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Summary

The Digital Systems Group at the department of electrical engineering, Technical

University Eindhoven, is developing a compiler for the APOL-language. The compiler,

called APOL-compiler, has to deal with expressions which are not bound by any limit

regarding its size. We will introduce a method for the construction of a rulebasesystem,

that is used to reduce the size of expressions.

After an extensive literary search it was clear that, the subject was not dealt with as most

programmers belief that expressions are already simplified by the user. In our case

however this is not always true. The compiler itself could introduce a lot of expressions

that could be simplified to true of false, indicating a constant decision. This decision can

be made at compile time resulting in a general gain of storage-space and execution-time.

The constructed system consists of a group of small rulebases. The rules in these rulebases

are matched on the expressions we want to simplify. If there is a match the expression is

altered, but the algebraic meaning of the expression remains the same.

Each rulebase has a special task, so performing a specified mutation on an expression.

We constructed a group of rulebases that transform the target expression to a canonical

form called the leftsorted form. On this form we try to perform a reduction which results

in the decrease of the number of operators.

This reduction is based on the distributive property:

We see this property, used from left to right, reduces the number of operators with one.

We could use this property numerous times ending up with a form that not matches the

lefthand side form of the property. We could then use some simple reductionrules, based

on the Unity, Zero and Cancelation of Not-property, to reduce the expression even more.

To come to this canonical form there are some steps that must be taken first. We have to

get rid of minus and not-operators as they could block some of the steps in a later rulebase.

Minus operators are easily rewritten to a multiplication by the constant -1. Not-operators

are placed as close to the operand as possible. This results in a not-operator followed by

a variable. We will see this construction as a whole 'new' variable. As exclusive-or­

operators, when written out in an AND and OR, introduce another not-operator we have

to expand this XOR even before we process the not-operator.

Then we expand all expressions in the form of the righthand side of the distributive



property, to the form of the lefthand side, thus using this property the other way around.

For getting to the final canonical form we have to use a rulebase to sort the expression

onto a leftsorted form. This form simply defines that there may not be a same kind of

operator to the left of a dyadic operator. This rulebase uses mainly the associative and

commutative properties.

To construct the rulebasesystem we had to introduce a system which makes it easier to

detect in which order the rules must be placed and which method to use in applying the

rulebase. The rulebasesystem constructed in this way is able to deal with a variety of

expression as long as the input conditions are met. For this system there are only a few

expressions that could mess up the system. Most of those expressions could be simply

blocked by a rulebase which checks these input conditions.
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1. Introduction.

The Digital Systems Group of the department of electrical engineering, Technical

University Eindhoven is developing an APDL-eompiler. The source language of this

APDL-eompiler is a PASCAL like language.

The source-language of this compiler could hold assignments like:

"var := expression;"

or conditional statements like:

"if expressionl == expression2 then ... else ...;".

This source text could be compiled and produce a program. The compiler introduces some

expressions itself. We thus get a program with a lot of expressions. If we run this program

every expression is evaluated. An expression consists of elements which have to be known

at that point of the program. If we try to evaluate an expression during compilation we

could encounter elements which are not known, such as variables.

We could however try to simplify an expression as much as possible, so that the program

will have less complicated expressions to evaluate during the running of this program.

This will results in a faster program. A simpler expressions mostly means a smaller

expressions so the program will decrease in size also.

This could even result in an evaluate of the condition expressionl == expression2 during

compilation. This condition then results in an unconditional if-statement, which could

either mean the part after 'then' is used or the part after'else', so the other part which is

not used could simply be deleted from the program.

We can "optimize" an expression by rewriting the original expression 'a' to an equivalent

expression 'b'. One problem is the tenn "optimal", because an expression is only optimal

in a certain context, e.g. '2"'a' could be more optimal than 'a+a' if ,"', is more efficient than

'+'.

We assume here that an optimal expression is the expression with the least number of

operators as possible.
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1.1. APDL-expressions form.

An expression looks like a tree with monadic and dyadic operator

nodes and terminals. In this tree every nonterminal is an operator,

while the terminals are of the constant or variable type, e.g. the

expression: a + ( b .. c ) looks like figure 1.

Due to this dynamic structure it is easy to alter an expression in any

way we like.

1.2. Key ideas and definition.

figure 1

The key idea is a set of rewrite rules, which are descriptions of sets of expressions and

their replacements.

E:a set of ( linguistic, algebraic, symbolic) objects. ( patterns )

R:a set of rules for which ( s ----?R t ): s,t E E, a binary "reduction" relation ----?R on E.

We write s ----? t instead of (s,t) E ----?R where possible.

It could be possible that s ----? t ----? q and therefore we note this as s ----?+ q.l

We further introduce an ordering >- such that for two patterns sand t, s >- t means

that pattern s has more operators than t.

Our aim is thus: s ----?+ t and s >- t and this in such a way that t would be identical to

a constant, which could lead to decisions now made at compile time, and so lead to an

optimization of the program code. It could be possible that an expression is only partly

rewriteble to a smaller expression, but this would also be an improvement.

l We could now make a set of rules like :

s t 1.
t q 2.

note 1: we could introduce a third rule: s ..... q 3. We see that two transformations are then possible on the same expression which results in two
different new expressions. We see that now the order of the rules is thus important because the rule which is placed first will be the one which
is used while the second one is noll.)

note 2 : swapping rule 1 and 2 makes the set of rules miss the conversion s ..... t ..... q .
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2. Basic definitions.

2.1. Universal definition.

We define:

P : a set of all linguistic, algebraic, symbolic objects. ( we call these patterns ).

Examples: { 'a const' ,'an expression' , 'a and b' , 'a const + a' , ...} EP.

T : a binary "reduction" relation ~ on P. s ~ t E T ( s,t E P and (s=t)=l:rue ) we call a rule.

We can, using such a rule, alter an expression s in an expression t.

Examples: 'a + 0 ~ a' , 'a const or true ~ true' , '1 ~ a const' are rules.

R : a set of rules, and call this a rulebase. ( Each rulebase is assigned an arbitrary unique

name.)

Example:

rulebase example: {

'a + 0

'a const or true

'1

true'

a const'

This is of course just an example rulebase. We want to show that there are no

constrains to the contents of a rulebase.

E : a set of linguistic, algebraic, symbolic objects. ( expressions ).

Note: e E P if and only if e £ E.
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2.2. Definitions for our rulebasesystem.

We introduce here also a distinction between two types of expressions: an Integer

expression, which returns an integer-type result, and a Register expression which returns

a register-type result.

An expression is a string that is accepted by the following DFA:

Exp: var.

const.

Mon-op,Exp.

dyadicoperator,Exp,Exp.

Var: name.

name[exp].

Mon-op: "1'+' I rev I not.

Dya-op: '-' I '+' I ,"" I or I and I xor I '>' I '<' I '=' I '>=' I '<=' I '<>' I ' /'.

Of course checking on the correctness of the expression is done, but that is the task of the

parser. We will in our part only consider valid expressions.

We have to restrict the definition of a rulebase, so it is useful to us:

R : an ordered set of rules which is called a rulebase. ( Each rulebase is assigned an

arbitrary unique name.)

We have now restricted rulebase R E R to an ordered set of rules. The appearance of the

rules is sequential. The rules don't necessarily have to be mutual exclusive. The order of

the rules is thus very important. We will deal with this problem of order thoroughly later.

The rules are ordered: sC~tl..se~te'

(e is the number of rules in the rulebase).
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If we also make it possible for one rulebase R.n to call another rulebase :R: we can redefine

a multi-related rulebase-system M:

M : a set of rulebases R; (i e N) e R which have the possibility to call upon each other.

( R.n : call :R: ).

We have to introduce some command-words here in a rulebase to realize this special call

function. (m and c stand for main and called rulebase, c and m do not have to be different

rulebases, so it gives the possibility for recursion ).

We see M is not an ordered set. A rulebase e M is called by another rulebase by name,

which is the reason for unique names for rulebases. Therefore it's not needed to order the

set M. One special rulebase is reserved however to be used as a start rulebase.

Advantages:

- We can avoid useless matching of patterns which don't occur anyway in an expression.

- We could see every rulebase as a procedure. The start rulebase could be seen as the

main program, while it is calling the "procedures" (rulebases). We can see the

resembles in modem computer languages, making it possible to use this

construction of the rulebase as a very flexible tool.
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2.3. Termination, unarrlbiguously and completion.

We cite Mohan and 5rivas [11]: 'In any programming formalism, it is desirable that a

function definition satisfies three properties:

PI : Evaluation of terms invoking the defined functions on basic operator term

argument must tenninate.

P2 : The definition must be unambiguous,Le., every evaluation of the same term

must yield the same result.

P3 : The definition must be complete,Le.,evaluation must be possible for every

invocation of the defined function on basic operator term arguments.'

Ad.PI: In our multi-related-rulebase-system we use sequential rulebases. We thus have to

satisfy property PI for every rulebase separately and thus fulfil the property PI for

the whole system.

Ad.P2: As our system is based on a sequential matching procedure, there is only one

possible wayan expression is processed to reach the end of the system. Therefore

P2 is always satisfied.

Ad.P3: As we will see later we rewrite every expression to a canonical form, which is, if

possible, unique for a group of expressions which have the same algebraic

meaning. From that point on, the rewrite procedure is thus the same for every

expression of that group. 50 P3 is thus satisfied.

We have to keep these properties in mind as we construct our rulebasesystem.
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3. Pattern recognition.

We want to make a rewrite system that recognises certain patterns in an expression. We

can, if we have recognised such a pattern, act upon it and alter the expression to

something we think is more useful. We will see that a pattern could be used to recognise

more than one expression, which will lead to a reduction of the number of patterns. We

will also see that different patterns can recognise the same expression, which could cause

some problems regarding determinism, but we will deal with this problem later.

3.1. Matching a pattern on expressions.

The input of the expression-optimization is of course, an expression. Our rulebase M,

however, is constructed basicly of patterns. We have to find a way to map a pattern on

an expression.

Although E is a subcollection of P it is possible to project every pEP on e E E.

"i/ e E E, 3 pEP : Proj(p) = e ;

It is frequently possible to project p on more than one e, so on a subset of E.

3 VeE, 3 pEP : Proj(p) = V ;

This process of projecting p on e successfully is called matching.

Concluding from the above there could exist a subset V of E which could be matched by

a single pattern p of P successfully.

An example:

p = 'A const';

eo = '0';

et = '1';

e2 = '2';

Here eo, et and e2 are all matched with p.
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3.2. Matching patterns on an expression.

Matching can be done at more than one level; we can see an expression in different ways

( we look with a specific depthrange to it ).

For example the expression: 'true or false' could be matched with:

'an expression' (a)

,an expression' 'or' 'an expression' (b)

'an expression' 'or' 'a constant' (c)

'a constant' 'or' 'an expression' (d)

'a constant' 'or' 'a constant' (e)

'an expression' 'or' 'false' (f)1

'true' 'or' 'an expression' (g)

'a constant' 'or' 'false' (h)

'true' 'or' 'a constant' (i)

'true' 'or' 'false' (j)

We see that one single expression can be matched by many different patterns.

Some of these patterns are useless for matching this expression, although we could for

instance use (b) to simplify the two expressions on both sides first and then, as a result,

simplify the whole expression by matching with (a). We note that the order in which the

rewrite rules are placed is very important.

In the example we prefer (f) and (g) and do not need (h) because:

(f) U (g) = (h);

Further note the order of the example: if we use (a) we don't need the rest because (a) >

(b..h), (a) gives a matching before b..h can do.

1
Only a few patterns can make a match that will lead to a simplification of the expression. Only the last 5 (f..p can distinguish that the

expression is a possible candidate for simplification. A match in (e) could lead to an evaluation which could simplify the expression as well.
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It is further important to note the change the rewrite rule implies. If a rule converts an

expression to another expression this new one can still match another rule in the same

rulebase. We have to take this possibility into account and act upon it. This possibility

could be wanted or not. This is depending on the situation.

One possibility could be to start the rulebase over again, another is to exit the rulebase,

doing nothing further at this stage.

We conclude that the subset Vi and Vj of E, which could be match by Pi and Pj of P, don't

have to be disjunct.

E

figure 2

and 4 expressions:

el : 3 and TRUE

e2 : FALSE and TRUE

e3 : TRUE and 4

e4 : TRUE and TRUE.

In the graph, which is an example, there are 3 patterns involved:

pI : 'a const' and TRUE

p2 : FALSE and TRUE

p3 : TRUE and 'a const'

We can imagine the expression space as a plane. The patterns are projected on it as a

shade from a point projected by a light source.

We can see that indeed some patterns match more than one expression for example in the

area of el there could also be: '4 and TRUE','S and TRUE' and so on.

Also there are some expressions like e2 and e4 which are matched by more than one

pattern ( e2 by pI and p2, e4 by pI and p3.)
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3.3. Expression levels.

Expressions can consist of more subexpressions, e.g., the expression a + b consist of two

subexpressions: a,b.

In this way we can distinguish different levels in expressions.

An expression like (a + b) + c has an operator level range of 2, we have to go through 2

levels if we want to reach the last operator.

While searching a tree for a special pattern, we scan, with a pattern, through several levels.

In the example above we scan through two levels. Sometimes this could be more or less.

Example: ( a + b ) + c is an expression which could be matched twice with the pattern

a + b, once matching x + c (with x=a+b ), and once on the subexpression a+b itself.
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4. Rewriting.

4.1. From equation to rule.

Rewriting is based on the property of two expressions having the same algebraic meaning,

stated in an equation.

s = t { s,tEE }

If we have such an equation, we could construct two rules:

{ S,tE E }: s=t ¢:::> s---)i A t---)RS;

Mostly only one rule is desired, so:

{ S,tE E }: s=t ::::} S---)Rt V t---)RS;

In this way we can construct a directed rule.

We call the source s of a rule the lefthand side of a rule. We now define a function that

we will need later:

LHS( , ) =s iff , : s ---)R t.

RHS( , ) = t iff , : s ---)R t.

Note: we only have a rule here which converts an expression into another, not a pattern.

This implies that we have to make a rule for every possible mutation of an expression.

We can however also try to pack more than one rule into a set of rules that have a

common part, using patterns. We can then use this common part and try to make a more

common rule that will process the complete set at once.

Consider a group(set) G of rules 'j (i E [1..N] ).

In G ej E LHS( 'j )(ej E E).

In G if ej = ek => 'j = 'k for all i,k E [1..N] which implies:RHS( 'j )=RHS( 'k ) for all

i,k E [1..N].

For pEP : Proj(p) = ej for all i E [1..N] and Proj(p) doesn't match outside the group G.

If these 3 conditions are satisfied we can replace G with only one rule containing p for all

Note 1: these considerations are also true if we take a pEP instead of eEE.

Note 2: ej can be a subexpression of a whole lefthand side of a rule.
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An example: equations:

rules:

0*1 = 0 (1)

0*2 = 0 (2)

0*3 = 0 (3)

(4..n)

O*a = 0 (n+1)

0*1 ~ 0 (1)

0*2 ~ 0 (2)

0*3 ~ 0 (3)

(4..n)

O*a ~ 0 (n+1)

Rule (1) to (n) can be put into a group G and then the numbers 1 till n in the rules can be

replaced by each other. For instance, if we take rule (3) and put the 3 of this rule on the

place of the 1 in rule (1), we get again rule (3). If we assume n is the biggest integer

possible in an expression we can take this group G together with the rest of the rules

to: 0 * 'a const' ~ 0 (1)

0* a ~ 0 (n+1)

We can again take these two rules together and construct one rule instead:

o* ,expression'~ o (1)

In this way we can reduce the number of rules to a minimum. Rewriting can now be

defined as applying rules so that the outcome of the rewrite is (sub)optimal.
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4.2. From equations to rulebase, theory.

We want to have a method to convert a set of equations to a set of (directed) rules. In

literature we can find some methods to extract a 'complete' rulebase out of a set of

equations.

We define for this purpose Eq : a set of equations.

One method for creating a rulebase R out of a set of equations Eq is the one designed by

Knuth and Bendix'70 (see H.AYt-Kaci & M.Nivat p39 [19] for further details).

We use the following inference rules which form a standard completion procedure:

(1) Orient: (EqLJ{s~t},R)

(2) Deduce: (Eq,R)

(3) Delete: (Eql.J{s=s},R)

(4) Simplify: (EqLXs~tl,R)

(5) Compose: (Eq,RLXs~t})

(6) Collapse: (Eq,RLXs ~d)

I- (Eq,RLJ{s~d)

I- (EqLJ{s =tl,R)

I- (Eq,R)

I- (EqlJ{u~t},R)

I- (Eq,Rl.J{s~u})

I- (EqlJ{v=tl,R)

if: s>-t.

if: Sf-RU~,t.

if: S~RU.

if: t~RU.

if: S~R u by rule I~r E R withs r>1

The symbol r> denotes the specialization ordering, iff some subterm of s is an instance of I, but

not vice versa.!

(1) Orient turns an equation SHt that is orientable (s > t) into a rewrite rule. Since 1- is

greater that 1 for any reduction ordering ( or an infinite derivation would be

possible), the equation 1-H1 can only be oriented it the direction 1-~1.

(2) Deduce adds equational consequences to, E but only those that follow from back-to­

back rewrites s f-R u and u ~Rt. For example, the rules x.x-~1 and 1.x~x can both

be applied to the term 1.1-. The first rewrites this term 1-, from which the new

equation 1-H 1 can be deduced. As we will see, only consequences of certain'critical'

peaks need to be considered.

(3) Delete removes a trivial equation s~s. An equation X.1Hx.1, for example, would be

candidate for deletion.

(4) Simplify rewrites either side of an equation SHt. For example, given a rule 1.x~x, an

IIf there is rewrite rule r applied to s and the result is t then t is an instance of s.
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equation 1.1~1 would be replaced by 1H 1.

(5) Compose rewrites the right-hand side t of a rule s~t, if possible. For example, given

a rule x-~x, the rule (x.t).1~x-.1 would be replaced by (x.l).1~x.1.

(6) Collapse reduces the left-hand side of a rule s~t and turns the result into an equation

uHt, but only when the rule l~r being applied to s is smaller in some sense (

embodied in l» than the rule being removed. In practice, we use the (proper

specialization ordering as l>. In the ordering, s l> I if a subterm s is an instance of l(

but not vice-versa). For example, a rule x-.y~x.y collapses to X.YHX.y in the

presence of a rule x-~x. The age of the two rules may also be taken into account

when each left-hand since in an instance of the other, making older rules smaller.

We write (Eq,R) ~ (Eq',R') to indicate that the pair (Eq',R') can be obtained from (E,R) by

an application of an inference rule. A (possible infinite) sequence (EqOrRo) ~ (EqllRl) ~... is

called a derivation from (EqOrRo). The limit of a derivation is the pair (Eq-,R-) of the set

Ul\~iEqj of all persisting equations and the set U/lj<!:i~ of all persisting rules.

A completion procedure is a program that accepts as input a set of equations Eq()l

a Rewrite system Ro, and reduction ordering> containing Ro, and uses the above inference

rules to generate a derivation from (EqOrRo). We say that a completion procedure fails for

a given input, if Eq- <> O. A completion is correct, if R- is complete and Eq- = O.

This concludes the discussion of the theory. This procedure will produce a rulebase which

is not ordered, that is all the rules are placed into a random order. The rulebase source­

patterns thus have to be disjunct, e.g., if an expression is tried to be matched, there is at

most one pattern that will match the expression. However, we want a rulebase that is

matched sequentially, so some patterns don't have to be disjunct. Furthermore, we have

a system with multiple rulebases, which is not so in the method above.

The theory above is constructed upon an ordering that we sometimes do not follow.

The definitions above are nevertheless useful for construction of a rulebase. We will

therefore partly use this method. We will also introduce a method that will deal with the

problem of ordering rules in a rulebase and rulebases themselves.
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4.3. Consequence of a rewrite.

8 . A
'~==>A J

We see that at first we couldn't apply the rule to the a,b,d A . A
(aib)"c: ~ (a0c:)+(b"c:).

We have to consider the consequences of a rewrite. A rewrite alters the structure of the

expression tree. Mostly the level range of the rewrite, so the levels of the alteration is

equivalent to the operator level range. We have to consider that if a rule, consisting of a

pattern and its rewrite pattern, is applied, the levels under it alter too. So if a rewrite rule

is applied to a certain expression we have to keep in mind that the levels in the operator

level range also change.

An example:

The expression: «a + b) + c) ,.. d

The rule: (a + b) ,.. c ~ (a ,.. c) + (b ,.. c) : (displayed in figure 3)

Appliance:

«a + b) + c) ,.. d

«a+b) It d) + (c It d)

«a It d) + (b It d» + ( c ,.. d ).

couple. If however, we had applied it to the (a+b),c,d figure 3

couple first, we could.

We altered the expression in a lower level by using the rewrite rule. This second rewrite,

could result in a rewrite even lower.

This makes it likely to make a rulebase a top-down design, working from the root to the

leaves.

In the figure we see again that the expression in a lower level changes as we apply a rule

like this.

If, however, we do a rewrite at a level below, this could mean that, at the current level,

now a pattern could be matched which couldn't be made if we didn't make the rewrite

at the lower level.

A pattern that has an operator level range greater than one, so is depending on more than

the current level, could be matched after the lower levels are rewritten.
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An example:

The expression: «a + b) .. c) .. d

The rule: (a + b) .. C ~ (a .. c) + (b .. c) : ( the same as above)

Appliance:

«a + b) .. c) .. d ~

«a .. c) + ( b .. c ».. d) ~

«a" c) .. d) + «b .. c) .. d).

We can see that in this case we first have to apply the rule to the a,b,c couple and as a

result we can use it again to the (a"c),(b"c),d couple, but this last is at a higher level. So

using the first ( top-down ) technique we had not found the second rewrite. This makes

it likely to use the bottom-up design in a rulebase, working from the leaves to the root.

In the figure we see this also: changing the current level has consequences in the levels

above.

Concluding, we have to use rules, which also have to be aware of alterations in the lower

and upper levels. With each rule we introduce in a rulebase, we have to consider the

consequences of the rewrite to the levels below and above. We will deal with this problem

later.
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5. Basic equations.

A rulebase is always based on an algebraic foundation. In our system we only take the

most simple equations based on some simple algebraic properties:

1 the Associative property. A.

2 the Distributive property.(left and right). D.

3 the Commutative property. C.

4 the Unity property of one. U.

5 the Zero property of O. Z.

6 the cancelation of NOT ( symbol of not: .., ). N.

7 the expansion of XOR. X.

8 the De Morgan rule. M.

9 the mInus rules. 1.

10 the Evaluation of constants. E.
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Equations: ( for the following equations, ,op' is a symmetrical operator ! )

(aopb)opc =aop(bopc). At
(a+ b) * c=(a* c) + (b* C). Dt
c A (aV b)=(aV dA (bV c). D

2

c V (aA b)=(aA c)V (bA C). D
3

(a op b) =(b op a). Ct
a*l=a. V t
aAl =a. V 2

aVl=1. V 3

aEal =""a. V 4

a *0=0. Zt
aAO=Q ~

aVO=a ~

aEaO=a. Z4
a+O=a ~

""""a=a. Nt
...,1 =0. N

2

...,0=1. N
3

aEab= (a A..., b)V(...,a Ab) Xt
...,(aVb)=...,aA...,b. Mt
""(aAb)=""a V...,b. ~

a-b=a+-b It
-a=a*-l ~

C/lanyopllC2 =C3 E

From these simple equations we can deduct some equations that are obvious to us but are

quite timeconsurning if we have to deduct them with only the basic rules, e.g., we will try

to construct a new equation with --a. Note that we, humans, mostly know which way we

want to go. If the outcome of such a deduction is not clear, it could take some extensive

effort even done by a computer. Note that these equations are not directed.

--a =
-(-(a» =(2)

(-(a»*-l =( 2)

(a*-l)*-l =(At)

a*(-l*-l) =(E)

a*l = (Vt)

a

We now deduced the equation --a =a. There are other ways to corne to the same result
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but there are, however, also some ways to come to an equation like for example -a=--a.

The following deductions are used frequently and therefore done here only once and we

can refer to them later.

a A...,a = (if a=l) a V..., a = (if a=l)

1A..., 1 = (N) 1V..., 1 = (N)

lAO=O (Z) 1VO=1 (Z)

a A..., a = (if a=O) a V..., a = (if a=O)

oA..., 0 = (N) oV..., 0 = (N)

OAl=O (0) OVl=1 (0)

concluding: a A..., a =0 concluding: a V..., a =1

aAa= (Z) aVa= (0)

(aVO)A(aYO) = (D) (aAI)V(aA1) = (0)

aV(OAO)= (Z) aAO Vl)= (0)

aVO= (Z) aAl= (0)

a a
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6. The theoretical background.

.1"or01

The expressions offered to our rewrite system are of a variety of forms. Some of these

expressions however have the same mathematical meaning. Our aim is as mentioned

before, to reduce the number of operators in an expression, and if possible to reduce an

expression to a constant expression.

To get an impression on the number of

operators during the rewrite process, we

look at figure 4, and see on the left side

that a whole group of expressions is first

forced to a canonical form, which is fairly

unique. This gives an expression fewer

possible forms which in its tum reduces

the number of rules in a rulebase.

Th th O •• furth ed figure 4en 15 expressIOn IS er process

using a collapse mechanism discussed later.

On the right side we see that an expression could gain on the number of operators in the

first part towards the canonical form, but later it will loose some operators as well. Mostly

the number of operators at point el" is less that el. El' as the canonical form mostly holds

more operators then el", as is shown in the figure. Note that the expression could have

local minimums regarding the number of operators, but we have to avoid seeing these

points as points where the expression could no longer be reduced.

This strategy results in some steps toward the canonical form, using different rulebases

after each other. After a canonical form is reached there is a group of rulebases that

reduces the number of operators step by step. Then the results are evaluated to search for

some expressions that can still be reduced.

We will first handle the part where the number of operators is reduced. We then know

what input conditions there are for this part, which are the output conditions of the part

which produces the canonical form. We thus handle the part before construction of the

canonical part after the collapse part. It's a sort of working back from end to the beginning

of the process. This is due to in and output conditions that will be handled in a later

chapter.
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6.1. Collapsing.

The equations we use to reduce the number of operators are based on the distributive

properties:

(a+ b) * c=(a* c) + (b* c). 01
c A (aV b)=(aV c)A (bV c). 02
c V (aA b)=(aA c)V (bA c). 03

These properties are used from the righthand side to the lefthand side. Using these

properties the number of operators will diminish by one each time. We call this collapsing.

One can consider a random search for these properties to use them on an expression but

it is more effective to rewrite the expression into a canonical form first.

Further it is efficient to take the most common variable/subexpression in the whole

expression and make this variable/subexpression the variable/subexpression that is taken

out of the parenthesis first. We will call this the common variable.

Proof: Assume there is a most common variable a, which is n times in the expression

while variable b is m times in the expression ( m =:;; n ). If we take a out of

parenthesis we gain maximal n-1 number of operators. If we take b out of

parenthesis, we gain m-1 number of operators.

We can now consider tree cases:

1 all bs are in subexpressions where as are too.

2 there are some bs that are in a subexpression with no as.

3 all the bs are in subexpressions that contain no as.

Case 1:

Let us assume we take b out of parenthesis, so we have a subexpression

connected to b with m subterms. So now we can take a in the subterm out

of parenthesis, and we can take a out of parenthesis outside of the subterm

from b.

Total gain: m-1 (b) + m-1 (a inside) + n-m-1 (a remaining) = m+n-3.

If we take a out first ( gain: n-1 ) we have all the bs inside the subterm and

so we can take out m bs ( gain: m-1 ).

Total gain: n-1 + m-1 = n+m-2.
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Case 2:

We again try to take out b first.( gain: m-1), then we assume that there are

r as in the subterm of b so we can take them out too ( gain: r-1 ). Then we

can still take out as outside the subterm ( gain: n-r-1 ).

Total: m-1 + r-1 + n-r-1 = n+m-3.

If we take out a first ( gain: n-1 ) and then take out the remaining bs in the

subterm of a ( gain: r-1 ), we can still take out m-r bs outside the subterm

( gain: m-r-1 ).

Total: n-1 + r-1 + m-r-1 = n+m-3.

Case 3:

We take out b again first ( gain: m-1 ) and in the subterm there are no as,

so outside the subterm we can take out a completely ( gain: n-1 ).

Total: m-1 + n-1 = n+m-2.

Taking out a first has no consequence for the consideration above.

Total: n+m-2.

As we can see taking a out first has only an effect in case 1. In the other two cases it

doesn't matter which we take first.

As the aim is to minimise the number of operators we consider this method a good one.

Furthermore we have to consider the possibility that if we have taken out a variable out

of parenthesis, we can update our expectations about what variable will make the most

gain now. This means that the above presentations can be reconsidered.

Assume we have p variables aj ( i E [1..p] ). Variable ~ occurs Oli] times. We take

am out of parenthesis:
V'i:O[m] ~O[i];

If we have taken am out of parenthesis we have to consider the most frequent

variable again. ( While taking am out of parenthesis we have to update O[m] ).

We continue this process until there are no more variables left that are considered

gaining anything.

Totally we have gained at this level:

Gain=L (numberofthecurrentlymostfrequentvar)-l

In this way we each time achieve the maximal gain.
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In the subterms (subexpressions) we see a new but similar expression which can

be dealt with in the same way as described above.

Using this property we are assured we fulfil the goal of a maximal gain.

Notel: to use this property we have to make sure that the two subexpressions in question

have to be adjacent. This is something we have to take care of in advance. We call

this sorting.

Note2: we also have to satisfy the condition that the variable in question is the most right

one of the expression.

Note3: To minimise the search for a matching pair of subexpression we assume a

canonical form.
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6.2. Sorting.

As stated in the collapse-chapter we want to make two nodes, in which the same variable

is present, adjacent. This means we have, in some way, shift these two nodes towards each

other, and make the collapsing possible. We call this sorting. We sort out some subtrees

so they become adjacent. If we want to sort, we first have to prove the property: ('op' is

a symmetrical operator )

(a op b) op c : a,b, and c can appear in any order.

Proof: ( 6 possible permutations)

(a op b) op c =(C) 1

(b op a) op c =(A) 2

b op (a op c) = (C)

b op (c op a) = (A) 3

(b op c) op a = (C)

(c op b) op a = (A) 4

c op (a op b) = (C)

c op (b op a) = (C of 4) 5

a op (c op b) 6

Note that 'op' is the same operator each time.

If we have a tree of operators which are the same and if they are symmetrical operators

we can sort them in any way we want using the property mentioned above. It states that

we can exchange the position of two subexpression ( a,b,c in the above property) if we

want to.

This method is used to make two subexpressions adjacent, and so satisfying the condition

1 stated in the previous chapter.

This method can also be used to sort a subexpression and so satisfying condition 2 also.
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Again we have to satisfy a few conditions before we can use this property.

1. - a canonical form to speed up the search through a tree and reduce the number

of rules used.

2. - subexpressions are already sorted to speed up the variable match here.

3. - The variable in question must be known ( chosen in advance ).

4. - We have to eliminate monadic operators as much as possible.

From all above we conclude that a canonical form is essential.

6.3. A canonical form.

We want an expression as a canonical form to reduce the number of mutations of an

expression, that is the number of possible forms that an expression can appear in.

E.g.: a + b + c + d can be represented in several forms:

( a + b ) + ( c + d ) (1)

a + ( b + ( c + d » (2)

«a + b ) + C ) + d (3)

( a + ( b + c » + d (4)

a + «b + C ) + d ) (5)

Graphical it looks like figure 5.
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If we see the number of '+' as n we could express the number of mutations of a single

expression, M(n), as follows:

M (0)=1

M (1)=1
n-l

M (n)=EM (p).M (n-1-p) {for:n>1}
p.O

We see that indeed:

M(3) =
M(O)M(2)+M(1)M(1)+M(2)M(O) =

M(O) {M(O)M(1)+M(1)M(O)} + M(l)M(1) + {M(O)M(l)+M(1)M(O)} M(O) =
1.{1+1} + 1.1 + {1+1l.1 = 5.

The number of mutatlona of en expreuIan

! :

tl-~E ~

l5 :... .
.! :
E :
2 '....._-----'l>--_......-....._===;:::.-..,...,---...---1.

NI.Il'Iber~ '+'81

The number of mUlallona of enlllq)l'8lllon.......~---------....,

I ~
E
'5 ..

I ~
c:.....
§ : ~----.---.,----,---r----.--......-----.----!,

Number of '+'81

figure 6 figure 7
In the two figures above we see that the number of mutations is exponentially related to

the number of operators. The left one is used to indicate the rapid increase as we increase

the number of operators. The right one is placed to show how fast the relation increases

even on a logarithmic scale.

In the example stated earlier, this means that if we could reduce this expression, we had

to have at least five patterns to match this expression and rewrite it to another. This could

be more if we consider the variables incompatible and so in each tree we could set a

variable at four different places, giving a total number of mutations: 5 ,.. 4! =5! =120. This

increases even more if the total number of operators increases, so for 4 operators we

already have already 14'" 5! = 1680 possibilities, for 5: 42 ,.. 6! =30240.

To reduce the number of patterns we have to match, we declare the left sorted pattern as

the canonical form. This is a specially defined form in which the operators are placed in
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the tree.

If we first rewrite all expressions to this form we reduce the patterns in the rulebase from

that point on.

Of course the number of mutations due to the variables are still present. This number is

related to the number of operators (n): the number of mutations due to variables is (n+1)!,

if all variables are disjunct. This is of a smaller order then M(n).

6.3.1. Left sorted canonical form.

We now define the left sorted canonical form and refer to it as the canonical form in the

future. The following definitions only apply to dyadic operators.

1 The operatortype of a lefthand side of a dyadic operator is not the same as the

operatortype of the dyadic operator itself.

2 If there are any constants in a expression ( at the current level! ) they have to be as far

to the right as possible. This simplifies the search in a tree; we can detect a constant

and skip it, remaining a constant free expression at this current level!

In the example at the beginning of the chapter, number 3 is the canonical form

«(a + b) + c) + d). If for example b was a constant, the canonical form would be:

«(a + c) + d) + b) 1.

For an optimal effect of the main equation (collapse) we first have to expand an expression

to a form that also contributes to the canonical form.

6.4. Expansion.

Expand means using the distributive property to make an integer expression a 'sum' of

'products', and a register expression a 'or' tree of 'and' trees. (we do not regard XOR now

because of its special characteristics and we already eliminated this operator.)

1
there are still 3! = 6 mutations possible due 10 the variables a,c and d.
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(a + b) * c

(aV b) A c

(aA b) V c

= (a * d + (b * d.
= (aV dA (bV d.

= (aA d V (bA d.

(1)

(2)

(3)

We use these properties now from the lefthand side to the righthand side.

We immediately notice that this property used from left to right increases the number of

operators by one each time. This is against the first main aim of this system.

We can defend this step by assuming that in the main collapse part the optimal solution

is found. If the original expression is the optimal expression we would find this expression

again as result of our system.

6.5. Introduction of constants.

As we saw the collapse rulebase expects that there is at least one constant at every node.

This calls for a rulebase addconst, which takes care of this problem. It is simply a rulebase

which checks if there is a constant at the most right place of a subexpression and if not,

it introduces a multiplication with 1 for an integerexpression and a and with 1 for a

registerexpression. Note that this has the opposite effect of sort, as it introduces a constant,

while sort tries to get rid of it.

6.6. Removing monadic operators.

Here we encounter the first difference between an integer expression and a register

expression.

In integer-expressions we only have to deal with monadic operators from the type minus,

while with a register expression we come across more types of monadic operators such as

not and reverse type.
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6.6.1. Register expressions.

In register expressions we could encounter monadic operators, which are to be removed

or at least be pushed as far as possible down the tree towards the operands.

Here we assume that the register operator reverse type is already as close to the operand

as possible, We can easily introduce some rules, equivalent to the not operator, to push

them down as well. For the not operator type we use the "De Morgan" property, and the

distributive property.

-.( a and b )

-.( a or b)

= -.a or -.b

= -.a and-.b

(1)

(2)

=(using 1)

=(d)(using 1)

We have to start at the root of an expression and work our way to the leaves, pushing the

not operator out in front of us. This because the result of the current level is of great

importance in the levels below.

Example:

-.( (a or b) or c)

-.( a or b ) and -.c

( -.a and -.b ) and -'c.

(d) indicates we are going down one level, and we find the not operator again, so we use

the rules again at this level.

We introduce a simple rule that takes care of multiple nots after each other using Nt'

=a
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6.6.2. Integer expressions.

Monadic minus operators and also dyadic minus operators can be eliminated using the

property:

-a

a-b

=a""-l.

=a+b""-1

(l)

(2)

Proof:

(l) is an obvious result of equation 12,

(2) a - b = (11)

a + - b = (12)

a+b""-I.

It doesn't matter at which point we start ( root or leaves) as long as we check each part

of the tree, because the result of this step is not used in a lower or higher level as is not

so with the register expression.

If we start at the root, and we see a monadic operator, type minus, we use equation (1)

to transform it. We then get an expression (called a in (l», which has to be processed, and

a constant expression -1, which is not processed. We see that even if we encounter:

--a, we only see -(b), with b=-a, so:

b "" -1 (= -a "" -1 ) and then one level down:

(a .. -1 ) .. -1.

This multiplication of -1 ""-I will be dealt with later, in the sort part, so we leave it for now,

but can mention that it is simply reduced to 1.
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7. Possibilities for implementation.

We will now, as part of the implementation, first handle the problem of ordering a

rulebase, which is a significant problem for rulebase design and implementation. We will

then proceed investigating the order of the rulebases themselves.

This gives a method we can use to implement rules in a rulebase. We will do so with the

rules we already found in the theoretical part, in the order in which they appear in the

process of expression reduction.

7.1. How to order the rulebase.

We wonder if there is a mechanism for ordering a rulebase or at least describe a method

of ordering a rulebase.

As we recall, the rulebase is sequential scanned until we have a match of the lefthand side

of a rule and transform it to the righthand side of the same rule. After that we continue

to scan the rulebase from the next rule on ( sometimes we don't, so skip the rest of the

rulebase, but that is an exception).

7.1.1. Definitions.

A rulebase has the following specialties in it:

- Mostly, the lefthand sides (s) of all the rules are disjunct to each other.

- If we have two rules r j and rj then if kj this indicates that rule rj will be placed before

rj in the rulebase.

This results in:

Rulebase ORDERED {

Sj

We notice:

- If an expression matches Sj the expression is rewritten to a form of tj •
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- If an expression matches Sj' this could be the result of the expression itself which had

the proper form as it entered the rulebase or rule i has transformed the expression

so that it now can match rule j.

The connection between these two rules is obvious. H r j produces a form that will match

Sj or a subexpression of Sj this rule must be placed first.

For example:

Rulebase EXAMPLEI {

--a ~ a (1)

a + ( b + C ) ~ (a + b ) + c (2) }

Rules (1) and (2) are disjunct. The question is why do we have to place (1) before (2). First

we see that if expressions a,b or c in (2) are of the form (-a) we still match rule (2) so this

is NOT the reason (1) is placed before (2),

(1) Is placed before (2) for the part (b + c) that could be of the form: -(b + c) which will

be handled by (1) so it is matched by (2), so an expression like 'a + -(b + c)' will be

handled correctly. Note that rule (1) is used in a different (lower) level then (2). We thus

have to use this rulebase bottom-up, working an expression form the leaves to the root,

or in expressionterms form the inner parenthesis to the main expression.

As an example we want to investigate a simple rulebase used to push down the NOT

operator to the operands as much as possible. The rules use in this rulebase are: ( C stands

for a constant)

...,...,a ~a (1)

...,( a + b ) ~""a .. ...,b (2)

...,( a .. b) ~ ""a+...,b (3)

a .. 111.. ~a (4)

a + 111.. ~ 111.. (5)

a" 000.. ~ 000.. (6)

a + 000.. ~a (7)

C"a ~ a"C (8)

C+a ~ a+C (9)

C+C ~C (10) (C on RHS is evaluated C)

C .. C ~C (11) (C on RHS is evaluated C)

...,C ~C (12) (C on RHS is evaluated C)

Note: the list order is arbitrary.
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We can divide a pattern in subpatterns like:

= Sit'" si2 or

or

E.g.: SI = ...,...,a ; Sl1 = ...,a ; S111 = a. ( note: S111 = tl ) so

5:2 = ...,( a + b ) ; 5:21 = a + b ; S211 = a, 5:212 = b so

5:2 = ""5:21 = ...,( 5:211 + 5:212 ).

We introduce an other definition here: Sj =SiOO•• supplementing the number of zeroes to the

number of levels ( in the expression/pattern) minus 1. So:

S100 = ""S11O = """"S111' In this way it's easier to indicate the level we are operating. If the

index is smaller than another we are in a higher level than the other. So the smaller the

index, the higher the level will be.

7.1.2. The problems.

We have to distinguish two problems here.

1. In which order do we place the rules in the rulebase ?

2. Which level is dealt with first ?

The second problem is a question whether to use a bottom-up or a top-down method.

Bottom-up: we start at the leaves, work our way to the root, so the lowest level is dealt

with first. In concreto this means, subpatterns with a higher index are dealt with first.

Top-down is the other way around. Here the subpatterns with the lowest index are dealt

with first. The only problem now is which method do we use.
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The first problem is more complicated. We have to recognize if a consequence of one rule

on another is in this level, in a level below, or in a level above ( a higher level). A problem

is that some rules only strip things off, but do not alter the expression basicly, e.g., rule

(1) only strips off the two not operators, but leaves the rest of the expression intact. We

could consider leaving this rule, as we corne to the'a' part two levels down anyway ( as

indicated by S111 = t1OO>. The problem lies in the consequences for this step in rule (2). If S111

is of the form 5:210 then one level down we get a match on rule (2) so an expression like

"''''(a+b) will be transformed to ..,( ..,a ... ..,b ), if rule (1) used it will become (a+b) directly,

which we can not guaranty if we use an other order in these rules. So we have to consider

the possibility that if this rule is not used (first), what rules will be used, even at another

level.

7.1.3. Dependencies.

x

L

H

p[x ILI H]

E

Z

-5 Warning: rule could result in an Endless loop!

-6 Hazard: master rule could match something directly as does slave

-7 No effect on other rule.

We see the problem is very complex. We will try to make a matrix, of the effects of some

rules over others.

We have some possibilities.

-1 Effect of rule is in the current level, on other rule.

-2 Effect of rule is on a Lower level, on other rule.

-3 Effect of rule is on a Higher level, on other rule.

-4 Possible use of another rule on another level

We could express these possibilities in mathematical terms, using the ~malch relation. This

special relation tries to match a pattern on another pattern. We have defined a method to

match expressions on patterns but we now see these patterns as an expression. To indicate

the difference we use the ~malch operator1
•
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x

pL Sj 4 match

Sj 4 match

tj ( will only be of influence for top-down.).

Sil I Si2 I S13" and no 'x'.

Sk ( i < k < i + 100.. ) and no 'x'.

pH Sjt I ~ I sj3.. 4 match ~ and no 'x'.

Sk 4 match tj ( j < k < j + 100.. ) and no 'x'.

L Sj 4 match till~I~3···

Sj 4 match tk ( i < k < i + 100.. ).

H tj 4 match Sjt I Sj2 I sj3 ...

tj 4 match Sk ( j < k < j + 100.. ).

E Sj 4 cou1d match tj and Sj 4 cou1d match

Z : Sj 4 malch Sj and Sj 4 no match Sj.

We could encounter combinations of these possibilities.

If we order the rules so that a dependent rule is used after the master rule, we get an

ordered rulebase. In the matrix the xs have to be under the diagonal, e.g., if rule (3) is

master over (4) ( 4 dependant of 3 ) we mark the place in the matrix (4,3) with a x ( under

(3,3». The situation could occur that an x is on the diagonal, which indicates that a certain

rule is dependant on itself. The rule could then be constructed to call upon itself until no

match occurs any more, e.g., rule (1) is such a case: S111 = tt, which indicates that an

expression like '-.-.-.-.a' will be handled in two steps of rule (1) resulting in 'a'. The

problem here is that if we use this rule bottom-up, we encounter '-.-.a' first ( part of

'-.-.-.-.a' ), rewrite it to 'a' and later, two levels up, we encounter '-.-.a' again rewriting it

to 'a'. We see here that the strategy ( bottom-up / top-down ) has influence on the

rulebase.

If we have a L in the matrix this indicates that this master rule could result in a match on

a lower level, on that particular dependent rule, so the rulebase for the master rule should
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be used in the top-down method, to give the opportunity to match the dependent rule,

e.g., rule (2) rewrites an expression like "("a+b) to (.,.,a"'.,b). Now we can use rule (1) one

level down on the .,.,a part to rewrite it to a"'.,b. Thus rule (2) used before (1) makes it

possible to use rule (1) in a lower level, so indicated by an L at (1,2).

If an H occurs in the matrix this is a result of a master rule making it possible to use the

dependent rule on a higher level, so this master rule should be used in the bottom-up

method, so the master rule will be used before the dependent rule in a lower level, e.g.,

rule (5) produces a 111... string which in its tum can be used in rules (4) and (5) again,

which is one level higher again. We indicate this with an H in the matrix.

All the entries with a 'p[L IH]' have to be in the same method. So if at (2,1) there is a 'pL'

in the matrix, this indicates that 1 must be performed in the same top-down sweep as 2,

because if 1 is not used before 2 at this level, so in the same sweep, 2 could be used in a

level down, before 1 at this level in the bottom-up sweep, e.g., an expression like .,.,(a+b),

we first use rule (2) ( after on level down step) so we get ,,("a"'.,b). Note we didn't

encounter rule (1) because we get that one on the way back (bottom-up). To bring this one

to a good end we have to use rule (3) again one level up, getting ""a+.,.,b and now we

can use rule (1), again one level down and resulting in a+b. We thus have a very weird

run, up and down level, several times to bring this one to a good end.

The E is a special case only to indicate that a rule is dangerous if we use it to call a

rewrite, e.g., rule (8) and (9) are never ending if they call themselves on an expression like

110+010 or 101"'011.

A hazardous situation occurs if two source patterns are almost alike, e.g., 'a + const' and

'a + 1'. The target pattern doesn't even care in those cases. Here 'a + l'(=i) will match on

'a + const' (=j). If we thus place rule j before i we get a situation that an expression like

in rule i will not be handled, because rule j does all the rewriting, and so, assuming that

the rule completely alters the expression, puts rule i out of business.
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To get a good understanding of these indications some of them are represented as graphs

for the dependencies of the first 3 rules, as they are the main rules of the rulebase­

example:

figure 8 : Original rules

~ =ru1e===:::::l
C!J >-~

figure 10 : Higher dependencies

figure 9 : Possible dependencies

@
rule 1 L123

-, :>$
~t.:.:.;.;.;.;.:.;~

figure 11 : Lower dependencies

As an example to explain the graphs we look at figure 10 (higher dependencies ). We see

with rule 3 that the S310 part is marked. The text at the right comer of the rules states H2.

This means that the t200 part matches the S3101 so there is a higher dependency of rule 2 in

3. This is then indicated by an H on the (3,2) spot.

For another example we look at figure 11 ( lower dependencies ). Here, in rule 2 the t2l1

part is marked. The indication is 1..3. This means that ~oo will match t2l1 and so cause a L

on the (3,2) spot also indicating a lower dependency.
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Note that the definitions of the indications are limited. We do not look at the 5:221 part ('a')

as this indicates a 'an expression' type that will match anything. The only exception is the

case if the 'a' is the only part of a pattern. Therefore rule 1 is a special case and the tl is

used in indication. We didn't make a figure of this case as it is obvious that 'a' (tl) will

match anything.

We will make a indication table of these first tree rules.

I j!,i~

II
1 I 2 I 3 I

1 x

L L L

2 x L

L L H

3 x L

L H L

We first notice that in all the cells, there is an L. This suggest strongly that we use a top­

down method for the 3 rules. Further are they at least downwards dependant on each

other which indicates that it is a good idea to put them together in one rulebase, top-down

method.

As we can see in the rule 1 column, this rule is dependant on all the others, including

itself, and has therefore be implemented as a recursive rule. It calls upon itself provided

that it makes a match. After that the expression no longer has the form of SI and so we can

continue. We can now erase the xs form the table.

The possible rules are done before the lower level, so they can be erased also.

I j!,i~

II
1 I 2 I 3 I

1 L L L

2 L L LH

3 L LH L

Rule 2 could give erase to a hit on a higher level for rule 3, as rule 3 also does on rule 2,

but this could only be possible if the original expression looks like -.-.(a v b). This -.-. part
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however is handled by rule 1, so it never occurs. We can not get this in the table. We,

humans, have to decide this. We can see that this gives reason to the assumption that this

procedure is not to be automated yet.

We will try to reconstruct an expression which will cause all this trouble. H(2,3) is a result

of a rewrite of SJ. SJ is rewritten to t3 which will match ~1' We have thus SJ -+ [t3 -+match S21]'

and ~ = ""~1' and so ~ <= ...,t3 and concluding: ~ ~<= ""SJ = ...,(...,(a .. b» (which will match SI'

so it doesn't occur).

We will refer to this procedure as backtracking, as it is used after we have taken a decision

about the method ( top-down / bottom-up ).

We can now erase the Hs from the table as they are not applicable any more. We get a

clean rulebase, only Ls in the table, so it is OK to use this rulebase, top-down, all rules

together in one rulebase. Sometimes it could be possible that some of the Hs stay in the

table. To avoid applying the rulebase over and over again, we can suggest two possible

solutions:

1 Use some rules on the way backup (bottom-up method).

2 Introduce a rule which takes care of this particular situation.

This second solution could, however, alter the entire rulebase, which is not always desired.

In every case we have to repeat the whole procedure of making a table, to construct the

final rulebase.

We will now look at the backtracking part again.

For this purpose we will introduce a new definition here. We can for every rule define an

area in the expression space E in which all the expressions are situated which may be

offered to the rule. This part of the expression space we call the input expression space

IES. After a rule there could be areas which are no longer present after the rule. We call

this the output expression space OES.

We saw that some rules make the input space smaller, that is some expressions do no

longer exist at the current level after we have applied a certain rule. This shows as we look

at rule 1 of the example. The IES before this rule can be denoted as E the whole expression

space. After rule 1 ( recursively! ) we have thus an OES of E/{-,...,a}, that is the original

expression space without an expression that will match ...,...,a. We have to note that this is

at the current level!

We thus see that after rule 1 we have an IES for rule 2 which is the output space of rule

1: E/{-,~}.
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After 2 we thus have E/f-,""a/...,(a+b)}, after 3 E/f-,...,a/...,(a+b)/...,(a"b)}.

Using backtracking we can find an input expression that causes the H in the dependency

table namely ...,...,(a"b) which, as is now obvious, not in the input expression of rule 2 and

3. We can therefore wipe out the Hs in the table.

Note that the above is only permitted if we already have determined the order of the

rules. We use backtracking to confirm our choice of top-down. If for some reason we don/t

get to a conformation we thus have to reconsider our choice we made, or introduce a rule

that will take care of this situation. As a result of introducing a new rule we have to start

the whole process over again.

We are now using all the rules from the example and try to construct a rulebase. We have

to note that all the above steps represent an enormous amount of time, but we have filled

the table any way.

We shuffle the rule order to get a nonprejudiced matrix. We then are going to sort the

matrix. Sorting is done as follows:

We start with a top-down design. We can now forget the Hs in the matrix as we do not

have the possibility to use these dependencies in any way.

We first make a dependency vector diagram. Here the arrows indicate a dependency. A

pL indicates we have to use the source rule of the arrow before the target rule, because

else the target rule will hit first, not giving the source rule a chance to do its job as we

want it to.

Rules which have their whole column filled with xs we mark with a square, because in

top-down/ we have to call them recursively. We can then forget the whole column of xs

and so simplify the vector diagram. We just can start with any rule, and work our way

trough. After we have made the draft diagram, we rearrange it so we can draw some

conclusions from it.
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We can then rearrange the matrix according to the diagram.

Ij~,i~ 1[:] 12 ITEJ 5 I 3 I 6 I 2 I 11 ~ 10 I
9 N HpH x x H H pL HpH x HpH

12 H HpH x x H L H L HpH x HpH

4 pH x x x HpH pL pH x pH

8 HpH x N x H pL H HpH x HpH

7 x pH x x HpH pL pH x pH

5 x pH x x HpH pL pH x pH

3 x H x L HL x

6 pH x x x pL HpH pH x pH

2 H x x HL L x

11 HpH x x H pL H HpH x HpH

1 x x L L x

10 HpH x x H H pL HpH x HpH

First we have to determine which rules are used top-down, and which are used bottom­

up. If a rule has a L on its diagonal, this indicates that the rule has some dependency of

itself on a lower level. It is therefore logical to use this rule in a top-down method. On the

other hand, if a rule has an H on its diagonal, this means it is best used in a bottom-up

method.

A rule with a x on its diagonal, and mostly along the whole column, indicates a

dependency on the current level and therefore the rule has to be used recursively anyway.

We therefore clear this column of its xs, as we reconstruct the rule with such a recursive

rewrite command, instantaneously.

We now have tree groups of rules, A for top-down, B with bottom-up, and C for which

we don't know (yet).

In the example we get:

A: 2,3 ; B: 5,6,10,11,12 ; C: 1,~Z,8,9

.2 indicates rule p being recursive. The reason for this special case is because this rule
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strips off two levels of an expression, and by doing so it skips the part of the matching

process before it. It in a way steps into a 'new' level, e.g., (rule 1) -'-.-.-.a is match as

-.-.(-.-.a) and rewritten to -'-'a. but if no rewrite occurs this 'new' expression -.-.a is not

matched by all predecessors and so a part could be missed as we see in this example. If

we use the bottom-up method we match from the inner part to the outer. We could find

thus -.-.a first not even knowing that the expression still holds two not operators above it.

Now the expression is processed properly. As we have already placed this rule in the top­

down part, we only have the solution of a rewrite command. This could be fairly local as

this rule (1) is the only rule to be called again.

As we can see in the table, rules 2 and 3 are dependent on rule 1, indicated by the L on

the row of rule 1, on a lower level. Further, the pL on the column of rule 1 indicates that

rule 1 must be performed before rules 2 and 3 on a higher level. Concluding that rule 1

belongs to group A.

We have to notice the special rule 12, which is lower and higher dependent on some other

rules. We therefore place this rule twice. One in group A and one in group B.

From the xs in the columns of rule 8 and 9, we see that rules .1,5,6, and Z are dependant

so, rules 8 and 9 must be before them. No further restrictions are made to these two rules.

We can put them either in group A or ( at the beginning of) group B. Placing them in

group B automatic places.1 and Zalso in B as they must be after 8 and 9. This has the

advantage that rule.1 and Zdon't have to be recursively rewritten because the 'a' part of

the rule was already processed ( bottom-up method ). This in turn could speed up the

rewrite process, as the number of recursive rewrites diminishes.

We get now thus:

A: .12,3,12. ; B: 4,5,6,7,8,9,10,11,12. ; C: empty.

As we remember we can split a rulebase in a top-down and a bottom-up part, using the

recursive rewrite command. We now have thus a A group (top-down) and a B group (

bottom-up ). We can so reorder the table correspondingly.
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D 1 2 3 12 8 9 4 5 6 7 10 11 12

1 x L L x x

2 x L HL H x x

3 x HL L H x x

12 x L L HpH H x H H x HpH HpH HpH

8 x pL HpH N x H H x HpH HpH HpH

9 x pL HpH N x H H x HpH HpH HpH

4 x pL pH x x HpH x pH pH pH

5 x pL pH x x HpH x pH pH pH

6 x pL pH x x HpH x pH pH pH

7 x pL pH x x HpH x pH pH pH

10 x pL HpH x H H x HpH HpH HpH

11 x pL HpH x H H x HpH HpH HpH

12 x L L HpH H x H H x HpH HpH HpH

We now have to sort the groups A and B so they behave as we expect of the rulebase.

Group A: Rule 1 is recursive rewritten so we can forget about the xs in that column. Also

the xs in column 4 and 7 are not important for this group now. The Hs in the row of rule

12 are taken care of by using rule 12 twice.

The rules have no dependencies and so the rules may be mixed in order providing they

stay in group A.

Group B: Here we can also disregard the xs on the columns 1,4 and 7 as they are no

longer effective ( in a bottom-up method the dependencies are no longer important as

mentioned before). The rules 8 and 9 must be before 4,5,6 and 7 as we have seen before.

This is also confirmed by the fact that the xs are under the diagonal. The only problem

now is that the rules 10 and 11 have possibilities on rules 8,9,4,5, and 7. We therefore place

these two rules before 8,9,4,5,6 and 7. This results in the final table.

- 45-



1 2 3 12 10 11 8 9 4 5 6 7 12

1 x L L x x

2 x L HL H x x

3 x HL L H x x

12 x L L HpH HpH HpH H x H H x HpH

10 x pL HpH HpH HpH x H H x HpH

11 x pL HpH HpH HpH x H H x HpH

8 x pL HpH HpH HpH N x H H x HpH

9 x pL HpH HpH HpH N x H H x HpH

4 x pL pH pH pH x x HpH x pH

5 x pL pH pH pH x x HpH x pH

6 x pL pH pH pH x x HpH x pH

7 x pL pH pH pH x x HpH x pH

12 x L L HpH HpH HpH H x H H x HpH

We note also that all ps are also below the diagonal as are all the xs and thus the problem

is solved. Further we have all the Ls in the top-down part (1-12) and all the Hs in the

bottom-up part (12-7), so this criterion is satisfied as well.

- 46-



As a result we thus get the following rulebase:

rulebase EXAMPLE1:

{

...,( a + b)

...,( a ... b)

...,C

~ REWa

~ ...,a ... ...,b

~C

(1)

(2)

(3)

(12) (C on RHS is evaluated C)

RECURSNE_REWRITE

C+C ~C

C ... C ~C

C"'a ~ a"'C

C+a ~ a+C

a "'111.. ~a

a + 111.. ~ 111 ..

a'" 000.. ~ 000..

a + 000.. ~a

...,C ~C

}
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(11) (C on RHS is evaiuated C)

(8)

(9)

(4)

(5)

(6)

(7)

(12) (C on RHS is evaluated C)



7.2. Global Rulebase ordering.

If we want to order the rulebases, we have to use more or less the same rules as ordering

the rulebase internally. Every rulebase can be described as a simple description, with an

input expression space (IES) and an output expression space (DES).

For every rulebase there is an input condition, which could be described as an input

expression space. We thus have to meet this input condition of the input expression space

of the rulebase.

As we look for example at the push-not-rulebase, we see it lacks input conditions, or at

least non that can be overcome easily, e £ E I e = registerexpression. Therefore we could

place this rulebase anywhere in the master rulebase, and call it on the only condition that

the expression is of the registerexpression type. The output expression space however is

in the area where there is no not-operator before another operator. The only thing after an

not-operator is an operand or a constant. The output expression space also shows this:

E/ (-,""a,""(altb),...,(a+b),integerexpression}.

For every rulebase we could set up a set of expression spaces, one for input, one for

output.

Masterrulebase:

IES:

DES:

E.

E.

We see that for the masterrulebase there are no limitations.

PushNotRulebase:

lES: E/ {integerexpression.}.

IES: E/{-,...,a,...,(altb),...,(a+b),integerexpression.}.

As we already knew, this rulebase only limits the expression space more as preparation

for other rulebases.

PushMinusrulebase:

IES: E/ {registerexpression.}.

IES: E/ {-a,a-b,registerexpression.}.

Also here we have a rulebase that only limits the expression space for further rulebases.

Note: lESpushNotRulebase U lESpushMinusrulebase = lE~asterrulebase = E.
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ExpandRulebase:

IES:

OES:

SortRulebase:

IES:

E/{""""a,""(a*b),""(a+b),-a,a-b}.

IES/{(a+b)*c,a*(b+c),(a or b)and c, a and(b or c)}

E/ {""""a,""(a*b),""(a+b),-a,a-b,(a+b)*c,a*(b+c),(a or b)and c,

a and(b or c)}

OES: IES / {a op(b op c),C op a,(a op C)op b, C op C }

{note: op is still a symmetrical operator}

As we can easily see we are still narrowing the expression space. We work to a canonical

form.

We now corne to a rulebase Subsort which is a rulebase that can not be described with

these parameters. This is due to the use of a algorithm that can not be described as a

rulebase we defined.

We will however try to characterise it with an OES, but this can not cover all the

possibilities. We will indicate this.

IESsubsort = OESsert·

OESSubsort = OESSort / { a'+b+a'} (' marks the busy variable ).

note that deSCription is this is not complete.

We indicate that if there were two busy variables in an expression and they could be

placed in such a way that they could be adjacent, they would have been. An expression

like a'+b+a' would therefore not be in the OESsubsort' Also an expression like a'+b+c+a'

would not be in it. We could think of thousands of other expressions which would not be

in the OESsubsort' It is thus not possible to describe them in a way as we did before.

It is therefore also not possible to describe the whole rulebase in terms of expression

spaces. The rulebase selects parts of an expression which are to be treated with an

specially designed algorithm that will be discussed later.

As the OESsubsort could not be described, the IESsimplify and IESooo1alg could also not be

described as they follow upon the subsort rulebase.

The OES of both these rulebases could be described in words: " If the rulebases use all
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their possibilities, there will only be one reference of a variable in the expressionl
". There

are of course expression for which this is not true, e.g., (a"'b)+(b"'c)+(c"'a) will only come

to: a"'(b+c)+(b"'c). That is why we used: 'all their possibilities'.

As we can see it is impossible to describe the IES and OES clearly. We will therefore only

indicate them as well in words.

It is easy to see that:

IESSimplify =IESooolalg =OESSubsort

This is only partly true as simplify only deals with integer expressions and boolalg only

deals with register expressions.

OESsimplify = OESooolalg with the same restrictions as with the 00.

The OES holds only expressions with the least number of operators which is possible to

achieve with the used method.

7.3. Constructing a rulebase for minus reduction.

We have to construct a rulebase for minus operator reduction ( to zero !).

The used properties are:

- a

a-b

= a "'-1

= a + b '" -1

So the rules we want to use first are:

-a

a-b

Resulting in a table like:

~ a "'-1

~ a + b "'-1

(1).

(2).

I ji,i~ I 1 2

I
1

I

- -

2 - -

1 noll! that this is only true for expressions for which this is possible anyway_

- 50-



From the table we conclude that there are no dependencies here so we simply construct

the table as we like, e.g., top-down:

-a

a-b

REWRITE,CURRENT.

-4 a"'-1

-4 a + b"'-1

( orient)

( orient)

( recurs the tree )

(1).

(2).

(3).

Here we have an example of not following the rules for deducting a rulebase defined by

Knuth and Bendix'70 (see H.Alt-Kaci & M.Nivat p39 [19]). The orient inference rule (l)

states s > t. In both cases of the above properties this is not true. Nevertheless we

construct the rule, keeping in mind, that if this expression is still present at the end of the

process, we have to reverse the process. So implode minus introduces the following rules:

a'" -1

a + b "'-1

a'" -1 + b

Resulting in the following table.

-4 -a

-4 a-b

-4 b-a

(4).

(5).

(6).

I j!,i-4 I 4 5 6

4 - pL pL

5 - - -

6 - - -

The only thing we have to be sure of is that rule 4 is used at a certain level before 4 and

6 on a lower level. The simplest solution is to use them top-down:

a ... -1 -4 - a ( orient) (4).

a + b ... -1 -4 a - b ( orient) (5).

a ... -1 + b -4 b - a ( orient) (6).

REWRITE,CURRENT. ( recurs the tree) (7).

Note we have to use more rules here. Rule (6) is for a special case: if the -1 part is

contained in the most left part of an expression.

Rule (6) is a result of rule (5) and the commutative property. We could deduce this rule

also from a simplify step using Knuth and Bendix'70 [19].
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We could change the order of the rules here a bit. For instance we could place rule (6)

after (7) but in the fonn of: -a + b ~ b - a. This because we then have to consider the fact

that rule (4) was already applied so all multiplications with minus 1 are then converted

to a monadic minus operator with the rest of the expression under it.

A few examples. ( later steps are already shown ).

--a ~ (a*-1)*-1 ~ a*(-1*-1) ~ a*1 ~ a.

-a*3 ~ (a*-1)*3 ~ a*(-1*3) ~ a*-3 ( note -3 is a constant as it is).

7.4. Constructing a rulebase for not reduction/shifting.

Using some register properties we can construct some properties which result in shifting

a not operator.

(1) : -.-.a ==a
(2) : -.(aM)==-.aV-.b
(3) : -.(aVb)==-.a/\-.b
(4) : -.(aEab)==

-.«a/\-. b)V(-.a/\b»==
(-.(a/\ -.b»/\(-.(-.a /\b»==
(-.a V-.-.b)/\(-. -.a V-.b)=
(-.aVb)/\(a V-.b)=
«-.aVb)/\a)V«-.aVb)/\-.b)=
(-.a /\a)V(b /\a)V(-.a/\-. b)V(b /\ -. b)=
oV(b/\a)V(-.a/\ -.b)VO==
oV(b/\a)V(-.a/\ -.b)=
(b/\a)V(-.a/\ -.b)VO=
(b/\a)V(-.a/\-.b)=
(a/\b)V(-.a /\ -.b)=
(-. (-.a)/\b)V«-.a)/\-.b)=
-.aEBb.

Resulting in the following rules:

-'-'a~ a (1)
-.(a/\b)~ -.aV-.b (2)
-.(aVb)~ -.a/\-.b (3)
-.(aEBb)~ -.aEBb (4)

(N)
(M)
(M)
(X)
(M)
(M)
(N)
(D)
(D)
(-.x/\x=O)
(2)
(C)
(2)
(C)
(N)
(x)

These are the basic rules for pushing a not operator to the operands. In this way we clear

every level of an expression of not operators by moving them down one level. In the next
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recursive step we find it back and try to push it again until we can't any more.

Only rules (l) and (4) are reducing the number of operators. The other two (2) and (3)

must be reversed if no improvement has occurred.

""aV...,b~ ...,(aAb) (2b)
(cV...,a)V""b~(OcV(...,aV""b)~ cV...,(aAb) (2c)
""aA""b~""(aVb) (3b)
(cA...,a)A""b~(OcA(""aA""b)~ cA...,(aVb) (3d

The rules (2c) and (3c) are derived as shown. The only way these rules can be used is, if

c is not a not expression.

These rules have to be applied from the leaves to the root, thus the reversed order of the

push rules. We call this part 'implode_not'.

7.5. Constructing a rulebase for constant introduction.

The introduction of constants as described introduces some problems, as it is not

depending on a presence of a constant but a 'not presence of' a constant. Our rule thus

has to be more suggestive as the other rules.

7.5.1. Integer expressions.

We want to introduce a constant to the most right side of all productterms. This implies

a rule like:

a * 'not a const' ~ a * 'not a const' * 1. (1).

note 1: We may not use this recursively, as this would cause an introduction of a 1 each

second invocation, which is not wanted.

note 2: We have to label the whole expression "a * 'not a const''' so we can refer to it if we

have a hit. ( we denote a label by 'L:' and a reference by 'L' ) We can thus denote

rule 1 by:

L:( a*'not a const' ) ~ L*1.
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From note 1 we can conclude that we can use this rule only by calling it from another rule:

a + L:'not a consi' ~ a + call rule (1) L. (2).

We have to use a third rule to take care of the recursion, as rule (2) must be called also

on the 'a' part. This however may not only be in case of a hit of rule (2) thus:

a+b ~ rewrite: (a) + b. (3).

note 3: We only rewrite the 'a' part, not the b part.

note 4: We could take rule 1 and 2 together to:

a + L:(a""'not a eonsi') ~ a+L""l (4).

but we would still need rule (t) to deal with the last one of a or tree. We thus get only 3

rules: 1,3 and 4.

The advantage over using rules l,2,and 4 is that we don't need another rulebase, while

rule 2 calls rule l,which is not the current rulebase. We would therefore need another

rulebase for rule 1.

The order of these two rules is not important as rule 4 only adds something to an

expression only once, while rule 3 takes care of getting from one level to another. The

method top-down, or bottom-up is not important here.

7.5.2. Register expressions.

With register expression we have the same problem as with integer expressions,and thus

only the rules are somewhat different.

a Vb ~ (rewrite:a)Vb. (1).

aVL:(bA'notaconst') ~ aV(LAll .. ) (2).

L:(bA'notaconst') ~ LAll.. (3).

We can easily see the analogy in these rules.
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7.6. Constructing a rulebase for expand.

7.6.1. Integer expressions.

equations E Eq:

a""(b+c) = a""b + a""c.

(a+b)""c =a""c + b""c.

(1)

(2)

Problem: which local strategy do we use?

There are two solutions:

1. introduce a mechanism which keeps track of alterations and act upon it.

2. Start at the leaves, work to the root, and make sure the expression we leave behind

is already expanded. ( no match can be made in this part of the tree any more). Then

if there is a match at this level that leads to an alteration, walk down tree again to

the leaves until the alteration has no effect anymore.

An example.

The triangles represent parts of an expression tree. White areas are not yet visited. The

procedure finishes if all parts are ready or not hit occurs. Ready means that the sub tree

has the desired form, and not hit indicates that in that part there is no match, so the

pattern we search for to be simplified is not found.

top down design

figure 12
boIIom up design

figure 13

The left ( top-down ) method tests part 1 (1), and finds nothing, goes on to part 2 and
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finds a suitable pattern, which is altered. (2) Part 2 is altered and it is necessary to check

part 1 again. Due to the alteration in part 2, there is now a match in part 1 ( which has of

course an overlapping match in part 2). Now the alteration is made to part 1 and we do

the step to part 2 again. Check it, and find nothing to be simplified, continue to part 1

again ( we don't check part 1 as part 2 altered nothing). Then check out part 3 and exit (3).

The right ( bottom-up) method walks down the tree to the leaves first. In the coming back

part it starts checking. (1) As it hits something in part 2 it alters part 21
• Then part 3 is

checked first (2). Then part 1, changing it and checking part 2 again, but no hits are made,

so we exit (3).

top down deslg

~ Q1ecked but not hit
~ Is being check8cI
I::::::::::::::::::j Ready

figure 14

~ Checked but not hit
~ Is being checked
IIIIl Ready boaom up dellgn

figure 15

We look at the same example again, but now in the case that part 3 also alters during the

walk The begin and end figures are the same although in the left figure, the final step

isn't displayed because it's the same as on the right. We now see instantaneously that the

first method is more complex than the second one. We see that the second method doesn't

check part 1 first as part 1 is dependant on part 2 and 3. Therefore it is logical to use the

second bottom-up method, because less checking is done. Further more there is no special

mechanism needed to signal a alteration. We simply apply the rulebase again to the

subexpressions if the root of a certain expression alters.

1part 1 is not checked now !
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We could also try the Table method:

I j!,i~

II
2 I 3 I

2 L (2x) L (2x)

H H

3 L (2x) L (2x)

H H

We could use one of two methods (top~own or bottom-up) as we have Hs and Ls.

As we backtrack we will find that the input expression space is not limited enough to rule

out some possibilities as we had with the shift-not rulebase.

Therefore we have to take all the Ls and Hs into account, e.g.

L (1,1): a*«b+c)+d) ~l a*(b+c)+a*d ~L1 a*b+a*c+a*d.

H (1,1): a*b*(c+d) ~L1 a*(b*c + b*d) ~l a*b*c + a*b*d.

Introduction of more rules would lead to an endless explosion of rules, as some rules are

recursive, e.g., as we saw above with H(1,l) we could try to introduce this reduction as

a new rule. But then what to do about: a*b*c*(d+e), which would introduce another rule.

This could go on forever.

We could, however, try to solve this more elegantly. We use a bottom-up method solving

the problems with the Hs in the table. We now only have to take care of the Ls. This could

be handled by the rewrite command. If we have a hit on one of these 2 rules, and thus a

rewrite, we could use this hit to rewrite the whole expression again, calling the current

rulebase. In this way we go lower in the expression again until no more hit occurs and the

lower dependency stops.

Using these considerations we can construct the following rulebase.

rewrite_recursivelyl (1)

a*(b+c) ~ rewrite:(a*b)+rewrite:(a*c)2 (2)

(a+b)*c ~ rewrite:(a*c)+rewrite:(b*c)3 (3)

As we look at these rules we note that in the rewrite after a hit, it is not necessary to walk

~is rule results in walking to the leaves first

~e only rewrite ( and go down again ( we were going up) ) if we had an hit at the current level !.

3_ above.
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to the leaves again. Therefore we need two rulebases. One called the main, as described

above, and one which only holds the rules (2) and (3), called the small rules. The rewrite

in the main is thus calling the small, but small is only calling itself. In this way the small

will finish when there is no more pattern match. This will speed up the process, because

fewer matches are tried.

An example: ( (b) is backup out of recursion)

(a+b)*c*d ~

(a+b)*c, d ~

a+b, c, d ~

a,b,c,d~

a+b, c, d ~

(a+b)*c, d ~

a*c, b*c, d ~

«a*c)+(b*c»*d ~

(a*c)*d , (b*c)*d ~

«a*b)*c)+«b*c)*d) ~

7.6.2. Register expressions.

(1)

(1)

(1)

(b)

(b)

(3)

(b)

(3)

(b)

(exit).

Register expressions are handled the same. We use the same properties, and by using the

same theory we can also construct a rulebase Simply.

Only the + is swapped with 'or', and the * is swapped with the 'and'.

jJ..,i~

I
2 3

2 L (2x) L (2x)

H H

3 L (2x) L (2x)

H H

rewrite recursive (l)
aA(bVc)~ rewrite:(aAb) V rewrite:(aAc) (2)
(aVb)Ac~ rewrite:(aAc) V rewrite:(bAc) (3)
for the rewrite command again a new small rulebase
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7.7. Construction of a sort algorithm.

The aim is, as mentioned earlier, to use the properties:

Dt: ( a 0P2 b) OPt C = ( a OPt C ) 0P2 ( b op t C )

D2: c OPt (a 0P2 b ) = ( a OPt C ) 0P2 ( b op t C )

These properties are formed to rules from righthand side to lefthand side.

Note that if we use the commutative property on the lefthand side of the second property

we get the first property.

Concluding we say that property Dt and D2 are equivalent if OPt is a symmetrical operator,

and in our case it is. As this is a requirement for the property D t and D2 to work we can

combine these two properties to the rule:

( a OPt C ) 0P2 ( b op t C ) (1)

We now have only one rule, but we have to note that the lefthand side of this rule only

matches expressions with one main operator (OP2). The pattern must be extended using

the associative property to:

{r 0P2 ( a OPt C )} 0P2 ( b op t C ) (2)

We assume, as always, that OPt and 0P2 are symmetric operators.

As we see it is needed that for rule (l) and rule (2) there are some variables or expressions

( represented by c in the rules) that are the same, and at the exact place. It's therefore

needed to sort an expression again to ensure that the above is the case.

We now have to select the most common variable, which is represented in the most

subexpressions. If we want to make such a decision, we first have to scan the expression

and make a count of the present variables. We can also count in which subexpression the

variable is present, and so minimising the search/scan time. If we have selected the most

common, and so the most likely variable we can use the above rules.

We work from the root to the leaves, but first 'subsort' the subexpressions.

- 59-



For these global rules we could already try to construct a table:

jJ..,i~ 1 2

1 LH LH

2 LH LH

The Hs are not desired here! We want to use these rules and assume that there is no

hi&her level. Therefore we get a table with only Ls that indicates a top-down method.

7.7.1. Integer expressions.

We so find a tree consisting of a sum tree of producttrees. We thus first 'subsort' the

producttrees using the sorting properties again. These state that a tree of the same

symmetrical operators can be arranged in any order we like. The selected variable is

placed at the most right place possible.

We now have all subexpressions of the form:

1. selected_var or

2.

3.

4.

selected_var '" const

rest'" selected_var

rest'" selected_var '" const.

or

or

We see we have 4 appearances of this expression. As this pattern is present twice in the

rules above we get a total number of rules:

2 ( rules) '" 4 ( left-side) '" 4 ( right-side) = 32 rules.

We could diminish this by introducing a const multiplication of 1 (U1). We reduce the

appearances of the product to 2: possibility 1. and 3. are not possible any more. We so

reduce the number of rules to: 2*2"'2 =8.

We see that we now get a rule like:

(a '" c '" C1) + (b '" C '" C2) ~ {(a'" C1) + (b '" C2)} '" c (1)

(2)

In these rules the 8 mutations are realised leaving out parts a and b respectively, or both.
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We encounter an other problem. If we want to use this rule recursively, we leave the busy

var ( in the rule above represented by c ) not in the right form. We want that every

product has one constant at the left side, but with the c part we don't have this. Therefore

we alter the right hand side of the rules that inserts an one.

Note that the gain we have now is zero: the number of operators is the same on the left­

and right-hand-side. We have to admit that the last operator could be considered a

dummy.

We can see the right-hand-side is again a part of the left-hand-side:

(1): x It C It 1 ; (2): r + x It C It 1. ( we see {(a It Ct ) + (b It C2)} as x )

We can thus use this part again in a recursive rewrite immediately, not using an other

rulebase, until we run out of busy variables.

We have to note that the gain now is not 1 as we first wanted but O. This is not a bad

thing as we later strip of the multiplication by one, gaining 1 operator after all.

A special case occurs if both a and b are nonexistent so the rule (1 of the 8) is:

(c It Ct ) + (c It ~) ~ HCt ) + (C2)} It c It 1.

We can now evaluate {(Ct ) + (C2)} immediately and substitute it on the place of the one.

We get: (c It Ct ) + (c It C2) ~ c It EVALUATE{(Ct ) + (C2)}.

7.7.2. Register expressions.

Here the same considerations are made as in the integer trees. We want to make a sum

tree of product trees. The difference is that a variable or subexpression can be present as

the plain variable (a) or as its negation (not a).

We now have several representations for a subexpressions. The difficulty of a non rewrite

is also possible.
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If we have for example an expression like:

(aAb)V(cAb) (1)

(aAb)V(cA..,b) (2)

(aA..,b)V(cAb) (3)

(aA..,b)V(cA..,b) (4)

We can easily verify that only (1) and (4) can be rewritten. (2) and (3) can only be

rewritten in some special cases such as a=true or c=true.

As we remember that a and ..,a are considered two different variables we can also strip of

rule (4) as the "'(..,a) case doesn't occur, and this leaves use with only one main rule (1) as

in the integer-tree case.

Here we introduce a variable true to be a good constant to be added if there is no constant

expression in a subtree using the property U2•

We have to take care of another special case. This is very important because these special

cases could wipe out an entire subexpression making the simplification much easier.

The rules used are:

a/\a ~ a (1)

aA..,a ~ false (2)

aVfalse ~ a (3)

We use rule (2) to reduce a whole subexpression to false and as this false is part of a

sumtree, we can use rule (3) and eliminate the subexpression completely.

Rule (1) is only used to minimise the number of variables. Leaving (1) out, so not

minimising this expression, and losing one operator, and later gaining it by getting it out

of parenthesis, is not a good practice. Why leaving it while you can gain now?
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The main rules are:

1 = true ( can be seen as all ones ).

r V (aAcAC
I

) V (bAcAC
2

)

(aAcAC
I

) V (bAcA~)

Specials:

(cAC
I

) V (bAcA~)

~ r V {(aAC
I

) V (bAC
2
)}AcA1 (1)

~ {(aAC
I

) V (bAC
2
)}AcA1 (2)

~ {(C
I

) V (bAC
2
)}AcA1

~ {(bAl)VC
I
}AcA(C

I
VC

2
) (3)

~ {(C) V (C
2
)}AcA1

~ cA(C
I
VC

2
) (4)

We didn't quote all the rules as they are of the same form as the ones above. From rule

(3) we can easy derive 3 others, leaving out b instead of a, and placing a rest part r as in

rule (1). We thus get 3 rules extra. Further, form rule (4) we can derive a rule including

the rest part, giving one extra rule. We get a total of: 2 + 4 + 2 =8 rules as said before. We

note that two constant expressions together are simplified, returning one new constant

expression.

We further note the rewrite of rule (3) and derivations. Here we can use a rule we can't

use in integer expressions namely:

(aAb)Vc ~ (aVc)A(bVc) (a)

In integer rules this rule would look like:

( a ,. b ) + c ~ ( a + c ) ,. ( b + C ) which it NOT true ( unless c = 0 )!.

The only thing we gain by using this rule (a) in (3) above is the that we kick constants that

are not lout of the lower levels. This could make it easier evaluating an expression on a

lower level.
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7.8. Construction of rulebase, resulting in a canonical form.

Also in the expand rulebase we have to match over more than one level so we again

encounter the problem of which local strategy we have to use.

As in the expand rulebase we now also use the strategy of bottom-up, and if a rewrite

occurs we follow the results down the tree again until we find a canonical form again.

We recall the aim again here. Canonical: left sorted form, if any constant expression then

this is the most right as possible one.

Property:

a op (b op c) = (a op b) op c

Here op is a symmetrical operator, and the two ops are of the same type.

Rulebase:

Rewrite-current (1)

a op (b op c )

( constl op a )

( a op constl ) op const2

( a op constl ) op b )

rewrite: ( a op b ) op c

( a op constl)

a op evaluate:(constl op const2)

( a op b ) op constl

(2)

(3)

(4)

(5)

The last 3 rules take care of any constant expression in an string of symmetrical operators.

Note the order in which these rules are placed.

Rule (1) descents down the tree to the leaves. Rule (2) uses the given property to make a

leftsorted tree. ( The rewrite is only done on this rule, so we make a special rulebase only

containing rule (2». The other rules (3..5) are only used once, assuming that the tree is

already in a leftsorted form.

Rule (3) only takes care of any expression only having two subexpressions, which is an

constant expression. The constant is put to the right only if op is a symmetrical operator.

If this expression is part of a bigger expression, so this is a leave of an expression, we need

rule (4) and (5) on a higher level.

Rule (4) assumes that there is a leftsorted structure from this level down, and detects that
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there are two constant expressions that could be combined to one.

Rule (5) is one step behind rule (4). The reason is that an expression that hits on rule 4 also

hits on 5, but not necessarily the other way around. For instance: expression (a + 3) + 5

hits on both, (a + 3) + b only on rule (5). Swapping the rules, gives in the end the same

effect, but it is not necessary to rewrite (a+3)+5 to (a+5)+3 and that to a+8 if it can be done

in one step: (a+3)+5 ~ a+8. using rule (4).

The thought behind rule (2) is it to leave a leftsorted tree behind, and if there is a change

at the current level, we have to go back and retrace this change until it has no effect at the

levels below the change.

We see that rule (3) is based on the commutative property, while rules (2),(4) and (5) are

based on the associative property.

We can extend our rulebase with a rule concerning relational operators:

constl relop a ~ a reversed_relop constl (6)

We see that we here have to alter the operator. We reverse the relational operator in the

same step as we reverse the operator. For instance 3>a can be rewritten to a<3 as '<' is

the reverse of '>'.
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7.9. Construction of the collapse rulebase.

The construction of the collapse rulebase was not easy. We had to construct a mechanism

that numbered the node, so we could identify every node as part of table where the

number of variables are kept.

Furthermore we had to introduce some commands to manipulate a table which looks like

this:

Dlnot Imark I node1 Inode2 Inode3 I..· I
var 1

var 2

var3

...

- the not field indicates if, in case of a register tree, the variable is present as a not variable

of as a normal variable.

- the mark field is used to keep track of the variables already dealt with or not. It also

indicates which variable is processed at the moment.

- the node number fields are used to indicate the number of occurrences a variable has

under a certain node, for instance (a"a)~a, where the underlined node keeps the

node number, the entrance at 'a' is 3.

Further there are some special fields containing the number of nodes, variables, and for

direct access, the number of the variable currently processed, the busy variable.

7.9.1. Construction of the table.

The table is constructed in a normal sweep through the tree. We assume it is a OR tree of

AND trees ( register expression ), or and SUM tree of PRODUCT trees (integer

expression ).

We go down a tree, which is left sorted, stepping down left until we don't find another
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OR or SUM operator. While we step down, we look to the right and see an AND or a

PRODUCT operator, which gets a node number, placed in the table. The tree for which

this AND or PRODUCT operator is the root, we scan for variables that are also entered in

the table.

After this sweep we can count the total appearances and the spread of a variable. The

spread is used to indicate in how many different nodes each variable is present. In this

way we can easily determine the busy variable that is the most likely variable to get a big

gain on operators.

Then the tree is 'subsorted'. This is also a scan of the tree down the leftside until there are

no more OR or SUM operator. We then look at the right side wether this subexpression

contains the busy variable. If not we skip the node, else we take out the OR or SUM

operator completely with its right subexpression, and place it on the new root expression

that holds the output of the procedure. The rest of the original expression is restored so

we can go on with the procedure. After we reached the end of the original expression we

simply place the rest part of the original expression, which doesn't hold any busy

variables, to the end of the new root expression. We now have an new root expression

which from top to bottom holds first all the subexpressions with the busy variable and

then the part with no busy variable.

What happens if we use a rule like:

r + ( b .. a ) + ( c .. a ) ~ r + ( b + C ) .. a.

This means that all the variables in the 'b' and 'c' part are from the current level not

interesting any more and have to be eliminated from the table. Furthermore, the two

multiplications are reduced to one, which indicates that two node entries in the table have

to be reduced to one. It is fairly easy to see that the new node can have either one of the

old numbers of the nodes reduced, while the other one can be made completely empty.

Also the only entry left for the remaining node is the busy variable ('a').

All the other variables, contained in 'b' and 'c' are out of scoop for the current level. They

will appear again in the part under the variable 'a'. This can, however not be done

immediately, because in the 'r'(est) part, there could still be an 'a' that can be processed

with the rule above at the current level.

Concluding we have to keep track of the number of busy variables. If this number
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becomes less than two, thus one or zero, this means the variable has the whole part under

it that is possible, or the variable is reduced completely out of the expression. We need

thus a mechanism to detect this. This is done during the table update reducing two nodes

to one.

After we have detected an end of reduction for the busy variable, we have to call the

procedure for the rest part, for which the table is still true, and the part under 'a', the (ex)

busy variable. For this part under the (ex) busy variable we have to construct a new table,

and as we remember the rulebase is processed from left to right, we can assume the rest

part is already finished.

All this leads to a construction using at least 3 rulebases.

- One containing the reduction rules as in the example above. We use the command

rewrite after we have matched a certain pattern to call the second rulebases, we call

'loop'.

- The second rulebase 'loop' checks first if all the variables are processed, which leads to

an end of this part of the reduction process.

If this is not so we have to check if in the new expression, the busy variable is

ready, so no more reduction is possible with this one. If so, we call, for the 'r'(est)

part rulebase one. This after we have selected a new busy variable, and a subsort,

which brings this variable in the position so it can be processed. ( to select the new

variable we need a fourth rulebase but we skip this part for simplicity). For the part

under'a' we have to call rulebase tree.

- The third rulebase calls an inititiation of the table, and then it does the same as for part

'r'(est) in rulebase two.

The three ( four) rulebases are, although they are short, quite complex constructed.
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8. Practical point of view.

8.1. Rulebase structure.

We will now look again at the structure of a rulebase to get an impression of it seen from

a practical point of view.

As we recall from the introduction, we have an expression that looks like a normal

algebraic expression. In APDL we represent an expression as a tree. This means that an

operator is followed by its operands. We could compare this with a prefix coded

expression, e.g.,

a + ( b It c) is represented by: +altbc, but

( b It c) + a is represented by: +ltbca.

A rulebase consists of patterns, which must be matched against an expression. This brings

the problem of matching a pattern in normal algebraic form, with an expression in prefix

notation form. To overcome this problem, all rules ( patterns) are represented in a prefix

notation also. Further is every operator, split into two parts. One parts states which

operator type it is, so a monadic- or a dyadic operator, while the second part defines the

operation the operator represents. A source pattern is directly followed by the

targetpattern. We will place a remark between them to separate them for us humans.

As the program is written in the progam language C We will place these remarks

between'r' and 'ItI' as is usual in the C ). In this way a rule like:

, z + ( altbltCl ) + ( cltbltC2 ) ~ z + ( altCl + cltC2 ) It b It 1 '

or in prefix :'++ z ltlt a b Cl ltlt c b C2 ~ + z Itlt+It a Cl It c C2 b 1 ' , looks like:
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/*z"'l

/*z"'l

/*a"'l

I'" C1 "'I

/*a"'l

/*b"'l

/*C1"'1

/*c"'l

/*C2"'1

/*b"'l

1"'1 "'I

I'" marks end of a rule "'I'

, DYAOOP,INTADOOP,

DYAOOP,INTADOOP,

EXP1,

DYAOOP,MULOP,

DYAOOP,MULTOP,

EXP2,

EXP3,

CONST1,

DYAOOP,MULOP,

DYAOOP,MULOP,

EXP4 I '" c "'I,

ISEXP3, /* is it also b ? "'I

CONST2, /* C2 "'I
r to: now comes the target expression "'I

DYAOOP,INTADOOP,

EXP1,

DYAOOP,MULOP,

DYAOOP,MULOP,

DYAOOP,INTADOOP,

DYAOOP,MULOP,

EXP2,

CONST1,

DYAOOP,MULOP,

EXP4,

CONSTI,

EXP3,

INT1,

END,

We see that for a human it is quite difficult to read such a rule. That is why we made a

habit of it to place a remark at the top of a rule that states the rule in readable form, and

some remarks in the rule where needed.

For changing the expression level, we normally use the rewrite command. This command

calls an rulebase, stated by name after the command and the expression that is used there
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after. An example: If we want an expression like a + b to be rewritten by a rulebase

example1, we get in the rulebase the following line:

, DYAOOP,INTADOOP,

EXP1,

EXP2,

/* to */

REWRITE,EXAMPLE2,

DYAOOP,INTADOOP,

EXP1,

EXP2,

END,

/* + */

/* a */

/* b */

/* call rulebase EXAMPLE2 */

/* + */

/* a */

/* b */

/* end of rule */

We see we first have to get a match to get a call on an other rulebase.

If we want to use rules at different levels we have to have a method for getting up and

down one level in an expression.

We can only call down, as this is the wayan expression is build. Going up means first

getting down to the leaves. We will show how this is done.

MONAOOP,EXP1, /* to */ MONAOOP,

REWRITE,CURRENT,EXP1,

END,

DYAOOP,EXP1,EXP2, /* to */ DYAOOP,

REWRITE,CURRENT,EXP1,

REWRITE,CURRENT,EXP2,

END,

The keyword 'CURRENT' is used to call the current rulebase again. Using these two rules

we can get to the leaves of an expression tree. We note the possibility of placing these

rules at the beginning of a rulebase or at the end having the effect of using the rest of the

rules from the leaves to the root or the other way around.

As we use these rules in almost every rulebase we call these two rules:

Recursive_rewrite.
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8.2. Subsort in detaiL

We will look at the subsort procedure

again, but now in more detail. The aim

of this rulebase is to make the select

variable, the 'busy var', adjacent.

From the sort rulebase we get an

expression tree that is left sorted. This

means an expression looks like

mentioned in Figure 16. We have already

made an output expression pointer

which will hold the output expression

from this procedure. The star marks the

subtree with the variable we want to sort

to the right. Note that the aim is to set

these variables to the right only.

In Figure 17 we already moved a pointer

from the input expression pointer to the

node which holds the marked variable to

the right, called the aux pointer. Further

we have put a tmp pointer to the node

just above of the aux pointer. We will

now take out the node, pointed to by the

aux pointer completely and place it in

the output expression.

As we see in Figure 18 we first clip out

the selected node from the input

expression. Note that for this we need

the tmp pointer. This already completes

the part on the input expression. We

thus don't need the tmp pointer anymore

and will see it no more.

Figure 16

Figure 17

Figure 18
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In Figure 19 we see that we will now

start implanting the marked var plus

node into the outputexpression. We will

first take over the rest of the output

expression by pointing with the left side

of the marked node to the rest of the

output expression. We will there after

insert the marked node completely in the

output expression by taking the
Figure 19

outputexpression and point it to the

marked node (Figure 20). The result can be reordered

clearly(Figure 21).

so we can see the result

1IIpat ......... Oulpulllllpl'e.lan 1IIpat ......... Output .........

\ \@ \
-- @ @

~~ /~
/ ,.-,.

@ @ Sa.
/ , / ,

Figure 20 Figure 21

Figure 22 Figure 23

We will assume we found another marked node and this one is placed also on the

outputexpression (Figure 22). We will now append the rest of the input expression at the

end of the output expression. Therefore we first place a tmp pointer to the end of the

outputexpression (Figure 23).
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Figure 24 Figure 25

We then simply replace the null pointer ( initial setting of the outputexpression) with the

inputexpression-pointer (Figure 24).

In this way we created an outputexpression that has the marked nodes at the beginning

of the expression and all the marked nodes are adjacent (Figure 25).

q,ut ........ 0uIput ........ q,ut ........ Output ........

\zy \ \6) \
IN! IN!

v:;/ '" @/ '"
./ ~ / ~.

10. 11.

Figure 26 Figure 27

We will look at one special case, but there are more. The marked expression is not at the

right side of a node but on the left side (Figure 26). We simple swap the left and righthand

side of this node as the node represents a symmetrical operator, and we thus get an

expression (Figure 27) which is simply used with the method mention before.

Another special cases occurs when the first node holds a constant expression to the right.

In this case we store this node completely with a pointer defined specially for holding

constants. We then process the rest of the expression as we described and at the end insert

the constantexpression at the beginning of the outputexpression, which leads again to en

expression with first a constant expression and then the rest.
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Of course there are more special case, such as an expression with only one variable or just

a constant expression. These however can be dealt with fairly easy at the beginning of the

procedure. In the rulebase which calls this procedure, we have to call it on the AND and

Produd trees first, and so sorting the busy var to the right. After this is done we call the

procedure again on the OR and SUM trees. Information about the marking of a node, we

could simply be extracted of the table made before.

Register expressions are special treated regarding the complement of variables as they are

placed as near as possible to the variable itself. After the situation in Figure 22 we

therefore select the complement of the busy var and repeat the whole process on the input

expression.
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9. Summary.

We have now handled all the parts of the rulebasesystem. To get an impression of the

whole system we will mention the parts here in the order they appear in the rewrite

process.

9.1. Integer expressions.

- Eliminate all minus operators converting them to a multiplication with -1.

- We then expand the expression to a SUM tree of PRODUCT trees.

- While there are variables left not processed:

- Rewrite all to a canonical form. ( left sorted ).

- Introduce the required constants for rule reduction.

- Then find out the most common variable. ( busy variable).

- Make the busy var the right most var in the tree and sort all busy vars in the

subexpression to that side too.

- Use the rules:

z + ( x .. a .. C1 ) + ( Y.. a .. C2 ) ~ z + «x .. C1 ) + ( Y.. C2 ».. a.

- use this rule as long as there are any subtrees left with this busy var, if no more

left: rewrite z and subtree of a separately.

- Try to remove the constants introduced earlier.

- Try to reverse some expansions that did not result in a simplification.

- rewrite ends.

For the register expressions it is pretty much the same.
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9.2. Register expressions

- Eliminate all not / reverse operators, by pushing them to the operands as far as possible.

We can then look at a variable with such a prefix as one new variable.

- We then expand the expression to a OR tree of AND trees.

- While there are variables left not processed:

- Rewrite all to a canonical form. ( left sorted ).

- Introduce the required constants for rule reduction.

- Then find out the most common variable. ( busy variable).

- Make the busy var the right most var in the tree and sort all busy vars in the

subexpression to that side too. Search for the complement of the busy var and place

it as second to the right. We will use this later.

- Use the rules:

Z or(x and a and Cl)or(y and a and C2)~z or(x and C1)or(y and C2)and a.

- use this rule as long as there are any subtrees left with this busy var, if no more

left: rewrite z and subtree of a separately.

With the register algebra there are some special cases concerning cancellations:

a"O ~O (1)

a"l ~a (2)

a"a ~a (3)

a" .... a ~O (4)

aVO ~a (5)

aV1 ~1 (6)

aVa ~a (7)

a V.... a ~1 (8)
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We could use these last rules at the beginning of the simplification process also,

saving time and processing time. We have, however, keep in mind the number of

mutations we could encounter, searching for these special cases. If we are at the

point were we have an canonical form, we can wait for the collapse part and work

form the inside, where these special cases are more accessible anyway, because of

the strip-off of the variables, leaving the constants.

- Try to remove the constants introduced earlier.

- Try to reverse some expansions that did not result in a simplification.

- Rewrite ends.
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10. Conclusions.

The definitions made for rulebases, the process of matching and rewriting are clear. This

enlarges the insight in matching and rewrite problems.

We can only present one heuristic solution to the rewriting / reduction problem, as this

is a NP-complete problem.

We try to catch as many expressions as we can but there will always be some expressions

that have simpler forms than our rulebasesystem will produce.

We have introduced a method for ordering a rulebase. The construction of the dependency

table could be automated and the group forming could be left to computers as well. Some

decisions are still to be made by humans however, because the computer can't overlook

a rulebase's task.

The rulebase system is very efficient in rewriting more or less all the offered expressions,

to a simpler form if this is possible. It is therefore useful for compilers and other processes

that work with expressions. The only restriction to an expression is that it is offered in the

described dynamic structure, or it has to be transformed into such a form. The APDL­

compiler does transform any expression into this desired dynamic structure.

Every rewritesystem has some weak points, as it is a heuristic solution. These weak points

can be taken care of easily in the rulebasesystem by introdUcing some special treatments

for the expressions which course the problem.

In the rulebasesystem with multiple rulebases, it is simple to introduce new command­

words, which can be used as a name for a new rulebase, but also to implement some

rewrite-routines that are not possible in the rulebasesystem itself. There are no limitations

to the use of new command-words.

The rulebase is simple to use and, if desired, could be expanded for future use. This could

also be of benefit for other applications.

Our rulebase system is working, although it sometime takes a lot of time expanding,

especially XOR expressions. It could be of benefit to try to implement rules that simplify

XOR expressions first before they are expanded to AND and OR expressions, because

every XOR expandation introduces two times as much operands as there are in the

original expression.
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The system will reduce most expressions to constant expressions if possible. This is the

first goal for this system, as the compiler can then eliminate some parts of the program

that is compiled. This will always be of benefit, also to other applications.
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11. Recommendations.

This system is based on a static number of rules, that are used sequentially. It could be of

use to store every reduction, if successful, so it could be reproduced later. We could now

create a dynamic rulebase, and it would look more like artificial intelligence. We could

start with this system, although modified for the learning of new 'reduction rules'. The

process of learning would be the storing of input expressions and evaluate the output

expressions against it. If the system finds a reduction worth will this 'new rule' is kept in

the system.

The advantages of this system are that it could reduce very complex expressions very

quickly if recognized. If a user has some sort of habit of bringing up the same expression

repeatedly, we could keep a profile rulebase for this user. Such a profile rulebase is a sort

of preference rulebase, that is checked before the 'normal' rulebase is used. This could

increase the power of a reduction system, as the more frequently used expressions are

recognized immediately and reduced with only one step.

The disadvantage of such a system could be that the number of rules explodes, so not only

more computerstorage space would be needed, but also more computerpower, as the

matching process would take much more time. These could however be controlled with

a limited learning period. Or a more efficient reduction selection, e.g., rules with a gain

of onIy one or two would not be admitted in the profile rulebase, but rules with more gain

would.

Expressions which look like each other are not recognized although they could be reduced

in a very similar way.

Another problem is the order of the rulebase. We have brought up some suggestions for

ordering a rulebase but we have to decide what strategy to follow, and how to order the

rules. Only very simple rulebases could be the result of automated rulebase ordering. I

think that it is possible to make a sort of preselection program, which could help

extensive. It could construct the table, and order the rules into groups.
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~~+*~~*~*.~*~*************~*************+.*~+***********++.**~**+~****+.~******~************~****

* countva).' : count var in elepression and pl1ts them in list allocated also and return as a
, pointer to this list

int J.sbus}"·.-ar (e"press ionnode 'curelep , counttype 'countarrptr, int notf)
(

.varname

~Qunttype "'I count...... ar ( e}cpreSSionllode *cure)cp I
(

'j
boolean ar.,equalvars (e)(press ionnode 'e)(p1 , e:<pressionnode 'cure:<p)

areequalvars (e><p1 -> elep. monadicoperator. subel<press ion, cure:<p
monadicopeJ:ator. sube><press ion) ;

If I curelep -> nodet}'pe ~~ VAR && e:<p1 -> nodet}'pe ~~ VAR )
retqrn ( cure:gp -> e}{p.var.refvar == eHpl -> eJ{p.var.ref...-ar I;

return FALSE;

.If
'I')T0P)

/~********~************************************************************************************

J I
7" I J I
/I; I 61
771 61
713 113 1
7'.'1131
801·1.31
811 61
lJ211Uf
lJJ I (.,
lJ41 61

w'l 'I
'~I; 1 I) I

rn I 01
I~!:, I 11
891 11
901 11
'!11 II
?21 01
'n I ) 1

'''41 31
%110 1

'.)(; I 71
.., 71 141

I 1 (>

'.113 1111
1 I

'~';' I J I
1('" I 71
10 J.l1/
1')21 ) 1
un I I) I
1.(14 1 01
W~'I :q
1""1 :i.I
W71 JI
1'.'0 I " I
1. .. ,,/ I 'J I
.1.1"1 ql
11.1.1 ~I

I I
11:, 1121
113 I 51
u'linl

I 1
1151 UI
IV. I l"

117/ 01
UBI 11
Uy 1 11
1201 11
12 II 11

1nl '}I
1231 2/
1.2·J I 21

JZ'I 21
1261 21
Inl nl
U"I 21
12';1 I 21
l .In I ~ I
t.:1 II ..'!
'-J~ 1 21
1331 21
1 ',I I 21
1351 i I
J 11; I 71
1.171 7/
1. .l" J ~ I
",,' 71
lJI·'1 ':I

J 1 I J 1 :: I

1 1 I:' I :.: 1

I ,.J J I "I
I JAIl :: I
I H51121
I "";1121
L I!
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cure){f'

cure}cp->

Gountnum] .metrJ:ed

cou.ntnum J . varna-meSOulltarr[SDuntarrFtr

> countarr[countarrptr
...... ccnni:num++:

it. no count */
i = 0 , founel = FALSE ; i <; countarrptr -> countnum ; 1++ ,
if ( cnr'?)(p -> e.xp.var.refv-ar -> e19mneune == countarrptr ->

countarrt;>tr -> cQ1.tntal-r(CQ1.lnt3rrptr -> cOlJntnum). llot-tl03.g

countarrptr
cOlJntarrptr

SOlJntar:rp'tr -:' c01Jntarr( ~01Jntarrptr -> cOl.tntnum). cOlJnt[

countarr~tr

DYADICOPERATOR && cure><p -> ellp. dradicoperator. operator

}

break;
fatalerrorl" Countvar ,"nknO\111 type",;

countarrptr -> c:ountarr[iJ.notflag == notflag ,
(

countarrptr -> cDuntarr(i].cQul1t(countarrptr -> noele]++;
fOl.l11d = TR'_'E;

brea!::
)

if I f '0 l111 01 !

,* n~'IT...r .....ax fennel -:- init all abo",r9 to Zl?PJ +:

countlocalvar(cure)(p->exp.dyadicoperator.lefte)(preesion,cotlntarrptr,

count localvar I cure)(p->e)(p. dyadicoperator. r ighte)(pression, countarrptr,

break;
curexp->e)(p.dyadicoperator.lefte)(pression->nodenumber

break;
break
for (

curexp->exp.dyadicoperator.rightexpression->nodenumber

default

notflagl;

case C')I1STANT
cas€' Vi\R

llodenl1mber:

nctflag;

notflag) ;

notflagl;

sa-redyadcp = ctlre)(p -> e)(p. dyadicoperator. operator
ctlre'tp -> nodentlmber = HAIN

case WJlIADICOPERATOR , if ( cure"p->e"p.monadicoperator.operator == NOTOP )
not flag = TRUE ; i* set notflag • i

cure)(p->e"p.monadicoperator. subel<pression->nodenumber = cure)(p->

f. ;

cOl1ntlocalvar(curexp->e"p.monadicoperator.sube"pression,countarrptr.
nodenumber:

• countloeal , count localy vars in eltpression and puts them in the list pointed by
~*****+~*~~**************************~*+.***+*+.+******************+***************~*~*~~*****+L

s"1itch ( curexp->nodetype )

caSe D,ADICOPERATOR
tlodenumber:

COlllltlocal-rarleltpressionnode 'cure):p , counttrpe *countarrptr, int notflagl
(

int i,foqnd;

1'1hile t '~tln!J{p->nodet}'pe

savedyadop )
(

ctlre"p -> nodel1tunber = HAIN ; !* lIlunbel- them too • /
curel<p -> e><p.dyadicoperator.righteapression -> nodenumber countarrptr -> node;
countl"calvar( ctlre"p -> e)(p. dyadicoperator. rightel(press ion • c:ountarrptr ,FALSE) ;
C01Jnt3rrptr -> noc1e++ ; i* next node'" I
,I' for ( var = 0 ; var < HAXVARS : var++ I countarrptr -> countarr[ var J. count[ COtllltarrptr ->

node] = 0; ~I

ctlre)(p = cure){p -> eltp. dyadicoperator. lefte"pression;
}

i* last node on left *,1
curel:p -> nodenumber = countarrptr -> node;
COlllltl"calvar( cure)(p , countarrptr, FALSE I ;
conlltar.rptr -> node++; /* ne}ct node */
/' for ( var = 0 ; var < HAXVARS ; var++1 countarrptr -> countarr[var].count[countarrptr ->

Iwde J = 0; * /
retu.rn countarrptr;

.....:o'Jnt09.rr[ 11. varname &&

I ,

1. 17 11::1
1481 01
"1';'\ 21
1501 2\
1511 01
1521 21

I I
1.';] J ,11
1541 41
I.:.') I 41
l',';j ~ I
1.:.71 <11
150II I

I 1
1591 41
160 1 ,II
1'011 21
1621 41
1631 41
1"41 41
J."51 41

1 I
1.';1'1 01
(1;71 01
)(,1'11 01

l.i'!! ('I
1101 '-I
17.11 II
172\ J.I
1.731 ')1
17 4 1 21
17~ I 21
pr'l (>1
17.71 "I
I ";' I 21
1.;'.1 I J I
1801 41
1')11321

"'21 27 1
I 1

1<>312 7 \

I I
18 4 12 7 J
lA"1 4

1
11":16 127

1
.1.8 7 127

1
188127

I
109127
-'. ~)(ll l~

I.'~.q ,I

1:':> '.)1
1

1")130

l'J,q 01111

JT'IJ81
.I:,'" I )8 I
1'c'113'31
t:~ ,,'I 3~< I
1')? I:?~' t
211ul321
~1J11321

:,-'21)21
I I

·,;11 '1121
I I

·',H 11·~ I
I I

",1 1 21
!"lI·, 1321

,.''-'·11 ):! I
;,'_'81 2 8 I
.:"'J I 41

I I
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***~*****.*********+.+.~****************+************************************************+******

countarrpt"

countarrptr

-> countarr[ j ] .

countarrptr ->

countarrptr ->

-> cOllntarr[ j]. ·.rarname;
> cCllntarr[j].nctflag;

cotlntarrptr

-> cOllntnllm]. count[ J:]

countarrptr -> countarr[~].

CC'Jl1tarrptr -> cOllntarr[ j]. cotlnt[

conntarrptr -> cOllntarr[collntarrptr

countarrptr -> COllntarr [colin tan'ph'

countarrptr
ccuntarrptr

~ount~rrptr -- countarrrvarl.co~ntrno]

countarr[j].count[k]

countarr[i].cOllnt[k]

cOllntarr[cOllntarrptr

use it as tmp */

countarr[countarrptr -> conntnum).varname

-> cOllntarr[ countarrptr -> cOllntnllm]. notflag

-> cOllntarr[ j ] . varname

-> cOllntarr[ i] . varname
-~ ccuntarr[i],notflag

-> conntarr [ i) . count [];eyl]

countarr["ar].COllnt(no] 1- ~l

for ( k = Q ; k < COIJl1tarrptr -> node ; l:++)
{

cOllntarrptr -> "ollntarr[j).notflag

{ 1* s\~ap them • i
cOllntarrptr ->

countarrptr
cOllntarrptr

countarrptr

cOllntarrptr

countarrptr

countarrptr -> countarr[i).count[keyZ] "

i " cOllntarrptr - cOllntnllm} i++)
i+ 1 ; j " cOllntarrptr -> COllntnllm ; j++)
countarrptr -> countarr[ i] . cOllnt[keyl] "

countarrptr ->

-> countnum].collnt[k],
}

(I ~ i < cOlJlltarrptr -> COlJntnl.lm : i++ 1

countal-rptr -> countalT[ ,t] .marked == BUST I cOlllltarrptr -> countarr[ i] . marJ:ecl

c~unttype ~CcDntarrptr ,

CC 1)t1tarrptr _ .... c:01Jnt-:lrr[~·-3xJ . c-":"JntrSPP.EAD].J,...J,..:

ccnntarrptr -~ cOllntarr[ ':"x I . c"""nt [1'1111'" 1

COllntarrptr
countarr[i].count[k];

countarrptr ->

( i = 0 ,
for ( ~

if

points to unused place so

I i
if

conn':arrptr -> conntarr[var]. cOllnt[I-lAH1] = Q,

cOlln';arrptr -> cOllntarr[var].collnt[SPREAD] ~ 0,
for f 110 = r-lINl;JOQE ; 110 < countarrptr -> nodl;l! ;

I

,tt f cOllntarrptr ->
{

lnt no, "rar ~

for f v:tr = 0 ; var -< countarrptr -> countnu.m ; var++

cOllntar':[ i].varname;

G01Jntn'JI!~] . varna-me;

countnllm].notflag,

countarr[ij.notflag,

, mal:e_gl"abl_count , makes undate on main count in list 'countarrptr ( doesn't clear marl:s) •

;': eortarr:\y sort array on keyl, 1 and 2 , returns countarrptr

J::eyl] ::

!

lilt i;

/* count nqrn

:tnt i,j,lq
fl)r

ccuntarr[j '.count[k);

sortarray( lnt }~e'yJ. , int }:ey2 , counttJtpe ll~QnntarrptrJ

{

"ount [ke1'2 I I)

countarrpt~- ->

/**~*****+.~****************~**********+.*~****************+.**************+.*****************+.**~*

COllntarr[countarrptr

maJ:e_globaJ._countl cOllnttype 'countarrptr I

:: In I .t/
nil 21
;: 1.21 0 I
2111 ('I
21111 J I
;: 15 I 11
21(, 1 11
1171 '-'I
:,to I 01
;:191 I) I
nol ')1
c::':q "'1
1.::~ 11.11
;,:,.11.1:;11

I I
22·Q221

I I
225 1::'11

I ,
22612~1

:,' 712 5 I
I 1

z,:f>1 2S I
I 1->

2:,'01 1 ') I

23 1.'\-251
·,3.1.1251
2J21 1'1
:: 1 1 12 C, I

I 1
! Jd 12<; I

I 1->
:: Jr.1 n I
"'" , .. <; I
;'.17 111)1
::)1' I )l.! I

I I
,n I )IJI

I 1
"I') I 31) I

I I
:!411 y' I
'!·1217<; I
2d J I (\/
:'1,1/ .) 1

:!'I<, I ''I
241; 1 11
2171 11
24" I 1.1
:.>J'" I 01
2<,nl n I
::' r, J.I ) I
2521 31

:"'11 ';1
,!';'I) to I
:::<;51 f; I
':<,r·1 r; I
"';} I J" I
::50 Ill} I
:'~'oIH'1
·".;ll I J '0 I

I I
',I' 'll'; I
.":':: I l.<;j
',1011 !.OI
',I,;," ,; I
,,;:. I 1.'1
',1,1 01

'1.71 'I
'r,,. I 11

:q.;,) I ,q
·')111 rtl
:: i.1 I "I
;: 1'21 ':' I
:' 131 1 I
:, 74 112 1

I I
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-> countarr[i].

countarrl·'ar I. marJ:,,(l 1=

1-1-" more vars

countarrptr

1 ;

0;
0;

CLEAR ) countarrptr -> countarr [0 j . marl:ecl

-> countarr [ i j . marked = DOI'IE; ,I' mark it as done ',I
countarrptr ); /* try ne}{t +. /

DYADICOPEPJ\TOP

-> countarrl"<IrJ. '"ol.1n':(busynod'?)
counta.rr( 'Jar J. ,"<Irl:ed = DOIlE;

TRUE;

-> countarr [0 j . marl:ed

< countarrptl· -> countnum ; var++)

{

countarrptr
select_var(
}

nodetype

allhad

1= countarrptr -> countnmn )
{

cOlmtarrptr -> countarr[ i] .marJmd = BUSY;
countarrptr -> husyvar = i;
if ( countarrptr -> countarr [ iJ . spread < 2
only one or none l*/

e}{pressionnode ""cure;{p , cQunttype ~countarrptr l

countarrptr
countarrptr
)

= 0 ; "'~~nr

else

if ( var 1= cC'lJntarrpt:l- -> C:'J'JntnUlll ) fat:alerr0l-/"

countarrptr -> coul1tarr[ var- J. count [busynode] --;
C''.)lJntarrptr -> ccuntarr[var] ,,:C'unt:(HAltJ] --;

if ! CQ1Jntarrptr -;- cQ'Jnt:arr(·~~.rl.':':'1Jn1:fblJs:rll,:,d!?J

iff

f

bnsrnC'de = cure}{F -> nodell'.unb'?r r

f~r f var ~ 0 ; var < ccuntarr~tr

{

if I countarrptr->countarr[countarrptr->busyvarj.marl<ecl == BUSY)
countarrptr->countarr[countarrptr->busyvarj.markec1 = DOHE;

for I i = 0 ; i -: countarrptr -> countnum && countarrptr -> countarr[ i J .marl,,,,d

Created at 11:35am on Tuesday, Februari 4, 1992

if ' eountarrptr
e181~

if ( cO'1I1tarrptr -> countarr[ countarrptr->busyvar). spread < 2)
hit .. TRUE;

{

int v<lr;
fo:r ( ·vnr

conntarrptr -> countarr[var J. count[ nodel]
countarrptr countarr[var).count[node2j
)

countan:ptr -> countarr[ countarrptr->busyvar] . COltnt [node1]
oute"p ..> nodenllmber = node1; 1* take over node number */

• nel"llode'int node1 , int node2 , e"pressionnode 'oute"p , co'.tntarrptr );
, J:ills t',IO nodes ( 1 and 2 ) in table and p;oplaces them '.11th one ( only busy var entranc'? I '

'. we asum'~ that node! delivers the over'al new operator and thus the nevI node number

, decreas,~_var : !;Jets one busy var of list, ( because of reduction) but also l:ills another
, nede : flO if we decrease a \'ar we loos 1 node ( set all to 0 ) , and "e put only one ·.'ar
, on the other one. e.g. z + (a*x*C1) + Ib*x*CZ) -> z + «(a*C1 + b*C2))*1(
• '''''' I:ill node ' a', 'b' ,<11 be nevI" ( only )( is present I, update globals
+.********~**~*****~***~*****~******************************************+.+.*********************

*/
lnt. d9Creel:;e_ iraT (

{

lnt '-""at";
lnt bl.\synode;

if I ':ure'tp ->

rUe appendin.l

----r ,
I I DOllE;

2751 J I
:nr, I 71
inl 71
27131111

2 7 ?1111
::1101.1.41
:''',1.\ 111

I I
21121.1 11
::"31 20 1
:"</) 1'20 I
2fJsl2t'l
''861 20 1

1 I count(liAItlI -: 21 "
213 7123\
2<:"31231
2"QI231
2'~(l12 3 I
2?11 2 °1
::'~? It21

2'n\ 2°1
:~')'11121

:""51 I."
2961 01 /~~*~*****~***************~*************A~******+**********************~*************+~~~****~*

-"'71 11
,:"fJl .i.I
2q',) I 11
Y.'f.' 1 11
3":' I II * i

302) () I nevnodel int node1 , int node2 , e)':pressionnode 'outel<p , counttype *countarrptr)
11lJ 1 JI

It"! I J I
.1'15 1 II
11)"1 rq
11,'71 I:' I
JOt'1 fJl
Jll?1 fJl
1 "'I 3 I
H.l1 JI
H'!I '.'1
1lJ I J1
H.q 01
W'IJI

3 .l" I f; 1
H71 31
J1f.1\ 01
~1?1 0' 1***************************************************** •• ***************************************

320 I 11
3211 J.I
3221 11
J231 J.I
J:! A I J.I
12"0 I .1·1
Cr.1 "I
):."11 '.'1
1:~rJI (>1
.':";, I () I
)JIll 51
JHllll
1):21111

IJJIl.l·1
I I BUS):

11~,1111

! ,-:; I " I
1.1GI111
117llll
I ," It J I

I t
1,",' I t 71
,.,,, I pi
31'·1171
H?lnl
'·L1 1·ur
lJ.q 01
1jC,! nl

I 1
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Hay '/
nodetype

'<ijshoff

operatort.i"p<, I lliJT'JP

.: ... rest

COII:::TAIIT I

DYADICOPERATOR )

llQd'?type

-> nodetype

,·rher!? it ':'holJld I If ) ;

, COllnttype +. countarrptr , int second )

*notflag = TRUE;
exp. monadicoperator. sUbe),prees ion;

, *constexpression = NULL;
to names to compare them *!
= FALSE , nodeno;

cllrellp -> ellp. dyadicopera.tor. r ightellpress ion

curelCp -> el(p. dyadicoperator. leftelCpress ioncurl?Xp
else

cure}(p = cure}{p ->
}

curelCp -> nodet}'Pe == DYADICOPERATOR )
( /. if right is const then take left >Iay else right
if ( curellp -> elel? dyadicoperator. r ightelCpress ion ->

curelCp -> nodetype ~= NONADICOPERATOR ,
{

if I CUrel(p ->- elCp_monadicoperator. operator

if

so no,\!' ,-Ie continue ~ '-Ie taJ:e all busy var to right ~./

r:J:e"ted "t 11, 35arn on Tuesday, Febrt'ari 4, 1992

cU"""p -> nodetJ'pe 1= VAR I
t"a1:al19rror(" getvarname didn' t enCC'llllter ~....ar
re 1:lJrn cure}cp -> €lXp. vC'.r. refv.::tr -> elemname ~

ther-~ are situations ,.,here this number '.:an not be f01Jnd I '? ';l I a < b I and ( b --::

cC'lls i:e){pr9Ssion = cure){pressioll ; /,{ --~'> "---canst.: 1<.'

c'Jre:-:press ion = cure}(prees ion -> e;'~p" dradiccperator. leftei':press ion

'. se1ction ~ if no busy in current Ilode or if local

ifl

llQdl?J10 := sure}{press ion -> nodenumber;

... h~.nd.'.e S'onst to put them in cQn~te;:J;r'?ssion ana a.ppend i t ~.t the e.nd ...
consts~.'-ec1 = FALSE: /* i.nit "
if ( '::lJ~:'3:(l?r9s6 ian e}{p" dyadicopeJ."ator. r ightenpress ien

... tl?st if ""ar ,....l? "rant to sort is present 81sB s};:ip '* /
bllsyvarn~.me = COllntarrptr -> countarr( cOlJntarrptr->busJ~rar],varna.me;
I)usy";ar-;ount = countarrpt~- -> countarr[ countarrptr->busy".rar] . count[ cure}~pJ.-es6ion

curelCpr'~ssion = curstat -> exp1;
curst.at -> elCpI NULL;

'y sa·,,~e first operator to sh'?cl: if thO? trt?C? is e ncl'? ,:1 and thl?P? is
t [' r:'1.1]'-9npression -> nod'E'type == [lYADIC0PEPATlJP \

sCl:·edr~c1Qp = cure}{press ion -> ein?· d~l-::\·:licQP9):ator.01?'3r~.t(.'r;
'?ls'2l rgTurn sure;·{pression;

only one ·.rar pass ib1e, checl~ for COllst i f l-etlJrll'~d •

else

"'hile I cure"p ->- nodet}'Pe == HONADICOPERATOR :: curelcp
(

if

.,. getv::.trn;-une: get main name out of an e}{pression f returns -> .....arn31lle )
~,.~~**~**~~***************************~**************A*~*******A********A**************t*~**~*

• sortsubtree : sort the tree in a particular way , als the s'll1le -,-ars next to each other
~+~~~~~~*.*~~*~**********~~*~****~****~*++.+.*****~***********~****++*********+****+.****~*~**~;

char 'getv'lrnamel ellpreseionnode 'cnrellp, int 'notflagl

expr"ssionnode 'sortsubtreeleltpstat *curstat
[

e)(pressIonnode 'curexpression = NULL;
enpress.lonnode *atu{9}{pression = HULL;

elCpress.lonnode *bacl:ellpreesion = NULL;
eltpress.lonnode 'nel1J:ootexpression = HULL
char ·trnp1. *busyvarname; /* pointers
int i,j.notflag,busyvarcount, constsaved
operatm:type savedyadop = NULL;

COIISTArlT

I i
H"I fll
It 71 (11
w:0111
! ~'" I .1.1
)5')1 .1./
3SlI C'I
Jr,?1 "I
Y')I 01
3S41 11
35511',/
):)(,/1°1
1~,712C, I
'Sf'1 nl

I I
35<'17 9 1
.J(,.(" ?61

:1',11261
313211131
:I';:> I.'.f,'
)(,.,! 2,q

I I
I'; ') I :> 11
lH',I:'."1
Jc,71 '-'I
";"'1 nl
Jr;S" ~'o I
n')j J'; I
1711 "I
ell :21 31

17) I "I
I,J I :> 1
)is I C'I
lIc'l n I
1171 (11
1781 II
n'.'1 11
J'JOI 01
JOli 01
''''2 I 3 I
Jf.lll 3 I
)n41 3'
mr,1 31
]f1,; I 'J!
_"171 31
'H,II:' I J I
JF.1') I J I
J'JO I 31
n11 31
3'121 3 I
_"nl ')1
w,q:>,
IT:,j 31
1-:,,'1 ~ 1
1'1"11 11
"?" I 11

I I
""·'1 .11

·j(lO I I) I
j')J 1 1 I
'."2 J "I
1·1J 1 J I
1'''11 "I
.)(1r, I :> I

.1"''1 .;, I
.• 11-'1 3I
.In" I 'I
'''''1 "I
11" 1 'I
1 I. 'I 'I
-11~ I '-' I
·1 ',,'1 11
11.'l! ,11
jl."1 J I
1J"1 "I
117 / '" I
Hf.ll r·1

, I

r
I f.l.1° "ppend i)L .I.

I



if ' (busyvarcol1nt > IJ) ) /. must be one left • /
!

notflag = FALSE
If I get"larname( aUl(e)<pression , &notflag I == clJl1ntarrptr -> ceuntarr[ ceuntarrptr->

hl.t!~q"r::\J:] . v~rnaJlle &&.

notflag =31:: countarrptr -:> countarr[ countarrptr -> busi··.-ar]. notflag)
r

'_1hile I 'w)[eJ<pr'9ss ien -> nodetype == DYADICOPEPATOR &£, auxe)-opress ien -> eJ:p, dyadicoperator_
operator =" savedyadop && busyvarcount > 0 )

(

notflag = FALSE;
notflag = FALSE;
if I getvarname( aUl<el<press ion -> e><p. dyadicoperator. r ighte><pression , &notf lag

== countarrptr -> countarr[ countarrptr->bus}'var] _Varname &&

notflag == countarrptr -> countarr[countarrptr -> busyvar].notflag I

{

busJrvarcount--~

if busyvarcount -( 0 I fatalerror (" trying to set mere chars then there

Page 7 of ')uijshoff

/. still first ./

nodeno;

am<e"pression -> dyadleftel<p i

) fatalerrcrl" trY!ll? t2 gi7e rnor9 busy 7ars th~n th9r~ are (

part of legal tree ";
== DYADICOPEPATOP && sav'9dyadep 1= cureJ:press ion ->

a 1.1}{E'}-:press ion

a1J}{eJ~pres9ion = au}{enpression -> dradleftexp;
cnre}~pression -> dyadlgftexp = nei'lroot9}{pression;
newroote)<pression = cure)<pression i
cure)cpression = a..tl}{'9){pression;

if

else /* sornelihel-e in bet\.;een * /
(

backe}cpress ion = r:nre}cpress ion;
wh11'9 ( backe):pression -> dyadlefte):p 1= auxe)<pression

backe)[pression = backeJ<pression -> dyadlefte):pi
backe):pression -> dyadleftexp = am<expression -> dyadlefte)<Pi
am<el<pression -> dyadleftexp = ne\1roote><pression;
ne\irootenpressiol1 = atu{e}{pression;
auxexpression = back'9xpression;
)

)

else newroate}(pression = CUP9;{pression;

{

bE'.cl:'Il£!~{pression = cur-:n-::pressicl1i

\·,Ilile \ backexpressiol1->dyadlefteJ~pl =auxe;rpressien )bac}oeJ:pressiol1=

if l 1;:'HU~":";{Pp?SS lC'1l == '-::'.1..1:":": T:'l'~SS i r':"!1 I

(

if I n~:n!!rC'at9:,~t:'rC?ss iC'rt ! = IJ'.'LL \

busyvarcount--;
if I busyvarcaunt

elst?

elee

r~t'Jrn const9}{pressioni

C1lr9lCpress ion -> nodennmber
ro:~tlJrn cure'q:'ress ian;

C':eated at 11:35am on Tuesday, Febrnari 4, 1992

am<el<pression
} /* ,·,hile • /

,i, '.'e have to check last elem on left leaf of tree I "'e only checked right ) • I

atli\e}{pr~!ssion ;:: curexpression ~;'tr init II;'

"re( 1al "),

b3cJ.:e)~pression = ne':Jr':Jot e;·tpress ion;
"'hile , bac}:el':press i011->dj"adlefte:-:p 1= t1'JLL I bacl:",,~pression

bC1_cJ~e;{pr~sr~ion-> dyadleftenp;

backexpression -: ~yadlefte:{~ = cure,{~reSSicll;

/' r:heclo if this is also still
if t (:1.11:9nprI98S ion. -> ncdetrpe

dyadicoper'J.tor, operator I
if I censtsaved == TRUE )

r----------------------------------------------------,
I FUr,> appendb:_1
~- -----",--,------------------------------------------1
I '1J:~ I (',
I 120 1 Ii
, 42"
11:,21
I ,12 J I
I I
I 4241
1

"
'51 L,

I ,"Ii I
1 '1,~71 ')
I J:~81 ')
I ,j,q 1 '~I

I J J'.' I ';oj
I I!J.I ':>1

432/ J I
-lJJ I 01
I J ~ I J I

I 1
IJ:;lnl
",'jl ul
417\111
4)0113

41'~' lIB
440I_w
1-H121
,j'12121

'PJ 121
I

,1-1-'1'1_
,llr,p4

j "'-'1 ~-I

tnl:.'-'
-14!11 :'4

'-1"1 2 ,1
,j ';','12 1

I ~'11 ,,_'­
I" 212,1\
.,', -' I·' 'II
! 51 I:, 'J I
j';<;I01"1
,j ~"i 124 I
~5712--!1

1':.1) 1:,41
45'~1,"1

-~6') 1241
lIill211
'1621 LJI
463 1211
'16'11 131
4(,51 7/
"'j 6 1 01
t(,]/ 71
.l lin\'_"1
-"-""I_w\
47<.! 1'.1_' I

I I
'-' l\ 15 I
'I 7: ~ I J.-I I
-11 J 1141
Ii 1\ 1 II

I I 1/»)" I ;
,1,~ 1'41
17", Ill) I
,17 il'Y 1
-JilJ 1221
1-'" 1221
tn1\12'~ I

I I
jnll:::,1
IH! 12:~ I
!'.IJ IHII
jn Ill~I I
,,,,151-'-11
-18'_'/ uq
'8 7 1

'
81

I 'In811'" I
L....- 'L_L'--- ...J
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detect.'+ 1

Hijshoff

I 1 I;

AIIDOP I

NULL) printf( " I'IULL I \n"!;
-> nodetype == DYADICOPERATOR J

else

," s':'rt SlJbtr9g ,,! i th 11')": 0p91:at<Jr e;\1:-- ~

1:.mpclJl"stat. eKpl =::; cl..p:en?p:!ss ion:
cure,{pression = scrtsubtreel E<tmpcurstat. , ccuntarrptr

bacl:e){press ion->dyadlefte){p = curexpress ion;

"'; n01.'; •..ig ma~-J: olclb'Jsj- ._;:l.~. -?.s [,j='IlE I t'?I~r.' , ~.n,-l sC?l,?C"t- Iv?..,.-b1Js:rvar ":IS '·'l.1sy
CQIJI11: 09.rq;'tr -> countarr (1_"lldIJusyvoE'.l"] . m~rJ:~I:l [lOnE:

countarrptr -> cottnt:u:J:[n~'.\"blJsy·rarJ.103,T):ed 8'}.')1;

C"ountarrptr -;:- busy',"ar = Iv?'·..blJ,sY·,~Et.r;

:~ s~\te pointer €tbove c1.1r'?}.;!.J 1r

be.cJ:e.i:pr9SS ien =: ne~'n:ccte;:prgssiell;
":hil~ I baeJ:e}{press .1..':'.11- ... -:l:.-~_r:l1gfte~~t:' ! "= "='.l.re:q;ress i'Jn I

bacl:e):pl'essi>Jn = bacl:e)(pression->dyacllefte'(!J;

bacl;e){pression -> dyadleftel{p = cure){pressioni
}

{

bacJ~e}{pression == ne"'lroote){pression ~

",hUe I bacl;el(preBsion->dyadleftexp 1= IIULL I
bacl,e><pression = baeJ:enpression->dyadlefte){p;

i.f , n~noJroot9xpression

tf I ne"'iroote~{press ion

C':eated at. 11: 35am on Ttlesday, Febrtlarl 4, 1992

els<?'

!+ "Ie ','I'lnt t.o set p and not p adjacent so '-'e call stlbsort. again" /
i* t.his only if ctlre"p and ne>1roote,:p are not t.he same, else t.hey are already adjacent. ./

if ( ne1lroote'{pression 1= cure"pression && second == 0)

if I ne'-Iroote"pression->nodet.ype == DYADICOPERATOR &&

ne'Hootel<press ion->exp. dyadicoperator. operator
{

int o!cUJusy-var, ng\"busyvar;
e){pst.at tmpctlrstat;
;.&. s'?~rch Il'?'" bUE'yvar if anr */
oldbtlsyvar = cotlntarrpt.r -> busyvar~

for ( newbusyvar = oldbusjvar + 1 ;
cOl1ntarrptr -> cOl.lntarr[ neT.dJ1JS:r+,tar J . 7arn~..m1l? 1= busy7arname f,.~~

ne,"busrvar -: countarrptr -> conntnuITl ~

ne·..;bU6r~:ar++) ;

if , I I ne,·.~blJs:Tv"'ar >= ".:':'lJlltarrptr _ ..... C:01Jntll'JI!1. I I

,:ol_lntel.l-rptr -.-'" COIJl1toE'.IT rn~'..:bIJ!;yvar 1· ,:,c'Jnt rl1C'clt?n'~l J == I) j 1 . ~ not t"olJllcl '"

l-,?C'l.trs i01l

bacJ:g}{pr~SBif)n-~cl:radleftg}{p;

bacl:e,:pression -> dyadlefte,:p = backe"pression -> dyadrighte,{p~

bac!,elcpression -> dyadright.el(p = atmel{pression;
al_1~~~}{Fr.gssion == ba,:,ke}{pr13ss ion ;
if , "U){e,:pression == ctlre,cpression ) /* only cure,(p left * /

(

if ( 1lJ31,..rroote){presslQn == NULL) ne"rroQ'tt.?}{preSSicll = c'.lrexpresslol1i

else
{

backa}{pression == nel-,!'rootexpression;
"'hUe ( backe)(press ion->dyadlefte"p 1= IIULL I backeKpress ion

bacl,enpres", ion-> dyadleftexp i
bacl:e,:press ion -> dyadlefte)(p = cure)'press ion:

{

backe"pression = ctlre)(pression;
",hile ( backeKpress ion->dyadleft.e)(p' =au;<e':pression )b"ckeKpress ion=

IJad,e)(pJ:es", ion->dya,cllefte)(p ~

bacl:e"pression -> dyadlefteltp = au)(enpression -> dyadlefte)Cpi
"U):e"pression -> dyadlefteKp = ne,·'roote:{press ion;
ne\'lrootexpression == att}{eJ{pression:
bacl,enpress ion = ne"lroot.e)(press ion;
",hile I backel<press ion->dyadleftenp I = HULL \ bacJ:el{preSS ion

backe,:pres', iQn->dyacllefte,:p:
bacl,e:<pression -- dj'adleft.enp = c'Jrenpress ien;
}

~l;'p~,)<.H):. 1

<;It'1''21

I I
SUI]:1
c·I'.!I221
5 1,111 '11

51.11) ,II

'; J "I )'.' I
'; l(, I 71
:; I 7 I .',(' I
'; .'" 11.','1
"/, q IEll
5:,<:>1 ),q
':;!" I.'! I
5::: IHI
~.nlnl

c".q 1)1

5;,511 4 I
c':'; IloJ I
""71 1."1
~,;.!I,'1 (] I
~'2?1 31
'j lnl ,'I
5)J I ()!

5nl 31
,;nl 71
5341121
c. 3" 11,,' 1
';1'" 1.1.5/
'J J7 1151
c. tn 11 'j I

""~lr'l

"WI1 5 1
';lll ]41

'j 1:: 1'>'1 1
';1.11=11
'jHII,;1
~,'15I.l51

'j,J 'C, 118/

".17/1 A I
51'.11111 1

';,,1" II'~ I
",;<'IIAI
','; 11":'1
',;'! - jJo> I
';"1 '''I

I ';'SlI5')'
I ',;c." J '.' I
I "51,'1t n I
I ", 'j 'iI'.''' I
I ,;c·e 11C' I
I I 1
I 55'311.'31
'- r 1

r
I 1",1.1. 0

1--""'-1--"r-----------------------------------------------j
I 1 1
I .p.""1 tAl
I nt'1181

,P'IIAI
jq?ll '1 l

~'nl 2=1
J'HI??I
J',':jlnl
1',1(,1251
,J" 71 ;~ 'j I
,1""31"<'1

I 1
'1'''''1 ~51

r;'''t'l :251
5011z=1
'jl': ItA I
5r))I:,1
5')41==1
5n c,lnt

I I
5('" 12=/
';'17/221
'jno 1',21



file appendi".1 C"eated at 11.35am on Tuesday, Februari 4, 1992 wijshoff rage 9 of 9

if I i =:: 0 ) alJ}{9xpression->cC"nst~.'al = rC??_sonstruct I S i'Z9 , ZEHO , I'IQFORHAT I;

elsl~ au}{e}{pressloll->constval ::; rer~I_'':Qnstrl.lct I size , C'IJE , ITOfORllAT I;

%cl \11",

\:d \n",nodeno

nodeno

BUSY;
CLEAR;

constructexpressionnode( ) ;

!, reset to old settings 'j
countarrptr -> busyvar = oldbusyvar;
countarrptr -> countarr[oldbusyvarj.marJcecl
countarrptr -> count",rr[ newbusyvar] ,rnarl,ed

cons':e)(pn"S6 ion -> dyndleftexp = ne'lirootel(preSS ion;
nl3~·..p)C'te}{press ion := consteJCpreas ion;

J

if se';ond 1= 1 )

/~ tf CC'llst save before w'e eet it bac}~ "",/
i.f ( cOllstsaved == TRlJE

-':lIu:'{<);'~pr,,=,ss icn-> 110det:rp~=Cl)rISTAIJT;

~.lJ}{p}~pr'?sslon->resty.pe-;-.trp&?= PEG;
aUi{'?-i',press ion->restype->typ. reg. size = size;

i;PJi{'")iq:-retssloll->restltpe-> t3tP. rc;l'? J:'?t;:'fcrm = I JOFOPJ·'IAT :

aUJC!?i}{pr9ssion-> sign = UUICUOWfl;

am""'press iOI1-> complement = FALSE:
atDtf 3l<press ion->l-educed =: 0;

if ne'-lroote><pression->nodetype == DYADICOPERATOR &&

lle"rooteJ<press ion->el'p. dyadicoperator. operator == ANDOP &&

cOlltl':arrptr -> conntarr[ conntarrptr->busl'varj . count[ nodeno J > °
{

decreasevar = 0; /+- init +-/
if Idebuglevel & Ol(8) iosprintflclebugfile,"\n[BOOLAND : "I;
nel1roote),pression = reI1ritee)(pressionl newrootexpression. boolandrules I;
decornpilee}{press ion( debugf lIe, ne~,'lrcote~lJ:pression);
iosprintfldebugfile,"\n"J;
/' update table k /

if ( decreasevar > ° )
/'1< decrease_var holds number of busyvar arC?' redu,:ed */
countarrptr -> countarr[ cO'.1I1tarrptr->busyvar] . count [nodeno j decreasevar;
maJ,e_global_count( countarrptr I;

d9~reasevar = 0;

qlsg f:ttalerrOrl " rgg91110: 11
rC?'t'.11-n :ll.l;·{e}{pressicn;

if I noden" > HA)[JJOl:'ES :: nodeno < 0 ) iosprintf I debugf ile, "'In ERROR3 I I I

nod~nQ) ;

;, mal,es a constant with all zer%nes lengts same as most left e"pressioll in
original e)(pl / i is 0 for all zero/ s / 1 for all ones III * /

e,(pre"sionnode +'regall( int i)
{

t?}{press.lonnode fcau)ce}{pression

if ( size 1= 0 !

J.f ( noden" > HAllNODES :: nodeno < ° J iosprin':f I debugfile, "\n ERROR2 I I I
nodeno) ;

ue,\rroo ':e}~pression -> ncdeuurnber = 110deno;

,!~k**~****~*~~****************~************~********~*******************~*/

, I

5';01 1.71

%1/181
",',;, 118 I
':;1; 11181
~;';,111A I
<;(;';1 °1
V;('ll'~ I
<,.;7l1';1
l:jfjfjl n I

">Ii';' I ~ I
'; 7t' I J I
·,;n·1 "'I
'in/ ';1
':;iJl 61
",1-11 "I
:;7';\ 01
':;7', I 1\
'i n 161
';71) I J I
';7" 1 8 I
';AIl I 1'1 I
5 lJlIlJ I
J!J21ul
0;" ~ I J.31
~,tH luI
c,,,:;IUI
",1'1'.; 11 J I
,117 \13 I
';Anlnl
c'''',,!''? I
',',") I.I.'} I
,,'.'J I J','I
",'1 I1.if
:;'nl.l.) I
0;':1.1 I Ii I
'i"',:q '.II

I 1
'i'J" I 41
'i-'71 '.I I
';?'31 ')1

I I
';"".11 01
IS'''] I J I
'>'.'11 r'l
(".!2\ III
6')) I 0\
61"11 ') I
(1)51 I) I
';,)61 31
(,071 01
(,f)1) I ) I
"o'! I 31
".II)Il!
"1.11 71
',' l:~ I 71
IS.l.q 71
..".,11 71
':,1 5 1 °1
,; t" 1 71
';171 71
,',1.1' I ° I
I;"~" I 71
(,;:" , fJ I
,'."J I 71
"'! I 71
'<.I. I; I
':':' 1\ : I
""01 "I
,',,:'j I 71
,,~ 71 ) I
';·":'1 'I
I',::'" 1 "I

I I
t I
I I
I I
I ,



I'&' Ul\CRO f(Jl" r1Jcursi...,,-e decent in tree, tlSes current rulebase ~/

Helet ine REr:URSIVE_REWRITEI A I ASOP1,NOilADIJP ,ANrOr ,Ellr1 ,1-1011ADOP ,OP1, REWRITE, ! A I, EXP1, EIlD ,ASOr1,
DTADOF ,AIIYlJF ,E;,P 1, \

module I~,~d:.~ by rt3.rci?l Wijshoff , copied from red'Jce){p.c !

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

Page 1 of 35\1ijshoff

to prevent

abilIty to use different l'u1bases.

E):P~ ,DYADOP ,aPI, REI1RITE, (Ai ,EXP1,REI'IRITE, (A I ,E;:P2, END,ASOP1, TP.IADOP,

EXF2, EllP3, TRIADOP ,OPI, REWRITE, (i\) ,EXP1, RE\'IRITE, (A) ,EXP2, RE\'IRITE, (A I,

EVl\LUATE, m:FI, EXIT, EIlD ,ASEl:F1, TRIADOP ,ANTOP ,ACOIIST ,ACOIlST ,ACOIIST I

ASEXP1, !,lONADOP ,ANYOP ,ACONST, EVALUATE, EXP1,EXIT, END,ASEXF1,DYAPOP ,ANYOP.

rulebase
'~0/o6i19

from l-educe '9}{press1ol1, only rulebase
resompilation of rulebase ... files.
16/07/91
Introduced

IIe1'l made , -a --> <l, ~ -1 II and all rules are nOI" adclapted I

E;{P '. ,PRlIIT ,EXP1, HID,

EiW 1 ,FPurL EliF L Elll',

E::F'. ,I'E\'II'.ITE •

the ntlebase cons Ists of two paTts'
::. ~:lJle-based ret,n:ite system

• a lte'Jristic t"rm combining system

for moP? seg rulbase. h f

IIBW I\f.ILEBAGE SYSTEll I 16/07/91
U\ST Ut:'I1ATE , 04/02 ;'32.

EXP1, RE::ET_F!,AG, EXP1, END,
,:. reset: fle'l.g used for recul"sion 1""/

E::!' '. , PE\'lRITE.
),;];.1:'AIID,

E ;:r ,I. , EliI:' •

modulI;:? name
creatio!l date
histol:r

pttrpC'se

ASE;~Fl ,REGEXP, RElmITE,
E;~F.AJlD;~()R, /',&. used to simplify }cor '=:U{l?ressions

E;~r I. ,EIID,

ASE;,F 1, II lTEiCF ,REI'IRITE,
SHIFTllIIIUS,

~XP '.. EII[' ,

l\SE·:r.l . P,EGE;:r ,RE~lP.ITE.
SH I VI'II'f!' ,

E:[F'"EIID,

I
I Fll.'? ",pp'?neU".:! C".-ated at l.1,37arn on Tuesday, Februari 4,1992

/-----r'-r,------

" "I:'1 'J I
'I .J I
! I J I
"I ) I
"I J'''I
71 j., 1

''I 1'" I
'''I "I

.I.UI 01 H/O'3!n :
lJ I "I
, "I J 1
I. 11 ') I
I, J I 31
151 '-'I
1':'1 'e'l
,., I (.1
11) I f, I
1':' I t'l
::"1 '11
., l.j 'I
::~ I "~I

"'1 11
<"I '-'I
251 t'l
"':'/ "I
:'71 "I #includ.- "d.-f.h"

0111 "I
':'" 1 '-' I Relef ine HOP_P'JLEBASE
101 ('I tfil1r:'l1.1dC;? "rlJl~base. h"

,') I ('I
':'1 "I
J '/ "I

I I
1 '12':' I

I I 1\\lr')P ,EXPl. \
1

r ,I ,':,1
I 1 EJ:F 3 , Ell['

11',1'" '·12'
17 1 "I
>n I "I ReI.-f ine EVi\LIJATE_COUSTS

I I ACOIIST, ACO/IST , I,

":'1::"1
I I EVl\L'Jl\TE, E;:P 1 ,E)~IT ,EIID

'0 I til
oIll '-'I Rd.-fine REH REI1RITE,SH1PLIFY,REWRITE,SORTSUBTREE,REWRITE,SORT
',I J I '.'1 Rdefin9 REHREG REWRITE, BOOLALG, REWR1TE, SOR'l'SUBTREE, REWRITE, SORT

'01 01
'141 I) I
"51 01 l'ulebas9type masterrules [ 1
4(, I J 1 j

17 1 "I
,j" I )I
") I '/
';'11 nl
oJ! II
'<: I 'I
': 'I 71
"I I 1\ I
';~; I i I
"',I -' I
"71 7j
'''.'1 "I
"') I ; I
,.,,, 1 'I
".' I 7 I
1','" '1
"'I 'I
""1 "I
"I ? I
",',1 'I
'-I i I
,;" I 'I
"CO \ 71
'7"1 1,'1
1'1 71,



f·------------------------------------------------,
I FUe app"ndb,.2 Created at 11:37am on Tuesday, Februari 4, 1992 \djshoff Page 2 of 35
I--------,-r'------------------------------------------------I

721 31 SORT,
7 ~1 I 7 I EXP.I. , END,

i'1I 31
751 ., 1 E:(r 1, FRIIIT, EXF1.EIlD,

IF·l "I
771 31 ASEXP 1, l\COIIST ,EXP 1, EXIT, END,
i~'1 'J I
7ql ~1 /. itlst~rt COJl~t in and tree's to limit mutations */
H. 'I 7 I EXP I. , REWRITE.
IHI 'I INSERT_COIIST,
021 71 E;:I'I.,EIID,
1'31 I', I
,,"11 J I CREATE_TABLE, END,

" ':' I () I
':lG I 31 /* mal:e a count for sort sub tree * /
'371 J I llAl:.E_VAH_COUNT. END,
Ai'll 01
'3q lll PRHIT_Tl\BLE,END,
','0 I ('I
911 71 A8E;(P1,IFNOTALL_H1\D,
qzl 31 REWRITE,SORTSUBTREE,
'J J I 71 E:lP -'- ,EllO,
'U I J I
','51 71 EXP I., PRUIT, EXP1, END,
',"S I ,) I
'0171 31 IIIITHIT. EIID,
~41.'1 n I
?'O I 71 1\8E;:1'1, P.EGEXP, REWRITE,

.I. n(l 1 31 BOOLl\LG ,
lOll 71 E;CP1,EIIO,
I ,':~ I ('I
'<1 1 1 11 IlIITHIT ,EIID,
1.'-'4\ "1
1"51 i I A8E;:F 1, IHTEXF, HEWRITE,
.I.'u;j.q SIHPLIF~{.

10"11 71 E;lP 1, EIIO,
.l.'_,~, I (' I
J.f-";>171 EXFI.,PRUIT,EX1'1,END,
llnj ()I

J.1ll 71 ASE;[F 1, REGEXP ,REWRITE,
112 I 1 I II-IF LODEHEG,
1.131 71 EXFl.Elm,
0.41 I) I
1.1.'; 1 ('I
1.l.1; I J I ASEXFl, XF_SET_FLAG,
'.171 31 /* test if flag set anywhere "hich results in a rewrite */
1181 J I REWRITE, IIASTER, EXP 1,
11'" t J 1 E:CIT, ElllJ,
1201 11 /* call the "hole bunch again , and EXIT 1*/
1.211 01
1221 QIi' dont ,,,,ed this ,but I.e re-use the name to
12 J I ,II mal;e s.,me small rules st iel; regarding 0 and 1 * /
l:! 41 71 A8E;(P 1, HITEXF ,REWRITE,
1.251 ) I IHPWDEUlT,
,., (; I 71 EJlPI. , EIlD ,

I.nl '.11
UJ.l1 '-'I
12',1 I 71 E){P t. FRIlIT ,E1,1' 1, END,
I.JC'I u I
lJ II 71 ASE;;P 1. REGEXF •
13~ I 1 I PE~1RITE , IIIPLODEIiOT ,
IlJI 31 REWRITE,SOPTHOT,
U''! 71 EX1'l,EIJD,
J.Jr,1 ()!
1 11; I 71 ASE;[Pl, UITEXP , REWRITE,
IF I -' I IlIPLODEIIII II.IS ,
1. In\ 71 E;:P I. ,EIID,
.I .l',1 1 ') I
1.1 1-'1 ,'I e;lPt,FRIIIT,E:;Pl.ElID,

'.' '-I "I
II~ I J I t:ILL_TABLE, EIID,
'1.1 1 ~'I ~~~~*~~~~'~~~*~.*~~~~~~~~~~~-~**~~~**~*~~~*~~~*~**~~*****~****~~~*~~~~**,.'

) !J I J 1 EIID
H51 JI I:
Hr'l 01
1.-171 n 1 rlliebas'?type dummy!)= {

, I



!~*.*~****~*****************************~*****+.*********************************************~
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/!': a - b

END};

EHD
} ;

EIID,
) ;

EIID,

RECllRSIVE_REWRITEICIJRRENTI,

REr::IJRSI"E_REWRITEfClJP.RElJTI ,

EVALIJATE_COIISTS,

EHO,

NOHADOP .1IIIl'JSOP,
E;CP1,

/ f< re.\',r.l te to +.:
01AOOP ,IIIJLTOP ,

EXF1,
IIlTIU,

DYAOOP,IIITSIJBOP,
E;\Pl,
EXP2.

'Eguivalent to: * /
DIADOP, UJTADOOP ,

EXP1.
OYAD')P, HllLTOP,

E;~F2 ,
IIITIIl ,

rulebaBe shiftminus shifts a minus down to the operands and
insertH o::onstants ,I simple rules on comeback

*~****~**~*****+.**+.+.*+.*+.***************+.***+.***+.+.***~******+'*****.~.*+'+'*~***.+'*****+'+'**+'**~+'/

, r111ebas', E)CPAIIDJlOR
****+.*~+*~+.*********+.*+.***+.*+.*+.***.******+.+.*******************+.******+.***~/

, rtll",bas'~ SHIFTflOT
": push~s ' not' in bQ":Jlean tre~ (10'-;11 to 0p~r;:..nts

rulebasetype e"pandl<orrules [ )
(

OYAOOP ,JCOROP,
EXP 1,
EXP2,

/" to l\

01ADOP, 0l10P,
OYAOOP,AHOOP,

HOHAOOP , 1l0TOP , E1CP 1 ,
EXP::,

OYADOP,AIlDOP,
EJCP I,
!·10I1ADOP , 1l0TOP , EXP 2 ,

EIID,

rulebasetrpe shiftminl1srules[ ) ~

I

rllleb~sClt:"j'P'? shiftno1:rlJl~s{ J,
'.. gJ':pandin? }{Ol"' 8 her at Qnce l I I .. ,

.. ~. no~: b --> (a and l b I Or {I ~ :\ncl I: I ,I:

r]C',?~p' t rJ':c'Jr any more
DIAD'}P ,;;0ROP ,

E~~F1,
EXF2,

!****+.~***~~+.+.***.******~***A*~*********~•• ******+.***************~+.**+.+.+.*+.*

.- ._---------------------
1 I'LL" "lpp",ndiJ<.2
1---,,-.------------------------------------------------1

H(l/ '-'I
l1'~ 123 I
J. ~"} I 3 I
.lSI I 01
.l521 "I
l53 I 01
1541 11
t C,51 J I
,r,,; I .I I
,'j 71 ell
1 SIJ I 01
.1 ~;CI I 11
:l':,n I C'I
1f;, 11 J I
1621 31
1';J I a I
I';,] I J /

1(,,; f J I
,r·(·ll"l
[e,71['ll
)';,0 I J I
1(,':1/ 11
J 7f 'IJ I
lill J I
172] 0:; I
11-'1 '01
1711 11
1r·1 JI
17'; I hi

177 1 '; I
1781 'JI
qUI "'I
tHO I J I
tlHI '} I
1.1:'.: I J I
.l'B I J I
18,q JI
,>1';1 ,,/
,Ir,II; / " I
18'71 11
,nnl 01
.18'11 01
['J"I 11
l'nl 11
1.','21 0 I
193 I J I
1"" I ,11
195 I 5 I
[""; I 5 I
1.9 7 1 .I I
'-';181 3 I
.t'." I s I
2(11'1 71
2".1 I 71
::'x: I 'i/
:,IU! '71
::',"11 71
:,I)'il .11
~Of'l '.'1
:::"7/ 11
:".IJJ I "I
:"", I .J I
': 1"1 11
'''1'1 "I
:-:1::1 '-'I
~:lJ I 11
·""1 'I
:: 1~, I II
"1';1 "I
,:1 ! I 'I
,,1."1 JI
',"','1 ·'1',.m I "I

I nIl JI
I ::22 I c,l
I 2:.1 I 51
I 1 1
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'22 'I "I
.,251 .j 1 DYADOP .,'FOP,

22" I '; I DYADOI', AIIDOP,

22 7 1 JI E::FI.,
2~Jn I 71 HOIH\DC'P ,IIO,OP ,EXF2,

:2"1 r·1 DYA['OP,AllDOF,
?Wl 71 HOlJl\DOP, NOTOP ,EXP1,

~! III 71 EXP:',
23:,1 31 EIID,

n q 01 */
;HI·q /. so,·t operands {or monadic opel-ators: REVERSE NOT a --> HOT REVERSE a */

2J~, I J 1 tlOIll\P-OP , REVERSEOJ? ,
',11; I ,q tlOIIAI)(!P ,NOTOP.,

.' 371 '? I E;,P i ,
2381 ~I /*Eq'_liv:l1ent to:*/
;; '~ClI 31 REI'lP.ITE ,C1JRRENT, HONADOP, NOTOP,
Z41) I (, I 1-10HADOP ,REVERSEOP ,

2,111 ~'I EXF1,
21:11)1 ElID,

24.q ('I /* 12 *;
:nq ill
~J'\ ~'I )I ,* RE"ERSE REVERSE a --> a * /
24 ', I J I NOIIADOP ,REVERSEOP ,

2171 Co 1 HOIIADOP ,REVERSEOP ,
:11':'1 e'l E;,Pi,

:: \" I 31 ;*Eq'.I.lv".lent to:';
2:·n I ) I RENRITE, CIJRPEHT,

2';.1.1 JI EXPl,
c:~; 21 11 EtlD,

,':;31 "I '. 20 *.'

!';" I '.' 1
75s1 II !lOT HOT a --> a */
? 5f',I'1 1l0tlADOP .IIOTOP,

,~" I I '" I lK'IIAI:"JP , "IOTOP ,
2'''3 I 'J 1 E;;Fl,
~r;'JI'1 /""Eg1.Iiv:'.19nt to:+/

2"n\ j I REWRITE .C1-'RREIIT,

2011 J I E;:Pl,
.'2(,:1'1 EHD,
11;.11 (II /* 28 ~ t

2('·11 <)1
2V·1 11 /* 1I0T (3. relop b) --> a comprelop b */
2"" I J! 110NADOP ,II0TOP ,
2 'iii c' I ASOP.l , DIADOF , RELOP ,
2','=' I 91 E:lP1,
~!091 91 E;lP2,
2701 31 /*Equivalent to:'/

2711 31 DYl\DOP, COHPRELOP1,

2721 "I EXPI.
27J I " 1 E::r2,
?H I '~I EHD,
.J. 7', I n I ,., dO ,;

27"'1 "1
~'771 "l
i IrJ I·q ,., I (" AilD 10 I --> I a OR I b * ,.
27~' I 3 I l10HADOP .!lOTOr,
~}A" I 1,1 DIAD' 'P, I\NDOP ,

2"'1 ',' I E;:P L
,2821 ., I E;:r2,

',:')) J'I i*EqOJi-:alent to:' '
,: fH I ) I DiI\DOF. PROF.
',>:,'; I Ii I JI')t1111'0r ,IIC'TOF, E:U'1,
."".; 1 ,; I H'-'II1\I>0P , II')TOP ,EXJ? 2 ,
',n; I:q ElID,

~"" I nl So' '
"""'I "I
,',Ill I ) I Ii" OR b I --> I a AilD t b
:~'-' 1·1 )I H'JIfADOP ,II0TOP ,

"'.'1 hi [lill[".oP,OPDP,
X',, J 1 "'I E;:Pl,

2',' 'I ',' I E;:F2,
"",r, I ~ I '" Eg1Ji-'alent to • .'

>",' 1 3 I IJ1AIX,r ,IIIIIJO.l',

~:':171 "I HOUAIX'P ,1I0TOP ,E::P1,
;!"" , F,' HOIIAI'OP ,IIOTOP, EXP2,

I L'n! 011 EIID,
,--...L.-'--- ---1
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operators:

!o:/

*/

*/

fto" ,010

(c 7 ell

--;>

--> a

--> #1. ' , Ib

--> a

('"eated at 11:37am on Tuesday, Februari 'I, 1992

DIl\["iF .OFl,
E::F I..
E:~r2 ,

E);F 1

WD,
EIID
) ;

EIID
) ;

!* a or nO",Ob
DYADOP ,(!ROP ,

EXPL
REGAf,LZEP.OES,

/"Eguivalel1t to:*/
EXPl,
EHD,

1*

SOJ:t left c : 9;Cp ?

1\S1)P J • D":AP0P , SlH0P ,
EXF1,

Di'"T~D0F, IS0Pl /
1~XF2 •
E~tF J,

'.. I I r'?"..;r i te reClJre: i.~"·e to ...

P.E\~IUTE ,':'.'RP.EIIT ,
(l~ll\[If'::'IF ,('F.t,

,:~ a or Nl ... lb
DYADOP ,'!P.OP ,

EXF,
1\SEXF 1,
REGl\LJ DilES,

/1:Equlv'1.1I?nt to:'" /
El{Fl,
E}~IT,EIII',

/* a "nel no, .. Ob
D¥ADOP,A.HDOF.

ERP,
ASEXJ'J.,
REGALLZEROES,

!*Equiv:\lellt to:*!
EXPl,
El:IT, Erll),

sm:t operands for symmetr ieal dyadic
eOllS t 01' (l. --" a op eonst *;'

1ISOF1, D:c1lDOP ,SYI10P,
cOlls'.n.
Ei{FZ.

;~Equiv[\lent to:~!'

DYl\!X'P ,')Pl,

EXP2.
COIIST1,

El·ID.

/* a ~nd nl",lb
OY1IDOP,I\HDOP.

E::F.l.
P.EG1ILLOI IES ,

.;*Equlv~lgnt to:~!

EXF1,
EIID.

..:" 70 ":'

It- on w'='T back eval CQnst */

nllebasetype sQrtrule[ 1
{

.-------------------------------------------------------,
, 17 111? ~.p,?endij{. 2

t..-. , I

I 10."] I ('\
I JUll '-' I
I :l021 -'I
I 1(\) I 01
I )1),11 "I
I ]IJ"J I (1 I
J 31)(,1 J I
J '/:171 HI
I 11JP I 31
I l'J'~ I 81
I 3J.0/ 31
I 111\ /'j
, H21 'il
1 lUI 31
I Hill )1
I !lSi .q
, 3 t e.! (,1
f 1171 31
I lJn l 01
J '1.'" I 3 I
1 !:~"Iq

I .m I (·1
/ 12:c I ,,'
I 12 -' I <I
t 32!\ -'I
I ')2<; 1 J I
I P,q ':'\
1 1;0 I 31
\nill 31
I pal e'l
/ 131.'1 F.'
I 1)'/ "'I
I 1 1 '1 11
I LIJ I .q
1 nil 31
I .n''I "I
I 3J(, I J I
I 117 1 11
I 1 JA I 'j /

1 .I /',11 e,1
unl /',1
1-1'1 11
3~,! I 31
1131 -'I
14~ I 01
w:' I 3 I
J'it> 1 3/
H71 (.1
H~I "I
14a 1 ) I
J~,O I 31
35 J·I 3 I
l,,:c I '.' I
".11 J 1
.1"'11 11
l~c, I "I
35', I III

W71°1
.'5'.' I 31
I~·'} I 'J I
Jr,,, I 'J 1 ,'.
,.; 1 I 11
J(.21 f"

IF." <>1
1h41101
)(.51 1 ',1 I
lr,,; I J I
,.; iI 'I
11.'" I J I
V,','I,c,1
17('1 '''f
17 'I ',' I
17:~ I ", I
1 71 I ,q
.1741 41

17'" ,1/
I ,
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rulebas8 SORTRULES
rules for sorting trees into left sorted position ,
','T,,? arly rul"?s a long a.s: it is nessasarr on ont.? node bef0rS'

'* "ofe reCUJ:E~ into depth I 80 after one node is frocessed
on the J:ight node there is no longer the same opperator
as the root I.

~*+.~****~~~T****~**+.**+.*********~****+.******************************~!

is S}'ID op ). jd t wherec)

const1 7 const 2) / 7 is S}'IDOp oj

E~:~2 ,

EIID,

/' t exp1 • C I ( e><p2 --> I e)(pl • e)(pZ I , c
l\SOr 1 r D~lAD0P, Si:"tI0F ,

[li'ADf1F • IGOP 1,
E]~F J ,

f:0I1ST'. ,

:/0. eq1J

D7ADOF ,f)1?l,
f)Y [\[11 IF , OP 1 ,

EXFl,

jo (a ( const1) 7 const2 --> a 7 (constJ
ASOP1,DYADOP,SYMOP,

DYAOOF, ISOP1,
EXP1,CONST1,

COHSTZ /
/* re"'lr.ltos to * /
DIADOP,'JP1,

EXP1,
EVI\LlI ATE, DYADOF / OP 1,

COIIST1,
COIIST2,

/' so,.-t operands for symmetrical dyadic operators:
COllst op a --> a op const */

ASOP1,D,ADOP,SYMOP,
CO"'STl,
EXF2,

j*Equivqlent to:*/
DYADOP ,UP 1,

E1tP2,
cOrrs'.el,

EI·rD,

REcURsrTE REWRITE (C'JRREHT) ,

C(lIIS'~1,

EIID,

i* e'ral""te dyadop \'lith constantes '!
ASEllF1, IJYADOF ,AIlIOF ,ACOllST ,ACOllST ,EVALUATE. EJ:P1, ElaT ,EllD,

i 1; con,;i- !''?lop e}{r --> e}{p revr'S'lop C'onst * I

ASOF1,DYADOP,RELOF,
COnS'Il,
ERP1.

t".lleb"s'?type sortrules( 1 ~

;0 initial sortrule
sort left I : eJ<p (c ( dl --> ( exp

ASOP 1 / D:mDOP / Syt-lOP ,
EX!' 1 ,

DYi\DOP, ISOP 1,
ERP2,
EllP~ ,

/0 I I rel<r.Lte recursive to oj

RENnrTE,SOHTRULE,
DYADOP ,OP 1,

DYADUP ,OF 1,
E::P1,
E;:P2,

EKFJ ,
EIID,

I I
371,1 "I
)771 "I
17I:'1 1 I
37'11 1.1
Hln I J I
181\ I.(
)<lc I 1.\
VJ11 11
1R41 II
3851 01
_H'r; I 1-, I
·1')71 ) I
)13" 1 ~ I
),!q I J I
nOj F'I
3911 31
)C!2\ 81
19 1 1 '3\
T:Hll'-'1
j',''; 11"."

)"/6\ 01
3'171 01
J'II;l I 'I
3'01'''1 ('I
.1(1)1 °1
.I0J.! ',' I
,'n\ '.;1
.,In J I .1 I
,JIbJ I ''\
w:; I 3 I
1(";1 "I
'l ft 71 )I
IL't' I 3 I
.In''1 "I
·Il" I :'!
1.1.:1.1 81
1.1.:> 131
'Il 'I hi
IHI ':'1
,II". 1 ~ I
,q,q ) I
1171 (,I
IHII (',I
'ILII 31
P'-, I 0/
4211 31
4221 J I
4231 61

11 'Ii 81
425\ "I
'1 26 1 J\
,e27 1 ~ I
.12'31 r, I
I~') I I, I
.lv'l nl
J) J I f! 1
Inl 3 I
'IJ ..'1 "I
4J'!1 ~ I
I )';1 'I
" H'I r, I
11; 11.1\
l"nl'll
,I )','1 "I
I·WI 31
,1111'1
Jl'1 ""
J~Jll.Il

II Jl1 , I
""', I ,"
11 1:1 ·'1
\,17\ "I
·1,11'1 q
.1 !OJ I' I
~';I) I <; I

I 1".11 "I
'-----'-->,------ --------------- -1
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Ej{PAIID boo I

EXPAND bool"

'I

EXPAND *1

t,,/o rules are needed • i
EJlFAHD

EitP2,
EXP3,

EXPl,
gXF3,

EXP3,

EXJ?J,

EXP2,

C':eated at ll:3lam on Tuesday, Februari 4, 1332

DYAl:<)P ,OROP ,

HE~IPITE, EXPAII[lP.EG,
DYAI'OF ,AIIDC'F ,

r:~:Fl ,

EXFl,
EXP2,

RElmITE, EJlPANDIIIT,
DYAI!OP. !l1JLTC'P,

,I 1; 1::0 ... ./

REC'JnSIVE_HEWRITE( CURREHT) ,

EIID,

EIIL!,

/1 I a or b ) and c --> a and c or band c
D'LADOF,AlIDOP,

/* a and ( b or c , --> a and b or a and c
DYADOF , AIIDOP ,

E1lP.'-,

EIII).

D'LADOF,OROF,
REWnI'rF, EXPAIIDP.EG,

D'LAI10P ,AIIDOF ,
EJlFl,

l'. ,
END

,"* do tV)t s,"ap I: else
;, a'lb+cI -> a*b+c'a
DYADOF, 11ULTOP ,

EXP l,
DIAVOF,WTADDOP,

I~ (~+bl*~ -> a*c + b*c
DYADOP ,J-IIJLTOP,

D:LADOF, II~ADDOF,
gXF1,
J~;rF2 ,

EXP1,
l* 'l'0 +.."

D:LADOP, UITADDOP ,
REWRITE, EXPAIIDWT,

DYAJ.lOP,MULTOP,
EXP1,
EXP3,

REWRITE, EXPANOHIT.
D'LAUOP,HULTOP,

EXP2,
EXP3,

/"'" TO *
DIAD0P.II~ADDOP,

REWmTE, EXPANDINT,
DYAIJOF,HULTOP,

DYADOP, HEVRELOPl,
EJ:.F 1 ,

COIISTJ.,
EIIO,

~*******~~.~**************************************************A*.*******~/

• rulebasr~ EJlPAlIDRULES
• rules only to e"pand tree to a canonical form :

l~'b' ... I + fa·b*,. ) + .... ( sum of products

I·

I flle ~ppendiK.2

I ·--------.----~I-----·---------------------------------------I
I 'I ~;21 31
I ~5J1 JI
I !5.'! ',; I
I """i1 'il
I ·15e, 1'1
I ,157 I (\ I
I ~"81n

I ~~j'JI JI
I 'hoi :::1
I t1'~.1 , f11 /*********":'****************:ot**************1f*******************************
I 4621 .1.1
I ,"il! .1·1
I 'lIi·1 I J I
I ,1';51 J I
1 ., ssl 01 H,lebasetyp" e"pandrul"s (J = (
I ·If.; ''1 .) I
I 4 " '-'1 41

101"'''1 nl
1 '11" 1.1 I
1171.1 .11
I 172IJi
/ ,17.1 I 11
In.q 71
II.'~'I H'I
I '116 11' "
11:71 J I
I .m'! 31
1 .17<> I ",I
I .It"JI 71
I lI.ll·IIOI
1 ,!W.: Ilnl
IIOJ 1 51
t 1f1'q 71
I ,105 1 .1':"
I .IB,; 11'-' 1

I ,IP71 "
I ,\RiO' I J I

18" I (\ I
1':11.' I J I
>lUI .11
,n:::lil
1',111

'
''1

I'J4 11<)1
I'J:, I 7/
1':11, I J 1
.j',JlI J I
"'? E1 1 51
10)"1 71
500111/
';f!JI·u
';f...., I 5
5r.)) I 7

r,n,q t 1

<;1)~'1'1

5(11',/ 4

5n71 U
5(1~11 fl

';1)',' I ,I

511.' I 7
';)1/ 7

SUI J')

r,n 11'-' I
'ol.d I .q
'dc, I "
<;1"'/ 51
',11 I 71
';I.HI Jnl
<; I.') I I." I
';'''1 'q
5.: 1 1 71
... '.':' I .1" I
~..; '1""1
':;~ I I J I
<;:)<;1 nl
';:::r, I 41

I c",lq
I__l-~I,- ---l
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EXPAH[1 booI' '

EltFAHDIIIT

EXP2,

]~XP2 ,

END,

DYAJ)OP,OROF,
J!XP1,
E){P2,

EXF J,
, to 'i

DYAJ:I0P,OR0P,
REWRITE,EllPANDP.EG,

Dj'AL'OF ,AIIDOF ,
EltPl,
EKP3,

REWRITE, EJlPAIIDREG,
DYAI.'OP,AIlDOP,

Imp2,
E;GJ3,

ElI(' •
Em' );

EIlD,

EIlD );

/" ;:I. 3nd , b or c ) --:-- a i3.nd b OJ: PI- ~.Il'.:l c
(,',1\[101' . AI I[")P ,

Eil!''.,
DYAIJ'JP ,OROP,

El:P2,

/' la+bl'c -> a'c + b*c EXPAND HIT'/
DYADOP .IIULTOP,

Dj'Al)OP , IIITADDOP ,
EXPl,

EXFJ,
/* TO ..,. .

PYAOOr, IHTADDOF,
REI'mITE i CURREl'lT ,

DYAIJOP,!4IJLTOP,
EXFl.
E~lF3 ,

PENIUTE, CUP.REIIT •
D1ADOP,lIULTC'F,

EXP2,
EXP'3,

]lXP3,
/t- TO +::

DYAPOP, HITADDOP,
RE\1RITE ,CUP-PEI'IT ,

D,AI)OP ,H'JLTOP ,
EXP1,
J~;tF2 ,

P,EWRITE, C'mREIIT,
[)YAJ)OP ,I,IULTOP.

J;XPl,
Jmp3,

,I't- do Ilt.1t s\·!ap I; elsg
i' a'(b'-c) -;- a'b+c'a
[l,AJ:I0F, 1I1JLTQP ,

EllP I.,
Dj'AIJOF,IllTADDOP,

~~*******~*************************.**********************~**~****~******/

, "'.lJ.eba~" EZPAHDREr:;RULES
.. REG~~ QIl.I.-~~

• rl1J.ebas', EJtPANDIIITRULES
, lilts ollll'

r111ebasetn)e eltpandlntrl1lesll = {

Y1Jl'=!bas~tYI:''? E\~~pandregrul€'s [] = {

I i
5:,"11 71
JJ'::lll(ll

53n 11l.'1
5311 71

5.121 1I
"'J'I 41
J 1.t l 51
'j351 71

",J(; I '" I
'j 311.1.(11
'j !'! I 51
51'~ I 71
5HII J."I
~'.'J 1101
';'1:' I ~ I
5431 01
""t,qq
5&C'1 nl
54(,1 41

5471 (II
5.101 nl
:;4',11 11
';5"1 11
5',1\ .1.1
55" I 01
,531 01
y"q 'I
,:;",,:; I II
55(, I 11
's; III
",50 I 71

",':;',' I '" I
'";,, I ,,, I
!,f,'11 JI
':;f,::'1 J I
5',J I ') I
5',41 71
5 (,C, I V\I
5",f,! 1'..1'
':.',7\ " I
",/jRI 7\
')fj<l 1"-' I
5;1)\1'JI
57) I .11

I 5nl 31
I 573 1 01
I 57'11 31
I 5751 11
I 57'; I 71
I 5771).111
I ')7!) 11'.1 I
, "J,' I 71
I c,nnl '1
I ',1'].1.1 J I
I ~"J:.: I 51
I "1' J1 71
I Stl'! 1111

1 5':";j .1.11

IS'!" I 51
I 'o'J7/ 71
I r,"''''ll..Il
I 511'\1

'
,'.1

1 ';)"1 4\
1 5'J'1 41
I ',FI "I
I 5'JJ I 01
I ","JI'/
I ';' ", I II
I ';"161 ,q
I 5"71 "I
I ';'.n I "I
I 0;','" I "
I (""I J I
I '·;'''1 'I
I 'j'-'~'I 'I
I ern 1"'1
~'-~''----------- ---I
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r·-·------
I 1'1..1." "vpendilt.2 C7:eateel at U,37<lJU on Tuesday, Feoruari 4, 1992
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~**f:*****~****~f:************************************************1

rtllebasetype Insert_constr111es( J = {
I. "aU: dellll a OR tree left sIdes and if the first right factor of

tre" lll1'J"'1ying AIID tree is not a canst th..n inser one'
a --> a anel 111 ..

EXPAND 0001 '/c --> a and c or 0 and c

a , checl: b *!

RE~I a or cheal, if b haa to be added ,dth 1 *;

EXF2,
EXF1,

EXP1,
EXF3.

)\}~P2 ,

EXF3,

EXP3 r

E]~F2 ,

El:P 1,

REWR r~E, CUHf1Elrr,
DYlIlJOF ,AIJDOF ,

if: to -J. i

,'"* to "','

D1ADOL OROF ,
PEHP.ITE , C'JRRE"'T ,

DIAl 'OP, AHDOF •

EIJD,

EIlD,

EllD };

/, ( a oJ: b I and
D1I1DOP,AIlDOP,

DYAJlOP,OHOP,
EllF1,

DIAOC'P ,OROP ,
REWRITE,CURREIlT,

DIIIJlOF,AHDOP,
EXF1,
E;{F3,

REWRIl.'E,CURREPT,
DYI\I.'Or, AIIDOF ,

EXIT,
PENPITE .'~HECI~_COIlST • EXF 1 ,

ElIP.I.,
,:.~ t·,) :'-

/* a or b --:>

.I. a + b --> PEN

DYADOF.WTAI:'DOP,
E;{PJ.,
EXF2,

EIID,

ElID,

EIID J

both
~ testlng la~t one ~.

DYl\[)OP,WTADDor,
RF:\"'PI'~E,CimPfllT, p,;:rl,
RF.~IRI'.'''IO.(~HECC_CO"'ST ,EJ[F2 ,

E1rIT,

DYADOP,l!ROP,
EXF1,
EXP2,

;* to ':'
DYADOF,I)ROF,

REt1RI'~E,CURRElrr, EXP1,
REWRITE,CHECK_COnST,EXP2,

E::l'f,
EIID,

• r111ebas', HISERT_CONST
'" inserts ccnstantes in and tree '5

c,-"II ,",'1
';'.051 .11
'A'GI "1
';"71 ~q

F,r,n I II
60','11') I
(,Jr./lfl I
r,)1, I r, 1

'iUI -"
(, I. ~ 11'.'1
',;141.1.') I
,,)~; I '11
':'.t"1 1.'1
,; 1. 7 1 ~ I
':.10 I ·11
qOI 71
62°11.01
G211101
G2:~ I 71
(':'.11 ,J I
(,;! II II
""51 ~'I
';2'; 1 71
'~;:;711r) I
1i2811"1
';Z·, I ~ I
"'01 71
',111 '1.'.11

r,nl·!') I
(·33 III
(, '.1\ "I
'i j<, I ,J I
li.!1; I ,,'
h171 01 I*~****~~*~***~************+.************+.****~******** ***********

';JI.' I J.I
,:,j','1 J.I
';,In I 1 I
!;HI <) I
';4:q "I
<;.J" '1
(,HI 31
G4~. I "/ .'
f,4f> I lJ I
(14/1 01 /* register- 11/
';,10 I 31
'j'l? I J I
6~lJl 51
(,511 51

';52111
r,~31 31
Ii';d I 0;1
",c'51 'i/
6~'(,f 31
1'0;7 1 'I
';5'-'1 ') I
15~"J / 0 I '. Integer .,'
';1;"1 .11
';',;'1,1 J I
';';21 51
".'; 11 c,l
''';.J I '1
(.';',; 1 J I
,;,;,; I c,l
"" 71 ~; I
r,601 J I
,;,;,,, I )I
,;jlll '_II
r.711 '.' I
,', r' I 'I
hi J I J I
';'.'1 .'1
"")<;111
(,7':.1'1
Ii77 I ) I
.;-,nl "l
r. 7" I :'1

I I



'"ijshoff Page 10 of 35

I a --> ,~)f]

a --> ':IC."

~ a

a, " and e

1* could cause grrorrn~ssagg in
debug f 11e if not l'egeltp *;'

call'?d in last part of subsort
, only if hit

e;{it */

a,nel e){i t .!

",'"' save cur-rent node HIJmb':ll" '"

CJ:eated at 11:37am on Tuesday, Februari 4.1992

EXP,

DYADOP,HULTOP.
EXP1,
IllTl,

EIID,

ACOIl8T.
:. to • i

EXPl,E;aT, /t­
EIID.

/* 8 * canst --> a 1< canst -> quit *;
ASEXP1.
DYADOP •HIlLTOP ,

END} 1

/"= to ., /

DYADOF,AIIDOF.
EXF I.,
P.EGI\LLOI1ES,

E~n'I', it: qnlcJ-::
Elm,

interg'3~ ie all thats lett I */
EXP1,
/* to k/

~·eglster *,..­
1\SE.itPl.S1\VESIZE,REGEXP,

p'?glst.'?r k/
;* a ~ld const --> a and const --> quit */
AGEXF1,
Dj"ADOP , AllDOP ,

EXP.
AeOIlST,
TO ';

EXPl,E;\IT. ;, quit "Iithout doing anything '/
EIID,

RECIJI1:HlIE_REWRITEI CURREIIT),

both re'1ist'3r and integer .;
/' if ~onstante : exit at once '/
ASEXPl.ACOIIST,
/* TO "/
E}{Pl.
Ei:IT,
ElII) •

It rlJlebas'~ B':'"JLAlfD
~ '9}~P9Cts only and tree
~ doeSll't decellt tree I

1< integer ... ,/

,.
14) la 'md ~ --> (.'I]

11 ~ ~.nd la --> (lf~l •

II }{ ·'.nel a I and
1 ~1 }{ ;],nd la "nel

1(' 1\ and
17 " :lncl a anel

J:tllebas,?tYl'e boolandr'.\les() = 1

l'ulebas!'typ!' cl1ecl,_construIes[) = 1

~ppendi;{. '2
.----
1 fIl",
1----.,-"---------------------------------------------
I ';W' I '-'I
1 Ii" II '.II
I lyo?1 11
I (".1 11 \1
I l,i'H I 01
1 I;n~ I J I
I r,nr, 1 ')1 /'
I ';'.171 d I
I I;'-",~ I 1 I
I IiW'I 41

6~") I 'I I
,0,''', I 'I
,;'.. ~! I 'I'
';'~.11 lJ I
(,a'I! "I i,

,;(151 41
V,'61 41
';9 7 1 ''I
1,981 71
1;',1',1 I -:1
FIl'I II
WJ I 41
7 1,1?1 11
7(' -' I 'J I
7()'11 01

in" 1 41
iI\(, 1 ,II
71'71 "t
'/. If> I : I
-:nc, I 'I I
71"1 I!
ILl I J I
71:: I 1\
" J J I "I
i.1.! I ~'I

; I." I II
7F'I'lI
'I III '\
'IH'i J t
71.<'1 71
7 ~~l) I 71
7:: II ''I
7221 ,II
nJI','1
72 4 1 "I /,
7251 41
72 1; I 41
n 7 1 41
72131 71

7291 71
7 J"I 41
iJ 1 I (J I
7 !'2II!
., l1j "I
i.HI ul
'-151 11
nr'l 11
7111 11
73"1 11
" J',' I 'co I
71') I II
7 I'I "I
l,pl 01
1111 "I
7HI "I
1.1 '; I "1
"71"1 nl
7'171 'I
; ,p' I 'J I
: 1"1 'J I
7';nl "I
7 ~ I I "I
r]21 "I
)r,'1 '.II
']',41 '1
7c,r, I "I

I \
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,._------_._----------------------------------------,
1 Fit" 'Wt:'",nelbL2 r:J:e8.t ..el at 11:37arn on Tuesday, Februari 4, 1992
-----,-.------------------------------------------------

I:ILL_'I01'E,
GET_FLA!~, /1- flag set to use master again +,/

PEGALLZEROES,

END,

• f ,r ;lnd ,~ ) alld ~ 00

ASI:ILLII~)DE,

DYADOP ,IIIIDOP ,

DYAD"f',AND<JP,

E;~F .
I f':.'( IA[I':'F , I YI=ITC'F , E;tF 1 ,

Sl::T_H0TFLAG, /+ init fer m~t':'hin? H~.rS ..

:3iWE:.aZE,

t~".'Al'.-'- ,

COIl:~T1,
ElIP2,

,: ... TO *,:

PlITHODE I.,
DrADOP , J\!JI:>0P ,

PUTlI')/.'E 1 ,

DYl\DC'J' ,AI'IMP ,

EXF I.,
EXP::,

COI'~~'lll. ,

ElID,

/* ( z ~Ild a, and fa --> 00 ... */
ASI':ILLl'II1DE, ;, save nodE'no to updatE' table' /

DYAOOF ,i\IlDOP,

DYAD'lP ,AIIDOP ,

EXF,

E::Fl,

nESE'.~_I<IOTFLAG, i* in1 t for matching vars '/

110IlALW)P ,HOTOP, SAVESIZE, ISVAR1,
to .,'

I~ILL_'101)E, ,/., 1:-e!;;9t "',rarC01.1n1: in table .~:

SET__FJJA';, "." flag set to USg master -:t';J2'.in II "

REGALLZEROES,
'8}tIT,

i' ( z and 1'\ I and a --> 'Z and a '/

ASI-fODEl,

DYAL'OP ,lllll:'OF ,

D1AI:" lP ,l\IIDOP ,

E;,F2,

E::Pl,

RESE'~_NOTFLAG, /' init for matching V1\.n; • /

ISVAHl,
1* TO +.:'

DECREASJ,_ VAR,

REWRITE ,CURREIIT,

FllTIIl.'DEl,

DYADOP , A/IDOP ,

E;lF2,

E;:.Fl,

" COIfST and A -> A and COlfST * /
AGlfODE1,

DrAOO'" ,mr00P,

COf'lSTl,
EJ,l'1,

" TO •

PUTI-lODEI,

DYADUP,l\IfDOF,

ElIP1,

COIfSTI.,

Elf!:',

EHD,

" ( A "nel COIfST I anel B -> ( A and B ) and CONST */
ASIIODEI,

DYADOP,AJlD0P,

DYADOI',AllOOP.

E~~Ft ,

7':;61
1':'71 n

7S"1
1'j',' 1
Ir,n I
7r,1 I ,;
7(;21 r;

7(; 11 1

7 1;41

1{)51 -'
/661 <;

7",71 c,

/';Il 1 -'

7':,'1 I 01
n01 '1
77J.1 .11
772 1 1 1
171 1 ",I
7J.l1 71
nc'l 7 1
i/6 1 ':'1
'1771 31
770> 131
77'" I 11
7"') I S/
781/ ">1
';o>~ I 71

7811 :1
III ..q c'/
;".:' I '11
"lPGI I_II

711'71 !
1(1) 1

/W'I

}',':l.1 '"
7?7.1 '..I

7"'1/ 'i
7'-141 ,;

7"'"'1
7'-"'1
nil
7'.)81 ,)

7'Y' 1 ,;1
''',''.' I ',' 1
'3 IJlI " I
p'nl 31
OUJ I JI
80J I 31
1-1')S/ 'I
'.11)('1 31
I-1n7 1 ,; I

,H't' I".' I
r_1~~9' 1/_11

" I '.-'1 ,; I
RlIl I; I
8:1.21 ,'I
f1 I. 1/1 I
n141 11
"I Sl ,; I
n 11"1 '1
11 I ; I 11
n 1.'-' 1 " I

""·'1 11
I12PI 31
.,1.: 1/ J I
P:" I ,; I
",:, 1 -'." I

'.':: 'I'" I
p-) ",I ,; I
p ".; 1 '-'I
PJ.' I (,I
'-' ,''i'l
n:::<. Iii
Ill" 1 31

I 11 JI. 1 I.'i,,_----.-------.L.'- _
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set! ..,

, He",.' ;~ ·~.nd }. and (' J

-:t.n,":l ," I -" r,,:,'.'.'

~q':' f~' , _ ..... CO"']. t

and C
?.I1'::1 r \

Yl =r'?8.dy)
y(=rC?adYl
y(=rC?a':!yl
:r( =rea.c1.i· \

and

*j

for matching ~ars */

/ I: ne\1 busy 1.r-:lX selr::c'ted, hit

.. ){ ..

./
I

set to use master again ";

j* init for matching vars *j

and j- and C I --> Re'.: " or•• }C ••

Created at 11,37am on Tuesday, Februari 4, 1992

/~ 4 ca'~es : Z or
z or I

/..L <:; Dr f

EXIT,
EIJD,

EJ(F 1, FRUIT, EJ(P 1, EIID,

ElID };

POPIIlI, EIID,

/".. I €' C'I.Ilr:1 03 --> 00 •••

I\SI:ILLII(\DE,
DYADOP,AIlVOP,

HOIII\J)OF ,Il0TOF ,E:lF1,
8E1'_II0TFLAG , /. in it
SAVE:nZE •lSVARl ,

/" to: ....
nLL_"IOIJE,
SET_FJ"N~, i* nag

PI::GALLL:EROES,
EllIT ,
EIID,

f. CI AIID " --> a
AS!'i')['El.
DYADOP , AIIDC'F ,

EXPl.
PESET_,IIOTFLAG,
IS1ll\P,1,

!*Equiv~lellt to:·/
DECP,EASE_VAR,
FUTII')DE.I. ,

E~(Fl.

EIlD,

!* a al1d la --> 00 ...
ASI:ILLIIODE,
DYI\DOP,I\IIDOP,

EXPl.
SE1'_1I0TFLAG, j* init for matching yars */
HOIIAPOP,tJOTOP,

SA"ESIL:E,ISVAR1,
;*Equivalent to:-!
KILL_NOPE,
SET_FLAt; I /* flag set to use master again *;'

REGALLL:EROES,
I::IID,

ASllnDEl
Dil\[I(lF •"P.'JF •

E:Cr 1. ,

I:'iAI)' .'F , AIlt'')P, i.

[<Yi\D')P ,AN['('F ,
EJ[F" ,
EXT:' , ,

1\3(:-1)1181'1, IFlIlT,
... to ....

PUTIIODE t,
DYADOF,flROF,

I\SEXP1,IFALL_HAD,EXPl,EXIT,END,

• rulebas" BOOLLOOP

EXPl, PRIIIT, EXP 1, Elm,

Pl1ebasetype boollooprules [J = (

.--
I FUe
I--r,---",-------------------------------------------------\
, "~21 J I
J 8J~'1 JI
1 '" ),11 ':' I
J I') 0, I ) I
I 1~1", I 'If
I fl) II J I
I OJOI '''I
I I' 3','1 ',I
I fllOI 61
1 8HI 11
I ",I:! I 31
I 1;1.1'1 'I
I RJJI "I
Ilwq 31
J ~"IGI .1 1
I I1J';1 01
J 1J4'11 J I
I IJJ'J I ) I
I f1sn 1 '1
1 13';11 61
1 1:15:: I fj I
I r;r,; _'1 ''I
I "~,,J I ') 1
1 !J5'; I J I
I "%1 11
I "0,71 '1
I O'jl) I ''I
I n",':l I '1
I HI;" I "I
J 1.":''-1 '.'1

[11',21 .11
fl', J I .1 1
')(0'11 ' 1
l)"'~'1 q
1)r;r.1 fil
"',; 71 ,; I
"';RI '1
''';';' I ~ ,
87~'1 'I
nnl f,1
IYI21 J I
1.11 J I 'I
87,11 ) I
11751 01
"'7f; 1 ~'I

"'771 01
r;rnll 31
f17'? I 01
"'wi 01
"'''.1.1 01
f1821 nl
',"n 1 1.1
>'lul 11
8110,1 01
''':''; I fl I
f:'~<"i I .1 I
"1>"1 nl
"I.',' I J I
'_":''.1 I 41
n':, 1 I '1
"':"'1 J",I
II'," I::.'-1
WI,J 1:' '-I
""', I (, I
',""61 .'1
Il'nl '1
II','" I ) I
, ~ '.I·~l I t ~ ,

1"1(.\(\ I (, I
,_." '-, "I
.,":, I l.J I
"f),l 11, 1 I
'~II.J I I.' I
','no, I '\
·"nf, I ') I
'~I)"/ I '31

L I I
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Ell[' );

END,

*/, subsort
*/

A:,E;,P 1. HITE:,P ,RE\1RITE .
EO()L.AL~~ ,

EXP I.• FIIP,

r.;~F 1 r

REWRITE,SORTSUBTREE,
E:lF I. ,EIID,

E::~P 1.,

HEWTIITE.80RT,
EXPI.• Elll',

EXP 1 ,REIIRITE, BOOLALG, EXP 1, END,

,'. z or I rand C I --> Re,~ z or I )" and C I * /
ASIK'[tEl,
f\1ADOP,(lTI0P,

EXPl,
DYA["'P, AIJDOF,

EXP3,
ASCOHSTl, IFHIT, /' ne'~ busy var selected, hlt flag set I .'/

,/* to */
FIITI lODE '[ ,

DYADOP,OTI0P,
REWRXTE,BOOLALG,REWRITE,SORTSUBTREE,EXF1,

DYADOP ,AIIDOP ,
EXP 3, /* ready so leave It * /
e,mS'!'l,

END f,

I\GEXF 1, IFALL_IIAD, EXF 1, E:lIT, EIID,

:" I ... ",., and y and C , --> I TIew )( and y and C ) *;'
f\YAOOF,I\Hf\OP,

DYI\f\01' ,AIIDOP,
EKPI.,

E'~F:~ ,
ASCOII:;Tl,IFHIT, ,/* ne\'/ btlSy var selectee! , hit flag set ",

,'~ to .,.

DYADOP,I\III)OF,
DIAD'lF ,AHDOF,

RENRITE,IIIITBC'OL,EXPl, ,. sert
E:'~P2. /* ready so leave it

COIISTI,
EHD,

ASEXP1, I FALL_HAD , EXF1, E:nT ,EIID,

ASEXP 1, IFHIT , REWRITE, LOCALBOOL, ElCP 1, EXIT, END,

P.EHHlTE,BOOLALG,REHRITE,SORTSUBTREE,EXPl,
D1AD"P , AIIDOP ,

DIi\DOP,AIJD0P.
RENPII'E, IIIITBOOL ,EXP2, /* sort , subsort .,.. /
r::·~FJ / IJc re~dy so leave It */

COtiSTl,
1':110,

* rulebas"type LOCALBOOL
***********************~************************************************/

/**~************************************~********************************

J.-l.llebas'?type lQsalbooll"ules[)
l
EllP 1, FTIII1T ,E:lF 1, EIID,

I I
'co, ".1 I ,; I
",,,.,, I ,; I
'.11" I "I
""'1 ',11
''11.'1 <'I
'yul "I
',q 11 .q
" l'j I (' I
'.1 l'.>1 J I
q Ii 1'1
',11fll J I
.,,:', 1 fol
':':~ I) I 'S I
"'~J.II.I I
?2211.l1
?2J I J I
':'241 ., J

on<../ 1\
"26 J ,', I
',n I I'll
',12"1 91
'):,','1 ',1 I
'J JU I J I
"JJ I 1)1

".J21 ,/

" 1 J I ~ I
tI 1,Ii 'j 1
ol~1 71
'CO 'f. 1 71
., 17 1 " I
"''''1 'I
"1'11 JI
',<1''1 (,1
·.··)1 I ','I
"-I:' I ',' I
',I'Ll I f'l
QL'! .1/
·'.ISI pi
','1"'1 J I
'~J71 ') I
'.14111 11
',101','1 "I
"'CoU I 31
"<'011 I) I
','5:Q .q
'? 53 1 "'1
"5'Q 31
~!551 (II

«""I "I
<>">71 11
Q~,''i JI
':l"" 1 "I
·.If'." I 11
"".!./ J I
·'f.:: I "I
'~l;q il
. II.,) I 1.1

.... "'1 'I
',1'0'01 ('I
''''-,71 7\
'''',,'1 ,/
., 1,<, I 'II
'17(11 f) I
"71 I 71

'·172 I J I
., i,/.' 1
'17'1\ 11
., IC I 71
.,if., i/
"III '11
'J if:,! II I
";'''1 ) I
'~lpn I (\ I
·,'nl·1 "I
'''J:' I 'I
'''''11 1.1,
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I Ij 01.- ell and ( C 1 or f~-'

i ( y or Cl I and a EVAL :!

I I

,: ..,~(" )

It I ",nel Cl ! 01- - and C I J and

1/' Cl \ or I y anel (:7 1\ ill1d

I -_>r ;:)nd ;:'l ~.nc1 C2, or

, or I r and a a'l~ ~: I

f'I. anc1 C1

iI ilnd Cl

lIHTHIT. EHD ,

ASEXP 1 •REGEJlP ,REWRITE,
IIlSERT_';CIlST,

EXPl,EIID,

EHD };

EitPl, PfHtlT r EXP 1, EUD,

EXPJ,REWRITE,
FOOLALG.

EXPl, Elm,

EJtFl, PRIIIT, EJlFl, EIIO,

ERP1, RElIRITE ,SORT, EJlPl ,EHD,

ASE:lP 1, IFHOTALL_HAD,
REWRITE.SORTSUBTREE,

EXP l, EHD,

EJ[PI ,PRWT, EXPl ,EHD,

EXF 1, REHRITE, EXFAHD, EXF1, EllD,

* rulebasl! !300LALGRULES
* speciai rulebase for bOQlalgebra

1 : , b and a and cl ) or I c and a and 0:2 ) --> I band cl I or I c and c2 I I and a
I I: d or I band C'. and cl I or ( c and a and 0::2 \ --> d or / band cl I or I c and 0:2 I I and a
We QII1r ha"r&? mutaicns conserning t.he b IS 3.nd c r S so 4 m1Jt iOllS of thes9 2 rules makes 8 rules

First 1<,. introduce a const to every ~.nd node if non present
and assullle this is done in the master ront1ne : insertconst
In this ,.,ray we a\~!od, the nonsense rules and mutations,
We reduce the nllmber of mutations by 4 1111 And the la fa combInation
16 nO\,1 a E:pt?c~11 case

I I
"'.',11 () I "',l<,ba"",typ,,, initboolrules [] =
','n51 J 1
',Il"; I ') I
?l:'71 ~ I
<'n" I "/
'~8q I :I I
'1"''' I ') I
q'J t I 'J I
'~g~ I ~'I

'~'nl "I i'
99,J I 71

',"',,1 .q
',or,1 71

() 1 •
'-'I
11
1.1
, I
~: I
J t
"I
71
31
71
31
71
~ I
71
'.1 I
11
"I
t'l /~*~**~*~~-*~*****+*********+****+**********~*****************~*~

II
J I
JI
"I ,!

"I
'.1 I nlleba.s<,t}T<' boolalgrules[]
~I

~ I
ul
'1
"I
ul «include "relop.inc"
0\
') 1 i'
t'l
°1
01
'.'1
01
01
'.'1
n I t1aJn 1':\0]0 rl11f3s nOH :

1.11

'.I I
(' I
'·'1
r'l
~)I *~~****~**'~***********~******~****.***~+.****~~+~*****~**+~+*~~+.*~~~***+~+.+.*********+.~**+~*******+

I :'t,""*"''''*:':'''t!t*~'''*''''''

f_11 Ilot 9: AIJ r'et":ls m~r L,'9 of len?hi.: ;.~ s':' ;: ··~r 3"~·:':I-,f~·:t.,C2

"I
'.'1 40

I " and 11 ..
('I H

1 1 I a and 11 ..

1t '.' '" I ,;) 1
I I I
1·'·"""'1'·<1
I 1 1 "11'.' ,a "wl II
I ,.. ~ .. I', J I
1 l I
I If)'; 11 r,.:, I
I I 1 C2 ,

It'!..,2I:b_.J...iI ~========== --!t__ L 1

':":'71
9':'t:l1
q"" I

1!H)O I
11(1'.'1/

110021

IlOO] 1
1'.004 1
I ""J~I
110'.161

11'~'071

11'YJ!.11
, .I ()()9 1

1J'.' 1" I
InJ·'1

".lUi
,,1'-) I
1.t" 'Ji
".' 1',I
H} 1,; I
.I "J'I\
1'.1 tf.' I
.,nl·" I
J'.I '''_'1
1.'1211
1'17~ I

11 n! J I
11'-'2 4 1
1"'2S I
I ".I:!" I
1102; I
11'Y18 1
I J.'129 1
11030 1
11(IJlI
11('32\
11'JJJI
11.03 4 1
I "ll) I
Il!l v,1
1'''~71
I 1');11'1

1'-" .1','1
IW1'·'1
11'-"11.1
11'''':'1
Illl.l ! 1

I I
!1,qJj
I'" I J I
, .!fl.''-''

I I
1'''''11



, I )

! f)

t I}

I I)
I)}

I I }

I I }

I I )

I ) )
II)

I I)

) I)

) I}

I I }

II)

II)
I II

1 I )

) ) )

I I )

left

I I )

C2 I))

C2 I I)

C2 ) I)

C2 I! and

C2 I! and

C2 I I and

C2 ) I and

I a

la

13

I a

Ie

I",

la

I~

I a.

I a
la

a

a

a

a

Page 1~' of 35

y and C2 II)

Y and C2 )1)

C2 I I}

y

y

y and C2 'I)

y ~,nd C2 I! alld

y and C2 J I and

or ,

or , y
or (
or I

or I

or ~

or

or

or

or

or I.

or

or
or

or

or

or

or
or

or
or

or

or

or

or

or

I or I

or

or

or

or

) or

I<ijshotf

a.
a

Cl

Cl

Cl ) or

a
a

a

"

la

la

I a

la

I ~.

la

a

1

,.

.. ane1. Cl
'21

.. and (:1
Cl

y cr C1 I and a and C3

" and Cl ) or

e?aluat this and place 1t
a and I e?al : Cl or C2

evaluat this and place it left
a and I eval : Cl or C2 I \

{ f ,

1'1

III

I I I

{' !
( I ( 'c

{ ( I

II'
(f!

{(I

II I

( 1 1
(( ( )(

(I I

II'
II I

{ ( I
{ I I

J. I (

(( I

(I I )( and Cl
(I I Cl

{ ( (

{ ( t
{ (I J{

( I I

{( I )( and Cl
{II Cl

{I (

as above I r I I f

x or C2 ) and a and C3

{(I )( and Cl

( I I

{I I )( and C1

{(I

(I I

{I (

( (

( (

<:: or

z or

z or

:;:; Cl"

z or

z or

z or

z or

z or

z or

--:" Z. or

--:>

--:'-

-->

--:>

-->

-->

--:> Z or

-->

-->

--> Z or

-->

-->

-->

-->

-->

--> Z cr

-->

--> Z or

-->

-->

-->

--:>

--> Z or

--> Z or

-->

-->

I --~' ;::; or

\ --> 'Z 01

I --

a

a

a
a

a

'"

a

a

a anel C2

a and C2

I::".

a and C2 )

I~

la

a. and C2

a and C2

a 8.nel C2 ) -->

Ie

I a
! a

Ie

y and a and C2

y and a

y and a anel C2

r and a

y and a and C2

r 3nrJ I~

r and a and C2

r ::uv.:) I a 3nd ("2
! ~ 3.nd ,.....-,

OI'

or

or

or

or

or

or

or

or

or

or

or

or

Cl" (

or

or

or

or

}' and I a and (:2
r and I a and C2

la and C2

or

or

I 01' (

i CT I

I or I

I 0r

or
or

or

or
or

or

or
\ C"_" I

la

I a and Cl
la and Cl

la
la
la

la

la

I"
la

a and Cl

I a

la and Cl
la and Cl

a
a

a and Cl ) or (

a and C1

I",

a

a and Cl

a anel Cl

a a.nd C1
a anel Cl

".

~.

and

and

a
a

a anel Cl
a and Cl

a

a

H .and

}~ a.nd

.. and

)( and

)( and

)( and

(

I ..
(

1

C,:eateel a.t 11: 37M! on Tuesday, Februari 4. 1992

z; or

z or

z or

z or I

~ a1'

z or

z or

I
( ),

z or (
1

z or

z or

z or
z or

->

->

->

->

I~---------'-----------------------------------------'

f F.t. te '~I'P'mdi)" 2
1-----.--.,-----------------------------------------------i
I t'_'5.' I ';:; I
/1'-':' 'II ,. I

10')SI nl -!2

I I ~ and 11..
fO:i':, I (l ~ I
to';7I r,::/

'0';':,/ "I
11,<;,,11 () I 1J

I I 8 and 11.,
'.' Ifjl' I f;J I
1.(1(,.1.1 ':.51
IU;,' I r,~'1

,'If; ) I t) I
I"'I!;.' I (·'1 50

I I I" and 11"
,,_H,SI "I ~,1

f I a and 11"
J<JIj(.\ 01 52

I I a and 11 ..
1061/ 01 53 z or

I 1 a and 11.,
1.1)',1:' I', 31
1'-'6','1"61
.1(17('1 57 1
'.In II l'i
tn721 ()I ~~AA*~A •• A~A*~AA*~**~**~***.A*.**.**.~A.~~~* •• ~*.*.***.*~**A•• ~*.*+***.**••• ***.**~.A'***\A.'~**.I

I I *.*.* •• *•• * ••

f 1f\7!l1 (I) Some sp'?catl cases

Itl1 ) J I '-'1
Pr17c,1 nl ~5

I I I
It(17 1, I 1'1 -17

11"77101
t ,n7~'1 '-'1 50
11"7" I c·, ';J.

I "_"3') I "I
1 '-"'111 '-' I ::; J
I tn8' I 1'1 54

I t'"'ll "I 55

I I I
IllJJ)JI 01

'-"I:'c, I 1)1 f-,J.

I I
1'"]1; I "I I) 3

1'-" 37 1 '.I I
10"") 1 l) I 65
)"891 01 ;'7

l'),!O I CO I
-'-')<111 01 69

10<121 '_'I 70

'''':0 31 n I 7:t

I I
,n'.".,! fI I
'WIT) I ,. I 15

1.1")1; I I!I 45

vn71 1,'1 47
,,,unl "I
1"')91 '-'I Sf'

"nn/ nf 51
'-1'.'11 'COJ I
'1.1.(\21 (IJ '))
J.'''-' I fli <;d

H'MI ')1 r.c,

I I I
111]'; I 01
'J"'i/ q I ';1
1.1071 u I I) J

l1 i :\P Isnl
11"'''1 '-'1 ';1,

J q"1 '-'I .,~

, 1.t -'I I" I
'.1..1 "/ "1 .,,~

t. I I 11 n I 7'~

I.l.HI "I 71

I I
Pl.';1 "I

_--------L.....J~ _
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EKF2,
COIIST1,

D', ADOP ,AIJDOP ,

EXP3,

COllST2,

EXfl,
EVALIJA'PE,

DYI\['''F ,OP'JF,
f':Ol'~Tl,

',"f)1 '~:;T2 .

(=-=: 1\

f "'1 C'r

C1 , or ( y anel C2 I I

(I I Hanel Cl I or I

{ f I

y or Cl I and a anel C3 == I Cl

*/
{( ( )( and C1 , or ( y anel C2 I)

? and c.-.:: I -->-

a and Cl I or I y anel a and C2 , -->

EXP1,

REGALLOllES,

EIIO,

, 41 f

"nel ", and '1.1.. }

Q1: CZ ) ~ -'

DYADOP,OPOP,

ASIlOUEl,

DYAr"JP ,AIIDOP ,

EXFl,

CON:>Tl,
ASHODE:! ,

DYl\ooP,AIlDOP,

DYADOP,ANDOP,

ERP3,

l\ESET_IlOTFLAG, /* init for matching vars */
ISVARl,

COll::T2,
/':'t TO *,'

REWRITE,B~)LLOOP,

HEWliODE,

DYADOr,l\IJDOr.

OYADOP,AllDOP,
D'iAD')P ,OROF ,

E::r3,

COliSTl,

E1~P2 ,
EXPL

COIJ:;T1,

ASIJ0DE:! ,

DYADOP,AIIDOP,

DYAnOp , AI'looP ,
E;[P3,

HESET_lJOTFLAG, /* init for matching vars * /
ISVARl,

COII:;T2,
/+ TO +- r

REWRITE ,BOOLLOOF ,

lIE1~1I0DE ,

DYAooP,l\HDOP,

DYADOF ,AIIl'OP ,
DYAD<)P, OROP ,

D:,ADOP ,A!IDOP ,

Ellll.

/ #; +. +.,., ~ *** .... **,., ""* +:* ** +: +. ** NEW IHPLAI,rr *+-+. ** ** +. ..... If+. +. +. ***** ** +.* +. +. +. +.

:" 40 ( )( anel a anel Cl ) or ( y and a and C2 ) -->
",nd a and 11.. } * /

DYADOP.OHOP,
ASNODEl,

OYADor.AIJDOP,

DYAnOF,AHOOP,

42 ! }{ and 13. and ''': 1 I or I

·],Ild a and 1..1. •.

':: ..~ I

'YiA[u~F. OH',)F,
II::;II"OE , ,

['YI\VJP . AlJDfJP ,

DYAlJOP,AIIDOP,
m,p2,
E~~P1,

I I

1'-.1"'1 '} 1
I I

11171 l'l
1.l.WI nl

I I
lll'~ I ~ I
112 n l II
11 :!IIII
llnl II
Itnl!'.'1
11:>.4\ ).I) I
"2~ I /1
l:l.:'." I q
lI.nl,q
112[1/11
1.1.:'.',' 1101

I lJnl ".II
tLJq 1'.11
1.1321 71

,1]).1 I .I I
11 H I '" I
lL1~1 .11
1.11',1 .11
.11 37 1 '11
,tl3f1\ "I
llJ?1 ?I
I1-WIEI
IIIJ1'~1

" \.1::' I ':, I
III "1.21
I I J4 II? I
llA', I ,; I
l1'jr, 1 ''I
11 17 1 ., 1
\..I,H' I ,1.1
111',' 1 ('I

I I
1.1 r," I '-I

I 1
",1',,! ?l

I ,IS!. I )1
1153 I ''1
ll~"q 71
115~ I 71
11~,;1 .J!
1l~,71 41
U5 AI 71
1l~'911»1

111;n l1.t'l

u'o.!.lt"l
:1.10:'.1 71
U6JI)1

IlHI 01
II'," I J I
1.!.1;,;1 31

t11';'11 41
I'l';" I to I
It.!.','? I L'I
ItU'JII2I
11.1, 71 1 ",I
11 1.721 'I
11 ,1 / J I .., I
11I.7J I "I
III/C.I "I
111/1;1 JI
j",rI01
I !I ;" I ,,'
I I I
1,1 1"'1"'''1
I 1 I
I' I,n,! I !.I
1""'\ 'I
I t, "'>: I ,'I
Ill l.13 1 71
It I n '11 111 1
11.1.\'51 J.U I
'- 1 I



I-,-------------------------------------------------~

I Vl.I." ~v~'"ndi)(,2 r:~:eated at li:37am on Tuesday, Februari 4, 1992 ":ijshoff Page 1.7 of 35 I
I I I I

Cl ) or I C2 ))

8 and eval cl or C: *

.. and Cl I or I y and C2 I I

{I (-->a and C2 )

init. for matching vars *l

a and Cl ) or ( y and a and C2 J --> Z or {I I

a and Cl ) or f

'. init for matching vars ./

EX.r2,
COHST2,

('OlIST2,

EXP1,
"0IlST1,

ASHf)J)E2.

D:LAI}C'P ,[,IIDOP,

!':LADC'!' ,AImop ,
EXF 3,

RESET 1I0TfLAG,
r:::VARl,

EJ~Pl ,
EVAL'Wl'F. ,

DY/\DOF ,OROF ,

COIIST1,

l'::Ol'lST2 r

E:lFl,

EVALUATE,
D',AD[ IF ,OROF,

COIJST1,
COIJST2,

COII:~T.I. ,

ASIIOPE:; ,
DIADOF,ANDOP,

RESET_"OTFLAG, /*
J:SV/\Rl,

COH::TI,
ASIIODE:: ,
1.'1A["JP ,AIIDOF ,

m:SET_'IOTfLAG ,
ISVAR.I.,

ElfD,

Elm,

DIA.DOP,Ol',OP,

ASNODE'. ,
D:LAD')P . AI lOOP ,

/"- TO

RENRITE, BOC'LLOOP,

rlJTlfODE "
DlADOP , '}P.C'F ,

Exr,l.

IIEI1110DE,
D:Ll\[>OF,AIJDOF,

I)YAl"'P , JI,lII,np ,
D',:ADOP ,OROF,

D~tADOF ,Almop ,
EXPZ,

CC'IISTJ. ,

" TO •.

REIIRtTE, FQ"LLOOP ,

IIEWIK1PE.

DIADOF,I\IIDOF,

COU:jT2,

j' TO .'
PENRITE,BOflLLOOP,

llEl'IIIO['E ,

DYADOP ,i\lfL'OP ,
DYAL")P. ANDf)}?,

('YI\D,"F ,OW)P,

,'k 50 z or ( Hand
and a and .1.1., } .;'

I\SIlODE3,

DIADOP, OHOP,

DIADOP,OROF,
E::P4,

ASII()OE1.

DYAPOP, AlmOF ,

"YADOP ,AIIDOP,
E)(P2,

1'1"'.1 71
JI ""71 .J!
IU'c'f) I .!1
1
'

1n'''1 71
I 1. I.'·H.' I 71
I I V"ll ., I
111 '121 1 1
f 1 I.''' j I "1
111.'0'11 JI
11 ,"0 I J I
I I 1''''''1 ."

!.I'.J) I I; I
11'1P lcl
!.JCI

'" I', I
1.::'=")/ (,I
121.1 1.1 ~ I
PO:: I ';j
12031 81
12"11 81
L:U'j1 11
12'»"1 c'l
1.20'] I 1.'1 I. 43 (

I I and a and l.i" }
.t.?'}":' f 4! I
12 fJ? I 21

121"1 dl
l,ul .11
I:H:: I 71
I": 1 'I 71
L:.1 q .J!
I ! 1~' I ·11
1.'.1';1 i I

1'--' 1.71 71
Ln~'1 71
1:l"'1 11
122" I f) I1.,,1 I JI
UZ:'1 11
I:::: 11 '-·1
In'll "I
L:::5) '.q
J22G\1J!

unlill
12281 11
12:~" I q I

It:! .3') I t'l
I I

CHI 21
12 121, I
J;~3)/ ,"
CHI hi
1,;' 3<, I 7/

1.:".1'; I 71
1:" 171"'1
, 111'1 1'1
12Y'IIJI
I.:~ If' I I" I
,."11.1 71
1. ::1:: , 71
1'~ I:' 1111 1

11.' .1d I' 'I
1.:"'lul
J:' :1'.' I I 11
';;.1711."1
,., IP I J I
12 '!',II '! I
L:,nl 11
I::c.qq
," ,;., I ' I
Ic, 'j .'1 1 1
12, Ii '1
I'Y,I ',I
1.";:0--1 ','I
1.2"071 12 1

/""";'1'1.':;1
1L'''''I 1.'·:1
t.... " L , --'
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C2 I I

Bw1 C2 I I

Fage 18 of 35\'lijshoff

C1 ) or ( rz or {I (-->

a and C2 , --> Z or {I ( " and Cl I or (

init for matchil1g vars

1* init for matching vars 'I

a and C1 , or I

a B,nd C 1 I or ( y and a and C2 )

l:'YADOF,AHDOP,

EXP3,
COllST2,

EXP2,
E~:Pl ,

':OIlST1,
l\SII(IDE2,

DYAU0P,AHDOP,

HESET_"OTFLAG, /,

~SVARl r

':OJlST2,

EllPl.

E1.T!\T,.I-'A'~E,
DYAD' IF ,OROP,

COII:::T1,

COIIST2,

EXF1.

EVALUATE,

DYADl.lP ,OHOF,
CQIISTl ,

COIIST? ,

If: TO '* '

EIIO,

EXPJ. ,
REGALLOIIES ,

ElID,

REWRITE,B0"LL00P,
FunlODE l ,

DrADOF , 'm('p ,
E;eP4 .

"EW"'ODE,
DrADUP,l\lIDOF,

DYAD0F,AHl:'OF,

DYAD' 'P ,OHOP ,
EXP3,
COHST1,

52 z or ( " and
"nd a and 11 .. ) */

ASlIODE 3,
DYADUP,OnOp,

DYADOF,OHOP,

EXF4,

ASIIODE1,

DYADOP,AtJooP,

PYADOP,AHDOP,

/ ~ 51 z or (
and a and 11..

ASNODEJ,

DYADOP , 0H'JP ,
DYAO'.)F ,OHOF,

EKP4,

AS I l"l:'E1 ,
PYAIlOF , AI,looP ,

EKF1,
COIJST1,

ASlIODE2,

DYAIJOP,AlIDOP,

DYADOP,AHooF,
ERPJ,

RESET_IlOTFLAG,
ISVAH1,

':OI'IST2,

If: Tt"'l 1': '

I1E\'IRITE, BClf'LLOOP,
PIJTH()DE ' ,

DYADOF,Or.OF,
E;:FJ

REVTnITE ,B'J' 'LU)OP ,
IIElnJO('E,

07AD'JF ,i\lI00F,

OYA[":'f' . AJlO')P ,
D"Li,\[II.'F ,OP-OF.

E:lF? ,
'.":()HST2,

,
1 F.l1'? appendi".2

1-- I I

1'2':"'\ 12 1
1.126111~1

112';211';1
I \,'! ',', 11 '" I
I uf,.11 ~'I

112G51 ] t
1126bl Vi
112';71 01
I 1 I
11.2681 21
112''''1 21
I1.2F'1 II
11:'711 ';1
lunl 71
II'~JJI 71
\ 1274 1.1"1

1,2751 1n 1
I:~ 71, I -, I
'27'71 71
1.27811',' I
l:!7"'lul
t:!Rl'11JI
1.2 R Jln\
121.3211"1
1,21)J 1 ] 1

1.2".11 "I
"!W"1 JI
(21)('1 11

!p1.171 r,1
Uf:1ol JI
U':",' I J I
1.2'~0111

L,'n I " I
.12"21 12 1
, :")31',21

12 0 1/ ';1
J2"I", 1 .q
lXIGI r·1
I ?"I1\ RI
1.:2'·"'1 "I
':"}" I ,II

\ ","'1 '-'I
I L"}ll ')1

I I
,I ""212 I
13'nl 21
131,14 1 ·jl
ll'-'~'1 r, 1
,1. Ell; 1 71
I. O1f)71 71

1-'''''11.''1
1. J0q III I
11 1,(' I I 1 I
IJIll,"'1
1:'tc 171
, ,'1.1 I 71
U,14 11'}1
1 ] J '; IJ" 1
I, Hf,l I'll
1,117\ "
, -' 11' I f\ I
I' J.',1' 'I
lJ::'t'l J I
I 1'~ 1 1 f·1
lJnl ',q
11: 'I J I

I' 1~'1 'I
I' J2'; I .11
1 L12':·1 ,; I

II 1:'71
'
" I

I', 1:"31 1 21
Ill:::" ,; I
111110 I 41
III nl (·1
I ,'n:·'1 R I
1'111 1 "I
L I I



Fage J.9 C'f\'rijshoffr:):",ated at 11: 37am on Tuesdar, Februari 4, 1';)92
---------------------------------------------------,

35 I,
I
I f119 ar~9ndiK,2

I-- , I

C2 II

I .'

! •

Cl I or I

+/

*/

a ~nd C2 ) --> Z or (II

e;(pl 1'elop2 eJ{p2 --> special cas€' 1

op3 g){p2 relop2 I?xpl -->

op3 eJ(p1 re':e1'serelop2 el(p2

.I'~ init for "latching vars Ai

EIIP OF liEN HISERTED PAHT , 1I0W THE SPECIAL CASES CAll FOLLOW H·

e. and Cl ) or (

J~}(P 1,

f :01-1:31.'1 •
1\$[I')DE2,

DYAI.")P, AIlDOP ,

I\ESET_' lOTFLAG,
IGVAR1,
COllST2,

E;{P2,
DYADIJP ,REVRELOF 1,

E;:P 1,

:+.

eiq.:'! relcpJ. intconstl clyadlogQF '2'H1?l relc-p2 intc0112-J: 1 --> sre,-.;iCl.l sase 2
l\.SCIP J , LY,~ 7\DOP , L(lf]C'P ,

ASOP ,. , [f'iA['(,r . REVJP ,
E;:P 1,

A: ~C':'IIST 1 . I IITC')IIST .
AS':'P : , O:,AOOF , PELOP ,

1"E:,P1,
A: :t:OIlST2 , I IITCOTIST ,

/*Eq1.ti-,.-a.V~nt tQ: +;;'
SrECCASJ~2,E~~Pl,COJlSTl,COflST2, / ... These last. t\.;o entries list the l.1S,? cf SpecCase ::
EIID,

EIID,

EllD,

IGEitP2,
V,E}tPl,

!'~Egl1ivi\l911t to:*!
OT1\DOP ,')P 3 ,

DI1\O')F, OF2,
E;lP1,

10110,

e)~pJ. rele-pi ~n::p2

e"pl relop1 el(p2
1\S0J' 3, D'"ADOP ,AH"iOF ,

ASOP.' , DTAL'OP , RELQF ,
1':;,Pl,

E:rF2,
A:30P .! , DYADOP , RELOP ,

€'lt!,1 relop1 e"p2 dyadlc';!op
I\r,;op 1. , D:tADOP , LOGOP ,

I\SOP,:, OIAl'\f)P, RELOP,
[,:;EXP 1, II ITEXP ,

E::P2,
ASOP 1 ,D"iADOF,RELOP ,

I:~E;;P I,
I:;E1~P~ ,

I "'Eql.lJ.V;'J,'?'II~ to: +,

~.::rE(:':l\8El,EXF1,E:~P2, ' ... 1'h98e l::l,st t ...·r:' ':'1li;:ri'?C"
EIII',

I+' '54. z or I

t"lId 8. aBel t 1.. } ...,. ,:

I\SIlODE3,
O"iA[)OF,Ol'O~.

lOYI\DOr ,OROP ,
E;~F4 ,

1\31-1' )('E 1 ,

DYAI"JP ,AllDOF ,

/1:. Tn *
I1ENI1lTE,BOOLLOOP,

PUTIIODEJ ,
DTADOP , I )ROP ,

EXP4,

PENP.ITE, BC")LLOOP ,

IIEWWlDE,
DTADOP , i\PD0P ,

EXP 1.
EVALlIATE,

D:li\DOP , OROP ,
COIlSTl.
COIIST2.

ID'l! 31
'- 33c, I '.11
In'il nl

I I
1 )171 : I
.1 1 11'121
1.J .1'0'1 41
I unl 'il
'. 1 lJ.1 ./ I
!..H21 II
1 Ji '.I I .1.'-'
1.1" ''1,nl
.1 11 ';j i I
lnf ., }I
, '1,17 1-,-,.11

ft 1 10 II'll
lJ4'." I n l
11:;1.11 J I
U':iIIOI
I. 3~;:' 1 II
.1 J'.;.q 31
U5" ';1
J. J'jS I 1~'1

I 1':i'i I q
lJ5 1 1 3 I

! 15R 1 KI
1 1 '>,,1/ ", I
1 1('''1 (\ I
l.lh.1 1.1 1.1
IF'GI 111

I .! J'e' .1 I 1I
1.'';'1/ "I
J ..il,'jl III ~~.~~-':*~~~ ..... "'...,.*~i<*"""**...,.

1. l'.'<i I r'l
1 1(,71 '1
.1.1'·":'1 "I
1.1(.", J I
I. 1}n I 'i I
l.lill 'J I
1'170 I '·'1
.I.J / 11 'i I
I.1H I "I
11751 '11
1.11 1'1 1 I
unl 31
1.37'0' I r; I
1.17'11 °1
11'101 91
1.3011 r; I
11W!1 QI
.1JOJI 91

un·!1 11
11w_1 ('I
, lI:"~ I J I
u n7 1 31
, I'''! I '0 I
'- !'l'~ 1 ':-1
1 l(~n I '_'I
'.l'1·i.I 1','
I )',':: I "I
11'" 'I '''I
I ,., ,J 1 11

I """1 'I
I' ".'" 'I
I'. PI 0) I
I '- ....":' ) I
1"'"'' 1 1
111"" '0 I
1t 1"1. ':'1
1"1'." ','1
1"".1 ,; I
I "" 1 "I
1'1"', ','I
1'·ln(, 'I
II.H'7 J 1
I I ,I '''! 1 I
, ,_..J''-- ---!
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*/

*i
*i

1-' J. I ~,

i* These last tIm entries list the use of SpecCase 3 I ' ...

clyadlogop .,."pi relop2 regconst2 --> special case 3

/~ l1e1," busy 'V'cn- selected 1:/

/ '* ne~..r busy var selected '* /

j+ sort , subsort
/* simpleso leave it

--> Rel-l Z + ( Y * C 1) * /

'* y '* C1 ) --> Rew z + ( (Rei.·!){) * y '* ell '* /

EXP2,

C"e~t.,.cl at ll:37am on Tuesday, februari 4, 1992

EXP2,

EXF 3,

ASI:OIlST1, IFHIT,

COIIS'Xl,

E;:F:: ,
1\8<;:011';TJ., TFHIT,

/* to '*

EI-ID,

EIIO };

/* I ( ... }~ ... l '* r"" C1 1--> t 'Pei.,.r ;'{l .,.

PYl\.[")F r IltJLTC'F r

!:'YI\["~J' ,ll')LT0P,

IISe('IIST1, IfHIT ,
/~ to '"
PIJTllQDEt ,
JYiAl'OP, UJTADDOP,

REWRnE, SII1PLIFY ,REWRITE, SORTSIJBTREE, E;lP 1,
DYAD"P,IIULTOF,

ElIP1 ,PRJ:lJT, EJlF1, EnD,

[I',~A['(""'F,11'_'T.,T(IF ,

[lYAI:'Ol', tll_'LTOP,
REWHITE, nUT, EKF 1,
E;~F;' ,

F')TIIODE:t ,
(lYADOP, 1I JTADDOP ,

REWRITE,SIMFLIfY,REWRITE,SORTSIJBTREE,EXP1,
DYADUP,IIIJLTOP,

DYIIDOP, l'IULTOP,
ll.E~IRITE,I1nT,EXP2, /' sort, subsort

EXP3 I /* simpleso leave it
COIIST1,

/+. Z + I ( • }{ •• I
ASI-IODE1,
DYADOF, TI-ITADDOF,

ERPl,
DYAD,"F ,HIJLTOF,

DYADC'P ,WJLTOP ,

/* Z + f r ' C1 I
ASJlQDE1,

DYADOF,DlTADDOP,
EXPl.
DYAD'lP , rtlJLTOP ,

ASEJ:F:[, I FALL_HAD ,EXF :[, EXIT, EIID,

EI10,

EIID_VAR ,EIlD,

!' e,q.':[ relop1 regccmst1
A,SOP 1 , D:,ADOP , LOGC'P ,

II.SQF::, DYADOP, REl.OP,
E;\:Pl,
A:;COIlST1 , REGCOIlST ,

ASOPJ,DYADOP,RELOP,
I:jEXP1,
A:;COIIST2 ,REGCO'fST ,

!*Equiv~lent to:*!
SFECCASE 3 ,EliF 1 ,COIISTl ,COHST2 ,
EIID,

~

I F U" "1'1'''lIt11,(. 2

I 1 ,

I 1,I",'I 01
I J.Hnl ,I
IJ4uI 31
I' ·'1" I r, I
l1.1l l l°'l
luul '='\
t1 '!:I. 5 I ,; I
1 141 " I q I
IHoi °1
11H81 31
11 1 1,' I ,I
1.1. IC'-' I 31
linJI '1
II' '? I 3I
II !~ 31 n I
IH Z4 1 JI
1'4r'l 01
I 1~2fjl 01 i'*~***~~~*~****+~****~***~*********4~***~**4++*+***** ~****+**+*+++******+

I \ In I J I * rui"bas"tl'pe SHILOOPRIJLES
1.\4;:rq .11
1'12"1 '.'1 rulebasetype simlooprules[] =
I .1 'I III I 3 I
I'. I J11 j I

lJ 3? I 'I
.I..] 13 I '! 1
llJJj I I
',J1~1 11
I. J .11.'1 JI
11371 'I
'nr,! J I
1.'1'''1 ,;1
H401 "I
I-!'IJ.I 81
.1"';:1.1·.1·1
),11 , I -'--'-1
1-1),'1 "1
I d.l r

" 'I
IHI;I 31
I'] J) I J I
,,J,1fq "I
llJ','1 61

1J ""I I) 1
I' 451 11."1
II 1';2111JI
1.1 '.'';31 81
IW'41·11
11.'I';~.q "I
I' 'ISf, 1 J I
114571 3 I
111';81 II
II."Y~I "I
11.,11;(11 (,I
'.Il"J I 81
11.1!,:~ I ''I
I ' H' 3I .q
IJ.1Cdl J 1
1.1 'H;c, IJI
11,1';(, I r, I
11,1f,71 r'l
11 ]';''1 "I
I q("~1 ('I
11 j 7" I 1 I
11 ,11'1 "I
1111 ;:1 "1
111731 til
1'11'1\ JI
11 ! 7', I 3 I
I ' ,,,c, I s I
III' 'I "
11. I 7'" I 71
I' ,-;" I c·1
I "''''I 'I
II HlI·1 :'\
I 14n" I SI
I Hf:lJI 11

l' "1.1 I ! I
I L'_-'-, _
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I !,lw·1 ';1 COHoST'.,

114001 3/ EIIO,

I H117/ ''I
IH(,nl 'I I\SEXP1,[fALL_HAD,EXPl,EXIT,END,

11 1"',1 I '.1 I
II. ,19(11 II ASEXP1, H'HIT, REWRITE, LOCALSII1, EllP 1, EXIT, EIIO,

IH'HI (11
Iunl .11 ASEXP 1, I fALL_HAD ,EXF 1, EXIT, EllD,

11.1·nl ('I
I !",I'J\ 31 EXFl,REHRITE,SIIIPLIfY,EXPLEND,
IJ. l'o'51 '.:' I
I',""" (1/ f, ASE:lF1.,IFIII)TALJ~_IlAD,IlEI·mITE,CURREIIT,EJlPLEND,~.I

11.,)">; 1 (II

111 ';'('1 31 EIIP);

I 'f""." n II l5()OJ 01 I'~~~~~****~*+*~**+***~*****************·****+**************~*********~***

115"1.1 1.1 • rttlebas"type LOCALGIII
ft5Q~1 11 ~******~*~+~***************************~***~********** **+***+**********~I

I t,;,)") 1 I) I rttlebaset.rpe localsimrttles[ 1
115041 J I (
I IS')'. I 11 SELECT_"AR,ElID,
1 1';1)1, I (1/
115071)1 .I" a + () --> a 0;
I 15'.11:' I 1I [lYADOP, HITADDOP ,
11 ';(1<'1 '·1 EllP 1. nrra,
I J 'j 1'-'1 ) I t<.· •
Il'dJI 31 EXPl,EIII.',
I '~,l;: I n I
Il~,.tJI JI '. a ~ I) --> 0 +/

It·... ·q·'I ASKILLllt.·DE,
Il')l~'1 '1 DYAOOF,1I%TtJF,
1J r,lt'l ,:./ EllPL IllTa,
115.1'11.'1 " to ...
It'j")1 31 I~ILL_I'OI!E,

It, I. () I 'J I lIlT(I, El[IT ,EHD,

11.<·2') I I'I
I J ~-::1.1 3 I ASEJ{Fl, IFALL_IlAD ,El{F1, EXIT ,EHD,
11';?~ I f) I
I. '; :''1 'I EXF I.•

I !S:q J I RENIlITE, SORTSUBTREE,
1,·,;:r,1 II EJlPI,ElID,
I'. 'j:1I) I 1. /

I J.~,;~71 'II ASE;[F1,IIITEJ{P,RE~IRITE,

11.5::[11 J I SIHPLIF,
I t~":"?1 II EXPI.,EHD,
11,.301 01
11.531 I 31 EHD };

115 .321 ''I
l~J31 01 /*********~************~***************~**.*********** *******************

1. r,)d I 1.1 .. rulebas"tl'pe IHIT
1~1,1 11 ***~****~~~**********************.******************** ******************/

.l531,;1 ')/ nllebasetYl'e initrules[ J =
1. 517 1 ) I {
I'; lfll 31 EJlPl,REI'lRITE,EllPAND,EXP1,EIID,
.le.]'.' I ') 1

t'; '1'.' I 1 I E:,P 1 ,RE1!RITE ,SOP.T ,EJlP 1 ,EIID,

r"'l.l (\1
1'0)21 '11 11lI1:E_VAP_C")'JIIT,EHD,
1 Co ,Il I " I
1.,1''1)1 E)[Pl, PRWT,EJ(FLEHD ,

II r.1 ~'I "I
I '", ..1<; I ., I I\SE:~FL TFII'.JTJ\LL_HI\D,

I'"1/'" HEln1ITE. SOP.TGIJBTREE,
1 ''I p I 1 I EJ:F I. ,ElIO,
1.'"1'1','1 .11
l'j ';0 I 71 A:5E:[f 1, lIlTE;[F ,REWRITE,
1.~·r,'.I"1 :mlFLIF,
'. '.;';"' I 71 EX)' I ,fliP,
,", J I n I
1. '0 r, q 1 I ElID) ;
/.... ;'q "I
1. ~.'j r.1 'I I .~ "' ........ ,,+: ~ 1:'" \. Il ". ~ +' '" +. +: ,.,. * ........ +. Ir 1\ * +. ~ "'" * + ~ " ... ,.. I< ~ ~ * " ~ "'- ,.. .., ... .f- ... * I< .. ..., '" I< ,.. +. " '" * ...... +. 10: ,. .., "" .. " " + .., ,. '!- ...

";.';'; / 1 I "nleb3.g"tr!oe SIIILIFIP,lJLES
I,~r:-,~ll 1.1 .., f:his rl.l'-eb~se defines the reHrite rul~s fer '9~~pressiell

I 'jr,') I 11 .. sJ.mplif .lcOl.tion. the rulebase is applied to an e)(presslon
.1"1(,°1 11 using p?1'irltee}{pression(" ,·:hich resides 1n module re;.;rltei{.

! ,
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I I

--:> Z + ( " * Cl +
--:> ( )( * Cl +

--> Z + }' * C2 +
--> Y * C2 +

--> Z +
-->

,- + .. <l. * C1 + Y *
).~ a * Cl + l'

z + ;{ <l. * Cl +
.. a . Cl +

tJ·5f~11 II ~~**~~~**.~~*~****~***~~**************~***********************~*~***.****/

1.t<;<'21 "I "".I1'?b!ls'?t}'p<> s1mplif}'rul!?s( 1 =
I I ',r. JI 1 I
11 "r,t I ,-q
II r,I,<; 1'1 REr,ET_I.IOTFLAG, IIIITHIT, Ef.lD, /* r!?s!?t 1ng t.o ,,"oi(1 Frob1!?ms * /

I t~;')0Iq
ItSt'il ..q E:lFl,rRHIT,EXPl,EIID,

11<; 08 1 "1
t 15';91 31 /* conBt op !I --> a op const */
115701 31 ASOP 1, Di:ADOP, S,1I0P,

1'- <; 71 1 "I cOllsn ,
115721 01 EXP2,
11<;n! 31 • to *,

11. <; 7 'J!'I DTA["JP ,lOp 1 ,

liS/51 ,',t EXP2,

I 157'; I 01 COlIST1.
115771 31 EIID,
II <; /~, I "I
P',;/','I .11 /* a + '} --> a */
II r,!3 I ) 1 11 D,AllQP, UITADDOP,

11.""11 "I EKPl. INTO,
1.tr,e21 JI /* to */
I I r, 'J' 1 1 I EXP 1 , Ell" ,

1158<11 01
11r,!3';j ,'I /'!I'" --> 0':

II SI)(;j J' ASI~JLLIIf)PE,

t ]<;1)71 11 P,ADOF, IIULTOF ,

I J.",n" I 'jl E::Fl.IIITO,

I """','1 'I :. to •
"')'11)1 JI I:ILJ,_"0PE,
I ",';' II ' 1 nITo. EXIT, EIlD,

11Y':Q ','I
II.',;'" J I "I '. ne"' mach> rules because constat insert I only the rules stay

11 c" I I "I
I ,"'J<;I "I 1, a*C2 --> z+(x Cl+1' CZ *a*1

1,J')<,':q 01 " a • C2 ( l( * Cl + }' 'C: * a • 1

11 ~""71 "I
II r"J~'1 "I J a * C2 CZ ) * a * 1
I,IS-,','I III ~ a • C2 C2 I • a ' 1
I )';'·""1 "I
'1.,:,(.l.l.1 1.'1 ':' z + a * Cl + Y * C'. * C2 CJ I +. a *' 1
I ";1) 21 t'l 6 a * C 1 + Y * a * C2 C 1 I • ~, • 1
1.1 61lJ I '.' I
1l';0,j I "I 7 z + a • Cl + a * C2 a * ( CHC2
!I,1-,,)':q 01 '" a * Cl + a * C2 a' I Cl+C2

1h 001 31 ,mp2 !?,(p3 '?"p1 C1 exp4 exp1 C2
1.0')71 '.'1 *1
1(,01) I 1'1

l r,n ':'1 nl 1+ 1 z + }{ * ~. ~ Cl + .~{ +. a * C2 --> z + ( )( * Cl + Y * C2 ) -+ a +- 1 */
If'H.'1 11 ASI·IODEJ,
1(,111 JI v:mDOF,IIITADDOP,
1'.'0.1,~ I ,; I PYADflP, IIITADDOP,

",1.31 ','1 E;:P2,
1" HI',' I 1\:;IIODE1 ,D,ADOP ,IlULTOF,
! F, I '; ILl P,ADOP ,t!ULT\)P ,

l';l('ll~'1 ERP3.
If, ,J 7 It" I 1l0T':OHST, EXF 1 ,

I '" In I I,!\ COIIST 1 ,
11',.1.91 "I ASUOPE2.D,ADOP,1l'.ILTOP,

I ",;:~') I ~'l D:iADOF ,IIULTOP,
11""'111-1 E::P<!,
11 0 :,211.:: I ISVARl,
It':.:.' J I ','I e"II;:;T':: ,
II r.':J!ll ,. ~0

pc.'sl rot REWRITE ,SII1LOOF.

1",2'; 1 J I FlIT!'IODE ' ,
It';n I ' , D1/1['0P , II ITAD['OP ,
I I {,', P\ ,; I EllP 2 ,

I F,:, ',' I ",1 lJEHlJ"PE ,
I ,,;,n 1 "I t',AP"F ,H'.1LTC'F,
, )I, .. 1,1 R I U:U\fl0F •HULT0F •

I F· ": /'.'" I "TAlJ()F, IIITAPDOF,
11',") 'It ::'1 ['rADOr ,11

'
.1LTOP ,

l,r,.Hlt'-,1 EKP3,

1]':.1", It'; 1 COl 131'1 ,
II'; l.q I:} I DYADOF ,11UJ,TOP ,
I I I



*/I :I:' a

C? I • " • 1 .!

C: I I ~.• .I.• C1 +

I K * C1 + Y • C2

z + ( " * ('1 +-->

-->

a * ('2

03 .. C2

COHST2,

EXP3,

EXF4,

COIJST2,

lSVAR1,
Cl)IJST2,

l';:FJ.,

I1!'.'.'L

EXP1,
HI'.I') ,

EXP1,
I1fn,

HOTCOI"ST ,EllP 1,
COIIST1 I

ASIJOl'E2 ,DYADOP, HUI,TOP,
O-(ADOP ,HlJLTOP,

EXF2,
IIE~IIJ')DE ,

[lYADOF, IIIJLTOP ,
DYi\DOP ,11IJLTOP ,

P-iADOP. IIITAJ:1DOP,
DYIIDOF ,IIULTOF,

E;tPJ,
(:~0' I.ST 1 .

/* to +" i

2 K' a • C1 + Y • a • C2

DYADOP,INTADOOP,
A:;UODE1, DYADOF ,HIJLTOP,

DYADOP ,WJLTOP,

ASHODE3.
DYADOP, IIJTlIDDOP,

DYAJ.)<)P, lllTADDOP,

E;~P2 ,
A:;IJODE 1, DYADOP , 11lJLTOP I

DYADOP,MULTOP,
EXP3,
IJOTCONST, EliP 1,

COrlST1,
ASIlODE2,DYADOP,MULTOP,

l:;VAR1,
COI-IST2,

J ,,' ".• C1 +
[l~,:AD')P , :U ITADD('F ,

A:~lll)DEl, DYADOP ,HI_ILT('P,

DYADOF ,IIULTOP ,

EXn,
NOTCONST ,EXP1,

COIJST1,

REWRlTE,SIIlLOOP,
IlEWHODE,

DYAD'JP, HIJLTOP,
DYI\DOP ,t1ULTOP,

DYADOP,H1TI\DOOP,
DYADOP , Hl'LTOP,

EXP3,
COIISTJ.,

[lYADOP,HULTOP,
EJlN,
COlfST2,

P.EWRlTE ,S lllLe'Op ,
PUTIJODE 1,

OYADOP, WTADDOP ,

I ----------------------------------------------------~

I f.Uo ~ppelldJ.)(.2 Cn'!ated at 1l:37arn 011 Tuesday, Februari 4, 1992 "i~shoH Page 2~ of 35 I
1---,,-,-,---------------------------------------------I
11.(,nll.'··/
l1. r. .I" IJ.I> I
Ill'. ~',' Ill) I
I' r.1II I "I
11 r,J , I "I EI-IP,

110121 l'l
1'ld)1 01
I ,",HI ('I
I J.G I" I I) I ,:.
11."'11'1 'I
11.':01 71 '''1
1.t·',"·'1.1.::1
11 1",,, I .1. ~·I
l,r'~"1 1",1
II6:d I Lli

I' r;",21 1'·1
11'>5.11 "'1
1",';41 12 1
11':'551 vi
11 1;')1) I ',' I
11.s" 71 31
Jl'>5" I 01
II"')? I '; I
11'.;01-'1 ';1
1 '''';.11 '" I
I l.(,r'21'.I'1
],.,-,r,) Il:~ I
1''-,';41 "'1
Il!j(y'-·Il'.q
I H;';,-; I L~ I
1

'
.1;';71 "; 1

1'·r;I"'" I .I. '" I
IJ,·-.l;" /1'-' 1
II ,; 7" I "I
IIFi1 I r" ElfD,

I '''.7::1 "I
I ,r; 7 J1 f! I
1

'
.1;7 1 I '.'1

II '-.7"; I n Ii. J 7. + " • ~ - Cl +
I H,/I; I 'I
11.1'771 ) I
1I. 1',7 !' I I; 1
11Fi"1 ':'1
I I. ',f") 1 ':'1
IF.1l1·1 u 1

J.<-;IO' 2 1J. ') I
1.01)) 1151
11;8 4 11. 2 1
11>10'') I 61
1(,8('1 "I
1/;87 1 '~I

,r"~8 f JI
l.(;W'1 '''1
"/H.'I JI
1';',111 JI
15','..' I 0; I
1':".>1J 1'/
1""".1' '-, I
I.'.;')", I 81
'''''''''1'.''1
, ..,.-,; 11:, I
'.f·,'ln 11,:,1

I I "'.p:O I 1'; I
1

'
.';1)"11.21

]'""1 1.1-" I
11'1'J 'I "I
I ti" ) I "I EIID,

I' ",' I "1
/' ",~, I "I
IJ. ;0'-·1 'J I
11:1)7 1 .1 I
)1 i""1 '''I
I 1.';11"11 J;~I

I' 71" 11"; I
11.']'11 1''1
1'7 ,:: 11:: I
l. , 1
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~ • I
17 1..1' ... \ AGI1<)lJE2 ,DYADOP ,I1IJLTOP ,
17l-l1 ,II l:WARl,
!71'; I "I CrmST2,
1,71,''1 11 !' t,) ,

171 7 1 '.' I P-Eh'RITE, :HllLOOP ,
1, 71.n I (·1 llEWIIODE ,
1 71'0' I ,; I DYIIDUP, tl'JLTOP,

1,' =U 1 '-' I ['H,[tUF ,/IULTOF ,
17211 .I 'J I IYiADOP, IIITADDOP,
Iin (I:, I DYADOF ,HULTOP ,
lEl\1<;1 EltP3,
'n·! luq COIISTl,
172~ll31 CONST2,
lr~(;1 Jf·'t gXF1,
n:nl nl IIITl,
Inr:q 01 EHD,
1.12',' J '-'I
1710' 01 !~ 5 z + a * C1 + Y * a * C2 --> z + ( Y * C2 + C1)· a ~ 1 +/
1I 3 ,1.1 3\ AStlODE 3 .
17 J21 j 1 DYAlJOP , IIITIIDOOP ,
171) I hi DYIIDOF , I1rrADDOF ,

ul~1 °1 E;lP2,
Inc, 1 "I A:,lI')OEI ,D,ADOP <NULTOP,
17 Jh 1',21 llOTCQNST, EXPl,
17 nil? I COIIST!,
1.7 'I) 1 "'1 ASIIOPE2 ,D,J1DOF, 1,IIlLToF,

11'1 1 ') I '" I DYADOF •r·IULTOF •
In.lnll',:1 EXP4,
1',i ,J .I I L'l ISVAR1,
II ',' I:: 1 ',11 C')IIST::,
I,II"q 31 /' to'
I J ""11 n 1 p.ElmITE, SIlIV)OF,
11H51 31 FUTHL'DE,',
11 i·",'1.11 DYAOOP.,t1rrJlDDOP,
I 'H 71 '-·1 EXF 2,
I t7,jl) \ 0 I HEHH"DE,

Ill."," 0\ D1AlJllF ,1IIJLTOP,
117~n I "'I lJli\DOP ,f11JLTOP,
I I 7'd,1 1" 1 lJY ADOP , INTAlJDOP ,
117JLIl21 DYADOP,I1ULTOF,

IUS) I "''I EXN,
117":.41 I'-·I COllST2,
II,'551 121 COlfSTl,

1175 h l'01 EXPl,
1.1.7571 81 lllTL
11751)1 01 EHD,
1175" I ~11

117601 01 /* 0 a' ':1 + y • a • C2 --> ( Y • C2 + Cl)' a • 1 */
Il7Gli J I OYADOP, INTADOOF,

l 17h":1 "I JI:mOlJEl ,D,ADOF,HIJLTOF ,
I11"·11 1" I HOTCOJlST, EXF 1 ,
, UC..J I 1.:,: I COIlST1,
11.7';~ I hi ASllOI)E2 ,D'"iI\DOP, HIJLTOP,
It 7"'; I ',' I D'mDOF, tl'JLTOF,
1J.7(. 71 J -' I EXP4,

1'70811"1 lSVARl.
I I, '1';"'l ',' I C"IIST2,
1177'!1 :'1 ..-* tc •.
11ntl nl ~ENRITE,SIllt.oOF.

IPi i I "I HEWN'mE,
11.'17'1 ';,1 lJlI\D"r,II'JLTC'F.

11 77 ." n, D'"ii\DlJF •!lIJLTOI' •
11. ;7''' 1')1 P;;AD')F, I!ITADDOF,
11:'1',; 1J~ I DYi\D')F, IIIJLTOP,
IJ17'1I1';1 EXF4,

I' 77 1311 1; I COHGT2,
I ' '.' y. 11:! I '~01 ISTl ,

117 ""1 "'I EXFL
, 1 "" 1 "I Ilrn,
I ',7n~ 1 ','I fliP,
1/711 'I n 1
t 1ill Qol z+ 03*("1+ C'.~(_~;;: --> 0+ 03 .... ((~1+(:~1":'

117"',1 'I I\mf)['E),

I' "",111 D'I111t'P. tI ITADl'OF ,
11 ill'! ,;., D,AO"P, I!ITAD[lOF ,

II7 n "l "1 E::F2,
1 - ! !
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a • I C1+C2 I '/-->

A:OIIOI:'E1, DYAWP, HULTOP,

'IOTC0NST, EXP 1 •
C011ST1,

A:;tlrJI:'E2, DYADOP ,HULTOP,
ISVAR1,

COIlST2,

EVi\LOATE,

DYADOP,INTADDrJP,
CONS'!.' 1 ,
COIlSTZ,

E;c~'2 •

I1EWW1DE,
(>YAI:" 'F ,'I'!LTOF,

EJerl,

EflD,

, ~ ;.'l .AUI J f)'J: ~ 1·1'.'1.

/* to * .

/* to '"

/* to "'/

EIIIJ_Vi\Il,r::lIl),

Ell[l

l '. -

D1I\DO).', IIITADDC'P,
EXFl.
EXP2,

DYADOP ,nITAJ:lWP ,

RP.WRlTE, ClJRREHT, EXPl,

FUSIIIIII,EIID,

ASHODEl,
DYi\DOP, HITADDOP,

E;lPl,

COIlST I,

AS!'IODE1 ,DYADOr, IlITADDOP,

EI-I[> ,

PUTI-IC'DE1,
DIADOP,:rIlTA[>DOP,

P.EHRITE, CURREIIT, E;:Fl,

CC'NSTl,
EIID,

• 8 a • Cl + a ' C2

DYAWP, UITA[>WP,
A:;I10['E 1, DYA[lOP ,HlJLTOP ,

IIOTCOHST,EXP1,
COIlSTJ. ,

11:" lODE2 ,DYADOP ,I1ULT0P ,
ISVARl,

COIlST2,

REWRITE,SIIILOOP,

NEW'".'OE,
DIAD')P ,J1IJLTOF ,

E;[P1,

E"ALUATE,
D',ADOP, IHTADC>Or,

CONSTl,
COlIST2,

HEWIUTE, SIIIWOP ,
rOTI-IODEJ,

DYAI:'C'P, UITAI:'DOP,
EXP2

f .'.7p'JI '~I

117""/'.:' I
117"11121
11 1')~ I "'1
I '7" J 11:~ I
11 /,,'4 I u I
117':,'q JI
1I7'~r,1 1.'1
/U':'71 JI
117?~'1 ~I

117 "':11 (,I
I 1,""'(' I ("
1H, n1 1 ',I
I Jn,,:~ I "'I
1·\I:1UJ I 8/
11""),1 11.'.'1
I H'0511r,1
I H'Uf,IIGI
11"0'1 01 EI·I[> ,
11'.l')!> I () I
I In"? I "I
l 1P l"l 'I
11.~'UI 'JI
p0121121
I In 1.11171

II" 1 ell ''I
.PH,:'1121
1',tl,q L~ 1

10171 .' I
UW:'I 'J\
1111 "1 <;1
.1.'J .~" I ", I
1.0211 ','I
I no' '! I <01
In 2 11 ? I
liE 1 1.11,1
I n 20;Il(,1
-".1?", I 41
1'.'2: I "I
I '?:", I n I i ..

I If''::'' / "I
.l'})I:) 1 ~} I /4-
InHI "I
1.8321 ';j
,,

1 311 '.' I
, '? Jell 'if
1. R3:'I (,I
10 _I" I 31
H1371 l'l '/
lI3 1 01 JI
IOJ" I J I
'-'3 J"! " I
JIHlj 51

I "./J ~ I J1
11'1-0/ 31
l'H41 31
'"e1':'1 0;/
,".,,,/ c,1
lIJ~71 11

1.1' Jill "I
111,1'.' I ' 'I
1W,ul .11
1"-,1·1 "I
Ino;::I'1
1I.'·j·:'1 .J!
,n';d I ':'1
"'-",1 c'I
1"-;'-'1 11 . J:'.1l~'.'~.8" 1IDDSOPS0RTTREE
,W', 71 1 I
1lJ~dll ~ II l:':.llc:-l)asC?tn·'~ adclsortEPJbtrel?r'.1J.es [ J= {
'."0;','1 "~I

I!":.n I ~ I
I "',J I ~ I
11."<: I -'I
1"" J I r:' I

I JH(..J I J I
,__---.1_-'-, ~.
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/~**~*****~********h******.*************~**~****.*********************************

**~**************************************T***********.**************•• ***********j

OR

El:.F'. ,PRIlIT ,EXP1, END,

Exr t ,rp.IIlT ,E;:1' J. ,EHD,

El\P 1 ,PRIl-IT ,EXP 1, EIID,

m:p.t, !.,lr

" ADD or a HTJL if only one ADD to go '/
EXP2. I, a I1UL or a terminal */

/' to */

EUD};

• RE': illlD tre", last eme • .­
ASEXF 1,

DIAD')P ,1IIID01' ,
E;~P ,
E;(1',

, SORT IT ':'

REI'1P.ITE ,AIIDSORTSIJBTP.EE, En1. EI 1[1,

POPtltl , EIID ,

I'IlTllODE I., OYADOI' , IlITADOOp,
m;WRITE ,CURREIIT ,EJ;P 1,
RE\'lRITE, t·IIJLSOHTSUBTREE, EXP2,

EIID,

PUSHI III, ElID ,

1'USHfltl, ErID,

,'. ehecJ: if Il-ITEGER Inul and proees if 1t is • /
ASE1\P 1.
D7Al'01' ,I PJLTOP ,

EJrF,

1':X1',
/* 80RT IT */
SORTSIJBTREE,EXPI,EIID,

;', IlITEGER mul last one *1
ASEXP1,
DIADOP,I1TJLTOp,

EXP,
E:t1" ,

" * SIJRT IT '/
REWRITE .WJLSORTSUBTREE, EXP 1, EIID,

/"': an f,:'lR or an AIJD ~,I

'18110DE1, DIAl'Op, ORI)1',
EX1' .1., :. OR or NID if only ene
E:tl?2, '~AIJD or tgrminal +. /

to. ~

1'UTIIQDEl, DIAD,)1' ,OROI',
REWRITE, ClJI1REflT •El:P 1. ,
FEWRLTE, AHDSORT:::'JDTREE ,EJ~1' 2 ,

1011[',

1"01'1111, EIID,

EHD) :

POPI-l1l, EIID ,

• J:1.11eb",."" HULSUBSORTTREE

• rulebas•• ORSUBSORTTREE

n,1eba$etype Inulsortsubtreerules[ J={

rulebasetype orsortsubtreerttles[J =(

I I1.,,,;r., 1,1
."~"l; 1 '; 1
11.1" 71 .1 1
Hu',nl '1
IfJI;'~ I b I
lin0 I .; 1
I<:I7q 11
un :'.1 "I
.1'373 I -' I
H17·l\ 11
18751 31
H'7fq (,1

pnnl ';1
1"nfll ~I

I In 7" I J I
)lfJO(l1 01

1181311 01
118021 71
118011 ')1 • /
111."'41 'J I
I J""51 21
11nr~6' () I
I'-n"'71 .! J

I""'" 1 ') I
1I'm" I PI
"'LIl'1 J I
1"';1.1.1 11
lW';' 1 "I
1.0" 1/ ,II
1,>q,j I 11
J'V}S I "I
I.,v,'c; I J 1

1""71 'I
Ir'?f'l 11
"""';'1 1"1
'.'''''' I "1
''''')J I JI

I I. ',lin I )1
J ",'01 1 .) I
11'.11 l~ I .-., 1*

Il"O~' I 7\
\I',IO(.j 01 • i
1I.'?'·'71 J I
1J?'!81 ')1
11.9(1" I '1
II.','H'I '.II
Ipul "I
J 1."1.21 11
1'9131 J I
11."141 ul
P',I\"'\ 'il
J J ,.1)';I'I
I 1.~1111 ul
I ,''I'' I 11
1 ";•.1-'" I II
1.1."';;'-'1 "1
11.·,1~ 11 ';,1
1J'>n I .'1
1.1.','2)1 11
11'1:',11 1', I
, ,·,I.,r, I ,; 1

I "'~(,I 'I
I .I·':!II '-' I
11.'),:1'1 q
II. ',',~ ';, 1 l I
11-""JI 11
I ",1111 r·t
11." J" I '; I
II') '" I' I
I I" l! 1'1
1""r·1 () I
\"., '1/'. J ''I
11',•.J'i I 71
'1.')'''1 ('I
I") '°1'1
\''1 1" I "I
' __ .__L.--.J . . ,
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thinr;r

A(lD .,.

OR *;

the m·:.in: 03 ADD or ::\ OF

EXP"., PRnrr. EXPl, Elm,

EXFl ,PRIflT ,EXPl, END,

PIJSHIIII. EI-ID.

.'. RE~ 1\110 tree last aile * /

PIJSHJ.lIl, m/0.

/!- t.O ",'

ENnj;

FOPlIll, EIlD ,

FUSHIlIf. EIIL',

EXFL FRUIT. EXPl, El!L',

EIlDj;

EIIDj ;

EXF,
/- SORT IT */
SORTSUBTREE,EXP1,END,

Fl'TIIODE.I., DY1\/JOP. )((!P.OF,
REWRITE, CURREIIT, E)[F2,
SORT:~UBTP.EE, EXF 1 ,

ElID,

FOFIH I , ElfD ,

EXP 1.
i* SORT fT */
S0p.TSI)B'mEE ,E}lF 1 ,EIlD,

"': ~ in3 f ' r::e::;n:-ch S1.lbtT:ee IHTEGEP ~[I(I:':

1\:,111)['10.1, ()'!AD':'F. IIITAL'()C'F.
E~tFJ., / ... ~ ADO or a H'll. if cnly ant?
E;lF2 ... ' a BUL or a terminal ,,.

,: ~ t'J ~ /

PUTIIOOE I. , DYADOP , IHTADDOP ,

/. check if and *;
1\SEXF1,
['1'A[lt)F , 1\1 Ie-OP ,

EJtP,

/' an '~R or 8,1l A1ID ,/
1\SIIODE1.DY1\DOF,XOROP,

E:(F2, ;* OR or 1\lID if only cone
EXFl, /* AnD or t'?rm1llal */

II" I) I 11
Il""J·~ I '.'1
f 1."') ~ J 1 n I /"-'''''';''' * "" ~ ............ "::'" +.. * +. ~ ~ * +.. ~ +..+ +. "r ~ "':*** '* * +.* ** * +. +. ":' ** ~ ~ '" +- 1- *"':"" *+.. '* "': +. '" ":' +.,a,.* ** ... '" + ...... * +. +. "" * "r * *'*** *+''''

11':"14/ 11 * rl,lebM" J{ORSLIBSORTTREE

\1"'1"'1 q
1",161 01 rulebasetyp", J<orsortsubtreerttles[ I ~{

1'~4; 11.31
":'.Hli '1 I
)':"191 "I
) 95(' I 'II
!"le.q 31
.1<'5:' I '~l

1':", q '-'I
I'c'.~,q )I
1':":;5\ 31
1q~:ili I 1',\
1""'" I ,; I
t 95'31 31
t C) ,;'~ 1 'J I

·""'~(ll 31
.1.':11;1.1 .1\

1'·'1<;~1 31
''''f,'\ '11
l'·";'II "I
1·,' ... ·, 1 I.J 1 "
1':"~('1 7/
1':":,7/ CO I ';
t·.";" 1 J I
.I.(H"'I "I
1':17"1 11

.1.':'111 '''I
1::1721 (, I
I"., 31 "I
l~'ldl 1)1 / ~~~~*~~*+~*k~k**A~~~A***~**k*****k****~*************** ******"r*"r+******+****k*****

1,,'''';j 11 * rulebas" AIlDSIJBSORTTREE
I 'll f, I J.I
I 'n 71 1.11 ntlebasetl'pe andsortsubtreerttles [ I P {

l'nRI "I
''''7',11 q
l";JOtll '-' I
.1.°').1..111

11':18,21 11
11""131 'I
11')1:1'1/ iii

1':1'351 ("

19"";j 31
1"18 7 1 ~11

1,"8(11121
1.'~8C11 01 1*

.1.',1'''1.' I 71
-'-'J'HI 01 *
.I:,IO~: I J I
""'~JJ I 11 I
1.',","11 J I
1')'-'" I 0 I
1?961 01 ./~***+****~****************************~~************ *****~***********************

l."'-'7I.1.1 '):lllebas'~ SUBSORTTHEE
11 '''',1(11 .II
II"':1'J' 11
I :,1'"« I 01 '-''Il'?basetype sorts'.Ibtreerllles [ ]
"''''1 I 11
:'(".''/ I J \

;f.".1 3 I ~ I
:'''" 1 I 11
:2(1/}~'1 J I
:~(YH~' Jf)'

"""7/ ' I
·~,-tfH·"1 II I
.~I,'''',' I 'I
"111"1 "I
"'.11.1 'I
:"1:'1 11

:'111, 'I .; I
!' 1I. ''I " 1
:!'.J,pj 1 .'1
:!'.' .1'; I :1 I

I f
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Exr,
EXF,

EXF,

E}~P ,

EliI.'
} ., ,

/'" sort or tree ~/

PI'PfJfJ.EllQ.

nr.
TO '

pl!TH'JDE'., S0P.TSUETREE. EXPI.
fHP.

I\SE::F 1 , IISIfOL'E 1 ,
DYAOOP ,'.lR')P ,

;* If ollly one node: AND 01: HUL, e"it aft'91: it I *f

/~ SORT IT */
B'0RTSUFrt:'REE, i* 18 cC'lmnand 11')'\" I *./
PUTlIODE:I. , EJ[r 1 , Elf!:' ,

EXP,
/" SORT IT L/
PUTIIODE I. ,REI'IRITE, AIIDSOHTSlJBTHEE, Exr 1, EllO,

f* SORT IT *f
SORTSUBTREE, f* is command nO'; I * f
PUTIIODE I. , EXr 1 , END,

I\SEXl' 1 ,lI:311f)DE 1,

f\i:ADuF, ;:.oPQF ,

'" #.- sort and tree "'" /
ASEXPl, I\SHODEl,

DYAOOP, UITADOOP .
EXP,
EXP,

PIJTNODE!.,DYADOP,OROF,

REI'IRITE, ORSORTSUBTREE, EXP 1,

REWRITE. AHOSORTS'-'BTREE, EKP2 ,
EHD,

REHRITE ,ADDSORTS'JBTREE, EJ[P 1,

RE~lRITE,fIULSORTSUBTREE, EXP2,

EnD,

• fir6 ': search subtree IHTEGEH mult* ...

ASEJ~P 1 , i\SIIOC'E 1 ,

DYADUr .1 ''-'LTOP ,

EXP,
Ej{P,

,'-- SURT IT *':
PUTHODE', •HEI'IRITE, IIIJLSORTSUBTREE, EXP 1, Elm,

1* first search Hor tree */
ASHODEl.DYADOF,XOROF,

EXP2.

EXPl,
,,," TO "','

PUTt·IODE ,I. , DYADOP , J[OROr ,

REWHITE,XORSORTSUBTREE,EXP2,

SORTSUBTREE ,EXP 1.
END,

/~ firs": se.arch subtree REG OR +: /

ASIII)!:'E i. [lYAOOP •OROP ,
EXP1, /',.. OR or AIJD if only one OR #.-/
E~tF2. /~ AUD cr terminal .". /

,/ ~ to "','

1I.<:EXFl ,I\SIIODE 1,

DrADoP , ANDC.'F ,

,
I J' U", "I?p"llldi>:, 2

I I I

1:0;".1.71 (, 1
P'-lJ.81 (,I
I"" I '''I J I
pOc l ) 1 "I
1:'1J2.q JI
I /( '2 21 ~ I
1,!1J2.1 I (.\
1:::')2 11 6\
\C,,::) 1·'1
1,!':'2':' I )I
1""771 (.,1
I :-"pRI ';1
1·:0:::"1 11
PO)"I q
1'<'.'111 11
I20J2 I'l
I;!lJnl '; I
120H 1 I; I
I·'C'J::; I 3 I
I2C1]';1 31
17.(lJ71 7\
2(l.l~1 71

,,:'))','1 ~ I
2, 'M'I ''I
;,0,111 J I
'.." I:: I 0\
'cf)·I.'I .:'1
::" J J I J I
:''''l'q 31
.~1 , ·i f) I f~ I
,,,', 17\ (·1
,,",I" 1 ~ I

I ;:.I,J'l 1 J I
I :,"'.;,\ I "I
I "",:1.1 'I
, :",,"5:~ 1 J I
;0r, 11 (,I
,,:wdl·q
;:,-,~. :., J I
'",C,(, I J I
~1)'j ! I I} I
::UJ81 31
:,o)?! ~I

:!(l,;"1 J I
::1)(:'.1.1 Ij I
2(1)2\ ';1
''')1))1 JI

12C'(."q JI
1"0';5\ 11
I,::')'''; I ') I
",:0<.;71 J I
1:::"'i13I ' 1
1:!' If;'" I ~ I
1".'7('1 ';1
"'071.1 "I
1'(\7:! I 'I
1''''7'11 31
J:!,nll 11
1'''7",/ "I
1,";(,1 J I
1'''771 !I
I':ll in I 'I
I'll]',"? I ("' I
1,:"'."'1 hI
\ !,lflll J I
I," If':? I 'I
1''':,''.1J I :I. I

"".If' II " I
I':''''~ I ,11
I ::",,(, II '11
I """''II "I
1"'(01)"1 ','I
""":",'1 '1
t ..:<'1',1'.'1 .II
1'!(.n.1,1 01
I~I)~!I f)1 .;*~*~~~~**L**~*************~*~************************~****~*********************
L .L'_.L' _
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Cn?"tec1 'It 11:37m" 011 Tuesday, Felnual'i 4,1992
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1 Ftle ~t'p~ndi,{.2

I I

""',' 'I
-""'~,11
!(l':l~ I

, rui9bas" H1PWOEIIEG
., Inverse '?){pand on regs
~~~~**~~+~+*~+*k***~**.*********************+.**+.******+.+.****+*******************/

-tn •

Eml );

;;" .1- f) __ > ~ ....

/* sor.t operands for symmetrical dyadic operators:
r":Qllst op a --> a op CQnst .,/

('onl~t op a --:> ~ cp const J,. •

l\G0l?J., (fl~A[l0P,SY(.1f)F ,
C'-,IIS·!:J. •
E;;P: .

I1ECURSrrE_REWRITE (CURIIENT) ,

H I)l" ftO ... Ob --> a * /
DYAOOP ,"ROP,

E;CP1.
PEGlIJ.LZEROES,

:'E'.luiv;,lent to: * /
EXP1.
mlO,

("'I\L·'}F • .lIlTAODf)P,
El;f' 1 r Ilf'J.''':',

;. a or Hl ... 110 --> Hl ... lb *;
rn!\OOp "mop,

EXP,
ASE1;J'1 •REGALLOIlE("

;'Egui7~1'?l1t to:'!
EXf'l,
EIID,

[IYAlll)P. ,:'p 1,
E;;P2,

'''liST1 '
EII[1.

nSQPl,DIADOP.S1MOP.
COHS·~J. ,
EJCP: ,

,1*EQu!v:\lent tQ:+j

PYADOP ,')P 1,
EXP2,
COIIST1.

EIID,

I"· a ;~Ild Hi .. . 1b --> a */

011ID')P ,AI,IOOP ,
ERP1.
REGAJ.LOllES,

/*Equlv;tlellt to:*/
EJCPl,
EIID,

.* a 'wet W'J ••• Ob --> WO •.• 010 */
DYl\PUP. i\IlDOP ,

EXP.
ASEKJ'l.REGALLZEROES,

1"~Equiv;\l~nt to:*/
EXF1,
EXIT, Ellll,

, rnlebas', U1PLODEUrr
~ revgrS9 expalld on ints
~~**+.****~~~******~*******************~******~*****+*****-***~~*****************/

/*~*******~~**~***+**********************+********************+*+.*+.**+~**********

l'ul'?basetype implodeintrnlee[ I = {

....uleba,sgtj'J'e implod'?regrnles[] ~ {:J.O';'f, f f_'
~()q II
-,c"wl J

~!jY?? I 0

,::: .I.f)(l I J
:,'10,-/ 0

:: 1.')21
,','" J I 6
',1-",1 I (.

I :'1"', I
1-" '''C'/
1':1.1'71 r,

", -'-'~',' I r,
I :~ 1U'J I 3

1211'-'1 "I
12111.1 31
I.!lUI JI
f"u 11 (.,
I!II II 01
1,1.151 31
1"1'/01 ' 1
l,u 7 lQ
1'1.1.':'1 "/
j:'"ql 11
1'12'·'1 q
I!. J..!1 I ''I
I') J.:'~ I G 1
1!1::31 JI
12,u'l JI
I" I ':r, 111
I:' ""('1 "I
P '771 11
F1.:::'-' 1 31
\: 1,':' I 'il
1''..1.11) 1 r; I
I:, t 11 I J I
I :: , J:! I ) I
I '.1.3 J 1 3 I

1:'u11 '.'1
I'! IY'I 31
j?ur;1 3/
2117/ 1;1
11381 01
:!J 1<) 1 31
:'.141:'1 31
:~1411 JI
'nul "I
:: H3 1 11
::.1141 '-'I
"'.151 n 1

:' .'.\1, 1 1.1
:2J! 11 J.I
? 1J" I 1.1
., ,,") 1 " /

>',' r,n I ''I
-'1~ I I 1\
',' ,';:c 1 "I
'1', '1 ] I
, ,';1 1 1/
',~I ';, 'j I ',I
~ 1'.0','1 r; I
':IS71 'I
,'''iR I 11
'-'~',' I ';,1

:' 1(.n, ".j
'; I '. I, I 11
:.1,.': I "I
" , ... " 11
'1':,1/11
".";'., '·1
.. 1/-,".1 11
:: "'/1'1

1 ,'1'''-' I '.' I
' L.....LI -'
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I I
1',1 "-.,, 11 i' " • " --> (1 • i
,.~ 170 I 3 I OYI\.OOP, II'_'LTOP ,

::1711 '0\ EXP1,I1I'l'O,

, 1.7 L I 11 " to •
::1731.Q IlITO,EllIT,EI10,
',! 17 ,q ('I
:~1751 ~~I /* a f: I. --> a "'/
'117';1 .11 DYI\.DOP,'''JLTOP,
:: 1771 r, I EXP!. IlIT!,

"p"l 31 /* tr,- *
.: 17,'1 31 EXP1, EllP,

'2 I"" I 31
;' 1" II 1'1
:,: Ul2 I 3 I EVALUATE_COI1STS,

I:~l""q "I
12]11'Q 3{ EI1D );

1~I!351 01
1~1861 01 /~*~*~~***~*~~***~~**********************~****~**********************************

121(17/ 11 • rtl1ebas" IHPLODEJ1INfJS

I!I~BI 11 * pushes minus back up
t?1891 11 ********~t**********.***********************~***********************************/

12.l'~01 01 rulebasetype implodeminusrules[ J = {
",:1',11\ () I
PI.','! 1 -'1 /* ( " ' -11 --> - a */
In 'n I 31 OYADOF ,II1JLTOP ,

''',1.'''1/ I'll EJ[J'1,
I.: J.e,C,! !'II IlITtll,

12J.901 Jl • to *
1::1"71 J I 110IJADOP .ItII1USOP,

Pl?"1 t11 EXFl.
I'! ",",1 1 :< 1 END,

I'.:::"':" "I
I ~ :!" JI 11 P,EC"RSI"E P,ENRITE I CUP,P.EIIT I ,

1>:0:: I '.'1
\':""11 11 !~ " + .- h ) --> " - b 2" It'" i
I"ll'.',ll <I OYAl".'P, ,UITADDOF,
I::::'.'SI ciJ E;{Fl.
1:':,1)1,1 '01 1I0IlAl'OF,IIIHUSOP,

12:''''1 "'1 E;lP2,
I 2 :!lJB I J f ,:,. to '''-
I:'20" I 31 OYIIooP, U1TSfJBOP,
1::,.1') I ,; I EXP L

lnul 61 EXP2,
12:::1'::131 EHD,
1?2UI 01
122J.41 11 /'" ( - a ) + b --> b - a */
P21.~·1 31 OYAooP,UITADooP,
1:':"';1 .;1 MONAIJClP,I1UlfJSOP,
12217110 I EXP2,
\22 Hq 61 E:lP l.
In 1.',11 J I i* to •

12;:2°1 31 0111DOP, IlITS'JDOP,
112211 "I ERrl,
1:,:,221 ';j El(PZ,
12 ~,,-, I 31 ErID,

1222,]1 "I
1;"'~1 "I "lID );
I 'r:,,; 1 nl
1:!~l1' "1 ,~***.****.*~****~****.**~**~**~*******~~*~*~~~~**~.*~*.*~*~*~.**.*~~**** •• *.****
1,:,,:7" I .1·1 * n,J,eb"s', IHFLOOEI·IOT
f :22 :?':-t) 11 * pTJsh~s Hot bacs tlF
';~2~01 'I **+.*~*~*.*+.*~+***.+~****~+*~.**+*.*++•• ~ ••• ~ •••••••• ~ ••• + ••••••••• +++.~+~•• +*+.

I2.'JtI 01 rUlebaset}').'8 implodenotrules[ J : (
1:::1;: 1 nl
I L, .1 <I 31 RECURSI"E_PEWRITE ICUP-RENT I •
I,~C41 ('I
I"~! 1"', I ~ I /- not ,:11. anc' b or a and Bot b ..... ? :-:,:,r 1:.....

I ":: '" I 1 I Dr Ar."~'P , "P':'P •
1:::.: J ; I 0:,1 DYAl")F ,AIIOOF.

1-.": H' I ,) I 11"IIAr-OF •1I0TOF •

I "1'·'1" I r::r1.,
I :,:~ ''-'' ','I E;lP2,
1:: :~l J I Ii I 07Rr-"P . .1\/10010 ,

1,;;'1:;1 ','1 I::EXFl.

'.:2 J 31 ." I II, .. IIADOF ,HOTOP,
1:::·:~11 1:'1 ISEXP2,
l. ! 1
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IGEXP2,

E:;P,
E;CI'2.

E:~T?2 I

HI)IJAf<QP , Il')TC'p ,

0'.: 1\DOr ,OROI' •

I:3EXP 1.,
:'LEgui·":'.lent to: .... :
1I0lll\D0F ' 1J0T0P .

D:U\(l' ~Ir . XOROF ,

a }(or b '*,/-->

fa or bl --> not la Kor b) *;

I I '3.I ~J I.. I'~ -- >

'''':E'1.'.ll~'':~_lr;'n-t:". to: * l

DYADOf' , ;~.r,)nCtp r

E:tI' 1,

E,'tf'2,
EIID,

El~P2 .

DIADOI',UROI',
DlAD')I' , AIIDOp ,

!i')I-IADOp , NOTOp, EXp)"

D7M)!lI', AIlDOP ,

/It b an,t no"':: a c-r not b Rl1d a

H')(lADOI', 1I0TOp, ISEXI'2,
'~Equi~nlBnt to,+/

PYADOI'. ;tOROI' •

EllI'1.

END,

EHD.

END,

.. a anrl b OJ.: not (b or al --> not ra "oJ: hI "'/
DYAOOp, nr0F,

DY1\P'.'F ,AlmOp,
E;,I'l,

,1' a €\l1d b or not
DYl\DC'F I ( .'ROr ,

DIAD' )P •ANDer,

E:tPl,

I ~ s1',eppi?d also I */
":'1 not IJ ~nd a or b and not a --> a }{or b '" /
D:iA['OP ,''Rap.

D:iA[lDP,AIfOOP.
E'rpl,

II' .'IIADOI' , lIC'TC'P •EXp 2 •

DYADOP.AIIDOP.

II"NADOP, 1I0TOP, ISEXI'1,
I:'EXI'Z,

"Equi·;'tlent to,'/
o J~ l\DOF , ;~ORQP ,

E:lI'l.
EXPZ,

"HD,

(l:l1\.[y.'r , j\UI)(:'F ,

f1'_l'Il\L"_".F , "f]T(lr ,

E:T.l,
r1')1 IAI'<:'1' , I JOT0r ,

E:t1'Z,
,:~ Equl-ral'=mt to: ...
1I'~IIIA[>':'r , 110TC'I' •

E;{P2,

11011A1.l0P • 1I0TOP •
D'cADOP ,OROI' ,

ISEXP1,

ISEXP2,

/·Eq'liv",lent to: * /
1I0tlADOI'.1I0TOp,

DYA[)(JP ,KOROP ,
E:,p1,
E;tp2,

I .. 1'. I 'I
I' ;- ·11, 1 .'1
I" ,1 -; 1 ,; 1
I ','''''1 hi
I'::: I',' I ) I
1.125"1 01
12,cd! ,11
1=2~:'21 31
1:'1':, 'I (·1
In,:",! <0 I
122':,5/ '~I

I :,", c, (' 1 i'l
I':,; 71 ," I
122';',1/ "I
I :::~ r,',J! 11
I ~::I,":II 11
IZ2l'11 1'1
12:,0::1 l'l
l,~ i l ) JJ JI
122 1)'1! "I
I::,,;r, 1 }I
I ""','; I 11
j2")11 JI
I":,I;n I "I
l"/I;','1 ., 1

1:'21 1,'1 ','I
p:'. iJ I "I
I:n -:I ''I
1:'2nl ':'/
1D7 'Il 3 I
I>' :i'; I ) I
1'::'.7 "·1 ,; I
I" n I "I
1'," Inl 11
I":"nl '-'I
! " :~' .., 1 "I
1.,/: 131 1 J I
1:2":: I 'J 1
Inn'l ';1
I,:zr,,~ 1 'J I
I: 2'1':' 1 ., I
1~:n,; I "I
1::z')11 '? I
p',no 11::'1

I~! '1',1 II"
I :J"'~I-'I q
1:'2'11\ J I
I',:,':>zl '0 I
1::2931 'JI
1',::',111 ';' 1

\':'."'51 'I
1':2'?',,! J I
1':~'J71 }I
I" ':0" I "1
1::',""':'1 ','I
1': '1/'"1 ',1 1
I " ,Ill I "I
I:: JI1::\ ':'1
1':HI '1 1 '"

I,' '"'1 '.':11:,: JP',; 1 J 1
I', ,p(·1 'I
I.: ""71 r; I
1,:)p['1 'J I
",)"':" COl
I :' II)! J I
\" ILI,I ','I
I' 11' I ,,'
I I I 'i "
I' " '1'/
I" , I c, I ".,

I 1"'I''!
f . " -;1 .' I
I'Jlyl "1
I"l'" I ) I
f c'2" 1 'I
, "
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I I I
I :c J2 iI (., DYI\DI~r , OROP ,

123221 'JI 10;,1'1,
pnq "'I 1';;,1'2,

12.1 2 41 J I EIID,
In2,:.1 01
1,! .1 26 1 J 1 i' 1'1: 1b --> 1 t a &. b I • i
123271 31 DYlIDOP ,OR')P,
J2 321] I r:q I-IOIIADOP ,flOTOP ,
1~3291 al EAP1,
12.1 Jell '; I HI]HI\,)OP ,,",OTOP ,

I"'JJ.I ',' I EXP2,
1211?1 11 1* Eql1l.·r "ient. ':,0: *i
I :! .l J ,1 I J 1 1101lllDOP , I 'OTOP ,
P )).11 61 DYlIDOP, 1I1lDOP,
1:!J351 ~~I E;{Pl,

12J351 "1 EXP2,
, n J7 I JI EIID ,

12330 I (J I
1233,'1 31 1* ( " r, la ) &. Ib -- > I( a b) & " *i
12 HI.' I q OYAD'JP ,lIUOOP,
12 H.I.1 (,1 DYFlOI)p, FlHooP ,
12 3421 <~ I E;(P1,
12 J ,I 'I I '," MOIIAOOP , NOTOP , EXp 2 r

j.: 1441 (, I HOtlFlIJOP ,NOTOP ,EXP 3,
12 .14SI.11 /. to: 4/
1:'1'1 lq J I OYAOOP ,AIIDOp ,
12.H 71 61 HOIlFlDOp ,IJOTOP ,
1231Ul 91 O,FlOOP,OROp,
I !H"II.~1 EXp2,
121501121 EXp3,
1::Yol I c, I EJ:p 1.

123<;21 ,'I END,
j;'J5JI 01
'!'1".,q '1 /. ( )( : I a ) : I b --> I ( a &. b) ,,*.1
':,c,,:.I.11 DYI\["JP, OROp,
:'JSI'" I; I DYlIDOP ,OROI',
;c .1 ':.7 I ','I E:,p1,

:! 'sl.11 'or I II' 'I 'Floop , NOTOp ,EXP 2 ,
:> 1,:,'" I I; I HCIII\U01' ,I'JOTOP ,EXp 3,
23601 31 ;. to ./

2)1;( I .l 1 011\001' ,oROP,
23<,)21 61 HOHADOp,NOTOp,
?.lr,31 ~1 D,FlOOp,ANOOp,
2 )';411:0: I EXp2,
21G511.21 EXp3,
nr,6 1 61 EX1'l,
'J Ir'71 31 END,
2:11;01 (11
236'"1 01 END );
2J7l'j 01
~3711 ul /****~***~~*************************~**+.************** ***************************

23721.t1 * rulebasCl 1'REpROCESRULES
2 ,n j I J,I 'not use.'\ yet
~l741 11 ~*****~**~.**~********~******************************* ***k**************_*******,'

'n7':·1 01
:' 1761 ,) I r ... leb",s"'typo;, preprocesrules[ J = {

~'J771 "I
?17(~1 01
/,' ,11','1 "I I' from s impl * i

.: Jon I 31 /~ (a + .. canstl, +"" const2 --> fit + ... 1-::01151:1 + ... canst : I ...

:~ 11.111 J I FlSOPL O'UIDOF, SYIK'P,
:,' Jf.l21 I; I DYlIO"F. 1SOP L
:n8] I q I E;U'L COllSTl ,

:~3H41 ',I (:OllS~2,

;:: 3851 31 .' ~ P3wr.tte to ft

~1I'r, I ] I DYAI:'01' ,()Pl,
.: JR'II ';1 EXpl,

': J"n I <:'1 E'.fAL1IIITE, OYI\I:'OP ,OP 1,
': ?n',' I n 1 COIIST1,
.• "l'.In I ~_" CQ":~T2 ,

: "-I' 1 J I EIID,
::",1',:1 "I
',:.n.q II :' t a-'-I b'Cll) 'C2--> a*C2+ I b* I Cl*CZI I':
, J'H I J I OYFlOOp ,lIULTOp ,
~"','SI 71 I:'YIII)Op. 1NTFlI:'DOP,
2),~,-qlll EXpl,

t I I



I1IlTHIT,EIID, /, reset hit flag */

extra O'1t of e~{pand }{Ol- !r /

name dO'~sn' t fit anymore
t)l:U,-; 't:: h9r;~ Ct.re tht? s impl if isat iC'I) rules: f,:,~::-

E~t.rl,
Exr~.

;' ~ ~. w:-r a --> 0 '*;'

* to .. I

E;[F2.

EllD,

DYlI[\l)P ,up 1.

REWRnE, CURRENT,
D'iADOP ,Ofl,

E::PJ.,
EXP3,

ENI:',

DYAD0P ,;:0ROF ,
E)(I'J.
El;P: ,

DIA[")P, ::'.'ROP.

RE~llUTE,CURREHT ,

t I
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I 01-,-1--------------------------------------------1
1',1':171 1. .11 D:{AOOP, HlJLTOP, I
1~~"HI141 EJCP2, I
I'~ )'Y' 1111 COI1STl, I
P "'.":' I 7 I COII:;T2 , I
1'24").1 JI /. to ': I
/2,1<)21 J 1 DYADOP ,IHTADOOP, I
In03171 DYAnor,I1IJLTOP, I
1/4041101 EXP1, I
/:·105IH1 I COIlSTl, I
l"'l"r-j 71 DYAI'OP,HIJLTOP, I
I "1,,1(1"/ 1)1)1 gXP2, I
1.:1')1) 11 ,) I EVALUATE, I
I:,~,It\Q 11'1 DYAOOP ,IIIJLTOP, I
I'J 11' Ill; I CONSTl, I
1:,:41111', I COllST2, I
1'1l,'1 31 END, I
121131 31 /* --a --> a */ I
PH'II J I 1I0llADOP ,IIIllUSOP, I
121151 <,I WJHAL")P,IHI.JllSOP, I
/7·11',1 "'I EX)'L I
1~>lJ.71 31 /, to " I
j::'dl·,:,I'1 E:tP1,EIIJ), I
(,4.1'1 I ,,/ I
1.?~2(11 "I /'72'/ I
1~12tl 01 I
1>'42<:1 01 EHD }; I
I ::I::J I 01 I
1::01241 1)1 rulebaset:;-pe sortnotrules[ 1 = { I
I ~d2~1 01 i~~~A.~~*' ,~*~~*.*~*~****~~~*~****.~*~~~ •• *.~*~~~**••• *A*.*~.~*~.~A~*A.*.~*~.**.. I
1:'121; I 11 'rulebas,. SORTIIOTRIJLES I
1~1271 J I 'used to sort all not variables/expression to the left side I
I·: 12DI 1.1 • result: la and Ib and Ie and cl and e and f I
1~~2?1 J I k~*~*~~*~~********~~~******~*****~****~**~+.*~~**~***** **********A+**~*******~***! I
1/4 H'I "I I
I::·IJJ./ 31 RECURSIVE_REWRITE(CURREflTI, I
I :H":I 41 I
f!4JJI 31 ;0 a an~ Ib --> Ib and a */ I
1:~4HI·1i DIAVOP,/ISOPl,SHlOP, I
I:~nsl 1,1 EllPL I
1:' '13 " I "I ASEXPZ, 1·!fJNADQP, NOl'OP, EXP , I
1:>1371 31 /* to *.' I
f:'1J(' 1 ) 1 DYADOP ,')P 1, I

"13"1 "I EXPZ, I
~>l-I(J 1 e'l E;tF 1. I
",1-\11 11 EllD, I
74471 ul I
:·:44J I ) 1 /' ( a and b) and Ie --> REI1: ( a and I c I and b * / I
:,~ .1441 31 DYADOI' , ASOP 1 , SYHOP , I
:,44~'1 r:q DYADOP,lSOP1, I
;'.11', 1 .~ 1 E;tP1,
::: ·1.J71 'CO I A:;E::PZ ,NOTNOT,
"lo\!~ ( (, I ASF.XP J,11'.'NADOP ,NOTOP ,EXP •

:"491 J 1
"·J~,ol '1
'.1 r o) I ,; I

1''':021 <>1
1:'4s1! c l
I ::~'i.q 1.71

I ~45SI ',I
1:'1':'''1 ) I
I '1~11 ell ;.
I>ISDI 0/ /*
P'~'?I '1
1.'4';'-, I "I
":1 (';1 I 3 I
I " \f;~ I "I
1:,1" " (, I

1'1'"-1('1
I' F-',l 1/
j.I'i,q '"I
1:'1'; 71 '--I
I·~M." I 'I
I.: H,'·' 1 "1
12 '"7'.:' I II
I:'IHI r'l
P·17ZI ,1/
'_. L'-,'- ---1
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z: +."

vars -/

Z ):or 1 --> not

for matching vars */

init for matching vars o!

-->

~ --> Z ){or 1 --> n-:.'': '-'

!* init for matching vars */

. ... a ..... --> 0 */

not a

CJ:eat""c1 at 11: 37am on Tuesday, Februari 4, 1992

'1')JlAflOl;' ,II"TOr ,E;~Pl ,
~]ET JlOTFLAG ••• illit for match in?
ISVI\IU,

EltP:: ,

/,. ••• Ll •••

/ ~ to .., /

PEGII.LLZEP.OES,
EIIP.

DYADOP,XOROP,
DYADOP , itOROP I

EXP2,
EXPl,

RESET_HOTFLAG, i*
SAVESIZE,
ISVARI.

/+- to ,l.- I

ASI~ILLfI(lf)E ,
DIADI)P ,XOROP •

EXP1,

DYADOF,XOROP.

,:~ Z ,c"r not R ,cor
OYAl-:'r , )~')ROP .

[li: [-trlOF , }~0ROF ,

HIT,
IGLI,_II"DE,
REGII.LL/ ,IllES,
EXIT,El'O,

SET.JIOTFLAG,
SI\VESIZE,
ISE::P1,

1* to "/
HIT,
K1LL_"11)OE,
REG II.L1,ZEROES ,
EXIT,EIfD,

DYAOC'r.XORoP,

i' 1I0~ " )(Or a --> Q *!
A3IaLLIIOOE.
OYAOOr,XOROP,

HOH/\OOP , UOTOP , EXP 1 ,
SET}IOTFLAG. /* init
SAVESIZE,
ISVJ\R1,

ASJ:ILLIIODE,
DH\DOP •XOROP ,

EXP.l,
HESET_IIOTFLAG,
GAVESIZE,
ISVJ\R1,

/* to */

HIT,
EILL_III'OE,
REGI\LL:~ER(lES,
ElaT, EI JD ,

Ar;r.ILLIIODE,
OYADOP,XOROP,

EXP l ,
RESET.}'OTFLAG, /* init for matching
HONADOP , HOTOP ,SAVESIZE, ISVAR1,

/- to 'i
HIT,
'~ILL_"()DE,
REGALL/'NES,
EXI'f, EI JD,

/* z xor a ,{or a --> Z Hor 0 --> z */

,'f, to '/
rtIJ)fl\VC,lr, rIOTOF, EXF2, Eill',

1* a 'cor Ilot a --> 1 */

r------------------------------------------------,
I FUe "vpendil(.2
1---,-,--,------------------------------------------
I" 1711 41
I :'47.q J I
I;~17sl ; I
f:~·n(jl 71
124771 71
1.24781 71
12.J7?1 .q
124801 41
P·tAJI -q
P·ls21 .q
1,~4f:lJI 41
1:'.184 1 "I
I ;~4~'~ 1 41
1:"1061 .11
I21811 'I
I!. ~ '381 ]I
p.l(l':,! 71
I·: 19'-' 1 7 I
P·IQJ! ,q
1"\0'21 If
I:'J"ll q
I"J.~,q 41
I ;~\,}51 .q
I ~lqr;1 nl
I L·I"'7 I 41
1:"'·)1)1 41
";,1':'91 J I
I,-')[)I·'I 71
1:5'-'11 71
I!S0:! I 71
I:;r,0' I 71
I ;;')(,-q 'J I
,··r,nc·1 II
I ";,"; I I I
1:')(..1'; III
1:,'",1)1' I .J I
I:!,;"':'I "I
1·!S1'-'I'I
1!c.J J I .q
1.'"01.:1 41
1'~;1' I 71
Pr,l11 'I
1"0;1')Ii I
1:?5 II; I 'I
I:"; 17 1 ,II
12~,1.'~ I ,q
I2S1',1 I 'J!
12~.,:ol 41
1:;52 1 1 41
j:!5221 "I
1~5231 ,q
P5:!41 'If
I :;,)2~, 1 71
I '~r,;"o I HII
I·":!'I Jl) I
I ?r.,(\ I 71
I'~~"','I 71
I:·"; 1" I 71
I"51[1 If
I";J'~I 11
1:.; 5) J I 71
12':; -"II 'I
I.'~J"'I 41
1,;'jJ('1 ul
1-"'71 ''1
1 ' 'j ~81 '11
1-;;:; -''' I 71
I ~';ln 1""1
1""'1·1.1"1
,';';):;1 :1
I"; ~ 11 ! I
1 "J'1 11 J I
1:'51SI 11
I '~1r; 1 "I
1'';1i I .q
12518 1 'J!
1 I I
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if; t'J >..-
!\('1I11['OP, 1101'01', EXF2 I ElID,

E1(P2, ElID,
ASEXF l, (fHIT ,REWRITE •CURRENT ,REWREG, EXPI ,END,
END );

(l"i fl.f"}F , XOROF ,

r:;~r2 ,
EXPl,

n,::'El'_1I0TFLAG, /' init for matching yars '/
If'.:'IIi\['':'P .1101'01', ISVARl,

1;:'-,1"1 71
1-' c; "" I' '"
I "j::; 1.1 .1-'.'1

1~5521 71
j2r,C;JI !I
I !'is'! 1 'I I
::']551 II
?~ICj'; I 1.1 f
,r,r,7f ,I I
~55fJ 1'1
:,"".~ I 'I
:";''1'11''1
::5':,1.1 ),0 I
'~"(,:~ I 7/
:!~,6.J I 71
25611 ,II
2';';';1 ,q
:! ~";" I 31
25,;71 .J 1
'~~f~P n I

I
I
I
I

/~ z }{Or ... a ...
VYlID0F, ;:onOF,

DYAI1fJl?, XOROF ,

ImFZ,
m:F1,

PI';:::ET_1I0TFLAG,
ISEXPl,

/-:!: to ~,.:

Kor ... a ... --> Z Hor 0 --> Z ~!

/' init for matching yare */
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