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New applications by synergetic networking

— New functionality is less and less the sum of dedicated components, but the
intelligent interconnection of these components

e innovation as result of networks of interconnected ECUs
» added value results more and more from the networked functionality

Suppliers are faced with an increasing system responsibility

— Supplier is not only responsible for the designed subsystem, but additionally
for a safe integration of the subsystem into the entire system

» today: Test of the requirements of a single component

 in future: Validation of the entire system requirements under consideration of the
designed component

Consideration of the effects of a component on the entire system
already in the design stage

— comprehensive modeling of distributed systems

— early analysis and simulation of the system integration
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e Automotive
— Transition from passive to active safety

— Passive systems: Innovation by increasing the
complexity and number of ECUs

— Active systems: Innovation by interaction of ECUs,
added-value by synergetic networking

° MObIle Communication Predi;:_'i:;esfrake Emergency Braking
— New application scenarios for mobile phones . . GPS
— Mobile phone is not a dedicated application, ! #-“’ .
but an integrated communication device in the e o

Automatic

embedding system

Emergency
Call

— Trend to complex product scenarios S\ L
s, O e
Function A Mobile 7 )

e New challenges e e
— Early consideration of the component behavior in the context of the entire system
— Early analysis of global safety requirements
— Flexible product variants
— Fast reaction on varying market requirements

! l"'.:\' ':'l
Bluetooth ™ %~
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Specification
Properties Behavior Architecture Components
UML, Matlab, C++ UML, SysML XML
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* Requirements
— Graphical and textual model-based platform composition
— Easy incorporation of user-defined component models
— Semi-automated platform refinement
— Mapping of embedded software
— Automated generation of virtual prototypes

e Status

— Many commercial tools already available

* Mentor Platform Express/Vista Architect, CoWare Virtual Platform, Synopsys
Innovator, Magillem MPA, VAST CoMET, CoFluent Studio, ...

* Proprietary component characterization
— Design services are offered for integration of user-defined components

» IP-XACT-based component characterization
— Limited support for vendor extension

« Control on the internal data representation is missing
» Limited support for refinement across multiple levels of abstraction
» Design entry starts mostly on a very detailed level

[ J
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! Refinement B4

Model-based platform composition: Advantages
— High flexibility
— Easy software integration
— Modeling at arbitrary levels of abstraction

Recommendations for appropriate usage of the UML

— Do not use the UML for
« Comprehensive IP block modeling including

— hundreds of registers E

— dozens of RT level signal ports ‘

» Platform composition at RT level

* Modeling of cycle-accurate behavioral
description of hardware functionality

— Do use the UML for
» Platform composition at transaction level
» Incorporation of externally specified component models
* Mapping of functions onto platform components
* Refinement by model to model transformation
e Automatic generation of virtual prototypes
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SysML +
MARTE

| O
_________________ . (“—VISION Profile
Comm. Proc. Platform Extensions harakteristics
(UML, Simulink) (UML) 77 S\
ML _ Exploration ang Analvsis
’_Transformatl Refinement y

VP Generation

: VP Exploration an .
Virtual Prototype efinement P 1 Analysis Ko

Refinement

* Modeling technigues providing a holistic system
* Derivation of an optimized network architecture
* Generation of abstract executable models (virtual prototypes)
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in XML format
— Address spaces
— Reqisters
— Signal ports
* Concept similar to

IP-XACT with
enhancements

Documentation
Internal elements
— Company-specific
- modifications
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stm Viterbi_ctrl /

reset_i

reset_i

reset_i,

REG_CONFIG.WRITE
[REG_CONFIG_RUN==0]

Inifial

/ Reset \

S

+ do/Reset_IRQ

REG_CONFIG.WRITE
[REG_CONFIG_RUN==1]

Start \

+ do/START_ALGO

V

Running

ALGO_FINISHED

/7 Raise_IRQ O\

+ do/Raise_IRQ

© copyright 2006-2000 () BOSCH cadence g (Infineon

Module control flow:
e.g., Statechart

Triggers:

— Reqgister accesses

— Input signals (e.qg., reset)
Output:

— Algorithm activation

— Control signals (e.qg., irq)
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omp./Templat
Models

¢ R

Extensions

Comm. Proc. Platform
(UML, Simulink) (UML)
XML

VP Generation

_ Exploration ang Analvsis
Transformati Refinement y

: VP Exploration an .
Virtual Prototype efinement L . Analysis K2

Refinement

* Modeling technigues providing a holistic system
* Derivation of an optimized network architecture
* Generation of abstract executable models (virtual prototypes)
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* Broad support and acceptance in industry
— ARM, Infineon, STM, Philips Semiconductor, Cadence, Mentor,

Synopsys, ...
e XML-based, IEEE standard
e ESL extensions since v1.4 e
e Basic elements: e
— component :L'L‘é'f?:
» Description of IP components (interfaces, nﬁy:ﬁ?ﬂ%‘fw :

implementation views, internal channels for bus
components, ...)

— busDefinition

» High-level functionality of an interconnect
(Protocaoal, ...)

— design

» Platform design (initialization on components,
interconnections of interfaces)

— generator integration
» Generator AP

Bus Generator
Clock Generator
Memary Controller
Drive Generator

SoC Design Environment

source: SPIRIT Consortium
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. 1

=7xml version="1.0" encoding="UTF-5"7=
=zpirit: busDefinition «mins: spirit="http: foewewe spirtconsorivm orgMLSchemadSPIRITH 4" xmins: xsi="Hp heewewy e 3 orgi2001 ZHMLSchema-instance!
wal zchemal ocation="http: Moy spirtconsortivm org ML SchemadSPIRITH 4
Yo weorkspacelGreensSocs SPIRITIP-XACT_ESL _alpha_2'echematindex. xsd"=
=zpirit vendor=GreenSocs=rzpirt. vendor=
=zpirit: lbrary=husdef greensocs greenbus=rzpirit: library=
=zpirit: name=gensticrouter_1 0=/zpirt: name:=
=zpirit version=1 4=s=pirt: verzion=
=zpirit: directConnection=falze=fzpirt: directConnection=
=zpirit ports=
=zpirit: port=
=zpirit logicalMame=TRANSACTION= =pirt logicalbame:s
=zpirit ontdazter=
=ZpIFE presenceredquired<IspIrt: presence=
=zpirit:initistives=requires<rapirt: intistive:=
=zpirit: protocal=
=zpirittype-cable=izpirittype=
=znirt pamesgenerctznirt name:=
=spirit: parameter z=
<l-- add setiget-access to master and get-access to slavelaystem--=
=zpirit: parameter spirit; name="mMaddr" spirit: format="long" =
==zpirit: parameter spirt: name="MCmd" spirt: format="choice" zpirit: choiceRef="MCmdType"t=
=zpirit: parameter spirt: name="MID" spirit: formst="long" =
=zpirit: parameter zpirt: name="mMBurstLength" =pirit: farmat="long"r=
=zpirit: parameter spirit: name="mMData" spirt: format="string"f=
! F.ﬂhl.paranu:u:r
fzpirit: protocal=
=rzpiritontdaster=
=zpirit onSlaves
=zpirt: presencesrequired=/zpirt: presence=
=zpirit:initistives=providesfzpivt: intiatives
=zpirit: protocal=
=zpirittype-cable=izpirittype=
=spirit: name=generic<izpirt name:=
=spirit: parameter z=
<l-- add setiget-accesz to slave and get-access to master --»
=zpirit: parameter spirit: name="s0ata" spirit: format="string"f=
=zpirit: parameter =pirt: name="3Resp" spirt: format="choice" spirit: choiceRef="SRespType"/=
=fzpirit: parameters=
=rzpirit: protocal=
=rzpirit;onSlaves
=i=zpirit: part=
=fzpirit portss
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. . MARTE Foundations
* Extension of SysML and MARTE for flexible . A vt . _ _ _
.. eprofiles eptofiles eptifiles eptifiles eptifiles
platform composition NEPs '

— by use of the VISION component model . S
— which is based on the IP-XACT WW | "

: MARTE_AnalysisModel

component model '

aprafiles aprofiles aprofiles 1 || aprafiles aprofiles aprufiles
e RTEMoCC HRM SRM ' GOAM SAM PAM
WizionRezource 1
~ filesets: String [7] |
~ registers: String [] I1
+ wendor: String [1] .
+ libary: $tring [1] t"-‘ A /I\
+name: String [1] MARTE_Annexes e
+wersion: 5tring [1] = VISION Model
CEERTROtYPEs e f— atEranty e =
MARTE:MAR... wisionBridge aprafiles sprofiles aprofiles
HwEridge VSL RSM VISION
)
teredtypes [ asterentypes
MHARTE MAR... WizionBus
HwBus + channels: String [1]

steraotypes [ arteneotypen
MARTE AR, isionProcessor
HuProcessor

e New stereotypes

istereatypen [T & e
WA RTE VAR, WizionRAM

s e — to facilitate SoC platform composition

e — Specific attributes for back transformation
iy ooy 1 into IP-XACT have to be taken into account

asterectypes  fE— wstereotypen

ARTE AR VizionTimer
HuTirner
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Comm. Proc.

Platform
(UML, Simulink) (UML)

SysML +
MARTE

v
—|VISION Profile
Extensions
v

VP Generation

Virtual Prototype ‘J

XML _ Exploration ang Analvsis
’_Transformatl Refinement y

VP
efinement

omp./Templat
Models

Exploration ang
Refinement

Analysis Ko

* Modeling technigues providing a holistic system
* Derivation of an optimized network architecture
* Generation of abstract executable models (virtual prototypes)
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* Flexible model-based platform
composition using the
VISON component model

* Import and export for IP-XACT-
based IP libraries and platform
templates

e ,Drag-and-Drop* platform
composition

* Modeling at multiple levels of
abstraction

— “Un-typed” modeling:
e Easy and fast

* w/o consideration of
interfaces, protocols, etc.

— “Typed” modeling:
* Consideration of interfaces
and protocols

e Supporting semi-automated
refinement

= E51 umlExample111
=I-E3 ahbram_Py

=& ahbram_py

O target_paork: R _TRAMNS:

AHE_SLAVE
¥ R _TRANSACTION

+-C3 apbbus_py
+-E3 leon2Proc_PY

E% DefaultDiagram Cormpaonent diagram of urlExampla111

["'_ Problems | @ Javadoc @ Declaration | &l Console | £ Properties &3 \);'Search

=] umlExample111::leon2Proc_P¥::leon2Proc_PY
Applied stereotypes:

General
Profile = VisionProcessor  (From MARTE::YISION_Model: :WISION)
Comments #-[= NFP_DataSize [0..1] architecture = 32

= NFP_Matural  [0..1] mips = null
= WFP_Real [0..1] ipc=null

+-= NFP_Matural [0..1] nbCores =1
= MFP_Matural [0..1] nbPipelines = null
=1 MFP_Matural [0..1] nbStages = null
= WFP_Matural  [0..1] nbALUs = null

[ MED Rlzhowzl TN 4T AREDHe — ol

Canstraints
Appearance

Advanced

«component, hwProcessors
CPU1: leonZ2Proc_PV

AdressSpace

+ range: String [1] = 4G
+ width: Integer [1] = 32

initor_port: RvVY_TRANSACTION [1]

'
\
ﬁtzrget_pm RWW_TRANSACTION [1]

«component, hwProcessors

CPU2: leon2Proc_PV

AdressSpace
+ range: String [1] = 4G
+ width: Integer [1] = 32

ﬂ initor_port: RW_TRANSACTION [1]

'
’i‘targetfpor‘t FWY_TRANSACTION [1]

acomponent, hwBus»

ahbbus_PV

[

= target_port: Rvy_TRANSACTION [1]

«component, hwBridge»

’_‘
L

r_portT RV _TRAN CTIOMN [1] apbmst_PV

r_port: RW_TRANSACTION [1]

i
i

M‘targetfport FWY_TRANSACTION [1]

L =

acomponent, hwR Akl s

ahbram_PV

=]

© copyright 20062009 (iy) BOSCH cadence E‘I (Infineon

r_port: RyW_TRANSACTION [1] '—;—‘
|

|4

target_port: RWY_TRANSACTION [1] —
L1

=
«component, hwBuss

apbbus_PV

_D r_port: R¥YY_TRANSACTION [1]

N target_port: RWW_TRANSACTION [1]
l:l =]

«COmponent, lwTimers
timers_PV

Virtual Platform Workshop at DAC 2009 15
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VISIOI"I; - :
- Components -‘~-"-‘:-
5 S
[
wartifact»
- function1.file
goompanent, hwProcessors N L= -7
CPU1: leon2Proc PV =
AdressSpace
+ range: String [1] = 4G ‘:"hh=___‘ _ [
+ width: Integer [1] = 32 T ] wartifacts
Behavioral Diagram?2

initar_port: RW_TRAMNSACTION [1]

* Software mapping (deployment) is modeled using artifacts
— Mapping of C/C++ source code
— Mapping of UML behavior diagrams

© copyright 20062009 (iy) BOSCH cadence g (Infineon Virtual Platform Workshop at DAC 2009 16
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SysML +
MARTE

| o A

_________________ . (“—VISION Profile
Comm. Proc. Platform Extensions

(UML, Simulink) (UML)

Comp./Templaté
harakteristics

omp./Templat
Models

Analysis

VP Generation

Exploration ang :
Virtual Prototype eflneme t N O — < Analysis -

* Modeling technigues providing a holistic system
* Derivation of an optimized network architecture
* Generation of abstract executable models (virtual prototypes)
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Virtual
System Communication TN Protot
requirementSJ = architecture 4o ,rg-? ypi
RAM m— RAM Y
- Abstract Abstract Virtual
Requirements macro architecture > micro architecture Prototype
* Paralineterization of platform communicgﬁgr?r{iﬁchitecture IP-XACT 3
templates GP
p . | Generic protocol (GP) | y
* Insertion of protocol adapters 5
y
* Refinement is based on model meocol Pmiml « Data types
to model transformation adaptation adaplation et e,
. . A
e Generation of virtual Trim ntertace Trim intertace I
prototypes with automated ———. G I
- -XACT %
protocol adaptation e i"' oy
. .1 IP . g
* Integration of VP components L Gl el
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AXI Generic data attributes PLB
(OCP)

AWADDR =—

R ) Mn_ABus
ﬁw;IIEZNE\‘: At = / Mn—Size + Mn—BE
AWBURST MBurstLength Mn_BE

Mn_Size+Mn_wr/rdBurst
AWVALID MByteEn Mn_request
WDATA Mn RNW

WVALID MBurstType

WREADY Mn_wrDBus
. S| wrDAck

MValid —
BVALID/RVA Mn_wrBurst
RDATA MCmd Mn_rdDBus

Mn_rdBurst
M/SData
SDataAccept

Mapping of component specific protocol parameters onto the generic
attributes of the interconnect

* Automatic type conversion or stub generation for manual conversion
of complex data types

In some cases few manual steps are needed for complete mapping
(no specific attribute) or attribute generation (no generic attribute)
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Phase states of the
generic protocol

Phase transition by
specific protocol

Additional phase state of

specific protocol

Initiator Target
begin request
[ A A
Request accept
dela
P end request y
~
Target latency
begin transfer v
€ y
Data transfer
end transfer  _ v delay
7

© Copyright 2006-2009 @ BOSCH <cadence g {!nﬁneun

time t Transaction

Assertion-like protocol behavior specification

property Transaction

router r = {cycleTime ct, pipelineDepth pd, ...}, globalTime t,
communicationDelay d, requestTimeOut rto, ...

Request(r,t,rto) |-> Data(r,t,d) |-> ...

endproperty

sequence Request (router r, time t, timeOut m)

#1 (initiator.request_valid) (r.enqueue(Transaction))

#1 (target.request_accepted@[t+1;t+m];timeout(t+m+1))
(r.dequeue(Transaction));

endsequence

Virtual Platform Workshop at DAC 2009 20
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Resy Its :—-Ref-i

L3

sHwProcessors

architectura = 32

mips = 150 «HWF'ro_cessor»

ipc=10 ar_chltecture =32

nbCores =1 — _mlpE= 150

nbPipelines =2 =~ I =\ ipc= 1,D_

nbStages = 5 «component, hwProcessors i = | \ an_Dres =1

CPU1: leon2Proc PY «Component, hwProcessors \\ nbPipelines = 2
T CPUZ: leon2Proc PV Y nbStages =5
AdressSpace \\_

M[1]

initar_port: BYWY_TRAMSACTI

AdressSpace

+ range: String [1] = 4G

+ range: String [1] = 4G
+width: Integer [1] = 32

+width: Integer [1] =32
TIOM [1]

initar_part: RW_TRANSA

AHB_MASTER

AHB_MASTER

V
aHE_o_mmasTER O

]

AHB_T_MMASTER é

o,

target_port RW_TRANSACTION [1]
gcomponent, hvwBridges

LI
target_por_1: RW_TRANSACTION [1]

target_port_2: RYW_TRAMNSACTION [1]—

wcamponent, hvwBus:

ahbhus PV

r_por_2: RYW_TRANSACTION [1]

AHB_D_SLAVE

50

t_por_1: RMW_TRANSACTION [1]

AHB_SLAVE

APB_MASTER

apbmst PV

r_port: RW_TRANBACTION [1]

sHwBuss
adressWidth = 32
wordWidth = 16
isSynchronous = true
isSerial = false
bandvVidth = 1000

eHwRAM:s
organization = 4
isSynchronous = true
izStatic = false
repl_Policy = LRU

mermarySize = 266
timings = [15]

writeFolicy = WriteBack

AHB_1_SLAVE

AHB_SLAVE
y—‘—‘target_purt RI_TRANSACTION [1]
LT =]

v
®

wCOmpanert, bRz
ahbram_PY

© copyright 20062009 (iy) BOSCH cadence g (Infineon

AFB_0_MSLAVE

APB_MMASTER

scomponent, bvwBuss
apbbus PV
artget_port: RW_TRANSACTION [1]

r_port: RW_TRANSACTIOMN [1]

2
-

£
6 AFB_SLAVE

target_port RW_TRANSACTI

M| =]

seomponent, b Timers
timers_PV
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ponerit, vISIONPr £

o
A

ponert, wISIONPr £

recognize_t p

camera_l p t_

camera_tim_it ~

N
tm_it O

ng_transport_if [1]
-

1
I_\._I port_to_flexray_ctrl: tim_fw_nonblocking_transport_if [1]

]
L!_I port_to_chi: chi_if [1]

7\ recognize_if
\

\

(O recognize_user_if

{j to_chichi_it[]]

,—‘—|por1_to_user: tim_fw_nonblocki
LT

=

wcompanent, vISION Cartrollers

wcomponert, vISION Cortrollers

_flexray_ dul

camera_flexray_controller_module

1
i port_to_bus: bus_if[1]

camera_module_if
i

4
bus_it Q)

recognize_module_i

[
E port_to_bus: bus_it [1]

;
bus_if (g

]
,_L| port_to_bus: bus_if [1]
LT =]

’J—‘pon_to_bus: bus_if [1]
L1

wcomponent, vISIONBus:
flexraybus

I
port_to_bus: bus_if[1]

I
\_‘_1 port_to_bus: bus_if[1]

(R bus_if
I

!
classify_module_if \/
port_to_bus: bus_if[1]
L1 =
wcomponernt, vISIONCortrollers
ify_flexray_modul

port_to_chi: chi_if [1]

classify_user_if
4

classify_if \ o'
f
’J—‘pon_to_chi: chi_if[1]
LT CE

wcomponert, vISIONProcessors:
classify_component

bus_if OA
[}

!
display_module_ifx_s
port_to_bus: bus_if[1]
L =7
wcomponent, vISIONCortrollers:
display_flexray_module

port_to_chi: chi_if [1]

display_user_if

display_if \_s
i
port_to_chi: chi_it [1]
(I =

wcomponent, vISIONProcessors
display_component
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Conclusion = T

Holistic modeling of interconnected microelectronic systems needs a
combination of different specification models

Application specific XML editor to describe the component
characteristics (address spaces, registers, ports, ...)

Transformation of IP-XACT component descriptions into UML
components

Platform composition by use of component diagrams

Performing platform refinement by automated protocol adaptation
“from un-typed platform models towards typed platform models”

Automated generation of virtual prototypes using SystemC
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Thank you very much for your attention!

Questions?

Oliver Bringmann

FZI Forschungszentrum Informatik
Microelectronic System Design
E-Mail: bringmann@fzi.de

Web: www.edacentrum.de/vision

© Copyright 2006-2009 @- BOSCH cadence g ( !I‘IﬂI'IEﬂ-II

Virtual Platform Workshop at DAC 2009 25



	Motivation
	Requirements for Different Application Domains
	VISION Design Flow
	Virtual Platform Modeling
	UML-based Platform Modeling and Refinement
	Platform Composition and Refinement
	Component Modeling Methodology
	Component Specification Using XML
	Specification of the Control-Flow
	Platform Composition and Refinement
	IP-XACT Interface Specification
	Example: IP-XACT busDefinition
	VISION Profile Extension
	Platform Composition and Refinement
	Platform Composition (Abstract)
	Mapping Software onto HW Platform Components
	Platform Composition and Refinement
	Platform Refinement
	Mapping Specific to Generic Protocols
	Results: Refined Typed Platform
	Results: Traffic Sign Recognition
	Results: Traffic Sign Recognition
	Conclusion

