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EDL

1.0    Introduction

EDL (EnvironmentDescriptionLanguage)is themodelinglanguageof theIBM FormalVerification
Toolset.Its primarypurposeis to describetheenvironmentfor formalverification.However, it is also
used in conjunction with Sugar to aid specification of a design.

This is not a formal semantics document, but rather an informal description of EDL.

2.0             Language Constructs

2.1 Expressions

2.1.1 Variables and constants:

The basic expressions are numbers, enumerated constants, or variable references.

A number is a decimal if it has only decimal digits and no suffix (e.g. 1276).  A binary number con-
sists of binary digits and ends with ‘B’ (e.g. 1011B). A hexadecimal number begins with a decimal
digit, has hexadecimal digits and ends with ‘H’ (e.g. 7FFFH,  0FFH). RuleBase infers the width of
constants from the context in which they are used andnot from their format.  For example, 0010B
can be assigned to any bit vector that has at least two bits.
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An enumerated constant is one of the symbolic values which a variable can take.  For instance, if we
declare the following:

var state: {idle, st1, st2, st3, waiting};

theneachof the5 symbolicvalues“idle”, “st1”, “st2”, “st3”, and“waiting” areenumeratedconstants.

A variable reference has one of the following formats:

name-- simple variable

name ( number )-- one bit of array

name (number..number)-- a range of bits

Variables are described in Section 2.2.
Arrays are described in Section 3.0.

2.1.2 Operators

An expression can be a combination of sub-expressions, connected by operators:

Boolean connectives:

! expr                      not

expr & expr         and

expr | expr         or

expr ^ expr   (or: expr xor expr) xor

expr -> expr          implies

expr <-> expr       iff  (xnor)

Boolean operations can be applied only to boolean expressions.

Relational operators:

expr = expr       equals

expr != expr  not equals

expr > expr      greater than

expr >= expr    greater than or equals

expr < expr       less than

expr <= expr    less than or equals

Relational operators can be applied only to integer or boolean expressions.

Arithmetic operators:
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expr - expr  minus

expr + expr       plus

expr * expr multiplication

expr / expr division

expr mod expr  modulo

Concatenation:

++

2.1.3 Operator precedence

The precedence of operators is as follows:

++   (concatenation)                              (highest precedence)

!      (not)

+  -

*  /  mod

=  !=  <  <=  >  >=

Temporal operators

&    (and)

|      (or)

xor  ^

<->  (iff)

->    (implies)                                         (lowest precedence)

2.1.4 Case and If expressions

EDL provides two constructs which express a choice between two or more expressions. They are the
case and if expressions, described below.

The case expression has the following format:

case
   condition1 : expr1 ;

   condition2 : expr2 ;

   ...
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   else : exprn ;

esac

A case expressionis evaluatedasfollows: condition1 is evaluatedfirst. If it is true,expr1 is returned.
Otherwise, condition2 is evaluated.  If it is true, expr2 is returned, and so forth.  Theelse part is not
required,but if notpresent,theresultis undefined.Noticethatfrom thedescriptionof thecaseexpres-
sion above, it follows that an earlier condition takes precedence over a later one.  That is, if two con-
ditions are true, the first takes precedence.

Theif expression is shorthand for a case with two entries.  If has the following format:

if condition then exprA else exprB endif

In the above if expression,exprA is returned ifcondition is true, andexprB is returned ifcondition is
false.

Note: This section deals withif/case expressions rather thanstatements (if/case statements are
allowed only inside sequential processes. See Section 4.0).  You cannot write, for example:

if c then assign a := x; b := y;else assign a := z; b := w;endif;

Instead, you should write:

assign a := if c then x else z endif;   b :=if c then y else w endif;

2.1.5  Non-deterministic choice
RuleBaseusesnon-determinismto describemany possiblebehaviorsatonce. Thenon-deterministic
constructs of RuleBase have the following format:

{ec1, ec2, ..., ecn } a non-deterministic choice, where ci is an enumerated constant.

expr1 union expr2:  the union of choices represented by expri

n1 .. n2: another way to express {n1, n1+1,..., n2}, where ni are integers.

2.1.6 Other expressions
The following are also expressions:

( expr ) a parenthesized expression

expr in {v1, v2, ... , vn} shorthand for

        ((expr = v1) | (expr = v2) | ... (expr = vn))
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2.1.7 Built-in functions
The built-in functionsfell(), rose() and prev() have the following functionality:

• fell(expr) is true iff expr is 0, and was 1 on the previous cycle

• rose(expr) is true iff expr is 1, and was 0 on the previous cycle

• prev(expr) is true iff expr was 1 in the previous cycle

2.2  The var statement

A var statement declares state variables.  It has the following format:

var name, name, ... : type;      name, name, ... : type;       ...

The type can be one of the following:

• boolean
• { enum1, enum2, ... }

• number1 .. number2

(Arrays will be described in Section 3.0)

For instance, the following are legal var statements:

var request, acknowledge:boolean;

var state: {idle, reading, writing, hold};

var counter: {0, 1, 2, 3};

var length: 3 .. 15;

Thefirst statementdeclarestwo variables,“request”and“acknowledge”,to beof typeboolean.The
secondstatementdeclaresavariablecalled“state”whichcantakeononeof four enumeratedvalues:
“idle”, “reading”,“writing” or “hold”. Thethird statementdeclaresavariablecalled“counter”which
can take on the values 0, 1, 2 and 3.  The fourth statement declares a variable called “length” which
can take on any of the values between 3 and 15, inclusive.

A var statement only declares state variables.  Theassign statement, described below, defines the
behavior of these variables.

2.3  The assign statement

An assign statementassignsavalueto astatevariabledeclaredwith avar statement.It hasoneof the
following formats:
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assigninit (name) := expression;

assignnext(name) := expression;

assign name := expression;

The first statement assigns an initial value to a state variable.  The second statement defines the next-
statefunctionof astatevariable. A statevariableassignedwith anassigninit and/orassignednext is
simply a memory element, or register (flip-flop or latch).  The third statement assigns a value to a
combinational state variable.

The following are examples of legal assign statements:

assigninit (state) := idle;

assignnext(state) :=

case
         reset : idle;

         state=idle : { idle, busy };

         state=busy & done : { idle };

else : state;

esac

The keywordassign may be omitted for the second and following consecutiveassign statements.
Thus, the following:

assign var1 := xyz;

            init(var2) := abc;

            next(var2) := qrs;

is equivalent to:

assign var1 := xyz;

assigninit (var2) := abc;

assignnext(var2) := qrs;

2.4  The define statement

A definestatementis usedto giveanameto afrequently-usedexpression,muchlikeamacroin other
programming or hardware description languages.  Thedefine statement has the following format:

define name := expression;

For instance,  the following are legal define statements:
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define adef := (q | r) & (t | v);

define bb(0) := q & t;    cc := 3;

As with theassign statement, the keyworddefine may be omitted in second and following consecu-
tivedefine statements.

2.5  The module statement

An environmentfile canbetotally flat, with nohierarchy atall. In thiscaseall statementsareconsid-
eredto beenclosedby onebig mainmodule. However, it is usuallymoreappropriateto write amod-
ular and hierarchical environment.  Themodule andinstance statements are used for this purpose.

A module statement is used to define a module which can be instantiated a number of times, as in
hardware description languages.  It has the following format:

module module_name ( inputs ) ( outputs )

{

    statement;

    statement;

    ...

}

whereinputs is a list of formalparameterspassedto themodule,outputs is a list of formalparameters
producedby themodule,andstatements is any sequenceof var, assign, define, fair nessandinstance
statements.Theinput/outputparameterscanbethoughtof asinput/outputsignals. Inputparameters
are produced elsewhere, and they drive the module, while output parameters are produced by the
module itself and can be used elsewhere.  A signal that appears as an output parameter of a module
must be defined and assigned a value in that module (var or define or instance output).  If a signal
thatappearsasaninputparameterof amoduleis notusedin thatmodule,RuleBasewill issueawarn-
ing.

For instance, the following is a legal module statement:

module delayed_and (s1, s2) (out)
{

var out :boolean;
assign

init (out) := 0;

next(out) := s1 & s2;
}
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Modules cannot bedeclared inside other modules but they can beused (instantiated) by other mod-
ules.

2.6  The instance statement

A module statementis only adefinition- it hasnoeffectuntil it is instantiated(called). Theinstance
statement instantiates a module using the following format:

instance instance_name : module_name ( inputs ) ( outputs );

whereinstance_name is the name of the specific instance (one module can be multiply instantiated),
module_name is the name of the module being instantiated,inputs is a list of expressions passed as
inputsto this instanceand outputs is a list of outputparameters,actuallyconnectingtheinstanceout-
puts to real signals of the design or the environment.  An instance name is optional.

For example, thefollowing is a legal instance statement,instantiatingthetwo-inputand-gatedefined
in Section 2.5:

instance da : delayed_and(q,r)(t);

2.7  The fairness statement

A fairness statementis usedto describea fairnessconstraint.A fairness statementdescribesacondi-
tion that must be met infinitely often.  It is an important tool in specifying abstract environment mod-
els.  Thefairness statement has the following format:

fairness expression;

The following is a legal fairness statement:

fairness grant;

This fairness constraint will filter out paths on which grant is asserted a finite number of times, and
leave only those paths on which it is asserted an infinite number of times.

Other types of fairness are described in section 8.1.

2.8 Scope rules

Statements inside a module cannot reference variables outside that module (noglobal symbols).
Externalsignalsandvariablesneededby themodulemustbepassedasparametersto theinstance.A
modulecanassignvaluesto externalsignalsandvariablesonly by passingthemasoutputparameters.
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Ontheotherhand,it is possibleto referenceinternalsignalsof aninstancefrom outsidethatinstance.
For example, if module M has an internal signal Sig, and Ins is an instance of module M, one can
referto signalSigasIns/Sig(‘/’ is thehierarchy character).Thisallows formulasto referto theinter-
nalstateof instanceswithout theburdenof exportingstatevariables.It alsoallowsyouto easilyover-
ride parts of existing modules without changing the module definition.  Overriding is explained in
detail in Section 6.0.

2.9        Comments, macros and preprocessing

There are two types of comments in environment description files:  1) Text beginning with “--” and
endingat theendof line. 2) Text beginningwith “/*” andendingwith “*/”. Commenttext is ignored
by RuleBase.  A comment can be inserted anywhere a space is legal, except in text strings.

Before processing the environment description files, RuleBase calls a standard preprocessor, cpp, to
filter these files.  The mechanisms provided by cpp can be used to facilitate the development of envi-
ronment models.  The most useful mechanisms are macros, conditional compilation (#ifdef, #if,
#endif, ...) and #include.  See “man cpp” on your unix system for more details.

RuleBase provides additional preprocessing abilities in addition to cpp.  These are the %for and %if
constructs described below.

2.9.1  %for

The%for construct replicates a piece of text a number of times, with the possibility of each replica-
tion receiving a parameter.  The syntax of the %for construct is as follows:

%for <var> in <expr1> .. <expr2> do

...

%end

or:

%for <var> in { <item> , <item> , ... , <item> } do

...

%end

   -- where <item> is either a number, an identifier.

 .
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In thefirst case,thetext insidethe%for-%endpairswill bereplicatedexpr2-expr1+1times(assuming
that expr2>=expr1).  In the second case, the text will be replicated according to the number of items
in the list.

Duringeachreplicationof thetext, theloopvariablevaluecanbesubstitutedinto thetext asfollows.
Suppose the loop variable is called “ii”.  Then, the current value of the loop variable can be accessed
from the loop body using the following three methods:

• The current value of the loop variable can be accessed using simply “ii” if “ii” is a separate token
in the text.  For instance:

%for ii in 0..3 do
   define aa(ii) := ii > 2;
%end

is equivalent to:
define aa(0) := 0 > 2;
define aa(1) := 1 > 2;
define aa(2) := 2 > 2;
define aa(3) := 3 > 2;

• If “ii” is part of an identifier, it can be accessed using %{ii} as follows:

%for ii in 0..3 do
  define a%{ii} := ii > 2;
%end

is equivalent to:
define aa0 := 0 > 2;
define aa1 := 1 > 2;
define aa2 := 2 > 2;
define aa3 := 3 > 2;

• If “ii” needs to be used as part of an expression, it can be accessed using %{<expr>} as follows:

%for ii in 1..4 do
  define aa%{ii-1} := %{ii-1} > 2;
%end

is equivalent to:
define aa0 := 0 > 2;
define aa1 := 1 > 2;
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define aa2 := 2 > 2;
define aa3 := 3 > 2;

The following operators can be used in pre-processor expressions:

=   !=   <   >   <=   >=   -  +   *   /   %

2.9.2 %if
The%if construct is similar to the #if construct of the cpp preprocessor. However %if must be used
when<expr> refersto variablesdefinedin anencapsulating%for. Thesyntaxof the%if constructis
as follows:

%if <expr> %then

...

%end

or:

%if <expr> %then

...

%else

...

%end

3.0  Arra ys

3.1  Defining arra ys

An array of state variables is defined as follows:

var name ( index1 .. index2 ) : type ;

This defines (|index2-index1|+1) state variables named name(index1), ..., name(index2), where
index1 can be either greater or less than index2.

Examples:

var
   addr(0..7) :boolean;    -- 8 boolean variables, addr(0), addr(1), ... , addr(7)

   counter(4..5) : 0..3;      -- 2 integer variables, each can have the values 0,1,2,3
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   status(3..0) : {empty, notempty, full };

                                      -- 4 variables, each can have the values empty, notempty, full

An array can also be defined with adefine statement:

define name( index1 .. index2 ) := <expr>;

Example:

define masked_sig(0..3) := sig(0..3) & mask(0..3);

Note that the following line

var x(0..3) : { 5, 7, 13 };

defines an array of four integer variables, each of them can have the values 5, 7 or 13.  This isnot a
non-deterministic bit vector.  To define a bit vector and assign to it the three values non-deterministi-
cally, do the following:

var x(0..3) :boolean; assign x(0..3) := { 5, 7, 13 };

3.2 Operations on arrays

Reference:

The simplest operation on an array is a reference to a bit or a bit range.  One bit of an array is refer-
encedasarray_name(N) whereN is aconstant.A rangeof bits is referencedasarray_name(M..N).
It is always necessary to specify the bit range when referencing an array.

It is possible to access an array element using a variable index as follows:
array_name(V: index1..index2) whereV is a integervariable,andindex1..index2 areconstantsindi-

cating its range.  Example:

var source(0..7):boolean;   V: 0..7;

define destination := source(V:0..7);  -- assuming that the behavior of V is defined elsewhere.

Other operations that can be used with any type of arrays are:

:=   =   !=

Example:  aa(0..7) :=if  bb(0..2)=cc(0..2)then dd(0..7)else ee(1..8)endif;
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The rest of the  operators can be applied to boolean arrays (bit vectors) only.

Boolean connectives (bitwise):   &  |  ^  ! ->   <->

Bothoperandsmustbeof thesamewidth (unlessoneof themis constant).Theresultwill have the
same width as the vector operands.

Example:    v(0..7) := x(0..7) & y(0..7) | !z(0..7);

Relational:   <   >   <=   >=

Bothoperandsmustbeof thesamewidth (unlessoneof themis constant).Theresultwill beasca-
lar boolean value.

Examples:    c := v(0..7) > x(0..7);      d := v(0..7) <= 16;

Arithmetic (unsigned):    +   -   *

Bothoperandsmustbeof thesamewidth (unlessoneof themis constant).Theresultwill have the
same width as the vector operands.

Examples:

    define cc1(0..7) := aa(0..7) + bb(0..7);

              cc2(0..7) := aa(0..7) + 1;

              cc3(0..7) := 10 * aa(0..7);

In order not to lose the most significant bits of the result, pad the operands with zeroes on the left.
Examples:

    define aa(0..7) := zeroes(4) ++ bb(0..3) * zeroes(4) ++ cc(0..3);

              co++sum(0..7) := 0++a(0..7) + 0++b(0..7);

(++ is the concatenation operator, described below. zeroes(4) is a vector of four zeroes)

Shift:  >>   <<

The first operand must be a boolean vector and the second operand must be an integer constant or
variable. The result is a boolean vector of the same width as the first operand.  These operations
perform the logical shift, i.e vacated bit positions are filled with zeroes.

Examples:

define cc(0..7) := aa(0..7) << 2;

var shift_amount: 0..5;

define dd(0..7) := bb(0..7) >> shift_amount;

              ee(0..8) := 0++ff(0..7) << 1;
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3.3 Construction of bit vectors from bits or sub-vectors

The concatenation operator (++) is used to make bit vectors out of bits or smaller vectors:

expr ++ expr

Example:

define wide(0..5) := narrow(2..3) ++ bit1 ++ bit2 ++ another_narrow(0..1);

Theconcatenationoperatorcanalsoappearontheleft-hand-sideof anassignor definestatement.For
instance, the following statement:

define a ++ b ++ c(0..2) := d ++ 1 ++ 0 ++ e(0..1);

is equivalent to the following four statements:

define a := d;  b := 1;  c(0) := 0;  c(1..2) := e(0..1);

The following built-in functionscan help to construct arrays of repeated elements:

rep (expr, N) is equivalent to expr concatenated with itself N times.

Shorthands:

   zeroes(N) is equivalent torep(0,N)

   ones(N) is equivalent torep(1,N)

   nondets(N) is equivalent torep({0..1},N)

3.4      More array examples

var a(0..3), b(0..8), c(0..2) :boolean;
define d(0..3) := b(5..8);-- different sub-ranges

define e(0..2) := b(2..0) & c(0..2);-- different directions

var x_state(0..2), y_state(0..2): {s1, s2, s3 };

var nda(0..2):boolean;
assign nda(0..2) := {001b, 010b, 111b};             -- non-deterministic assignment to a vector

assignnext( a(0..2) ) :=

case
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      reset : 0;

      a(0..2) = b(0..2) : c(1..3);

      a(0..1) = 10B : d(0..2);

else : a(0..2);

esac;

var counter(0..7) :boolean;
assign

init ( counter(0..7) ) := 0;

next( counter(0..7) ) := counter(0..7) + 1;

module and_or ( a(0..7), b(0..7), c(0..7) )( d(0..7) )

{ define d(0..7)  := a(0..7) & b(0..7) | c(0..7); }

instance a1 : and_or( x(0..7), y(7..0), z(0..7) )( w(7..0) );

3.5 Quantification Over Data Values

When specifying the behavior of data, it is often necessary to refer to specific data values.  For exam-
ple,supposethatwewantto saythatthedatawhich is readin duringa read operationwill bewritten
out in the next write operation.  One way to do it is to write a formula for each data value:

%for i in 0..31 do            -- assuming that the data type is 0..31

    formula { AG( (read & data_in=i) ->next_event(write)(data_out=i) ) }

%end

This is equivalent to 32 formulas, and might be inefficient if there are too many values.  The above
can be done in one formula using theforall  construct as follows:

forall  i: 0..31:

  formula { AG( (read & data_in=i) ->next_event(write)( data_out=i) ) }

The syntax offorall  is:

forall  variable : type :

wherevariable is an EDL variable which is defined only for the purpose of quantification.  It should
not be defined elsewhere. type is any legal type, including a bit vector.
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More examples:

forall i(0..31):boolean:

  formula { AG( (read & data_in(0..31)=i(0..31)) ->
                          next_event(write)(data_out(0..31)=i(0..31)) ) }

forall i: 0..15:

formula { AG( counter=i ->AX counter=(i+1)mod 16 ) }

4.0  Sequential Processes

Processconstructsof EDL aresimilar to “processstatements”of VHDL. They canbeusefulin situa-
tions when it is awkward to write explicit concurrent definitions for signals.  Using process con-
structs,youcanwrite yourcodein theform of sequencesof statements,whichare“executed”in each
cycle to compute the needed values of signals. The only statements allowed in a process are variable
declarations, variable assignments, IF statements and CASE statements.

As a simple example,

process {
var foo: boolean;

    foo := d1;

if c then foo := d2;endif;
}

is equivalent to the concurrent assignment

assign foo := if c then d2else d1endif;
(Of course, in this example the concurrent form is simpler than the process construct).

As a slightly more realistic example, suppose for the moment that we need to model a ripple-carry
adder in EDL, but for some reason cannot use the “+” operator:

process {
var sum(0..7):boolean;

var carry:boolean;

  carry := 0;

  %for i in 7..0step -1 do
      sum(i) := x(i) ^ y(i) ^ carry;
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      carry := (x(i) & y(i)) | (x(i) & carry) | (y(i) & carry);

  %end
}

Notethatthecarrysignalis assignedseveraltimesin theprocess,andeachstanzaof thelooprefersto
the value of carry valid for this specific stanza.  If some code outside this process refers to the carry
signal, it will refer to the ``final’’ value of carry, which in this case is the overflow bit of the adder.

It is convenient to think about processes as sequential code which is “executed” each cycle, but what
reallyhappensis thatRuleBaseanalyzestheprocessconstruct,keepingtrackof interimassignments,
and generates concurrent definitions for signals driven by the process.

Now we shall take a closer look at the building blocks of a process construct.

1.Variable declarations

Theprocessconstructshouldcontainvar declarationsfor all signalswhichareassignedwithin the
process.  Thevar declaration of each signal should appear before the first assignment to it.

2. Assignments

The three usual forms of RuleBase assignments are supported:

assign S := expr;

assignnext (S) := expr;

assigninit  (S) := expr;

S is a signal or a concatenation of signals.The keywordassign can be omitted.Define constructs
are illegal within a process.

The assignment of the first form:

   S := expr;

is similar to variable assignment of VHDL and to blocking assignment of Verilog, in that refer-
encesto Swhichare``executed’’ afterthisassignmentwill alreadyreferto thenew valueof S. For
example,

   foo := 0;

   bar := foo;

foo := 1;

will assign 0 to bar (even in spite of the fact that foo is re-assigned later on).

The assignment of the form:

next (S) := expr;

behaves more like the signal assignment of VHDL and to non-blocking assignment of Verilog, in
that it doesn’t influence the values of S which can be observed in this cycle.

next (foo) := 0;



Sequential Processes

18 of 23 EDL

   bar := foo;

will assign to bar the current-cycle value of foo, which is not necessarily 0.  The next-cycle value
of foo will be 0 (in the absense of further assigments to ``next (foo)’’ in the process).

The assignment of the form:

init (S) := expr;

is special in that it will be “executed” only in the first cycle, and will have no effect in subsequent
cycles.

3. CASE statements

case
  guard1:  stat1;

    guard2:  stat2;

    ...

    guardn:  statn;

else:  state;

esac;

Each guardi is a boolean expression.  The else clause is optional.  Each stati is either a single
assignment, or anarbitrary sequence of statements enclosed in braces.

4. IF statements.

The IF can take one of two forms:

if conditionthen
        statements;

endif;
or

if conditionthen
statements;

else
        statements;

endif;

We will conclude this section with an example of a process construct which makes use of different
statements:
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module server (start,grant)(request,done)

{

process {

var state: { idle, wait, busy };

init(state) := idle;

next(state) := state;  -- default behavior

var request, done: boolean;      -- state machine outputs

        request := false; done := false; -- their default behavior

case
            state=idle & start:

next(state) := wait;

            state=wait: {

                request := true;

if grant then
next(state) := busy;

endif;
            }

            state=busy: {

                done := {true,false};

if done then
next(state) := busy;

endif;
            }

esac;

    } -- process

} -- module
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5.0 Environment constraints

Invar, assume andrestrict are environment constructs that enable setting constraints on signals.
They let youdescribetheenvironmentby declarativemeansinsteadof giving eachsignalafunctional
behavior.

5.1  Invar

The invar statement enables you to specify a boolean invariant that you want to be true at any cycle.
In other words, it will filter out states in which the invariant does not hold.

The syntax of the invar construct is as follows:

invar <expr>

 -- Where <expr> is a boolean expression.

The boolean expression within the invar can include both environment and design signals.

Example:

Given a design with the inputs request1, request2, request3, the design should work properly only
under the constraint that at most one request can be active at any given cycle.

This can be specified by:

var request1, request2, request3: boolean;

invar (request1 + request2 + request3 <= 1)

request1, request2, request3 signals have non-deterministic behavior that obeys the above invari-
ant.

5.2  Assume

Assume can be seen as an extension of the invar construct. It enables you to write more expressive
assumptions on your model, telling RuleBase to force your model to hold those assumptions. The
assumptions are written as Sugar properties.

The syntax of the assume construct is as follows:

assume {safety_sugar_formula}

Examples:

- read and write are inputs to a design.

- read should not be followed by a write (1 or 2 cycles later).
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This can be specified by:

var read, write: boolean;
assume {AG (read -> ABG[1..2] (!write))}

Another requirement:

- The first input command must be a write

assume {write before_read}

5.3  Restrict

The restrict environment construct is used to limit the state space exploration to certain paths.   The
restrict looks like a regular expression, and its semantics resemble the semantics of regular expres-
sion. Only paths that match a prefix of the regular expression will be checked.

The syntax of therestrict construct is as follows:

restrict {regular_expression}

-- where the regular expression events can be any of the SERE events.

Example:

restrict { !read[*], read, !read[*] }

- restrict RuleBase to check only paths with at most one read command.

6.0 Linking the environment to the design

In RuleBase, the connection between the design and the environment is by name.  Thus, in order to
give behavior to an input signal of name “reset” in your design, just give a signal of that name behav-
ior in yourenvironment,usingeitherthedefinestatement(seeSection2.4),or thevar statement(see
Section2.2) in combinationwith theassignstatement(seeSection2.3). It is importantto makesure
that you are using the name of the signal exactly as RuleBase knows it (including capitalization).

7.0 Overriding Design Behavior

Theenvironmentcanbeusedto overridethebehavior of partof thedesign.To overridethebehavior
of an internal design signal, simply give it behavior using either the define statement, or the var state-
ment in combination with the assign statement, specifyingoverride as follows:



Overriding Design Behavior

22 of 23 EDL

define override sig := ...

or:

var override sig:boolean;
assign  init(sig)   := ...

            next(sig) := ...

Overriding design behavior is especially useful if we have implemented a specific behavior of a sig-
nal,but wantto makesurethedesignworksfor any behavior of thesignal. For instance,supposethat
we have a signal called “predict” that implements a complicated predict function.  Some other piece
of logic uses the “predict” signal in its calculations.  Suppose our formula is the following:

AG (predict ->AX [2] !low_priority_request)

Also suppose that this formula should be true whatever the implementation of the predict function.
We can make RuleBase’s job easier by eliminating all the logic driving “predict”, and overriding it
with a totally non-deterministic behavior, as follows:

var override predict:boolean;                -- predict can now have any behavior

7.1 Overriding initial values

Sometimes, it is necessary to override the initial value of a flip-flop in the design, without modifying
its next-state function.  In these cases specify the initial value as follows:

assign init(abc) := 1;
assign init(def) := {0,1};

The first statement above assigns an initial value of 1 to signal abc.  The second statement assigns a
non-deterministicinitial valueto signaldef. In otherwords,thevalueof signaldefatpower-on is not
known.

assign output_command :=
case

             (c1 = none) & (c2 = none):   none;
             (c1 = none):                         c2;
             (c2 = none):                         c1;

else            :                        {c1 , c2};
 esac;

}
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8.0   Fairness

Recall that thefairness statement has the following format:

fairness expression;

Themeaningof thefairness statementis thatweareinterestedonly in sequencesin whichtheexpres-
sion specified will happen infinitely often.  That is, we are not interested in input sequences in which
at some point in time the expression becomes false and stays that way forever.

8.1 Additional (advanced) fairness types

The following additional fairness types are supported:

• FG p ;
Leaves in the model only paths on which from some point onwards,p holds forever.

• FG->FG p , q ;
Leaves in the model only paths on which, if there exists a point from whichp holds forever, then
there also exists a point from whichq holds forever.

• FG->GF p , q ;
Leavesin themodelonly pathsonwhich, if thereexistsapoint from whichp holdsforever, thenq
holds infinitely often .

• GF->GF p , q ;
Leaves in the model only paths on which, ifp holds infinitely often, thenq also holds infinitely
often.


