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“Y-Chart” Approach for Model-Based Analysis

« Applications, Platform, Allocation

Application Platform

MEEI = Applic. Constraints i

——— — P —

Resources QoS

Allocation

L—:" 1/ INput Files for -‘ : ; o _:— =
Analysis\Results

g Specification of
Non-Functional Properties!

Generated Code

Analysis Tools

Recommend

KIGERER
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V&YV, Analysis! ! ! M, g
/ ;spun‘qus . y
Reqwr'emenr Specification / countersxampie
T Desg
i =) ned mto chips o exdract
| mmmmwmp
ixgd  Control Design
S % ..
=G
| ;i are Architecture
-y SW, _;%%Léijﬂ:
{mnaa
mmmmm o ‘ N \ |
= . I ‘
— \
DP;

SW Deployment

Recommend

KIGERER



A

NP
o RTERGR RLEMER, Tk 28T

— Domain Specific Modeling Languages

« MARTE@inria, L E.Papyrus+MAST, 2008 OMG#Hxifk

— Modeling and Analysis of RT and Embedded systems
— UML: Specification languages

. AADL@SEI, OSATE+Cheddar, 2004 SAEF:#AS5506 &

— Architectural Analysis and Design Language

— Autosarivk: R4HF (ECU)
Peter Marwedel, TU Dortmund#(#%

—  AMAXRFZ XK ANCPS RS A , H2k2011
—  282.1077: UML

Bran Selic, %k LIE)T@ibm.ca

— Modeling and Analysis of Real-Time and Embedded Systems with UML and MARTE:
Developing Cyber-Physical Systems, 2014

Peter H. Feiler, CMU#($%
— Model-Based Engineering with AADL, 2012
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UML (Unified Modeling Language)
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UML 772
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A Historical Perspective
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OBJECT MANAGEMENT GROUP

00 Programming : )_ .
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Eiffel
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b SysML

Smalltalk E Sao
Simula S

C++
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Entity Modelling ) |
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"""" Martin/Odell
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UML Roots and Evolution: UML?2
“““““ o

UML 2.0 (MDA)
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Rumbaugh Booch Harel 1 Jacobson|

[ 1 [
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UMLZFR{E = OOD, CBD
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ABIE (R%IhEe/ARSS)

e HZE. Actor, Use Case (IhfiE) , k&R (EE)
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amount 10
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] HLIRAS

o W RIEME AN, WCEET PRSI S
o ML RTINS E AR B RTINS

antvent [guardCondition]/ anAction
0 L

state name

entry,/ LBDown = TRUE:— A 4R
exit/ LBDown = FALSE:—H Mk
on MouseMove,/ Update: —W Z24F T
do/ a b ce ——dREIGEB) (activity)
on SelfTest/ Defer:——ikiR EB{F
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[ Waiting
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insert card

SERE R
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FrERE R Lk
PR

push “cancel”

Purchasing
exit / eject card

include Identify I }

fail

IEFHO | /reset selection =ik
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Sync State

» Vertex used for synchronizing the
concurrent regions of a state machine
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is required e \ [ currentFloor>desiredFloor ]

run
J move up| currentFloor<desiredFloor |

[ else ]
[ currentBloor<desiredFloor ]

p
moving up
more request
\\
. /
door close time out ( door open .
L P move up| currentFloor=desiredFloor ]

J move down|[ currentFloor>desiredFloor |

no more request time out

idle L stop [ moving down J
@

/b move down] currentFloor=desiredFloor ]

Recommend
KIBERER



Recommend
KPR
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y
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~«

~guard expression
|
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{7 Check account balance _}-

[halance == amount]

-~ fork

!

[halance = amount]

Jjoin

-
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v
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FREFZE Ty

(" Ejectcard ™

A

Take card

- end
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What UML Offers to RT Modelers

 Modeling of complex structures
— Class diagrams

« Concurrency specification and management
— Active objects, run-to-completion
— activity modeling, interaction modeling

» Time: Timing diagrams (F}FE)
— Simple Time model: a single global time source
— Insufficient refinement for precise time modeling

 Event handling: State machines
* Deployment: Deployment modeling

35/71



What is Missing from UML

* A more sophisticated model of time

* A more sophisticated model of
concurrency
» Lack of real-time domain concepts

— E.g., traditional concurrency control
mechanisms (semaphores, etc.), schedulers,
scheduling policies, deadlines, deployment

 Ability to precisely specify quantitative
information

— values and functional relationships

36/71

<&;&F{ecommend
KRR



UML Profile for MARTE

* a domain-specific-interpretation (profile) of the
general UML that coverage of the real-time domain!

— replaces an earlier standardized UML profile SPT
« Scheduling, Performance, and Time
 SPT aligned with UML1.3, MARTE aligned with UML2.0

« MARTE defines the language constructs only!
— WA, EAAM, RAENFPHE (annotation)

— — LR
« MARTE=Z ¢ " UR'LI%
— € XUMLFERL INFP

— BRI (SZFF A =0

— M BT EEA . processors, mem, I/O devices, NWs

— BRI threads, processes, mutexes

— BRAEFLSE . allocation (deployed)

— sS4 #HT: schedulability, end-to-end delays, response
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MARTE Overview(OMG, 2007+)

— A0 1; /j EE / Foundations for RT/E systems
— Packa et /| modeling and analysis:
oreElements
9 f/ > CoreEl
MARTE domain model / > NFPs
ﬁi = Time
B 5 =>» Generic resource modeling
MarteFoundations J => Allocation

7

#
| : |

MarteDesignModel = MarteAnalysisModel

\

IIII \
Specialization of MARTE | Specialization of foundations for
foundations for modeling purpose AAnsialing IOC! ior anayEls
(specification, design...): pHTROSE.. - |
- Generic component model => Generic quantitative analysis
- High-level application modeling > Schedulability analysis
= Software resource modeling =>» Performance analysis
=» Hardware resource modeling
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MARTE High Level Architecture

MARTE Foundations
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/""# -Causal'temporal
Property Qualifiers ' . Clocked/synch.
Extended Data Types ~.. MNFP < (mport » Time // Physicalreal-time
«Expressions langu (multiple clocks, timea
i L "E" i | j constraints, obsarvation...)
— "ll E_ o e |

Components |« import »=x Resources -« import s——  Allocation
Commaon concepls h
for quantitative X T *Models of
analysis ‘ \ " "'"jp“” " . mplrrrrt » / Computations

RTEA :Ftnal-)l{m & Embedded Analysis) RTEM [Real-Time and Ernhndd?é Design)
—— — /
Generic Quantitative Analysis MaCC
M i
# Impodt » & |mport = S e
— | —| HW SW
&\Tﬂﬂﬂﬂﬂﬂﬁ Parformance Resaurces Resources
% ™
Refined Platform
Scheduling properties \ Modeling Constructs

Predictability and resource usage
*Worst case timing metrics and constraints
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(RTOS, FPGA, DSP,

ECU, Power Supply...)
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System Model and Time

UML-Marte RTES Model

[ System Model _i i_ 3
| s = Fe—=steis i\ | Time |
| i Behaviour | 1 Architecture |! |Specification/|
|}  Model ! Model 1! | Constraint |

.

Structure of Time

» time bases

* multiple time bases
* instants

» time relationships

* Principles of Time modeling with MARTE

— ERITHIARE, timefd A E RIS
» Instant (point) , Interval, Duration
e Time Base: an ordered set of Instants

* A timed event occurrence refers to one instant
T partial ordering(simultaneity) of instants

« UML Behavior modeling using Clocks

Clocks as model elements
* multiple heterogeneous clocks
« Relations and constraints between Clocks

Access to Time

» clocks

* logical clocks

» chronometric clocks
* current time

Using Time

» timed elements
* timed events

* timed actions

* time constraints




Clocks Relations and constraints

.« WEBNHtemporal ordering = A =Fh (FEE) A
— Causal/temporal: <:(»precedence/dependency
o NI
o FERFBIRNIMT R FR
o SIARMEIEME: EeRP. HFE (FBP%ER) « EFFED=F
— Clocked/synchronous: %:T @)%
* instantaneous reaction: Ultick y#.{i. (zero-delay, Jtduration)

o TN (FES) MR (HDL)
— Physicallreal-time: >XH SZBr ) RFEER] 8] {8
« 1] - T Clocked/synchronoust# 7Y
» Clocksft] —JGK &a binary relation: instant graph
— [A)F} &% Hzcoincident , =, same, [[]25
— SeFprecedence, <, YFE KA
— & 55 Tstrict precedence, <, A fLEEIR R A
— HEkrexclusion, #, ATEASTER—BZ| kA
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Concrete time instant relations

« CoincidenceRelation: [FB &4, o

al a2 ab
ATimeBase o
~ Legend: AN
O instance of
Instant
[
Instance of
CoincidenceRelation
C:TimeBase

Figure 9.6 - Example of multiple time base with coincidences

* PrecedenceRelation

a2 a3 a4 ab a6 a7 a8 a9 al0ailil
A:TimeBase -

instant graph

A is finer than B
B is coarser thanA

a

B:TimeBase O O O : 2
b1 b2 b3 b4 b5

-

More precisely, A is 2-finer than B %

Figure 9.7 - Example of time relations between two time bases
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Temporal characteristics & timing constraints

mathematical clock model: a 5-tuple (£.=.D, A, u)

— (instants, order relation, labels, labeling function, symbol)
— unit: s, ms, us, tick, cycle, step...

application model or execution platform model

— Model time( Logical time )

— platform time ( Logical or physical time)

Logical or physical Clock

— an “ideal” clock: ldealClock

+ The MARTE::TimeLibrary E~< 4
— chronometric clocks: #5454 “d I
« User defined clock based on IdealClock -

Clock constraints
— (value = 1.5, unit = ms, onClock = "idealCIk')
* 1.5 ms on idealClk
— (value =1, unit = ms) + (value = 150, unit = us)
« This expression is implicitly on the idealCIk clock.
* Its value is (value = 1.150, unit = ms) or (value = 1150, unit = us)

43/71
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multiple clocks

o BRIPAFEAFIZEAH) 2 4~CLOCK
— CCSL(Clock Constraint Spec Lang)5E X %-clk 5% &

— Coincidence. PrecedenceZ:
— 4. camClIk = crkCIk filteredby 0b(10)

cclockTypes
_____MyldealClockType

'+ resolution: Real [1 ]=0.01
+ offset. Real [1]

+ currentTime(). Real

cenumerations cenumerations |
MyTimeUnitKind . AngleUnitKind
«units s cunily “CAM
cunits» ms |:umh *CRK
units us
ﬂ:m}

myldealClock : MyldealClockType
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«clockTypes
_Aagielleck

+ resolution Integer [".E] =1

+ offset: Integer [1]
+ maximalValue: Integer [1]

+ angle(in Integer). Integer

«clock>
crkClk : Auglaﬂluck

resolution=1

offset=0
maxdimaivValue =720

:ck;:.t:
camClk : Angletln ck
sresolution=1
offset=10

maximalValue = 360




UML Behavior modeling using Clks

« activity diagram, sequence diagram, state machine

duration,

interval,

period, deadline, WCET

act <<timedProcassing>>

Carrective Ignition Advance Control

{on=CRKSC }

Cranckahal! posiiion sansor

|

Kook sensor

Englire codlan

May M

IErnperaiune
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[
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Control correction

wufimedDurationConstraimi >
[ penod = 1807 on crk(k
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Knock coMmection e
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Over Temperature

correction
Aehmrscnblyys -5

«medDurstionConstr sint >
[period = 180° on arkCik
dendline =y, 74 on crkCik]

Warm-up correction
Agvancollyr= 187

e«<limadDurationCanatraini»»
tpenod = 180" on crkCik
deadine =l,.1. on akClk }

<<timedDurationConstraint>>

{ dCIACtrl < deltaMin, period = 180° on crkClk, deadline =tygga On

crkClk }
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Allocations

. <HEtapplication modelfiplatform model

— Allocations are annotated with time
constraints and temporal characteristics.

— VAR R B [R) 5 SEFRY B [ A R (WCET)
e Time model of hardware: F54HATHfE], f&H=E

ECU
<<gllocate>>
Signal conditioning
32 bit 8-bit act <<timedProcessing>>
Microcontroller DPRAM || Microcontroller e ey e Engine cootant
TC1766 xcB866 e } temperature
<<allocate>> hw
_ . <<gllogate>> TC1766
«eq_allocated» ASIC Signal Corwduionmg Ik Y e T
Micro Second Bus (Signal s e T -
sds a n r lemperature K
conditionning) J Control correction ( correction ( Wamsyp conechion o
Knock sensor g | v ey e ey = ermedDutasanConstrans> <<fimedDurationCoratran >
[WECT = 0.5 107 an mydeaiClock [WECT = 0.2 10 an frydeaiClock (WECT =02 ‘\r_\n_m m-:h:al‘-:vj ]

«clockType» «clockType» | ! Intake Air Volume

«computingResource» «computingResource»
TC1766 Xc866 Knock comvection
- Resolution: Real =107
Resolution: Real =125 107"° [ J
Over-Temp Warm-Up

«clockType» «clockType» Adv correction Adv correction

«communicationMedia» «storage» .
Micro second bus DPRAM
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Typically analyzed with RMA

e Critical instant calculation

« Utilization bound test or Response time
calculation for the first deadline

T =100 ms
: Task: | — Tl "'lc=2r} ms .r”f Shared
(independent, no " i S resources
cycies; Sihgio Deadiine 100 ms ", ~a /[ 2ms
trigger)

- £l 20ms |
T=150ms \ g4

P
M

/_|c=40ms| /7 Dormain

[

Taskt Deadiine 150 ms ;
parameters W ——
T =350 ms W 1“"’5/
. f ,;,/ 10 ms 4
r / —
3 / Eg=100 ms| /—

/

iy Xx
Deadline 330 ms
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UML-Marte RTES Model

i System Model ﬁl r ]
l,-.----m--f-----l,-----mw-----nl Time |
| 1 Behaviour | 1 Architecture | |Speciﬁcalinrd|
|!  Model 1! Model 'l | Constraint |

Time Property
Verification Result

Time
Specification/Constrain
mappin

Y

L

i
r

L
Cuantitative
Temporal
Properties
Y L
Time Petri TPN Model —,
Met Model Checker

_ | Quantitative

Formal Time
Specification/ —@@
Constraints

A,

Result

Figure 1. UML-MARTE Model Checker

Verification of Sync Related Properties
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The AADL Language

« Architectural Analysis and Design Language

— Derived from an earlier ADL called MetaH developed by
Honeywell for the US DoD

— Defined by the “AS 2C ADL Subcommittee of the Embedded
Systems Committee of the Aerospace Avionics Division of
SAE Aerospace”

« SAE report: AS-5506
For the design of dependable embedded real-time

SySte ms {{ﬂﬂ_m Dispat
— Hardware and software components i *
. omplete
« Control, data, and access connections

— Strong focus on timing (schedulability) and reliability
characteristics

« Supports automated analysis through specialized tools
 aids in design space exploration

Formal execution semantics in terms of hybrid automata
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M Recommen d
KRR



AADLiE

 Architectural Elements

Applic ation Software Execution Platform AADL Textual AADL Graphical

thread data_processing 20MS) == - - -
features S I
raw_speed_in: in data port, ﬁ
speed_out: out data port; data_processing —
Properties [
Period => 20 ms: FEp—— -
S 5 joe-- w end data_processing;
]

) thread group ' ' uwead ,'
Bl o Lo ) - SRy ' bus
B | XML

- <threadType name="data_processing">
[ <features>
processor | <dataPort name="raw_speed_in"/>
v <dataPort name="speed_out"

direction="out"/>
i e . | "w

» =PRAEI: JOR

S

. XML
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Thread dispatch

» Periodic threads are dispatched (fii %)
periodically

— Event arrivals are queued

* Non-periodic threads are dispatched by
incoming events

* Pre-declared ports

— Event in port Dispatch
* |f connected, all other events are queued

— Event out port Complete

» Can implement precedence doom
Complete
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Immediate and delayed connections

« Data connections between periodic
threads
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Component bindings

* Putting it all together: systems
— Software components are bound to platform components

system Displayer
features
speed : in data port speed port;
position : in data port position port;
screen position : out data port position port

end Displayer
s N

W 1
'} Compensate IP—H \ '\ 7\|

| o s Y "4
. AN : phase2 / r _ processor ’ l
| ! l [ : : > |j processor p bus --—--
proc Hm proc m
N ’)\\% ,//

Recommend

KIGERER



Analysis

* Flow Latency Analysis
— end-to-end time

» Resource Consumption Analysis
* Real-Time Schedulability Analysis

« Safety Analysis

— Checks the safety criticality level of system
components

» Security Analysis
— identitying the security loopholes

Recommen
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Dynamic architectural analysis

* Relies on thread semantics
* Processor scheduling

Period => 20ms
Compute_Deadline=>20ms =~ -~~~ °-°-=°7°= >
. Compute_Execution_Time => [200us,500us]
| Period == 35ms
. Compute_Deadline=>3ms — === == = = < >
. : Compute_Execution_Time => [1ms,5ms] RMA
Period => 100ms tool
Compute_Deadline=>100ms == ===
Compute_Execution_Time => [2ms,Tms]

Scheduling_protocol => RM

processor |
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AUTOSAR Vision

TR SRR B 2 R
M, BEHRERTRENEREEH

o« R MM &
— Classic: £ 7 NIUBL R ffd s il 2
— Adaptive: Car-2-X Apps, loT, cloud services

Application Layer Application Layer Application Layer Applications Applications
r...._.____________________________m. = "

RTE RTE
AUTOSAR AU'II\'IOOETAR AU'rIEIOogAR
Adapti
AUTOSAR AUTOSAR PI:th)olrﬁ Basic Basic
Classic Classic Software Software
Platform Platform

e

g SOME /1P ) (@ BUS

1 i !
—l—OJ)) ([{ s 1 l
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RTE

BHECU AUTOSAR ECU

« Separation of
system into its
ECU plus
common
infrastructure

ECU1 ECU2

Vehicle Bus
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MIEHBARE (MCAL)
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Software




AUTOSAR T IER
H#tr: RTEFIBSWH: ik

Eeneratel

RTE

=S
Generate

BSW
Modules
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Classic vs. Adaptive Platform

AUTOEOSAR AUT O SAR

Classic Platform Adaptive Platform

Based on OSEK Based on POSIX

Execution of code directly from ROM App. is loaded from persistent memory into RAM

Same address space for all applications Each application has its own (virtual) address

(MPU support for safety) space (MMU support)

Optimized for signal-based communication Service-oriented communication

(CAN, FlexRay)

Fixed task configuration Support of multiple (dynamic) scheduling
strategies

Specification Specification and code
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_._u:. Lt # wwm | .__

Feature enrichment
= Multicore support
= Functional safety

__.._J_ ]

_.nx._'._'ﬂ:m.—

]|

Release 41.1
* Timing analysis
» Diagnostics

| .
BN
| |

First release

Basic SW complete

= Ethermet * Acceptance testing
AUTOSAR Derived New development
founded applications methods
2003 :, 2004 —@—@— j—u;_ 2008 ;-—@)—1_ 2010 2011 2013
Release 4.3.0 Release 4.3.1 Release 4.4.
» Hardware Test = Quality = Remote Event Communication Manager
Management on * Interface Module for = Harmonization of Physcial Units for ASW
Startup and Ethernet and IP testing and BSW Based on ASAM
Shutdown = Macro Encapsulation = Security Policy Manager Module
m » Crypto Interface Of Library Calls - AUTOSAR Real Time Interface
« V2X Support = Error Detection and

+ RTE Implementation Plug-Ins

* Extended Buffer - LIN-Support for LIN slave

Access for Rapid

Correction for
Communication

Release 4.2.1 l

= Large data communication via
Ethermnet and CAN FD

» Integration of non-AUTOSAR systems

10 years of AUTOSAR

6th OC Nov 13
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Prototyping

« SOME/IP Transport
Protocol
Decentralized
Configuration

A

« Ethernet Wake on data line

* Formal Model Query and Blueprint

Denvation Mechanisms
* Bus-Mirroring

+ Extended Senalization for Data Structures
in SOME/IP with tag/length/value encoding

t
1'/;)-1 4 b-—. 201

2018



UMLIE =

* a modeling language for specifying, visualizing, constructing, and
documenting software systems and business processes.
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o UMLIESRIME &2 Ra =01, %aA e X
« MARTE#}7E 7 UML) B [E] A &
« AADL3EEtiming 74T

 EMV 5B (GE—)
— UMLFPIRZES L & Mealy#Lid & MooreflL, ?
— JAHt: Papyrus+tMAST
ST Eclipse*F 5 MARTE & 45 T A
— Ji#t: OSATE+Cheddar
* Open Source AADL Tool by SEI
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