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1. Introduction 

Th is d:>current is in support of th e pa~r ('] to provide 
further details of the implementation of the program !NOOCE_l. 

This program accepts an environment description, a set of VL 
d~cision rules, an~ a set of parameters. The proqram produces a 

set of generalizations of the input decision rules. The basic 
algorithms and input syntax arc given in chapter 5 of the paper 

L'l so viII not be repeated in full here. In 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 is referred to the program listing for 

.or~ detailed structure. In chapter 3, the various I/O files are 
described. Chapter 4 gives a brief outline of the purpose of each 

procedure and its relation to other procedures in the prograa. 
The appendix provides a listing of the program for the CYBER 

m~chine an~ a 80SS editor macro for converting the CYBER version 
to • D!C-10 versioft. 

1.1 	 High.levp.l co••ands 
The follo~ing sinqle letter comands can be entered into 

the program to perform various functions: 
~ 	 (modify rule base) - ~his command is use1 to enter rules into 

the program or delete rules from memory_ Following the ~ 

cOllman d, the user lIlay enter (A) to add a ne w rule, (D) to 

delete an existing rule, or anything else to return to the 

~ain level vithout doing anything. After an A is entered, 

the srste~ expects a VL rule in correct syntax terminated 

with a period (.) • Since there is no online error 

corre~t ion, this is usually done by placing all rules in a 

local file (C!"ILE) with the co••ands [PI and A) 

intersp~rse~. After the rule has been entered, the program 
returns to the high level command mode. If a (D) is 
entered, the proqram proceeds through the list of all 
rules asking at each stage whether to delete the role. 
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The ~ser .a1 eDter I, I, or Q to delete the rale aDd .oye 


to the nezt rule, to keep the rule and .ove to the next, 


or return to the comman1 level. 


!Eample: 


(SBAP!!(l1)=1J(P(11,12)=2] => (1)=2]. 

H (get help) - !nter this com~and to obtain a brief explan~tion 

of the high level co.man~s and a ~etailed explanation o! 

one soch comlland by entering' H X' where x is one of the 

lett~rs corresponding to a high level command. 

R (enter restrictions) - Enter R (carriage return) followed br 

the restrictions which are to be added to each of tbe 

rules entered. !acb argument in the right hand side must 

appear in the left hand side and the left band side must 

form a connected graph structure. As with all roles, the 

restriction rule must end·vith a period. 

!1:arrple 

[ONTOP (P1,P2) ](OMTOP(P2,P3)] => (ORTOP(P1,P3) ]. 

=: (enter t!oma in generalization structures) Enter tree 

strncttlre for s~ch dOllains. These lI~st be entered in 

order from lowest level generalization to highest leyel 

generalization. For VL applications, this should be done 

after a 'command has been entered since the 'command 

initializes the symbol table for the special Vt mode. 

!xa.pl e: 

(SBAP~:2,,.] => [SH1PE=10]. 


[SR~PE=O,1,-','5J => [5RAP~11]. 


!~H1\P,!:6,7,8,q] => [SH~P!=12]. 

[SR~~!=1"',11] => [5RAP!=13]. 

L,~ (£nter ~XT~TY (L) an~ EQUIV (5) type predicates). Just 

enter the one letter command to add either type of 

qen~r~ted predicate. (There is currently no way of 

relT'ovi.nq sllch a predicate from a structure except by 

re-r~nninq the program). 

\ (:::nter an arith~tic derived descri'ptor) Fonter tbe 

derivation rule for an arith.etic deriyed descriptor. 

http:relT'ovi.nq
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GIRTH(tl)·LeBGt8(X1)+IID~R(Xl'. 

Restrictions: the dummy yariables of the fUnction on the 

left hand side must appear on the right hand side of the 

equation. The aritbmetic eIpression is written in standard 

algebraic form. The operators which may be used are: + 
(addition) , (subtraction). (unary ainDs), • 

(au1tiplication) .. I (inteqer division--reaainder 
discarde~. ~n~ (integer modalus). ... I, and I are 
evaluated before and +. Integer constants may also 
app~ar in th@ expression. The right hand side must 

contain at least one function or predicate. All functions 
an~ predicates are assu.e~ to haye interval domains. If 
more than one value appears in the reference of a function 
vhen the expression is to be eyaluated. the smallest value 

is used. 
!he right hand side must form a connected gxaph structure 
as vell. ~ connecting predicate can be multiplied to the 
original e%pression to accomplish this since predicates 
have yalues of 1 vhen true. 

Bug: This command vill not work correctly if there are two 
or more occnrrences of exactly the same function (with the 
same dummy ·variables) on the right hand side. 

~ (Add arithmetic deriYed descriptors to the rule base) - The 
separation of the ~ ~nd N co••ands is included to per.it 
users to enter the rules and the arith.etic descriptors in 
an., or:ier and then to apply the arithmetic descriptors 
vhen they are desired (after all of the rales have been 
read. in). -rhe I command causes all pre9ions1y entered 

arithaetic derived descriptors (since the .ost recent I 
co~mand) to b@ proc@ssei and added to all ra1es in the 
rule base where they are appropriate. 

X (Fnter a logic~l derived ~escriptor and substit~te it into 

the ru le base) 
togical d@rived descriptors are handled by tvo 

separate com:aands. 'the R comland permits the user to 
enter a loqical derived descriptor which 1s to be added to 



4 


eacb rule for whicb the premise is true. The I comaand 

permits the aser to enter a logical dertyed descriptor 

which is to be substituted (exchanged) for its premise in 

each rule in which the pre~ise is true. ('!'he premise is 

the left hand side of the rule.) 

!x:!.'!lole: 

[BIG (P~qT') ][BOI {P~RT1) ] =) [BIGBOI(PAllT1) 1. 
This example command will sllbstitute [BIGBCX(PARTN)] for 

every conjunction of BIG(PARTM) and EOX(PARTN} where PIRTH 

is any given ~ABT dum.y variable. 

Each du•• , on the right hand side .ust appear on the left 

band side. The rigbt hand side must be a single 

selector. !he left hand side mast form a connected graph 

structure. 

C (Cover a set of formulas) Enter the number of the 

associated decision aft-er the C co ••and. Se sure to set 

any trace information using the appropriate parameters 

before entering the C command. 

v (VL 
1 

mode) This mode bypasses the ,t
2 

type structure 

creation and accepts Vt 
1 

events from the file VtlEVE. 

After entering V, the program asks for the number of 

variables which are to be used. Enter this number (it 

should be 1 less than the number of entries in each line 

of the ,t1EV£ file because of the class number in the 

file). Then, the user is asked to enter another co ••and 

r~, C, Q, or P). Enter! and then a dOllain generalization 

structure for that typ~ of domain, P to change parameters 

(AQ~AISrAB, ~QST, AQCRIT, AQTOLEBANCE, or enter 'COST or 

V!YP!, the latter ~ay be necessary for interv~l ty~e 

vari~hles), C to c~ver a set of events, or Q to return to 

the hilh lev~l co~mands. All of the E and P parameters 

I1"ay be included in CFILZ. When C is entered, the Erograll 

requests the namber of the class of events to be coyered 
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and 
th::O:~: .~:~::~~) ~:t :::e:l:::i::~ a~~a~::r·:~::s::: ,Iicover 

enter -1 instead of a list of all other classes. (This is 

useful for intersecting type covers.) Illl specificatio ns 

!f.a y he placed in CFIL!. 

(?a ralT'eters) This places the user in a parameter 

examin a t ion and m01ification morte. To qet an explanation 

of each parameter on-line, enter 

R!LP <paralleter name) or HRLP 

the latter to get a list of parameters. See the EXPLAIN 

file for a list of all the parameters and Explanations. 

No checking is done to see if parameter values are in the 

riqht range. 1 .issing value is interpreted as the valuel 

o. 'ost paralleters require the parameter Dale folloved by' 
I 

the 

to 

value. Parameters which may be true or false are set 

true by entering the parameter name (e.g. LQST) and 
I 

are set to false by entering the parameter fOllowed by 1 

(e.g. LQST 1). Trace and stop parameters are turned on one 

at a time by entering TRAC! or STP and then the associated 

number. They are turned off bt entering the negative of 

the aUlIber (e.g. TRlC! 3 turns 00 traCe 3, STP -6 turns 

off t~e program stop at trace level 6). 

Punctions such as 'CQS! ana 'TIP! must have the. 

associated descriptor name in parentheses following the 

parameter nalle (e.g. VTYP!(SB1PE)=2 sets the domain of 

SHAP~ to type interval.) All YL type variables have 

descriptor nalles X1, X2, ••• In (so YeOST(X1)=-2 sets the 

cost of the variable X1 to -2). lfter all Faralleters have 

been set, entering QUIT returns to the previous command. 

In or~er to examine the parameters, enter P~RA and enter 

PRIN~ 0 to exa_ine the domains of all functions in the 

symhol tatle. PARA vill givp the type and cost of all 

fUD~tions for which the tvo characteristics VTYPE and 

VCOST are not the defa'llt values (type nominal and cost of 

0) • 

Q (Quit) - Ralts the prograa. 
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n (nu.p) - This co••aDd. used duriDg debuggiaq. du.ps tbe rule 
base graph structure and the symbol table on fil~ OUTPUT. 

1.2 Para-rneters 
This section describes the parameters which can be 

modi fied after entering the cOlll1land P above and thp. co ••aDds, 

req'lireli to inspect the parameters in the running version of the 
prog ram. The paral!leters and their .eaAing are as follows. default 
values ar~ in Darentheses: 

TB~C! - ~is parameter mal have a set of values in tbe interval 
{1 •• 1"). Each value relates to a trace feature of the 
proqram. Tb~ values currentlv meaningful ar~: 

1 - Print all of the c-for.ulas in each untrilmed and each 
trimmed partial star to examine the process of consistent, 
formula generation and trim.ing. 

2 - Print all the consistent formulas both before the AQ7 

generalization and after this generalization. 

3 - Print the hest,O formula; i.e. select the best formula 

fro~ the output of trace 2. 
q - Print the input events to the 107 procedure and the 

variable association between the- VL c-structure and the 
VL variables. 

5 - Print the output from the VL AQ7 procedure. 

6 - print the selected .eta functions in a table. 

7 - Print the LQST2 process during characteristic 


generali za tion. 

8 - Jot used. 


9 - print all generalizations of an event (i.e. the complete 
set of alternative generalizations which the program has 

calclllated for one event fro. trace 10). This is the salle 
as the list wbich comes froll trace 2 witbout the input 
formulas to AQ7. 

1~- Print the event fe-formula) which is to bE covered from 
l'1. 

To turn on (off) any trace feature, enter 
TRACE i (or TgAC! -i) 

where i is the number of the trace feature to be turned on 
(off' • 
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STP - ~his paraaeter aa1 also baye a set of yalues in the raage 
[1 •• 10]. Each value corresponds to one trace feature 

defined above. If STP contains a yalue of a trace feature 

and the particular trace feature is set, tben the program 

pauses at the point vhere the trace inforMation is printed 
and vill provide an explanation of the situation or allow 
the user to moiify parameters. STP 
off in the same vay as TPlCE, i.e. 

S'l'P i (or S'I P -1) 

may be turned on and I 

~OCUTP1 (20) 

examined 
- This is a li.it on the 

usin1 the ~Q cost function l. 
Duaber of c-for.ulas 

AQ~AlSTAR(2) - This is the AQ aaxstar parameter (the number of 
complexes retained in a partial star in the IQ7 

proce1 1lre) • 
~QCB!T(-1,2} The criteria list of cost functions to be 

applie~ in the AQ procedure. There are si~ cost functions i 

available: 
1 - 'easure the nu~ber of events covered by a complex which 

are not covered by any previously generated L complex. 
q 

2 - ~easure the number of selec€ors whose reference is not 

equal to -. 
3 - lIIeasure the number of c-formulas which are actually 

covered by a complex. This is more time consuming than 1 

but may give better results. 

4 - Sum the costs of all v~riables in a complel in selectors 
whose reference is not equal to *. 

5 - ~easure the number of events in the set P1 which are 
coyered by the complex. 

6 - ~ind the number of events in the set 2 (PO). 

To specify a cost criterion, enter 


AQCRIT(I)=J 
wherf" 1 is the number of the criterion (if neqative, then 
the cost is computei as the negative of the value 

de+:.~rm hed hy the criterion', and i is the order of 

application of the criterion. 
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Aq!OLlll IC! (0) !his is the toleraace associated .1tk ••ch 
criterion spp.cified in lQCBt! aboye. IQTet!!!"C!(I) is· 

the tolerance a~sociated with criterion AtCBIT(I). The 

tol~rance can be an absolute tolerance tif it is greater 
th~n 1) or a relatiye tolerance (if it is less than 1). 

The tolerance is alw~ys specified in hundreths, e.g.: 

AQTOL!RANC!(2)=200 

results in a an absolute tolerance of 2 for the criterion 

apDlied second. 

\QRP(2) - The nUlllber of criteria which are to be applied to tbe 
i 

coaplexes. 

LQST[~~a~) - If LQST is set, then the resulting co.plexes fro. 
the AQ7 procedure are stri?ped to only the necessary 

I

I 
values in the reference. To turn off this feature, enter . 

LOST P 

V t~lXST AR (2) The maximum Dumber of formulas retainej in a 
partial star. 

Vl.CRIT (3,-' ,2) The criteria list which is to be used for 

trimming vt formula~. There are fiYe criteria available: 

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

fortlula. 

2 Count the nUliber of selectors in the for.ula. 

3 - Count the nu~ber formulas of the set PO which intersect 
with this formula. 

Q - Sum the total cost of all references in all selectors of 
tbe forllluia with reference not egual to *. 

5 - SUll the cost of all dUllllly variables used io the functioD 
and ?redicate select.ors of the formulas. This uses tbe 
cost of a specific dam~y variable (e.g. 11) as originally 

entered (not as dynamically reassigned by the program). It 
uses the DPRO field. 

This ?arametpc is specified in the same way as 
~QCRIT above. 

vtTQLE~!NCP(.3,0,O) - The tolerance associatei with each VLeRI! 

specified above. See lOTOL!RARC! above tor details sboat 
how to enter values for tbis parameter. 
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VtKP(3) - ~be Duaber of ,t criteria to apply when trim~in9 a 

list of formulas. 

YCONSIST(2) The number of consistent alternatiTe 

generalizations which the program is to produce. 

\tT~R(2) The number of alternative new formulas wbich ar~ 

produced fr03 one formula wheu creating a new partial star 

fro. an old one. 

VCOST (0) - The cost of each function in the syste •• 111 VI 
1 

Tariables when running in mode are labelled. 

Xl,J2 ••••• ,XN. To ent~r a cost, type: 

VCOST«fD-naae»=i 

where <fD-fta~e> is the naae of a function which bas been 

in a ~ecisioft role yhich is currentlr in the progra., and 

i is the cost of the function. So.e exa.ples: 

VCOST(SHAP!) = 2 or VCOST{X~)= 1 

VTYPE(1) - This is the structure of each domain: 

1 - nominal 

2 - interval 

3 - tree structured. 

The type 3 is set automatical~y when the ! command is· 

entered. To make a function do.ain into an interval type. 

enter: 

VTtPB(SHAPE) = 2 

~ETATRI'(3) This specifies the number of different meta 

functions which are to be selected by tbe Erogram to re 

use~ in descriptions. This Talue should be less than 

GSIZP. If it is 0, tben no .eta-functions are generated. 

D!SCTYP! (DISC~I~INANT) 1his specifies the type of 

description which the program is to generate. DESCTYPE 

t!SCRI~IHANT causes the program to generate the most 

general description wbich discriminates eTents ot set,1 

fro. eyents of set po. O!Sc~tP! CHARACTERISTIC causes the 

proqra. to gen~rate the most specific description which is 

share~ hy ~ll events in s~t F1. PO must be empty for this 

to work properly. Thus, only one set of events should he 

SQPpli~d to the proqram for a characteristic description. 
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Por characteristic descriptions. tbe paraMeter SIleO.!. 

aust be set. 

'INCOy~a (1~O) - This specifies the ainiau. percentage of rules 

in 11 that a description must cover in order to be 

considered as a characteristic description. During the 

rule growing process, each rule is gro~n (by adding 

additional selectors) until it fails to cov~r ~INeOYER~ of 

the rules in P1. At that time, it is placed on the ~Q 

star. NCONSIST such "Q rules most be found before the 

groving ~lgoritb. terminates. Thus, if "INCOV!R=10~, 

several, fairly trivial rales viII be found. If 

~rNeOVER:50, some interesting rul~s viII· be found (but 

this villose rore cpu time) but these rules may not cover 

all of P1. 

PRINT X - This allows the user to exaaine certain tables in the 

proqraa. I may be one of P, R. D." and the sTste. will 

respond by listing: 

p - ~he' set of input decision rules 

R - The set of input restrictions 


n - ~he do.ain table 


~ - The currently selected ~eta-fonctions. 


~ARA~!TERS This lists the current parameter values in a 

table. 

QUICK - This turns off all trace values 

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

DETAIL - This sets all tracps. 


ExPtA!N - ~his sets all traces and all stop options. 


H!tP - This alloys the user to obtain an explanation on-line of 

the function of any of the parameters and a list of all 

par~.eters accepted under the P hiqb level co ••and. 

QUIT - Thi~ returns the user to .hat ever be vas doing before 

enterinq the parameter modification section. 
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2.0 Data Str1lCtlires 

2. 1 Consta.nts 

Some constants in the program control the sizes of many 

structures vhich may be sensitive to the current problem 

characteristics. 'these constants may be increase1 (to allow larger 

data structures) or decreased (to permit more co~ies of a data 

structure in memory at one time). the constants and their use 

appear below (suqge~ted values are in parentheses). 

5Y"SZ!(36) is the size of the symbol table. It can be 

estimated by finding the su. of the number of functions, 

predicates, and distinct variables plus the number of 

qroups of variables plus 2 (for meta functions 'PT and 

fOFALL) plus 2 times the number of binary predicates (for 

!lJST-, LST- type predicates). In VL mode, SYtlSZE is the 

number of VL variables plus 1. 

~D!S(15) is the size of the DSTRUC table. One rov is 

required in this table for each interna I node in each 

q~neralization structure (i.e. one row for each rule' 

which is input with the E co.mand.) 

r.SIZ! (30) - specifies the size of _ all graph stractures in the 

prograM and the number of YL type variables which are 

alloved In the program. ~his number telng too small is 

probably the cause of an 'array index out of bounds' 

message and say be resedied by increasing the par~meter. 

Its value can b~ estimated by fin~ing the sua of the 

number of se lectors in the longest rule which must be 

storei plus the number of variables in thE rule plus 1 

(not including meta selectors). An estimate which is too 

large viII use up ._ocy very quickly and cause a f'lessaqe 

'rGnti.e stact o.erflow· therefore, the parameter should 

be approxiaatea estber closely_ 

~NVAL('5} - is the maximu~ .alue in a set of values. A set of 

valu~~ (VALTP) is used in several places (GRAPH, CPI, 

1:51'11 UC) in tb e proq ram. Each set is allOWEd to contain 

valu~s from 0 to ~NVAt. There is a maximum value of this 

par~.eter deter.ined by the architecture of the machine 

(CDC is ~8, DEC is about 30). 
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till (18) is the number of lints to any node of • grapta 

structure. This may be estimated by finding the maximum 

number of times that a particular variable occurs in a 

rule and using either this figure or the larqer number of 

argu.ents of anyone fanctioD r wbicb ever is larqest. 

!LSK ~ust he ODe larger than either of these nu.bers since 

links are stored as an array of numbers vhich terminates; 

witb a 0 value. 

'ROLE(SO) is the maximum number of rules in either P1 or PO. 
~~XAST~C~(20) is the .aximua number of entries in aD, 

arithmetic expression stack. There is one entry on the 

staek for each function and valae in the expression and 

one entry on the stack for each operator. There is no 

compiler or syst~m limit to this parameter. 

2.2 Parse t~ble (P'!) 

The parse table consists of a data structure which 

represents the productions in the VL grammar (RBS and CONT) along 

with infor~ation ab~ut which semantic routines are invoked with· 

the recognition of one non-terminal in the grammar (SROL!). The 

array Ras contains a rov for each alternative in each production 

vhere each element in a row is ~ positive or negative integer or 

:l!ero. If the Damber is positive, it represents a toten in the 

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

a function symbol, 2 - a variable, or 3 - a nu~ber). If the 

entry of RHS is 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 tbe DOD-ter.iaal 

beginning in row] of the table). A zero value signifies tbe ead 

of the alternative. ~he boolean arra, CONT in~icates whether a 

row of IRS is a continuation of a previous row in a production 

(value true) or the first alternative of a production (value 

false). ~inall" the array S~OtE contains a number indicatinq the 

semlntic rule (el~cent in a case statement in the procedure 

PROC!SS) vbieh is to be applied if the production in the 

e~rresponding row of the table is matched. 
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Example: (see file ~lBL!S for the complete input gram-G., 

<'LROL!') SS= <WO~B!R> <ROL!> - <ROtE> 

<RUL !> SS= <CONDIT!ON> => <S!L!C~CB> 


<CON tITI OR> SS= <SELECTOR> <CONDITION> - <S!tECTOR> 


<SELECTOR> S $= ( <VARIABLE> = <RlP'> ] ­

[ <P'N-SY~> [ <ALIST> ) == <REP'> 1 
Parse Table in the program: ~he actual table in the program 
cont rins numbers instead of characters) 
BO';f SR !JI.! CORT BHS 
1 1 P' 3 -3 

2 2 T -3 0 

3 3 F -4 = > -6 a ,. 4 F -6 -4 0 

5 5 , -6 0 

6 14 ., [ -19 = -10 1 0 

1 7 T r -21 t -14 ) = -10 ] 0 

2.2 Sy~bol Table (SY"TAB) 

The .symbol table is a table with an entry for each 


function, variable, and symbolic value in the vt decision rules. 

One entry (MELT) specifies the number- of rows which are actually 

use1. The first two rovs always contain the information for the 

meta functions tPT ani P'ORALL. The columns contain: 
Ni"! - the charaetet string representing the name of the entry 
PMO - the function number associated vith the entry (normally 

this just p?ints to the row which contains the entry). 

nPNO 	 - for variables, this points to (contains the index of) 
the rov which contains the domain definition of the 
particular entry (e.g. the row with Iq vould point to the 
row containing the entry for Xl. Por functions, this is 
the head ofa linked list linkinq, in order, the sy.bolic 

names for the reference values of this functioD. 

~ARG - the number of arguments of a function. 

VTYPE - 10main struct ure (1-nomina l, 2-interval, 3-trce 
struct ured ) • 



14 

'COST - yariable cost use~ in cost functions 4 and 5 and 
selection of alternatiYf! selectors (ALTra paraleter) in 
the procedare NlWGP. 

!VAL - aaxisua value in complete dOllain (including all nodes in 

the generalization structure). 
RVlL - namber of leaves of tree structure domain. (IVIL -= HVAL 

for non tree structure domains). 
,VAL - ainiau. v~lue in the doaain. 

!xallple: N~LT=7 

RA .. E DP~O PHC NARG VTYPE VeOST EVIL HVAt ftV!l 
paRA tt 0 1 0 1 0 1 1 1 

IP"! 0 2 0 2 C' 6 6 0 

SHl?! 0 3 1 J -1 8 6 1 

t lJ 0 1 0 15 15 0" %1 lJ 5 C' 1 0 15 15 0 

12 6 0 1 0 15 1S 0" p 0 7 2 1 0 1 1 1 

2.11 	 toaaiD. Structures (DStBOC) 

The generalization structures of each tree structured' 
I-dO!TIa in are st'lred in this record. Again, NELE specif ies the ,: 

number of rows in the table which are used. PPE!II is a set of all: 

descendents of the node in COIS for the domain of the function 
which is defined in the row PIO of the syabol table. 

!xaaple: 


(SHA 'PP.-=1, 2,3 J => (SHlP!::7 ]. 

( S'R \P!!=O, 5,6 J => [SHAP!=8). 

PRl'! COliS PIO 

1,2,3 7 3 


0,5,6 8 3 


2.5 P!eta selp.ctor 'fable (MSTR) 
This table records the meaning of meta selectors which are 

ased in the formulas. The valaes of the selector themselves are 
stoce~ in a structure referenced by ~SEL in the GRAPH record. The 
table cont.ains two integers ("~TATRlft aDd NftST) the latter 
in~icates the nuater of carrent entries in the table. Elements of 

the table are accessed indirectly through the array PTa to 
facilitate sorting of the array with. aiaiaua .Iount of effort. 
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(e.g. the third eletTW!nt loqicall! in the arral PIO is the ele..nt , 
PNO[ PTR( 311) • !lements are sorted in descending order asinq PTR as ~ 

an index accordin1 to the values of P1COV (~rimary field) and 
-fOCOY (the secondary field). The columlls are interpreted: 

SYMPTR - is the index in the sYllbol table of the nalle of the 
meta funct ion (e.g. a pointer to either POR1Lt or 'PT). 

VARPTR is the index into the symbol table of the da.IY 
~ariable associated with the unary function from which the 

me ta se lector is derived. (e.g. for (sbape(X1)=••• ] 
VARPT!t points to X) • 

PNO - is the index in the sYlbol table a f the referee 
associated with the particular leta function (e.g. a 
pointer to SHAPE in the sYllbol table for a function which 
counts the nu~ber of occurrences of a selector of the fora i 

r sha pe (T 1) = ••• ]). 

V~L - is the set containing the reference of the function i 
I 

associated with PRO (e.g. the reference in a selectorj 
( sa AP! (X 1) ': 2,3 ]) • j 

PTR - is the lor.ation in PRO, SY~PTB etc. of the information 
for ~ach selected .eta selector in the order of preference 

{e. CJ. in for_a t100 for !!S2 waald be found i D PIO[ PTB[ 2 ] 1.. 
S'!" P'!'R[ PT![ 2 JJ etc,. 

F1eOV - the .axillul number of formulas in P1 covered by one 
value of this _eta function. 

POCOY - is the nUlber of formulas of PO cOl'eredby the lIeta 
function with the valu@ found in P1COV. 
Example: ( N"'ST=3) 

PNO VAL SY!'!PTR VARP'!'R PTR ,leO' poeov 

3 1 1 4 2 3 0 

3 0 2 I.l 1 4 0 

3 1 2 4 3 3 2 

with the three lIeta functions: 
"IS 1 = [t IS S8 APF. 0=••• ] 

"S2 = ( ALL XS SHAPE 1 ] 

PIS] ;: {I IS SRAPE 1-••• ] 
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2.6 	'oraula for Graph Structure (GRAPH) 
!bis is the structare used to store each foraula. It is 

compose~ of 4 parts, the single parameters (COEF, RNC, COST, ESET, 

N~TN), a pointer to a set of meta selectors ("SEL), and 

information about each node and the links between nodes. Bach 

node has a nu.ber (the subscript value of each array below) which 

is used in the LH~ array to refer to any node in the graph so that 

for example, VAL(3] is the value set associated with the node 

number 3. 

co~p ­ Dot used 

RNO - the unique rule number associated with the graph. 

FP - a flag which is ased in absorption and the CCVER routine. 
COST - the cost of the formula (COSTel] is the value associated 

with cost criterion Du_ber I). 

ES!T - the decision value associated with this rule 

NITN - the pointer to the next graph structure in a list or set i 

of such structures. 

NHEa - not used. 

MS!L - a pointer to the aeta selectors associated with the 

graph. The aetaselectors are stored in ar. AQ7 co.plex 

corresponding to the ~ST. 

'BL - if true, then the node is a variable, otherwise, it is a 

selector node. 

O~DIRR if true, then the order of arguments is irrelevant 
(i.e. all c~nnectiDg edges are unlabeled). In general, 

du •• y variables and equivalence-type predicates have 
ORDIRR=TRUE and all other functions and predicates do 

not. 
VAL - the set o~ values associated with the node (this may be a 

subrange correspondinq to [11=3 •• 6] for example). 

CCONT - this is used in NEWGP and AQSET when generating 

alt~rnative q~nera1izations. In general, a non-zero value 

indic't~s that a node i~ in the graph. 

ASS~9 - records assignm~nts between no~es of tvo different 
graphs in SUSG1 when a 1-1 correspondence between nodes of 

tvo qrapbs is determine1. 
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PRO - a pointer to tbe doaain definition for tbe lunetiol in 
the symbol table. Points to the dUI.., variable fa.ily 

naftle (e. g.. PART instead ?f PlRT1). 

OO~NU~ - is used in V~INT and PGRAPH to distinguish between tvo 
yariables .ith the same domains (e.g. xl and %2). 

OP!O - A pointer to the domain definition of the dummy variable 

itself. It points to, e.g., PIRTl rather than PAR! (ualike' 
P~O) • It is used by VCOST function 5 to derive the correct 

cost. 
LNK - contain the links betveen nodes. Edges 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. All nodes vbich are connected are doubly 
linJtei; if incolllling edges are labeled, the'se labels are 

in1icated by the location in the link array (tNK) for the 

node. 
!xample 
For the expression: (P (11,12) l(SH1P! (X1) =2J, 

the lint structur~ is 
ROW !"UNCTION tINKS 
1 X2 3 0 

2 X 1 3' If 0 

3 P 2 1 0 

If SHAPE 2 0 

A partial example using the symbol table above is: 
[SH1P'!(Xl)21 ][P(11,12) ){!ltS222J 

lOO! PHO VAt Vet 080IR8 tIl 
1 q 0•• 1 S TIWR TRUE 2 :3 0 

2 3 1 PALS! PAtS! 1 0 

3 7 1 PALSE PALS! 1 II 0 

4 o. 15 TRUE TRU-e 3 C" rtS!L"': [~S 1::·]( PlS2=2 J[ !IIS3=* ) 
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2.7 'L CODlpleJ: Storage (CPt) 

!his structure is a simple list of references (CVIL) in 

bit positi~nal not~tion along with certain flags (!P and PO), a 

link to the next such structure in a set (NX~C) and the cost of 

the complex {COST). !he interpretation of each variahle is foand 

in the symbol table through the ind.es SLOC in IQPARfit (e.g. the 

set containe1 in CVAt[3] is the reference of the 
SLOC[3] of the symbol table) • 

2.8 A07 Fara~et~rs (AQPAR~) 

Th~ st~ucture contains several parameters 

lQ7 proced urea 

~V1B - the naaber of variahles for the run. 

variable 

relevant 

in row 

to the l 

eSTP - the list of cost functions in the order of aFplication. 

TotE! - the tolerance asociated with each cost function 

CTOL!R{3] is the tolerance of the cost function which is 

ap?lied third -- i.e. CSTF[3]). 
SP - the number of cost functions to apply 

PPEEC - a pointer to a list of free comples storage structures 

(CPX I s) 

SLoe - the location in the symbol table of the domain: 
,I 

definition for each VL type selector in eVIL. 

COTP' - a parameter which li.its the number of formulas 

e-xalDined with lQCRIT of 3. 

LQST - if true, then VL complexes are stripped. 

~AXSTAIAQ ­ the maximum size of a partial star in AQ1 

2.9 VL Parameters [1? AR PI) 

This structure contains parameters relevant to the ,t 
2 

portions of the progra•• 
CSTP - the C3st function indices in order of application 

TOL]!! - the tolerance associated with each cost function 
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I' - the Du.be~ of cost functioDs used 
~AtSTAR - the .axi.a~ number of ele.ents iD a partial sta~. 

ALTER - the nu~ber of new elements vhich are generated frol one 

formula in a partial star P vhen forming a new partial
i 

star ';) 
- i+' 

~IT~TY - ~ flag indicating whether EXT~TY type predicates have 

been ad·ied. 
EQUIV - a flag indicating whether EQUIV type predicates have 

been ~died 
NCO'fSIST the minimum number of consistent generalizations 

produced. • 

2.'~ Arithmetic expression Variables 

Arith~etic expressions are parsed by VLIIT asing the 
second half of the parse table. VLINT is passed tbe starting row 
in the p'lrse table where it is to start parsing. For arithmetic 

expressions, this rov is a constant defined as ARITHtt. 

Arithmetic expressions are parsed onto an ARI!BS!ACK in reverse I 

polish notation. 'T'he prograt'fl uses]. grammar which actually causes 
i 

the o~der of executioa to be from right to left. The ARITRSTACX 
entry contaiDs the following fields: 

ACTIO~ is a code telling wbat to do with this entry. It 

takes on the values ADD (perfor~ addition). SDBTRACT 
(perform subtraction), ftULT!PLY (perform multiplication). 
tIVIO! (perform division), .IIOOIJLe (perform moda1ar 

division), ftYNUS (perfor. a unary .inus). FONe! (this 
entry is a function to look up the value of). and NU~Be! 

(this entry is an integer). ~f ACTION is aD operator ,then 
~he other fields of the record are me~ningless. 

ARGUMENT if ACTIC~ is MU"B!R then ~his field contains the 
int~1er yalue of the integer. If ACT!ON is PO~CT th~n 

this field cont~ins the PNO (index into sYlbo1 table) of 
the corresponding function or ore~icate. During the 
comput~tion process in CALC~RITH, the ARGUeINT fip-Ids are 
op~atei to point to the graph index of the corresponding 
function or predicate in TOP!MD. 
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Da!~t - is an array of pointers to the symbol table for each 

dQ~m1 variable of the function or predicate in ABGUftENT. 

It is ~nly meaningful if ACTION is PUNCT. Tbe function is 

~ssu~ed to have ordered dummy variables (ORtIRR is FALSl). 

~he list is terminated by a zero in1ex. 

2.11 	 Additional 'ariables 

:NPlt~ an integer specifying vhether input is from the 

ter.in~l or fro~ C?ILE. 


N~Q - the number of elements in ~O 


!BEEG - pointer to the list of available grapb structures 


~!STLIST - p~inter to the list of restrictions 

STAR - pointer to the list of formulas in a star 

'Q - pointer to the list of consistent formulas 


GSET - pointer to the list of. input formulas 

~CVS~T - pointer to the list of output formulas 


STP,TRlCE - sets of values for trace features 
 \ 

FIX!: - patch for compiler tug on DEC-10 PASCAL (fails to pass: 

arguments whiCh are sets by reference properly,. 

3. I/O Piles 
3.1 TABtES 

Tbis file contains the parse table information. Terminals 
in the grammar which are characters immediately follow any number 
(i.e. non-torminal). The end of each row of the parse table bas a 

o followed by a (ap to) 60 character name which describes this 
pro1uction (for use in printiD1 error messages). The boolean array 

CON! bas the value 1 if true, 0 if false. eelov is the p~rse 
table as it currently stands: 

CONT 	 SaUL! RHS NA~! 


<blank line~ 


o 1 3 -3 OA VL2 D~CI5ION ROLE 


1 2 -1 ~A vt2 DECIS!ON RUt! 


0 3 -~=> -6 O~ VL2 DECISIOM RULE 

0 U -6 -4 O~ CC~JONCTION OF SELECTORS 


1 5 -6 OA CC~JnNCT!ON OP SELECTORS 


0 l~r -19- -10J 01 'lPt~BL! SIL!CTOR 
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1 1( -21 ( -14,- -101 01 PUNC1IOI S!LECTOB 

1 lor -21 ( -11J)] 01 PR:'!DICA'I! SELECTOR 

1 1r -21 = -10] (\ A NILADIC FUNCTION S!LECTCR 

o 8 -41, -10 OA LIST OF MUKBlRS 

1 9 -43 •• -43 OAR IHT!UVAL OP NU!S!BS 

1 19. ~AN ASTERIS! (SY"BOLIZIBG THE !HTIR! DO!l1l, 

1 10 -43 O~ SIMGL! NU~BER 

o 11 -19, -lq 0& 'EP~NDENT VARIADLE LIST 

1 2~ -19. -1q OA DEP!~D!NT VARIABLR L!ST (ORDEF IRREL!VANT) 

1 12 -19 01 SUBSCRIPTED VARIABLE 

o 13 -19* -10; -17 OA LIST 
1 14 -19= -1~ 01 LIST 

o 15 2 OA SOBSCRIPTED VARIABL! 

o 16 3 01 tmll!BER

'1o 17 1 FUMCTION SY"BOL 

o 32 - 32= -23 OAN lRITfI.!II!TIC DERIVED DESCRIPTCti 

o 25 -25 -37 -23 OlN ARITH!!TIC EXPRESSION 

1 31 -25 OAN !RI'IH!!TIC eXPRESSION 

o 25 -21 -39 -25 01 TP!R' 

1 31 - 21 01 T!Rl't 
o 31 ( -23) 01 PACTOR 

1 31 -33 OA FACTOR 

1 28- -33 OA PACTOR 

1 31 -32 OA P!CTOR 

1 28- -32 OA PAC~OD 

o 31 -34( -15) 01 PONCTION CALL 

o 23 3 0 1 1i(J"B!~ 

o 21 1 ~l 'UWCTION SYMBOL 
o 31 -42, -15 01 LIST 01' DUMMY VAeIABL!S 

1 31 -42 01 LISt 01' DU!KY 'ABIABLES 

0 27+ OAN AODI!ION OP!BATOB 


1 29- ~AM ADDI~IOI OP!!A~OR 


C 2U. ~, ~OtTIPLICA~!ON OPERATOD 

1 26/ I)A P!UL!I PLICATION OPERAtoR 

1 30'( OA !Ut"!'!PL!CATION OPlRATOB 
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o 22 2 Ol DO~~r 'ABlASt! 
o 5 -20 O~ NO'BZR 

1 33 1 O~ ST~BCLIC VALO! 


3.2 	lXPLAIN 

This file contains text for explanation. Each explanation 

has a numher and is delimited by a ! in column 1 followed by the 
number or the explanation preceeding the text and a ! in column 2 

80 following the text. If a line ends with *, the program stops 
printing to allow the aser to read the material. (See appen1ix A 

for a listinq of this file). 
3.3 CFIL! 

This file contains a set of input cO.lands ani 1ata which 
is to be executed before the syste. asks for aser input. 

Normally, input rules and certain parameters are includ~d in this 
tile. 

3." n 1!YE 

This 'file ~ontains a list of VL type events. The file is 
in the format for ~Q7 except that each event specification is 
praceede1 with the class number of the associated dEcision. A-1 
indicates a value which is irrelevant. 

3.5 ether Piles 

I!IL~ and CUTPUT are the !!Y input and output (these are 
TTY in the D~C 10 version). All other files are not currently 

ased. 

_. Program Structare 

The program !NOOC~_1 (Appendix C) contains about "000 

PASC~L 	 statements and "~basic procedures. These procedures may 
be grouped into several classes: 1) control and user interface, 2) 

'L to internl1 formula representation, 3) grapb maripulation. 4) 

add new !unctions, 5) lQ7 complex manipulation and E) supporting 
pr~ceiures. !.ch group of proce1ures operates n~arly independently 
of the 	oth~rs thus givinq the possibility of iMplE~entation on a 

Sll~ ller 	"!lac hin e. 
~he main pro1ram accepts high levp.1 co ••ands and calls the 

appropriate procedares to perfora the requested action. Any input 
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1n the forM of a decision rule passes through the 'lII~ procedure 

for translation to internal format. On so~e occasions, 

inf~rmation is then copie~ from one internal form to another (! 

co.mand) but most of the work is done in VLINT. All other user 

interaction takes place in EMT!IP (enter parameters). the ,t, mode 

uses the ,t procedure and lQ, bypassing all procedures dealing, 

with graph ~anipulation. ~o cover a set of formulas, the COVER 

procedure is called which in turn, calls RliGP to grow 

generali2ations and AQSET to apply AQ to the consistent 

generalizations in ~Q. 

~.1 Control and User Interface 

~~IN - process high level commands 

~~T!RF - Oecode commands usi~g the first 4 characters of the 

co~m~nd na~~. If it's a· number, find a rule with that 

number in the rule base. Find the first two numbers in 

the ~omrnand (G!TN"~' and place in the variables I and L. 

~hen, execute the command. 

PGR~PH Print the graph structu~e as VL forrrula. Assign. 
indices to all v~riables. write out function and 

arguments if any. Then, write out reference (if not ., If 

tree structured domain and the value is an internal node, 

then only print out the internal node. 

~CP~ - Print in VL type format indexing into SY~TAB using 

AQ.S~OC array to find the maximum and minimum values. 

ton't Drint any selector with a (.) reference. 

P~~T1C - 9rint list of selected meta-functions. 


~DC~ - Print domain table {i.e. dump symbol table). 


3XPL~ - Find requested text from the file EXPLAIN ~nd print it 


st~ppinq at ,.) for c~rriaqe return from Qser. 
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•• 2 'L ~ranslation to Internal 
~O~E~ - Bean an input line and add the ter.inator (1). Scan 

over the letters and digits and set CTYP! (~-delimiter, 

1-function sfmhol, 2-variable, 3-number). If CTYPE vas 0 

then ieter~iDe internal representation of the delimiter. 

If CTYP! is , or 2, then find the row in the sY2bol table 

(~INDROW). If it is not there, then add a new row to the 

symbol table (r:XSY~) (The name of the sy~tol is located 

~etvep.n peURS and LCURS in BUP). In the case of a 
variable, add an extra row for the domaiD of the variable , 

in aidition to a new row for the variable itself (i.e. a 
row for I in ajdition to a new row for 11). If CTYPE is 3, 

then compote the value of the number. Return the location 
in the s!mbol table or the computed number in the 

parameter 5ROW and deliMiter type in CTYP!. 

VtINT - Translate Vt formula into graph structnre. P!aintain a 

v~lue stack (VSTK), a function stack (PSTK), 
• I 

se 118 ntJ.c . 

stack (SST~) a~d a parse stack (PSTK). . ., 

PST~ - Contains a stack of all non terminals not 

comoleted. 

SST~ - Contains the tokens froll the input boffer which have Dot 
been III atche:i wit b an ele.ent of a co .pleted production. 

VSTK - the stack of numbers not already placed into the graph. 
'PSTK - the stack of arguments of a function (PS'IK['] is always 

the function symbol of the selector being parsed). 
As tokens are accepted from the input buffer, they 

CIre ~ atched II ith product iODS in PT. If a token does not 

match an element of a production which is a non ter.inal, 

the location of the non terminal is placed on PSTK and the 
pro~uction definino the nonterminal is tried (PROD and Loe 

1~ter~ine the current element in PT under consideration). 
If t~ere is no match, then try an alternative definition 
of t~p. non terminal. If there is no alternative, back 
do loin PSTK and try another alter'native of this non 
terlrinal. 
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If a token matches the element of p~ under 
consi1eration, put this token on SSTK and try the next 
element in the production. If the complete production is 

matche1, replace the matching tokens on SSTK with the 

appropriate nonterMinal, back down PSTK to the previous 

location, process the indicated semantic rule (PROCESS) 

and proceed. Once the productions in row 1 of PT are 

co.pleted, the expression is said to be syntactically 

corro.ct. 
~~OCFSS - Execute the semantic rule for the production (-PROD). 

Briefly, r.ode assignments are made using the elements in 
FS~K, valups in the reference are assigned from elements 

in VSTK. ~he ~NV~t and EVAL fie11s of tbe symbol table 

are updated and the typE" of a node is determined. Links 
tetween variables and functions are assigred recalling. 
that ~STK(1) cont~ins the location of the function. 

PARSEARITB !xecute semantic rules for arithmetic derived 

~escriptors. A data structure called an I~ITHS!ACK is 
built which contains the arithmetic expression in reverse 

polish notation. The first element on the stack is the 

new variable to which the expression value should be 

assigned. 
4.3 VL formula ~anipulation 

SUBGl - Determine if the gr~pb in Gl is a suhgraph of the graph 
in G2. If ALLSUBG is 1, then find all su!:graphs of G2 
whic~ match Gl and appt, ACDCONS (for restrictions). If 
lLtSUBG is 2~ then find 311 subgraphs of G2 ~hich match G1 
and apply aLtC (AQ7 procedure). If ltLSOBG is 3, then find 

all subgraphs of G2 wbich .atch G1 and apply CltCARITH to 
comoute the value of the arithMetic expression and add it 
to the graph. The proced~re SOBGl selects a startinq node 
of r.1 and a matching node of G2. SOBG produces a spanning 

tr.:iOe of Gt from the startin"f node callinq !'B.TCH to 
deter'l in e foe each pa i r of nodes wbether t bey lifATCH. Por 
elch pair of matching nodes, ASSIGN records the 
eorrespond~nce. If INsn is true, two nodes (selectors or 

http:corro.ct
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variables) are matched only if the YalGes of the first 
cover the valaes of the second. If INSD is false, the 

valaes of the two nodes need only intersect. 
T1!IL'!G - ':'rim a list of forllulas to MAtS elellents, return other t 

!or'lulas to F9E!G. ~lace f01:'mulas with CCST( 3] into!!Q 

(consistent formalas). Instead of sortin1 a linked list, 

t~e array C\ is sorted. Costs are assumed to be storeJ 

wit~ each formula (calculated in COV!R). 
COSTG - Oeter~ine the cost function CT specified for the 

formula P. 
COV~B - CovQ.r the set of formulas ES. Pirst, select an element 

of 1'1 to COVElOr (G) ;:snd compate the initial ~artial star. 

Por all nodes in a graph. the flag COURT is set to 1. 
!rim thep~rtial star aDd apply absorption. Porm a Dew 

parti~l star by calling R!VGi for each remaining ele.ent 

of the trimmed ~artial star. once NCCNS!~' elements are 
in ~Q, 3ppl, AQ7 (via AQSET) to each consistent formala. 
!ri, the list to one best element and rellove elements of 

" covered by this formula (set pp to false). Select a new 
element of '1 and repeat until P1.is exhausted. 

N~WGP - Add new selectors to the input graph to form a list of 
ALTER or less new formulas. GO is the old generalization 

of Gl; direct association exists betwen nodes of GO and 

noies of G1 (i.e. correspondence is 1-1 by row, not 

throu'.1h ASSGN as with other correspondp.nces). The 
procedure forms only connected new grapbs. A list of 

selpctors which may be connected to the current graph is 

created in ~lNDID and sorted with respect to VCOST and 

~~RG. All variables connected to existing nodes are 
flaQ1pd (CC"~!=2) and th~n all function nodes connected to 
'1ariab les with COIJNT = 1 or 2 are marked (COUNT:3) All 
C?U~t : 3 selectors are placed in C~ND!D. !hen, a new 

graph [in SLS'!') is forme1. from the old one with a new 

~~lector and any relevant variables. FQUty type functions 

are discarded if they have no aore thaD 1 arguaeot. The 

list ~LST is returned to the callinq procedure (CO'!B). 

http:throu'.1h
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1&.1& 107 Complex !&niplllation 

'0 - perform the AO algorithm on the sets '1 and '2 of 

cO!lplexes obtaised from tbe sets P1 and Fa of rales. This 

routise is !'IIuch like AQ1 and is not further explained 

her~. 

L(lST2 - perform the LQST function durinq characteristic 

generali%ation. During characteristic generalization, it 

becomes ne-:essary to have a minimum si%ed cover which 

covers all r'lles (not complexes) in F1. Since therE' is 
often a .~nv-to-one relationship between cOlplexes in?1 

and rules in P1, this is a non-trivial task and 1QST2 

perfor~s this task. Corinq the lLtC procedQr~, a CPXTABt! 

is attached to each complex which lists the rule numbers 
of the oriqinal rules in P1 which the comFlex covers. 

LQS!1 loops finding the co~plex which COlets the most 

rulp.s. combining its reference values with the complex 

currE'ntly being derived and eliminating all complexes 

which cover the rules . it covers from further 

consid~ration. Rhen the set of complexes is exhausted, a 
quasi-minirral cover has been found. 'rrace 1 causes 

various information to be printed out during this covering 

process. 

AQS!~ - Translate from ,t representation (graph structure) to 

.1 representation (sequence of sets of values). create 

two sets of complexes, F1 containing subgraFbs of graphs 

with VL set 11, and 12, the set of complexes associated 

with c-structures (GSOB) isomorphisms with elements of the 

'L set FO. The first element of 11 corresponds to the 

part of the graph GSOB vhich vas consistent. The tvo sets 

of events are passed to tbe lQ procedure vhich returns a 

complex ccverinq tbe first ele~ent of P1 but no element of 
12. !his is copied back into GSUB to form the extended 

reference 9~n~ralization. 
~11C 	- Tr!nslate from graph to complex and a1d to the list of 

corrple~es if not already there. Also, set up SLOC to 

relate vt variables to symbols and find "AB (number of 
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Yariables). 
the grapb 

.eta-select

Use assignments from the 
G1 for nodes with conNT 

ors are loaded in the 

c-str actare GSOB 

,. 1 in GSOB. 

first !!!TATBI! 

and 
111 

'L 1 

Yariables, the remain~er are nodes witb COUNT ,. 1 in 

GSU~. 1 

contains 

C

a 

PXTABL! is maintained for 

list of the rule numbers 

each complex 

of the rules 

whicb 

which 

that eoaplex eoyers. This is used by tbe LQST~ routine. 

't1 - Inpat ,t e,ents froll the file 9L1E9! and translate to 

co.plex storaqe. Call 10 to find generali2ation and tbea 
print result. 

~RI~l - Trim a list of complexes with respect to AQCSTF etc. 
This is nearlr the sa"e as TRI~G but uses CPX structures. 

COSTP - com~ute the cost of a complex. 
4. c; ~dd New ~ nctions 

~DDSEL - find sets of nooes wbicb have the same label in the 
qraph. Add a nev selector with the same label except that 

.ORDIPR : true and PRO is the neqative of the original 

PRO. The negative p~o always indicates a predicate of this 
type. 

AOO"L - A~~ ~ST, tst type EXT~Tt predicates. for each binary: 
predicate whose arguments assume values from the same 
do~ain, add extremity predicates. 

AtD"!T! - add meta-selectors to each formula in!1 and PO lor 
each unary function and function Yalue, cou~t the number 
of o~currences of this pair in a formula and add a 
selector of that type totbe forllula (COMJ?P!S). Calculate 
!1COV and POCOV and sort the list of meta selectors 
(T!I"') • 

PROC1BltR - loop thru P1 aDd PO adding an arithaetie deriYed 
~es~riptor to each graph in tarn. this is acco.plished ty 
fi rst creatingate;)lporary graph (Tel nYD) which co ntal DS 

the nfl,=eSS'lry functions and d'lmmies from the right hand 
sid~ of the arithmetic derived descriptor rule. This 
~orm!') ,! conn..~('!te1 gt'a~h st ructure. Then WE call SUBG 1 to 
tin~ ~ll isomorphisms between TOFIND and the rules in the 
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rule base. SUDr.1 calls CALCAHI!! .bleb actually perfor.s 

the insertions into the rules. PROCARI~8 contains the 
internal procedure BOILDG which builds a graph 

corrpspondina to the arithmetic expression. 

4.6 	Supportin1 Routines 

I1IN~ - input a new line from CFILE or the ter~inal 

read one character fro. the TTY or CPILF (perform 

ILI~! if n~c~ssary) 

PEOS - detect end of line on TTY or CPILl 

INSI~E - deter~ine if the set V is a generalization of the set 

V If INSt is TRUE the references of V .cst completely
1 	 2 

cover those of V • If !NSO is PALSE, the rEferences need 

onl, intersect. 

EITND - fi~d the extensioa of V against'.
1 2 

INIT - initialize variables and files 

~!qG - allocate new graph. 
GIN,~OryT,SOOT - not used 

AtDCONS - a1d decision part of restriction (callEd from SUBG). I 

Also used to perform exchange. of one it Expression for 

another (see X eo••and). 
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APPENDIX A 

THE FILE EXPLAIN .• , • :~; 

31 PLA I N 

THE PROGRA! HAS SELECTED AN EVE~1 21 Of IRE S2I F1 iHICH HAS NOT BEEN 

COVERED y!t•. FIRST, A LIST 01 C-lOReOLAS EACH CONTAINING ONE SELECTOR 

WITH A UNARY PONCtICI iILL E! GaRER1~Et. tAIS LIST iIIL BE TRI~~!D TC 

VL"IISTAR C-POR!OL1S uStMG tHE COST CRITERIA POR THl VL PART OP THE 

PROGR!". DURIIG TBl~~ING. THE C05SISTENT !09MOlAS ASE PLACED INTO THE 

!Q LIST [I.!. PC.!OLAS WITH COST FI 3 = 0). IP LESS THAN NCONSIST 

C-.OBMOIAS ARE 15 tHE "Q LIST. EACH ELE"ENT OF tHE PIBTIAL STAR IS USED 
TO GENIRAT! A NEW LIST OF AIIEBNATIVES EACH iITH ONE !ORE SELECtOR THAN WAS 
II THE PREVIOnS EL!'ENT OF tfl! PARTIAL S~AR. A SELECtOR IS 

OltY AtDfD TC A FRCDUCT IF THE BESUL! IS A CONNECTED GRAPH SIRnCTUR!. 
IF TBI USER VISAlS TC LI!IT TAE ROMBEE CF ALtERNAIIV! PRODOCTS PROCOCED FROM 

CIE C-'08"OLA, THIS iISI! eAY SE SPECIFIED EY SOPPLYING A RON~Z!SO VALO! 
TO THl PARAKETEB ltTER. 

OIC! AT LEAST NCORSIST CONSISTENT C-FOS!ULAS H19E BEEN PROtOCED, THE AQ 

ALGOBItR~ IS APPLIED TO EACH 10R8ULA to EXTEND tHE 5ElERENCES OP SELECTORS 

AS ~OCR AS POSSIBlE iBILE !AIN!AINING CONSIS1!HCY. 1P.!N THE BEST C-POR!ULA 

IS SEL£CTP.D ILQ) AS tHB COVES. SEE HELP TBACE UWDEB lHE'P' OPTION 

FOB AI !IPLANAtIOM 01 lH£ TRACE lUNCTIONS •• 

ONtBI!SBO PARTIlt SlAR 

THE 10LL081lG C-PORMULAS &EPE!SINT THB LISl OP lLtEBIA1IV! POSSIBLE 
CONSISTENt PORKOtAS. ALONG WITH E1CH 10R~DLA, tHE CCST lUHCTION VALDES POR 
THE 10R5UlA ARE PRIR~!t IN THE ORtER OF EVALUATION. tHES! fOR~ULAS 

WER! GENERATED BY ADtING A SELECTOR ~O A PREVICUS INCONSIstENt PCRMOtA 

OB At tHB OOtSET, THIS IS A lIST OP SELECTORS Cl !1 iITH UNARY 

F~NCTICNS. ALL CF tHES! FOFr.ULAS HAVE A CONI!CTED G&APH STBUCTUPE 

REPRESENTATION. IN AttITIO~. ANY EQUIVALENCE tYPE SElfCtOR 

(I.E.rSH(X1,r2)=SA"E1) 15 F!COIBED TC HAV! At LEAST ,WO ARGD8ENtS. 


SELEC~O~S AEE ACOID TO 1 PROICCt C1 USING THE l(llOWING ALG(BITH!~D 


1 AL l VHiI ABLES (I. E. ARGU MEN TS) iRICH UiE CONNECTED TO 
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SELECTCBS IN ~BE PBCDUC~ C1 lBE LCCAtEC. 

2 ILL S!L!C!ORS WalCH ARE CONIECTED TO INY VARIABLE 1M 1 

BU~ ROT IN C1 ABE STORED IN A LIst. tEIS LISt IS SOBTEC 

WI'H RESPECT !C vcas!. 

1 	 IP ALTER IS NO! 0, THEN THE LIST fBC! 4 IS tBI~!!C TO 

111E9 S!lECTO~S •• 

4 	 FOB E1CH SELEctOR IB 3, A NEW C-FCR"U1A IS CREATED WITH 
ILL S!tlCTOBS IN C1 IND tHIS SELECTOR. ALL RELEV1NT lINKS 

BEtW!!H SELECTORS liD VARIABLES lBE IICLUOED. If AN 
EQUIVALENCE 1YPE SELEC10R HIS CNIY ORt VARIABLE IN THE LIST 

fROM STEP 1, tHE N!I GRAPH IS NOt IODiC TO THE NEW STAR LIST. 

otHERWISE, A NEW STAR LIST IS rORe!D il~H ALL THESE ALTERNATIVES.­

THE FOR!UL1S IN tHE PA~tI1L STAR AaE TBl!ftED TO A S"ILL LIST (ftIXSTAR 
!L!ftEN~S) USING tHE COST CSITEBIA. lHCSE fC5!OLIS iSICH ABE CONSISTENT . 
AR! PLACED INTO tHE MQ LIST. C-POR~ULAS ARf SflECTEr ACCORtIRG TC THE 

FOllOWING PROCEDUBE 

1. 	 PC8 EACH COST CBITESION (IN T8! ORDER SPECIFIED), 
EVALUATE TAE CCSt 01 ILL C-PCB~UL1S. 

2. 	SELECT tB! BEST ft11ST1R POR~OL_S (I.E. THOS! WITB LOWEST COST) 

llC INClUDE Alt fCBftULAS WITH lQOIfALllT COS7. tiO poaaULAS 

AR! !OOIVALENT IN COST IF THEY AB! 81ttl1 A !CLESANC! OP EACH 

OtB!B. TOLE9ANC! SAY BE SP~C1fIE[ IN CN! Of TWO iAYS POR 

E1CH CCST CBI1ERIOH. AN INTEGER 10LEBANCE IS AN ABSOLCTE 


VAIOE, A TOLEBANCE EETiE!N 0 ANt 1 IS A RELAtIVE TOLERANCE. 

AN ABSCLUr! TCLEBAHCE CAN BE GlNEB1TEt lRO~ A RELATIV~ TOLERANC! 


BY 	 CC~fOTING tHE "AIIMO~ AND MINIeD" CCST VALDES IN tHE LIST 

OF FO~~OLAS (ftAX ANt "IN RESPECTIVELY) AKD ASSIGNING THE 

ABSCLU1! TOLE~ANCR A7&C 

AT = TCL!B1NCE.(MAI-~IN) 
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3. 	THE !AISTAB B1ST PCRMULAS ALONG WITH EQUIVALENT FCRMULAS ABE 

BETAINED AUD fH! BE"AINDEB Of tHE PCBMtLAS ARE REMOVED 

PRCP! or HE LIST. 

4. 	 tHE LIST OP FORMULAS IS EVALUATED aSING lHE NEXt ccst 

CSITESICN. WItH lHE LAST CRI1ERICN. ONLY THE BEST ftAISTAR 

POS~UI1S ARE FETAINED.! 

. !2 

TREBE ARE sew AT LEAST NCCNSIST !LEftEN~S IN tHE ~O LIST (OR THE 


~RCGBAft CAN NOT GENE BATE ANt ~ORE ALTERNATIVES). THI AO PROCIDURE 


IS APPII~D rc THESE CCNSISt!NT F06ftULAS. IACH PORftOIA IS PBINTED 


BEPOR! THE AO PReCEDURE ANt THEI THE RESULT APTER AO IS PRINTEC. 


THE COST PUNCTICi 1 IS RE EVALUATED ICB THESE PCRftULAS. 


I 
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THE BEST PORPlOLI IN rHE PIC LIS'! (LO) IS SELEctED EI tRIMlUNG THE 


LIST OP P08'ULAS AltH 1 !AISTAR Of 1. 


! 

!4 

TBE 10 PROCEDUR! IS APPtIID TC A SET OP VL1 BYEJ1S iHICH ARE CERIVED 

PRC! A CONSIStENT C-FOB!OLA AND THE SET OP EVENTS IN P1 ANt Fa. 

B!lOW, THE C-10R!ULI STRUCttR! ANt INPut!VENTS AB! lISTED. tHI VL1 

VADIABLES COBRISPONtIHG TO ~H! ROtES IY THE GRAPH OP THE C-PORMULA ARE 

GIVEN. It IS KNOiN THIT THEBE IS A CCNSISTENT C-POB!tLl ilts tHI GIVEN STRUCTURE 
(I.!. THERE ABE VALUES poa tHE R!lEBENCES SO THIT THI PORMOLA IS CONSISTENT). 


THE YL1 EVERtS REPRESENT DIF'EBENt POSSIBLE SETS OP ~ILU!S IN THE REFERENCE OP 


C-PORMUtAS aITH tHE SAftE STRUCTURE II EVENTS or P1 liD po. WE iAST TO INCLOtE 


AS 8AN! SOCK SEtS OP VALUES RHICH COBBESPONt TO !VE~tS IN P1 AND TO EXCLUDE 


ALL SOCH SETS WHlca CCRR!SfCHC TO EV!NtS 01 pO. tHE EVENTS 01 SET 1 


BELOW INCLOD! SETS ASSOCIATED WITH EVENTS IN P1. !V!NtS OP SET 2 BELOi 


INCLOD! SETS OP BEPEaBRCE VALOIS ASSOCIATEt WITH !VE~TS IN Fa. 


I 


! 1 8 


AT TAlS POIIT, YOU MAl CHANG! SC~E PAEA~E1ERS. ~!! A BOL! IN 


THE ~EftORT. OR SEE TH! CURBENT PAR1~ETERS. IN CRtES to 

CalNGE A PARA~ET!B, ENTES THE PABAftETER NAME FCLLcwEr BI 


TH! PROPER SPECIfICATIONS. SOME PARAME!!RS SEeUIR! 


NO VlLUES (PRULE), SOliE REQuIR! ONE (tnACE) ANC SOft£ 
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BIODIS! 2. II GEI!!lI, ALL 100 BAV! TO DO IS EITES TEE 

PISSt POOR LETtERS or tH! PAR1!E!!B HA"!, tHEN 1MB VALUE OR 

TWO VALDES ~S IH!!G!RS. AN! DELI"IT!RS ~AY !E OSlO. OME 

EXCEPTION TO THIS IS 1HE PAaA~!!ER VCOST WHICH KOSt EE ENTESED 
I~ A P1R~ICOLAR fCR~AT. POR PORTHES EXfLlNAtIOH OF 1EE 
P1RA~ETeBS AND WHA~ 1HEY DO, T1PE 

HELP <PARA~f!!R HA!£) 

TO SEE A BOL! I~ THE ME~OHY. JUST ENTES tHE BUL! NU~8ER. 

TC RttORN to WHit too ~EBE COING, ENT!R 

QUI! 
I 

Ileo 
TRAC! PARA!ETEB 

THIS PARA!E1ES PolY HAVl A SEt or VALUES PSO~ 1 10 10. EAca VALUE 
REIAT!S to A TRACE Of A PARTICULAE PEATURE CP THE PRCGRA!. THE 
VALUES CURRENTLY ~EANINGPot ABE THE fOLLOgINGjC 

1 	 PBINT ALt-OP !H! C-10RKULAS iHICB lBE GENERATED FRO! 
A PREVIOUS LIST CP C-PCBftOLAS. . At TH! EEGINNING, OSL! 

C-FOR~UL1S INVOLVING A SINGLE SELICTOS NITH A UHABY PONCTION 
AB! GENERATED. CN SUSSECUENt ~ASSES TEROOGH THIS TBACE, NEg 

SBIECTORS ARE ADDED TO THE raOSE lORftOlAS SE!AINING APtER TRlftftING 
WHICH PORM CONNECTEt GRAPH SlRuctOBIS. IF ALTER IS NOlO, 

THII C~lI AT MOSt AltE8 NEW fOR~CLAS IS! ADDED. 
PRINt THE F08MOLAS LEFt AFTER tRIftftING. DORING 1BI~"ING, 
ALL CONSIST!NT POR~ULAS ARE BEftOVED peCK TaIS LIST AND PLACED 
IN THE 80 LIST feR SUBSEQUENt PROCESSI6G 51 THE AQ ALGORITH~. 

-tHESE !AY BE LIStED BY DSING t~lCE 2 EELOi. 

2 	 PRIHT AIL CONSIStENt POSMULAS. EACH rC8MOLA IN TBE !Q 

LIST IS PRINTID EElORE AO GZNEEALIZATICN AND tHIN THE 

RESULTING POSftCLA AFTED AO G!NERALI2AtlON IS PRINTED. 

1 	 AF1EB FULL GENERALIZATION, THE B!ST nc IS SEIECtit (LQ) 
ANt PRINTED illS THIS 1RACE FEATURE. 1ft! NEXt !V!NT feC" 

F1 IS THEN SELECTED ANt THE EN!I~E PFCCESS IS REPEATED. 

tHl FINAL COVER IS lLiAYS PRINTEC. 
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4 	 lLl INPUT EV!NTS TO THI 10 PBOCIDUR! lSI PBINTED WITH 
VITH THIS TI1C!. CI THE !ISST PI~S, TEES! !AY ~ot !! 

ALL TH! EVENTS AND 1HE~!PCBI THE EVEIT~ ASI PBI5TEt 

PO~ E1CB PASS tHROOGB THE AO PROCEDOR!. 

5 	 TBI SELECTED CC~PL!I PROM TAl CURRENT ~lSS tHROUGH TR! 

10 PSCClEUR! ts ~BIti1Et IN l~ f06"A1. 

6 	 PRINT THE SELECTED SETl fUNCTIONS 

7 	 P~tNT tHE CHABACTERISTIC GENIRALIZATICN PROCESS DUBING 

THE LCST2 PReCltUR!. 

8 NCT USEe 

9 	 PBINT ALL ALT!BNATIV! GEN!BALIZ1TIOIS or TH! ZVENT 

10 	 PRINT EV!NT !1 RBICH IS to !! COVEREC 

TO 	 TnRS ON llY TS1C! PE1TOBE, EITEH 

TRACE I 

WHERE I IS rHB IOBBE6 OP TH! tS1CE PEATORE WHICH IS TO BE TURIED ON. 

TO TURR OPF THE TRAC! FEATUH!.EST!I 

TBlCE -I 
ABER! I IS THE NOnB!~ CP THE fllTUS! WHICH IS TO E! TUB NED OPf. 

TO STOP THE PROG5A" AT EACH TRACE fEATUSE (PCSSIBLt 10 CHANG! SO!! 
PAF1~!'EIS), yoe BAY ENTER 

STP I 

AdlS! I IS THE ASSOCIATED TS1CE fE1TOBE. ~ftE STOP B)Y eE BE~OVED 
BY E&T!RIMG 

STP 	 -I 

12eO 

ACCU!P1 

1M OstER TO SPEEC UP Tft! Ie PBOC!tORZ, ONlI CUT!l EVENts lR! CONSIDERED 
IN THE caST F~NCTICN 3. THE DEFAULT VALUE IS 20 BU1 "AY eE 
CHARGE[ EY ENTERING 

I 
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AOCO~P1 1 

WHERE I IS THE NEW VILUE or ACC01P1 

!3eO 

AC~AXSTAa 

THE AQ~AXSTAR PARAM!T~~ IS lHE MAIS!AB PARAftET!R USED IN TRE AQ 

PROCEDURE. THIS SPBCIFIES lHE NueBES OP AL1ERNAtIVE COMPLEXES IN 

THE COBREN! PARtIAL VL1 TIPE StAB. 

! 

IQCO 

AQTOLERA!C! 
THIS P!BAKE1EB SPECIPIES THE TOLERANCE fOR THE ITS COST PONCTION 

IF IT IS AN INTEGER, tHEN II IS ASSUftEC TO BE AN ABSCtDTE VALOE; 

IF IT IS A VALOE 8ITIEIY 0 AND 1 !HEM It IS A RELAilVE V1LUE 

iHICH IS CALCOLA!!D BY DETBBftlNING THE aAXIKO" AID ~INIMOM COSt 

PUNCTIO~S IR THE S!lB AND THEN OBTAINING AN IBSCIUTI VALUE WHICR 

IS CALCUIATBC AS POLICiSiD 

ABSOLOTE VALUE = TOLERANCE. (~AX - ~IN) 

ALL CO~PLRXES WITHIN THE STAR VHICK HAVE COS1S iltHll ABSOLUTE VALUE 

TOLERANCE ARE CONSIDERED TO BE EQUIVALENT WITH BISf!CT TC t&IH~ING. 

THIS VALDE IS SPECIFIED BY ENTERING 

ACTCLERANCE(I)=l 

iREBE I "EANS THAt THIS TOL!BANC! IS ASSOCIA1ED i1!B THE ITIi COST 

PONCTION~&ND t IS ~Hf ~OLERABCE 15 HUNDEETHS (It eOS1 BI AN INtEGER) 
POB ~lAMPLEaD 

A~TOIER&NC!(2)=200 

S?ECIPIES THAT AIL CC"PLEXES WITH THE SECOND COST FUNCTION VALUE 

vIiHIN 2 ARE EQUIVALENT. 
THE SYNTAX IS SC~!W"A! RELAXEC 10 BEQUISE ONLY lHI FIRST FOUR 

LEtTFRS OF THE PARAMETER NA~E (E.C. Ael0) A~D lHEN 1iO NUMBERS 

UI1H ~NY DFtIMI!EPS iHlCR YOU tESIRE. 

E.G. AQTe 2 200 


IS INTERPRETED t~l SAME AS IHE ABCVE EXAMPLE. 
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!5CO 
ACCRl'I 

THIS PAB1~E~EB SPECIFIES THE OBDER OF AEPLICA'IICN OP COST CRITERIA. 

lOR THE AO PROCEtOR!. SIX CRI'IERIA ARE CURRENTLY AVAIIABLE~t 

1 	 tHE SO"B!R OF NEi VL1 EVENTS WHICH IRE COVERED. 

AL1HOOG8 THIS IS N01 THE NU~SE~ OP C-PCB~ULAS 

WHICH AB! COVEREt, IS !AY BE A CLOSE A~PROl1~1'IICN IN 

CERtAIN CASES AND RONS ~UCH MORE CUICKIY 'IH1N COST 3 

2 	 THE NU~BER OP SELEC'IORS IN A CC~PLEX WHICH DO NO'I 

HA~E • IN THE REFERENCE 

3 	 tHE HOBfER OF c-POa~ULAS WHICH ARE AC'ItALLY COVERED BY THIS 

CO~PL~X. THIS!S ~ORE TIe! CCNSU~ING !HAN 1 BU'I ~AY GIVE 

BETTIR RESULTS DEPENDING OM THE PROELEP.. 

~ 	 THI SU~ CF IHE costs OF VARIAELES IN !EE CO~Pl~X. 

5 THE NUMBER OP EVEN'IS COVEREr IN.THE VI1 SET 1 

6 THE NueSER OF EVENTS COVERED IN 'IHE VI1 SIT 2 

THIS P1B!~E'IIR ~AY BE ENTERIt BY 'IYPING 

AQCRlt(l) = J OR ACCRI'l(I) = -J 

iHERE I SPECIFIES 'IRE ORDER OF !VALUATION OF TEIS CS11ER10N ANt 

J IS TflE CRITERIeR (I AND J IN tRE IN:ERVAL [1 ••6]. ~H! 

POB~lT OF THIS SPlCIfICATION "AY EE RELAXEt 'IO ONLY SPECIFY 

TR! FIRST FOUR L!TTEBS OF TEE PA5A~E!EB NA~E (ACCS) AND THEN 

twc NO~B£FS, rAND J. 

16 CO 

lQ~'(i 

THIS PABA~E1ER SPECIFIES THE NU~BER OF ~Q COS~ eBITEBIA iHICH 

AR! 'IO BE USED. I'I MUST BE IN THE INtERVAL [1 •• 6) 

! 

1100 



37 


'I'COS7 

t8IS PA8~!EtER SPBCIFIES THE cost CF 1 'lBIlBL!. 18I71ALLY, ILL 

VASIABLES HAV! CCST OF O. TO CHANGE THE CCST OF A VABI1BLE, 

!NTE.B 

VCOSTI<V16IABLE NA~E»:II 

WHERE VABIABLE NA~E IS TH! 5A!! OF THE VABI1ELl (OR tESCRIPtCB) WHrCH 
IS USEt IN THE RUL!S. II IS tHE cOSt OF tHIS VIRIAE1E (IT ~AY BE 

NEGATIVE). TBE SYNTAX IS I~PCRTA5T HEBE, YOU eos! O~E LEFt ANC 

BIGHT ERACKE'IS • ( •• )' lND LIAV! NO SPACES. 

lXA~PL!~D VCOST(SH1PE}=-2 

S!TS THE cost OF THE t!SCRIETO& SHAPE TO -2. 

!8CO 

VLM1XS'UR 
TBIS P1RA~!'I!R GIVES THE ~AISTAB Pl!l!ETEB PCR 'IHE 'I'L2 PAR! OF THE 

PRCCEDOR!. 11 S~!CIP1ES tHl NUHEER OF AL1ERNATIV! C-POB~ULAS 

IBICB IBE RETIINlt IN A P18TIAL 51AR II E1CB STEP. 
t 

t9CO 

VLTCt!RAliCE 


TRIS PABA!E!!! GI'!S THE TOL!R1JCB FO! THl ITB COS! FURCTION 
POB C-!OB"ULAS IN TH! 1L2 TBI!KING P60CIDUB!. IF IT IS IN 

INTEGE!, THE! IT IS lSSOSEC TO BE AN ABSOLOT! !OLE!IRCE, OTHE! 
IrSB It IS RBLATIVE '0 THE BAIIHU8 ANt !INIHO! COSTS IN THE PARTIAL 

STIB. THE V1LOE IS INTEREt II HUNCRE~HS (SE! IQTOliB1NCE). 

!I'~P1EiD VLTOL(3)=200 
S~!CIF~!S THAT TH! tAIBD VL2 COST CRITEBIOI ,VICRlt(2)) HIS AN 

ABSOLUTE TOLER1IC£ 0' 2 (=2.00, 

! 1 COO 

YICIIT 
~H!S ~~RAME1!R SPECIFIlS tHE ORDER II WRICH COS1 

CRITERIA AR~ TO BE ArfLIE~ :H !er~MING OF C-P08~UtAS. FIV~ 

CBIT~RII ARE CUR~fNT1Y AYAIIABLE~£ 

1 TH! MoeBER OP EVENTS 0' F1 CCVEBID 

1 
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BY 	 tHIS C-FOR~Ull BOT Hor Bt Ail PRKVICOS LO 

2 	 tHI HD!BEB OP SELECtORS II TH! C-fOSSUll. 

1 	 THE NaeeEB OP EVENts Iti PO CCVIREt BY 1M! C-POR~DLA 

4 	 THE TotlL scr~ COST Of DESCRIPtORS II SELECTORS. IF 

I tESCBIPTOR APPEARS MeRB THAI ONCE IN tHE FOB"OLI, THEN 

IT IS COONTED Fon EACH APPEARl'C!, BCt JOST eNCl. 

5 	 tHE t01AL SU~ COST OF DU!!Y V1RIABLES IN SELECTORS. 
IF A to"!Y VIBlAELE APPEARS ~ORE fHAM (NC! IN THE FOSKULA, 

THIH 11 IS CCONTED lOB EACH APPEARANCE. COST REPER TO THB 

ORIGINAL OOft"l VARIABLE WHICS VIS ENtlfED BY !HE USER 
(NCT THE SUBSCRIPt ASSIGIED BY TH! PBCGBAM). 

THIS PABAftE~!R IS SPECIPIED E! !NTEBING 

VICBIT(I)=J 
WHICB SPECI!I!S THIT THE ITH CBltESICB IS JUBBEB J lEOVE. 

EIA~PLEaD VtCBI7(1)=3 

J 

VIRP 

THIS P1BAftZ11B SPBCIFIES THE Nu~eER Of COST CRI~E8Il 
WSICH lB! '0 BE OS!t II THE VL2 tBI~!IIG ANt SEL!CTICS PROCESS. 

t 

I'~OO 

RCONSIST 
THIS SPECIFIES tHE "INIMU! NDftBEB CP CONSIST!B! FORMULAS 

walCH ARE to BE GEH!BAt!C II TH: VL2 PlaT OP TEl 11GCRITH~. 

EACH OF TBIS! C-!CBftOLAS IS GENER1LIZED BY THE AQ Al~ORI!B~. 

COR!NG CHIBICT!9ISTIC GEN!RAtIZATICN. A C-FO~MutA IS CONSltERED TO BE 

"CCHSIST!NT" IF 

1 	 :T COVEBS AT LEAST ~INCOVER P!RC1NT Of TEE pca~UL1S IN P1 

2 	 ALL C-POP~OLAS DERIVED FRee IT (tU~ING THE G~OWTH PROCESS) DO 
NOT CCV2S AT L!AS1 'INCOVEB PERCENT OP T~! PCR~OtAS IN Fl. 
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I 

! 1300 

AL'IER 

TRIS PAB1~E1ER REFERS to THE GENERATION Of CONSISTENT POR"OLAS 

lNt SPECIFIES TH! NU~~lQ OP NEi FOB~OLAS WHICH itlL f! PCR~£t 

BI ArtING SBIECTORS tc 1N !XIS'IING "E"BER OP THE PARTIAL STAR. 

oaty NEW SELECtORS ARE ADDEO WHIca iIIL FOB! A CONNECTED GRAPH 

srBUCTOR!. EQUIVALENt S!LEC'IOBS (rSH 'X1.X2)=SA~E) ARE 
ACtED CNIY IP tB!RE \fSE Twe to""! 09 INCEP!Nt!NT VASIABLES 

Il THE ABGO~ENT LIST CP THE SELECtOB IN THE O&IGIJAt FOR~OLA 

OP tHE P~RTI lL S'IAB. 
If ALTER IS 0, 'IB!N 1 HEV C-PORftULA IS GEHERAT!t FOR 

ALL SELECTORS NOT YE'! USED IN 'IHE COSBENT C-POB"OLA AND 

WRICR fOR~ A CONNECTED SUBGBAPH. 

I 

! 11100 

PRI NT 

'IHIS PARA"E'IER REQnEsts A lIST OF THE "ETA SELECTORS CURBENTLY 
S!t!CTED, TaE DO!AI9 STRUC'IDBES, tHE INPUT BOLES CR 5!STRICTICNS. ENTERiO 

PRIN'! ~ FOR "ETA SELECTORS 
PRIN'I t FOR DO!lINS 
PRINT B FOB BESIBICTICNS 
PRINT P FOR INPUT tECISIoa RULlS. 

! 1500 

META TBI" 

'IHIS PABA!!~ia SECI?IES TftE Noe8ER OF ~ETA FUECTIONS SELECTED. IT 
SBCOtO BE tESS THAN GSIZE. IF IT IS O. THEN NO ~ETI fUNCTIONS AEE CC~PUTED. 

t 

f 1600 

DESCTYPE 
D!SCT1PE INO:CA1ES gHAT TIPE OF tBSCRIPTICN THE PROGRAft SHOULD GENERATE 

WHEN THE HC" (COV!R) CC~~ANt IS I!5UEt. THE PROGBAl CAN G!NE5AT! tWo tYPES 
OF DESCBIPTIONSmC 

, 	 tESCTYPE CHARACTERISTIC. A CHARACTERISTIC tESCRIPTION OF A SET OF 

~OLES P1 IS ~HF ~OST SPECIPIC DESCRIPTION WHICH BUllS F1 IS SHARID BY 
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ALL EY!11S IN Pl. PO ~OSI BE EMP!! POB THIS TO woaK PBOPEBLI. tHOS. 

CNLI ONi SET Cf EVENtS SHOULD BE SUPPLIED TO THE PROGRAM POR 

CBAB1C1!RISTIC DESCBIPTICN. THE PABA~E1EB, !INCOV!R, MOST ALSO BE SET 

(SEE HELP ~INCOYEB). 

2 	 D!SC1YPE DISCRI~I~ANT. A tISCRIMINANT tESCBIPTION CF A SET CP BOLES, 

P1 AGAINST ANCTHER SIT OF RULES Fa IS THE "CST GENERAL DESCRIPTION 

18ICB DISCBI8INlTES EOLES IN !1 PRO! BOLES IN po. IT KOST NOT 

COVEB AN! ROLES IN PO AND IT IS DESIREABLE TEAT IT COVER AS ~ANY ROLE 
IN P1 AS POSSIBLE (THIS IS TH! [EPAOL!). 

RC!!iD APPF.CPBIA~! COST 'UICTIONS SHOOLt ALSO E! S!T POB 

CHABACTERIS!IC (-1, -2) AND tISCB1~INANl (3, -1, 2) IESCBIPTOBS. 

THIS CO~~AND KAY BE A3BREV!AT!D Te 

DESC C ,FOR CHABACTEBISTIC DESCRIPTICNS) 


DESC D (PCB DI~CBIftINA.t tESCRIPTIONS) 


!1700 

QOIT 

RETURN 10 THE CC~MAND LEVEL. THE PROGRAM WILL SESOME lRO~ 

TH! tAST POINT. 

t 

!lEOO 

HELP 

HELP GIVES 1 LIST or ltL PARAMETERS WHICH ARE C~DEBSTOOC AT THIS POIM! 

! 

!1900 

P1Rl~!T!BS 

LIST CORB!.! 'lLOES PABA~!TBaS0' 
I 

I2eoc 
SIP 

HALT THE PReGRA~ AT A PAR1ICULAR TRACE FEATORE. GENERALLY, THIS 

~l! BE OSED TO GET AN f~PLANAIION OP WRITS HAPPENING OR TO 

CBINGE SC!E PABI!!TEB. 
I 

!2100 



1 
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l!I NCOVER 

TAIS S~!CIFIES tOE ~Mll!O! PEBCENTAGE OP BOLES II P1 THAT A C-POal!OLl 

~OST CCVfB IN Oltr! to BE CGNSIOESEO AS I CHABICTERl~7IC DESCRIPTION. 

IT IS aSED IN CONJUNCTION WItH NCONSIST TO tETER~!~! WHEN THE C-PORMULA I 
I 

GBCYING PBOC!SS ~HCULC STO~. CU&ING 1H! C-POR!OLA GEOiING PBOC~SS, I 
EACH C-PORI!f:JtA IS GReliN (BY ADDING NEW SELEC10aS) UNlIt ALL OP 'UtE 

POS!OL1S WHICH CAN B£ GROWN lBOM IT Pill TO COYlB ~1~CCVEB PERCENT 

OF THE BUllS IN ;1. AT THAT tll!!, I't IS PLACED ON TEE lIQ. NCONSIST I 
SUCH l!Q aULES "UST BE FOUND BEFOiB THE GBOWIHG lLGOB11HlI tERlIINA1!S. I 
THOS, IP ~INCOVER=10C, SEVERAL PAIRLY TRIVIAL BOLES iILL BE fCONt. 11 

MINCOV!R=50, SC8! INT!B~STING RULiS INVOLVING SANY SflECTORS WItt BE 

POOND EUT THIS! aUL3S "AY NeT COVER ILL OP P1. 

! 2200 

QUICK 

'fRI S tURMS OfP ILL TRACBS 

! 

12300 

DETAIL 

THIS TURNS ON AIL TRACES. 

! 

! 2QOO 

EXPlAIN 

'fBI S TURNS Clf ALL TRACES UfO SEtS ALL STOPS 


'2~00 

BSI!! 


'lUI S Sins <tBACB OPTIONS 10 AND STOP OPTIOHS 10 


!2EOO 

V'IY!?l 

ENtER 'tYPE IN 1H£ SA~! P08~AT AS VCOST. T8£ tYPES ABE!C 


1 - tiCPlINAL 


2 - INtERVAL 


3 - S'IBUCTUBEC 

I 

12700 



12600 
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PRUI! 
tHIS PARAftEt!R faINTS THE BUIES AS WELL 15 ~8E EOL! NUKBERS AT 

EACH STEP. TO SUPRESS PRINTING ROllS. ENTER ~BUL! P. ~O RESU~E 

PRIITIBG RULES. liTES PROLE. lHIS KAY BE OSED IF TB! ROLES 

AR! VEBY LARGE IBD BlQOIRE 1 LCNG TIME TO EBINT OM tHE 

T~FlHHAL. 

! 

LQST 

THIS PARAKET!R (ON BY DEFAULT) STRIPS E1CR 00lfUT coePLfX FROK THE AQ7 

PBCC!CUBE. TO TURN Cff. EN1ES LO~1 l. 

I 

15 
THE RESOLT CF THE 1Q APPLICAIION IS GIVEN BELOW.' IF THIS IS NOT 

COISISTIN1, ~ORE EVENtS iIll BE ADDED TO SET 2 IND Ae REPEATEC. IF IT 
IS CONSIST!NT. TH!N IT WILL E! TBANSLATfD EACK INTO a VL2 FeRMUlA AND 

STORIe II THE NEW MQ LIST. 

t 

16 

THE SEllCT!t "ETA FUNCTIONS IRE LISTED ElLOW. BERE IS AN EXPLANATION 

OF 'tHE TABLE. 

~S 	 IS AN INTESNAL NUMBER OSED TO REFER ~O THIS KE1A FONCTION. 

TYPE 	 IS 'PT OB, FOBALI. IPT IBDICATES lHAl lHI~ PUNCTION MEASORES 
THE NO~BER OF OBJEC1S fOB walCH tHE ASSOCIA1ED DESCRIPTOR 
TAKES ON lHE ASSCCIA'lED VALOE. FCBALL 15tICA'I!S THAT ALL OEJEC"rS 
IN 1 BULE FOR WHICH tHE ASSOCIAT~t tESCR1~TOB IS APPLICABLE 

BAVE teE 1SSOCIATED VALUE. 

FUNC~ION 	INCICA!!5 IHE D!SCBIP!CB ANt VALtE PAIR RElERRED TC ABOVE. 

!1COV 	 LISTS !B£ ~AXI~U! NeHBER or RULES IN F1 iEICH THIS ~ETA FONCTION 
COVERS FOB ANY CN! SINGLE VALOE Of ITS REfERENCE. 

focev 	 LISTS THE ccaRESFoNtING NUMBER OF ROL!S IN PO WHICH THIS 

!£TA EOHCTICN COVEBS WHEN IT TAKES OM lHE VALUE WHICH GIVES 


THE A~soerAteO P1COV VALUE. 
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!11MPLiiD 

TYPE PUNCTION pleov pocev 


'PT SIZE = 2 5 2 


~HIS INDIC~TES THAT IN EACH BUL! IN Pl AND PO TH! faOGBA~ IS CCUNtING 

TH! NUMBER 0' SEL'CIces OF ~HE lORe rS~Z!(X)=2J (iBES! x IS ANt R!LEVANT 

DDft!Y VARIABLE). 1 HEi DESC~IPtOB, rt IS SI2E 2=K] illL BE ADDED TO EACH 

EVENT. K IS THE NU~BER OP tOMMY VARIABLES POB iHICS rSIZEIX)=21 IN 
THlT RULe. NOTICE K COULD BE a AS WELL AS A PINITE ~OHBEB. THE VALUE OP K 
VSICH COVFRS THE ftOST RaL~S IN P1 IS NO~ LIS~ED IN 1EE TABLE, BOl It COVERS 

5 FUL!! IN P1 ANt 2 BOLes IN po. 

17 

THE PROGRA! IS NOW BEAtY TC CHAEACIESIZ! A SEl CF COMPLEXES. 

EACH CO~PLEX HAS WIIH IT A IIS~ OF THE RULES WHIca 11 COVERS. tHE PROGBA! 

OETEBMINES THE CO~PL!X WHICH COVESS THE KOSt ROLES Aft 8!!OV!S tHOSE BOLES 

PROft TBE LIsts Of BO~ES COV!B!D BY TBB B!MAINING COMPLEXES. THIS PReCESS 

IS REPEltED UNtIL ALL BULES ABE COVEBED. THE REPEBENCES OP THE SELECTED 

CO!Pl!I~S ARE ME~GED ~C GIVE IHE PINAL COVER. 

!XPL~NAIION OP 1ft! OUTPOTiD 

"AXCCONT IS IHE ~AXI~O! ~oaaES Of BULE~ COVERED EY ANY ONE CO~PL!I. 

WHEN ~OR! THAN 05! COMPLEX CCYERS ~1XCCUNt ROLES, lBIS lIE IS RESOLVED 

BY CO!PO'ING lHE COS1 O! ADDING EACH COMPLEX TO 1HE E!ERGING COVER. THIS 

COST IS EQUAL .TO 1H! NU~BEB OP NEW RfPERENCE VALUES iHlCB WILL NEEt TO BE 
ADtEt IN ORDER TO ~!BG! THE CO!PL!X IND THE COVER. IHE COMPLEX WITH THE 

LOiEST COST IS SELECtED. THE FRCGBA! PRINIS Cal IHE EMERGING COVER AND 

THE SEL~CTED COMPLF.X. IT AtSO PRINTS OUT TH! CCST Cf ~DtING IHE SELECTED 

CO~PLEJ TC TH! E!ERGI5G COVER. 

19 

THES! \RE TEE C-POR~ULAS WHICH HAVE BEBN GtNEBAIIZBD EY THE 10 
PReCEDOR!. EACB ON! IS-CONSISTENT (CCVEBS HC ROLES IN EO). 

ONLY THE 8!ST CONSIS1EN: C-FORMULA (~C) WIll BE R!TAl~ED, DUT ALL OF 

IHESE fOR~ULAS ~AY BE OF IN~!B!S~ 10 TH! USER. 
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I 1 C 
AN EVENT £, O' .1 fUS Sl!1 SELECTED. IP' IS 'IHE S!1: OP lLL CORDITIONS 

WRICH HAVE THB DESIRED SET IN THE DECISION PAR!; THE SET fO ISTRE 

S~T OF ALL O!HEB CC~tITICN PAR'IS KHOiN 10 THE PEOGRI!). THIS !V!~T 81 

WILL BE COVEREt BY ~ C-FORMULl (CONNECTED CONJUNCTIV£ VL2 FORMULA) 

WHICH IS CONSISTE~T iITA ~ESPECT TO ALL POB!UL1S Cf fO (I.E. COVERS 

NO FOR~UIA or Fa). CNCZ A COilR ILQ) OF !1 IS POUNI. ALL EVENts COVEBED 

EI TRIS to AR! RE!CY!D PRO" fl 1Ht TH! IE11 ELEMENT Cf Fl IS SEL!CT3D 
UNtIL 50 ~ORE EL!~!NTS CAN BE POUBD IN Pl• 

• 

! 21 

EltER RESTRICTIONS 

THIS CO~MANr ALLOiS TH! USER TO ERTER RESTRICTICNS iHICH WILL BE 

APFLIED TO AIL TH! Il!NT5 WHICH WILL BE INPUl LATER RESTRICTIONS SI~PLY 

ACt NEi IN'O!ATICN TC THE EVENt BY APPENDING CBRTAIN SELECTORS TO TH! 

EVENt. tHE IIPOT FOR~AT !EQUIRES A PRODUCT OF SELEC1CBS WHICH 

fOR! A CC!fRECTED GRAEB BEPBESENtATIOI POLLOi!e BY '=)' AJC A SELECTOR 

WItH A FUNCTION SI~BCl AND ARGUftER~S iHEBE EACH ARGO!!HT APPEARS II TBE 

CONDITION PART 01 THE RULE SO"EV8EBE. 

!Il~PLE jO 

rLEP'I[11.X2) JfL!PT(X2,X3) ]=>[IElT(J1,I3) J. 
r 511 (X 1) = 1 l[ FA Bt (X 1,1. 1) ]=>r COND (t 1) =* ]. 

!22 

eODIPY BULES (BVEH!!) 
'IRIS CO"!ANt ALLOWS A OS!! TO ADD OB DlLE!l lN EVENT FRO" THE 51ST!!. 

!''IlR THE USER EITERS TRE CHAB1C!!R !, !BE PBOGRA! !SK5S IF YCU VIRT to 

lDt OR DILET! A &I1L!. RIITfS A OB D. 

ADD A RULE 
EIiTEB A. ~8EN !HTlR THE BOLE. 1HEB RGLE !AI BE BROkEN ACRSS S!LECTOB 

BCONtARIlS If IT WONt! PI! ON ON! LINE. IP 100 "AKE A !ISTAK!, YOU 

~USl REENTER ThE ENTIRE RULE PBCP. 'IRE EEGINNING. SEE RULE SYNTAX 

BE LOi. 

DIIETE ! BD IE 

EHT1R D. THE PPCGRA" LISTS EACH EVENT KNOWN Te THE SISTI!. APTE8 

EACH !VEN'I IS LIstED THE ~RaG&A! ASKS If It 15 1C fE t!LE'IEt. ANSVEa.D 

http:rLEP'I[11.X2
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t - 10 DELET! THE RULE 


I - TO R!!AIN tHE ROLE ANt LIST TBI NEXT ON! 


Q - TO RE1UBN TO THE coeMAND 80DE.* 


BUtE SYNTAX 

A ROLE CONTAINS A CONDITION PARt fPROCOCT CP SI11Ct01\S) ANt A DECISIOM 

PART (A SINGLE SEL!C!CR WItH 1 0-A6Y FUNCtION OR tEC]SION VARIABLE) 
POLLOWED EY A PERIGD I.). ElCB SELECTOR IN THE CONDItION PART BAS A FUNCTION 
SY!BOL POLLOiED ey lLIST OP lRGO!ENTSS SEPARATEt WITE ','. THE FONCTION 
St!BOL IS A NAME WIIH LESS 1HAt 1C CHARACtERS. THE ARGUMENTS CC~tlrN A 

RAe! (T8! NAM! Of A GBOUP OE CO!PABABLE DUMMY VIBIAEIES) AND 1 RU~BER 

iHlea DISTINGUISHES tHIS IRGU!Elt paeM OTHEBS Cf THE SAME GBOOP 
(!.G. 11 OR CAR4). fH! REP!BENCE MAY BE OMIttED (II WH:CH CASE IT ASSUM!S 

TB! VAlOE 1). IT ~AY BE • (ALL VALOES), 1 LIST OP INTEGERS SEPARATED 
BY COl'!~AS, OR I PAIR OP INTEGEBS SEP1BATED. BY.. ('lHIS SPECIFIES A 

R11GE OP VALOES ANt lELLS THE SYSTEM THAT TH~ PUNC1!CN H~S AN INtEBVAL 
CO!!AIN STRUCTURE). 

SEt!CTOB EXU!PIESiD (S8(11)=1.21 rp(X1.X2)1 [SH(A1)=.J rSrZE(L1)=1 •• 6] 

BUlt EIU~PLEiD r S9 [X 1) = 3 1r Q(11. X2) 1=>[ t=1.2 J. 
1 

123 

ceVIR 1 SET 0' F05!OlAS . 
THB SYS!E~ iILt ASK iHlea SET. ENTsa THE IUMEE5 WHICH IS TH! 

D!CISION 'ALO! WHICH IS TO EE GENEBAtI2ED. tOU WIll PROBABLY WISH 

TO ENTER 'P' ANt SET SO~E TRACF. AND S~OP OPTIONS EElCR! ACTOALLI 

INltIl,(ING TaE ceVEI PROCEDDRE. (SEE PA8AflE1!liS COICK~D!'lAI1.~B1iIEP ETC.) 
I 

12Q 

CBANGE ~A8IKETEBS 

EMt!B P TO CHAIG! PAIIP-EIEas. ONCE YOU IR! IN '8£ PARAMETER ~ODIPICATION 

S3C!!CH~ TYPE HELP FOR FURTHER EXPLANAT!ON. ~LSO, WElN THE FReGEI! ~TCPS 

DURI'G A TRACE, YCU eAr EN!!E F 'IC G!l IHIS PROCEDUR!. 

125 

!5lE8 CC!AIH STBOC10BES 
ENTER! AND THEN ENTER A BOL! WItH PUNCTICN SYKfOLS WITHOUT AaGU~EKTS. 

!J1!B TAE LOiEST LEVELS OP GENEBALIZATIN PISST. EN1fR E ANC THEN 

http:S8(11)=1.21


I 
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tIl Rot! POR !ACE G!HEBALIZtICI ROL!. 

!XAftPL 1·)D r S11= 1,2,4 l=)f S8=7 1. 

!26 

!:I EIP 

YOO !AI aNtER 'HELP It ia!RE X IS ~,C,V,B,P,L,S, OB E IN oatER to OBT1I~ 

AN EIPt!NATIN OF EACH OF THESE CO~~AHtS. 

!27 

Vl1 !!COE 

EltlR tHE VL1 ~ODE OF PROGRAM OPERATION iHICS BYPASSES VL2 

C05SISTEN~ C-PCR!utA GENERAtION. 100 WILL Bl ABLE to ENTER VL1 EVENTS 

II 1 SODIPIED A07 POBftA1' PRCft A PILE VL1EYE. tHE F05"A1 OP 7B~S PILE 

CCHTAINS A LIS~ OP EVENTS (VALOES OP VARIABtES) PREC!Et!C BY THE 

tECISICN VI LO:. roa EI1SPLE, IP iHES! lBE ~WO EVEI7S IN SET 1 

INt 2 EVENTS IN SET S, THEN ENTER IN~O tHE PILIID 

1 0 1 3 


5 1 1 3 


5 1 1 2 


1 1 1 1 


IN THIS EXAMPL! ~H!B! A9E tHBE! YARIABLES. NOTICE lEAT THE OR03R 

OP EVENTS IS IBR!tEVA5t SINCE THE DECISION VILD! IS INCLODED 
IN THE EVENT SPECIFICAtION. THIS PIL! ~DST BE CBEAtlD BEFORE 
ROBBING TH! PROGBAM. 

IN ORtRR TO ROB T8E PROGB1! IN VL1 ftOCE, CBEI'! 1 FltE 
1N TH! lEaVE POB~AT CALLED VI1!V!. THES RON THE IiCGBA! AND 

!Nt!B V. AT THIS POllt, toc ft~Y 

IN!EB rO!AIN StiOCTD&ES (IN THl VL2 fCBM1T), EN~BB P1BAftE!!RS 

(THIS A~LOQS ONE to ENtER COSt PQNTICNS AND "IXSlIS fABA!E~EBS ETC., 

OR COV!8 CNZ SET AGAINST A eUNCR or SEtS OF EVENTS. • 

VABIAELE CCSTS AND CO~AIN tYPES (CHARGE 008AII tIPE FRO" 

T~! DEP!DLT (JO~INAL) to INtERVAL) ~AY THEN BE ENtE6!D BY 
ENT!RING P AND THEN SPECIFtING :ITHER VTYP! eR vccst PIRA~ET~RS. 

ALL VARIABt~S ARt lABELLED 'XI'. STBUCtURfD DOMAINS ARE AOTOftATICALLY 

S!1 BY tHE E COM~ANO. TaE rOMAIN TYPES AREie 

1 - tiC!!INAL 

2 - INT1!t;VAL 


3 - SlRUCTOBEt 
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ONCE THE EVENTS lBE PEAt INtO tHE PBCGRlft AND ALL P1BAftEt!RS 

lBI SE1, YOO ARE RE1Dt TO ceVIR 1 SEt 0' EVENTS. EltER THl C CO~!ANt. 
THE PReGe~~ AS~S WHICH SET IS 10 E! COVEBEI. ENTER 1~E NU"BEB 

WHICH CORBESPONtS TO THE S!~ WHICH IS TO BE COVERED. tHE 
PROGBA! tHEN ASKS WHICH SETS AR! TC B! COVIDED AGAIN!t. EHtEB 
1 lIST OF INTEGERS WHICH COBB!SPOND 10 18: SETS AGAI~ST WHICH 

THE COVER IS TO BE !ltl. THE PBOGBAM THEN paINtS !EE COVERING 

CO~PLEXES. 

AlL COMANDS EXCEPT POR TH! NUMB!B 01 VARIABLES ANt 
SETS IIVCLVEt IN COV!&ING MAY BE !NTlBED IN CPILE. 

I 

12S 

L - Elt~TY PREDICATES 
lDD !XTMT! TYPE PREDICATES LIKE tsT- AND ~ST-

!2S 

S - lCDIY PREDICATES 

ADD EQDIVAIENCE TYPE PREDICATES (E.G [SH{X1.X4)=SAftE]) 

I 

!3C 

A - lNTlB THE tEFINltION f06 AN ABITH"!tIC tERIVED DESCRIPTOR 
ENTES THE DERIVAtION BULE POR A5 lRITH"!TIC DEBIVED DESCRIPTOR IN THE 

PO~M1TaD 

<lEi DESCBIPTCR)«DU~~Y VARIABLES»= <AEI1H!flIC EIPRESSION). 

EXAftPLiit 

GIR1B(X1)=LESGTB(Xl)+WIDTR(Il). 

THE tU~MY VIRIAELE OF tHE <NEW DESCRIP1CR) ~DS1 APPEAR IN 1H! ARITH~ETIC 

!IFR!SSICM. THB EXPRESSION IS WRITTEN IN STINtARt ALGEBRAIC fOB~. THE 
OPERATCRS WHICH ~AY BE OSEt ARE~t 

+ 	 lDDITICN 

saerBACTION CR UNABY !INUS 

• 	 "OLTIPLICATION 
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I II!!GEB tIYISICN (Bl!AINtlB tISCABtEt) 


I ~CtULO tIlISIC! 


INTEGER CONSTANts AID fUNC!IONS "lY ltSO APPEAR II tHE EXPRESSION. 

TB! !XPR!SSIOH 80ST CCNT1IN At LEASt eNE PUNCTION CE PBlDIClt! AND 

"OSt POR~ A CONNECtED GRAPH stRuCtOR!. lLL fONCTIONS ARE PBEtICATES 

AR! ASSUMED TO BAVE SINGLE VALUES 1M tHE R!FEREIC!S. IF ~OBE 

THAI ORE VALUE AEPEAES IN THE BElEBE5CE OP A PUNCTION WHEN THE EXPRESSIO~ 

IS TO E! EVALOAtED, tHE S~AlLEST VALOE IS OSED. IF 1HE RESOLtING CO~PUTED 

V1IO! lIES OUTSltE THE RANGE OP VALIC VALUES (C •• ~NVAl). THE 

DESCRIPtOR IS IGNOBEt AND NCT ADDEO to tHE BOLE. TC MAKE THE BIGHT HAND SIDE 

1110 I CCNNECtED GRAPH, CONNECtING PREDICATES 8AY BE ~OLtIPlIlt !O THE 

11~I!SSION. ALL FREtICA!ES HAV! VALU! 1 WHIN THEl ABE TBD!. 

EI &PIPI! 

SUMSIZE (X 1,12) =(SIZE(X1)+SIZE (X2» *p (X1 ,X2). 

WHERE P IS SOME CONNECtING PREDICATE OP Xl AND 12. 

TO PROC!SS tHE ARITHMEtIC DESCRIPTCR DEFINITIONS ONCE tHEY HAVE BEEN 

GIlEI 70 tHE PROGBA~, ISSOE THl "I" CC8ftAND. (SEE H N). 

NO!EaD A GIVEN DESCRIPTOR PLDS DO!MY VARIABLE MAY ONLY APPEAR OSCE IN 

!HE EIPBESSICN O~ TBE BIGHT HANt SICl OF THE ROLE. !HUS THE BUL!aD 

SCUARE(X1)-=SIZE (11) .SIZE ex1). 

WILL NO! VOSK. 

! 31 

N - EXECOTE PBEVIOOSLY ENTERED A CO~~ANtS. 

!HE N CO'MAND CAOSES ALL PREVIOUSLY ENTERED ABI'HME!IC DEBIV!t tESCRIPTOR 

DEFINItIONS (SINCE TH! LAST N COMMANt) !O E! PROCESSEt ANt AtClt TO ALL BULES 

IN THE Rut! B~SE WHEB£ APPROPRIAtE. tHIS CO~MAND IS PBOVID!D SO TSAr THE 

OSEI CAN ENTER TEE ~RITHKETIC D£SCRIFTcas AT ANYTI~E DUBING THE PROCESS AND tHEI 

APPLY !H!~ !C THE RULE BASE WHEN AtL OP THE BULES HAV! BEEN ENtERED. 

13~ 
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I - ENTER A LOGICAL DERIVED DESCRIPTOR IND SUeSTITOTE IT. 

THE "I" CO!~AHD P!R~I1S THB USER 10 ENTER A LOGIAL DEBIVED DESCRIPTOR 
WBICB IS TO BE SaBSflTUTEO (EICRA5G!D) POB I~S ~RE!I~! IN EACH RULE IN waICR 
~H! pnE~!SE !S 1BCE (1H! PR!~IS! IS THE LEFT RAND SItE OF TBE C!BIVATION RULE). 

EXAI!IPLEitD 

x 
rSIG (PART1) lr BOX (PART1) l=>r BIGSOX (PART1»). 

THIS !XA~PLE WILL SUBSTITUTE 'rHE PREDICATE (BIGEOt (PAR11) J Foa EACB 

CONJONCTION OF BIG (PART1) AND eox (PAllTl) IN TRI BOtl BASt. PAS'!l EEP!RS 
!O ANY DUr!f'!Y VAlUABLE IN THE "EART" fAl'!ltY (iI'IH tIPf!RINT SUBSCRIPT). 

! 




