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Ph.D. Work Goals

= Analysis of mixed-criticality embedded systems with focus on HW/SW technologies, architectures and components allowing the correct
execution of mixed-criticality applications by means of spatial and/or temporal isolation techniques;

= Definition of an ESL HW/SW Co-Desigh Methodology based on models at different levels of abstraction (abstract formal model, concrete
behavioral/functional models, Electronic System-Level specification);

= Development of an ESL HW/SW Co-Design Framework to automatize design activities while trying to optimize different conflicting metrics;

= |njection of Real-time and Mixed-Criticality constraints into the methodology, considering also hypervisor technologies;

= |[mprovement of SystemC timing simulator to check F/NF requirements, considering also hypervisor technologies by means of a hierarchical
scheduling approach;

= Validation and verification of the methodologies considering representative use cases and integration of external tool for extra functionalities
(e.q., schedulability analysis, HW/SW synthesis, hypervisor configuration and code generation etc.);

HW/SW Co-Design Timeline HEPSYCODE Methodology

————————————————————————————————————————————————————————————————————————————

\ \
HW/SW CO-DESIGN 1.0 R-(fg"\;':)ST HW/SW CO-DESIGN 5.0 l SYSTEM DESCRIPTION i METRICS EVALUATION AND ESTIMATION

I [ p
HW/SW Bi-Partitioning L DSE & Co-Synthesis of New HW/SW Co-Design X AL ' Timing Power/ Energy :
for CPU/ASIC Targets (2003) HMPS Generation ! : ' | |
| | AE L [T e e
Methodologies/Tools: Methodologies/Tools: Model driven, Machine | : . i :
Vulcan, COSYMA SystemCoDesigner, SynDEXx, Learning, Quantum : Aoplicat | : - A ]
Gezel, CoFluent, TO(H)SCA Computing, 5G, Smart Cities, | pplication System I o : i | :
loT, DSE at runtime L Model/ Models | I1i7 + U ot [ e I !
1985 - 1994 Towards the Future 1t N Al U [ — | i
SRS 3 | r C Statement (J4 nJ |
= : :
» <« | = i
._. | : I — :

I
| - - - - Platform | ! | ——— |
; Model || i . — !
1995 2005 | | A | — )
— & e )
HWISW CO-DESIGN 2.0
System
Co-Design & Modern HW/SW Co-Design Refi t
Platform-based Design | | | erinemen
for Complex Targets Online Co-Design for Adaptive Systems | == je==seececececececce—ee--deeeeeerrrrerrrrr e e e e =
Co-Design of CPS, CPS0S DESIGN SPACE EXPLORATION
Y-CHART W. WOLF Methodologies/Tools: Co-Design for Monitorability & Security
GAJSKI-KUHN ('1 993) Koski, PeaCE/HOPES, HW/SW Co-Design for Mixed-Criticality
(1983) Ptolemy (Polis), CoWare, Systems
Metropolis, TOSCA, _
Daedalus Methodologies/Tools:
ForSyDe, eSSYN, CHESS, Capella, . .
Space CoDesign, HEPSYCODE Design Point

Description

Partitions

€ Decision Variable Space Objective Function Space

Partitions

_________________________________________ + Mapping
f Refinement

Systemb Library

Algorithm-Level
Flow

SC_CSP_CHANNEL System

- Final Architecture
Number and type of processor
Number and type of interconnection links

SystemManager

|
SchedulingManager

Topology
- HW/SW partitioning
- Mapping

|
|
|
|
|
|
¢ | ||Systeml Scheduler
|
|
|

Heterogeneous Parallel
Dedicated System

PAM Reference System Benaviour | Timing :

Inputs Model Constraints :

_______________ l
2 I SISTEEELION & I |
Annotated !

: Spe(npi{li\lnﬁa)tiun —p{ PAMI Funcional %Hlﬂlt‘{ :
Simulati iming |

| l Technolngies = : Size :
: Partial Arch Shr—arv”/ C A¢I ' ;"T_:ug;jzn:v i
- Fartial Architecture rocessing Units 0-Analysis anawiat |

l i erres | ot [ :
| Mapping Interconnections '
. i :
DESIGN SPACE EXPLORATION i

|

g - N . HW/SW P.artltmmng it Scheddin |
Constraints Mapping and boSrteie | [T Directives :

BB Architecture Definition AITEEHE |

Interaction ——p»{ PAM 2 :

Graph I

|

|

|

I

|

|

I

|

|

I

|

|

I

Conclusion and Future Work Acknowledgements
: i - This work has been partially supported by Artemis-JU AIPP 2013 EMC2
This Ph.D. work has presented an ESL HW/SW Co-Design (https://www.artemis-emc2.eu/), ECSEL RIA 2016 MegaM@Rt>?

approa(_:h able to take into account mlxed-crltlcallty and real-time (https://megamart2-ecsel.eu), AQUAS (http://aquas-project.eu) and ECSEL RIA
constraints. The presented methodology, design flow and 2017 FitOptiVis (https://fitoptivis.eu/) European Projects

framework are able to drive designers from the input specification

to the final implementation solution, while exploiting several ESL _
design space exploration and analysis tools. Referen CES

1] Vittoriano Muttillo, Giuseppe Fiorilli, and Tania Di Mascio. Tuning dse for heterogeneous multi-processor embedded systems by
means of a self-equalized weighted sum method. PARMA-DITAM °19, 2010.
FUTURE WORK (1) to integrate Other EXternaI tOOIS to enhance 2] V. Muttillo, G. Valente, L. Pomante, V. Stoico, F. DAntonio, , and F. Salice. CC4CS: an off-the-shelf unifying statement-level
_ _ _ _ _ _ performance metric for hw/sw technologies. ICPE °18, 2018.
HEPSYCODE funCUOnallty, (2) to Improve hierarchical SChedU“ng 3] V. Muttillo, G. Valente, D. Ciambrone, and L. Pomante. Hepsim: an ESL HW/SW co-simulator/analysis tool for heterogeneous parallel
) ) ) i i i . embedded systems. ECYPS 2018. IEEE, 2018. Best Paper Award
Implementathn ConS|der|ng more detailed hyperVISOr ISSUeS, (3) to 4] V. Muttillo, G. Valente, and L. Pomante. Design space exploration for mixedcriticality embedded systems considering hypervisor based
. . . - sw partitions. In Euromicro Conference on Digital System Design (DSD 2018), DSD °18, 2018. Best Poster Award
eXp|O|t para”el prOQFammlng teChnlqueS fOr para”el eVO|UtIOnaI’y 5] D. Di Pompeo, E. Incerto, V. Muttillo, L. Pomante, and G. Valente. An efficient performance-driven approach for hw/sw co-design.
h ICPE °17, pages 323{326, New York, NY, USA, 2017. ACM.
approaC " [6]Hepsycode: HW/SW CO-DEsign of HEterogeneous Parallel dedicated SY stems, www.hepsycode.com

DEWS Center of Excellence, University of L'Aquila, Italy
(http://dews.univaq.it)
Hepsy DISIM Department of Information Engineering, Computer Science and Mathematics
(http:// www.disim.univag.it)

% AQUAS

MegaM@Rta

CENTER OF EXCELLENCE disim




