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Growing interest on Mixed-Criticality Systems

* Reuse and Efficiency — more functionalities of different criticality
implemented on cost-effective platforms

o Criticality: related to the impact of a failure on a component or on the
\ violation of a functional or performance requirement
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*Quadcopter system: safety-critical functionalities (flight algorithm,
data mining, RC), mission critical functionalities (object tracking, video
streaming ) and non-critical functionalities (monitoring and debug)

/

Mixed-Criticality Modelling in

Functional components

UMLED

Platform components

M~ RTE

Criticality: An annotation that can be associated to:

occKind=periodic(period=(2,ms))
relDI=(value=2,unit=ms, criticality=3)

occKind=periodic(period=(2,ms))
relDI=(value=2,unit=ms criticality=3)

occKind=periodic(period=(200,ms))

relDI=(200,ms criticality=3)

+ datamining : DataMiningC

structure

+ mission : MissionPayloadC

structure

«rtSpecification»

«RtSpecification»
occKind=periodic(period=(33.33,ms))
relDI=(33.33,ms criticality=2)

+ flight_alg : FlightAlgorithmC

structure

+ telemetry : RCTelemetryC

structure

+ overall_ mon_dbg : OverallMonitorDbgC

structure

«rtSpecification»

«RtSpecification»

occKind=periodic(period=(10,ms))
relDI=(10.0,ms criticality=1)
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Mixed-Criticality information used in model validation and in
exploration after simulation-based performance assessment.
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Mixed-Criticality aware model validation
configuration

Mixed-Criticality Modelling Rules applied

1] Configuration of the Validation of the Mixed-Criticality Information

[]All PIM component and HW processing resource instances have an assigned criticality

[] All PIM (Application) component instances with an assigned criticality

[ ] All HW processing resource instances with an assigned criticality

Prevent PIM Compeonents with Different Criticality mapped to the same memory space

CONTREP Configuration

User

Bt

[ ] Coherent Criticalities at Mappings (PIM comp. instances and the resources they are mapped to, with same criticality)

Models Violating the mixed-riticality aware rules

+ telemetry : RCTelemetryC

+ datamining : DataMiningC

structure structure
[z v [z
Al
+ flight_alg: FlightAlgorithmC . K
SRS \ «abstractiony «abstraction»
= «abstractiz)p» «allocatey «allocate», -~

«allocate»\‘

«abstractions ~ _ R
«allocate» AN 4

- " wabstractiony

+ mission : MissionPayloadC

structure

+ms_mon_dbg : mem_partition

+ms_payload : mem_partition

structure

structure

J
'
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wabstractions

+overall_mon_dbg: OverallMonitorDbgC

structure

#
-

p )
unabstractmn»

«allocaten — ___---""~ -
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+memoryspace : mem_partition

structure

= Properties | €] Error Log 22 . Console

Workspace Log
type filter text

Message

i model model: Validation Completed
i model: Mixed Criticality check completed

i overall_mon_dbg application instance: criticality 1
i mission application instance; criticality 2

i flight_alg application instance: criticality 3

i datamining application instance: criticality 3

1

telemetry application instance: criticality 3

@ Application elements with different criticalities mapped to the memory space memoryspace

model: Synthesis Information check completed
model: DSE information check completed
model: Implementation check completed
model: PLATFORM check completed

model: PIM check completed

[P P P S

wallocates QJ L ugllocates +rtos1: xilkernel
+eos1:ELinux SRR
structure
T
wabstractions
. ' aallocate

Ltabs['il'al:ti?ﬁ” "\ “augs[tlrnac,;tl:len:» + cpul : Microblaze | + bram2 : Xilinx_SharedRAM I

ua Dca,.ben \‘ ‘structure

[
+ cpul : ARM_Cortex_A% + cpu? : ARM_Cortex_A9
structure structure
[} | + sram : SRAM
Structure

LI

validation

[ Validate Application

Validate Platform

[ Validate DSE Info

Validate Synthesis Info

+ms_flight_alg: mem_partition

structure

T
wabstractions
mallocate.[;.

]

[] Validate Implementation or PSM (Application to Platform mapping)

N
Validate Mixed- Criticality information

Save Configuration

End Configuration

+ms_datamining: mem_partition

structure

T
lugbstractions
' uallocaker

+rtos? : xilkernel
sbructure

]
wgbstractions
uallocate

[+ cpud : Microblaze |
structure

+ ibram2 : Xilinx_IBRAM

Vil Code Generation +: Build/Compilation ) Execution/Simulation ':-1'\ DSE

Configure
Configure
Configure
Configure
Configure

Configure

B sys_arch 2 | [B4 10assignation | [B8 constraints | B3 resource_critical...| B8 DSE| B8 periodicities | B8 DSE_memspaces | B3 env_comps | B quadcopter_aplica...

= Properties | & Console €] Error Log

Norkspace Log

Message

i model model: Validation Completed

i model: Mixed Criticality check completed
& Discrepancy in the criticality of the PIM component instance "overall_mon_dbg" (criticality="1") and the targeted criticality (2). NOTE: reported as warnin..

i model: Synthesis Information check completed
i model: DSEinformation check completed
i model: Implementation check completed
i model: PLATFORM check completed
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Model errors detection reported in the Eclipse Error Log (and log file)
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Mixed-Criticality aware Performance Requirements Modelling and

Validation

based on an automatically generated fast performance model

«Component»
quadcopter_app

«Component»

structure

«rtSpecification»
«RtSpecification»

occKind=periodic(period=(2,ms))
relDI=(value=2,unit=ms, criticality=3)

«rtSpecification»
«RtSpecification»

occKind=periodic(period=(2,ms))
relDI=(value=2,unit=ms criticality=3)

«RtSpecification»

«rtSpecification»

occKind=periodic(period=(200,ms))
relDI=(200,ms, criticality=3)

[N

+ datamining : DataMiningC

structure

+ mission : MissionPayloadC

structure

+ flight_alg : F.IightAlgoritth

+ telemetry : RCTelemetryC

structure

structure

+ overall_mon_dbg : OverallMonitorDbgC

structure

«rtSpecification»

«rtSpecification»

«RtSpecification»

occKind=periodic(period=(33.

relDI=(33.33,ms criticality=2)

33,ms))

«RtSpecification»

relDI=(10.0,ms,criticality=1)

occKind=periodic(period=(10,ms))

quadcopker_system

structure

«nfpConstraint_Conirex»
wexpressionContext»
«NfpConstraint_Contrex»
criticality=[3]

Power
{outScpul.power(W,est)+outScpu2.power(W,est)+out
Scpu3.power(W,est)+outScpud.power(W,est)+outSaxil.power{Ww,est)
+outSaxi2.power(w,est)+outSaxid.power(W,est) < 15w}

«nfpConstraint_Conktrex, expressionContext»
«NFpConstraint_Conktrex»
criticality=[2]

throughput

{outSFrame_sending.throughput(Hz,est)>=(30,Hz)}

Configure Criticality Thresholds

Generate performance model

= properties | El Console 2 . €]Error Log

UC Console

Clang: warning: argument UNUSEd guring compilation: -1
clang: warning: argument unused during compilation: '-I
clang: warning: argument unused during compilation: '-D
vippe-gcc: warning: -m 32 option found, vippe-g++ will u

[[] Apply Simulation Time Limit

Simulation Time Limit
1 | s

Requirement Validation

Model Validation ¥il Code Generation +; Build/Compilation ./ Execution/Simulation <} DSE
Enables to limit simulation length and dontvol the severity of violation reports acording the associated criticalities

3 % Minimum criticality level at which Requirement Violation is reported as Error in the Error Log
2 % Minimum criticality level at which Requirement Violation is warned in the Error Log

Minimum criticality level at which Requirement Violation is informed in the Error Log

Save Configuration

End Configuration

= Properties | E Console | €] Error Log 2

Workspace Log

/home/contrex/soft/uc/hppe/utnsfllvm_mstall/bln/clang
make[1l]: Leaving directory " /home/contrex/CONTREXUseCase

Compilation of the performance model finishes

[

Compilation of the performance model finishes with exit

Message

i COMTREP Compilation of the VIPPE performance model completed. .
i COMTREP wrapper components for the generation of the VIPPE performané MARTE_gen
i COMTREP Makefiles for the generation of the VIPPE performance model c-::f MARTE_gen
I CONTREP XML description For the generation of the VIPPE performance m-: MARTE_gen

| MARTE_gen

Plug-in

| 3/11/161
3},!’1 1!16 1mkdir -p ../bins

Date

Remove any pre-existing model library

Create model library

«f .. /bin/run sim.sh

| 3/11/16 1 reowrm
:3/11/16 115N am

Validate Requirements

= Properties El Console 2 . ] Error Log

UC Console

= Properties | B Console | & History | €] Error Log &3

Workspace Log

[

Message

I CONTREP Execution of the VIPPE performance model completed.
i Violation of relative deadline requirement on PIM component "overall_ mon_dbg", of criticality 1.
@ violation of requirement "Power ", of criticality 3.

Cycles:

Data accesses:
Start time:
End time:

Energy:

Thread 3 of process 0:
Function:

This thread is not finished!
Instructions:

Cycles:

Data accesses:

Start time:

End time:

Energy:

End of Simulation: Exit Value = 0

i Launch VIPPE simulation with command: /home/fernando/Documents/CONTREX/workspace_contrex_usecases/quadcopter_

JTiome/ Contrex/sott/Uc/essyn coq
/home/contrex/soft/uc/vippe/ing
main=uc_main’

se -m32 target option at the ir
++ -m32 -fPIC -L/home/contrex/
lWorkspace/quadcopter_vl/model/

value = @

28099 cycles
6722 access
106016176 ns
990801913 ns

55986 nJ

pericdic thread

663 instructions
972 cycles

160 access
159264248 ns
906386283 ns

1868 nl

exeﬂime:[(valuezT.f),worst:S.z, unit=ms, criticality=3

ARM Cortex A9

wsen
e «esourcelsagen
execTime=(value=0.3, worst=2.1, unit=ms, criticality=3
x
«hwProcessors
(model:HWResourcesView)
«Component»

i

e

" aresourcellsages
), (value=0.8,worst=3.5,unit=ms, criticality=2), (value=0.5, worst=2.4, unit=ms, criticality=1)]

), (value=0.2,worst=1.5, unit=ms,criticality=2), (value=0.1, worst=1.2, unitms, criticality=1)]
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U«;;crgp::regt» = «Component»
. sI:ruI:;I:ureT - quadcopter_system
structure
+ light_alg : FlightAlgorithmc - - N + cput : ARM Cortex A9| | + cpu2: ARM Cortex A9 + cpu3 : Microblaze + cpu4 : Microblaze
structure «NFpConstraint_Conkrex» «NFfpConstraint_Conkrex» + mission : MissionPayloadC = = = =
- criticality=[3] criticality=[2] - structure structure structure structure
safety_critical mission_critical
P {}
- r/"'
+ datamining : DataMiningC 4 \ / . -
e // nfpConstraint_Contrex & «npronstraint_Contrex» «f:}ffggonsuamt—gontrex»
« _ » - « onstraint_Contrex»
. « el
,-'/ «Nfgcolpst_ralnt_Contrex» +overall mon_dbg: OverallMonitorDbgC ?:ZS;RSY[ZT LG criticality=[3]
+ telemetry : RCTelemetryC s critica |ty_[1]. ) structure ¥ st
structure {} non-critical mlSSlon_Cm'cal_resources Safety__cmlcal__l'esources
¢ b
°
° °
erformance nequirements Extra-tunctional Annotations
«Component» L]
q“ad:tr‘;‘?t‘z:gapp (model:ApplicationView:AppComponents)
«Component»
«rtSpecification» «rtSpecification» «rtSpecification» - FlightAlgorithmc
«RtSpecification» «RtSpecification» «RtSpecification»

«Componenty
Microblaze

(model:HWResourcesView)

|

ingle-Source Design Approach

Modelling
Errors

Functionality
(Formally based
properties)

Schedulability

Analysis

Functionality

(emulated time)

Validation

odel

generation

odel generation

SW Synthesis
(native target)

CONTREP

Eclipse
Plug-in

J

Perf. Model
Generation

DSE setup

and launch

SW Synthesis
(cross target)

Functio

nality
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Performance

AMEWORK

Pareto Set

Implementation
(SW stack)

= Pajyrus - quadcopter_v1/model.di - Eclipse - X
File Ed\ 7 Diagram Papyrus c CONTREP Window Help
Create Base Model Fiboma 9 | - - - LT v LB E % T e b S [a SVN Reposit...
— v | & Configuration teg v 100 - 7D Papyrus () Acceleo
i Project Explc \ Model Validation b [5] modelErrorChecker.txt =0
~ % b3
Schedulability Analysis > piaius 2
e > quade , , «Component» I & A
=% > quadc Native Emulation > quadcopter_app Nodes
&% > RPA_IC Performance Model > structure =
E Class
SW Synthesis > - ) - - e
«rtSpecification» «rtSpecification» «rtSpecification: (&l Property
DSE 2 «RtSpecification» «RtSpecification» «RtSpecification» <5 Edges
KISTA S occKind=periodic(period=(2,ms)) occKind=periodic(period=(2,ms)) occKind=periodic(period= "/ Link
relDI=(value=2,unit=ms, criticality=3) relDI=(value=2,unit=ms criticality=3) relDI=(200,ms criticality=: > —
> | x WA
FogsyDe (= MARTETi...
About CONTREP — - - - - & Clock
- + datamining : DataMiningC + flight_alg : FlightAlgorithmC + telemetry : RCTelenr (Property)
structure structure structure i
(= MARTE/SRM <o
oo SwAccessSe...
¢ . (Activity)
— == — + mission : MissionPayloadC + overall_mon_dbg : OverallMonitorDbgC = MARTE/SA... <
& Model Explorer 3 = structure structure
= (o iy g gSaAnaIySisC...
= S B Az (Class)
model - =¥ =
4 [Networkinterface] (= MARTE/PA... <«
«rtSpecification» lﬁ «rtSpecification» lﬁ & PaCommSt...
: - ‘ «RtSpecificationy «RtSpecification» b (Connector)
5% Outline 52 =8| < . | : , | , e
. = 1 = periodicities &3 PIM_criticalities Bg Env_app_files | TopEnvStructure | Bg HWResources | =r app_files | By Views app_arch | [Bg resource_critical... | constraints | >,
- : ‘ T Properties Qi ErrorLog 3 . & Console FE-BERXXE®Y"O
=1
| o

/he

generation
performance model from the
model

UML/MARTE
automatic and relies on a
advanced native simulation
framework (VIPPE) and on
the CONTREP and m/eSSYN
code generators.
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