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Outline

‘& Introduction: motivation and objectives

‘@ Background: the SystemC UML profile and the tool
for the UML/SystemC profile

‘Update to SystemC2.1 and TLM

‘aExamples:
aSimple bus
aTLMinfra library and platform example



MDA-SoC design flow
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MDA-SoC design flow
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Programming vs Modelling

SC_MODULE(producer){ SC_MODULE(consumer){ SC_MODULE(top){
sc_outmaster<int> outl, sc_inslave<int> in1; sc_link_mp<int> link1;
sc_in<bool> start; int sum; //state variable producer* Al;
void generate_data(){ void accumulate(){ consumer* B1;
for(int i=0;i<10;i++) sum +=inl; SC_CTOR(top){
outl =i; // to invoke slave cout<<“Sum ="<< sum <<endl; A1l = new producer(“Al1”);
} } Al.outl(linkl);
SC_CTOR(producer){ SC_CTOR(consumer){ B1 = new consumer(“B1”);
SC_METHOD(generate _data); sum =0; //initialize Bl.in1(linkl);
sensitive<< start; SC_SLAVE(accumulate, inl); }
} } 1
F % A bit of modern SW
asc_prim_channel»
. «sc_modulex #sc_modu
and |tS mOdeI D Al: Pmducgr ok 15 JINE_0P JBI' mnﬁu:’ér
®SC _porbo usc_porl:b




MDA for SystemC-TLM

_ ‘& Definition of a proper model
1 Guidance, that allows

assistance, filter ‘& Better quality of design
‘& Faster design

‘& Higher integration levels
‘& Rapid development of

: :>><l\/|l derivative designs
Mode m. g —- Inter
ValidationlF. @ = |operability - Deflnltlor_1 of_metamode_ls
FloaRTs communication semantic

ﬂ High quality Code

Source code |Generation

‘& Tool support to make
effective the metamodel

based methodology
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MDA for SystemC-TLM

‘& Definition of a proper model

mm that allows
m @@ ‘aF Better quality of design

‘& Faster design
‘& Higher integration levels
‘& Rapid development of

ﬁ@se derivative designs
MOAEl e fhae e

Validationl:. |operability 4 Deflnltlor_1 of_metamode_ls
R T communication semantic
&@ﬁﬁ@ﬂ @M&lﬁ!ym ality Code
Source code |Generation ‘& Tool support to make
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Does UML fit hw design?

‘& SoC design = component based design
& Our view of an SoC design is defined by extensive use of

reusable IP blocks, and mixed HW/SW design issues

‘& TLM methodology drives massive OO concepts usage in
platform design

sc_port

tim trans record

T

T

tim_port

SIS S - zinterfaces
________

#interfacss
sc interface

1

zinterfaces

tim_if

1

tim if base

tim_transport T

tim module

sc modula

sinterfaces
tac channd base
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UML PROFILE

& A profile is a group of UML stereotypes, constraints, and
tagged values that

‘& add domain-specific information to the UML
‘@ possibly altering the notation (through special icons)

‘@ A stereotype defines how a UML construct - a class In
the UML metamodel - is extended for a specific target
domain

& with tags to state additional properties

‘& and constraints in the Object Constraint Language (OCL)
to add some restrictions

‘& 1t can be intended as a way of creating a new dialect of the
UML for a particular platform or domain
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Profile structure - updated

‘@ SystemC 2.1 profile structure

1. The SystemC core layer - structure and communication
(modules, interfaces, ports and channels)

2. The SystemC core layer - behavior and synchronization
(method state machines)

3. The SystemC core layer - data types - defines a UML class
library to represent the set of SystemC data types.

4. The SystemC layer of predefined channels, interfaces and
ports

5. The OSCI TLM 1.0 library of predefined channels and
Interfaces.
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UML and MDA for TLM

UML Profile for SystemcC

provides a graphical entry to SystemC
stereotyped class, structured class and state machine diagrams

class diagram

s _modules>
count

<<SC_port:>

:) load |
<<sc_intErface>>

sc_signal_in if<T-rhool>

|

<€3C_port

: din ]
<<&c_interfacer>

sc_signal in if<T->int>

<<€5C_port:

: clock E]_O
<<sc_interfaces>

sc_signal in if<T->bool>

+oount val: int

<SC_port>

e

<<sc_interface:>
sc_sfignal_inout_if <T->int>

+ecsc_methods» count_up(): void

behavioral state machine

structured class and object diagram

class <<sc_module>> top 4’—’/’J

<<SC_portry
din
<<5c_prim_cannel:>

DIN : sc_signal

<T->int>

<fse_portss
i <<SC_prim_canneli:
O DOUT : sc_signal
<T-zinc>

<<so_wodulerr
U_COURL: COunt
<ksc_porces

<<S0_prim_canne Lrr
O LOAD : sc_signal
<T->hool>

<<se_port

<<se_porty>

<<so_wodulerr
<<sc porti>u_sount_stim: count_stim

<<SE_porey]
clock

<<sc_moduless>
u_display: display

/next_tkigger ()

( =<gc_wait_next_triggers> )4

<<SC_next_trigger_event::

RUNHING A

itz dofcount_val++,

[el=e]

do/count_val = din; <<endifsx

dofcount_val = din;




EA Based framework for SystemC

Platform
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SystemC code generator
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SystemC back annotation

‘& import existing SystemC models into UML

& SystemC back annotation = SystemC parser + XMl

generator

‘& EA selecting Project | Import/Export | Import package

from XMI file..

SystemC

SystemC ‘

files parser

XMI

generator

—

1

[JAVACC grammar J

4 C++/SystemC

SC2UML
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SystemC 2.1: new features

‘& Sc_export
‘& Dynamic thread

P -
/ exec

void exec(){

while(true){ Al .
If(init==true) el V=T
sc_spawn(&f,..); ele)
walit(); (o)
action(); - At
¥ T e

} action_spawn
Final




systemC 2.1 new features

& SC_FORK, SC_JOIN

void exec(){ . — ™
SC_FORK [test_function] F'I:::F':'ESt . @
sc_spawn(&test,..); - [ill
sc_spawn(&void,..); it et Ml Fin;l_;;%\
SC_JOIN R < <ighile ==
Whl Ie(true){ = [woid_function]
do_exec(); ﬁ?l:]
} } DUSELE = final_woid do_gxeo
. =




What is TLM?

‘& Modeling communication through function calls
‘ABased on the concept of interfaces
‘aBut can be accurate from the Timing perspective
almplemented by channels exposing interfaces.

‘@ Also gain simulation speed because
communication is not pin accurate



OSCI TLM 1.0 Standard

‘& TML was possible since SystemC 2.0

& | ack of standard library and methodologies can lead to
incompatibilities

‘& OSCI TLM standard set of APl for communication
‘& Unidirectional blocking and non blocking

arput(.), get(.), peek(.)
almplemented by tim_fifo<T>

‘& Bidirectional blocking interface
artransport(.)
almplemented by tim_transport _channel<REQ,RSP>



OSCIl TLM library in UML

& A set of model..

wst_intefaces

wsc_interfacen F ocSC_in‘EE facew T T

flar_hlacking_psek_if flrr_nerblocking_aeek_if

flar_hlacking_qef_if
+  peekfa_tag=T=* . T fuend . I + b ean_oeskdn_tag=TEY bool foend

+  peek(TE) : void freend geLEHm_t2g = : +  rh_peek(TL) : ool freend

v eI ool + ol o peekpls_tag=r=*) . mo_ewert & fruend

N

tag=
Tparams= typename T n

wst_inter
flar_ge

wst_intefacen wsc_interfaces

flnr _hlacking_gef_pesk_if fr_pesk_if

tag= tags

Targs=tim_blocking_get_if T im_bladking_peek_if TR uments = tim_blocking_peek_if T im_non_blocking_peek_if T|
Tparams= typename T Tparams =

UML and MDA for TLM




OSCIl TLM library in UML

& A set of model..

wsc_interfacen — ocSC_in‘EE facew T
flar_hlacking_psek_if ﬂmmic.';:.k?n;j:f ps flrr_nerblocking_aeek_if
+  peekfa_tag=T=* . T fuend . _fﬁ-' . :rb*;- . + b ean_oeskdn_tag=TEY bool foend
+  peek(TE) : void freend geLEHm_t2g = : +  rh_peek(TL) : ool freend
v eI ool + ol o peekpls_tag=r=*) . mo_ewert & fruend
tag= .
T = T K | T Rt kl
params= typename :_REQ:typename |
| RSP typanams J|
wst_modules
tim_req_rsp_channel
# master tim_master_imp< REQ , RSP =
#  request_fifo: tlm_fifo<REQ=
ot interfacen #  response_fifo: tlm_fifo<RSP=
= . # slave: tim_slave_imp= REQ , R5F =
flnr _hlacking_gef_pesk_if
- bind_exportsl : waid
tags + tim_req_rsp_channellint, int) plt_response_expart
Targs= tim_blocking_get_if T tim_bloding_peeak_if T'E:'l'___ IREREE + tlm_req_rsp_channelize_madule_name, int, inf)
Tparams= typename T m tim_put_if

put_request export

sllave_export

tim_slawe_if tim_fifo_put_if

get_request_export get_response_exportmaster_export

tim_fifo_get if tim_fifo_get if tim_master_if

Y/
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OSCI TLM 1.0 library
= []ﬁ']'u‘iews

aystemC_Laverl
base_channel + = TLM1.0

Frovigedinteface |:| |I|F|'|_-E|I:|-E||:I|IEF5
. ] tim_event_finder
Exposed Interface E| 7 tim_Ffifo

] tim_interfaces

wse_channels

NI = P idedinterface W || [:I tim_req_rsp
se._fifo_ i if SwstemCModel
sc_fifo_out_if
s mutey if

s gemaphore if
z_zignal_in_if

= zighal_inout_if
tirm_blocking_get_if
tim_blocking_get_peek_if
Hrn_blocking_peek_if
Hrn_blocking_put_if
trn_fifo_confio_size_if
trn_fifo_debug_if
trn_Fifo_get_if

Hrn_fifo_ puat_if

trm_get_if

wker L basi tlm:get:peek_if S5E p
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The Simple Bus (transactional level)

& M1 uses the blocking master interface (a high level software)
& M2 uses the non blocking master interface (a processor executing on every clock
edge even if its bus transactions are not completed)

& M3 uses the direct master interface to print debug information about
memories

& S1, S2 provide the same interface

@ S1 is a fast memory supporting
single-cycle read/write operations

@ S2 is a slow memory that takes n
cycles per each read/write operation

6] [0] H 4

t o

S. Bocchio... “A model driven design
Environment for Embedded System”,
DAC ‘06
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ST TLM_ infra library

Project Browser * 0

SRR R NI

H SwstemnC_Layerl
o TLM1.0
] SywstemnCModel
= ] Model
[ devkit
= ] protocal
=[] tlm_basic
23 basic_initiator_port
8 basic_metadata
28 basic_slave_base
3 basic_target_port
3 basic_transaction_data

v 23 basic_transrecord

tlrn:tlmn_transrecord

Funlic T3 basic_transrecord_sdiz
Hm:dlm_message wsc_ports 8 basic_transrecord_sve
thm:tlm_port EE tr_basic
5 «typedsf> ADDRESS TYPE
«typedefs DATA_TYPE

«typedefs TRAMNIRECORD S
«typedefs TRAMNIRECORD S
«typedefs TRAMNSRECORD_SI
«typedefs TRAMNSRECORD_SI
basic_initiator_port
basic_metadata

=l basic_slave_base
basic_target_port

il

basic_target_port

+ kind_string: char {readQnly}
m_mazx_bound_if: int
m_transrecord: basic transrecord

(U] [T (S CAET] (] ] (] ] O

basic_target porbichar, int)
hegin_mecom_karsaction te_trarsaction &, chart) © hoo!

dizable_transaction_recording( : woid basic transaction data
enable_tranzaction_recordingl) : void - .

end_of_elabaration) : waid basic_transrecord

end_record_transactionitlm_transaction®, tim_statusg) : void biasic_transrecord_scv
initialize_tranzaction_recordenchar™ : void basic_transrecord_sdiz

[ tim_synchro
UML and MDA for TLM
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The arbiter

S B~ 8 & By 4 F

= @ Yiews
H @ SvskemC_Laverl
= SysternCMaodel
= ] Model
1 devkit
(] prokocal
= ] component
=[] basic_arbiter
- T8 basic_arhiter
o T8 initiakor_request
- B basic_arbiter
#- B initiator_request
- (2 I:uasu: _bfm
] basic_memory
-] basic_router
] basic_timer
-] basic_traffic_generator
platForm

-
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The arbiter

tim chanhel base

[

basic_arbiter

m
- - 5

+ kind strnig: char® {readOnly!

- m_auto_sync: bool

- m_initiator_request: initiatar_request”
- m_time_base: sc_time

€5C_events
- m_request to_send: sc_event

:1.

itiatar_port

~basic_arhiter)

basic_arhiter{zc_module_name, int, int, double, sc_time_unit, baal)
basic_arbiter(zc_module_name, char®, int, int, double, sc_time_unit, boal)
end_of elabaration() : void

get_initiatar_part(int) : tlm_part * target_paort
get_intiator_port_number() © int

Lindf] © char® {quengd
transportitim_transactioné) : tlm_status

+ 4+ + + + + + +

¢=C_threads
+ Arhbitration() ; void

L




The platform (class diagram)

I wsc_modulex

bbbk 1 :I"."IEI"."IDH'T"'I basic_memary
ws_modulex |

MASTERT : : target_port

basic_traffic_generator1 | |
initiator_part b a

b oo T |
| wsC_Mmodiles | asg_gonnectars T - - T ————————— 1
! AREBITER :basic_arbiter : wsc_modulen

I
wSC_connectors | MEMORYZ basic_memory

wEC_connectors I:l

target_por
I

tapget_port

I
| + - 1

initiator, port

wgc_connectars wSC_connectors

e T T T T r

| wsc_modulex | wsc_modulex :

: MASTERZ : TIMER basic_timer |

|basic_traffic_generstorzihitiator_part I

I - : t%rg et_port |
I
I
I
I

: int_timer int_timer
I —
| & (]

wsC_connectars L
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The platform instance (object diagram)

wsc_modulen
wse_madules target port MEMORYZ basic_memmory
MASTERT : ]
basic_traffic_generator 1 B tags
|: memany_size = Q10007 BLOCK_SIZE+1
initi gtot, port
wSC_COnnector wzc_modules

target port | MEMORY1 basic _rmermory

5 O E AREITER basic arbiter .
/l: tags

t -
target_port\ [ bacio_time = STEP S wse_sonnecters | Memarny_size = 01000
basic_time_unit= STEF_SIM_UNIT
Ib_initiatnr=3

b_target=2
wsC_connectors

wsG_connecton wst_modulew
:l TIMER :basic_timer

target_port

itiatom port

wst_modulax
MASTERZ :
basic_fraffic_generator

tags
basic_time = 20°5TEP_SIM
baszic_time_unit= STEP_SIM_UNIT]

initiatar_port

.
e int_timer

=
wsC_connectors
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Conclusion

‘& UML profile make simpler platform building

& UML i1s NOT just a way to have a composition tool!
‘a2 Code generation
‘& System view
‘& Model validation...
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