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Chapter 5: SVELDA’s User Interface 99

term gets rewritten an inordinately large number of times and no normal form has
yet been found, the ADT interpreter assumes that rewriting will probably not ter-
minate. In this case the normal form computation stops, and the user is shown

the last several intermediate reduced forms to help in identifying the reason of the

non-termination.

The unify and critical_pairs commands permit access to the primitive op-
erations used by the conditional Knuth-Bendix procedure. The unify command
accepts two terms as arguments, and displays their unification, or indicates that
the two terms cannot be unified. The critical_pairs command displays all the fea-
sible CCPs, if any arise by superposing two rewrite rules given by the user. These

two commands are of experimentation interest.

The sort_of command is used to calculate the sort of a term given by the
user, and to check for its correctness. The sort_of command accepts a term as its
argument, and calculates its sort with respect to the signature of the current spec-
ification. If a sort error is detected by the ADT interpreter, the sort computation

stops, showing the user the position of the error and its kind.

5.2.4 Orienting the Set of Formulas of a Specification

When the user is interested only in the termination of the rewriting system that
can be produced by orienting the set of formulas of the specification, the orient
command can be used for this purpose. The orient command invokes the ordering
module, that causes the validator to order all cufrent formulas into rewrite rules,
using the RPO ordering, without computing any critical pairs. When a formula
cannot be transformed into a rule, the user is prompted to take action on it. The
actions that can be taken are to hand-order the formula or to keep the formula

unoriented. In this latter case the mode of rewriting is automatically set to be
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“permutative”, so the unoriented formulas can be used by the rewriting engine as

permutative rules.

5.2.5 Rewriting in Permutative Mode

When the rewriting system is known not to terminate, the rewriting engine
must be used in the permutative mode. The formulas that cause non-termination
are used as permutative rules. The strategy of rewriting in permutative mode has
been described in §4.5.2. Two commands are available to set and reset the mode
of rewriting. The permut_on command causes the rewriting engine to operate
in permutative mode. The permut_off command will reset the rewriting mode to
normal, so during the rewriting unoriented formulas are ignored. In the permutative
mode, the rewriting can be used at the interpretation or experimentation level, but
not within the completion process. The reduce and normal_form commands can

be used in the two modes of rewriting, depending on the user’s choice.

5.5.6 Terminal Session

Commands in this category control the terminal session. These commands are
independent of the application domain; they do not directly pertain to rewriting,

sort checking, and formal theorem proving capabilities of the SVELDA.

One of these command is the script command that is not part of our system,
but belongs to the UNIX operating system. The script command must be issued
before the svelda command, and causes all terminal input/output to be sent to a

predefined file named typeseript for Ilater viewing.

The trace_on command can be issued by the user in one of the following con-

texts of application.
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When issued during the completion process, the conditional Knuth-Bendix im-

plemetation is capable of displaying many kinds of information, including

The next formula under consideration.

The normal form of that formula.

The rewrite rule that comes from that formula.

The rewrite rules whose right-hand sides are rewritten by the new rule.

- The rewrite rules whose left-hand sides are rewritten by the new rule.
- The rewrite rules that have disappeared as a result of rewriting.

Using the trace.on command, in the context of proving theorems, calculating
normal forms, or sort calculation, all intermediate rewriting or calculated sorts are

displayed to the user. The trace_off command disables all displays.



CHAPTER 6

Summary and Conclusion

6.1 Summary and Contributions

In this thesis, we have introduced LOTOS “data” part concepts. These are
based on the algebraic specification language ACT ONE. Concepts of term rewriting
and conditional term rewriting as well as equational proofs, and conditional proofs,
were introduced in a tutorial manner. We have improved the efficiency of the
conditional Knuth-Bendix procedure introduced by Kaplan. We have designed and
implemented a translator from ACT ONE texts used in a LOTOS specification to
a low level specification language that can be easily interpreted. We have designed
and implemented an ADT interpreter for these low level specifications. Finally,
we have designed and implemented a validator that incorporates the conditional

Knuth-Bendix procedure implementation. These three tools pertain to SVELDA.

SVELDA was designed not only to be used within the LOTOS interpreter,
but also to be used as an experimentation tool. SVELDA consists of three main
modules, the translator, the ADT interpreter, and the validator. The following
tasks can be performed by SVELDA.

- Translating ACT ONE texts existing in a LOTOS specifications into a low-level

data type specification, which is the union of all data types introduced in the
LOTOS specification (translator).

- Testing the confluence and/or the termination of a conditional term rewriting
system that can be produced from a set of conditional equations (validator).
This consists of running the conditional Knuth-Bendix procedure, or running
the ordering procedure.

102
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- Proving equational theorems (validator).

- interpreting expressions constructed from some defined data types {ADT inter-

preter). This is the case when SVELDA is used within the LOTOS interpreter.

- Calculating the sort of individual terms and checking for sort correctness (ADT

interpreter).

In the remaning of this chapter, we will describe the current limitations of

SVELDA, and highlight some ideas for further work.

6.2 Current Limitations and Future Work

The LOTOS interpreter continues to be enhanced, both with new features and
with fine tuning of existing features. We list here some of the improvements that are
under consideration for SVELDA, which is (as mentioned earlier across this thesis)

a part of the LOTOS interpreter.

6.2.1 Conditional Equational Term Rewriting Systems

The correctness of the conditional Knuth-Bendix procedure requires that the
rewriting system terminate at each step of the procedure. This requirement dis-
allows the use of conditional equations sets (we mean here both conditional and
simple équations), that include, for example, useful permutative equation such as

plu.s(z, y) = plus(y, 3)'

To handle this problem in the equational case, Huet [HUE 80b] and Peterson
and Stickel [PET 81] have extended the Knuth-Bendix procedure to operate on
Equational Term Rewriting Systems (ETRS): an ETRS is a rewriting system, to-
gether with a set £ of equations, that are not converted into rules. The completed

rewriting system,‘together with £, provides a decinibn procedure for the equational
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theory of the equations and rules that comprise the ETRS. Huet’s method requires
that all rewrite rules be left-linear (for every rule, each variable appears at most
once on the left-hand side). The Peterson and Sticke!l approach is limited to systems
where € consists only of equations that are both left and right-linear, and where
a finite and complete unification algorithm for £ is known (“£-unification” is the
process of finding a set of maximally general substitutions for the variables of two

terms , that make those two terms equal in the theory of £).

In [JOU 83] the approach of Peterson and Stickel has been generalized by al-
lowing non-linear equation in E. However, [JOU 83] does not propose a particular
completion procedure that incorporates these new results. Neverthless Jouannaud
and Kirchner [JOU 84] simplify, generalize, and extend the [JOU 83| results about
ETRS. They use these new results to prove the correctness of a new completion

procedure that is more powerful and more efficient than the previous methods.

' We conjecture that the conditional Knuth-Bendix procedure described in Chap-
ter 3 and improved in Chapter 4 can be extended to operate on Conditional Equa-
tional Term Rewriting System (CETRS): conditional rewriting systems together

with a set of (non-oriented) conditional equations. But this needs additional inves-

tigations.

6.2.2 Inductionless Induction

The only proofs that can be performed by the validator are the ones that consist
of proving equational theorems. Althought the notion of “equation‘al theory” is
useful in the context of algebraic structures, like groups, it is less useful in the
context of abstract data types, where we deal with inductive theory. Huet [HUE
82| has introduced the notion of inductionless induction, and extended the Knuth-
Bendix completion procedure to prove inductive theorems without the need of the
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induction process. Goguen [GOG 80| has also worked on the same notion to show
how to prove algebraic inductive hypotheses without induction. Their work has
been limited to the framework of the equational case. However E. Paul [PAU 84]
has extended these results to the case of conditional theory. We feel that these
particular results naturally extend to Kaplan’s formalism. Thus the conditional
Knuth-Bendix completion procedure can be improved to incorporate inductive proof

capabilities.

6.2.3 Simplification Ordering

Currently the only simplification ordering used to prove termination of the
rewriting system is the RPO described in [DER 82|, and presented in §3.7.2, which
fails to orient some fomulas that seem to be orientable i.e., plus(plus(z,y),z) =
plus(z, plus(y,z)). However some more powerful orderings have been developed
during the past few years which are extensions of the RPO or are alternative solu-
tions that contain the RPO. As an extension to the RPO, [KAM 84] has developed a
new simplification ordering to deal with the status of the operators, called Recursive
Path Ordering with Status (RPOS). [JOU 82a], has introduced the Recursive De-
composition Ordering (RDO) mechanism as an alternative to the RPO introduced
by Dershowitz, and shown that this ordering is more powerful and contains the
RPO. In Lescanne [LES 84] the result of [JOU 82a] has been extended to deal with
the status of operators producing a new mechanism called Recursive Decomposition
Ordering with Status (RDOS), that is more powerful than RPO, RDO, RPOS and

proven to contain these three orderings.

A promising direction of further work is to incorporate both RPOS, and RDOS
implementations in the ADT interpreter, so that the construction of terminating

rewriting systems can be more effective: more formulas are oriented, and ‘the user
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interaction is reduced. Since the RDOS mechanism is more powerful than the
RPOS, but the RPOS is more efficient than the RDOS. An efficient implementation
of a :nodule that contains these two mechanisms to prove termination is as follows:
given a formula to be oriented we first try to order the formula using the RPOS
mechanism. if the RPOS fails to order the formulas, the RDOS is used for assistance.
In this way, the RDOS is used only when the RPOS is not powerful enough to order

the formula. In this manner the ordering procedure is as efficient as possible.

As mentioned in §4.3.2, the rewriting engine memorizes already reduced terms
to increase rewriting speed. This is a space-consuming approach, but it is the only
alternative that we can use to replace other methods introduced in the literature,

which are difficult if not impossible to efficiently implement in PROLOG,

One of these techniques is the one used in Affirm [MUS 80a]. The idea behind
this technique is to use a hash table that maps operators to buckets of “pointers,”
where each “pointer” points to a rewrite rule in the set. The root operator on the
left-hand side of each rule conclusion serves as the hash key for that rule. When
reducing a term or a subterm t = f(...), the rewriting operation only needs to
try the rules referenced by the bucket associated with f. Rules not &ferenced by
“pointers” in that bucket will not match ¢.

Another method to speed up normal form computations has been developed by
Plaisted [PLA 83]. He suggests associating a hash table with the rewriting system,
where the hash keys are terms, and the values stored in the hash are rewrite rules.
Whenever the normal form 3 of a term ¢, is found, one Qdﬂ the rule with ¢; — ¢,
to the hash table, under the hash key t;. When computing the normal form of a
term 3 first hash t3 and try to match 3 agains't the left-hand side of each rewrite

rule conclusion in the resulting hash bucket. If a match is found, rewrite ts using
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that rewrite rule, and then compute the normal form of the resulting term with
respect to the rewriting system. In this way, several reduction steps can often be

skipped.

These powerfu! ideas are not incorporated in our implementation, due to the
limitations of PROLOG as mentioned earlier. But we suggest that these idea of
increasing the speed of rewriting should be considered in future implementations of
the ADT interpreter, where the language of implementation will have some capa-

bilities to support data structures.

6.2.4 Computing Small Critical Pairs

As discussed in §4.4.4.1, smallest CCPs are more desirable than larger ones. It
is difficult, if not impossible, to determine the size of a CCP in advance (in general).
However, §4.4.4.1 notes that is a good heuristic is to pick a small pair of rewrite
rules with which to compute CCPs. Since CCPs are expensive to compaute, it is
useful to generate only a few CCPs at a time. If these can be ordered into rules,
they mfght be reduced to eliminate larger rules reducing the number and size of

CCPs that must be computed.

The marking scheme in §4.4.4.1 will always use a pair of rules that is one of the
smallest pairs. A drawback though, is that many CCPs may be generated at once.
We can genera.fe fewer CCPs at once if we pick the smallest pair of rules, and only
compute CCPs between those rules before attempting to order CCPs. This scheme

requires more bookkeeping.

Kapur and Sivakumar [KPR 83] have extend this idea further, in the equational
case, by generating critical pairs one at a time. Once the smallest pair of rewrite
rules has been identified, only one critical pair (if any exists) is generated from the
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pair of rules. After handling the critical pair (i.e. by ordering it into a rewrite
rule and normalizing the rewriting system accordingly) if that same pair of rules is
still the smallest pair, the next critical pair between these rules is generated. This
idea can be easily incorporated in our procedure implementation which operates
on conditional equations. But since this approach requires that the rewriting rules
be kept sorted, whif:h is very inefficient to do in PROLOG, we have chosen not
to implement this feature. However we feel that this technique would be of great
utility to expedite the completion process, and we hope that it will be incorporated

in future implementations using more efficient programming languages.
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/* Example A.l This example demonstrates the use of the */

* Conditional Knuth_bendix procedure to compile the */
/* groups set of equation of Figure 3.1. x/
/* It also demonstrates the use of the validator to */
/* prove equational theorems. */
/*========================================== ““““““““““““ */
/*=====?=?==============================================*/
/* The initial set is: */
/* []:—:)P(a'e) === 3. */
/*  []=—=>pla,i(a)) =-= e. */
/* []=-=>p(p(a,b),c) === p{a,p(b,c)). */
/* where : p is the plus operator, */
/* e is the identity operator */
/* i is the negation operator */
/*====================================================== */

*======================================================*

* While we are in the unix environmrent we type script */
/* and after starting-up svelda the execution begins *5

*======================================================*

Script started on Mon Mar 16 03:57:19 1987
{1) prolog svelda_startup

C-Prolog version l.4a

[ Restoring file svelda_startiup )

es

¥ ?- svelda.

Welcome to SVELDA

kAkk Main Menu ****

Help

To start the ADT interpretey

To start the validator
Quit SVELDA

L
T St St g

Choose one of the above commands ==> 3.

**** You are within the validator, Welcome! #*###
Enter a command (or helpv, or quit) ==> trace_on.
Enter a command (or helpv, or quit) ==> readf(alg).
Ehtet a command (or helpv, or quit) ==> ckb.

GIVEN Rl:[])==-=>p(a,e)==>a

‘GIVEN R2:[]===>p(a,i(a))==>e

*+** Thig formulas is not orderable under rpo *#*#*#
GIVEN R2:[]==-=>p(p(a,b).c)==>p(a,p(b,c))

Pleage take one of the following actions
1. Postpone the formula for the time being
2. Accept the formula as a rewrite rule in the direction shown



3. Accept the formula as a rewrlte rule in the reverse direction
4. Interrupt the conditional Knuth_Bendix

f: 2. '
R3:[}=-=>p(p(a,b),c)==>p(a,p(b,c))
FROM R3,R1
R4:[]=—=>p(a,p(e,c))==>p{a,c)
FROM R3,R2
R5:[]=-=>p(a,p(b,i(p(a,b))))==>e
FRCM R3,R2
R6:[]=—=>p(a,p(i(a),c))==>ple,c)
FROM R4,R2
R?:[]=-=>p(a,i(e))==>a
FROM R6,R6
R8:[]=-=>p(e,p(i(i(a)),e))==>p(a,c)
FROM R6,RS
R9:[]=-=>p(e,p(b,i(p(i(a}),b))))==>a
FROM R6,R2

R10:[]=-=>p(e,i(i(a)))==>a
REWRITE RULE : R6 FOR LEFT SIDE
FRCM R9,R1
Rll:[]=—=>p(e,a)==>a

FROM R9,R2
R1l2:[]==-=>i(i(a))==>a

R10 DISTRUCTED .

R4 DISTRUCTED

R8 DISTRUCTED

FROM R9
R13:[]=-=>p(b,i(p(i(a),b)))==>a
FROM R1l1l,R7

Rl4:[ ]===>i(e)==>e

R7 DISTRUCTED

FROM R6,R12

R15: [l“-—>P(1(a).P(a:c))—=>c
FROM R2,R12
R16=[l=-=>p(i(a).a)==>e

FROM R15,R13
R17:[)=-=>i(p(i(a),b))==>p(i(b}.a)
'FROM R15,RS

R18:{ ]==-=>p(b,i(p(a,b)))==>i(a)
RS DISTRUCTED

R13 DISTRUCTED
_ FROM R17,R1S

~ R19:[]===>p(i(p(a,c)),a)==>i(c)
FROM R17,R12
RZO:[]=-=>i(p(a.b))==>p(i(b),i(a))
R19 DISTRUCTED
R17 DISTRUCTED
R18 DISTRUCTED

Stop with Success.

Here the Complete and Consistent System.

14 : []=~=>i(e) === @
16 : []===>p(i(A),A) === e
1S : []=-->p(1(A).p(A C)) === C
12 : []===>i(i(A)) === A
11 : [)===>p(e,A) === A
]=- =>p(A,p(1(A),C)) sz

6 ¢ [



=—=>p(A'e) ===

===>p(A,i(A)) =-=
=-=>p(p(A,B),C) === P(A,p(B,C))
]=-=>i(p(A,B)) =-= p(i(B),i(A))

e

N =

0

Enter a command (or helpv, or quit) ==> prove(i(p(i(x).,i(y)))=-=p(y,i(p(i(x),

Equation being proved is:
i(pli(x),i(y)))=-=p(Y.i(p(i(x).,e)))
left side being reduced:
i(p(i(x),i(y))) .
--R20--> p(i{i(y)),i(1(x)}))
==R12=--> p(y,i(i(x}))
=-=R12==> p(y,x).

right side being reduced:
P(Y:i(P(i(x)re)}) .
--R20--> p(y,p(i(e},1(1(x)}))
--R14--> p(y,p(e,i(i(x))))
=-Rl==> p(y,i(i(x)))
——Rl2==> p(Y'X) .

Finally the equation is true in the theory
Enter a command (or helpv, or quit) ==> quit.
Back to Main Menu

k%% Main Menu **&*

Help

To start the ADT interpreter

)
)
) To start the validator
} Quit SVELDA

1.
24
3.
4.
Choose one of the above commands ==> 4.
Bye Bye !!

as
?= halt.

E ?rolog execution halted ]
3] D
script done on Mon Mar 16 03:59:24 1987



/* Example A.2 : This example demonstretes the use */

/* of the conditional Knuth Bendix procedure to */
/* compile the set of equations for lits. */
/*==================================================*/
* ======================================"‘—'=======‘====*/
/* The initial input to the procedure is as follows */
/* x/
/* [] =-=> app(null,a) =-= a. */
/* []1 =-=> app(cons(a,b),c) =—= cons(a,app({a,b)). */
/* []1 ===> rev(null) === null. *
/* [] ===> rev(cons(a,b)) =-= app(rev{b),cons(a,null)).
/* [] ==-=> rev(rev(b)) =-= b. *
/*====================“-——* —“"~"===================*/
/*==================================================*
/* While in unix environment we type script then */
/* we start_up svelda and begin the completion */
/* process. */
/*=========='_"=======================================*/

Script started on Mon Mar 16 04:15:50 1987
[1) prolog svelda_startup

C-Prolog version l.4da

[ Restoring file svelda_startup ]

es
?— svelda.

Welcome to SVELDA

kikkk Main Meny *hin

Help

To start the ADT interpreter

To start the validator
Quit SVELDA

oW -
¢ s e
N S Yt

Choose one of the above commands ==> 3,

*ka*kk You are within the validator, Welcome! *#*i#
Enter a command (or helpv, or quit) ==> trace_on.
Enter a command (or helpv, or quit) ==> readf(liste).
Enter a command {(or helpv, or quit) ==> ckb,

GIVEN Rl:[]=-=>app(null,a)==>a

GIVEN R2:()=-=>app(cons(a,b),c)==>cons(a,app(b,c})
GIVEN R3:[]=-=>rev(null)==>null

GIVEN R4:[]=-=>rev(cons(a,b))==>app(rev(b),cons(a,null))
GIVEN RS:[]=-=>rev(rev(b))==>b

FROM RS,R4

R6:[ ]=—=>rev(app(rev(b),cons(a,null)))==>cons(a,b)

FROM R6,RS
R7:{]=~=>rev(app(b,cons(a,null)))==>cons(a,rev(b))



R6 DISTRUCTED
Stop with Success.
Here the Complete and Consistent System.

==-=>rev(cons(A,B)) =-= app(rev(B),cons(A,null))
=-=>app(cons(A,B),C) =~= cons(A,app(B,C})
===>app(null,aA) =-= A

-=>rev(null) === null
~-=>rev(rev(B)) =-= B
-=>rev(app(B,cons(A,null))) =-= cons(A,rev{(B))

SNSUNMWHNS
o5 s S8 00 s 0
) -
et e et bd bt et

o

Enter a command (or helpv, or quit) ==> quit.
Back to Main Menu
kdk Main Menu ***%

Help

To start the ADT interpreter
To start the validator

Quit SVELDA

o WN -
.
T Ses? e St

Choose one of the above commands ==> 4,
Bye Bye !!

es

[ Prolog execution halted )
{31 b
script done on Mon Mar 16 04:16:24 1987



/k==============E::============================*/
/* Example A.3 : This example demonstrate the */
/* use of the conditional Knuth-Bendix proc. */

/* in the conditional case. */
/* It also demonstrate the rejection of non- */
/* Feasible formulas. */

Script started on Mon Mar 16 05:23:00 1987
[1] prolog svelda_startup

C-Prolog version l.4a

[ Restoring file svelda_startup ]

es
T ?2- svelda.
Welcome to SVELDA
hhhh Main Menu *&i+%

1.) Belp

2.) To start the ADT interpreter
3.) To start the validator

4.) Quit SVELDA

phoose one of the above commands ==> 3.

**** You are within the validator, Welcome! **%*
Enter a command {or helpv, or Quit) ==> trace_on.
Enter a command (or helpv, or quit) ==> readf(evod).
Enter a command (or helpwv, or quit) ==> ckb.

GIVEN Rl:[)==-=>even(zero)==>true
GIVEN R2:{)=-=>even(succ(zero))==>false
GIVEN R3:[]==-=>even(succ(succ(x)))==>even(x)
GIVEN R4:[even(x)-=-true]=z-a2>odd(x)==>false
GIVEN RS:[even(x)-=-false]=-=>0dd(x)==>true
**k* The following formula is discarded as being non-feagsible #*k**
FROM R4,R5 [even(x)-=-true,even(x)-=-false]z-a=>falgses-=true
Stop with Success.
Here the Complete and Consistent System.

]===>even(succ(zero)) =-= falgse
]===>aven(zero) === true
]===>even(succ(succ(X))) =-= even(X)
even(X)-=-true)a-=>0dd(X) =-= false
[even(X)-=—-false]=-=>0dd(X) =-= true

[
(
[
(

(S - o 8
88 SF 85 5 W

Enter a command (or helpv, or quit) ==> quit.
Back to Main Menu
*‘** Hain Meny =**&%»

l.) Help



2.) To start the ADT interpreter
3.) To start the validator
4.) Quit SVELDA

Choose one of the above commands ==> 4.

Bye Bye !!

¥eg- halt.

E Prolog execution halted |}
31 °p
script done on Mon Mar 16 05:28:14 1987



/ L PP PP PR e o e S P P s T */

/* Example A.4: This example gives another case of */
/* using the conditional Knuth-Bendix procedure on a */
/* a set of conditicnal axioms. . x/.
/* This set of axioms is the one of Figure 3.3 :5
/*=========================== et e

Script started on Mon Mar 16 06:00:17 1987
(1] prolog svelda_startup

C-Prolog version 1.4a

[ Restoring file svelda_startup ]

es
?=- svelda.

Welcome to LVELDA
Ahhh Main Menuy %****

1l.) Help

2.) To start the ADT interpreter
3.) To start the validator

4.) Quit SVELDA

Choose one of the above commands ==> 3.

**%* You are within the validator, Welcome! **x*
Enter a command (or helpv, or quit) ==> readf(int).
Enter a command (or helpv, or quit) ==> sort_on.
Enter a command (or helpv, or quit) ==> ckb.

GIVEN Rl:[]=-=>succ(pred(x))==>x

GIVEN R2:[]==-=>pred(succ(x))==>x

GIVEN R3:[]=-=>]leq(zero,zero)==>true

GIVEN R4:[]=-=>]leq(zero,pred(zerc))==>false

GIVEN R5:(leg(zero,x)=-=-true]s-=>leg(zero,succ(x))==>true

' GIVEN R6:[leqg(zero,x)-=-false]=~=>leq(zero,pred(x))==>false
*+++ This formulas is not orderable under rpo **#+

GIVEN R?:[]=-=>leq(succ(x),y)==>leq(x,pred(y))

Please take one of the following actions

l. Postpone the formula for the time being

2. Accept the formula as a rewrite rule in the direction ahown
3. Accept the formula as a rewrite rule in the reverse direction
4. Interrupt the conditional Knuth_Bendix

l: 2.

R7:{]===>leq(succ(x),y)==>leq(x,pred(y))
FROM R7,R1
R8: [l-—=>leq(pred(x).pred(y))->leq(x-y)
*%** This formulas is not orderable under rpo #**#=
" GIVEN R?:[]=-s>leq(pred(x),y)==>leq(x,succ(y))

Please take one of the following actions
1. Postpone the formula for the time being



2. Accept the formula as a rewrite rule in the direction shown
3. Accept the formula as a rewrite rule in the reverse direction
4. Interrupt the conditional Knuth Bendix

|: 2.

R9:[ ]===>leq(pred(x),y)==>leq(x,succ(y))
R8 DISTRUCTED .
Stop with Success.
Here the Complete and Consistent System.

[leg(zero,X)-=-truel=-=>leq(zero,succ(X)) =-= true
leg(zero,X)-=-false]=-=>leq(zero,pred(X)) =-= false
=-=>leqg(zero,zero) === true

-=>guce(pred(X)) =-= X

-a>pred(sucec(X)) === X

-=>leq(zero,pred(zero)) =-= false
-=>leqg(succ(X),Y) == leq(X,pred(¥))
-=>leqg(pred(X),¥Y) =-= leq(X,succ(Y¥))

Wk NHWOAW
T T T TR T L)

B O (I I

!
{1
[]
(1
[]
[]
(]

Enter a command (or helpv, or quit) ==> quit.
Back to Main Menu
khkkh Main Menu *w»%w

) Help

) To start the ADT interpreter
} To start the validator

} Quit SVELDA

oW
. 0

» 0

Choose one of the above commands ==> 4,
Bye Bye !}

es
2= halt.

E ?rolog execution halted ]
3] “p
script done on Mon Mar 16 06:05:36 1987




/* Example A.S: This example demonstrates the use */
/* of the ADT interpreter in case of overloaded */
/* operation. The specification used here is */
/* a definition of the queue of integer with the */
/* operation if_ then_else being overloaded. *

2
/* This is the specification of the queue of int- */
/* ger in internal form. We can see that the */
/* operation if_then_else is overloaded this exa- */
/* show the capability of the sort checker. *5
/* *
/* sort int => if_ then_else(bool,int,int). */
/* sort int => zero. */
/* sort queue => if then_else(bool,queue,queuve). */
/* sort queue => new. */
/* sort queue => rem(queue). */
/* sort queue => add(int,queue). */
/* sort int => first(queue). */
/* sort boel => empty(queue). */
/* sort bool => true, */
/* sort bool => false. *
/% *
/* [] =-=> if then_else(true,X,Y) ==> X. */
/* [] ===> if" _then else(false, X) =3=> Y, *x/
* [] ===> rem(new) => new. %/
* [] ===> rem(add(M,Q)) ==> *
/* if_then_else(empty(Q),new,add(M,rem(Q))). */
/* [1 s=-=>"first(new) ==> zero. *
/* [} ==a> £irgt(add(M,Q)) ==> *
/* if_then_else(empty(Q).M,£irst(Q)). *
/* [] ===>"empty(new) a=> true, */
/* [] ===> empty(add(M,Q)) ==> false. :5

/*=======B?=========ﬂ==Sﬂ===’.======8.===‘38======

Script started on Tue Mar 17 04:53:29 1987
[1] prolog svelda_ startup

C-Prolog version 1.4a

[ Restoring file svelda_startup ]

es
2- svelda.

Welcome to SVELDA

*kkk Main Meny **#**

Help

To start the ADT interpreter

To start the validator
Quit SVELDA

& W
M
st St o

Choose one of the above commands ==> 2,
**%* You are within the ADT interpreter, Welcome! *###

Enter a command (or helpi or quit) ==> helpi.



**** ADT interpreter commands Menu *#**%

readf(£fn) : read the specification in the file £n

permut_on : set the rewriting engine in the permutative mode
permut_off : reset the rewriting engine in normal mode (default)
eval{expr) : evaluate the expression expr

sort_of(expr) : calculate the sort of expr

sort_on : evaluation using sort checking

sort_off : evaluation without sort checking

trace_on : set the tracer on

trace_off : reset the tracer off (default)

Enter a command {(or helpi or quit) ==> read{queue).

Enter a command (or helpi or quit) ==> sort_on.

Enter a command (or helpi or quit) ==> eval(rem(add(zero,new))).
Expression being evaluated is:

rem(add(zero,new}) .

After sort checking and evaluation we get:

sort: queue
term: new

Enter a command (or helpi or quit) ==> eval(first{add(zero,new))).

Expression being evaluated is:
first(add(zero,new))

After sort checking and evaluation we get:
sort: int

term: zero

Enter a command (or helpi or quit) ==> quit.
 Back to Main Menu

*kkk Main Menu *rk*

) Help '

) To start the ADT interpreter

) To start the validator

) Quit SVELDA

Choose one of the above commands ==> 4,
Bye Bye !!

es
?= halt.

E ﬁrolog execution halted |}
31 “D
script done on Tue Mar 17 04:55:36 1987



/*====:==========================================*/
/* Example A.6: This example demonstrates the *x/
/* use of the ADT interpreter in the permutative */
/* mode. Here in constract with example one we */
/* choose to leave the rule that expresses asso- */
/* ciativity as an unoriented rule so it is used */
/* by the rewriting engine as a permutative rule */
/* . The example use the 4 rules used in sedction*/

/* 4.5,2. */
/* *

/* 1:[] =-=> plus(X,zero) ==> X, */
/* 2:([] ===> plus(X,i(X)) ==> zero. */
/* 3:[] =-=> plus(X,¥Y) ==> plus(¥,2). x/
/* 4:[] =—=> */
5* plus(plus(X,¥),Z) =-= plus(X,plus(¥,2)) :/

*

/* Note that the integer label associated with */
/* each rule is added atcmaticaly by ADT */
/* interpreter. */
/*=================="'—'============================ */

Script started on Tue Mar 17 05:21:42 1987
[1] prolog svelda_startup

C-Prolog version l.4a

[ Restoring file svelda_startup ]

es
T ?- sgsvelda.

Welcome to SVELDA

kkkd Main Menu #****

Help

To start the ADT interpreter

To start the validator
Quit SVELDA

o W -
R

gt gl St St

Choose one of the above commands ==> 2.

Akt You are within the ADT interpreter, Welcome! *#*&#
Enter a command (or helpi or quit) ==> readf(pint).
Enter a command (or helpi or quit) ==> trace_on.

Enter a comhand (or helpi or quit) ==> permut_on.
Enter a command (or helpi or quit) ==> eval(plus(plus(x,y).i{x))).
Expression being evaluated is:

plus{plus(x,y),i(x))

==-R3-=-> plus(plus(y,x).i(x))

«=R4--> plus{y,plus(x,i(x)}))

-=R2-=> plus{y,zero)

Enter a command (or helpi or quit) ==> eval(plus(i(x),plus{y,x))).



Expression being avaluated is:
plus(i(x),plus(y.x))

==R3=-=>
-=R4-—>
==R3-->
-~R2-->
==R3==>
-=R1l=-=>

Enter a

Back to

plus({i(x),plus(x,y)).
plus(plus(i(x).,x).,y)
plus(plus(x,i(x)).,y)
plus(zero,y)
plus(y.zero)

YO

command {or helpi or quit) ==> quit.

Main Menu

kk4%% Main Menu *#k%

1l.) Help
2.) To start the ADT interpreter
3.) To start the validator
4.) Quit SVELDA
Choose one of the above commands ==> 4.
Bye Bye !!
es
?-= halt.

[ Prolog execution halted ]

{31 °D

script done on Tue Mar 17 05:24:46 1987



APPENDIX B
Program Listing

127



/*=============================================== *
/* Implementation of the help System and comands */

/*=============================================== */
svelda :—- nl,write('Welcome to SVELDA'),nl,nl,
start_up.
start_up :- repeat,
menul(CH),
(CH == 1 -> main_help;
CH == 2 -> start _interpreter;
CH == 3 -> start val;dator,

CH == 4 -> nl,nl, write(' Bye Bye !!'),nl,nl;
otherwise -> nl,nl,write('**** Bad choicet!!, Enter 1., 2., 3., o
CH == 4,!.

menul{CE) :- nl,nl,write('**** Main Menu ***%'),
ni,nl,
write(' 1.} Help'),nl,
write(' 2.) To start the ADT interpreter'),nl,
write(' 3.) To start the validator'),nl,
write(' 4.) Quit SVELDA'),nl,nl,
write(' Choose one of the above commands ==> '),
see{user),read(CH),seen,!.

start_interpreter :- nl,write('**** You are within the ADT interpreter, Welco
nl,start_int.

start_int :- repeat,
nl,nl,write('Enter a command (or helpi or quit) ==> '),
see(user),read(ANS).seen,execute(ANS).ANS == quit,!.

execute(helpi) :- help int,!.
execute(helpv) :- help val,!.
execute(quit) :- nl,nl,write('Back to Main Menu'),nl,!.
execute(ANS) :- call(ANS),!.
execute(_) :- nl,nl.write('**** Wrong Command #*##*') 1,

help_int :~- nl.nl.write('**** ADT interpreter commands Menu #*%*%') n],
write('readf(fn) : read the specification in the file £n'),nl,
write('permut_on : set the rewriting engine in the permutative mo
write( ‘'permut_ “off : reset the rewriting engine in normal mode (de
write('eval(expr) : evaluate the expression expr'},nl,
write('sort_of(expr) : calculate the sort of expt }.nl,
write(' sort on : evaluation using sort checking'),nl,
write('sort_off : evaluation without sort checking'),nl,
write(' trace on : set the tracer on'}),nl,
wr;te('trace “off : reset the tracer off'),nl,!.

start_validator :=- nl,write('**** You are within the validator, Welcome! *#**»*
start_v.

start_v :- repeat,
nl,write('Enter a command (or helpv, or quit) ==> '),
see(user), ,
read(ANS),seen,
execute(ANS) ,ANS == quit,!.

L

help val :- nl,write('**** Validator commands Menu **##'),nl,



write('readf(fn). : read the specification in the file £n'}),
nl,write('ckb. : run the conditional Knuth bendix'),nl, :
write('prove(Eq). : prove the equation iIn the theory of the ex
write('termination. : Prove the termination of. the existing TR
write('trace_on. : set the tracer on (defualt)'),nl,
write('tracer_off : reset the tracer off'),nl,!.

main_help :- nl,write('**** Syelda Commands Menu ****'),ni,nl,
write('help int. : Display the ADT interpreter command menu‘),nl
write('help val. : Display the validator commdands menu'),nl,
write('help oth. : Display the remaining commands'),nl,!.

help oth :— nl,write('**** More about commands #*%***'),nl,
nl,write('freeze(£fn). : save the specification in the file £n'),n
write('thaw(fn). restore the specification in the file f£n'),nl,!.

permut_on :- remove(permut(X)),
assert (permut(on)),!.
permut_off :- remove(permut(X)),
assert (permut (off)).!.

sort_on :-~ remove(sor(X)).,

assert(sor{on})).,!.
sort_off :- remove(sor(X))
)
)

r
r
assert(sor{off)),!.
trace_on :- remove(trac(X)).,
assert(trac(on)),!.
trace off :—- remove(trac(X)),
assert(trac(off)).,!.
Ereeze(Fn) :— save(Fn),!.

thaw(Fn) :- reconsult(Fn),!.



2= op(lzs,fx,'sort').
2= op(lzs,xfy, =>').
2= [rwe,! unzﬁy _type'].

eval(Vv) :-

eval(V) :-

check_expr

check _expr

check_args
check _args_

get_type(X

get_type(X,
get_ type(x

B

sor(on),check expr_type(V,VT),!,rwc(V,VN),
write('Expression Peing evaluated is:'),nl,
wrlte(V) nl,
write( After evaluation we get:'),nl,
get type(VN VNT),
write('sort:'),write(VNT),nl,
write('term:'),write{(VN),nl,!.
sor({off),rwe(V,VN),
write('Expression being evaluated is:'),nl,
write(V),nl,
1.

/*===============8===============z=:=n====s==*/

/* The type checker prolog implemetation */
==%

/*========================================="

_type(P,PT) :- P =.. [Fn|Args],
check _args_type(Args,T_args),
PT =.T [Fn[T_args],
functor (PT,Fn,N},
functor (Xp,Fn,N),
sort T => Xp,
unifyl{PT,Xp).

_type(P,PT) :- write('**** Erreur de Type dansg ****!),n],
write(P),nl,
1,£ail.

_type((],[]) :- L.
“type([X[¥],[Xt|¥Yt]) :~ get_type(X,Xt),
check_args_type(¥,Yt).

1 Xt) :- atomic(X),

sort Xt => X.
- var(X).
- X =.. [Fn|Args],
check_args_type(Args,T_args),
X£ =.7 [PnT_args],
functor (X£,Fn,N),
functor (Xp,Fn,N),
sort Xt => Xp,
unifyl (Xf,Xp).

Xt)
Xt)



- Op(24SJXEY'.:')o
?- op(256,xfy,'=-=")
2= op(256,xfy,'==>")
?—- op(256,xfy,'-=-"')
?- op{255,xfy,'=-=>"'

— L L]

?- [rwengine,normalize,utility,rpo].

/*==========================================*/
/* Conditional Knuth-Bendix *
kb/*=='—'.=======================================*/
c - -
knuth_bendix(Ind,Eq,X,¥Y),fail.
ckb :-
write(' Stop with Success. '},nl,
write(' Here the Complete and Consistent System.'},nl,
nl,print_regle(I,Eq,X,Y),fail.
Ckb i ! »

knuth_bendix(Ind,Eq,X,Y) =
traite(E,P,Q,En,PN,QN),£fail.

knuth_bendix(Ind,Eq,X,Y) :- consider_postponed(Ind,Eq,X,¥).,
knuth_Bendix(I,Eql,X1l,¥l).

knuth_bendix(Ind,Eq¢,X,¥) :-
=a>(Ind:Eq=-=>X,Y), /*calcul des paires critique pou
not(visited(Ind)),
assert(visited(Ind)),
Pair(Ind-EQ:x-Y) ’
knuth_bendix(I,Eql,X1,¥l).

knuth_bendix(Ind,Eq,X,¥) :- conside:_;arge(Ind.Eq,x,!i.
knuth_bendix(I,Eql,X1l,Yl).

‘ pctEq'Ind'P'Ix’Q)fremOVQIPC(Eq'Ind'P'Ix'Q))'
rw{P,PN,0),
rw(Q,QN.9),
change(Eq,Eqn,PN,Pn,QN,Qn),
orient(l,Eqn,Ind,Pn,Ix,Qn).

remove{X) :- retract(X),!.

pair(Ind,Eq,X,¥) :-
==>(Ix: qu'-.>z ’ T) ’
Ix =< Ind, °
superpose(Ind,X,¥,Ix,2,7,I),
( I =1,cal_cpair(Ind,Eq,X,¥,IX,Eq2,2,T).fail

. I = 2,cal_cpair(Ix,Eq2,2Z,T,Ind,Eq,X,¥),fail).
pair(_o,_os_r_) :



superpose(Ind,X,Y,Ix,2,T,I) :-
Z =.. [Fz|Zargs],
occur_in(Fz,X),I is 1,!.

superpose(Ind,X,Y,Ix,2,T,I) :-
X =., {Fx,Xargs],
occur_in(Fx,2),I is 2,!.

occur_in(F,Term) :-
retractall(pred(_)).
cal pred{Term},
pred(F),!.

cal pred(Term) :-
not (atom(Term)),
Term =.. [Fn|Argsl],
asgertz(pred(Fn)),
cal_pred list(Args).
cal_pred(_) :- !.

cal_pred_list([]} :- !,

cal _pred_list([H|T]) :-
cal_pred(a) v
cal_pred_list(T).

cal_cpair(Ind,Eql,X,¥,Ix,Eq2,2,T) :-
str(X,_).,
sout(ST),
remove(sout (ST)),
retractall(s(_,_)).
sT \"'""" Z,
manip(Ind,Ix,qu 2,T, qun,Zn,Tn),
unify(ST,2n),
substitute(Tn,ST,X,Xnew),
check_map(Xnew,Xs),
check map(Y¥,¥s),
append(Eql,Eq2n,Eq12),
check_map list(Eql2,Eql2s),
retractall(s( , )),
add_or discarE(Ind Ix,Eql2s,Xs,¥s).

consider_postponed(Ind,Eq,x Y) :- post(Eq,Ind,X.I,Y),
remove(post(Eq,Ind,X,I,¥)),
rw(X,Xn,0),
rw(¥,¥n,0),
orienttz,Eq,Ind,Xn.I.!n),!.

consider_ large(Ind,Eq,X,Y) :- large(Eq,Ind,X,I,Y).,
, remove(large(Eq.Ind,x,I,!)),
test(Eq,Ind,X,¥),!.



/*********************ﬁ**********************/

/* The Rewriting Engine */
/***********t********************************/

rw{V,VH,R) :— nonvar(V),not(atomic(V)),

!,

Vv =.. [Fn|Argsl],
rwl(Args,NewArgs,R),
V1l =.. [Fn|NewArgs],
rw2(Ind,V1l,VN,R).

rw{V,VN,R) ¢s— rw2(Ind,vV,VN,R),!.
rwl¢([],[],R) == !.
rwl(([ l 1, B|Rs] R) :- rw(H,B,R),rwl(T,Rs,R).
rw2{I,X,Y,0) := nonvar({X),rr0(I:Eq=—-=>X,2),
I;WP(EQ'R):
n'e(z,!,n). .
rw2(1,X,¥Y,2) := nonvar({X),rr2(I:Eq=-=>X,2),
rWP(ECIrR)r
rw(z ¥Y,R).
rw2(1,X,¥Y,3) :+- nonvar(X),rr3{I:Eq=-=>X,2),
fWP(EQ-R)-
r;(z,Y,R).
rwz(_,x.x'R) Hid !o
rwp({],R) = 1.
rwp( [0=~=V|Rs],R) :- rw(U,Un,R),
rw({V,¥n,R),
Un == Vn.

rwp(Rs,R).



/*==========================================*/
/* This is the prolog implementation of the */
/* recursive path ordering. */
rpo({X,¥):—
grpo(X,Y),rot(grpo(Y.,X)),!.

qrpo(X,¥) :-
atomic(X),atomic(¥) X==Y,!.
grpo(X,Y) :-
not(atomic(X)),atomic(¥),not(varb(¥)),!.
grpo(X,Y} :-
not(atomic(X)),varb(¥),!.
grpo(X,¥) :-
not (atomic{X)),not({atomic(¥)),
x=o - [Fxlhrgxl '!z' - [PYlArgY] ’
gt({Fx,Fy),
setrpo(X,Argy),!.
qgrpo(X,Y) :-
not(atomic(X)).,not(atomic(Y)),
X=..[Fx|Argx],¥=..[Fy|Argyl,
an:Py,
maltisetrpo(Argx,Argy).!.
qrpo(X,Y) :- :
not(atomic(X)),not(atomic(¥)),
X=..[Px|Argx],
setqrpo(Argx,¥Y),!.

getrpo(X,{]) = 1.
setrpo(X,[By|Ty]) :-
rpo(X,Hy).,
setrpo(X,Ty).

setqrpo([],¥) :- fail,!.
setqrpo( [Ex|Tx],¥) :-

multisetrpo(Argx,Argy) :-
residue(Argx,Argy,Rest),
. mrpo(Argx,Rest),!.

mepo(_,[(]) := 1.
mrpo(Argx,[Hr|Tr]) :- listmrpo(Argx,Hr).
mrpo{Argx,Tr),!.

listmrpo([],¥Y) :- fail,!.
listmrpo( [Hx|Tx],¥) :- (rpo(Hx,¥);listmrpo(Tx,¥)).,!.
)

- regidue(_,[1,[]1).

residue(Argx, [Ey| Tyl ,Rest) :~ member(Hy,Argx),

: residue(Argx,Ty,Rest),!.
residue(Argx, [Hy|Ty],(Hy|Rest}) :- residue(Argx,Ty,Rest),!.

member (X,{X| 1)
member (X,[_|T])

!.
- l.'(x.T) .

subterm(X,Y) :- X=..[Px|Argx],
occur_in(Argx,Y),!.




occur_in(Argx,Y) :— member(Y,Argx).!.
cccur_in{(Hx|Tx],Y) :=- not(atomic(Hx)),
Hx=..[E|T],
(occur_in(T,¥);occur_in(Tx,¥)},!.



/**t*************************************i/

/* Normalizing The Rewriting System */
/*****************************************/

orient(Flag,Eq,Ind,Pn,Ix,Qn) :- Pn == Qn,print_dpair(Ind, ,Ix,_).!.
orient(Flag,Eg,Ind,Pn,Ix,Qn) :- rpo(Pn,Qn) ,analyse(2,Eq,Pn,Qn,Ind,Ix),!.
orient(Flag,Eq,Ind,Pn,Ix,Qn) :- rpo(Qn,Pn),analyse(3,Eq,Pn,Qn,Ind,Ix),!.
orient(l,Eq,Ind,Pn,Ix,Qn) :- assertz(post(Eq,Ind,Pn,Ix,Qn)).,!.
orient(2,Eq,Ind,Pn,Ix,Qn) :- nl,

write('**** Thig formulas is not orderable under rpo ****'),

nl,nl,

print_choice(Eqg,Pn,Qn,Ind,Ix),

see{user),

read(C),

seen,

analyse(C,Eq,Pn,Qn,Ind,Ix)

el

" analyse(l,Eq,Pn,Qn,Ind,Ix) :- assertz(post(Eq,Ind,Pn,Ix,Qn)),!.
analyse(2,Eq,Pn,Qn,Ind,Ix) :=- trans(Eq,Pn,Qn),
m a_j(Id,Eq.,K,L),
nb Tegle(I),assertz{(==>(I:Eq=-=>Pn,Qn))),
print_cpair(I,Eq,Ind,Pn,Ix,Qn),
!

analyse(3,Eq,Pn.Qn,Iné.Ix) := trans(Eq,Qn,Pn),
m_a_j(Idx,Eq,Kx,Lx),
nb Tegle(I).assertz((==>(I:Eq=-=>Qn,Pn))),
print_cpair(I,Eq,Ind,Qn,Ix,Pn),
!.
analyse(4,_,_os_r_r_) :+-~ write('Stop with failure. '),nl,call(abort}).

trans(Eq,P1,01) =
transferl(_,_,_,_)-
transfer2(_,_,_»_)»
cal(In),
chan(In,Eq,Eql1,P1,P,Q1,Q,2),
readh{h),
retractall{rr0{_:_==-=>_, )},
retractall(rr3(_:_=-=> , )),
chan(In,Eq,Eq2,P1,P2 'QI'Q2p3) ’
readh(h),
chan(in,Eq,Eq3,P1,P3,Q1,Q3,0),
rgadh(h).
nl.

m_a_j ( Id.Eq.K.L) Hiad

rrl{Id:Eq=-=>K,L),

' rW(K'Kn'3"

test2(1d,Eq,K,L,Kn),fail.

Q_A_j(_!_:_[_} = 1.

test2(14,.Bq,K,L,Kn) :~ K == Kn,
rw(L,Ln,2),
rewrite_left(I4,K,L,Ln),
remove (==>{Id:Eq=~-=>K,L)),
addto(1ld,Eq.K,Ln),
chan(Id,Eq,BEql,K,K1l,Ln,Lnl,0),



readh(h),!.
test2(Id,Eq,K,L,Kn) :—- remove{==>(Id:Egq=-=>K,L)),

asserta(pc(Eq,Id4,Kn,0,L)),

i.

rewrite_left(Id,K,L, Ln) := L == Ln,!. ~

rewrite_ left(Id,K,L,Ln) :- write('REWRITE RULE : R'),write(Id),
write('FOR LEFT SIDE'),
nl,!l.

addto(I,Eq,K,Ln)
addto(I,Eq,K,Ln)

: visited(I),assertz(==>(I:Eq=-=>K,Ln)),!.
: asserta(==>{Il:Eq=-=>K,Ln)).,!.
transferl(Id,Eq,x,Y) s= retractall(rrl(_: ==-=>_, )),
: ==>(1d:Eq=-=>X,¥),
putin(rrl({Id:Eq=-=>X,¥)),fail.
transferl(_,_,_,_) = !l.

transfer2(Id,Eq,X,¥Y) :— retractall(rr2(_:_=-=>_, )),
rr0(Id:BEq=-=>X,Y),
putin(rr2(Id:Eq=-=>X,Y¥Y)),.fail.
transferZ( _r_r_s_) 3= 1.

retractall(X)
retractall(_)

- retract(X),fail.

L ]

cal{(In) :- nb_regle(I),retractall{nb_regle(I)),In is I + 1,
assert(nb_regle(In)), !.

putin(X) :- assertz(X).,!.

print_ppair(Ind,Eq,o.Pn.O.Qni :-.write('GIVEN 'Yewrite('R'),write(Ind),
write(':")
write(EQ),write('=-=>'),
wiite(Pn),write('==>'),write(Qn).
nl,!.
print_cpair(Ind,Eq,I,Pn,0,Qn) :- write('FROM '),write('R'),vrite(I),nl,
write('R'),write(Ind),write(':'),
write(Eq),write( '=-a>'),
wiife(Pn).write('=->'),write(on),
nl,!.
.prlnt cpair(Ind,Eq,I, Pn,J,Qn; t- write('FROM '*)owrite('R'),write(I),
write(','),write('R'),write(J),nl,
write('R’),write(Ind),write('-')
write(Eq),write(‘'=a=-=>'}),
wiife(Pn),write('=->').write(Qn),
n .

print dpair(Ind,_,0,_ ) :~ write('R'),write(Ind),
write(' DISTRUCTED '),
nl,!.
prxnt dpair(_,_,_,_) = !



A sss oo s e e e s e I T s s ey e e e s ey *

/* This clause is used to printout the */
/* the rewrite rules. */
/*=========================================*/

print_regle(Ind,Eq,X,Y) :-
==>(Ind:Eg=-=>X,Y),
chan(Ind,Eq,Eqn,X,Xn,Y¥,¥n,0),
write(Ind),write(' : '),write(Eqn),

write('=-=>'),write(Xn),write(' =-= '),write(¥n),
nl,
print_regle(_,_,_,_) :—= 1.
/*====================================m====*/
/* substitute(New,01d,Val,NewVal) : */
/* substitute Q0ld by New in Val giving - */
/* NewVal. *
/*=========================================*/

substitutetNew'°1d'°ld'NEW) LT I
substitute(New,01d,Val,val) :-
atomic(Val),!.
‘gubstitute(New,01ld,Val,NewVal) :-
val =.. [Pn|Args],
subst_args(New,0l1d,Args,NewArgs),
NewVal =.. [FnlNewnrgs],!.

/*========8=3================B==I==========*/
/* subst_args(New,01d4,Ll1,L2) : substitute */
/* all occurrences of 0ld by New in the */
/* list Ll giving the liste L. *

/*snnnaaa.nn:znunsass-:ua-aazz:a:a:a:g:zna:*/

subst_args(_,_,[]1,[]) = L.
subst_prgs(New,Old,[OldIArgs],[HewlNewAtgsl) t=
. subst args(New,0l1d,Args,NewArgs).
subst_prgs(ﬂew,Old,[Arglhtgs],[ﬁéwnrgluewArgs]) t-
substitute(New,01d,Arg,NewArg),
subst_args(New,0ld,Args,NewArgs).

/*ns:nsssa-aa.saa-z-d-:-::-:a-saaazzazaa=aa*/

/* readf(F): read the file F. | */

*-----a-n-s:a-----asa.a--n------:-aasa-*/

readf(F) :-
‘ gsee(F),repeat,read(?),pro(T),seen,!.

/ *.I-I‘-m-'ISSIIIIII“88.'“’8'8.8“.8.*‘ *
/* pro(?T): return if end of file or assert */
/* T as declaration fact or as a feasible */
/* critical pair depending on whether T is */
/* a signature or a formula. ®

/*n-;:-.s-a-n:--sx--zt-a.az::ana-a-s--ni/

ro{(T) :-
P end of file mark(T),!.
pro(Clause) :- Clause = gt(X,Y),assert(gt(X,¥)),fail.
pro{Clause) :- Cizuse = varb(X),assert(varb(X)).fail.



pro(Clause) :-—

Clause = =-=(Eq=-=>X,Y),assertz(pc(Eq,0,X,0,¥)),fai"

end_of file_mark(end_of_file).

/*=========================================*/
/* retractall({X): retract all the rules *x/
/* with the predicate name X from the */
/* knowledge base. */
/A= =mn==sns==ssssss=sSssssss == ======*/

retractall(X) :-

retractall(_) :—- !.

L2 —_———= — S+ =======*
/* str(E, ),sit(L1,L2): look for all the */
/* the subterms of the term E which are */
/* strictly contained in E. */
/*=========================================*/
str(E,E) :- atomic(E},!.
str ( E r ) Hae
| E =.. [Op|R],
add_if not_in(E),
pph{R),
sit(R,La).

sit(l).[]).

git([X1{L1],X1) :-
str(Xl,X),
sit(Ll,Y).

_add_if not_in(E) :- sout(E),!.
add_if not_in(E) :- assertz(sout(E)).,!.

L 13— _....======..========::=====s=aaz*

/* pph(L) : assert the memeber of the list */
/* L in knowledge base.

/*==a===-===l==::aa:.::aaaau:-a:z:nu-a::szan*/

pph([1) .
pph((B|T]) :-

atomic(H),pph(T).!.
pph((E|T}) :-

add_if not_in(H),pph(T).

/ A s e T IR EEEEEEEREENERERERNREREEEE R /

/* The following procedure are performs some */
/* operations on lits.

/*:aa::aa:aa:::::annasaasaassalnnssa-:-n----:*/

check_map list([1,[]) :- !.

check_map_. lxst([x-a-YIT] (Xa-=-¥m|Tcl; :-
-check_map(X,Xm),
check ) _map(Y¥,¥m),
check_map list(T,Tc),!.



map_list( l.
(

[(3,01):-
map_list([X|L],[¥|M]) :-
check*map(x,Y),
map_list(L,M),!.

check_map(Y¥,¥s)

. not(varb(Y)),atomic(¥Y), ¥Ys = ¥, 1.
check _map(¥,¥s)

varb(Y¥), sub{¥,¥s),!.
check_map(Y,¥s)

Y =.. [Fy|¥Args],
map_list({YArgs,YsArgs),
¥s =.. [Fy|¥sArgs],

sub(¥,¥s) :~- s(¥,2),
check_map(2,¥s).

sub}Y,!) = L. y

P P P P E P P R Lt T P T P P e T
/* gensym{Prefix,Var) : genrate new symbol */
/* composed of Prefix and .an integer giving */
/* Val'.'. ) *

gensym(Prefix,Var) :-
var(Var),atomic(Prefix),
gett(Prefix,N),
N1l is N+1,
concat (Prefix,N1,Var).

gett(Prefix,0).

/* concat(N1l,N2,N) : concat N1 and N2 */
/* given the result in asccii mode in N */

/*sanaasasss33333-333saassza:==s=s=a======at/

concat(N1,N2,N) :- N

‘ name(N1,Lsl),
name(N2,Ls2),
append(Lsl,Ls2,Ls).,
name(N,Ls).

append([1,L,L) :~ !. ,
append([X|L1}),L2,[X|{L3)) :~ append(Ll,L2,L3).

/*388atlsalasaaaazaaaazssassaaattas:::a::s*/

/* change(Eq,Eqe,X,Y¥,%,T) : renames varia-+/ g
/* bles in Eq,X,Y and in Egec,2,T to elimi-*/ '

| /* nate common varible in the formula ®/
* composed by Eq,X,Y and the formula */
/* composed of Egec,Z, and T. *

/* sasaftaszu::--:-aa---::;:az-sa:a:ap-*/

canEIEqIch'pr'z'T) Hid
X =.. {Pn|Args],



process(Fn,Args,F,NArgs),

¥ =.. [F|NArgs],

Z =.. [Pnl]Argsl},
process(Fnl,Argsl,Fl,NArgsl),
T =,. [F1|NArgsl],
process_list(Eq,Eqe),

gett{Prefix,Pr),remove(gett(Prefix,Pr}),

Nxt is Pr + 1'
assertz({gett(Prefix,Nxt)),!.

process_list({1,{]) := !.
process_list{{X-=-¥|T],{Xc-=-¥c|Tc]) :-
X =.. [Fn|Args],
process(Fn,Args,F,NArgs),
Xc =.. [F|NArgs],
¥ =.. [Fnl]Argsl],
process(Fnl,Argsl,Fl,NArgsl),
Yc =.. [Fl|NArgsli,
process_list(T,Tc),!.

process(F,[(],T,X) :- checkl(F,T), X = [}, 1,
process(F,[X|R],T,[Xn|Rn]) :-
checkl(X,Xn),
process(F,R,T,Rn).

checkl(Q,S) :-

varb(Q),gensym(Q,S) ,assert_varb_ifnotin(s),!.
checkl(Q,S) :-

not(varb(Q)),atomic(Q),Q = S,!.
checkl(Q,S) :-

Q =.. [F|ar],
process(F,Ar,Fx,NAr),
s =O. [Fxlmr].

assert_varb_ifnotin(S) :- varb(S),!.
assert_varb_ifnotin(S) :- assert(varb(S)).,!.

manip(Ind,Ix,Eq,STU,Z,EqQn,;STn,2n) :-
Ind == Ix,
change(Eq,Eqn,ST0,STn,2,2n),!.
manip(Ind.Ix,Eq,STU,z,BqnpSTn,zn) Hal

Eqn = Eq,
ST™n = STU,
Zn = Z,!,

remove (X)) :- retract(X),!.

genvar(Prefix,Var) :-
var(Var).atomic(Prefix},
getvar(Prefix,Var),!.

getvar(N1l,N) :~
- name(Nl,Lsl),
first_of(Lsl,X),



name(N.[Y]f:!-

first_of ([X|R],X) :- !.
/* ==Ss=s==Sss=ss=ssosSs=sz=s=ssskh/

/* These are some utility function used by */
/* the Conditional Knuth_Bendix procedure */

/*==========================================*/
chan(I,E.En;X,Y,Z,T,K' Hia
X =.. [Pn|Args],
pcess{Fn,Args,F,NArgs),
Y =.. [FINArgs].

Z =.. [Fl]Argsl],

pcess(Fl,Argsl,F2,NArgsl),

T =,. [F2]|NArgsl],

pcess_list(E,En},

tell(h), write('rr'),write(K),write('('),write(I),write(':"'),
write(En),write('=-=>"'),
write(¥),write(',"'),write(T),write(')."'),t0ld,!.

pcess_list([],[]) :- !.
pcess_list([X-a-¥Y|T],[Xc-=~¥c|Te]) :~
X =.. [FnlArgs]),
pcess(Fn,Args,F,NArgs},
Xc =.. [F|NArgs],
Y =.. [Pnl|Argsl],
pcess(Fnl,Argsl,Fl,NArgsl),
Yc =.. [Fl|NArgsl],
pcess_list(T,Tc),!.

pcess(F,[(1,7,X) :- chckl(F,T), X = [],!.
pcess(F;[xiR],T,IXnIRn]) := chekl{X,Xn),
pcess(F.R.T,Rn),!.

.chekl{Q,S) :=- varb(Q), genvar(Q.S).!.
chekl(Q,.S) :- not(varb(Q)),atomic(Q),Q = S,!.
Cthl(Q's) i Q"-".- [P Ar]' ;

pcess(F,Ar,Fx,NAr),
S =,. [Px|NAZ),!.
readh(B) :- see(B),read(T),assertz(T),seen,!.

/***********i****************t***t**tt********/

/* This procedure is used to calculate the */
*

/* number of variable in a term X.
/**it**t**************t*ii*ittt***i*i*t**t*tti/

calnbvar(X) :-
retractall(nbvarb(_)).assertz(nhvarb(0)),
* x =,. [rnIMQSII
processl(Args). -

calnbvarc(_,_) :- !.

processl([]) :- !.




processl([X|R]) :- check2(X).
processl(R).

check2(Q) :- wvarb(Q),cal(Q,In),!.
check2(Q) :~ not{varb(Q)}.atomic(Q),!.
check2(Q) :- Q =.. [F|Ar],

processl(Ar).

cal(Q,In) :- nbvarb(I),retractall(nbvarb(I)), In is I + 1,
assert(nbvarb(In}).,!.

/* ==========================================*/
/* This procedure decides if the formula */
/* should be added to the feasible critical */
/* pairs set or to discarded or to added as */

/* a to the knowledge base as a large */
/* formula. */
/*=====-'=====================================*/
add_or_discard(Ind,Ix,Eq,Xs,¥s) :- calnbvar(Xs).
feasible(Eq),

decision(Ind,Ix,Eq,Xs,¥s),!.

decision{Ind,Ix,Eq,Xs,¥s) :— nbvarb(l),maxcomp(Il},
{I<1Il; Ind < Ix) ,
assertz(pc(Eq,Ind,Xs,Ix,¥s)),!.
decision{Ind,Ix,Eq,Xs,¥s) :- nbvarb(I),maxcomp(Il),
I > I1
rassertz(pcdisc(Eq,Ind,Xs,Ix,¥s)),!.

/* This procedure is used to check for th */
/* feasibility of the premisses. - *

/* =======8===================8==8=38888=======*/

feasible([]) :-~ 1.
feasible( [U-==V|T]) :-
free var(U,V,Eq).,

er(TEQIto)c
feasible(T).

free_var(U,V,Eq) :~ O =,. [Pn|Args],
pcess(Fn,Args,F,NArgs),
Uf =.. [F|NArgs],
V =.. [Fnl|Argsl],
pcess(Fnl,Argsl,Fl,NArgsl),
Ve =,. [Pl]|NArgsl],
tell{e),write(Uf),write('-=-"'),write(VL),write('."'),told,
see({e),read(Eq),seen,l. ,

/*s:za:::a::a-:-aa-t--:tnan----naianssas-.--*

/* This the unification procedure that ®/
/* incorporate the occur_check test */

/t====s:a:st-aasa-u-zhn--a-a-::----s-n-n-t/

occur_check(X,Y) :-



get(¥,Yu),
not(varb{Yu)),not(atomic(¥u)),
Yu =.. [Fn|Argsl,
memberl(X,Args).,

!.

occur_check(X,¥) :- get(X,Xu),
not(varb(¥)),not(atomic(Y)},
varb(Xu),
Y =.. [Fn|Args],
memberl(Xu,Args),!.

6ccur_pheck(x,2) Hod

not(varb(Y)).,

get(X,Xu),

not {varb(Xu) ) ,atomic(Xu},

Xu == Y,!.
*===================================*/

memberl(X,[X|¥]) - !.
memberl(X,[V|¥]) :- not(atomic(V)),V =.. {Fn|Args)],memberl(X,Args).
memberl(X,{Z2{¥]) :- memberl(X,Y).

[/ *=a=== = === zzazk/

get(¥,Yu} := not{varb(Y)),not(atomic(Y¥}),
t

[
Y =.. [Fn|Args]),
getl{Args,Argsu),
¥l =.. [Fn|Argsu], -
get2(¥l,Yu).

get(¥,¥Yu) :- get2(¥,¥u),!.
getl({1,L1) = !.
get1([E|T1,(B|R]) :- get(H,B),getl(T,R).

get2(X,¥) :- varb(X), B
s(X,2),!, L
get(Z,Y).

get2(X,X) :~ !.

*:-:asassa::azta:aa:aaaa-:a:-a::aa:*/

unify(X,Y) :~ varb(X),
!

not(occur_check(X,Y¥)),
assert(s(X,¥})).,!.
unify(X,Y) :- varb(Y¥),
!,
not{occur_check(Y,X)),
assert(s{¥,X)).!.
atomice(X),!.
X =.., [Pn|XArgs],
Y =,, [Pn|YArgs],
unify list(XArgs,YArgs).
unify list([]),(}]).
. unify_;iat([xitl.[31|Y1])‘=- unify(X,X1),
unify list(¥,¥1).

unify(X.X)
unify(X,¥)
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/* This procedure is used in case of */
/* an unorderable formula to give the user */
/* the actions that he can select. */
/* =========:.-==============================:*/

printﬂchoice(Eq,Pn,Qn,Ind,Ix) := nl,
print_cpair{'?',Eq,Ind,Pn,Ix,Qn),
write('-- ——— - —_——— -
write('Please take one of the following actions'),n
write('l. Postpone the formula for the time being’)
nl,
write('2. Accept the formula as a rewrite rule in t
write('3. Accept the formula as a rewrite rule in t
write('4. Interrupt the conditional Knuth_Bendix'),
write('- -
]
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