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Mo5va5on	

•  Why	use	transac?on-level	modeling	and	ESL	
languages?	
- Manage	growing	system	complexity	
- Enable	HW/SW	co-design		
- Speed-up	simula?on	
-  	Support	system-level	design	and	verifica?on		

•  Increase	designers’	produc?vity	
•  Reduce	development	costs	and	risk	
•  Accelerate	?me-to-market	&	?me-to-money		
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Levels	of	Abstrac5on	
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A. "Specification model"
     "Untimed functioal models"

B. "Component-assembly model"
     "Architecture model"
     "Timed functonal model"

C. "Bus-arbitration model"
     "Transaction model"

D. "Bus-functional model"
     "Communicatin model"
     "Behavior level model"

E. "Cycle-accurate computation
model"

F. "Implementation model"
     "Register transfer model"
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Levels of Abstraction

• Consider models as a function of their time-granularity

* Figure and taxonomy by Gajski and Cai, UC Irvine

A. Specification Model

“‘Untimed’ Functional Models”

B. Component-Assembly Model

“Architecture Model”

“’Timed’ Functional Model”

C. Bus-Arbitration Model

“Transaction Model”

D. Bus-Functional Model

“Communication Model”

“Behavior-Level Model”

E. Cycle-Accurate Computation Model

F. Implementation Model

“Register-Transfer Level (RTL) Model”
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Specification Model

* Figure and taxonomy by Gajski and Cai, UC Irvine
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Func5onal	Model:	Un5med	or	Timed	
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Component-Assembly Model

* Figure and taxonomy by Gajski and Cai, UC Irvine
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Bus-Arbitration Model

* Figure and taxonomy by Gajski and Cai, UC Irvine
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Computa5on	–	behavior	
Communica5on	–	abstract		
																																	channels	

A	network	of	
communica?ng	
sequen?al	processes	
connected	by	abstract	
channels.		



Bus	Func5onal/Arbitra5on	Model	
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Computa5on	–	behavioral,	approximately	5med	
Communica5on	–	protocol	bus	channels	
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Bus-Functional Model

* Figure and taxonomy by Gajski and Cai, UC Irvine
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Cycle-Accurate Computation Model

* Figure and taxonomy by Gajski and Cai, UC Irvine

Objects:

Computation:

Processors

Memories

IP, arbiters

Wrappers

Communications:

Abstract Bus Channels

Composition:

Hierarchy

Execution Order

Sequential

Parallel

Pipelined

States

Synchronization:

Notify/Wait

PE3

cv12

cv11

cv2

3

1 2

1. Master interface
2. Slave interface
3. Arbiter interface
4. Wrapper

S0

S1

S2

S3

S4

PE4

S0

S1

S2

S3

4

4

PE2

PE1

MOV r1,  10
MUL r1, r1, r1

....

...
MLA r1, r2, r2, r1

....

4

4

Computation

Communication

A B

C

D F

Un-
timed

Approximate-
timed

Cycle-
timed

Un-
timed

Approximate-
timed E

Cycle-
timed



6 

Cycle	Accurate	Computa5on	Model	
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Bus-Functional Model

* Figure and taxonomy by Gajski and Cai, UC Irvine
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Cycle-Accurate Computation Model

* Figure and taxonomy by Gajski and Cai, UC Irvine
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Implementa5on	Model	
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Implementation Model

* Figure and taxonomy by Gajski and Cai, UC Irvine
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Characteristics of the Different Models

* Figure and taxonomy by Gajski and Cai, UC Irvine
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Dataflow	Modeling	(SystemC-1,	Chapter	5)	

•  Actors	–	processes	
•  communica?ons	–	FIFO	channels	
- Channels	are	bounded.	

•  Comm.	channel	opera?ons	–	blocking	read	&	
write	

8 

Constant Adder Fork Printer 
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Basic	Channel:	sc_fifo<T>	

void read(T&); 

T  read(); 

bool nb_read(T&); 

int  num_available(); 

void write(const T&); 

bool nb_write(const T&); 

int  num_free(); 

sc_fifo(int size=16); 

sc_fifo(char* name, int size=16); 
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Ports	Compa5ble	with	sc_fifo<T>	

sc_fifo_in<T>:  support only read operations. 

sc_fifo_out<T>: support only write operations. 

Main PageMain Page |  | Namespace ListNamespace List |  | Class HierarchyClass Hierarchy |  | Class ListClass List |  | DirectoriesDirectories |  | File ListFile List |  | Namespace MembersNamespace Members |  | Class MembersClass Members | |
File MembersFile Members  | | SSearch for earch for 

sc_fifo_in< T > Class Template Referencesc_fifo_in< T > Class Template Reference
#include <sc_fifo_ports.h>

Inheritance diagram for sc_fifo_in< T >:

List of all members.

Public TypesPublic Types

typedef T data_typedata_type
typedef sc_fifo_in_ifsc_fifo_in_if< data_typedata_type > if_typeif_type

typedef sc_portsc_port< if_typeif_type, 0 > base_typebase_type
typedef sc_fifo_insc_fifo_in< data_typedata_type > this_typethis_type

typedef if_typeif_type in_if_typein_if_type
typedef sc_port_bsc_port_b< in_if_typein_if_type > in_port_typein_port_type

Public Member FunctionsPublic Member Functions

 sc_fifo_insc_fifo_in ()
 sc_fifo_insc_fifo_in (const char *name_)
 sc_fifo_insc_fifo_in (in_if_typein_if_type &interface_)
 sc_fifo_insc_fifo_in (const char *name_, in_if_typein_if_type &interface_)
 sc_fifo_insc_fifo_in (in_port_typein_port_type &parent_)
 sc_fifo_insc_fifo_in (const char *name_, in_port_typein_port_type &parent_)
 sc_fifo_insc_fifo_in (this_typethis_type &parent_)
 sc_fifo_insc_fifo_in (const char *name_, this_typethis_type &parent_)

virtual ~sc_fifo_in~sc_fifo_in ()
void readread (data_typedata_type &value_)

data_typedata_type readread ()
bool nb_readnb_read (data_typedata_type &value_)

int num_availablenum_available () const
const sc_eventsc_event & data_written_eventdata_written_event () const

sc_event_findersc_event_finder & data_writtendata_written () const
virtual const char * kindkind () const

Static Public AttributesStatic Public Attributes

static const char *const kind_stringkind_string = "sc_fifo_in"

Private Member FunctionsPrivate Member Functions

 sc_fifo_insc_fifo_in (const this_typethis_type &)
this_typethis_type & operator=operator= (const this_typethis_type &)

template<class T>template<class T>

Main PageMain Page |  | Namespace ListNamespace List |  | Class HierarchyClass Hierarchy |  | Class ListClass List |  | DirectoriesDirectories |  | File ListFile List |  | Namespace MembersNamespace Members |  | Class MembersClass Members | |
File MembersFile Members  | | SSearch for earch for 

sc_fifo_out< T > Class Template Referencesc_fifo_out< T > Class Template Reference
#include <sc_fifo_ports.h>

Inheritance diagram for sc_fifo_out< T >:

List of all members.

Public TypesPublic Types

typedef T data_typedata_type
typedef sc_fifo_out_ifsc_fifo_out_if< data_typedata_type > if_typeif_type

typedef sc_portsc_port< if_typeif_type, 0 > base_typebase_type
typedef sc_fifo_outsc_fifo_out< data_typedata_type > this_typethis_type

typedef if_typeif_type out_if_typeout_if_type
typedef sc_port_bsc_port_b< out_if_typeout_if_type > out_port_typeout_port_type

Public Member FunctionsPublic Member Functions

 sc_fifo_outsc_fifo_out ()
 sc_fifo_outsc_fifo_out (const char *name_)
 sc_fifo_outsc_fifo_out (out_if_typeout_if_type &interface_)
 sc_fifo_outsc_fifo_out (const char *name_, out_if_typeout_if_type &interface_)
 sc_fifo_outsc_fifo_out (out_port_typeout_port_type &parent_)
 sc_fifo_outsc_fifo_out (const char *name_, out_port_typeout_port_type &parent_)
 sc_fifo_outsc_fifo_out (this_typethis_type &parent_)
 sc_fifo_outsc_fifo_out (const char *name_, this_typethis_type &parent_)

virtual ~sc_fifo_out~sc_fifo_out ()
void writewrite (const data_typedata_type &value_)
bool nb_writenb_write (const data_typedata_type &value_)

int num_freenum_free () const
const sc_eventsc_event & data_read_eventdata_read_event () const

sc_event_findersc_event_finder & data_readdata_read () const
virtual const char * kindkind () const

Static Public AttributesStatic Public Attributes

static const char *const kind_stringkind_string = "sc_fifo_out"

Private Member FunctionsPrivate Member Functions

 sc_fifo_outsc_fifo_out (const this_typethis_type &)
this_typethis_type & operator=operator= (const this_typethis_type &)

template<class T>template<class T>
class sc_fifo_out< T >class sc_fifo_out< T >

Member Typedef DocumentationMember Typedef Documentation



Dataflow	Modeling:	Adder	
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template <class T> 

SC_MODULE(DF_Adder) { 

   sc_fifo_in<T> din1, din2; 

   sc_fifo_out<T> dout; 

 

   void process() { 

      while (1)  

         dout.write(din1.read() + din2.read()); 

   } 

 

   SC_CTOR(DF_Adder) { SC_THREAD(process); } 

}; 



Dataflow	Modeling:	Constant	Generator	

12 

template <class T> 

SC_MODULE(DF_Const) { 

   sc_fifo_out<T> dout; 

 

   void process() { 

      while (1) dout.write(constant_); } 

 

   SC_HAS_PROCESS(DF_Const); 

   DF_Const(sc_module_name N, const T& C) : 

 sc_module(N), constant_(C) 

 { SC_THREAD(process); } 

 

   T constant_;   

}; 



Dataflow	Modeling:	Fork	
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template <class T> 

SC_MODULE(DF_Fork) { 

   sc_fifo_in<T> din;  

   sc_fifo_out<T> dout1, dout2; 

 

   void process() { 

      while (1) { 

         T value = din.read(); 

         dout1.write(value); 

         dout2.write(value); 

      }} 

 

   SC_CTOR(DF_Fork) { SC_THREAD(process); } 

}; 



Dataflow	Modeling:	Printer	
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template <class T> 

SC_MODULE(DF_Printer) { 

   sc_fifo_in<T> din;  

 

   void process() { 

      for (int i=0; i < n_iter; i++) { 

         T value = din.read(); 

         cout << name() << “ “ <<value<<endl; 

      } 

      done_ = true; return; // terminate 

   } 

 

   SC_HAS_PROCESS(DF_Printer); 

   DF_Printer(...) ... { SC_THREAD(process); } 

}; 



Dataflow	Modeling:	Top	Module	
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sc_main(int argc, char* argv[]) { 

   DF_Const<int> constant(“constant”, 1); 

   DF_Adder<int> adder(“adder”); 

   DF_Fork<int>  fork(“fork”); 

   DF_Printer<int> printer(“printer”, 10); 

 

   sc_fifo<int> const_out(“const_out”, 5); 

   sc_fifo<int> adder_out(“adder_out”, 1); 

   sc_fifo<int> feedback(“feedback”, 1); 

   sc_fifo<int> to_printer(“2printer”, 1); 

 

   feedback.write(42); // channel init. 

   ... 

} 



Dataflow	Modeling:	Top	Module	

16 

sc_main(int argc, char* argv[]) { 

   ... 

   constant.output(const_out); 

   adder.din1(feedback); 

   adder.din2(const_out); 

   fork.din(adder_out); 

   fork.dout1(feedback); 

   fork.dout2(to_printer); 

   printer.din(to_printer); 

 

   sc_start(); //No sim. time limit 

    

   return 0; 

} 

Port binding



Timed	Models	
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template <class T> 

SC_MODULE(DF_Const) { 

   sc_fifo_out<T> dout; 

 

   void process() { 

      while (1) { 

         wait(200, SC_NS); 

         dout.write(constant_);  

      } 

    ... 

}; 

Computational
delay



Timed	Models	
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template <class T> 

SC_MODULE(DF_Adder) { 

   ... 

 

   void process() { 

      while (1) 

         T data = din1.read() + din2.read(); 

         wait(200, SC_NS);  

         dout.write(data); 

   } 

   ... 

}; 



Stopping	Dataflow	Simula5on	

•  Execute	the	model	for	a	fixed	number	of	
itera?ons	–	then	stop	simula?on.	
- Example:	DF_printer	

•  Or	let	constant	generator	produce	stop	aTer	
producing	a	number	of	tokens.	

•  If	termina?on	depends	on	that	mul?ple	modules	
finish,	then	they	output	flags	to	a	terminator	
module	to	decide	whether	to	stop	simula?on.	

•  For	?med	models,	use	sc_start() with	a	
?me	limit.	

19 



Reading	

•  SystemC-1	book,	Chapter	5.		
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Concepts	of	TLM	

•  Transac?on:	a	single	object	that	includes	signals	
carrying	data	and	protocols	to	allow	data	to	be	
transferred.	

•  TLM	separates	computa?on	from	communica?on.	
- Separate	refinements	of	comp	&	comm.	

•  In	a	TLM,	communica?on	is	done	via	func?on	
calls.	
- Ex:	burst_read(char*	buf,	int	addr,	int	len);	
- Focus	on	what	data	to	transfer	from	and	to	loca?ons	
- Not	about	how	data	transfer	is	implemented.	

21 



Why	TLM	

•  Higher	simula?on	speed	compared	to	RTL	models	
•  Higher	modeling	accuracy	compared	to	
func?onal	models	for	evalua?ng	design	
proper?es.	

•  A	TLM	can	integrate	both	SW	and	HW	models.	
- Provide	a	pla`orm	for	early	SW	development.	
- Early	system	explora?on	and	verifica?on	

22 



Support	TLM:	Interface	and	Channel	

•  An	interface	declares	access	methods	to	channels	
•  A	channel	implements	access	methods	declared	
in	the	interfaces	inherited	by	the	channel.	

•  A	design	model	can	choose	from	different	
channels	as	long	as	they	all	implement	the	same	
interfaces.	

•  Separa?on	of	interfaces	and	channels	facilitates	
design	space	explora?on	and	refinement.	

23 



Func5onal	Model:	Un5med	or	Timed	

24 
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Component-Assembly Model

* Figure and taxonomy by Gajski and Cai, UC Irvine
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Bus-Arbitration Model

* Figure and taxonomy by Gajski and Cai, UC Irvine
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Bus	Arbitra5on	Model	
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Component-Assembly Model

* Figure and taxonomy by Gajski and Cai, UC Irvine
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Abstract	channels	are	implemented	in	an	abstract	communica?on	
structure.	



A	Simple	Bus	Design	
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class bus_if: virtual public sc_interface 
{ 
public: 
  virtual void burst_read (  char* data, 

          unsigned addr, 
      unsigned len) = 0; 

 
  virtual void burst_write (  char* data, 

          unsigned addr, 
      unsigned len) = 0; 

} 

How	many	cycles	would	be	needed	to	to	complete	a	burst	
transac?on	in	a	RTL	model?	



A	Simple	Bus	Design	
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class simple_bus :  
  public bus_if, public sc_channel 

{ 
public: 
  simple_bus(sc_module_name nm, unsigned mem_size, 

   sc_time cycle_time) :  
 sc_channel(nm), _cycle_time(cycle_time) {...} 

  ~simple_bus() {...} 
  virtual void burst_read(...) {} 
  virtual void burst_write(...) {} 
 
protected:  
  char* _mem; 
  sc_time _cycle_time; 
  sc_mutex _bus_mutex; // ensure exclusion access to _mem 
} 



sc_mutex	

28 

sc_mutex name; 
 
name.lock(); // lock the mutex 
 
int name.trylock(); // non-blocking lock 

    // return 0 for success 
    // return -1 otherwise 

 
name.unlock(); // free a locked mutex. 



A	Simple	Bus	Design	
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virtual void burst_read(  char* data,  
     unsigned addr 
        unsigned len)  

{ 
  _bus_mutex.lock(); 
 
  // Block the caller for the data xfer 
  // Modeling mem read delay 

  wait (len * _cycle_time); 
 
  // xfer data 
  memcpy(data, _mem + addr, len); 
 
  _bus_mutex.unlock(); 
} 



A	Simple	Bus	Design	
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virtual void burst_write(  char* data,  
     unsigned addr 
        unsigned len)  

{ 
  _bus_mutex.lock(); 
 
  // Block the caller for the data xfer 
  // Modeling mem write delay  

  wait (len * _cycle_time); 
 
  // xfer data 
  memcpy(_mem + addr, data, len); 
 
  _bus_mutex.unlock(); 
} 

Arbitra'on	is	not	supported.	Any	idea	how	to	do	it?	



Reading	

•  SystemC-1	book,	sec?on	8.1	–	8.2.		

31 
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A	design	Problem:	Matrix	Mul5plica5on	

•  First	step,	algorithmic	modeling	–	a	C	program.	
•  Second	step:	transac?on	level	modeling	
•  Third	step:	communica?on	refinement	
•  Fourth	step:	custom	HW	implementa?on	
•  Fi9h	step:	replace	CPU	with	a	cycle-accurate	
instruc?on	set	simulator	
- Will	skip	this	step	
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A	design	Problem:	Matrix	Mul5plica5on	

•  Words	–	unsigned	32-bit	integers.	
•  Performance	constraints	
- Memory	access	overhead:	100	cycles/access	
- Memory	read/write	delay:	10	cycles/word	
- CPU	Add:	15	cycles	
- CPU	shiT:	1	cycle	
- CPU	mul?ply:	500	cycles	
- Bus	xfer:	1	cycle/word	
- Custom	HW:	depend	on	the	implementa?on	

35 



A	design	Problem:	Matrix	Mul5plica5on	

•  Custom	HW	implementa?on	
- mul?plica?on	–	various	op?miza?ons	for	
performance	

- mul?/accumula?on	
- mul?ple	copies	of	the	above	for	parallelism	

•  Need	to	find	its	average	performance	for	
es?ma?on.	
- need	to	run	it	for	a	large	set	of	random	inputs.	
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