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Abstract

The SpecC Language Reference Manual defines the syntax and the semantics of the SpecC

language.

The SpecC language is defined as extension of the ANSI-C programming language.

This document describes the SpecC constructs that were added to the ANSI-C language.

For each SpecC construct, its purpose, its syntax, and its semantics are defined. In

addition, each SpecC construct is illustrated by an example. In the Appendix, the full

SpecC grammar is included by use of an Extended Backus-Naur-Form (EBNF) notation.

1



2 CONTENTS



Chapter 1

Introduction

The SpecC language is a formal notation intended for the specification and design of digital

embedded systems including hardware and software. Built on top of the ANSI-C pro-

gramming language, the SpecC language supports concepts essential for embedded sys-

tems design, including behavioral and structural hierarchy, concurrency, communication,

synchronization, state transitions, exception handling and timing.

This document defines the syntax and the semantics of the SpecC language. Since the

SpecC language is a true superset of the ANSI-C programming language, this document

only covers the language constructs not found in ANSI-C. For detailed information about

the syntax and semantics of ANSI-C, please refer to the ISO Standard ISO/IEC 9899 [1].

Chapter 2 describes the foundation, the types, the classes, the statements, and other

constructs of the SpecC language. In addition, the complete grammar of the SpecC language

is included in Appendix A.

1.1 Brief history of the SpecC language

The first version of the SpecC language was developed in 1997 at the University of Cali-

fornia, Irvine (UCI) [2]. In the following years, research on system design with the SpecC

language was intensified at UCI and early tools including a SpecC compiler and a simulator

were implemented. Highlights of this research have been published in the first book on

SpecC, ”SpecC: Specification Language and Methodology” [3].
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At the same time, the SpecC language gained world-wide acceptance in industry, reach-

ing a major milestone in the SpecC history, the foundation of the SpecC Open Technology

Consortium (STOC) in 1999 [4]. STOC was founded with the goal of promoting the SpecC

idea by standardizing the SpecC language and establishing design guidelines, industry col-

laboration and interoperability among design tools, based on SpecC.

This document defines version 1.0 of the SpecC language standard approved by STOC.

1.2 Contributors

The contributors to this SpecC Language Reference Manual are, in alphabetical order:

Rainer Dömer

Daniel Gajski

Andreas Gerstlauer

Shuqing Zhao

Jianwen Zhu



Chapter 2

SpecC Language

2.1 ANSI-C Basis

The SpecC language is based on the ANSI-C programming language as defined in ISO

Standard ISO/IEC 9899 [1].

Unless specified otherwise in this document, the syntax and semantic rules specified for

ANSI-C are also valid for SpecC. Also, the SpecC constructs described in this document are

intended as straightforward extensions, to which the usual ANSI-C semantics are applied,

whenever possible.

2.1.1 Array assignment

In contrast to ANSI-C, the SpecC language allows the assignment of variables of array type.

Syntactically, such array assignment is specified in the same manner as basic variables are

assigned.

The assignment of a whole array is equivalent to the assignment of every element in the

source array to the element with the same index (or indices in case of multi-dimensional

arrays) in the target array.

For array assignments, the target and source arrays must have the same type and the

same dimensions. As the result of an array assignment, the target array will have the same

contents as the source array.
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Example:

1 i n t a [ 10 ] ,
2 b [ 10 ] ;
3 double c [ 3 ] [ 3 ] ,
4 d [ 3 ] [ 3 ] ;
5

6 void f ( void )
7 f
8 a = b ; / / array ass ignment
9 c = d ; / / array ass ignment

10 g

2.1.2 Variable initialization

In contrast to ANSI-C, the SpecC language initializes every variable that is statically de-

clared in the SpecC description. Unless a static variable has an explicit initializer specified

by the user, the variable is implicitly initialized with zero (while it would be uninitialized

in ANSI-C).

Example:

1 i n t a = 0 , / / e x p l i c i t l y i n i t i a l i z e d to 0
2 b ; / / i m p l i c i t l y i n i t i a l i z e d to 0
3 char c ; / / i m p l i c i t l y i n i t i a l i z e d to ’n 000 ’
4 f l o a t d ; / / i m p l i c i t l y i n i t i a l i z e d to 0 . 0f
5 void �e ; / / i m p l i c i t l y i n i t i a l i z e d to 0 ( NULL)
6 long f [ 2 ] ; / / i m p l i c i t l y i n i t i a l i z e d to f 0l , 0 l g
7

8 void f ( void )
9 f

10 i n t x ; / / u n i n i t i a l i z e d
11 s t a t i c in t y ; / / i n i t i a l i z e d to 0
12

13 . . .
14 g
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2.2 SpecC Types

2.2.1 Boolean Type

Purpose: Explicit support of the Boolean data type

Synopsis:

basic type name =
. . .
j bool

constant =
. . .
j fa lse
j true

Semantics:

(a) A Boolean value, of typebool, can have only one of two values:true or false.

(b) It can be used to express the result of logical operations (e. g.<, >, ==, etc.).

(c) If converted (implicitly or explicitly) to an integer type,true becomes 1 andfalse

becomes 0.

Example:

1 bool f ( bool b1 , i n t a )
2 f
3 bool b2 ;
4

5 i f ( b1 == t rue )
6 f b2 = b1 j j ( a > 0 ) ;
7 g
8 e l s e
9 f b2 = ! b1 ;

10 g
11 return ( b2 ) ;
12 g
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Notes:

i. A boolean type cannot besignedor unsigned.

ii. The typebool in SpecC is equivalent to the typebool in C++.
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2.2.2 Long Long Type

Purpose: Explicit support of a high precision integer data type

Synopsis:

dec in tege r l l fdecintegerg[ lL ] [ lL ]
o c t i n t e g e r l l foct in tegerg[ lL ] [ lL ]
hex in tege r l l fhexintegerg[ lL ] [ lL ]
dec in tege ru l l fdecintegerg( [ uU] [ lL ] [ lL ] j [ lL ] [ lL ] [ uU])
o c t i n t e g e r u l l foct in tegerg( [ uU] [ lL ] [ lL ] j [ lL ] [ lL ] [ uU])
hex in tege ru l l fhexintegerg( [ uU] [ lL ] [ lL ] j [ lL ] [ lL ] [ uU])

basic type name =
int
j long
. . .

b a s i c t y p e s p e c i f i e r =
basic type name
j b a s i c t y p e s p e c i f i e r basictype name
. . .

constant =
. . .
j i n teger

Semantics:

(a) An integer literal of typesigned long longis specified with a suffixll , where the

suffix is case-insensitive.

(b) An integer literal of typeunsigned long longis specified with a suffixull or llu ,

where the suffix is case-insensitive.

(c) Thelong long type is an integer type with high precision. Its precision is equal to or

higher than the precision of thelong int type.

(d) The usual promotion and conversion rules apply.
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Example:

1 bool Boolean ; / / 1 b i t
2 / / [ f a l s e =0 , t rue =1 ]
3 char Charac te r ; / / 8 b i t , s igned
4 / / [ � 128 , 127 ]
5 unsigned char UCharac ter ; / / 8 b i t , uns igned
6 / / [ 0 , 255 ]
7 shor t Shor t ; / / 16 b i t , s igned
8 / / [ � 32768 , 32767 ]
9 unsigned shor t UShort ; / / 16 b i t , uns igned

10 / / [ 0 , 65535 ]
11 i n t I n t e g e r ; / / 32 b i t , s igned
12 / / [ � 2147483648 , 2147483647 ]
13 unsigned in t UIn teger ; / / 32 b i t , uns igned
14 / / [ 0 , 4294967295 ]
15 long Long ; / / 32 b i t , s igned
16 / / [ � 2147483648 , 2147483647 ]
17 unsigned long ULong ; / / 32 b i t , uns igned
18 / / [ 0 , 4294967295 ]
19 long long LongLong ; / / 64 b i t , s igned
20 / / [ � 9223372036854775808 ,9223372036854775807 ]
21 unsigned long long ULongLong ; / / 64 b i t , uns igned
22 / / [ 0 , 18446744073709551615 ]
23 g

Notes:

i. The example shows the standard integral types of the SpecC language and their typi-

cal storage sizes and value ranges.
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2.2.3 Bitvector Type

Purpose: Explicit support for bitvectors of arbitrary length

Synopsis:

b ind ig i t [ 01 ]
binary fb ind ig i t g+
b i t vec to r fbinaryg[bB]
b i tvec to r u fbinaryg( [ uU] [ bB] j [ bB] [ uU])

basic type name =
. . .
j bit ’ [ ’ constan t express ion ’ : ’ constan texpress ion ’ ] ’
j bit ’ [ ’ constan t express ion ’ ] ’

constant =
. . .
j b i t vec to r
j b i tvec to r u

post f i x express ion =
. . .
j post f i x express ion ’ [ ’ commaexpression ’ ] ’
j post f i x express ion ’ [ ’ constan texpress ion ’ : ’

constan texpress ion ’ ] ’

concat expression =
cast express ion
j concat expression ’@’ castexpress ion

Semantics:

(a) A bitvectorbit [l : r] represents an integral data type of arbitrary precision (length).

The length of a bitvector is determined by the difference of its left and right bounds:

length(bv) = abs(le f t(bv)� right(bv)+1).

(b) As a short-cut, the typebit [length] is equivalent tobit [l : r], wherel = length�1 and

r = 0.
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(c) The left and right bounds,l andr, of a bitvector are specified at the time of declaration

and must be constant expressions evaluatable at compile time. The same applies to

length, for the short declaration.

(d) A bitvector is eithersigned(default) orunsigned.

(e) A bitvector can be used as any other integral type in expressions (for example, type

int is equivalent to typebit [sizeo f(int)�8�1 : 0]).

(f) Implicit promotion from (unsigned) int , (unsigned) long, or (unsigned) long long

to bitvector is performed when necessary.

(g) Automatic conversion (signed/unsigned extension or truncation) is supported as with

any other integral type.

(h) Bitvector constants are noted as a sequence of zeros and ones directly followed by a

suffix u or ub indicating the bitvector type (see the synopsis and example).

(i) In addition to all standard C operations, a concatenation operation, noted as @, and a

slicing operation, noted as[lb : rb], are supported (see lines 9 and 11 in the example).

Both operations can be applied to bitvectors as well as to any other integral type

(which will be treated as bitvector of suitable length).

(j) A bit-access operation, noted as[b] (same as the array access operator), is provided

as a short-hand for accessing a single bit ([b : b]) of a bitvector. The result type of this

operation isunsigned bit[0 : 0].

(k) The slicing operation requires the left and right bounds to be constant expressions

which can be evaluated at compile time. This restriction does not apply to the single

bit access.

Example:

1 t ypedef b i t [ 3 : 0 ] n i b b l e t y p e ;
2 n i b b l e t y p e a ;
3 unsigned b i t [ 15 : 0 ] c ;
4
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5 void f ( n i b b l e t y p e b , b i t [ 16 : 1 ] d )
6 f
7 a = 1101B ; / / b i t v e c t o r ass ignment
8 c = 1110001111100011ub ;
9 c [ 7 : 4 ] = a ; / / b i t s l i c e ass ignment

10

11 b = c [ 2 : 5 ] ; / / b i t v e c t o r s l i c i n g
12 c [ 0 ] = c [ 16 ] ; / / s i n g l e b i t access
13 d = a @ b @ c [ 0 : 15 ] ; / / b i t v e c t o r c o n c a t e n a t i o n
14 b += 42 + a � 12 ; / / a r i t h m e t i c o p e r a t i o n s
15 d = ˜ ( b j 10101010B ) ; / / l o g i c o p e r a t i o n s
16 g

Notes:

i. A bitvector can be thought of as a parameterized type whose bounds are defined with

the name of the type.

ii. The length of any bitvector expression is always known at compile time. This is

important for synthesis.

iii. Typically, no explicit type casting is necessary for operations on bitvectors.

iv. Special mapping rules apply to ports of bitvector type, see Section 2.3.5.
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2.2.4 Long Double Type

Purpose: Explicit support of a high precision floating point data type

Synopsis:

d ig i t [ 0�9]
in teger fd ig i t g+
exponent [ eE][+�]?f i n tegerg
f r ac t i on f i n tegerg
f loa t1 f i n tegerg ” . ” f f r ac t i ong?(f exponentg)?
f loa t2 ” . ” f f r ac t i ong(f exponentg)?
f loa t3 f i n tegergfexponentg
f l oa t i ng f f loa t1 gjf f loa t2 gjf f loa t3g
f l o a t f f f l oa t i ng g[ fF ]
f l o a t l f f l oa t i ng g[ lL ]

basic type name =
. . .
j long
j double
. . .

b a s i c t y p e s p e c i f i e r =
basic type name
j b a s i c t y p e s p e c i f i e r basictype name
. . .

constant =
. . .
j f l oa t i ng

Semantics:

(a) A floating point literal can be attached the suffixl , specifying it as typelong double.

The suffix is case-insensitive.

(b) The long double type is a floating point type with high precision. Its precision is

equal to or higher than the precision of thedouble type.

(c) The usual promotion and conversion rules apply.
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Example:

1 f l o a t F loa t ; / / 32 b i t
2 double Double ; / / 64 b i t
3 long double LongDouble ; / / 96 b i t
4 g

Notes:

i. The example shows the standard floating point types of the SpecC language and their

typical storage sizes.

ii. The typelong double in SpecC is equivalent to the typelong double in C++.
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2.2.5 Event Type

Purpose: Events serve as a mechanism for synchronization and exception handling

Synopsis:

basic type name =
. . .
j event

wai t s tatement =
wait pa ren even t l i s t ’ ; ’

no t i f y s ta tement =
not i fy pa ren even t l i s t ’ ; ’
j notifyone pa ren even t l i s t ’ ; ’

Semantics:

(a) The typeevent is a special type that enables SpecC to support exception handling

and synchronization of concurrently executing behaviors.

(b) An event doesnot have a value. Therefore, an event must not be used in any expres-

sion.

(c) Events can only be used with thewait andnotify statements (see the example and

Section 2.4.5), or with thetry -trap -interrupt construct described in Section 2.4.6.

Example:

1 i n t d ;
2 event e ;
3

4 void send (i n t x )
5 f
6 d = x ;
7 no t i f y e ;
8 g
9

10 i n t r e c e i v e (void )
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11 f
12 wait e ;
13 return ( d ) ;
14 g

Notes:
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2.2.6 Time Type

Purpose: Specification of simulation time

Synopsis:

wai t fo r s ta tement =
waitfor time ’ ; ’

cons t ra in t =
range ’ ( ’ any name ’ ; ’ any name ’ ; ’ t ime opt ’ ; ’ t ime opt ’ ) ’ ’ ; ’

t ime opt =
<nothing>
j time

time =
constan texpress ion

Semantics:

(a) The time type represents the type of the simulation time. Time is not an explicit type.

It is an implementation dependent integral type (for example,unsigned long long).

(b) The time type is used only with thewaitfor statement and withrange statements in

thedo-timing construct (see Section 2.4.7).

Example:

1 event SystemClock ;
2 const long long CycleTime = 10 ; / / 10ns = 100MHz
3

4 void ClockDr iver (void )
5 f
6 whi le ( t rue )
7 f no t i f y SystemClock ;
8 wai t fo r ( CycleTime ) ;
9 g

10 g

Notes:
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2.3 SpecC Classes

2.3.1 Behavior Class

Purpose: Active object for specification of behavior; container for computation

Synopsis:

behav io r dec la ra t ion =
behav io r spec i f i e r p o r t l i s t o p t imp lementsin te r face op t ’ ; ’

behav io r de f i n i t i on =
behav io r spec i f i e r p o r t l i s t o p t imp lementsin te r face op t

’ f ’ i n t e r n a l d e f i n i t i o n l i s t o p t ’ g ’ ’ ; ’

behav io r spec i f i e r =
behavior i d e n t i f i e r

imp lementsin te r face op t =
<nothing>
j implements i n t e r f a c e l i s t

i n t e r f a c e l i s t =
in ter face name
j i n t e r f a c e l i s t ’ , ’ in ter face name

pr imary expression =
. . .
j th is

Semantics:

(a) In SpecC, the functionality of a system is described by a hierarchical network of

behaviors. Abehavior declaration is a class declaration that consists of an optional

set of ports and an optional set of implemented interfaces.

(b) A behavior definition contains a body that consists of an optional set of instantiations,

an optional set of local variables and methods, and a mandatorymain method.

(c) Through its ports, a behavior can communicate with other behaviors. This is de-

scribed in detail in Section 2.3.4.



20 CHAPTER 2. SPECC LANGUAGE

(d) A behavior can implement a list of interfaces, as described with the channel construct

in Section 2.3.2.

(e) A behavior that implements an interface, can refer back to itself by use of thethis

keyword. this can only be used inside a behavior body and the type ofthis is the

behavior type.this can be passed as an argument to a function or method. In this

case, the type of the function of method parameter must be the interface type imple-

memented by the behavior.

(f) All methods declared in a behavior are private, except themain method and methods

implemented for interfaces.

(g) A behavior is called a composite behavior if it contains instantiations of other behav-

iors (as described in Section 2.3.5). Otherwise, it is called a leaf behavior.

(h) Themain method of a behavior is called whenever an instantiated behavior is exe-

cuted. Also, the completion of themain method determines the completion of the

execution of the behavior.

(i) A behavior is compatible with another behavior if the number and the types of the

behavior ports and the implemented interfaces match.

(j) A behavior definition requires that all interfaces implemented by the behavior are

defined (have a body).

(k) A SpecC program starts with the execution of themain method of theMain behav-

ior.

Example:

1 behavior B ( in i n t p1 , out in t p2 )
2 f
3 i n t a , b ;
4

5 i n t f ( i n t x )
6 f
7 return ( x � x ) ;
8 g
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9

10 void main (void )
11 f
12 a = p1 ; / / read data from inpu t por t
13 b = f ( a ) ; / / compute
14 p2 = b ; / / ou tpu t to ou tpu t por t
15 g
16 g ;

Notes:

i. The example shows a simple leaf behavior. For typical composite behaviors, please

refer to Sections 2.4.1 to 2.4.6.

ii. Local variables and methods, asa, b, and f in the example, can be used to conve-

niently program the functionality of a behavior.

iii. Please note that, althoughmain andMain are recognized by the SpecC compiler as

names denoting the start of the program and start of a behavior, these names are not

keywords of the SpecC language.

iv. Declarations of behaviors are sufficient to determine compatibility of the behaviors.

Full definitions are not needed. This is important for reuse of IP and ”plug-and-play”.

v. The behaviorMain usually is a composite behavior containing the testbench for the

design as well as the instantiation of the actual design specification.

vi. Behaviors that implement interfaces are rarely used. Implemented interfaces for be-

haviors are only useful for communication schemes that involve call-backs. For call-

back communication, the channel implementing the communication protocol, can

call back methods provided by the behavior that called the channel. In order to en-

able the channel to call-back the behavior, the channel needs to have a ”pointer” to

the behavior. This pointer is passed to the communication function as an argument

of interface type. The argument is set by the behavior implementing the call-back by

use of thethis keyword.

vii. Note that the type ofthis in SpecC is a behavior, not a pointer.
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2.3.2 Channel Class

Purpose: Passive object for specification of protocols; container for communication

Synopsis:

channe l dec la ra t ion =
channe l spec i f i e r p o r t l i s t o p t imp lementsin te r face op t ’ ; ’

channe l de f i n i t i on =
channe l spec i f i e r p o r t l i s t o p t imp lementsin te r face op t

’ f ’ i n t e r n a l d e f i n i t i o n l i s t o p t ’ g ’ ’ ; ’

channe l spec i f i e r =
channel i d e n t i f i e r

imp lementsin te r face op t =
<nothing>
j implements i n t e r f a c e l i s t

i n t e r f a c e l i s t =
in ter face name
j i n t e r f a c e l i s t ’ , ’ in ter face name

Semantics:

(a) Communication between behaviors should be encapsulated in channels. Achannel

declaration is a class declaration that consists of an optional set of ports and an op-

tional set of implemented interfaces.

(b) A channel definition contains the channels body which consists of an optional list of

instantiations and an optional set of local variables and methods.

(c) A channel can include a list of ports through which it can communicate with other

channels or behaviors. Ports are described in detail in Section 2.3.4.

(d) A channel is called a hierarchical channel if it contains instantiations of other chan-

nels (as described in Section 2.3.5).

(e) A channel is called a wrapper if it instantiates behaviors.
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(f) Variables and methods defined in a channel cannot be accessed from the outside (in

contrast to members of structures), unless through implemented interfaces.

(g) By use of implemented interfaces (see Section 2.3.3), a subset of the internal methods

can be made accessable.

(h) Theimplementskeyword declares the list of interfaces that are implemented by the

channel.

(i) All the methods of the implemented interfaces must be defined inside the channel. A

channel definition (a channel with body) requires that all implemented interfaces are

definitions (have a body).

(j) A channel is compatible with another channel if the number and the types of the

channel ports, and the list of the implemented interfaces match.

(k) Methods encapsulated in channels are executed in non-preemptive (atomic) manner.

A thread executing a channel method is guaranteed not to be interrupted by other

threads, unless it is waiting for an event (at await statement) or waiting for simulation

time increase (at awaitfor statement). Also, atomic execution does not apply to

functions or methods called from a channel method, unless a method in a channel

(that is atomic itself) is called.

Example:

1 i n t e r f a c e I ;
2

3 channel C ( void ) implements I
4 f
5 i n t data ;
6

7 void send (i n t x )
8 f
9 data = x ;

10 g
11

12 i n t r e c e i v e (void )
13 f
14 return ( da ta ) ;
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15 g
16 g ;

Notes:

i. The example above shows a simple channel providing a simple communication pro-

tocol via an encapsulated integer variable.
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2.3.3 Interface Class

Purpose: Link between behaviors and channels; support for reuse of IP and ”plug-and-

play”

Synopsis:

i n t e r f a c e d e c l a r a t i o n =
i n t e r f a c e s p e c i f i e r ’ ; ’

i n t e r f a c e d e f i n i t i o n =
i n t e r f a c e s p e c i f i e r ’f ’ i n t e r n a l d e c l a r a t i o n l i s t o p t ’ g ’ ’ ; ’

i n t e r f a c e s p e c i f i e r =
in ter face i d e n t i f i e r

i n t e r n a l d e c l a r a t i o n l i s t o p t =
<nothing>
j i n t e r n a l d e c l a r a t i o n
j i n t e r n a l d e c l a r a t i o n l i s t i n t e r n a l d e c l a r a t i o n

i n t e r n a l d e c l a r a t i o n =
dec la ra t ion
j no te de f i n i t i on

Semantics:

(a) An interface is a class that consists of a set of method declarations. The method def-

initions for these declarations are supplied by a channel or behavior thatimplements

the interface.

(b) A behavior or channel can have ports of interface type. Via such an interface port,

the behavior or channel can call the communication methods declared in that inter-

face. The actual channel or behavior performing these methods is determined by the

mapping of the interface port.

(c) For each interface, multiple channels can provide an implementation of the declared

communication methods. However, each channel must provide all methods declared

in the interface.
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(d) Any channel implementing a specific interface can be connected to a behavior or

channel port of the interface type when the behavior of channel is instantiated (see

Section 2.3.5).

Example:

1 i n t e r f a c e I
2 f
3 void send (i n t x ) ;
4 i n t r e c e i v e (void ) ;
5 g ;
6

7 i n t e r f a c e I4B
8 f
9 i n t get word ( void ) ;

10 void put word ( i n t d ) ;
11 g ;
12

13 i n t e r f a c e I4C
14 f
15 void send b lock ( I4B b ) ;
16 void r e c e i v e b l o c k ( I4B b ) ;
17 g ;

Notes:

i. Interfaces can be used to connect behaviors with channels in a way so that both, the

behaviors and the channels, are easily interchangable with compatible components

(”plug-and-play”).

ii. The example shows theinterface I which declares thesendandreceivemethods for

the channelC in the example from Section 2.3.2.

iii. The interfacesI4C and I4B in the example can be used to define a communication

scheme involving call-backs. Assuming, there is a behaviorB implementing inter-

face I4B and a channelC implementing interfaceI4C, the communication protocol

is initiated by the behaviorB with a call tosendblock or receiveblock, where the
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behaviorB supplies itself as an argument by use of the keywordthis. These meth-

ods, implemented in the channelC, can then call-back the methodsget word and

put word in order to get or store the data word by word.
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2.3.4 Ports

Purpose: Specification of connectors of behaviors and channels

Synopsis:

p o r t l i s t o p t =
<nothing>
j ’ ( ’ ’ ) ’
j ’ ( ’ p o r t l i s t ’ ) ’

p o r t l i s t =
po r t dec la ra t i on
j p o r t l i s t ’ , ’ po r t dec la ra t i on

po r t dec la ra t i on =
po r t d i r ec t i on parameterdec la ra t ion
j i n te r face parameter

po r t d i rec t i on =
<nothing>
j in
j out
j inout

i n te r face parameter =
in ter face name
j in ter face name i d e n t i f i e r

Semantics:

(a) Behavior and channel classes can have a list of ports through which they communi-

cate. These ports are defined with the definition of the behavior or channel they are

attached to (exactly like function parameters are defined with the function definition).

(b) A port can be one of two types: standard or interface type. A standard type port can

be of any SpecC type, but includes the ports direction as an additional type modifier.

(c) A port direction can bein, out, or inout, and is handled as an access restriction to

that port.
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(d) An in port allows only read access from inside the class (write access from the out-

side).

(e) Anout port only allows write access from the inside (read access from the outside).

(f) An inout port can be accessed bi-directionally.

(g) For ports of event type, read access is towait on the event, write access is tonotify

the event.

(h) As a shortcut, a port without any direction modifier is considered aninout port.

(i) On the other hand, an interface type port enables access to the methods of that in-

terface class. Via such a port, a behavior or a channel can call any of the methods

declared in the interface.

Example:

1 i n t e r f a c e I ;
2

3 behavior B1 ( in i n t p1 , out in t p2 , in event c lk ) ;
4

5 behavior B2 ( I i , inout event c lk ) ;
6

7 channel C ( inout bool f ) implements I ;

Notes:
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2.3.5 Class Instantiation

Purpose: Specification of structural hierarchy and connectivity among behaviors and

channels

Synopsis:

i n s t a n c e d e c l a r i n g l i s t =
behavior or channel i ns tancedec la ra to r
j i n s t a n c e d e c l a r i n g l i s t ’ , ’ i ns tance dec la ra to r

i ns tance dec la ra to r =
i d e n t i f i e r por t mapp ing l is t op t

behavior or channel =
behavior name
j channelname

por t mapp ing l is t op t =
<nothing>
j ’ ( ’ po r t mapp ing l is t ’ ) ’

po r t mapp ing l is t =
port mapping opt
j por t mapp ing l is t ’ , ’ port mapping opt

port mapping opt =
<nothing>
j port mapping

port mapping =
b i t s l i c e
j port mapping ’@’ b i t s l i c e

b i t s l i c e =
constant
j i d e n t i f i e r
j i d e n t i f i e r ’ [ ’ constan t express ion ’ : ’ constan texpress ion ’ ] ’
j i d e n t i f i e r ’ [ ’ constan t express ion ’ ] ’

Semantics:
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(a) SpecC supports structural hierarchy by allowing child behaviors and child channels

to be instantiated as components inside compound behaviors and channels. The in-

stantiation of behaviors and channels also defines the connectivity of the instantiated

components.

(b) A class instantiation defines connections to ports by use of a port mapping list. The

port mapping list is left out if the class has no ports.

(c) In the port mapping list, each port of the instantiated class is mapped onto a corre-

sponding constant, variable or port of compatible type, or is left open.

(d) A port mapping to a constant is only allowed forin ports.

(e) An open port mapping is only allowed forout ports.

(f) Ports of interface type must be mapped onto a channel or behavior that implements

the interface, or another port of the same type.

(g) The port type must match the type of the mapped constant, variable or port, in the

same way as the types of arguments to a function call must match the types of the

function parameters.

(h) As a special case, a port of bitvector type can be connected to a list of concatenated

bitslices. In this case the connection restrictions listed above apply accordingly for

each single bit of the bitvector.

(i) Concatenation and bit slicing must not be used for port mappings of non-bitvector

type.

Example:

1 i n t e r f a c e I ;
2 channel C ( inout bool f ) implements I ;
3 behavior B1 ( in i n t p1 , out b i t [ 7 : 0 ] p2 , in event c lk ) ;
4 behavior B2 ( I i , out event c lk ) ;
5 behavior Adder8 (in b i t [ 8 ] a , in b i t [ 8 ] b , in b i t [ 1 ] c a r r y i n ,
6 out b i t [ 8 ] sum , out b i t [ 1 ] c a r r y o u t ) ;
7
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8 behavior B ( b i t [ 7 : 0 ] bus1 , b i t [ 15 : 0 ] bus2 )
9 f

10 bool b ;
11 i n t i ;
12 event e ;
13 b i t [ 8 ] a , b , sum ;
14

15 C c ( b ) ; / / i n s t a n t i a t e c as channe l C
16 B1 b1 ( i , bus1 , e ) , / / i n s t a n t i a t e b1 and b3 as behav io r B1
17 b3 ( i , bus2 [ 15 : 8 ] , e ) ;
18 B2 b2 ( c , e ) ; / / i n s t a n t i a t e b2 as behav io r B2
19 Adder8 a8 ( a , b , 0b , / / c o n s t a n t mapping
20 sum ,
21 /� open� / ) ; / / open mapping
22 g ;

Notes:

i. For bitvector ports, a port of typebit [15 : 0] can be mapped onto two adjacent busses

a[7 : 0]@b[0 : 7], for example.

ii. The example above contains five class instantiations. In line 15, a channelc is instan-

tiated as type channelC. Its only port of typebool is mapped to the Boolean variable

b.

iii. Lines 16 and 17 instantiate two behaviorsb1 andb3 (of type behaviorB1) which are

both connected to integeri and evente. The second port ofb1 is connected tobus1

(the first port ofB), whereas the second port ofb3 is mapped to the higher bits of

bus2.

iv. In line 18,b2 is instantiated as aB2 type behavior. Its ports are mapped to the channel

c (instantiated in line 15) and evente.

v. In line 19, an addera8 is instantiated, addinga and b to sum. Its carry input is

connected to zero (hardwired to GND), its carry output is left open (unused).
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2.4 SpecC Statements

2.4.1 Sequential Execution

Purpose: Specification of sequential control flow

Synopsis:

statement =
labe led s ta tement
j compoundstatement
j express ions ta tement
j se lec t i on s ta temen t
j i t e r a t i o n s t a t e m e n t
j jump statement
j spec c statement

spec c statement =
concur rents ta tement
j fsm statement
j except ion statement
j t iming statement
j wai t s tatement
j wai t fo r s ta tement
j not i f y s ta tement

Semantics:

(a) Sequential execution of statements and behaviors is the same as in standard C. The

sequential control flow can be programmed using the standard C constructsif -then-

else, switch-case, goto, for , while, etc.

Example:

1 behavior B;
2

3 behavior B seq (void )
4 f
5 B b1 , b2 , b3 ;
6

7 void main (void )
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8 f
9 b1 . main ( ) ;

10 b2 . main ( ) ;
11 b3 . main ( ) ;
12 g
13 g ;

Notes:

i. The example above shows the trivial case of sequential, unconditional execution of

three behaviors,b1, b2 andb3.
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2.4.2 Parallel Execution

Purpose: Specification of concurrency

Synopsis:

concur rents ta tement =
. . .
j par compoundstatement

compoundstatement =
’ f ’ ’ g ’
j ’ f ’ d e c l a r a t i o n l i s t ’ g ’
j ’ f ’ s t a t e m e n t l i s t ’ g ’
j ’ f ’ d e c l a r a t i o n l i s t s t a t e m e n tl i s t ’ g ’

Semantics:

(a) Concurrent execution of behaviors can be specified with thepar statement.

(b) Every statement in the compound statement block following thepar keyword forms

a new thread of control and is executed in parallel.

(c) When executed in the simulator, the order of execution for the parallel threads is

undefined (i.e. any order is possible, including interleaved execution).

(d) The execution of thepar statement completes when each thread of control has fin-

ished its execution.

(e) The statements in the compound statement block are limited to function calls tomain

methods of behaviors. No other statement is allowed.

Example:

1 behavior B;
2

3 behavior B par (void )
4 f
5 B b1 , b2 , b3 ;
6
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7 void main (void )
8 f
9 par f b1 . main ( ) ;

10 b2 . main ( ) ;
11 b3 . main ( ) ;
12 g
13 g
14 g ;

Notes:

i. Note that in simulation, concurrent threads of control are probably not really executed

in parallel. Instead, the scheduler, which is part of the simulation run-time system,

always executes one thread at a time and decides when to suspend and when to resume

a thread depending on simulation time advance and synchronization points.

ii. The threads in apar statement may be executed by a thread implementation with

preemption. In other words, the order in which the simulator executes the threads,

or portions of the threads, is undefined and no assumption on the order should be

made. In case a specific order is desired, this must be specified by use of explicit

synchronization or communication.

iii. Concurrent execution is used in the behavioral hierarchy in order to execute instanti-

ated behaviors in parallel. This is shown in the example above where the behaviors

b1, b2 andb3 are running concurrently. The compound behaviorB par finishes when

b1, b2 andb3 have completed.
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2.4.3 Pipelined Execution

Purpose: Explicit support for specification of pipelining

Synopsis:

s to rage c lass =
. . .
j piped
j s to rage c lass piped

concur rents ta tement =
. . .
j pipe compoundstatement
j pipe ’ ( ’ comma expressionopt ’ ; ’ comma expressionopt

’ ; ’ comma expressionopt ’ ) ’ compound statement

compoundstatement =
’ f ’ ’ g ’
j ’ f ’ d e c l a r a t i o n l i s t ’ g ’
j ’ f ’ s t a t e m e n t l i s t ’ g ’
j ’ f ’ d e c l a r a t i o n l i s t s t a t e m e n tl i s t ’ g ’

Semantics:

(a) Pipelined execution, specified by thepipe statement, is a special form of concur-

rent execution. As the threads in apar statement, all statements in the compound

statement block after thepipe keyword form a new thread of control.

(b) The threads in apipe statement represent pipeline stages and are executed in

pipelined fashion. Each stage runs in parallel to the others, but works on different

sets of data.

(c) In its first form, without the arguments, thepipe statement never finishes (except

through abortion which is described in Section 2.4.6). In other words, the unspecified

condition is assumed to be constantfalse, thus, the pipeline never reaches the flushing

state.

(d) In its second form, the optional expressions specify the number of iterations the

pipeline is executed. The expressions are used in the same fashion as with thefor
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statement. The first expression is is evaluated before the pipeline execution as an

initializer. The second expression is the termination condition that is evaluated at the

beginning of each iteration. If it evaluates totrue, the pipeline execution is contin-

ued, otherwise the pipeline is flushed. The third expression is evaluated once in each

iteration, typically used in order to increment the iteration counter.

(e) Each state in the pipeline is executed the same number of times.

(f) In a pipeline withn stages, then-th behavior is executed for the first time aftern�1

iterations of the first stage.

(g) When the termination condition becomesfalse, then-th stage of the pipeline is exe-

cuted forn�1 more iterations.

(h) In order to support buffered communication in pipelines, thepiped storage class can

be used for variables connecting pipeline stages. A variable withpiped storage class

can be thought of as a variable with two storages. Write access always writes to the

first storage, read access reads from the second storage.

(i) For apiped variable, the contents of the first storage are shifted to the second storage

whenever a new iteration starts in the pipeline.

(j) The piped storage class can be specifiedn times defining a variable withn buffers.

This can be used to transfer data overn stages synchronously with the pipeline.

(k) The statements in the compound statement block are limited to function calls tomain

methods of behaviors. No other statement is allowed.

Example:

1 behavior B( in i n t p1 , out in t p2 ) ;
2

3 behavior B pipe ( in i n t a , out in t b )
4 f
5 i n t x ;
6 piped in t y ;
7 B b1 ( a , x ) ,
8 b2 ( x , y ) ,
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9 b3 ( y , b ) ;
10

11 void main (void )
12 f i n t i ;
13 pipe ( i =0 ; i<10 ; i ++)
14 f b1 . main ( ) ;
15 b2 . main ( ) ;
16 b3 . main ( ) ;
17 g
18 g
19 g ;

Notes:

i. In the example, the behaviorsb1, b2 andb3 form a pipeline of behaviors. In the

first iteration, onlyb1 is executed. Whenb1 finishes the second iteration starts and

b1 andb2 are executed in parallel (as with thepar statement). In the third iteration,

after b1 andb2 have completed,b3 is executed in parallel withb1 andb2. Every

following iteration is the same as the third iteration, until the termination condition

i < 10 becomes false. Then,b2 andb3 are executed in parallel one more time, and

finally only b3 is executed once.

ii. In the example,x is a standard variable connectingb1 (pipeline stage 1) withb2

(stage 2). This variable is not buffered, in other words, every access from stage 1 is

immediately visible in stage 2. On the other hand, variabley connectingb2 andb3

is buffered. A result that is computed by behaviorb2 and stored iny is available for

processing byb3 in the next iteration whenb2 already produces new data.
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2.4.4 Finite State Machine Execution

Purpose: Explicit support for specification of finite state machines and state transitions

Synopsis:

fsm statement =
fsm ’ f ’ ’ g ’
j fsm ’ f ’ t r a n s i t i o n l i s t ’ g ’

t r a n s i t i o n l i s t =
t r a n s i t i o n
j t r a n s i t i o n l i s t t r a n s i t i o n

t r a n s i t i o n =
i d e n t i f i e r ’ : ’
j i d e n t i f i e r ’ : ’ cond branch l is t
j i d e n t i f i e r ’ : ’ ’ f ’ ’ g ’
j i d e n t i f i e r ’ : ’ ’ f ’ cond branch l is t ’ g ’

cond branch l is t =
cond branch
j cond branch l is t cond branch

cond branch =
i f ’ ( ’ comma expression ’ ) ’ goto i d e n t i f i e r ’ ; ’
j goto i d e n t i f i e r ’ ; ’
j i f ’ ( ’ comma expression ’ ) ’ break ’ ; ’
j break ’ ; ’

Semantics:

(a) Finite State Machine (FSM) execution is a special form of sequential execution which

allows explicit specification of state transitions. Both Mealy and Moore type finite

state machines can be modeled with thefsm construct.

(b) As shown in the synopsis section above, thefsm construct specifies a list of state

transitions where the states are instantiated behaviors.

(c) A state transition is a triplehcurrent state;condition;next statei. Thecurrent state

and thenext state take the form of labels and denote behavior instances. The
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condition is an expression which has to be evaluated totrue for the transition to

become valid.

(d) Each behavior instance must be listed exctly once in the list as a current behavior

(every label may only appear once).

(e) The transition condition is optional. If it is left out, it defaults totrue.

(f) As a special form of the next state, abreak statement terminates the execution of the

fsm construct.

(g) The execution of afsm construct starts with the execution of the first behavior that

is listed in the transition list. Once the behavior has finished, its state transitions

determine the next behavior to be executed.

(h) The conditions of the transitions are evaluated in the order they are specified, and as

soon as one condition becomestrue the specified next behavior is started.

(i) If none of the conditions is true, the next behavior defaults to the following behavior

instance listed (similar to acasestatement withoutbreak). If there is no following

instance, thefsm construct terminates (as if it had reached abreak statement).

Example:

1 behavior B;
2

3 behavior B fsm ( in i n t a , in i n t b )
4 f
5 B b1 , b2 , b3 ;
6

7 void main (void )
8 f
9 fsm f b1 : f i f ( b < 0 ) break ;

10 i f ( b >= 0 ) goto b2 ;
11 g
12 b2 : f i f ( a > 0 ) goto b1 ;
13 goto b3 ;
14 g
15 b3 : f break ;
16 g
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17 g
18 g
19 g ;

Notes:

i. Note that the body of thefsm construct does not allow arbitrary statements. As

specified in the synopsis section, the grammar limits the state transitions to well-

defined triples.



2.4. SPECC STATEMENTS 43

2.4.5 Synchronization

Purpose: Support for synchronization of concurrent threads

Synopsis:

wai t s tatement =
wait pa ren even t l i s t ’ ; ’

no t i f y s ta tement =
not i fy pa ren even t l i s t ’ ; ’
j notifyone pa ren even t l i s t ’ ; ’

pa ren even t l i s t =
e v e n t l i s t
j ’ ( ’ e v e n t l i s t ’ ) ’

e v e n t l i s t =
i d e n t i f i e r
j e v e n t l i s t ’ , ’ i d e n t i f i e r

Semantics:

(a) There are three statements to support synchronization between concurrent threads of

execution:wait, notify andnotifyone. Each of these statements takes a list of events

(described in Section 2.2.5) as argument.

(b) Each thread is either active, or waiting.

(c) Thewait statement suspends the current thread from execution (puts it into the wait-

ing state), until one of the specified events is notified. Then, the thread becomes

active again and resumes its execution.

(d) Thenotify statement triggers all specified events so that all threads, which are cur-

rently waiting on any of these events, can continue their execution.

(e) The same way as thenotify statement, thenotifyone statement triggers all specified

events. However, only one thread out of the set of threads, that are currently waiting

on the events triggered by thisnotifyone, is resumed.
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(f) A notified event is guaranteed to wake up all threads (fornotifyone, one of the

threads) that are currently waiting for the event, including active threads that will

be waiting for the event as their immediate next state.

(g) Otherwise, if there is no such thread waiting, the notified event is ignored.

Example:

1 behavior A( out in t x , out event e )
2 f
3 void main (void )
4 f
5 x = 42 ;
6 no t i f y e ;
7 g
8 g ;
9

10 behavior B( in i n t x , in event e )
11 f
12 void main (void )
13 f
14 wait ( e ) ;
15 p r i n t f ( ”%d” , x ) ;
16 g
17 g ;
18

19 behavior Main
20 f
21 i n t x ;
22 event e ;
23 A a ( x , e ) ;
24 B b ( x , e ) ;
25

26 void main (void )
27 f par f a . main ( ) ;
28 b . main ( ) ;
29 g
30 g
31 g ;

Notes:
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i. Note that, when resuming execution from await statement due to a notified event,

thewait statement provides no information to determine which of the specified events

was actually notified.

ii. Notified events can be thought of as being collected until no active behavior is avail-

able for execution any more. Then, the collected events are applied to the waiting

threads, activating those threads that are waiting on any of the collected events.

iii. The example shows two parallel executing behaviorsA andB, whereA sends data to

B. To make sure, thatB reads the data only afterA has produced it,B is waiting for

the evente to be notified byA.

iv. Note that, regardless of the execution order of thepar statement, the example will

correctly transfer the data fromA to B and then terminate. The event semantics

described above ensure that the event notified byA is not lost.

v. Note also that, in an extreme example, the event semantics allow for a thread to wake

up itself, i.e. a thread will pass through a statement sequence ofnotify e;wait e;.
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2.4.6 Exception Handling

Purpose: Support for abortion of execution and interrupt handling

Synopsis:

except ion statement =
try compoundstatement e x c e p t i o nl i s t o p t

e x c e p t i o n l i s t o p t =
<nothing>
j e x c e p t i o n l i s t

e x c e p t i o n l i s t =
except ion
j e x c e p t i o n l i s t exception

except ion =
trap pa ren even t l i s t compoundstatement
j interrupt pa ren even t l i s t compoundstatement

pa ren even t l i s t =
e v e n t l i s t
j ’ ( ’ e v e n t l i s t ’ ) ’

e v e n t l i s t =
i d e n t i f i e r
j e v e n t l i s t ’ , ’ i d e n t i f i e r

Semantics:

(a) Thetry -trap -interrupt construct supports two types of exception handling: abortion

(or trap) and interrupt.

(b) With try , the listed behavior, including all its children, is made sensitive to the events

listed with thetrap andinterrupt declarations. Sensitive means that, when any exe-

cution thread of thetry behavior is waiting for events (at await statement) or waiting

for simulation time increase (at awaitfor statement), it will implicitly wait also for

the listed exception events, which take priority over the actualwait or waitfor . Thus,

whenever an exception event occurs while executing thetry behavior or any of its

children, the execution is immediately suspended.
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(c) For aninterrupt event, the specified interrupt handler is executed. Immediately after

its completion, the execution of thetry behavior is resumed from the point it was

stopped.

(d) For atrap event, the suspended execution is aborted and the trap handler takes over

the execution.

(e) Thetry -trap -interrupt construct completes with the completion of thetry behavior,

or the completion of atrap behavior.

(f) During the execution of the exception handlers, any occurring exception events are

ignored. In other words, the exception handlers are not sensitive to the events listed

as exceptions, unless explicitly specified by another localtry construct inside the

handlers.

(g) In onetry -trap -interrupt construct, theinterrupt andtrap declarations are priori-

tized in the order they are listed. Only the first specified exception, that matches any

of the notified events, is executed.

(h) For hierarchically composedtry -trap -interrupt constructs, the outer, higher-level

exceptions take precedence over the inner, lower-level exceptions. Any exception

event is serviced only at its highest possible level.

(i) The statements in the compound statement blocks are limited to zero or one function

calls tomain methods of behaviors. No other statement is allowed.

Example:

1 behavior B;
2

3 behavior B except (in event e1 , in event e2 )
4 f
5 B b1 , b2 , b3 ;
6

7 void main (void )
8 f
9 t ry f b1 . main ( ) ; g

10 i n te r rup t ( e1 ) f b2 . main ( ) ; g
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11 t rap ( e2 ) f b3 . main ( ) ; g
12 g
13 g ;

Notes:

i. In the example, whenever evente1 is notified during execution of behaviorb1, the

execution ofb1 is immediately suspended and behaviorb2 is started. Then, whenb2

finishes, the execution of behaviorb1 is resumed right from the point where it was

interrupted.

ii. During execution ofb2, any eventse1 are ignored. In other words, the interrupt does

not interrupt itself.

iii. As soon as evente2 occurs, while executing behaviorb1, the execution ofb1 is

aborted andb3 is started. Then, the termination ofb3 will also terminate the execution

of the try -trap -interrupt construct.

iv. A system reset can be modeled with atry -trap construct enclosed in an infinite reset

loop.

v. The prioritiy rules described above essentially say that any simultaneously occurring

events can only cause one single exception to be serviced.

vi. Also, exception events are not stored or queued.
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2.4.7 Timing Specification

Purpose: Explicit specification of execution time and timing constraints

Synopsis:

wai t fo r s ta tement =
waitfor time ’ ; ’

t iming statement =
do compoundstatement timing ’ f ’ c o n s t r a i n t l i s t o p t ’g ’

c o n s t r a i n t l i s t o p t =
<nothing>
j c o n s t r a i n t l i s t

c o n s t r a i n t l i s t =
cons t ra in t
j c o n s t r a i n t l i s t cons t ra in t

cons t ra in t =
range ’ ( ’ any name ’ ; ’ any name ’ ; ’ t ime opt ’ ; ’ t ime opt ’ ) ’ ’ ; ’

t ime opt =
<nothing>
j time

time =
constan texpress ion

Semantics:

(a) There are two constructs that support the specification of timing (simulation time) in

SpecC:waitfor anddo-timing .

(b) Thewaitfor statement specifies execution time (or delay). Whenever the simulator

reaches awaitfor statement, the execution of the current behavior is suspended for

the specified amount of simulation time units.

(c) The argument of thewaitfor statement must be of time type, or must be implicitly

convertable to time type (see also Section 2.2.6).
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(d) As soon as the simulation time has been increased by the number of time units spec-

ified with thewaitfor statement, the execution of the current behavior will resume,

unless it is still handling an interrupt exception. In this case, the execution will re-

sume immediately after the interrupt has been handled.

(e) Thewaitfor statement is the only statement in SpecC whose execution results in an

increase of the simulation time.

(f) The do-timing construct is used to specify timing constraints in terms of minimum

and maximum number of time units.

(g) The action block introduced with thedo keyword is a compound statement block that

includes labeled statements. Only the labels defined in this block can be used in the

following timing block.

(h) The execution of the action block is the same as the execution of any other compound

statement block. The enclosed statements are executed in the specified order.

(i) Timing constraints are specified withrange statements in thetiming block. Each

constraint consists of two labels, which must have been defined in the action block,

and a minimum and maximum time value.

(j) The minimum and maximum times are optional constant expressions of time type.

These must be evaluatable at compile time.

(k) If left unspecified, the minimum time value defaults to negative infinity (�∞), the

maximum time value defaults to positive infinity (+∞).

(l) The semantics of a statementrange(l1; l2;min;max) is the following: The statement

labeledl1 is to be executed at leastmin time units before, but not more thanmaxtime

units after the statement labeled withl2.

(m) Thedo-timing construct specifies synthesis constraints. As such, it does not change

the execution of the compound statement block, unless constraint validation is en-

abled in the simulator. The way, the simulator performs the constraint validation, is

implementation dependent.
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Example:

1 b i t [ 7 : 0 ] ReadByte (b i t [ 15 : 0 ] Address )
2 f
3 b i t [ 7 : 0 ] MyData ;
4

5 do f t1 : f ABus = Address ;
6 wai t fo r ( 2 ) ;
7 g
8 t2 : f RMode = 1 ; WMode = 0 ;
9 wai t fo r ( 12 ) ;

10 g
11 t3 : f wai t fo r ( 5 ) ;
12 g
13 t4 : f MyData = DBus ;
14 wai t fo r ( 5 ) ;
15 g
16 t5 : f ABus = 0 ;
17 wai t fo r ( 2 ) ;
18 g
19 t6 : f RMode = 0 ; WMode = 0 ;
20 wai t fo r ( 10 ) ;
21 g
22 t7 : f
23 g
24 g
25 t iming
26 f range ( t1 ; t2 ; 0 ; ) ;
27 range ( t1 ; t3 ; 10 ; 20 ) ;
28 range ( t2 ; t3 ; 10 ; 20 ) ;
29 range ( t3 ; t4 ; 0 ; ) ;
30 range ( t4 ; t5 ; 0 ; ) ;
31 range ( t5 ; t7 ; 10 ; 20 ) ;
32 range ( t6 ; t7 ; 5 ; 10 ) ;
33 g
34 return ( MyData ) ;
35 g

Notes:

i. Typically, constraint validation is performed as follows: during execution of the ac-

tion block, the runtime system of the simulator collects time stamps at the execution

of each label. After the execution of the action block is completed, these time stamps
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are then used to validate therange constraints. Any violation of the specified con-

straints is reported to the user in form of a warning or error message.

ii. If a simulator allows constraint validation, this process should be parameterizable by

the user. At least, there should be a mechanism to disable such checking.

iii. The example shows the specification of a read protocol for a static RAM. The timing

constraints specified with the protocol are listed in form ofrange statements. In the

action block, one valid instance of implementation (out of many possible implemen-

tations) is shown.

Thewaitfor statements in the action block can be validated by the range check per-

formed during simulation. Without thewaitfor statements, the specified timing con-

straints would not hold and the simulation would report errors or warnings, if the

validation is turned on.
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2.5 Other SpecC Constructs

2.5.1 Library Support

Purpose: Support of component libraries

Synopsis:

impo r t de f i n i t i on =
import s t r i n g l i t e r a l l i s t ’ ; ’

s t r i n g l i t e r a l l i s t =
s t r i ng
j s t r i n g l i t e r a l l i s t s t r i ng

Semantics:

(a) The SpecC language supports the inclusion of (possibly) precompiled design libraries

into the current description by use of theimport construct.

(b) The string argument of theimport declaration denotes the file name of the library to

be integrated.

(c) Multiple imports of the same library are automatically suppressed. Only oneim-

port declaration is effective for a library, repeatedimport declarations with the same

library are ignored.

(d) The search for the library file in the file system is implementation dependent. (Usu-

ally, this involves applying a suffix and searching in a list of specified directories.)

(e) The contents of an imported library file are SpecC declarations and definitions. These

are incorporated into the current description as if they were specified directly in the

source code. The same rules apply for definitions in an imported file as for definitions

in the source code. Multiple definitions of the same symbol are not allowed.

(f) The format of the imported file is implementation dependent. For example, source

code and/or precompiled binary files can be supported for imported libraries.
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Example:

1 # inc lude < s t d i o . h>
2 # inc lude < s t d l i b . h>
3

4 import ” I n t e r f a c e s / I1 ” ;
5 import ” I n t e r f a c e s / I2 ” ;
6 import ” Channels / PCIBus ” ;
7 import ” Components / MPEGII ” ;

Notes:

i. In contrast to the#include construct inherited from the C language, theimport

construct automatically avoids multiple inclusions of the same file. There is no need

to use#ifdef ’s around a library file to avoid unwanted redefinitions.

ii. The import construct is seen by the SpecC compiler or synthesizer, i.e. it is not

eliminated by the C preprocessor as the#include construct is. Thus,import can

be used by the tools for code structuring purposes.
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2.5.2 Persistent Annotation

Purpose: Support for persistent design annotation for synthesis purposes

Synopsis:

any dec la ra t ion =
. . .
j no te de f i n i t i on

any def in i t ion =
. . .
j no te de f i n i t i on

no te de f i n i t i on =
note any name ’ = ’ annotat ion ’ ; ’
j note any name ’ . ’ anyname ’ = ’ annotat ion ’ ; ’

annotat ion =
constan texpress ion

any name =
i d e n t i f i e r
j typedef name
j behavior name
j channelname
j in ter face name

Semantics:

(a) Using thenote definition, a persistent annotation can be attached to any symbol,

label, and user-defined type in the SpecC description.

(b) An annotation consists of a key and a value. The key is the name of the annotation.

The value is any type of constant or constant expression (evaluated at compile time).

(c) Annotation keys have their own name space. There is no name conflict possible with

symbols, user-defined types or labels.

(d) Local annotation have their own local name space. There is no name conflict between

annotations at different objects with the same key.
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(e) In the first form, a note is attached to the current scope. Legal scopes are the global

scope, the class scope, the function or method scope, or the scope of a user-defined

type.

(f) In the second form, the note is attached to the named object. The object name preceds

the annotation key, separated by a dot.

Example:

1 / � C s t y l e comment , not p e r s i s t e n t� /
2 / / C++ s t y l e comment , not p e r s i s t e n t
3

4 note Author = ” Ra iner Doemer ” ;
5 note Date = ” Tue Jan 23 08 : 20 : 37 PST 2001 ” ;
6

7 const in t x = 42 ;
8 s t ruc t S f i n t a , b ; f l o a t f ; g ;
9

10 note x . Size = s i z e o f ( x ) ;
11 note S . B i t s = s i z e o f ( s t ruc t S ) � 8 ;
12

13 behavior B( in i n t a , out in t b )
14 f
15 note Vers ion = 1 . 1 ;
16

17 void main (void )
18 f
19 l1 : b = 2 � a ;
20 wai t fo r ( 10 ) ;
21 l2 : b = 3 � a ;
22

23 note NumOps = 3 ;
24 note l1 . OpID = 1 ;
25 note l2 . OpID = 3 ;
26 g
27 g ;
28 note B. AreaCost = 12345 ;

Notes:

i. SpecC, as does any other programming language, allows comments in the source

code to annotate the description. In particular, SpecC supports the same comment
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styles as C++, which are comments enclosed in/* and */ delimiters as well as

comments after// up to the end of the line (see lines 1 and 2 in the example above).

ii. These comments are not persistent, which means, they will be eliminated in the pre-

processing step by the C preprocessor.

iii. A note can be attached to the current scope. This way, global notes (lines 4 and 5

in the example), notes at classes (line 15), notes at methods (line 23), and notes at

user-defined types can be defined.

iv. Second, the object, a note will be attached to, can be named explicitly. In the example,

this style is used to define the notes at variablex (line 10), structureS (line 11), and

labelsl1 andl2 (lines 24 and 25).
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Appendix A

SpecC Grammar

In the following, the complete grammar of the SpecC language is listed in form of an

Extended Backus-Naur-Form (EBNF).

A.1 Lexical Elements

A.1.1 Lexical Rules

The following lexical rules are used to make up the definitions below.

de l im i te r [ n t nbnr ]
newline [nnn f nv]
whitespace fde l im i te rg+
ws fde l im i te rg�
u c l e t t e r [A�Z]
l c l e t t e r [ a�z ]
l e t t e r (f u c l e t t e rgjf l c l e t t e r g)
d ig i t [ 0�9]
b ind ig i t [ 01 ]
oc td ig i t [ 0�7]
hexdig i t [ 0�9a�fA�F]
i d e n t i f i e r ((f l e t t e r gj” ”)( f l e t t e r gjf d ig i t gj” ”) �)
in teger fd ig i t g+
binary fb ind ig i t g+
decinteger [ 1�9]f d ig i t g�
oct in teger ”0”f oc td ig i t g�
hexinteger ”0”[xX]f hexdig i tg+

59
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decintegeru fdecintegerg[uU]
oc t in teger u foct in tegerg[uU]
hexintegeru fhexintegerg[uU]
dec in tege rl fdecintegerg[ lL ]
o c t i n t e g e r l foct in tegerg[ lL ]
hex in teger l fhexintegerg[ lL ]
dec in tegeru l fdecintegerg( [ uU] [ lL ] j [ lL ] [ uU])
oc t i n tege r u l foct in tegerg( [ uU] [ lL ] j [ lL ] [ uU])
hex in tegeru l fhexintegerg( [ uU] [ lL ] j [ lL ] [ uU])
dec in tege r l l fdecintegerg[ lL ] [ lL ]
o c t i n t e g e r l l foct in tegerg[ lL ] [ lL ]
hex in tege r l l fhexintegerg[ lL ] [ lL ]
dec in tege ru l l fdecintegerg( [ uU] [ lL ] [ lL ] j [ lL ] [ lL ] [ uU])
o c t i n t e g e r u l l foct in tegerg( [ uU] [ lL ] [ lL ] j [ lL ] [ lL ] [ uU])
hex in tege ru l l fhexintegerg( [ uU] [ lL ] [ lL ] j [ lL ] [ lL ] [ uU])
octchar ”nn” f oc td ig i t gf1, 3g
hexchar ”nnx”f hexdig i tg+
exponent [ eE][+�]?f i n tegerg
f r ac t i on f i n tegerg
f loa t1 f i n tegerg”.” f f r ac t i ong?(f exponentg)?
f loa t2 ”.” f f r ac t i ong(f exponentg)?
f loa t3 f i n tegergfexponentg
f l oa t i ng f f loa t1 gjf f loa t2 gjf f loa t3g
f l o a t f f f l oa t i ng g[ fF ]
f l o a t l f f l oa t i ng g[ lL ]
b i t vec to r fbinaryg[bB]
b i tvec to r u fbinaryg( [ uU] [ bB] j [ bB] [ uU])

A.1.2 Comments

In addition to the standard C style comments, the SpecC language also supports C++ style

comments. Everything following two slash-characters is ignored until the end of the line.

”/ �” < anything> ” �/” / � ignore comment� /
” / / ” < anything> ”nn” / � ignore comment� /

A.1.3 String and Character Constants

SpecC follows the standard C/C++ conventions for encoding character and string constants.

The following escape sequences are recognized:
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”nn” / � newline (0x0a ) � /
”n t ” / � t abu la to r ( 0x09 )� /
”nv” / � v e r t i c a l tabu la to r ( 0x0b )� /
”nb” / � backspace ( 0x08 )� /
”n r ” / � car r iage return ( 0x0d )� /
”n f ” / � form feed ( 0x0c )� /
”na” /� be l l ( 0x07 ) � /
foctcharg /� octa l encoded charac ter� /
fhexcharg /� hexadecimal encoded charac ter� /

Strings are character sequences surrounded by quotation marks. Two strings are con-

catenated, i.e. are treated the same way as one single string, if two strings directly follow

each other, only separated by whitespace.

A.1.4 White space and Preprocessor Directives

White space in the source code is ignored. Preprocessor directives are handled by the C

preprocessor (cpp ) and are therefore eliminated from the SpecC source code when it is

read by the actual SpecC parser.

fnewlineg /� skip � /
fwhitespaceg /� skip � /

A.1.5 Keywords

The SpecC language recognizes the following ANSI-C keywords:

auto, break, case, char, const, continue, default, do, double, else, enum, extern,

float, for , goto, if , int , long, register, return , short, signed, sizeof, static, struct, switch,

typedef, union, unsigned, void, volatile, while.

In addition, the following SpecC keywords are recognized:

behavior, bit , bool, channel, event, false, fsm, implements, import , in, inout, inter-

face, interrupt , note, notify , notifyone, out, par, pipe, piped, range, this, timing , trap ,

true, try , wait, waitfor .

For future extensions, the following tokens are reserved. These keywords cannot be

used in any SpecC program.

asm, catch, class, const cast, delete, dynamic cast, explicit, export, friend , in-

line, mutable, namespace, new, operator, private, protected, public, reinterpret cast,
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static cast, template, throw , typeid, typename, using, virtual .

A.1.6 Tokens with Values

The following is a complete list of all tokens in the grammar that carry values.

i d e n t i f i e r =
f i d e n t i f i e r g

typedef name =
f i d e n t i f i e r g

behavior name =
f i d e n t i f i e r g

channelname =
f i d e n t i f i e r g

in ter face name =
f i d e n t i f i e r g

i n teger =
fdecintegerg
j f oct in tegerg
j f hexintegerg
j f decintegeru g
j f oct in teger u g
j f hexintegeru g
j f dec in tege rl g
j f o c t i n t e g e r l g
j f hex in teger l g
j f dec in tegeru l g
j f oc t in tege r u l g
j f hex in tegeru l g
j f dec in tege r l l g
j f o c t i n t e g e r l l g
j f hex in tege r l l g
j f dec in tege ru l l g
j f o c t i n t e g e r u l l g
j f hex in tege ru l l g

f l oa t i ng =
f f l oa t i ngg
j f f l o a t f g
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j f f l o a t l g

charac te r =
fcharac te rg

s t r i ng =
f s t r i ngg

b i t vec to r =
fb i t vec to rg
j f b i tvec to r u g

A.2 Constants

constant =
in teger
j f l oa t i ng
j charac te r
j fa lse
j true
j b i t vec to r
j s t r i n g l i t e r a l l i s t

s t r i n g l i t e r a l l i s t =
s t r i ng
j s t r i n g l i t e r a l l i s t s t r i ng

A.3 Expressions

pr imary expression =
i d e n t i f i e r
j constant
j ’ ( ’ comma expression ’ ) ’
j th is

post f i x express ion =
pr imary expression
j post f i x express ion ’ [ ’ commaexpression ’ ] ’
j post f i x express ion ’ ( ’ ’ ) ’
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j post f i x express ion ’ ( ’ a rgumentexpress ionl is t ’ ) ’
j post f i x express ion ’ . ’ membername
j post f i x express ion ’�> ’ membername
j post f i x express ion ’++’
j post f i x express ion ’��’
j post f i x express ion ’ [ ’ constan texpress ion ’ : ’

constan texpress ion ’ ] ’

membername =
i d e n t i f i e r
j typedef or c lass name

argument express ionl is t =
assignmentexpression
j argument express ionl is t ’ , ’ assignmentexpression

unary expression =
post f i x express ion
j ’ + + ’ unary expression
j ’ �� ’ unary expression
j unary operator castexpress ion
j sizeof unary expression
j sizeof ’ ( ’ type name ’ ) ’

unary operator =
’&’
j ’ � ’
j ’ + ’
j ’ � ’
j ’ ˜ ’
j ’ ! ’

cas t express ion =
unary expression
j ’ ( ’ type name ’ ) ’ cas t express ion

concat expression =
cast express ion
j concat expression ’@’ castexpress ion

mu l t i p l i ca t i ve exp ress ion =
concat expression
j mul t i p l i ca t i ve exp ress ion ’� ’ concat expression
j mul t i p l i ca t i ve exp ress ion ’ / ’ concatexpression
j mul t i p l i ca t i ve exp ress ion ’%’ concatexpression
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add i t i ve express ion =
mu l t i p l i ca t i ve exp ress ion
j add i t i ve express ion ’ + ’ mu l t i p l i ca t i veexp ress ion
j add i t i ve express ion ’� ’ mu l t i p l i ca t i ve exp ress ion

sh i f t exp ress ion =
add i t i ve express ion
j sh i f t exp ress ion ’<< ’ add i t i ve express ion
j sh i f t exp ress ion ’>> ’ add i t i ve express ion

re la t i ona l exp ress ion =
sh i f t exp ress ion
j re la t i ona l exp ress ion ’< ’ sh i f t exp ress ion
j re la t i ona l exp ress ion ’> ’ sh i f t exp ress ion
j re la t i ona l exp ress ion ’<=’ sh i f t exp ress ion
j re la t i ona l exp ress ion ’>=’ sh i f t exp ress ion

equa l i ty express ion =
re la t i ona l exp ress ion
j equa l i ty express ion ’== ’ re la t i ona lexp ress ion
j equa l i ty express ion ’ ! = ’ r e la t i ona lexp ress ion

and expression =
equa l i ty express ion
j and expression ’& ’ equa l i t y express ion

exc lus ive or express ion =
and expression
j exc lus ive or express ion ’ ˆ ’ andexpression

inc lus i ve o r exp ress ion =
exc lus ive or express ion
j i n c lus i ve o r exp ress ion ’j ’ exc lus ive or express ion

log ica l and express ion =
inc lus i ve o r exp ress ion
j l og ica l and express ion ’&&’ inc lus i ve o r exp ress ion

log i ca l o r exp ress ion =
log ica l and express ion
j l og i ca l o r exp ress ion ’j j ’ l og ica l and express ion

cond i t iona l express ion =
log ica l o r exp ress ion
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j l og i ca l o r exp ress ion ’ ? ’ commaexpression ’ : ’
cond i t iona l express ion

assignmentexpression =
cond i t iona l express ion
j unary expression assignmentoperator assignmentexpression

assignmentoperator =
’=’
j ’ �= ’
j ’ / = ’
j ’%=’
j ’ += ’
j ’ �=’
j ’<<=’
j ’>>=’
j ’&=’
j ’ ˆ = ’
j ’ j= ’

commaexpression =
assignmentexpression
j commaexpression ’ , ’ assignmentexpression

constan texpress ion =
cond i t iona l express ion

comma expressionopt =
<nothing>
j commaexpression

A.4 Declarations

dec la ra t ion =
s u e d e c l a r a t i o ns p e c i f i e r ’ ; ’
j sue type spec i f i e r ’ ; ’
j d e c l a r i n g l i s t ’ ; ’
j d e f a u l t d e c l a r i n g l i s t ’ ; ’

d e f a u l t d e c l a r i n g l i s t =
d e c l a r a t i o n q u a l i f i e r l i s t i d e n t i f i e r d e c l a r a t o r i n i t i a l i z e ro p t
j t y p e q u a l i f i e r l i s t i d e n t i f i e r d e c l a r a t o r i n i t i a l i z e ro p t
j d e f a u l t d e c l a r i n g l i s t ’ , ’ i d e n t i f i e r d e c l a r a t o r i n i t i a l i z e ro p t
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d e c l a r i n g l i s t =
d e c l a r a t i o n s p e c i f i e r dec la ra to r i n i t i a l i z e ro p t
j t ype spec i f i e r dec la ra to r i n i t i a l i z e ro p t
j d e c l a r i n g l i s t ’ , ’ dec la ra to r i n i t i a l i z e r o p t

d e c l a r a t i o n s p e c i f i e r =
b a s i c d e c l a r a t i o n s p e c i f i e r
j s u e d e c l a r a t i o ns p e c i f i e r
j t y p e d e f d e c l a r a t i o ns p e c i f i e r

t ype spec i f i e r =
b a s i c t y p e s p e c i f i e r
j sue type spec i f i e r
j t ypede f t ype spec i f i e r

d e c l a r a t i o n q u a l i f i e r l i s t =
s to rage c lass
j t y p e q u a l i f i e r l i s t s to rage c lass
j d e c l a r a t i o n q u a l i f i e r l i s t d e c l a r a t i o n q u a l i f i e r

t y p e q u a l i f i e r l i s t =
t y p e q u a l i f i e r
j t y p e q u a l i f i e r l i s t t y p e q u a l i f i e r

d e c l a r a t i o n q u a l i f i e r =
s to rage c lass
j t y p e q u a l i f i e r

t y p e q u a l i f i e r =
const
j vo la t i l e

b a s i c d e c l a r a t i o n s p e c i f i e r =
d e c l a r a t i o n q u a l i f i e r l i s t basic type name
j b a s i c t y p e s p e c i f i e r s to ragec lass
j b a s i c d e c l a r a t i o n s p e c i f i e r d e c l a r a t i o nq u a l i f i e r
j b a s i c d e c l a r a t i o n s p e c i f i e r basictype name

b a s i c t y p e s p e c i f i e r =
basic type name
j t y p e q u a l i f i e r l i s t basic type name
j b a s i c t y p e s p e c i f i e r t y p e q u a l i f i e r
j b a s i c t y p e s p e c i f i e r basictype name
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s u e d e c l a r a t i o ns p e c i f i e r =
d e c l a r a t i o n q u a l i f i e r l i s t elaboratedtype name
j sue type spec i f i e r s to ragec lass
j s u e d e c l a r a t i o ns p e c i f i e r d e c l a r a t i o nq u a l i f i e r

sue type spec i f i e r =
elaboratedtype name
j t y p e q u a l i f i e r l i s t elaboratedtype name
j sue type spec i f i e r t y p e q u a l i f i e r

t y p e d e f d e c l a r a t i o ns p e c i f i e r =
typede f t ype spec i f i e r s to ragec lass
j d e c l a r a t i o n q u a l i f i e r l i s t typedef name
j t y p e d e f d e c l a r a t i o ns p e c i f i e r d e c l a r a t i o nq u a l i f i e r

t ypede f t ype spec i f i e r =
typedef name
j t y p e q u a l i f i e r l i s t typedef name
j t ypede f t ype spec i f i e r t y p e q u a l i f i e r

s to rage c lass =
typedef
j extern
j s ta t i c
j auto
j regis ter
j piped

basic type name =
int
j char
j short
j long
j f loa t
j double
j signed
j unsigned
j void
j bool
j bit ’ [ ’ constan t express ion ’ : ’ constan texpress ion ’ ] ’
j bit ’ [ ’ constan t express ion ’ ] ’
j event

elaboratedtype name =
aggregatename
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j enumname

aggregatename =
aggregatekey ’ f ’ member dec la ra t ionl is t ’ g ’
j aggregatekey iden t i f i e r o r t ypede f name ’f ’

member dec la ra t ion l is t ’ g ’
j aggregatekey iden t i f i e r o r t ypede f name

aggregatekey =
struct
j union

member dec la ra t ion l is t =
memberdeclarat ion
j member dec la ra t ion l is t memberdeclarat ion

memberdeclarat ion =
member declar ing l is t ’ ; ’
j member de fau l t dec la r ing l is t ’ ; ’
j no te de f i n i t i on

member de fau l t dec la r ing l is t =
t y p e q u a l i f i e r l i s t member iden t i f ie r dec la ra to r
j member de fau l t dec la r ing l i s t ’ , ’ member iden t i f ie r dec la ra to r

member declar ing l is t =
type spec i f i e r memberdeclarator
j member declar ing l is t ’ , ’ member declarator

member declarator =
dec la ra to r b i t f i e l d s i z e o p t
j b i t f i e l d s i z e

member iden t i f ie r dec la ra to r =
i d e n t i f i e r d e c l a r a t o r b i t f i e l d s i z e o p t
j b i t f i e l d s i z e

b i t f i e l d s i z e o p t =
<nothing>
j b i t f i e l d s i z e

b i t f i e l d s i z e =
’ : ’ constan t express ion

enumname =
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enum ’ f ’ enumera to r l i s t ’ g ’
j enum i den t i f i e r o r t ypede f name ’f ’ enumera to r l i s t ’ g ’
j enum i den t i f i e r o r t ypede f name

enumera to rl i s t =
iden t i f i e r o r t ypede f name enumeratorva lue opt
j enumera to rl i s t ’ , ’ i den t i f i e r o r t ypede f name

enumeratorva lue opt

enumeratorva lue opt =
<nothing>
j ’ = ’ constan t express ion

pa rame te rt ype l i s t =
pa rame te rl i s t
j pa rame te rl i s t ’ , ’ ’ . . . ’

pa rame te rl i s t =
parameterdec la ra t ion
j pa rame te rl i s t ’ , ’ parameter dec la ra t ion
j i n te r face parameter
j pa rame te rl i s t ’ , ’ i n te r face parameter

parameterdec la ra t ion =
d e c l a r a t i o n s p e c i f i e r
j d e c l a r a t i o n s p e c i f i e r a b s t r a c td e c l a r a t o r
j d e c l a r a t i o n s p e c i f i e r i d e n t i f i e r d e c l a r a t o r
j d e c l a r a t i o n s p e c i f i e r parametertypedef dec la ra to r
j d e c l a r a t i o n q u a l i f i e r l i s t
j d e c l a r a t i o n q u a l i f i e r l i s t a b s t r a c t d e c l a r a t o r
j d e c l a r a t i o n q u a l i f i e r l i s t i d e n t i f i e r d e c l a r a t o r
j t ype spec i f i e r
j t ype spec i f i e r a b s t r a c td e c l a r a t o r
j t ype spec i f i e r i d e n t i f i e r d e c l a r a t o r
j t ype spec i f i e r parametertypedef dec la ra to r
j t y p e q u a l i f i e r l i s t
j t y p e q u a l i f i e r l i s t a b s t r a c t d e c l a r a t o r
j t y p e q u a l i f i e r l i s t i d e n t i f i e r d e c l a r a t o r

i den t i f i e r o r t ypede f name =
i d e n t i f i e r
j typedef or c lass name

type name =
type spec i f i e r



A.5. CLASSES 71

j t ype spec i f i e r a b s t r a c td e c l a r a t o r
j t y p e q u a l i f i e r l i s t
j t y p e q u a l i f i e r l i s t a b s t r a c t d e c l a r a t o r

i n i t i a l i z e r o p t =
<nothing>
j ’ = ’ i n i t i a l i z e r

i n i t i a l i z e r =
’ f ’ i n i t i a l i z e r l i s t ’ g ’
j ’ f ’ i n i t i a l i z e r l i s t ’ , ’ ’ g ’
j constan texpress ion

i n i t i a l i z e r l i s t =
i n i t i a l i z e r
j i n i t i a l i z e r l i s t ’ , ’ i n i t i a l i z e r

A.5 Classes

spec c de f i n i t i on =
impo r t de f i n i t i on
j behav io r dec la ra t ion
j behav io r de f i n i t i on
j channe l dec la ra t ion
j channe l de f i n i t i on
j i n t e r f a c e d e c l a r a t i o n
j i n t e r f a c e d e f i n i t i o n
j no te de f i n i t i on

impo r t de f i n i t i on =
import s t r i n g l i t e r a l l i s t ’ ; ’

behav io r dec la ra t ion =
behav io r spec i f i e r p o r t l i s t o p t imp lementsin te r face op t ’ ; ’

behav io r de f i n i t i on =
behav io r spec i f i e r p o r t l i s t o p t imp lementsin te r face op t

’ f ’ i n t e r n a l d e f i n i t i o n l i s t o p t ’ g ’ ’ ; ’

behav io r spec i f i e r =
behavior i d e n t i f i e r

channe l dec la ra t ion =
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channe l spec i f i e r p o r t l i s t o p t imp lementsin te r face op t ’ ; ’

channe l de f i n i t i on =
channe l spec i f i e r p o r t l i s t o p t imp lementsin te r face op t

’ f ’ i n t e r n a l d e f i n i t i o n l i s t o p t ’ g ’ ’ ; ’

channe l spec i f i e r =
channel i d e n t i f i e r

p o r t l i s t o p t =
<nothing>
j ’ ( ’ ’ ) ’
j ’ ( ’ p o r t l i s t ’ ) ’

p o r t l i s t =
po r t dec la ra t i on
j p o r t l i s t ’ , ’ po r t dec la ra t i on

po r t dec la ra t i on =
po r t d i r ec t i on parameterdec la ra t ion
j i n te r face parameter

po r t d i rec t i on =
<nothing>
j in
j out
j inout

i n te r face parameter =
in ter face name
j in ter face name i d e n t i f i e r

imp lementsin te r face op t =
<nothing>
j implements i n t e r f a c e l i s t

i n t e r f a c e l i s t =
in ter face name
j i n t e r f a c e l i s t ’ , ’ in ter face name

i n t e r n a l d e f i n i t i o n l i s t o p t =
<nothing>
j i n t e r n a l d e f i n i t i o n l i s t

i n t e r n a l d e f i n i t i o n l i s t =
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i n t e r n a l d e f i n i t i o n
j i n t e r n a l d e f i n i t i o n l i s t i n t e r n a l d e f i n i t i o n

i n t e r n a l d e f i n i t i o n =
func t i on de f i n i t i on
j dec la ra t ion
j i n s t a n t i a t i o n
j no te de f i n i t i on

i n s t a n t i a t i o n =
i n s t a n c e d e c l a r i n g l i s t ’ ; ’

i n s t a n c e d e c l a r i n g l i s t =
behavior or channel i ns tancedec la ra to r
j i n s t a n c e d e c l a r i n g l i s t ’ , ’ i ns tance dec la ra to r

i ns tance dec la ra to r =
i d e n t i f i e r por t mapp ing l is t op t
j typedef or c lass name por t mapp ing l is t op t

behavior or channel =
behavior name
j channelname

por t mapp ing l is t op t =
<nothing>
j ’ ( ’ po r t mapp ing l is t ’ ) ’

po r t mapp ing l is t =
port mapping opt
j por t mapp ing l is t ’ , ’ port mapping opt

port mapping opt =
<nothing>
j port mapping

port mapping =
b i t s l i c e
j port mapping ’@’ b i t s l i c e

b i t s l i c e =
constant
j i d e n t i f i e r
j i d e n t i f i e r ’ [ ’ constan t express ion ’ : ’ constan texpress ion ’ ] ’
j i d e n t i f i e r ’ [ ’ constan t express ion ’ ] ’
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i n t e r f a c e d e c l a r a t i o n =
i n t e r f a c e s p e c i f i e r ’ ; ’

i n t e r f a c e d e f i n i t i o n =
i n t e r f a c e s p e c i f i e r ’f ’ i n t e r n a l d e c l a r a t i o n l i s t o p t ’ g ’ ’ ; ’

i n t e r f a c e s p e c i f i e r =
in ter face anyname

i n t e r n a l d e c l a r a t i o n l i s t o p t =
<nothing>
j i n t e r n a l d e c l a r a t i o n l i s t

i n t e r n a l d e c l a r a t i o n l i s t =
i n t e r n a l d e c l a r a t i o n
j i n t e r n a l d e c l a r a t i o n l i s t i n t e r n a l d e c l a r a t i o n

i n t e r n a l d e c l a r a t i o n =
dec la ra t ion
j no te de f i n i t i on

no te de f i n i t i on =
note any name ’ = ’ annotat ion ’ ; ’
j note any name ’ . ’ anyname ’ = ’ annotat ion ’ ; ’

annotat ion =
constan texpress ion

typedef or c lass name =
typedef name
j behavior name
j channelname
j in ter face name

any name =
i d e n t i f i e r
j typedef name
j behavior name
j channelname
j in ter face name

A.6 Statements
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statement =
labe led s ta tement
j compoundstatement
j express ions ta tement
j se lec t i on s ta temen t
j i t e r a t i o n s t a t e m e n t
j jump statement
j spec c statement

labe led s ta tement =
iden t i f i e r o r t ypede f name ’ : ’ statement
j case constan texpress ion ’ : ’ statement
j default ’ : ’ statement

compoundstatement =
’ f ’ ’ g ’
j ’ f ’ d e c l a r a t i o n l i s t ’ g ’
j ’ f ’ s t a t e m e n t l i s t ’ g ’
j ’ f ’ d e c l a r a t i o n l i s t s t a t e m e n tl i s t ’ g ’

d e c l a r a t i o n l i s t =
dec la ra t ion
j d e c l a r a t i o n l i s t dec la ra t ion
j no te de f i n i t i on
j d e c l a r a t i o n l i s t no te de f i n i t i on

s t a t e m e n tl i s t =
statement
j s t a t e m e n tl i s t statement
j s t a t e m e n tl i s t no te de f i n i t i on

express ions ta tement =
comma expressionopt ’ ; ’

se lec t i on s ta temen t =
i f ’ ( ’ comma expression ’ ) ’ statement

j i f ’ ( ’ comma expression ’ ) ’ statementelse statement
j switch ’ ( ’ comma expression ’ ) ’ statement

i t e r a t i o n s t a t e m e n t =
while ’ ( ’ comma expressionopt ’ ) ’ statement
j do statement while ’ ( ’ comma expression ’ ) ’ ’ ; ’
j for ’ ( ’ comma expressionopt ’ ; ’ comma expressionopt ’ ; ’

comma expressionopt ’ ) ’ statement
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jump statement =
goto i den t i f i e r o r t ypede f name ’ ; ’
j continue ’ ; ’
j break ’ ; ’
j return comma expressionopt ’ ; ’

spec c statement =
concur rents ta tement
j fsm statement
j except ion statement
j t iming statement
j wai t s tatement
j wai t fo r s ta tement
j not i f y s ta tement

concur rents ta tement =
par compoundstatement
j pipe compoundstatement
j pipe ’ ( ’ comma expressionopt ’ ; ’ comma expressionopt

’ ; ’ comma expressionopt ’ ) ’ compound statement

fsm statement =
fsm ’ f ’ ’ g ’
j fsm ’ f ’ t r a n s i t i o n l i s t ’ g ’

t r a n s i t i o n l i s t =
t r a n s i t i o n
j t r a n s i t i o n l i s t t r a n s i t i o n

t r a n s i t i o n =
i d e n t i f i e r ’ : ’
j i d e n t i f i e r ’ : ’ cond branch l is t
j i d e n t i f i e r ’ : ’ ’ f ’ ’ g ’
j i d e n t i f i e r ’ : ’ ’ f ’ cond branch l is t ’ g ’

cond branch l is t =
cond branch
j cond branch l is t cond branch

cond branch =
i f ’ ( ’ comma expression ’ ) ’ goto i d e n t i f i e r ’ ; ’
j goto i d e n t i f i e r ’ ; ’
j i f ’ ( ’ comma expression ’ ) ’ break ’ ; ’
j break ’ ; ’
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except ion statement =
try compoundstatement e x c e p t i o nl i s t o p t

e x c e p t i o n l i s t o p t =
<nothing>
j e x c e p t i o n l i s t

e x c e p t i o n l i s t =
except ion
j e x c e p t i o n l i s t exception

except ion =
trap pa ren even t l i s t compoundstatement
j interrupt pa ren even t l i s t compoundstatement

pa ren even t l i s t =
e v e n t l i s t
j ’ ( ’ e v e n t l i s t ’ ) ’

e v e n t l i s t =
i d e n t i f i e r
j e v e n t l i s t ’ , ’ i d e n t i f i e r

t iming statement =
do compoundstatement timing ’ f ’ c o n s t r a i n t l i s t o p t ’g ’

c o n s t r a i n t l i s t o p t =
<nothing>
j c o n s t r a i n t l i s t

c o n s t r a i n t l i s t =
cons t ra in t
j c o n s t r a i n t l i s t cons t ra in t

cons t ra in t =
range ’ ( ’ any name ’ ; ’ any name ’ ; ’ t ime opt ’ ; ’ t ime opt ’ ) ’ ’ ; ’

t ime opt =
<nothing>
j time

time =
constan texpress ion
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wait s tatement =
wait pa ren even t l i s t ’ ; ’

wa i t fo r s ta tement =
waitfor time ’ ; ’

no t i f y s ta tement =
not i fy pa ren even t l i s t ’ ; ’
j notifyone pa ren even t l i s t ’ ; ’

A.7 External Definitions

t r a n s l a t i o n u n i t =
<nothing>
j e x t e r n a l d e f i n i t i o n l i s t

e x t e r n a l d e f i n i t i o n l i s t =
e x t e r n a l d e f i n i t i o n
j e x t e r n a l d e f i n i t i o n l i s t e x t e r n a l d e f i n i t i o n

e x t e r n a l d e f i n i t i o n =
func t i on de f i n i t i on
j dec la ra t ion
j spec c de f i n i t i on

func t i on de f i n i t i on =
i d e n t i f i e r d e c l a r a t o r compoundstatement
j d e c l a r a t i o n s p e c i f i e r dec la ra to r compoundstatement
j t ype spec i f i e r dec la ra to r compoundstatement
j d e c l a r a t i o n q u a l i f i e r l i s t i d e n t i f i e r d e c l a r a t o r

compoundstatement
j t y p e q u a l i f i e r l i s t i d e n t i f i e r d e c l a r a t o r

compoundstatement

dec la ra to r =
i d e n t i f i e r d e c l a r a t o r
j t ypede f dec la ra to r

t ypede f dec la ra to r =
paren typedef dec la ra to r
j parametertypedef dec la ra to r

parametertypedef dec la ra to r =
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typedef or c lass name
j typedef or c lass name p o s t f i x i n ga b s t r a c t d e c l a r a t o r
j c lean typede f dec la ra to r

c lean typede f dec la ra to r =
c lean pos t f i x t ypede f dec la ra to r
j ’ � ’ parameter typedef dec la ra to r
j ’ � ’ t y p e q u a l i f i e r l i s t parametertypedef dec la ra to r

c lean pos t f i x t ypede f dec la ra to r =
’ ( ’ c l ean typede f dec la ra to r ’ ) ’
j ’ ( ’ c l ean typede f dec la ra to r ’ ) ’

p o s t f i x i n g a b s t r a c t d e c l a r a t o r

paren typedef dec la ra to r =
pa ren pos t f i x t ypede f dec la ra to r
j ’ � ’ ’ ( ’ s imp le paren typedef dec la ra to r ’ ) ’
j ’ � ’ t y p e q u a l i f i e r l i s t ’ ( ’ s imp le paren typedef dec la ra to r ’ ) ’
j ’ � ’ pa ren typedef dec la ra to r
j ’ � ’ t y p e q u a l i f i e r l i s t paren typedef dec la ra to r

pa ren pos t f i x t ypede f dec la ra to r =
’ ( ’ paren typedef dec la ra to r ’ ) ’
j ’ ( ’ s imp le paren typedef dec la ra to r

p o s t f i x i n g a b s t r a c t d e c l a r a t o r ’ ) ’
j ’ ( ’ paren typedef dec la ra to r ’ ) ’

p o s t f i x i n g a b s t r a c t d e c l a r a t o r

s imp le paren typedef dec la ra to r =
typedef or c lass name
j ’ ( ’ s imp le paren typedef dec la ra to r ’ ) ’

i d e n t i f i e r d e c l a r a t o r =
u n a r y i d e n t i f i e r d e c l a r a t o r
j p a r e n i d e n t i f i e r d e c l a r a t o r

u n a r y i d e n t i f i e r d e c l a r a t o r =
p o s t f i x i d e n t i f i e r d e c l a r a t o r
j ’ � ’ i d e n t i f i e r d e c l a r a t o r
j ’ � ’ t y p e q u a l i f i e r l i s t i d e n t i f i e r d e c l a r a t o r

p o s t f i x i d e n t i f i e r d e c l a r a t o r =
p a r e n i d e n t i f i e r d e c l a r a t o r p o s t f i x i n ga b s t r a c t d e c l a r a t o r
j ’ ( ’ u n a r y i d e n t i f i e r d e c l a r a t o r ’ ) ’
j ’ ( ’ u n a r y i d e n t i f i e r d e c l a r a t o r ’ ) ’
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p o s t f i x i n g a b s t r a c t d e c l a r a t o r

p a r e n i d e n t i f i e r d e c l a r a t o r =
i d e n t i f i e r
j ’ ( ’ p a r e n i d e n t i f i e r d e c l a r a t o r ’ ) ’

a b s t r a c t d e c l a r a t o r =
una ry abs t rac t dec la ra to r
j p o s t f i x a b s t r a c t d e c l a r a t o r
j p o s t f i x i n g a b s t r a c t d e c l a r a t o r

p o s t f i x i n g a b s t r a c t d e c l a r a t o r =
a r r a y a b s t r a c t d e c l a r a t o r
j ’ ( ’ ’ ) ’
j ’ ( ’ pa ramete r t ype l i s t ’ ) ’

a r r a y a b s t r a c t d e c l a r a t o r =
’ [ ’ ’ ] ’
j ’ [ ’ constan t express ion ’ ] ’
j a r r a y a b s t r a c t d e c l a r a t o r ’ [ ’ constan texpress ion ’ ] ’

una ry abs t rac t dec la ra to r =
’ � ’
j ’ � ’ t y p e q u a l i f i e r l i s t
j ’ � ’ a b s t r a c t d e c l a r a t o r
j ’ � ’ t y p e q u a l i f i e r l i s t a b s t r a c t d e c l a r a t o r

p o s t f i x a b s t r a c t d e c l a r a t o r =
’ ( ’ una ry abs t rac t dec la ra to r ’ ) ’
j ’ ( ’ p o s t f i x a b s t r a c t d e c l a r a t o r ’ ) ’
j ’ ( ’ p o s t f i x i n g a b s t r a c t d e c l a r a t o r ’ ) ’
j ’ ( ’ una ry abs t rac t dec la ra to r ’ ) ’

p o s t f i x i n g a b s t r a c t d e c l a r a t o r
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