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Motivation

F High level model

  -    Fast implementation

  -    Fast simulation

  -    Architectural details disregarded

F Accurate virtual prototype

   -  Slow simulation techniques for accurate ISS

   -  At least linear dependency of simulation performance on
the core number

                          Problem:
 Simulation Speed vs. Architectural Details

Architectural  Fast, easy to change 
exploration               virtual prototype

Start with the functional spec
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Concept of Architecture Development
Flow

Application know-how &
 available profiling results

Block level refined model

Multithreaded
program

ISS Virtual prototype for
software development

Concentration of simulation host
resources on critical blocks

Cycle accurate virtual
prototype

Functional timed 
SystemC

Functional untimed
SystemC

Replacement of functional
blocks by refined blocks
 (adapter implementation)
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Why SystemC events were not
sufficient?

Module1 Module 2

Process_data();
Process_data();

P o r t 2 N e x t

Buffe
r

poin
ter

P r o c e s s D a t a ( D a t a ) ;  
P r o c e s s D a t a ( D a t a ) ;  

M o d u l e M o d u l e

C h 
a n

 n 
e l

N  f  l  g  2  =  t  r  u  e   ;
R  e  a  d  y  2  s  e  n  d  .  n  o  t  i  f  y  (  )  ;

I  f  (  N  F  l  g  1 )  w  a  i  t  (  R  e  a  d  y  2  r  e  c  e  i  v  e  )  ;
N  f  l  g  1  =  f  a  l  s  e ;

S  y  n  c  _  w  i  t  h  _  n  e  x  t  (  )  ;  

P o r t 2 P r e v

P o r t 2 N e x t

N  f  l  g  2  =  t  r  u  e  ;
R  e  a  d  y  2  s  e  n  d  .  n  o  t  i  f  y  (  )  ;
I f  (  N  F  l  g  1 )   w  a  i  t  (  R  e  a  d  y  2  r  e  c  e  i  v  e  )  ;
N  f  l  g 1 = f  a  l  s  e ;

S  y  n  c  _  w  i  t  h  _  n  e  x  t  (  )  ;  

R  e  a  d  y  2  r  e  c  e  i  v  e .  n  o  t  i  f  y  (  )  ;
N  F  l  g  1  =  t  r  u  e ;

I  f  (  N  F  l  g  2  )  w  a  i  t  (  R  e  a  d  y  2  s  e  n  d  ) ;  
 N  F  l  g  2  =  f  a  l  s  e ;

S  y  n  c _ w  i  t  h  _  p  r  e  v  (  )  ;

P o r t 2 P r e v

I  f  (  N  F  l  g  2  )  w  a  i  t  (  R  e  a  d  y  2  s  e  n  d  )  ;  
N  F  l  g  2  =  f a l s e ;

S  y  n  c _ w  i  t  h  _  p  r  e  v  (  )  ;
R  e  a  d  y  2  r  e  c  e  i  v  e .  n  o  t  i  f  y  (  )  ;
N  F  l  g  1  =  t  r  u  e  ;

.notify(R2R).notify(R2R)
wait(R2S);

.notify(R2S).notify(R2S)
wait(R2R);

Channel
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Host: Sun Ultra 10, cpu 333Mhz

C Specification:     0.035 sec per frame

Untimed SystemC model: 0.036 sec per frame

Paralleled timed SystemC model: 0.040 sec per frame

Armulator 920:

Specification:       45 sec per frame

1 cycle of “accurate” ISS about 1000 host cycles

Initial Measurements

Refine partially, leave testbench for each block functional
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Timed Functional-
Architectural Cosimulation
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SIMD Array

PE PE

PE PE

Local Mem.

Func. Units

Registers

PE Ctrl

iCache

Store CtrlLoad Ctrl

GP
Core

TP

CoProc IF

control
params

instr.

instr.

data
control / instructions

 Shared Memory

Parameters: • Local memory size

• Memory bus widths

• Number of PEs

• Number of registers
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Core Integration Requirements

1. Instruction set simulators
RSIMD array

RARM

2. Connection of high level model and refined model
RCommunication

R Synchronization

3. Core software
R Initialization routines

R Synchronization drivers
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Integration of SIMD model
into SystemC

class simd

{

private:
sc_port<bus_if> * SU_port;

public:
StoreFifo (data_t &_data)
write_bus(...);
DoClock();
simd(sc_port<bus_if> * _SU_port)
{SU_port=_SU_port;}

}

bool write_bus(..)

{

  SU_port->write(..)

}

class simd_wrapper:public simd_if

{
simd * pSimd;
sc_port<bus_if> SU_port

SC_CTOR(simd_wrapper)

{
pSimd=new simd(&SU_port);
SC_METHOD (action);
sensitive_pos<<clk;
}

}

void action(void) {simd->DoClock();}

void StoreFifo(...) {simd->StoreFifo(...);}
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How to pass port pointer to the bus
access function if the ISS API is fix?

extern sc_port<bus_if> * pSU_port;

class simd

{

private:
sc_port<bus_if> * SU_port;

public:
StoreFifo (data_t &_data)
write_bus(..);
DoClock();
simd()

}

bool write_bus(..)

{

 pSU_port->write(..);

}

sc_port<bus_if> * pSU_port;

class simd_wrapper:public simd_if

{
simd * pSimd;
sc_port<bus_if> SU_port

SC_CTOR(simd_wrapper)

{
pSimd=new simd ();
SC_METHOD (action);
sensitive_pos<<clk;
}

}

void action(void) {

       pSU_port=&SU_port;

       simd->DoClock();
}

Solution for multiple instantiation
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Communication Refinement

SOURCE W_ADAPTER HW_FIFO

CLOCK

DATA

VALID

READY

SOURCE SINKA_FIFO

Functional specification for SystemC 2.0, chapt. 12:

Source‘ Sink‘



I. Oussorov,
Corporate Research,
Systems Technology

R Implemented within memory
model

R Maps the communication variables
of ISS software into shared
variables within the high level
model

R Converts transferred data

Examples of Communication Adapters

Shared Memory Adapter Transfer Adapter

R Implemented as transfer routine
within high level blocks

R Transfers the communication data
between high level model and
core memory

R Converts transferred data
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Synchronization

#define ADDR_EVENT_REG  12345
...
if (_address==(ADDR_EVENT_REG-start_addr))
 switch (*data)

case 0:
Event0.notify();

break;
case 1:

Event1.notify();
break;
...
default:

 ReportUndefinedEventAndExit();
end;

n High level model to low level model

– interrupts

– direct writing into memory of processor core (to be polled by
core)

n Low level model to high level model

– event activation by
reading/writing of
memory mapped event
register
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General benefit:
Selective refinement è Fast virtual prototype (less accurate on the 

        uncritical parts)
   è Concentration on the module under exploration

Realistic testbench for refined blocks

Minor changes of application software

Architectural exploration:
Accurate profiling of SIMD array bus loading, scaling of PE array

Accurate profiling of SIMD instruction set

Verification of interworking between SIMD array and processor

What do we reach with this flow?
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„Never stop thinking“
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