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INTRODUCTION

 Early embedded system design activities 
 Modeling F/NF requirements and validate them before final implementation. 
 Using system-level models to identify best HW/SW resources allocation by 

simulating system behavior. 
 Reduce costs and overall complexity of systems development using proper 

SW tools.

 Development of a framework for modeling, analysis and validation of mixed-
criticality embedded systems, through the use of software tools for "Model-
Based ESL HW/SW Co-design“.
 Electronic System-Level HW/SW Co-Design methodology, and related tools, 

to design “Heterogeneous Parallel Embedded Systems” (e.g. multi-core 
systems, multi-processor systems, network-on-chip) for Mixed-Criticality 
applications has been proposed.

 Starting (at least) from the System Behavior Specification, Timing and 
Mixed-Criticality constraints, the proposed approach aims to suggest the 
HW/SW partitioning, the Architecture and the Mapping of the partitioned 
entities onto the HW components by means of the Design Space Exploration 
step considering Hypervisor-based SW Partitions. 

 Drive the DSE to avoid having processes with different criticality levels 
allocated on the same (shared) partition/processor/core, considering different 
objective and constraints (timing, power/energy, concurrency…)
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HEPSYCODE 
METHODOLOGY
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HEPSYCODE DESIGN 
FLOW
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HEPSYCODE 
FRAMEWORK
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SYSTEM DESCRIPTION

 System-Level Specification Languages that allows to realize the 
Hepsycode Model of Computation as a Process Network 
connected via synchronous channels. Our reference languages is 
the SystemC, a C++ class library able to capture and define 
system specification
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HEPSYCODE METAMODEL

Process (CSP process): a functional
behavior implementation, basic
part of a CSP behavior model. A
process is formed by an “init” and
a body where the behavior can
be modelled by a set of statement
C or by a Finite-State Machine
where the transition between state
allow process to exchange data
using CSP channel. Each process
has a priority and criticality
attributes

Channels (CSP Channels):
unidirectional,
rendezvous and blocking
point-to-point channel

Messages: Data
exchanged by process,
with a specific length
depending on data types
of content. 8



HEPSYCODE GUI
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HEPSYCODE MODEL TRANSFORMATION
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HEPSYCODE 
EXAMPLE -
FIRFIRGCD
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HEPSYCODE CSP
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HEPSYCODE REAL-TIME
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HEPSYCODE 
EXAMPLE –

FIRFIRGCD-RT
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HEPSYCODE NF-
CONSTRAINT

 Non–Functional Constraints

 Timing Constraints (TC)

 Time-To-Completion Constraint (TTC)

 Real-Time Constraints (RTC)

 Time-To-Reaction Constraint (TTR)

 Soft and Hard-Real-time Constraints (S/HRT)

 Mixed-Criticality Constraints (MCC)

 Constraint in the DSE cost function

 Schedulability analysis

 Architectural Constraints

 Target Form Factor (TFF)

• On-chip: ASIC, FPGA, SO(P)C

• On-Board: SOB (PCB)

 Target Template Architecture (TTA) (related to type of available Basic 
Blocks BB)

 Scheduling Directives (SD) - Available scheduling policies for SW processors:

 First-Come First-Served (FCFS), FCFS(no overhead), FCFS (Time 
Stretching)

 Fixed Priority (FP)

 Hypervisor (HVP - WIP)
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HEPSYCODE TARGET ARCHITECTURE
 The target HW architectures are composed of different basic HW

components. This components are collected into a Technologies
Library (TL). TL can be considered a generic “database” that
provides the characterization of all the available technologies used in
industry and academic world.

 TL = {PU, MU, EIL}, where PU = {pu1, pu2, .. , pup} is a set of
Processing Units, MU = {mu1, mu2, .. , mum} is a set of Memory Units
and EIL = {il1, il2, .. , ilc} is a set of External Interconnection Links.

 Blocks built by the designer starting from the TL are called Basic
Blocks (BB)

 They are the basic components available during DSE step to
automatically define the HW architecture. A generic BB is composed
of a set of Processing Units (PU), a set of Memories Units (MU), an
Internal Interconnection (II) and a Communication Unit (CU). and a
Communication Unit (CU). CU represents the set of EIL that can be
managed by a BB.

CU

LMPU

II

PU
PU

LM
LM
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METRICS EVALUATION 
& ESTIMATION
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HEPSYCODE DSE
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HEPSYCODE DSE
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HEPSYCODE DSE INDIVIDUAL



HEPSYCODE DSE



HEPSYCODE DSE -
AFFINITY
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HEPSYCODE DSE – PROCESS 
CONCURRENCY



HEPSYCODE DSE –
PROCESS 

COMMUNICATION
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HEPSYCODE DSE – LOAD



HEPSYCODE DSE – COST
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HEPSYCODE DSE –
SIZE
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HEPSYCODE DSE – CRITICALITY



HEPSYCODE DSE 
OUTPUT
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HEPSYCODE DSE 
OUTPUT
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HEPSYCODE TIMING 
SIMULATION
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TTC (s) Allocation FCFS 
(s)

OH FCFS (s) FP (s) OH FP (s)

0,2 All (1) 0,11 0,02 (1) 0,23 0,14 (1)
0,2 All (3) 0.06 0.01 (3) 0.13 0.09 (3)

0,1 23489 (1)
567 (2)

0.06 0.01 (1)
0.02 (2)

0,11 0.06 (1)
0.13 (2)

0,1
2349 (1)
5678 (3) 0.05

0.01 (1)
0.03 (3) 0.09

0.05 (1) 
0.07 (3)

0,05 234 (1)
5678 (3)

0.04 0.01 (1)
0.01 (3)

0.08 0.05 (1) 
0.04 (3)

0,05
234 (1)
567 (2)
89 (3)

0,05
0.02 (1)
0.01 (2)
0.04 (3)

0,05
0.03 (1) 
0.02 (2) 
0.04 (3)

0,05
234 (1)
67 (4)
589 (3)

0,03
0.01 (1)
0.02 (3) 0,04

0.01 (1) 
0.02 (3)

0,02 All (4) 0.001 - 0.001 -



HEPSYCODE 
MIXED-CRITICALITY 

EXAMPLE
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Parameters Nr. Values

BBs ≤ 8
2 8051, 2 DSPIC, 2 LEON3,
2 Spartan3an, 2 Virtex-7

App. processes 8 CSP processes
App. Channels 15 CSP channels
GA Selection 1 Random

GA Crossover (C) 1 One-Point
C probability (pc) 1 0.3
GA Mutation (M) 1 Random

M probability (pm) 1 0.1

Survival Selection (S) 1 Fitness-Based
S probability (ps) 1 0.15
Search Iteration (I) 40 -

Initial Population Size (P) 1000 Number of Starting individuals
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HEPSYCODE 
MIXED-CRITICALITY 

EXAMPLE

Fir-Fir-GCD is a
synthetic application that takes 

in input two values (triggered
by Stimulus), makes two filtering 

actions (Fir8 and Fir16) and
then makes the greatest 

common divisor (GCD) and 
displays

the result. 

L. Pomante and P. Serri, “SystemC-
based HW/SW Co-Design of 
Heterogeneous Multiprocessor 
Dedicated Systems”, International 
Journal of Information Systems, 
Volume 1, July 30, 2014



HEPSYCODE 
MIXED-CRITICALITY 

EXAMPLE Digital Camera is an academic use case that represents a simple digital camera. The application
captures images, stores images in digital format and downloads images to PC. It is possible to extend
it with variable size images, image deletion, digital stretching, zooming in and out, etc.

Sobel Image is an application that performs the Sobel filter on sample input image.



HEPSYCODE 
MIXED-CRITICALITY 

EXAMPLE

Normal

No HPV-Based SW Partition With HPV-Based SW Partition

DSE Minimum (Relative) 
Cost Analysis



HEPSYCODE IN MEGAM@RT2
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HEPSYCODE – XAMBER INTEGRATION

Hepsycode & Xamber
• CSY: Railway – Platform screen doors control
• IKER: Smart Warehouse – Deployment and supervision of agents
• NOK: Telecom – Base Transceiver Station
• TEK: Short range communication – Indoor positioning

Hepsycode
• BT: Transportation – Train Control and Management System
• CAM: Traffic Monitoring – Intelligent Surveillance System

Xamber
• BT: Transportation – Train Control and Management System
• TRT: Avionics – Flight Management System

Hepsycode Interest (No System Requirement Covered)
• TRT: Avionics – Flight Management System
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HEPSYCODE –
XAMBER 

INTEGRATION

38



HEPSYCODE –
XAMBER 

INTEGRATION
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HEPSYCODE IN AQUAS – UC1
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HEPSYCODE IN AQUAS – UC5
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HEPSYCODE ECOSYSTEM
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DEADALUS 
FRAMEWO
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THANKS!

Questions?


