18-85

18-5

Description of Inductive Program INDUCE 1.1

by

T. Dietterich

Internal Report
Department of Computer Science
University of Illinois
Urbana, Illinois 61801

October 1978






TABLE OP CONTENTS

CHAPTER

1.

tntroduction‘CCQ..QO..Q.‘..‘.QQ'...'.‘..........-.‘C..

1.1

.
3

L ] . L]

* [ ] .

NN N N NNN NN -
.
~ s NN - O

.
[o ]

2.9

High level Co20ANdScececscccccosscscscosncscscscsncnacs
Parameters.................................;.......
Data StrUCtULES cececenssecscsscccnscsssossssnscsncne
ConStantSeseccssssnsccencssscncassssscccsanesscsanse
Parse table (PT)eccevceccccatacesraccssacscsccsacaen
Symbol Table {STMTAB) ceceeccccsoscccscsscsccasocoes
Domain Structures (DSTRUC)esecesseccsescscravacencas
Mota Selector Table {MST) cecencsscscsenssscaccanmssnaes
Pormula for Graph Structure [(GBAPH) vecessrosccssens
VL Conplex Storage (CPX) escecvcanccosmosconcncsccasn
AQ7 parameters (AQPARH)............t...............
VL Parameters (PARM) cccccccscecccsececoscsvscccccnnes

2.10 Arithmetic Expressionl VariableS...ccoeccscsccessnsce

2. 11 Additional variables.....“....‘.....Q‘.....‘.‘.'.

PAGE

19
19
21
23

25

25
27
N
31
32

33

35






3.

I/O PileS....0.0....OO.....‘..Q.....Q..Q.O..Q‘QIO\OCOOG

3.1 TABLES.. LA R 2R 20 I 2 BRI BN I BN BN S N B BE BN I BN IR AN IR AN B N RE R B B R BN N NN B AN AR A I J

3'2 EXEL@INQ.-OQ-".Q."....'.".".Q.'.'."I‘"".’.Q'.

3.3 CFILE.‘.'.O...........‘.(‘..‘...‘O.....‘...‘.'.Q.‘.

3

.4

- .
vL“?v:&l........Q.'.....................-.l'.......’

3.5 Other Piles’.'....‘.‘......l."..-......C...‘...“..

8.

4
4
4
4
4
4
A

Proqram St UC Ul P e enensosctossemesssocncsnvsossecssnsssoos

1

MUt s W N

-
L]
»
L4
-
-

Control and User InterfaC@ecccecccassscscosacoscscace
VI Translation to Internalececeercsccssocceccsasccsses
V1L Formula ManipulatiobDeeseesccoscesssosoceasasnscnnae
AQ7 Complex ManipulatioONeseeescesosnsnswnsasssvoscan
Add Vew FUNCtionNScecesecscsesccccccncasccoccscsscnnsse

SupporTting RoUtineS.cscescscccscacssccscacscncecsacnoe

P-DENDIX A....‘....'.‘."...‘...“.Q.Q.I.........‘.Q...

36
36
38
38
39
39
40
41
42
44
47
49
50
52


http:struct.ur




. Introduction

This document is in support of the paper [1] to provide
further details of the implementation of the program INDUCE_1.
This program accepts an environment description, a set of VL
decision rules, and a set of parameters. The program produces a
set of generalizations of the input decision rules. The basic
algorithms and input syntax are given in chapter £ of the paper
[1] so will not be repeated in full here. 1In the fcllowing pages,
the actual commands necessary to use the program are given.
Chapter 2 contains a description of the data structures used in
the program. The reader 1is referred to the program listing for
more detailed structure. In chapter 3, the various I/0 files are
described. Chapter 4 gives a brief outline of the purpose of each
procedure and its relation to other procedures in the prograns,
The appendix provides a 1listing of the progqram for the CYBER
machine and a BOSS editor macro for converting ¢the CYBER version
to a DEC-10 version.

-

1.1 Bigh level comwmands
The following single letter comands can be entered into

the program to perform various functions:

¥ (modify rule base) - This command is usel to enter rules into

the prograam or delete rules froa memory. Following the X
command, the user may enter (A) to add a new rule, (D) to
delete an existing rule, or anything else to returm to the
rain level without doing anything. After an A is entered,
the system expects a VL rule in correct syntax terminated
vith a period (.). Since there 1s no online error
corre~tion, ¢this is usually done by placing all rules in a
local file (CPILE) with the coamands (M and 1)
interspersed, After the rule has been entered, the prograa
returns to the high level command mode. 1f a (D) is
enterad, the program proceeds through the 1list of all
rules asking at each stage vhether to delete the ruale.



The user may enter Y, N, or Q to delete the rule and move
to the next rule, to keep the rule and move to the next,
or return to the commani level.

Pxample:

[SEAPEZ (X1)=1 ][ P(X1,X2)=2] => (9D=2].

H (get thelp) - ®nter this command to obtain a brief explanation
of the high level commands and a detailed explanation of
one such command by entering 'H X' vwhere x is one of the
letters corresponding to a high level coammand.

R (enter restrictions) - Pnter R (carriage return) followed by
the restrictions which are to be added to each of the
rules entered. 2Zach argument in the right hand side must
appear in tte 1left hand side and the left hand side must
form a connected graph structure. As with all rules, the
restriction rule must end-with a period.

Exarple
[ONTOP (P1,P2) JLONTOP (P2,P3) ] => [ONTOP(P1,P3) ].

% {enter doma in generalization structures) - Enter tree
structure for such domains. These must be entered in

order from lowvwest 1level generalization to highest level
generalization. Por VL applications, this should be done
after a VvV command has been entered since the V command
initializes the symbol table for the special VI mode.
Pxample:

[ SHAPR=2,4] => [SHAPE=10].

[ SHAPE=0,1,3,5] => [SsHAPE=11].
{ <HAPZ?=6,7,8,9] => [SHAP®=12],
[ SHAPZ=17,11] => [SHAP®=13].

L,S {Enter ®“XTMTY ({L) and BQUIV (S) type predicates). Just
enter the one letter command to add either type of
genarated predicate. (There is currently no way of
reroving snch a predicate from a structure except by
re-rinning the program).

A (Znter an arithmetic derived descriptor) - PBnter the

derivation rule for an arithmetic derived descriptor.
EFxaaple:
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GIRTH(X1)=LENGTH (X1) ¢9IDTR(X1).

Restrictions: the dummy variables of the function on the
left hand side mast appear on the right hand side of the
equation. The arithmetic expression is written in standarad
algebraic formnm. The operators which may be used are: ¢
{(addition), - {subtraction), - {unary sinus), .

{sultiplication), / (integer division--remainder
discarded), and % (integer wmodalus). =, /, and % are
evalua ted before -~ and ¢, Integer constants may also
appear in the expression. The right hand side must
contain at least one function or predicate. All functions
and predicates are assumed to have interval domains, If
more than one value appears in the reference of a function
wvhen the expression is to be evaluated, the smallest value
is used.
The right hand side muét form a connected graph structure
as vwell. A connecting predicate can be nmultiplied to the
original expression to accoaplish this since predicates
have values of 1 when true,.
Bug: This command will not work <correctly if there are tvwo
or more occurrences of eractly the same function (with the .
same dummy variables) on the right hand side.

N (Add arithmetic derived descriptors to the rule base) - The

| separation of the A and N coesmands is included to perait
gsers to enter the rules and the arithmsetic descriptors in
any order and then to apply the arithmetic descriptors
wvhen they are desired ({(after all of ¢the rules have been
read in). The ¥ command causes all previously entered

arithmetic derived descriptors (since the s®sost rcecent ¥
cosmand) ¢to bhe processed and added to all rales in the
rule base wvhere they are appropriate.
X (Fnter a logical derived Adescriptor and substitiute it into
the rule base)
- Logical derived descriptors are handled by two
separate comaands. The R command permits the user to
enter a logical derived descriptor which is to be added to




each rule for vwhich the premise is true. The X command
permits the wuser to enter a logical derived descriptor
vhich is to be substituted (exchanged) for its premise in

each rule in which the premise 1is true. (The premise is
the left hand side of the rule.)
Example:

[BIG(PART1) ]J{BOX (PART1) ] => [BIGBOX{PART1) ].
This example command will substitute [BIGBCX(PARTN) ] for

every conjunction of BIG(PARTN) and EOX(PAKRTK) where PARTns
is any given PART dumay variable, ‘

Bach dummy on the right hand side must appear on the left

hand side. The right hand side must be a single
selector. The left hand side must form a connected graph
structure,

C (Cover a set of foraulas) - BEnter the numher of the

associated decision after the C command, Be sure to set
any trace information using the appropriate parameters
before entering the C command,

¥ (VL1 moie) - This mode bypasses the VLz type structuare

-

creation and accepts VL1 events from the file VL1EVE.

After entering V, the program asks for the number of
variables wvwhich are to be used. Enter this number (it
should bDe 1 1less than the number of entries in each line
of the VLIEVE file because of the class number in the
file). Then, the user is asked to enter another coasand
(®, C, Q, or P). Enter ® and then a domain generalization
structure for that type of domain, P to change parameters
{AOMAXYSTAR, LQST, AQCRIT, AQTOLERANCE, or enter VCOST ar
VTYPE, the 1latter aay be necessary for interval type
variahles), C to cover a set of events, or { to return to
the hijh level coamands, All of the E and P parasmeters
may be included in CPFILZ. When € 1is entered, the fprogras
requests the namber of the class of events to be covered




and then the number (s) of the class{es) against which the
cover should te made. To cover against all other classes,
enter =1 instead of a list of all other classes. (This is
useful for intetsecting type covers.) All specifications
may he placed in CFILE.

P (®arameters) - This places the user in a parameter

2

examination and modification mode. To get an explanation
of each parameter on-line, enter

HZL?P <parameter nage> or HELP

the latter to get a list of parameters. See the EXPLAIN
file for a 1list of all the parameters and explanations.

No checking is done to see if parameter values are in the
right range. A &wmissing value is interpreted as the valueg
0. Most parameters require the parameter naze followed by
the value. Paranmeters vh%ch may be true or false are set’
to true by entering the parameter name (e.g. LQST) andf
are set to false by entering the parameter folloved by P
(e.g. LAST P). Trace and stop parameters are turned on one‘
at a time by entering TRACE or STP and then the associated
numnher. They are turned off by entering the negative of
the aumber {e.g. TRACE 3 turns on trace 23, STP ~6 turns
off the program stop at tracé level §).

Punctions such as ¥CQST and VTYPE must have the.

———

associated descriptor name 1in parentheses following the

paranmeter naze (e.gq. YTYPZ (SHAPE)=2 sets the dowain of
SHAP2 to type interval.) All VL type variables have
descriptor names X1, X2, ... Xn (so VCOST(X1)=-2 sets the
cost of the variable X1 to =-2). After all rarameters have
been set, entering QUIT returns to the previous command.

In order to examine the parameters, enter EARA and enter
PRINT D to examine the domains of all functions in the
syanhol tatle. PARA will give the type and cost of all
functions for wvhich the two <characteristics VTYPE and

VCHOST are not the default values (type nominal and cost of
0.

(Quit) - Halts the progras.



D (Dump) =~ This cosmand, used during debugging, duwps the rule
base graph structure and the symbol table on file OUTPUT.
1.2 Parareters

This

modified after entering the command P above and the coprands:

section describes the parameters vhich can be

required to inspect the parameters in the running version of the;

progrtam. The
values are in
TAAC® - This
f1.."1%.
progran.

-

- Print
triamed
formugla

2 - Print

generali

3 - Print

froar the

4 - Print
variahle
YL vari

- Print t

- Print t

7 - Print

generali

[+ SV ]

[+ <

- Not use

9 - Print
set of
calculat
as the
formulas

1%= pPrint
P1.

vhere i
(offY.

parameters and their meaning are as fcllowvs, default'
varentheses:

parameter may have a set of values in the interval
fach value relates to a trace feature of the

The values currently meaningful are:

all of the c-formulas in each untrismed and each

partial star to examine the process of consistent

generation and trimming. ;

all the consistent formulas both before the AQ7

zation and after this generalization. '

the test MQ formula; i.e. select the best formula

output of trace 2,

the input events to the AQ7 procedure and the
association between the- VI c¢-structure and the

ables.

he outpat from the VL AQ7 procedure,

he selected meta functions in a table. :
the LOST2 process during characteristic
zation.

d.

all generalizations of an event (i.e. the complete
alternative generalizations which the prograns has
ed for one event from trace 10). This is the same
list wvhich conmes from trace 2 withcut the input
to AQ7.

the event {c-formula) which is to te covered from

To turn on [0off) any trace feature, enter
TRACE i {or TRACE =-i)
is the number of the trace feature to bhe turned on



STP - This parameter may also have a set of values in the range
[1..10]. Each value corresponds ¢to one trace featurei
defined above. If STP contains a value of a trace feature
and the particular trace feature is set, then the program
pauses at the point vhere the trace information is printed

and will provide an explanation of the situation or allow

the user to aodify paranmeters. STP may be turned on and
off in the same wvay as TPRACE, i.ec.
STP 1 (or S1IP ~-i)

AQCOTPYT {20y - This is a limit on the number of c-formulas

exasined usinjy the AQ cost function 3.

AQMAYSTAR(2) =~ This is the AQ maxstar parameter (the nuaber of

complexes retained in a partial star in the AQ7
procedure).

AQCRTT(-1,2) - The <criteria 1list of cost functions to be

apolied in the AQ procedure, There are six cost functions
available:
1 - Measure the number of events covered by a coamplex which

are not coverad hy any previously genrerated L conmplex.
q

2 - Measure the number of selectors whose reference is not

equal to =,

3 - Measure the number of c-formulas vhich are actually

covered by a complerx. This is more time consuming than 15

but may givé better results. :
4 - Sum the costs of all variables in a coaplex in selectors
vhose reference is not equal to *,
5 - Measure the number of events in the set F1 which are
covered by the complex.

6 - Pind the number of events in the set 2 (F0).
To specify a cost criterion, enter
AQCRIT(I)=J
where 4 is the number of the criterion (if negative, then
the cost is computel as the negative of the value

de*teormined by the criterion), and i is the order of
application of the criterion.



AQTOLERANCE (0) - This is the tolerance associated with each
criterion specified in AQCRIT above. AQTCLERANCE(I) is|
the tolerance associated with criterion ACCRIT(I). The
tolerance can be an absolute tolerance (if it is greater
than 1) or a relative tolerance (if it is less than 1}.
The tolerance is always specified in hundreths, e.g.: '

ACTOLERANCE (2)=200
results in a an absolute tolerance of 2 for the criterion

aprlied second. !
ACNP(2) -~ The ndmber of criteria vhich are to be applied to the1
complexes, o
LQST(TROF) - If LQST is set, then the resulting complexes from
the AQ7 procedure are strioped to only the necessary'
values in the reference. To turn off this feature, enter
| LQST P
VIMAXSTAR(2) - The maximua number of foraulas retained in a;
partial star. 1
VILCRIT(3,-1,2) - The criteria list wvhich is tec be used for{
trimming VI formulas. There are five criteria available: i

1 - Count the number of c-formulas vhich are covered by this

~ formula. -

2 - Count the nuater of selectors in the formula. ;

3 - Count the number formulas of the set PO which intersect

vith this formula. :

4 - Sum the total cost of all references in all selectors of
the formula with reference not equal to *, .

5 - Sus the cost of all dummy variables used in the function

and predicate selectors of the formulas, This uses the

cost of a specific dummy variable (e.g. X1) as origimally

entered (not as dynamically reassigned by the program). It
uses the DPNO field.
This parameter is specified in the same way as
AQCRIT above.
VITOLERANC? (. 3,0,0) <~ The tolerance associatel with each VYLCERIT
specified above. See AQTOLERARCE above for details about
hov to enter values for this parameter.
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VYLNP()) - The number of VL criteria to apply vwhen trimming a
list of formulas.

NCONSIST(2) - The nuaber of consistent altecrnative
generalizations vhich the program is to produce.

ALT®"R{2) = The number of alternative nevw formulas which are
produced froaz one formula when <creating a new partial star
from an old one.

VYCOST(0) - The cost of each function in the systen. All 711

variables vhen running in VL mode are labelled.
X1,Y2,cc..¢%N. To enter a cost, type:
VYCOST{<fn~-nase>)=i

vhere <fa-naze> is the name of a fuanction vwhich has been
in a decision rule which is currently in thke prograus, and%
i is the cost of the function. Some exaemples: |
VCOST {SHAPE) = 2 or VCOST(X8)= 1
VIYPE (1) - This is the structure of each domain:
1 - nominal
2 - interval
3 - tree structured.
The ¢type 3 1is set automatically when the F command is
entered. To make a function domain into an interval type,'
enter:
' VTYIPE (SHAPE) = 2 ’
METATRIM(3) - This specifies the number of different meta
functions which are to be selected ty the program to te
used in descriptiosns. This value should be less than
6S512%, If it is 0, then no meta-functions are generated.
DESCTYPE {DISCRIMINANT) - This specifies the type of
description which the program is to generate, PESCTYPE
TISCRIMINANT causes the program to generate the most
general description vhich discriminates events of set P1

from events of set FO. DESCTYPE CHARACTERISTIC causes the
proqgran to generate the most specific description which is
shared by all events in set F1. PO must be empty for this
to work properly. Thus, only one set of events should be
supplied to the program for a characteristic description.
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Por characteristic descriptions, the parameter HIECOVER
sust be set.

YINCOVER (100) - This specifies the minimum percentage of rules
in P! that a description must cover in order to bte
considered as a characteristic description. During the
rale grovwing process, each rule 1is grosn (by adding
additional selectors) until it fails to cover MINCOVERX of
the rules in P1, At that time, it 1is placed on the MQ
star. NCONSIST such MQ ruoles mast be found before the
groving algorithe terainates. Thus, if MINCOVER=100,
several, fairly trivial rules will be found. 1f
MINCOVER=50, some interestingy rules will be found [butj
this will use more cpu time) but these rules may not cover'
all of r1. |

PRTNT X - This allows the user to examine certain tables in the

progras. X may be one of P, R, D, M and the systea will
respond by listing: :
P - The set of inpat decision rules

R - The set of input restrictions
N - The do3ain table -
M - The currently selected meta-functions.

DPARAMETERS - This lists the current parameter values in a
table.

QUICK ~ This turns off all trace values

BRIPF - This sets the trace options 3,9,10 and stop option 10.

DETAILI - This sets all traces.

_EIPLAIN - This sets all traces and all stop options.

HPLP - This allows the user to obtain an explanation on-line of
the fuaction of any of the parameters and a 1list of all
paraseters accepted aunder the P high level cosrarnd.

QUIT - This returns the user to what ever he was doing before
entering the parameter modification section.
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2.0 Data Structures |
2.1 Constants

Some constants 1in the progras control the sizes of many
structures vhich may be sensitive to the current problea
characteristics. These constants may be increasel (to allow larger
data structures) or decreased (to permit more cofpies of a data
structure in memory at one time). The constants and their use
appear below (suggested values are in parentheses).

SYMSZE(36) -~ 1is the size of the symbol table, It can be
estimated by finding the sum of the number of functions,
predicates, and distinct variables plus ¢the number of
groups ‘of variables plus 2 (for meta functions #PT and
FORALL) plus 2 times the number of binary predicates (for
4sT-, LST- type predicates). 1In VL mode, SYMSZE is the!

namber of VL variables plus 1. |

NDES(15) -~ 1is the size of the DSTRUC table, One rov is
required in this table for each internal npode in each:
generalization structure (i.e. one row for each rule

which is input with the B coamand.)
GSIZE {(30) - specifies the size of _all graph structures in the

program and the number of VL ¢type variables vwvhich are
alloved in the program. This numher teing too small is
probably the cause of amn ‘array index out of bounds'i
message and may be reaedied by increasing the parameter.
Its value can be estimated by finding the sum of the
namber of selectors in the longest rule which must be
storel plus the number of variables in the rule plus 1
(not including meta selectors). An estimate which 1is too
large will use up <wer»ory very quickly and cause a message
‘runtise stack overflow' therefore, the parapeter should
be approxisated tather closely.

MNVAL(15) - is the maximur valume in a set of valuves. 1A set of
values (VALTP) 1is used in several rlaces (GRAPH, CPX,
LSTRUC) in the program. Pach set 1is allosed to contain
values from O to MNVAL, There is a wmaximum value of this
paraseter determined by the architecture of the machine
{chc is 58, DEC is about 130).



12

LNK({18) - is the number of links to any node of a graph
structure. This may be estimated by finding the maximum
number of times that a particular variable occurs in a
rule and using either this figqure or the larqger number of
arguments of any one function, which ever is largest.

ML¥K must be one larger than either of these numbers since
links are stored as an array of numbers vhich terminates
vith a 0 value.

MROLE(50) - is the maximum number of rules in either F1 or FO.

MATASTACK (20) - is the m@maxinuna number of entries ia an
arithaetic expression stack. There is one entry on the
stack for each function and value in the expression and
one entry on the stack for each operator. There is no
compiler or system limit to this parameter.

2.2 Parse table (PT)

The parse table consists of a data structure which

i

s
|
|
!
1

represents the productions in the VL grammar (RHS and CONT) along
. . . 4
with information absut which semantic routines are 1invoked with

the recognition o¢f one non-terminal in the grammar (SROLE). The
array RHS contains a rov for each alternmative in each production

vhere each element in a rov is a positive or negative integer or

zero. If the pumber is positive, it represents a token in the

inpnt (it is either the machine representation of a character or 1

- a fuanction symbol, 2 - a variable, or 3 - a numrber). If the
entry of RHS 1s negative, it represents a non-terminal whose
definition is found beginning in the row corresponding to the
absolute value of the entry (e.g. -3 represents the non-terainal

beéinninq in row 3 of the table). A zero value signifies the end
of the alternative. The bonlean array CONT indicates whether a
row of RAS {is a continuation of a previous row in a production
{(value true) or ¢the first alternative of a production (value
false}. Pinally, the array SPULE contains a number indicating the
semintic rule (element in a case statement in the procedure
PROC?SS) which is to be applied if the production in the
caorresponding rov of the table is matched.
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Example: (see file TABLES for the complete input gramma.,

<YLROLE> $$= <NUNMBER> <RULE> = <ROULED>

<RULE> $$= <CONDITION> => <SELECTCR>
<CONTITION> : $8= <SELECTOR> <CONDITION> = <SBLECTOR>
<SELECTOR> $3= [ <VARIABLE> = <REPF> ]

[ <PN-STM> ( <ALIST> )= <REP> )
Parse Table in the program: (The actual table in the program
cont ains nuabers instead of characters) ‘

RO SRALE CORT RHS

1 1 P 3 -3

2 2 T -3 0 |
3 3 F -4 =>-60
4 4 P -6 -4 0 |
5 5 T -6 0

6 13 ? { -19 = -10 10

) 7 ., [ -21 { =146 ) = =16 ] 0

2.2 Symbol Table (SYMTAB)

The .syabol table 1is a table wvwith an entry for each
function, variable, and symbolic value in the VL decision rules.
One entry (NELT) specifies the number of rows which are actually :
used. The first two rows alwvays contain the information for the
meta functions #PT ani FORALL. Tﬁe columms contain:

NAMP? - the character string representing the name of the entry !

PNO - the fanction nuamber associated with the entry (norszally':
this just points to the rov which contains the entry).

DPNO - for variables, this points to (contains the index of)
the rowv vwhich contains the domain definition of the

- . particular entry {e.g. the row with X8 would point to the
row containing the entry for X). Por functions, this is
the head of a2 linked list linking, in order, the syabolic
names for the reference values of this function.

VARG - the number of arguments of a function.

VTYPE - domain structure {(1-nominal, 2-interval, 3-tree
stractured).
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VCOST - variable cost used in cost functions 4 and 5 and
selection of alternative selectors (ALTER parareter) in
the procedure NEWGP.

BYAL - maximum value in complete domain (including all nodes in
the generalization structure).

NVAL - namber of leaves of tree structure domain. (EVAL = NVAL
for non tree structure domains).

MVAL - ainiaum value in the domain.

Fxample: NELT=7

NAME DENO PNC NARG VIYPE VCOST EVAL NVAL MVYAL
PORALL O 1 0 1 0 1 1 1 |
tpr 0 2 0 2 ¢ 6 6 0
SHA2E 0 3 1 3 -1 8 6 1 :
X X 8 0 1 0 15 15 0

e 4 5 0 1 0 15 15 0

x2 8 6 0 1 0 15 15 0

P 0 7 2 1 0 1 1 1

2.8 Tomain Structures (DSTRUOC) (

The generalization structures of each tree structnred;
domain are stored in this record. Again, NELE specifies the'
number of rovs in the table vwhich are used. PFEM 1is a set of all;
descendents of the node in CONS for the domain of the functionl
vhich is defined in the rovw PNO of the syabol table.

Example:

[SHAPE=1,2,3] => {SHAPE=7].

[SHAP2=0,5,6] => [ SHAPE=8]).

PRE™ CONS P¥O
12,3 7 3
0,5,6 8 3

2.5 Meta selector Table (3STR)

This table records the meaning of meta selectors which are
used in the formulas. The values of the selector themselves are
stored 1in a structure referenced by YSEL in the GRAPH record. The
table contains two integers (MZTATRIN and  NMST) the 1latter
indicates the numter of current entries in the table. Elements of
the table are accessed indirectly through the array PTR to
facilitate sorting of the array with a siniaum awmount of effort.
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{e.g. the third element logically in the array PHNO is the element
PNO[ PTR{3]7). ©Plements are sorted in descending order using PTR asi
an index according to the values of FICOV (primary field) and
-POCOV (the secondary field). The columas are interpreted:

SYMPTR =~ is the index in the symbol table of the name of the
reta function (e.g. a pointer to either FORALL or #PT).

VARPTR =~ 1is the 1index into the symbol table of the duasay
variable associated with the unary fanction from wvhich the
me tase lector is derived. {e.q. for [shape(X1)=...]
VARPTR points to %).

PNO - is the index in the syazbol table of the referee
associated with the particular meta function (e.g. a
pointer to SHAPE in the symbol table for a function vhich
counts the number of occurrences of a selector of the form |

[shape {x1)= ... D. A g
VAL - is the set containing the reference of the function:
associated with PNO [(e.qg. the reference in a selectori
[SHAPE(X1)=2,3)). i
PTR - is ‘the location 1in PNO, SYMPTR etc. of the information
for each selected meta selector in the order of preference

(e.g. information for #S2 would be found in PNO[PTR{2]]),
SYmpTR{PTR[2 ]] etc). ‘ %

PICOV - the maximus number of formulas in F1 covered by one |
value of this meta function.
POCOY - 1is the number of formulas of FO0 covered by the meta

fanction with the value found in ®1COV.
Example: (NYST=3)

- PNO VAL SYMPTR VARPTR PTR FiCov FOCOV
3 1 1 4 2 3 0
3 0 2 u 1 4 0
3 1 2 4 3 3 2

with the three aeta functions:

¥S2 = [ALL XS SHAPE 1]
BS3 = [# XS SHAPE 1=...]
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2.6 Porsula for Graph Structure (GRAPH) ,

Tfhis is the structure used to store each formula. It is
composed of 4 parts, the single parameters (COEP, RNC, COST, ESET,f
NYTN), a pointer to a set of meta selectors (ASEL), and

information about each node and the 1links betveen nodes. = Bach
node has a nuaber (the subscript value of each array below) which
is used in the LNK array to refer to any node in the graph so that
for example, VAL{3] is the value set associated «with the pode
nuaber 3.
CQOEP - not used
RNO - the unique rule number associated with the grarh.
PP - a flag which is used in absorption and the CCVER routine.
COST - the cost of the formula (COST[I] is the value associated
wvith cost criterion number I). -
ESET - the decision value associated with this rule !
NXTN - the pointer to the next graph structure ipn a list or setj
of such structures. i
NNEG - not used. -
MSEL - a pointer to the meta selectors associated with the
graph. The metaselectors are stored in ar AQ7 coaplex
cortesponding to the MST. f
YBL - if ¢true, then the node is a variable, othervise, it is at
selector node.

ORDIRR - if true, then the order of arquments 1is irrelevant
{i.e. all <connecting edges are unlabeled). 1In general,
dusay variables and equivalence-type predicates have
ORDIRR=TRUE and all other functions and predicates do
not.

VAL - the set of values associated with the node (this may be a
subrange correspondine to [X1=3..6] for example),

CCONT - this is used in NEWGP and AQSET vhen generating
alternative generalizations. In gerneral, a non-zero value

‘indicates that a node is in the graph. ‘

ASS5Y - records assignments betveen nodes of tvo different
graphs in SUB3G1 vhen a 1-1 correspondence betveen nodes of
tvo graphs is determined.
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PRO - a pointer to the domain definition for the function 13‘

the symbol table. Points to the dummy variable falilyz

name (e.g. PART instead of PARTY). E

DUMNOM - is used in VLINT and PGRAPH to distinguish between two
variables with the same domains (e.g. x1 and x2).

DPNO - A pointer to the domain definition of the dummy variable

itself. It points to, e.g., PART1 rather than PART (unlike!

PYO). It is used by VCOST function 5 to derive the correct

cost. ;
LNK - contain the links between nodes. F¥dges are not given an;

explicit direction, instead, certain routines infer the

direction of an edge by the types of node at each end of

the edge. A1l nodes vhich are connected are doubly

linked:; if incomming edges are labeled, these 1labels are

iniicated by the location 1in the link array (INK) for the

node.

Fxample

For the expression: {P(X1,X2) J[SHAPE (X1)=2]7,

the link structure is

ROW PONCTION LINKS
1 X2 30
2 X1 340
3 P 210
) SHAPE 20

A partial exasple using the sysbhol table above is:
[SHAPR (X1)=1][P(X1,X2) J[#S2=2]

NODE PNO VAL VAL OBRDIRR LNK

1 B 0..15 TRUR TRUE 2130

2 3 1 PALSE PALSE 190

3 7 1 PALSE PALSE 1 84 0

4 4 0.15  TRUE TROUP 3¢
NS®PL~: ([MS1=*){MS2=2][NS3=*]
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2.7 VL Complex Storage ({CPX)
This structure 1is a simple list of references (CVAL) in
bit positional notation along with certain flags (FP and FQ), a
link to the next such strocture in a set (NXTC) and the cost of
the coaplex {COST). 1The interpretation of each variabhle is found
in the symbol table through the index SLOC in AQPARM (e.g. the
set contained in CVAL[{3] is the reference of the variable in row
SLOC{ 3] of the symbol table).
2.8 AQ7 Farameters (AQPARY) |
The structiare contains several parameters relevant to the'

AQ7 procedure. |
i
NVAR - the number of variables for the run. :

CSTP -~ the list of cost functions in the order of agplication.

TOLER - the tolerance asociated vwith each cost function
(TOLER{ 3] 1is the tolerance of the cost function which is
applied third -- i.e. CSTP[3]). |

NF - the nuamber of cost functions to apply

PREEC - a pointer to a list of free cosplex storage structures
{CPX's)

SLOC - the 1location in the symbol table of the domain,

~ definition for each VL type selector in CVAL. [
coT? - a pataheter vhich limits the number of formulas
examined with AQCRIT of 3.
LOST -~ if true, then VL conplexes are stripped.
MAXSTABAQ - the maximum size of a partial star in AQ7
2.9 VL Parameters (PARMNM)
This structure contains parameters relevant to the VL

portions of the program.
CST? -~ the cost function indices in order of application

TeoLPR - the tolerance associated with each cost function
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N? - the number of cost functions used
MAYSTAR - the maximoa number of elements in a partial star.
ALTER - the nurher of new elements vhich are generated froa one

formula in a partial star P_vhen forming a new partial
i

star ?»_ .,
i+1

2ITMTY - a flag 1indicating whether EXTNTY type predicates have
been adied.
BQUIV - a flag indicating whether EQUIV tyre predicates have
teen added
NCONSIST =~ the minimum number of consistent generalizations
rroduced.
2.1” Arithmetic Expression Variables
Arithmetic expressions are parsed by VLIKT using the
second half of the parse table. VLINT is passed the starting row
in the parse table where it is to start parsing. For arithaetic
expressians, this row 1is a constant defined as ARITHIT.
Arithmetic expressions are parsed onto an ARITHSTACK in reverse!
polish notation. The program uses a grammar vhich actoally causes%
the order of execution to be froa rig@t to left. The ARITHASTACK
entry contains the following fields:

ACTION - is a code telling what to do with ¢this entry. It
‘takes on the values ADD (perform addition), SUBTRACT
(pecform subtraction), HUITIPLY (perform multiplication),
TIVIDE {percform division), BODOLC (perform modular
division), MINUS (perform a urary aious), FONCT (this
entry is a function to look up the value of), and NUMBER
{this entry is an integer). If ACTION is an operator, then
the other fields of the record are meaningless.

ARGUMENT - if ACTICN 1is RUMBER then this field contains the
inteqer value of the integer. Lf ACTION is PONCT then
this field contains the PNO (index into sysbol table) of
tke corresponding function or oredicate. During the
comnutation process in CALCARITH, the ARGURENT fields are
spiated to point to the graph index of the corresponding
function or predicate in TOPIND.
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DUNNY - §is an array of pointers to the symbol table for each

dusmy variable of the function or predicate in ARGUMENT.

Tt is only meaningful if ACTION is FUNCT. The function is

assumed to have ordered dummy variables (ORLIRR is FALSE).

The list is terminated by a zero index.

2.11 Additional Vvariables
INPILE - an integer specifying wvhether input 1is from the
terminal or from CPILE.
N¥Q - the number of elements in MQ
PREEG - pointer to the list of available graph structures
RPSTLIST - pointer to the list of restrictions
STAR — pointer to the list of formulas in a star
¥C - pointer to the list of consistent formulas
GSET - pointer to the list of input formulas
CCYSPT - pointer to the list of output formulas
STP,TRACE - sets of values for trace features

PIXIT - patch for compiler tug on DEC-10 PASCAL {(fails to pass

arguments wvhich are sets by reference properly).

3. I/0 Piles -
3.1 TABLES '

This file contains the parse table information. Terminals
in the grammar which are characters immediately follov any number
{i.e. non-terminal). The end of each row of the parse table has a
0 followed by a (up to) 60 character name vhich describes this
production (for use in printingy error messages). The boolean array
CONT has the value ' if true, 0 if false. Below is the parse
table as it currently stands: ' \

CONT SRULE RHS NAME
<hlank line>
1 3 -3 OA VL2 DBCISION ROLE
2 -3 A VL2 DECISION RULF
3 ~4=> -6 OA VL2 DECISION RULE
4 -6 -4 DA CCNJUNCTION OFP SELECTIORS
5 -6 DA CONJUNCTION OF SELECTORS
147 -19= -10] OA VARIABLE SELECTOR

O -a DD - O

|

!
!
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M -21( -18)= =10] 02 PUNCTION SELECTOR
19r -21( -14) ] CA PREDICATE SELECTOR

71 -21= -1C] 0OA NILADIC PUNCTION SPLECTCR
8 -543, =10 OA LIST OF NUMBERS

9 -33.. ~43 OAN IRTERVAL OPF NOUNBERS

19% AAN ASTERISK (SYMBOLIZING THE ENTIRE DONAIN)
10 =43 OA SINGLZ NUMBER

11 ~19, =14 OA DEPENDENT VARIABLE LIST

2% =19, =14 0A DEPENDENT VARIABLE LYST (ORDEF IRRELRVANT)
12 -19 OA SUBSCRIPTED VARIABLE

13 -19% -10; -17 OA LIST

14 =19= =17 DA LIST

15 2 OA SOUBSCRIPTED VARIABLE

16 3 OA NOTMBER

17 1 74 PUNCTION SYNBOL

32 =32= =23 OAN ARITHMETIC DERIVED DESCRIPTCE
25 =25 =37 =23 OAN ARITHMETIC EXPRESSION

31 -25 OAN ARITHMSTIC EXPRESSION

25 -27 -39 -25 DA TERYM

31 =27 OR TERM -

31( -23) OA PACTOR

31 -33 0A PACTOR

28- -33 OA PACTOR

31 -32 OA PACTOR

28~ =32 0A PACTOR

31 -34( -35) OA FONCTION CALL

23 3 OA KO4BER

21 1 NA FUNCTION SYMBOL

31 -42, =35 OA LIST OP DUMMY VARIABLES

31 -42 OA LIST OP DUMMY VARIABLES

27+ OAN ADDITION OPEBATOR
29- AAN ADDITION OPYRATOR
24+ JA MOLTIPLICATION OPERATOR
26/ OA BMULTIPLICATION OPERATOR
30% OA NULTIPLICATION OPERATOR
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0 22 2 OA CUMNY YARIABLE

0 S -20 JA NUYBER

1 33 1 OA SYMBCLIC VALO®
3.2 EXDLAIN

This file contains text for explanation. Fach explanation
has a number and is delimited by a ! in column 1 fcllowed by the
number of the explanation preceeding the text and a ! in column 2
- 80 folloving the text. If a line ends vwith *, the program stops

printing to allow the user to read the material. {See appeniix A
for a listing of this file).
3.3 CPIL®

This file contains a set of input coarands anl Aata which
is to be executed tefore the system asks for user input.

Normally, input rules and certain parameters are included in this
file.

3.4 VL1EVE

This ‘file ~ontains a 1ist of VL type events. The file is
in the format for AQ7 except that each event sgpecification is
preceeded with the class number of the associated decision. A -1
indicates a value which is irrelevant.
3.5 Cther Piles '

IPIL® and CUTPUT are the TIY input and output (these are
TTY in the DSC 10 version), All other files are not currently
ased.

4., Program Structure
’ The program TINDUCS_1 (Appendix C) contains about 40090
PASCAL statements and 47 basic procedures. These procedures may
be grouped into several classes: 1)V control and user interface, 2)
VI to internal formula representation, 3) graph maripulation, 4)
add new functions, 5) AQ7 complex manipulation and €) supporting
procelures. Pach group of procedures operates nearly independently
of the others thus giving the possibtility of implerentation on a
snraller machine.
T"he wmain proqram accepts high 1level cosrands and calls the
apcpropriate procedures to perform the requested action. Aﬂy input
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in the form of a decision rule passes through the VIINT procedure
for translation to internal format. Oon sorme occasions.g
information is then copied from one internal form to another (B!
command) but most of the work 1is done in VLINT. 3l1l other userv

interaction takes place in ENTERP (enter parameters). The VL? mode
ases the YL‘ procedure and AQ, bypassing all procedures dealing

with graph manipulation, To cover a set of formulas, the COYVER
procedure is called which in turn, calls WNERGP to grow

generalizations and AQSET to apply AD to the consistent
generalizations in MmQ.

8.1 Control and User Interface

MAIN - process high level commands .

®NTERE =- Necode coamands using the first & characters of the
command nazre, If it's a nusber, find a rule with that
namber in the rule base, Pind the first two numbers in
tte <command (GETNU¥) and place in the variables I and l.
Then, execute the command.

PGRAPH - Print the graph structute as VL forrula. Assign
indices to all variables. vrite out function and
arguments if any. Then, write out reference (if not *) If
tree structured domain and the value is an ioternal node.f
then only print out the internal node. ?

PCPY - Print in 9L type format indexing into SYNTAB using
A0.STLOC array to find the maximum and minimum values.
Ton't orint any selector with a (*) reference.

PMETAL - Print list of selected ameta~-functions,

°pC® - Print domain table (i.e. dump symbol table).

2XPLY - Find reguested text from the file EXPLAIN and print it
stopping at (*) for carriage return from user.
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4.2 VL Translation to Internal

MOKEN - Read an input line and add the terminator (?). Scan

over the letters and digits and set CTYPE ("-delinmiter,
1-function symhol, 2-variable, 3-number). If CTYPE was 0
then Adeternioe internal representation of the delimiter.

If cTYee is Y or 2, then find the rovw in the syazbol table
(PI¥DROW). If it is nrot there, then add a nev¥ rowv to the
syabol table (FIXSYY) (The name of the syrlol is located
tetveen FCURS and LCURS in BUFP). 1In the case of a
variable, add an extra rov for the domain of the variable

in addition to a new row for the variable itself (i.e. a '

rov for ¥ in addition to a new row for X1). I1f CTYPE is 3, |

then compute the value of the number. Return the location
in the svmbol table or the computed number in the
parameter SROW and delisiter type in CTYPT,

VIINT - Translate VL formula into graph structure. Maintain a

PSTX

SS5TK

V3TK
FPSTK

|
value stack (¥STK), a function stack (PSIK), sesantic

stack (SSTX) and a parse stack (PSTK).
- Contains a stack of all non terminals not yet

~

completed.

|
|

!

i

- <Contains the tokens froa the imput buffer which have not

been matched vith an element of a completed production.

- the stack of numbers not already placed into the graph.

- the stack of arguments of a function (FSTK[1] is alwvays
the function symbol of the selector being parsed).

As tokens are accepted from the inptt buffer, they
are natched vith productions in PT. If a token 4oes not
match an element of a production which is a non terminal,
the 1location of the non terminal is placed on PSTK and the
production defining the nonterminal is tried (PROD and LOC
Artermine the current element in PT under consideration).
If there is no match, then try an alternative definition
of the non terminal, If there 1is no alternative, back
down PSTK and try another alternative of this non
terrinal.
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It a token matches the element of PT under
consiieration, put this token on SSTK and try the next,
element in the production. If the complete production is
matched, replace the wmatching tokens onm SSTK with the'
appropriate nonterminal, back down PSTK ta the previous‘
location, process the indicated semantic rule (PROCESS)
and proceed. Once the produactions in rov 1 of PT are

completed, the expression is said to be syntactically
correct,

PROCFSS - Execute the semantic rule for the production (-PROD). .
Briefly, rode assignments are made using the elements in f
PSTK, values in the reference are assigned from elements |
in VSTK. The MNVAL and EVAL fields of the symbol table
are updated and the type of a node is determined. Links
tetveen variables and functions are assigred recalling
that °STR{ 1] contains the location of the function. |

PARSEARITH =~ frecute semantic rules for arithmetic derived
descriptors. A data structure called an ARITHSTACK is
tuilt wvhich contains the arithmetic expression in reverse'
polish notation. The first element on the stack is the
new variable to vwhich the expression value should be
assigned. |

4.3 VL Formula Manipulation

SUBG1 - Determine if the graph in G1 1is a subgraph of the graph
in 62, If ALLSUBG 1is 1, then find all sutgraphs of G2
which match G1 and apply ACUDCONS {for restrictions). If
ALLSURG is 2, them find a2ll subgraphs of G2 which match G1
and apply ALLC (AQ7 procedure). If ALLSOUBG is 3, then find

all subgraphs of G2 which match G1 and apply CALCARITH to
comoute the value of <the arithmetic expression and add it
to the graoh. The procedare SUBG1 selects a starting node
of G1 and a matching node of G2. SOBG produces a spanning
trae of 61 from the starting node calling MATCH to
detertine for each pair of nodes wvhether they MATCH, Por
eich  pair of matching nodes, ASSIGN records the
correspondence., If INSD is true, tvo nodes ([selectors or


http:corro.ct

26

variables) are matched only if the values of the first
cover the values of the second. If INSD is false, the |
values of the tvwo nodes need only intersect.

TRT¥G - “rim a list of formulas to MAIS elesents, return other !
foraulas to FREEG. place formulas with CCST{3] into NQ
(consistent formulas). Instead of sorting a linked list,
tte array CA is sorted. Costs are assumed to be stored
Qith each formula {calculated in COVER).

COSTG - Deterrine the cost function T specified for the
formula P,

COVTR - Cover the set of formulas ES., PFirst, select an element
of P! to cover (GY and compute the initial rartial star.
For all nodes in a graph, the flag COUNT is set to 1.
Trim 'the~partia1 star and apply absorption. Pora a nevw

partial star by calling NEVGF for each remaining element
of the trimmed opartial star. Once NCCNSIST elements are
in *Q, apply AQ7 (via AQSET) to each consistent formula.
Trin the list to one best element and resove elements of
P1 covered by this formula (set PP to false). Select a new
element of ¥1 and repeat until F1 is exhausted.

'YEWGP - Add nevw selectors to the input graph to form a list of
ALTER or less ney foramulas. GC 1is the old generalization
of G1; direct association exists betwen nodes of GO0 and
nodes of G1 (i.e. correspondence is 1-1 by row, not
through ASSGY as vith ot her correspondences). The
procedure forms only connected nev graphs. A list of
selectors vwvhich may be connected to the current graph is
created in <CANDID and sorted with respect to VCOST and

VARG, All variables connected to existirg nodes are
flagyed (CCUNT=2) and then all function nodes copnected to
variables with COINT = 1 or 2 are marked (COUNT=3) All
count = 3 selectors are placed in CANDID. Then, a new

graph (in SLST) is formed from the old one withk a new
selector and any relevant variables. FQUIV type functions
are Adiscarded if ¢they have no more than ' arguseat. The
list SLST is returned to the calling procedure (COVER).
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8.8 AQ? Complex Manipulation

AQ ~ perform the AQ algorithm on the sets P11 and P2 of
coxplexes obtaised from the sets F1 and FQ of rules. This
routise is much 1like AQ7 and 1is not further explained
here, |

LOST2 - petrform the LQsT function during characteristic

generalization. During characteristic generalization, it
becomes necessary to have a minimum sized cover which
covers all rules {(not complexes) in F1l. Since there is
ofter a pany-to-one relationship between cosplexes in P1
and rules in P11, this is a non-trivial task and LQST2
performs this task. Curing the ALLC procedure, a CPXTABLE
is attached to each complex which lists the rule numbers
of the original rules in F1 vhich the complex covers.
LQST?2 loops finding the <corplex vwvhich <ccvers the most
rules, coebining its reference values witk the complex |
curren tly teing Aderived and elimimating all complexes :
vhich cover the rules cit covers from further
considieration. When the set of complexes is exhausted, a
quasi~-miniral cover has been found. Trace 7 causes
various irnformation toc be printed out during this covering
process.

AOSET - 1Translate from VL representation (graph structure) to

ALLC

TL representation ({sequence of sets of values). Create
tvo sets of complexes, P1 containing subgraghs of graphs
witk VL set P11, and F2, the set of complexes associated
with c-structures (GSUB) isomorphisms with elements of the
YL set FO. The first element of P1 corresponds to the
part of the graph GSUB which was consistent. The tvo sets
of events are passed to the AQ procedure wtich returns a
complex ccvering the first element of F1 but no element of
P2. This 1is copied back into GSUB to form +the extended
reference generalization.

- Translate from graph to complex and add to tke list of
conrvlexes 1if not already there. Also, set up SLOC to
relate VL variables to symbols and find ¥NVAR (number of
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rule base. SOUB51 calls CALCARITH vwhich actually perforas
the 1insertions into the rules. PROCARITE contains the
internal procedure BOILDG vhich builds a grarch
correspondina to the arithmetic expression. |
4.6 Supporting Routines
ILINP - input a nev line from CPILE or the terrinal

SFICARR - read one character from the TTY or CFILE (perfora|
i
ILINT® if necessary) !

PEOS -~ detect end of line on ITY or CPILE
INSIDE =~ determine if the set V¥ is a generalization of the set
vt If INST is TRU® the references of vz pust completely

caver those of Vv . If INSD is PALSE, the references need
only intersect.

EXTND - find the extension of v1 against 72. ?

INI? - initialize variables and files
NEY6 - allocate newv graph.
GIN,G07TT,S00T ~ not+t ased

ACDCONS =~ add decision part of restriction (called from SUBG).

Also used to perform exchange. of one VL expression for
f
another (see X command)}. !
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ABPENDIX A

. THE FILE EXPLAIN "7 7Y

ZXELAIN
|

THE PROGRAM HAS SELECTED AN EVENT BE1 OF THE SET F1 WHICH HAS NOT BEEN
COVERED YZE1. FIEST, A LIST OF C-FOREULAS EACH CONTAINING ONE SELECTOR
WITH A UNARY PFONCYICK WILL BE GEZNERATEL. THIS LIST SILL BE TRIMMED IC
VLMAXSTAR C~-FORMULAS USING THE COST CRITERIA FOR THE VL PART CF THE
- PROGRAM. DURING TRIMNMING, THE CONSISTENT FOEMULAS AEFEE PLACED INTO THE
8Q LIST (I.BE. FCHFMOLAS WITH COST PN 3 = 0). IF LESS THAN NCGNSIST
C-FORMULAS ARE IK THE MQ LIST, EACH ELEMENT OF THE PRRTIAL STAR IS USED
TO GENERATE A NEW LIST OF &i!ERN&IIVES FACH SITH CNE MORE SELECTIOR THAN WAS
IN THE PREVIOOUS ELEMENT OF THRE PARTIAL STAR. A SELECTOR IS
ON1Y ACDELC TC A FRCDUCT IF THE RESULT IS A CCNNECTEL GRAPH STRUCTURE.
IP THE OSER WISHES TC LINIT THE NUMBEF CP ALTERNATIVE PRODUCIS PROCUCED FROM
CNE C-FORMOLA, THIS LINIT MAY EE SPECIFIED EY SUPPLYING A NON-ZEKQ VALOE
TO THE PARAMETER ALTER.
. OBCE AT LEAST NCONSIST CCNSISTENTI C-FCEMULAS HAVE BEEN PROLUCED, THE AQ
ALGORITHN IS APPLIED TO EACH FORAULA TO EXTENC THE BEFERENCES CP SELECTIORS
AS MUCH AS POSSIBIE WHILE MAINTAINING CONSISTENCY. THEEN THE BEST C-FORMULA
IS SELECTED (LQ) AS THE COVER. SEE HELF TERACE UNDEE THE'P' OPIION
FOB AN EXFLANATION OF THE TRACE FUNCTIONS.*

i

ONTRINMED PARTIAL STAR

THE éOLLOﬂIBG C-FCRMULAS BEPEESENT THE LIST OF ALTERNATIVE POSSIBILE
CONSISTENT PORMULAS. ALONG WITH E!éﬁ FORMOLA, THE CCST FUNCTION VALUES FOR
THE FORMULA ARE PRINTEL IN THE OBLCER OFP EVALUATION. THESE FCREULAS
WERE GENERATED BY ADLCING A SELECTOR 10 A PREVICUS INCONSISTENT FCRMULA
CR AT THE OUTISET, THIS IS A LIST OF SELECTORS CF E1 WITH UNARY
PINCTICNS. ALL CF THESZT POFMULAS HAVE A CONNECTEL GHEAPH STRUCTUPRE
REPRESENTATICN. IN ACLITICON, ANY EQUIVALENCE TYPE SELECIOR
(I.E.[SH(X1,X2)=SANE]) IS RECUIREL TC HAVE AT LEAST 1WO ABGDMENIS.

SELECTOKS ABEE ACDED TO A PROILUCT C1 USING THE FCIIOWRING ALGCRITHNAD

1 ALL VARIABLES (I.E. ARGUMENTS) WAICH ARE CONNECTED TO
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SELECTCRS IN THE PRCDUCT C1 AFE LCCATEL.

2 ALI SELECTORS WHICH ARE CONNECTED TO ANY VARIABLE IN 1
BUT NOT IN C1 ARE SICRED IN A LIST. TEIS LIST IS SORTEL
WITH RESPECT 1IC VCOST.

3 IF ALTER IS NOT O, THEN THE LIST FERCM 2z IS TRIMMEL TO
ALTER SELECTOFS.*

4 POERE EACH SELECTICR IN 3, A NEW C-FCRMULA IS CREATED WITH
ALL SEIECTORS IN C1 AND THIS SELECIOR, ALL RELEVANT LINKS
BETWEEN SELECTORS AND VARIABLES AEE INCLUDED. IF AN
EQUIVALENCE TYPE SELECTCR HAS CN1Y CONE VARIABLE IN THE LIST
FRCM STEP 1, THE NEW GRAPH IS NOT ADDEL TO THE KNEW STAR LIST.
OTHERWISE, A REW STAR LIST IS FORMED WITH ALL THESE AL'I.‘}‘.‘RKATI?’ES.."x

TRIXMED FARTIAL STAE

7 THE FPORMOLAS IN THE PARTIAL STAR ARE TRIMMED TG A SMALL LIST (MAXSTAR
ELEMENTS) USING THE CCST CEITEBIA. THCSE FCBEMOULAS WEICH ARE CONSISTENT
ARE PLACED INTO THE MQ LIST. C-FOBRMULAS ARE SEIEC&EI ACCORLEIRG TC THE
FOLLCWING PRCCEDOURE

1. FCR EACH COST CRITEEIOR (IN THE ORDER SPECIFIED},
EVALUOATE THE CCSI OF ALL C-PCRMULAS,

2. SELECT THE BEST MAXSTAR PORNULAS (I.E. THOSE WITH LOWEST COST)
ANT INCIODE ALL FCRMULAS WITH EQUIVALEST COST. TIRO FORMULAS
ARE PQUIVALENT IN COST IF THEY ARE WITFIN A TCLERANCE OF EACH
OTHER. TOLERANCE #AY BE SPRCIFIEL IN CNE OF TWO WAYS FOR
EACB CCST CRITEBION. AN INTEGER TOLEBANCE IS AN ABSOLUTE
VALUE, A TOLERANCE EBETWEEN O ARC 1 IS A RELATIVE TOLERANCE.
AN ABSCLUTE TCLERANCE CAN BE GENEBATEL FROM A BELATIVZ TOLERAKCE
BY CCNEUTING THE MAXIMUM AND MININMOM CCST VALUES IN THE LIST
OF FORMOLAS (MAX ANL MIN RESPECTIVELY) AND ASSIGNING THE
ABSCLUTE TOLEFANCE AT2f

AT = TCLERANCE* (MAX-MIN)
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3. THE MAXSTAR BEST PCRMULAS ALONG WITH ECUIVALENT FCRMULAS ARE
RETAINED AND THE BEMAINDER OF THE FCEBMILAS ARE REMOVED
FRCM TEE LIST.

4, THE LIST OF FORMULAS IS EVALUATED NOSING THE BEXT CCST
CRBITEBICN., W®ITH THE LAST CRITERICN, ONLY THZ BEST MAXSTAR
FOEMUOLAS ARE RETAINED.!

12
| THERE ARE NCW AT LEAST RCCNSIST ELEMENIS IN THE MQ LIST (OR THE
FRCGEAM CAN NOT GENERATZ ANY MORE ALTERNATIVES). THE AQ PROCELOURE
IS APPITIZD TC THESE CCNSISTENT PCEMULAS. EACH FORMUIA IS PRINTEL
BEFCRE THE AQ PRCCECURE ANL THEN IHE RESULT AFTER AQ IS5 PRINTEL.
THE COST PUNCTICHN 1 1S RE EVALUATED FCR THESE FCRMULAS.
!
13
THE BEST FORMULA IN THE N¢ LIST(LQ) IS SELECTED BY TRIMMING THE

LIST OP PORMULAS WITH A MAXSTAR OF 1.

; . .

14

THE AQ PROCELCURE 1S APPLIED TC A SET OF VL1 EVENIS WHICH ARE LERIVED

PRCM A CONSISTENT C~FORMULA AND THE SET OF EVENTS IN F1 ANT FO.
B210W, THE C~FORNULA STIRUCTURE ANT INPUT EVENTS ARE @ISTEL. THE VLI
VARIABLES CORRESPONLING TO THE NOTLES IN THE GRAPH OF THE C-FORMULA ARE
GIVEN. IT IS KNCEN TEAT THEHEE IS A CCNSISTENT C~-FORMULA RITH THE GIVEN STROUCTURE
(I.E. THERE ARE VALUES FOR THE REFERENCES SO THAT THE FORMULA IS CONSISTENT).
THE VL! EVENTIS REPRESENT DIFPEBRENT POSSIBLE SETS OF VALUES IN THE RZFERENCE CP
C-PORMULAS FITH THE SAME STRUCTURE IN EVENTS OF P1 AND FO. WE WANT TO INCLULE
AS HMANY SOCH SETIS OF VALUES WHICH CORBESPONLC TO EVENIS IN F1 ANC TO EXCLUDE
ALL SUCH SPETS WHICH CCRRESECNLC TO EVENTS OF PFPO. 1THE EVENTS OF SET 1
BELOW INCLUDE SETS ASSCCIATED WITH EVENTIS IN P1. EVENIS OP SET 2 BELOW
INCLUDE SETS OF BEFERENCE VALUES ASSOCIATEL WITH EVEXNTS IN FO.

H

t18

AT THIS POIBT, YCU MAY CHANGE SCME PARAMETERS, SEF A ROULE IN
THE NEMORY, OR SEE THE CURBENT PARAMETERS. 1IN CRCEF 10
CHANGE A PARAMETEB, ENTER THE FARAMETER NAME FCLLCWEI BY
THE PROPER SPECIEYCATICNS. SGOME PARAMEIERS RECUIRE
NO VALUES (PBULE), SCME REQJIIRE ONE (TRACE) ANLC SOME
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BEQUIRE 2. IN GENERAIL, ALL YOU HAVE 10 DO IS ENTER TEE
PIBESYT POOR LETTERS OF THE PABABETER NAME, THEN THE VALUE OR
TWGC VALUES AS INTSGERS. ANY DELIMITERS MAY EE USED. ONE
EXCEPTION TO THIS IS THE PARAMETER VCOST WHICH MUST EE ENTERED
IN A PARTICULAR FCRMAT. POR FURTHER EXPLANATION OF TIEE
PARANETZRS AND WHAT THEY DO, TYPE
HELP <PARAMETER NANED
TO SEE A RUL® IN THE MEMCEY, JUST ENTER THE RULEF NUMBER.
TC RETURN TO WHAT YOU WERE LCOING, ENTER N
QUIT

11C0
TRACE PARAMETER

, THIS PARAMETER MAY HAVE A SET OF VALUES FROM 1 10 10. EACH VALUE
RELATES TO A TRACPE OF A PARTICULAE PEATURE CF THE PECGRAM. THE
VALIUES CUORRENTLY MEANINGFOL ARE THE FCLLOWING2L
1 FEBINT ALL OP THE C~FORMULAS WHICHB ARE CENERATED FRON
A FREVIOUS LIST CF C-FCRMOUOLAS. AT THE EEGINNING, ONLY
C-FORMULAS INVOLVING A SINGLE SELECTCR WITH A UNARY POUONCTION
ARE GENERATED., CN SUBSEQUENT ?LSSEé TEROUGH THIS TRACE, NEW
SELECTORS ARE ADDED TO THE THOSE FORMULAS HEMAINING AFTER TRIMMING
WHICH FORM CONNECTEL GRAPH SIRUCTURES. IP ALTER IS NOT O,
THEN CMNLY AT MOST ALTER NEW FORMULAS ARE ADDED,
PRINT THE FOBRMULAS LEFT AFTER TRIMMING. DOURING TRIMMING,
ALL CONSISTENT FORMULAS ARE REMOVED PECM THIS LIST AND PLACED
IN THE 8Q LIST FCR SUBSEQUENT PROCESSING EY THE AQ ALGORITHAN.
-THESE EAY BE LISTED BY USING TERACE 2 EELOHN. ‘

2 PRINT AlIL CONSISTENT FOEMULAS. EACH FCRMOULA IN THE MQ
LIST IS PRINTED EEFORE AQ GRNEFALIZATICN AND THEN THE
RESULTING FOEMULA AFTER AQ GENERALIZATION IS PRINTED.

3 AFTER FULL GENERALIZATICON, THE BEST MG IS SELECTELD (LQ)
ANC PRINTED WITH THIS TRACE PEATURE. THE NEXT EVENT PRCH
F1 IS THEN SELECTED ANC THE ENIIBE PRCCESS IS REPEATED.
THE FPINAL COVER IS ALWAYS PRINTEL.
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4 ALL INPUT EVENTS TO THE AQ PBOCEDURE ARE PRINTEL WITH
RITH TRIS TRACE., CN THE FIBST PASS, THESE ¥AY BOT BE
ALL THE EVENTS AND THEREFCRE THE EVENTS ABRE PRINTEL
FCF EACH PASS THROUGH THE AQ PROCEDURE.

S THE SELECTED CCMPLEX PROM THE CURRENT EASS THROUGH THZ2
AC PRCCELURE IS FRINTEL IN AC FOEFMAT.

6 PEINT THE SELECTED META FUNCTIIONS

7 BETNT THBE CHARACTERISTIIC GENEBALIZATICN PROCESS DURING
THE LCST2 PRCCELCURE.

8 NCT USEL
9 PRINT ALL ALTERNATIVE GENERALIZATITONS OF THE ZVENT

10 PBRINT EVENT EV1 WHICH IS TO BE COVEREL

TO TURN ON ANY TBACE FEATUERE, ENTER

TRACE I
WHERE I IS THE NUMBEE OF THE TBACE FEATURE WHICH IS T0 BE TURNED ON.
TO TURN OFF THE TRACE FEATURE,ENTER

TRACE -1
WHERE I IS THE NUBBER CF THE FEATURE WHICH IS TO EBE TURNED COFF.
TO STOP THE PRCGEAN AT EACH TRACE FEATUBRE [PCSSIBLY 1C CHANGE SONE
PAFAMETERS), YOU HAY ENTER

STP I
W4ERE I IS THE ASSCCIATED TRACE FEATURE. 'IHE STIOP M2Y BE REMOVED
BY ENTXRING

STP ~I

1200
ACCUTEN

IN ORCER TO SPEEL UP THEF A{ PROCELURI, ONLY CUTFY EVENTS AREZ CONSIDERED
IN THE COST PTNCTICN 3. THE DEPAULT VALUE IS 20 BUT MAY EE
CHANGEL EY ENTERING
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AQCOTP1 I
VHERE I IS THE NEW VALUE OP ACCUTP1
i
13C0

ACMAXSTAR

THE AQMAXSTAR PARAMETZF IS THE MAXSTAR PARAMETER USTD IN THRE AQ
PRCCECURE. THIS SPRCIFIES THE NUMBEB OF ALTEBRNATIVE COMPLEXES IN
THE CURRENT PARTIIAL VL1 TYPE STAR.

!
14C0
AQTOLERANCE

THIS PARAMETER SPECIPIES THE TOLERANCE FOR THE ITH COST PUNCTIONG
I?P IT IS AN INTEGER, THEN IT IS ASSUMEC TO BE AN ABSCLOTE VALUE;
IP IT IS A VALUE BETWEEN O AND 1 THEM IT IS A RELATIVE VALUE
WHICH IS CALCULATED EY DETERMINING THE MAXINUN AND MININONM COST
FUNCTIONS IN THE STAR AND THEN OBTAINING AN ABSCLUTE VALUE WHICH
IS CALCULATEL AS FCLLCWSa@D

AESOLUTE VALUE = TOILERANCE * (MAX - HNIN) !
) ?

ALL COMPLEXES WITHIN THE STAR WHICH HAVE COSTS WITHIN ABSOLUTE VALUE

TOLEBANCE ARE CONSIDERED TOQO BE EQDIVALENT WITH RESFECT TC TEIMNING.

THIS VALUE IS SPECIFPIEL BY ENTERING
ACTCLERANCE (I)=1
WHERE I MEANS THAT THIS TOLEBANCE IS ASSOCIATED WITE THE ITH CCST

PUNCTION"AND T IS THE TOLERARCE 1IN HBUNDFETHS (IT ®0ST BE AN INTEGER)
POR TZYAMPLEAC

ACTCLERANCE {2) =200
SPECIPIES THAT ALL CCHMPLEXES WITH THE SECOND CCST FUNCTION VALUE
YITHIN 2 ARE EQUIVALENT.

THE SYNTAX IS SCMEWHAT RELAXEC T0 REQUIRE ONLY TIHE FIRST FOUR
LETTPRS OF THE PARAMETER NAFME (S.<. AQIG ) AND IHSN TWC NUMBERS
WITH ANY DFLIMITEPS WHICH YOU LCESIRE.

E.G. AQTC 2 200
IS INTERPRETED THE SAME AS THE ABCVE EXAMPLE.
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15C0
ACCRIT
THIS PARAMETER SPECIPIES THE ORDER OF AEPLICATICN OF COST CRITZRIA.
FOR THE AQ PBOCELUORE. SIX CRITERIA ARE CURRENTLY AVAIIABLEAL

1 THE RUMBER OF NEW VL1 EVENTS WHICH ARE COVEREL.
ALTHOUGH THIS IS NOT THE NUMBER OF C-FCBMULAS
WHICH ABE COVEREL, IS EAY BE A CLOSE APPROXINATICN IN
CERTAIN CASES AND RONS MOUCH MORE CUICKLY THAN COST 3

2 THF NUMBER OF SELECIORS IN A CCHMELEX WBICH CO KROT
HAVE * IN THE REFERENCE

3 THE NOMEER OF C-FORMULAS WHICH ARE ACTCUALLY COVERED BY THIS
COMPL2ZX. THIS IS MORZ TIME CCNSUMING THAN 1 BUT MAY GIVE
BETTER BRESULTS LCEPENDING ON THE PROELEP.

4 THE SUM CP THE COSTS OF VARIAELES IN TEE COMPLZX.

5 THE BUMBER OFP EVENTS COVEREL IN-.THE VI1 SET 1

o

THE NUMBER OF EVENTS COVERRLC IN THE VI1 SET 2

THIS PARAMETER MAY BE ENTEREL BY TYPING
AQCRIT(I) = J OR ACCRITI(I) = -J
WHERE I SPECIFIES THE ORDER OF EVALUATION OF TEIS CFITERICON AKL
J IS THE CRITERICK (I AND J IN THE INTERVAL [1..6]. IHE
POBRNAT OF THIS SPFCIFICATICN MAY EE RELAXZLC T0 ONLY SPECIPY
THE PIRST FOUR LETTERS OF TEE PAEAMETER NAME (ACCE) AND THEN
TWC ROMBERS, I AND J.
!
16C0
AQNF
THIS PARAMETER SPEBCIPIES THE NUFBER CF AC COST CBITERIA WHICH
ARE TO BE USED. IT MUST BE IN THE INTERVAL [1..6]
| .
1700
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vCOosT

TBAIS PARAMETER SPECIPIES THE COST CP A VABIABLE. INITIALLY, ALL
VAEIABLZS HAVE CCST OFP 0., IO CHANGE THE CCST CF A VARIABLE,
ENTER

VCOST [KVAEIABLE NAMED>)=II

WHERE VARIABLE NAME IS THE NAME OF THE VARIAPLE {CR IESCRIPTCR} WHICH
IS OSEIL IN THE RULFS. 1II IS THE COST OF THIS VARIAELE (IT MAY BZ
NEGATIVE). TBHBE SINTAX IS IFPCRTANT HEEBE, YCU MUSYT USE LEFT ANT
BIGHT ERACKETS ' ({..)' AND LEAVE NC SPACES.

EXAMPLEDD VCOST (SHAPE)==2
SZ15 THE COST COF THE LESCRIEFTCE SHAPE 10 -2.
!
t8co
VLMAXSIAR :
THIS PARAMETER GIVES THE MAXSTAR PARAMETER FCR THE VL2 PART OF THE
PRCCEDURE, IT SFECIFIES THE NUMBER CP ALTERNATIVE C-FORMULAS
VHICH ABE RETAINEL IN A PARTIAL STAR IN EACH STEP.
t
t3co
VLTCLERANCE
THIS PARAMETER GIVES THE TOLERASCE FOR THE ITH COST FUNCTION
POE C-PORMULAS IK THE VL2 TRIMMING PEOCEDURE. IF IT IS AN
INTEGER, THEN IT IS ASSUMEL 1C BE AN ABSOLUTE TICLERARCE, OTHER
WISE IT IS RELATIVE T0 THE MAXIMUX AKNL MININUM COSTS IN THE PARTIAL
STAR. THY VALUOE IS ENTEREL IN HUNCRETIHS (SEE AQTOLERAFRCE).

EXANPLEAD VLTOL (3) =200
SPECIFI®S THAT THY THIRD VL2 COST CRITERION (VICRIT (2)) AAS AN
ABSOLUTE TOLERANCE CF 2 (=2.00)
!
11C00
YICBIT
THIS PARAMEIER SPECIPIES THE ORDER IN WHICH COS1
CRITERIA ART TC BE YEELIED IN TRIMMING OF C-FORPULAS. FIVE
CRITERIA ARE CURRENTLY AVAILABLERL

1 THE NOMBER OP EVENTS OF F1 CCVERED
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BY THIS C-PFORMULA BOUT NOT BY AMNY PREVICUS LQ
2 THE MOMBER OF SELECICRS IN THE C-FORMUIA.
3 THE NJMEER OF EVENIS IN PO CCVERELD BY 1HE C-PORMULA

4 THEf TOTAL SUM COST OF DESCRIPTIORS IN SELECTORS. IF
A TESCRIPTOR APPEARS MCRE THAN ONCE IN THE FORMULA, THEN
IT IS COUNTED FOR EACH APPEARANCE, BCT JUST CNCE.

5 1IHE TOTAL SUM COST CF DUNMY VARIABLES IN SELECTORS.
IF A CUMHY VARIAELE APFEARS MQRE THAN C(MCE IN THE FOBMULA,
THEN IT IS CCUNTED FCR FACH APPEARANCE., COST REFER TO THE
ORIGINAL DOMMY VARIABLE WHICH WAS ENTEFED BY THE USER
(NCT THE SUBSCRIFT ASSIGNED BY THE PRCCEAN).

THIS PARAMETER IS SPECIFIED EY ENTERING
VICRIT(I)=J

WHICH SPECIFTIES THRAT THE ITR CBITERICN IS NUMBEE J AEOVE.
EXANPLE3ED VLCRITI(1}=3

!
£1100
VLNF

THIS PARAMZTER SPECIPIES THE NUWMBER OF COST CRITERIA

WHICH ABE T0 BE USEL IN THE VL2 TRIMMING ANC SELECTICN PROCESS.
!

11200
NCCNSIST
THIS SPECIFIES THE NINIMUM NUMBER CF CONSISTENT FOBMULAS
WHICH ARE TO BE GENEBATEC IN THE VL2 PART OF THE ALGCRITHN.
EACH OF THESF C-FCEMULAS IS GENERALIZED BY THE AQ ALCORITEA.
DURTNG CHARACTERISTIC GENERALIZATICN, A C-FORMULA IS CONSITCERED TO BE
MCCNSISTENT® IF

1 IT COVERS AT LEAST MINCOVER PERCENT CF TEE PCBMULAS IN F1

2 ALL C-POFMOLAS DERIVED PRCM IT (CURING THE GROWTIH PROCESS) DO
NOT CCVIE AT LEAST MINCOVER PERCENT CP TEE PCRMULAS IN F1,
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1
11300
ALTER
THIS PARAMETER REFERS TC THE GEZNERATION CF CONSISTENT FORNULAS
ANE SEECIFIES THE NUMEER OF NEW FORMULAS WEICH WILL EE FCRMEL
BY ACCING SELECTORS 1C AN EXISTING MEMBER OF THE PARTIAL STAR.
ONLY NEW SELECTORS ARE ADDED WHICH WILL PORE A CONNECTEL GRAPH
STRUCTURI. BQUIVALERT SELECTORS (f SH(X1.X2)=SAKE]) ARE
ADCED CNLY IP THERE WERE TWC COMMY OR INDZPENDENT VABIABLES
IV THE ARGUMENT LIST CP THZ SELECTOB IN THE OFIGINAL FORMOULA
OF THE PARTIAL STAB.
IP ALTER IS C, THEN A NEW C-FORMULA IS GENFRATEL FOR
ALL SFLIECTORS NOT YET OSED IN THE CURRENT C-FORNULA BND
WAICH FORY A CONNECTED SUBGRAPH.
4!
11400 |
PRINT
THIS PARAMETER REQUESTS A LIST OF THE META SELECTORS CURRENTLY
SEITCTED, THE DOMAIN STRUCTORES, THE INPUT BOULES CR FESTRICTICNS. ENTER2D

PRINT 4 FPOR META SELECTORS

PRINT C FCR LCHAINS

PRINT R FOR BESTRICTICHS

PRINT F FOR INPUT LECISION RULES.

11500
METATBIN

THIS PARAMETIER SECIFIES THE NOXBER CF META FOUNCTIONS SELECTED. IT

SHCULD BE LESS THAN GSIZ®. IP IT IS 0O, THEN NO META FUNCTICNS ARE CCMPUTED.
' A

£1600
DESCTYPE
DESCTYPE INDICATES WHAT TYPE OF CESCRIPTICN THE PROGRAM SHOULD GENERATE

WHZIN THE "C" (CCVER) CCMMANL IS ISSUEL, THE PRCGRAF CAN GZINZEATEZ TWO TYPES
OP DESCRIPTIONSAL

1 TESCTYPE CHARACTERISTIC. A CHARACTERISTIC [ESCRIPTION OP A SET OF
ROLES F1 IS THF MOST SPECIFIC CESCRIPTICN WHICH RULES P1 IS SHARED BY

I
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ALL EVENTIS IN¥ F1. PO MUSI BE EMPTY FOR THIS TC WORK PBOPERLY. THUS,
CNLY ONE SET CF EVENIS SHOULD BE SOUPPLIED TO THE PROGRAM POR
CBARACTERISTIC DESCRIPTICN. THE PARAMETER, REINCOVER, MUST ALSO BE SET
(SEZ2 HELP NINCOVER).

2 DESCIYPE DISCRIMINANT. A CISCRIMINANT L[ESCBIPTION CF A SET CP BRULES,
F1 AGAINST ANCTHER SET OF RULES FQO IS THE MCST GENERAL DESCRIETION
WHICH DISCRININATES EOUOLES IN F1 FROM ROLES IN FPO. IT MUST NOT
COVER ANY RULES IN FO AND IT IS DESIREABLE TBAT IT COVER AS MANY ROLE )
IN F1 AS POSSIBLE (TIHIS IS THE LEPAULT).

RCT2aD APPECFBIATE COST PUNCIIONS SHOULL ALSC EE SET FOR
CHARACTEZRISTIC (-1, —2) AND CISCRIMINANT (3, -1, 2) L[ESCRIPTORS.

THIS COMMANLD MAY BE A3BREVIATED TC

DESC C {POR CHARACTERISTIC DESCRIPTICNS)
DESC D (FCR DISCRIMINANT CESCRIPTIONS)
: :
11700
: QUIT ‘ -

RETURN 10 THE CCMMAND LEVEL. THE PROGBRAM WILL EESUME FROM
THE LAST POINT.
t
t1€00
BELP
HELP GIVES A LIST OF ALL PARAMETIERS WHICH ARE UNDERSTOOL AT THIS POINT
!
11500
PARAMETERS
LIST CORRENT VALUES OF PARAMETERS
!
12C€00
STE
HALT THE PRCGRAM AT A PARTICULAR TRACE FEATORE. GENERALLY, THIS
MAY BE TSED TO GET AN EXPLANAIION OP WHATS HAPPENING CR TO
CHANGE SCME PARAMETER.
!
12100
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SINCOVER

TAIS SPECIFIES THE MINIMUM PERCENTAGE OP ROULES IN P! THAT A C-PORNMOUILA
MUST CCVER IN ORILFTR 1C BE CCNSIDEFED AS A CHABACTERISIIC DESCRIPTION. .
IT IS USED IN CONJUNCTION WRITH NCONSIST TO LCETERMINE WHEN THE C~-FORMOULA !
GRCWING PROCESS SHCOLLC STOF. FLCUBRING THE C-PORNULA GFOWING PROCZSS,
EACH C~-PORMTLA IS GRCWN (BY ADDING NEW SELECTORS) UNTIL ALL OF TBRE
PORMOLAS WHICH CAN BE GROWN FROM IT FAII TO COVYER MIMCCVER PERCENT
OF THE RULEFS IN Fl. AT THAT TIME, IT IS PLACED ON TEE MQ. NCONSIST /
SUCH MQ RULES NMUST BE FOUND BEFORE THE GROWING ALGCRITHM TERMINATES.
THOS, IFP MINCOVER=10C, SEVERAL PAIRLY TRIVIAL RULES ®ILL BE FCUNC. 1IT /
MINCCVER=57, SCNE INTERZSTING RULES INVOLVING 8ANY SELECTORS WILL BE
FPOUND EOT THESE RUL2ZS MAY NCT COVER ALL OF F1l.
!
12200
QUICK
THIS TURNS CPP ALL TRACES
{
12300
DETAIL
THIS TURNS ON ALL TRACES.
{
12400
EXEIAIN
THIS TURNS CN ALL TRACES AND SEIS ALL STOPS

12500
BRIEF
THIS SETS TRACE OPTIONS 10 AND STOP OPTIONS 10
!
12€00
YIYPE
ENTER VIYPE IN THE SANME FORMAT AS VCOST. THE TYPES ARE2D

1 - FCHINAL
2 - IRTERVAL
3 - STRUCTUREL

12700
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PRULE
THIS PARAMETER ERINTS THE BULES AS WELL AS THE EULE NUMBERS AT
BACH STEP. TO SUPRESS PRINTING RULES, ENTER FRULE P. T0O RESURE
PRINTING RULES, ENTER PRULE. THIS MAY BE USED IP TBE ROLES
ARE VERY LARGE AND BEQUIRE A LCNG TIKME TG EBINT ON THE
TEEMINAL.
!
12600
LOST
THIS PARANETER (ON BY DEPAOLT) STRIPS EACH OOTFUT COMELEX PRON THE AQ7
PRCCEDURE. TO TURN CFF, ENTES LQST F.
' .
'5
TRE RESOLT CF THE AQ APPLICATION IS GIVEN BELOW. IF THIS IS NOT
CONSISTENT, ORE EVENTS WILL BE ADDED TG SET 2 AND A REPEATEC. IF IT
IS CONSISTENT, THEN IT WILL EE TRANSLATED BACK INTG A VL2 FCRMULA AND
STOREC IN THE NEW 4Q LIST.
'
16

THE SELECTEL META FUNCTIONS ARE LISTED EELOW. HERE IS AN EXPLANATION
OF THE TABLE.

ns IS AN INTEENAL RNUMBER USEC TO REFER T0 THIS META FONCIION.

TYPE IS #PT CB FCRALL. #PT INDICATES THAT 1THIS FUNCTION MEASOURES
THE NU¥BER OF OBJECTS FCR WHICH THE ASSOCIATED DESCRIPTOR
TAKES ON THE ASSCCIATED VALUE. FCRALL INLCICATES THAT ALL OBRJECTS
IN A BULE FOR WHICH THE ASSOCIATEL LESCRIFTOR IS APPLICABLE
"HAVE TEE ASSOCIATED VALUE.

FUNCTION INCICATES THE DESCEIPTCR ANL VALCE PAIR REFERRED TC ABOVE.

F1cov LISTS THE MAXIMUM NUMBER OF RULES IN P1 WEICH THIS META FUNCTION
~ COVERS FOR ANY CNE SINGLE VALUE OF ITS REFERENCE.

FOCCV LISTS THE CCRRESECNLCING NUMBER OF RULZIS IN FO WHICH THIS
META FUNCTICN COVERS WHEMN IT TAKES CN THE VALUE WHICH GIVES
THE ASSOCTATED FI1COV VALUE.
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TYPE FPUNCTION F1COV FOCCY
$PT SIZE = 2 5 2

THIS INDICATES THAT IN EACH RULE IN F1 AND FO THE EROGBAM IS CCUNTING
THE NUMBER OF SELFCTCES OF THE FORM [ SIZE(X)=2) (WHEERE X IS ANY RELEVANT
DOMMY VARIABLE). A NEW DESCFIPTOR, [# XS SIZE 2=K] WILL BE ADDZED TO EACH
EVENT. K IS THE NUMBER COP LCUMMY VARTABLES POR WHICE [SIZE(X)=2] IN
THAT RULE. NOTICE K COULD BE 0 AS WELL AS A FINITE NUMBER. THE VALUZR OF K
VHICH COVERS THE MOST RKOLES IN F1 IS NOT LISTEC IN TEE TAELE, BUT IT COVERS
5 FOLES IN P1 ANC 2 BROLES IN PO,

!
17

THE PROGRAM 1S NOW REALY TC CHAEACTERIZE A SET CF COMPLEXES.

EACH CONMPLEX HAS WITH IT A 1IST OF THE BﬁLES WHICH IT COVERS. THE PROGRAZA
DETERMINES THE COMPLEX WHICH CCVEES THE MOST RULES AFL REMCOVES THOSE BUOLES
PRCH TEE LISTS OF BULES COVERED BY THE REMAINING COMPLEXES., THIS PRCCESS
IS REPEATED UNTIL ALL RULES ARE COVERED. THE REFERENCES OF THE SELECTED
COMPLEXYZ2S ARE MEFGED TIC GIVE THE FINAL COVER.

EXPLANATION OF THE GUTPUTAD
MAXCCUNT IS THE MAXIMUM NUMBEE OF BULES COVERED EY ANY ONE COMPLEX.

WHEN NORE THAN OBE COMPLEX CCVERS MAXCCUNT ROULES, THIS TIE IS RESOLVED
BY COMPUTING THE COST OF ADDING EACH COMPLEX TC THE EMERGING COVER., THIS
COST IS EQUAL TO THE NUMBER OPFP NEW REPERENCE VALUES WEICH WILI NEEL TO BE
ADLELC IN ORDEIR TO MERGE THE COMPLEX AND THE COVER. 1HE COMPLEX WITH THE
LOWEST COST IS SELECTED. THE FRCGEAYX PRINTS CUT THE EMERGING COVER AND
THE SELECTED COMPLEX. 1IT ALSO PRINTS OUT THE CCST CF ADLCING THE SELECTED
COMPLEX TC THE ENERGING COVER.

!

19

THESE ARE TEE C-FORMULAS WHICH HAVE BEEN GENERALIZED EY THE AQ
PRCCFDURE. EACH ON® IS CONSISTENT (CCVERS NG RULES IN FO).
ONLY THE BZST CONSISTENT C-FORMULA (MC) WILL BE RETAIKED, BUT ALL OF
THESE FORMULAS MAY BE OFP INTEREST 10 THE USER.



44
!
t1c
AN BVENT E1 OF F1 HAS BEEMN SELECTED., (F1 IS THE SETI OF ALL CONDITIONS

WAICH HAVE THE DESIRED SET IN THE DECISION PART; TRE SET FO IS THE
S2T OF ALL OTHER CCNLCITICN PARTIS RNOWN TO THE PECGRAPF)., THIS EVENT E1
WILL BE COVEREL BY A C~FORMOLA (CCNNECTED CONJUNCTIVE VL2 PORMULA)
WHICH IS CONSISTENT WITH RESPECT TO ALL PORMULAS CF ¥0 (I.E. COVERS
¥C FORMULA OF FO). CNCZ2Z A COVER {LQ) OF E1 IS FOUNL, ALL EVENTS COVERED
BY THIS LQ ARE REMCVEL FROM F1 ANC THE NEXT ELEIMENT CF F1 IS SELECTZD
ONTIL KO MCRE ELEMENTS CAN BE FOUBD IN Fl.

!

21

ENTER BRESTRICTIONS

THIS COMMANL ALLONS THE OSER TO ENTER RESTRICTICNS WHICH WILL BE
APELIED TO ALL THE EVEINTS WHICH WILL BE INPUI1 LATER RESTRICTIONS SIMNPLY
ACL NEW INPOMATICN TC THE EVENT BY APPENDING CEBTAIN SELECTCRS TC THE
EVENT. THE INPUT PORMAT REQUIRES A PRODOCT CP SELECICRBS WHICH
FORM A CCNNECTED GRAFH REPRESENTATION POLLOWEL BY *=>' AND A SELECTOR
WITH A PUNCTION SYMBCL AND ARGUMERIS WHERE EACH ARGUMENT APPEARS IN THE
CONDITION PART OF THE BULE SCMEWHERE.

EXANPLE aD
[LEPT(X1,X2) I LEPT {X2,X3) ]=>[LEEFT (21,X3) J.
[ STA(X1)=1][ EART (X1,L1) ]=>[COND(L1)=%].

122
MODIFY RULES (BVENTS)

THIS COMMANL ALICWS A OSER TC ADD OR DELETE AN EVENT FROM THE SYSTEN.
APTER THE USER ENTERS THE CHARACTER ¥, THE PROGRAM ASKSS IF YCU WANT 1O
‘ALl OR DELETE A EOLE., ENTER A OR D.

ADD A ROLE

ENTER A, THEN ZINTFR THE ROLE. TRER BGLE MAY BE BROKEN ACRSS SELECTOR

BCONCARIES IF IT WON'T PIT ON ONE LINE. IF YOU MAKE A MISTAKE, YCU

MUST REENTER THE ENTIRE RULE FRCP THE BEGINNING. SEE RULE SYNTAX

BELCH,

DEIZTE A BROULE
ENTER D. THE PPCGRAM LISTS EACH EVENT KNCWN TC THE SYSTEM. AFTER
EACH BVENT IS LISTED THE EROGEAE ASKS IF IT IS 1C BE CELETEL. ANSWER?D
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Y - 10 DELETE THE RULE
¥ -~ TO REIAIN THE RULE ANC LIST TEEF NEXT ORE
Q - TO RETUFN TC THE COMMAND MODE.®*

RULE SYNTAX

A BOLE CONTAINS A CONDITION PART (PROLUCT CP SELECTCRS) ANL A DECISION
PABT (A SINGLE SELECTICR WITH A O0-AKY PUNCTION OB CECISICN VARIABLE)
POLLOWED EY A PERICD (.)« EACH SELECTCOR IN THE CONLDITION PART HAS A PUNCTICN
SYMBOL POLLORED BY ALIST OP ARGOUOMENTSS SEPARATEL WITE ','. THE FOUNCTION.
SYMBOL IS A NAME WIIH LESS THAT 1C CHARACTERS, THE ABGUMENTS CCNTAIN A
NARE (THE NANE OF A GREQUP CF CCHAPABABLE DUMMY VARIAEFLES) AND A NUMBER
WHICH CISTINGUISEES THIS ARGUMENT FRCHM OTHEBS CF THE SAME GROUP
(®*.G. X1 OR CAR4)., THE REPERENCE MAY BE ONMITTEC {IN WHICH CASE IT ASSUNMES
THE VALUE 1), IT MAY BE ¢ (ALL VALUES), A LIST OP INTEGERS SEPARATED
BY CCMMAS, NR A PAIR CF INTEGERS SEPABRATED BY .. (TIR1S SPECIFIES A
RANGE OF VALOES ANC TELLS TRE SYSTEM THAT THE PUNCTICN HA'S AN IRTERVAL
COMAIN STRUCTURE).

SELTCTCR EXAMPLES®D [SH(X1)=1,2] [P(X1,X2)] ([SH(A1)=#*] [SIZE(L1)=1..6]
ROULZ EXAMPLEAQD [SE(X1)=3Q(X1,X%2) J=>[[=1,2].

123 !
CCVER A SET OF FORMOLAS ‘
THE SYSTEM WILL ASK WHICH SET. ENTSR THE SUMEEE WHICH IS THE
DZICISTION VALOUEZ WHICH IS TO EE GEZNEBALIZED. 10U WILI PRCBABLY WISH
TO ENTER *P' ANL SET SOME TRACF AND STOP OPTIONS EEFCRE ACTUALLY
INITIATING THE CCVER PROCEDORE. (SEE PARANMETERS CUICK,DETAIL,BRIEF ETC.)
1 .
124
CHANGE FARAMETERS
ENTER P TO CHANGE PARAMETERS. ONCE YOU ARE IN 7IBE PARAMETER MODIPICATION
SZCTICHN, TYPE HELP FOR PURTHER EXPLANATION. ALSO, WEFN THE PBCGRAM STCPS
DURING A TRACE, YCU MAY ENTER F TC GET THIS PROCEDURE.
1
12¢
ENTER CCMAIN STBOUOCIORES
ENTER E AND THEN ENTER A BROLE VITH PUNCTICN SYMEOLS WITHOUT ARGUMENTS,
EXTER THE LOWEST LEVELS OP GENERBALIZATIN PIRST, ENTER E ANC THEN ‘
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78X RULE POR EACE GENERALIZTIICS RULE.
EXAMPLE®D [SE=1,2,41=>(SH=7].

126
HELP
YOU NAY ZNTER 'HELP X' WHERE X IS M,C,V,R,P,L,S, OB E IN ORLER TO OBTAIYN
AN EXPLANATIN OF EACH OF THESE COMMANLS.
!
127 !
V11 MCDE
ENTFR THE VL1 NODE OF PROGRAM OPBRATION WHICH BYPASSES VL2
COESISTENT C-FCREULA GENERATICN. Y00 WILL BE ABLE IC ENTER VL1 BVENTS
IN A MODIPIED AQ7 FORMAT PRCM A FILE VLIEVE. THE PCEMAT OF THIS PILE
CCNTAINS A LIST OP EVENTS (VALUES OP VARIABLES) PRECEELEC BY THE
CECISICN VALUZ. FOR EXAMPLE, IP THEEE ARE TWO EVENTS IN SET 1
ANT 2 EVENTS IN SET 5, THEN ENTER INTC THE FILPAD
\ 1013
5113
S 112
1111 -
IN THIS EXAMPLZ THERE ARE THREF VARIABLES. NOTICE TEAT THE CRD2R
OF EVENTS IS IRRELEVANT SINCE THE DECISION VALUE IS INCLUDETD
IN THE EVENT SPECIFICATION. THIS FILE MUST BE CREATED BEFORE
RUSNING THE PROGEAN. ,
~ IN ORCBR TC RUN THE EROGRAM IN VL1 MOCE, CBEAYE A PILE
IN THE ABOVE POBMAT CALLED VIL1EVE. THES RON THE ERCGRAM ANC
ENTER V. AT THIS POINT, YOCU MAY
ENTER TOMAIN STRUCTOEES (IN THE VL2 FCBMAT), ENTEE EREAMETERS
(THIS ALLCWS ONE TO ENTER COST FOUNTICNS AND MAXSTAS FARAMETERS ETC.)
OR COVER CN2 SET AGAINST A EUNCH OP SETS OF EVENTS. *
VARTIAELE CCSTS AND CCMAIN TYPES (CHARGE DOMAIN TYPE FRQOM
THE DEFAULT (NOMINAL) TO INTERVAL) MAY THEN BE ENTEBED BY
ENTERING P AND THEN SPECIPYING SITHER VIYPE CR VCCST FARAMETERS.
ALL VARIABLSZS ARE LABELLED *'XI'. STBUCTURED DOMAINS ARE AUTOMATICALLY
SE1 BY THE E COMMAND. THE COMAIN TYEES AREAC
1 - NCMINAL
2 - INTERVAL
3 - STRUCTURETL
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ONCE THE EVENTS ARE BEAC INTO THE PBCGRAN AND ALL PARAMETERS
ABR SE1, YOU ARE READY TO CCVER A SET OF EVENTS. EBTER THE C COMMANE.
THE PRCGRAN ASKS WHICH SET IS TO EE COVEREL. ENTER THE NUNBER

WHICH CORRESPONLS TO THE SET WHICA IS TO BE COVERED. THE

PROGRAM THEN ASKS VHICH SETS ABE TC BE COVEBED AGAINST. ENTER

A LIST OF INTEGERS WHICH COBRESPOND TO THY SETS AGAINST WHICH

THE COVER IS TO BE MACE. THE PROGRAM THEN PRINTS THE COVERING
 CONPLEXES.

| ALL COMANDS EXCEPT FPOR THE NUMBER OF VARIABLES ANC

SETS INVCLVEL IN COVEERING MAY BE ENTERED IN CFILE.
!

128
L - EXIMTY PREDICATES
ADD 2XTMTY TYPE PREDICATES LIKE LST~ AND 4ST-
!
125
S - EQUIV PREDICATES
ADD EQUIVALENCE TYPE PBREDICATES (B.G [SH(X1.XZ)=SAME])

A - ENTER THE CEFINITION FOB AN ARITHMETIC LERIVEC DESCRIPTOR

ENTER THE DERIVATION RULE POR AN ABITHMETIC LCERIVED DESCRIPIOR IN THE
FORNATAD

<HEW DESCRIPTICR> {KCUMMY VABIABLESD)= <ARITHMETIC EXIPRESSIOND>,

EXANPLEAL
GIRTH(X1) =LENGTH (X1)+WIDTH(X1).

THE CUMMY VARIABLE OF THE <NEW DESCRIPICR> MUST APPEAR IN THE ARITHMETIC

EXERESSICN. THE EXPRESSION IS WRITTEN IN STANCARE ALGEBRAIC FORM. THE
OPEBRATCRS WHICH FAY BF USIZLC ARE2L

+ ADDITICN
- SOBTBACTION CR ONARY HMINUS
* MOLTIPLICATION
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/ IHTZGER LIVISICN (REMAINCER CISCARLEL)
% MHBCTULO CIVISICHN

INTEGER CONSTANTS AND FUNCTIONS MAY ALSO APPEAR IN THE EXPRESSION.
THE EXPRESSION MUST CCNTAIN AT LEAST CNE PUNCTION CE PRBEDICATE AND
MUST FORM A CONNECTED GRAPH STRUCTIURE. ALL FUNCTIONSE ARE PRELICATES
ARE ASSUMED TO HAVE SINGLE VALUES IN THE REFERENCES., IF MORE
THAN ORE VALUE AFPEAES IN THE BEFERENCE OF A PUNCTICK WHEN THE EXPRESSION
IS TC BE EVALOATED, THE SMALILEST VALUE IS USED. IF THE RESOULTING CONPUTED
VAIUE IIES OUTSICE THE RANGE OF VALIL VALUES (C..MNVAL), THE
DESCRIPTOR IS IGNOREL AND NCT ADDED TC THE BOLE., TIC MAKE THE RIGHT HAND SIDE
IN10 A CCNNECTED CRAPH, CONNECIING PREDICATES MAY BE MULTIPLIELC TC THE
EXFRESSION. ALL FRECICATES HAVE VALUE 1 WHEN THEY ARE TRUE.

EXANPLE
SUMSIZE (X1,X2)=(SIZE(X1)+SIZE (X2))*P (X1,X2).
WHERE P IS SOME CONNECTING PREDICATE CF X1 AND X2.

TC PROCESS THE ARITHMETIC DESCRIPTCR DEFINITIONS ONCE THEY HAVE BEEN
GIVER 10 THE PROGRAM, ISSUE THE "N" CCHNANL. (SEE R N).

NOTE®@D A GIVEN DESCRIPTOR PLUS DUMMY VARIABLE MAY ONLY APPEAR ONCE IN
THE EXPRESSICN CN THE RIGHT HANL SICE OF THE RULE. THUS THE BULE@D

SCUARE(X1)=SIZE (X1)*SIZE (X1).

WILL NOT WOERK.

N - EXECUTE PBEVIOUSLY ENTERED A COMMANLS.
THE N COMMAND CAUSES ALL PREVIOUSLY ENTEREL ARITHMETIC DERIVEL LCESCRIPTOR
DEFINITIONS (SINCE THE LAST N COMMANL) TO BE PROCESSELC ANL ALLCEL TO ALL RULES
IN THE RULE BASE WHERE APPROPRIATE. THIS COMMAND IS PROVIDED SC THAT THE
OSER CAN ENTER THE ARITHMETIC DESCRIFTCRS AT ANYTIME DOURING THE PROCESS AND THEN

APPLY THZM TC THE BULE BASE WHEN ALL OF THE RULES HAVE BEEN ENTERED.
t

132
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I - ERTER A LOGICAL LCERIVEL DESCRIPTOR AND SUBSTITUOTE IT.
THE "X" CCMMAND PERMITS THE USER TIC ENTER A LOGIAL DERIVED DESCRIPTOR
SHICH IS TO BE SOBSTITUTED (EXCHANGED) FOR ITS EREMISE IN BACH ROULE IN WHICH
THE PREMISE IS TBCE (THE PREMISE IS THE LEFT HAND SILE OF THE DEBIVATION RULE).

EX ABPLEAD

X
[BIG(PART1) [ BOX(PART1) ]=>[ BIGBOX (PART1) ].

THIS EXAMPLE WILL SUBSTITUTE THE PREDICATE [ BIGECX(PART1) ] FOR EACH
CONJUNCTION OF BIG(PART1) AND BOX(PABT1) IN THE ROLE BASE. PART1 EEFPERS ‘
TO ANY DUMMY VARIABLE IN THE "PART™ FAMILY (WITH LIFFERENT SUESCRIPT). |

!







