
7.~~. 7.7- .7"

"! ,, -..-,

IMPLEMENTATION OF A CONSTRAINT MACHINE FOR PRISM -

A PARALLEL PROBLEM SOLVER

by

-.

:, William P. Bradley :'.

.r r * d*. .~ .' .1.* ,..-.

Thesis submitted to the Faculty of the Graduate School,'..
of the University of Maryland in partial fulfillment '!"

~~of the requirements for the degree of -'
• Master of Science
= ~~19 84 "":



SECURITY CLASSIFICATION OF THIS PACE (Wh.en Doe Etnf"d),

REPORT DOCUMENTATION PAGE BEFO DCMPLETIN ORM
I. REPORT NUMBER 2. GOVT ACCESSION NO I. RECIPIENTS CATALOG NUNGER

AFIT/CI/NR 84-81T _ _ _ _"

16*. TITLE (a,,,d stiblite) S. TYPE/OF REPORT & PERIOD COVERED

Implementation Of A Constraint Machine THESIS/,,IITTION
For Prism - A Parallel Problem Solver

- S. PERFORMING ORG. REPORT NUMBER

-I 7. AUTs4OR(a) 6. CONTRACT ON GRANT NUMUER(e-.'.:'"

William P. Bradley "}""

S. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASKAREA I WORK UNIT NUMEERS

AFIT STUDENT AT: University of Maryland

It. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

AFIT/NR 1984
WPAFB OH 45433 IS. NUMBER OF PAGES

141
14. MONITORING AGENCY NAME & ADDRESS(If different from Controlllng Office) IS. SECURITY CLASS, (of this report)

UNCLASS
IS.. OECLASSIFICATION/ DOWNGRADING

SCHEDULE

I. OISTRSUrION STATEMENT ( o this Report)

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED ELECTE

NV2 3 8
17. DISTRIBUTION STATEMENT (of the ebstract eitered in Block 20, Ii different from Report)

,. SUPPLEMENTARY NOTES :'- '.i

APPROVED FOR PUBLIC RELEASE: IAW AFR 190-1 N a WOLAVER and
D an for Research and

Professional Developmen

KYO (ti>ev if-Ow d AFIT, Wright-Patterson AFB OH
C19. KEY WORDS (Continue on reverie iid it necessar ad identify by block number)

J.- 20. ABSTRACT (Coninue an reverse aide It necessary and identify by block number) '

ATTACHED

DO , I 3 1473 EDITION OF 1 NOV 6S iS OBSOLETE UNCLASS

SECURITY CLASSIFICATION OF TOL E (Won Date Entered)

8 4 1 16071
. . : .-. .- - .

..=, , .._ ',. .,.. .._.. .. ... , .',.,_. ..- ';:: ,:,',.... .._,.- -.. .-- -.- ..- - .-. .-...-.-... , , .-,, ..- ,. , ,.- .-..,- .,. ... ...



* -. . - ...~ . : ... .7 77-7, _ , -

ABSTRACT

Title of Thesis: IMPLEMENTATION OF A CONSTRAINT MACHINE FOR

PRISM - A PARALLEL PROBLEM SOLVER

William P. Bradley, Master of Science, 1984.

Thesis directed by: Jack Minker

Professor
Department of Computer Science

This thesis describes the implementation of a con-
straint machine for a parallel inference system, PRISM.
PRISM is a logic programming system designed to run on a new
parallel computer called ZMOB. PRISM consists of three dif-
ferent kinds of machine, problem solving, intensional data-
base and extensional database machines. Each will run on
separate processors on the ZMOB, and there will be many of
each type, all cooperating to solve a problem.

The constraint machine is a fourth class of machine for
PRISM. It will use a database of integrity constraints,
supplied by the user, to help the problem solvers. It will ..
do so by pruning branches from the problem solvers' goal
tree whenever a goal node violates an integrity constraint.
This will prevent the problem solver from exploring some
paths that will ultimately fail. The constraint machine
uses a subsumption algorithm to determine if a goal node
violates an integrity constraint. It is hoped that the con-
straint machine will improve the performance of the PRISM
system.

Author: William P. Bradley, Major, USAF, BSC
Pages: 11 .

Degree: Master of Science Accession For
School: University of Maryland NTIS CRA&I

Year: 19841 DTIC TAB E
Unannounced lf

Distribution/

Availability Codes
Avail and/or

Dist jSpecial

• ..- " • °t

~9_



AFIT/CI/NR 84-81T

AFIT RESEARCH ASSESSMENT

* The purpose of this questionnaire is to ascertain the value and/or contribution of research
accomplished by students or faculty of the Air Force Institute of Technology (AU). It would be
greatly appreciated if you would complete the following questionnaire and return it to:

AFIT/NR
Wright-Patterson AFB OH 45433

RESEARCH TITLE: Implementation Of A Constraint Machine For Prism - A

Parallel Problem Solver

AUTHOR: William P. Bradley
RESEARCH ASSESSMENT QUESTIONS:

1. Did this research contribute to a current Air Force project?

( ) a. YES ( ) b. NO

2. Do you believe this research topic is significant enough that it would have been researched
(or contracted) by your organization or another agency if AFIT had not?-

() a. YES () b. NO
3. The benefits of AFIT research can often be expressed by the equivalent value that your

agency achieved/received by virtue of AFIT performing the research. Can you estimate what this
research would have cost if it had been accomplished under contract or if it had been done in-house
in terms of manpower and/or dollars?

() a. MAN-YEARS () b. $_L

4. Often it is not possible to attach equivalent dollar values to research, although the
results of the research may, in fact, be important. Whether or not you were able to establish an
equivalent value for this research (3. above), what is your estimate of its significance?

( ) a. HIGHLY ( ) b. SIGNIFICANT ( ) c. SLIGHTLY ( ) d. OF NO
SIGNIFICANT SIGNIFICANT SIGNIFICANCE

5. AFIT welcomes any further comments you may have on the above questions, or any additional
details concerning the current application, future potential, or other value of this research.
Please use the bottom part of this questionnaire for your statement(s).

NN4E GRADE POSITION

ORGANIZATION LOCATION '.

STATEMENT(s) :

I7

~ ~ . . .--. .



.:mv A.:;t.

-o..

FOL DWW WM OMTIDE M AL WITH TAPE

AFIT,, R . o - '
o 111111 p n.UO.' '

IRf-ATO NS 6UN POTAE mi

* WMAUL --
PU*LTT M PIVAWr USA. sN UI TATNE

* ,..I- ,

BUSINESS REPLY MAIL -i__:_-:_

POAGI WILL N PAW T ADDESSE

AMJT/ DAA I___-_____

WUrit-Ptterom AF8 OH 443 II

%I

F I

... ." ..% .

N-.

,' -;p

FOL.. I,

'p."



THE GRADUATE SCHOOL

University of Maryland
Colege Park .

Report of Ezamining Committee "

Date: Augus 10, 1984D~t,,:... u~u~s...... .O........ .... :..::

William P. BradleyNam of candidate .............. ....................................................... ... ................... ....... ... ............... ... ............. •

Degree sought. M.S. Date of OrlExamlnatld ............. ....U _
De re so g t.......o. ................. ................... Dat of Ora . ."U

... 441,.-----

Examination and dissertation approved by the ollowing committee:

Cliran:

............

.'-.... ... .

•... ... .- ...... .o.. . .... . ....... .. . . o ........-- . .° . ....... o. . . .

° ....

..* . ~* ~ *. ..... ... .. ...

sotatv. of dw Graduate Dun:."

(To~~~~~~~~~ ~ ~ ~ ~ ~ ~ be reundtoGaute...', swn ssgedb h Cmite



APPROVAL SHEET

Title ot Thesis: IMPLEMENTATION OF A CONSTRAINT MACHINE FOR

PRISM - A PARALLEL PROBLEM SOLVER

Name of Candidate: William P. Bradley
Master of Science, 19841

Thesis and Abstract Approved:________________
J~pcy Minker

,F s or
4bartment of Computer Science

Date Approved: ~ ~ I'



t - , -.- °... ---

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

CURRICULUM VITAE

Name: William Pierce Bradley.

Degree and date to be conferred: M.S., 1984.

Secondary education: Bethesda-Chevy Chase High School

Bethesda, Maryland 1965.

Collegiate institutions attended Dates Degree Date of

Degree

Emory University 1965-69 B.S. 1969

Emory University 1969-71 M.S. 1971 : "

University of Maryland 1982-84 M.S. 1984

Major: Computer Science.

Professional positions held: Major, United States Air Force

Lackland AFB, Texas 78236.

* -," -,%

• ".'S

%~ *.*~*****..;.,% '%..-



ABSTRACT

Title of Thesis: IMPLEMENTATION OF A CONSTRAINT MACHINE FOR

PRISM - A PARALLEL PROBLEM SOLVER

William P. Bradley, Master of Science, 1984

Thesis directed by: Jack Minker
Professor
Department of Computer Science

This thesis describes the implementation of a con-

straint machine for a parallel inference system, PRISM.

PRISM is a logic programming system designed to run on a new

parallel computer called ZMOB. PRISM consists of three dif-

ferent kinds of machine, problem solving, intensional data-

base and extensional database machines. Each will run on

separate processors on the ZMOB, and there will be many of

each type, all cooperating to solve a problem.

The constraint machine is a fourth class of machine for

PRISM. It will use a database of integrity constraints,

supplied by the user, to help the problem solvers. It will

do so by pruning branches from the problem solvers' goal

tree whenever a goal node violates an integrity constraint.

This will prevent the problem solver from exploring some

paths that will ultimately fail. The constraint machine

uses a subsumption algorithm to determine if a goal node

violates an integrity constraint. It is hoped that the con-

straint machine will improve the performance of the PRISM

system.
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1. INTRODUCTION.

Logic and logic programming have generated considerable

interest in the computer science and AI communities. Partly

this is due to the ability to express facts and relationship

about objects in the real world in a natural way using

logic. Also, there is a need to begin exploiting parallel

computer architectures. This makes logic programming look

attractive. Logic programs do not specify the sequence of

execution and so are readily adaptable to parallel architec-

tures [Pereira 19783, [van Emden 1976].

A major cause of inefficiency in executing logic pro-

grams is that the search space is large and often contains

paths that ultimately result in failure. Typical logic pro-

gramming systems such as PROLOG [Roussel 19751 [Roberts

1977] use backtracking to find another path to explore upon

failure. Kohli et al [Kohli 1983] presented a theory of . -

using integrity constraints to guide the execution of func-

tion free logic programs. This theory can be applied to

conventional or parallel execution of logic programs. Until

now, this theory has remained largely untested or imple- -.-.

mented in logic programming systems.

The Parallel Inference System, PRISM is under develop-

ment by Minker et al [Eisinger 1981) [Minker 1982] [Kasif

1983] at the University of Maryland. This system is to be

implemented on a new parallel machine, called ZMOB [Rieger

%%% ~. .. .~ .... , *...X . '*- .. . . ,-,
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1980,1981a,b]. In the PRISM system, there are several dif-

ferent types of machines that run on separate processors and

cooperate to execute a logic program. These processors are

Problem Solvers (PSM), Intensional Database (IDB) and Exten-

sional Database (EDB) machines. Currently, the system is

implemented on a VAX 11/780 using a ZMOB belt simulator.

However, no use of integrity constraints has been made on

this system.

Futo [Futo 19841, based upon Kohli's earlier work,

developed the concept of a Constraint Machine (CM). This

machine is another module that would run on a separate pro-

cessor in the PRISM system and use integrity constraints to

guide the PSMs in their search for solutions. The purpose

of the CM is to help a PSM prune branches from its goal tree

based upon a database of integrity constraints.

1.1. Contributions of this Thesis.

This thesis describes an implementation if a Constraint

Machine and an associated constraint machine compiler. The

CM has been coded in C and runs on the VAX 11/780. It has

been designed to run in the PRISM simulated system on the

VAX. It presents the opportunity to test the theory that

integrity constraints can be used to improve the search of a

logic program interpreter. The compiler is an integral part

of the CM since it is necessary to compile the user supplied

database of integrity constraints for use by the constraint

2-
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machine during execution.

1.2 Outline of the Thesis.

Section 2 is a brief introduction into logic program-

ming and in particular subsumption; the ZMOB on which the

PRISM system is to ultimately run; and the current PRISM

system itself. Section 3 describes the constraint machine

compiler and database of integrity constraints. Section 4.

describes the constraint machine, its data structures and

communications with the rest of the PRISM system. Section 5

describes future needs of the PRISM system and the CM in

order to make the CM an integral part of the PRISM system.

Section 6 is a summary of the thesis. Finally, there are 1 -

appendices. Appendix A contains the grammar for the con-

straint database. Appendix B is the constraint machine com-

piler code. Appendix C is the code of the CM itself. Both ub

Appendices B and C are C code source listings.

3 --
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2. BACKGROUND - LOGIC, ZMOB, PRISM.

Logic is thought by many to be the parallel programming

language of the future. ZMOB is a new parallel computer ..

architecture. PRISM is a system designed to take advantage

of parallel logic programming and the ZMOB parallel archi-

tecture.

2.1. Introduction to Logic and Logic Programming.

In this section, I give a brief introduction to the

clausal form of logic and logic programming. For further

details the reader should see Kowalski [Kowalski 1979] or -

Chang and Lee [Chang 1973] for logic and Clocksin [Clocksin

1981] for logic programming.

2.1.1. Clausal Form of Logic.

The first order predicate calculus has always been a

good representation for knowledge in the real world. Unfor-

tunately, unrestricted logic is difficult to deal with in a

computer program because of the variety of ways of .

representing the same facts. Usually, all logic statements

are first converted into clausal form. An algorithm to do

this is presented in any introductory logic text. A clause

is defined as a disjunction of literals. In turn, a literal

is defined as an atom or negation of an atom. An atom is a

predicate symbol and its associated terms. Terms are vari-

ables, constants or functions of terms. Thus, Some clauses

..-
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1. Pather~x) 110 -other(x)

2. P(f(y)) 11 R("John")

3. -Parent("John",y)

14* P(x) 11 Q(y) 11 R(z) 11 -T(w)

where -stands for NOT and 11 stands for logical OR. Typi-

cally predicates begin with capital letters, variables are

lower case letters near the end of the alphabet, functions

are lower case letters in the range of f -h and constants

are strings.

Clauses can be rewritten using implication and the

identity -P 11 Q zP -> 0 so that 14 above becomes:

P(x) T(w) Q(y) II R(z)

Where & stands for logical AND and stands for "implies".

This is read as "if P of x and T of w are true then so is Q

of y and R of z. Taking the notation used in logic program-

aing particularly PROLOG this would be rewritten as:

0(y) 11 R(z) <- P(x),T(w)

where a comma has been substituted for the logical AND.

This is then read as Qofy oraR of z is true if P of xand

T of ware true." If We restrict our clauses to having only

one positive literal, then they are called Horn clauses.

--

%.-*':
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Horn clauses have the standard form:

H(xl,x2g .... xn) <- Pl(xlx2,...xn)...Pm(xlx2,...xk)

This says that H is true if all of the Pi are true. The

literal on the left of the <- is called the head and the

literals on the right comprise the body of the clause. Most

logic programming is restricted to Horn clauses. Obviously,

there are 4 types of Horn clauses depending on whether there

are literals on one or both sides of the <-. A Horn clause

with no body such as:

Father(-chip","karen") <-,

states a fact or assertion that "chip" is the father of

"karen". A Horn clause with no head represents negated

information and is called a goal clause or constraint.

<- Father("chip","sam")

The above clause states that it is not the case that "chip"

is the father of "sam".

A Horn clause with both a body and head is called an

axiom or procedure.

Parent(x,y) <- Father(x,y)
p..

Parent(x,y) <- Mother(x,y)

These procedures state that x is the parent of y if x is the

father of y or x is the parent of y if x is the mother of y
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respectively. Notice that these two procedures can be used

to determine if x is the parent of y and either can be tried

first or perhaps both in parallel. The first succeeding

would be the desired answer.

Finally, the Horn clause with neither a head nor body:

represents the null clause and is always false.

2.1.2 Resolution.

Just having the clause (or Horn clause) form of

representing data alone is not very useful. Resolution,

developed by J. Alan Robinson, was a major contribution to

the use of logic in computer science [Robinson 1965). Reso-

lution is an inference mechanism that can be used with

clauses to deduce new information. Basically, resolution

says that if a set of clauses is satisfiable, then any

clause formed by combining two clauses and eliminating a

pair of matching but complimentary literals is also true.

For example, using propositional formulas, and given:

(P II Q I R) , ( P II T)

we can derive:

(Q ,, R 11 T)

This is done by forming the disjunction of all literals in

4 "



both clauses and eliminating the complementary pair, P and

-P. If a set of clauses is inconsistent, then the null

clause represented by [] or <-, can be derived from the

set by resolution.

In actual use in logic programming, resolution refuta-

tion is used. Suppose we are given a set of consistent

clauses and a goal clause. We wish to determine if the goal

clause is a consequent of the initial set. The procedure

used is to negate the goal and add it to the set of clauses.

If the goal is a theorem of the given set, adding the

negated theorem will ma'.e the set inconsistent. Hence the

null clause can be derived by resolution. Taking an example

with propositional formula, suppose the given set is:

PROLOG form clause form

1. P <- Q PIt

2. Q <- '

and we want to know if P is true. To do this by resolution

refutation, negate P to <- P or -P and add it to the set of

clauses.

3. <-P "P

Resolving 1 and 3 above in each case gives:

4. <- Q

oe. . .
.%%%....... .
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Finally resolving 2 with 4 gives the null clause <- or [].

Thus we have shown that by adding the negated goal to the

set, we have made the set inconsistent. Therefore, the

unnegated goal is a theorem of the original set.

2.1.3. Unification.

In propositional logic, resolution is fairly straight

forward. However, in predicate calculus, there is the prob-

lem of matching terms in the literal as well as the predi-

cate symbol. The process which accomplishes this is called

unification. The unification principle says that two

literals are unifiable if there is a substitution of terms

for variables that makes the two literals identical. Thus

given two literals:

P(x,g(y),"a") and P(zg("b"),w)

they are unifiable if we substitute "b" for y, "a" for w,

and x for z. This set of substitutions is called a unifier

or substitution set and usually written as:

(x/z, "b"/y, "a"/w)

To solve a problem in logic programming using unifica-

tion and resolution would proceed as follows. Start with

the goal or negated theorem. Pick a literal in it. Find a

procedure or assertion with the same head predicate symbol.

Determine if the two literals are unifiable. If so, apply

the substitution to both clauses. Expand the goal by the

1"7.-:
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body of the procedure. Repeat this until all literals in

the goal are solved or cannot be solved. If all are solv-

able, then the goal is true. By a process of called answer

extraction, the values of any substituted variables can be

obtained. In resolution, there are usually many ways to

generate the resolvent clauses. Many will not lead to a

solution and it is unlikely that the correct solution will

be found the first time. Most PROLOG systems employ back-

tracking to erase substitutions that ultimately were not

provable.

2.1.4. Subsumption.

By definition, a clause C is said to subsume another

clause D, if there is a substitution of C such that it

becomes a subset of the clause D. For example, the follow-

ing clauses on the left subsume the clause on the right.

subsuming clause subsumed clause substitution

P(x) P("a") ("a"/x)

R(f(y),z) R(f("a"),x) f"a"/y", x/zl

P(x) P("b") II Q("a") ("b"/x)

It is important to note that substitution can only be made

for the variables in the subsuming clause. Variables in the

subsumed clause can be replaced by new distinct constants

before unification is attempted to avoid incorrect substitu-

tions.

10
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In this thesis, I will frequently use the phrase "par-

tial subsumption" and a "partial constraint". Partial sub-

sumption is explained here, and a partial constraint in the

next section. Given the following clauses:

(1) P(x) II Q("a") (2) P("b") II R("b")

Clause 1 will "partially subsume" clause 2 by using the sub-

stitution {"b"/x}. Q("a") will remain from the subsuming

clause, 1, after the partial subsumption and R("b") will be

left from clause 2.

2.1.5. Integrity Constraints

In the usual Al or database definition, an integrity

constraint is a formula or condition that cannot be violated

if the database is to be consistent. As used in this

thesis, integrity constraint is used to signify a condition

that can never be true or perhaps that may be true, but is

uninteresting and not a desired answer to a query or set of

queries. In this manner, negated data or a headless Horn

clause can be used to eliminate certain paths in the goal

tree. Note, that in this situation, adding the constraint

to a consistent database could make it inconsistent.

Kohli [Kohli 1983] presented a theory for directing a -

logic program using integrity constraints. This is that

given a database of assertions and axioms; a database of

constraints; and a goal to solve, integrity constraints can

1... .-.
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be used to prune the goal tree. Perhaps, we can discover an

unsolvable path and prune it before a lengthy search ulti-

mately fails. Similarly, integrity constraints could be

used to prevent finding some solutions that are not desired.

If a constraint can subsume the goal clause or any subgoal,

then the goal or subgoal is unsolvable or any answer it pro-

duces is not wanted. An example of the use of an integrity

constraint in this manner is shown in Figure 1. 0

Futo [Futo 1984] developed the idea that rather than

test an entire goal node for full subsumption, one could

keep track of a sequence of partial subsumptions that could

lead to failure. This would be particularly useful in keep-

ing communication traffic low as would be desirable in

PRISM.

Integrity constraints perhaps would be most useful in

database applications where lengthy searches of data on

secondary storage are required. Also, they may be useful in

preventing impossible queries such as find Parent(x,x).

Such facilities are not usually available in logic program-

ming systems.

Id

12
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database constraint

P(x) <- R(x)
Q(x) <-Ux
R(x) <- T(x)
U~Z) <- 5(x)
R("b") <

S("a"l) <-

goal

<- P7'-")

<Q("a") <- R("a") constraint
L subsumes

I subgoal so
I Fail.

< -

<-S( "a")

succeeds

* Fig. 1. Example of constraint pruning goal tree branch.

IMP

V..
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2.2 ZMOB

ZMOB is a microprocessor based parallel computer system

under development at the University of Maryland

[Rieger 1980, 1981a,b]. For complete details, the reader is

referred to the references. Contained here is only a brief

description of ZMOB and the features that have influenced

the design and development of PRISM and the Constraint

Machine.

The fully developed ZMOB will consist of 256 Z-80A

microprocessors. Each Z-80A has 64K bytes of internal

memory and no secondary storage. Each microprocessor is

connected to a circular high-speed shift register (called

the "conveyor belt") by its mail stop hardware. The con-

veyor belt consists of 257 bins, each 48 bits wide that

"circulate" around the belt. A processor can read any other

processor's bin, including its own, but can only fill its

own bin when it "arrives" once each revolution. The 48 bits

consist of 16 bits of data, 12 bits of destination address,

12 bits for the sender's address and 8 bits for control

information.

2.2.1. Receiving Messages L

Each processor has control over its own maiistop. By

setting the control registers, it can elect to receive mes-

sages or block them out. There are two basic modes for .-

receiving messages. The first is by ad'-ess and the second

14 ~ .* b *. ** * . . . . . . . .* -
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is by pattern. The processor can enable either or both

modes and if by pattern, set the pattern it wishes to

receive. The processor's address is fixed by the mailstop

hardware. One final modification can be made to these two

modes. A processor can set its "exclusive source" bit and -

in this mode it will only receive messages from the desired

sender. This is useful for sending and receiving large

blocks of data in an uninterrupted manner.

2.2.2. Sending Messages

When a processor sends a message, it also has the

option of sending the message by pattern or address. In

addition, it can elect to send it to one or all destina-

tions. In the single destination mode, the message circu-

lates around the belt until it arrives at its destination

(if by address) or the first matching pattern. If not con-

sumed by a receiver or the sender, the message will continue

to circulate indefinitely. The receiver's mailstop removes

the message and generates an inbound interrupt to its pro-

cessor. This empties the sender's bin allowing him to send

another message. Until the receiver reads the message in

its mailstop inbound registers, it can not receive another

message. When the sender's empty bin arrives back at its

own mailstop, if there is a message to send, it is injected

into the bin and an outbound interrupt generated to notify

the processor that the next message is on its way. If the

message is sent to all destinations, the only difference is

15 -m-
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that the bin is not emptied by any of the receivers. The

sender must do a "readback" of its own message to empty its

bin prior to sending further messages. A "readback" must

also be done to a single destination message that is not

received by the destination. It is important to note that

an "all destinations" message is not received by any proces-

sor whose mailstop is not enabled or enabled in a different

mode. The sender can elect to let an unconsumed message

circulate around the belt one or more times by setting his

"readback" status.

2.2.3. ZMOB Host

The 257th mailstop is to be used for the host machine,

a VAX 11/780. The host is the user's interface to the ZMOB.

It can communicate over the belt just like any other proces-

sor on the belt. However, if it desires, the host can send

messages in a non-maskable manner. The processors are

guaranteed to receive a message sent out in this mode,

regardless of their mailstop status.

* 2.3 PRISM.

PRISM is a parallel inference system designed and con-

strained to take advantage of the inherent parallelism of

logic programming and the ZMOB architecture [Eisinger 1981)

[Minker 1982][Kasif 1983). In this system, the logical

," specification of the program and the control mechanism are

separated. The system is to be distributed over

16
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microprocessors of the ZMOB. There are currently three

types of machines, the Problem Solvers (PSM), Intensional

Database (IDB) and the Extensional Database (EDB) machines.

This division is partly dictated by the size of the proces-

sors of the ZMOB, the nature of the algorithms used in unif-

ication and the anticipated size ot the databases. A VAX

11/780 and a PRISM Host process act as the user interface to

the ZMOB and is referred to as the Host. For complete

details, the reader is referred to the references.

2.3.1. The Problem Solving Machines (PSM).

The PSM is the heart of the PRISM system. Its primary

task is to maintain the goal tree. In operation, a PSM

receives a goal clause from the Host process. This becomes

the root of a tree of goal clauses. In order to solve the

problem, the PSM selects an atom of the clause for expan-

sion. Selection is guided by heuristics and user supplied

control structures. Depending on whether the selected atom

is in an EDB or IDB, it is sent to one of these processes.

If the selected atom unifies with either a procedure head or

ground assertion, the goal clause is expanded with the pro-

cedure body and/or modified with the unifying substitution.

At any time, a goal node can be in one of four states:

active, open, failure, or the empty clause. Active means

that the goal has been selected for expansion, but has not

been fully expanded. Open means that the clause has not

17

,o .' .."." .""o ."%°%".. .". ." .". .. . '."." " " " "."' " ... ,'.*2 '..'" ,''..''..-''..-'.''. .- ' .''..-''..'"".."". """.."" .' .2.2.2. "'



been selected for expansion. A failure node is unsolvable

and an empty clause has been solved. While the PSM is wait-

ing for answers from one of the database machines, or

another PS, it can work on other subgoal nodes in the goal

tree.

When a PSM receives a goal clause, it begins to solve

it. If a selected atom unifies with more than one procedure

head, then two or more separate branches or subproblems are

generated. These are called OR branches and can be solved

independently of each other. The PSM can try to solve all

subgoals or send one or more out to other free PS-. to

solve. The subgoal in another, child PSM, becomes the root

of a goal tree just like the original goal from the Host to

the parent PSM. When a child PSM either solves its goal or

fails, it reports this information back to its parent PSM.

The original PSM reports its answers back to the Host pro-

cess.

2.3.2. Intensional Database (IDB). -

The intensional database consists of all of the pro-

cedures or axioms of the logic program. Since the pro-
L

cedures in the IDBs can contain functions, the unification

algorithm must have an occur check. This is to prevent a

substitution of a function for a variable if the function

contains the same variable as a term. In most database

applications, it would be expected that the database of

18
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axioms would be relatively small compared to the extension.

The decision to separate the intension from the extension

was made because of the differences in the unification algo-

rithms and the relative size of the two databases. In addi-

tion, the target machine, the ZMOB requires fairly small

programs and data space.

In operation, the IDBs await requests from the PSMs. A

PSM sends an atom it wishes to expand to an available IDE.

There can be many identical IDB machines. The IDB matches

the atom against all procedure heads in its database. If

the unification succeeds with one or more procedures, the

IDB sends a SUCCEED message to the PSM, else it sends a FAIL

message. It also stores the answers which are the appropri-

ately substituted procedure bodies and substitution lists.

In this way, the IDB acts as a temporary buffer for the

PSMs. Upon demand from the PSM, the IDB will send one or

all of the answers back to the PSM. Any of the identical

IDEs can service a new request from a PSM. Therefore, a PSM

may have many IDBs working for it at once.

2.3.3. Extensional Database (EDB).

The extensional database consists of function free

ground assertions. This means there are no variables or

functions as terms in the assertions stored in the EDB

machines. Each EDB contains different information, in con-

trast to the IDEs. A simple matching and substitution unif-

19
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ication algorithm can be used. A single EDB machine can

contain up to 16 relation tables and there can be multiple

EDB machines. This gives a relational database capability

of considerable size when the number of processors in the

ZMOB is considered. The PSMs and EDBs make use of pattern

addressed MATCH messages to identify which EDB contains the

desired relation.

In operation, the EDB behaves similarly to the IDB. A

request from the PSM consists of a literal with or without

variables. If the unification succeeds, the answers are

sent back to the PSM on demand. Answers take the form of a

SUCCEED message for a fully instantiated query or one or

more substitution lists for a query with variables.

2.3.4. Host - user Interface.

The VAX 11/780 and the PRISM Host process are to allow

the user to interact with the problem solving system on

ZMOB. The facilities of the VAX allow the user to create

his EDB and IDB databases. Next using the host, the confi- -

guration is selected. This is how many IDBs to use and how

the relations will be distributed in the ED~s. Loading of

the ZMOB is accomplished by the Host after the databases are

compiled by database compilers for each type of machine.

When loading is complete, user queries are sent from the

host to the ZMOB and answers returned to the Host. The Host

program provides the user with utility commands that he can

20
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give to the PRISM system for debugging and statistical pur-

poses.
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3. THE CONSTRAINT MACHINE COMPILER (CMC).

In the PRISM system on ZMOB, space will be very lim-

ited. All databases are first compiled into a compact

internal representation with all variables, functions and

predicates represented as integers. Strings are stored cen-

trally in a string table and string terms are represented by

pointers into the table. The compilation step creates this

representation and also performs syntactic checking of the

user's database prior to loading.

3.1. Constraint Database.

The input to the constraint machine compiler is a data-

base of constraints representing negated data. An example

of a small constraint database is given below:

(1) <- Parent(x,x).

(2) <- Grandfather(x,y),Female(x).

(3) <- Grandfather("chip",x).

(4) <- Married("karen",y)"

The grammar for the constraint database is shown in Appendix

A. The meaning of the constraints is fairly straight for-

ward. The first says that no x is his own parent, the

second that no grandfather is female, the third that "chip"

is not grandfather of anyone and the fourth that "karen" is

not married to anyone.

22
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In addition to the database of constraints, the com-

piler needs a PRISM tag file. The tag file contains output

from the IDB and EDB compilers. In it are all the predicate

names, function names, their mapping to internal integer

representation and the location of predicates (IDB, EDB,

both or built in).

As constraints are parsed, the predicates are looked up

in the tag file table (internal representation of the tag

file) and converted to the internal integer value. In case

an undefined predicate is encountered in a constraint, the

entire constraint is discarded and an appropriate message

printed. A constraint that contains a predicate found

nowhere in the database is either an error or can never be

violated so might as well be discarded.

Each predicate encountered is entered into a predicate S_..

table kept sorted by internal predicate name. The fact that

a predicate occurs in the current input constraint is also

recorded. This is done to build an index for fast look-up

of predicates during operation of the Constraint Machine.

Terms in a literal are handled in a way similar to all

terms in the PRISM system. Each term is tagged as to type:

FUNCTION, STRING, NUMBER or CM VARIABLE. Variables are

assigned integer values that are unique for a given input

constraint. In the case of strings and numbers, these are

handled differently than elsewhere in the PRISM system. For

23
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example, given the constraint 3 above, the following is gen-

erated in corresponding internal form:

Grandfather (xO,xl), EQ(xOo"chip").

In this form, if a partial subsumption takes place with an

IDB body such as:

Grandfather(yO,yl).

the result will be a partial constraint of the form:

<- EQ(yO,chip").

Subsequently, if a substitution of {"chip"/yO} is made, the

predicate evaluates to true and the constraint will subsume

the goal node. More will be said about this decision in

Section 5. Numbers are handled in a manner similar to

strings.

3.2 Output of the Compiler.

During the parsing of the input constraint file, only

syntax errors and undefined predicates are reported. The

output from the CMC is a file of binary coded data suitable

for the CM to read and create its data structures. First in

the file is the string table. The string table contains

packed characters of all the strings encountered in the con-

straints. Representation of a string in a term consists of

a length and offset into the vector of characters.

L

24



Following the string table is the predicate index.

This is nothing more than the integer predicate name fol-

lowed by a list of constraints that contain the predicate.

Constraints are identified by their encounter order during -

the parsing phase. Finally, are the constraints themselves,

represented as PRISM literal lists.

I In the VAX implementation, of the CM, the output of the

CMC is read in from a file. When PRISM is moved to the

ZMOB, the CMC output file will be suitable for loading as a

block into memory when the program is loaded and instructing

the CM to begin reading at this location. Otherwise, the CM

could read this data over the belt with the "over-the-belt"

loader.

3.3 Current Implementation of the Compiler.

The Constraint compiler is written in C using the YACC

compiler generator [Johnson 1978). The code for the com-

piler is reproduced in Appendix B.

*,'.%
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14. THE CONSTRAINT MACHINE (CM).

The Constraint Machine (CM) is the program that runs as

a separate process in the VAX simulated version of PRISM.

It will be a separate processor in the ZMOB implementation.

Since the PRISM system was implemented without the CM, its

design was constrained to disrupt the current system as lit-

tle as possible. Therefore, the CM stores more data and

communicates less with the PSM than might be considered

optimal. The CM is an experimental part of the PRISM system

and will be incorporated only if it demonstrates its utility

in the VAX simulated version. More is said about making the

CM an integral part of PRISM in Section 5.

4.1. Data Organization in the CM.

14.1.1. The Predicate Index and Constraint Table.

The predicate index is created at compile time by the

CMC and read in when the CM initializes. It is stored as an

array of predicate names and pointers to lists of constraint

identifiers that contain the predicate. The predicate names

are sorted so that if the number of predicates becomes

large, a fast binary search can be used to rapidly find all

constraints that could possibly be violated by a given PSM

input.

The constraint table is an array of pointers to the

literal lists that compose the constraints. The constraint

..'. 26



identifier is the array index used to find a pointer to the

constraint literal list. The combination of the predicate

index and constraint table provide for reasonably fast .. '

retrieval of constraints that may be violated in the data-

base of constraints. Storage for these tables is allocated

from the heap at the time the compiled database is read.

4.1.2. The Partial Constraint Tree.

The constraint machine must keep track of all partial

subsumptions that occur for a given PSM goal node. Descen-

dant nodes of a PSM node where a partial subsumption

occurred must be checked against this new constraint or par-

tial constraint as well as the database of original con-

straints. This is because the PSM will not send the entire

node to the CM, but just send the body and substitution that

are replacing or modifying the expanded literal. The par-

tial constraint tree keeps track of partial subsumptions due

to other literals that comprise the entire goal node in the

PSM.

The CM is designed to be able to handle multiple PSMs

and multiple queries from each PSM. Within a given query,

no data is stored unless a partial subsumption occurs. From .

that point on, a corresponding partial tree node is created

for each descendant of the PSM node. Therefore, for a given

PSM goal tree, the CM may have a forest of subtrees, the

root of each being a PSM subgoal node where a partial sub-

27



sumption occurred.

The number of PSMs and queries within a PSM is not

anticipated to be large. However, the number of goal tree

nodes within a query may be quite large. Therefore, the

corresponding number of nodes in the partial tree may be

large. Locating a new PSM node's parent node then becomes a

problem. To solve this problem, an array of pointers is

allocated with each query node. The PSM parent node number,

modulo the size of the pointer array, is used as an index

into the array of pointers, giving a pointer to the partial

tree node. A check of the identified node's node number

positively identifies the correct node. If the pointer in

the array is null, then the parent does not exist. If a

different node is in the query index, then the parent

pointer may have been over written by a more recent node.

In this case, a search must be undertaken to see if the

parent exists in the node list. Thus the array is like a

cache of pointers to recent nodes. Figure 2 shows an exam-

ple of this data structure. As an example, if a CHECKSONST

message has parent node 100, then the index 100 into the

array of pointers gives a pointer to the parent, 100.

Each node has a pointer to its parent. This pointer

will allow a trace back from a node where a violation

occurred to identify the offending expansions and substitu-

tions leading to the constraint violation.
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Fig. 2. Structure of the partial constraint tree.
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Within each node in the partial tree is kept the PSM's

node number and a pointer to a partial constraint list. The

partial constraint list contains all partial constraints

that are applicable to descendants of this node.

4.2. Communication.

The major communication of the CM is with the PSMs.

However, Host messages for certain debugging and statistics

are also handled.

4.2.1. Communication PSM and CM.

(1) CHECKCONST:

This message is used by the PSM to send a new query,

expansion body or substitution list to the CM. All

CHECKCONST messages contain the PSM new node number,

parent node number and a body and substitution. Either

the body or the substitution list may be empty. In the

case of a query, the message contains the query literal

list and the substitution list is empty. When a

literal is expanded with an IDB body, the IDB body

literal list and unifying substitution list are in the

message. In the case of an EDE expansion, the body is

empty and only a substitution list is received by the

CM.

(2) ERASE:

The ERASE message is sent by a PSM whenever it ter-
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minates a query, either successfully, due to failure or

due to a command from the Host. The CM responds by

removing the indicated query and all partial constraint

nodes from the partial tree. If the PSM has no other

queries active, the PSM entry is also deleted.

(3 ) VIOLATION:

This is the message returned to the PSM when a con-

straint fully subsumes a goal tree node. The violation

may be the result of a full subsumption from one

CHECKCONST message or as a series of partial subsump-

tions occurring in ancestors and ending in the current

node. The information sent to the PSM is the query and

node number of the violating goal node.

4.2.2. Communication CM - Host.

(1) TERMINATE:

When this message is received from the Host, the CM

terminates execution.

(2) ASK DUMP:

This command is used for debugging. When this command

is received by the CM, it responds with a dump of the

entire partials tree. The predicate index and con-

straint table can also be dumped.

(3) DUMP:

This message is the reply to the ASK DUMP message.
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(4) SETSTATISTICS:

This message is sent by the Host to the CM. The

response is to start gathering statistics as specified

in the message header. .

(5) STATISTICSOFF:

This message is used by the Host to stop the collection

of statistics.

(6) GETSTATISTICS:

This message is sent by the Host to the CM. The CM

responds by sending to the Host the requested statis-

tics. Receipt of this message without a previous

SETSTATISTICS is an error.

4.3. Operation of the CM.

4.3.1. Working Cycle of the CM.

The constraint machine working cycle begins with

receipt of a CHECKCONST message from a PSM. The PSM number,

query number and parent node number are used to determine if

the parent node is in the partial tree. If so, the parent's

partial constraints are retrieved. The substitution list in

" the message is applied to the retrieved partial constraints.

All equality predicates that are fully instantiated are

evaluated and discarded if true and the partial constraint

is discarded if false. If by removing true equality predi-

cates, the partial constraint becomes empty, then a full
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subsumption has occurred and the new PSM node is a failure

node. A violation message is sent to the PSM and the new

node deleted.

If there are still partial constraints and the new PSM

node's body is not empty, then a check is made for subsump-

t-ons of the new body by the parent node's partial con-

straints. If a further partial subsumption takes place, the

parent's partial constraint is replaced by the new shorter

partial constraint on the child node's list. The subsuming

literals are deleted and appropriate substitutions made.

Unchanged parent's partial constraints are kept intact to

check the new node's descendants. If a full subsumption

takes place between the parent's partial constraint and the

new body, a VIOLATION message is sent to the PSM and the new

node deleted.

Now, if the new node is still not a failure node, the

new body must be checked for subsumption by the constraints

in the original database. The predicates in the new body

are looked up in the predicate index to get a list of all

constraints that could be violated. These constraints are

then input with the body to the subsumption algorithm. If a

new partial subsumption occurs, the new node is created in

the partials tree if necessary, and the new partial con-

straints added to its list. Any fully instantiated equality

predicates in a subsumption are properly handled as outlined -

before.
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4.3.2. Subsumption Algorithm Implementation. p

The PSM sends the entire initial query literal list to

the CM. Subsequently, as each literal in the query is

expanded by an IDB body or instantiated by an EDB substitu-

tion, the substituted body and/or substitution list is sent

to the CM. The remaining literals in the PSM goal node are

not sent again. Since the full node is never sent to the

CM, except for the root query node, it is very likely that

only partial subsumptions will occur with any given PSM body

and substitution list. The CM keeps track of all partial

subsumptions that result from a body and constraint (or par-

tial constraint). There may be more than one partial con-

straint resulting from partial subsumption of a goal by a

constraint. For example:

constraint body

<- P(x), R(x),S(y) P("a"),R("b")

gives rise to two partial constraints:

<- P("b"),S(y)

<- W(a"),S(y)""'"

Successor nodes of the node containing the body k
P("a"),R("b") must be checked against both partial con-

straints. Of course, this makes the algorithm that much

more expensive.
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In operation, the subsumption algorithm receives a con-

straint and body literal list. It checks for matching

predicates. Any pairs that match result in a call to the

unification algorithm. If the literals are unifiable, the

resulting substitution is applied to the body and constraint

after the subsuming and subsumed literals have been deleted.

The resulting shortened body and constraint are then checked

for further matching literals and subsumptions until no

further subsumption takes place, the body becomes the empty

list or the constraint becomes empty. If the constraint

becomes empty then the constraint has fully subsumed the

goal body and a violation results.

Once all subsumptions have been generated, each is

evaluated. This process looks for equality predicates in

the partial constraint. If there are any that are fully - -

instantiated, then one of two possibilities exist. If true,

then the literal is discarded. If by doing so, the con-

straint becomes empty, then a full subsumption has occurred.

If the equality predicate is false, then this constraint

cannot be violated and is discarded. The subsumption algo-

rithm returns a list of partial subsumptions and one of '4

status flags: okay, partial, full or no violation possible.

The unification algorithm is a slightly modified ver-

sion of the PRISM IDB unification algorithm. In PRISM, each

term is tagged with a type: STRING, NUMBER, FUNCTION, IDB

VARIABLE, CM VARIABLE or PSM VARIABLE. Initially, all
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variables in the constraint database are tagged as CM VARI-

ABLES by the compiler. The unification algorithm is biased

to consider PSM variables as constants and not allow substi-

tutions to be made for them. This has the effect of chang-

ing all variables in a body to distinct constants as

required in the Chang and Lee algorithm [Chang 1973]. How-

ever, during the unification and substitution process, PSM

VARIABLES are substituted for CM VARIABLES in the con-

straints. Then, they are only unifiable with themselves or

they can be changed to other terms if they appear in a sub-

stitution list from the PSM.

4 Current Implementation of the CM.

The current implementation of the CM is written in the

C language and the code appears in Appendix C. All storage

is allocated and deallocated from a heap. It has been

tested by reading the compiled constraints and input PSM

messages from files. Likewise, the output violation mes-

sages are written to a file.

The ASK DUMP message is only implemented when running

in the VAXDEBUG mode. An ASK DUMP message causes a dump of

the predicate index, constraint table and partial constraint

tree to the debug file. There is no DUMP message sent in

reply. No collection of statistics has yet been imple-

mented.
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The code contains the necessary options and calls to

PRISM library routines to operate with the PRISM belt simu-

lator using the PRISM ipc i/o routines. Since the VAX has

changed to Berkeley 4.2, these routines are no longer sup-

ported. In order to compile and run, this code has been

made into comments. When the PRISM i/o library is rewrit-

ten, there will be a few modifications needed as well as

removing comment delimiters from the i/o code.

The current PSM does not know about the CM. It will

have to be modified to send all queries and IDB/EDB expan-

sions to the CM. Also, the PSM will need to be able to han-

dle the return VIOLATION messages from the CM. The CM

expects to receive an ERASE message from the PSM at the con-

clusion of any query.
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5. FUTURE CONSIDERATIONS.

The CM is an add on feature of the PRISM system. It

provides a method to evaluate a theory that integrity con-

straints can be used to direct and limit the search of a

logic programming system. Therefore, its value will have to

be determined by experimentation. It is quite likely that

the CM's utility will be very application dependent. It is

easy to generate examples of both extremes.

In its present implementation, the CM can demonstrate

its feasibility as part of the VAX PRISM system. Complete

evaluation of the CM must wait until the PSM is modified to

send and receive CM messages. The main criteria for

evaluating the CM will be:

(1) The execution time of the PSM for queries with and

without the CM in operation.

(2) The number of nodes generated and space consumed

by the PSM for queries with and without the CM in
I..-

operation.

Once the initial modifications are made and if the initial

test are favorable, there are some reasonable modifications

to be made to the whole PRISM system to take advantage of

the CM.

5.1. When to Use the CM.
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The CM should be an optional feature to the PSMs. That

is, the decision whether to use the CM or not must be made

at load time or later. If there is no database of con-

straints, then no CHECKCONST messages should be sent to the

CM. Carrying this argument one step further, suppose a

database of constraints exists, but an entire query's goal

tree contains only predicates that are not in the constraint -

database. Again, sending CHECKCONST messages is of no

value.

For the preceding reasons, a reasonable modification to

PRISM would be to tag predicates and IDB bodies as to

whether they contain predicates that exist in the CM data-

base. This would necessitate a major modification of the

current database compilers used on the VAX. The CMC should

not run until the IDB and EDB compilers have defined the

predicates in the database. But then the IDB and EDB cannot

tag their bodies and predicates with the "contained in CM"

tag. Therefore, the compilation could be changed into a two

pass operation or all compilers could be combined into one.

Assuming tagged predicates and bodies, there is a

further enhancement that could be made. Suppose there has

been no partial subsumptions in any ancestor node in a PSM

goal tree. Further, the selected expansion involves only

predicates not contained in the constraint database. Again

the CHECKCONST message is of no value and could be avoided.

To do this would require a tag on PSM goal tree nodes to
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indicate whether a partial subsumption has taken place in an

- ancestor node. In order for the PSM to be able to correctly

maintain these tags, the CM would have to send a "partial

subsumption" message to the PSM whenever one occurred. The

tag would be propagated from that node down and each expan-

sion sent to the CM. Even if the expansion involved only

predicates not contained in the constraints, the substitu-

tion list could cause a further subsumption to occur.

5.2. Adding Constraints to PSM Nodes.

The current implementation of the CM compiler generates

equality predicates for all constants in the constraint

database. The equality predicates are placed at the end of

the constraint literal list. During the subsumption algo-

rithm, as constraint-literals subsume body-literals, the

constraint shrinks. When only equality predicates are left,

all that remains is to wait until they are fully instan-

tiated and attempt evaluation. Both the CM and PSM are

capable of evaluating equality predicates so why not send

the list to the PSM. First, the equality predicates would

be converted into inequality predicates. Then the PSM would

add these constraints to its goal tree node. From then on,

the PS3 could determine if the constraint were violated.

For example, the constraint:

<- PC"John")

compiled into
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<- P(xO), EQ(xO,"John")

would partially subsume the query

<- P(x)

leaving

EQ(xO,"John")

Converting this to

NE (xO,"John")

and appending this to a PSM node would cause a failure if

the substitution of {"John"/xO) is made.

Implementation of this feature would require the neces-

sary PSM and CM messages and minor modifications to both

machines.

"- " 5.3. When a PSM Creates a Child PSM.

There is a PRISM system problem that must be solved in

order for the CM to become an integral part of PRISM. That

is, what should be the relationship between the PSMs and

CMs. Should it be one-to-one or one CM for each PSM query?

--. Then whatever approach is taken, there is the problem of

what to do when a PSM sends a subgoal to another PSM. In

this case, the new PSM could either send to the parent PSM's

CM. A more reasonable alternative would be for the child

PSM's CM to get a copy of any partial constraints that apply

.41
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to the new root goal node from the parent PSM'*s CM. Solu-

tion to this problem is an entire PRISM system problem and

need not be addressed unless the CM seems a useful addition

on a permanent basis.

L

42



7."-'

6. SUMMARY.

A Constraint Machine and associated compiler have been

implemented in C for the PRISM VAX simulator system. The CM

is operational and capable of extensive testing to determine

its utility in a logic programming system. The CM uses a

database of constraints to identify failure nodes in a PSMs

goal tree. It is hoped that this system can improve the

execution of logic programs in the PRISM system. At least,

it will be able to test the theory that constraints can be

used successfully in this manner.
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Appendix A - Constraint File Grammar

This grammar describes the user supplied database of

integrity constraints.

<file> ::- <constraint list>

<constraint list> ::z <constraint> <constraint list> I E

<constraint> ::= <- <literal list>

<literal list> :: <predicate literal> I

<predicate literal> <literal list>

<predicate literal> =.= <predicate name> (<argument list>)

<predicate name> ( )

<predicate name> "'- <identifier>

<argument list> ::= <argument> I <argument> , <argument list>

<argument> ::= <variable> I <constant> I <function>

<variable> :'= <identifier> -

<constant> ::x <number> I <string>

<function> :-- <function name> (<argument list>) I

<function name>()

<function name> ::z <identifier>

<string> ::= <double quote> <char list> <double quote>
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<char list> < char> I<char> <char list>

<char> :=<non double quote char>

<double quote>:: -

<non double quote char> : any character except
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APPENDIX B

Appendix B contains the C code source listing of the

Yaco grammar and routines that comprise the Constraint

Machine compiler.

/9 File cmo.h: This file contains the global data structure
types used in the Constraint Machine Compiler 0/

/0 # include "prism.h" removed to get rid of ipc stuff 0

# include "tempprisM.h"

/0----------------------------------------------------------------------/

typedef enum

UNKNOWN TAGTYPE,
PREDNAME ,
FUN CN AME

TAG TYPE;

/0----------------------------------------------------------------------/
/0 String table 0
/0---------------------------------------------------------------------0

typedef struct string_item

STRINGDESCRIPTOR String;
unsigned mnt Offset;
struct string_item *NextString;

STRINGTABLEITEM;

/0----------------------------------------------------------------------/

/0 Constraint list 0

/0----------------------------------------------------------------------/

typedef mnt CONSTRAINT-NAME;

typedef struct constraint list *

LITERAL 'Literal_List;
struct constraint-list *Next Constraint;

CONSTRAINT-LIST;
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/0I Predicate index list q

typedef struct contained in list

CONSTRAINT NAME Constraint Id;
struct contained in list *Next Constraint;

CONTAININGCONSTRAINTS;

typedef struct predicate name list

LITERAL NAME Name;
struct predicate name list *Next Predicate;
CONTAINING CONSTRAINTS *Possifble Constraint;

PREDICATELIST;
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/0 File cm.c: This file contains the main routine for
the Constraint Machine Compiler 0/

#include "cmc.h"

main(arge,argv)
int arge;
char *argv(J;

Init Debugo);
Init Heapo;
InitVariable TableoC;
Get Options(a";go,argv);
yypzrseo;

/6---------------------------------------------------------------------------/
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/0 File grammar.y: Containts the Yaco grammar for the
Constraint Machine compiler. The length of strings
limited to 20 characters because of the limitations
of the PRISM library routines in variable.c.
They should be changed to allow variable
names to be up to 200 characters long like strings *

#include "cmc.h"

extern FILE 'debugf;
extern mnt LineNumber;
extern LITERAL *Alloc LITERALC);
extern TERM 'Alloc:TERM0;
extern char 'Alloc_CHARo;
extern TAGTABLE TagFile Table[];
extern int Update TagTableC);
extern STRINGTABLE-ITEM *String Table;
extern FILE 'Tag File;
extern BOOLEAN AllPredicates Defined;
extern LITERAL *EqualsList;
extern itoao);

I---------------------------------------------------------,
int Tag_Entry Index;
char Pred Namer'MAX IDENTIFIERLENGTH.1];
LITERAL 'temp lit;
TERM 'temp_term; -

char dummy-variable-name(2001;

%union

mnt stval int;
char 'stval a hptr;
BOOLEAN stval bo 01;
LITERAL *stvall iteral;
CM STRINGDESCRIPTOR stval string;
TERM 'stval1t erm;
TAG-TABLE stval-tag;

%token <stval int>
NUMBER DEFAULT LR RANDOM
ILLEGALSYMBOL ARROW

%token <stvalchptr>
ID

%token <stval string>
STRING T

%type <stval term>
arg arg.list arg.list.with.parens func.name

%type <stval literal>
literal litEeral.list
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p %start file

file *cons traint.list

p WriteCMFilet);

constraint.list :constraint constraint.list
Iconstraint;

constraint :ARROW literal.list .

if (All PredicatesDefined) then

4 Add Literal ToLiteralList(EqualsList,&$2);
insert Constraint Into List($2);

EqualsList z NULL;
InitVariable Table();
All Predicatesi Defined £TRUE;

literal.list :literal ,'literal.listp$1..>Next Literal $3;

literal :identifier arg.list.with.parens

$$ Alloc LITERALt);
$$-> Next LCiteral = NULL;
$$->Arg List a$2;
Tag_Entry_Index = FindProcedure Name(Pred Name,

TagFile Tale,UNDEFINED_TAG);
fif (TagEntry Index z: -1) bU Pr Nae)

"Lie %: UdefnedLiteral %a"Line Number,

fprintf(stderrW constraint discardedO),
All PredicatesDefined *FALSE;
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$$->Name
Tag File TabletTag Entry Index].Encoded Name;

AddToPredicate List($$->Naie);
$$->LooFation

Tag_File_TableETagEntry_Iridex).Location;

S I ~error )

fprintf(debugf,"error in literalO);

identifier :ID

strcpy(PredName,$l);

L$$ $2;

1; $ =NULL;

arg.list :arg ,'arg.list

$1->NextTerm =$3;

$$=$1;

S I arg

$$ $1

arg :STRINGT

$$ x Alloc TERMO;
$$->Type CM VARIABLE;
Get_StringValueGivenOt'fset(dummy variable name+

1,$1.Ortset);
dummy variable name[OJ _-

L-.. $$->Value.Variable.Name=
AssignVariable Number (dummy variable name); -

$$->Value.Variable.Answeir Variable =-FALSE;
$$->Next Term z NULL;

/0 now create a EQ literal 0/
temp lit xAlloc LITERALO;
temp lit->Next Lifteral aNULL;
Tag EntryIndex zFind Procedure Name("EQ",

temp it->Nme *Tag File Table);

Tag File Table[TagEntryIndex] .Encoded Name;
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temp_lit->Location BUILT IN;
temp_term = AllocTERM();
temp lit->ArgListE temp term;
temp_term->Tye CH CVARIABLE;
temp_term->Value.Variable.Name

$$->Value.Variable.Name;
temp term->Value.Variable.Answer Variable =FALSE;
temp term->Next Term a Alloc TERM 0;
temp-term 2 temp term->Next_-Term;
temp term->Type = CMSTRING;
temp term->Value.CMString =$1;
temp term->Next Term = NULL;
AddLiteral ToLiteral List(temp_lit,&Equals_List);

II

$$ =Alloc TERMO;
$$->Type CM VARIABLE;
$$->Value.Variable.Name Assign_Variable-Numbe r($1);
$$->Value.Variable.AnswerVariable =FALSE;
$$->Next Term =NULL;

I NUMBER

$$ =AllocTERM();
$$->Type = CM VARIABLE;
itoa($1,dummy variable name e1);
dummy variable name(O) =

$$->Value.Variable.Name
AssignVariableKumber(dummy variable name);

$$->Value.Variable.Answeir Variable =FALSE;
$$->Next Term =NULL;

/0 now create a EQ literal 1

temp lit =Alloc LITERALO;Z
temp lit->Next Literal = NULL;
Tag Entry Index

Find Procedure Name("EQ",TagFile_Table);
temp lit->Name

Tag File Table[Tag Entry Index].EncodedName;
temp lit->Location = BUILT IN;
temp term = AllocTERMO;,
temp~lit->ArgList = temp term;
temp_term->Type = CMVARIABLE;
temp term->Value.Variable.Name

$$->Value.Variable.Name;
temp_term->Value.Variable.AnswerVariable FALSE;
temp term->Next Term xAllocTERMO;
temp~term ztemp term->Next -Term;
temp term->Type a INTEGER;
temp term->Value.Integer.Value z $1;
temp term->NextTerm zNULL;
Add Literal To LiteralList(temp lit,&Equals List);
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I unc.name C'arg.li3t )

$1->Value.Funotion.First_Arg =(int 0) $3;
$1->NextTerm NULL;

func.name :ID

$$ =AllocTERt4O;
$$->Type =-FUNCTION;
TagEntryIndex =FindProcedure Name($1,

TagFileTable,FUNCTION);
if (TagEntryIndex a= -1)

(q
fprintf(stderr,"Line %d% Unknown Function %30,

Line Number,$1);

$$->Value.Function.Name
Tag File Table[Tag Entry Index) .Encoded Name;

I---------------------------------------------------------,
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/* File globals.ct This rile contains all global variables
used by more than one file in the Constraint Machine
com pile r

#include "eme.h"

int Line-Number 1,
StringTable Size =0,
Number Predicates = 0;

CONSTRAINT NAME Constraint Number = 1;

TAG-TABLE Tag_File-Table[MAX-PREDICATEs];

FILE *Axiom File a stdin, -

'debugf X tderr,
*CM File,
*TagFile,
'EDBTagFile;

STRINGTABLE ITEM 'StringTable;

PREDICATE-LIST Predicate-Table =(0, NULL, NULL);

CONSTRAINT-LIST 'Constraint Table = NULL;*-

BOOLEAN Syntax-Only = FALSE;
BOOLEAN OutputListing = FALSE;
BOOLEAN All Predicates Defined =TRUE;
LITERAL 'EqualsList =NULL;
/*----------------------------------------------------------------------,
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/* File actions.c: This file contains the parser actions
for the Constraint Machine Compiler '

#ifdef CMCDEBUG
#define ACTIONSDEBUG
#endif

#include "amc.h"

extern PrintLITERALList();
extern FILE 'debugf;
extern FILE *CM File;
extern int Numb6er OfArgumentaO);
extern int NumberPredicates;
extern PREDICATE LIST Predicate Table;
extern CONSTRAINT-LIST 'ConstraintTable;
extern int Constraint-Number;
extern CONTAINING CONSTRAINTS

OL *Alloc CONTAINING CONSTRAINTS 0;
extern PREDICATELIST 'AllocPREDICATELISTO;
extern CONSTRAINT LIST 'AllocCONSTRAINTLISTO;

/0---------------------------------------------------------------------/

static PREDICATE-LIST 'insert new predicate(predicate,
front ,
back)

LITERAL NAME predicate;
PREDICATE LIST *front;
PREDICATE LIST *back; a.

/* link node in as successor of back,
New nodes next pointer set to front.
increment count of predicates 6

# ifdef ACTIONSDEBUG
*fprintf(debugf,"Entering insert new predicateO);

# endif
back->Next Predicate = Alloc PREDICATE LISTO;
back->Next Predicate->Next Predicate = front;
back->Next Predicate->Name =predicate;
back->Next Predicate->Possible Constraint =NULL;
Number Predicates++;
returnTback->Next Predicate);

/----------------------------------------------------------------------/

static insert constraint in predicate list(predicate list)
PREDICATELIST 'predicate-list;

1' predicate list points to a node in the index-
ito which to add the current constraint '

55



*~ . .- 7t.... . ......

CONTAINING-CONSTRAINTS *temp;

# ifdef ACTIONSDEBUG
fprintf (debugf,

"Enter insert constraint in predicate listO);
# endif

if (predicate list->Possible Constraint NULL) then

predicate list->Possible Constraint
Alc CONTAININGCONSTRAINTSO;

predicate list->PossibleConstraint->7constraint Id=
Constraint Number;

predicate-list->Possible Constraint->Next Constraint
-NULL;

return;

else

temp =predicate-list->Possible Constraint;

while ((temp->Next Constraint I= NULL) &&
(temp->Constraint IId I= Constraint-Number))

temp z temp->Next Constraint;
if (temp->Constraint Id == Constraint Number) return;
if (temp->NextConstraint ==NULL) then

temp->Next Constraint
tep>etAlloc CONTAINING CONSTRAINTSO;

tem->NxtConstraint->Next Constraint = NULL;
temp->NextConstraint->Constraint Id

Co6nstraint Number;

/6---------------------------------------------------------------------/

AddTo Predicate List(predicate)
LITERAL-NAME predicate;

PREDICATE LIST #temp;
PREDICATE LIST *front;
PREDICATE-LIST *back;

# ifdef ACTIONSDEBUG
fprintf(debugf,"Enter add to predicate list 0);

# endif
front s&Predicate Table;
back NULL;-*
temp uNULL;
while ((front->Name < predicate) &&

(front->Next Predicate 1z NULL))
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back =front;
front z front->Next Predicate;

if (front->Name =z predicate) then
temp = front;

else if C(front->Name < predicate) &&
(front->Next Predicate =2NULL)) then

temp =insert new preite(predicate,NULL,
- backzfroit);

else
temp =insert~new~predicate~predicate,front,back);

insert constraint_in_predicate list(temp);

/-----------------------------------------------------------------------------

Insert Constraint Into List(literal list)
LITERAL * literal list;

/0 hook new list of literals (a cgonstraint) to list of all
constraints. Increment global count of constraints 0

CONSTRAINTLIST Otemp;

# ifdef ACTIONSDEBUG
fprintf (debugf,

"Enter Insert Constraint Into ListO);
# endif

temp =Constraint Table;
ConstraintNumber7.;
if (temp ==NULL) then

# ifdef ACTIONSDEBUG
fprintf (debugf,

"ConstraintTable NULL, Alloc ingO);
# endif

ConstraintTable z Alloc CONSTRAINT LIST();
- Constraint Table->Next Constraint =-NULL;

Constraint Table->Literal List z literal_list;

else

while (temp->Next Constraint I= NULL)
temp z temp->NextConstraint;

temp->NextConstraint aAlloc CONSTRAINT LISTO;
temp->Next Constraint->Next Constraint NULL;
temp->NextConstraint->Liteial List = literal-list;

* ifdef ACTIONSDEBUG

fprintf (debugf,
"Exit Insert Constraint Into ListO);

# endif
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/0 File alloc.c: This file contains the storage allocation
routines used in the Constraint Machine Compiler 0/

#ifdef CMCDEBUG
# define ALLOCDEBUG
*endif

# include "cmc.h"

extern FILE Odebugf;

extern char 'alloc blocko;

/6---------------------------------------------------------------------/

#define STRINGTABLE ITEMSIZE
((31izeof(STRYNG TABLE ITEM)

sizeof(int)-1 )/sizeof(int))

#define CONSTRAINTLISTSIZE
((sizeof(CONSTRAINT LIST).

sizeof(int)-1)/3iZeot(int))

#define PREDICATE LIST SIZE
((sizeof(CPREDICEATE LIST)

sizeof(int)-1 )/sizeof(int))

#define CONTAINING CONSTRAINTS SIZE
((sizeofCCONTAYNINGCONSTRYINTS) -

sizeof(int)-1 )/sizeof(int))
/6----------------------------------------------------------------------/

char 'LocalAlloc(size)
unsigned int size;

char Optr;

ptr = alloc block(&size);
return(ptr);

/6----------------------------------------------------------------------/

LocalDealloc(ptr,size)
char 'ptr;
unsigned mnt size;

deallocblock(ptr,size);

/6---------------------------------------------------------------------/

STRINGTABLE ITEM *Alloc STRING TABLE ITEM()

return((STRINGTABLEITEM 6
Local AloSRN-ABEIE-IE)
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-- - - - -- - - - -- - - - -- - - - -- - - - -- - - - -

CONSTRAINT LIST *AllocCONSTRAINT LIST()

return( (CONSTRAINT LIST)
Local Alloc(CONSTRAINTLISTSIZE));

/0----------------------------------------------------------------------------0

PREDICATE LIST *AllocPREDICATELIST()

return((PREDICATE LIST '
Local Alloc(PREDICATE LIST SIZE));

/---------------------------------------------------------------------------0

CONTAININGCONSTRAINTS *Alic CONTAINING CONSTRAINTS()

returnC(CONTAININGCONSTRAINTS 0)
Local Alloc(CONTAINING CONSTRAINTSSIZE));

/0--------------------------------------------------------------------------/
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/0 File aclib.c: This file contains the common routines
for the Constraint Machine Compiler. These routines
are general and should be added to the PRISM library 6

#fitdef CMCDEBUG
# undef CMCLIBDEBUG
#endif

#include "cmo.h"

extern FILE 6debugf;
#fitdef CMCLIBDEBUG
extern Print LITERALListo;
#endif
/6---------------------------------------------------------------------/

Add Literal ToLiteral List(literal,literal-list)

/0 adds literal (or a literal list) to the end -

of the first literal list 0/

LITERAL *literal, -
**literal list;

LITERAL 'temp;
# ifdef CMCLIBDEBUG *'*

fprintf(debugf,"AddingLiteralToLiteralListO);
PrintLITERAL List('literal list);
fprintf(debugF," now the literalO);
Print LITERAL List(literal);
fprintFf~debugF,"O);

* endif
if (*literal list :=NULL) then ..-

'literal-list literal;

else

temp = *literal list;
while(temp->NextE Literal I= NULL)

temp = temp->Next Literal;

temp->Next Literal = literal;

/*----------------------------------------------------- ---------- ------ /

reverse (string)
char string[]J;

int at i, J;
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# ifdef CMCLIBDEBUG
fprintf(debugtw Reversing stringO);

# endif
for (i1 0, j s trlen(string) -1; i ( J; i++,, J--)

c z string~iJ;
string~i] z string~j];
string(J] = c;

/6------------------------------------- -------------------------------------.

itoa(n ,array)

int n;
char array[]J;

int i, sign;

# ifdef CMCLIBDEBUG
fprintf(debugf," Converting integer to ASCIIO);

* endif
if ((sign = n) < 0) then

n -n;
i 0;
do

array~je..) n % 10 + ''
Iwhile ((n /z 10) > 0);

if (sign < 0)
arrayi+.J=

array~i) z 5

reverse Carray) ;

/---------------------------------------------- --------------------------- /--
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/0 File output.c: This file contains the routines that
write the predicate index, string table, and the
constraint list to the output file. The output
file is used by the CM to create the database
of constraints and the predicate index 0/

#ifdef CMCDEBUG .
# undef OUTPUTDEBUG
# undet LOWLEVEL
#endif

# include "cmc.h"

extern LITERAL *Convert Literal Listo;
extern PrintLITERALListo;
extern STRING TABLE ITEM 'String_Table;
extern PREDICATE LIST Predicate Table;
extern CONSTRAINTLIST 'Constraint Table;
extern mnt NumberPredicates;
extern mnt ConstraintN umber;
extern mnt String Table-Size;
extern FILE 'CM File;
extern FILE 'debugf;
I--------------------------------------------------------I

Write Int(out integer,file) L
J' write out 2 byte integer to indicated file 0/
int out integer;
FILE *file;

mnt temp;

# itdef OUTPUTDEBUG
fprintf(debugf,"Entering Write IntO);

# endit
temp z= High Byte~out integer);
twrite(&temp, 1,1 ,ile;);
temp = LowByte~out integer);
fwrite(&temp 1,1 ,file);

'--------------------------------------------------------'a

static write string table(string-table)
STRINGTABLEITEM 'string table;

i nt temp;

temp =High Byte(String Table-Size);
fwrite(&templ,,I,CMFile);
temp = Low Byte(String Table Size);
twrite(&temp, 1,1 ,CMFile);
while (string table In NULL)
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fwrite(stringtable->String.Valuelsizeof(char),
string table->String.Length,C4 File);

string table z string table->Next Strinrg;

/0----------------------------------------------------------/

static write one constraint(constraint)
CONSTRAINT LIST *constraint;...................

/0 write out entire constraint, length ,each literal 0/

LITERAL *literal;
mnt length z0;
mnt num preds = 0;
char output buffert LOCAL BUFFER SIZE];

char 'output buffer ptr;

fprintt(debugf," Enter write one constraintO);
# endif

length += 2;
literal = constraint->Litera. List;

# ifdef LOWLEVEL
fprintf (debugf,

"Printing literal list of constraintO);
Print LITERAL List(literal);

# endif
length += Create Literal List(literal,

&(ouitpUtbutferlength)) ,TRUE,&num_preds);
# if def OUTPUTDEBUG

fprintf(debugf,"body length being written =%dO,
length-2);

# endif
output buffer(O] mHfighByte(length - 2);
output buffer(11 LowByte(length - 2);
fwriteToutputbuffer,sizeof(char),length,CMFile);

# ifdef LOWLEVEL
output buffer pt uptbuffer; --

output buffer ptr += 2; /* to skip length 0/
literal z Convert Literal List(&length,

&output buffer ptr,FALSE);
fprintf (debugf,

"Printing Converted literal constraint listO);
Print LITERAL List( literal) ;

# endif

/0----------------------------------------------------------------------1

static write one index entry(predicate index)
PREDICATE LIST Opredicate index;

614



1* write out to CM File one predicate name, number of
constraints with this predicate and all constraint ids * .-

CONTAINING CONSTRAINTS *constraint list;
int constraint-count =0;

int

* ifdef OUTPUTDEBUG
fprintf(debugf,"Entering write one index entryO);

fprintf(debugf,"Predicate index name = %dO,
predicate index->Name);

* endif
constraint list =predicate index->Possible Constraint;
while (constraint list 1= NULL)

constraint count++;
constraint-list constraint list->Next-Constraint;

# ifdef OUTPUTDEBUG
fprintf (do bugf,

"Number of constraints, this index %dO,
cons traint count);

# endif
WriteInt(predicate index->Name,CM File);
WriteInt(constraint count,CMFileT;
constraint list = predct ne->Possible Constraint;
for (i a0;1 i constraint icount; i++.)

# ifdef OUTPUTDEBUG
fprintf (do bugf,

"Constraint containing =%dO,
* endifconstraint list->Constraint Id);

Write Int(constraint list->ConstraintId,CMFile);
constraint list = constraint-list->Next_Cons;traint;

I---------------------------------------------------------,

0 Write CM FileC)

int
PREDICATE LIST *predicate index;
CONSTRAINT LIST *constraint;

* ifdef OUTPUTDEBUG
fprintf(debugf,"Entering Write CM FileO);
fprintf(debugf,"Number of Predicates = %dO,

Number Predicates);
fprintf~debugf,"Next Constraint number %dO,

Constraint Number);
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write string table(String_Table);

Write Int(Nuiber Predicates,CMFile);
predicate index -:Predicate Table.Next Predi cate;
for (i 2 ;i < NumberPredicates; i4.+)

write one index_entry~predicate_index);
predicate-index =predicate index->Next Predicate;

Write Int(Constraint Number - 1,CMFile);
constrFaint z Constraint Table;
for (1. = 0; i < Constraint Number - 1; 1++.i)

write one constraint(constraint);
constrFaint constraint->NextConstraint;

felose(C14_File);

/3---------------------------------------------------------------------/
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/0 File startup.c: This file contains the routines that are
use to process the command line arguments. It is a
routine that is used by most PRISM programs. It was
copied and modified for the CM compiler. 0/- .

#ifdef CMCDEBUG
# under STARTUPPEBUG
#endif

#inalude "cmo.h"

I'---------------------------------------------------------- 0/
extern TAGITABLE TagFile Table[];
extern FILE *Axiom File;
extern FILE 'Tag_File;
extern BOOLEAN SyntaxOnly;
extern BOOLEAN OutputListing;
extern FILE 'CMFile;
extern FILE 'debugf;
extern mnt errno;

I---------------------------------------------------------I

Get Options~argcgargv)
int arga;
char fargvo);

mnt i 1;
nt J

BOOLEAN OOPT = FALSE;
BOOLEAN TOPT z FALSE;

# ifdef STARTUPDEBUG
fprintf~debugf,"In cmc, number of args %dO,arge);
for (i1 0; 1 < argc; i++)

fprintf~debugf,"Arg %d: %sO,i,argv[i));

# endif

while Ci < argc)

if (argv~iiHO)

switch (argv~i)E1)

case 'd':
if ((debugf =fopen(argv[+e+i),"w")) ==NULL)

fprintf(debugf,"Debug file '%s' "f,argv~iJ);
fprintf(debugf,"could not be createdO);
exit(-1); /0 to calling program '
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break;
case 'i':

if ((AxiomFile f open(argv[+.i],ffr")) ==NULL)

fprintf(debugf,"Axiom file '%s' ",argv~iJ); -

fprintt(debugf,"oould not be openedO);
exit(_1); /0 to calling program 0/

break;
case ''
OutputListing =TRUE;
break;

case 'o':
if ((CM File f open(argv[+eiJ,"w")) =:NULL)

fprintf(debugf,"CM File '%s' ",argv~i]);
fprintf(debugf,"could not be createdO);
exit(_1); /I to calling program v/

OOPT z TRUE;
break;

case 's':
Syntax-Only =TRUE;
break;

case ''
if ((Tag_File f open(argv[.e.il,nr")) NULL)

fprintf(debugf,"Tag rile '%s* ",argv~ij);
fprintf(debugf,"could not be openeda);
exit(-1); /0 to calling program 0

TOPT z TRUE;
break;,

default:
fprintf (stderr,

"ame - Option %c not definedO,argv~i)(1));

else

fprintf(stderr,
"Usage is: cuc [-d fnj -i f2 (-e f3J -o f4I -t f50);

fprintf(stderr,"Option missingO);
exit(-1);

# ifdef STARTUPDEBUG
fprintf(debugf,"OOPT %d TOPT %dOOOPT,TOPT);

# endif
if (TOPT) then

Read TagFile(Tag File,Tag File Table);
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fcloae(TagFile);

if (IOOPT 11 ITOPT)

fprintf(stdorr, g
"Usage is: omc (-d fl -i f2 -o f3 -t f40);

exit(-1);

I'----------------------------------------------------------0

69



/0 file strings-c: This file contains one string routine
that was needed by the compiler that was not available
in the PRISM library. '

#ifdef CMCDEBUG
# define STRINGDEBUG
#endif

#include "cmc.h"

extern STRING TABLEITEM 'String_Table;
extern BOOLEAN Non INull StrigEul)
extern FILE Odebugt; rn qal) -
extern STRINGTABLE ITEM 'AllocSTRINGTABLE ITEMO;
extern char 'AllocCHARO;
extern mnt String_TableSize;

/---------------------------------------------------------------------------0

Get String_Value_GivenOffset(array,offset)

char array[];
mnt offset;

STRINGTABLEITEM *string entry;

string entry String_Table;
while T(string_entry I= NULL) &&

(string_entry->Offset 1= offset))

string_entry = string entry->NextString;

if (string_entry->Offset x= offset) then

strcpy(array,stringentry->String.Value);

else

fprintf(debugf,
"'No string found with that offsetO);

arrayfoj

/0----------------------------------------------------------------------------'
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APPENDIX C

Appendix C contains the C code source listing of the

Constraint Machine.

/0 File cm.h: This file contains all of the data structures
common to the files in the CM. 0

/* # include "prism.h" '
# include "/ful/prism/cmc/cmc.h"

# define MAX NODE ENTRIES 25v4
# define MAXQUEUESIZE 641

/---------------------------------------------------------------------------'

/9 Predicate index structure 0
/0----------------------------------------------------------------------------0

typedef struct

LITERAL NAME Name;
CONTAININGCONSTRAINTS *Constraint_List;

PREDICATE-ENTRY;

/---------------------------------------------------------------------------0

/0 Constraint table structure
/0----------------------------------------------------------------------------0

typedef struct

LITERAL *Literal-Li st;
BOOLEAN Checked-Flag;

CONSTRAINT-ENTRY;

typedef struct partial list entry

LITERAL *Constraint;
struct partial-list-entry 'Next-Partial;

NODE PARTIAL LIST_ENTRY;

typedef struct partial tree node

CLAUSE-NAME Node-Number;
NODEPARTIAL LIST ENTRY *Partial;
struct partial tree node 'Parent;
struct partial tree node 'Next;

71



PARTIAL TREE NODE ;

typedef struct query_list_entry

MESSAGE ID QueryNumber;
PARTIAL TREE NODE *NodeIndex[MkX NODEENTRIES);
PARTIALTREENODE *Node List;
struot query_list_entry *Next Query;

QUERYLIST ENTRY;

typedef struot zuob_partial list entry

ZMOB MACHINE Zmob;
QUERY LIST ENTRY 'Query_List;
struot zuob_partial list entry *NextZmob;

ZMOBPARTIALLIST_ENTRY;

1---------------------------------------------------------
/0 structures used in the subsumption algorithm 6

I---------------------------------------------------------

typedef enum

OKAY,
FULL,
PARTIAL,
NO VIOLATIONPOSSIBLE

SUBSUMPTION ANSWER;

typedef struct subsumption node

LITERAL 'Constraint;
LITERAL *Body;
struct subsumption node *Child;

*struot subsumption node *Sib;

SUBSUMPTION N ODE;

typedef enum

CREATING CHILD,
C RE ATING-S IB

SUBSUMPTIONSTATUS;

typedef struct subsumption partial list

SUBSUMPTIONNODE *Answer;
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struot subsumption_partial-list *Next;

SUBSUMPTIONPARTIAL LIST;
I-------------- ------------------------------------------ I
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/* File alloc.c contains allocation/deallocation routines
for structure types local to the CM.
Alloc <type name> allocates a apace for a structure of
type tiype name.
Similarly for Dealloc (type name> 0

#ifdef CMDEBUG
# undef ALLOCDEBUG
#endif *.

# include "cm.h"

/0----------------------------------------------------------------------/

# define CONSTRAINT ENTRY SIZE
((sizef(CONNTRAINT ENTRY)+

(sizeofTint)-1) /sizeof(int))

# define PREDICATE ENTRYSIZE
((sizeof(PREfDICATE ENTRY).

(sizeoF(int)-1) /sizeof~int))

# define CONTAINING CONSTRAINTS SIZE
(CsizeifCCONTAININU CONSTRAINTS).

(sizeofTint)-1)/sizeof(int))

# define NODE PARTIAL LIST ENTRY SIZE
T(siz.ofTNODE-PARTIiL LIST ENTRY).

# define PARTIAL TREE NODE SIZE
((sizeofTPARTYALTREENODE)+

(sizegof(int)-1))/sizeof(int))

# define QUERY-LIST ENTRYSIZE
((sizeof (QUERY LIST ENTRY).

(sizeofrint)-1) /sizeof(int))

# define ZMOB PARTIAL LIST ENTRY SIZE
TC(3izeof-(ZMOB PARTIAL LIST ENTRY).

# define SUBSUMPTION NODE SIZE
((Bizeof(SUB'§UMPTION NODE).

(sizeof(1nt)-M)/sizeof(int))

# define SUBSUMPTIONPARTIAL LIST SIZE
((sizeof(SUBSUMFTION PARTIAL LIST).

(sizeof(Tnt)-M73/izeof~int))

/0----------------------------------------------------------------------/

dextern BOOLEAN Using_ Belt;
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extern FILE Odebugf;
extern char falloc blocko;
extern DeallocLITERAL Listo; ~
extern Z?40B PARTIALLISTENTRY Head-Zmob-Partial List;

/ --------------------------------------------------------------------- a/ ,

char *Local Alloo(size)
unsigned int size;

char *ptr;

/0 if (UsingBelt) then

DisableInterrupts();
removed due to 41.2 0

ptr = alloc-block(&size);
/0 if (UsingBelt) then

EnableInterrupts();
I removed due to 41.2 0/

return(ptr);

/0---------------------------------------------------------------------/

PREDICATEENTRY 'AllocPREDICATE ENTRY~n)

return( (PREDICATE ENTRY '
Local Alloc(n'(PREDICATE ENTRYSIZE)));

I,----------------------------------------------------------/

CONSTRAINT ENTRY #AllocCONSTRAINT ENTRY(n)
nt n;-

returnC (CONSTRAINT ENTRY '
LocalAlloc(n'(CONSTRAINT ENTRY SIZE)));

/#----------------------------------------------------------------------/L

CONTAINING CONSTRAINTS §Alloe CONTAINING CONSTRAINTS()

returnC (CONTAININGCONSTRAINTS 0

I Local Alloc(CONTAININGCONSTRAINTS SIZE));
/----------------------------------------- ---------------------------- /

* NODE PARTIAL LIST ENTRY #Alloc NODE PARTIAL LIST ENTRY()
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return( (NODS PARTIALLIST ENTRY 0)
loa Alc(NODE PARTIAL LIST ENTRY SIZ))

PARTIALTREE NODE 'Alloc PARTIALTREENODE()

return((PARTIALTREENODE *
LCocal Alloc(PARTIALTREE NODE SIZE));

/0---------------------------------------------------------------------/

QUERY LIST ENTRY 'AllocQUERYLISTENTRYC)

return( (QUERY LIST ENTRY 0

Local AlloocQUERYLISTENTRY SIZE));

/0----------------------------------------------------------------------/

Z1OPARTIALLISTENTRY 'AllooZMOB PARTIALLIST ENTRYC)

return((ZMOBPARTIAL LIST ENTRY *
LocalAllocTZMOBPARTIALLISTENTRYSIZE));

/0----------------------------------------------------------------------/

SUBSUtIPTION NODE 'AllocSUBSUMPTION-NODEC)

return((SUBSUMPTIONNODE 0

LocalAlloc(SUBSUMPTIONNODESIZE));

/*----------------------------------------------------------------------/

SUBSUMPTIONPARTIAL-LIST *Alloc-SUBSUMPTION-PARTIAL-LISTC)

return((SUBSUMPTIONPARTIAL LIST 0

Local Alloc(SUBSUMPTION PARTIAL LIST SIZE));

/0---------------------------------------------------------------------/

Local Dealloc Cptr ,size)
char Optr;
unsigned int size;

/0 if (Using-Belt) then

Disable Interrupts C);
I removed due to 4I.2 0

deallooblock(ptr,size);
/0 if (Using Belt) then

Enable InterruptsoC;
) removed due to 4.2 0
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Dealloc CONTAININGCONSTRAINTS List(list)
CONTAINING-CONSTRAINTS *list; *

CONTAINING-CONSTRAINTS *next;

# ifdef ALLOCDEBUG
tprint ( debugf,

"Entering DeallooContaining_ConstraintsO);
# endif

while (list I= NULL)

next z list->Next Constraint;
Local Dealloo(list,CONTAININGCONSTRAINTS SIZE);
list =next;

I---------------------------------------------------------

Dealloo SUBSUMPTION NODE(node)

SUBSUI4PTION NODE 'node;

# ifdef ALLOCDEBUG
fprintt (debugt,

"Enter Dealloo Subsumption_NodeO);
# endif

Dealloc LITERAL List(node->Body);
if (node->ConstrFaint Ix NULL) then

DeallooCLITERAL List(node->Constraint);

Local Dealloo~node,SUBSUMPTIONNODE_SIZE);

/3---------------------------------------------------------------------/

Dealloo Subs umption Tree(node ptr)

SUBSUMPTIONNODE *node ptr;

# ifdef ALLOCDEBUG
fprintt(debugf,"Enter DeallocSubsumption TreeO);

# endif
if (node-ptr I= NULL) then

Delo(usmtore~oepr>hl)
Dealloo-SubsuiuptionTree(node-ptr->Chil);

Dealloo SUBSUMPTION NODE(node ptr);
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DeallocSUBSUMPTIONPARTIALLISTList(list)

SUBSUMPTION PARTIALLIST *list;

SUBSUMPTIONPARTIAL LIST *next;

* itdef ALLOCDEBUG
fprintf (do bugf

,"Enter DeallocSubsumptionPartialListO);
* endif

while (list In NULL)

next a list->Next;
Local Dealloc(list,SUBSUMPTIONPARTIAL LISTSIZE);
list =next;

/V----------------------------------------------------------/

DeallocNODEPARTIALLISTENTRY List(list)

NODEPARTIAL LISTENTRY 'list;

NODEPARTIAL LIST-ENTRY 'next;

# ifdef ALLOCDEBUG
fprintf (debugf,

"Enter DeallocNodePartial List EntryO);
# endif

while (list I= NULL)

next = list->NextPartial;
DeallocLITERAL List(list->Constraint);
Local Dealloc(lisatNODEPARTIAL LIST ENTRYSIZE);
list =next;,

/'----------------------------------------------------------/-

DeallocPARTIALTREE NODE(node)

PARTIAL TREE NODE 'node;

* ifdef ALLOCDEBUG
fprintf (debug!,

* "Enter Dealloc-Partial-Tree-NodeO);

if (node->Partial 12 NULL) then

Dealloc NODEPARTIALLISTENTRYList(node->Partial);
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Local Dealloo(node,PARTIAL TREE NODE SIZE);

/---------------------------------------------------------------------------0

Dealloc PARTIALTREE NODE List(node list) .

PARTIAL TREENODE *node list;

PARTIAL TREE NODE *next;

# ifdef ALLOCDEBUG
fprintf (debugt,

"Enter Dealloc Partial Tree Node ListO);
# endif

while (node list I= NULL)

next = node list->Next;
Dealloc PARTIAL TREE NODE(node list);
node list next;

/*----------------------------------------------------------------------/

Dealloc QUERY LIST ENTRY(query)

QUERY LIST ENTRY *query;

# ifdef ALLOCDEBUG
fprintf (debugf,

"Enter Dealloc Query List EntryO);
# endit

Dealloc PARTIAL TREE NODE List(query->Node List);
Local Dealloc(qUery,QUERY-LIST ENTRY SIZE);"

/0----------------------------------------------------------------------------0

DeallocQUERY LIST ENTRY_List(list)

QUERYLISTENTRY *list;
QUERY LIST ENTRY *next;

# ifdet ALLOCDEBUG
fprintf (de bugt,

"Enter DeallocQuery_ListEntryListO);
# endif

while (list I= NULL)

next z list->Next Query;
Dealloo QUERY LIST ENTRY(list); -
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list next;

Dealloc ZMOB PARTIALLISTENTRY~entry)

ZHOBPARTIAL LIST ENTRY *entry;

# ifdef ALLOCDEBUG
fprintf(debugfg

* endir "Enter DealloeZmobPartialList EntryO);

Dealloc QUERY LIST ENTRY List(entry->Query_List);
LocalDealloaTentry,ZMOB PARTIAL LISTENTRY_SIZE);

/0---------------------------------------------------------------------/

Dealloc ZMOB PARTIAL LIST ENTRY List()
/0 Uses global headnodje

ZMOE PARTIAL LIST ENTRY *next,
'list;

# ifdet ALLOCDEBUG -

fprintf (debugf, a

"Enter Dealloc ZinobPartial List Entry ListO);
# endit *.

list = Head ZmobPartial List.NextZmob;
while (list I: NULL)

next z list->Next Zmob;
DeallocZMOB PARTIAL LIST ENTRY Clist);
list 2next;

/0---------------------------------------------------------------------/
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/0 File am.c: This file contains the main routine for thep
CM. It just loops until a message arrives or the
terminate flag is set. 0/ .

# include "cm.h"

extern FILE Odebugf;
extern BOOLEAN Using_.Pelt;
extern FILE *InputFile;
extern BOOLEAN Terminate Fl ag;
extern Process MsgC);.
extern ZMOB MESSAGE 'Read PREISM Messageo);

/-----------------------------------------------------------------------------------U

main(argc ,argv)
int argc;
char fargv[J;

ZMOB MESSAGE Oz-msg;

fprintf(debugfv"CM program starting up.O);
CM 'Startup(argc ,argv);
while (ITerminateFlag)

if (Using_ Belt) then

pauseo;

else

z msg ReadPRISMKessage(InputFile);
Pr'ocessMsg(z_*sg);

fprintf(debugf,
"CM program, terminate flag set, normal stopO);

I.---------------------------------------------------------------------/
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/0 File checkcorist.c: This file contains the code for the
routine that processes the CHECKCONST message from the
PSM. '

#ifdef CMDEBUG
# define CHECKCONSTDEBUG
# define LOWLEVEL-
#endif

/---------------------------------------------------------------------------3

#include "cm.h"

# ifdef LOWLEVEL
extern DumpPartialTree();
# endif
extern FILE *debugf;
extern

RemovePartialFromNodesPartial Listo;
extern

AddPartialConstraintToNode();
extern BOOLEAN FindParentInTreeo;
extern PARTIALTREENODE *CreateNew PartialTreeo;
extern

Replace -PartialBy_Partial_Listo);
extern SUBSUMPTIONANSWER

Evaluate NodesPartialList();
extern

Apply_SubListToPartial Listo);
extern PARTIAL TREE NODE *CreateChild-OfParent();
extern NODE PARTIAL LISTENTRY

T CopyPartial Constraint Li sto);
extern CONTAININGCONSTRAINTS

'Find All ConstraintsToCheckC);
extern MESSAGE 'AllocMESSAGEo;
extern Output Message 0;
extern ClearChecked Flagso;
extern Dealloc MESSAUEO;
extern

Remove-Node FromPartial Treeo;
*extern CONSTRAINT ENTRY 'ConEstraintTable;

extern NODEPARTIALLIST ENTRY 'Subsumptiono;

/---------------------------------------------------------------------------'

/*These are global variables for all routines in this file*/

BOOLEAN Parent Found;
BOOLEAN New NodeCreated;
ZMOB PARTIAL LIST ENTRY 'Zmob;
QUERY LIST ENTRY - Query_Node;
PARTIAL TREE NODE 'Parent-Node;
PARTIALTREE NODE *NewNode;
SUBSUMPTION ANSWER New Node eStatus;
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static check subsumption old partials new body~body)

/* uses global NewNode, New NodeStatus, '

LITERAL *body;

NODEPARTIALLISTENTRY 'temp,
'new_partial,
'one_partial;

SUBSUMPTIONANSWER node-status =OKAY; -

# ifdef CHECKCONSTDEBUG
fprintt Cdebugt,
"Enter check subsump old_partials new bodyO);

# endif
one partial x New Node->Partial;
while (one partiaY 1= NULL)

new partial
Subsuuiption(body,one partial->Constraint,

&node-status);
switch(node status)

case NOVIOLATION POSSIBLE:
temp = one partial;
one_partial = one partial->NextPartial;
Remove PartialFrom NodesPartialList(temp,

NewNode);
break;

case OKAY:
one partial =one_partial->Next Partial;
break;

case FULL:
New_-Node Status =FULL;
return;
break;

case PARTIAL:
New Node Status =PARTIAL;
temp = one partial;
one partial = one_partial->Next Partial;
ReplacePartial_ByPartial ListTtemp,

new partial ,NewNode);
break;

default:
fprintf(debugf,

"Unknown new node statusO);

/0----------------------------------------------------------------------I
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static check for new subsumptions(body,sendervquery number,
new node num,constraint Tist)

LITERAL *body;
ZMOBMACHINE sender;
MESSAGE ID query_number;
CLAUSENAME new node num;
CONTAINING CONSTRAINTS 'conEstraint-list;

CONTAINING CONSTRAINTS *list;
NODE PARTIAL LIST ENTRY 'new_partial_entry; b
SUBSUMPTIONANSWERf node -status = OKAY;
BOOLEAN already-checked =FALSE;

# itdef CHECKCONSTDEBUG
fprintr Cdebugf,

"Enter check for new subsumptionsO);
if (constraint-list == NULL) then

tprintt Cd.bugt,
"ERROR constraint list =NULLO);

0 endir
for (list =constraint-list; list I= NULL;

list = list->NextConstraint)

already checked
ConstraintTable[list->ConstraintId-1].Checked_Flag;

if (talready chgecked) then

* ifdet CHECKCONSTDEBUG
tprintf(debugt,"Call subsumption on constraint %d 0,

list->Constraint_Id);
# endif

new_partial entry = Subsumption~body,
Constraint Table

[list->7ConstraintId - 1).LiteralList,
&node status);

switch (node-status)

case PARTIAL:
New Node -Status =PARTIAL; 1
if TParent Found 11 New Node Created) then

Add Partial Constraint To Node(New Node,
new~partial~entEry);

else

New-Node =Create New Partial Tree(sender,
query number ,
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new no donus,
&Zmob,
&Query Node);

New Node Created sTRUE;
AddPartifal ConstraintToNode(New Node,

new partial-entry);

break;
case OKAY:

break;
case FULL:

New Node Status FULL;
return;
break;

default:
fprintf(debugf,
"Unknown status in check for new subsuinpO);
break;

/6----------------------------------------------------------------------------6

ConstraintTable~list->Constraint Id-1J4.Checked Flag
TRUE;

# ifdef CHECKCONSTDEBUG
fprintr Cdebugf,

"Exit check for new subsumptions --- no fullO);
# endif

/6---------------------------------------------------------------------------6

static PARTIALTREE-NODE * copy and check_parent-constraints
(new 'node nus,
substitution)

/0 only called if parent exists and global pointers set 0/

CLAUSE NAME new node_nus;
SUBSTITUTION 'subs3titution;

PARTIAL TREE NODE *child;

# if def CHECKCONSTDEBUG
fprintf(debugf,

"Enter copy and check parent constraintsa);
# endif

child x Create Child Of Parent(ParentNodevnew node num,

child->Partial QurNoe;-
CopyPartial Constraint List(Parent Node->Partial);

if (substitution In NULL) ti~en
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ApplySubList To PartialList(cliild->Partial,
substitution);

New-Node Status =EvaluateNodesPartialList(child);

return(child);

/0---------------------------------------------------------------/

Checkconst(psm_*sg)

MESSAGE 'psn nag;

ZMOB MACHINE sender;
MESSAGE -ID control-number;
LITERAL "body;

7CLAUSENAME parent nun;
CLAUSE NAME new node nun;
SUBSTITUTION #aub9li st;
CONTAINING-CONSTRAINTS 'constraint-list NULL;
MESSAGE *out mag

# if def CHECKCONSTDEBUG
fprintf(debugf,"Enter Checkconst routineO);

# endiif
Zmob z NULL;
QueryNode z NULL;
Parent Node x NULL;-
New_-Node aNULL;
New Node Created = FALSE;
NewNodeStatus = OKAY;
sender = pan msg->Message.Checkconst.Seider;
body z pan msg->Message.Cheakconst.Idb Dat a.Body;
control number-

panmsg->Measage.Checkconat.Control Numbe r;
parent nun

pan msg->Message.Checkconst.Connection Info.
Parent.Clause;

sub list z pam msg->Message.Checkconst.Idb Data.Sub List;
new node nun

pan nsg->Message .Checkconst.Connection Info.Node.
Clause;

# ifdef CHECKCONSTDEBUG
fprintf (do bugf,

"Sender z %d, Query a %d, ",sender,

fprintt(debugf, 
onrlnme)

"Parent x %d, New node = %dO,-
parent nun ,new node nun);

# endif
ParentFound =Find Parent In Tree(sendergcontrol number,
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parent num,-
&Zmob,&Query Node,
&Parent-NodeT;

if (Parent-Found) then

/0 now apply sub to old partial constraints '
New Node=

copy and check parent constraints(new node num,
sUb 1 ut);

if ((Parent Found) && (New Node Status I= FULL) &&
(New Node Status 1-- NO-VIOLATION POSSIBLE) &&

(bod'i I= NULL)) then

check subsumption_old_partials new body(body);

ILI
/0 now check original constraints with new body 0

if ((New Node Status I= FULL) && (body 3= NULL)) then

constraint list = FidAlCntant oCekbd)
if (constraint-list 1= NULL) then

check tor new subsumptions Cbody,sender,
control number, *-

new node num, *.

constraint-list);

if (New Node Status ==FULL) thena

out mag xAlloc MESSAGEO;
out msg->Type = VIOLATION;
out msg->Message.Violation.Sender =sender;
out msg->Message.Violation.Fail Node.Machine=

sender;
out msg->tMessage.Violation.ControlNumber

control number;
out msg->Message.Violation.Fail Node.Clause

new-node~num;
Output tMesage(out-msg);

0 itdet CHECKCONSTDEBUG-
fprintf (debugf,

"CM sent VIOLATION msg, zuob %d, query %d,",
sendergeontrol number);

fprintt(debugt," node %dO,new~node num'Y;
# endit

DealloocMESSAGE(out msg);-

if (constraint list 1z NULL) then
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Clear CheokIedFlags(oonstraint list);
Dealloc CONTAINING CONSTRAINTS List(oonstraint list);

if ((Parent Found 11 New Node Created) &&
((Neiw Node->Partial z:NULL) I

(Nov Node Status FULL)) then

Remove Node From Partial Tree(Neu Node,Query_ Node);

# if def CHECKCONSTDEBUG
fprintf(debugf,"Exiting Cheocconat... .0);

# ifdef LOWLEVEL
Dump_Partial TreeO);

# endif
* endif

/0-----------------------------------------------------------------------/

88



.- 0--..4. .-. * -

/0 File cmlib.c: This file contains routines that are common
to many procedures in the CM. This file should be added
to the PRISM library. 3/

*ifdet CMDEBUG
# undef CMLIBDEBUG
# undef LOWLEVEL
#endif

#include "cm.h"

extern FILE Odebugf;
extern LITERAL *Copy Literal();
extern LITERAL *CopyLiteral Listo;
extern ODE PARTIAL LIST ENTRY

Chloe NODE PARTIAL LIST ENTRYO;
extern Apply Sub Listo;-
extern DealloO LITERALO;
extern CONSTRAINT ENTRY 'Constraint Table;
.def LOWLEVEL

extern Print LITERAL List();
#endif

1,----------------------------------------------------------0

Clear Checked Flags(list)

CONTAINING CONSTRAINTS "list;

# ifdef LOWLEVEL
fprintf(debugf,"Entering Clear FlagsO);

endif
while (list Is NULL)

Constraint Table[list->Constraint Id-1].Checked Flag
FALSE;

list z list->Next Constraint;

I--------------------- -------------------------------- /

PrintPartialList(partiallist)

NODE PARTIAL LIST ENTRY *partial list;

fprintf(debugt
0 ,"Printing list of partial constraintsO);

while (partial-list In NULL)

Print LITERAL List(partial list->Constraint);
-prinTf(debug7,"O);
partial-list partial_list->NextPartial;
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LITERAL 'Copy_LiteralListAndRemove Literal(literal list,
literal to delete)

LITERAL *literal list;
LITERAL 'literal-to-delete;

LITERAL *first litera1,head node;
# ifdef C14LIBDEBUG

fprintf (debugf,
"Enter Copy Lit list and remove literalO);

# endif
head node.Next Literal =NULL;
first literal *&head node;
while-(literal list 1;' NULL)

if (literal list 12 literal to delete) then

first literal->Next Literal
Copy_ Literal (literal list);

first-literal =first literal->Next LEiteral;

literal-list u literal list->NextLiteral;

first literal->Next Literal sNULL;
# ifdef CMLIBDEBUG

fprintf (debugf,
"Exit Copy LITERAL list..literal list is:O);

# if def LOWLEVEL
Print LITERAL List(head-node.Next Literal);
fprintf(debugf,"O);

# endif
# endif

return(head node.Next Literal);

/0----------------------------------------------------------/

NODE PARTIALLISTENTRY 'Copy Partial Constraint List(list)

NODE PARTIAL LIST ENTRY *list;

NODE PARTIAL-LIST-ENTRY headnode, 'temp;

# ifdef CMLIEDEBUG
fprintf(debugf,"In Copy Partial Constraint Lis tO);

# endif
headnode.Next Partial zNULL;

* temp =&headnode;
while (list to NULL)

90

%. *h.



57 V---..<-..-..... .-. Q.,-- -.-- -

temp->NeztPartial z AllocNODE PARTIAL LIST ENTRYo;
tamp atemp->NextPartial;
temp->Next Partial z NULL;
temp->Constraint

Copy Literal List(list->Constraint);
list zlist->NextPartial;

# itdef CLIBDEBUG

# endif
# endif5 return(headnode.Next Partial);

/0eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee-

ApplySub ListToPartialList(partial list,substitution)

NODE PARTIAL LISTENTRY 'partial list;
SUBSTITUTION *substitution;

NODE PARTIALLISTENTRY *temp;

# ifdef CLBEU
fprintt (debugt,

"Enter Apply Sub List ToPartialLista);
# ifdef LOWLEVEL

Print Partial List(partial list);
# endif
# endif

temp partial list;
while (partial list 1z NULL)

Apply Sub List Cpartial list->Cons traint ,
substitution);

partial-list zpartial-list->NextPartial;

# itdef LOWLEVEL
Print Part ial L13t~teMP);

# endif

BOOLEAN Fully Instantiated(literal)

LITERAL #literal;

TERM 'term;

for (term 2literal->ArgList; term Ix NULL;

term uterm->Next Term)
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if ((term->Type CM VARIABLE) I
(Teru->Type =: 1DB VARIABLE) I
(term->Type VARIABLE)) then

return(CFALSE) ;

raturn(TRUE);

I.---------------------------------------------------------/
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/0 This file contains all commands that the Constraint
Machine processes except for the Checicconst command 1

#ifdef CMDEBUG
# under COMMANDSDEBUG
# undef ALLOCDEBUG
#endif Z

*itdef VAXDEBUG
extern Dump_ConstraintTableo;
extern Dump_Predicate TableoC;
extern Dump_Partial TrFeeo);
#endif

# include "cm.h"

extern FILE Odebugf;
extern BOOLEAN Terminate_Flag;
extern BOOLEAN Using Belt;
extern MESSAGE *AllocMESSAGEC);
extern *EraseZmob_QueryList_Entryo;
extern BOOLEAN Find Zmobo);

extern BOOLEAN FindQuery Nodeo);
---------------------------------------------

Erase (msg)
/* Proceses ERASE: Deletes query list corresp to the source

and control number 0

MESSAGE 0msg;

ZMOBMACHINE source machine;
MESSAGE_-ID control-number;
MESSAGE 'msgout;
BOOLEAN found;
ZMOBPARTIALLIST ENTRY Ozmob_ptr;
QUERYLISTENiTRY *query node ptr;

# ifdef COMMANDSDEBUG
fprintf(debugf,"Entering Erase procedureO);

# endit
source machine z msg->Message.Erase.Sender;
control number = msg->Message.Erase.Control Number;

# ifdef -COMMANDSDEBUG
fprintf(debugf,"CM erase: source= %d , controlz%dO,

source machinepcontrol number);
# endif

found a Find Zmob(source machine,&zmobptr);
if (round) then

0 irdef COMMANDSDEEUG
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f print? (debugf,
"Source zmob found in partial listsa);

* endif
found =Find QueryNode(control number,

&query node ptr,
zmob ptr);

if (found) then

# ifdef COMMANDSDEBUG
tpriritf(debugf,

mQuery found in partial treeO);
# endif

Erase Zmob QueryList Entry~zmob_ptr,
querynodeptr);

else

# ifdef COMMANDSDBTG
fprintf (debugf,

"Query NOT found in partial treeO);
* endif

else

* ifdef CO!4MANDSDEBUG
fprintf (debug?,

"Source zmob NOT found in partial listsO);
# endif

Terminateo)

* ifdef CMDEBUG
Terminate Flag =TRUE;

fprintf(debugf,"Terminate routine enteredO);
return;

* else
Abort(CFALSE);

# endif

I/0-------------------------------------------------------------------- /

Askdump (msg)
MESSAGE Omsg;

# ifdef VAXDEBUG
P7 DumpPredicate Tableo;

DumpConstraint Table();
DumpPartialTreeo;

# endif

I9
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return;

Getatat (mag)
MESSAGE *ag;

return;

/0---------------------------------------------- ----------- /

Load(msg)
MESSAGE *msg;

return;

/----------------------------------------------------------------------/
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d /* File deallocmsg.c: This file contains the routine that
does special processing to deallocate specific types
of messages. 0/

#ifdef CMDEBUG
# undef DEALLOCDEBUG
# undef LOWLEVEL
#endif

' include "cm.h"

extern FILE Odebugf;

/0-----------------------------------------------------------------------V

Dealloc MESSAGE(pmsg)
MESSAGE 'pmsg;

O ifdef DEALLOCDEBUG
fprintf(debugf,

"Deallocating MESSAGE of typedO,
pmsg->Type);

" endif
switch (pmsg->Type)

case ASKDUMP:
break;

case CHECKCONST:

Dealloc LITERAL List(
pmsg->Message.Checkconst.IdbData.Body);

Dealloc SUBSTITUTIONList(
pmsg->Message.Checkconst. IdbData.Sub List);

break;

case COMDEBUG:
break;

case COMDEBUGOFF:
break;

case DEBUG:
break;

case DUMP:
break;

case ERASE:
break;

case ERASEALL:
break;

case ERASED:
break;

case ERROR:
break;

case GETSTATISTICS:
break;
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case LOAD:
break;

case RESUME:

break;
case SETCOMDEBUG:

break;
case SETDEBUG:

break;

case SETSTATS:
break;

case STATISTICS:
break; .

case STATSOFF: .
break;

case SUSPEND:
break;

case TERMINATE:
break;

case VIOLATION:
break;

default:

fprintf (debugf,
"invalid message %d in deallocatorO,

pmsg->Type);
break;

Local Dealloc(pmsg,MESSAGESIZE);
# ifdef DEALLOCDEBUG

fprintf(debugf,"Deallocated MESSAGEO);
# endif

--------------------------------------------------------
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/0 File dump.c: Contains all routines to dump predicate
index, constraint table, and partial constraint tree 0/

*idef CMDEBUG
# undef DUMPDEBUO
#endif

# include "om.h%

extern Print LITERAL Listo;
extern PrintPartial Listo;
extern mnt FindEncodedNfameO);
extern FILE Odebugf;
extern ZMOB PARTIALLISTENTRY Head Zmob PartialList;
extern mnt Constraint Count;
extern mnt Number Predicates;
extern TAG TABLE TagFile Table[];
extern PREDICATE ENTRY *PredicateTable;
extern CONSTRAINT ENTRY :Constraint-Table;

I,---------------------------------------------------------/

Dump NdList(tree node)

PARTIAL TRZENODE *tree-node;-

fprintf(debugf," Dumping a Node ListO);
if (tree node z= NULL) then

fprintf(debugf,"Node list is NULLO);C7

else

while (tree node I= NULL)

fprintf (debugf,
"Node =%d"vtree node->Node Number);

if (tree node->Parent I= NULL) then-

fprintf(debugf,"parent z%dOp
tree node->Parent->Node Number);

else

fprintt(debugf,"node is rootO);

Print "PartialList(tree node->Partial);

I tree node atree node->Next;

fprintf(debugf," Finished dumping a Node Lista);
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Dump_Query_ List(query_list)

QUERY LIST ENTRY *query list;

tprintf(debugfv"Dumping a query listO);
if (query list can NULL) then

fprintt(debugf," Query list is NULLO);

while (querylist I= NULL)

fprintr(debugfpw Query z%dO9
query list->QueryNumber);

Dump Node List(query list-)NodeList);-
query list a query list->NextQuery;

tprintf(debugt,"Done dumping a query listO);

/----------------------------------------------------------------------/

DumpPartial Tree()

ZMOB-PRILLS-NR § zmob;

fprintf (debugfv
0Oeginning to Dump entire Partial TreeO);

zmob Head Zmob Partial List.NextZmob;
if (zmob unNULLY then

fprintf(debugf,"NO zmobs in partial treeO);

else
f

while (zmob I= NULL)

fprintf(debugf," Zmob =%dO,zmob->Zmob);
Dump_QueryList(zmob->QueryList);
zmob z zmob->Next_Zmob;

fprintf(debugf,"Oone dumping entire Partial TreeO);

/----------------------------------------------------------------------/

DumpConstraint TableC)
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fprintf (debugt,
"OStarting to dump Constraint TableO);

for (i 0 ;i < ConstraintCount; i....)

fprintt(debugf,"Constraint Number: %dOvi+1);
Print LITERAL Liqt(Constraint Table~ll);
fprintt(debugf,"O);

fprintt(debugf,"Finished dumping Constraint TableO);

-------------------------------------------------- a/

Dump Predicate Table()

char *string name;
int i~j;
CONTAINING-CONSTRAINTS *constraint-list; II
fprintf(debugf,"ODumping Predicate TableO);
for (i z 0; i < Number Predicates; i++.)

j = Find Encoded Name(Predicate 'Table~iJ.Name,

T ag File Table);string name z Tag File TableijJ .Name;
fprintf (debugf,"

Predicate Number z %d,name = %sO,
Predicate -Table~iI. Name,string name);

constraint list z Predicate Table~iI.Constraint List;
fprintf(debiugf,

"Constraints containing predicate are:0);
while (constraint list Ix NULL)

f print? (debugf,
"%dO,constraint -list->Constraint Id);

contrant-istconstraint list->Next Constraint;

/V -------------------------------------------------------- 6..
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/0 Fil . vlon a Thsfl otis h otnst

evaluate~~' eqalt prdiaesa

einluae eqaltypedcaes.

e*tunde FIE OLCONTDEB

extern BOOLEAN 'Fully Instantiated 0;
extern int Number Of Arguments 0;

/ ---------------------------------------------------------------------- ,

static BOOLEAN compare terms(first term,seoond-term)
TERM *first term;
TERM 'second~term;

mnt

# ifdef LOULEVEL
fprintf(debugf,"Enter compare_termsO);

# endif
switch(first term->Type)

case INTEGER:
if (second term->Type =2INTEGER) then

return(first term->Value.Integer.yalue =

second term->value.Integer.Value);

return(FALSE);
break;

case STRING:-
if (second term->Type 2=STRING) then

return(Non Null StringEqual(
first term->Value.String,

second term->Value.String));

return(FALSE);
break;

default:
return(FALSE);
break;

/C---------------------------------------------------------I
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static BOOLEAN local .valuable(literal)

LITERAL *literal;

return((literal->Location z= BUILT-IN)

&& (NumberOfArguments(literal->ArgList) :22));

/----------------------------------------------------------/

LITERAL 'Evaluate OneLiteral List(literal listpstatus)

LITERAL *literal list;
SUBSUMPTIONANSWER *status;

IL(
BOOLEAN on first literal :TRUE;
LITERAL 'iteral,

stoemp,
'back a NULL;

BOOLE AN answer;

# ifdef EVALCONSTDEBUG
tprintf(debugf,

"Entering Evaluate One LiteralListO);
# itdef LOWLEVEL

Print ILITERAL List( literal list) ;
fprintf(debugF,"O);

# endif'
* endif

*status z OKAY;
literal z literal_list;
while (literal I= NULL)

if (local evaluable~literal)) then

# ifdet' LOWLEVEL
fprintf(debugt,"literal is evaluableO);

# endif
answer z compare terms(literal->ArgList,

Titeral_>ArgList->Next Term);
if (answer) then

# ifdef LOWLEVEL
tprintt (de bugf',

"evaluation succeedatO);
I endif

if (on first literal) then
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literal list sliteral->Next Literal;

else

baok->Next Literal
literal->Next Literal;

temp a literal;
literal = literal->Next Literal;
temp->Next Literal z NULL;
DeallocLITERAL(temp);

else /0 fails, so cannot be violated v/

# ifdef EVALCONSTDEBUG
fprintf(debugf," evaluation faileda);
fprintf (debugf,

" returning status NOVIOL POSO);
# endif

*status = NO VIOLATION POSSIBLE;
Dealloc LITERALList(literal list);
returnCNULL);

else /0 just check next literal 0/

back z literal;
literal =literal-)Next Literal;
on first literal z FALSEF;

if (literal list xz NULL) then

# ifdef EVALCONSTDEBUG
fprintf(debugf," returning status FULLO);

# endif
4i *status z FULL;/* if all prods deleted by eval:FULLO/

return(literal list);

/----------------------------------------------------------------------/

SUBSUMPTION ANSWER Evaluate Nodes Partial Lis t(tree node)

PARTIAL TREE NODE *tree node;

NODE PARTIAL LIST ENTRY lback,
*partial,
Oteap;

BOOLEAN on first partial z TRUE;
LITERAL smodified constraint;
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SUBSUMPTION ANSWER one constraint status,
node status OKY

* if def EVALCONSTDEBUG
fprintf (do bugf,

"Enter Evaluate Nodes Partial LiatO);
* endif

back a NULL;
partial ztree node->Partial;
while (partial-I= NULL)

partial->Constraint
EvaluateOneLiteral List(partial->Constraint,

&one~onstrint satus)
switchn (onerin sontrantstaus

swth(n ostan tts
case NO VIOLATIONPOSSIBLE:

if Ton first 'partial) then

tree node->Partial S
partial->Next Parti al;

else

back->NextPartial
partial->Next-Parti al;

temp z partial;
partial z partial->NextPartial;
temp->Next Partial = NULL;
Dealloc -NODE PARTIALLIST ENTRY List(temp);
break;

case FULL:
node status =FULL;
retur7n(node statu s);

case PARTIAL:
case OKAY:

back z partial;
partial z partial->Next Partial;
on first partial z FALSE;
break;

default:
fprintf(debugf,
"Unknown status in Eval Nodes Part ListO);
break; --

/0I end while 5
if (tree node->Partial zz NULL) then

node status m NO VIOLATION POSSIBLE;

# ifdef EVALCONSTDEBUG
fprintf (do bugf,
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"Exit EvaluateNodesPartialListO); "-
# enditf

raturn(node status);
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/0 Reads in the C14's database, Sets up the string table,
predicate index and constraint table 0/

#ifdet CMDEBUG
# undet INITSDEBUG
#endif

# include "cm.hw

extern FILE 'debugf;
extern mnt NumberPredicates;
extern mnt ConstraintCount;
extern PREDICATE ENTRY *Predicate Table;
extern CONSTRAINTENTRY 'Constraint Table;
extern LITERAL *Convert Literal Listo;
exter Convert 1DB.Stringgs0;
extern char 'Read String Tableo;
extern PREDICATE ENTRY 'Alloc PREDICATEENTRYo;
extern CONTAININGCONSTRAINTS

eAlloc CONTAINING CONSTRAINTSI;
extern CONSTRAINT ENTRY 'Alloc CONSTRAINT ENTRY();

/----------------------------------------------------------------------/

static setup_cm_strings(literal list,string_table)
LITERAL *literal list;
char 'string table;

LITERAL *literal;

# ifdef INITSDEBUG
fprintf(debugf,"Setting up CM stringsO);

# endif
for (literal a literallist;literal I= NULL;

literal = literal->Next Literal)

Convert IDBStrings(literal->Arg _List,string_table);

# ifdef INITSDEBUG
fprintf(debugf,"Finished setting up CM stringsO);

# endif

/0-----------------------------------------------------------------------/

static LITERAL 'read constraint entry(cmfilestring table)
FILE 'cmfile;
char 'string table;

f
LITERAL 'literalpointer; .
int length = 0;
char input-buffer[ LOCALBUFFERSIZE];
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char Stemp-ptr;

# itdef INITSDEBUG
tprintt(debugt," Enter read constraint entryO);

# endit
length z Read -Two Bytes(em file);
length =Read Two Eytes(em tile);

# itdet INITSDEBUG
tprintt (debugt,

"Length, constraint before Convert Lit
%dO,lenght);

# endit
input-butter(O] z HighByte(length);
input bufterti] zLow Byte(length);
freadT&(input buffer[(21),sizeof(ohar),lengthgcm file);
temp ptr = input butter;
literal pointer z Convert Literal List(&1ength,&temp pt r

TRUE);
set_up cm stri ngs(literal pointertstring table);
returnTliteral pointer);

/0---------------------------------------------- ------------------------------------ /

static read index entry(predloate entrygcm tilevstring table)

/0 reads in on,, predicate name, and constaining constraints.
Sets up the index entry tor this prediate V/

PREDICATE-ENTRY 'predicate~entry;
FILE Gcm-tile;
char 'string table;

int constraint_count;
int
CONTAINING CONSTRAINTS surrogate node;
CONTAININGCONSTRAINTS *constraint;

# itdet INITSDEBUG
tprintt(debugt,"Reading an index entryO);

# endit
constraint = &surrogate node;

* predicate~entry->Name a Read Two Bytes(cm tile);
constraint count aRead Two Bytes(cm tileT;
for (i z 0; i < constraint count; i1e7)

constraint->NextConstrainta
Alloc CONTAINING CONSTRAINTS 0;

constraint z constraint->Next Constraint;
constraint->Conatraint-ld a Re;ad Two Bytes (cm tile);

* constraint->Next Constraint z NULL;
predicate entry->Constraint List

surrogate node.Next Constraint;
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# ifdef INITSDEBUG
fprintf(debugf,"Finished reading one pred entryO);

# endif

/5--------------------------------------------------------- --------- /

Read ConstraintFile(cm tile)
FILE *am file;

char *string table;

# ifdef INITSDEBUG
fprintf(debugf, "Enter Read Constraint FileO);

# endif
string-table =Read StringTable(cm file);
NumberPredicates a Read Two Bytes(cEm file);
PredicateTablej AllooPREDICATE ENTRY(Number Predicates);
for (i = 0; i < NumberPredicates; i++~e)

read index entry(&(Predicate Table~iJ),cm tile,
string table);

# if def INITSDEBUG
fprintf (debugf,

"Predicate Index read from CM FileO);
fprintf(debugfv"Oeginning to read constz'aintsO);

/0 enow to read in the constraint table '
Constraint Count x Read Two Bytes(cm_tile);S # ifdef INITNDEBUG- -

fprintt (debugf,
"Constraint Count =%dO,Constraint Count);

# endif
Constraint Table

FAlloc_-CONSTRAINT ENTRY CConstraint Count);
for (i = 0; i < Constraint Count; i++..)

Constraint Table~i].Literal List
read constraint ent ry(cu file,

string table);
ConstraintTable~iJ.CheclcedFlag =FALSE;

# ifdef INITSDEBUG
fprintf(debugf,

"Finished reading constraint tableO);
# endit

/ ------------------------------------------- ------------------- /
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/* File input.c: Contains processes an input zuob message
and creates a message. Calls routine to process the
message,*3

*ifdef CMDEBUG
# define INPUTDEBUG
# define ALLOCDEBUG
*endif

# include "cm.h"

extern PORTID Receive-Port;
extern ZMOB MACHINE Myself;

e xtern FILE- Odebugf;
extern BOOLEAN ComdebugEnabled;
extern BOOLEAN Debug_Enabled;
extern BOOLEAN Suspended;
extern ZMOB MESSAGE *ReadPRISMMessage();
extern MESSAGETYPE MessageTyp-eo;
/* extern ZMOB_-MESSAGE *Get PRISM_Messageo; for 4.2 0/
extern MESSAGE OAlloc MESSAGEO;
extern MESSAGE *Convert Eraseall();
extern MESSAGE *Convert EraseC);
extern MESSAGE *ConvertAskdumpo);
extern MESSAGE *Convert GetstatisticsO);
extern MESSAGE *Convert Loa do;
extern MESSAGE 'Mk omebgMessageoC;
extern MESSAGE gConvert Che ck Constrainto;

/0---------------------------------------------------------------------

Process Msg( zmsg)
ZMOB MESSA[GE 1z_*sg;

MESSAGE *msg;
MESSAGE ID control-numbe r;

# ifdef INPUTDEBUG
fprintf (debugf,

"Process Input Message, Type= %dO,
Message Type(z msg));

# endif
if (z-Msg::NULL) then

return;

switch(MessageType(z msg))

case ASKDUMP:
rnsg x Convert Askdump(z msg); L
A skd umnp(msg)
Dealloc-MESSAGE(msg);
break;
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case CHECKCONST:
mag aConvertCheckConstraint(z ass);
msg->Message.Checkconst.Sender =Source(z msg);
/0 should be in convert routine 0/
Checkconst~msg);
Dealloc-t4ESSAGE(msg);
break;

case COI4DEBUGOFF:
ComdebugEnabled = FALSE;
break;

case DEBUGOFF:
DebugEnabled = FALSE;
break;

case ERASE:
ass = ConvertErase(Z mag);
Erase (ass)
Dealloc MESSAGE~mss);
break;

case GETSTATISTICS: *..
msg = Convert -Getstatistics~z asg);
Getstat(Msg);
DeallocMESSAGE (asg);
break;

case LOAD:
mag xConvertLoad(z ass);
Load(msg) ;
Dealloc MESSAGE~mss);
break;

case SETCOMDEBUG:
ComdebugEnabled x TRUE;-
break; S

case SETDEBUG:
Debug_Enabled =TRUE;
break;

case SETSTATS:
break;

case STATSOFF:
break;

case TERMINATE:
TerminateoC;
break;

default:
fprintf(debugf,

"Unknown message type %dO,
MessageType(z ass));

break;

* ifdef INPUTDEBUG
fprintf(debugf,"Exiting ProcessMsgO);

* endif

/9----------------------------------------------------- --------------- /..
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/0 The following routine removed due to 41.2

Input InterruptHandler()

ZMOBMESSAGE 'z msg;

while (ipogetsignal(NORMALMSG) Ix 0)

# itdet ALLOCDEBUG
fprintf(debugf,"Enter Interrupt Handler LoopO);

# endif
z msg z GetPRISMMessage(fleceive Port);
iF ((z mug =:z NULL) 11 ((int)z msg) < 0)) then

fprintf(debugf,"CM~d Bad Input MessageO,
Mys elf);

else

Process Msg(z msg);
Dealloc ZMOB MESSAGE(z msg);

ipcdismisssignal(NORMALMSG);
# ifdet ALLOCDEBUG

fprintf(debugf,"Exit Interrupt Handler LoopO);
# endit

It---------------------------------------------------------/



/0 File output.c: Contains routine to create a ZMOB message
from a message. Then sends it over the belt to the -

destination or writes it to a file. The BOOLEAN
UsingBelt determines which.

# include "cm.h"

# ifdef CMDEBUG
# define OUTPUTDEBUG
# endif

extern BOOLEAN Using_ Belt;
extern BOOLEAN Comdebug Enable d;
extern PORT ID Transmit-Port;
extern FILE- 'debugf;
extern FILE *Output_File;
extern ZMOB MACHINE Myself;
/0 extern mnt Send PRISM Messageo;removed due to 4.20/
extern MESSAGE VMake CEomdebug Messageo;
extern MESSAGE 'Alloo MESSAGEDO;
extern ZMOB MESSAGE *Crest;_Comdebugo;
extern ZMOB MESSAGE OCreate Debugo);
extern ZMOB MESSAGE *CreateDumpC);
extern ZMOB MESSAGE *Create Erased();
extern ZMOB MESSAGE *CreateErroro;
extern ZMOB MESSAGE *CreateStatistio;
extern ZMOB MESSAGE 'Create Violationo;

/----------------------------------------------------------------------/

ZMOB MESSAGE #Make Output Message(Msg)
MESSAGE 'msg;

ZMOB MESSAGE Oz msg;

# ifdef OUTPUTDEBUG ,

fprintf(debugf,"Creating ZMOB message: type %dO,
msg->Type);

# endif
switch (msg->Type)

case COMDEBUG:
z mag = Create Comdebug~msg);

*z-msg->controlword.controlregister =(int)

SINGLE PATTERN;
z msg->coratrolword.destination =HOST PATTERN; %..

break;
case DEBUG:

Z msg x CreateDebug(msg);
z msg->controlword.controlregister z(int)

SINGLE PATTERN;
z msg->oontrolword.destinat.4on =HOSTPATTERN;
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break;
case ERASED:

z -msg =Create Erased(mnsg);
z *sg->aontrol;Word.control register (int)

SINGLE ADDRESS;
z msg->controlword.destination

msg->Message.Erased.Sender;
break;

case ERROR:
z msg =Create Error(.sg);
z msg->controlwiord.control_register z (int)

SINGLE ADDRESS;
z-msg->controlword.destination

msg->Message.AnswerList.Sender;
break;

case STATISTICS:
z msg = Create Statistics(msg);
z-Msg->controlwiord.control register = Cnt)

SINGLE IPATTERN; i.
z mag->controlword.destination HOST PATTERN;
break;

case VIOLATION:
z msg =Create Violation(msg);
z msg->controlword.control-register =(int)

SINGLE-ADDRESS; I
z-msg->controlword.destination z

msg->Message.Violation.Sender;
break;

default:
fprintf(debugf,"Unknown Output Message %dO,

returnCNULL); ts-Tp)
break;

z msg->controlword.source =Myself;

0 iFdef OUTPUTDEBUG
fprintf(debugf,"ZMOB message creation doneO);

# endif
return(z msg);

I.---------------------------------------------------------'

Output Message~out Nag)
MES§SAGE *out msg;

MESSAGE tcomdebugjasg;
ZMOB MESSAGE *out z uag;
ZMOB MESSAGE loomde-bug z mg;
int status;
int comdebug status; L-

# ifdef OUTPUTDEBUG
fprintf(debugf,"Entering Output Messageo);

* 113



# endif
out z amug uMakeOutputMessage~out msg);
if Tout zuasg zzNULL) then

return;

if (Using_ Belt) then

# ifdef OUTPUTDEBUO
fprintf(debugf,"Sending Output MessageO);

# *ndif
/a Disable Interruptso); removed due to 4.2

status -7SendPRISM Message~outzmgTransmitPort);

EnableInterrupts(); for 4.2 1
# ifdef OUTPUTDEBUG

fprintf (debugf,
"Sent Output Message to port: status %dO,

* endifstatus);

I'----------------------------------------------------------/
I' if (status =z O)then

fprintf(debugf
"CM~d send to port %d timed outO,

MyselftTransmit Port) ;

else if (status ==-1)then

AbortCTRUE);

else

Write PRISMMessage(Output_File,out_z mag);

Dealloc ZMOB MESSAGE(out z asg)
# ifdef OUTPUTFEBUG--

fprintf(debugf,"Sent Output Me3sageO);
# endif

I'----------------------------------------------------------/
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/0 File partials-o: Contains all routines to manipulate the
tree of partial constraints. 0/

Widef CNDEBUG
# undet PARTIALSDEBUG
* undet LOWLEVEL
#endif

#include "cm.h"

extern FILE 'debugf;
extern ZMOB PARTIAL LIST ENTRY Head Zuob Partial List;
extern ZMOB PARTIAL LIST ENTRY ZO ATA ITETY0

extern QUERY LIST ENTRY 'Alloc Q&UERY LIST ENTRY 0;
extern PARTIAL TREE NODE *Alloo0PARTILTRE .N0DEO;
extern Dealloo PARTIAL TREE NODE 0;
*idef LOWLEVEL

extern Print-LITERAL-List();
*endit

/3-----------------------------------------------------------------------/

Remove Part ial From Nodes Partial List(partialtnode)

NODE PARTIAL LIST ENTRY *partial;
PARTIAL TREE NODE- *node;

NODE PARTIALLISTENTRY *back =NULL,
*taemp;

# ifdet PARTIALSDEBUG
fprintf (debugf,
"Enter Remove Partial From Nodes Partial ListO);

# endif
if (node->Partial partial) then

node->Partial partial->Next Partial;

else

temp z node->Partial;
while ((temp I= NULL) &&(temp 1= partial))

back z temp;
temp =temp->Next Partial;

back->Next Partial z partial->Next-Par tial;
partial->Nixt Partial =NULL;

Dealloc NODE PARTIAL LIST ENTRY List( partial) ;

/3---------------------------------------------------------------------/
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static insert node-in-index(nodenumvquerynodegnodeptr)

CLAUJSE INAME node nuN;
QUERY LIST ENTRY OquerFy node;
PARTIAL TREENODE *node ptr;

query node->NodeIndex~node num % MAXNODEENTRIES]
node ptr;

I,--------------------------------------------------------- V/

static clear-index (query node)

QUERY LIST ENTRY 'query node;

int

for (i 0; i < MAX NODE ENTRIES;
query node->Node Index~i++] M ULL);

I'--------------------------------- ---------------- a/

static PARTIALTREE NODE fcreate partial-tree-nodeC
query node_ptr,

new node-nuN)

QUERY LIST ENTRY "Oquery node ptr;
CLAUSE NAME new node~num;

PARTIAL TREENODE #tamp;

# ifdef LOWLEVEL
fprintf(debugf,"Enter create~partial~tree-nodeO);

# endif
temp z Alloc PARTIAL TREENODE0
temp->PartiaY NULL; O
temp->Parent *NULL; /0 10 Aug 0/
temp->Node -Number z new-node num;
tamp->Next x (*query nodep ptr:)->Node List;
('query node ptr)->Node List *temp;
insert node in index(nei node -p~urynde_ptrptemp);
returnTtempT; -- , yn

/0----------------------------------------------------------,

static create zmob en try(zmobgzmob_ptr)

ZMOB MACHINE zmob;
ZMOB PARTIAL LIST ENTRY "lzmobptr;
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ZMOB PARTIAL LIST ENTRY *tamp;

# ifdef LOWLEVEL
fprintt(debugt," Entering create zmob~entryO);

# *ndif
temp = Alibe ZMOB PARTIAL LIST ENTRYC);
tamp->Zmob u zmob;
temp->Query_List =NULL;
temp->Next Zmob 2Head Zmob Partial ILiut.NextZmob;
HeadZuob PartialList.NextZmob atemp;
fzmobEptr 2temp;

static create query node entry(query,query node przoptr)

MESSAGE ID query;
QUERY LIST ENTRY "Oquery node ptr;
ZMOBPARTIALLIST ENTRY "Ozmobptr;

QUERYLIST ENTRY *tamp;

# ifdef LOWLEVEL
tprintt (debugf,

Entering create query node entryO);
# endif

temp 2Alloc QUERY LIST ENTRYO;
temp->NodeList z NULL;
temp->QueryNumber = query;
temp->Next Query x (Ozmob ptr)->QueryList;
(*zmob_ptrl->Query List tamp;
*query node ptr z tamp;
clear Index~temp);

/----------------------------------------------------------------------/

PARTIALTREE NODE *Create New Partial Tree(zmob,query,
new-node-num,
zmob_ptr,
query node ptr)

ZMOE MACHINE zmob;
MESSAGE ID query;
CLAUSE NAME new node~num;
ZMOB PARTIAL LIST ENTRY 40zmob ptr;
QUERYLIST ENTRY "lquery node ptr;

PARTIAL TREE NODE 4tree node;

# ifdet PARTIALSDEBUG
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tprintf(debugt," Enter CreateNewPartial-TreeO);
* endif

if ('zmob-ptr ==NULL) then

areae-zobentry(zmobvzmobptr);

if (Oquery node ptr ccNULL) then

create_query node entry(query,query_node ptr,
zmob ptr);

tree node create_partial tree node~query node ptr,
new node num);

return(tree node);

I'---------------------------------------------------------I

PARTIAL TREE NODE *Create-Child-Of-Parent(parentp
new~node-num,query~node)

PARTIAL TREE NODE *parent;
CLAUSE NAME new node num;
QUERYLISTENTRY 'query node;

PARTIAL TREENODE 'temp;

# itdet PARTIALSDEBUG
tprintf(debugf," Enter CreateChildOf Parent 0);

* endif
temp = AllocPARTIAL TREE NODE();
temp->Next query_nod->Node List;
query node->Node List temp;_
temp->Partial = NULL;
temp->Parent parent; I' 10 Aug 0/
temp->NodeNumber c new node_num;
insert node in index(new node num,query_node,temp);
return( tempT;

I---------------------------------------------------------

static BOOLEAN find_parent(parent,parent ptr,query node)

CLAUSENAME parent;
PARTIAL TREE NODE "parent ptr;
QUERY LIST ENTRY 'query node;

PARTIAL TREE NODE *node-list;
BOOLEAN parent-found FALSE;

node list aquery node->Node Index~parent];
if (node list zzNULL) then return(FALSE);
if (node list-> Node Number ccparent) then
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parent found zTRUE;
'parent ptr node list;

# ifdef PARTIALSDEBUG
fprintf(debugf,

"Found parent %d in indexO,
node list->Node Number);

# ifdef LOWLEVEL
Print PartialList(node list->Partial);

* endif
* . endif

3 else

# ifdef PARTIALSDEBUG
fprintf(debugf,"Searching for parent nodeO);

# endif
node Ilist =query node->NodeList;
while ((parent found) && (node list I= NULL))

if (node list->Node Number ==parent) then

# ifdef PARTIALSDEBUG
fprintf(debugfo

# endif"Parent found in searchO);

parent-found =TRUE;
'parent_ptr =node list;

else

node-list =node-list->N ext;

return(parent found);

I,---------------------------------------------------------I

BOOLEAN FindQuery NMode(query,query_node_ptr,zmob)

MESSAGE ID query;
QUERYLIST ENTRY "Oquery node ptr;
ZMOBPARTIAL LIST ENTRY *zmob;

QUERY LIST ENTRY *temp;
BOOLEAN query found =FALSE;

# ifdef PARTIALSDEBUG
fprintf(debugf," Enter Find Query_ NodeO);

* endif
temp *zmob->QueryList;

119



while ((Iquery found) && (temp 1= NULL))p

if (temp->Query Number a=query) then

q uery found =TRUE;*query node_ptr z temp;

temp z temp->NextQuery;

return(query round);

I.---------------------------------------------------------C

BOOLEAN Find Zmob(zmobpzmob ptr)

ZMOB MACHINE zmob;
ZMOB PARTIAL LIST ENTRY **zmob ptr;

ZMOB PARTIAL LIST ENTRY ftemp;
BOOLEAN zmob found =FALSE;

# itdef LOWLEVEL
fprintf(debugf," Enter FindZmobO);

# endit
temp =Head Zmob Partial List.NextZmob;
while ((temp I= NULL) &&-(tzmob-found))

if (temp->Zmob =a zmob) then

zmob found =TRUE;
Ozmobptr =temp;

else

temp =temp->NextZmob;

return(zmob found);

/----------------------------------------------------------------------/

BOOLEAN Find ParentIn Tree(zmobtquery,parent,zmobptr,
query node ptr,

parent ptr)

ZMOB MACHINE zmob;
MESSAGE ID query;
CLAUSE NAME parent;
ZMOB PARTIAL LIST ENTRY N"zmob-ptr;
QUERY LIST ENTRY *#query node ptr;

1 20



PARTIAL TREE NODE "fparent ptr;

BOOLEAN found;

* ifdef PARTIALSDEBUG
fprintf(debugf," Enter Find Parent InTreeO);

# endit
fzuob-ptr 2 NULL;
'query node ptr z NULL;
'parent_ptr = NULL;
found =Find Zmob(zmobvzmob ptr);
if (found) thgen

found aFindQuery_ Node(query,query node ,ptr,
'zmobptr);

if (round) then

round z find parent(parent,parent ptr,
'query_node_ptr);

# itdef PARTIALSDEBUG
if (found) then

fprintf(debugf,
"Parent node found in Find-ParentO);

else

rprintt(debugf,
"Parent node NOT found: FindParentO);

# endir
return(found);

I,---------------------------------------------------------,

AddPartialConstraint To Node(node,partial list)

/0 add list to front of existing list v/

PARTIAL TREE NODE 'node;

NODE PANTIAL LIST ENTRY *partial list;

NODE PARTIAL LIST ENTRY Otemp,
*end;

* * ifdet PARTIALSDEBUG
fprintf (debugf, .
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"Enter Add PartialConstraint ToNodea);
# endit

if (partial list 12 NULL) then

end a partial list;
while (end->Next Partial I= NULL)

end z end->NextPartial;

end->NextPartial = node->Partial;
node->Partfial 2 partial_list;

# ifdef PARTIALSDEBUG
# ifdef LOULEVEL

PrintPartial List(node->Partial);
# endif
# endif

/*----------------------------------------------------------'

Replace_Partial_ByPartialList(oldpartial,new_partial,
tree node)

NODE PARTIALLISTENTRY 'old-partial,
'new partial;

PARTIALTREENODE *tree node;

NODEPARTAL LST ETRY'end new partial,
NODEPARTALLST ETRY*predecessor;

# ifdef PARTIALSDEBUG
fprintf (debugf,

"Enter Replace Partial_By_Partial ListO);
4 endif

end new partial = new_partial;
whife (end new_partial->NextPartial I= NULL)

end newpatl =ednew partial->NextPartial;
_pril=ed

if (tree node->Partial 2=old partial) then

tree node->Partial =new partial;
end new_partial->Next Partial=

old pata->NextPartial;_prta

else

predecessor tree node->Partial;
while (predecessor->Next Partial I= old partial)

predecessor =predecessor->Next Partial;
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predecessor->Next Partial =new partial;
end new partial->Next Partial z

old partial->NextPartial;

old partial->Next Partial = NULL; /

Dealloc NODE PARTIALLISTENTRY List~old partial);

I'------------------------------------ ----------- /

RemoveNodeFrom PartialTree(nodepquery)

PARTIALTREE NODE *node;
QUERY LISTENTRY *query;

CLAUSE NAME node_num;
PARTIALTREE NODE 't em p;

# ifdef PARTIALSDEBUG
fprintf (debug?,

"Enter Remove NodeFromPartialTreeO);
# endif

node num =node->Node Number;
query->Node index~nodeg num] NULL;
if (query->Node_List =2node) then

query->Node List =query->NodeList->Next; -

else

temp =query->Node_List;
while (temp->Next In node)

temp =temp->Next;

temp->Next node->Next;

node->Next z NULL;
DeallocPARTIALTREENODE(node);

I'-------------------------------- -------- ---------- /

Remove Query_From_Query_List~zmobgquery) m
ZMOB PARTIAL LIST ENTRY wzmob;

QUERY LIST ENTRY *query;

QUERY LIST ENTRY *pred query;L

# ifdef PARTIALSDEBUG
fprint? (debug?,

"Enter RemoveQuery_FromQueryLis tO);
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# endif
pred query zzmob->QueryList;
if (prod_Query ==query) then

zmob->Query List =query->Next Query;

else

while (prod query->Next Query I= query)

prod query = prod query->NextQuery;

prod query->NextQuery = query->NextQuery;

query->NextQuery z NULL;

/----------------------------------------------------------------------/

RemoveZmob From Zuob PartialList(zmob) a
/* uses global Headnode 6

ZIOBPARTIAL LIST ENTRY Ozmob;

ZI4OB PARTIAL LIST ENTRY 'prod_zmob;

# itdet PARTIALSDEBUG
fprint? (debug?,
"Enter RemoveZmobFromPartialList entryO);

# endif
prod zmob z Head Zmob Partial List.NextZmob;
if (prod zmob =:zmobT then

Head Zmob Partial List.NextZmob =zmob->NextZmob;

else

while (prod zmob->NextZuob 1= zmob)

* prod zmob = prod zmob->NextZmob;

prod zmob->Next Zmob zmob->Next Zmob;L

zmob->Next Zmob z NULL;

/6-----------------------------------------------------------------------/

Erase ZmobQueryList Ent ry( zmob, query)

/0 only called when zmob and query exist 0/

* ZMOB PARTIALLIST ENTRY fzmob; **

124

v~**. .~.* * *.. .. .. S~S~ .. ,?:::~~±' ~A? ~ - 2 .. *2 .<. .. .~e.2



QUERY LISTENTRY 'query;

# ifdef PARTIALSDEBUG
fprintf (do bugf,

"Enter Erase Zmo b QueryListEntryO);
# *ndif-%w

Remove Query From Query List( zuob, query) ;
DeallocQUERYLIST ENTRi(query);
if (zmob->Query List =: NULL) then

# ifdef PARTIALSDEBUG
fprintf(debugfo

"Zuob's query list is emptyO);
fprintt (do bugfp

"So removing it from Zmob listO);
# endif

Remove ZmobFromZmob Partial List(zmob);
Dealloc ZMOB PARTIAL LISTENTRY(zmob);

I.----------------------------------------------------------1
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/0 File predindex.o: Contains all routines to manipulate
the predicate index. a

*idet CMDEBUG
# define PREDINDEXDEBUG
#endif

#include "cm.h"

extern FILE Odebugf;
extern PREDICATE ENTRY *Predicate Table;
extern CONSTRAIN oENTRY aConstraintpTable;
extern eit NumberPredicates;
extern CONTAINING-CONSTRAINTS

vAllocCONTAININGCONsTRAINTS0;

/-------------------------------------------------------- ----------- /

CONTAINING-CONSTRAINTS EMerge_ContainingConstraints(listl,
list2)

/* add list two to the end of list one 0/

CONTAINING CONSTRAINTS Olisti,-

'list2;

CONTAININGCONSTRAINTS *temp,
*end-,

if (listi as NULL) then

return(list2);

else

temp z listi;
7 end z NULL;

while (temp 1z NULL)

end z temp;
temp z temp->NextConstraint;

end->Next Constraint alist2;
return(listl);

/v0------------ mm--------------------------------------------------------/

static CONTAINING-CONSTRAINTS 'Copy ContainingConstraints(
list)

CONTAINING CONSTRAINTS *list;
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CONTAINING-CONSTRAINTS *tempt
headnode;

temp z &headnode;
while (list 1= NULL)

temp->Next Constraint
Alloc CONTAININGCONSTRAINTS 0;

temp x temp->Next Const raint;
temp->NextConstraint =NULL;
teMP->Constraint IId = list->Constraint Id;
list x list->Next Constraint;

return (headnode .Next Cons traint) ;

/*---------------------------------------------------------------------- a

static CONTAINING-CONSTRAINTS *search predicate table(name)

LITERAL-NAME name;

mnt

for (U 0; i < Number Predicates; i..)

if (Predicate Table~ib.Name an name) then

return(Predicate Table~iJ.Congtraint List);

return(NULL);

/V---------------------------------------------------------------------- a/

CONTAINING-CONSTRAINTS 'Find All Constraints To Check(body)

LITERAL *body;

CONTAINING CONSTRAINTS answer,
*list;

* ifdef PREDINDEXDEBUG
- fprintt (debugf,

* endif"Enter Find All Constraints To Checka);

answer.Next Constraint aNULL;
while (body Iz NULL)

list 3 earch predioate table(body->Name);
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if (list In NULL) then

list aCopy ContainingConstraints(list);
answer.Next Constraint

Merge Containing Constraints (
answer.Next Constraint,

list);

body sbody->Next Literal;

# if dot PREDINDEXDEBUO
if (answer.Next Constraint NULL) then

fprintf (debugf,
"NO constraints found to checkO);

list *answer.Next Constraint;
while (list I= NULL)

fprintf(debugf,"Constraint to check %dO,
list->Constraintl d);

list ulist->NextConstraint;

# endif
return(answer.NextConstraint);
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/0 File startup.c: Contains the command line options
handler. This routine is common to most PRISM programs
and was copied and modified for the Constraint Machine 0/

#ifdef CMDEBUG
# define STARTUPDEBUG
# define VAXDEBUG
#endif

# include "cm.h"

extern FILE 'debugf;
extern ZMOB MACHINE Myself;
extern BOOLEAN Using_ Belt;
extern BOOLEAN OccurCheck;
extern FILE 'Input_File;
extern FILE *OutputFile;
extern PORTID ReceivePort;
extern PORT ID TransmitPort;
extern MESSAGE 'Alloc MESSAGEC);
extern ZMOB MESSAGE *MakeOutput MessageC);

*ifdef VAXDEBUG
extern TAG-TABLE Tag_FileTableE];
extern Dump Constraint TableC);
extern Dump Predicate TableC);

#endif

/0--------------------------------------------------------------------------

static get options(argc,argv)
Lnt arge;
char targv();

int arg num =0;

FILE 0cm file;
BOOLEAN saw F z FALSE;
BOOLEAN saw N = FALSE;

# ifdef VAXDEBUG
FILE 'tag_file x NULL;

# endif

# ifdef STARTUPDEBUG
fprintf(debugf,"CM Getting OptionsO);

# endif
while (++arg num < argo)

if (argv~argnum]O)0 -' then

switch Cargv~arg_num][l])L

I' case 'b':
Using Belt =TRUE;
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Receive-Port
Allocate InputPort (argyt ...earg flu.]) ;

Transmit Port
Allocate Output_Port(argv[e.+arg ful.);

break; removed due tCo 41.2 '

debugf f open(argv[++earg_numj,"v"w);
it (debug? *a MULL) then

debugf a tderr;
tprintt(debugf,
"Could not open %s,assumed terminal debugO,

argv~argnumj);

break;
case ''

cm tile f open(argv[+.argnum],wr");
if (am-file am NULL) then

fprintt(debugf,
"Could not open %sOtargv~arg numB);

Abort(FALSE);

sawF aTRUE;
break;

case i':
Input File a fopen(argv[+.eargnumj,"r");
it (Input File a= NULL) then

tprintt (debug?,
"Cannot open tile %sO,argv~argnumJ);

Abort(FALSE);

# itdet STARTUPDEBUG
else

tprintt (debug?,
"Opened input tile: %sO,argv~arg_num]);

# endit
break;

case 'n':
Myself atoi(argv[++argnumj);b
saw N z TRUE;
break;

oase 'a':
Output File 2 topen(argv[+..argnum],"w"); *...

it (OutEput File amNULL) then

tprintt (debug?,
"Cannot open tile %sOtargvtarg num));

Abort(FALSE);

130



break;
# ifdef VAXDEBUG

case ''
-* tg fie =fopen(argv[e.,arg numj,nr");

if ?ttfag efile =2NULL) then

fprintf(debugf,
"Could not open %sO,argv~argnuml);

Abort(FALSE);

fprintf (debugf,
"Starting to read tag filea);

Read ,Tag File(tag file,TagFileTable);
f ooe(tag-rile)
break;

# endif
default:

fprintf(debugf,
"Unknown Option %cO,argv~arg_numlE 11);

IL break;

else

fprintf (debugf,
"Unknown Argument %sO,argvlarg numJ);

if (1sawlN 11 IsawF) then

fprintf(debugf,
"CM must have an Id AND a Constraint FileO);

fprintf (debugf,
"Usage is: cm -f dl -n id [-d f31 [-i fRI) [-o f5] )

fprintf(debugf,"[-b p1 p210);
Abort(FALSE);

if (sawF)

ReadConstraintFile~om file);
folose(cm file).

# ifdef STARTUPDEBUO
fprintf(debugf,"Options processedO);

# endif

/a-----------------------------------------------------------------------I,*

CM Startup (argo ,argv)
int argo;-
char fargv[];

Init-Debugo;
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Init - eapo;
get optiona(arge~argv);

6 it TUaing_ Belt) then

AttachInterrupts o;
} removed due to 4I.2 6

# ifdef STARTUPDEBUO
fprintf(debugfp"Start Up Initialization DoneO);

# endif
# itdef VAXDEBUG

Dump PredicateTable();
Dump_Constraint -Table();

# endit

I.---------------------------------------------------------I
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/0 File subsump.c: Contains the subsumption algorithm 0/

*ifdef CI4DEBUG
# define SUBSUMPDEBUG
# undef LOWLEVEL

# include "cm.h"

*ifdef SUBSUI4PDEBUG
extern PrintPartial Listo;

#endif
extern FILE Odebugf; -

extern SUBSTITUTION 'Unifiero;
extern LITERAL #Copy LiteralList();
extern LITERAL

#CpjtrlLs n eoeLtrl)
extern LITERAL *RemoveLitEeral From Listo;
extern TERM 'Copy TermListT);
extern NODE PARTIAL LIST ENTRY

GAlloo NODE PARTIAL LIST ENTRYO;
extern SUBSTITUTION 'Alloc SUBSTITUTION NODEO;
extern SUBSUt4PTION NODE 'Alloc SUBSUMPTION NODEO;
static SUBSUMPTION NODE 'queuerMAX QUEUE_SIZE];

Nstatic int Front 0;
satic mnt Back u0;

extern SUBSUMPTION PARTIAL LIST
'Alfoc SUBSUIPTION PARTIAL LISTO;

extern Dealloc SubsumptioniTree();
extern

DeallocSUBSUMPTIONPARTIALLISTList();
extern LITERAL *Evaluate One Literal Listo;

--------------------------------------------

static BOOLEAN add queue(node)

( SUBSUMPTION NODE 'node;

int temp;

# ifdef LOWLEVEL
fprintf(debugf," Entering add queueO);

# endif
if ((temp z((Back + 1) % IIAX QUEUE SIZE)) zz Front)

fprintf(stderr,"Queue overflow on add 0);
return(TRUE);

elseI ( queus[Back] a node;
Back 2tamp;
return(FALSE);

'.~.* % %.. *:*. ***. 2 * ~ .' . -*133. *



I -t

static BOOLEAN empty queue()

if (Back z= Front)
return(TRUE);

else
return(FALSE);

static SUBSUMPTION NODE *removequeue() b -.

(
SUBSUMPTIONNODE 'teup;

# ifdef LOWLEVEL
fprintf(debugf," Entering remove queueO);

# endif
if (empty queue()) then

fprintf(stderr,
"Attempted to remove from empty queueO);

return(NULL);

else

temp queue[Front];
Front z (Front + 1) % MAXQUEUESIZE;
return(temp);

/0- ------------------------------------------------------

NODEPARTIALLISTENTRY 'Subsumption(bodyconstrant,,
subsumptionanswer)

/0 Input two literal lists. Output all partial subsumptions
with all evaluable EQ predicates evaluated. /-

LITERAL 'body;
LITERAL 'constraint;
SUBSUMPTION ANSWER Osubsumption answer;

F-'.. .*I

SUBSUMPTION NODE root;
SUBSUMPTION NODE 'parent, fchild, *last child;
SUBSTITUTION 'mgu_answer;
BOOLEAN unifiable;
BOOLEAN done FALSE;
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BOOLEAN subsumption nodes created FALSE;
TERM *constraint term list,

*bodyterm list;
LITERAL *temp, *i, -j

*partial constraint;
BOOLEAN error flag;
SUBSUMPTION STATUS status, eval status;
SUBSUMPTION PARTIAL LIST answer node list,

'nextI anwer-node;
NODE PARTIAL-LIST-ENTRY partial list, #next partial;

# ifdef SUBSUMPDEBUG
fprintf(debugf,"Entering Subsumption algorithmO);

# endif
Front z Back z 0;
partial list.Next Partial a NULL;
root.Constraint * constraint;
root.Body = body;
root.Child = root.Sib = NULL;
next anwer node a &answer node list;
next-partial = &partial list;
error flag = add queue(&root);
while-( !empty queue())

error flag z ((parent = remove _queueo) NULL);
if (error flag) fprintf(debugf,

"errorflag set in SubsumptionO);
status z CREATINGCHILD;
for (i 2 parent->Constraint; i tz NULL;

i z i->Next Literal)

for (j = parent->Body; J I= NULL;
j = J->NextLiteral)

# ifdef LOWLEVEL
fprintf(debugf,

" Body literal name %d,",J->Name);
fprintf (debugf,

"Constraint literal name= %dO,
i->Name);

# endif
if (i->Name == J->Name) then

# ifdef LOWLEVEL
fprintf (debugf,

"Predicates matchO);
# endif

constraint term list
Copy_Tem _List(i->ArgList);

body term list =

Copy Term List(j->Arg List);
mgu answerzUnifier(constraint term list,

body term list,
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&unifiable) ;

if (unifiable) then A.i:abe)

subsumption nodes created = TRUE;
child z Alloc SUBSUMPTION NODEO;
error flag = add _queue(child);
if (error flag)

fprintf (stderr,
"Full queue add in SubsumpO);

temp - Copy LiteralList And Remove Literal(
parent->ConstraFnt ,i);

Apply Sub List(temp,mguanswer);
child->Constraint x temp;

temp Copy Literal List And Remove Literal(
-arent-5Body,j);

child->Body temp;
child->Sib z child->Child = NULL;
if (status =2 CREATINGCHILD) then

parent->Child = child;
last child =child;

)
else

last ohild->Sib child;
last-child = child;

I F., ..-.

status = CREATING SIB;

else

# ifdef LOWLEVEL
fprintf (debugf,

"Predicates do not matohO);
# endif

/ I0 end for 0/
if (status == CREATING CHILD) then

# ifdef LOWLEVEL
fprintf (debugf,

"Adding parent node to answer listO); .
# endif

next anwer node->Next = .... ,
Alloc SUBSUMPTION PARTIAL LISTO;

next anwer node a next anwer node->Next;
next anwer-node->Next ; NULL;
next-anwer-node->Answer = parent;

/ 0e end while 0/
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/~now answer node list has pointers to all leaf nodes
to return values 0/

if ((answer node list.Next)->Answer ::&root) then

# ifdef SUBSUMPDEBUG
fprintt (debugf,

"NO partial subsuaption occurredO);
# endif

*subsumption answer =OKAY;

else

next anwer node :answer node list.Next;
#subsumptio3n answer z PARTIAL;-

# itdef SUBSUMFDEBUG
fprintt Cd.bugf,

"A PARTIAL Subsumption occurred....O0);
# endif

while ((next anwer node I= NULL) && (0 done))

partial constraint
next anwer node->Answer->Constraint;

next anwer node-7Answer->Constraint = NULL;
if (partial constraint zz NULL) then

f I' e mpty constraint z full subsumption '

# if def SUBSUMPDEBUG
fprintf (debugf,

# endif "PULL subsumption has occurreda);

4subsumption answer =FULL;
done =TRUE;

else I' add constraint to list *

partial constraint
Evaluate One Literal List(

- '5artial constraint,

switch (eval status) &vlsau)

case FULL:
§subsumption answer z FULL;
done z TRUE;
break;

case OKAY:
next partial->NextPartial

Alloc NODE PARTIAL LISTENTRYo;
next-partial z

next partial->Next Par tial;
next partial->NextPartial =NULL;
next partial->Constraint =.
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partial-constraint;
next anwer-node

next anwer node->Next;
break;

case NO VIOLATIONPOSSIBLE:
nextE anwe r nou 2

brek;next anwer node->Next;

case PARTIAL:
fprintf Cdebugf,
"PARTIAL ret by Eval One LitO);
break;

default: Ceuf

"Unknown eval status in SubsumpO);

/0I end while 0/
if ((partial-list.Next Partial 2=NULL) &&

(*-iubsumption answer 1= FULL))
Osubsumption answer z OKAY;

if (subsumption nodes created) then

Dealloc_Subsumption -Tree(root.Child);
DeallocSUBSUI4PTIONPARTIAL LISTList(

answer node list.Next);

# ifdef SUBSUMPDEBUG
fprintf(debugf,"Exiting Subsumption algorithmO);

# itdef LOWLEVEL
fprintf(debugf," Printing partial list ....O0);
Print Partial List(partial l13t.NextPartial);

# endif
# endit

return(partial-list.NextPartial);

/0-----------------------------------------------------------------------/
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