O G  

On the following pages, A sample input deck incorporating 

essentially all of the RECOG verbs i s  l i s ted  along with the 

printed and plotted output that  results.  'Ibe example used i s  

from B. R. Kowalski, T. F. Schatzki, and P. H. Stross, 

"classification of Archaeological Artifacts by Applying Pattern 

Recognition t o  Trace Element Data," Journal of Analytical 

Chemistry - 44, 2176 (1972). 





I I 

KEEP88 . . 
IblPUT 

1 Ei7W DRTR 18 75 . 4 -45 
I (18F6.0; F3.8,1X*R2cA10) 

1859. 375. 51. 958. 423. 
1173. 417. 54. 961. 441. 
1164. 484. 56. 916. 446. 
1838. 373. 59. 928. 487. 
1677. 373. 55. 888. 455. 
18ZF. 483. 53. 919. 442. 
i w n .  360. 59. 883. 473. 
1858. 396. 55. 924. 482. 
li83. 373. 53. 918. 4:7. 
i186. 257. 18. 948. 4.31. 
1218. 276. 1Q. 966.. 438. 
1Z85. 291. , 1 975. 428. 
325. 215. . 6. 658. 435. 
llB8. 267. 10. 918. 583. 
1188. 288. lo. 872. 515. 
E68. 182. 7. 722. 418. 
952. 131. 37. 320. 43B. 
333. 1 36. 321. 414. . 
539. 129. 33. 343. 445 a 

575. 135. 38. 333. 418. 
895. 11.3. 32. 294. 38Z.  
93s. 127. 37. 337. 455. 

i EYB. 1 33. 315. 388. 
848. 133. 42. 328. 385. 
1728. 392. 58. 898. 344. 
1525. Z78. 54. 853. 325. 
1565. 374. ' 54. 813. 295. 
1755. 441. 66. 835. 318. 
1650, 294. ED. 9.45. 367. 
1638. 3 i 4 .  54. 534. 348. 
1635. 405. 5 8 .  868. 3 1 1 .  . --- 

, I C O S J .  385. 55. C45. 298. 
: 1428. 310. 54. 853. 328. 

1TZ6. 425. 55. ,833. 316. 
1568. 269. 56. 915. 358. 

! 1785. 333. 55. 1818. 345. 
, 17aB. 360. 55. 945. 355. 

1675. 342. 56. 928. 368. 
j 1695. 358. 57. 928. 347. 

1645. 327. 65. 940. 322. 
1628 385. 55 .. 835. ' 235. 
1515. 337. 58. , 858.  328. 
l ClE 
A U ~ , , .  ,325. 62. 938. 358. 

; 1 353. 59. 375. 318. 
i 1606. 716. 51. 3:s. 347. ---. J :. - -- , . 113. 5. 5::3. 48?,. 
i ==3 

L .  183. 0 ZZ';. "E-J 
u. Vc'-. 

i i"" 2-3 uu. jdu. 55. 9Z8. G63. 
i i 8 9 .  289. 7. 783. 426. . --- 

u s  855. 488. ii:~aa. 135. 4= 

. . 

42. 
47. 
42. 
38. 
38. 
41. 
43. 
48. 
51. 
40. 
44. 
43. 
7 -17. 
48. 
49. 
33. 
34. 
31. 
34. 
35. 
27. 
38. 
34. 
31. 
64. 
65. 
59. 
66. 
62. 
67. 
56. 
62. 
66 ., 
65. 
64. 
74. 
68. 
61. 
67. 
69. 
59. 
6' u. 

65. 
60. 
Of L O . - '  . 
7' LL) . 
-r 21 JV. 

45. 
41. 
7 r .-, 8-' . 
I n  dV. 

I .'l d-. . 
34. 
A 7  -tL . 
35. 
33. 

108. ' 51. 
135. 55. 
Ira. se. 
128. 53. 
97. 51. 
133. 60. 
119. 48. 
18. 74. 
137. 61. 

125. 18. 
121. 15. 
i l l .  18. 
95. 15. 
189. 15. 
186. 15. 
108. 10. 
97. 48. 
83. 47. 
0 n uu. 42. 
91.. 44. 
91. 39. 
95. 33. 
53. 47. 
85. 47. 
71. 27. . 07 
4 .  33. 
96. 47. 
94. 45. 
1 8  . 47. 
91. 49. 
93. ' 42. 
8s. 49. 
87. 22. 
92. 48. 
F3. 50. 
91. 41. 
e r .  ' 52. 
118. 25. 
17 1 - 1 .  1 15. 
139. 57. 
1 8  15. 
97. 18. 
98. 5. 
158. 38. 
118. Zr3. 
112. 65. 
138. . 15. 

2 7  118. . J , .  



S98. ---. 10. 
775 I  I , .  118. ' 35. 

1588. 194. 55. 
7 0 535. . 131. du. 

~ 9 0  - - . 113. s i .  . --.. - - ......... 
r -  uu. 135 -- - 

2 . 1 8 ~ .  131. 32. --- - - - - O O L l .  155. -,Lo. - -- -- - - ... - - . . A 3 T . -9 -- . --- 
- 0 . .  .11 
- . # i t .  133. -c. 
=:- 3 .  131. 3 = --- ,**: . 

T7 . 147. - - I  . 
q 7 -. .q !3 . - 0  L.. 148. 7u. 

' " " c ,  . 5 .  41. 
973 .  133. 49. 
C .. - - -.:3. 148. j;. - - SKSB. 138. 35. - - 10 >>a. 142. ,#LO. -.- - - . 133. <.a. 

F? i PiT 
??!J DATFI 
COER 
R H ~ J  DRTA 
CnkRPP 
R i i W  DATQ ... 
RUTD 
ERlJ DRTA AUTO 
GUT0 
RHU DATA AUTO 
AUTO 
?GLo! DRTA AUTO 
G UTO 
ERiJ DRTA AUTO 
Gl?TO 
RUT0 
KHPRE 
AUTO 

P2W DbTR AUTO 
SELECT 
PI-! TO 
~ . ! j T o  
F'k!.J DATA AUTO 
C'l 7 
J L I 

kUTO SLT DRTR 

t . : i l l  
SLT D9TQ 
k U I T J  
5i.T ijFIik 
)i 1Ef.i 

15. 57. 
15. 65. 
38. 68. 

a 10. 35. 
15. 58. 
15. 50. 
18. 55. 
15. 53. 
1CI. ' 63. 
15. 55. 
15. 54. 
30 
L" .  56. 
15. 51. 
1 5  45. 
15. 65. 



SLT D 
KMEAR 
SLT DATA 
!;EAST 
SLJ DATQ ' 

KLiLTCL 
S!-T DRTQ 
STOP . 

.* ' 





OQ+3QQQQQQQ ' I I 91 -XI82 Z !-!&!3L.!.c(d 
ZQ+306Z'b qQ+3QSS'G IQ+2QBI'S 2Q+2QSL'C ,CQ+369G*I 
0Q+3QQOQOQ8* 1 I HI-YIBI 1 b!22LLtjd 

twa v~t~a 13s NULLH~ SNII~JIW : 



6.208E+O 1 

&.788E+Bl 

5.688E+B 1 

5 .  Ll!33E+B 1 

6.5BBE+B 1 

6.5BBE+B 1 

6.40[3E+Cll 

7.43ElE+B 1 

6.08BE+8 1 

5.1EIBE+EIl 

rj.?'BBE+O 1 

6.9BBE+B 1 

5.988E+B 1 

6.6BBE+0 1 

6.638Ei-8 1 

6.8BaE+0 1 

8.38DE+8 1 

2.6OBE+B 1 

3.4BBE+8 1 

4.58BE+0 1 

4.1BBE+B 1 

3.608E+0 1 

3.488E+B 1 

3.488E+B 1 

3.488E+8 1 

A -JnnC+Bl 
9 .  L U U L  

3.5BBE+B 1 

3.333E+8 1 

7 ~ n m e r n l  
4 .  Gt)L ' U  

3 ,  z l ~ z c + z  
t' '-'L 
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. - 
I tll -8.57423 10 

, ... - . S. - 8 8 . 3 8 7 2 1  18 9 8 .07471 18 10 1 .08800 
~XKIHZLES ORDEEED OH CORRELRTION 

6 1 B.334ECI 4 2 . 8 . 8 9 3 7 3  8 2 8 . 3 5 4 1 4  7 5 8 .31747  
Z - - 1 8 .22552  6 2 .  . 0 . 7 8 2 3 7  6 4 8 .68241  4 1 0 .67018  

1 0  . - 1 8 .68755  7 . 1 -8 .53828  ' 8 6. 8 .59773  6 5 -0 .59705 
IU ' -  o 8.573ZEi 3 2 0 .57887  1 8  7 -0 .57423 6 3 : 0.56572  

CGZR COfiFiETE i W  8 . 2 3  SECONDS 

I VAR i EELE-FREE i C i E  PROPERTY Gf.:fiti'5 I 5  FOR RRW DRTR 
1 1 B.7<141 2 t -8 .83731  3 .'3 0 . 3 4 1 5 5  4 4 -0 .05215 
7 7 -8 .79188  8 8 -8 .14633  9 9 0 .87277  1 0  18 0 . 6 8 5 4 8  

-Oh---.. .-..I ----I I I.-- I I*, 6 . -  ; i ; .~~lcr;tu u1.c n i ~ s v ~ - u  I c v n ~ c l c  GF CC. . - 
i 5 -8.FE.sz3 - 2 7 -8 .7918B 3 1 8 .74141  4 , 1 0  0 .68548  

1 -8 1 ""' i cn -*-# -6 cl 8 9 8 . 8 7 3 7 7  9 , 4  -8 .05Z15 . 1 8  Z -0 .85731  
-,.,.-- 
I I I - w -  -----, --- 
, L o , 2 , ,  P LUI.ITLC I = 114 E .  65 SECGi+DS 

~ - - 

Ri-iTOSCFiiEii RRkJ WILL SE 5TcRED ~ F ~ - R U T ~  ' WEIGHT CODE 
FOR V R I R B L E  1 XB- 1.1594888E+83 XZ= 2.7497361E+D3 WEIGHT= 
FOR VfiR I ABLE 2 (XP 2.4722667E+D2 X2= 9.5755297E+82 WEIGHT= 
FOR VRR IRBLE 3 XB= 4 .1648888E+01 X2= 1.47435ESE+B2 WEIGHT= 
FBR VfiRIRBLE 4 XBm 6.66528558E+B2 X2s 2.3570845E+53 LIEIGHTz 
FOR VRR I ABLE 5 >;B= 3 .9773333E+02 XZ= 4.5184258E+52 1JE IGHT= 
FOR VRRIRBLE 6 XB- 4.4ZBODBBE+Dl X2= l . l 98Z341E+DZ WEIGHT= 
FEE VfiR IABLE 7 tie- 1.8989333E+82 XZ- 1.3934973E+82 WEIGHT- 
F C S  ',y:&z 1RzI-E p, x e =  3 . 8 1 7 3 . 3 3 3 ~ + 8 1  ><z= 1 . 5 ~ 5 5 4 5 ~ ~ + 0 z  WEIGHT= 
t-= ::.?- I F j l l  
I c-8, Y n i ~  L-LE 9 x e =  5 .6773333E+81  X Z =  6.443:4$5Ef01 WEIGHT= 
FZR VRR I ABLE 1 8  XB= 1.5294&6TE+O2 ><Z= 3.71523COE+PJZ WEIGHT- 
GijTO CGPPLETE I N  B. l 1 f ECONDS 
Si-iT05CfiLCD RAW PATR WILL  BE STORED I N  RUT0 WE I GHT CODE 
FOR VGKIABLE 1 XE- . 1 .1594880E+03 XZm 2.7497364E+83 LJEIGHTm 
FOR VRR I ABLE 2 XB- 2.47ZZ667E+BZ XZJ 9.5758297E+82 WEIGHT= 
FOR VRR I GELE 3 Xe= 4.154SEE8E+81 X2= 1.4743568E+02 WEIGHT= 
FEZ VRZ I GBLE 4 XE= 6 .6552888E+82 X2= 2.3578848E+B3 WEIGHT= 
FOR VRZ I GELE 5 XB= 3.977333JE+OZ X?= 4.53P325EE+OZ WEIGHT= 
-. . -  ;--7;; :'HZ i ~ E L E  5 ;-;s= 3 .9,.,r-,,2,-,r-,r2L n n > . n n a n e ~  ,E l l  ><z= l . l q ~ ~ =  ,a;,? 1 E f  OZ WE I GHT= 
FUE '.?:SZ i RELE 7 Xa- l.FP89333ECBZ Xz= l .J934973E+02 WEIGHT= ..--- 
t LIK VFiR i RSLE. e -3 .  i3 173333E+i3 1 XZ= 1.5B5545nEfB2 WE iGHT= 
--a ,.>,.- r GO, . t i ~  I GELE 9 XB= 5 .6773333E+Dl  XZ= 6 .4491446E+81 WEIGHT= 
FOR VGE I ReLE 
- a  ,-- 1 8  XB= 1.5294667E+B2 X2= 3.7152360E+02 WEIGHT= 
nlJ I u COMPLETE IN 8 . 3 1  SECONDS 
FiUT05CRLED RAlJ D2TR WILL BE .STCRED I N  FIU,TO CJE IGHT CODE 
FOR 'JAR I RBLE 1 XB- 1.1594888E+03 X Z -  2.7497354E+D3 WEIGHT- 
FOR V R R  I RBLE 2 Xe= 2.47ZZEE7Ei-02 XZ= .9.5755297E+PJZ LJEIGHTZ 
FOR VRR I RBLE 3 XE= 4.1€499!?BE+81 XZ= 1 . 4 7 4 3 5 6 8 E t 0 2  WEIGHT= 
FGZ V R  I hBLE 4 Y\B= E. 5f,:,ZgflGE-l-BZ X2= Z,357WE43E+r33 WE IGHT= 
FEE '.$RR &BLE 5 X3= 3 .9773333E+82 XZ= 4.5484Z5EE-I-BZ WEIGHT= 
FrjR VHi?Ik3LE . 6 XBm 4.4888833E+r31 XZ= 1.1382941E+BZ L!EIGHT= 
FZR VAR i GBLE 7 xe- 1 . 8 8 3 9 3 3 3 ~ + 8 2  XZ= 1 . 3 9 3 $ 5 7 3 ~ + 8 ~  WEIGHT= 
F?_'.e \I ,I' 

8 8 ,  .. 6 : .  I RBLE 8 x e =  5 ,8173333E+B l  XZ= 1.53554SBE+BZ WEIGHT= 
F[:P, \I.--' v n ~ .  I ABLE 9 %B= 5 .6773333E+01 XZ= 6 .4331446E+ i i l  loJEIZHT=, 
FOR '../HF IRZLE 18 XE= 1.5Z5+E67E+BZ X2= 3.7152360E+02 WEIGHT= 
Ri jTO fGM?LETE I N  g . - -  .:, I SECGbiDS 
Ai-iT05CHLED Raid D;ITA WILL EE STORED IIi HUT0 LJE I GHT' CUOE 
F3R '..;Hz I ~ ~ L E  1 XB = 1.1- 4;yc;r;eE8 ~ m m n  I. n., 7 X2= 2.749:36:iE+B3 WE IGHT= 
FOR VHR I HSLE Z . X B =  2.47ZZE67E+BZ X2= 9 .5758297E+82 WEIGHT= 
FOR Vfic iREiE 3 );ap 4.  l c . :~ . - - - r  - ; - r  o 1 , '  1 .47435is'BE+BZ WE IGHTz 
FOR VAEIGZLE 4 xS= 6.66528EiElE+EZ XZ= 2.557084EE+83 WEIGHT= 
FOE VHR I HELE 5 x e =  3 .9773333E+62  XZ= 4. .548SZ58E+82 LIE IGHT= 
F3R VHR IRBLE 5 x e =  4 - 4 g g a g e e ~ + 1 3 1  ;Q= 1.190Z541E+BZ WE IGHT= 
FOR %JHR IABLE 7 X i =  1. 88r-J'J.333Ei-BZ X2= 1.3974373E+02 LJE IGHT= 
FZR VHR I HELE Xe= 3 . 8 1 7 3 3 3 3 E i B l  XZ= 1.58554E8E+0Z L!EIGHT= 
FOR +',/RRI 4BLE 9 XB= 5 . 6 7 7 3 3 3 3 ~ + 3 1  XZ= 5 .4431446E+Bl  WEIGHT= 
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1 FJR \. . ... -. IELE 3 XB= 8.9757OZBE-01 XZ= 7.5997403E+0a WEIGHT= 1 . 0 0 0 0 0 0 ~ ~ + 0 8  .. . 
i FnR VARIABLE 4 Xi?= 4 .8261937E-01 XZ= 6.4EinlSZ7E+00 LrlE.IGHT= l.EiBB0890E+38 1 i o a  VRRIRRLE . 5 XR= Z .  5S7452 l E - 0 1  XZ= 5 . 6 6 5 9 7  10E+gE UE IGHT= 1.088BBB8E+88 --- 
a r GK VRR lREiE ... .-- 6 X3= - 1.3273473E-B 1 XZ= 6.9725764E+88 WE IGHT= 1.0808830E+00 . . '  
I X U I U  COKPiETE iii 6. G6 S E C O ~ ~ G S  

2-i; i i I i . i S  ii;i.iGi PinTTii . iG OF 5i-7' DRTR 
FE?i.El.(iFiGE RETFI INED 87.3 is ---. ..- 
C L ~ ~ L U  I C i i K P i E i E  I N  F.5Z SECONDS 
KiSTCGRGPiS FGR PGiTERI.( SET R3L.J CRTR ,..--- n ; z l c -  --..--. --- 

LUl.lrLc i t j ;4 3 27 
; . L ,  5ECOi.iDS . . i i iz  Eij S i T  DRTG -8 253 -:F 1 . ""'7 LI~UE-El4 

PERCENTAGE RETR INED 97.418 .-----.-., . - . - - - - a -  4.75116E-81 I I C K M  I ILIIY i Z. 56546E+83 
- - - - - - - - . a  

I. ~'SSJJE~CIO 
I I ZEH I ICIIY 2 i . ~ 5 ~ 6  i ~ + c a  1,5335" a . 6 . ~ ~ 5 5 3 ~ - 8 2  ------.-.. 3 1 4'"' 1"" I I CF.M I IUIY 1.43 i 5ZE+L<i3 . ,-r-u L * L ~  1.32593E-82 ' . . .-----.-.. 4 1 . 4 ~ 5 ~ 3 ~ ; ~ s  ' 1 . 4 3  15BE+OB 4.84236E-03 I I C K H  I lUlY ------- 1 "'45"C-e;. I~CKMILGN 5 .L~L -1~lt -d 1.42573E+88 7. €835  1E-83 

. ------.-. 
I ICKH i I U I ~  6 1. 4 2 4 4 3 ~ + ~ ~ 3  1.42454E+08 1.47672E-84 . . 
i iERRTIGi4 7 1.4243ZE-i-68 ' 1.4Z443E+08 ------.-. 8.26783E-85 

1 "7."' ~ ~ c ~ i i i i u i l  8 . -TL+.J lE+BB 1.4243ZE+88 7.75881E-86 
I i i i .1  COMPLETE I N  1 7 . 9 5  SECONDS 
GiiTG5i;GLED 5 L T  DRGt WILL BE STF?REp 1I-I 5 L T  DFtTFI CJEIGHT CODE -0 
=-1 
4 , - I I ,  'I'F~R I FieLE 1 ;-<s= -6 .5  IEy2YZE-  15 ;-<z= 1 .3838888E+83 WE I'PT= u I 
E -. 1 

1.8888858E+08 . 
I ,-,,, ::fln~nrs~ 

""I\ "ULE - n n = = n n o - c - l ~  y,z= 1.8&0838EE+Zi3 WEIGHT= l.EBBBB00E+i30 . 
L <\u- -v. C' iU- ,C">VL 

=3= 
I c81\ VFIX I FiBLE 7 wx-  - 1 .1555931E-14  XZ= 1.888E000E+OB WEIGHT= l .BBBt iB06E+~B . . . 

FOR VGR I RBLE 4 Xg= 5.ZS5332EE-15 X Z =  l . ~ E 8 8 8 3 a E + B f l  WEIGHT= l.OEIBB0BBE+60 ' ' 

FOR VRRIRBLE 5 XR= 3 . 5 7 3 1 l E 9 E - 1 5  XZ= l.BEBBCBBE+B8 WEIGHT- 1.0800088E+68 
F3R VRR I ABLE 6 SB= -Z.Z7373EBE-15 XZ= 1.8083833E+80 WEIGHT= 1.8808008E+00 
sijic COKPLETE if4 5.56 SECOFiDS 
n i EEGi?tH i CGL LERRI-i i NG FOX S L i  D R T 9  1 -8  3 -3 1 .EBE-02 
I-l;1XI-COIiNECTION 
RFTER CDNNECTING 7 1  WITH 5 5  MERE FIRE 7 4  CLUSTERS I. o ~ i e n o ~ + ~ e  
SFTEE Ciji-iliECTII-iG 3 3  WITH 2 3  M E R E  'HRE 7 3  CLUSTERS 9.39E!SE-81 
RFTER COiii-iEtTiPIG 19 WITH 17 TdERE ,GRE 7 3  CLUSTERS 9 .59758E-01  - ---- 
i-ii i =n COKFIECTIPIG 1Z WITH 1 1 M E R E  HRE 7 1 CLUSTERS 9.357Z6E-01 - --- . . 
iii I C R  C0:iPIECTIWG 8 lJ ITH 3 %ERE HRE 78 CLUSTERS, 9 .59686E-81 
GFTER COWFiECTING 43 WITH 11  E i E R E  HKE 69 CLU5TER5 . 3 .33459E-81 
RFTER CONNECTING 60 WITH 17 THERE RRE 68 CLUSTER5 9.99450E-0 1 , 

GFTER CONNECTING 68 WITH 4 7  THERE ARE 67 CLUSTERS 9.99484E-8 1 , 
RFTER CONNECTING 5 8  WITH 18 W E R E  RRE 6 6  CLUSTER5 9 .99317E-81 
RFTER COllP~ECTIt~IG 17 WITH 15 THERE ARE. 65 CLUSTERS 9.99311E-01 

i FiFTER COHI-IECTIPlG 6 1  IJJITH 55 M E R E  FiRE 63 CLUSTERS . . 3 .39303E-01 
HfTER CONNECTING 3 1  WITH 25 THERE ERE 6 3  CLUSTERS 9.93Z55E-01 
R F E R  COWNECTIMG 38 WITH 2 9  M E R E  HRE EZ CLUSTERS . 9.591<8E-01 
i,'TEz C-"'"' - --- ui.i~.icl,TII-iG 16 l.JITH 15 TfIEEE ARE 6 1 CLCISTERS 9 .99129E-81  
n r i c R  EGMHECTING 13 WITH 1Z THERE HRE 60 CLUSTERS 3.5318SE-81 ' ' r :=Iz . -I I LR tOkil:ECTIPiG 3 [JITH 7 THERE HRE 5 3  CLUSTERS 9.59035E-81 . .. ^=--- 
n7 I LC ECOI.IECTII.IG 5 5  I.'J:TH 55 THERE cR;iE .J c.7 ~2 CLI-~=-L-TZ J I L A J 

9 .-,LI-.-.I e = q z i c - r  L 0 1  
HFTER CO:lLiECT1kIG 34 LJITH 25 M E R E  5 7  LLIJSTERS J,?SYT!E-Bl 
.>FTER CDl;FiECTII-IG 15 [J:TH 13 THERE HXE ' 5 5  CLUSTERS g . F F j 2 9 E - 8 1  
RFTER LOPifiECTI1IS; 3 3  IJITH 13 THERE HRE 55 CLU5TERS ~ . = j 5 3 2 4 ~ - a l  - - -- +:I. L~ ,-"t.:t.lcr Z. W E R E  FiRE 5 4  CLIJSTERS y . 9 8 z y c e -  nu t  UL 0 1  I I T I  33 LJITH 
GFTEZ '-"e. 'T l-.aJi't~!~n~T IbiG 9 WITH 8 ERE 5 3  LLIJSTER5 J q=J7=?Z-7 

. - Y V I  V L  0 1  ' .  . ----- --...,---*..- - - - - - - - 
i I I I ~ ~ ~  I 3 3  -pC-' I ILRL- ORE 52 LI-ijSTERS 3 .  ~ z ~ ; ~ ~ ~ - F I  1 

.;?TEE CQ;~~,!ECTI;.;~ 51 CLU5TEWS 5 .-.,-,I qJ-i,.G- 4 u t - B l  21 WITK Z8 TYERE RRE 
iiFTER COIIIiECTIfiG 4.5 WITH 36 THERE FIRE 58 CLUSTERS 3.98734E-81 
XFTER CLlPillECTIbiG 5 WITH Z W E R E  2EE 45 CLIJSTERS 9.9ESe3E-0 1 . 
GFTER LO?il.iEC;TIl.lG 35 IJ.IITH 11  THERE RRE 4 8  CLIJSTERS 9.9S679E-01 
.;;FiEg r,7?.:"!"' 1 T 1 k  Z 1  LjITH 15 TijERE ERE Lti n 7  CLlJ5TEXS q G"z--- 

d . 4usu;3L-8 1 - .- -- 
i i r  i LO\ COI.iP,!ECT:IIG I Z  WITH : 1 %ERE SRE 4% CL!JSTEWS 5 .  98E33E-a 1 

I: d 
i 

b. . , 



AFTER - .ELTINE 2 6  WITH 18 THERE ARE 45  CLUSTERS 
fiFTER COPINECTIHG 41 WITH. 11  THERE ARE 4 3  CLUSTERS 
AFTER CONNECTING 39 WITH 11. THERE HRE 4 3  CLUSTERS 
AFTER. CONPIECTING 26 WITH 24 THERE ARE , 4 2 .  CLUSTERS 
AFTER CONNECTING 16 WITH 1 4  THERE ARE 4 1  CLUSTERS 
RiTER COPIPIECT ING 6 'lrl: TH 2 THERE H9E 4r3 CLUSTERS 
RFiER CUPil-iECTIPiG 16 WiTH - 14  THERE FIRE 39 CLUSTERS 
AFTER COPI:JECTIP{G ZS WITH 18 THERE. FIRE 3 8  CL!JrjTERS 
RFTER CCii-iPiECTIHG 33 WlTH 16 TkiERE ARE 3 7  .'CiIlSTERS 
RFTER CCiPiPIEC.Tli-IG 16 WITH 13 THERE ARE 3 6  CLU5TERS 
FiFTER CUPII'IECTIPIG 1 1 WITH 18 THZRE -RRE 3.5 CLCISTERS 
RFTER CDMNECTING 27 WITH Z THERE FIZE 3 4  CLUSTERS 
RFTER COPiPIECTIPIG I 8  WITH 1 3  THERE HRE 33 CLUSTERS 
RFTER COMNECTING i9 WITH 13 THERE ARE 3 2  CLUSTERS 
fiFTEi: COPII.4ECTII.IG 3 1  WITH 13 THERE RRE . 3 1  CLUSTERS 
AFTER COPINECTING 15 WITH . 13 THERE HRE 3 0  CLUSTERS 
AFTER COPIHECTING 25 WITH 13 THERE ,FIRE Z9 CLUSTERS 
AFTER COPIPlECTIPICi i 3  WITH 12 THERE RRE 2'8 CLUSTER5 
AFTER CDHIIECTIPIG 4 I*!ITH Z THERE: RRE 27  CLUSTERS ' 

RFTER COkIkiECT I kiG 25 WITH 3 THERE HRE 2 6  CLUSTERS 
fiFTER COFIHECTIkiG 3 WITH ' 2 THERE ERE Z5 CLUSTERS 
GFTEW COkIPIECTII-IG I Z  WITH 18 THEZE FIFE 
-..- -- 24 CLUSTERS 
t i i  r LR G3PIPIECTIPIE 12 WITH 1El THERE qRE 23.  CLUSTERS 
X i E R  COPINECTING E3 WITH 18 THERE 7RE ZZ .CLUSTERS 
RFTER Crlli-IPIECTII-iG . 3 'WITH Z THERE .qRE 2 1  CLUSTER5 
RF.TER CEHPIECTIHG 1,2 W I  TH 4 THERE ARE ZB CLUSTERS 
GFiEW C3i.iPiECTIPiS 6 WITH , 

A TYEOE 
-i I ILI\ 19 CLUSTERS 

fiFTEZ L7kIWECTIPlG 1 s  WITH 8 THERE HRE 1s CLUSTEK5 
RiTER C3i-iPIECTIPlG 16 WITH 6 THERE FIRE 17 CLUSTERS 
GFTER CUPiPIECTIPIG 17' 1!1 BH 6 THERE ERE , 15 5LLJ5TER5 
AFTEZ COi-iFIECTING . 13 WITH 3 TiiERE ARE 15 CLCISTERS 
RFTER COI.1MECTIPiG . 2 WITH 1 THERE AEE ----,.. 1 3  CLU57'ERS . 
t i  I LK  C E C T G  14  WITH 13 'UCoC I I ILI\L ERE 13 CLU5TEXS 
R f  TEX COi-IPiECTI PIG 3 WITH Z THERE Fi.RE 1Z CLUSTERS 
RFTER COPIFIECTI PIG 5 WI-H 4 THEXE ARE 11  CLUSTERS 
ZFTER COkiiJECTIWG 13 LJ I IH  Z THERE RRE 10 CLU5TER5 
.AFTER COPiFiECTIi-IG 3 WITH 1 T~.I=CI= *Lo\& RRE 9 CLU5TEBS 

.';.'F~FTER COPiPiECTII4G €3 WITH ' 4 THEi?E RRE S CLUSTERS' 
fiFTER COHPIECTIPIG .. 3 WITH - 2  THEZE FiRE 7 CLUSTERS 
fiFTER CONNECTING 5 WITH 4 THERE FRE C CLUSTERS 
fiFTER COPiPiECTING 5 WITH 5 THERE ?RE 5 CLUSTERS 
RFTER COPlI.IECT I NG 5 lJITH 1 THERE GRE 3 CLUSTERS 

1. 1 2 2 . 3  3 4 3 -  
1 1 2 .  1 3 1 '  4 1 5 1 6 1 

11 Z 12 2 13 2 14  . Z 15 ' Z 15 ' Z  
2 1  . 3 2 2  .3 23  3 2 4  3 ' 2 5  4 26 . 4  
3 1 4 32 4 33 4 33 4 35  4 36 4 
4 1 4 4 2  4 43 r &I 3 45  4 4 6  z 
5 1 3 52. 3 5 3  3 5 4  1 5 5  2 55 1 
6 1  - 3  6 2  3 53 - -.- 3 6 4  3 6 5  - 3 ' 6 5  3 
71 3 TZ :# i . 2  7 .1 .3 I - ,  3 75 3 

OCCUPnNCY FOR CLUSTER 1 
1 2 3 4 5  5 7 8 9 8 50 5 4  ? 

OCCUPANCY FOR CLUSTER 2 . - i 11 12 1s 13  15 16 36 47 13 55  57 
OC.CUPANCY FOR CLU5TER 3 

17 l a  i s  ro r i  zr zs 24 5 1  5 2  . 5 3  55 
63- 69 . 78 71 72 73 7 4  75 . 

UCCUP~~NCY FOR CLUSTER ,4 - - 
LEI 26 27 28 29 3 0  31 32 33 3 4  35 3 6  



J 

45 
CENTROID CONNECTION 
WTEX CCNNECTING 71 WITH 66 THERE W E  74 CLUSTERS 
FiFTER CONriECTING 3 9  WITH 2 9  THERE HRE 73 CLUSTERS 

; KFTE? COilPiECTING 19. U ITH 17 THERE FIRE 72 CLUSTERS 
: FiFTER COHSECTING 12 WITH 11 THERE RRE 7 1  CLUSTERS 

GTTEX CDPINECTING 3 lJITH 3 THERE RRE 7 8  CLUSTERS 
GFTER COPiPiECTIP:G 3 9  WITH 9 THERE RRE 6 9  CLUSTERS 
GFTER CONNECTING 5 5  U ITH !3 THERE ARE 68'CLV5TER5 
F'TEZ COiFiECTING 51 'WITH 4 1  Tl1ERE H?E 67  CLU5TERS ----- -".'."- 
-7 i C T  i.c~;...i~;-.TI~:z 5 1  WITH 13 THE?: GRE 6:';' 171-lj5TEE5 

- --zf-== --" ..--- 
I L a \  i.iii.ii.icl 1 Ii-:G.---. 53 1JITH.---- 53 --THERE -F;gE .--.65 CI-IJSTERS-.. 

G=TEZ CGMFiECTiMG 5 7  WITH 25 TfjZZE AzE 54.CLlJ5TER5 
:>=-=a --.%:,.!r--r n! t LI\ i-.~-t 1, I L ~ .  I 1::s 24 WITH Z2 THERE RRE 6 3  CLUSTERS 
---==a !-?.?.:$.!=--:,.!? i 1 L I 1 I 18 WITH , 3 'U""P II I ILI\L ""' .II\L 6 2  CLU5TEF.S 
EFTER CGI-iliECTING 7 WITH , 6 THERE HRE 61 CLUSTERS 
GFTER COI-II.iECTING 58 WITH 8 THERE RRE 6 8  CLUSTERS 
RFTER COKPiECTING 4 5  WITH 4 3  THERE RRE 5 9  CLUSTERS 
RFTEE CBi-iWECTING 4 4  WITH 9 7EERE RRE 5 3  CLUSTERS 
RFTEf? CONPIECTING P7 WITH P THERE RRE 5 7  CLUSTER5 

, fiFTER CONNECTII-IG 31 WITH 25 THERE ARE 5 6  CLUSTERS 
' fiFiEi? COI-iNECTII4G 4 9  lrlITH 9 THERE HRE 5 5  CLUSTERS 

;.=TEE i,y>.!t.:=--: , I I L ~ .  , 44 WITH 36 B:ERE, GEE 5 3  CLI-iSTER5 ----- --.., ,---..,- hi ir. lCICti.ii.iCL I li.ib 4 3  ~ 4 1 7 ~  42 -"=== ,,,,,,,, ;-~xi nr..L 5 3  CLU5TEF.S ----- -- .... --- ..,- , ,Hi I cK C~l-tIYi.iCC, lilb 2 1  iJ1 jLJ i s  T"="' :-:"' 
.,,,I\, nn, 5 2  CLUSTERS ----- --....---..a- I I+ , 7 2  -* S F - -  .-3- 

H ~ I C K  i.~-~i-ii.i~i,lil-ii, jl W"' d L  a ZCRC ,+il\iz 5 1 CL!JSTER5 
XFiER i,q$.!:.:-' c t ~ ! l ~ i - . T I I - i  3.5 LJITH 5 TU'OC 

n I I L l \ L  ERE 5 3  CLU5TERS ----- --...,--- 
+i- I r K  l-.iini.i~t, I ING 3 3  WITH 1 1 THERE HRE 49 CLUSTERS 

. . 9FTEE Czlii-iECTII.iG 2 3  1,IITH ----- --....---..,- 6 THERE RTE 43 CLUSTER5 
, i ? r ~ c ~  ~ . ~ g i . i i . i ~ t i 1 i - i 1 ~  4 1  WITH 3 THERE 47 CLUSTERS 

G'TER rnHF!=-""' - 1 i 1 1 4  IJITH 13 THERE RWE 45 CLUSTEWS 
FFTER ai7i-iiiECTIi-it 13 ic l I i f i  ' i "" sncRE SRE 45  CLUSTERS 
G F T E R  COWi-{ECTING 3 3  WITH 26 THERE   RE 43 CLUSTERS 
RFTCR LCiNNErJTII-IG 43 LrlITH 39 THERE .FIRE 43 CLiJSTER5 
? =--- 

1 n: icrr: Ccp{:!=' ..,I,TII-IG 321 WITH ' " ----- --. .. .--- ,t n f j ~ I \ E  Fi?E 4 2  CLLISTERS 
. H:- ICK Ll-ll*ii.icL I IF15 33 WITH 3 2  TUC=' 

-.---- 
n i  1Lv.L EKE 4 1  CLUSTERS --,.,.- . i K i 3 5 '  WITH 11 THERE 2RE 48 CLl!STERS 

AFTER CONI-{ECTING 28 IJITH 16 THERE RRE 39 CLUSTERS 
KFTER CONNECTING 37 WITH 3 4  THERE HRE 33 CLUSTERS 
RFTER COMFIECTING 38 WITH 2 7  THERE RRE 37 CLUSTERS 
RFTER CFPINECTIpiG 36 WITH 3 8  THERE HRE 3 6  CLUSTER5 
SFTER COiil-iECTIf-iG Z3 WITH 3 THERE RRE 3 5  CLUSTERS 
GFTER CGHNECTING 10 LJITH 7 M E R E  RRe' 34 CLUSTER5 

'. FiFTEi? EIJpipIECTIHG ZB WITH . 2 8  TEERE RRE 33 CL115TERS 
7 T i  Z7 !JlTH Zt; THERE HIfE 32 EL!-ISTERS - --- 
i.i 11% CGi.ii.iECTIl.IG Ze WITH 6 THERE-ARE 3 1  CLU5TERS 
F'TER CG:.IKECTIp:G 2s IJITH . 5 WEEE RRE 38 CLU5TER5 - --- 
hi i ~ z  CCti?iEzTIMG 35 WITH 19 THERE RRE 2 9  CLU5TER5 
;=-r~z rrt.t*:-r , {  17 L.!ITH 1 4  THERE ARE 2 8  CLUSTERS 
$'TEE CCF(FiECTIflG 15 WITH 7 THERE HRE 27  CLl-!STEl?S 
'-TER ry.!'.!-. + .- * .*  .I 11 1;CT I ZG 7 WITH ., e l  ILI. ..L n1.i.L Z5 CLUCTCi3.5 .-* I L I.... 7 7 U C C C  ,-,=c 

.&STER CE?(I.(SCTIIJ'; 17 L.!ITH 11 THERE GEE 25 CLU5TER5 
ZfTEz C7jpiFiECTip{g 17 LJITtLt 15 THERE RzE 2 4  Cl-l-iSTER5 - --.--- 
ii- i C K  I ;.." 

.J I kK> T i  13 WITH 11 THERE FiWE 2 3  CLU"---- - - -- 
.hi- it,.. T,Oi.iFiECTi:{G I.JITH 9 M E R E  HRE 2Z CLUSTERS - ---- 
r , i -  I r~ tOi.iTiECiI?iG 13.  WITil 5 THERE RYE 2 1  CLUSTER5 
G . F T E ~  r-,.!t.!= . s , T 17 1,jIl-H 1 4  THERE ARE 2B CLIJSTERS - - -.- I C E  - rr'.:'.! d > t i ~ ~ E C T I I - l t  6 MI  i H  2 THERE HXE 19 CLUSTEX.5 - ---- +r i CK Cijii1.iECTIPiG 18 WITH . 3 THERE ARE . is r l  ,--,.J iic---= l t K . 2  

. -. Z i ' i E R  CZl-iliECTII.IG I 2 IJJITH 1 THERE GEE 17 CLUSTERS 
Y. . j  

i 
! 



AFTER CC)i,t,,r TING 10 WITk  THERE HEE 16 CLUSTERS 
AFTER CONNECTING 1 1  WITh 7 THERE ARE 15 CLUSTERS 
GFTER COiPIECTIPIG 10 WITE 5 THERE REE 14 CLUSTERS 
GFTER CBKWECTIPIG 1 1  WITE 9 THERE FIFE 13 CLUSTERS 
RiTEZ COMNECTIPiG 8 WITH 3 THERE HRE 12 LLUSTERS 
RiTEi? CONNECTING 10 WITH 1 THERE HRE 1 1  CLUSTERS 
RFTER' CGbil-iECT I PIG '8 LJI TH 5 THERE !3RE 18 CLUSTER5 ---....- fir  , c K  c?.- -- 4 -rqc.-~e d i i i - i c ~ T I i t G  6 WITH t t  L i i i  ERE 9 CLUSTER5 
Fi fTER ""t." 

LiJi.it icCT I biz 3 W I T H '  2 TEERE ERE Fi CLUSTERS 
RFTER COMPIECTING 5  WIT^ Z THERE HRE 7 CLUSTER5 

1 1 2 2 3 3 3 4 5 5 6  
1 . Z  2 Z ' 3  2 4 2 . 5  2 6 

1 1  5 1Z 5 13 3 14 5 15 5 15' 
2 1 - 7 22 7 23 7 24 7 25 4 26.  
J 1 4 3Z 4 33 3 34 4 35 4 36 
4 1 4 42 4 43 4 34 4 45 4 46 
5 1 7 52 7 . 53 7 54 2 55 3 56 
6 1 7 EZ 7 63 7 54 . 7 65 7 66 
7 1 7 72 7 73 7 74 ' 7  75 7 

' OCCUPANCY FOR CLUSTER 2 
i Z 3 4 5 ' 6  r a 3 4 0 5 3  

OCCUPANCY FOR CLUSTER 3 
13 46 47 55 57 , 

OCCUPAFiC'i' FOR CLUSTER . 4 
25 26 27 29 38 31 32 33' 34 35 36 

OCCUPRNCV FOR CLUSTER 5 
I 0  1 1  12 14 15 16 49 

OCCIIPHb4CY FOR CLUSTER 6 
50 59 

GCCC~PFii4Ci' FGi? CLUSTER 7 
17 19 19 20 21 ZZ 23 24 51 52 53 - -. -- oa 63 ra 71 72 73 74  75 , ' 

%TEE COi-iNEC.TIbit 5 WITH 3 THERE RRE 6 CLUSTERS 
FiFTER Ciii-iiiECTIi-it 3 'WITH 1 THERE ARE ; 5 CLUSTERS 

I 1 2 2 3  3 4 4 5 5 ' -  
1 1 2 1 3 1 4 1 . 5  1 6 

1 1  4 12. 4 13 4 14 .'4. . 15 4 16' 
2 1 3 22 3 23 3 24 3 25 5 26 
3 1 5 32 5 33 5 34 5 35 5 36 
4 1 5 42 5 43 5 44 5 45 5 46 
5 1 3 52 3 53 3 51 1 55 4 56 
6 1 -. 3 62 3 63 3 . 64 3 !5_ 3 66 
( I  3 72 3 73 3 74 3 r5 3 

OCCUPANCY FOR CLUSTER 1 
. i ' Z  3 4 5 6 7 a 3 43 54 

OCCUPANCY FOR CLUSTER ' 2 
50 59 

OCCUPANCY FOZ CLUSTER 3 
. 17 10 19 20 21 I2 23 23 5 1  j ' 5 2  53 

L- -- -. 6G a ra r I 72 ?3 74 75 
OCCllPAi.iCY =OR CLUSTEi? 4 . - 14 15 i~ 45 "7 .q" 

10  i i  12 " -#I -2 55 
OCCUPflblCY FOX CLUSTER 5 - - 
, i . 3  26 '27 2 Z  Z 9  3 3 '  31 32 33 33 35 

45 
AFTER Cr?l-ilJECTIPiG 2 IJITtI  1 THERE ARE 4 CLUSTERS 

i i .2 2 3 3 .  4 4 
1 4 2 4 3 4 4 3 5  4 5  

1 1  Z 12 2 13 2 14 Z 15 Z 15 
2 1 1 22 1 23 1 24 1 25 3 26 



3 1 32 3 33 3 34 3 . 3 5  3 36 3 .37 3 38 3 39 ' 3  
4 1 3 42 3 33 3 44 3 45 3 ' 4 6 '  2 47 2 48 4 49 ,2 
5 1 1 52 1 53 1 54 4 55 2 .  56 4 57 2 59 1  59 . 4  
5 1 -. 1 62 -- 1 '63 ' 1 64 1 65 1 65 1. 67 1 65 1 . 6 9  . 1  i ' 75 1 c I i i~ I 73 I . 74 

GCCUPANCY FOR CLUSTER 1 . . 
1T 10 13 28 21 22. 23 24 51 52 53 58 60 61 62 53 ,64 65 
68 65 78 T 1  7 Z  73 74 7 5 -  

GCCUPGNGY FOR CLLISTER 2 . -. . - 
lu i l  iZ 1 3  1 4 .  15 16 4 47' 49 55 57 

GCCUPANCY FOR CLUSTER 3 - - 
3 26 27 Z g  29 38 31 32 . '33 34 ' 35 . 36 ' 37  38 39 ' 48 41 42 
45 ---, u-.l,ci?9l.1CY FOR CLUSTER 4 

i - 
3 4 5 6 - 

L r B 9 49 58 54 56 59 
. . E i E Z  CGi'lPiETE iii i 3.35 SEtG?iDS 

6-KEREEST NE ifHBGE G i j A i ' i 5  Gi4 Si-T DATG 
46 46 Q2 1 Z 2 2 3 '  2 4 2 5 2 6 2' . 
n 7 
-TI 47 82 1 Z 2 2 3 . 2  4 Z 5 2 6.. 2 
43 4 01 1 1  2 1 3 1 4 1 5 1 6 ' 1  
43 43 R2 1 2  2 Z 3 .2  4 2 5 2 , 6  2 
t 58 01 1 . 1  .z 1 3 1 .  4 1. . 5  1 . 6  1 
51 51 03 1 3  2 3 3 3 4 3 5 3 6 3 
52 52 GI3 1 3  . 2  3 .3 3 4 3 5 3 6 '-3 
53 . 5.3 83 1 3  2 3 3 3 4 3 5 3 6 .  3' 
54 54 Q1 1 1  2 1 3 1 .  4 1 5 1 6 1 
55 55 02 . 1 2  2 ' 2  3 2 4 2 5 2 .  6 .  2 
56 56 Ql ' 1 1  2 1 3  1 4 1 5 1  6 1 
57 57. a2 1 z 2 2 z ' Z  3 2 3' 2 J . 2  
53 53 03 1 3  2 3 3 3 ' 4 3  5 3 -  6 3 
59 59 a1 1 1  2 1 3 1  3 1  5 '  1  6 1 
EB EB R3 1 3  Z 3 3 3 4 3 . 5  3 6 3. ' 

El 61  03 1 3  Z '3 3 3 4 3 5 3 . 6  3 
&Z 62 03 1 3  2 ; 3  3 3 4 ,3 5 - 3  , 6 3 . .  
53 63 Q3 1 3  Z 3 3 3 4 3 5 3 6 3 
64 64 L!3 1 3  Z 3 3 3 4 ' 3  5 3 6 3 
65 65 R3 1 3  Z 3 3  3 4 3 5 3 6 ' 3  
68 66 03 1 3  ' 2  3 3 3 4 3 '  5. 3 . 6 . 3  
67 67 03 1. '3 2 3 3 3 4 3 5 3 6 3 
68 58 03 1 3  2 . 3  . 3 3 4 3 5 3 6 3 
63 69 03 1 3  . 2  3 3 3 4 3  5 3. 6 3 .  
713 70 03 . 1 3  2 3 3 3 4.  3  ' 5  3  6 '  3 
71 71 Q3 3 2 3' 3 .  3 4 3 5 3 5 3 
72 72 Q3 1 3  2 3 .  3 3 4 3 5 .  3 6 3 
73 73  Q3 1 3  2 3 3 3 4 3  5 3  . 6  3  
74 73 D3 1 3  c- .  .A 3 3  4 3 .  5 3' 6 ,  3 ' 

-7 7 

75 75 03 1 3  Z 3 3 3 ,  4 3 5 . 3  6 3 '  
0 B El 8 ' B a .  . u 

8. 8. P 8. 0. 8 .  
1 B . a - B o 3 3 . .  
2 a B B 8 .  ~l . B - 3 .  El B 3 ' .i 8 .  5 

B 5 8 8 
....-a- 

4 B B 
. r . . : i z ~ ~  CGMQiETE iiJ . 1 .Z7 SECGriGS . 
Cij;iaqE F ITTi i - iG ci{ ?G'TERN SET SLT 5672 
i:.'E iGHT VECTOR FDLL0L6 
i.435aE+GE -ls3354E+G8 -8.36J7E-81 7.2343E40D 3.8672E+38 1.559ZE+03 2.7357E+110 . - 46 2 .  i.S3Eil 
47 47 2. i3i3886 1.53543 
43 48 1.5i38i38 1 . 1  1929 

I 



75 75 . 3.08330 2.929iiU 
PB= 2.911 11E+0El P2= 7.97775E+88 . SD= ' 1 .61534E-01 

'LEGST COPPLETE It4 El. 1 1 SECONDS 
CiiiT i t tR5S L II4ERR LE'RZi-i ii-it O i i  S L T  DFlTk 

SEP 46 36 Q2 2 . , 
47 4 7  Q2 2 SEP 
48 35 Q 1  1 SEP 
49 39 Q2 2 . ,  SEP 
50, 58 Q 1  1 SEP 
5 1  51 Q3 3 SEP 

. SEP ' 
SEP . . 

SEP 
SEP 
SEP 
SEP _ 
SEP ' 

. SEP 
SEP '. . ' 

SEP 
SEP 
c z p  .-' L 

s ' SEP 
SEP 
5EP 
SE? 
SEP 
SEP 
CTrI .1 L I 

SE? 
. SEP 
SEP 
5EP 
SEP . 



CLASS 3 
0 . CLASS 4 -. .. --. . . .. .-.L : C-L tc7i:PiETE I N  . 8 .  -.-.-:,-, 8 .  -.-p 

0.32 SELONDS 
. - . .. . ~ - ~ . , ~ , . t  i ~ t i  VERS ------ - ... - .  - a  :b~r  t s y i ~ i ~ i ~  59.46 SECONDS 
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'7hk report was prepared as an account of work sponsored by 
the United States Government. Neithcr thc Unitcd Stotcs nor 
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disclosed, or represents that its use would not infringe privately- , 
owned fiRhts," 




