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I Rescarch context: embedded Systems on
Chip (SoCs)

» Embedded system = information processing systems
embedded into a larger product, normally not directly
perceivable by users
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I Rescarch context: embedded Systems on
Chip (SoCs)

» Embedded system = information processing systems
embedded into a larger product, normally not directly
perceivable by users

» System on Chip = software and hardware components
working together to perform a predefined set of functions

» We focus on:

» data-dominated
embedded systems
(e.g., signal, video
processing)
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I Our Design Challenge

Hardware/software partitioning: decide if a functionality
should be implemented in hardware or in software or both

» Design Space Exploration is the solution!

==
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I Design Space Exploration (DSE)

Design Space Exploration = analyzing different implementations,
that are functionally equivalent, in order to find an optimal solution
according to given performance criteria
(e.g., costs, area, power consumption)
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B \otivation

» Embedded hardware has undergone
a tremendous change:

» from single processor architectures ...

> ... to on-chip cloud computers with tens or hundreds of cores
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B \otivation

» Embedded hardware has undergone
a tremendous change:

» from single processor architectures ...

> ... to on-chip cloud computers with tens or hundreds of cores

» so has done embedded software:

» from simple routines within
control loops ...

> ... to applications with video
conferencing and voice recognition

» It is now impossible to design new products from scratch!
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I A toolkit named TTool (say ”tea-tool”)

An open source toolkit

provided by INSTITUT
TELECOM TELECTOI‘;1
al ech

EEER EXER
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I T Tool/DIPLODOCUS in a nutshell

» UML/SysML diagrams to model an
embedded system’s functionality,
communication services and architecture
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I T Tool/DIPLODOCUS in a nutshell

» UML/SysML diagrams to model an
embedded system’s functionality,
communication services and architecture

» Simulate and verify formally the system'’s
models at the push of a button

» No need to be an expert in modeling,
simulation or formal verification

> Let’s model a signal processing algorithm
running on an embedded System-on-Chip!
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I High-level models ... what for?

==
S T
LANGUAGE L LANGUAGE

» Increase simulation speed

» the more models contain details, the longer are the simulation
and verification
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I High-level models ... what for?

UNIFIED MG =
o SYSTEMS c~b\
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» Increase simulation speed

» the more models contain details, the longer are the simulation
and verification

» Reduce design and testing effort

» the earlier the bugs are found, the less it costs to fix them
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I High-level models ... what for?

UNIFIED ome =
o SYSTEMS %\
MODELING WODELING ~
LANGUACE LANGUAGE

» Increase simulation speed

» the more models contain details, the longer are the simulation
and verification

» Reduce design and testing effort

» the earlier the bugs are found, the less it costs to fix them

» Increase portability

» save time and money by re-adapting models for next projects
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I The V-chart design methodology
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I The V-chart design methodology

Formal Verification

Functional Simulation Functional Simulation
Communication Architecture
modeling modeling modeling

e

The system’s
functionality is modeled
independently of the
architecture, it can be
simulated and verified
before mapping

Formal Verification
Functional Simulation
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I The V-chart design methodology

Formal Verification

Functional Simulation Functional Simulation
Application Communication
modeling modeling modeling

/ The available
resources are
modeled as a set of
generic hw
components: buses,
memories, CPUs, etc. |
Functional é imulation
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I The V-chart design methodology

Formal Verification

Functional Simulation Functional Simulation
Application Communication Architecture
modeling modeling

N | A

The communication
services offered by the
architecture are modeled
and can be simulated
before mapping

Formal Verification
Functional Simulation
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I The V-chart design methodology

Formal Verification

Functional Simulation Functional Simulation
Application Communication Architecture
modeling modeling modeling

e

Formal Verification
Functional Simulation
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I The V-chart design methodology

Formal Verification

Functional Simulation Functional Simulation
Application Communication Architecture
modeling modeling modeling

Formal Verification
Functional Simulation

=
=
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I Lct’'s model with TTool/DIPLODOCUS!

Let’s model a signal processing algorithm that runs on an
embedded System-on-Chip!
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I Lct’'s model with TTool/DIPLODOCUS!

File Edit V&V Code Generation View Tool Help

HE & ] &lw0x/a| B (]
DIPI CDeslgn

S| 5
T {} el AT TML Component Task Diagram [
< o (7] [« [«/» o d[- o 3 3

Diagrams are drawn by
dragging and dropping the
modeling assets from the toolbars

Open an existing TURTLE modeling
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I Application modeling

TTool: unsaved project
File Edit V&V Code Generation View Tool Help

G|s & -] aw0%/ & (B = = i
@ro. || f@pipLODOCUS € Design |
TR | L Component Task Disoram X

o| v [al€ [« »| o] -] [a o [¥] 3

SOURCE

Let's model first the processing
operations interconnected by
data dependencies (blue ports)

< O

Open an existing TURTLE modeling
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I Application modeling

File Edit V&V Code Generation View Tool Help

Gls & L] & 100% & B 2 £ & & |
o @ piPLODOCUS_C Design |
TR Caldaton | ML Component Task Diagram | [
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Then let's model a control operation
and the control dependencies among
the other operations (violet ports)

Open an existing TURTLE modeling
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I Application modeling

TTool: unsaved project

File Edit V&V Code Generation View Tool Help
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P D | B TML Component Task Diagram | x
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CONTROL

SOURCE

Applications are modeled as
communicating tasks which
are then mapped on hardware
components

ICHl

Open an existing TURTLE modeling
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I Application modeling

File Edit V&V Code Generation View Tool Help

BEDIO a

TTool: unsaved project
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Open an existing TURTLE modeling
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I Application modeling

TTool: unsaved project

FiIiEdit V&V Code Generation View Tool HeIL - -
[nfs|o [a] (n] ESETTIEN 2] [a][a] |
ol @ opLoocus _c pesign |
p
TRLE, @ , -
o (9] [a|€| [«/»| o< [-][a] [0 7] [

CONTROL

<1

Open an existing TURTLE modeling
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I Application modeling

TTool: unsaved project
File Edit V&V Code Generation View Tool Help

o s & o & 100% & 8 B2 & & &
@ f@DIPLODOCUS_C Design |
T ﬁ el | fTML Component Task Diagram [y
|
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CONTROL

SOURCE

channels model
data exchanges
between tasks

Open an existing TURTLE modeling
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I Application modeling

TTool: unsaved project x
File Edit V&V Code Generation View Tool
[ns]s|[s]s als /e (@] [5[2) (2] [s][s] |
TTo
& & Validation X
o 8 search result -

an event is sent

0

{guard_2 == true]

u SamplesToProcess.

Open an existing TURTLE modeling
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I Application modeling

TTool: unsaved project x

als /e (@] [5[2) (2] [s][s] |

File Edit V&V Code Generation View Tool
[a[=]e][a]a
=

D
o & Validation X
o & search result . -

0

{guard_2 == true]

u SamplesToProcess.

Open an existing TURTLE modeling
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I Application modeling

TTool: unsaved project

File Edit V&V Code Generation View Tool
Ej [a]a][x]e EINEED) als /e (@] [5[2) (2] [s][s] |

Vihdanon
o 8 search result

(o] ] (@] [«]>]

« ] D
Open an existing TURTLE modeling
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I Application modeling

TTool: unsaved project

als e (@] [5[2)[z] [s][a]

File Edit V&V Code Generation View Tool Hel

TTo.

- ﬁvahdanon
o 8 Search result

0

{guard_2 == true]

u SamplesToProcess.

Open an existing TURTLE modeling
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I Application modeling

TTool: unsaved project

File Edit V&V Code Generation View Tool Help
BEDNO 0[] 5 ¢|[a]rox]a] (5] s[5 () ]
TTo |

- ﬁvahdanon : S
o Search result
< |«/»| o/<|[-|a| a7 3

[#][a] |

SendEvent()

=
select between multiple -

execution paths

) tguard_1 == truel 2 {guard_2 == true]

Wait4Evt1()

Shecavesampieny

u SamplesToProcess.

Open an existing TURTLE modeling
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I Application modeling

File Edit V&V Code Generation View Tool Hel

TTool: unsaved project

(a] [a]
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TTo.

x

- ﬁvahdanon
o 8 Search result

chl

SendEvent(
req
[SpawnTasko

for(i=0:i<5:i = i+1)

{guard_2 == true]

@ loverd1==tel

compute

u SamplesToProcess.

0

Open an existing TURTLE modeling
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I Application modeling

TTool: unsaved project

als e (@] [5[2)[z] [s][a]

File Edit V&V Code Generation View Tool
[a[=]e][a]a
=

D
o & Validation
o 8 Search result

SendEvent(

req
[SpawnTasko

chl

WriteSample(1]

0

for(i=0:i<5: = i+1)

{guard_2 == true]

u SamplesToProcess.

wait for an event

Cll DM
Open an existing TURTLE modeling
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I Application modeling

TTool: unsaved project

s () () (=[] (2] [a][a] |

File Edit V&V Code Generation View Tool
e
=

D
o & Validation
o 8 Search result

o 0| @< «» o<~ (@033

SendEvent(

)

req
[SpawnTask()

chl

WriteSample(1]

for(i=0:i<5: = i+1)

{guard_2 == true]

retrieve a sample
from a channel

u SamplesToProcess.

Open an existing TURTLE modeling
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I Application modeling

TTool: unsaved project

File Edit VSV Code Generation View Tool Help
al Y

o, | @ pIPLODOCUS C Design
TR Caldaton f TML Component Task Di:
B 7 &€ | «>»

RE .*

)
on principles:

req
[spawnTasko)

1

. 1) only the amount of data exchanged between
tasks is modeled. Data-dependent decisions are
expressed by non-dete mlnlstlc and static operators

[guard_2 == true}

) fguard_1 == true}

Wait4Evt2()
ikﬁ:eive'-amplaﬂ) SamplesToProcess.
a i DN

Open an existing TURTLE modeling
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I Application modeling

TTool: unsaved project

EYIE] | & ]
| @ pIPLODOCUS_C_Design
£ TML Component Task Di
B 7 &€ | «>»

TTo.
o & Validation
o 8 Search result

—
| 2) algorithms are described using abstract cost
operators. The co i
into account without having to

) fguard 1 == true]

ctually execute them 1

[guard_2 == true}

Wait4Evt2()
ikﬁ:eive'-amplaﬂ) SamplesToProcess.
a i DN

Open an existing TURTLE modeling
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I Architecture

<<CPURR>>
FEP

<<MEMORY>>
FEP_MSS.

TTool: unsaved project

modeling

<<DMA>>
DMAO

<<BUS-RR>>
CROSS

<<MEMORY>>
main

<<CPURR>>

<<BUS-RR>>
mainBus

0

Open an existing TURTLE modeling
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B Architecture modeling

TTool: unsaved project K3
x
<<CPURR>>
FEP
<<MEMORY>>
main
<<MEMORY>>
FEP_MSS
<<DMA>>
DMAO <<CPURR>> L
<<BUSRR>> <<BUSRR>>
CROSS mainBus
il i IO

Open an existing TURTLE modeling
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B Architecture modeling

TTool: unsaved project x

"
o
>
O

<<CPURR>>
FEP

<<MEMORY>>
main

<<MEMORY>>
FEP_MSS.

<<DMA>>
DMAO <<CPURR>>

<<BUS-RR>> <<BUS-RR>>
CROSS mainBus

Open an existing TURTLE modeling

11/20 Telecom ParisTech/COMELEC MODELS 2014 Demonstration se




B Architecture modeling

TTool: unsaved project x

<<CPURR>>
FEP

<<MEMORY>>
main

0

<<MEMORY>>
FEP_MSS.

<<DMA>>
DMAO <<CPURR>>

<<BUS-RR>> <<BUS-RR>>
CROSS mainBus

Open an existing TURTLE modeling
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B Architecture modeling

TTool: unsaved project K3
x
<<CPURR>>
FEP
<<MEMORY>>
main
<<MEMORY>>
FEP_MSS
<<DMA>>
DMAO <<CPURR>> L
<<BUSRR>> <<BUSRR>>
CROSS mainBus
il i IO

Open an existing TURTLE modeling
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B Architecture modeling

nsaved project

) ] [2[z] /=] [][a] [

L3
Setting CPU attributes
CPU attributes
T CPU name: Eon
FEP Scheduling policy: Round Robin ~
slice time (in mi 10000
Nb of cores: n —
Data size (in byte): 4 i
Pipeline size (in byte): s P
Task switching time (in cycle): 20
<<MEMORY>> i
FEP_MSS. Cache-miss (in %):
Go idle time (in cycle): 0
Max consecutive cycles before i...[10
EXECI execution time (in cycle)
EXECC execution time (in cycle):
Clock ratio: H
<<BUSRR>>
FEP_BuS
[®) save and close I @ cancel
<<BUSRR>> <<BUSRR>>
CROSS mainBus
il i IO

Open an existing TURTLE modeling
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I Communication

To...
o & Validation
o 8 Search result

SourceStorage

ExecutionUnit

Read(1)

modeling

CommunicationUnit D

ag

Read(1)

Transfer( sample )

Transfer( sample )

sample =|sample - 1

Write( 1))
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I Communication modeling

TTool: unsaved project

alal e [ [=[=] (5] [a][a] |

x

File Edit V&V Code Generation View Tool Hel

[-] [a] (0] [3] [3]

[ Program [/ Program
Transferl Transfer2

0

[samplesl > 0] [samplesl == 0] [samples2 == 0] [samples2 > 0] H

[ Execute [saJ
Becte

< I I D

Open an existing TURTLE modeling
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= Mapping

[o] [v] [a]<] [«[»] [a]<|

~<crumos
Fer /

<<CPURR>>
LEON

Open an existing TURTLE modeling

MODELS 2014 Demonstrat




N Mapping

File Edit V&V Code Generation View Tool Help

TTool: unsaved project

&= & o & 100% & & 2 £ & & |
[@TTo. ‘B piPLoDOCUS C Design |
TR Caldaton | ML Component Task Diagram | X
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<<CPURR>>
FEP

Communication Patterns are
mapped via dedicated artifacts

S=MEMORY>>

<<MEMORY>>
FEP_MSS

<<BUS-RR>>

<<CPURR>>
LEON

<<BUS-RR>>.
CROSS.

<<BRIDGE>>
Bridge0.

<<BUS-RR>>
mainBus

ICHl

Open an existing TURTLE modeling
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B Functional Simulation

TTool: unsaved project

File Edit V&V Code Generation View Tool Help

als & a alx[a| [8 " m ] [&] |
& ‘@ pIPLODOCUS_C Design | N
TR Caldaton | B TML Component Task Diagram |
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<<CPURR>>
FEP

Simulation is started at
the push of a button

<<MEMORY>>
FEP_MSS

<<CPURR>>
<<BUS-RR>> LEOHN
FEP_Bus

<<BUSRR>> siEeEe <<BUSRR>>
CROSS Bikiocd) mainBus.

Open an existing TURTLE modeling
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B Functional Simulation

File Edit V&V Code Generat

n View Tool Help
Bls & 1] 100 =3 ®
sﬂ'oo\ /home/enrici/T| 'Y DIPLODOCUS |

Y DIPLODOCUS_Metl
AppC(DIPLODOCUS

o 8% Mappingl (DIPLOT

8D wapping: opiod | 12 |

o & Validation

o 8 Search result

& &) [&] [

% TCPIP_| 35 Application | §» SmartCard

S [t]e] [mo o ===lal[o]o]oae e s~ o [0 [oe ] [s] 2 [F

X Interactive simulation
T E— D connect to simulator Terminate simulation and quit
Commands
Save ] restore state | Formal verificati
Control | Text commands Set variables Save trace # CPUSHWA
D Tasks

Command parameter:  [1
[] Generate info in Latex format

(CPUS and HwA: HW2 (3) '

Busses: Bus0 (2) [] print messages received from server

i yo ()

7] Animate UML diagrams

Tasks: AppC_Application (25) []

CRanne \AppC_fromAtoT (41) (] Show DIPLO IDs on UML diagrams

Show transaction progression on UML diagra...

The simulator GUI allows to easil
plore and debug a design BL...c.. e nromation vask, v,
I e /hile animating the diagrams

¥Amomalically open active task diagram

o
%

14/20 Telecom ParisTech/COMELEC MODELS 2014 Demonstration session



I Formal Verification

TToolt: unamed project
File Edit V&V Code Generation View Tool Help

GBls 8| &

@ Troolt: unamed project
o {8l AppC(DIPLODOCUS Compg

a

100

| {8 AppC | 82 Mappingl | 82 Mapping2

N ENRE I

&89 Mappingl. (0IPLODOCUS !

@ ™ML component Task Diagram | #»

|y Timer [ & 7cpip [ &
o8O M 2 (DIPLODOCUS N - p C = s
& Valation LaTL tl¢ slols == =s Tha

o 8 Search result

| % smartcard |

rove certain properties. For
ple, check the reachability
ness of a given operator

[rese®>

"
u=?data_Ready 5C()|

fromSCtoD(1]]

<1

Add a static for loop to the currently opened TML activity diagram
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I Formal Verification

TToolt: unamed project | x

@EE (

File Edit V&V Code Generation View Tool Help

[a[=la][a]a /x| a]e[8] 3 < [8)[=]
3

oolt: unamed project 82 Mappingl rn Mapping2
T Avt:(DrL?;gf:;OCcmp [ TML Component Task Diagram é. Timer r 3 TCPIP | Application | %, Smartcard |
T pieapseind - T e e NN
b i (o] (o] [~][+]¢] [o]o|| [=/=|a|s| [+]]o/s[e]a Formal verification with UPPAAL [
o 8 Search result Verify with UPPAAL: options =
reset(] []'search for absence of deadock situations
I Reachability of selected states
et
answerToResetl)] (foi=0i=nbOfComputedPacketsi = 717} ) Liveness of selected states
1) I I D [] custom
e, Custom formulae =
prSt [] Generate simulation trace
(] Show verification details
Select options and then, click on ‘start' to start generation| -
Session id on launch
= Sending UPPAAL specification data
1 I} >
stat_|[ W stop | Clo... Del
'Add a static for loop to the currently opened TML activity diagram | l > ‘ B l (] H a ‘

Telecom ParisTech/COMELEC MODELS 2014 Demonstration session



I Dcbugging facilities

» Debugging and design exploration facilities are
available from simulation and verification:

» Gantt charts

» execution waveforms \ Scheduling for device: Bus1
o [
» reachability graphs o

=
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B Summary

An environment for the design of Systems-on-Chip:

> easy and rapid to deploy, open source
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B Summary

An environment for the design of Systems-on-Chip:

> easy and rapid to deploy, open source

> used by industrial and academic partners ...
» Texas Instruments <

i3 TEXAS INSTRUMENTS e
> Freescale 3 /"(

» ISAE (Toulouse, France) #“freescale 1Sae

"semiconductor

Instiut Supérieur de FAGronautique et de [Espace
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B Summary

An environment for the design of Systems-on-Chip:

> easy and rapid to deploy, open source

> used by industrial and academic partners ...
» Texas Instruments <

i3 TEXAS INSTRUMENTS e
> Freescale 3 /'(

» ISAE (Toulouse, France) #“freescale 1Sqe

Instiut Supérieur de FAGronautique et de [Espace

» ... and projects

» EVITA (automotive embedded systems)  Byitd
» Embb (Software-Defined Radio)
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B Future works and research directions

Integrate model transformations:

> into a code generation environment to produce the
application control code
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B Future works and research directions

Integrate model transformations:

> into a code generation environment to produce the
application control code

> into a run-time environment for application scheduling
and memory management
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I Do you want to now more?

Visit TTool’s website:

» http://ttool.telecom-paristech.fr/

Contact us:
> andrea.enrici@telecom-paristech.fr

» ludovic.apvrille@telecom-paristech.fr
» renaud.pacalet@telecom-paristech.fr

TELECOM
ParisTech

—5:4 i |
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