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SYSTEM AQPLUS

This document describes AQPLUS, an interactive, iterative system for
inducti?e inference. AQPLUS is built arocund an algorithm based on random
search with adaptation, which is due toc Lbov., The system is written in
Fortran for use on the DEC-10, and uses the inductive program AQFOR, written
by Jim Larson, which is a Fortran implementation of the algorithm AQ.

The reader is referred to the documentation of AQ.FOR for information
about that segment of the system., Familiarity with the algorithm ig as-

sumed.

The algorithm AQPLUS associates with each feature X an information-
content value U(X) in [0,1]. A certain number of features afé chosen
from the feature set, using a random selection process in which the relétive
probubility of feature X being chosen is equal to U(X). AQ.FOR is then
run on the chosen featuresg, and the information-content values for the

chosen features are modified according to the results of the AQ. FCR run.

It should be noted that when the number of description features is
reduced that it is possible to have two events from dffferent classes having
the same description. 1In this case it is said that the representation of

the events is non-disjoint. If this occurs, the user is notified.

If the number of features that we are working with is DIMIOT, and
if NDIM is the number of features used by AQ.FOR, the modification of
the various features should depend on the relative values of DIMICT and
NDIM, and on the value of C, which is a real number between zero and one

which 18 a measure of the 'goodness' of the formula produced by AQ.FOR.
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In general, the better the rule (the greater the C), the greatér
should be the increase of the U(X) for those X used in the rule, and
the less should be the decrease of the U(X) for those X {among the

chosen features) which are not used in the rules.

Also, as NDIM - DIMIOT, the more extreme should be the modification

of the information-content values.
To satisfy the above conditions, the following function can be

used to dodify the U(X) corresponding to those X's among the chosen

features;

For X used in the rule:

« C X NDIM
U(x) «u(x) + (1-u(x)) SHroT
For X not used in the rule:
DIMTOT-NDIM

UX) «U(X) x C STTOT

In addition to the code for the algorithm itself, supporting routines
have been written which allow the user to examine the progress of AQ.For,

and alter various prameters. These routines are described below:

Routine AQPARM: Allows the user to alter the parameters used by AQ.for.

The entry format is 'parmname:value*'. The parameters
are;
DIMTOT (s200) = The total number of features known to the

system.

NCT

]

The total number of events in file
in file 'DATA.TOT'.

NDIM {sDIMTOT)= The number of features to be
submitted to AQVAL.

Cl = The number of the class to be covered.

1B = The number of the first event in Cl.
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NC1 = The number of events in Cl.

NUSELl ($NCl)= The number of events in Cl to be used by AQ.FOR.

RAND = If 1, then the events from Cl to be used by

AQ.FOR will be chosen randomly. If O, then not.
NC2 = The number of events not in Cl to be used by AQ.FOR.
MAXSTR = The maximum number of complexes in aa intermediate

star.

NOSEC

IF 1, uses the number of events in Cl covered
as an additional criterion for complex selection.
If O, then not.

Routine FORCE: Allows the user to select features to be used by AQVAL.
He may choose as many NDIM features. If he chooses
less than NDIM features, the remainder will be chosen
randomly by the subroutine 'SEIECT'. Feature I is
‘forced' if FORC(I) = 1, otherwise FORC(I) = O.

Routine MODIFY:Allows the user to view or modify the information content
valués of the features. In alter/display mode, a feature
number is entered, and the usefulness value is displayed.

The user can then either enter a new value, or hit return

to select another feature. Hitting return when a feature
number is requested displays the usefulness value of the

next feature. Altering or displaying feature number O

alters or displays (respectively) the values for all features.

Routine CREATE: Allows the user to create new features .from combinations
of existing features. (Not yet implemented.)

Other features used by the system:

Routine GETINT: Accepts and checks numeric data from the user. The
resulting Packed-Ascii data is availiable in array M.
If M(1) = 'E', then the value accepted was non-numeric.

Routine Select (N):
Chooses N features 'rardomly, weighted by the usefulness
values of the features. These choices, along with the
forced features are put in NSE1 (1) through NSEL (NDIM).

Routine PROJEC: Creates the file 'JIM.DAT' by projecting the events from
'DATA.TOT' onto the selected features.

Routine USEFUL: Alters the usefulness values of the features used in the
last run or AQ.FOR. Calculations made:

QUOT = (# of events in Cl classified correctly - # of
events classified incorrectly)/ NCl. Then
C=~jbrev/c .
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The routine also stores the formula in the array PUT:
Put (*, last) contains the best formula so far in the
form:

Put(l,last)= cost

Put (2, last)= class

Put (3, last)= -1
Then groups of three elements correspond to selectors,
with feature number, lower bound, and upper hound.
Terms are separated by -1, and -2 designat. the end
of the formula. The resulting formula, along with old
and new information content values are computed using the
formulas listed in the description of the algorithm.

Routine PRBEST: Prints the best formula found so far from Put (*, last).

Most of the data areas in the common area are only used by AQ.FOR

and its supporting routines, and are explained in the AQ.FOR documentation.

Qthers are:

U(1) = Contains the current value of feature I
FORC(I) = 1 if the user has selected feature I, O otherwise.
NFORC = The number of features selected by the user.

PUT (*,last)= Contains the best formula found so far, in the format
gescribed in the write-up of the subroutine "USEFUL'.

NSEL = Is used in selecting the features to be used by AQ.FOR.

PREVC1 = Contains the last value of Cl.

PREVC = Contains the best value of C found so far.

DISJNT = Is a flag which is set to O by AQ.FOR if the event representation

is found to be non-disjoint,



SUGGESTIONS MADE BY PROFESSOR MICHALSKI:

1. List features along with information content values.

2. Print event sets .

3. Choice for cost, usefulness formulas.

4. Temporary storage of usefulness values 50 other usefulness values may be used.

5. Choice of constant or random selection of events in C2.
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1¥ Introdubtion

This papei* describes a sequence of special puroose prozrams

Ny
[ 39T S
which generate ‘{Ll fomaulas using algorithm AQ ame T:eal their porformance

arp’at 2 oot of testing events with emphasis on a large event spaee,
a.nc}\econa;\l::al generatio‘n f’f' covurs for many classes using unquantized-
real valued variables.. f L an 2lzorithm itself is inplemented in Faetre4
on the DEC - 10 computc‘r a‘n ;bastaina the potantial for user interaction
with the program. LThe foymulas gensrated by ‘'« this progranm cantliae
sent to a PLf1 program on the IBM 360/75 to be rrinted in a rea,dlblg

format and tested apainst a,set. of testing evcnts;f" a conf‘usion matrix

can be generated,pju.’ &cr J/An.mf Cvalaalion Celiunts

IS

.

It I‘Q assumed that }he readsr has a basic knaledpa of thP

i’("{ ‘ 'l J N

algorithm AQ and theiVVL system VI,.1 Although t};&ss*g._o_qqgggs aru
not explained here, the modification:and simplifications which are
made to the algorithm are described in detail,

The fortran program AQ,.FOR contains approximately 450 Foc/rap
statements, and accupies Jetween 40 and 60 payes of DEC - 10 memory -~
when executing (each page contains 1000 {{octal) 35 bit words). This
1‘3 equivalent to 100K - 150K bytes on the 360/75. The two PlL/1 programs
require between 100 and 180K bytes c;f stor;ge to run on the 360/?5‘a.n“d
vonsitx of about 100 to 200 PL/1 statements each.

< T mction 2 of this paper describes the a}gorithm simplification
used in the fortran program. Sections 3 and 4 contain doscriptions of
the use of the progﬁgx:xl.gﬁd the program structama, Section 5 describe s
the PL/1 Jisiing program TCPXIS and its use, Section 6 describws the

confusion matrix program PBLOG. The three program listings are given

in appendices A, B, and C.
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2. Algorithm Description and Simplifications

The program AQ..FOR is an implementation of the algorithm

Ve

AQ with emphdsis on handlinq{é\i;fgé‘evégt space with recal valued
variables ecomemieally. The program contains soue restricitons on the
basic algorithm in that only interval variables aro accepted and only
3 cost functions are currently implemented with a tolerance of 0. Also,
all variable values must be integers between 1 and 9999. Only a general
ntarlsize is maintained instead of the maxstar-cutstar prodedure whid
is available in other programs. Initial comparisons with the progrim
AQVAL~v,? (AQ?)) howevex; indicate a 5 fold reduction in time and a 10
fold reduction in cost. ‘ | Y A et el P /"-"/"/

The basic algorithm AQ in uﬁéhanged. The sets F’i axz to be
covered are selecb;ed in IC mode only. For each set, thes algorithm maintains
two sets of events,, those events which have not been covered by any
previous star ( the set Ep ),and those events which have not been covered
by & prefious Lq or output complex (the set E'l). Events from the set
E_are selected iﬁuuvxand starszé:herated against a randoa shmpling

P
of events from other events sets, The number of these events is controlled

by the an input parameterf:v ‘i) new zixe intermediate star is generated

only if the randomly selected event is contained in the current

intermediate star. The nunber of complexes in each intermadiate star 13
ixixec3xx3n7x maintained at a constant number of complexes (MAXSTR).

If the number of cepplexes exceeds MAXCTR, then the best MAXSTR complexes are

chosen with respect to the following 3 criteria:
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Criterion # Description
1 ' largest numbef of new events covered by the
complex of the set F” not covered by any previous
output complexes
22 fewest number of literals in the complex
3 (optional) « the largest number of events

from the original event set ¥~ which are covered
by the complex

This selection process is designed for a MAXSTR value of 1
to increase efficiency. If an event from Fi is identical to an event
from another event set}?ihé program hadts and prints a message
indicacin@?&f.‘”two events which were identical and that an inter-
mediate‘star was 'wiped out!',

In addition, unspecified values for some variables may be
handled by assuming that the value for the variabie is the entire
range of values for th#t variable (i.e, the program ignores unspecified
variable values in star formation), Thése variables are coded as the

value 0 in the event set data,

3. How to Use the Program AQ.FOR

This section describes the input sequenée and recommends
optimal parameters t?’{’auai&;zh; pest vr_i“ formulas eeenaosidy.
To‘execute the progranm, some'preproccssing of the event data is
necessary to creste the proper binary mode input, The program reads
the events from a binary mode randon access file called DATA.JLI. This

file contains the entire event set where each event is preceeded by the



number of the set Fi to which it belongs. ‘or exaaple, with 50 variables
and 1200 events, this is a 1200 X 51 matrix of values. The program REFCRM.
will accept input for AQVAL - v7 and create the proper input for AQ.FOR |
as well as accept formatted data (which is more economical to store),

In addition, a file FSIZ%*é;:tains the size of each event set
(except the first) is necessary. Each successive line of this file HBuld
contain the size of the next event set: (numbered 2, 3, etc. ).

The output appears on the terrinal in readable form and also
in a file FOiM,.DAT in a form:z;yggesubsequent processing by the
PL/1 programs, |
3.1 Inﬁut Specification

Reformat the data if it has not been already done by folkdowing
the steps in table 1. Then, fonzVLi formulas using the steps in table 2.

Before proceeding with table 1, copy the events into a file named EVENT.DAT.



Generate Covers

T

- -
‘ Step ! Terminel Oupput {User Response Example ! Explanation
T 1 i ——— A
1 . 'RUN AQ . Execute the program wiich generates covers
i
2 i ENTER NUMBER OF 50 .Enter the number of variables (or dimensions)
i DIMENSIONS i P
1 ¢
3 " HOW MANY EVENTS 1942 Enter the total number of events in the entire set F
iTOTAL ’
4 ENTER MAXSTAR AND PY1pp (¥ means enter blank) Enter the maxstar parareter in |
NOSEC 12 12 format and then enter O if the third criterion
: (total events of the events set covered by a complex)
: is to be used, enter 1 otherwise in i2 format.
1
5 EITER CLASS TO 1 Enter the first class nurber which is to be covered {
BE COVERED I2 (1 unless this is a restart) :
6 HOY MANY EVENTS 200 "Enter the nurber of events which are to be randomly
OF C2 chosen against whith covere are to be generated.
7 EL:EP BEGINAIN. wie BPPLPo8 Enter the event number which Begins the set specified
SIZE OF CL:S5 14,13 ‘ in step 5 and the number >f events in this set. The
. program now generates covers for the csets specilied
the file FSIZE generated by the prograr FIGORN und
prints the covers con the terminal.
8 EXIT Normal program termination. The covers zre now in

3 it o orant

tne file FOR.L.DAT




Reformar Data

lStep ! Terminal output

User Response Examples

Explanation

1

!
2

i
t

" ENTER FORMAT

i
!
»
b

ENTER # OF
VARIABLES Ald
# OF EVENTS SETS

HOW MANY EVEHNTS
IN SET 1

' BO4 MANY EVENTS
ARE TO BE COVERED .

EXIT

RUN REFORM

CR or (3I2,1x,L12)
73

21

13

o o ——— e ——— W B, MM . il e . . e . 3Vt e e e e s o+ o o o 4 e e e e 4 =

Execute the program which reformats the event data

Enter the Fortran format in parenthesis if the
data is formatted in the file EVENT, otherwise,
press CR if it is in list format.

Enter the number of variables and the number of
event sets or classes

Enter the number of events in the set requested.

Enter the number of events which are to be randomly
selected to be covered. @o to step 4 until all event
set sizes have been entered

The program has completed execution and the file
DATA.JIM now contains the internal form of the
ement data. A file FSIZE contains the number of

_events to be covered.




o
\“ WAook “) b
'°heuld ‘Tt -be necessary to restart the program, fzr*t copy the useable

information out of the file FORM.DAT, {hcn build the file FSIZE with
the sizes of the sets amt which remain to be covered and execute the

steps 1 to 7 of table 2,

3.2 File Structures

FAIZE This i3 a file containing the size of each event set to
be covered (except for the [irst set which is specified on
execution), and the number of events which are actually to be
covered., Each line of the file corresponds to cne event sat,
Each line contains one or two numbers in I3 format. lhe
first number indicates how many events of the event sct are
to actually be covered. The second number is specified only
if a subset of the original event set is to aclually be
covered., In this instance, the second number indicates
the total number of events in the events.,

Example : pPus113 (¥ = space)
' 200 T ‘
300400

In this example, the second set to be covered contains
113 eovents but only 45 are to be actually covered bythe
program, The third set to be tovered ¢ontains 200 events
e all of which are to be covered, The fourth set contains
LOO events, 300 of which are to be covered (lote - the first
v+ set to be covered iy specified in step 7 of table 2)

FORM.DAT < This file contains the formulas generated by the
program AQ.FOR in intermal format.accepted by the foklow-
up PL/1 programs. The file consists of a list of formulas,
each of which covers one event set (or part of an event
set as specified by the file FSTZE)., Each such formula is
terminated by a -1 in columns 1 and 2. Each such formula
is composed of a set of complexes each of which is teminated
by a 0. Finally, each camplex is a list of literals containing
the variabtle number, the lower bound and the upper bound for
the literal. Unrestricted lower and upper bounds are represanted
as 0 and 10000 respectively.

.Y
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AQ.FOR  FORTRAN source for the prozram AQ.FOR

AQ.SAV  Save module (load module) for the program AQ.FOR

REFORM.FOR Fortran gsource for the progras REFCRHM

REFORM.SAY Save mmodule for the program REFORM

DATA . JIM Random access file containing a list of events in
internal {(binary, random access) form. Zach event is represented
by a list of the variable values arxi is prcceeded by the number i

. of the events set F~ to which it belongs.

BVENT 241 File containing event sets in raw form,

k Program Structure AQ.FCR

The Fortran program AQ.FOR generates VL, covers of event set F*

awsn against randomly sclected events froam other sets F/Fx. The basic

files and their structures are described in section 3,2, The prograx

and the data structures within the program are described here,

4.1

B:ogram Data Structures

Event representation -~ Events which are to be covered are stored
in the array EVENT. Each row represents one 2vent, Each elment
of a2 row represents a variable value for that event. The cize
of th#s array may be altered to better it the cvent set which
is to be covered by program wodification.

Event set representation -- The sets E, and F_ are represented
by the arrays FQ and FP respectively. FacR of these arrays
contains a pointer to the location in EVENT for cach element
of the corresponding sets, ihen an event is removed from
one of the sets, the corresponding element of the array is set
00 0. Ancvert apainst which coverZs are to be formed
is stored iu an array EVE,

Complex representation -- Ffach camplex is rupresented by
a litfof selactors. Each selector contains inforaation
¥bout the variable (DIM), the lower and upper bounds (X3 and UB)
and a pointer to the next selector (SPTR).. Fach camplex contains
information abaout, the weipht of the canplax (CUST) encnded as
(DI * §# new events covered — (the nurber of sclectord, “the
number of events covered by ‘he complexx ($5C) armd a pointer

1 4

g



to the next compler. in the star (PTR). In addition, for
garbage collection, each sclector node (shown below) contains
a mark bit (MARK).

Example:

Node (3) Node (15) Node (20}
DIM PTR To™ ™~ [ PR~ 1) A G

3 20 2 - 25 0
LB UB XL3 uB XLB UB

3 6 5 10000 0 10
MARK SPTR MARK | SPTR HRAK SPTR

0 15 1 0 1 0
cost SC COST | SEC COST SkC
113 200 - - 103 120

VIi formula represented above:
(3<=X3K=6)8(5¢=X2) V¥ (%X25< =10)

Star representation -~ Each star is represented by a head pointer
and a list of complexes in order of dacreasing €08t and 85C
vidues. Two subh lists are maintained; the list representing
the current intermediate star under construction (with hoad
GCLIST*) and the pruevious intermediate star (with head pointelr
OLIST)., A list of free selector naderis also maintained with
head pointer FREEZ. ‘

Selector stnrage maintanence -- WhenZever a selector is created,
a selector element is obtained from the free list of elements,
1f this free list should be exhausted, a garbage collection
routine is invoked which marks all nodes which are curreatly
in use ard steres the remainder in the free list, If
more than 50 of the space is actually in use, a message to
that effect is printed.

* GLIST contains a dummy first element for better insertion algorithm,
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4,2 Program Structure

The program AQ.FOR.consists of several routines each of

which is briefly described below, Refer to the prosram listing piven

in appendix A for further details,

MAIN -~ The program AQ.FQIt begins with a driving program or

AQ

main program which selects events which are to be covered based

on user input or the data in the file FSIzf, Bvcn}s are either
randomly selected (#f only a subset of event set F~ is, to

be covered) of sequentially (if the entire event set Fl is to
be covered,

«- This subroutine is the heart of the algortha. ‘he

process proceeds as follows: An event is selected from the

set £ (FP array) or if this is eapty, froa the sot E, (the .
FQ ar?ay). Fvents are then selected from Lge event space F: vF”
at random, If an event from the event set’which is to

be covered is selected,fram the set F, it is discarded and a

new event is picked again at random, How, for each varialle

a selector is generated, multiplied by the old intermadiate
star . (pointed to by OLIST), and inserted into the now- Lo ﬁ A/
intermediate star (see the subroutine INSHRT).. Lvﬂncmftxlv«! AL
variable CLIST is set to rcint to the current intermediate stae i
and a new event is selected from the event set F as bzfore,

If this event is not contained in the current star, it is included

in the total number of events of F (i.e. the events against

which a cover is to be formed) but no elementary star is

formed against this event and no multiplication takes place

since it would not change the current intermediato star anyway.

Once the correct number of events of F have been used, the

complex which is selected as the best of the current star is

typed on the terminal and stored in the file FORM.DAT using

the subroutine PRT. The arrays +Q and FP are updated and

a new event is selected fram FP or FQ, Uhen all events

of E, have been covered, the subroutine returns control to the

main progranm,

PRT(R) -- This subroutine prints the camplex which is passed as

an argument (R) on the terminal and slores the cepplex in the
file EORM.DAT in the proper format.

CF(R) == This routine calculates the waight of the complex

(R) and returns this value., The weight of a complex is:

# of events not previously covered by a camplex but cavered

by this complex times the nuhocr of variables in the eveni

space mraus the number of selectors in the camplex. CF also

maintains the total number of events coversd if the switch NOSZC is off.
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5. TCPXLS = Pro,zra;m to list complexes generated by AQ.FOR

This PL/t program was writéen as a special purpose program
to list the complexes genorated by AQ.FOR. The canplexes and the
original event sets are read into this propram, a listing‘ of the complexws
in readible form . statisticy, ccw ool and a restricted
confusion matrix is printed, The program structure and the algorithms
used to compute the statistics and the confusion matrix are given in
section S5.1. A description of the input and modifications necessary 7o
handle different problems is given in section 5.2. Section 5.3 gives
~ an example of the output and describes the proper interpretation
of the output., Section 5.4 gives a grief description of the data

structures within the program. A complete program listing

appears in appendix B.

5.1 The input to the algorithm implemented in this program TCP{LS: includes
a set of complexes penerated by {he program AQ.FOR, the set of
training events (or learning events) used to create these comploxes

and a set of testing events. For each complex, govering part of the

event set Fi. a trimmed complex TC is created which has the following

properties:

.

i the trimmed complex contains the came eventsg of #' as the

original complcx C

ii the range of each of the selectors of C is reduced as
much as puasible,

The statistics about the complexws are determined as follows:

b



COV <= the numter of events of the set F' covered by the
complex (i.c. the eventsassociated with the current decision

class%

NEW -- the number of events of the set F' not covered by
any previous complex but covercd by bay soylo <,

IND -~ the number of events of the sat F' not covered by
any other complex bvi ¢v.é. i b ths Counpler ¢

TOT -~ the number of events of F‘i ocvercd by the complex and
all proviocus complexes,

Following these calculations, the couplexws are printed
‘u’.J l'“‘!lf
in a readable form,. -:i, the comfusion matrix is formed. Approximately

the s@m¢ procedure described in the COWFUS manual is used with the
following modifications;

i The definiton of the degree of [it of a selector to a
variable value (DS) is changed to ke following:

= if the value is satisfied by the selectof
of the trimmed camplex
o5 - if the value is satlsfied only by the
selectors of the original cormplex
0 - otherwise

DS =

ii The unspecified values are simply ignored in the calculation
of DT (degree of fit of an event to a term).

5.2 Input Specification -
i Formula input - This is the file FORM.DAT created by AQ.FOR,
i1 a data file 1EARN which contains first a list of the number
‘ events ineach event set follougdg by the actual events in a
fixed format defined in the program,

iii a data file TEST which contains first a list of the number of
events in each test set followed by the actual events in a fixed format,

Unspecified values are coded as 0, The format part of the BDIT
statements must be modified to accept different format events, Different
numbers of event sets and the maximum number of events must also

involve program modification
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COPY(S1,D) -~ This routine allocates a new sclector node (D)
and copies the information from celector Sl into D.

ALLOC(F) -~ This reutine allocates a new selector node from
the list of frea selector nodes, I this lict is cmpty, the
parbape coléection procedure is invoked., fach node is marked
with a 0, Then, each intermediate star and temporary selector
is marked with a 1, All node marked Q are collected into
the free list. If this list contains leus than 10} of
the total number of nodes, a message is printed, otherwise,
requested sclector node is returned in the parameter ¥

COVER(R,S) -~ This function determines whether complex R cover s
complex S, If it does, then cbveR returms a 1, otherwige
it returns a 0.

CONT(E,LIST,FLAG) -- The function CONT decides if the event E
is containcd inthe complex LIST (if FTAG i5 1) or in the
star LIST (if FIAG is Q). If 2 is zero, the event to test iZs
assuwned to be stored in the ‘array EVE, otherwice, it is in EVENT.
COHT returns a 1 if the event ¥ is stored in the list LIST,
othervise, COLT returns O,

INSERT -- This subroutine inserts the complex ¢ into the intermediate
star [IST in the proper place and then trims the star to
MAXSTR elerents, The new conplex is [isst compared against
each element of the current imtermediate star. 1In such a
comparision, if one complex has more weight €COST] than the
other, the routine COVER is invoked to detennine if nne complex
covers the other, If it does, the second complex is eliminated
from fufther consideration., 7he star list is kept in order
of decreasing weight so that the first complex in the 11ht .
is always tle best.

XMIN, Xf1AX -~ These routines {ind the min. and max of two elements.
QLQT(3) -~ This function selects the best coaplex from the

113t I, Currently, the best casplex is always the first on
the list,
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S5¢3 Out put Description

The output of the program consists of a list of ccaplexes
and statistics, Each complex and iteg ascociated trimmed complex
is printed along with the generated statistics as described above,

The format of each selector is as follows:

(L_“C)b] ‘:jx VLE:@'J“J d’])"“ ((’;f’i N SV C/('{)

v is the variable number

a is the lower bound of the geresalized (or original)
complex if it exists )

b is the lower bound of the trimmed complex (b is only printed
if it is different from a and a was printed)

] is the upper bourd of the trimmod complex (c is
only printed if it differs from the zeneralized upper
boutd d and d was printed)

d the upper bound of the generalized complex (only printed
if it exists).

(fhe brackets in the fordula above indicate thet the
information inside may be anatted)

The confusion matrix is printed following the complexes. All
decixions with decision value within .05 of the highest decision value
are printed, Each decision value is calculated as described in
‘CONFUS with the modifications described in section 5.1. A sample output

from the program is given on the next few pages.

5.4 Data Structures

The complexes and trimnmed complexes are stored in the following

6 arrays:


http:print.ed
http:print.od

VAR <« contains the number of thes variable associated with
the complex

LB,UB -- contain the lower and upper bounds for each selactor
the generalized complex

TLB,TUB -~ contain the lower and upper bounds for each
selector of the trimmed camplex

SPTR -« contdins a pointer to the next complex
CPTR -- 18 an array which contains x pointers to the complexes

stored in the above structure, Each elemcntl of yow i
of CPTR poigts to a complex which covers a part of the

A3

event sct b

HUMCOV, TOTEOV, IND, HEWCOY -- are agrays which accumulate statistics for
corresponding complexes of CIIR .

BCOV -- is a binary array which contains a '1'3 in row i and
column j if the eveant j was covered by the i~ complex.

5.5 Program Structure

The first set of statements read the generalized complexes
into the proper arrays and initialize the array CFTR, Next, the
trimmed complexes are calcuddted and the appropriate statistics
generated, After all statistics have been generated for one decisiﬁn
class, the complexes and statistics are printed, After all trimmed
complexes have been formed and the complexes printed, the confusion matrix
for each event set is prinled using the calculations described in
section S5.1.

The prodedure XMATCH forms an array CSAT which containsg the
decision values for each complex. The best complex is selected from
this array and returned to the confusion matrix section of the program

A complete listing of the program appears in apmndix B.
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6 PBLUG « Program Descrippion

This program prints out a confusion matrix based on VL, formulas
produced by the program AQ.FOR, The decision values on which decislions
are baced are obtaindd by sclecting the set of complexesbwhich best
describe the piven event and then calculating the event set Fi which
has the highest propability of being covered by this set of complexes,

More precisely, the probability P(event EF‘l )cpx - j)
(1.0, the probability that the event covered by camplex j is a
member of the set F is calculatedd This is printed in a table, each
row of whidh corresponds to a different complex (i.e. the element
(3.1) is P(event?,ﬁ‘i{ cpx = j)).

for each event in the liating set, those complexes 63 which
most closely match the event (DC within .09 of the best match)

: !

are selected. The average probability avg Pevent{ Ft lcpx «C.)~ fk,
cd J

taken over all esuch complexes Cj is computed. Then the resulting

figures are normalized to 1 and the best two su¢k values are printed

gl 2} Tevm Ao yaaloates Pa (l'-(fur.";/

in the appropriate columns, In addition, statisticx are maintained

about the mumber of correct decisions and the total number of decisions

made altogether, The input is identical to that for the program

TCPALS as described in the previous section and the restriction

about program modification for application bb a different problem

still apply.
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END;
XMX=03
DO I=1 TO NC;
XMX=MAX(BSTLI)  XMX)3
END;
DO I=) TO NC;
IF XH4X~-BST(1)>.05 THEN
8ST(1)=0;
END;:
PUT SKIP; L=TSIZE(IC)/Z72; IF L=EVE THEN
PUT EDITLY DO *,ICILA,F(5));
1F B8STLIC)~=0 TrHEN ICORR={CORR+]1l;
DO I=) Tu NC;
IF BST{I}~=0 THEN PUT EDIT{BST(III(COLILO*S*] ), Flh,2)):
END3

PUT SKIP DATA{ICCRR)

END;

XMATCH: PROC(CIRETURNS(FLOAT )
DCL {C.CPXIFIXED BIN;

/%

00 CPXxal TO 20 WHILE(CPTRIC CPX)~=Q);
ICA=CPTR{C.CPX)
FTOT=0: NV=);
D0 nHILELICX==0);
CENTER = (TUBLICX)eTLBLICX) /23
L=EVENTI{EVE,VAR(ICX]) )
IF L~=0 THEN
IF LCCENTER THEN
00: NvsNvel;
IF LBLICX)=0 THEN TOTaTOT+1l:
ELSE [F LBLICX)I<=L THEN
TOT=TOT#+{L~-LBLICX))/(CENTER-LBCICX) )
END;
ELSE IF L=CENTER THEN DOSTUT=TOT+1; NVaNVel; ENDS
ELSE DOU; NV=NV+l:
{F US{ICX)=10000 THEN TOT=TQT*1;
ELSE IF UuBLICX)>=L THEN
TOT=TOT+{UBCICXI-L) Z(UBLICKI-CENTER});
END; =/

L=EVENT(EVE,VAR(ICX) )

IF L>=0 THEN

IF LBUICXIC=L & UBLICX)>=L THEN TOT=TOT+.5;
IF TLBUICX)IC=L & TUualICX)>=L THEN TOT=TQOT+.5;
NV=NV¢]l 3

DO;

END;G

1CX=SPTRCICX): END;
IF NV~=Q THEN TOT=TDT/NV;
DCL CSAT{(20)STATIC:
CSAT(LPX}=TOT;
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STMT LEV NTY

1 0 ITCPXLST: PROC DPTICNSIMAING;
2 1 0 | PUT PAGE EODIT{(® FORMULAS FROM INC EVENTS*IICOL{203,A);
3 1 0 | NC220; NEVE=200: :
5 1 o | BEGIN;
6 2 0 | DCL ((SPTR,VAR,LB,UB,TLB,TUB){3000),CPTRINC+1,20)
| »yEVENT(NEVE,S0) ¢ {LSIZE, TSIZEMINC).CPX,
i {INJMCOV e TOTCOV INDeNEWCCVIINC 20 )+ BLCOVI204NEVE) s NEAI{NEVE)
) +PTR(SOIIFIXED BIN, LINE CHAR{10C)IVAR ,NUMB CHAR (4 )VAR;
4 2 o | COV: PROCICPX,LIRETURNS(FIXED BIN);
3 3 0 | DCL t STATIC, CPX FIXKED dIN;
9 3 0 1} 1=CPTRIIC,CPX);
10 3 0 | DO WHILE(I-~=0)3
11 3 1 1 IF LBCTI>EVERTIL,VARLL)) | UBLIICKEVENTIL,VARII)) THEN RETURNLO);
12 31 [=SPTIRLL};
13 3 1 | (PO
14 3 0 | RETUKNEL)YS END CUvVe
| /% READ IN CUMPLEXES #»/
16 2 0 | CPTKR=3;
17 2 9 1 NUMCOV, TOTCOV,IND NEWCOV=03;
13 2 0 | [CoCPX=1: CPTR{L,y1)=l; NEXT=L:
21 2 0 |§so: GET LISTUIVARINEXT));
22 2 0 IF VARINEXT)<=a0 THEN GO TO S1;
2 2 0 | GET LISTULIINEAT ) LUEBINEXT ),
D 2 0 1 JENEXT; NEXTShi AT+l SPTRINEXT-1)=NEXT: GO TO SG;-
<o 2 D 181 CPA=CPXeL] SPTald)=0; ‘
30 2 0o | IF VARINEXT)=~1 THEN DUGCPTRUIC,CPX~11=0; IC=1Ce¢1l; CPX=1; END;
35 2 0 CPTRUEC CPXIaNEXT ’
3o 2 0 | IF [C<=NC THEN GO TO SO
|
:/- CALCULATE TRIMMED COMPLEXES ]
37 2 0 1 GET FILE(LEARN) LIST(LSIZE};
33 2 0 |T1CPxX: DO 1C=1 YO NC;
33 2 1 i BCOV=0;
40 2 1 | GET FILC(LEARND EDIT(LEVENT(J,*) DO J=1 TO LSIZELIC)))
': - (COL{3),FU33,12 FIULY),#13).3 FUL)FUB)FLe)eF(1)s3 FUL3):+25 F(1]}
|
41 2 1 -1 DO CPX=1 TO 20 WHILE{CPTIR{IC,CPX)~=0);
&2 2 2 DO L=l TO LSIZELIC); BCOVICPX,LI=COVICPX,L)}: END;
45 2 2 | END: '
|
46 2 1 | DO CPX=1 YO 20 WHILE(CPTR{IC,CPXI~=0);
Wl 2 2 | FIRST=1;
—d 2 2 | DO J=1 TO LSIZE(ICY;
“9 2 3 | 1F BCOVICPXsJ)=1 THEN DO;
590 2 4 ) [CX=CPTRUIC.CPX);

-t
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51
52

53
54
55
56
57
53
5y
[*34]
ol
62
&3
65
(Y5
ol
b4
£9
70
71
i2
73
14
15

71
70
9
39
o4
84
65
-1

%4

8b
90
91
92
S3
94
97
93
95
100
1ul
125

N
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00 WHILE(ICX~=0);

IF FIRST=1 THEN

TUBLICX) (TLB(ICXI=EVENTLJ.VARLICX})

ELSE CO:

TUBLICX ) =aMAX(TUBTICX) JLVENT(J,VARCICXIN) ;
TLSCICX)=MINCTLBLICX) o EVENTLJ.VARLICX)))
END;

ICX=SPTACICX ) ;

ERD;

FIRST=0;

END;

END;

END:

NCPA=CPX~1; NEWsU;

DO CPX=1 TO NCPX;

DD L=l TO LSIZECIC):

IF 3CLOVICPX,L)}=]l THEN

D0; IF NEW(L)=0 THEN NZWCOVUIC,CPX)aNEWCOVILIC,CPX)+];

TNUMCOVIIC,CPXIesNUNCOVLIC,CPX)+];
NEVM{L)=]
EnND:
END;
END;
TUTCOVIIC, 11 =NEWCOVIIC, 1)
DO CPX=2 TU NCPX;

TUTCOVIIC.CPX)I=TOTCOVIIC ,CPX- 1) #NEWCOVIIC,(PX);

END ;
DO CPX=] TU NCPX;
U0 L=l TO LSIZECIC):

IF sLOUVICPX,Li~=]1 THEN GO TUO L1; 00 K=1 TO NCPX;

IF LPX~3K & dCOVIK,L)=1 THEN GO TO L1;END;
INDUICCPX)=INDLIC,CPX)+);

Llis END

. END;

PUT SKIPES) ELIT(®* TAE FOLLOWING® ,NCPX,

* CUMPLEXES COVER SET *,IC,*CUV NEW [IND TOTY)

{COLI2O)+AFl4a)sA,Fla),,COLLL00)+A);
Co CPX=1 TO ANC?2X; M=33;
PUT SKIP(2);
LINE=*CONPLEX: 3
ICPX=CPTRUIC,CPX);
DO Nv=]l TOU S0 WHILE(ICPX~=0);
PTRINV)I=1CPX: ICPX=SPTR{ICPX}; END:
NVaNV-1;
DO 1= TU NV-1;
00 J=1+}1 TO NV
IF VAR(PTRUI}IDVAR(PTREJ)) THEN ‘
DU L=PTRCI);: PTR(I)=PTR{JI; PTR{J)=L;
END S

ENOD;
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106
107
110
11l
112
113
1ia
115
116
L7
118
11¢
122
121
122
123
1245
1e5
120
127
ido
1.7
139
Lal
132
133
135
13%
136

137
13y
161
142
143
145
145

143
169
159
151
152
153
154
15%
150
1517
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END
DO J=! YO WV; LEINE=LINE 1 * (*; I[=PTR(J);
IF L3LI)>0 THEN
00;: PUT STRINGINUMBIEDITILBILI)II(FLa))s
LINESLINE || NUMB;
IF TLB(I)~=LB(I) THEN DO:
1 PUT STRINGINUMBIEDITITLB(L)II(FLA))
LINE=LINE Il *y¢ 11 Nu¥s;
END;
LINE=LINEL | <=
ENDS
PUT STRINGIRKUMBIEDITIVARIIIILFL2)):
LINE=LINE 1) *X* || SUBSTRINUMO,L,2);
IF Uatl <1400 THEN
DO; LINcsULINE || *<=t;
IF Tub(l)~=uB{1) THEN DOU3
PUT STRINUGINUMBIEDITITUBLIIILFLS))
LINE=LINEF] NuMB 11 *y*;
END3
PUT STRINGINUMBIEDITIUBILLI)ILFl4)):
LINE=LINE ] huMB:
END:
LINESLINE L] %)
IF LENGTHILINE)>TS THEN Du; .
PUT SKIP EDIT(LINE}(A)S
LINE=? '
IF M20Q THEN 00;
M=l
PUT EDLTUINUMCOVLICCPX) ¢y NEaCUV(ILC CPX)
IND(UIC,CPX),TOTCOVIIC ,CPXIJLCOLLLI00) 4 lFL3) X211}
ENO;
END; END: PUT SKIP EDIT(LINE)(A):
END LST;
END TCPX;:
CONF2: DCL BSTUNC);
GET FILE(TEST) LISTUTSIZE):

DO IC=1 TC NC; GEY FILEU(TESY) EOIT{(EVENT(J,*)00 J=l TO TSIZE(IC)}}
{COLE3),FU3)p12 FUL),F(3)e3 FULLYGFLB)FLa) FLL) S FL3),25 FiL)
|
PUT PAGE; ,

PUT EDITILD" 11 DU 1I=1 Tu NCIIICOLISSII+11),A,F(2));
DO J=1.23
PUT SKIP EDIT((*_* DI I=1 TO 1£0))ta);
END;
ICORR=0;
DO EVEsl TO VTSIZELIC)S
8ST=0: -
DO Cal TU NC;
BSTLC)=XMATCHIC) 5
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PBLOG: PROC OPTIONS{MAIN)S
NC=207 NEVE=]112;
BEGIN;
OCL ((SPTR, VAR, LB, UB}{4000)+{LSIZE+TSIZEI(NC)»
CPTRE120) CLASS{12D),EVEL(SO)CPXIFIXED BIN,CCPROBINC,120)
DCL xMt120),3STINC), (DTOT,DECISIFIXED BINS
170t=0; DTOT=0;
MATCH: PROL;
OU CPX=l YO NCPX;
JeCPTRICPX) 3
X=0; NV=03;
DO WHILELJU-~=01);
IF EVEIVARIJ}I)I>O THEN NVaNVel:
IF LBUJIC=EVE(VARIJDIIEUBLSID>=EVE(VAR(J) ) THEN
X=X*l; J=SPTR(J); END;
IF NV=0 THEN XMICPX)=03
' ' ELSE XM{CPX)aX/NV: END MATCH:;
IC=1; CPTR=Q;CPTRIL)=1; CCPROB=0; NEXTal; CPX=];
s0: GET LISTIVARINEXT))
{F VARINEXT)I<a0 THEN GO TO S1;
GET LISTUILSINEXT) JUBINEXY)};;UsNEXT: NEXT=NEXT+1l;
SPTA{JI=NEXTS GO TO SO
S1: SPTR{J}=0; CLASSICPX)=1(; IF VARINEXTI=0O THEN CPX=(PX¢l;
CPTRICPXI=NEXYTS: IF VARINEXT)=~] THEN IC=IC+13
If 1C<=NC THEN GO TO S0; .
NCexX=CPX-13 GET FILE(LEARN) LIST(LSI2E)
DO 1EVE=1 TO NEVE;
GEY FILE(LEARNI EDITULIC,EVE)
(COLEL) JFL2Y,FU3),12 FULYGFLE3)23 FLLIeF(3)4Fla),Fll),5 FL3)
025 F(1V)3
IF IC=0 THEN [C=20;
DO I=1 TO NCPX;
J=CPTR(I): DO WHILE(J~=0)3
IF LBIJIDEVEIVARIJIDIIUBLIICEVE(VAR(J)) THEN
GO TO S4: J=SPTRUJ}; END;
CCPROBILIC«1)=CCPROBIIC,T)+L:
S$4: END;
END;
D0 CPXal YO NCPX;
XXaSUMICCPROBI»,CPX));
CCPADB(»,CPX)=CCPROBI®, CPX)/XXIEND;
PUT PAGE EDIT((*D*, 1 DO I=1 TD NC})
(COLULO+S5*1),A,F(2));
00 CPx=1 TO NCPX:
PUT SKiP EDITLLCCPROBIL,LCPX) DO =1 TO NC})
(COLLLO+5*] },Fl4,3)):
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PUT SKIP(O) EOIT(' .....°)(COL.. S*CLASSICPX) ) A}
END; )

GEY FILE{TEST) LIST(TSLZE):
CCPROB= (CCPROB=0)*2E-3+CLPROB;

Do

IC=1 YO NC3
PUT PAGE EDITL(*D*,1 DO I=1 YO NCIY(COLU10+5¢%1),A,F(2))

PUT EDITI(*_* 00 I=1 TO 2401)(SKIP.,120 A};
I1C2=TSIZELIC)/72; ICORR=0; DECIS=0;

00 IE=1l TO TSIZECIC)S

GEY FILE(TYESYT) EDIV(J,EVE)

(COLULYFL2),FL3),12 FELILFL3),3 FULLI,FLI),FLA), F(l)oS F{3)
025 FLL))5 Call MATCHG Xx=0;

DO I=1 TO NCPX: X=MAXIX,XM{L}); END.

85T=0;

00 J=1 TO NCPX;

IF X-XM{J1<.05 THEN

DO L=] TO NC; BST(L)=BSTIL)*CCPROB(L,J) i END;
END3J

X=03

DO I=1 7O NC; X=MAX{X.,BST{1)}: END:

Y=0;00 I=1 TO NC;IF BST(I)~=X THEN Y=MAX(Y,BSY{(]));END;

PUT SKIP; DO I=1 TO NC; IF BST(I)>Y-.0L THEN 00;
PUT EDIT(BST(I)/XI(COL(L0+SSI)sFl4s2))3
DECIS=DECIS+1; ‘
IF I=IC THEN ICORR=[CORR*li END: END;
IF 1C2=1E€ THEN PUT SKIP(0) EDIT(*D*,ICI(A,F(6));
END; PUT SKIP DATA (ICORR,DECIS); DTOT=DTOT+DECIS:
ITOT=ITOT+1CORR; END;  PUT DATALITOT,DIOT):
END PBLOG;

.‘z'....‘,d..._
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PBIOG  Program Listing
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ARARRAE AQPL
EE28EEE AQPL

seERes® AQPL
-SaAakeh AQPL

*90888S AQML
sexssxs AQPL

ssenss AQPL

sessg s AQPL
rEREEEE AQPL

sasasek AQPL
ssesees AQPL

SERsEE® AGPL
sxusess AQPL
*EEeE S AQPL

SSTART® USER FORSBURG [£4113,6574 ) 408

see | sssss BIN ssges [ 4 Iy 1
333 181 $3223 BIN 33 33338 [2LA:487L) rRARURY SgRRS BIN 3
1313 }g{ sxssd BIN 23 3883 [ 4]113,8874] FORIBURG *¥9%9 BIN 23 1
%58 101 w255 BIN 23 xsx2x (4]113,6574] FORSBURG sssas BIN 23
ssx 101 sexsx BIN 23 =288 [ 4113,6574) FORSBURG ¢ssss BIN 23 1
*2% 101 #=x%sx BIN 23 ¢*285% [ 4]113,6874] FORSBURG ss%ss BIN 23 »
*%% (0] ¢ssxx BIN 23 ssxs% [4113,8574)] FORSBURG sx%ss BIN 23 »
s2% 10] s*ssx BIN 23 #s2s [ 4]113,6574)] FORSBURG ssass B8IN 23 3
1T }g} sesxs BIN 23 setus [A4113.,6574) FORSBURG *%es%x BIN 23 »
ARE )
58 101 xsexsx PBIN 23 228xx [4]113,6574) FORSBURG =sss8s BIN 2131 =
se% 101 #ssss BIN 23 =e5%xx [ A4113,6574) FORSBURG ss&ss BIN 23 =*
s42 101 sxsss BIN 23 =228 (A113,6574) FORSBURG #s2¢s BIN 23 »

H A S P {311} S Y S TEM L. 0 &a
J.Co;i RY'(JZWL? |

b & {alelekk |

Loy 4143, 6575 By
B AQPIUS | | -

AQPL SEQ. 2758

DATE 13-MAY=-76 13:19:18

ancad IMPLICIT INTFGER (A=7)
00010 COMMON DIM(200) +XLB(200).,UB(200).SPTR(200),PTR(200)+MARK(200),
00020 1TAUFREE +TQeSEC(200) F1(100):,F2(100),FQ(100) ,EVENT(100,30),
‘ggggg g?letHSLQSH‘ao)QCOST‘ZOO"?OTSOGL‘STQQLtSTQTLlstiEVE(SQ,t
00080 SLASTPREVCLNFORCPUT(10002 ) NEXTLINEXT20+FP {100} s MAXSTR»
00060 SDIMTOT ¢NCT«NDIM . MAX 1 4 NOSECs C1INC24IB¢NC1USE] +RAND ¢ DUMNY
20080 REAL VU
anioo IYPE 100
00200 100 FORMAT(//.* WELCOME TO THE WONDERFUL WORLD OF AQPLUS.!')
00220 CALL DEFINE FILE(1031eNEXT]I s JIMDAT?+"4113,%65748)
00240  CALL DEFINE FILE(20:51 +NEXT20+'DATATOT?*,%4113,%6574)
00260 DO_10 I=t.200 _.
00270 Ul1)u0.58
00280 10 FORC(I)=0
00288 PREVC:‘O

=
00298 PUT(1+1)3=2 .
00300 CALL AQPARM :
00800 101 YYPE 102 . .
00700 GO TO 118%
30800 10% TYPE 110
00900 110 FORMAT(* CHOOSE ONE (BY FIRST LETTER)I*¢/+16X,
01000 1 [ L4 P RS /416X,
013100 2'FORCE CHOICES OF FEATURES® /416X
gL1200 JRUN AQVAL '3/ +1 66X PRINT BEST FORMULA'+ /16X, 'QUIT?*)
01300 1S ACCEPT 120.,0PTI0ONM
01400 120 FORMAT(AL) 4
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01500 IP(QPYiON.EQ.'H°1GD TO 10% HeAp
016060 "¢ tau.ea.:n:)canu MODIFY
01700 IF(OPTIONSEG. A" )CALL AQPARM ildn LA
01600 lF(OPTIONcEGc'C’)CALL CREATE —_— 7
01950 xﬁ(opgtcn.ea.:::;gsug pnggsr ; oy
-] . femomams i
g%?gg I!Fg:ggxgtgg-sg:ono 1e8 19 839 o ARV,
02200 GO TO 101
02300 180 CALL SELECTI(NDIM~NFORC)
02350 CALL PROJEC
—02A00 CALL AQ
02%00 IF(DISJINT.EQ.1)1GO TO 300
02600 TYPE 260
02700 260 FORMAT(/+' REPRESENTATION IS NON=DISJOINT. NO CHANGES MADE ')
O GO _IN 108 .
02900 300 CALL USEFUL
03000 GO TO 101
03100 900 CLOSE(UNIT=1)
SELUNIT=20
03300 TYPE 999
03400 999 FORMAT(//,* Y'*ALL COME BACK NOW, HEAR?®,2%5(/))
03300 END
00100 SUBROUTINE AGPARM
00120 IMPLICIT INTFGER (A=2) .
00140 COMMON DIM{200) ¢XLB(200)+UB(200)+SPTR(200) +P TR( 200) s MARK(200) »
00160 1TAUFREE ¢ TQs SEC(200) +F1(100),F2(100),FQ(100) sEVENT(10030),
00180 2SI ZE HSLASH(30) 4COST(200),T,TS,GLIST,OLIST,TLIST,EVE(30),
00220 SLAST PREVCLINFORC+PUT (10062 ) NEXTIoNEXT20+FP{100)MAXSTR,
00240 ADlnror.ucr.nOlu.nAxl.Nosec.c1.ncz.le NC1sUSE] +RAND ¢ DUMMY
00350 DOUBLE PRECISION HI
— 00400 DOUBLE SRECISION PNAME(12.,2), PACK
00500 INTEGER CHAR(20), COMP(10)s VALUE(12)
00600 EQUIVAL ENCE( VALUE, DIMYOT)
00750 DATA(VALUE(1)Ys1I1,1 2,/50028‘:3; 1910151061011 2410:040/
00900 1/'0IMTOT Y, °C= 200°%, *NCT vyt TL'NDIM *,90C= 30 ', 'MAXSTR!
01000 2° L'NOSEC 'e'0 OR 1°','C} vt YeINC2  t.'<= 100,
01100 3v18 Sit<m NCT!eONCL  *4'<= NCT?s 'NUSEL *4'<= NC1£100',
—034-300 ARAND. .. ¢ ,80 0OR 19, P ]
01250 NUMPAR=11
01260 TYPE 110
01270 110 FORMAT(/,* ROUTINE TO ACCEPT AQGVAL PARAMETERS's/)
01400 12% FORhAT(' ENTER (PARMIVALUE®). (SIHOW VALUES. OR (Q)UIT')
01500 126 ACCEPT 130 .CHAR.
01600 130 FORMAT(20A1)
NYL 700 ¢ L
01800 IFCCHARCL) «£Qe*S°*)GO TO 100
01900 0Q 140 f=1,11
01950 NUMB=T~-1
Qa®s:*iG0 TAO 1%0
02100 TYPE 148
02200 145 FORMAT(® *¢3¢% NOT FOUND IN SCAN RANGE. TRY AGAING')
02300 GO TO 120 - ,
02500 DO 160 J=1 NUMPAR
025%5%0 JNUMB=J
02600 160 IF(PACK.EQ.PNAME(J,1))G0 TO 170
p2700 IYPE (&% -
02800 165 FORMAT(® PARAMETER NAME INVALID. TRY AGAINe*)
02900 GO TO 120
03000 170 NUMBaNUMS 2
03028 KNUMB=NtIMO
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180 KENUMB .20

00
03100 IFPCCHARIK) JEQe ' $*)G0 TOQ 198
03200 IF(CHAR(K) ,EGs* *')1G0 TO 180
03300 IE{CHAR(K}IAGTA*QLIGNO YA 220
03400 IF(CHAR(K) L Te*0")GO TO 220
23800 180 KNUMB=K+])
036800 19% [F{XKNUMB-NUMBsGTe6, DR KNUMB=NUMB (. TL11GQ0 TO 220
Q03700 ENCODEL 104 130.PACK] (CHARC L) L ISNUMNB KNIUMA~1 )
03800 DECODRE (864200 4+PACKINOLD
03900 2C0 FORMAT(1S8)
04000 VALUE(JUNUMB)=HOLD/( 1 0% (5 +NUMB~-KNUMB ) )
_04100. IYOE 210,PNAME( INUMB.1 }o VAL UE (INUMB)
04 200 210 FORMAT(IXsA10e?' = ¥ 416)
04 3Q0 GO TO 126
04400 220 TYPE 230
_0AS00 2130 ' o)
04600 GO TO 120
oA 700 100 TYPE 108
04800 108 FORMAT(/+' CURRENT PARAMETER VALUES ARE:*',//) .
04900 TYPE 1150((PNANE(J0l)oVALUE(J’oPKAﬂE( 22) ) s =L+ NUMPAR)
08000 115 FORMAT({IXsA10¢® = * 4 I6e10Xe'(*9A10,+%)?)
08040 TYDE 114
05080 116 FORMAT(//)
05100 GO TO 120
03200 9% ¥AX$TRSO ;
05400 RE TURN
08800 END
00100 SUBROUT INE
00122 }:QLlCIT INTEGER (A-2)
00160 1TAUGFREETQsSEC(200)+F1(100)1F2{100)FQ(100)+EVENT(100,30),
00180 2SIZE HSLASH{I0) +COST(R200) o T TSeGLISTIOLIST TLISTLEVE(30),
00200 i{FL.DISJNT;U(ZOO)oNSEL(ZOO)oN(l5’s“(S’oFORC(ZOO)oPREVCo
00240 QDIMTOT ¢ NCT yNDIM s MAX L ¢ NOSECs CLIoNC2: I8 «NC1 JUSE] sRAND s DUMMY
00260 TYPE 90
00280 90 FORMAT(/+* ROUTINE TO FORCE THE SELECTION OF FEATURES' /)
_00A00 10  TYYPE 100
00500 100 FORMAT(/+* YOU MAVE SELECTED THE FOLLOWING FEATURES:*)
20600 DO 1%0 I=1,0IMTOT
00700 150 IF(FORC(I)EGs1)ITYPE 110.1
I(2X. 131
00900 118 TyYPE 120
01000 120 FORMAT(/,' ENTER FEATURE NUMBER (I3) TO CHANGE SELECTION *,
01100 . l'STAT?;; L TO LISTe"s/s" QO TO QUITe OR C TO CLEAR:' /)
01180 126 FORMAT(9,*' ENTER FEATURE 13 CR OPTION =°*)
- 01200 CALL GETINT(1)
01300 IF(M(1)eNEL'E *)GO TO 128
1320 JELNC1).FQ.'L 0)IGA TO 10
01340 IFIN(1).EQ.*Q*')GO TO 330
01360 IFIN(1)EQe*C?*)GO TO 220
01380 GO TQ 200
128 11
01500 130 FORMAT(I3)
01700 ' IF(IoGToDlﬂTO?QORQIoEQ.O’GO TO 200
01800 FQRC(I)*I FORC( 1)
'+ ] YPE 14041
01880 FORNAT(!O' FEATURE 1'413+7' CHANGED. ')
01900 GO TO 128 .
22000 200 TYPE 210 :
02100 2108 FORMAT(' THAT FEATJRE DOESN'*'T EXISTe ')
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02200 60 TQ 128

02300 220 00 230 l=),.0INTOQY

02400 230 FORC(1)=0

.mﬁﬂ GO IO llﬁ

02600 330 NFORC=0

03300 00 350 I=1,DIMTOT

03400 NSEL(!)=F0RC(I)C‘II

03500 3%0 _NEQRCENFOARCLFOR

03600 TYPE 360,NFORC

03700 360 FORMAT(/,* YOU HAVE SELECTED '¢I13,* FEATURES.®)

03800 IFI(NFORCLEJNDIMIRETURN .
03900 TYRE 32O NOIM

04 000 370 FORMAT(?!' YOU ARE ONLY ALLOWED *,13:* FEATURES, HOWEVERS EI THER
0s 100 1*INCREASE NOIMe /¢ OR RE-ENTER THIS ROUTINE TO CHANGE YOUR ¢,
04200 2°CHOLCES.*)

04400 END

00100 SUBROUT INE PROJEC

IMPLICIT INTEGER (A-2)

00140 1$ONMON DIM(200) +XLB(200),UB(2001,:,SPTR(200)+PTR(200) MARK{200),
AULFREE.TQ.SECL(2001) . F1{100).F2L(3Q
Q0180 2SIZE+HSLASHI30) +COST(200) e T+ TSeGLISTIOLIST TLISTEVE(30),
00200 JIFLIODISINT U(200) oNSEL(200)eN(15):M(3)FORC(200)PREVC,
00220 SLASTPREVCY +NFORCPUT(100+2) +NEXTEI NEXT20,FPL100) s+ MAXSTRY
00300 INTEGER IN(200) s0UT(30)+1ICs IsJe NEXTLoNEXT20,0IMTOY
00400 REAL RAN
01200 < PROJECT EVENTS
IYPE. 90 .
01279 90 FORMAT(//+* EVENTY PROJECTION IN PROGRESSe PLEASE ¥WAlIT.*s//)
01300 DO 20 J=]1.NCT :
01400 READ(20#JVIC(IN(K) o XK=1.50)
D 10 . Il NDINM
01600 10 OUT(I)=IN(NSEL(1)])
01800 20 wRITE(1#J)1IC.0UT
02300 DO 30 1=IB,IB4USEL1~-1]
02400 J=l .
02800 . IF(RANDEQ1 ) J=RAN( JIENC1I+1B
02600 30 READ(1#J)IC.(EVENT( I-18+41+J4)eJdJim1,30)
02700 00 40 ¥=loNCl
02630 TYPE 101 :
02¢80 101 FORMAT(//+" EVENT PROJECTION COMPLETED. "e///
02870 1* AQVAL PROCEDURE BEGUN. PATIENCE IS A VIRTUE+"+/)
~N2900 RE TURM
Q3000 END
00100 SUBROQUTINE MODIFY
00110 IMPLICEIT INTEGER {A~2)
ggigg »LFONNON Dlﬂ(zooioxL8(200)oUB(ZOO)oSPTR(zﬂo).PTR(ZOO)oHAR%é?OO).
TAUFREE «TQ.SEC(200),F1(100):F2(100)FQ{100) EVENT(100, :
00140 2STZE+HSLASH(30) s COST(200) ¢ TeTSoGLISToOLISTITLISTJEVE(30),
001%¢ JIFL «DISJUNT U(200) NSEL(200) ¢N(1S)+M{(I)+FORC(200)+PREVC,
gg%gg SLASTPREVCL « NFORC\PUT(100+2)sNEXTLIoNEXT20+FP (100) s MAXSTR
00200 REAL UsVALUE
00300 INTEGER DIMTOT: MESS 1 sFNOMODE
00400 FNO =0
00420 TYPE 100
00440 100 FORMAT(/+* ROUTINE YO MOOIFY USEFWNESS VALUES! )
00500 TYPE 110,0IMY0T
0Q 600 110 FORMAT(/:' REMINDER: YOU ARE WORKRING WITH *e13,* FEATURES.')
20700 590 TVYPE 600
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20 800 600 FORMAT(/+' ALTER/DISPLAY MODE, INCREMENT, HELP, OR QUITT',
00 820 1/¢8,' A/ /7H/Q ')
00900 ACCEPY 610 ,MODE
A10 FORMAT (AS)
01100 IF (MODE.EQ.'H® }GO TD 200
01200 IF(MODEL.EQ.* ')GO TO 52%
01300 IF (MODE.EQ.'Q*)GO TO 999
01400 IE(MODE NE LI AYIGO TN 590
01500 500 TYPE %10
01600 510 FORMAT(/+8+' ENTER FEATURE NUMBER (I13) =')
01700 ACCEPT 60N
01900 IF(N(I)<EQe* ')GO TO 154
02000 IF(NC(I)eGT.'9*)GO TO S40
02100 IF(N(I)eLTe?0")GO TO 5S40
02300 ENCODE (34304 MIN
02400 30 FORMAT(3Al)
02500 DECOOE (34520 s+M)IFNO
ATLIZY
02700 IF(FNO+EQe0)GO TO 312
02800 G0 TO 530
02900 28 FNO=FNO+1 5
03100 5a0 TYPE S50 ’ ~
03200 850 FORMAT(® FEATURE NUMBER INVALIDs CHOOSE ANOTHER. °*)
03300 G0 TO 500
03500 314 FORMAT(/.9:' DISPLAY OR ALTER ALL VALUES? DO/A *)
03600 ACCEPT 316 ,MODE
03700 316 FORMAT(Al})
03800 ) 20
03900 TYPE 428
04000 42% FORMAT($:/:,' ENTER VALUE TO REPLACE ALL OTHERS =!)
04100 GO TO %2
oS0t IGO T 312
04 250 TYPE 333
04300 320 TYPE 3304((1.U(1))s1%1,DIMTOT)
08400 330 FORMAT(&(® U(*eI3:' )= ,F6.4:4X))
DASAOD. IYPE 333
04480 333 FORMAT(/)
04500 GO TO 590
04600 48  TYPE S0.FNO,U(FNO) , . ,
04800 52 ACCEPT 60.N
04600 60 FORMAY(1SAl)
05000 NO=0
05100 NS=0 -
05200 DO S8 I=1.6
1E¢ L
05400 IF(N(1)+EQe’ *)1GO TO S8
05500 IFIN(I)eGT4*9°)GO TO 290
05600 IF(N(I)elTo*0?)GO TO 290
05200 _GO IO %4
05800 58  NS=NS+1
05900 GO TO S4
06000 $6  NO=ND+1
08100 %4 CONTINUE
06200 IF(NDeGTe1)GO TQO 290
06300 IF(NS+EQe6)GO TO S90
06400 ENCODE (64604 MIN
-06500
06600 62 FORMAT(F6.5)
06700 IF(VALUE+GT«1,0)G0 TO 290
06800 IF(FNO.EQ.0)G0 TO 70
aKaoan LHEENM)Y VAL LIF


http:r:Nnt.VA
http:DECODF(6.62
http:JpCN'J).EQ
http:IF(N(I,.EO

TYRE 63 .FNC.U(F NO)

65 FORMAT(/,! CHANGE MADES U('.13,%)z *,F6.4)
07200 GO TO 590
bfnkd
07400 80  U(I)=VALUE
07500 TYPE 8% ,VALUE
07600 85 FORMAT(/+' CHANGE MADE: ALL VALUES SET TO '.F6.4)
n'rrgn GO YO _SaD
07800 300 1F(FNO.EQ.0)GO TO 320
07900 TYPE 310 +FNO +U(FNO)
08000 310 FORMAT(/4' U('413:°)= *.F6.4)
0.0
08200 200 TYPE 210
08300 210 FORMAT(/.* MELPFUL HINTS:',./,
08400 1* FEATURE NUMBER O = ALL FEATURES.'s/s
L 1
08540 20 INCREMENT ACCESSES THE NEXT FEATURE NUMBER *e/s
08600 3*  VALUE = [RETURN ] CHANGES NOTHINGe's/)
08700 G0 TO 590
08900 295 FORMAT(' VALUE INVALIOs NO CHANGES MADEe"®)
09000 GO TO 590
09100 999 RETURN
—09200 END.
003100 SURAROUTINE SELECTINNY
00200 IMPLICIT INTEGER (A=2)
00210 COMMON DIM(200) oXLB (200) ,UB(200),SPTR{200),PTR(200) +MARK(200),
00220 1TAU,FREE,TQ,SEC(200 )+ F1(100),F2(100)FA(100) «EVENT(100430),
an 2812
00240 3IFL ,OISJINT ¢U(200) JNSEL (200) s NCL1S) oM ( 3) o FORC(200) ¢ PREVC s
00250 SLAST.PREVC] +NFORCoPUT(100+2 ) NEXTIsNEXT20¢FP (100) s MAXSTR,
00260 ADIMTOT ¢NCT JNDIMJMAX 1 NOSEC, C14NC24 [84NC11USE1sRAND . DUMMY
) PN &
00330 DO S I=1,0IMTOT
00360 IF (FORC(1)+EQ.11G0 TO 3
00390 NSEL(1)=0
— Q0420 GO_10 %
00450 3 NSEL(I)=1
00480 5 CONTINUE
00490 IF (NNJLE«OIRETURN
— 00500 GIOTa0.
00600 DO 10 [=1,DIMTOT
00700 10  IF(NSEL(I).EQe0)GTOT=GTOT+U(1)
00800 DO 20 I=1,NN
403060 210 Mlﬁ-ﬁ\
01000 00 30 I=1.NN=-1
01100. DO 30 J=1,NN-1
01200 - JP=Jed ‘
ﬂ‘! 2580 3G I0 A
01300 RANO=R ( J)
01400 R(JI=R{IP)
01600 R( JP) =RAND
02000 TOT=0,
02100 1=0
02200 0O 70 J=1.NN
02300 _RANO=R(J}SGYQT
02400 40 IF(RAND.GE.TOTIGO TO S0
02500 IF{NSEL (1) «EQe0) TOT=TOT-U( )
02600 1=1-1
02200 GO0 a0
03000 S0  IF(RANDeLE<TOTIGO TO 60
03100 I=fe1
03200 IF(NSEL(I)+EQe0)TOT=TOT+U(1)
aRING GN TN %0
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03400 60 NSEL(1)=}
03300 TOT=TOT-U( 1)
03600 GTOT=GTOT=-U(I)
03800 C CONDENSE ARRAY NSEL
03900 K=1
04000 DO 100 J=1.DIMTOT
04100 IEANSELLJ)LEQa03GO TO 100
04 200 NSEL(K)=J
04300 K=K+1 :
04 400 100 CONTINUE
~DAS00 I¥YPE 2040
04600 200 FORMAT(/.' THE FEATURES CHOSEN ARE: ',/)
04700 TYPE 220 +(NSEL(1)+1=1,NDIM)
04800 220 FORMAT(10(aX,13))
—04900. RETURN
05000 END
00100 SUBROUTINE USEFUL
00200 IMPLICIT INTEGER (A=2)
00220 COMMON DIM(200) +XLB(200),UB(200),SPTR(2001.PTR(200) +MARK(200),
o LTALEREE . TQ, SEC(200) F1(100),F2(100),FA(100)EVENF(100.30)s
00260 2S1ZEMSLASH(30) +COST(200) s ToTSeGLISTsOLIST+TLIST,EVE(30)s
00280 3IFL DISJNT sU{200) +NSEL (200) ¢N(15)¢M(3)4FORC(200)+PREVC s
00300 SLAST.PREYC1+NFORC +PUT(100+2) s NEXT1 +NEXT20+FP(100) 4 MAXSTR,
00400 REAL C+PREVC,U .
00440 TYPE S0
00480 50 FORMAT(/+* USEFULNESS VALUES BEING COMPUTED®)
0 NCLASS=0
00600 00 10 [=1,NCT
00700 READ(1¢1)IC,EVE
00800 IF(CONT(O0«TLIST,0)sEQe1)GO TO 20
IE(ICAEQAC1INCI ASSENCI ASS=1
01000 GO TO 10
01100 20 IF(IC.EQ.C1)G0 TO 30
01200 NCLASS=NCLASS~1
01300 G0 I 10
01320 30 NCLASS=NCLASS+]
01340 10 CONTINUE
01400 100  IF(NCLASS.LE.O)INCLASS=1
-
01500 SELCNT=0
01600 CPXPTR=0
01700 EVE(1)=0
—01800 NEEAYs(0
01900 X=TLIST
01920 C SEE JIM LARSON'S AQ.FOR DOCUMENTATION FOR AN EXPLANATION OF THE
01940 € DATA STRUCTURES USED HERE.
01980 C PUT FORMULA INTO ARRAY ‘PUT®,
01990 IFCSPTR(X) ¢EQe0«AND « PTR(X) «EQ+0)GO TO 500
02000 120 SELCNT=SELCNT+1
N2100 1EL .G a983G0O YO 130
02108 DIMENS =NSEL(DIM(X))
02110 PUT (Js3=LAST)=D IMENS
02120 PUT(J*1+3=-LAST)3XLB ( X)
— 052130 RUT(Je2 3=t AST)ZUB(X)
02140 IF (XoNEoTLIST)J2543
02150 130 DO 150 I=1+NFEAT
02200 150 IF(EVE(1).EQ.DIMENS)IGO TO 200
02400 NEEATSNFEATS Y
02500 EVE (NFEAT) =0 IMENS
02700 200 IF(CPXPTReEQ+0)CPXPTR=PTR(X )
02800 IF(SPTR(X) +EQ.0)G0 TO 300
a>Qa0 X=|RPTRIX)
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¢O TO 120
03100 300 IF({CPXPTR.EQ.O0)GO TO 500
03200 X=CPXPTR
10 COXDTIR=0
03220 PUT(Je3~LAST )==1
03230 IF(JelLTe96)0=0+1
03300 GO TO 120 \
03400 C=NFEATESELCNTE®NCI/Z/NCLASS
03500 PUT (] +3=LAST)=C
035810 PUT(2+3~-LAST)I=C]
03820 IE(C1.FQ.PREVCT GO TO SS0O
33230 PREVC1=(1
D3%A0 G IO K00
03550 S80 IF(CWLEPREVCIGO TO 600
03600 C=PREVC/C
03628 C=Cs%0.5
0 1 =041
03700 G2 Y0.410
03800 600 PREVC=C
03900 C=1 0
04100 DIMENSaNSEL(1)
0Aal140 TYPE 621 +DIMENS JU(DIMENS) .
0‘122 821 FORMAT(S,* l‘ot?olﬁﬁo'ﬂLD VALUEZS yF8.4+8Xs 'NEW VALUE=?)
DAL DO _620 _JAxL NFEA
04 300 620 IF(EVE(J)EQ.DIMENS)IGD TO 630
04 350 C IF FEATURE NOT USED IN RULE:
04400 U{DIMENS)I=U(DIMENS) sC*FLOAT(DIMTOT-NDIM)/FLOATE(DIMTOT)
- 0AS00 oo 10
04550 C IF FEATURE USED IN RULE:
045600 630 UCDIMENS)I=U{DIMENS) #+{1+~U(DIMENS))SCRFLOATINDIM)/FLOAT(DINTOT)
04720 628 TYPE 622,U(DIMENS)
04745 800 CONTINUE
04750 C TYPE FORMULA G
04800 INOX=3~LAST
-DASOQ I¥YPF 710.PUT(2 INOX I .PUT(], INOX)
05000 710 FORMAT(//7+' CLASS= ?,14,° COST= *,16)
05100 J=3
05200 720 IF(PUTIJ+INDX)GEW4QO)IGO TO 740
-03%5300 IELRUTL I, INOX) oEQe=21G0. X0 760
05400 J=Jjey
05500 TYPE 730
05600 730 FORMAT(/)
dadt+2)
05800 TS50 FORMAT(S:* (X3, 20,15e02%,[5,°°)?)
0%900 J=Je3
06000 GO TO 720
2480 T
06200 RETURN
06300 END
00100 SUBROUTINE PRBEST
00110 IMPLICIT INTEGER (A-2)
00120 CQ"!QH_Ql!i2QQl4XLﬂ{2Q914Qﬂ*2ﬂﬂ%&SEIQLZQQlAElBlZQﬂl&!ABSLZQQLL
00130 1TAUFREE ¢ TQeSEC (2001 ,FL1(100)+F2{100)eFQU100) +EVENT (1004301},
00140 2SIZEJHSLASH(30) +COST(200) e ToTSyGLISTOLISTsTLUISTLEVE(30)
OQ}Sg IIFL JDISINT U (200) ¢NSEL(200) o N(15):M(3J,FORC(200),PREVC,
018 s
00170 ADIMTOT s NCTINDIMoMAX 1 ¢ NOSECsCloNCR2sIB8¢NCL1+USE L +sRANDDUMMY
Q0200 TYPE 100
00300 1CO0 FORMAT(/,:* BEST FORMULA SO FAR:I?)
80400 INOX=LAST


http:100'.FQ(IOO,.EVENT(IOO.30
http:CLASS-'.14

————— —

00300 IF{PUT(1I+,INDX)«NEL.~2)60 YO 700
90600 TyPeE 110
00700 110 FORMAT(/:' NO FORMULAY)
-00.800 GO XN 790
04900 700 TYPE T104PUT(2:INDX) PUT(1s INDX)
05000 710 FORMAT (' CLASS=E *¢la,* COST= *,16)
05100 4=3
08200 220 IF(PUTLILINDX) GF DGO IO 740
05300 IF(PUTL{J«INDX)+EQe~2)G0 TO 790
05400 J=2l+l
05500 TYPE 730
__mﬂﬂ iy 2 ¥ 8 E“IATIIL
05700 740 TYPE 7S0+(PUT(I+INIX)e InnJeJ)#+2)
0s800 TSSO FORMAT(Se' (X? 413923 18+%3°s1S5e°)°)
05900 ) J=J+3
- 06000 GO _TO 220
06200 790 RETURN
06300 END
00100 SUBROUTINE CREATE
00200 TYPE 100
00300 100 s X r_10)
Q0400 RE TURN
003500 ENO
30100 SUBROUTINE GETINT(NMUM)
00120 IMPLICIT INTEGER (A-2)
—00.140 £0
00160 1TAULFREE TQeSEC(200)+F1(100)+F2(100).FQ(100)EVENT(100,30),
00180 2SIZEWHSLASH(30)+COST (20008 T o TSeGLISTOLISTTLISTEVE(3I0).
00200 JIFPLDISINT U(200) NSEL(200) oN(15)sME3)FORC(200),PREVC,
00240 ADIMTOT s NCT (NDIMMAX L ¢ NOSECeCl oNC2:IB¢NC1 JUSEL+RANDDUMMY
00400 ACCEPT S10sN
00508 510 FOR"AT(IQ:I:S
DO %30 Ixia
00700 IF(N{I)<EQs* ?)GO TO 530
00800 IFIN(]I)YeEQW*+*)GO TO 830
00900 IF(NUNQG?.O.ANO.N(I‘oﬁﬂo‘-’,Go T0O 590
01100 IF(NITIY
01200 IF(N(!).LT.‘O')GO TO S$9%
01500 $30 CONTINUE
01600 ENCODE(15¢510eMIINCTI)1I=1,195)
01700 RETURN
01800 S90 M{}l)Im'E ’
01900 RETURN
02000 END
05800 SUBROUTINE AQ ;
.-05900 IMPLICIY INIEGER [A-=Z)
05940 COMMON DIM(200) +XLB(200) UB(200)SPTR(200)}+PTR(200) +MARK{200) ¢
05%80 1TAU oFREE o TQeSEC(200)¢F1({100)F2(100)4FQ(100)+EVENT(100e¢30})
05022 251 2ZE«HSLASH{I0) COST(200)eT Y ScGLlSTtOLISToTLlSTvEVE&éO)9
3 Py
06100 SLAST+PREVCI«NFORC sPUT(100¢2 Vo NEXTI JNEXT20.FP(I00)sMAXSTR,
06140 ADIMTOT e NCTNDIM MAX 1 s NOSEC:CIINC24IB«NCLUSE]L +RAND,,DUMMY
06400 INTEGER DIMCLO'SPTRPTReMARK (FREE oF1 +F2.,FQsFP+SIZE,HSLASH
06800 1 (o
06600 INTEGER CF +E2 +E1+E2PDELTALCONT TAU
056700 REAL RAN
06750 DISJNT =]
SI1ZE=200

06800
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16900 el DO 60 I=1,S1ZE

97000 60 PTRIT )=l ¢t

07100 PHASE=1
11200 EREE=L

)7300 PTR(SIZE)=0
© J7400 CALL ALLOC(GLIST)

07500 CALL ALLOC(TLIST)

30 D 1

yr700 FP(1)=F1(1)
| 17800 a8 FaA(I)=F1(1)

07900 a9 DELTA=0

08000 DO 50 Ixl.USEL

78100 IF(AQ0RPHASE+FP(] })«EQ.400)GC TC 50
18200 IF(400*PHASE+FQ(I )+EQ.800)G0 TC SO
)8300 DELTA=DELTA+L

Q8400 1

08500 oL1ST=0

38600 E1=F1(1)

38700 33 JSRAN( J)SNCT #1

HD8800 ol TYRE 11481.J

08900 1141 FORMAT (* NEXT RANDOM EVENT IS *,I4)
79000 READ(1#J)IC.EVE

09100 IF(IC.EQ.C1)GO TO 33

39200 18 IDIM=]

09300 [d TYPE 114,.,E2P

09400 CALL ALLOC(TS)

99500 19 oxncrs;::o:n

09.800 XL BLIS) 504000

09700 uB(TS)1=10000

09800 IF(EVE(IDIMISEVENT(EL1,IDIM)EQ.0)GO TO 23
39900 !F(EVENT(E};!DIM)~EVE(IDIM))20'21c22
10100 IFCIDIN=-NDIM) 19,199,246

10200 20 UB(TS)=EVE(IDIM)~1

10300 GO TO 23

10400 22 XLBITS) ZEVECIDT M) $1

10500 23 CALL COPY(TS,.T)

10600 Q=0LIST

10700 IF(Q.EQ.0)GO TO 16

mnn 11 1 -
10900 10).EQ.0)G0 TO 16

11000 QA=PTR(Q)

11100 IF{QeNEe0)GD TO 11

112048 QDL IST

11300 10 R=Q

11400 T=0

11500 CALL COPY(TS,TQ)

11600 FLG=O

11700 12 CALL COPY(R,S)

TQ 13

11500 14 SPTR(S)=T

12000 T=S

12100 R=SPTR(R)

12200 IF(RJNELNIGO YO 12

12300 IF(FLGeEQeO)SPTR(TQA) =T

12400 IF(FLG.ECe0)T=TQ

12%00 COST{T)I=CF(T)

12400 CALL INSFPFRYIT . .GLIST)

12700 15 Q3PTR(Q)

12800 ~ IF(Q)10+21+10

12900 13 XLB(S)=XMAX(XLB(TS) +XLB(R))
13000 EL Gzl

13100 UB(S)I=XMIN(UB(TS) UB(R))
13200 IF(R.B(S)~UB(S)114.14.15
13300 16 COST(T)=CF(T)

11400 CALL INSERT(T .GLIST)
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13500 0 YO 21
13800 26 RIST=PTR(GLIST)
13700 ri- !1"52?’1 . )
13900 PTR(GLIST)=0
14000 IF(OLIST.EQ.0)GQATO 56
14100 !F(EZP.GT.chzGO TO ar
142300 READ(18J)1CEVE
14400 IF(ICEQ.C1)GO TQO 3a
14500 IF(CONT(O+0LIST0))25.,25.,18
s M BOR AZ r g ety
14700 P=OLIST
14800 65 IF(COST(PI+NDIM.GTCMAX)IGO TO 63
14900 PTR{Q) =0
-3 5000 50-X0.. 64—
15100 &3 o
15200 P=PTR(P)
15300 IF(P.NE;O)GD TO 6%
15500 IF(PTRIOLIST) «NEL OYJJ=QLQ(OLIST)
15600 C CALL PRT(JJ)
15700 PO 51 J=1,USE]
—3.85800 IEAEQLL) oFQe0) GD TN %1
14900 IF(CONT(FQ{J)sJJIs 1) eNES1l) GO YO S2
16000 3.3 FQ(2)=0
16100 FP(J)=0
148200 a0 I0 %1%
16300 82 IF(FP{J)EQ.0) GO TO St
16400 IF(CONT(FP(J) +OLIST0) «EQel )FP(J)=0
16500 S CONTINUE
—3 5600 Y 0
16700 CALL INSERT(JJ.TLIST)
16800 C TYPE 116
16900 C ACCEPT 117 oA
12000 | ol 1 sy o
17100 116 FORMAT(®* CONTINUE?*)
17200 117 FORMAT(AL)
17300 %0 CONTINUE
12400 BHASEZPHASES]
17500 IF(PHASE ¢EQs2) GO TO 49
0 ! ol I¥YRE 102,.DELTA
17700 102 FORMAT(* OELTA=', I3)
17800 RETURN
17900 1.1 DISJUNT=0 -
18000 REYLURN
18300 END
18400 SUBROUTINE PRT{(R)
tazgg éﬂPLlCIT INTEGER (A-2)
18600 1TAUSFREE ¢ TQeSEC(200)+sF1(100)+F2(100V1FQ(100) +EVENT(100+,30),
18650 281 Z2ELHSLASH(30) o COST(200) o T o TS GLIST OLISTTLISTLEVE(30),
18700 JIFLJOISJUNT JU(200 ) NSEL (200) 4N(1S)eM(3)FORC(200)PREVC,
18800 ADIMTOT oNCT o NOIMsMAX L s NOSECsCleNC241B4NCL1JUSE L ¢RAND DUMMY
19000 INTEGER DIMSPTR:PTRMARK FREE +F19F2:FQsFP SIZEJHSLASH
}g;gg 1QPtQ’ﬂoSQTSESOTLI$T0GLISTQGLISTQCSY.COST'SEC
INTEGER AL2D
19300 DATA X/7%X*/
19400 K =0
19500 pP=aR
19600 1EI(P FRa0) RETUSRY
19700 4 Q=p
19800 TYPE 101+ COST(P)
19900 =1
20000 102 FRARMATITIN.2T7)
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20100 -] ““.l
020 A(1+1)=OIMN(Q)}
20300 ACI+2)=xLB(Q)
F's) ALlsA)=18(0)
20500 [a]l+a
20600 URITE(21+,102)DIM( Q)¢ . B8(Q),UB(Q)
20700 Q=SPTR(Q)
20800 000 (FL{OWNELQIGO TO S
20900 I=]~-1
21000 TYPE 1004(A(J)ed=1,1)
21100 P=PTR(P)
231200 0 LELAR JNEL0) GO..1T0. A
21300 101 FORMAT(* WEIGHY QOF THIS TERM °*,110)
21400 100 FORMAT(3(® *oAlel 36zt l7+%2%41Te* *))
21500 WRITE(21+102)K
00 RETURMN..
21700 END
21800 INTEGER FUNCT ION CF(R)
21902 IMPLICIT INTEGER (A-2)
22000 ITAULFREE +TQeSEC(200)sF1(100)+F2(100)+FQ(100)+EVENT(100+30),
22050 281 ZE +HSLASH(30) ¢COST(200) s T+ TSeGLISTsOLIST TLISTEVE(30),
22100 JIFL+DISJINT U200 ) +NSEL(200)sN(18)M(3)¢FORC(200)+PREVC,
22200 ADIMTOT sNCT «NDIM o MAX]L ¢ NOSEC+Cl osNCZ2,IB«NCL1L,USEL +sRAND,DUMMY
22400 INTEGER DIMiSPTRsPTR MARK oFREE JF| +F2¢FQsFP+SIZE+HSLASH
22%00 é;psoCROSQYCtSOTLISYOGLISTOOLxSTQCSTOCOSYOSECOE‘
"
22700 SEC(R)I=0
22800 D0 1 I=1,USE)
22900 E1=F1(1}
23000 I1ELAEL.EQa} GO TI 1.
23100 IF(FQ(I)eEQeO+AND e NOSECEQel)GO TO 1
23200 P =R
23300 2 KK=DIM(P)
23400 IF(EVENT(ELl +KK}+EQ.01)GO TO 14
23%Q0 IF(XLBI{P)eGTLEVENT(E1sKK) ) GOTO 1
0 LE( .10 1
23700 is P=SPTR{(P)
23800 IF(PNELOQO)GD TO 2
23900 SEC{RI=SEC(RINDIM
24000 1
24 100 CONT INUE
24200 P=R
24 300 4 CF=CF~-1
24500 IF(PJNELO) GO TO a
24600 RETURN
24700 END
24800 1.0)
24900 MPLICIT INTEGER (A-1)
24950 CON“ON Dlﬂ(ZOO)'XLB(zoﬂ)QUB(ZQO)OSQTR(ZOO,QPTR(ZOO)cHARK(iOO)v
gsogg I1TAUGFREE sTQs SEC(200)+F1(100)¢F2(100)+FQU100) EVENT(100+30),
®0
25100 JIFLIDISINT ,UL200)+NSEL (20 oeN( oM oFORC(200)+PREV
25150 BLAST PREVC1IsNFORCPUT({100+2 )+ NEXTLosNEXT20+FP (100) s MAXSTR
25200 ADIMTOT «NCToNDIMMAX L sNOSECs CL sNC2+IB«NCLsUSE 1 +RAND s DUMMY
22X 400 INTE
25%00 1oPsQ R SsTeTSeTLIST GLISTHOLISTHCSTLCOST,eSEC
25600 INTEGER DeS1
25700 CALL ‘LLOC(D)‘
IMID)IZDIMISY
25900 XLB(D)’XLB(SI)
26000 uB(DI=uBi(S1)
26100 RETURN
26200 END
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26300 ‘mwfl" ALLOC(F)
26400 IMPLICIY INTEGER (A-2)
26450 COMMON DIMC200) +XLB(200).UB(200):.SPTR(200):.PTR(200),.MARK(200),
LTAUEREE WIOJSEC(2001FI1(100),F2(100).FOLIO00) FYENT(100.,30),
26550 2S1ZEHSLASHI30) sCOST(200) e ToeTSeGLIST OLIST.TLIST.EVE(30),
26600 JIFL¢DISINTU(200)NSEL(200)+NU15)eM(3)FORC(200)PREVC.,
26222 Ek?STcPREVCl.NFDRCvPUT(10092)ONEXTIONEXTZO-FP(IOO).HAXSTR.
26900 INTEGER DIMSPTR:,PTRMARK 4 FREEsF 1 +F2:FQeFP+SIZE+HSLASH
27000 1oPsQeRe S TeTSsTLIST GLIST :OLISTCSTCOST, SEC
27100 INTEGER F,A(S8)
21200 —EZEREE
27 300 FREE=2PTR(FREE)
27400 SPTR(F)=0
27%00 PTR(F)=0
—278600 d
27700 REF=REF+1
27800 DO 1 I=1,.S1Z2€
27900 1 MARK(I)=0
—-B800 1-
28100 A(1)Y=0LIST
28200 A(2)=TLIST
28300 A(3)=GLIST
ALA)=XS
28500 A(S)=T
28600 A{6)=TQ
28700 DO 10 I=1.,6
—2 8800 R=ALl)
28900 IF(P.EQ.0)GO TO 10
3 QA=
29100 2 IF (MARK(Q)+EQel) GO TO o
29200 MARK{(Q) =1
29300 Q=SPTR(G)
29400 1 0.1 2
29%00 4 P=PTR(P)
29600 IF(PNELO)GO TO 3
29700 10 SO:T!NUS
29900 DO 11 1I=1,S1ZE
30000 IF(MARK(I)+€EQ+1) GO TO 11}
30100 PTR(1)=FREE
30200 EREE=L
30300 J=xJjel
30400 11 CONTINUE
30500 IF(Jel.Tu o1 2SIZE)ITYPE 100
REIURN
30700 100 FORMAT({®* USING 90X OF SPACE')
30800 END
30900 INTEGER FUNCTION COVER(S.R)
31000 IMPLICIY INTEGER (A-2)
31050 COMMON DIM(200) «XLB(200)+UBC200)+SPTR(200),PTR(200) MARK (200},
31100 1TAUSFREE ¢ TQeSEC(209)+F1(100)sF2(100):,FQ(100) EVENT(100,30)
. 311950 g?}EEQHSLASH(ao)-COST{zoo)UT;TS’GLlSTQOLtST'TLISTQEVE(3°,o
311250 SLAST+PREVCLINFORCPUT{100+2 ) +NEXTLNEXT20.,FP{100)+MAXSTR
31300 ADIMTOT oNCT oNDIMoMAXT ¢ NOSEC o Cl oNC2+IBNCLJUSEL +RAND DUMMY
31500 INTEGER OIMsSPTRyPTR MARK oFREE +F1 oF24FQoFP,SIZE +HSLASH
31700 COVER=0
331800 pP=s
31900 3 Q=R
£ia)) G YO 2
32100 Q=SPTR(Q)
32200 IF(QeNE«O) GO TO 1
312300 RETURN
32400 2 !F(XLB(P) GT « XLB{ Q)Y)IRETURN
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32300

ir(uitit.;r.ootci:nzruau

32600 PeSPTR(P)
32700 IF(PNELCIGO TO 3
0 COVYER=]
32900 RETURN
33000 END
33122 , INTEGER FUNCTION Cg?f(EQLISTQFLAG)
MPLICIY INTEGER (A~
313250 COMMON DIM(200) +XLB(200)sUB(200)+SPTR(200)PTR(200) 4MARK(200),
33300 LTAUFREE yTQeSEC(200) +F1(100)+F2(100),FQ(100).EVENT(100+30),
33350 2STIZE+HSLASH{I0) +COST(200) s ToTSeGLIST L IST.TL lSToEV5(30)o
EYC
33450 5LA570PREVC10NFORC.PUT(100'2)tNEXYltNExtzooFP(lOO)tHﬁXSYRo
33500 QOIMTOT s NCTNOIM MAX 1 s NOSECsC1 (NC2,1IBsNCL1,USE L ,RAND, DUMMY
33700 INTEGER DIMSPTRsPTR MARK FREE F | ¢F2:FQ+FP,SIZEsHSLASH
33900 INTEGER E+FLAG
34000 CONT=0
34100 P IST
34300 2 IF(EJNELOIXT=EVENT(E OIM{(Q))
34400 IF(ELEQ.QIXT=EVE(DIM(Q)
34500 IF{XT.EQ+0)GO TO 12
34600 IFI{XT LT eXL.B8(Q)) GO TO 1
34700 IF(XT.?;;US(Q,’ GO TO 1
34300 IF(QeNE+D) GO TO 2
38000 CONT=
35100 RETURN
00 b ¢
33300 P=PTR(P}
35400 IF(PNE«O)GO TO 23
35800 RETURNMN
38400 END
35700 SUBROUTINE INSERT(Q.LIST)
358900 IMPLICIT INTEGER (A-2Z)
3583g L§°“~0N DIM(200) +XL3{200),UB(200)+SPTR(200) +sPTR{200)+MARK(200),
_359 AULFREE +TQaSEC(200 1o F1(1003.,F20100)FQLI100) EVENT(100+30) 4
315950 2STIZEWHSLASH(30) +COST(200) e T+ TSsGLIST . OLISTTLISTLEVE(30),
36000 JIFLODISIUNT U(200) NSEL (2003 o N(1S)eM(I)«FORC(200)+PREVC,
36050 SLASTIPREVCL s NEQRC +PUT( 10002 ) s NEXTE +NEXT20:FP (100) + MAXSTR
36300 INTEGER DIMSPTRyPTRMARK sFREE oF 1 ¢F2eFQFPSIZE+HSLASHM
36400 1sPsQoRs SeTsTSsTLISTGLIST.OLISTCSTLCOST,LSEC
36500 INTEGER BP,COVER
36600 IF(XLEBLA)aEQaQaANDURI(QILEQ210000)RETURN
36700 K=0
368900 IF (QG.EQ«QOIRETURN
34900 Ja.157T
17000 E‘J
37100 1 BpP=p
37200 PaRTR(P)
37300 IF{P.EQ.0)GO TO S
37400 1ELcn -
37500 2 J=8p
37600 IF{(COVER(P +Q) }1lel 46
37700 IF(CUVER(P.Q’.EQ.I)GS ¥g ?
37900 7 PTR(BPI=PTR(P)
38000 P=8p
38100 GO TO 1
IF(COVYERIQP)Y 1131 .7
38300 S P=LIST
38400 9 sp=p
38500 P=2pTR(P)
384600 IF{PJEQ+0IGD TO 1O




38706 I1F(COST(Q) L TCOS (") '60 Y0 9

38300 IF(SEC(Q)LELSEC(P T0 9
38900 10 PTR(BP)=Q
18 AO0N 2 p-t
9100 P= IST
39200 K=Q
39300 11 P=PTR(P)
39400 IE{R.EQ.0)G0 10 §
39500 K=K+t
39600 IF(KLELMAXSTRIGD TO 11
39700 PTR(P)}=0O
39900 RETURN
40000 8 PTR{PI=0
40100 GO TO0 8
—A40200 END
40300 INTEGER FUNCYION XMIN(XT,XxJ)
—ABAQD IMPLICIT INTEGER{A=2)
40500 XMIN=XT]
40800 IF (XJelLTe XTI XMIN=XJ
40700 RE TURN
— 40800 ENO.
40900 © INTEGER FUNCTION XMAX{XI, XJ)
41000 IMPLICIT INTEGER(A~ZY
41100 XMAX=XY
— 3200 1E £X1eGT X1 IXMAX=X ]
41300 RETURN
41400 - END
41%00 INTEGER FUNCTION QLQ(1)
—43600 QL Q=l
41700 RETURN
41800 END
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