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Motivation

m Design productivity gap
"1 Raising the abstraction level

m Multi-Processing &
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Usual SW development flow

m Architectural Design

\4

m HW/SW platform

m Architectural mapping

N1

m Ad/Hoc SW development ~m mﬁ m

System calls

Communication functions

|/O functions & drivers

m Verification & Debug
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m Costly fixing of wrong design decisions

SCOPES 2015, Schloss Rheinfels




Céntrex T N

Rl AL AR DE CANTABRIA
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Introduction

m Model-Driven Design (MDD)

High-abstraction level
Mature SW engineering methodology

m UML language

Application to embedded systems design
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Introduction

= Why UML?
Natural way to capture system architecture
Standard way
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Introduction

= Why UML?
Natural way to capture system architecture
Standard way

application M aspphcation A
StrTure chentServerPorts e
— echentSarverPorts .
JECHESSVREINT 1 chentServarPorts
achentServerPorts
cchent ServerPorts echent ServerPort>
echentServerPorts
m UML language sokczien i — T o
SERSCEre Sty structure

Semantics lacks

s What is each component?

= What kind or interaction each link actually means?
Domain-specific profiles

= UML/MARTE
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Introduction

= MARTE Liﬁ%

Standard UML profile for real-time embedded systems
n Platform-Independent Model (PIM)
m Platform Description Model (PDM)
m Platform-Specific Model (PSM)

Rich semantics content

Single-source approach m
Analysis
:
Reusability
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e IMARTE
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L . (App) | WMappings | Platform > .
Optimization Analysis

Architectural \ Design-Space
HW ] Exploration

Synthesis
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CONTREX Modeling Methodology

m Main features
MDD support
Component-Based Engineering approach
SW centric

Standard
s MARTE profile

SW synthesis

Supporting Mixed-Criticality Modeling
Supporting Design-Space Exploration

SCOPES 2015, Schloss Rheinfels 12



EEEEEEEEEEEEEEEE
RRRRRRRRR

m Architectural Design

m Code reuse and/or
development

C1 platform independent

s HW/SW platform

m Architectural mapping
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SW Synthesis

m Functional synthesis — S
Platform-Specific code e "oy T code.

= Optimized C code for DSPs \ l /

m OpenCL/GL for GPUs
s C/C++ & OpenMP for SMPs... _l@| 3

/1

Memory Space
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SW Synthesis

m Communication synthesis

Architectural mapping

= Same memory space
m Same OS

m Different processing nodes

Benefits / Drawbacks
s Communication Speed
m Memory protection
m Memory/cache use
= Scheduling
m Parallelism...
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SEVENTH FRAMEWORK

PROGRAMME DE CANTABRIA
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CONTREX Modeling Methodology

m Mixed-Criticality approach
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Predictable Performance
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m Mixed-Criticality

+ ddrctr : DOR_CTRL
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m Mixed-Criticality

m Criticality
Integer Level of importance
m Functional & Extra-Functional Requirements
Implications on analysis and development

m In-lined with usual definitions

Level of assurance against failure [Burns&Davis, 2015]

Safety Standards
= IEC/EN 61508 (SIL)
s DO-178B
= ISO 26262 (ASIL)

SCOPES 2015, Schloss Rheinfels 18



Cénirex_T Fd

EEEEEEEEEEEEEEEE
RRRRRRRRR

CONTREX Modeling Methodology

m Criticality of Value Annotations

Synthetic description of criticalities
MC-aware schedulability analysis

m WCET = F(Criticality)

m Probabilistic WCET analysis techniques

« dataType »
« nfpType »
{ exprAttrib= expr }
NFP_CommonType

expr: VSL_Expression
source: SourceKind

statQ: StatisticalQualifierKind
dir: DirectionKind

mode: string [*]

criticality: Integer [*]

=)

+accel |0 Accelerometer] O

structure

| +gyros_|O: Gyroscopel O
structure

S
",
I‘I‘I'|
.

wRtSpecifications

o«
wrtSpecifications
occKind=periodiciperiod(2, ms))

relDl={value=2,unit=ms, criticality=1)
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+mot_10: Motorlo| |+ flight_alg: FlighltAlgnriI:I'lm +mon di:bg:M-nnitnringDeI:rngMntnr
structure

structure

structure
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m Criticality of Application Components
For imposing conditions on the software development

Associate criticality to all the related constraints and sub-
components

«Component» 1]
quadcopter_app_Fflat
structure
. + flight_alg : FlightAlgorithn] + objdetec : ObjectDetectiof +mon_dbg_2 : MonitoringDebugMission
NFP_COI‘IStraII‘It structure structure structure
kind:ConstraintKind [0..1] ‘
e L %

Cntlca“ty' Integer[ ] «nfpConstraint_Contrex» «nfpConstraint_Contrex» «nfpConstraint_Contrex»
«NFpConstraint_Contrex» «NFfpConstraint_Contrex» «NFpConstraint_Contrex»
criticality=[1] criticality=[2] criticality=[3]

safety_critical mission_critical non-critical
{} {} {}
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m Criticality of Platform Components

HW constraints derived from the criticality level

m Imposing conditions on the hardware development
m Coherence of application to platform component mapping

NFP_Constraint

kind:ConstraintKind [0..1]
criticality: Integer [*]

=
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aComponents
quadcopter_system

structure

+cpul: ARM Cortex A9 | +cpu?:ARM Cortex A9 +Cpud: Microblaze

+cpud : Microblaze

structure structure

structure

structure

."‘.
i

enfpConstraint_Contrexs
sNfpConstraint_Contrexs
eriticality=[2]

mission_critical_resources

{}

.

criticality=[1]

{}

«nfpConstraint_Contrexs
s«NFfpConstraint_Contrexs»

safety_critical_resources
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m Design Space Exploration
A single model for describing the Design Space
DSE parameters: declared as VSL expressions

+ netif1 : tdma_netif
structure

«hwBus=
«Components
TDMA_BUS

+/ numberSlots : NFP_Natural = $numberSlots={4.6.8}
+ timeSlot : NFP_Duration !
+ capacitySlot : NFP_DataSize ;

+ payloadRateSlot : NFP_DataTxRate .
+ timeCycle : NFP_Duratien «eXpressionContext»

slots_assigned_mb2_ds
{inSassignedslots={1,2,4}}

within an attribute of Through a constraint associated
a component declaration to a component instance
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e AR

CONTREX Modeling Methodology

m Design Space Exploration
Mapping Exploration

wassign» A wassign» &
wAssign» «Assignn»
From=[accel_10] From=[flight_alg]
to=[mb1.exe, mb2.exe] to=[mb1.exe, mb2.exe]

SCOPES 2015, Schloss Rheinfels 23



Céntrex_T [
CONTREX Modeling Methodology
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m Design Space
a N-dimensional cube (3° = 729)

«Component» 1]
quadcopter_system_with_tdma
structure

+cpul: ARM_Cortex_AY +cpu2 : ARM_Cortex_A9 +cpu3: Microblaze +cpud : Microblaze
structure structure structure structure

) v/’
\ -
Y e

.\\ ) Vs

«expressionContext»
mblazel_freq_ds
{inSFrequency=({33,40,50},MHz)}

«expressionContext»
mblaze2 freq ds
{inSFrequency=({33,40,50},MHz)}

«expressionContext»
zyngps_freq_ds
{insfrequency=({667,766,866}, MHz)}

+ tdma_bus : TDMA_BUS
structure

+netif1 : tdma_netif +netif2 : tdma_netif
structure structure

«expressionContexty»
slots_assigned_mb2_ds
{inSassignedslots={1,2,4}}

«expressionContext»
slots_assigned_mb1_ds
{insassignedslots={1,2,4}}

«expressionContext»
number_of_slots_ds
{inSnumberslots={2,4,8}}

«DseRule»

{}

«dseRule»

Constraint1

parameters=[nif2slots=(netif2,assignedslots), totslts=(tdma_bus,numberSlots), nif1slot=(netif1,assignedslots)]
expression=(nif1slots+nif2slots<=totslots)
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m DSE rules

Constrain the N-dimensional cube

«Component» 1]
quadcopter_system_with_tdma
structure
+cpul: ARM_Cortex_AY +Cpu2 : ARM_Cortex_A9 +cpu3: Microblaze +cpud : Microblaze
structure structure structure structure

«dseRule»
«DseRule»
parameters=[nif2slots=(netif2,assignedSlots), totslts=(tdma_bus,numberSlots), nif1slot=(netif1,assignedSlots)]
expression=(nif1slots+nif2slots<=totslots)

Constraint1
i i !
«expressionContexty» «expressionContext» «expressionContext»
slots_assigned_mb2_ds slots_assigned_mb1_ds number_of_slots_ds
{inSassignedslots={1,2,4}} {insassignedslots={1,2,4}} {inSnumberslots={2,4,8}}

[

«dseRule»
«DseRule»
parameters=[nif2slots=(netif2,assignedslots), totslts=(tdma_bus,numberSlots), nif1slot=(netif1,assignedslots)]
expression=(nif1slots+nif2slots<=totslots)

Constraint1

{}
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Future Work

m Programming the Computing Continuum
1 Spanning computing platforms of many kind

.li&m \’ ’ _—
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Future Work

m MDE as a powerful approach
1 ...but based on Domain-Specific Languages & Tools

Software
Layers

Linux Android

OpenNebula

’I Data " 'I Tablets/ 'I Embedded " Embedded
L Center SERVerIC Smartphones PCs Systems

Multicore Computing Continuum

SCOPES 2015, Schloss Rheinfels 28



é ir e} { ——j;;ii-—- UNIVERSIDAD
: I I BRI O C/ ok

Future Work

m MDE as a holistic system engineering approach
1 Commonalities across domains

Parallelism
Energy
2 AN
" Multi-parameter
Performance Design Space
e A Exploration ,

Python

SW Synthesis
Cross layers - i
[ L Ostrale
Android ™ @€ winos |
~ OpenNebula OpenStack =

Server/PC Tablets/ Embedded Embedded

Smartphones PCs Systems
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Conclusions

m Contrex UML/MARTE Modeling Methodology

Powerful Single-Source approach
Reusability

Component-Based Engineering approach
SW centric

DSE-oriented
Supporting Mixed-Criticality Design
SW synthesis

Extensible to distributed applications
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