VALIDATION, VERIFICATION, AND
EXPERIMENTATION WITH
ABACUS.2

JAMES BRET MICHAEL

P91-22
MLI 91-8

9/ -



VALIDATION, VERIFICATION, AND EXPERIMENTATION WITH ABACUS.2

BY

JAMES BRET MICHAEL

PROJECT

Submitted in partial fulfillment of the requirements
for INFT 811, Machine Learning,
George Mason University, 1989

Fairfax, Virginia



ACKNOWLEDGEMENTS

I would like to thank Greg Greene of Martin Marietta-Denver Aerospace for taking the
time to answer my questions about ABACUS.2 and reviewing the findings of this study.
Special thanks goes to Dr. Jan Zytkow for reviewing my research as well as discussing with
me on a regular basis various aspects of quantitative discovery. I would like to thank Marjorie
Moulet of the Laboratoire de Recherche en Informatique at the Universite Paris, and Rei |
Hamakawa for beta testing ABACUS.2 version 1.0. Their comments and bug reports are

deeply appreciated.

I would also like to thank Pawel Stefanski and Ken Kaufman for sharing their knowledge

about the the EMERALD system and Sun and DEC workstations.

.
-l



L

INTRODUCTION . .

2. PORTING ABACUS.2 .

3.

o R B

1L

VALIDATION . . .
VERIFICATION , . .
EXPERIMENTATION .
VERSION10 . . . .
USER INTERFACE . .
CONCLUSIONS . . .
SUMMARY . . . .
FURTHER RESEARCH
REFERENCES . . .

00 th B

14
14
17
17
18
18



VALIDATION, VERIFICATION, AND EXPERIMENTATION WITH ABACUS.2

Bret Michael
Machine Learning, INFT 811
June 6, 1989

ABSTRACT

ABACUS.2, a quantitative discovery system, was ported from the Symbolics Zeta
LISP to Vax and Sun Common LISP. ABACUS.2 was then validated and
verified. During the validation and verification process, many errors and
omissions were found, both in the documentation and in the source code. These
were corrected and/or documented. Overall, the system performed as stated in
the documentation, and was able to discover both linear and non-linear terms
from sets of quantitative data. A second phase of this study is now underway, and
the results will be reported at an upcoming workshop and conference on
quantitative discovery.
1. INTRODUCTION

This paper reports the results of a project than began in November 1988 with the receipt of
the ABACUS.2 quantitative discovery system [ABACUS.2, 1989]. ABACUS.2 was written as
part of a master’s thesis, and incorporates earlier work on ABACUS and other quantitative
discovery systems [Greene, 1988]. For additional readings on quantitative and qualitative

discovery systems, see [Langley, Simon, Bradsfxaw, and Zytkow, 1987].

The original purpose of this study was to replace the quantitative discovery module of
EMERALD [EMERALD, 1988], w&h is based on ABACUS [Falkenhainer and Michalski,
1986}, with Greene’s ABACUS.2. EMERALD is a system that contains five modules, with
each module demonstrating a specific area of machine learning. The second part of the
project was to integrate EMERALD’s existing examples of quantitative discovery with new

examples, and to provide a uniform user interface to these examples via the SHARE



functions, a set of graphics and windowing primitives built from MIT’s X Windows package.

For many reasons, as described in the following paragraphs, the direction of this study
deviated from the original goals. ABACUS.2 had to be ported to the Vax or Sun because
there was no way to transfer the contents of the DC600 cartridge containing ABACUS.2 to
the Symbolics. The porting of ABACUS.2 resulted in many modifications to the code, and
about three months to complete. This was due mostly to the learning curve asociated with
becoming familiar with the source code and the difference between Zeta, Vax, and Sun

Common LISP.

Moreover, after porting the system, ABACUS.2 needed to be validated and verified. In
addition, it was necessary to test whether the ported versions of the program still behaved
correctly with the modifications made during the porting process. ABACUS.2 could not be
integrated with EMERALD until the new version of ABACUS.2 was beta tested (ie., to find

bugs, to receive feedback from users, and so on).

There are many unresolved issues related to developing a user interface for ABACUS.2.
The main issue is whether the system is to be used as an tool for experimentation by
researchers who are familiar with the topic of quantitative discovery, or by people who have a
limited knowledge of quantitative discovery, LISP, and so on. The former will require the
development of a separate interface from that used in EMERALD. Another issue is how to
adequately demonstrate to un-sophisticated users, the power of ABACUS.2. Part of the
power of ABACUS.2 is the capability provided to the user to modify parameters that are used

to guide the discovery process. These and other issues are being studied.

In addition, Drs. Zytkow and Kodratof requested working copies of the ABACUS.2

system for use in their research, as well as their students’ research. This required the



debugging, baselining, and documentation of the system, as well as providing demonstrations

and help with installation of the system.

Finally, the results presented in this report, along with the results from the ongoing
experiments with ABACUS.2, are to be presented at an upcoming workshop and conference.
In order to meet submission deadlines, a great deal of time was spent preparing these papers,
running experiments, and getting as many bugs out of the system as possible before sending it
out to users, especially if the users are not within close proximity of the laboratory. In this

case, ABACUS.2 was sent to researchers at M.L.T. and the University of Paris.

2. PORTING ABACUS.2

The copy of ABACUS.2 that Greg Greene forwarded to the laboratory runs on the Symbolics
workstation, and contains Zeta LISP specific source code. A straight port from the Symbolics
to the Vax or Sun workstations was not possible for two reasons. When the tape was received,
the Symbolics was not connected to the local area network, and ABACUS.2 was only available
on a Sun formatted cartridge tape. Secondly, the Zeta LISP specific code would not run

under Vax or Sun Common LISP.

The Zeta LISP code was primarily concentrated in two files: system-initlisp and.
system.lisp, These two files were used to accomplish the same task as a UNIX make file. The
contents of these files are used to establish the order that the system files are to be loaded
and compiled. Additional Zeta LISP specific code was included at the beginning of each file
for specifying paths, text formatting, and performing checking of functions. The majority of
ABACUS.2, however, was written in Common LISP, and that portion of the code was easily

ported to the Vax and Sun workstations.



Many problems were encountered in generating a compiled version of ABACUS.2. The
two major steps that were taken in order to get ABACUS.2 to compile were to load and
compile the files such that the dependencies among software modules were correct, and the
conversion to Common LISP. For example, both the Vax and Sun workstations require that a
macro be defined before it is called by a function. Much of the reordering of macros and
functions was performed on the files form.lisp and io.lisp. Any future changes to ABACUS.2
should be made taking into consideration the effects of changes on the dependencies already |

built into the system at the logic, function, macro, and file levels.

The other major problem was that the thesis is not a user’s manual. The thesis does not
provide enough details about the actual operation of the system, nor does it document known
bugs and frequently encountered errors. Therefore it was difficult to distinguish between
normal and abnormal program behavior. Much of the initial work on this project was done on

a trial-and-error basis.

3. VALIDATION

Validation consisted of determining whether the system source and object code were
consistent with the system specifications. Greene’s thesis was used as the specifications
document‘r Validation involved reviewing both the source code and the ability of ABACUS.2
to use dependencies to discover non-linear terms.

Inconsistencies and omissions were found in the ABACUS.2 specifications. and system.
These inconsistencies and omissions, however, do n(;t have severe affects on the ability of
ABACUS.2 discover linear and non-linear terms. For example, references are made to

features that are not part of the current version of the system. The print-flags parameter does



not support the ’s’ option. This was part of an earlier version of the system, and was intended

to allow the user to specify various levels of debug output.

Overall, the system met the specifications provided in the thesis. One reason for the
discrepancies is that the project was not under configuration management control.
Specifications, features, data, and results span many versions of ABACUS.2. In addition, it is
left up to the reader to determine, for instance, why the same values were used for some

parameters over the set of experiments.

4. VERIFICATION

Verification consisted of a functional review of the system. This included checking the
correctness of the program, whether the user interface worked as expected, and whether the

program could be broken (i.e., error measurement).

The first stage in the verification process was to check the results reported by Greene.
This was done by rerunning the experiments using the same datasets and parameters. Tables
1 and 2 summarize Greene’s and the verification test results, respectively. Listings Sf the
ABACUS.2 output for these experiments are located in Appendix A. Only two of the
experiments had the same outcome. This wis for the instantaneous current and angular
conservation of momemtum experiments. The same results were obtained for Stokes’ Law
(without equations supplied) only after the level of uncertainty was changed from 0.99 to 0.95.
No results were obtained for Snell’s Law or Stokes’ Law (with equations supplied). Snell’s
Law experiment ran out of memory before an equation was output. Stokes’ Law with
equations supplied would not work with the equation form reported by Greene: (=v (+ (*cl

t))). This program would not accept the cl variable. c1 was not included in the declaration of



PARAMETER Comtritugad Sweli's Insiantameons Sk’ Stakes’ Anguiar
Ferce Law Crromt Law Law with sqention Consaxrvation
faxves suppliod of Mowwntun

MAXSTAR 10 10 10 10 1] 10

COVERMODE c i [ K IC K

UNCERTAINTY om 002 [3+/] 002 002 0.02

CONSTANCY 098 055 098 o o 09s

INVERSE-SW 3 k] f X » k]

DIRBCT-SW ] » ] » n .}

UNIVIGNORE NIL NIL NiL (349 {34) NilL.

DEBUG NIL NiL T NIL NI NilL

PRINT-FLAGS (rE) (PE) (P E) rs) (¢ S) (PE)

FILTER-LEVEL 2 2 2 2 2 3

SEARCH-LIMIT 3 3 3 3 3 k]

MAX NODES 1000 1000 1000 1000 1000 1000

CLUSTER ON T T T T T T

CLUSTER ORDER {GCNCRC) (GCNCRC) {(NC GCRC) (GCNCRC) (OCNCRC) {NC GC RC)

MIN-LINK-VALUE 560 00 00 00 00 00

waLEF MAX-OOV 0.5 MAXO0V 05 MAXOOV 0.8 MAX OOV 0S8 MAX-COV 035 MAXCOV 0.3
MIN-WE!I a0 MIN-WE) 0.0 MIN-WHI 0.0 MIN-WES 00

MIN-WEI 00 MIN-WEI 60
MIN-SEL 0.0 MIN-SEL 008 MIN-SHE 00 MIN-SEL 08

MIN-SEL 0 MIN-SEL 80

BEAM-VALUE 0 value oo value 0s (X 03 03
included included

[ DATA

Nuber rowe 556 x4 a5 xS nx? 27 12xé

by columne -

(events x

variables)

| RESULTS

Number of classes 1 1 1 3 3 1

formed

EBquations FP R woms(theta) M*V"2 N2 «((sin{riesal N1 ) /sin{thetal)) 1R =oos{{ome ga*TIME)) * Vi A V=2 8175"T Az V=98175°T EIDISS -0 4999994*(M*Vo* Vo) +

B: R*V «09556*M B: B*V =09556*M (0AMPITSI((M*V*V)} ¢+
C RV m0. T30 M C: R*V=0.7336"M (SIS (-(1*omegn®

omega))

TABLE 1. Summary of Greene’s Experimental Data and Results.




RESULTS Contritegal Secll's Inslantancens Seokes’ Shakes’ Angwine
Farcs Law Carvent Law with squation Law Conservation
Sormes sappiied of Mo
Same result ae
Greene reported? No No Yes No Na Yes
Munber of classcs 7 3 1 ¢ [ 1
formed
|~ Cower Bquation
CLASSA [LENGTH = 35447} N1 =09334174.-.1 5253406} PR =QOS{{OMEGA*TIME))*VO EDISS ~049099222° (M*VO*VO) +
PR=-411735 [THETAL =34} SRS {({MVV)) +
N=07580°N2 0.49998108*(-(1*OMBGA *OMEGA )
CLASSB [LENGTH = 4231.0] {N1=03}
F=924768M ((THETAZ 2)/THETA) +
2((1*THETAY 2/THETAL )+
(1°2°THETA1) =6.2035 +
(2*{1*"THETA2) + ((THETAT3Y/
(TMETA1°2))+(1"2*THETA2))
CLASSC {F = 4504} [N1~0.7}
R=55136*M 2*({THRIAT 2)/
((THETAZ 2)+ (THETAL"2)+
2%THETAI*THETA2) +
P ((THETAZ3/THETAL))) +
(THBTAL"2)/((THETAZ 2) +
(THETAL"2) +2*(FHETA1*
THETAZ) +2*((THETAZ )/
THETA1))) + 2*{((THETAI*THETA2)/
{{THETAZ 2)+(THETA1"2) +2*
{THETAI*THETA?) + 2*((THETAZ 3)/
THETAL))) = 1.0104
CLASSD {LENGTH = 3211.8) [N1=2.5}
Fel29(V"2) THETA2 =08862*THETAL
CLASSE {F = 500.0}
R=0.0878°(v"2)
CLASSF {F = 3400}
MV 2« 2348.6080

TABLE 2, Summary of Verification of Greene’s Results.




variables.

The second stage of the verification process consisted of performing error measurement.
This in essence consisted of trying to "break® the program. While performing sensitivity
analysis on the certainty and constancy parameters, undocumented bugs associated with
boundary conditions were found. For example, when the parameter uncertainty was set at 0.0
or 1.0 (ie., boundary conditions), the following error message was received for the speed of

sound in air experiment:

Checking for COS((/(LAMBDA TIME) NIL))
Fatal error in function SYSTEM:: %EVAL (signal with
error)

See Table 3 and Appendix B9. This error was the result of attempting division by zero
since the term (m;mber/ 1 - uncertainty) is in the equation. See the source file abacus.lisp. To
fix this and other border value problems, the system needs to check for special cases. In this
example, the system needs to check for the case where uncertainty is set to 1.0. The solution

is to return a very large number for this case. Below is the patch to the code that was made is:

(defun calc-mean (number)
(if (= *uncertainty* 1.0)
1E8
(+ number (abs ....))))

S. EXPERIMENTATION

Experimentation consisted of running datasets through ABACUS.2. The sample datasets

represented:
« computer distributed operating system statistics

« densities of liquids [CRC, 1979]



wacerininiy | consiamcy | cimss(es) formain(s) - error
Metsage
35 0.00 checking for cos ((- (Foform -£5)(%form -64)))
ERROR: Fatal error in function SYSTEM:: %EVAL
.00 100 checking for cos ((- (%lorm -3)(%form -2)))
ERROR: Fatal ervor in function SYSTEM:: %EVAL
0.01 0.98 1 V2 e 40122 T
001 098 1 VI dlRBT
0.01 0.90 1 V240l T
0.01 0.7 3 e AT = 09033V
Class B: T = 0.8248* V
s C.T = 0.7893° V
201 050 3 AT = 09033 * V
class B: T = 08248°* V
s C:T = 0.7893° V
0.01 0.0 3 G AT = 09033V
clas B: T = 0.0248° V
AmCT=0793V
001 0.10 3 s AT = 09033 * V
class B: T = 08248 ¢ V
clusC T = 07893V
0.61 0.2 3 Class A: T = 09033 ° V
class B: T = 0.8248°* V
AmCT=07893*V
0.01 0.01 3 CamA: T w09033°V
Class B: T = 0.8248° V
A CT=078932V
0.01 0.00 3 AT = 09033 °V
clam B: T = 0.8248°* V
G CT 07893V
0.02 0.98 1 V2edl 32T
0.2 098 i VIieMIR2 T
0.02 0.0 1 V2 = 401322 * T
o .70 3 s A: T = 09033 * V
ot B: T = 08248 V
e CT = 07893V
0.02 0.50 3 Clams AT = 0.9033° V
claas B: T = 0.8248° V
Clas C: T = 0.7893* V
.2 030 3 s AT = 09033 * V
clase B: T = 0.8248* V
e C T =093V
0.02 0.10 3 clam A- T = 0.9033 * V
clam B: T = 0.8248° V
A CT 07893V
0.0 0. 3 Cass AT w 09033 * V
class B: T w 0.8248°% V
A CT 0793V
0.02 0.01 3 e A T = 05033° V
clast B: T = 08248 * V
. s CT =07893°V
oY) 0.00 3 A T = 09033°V
Closs B: T = 0.8248° V
AmCT =093V .
Y] 0.98 1 V2=#1322°T
0.8 098 1 VI=#1m22°T
0.8 0.90 2 AT =09033°V
B: T 08119*V
0.08 070 2 A T=09033%V

B:T=08119*V

TABLE 3. Results from Varying the Uncertainty and Constancy Parameters.



Cemcertaiaty | comstaacy | class(es) formuin(s) error
mestage
—o® | 03 | 2 AT 03005V =
B:T = 03119 V
0.05 030 2 AT=09033°V
BT w=08119°V
0.08 0.10 2 AT =033V
B:T w 08119° V
0.05 2 2 AT =05033%V
B:T = 08119V
0.08 0.01 2 ATe0303¢V
B:T=08119°V
0.5 .00 p) AT =05033 "V
BT =08119"V
0.10 0.98 1 T w 08363 % V
0.10 .98 1 T=08363%V
.10 6.90 1 T = 05363 *V
0.10 0.70 1 Te0863%V
.10 .50 1 T = 08363 ° V
0.10 0.30 1 T = 05363 ° V
0.10 0.10 1 T = 08363 °V
.10 0.2 1 T = 08363 %V
0.10 001 1 T~08363°V
0.10 0.00 1 T = 08363 * V
0.30 098 i T= 08363V
930 0.9% 1 Teot3°V
030 .90 1 T=08363°V
0.30 0.70 1 T = 08363 ° V
.30 0.50 1 T=0X63%V
030 0.30 1 Tu08363°V
0.3 0.10 1 T 08363 °V
.30 0.2 1 T = 08363V
930 901 1 T=08363%V
030 9.00 1 T=08363°V
9.50 058 1 T = 0863V
0350 09 i T = 0.5363 * V
0.50 0.90 1 T=086°V
5.50 .7 1 Tw 08363V
0.50 0.50 1 Twos3I* v
050 030 1 Tea08363*V
0.50 .10 1 T ~ 08363 *V
0.5 0.2 1 Ta08063°V
030 001 1 T = 08363 * V
050 0.00 1 T=0863°V
0.7 .98 1 T~08%3%V
6.7 098 1 T 08363 %V
0.7 050 1 T » 05363V
0.7 070 1 Tao8%3°V
E) 0.50 1 T = 08363 * V
.70 0.30 1 T=0833°V
.7 .10 1 T=085%63°V
%) Y] 1 Tw08363*V
9.7 001 1 T=08363°V

TABLE 3. Results from Varying the Uncertainty and Constancy Parameters.
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ﬁw’ constancy | class(es) formela(s) wror
message
X ; 1 Ta083%3°V | -
0.90 .98 1 Ta=08363°V
0.90 0.95 1 Te08363°V
0.50 950 1 T 08363V
0.90 .70 1 Two0863°V
5.90 0.50 i T=0B6V
0.90 030 1 Two0i63sV
0.90 0.10 1 Te08363°V
0.90 .2 1 T=006a3°V
.90 001 1 T« 08363V
0.90 .00 1 T w0563V
095 0.98 1 T = 08363 * V
093 093 1 T=083%63°V
095 0.90 1 T w0833V
(L] 0.70 1 Te08363%V
098 0.50 1 Te08M3°V
098 0.30 1 T=08363°V
0.95 0.10 1 T=08363°V
.95 0.2 1 T=08363%V
0.95 601 1 T = 08363° V
098 0.00 1 Teo08363¢V
098 0.98 1 T=083635V
.96 0.95 1 Ta0A363°V
098 0.90 T T = 0863V
098 0.7 1 T=08363°V
098 950 1 T w0863V
.98 0.30 T T = 08363°%V
0.98 0.10 i T w0863V
098 CY7) 1 T=08363°V
0.98 0.01 1 Te08363°V
0.98 0.00 1 T = 08363 ° V
1.00 5.00 ERROR: flosting divide by zero (/ 0.789266 0.0)
1.00 100 ERROR: fioating divide by zero (7 0.789266 0.0)

TABLE 3. Results from Varying the Uncertainty and Constancy Parameters.
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o illumination of surfaces [CRC, 1979]
« thermal conductivity of copper compounds [CRC, 1979]
« speed of sound in air [CRC, 1979]

The output listings for these experiments are located in Appendix B. The first task was to
generate datasets for use with ABACUS.2. The distributed operating system data was
gathered from a local area network. The results of the experiments run on this dataset are

summarized in Table 4. The other datasets were contrived in order to have sample data to
~ experiment with.

It was confirmed that ABACUS.2 does not provide for independent variables. Instead, it
searches for a combination of a subset of the variables. It searches for a combination of a
subset of the variables or all of the variables that evaluate to a constant. If there is no
combination of variables which evaluate to a constant, then no dependency can be found. For
example, if you had three variables a, b, and ¢, and they formed the equation a = bc/2, ifa is
left out, then ABACUS.2 will not find that the combination bc/2 evaluates to a constant. This
is evident from the results displayed in Appendix B. The parameters for these examples were
varied to see the effect on the speed and precision of ABACUS.2. These results are described
with each output listing. To get around the problem described above, it is sometimes
advisable to set the univignore parameter for particular columns such that specific variables

are not held constant while dependencies are being calculated.

Appendix C contains programs developed to gather data and/or build datasets.

12


http:Append.ix

¢l

PARAMETER EXPERIMENT
. 1 1 3 [ s 3 7 ]
FMAKSTAR ] 10 10 0 10 10 16 i) 7o
OOVERMODE iIc iIc ic iC K K K© ic
UNCHRTAINTY 0 [T 015 0.15 0.15 050 050 0.50
CONSTANCY 095 056 X3 0.7 075 050 0.50 030
INVERSE-SW 20 2 2 £ 20 2 20 20
DIRECT-SW E) n £ ) n E) » )
UNIVIGNORE NIL NIL 0.17) (0.17) ©.17) NIL ©.17 ©.a7n
DEBUG T T NIL NIL NIL NIL NIL NIL
PRINY-FLAGS (re) 4] [L2) (r) ) () P (U]
FILTER-LEVEL F F3 2 2 2 2 2 2
SEARCH-LIMIT 3 3 3 E) 3 3 3 3
MAX NODES 1000 1000 1000 1000 1000 1000 1000 1000
CLUSTER ON T T T T T T T T
CLUSTER ORDER | (NCGC RO) {GC NCRC) {NC GCRC) (NC GCRC) (NC GC RC) {NCGCRC) (NC GCRC) (GCNCRC)
MIN-LINKG-VALUE | %00 05 00 ) 00 00 EY) 200
warLEF MAX-OOV0S | MAX-COVOS | MAX-OOVOS | MAX-COVOS | MAX-OOVOS | MAX-COVOS | MAX-OOVES MAX-OOV 0.3
MIN-WEI 00 MIN-WEI 08 MIN-WEI 00 | MIN-WEI 0D MIN-WEI 0.0 MIN-WEI 00 MIN-WEI 0.0 MIN-WEI 0.0
MIN-SEL 00 MIN-SEL 0.0 MIN-SEL 00 MIN-SEL 0.0 MIN-SEL 0.0 MIN-SEL 00 MIN-SEL 00 MIN-SEL 0.0
BEAMVALUE (Y] [X] 05 05 05 05 05 05
DATA
Number row 22x18 22x18 02x18 Wixl1e 202x%18 A2x18 W2x18 02x18
by oolutons
(evenis x
varisbles)
- RESULTS
Nusber of classes [ 0 [ ) [ ° 1 1
formed
Bqustions pope none none none none none ((FREEB + VIRT_MEM ((FREE + VIRTUAL MEM
- 11938.6930)) = 11938.9930))

TABLE 4. Summary of Experiments with Network Dataset.




6. VERSION 1.0

The Sun and Vax workstation versions of ABACUS.2 were baselined so that when
researchers report on their experiments with ABACUS.2, they can refer to a particular
version. Baselining also makes it possible to rollback to a version of ABACUS.2 whose
execution behavior and components are known or documented. This first baselined version is

referred to as version 1.0.

Part of the reason this project took so long to complete was that there was very little
documentation that provided information on design and implementation decisions,
dependencies among the functions, and so on. This has been corrected to some degree for
version 1.0, but a configuration management package, such as Unix’s SCCS, should be used to

formally record all future changes to ABACUS.2.

The cartridge tape accompanying this report contains Version 1.0 of ABACUS.2 for the

Sun workstation, along with sample datasets.

7. USER INTERFACE

The design of a user interface for a scientific discovery system poses many problems. For
ABACUS.2, these include

« slow response time
« handling quantitative and qualitative data
o user experimentation

The response time for medium to large datasets is poor. In addition, unless debug mode

is envoked, the user does not receive any intermediate messages on the terminal screen until

14



ABACUS.2 has completed its search for linear and non-linear terms. What is required here
is a way to maintain the user’s interest in the system during the waiting period. One solution
to the respone problem would be to have a pop-up window display the progress of the system
during the discovery process. In addition, this capability should be tailored such that the user

can specify the amount of detail that is to be display in the pop-up window, and the help level.

Providing a means to handle a mixture of symbolic and quantitative data via a single
interface is difficult. Unlike the EMERALD system which has a purely graphical interface,
the quantitative flavor of ABACUS.2 dictates the use of both mouse and keyboard input,
especially if the user is to be challenged to provide a dataset or parameter values. Otherwise,
the user would be restricted to a predefined set of special characters (e.g., menu options and
icons) as the input medium. However, the tradeoff here is that you may provide too much

flexibility to the user, especially for novice users.

Famililiarity with the host platform is another problem, especially if the users of the
system are relatively unsophisticated. For example, to use ABACUS.2 version 1.0, the user

must at a minimum have some knowledge of the following things:
o Unix or Ultrix
« LISP
« workstations
Users need atleast a cursory knowledge of the Unix or Ultrix operating systems in order
to log in, create, modify, and save files, and find the startup programs for ABACUS.2.

Moreover, in order to understand the algorithms or determine that a software bug has been

identified, the user needs to be fairly comfortable with using LISP. Even the datasets used by

15



ABACUS.2 are formatted for use with the LISP car and cdr operations. In addition, the user
needs to have some familiarity with using workstations. Inotherwords, experimenting with
ABACUS.2 requires some hands on experience with computer equipment as well as some

programming skills and knowledge.

In addition to all of the requirements that were just listed, the user will probably need
some minimum amount of knowledge about the discovery system itself in order to effectively
and efficiently use ABACUS.2, which is parameter-driven. One possible way to get around
requiring the user to have a great deal of knowledge and experience in using computers and
discovery systems would be to build a natural language interface that leads the user through
the operation of the ABACUS.2 system. That is, the system would provide the user with help
and feedback. For example, during data entry, the system would prompt the user for the data
stored in each of the five data structures. Likewise, the system could provide the user with
information about setting parameter values (e.g., for large datasets, a certain subset of the
parameters should probably be set so that the system can find dependencies rather quickly).
The development of a natural language interface, or for an intelligent editor for creation and
modification of a dataset can be vcfy difficult. In the case of an intelligent editor, the editor
should have properties such as being language independent, automatic tabbing to next

column, and so on.

Another issue that must be resolved is that of experimental design. There are very few
guidelines on how to identify important variables and parameters, or for that matter, very few
guidelines on how to structure an experiment. The user needs to have some a prion
knowledge about the domain in which the data was obtained as well as about ABACUS.2, its

parameters, and limitations and capabilities. In addition, ABACUS.2 is not the best
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quantitative discovery system for all types of data analysis or domains. Therefore, it would be
beneficial if results generated from ABACUS.2 for particular domains or types of datasets
could be used to strategically structure experiments. For example, in some domains symbolic
data is not available. If this is the case, ABACUS.2 will have problems discovering mulitiple

equations since the system relies on nominal data to do so.

8. CONCLUSIONS

ABACUS.2 performs as stated in the documentation, but still needs a lot of refinement to
- improve the performance of the system and reduce the number of bugs and omissions.
Reducing the search space appears to be the most effective way of increasing the speed of the
system. However, there is a tradeoff between reducing the search space and increasing the
precision of the resulting equation or equations. Additional experiments need to be
conducted to further determine the capabilities of ABACUS.2. A plan needs to be formulated
so that the experimentation procedure is successful (ie., will be dealing with many
combinations and permutations of parameters). Developing an intelligent user interface for a
discovery system is difficult for the same reason as described above, and due to the need to

represent, retrieve, and use this knowledge in constructing and executing experiments.

9. SUMMARY

The following objects were achieved:
ABACUS.2 was ported to the Dec and Sun platforms

» ABACUS.2 was converted to Common LISP

+ ABACUS.2 was validated, verified, baselined, and documented
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« experiments were conducted in order to better understand the system

10. FURTHER RESEARCH

In preparation for the upcoming IJCAI Workshop on Knowledge Discovery in Databases
(Detroit, Michigan, August 22), and conference on quantitative discovery (France, September
11-14), experiments are being conducted to further test abilities of ABACUS.2 to discover
linear and non-linear terms. See Appendix D. In addition, testing of a new heuristic that will

permit the discovery of exponential and logrithmic terms is underway.

Development of a user interface is also planned. The user interface will be similar to that

of Emerald, but will be separate from the Emerald system, and will run on Sun workstations.
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' APPENDIX Al - Verification of Centrifugal Force Experiment

A different result was obtained from that reported by Greene for the centrifugal
force experiment. In this case, six classes were formed, whereas Greene found only
one class and one equation to describe the data for that class. The difference in
results could be do to the way in which the Sun handles round-off error compared to
the Symbolics. (i.e., the Sun math coprocessor may be more sensitive to round-off

error than the Symobolics, which may in turn lead to the discovery of additional

classes without changing the value of the uncertainty parameter.

i F=(* (/ (* m v v) 1) (cos theta)), where { is the component of

;»; centrifugal force parallel to the road. This file is different from

35 CENTRIF-FORCEL in the respect that it has extra information which allows
;» the proportionality graph search to find the equation and it has the

;» irrelevant variable MASS.

(

(declarations
(f L ((meters 2) (seconds -2) (radians 1)))
(r L ((meters 1)))
(m L ((kilograms 1)))
(v L ({meters 1) (seconds -1)))
{(theta L ((radians 1)))
(length L ((meters 1)))

)

(parameters
(*print-flags® (p e))
(*cluster-order® (gc nc rc))

)

{variables
(f r m v theta length)

)

(events
(3221.6787 30 50 75 1.22 32123) |
(8121.7944 30 50 75 0523  32123)
(~4909.809 30 50 75 2122 3123)
(-3986.427 30 50 75 201 32123)
(-2885.0676 20 46 52 423 17553)
(1883.0659 20 46 52 502 17553)
(1584.4714 20 46 52 497 17553)
(-4994.303 20 46 52 378 17553)
(5521.2207 23 61 50 6.87 2112.4)
(6189342 23 61 50 6.65 21124)
{4954.888 23 61 50 7.01 21124)
(6549.0776 23 61 50 644  21124)
(3927.5881 23 61 50 1722 2112.4)
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(1372.5167 30 50 60 134 3546.7)
(1029.3876 40 50 60 134 35467
(823.5101 50 50 60 134 35467
(27450334 15 50 60 134 3546.7)
(27742974 20 30 44 3 481)

(3699.0632 20 40 44 3 4231)

(4623.829 20 50 44 3 4231)

(5548.5947 20 0 4“4 3 4231)

(8020.9575 27 48 75 64 3211.8)
(5133.413 27 48 60 64 3211.8)
(4005.488 27 48 53 64 3211.8)
(9588.074 2 48 82 64 3211.8)
(387.744 10 41 10 331 19987)
(2051.167 10 4 23 331 198.7)
(5308219 10 41 37 331 19987
(9693.608 10 41 S0 331 19987)
(340 30 21970859 75 ' 6 4538)

(340 30 49434433 S0 6 4538)

(340 30 13731788 30 6 4538)

(340 30 6103017 45 6 4538)

(6124 131 217125 -20 93 | 19615

(6124 131 7027 437 93 | 1975)

(6124 131 5001 518 93 1967.5)

(450 4072548094 50 0123 14556)
(450 50 9.068512 50 0123 14556)
(450 6010882214 SO 0123 14556)
(450 70 12.695916 50 0123  14556)
(500  493.6402 50 75 s 2365.4)
(500 21939563 50 50 5 2365.4)
(500 140.41321 50 40 5 2365 4)
(500 7898243 50 30 S 2365 4)
(210 737 W5 09 53 3425)

(210 8752 345 31 53 3425)

(210 14138 345 -394 53 3425)

(300 20-7.0686507 40 213 4368)

(300 20 8.980002 40 114 4368)

(300 2037785466 40 0123 4368)

(300 2039558227 40 0324 4368)

(540 25 50 16.51858 0.145  2436)

(540 25 50 3435569 134 2436)

(540 25 5017540335 05 - 2436)

(540 25 5018788666 0.7 2436)

(540 25 502729638 12 2436)

(40 2635919 60 75 122 3544)

(40 -463.71912 60 75 22 3544)

(440 - -305.1912 60 75 198 3544)

(440  660.64606 60 75 0533 3544)

=-=- Parameters « =. =

*MAXSTAR® = 10
*COVERMODE* = IC
*UNCERTAINTY" = 0.02
*CONSTANCY®* = 0.95
*INVERSE-SW* = 30
*DIRECT-SW* = 70
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*UNIVIGNORE® = NIL

*DEBUG* = NIL

*PRINT-FLAGS* = (P E)
*FILTER-LEVEL® = 2
*SEARCH-LIMIT® = 3
*MAX-NODES* = 1000
*CLUSTER-ON* = # <Symbol 46001D >
*CLUSTER-ORDER® = (GC NC RC)
*BEAM-VALUE® = 0.5
*MINIMUM-LINK-VALUE® = 50.0

*starLEF* = ((MAX-COVERED 0.5) (MIN-WEIGHT 0.0) (MIN-SELECTORS 0.0))

=.=.Class Events -=-=

MISCELLANEOUS
(FRM V THETA LENGTH)
(-4909.809 30.0 50.0 75.0 2.122 3212.3)
(-3986.427 30.0 50.0 75.0 2.01 3212.3)
(8121.7944 30.0 50.0 75.0 0.523 3212.3)
(3221.6787 30.0 50.0 75.0 1.22 3212.3)
(3927.5881 23.0 61.0 50.0 7.22 2112.4)
(4954.888 23.0 61.0 50.0 7.01 2112.4)
(6549.0776 23.0 61.0 50.0 6.4 2112.4)
(5521.2207 23.0 61.0 50.0 6.87 2112.4)
(6189.342 23.0 61.0 50.0 6.65 2112.4)
(612.4 13.1 27.725 -22.0 0.93 1967.5)
(612.4 13.1 7.027 -43.7 0.93 1967.5)
(612.4 13.1 5.001 -51.8 0.93 1967.5)
(210.0 14138 34.5 -39.4 53 3425.0)
(210.0 87.52 34.5 -31.0 5.3 3425.0)
(210.0 737 34.5 -9.0 5.3 3425.0)
(-4994.303 20.0 46.0 52.0 3.78 1755.3)
(-2885.0676 20.0 46.0 52.0 4.23 1755.3)
(1584.4714 20.0 46.0 52.0 4.97 17553)
(1883.0659 20.0 46.0 52.0 5.02 1755.3)
(9693.608 10.0 41.0 -50.0 0.331 1998.7)
(5308.219 10.0 41.0 -37.0 0.331 1998.7)
(2051.167 10.0 41.0 -23.0 0.331 1998.7)
(387.744 10.0 41.0 -10.0 0.331 1998.7)
(440.0 -463.71912 60.0 75.0 2.22 3544.0)
(440.0 -305.1912 60.0 75.0 1.98 3544.0)
(440.0 660.64606 60.0 75.0 0.533 3544.0)
(440.0 263.5919 60.0 75.0 1.22 3544.0)
(540.0 25.0 50.0 18.788666 0.7 2436.0)
(540.0 25.0 50.0 17.540335 0.5 2436.0)
(540.0 25.0 50.0 27.296886 1.2 2436.0)
(540.0 25.0 50.0 34.35569 1.34 2436.0)
(540.0 25.0 50.0 16.51858 0.145 2436.0)

CLASSF

(FRM V THETA LENGTH)
(340.0 30.0 2.1970859 75.0 0.6 4538.0)
(340.0 30.0 4.9434433 50.0 0.6 4538.0)
(340.0 30.0 6.103017 45.0 0.6 4538.0)
(340.0 30.0 13.731788 30.0 0.6 4538.0)

CLASSE
(FRM V THETA LENGTH)
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http:440.0263.591960.075.01.22
http:2885.067620.046.052.04.23
http:51.80.93
http:618934223.061.050.06.65
http:6549.077623.061.050.06.44
http:3927.588123.061.050.07.22

(500.0 78.98243 50.0 30.0 0.5 2365.4)
(500.0 140.41321 50.0 40.0 0.5 2365.4)
(500.0 21939563 50.0 50.0 0.5 2365.4)
(500.0 493.6402 50.0 75.0 0.5 2365.4)

CLASSD

(F RM V THETA LENGTH)
(5133.413 27.0 48.0 60.0 0.64 3211.8)
(80209575 27.0 48.0 75.0 0.64 3211.8)
(9588.074 27.0 48.0 82.0 0.64 3211.8)
(4005488 27.0 48.0 53.0 0.64 3211.8)

CLASSC
(FRM V THETA LENGTH)

(450.0 40.0 7.2548094 50.0 0.123 1455.6)
(450.0 50.0 9.068512 50.0 0.123 1455.6)
(450.0 60.0 10.882214 50.0 0.123 1455.6)
(450.0 70.0 12.695916 50.0 0.123 1455.6)

CLASSB

 (FRM V THETA LENGTH)
(27742974 20.0 30.0 44.0 03 4231.0)

(3699.0632 20.0 40.0 44.0 03 4231.0)

(5548.5947 20.0 60.0 44.0 0.3 4231.0)

(4623829 20.0 50.0 44.0 0.3 4231.0)

CLASSA

(FRM V THETA LENGTH)
(13725167 30.0 50.0 60.0 1.34 3546.7)
(2745.0334 15.0 50.0 60.0 1.34 3546.7)
(823.5101 50.0 50.0 60.0 1.34 3546.7)
(10293876 40.0 50.0 60.0 1.34 3546.7)

=.=- Hypotheses - =- =

CLASSA
Cover:
4 [LENGTH = 3546.7]
Relation:
F*R = 41175.5000
CLASSB
Cover:
4 [LENGTH = 42310
Relation: :
F=92476*M
CLASSC
Cover;
4 [F = 450.0]
Relation:
R=551366*M
CLASSD
Cover:
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http:50.050.060.01.34
http:1372.516730.050.060.01.34
http:27.048.053.00.64
http:8020.957527.048.075.00.64

4 [LENGTH = 32118}
Relation:
F = 14259* (V™)

CLASSE
Cover:
4 [F = 500.0]
Relation:
R = 00878 *(V*2)

CLASSF
Cover:
4 [F = 340.0]
Relation:
M * V™2 = 12358.6080

MISCELLANEOUS
Cower:
26 [LENGTH = 17553 .-. 3344.0][THETA = 0.523 -. 7.22}

11 [V = -50.0 -. 17.540335]

Relation:
No formula can be found
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APPENDIX A2 - Verification of Snell Experiment

A different result was obtained from that reported by Greene for the Snell

experiment. Once again, the the verification run generated four classes, whereas
Greene reported one class and equation describing the member data of that class.

35; Snell’s law of refraction

;> nl * gin (thetal) = n2 * sin (theta2)

;»» where n1 is the refractive index of medium #1, thetal is the angle of

i, incidence, n2 is the refractive index of medium #2, and theta? is the

i;» angle of refraction. The refractive index n = ¢ / v, where cis the

;1 velocity of light in free space and is approximately equal to 3*10"8 m/s.
35 v is the velocity of light in a medium. The desired equation is

5 a1 * sin (thetal) = n2 * sin (thetal).

(

{declarations
{N1L ((refractions 1)))
(N2 L ((refractions 1)))
(THETAL L ((radians 1)))
(THETA2 L ((radians 1)))

)

{parameters
(®print-flags*® (p ¢))
(*cluster-order® (gc nc rc))
)

{variables
(N1 N2 THETA2 THETA1)
)

{events
(1.01 1.010.50.5)
(0.06319116 1.01 0.03 0.5)
(2.0299163 1.01 1.3 0.5)
(1.7727169 1.01 1.0 0.5)
(1.1895255 1.01 0.6 0.5)
(14613272124 1.7 1.0)
(1.0988786 1.24 2.3 1.0)
(-1.1152318 124 4.0 1.0)
(0.20795585 124 3.0 1.0)
(-0.51691765 1.24 3.5 1.0)
(-7.2614417 1.8 5.0 0.24)
(0.42999822 1.8 6.34 0.24)
(5.587028 1.8 7.113 0.24)
(-5.3426943 1.8 550.24)
(3.7416677 1.8 6.8 0.24)
(24451091 1.51 02 0.123)
(0.5585338 1.51 0.2 0.567)
(033661154 1.51 02 1.1)
(0.39930588 1.51 0.2 0.85)
(.033364605 1.51 .02 2.01)
(050458465 1.51 .022.5)
(-21398798 1.51 .02 3.0)

A2-1


http:0333646051.51.02

(09014642 1.51 .02 2.8)
(12621978 1.51 02 2.9)
(4.2597756 1.68 3 6.4)
(85829824 1.68 3 6.9)
(62554383 1.68 37.2)
(.52928984 1.68 37.5)
(1.5253406 2.01 0.3 0.4)
(1.5025743 1.98 0.3 0.4)
(09334174 1.23 03 0.4)
(1.1383139 1.5 03 0.4)
(235 6.77603 03 1.02)
(235 2.9377053 0.75 1.02)
(235 2.2468998 1.1 1.02)
(235 4.176778 0.5 1.02)
(8 37252843 1.7 48)

(8 39038712 1.9 .48)

(.8 49540132 23 .48)
(82.61779557 3.0 .48)
(1.44 7.6724596 6.4 67)
(1.44 1.5459167 6.9 67)
(1.44 1.126693 7.2 .67)
(1.44 99500585 7.4 67)
(2.6 0.62196493 0.98 0.2)
(2.6 1.8545122 0.98 0.634)
(262917892098 1.2)
(2.6 2.2457938 0.98 0.8)
(2.6 12191341 0.98 4)
(2.6 1636353 0.98 .55)
(1.08 13125678 0.19 2.91)
(1.08 0.69362235 0.19 3.02)
(1.08 -4.6793623 0.19 4.1)
(1.08 -2.0059733 0.19 3.5)
(1.788 -2.1388648 0.93 5)
(1.788 0.9030106 0.93 6.7)
(1.788 1.8968848 0.93 7.3)
(1.788 1.46539770.93 7.0)
(2.5 2.80.11956984 0.134)
(2.5 2.8 031908178 0.359)
(2.5 2.8 039885348 0.45)
(2.5 2.8 0.587704 0.67)

(.7 1.1 6780504 1.74)

(.7 1.1 6070415 2.03)

(7 1.1 2148228 2.8)

(.7 1.1 .070925675 3.03)
(.5 1.1 05300177 6.4)

(.5 1.1.14208728 6.6)

(.5 1.1 33773357 7.1)

(.5 1.1 44046894 7.5)

=.=. Parameters - =. =

*MAXSTAR® = 10
*COVERMODE"®* = IC
*UNCERTAINTY* = 0.02
*CONSTANCY* = 0.95
*INVERSE-SW* = 30
*DIRECT-SW* = 70


http:DIRECT.sW
http:0.193.02
http:2.61.6363530.98
http:82.617795573.0.48

*UNIVIGNORE® = NIL

*DEBUG* = NIL

*PRINT-FLAGS® = (P E)
*FILTER-LEVEL® = 2
*SEARCH-LIMIT* = 3
*MAX-NODES"* = 1000
*CLUSTER-ON® = T
*CLUSTER-ORDER® = (GC NC RC)
*BEAM-VALUE® = 0.5
*MINIMUM-LINK-VALUE® = 50.0

*star EF* = (MAX-COVERED 0.5) (MIN-WEIGHT 0.0) (MIN-SELECTORS 0.0))

=.m. Class Events - m. =

MISCELLANEOUS
(N1 N2 THETA2 THETAL1)
(2.4451091 1.51 02 0.123)
(0.5585338 1.51 0.2 0.567)
(039930588 1.51 0.2 0.85)
(033661154 1.51 02 1.1)
(0.52928984 1.68 03 71.5)
(0.62554383 1.68 03 7.2)
(0.85829824 1.68 03 6.9)
(4.2597756 1.68 0.3 6.4)
(1.4 0.99500585 7.4 0.67)
(1.4 1.126693 72 0.67)
(1.44 15459167 6.9 0.67)
(1.44 7.672459 6.4 0.67)
(235 6.77603 0.3 1.02)
(235 4.176778 0.5 1.02)
(235 29377053 0.75 1.02)
(235 22468998 1.1 1.02)
(1.788 -2.1388648 0.93 5.0)
(1.788 0.9030106 0.93 6.7)
(1.788 1.4653977 0.93 7.0)
(1.738 1.8968848 0.93 7.3)
(2.6 2917892098 1.2)

(2.6 22457938 0.98 0.8)
(2.6 1.8545122 0.98 0.634)
(2.6 1.636353 0.98 0.55)
(2.6 12191341 0.98 0.4)
(2.6 0.62196493 0.98 0.2)
(1.08 -4.6793623 0.19 4.1)
(1.08 -2.0059733 0.19 3.5)
(1.08 0.69362235 0.19 3.02)
(1.08 13125678 0.19 2.91)
(0.8 039038712 1.9 0.48)
(0.8 0.49540132 2.3 0.48)
(0.8 037252843 1.7 0.48)
(0.8 2.6177955 3.0 0.48)
(0.050458465 1.51 0.02 2.5)
(0.033364605 1.51 0.02 2.01)
(0.09014642 1.51 0.02 2.8)
(0.12621978 1.51 0.02 2.9)
(0.21398798 1.51 0.02 3.0)
(0.06319116 1.01 0,03 0.5)
(1.01 1.01 0.50.5)
(1.1895255 1.01 0.6 0.5)


http:0.063191161.010.03
http:1.510.02
http:0.82.61779553.00.48
http:2.352.93770530.751.02
http:1.441.54591676.90.67

(20299163 1.01 13 0.5)
(1.7727169 1.01 1.0 0.5)
(-1.1152318 1.24 4.0 1.0)
(-0.51691765 1.24 35 1.0)
(0.20795585 1.24 3.0 1.0)
(14613272 124 1.7 1.0)
(1.0988786 1.24 23 1.0)
(-7.2614417 1.8 5.0 0.24)
(-5.3426943 1.8 5.5 0.24)
(0.42999822 1.8 6.34 0.24)
(3.7416677 1.8 6.8 0.24)
(5.587028 1.8 7.113 0.24)

CLASSD
(N1 N2 THETA2 THETAL)
(2.52.8 0.587704 0.67)

(2.5 2.8 0.39885348 0.45)
(2.5 2.8 0.31908178 0.359)
(2.5 2.8 0.11956984 0.134)

CLASSC
(N1 N2 THETA2 THETA1)
© (0.7 1.1 0.070925675 3.03)
(0.7 1.1 0.2148228 2.8)

(0.7 1.1 0.6780504 1.74)

(0.7 1.1 0.6070415 2.03)

CLASSB
(N1 N2 THETA2 THETA1)
(0.5 1.1 033773357 7.1)
(0.5 1.10.14208728 6.6)
(0.5 1.1 0.05300177 6.4)
(05 1.1 0.44046894 7.5)

CLASSA

(N1 N2 THETAZ2 THETA1)
(15253406 2.01 0.3 0.4)
(15025743 1.98 0.3 0.4)
(1.1383139 1.503 0.4)
(09334174 123 03 0.9)

=.=. Hypotheses - =-=

CLASSA
Cover:
4 [N1 = 0.9334174 -. 1.5253406|[THETA1 = 0.4]
Relation:
N1 = 0.7589 * N2

CLASSB
Cover:

4 [N1 = 05]

Relation:

((THETA2"2) / THETA1) + 2*(1 * THETA2"2) / THETAl) + (1"2 * THETAl) = 6.2035 + (2*(1 *
THETA2) + ((THETA2"3) / (THETAL™2)) + (1°2 * THETA2))


http:0.93341741.23
http:0.60704152.03
http:1.09887861.24
http:1.11523181.24

Cover:
4 [N1=0.7)
Reiation:

2°(THETA2'?) / ((THETA22) + (THETA1"?) + 2*%(THETA1 * THETA2) + 2°((THETA2"3) /
THETAL1))) + ((THETA1"2) / (THETA2'2) + (THETA1"2) + 2%THETA1 * THETA2) + 2*(THETA2"3)
/ THETAL))) + 2°(THETA1 * THETA2) / ((THETA2%2) + (THETA1"2) + 2*(THETA1 * THETA2) +
2°((THETA2"3) / THETAL1))) = 1.0104

CLASSD
Cover: )
4 N1 =25]
Relation:
THETA2 = 0.8862 * THETAL

MISCELLANEQUS
Cover: Relation:
No formula can be found



APPENDIX A3 - Verification of Instantaneous Current Experiment

Both Greene’s and the test results match for the instantaneous current experiment.

;; Data set for the equation i = Vo COS (omega time) / R, where i is the
;;; instantaneous current, Vo is the peak voltage, omega is the angular
;3 velocity for an AC supply.

;5 (defun i (R Vo omega tme) (/ (* Vo (cos (* omega tme))) R))
5 (defun R (i Vo omega tme) (/ (* Vo (cos (* omega tme))) i))
;1; (defun Vo (i R omega tme) (/ (* R i) (cos (* omega tme))))
31 (defun omega (i R Vo tme) (/ (acos (/ (* R i) Vo)) tme))

i+ (defun tme (i R Vo omega) (/ (acos (/ (* R i) Vo)) omega))

(
(declarations
(i L ((amperes 1))
(R L ((volts 1) (amperes -1)))
(Vo L ({volts 1)))
(omega L ((radians 1) (seconds -1)))
(time L ((seconds 1)))
)

(parameters
{*inverse-sw* 20)
(*direct-sw* 80)
(*print-flags* (p €))
(*cluster-order® (nc ge rc))

)

(variables
{i R Vo omega time)

(events
(3.293959 65.8 220 337 0.13)
{1.7229134 125.8 220 337 0.13)
(2.8526256 75.98 220 3370.13) ;i<-> R
(0.4027866 110 198 412 0.5)
(0.36616963 121 198 412 0.5)
(0.24891306 178 198 412 0.5)

(1.0244168 35.4 110 451 0.6018)
(2.0488336 35.4 220 451 0.6018) ;i <-> Vo
(0.70684767 35.4 75.9 451 0.6018)

(0.0107615795 167 312 857.3 0.273)
(-1.4499393 167 312 857.3 0.8473)

(-1.5206991 167 312 857.3 0.472) ;i <-> time
(-0.21546386 408 110 483.2 0.9284)

(0.0381025 408 110 483.2 0.172)

(0.22920708 408 110 4832 0.584)

(0.9 -130.74095 121 575 0.1034)

(0.9 -123.15287 121 5§75 0.5744)

(0.9 129.87405 121 575 0.382)

(2.87 -55.08361 289 4428 0.832) ;R <-> time
(2.87 -T71.89037 289 4428 0.7072)

(2.87 -91.08931 289 4428 0.344)



(2.87 -93.95117 289 4428 0.54)

(0.8212155 143 2733 3948 3 0.8453)

(03551025 143 2733 48373 0.8453)

(0.674562 143 2733 938 0.8453) _

(-0.2674998 523.4 214.4 38243 0.712)

(0.40340808 523.4 214.4 873.40.712) ;i <-> omega
(-0.11722943 523.4 214.4 83632 0.712)
(0.0056263898 1200 56.56 3827 0.745)

(0.002560051 1200 56.56 2937 0.745)

(0.046101775 1200 56.56 928 0.745)

(14.3 445.4 13580.729 382 0.743)
(143 445.4 -11384.064 24833 0.743)

(14.3 445 4 6490.2524 338 0.743)

(7.5 323 20376.268 3289 413) ;Vo <-> omega
(7.5 323 6500317 3289 0.413)

(7.5 323 5997.8525 29182 0.413)

(7.5 323 -3920.034 238 0.413)

(5.16 318 -1654.2872 28723 0.1323)

(5.16 318 -2484.7036 28723 0.4383)

(5.16 318 -8932.971 28723 0.2828)

(0.987 102.3 28773518 3823 0.1439) ;Vo <-> time
(0.987 1023 183.18755 382.3 0.1289)

(0.987 1023 -24831.43 3823 0.415)

(0.41 220 103 1.6253369 031)

(0.41 220 103 3.5432804 0.1422)

(0.41 220 103 7.453469 0.0676)

(0.13298 217 2.727704 0.554) omega <-> time
(0.132 98 217 3.5699222 0.4233)

(0.132 98 217 16.979193 0.089)

(209 31.04176 75 848.8 03621)
(2.09 49.666813 120 848.8 0.3621) ;R <-> Vo
(2.09 72.43076 175 848.8 0.3621)

(4.53 39.961258 313 7733 0.83)

(4.53 7392655 313 7733 09) .

(4.53 54.87472 313 7733 02771)

(453 45.117954 313 7733 0.708) ;R <-> time
(10.2 19.9217 266 998.1 1.82)

(10.2 -19.182266 266 998.1 0.783)

(102 -17.272163 266 998.1 0.388)

(7.1 543 -3858.9182 416.3 0.098)

(7.1 543 4160.0293 4163 0.799)

(7.1 543 18707385 4163 0.691) ;Vo <-> time
(0.96 612 591.68634 588 0.823)

(0.96 612 3503.0276 588 0.3823)

(0.96 612 638.5944 588 0.384)

=.=. Parameters -=-.=

*MAXSTAR® = 10
*COVERMODE-* = IC


http:10.219.9217266998.11.82
http:1.62533690.31
http:24831.43

*UNCERTAINTY* = 0.02
*CONSTANCY* = 0.95
*INVERSE-SW* = 20
*DIRECT-SW* = 80
*UNIVIGNORE®* = NIL
*DEBUG® = NIL
*PRINT-FLAGS* = (P E)
*FILTER-LEVEL® = 2
*SEARCH-LIMIT® = 3
*MAX-NODES® = 1000
*CLUSTER-ON* = T
*CLUSTER-ORDER® = (NC GC RC)
*BEAM-VALUE® = 0.5
*MINIMUM-LINK-VALUE* = 50.0

*starLEF* = (MAX-COVERED 0.5) (MIN-WEIGHT 0.0) (MIN-SELECTORS 0.0))
=.=. Class Events -=-=

CLASSA
(1R VO OMEGA TIME)

(10.2 -17.272163 266.0 998.1 0.388)
(7.1 543.0 -3858.9182 4163 0.098)
(2.87 -93.95117 289.0 4428.0 0.54)

(7.1 543.0 18707385 416.3 0.691)
(5.16 318.0 -8932.971 28723 0.2828)
(0.41 220.0 103.0 7.453469 0.0676)
(0.41 220.0 103.0 3.5432804 0.1422)
(0.41 220.0 103.0 1.6253369 0.31)
(036616963 121.0 198.0 412.0 0.5)
(0.987 102.3 -24831.43 382.3 0.415)
(2.87 -77.89037 289.0 4428.0 0.7072)
(0.9 -123.15287 121.0 575.0 0.5744)
(0.96 612.0 3503.0276 588.0 0.3823)
(7.1 543.0 4160.0293 416.3 0.799)
(0.40340808 523.4 214.4 873.4 0.712)
(-0.11722943 523.4 214.4 8363.20.712)
(-0.2674998 523.4 214.4 38243 0.712)
(143 445.4 13580,729 382.0 0.743)
(14.3 445.4 6490.2524 338.0 0.743)
(143 445.4 -11384.064 24833 0.743)
(-021546386 408.0 110.0 483 2 0.9284)
(7.5 323.0 20376 268 3289.0 413.0)
(7.5 323.0 6500317 3289.0 0.413)

(7.5 323.0 5997.8525 2918 2 0.413)
(7.5 323.0 -3920.034 238.0 0.413)

(5.16 318.0 -1654.2872 28723 0.1323)
(5.16 318.0 -2484.7036 28723 0.4383)
(0.24891306 178.0 198.0 412.0 0.5)
(-1.5206991 167.0 312.0 857.3 0.472)
(0.0107615795 167.0 312.0 857.3 0.273)
(-1.4499393 167.0 312.0 857.3 0.8473)
(0.674562 143.0 2733 938.0 0.8453)
(03551025 143.0 2733 48373 0.8453)
(0.8212155 143.0 2733 39483 0.8453)
(0.9 129.87405 121.0 575.0 0.382)
(0.987 1023 183.18755 3823 0.1289)
(2.09 72.43076 175.0 848.8 0.3621)
(3.293959 65.8 220.0 337.0 0.13)


http:0.41220.0103.01.62533690.31

(4.53 54.87472 313.0 7133 02771)
(4.53 39.961258 313.0 7733 0.83)
(2.0488336 35.4 220.0 451.0 0.6018)
(1.0244168 35.4 110.0 451.0 0.6018)
(10.2 19.9217 266.0 998.1 1.82)

(4.53 7392655 313.0 7733 0.9)

(10.2 -19.182266 266.0 998.1 0.783)
(2.87 -55.08361 289.0 4428.0 0.832)
(0.9 -130.74095 121.0 575.0 0.1034)
(0.0056263898 1200.0 56.56 3827.0 0.745)
(0.002560051 1200.0 56.56 2937.0 0.745)
(0.046101775 1200.0 56.56 928.0 0.745)
(0.96 612.0 638.5944 588.0 0.384)

(0.96 612.0 591.68634 588.0 0.823)
(0.22920708 408.0 110.0 483.2 0.584)
(0.0381025 408.0 110.0 4832 0.172)
(1.7229134 125.8 220.0 337.0 0.13)
(0.4027866 110.0 198.0 412.0 0.5)
(0.987 1023 28773518 382.3 0.1439)
(2.8526256 75.98 220.0 337.0 0.13)
(2.09 49.666813 120.0 848 8 0.3621)
(4.53 45117954 313.0 7733 0.708)
(0.70684767 35.4 75.9 451.0 0.6018)
(2.87-91.08931 289.0 4428.0 0.344)
(2.09 31.04176 75.0 848 8 0.3621)
(0.132 98.0 217.0 3.5699222 0.4233)
(0.132 98.0 217.0 2.727704 0.554)
(0.132 98.0 217.0 16.979193 0.089)

=.=- Hypotheses - =. =

CLASSA
Cover: Relation:
I*R = COS ((OMEGA * TIME)) * VO


http:0.00562638981200.056.56
http:19.9217266.0998.11.82

APPENDIX A4.1 - Verification of Stoke Experiment #1

The result of this experiment did not match the result obtained by Greene. In this
case, the system ran out of memory before an answer could be obtained. The reason
why the Symbolics version was able to obtain an answer was due to the special

memory and caching capabilities of the Symobolics workstation. At a lower level of

uncertainty, the result reported by Greene was obtained.

(

(declarations
(v L ((meter 1) (sec -1)})
(r L {{meter 1)})
(m L (kg )
(t L ((sec1)))
(h L ((meter 1)))
(substance N nil)
{location N nil)

(parameters
(*univignore® (3 4))
(*uncertainty® 0.02)
(*cluster-order® (gc nc rc))
(*constancy® .99)

| (*print-flags* (p ¢))

(variables
(v r m t h substance location)

)

{events
(119425 0.05 0.6231 0.0837 1.0 Glycerol DeathValley)
(26.8705 0.075 2.1029 0.0372 1.0 Glyceroi DeathValley)
(477698 0.1 4.9847 0.0209 1.0 Glycerol DeathValley)
(18.0642 0.05 0.9425 0.0554 1.0 Giycerol DeathValley)
(40.6445 0.075 3.1809 0.0246 1.0 Glycerol DeathValley)
(722569 0.1 7.5398 0.0138 1.0 Glycerol DeathValley)
(9.1671 0.05 0.6231 0.1091 1.0 CastorOil DeathValley)
(20.6260 0.075 2.1029 0.0485 1.0 CastorQil DeathValley)
(36.6684 0.1 4.9847 0.0273 1.0 CastorQil DeathValley)
(13.8662 0.05 0.9425 0.0721 1.0 CastorQil DeathVailey)
(31.1989 0.075 3.1809 0.0321 1.0 CastorQil DeathValley)
(55.4648 0.1 7.5398 0.0180 1.0 CastorQil DeathValley)
(11.8757 0.05 0.6231 0.0842 1.0 Glycero! Denver)
(26.7204 0.075 2.1029 0.0374 1.0 Glycerol Denver)
(475030 0.1 49847 0.0211 1.0 Glycerol Denver)
(179633 0.05 0.9425 0.0557 1.0 Glyceroi Denver)
(40.4174 0.075 3.1809 0.0247 1.0 Glycerol Denver)
(718532 0.1 7.5398 0.0139 1.0 Glycerol Denver)
(9.11592 0.05 0.6231 0.1097 1.0 CastorQil Denver)

" (20.5107 0.075 2.1029 0.0488 1.0 CastorQil Denver)
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(36.4635 0.1 4.9847 0.0274 1.0 CastorQOil Denver)
(13.7887 0.05 0.9425 0.0725 1.0 CastorQOil Denver)
(31.0246 0.075 3.1809 0.0322 1.0 CastorQil Denver)
(55.1549 0.1 75398 0.0181 1.0 CastorQil Denver)
(119425 0.05 0.6231 0.1675 2.0 Glycerol DeathValley)
(26.8705 0075 2.1029 0.0744 2.0 Glycerol DeathVailey)
(47.7698 0.1 4.9847 0.0419 2.0 Glycerol DeathValley)
(18.0642 0.05 0.9425 0.1107 2.0 Glycerol DeathVailey)
(40.6445 0.075 3.1809 0.0492 2.0 Glycerol DeathValley)
(722569 0.1 7.5398 0.0277 2.0 Glycerol DeathValley)
(9.1671 0.05 0.6231 0.2182 2.0 CastorQil DeathValley)
(20.6260 0.075 2.1029 0.0970 2.0 CastorQil DeathValley)
(36.6684 0.1 4.9847 00545 2.0 CastorQil DeathValley)
(13.8662 0.05 0.9425 0.1442 2.0 CastorQil DeathValley)
(31.1989 0.075 3.1809 0.0641 2.0 CastorQOil DeathVailey)
(554648 0.1 7.5398 0.0361 2.0 CastorOil DeathValley)
(11.8757 0.05 0.6231 0.1684 2.0 Glycerol Denver)
(26.7204 0.075 2.1029 0.0748 2.0 Glycerol Denver)
(47.5030 0.1 4.9847 0.0421 2.0 Glycerol Denver)
(17.9633 0.05 05425 0.1113 2.0 Glycerol Denver)
(40.4174 0.075 3.1809 0.0495 2.0 Glycerol Denver)
(718532 0.1 7.5398 0.0278 2.0 Glycerol Denver)
(9.1159 005 0.6231 02194 2.0 CastorQil Denver)
(20.5107 0.075 2.1029 0.0975 2.0 CastorQil Denver)
(36.4635 0.1 4.9847 0.0548 2.0 CastorOil Denver)
(13.7887 0.05 09425 0.1450 2.0 CastorOil Denver)
(31.0246 0.075 3.1809 0.0645 2.0 CastorOil Denver)
(55.1549 0.1 7.5398 0.0363 2.0 CastorQOil Denver)

(44373
(44373
(44373
@67
(44373
(44373
(4.4249
(44249
(4.4249
(4.4249
(4.4249
(4.4249
(62753
(62753
(62753
(62753
(62753
(62753
(62578
(62578
(62578
(62578
(62578
(62578

0.05 0.6231 04507 1.0 Vacuum
0.075 2.1029 0.4507 1.0 Vacuum
0.1 49847 04507 1.0 Vacuum
0.05 0.9425 0.4507 1.0 Vacuum
0.075 3.1809 04507 1.0 Vacuum
0.1 7.5398 04507 1.0 Vacuum
0.05 0.6231 0.4520 1.0 Vacuum
0075 2.1029 04520 1.0 Vacuum
0.1 49847 04520 1.0 Vacuum
0.05 09425 04520 1.0 Vacuum
0.075 3.1809 0.4520 1.0 Vacuum
0.1 75398 04520 1.0 Vacuum
0.05 06231 0.6374 2.0 Vacuum
0,075 21029 06374 2.0 Vacuum
0.1 49847 0.6374 20 Vacuum
0.05 09425 0.6374 2.0 Vacuum
0.075 3.1809 0.6374 2.0 Vacuum
0.1 75398 0.6374 2.0 Vacuum
005 06231 0.6392 20 Vacuum
0.078 2.1029 0.6392 2.0 Vacuum
0.1 49847 0.6392 2.0 Vacuum
005 0.9425 06392 2.0 Vacuum
0.075 3.1809 0.6392 2.0 Vacuum
0.1 75398 06392 2.0 Vacuum

DeathValley)
DeathValley)
DeathValley)
DeathVailey)
DeathValley)
DeathVailey)
Denver)

;7 Dribble file #P" fusr MC68020/mlis3a/jmichael/SSUN_AB2/stoke.out2" started
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ERERO NSRSV ECIERNENSY ABACUS MEN‘U BEBACEECI L COBERRIO S S
select one:

g quit
g get and initialize a dataset
r run program
néxt: run abacus on the next set of clustered groups
p: change program parameters
s: show results
f. output full results to a file
ab: run equation-learning program only
ag: run Aq (ab or r must have been run at least once)
setq: setq given atom to dataset
eval: evaluate an s-expression

= g
Enter file name = > "abacus2/data/stoke. data”

Dataset loaded

BESSONESRGORABOS RIS ABACUS MENU FEEPHERBAPESIVEB OO S
select one:

q: quit

g get and initialize a dataset

r: run program
next: run abacus on the next set of clustered groups

p: change program parameters

s: show results

£ output full results to a file

ab: run equation-learning program only

aq run Aq (ab or r must have been run at least once)
setq: setq given atom to dataset .
eval: evaluate an s-expression

=37 .
> > Error: There are 730 words left and GC is disabled.
This is the iast warning before memory is exhausted.

LUCID:NEW-SIMPLE-VECTOR:

:A  Abort to Lisp Top Level
:C  GC Will remain Disabled
-»:C

GC Will remain Disabled

3 GC cannot obtain space
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APPENDIX A4.2 - Verification of Stoke Experiment #2

The stoke experiment provided the same results as reported by Greene with the
uncertainty value increased from 0.99 to 0.95. The greater the uncertainty allowed,

the fewer the number of nodes that must be created, and therefore the less memory

that needs to be used to discover the regularities.

(

(declarations
(v L ((meter 1) (sec-1)))
(r L ({(meter 1)))
(m L ((kg 1))
(t L ((sec1)))
(h L ((meter 1)))
{substance N nil)
{location N nil)

)

(parameters .
(*univignore® (3 4))
(*uncertainty® 0.02)
(*cluster-order® (gc nc rc))

) (*print-flags* (p e))

(variables
(v r mt h substance location)

)

(events
(119425 0.05 0.6231 0.0837 1.0 Glycerol DeathValley)
(26.8705 0.075 2.1029 0.0372 1.0 Giycerol DeathValley)
(47.7698 0.1 49847 0.0209 1.0 Glycerol DeathValley)
(18.0642 0.05 0.9425 0.0554 1.0 Glycerol DeathValley)
(40.6445 0.075 3.1809 0.0246 1.0 Glycerol DeathVailey)
(722569 0.1 7.5398 0.0138 1.0 Glycerol DeathValiley)
(9.1671 0.0§ 0.6231 0.1091 1.0 CastorOil DeathValley)
(20.6260 0.075 2.1029 0.0485 1.0 CastorQil DeathValley)
(366684 0.1 4.9847 0.0273 1.0 CastorQOil DeathValley)
(13.8662 0.05 0.9425 0.0721 1.0 CastorOil DeathValley)
(31.1989 0.075 3.1808 0.0321 1.0 CastorOil DeathVailey)
(55.4648 0:1 7.5398 0.0180 1.0 CastorQil DeathValley)
(11.8757 0.05 0.6231 0.0842 1.0 Glycerol Denver)
(26.7204 0.075 2.1029 0.0374 1.0 Glycerol Denver)
(47.5030 0.1 4.9847 0.0211 1.0 Glycerol Denver)
(17.9633 005 0.9425 0.0557 1.0 Glycerol Denver)
(40.4174 0075 3.1809 0.0247 1.0 Glycerol Denver)
(71.8532 0.1 7.5398 0.0139 1.0 Glycerol Denver)
(9.1159 005 0.6231 0.1097 1.0 CastorOil Denver)
(20.5107 0.075 2.1029 0.0488 1.0 CastorQil Denver)
(364635 0.1 4.9847 0.0274 1.0 CastorQil Denver)
(13.7887 0.05 0.9425 0.0725 1.0 CastorOil Denver)
(31.0246 0.075 3.1809 0.0322 1.0 CastorOil Denver)
(55.1549 0.1 75398 00181 1.0 CastorQil Denver)
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(11,9425 0.05 06231 0.1675 2.0 Giycerol DeathValley)
(26.8705 0.075 2.1029 0.0744 2.0 Glycerol DeathVailey)
(47.7698 0.1 4.9847 00419 2.0 Glycerol DeathValley)
(18.0642 0.05 0.9425 0.1107 2.0 Glycerol DeathValley)
(40.6445 0.075 3.1809 0.0492 2.0 Glycerol DeathValley)
(722569 0.1 7.5398 0.0277 2.0 Glycerol DeathValley)
(9.1671 005 0.6231 02182 2.0 CastorQil DeathValley)
(20.6260 0.075 2.1029 0.0970 2.0 CastorQil DesthValley)
(36.6684 0.1 4.9847 0.0545 2.0 CastorOil DeathValley)
(13.8662 0.05 0.9425 0.1442 2.0 CastorQil DeathValley)
(31.1989 0.075 3.1809 0.0641 2.0 CastorQOil DeathValley)
(55.4648 0.1 7.5398 0.0361 2.0 CastorQil DeathValley)

(11.8757 0.05 06231 0.1684 2.0 Glycerol Denver)
(26.7204 0.075 2.1029 0.0748 2.0 Glycerol Denver)
(47.5030 0.1 49847 0.0421 2.0 Glycerol Denver)

(179633 0.05 09425 0.1113 2.0 Glycerol Denver)

(40.4174 0.075 3.1809 0.0495 2.0 Glycerol Denver)
(71.8532 0.1 7.5398 0.0278 2.0 Glycerol Denver)

(9.1159 0.05 0.6231 0.2194 2.0 CastorOil Denver)
(20.5107 0.075 2.1029 0.0975 2.0 CastorQOil Denver)
(36.4635 0.1 4.9847 0.0548 2.0 CastorQil Denver)
(13.7887 0.05 0.9425 0.1450 2.0 CastorQil Denver)
(31.0246 0.075 3.1809 0.0645 2.0 CastorQil Denver)
(55.1549 0.1 7.5398 0.0383 2.0 CastorQil Denver)

(44373
(4.4373
(443713
(44373
(443713
(443713
(4.4249
(4.4249
(4.4249
(4.4249
(4.4249
(4.4249
(62753
(62753
(6.2753
(62753
(62753
(62153
(6.2578
(62578
(62578
(62578
(62578
(62578

)

0.05 0.6231 0.4507 1.0 Vacuum
0.075 2.1029 04507 1.0 Vacuum
0.1 49847 0.4507 1.0 Vacuum
0.05 0.9425 0.4507 1.0 Vacuum
0.075 3.1809 04507 1.0 Vacuum
0.1 75398 04507 1.0 Vacuum
0.05 06231 04520 1.0 Vacuum
0.075 2.1029 0.4520 1.0 Vacuum
0.1 49847 0.4520 1.0 Vacuum
0.05 09425 0.4520 1.0 Vacuum
0.075 3.1809 0.4520 1.0 Vacuum
0.1 7.5398 04520 1.0 Vacuum
0.05 06231 06374 2.0 Vacuum
0.075 2.1029 06374 2.0 Vacuum
0.1 49847 0.6374 2.0 Vacuum
0.05 0.9425 0.6374 2.0 Vacuum
0.075 3.1809 0.6374 2.0 Vacuum
0.1 75398 06374 20 Vacuum
005 06231 0.6392 2.0 Vacuum
0.075 2.1029 0.6392 2.0 Vacuum
0.1 49847 0.6392 2.0 Vacuum
0.05 09425 0.6392 2.0 Vacuum
0.075 3.1809 0.6392 2.0 Vacuum
0.1 7.5398 0.6392 2.0 Vacuum

=-=- Parameters -=-=

*MAXSTAR® = 10
*COVERMODE® = IC
*UNCERTAINTY* = 0.02
*CONSTANCY*® = 0.95
*INVERSE-SW* = 30
*DIRECT-SW* = 70
*UNIVIGNORE* = (3 4)
*DEBUG* = NIL

DeathValley)
DeathValley)
DeathValley)
DeathValley)
DeathValley)
DeathValley)
Denver)
Denver)
Denver)
Denver)
Denver)
Denver)
DeathValley)
DeathValley)
DeathVailey)
DeathValley)
DeathValley)
DeathValley)
Denver)
Denver)
Denver)
Denver)
Denver)
Denver)
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*PRINT-FLAGS® = (P E)
*FILTER-LEVEL® = 2
*SEARCH-LIMIT* = 3
*MAX-NODES* = 1000
*CLUSTER-ON* = # <Symbol 46001D >
*CLUSTER-ORDER® = (GC NC RC)
*BEAM-VALUE® = 0.5
*MINIMUM-LINK-VALUE® = 50.0

*starLEF* » (MAX-COVERED 0.5) (MIN-WEIGHT 0.0) (MIN-SELECTORS 0.0))
=.m. Class Events -w-=

CLASSC
(VR M # <Symbol 46001D> H SUBSTANCE LOCATION)
(9.1159 0.05 0.6231 0.1097 1.0 CASTOROIL DENVER)

(9.1159 0.05 0.6231 02194 2.0 CASTOROIL DENVER)

(13.7887 0.05 0.9425 0.0725 1.0 CASTOROIL DENVER)
(13.7887 0.05 0.9425 0.145 2.0 CASTOROIL DENVER)

(31.0246 0.075 3.1809 0.0322 1.0 CASTOROIL DENVER)
(31.0246 0.075 3.1809 0.0645 2.0 CASTOROIL DENVER)
(36.4635 0.1 4.9847 0.0274 1.0 CASTOROIL DENVER)

(36.4635 0.1 4.9847 0.0548 2.0 CASTOROIL DENVER)

(20.5107 0.075 2.1029 0.0975 2.0 CASTOROIL DENVER)
(20.5107 0.075 2.1029 0.0488 1.0 CASTOROIL DENVER)
(55.1549 0.1 7.5396 0.0181 1.0 CASTOROIL DENVER)

(55.1549 0.1 7.5398 0.0363 2.0 CASTOROIL DENVER)

(9.1671 0,05 0.6231 0.1091 1.0 CASTOROIL DEATHVALLEY)
(9.1671 0.05 0.6231 02182 2.0 CASTOROIL DEATHVALLEY)
(13.8662 0.05 0.9425 0.0721 1.0 CASTOROIL DEATHVALLEY)
(13.8662 0.05 0.9425 0.1442 2.0 CASTOROIL DEATHVALLEY)
(31.1989 0.075 3.1809 0.0641 2.0 CASTOROIL DEATHVALLEY)
(31.1989 0.075 3.1809 0.0321 1.0 CASTOROIL DEATHVALLEY)
(36.6684 0.1 4.9847 0.0545 2.0 CASTOROIL DEATHVALLEY)
(36.6684 0.1 4.9847 0.0273 1.0 CASTOROIL DEATHVALLEY)
(20.626 0.075 2.1029 0.0485 1.0 CASTOROIL DEATHVALLEY)
(20.626 0.075 2.1029 0.097 2.0 CASTOROIL DEATHVALLEY)
(55.4648 0.1 7.5398 0.018 1.0 CASTOROIL DEATHVALLEY)
(55.4648 0.1 7.5398 0.0361 2.0 CASTOROIL DEATHVALLEY)

CLASSB

(V RM # <Symbol 46001D > H SUBSTANCE LOCATION)
(11.8757 0.05 0.6231 0.0842 1.0 GLYCEROL DENVER)
(11.8757 0.05 0.6231 0.1684 2.0 GLYCEROL DENVER)
(17.9633 0.05 0.9425 0.1113 2.0 GLYCEROL DENVER)
(17.9633 0.05 0.9425 0.0557 1.0 GLYCEROL DENVER)
(40.4174 0.075 3.1809 0.0247 1.0 GLYCEROL DENVER)
(40.4174 0.075 3.1809 0.0495 2.0 GLYCEROL DENVER)
(47.503 0.1 4.9847 0.0421 2.0 GLYCEROL DENVER)

(47.503 0.1 4.9847 0.0211 1.0 GLYCEROL DENVER)

(26.7204 0.075 2.1029 0.0374 1.0 GLYCEROL DENVER)
(26.7204 0.075 2.1029 0.0748 2.0 GLYCEROL DENVER)
(71.8532 0.1 7.5398 0.0139 1.0 GLYCEROL DENVER)

(71.8532 0.1 7.5398 0.0278 2.0 GLYCEROL DENVER)

(18.0642 0.05 0.9425 0.1107 2.0 GLYCEROL DEATHVALLEY)
(18.0642 0.05 0.9425 0.0554 1.0 GLYCEROL DEATHVALLEY)
(11.9425 0.05 0.6231 0.0837 1.0 GLYCEROL DEATHVALLEY)
(11.9425 0.05 0.6231 0.1675 2.0 GLYCEROL DEATHVALLEY)
(40.6445 0.075 3.1809 0.0246 1.0 GLYCEROL DEATHVALLFEY)
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{40.6445 0.075 3.1809 0.0492 2.0 GLYCEROL DEATHVALLEY)
(47.7698 0.1 4.9847 0.0209 1.0 GLYCEROL DEATHVALLEY)
(47.7698 0.1 4.9847 0.0419 2.0 GLYCEROL DEATHVALILEY)
(26.8705 0.075 2.1029 0.0372 1.0 GLYCEROL DEATHVALLEY)
(26.8705 0.075 2.1029 0.0744 2.0 GLYCEROL DEATHVALLEY)
(72.2569 0.1 7.5398 0.0138 1.0 GLYCEROL DEATHVALLEY)
(72.2569 0.1 7.5398 0.0277 2.0 GLYCEROL DEATHVALLEY)

CLASSA

(VR M # <Symbol 46001D > H SUBSTANCE LOCATION)
(4.4249 0.05 0.6231 0.452 1.0 VACUUM DENVER)

(4.4249 0.05 0.9425 0.452 1.0 VACUUM DENVER)

(4.4249 0.075 2.1029 0.452 1.0 VACUUM DENVER)

(4.4249 0.075 3.1809 0.452 1.0 VACUUM DENVER)

(4.4249 0.1 4.9847 0.452 1.0 VACUUM DENVER)

(4.4249 0.1 7.5398 0.452 1.0 VACUUM DENVER)

(6.2578 0.05 0.6231 0.6392 2.0 VACUUM DENVER)

(6.2578 0.05 0.9425 0.6392 2.0 VACUUM DENVER)

(6.2578 0.075 2.1029 0.6392 2.0 VACUUM DENVER)

(62578 0.075 3.1809 0.6392 2.0 VACUUM DENVER)

(62578 0.1 4.9847 0.6392 2.0 VACUUM DENVER)

(62578 0.1 7.5398 0.6392 2.0 VACUUM DENVER)

(6.2753 0.05 0.6231 0.6374 2.0 VACUUM DEATHVALLEY)
(6.2753 0.05 0.9425 0.6374 2.0 VACUUM DEATHVALLEY)
(62753 0.075 2.1029 0.6374 2.0 VACUUM DEATHVALLEY)
(6.2753 0.075 3.1809 0.6374 2.0 VACUUM DEATHVALLEY)
(6.2753 0.1 4.9847 0.6374 2.0 VACUUM DEATHVALLEY)
(62753 0.1 7.5398 0.6374 2.0 VACUUM DEATHVALLEY)
(4.4373 0.05 0.6231 0.45069999 1.0 VACUUM DEATHVALLEY)
(44373 0,05 0.9425 0.45069999 1.0 VACUUM DEATHVALLEY)
(44373 0.075 2.1029 0.45069999 1.0 VACUUM DEATHVALLEY)
(4.4373 0.075 3.1809 0.45069999 1.0 VACUUM DEATHVALLEY)
(4.4373 0.1 4.9847 0.45069999 1.0 VACUUM DEATHVALLEY)
(4.4373 0.1 7.5398 0.45069999 1.0 VACUUM DEATHVALLEY)

=.=- Hypotheses -=-=

CLASSA
Cover:
24 [SUBSTANCE = VACUUM]
Relation:

V = 9.8175 * # < Symbol 46001D >

CLASSB
Cover:
24 [SUBSTANCE = GLYCEROL]
Relation:

R*V =0955%*M

CLASSC
Cover:
24 [SUBSTANCE = CASTOROIL]
Relation;

R*V =07336*M
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APPENDIX AS - Verification of Conservation Experiment

The results of the conservation of momentum experiment were the same as those

reported by Greene.

(

{declarations

(m L ((meters 1)))

{Yo L ((meters 1) (seconds -1)))

(V L ((meters 1) (seconds -1)))

(I L ((kilogram 1) (meters 2)))
(omega L ((radians 1) (seconds -2)))
(Ediss L ((joules 1)))

(parameters
(*print-flags® (p €))
(*cluster-order® (nc gc rc))
)

(variables
{m Vo VI omega Ediss)
)

(equations

(= Ediss (+ (* ¢l (* m Vo Vo)) (* 2 (- (* | omega omega)))})

(=EBdiss(+ (*cl(*mVV)(*Q2(-("mVV)))

(= Ediss (+ (*c1 (*m Vo V0)) (* 2 (- (* m V V))) (* <3 (- (* ] omega omega)))})

)

(events

(400 6.77 3 7200 0.667  563.05)
(556 596 4.89 8017 0501 222.13)

(3465 486 23 6856 0473  24086)
(6948 521 4.5 6990 0801  15.26)

(345 409 251  S988 0542  91.93)
(430 634 44 7409 0603 .313.26)
(502 721 489 982 066  S30.75)
(289 387 198 4020 0329  13801)
(475 432 395 5745 0354 3667
(385 468 375 5834 0473 8565
(@75 568 453 7540 0385 22297)
(510 - 584 4367 803 0574  251.11)
)

)

=.=. Parameters - =~ =

*MAXSTAR® = 10
*COVERMODE®* = IC
*UNCERTAINTY* = 0.02
*CONSTANCY* = 0.95
*INVERSE-SW* = 30
*DIRECT-SW* = 10



*UNIVIGNORE® = NIL

*DEBUG* = NIL

*PRINT-FLAGS® = (P E)
*FILTER-LEVEL* = 2
*SEARCH-LIMIT* = 3
*MAX-NODES* = 1000
*CLUSTER-ON* = T
*CLUSTER-ORDER* = (NC GC RC)
*BEAM-VALUE* = 0.5
*MINIMUM-LINK-VALUE® = 50.0

*starLEF* = (MAX-COVERED 0.5) (MIN-WEIGHT 0.0) (MIN-SELECTORS 0.0))
=-=. Class Bvents - =-=

CLASSA

(M VO V 1 OMEGA EDISS)
(69.48 521 4.5 699.0 0.801 15.26)
(47.5 432 3.95 574.5 0.354 36.67)
(38.5 4.68 3.75 583.4 0.473 85.65)
(34.5 4.09 2.51 598.8 0.542 91.93)
(28.9 3.87 1.98 402.0 0.329 138.01)
(55.6 5.96 4.89 801.7 0.501 222.13)
(47.5 5.68 4.53 754.0 0.385 222.97)
(34.65 4.86 2.3 685.6 0.473 240.86)
(51.0 5.34 4367 803.0 0.574 251.11)
(43.0 634 4.4 740.9 0.603 313.26)
(50.2 7.21 4.89 798.2 0.66 530.75)
(40.0 6.77 3.11 720.0 0.667 563.05)

=-=- Hypotheses -=-=

CLASSA
Cover: Relation:

EDISS = 049999222 * (M * VO * VO) + 0.49999544 * (- (M * V * V)) + 0.49998108 * (- (I * OMEGA * OMEGA))
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APPENDIX B1 - Network Experiment #1

This experiment was run using network operating system statistics from a network
of 65 Sun 3/50 and 3/60 workstations. The statistics were recorded during the middle

of the workday every five seconds.

The statistics consisted of three load averages (loadavl, loadav2, and loadav3), the
current time (cur_time), the number of existing processes (exist_proc), the number of

processes in each state:

sleeping (sleeping)
abandoned (abandoned)

running (running)
starting (starting)

percentage of time spent in each of the processor states (user, nice, system, and idle),

and memory statistics:

amount of virtual memory in use (virt_mem)
amount of active virtual memory in use (virt_act)
amount of real memory in use (real_mem)
amount of active real memory in use (real_act)
amount of free memory (free)

The raw data had to be extracted from the Top program output. Top is a public
domain program that is included as a utility program with the Sun Unix operating
system. The data capture was achieved by setting the terminal type to ‘dumb’ in order
to \yrite to a file ASCII output (the output would otherwise have been binary since
Top uses the Sun Curses features), and then running the output through Unix sed

scripts that format the data for use with ABACUS.2,

After manipulating the various parameters, it became apparent that ABACUS.2
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could not find dependencies between variables for this dataset unless the variables
were allowed to vary during the calculation of the dependencies. To achieve this, the
universal ignore (umivignore) parameter used. In this case, the first seven variables

were allowed to vary. The same result was obtained when all 18 variables were

allowed to vary.

(

(declarations
(loadavl L ((load 1)))
(loadav2 L ((load 1)))
(loadav3 L ((load 1)))
{cur_time N nil)
(exist_proc L ((process 1)))
(sleeping L ((process 1))
(abandoned L ((process 1)))
(running L ((process 1))
(starting L ((process 1)))
(user L ((time 1)))
{nice L ((time 1)))
(system L ((time 1)))
(idle L ((time 1)))
(virt_mem L ((kilobyte 1)))
(virt_act L ((kilobyte 1)))
(real_mem L ((kilobyte 1)))
(real_act L ((kilobyte 1)))
(free L ({kilobyte 1)))

)

(parameters
)(’Pﬁnt~ﬂ388‘ Pe)

(variables
(loadav! loadavZ loadav3 cur_time exist_proc sleeping abandoned running
starting user nice system idle virt_mem virt_act real mem rel_act
free)

)

(events

(136236164 15 14 3473681 136.04.4203 693 6624 2560 21976 13392 4536)
(1252.3216315 14 3973672132000918896624257621976 13416 4472)
(1.142.27 1.61 15 14 4573681131200‘?19176624257621976 13720 4384)
(10522216015 14  S0T7367213280021375.9 6624 2752 21976 13904 4344)
(113221160 15_14 55736811315007871996624256821976137204344)
(12022116015 150073681131.60.019.1 7936624 2552 21976 13696 4344)
(126 2.20 1.60 15_15 0573681133900184?766672252822048137044328)
(12321815915 15 _1073681132.00.024973.16624 2496 21976 13664 4328)
(113213 1.57 15__15_15 73681130.80.018.9 803 6624 2664 21976 14080 4328)
(1032071551515 2073681131.20.09.189.7 6624 2736 21976 14136 4328)
(10220415415 15 25‘7368113126002’7759?6536324821896 14728 4368)
(10220215415 15 30?46821359004?0470658&324821960145364344)
(1.022.00 1.53 15 15_ 736 73672132.80.043.553.8 6528 3208 21888 14488 4296)
(1.092.001.53 15 15 41736811320002777046520320621872144724384)
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(1001.961.5115 15 467368113 0.80.0 12.2 87.0 6528 2856 21888 14096 4408)
‘ (09219215015 15_ 51 7368113040.07.192.56528 2800 21888 14024 4408)
(08418814815 15 5673681131200 5.2 93.7 6528 2304 21888 13424 4408 )
(13419815315 _ 16_ 0173681133200 16.280.6 6528 2304 21888 13424 4424)
.(13119615215 16 06736‘721308004794.56528?32021888134484424)
(120192 1.5015 16 117368113 0.70.0 5.1 94.2 6528 2320 21888 13448 4424)
(1.10 1.881.4915_ 16 1673681132800 12.684.66528 2320 21888 13448 4424)
(10118414815 16 2273681130800 1.298.06528 2320 21888 13448 4424)
(09218014615 16 2‘773681130300169766528230421888134244424)
(0.84 1.76 1.45 15 16 327368 1132.00.07.990.1 6528 2304 21888 13424 4424)
(0?71?314415 16 3772671130800479456448239221792135284464)
(0.711.691.43 15 16 4272671130800209726448240821792135524504)
(06516614215 16 4773663 13 4.4 0.0 23.4 72.2 6448 2600 21792 13752 4496)
(068 1.64 1.41 15_ 16 .  52746911335.5004.2803 65923024 21968 14272 4480)
(06216114015 16 5775701131200 13.885.0 6592 3024 21968 14416 4392)
(12217314515 17 0274701302.0004205616672321622064146484304)
(1. 1216914415 17 0774692301.6 0.0 22.575.9 6672 3448 22064 14904 4296)
)

)

=.=. Parameters - =-=

*MAXSTAR®* = 10
*COVERMODE®* = IC
*UNCERTAINTY"® = 0.02
*CONSTANCY" = 095
*INVERSE-SW* = 30
*DIRECT-8W* = 70
*UNIVIGNORE® = (0123456)
*DEBUG* = TRUE
*PRINT-FLAGS* = (P E)
*FILTER-LEVEL* = 2
*SEARCH-LIMIT* = 3

-NODES* = 1000
*CLUSTER-ON* = T
*CLUSTER-ORDER®* = (NC GC RC)
*BEAM-VALUE® = 0.5
*MINIMUM-LINK-VALUE®* = 50.0

*starLEF* = ((MAX-COVERED 0.5) (MIN-WEIGHT 0.0) (MIN-SELECTORS 0.0))

=.=- Class Events - =-=

CLASSA

(LOADAV1 LOADAV2 LOADAV3 CUR TIME EXIST PROC SLEEPING ABANDONED RUNNING
STARTING USER NICE SYSTEM IDLE VIRT “MEM VIRT ACT REAL MEM REAL ACT FREE)
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(092192151515 5173.068.01.01.03.00.40.07.1 92.5 6528.0 2800.0 21883.0 14024.0 4408.0)
(12192151516 1173.068.01.01.03.00.70.0 5.1 94.2 6528.0 2320.0 21888.0 13448 0 4424.0)
(0.771.731.44 15 16 37720670 1.0 1.03.00.80.0 4.7 94.5 6448.0 2392.0 21792.0 13528.0 4464.0)
(0.71 169143 15_16 4272.067.0 1.0 1.03.0 0.8 0.0 2.0 97.2 6448.0 2408 0 21792.0 13552.0 4504.0)
(0921814615_ 16  277306801.01.03.0080.01.697.66528.0 2304.0 21888.0 13424.0 4424.0)
(1311.9615215 16 06 73.067.02.0 1.03.0080.04.794.56528.0 2320.0 21888.0 13448.0 4424.0)
(1(}118-414815 16 2273068.01.01.03.0080.01.298.06528.02320.0 21888.0 13448.0 4424.0)
(1019615115 15  4673.068.01.01.03.0080.012.287.06528.0 2856.0 21888.0 14096.0 4408.0)
(1.132.13 1.57 15 15 1573.06801.01.03.00.80.0 18.9 803 6624.0 2664.0 21976.0 14080.0 4328.0)
(08418814815 15 56730680101030120052937652802304021888013424044080)
(0621611415 16 5775.07001.01.03.0120.0 13.8 850 6592.0 3024.0 21968.0 14416.0 4392.0)
{1.142.27 161 15 14 4573.06801.01.030120.07.191.76624.0 2576.0 21976.0 13720.0 4384.0)
(1.032.07 1.55 15 15 20730680 1.01.03.0120.09.189.76624.02736.0 21976.0 14136.0 4328.0)
(1L132211615_ 14  5573.06801.01.03.01.50.078.719.9 6624.0 2568.0 21976.0 13720.0 4344.0)
(122211615 15 _0073.068.01.01.03.01.600 19.1 793 6624.0 2552.0 21976.0 13696.0 4344.0)
(11216914415 17 0774.069.02.03.00.0 1.6 0.0 22.5 75.9 6672.0 3448.0 22064.0 14904.0 4296.0)
(122 1.73 14515 17 ' 0274.070.0 1.03.00.02.0 0.0 42.0 56.1 6672.0 3216.0 22064.0 14648.0 4304.0)
(1.09201.5315_ 15  4173.068.0 1.0 1.03.02.00.027.7 70.4 6520.0 3200.0 21872.0 14472.0 4384.0)
(084 1.76 1.45 15 16 3273.068.0101.03.020007.990.1 6528.0 2304.0 21888.0 13424.0 4424.0)
(123218159 15 15 1073.068.0 1.0 1.0 3.02.00.0 24.9 73.1 6624.0 2496.0 21976.0 13664.0 4328.0)
(12523216315 14 39?30670201030’00091889662402576021976013416044720)
(1022015315 15 367306702010302800435538652803208021888014488042960)
(11188149 15 16 1673.068.0 1.0 1.03.0 2.8 0.0 12.6 84.6 6528.0 2320.0 21888.0 13448.0 4424.0)
(1052221615 14 507306702010302809213759662402752021976013904043440)
(13419815315 16  0173.068.0 1.0 1.03.03.20.0 16.2 80.6 6528.0 2304.0 21888.0 13424.0 4424.0)
(126221615 15 0573068010103039001847’?6667202528022040@13704043280)
(0.651.66 1.42 15 16 4773.066.03.0 1.03.04.40.0 23.4 72.2 6448.0 2600.0 21792.0 13752.0 4496.0)
(10220215415 15 307406802010305900470470658403248021960014536043440)
(068 1.641.4115_16 52740690101030550042803659203024021968014272044800)
(13623616415 14 34730680101030604420.3693662402560021976013392045360)
(102204 154 15_ 15 2573068010103012600277597653603248021896014728043680}

=.=. Hypotheses -=-=

CLASSA
Cover: Relation:

((IDLE*2) / ((IDLE"2) + (SYSTEM™2) + 2*(IDLE * SYSTEM))) + ((SYSTEM™2) / ((IDLE"2) +
(SYSTEM™2) + 2*(IDLE * SYSTEM))) + 2*((IDLE * SYSTEM) / ((IDLE"2) + (SYSTEM"2) + 2*(IDLE *
SYSTEM))) + ((USER™2) / ((IDLE™2) + (SYSTEM"2) + 2*(IDLE * SYSTEM))) = 1.0014
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APPENDIX B2 - Network Experiment #2

This experiment was run using network operating system statistics that gathered
using the Unix Top program as discussed in Appendix B1. This dataset consisted of
202 events and 20 variables. The following is a listing of the debug output as well as
the equation that ABACUS.2 discovered. The debug output was included only for
illustrative purposes. When working with large datasets, it is not advisable to use the
debug option since this option slows down the system (i.e., there is overhead
associated with writing the debug data to the screen). It was evident from the high
frequency of invocation of garbage collection that that improvements need to be made
to the algorithm; to affect a reduction in the amount of garbage collection required
(e.g., pruning algorithms that could be used to discard extraneous and/or redundant

information).

Two additional variables were used in this experiment. They are the process states

zombie and stopped.

Unlike the first experiment with the network data, 19 of the variables had to be

permitted to vary for ABACUS.2 to discover dependencies between variables.
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(8) is a zero-varisble
(12) is & zero-varniable

Clustering projection (0,1)...
Clustering projection (0.2)...
Clustering projection (0,4)...
Clustering projection (0,5)...
Clustering projection (0,6)...
Clustering projection (0,7)...
Clustering projection (0,8)...
Clustering projection (0,9)...
Clustering projection (0,10)...
Clustering projection (0,11)...
Clustering projection (0,12)...
Clustering projection (0,13)...
Clustering projection (0,14)...
Clustering projection (0,15)...
Clustering projection (0,16)...
Clustering projection (0,17)...
Clustering projection (1,0)...
Clustering projection (1,2)...
Clustering projection (1,4)...
Clustering projection (1,5)...
Clustering projection (1,6)...
Clustering projection (1,7)...
Clustering projection (1,8)...
Clustering projection (1,9)...
Clustering projection (1,10)...
Clustering projection (1,11)...
Clustering projection (1,12)...
Clustering projection (1,13)...
Clustering projection (1,14)...
Clustering projection (1,15)...
Clustering projection (1,16)...
Clustering projection (1,17)...
Clustering projection (2,0)...
Clustering projection (2,1)...
Clustering projection (2,4)...
Clustering projection (2,5)...
Clustering projection (2,6)...
Clustering projection (2,7)...
Clustering projection (2,8)...
Clustering projection (2,9)...
Clustering projection (2,10)...
Clustering projection (2,11)...
Clustering projection (2,12)...
Clustering projection (2,13)...
Clustering projection (2,14)...
Clustering projection (2,15)...
Clustering projection (2,16)...
Clustering projection (2,17)...
Clustering projection (4,0)...
Clustering projection (4,1)...
Clustering projection (4,2)...
Clustering projection (4,5)...
Clustering projection (4,6)...
Clustering projection (4,7)...
Clustering projection (4.8)...
Clustering projection (4,9)...
Clustering projection (4,10)...
Clustering projection (4,11)...
Clustering projection (4,12)...
Clustering projection (4,13)...
Clustering projection (4,14)...
Clustering projection (4,15)...

Clustering projection (4,16)...
Clustering projection (4,17)...
Clustering projection (5,0)...
Clustering projection (5,1)...
Clustering projection (5,2)...
Clustering projection (5.4)...
Clustering projection (5,6)...
Clustering projection (5.7)...
Clustering projection (5,8)...
Clustering projection (5,9)...
Clustering projection (5,10)...
Clustering projection (5,11)...
Clustering projection (5,12)...
Clustering projection (5,13)...
Clustering projection (5,14)...
Clustering projection {5,15)...
Clustering projection (5,16)...
Clustering projection (5,17)...
Clustering projection (6,0)...
Clustering projection (6,1)...
Clustering projection (6,2)...
Clustering projection (6,4)...
Clustering projection (6,5)...
Clustering projection (6,7)...
Clustering projection (6,8)...
Clustering projection (6,9)...
Clustering projection (6,10)...
Clustering projection (6,11)...
Clustering projection (6,12)...
Clustering projection (6,13)...
Clustering projection (6,14)...
Clustering projection (6,15)...
Clustering projection (6,16)...
Clustering projection (6,17)...
Clustering projection (7,0)...
Clustering projection (7,1)...
Clustering projection (7,2)...
Clustering projection (74)...
Clustering projection (7.5)...
Clustering projection (7,6)...
Clustering projection (7.8)...
Clustering projection (7,9)...
Clustering projection (7,10)...
Clustering projection (7,11)...
Clustering projection (7,12)...
Clustering projection (7,13)...
Clustering projection (7,14)...
Clustering projection (7,15)...
Clustering projection (7,16)...
Clustering projection (7,17)...
Clustering projection (8,0)...
Clustering projection (8,1)...
Clustering projection (8,2)...
Clustering projection (8,4)...
Clustering projection (8,5)...
Clustering projection (8,6)...
Clustering projection (8,7)...
Clustering projection (8,9)...
Clustering projection (8,10)...
Clustering projection (8,11)...
Clustering projection (8,12)...
Clustering projection (8,13)...
Clustering projection (8,14)...
Clustering projection (8,15)...
Clustering projection (8,16)...



Clustering projection (8,17)... Clustering projection (134)...
Clustering projection (9,0)... Clustering projection (13,5)...
Clustering projection (9,1)... Clustering projection (13,6)...
Clustering projection (9,2)... Clustering projection (13,7)...
Clustering projection (9,4)... Clustering projection (13,8)...
Clustering projecdon (9,5)... Clustering projection (13,9)...
Clustering projection (9,6)... Clustering projection (13,10)...
Clustering projection (9.7)... Clustering projection (13,11)...
Clustering projection (9,8)... Clustering projection (13,12)...
Clustering projection (9,10)... Clustering projection (13,14)...
Clustering projection (9,11)... Clustering projection (13,15)...
Clustering projection (9,12)... Qlustering projection (13,16)...
Clustering projection (9,13)... Clustering projection (13,17)...
Qlustering projection (9,14)... Qlustering projection (14,0)...
Clustering projection (9,15)... Clustering projection (14,1)...
Clustering projection (9,16)... Clustering projection (14,2)...
Clustering projection (9,17)... Clustering projection (14,4)...
Clustering projection (10,0)... Clustering projection (14,5)...
Clustering projection (10,1)... Clustering projection (14,6)...
Clustering projection (10,2)... Clustering projection (14,7)...
Clustering projection (104)... Clustering projection (14,8)...
Clustering projection (10,5)... Clustering projection (14,9)...
Clustering projection (10,6)... Clustering projection (14,10)...
Clustering projection (10,7)... Clustering projection (14,11)...
Clustering projection (10,8)... Clustering projection (14,12)...
Clustering projection (10,9)... Clustering projection (14,13)...
Clustering projection (10,11)... Clustering projection (14,15)...
Clustering projection (10,12)... Clustering projection (14,16)...
Clustering projection (10,13)... Clustering projection (14,17)...
Clustering projection (10,14)... Clustering projection (15,0)...
Clustering projection (10,15)... Clustering projection (15,1)...
Clustering projection (10,16)... Qlustering projection (15,2)...
Clustering projection (10,17)... Clustering projection (154)...
Clustering projection (11,0)... Clustering projection (15,5)...
Clustering projection (11,1)... Clustering projection (15,6)...
CQlustering projection (11,2)... Clustering projection (15,7)...
Clustering projection (11,4)... Clustering projection (15.8)...
Clustering projection (11,5)... Clustering projection (15,9)...
Clustering projection (11,6)... Clustering projection (15,10)...
Clustering projection (11,7)... Clustering projection (15,11)...
Clustering projection (11,8)... CQlustering projection (15,12)...
Clustering projection (11,9)... Clustering projection (15,13)...
Clustering projection (11,10)... Clustering projection (15,14)...
Clustering projection (11,12)... Clustering projection (15,16)...
Clustering projection (11,13)... Clustering projection (15,17)...
Clustering projection (11,14)... Clustering projection (16,0)...
Clustering projection (11,15)... Clustering projection (16,1)...
Clustering projection (11,16)... Clustering projection (16,2)...
Clustering projection (11,17)... Clustering projection (16,4)...
Clustering projection (12,0)... Clustering projection {16,5)...
Clustering projection (12,1)... Clustering projection (16,6)...
Clustering projection (12,2)... Qlustering projection (16,7)...
Clustering projection (12,4)... Clustering projection (16,8)...
Clustering projection (12,5)... Clustering projection (16,9)...
Clustering projection (12,6)... Clustering projection (16,10)...
Clustering projection (12,7)... Clustering projection (16,11)...
Clustering projection (12,8)... Clustering projection (16,12)...
Clustering projection (12,9)... Clustering projection (16,13)...
Clustering projection (12,10)... Clustering projection (16,14)...
Clustering projection (12,11)... Clustering projection (16,15)...
Clustering projection (12,13)... Clustering projection (16,17)...
Clustering projection (12,14)... Clustering projection (17,0)...
Clustering projection (12,15)... Clustering projection (17,1)...
Clustering projection (12,16)... Clustering projection (17.2)...
Clustering projection (12,17)... Clustering projection (174)...
Clustering projection (13,0)... Clustering projection (17,5)...
Clustering projection (13,1)... Clustering projection (17,6)...
Clustering projection (13.2)... Clustering projection (17,7)...



Clustering projection (17,8)...
" Clustering projection (17,9)...

Clustering projection (17,10)...
Clustering projection (17,11)...
Clustering projection (17,12)...
Clustering projection (17,13)...
Clustering projection (17,14)...
Clustering projection (17,15)...
Clustering projection (17.16)...

Merging projection (17 16)..
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (17 15)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (17 14)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (17 13)...
Before merge: 1 groups.
After merge: 1 groups,

Merging projection (17 12)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (17 11)...
Before merge: 1 groups.
After merge: 1 groupe.

Merging projection (17 9)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (17 7)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (17 1)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (17 0)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (16 7)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (15 17)...
Before merge: 1 groups.
After merge: 1 groups,

Merging projection (15 12)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (15 11)...
Before merge: 1 groups,
After merge: 1 groups,

Merging projection (15 10)...
Before merge: 1 groups.
After merge: 1 groups.

B2-4

Merging projection (15 9)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (15 7)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (15 0)...
Before merge: 1 groups.
After merge: 1 groups,

Merging projection (14 7)...
Before merge: 1 groups.
After merge: 1 groups,

Merging projection (13 17)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection {13 16)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (13 14)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (13 12)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (13 11)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (13 10)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (13 9)...
Before merge: 1 groups.
After merge: 1 groups,

Merging projection (13 7)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (13 5)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (13 4)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (13 2)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (13 1)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (13 0)...
Before merge: 1 groups.
After merge: 1 groups.



Merging projection (12 8)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (12 7)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (11 7)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (10 17)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (10 13)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (10 12)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (10 9)...
Before merge: 1 groups.
AfRer merge: 1 groups.

Merging projection (10 7)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (10 2)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (10 1)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (10 0)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (9 17)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (9 16)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (9 15)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (9 14)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (9 13)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (9 12)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (9 11)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (9 10)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (9 7)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (3 2)...
Before merge: 1 groups.
Afer merge: 1 groups.

Merging projection (9 1)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (9 0)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (8 17)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (8 16)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (8 15)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (8 14)...
Before merge: 1 groups.
After merge: 1 groups.
Merging projection (8 13)...
Before merge: 1 groupe.
After merge: 1 groups.

Merging projection (8 12)...

" Before merge: 1 groups.

B3

After merge: 1 groups.

Merging projection (8 11)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (8 10)...
Before merge: 1 groups.
AfRer merge: 1 groups.

Merging projection (8 9)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (8 6)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (8 2)...
Before merge: 1 groups.
After merge: 1 groups.



Merging projection (8 1)...

Before merge: 1 groups.
After merge: | groups.

Merging projection (8 0)..

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (7 17)...

Before merge: 1 groupe.
After merge: 1 groups.

Merging projection (7 16)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (7 15)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (7 14)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (7 13)...

Before merge: 1 groups.
After merge: 1 groupe.

Merging projection (7 12)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (7 11)...

Before merge: 1 groupe.
After merge: 1 groups.

Merging projection (7 10)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (7 9)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (7 8)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (7 6)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (7 5)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (7 4)...

Before merge: 1 groups,
After merge: 1 groups.

Merging projection (7 2)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (7 1)...

Before merge: 1 groups.
After merge: 1 groups.

B2-6

Merging projection (7 0)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (6 17)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (6 16)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (6 15)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (6 14)..
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (6 13)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (6 12)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (6 11)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (6 10)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (6 9)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (6 8)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (6 7)...
Before merge: 1 groups.
After merge: 1 groupe.

Merging projection (6 5)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (6 4)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (6 2)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (6 1)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (6 0)...
Before merge: 1 groups.
After merge: | groups.



Merging projection (5 17)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (5 16)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (5 15)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (5 14)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (5 13)...
Before merge: 1 groups.
After mergs: 1 groups.

Merging projection (5 12)...
Before merge: 1 groups.
After merge: 1 groupe.

Merging projection (5 11)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (5 10)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (5 9)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (5 6)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (5 4)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (5 2)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (5 1)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (5 0)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (4 17)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (4 16)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (4 15)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (4 14)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (4 13)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (4 12)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (4 11)..,
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (4 10)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (4 9)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (4 6)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (4 5)...
Before merge: 1 groups.
Afer merge: 1 groups.

Merging projection (4 2)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (4 1)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (4 0)..,
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (2 17)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (2 16)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (2 15)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (2 14)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (2 13)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (2 12)...
Before merge: 1 groups.
After merge: 1 groups.



Merging projection (2 11)...

Before merge: 1 groupe.
After merge: 1 groups.

Merging projection (2 10)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (29)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (2 8)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (2 7)...

Before merge: 1 groups.
~ After merge: 1 groups.

Merging projection (2 6)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection {2 5)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (2 4)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (2 0)...

Before merge: 1 groups.
After merge: | groups,

Merging projection (1 17)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (1 15)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (1 14)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (1 12)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (1 11)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (1 10)...

Before merge: 1 groups.
Alfter merge: 1 groups.

Merging projection (1 9)...

Before merge: 1 groups.
After merge: 1 groups.

Merging projection (1 8)...

Before merge: 1 groups.
After merge: 1 groups.

B2-8

Merging projection (1 7)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (0 8)...
Before merge: 1 groups.
After merge: 1 groups.

Merging projection (0 7)...
Before merge: 1 groups.
After merge: 1 groups.

Cover for group <GROUP 155> is: NIL
Trying first cluster(8) is a zero-variable

(12) is a zero-variable

***SEARCH TECHNIQUE NUMBER 5***

REL (0, 1) 1 470
REL (0,2) 1 440
REL (0,4) 1 44.0

REL (0,5) 1430
REL (0,6) 144.0
REL (0, 7) 1 80.0

REL (0, 8) 183.0
REL (0,9) 1 38.0
REL (0, 10) 1 38.0
REL (0, 11) 1 37.0
REL (0, 12) 1410
REL (0, 13) 1 330

REL (0, 14) 1 38.0
REL (0, 15) 1 38.0
REL (0, 16) 1 36.0
REL (0, 17) 1 38.0
REL (1,2) 1570
REL (1,4)136.0

REL (1,5) 1 33.0
REL (1, 6) 133.0
REL (1,7) 184.0
REL (1,8) 192.0
REL (1,9) 126.0
REL (1, 10) 1 27.0

REL (1, 11) 1 29.0
REL (1.12) 1290
REL (1, 13) 1 300
REL (1. 14) 127.0
REL (1, 15) 1280
REL (1.16) 1 30.0
REL (1,17) 1 24.0

REL (2,4) 1230
REL (2,5) 1280
REL (2.6) 1260
REL (2, 7) 1820
REL (2, 8) 186.0
REL (2,9) 122.0

REL (2.10)119.0
REL (2, 11) 1 220
REL (2, 12) 1200
REL (2.13) 1140
REL (2, 14) 1 25.0
REL (2. 15) 117.0



REL (2,16) 1250 REL (9,12) 1 230

REL (2,17 11790 REL (9,13) 1250

REL (4,5) 10.0

REL (4,6) 180 REL (9,14)1 260

REL (4, 7) 1410 REL (9,15)1 230

REL (4,8) 1330 REL {9, 16) 1 23.0
REL (9, 1T} 1 260

REL (4,9) 100 REL (10, 11) 1 33.0

REL (4,10)100 REL (10,12) 1 280

REL (4,11)1 0.0

REL (4,12) 180 REL (10, 13) 1 29.0

REL (4,13) 100 REL (10, 14) 1 35.0

REL (4,14)100 REL (10, 15) 1 300
REL (10, 16) 135.0°

REL (4,15)100 REL (10,17) 1 4.0

REL (4,16)100 REL (11,12) 1400

REL (4,17 100

REL (5,6) 100 REL (11, 13) 1 360

REL (5, 7) 1 470 REL (11, 14) 1 35.0

REL (5,8) 1410 REL (11,15) 1 41.0
REL (11, 16) 1370

REL (5,9) 111.0 REL (11,17) 1420

REL (5,10)111.0 REL (12,13) 1 420

REL (5,11)1 110

REL (5,12)15.0 REL (12, 14) 1390

REL (5,13)150 REL (12, 15) 1 41.0

REL (5, 14) 150 REL (12, 16) 1420
REL (12,17) 1 420

REL (5, 15)111.0 REL (13,14) 1250

REL (5,16) 1170 REL (13,15) 1310

REL (5171110 REL (13,16} 1 250

REL (6, ) 1 22.0

REL (6,8) 1220 REL (13,17 1210

REL (6,91 110 REL (14, 15) 1 35.0

REL (6,10) 1 11.0 REL (14, 16) 1 340
REL (14,17 1310

REL (6,11) 100 REL (15, 16) 1 30.0

REL (6,12)1 220 REL (15,17 1270

REL (6,13)100

REL (6, 14) 1 11.0 REL (15,17) 1 390

REL (6,15)10.0 doing edge = >(17 13)

REL (6,16)111.0 :
Column 19 has constancy 1.0 (202 / 202)

REL (6,17)100 -

REL (7,8) 10.0 Column 18 has constancy 1.0 (202 / 202)

REL (7,9)100

REL (7,10)100 Column 20 has constancy 1.0 (202 / 202)

REL (7,11)10.0

REL (7,12) 100

REL(7, 1100

REL (7,14)100

REL (7,15)10.0

REL (7,16) 100

REL (7,171 00

REL (8,9)10.0

REL (8,10)10.0

REL (8,11)1 0.0

REL (8, 12)100

REL (8, 13)100

REL (8 14)100

REL (8,15)100

REL (8,16)100

REL (8,17 100

REL (9, 10) 1 23.0

REL (9, 11)1270


http:REL(15.17

Relation found: (#S{(COLUMN ID 19 PROP+ NIL PROP- NIL PROP? NIL CONSTANCY 10 ZAPPED NIL
SUBCOMPONENTS (17 13) FORM (- (FREE VIRT_MEM) NIL) RELMATRIX NIL UNITS ((KILOBYTE 111 ADJ NIL
MARK NIL DFNUMBER NIL LOW NIL FATHER NIL) 1.0)

(%) is a zero-vanable
(12} is a zero-vanable

=.=. Parameters - ==

“MAXSTAR® = 10

*COVERMODE" = IC
*UNCERTAINTY* = 0.15
*CONSTANCY* = 0.75
*INVERSE-SW* = 30

*DIRECT-SW* = 70
*UNIVIGNORE® = (01234567891011 1213 1415 16 17)
*DEBUG* = TRUE
*PRINT-FLAGS® = (P E)
*FILTER-LEVEL® =

*SEARCH- Lmrr- = 5
*MAX-NODES* =

*CLUSTER-ON® = T
'CLUSTER-ORDER‘ = (NC GC RC)
*BEAM-VALUE® =

“MINTMUM- LINK-VAL[;E' = 500

*starLEF* = ((MAX-COVERED 0.5) (MIN-WEIGHT 0.0y (MIN-SELECTORS 0.0))

=.=- Class Events - ==
CLASSA

(LOADAV1 LOADAV2 LOADAV3 CUR_TIME EXIST PROC SLEEPING ABANDONED RUNNING STARTING USER
NICE SYSTEM IDLE VIRT_MEM VIRT_ACT REAL _MEM REAL _ACT FREE)

(26325224611 44 3287.083.01.0 1.0 2.05.9 3.9 53.9 36.3 7960.0 2960.0 10456.0 3688.0 3504.0)
(3.05 2,97 2.64 11_55_06 86.0 82.0 3.0 1.0 0.0 6.9 9.2 52.5 31.4 7848.0 2800.0 10336.0 3600.0 3792.0)
(347286258 11_51 4189.084.03.02.00.06.7 11.4 71.0 11.0 8240.0 3744.0 11160.0 5000.0 3464.0)
(3.893.072.67 11 52 3787.083.02.02.00.06.3 15.759.4 185 8160.0 3328.0 11064.0 4528.0 3560.0)
(25725124611 _44_3786.082.0 1.0 1.0 2.0 3.5 58405 50.2 7928.0 3408.0 10400.0 4344.0 3800.0)
(3843.12.6811 54 _3586.083.02.01.00.0 1.9 11.744.4 42.0 8216.0 3336.0 10968.0 4448.0 3520.0)
(2832592511 49 3891.086.02.01.0204.311.357.027.38144.0 3080.0 11016.0 4360.0 3592.0)
(27328225711 54 04 88.085.01.02.0001.210.1 37.4 51.4 8288.0 2928.0 11128.0 4008.0 3456.0)
(25624124311 47 418608102.010204767420467"632025280 10208.0 3336.0 4112.0)
(33328225711 51 36900&50302000949058223484560385601128005152633120)
(27725224811 _ 48  4288.084.01.01.02.02.7 7.8 36.1 53.3 80720 2968.0 11056.0 4224.0 3704.0)
(2.96 3.39 2.98 12 Ol 25810?7030100031 12.8 465 37.6 7856.0 3000.0 10608.0 4072.0 3928.0)
(29526125111 49 23 89.085.0 1.0 1.0 2.0 9.3 13.6 48.8 28.3 8200.0 2688.0 11152.0 3832.0 3600.0)
(444 3.73.08 12 0 138408201010306678537319804003.4801076004488037600)

(2724524511 4? ' 3686.082.01.01.02.03.15437.054.5 7840.0 2552.0 10288.0 3264 0 3968.0)

(244238 24211_4‘?‘_25 86.081.0 2.0 1.0 2.0 4.3 16.1 46.1 33.5 7880.0 2688.0 10368.0 3408.0 3936.0)
(282.652511 51 _1188.083.02.01.02.03.110563722.78472.0 3824.0 10944.0 4768.0 3352.0)

(2712822571153 5991.088.01.02.00.0 1.2 4.3 37.0 57.5 8384 0 3216.0 11264.0 4344.0 3440.0)
(3.72992.6411_52 2290.086.0 2.0 2.0 0.0 3.5 37.9 26.6 32.0 8272.0 3184.0 11104.0 4256.0 3552.0)
(257258 2.48 11 50 45 91.086.02.01.0 2.0 12.1 5.1 48.8 34.0 8168.0 3144.0 10992.0 4224.0 3656.0)
(iA12422.4 11 46  0989.084.02.01.02.02.013.748.6 35.7 8136.0 2952.0 10944.0 4016.0 3683.0}
252524711 45 4989084020 1.0 2.0 2.4 7.9 37.2 52.6 8136.0 3032.0 10944.0 4072.0 3688.0)

(26425424811 45 4390.084.03.0 1.0 2.04.316.746.3 32.7 8176.0 3144.0 10984.0 4200.0 3456.0)
(3326524 11 48 52910870101020671496201658112026800110560383203’?200)
(2932662.5211_50_30890850101020871264962918424037%0 11272.0 4960.0 3416.0)
(342298 2.64 11_54 25 90.083.04.0 1.0 2.0 13.3 8.6 78.1 0.0 8416.0 3408.0 11264.0 4544.0 3424.0)
(272282257 11_53 18 86.082.0 2.0 2.0 0.0 2.7 18.0 58.8 20.4 8160.0 2960.0 11064.0 4080.0 3680.0)
(26425324711 44 4783.083.02.01.02.0 3.55.144.347.1 7832.0 2968.0 10280.0 3848.0 4008.0)
(25125246 11_44 5287.081.03.01.0 2.0 3.5 28.7 22.4 45,3 7760.0 2840.0 10208.0 3720.0 4080.0)
(2.96 2.68 252 11 51 0590.085.02.01.02.014.17461.31728624.04168.0 11416.0 5440.0 3224.0)
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http:2.822.57
http:3.422.98
http:2,212.422.44
http:2.572.58
http:2:38'2.42
http:2.952.612.51
http:3.332.822.57
http:2.572.51
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http:3.472.86
http:2.632.522.46
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(3.27 282 2.57 11 _S1_46 89.086.0 1.0 2.0 0.0 4.7 12.5 64.8 18.0 8320.0 3736.0 11240.0 4968.0 3528.0)
(311297264 11_55_3784.0 79.04.0 1.0 0.0 6.7 3.5 54.1 35.7 8072.0 3568.0 10864.0 4792.0 3776.0)
(34830726811 55 _5780.0 78.01.01.0009.2 11.1 59.8 19.9 8032.0 3168.0 10824.0 4312.0 3816.0)
(358 286258 11_51 26 91.084.04.01.02.015.25574.2 5.1 8560.0 3600.0 11416.0 4864.0 3296.0)
(3.94 3.04 265 11 52 1792.089.0 1.0 20 0.0 9.8 8.6 34.9 46.7 8360.0 3288.0 11280.0 4456.0 3496.0)
(3.08 2.78 2.55 11_51_5189.084.03.02.00.0 5.1 11.0 46.7 37.3 8288.0 3392.0 11200.0 4584.6 3568.0)
(2.92 263 2.51 11 49 49 89.084.02.0 1.0 2.0 3.1 11.4 47.1 38.4 8280.0 3344.0 11152.0 4632.0 3576.0)
(3.233.02 2.65 11_55 01 86.080.0 5.0 1.0 0.0 3.1 15.1 52.9 29.0 8224.0 2864.0 10680.0 3608.0 3632.0)
(299288 2.6 11 53 34 87.080.05.02.00.04.723.5 694 2.4 8120.0 2944.0 11064.0 4152.0 3736.0)
(216238 2.43 11_46 45 89.085.0 1.0 1.0 2.0 3.1 9.0 47.5 40.4 8064.0 2888.0 10856.0 3920.0 3792.0)
(346353.0312_01 3084.081.02.0 1.0 0.0 1.6 165 43.7 38.2 7864.0 2792.0 10608.0 3824.0 3992.0)
(3.66 3.032.65 11_52 4389.085.02.02.00.0 1.6 154 53.1 29.9 8136.0 3304.0 10632.0 4096.0 3728.0)
(31297264 11 _ S5 42 84.080.03.0 1.0 0.0 8.6 7.4 64.6 19.5 8104.0 3408.0 10880.0 4576.0 3760.0)
(336353021201 0‘983.0?8040100010012053.?24.380960316801{&304352.03’7680)
(296 2.95 2.64 11_55_11 84,0 82.0 1.0 1.0 0.0 6.3 40.3 38.7 14.6 3072.0 3936.0 10864.0 5152.0 3800.0)
(3.8331283 11 57 55&.0790201000&7555184007936.032&.010351039680393&0)
(2832524711 48 2289.084.02.01.02.03.6 178 43.5 35.2 8208.0 3176.0 11096.0 4312.0 3672.0)
(3229426211 . 52 5889086.01020002.79440,8471813602%01106404096037440)
(24624824511 45 08 89.0 85.0 1.0 1.0 2.0 3.5 14.8 53.9 27.7 8040.0 3344.0 10848.0 4440.0 3840.0)
(2.91 286 259 11 _ 53 295900 83,0 5.0 2.0 0.0 7.5 94 75.7 75 8032.0 3048.0 10928.0 4216.0 3843.0)
(3.273032.6711 56 0282.0‘780301000438250437178400316801054404256.040400)
(287 286 2.59 11_53_54 89.084.0 3.0 2.0 0.0 5.1 5.5 36.2 53.1 8440.0 3216.0 11304.0 4320.0 3448.0)
(2.912.74 254 11_51_57 89.0 86.0 1.0 2.0 0.0 105 4.7 52.3 32.4 8320.0 3304.0 11216.0 4456.0 3568.0)
(3132642.3311 49 1390.086.01.01.02.02.36.3 223 69.1 8312.0 3360.0 11192.0 4528.0 1576.0)
(3.232.66 2.54 11 _ 49 08 91.086.02.01.02.0 2.4 6.3 29.1 62.2 8312.0 3552.0 11208.0 4776.0 3576.0)
(26224824711 48 479008502.0102.0781096162058176.02960.01105604(30037120)
(27325424811 as  2389.083.03.01.020%.1 7.1 39,0 44.9 8120.0 3480.0 10944.0 4624.0 3768.0)
(4523.773.1212 00 29840?9030101047133545275809603376.31(&!04&3.03792.0)
(33628225711 51 3192.088.020200011.08.6 68.2 12.2 8616.0 4064.0 11480.0 5400.0 3280.0)
(31326925411 50 09%086010102.05.58658027.8834403136.011192.0482.03552.0)
(30255249 11 ¢ 48 2‘!870&)040102.05111.338.345.38216.03296.01109604456.036800)
(3.2634930212 00 _5985.082.02.01.00.090 7.055.5 28.5 B096.0 3264.0 10808.0 4472.0 3800.0)
(3.9835298 11_59 _3284.082.01.01.00.0 3.9 8.3 38.6 49.2 7816.0 3168.0 10584.0 4296.0 4080.0)
(3.362.792_5611 51_2191.083.05.01.0 2.0 6.6 6.3 64.1 23.0 8520.0 3776.0 11400.0 5096.0 3384.0)
(3.463.0 2.64 11 _ 5 3)8‘08102010002473568.631860403536.0 11320.0 4656.0 3400.0)
(33529326111 52 _3289.086.0 1.02.00.0 74 5.8 40.1 46.7 8392.0 3392.0 11240.0 4504.0 3512.0)
(3.01 2.64 2.52 11 _ ) 44 89.085.0 1.0 1.0 2.0 4.7 105 47.3 37.6 8328.0 3192.0 11192.0 4448.0 3576.0)
(232243245 11_ "46 _2987.081.03.01.0 2.0 5.1 12.1 42.2 40.6 8144.0 3264.0 10904.0 4296.0 3760.0)
(35230264 11 _ 52 48 86.0 81.0 3.0 20 0.0 4.3 10.9 58.2 26.6 8104.0 3008.0 10616.0 3792.0 3800.0)
(3573.26 2.82 11_58_0081.0 76.0 4.0 1.0 0.0 7.0 0.8 40.6 51.6 78838.0 3160.0 10312.0 3928.0 4016.0)
(3.372.96 2.6311_54_20 89.0 85.0 2.0 2.0 0.0 24.0 21.7 54.3 0.0 8464.0 3544.0 11320.0 4680.0 3448.0)
(258 249247 11 _ X _1990.086.0 1.0 1.0 2.0 17.4 8.5 33.3 40.7 8432.0 3328.0 11720.0 4848.0 3480.0)
(2.72.58 249 11 50 04 89.083.0 2.0 2.0 2.0 1.6 18.2 52.2 28.1 8376.0 3152.0 11208.0 4224.0 3536.0)
(95261251 11 49 ) 1889.084.02.01.02.04.7 17.6 41.4 36.3 8336.0 3040.0 11208.0 4136.0 3576.0)
(351292611 52  0789.0 78.09.02.0 0.0 3.1 9.6 64.6 22.7 8320.0 3128.0 11216.0 4280.0 1592.0)
(31629926511 SS 52 83.0 78.0 4.0 1.0 0.0 7.0 15.6 52.3 25.0 8112.0 3248.0 10880.0 4368.0 3800.0)
dwsnamnsn 57 ' 04 85.072.0 12.0 1.0 0.0 9.4 11.4 60.4 18.8 8048.0 3632.0 10800.0 4816.0 3864.0)
(299253248 11 _ 48 11 89.0 84.0 2.0 1.0 2.0 8.6 9.4 40.4 41.6 8008.0 3048.0 11032.0 4336.0 3904.0)
(4093.292.?311 56 3382.069.012.010006.212.051.233,6‘7952.03264013704044&)039600)
(3593.342.&11 58 4182078.03.01.00.07.19560.9 22.5 7768.0 2952.0 10536.0 4088.0 4144.0)
(2772592511 49 598908402.0102.0312004273418352.031280113!)04216.035680)
(2.642.352.4811 49 3389.085.0 1.0 1.0 2.0 2.4 13.3 54.1 30.2 B344.0 2904.0 11208.0 3976.0 3576.0)
(2.84 253248 11 48 3788.084.0 1.0 1.0 2.0 2.7 1.2 25.2 69.9 8216.0 3096.0 11096.0 4240.0 3704.0)
(1992.29?.3911 47 10 88.081.04.0 1.0 2.0 4.3 10.6 48.2 36.9 8168.0 3040.0 10936.0 4048.0 3752.0)
(4733.7931212 00_18 83.0 80.0 2.0 1.0 0.0 2.4 17.6 60.4 19.6 8160.0 3368.0 10896.0 4624.0 3760.0)
(2.99 2.882.6 11 53 _ 2385.082.01.02.00.03.1 10.8 45.9 40.2 8136.0 2912.0 10632.0 3648.0 3784.0)
(322125411 50 1992.08702.0102.0353151042.4867204(&.01152005376.03560)
(25927925611 54 0989.082.05.02.00.0385.044.246.9 8416.0 3568.0 11264.0 4704.0 3512.0)
(245246246 11 46 24 87.082.02.01.02.07.8 5.9 31.4 54.9 8328.0 3424.0 11128.0 4480.0 3600.0)
(2.85 2.91 2.62 11 _ 55 31870850 1.01.00.0 1.2 4.3 60.1 345 8256.0 3584.0 11072.0 4448.0 3672.0)
(3.02.56 2.5 11 48 3288.083.0 2.0 1.0 20 7.0 5.0 48.4 39.5 8248.0 3128.0 11112.0 4256.0 3680.0)
(2.32.4224411 46 _35 87.081.03.0 1.0 2.0 3.1 10.2 43.8 43.0 8112.0 3248.0 10896.0 4312.0 3816.0)
(26325924911 _50_4088.082.03.01.02.0544.747.742.2 8408.0 3568.0 11280.0 4728.0 3528.0)
(29326325111 49 5489.083.03.01.02.06.6.12.9 555 25.0 8384.0 3184.0 11240.0 4424.0 3552.0)
(2728225711 _ 53  1388.085.01.02.00.0 1.6 21.5 59.4 17.6 8280.0 3360.0 11192.0 4552.0 3656.0)
(2.852.862.5911 53 0889.077.0 10.0 2.0 0.0 3.9 12.5 50.2 33.5 8224.0 3448.0 11120.0 4632.0 3712.0)
(448 3.73.08 12 00 ) 08 86,083.0 2.0 1.00.0 2.3 7.8 35.7 54.3 8208.0 3400.0 10936.0 4640.0 3728.0)
(19823124 11 47 0087.082.0 2.0 1.0 2.0 6.3 8.6 39.1 46.1 8136.0 2944.0 10912.0 3952.0 3800.0)
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http:2.01.02.03
http:2.64:z.ss
http:3.163.11
http:3.162.99
http:1.02.017.48
http:3..523.02
http:2.322.432.45
http:1.00.024.73
http:3.132.69
http:2.822.57
http:3.273.03
http:2.162.38
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(24823924311 47 2087.083.0 1.0 1.0 2.0 7.1 17.3 50.4 25.2 8128.0 2880.0 .10896.0 3872.0 3808.0)
(234245244 11 45 _1388.084.0 1.0 1.0 20 5.0 8.9 43.6 42.5 8112.0 3272.0 10904.0 4344.0 3824.0)
(35632276 11 565383081010100079393904928048036160108(1)04792038880)
(292524711 48 0687.082.02.01.02.03.9 2.4 23.9 69.8 8024.0 2848.0 10896.0 3960.0 3912.0)
(3732728111 57 4583.081.0 1.0 1.0 0.0 162 5.4 47.9 30.5 7976.0 3128.0 10680.0 4184.0 3960.0)
(23223624111 47 3186082010 1.02.020 114449417 7936.0 2744.0 10424.0 3464.0 4000.0)
(31832528511 585181079010100020744?.343477120%9601049604048042260)
(3.573.08 268 11 54 5087.083.03.01.00.03.117.353.925.6 8384.0 3680.0 11136.0 4944.0 3560.0)
(36529226111 52 0289.083.04.02.0005.94.752.9 365 8360.0 3216.0 11328.0 4440.0 3584.0)
(2.66 2.88 2.61 11 _ ’ss _2686083.02.01.00.04.724.7 54.9 15.7 8208.0 4048.0 11008.0 5288.0 3736.0)
(22724124 11 46408708301010202415449233181440328001091204328038(1)0)
(2522424311 47 4687083.01.01.02.02.715.7 34.9 46.7 7968.0 2792.0 10856.0 3896.0 3976.0)
(234 2.46 245 11 45 5989.084.0 2.0 1.0 2.0 2.3 8.6 43.4 45.7 8216.0 3016.0 11024.0 4072.0 3736.0)
(3143443012 01 2081.07.01.01.0004.310.240.6 44.9 8184.0 3272.0 10864.0 4432.0 3768.0)
(2825524811 45 1890.085.02.01.02.0 2.3 5.1 42.6 50.0 8168.0 3640.0 10984.0 4792.0 3784.0)
(1.992.28 2.38 11_47_1589.083.0 3.0 1.0 2.0 3.1 15.7 55.1 26.0 8160.0 2912.0 10936.0 3912.0 3792.0)
(32534730112 01 15&50820201000316644945381520322401084804392038000)
(18922923911 _ 47 ' 0587.082.02.01.0207.96.336.649.28128.0 2936.0 10912.0 3952.0 3824.0)
(288293263 11_ ss 16 84.081.02.01.00.0 3.1 13.8 31.9 51.2 8088.0 3968.0 10880.0 5192.0 3864.0)
(3.613.132.71 11 56 1883.080.02.0 1.0 0.0 12.54.3 46.7 36.5 8040.0 3832.0 10800.0 5032.0 3912.0)
(353331286 11 58_2583.080.0 2.0 1.0 0.0 7.1 7.5 47.1 38.4 7920.0 3320.0 10696.0 4456.0 4032.0)
(3.953.432.9311_59 0183.080.02.0 1.00.0 5.0 5.0 44.4 45.6 7720.0 2856.0 10512.0 3976.0 4232.0)
(3.04 29 2.61 11_53 4989.083.04.02.00.0 34.0 14.642.7 8.7 8504.0 3528.0 11368.0 4640.0 3456.0)
(287285258 11_54_1589.084.03.02.00.045.2 11.6 43.2 0.0 8440.0 3560.0 11288.0 4704.0 3520.0)
(19823224 11 46 5587.083.0 1.0 1.0 2.0 1.6 6.7 33.3 58.4 8168.0 2696.0 10968.0 3696.0 3792.0}
(227243244 11 46_1492.081.08.0 1.0 2.0 49.6 8.3 31.9 10.2 8296.0 3304.0 11640.0 4912.0 3672.0)
(4.233.713.112 00_34 83.081.0 1.0 1.00.0 6.2 11.7 39.3 42.8 8152.0 3320.0 10864.0 4528.0 3816.0)
(289249246 11 48 0189.084.02.01.0 2.04.35.042.6 48.1 8056.0 2592.0 10912.0 3656.0 3912.0)
(40933928711 58 0582.079.02.01.0007.1 11.8 54,1 27.1 7816.0 3088.0 10216.0 3856.0 4152.0)
(3.0226825311_ 50 2489.085.01.01.02.03.9 13.4 53.1 29.5 8744.0 4008.0 11552.0 5232.0 3232.0)
(2772632511 50 3591.086.02.01.02.05.18.6 38.747.7 8496.0 4048.0 71352.0 5240.0 3480.0)
(27925724911 45 3889.083.03.01.02.06.3 10.2 59.4 24.0 8480.0 357 . :1256.0 4744.0 3496.0)
(3.022.9 2.61 11 _ 53 03880850102.0001455141638883120333601123204512036640)
(34829526211 52 2789.084.03.02.0007.121.634.5 36.9 8520.0 3552.0 11376.0 4664.0 3464.0)
(42130826711 52 1291.086.03.0 2.0 0.0 24.5 5.1 52.1 18.3 8488.0 3536.0 12032.0 5344.0 3496.0)
(3283530212&)54&50?90501000431776421388144033120108480451203&400)
(2983.07 271 11_57_0983.0 78.04.0 1.0 0.0 10.2 8.3 41.3 40.2 8136.0 3248.0 10856.0 4344.0 3848.0)
(327315 2.75 11 _ 57 ' 2983.081.01.01.00.05.987 34.351.2 8120.0 3224.0 10856.0 4296.0 3864.0)
(2522524611 44 4286.082.01.01.02.02.85.9 36.6 54.7 8080.0 3376.0 10560.0 4320.0 3504.0)
(3.713.112.69 11 54 4588.083.04.01.0005.95.1 50.8 38.2 8416.0 4112.0 11192.0 5432.0 3576.0)
(3.71 3.613.06 12_00_44 83.080.02.0 1.0 0.0 2.4 9.1 31.9 56.7 8176.0 3144.0 10864.0 43(4.0 3816.0)
(367344 296 11 59 4284.079.04.0 1.0 0.0 5.4 5.8 56.4 32.4 7976.0 3760.0 10736.0 5120.0 4016.0)
(3.253453.01 12 01 3582.080.01.01.000 1.6 12.6 52.8 33.1 7944.0 2904.0 10664.0 3928.0 4048.0)
(2962682.5211_51__(109108603020003118260118686800426401150105568033200)
(33127725511 51 1691.087.0 1.0 1.0 2.0 24 9.0 34.5 54.1 8600.0 3736.0 11480.0 4560.0 3400.0)
(34430626811 54 5688.079.08.01.00.03998 79.27.1 8432.0 3432.0 11200.0 4512.0 3568.0)
(3.02.952.64 11 55 4786.084.01.01.0 0.0 5.9 2.8 46.1 45.3 8224.0 3576.0 11024.0 4768.0 3776.0)
(3.242.94 2.62 11_53 3989.082.05.02.0 0.0 26.8 14.4 58.8 0.0 8208.0 3248.0 11064.0 4384.0 3792.0)
(33129626311 52 5390.087.01.02.00.0 1.6 7.5 375 53.4 8192.0 3240.0 11104.0 4432.0 3808.0)
(24423824211 47 56870830101020398647140481040.83201102403968038960)
(29125224811 48 1788.083.02.0 1.0 2.0 3.5 12.2 53.5 30.7 8248.0 3216.0 11112.0 4328.0 3760.0)
(2.72 2.89 2.61 11_55_218608302010009122048420582008412801100805368038080)
(3.76 3.27 2.81 11 _57_3984.081.0 2.0 1.0 0.0 8.7 7.9 40.2 43.3 8192.0 3160.0 10976.0 4230.0 3816.0)
(405325276 11_56 2382.080.0 1.0 1.00.06.76.3 44.942.1 8144.0 4048.0 1088R.0 5248.0 3864.0)
(339317276 11_57_24 83.0 78.0 4.0 1.0 0.0 55 6.3 36.9 51.4 8136.0 3224.0 10856.0 4272.0 3872.0)
(392326278 11 _56_3882.079.0 2.0 1.0 0.0 13,4 13.4 54.3 18.5 8040.0 3136.0 10760.0 4216.0 3968.0)
(4553.613.01 11 59 2282.079.02.0 1.0 0.0 2.4 17.3 58.4 22.0 7848.0 3216.0 10624.0 4360.0 4160.0)
(3432725511 49 0388082030102.0141515142948.5{)40390401145605184035120)
(23824724611 a5 5488082.03.01.02.05.16.7 396 48.6 8336.0 3264.0 11144.0 4296.0 3680.0)
(3435230312 01 048508301010004355535367830403440011(1)804624037120)
(4.5 3.65 3.05 11 59 53840820101000625877110982(1)0398401093605448038160)
(3353162.751156588507'3011010001679606?9981360372601085604872038800)
(382347297 11_59 3784.0 73.0 10.0 1.0 0.0 4.3 7.5 50.6 37.6 7904 0 3360.0 10720.0 4704.0 4112.0)
(4253552991159 278408201010002716146734578640323201064004376041520)
(36433729111 59 .1283.075.03.01.00.02.3 203582 19.1 7776.0 2928.0 10536.0 4024.0 4240.0)
(22.3243244114604900860101020471024494028336032&01114404264036880)
(@masg2s1 49 7.8910860201020351135"33288»3?703%001135204168035600)
(2??2632.511_50_50900860101020833544943384400339’01128804480035920)
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http:3.823.472.97
http:3.162.75
http:3.523.03
http:4.553.613.01
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http:2.892.61
http:2.522.48
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http:3.273.15
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(483353131412 00 2383.081.0 1.0 1.00.05.9 94 54.7 29.9 8256.0 3616.0 10976.0 4864.0 3776.0)
(4.08 3.36 285 11 57 _S082.080.0 1.0 1.00.0 1.9 7.4 37.0 53.7 8136.0 3240.0 10856.0 4312.0 3896.0)
(381 338 289 11 S8 3182.079.0 2.0 1.00.0 17.3 2.4 52.9 27.5 7928.0 3280.0 10728.0 4440.0 4104.0)
(37143262811 S? ' 34 85.082.0 2.0 1.00.0 9.3 10.5 59.3 20.9 8184.0 3152.0 10968.0 4272.0 3856.0)
(2.392.31’2.4211 47 5187.083.0 1.0 1.0 2.0 4.3 6.6 34,0 55.1 8176.0 2848.0 11056.0 3936.0 3864.0)
(3.132.92 261 11 _ 53 44 89.0 84.0 3.0 2.0 0.0 39.4 15.4 45.3 0.0 8448.0 3680.0 11320.0 4840.0 3600.0)
(395315271 11 54 40 89.085.03.0 1.0 0.0 12.5 8.2 50.2 29.2 8440.0 4136.0 11232.0 5472.0 3608.0)
483753112 m03&.078.0401000472.7535391&!60&3688.0110960492‘)03688.0)

(20723524111 46 5088.082.03.01.0 2055 11.7 36.7 46.1 8264.0 3064.0 11056.0 4080.0 3784.0)
(342318276 11 _ ST ' 1983.0 80.0 2.0 1.0 0.08.7 8.7 41.9 40.7 8224.0 3360.0 10968.0 4432.0 3824.0)
(3732327711 _ 3 4885083010100011_65450.832.28104033&401(84004488039440)
(368321276 11 56 43820500 1.0 1.00.06.3 10.2 46.7 36.9 8096.0 3312.0 10824.0 4384.0 3952.0)
(4.18 356 3.02 11 _ 59, | 47 86.0 82.0 3.0 1.0 0.0 11.7 8.9 63.4 16,0 8048.0 3832.0 10904.0 5416.0 4000.0)
(3793429211 59 0683.08101010001.21411).254.578(!)02‘952.010552.04040042480)
(2.86 2.58 2.5 11 a5  3388.081.04.0 1.0 2.0 6.6 13.9 54.8 24.7 8568.0 4064.0 11344.0 5312.0 3488.0)
(3.493.5530412 m4980810301000599063.3219&200327?_01097604488.03816.0)
(38333528711 58_ 715 84.0 82.0 1.0 1.0 0.0 3.1 13.7 52.2 31.0 BO40.0 3232.0 10824.0 4376.0 4016.0)
(31126125211 48 s79moasozoxozos9 16.9 52.9 24.3 8456.0 3760.0 11352.0 4992.0 3608.0)
(4373342811 36 2882.0&01010006.3905473)1816003888010%‘0505&03%40)

(27825524811 44 2790.086.0 1.0 1.0 2.0 7.7 33.8 41.1 17.4 8912.0 M80.0 11472.0 4200.0 3160.0)
(3.96 3.66 3.08 12 00 "3984.0 81.0 2.0 1.0 0.0 3.6 9.9 27.3 59.3 8296.0 3496.0 11008.0 4696.0 3776.0)
(375316 27211_56_1386.083.0201.00.0 10.5 6.6 57.4 25.6 8104.0 3896.0 10840.0 5072.0 3968.0)
(24624824511 4 578908402.0102.04.324132.43‘918&8.0115601@040412003%40)
(2792632511 ; 5055%086.010102.06.‘79448.2367&5040350401132804?12035760)

(3.553.22.‘”11 57 ' 1484.080.0 3.0 1.0 0.0 34 9.5 52.9 34.2 8256.0 3600.0 11000.0 4720.0 3824.0)

(259251246 11 45 0387.083.01.01.02.07.9 174 53.0 21.7 8240.0 3336.0 11112.0 4464.0 3840.0)
(4.0338 28711 _ 58 1084.079.04.01.000 10.2 8.2 52.2 29.4 7904.0 3320.0 10704.0 4496.0 4176.0)
(3.763.36 287 11 _ s8 _2084.0 82.0 1.01.00.0 10.2 94 42.7 37.6 8096.0 3456.0 10888.0 4600.0 3992.0)
(3.383328611 _ 58 46810?901010003913?574250792)0%01%96.0411)0416&0)
(3.823.3923911 s8 36 82.079.0201.00.0 12.0 6.6 43.4 38.0 8080.0 3496.0 10888.0 4672.0 4016.0)
(2.962.6523211 50 1491.085.03.01.0 20 12.6 6.1 66.0 15.3 8672.0 3704.0 11472.0 4888.0 3432.0)
(3413328711 58 56&.0’?2.010010002.72.771.2ﬁ579@033m.0 10696.0 4456.0 4184.0)
(4?83733.0911 55  5885.074.09.0 1.0 1.0 5.0 10.4 62.9 21.6 8360.0 3704.0 11096.0 4944.0 3752.0)
(2.672.532.4811 45 28R9.085.01.01.02.07.9 5.5 46.1 40.6 8568.0 4064.0 11344.0 5312.0 3560.0)
(42.43522.9711 59 1782.073.08.0 1.0 0.0 4.6 124 67.6 15.4 8000.0 3416.0 10784.0 4568.0 4176.0)
(382316 2.72 11 _ 56  0784.08201.01.00.0 7.8 7.4 55.6 29.2 8200.0 3864.0 10976.0 5080.0 4016.0)

=-=. Hypotheses - ==
CLASSA
Cover:
2m
Relation:

FREE + VIRT MEM = 11938.6930

BR-13
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APPENDIX B3 - Density of Liquids Experiment #1

This experiment resulted in the discovery of two equations: one for gasoline, and
the other for milk and sea water. The result was somewhat unexpected since the
density of a liquid can be stated as density = mass / volume. The result demonstrates
the ability of ABACUS.2 to use symbolic data in the classification process, and the

discovery of equations by class. Also note that the ABACUS.2 was able to distinguish

between relevant and non-relevant symbolic data.

{

{declarations
(rho L ((grams 1)(cm -3)))
(mass L ((grams 1)))
(volume L ((cm 3)))
(substance N nil)
(sample N nil)

)

(parameters
(*print-flags* (p €))
)

(variables
{rho mass volume substance sampie)

)

(events

(0.68 51.0 75 GASOLINE SAMPLE1)

(0.68 544 80 GASOLINE SAMPLE1)

(0.68 61.2 90 GASOLINE SAMFLE!)

(0.68 68.0 100 GASOLINE SAMPLE!)
(0.66 49.5 75 GASCLINE SAMPLE2?)
(0.65999997 52.8 80 GASOLINE SAMPLE2)
{0.66 59.4 90 GASOLINE SAMPLE2)

(0.66 66.0 100 GASOLINE SAMPLE?2)
(06666667 30.0 75 GASOLINE SAMPLE3)
(0.66999996 53.6 80 GASOLINE SAMPLE3)
(0.67 60.3 90 GASOLINE SAMPLE3)
{0.67 67.0 100 GASOLINE SAMPLE3)
(1.025 76.875 75 SEA_WATER SAMPLE1)
(1.025 82.0 80 SEA_WATER SAMPLE1)
(1.025 9225 90 SEA_WATER SAMPLE])
(1.025 102.5 100 SEA_WATER SAMPLE!)
(1.0320001 77.4 75 MILK SAMFPLE1)
(1.032 82.56 80 MILK SAMPLE1)

{1.032 92.88 90 MILK SAMPLEL)

(1.032 103.2 100 MILK SAMPLE1)

B3-1


http:1.03292.88
http:1.03282.56

(1.028 77.1 75 MILK SAMPLE2?)
(1.028 82.24 80 MILK SAMPLE2)
(1.028 92.52 90 MILK SAMPLE2)
(1.028 102.8 100 MILK SAMPLE2
) A
)

=.=. Parameters -=. =

*MAXSTAR® = 10
*COVERMODE?* = IC
SUNCERTAINTY® = 0.02
*CONSTANCY* = 0.95
*INVERSE-SW* = 30
*DIRECT-SW* = 70
*UNIVIGNORE® = NIL

*DEBUG*® = NIL

*PRINT-FLAGS* = (P E)
*FILTER-LEVEL" = 2
*SEARCH-LIMIT® = 3
*MAX-NODES* = 1000
*CLUSTER-ON* = T
*CLUSTER-ORDER* = (NC GC RC)
*BEAM-VALUE® = 0.5
*MINIMUM-LINK-VALUE* = 50.0

*starLEF* = (MAX-COVERED 0.5) (MIN-WEIGHT 0.0) (MIN-SELECTORS 0.0))
=-=- Class Events -=-=

CLASSB
(RHO MASS VOLUME SUBSTANCE SAMPLE)
(1.0320001 77.4 75.0 MILK SAMPLE1)

(1.032 82.56 80.0 MILK SAMPLE1)

(1.032 92.88 90.0 MILK SAMPLE})

(1.032 1032 100.0 MILK SAMPLE})

(1.028 77.1 75.0 MILK SAMPLE2)

(1.028 82.24 80.0 MILK SAMPLE2)

(1.028 102.8 100.0 MILK SAMPLE2)

(1.028 92.52 90.0 MILK SAMPLE2)

(1.025 76.875 75.0 SEA_WATER SAMPLE1)
(1.025 82.0 80.0 SEA_WATER SAMPLE1)
(1.025 92.25 90.0 SEA_WATER SAMPLEI1)
(1.025 1025 100.0 SEA_WATER SAMPLE})

CLASSA

(RHO MASS VOLUME SUBSTANCE SAMPLE)
(0.68 51.0 75.0 GASOLINE SAMPLE1)

(0.68 54.4 80.0 GASOLINE SAMPLE1)

(0.68 61.2 90.0 GASOLINE SAMPLE1)

(0.68 68.0 100.0 GASOLINE SAMPLE1)

(0.67 67.0 100.0 GASOLINE SAMPLE3)
(0.66999996 53.6 80.0 GASOLINE SAMPLE3)
(0.67 60.3 90.0 GASOLINE SAMPLE3)
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(0.6666667 50.0 75.0 GASOLINE SAMPLE3)
(0.65999997 52.8 80.0 GASOLINE SAMPLE?2)
{0.66 49.5 75.0 GASOLINE SAMPLE2)

(0.66 59.4 90.0 GASOLINE SAMPLE2)

(0.66 66.0 100.0 GASOLINE SAMPLE2)

=-=- Hypotheses - =- =

CLASSA
Cover:
12 [SUBSTANCE = GASOLINE]
Relation:
VOLUME = 14934 * MASS

CLASSB
Cover:
12 [SUBSTANCE != GASOLINE]
Relation:
VOLUME = 0.9725 * MASS



APPENDIX B4 - Density of Liquids Experiment #2

In this second experiment with the density data, the level of acceptable uncertainty
was decreased from 0.02 to 0.005. This resulted in the discovery of an equation for
density that includes all three variables. Notice in the first experiment (AppendixB3)

that only mass and volume appeared in the equation. It appears that the higher lower

the uncertainty the higher the degree of accuracy that is achieved.

=.=. Parameters - =. =

*MAXSTAR® = 10
*COVERMODE®* = IC
sUNCERTAINTY* = 0.005
*CONSTANCY* = 0.95
*INVERSE-SW* = 30

*DIRECT-SW* = 70
*UNIVIGNORE* = NIL

*DEBUG* = NIL

*PRINT-FLAGS® = (P E)
*FILTER-LEVEL?® = 2
*SEARCH-LIMIT* = 3
*MAX-NODES* = 1000
*CLUSTER-ON® = # <Symbol 46001D >
*CLUSTER-ORDER® = (NC GC RC)
*BEAM-VALUE® = 0.5
*MINIMUM-LINK-VALUE* = 50.0

*starLEF* = ((MAX-COVERED 0.5) (MIN-WEIGHT 0.0) (MIN-SELECTORS 0.0))
=.=. Class Bvents - =. =

CLASSA
(RHO MASS VOLUME SUBSTANCE SAMPLE)
(0.65999997 52.8 80.0 GASOLINE SAMPLE?)
(1.0320001 77.4 75.0 MILK SAMPLE1)
(1.032 1032 100.0 MILK SAMPLE1)
(1.032 92.88 90.0 MILK SAMPLE1)
(1.032 82.56 80.0 MILK SAMPLE1)
(1.028 102.8 100.0 MILK SAMPLE2)
(1.028 82.24 80.0 MILK SAMPLE2)

- (1.028 7.1 75.0 MILK SAMPLE2)
(1.028 92.52 90.0 MTLK SAMPLE?)
(1.025 102.5 100.0 SEA_WATER SAMPLE1)
(1025 92.25 90.0 SEA_WATER SAMPLE1)
(1025 82.0 80.0 SEA_WATER SAMPLE1)
(1.025 76.875 75.0 SEA_WATER SAMPLE1)
(0.68 68.0 100.0 GASOLINE SAMPLE1)
(0.68 61.290.0 GASOLINE SAMPLE1)
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(0.68 54.4 80.0 GASOLINE SAMPLE1)

{0.68 51.0 75.0 GASOLINE SAMPLE1)

(0 67 67.0 100.0 GASOLINE SAMPLE3)
(0.66999956 53.6 80.0 GASOLINE SAMPLE3)
(0.6666667 30.0 75.0 GASOLINE SAMPLEY)
{0.66 66.0 100.0 GASOLINE SAMPLE2)

(0.66 59.4 90.0 GASOLINE SAMPLE2)

(0.66 49.5 75.0 GASOLINE SAMPLEY)

(0.67 60.3 90.0 GASOLINE SAMPLE3)

=-=. Hypotheses - =-=

CLASSA
Cover: Relation:
RHO * VOLUME = MASS



APPENDIX BS - [llumination of Surfaces Experiment #1

This experiment used contrived data that simulated observations of the
illumination of a surface. The illumination of a surface E is the luminous flux incident
per unit area of the surface. If a point source of luminous intensity / is distant » from a
surface of area 4 and if the luminous flux makes an angle / with the normal to the

surface, then the illuminance of the surface is

E=I/r2cosi

In this example, ABACUS.2 identified seven classes of data. The equations describing
the data for each class displayed varying levels of precision. A miscellaneous class was

also formed. No relation was found for this class. Note that none of the equations

incorporated the cosine relationship.

(
(declarations

(E L ((lumens 1)(meters -2)))
(I L ((candles 1)))

(r L ({(meters 2)))
)(ansie L ((radians 1))

(parameters
(*debug?® true)

)(*print-ﬂasf ®e)

(variables

(EIrangle)
)

(events

(32393932 72 1.2 0.866)
(3241678 72 1.2 0.8654)
(39361927 73 1.1 0.86)
(28.151255 74 1.3 0.8725)
(32.02282 71 1.2 0.8639)
(13.046136 68 1.8 0.9)
(52.847862 100.1 1.2 0.7071)
(8.215724 100.2 3.4 0.3244)
(10.605741 101 3.0 0.333)
(119.83027 250 1.2 0.809)

Bs-1



(227 74919 600 1.2 0.9925)
(146.73123 604 1.5 0.9925)
(2273696 59 1.2 0 9925)
(23708344 588 4.9 0.2533)
(23781572 602 5.0 0.1576)
(37.135017 20 0 6 0.8387)
(30.733662 2003 0 8 0.19)
(33.96329 22 0.79 0.2711)
(24.124243 21.26 0.88 0.4976)
(104.77243 60 0.6 0.891)
(21318607 65 5.5 0.1255)
(23262053 63.4 5.2 0.1256)
(12890459 78 0 6 0.9336)
(0.7425692 77 9.0 0.6743)
(0.71998465 76 9.3 0.6105)
(0.55620784 79 10.7 0.6333)
(225.00339 110 0.6 0.7431)
(266.06866 110 0.55 0.75)
(1265.4518 111 0.250.7777)
(77.331215 109 0.99 0.8019)
(1252.2725 114 0.3 0.1509)

N

=-=. Parameters - =-=
*MAXSTAR® = 10
*COVERMODE®* = IC
*UNCERTAINTY®* =002
*CONSTANCY* = 0.95
*INVERSE-SW* = 30
*DIRECT-SW* = 70
*UNIVIGNORE®* = NIL
*DEBUG® = TRUE
*PRINT-FLAGS* = (P E)
*FILTER-LEVEL* = 2
*SEARCH-LIMIT® = 3
*MAX-NODES* = 1000
*CLUSTER-ON®* =T
*CLUSTER-ORDER* = (NC GC RC)
*BEAM-VALUE®* = 0.5
*MINIMUM-LINK-VALUE®* = 500

*starLEF* = (MAX-COVERED 0.5) (MIN-WEIGHT 0.0) (MIN-SELECTORS 0.0))

=-=. Class Events -=-=

MISCELLANEOUS

(E 1R ANGLE)

(128.90459 78.0 0.6 0.9336)
(0.7425692 77.0 9.0 0.6743)
(0.55620784 79.0 10.7 0.6333)
(0.71998465 76.0 9.3 0.6105)
(24.124243 21.26 0.88 0.4976)

CLASSG
(E IR ANGLE)
(2273696 599.0 1.2 0.9925)
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(227.74919 600.0 1.2 0.9925)
(146.73123 604.0 1.5 0.9925)

CLASSF

(E 1R ANGLE)
(13.046136 68.0 1.8 0.9)
(104.77243 60.0 0.6 0.891)
(28.151255 74.0 1.3 0.8725)

CLASSE

(E IR ANGLE)
(32393932 72.0 1.2 0.866)
(32.41678 72.0 1.2 0.8654)
(32.02282 71.0 1.2 0.8639)
(39361927 73.0 1.1 0.86)
(37.135017 20.0 0.6 0.8387)

CLASSD

(EIR ANGLE)

(119.83027 250.0 1.2 0.509)
(77331215 109.0 0.99 0.8019)
(1265.4518 111.0 0.25 0.7777)

CLASSC

(E I RANGLE)

(266.06866 110.0 0.55 0.75)
(225.00339 110.0 0.6 0.7431)
(52.847862 100.1 1.2 0.7071)

CLASSB

(E I R ANGLE)
(10605741 101.0 3.0 0.333)
(8215724 1002 3.4 03244)
(33.96329 22.0 0.79 0.2711)
(23.708344 588.0 4.9 0.2533)
(30.733662 20.03 0.8 0.19)

CLASSA

(E1R ANGLE) ;
(23.781572 602.0 5.0 0.1576)
(1252.2725 114.0 0.3 0.1509)
(23262053 63.4 5.2 0.1256)
(2.1318607 65.0 5.5 0.1255)

=. = Hypotheses - =. =

CLASSA

Caver:

4 [ANGLE = 0.1255 -.0.1576]

Relation:
E*R"2=09901*1]

CLASSB

Cover:
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5 {[ANGLE = 0.19 .-. 0.333]
Relation:
E*R"2=09%13"1

CLASSC
Cover:
3 [ANGLE = 07071 -.0.75]
Retlation:
E*R™ =0.7428*1

CLASSD
Cover:
3 [ANGLE = 0.7777 .-. 0.809]
Relation;
E*R™2=06994"*1

CLASSE
Cover:
5 [ANGLE = 0.8387 -. 0.866]
Relation:
E*R™2 =06533°*1

CLASSF
Cover:
3 [ANGLE = 0.8725 -.0.9]
Relation:
E*R"2 =06311°*1]

CLASSG
Cover:
3 [ANGLE = 0.9925]
Relation:

E*R"2 = 05466 "1

MISCELLANEOUS

Cover:
4 [ANGLE = 04976 .-. 0.6743]

1 [ANGLE = 0.9336]
Relation:
No formula can be found



APPENDIX B6 - lllumination of Surfaces Experiment #2

For this experiment, the inverse-sw and direct-sw parameters were modified to see
what effect, if any, these two parameters had on speed of discovery. The hypothesis
was that the lower the ratio of direct-sw to inverse-sw, the faster the system would be
able to find dependencies between variables. Upon running this experiment, it was
observed that there was a speed up in the equation discovery process without a loss in
precision in the resulting equations. Additional experiments were run, and the same
observations were made with respect to speedup and precision. However, it is

possiblé that using a low ratio could affect the precision of the data when other

parameters such as the beam value are reduced.

gdeclaratiom

(E L {(lumens 1)}{meters -2)))
(I L ((candles 1))

(r L ((meters 2)))

)(angle L ((radians 1)))

(parameters
(*debug® true)
(*print-flags* (p €))
(*direct-sw* 20)
(*inverse-sw* 80)

)

{variables

(E I angle)
)

{events

(32393932 72 1.2 0.866)
(3241678 72 1.2 0.8654)
(39.361927 73 1.1 0.86)
(28.151255 74 1.3 0.8725)
(32.02282 71 1.2 0.8639)
(13.046136 68 1.8 0.9)
(52.847862 100.1 1.2 0.7071)
(8.215724 100.2 3.4 0.3244)
(10.605741 101 3.0 0.333)
(119.83027 250 1.2 0.809)
(227.74919 600 1.2 0.9925)



(146.73123 604 1.5 0.9925)
(227.3696 599 12 0.9925)
(23.708344 588 4.9 0.2533)
(23.781572 602 5.0 0.1576)
(37.135017 20 0.6 0.8387)
(30.733662 20.03 0.8 0.19)
(33.96329 22 0.79 0.2711)
(24.124243 21.26 0.88 0.4976)
(104.77243 60 0.6 0.891)
(2.1318607 65 5.5 0.1255)
(23262053 63.4 5.2 0.1256)
(128.90459 78 0.6 0.9336)
(0.7425692 77 9.0 0.6743)
(0.71998465 76 9.3 0.6105)
(0.55620784 79 10.7 0.6333)
(225.00339 110 0.6 0.7431)
(266.06866 110 0.55 0.75)
(1265.4518 111 0.25 0.7777)
(77331215 109 0.99 0.8019)
(12522725 114 03 0.1509)
)]

*MAXSTAR® = 10
*COVERMODE®* = IC
*UNCERTAINTY* = 0.02
*CONSTANCY* = 0.95
*INVERSE-SW* = 80
*DIRECT-SW* = 20
*UNIVIGNORE"* = NIL
*DEBUG* = TRUE
*PRINT-FLAGS* = (P E)
*FILTER-LEVEL"® = 2
*SEARCH-LIMIT® = 3
*MAX-NODES* = 1000
*CLUSTER-ON* =T
*CLUSTER-ORDER®* = (NC GC RC)
*BEAM-VALUE®* = 0.5
*MINIMUM-LINK-VALUE®* = 500

*starLEF* = ((MAX-COVERED 0.5) (MIN-WEIGHT 0.0) (MIN-SELECTORS 0.0))

=-=- (Class Events - =-=

MISCELLANEOUS
(E 1 R ANGLE)

(128.90459 78.0 0.6 0.9336)
(0.7425692 77.0 9.0 0.6743)
(0.55620784 79.0 10.7 0.6333)
(0.71998465 76.0 9.3 0.6105)
(24.124243 2126 0.88 0.4976)

CLASSG

(B IR ANGLE)

(2273696 599.0 1.2 0.9925)
(227.74919 600.0 1.2 0.9925)
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(146.73123 604.0 1.5 0.9925)

CLASSF

(E 1R ANGLE)
(13.046136 68.0 1.8 0.9)
(104.77243 60.0 0.6 0.891)
(28.151255 74.0 1.3 0.8725)

CLASSE

(E1R ANGLE)
(32393932 72.0 1.2 0.866)
(32.41678 72.0 1.2 0.8654)
(32.02282 71.0 1.2 0.8639)
(39361927 73.0 1.1 0.86)
(37135017 20.0 0.6 0.8387)

CLASSD

(E1R ANGLE)

(119.83027 250.0 1.2 0.809)
(77331215 109.0 0.99 0.8019)
(1265.4518 111.0 025 0.7777)

CLASSC

(E1R ANGLE)
(266.06866 110.0 0.55 0.75)
(225.00339 110.0 0.6 0.7431)
(52.847862 100.1 12 0.7071)

CLASSB

(E 1R ANGLE)
(10.605741-101.0 3.0 0.333)
(8215724 100.2 3.4 0.3244)
(33.96329 22.0 0.79 0.2711)
(23.708344 S88.0 4.9 0.2533)
(30.733662 20.03 0.8 0.19)

CLASSA

(E1R ANGLE)

(23.781572 602.0 5.0 0.1576)
(12522725 114.0 03 0.1509)
(23262053 63.4 5.2 0.1256)
(2.1318607 65.0 5.5 0.1255)

=. = Hypotheses - = =

CLASSA
Cover:
4 [ANGLE = 0.1255 .-. 0.1576]
Relation:
E*R"2=09901°*1]

CLASSB
Cover:
5 [ANGLE = 0.19 .-. 0.333]


http:110.00.550.75
http:1265.4518111.00.25
http:109.00.99

Relation:
E*R2=09613"]

CLASSC .
Cover:
3 JANGLE = 0.7071 -. 0.75]
Relation:
E*R"2=07428"*1

CLASSD
Cover:
3 [ANGLE = 0.7777 .-. 0.809]
Relation:
E*R"2=06994"]

CLASSE
Cover:
5 [ANGLE = 0.8387 .-. 0.866]
Relation:
E*R™2 =06533"*1

CLASSF
Cover:
3 [ANGLE = 0.8725 .-. 0.9]
Relation:

E*R™"2 =06311"*1

CLASSG
Cover:
3 [ANGLE = 0.9925]
Relation:

E*R"2 = 05466 * [

MISCELLANEOUS
Cover:
4 [ANGLE = 0.4976 -. 06743}

1 JANGLE = 0.9336]
Relation:
No formula can be found



APPENDIX B7 - Thermal Conductivity Experiment #1

The thermal conductivity of copper compounds is described by the equation

A=(M*L)/(T*8)
where:
A is the thermal conductivity of the substance
M is the mass
L is the length of the rod of the substance sampled
T is the temperature of the substance

© is the time it takes an electron to travel the distance
of the rod

This experiment demonstrates the ability of ABACUS.2, via the Star algorithm, to

create multi-attribute covers. In CLASSD, the cover consists of three attributes:

[COMPOUND = CUTEO2] AND [LAMBDA = 4.8148E-4.-.0.00385185]
OR [LAMBDA = 3.081E-5]

[LAMBDA = 4.8148E-4.-.0.00385185] is read "all events whose value of A is in the
range [4.8148E-4..0.00385185]."

In CLASSEF, the cover consists of two attributes:

[LAMBDA = 2.632E-5.-.0.00168474] AND [MASS = 71.075]
This capability is important because ABACUS.2 can find regularities for subsets of
the data when regularities may not be able to be identified for the entire set of events
and/or variables. Moreover, each cover differed in the types of variables that are
included (e.g., CLASSD is the only cover that includes the symbolic variable
COMPOUND).

In order for all of the variables and events to be included in a cover, additional

events need to be supplied to ABACUS.2. This is one of the weaknesses of this
B7-1



discovery system. ABACUS.2 requires a lot of examples to be provided.

(

(declarations
(MASS L ({kilograms 1}})
(LENGTH L ((meters 1)))
({TEMP L ({kelvin 1}))
(TIME L ((seconds 1)))
(LAMBDA L ((kilograms 1){(meters 1)(kelvin -1)(seconds -3)))
(COMPOUND N nil)
)
(parameters
(*uncertainty® 0.05)
(*constancy*® 0.95)
(*print-flags® (p €))
(*debug® t)
)
(variables
(MASS LENGTH TEMP TIME LAMBDA COMPOUND)
)
{events
(1817524 3230 15 0.00400138 Cu2Te)
(181.75 24 3230 15 0.00400138 Cul2Te)
(1817524 3230 15 0.00400138 CulTe)
(181.75 24 3230 15 0.00400138 CulTe)
(185.02 24 3230 15 0.00400138 CulTe)
(181.7524 3230 s 0.00400138 Cu2Te)
(181.75 24 3230 15 0.00400138 Cul2Te)
(181.75 24 3230 15 0.00400138 CuZTe)
(185.0224 3230 15 0.00400138 Cu2Te)
(181.75 24 3230 15 0.00400138 CulTe)
(181.75 24 3230 15 0.00400138 Cu2Te)
(181.75 24 3230 15 0.00400138 CulTe)
(18175 24 3230 30 0.00050017 CulTe)
(181.75 24 3230 30 0.00050017 Cu2Te)
(18175 24 3230 30 0.00050017 CulTe)
(18175 24 3230 30 0.00050017 CulTe)
(18175 24 3230 30 0.00050017 CuZTe)
(181.75 24 3230 60 0.00006252 CulTe)
(1817524 3230 60 0.00006252 CulTe)
(181.75 24 3230 & 0.00006252 CulTe)
(1817524 3230 &0 0.00006252 CulTe)
(1817524 3230 60 0.00006252 Cu2Te)
(18175 24 3230 &0 0.00006252 Cu2Te)
(181.75 24 3230 60 0.00006252 CulTe)
(1817524 3230 60 0.00006252 CulTe)
(1817524 3230 60 0.00006252 CulTe)
(181.75 24 3230 60 0.00006252 CulTe)
(181.75 24 330 75 0.00003201 CulTe)
(181.75 4 3230 75 0.00003201 Cu2Te)
(18850 4 3480 15 0.00385185 CuTeO2)
(18850 24 348.0 15 0.00385185 CuTeOQ2)
(18850 24 3480 15 0.00385185 CuTeO2)
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(188.50 24 3480 15
(18850 24 3480 30
(188.50 24 3480 60
(18850 24 3480 75
(188.50 24 3480 75
(188.50 24 3480 75
(188.50 24 3480 75
(188.50 24 3480 75
(188.50 24 3480 75
(188.50 24 3480 75
(71075 24 3000 15
(71075 24 3000 15
(71075 24 3000 1S
(71075 24 3000 15
(71075 24 3000 15
(71075 24 3000 15
(71075 24 3000 15
(71.075 24 3000 30
(71075 24 3000 60
(71075 24 3000 75
(71075 24 3000 75
(71075 24 3000 75
(71075 24 3000 75
(71075 24 3000 75
(98145 30 3230 15
(98145 30 3230 15
(981.45 30 3230 30
(981.45 30 3230 60
(38381 30 3000 15
(38381 30 3000 15
(383.81 30 3000 1S
(38381 30 3000 15
(38381 30 3000 15
(383.81 30 3000 75
(38381 30 3000 75

=-=- Parameters - = =

*MAXSTAR® = 10
*COVERMODE" = IC
*UNCERTAINTY* = 1.0E-4
*CONSTANCY* = 0.99
*INVERSE-SW?* = 30
*DIRECT-SW* = 70
*UNIVIGNORE®* = NIL
*DEBUG* = T

*PRINT-FLAGS* = (P E)
*FILTER-LEVEL®* = 2
*SEARCH-LIMIT* = 3

* -NODES* = 1000
*CLUSTER-ON* = T
*CLUSTER-ORDER* = (NC GC RC)
*BEAM-VALUE®* = 0.5
*MINIMUM-LINK-VALUE®* = 50.0

0.00385185
0.00048148
0.00006019
0.00003081
0.00003081
0.00003081
0.00003081
0.00003081
0.00003081
0.00003081
0.00168474
0.00168474
0.00168474
0.00168474
0.00168474
0.00168474
0.00168474
0.00021059
0.00002632
0.00001348
0.00001348
0.00001348
0.00001348
0.00001348
0.02700929
0.02700929
0.00337616
0.00042202
001137215
0.01137215
0.01137215
0.01137215
0.01137215
0.00009098
0.00009098
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CuTeQ2)
CuTeO2)
CuTe02)
CuTeO2)
CuTeO2)
CuTeO2)
CuTe(2)
CuTe02)
CuTeQ2)
CuTeQ2)
CuSCN)
CuSCN)
CuSCN)
CuSCN)
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*starLEF* = ((MAX-COVERED 0.5) (MIN-WEIGHT 0.0) (MIN-SELECTORS 0.0))
=.=-Class Events~=-=

MISCELLANEOUS
(MASS LENGTH TEMP TIME LAMBDA COMPOUND)
(188.5 24.0 348.0 60.0 6.019E-5 CUTEO2)

CLASSF

(MASS LENGTH TEMP TIME LAMBDA COMPOUND)
(71.075 24.0 300.0 60.0 2.632E-5 CUSCN)
(71.075 24.0 300.0 30.0 2.1059E-4 CUSCN)
(71.075 24.0 300.0 15.0 0.00168474 CUSCN)
(71.075 24.0 300.0 15.0 0.00168474 CUSCN)
(71.075 24.0 300.0 15.0 0.00168474 CUSCN)
(71.075 24.0 300.0 15.0 0.00168474 CUSCN)
(71.075 24.0 300.0 15.0 0.00168474 CUSCN)
(71.075 24.0 300.0 15.0 0.00168474 CUSCN)
(71.075 24.0 300.0 15.0 0.00168474 CUSCN)

CLASSE

(MASS LENGTH TEMP TIME LAMBDA COMPOUND)
(71.075 24.0 300.0 75.0 1.348E-5 CUSCN)

(71.075 24.0 300.0 75.0 1.348E-5 CUSCN)

(71.075 24.0 300.0 75.0 1.348E-5 CUSCN)

{71.075 24.0 300.0 75.0 1.348E-5 CUSCN)

(71.075 24.0 300.0 75.0 1.348E-5 CUSCN)

CLASSD

(MASS LENGTH TEMP TIME LAMBDA COMPOUND)
(188.5 24.0 348.0 75.0 3.081E-5 CUTEO2)
(188.5 24.0 348.0 75.0 3.081E-5 CUTEO2)
(188.5 24.0 348.0 75.0 3.081E-5S CUTEO2)
(188.5 24.0 348.0 75.0 3.081E-5 CUTEO2)
(188.5 24.0 348.0 75.0 3.081E-5 CUTEO2)
(188.5 24.0 348.0 75.0 3.081E-5 CUTEO2)
(188.5 24.0 348.0 75.0 3.081E-S CUTEO2)
(188.5 24.0 348.0 30.0 4.8148E-4 CUTEO2)
(188.5 24.0 348.0 15.0 0.00385185 CUTEO2)
(188.5 24.0 348.0 15.0 0.00385185 CUTEO2)
(188.5 24.0 348.0 15.0 0.00385185 CUTEO?)
(188.5 24.0 348.0 15.0 0.00385185 CUTEO2)

CLASSC

(MASS LENGTH TEMP TIME LAMBDA COMPOUND)
(181.75 24.0 323.0 75.0 3201 E-S CUZTE)
(181.75 24.0 323.0 75.0 3201E-5 CUZTE)
(181.75 24.0 323.0 60.0 6.252E-5 CU2TE)
(181.75 24.0 323.0 60.0 6.252E-5 CU2TE)
(181.75 24.0 323.0 60.0 6.252E-5 CUZTE)
(181.75 24.0 323.0 60.0 6.252E-5 CU2TE)
(181.75 24.0 323.0 60.0 6.252E-5 CU2TE)
(181.75 24.0 323.0 60.0 6.252E-5 CU2TE)
(181.75 24.0 323.0 60.0 6.252E-5 CUZTE)
(181.75 24.0 323.0 60.0 6.252E-5 CUZTE)
(181.75 24.0 323.0 60.0 6.252E-5 CUZTE)
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(181.75 24.0 323.0 60.0 6.252E-5 CU2TE)
(181.75 24.0 323.0 30.0 5.0017E-4 CU2TE)
(181.75 24.0 323.0 30.0 5.0017E-4 CUZTE)
(181.75 24.0 323.0 30.0 5.0017E-4 CUZTE)
(181.75 24.0 323.0 30.0 5.0017E-4 CU2TE)
(181.75 24.0 323.0 30.0 5.0017E-4 CU2TE)
(181.75 24.0 323.0 15.0 0.00400138 CU2TE)
(181.75 24.0 323.0 15.0 0.00400138 CUZ2TE)
(181.75 24.0 323.0 15.0 0.00400138 CU2TE)
(181.75 24.0 323.0 15.0 0.00400138 CU2TE)
(181.75 24.0 323.0 15.0 0.00400138 CU2TE)
(181.75 24.0 323.0 15.0 0.00400138 CU2TE)
(181.75 24.0 323.0 15.0 0.00400138 CUZTE)
(181.75 24.0 323.0 15.0 0.00400138 CU2TE)
(181.75 24.0 323.0 15.0 0.00400138 CU2TE)
(181.75 24.0 323.0 15.0 0.00400138 CU2TE)
(185.02 24.0 323.0 15.0 0.00400138 CUZ2TE)
(185.02 24.0 323.0 15.0 0.00400138 CU2TE)

CLASSB

(MASS LENGTH TEMP TIME LAMBDA COMPOUND)
(383.81 30.0 300.0 15.0 0.01137215 CUSCN)

(383.81 30.0 300.0 15.0 0.01137215 CUSCN)

(383.81 30.0 300.0 15.0 0.01137215 CUSCN)

(383.81 30.0 300.0 15.0 0.01137215 CUSCN)

(383.81 30.0 300.0 15.0 0.01137215 CUSCN)

(383.81 30.0 300.0 75.0 9.098E-5S CUSCN)

(383.81 30.0 300.0 75.0 9.098E-5 CUSCN)

CLASSA

(MASS LENGTH TEMP TIME LAMBDA COMPOUND)
(981.45 30.0 323.0 30.0 0.00337616 CU2TE)

(981.45 30.0 323.0 60.0 4.2202E-4 CU2TE)

(981.45 30.0 323.0 15.0 0.02700929 CU2TE)

(981.45 30.0 323.0 15.0 0.02700929 CU2TE)

=-=- Hypotheses - =-=

CLASSA
Cover:
4 [MASS = 981.45)
Relation:

LAMBDA * TIME"3 = 91.1563

CLASSB
Cover:
7 [MASS = 383.81]
Relation:

LAMBDA * TIME"3 = 383813

CLASSC
Cover:
29 [MASS = 181.75 .-. 185.02]
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Relation:
LAMBDA * TIME"3 = 13.5045

CLASSD
Cover:
5 [COMPOUND = CUTEOZ|{LAMBDA = 4 8148E-4 .-. 0.00385185]

7 [LAMBDA = 3.081E-5]
Relation:
LAMBDA * TIME™3 = 12.9988

CLASSE
Caover;
5 [LAMBDA = 1348E-5]
Relation:

LAMBDA * TIME"3 = 5.6869

CLASSF
Cover:
9 [LAMBDA = 2.632E-5 .-, 0.00168474}[MASS = 71.075]
Relation:
LAMBDA * TIME"3 = 56859

MISCELLANEOUS
Cover:
1 [LAMBDA = 6.019E-5]
Relation:

No formula can be found
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APPENDIX B8 - Thermal Conductivity Experiment

This experiment was run with the clustering component switched off. When the
cluster-on parameter is switched off, the events will not be clustered and ABACUS.2

will attempt to fit one equation to the events. In this case, ABACUS.2 was not

successful in finding a single equation that fits the events.

=.=. Parameters -=.=

*MAXSTAR® = 10
*COVERMODE" = IC
*UNCERTAINTY* = 0.05
*CONSTANCY* = 0.95
*INVERSE-SW* = 30

*DIRECT-SW* = 70
*UNIVIGNORE® = NIL

*DEBUG* = T

*PRINT-FLAGS* = (PE)
*FILTER-LEVEL® = 2
*SEARCH-LIMIT* = 3
*MAX-NODES* = 1000
*CLUSTER-ON® = NIL
*CLUSTER-ORDER® = (NC GC RC)
*BEAM-VALUE® = 05
*MINIMUM-LINK-VALUE® = 50.0

*starLEF* = ((MAX-COVERED 035) (MIN-WEIGHT 0.0) (MIN-SELECTORS 0.0))
=.=- Class Events -=-=

CLASSD

(MASS LENGTH TEMP TIME LAMBDA COMPOUND)
{71.075 24.0 300.0 60.0 2.632E-5 CUSCN)
(71.075 24.0 300.0 30.0 2.1059E~4 CUSCN)
(71.075 24.0 300.0 15.0 0.00168474 CUSCN) |
(71.075 24.0 300.0 15.0 0.00168474 CUSCN)
(71.075 24.0 300.0 15.0 0.00168474 CUSCN)
(71.075 24.0 300.0 15.0 0.00168474 CUSCN)
(71.075 24.0 300.0 15.0 0.00168474 CUSCN)
(71.075 24.0 300.0 15.0 0.00168474 CUSCN)
(71.075 24.0 300.0 15.0 0.00168474 CUSCN)
(71.675 24.0 300.0 75.0 1.348E-5 CUSCN)
(71.075 24.0 3000 75.0 1.348E-5 CUSCN)
(71.075 24.0 300.0 75.0 1.348E-S CUSCN)
(71.075 24.0 300.0 75.0 1.348E-5 CUSCN)
(71.075 24.0 300.0 75.0 1.348E.S CUSCN)

CLASSC

(MASS LENGTH TEMP TIME LAMBDA COMPOUND)
(188.5 24.0 348.0 75.0 3.081E-5S CUTEO2)

{188.5 24.0 348.0 75,0 3.081E-S CUTEO2)

(188.5 24.0 348.0 75.0 3.081E-5S CUTEQOR)

(188.5 24.0 348.0 75.0 3.081E-5 CUTEQR2)

(188.5 24.0 348.0 75.0 3.081E-S CUTEO2)

(1885 24.0 348.0 75.0 3.081B-5 CUTEO2)



(188.5 24.0 348.0 75.0 3.081E-5 CUTEO2)
(188.5 24.0 348.0 30.0 4.8148E<4 CUTEO2)
(1885 24.0 348.0 15.0 0.00385185 CUTEO2)
(188.5 24.0 348.0 15.0 0.00385185 CUTEO2)
(1885 24.0 348.0 15.0 0.00385185 CUTEO2)
(188.5 24.0 348.0 15.0 0.00385185 CUTEO2)
(188.5 24.0 348.0 60.0 6.019E-5 CUTEO2)
(181.75 24.0 323.0 75.0 3.201E-5 CUZTE)
(181.75 24.0 323.0 75.0 3.201E-5 CUZTE)
(181.75 24.0 323.0 60.0 6.252E-5 CUZTE)
(181.75 24.0 323.0 60.0 6.252E-5 CUZTE)
(181.75 24.0 323.0 60.0 6.252E-5 CUZTE)
(181.75 24.0 323.0 60.0 6.252E-5 CUZTE)
(181.75 24.0 323.0 60.0 6.252E-5 CUZTE)
(181.75 24.0 323.0 60.0 6.252E-S CUZTE)
(181.75 24.0 323.0 60.0 6.252E-5 CUZTE)
(181.75 24.0 323.0 60.0 6.252E-5 CUZTE)
(181.75 24.0 323.0 60.0 6.252E-5 CUZTE)
(181.75 24.0 323.0 60.0 6.252E-5 CUZTE)
(181.75 24.0 323.0 30.0 5.0017E~4 CUZTE)
(181.75 24.0 323.0 30.0 5.0017E~4 CUZTE)
(181.75 24.0 323.0 30.0 5.0017E~4 CUZTE)
(181.75 24.0 323.0 30.0 5.0017E~4 CUZTE)
(181.75 24.0 323.0 30.0 5.0017E<4 CUZTE)
(181.75 24.0 323.0 15.0 0.00400138 CUZTE)
(181.75 24.0 323.0 15.0 0.00400138 CU2TE)
(181.75 24.0 323.0 15.0 0.00400138 CUZTE)
(181.75 24.0 323.0 15.0 0.00400138 CUZTE)
(181.75 24.0 323.0 15.0 0.00400138 CUZTE)
(181.75 24.0 323.0 15.0 0.00400138 CU2TE)
(181.75 24.0 323.0 15.0 000400138 CU2TE)
(181.75 24.0 323.0 15.0 0.00400138 CU2TE)
(181.75 24.0 323.0 15.0 0.00400138 CU2TE)
(181.75 24.0 323.0 15.0 0.00400138 CUZTE)
(185.02 24.0 323.0 15.0 0.00400138 CUZTE)
(185.02 24.0 323.0 15.0 0.00400138 CUZTE)

CLASSB
(MASS LENGTH TEMP TIME LAMBDA COMPOUND)
(383.81 30.0 300.0 15.0 0.01137215 CUSCN)

(383.81 30.0 300.0 15.0 0.01137215 CUSCN)

(383.81 30.0 300.0 15.0 0.01137215 CUSCN)

(383.81 30.0 300.0 15.0 0.01137215 CUSCN)

(383,81 30.0 300.0 15.0 0.01137215 CUSCN)

(383.81 30.0 300.0 75.0 9.098E-S CUSCN)

(383.81 30.0 300.0 75.0 9.098E-5 CUSCN)

CLASSA
(MASS LENGTH TEMP TIME LAMBDA COMPOUND)
(981.45 30.0 323.0 60.0 4.2202E-4 CUZTE)

(981.45 30.0 323.0 30.0 0.00337616 CUZTE)

(981.45 30.0 323.0 15.0 0.02700929 CUZTE)

(981.45 30.0 323.0 15.0 0.02700929 CUZTE)

=-=- Hypotheses - =-=

CLASSA
Cover:
4 [MASS = 981.45]
Relation:

LAMBDA * TIME"3 = 91.1563

CLASSB
Cover:



7 [MASS = 38381]
Relation:
LAMBDA * TIME™3 = 38.3813

CLASSC
Cover:
42 [MASS = 181.75 .-. 188.5}
Relation:
LAMBDA * TIME"3 = 13.3480

CLASSD
Cover:
14 [MASS = 71.075]
Relation:

LAMBDA * TIME"3 = 5.6862



APPENDIX B9 - Speed of Sound in Air

This experiment uses data that conforms to the equation for the the speed of
sound in air. This experiment was run many times, and the values of the uncertainty
and constancy parameters were changed each time. It was determined that the higher

the constancy and the lower the uncertainty, the higher the precision that can be

achieved.

;The speed of sound in air

(

(declarations
(T L ((seconds 1))
(V L ((meters 1) (second -1)))
(PLO)
(FREQL ()

{parameters
(*debug® true)
(*print-flags*® (p ¢))

)

(varniables
(tvp freq)
)

(events

(250 31675 0.75 1500)
(250 31675 0.75 1000)
(250 31675 1 1500)

(250 31675 08 1500)
(273 331 1 1500)

(273331 1 350)

(@m 331 2 2050)

@7 331 3 3000)

(273 331 1.5 2500)

(273 33 0.75 3500)
(273 33 1.25 2000)

(320 358.3617 0.8 6500)
(330 363918 0.75 3500)
(330 363918 2 10000)
(330 363.918 1 9500)

=.=. Parameters -=-=

*MAXSTAR"* = 10
*COVERMODE* = IC
*UNCERTAINTY"* = 001
*CONSTANCY* = 0.98



*INVERSE-SW* = 3
‘DIRECT-SW* = %
*UNIVIGNORE® = NIL
*DEBUG* = TRUE
*PRINT-FLAGS* = (P E)
*FILTER-LEVEL* = 2
*SEARCH-LIMIT* = 3
*MAX-NODES* = 1000
*CLUSTER-ON®* =T
*CLUSTER-ORDER*® = (NC GC RC}
*BEAM.VALUE* = 05
*MINIMUM-LINK-VALUE® = 50.0

*starL EF* = ((MAX-COVERED 0.5) (MIN-WEIGHT 0.0) (MIN-SELECTORS 0.0))
=.=-Class Bventg -=-=

CLASSA

(T V P FREQ)

(330.0 363.9179 0.75 3500.0)
(330.0 363.9179 1.0 9500.0)
(330.0 363.9179 2.0 10000.0)
. (320.0 358.3616 0.8 6500.0)
(250.0 316.75 0.75 1000.0)
(250.0 316.75 0.75 1500.0)
(250.0 316.75 0.8 1500.0)
(250.0 316.75 1.0 1500.0)
(273.0 331.0 0.5 2500.0)
(273.0 331.0 0.75 3500.0)
(273.0 331.0 1.0 1500.0)
(273.0 331.0 1.0 3500.0)
(273.0 331.0 1.25 2000.0)
(273.0 331.0 2.0 2050.0)
(273.0 331.0 3.0 3000.0)

=.=- Hypotheses - =-=

CLASSA
Cower: Relation:
Y2=401322°T
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APPENDIX C1 - Listing of topsed.s SED Script

This is a listing of the topsed.s sed script. topsed.s calls topsed.f to perform the
formatting of the Top output for use by ABACUS.2. fopsed.s provides the user with

the following information:

- when processing begins
- when processing is finished
- the name of the output file (formatted for use with ABACUS.2)

# Program: topsed.s {shell script}

# Calls: topsed.f {file of sed commands}

# Purpose:  To edit output from the Unix Top program for input to
# ABACUS.2 as a dataset. Top provides statistics such

# operating system statistics for the system it is running

# on. Topsed.s preprocesses top output for input into

# ABACUS.2. ABACUS.2 requires that the dataset be in
# a Lisp readable format.

# Author: Bret Michael

# Created:  May §, 1989

# Last Modified: May 22, 1989

# Location: “jmichael/SUN_AB2/useful_tools

#

#

#

# preprocess file for use by ABACUS.2

# Comment: The following sed commands are to some degree order dependent.
Check to make sure that the behavior of this program is correct
each time you modify this file,

The ordering used below is to edit out all of the non-numeric
data which is generated by top, remove all extra spaces, and
then to append all of the lines that make up an event (i.e.,

an obsersvation). The last operation performed is to enclose
the each event in parentheses.

H % %R R HRE KR

# begin preprocessing of top output file for use by ABACUS.2
echo "** Beginning preprocessing of $*"

sed -f topsed.f $* > $* lisp

echo "** Finished processing $*"

echo "** Output file is called $* lisp”

# end of topsed.s shellseript

Ci1



APPENDIX C2 - Listing of topsed.f SED Script

topsed.f is essentially a set of Unix sed commands that remove all extraneous
spaces and text from the Top output. That is, all textual annotations are removed, one

blank space is left between each variable value, and each event (i.e., line) is enclosed

in parentheses. topsed.f is called by topsed.s.

# Program:  topsed.f {file of sed commands}
# Called by:  topsed.s {shell script}
# Purpose:  To edit output from the Unix Top program for input to

# ABACUS.2 as a dataset. Top provides statistics such
# operating system statistics for the system it is running
# on. Topsed.f is the file of sed commands used by the
# shell script topsed.s.

# Author: Bret Michael

# Created: May 8, 1989

# Last Modified: May 18, 1989

# Location: “jmichael/SUN_AB2/useful_tools

#

#

#

# preprocess file for use by ABACUS.2

# Comment: The following sed commands are to some degree order dependent.
Check to make sure that the behavior of this program is correct
each time you modify this file.

The ordering used below is to edit out all of the non-numeric
data which is generated by top, remove all extra spaces, and
then to append all of the lines that make up an event (i.e.,

an obsersvation). The last operation performed is to enclose
the each event in parentheses.

L 3 I L R SR

# begin preprocessing of top output file for use by ABACUS.2

s/last pid://
s/load//
s/averages://
s/processes://
s/sleeping//
s/running//
s/stopped//
s/Cpu states: //
s/user//
s/nice//
s/system//
s/idle//
s/Memory://
s/K//g
sfreal//
s/virtual//



s/free//
s/zombie//
s/s//g
s/:/_/g
s/%//8
s/\//g
s/(//8
s/)/ /g
s/$//
s/~ 7/
N

s/8//

N

N
s/$/)/
s/0/g

s/ */ /g
s/”/(/
S}/ ) /8

# end of topsed.f sed commands



APPENDIX C3 - Listing of Dataset Generation Program

Unlike the network experiment which used data gathered from an actual network, most of
the experiments were conducted using contrived data generated by the user with the aid of
utility programs. The function createdataset is an example of the type of data generation aid
that was used in this study. This particular version of the function was used to create data sets
for the illumination of surfaces experiments. In addition, the datasets that were generated
with the function below were further modified by the user in order to intentionally introduce

some degree of irregularity (e.g., error) into the data.

5 Program: createillumdataset

5 Created: April 10, 1989

3 Last modified: May 15, 1989

" Input file: inputdata

5 Input args: values for [, R, and i

5 Outputfile:  illum.dataset

W Output format; formatted dataset illum.dataset

" Purpose: To create sample datasets for running experiments.
5 The data fit the equation: E = (I /R * R) cosi. After

3 generating the data, the output file must be merged with

3 a file that contains the other data structures that ABACUS.2
 expects.

b3

(defun createdataset ()
(with-open-file (data-stream “inputdata” :direction :input)
(with-open-file (dataset-stream “illum.dataset" :direction :output)
(do ((value (read data-stream nil)(read data-stream uil)))
{(not value))
(setq illum (float (* (/ (car value) (* (cadr value)(cadr value)))
(cos (caddr value)))))
{setq newset (cons illum value))
(print newset dataset-stream)
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APPENDIX D - Paper Submitted to [JCAI-89 Worshop

The following extended abstract was submitted to the IJCAI-89 Workshop on

Knowledge and Discovery in Databases.

EXPERIMENTATION WITH ABACUS.2

Bret Michael

Artificial Intelligence Center

Computer Science Department
George Mason University
4400 University Drive
Fairfax, VA 22030

(703)556-0393

jmichael@gmuvax2.gmu.edu

EXTENDED ABSTRACT

ABACUS2 is a quantitative discovery system that relies on dependency analysis to
discover linear and non-linear terms [Greene, 88]. The heuristics used by ABACUS.2 for
discovery of terms do not support the identification of exponential or logarithmic
dependencies. This lack of breadth of dependency analysis limits the number of domains in
which ABACUS.2 would be useful to use. For example, many of the phenomena studied in
the biological sciences are characterized by exponential and logarithmic relationships. In
order to alleviate this difficiency, an additional heuristic has been added to ABACUS.2. This
rule differs from the other dependency heuristics in that it takes into account the rate of
change of dependencies among terms, rather than just the change in dependencies. The

algorithm is as follows:
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If ABACUS.2 is unable to determine an equation form
after processing the linear and non-linear rules, then
measure the rate of change in the dependencies
if amon+(x,y) increases at an increasing rate,
create €
if amon"(x,y) decreases at an increasing rate,
create In(x)

where amon+(x,y) says X is approximately positively monotonic to y, and amon’(x,y) says x is
approximately negatively monotonic to y. Experimentation with ABACUS.2 using this new

rule is currently underway, and a rule for identifying the form log, N is being developed.

In addition to trying to discéver logarithmic and exponential terms, experiments are being
conducted to determine how the various parameters used by ABACUS.2 affect the system’s
ability to discover equations. ABACUS.2 is parameter-driven. That is, the user must specify
the which variables should not be required to be held constant when the dependency is
calculated, the level of uncertainty (ie., used to account for noisy data and round-off error),
the number of total events which must evaluate to a constant for an equation to be considered
acceptable, and so on. The feasibility of letting ABABUS.2 guide the discovery process is
being explored. The motivation for this is two-fold. This approach will aid the user in using
ABACUS.2 (e.g., the user can rely on the system to some degree to set the parameters), and
will enhance the performance of ABACUS.2 (e.g., reducing the search space when working
with large databases of experimental data). The two research questions that are currently
being addressed are how much knowledge does the system need about the parameters and
domain in which the data was derived, and how should this knowledge be represented? For
example, in order for the system to be able to dynamically modify the level of uncertainty, how
much knowledge does ABACUS.2 need about the characteristics of this parameter, and the
relationships between this parameter and the other parameters? Likewise, what types of
domain knowledge would be useful in guiding the discovery process (e.g., if the dataset is from
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the field of optics, should the system be aware that many of the regularities among variables

in this domain can be described via trigonometric functions, especially sine and cosine)?

ABACUS.2 is written in Common LISP, and the experiments are being conducted on a
SUN 3/60 workstation. Sample datasets from the fields of physics, chemistry, biology, and

operating systems are being used to perform the experiments.
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