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We are truly driving on top of software SIEMENS
Ihg,eb\uf(y-for&}[t

Recent trends in industry, have led to an
exponential increase in software size and
complexity.
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Use case SIEMENS
Electrical Vehicle Temperature control lngenuity for life

Simple Example:
Batteries are sensitive to temperature: Discharge 1C to2 TSV outofl
Range is drastically reduced in cold,
Life time of battery is drastically reduced when to
warm

»on
o N

°C s0°C 40°C 25°C |

Consumers have grown accustom to
car ranges
thermal comfort in the car

Voltage (Volt)
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,
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Cooling and heating have to be used both for battery ' 1'0 ' 2'0 ' 3'0 ' 4'0 : 5'0 : 6'0 : 7'0 : 8'0 : 9'0 '130-11'0'120

and human comfort. Retentive Capacity (%)

o

This increase the complexity of the system and hence
the software needed to control it.

Page 6 YYYY-MM-DD Author / Department



The process
Any software development process will do

SIEMENS
Ihg,eb\uify-for(/t‘fe

SWE.1

A-SPICE
Process Model

8

Software Requirements
Analysis

SWE.2

Software Architecture
Design

SWE.3

Software Detailed Design &
Units Construction

N

SWE.6

o

Software Qualification
Tests

SWE.5

Software Integration and
Integration Tests

SWE.4

Software Unit
Verifications

/
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static

UIa cas
ch (_
se dsCr REG_Write(rCrxStartStatus. REG_StartlLenshort); temperatureControl
hreak; rEVTemperatureControl
REG_
b ealk 3
case dsCr REG_wWritelrCrxStartStatus, REG_StartSuccess);
if (T TIM_Start (TIM_CecTimer, TIM_US_TICKS(TIM_CRX_BLOCK_BIT_SAMPLE_US));:
return estartBitok;
R return eStartBitBad;
f (TIM_Re{ o
REG_write(rlrxStartStatus, F switch (_Statevalidating
TIM_Start(TIM_CecTimer, TIM_
return estartBitok; REG_Wr case dsCrxStartLowPolling:
hrealk;

return eStartBitBad;

Using the software architecture as a single source of truth

== Architecture driven

* Model based design
= Structuring software in functional units
= ¢ |ncreased readability and reusability

stati

=) ->airSpeed

REG_write(rCrxstartstatus, REG_StartLenShort);
alks

Enrichment in form of architectural meta data

» Ensure consistency and completeness from requirements to implementation

» Frontload development of your testing environment early in the design process
« Integrate and test from different sources

* Trace links in the software development.
Restricted © Siemens AG 20XX
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A visual solution to tackle increasing
complexity and size of code

SIEMENS

Ihg,ehuffy for uft

—ll > compressarCmd -3

fanBlowerDynamics @
rFanBlowerDynamics

Block properties

v Cyclic block
Interface

Scheduling needs
Contract  period 10 ms
Runnable Offset 5ms
functions
o Deadline 20 ms

Timing
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SWE.2 Software Architecture Design SIEMENS
Datatypes of the 1/O lngenuity for life

SWE.2: EM-ATT - Battery control should operate such that the control shall switch off only when the battery temperature falls at least 0.5
. deg C below the reference point and switches on when the temperature rise at least 1.5 deg C above the reference point.. (This
from informal will establish the hysteresis band based on heating/cooling dynamics) o Draft, [Target Version]
to formal
Architecture

‘ - ‘ ->batteryTemp

batteryTemperatureControl . ‘ j = | |
| - | ->referenceBatteryTemp H iBatteryTemperatureControl ' lesiileg L el -

Interface definition

// This subsystem computes the actusator commands so that the battery temperature 15 maintsined at the specified refersence valus
exported blockinterface 1BatteryTemperaturslfontrol |double/dsgl/ ->batteryTemp => [int16 ->battervAirControl ]
double/degl/ -»referenceBatteryTemp

Datatype, unit and range definition

Name Find Type Onit Constraints Description
temperature guantity<none> double degC range -100 degC Ceneric temperature
. 250 degC
referenceBatteryTemp guantity< —-— —-— range 30 degC .. Desired battery temperature
temperature> 40 degC
batteryTemp guantity< —-— —-— range -50 degC Battery temperature
temperature> .. 85 degC

e A v e T e A S
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SWE.2: Software Architecture Design SIEMENS
Building the Architecture lngenuity for life

SWE.2:

Building the

. B EEEE
architecture

|—) | -> batteryTemp ’—|_'
pat‘teryTemperature ontrol ->baﬂer)rAirC0ntrol | _) |
-=reference eryTe iBatteryTemperatureContro ' ‘

\ U 4 (S cambientTemp P

J"' |—)| ->batteryTemp
A\ 4

=]

| - | -> cabinTemp

T

=]

THT

|—) | -= ambientTemp
-=airSpee
| - | -> cabinTemp P—
->freshAirMassFlowRate
cabinTemperatureControl
|—)| ->referenceCabinTemp rCabinTemperatureControl
temperatureControl circAirMassFlowRate
- | ->referenceBatteryTemp rEVTemperatureControl

|—)| ->vehicle5peedb—
= f;ll r type double /mps/ i .%l—--—“ﬁ)l

B o] |

” Error: type double /mps/ 15 not a subtype of double /degC/
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Contracts in Software Engineering SIEMENS
Providing continuous requirements compliance lngenuity for life

Contract in software development Allowing debugging of requirements before
implementation, preventing mistakes and bugs

A “Contract” is an explicit binding agreement between 2 )
in later development

or more subsystems, wherein the subsystems guarantees
they will deliver a certain output such that the other

subsystems can assume certain inputs. . : s
y P Aiding assignment of responsibilities to a

Contracts are formal executable requirements. precise stakeholder*

A “Contract” is split in 2 contracts a pre- and a post-
contract connected to the subsystem itself to allow MBSE.

Assume Guarantee analysis: Consistency check of the ~ SuPporting independent development of the
software architecture by checking the assumptions with different sub-systems while guaranteeing
respect to the guarantee of the connected components. smooth system integration*

_
“Contract” 3 3 I
3

. batteryTemperatureControl Guarantee Assumption temperatureControl

J iBatteryTemperatureControl < EV-475 EV-500 il (EVTemperatureControl
- b
i

* Albert Benveniste, Benoit Caillaud, Dejan Nickovic, Roberto Passerone, Jean-Baptiste Raclet, et al.. Contracts for Systems Design:
Page 12 YYYY-MM-DD Theory. [Research Report] RR-8759, Inria Rennes Bretagne Atlantique; INRIA. 2015, pp.86. Author / Department


https://hal.inria.fr/hal-01178467

SWE.2 Software Architecture Design SIEMENS

Informal requirements to formal requirements lngenuity for Ufe
SWE.2: Informal Requirement

from informal EV-501 Battery control should operate such that the control shall switch on when the
to formal battery temperature rise at least 1.5 deg C above the reference point. (This will <=

establish the hysteresis band based on heating/cooling dynamics)

W

A\ 4

Formal Requirement
batteryTemp >=referenceBatteryTemp + 1.5 degC) -> batteryAirControl ==

Trace to original
temperature 15 maintained &t the specified refersnce valus rEB(]LjirEErT]EEr]t

=> [intlﬁ —>*batteryAirControl ]

Contract in interface definition

This subsystem computes the actuator commands so that the battery
exported blockinterface iBattervTemperatureControl [douhleidegﬂf —zbafteryTenp

double/degl, -»referenceBatteryTemp
contract [ HE repceb Iy = referepceBattervlTenn <= 40 degli:- 1;
post(l) CoollfHot: (batterylemp > referenceBatterylemp + 1.5 deglC) -> batteryRirControl = 1; J

[Ipost () NoCoollINotHot: (batterylemp <« referencesatterylemp - 0.3 degl) -> batteryAirControl == 0O:

Contract =

Mathematical formulation of the requirement that can be executed and verified.

Restricted © Siemens AG 20XX
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SWE.2 Software Architecture Design SIEMENS
Formal verification lngenuity for ife

SWE 2 > batteryTemperatureControl (5) SUCCESS 55.02s . . .
] T 001 cond: al'rMassF_IowRate SUCCESS 1 4,755 Assume Guarantee anaIySIS WI” Verlfy the
Checklng the 002  cond: batteryAirControl SUCCESS 1 0,005 ) )
: 003 | postcond: AcOnifiot SUCCESS 1 000s consistency of the software architecture by
COﬂSlStency Of 004  cond: airMassFlowRate SUCCESS 1 0,00s . i
the requirements Bl L tnpting elliosis] posieoniEet velliss I dns
> rCabinTemperatureControl (1) SUCCESS 5 pre_contract Of the Connected bIOCk.
QAi' exported blockinterface 1EVTamperastursControl
double/deqgl,/ ->cabinTemp =» |double ->compressorCmd
Conflict with another contract of  |me | ommermees e aiiormer S
. . douoble,/mps,/ -»wvehicleSpeed intlé ->batteryhirControl
a block in the architecture double/deqt/ ->batteryTemp

double/degl/ ->»referenceBatteryTemp

contract PN S SRS i, i ik D q.
ost (1) CoolIfHot: (battervlemp > referenceBatteryTenp - 0.5 degC) -» batteryvAirControl == 0;

Condition causing the conflict:

v
(batteryTemp > referenceBatteryTemp - 0.5 degC) -> batteryAirControl == 0;

Restricted © Siemens AG 20XX
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SWE.2 Software Architecture Design SIEMENS
Formal verification lngenuity for ife

SWE.2:

Raw ... Kind Value

. 0 0 _simTime 1.390671e-... Detailed an aIySiS
AnaIySIng 0 0 _ simTimelncr 1.2951636-...
0 0 (Port) ambientTemp 0.0
the o = Sl L T et e | 1
] 0 (Port) batteryT 70.0 .
Inconsistenc M S | | From EVTemperatureControl SW component:
y 0 0 (Port) compressorCmd 1.011846e-...
0 0 (Port) freshairiassFlowRate 3.23790%e-...
e e | (DatteryTemp > referenceBatteryTemp - 0.5 degC) ->
‘ G ' 0 0 EPcr‘t; referenceBatteryTemp 30.0 I y . p y p g
‘. ' ") el R e el s batteryAIrCOhtrOl e ;
N 0 0 (Dol vahiclacnesd 00
\_" 0 0 (Port) batteryTemperatureControl.batteryairControl 1 I
' Jal (A P S L T T TPt DET et T ST L a oo wialal
0 0 (Port) batteryTemperatureControl.referenceBatteryTemp 300 -
0 0 (Port) cabinTemperatureContral.ambientTemp 0.0 I batteryTemp 70'0
0 0 (Port) cabinTemperatureControl.cabinTemp 27.000202
0 0 (Port) cabinTemperatureControl.compressorCmd 1.011846e-...
0 0 (Port) cabinTemperatureControl.freshAirMassFlowRate 3.237909e-... referenceBatteryTemp = 300
0 0 (Port) cabinTemperatureControl.recircAiriMassFlowRate 3.23790%e-...
0 0 (Port) cabinTemperatureControl.referenceCabinTemp 26999714 .
0 0 (Port) cabinTemperatureControl.vehicleSpeed 0.0 ( 70 O > 30 —_— O 5 7 Yes SO batteryA'rcontrOI p—
0 0 (Port) compressorControl.cabinACCn FALSE * ' '
0 0 (Port) compressorControl.cabinTemperatureError 0.000488
0 0 (Port) compressorControl.compressorCmd 1.011846e-...
0 0 (Port) compressorControl.vehicleSpeed 0.0 .
0 0 (Port) cabinairFlowControl.cabinACOn FALSE From batteryTemperaturecontrOI SW Component
] 1]

(Port) cabinAirFlowControl freshairmMassFlowRate 3.23790%e-...

- A e =] |batteryAirControl == 1;

Follow link: (batteryTemp >=referenceBatteryTemp + 1.5 degC) -> batteryAirControl == 1,
Since 70>30+ 1.5

Restricted © Siemens AG 20XX
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SWE.2 Software Architecture Design SIEMENS

Formal verification lngenuity for Life
— 3 possible errors: In EVTemperatureControl SW component:
Solving the * Inconsistent requirements (batteryTemp =<= referenceBatteryTemp -
ISSUE « Wrong translation into formal requirement 0.5 degC) -> batteryAirControl == 0,
. . * Inconsistent architecture
Y. ' ldx Property Status Size Time
\_" v Block Contracts (23) SUCCESS im3ss  ~
' w rEvTemperatureCaontrol (22) SUCCESS 1m 35s
» cabinTemperatureControl {11) SUCCESS 58.365 . .
> batteryTemperatureControl (3) SUCCESS 30.64s CorrECtlon ShOWS ConSIStent SOftwa're
[t S architecture with traceable links to the
003  cond: airfassFlowRate SUCCESS 1 0:005 reqUIrementS.
004 cond: compressorCmd SUCCESS 1 0,00s
005 postcond: AcOnifHot SUCCESS 1 0,00s
006 cond: airMassFlowRate SUCCESS 1 4775
~ rCabinTemperatureControl (1) SUCCESS 0s
» compressorControl (1) SUCCESS 0s &

Assume Guarantee Analysis: Frontload testing

Ensure consistency throughout software architecture using verifiable contracts

Restricted © Siemens AG 20XX
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SWE.3 Software Detailed Design & Units Construction SIEMENS
Keeping the trace and the consistency lngenuity for Uife

| -3 | ->batteryTemp

SWE.3:
keep
Implementatio
n consistent

Function definition

Trace to architecture and
requirements

Datatypes and units of the
software component I/O

Contracts

Implementation space

[FE BATTERYTCONTROL_EXECUTE START wxf

diffTemp = batteryTemp - referenceBatteryTemp;

if (diffTemp > 1.5)
*batteryAirControl

if (diffTemp < -8.5)
*batteryAirControl = @;

1;

. . [/** BATTERYTCONTROL_EXECUTE END #E f
Restricted © Siemens
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BB orefrencepateytemy P @ enenTenpentuecomror P >battenairconrol [ Generate

implementation shell

* atomicblock: BatteryTControl

o

* URL: http://127.0.0.1:63320/node?ref=r%3A95dalodd-37a5-4c1f-858e-57d022e5b446%28Ar chitecture®%29%2F7910169304422832819 I

*

* This subsystem computes the actuator commands so that the battery temperature is maintained at the specified reference va

*x

l el Properties

o =]
* Name DD DD Owner Access Usage Datatype Unit

o o o o e =]
* batteryAirControl batteryAirControl DDBatteryControl *batteryAirControl outport intl6 -

* batteryTemp batteryTemp DDBatteryControl batteryTemp inport double degC

* peferenceBatteryTemp referenceBatteryTemp DDBatteryControl referenceBatteryTemp inport double degC

kS

*/

OCK Ba yleontroll.)
void BatteryTControl_execute(void *__ nothing, double batteryTemp, double referenceBatteryTemp, intl6_t *batteryAirControl)

L g

double diffTemp;
/** BATTERYTCONTROL_EXECUTE DECLARATIONS END wx f

Vi
* Pre conditions:

* pre(@) ReferenceTrange : referenceBatteryTemp >= 30 degC &% referenceBatteryTemp <= 40 degC
*

* Post conditions:

* post(1l) CoolIfHot : (batteryTemp > referenceBatteryTemp + 1.5 degC) -»> batteryAirControl == 1

* post(2) NoCoolIfNotHot : (batteryTemp < referenceBatteryTemp - 8.5 degC) -» batteryAirControl == @
*/

BATTERYTCONTROL_EXECUTE START w*

/ BATTERYTCONTROL_EXECUTE END **f

Author / Department



SWE.4 and 5 Software Unit Verifications and open loop SIEMENS
Integration testing lngenuity for life

SWE.4/5: Test case definition based on requirements B ->bateoreme »—L'

Unit testing Linked to the software architecture B e o v B
->referenceBatteryTemp H iBatteryTemperatureControl '

and Integratlon blocktest test batterylemperatureControl for 1BatteryTemperatureControl () _ _________________________

table {

. omt . .
patteryTemp referenceBatteryTemp patteryAircontrol Run unit test for all implemented software
] 34 degC 35 degC o . .
I 57 acoc 35 aec | . components linked to the architecture
| 38 degC 35 degC | 1
I 35 degC 35 degC I 1
. . . ambiertTem
Integration Testing = Unit test of composed vty e £33 Prumearoma
SOftware Components. Eeferenceﬂ:t?:rl:::: t::fn?:r;:‘:r::i:::;;or:trol :r::::rs;:rsz:jwﬁate
referenceCabinTemp recircAirMassFlowRate
vehirleSpeed

cabinTemp ambientTemp referenceCabinTemp wvehicleSpeed batteryTemp referemeﬁatterj're-)- compressorCmd freshAirMassFlowRate mcircﬂ.ir!assl‘lmﬂat*e batteryAirControl

I 20 deqgC| 24 degC 22 degC 20 mps 40 degC 35 degC -2 0 kgps 0.35 kgps 1
I 40 degC| 40 degC 22 degC 10 mps 40 degC 30 degC 18 0 kgps 0.35 kgps 1
I 24 deoCl 20 deoC 22 demt 40 mn= 20 demt 35 demt 2 N_.35 km= 0 ks 1]

Using contracts will reduce the number of errors typically found at this stage

and will reduce the typical glue code that has to be made to connect everything.

Restricted © Siemens AG 20XX
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SWE.6 Software Qualification Tests Closed loop SIL SIEMENS
validation Ingenuity for Life

SWE.6: EV-488 - Battery temperature shall be regulated within the desired band withig 600 seconds yhen the vehicle is baking in hot
e sun at an ambient temperature of 40 deg C for at least two hours and the battery il to ambient temperature
System testing
compressor regulation Car — Worst Temperature in Battery [degC]
§ z — Fan control output [null] [nuill]
e - - i - 1.0
5 8 z J—
Cooling Circuit N C —
Heat exchangers wall material (alumir?\?r“ ser“ @ E ~0.8
i oG
U - ‘ 77777777777 o . -!— ] ‘ i - 0.6
I ~ Mofjt air sourc |
. r S oicn % o - 0.4
Cabin [[
air A ;EE; : r 0 1 0.2
"‘“““‘i ﬁ ‘
" D Accumulator ’
S RecirculatiofErEl- FE- Fresh ai ’ 00
cabin model ec'"“(;'i E 5 E resh air =i 8 x10
‘ X N Y uL X Time [s]
Relative humidity sé:f@%
Cabin ':emperatéﬁE > ' (Dg :
09 Ny~ erpeennny BV LT oy Integrated code
SR i Al
05 5 diffTemp = b - ;
ey il er p = batteryTemp referenceBatteryTemp;
batterytemperatureregu - C_O ntrol umption if (dj_-F-FTemp N 1-5)
e *batteryAirControl = 1;
bin temperattfid—| :;:ecir ation mass flow rate i'F (dj.'F'FTEI’I'Ip < _9_5)
car veloct e | 4 *batteryAirControl = @;
air velocitf | ﬁ;ron mass flow rate
— an consumption
Restricted © Siemens AC | = bi(erytemperatﬁéH HC)’batterytem?)eratureregulatio {‘** BATTER‘?’TCDNTRDL_EXECUTE END **!
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Frontloaded workflow

SWE.1: Requirements

Simcenter Embedded Software Designer Traces

teo BEV-476 - Regulating Battery Tem

2) Build SW _

->batteryTemp

o . . ﬁﬁ?ﬁiﬂ:ﬁ'ﬂi’:&ﬂ P— ->batteryaircontrol
; lterate until consistent SW |77 asd
St s Wk i
1:—‘-‘- _, arc h IteCt u re an d Req ul rem en ts > ~ batteryTemperatureControl (5) SUCCESS

i [ E3EIT A 1001  cond: airMassFlowRate SUCCESS 1

002 cond: batteryAirControl SUCCESS 1

ftems fot linked with £80 . 1 1003 postcond: AcOnifHot SUCCESS 1

gt v e dnmeda e L L L et . o o e 004 cond: airMassFlowRate SUCCESS 1

o] B 1005 | cond: compressorCmd SUCCESS 1
s e 4 0 006 postcond: CoolifHot FAIL 30

> ' rCabinTemperatureControl (1)

3) Analyze consistenc

Write unit and integration t

Export code fo
in system sim

ESD assets ( Block interfaces/ test cases / analysis)

SIEMENS
Ihg,eb\uf(y-for&'fe

SWE.2: Software Architecture Design

Functional contracts
Timing contracts

55.025
4.75s
0,00s
0,00s
0,00s
0s
1.3s

SWE.6 system Validation SWE.5 Integration testing SWE.4: Unit testing SWE.3: Implementation

Extract Implementat

Generated implementation shell

plast sk, g [mf [l ’ e it ST —
. ) 34. 9% degC 45 degC falas Polarion requirement work-item = -
ﬁ & @Ev-476 - Reguiating Battery Temperature :
t:‘-‘:“rl i T @ev4an JPevasa & ._7.‘:_”._. ool el
Runtestsuits U Analyses P
testsuite TestAll { T Semensol osde
et g test_compressorControl; SUCCES . .
— test_batteryTemperatureControl; RObUStneSS‘ stedVehicleSpeed <x!f-’F‘~: Implement In deSlre_
- - - - - 1 lidatedS sionDefl.. SUCCESS
Complla@e\ -'r.:fmwuum SUCCESS
Execute test in Simcenter Embedded COVBrages wiasciiopmes T
Software Designer AL S el - —
4 waiting Test Case execution(s)
—
Orchestrate in test framework =.c
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Model based software architecture design by contract

Solution scope of Simcenter Embedded Software Designer

SWE.1

-

Software Requirements
Analysis

SWE.2

Software Architecture
Design

SWE.3

ASPICE

Process Model

Software Detailed Design

& Units Construction

Solution scope

Restricted © Siemens AG 20XX
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SWE.6

Software Qualification
Tests

SWE.5

Software Integration and
Integration Tests

SWE.4

Software Unit
Verifications

Extended Support

SIEMENS
Ihg,u\uf(y-for&}[t

« Upfront analysis and Verification of the
architecture consistency and interfaces

« Easy integration after implementation

« Automate unit and integration testing

 Ensure consistency throughout the
design process

« Distribute implementation over different
tools and internal and external suppliers.

« Validate performance with SIL testing

» Ensure bidirectional traceability by
connecting to an ALM-tool

« Automated test result reporting and
communication between all the
stakeholders

Integration ALM-tool
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