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What is Transaction Level
' Modeling?

4+ InVolves the abstraction of content to a
~ level above RTL

+ Move from pin-level communication to a set
of function calls
+ burst_write(int addr, int data, int *wdata)
+ burst_read(int addr, int data, int *rdata)
+ write(int addr, int data)
+ read(int addr)



- Why is Transaction Level
' Modeling important?

4 Provides an executable specification
for both hardware and software
engineers

+ Simulation speedup (5x-1000x)

+System level design exploration and
verification



The TLM Dream

4+ Transaction Level Model will be
completed before a single line of RTL
or software is written

+ Allow for hardware and software to be
developed at the same time

+Improve time to market and eliminate
“specification errors”



o0 Languages for TLM

+ Pros: Well-known, fast, can use Verilog PLI or
- Synopsys’ DlrectC to integrate model with RTL

4+ Cons: OOP is not easy, No industry supported
application program interface (API) for TLM

+ C++

+ Pros: Fast, OOP language, templates, inheritance,
polymorphism
+ Cons: No industry supported API for TLM
+ SystemC

+ Pros: C++ with classes that support System Level
Modeling, industry support, can co-simulate with RTL

+ Cons: Knowledge-base not as deep as C++ or C.



TLM Layers

‘|User Layer

Protocol-specific “convenience” API
Targeted for embedded SW engineer
Typically defined and supplied by IP vendors

amba_bus->burst_read(buf, adr, n);

Protocol Layer
Protocol-specific code
Adapts between user layer and transport layer
Typically defined and supplied by IP vendors

req.addr = adr; req.num = n;
rsp = transport(req);
return rsp.buf;

Transport Layer
Uses generic data transport APls and models
Facilitates interoperability of models
Key focus of TLM standard

May use generic fifos, arbiters, routers, xbars,
pipelines, efc.

sc_port<tlm_transport_if<REQ, RSP> > p;




S TLM Layers (cont...)

Abstraction removes:
Besource sharing, time

Clock, protocols
Transfer ]-_..ﬂ_}rﬂ:]_' []_,- ]} Wires, registers
RTL Layer (L-0) ‘ Crates, gate/wire delays




C++ Inheritance

4+ Provides a mechanism for creating a new
~ class using a base class. The new class is
generally termed a derived class.

+ A derived class can inherit use the
functions/data of the base class, extend the
functionality, or override the functions
provided by the base class

+ Inheritance defines an “is a” relationship
+ For example, a dog “is a” animal



C++ Templates

4+ Allows for the definition of functions once

" for multiple data types

+ The “C” way
+ float calculate_fir(int NumberOfTaps);
+ int calculate_fir(int NumberOfTaps);

+ The “C++” way
+ fir<float, 256> fir1;
+ fir<int, 512> fir2;
+ fir1.calculate_fir(); fir2.calculate_fir();



C++ Template Example

. template<type T, int N=256>
class FIR : public sc_module
{
public:
sc_in<T> data_in;
sc_out<T> data_out;
T calculate_fir()

private:
T tap[N];



SystemC Terminology
+Module

. +Container Class that can consists of
' processes, ports, channels, and other
modules.

4+ Processes

+Code block that describes and
implements the module functionality

+Port

+Provides mechanism to connect a module
to a channel via an interface



SystemC Terminology (cont...)

-+ Interface
-+ Describes what methods are available, but

provides no method implementations or data
fields

+ Describes what is supported such as read() or
write()

+ Channels

+ Implements the methods made available by the
the interface

+ Performs the actual transfer



~ SystemC Terminology (cont...)
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Example TLM Code

typedef tlm_req_rsp_channel< basic_request< ADDRESS_TYPE , DATA_TYPE = |
basic_response< DATA_TYPE = = arb_channel_type;

int sc_main{ int argc , char **argv 3

SO masters

switch_master mad("master_a" , @& , 57 3,
switch_master ml{"master_1" , 1 , 180@& 3;

S channels

arb_channel_type <@ , cl;
S4oarbiter

simple_arb< basic_request< ADDRESS_TYPE ., DATA_TYPE = ,
basic_response< DATA_TYPE = = arb("arb"};

S7 router
router< ADDRESS_TYPE .
basic_request< ADDRESS_TYPE ., DATA_TYPE = |
basic_response< DATA_TYPE =
= router_modulel"router” . “master.iport.map” 3

S5 slaves

mem_slave s&{"slave_@"7;
mem_slave sil{ slawve_1"7;



_

= _,; Exam ple TLM Code (cont...

S connectivity pattern is master -x channel -> arbiter -»> router -»> slave

m@d.initiator_portl <@ 3; // connect m@ to its chamnel
ml.initiator_port( cl); /9 connect ml to its chamnel

arb.master_port[@]¢ <@ 3; /¥ connect arbiter to channel @
arb.master_port[1]¢ cl 3; /¢4 connect arbiter to channel 1

arb.slave_port{ router_module.target_port 3, /F connect arbiter to router

router_module.r_port{ s@.target_port 3; 7/ connect router to slave @
router_module.r_port{ sl.target_port 3; S/ connect router to slave 1

A4 set arbitration priorities { can be done from file if needed 3

2,
)

arb.add_interface{ &arb.master_port[@] , 3
arb.add_interfacel &arb.master_port[l] , £

sCc_startl 18@ , SC_NS O
cout << "Finished” << endl;

return @;



Resulting Structure
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Transaction Level Modeling
-' with AMBA
~+Why?

+Mechanism that allows architect to:
+Explore arbitration algorithms

+Ensure enough system bandwidth is available
+Provide executable specification to designers

+Extremely useful for platform-based
development
+RapidChip (LSI Logic)
+S5S0C Mosaic (Toshiba)



AMBA Bus Structure
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System(C AMBA System
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AMBA System Modeling

~ %+ Module(s)

" 4 Clock Generator (HCLK)
+ Master(s)

+ Slave(s)

+ Bus®

+ Arbiter

+ Decoder

+ Monitor**

Components

+ Interface(s)
+ Master Interface
+ Slave Interface
+ Arbiter Interface
+ Decoder Interface

+ Channel(s)

+ AHB Channel
+ Bus*



AMBA Clock Generator

-~ +Simple declaration of sc_clock:
sc_clock clk( "clock", sc_time( 10, SC_NS ) );

+System with multiple clock domains

would be defined by multiple

declarations of sc_clock:

sc_clock c1k1( "clockl", sc_time( 20, SC_NS ) );
sc_clock c1k2( "clock2", sc_time( 10, SC_NS ) );
sc_clock c1k3( "clock3", sc_time( 5, SC_NS ) );



AMBA Master Module

4 Master has the following properties:

+Port that connects to an interface
implemented by a channel (AHB Channel
or Bus)

+Read/Write transaction requests are
implemented in the channel but made
from the master.



AMBA Slave Module

~+Slave has the following properties

~ +Port connects to an interface with
functions again implemented by the
channel

+Transactions are to be initiated using the
channel

+Common to represent a slave address
space using an array to read()/write()
from/to a given address



AMBA Bus Module/Channel

4+ Masters and Slaves connect to the Bus
using the AHB Channel (module®)

+ Arbiter and Decoder connects to the
Bus using specialized interfaces

+Can be represented as a simple mux-
bus structure or a complex pipeline
structure with defined latency



AMBA Arbiter Module

4 Arbiter processes requests and, using
a desired algorithm, provides masters
with a grant signal for bus access

+ Key is the arbitration algorithm
+Simple Priority-Based Arbitration

+Round-Robin Arbitration
+Weighted Round-Robin Arbitration



AMBA Decoder Module

4+ Reads the address line to determine
which slave should be granted access
to the Read Mux.

+ Contains address map for design in
order to decode correctly



AMBA AHB Bus Channel

| +Implements the functions of the
interfaces detailed in the Master,
Slave, and Bus modules

+ Routines include:
+Read()
+Write()
+BurstRead()
+BurstWrite()
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sc_main() code structure

int 2e main[int arge, char **argwv )

ahb bus tlm* bus=l;

ahbh master* masterl, mastart;
glavar glaval, slaveal;

ahb addr monltor* monltarly

ga get bime resolukion(l, 5C HS);
g clock helk("helk”);

bu=1 = peyw ahb bus tlm("busl", 32 /* data bus width */);
masterl = new ahb master|"masterl”, 1 /* priority */});
mastaeri = npew ahb master|["masteri”, I v prilority *f);
slaveal = peyw slave["slavel", 0x0000 S+ base addresa */);

glaval = new slave|"slavei:” | 02000 S+ base addrasa */);

/f Monitar instantiation, caomment out ta disahle
monitorl = new ahb addr monitor("address monitorl”, true);

busl->helk(helk);
masterl->helk{helk);
master2->helk{helk);

busl-»>slave port(*slavel);
busl->slave port(*slavel);

masterl->mpart{*busl);
masteri->mport(*busl);

ff Monitor port to bus channel connection, comment out to disable
monitorl-Fmonitor port(*busl);
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Timea
T1

AMBA TIM Data Flow

Master 1

requasii)
has_grani() [FALSE]
responsal|[ORAY,
READY)
“sat_protection()

“init_transaction()
[A1,IMCRH4]

+miasier complaetai)

has_grani) [FALSE]
responsal|[ORAY.
READY)

‘masier_complaetal)

Master 2 bus
idlai)
smaster completsl)

responsal) [OHAY, HEADY)
arbitrata()

requesti]

has_grant(] [FALSE]

response|)[OEAY, READY]

“sat_protection()

““init_transactian)
[B1,INCH]

master_complets()

responsal) [OKAY, HREADY)
arbitrate() [grant M1]



AMBA TLM Data Flow (cont...

T3 has_grani} [TRUE]
responsal) DAY,
READY]
end_requesi(]
“master_complatai)

T4 has_grani} [TRUE]
responssl) DAY,
READY]
sat_datal) [A1]

"master_completai)

has_grant() [FALSE]
response)[OKAY, READY]
‘master_completai)

has_grant(] [FALSE]
rasponse()[DKAY, READY]

‘master_completa()

responsal] [OKAY READY)
arbitrate()[grant k1]
get_slave()

writal|addrass &1]

contred_infolf) [MOMNSEQ,
IMCR4]

saf_datai) [A1]
responsal] [A1-0OHAY,
REALD™Y]
arbitrate()[gramnt k1]
get_slave()
writal)jaddrass AZ]
contrel_infof)[SEQ)



AMBA TLM Data Flow (cont...)

TS has_granti) [TRUE] has_granti) [FALSE]
response()[A1-OKAY, response)[A1-OKAY,
READY] READY]
sat_datal) [A2] ‘master_completa()

‘master_complatai)
sat_datal) [AZ]

responsa(] [A2-0RAY,
READY]

arbitrate()[grant k1]
get_slave()

write(addrass A3]
controd_info()[SEQ)]

TG has_granti) [TRUE] has_grant() [FALSE]
response(][A2-OKAY, response(j[AZ2-0KAY,
READY] READY]
sat_datal) [A3] ‘master_completa()

‘masfier complataill
sail_datal) [A3]

responsai) [A3-0KAY,
REALDY]

arbitrate(j[grant k2]
get_slave()
write(ljaddrass Ad]
controd_infa()[SEQ]



AMBA TLM Data Flow (cont...)

7 responss(|[A3-0OKAY, has_grant(} [TRUE]
o A READY] response|)[A3-0KAY,
L7 sat_datail] [Ad] READY]
idla(} ‘master_complata()
, 75 “masier_complatal)
C AT sot_data() [A4]

e response() [A4-OKAY, NOT
READY]
arbitrata(j[grant M2]

TE& responsa(] | Ad-OHAY, has granf) [THUE]
MOT READY]

responsej[A4-08AY, NOT
"master_complatal} READY]

‘master_completal)
responss(] [A4-0EAY, NOT

READY]
arbitrata(j[grant M2]
T2 responss|)[Ad-0KAY, has_grant(} [TRUE]
NOT READY] response(j[A4-0OKAY, NOT
“masier_completal) REALD™Y]

‘master_completa()

rasponsa(] [AS-0KAY,
READY]

arbitrata(j[grant MZ]
get_slave()
write(ljaddrass B1]
controd_info)[MOMSEQ,
INCR]



AMBA Master Code

clasg MasterExample
public s module

¢ in ¢lk holks
ahlb master port m portEj

vold malin action( ) ;

SC CTOR(MasterExampla)
: m portiname( ), 1, 1, true)

£ THREAD(malin actlian);
efElTivhe L hE;H-PQE[]:

2
=
dont initialize();



‘AMBA Master Code (cont...)

vold MasterExample::main action() { i

unsigned int data[d]; ready resp = m port.response|status resp);
bool ready resp; data[l] = Oxzd;
ahb hresp status resp; walt();
- A TE:
{f Tls ready resp = m port.response|stakus resp);
ready resp = m port.response|status resp); wait();
m port.init transactlon(WR, data, Al, INCR, SIZE 3Z); 1
Th:
Waltl);
¥ ready resp = m port.response|stakus resp);
data[2] = 0xZ8;
i Ti: m port.set datai);
ready resp = m port.response|status resp); m_port.init transaction(RD, data+3, Bl, SINGLE, SIZE_ 3Z);

data[0] = 0x20;

m port.set dataj); data[3] = OxIB;

m port.direct write{Bl, bdaka[3], d);

m port.busyi); data[3] = 0x0;

walti); wait();

/i T3 [

ready resp = m port.response(status resp); ;Ezfi.rzzf ;aTaﬁ?ft'resyﬂnge[gtatus Fespli
data[l] = Oxdeadbeef; m port.idleq);

m port.set datal); walt();

wait();

ff TE:
ready resp = m port.response|skatus Fesp);

wait();



TLM Summary

4+ The key word with Transaction Level
Modeling is abstraction

+Increased simulation speed at the cost
of accuracy

+Important to find the right level of
abstraction to meet the desired
performance/accuracy goals
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