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U Early embedded system design activities
v" Modeling F/NF requirements and validate them before final implementation.

v' Using system-level models to identify best HW/SW resources allocation by
simulating system behavior.

v" Reduce costs and overall complexity of systems development using proper
SW tools.

U 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“.

I N T R 0 D U CT I 0 N v 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.

v Starting (at least) from the System Behavior Specification, Timing and
Mixed-Criticality constraints, the proposed approach aims to suggest the
HW/SW patrtitioning, 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.

v 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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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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Channels (CSP Channels):
unidirectional,

HEPSYCODE METAMODEL
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behavior implementation, basic

rendezvous and blockingJ

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
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HEPSYCODE GUI

Fle Edit Diagram Navigate Search Project HepsycodeTools Update PMFModel Run Window Help
RTINS SRS NN =3 N R SHE Nt RS rhlr e ey

epsy
ode

= | [ Project Explorer 53 = @ Myhepsycode [& simpleExampleDiagram m}

BS o | 7 |[SSrEaofoMy 2 & ONS XK
Bl »PrirFirceD
w2 simpleExample
=4 Project Dependencies
v (Y My hepsycode
v 4 Process Stim2_channel
& SimpleExampleDiagram
v 4 Process Stimulus
v 4 Channel stim1_channel
v 4 Message Stim1_parameters
4 example > sc_uint<8>
v 4 Channel Name
v 4 Message Stim2_parameters
4 example -> sc_uint<8>
<+ Process Display
v 4 Process P1
v 4 Channel P1_P3_channel
~ 4 Message P1_P3 parameters
4 example > sC_uint<8>
v 4 Process P2
v 4 Channel P2_P3_channel
~ 4 Message P2_P3_parameters

Stim1_pargAeters

stimhgarameters

<4 example -> sc_uint<8>
v 4 Process P3

B I Av®

273 par;

arameters

Name

Payload:

~ 4 Channel display_channel

) Tasks [0 propertes 52 | @ Console
+ example > sc_uint<8>
~ [2 representations.aird

& Hepsycode

v & hepsycode diagram e
& simpleExampleDiagram jhppearapce
» () [DAnalysis] DAnalysis 12.1.0.201708031200 Semantic

» &'SobelFilter Style

» 34> transformationTest [h

+ Channel P2_P3_channel

Main ~ Properties

Name: @ P2_P3_channel

startn: @ 4 Process P2

codemiriamtesi master]

Endn: @ <4 ProcessP3

width: @ 24

Variable Name:

Variable Type:

Display_parameters
—Display_parameters

Display

Insert message content

P2_P3_parameters

sc_uint<8>: example

Add Variable |

Delete Variable |

Cancel

2% palette >
I

(> Create CSP

4 Create Channel

4 Create Process

UNIVERSITA
9 DEGLISTUDI
DE L’AQUILA



HEPSYCODE MODEL TRANSFORMATION

He 6t Dagam Naigite Searh Proct HepsyodeTods UpdatePMFModel R Windon Hep

RGN NI A LA N NS R crer s

ProjectExplorer &0 = 0 | @ Myhepsycode | & SimpleExampleDiagram £
9% o, % SrlefieNy 20 G NAXK BLAYA Hrdroy B

YRR

~&sinpebangle

B ProjectDependences
v Bwyhepsycote

4 Process St chanel
mleDiagam

4 Proces i
4 Chaml ot chanel
& Messae i parameters
4 eange>sc >
v 4 Channel Name:
v 4 Message i garaneters
+oange >t
 Prces Dipay
v 4 PacessPl 5
¥ 4 Channel P1_P3 channel

sum paryflrs PP garaneters

PP pargellers

aneters

stimulus Diply parameers

Display

v 4 essage P P3 garametrs / B
4+ eample->SC in<e>
v 4 Process2
v 4 Channel P23 chanvel Name P27 parameters
v 4 Message P23 garametrs st

4+ example->SCit<t> st eampe

v ProcessP3

& Tasks [ Progeris 22 @ Console

+ Channel P2_P3_channel

~ B represetaton s Varbeame:
e ey Ty
= Wain - propetes Varbe Type
ycode diagram R S -
imgeEzanpieDian BRI pame: 7273 e v
: v semantc et vaa
alss| W o208 et Ve
/2 [DAnalysis] DAnalysis 12.1.0.201708031200 Sate @ 4 ProcessP?
¥ @sobeliter sy
5> tansomatontet fin @ 4 Proces
©)

wide @ 2

Insertmessage content

e
File Edit 7 Diagram Navigate Search
a0 o~ BB B
== 25 Project Explorer -
1y v % AQUAS ATM
7 & schedulabilty_analysis
~»model
G
4 Create Channel
4 Create Process
el Expl.. ©* O Instance V... £ Outine

EFFLeS
~ 3 JHESS> model
«RequirementViews modelRequirementView
SystemView» modelSystemView

B % ETAS

7 model.di

<Component» «Component>

<FunctionalPartiions “unctionalPartitions

Trcs

CIpayioad

“interfaces
[ iNavigation
@ + getposition)
@ + getreacing)

“interfaces

topilot

ainterface»
7 surveilance
@+ getADS8)
Ton TypesTz TG

Naviga

@ + controiMonitors()
@ + keepStabilty)

UavAutopilot Riz IAutopilot

<Components <Companents
<ComponentTypes <ComponentTypes

“CIuvAutopilot Type SINavigation Type
@ + controlMonit. @ + getPosition)

& + keepstabilty) @ + getHeadin,

Bt -0-Q-iBF/ il i v e D [GD

<Component»
«ComponentTyper
I swsystemType

«Components

|«Componentimplementation, CHGaResourcePlatforms

Survilance Type Rl Isureilance

<Components
«ComponentTypes
[CIsunvilnce Type
@ + oeADsE)

“Components <Components

«Components

C modelCe
delDe

£JuavAutopilatimpl INavigationimp!

Isunveilanceimp!

£ <AnalysisView» modelAnalysisView
£3.PSMViews modelPSMView
=

delLibrary» MARTE Library

L Pri

Package, ModelLibrary» U| ve Types

0 items selected

+33e

oo

@ <ARINGRunclion» + controlMonitors() @ <ARINGFunction» + getPosition)
@ <ARINCRunctions + keepStabilty) il
@ <ARINCProcess» + main)

INCFunctions + gettieading)
@ <ARINCFunctions + getSpeed()

@ <ARINCRunctions + getDSB)

@ Welcome % SW_CD

SwSystem_CSD
¥ Model Validation

Description Element.
In the <<CHRiSpecification> > <Comment... & < <CHRISpecification> > <Comment>
In the <<CHRiSpecification> > <Comment... & < <CHRISpecification>> <Comment>

Path Type
@ model:modelComponentView:Navigati... EMF Problem
@ model:modelComponentView:Navigati... EMF Problem

In the < <CHRtSpecification>> <Comment... = <<C <Comment> Aut... EMF Problem
% In the < <CHRtSpecification>> <Comment... & <<C} > <Comment> JAVAUL... EMF Problem
& In the <<CHRtSpecification>> <Comment... & <<C} <Comment> EMF Problem
% Inthe < <CHRiSpecification> > <Comment... = <<C > <Comment> @ EMF Problem

CHESS

epsy
ode

v Quick Access| | 8|5

ipalette >

K@ e

& Contracts  ©

ontract
(Class)

= ContractPr.
(Property)

%) FormalProp.
(Constraint)

System
% Nodes «
£ package

I componen
(Component)

Componen.
(Component)
“FunctionalP.

(Component)
% Edges
# Generalizati
# Realization
7 Association
* Dependency
ZiLink

UNIVERSITA
10 DEGLI STUDI
DE L’AQUILA



epsy
ode

Stim1_Fir8_main pd

HEPSYCODE
EXAMPLE -
FIRFIRGCD

$+A1rg_evaluatiol

ain_parameters

UNIVERSITA
11" DEGLI STUDI
DE L’AQUILA



HEPSYCODE CSP

|

firg#_results
firBs_p

N
dram

Fir8 main

Fir8 evaluation

Fir8 main

Fir8 evaluation

tm“

read

~

Hepsy

ode

ITl read

|i|W rite

—

-

NN

IT

read

1' UNIVERSITA
17 DEGLI STUDI
DE L’AQUILA
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Hepsy

»  Non—Functional Constraints Ode
v" Timing Constraints (TC)
=  Time-To-Completion Constraint (TTC)
v Real-Time Constraints (RTC)
®= Time-To-Reaction Constraint (TTR)
= Soft and Hard-Real-time Constraints (S/HRT)
v Mixed-Criticality Constraints (MCC)

=  Constraint in the DSE cost function

HEPSYCODE NF- s

v Architectural Constraints

c 0 N ST R A I N T *  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)

V" 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 = {pu,, pu, .., puy} is a set of
Processing Units, MU = {mu,, mu,, .., mu,} is a set of Memory Units
and EIL ={il,, il,, .., il ;} 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 (/) and a Communication Unit (CU). and a
Communication Unit (CU). CU represents the set of EIL that can be
managed by a BB.

’ .
UNIVERSITA

16 DEGLI STUDI
DE L’AQUILA



__________ e
System Behaviour Specification 1

I

System : I

Reference Behaviour c T'":'"f-' - '
Inputs Model onstrain :

ry

Co-Analysis

METRICS EVALUATION oo
& ESTIMATION

(dynamic)

Communication |-I

—
P
b L]
Co-Estimation
|

) Timing ‘
IS S SR S Sl
! ¥
:. - Co-Estimation . régi[;m dth
] (dynasic) —> Energy/Power
Timing Co-Simulation e

UNIVERSITA
17 DEGLI STUDI
DE L’AQUILA




HEPSYCODE DSE
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Definition 11.1. (Linearization of Multi-objective Design Space Exzploration
Optimization Problem).

min U(Zf)=Zwk'fk(ff)=Zwk'fk($1,$2,---,xn)
% %

(42)
subject to Z€Q={ZeNly: 0<z; <(b—7)+ 7" *Dmaax}

U(Z) is the utility function evaluated at each iteration of the GA for each indi-
vidual z € Q. f, represents the value of the objective function (or metric) & for
each individual Z, while wy, is the weight associated to each objective function
or metric.

Hepsy

Definition 9.1. (Multi-Objective Design Space Exploration Optimization Prob-
lem).

min F(z) = [f1(2), f2(2),.., fu(@)]T (39)
subject to T€Q={ZeNly:x; <(b—7)+7*Dmaa}
where Z = {z1,...,2,} is an n-dimensional decision variable vector representing

processes in the solution space {2 (which refers to a feasible search space, feasible
set of decision vectors), R¥ refers to the objective space. The value b is the total
number of BBs, r is the number of BBs that have processor type egual to GPP,
and Ppaz is the maximum number of HPV-based SW Partition instances for
each GPP processor. F(Z) = [f1(Z), f2(Z), ..., fx(Z)]T — R* consists of k > 2
real-valued objective functions.

HEPSYCODE DSE |
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HEPSYCODE DSE -
AFFINITY

H

11.1 Affinity Index

The Affinity Index is a metric based on two matrixes that consider each indi-
vidual Z. The first matrix is the Affinity Matric A = { (a1, a2, .. ,a;, .., ap]7 :
aj = [a;1(GPP), aj2(DSP), aj3(SPP)]T} € R"*3. a; is an array of a triples
in the interval [0,1] that provides a quantification of the matching among the
structural and functional features of the functionality implemented by a process
ps; and the architectural features of each one of the following processor types:
GPP, DSP, SPP. Higher the Affinity Matriz element value, more suitable the
corresponding processor type. The second matrix is the Affinity Selection Ma-
tric ASM(z) = { [asm1(Z), asma(T), .. ,asm;(T), .. , asmy(T)] } € R¥*",
where the array asm;(z) = [asm; 1(GPP), asm;2(DSP), asm;3(SPP)|T €
R3 assume the value 0 or 1, respectively, if the process ps; is allocated or not to
the associated type of processor. So, it is possible to evaluate the Total Degree
of Affinity (TDA) Indezx as:

_ tr[A- ASM(Z)] 1 i1 S ajk - asmy,;(Z) (43)

frpa(z) =1 . .

It is worth noting that the Affinity Matriz A is independent from the specific
iteration and individual Z, since it is a unique and fixed matrix evaluated in the
Co-Estimation Design-Flow step.

epsy
ode
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11.2 Processes Concurrency Index Hepsy

The Processes Concurrency Index is based on a Concurrency Matrix, cal- Ode
culated in the Co-Estimation step:

conip  coniz - CONin
cong1  conga - CONgn
CON = . . . . (44)

CONn,1  COMn2 '+ CONnn Starting from EIC P(Z) matrix function, the Ezploited Parallelism (EP) index
CON provides information about how much processes pairs can be potentially is equal to: - no
concurrently “working”, where CON = { con; ; # 0 : ps; A ps; can be po- fep() = 2jm1 Dk 6Pk (T)
tentially executed concurrently} € R®*". Starting from each individual Z, it is marep (47)
possible to define a Processes Concurrency Selection Matriz, S°°™(Z) € R™*™, O iic‘m’
as listed below: Br= ok

=1 k=1

e R™™ (45)

5°°m(z) = s57(Z) =1, if psi € pug A psj € puy A pug F puy
s597(Z) =0, otherwise

So, for each individual Z, the Exploited Inter Cluster Parallelism matrix, EIPC(Z) €
R™*™ indicates how much an individual can exploit the potential concurrency:

EIPC(z) = CON - 8™ (z) (46)

HEPSYCODE DSE — PROCESS

CONCURRENCY
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11.3 Processes Communication Index

The Processes Communication Index is based on the Communication Ma-
triz, calculated in the Co-Estimation step:

cmai,i cmai 2 e CMmin
cma1  Cmaa2 -+ CMman ‘
CM = . . : : (48)
HEPSYCODE DSE — e o »
CMnp,1 CMp2 - CMin n
CM is expressed by the number of bits sent/received over each channel. So, for ‘
each individual Z, it is possible to define a Processes Communication Selection

Matriz, S™(z) € R"*™, as listed below:

COMMUNICATION O b

si (7)

1, if psi € puz Aps; € puy A pug # puy
0.5, if psi € plu Apsj € pty Apty #pt, €R™™  (49)
0, otherwise ‘

So, for each individual Z, the Inter Cluster Communication Cost, ICCC(Z) € |
R™*™ represents the cost associated to process communication if processes are
allocated on different processors: ‘

I1CCC(z) =CM - S™(z) (50)
Starting from ICCC matrix, the Normalized Total Communication Cost index

18:
_ Z?:l ZZ:l iCCCj,k(:ft)

fyree(Z) =
maxrNTcc
n n
MATXNTCC = E E cmj k
=1 k=1
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4 DEGLI STUDI
DE L’AQUILA




11.4 Load Index

The Load Index is based on the Load Matriz L = { [l1, lo, .. ,lj, .., L]

I =11, lojs s lkys - s 1s5]T} € R®*™, where each matrix element represents
the load that each process ps; would impose to each s non-SPP processor puy
(used in at least one BB, s = #PU - #HW_PU) to satisfy TTC. L is estimated
by allocating all the n processes to a single-instance of each software proces-
sor puy and performing some simulations into the Co-Estimation step. Three
parameters have to be computed: FRT} (Free Running Time), i.e. the total

HEPSYCODE DSE — LOAD |

application simulated time on processor pug; t,j, the simulated time for each
process ps; on processor puy; N j, the number of executions of each process
ps;j on processor puy. Starting from these estimated parameters, it is possible
to define the Free Running Load Matriz FRL:

frigy fri, oo f’l1,j e frly,
frigy frigs oo frlz,j e frly,
FRL — B . N B N B
fT{k,l leAk,2 le-Ic,j fr{k,n (52)
frigy frigs oo frig; o frig,
_ (kg Niy) -
where frl, ; = R, Vk=1.s j=1.n

where FRT} /Ny j is the average period of each processes ps; on processor puy.
By imposing that the simulated time shall be equal to TTC, it is possible to
evaluate the Load I ; that processes ps; would impose to the SW processor puy
to satisfy TTC itself. In fact, setting:

TTC =y, - (FRT), + OHy) with 0 < ax < 1 (53)

while OH}, is the overhead introduced by a given scheduling policy. 1he value
of estimated Load [ ; that the system imposes to processor puy, to satisfy TTC

is equal to:
(thj - Nij) _ (trg - Nij) FRTx

i =""Fr¢ =~ FRD, TTC
— i, ERTe _frbe; PRI (54)
TOUkRITTTTC T Tz (FRTk 4+ OHy)

Vk=1.s, j=1.n

From a DSE perspective, by considering the sum of the Load I ; of all the
processes allocated to a GPP/ASP puy, processor, it is possible to check if the
total imposed Load is acceptable. Considering [23], the least load upper bound
is on the order of ~ 70%. In this work, the introduction of HPV-based SW
partitions add a second level scheduling, introducing hierarchical scheduling
issues, so the new load upper bound became ~ 36% [28]. So it is possible to
define the Load Index as:

Z;=1 Z?:l li.j - a”jL,lc(i)

fo(@) =1—tr[L- ALL* ()] =1 - -

Il )
_ Iy (FRTk+OHk) if TTC < (FRTy+ OHy) c R -
frlk,] otherwise (55)
ALL™(%) Al () =1 if psj € Puk _ puxs
all]L,c i =0 otherwise




11.5 Cost Index

The Cost Index is a metric related to the monetary cost C' = [¢1, ¢a, .., Ck, .., Cp]
associated to each bby considered in the specific Z (considering PU, MU and CU):

B ZZ=1 cr - allS (Z)

\

fo(z) =1 — C-ALLS (%) = 1 —
\

|

\

alld (Z) =1 if Aps; : ps; € pug, Vj =1..n (56)

ALLC (z) = { € R’

all{ (Z) =0 otherwise

marc = b-mazx(cg), Vk =1..b

HEPSYCODE DSE — COST |
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11.6 Size Index Ode ‘

The Size Index is a set of estimations for each statement of each process

with respect to each available processor. It is related to number of bytes or

area/resources metrics depending on SW or HW implementations. It is possi-

ble to define three matrix: RAM = {[rami, ramsg, .., ram;, .. ,ramy)

ram; = [ramji, ramja, .. , ramjg, .. , ram;p]T } € R"*P where ram;

is the RAM size value of each process ps; allocated on SW processor pu;, de- ‘
fined into the BB, ROM = {[roms, roms, .., romj, .. ,romy,] : rom; =

[rom;1, romja, .., Tomjg, .., rom;p]T } € R™? where rom; is the ROM |
size value of each process ps; allocated on SW processor puy, defined into the BB, ‘

EQG = {[eqg1, €qg2, ., €qg;, - ,eqgn] : eqg; = [eqgj1, €q9; 2, -, €qGjk, -, €qg;p]T } €
— R™*?. where eqg;.k is the equivalent gate value associated to each process ps;

allocated on SW processor puy defined into the BB. Starting from this matrix,

it is possible to calculate the Size Index:

S I Z E [s(Z) = fsw (%) + fuw (T) (57)
fsw (@) = fl‘[(RAM'FROML'::;z:’(:V)V]—mazsrza‘_sw _ i EZ=1(T“m;,k‘:’;’:;;I,I;)E'il§‘;-V(5)]—mﬂmSIZE_sW (58) ‘
SW alliV(z) =1 if ps; € pux SW_PU b |

ALL?" (z) = e . e R”" (59)
allg 7 (Z) =0 otherwise ‘

Faw (@) = tr [EQG-AL;:::I(?J:;:;msrz&Hw _ [Z;”=1 >, eqyz::gligiv_f;]/*ma@mz&flw (60)

W (@) =1 if ps; HW_PU
ALLHY (z) = a I;{%/V(v’_c) if ps; G puk c RO (61)
ally ;" (T) =0 otherwise

mazsrze_sw considered into the BBs depends on OS technologies, in order to
reduce the SW memory size available for allocated processes in terms of OS
size (and HPV-based SW partition size, where the memory is allocated and
reduced respect to the size and memory allocated to each partition and each
HPV solution). It is worth nothing that ALL(Z) is equal for load and size
indexes.
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11.7 Criticality Index Ode

= b i } : | The metric specifically introduced in [29] [30] and extended in this paper to
" I NN TEEEEEEEs OOy -- consider HPV-based SW partition is the Cwriticality Index, related to the
B 1L Y (S A [ I {r 77777777 criticality level associated to each process ps;. In particular, defined the array
t”max |‘ \\\\\“\\\\ w CRIT = {[crity, crity, .., critj, .. ,crity] : crit; € R is the criticality level
____________ Aty IVIIXeO L . . [ . .. . .
v T 3 \\‘}\'\.«\\}\?.\\\.‘:“} N & associated to process ps;}, then it is possible to define the Criticality Index as:
max : Mixed \\\'\‘\\}b\\: \;‘t\l\:\\'&\\\d\\ Forrm(®) = 21 Dk Mk (T)
| Criticality \ \“N:\ Criticality RrIT(T) = —n,(,;_l)
E \.\N\;\\:&}\\“ \\ \\'ii\'\i:\\\ mc]-,k(?) =1 zf \crzitj - crz:tk| >0 A psj € puy APsi € ply A puy = puy (62)
 sweaniteny | (DoHPVbase B
|
|

W-Parti \\\‘\\\\&\\\\\\\-\\\\-\\\Q\ﬂ
S e

-------- The goal behind this metric is to avoid having processes with different criticality

| |
tmin i € min | : ¢ min | levels on the same (shared) partition/processor/core resource. If the constraint
: ! : : r is not satisfied, the index value becomes 1, so the final cost function has a higher
Cmin E : E ' Cmax  Cost value (in term of utility function) if an individual doesn’t satisfy criticality

| |

' I 1

constraint.
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HEPSYCODE DSE
OUTPUT

Application
@ Model
Y,
/ / T
R
Mapping
\ / / / Model
) yi 4 - J
\ 4 v N
Part || Part || Part || Part Partition
1,1 2,1 1,2 2,2 Model
N\ / \ )
AN / AN T
S
-
bb, bbs Platform
Model
< Shared Bus————»
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SystemModel |

SystemC Library | ..........
]

HEPSYCODE TIMING

FCFS

TTC (s)  Allocation 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)
Results from the DSE on the Use Case Example
o1 23489 (1) 0.06 0.01 (1) 011 0.06 (1) 00
! 567 (2) : 0.02 (2) ! 0.13 (2) —e— Requested Time
e e --o--Estimated Time (TTR=10) 500
2349 (1) 0.01 (1) 0.05 (1) [ = Es'f'"a'“’ Time (TTR=7)
0,1 5678 (3) 0.05 0.03 (3) 0.09 007 (3) — Sl — o -Estimated Time (TTR=4) 400
234 (1) 0.01 (1) 0.05 (1)
0,05 5678 (3) 0.04 0.01 (3) 0.08 0.04 (3)
234 (1) 0.02 (1) 0.03 (1)
0,05 567 (2) 0,05 0.01 (2) 0,05 0.02 (2) -
89 (3) 0-04 (3) 0-04 (3) 600 550 500 450 400 350 300 250 200 150 100
234 (1) TTC (ms)
0.01 (1) 0.01 (1)
0,05 67 (4) 0,03 0,04
589 (3) 0.02 (3) 0.02 (3)
0,02 All (4) 0.001 - 0.001 -
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Parameters Nr. Values ‘
2 8051, 2 DSPIC, 2 LEON3,

BBs <8 2 Spartan3an, 2 Virtex-7 e psy |
App. processes 8 CSP processes
App. Channels 15 CSP channels Od e ‘
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 lteration (1) 40 -
Initial Population Size (P) 1000  Number of Starting individuals |

4
o
(v

% 0,04 O Mixed-Criticality DSE
£ 0,04 ¢
F 0
g 0,03 <& O O
E=] <
5003
@ o8 ‘
3 0,02 8o o nf & n
0,02 |
0 500 1000 1500 2000 2500 3000 ‘
Relative Cost
e —e Requested Time 0,06710
—e Estimated Time -
—e— Estimated Time (Mixed-Criticality) 0,06039.~
0,06 —
0,05

0,04317

Execution time (s)
o
5
g

2
=)
@

02684~ 0,03188
i o301 003001
Cost=1330  Cost=1330

0,02125 0,02675

0,02 0,02002
Cost=2600 ¢~

0,01678

0,02101

0,01 0,02 0,03 0,04 0,05 0,06 0,07 UNIVERSITA
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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

HEPSYCODE
MIXED-CRITICALITY

displays
EXAMPLE e esult.
L =0 - ﬁ
o B R ) A E_, >
faf B g Ty
ed { i 3
g9 3¥D % 8 B
% o o B g
N MixedE } a : o t
Mifed Criticality
Critichlity] Area g Mixed Criticality Area™
(with R (no HPV-based SW Partitons)
HPV-based
SW Partitons)

= DSE Normal - Iteration 30
A DSE Mixed-Criticality (No Partitions) - Iteration 30
< DSE Mixed-Criticality (Partitions) - Iteration 30

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

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 UNIVERSITA
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0.3

02 = DSE Normal - Iteration 30

0'1 4 DSE Mixed-Criticality (No Partitions) - Iteration 30
'0 © DSE Mixed-Criticality (Partitions) - Iteration 30

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Cost

Digital Camera is an academic use case that represents a simple digital camera. The application

E X A M P |_ E 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.

2y %8&}% u§ﬁ §§

08 : & Qgg %g AN
aABe  a a

a o ng_

© g =8 s

o (- B3 < ]

= DSE Normal - Iteration 30
A DSE Mixed-Criticality (No Partitions) - Iteration 30
< DSE Mixed-Criticality (Partitions) - Iteration 30

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Cost

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

% Feasible
&

0% —e— Digitalcam
30% —=— Simple CSP
o —=—Sobel Image
10%

0%

12345678 9101112131415161718192021222324252627282930
Iteration
Normal

oo —e— FirFirGCD 100% —— FITFIrGCD
90% | —s—DigitalCam 90% | —e— DigitalCam
80% —+— Simple CSP B0% —=— Simple CSP

+— Sobel Image —=+ Sobel Image

70%

K3 £

o 60% o

8 2

- ® ®

0%
1234567 8 9101112131415161718192021222324252627282930 12345678 9101112131415161718192021222324252627282930
Iteration Iteration
No HPV-Based SW Partition With HPV-Based SW Partition ‘
|
TABLE I
DSE PERCENTAGE REDUCTION OF FEASIBLE SOLUTION
e = Digital Camera
Use AVG Red. AVG Red. AVG 2600

Relative Cost

o Sobel Image

Cases No Part. - Nor.  Part. - Nor.  No Part. - Part. wo MACFirGED

oo  Simple CSP
Fir-Fir-GCD 79% 68% 1% 1800
Digital Camera 25% 14% 12% o
Simple CSP 82% 70% 12% 1200
Sobel Image 51% 39% 13% s
AVG 59.25% 32.75% 2% 0 II

o II —ull=

Min (NoPart) Min(Part) AVG (NoPart) AVG(PAr) Max (NoPart) Max (Part)
TABLE II

DSE MINIMUM (RELATIVE) COST ANALYSIS .. .
DSE Minimum (Relative)

Use Min Min % Reduction Cost A na[ysis

Cases No Part. Part. No Part. - Part.

Fir-Fir-GCD 660 250 62.1%

Digital Camera 420 40 90.5%

Simple CSP 530 160 69.8%

Sobel Image 960 140 85.4%

AVG 642.5 1475 76.95% g
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System engineering

Requirements ,
Spec. Design ‘ V&V

e —

import /

Models
Properties

Components
Behaviour

System deviations

Factory automation engineering practices

Overview
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approach

System model

Automotive engineering practices

Deviati

Traceability management

Railway engineering practices

Scalable model

Engineering practice 1..n

Inference
management

Design  «— Requirements

Provenance

ion information + traces
Specification for tests, probes and monitoring

s

.

Runtime analysis
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Tests, Probes
injection

Traces
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Online testing
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Log analysis
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Figure 1.1: MegaM@Rt overall approach

MtagaM@RtE
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HEPSYCODE — XAMBER INTEGRATION

Metamodel and ancillary support

The following set of requirements derive from the SYS-0100 basic requirement. They specify the
metamodel properties and the characteristics of the environment that support the modelling activities.

Refines

Definition

SYS-010100 | The SE must support standard modelling languages, standard Csy_ot,
profiles (i.e. AADL, UML, SysML, MARTE, fUML, UTP) and profile ICKS;;";
customisation capability. NOK_01,

TEK_01,

TEK_02.

Requirement Modelling

The following set of requirements derive from the SYS-0200 basic requirement. They specify the
support that the System Engineering Tool Set must provide to the system requirements specification
activities.

Definition Refines
SYS-020202 | The SE must allow modelling the non-functional/extra-functional CSY_o1,
NOK_02.

requirements and constraints (e.g. execution delay, power
consumption, etc.)

System Architecture & Design

The following set of requirements derive from the SYS-0300 basic requirement. They specify the
methodologies and tools characteristics required to support the system design modelling.

Refines

Definition

NOK_16,
NOK_19,
NOK_20.

SYS-030101 | The SE must support the architectural views definition and

modelling.

BT_04, BT_05,
BT_06,
CAM_01,
NOK_04,
NOK_12

SYS-030402 | The SE must support the reuse of existing models or patterns

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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HW/SW CO-DEsign of HEterogeneous Parallel dedicated SYSTEM REQUIREMENTS
SYStemS (Hepsycode) o Ubuntu 16.04.3 LTS (Xenial Xerus);

o SystemC Libraries version 2.3.0;
e Eclipse Oxygen Modelling Tools with the following plugins in place:
o Oxygen.3a Release (4.7.3a)

e psy RELEASE NOTES |

Latest Release: 1.0.0 ‘

LICENSE
GNU GENERAL PUBLIC LICENSE Version 2, June 1991 (see https://www.gnu.org/licenses/old-licenses/gpl-2.0.html)

DEVELOPER RESOURCES

R E F E R E N E Source Repositories: https://bitbucket.org/vittorianomuttillo87/tool-hepsycode/src/master/
e Clone:

© ssh: git@bitbucket.org:vittorianomuttillo87/tool-hepsycode.git
o https: https://vittorianomuttillo87 @bitbucket.org/vittorianomuttillo87/tool-hepsycode.git ‘

You can use the code from these repositories to experiment, test, build, and create patches, issue pull requests (only by request).

SUPPORT |
WEBSITE ‘

We currently support:
www.hepsycode.com 1. Email:
© Luigi Pomante, luigi.pomante@univaq.it

© Vittoriano Muttillo, vittoriano.muttillo@graduate.univag.it

DOWN LOAD © Giacomo Valente, giacomo.valente@graduate.univagq.it
o (please take care to use [HEPSYCODE SUPPORT] as object
Official git repository: https://bitbucket.org/vittorianomuttillo87/tool-hepsycode/src/master/ 2. Issues on bitbucket.org
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