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Lecture 4: Overview

• Assignment coordination

• Embedded System Design with SpecC
– Abstraction Levels
– Design Methodology
– The SpecC Model
– The SpecC Language
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Assignment Coordination

• EECS 298 Assignments
– Project proposal

• Describe your project (topic, goal, approach)

• Final version: due before week 5

– Project execution
• Research and implement your project ...

– Project presentation
• Present your project in class
• 10-20 min. presentation (individually scheduled)

– Project report
• Write a final report about the project

• Due in final week (at time of Final Exam, TBD)
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Project Option 1

• Hands-on experience with Embedded 
Software
– Choose an embedded target platform

• PDA
• Lego Mindstorm robot
• Xilinx board
• ...

– Choose an application
• Controller
• Game
• ...

– Implement the application on the platform
– Report on your implementation
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Project Option 2

• Literature research
– Choose an interesting article from the literature

on one aspect of Embedded Software Synthesis
• see course contents for applicable areas

– Summarize the article and its context
• check references, related work

• compare contributions

– Analyze and critique the article
• describe pros and cons

– Report on your topic
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Project Option 3

• Software synthesis example
– Specify an example system in the SpecC system-

level description language
– Validate your example

• simulation

– Synthesize your example down to an embedded 
software implementation

• System-on-Chip Environment (SCE)

– Report on your experiment
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Revised Project Proposals

• Option 1: Hands-on Experience with Embedded Software
– CJC: Opt. 1 Mobile IP (embedded Linux) on wireless access point
– HCL: Opt. 1 Embedded Linux kernel
– CBH: Opt. 1 DSP filter on Xilinx board (WindowsCE?)
– SYC+CWS:Opt. 1 Traffic light controller on Xilinx board
– QKN + RL: Opt. 1 Temperature sensor/controller on flash microcontroller
– ML + HL: Opt. 1 Instant messenger application on mobile phone

• Option 2: Literature Research
– SI: Opt. 2 Real-time UML, Java, wallet PDA, cash register PC
– GK: Opt. 2 Power management for embedded applications
– KDS: Opt. 2 RTOS, embedded SW, compilers
– HEC: Opt. 2 ? (was: Lego Mindstorm robot, navigate a maze)

• Option 3: Embedded Software Synthesis using SpecC
– JHB: Opt. 3 Reed-Solomon decoder
– AG: Opt. 3 Digital camera
– TWH: Opt. 3 Tic-tac-toe game
– GS: Opt. 3 Wireless sensor node
– EKS: Opt. 3/2 ? (was: JPEG/H.263), or literature research
– ISG: Opt. 3/1 ? SpecC / Xilinx
– KLN: ? ?
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Assignment 2

• Finalized project proposal
– Choice of option 1, 2, or 3
– Description of your project

• Topic
• Approach

• Expected result

• Outline of schedule

– Length: about 1-3 pages
– Email to doemer @uci . edu

– Due date: October 22, 2004, at 12pm (noon)
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Presentation Scheduling

• Planned schedule: (to be filled in discussion)
– Week 6: Literature research on RTOS

– Week 7: Literature on target processors

– Week 8: Literature / Project

– Week 9: Project presentations

– Week 10: Project presentations

– Final week: Project presentations
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Embedded System Design with SpecC

• Abstraction Levels
• Design Methodology
• The SpecC Model
• The SpecC Language
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Abstraction Levels

• Embedded system design faces tremendous
increase of design complexity
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Abstraction Levels

• Embedded system design faces tremendous
increase of design complexity

• Move to higher levels of abstraction!
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Abstraction Levels

TimingLow abstraction

High abstraction
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Abstraction Levels
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Design Methodology
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The SpecC Model

• Traditional model

– Processes and signals

– Mixture of computation and communication

– Automatic replacement impossible
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The SpecC Model

• Traditional model

– Processes and signals

– Mixture of computation and communication

– Automatic replacement impossible

• SpecC model

– Behaviors and channels
– Separation of computation and communication

– Plug-and-play
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P1 P2
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The SpecC Model

• Protocol Inlining
– Specification model
– Exploration model

• Computation in behaviors

• Communication in channels
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The SpecC Model

• Protocol Inlining
– Specification model
– Exploration model

• Computation in behaviors

• Communication in channels

– Implementation model

• Channel disappears

• Communication inlined into behaviors
• Wires exposed
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The SpecC Language

• Overview
– Foundation
– Types
– Structural and behavioral hierarchy
– Concurrency
– State transitions
– Exception handling
– Communication
– Synchronization
– Timing
– RTL
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The SpecC Language

• Foundation: ANSI-C
– Software requirements are fully covered
– SpecC is a true superset of ANSI-C

– Every C program is a SpecC program

– Leverage of large set of existing programs

– Well-known

– Well-established
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The SpecC Language

• Foundation: ANSI-C
– Software requirements are fully covered
– SpecC is a true superset of ANSI-C

– Every C program is a SpecC program

– Leverage of large set of existing programs

– Well-known

– Well-established

• SpecC has extensions needed for hardware
– Minimal, orthogonal set of concepts

– Minimal, orthogonal set of constructs

• SpecC is a real language
– Not just a class library
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The SpecC Language

• ANSI-C
– Program is set of functions
– Execution starts from

function mai n( )

/ *  HelloWorld.c * /

#i ncl ude <st di o. h>

voi d mai n( voi d)
{

pr i nt f ( “ Hel l o Wor l d! \ n” ) ;   
}
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The SpecC Language

• ANSI-C
– Program is set of functions
– Execution starts from

function mai n( )

• SpecC
– Program is set of behaviors,

channels, and interfaces
– Execution starts from

behavior Mai n. mai n( )

/ *  HelloWorld.c * /

#i ncl ude <st di o. h>

voi d mai n( voi d)
{

pr i nt f ( “ Hel l o Wor l d! \ n” ) ;   
}

/ /  HelloWorld.sc

#i ncl ude <st di o. h>

behavi or  Mai n
{

voi d mai n( voi d)
{

pr i nt f ( “ Hel l o Wor l d! \ n” ) ;
}

} ;
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The SpecC Language

• SpecC types
– Support for all ANSI-C types

• predefined types (i nt , f l oat , doubl e, …)

• composite types (arrays, pointers)
• user-defined types (st r uct , uni on, enum)

– Boolean type: Explicit support of truth values
• bool b1 = t r ue;

• bool b2 = f al se;

– Bit vector type: Explicit support of bit vectors of arbitrary length
• bi t [ 15: 0]  bv = 1111000011110000b;

– Event type: Support of synchronization
• event e;

– Buffered and signal types: Explicit support of RTL concepts
• buf f er ed[ c l k]  bi t [ 32]  r eg;

• si gnal bi t [ 16]  addr ess;
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The SpecC Language

• Bit vector type
– signed or unsigned
– arbitrary length

– standard operators
• logical operations
• arithmetic operations
• comparison operations

• type conversion
• type promotion

– concatenation operator
• a @ b

– slice operator 
• a[ l : r ]

t ypedef bi t [ 7: 0]  byt e;   / /  type definition
byt e             a;
unsi gned bi t [ 16]  b;

bi t [ 31: 0]  Bi t Magi c( bi t [ 4]  c,  bi t [ 32]  d)
{

bi t [ 31: 0]  r ;

a = 11001100b;           / /  constant
b = 1111000011110000ub;  / /  assignment

b[ 7: 0]  = a;              / /  sliced access
b = d[ 31: 16] ;

i f  ( b[ 15] )               / /  single bit
b[ 15]  = 0b;           / /  access

r  = a @ d[ 11: 0]  @ c     / /  concatenation
@ 11110000b;

a = ~( a & 11110000) ;     / /  logical op.
r  += 42 + 3* a;           / /  arithmetic op.

r et ur n r ;
}
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The SpecC Language
• buf f er ed type modifier

– Representation of storage in RTL models
• registers
• register files

• memories
• etc.

– Update at notification of specified events
• synchronized with explicit clock

event Cl k1,  Cl k2;                 / /  syst em cl ock
buf f er ed[ Cl k1]  bi t [ 32]  R1;        / /  r egi st er
buf f er ed[ Cl k1]  bi t [ 32]  R2;

buf f er ed[ CLK2]  bi t [ 16]  RF[ 64] ;    / /  r egi st er  f i l e
buf f er ed[ CLK2]  bi t [  8]  M1[ 1024] ;  / /  memor y

R1 = R2;       / /  swap cont ent s of  R1 and R2
R2 = R1;
wai t CLK1;

RF[ 2]  = RF[ 0]  + RF[ 1] ;
. . .
wai t CLK2;

EECS298: Embedded Software Synthesis, Lecture 4 (c) 2004 R. Doemer 28

The SpecC Language

si gnal i nt x; ⇔ buf f er ed i nt x_v;  event x_e;
x = 55; ⇔ x_v = 55;  not i f y x_e;
y = x  + 2; ⇔ y = x_v + 2;
wai t x; ⇔ wai t x_e;
not i f y x; ⇔ not i f y x_e;
wai t ( x == 5) ; ⇔ whi l e( x_v ! = 5)  {  wai t x_e;  }

• si gnal type modifier
– Representation of wires and busses in RTL models

– Semantics as in VHDL, Verilog

– Implemented as buffered variables with associated event

si gnal bi t [ 31: 0]  addr ;    / /  addr ess bus
si gnal bi t [ 31: 0]  dat a;    / /  dat a bus
buf f er ed[ CLK]  M[ 1024] ;

wai t addr ;                / /  memor y r ead access
dat a = M[ addr ] ;
. . .

wai t addr && dat a;
M[ addr ]  = dat a;           / /  memor y wr i t e access
. . .
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The SpecC Language

• Basic structure
– Top behavior
– Child behaviors

– Channels

– Interfaces

– Variables (wires)

– Ports
b1 b2

v1

c1
B

p1 p2

Behavior Ports InterfacesChannel

Variable
(wire)Child behaviors
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The SpecC Language

• Basic structure
i nt er f ace I 1
{

bi t [ 63: 0]  Read( voi d) ;
voi d Wr i t e( bi t [ 63: 0] ) ;

} ;

channel C1 i mpl ement s I 1;

behavi or B1( i n i nt ,  I 1,  out i nt ) ;

behavi or B( i n i nt p1,  out i nt p2)
{

i nt v1;
C1  c1;
B1  b1( p1,  c1,  v1) ,

b2( v1,  c1,  p2) ;

voi d mai n( voi d)
{  par {  b1. mai n( ) ;

b2. mai n( ) ;
}

}
} ;

b1 b2

v1

c1
B

p1 p2

b1;
b2;

SpecC 2.0:
if b is a behavior instance,
b; is equivalent to b. mai n( ) ;
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The SpecC Language

• Typical test bench
– Top-level behavior: Mai n

– Stimulator provides test vectors

– Design unit under test

– Monitor observes and checks outputs

Stimulator Design_Unit

v2

Monitor

v1

v4

v3
Main
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The SpecC Language

• Behavioral hierarchy

B_seq

b1

b3

b2

B_fsm

b1

b3

b2

b5 b6

b4

behavi or B_seq
{

B b1,  b2,  b3;

voi d mai n( voi d)  
{   b1;

b2;
b3;

}
} ;

behavi or B_f sm
{

B b1,  b2,  b3,
b4,  b5,  b6;

voi d mai n( voi d)  
{  f sm {  b1: { …}

b2: { …}
…}

}  
} ;

Sequential
execution

FSM
execution

Concurrent
execution

Pipelined
execution
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behavi or B_pi pe
{

B b1,  b2,  b3;

voi d mai n( voi d)  
{  pi pe{  b1;

b2;
b3;  }

}
} ;

The SpecC Language

• Behavioral hierarchy

B_par

b1

b3

b2

B_seq

b1

b3

b2

B_fsm

b1

b3

b2

b5 b6

b4

B_pipe

b1

b3

b2

behavi or B_seq
{

B b1,  b2,  b3;

voi d mai n( voi d)  
{   b1;

b2;
b3;

}
} ;

behavi or B_f sm
{

B b1,  b2,  b3,
b4,  b5,  b6;

voi d mai n( voi d)  
{  f sm {  b1: { …}

b2: { …}
…}

}
} ;

behavi or B_par
{

B b1,  b2,  b3;

voi d mai n( voi d)  
{  par {  b1;

b2;
b3;  }

}
} ;

Sequential
execution

FSM
execution

Concurrent
execution

Pipelined
execution
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The SpecC Language

• Finite State Machine (FSM)
– Explicit state transitions

• triple < current_state, condition, next_state >
• fsm { <current_state> : { if <condition> goto <next_state> } … 

}
– Moore-type FSM
– Mealy-type FSM

B_FSM

b1 b2

b3

b=0 b>0

a>0

a≤≤≤≤0
a>b

a≤≤≤≤bb<0

behavi or B_FSM( i n i nt a,  i n i nt b)
{

B b1,  b2,  b3;

voi d mai n( voi d)
{  f sm {  b1: {  i f ( b<0)  br eak ;

i f ( b==0)  got o b1;
i f ( b>0)  got o b2;  }

b2: {  i f ( a>0)  got o b1;  }
b3: {  i f ( a>b)  got o b1;  }

}
}

} ;
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The SpecC Language

• Pipeline
– Explicit execution in pipeline fashion

• pipe { <instance_list> }; behavi or Pi pel i ne
{

St age1 b1;
St age2 b2;
St age3 b3;

voi d mai n( voi d)        
{

pi pe
{  b1;

b2;
b3;

}
}

} ;

b1 b2 b3

Pipeline
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The SpecC Language

• Pipeline
– Explicit execution in pipeline fashion

• pipe { <instance_list> };
• pipe (<init>; <cond>; <incr>) { … }

behavi or Pi pel i ne
{

St age1 b1;
St age2 b2;
St age3 b3;

voi d mai n( voi d)
{

i nt i ;
pi pe( i =0;  i <10;  i ++)

{  b1;
b2;
b3;

}
}

} ;

b1 b2 b3

Pipeline
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The SpecC Language

• Pipeline
– Explicit execution in pipeline fashion

• pipe { <instance_list> };
• pipe (<init>; <cond>; <incr>) { … }

– Support for automatic buffering

behavi or Pi pel i ne
{

i nt v1;
i nt v2;
i nt v3;

St age1 b1( v1,  v2) ;
St age2 b2( v2,  v3) ;
St age3 b3( v3,  v1) ;

voi d mai n( voi d)
{

i nt i ;
pi pe( i =0;  i <10;  i ++)

{  b1;
b2;
b3;

}
}

} ;

b1 b2 b3

Pipeline

v3v2

v1
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The SpecC Language

• Pipeline
– Explicit execution in pipeline fashion

• pipe { <instance_list> };
• pipe (<init>; <cond>; <incr>) { … }

– Support for automatic buffering
• piped […] <type> <variable_list>;

behavi or Pi pel i ne
{

pi ped pi ped i nt v1;
pi ped i nt v2;
pi ped i nt v3;

St age1 b1( v1,  v2) ;
St age2 b2( v2,  v3) ;
St age3 b3( v3,  v1) ;

voi d mai n( voi d)
{

i nt i ;
pi pe( i =0;  i <10;  i ++)

{  b1;
b2;
b3;

}
}

} ;

b1 b2 b3

Pipeline

v3v2

v1
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The SpecC Language
• Exception handling

– Abortion – Interrupt

behavi or B1( i n event e1,  i n event e2)
{

B b,  a1,  a2;

voi d mai n( voi d)
{  t r y {  b;  }

t r ap ( e1)  {  a1;  }
t r ap ( e2)  {  a2;  }

}
} ;

B1

b

a1 a2

e1 e2

e1 e2
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The SpecC Language
• Exception handling

– Abortion – Interrupt

behavi or B1( i n event e1,  i n event e2)
{

B b,  a1,  a2;

voi d mai n( voi d)
{  t r y {  b;  }

t r ap ( e1)  {  a1;  }
t r ap ( e2)  {  a2;  }

}
} ;

behavi or B2( i n event e1,  i n event e2)
{

B b,  i 1,  i 2;

voi d mai n( voi d)
{  t r y {  b;  }

i nt er r upt ( e1)  {  i 1;  }
i nt er r upt ( e2)  {  i 2;  }

}
} ;

B1

b

a1 a2

e1 e2

e1 e2

B2

i1 i2

b

e1 e2

e1 e2
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The SpecC Language

• Communication
– via shared variable

S R

v3
v2
v1

B

Shared memory
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The SpecC Language

• Communication
– via shared variable
– via virtual channel

S R

v3
v2
v1

B

S R

v3
v2
v1

B

C

Shared memory Message passing
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The SpecC Language

• Communication
– via shared variable
– via virtual channel

– via hierarchical channel

S R

v3
v2
v1

B

S R

v3
v2
v1

B

C

S R

B C2

C1

Shared memory Message passing Protocol stack
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The SpecC Language
• Synchronization

– Event type
• event <event_List>;

– Synchronization primitives
• wait <event_list>;
• notify <event_list>;

• notifyone <event_list>;

behavi or S( out event Req,
out f l oat Dat a,
i n event Ack)

{
f l oat X;
voi d mai n( voi d)
{  . . .

Dat a = X;
not i f y Req;
wai t Ack;
. . .

}
} ;

behavi or R( i n event Req,
i n f l oat Dat a,
out event Ack)

{
f l oat Y;
voi d mai n( voi d)
{  . . .

wai t Req;
Y = Dat a;
not i f y Ack;
. . .

}
} ;

S R

Ack

Data

Req
B
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The SpecC Language
• Communication

– Interface class
• interface <name>

{ <declarations> };

– Channel class
• channel <name>

implements <interfaces>
{ <implementations> };

behavi or S( I S Por t )
{

f l oat X;
voi d mai n( voi d)
{  . . .

Por t . Send( X) ;
. . .

}
} ;

behavi or R( I R Por t )
{

f l oat Y;
voi d mai n( voi d)
{ . . .

Y=Por t . Recei ve( ) ;
. . .

}
} ;

channel C
i mpl ement s I S,  I R

{
event Req;
f l oat Dat a;
event Ack;

voi d Send( f l oat  X)
{  Dat a = X;

not i f y Req;
wai t Ack;

}
f l oat Recei ve( voi d)
{  f l oat Y;

wai t Req;
Y = Dat a;
not i f y Ack;
r et ur n Y;

}
} ;

i nt er f ace I S
{

voi d Send( f l oat ) ;
} ;
i nt er f ace I R
{

f l oat Recei ve( voi d) ;
} ;

S R

Ack

Data

Req
B

C

IS IR

EECS298: Embedded Software Synthesis, Lecture 4 (c) 2004 R. Doemer 46

The SpecC Language
• Hierarchical channel

– Virtual channel
implemented by
standard bus protocol

• example: PCI bus behavi or S( I S Por t )
{

f l oat X;
voi d mai n( voi d)
{  . . .

Por t . Send( X) ;
. . .

}
} ;

behavi or R( I R Por t )
{

f l oat Y;
voi d mai n( voi d)
{ . . .

Y=Por t . Recei ve( ) ;
. . .

}
} ;

channel PCI
i mpl ement s PCI _I F;

channel C2
i mpl ement s I S,  I R

{
PCI Bus;
voi d Send( f l oat  X)
{  Bus. Tr ansf er (

PCI _WRI TE,
s i zeof ( X) , &X) ;

}
f l oat Recei ve( voi d)
{  f l oat Y;

Bus. Tr ansf er (
PCI _READ,
s i zeof ( Y) , &Y) ;

r et ur n Y;
}

} ;

i nt er f ace PCI _I F
{

voi d Tr ansf er (
enum Mode,
i nt NumByt es ,
i nt Addr ess) ;

} ;

S R

B PCI

C2

i nt er f ace I S
{

voi d Send( f l oat ) ;
} ;
i nt er f ace I R
{

f l oat Recei ve( voi d) ;
} ;
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The SpecC Language
• SpecC Standard Channel Library

– introduced with SpecC Language Version 2.0
– includes support for

• mutex
• semaphore
• critical section

• barrier
• token
• queue

• handshake
• double handshake
• …
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The SpecC Language
• SpecC Standard Channel Library

– mutex channel
– semaphore channel release

acquire

attempt

c_semaphore

i nt er f ace i _semaphor e
{

voi d acqui r e( voi d) ;
voi d r el ease( voi d) ;
voi d at t empt ( voi d) ;

} ;

channel c_semaphor e(
i n const  unsi gned l ong c)

i mpl ement s i _semaphor e;

channel c_mut ex
i mpl ement s i _semaphor e;

release

acquire

attempt

c_mutex
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The SpecC Language
• SpecC Standard Channel Library

– mutex channel
– semaphore channel

– critical section leave

enter

c_critical_section

i nt er f ace i _cr i t i cal _sect i on
{

voi d ent er ( voi d) ;
voi d l eave( voi d) ;

} ;

channel c_cr i t i cal _sect i on
i mpl ement s i _cr i t i cal _sect i on;
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The SpecC Language
• SpecC Standard Channel Library

– mutex channel
– semaphore channel

– critical section

– barrier

barrier

c_barrier

i nt er f ace i _bar r i er
{

voi d bar r i er ( voi d) ;
} ;

channel c_bar r i er (
i n unsi gned l ong n)

i mpl ement s i _bar r i er ;
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The SpecC Language
• SpecC Standard Channel Library

– mutex channel
– semaphore channel

– critical section

– barrier

– token

consume

produce

c_token

i nt er f ace i _consumer
{

voi d consume( unsi gned l ong n) ;
} ;

i nt er f ace i _pr oducer
{

voi d pr oduce( unsi gned l ong n) ;
} ;

i nt er f ace i _t oken
{

voi d consume( unsi gned l ong n) ;
voi d pr oduce( unsi gned l ong n) ;

} ;

channel c_t oken
i mpl ement s i _consumer ,

i _pr oducer ,
i _t oken;
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The SpecC Language
• SpecC Standard Channel Library

– mutex channel
– semaphore channel

– critical section

– barrier

– token

– queue

receive

send

c_queue

i nt er f ace i _t r ancei ver
{

voi d r ecei ve( voi d * d,  unsi gned l ong l ) ;
voi d send( voi d * d,  unsi gned l ong l ) ;

} ;

channel c_queue(
i n const  unsi gned l ong s)

i mpl ement s i _r ecei ver ,
i _sender ,
i _t r ancei ver ;

i nt er f ace i _sender
{

voi d send( voi d * d,
unsi gned l ong l ) ;

} ;

i nt er f ace i _r ecei ver
{

voi d r ecei ve( voi d * d,
unsi gned l ong l ) ;

} ;
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The SpecC Language
• SpecC Standard Channel Library

– mutex channel
– semaphore channel

– critical section

– barrier

– token

– queue
– handshake

receive

send

c_handshake

channel c_handshake
i mpl ement s i _r ecei ve,

i _send;

i nt er f ace i _r ecei ve
{

voi d r ecei ve( voi d) ;
} ;

i nt er f ace i _send
{

voi d send( voi d) ;
} ;
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The SpecC Language
• SpecC Standard Channel Library

– mutex channel
– semaphore channel

– critical section

– barrier

– token

– queue
– handshake

– double handshake

– …

receive

send

c_double_handshake

i nt er f ace i _t r ancei ver
{

voi d r ecei ve( voi d * d,  unsi gned l ong l ) ;
voi d send( voi d * d,  unsi gned l ong l ) ;

} ;

i nt er f ace i _sender
{

voi d send( voi d * d,
unsi gned l ong l ) ;

} ;

i nt er f ace i _r ecei ver
{

voi d r ecei ve( voi d * d,
unsi gned l ong l ) ;

} ;

channel c_doubl e_handshake
i mpl ement s i _r ecei ver ,

i _sender ;
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The SpecC Language

• Timing
– Exact timing

• waitfor <delay>;

Example: stimulator for a test bench

5/100/0/10/200/
10/20 10/20

t7t6t4t3t2t1 t5

a

d

in ABus

in RMode

in WMode

inout DBus

35302015105 25

42a

b

e1

e2

0 43

0000b 1010b 1111b 0000b

0

behavi or Test bench_Dr i ver
( i nout i nt a,

i nout i nt b,
out  event e1,
out  event e2)

{
voi d mai n( voi d)
{

wai t f or 5;
a = 42;
not i f y e1;

wai t f or 5;
b = 1010b;
not i f y e2;

wai t f or 10;
a++;
b | = 0101b;
not i f y e1,  e2;

wai t f or 10;
b = 0;
not i f y e2;

}
} ;
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The SpecC Language

• Timing
– Exact timing

• waitfor <delay>;

– Timing constraints
• do { <actions> }

timing {<constraints>}

5/100/0/10/200/
10/20 10/20

t7t6t4t3t2t1 t5

a

d

in ABus

in RMode

in WMode

inout DBus

Example: SRAM read protocol

bi t [ 7: 0]  Read_SRAM( bi t [ 15: 0]  a)     
{

bi t [ 7: 0]  d;

do {  t 1:  { ABus = a;   }
t 2:  { RMode = 1;

WMode = 0;  }
t 3:  {            }
t 4:  { d = Dbus;   }
t 5:  { ABus = 0;   }
t 6:  { RMode = 0;

WMode = 0;  }
t 7:  {  }

}
t i mi ng {  r ange( t 1;  t 2;   0;    ) ;

r ange( t 1;  t 3;  10;  20) ;
r ange( t 2;  t 3;  10;  20) ;
r ange( t 3;  t 4;   0;    ) ;
r ange( t 4;  t 5;   0;    ) ;
r ange( t 5;  t 7;  10;  20) ;
r ange( t 6;  t 7;   5;  10) ;

}
r et ur n( d) ;

}

Specification
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The SpecC Language

• Timing
– Exact timing

• waitfor <delay>;

– Timing constraints
• do { <actions> }

timing {<constraints>}

5/100/0/10/200/
10/20 10/20

t7t6t4t3t2t1 t5

a

d

in ABus

in RMode

in WMode

inout DBus

Example: SRAM read protocol

bi t [ 7: 0]  Read_SRAM( bi t [ 15: 0]  a)
{

bi t [ 7: 0]  d;

do {  t 1:  { ABus = a;   wai t f or (  2) ; }
t 2:  { RMode = 1;

WMode = 0;  wai t f or ( 12) ; }
t 3:  {            wai t f or (  5) ; }
t 4:  { d = Dbus;   wai t f or (  5) ; }
t 5:  { ABus = 0;   wai t f or (  2) ; }
t 6:  { RMode = 0;

WMode = 0;  wai t f or ( 10) ; }
t 7:  {  }

}
t i mi ng {  r ange( t 1;  t 2;   0;    ) ;

r ange( t 1;  t 3;  10;  20) ;
r ange( t 2;  t 3;  10;  20) ;
r ange( t 3;  t 4;   0;    ) ;
r ange( t 4;  t 5;   0;    ) ;
r ange( t 5;  t 7;  10;  20) ;
r ange( t 6;  t 7;   5;  10) ;

}
r et ur n( d) ;

}

Implementation 1
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The SpecC Language

• Timing
– Exact timing

• waitfor <delay>;

– Timing constraints
• do { <actions> }

timing {<constraints>}

5/100/0/10/200/
10/20 10/20

t7t6t4t3t2t1 t5

a

d

in ABus

in RMode

in WMode

inout DBus

Example: SRAM read protocol

bi t [ 7: 0]  Read_SRAM( bi t [ 15: 0]  a)
{

bi t [ 7: 0]  d;        / /  ASAP Schedul e

do {  t 1:  { ABus = a;   }
t 2:  { RMode = 1;

WMode = 0;  wai t f or ( 10) ; }
t 3:  {            }
t 4:  { d = Dbus;   }
t 5:  { ABus = 0;   }
t 6:  { RMode = 0;

WMode = 0;  wai t f or ( 10) ; }
t 7:  {  }

}
t i mi ng {  r ange( t 1;  t 2;   0;    ) ;

r ange( t 1;  t 3;  10;  20) ;
r ange( t 2;  t 3;  10;  20) ;
r ange( t 3;  t 4;   0;    ) ;
r ange( t 4;  t 5;   0;    ) ;
r ange( t 5;  t 7;  10;  20) ;
r ange( t 6;  t 7;   5;  10) ;

}
r et ur n( d) ;

}

Implementation 2
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The SpecC Language

• RTL Modeling
– Accellera RTL Semantics Standard

• Style 1: unmapped
– a = b *  c

• Style 2: storage mapped
– R1 = R1 *  RF2[ 4]

• Style 3: function mapped
– R1 = ALU1( MULT,  R1,  RF2[ 4] )

• Style 4: connection mapped
– Bus1=R1;  Bus2=RF2[ 4] ;  Bus3=ALU1( MULT,  Bus1,  Bus2)

• Style 5: exposed control
– ALU_CTRL = 011001;  RF2_CTRL = 010;  …

– Types specific for RTL:
• buf f er ed type modifier: Storage
• si gnal type modifier: Communication

– Control flow specific for RTL:
• f smd construct: Explicit finite state machine with datapath

Source: http://www.eda.org/alc-cwg/cwg-open.pdf
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The SpecC Language

• RTL Modeling
– f smd construct

• Similar to f smconstruct, but specifically for RTL

• Explicit states and state transitions

• State actions represent well-defined register transfers
– limited to conditional/unconditional assignments and function calls

– general loops, exceptions, synchronization, timing are not allowed

• Explicit clock specifier
– event list (external clock)

– time delay (internal clock)

• Explicit sensitivity list
– needed for Mealy machine support

• Explicit reset state
– synchronous reset
– asynchronous reset
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The SpecC Language
behavi or FSMD_Exampl e(

si gnal  i n  bool CLK,          / /  syst em cl ock
si gnal  i n  bool RST,          / /  syst em r eset
si gnal  i n bi t [ 31: 0]   I npor t ,       / /  i nput  por t s
si gnal  i n bi t [ 1]      St ar t ,
si gnal  out bi t [ 31: 0]   Out por t ,      / /  out put  por t s
si gnal  out bi t [ 1]      Done)

{   voi d mai n( voi d)
{

f smd( CLK)                              / /  c l ock + sensi t i v i t y
{

bi t [ 32]  a,  b,  c ,  d,  e;            / /  l ocal  var i abl es

{  Out por t = 0;        / /  def aul t
Done = 0b;          / /  ass i gnment s

}
i f ( RST)     {  got o S0;            / /  r eset  act i ons

}
S0 :         {  i f ( St ar t )  got o S1;

el se got o S0;
}

S1 :         {  a = b + c;          / /  st at e act i ons
d = I npor t *  e;     / /  ( r egi st er  t r ansf er s)
Out por t = a;
got o S2;

}
. . .  }

}
} ;

RTL
Modeling
Example
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The SpecC Language
behavi or FSMD_Exampl e(

si gnal  i n  bool CLK,          / /  syst em cl ock
si gnal  i n  bool RST,          / /  syst em r eset
si gnal  i n bi t [ 31: 0]   I npor t ,       / /  i nput  por t s
si gnal  i n bi t [ 1]      St ar t ,
si gnal  out bi t [ 31: 0]   Out por t ,      / /  out put  por t s
si gnal  out bi t [ 1]      Done)

{   voi d mai n( voi d)
{

f smd( CLK)                              / /  c l ock + sensi t i v i t y
{

bi t [ 32]  a,  b,  c ,  d,  e;            / /  l ocal  var i abl es

{  Out por t = 0;        / /  def aul t
Done = 0b;          / /  ass i gnment s

}
i f ( RST)     {  got o S0;            / /  r eset  act i ons

}
S0 :         {  i f ( St ar t )  got o S1;

el se got o S0;
}

S1 :         {  a = b + c;          / /  st at e act i ons
d = I npor t *  e;     / /  ( r egi st er  t r ansf er s)
Out por t = a;
got o S2;

}
. . .  }

}
} ;

RTL
Modeling
Example

si gnal  i n  bool CLK,          / /  syst em c l ock
si gnal  i n  bool RST,          / /  syst em r eset
si gnal  i n bi t [ 31: 0]   I npor t ,       / /  i nput  por t s 
si gnal  i n bi t [ 1]      St ar t ,
si gnal  out bi t [ 31: 0]   Out por t ,      / /  out put  por t s
si gnal  out bi t [ 1]      Done)

f smd( CLK)                              / /  c l ock + sensi t i v i t y
{

bi t [ 32]  a,  b,  c ,  d,  e;            / /  l ocal  var i abl es

{  Out por t = 0;        / /  def aul t
Done = 0b;          / /  ass i gnment s

}
i f ( RST)     {  got o S0;            / /  r eset  act i ons

}
S0 :         {  i f ( St ar t )  got o S1;

el se got o S0;
}

S1 :         {  a = b + c;          / /  st at e act i ons
d = I npor t *  e;     / /  ( r egi st er  t r ansf er s)
Out por t = a;
got o S2;

}
. . .  }
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The SpecC Language
behavi or FSMD_Exampl e(

si gnal  i n  bool CLK,          / /  syst em cl ock
si gnal  i n  bool RST,          / /  syst em r eset
si gnal  i n bi t [ 31: 0]   I npor t ,       / /  i nput  por t s
si gnal  i n bi t [ 1]      St ar t ,
si gnal  out bi t [ 31: 0]   Out por t ,      / /  out put  por t s
si gnal  out bi t [ 1]      Done)

{   voi d mai n( voi d)
{

f smd( CLK)                              / /  c l ock + sensi t i v i t y
{

bi t [ 32]  a,  b,  c ,  d,  e;            / /  l ocal  var i abl es

{  Out por t = 0;        / /  def aul t
Done = 0b;          / /  ass i gnment s

}
i f ( RST)     {  got o S0;            / /  r eset  act i ons

}
S0 :         {  i f ( St ar t )  got o S1;

el se got o S0;
}

S1 :         {  a = b + c;          / /  st at e act i ons
d = I npor t *  e;     / /  ( r egi st er  t r ansf er s)
Out por t = a;
got o S2;

}
. . .  }

}
} ;

RTL
Modeling
Example

f smd( CLK)                              / /  c l ock + sensi t i v i t yf smd( 10)                               / /  i nt er nal  cl ock     f smd( CLK r i s i ng)                       / /  c l ock,  r i s i ng edge f smd( CLK;  I npor t ,  St ar t )               / /  c l ock + sensi t i v i t y
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The SpecC Language
behavi or FSMD_Exampl e(

si gnal  i n  bool CLK,          / /  syst em cl ock
si gnal  i n  bool RST,          / /  syst em r eset
si gnal  i n bi t [ 31: 0]   I npor t ,       / /  i nput  por t s
si gnal  i n bi t [ 1]      St ar t ,
si gnal  out bi t [ 31: 0]   Out por t ,      / /  out put  por t s
si gnal  out bi t [ 1]      Done)

{   voi d mai n( voi d)
{

f smd( CLK)                              / /  c l ock + sensi t i v i t y
{

bi t [ 32]  a,  b,  c ,  d,  e;            / /  l ocal  var i abl es

{  Out por t = 0;        / /  def aul t
Done = 0b;          / /  ass i gnment s

}
i f ( RST)     {  got o S0;            / /  r eset  act i ons

}
S0 :         {  i f ( St ar t )  got o S1;

el se got o S0;
}

S1 :         {  a = b + c;          / /  st at e act i ons
d = I npor t *  e;     / /  ( r egi st er  t r ansf er s)
Out por t = a;
got o S2;

}
. . .  }

}
} ;

RTL
Modeling
Example

i f ( RST)     {  got o S0;            / /  r eset  act i ons      
}

f smd( CLK;  RST)                         / /  asynchr onous r eset
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The SpecC Language
behavi or FSMD_Exampl e(

si gnal  i n  bool CLK,          / /  syst em cl ock
si gnal  i n  bool RST,          / /  syst em r eset
si gnal  i n bi t [ 31: 0]   I npor t ,       / /  i nput  por t s
si gnal  i n bi t [ 1]      St ar t ,
si gnal  out bi t [ 31: 0]   Out por t ,      / /  out put  por t s
si gnal  out bi t [ 1]      Done)

{   voi d mai n( voi d)
{

f smd( CLK)                              / /  c l ock + sensi t i v i t y
{

bi t [ 32]  a,  b,  c ,  d,  e;            / /  l ocal  var i abl es

{  Out por t = 0;        / /  def aul t
Done = 0b;          / /  ass i gnment s

}
i f ( RST)     {  got o S0;            / /  r eset  act i ons

}
S0 :         {  i f ( St ar t )  got o S1;

el se got o S0;
}

S1 :         {  a = b + c;          / /  st at e act i ons
d = I npor t *  e;     / /  ( r egi st er  t r ansf er s)
Out por t = a;
got o S2;

}
. . .  }

}
} ;

RTL
Modeling
Example

{  Out por t = 0;        / /  def aul t
Done = 0b;          / /  assi gnment s

}
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The SpecC Language
behavi or FSMD_Exampl e(

si gnal  i n  bool CLK,          / /  syst em cl ock
si gnal  i n  bool RST,          / /  syst em r eset
si gnal  i n bi t [ 31: 0]   I npor t ,       / /  i nput  por t s
si gnal  i n bi t [ 1]      St ar t ,
si gnal  out bi t [ 31: 0]   Out por t ,      / /  out put  por t s
si gnal  out bi t [ 1]      Done)

{   voi d mai n( voi d)
{

f smd( CLK)                              / /  c l ock + sensi t i v i t y
{

bi t [ 32]  a,  b,  c ,  d,  e;            / /  l ocal  var i abl es

{  Out por t = 0;        / /  def aul t
Done = 0b;          / /  ass i gnment s

}
i f ( RST)     {  got o S0;            / /  r eset  act i ons

}
S0 :         {  i f ( St ar t )  got o S1;

el se got o S0;
}

S1 :         {  a = b + c;          / /  st at e act i ons
d = I npor t *  e;     / /  ( r egi st er  t r ansf er s)
Out por t = a;
got o S2;

}
. . .  }

}
} ;

RTL
Modeling
Example

S0 :         {  i f ( St ar t )  got o S1;          
el se got o S0;

}
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The SpecC Language
behavi or FSMD_Exampl e(

si gnal  i n  bool CLK,          / /  syst em cl ock
si gnal  i n  bool RST,          / /  syst em r eset
si gnal  i n bi t [ 31: 0]   I npor t ,       / /  i nput  por t s
si gnal  i n bi t [ 1]      St ar t ,
si gnal  out bi t [ 31: 0]   Out por t ,      / /  out put  por t s
si gnal  out bi t [ 1]      Done)

{   voi d mai n( voi d)
{

f smd( CLK)                              / /  c l ock + sensi t i v i t y
{

bi t [ 32]  a,  b,  c ,  d,  e;            / /  l ocal  var i abl es

{  Out por t = 0;        / /  def aul t
Done = 0b;          / /  ass i gnment s

}
i f ( RST)     {  got o S0;            / /  r eset  act i ons

}
S0 :         {  i f ( St ar t )  got o S1;

el se got o S0;
}

S1 :         {  a = b + c;          / /  st at e act i ons
d = I npor t *  e;     / /  ( r egi st er  t r ansf er s)
Out por t = a;
got o S2;

}
. . .  }

}
} ;

RTL
Modeling
Example

S1 :         {  a = b + c ;          / /  s t at e act i ons
d = I npor t *  e;     / /  ( r egi st er  t r ansf er s)
Out por t = a;
got o S2;

}
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The SpecC Language
behavi or FSMD_Exampl e(

si gnal  i n  bool CLK,          / /  syst em cl ock
si gnal  i n  bool RST,          / /  syst em r eset
si gnal  i n bi t [ 31: 0]   I npor t ,       / /  i nput  por t s
si gnal  i n bi t [ 1]      St ar t ,
si gnal  out bi t [ 31: 0]   Out por t ,      / /  out put  por t s
si gnal  out bi t [ 1]      Done)

{   voi d mai n( voi d)
{

f smd( CLK)                              / /  c l ock + sensi t i v i t y
{

bi t [ 32]  a,  b,  c ,  d,  e;            / /  l ocal  var i abl es

{  Out por t = 0;        / /  def aul t
Done = 0b;          / /  ass i gnment s

}
i f ( RST)     {  got o S0;            / /  r eset  act i ons

}
S0 :         {  i f ( St ar t )  got o S1;

el se got o S0;
}

S1 :         {  a = b + c;          / /  st at e act i ons
d = I npor t *  e;     / /  ( r egi st er  t r ansf er s)
Out por t = a;
got o S2;

}
. . .  }

}
} ;

RTL
Modeling
Example

S1 :         {  a = b + c ;          / /  Accel l er a st yl e 1   
d = I npor t *  e;     / /  ( unmapped)
Out por t = a;
got o S2;

}

bi t [ 32]  a,  b,  c,  d,  e;            / /  unmapped var i abl es  
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The SpecC Language
behavi or FSMD_Exampl e(

si gnal  i n  bool CLK,          / /  syst em cl ock
si gnal  i n  bool RST,          / /  syst em r eset
si gnal  i n bi t [ 31: 0]   I npor t ,       / /  i nput  por t s
si gnal  i n bi t [ 1]      St ar t ,
si gnal  out bi t [ 31: 0]   Out por t ,      / /  out put  por t s
si gnal  out bi t [ 1]      Done)

{   voi d mai n( voi d)
{

f smd( CLK)                              / /  c l ock + sensi t i v i t y
{

bi t [ 32]  a,  b,  c ,  d,  e;            / /  l ocal  var i abl es

{  Out por t = 0;        / /  def aul t
Done = 0b;          / /  ass i gnment s

}
i f ( RST)     {  got o S0;            / /  r eset  act i ons

}
S0 :         {  i f ( St ar t )  got o S1;

el se got o S0;
}

S1 :         {  a = b + c;          / /  st at e act i ons
d = I npor t *  e;     / /  ( r egi st er  t r ansf er s)
Out por t = a;
got o S2;

}
. . .  }

}
} ;

RTL
Modeling
Example

S1 :         {  RF[ 0] =RF[ 1] +RF[ 2] ;  / /  Accel l er a st yl e 2   
RF[ 3] =I npor t * RF[ 4] ; / /  ( st or age mapped)
Out por t = RF[ 0] ;
got o S2;

}

buf f er ed[ CLK]  bi t [ 32]  RF[ 4] ;       / /  r egi st er  f i l e       
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The SpecC Language
behavi or FSMD_Exampl e(

si gnal  i n  bool CLK,          / /  syst em cl ock
si gnal  i n  bool RST,          / /  syst em r eset
si gnal  i n bi t [ 31: 0]   I npor t ,       / /  i nput  por t s
si gnal  i n bi t [ 1]      St ar t ,
si gnal  out bi t [ 31: 0]   Out por t ,      / /  out put  por t s
si gnal  out bi t [ 1]      Done)

{   voi d mai n( voi d)
{

f smd( CLK)                              / /  c l ock + sensi t i v i t y
{

bi t [ 32]  a,  b,  c ,  d,  e;            / /  l ocal  var i abl es

{  Out por t = 0;        / /  def aul t
Done = 0b;          / /  ass i gnment s

}
i f ( RST)     {  got o S0;            / /  r eset  act i ons

}
S0 :         {  i f ( St ar t )  got o S1;

el se got o S0;
}

S1 :         {  a = b + c;          / /  st at e act i ons
d = I npor t *  e;     / /  ( r egi st er  t r ansf er s)
Out por t = a;
got o S2;

}
. . .  }

}
} ;

RTL
Modeling
Example

S1 :         {  RF[ 0]  =            / /  Accel l er a st yl e 3   
ADD0( RF[ 1] , RF[ 2] ) ; / /  ( f unct i on mapped)

RF[ 3]  =
MUL0( I npor t , RF[ 4] ) ;

Out por t = RF[ 0] ;
got o S2;

}

buf f er ed[ CLK]  bi t [ 32]  RF[ 4] ;       / /  r egi st er  f i l e       
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The SpecC Language
behavi or FSMD_Exampl e(

si gnal  i n  bool CLK,          / /  syst em cl ock
si gnal  i n  bool RST,          / /  syst em r eset
si gnal  i n bi t [ 31: 0]   I npor t ,       / /  i nput  por t s
si gnal  i n bi t [ 1]      St ar t ,
si gnal  out bi t [ 31: 0]   Out por t ,      / /  out put  por t s
si gnal  out bi t [ 1]      Done)

{   voi d mai n( voi d)
{

f smd( CLK)                              / /  c l ock + sensi t i v i t y
{

bi t [ 32]  a,  b,  c ,  d,  e;            / /  l ocal  var i abl es

{  Out por t = 0;        / /  def aul t
Done = 0b;          / /  ass i gnment s

}
i f ( RST)     {  got o S0;            / /  r eset  act i ons

}
S0 :         {  i f ( St ar t )  got o S1;

el se got o S0;
}

S1 :         {  a = b + c;          / /  st at e act i ons
d = I npor t *  e;     / /  ( r egi st er  t r ansf er s)
Out por t = a;
got o S2;

}
. . .  }

}
} ;

RTL
Modeling
Example

S1 :         {  BUS0 = RF[ 1] ;       / /  Accel l er a st yl e 4   
BUS1 = RF[ 2] ;       / /  ( connect i on mapped)
BUS3 = ADD0( BUS0, BUS1) ;
RF[ 0] = BUS3;
. . .
got o S2;

}

buf f er ed[ CLK]  bi t [ 32]  RF[ 4] ;       / /  r egi st er  f i l e       
bi t [ 32]  BUS0,  BUS1,  BUS2;          / /  busses
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The SpecC Language
behavi or FSMD_Exampl e(

si gnal  i n  bool CLK,          / /  syst em cl ock
si gnal  i n  bool RST,          / /  syst em r eset
si gnal  i n bi t [ 31: 0]   I npor t ,       / /  i nput  por t s
si gnal  i n bi t [ 1]      St ar t ,
si gnal  out bi t [ 31: 0]   Out por t ,      / /  out put  por t s
si gnal  out bi t [ 1]      Done)

{   voi d mai n( voi d)
{

f smd( CLK)                              / /  c l ock + sensi t i v i t y
{

bi t [ 32]  a,  b,  c ,  d,  e;            / /  l ocal  var i abl es

{  Out por t = 0;        / /  def aul t
Done = 0b;          / /  ass i gnment s

}
i f ( RST)     {  got o S0;            / /  r eset  act i ons

}
S0 :         {  i f ( St ar t )  got o S1;

el se got o S0;
}

S1 :         {  a = b + c;          / /  st at e act i ons
d = I npor t *  e;     / /  ( r egi st er  t r ansf er s)
Out por t = a;
got o S2;

}
. . .  }

}
} ;

RTL
Modeling
Example

S1 :         {  RF_CTRL = 011000b;  / /  Accel l er a st yl e 5   
ADD0_CTRL = 01b;    / /  ( exposed cont r ol )
MUL0_CTRL = 11b;
. . .

got o S2;
}

si gnal bi t [ 5: 0]  RF_CTRL;           / /  cont r ol  wi r es       
si gnal bi t [ 1: 0]  ADD0_CTRL,  MUL0_CTRL;



EECS298: Embedded Software 
Synthesis

Lecture 4

(c) 2004, R. Doemer 37

EECS298: Embedded Software Synthesis, Lecture 4 (c) 2004 R. Doemer 73

The SpecC Language

• Library support
– Import of precompiled SpecC code

• import <component_name>;

– Automatic handling of multiple inclusion
• no need to use #i f def - #endi f around included files

– Visible to the compiler/synthesizer
• not inline-expanded by preprocessor

• simplifies reuse of IP components

/ /  MyDesign.sc

#i ncl ude <st di o. h>
#i ncl ude <st dl i b. h>

i mpor t “ I nt er f aces/ I 1” ;
i mpor t “ Channel s/ PCI _Bus” ;
i mpor t “ Component s / MPEG- 2” ;

. . .
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The SpecC Language
• Persistent annotation

– Attachment of a key-value pair
• globally to the design, i.e. note <key> = <value>;
• locally to any symbol, i.e. note <symbol>.<key> = <value>;

– Visible to the compiler/synthesizer
• eliminates need for pragmas

• allows easy data exchange among tools
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The SpecC Language
• Persistent annotation

– Attachment of a key-value pair
• globally to the design, i.e. note <key> = <value>;
• locally to any symbol, i.e. note <symbol>.<key> = <value>;

– Visible to the compiler/synthesizer
• eliminates need for pragmas

• allows easy data exchange among tools

/ *  comment, not persistent * /

/ /  gl obal  annot at i ons
not e Aut hor  = “ Rai ner  Doemer ” ;
not e Dat e   = “ Fr i  Feb 23 23: 59: 59 PST 2001” ;

behavi or CPU( i n event CLK,  i n event RST,  . . . )
{

/ /  l ocal  annot at i ons
not e MaxCl ockFr equency = 800 *  1e6;
not e CLK. I sSyst emCl ock = t r ue;
not e RST. I sSyst emReset = t r ue;
. . .

} ;

Mi nMaxCl ockFr eq = { 750* 1e6,  800* 1e6 } ;

SpecC 2.0:
<value> can be a
composite constant
(just like complex
variable initializers)
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SpecC Summary

• SpecC model
– Hierarchical network of behaviors and channels
– Separation of communication and computation

• SpecC language
– True superset of ANSI-C

• ANSI-C plus extensions for HW-design

– Support of all concepts needed in system design
• Structural and behavioral hierarchy
• Concurrency
• State transitions
• Communication
• Synchronization
• Exception handling
• Timing
• RTL


