I!P

SORBONNE
UNIVERSITE

%

Paris
EHET

' IP PARIS

Tutorial: TTool AMS Extension

Daniela Genius, Rodrigo Cortés Porto,
Ludovic Apvrille

FDL 2019



TTool Introduction TTool AMS Extension Co-Simulation Conclusion

I Outline

» TTool Introduction

» Case study
» TTool AMS

» Hands-on exercice 1
» Co-Simulation

» Hands-on exercice 2
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I Desich Methodology of an Embedded System

System Partitioning between HW and SW

» Functions — execution nodes

» Communications between functions — communication
and storage nodes

» "System-level partitioning” with abstract models

Software and hardware design

» Designed independently, Integration phase

» Problem: late Discovery of bad partitioning, difficult to
iterate between partitioning and design

» TTool: model-based approach with close interaction
between partitioning and software design
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I Ovcrall Method TTool
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I Software Design Method
Software Components
stucture and behavior
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I Casc Study: Rover

Autonomous vehicle for disaster
relief efforts (earthquake)

» Telemetric sensors to detect obstacles and navigate terrain
autonomously

» No obstacles in proximity — decrease sampling rate
» Obstacle detected in close proximity — increase sampling rate

» Temperature and pressure sensors

» Avoid collisions — set time frame — impose maximal latency
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I Partitioning: Functional View

MotorControl

MainControl
+ state : Natural; + calculateCommand : Natural;
+ calculateTraj : Natural;

+ calculateDistance : Natural;

DistanceSensor
+ samplingRate : Natural;

TemperatureSensor
+ samplingRate : Natural;
+ sensorOn : Boolean;
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Co-Simulation

I Partitioning: Mapping View

<<BUS>>
Bus0

<<CPU>>
CPUO

Rover::MainControl D
Rover::MotorControl D
Rover::DistanceSensor ﬂ
Rover::-TemperatureSensor HJ‘

<<MEMORY>>
Memory0

TTool AMS Exte

Conclusion
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I Partitioning: CPU Configuration

Simulation | Code generation

CPU attributes

CPU name: [cPuo |
Scheduling policy: |Ruunr.| Robin |v|
Slice time (in microseconds); [1oo00 |
Nb of cores: 1 |
Data size (in byte): [a |
Pipeline size (num. stages): B |
Task switching time (in cycle): |20 |
Mis-Branching prediction (in %) [2 |
Cache-miss (in %): B |
Go idle time (in cycle): [1o |
Max consecutive cycles before idle (i... [L0 |
EXECI execution time (in cycle): [1 |
EXECC execution time (in cycle): [1 |
clock divider: 1 |

| E Save and Close | . Cancel |
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I Software Design: Block Diagram

block: <<block>>
;air?go:\!)rol MotorComrol
- =0:int; - rightVelocity = 0 ; i
-:teﬁs?orgr{ 00l; - E!tVz-:Iocny 0: |nt
= R
e sint; 45— (3~ in motorCommand(int leftCommand, int right

Command)

<<block>>
6

- samplingRate =10 int;
- distance: int;

int;
- distanceLeft : int;
- Lint;

~ —r - speedLow =
~ ﬁ‘ut sen:orData‘(lnt distanceLeft, .. - speedNormal

~out motorCommand(lnt leftVelocity, int rightVelocity)
~ out control(bool sensorOn)
~ in tempData(int temp)
E]sensorna}‘a int distanceLeft, it distanceFront, int
it
~ out changeRate(int samplingRate)

<<block>>
=

- sensorOn = false bool;
-temp =0 ;int;
- samplingRate = 5 int;

~ in control(bool sensorQn)
~ out tempData(int temp)
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I Software Design: State Machine Diagrams

startController

[state==2]

state=0 ate=
newRate=rateLo\ newRate=rate!

SsensorDataldistanceLert, distanceFront, HistanceL eft)

state==2]
ensoron=true

Med
[eftVelacity=speedLow
peedLow
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amplingRate!=newRate]

[CangERa e gRate)

[state<2]
sensorOn=false

[control(sensgrOn)

[state!=2]

ighvelocity=1
tVelocityspeedLow

tVelocity)
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I Software Design: State Machine Diagrams

after i
computeFor(ﬁminAjEX) changeRate(samplingRate)

distanceLeft = RANDOM[dmin dmax]

after (t1,2)

distanceFront = RANDOM[dmin, dmax]

startMotor

after (tmin,tmax)

P motorCommand(leftVelocity, rightVelocity) I H
T

N start

=
[ sensorOn]
0On) I after (sampl

T
[lemp = RANDOMO[minTemp, maxTemp] ]

P tempData(temp)

2.9.2019 Paris Sorbonne Université, Institut Mines-Telecom



TTool Introduction TTool AMS Extension

Co-Simulation

Conclusion

I C Posix code generation

EY
= - L4
! {2 Rover | 8 Architecture | B¥ Design | 8 1 [Code generation]
:|[ 3¥/Block Diagram | %= 4T | 43 MainControl |
block Y block
TemperatureSensor MainControl
-sensor0n=false :hool; -state =0:int; —
i -temp = 0:ink -sensoron:hool; =~
Ld Il I [*]
Generation of C-POSIX executable code from AVATAR design under edition
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I C Posix code generation (contd.)

Compile | Execute [ Results

Code generation
Base directory of code generation:

Remove ./ hfiles
Remove x files

[]Put debuginformation in generated code
Put tracing capabilities in generated code
optimize code

Include user code

1 time unit =

msec [
Code generator used

|AvATAR CPOSIX [

select options and then, click onstart" to launch code generation / compilation / execution =

Generating executable code (C-POSIX version)

Removing all h files

Files deleted:
/executablecode/generated_src/main.h

sre/T h

Removing al .c files
Files deleted:

fexecutablecode/generated_src/main.c

sre/T e

Removing all x files
Files deleted:
Jexecutablecode/run.x

Generation of C-POSIX executable code: done
Saving codein files
Code saved

I

ut Mines-Telecom
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I Compilation on local workstation

 Generate code | Compile |(EXecute] Results
Execution

© Run code:

® Run code and trace events (if enabled at code generation):
Jexecutablecode//run x /executablecode//tracetxt

© Run code in soclib / mutekh:

Compling exscutabl code withaommand: B
-C . Jexecutablecode/

echo Making directories
Making directories
-p.Jib

mkdir -p lib/generated_src/
mkdir -p lib/src/

Jusr/bin/gec -01 -pthread -Wall -1. 1. -Isrc/ -Igenerated_src/ -o lib/generated_src/main.o -c generated_src/main.c

Jusr/bin/gec -01 -pthread -Wall -1.-1. -Isrc/ -Igenerated_src/ -0 lib/generated_ 0 -c generated_

uvbiniqes -01 -ptbread-Wall -1 -ore -lgenerated, are o bigenerated,arc/TsmperatureSeanaor o -¢ unerated, areTsmporatureSanaor.c
Jusr/bin/gec -01 -pthread -Wall -I. -1, -Isrc/ -Igenerated_src/ -o lib/generated_ 0 -c generated.

Jusr/bin/gec -01 -pthread -Wall -I. 1. -Isrc/ -Igenerated_src/ -o lib/generated_src/MainControl.o -c generated_src/MainControl.c

Just/bin/gec -01 -pthres 1. -Isrc/ -Igenerated_src/ -o lib/src/request.o -c src/request.c

Jusr/bin/gec -01 -pthread -Wall -1, 1. Isrc/ -Igenerated_src/ -o lib/src/message.o -c src/message.c

Jusr/bin/gec -01 -pthread -Wall -1.-I. -Isrc/ -Igenerated_src/ -o lib/src/myerrors.o -c src/myerrors.c

Iusr/bin/gec -01 -pthread -Wall -1.-I. -Isrc/ -Igenerated_src/ -0 libsrc/debug.o -c src/debug.c L
Jusr/bin/gec -01 -pthread -Wall -1.-1. -Isrc/ -Igenerated_src/ -0 lib/src/syncchannel.o -c src/syncchannel.c

Jusr/bin/gec -01 -pthread -Wall -1. 1. -Isrc/ -Igenerated_src/ -0 lib/src/asyncchannel.o -c src/asyncchannel.c

Jusr/bin/gec -01 -pthread -Wall -I. -1, -Isrc/ -Igenerated_src/ -o lib/src/request_manager.o -c src/request_manager.c

“ate -lganaated.srci -o isrcirandom.o - srcrandom.c
i/ src/-o lib/src/mytimelib.o -c src/mytimelib.c
Turiinigee 01 -ptbread Wall 1 1 -Isrc -genarated.orc/ o erctracomanagac. - srftrscumanagor
Iusr/bin/gee -01 plhlud Idl-Irt-Wall -1 -Iste/ -Igenerated_src/ -L. o runx b/ ganerated,sre/mam o b/generated. o lib/generated_src/T
make: Leaving dir T

generated,sre/main.: I function'

generated_src/main.c:73:5: warning |mph:|l declaration of function ‘activeTracinginConsole’; did you mean ‘activeTracinginFile’? [-Wimplicit-function-declaration]

activeTracinginConsole();

activeTracinginFile
generate In function ‘mainFunc_..
generated 14:7: warning “distance’ | ]

ersité, Institut Mines-Telecom TTool AMS Extension
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I Software Components: Simulation

Flle Edit View Bookmarks Settings Help
H bin: ttoolexe
Make imnediate action in blockMainControl

-2

Make immediate action in blockNainControl
s=not(state != 2) bl = false b2 =
Replaced | new s=!(state != 2)

e 1=2)

Only one next in state State sendMotorCommand in block MainControl
Only one next in state State dodgedbstacle in block MainControl
Make immediate action in blockMainControl

Guard=distanceLeft > distanceRight

Make immediate action in blockNainControl
s=not (distanceleft > distanceRight) bl = false b2 = false
Replaced | new s=!(distanceleft > distanceRight)

Guard=! (distanceleft > distanceRight)

Only one next in state State turnLeft in block NainControl
Action=leftvelocity = 1

Else

Action=rightVelocity = speedlow

Else

only one next in state State turnRight in block aincontrol

Action=rightvelocity -
A(t\nrv:leftvelnmty = speediow
Else
Only one next in state State statel in block MainControl
Action=state =
Else
Action=newRate = rateMed
Action=leftvelocity = speediow
se
Action=rightVelocity = speedlow
Else

Only one next in state State state2 in block MainControl
Action=state =

Action=newRate = rateigh
Else
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I Software Components: Interactive Simulation

File Edit V&V Code Generation View Tool Help
w EEIE
{| & Rover | B Architecture @ Design | 37 Deployment |

39 Block Diagram | 3= MotorControl | $» TemperatureSensor | § DistanceSensor | §; MainControl ‘I”’“ETSL'IIVE Simulation
o #ow| = (=
Hd i |

[=
[» I:1
done in /hi privat: ius/T Tool/modeli IP6/rover.xml~
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I Software Components: Interactive Simulation

‘ . Terminate simulation and quit ‘

Commands ;| Simulation information
Status: Stopped Time: 10 Transactions: 12 Coverage: 13.0%
&1 Displayed blocks | €] Latencies | €] [ €] Asynch. msg |
Options | £ Blocks | £ Variables | & Transactions | £1 Met states |
Nb of steps: I Animate UML diagrams [] show AVATAR IDs on diagrams
N N || [ show hidden state in sequence diagr... Auto open active state machines
Pending transactions 4
in Block DistanceSensor: Transition (delay=(1,2),...) | | Trace in sequence diagram #of transactiunsﬂlndexul last ‘rans.{
q I | » Auto execute empty transitions Auto enter states

MotarControl TemperatureSensor DistanceSensor WainControl
@O
startMotor|
startSensor|
@10
distanceleft = 0 =
1] [v]

Run simulation for x commands. Works only if the simulator is "ready”
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Co-Simulation Conclusion

I Software Design: Deployment View

<<CPU>

CPUO
Design::MotorControl D
OesgniTemperaturesenzor |

<<RAMS>
Design:DistanceSensor D Memory0
WeloGonolntssonicosta )
Design:MainControl
<<VGSB>>
Bus0.

<<TTY>> MainControl/in tempData. D

VO

Prototype software components on destination platform

» Tasks mapped to model of target system

» Channels mapped to memory

» Generate software elements (tasks, main program) by model
transformation: C Posix

» Hardware elements built from deployment information

20/90 2.9.2019 Paris Sorbonne Université, Institut Mines-Telecom
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I Software Design: CPU configuration

CPU attributes

CPU name: [
Nb Of IRQs : [
Nb of inst. cache ways: E—
Nb of inst. cache sets: |
Nb of inst. cache words: [a 7]
Nb of data cache ways: ,57
Nb of data cache sets: a7
Nb of data cache words: o]
Index: ,Di

Monitored: vCl logger =

| m Save and Close | O Cancel ‘
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B Virtual Prototype

Fle_ it VAV Code Gneraion View Tool elp
afwosla |8 |H| wlw @ & &
Toraking - rv | B2 araking - v s o B AVATAR Desion

‘
0
e |
L ‘Gensrate sote | Complle { Execute {0l
T  she from fil
1@ s simutnion windov] | tme unte =[] | &2 efresh ansacions i prog o e o peeisiana

e Show simultion trace

[Ermermene areree] g
Select ptions and then,click on 'tar 1o aunch code generation | compila

e
oty fe E T g
(=] » sun @ coxe
staeD: a2 &
P = T
P 2 » T
g  F—— i o g
347 transactions, min time=2, max time=57001 = :
ok o

22/90 2.9.2019 Paris Sorbonne Université, Institut Mines-Telecom



TTool Introduction TTool AMS Extension Co-Simulation Conclusion

I Pciformance Information

> Intercept traffic on interface between interconnect and
memory

> Logging probes between interconnect, CPU and memories

» Cycle precise logging (memory access, cache miss, latency,
buffer underflow/overflow)

» Confirm or correct assumptions made on partitioning level

* <«CPU»

cPUD
Design: MotorControl D
Design: TemperatureSensor D

-

o
—
N

|

® MainControl/out motorCommand D

- <<VasB>>
BusD
» <TTY>> MainControl/in tempData
™
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I Heterogeneous Extension Required

Embedded hardware is increasingly heterogeneous

» Digital/analog integrated circuits, sensors, actuators

» Robotics, automotive, medical

New Features

» Analog/mixed signal (AMS)
» Radio frequency (RF)

Increasing role of software

» Operating system, CPU, memory
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I Objective

Extend functionality of TTool in order to generate virtual
prototypes for embedded systems

» Composed of digital and analog hardware

» Able to run embedded software

How?

> Integrate the TDF models of AMS components with a digital
MPSoC platform based on SoCLib components

» Time synchronization issues that may occur between the DE
and TDF MoCs: implement solution at design level
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I Rover Revisited: Functional Model

DistanceSensor MainControl MotorControl

+ state : Natural;
+ calculateTraj : Natural;
+ calculateDistance : Natural;

'+ interval : Natural;

TemperatureSensor

+samplingRate : Natural;
+sensor0n : Boolean;

= Modeling of sensors not realistic (neither on partitioning level)
= Requires better adapted representation to reflect analog/mixed
signal components
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B Rclated Work

Non SystemC based

v

Ptolemy Il (Ptolemy.org 2014)

METROPOLIS (Balarin et al. 2003)

METRO Il (Davare et al. 2007)

Discrete Event System Specification (Zeigler 1976)
» Modelica (EImqvist et al. 1999)

v

v

v

SystemC based

» HetSC (Herrera et al. 2007)
» HetMoC (Zhu et al. 2010)
» ForSyDe (Niaki et al. 2012)
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I SystemC AMS Extensions

» Standard describing an extension of SystemC with AMS and
RF features (2010 v1.0, 2013 v2.0)

» Modeling formalisms:

» Discrete Event (DE)

Timed Data Flow (TDF)

Linear Signal Flow (LSF)

Electrical Linear Networks (ELN)

Consortium includes Fraunhofer I1S, TU Vienna, EPFL, NXP,
Infineon, LIP6

vV vy VvVYyy

LIP6 in projects BeyondDreams, H-Inception
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I SystemC AMS Extensions

Building a modeling environment synchronizing DE and TDF
is hard

» Choice of simulation method(s)

» Causality problems

Work at LIP6

» Andrade et al. 2015
» Ben Aoun 2017
» Cortés Porto 2018
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I Discrete Event (DE) Model of Computation

v

Based on temporal sequences of countable number of events
Processes

v

» Describe system behavior
» Triggered by events or passing of time

v

Events are sorted wrt. time stamps into event queue

v

Scheduler determines process to execute at run time: dynamic
scheduling

v

SystemC simulation kernel based on DE MoC
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I Time Data Flow (TDF) Model of
Computation

Possible schedule: {A—B—C}

Discrete-time model, continuous data as signals sampled in
time

v

Ports to connect TDF modules

v

v

Converter ports to connect TDF to DE modules

v

Static schedule computed before simulation
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I TDF module properties

» Module Timestep (Tm): Period of activation

» Port Timestep (Tp): Period of activation of a modules port

» Rate (R): Number of data samples read or write, annotated to
a port

» Delay (D): Number of samples to be held per activation of the
module

» Consistency of time step assignment and propagation
> Tm = Tpin * Rin = Tpout * Rout

32/90 2.9.2019 Paris Sorbonne Université, Institut Mines-Telecom Tutorial: TTool AMS Extension



TTool Introduction TTool AMS Extension Co-Simulation Conclusion

I Validation

» Validation of TDF module and port attributes
» Timestep propagation: consistency check

» Computation of valid schedule

33/90 2.9.2019 Paris Sorbonne Université, Institut Mines-Telecom ial: TTool AMS Extensi
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I Static Schedule Computation

» Based on sequential scheduling algorithm (Lee,
Messerschmitt, 1987)

» Deadlock due to feedback loops: suggest port delays to solve
it (Cortés Porto RAPIDO 2019)

» Still without software, runs stand-alone (without SoCLib) with
SystemC-AMS
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I |stallation of TTool and SystemC-AMS
Tsﬁol
» Download TTool from
https://ttool.telecom-paristech.fr/download.html
> Requires jdk 1.8 or higher
SystemC-AMS (necessary for compiling generated code)
» Download SystemC-AMS from Accellera website
www.accellera.org
» Install SystemC-AMS
Environment
» Download systemc-env.sh from
ftp://ftp-asim.lip6.fr/outgoing/genius (login: ftp,
no password)

> source ./systemc-env.sh
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TTool Introduction TTool AMS Extension

B SysitecmC-AMS panel

Co-Simulation

Conclusion

TTool: unsaved project

File Edit V&Y Code Generation View Tool Help
B B|ja & & =4

& TTo
o B syntax analysis
o= 3l simulation Traces
& 3§ R Graphs
o= ™ |nvariants

%

earch result

Help

New Network Calculus Design

New DIPLODOCUS Methodology
New AVATAR Methodology
New SysML-Sec Methodology

New Partitioning - Functional

New Partitioning - Communication Pattern

New Partitioning - Architecture and Mapping

SSESaYien AU Block Diagram
New ELN Diaglam

New Modeling Assumptions Diagram
New Requirement Diagrams

New Attack Tree

New Fault Tree

New Analysis

New Design

New Deployment Diagram

Find the optimal mapping with Z3
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B SystemC-AMS panel (ctd.)

TTool: unsaved project

File Edit V&Y Code Generation View Tool Help
B B|ja & & =4

@ TTool unsaved project g systemc_ams |
& [ SystemC. -AMS Compol
o K syntax analysis
o= 3l simulation Traces
& 3§ R Graphs
o= ™ |nvariants
o 8 Search result

New SystemC-AMS Diagram R

Generate an automata (DTA, RG) from the lastly generated formal specification
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I |hserting a Cluster
b
®

File Edit V&V Code Generation View Tool Help

@& TTool unsaved project ; SystemC_AMS |
¢ [ SystemC_AMS(SystemC-AMS Compol & & SystemC-AMS C Diagram ‘

o= g Syntax analysis
le|p| |- o B+ = BE]e o

o sl Simulation Traces
o 8P R Graphs
o Invariants B Cluster

o 88 Search result

D

[

< 1 I [

AT i

\Add a cluster to the currently opened SystemC-AMS Diagram
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B Ihserting a Cluster (ctd.)
Q
2

V&V Code Generation View Tool Help

@& TTool unsaved project ; SystemC_AMS |

o= [ SystemC_AMS(SystemC-AMS Compo = = = =

. g Syntax analysis i E SystemC-AMS Diagram ‘

o »fit Simulation Traces 1 s|®] R EE R
o o3 R Graphs b

o Invariants E

o 88 Search result

- Help

D

cluster

AT i

[

[r

39/90 2.9.2019

Paris Sorbonne Université, Institut Mines-Telecom

utori TTool AMS Extension



TTool Introduction TTool AMS Extension Co-Simulation

- HNE Inserting a Block
oY

Conclusion

File Edit V&V Code Generation View Tool Help

@& TTool unsaved project ; SystemC_AMS \

o= [ SystemC_AMS(SystemC-AMS Compo = = = =

. g Syntax analysis i E SystemC-AMS Diagram ‘

o 3l Simulation Traces i jﬁ| [’;," w| ‘@ H --H -n-‘ ‘ “ = || -n-| Clock

o o3 R Graphs p | &

o v Invariants 4 UDF block| [+]

o 88 Search result =
Help cluster ]

blockTDFO
[l 1 I *] =
AT I I D

\Add a TDF block to the currently opened SystemC-AMS Diagram
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I Inserting a Block (ctd.)
Q

»

File Edit V&V CodeGeneration View Tool Help

& TTool unsaved project | & systemC_AMS

c -AMS C: =
:E gitzz”amws‘g ompel | el sy lmB-AMSEnmpnnnl\ll Diagram |
o= 3} Simulation Traces - = [E <+ | Clock
Cig o CECEEEES
o= ™ nvariants

o 8 Search result

cluster

blockTDFO blockTDF1

[l i I Ir

< 1
\Add a TDF block to the currently opened SystemC-AMS Diagram

D
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I Configuring a Port
oY

Co-Simulation

Conclusion

File Edit V&V CodeGeneration View Tool Help

1142 (3] < [a]wn[a]

& TTool unsaved project | & systemC_AMS

& [ Systemc ~AMS Compol =

’BE Sfma‘x analysts (] sylllmB-AMSEnmpl"A;n”l mnium‘ \l. “@ H ‘

o= 3 Simulation Traces +® = = | Glock
o= 48 R.Graphs k. =
o= ™ nvariants

o 8 Search result

cluster

blockTDFO blockTDF1

[l i I Ir

< 1
\Add a TDF port to the currently opened SystemC-AMS Diagram

D
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TTool Introduction

I Configuring a Port (ctd.)

»

TTool AMS Extension

SystemC-AMS panel

V&V Code Generation View Tool Help

TTool: unsaved project

(] e] 2] < [a]un]a]
& TTool: unsaved project | 8 systemc_AMS |

o[ System. -AMS Compol g

o B Syntax analysis -

Co-Simulation

- 5k Simulation Traces
o4 R Graphs
o nvariants
o 8 search resul

o [B] Help

Diagram |

=] [E]E] o] cex

blockTDFO blockTDF1

Conclusion
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I Configuring a Port (ctd.)
Q
2

File Edit V&V CodeGeneration View Tool Help

[o]+[=]

D

& TTool unsaved project ! SystemC_AMS
& [ Systemc ~AMS Compol - =
’BE Sfma‘x analysts r’@ SystemC. AMSEnmpn;l\”l mnium‘ \l. “@ H ‘
o= 38 Simulation Traces - = = | Clock
o= 48 R.Graphs
o= mu nyariants 3 e T el
o 8 Search result
Setting TDF port attributes rer =
Name : [in] |
blockTDF1
Period Tp: [ | s [~
Rate: [ |
Delay ‘ ‘ port
Type [int [~
Origin ‘Inpul "| -
11 ] T L
[ Esmemioens ]| @cwes | s
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I hserting a Connector
oY

»

TTool: ut

File Edit V&V CodeGeneration View Tool Help

& TTool unsaved project | & systemC_AMS
& [ Systemc ~AMS Compol - =
o I syrtax analysts fgl systemc-AMSs Component Diagram |
o= 3 Simulation Traces ‘ B ” ..H -n.‘ | “ = H .D.‘ Clock
o= 48 R.Graphs
o= ™ nvariants i
o= 8 Search result SN k] I
cluster I
blockTpFo blockTDF1
out in
[l ] I D -
< Il v |
Connects two block of the currently opened SystemC-AMS Diagram
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I nserting a Connector (ctd.)
Q

»

File Edit V&V CodeGeneration View Tool Help

& TTool unsaved project | & systemC_AMS

o O SystemC. -AMS Compol” | FY Systeme-AMS Companent Diagram |
o= 48 R.Graphs

o I syntax analysis
B« (@@ o0
o= ™ nvariants

o= 3} Simulation Traces
o 8 Search result

cluster

blockTDFO blockTDF1

v |
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B \aming a Connector
)
®

Setting Connector Attributes

Setting connector attributes

Name : [signal I |

| [g Save and close || . Cancel |
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TTool Introduction TTool AMS Extension Co-Simulation

I Parametrization of module attributes

tting TDF Block Attributes

Attributes | Parameters | Process Code | Constructor Code
Setting TDF block attributes

Name : |blockTDFO |
Period Tm: |4.0 ms |v
s
ms
us *
ns

| E Save and close || . Cancel |
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TTool Introduction TTool AMS Extension Co-Simulation

B Parametrization of module attributes (contd.)

tting TDF Block Attributes

tes | Parameters | Process Code | Constructor Code
Setting TDF block attributes

Name : |blockTDF1 |
Period Tm: |3.0 s |v
s
ms
us *
ns

| E Save and close || . Cancel |
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TTool AMS Extension

Co-Simulation Conclusion

B Parametrization of port attributes

Q

Rate:
Delay :
Type:

Origin :

MName :

Period Tp:

Setting TDF port attributes

3

lout |
| | s M
2 |
| |
int ‘ -
int h
bool

double

E Save and close
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TTool AMS Extension

Co-Simulation

Conclusion

I Parametrization of port attributes (contd.)

Setting TDF Ports

Setting TDF port attributes
Mame : lout |
Period Tp: ‘ | |s ‘v|
Rate: 2 |
Delay : | |
Type: ‘inl ‘ - |
Origin : Output ‘ -
Input
Qutput
Save and close | | ' Cannel‘ —|

ToDo: Run schedulability test

Paris Sorbonne Université, Institut Mines-Telecom

Tutorial: TTool AMS Extension
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I First schedulability test
o4

File '@av Code Generation View Tool Help

[ TTool unsaved projest | E systeme_ams
:E z’{z::;":mws‘s ©mPel | “F] Systeme-AMS Component Diagram |
o 3B simulation Traces E|=|= = o clock| [
rgam m== @[]l [g]
o= 1w Invariants il
& 8 Search result
Help
Validation
Select options and then, click on 'start’ to launch validation / code generation H
I D
‘ P start H Stop H @ close ‘
) 0 I
il I I |
SystemC-AMS diagram without check syntax

ToDo: Correct parameters
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I First schedulability test (contd.)
Q
2 3

(2 ion | Generate code
Validation

Select options and then, click on 'start’ to launch validation/ code generation

Performing Validation for "cluster”.
Error while propagating Timesteps: In block "block TDF0" Timestep Tm is inconsistent with Rate or timestep Tp of port "out".
Interrupted ‘

<

‘ start_ || stop || @ clese |

ToDo: Correct parameters
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I Correcting Parameters

Setting TDF Ports

Setting TDF port attributes
Name : [out |
Period Tp : 20 [ | |ms ~|
Rate : 2 |
Delay: | |
Type: lint v
Origin : output [~

| [™] save and close || @ cancel |

ToDo: Correct parameters
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TTool Introduction TTool AMS Extension

I Correcting Parameters (contd.)
Q
P

generation, compilation and execution

Executabl

|(Validation | Generate code

Validation

Select options and then, click on"start' to launch validation / code generation

Performing Validation for “cluster’
Error while propagating Timesteps: In block blockTDF1" Rate or Timestep Tp of port 'in' is inconsistent with Rate or timestep Tp of port "out’ from block "blockT DFo"

Interrupted

stop H @ close ‘

<1
[ho= ||

ToDo: Correct parameters

utori TTool AMS Extension
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I Correcting Parameters (contd.)

ting TDF Block Attributes

_ e | Constructor Code

Setting TDF block attributes

Name : [blockTDF1 |

Period Tm : ‘2.0 I ‘ |ms |v|

| @ Save and close || . Cancel

ToDo: Correct parameters
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I Correcting Parameters (contd.)
Q
2

I | Generate code

Validation

Select options and then, click on 'start’ to launchvalidation / code generation

Performing Validation for *cluster".
Error while propagating Timesteps: In block 'blockTDF1* Rate or Timestep Tp of port "in' is inconsistent with Rate or timestep Tp of port 'out’ from block *blockTDF0"
Interrupted

(|

[0 s |[ Mo |[ @eee ]
ToDo: Validate current TDF cluster
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- HNE Adding a Processing Function

» Analog components are most often unique
» Hypothesis: processing() function given manually
ToDo: Write a processing function which writes to output

port/read from input port
Example: sine function (change port type to double)
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I A dding a Processing Function: Example

Attributes |  Parameters |Process Code Code
Behavior function of TDF block

wvoid processing() { 2]
double x=00;
for(x=0.0; x<1000, x+=0.1{
outwrite(std:sin(x*M_P1));
std cour)« "written data to out port” << std:sin(x*M_PI) << std:endl;

[ saveandclose || @ concel

Attributes | Parameters | Pro
Behavior function of TDF block

void processing() { 2]
std:cout << "value read fromin port " << inread() << std:endl;

Paris Sorbonne Université, Institut Mines-Telecom TTool AMS Extension
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I Validation
Y

tion, compilation and exec

Code generation
Base directory of code generation:
|

[./syscAMSGenerationCode/

Base directory of topcell generation:

[./syscAMSGenerationCode/ |
Base directory of Makefile:

[./sysCAMSGeneration Code/ |

-
Select options and then, click on 'start’ to launch validation/ code generation —|
Performing Validation for "cluster”.
Validation for "cluster” completed.
Ready to process next command ‘
4] I D]

| @ Start H Stop || .close ‘

ToDo: Generate SystemC-AMS code
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I Code Generation

Code generation
Base directory of code generation:

[./syscamsGenerationCode/ |
Base directory of topcell generation:
[./SysCAMSGenerationCode/ |
Base directory of Makefile:
[./sysCAMSGenerationCode/ |

Co-Simulation Conclusion

|+

Ready to process next command

Generating executable code (SystemC-AMS version)
Generation of TopCell "cluster” executable code: done
Saving SysCAMS code in files

Code saved

Ready to process next command

4] i
| § Start || Stop || .Close |

ToDo: Have a look at generated code in your
TTool /SysCAMSGenerationCode directory
ToDo: Run the simulation
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I Trace File

File Edit View Bookmarks Settings Help

. () barderlip6.fr

SystemC 2.3.1-Accellera --- May 19 2017 17:29:19
Copyright (c) 1996-2014 by all Contributors,
ALL RIGHTS RESERVED

SystemC AMS extensions 2.1.0-COSEDA Release date: 20168404
Copyright (c) 2010-2014 by Fraunhofer-Gesellschaft IIS/EAS
Copyright (c) 2015-2016 by COSEDA Technologies GmbH
Licensed under the Apache License, Version 2.8

Info: SystemC-AMS:
2 SystemC-ANS modules instantiated
1 SystemC-AMS views created
2 SystemC-AMS synchronization objects/solvers instantiated

Info: SystemC-AMS:
1 dataflow clusters instantiated
cluster 8:
2 dataflow modules/solver, contains e.g. module: blockTDFO_1
3 elements in schedule list,
4 ms cluster period,
ratio to lowest: 2 e.g. module: blockTDF1_2
ratio to highest: 1 sample time e.g. module: blockTDFE_L
0 connections to SystemC de, B connections from SystenC de

written data to out port®

written data to out port@.389017
written data to out port0.587785
written data to out port(.809017
written data to out port@.951057
written data to out portl

written data to out port(.951057
written data to out port@.889017
written data out port.587785
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I Co-Simulation
Problem: Simulation of TDF and DE parts

» Simulation in two (or more) different domains

Idea: SoCLib components can be (re)used

» SystemC is a set of C4++ class libraries
» Co-simulation (SystemC-AMS and SystemC simulation motor)
» SoCLib digital components are considered DE modules

What is new in our approach?

» Validation of schedule and causality issues before code
generation (Cortés Porto 2018)

> Full-system simulation (SW running under OS on digital part)
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I Virtual Prototyping with SoCLib

» SoCLib: Open platform for virtual prototyping of
multi-processors System on Chip (MP-SoC)

» Started in 2006 as an ANR project with 11 research labs and
6 industrial partners: LIP6, Bull, CEA-LETI, INRIA, STMicro,

» Public domain library of SystemC models of hardware
components
» Operating systems: NetBSD, MutekH, GIET, ALMOS, ...
» Different levels of modeling and simulation
» Transaction Level (TLM)
» Transaction Level with Time (TLM-T)
» Cycle Accurate Bit Accurate (CABA)
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I \P-SoC Virtual Prototype Generation

» SoCLib: Shared memory paradigm

» Based on Virtual Component Interconnect (VCI) protocol
» Initiators issue requests (e.g. CPUs)
» Targets respond to requests (e.g. RAM)

Specifity of our approach to co-simulation

» Hypothesis: (Digital) MP-SoC is initiator
» TDF clusters are VCI targets for the SoCLib initiators
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I Generic adaptor component (RAPID02019)

» Interface between TDF clusters and SoCLib components
» Follows SoCLib's writing rules for cycle-accurate components

» Represented in Deployment Diagram

TDF Cluster SoCLib DE
P Components VCI_Bus

GPIO2VCI

p_vci

p_resetn
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I Ebedded SW design and development
oY
2

» State Machine Diagrams:

» Functionality of software tasks as timed automates

» Generated code this way is correct-by-construction, but:
» Code entered manually into the state blocks

TTool: unsaved project

ration View Tool Help

@ T ool: unsaved project | 79 Design
LR om0 —
TE T (o [o]-]
o Inyariants B
o 8B Seareh result =
o[ Help
[ 3

@

P 4 = T o
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B |hstallation from provided Virtual Machine
Y. (Required for Tutorial 2)

» Download and install VirtualBox for your operating system
from https://www.virtualbox.org/

» Download the TTool virtual machine file from ftp:
//ftp-asim.lip6.fr/outgoing/genius/TToolVM. tgz
Attention, file size 5835180 KB

» Unpack the archive

» Start VirtualBox and import the provided TTool virtual
machine:

Select menu File Import Appliance

Browse to the downloaded .ova file

Follow the wizard using the default settings

Once the import is finished, start the machine (password =
TToolVM)

vV vy VvVvyy
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B |hstallation from provided Virtual Machine
Y. (Required for Tutorial 2)

» Download the tutorial example from
ftp:://ftp-asim.lip6.fr /outgoing/genius/rover_ams.xml
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I Dcployment Diagram with GPI1Os (gray)
oY

File Edit V& Code Generation View Tool Help
BB e e & ES Jr3 5| & H a
8% Architecure | 39 Design | 8% | G systemC_AMS |
8P Deployment Diagram
B F |- #%E @E@sE m e neomom (&8
» <<CPU>> - <<RAM>> @  <<SvstemC-AMS Cluster> >
CPUO Wemoryo temperature._sensar E
Design: Mnernmrn\D B
CeTOER ] D WainCamtralfout motarCommand D
* <<TTV> > <<SystemC-AMS Cluster>>
TTY0 distan nsor
- <<VGMN=>
Bus®
1 I DN
Index - 0 /
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B Tcperature Sensor

temperature_sensor

temperature_sensor_unit blockGPIO2VCI

tm=1m00ps P F----- -
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B Tcperature Sensor

Activate the sensor
Setting state parameters (on berlioz) x

General [ Prototyping |

Entry code

write_gpioZvcilsensorOn, "temperature_sensor");

Read the sensor
Setting state parameters (on berlioz) X

General [ Prototyping |

Entry code

temp = read_gpio2vcil"temperature_sensor');
printf["Temperature = %din", templ
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I Distance Sensor

Co-Simulation

distance_sensor

ultrasonic_sensor left

Tm = 100.0 ns

ultrasonic_sensor_front

Tm = 100.0 ns

ultrasonic_sensor_right

Tm = 100.0 ns

controller

73/9 2.9.2019
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Conclusion

Paris Sorbonne Univer:

, Institut Mines-Telecom



TTool Introduction TTool AMS Extension Co-Simulation Conclusion

I Distance Sensor
¥
()

Setting state parameters (on berlioz) X

fGeneraI | Prototyping |
Entry code

write_gpio2vci(1, "distance_sensor"); —
distanceFront = read_gpio2vcil"distance_sensor"};
printf("distanceFront = %din”, distanceFront);

write_gpioZvci(0, "distance_sensor);
distanceleft = read_gpio2vcii"distance_sensor"};
printf("distanceleft = %cdyn", distanceleft);

write_gpioZvci(2, "distance_sensor");
distanceRight = read_gpiozveil"distance_sensor');
printf("distanceRight = %din", distanceRight};
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I Code and Processing Function
oY

[FE——
void read_sensor() {
fin.read(}

L) out.write(in_left.read());

i
else if(in.read() ==

ltravaic_scnsar front s out.write(in_front.read());
b,
r I’\ ‘ élse if(in.read() == 2) {
e B out write(in_right.read());
¥

g
[FE— f

void procesaing() {

ot et (rand() 1 12);
L

void processing() {
ifCin.read() 1= 0) {
[re— out write(rand() % 30);

olse {
et n

cout << "Temp sensor is off. @ * << this->get_time() << endl;
" )
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I Ebedded SW Design and Development

Entry Code in the Control i g iy
State Machine ' L
» State machine silghtly =
simplified
» Less channels to

read /write
» SystemC-AMS current

version does not allow
rate change at run time
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BB Communication Primitives

Entry code

vel_muit_t2y0 (on bertin) - o ox vy cade

Vel-multi_tty0 (on bartice) 8 o

Co-Simulation

Conclusion

77/90 2.9.2019 Paris Sorbonne Université, Institut Mines-Telecom orial: TTool AMS Extension




TTool Introduction TTool AMS Extension Co-Simulation Conclusion

B Block Diagram

Sensors are no longer represented

block: <<block>>
;A(air?go;:rol MotorControl
-state=0:int; - i htVeIo_city_ it;
= sensRorPn. . blqol; = Ie%tVeIocny =0
= L'Sxpﬁn%'n'é\é tint; [+———3~ in motorCommandint leftCommand, int right
-rateLow =10 . int; Command
- rateMe nt;

istanceRig|
- distanceFroy
- speedLow =
- speedNormal

~ out motorCommand(int leftVelocity, int rightVelocity)
~ out control(bool sensorOn)

~ in tempData(int temp, o .

~ in sensorData(int distanceLeft, int distanceFront, int...
~ out changeRate(int samplingRate)
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I \/alidation of Schedulability and Causality

Validation | Generate code |

Validation

Select options and then, click on 'start' to launch validation / code generation -

Performing Validation for "distance_sensor”.
Validation for "distance_sensor" completed.

Performing Validation for "temperature_sensor".
Validation for "temperature_sensor' completed.

Ready to process next command

[41]

4] |»

| @ Start H Stop || .CIuse |
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I SystemC-AMS Code Generation
Validation | Generate code |

Code generation

Base directory of code generation:

[./SysCAMSGenerationCode/ |
Base directory of topcell generation:

[/sysCAMSGenerationCode/ |
Base directory of Makefile:

|../SysCAMSGenerationCode/ |

| »

Ready to process next command

Generating executable code (SystemC-AMS version)
Generation of TopCell "distance_sensor” executable code: done
Saving SysCAMS code in files

Code saved |
Generation of TopCell "temperature_sensor” executable code: done
Saving SysCAMS code in files

Code saved

Ready to process next command
[l [»

‘ @ Start H Stop H oclnse ‘

[4]
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I Syntax Analysis

Conclusion

File Edit V&V Code Generation View Tool Help

HEEIEIEE = = ERE S

[@ 170/ T Rover | &% Architecture | B9 Design || % Deployment | {2 SystemC_AMS |

T 5 |/ 8@ Depioyment Diagram

a4 o & - % Gl & e F =

re 0 d X

oo * <<CPU> >| Block: MotorControl [&] <<SystemC-AMS Cluster>>
- CcrUo Block: MainControl temperature_sensor

o

Jy Design Mnmr(nmrn\[
e
Design Mamtnmru\[

» <> [ <<SystemC-AMS Cluster>>

piys distance_sensor

[] optimize specification

} @ cancer I ] cheax synax |

hE

< 0 I

Checks that all diagrams follows the TTool's syntax
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Conclusion
I Code Generation (SoCLib)

1 jusers/ensen erius 774§ Rover | 89 Archiecture | B9 Desion | 83 Deployment | B systemC_ANS
pd aDocls Compane |
o B9 Acchiecture (DIPLODOCUS | B2 DEBIBYMERT DIZGIaimI|

ol (@] =] (] [mw]=]= m on]e o n)sw @5 E

3

eraie DEPLOY Soril
[ <<ovstemc-AvS cluster>
Temperature_sensar

| Generate code | compuie | Execue | nesuns

Cote generaton
Fase direcon of code geneaos
Epioc)

e e o opc gnerilon o
Fisac) 0

¥ Remove ./ . files
] Remove x files

=

<<SystemC-ANS Cluster>>

¥ Put debug information in generated code dlstance.sensr

¥ Put tracing capabilities in generated code

¥ opuimize code
¥ Include user code.

st
Coue geneatr v

[waan socun -
T T 1 L

b sun o || @cse

DEPLOY diagram without check syntax
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I Compilation (Application code)

Requires cross-compiler (e.g. for MIPS32, ARM, ...)

@
File Edit V&V CodeGeneration View Tool Help
Blela e & = 8 &) [& [
@& TTool /hd | {8 Rover | 8% Architecture | B9 Design | BB Deployment | f systemc_am:
¢ B Roret | 2 paplayment iagram |
:gg:;g;, oz [~ % e =2e=e (.o an @[3 s
o systeny -
o 3 synta] * utable Code generation, ..mpilation and § e |
- <<cPu> <« y >
c,:gg‘m;f CPUo || Generate code Execute | Results temperature_sensor

o Invaria Compilation
o 8 Search Design:HotorGontrol

o @ v

Besmaarcerial |

» <TTY> B  <<SystemC-aWS Clusters>

s distance_sensor

imake-C ./MPSOC/ updateruntime updategeneratedcode compilesoclib

K1  E—
il > [ b st | @ ciose 3

< I O

Autosave done T _ams_single_dist._de_b_diplo2 xmi-
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I Compilation (SoCLib Platform)

Source the configuration file systemc-env.sh (in ttool/bin)

«®
File Edit V&V CodeGeneration View Tool Help
R & 2 =3 & & [ENES
/& TTool /¢ 3 Rover | 8P Architecture | @9 Design | 52 Deployment | {3 SystemC_AMS
v
o Rover( =
o & Archit
(Boen | [o] [o]-] -] [#]=] [=[=]=]e] [w] [«]a]c]-]a]=]w] @ F[s]e
o= [ Systen| [=]
o B synta R Q) # Executable Code generation, ..mpilation and execution <2> v A T oo |
o oF Smuld <<CPU <« Y S
o Ad SR> Generate code | Compile |EXNEGER Resuits | e L

Execution

o % Invaria
2 8 serch Design:MotorControl -
o [B vep
Design Mszumm\[ © Run code in soclib/ mutekh:

> — [E <<SystemC-AWS Clusters>
TTY0 distance_sensor
Imake-C ./MPSGC/ runsoclb

. - .
i -0 [ D s | @ coe »

I I Dl
T z e dat ie b gz ans:

In TTool/MPSoC Make compilesoclib
Make allsoclib
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I Simulation: Reading the Distance

vci-multi-ttyO (on berlioz) - o0 x
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Simulation: Measure the Temperature

vci_multi_tty0 (on berlioz)
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I Conclusion

» Generation of standalone SystemC AMS code from
SysML-like diagrams

» Successful integration of SystemC-AMS and SoCLib modules
in order to run Software under a (lightweight) Operating
System

» TDF models validated at design level before code generation

» Rover: require Rate change at run time in TDF blocks
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I Future Work

» Creation of specific state blocks for communication
» Advanced methods for solution of synchronization issues

» Modeling “Real-world” applications (EchOpen project)
necessitates extensions

» Library of parametrizable SystemC-AMS blocks

» Feedback of simulation results (latencies, cache misses etc.)
to higher modeling levels

> Design Space Exploration, with automatically suggested
modifications

» More detailed performance profiles (cache misses, latencies,
processor workload, buffer fill state etc.)
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B L inks

TTool: ttool.telecom-paristech.fr
SoCLib: www.soclib.fr

Accellera Systems Initiative: www.accellera.org
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