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» Agenda

/7 — i Microelectronics u c

= Motivation
> Why SW performance analysis

= Software Simulation Technologies in Virtual Platforms
> Simulation Technologies at different abstraction levels
» SCoPE: SW performance analysis for DSE
Native simulation
- After architectural mapping
> SCoPE™: SW performance analysis for DSE
Compositional Native simulation
Before architectural mapping
Direct PSM from the same PIM

® Conclusions
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»  Motivation

" The MPSoC
> Multi-processing platform
- ASIC
- FPGA
- Commercial multi-processing platform

» SW-centric design methodology
- Most of the functionality implemented as Embedded SW
- With ‘some’ application-specific HW

Class 6: “Embedded Software Development on Virtual Platforms — Are you ready for Industrial Deployment?”, Embedded World 2013, Nuremberg 26/2/2013
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SW Simulation Technologies

" Embedded SW simulation (Reauirements)
* DN
Functional Simulation F“d”e‘;tiigrr]‘a' UML/MARTE
MDA
Native & Trace-based code simulation |  Brecuania™
Fast Computation&Communication | Specification
estimations
SystemC
Native & Trace-based co-simulation [| . Co- Design
Embedded HW
Accurate Computatlon&Comergﬁmg%’g% Svrv/ %ﬁorm
_ _ C Behavioral
..................... Virtual Models y ]| Compiafion P | Synthesis
ISS Discrete-Time Models \)/H.E)L Reuse Syrﬂ'ésis
.................................................. -
HDL Discrete-Event Models Q\L/
................................................................ HW/SW |mp|ementat|on
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»  SW Simulation Technologies

= HDL simulation
> Very detailed Model
» Very accurate

> Very slow
Embedded System Architecture
Node i
Application Code

Task 1 Task n
HDL Model OS API|HJS API| | OS API |HdS API
VHDL Node HdS Hds

Verilog || cpu1 model CPUp model | ||[compilation CPU1 ‘ CPUp
Cache models|- - [Cache models T caches |- caches
Bus model Bus
Other Nodes|| DMA [NoC if.] ASHW [memory K memory|NoC if.| ASHW | DMA || Other Nodes

b H
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»  SW Simulation Technologies

= |SS simulation
> Very detailed Model
» Very accurate

> Very slow
Embedded System Architecture
Node i
Application Code
ISS Model Task 1 Task n
[ [
ISQa Node i OS API|HJS API| | OS API |HdS API
CPU1 CPUp HdS HdS
InstrSueq[tion Instrsue(%tion
model model Compilation S ‘ CFlbp
Cache models|- - -[Cache models| | T caches |- caches
i Bus (TLM/RTL) model Bus
ST ITDMA INoCif.] ASHW [memory K memory|NoC if.] ASHW | DMA || Other Nodes
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»  SW Simulation Technologies

= Virtualization
» Target virtual model on host

Embedded System Architecture

Node i
Application Code

Virtual Model Task 1 Task n
QEMU Node i [0S API]HdS API
Binary Binary :"% HdS

OS API[HdS API
HdAS

CPU1 CPUp Compilation | CPU1L ‘ CPUp
virtual model |, ., |virtual model caches /[ caches
i TLM Bus model Bus
© 7" ITDMA INoCif.] ASHW [memory memory|NoC if] ASHW | DMA || Other Nodes
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SW Simulation Technologies

= Virtualization (QEMU)
» Detailed model
High modeling cost
Late design steps

» Faster than ISS

Intel Core i5 (2.40 GHz)
# movl_TO r1
# ebx = env->regs[1]
PowerPC (200 MHz) mov 0x4(%ebp), %ebx

#r1=r1-16
addir1,r1,-16 #addl_TO im-16 # ebx = ebx - 16
add $Oxfffffff0,%ebx # movl_r1_TO

# env->regs[1] = ebx
mov %ebx,0x4(%ebp)

Class 6: “Embedded Software Development on Virtual Platforms — Are you ready for Industrial Deployment?”, Embedded World 2013, Nuremberg 26/2/2013
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»  SW Simulation Technologies

= \irtualization
> Functional emulation

> Rough timed simulation
- i.e. 1 cycle per instruction

> Additional effort needed for more accurate modeling
- Execution times
- Power consumption
- Caches

> Requires a specific Virtual Model for each processor

= Commercial tools

> OVP, FastModels, Cadence, Carbon, Synopsys (CoWare), etc.
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»  SW Simulation Technologies

" Native & Trace-based simulation
» Embedded code directly executed by the host

» Good accuracy
« Native back-annotation

- Trace analysis

> Fast execution time

Class 6: “Embedded Software Development on Virtual Platforms — Are you ready for Industrial Deployment?”, Embedded World 2013, Nuremberg 26/2/2013



- Microelectronics
Engineering Group

UcC

UNIVERSIDAD
DE CANTABRIA

University of Cantabria

e De——
SEVENTH FRAMEWORK
PROGRAMME

SW Simulation Technologies

= Native simulation based on HAL API
> Abstraction of the HW platform

Class 6: “Embedded Software Development on Virtual Platforms — Are you ready for Industrial Deployment?”, Embedded World 2013, Nuremberg
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SYSTEMC
Application Code /\ Application Code
Task 1 Task n / Task 1 Task n
<
N
OS API|HJS API| | OS API |HdS API |os API|[HdS API| | OS API|HdS API
HdS HdS HdS HdS
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SW Simulation Technologies

= Native simulation based on OS API
> Abstraction of the SW platform

Virtual Model
h _ Node i Annotation
SYSTEMC

Embedded System Architecture
Node i
Application Code

VAN

Task 1 Task n

Application Code
Task 1 Task n || |

OS API [HdS API OS API [HdS API

OS API [HdS API OS API [HdS API

Abstract Abstract
model of model of SPs ‘ SRl

Parsing

OS & CPU g OS & CPU caches <[ caches
TLM Bus model Bus
Other Nodes|| DMA |NoC if.| ASHW [ memory memory |NoC if.f ASHW | DMA || Other Nodes

h H
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SW Simulation Technologies

= Basic code annotation in native simulation

Global variable

6\’9"ﬂ0W =0; int Sim_Time = 0;
s = 1L; _ _
: > T +=20:
for (i = 0; i < L_subfr; i++) { Sim_Time 0;
Carry = 0;

s = L_macNs(s, xn[i], y1[i]);

if (Overflow !=0) {
break;|}}
if (Overflow == 0) {
exp_xy = norm_I(s); » Sim_Time += 10;
if (exp_xy<=0) B
xy = round(L_shr (s, -exp_xy));

» Sim_Time += 25;
» Sim_Time += 15;

» Sim_Time += 10;

else
xy = round(L_shl (s, exp_xy));|} . Sim Time += 10: o
mq_send(queue, &xy, p, t); = »wait included
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»  SW Simulation Technologies

" Trace-based simulation
> Activity traces from detailed models

Embedded System Architecture
Node i
Application Code

Task 1 Task n
||
IQQa N 0S API[HdS API] [0S API[HdS API
CPU1 CPUp HdS HdS
InstrSueq[tion Instrsue(%tion
model model Compilation S ‘ CFlbp
Cache models|- - -[Cache models| | T caches |- caches
i Bus (TLM/RTL) model Bus
ST ITDMA INoCif.] ASHW [memory K memory|NoC if.] ASHW | DMA || Other Nodes
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»  SW Simulation Technologies

® Trace-based simulation

Simulation Traces
Traces
[ 1
ISSs Node i
CPU1 CPUp
Instruction Instruction

Set Set

model model

Cache models|---|Cache models i

h Bus (TLM/RTL) model
SYSTEMC 5
DMA |NoC if.| ASHW | memory
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SW Simulation Technologies

® Trace-based simulation
> Difficult scheduling in complex multi-processing systems

Virtual Model
K stenc Node |

Application Code

Traces

Task 1 Task n

Scheduler

TLM Bus model
Other Nodes|| DMA |NoC if.| ASHW [ memory
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SW Simulation Technologies

= Basic code execution in trace-based simulation

Traces
Overflow = 0;
s =1L; . T1
for (i=0; i < L_subfr; i++) {
Carry = 0; Sim_Time += 20;
s = L_macNs(s, xn[i], y1]i]); v T2
if (Overflow !=0) { L Sim Time += 25:
break; }} LV T3_
if (Overflow == 0) { L Sim Time += 15-
exp_xy = norm_I(s); " Y T4 ’
It (exp_xy<=0) . Sim_Time += 10;
xy = round(L_shr (s, -exp_xy)); | v T5_
else Sim_Time += 10;
Xy = round(L_shl (s, exp_xy)); } | & T6

mq_send(queuel, &xy, p, t);

Sim_Time += 10;

Class 6: “Embedded Software Development on Virtual Platforms — Are you ready for Industrial Deployment?”, Embedded World 2013, Nuremberg

26/2/2013



Microelectronics
Engineering Group

UcC

UNIVERSIDAD
DE CANTABRIA

e De——
SEVENTH FRAMEWORK
PROGRAMME

University of Cantabria

SW Simulation Technologies

® Functional simulation based on code
> Fastest but least accurate
> Work-load analysis

Virtual Model :
Embedded System Architecture
Kestenc Node i Node |
Application Code
1
Task 1 Task N Task 1 Task
as asKn \‘ as asKn
Modeling API Modeling API (05 API[HdS API| [0S API[HdS API |
Abstract Abstract HdS EE
model of model of
OS, HdS OS, HdS CPU1 ‘ CPUp
& CPU & CPU
caches |--¢ caches
TLM Bus model Bus
Other Nodes|| DMA |NoC if.| ASHW [ memory memory |NoC if.f ASHW | DMA || Other Nodes

h

H
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SW Simulation Technologies

= Performance/Error comparison

Time Time & Power
Technology | Estimation Estimation
_ Performance 5,000 N.A.
Functional
Error N.A. N.A.
Native| Performance 1,000 500
Trace-based Error 1.3 1.4
_ o Performance 200 T.B.M.
Virtualization
Error 1.5 T.B.M.
Iss| Performance 10 1
(cycle-accurate) Error 1.1 (DT) 1.1
Performance 1 0.1
HDL Error 1 (DE) 1

> Rough approximate figures
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»  SCoPE: SW Performance Estimation for DSE

= Key features
> Abstract OS modeling
> Instruction cache modeling
» Data cache modeling
> System power estimation

= Novel features
» Physical memory accesses
> Separate memory spaces
» Configurability for Design-Space Exploration
» Dynamic Voltage-Frequency Scaling
> Thermal modeling
> System composition from IP-XACT components
> Win32 API

Class 6: “Embedded Software Development on Virtual Platforms — Are you ready for Industrial Deployment?”, Embedded World 2013, Nuremberg 26/2/2013
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»  SCoPE: SW Performance Estimation for DSE

/7 — i Microelectronics uc
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= System power estimation
> Application code
- Instruction counting from binary

> OS & HW-dependent SW Node

- Function power estimation Application Code

» Caches Task 1 Task n

. Countlng.memory accesses
- Cache misses

> Bus
- Actual bandwidth

- Cache misses
. DMA accesses memory |NoC if.] ASHW | DMA || Other Nodes

- Hiaccesses H
> HW & NoC

- SystemC power models
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SCoPE: SW Performance Estimation for DSE

= Design-Space Exploration
» Configurable model

L stene Node i
SYSTEMC

Application Code

Task 1 Task n /I
- Design-Space
0S API [Hds API| | | € Design It
i \Q?rameters Exploration
Pareto points
Abstract Abstract Tool
model of model of Metrics

(M3Explorer)

OS & CPU g OS & CPU

TLM Bus model
Other Nodes|| DMA |NoC if.| ASHW | memory
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SCoPE: SW Performance Estimation for DSE

= Dynamic Voltage-Frequency Scaling

Annotation
To(Fo,Vo)
et Node i Eo(Fo, Vo) Node i
Application Code w W Application Code
]
Task 1 Task n N Task 1 Task n
OS API[HdS API| | OS API |HdS API Parsing ||os API|HdS API|  |OS API|HdS API
B HAS HdS HdS
Abstract Abstract _+ Fo
model of model of T=To-— cPut CPUp
OS & CPU g OS & CPU 2 caches caches
TLM Bus model E=Ep.— Bus
Other Nodes|| DMA [NoC if.| ASHW [ memory Vo memory |NoC if.f ASHW | DMA || Other Nodes
‘ ‘ P=E/T ‘ ‘
< NoC model > < NoC >

26/2/2013
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The COMPLEX

!

1 2
15 © imuli at specification c
Fram ewor k I% 5, MARTE & Matlab/Simulink Model Ieve? |5
IS 0 =
1S < =
» Model-Driven Design :;E_ N _i_ BN < svst design space ,| | S
entry (MARTE/Simulink) P22[ executable architecture/] (3t system  instance {8
T :8 2| SystemC™ model PO eve parameters =
» Executable specification |33 description 2
I c T — at virtual architecture al
. . . 1.9 ask separation — S|
» Power/Timing Estimation ' testbench generation 7 level - |
& Model Generation L 2 > ) 29 ,
1y 2 1 S e c & I
I — 1 'S ‘s E |
13 1 8 s I
» Power/Timing aware .é custom HW | | custom SW = l E S —— '
i i : estimation estimation 1= ulti-Objective '
SystemC simulation E components| ! & | Design Space |
| O | 3 Exploration I
: . L I © E S Framework I
> Automatic MUItI_ObJeCtlve : £ virtual system generator with : % /\ :
Design-Space Exploration : 3 [ TLM2 interface synthesis ] ' 2 - » !
at system-level I 13 5 I
y r--—-—-------§§----------- ~° X .
at block-level 'S — ! !
| B power power & timing aware | simulation |
1S | controlle SystemC simulation > I
I E model I trace I
1 n I |
| |
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SCoPE™: Compositional Native Performance Estimation

" Implementation-Agnostic Platform Independent Frontend
> CFAM-CM API

= Fulfilling COMPLEX UML/MARTE executive semantics
= System-Level Modeling of Multi-OS execution

= SW/SW-HW/SW-HW/HW communications
> Architectural mapping agnostic

® Taking advantage of the native simulation speed*accuracy

Class 6: “Embedded Software Development on Virtual Platforms — Are you ready for Industrial Deployment?”, Embedded World 2013, Nuremberg
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»  CFAM-CM

= Macros and functions
> Concurrent Functional Application & Component Model

= Component Based PIM

= CFAM API

> Platform services required by functional code
> Hide RTOS specific calls

Class 6: “Embedded Software Development on Virtual Platforms — Are you ready for Industrial Deployment?”, Embedded World 2013, Nuremberg 26/2/2013
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CFAM-CM
= Platform-Dependent Estimations directly on the PIM

4 HW]
annolfation!I ~—
W/SW

> PIM ,
] notation )

a,h ndtation
- - /,\'\ .
__________ L S
I’ \\ ’4” 1
! N - A4
K + proc: arm9_proc [1] + proc_cluster: arm7_cluster [1
> PDM / + bus—ammba [1] «VLNV»
; — + mem1l: memory [1]
/ WLNV»
/ vendor=myvendor
\‘L ] library=mylib
+ ip0: MyCustormip [1] :gﬂﬁ.ﬁfﬂ
+ memo: rllrerhury [1]
26/2/2013
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Platform Model ..
Vd Bandwidth \

l o

Repiyiars ‘_"h-_b «—» Memory 1 S iz e \i LLVM
I\ [“ COMPILER
CPLr
__.~ BUS (L LLVYM
—ar— \ INTERMEDIATE | | R
// ¥ Hegisters | w—» A———p Memory 2 ] REPRESENTATION
/ Number of 4
I parallel HW pr— - U ANOTATOR

\ operations

rrsr
\"'w-...m N L [ANOTATED CODE |ﬁl |]
E$TIMP@TI€>N Compllation &
LIBRARY Linking

Platform EXECUTION/ P&
Parameters COSIMULATION
® Memory sizes
® Bus bandwldth O
® # Paralel Operations PERFORMANCE §

® # Reglisters RESULTS
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= Speed-Up vs
> HL-Synthesis and Simulation
> Static

= Accuracy vs
> HL-Synthesis and Simulation
> Static
> (RTL model as golden model)

10000000
25000 -

[ Speed-Up over S+5
M Speed-Up over Static

1000000 - o

n
U
= 100000 L
O
> /
%)

a
‘s - 3
[
5 - 3
E o
S )
=

10

100

150
FFT Size

200

250

O
o 20000
p/ . 15000 -|
"
10000 / P ——— T
f 5 =
/ = 10000 -
1000
!
[ O~ Synthesis and simulation
iy O Static estimation
g ic estimati 5000 -
100 _gg O Dynamlc estimation
0

64 128 256
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The COMPLEX Eclipse System-Level DSE Framework

» COMPLEX ECLIPSE System-Level DSE Framework e'_cl ipse
It Scenarios UMLD
C/ ¥ PIM eindide HW/SW | [ Design | [ DSE Opt
Ct+ Bl _Architectural | g J Pt
(App) Vappings | Platform Space | | Constr. "| Goals
A |
I\ | |

Model-to-Tex-Transformation Tools

ID-XACT %
L] FAYE L I} '
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The COMPLEX Eclipse System-Level DSE Framework

B Jclipse
| Scenarios M li?'li'%)
c/ |¥ , ‘
(O SEN < | ST S— (Xg\[/)l) ArchitecturalI I_IIW:SW DeSIQn DSE R Optl-
Mappings | latform Space | | Constr. Goals
A I
J \ [ 1
Model-to-Tex-Transformation Tools

wj‘ Build \ Expl.
& =
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» The COMPLEX Eclipse System-Level DSE Framework

= Main features
> MDD concepts
- Separation of Concerns
» CBE: Component-Based Engineering approach

» SW centric
» DSE oriented

» UML-based
. MARTE nmfllp

N EE

- Capture most of the RTE required semantics
- COMPLEX profile
- Defines DSE specific aspects not covered by MARTE

Class 6: “Embedded Software Development on Virtual Platforms — Are you ready for Industrial Deployment?”, Embedded World 2013, Nuremberg 26/2/2013
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The COMPLEX Eclipse System-Level DSE Framework

UML/MARTE System Design

®" Modeling Methodology
> Separation of Concerns

Functional and
CO'\|>|/1 [F;kEX Data Views ﬁ

C&C View
Entry =|‘

System )
specification (Req.) > ( Data Modelling )
MARTE

PIM Application Modelling Fp——4————f—-———— ——>  MARTEPIM

Metrics (prev.) F——=>

\

.
\

MARTE Platform Description :
> Platform Modellin - ———— -= MARTE PDM
PDM View 9 >
I N
. Stimuli Environment
Verification View fl < Use Case modelling ) > Model

AN 2

User
constrained Architecture Modelling - — — — — — — —f— — — — — - > MARTE PSM
HW/SW sep . .
and mapping Architectural View

Use Cases

\

\

Class 6: “Embedded Software Development on Virtual Platforms — Are you ready for Industrial Deployment?”, Embedded World 2013, Nuremberg 26/2/2013



Microelectronics

Engineering Group

UNIVERSIDAD ; 1 ] '
DE CANTABRIA [RMDAATING SOLITICNE

University of Cantabria

| eesmicE Dm————
SEVENTH FRAMEWORK

PROGRAMME

(o

The COMPLEX Eclipse System-Level DSE Framework

C/
C++

i Scenarios

UNVLED
MARTE

PIM
(App)

Architectu ralI

Mappings

HW/SW
Platform

Design
Space

DSE
Constr.

eclipse

Class 6: “Embedded Software Development on Virtual Platforms — Are you ready for Industrial Deployment?”, Embedded World 2013, Nuremberg 26/2/2013




~ - Microelectronics
Engineering Group

UcC

UNIVERSIDAD
DE CANTABRIA

University of Cantabria

iEEA TN G SOLUTIONE

OMPLEX—

e De——
SEVENTH FRAMEWORK
PROGRAMME

PIM Modeling: Data View

= Data Types for Communication Interfaces

> Primitive Types

> Bit Arrays

«PrimitiveTypes» «Primiti\.r.e'l'ype»
Wordle Bit
«DataType» «collectionTypes
rawsFrameT «DataTypes»
txSFrameT

+ sample : Wordl16g [160]

«CollectionTypes=
«DataTypes
r<SFrameT

«CollectionTypes
collectionAttrib=hitstream

«CollectionTypes
collectionAttrib=bhitstream

+ bitstream - Bit [246]

+ bhitstream - Bit [247]

A /D dEm E e E B E

» Data Structures

«DataType= wcollectionTypes=
InfodVadT «DataTypes
+r_h: arrayllCoeff arrayllCoeff

«collectionTypes=
«DataTypes
array4dlLags

+r_|:arrayllCoeff
+ scal_acf : Wordlée
+ rc : arraydlags

«CollectionTypes
collectionAttrib=coeff

«CollectionTypes
collectionAttrib=lag

+ pitch : Wordlée + coeff : Wordle [11]

+ lag : Word16e [4]

> Arrays

26/2/2013
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PIM Modeling: Functional View

= Data Types for Component Interfaces and Functional Classes
> Classes implement Interfaces and require services of other interfaces

-

~\

wclientServerspecifications «clientServerSpecification= «clientServerspecifications «clientServerSpecification=
«Interfaces sInterfaces sInterfaces sInterfaces
VADIF CoderlF sudioControllerlF DecoderlF
_ , Internal Interfaces
detect( in vadinfo: InfodVadT, out vad_flag: Bit) + code( + in: rawSFrameT, + out: txSFrameT) + TXControl() + decode| + in: SFrameT, + out: rawSFrameT)
+ reset( + inout ptch: Word16) + init_coder() + RXControl() + init])
& é o A é J
! “user Interfaceﬂeaﬂfazinnﬂ "-E"SE InterfacefealizationD LT g
o ol -
InterfaceRealization0 Usageld * - nterfaceRealization w5 P
? ' =T Usalgel : =" Ysdge2 . InterfaceRealization0
VioiceActivity Coder AudioController Decod}er
,."'—H _.""o-:‘l:.lSExh "‘1. “USER T
- - - LSS
wLISER - - %
L - llw - |leanet =
e e X —— \
I wexternallnterfaces wexternallnterfaces wexternallnterfaces
wexternallnterfaces «Interfaces «Interfaces «Interfaces
«lnterfaces ReceivelF MicrolF SpeakerlF
TransrmitlF L
External Interfaces
+ receivel + out: SFrameT) + getFramel + in: rawSFra... + playFrame( + in: rawSFra...
transmit] in: txS5FrameT)
+ get_cod_mode| + in DTXFlag: Bit)

\_

J
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> PIM Modeling: Communication & Concurrency View

= Application Component Architecture
> As a Composite Diagram

= Application components
> Provided and required operations

sCom ponents
EF Rubcocder
stnuctung

+ controllerComp : AudloConkrollerCor

|_—I + boRece|ver | RecelvelF STTUCTUTD

+ boRecelver : RecelvelF [

| -
g
—

J + EaMIcra : Mz ralF

+ boTransmiltber : Transrmikl

+ boSpem ker @ Spes kerlF

+ boTransmitber : Transm ikl
+ boCoder ;= U ndef ned = |_—I + boSpen ker : Spes kerlF E]
«dsaAppEstimation « 1 1 |
+ todud ioControllerFromCoder | < U ndefined + toDecoder < Undeflned =

+ coderCom p : CoderComp
structung

+ bodud ioControllerFrom Decoder @ < U ndefl

+ decoderCom p : DecoderComp
structung

1
+ EoWAD [ - U nde ] nad =
+ boCoder : < Undefin ']

+ \Juuéomp D wADCom
shructung
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»  Platform View: The Platform Description Model

= HW/SW Components of the Platform
> Software Components
- OS, Drivers, ...
> Hardware Components
- Processors, Memories, Buses, Custom HW, 1/O
» Components using MARTE stereotypes

» SW

«sC hedulers

«Component:
05

] - - =
P «hwCaches «hwiCac hes «hwBuss
* C‘:mmc nentr» «Component: «Camponents «Components:
AE::'IQ InstructionCache CataCache AMBA
Hoo Proe . «HwCaches «HwCaches «HwBus=
* E==are ) type=instruction type=data wordWidth=1(32,kit)
EEChEE_[EEE'CEChE' InstructionCac he] memorysize memorysize frequency={400,MHz)
rEfUEnc s frequency=(250,MHz) frequency=(250,MHz)
S = =
«c;m“' e «hwl_Os whwl_Os «hwl_Os «hwl_Os
HF::I'-'I «Com panent: «Com ponents «Com ponent: «Com ponent:
RF_T¥_ctrl RF_R¥_ctrl ADC_ctrl D _ctrl
«HwRAM =
frequency=(250,MHz)
memorysize=(32,MB)
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Architectural View: The Platform-Specific Model

\

= Composite Diagram

> Application Component Instances

> ArchitecturaQ/lapping

“Cam ponents
archi_sysbem
\ \ shructure
+va}(omp:\-'m:com: + coderCam P CoderCal | & ooooooooooo p:AudioControll=rCorf | + decoderCaom P DecoderCom
> 5\* shruchung stnuctun SHructung
5.} T [zl [ T i
! - . .
a O rl I I sbectractions  eatetractiony’ «#dseAppEstimations
+ EoTransmiteer : TR It = linux 065 : 05 -51a |||||| amlloembes «DS\?ApPEstimatiD!'l» ) . )
sallocabes . structun \ Allocabez i estimations=[ Estimation_exec_time_maximum]
Allocabel | \ ! operations=[TXContral]
‘
rC I eC u re 1 . % L Allocateg
£ 1 , saterrac betrac B N

1 ] HNocabes smllocabzs % N b )

1 , Allocab=0  Allocabe=l ‘\{ \LJ [ﬁ' ]
Y 4 +

+ microl ; ARMS * "";:";‘::’::“"9
+ toRecelver : RecelvelF stnuctun
1
+ rM_trs : RF_TX_ctrl ’é]
T I | + ade : ADC_ctrl
ructure
N + bus : AMBA [ | structure + bt
7 N
> System |/O i,
+ rf_recx : RF_RX_ctrl | + dac : DAC_ctrl
structure structure
+ ram : RaM
structung
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» Architectural View: Data Path Alternatives

PLE)(‘—

S — = Several routing alternatives
B \- —— possible
N\l —m > Which data path to
I ‘\ - communicate processors 1
I and 47

> Impact on Performance

= Solution 1: The estimation
tool (SCoPE+) selects one

path:
> Optimum: #hops, hop cost
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» Architectural View: Data Path Alternatives

= Several routing alternatives

possible

> Which data path to
communicate processors 1
and 47

o 72 » Impact on Performance

== = Solution 2: The UML/MARTE
e T— model contains information

e s indicating the preferred
routing

rocess: processador_1[1

+rami: RAM_1[1]

| | ‘ = How?
S~} , > Sequence
i i i E— Diagram

‘ > Static
Routing

=
I
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Verification View: Environment Components

= Automatic generation of the SystemC Test-Bench
= COMPLEX <<VerificationView>> stereotype

®" Homogeneous style
» Composite diagram

verification
<<VerificationView>>

«gaR esourcesPlatforms
«Components
stimuliEnvironment

«externalSubsystems + mysystem: MYSYSTEM [1]
+ THEsub1: sub1 [1] «externalSubsystems

+ THEsub4: sub4 [1]

—7~0 |

] ]
wexternalsubsystems
+ THEsub3: sub3 [1] |

1
E «externalSubsystems

+ THEsub2: sub2 [1]
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Verification View: Interaction between system and environment

= " Synchronization and Communication
semantics
I Sequence Diagram

-

_D_lﬂ’_-_-

2:callSynch_2

s = Extraction of code
> bekavior of environment components

=

callSynch_1

UA‘I:_L}“ u|:}u|:1 -
d"

g

<
u 5:calisynch_2

]
I ]
| 7
D‘ 6:callSynch_1 = 1
} ]
[eaf 7 7:callSynch_1
[unde@]
i |
| -l
‘ B:callSynch_3 E:I
= 1 wexkernalSubsystems [\ + mysystem: MySYSTEM[1]
| + THEsub1: subl [1 +externalSubsystems
L e e e e e 1 + THEsub4: subé [1]
|
[undaU]' [:I
7:callSynch_3
D 8:callSynch_1 - !
g:callsynch_2 r|T|
»
] gl 1 0
e S wexternalsubsystems
[ dﬁf‘“fdl i + THEsub3: sub3 [1]
L “- D
u T:callSynch_3
!
!
i !
3 :
! 10:eallSyneh_1 «externalSubsystems
D + THEsub2: sub2 [1]
i
i
I
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Verification View: Interaction between system and environment

— = Scenario modeling

o - ; > A single sequence diagram can cover
5 i ' i i
5 St he interaction of more than one
I STEv - E] .
i - environment component
E:} cccccccccc 3 ‘li'
Ju 444444444 - LJ gj
gz (e =0
. B
|_'_| ccccccccc - Bull i
-
1
?@ ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 'L_[
L:_| ccccccccc - D
_| _| —— e — — j‘iw_c _______ j :‘_ _____________ _ + mysystem: MYSYSTEM [1]
"""""""" u - {1
1. s:cansynch -
T . ]
LJ‘ aaaaaaaaaa = D
wexternalsubsystems
lllll + THEsub3: sub3 [1]
“[rj ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ _u EEEEEEEEE )
[ "
Ll = D «externalSubsystems
E + THEsubZ: sub2 [1]
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»  Verification View: Scenarios

Scenariof = Scenario: A tuple of interactions
<<Scenario>>| covering the interaction of the

- system with the whole environment
> A package within the Verification View
> with the <<Scenario>> stereotype

1= e = Several scenarios are possible
—==— I
Scenario?2 <t narommert
-~ |l <<Scenario>>
=
i
:‘r“ ‘wexternySubsystem»

SET)
+ THEsup3: sub3 [1]

+ THEsub2: sub2 [1]
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»  Modeling the Design Space: General Features

= Capturing the Exploration Space in a single model

= Defining a set of Scenarios
> allowing the selection of the scenarios to be explored

= Defining the Output metrics
> used as input to the selection of the next experiment
» determining the Pareto points

® The DPQI(‘IH Qnﬂr‘p IS r‘nmnncpd of

e f A P

> A set ofArchltecturaI Mapplngs

> A set of configurable attributes for Platform Components
> A set of Platforms

> A set of DSE Constrains and rules
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» Conclusions

= SW simulation and performance analysis

> Essential Design Technology
> HW/SW Embedded Systems

> At different design steps
- Different modeling and simulation technologies
- Various performance*accuracy products

= UML/MARTE Modeling Methodology
> MDD concepts
- Separation of Concerns
» CBE: Component-Based Engineering approach
» SW centric
> DSE oriented
> Automatic Model Generation

Class 6: “Embedded Software Development on Virtual Platforms — Are you ready for Industrial Deployment?”, Embedded World 2013, Nuremberg 26/2/2013




- < . Microelectronics
: Engineering Group uc

UNIVERSIDAD i;;%; O
DE CANTABRIA
e De——

SEVENTH FRAMEWORK

University of Cantabria PROGRAMME

Additional Information

= COMPLEX Website Th k Y U
> http://complex.offis.de @[m @ |:|
= COMPLEX plug-in
> https://complex.offis.de/eclipseupd

= Microelectronics Engineering Group
> http://www.teisa.unican.es/gim/en/tema?id=4

= SCoPE
> http://www.teisa.unican.es/scope

" Eugenio Villar
> villar@teisa.unican.es
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