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3.2.RBequirements
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Table3-1: Choserrequirementdor our runningexample.

ID Requirement
WL-1 | Thesystemshallallow thedriver andthe passenger® (fully or
partially) openandclosethe sidewindowsof thecar.
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WL-2 | Thesystemshallallow thedriverto openandclosethefront and
rear,left andsidewindows.

WL-3 | Thesystemshallallow the passenger® only openandclosetheir
ownwindow.

WL-4 | Thesystemshallhavea child protectionfeaturethatdisallows
operatingthe passengewindowsfor the passengers.

WL-5 | Thesystemshallautomaticallycloseall windowswhenatunnelis
entered.

WL-6 | Thesystemshalldetectwhenwindow movemenis blocked.In this
casetheclosingof thewindow shallbe stoppedandthewindow
shallbe loweredcompletely.

WL-7 | Thesystemshallcontinuouslymoveawindow up or downaslong as
the correspondindputtonon the operatingpanelis pushed.

WL-8 Thesystemshallfully openor closeawindow whenthe
correspondingputtonon the operatingpanelis pushedcontinuously
for atleast0.5 seconds.

WL-9 Thesystemshallnot drive thewindow motorsto raisea window
whenthewindow s alreadyfully closed.

WL-10 | Thesystemshallnotdrive thewindow motorsto lower awindow
whenthewindow s alreadyfully opened.

WL-11 | Thesystemshallnot operatehewindow motorswhenthe battery
voltageof thevehicleis below10V.
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4. 1. RPrinQ@iRplife nement

Refinements anessentiabperatiornin anydevelopmenprocessin generalrefiningamodel
meansaddinginformationto themodelthatmayaddbut neverviolate propertiesf the original
model. A model may be refined due to severalreasonsFor example,new information is
availablethathasnot beenavailablebefore(refinementremovesuncertainty)or informationis
addedhatwasnot of interestfor therefinedmodel(refinementridgesLayersof Abstractior).

A specific type of refinementis interface refinement Interfacerefinementaddresseshe
refinementbf informationrelatedto the syntacticinterfaceor theinterfacebehavior We further
differentiatebetweerrefinemenin spaceandrefinemenin time.Refinementin spacerefersto
a situationwherethe original andthe refinedinterfaceexistin onesnapshobr baselineof the
samemodel (i.e., the interfacesexist sideby-side and the refinementdescribesa relation
betweerthem).This may bethe casewhenaninterfacein the functionalview is refinedby an
interfacein thelogical view. Both, themodelsof thefunctionalandof thelogical viewpointare
still valid and continueto be part of the overall model. Comparedo this, refinementin time
refersto a situationwherethe sameinterfaceis refinedfrom oneversionof themodelto alater
version.

Refinementsnaymanifesthemselve®y operationsn themodelsuchasdetailingdatatypes
or addingchannelshothfor internalor externalinterfaces.
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4. 1. RrindiDelcemposition

Decompositiorplaysanimportantrole asaleverto mastercomplexityin nearlyall
engineeringctivities. Insteadof solvinga difficult problemasawhole,we decomposé¢he
probleminto simplersulproblems solveeachof thoseandcomposeheresultingsolutionsto
obtaina solutionof the original problem.Focusandthe UIM guaranteghatthis composition
is semanticallycorrect.

In SPESthe principle of decompositions appliedin severalareasFor example complex
requirementsay bedecomposethto subrequirementsywhich areusuallymorepreciseand
canusuallyberealizedandverified independentlfrom oneanother Oftenthe stepof
decomposingequirementsnto subrequirementss accompaniedvith arefinementstep(see
refinementprinciplein subchapte#.1.5. Decompositioris alsoappliedto architecture
elementsFor example a black-box functioncanbedecomposethto a setof interacting
white-box functions.Similar, logical andtechnicalcomponentsredecomposeihto sub
componentsBy subsequentlgecomposingystemelementave obtainadecomposition
hierarchy.

The individual sub-elementsresultingfrom a decompositionof a systemelementcan be
suppliedwith a specification This refersto the specificationof their syntacticinterfaceaswell
astheir behavior.As long ascertainboundaryconditionsare met, their specificationscanbe
composedo form a specificationof the compoundWe maythenverify whetherthecomposed
specificationconformsto therequirementgormulatedfor the compoundsystemelement.

A specialcaseof decompositions the identificationof subsystemgseeprinciple Layersof
Granularity below). In this case,a decompositioris alignedto a changeof scopeof the SuD.
Thesubsystenis treatedasa newsystemin the nextlayer.
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4.1 . BrinéiGplamulLalyietr

The conceptof granularity layers allows to recursively apply the SPES conceptsand
viewpoints to selectedarchitecture elements(subsystems)which leads to a nesting of
architecturadescriptionslt is importantto point out thedifferencebetweerdecompositiorand
granularitylayers.While decompositiorrelatesto a breakdownof a systemelementinto sub
elementsall of which are part of the samesystemdescription,identifying an elementas a
subsystenandthusinitiating anewlayerof granularitystartsa newsystemdescriptiorwith the
selectecelementasthe scope Wheremultiple subsystemsare derivedfrom an SuD, all these
derivedsubsystemsarepart of the samegranularitylayer. For eachof them,the syntacticand
semanticinterfaceof the subsystenmustbe consistento the interfaceof the corresponding
systemelementin the SuD. Pleasenotethat the new systemdescriptionamay or may not be
basedonthe SPESmethodology.

As, in generalpnly selectecelementf anarchitecturewill becomesubsystemshe setof
all subsystemsvill not form a completedecompositiorof the SuD. It is a meansto decouple
theengineeringporocesseanddivide theminto anumberof individual fine-grainedengineering
processescomplementedby certain activities to support the integration of the various
engineeringartifacts. This enablesfor example,componentreuseand the integrationof a
supplierrelationinto the engineeringprocess.

4. 1. PrindiTplaeeabil ity
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4. Under Mpde gTihregorSyp e s ML

In this chapterwe briefly outline the formal modeling theory called Focus[19], which
underpinsSPESand SpesML.This theory providesthe semanticbhasisfor nearlyall modeling
elementsn SpesML theirinterfacesandbehavior Theaimis to providethereademith ahigh-
level understandingof the theory, which can be understoodwith basic mathematical
backgroundOf course this canbarelyscratchthe surface A full treatmentbf the materialcan
befoundin [21] and[22].

Pleasenoteagainthatmodelersworking with SpesMLdo not haveto know the theoretical
underpinningof the Focustheory. It sufficesto know that SpesMLallowsto modelin SysML
guaranteeinghe principlesof Focus.
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Figure 4-1: Parallel Composition
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Figure 4-3: Feedback of output to input channel
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4. 2.%t aMec hi nes

Above we discussedhe interfaceview on systemelementsHowever,in manysituationsit
is morenaturalto describehebehaviora systemelemenin termsof its internalstatesandstate
transitionsThiskind of view on behaviorcanbewell representetdy statemachinesThereare
varioustypesof statemachinesdependingon which aspectshouldbe modeled.One simple
exampleare Mealy Machines,which are statemachinesthat can processinput and produce
outputasareaction.

For asetof inputactionsGndoutputactions hsucha Mealy Machineis representetly

t, the statespaceof themachine
¥ P t, thesetof initial states
g '® t 0, thetransitionfunctionof the statemachine
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Figure 4-4: Example of a Mealy State Machine
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Figure 4-6: Relationbetweersysterrelementsgchannelsanddatatypes.
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Figure 4-7: A systenelementndits syntacticinterface.
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Controller
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Interface Assertion Control Layer
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Interface Assertion
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Figure 4-8: Controller and physicalsubsystemasrelationson streams
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Physical Device h
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Figure 4-9: Architectureof a control layer composedvith a physicaldeviceand showingthe streamof
states
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I o uwi n doiwrtuemeixmgmpd ter oidouhcae@Itt diget ana e hmingdha a k
foll ows:
Const Hpehry swicradeoswhpeh y sd evatl b @eno d e As tl @ to e soi ftsw s
attributes:

mode. {stopped, goin_up,goin_down,alarm}

p.[0:100]
Hemset anapro s ianirderp r ¢ shpeo ¢ sotfti oved n dohwmo diendi thae es
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t r ansciatnelerd shnasd mpakel e:

Table4-1: Statetransitionsof thewindowlifter with inputsand outputs

mode p input moded po output

i alarm stop stopped =p stopped
stopped e stopped =p stopped
goin_up| stopped close goin_up =p mov_up
goin_down| stopped open goin_down =p mov_down
goin_up =100 | e|close stopped =100 | closed
goin_up <100 | e|close goin_up >p mov_up
goin_up alarm =p alarm
goin_down =0 e|open stopped =0 open
goin_down >0 e|open goin_down <p mov_down
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alarm >0 alarm <p alarm

alarm =0 stopped =0 open
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def it ygd g avd d W,daett &kmioovda lmayuRte q u iamiunt gstibd edronkt o "
asystemderisttsapdich patr odooaéeigmostc alaangloemag ai nst

t hceo mmmw ma cotbil cabcokxe u s e .

ThuSpessMlog® adfgr ecasdhgmbi gonodieslsiyrsd @ sve Jals

ev al utahwdarn godfs @ ;o d erlesl,dne $§ eaanrde-d e f itnyesdy st Eanls .

rei nf begsoead e sivdt att gpetlattyipce nghlhees efcdcror r ect
Uus aagteo dated si igmarde d U (st ecdaBS dart r oseewes fi cati ons.

5.2 .Ari mTypes

Primiypesmbltey d éhearienc |iutdhbed ng U & gasreehneo bta g iyp e s
frovhialblt Herpagrseonst odet eJpeedsMlr | mt ¢y ppgen her i t ed
fr@&msdhr i mv aitwebBsaol, leminfReeant rEa@t hpsd mi ti ve
typesntyy dee,f iapeosfv al Thee mamtrieccsmaar me$ti edfd s
mat hemhBaocsl.e@amsa fis itewbr wtaH ueaafda]is.e@é ¢ A Qe

01 BADHa.iTd ent @ g dsheeeotieh onmembex amp he $5@ &n d
100HO we d eteg mp | e melnitraittiladt i Ml estrl e mt 8 ébdvtal ue s,
foll cowimmgmacThResbnuncoumnddihtsep e pr e s dseadtf ng
remdmbExamplinedfuadenidaf fmiatcd i Be@asp e ¢.tAigadlnteo

i mpl emelnitnaittitadia@cd suaatl i t & b ia mihted db,| o aptoiiamgti t hmet i c
wi 8 hnmrleec iThEonfi inmiat hsgeoth Iclhar bc e of tceomveni ent |
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notiemuot antair@mwi t haonugte | i MiTth8tst i 8 @ har alcamrg's
Contr@eglt riicngunt abl e.

Thiemp | e mednettdateéitha@nh a h g Bbee h aovfi hgai vteynd e bsfeda | ues
canhetepr esledigedihisef | ey thteydpienst| caanttdo o |. BElae
typeaeminfdl oepr eseag®e awi t haef or e melnitmiotnastd perst i v el
Theypeoolieadent BBoawll @aadxi solstEbgyonsi stearsoms .
expreosni dteysheoso |, iedtl aan®@it rd abge s edbde f ivna lhwgep e s
Bool,emthepaon® e akaevai | abl e.

5. 2.RPnumer ati ons

Anrenumern aua s-emf dm¢ apepr e ag m ooifmogn svt aalnutleist &m al s ) .
e nume rhaatsh a mend o n so fe ttesona nlyi t eErmaulmee.r ah a b b et ros
defd edefs 0o s sviabllued thiaa nssi reapdsd,t o per e d eff ii xseegtrei mi t i ve
typEBart heuwmeaasenamenumer atmaagntshegr oba thmnid, e . |,
enumercadakeoonnssipreci f i c.

5. 2.\8al Tiepes

Avaltueg® mbinrud gt ppiestasi ngy pdenal t e r marmeowe d

c o mp otsyipMea.t he mad p ealWibygyepaersceb 8 upiWlkeseadchipl e

el ememgtaat ¥y fA\® altuep e o mp g dtdyrpeevsem hvaarltwep e s .
Valtuyemesel os el poedoesdMéc| als 2 g Aa mbtuyeh aasn a naen d
consoibstedp r o p etrhtea eded ri tnhseh g ua nglt raep aeoctehvea It uyep e .

Pr opecrotnibehdnter A gsoe 6 MiLolnads sagt ams ngll emEead h
propeastyymemdnampubit ReattriFout @eapnoomeéi ayp,
associmathiaoae, ar di hlaluaptryopalr s g pr easbea mtase{y at i ons hi
bet wevwon Ituepbeusthriesl at i emisti pAnthind adkles ocwiatth on
addi trioa ealsr, o pleacgnyay i nmgd e .

Fol | oSwisnMLh earreee v enroali ft ih@adur chhest oapirogp Eod vy .

pr opsvritsyi bhcehiatryacpebbsbi eosatckagmr,i aaaeveai BKabl e.
pubvicibéepi agemesalkbegbccapsdpwirpplyot ecsebdi |l it
casntbh éh ¢ c eissseldt gppaecskyvaigsel fou d ti & grarcictetsdsea meac kag e,
andri abt ®wstetshper 0 poerrityhdee f ivnailhugghelr t heapmopery ty
malpe eadiSy.aphr opceabteyeady whewe si biuctaonhbgmodi fi ed

i hhdeef imdlbuwep e nei tsuabt Fpatshmedidn aelilddstitnlgari sh
Vi si®df &€ adwr iatcectespsr operty.

5. Expressions

Grapmiot¢ akh ieesrpse csiua it ¢eiydacgeu iocvke r u it Bsey s beimmogd el ed .
Howegenphotadhsomuafdit dmtAtielx.h o b ébtaisoemdat hemat i c
descriparbonsuli dadtygr ecsosni diigtnido mpd expemperties.
Ther eSpasgMLovades uy edixwpe etsesx weeplr elsasn pma g e
seamletssgwiatthgepmapmbodaki pqn@htuusi boebaedvandfages
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grapmbdal hegonkesa-sdl sever aingliws u alciazpaatbibdsnethibe s ,
t hosteexmaodb Wi eoptn.ci peres |.eaxErsessi veness.
Ane X p r ecsosm poad ie sytl reotnygpveadl aunedo n soifosptesr ap @ $ @atnar s
execuftabtewhinsscomparteoodbt pr es ¢ ommgmre n rualpose
| angusaugees,cerx ampa gd8,0C+f 3.Dper antéhper o g r aanmi en@gt s
amper aalhegar f cornme d

OxEOQOAEOT OELEER & OOBDODOOATO
Thab oesea mpdBeo 0 |l eexamr eis s@&m@ xp r epsrsa douad io 0 veaal nute .
produldeoggdca)] uncled pDBR@E)bet wielesmmé nrdi dhlatsd dGns .
t hleeH @ sd d dneex p r ersesfitatrnsewi t c h Rogigth @b e ewk & tthheer
swiitigthhCeFposi®nt twe.dlatsd ditchecikfedabut puwnireneéeat er
t han

5.3.Aper ands

Oper aneghsate X pr eospseiroamQeer amd  r e s alheo:n s

1 Basliicc sualdanahelol epr eaklniedslembaensst r 0 hgs
characters.

T EnumerlattisoomPOS. OEP r evsad mteésu s usan alll ylogf t
us-defivrmd dies.

T Cont exatvuaa IViaybdiea ly a Ipureo p eprotratessh,e hanaets,
| ovalri abl es.

T Expres siemsedneecosmp odbadeexrpr ealsli ofwacnm gnp | e x
for mbbeaxampp &2 ¥4 nojtutsiiei t a roaplesr & ntdhseg
expr e(si2iposne | | .

5.3.@perators

Oper pteo faoprem ootri lneper O®©pe s alted i bme maetdy ppedsh ei r
argumawehbBbb heiettuypenyypavakefdroperamn aoresol vabl e
ref ewelhéewdal | d ati iTampceo.r uescefiper ats aocgwep er @intd s
typeslescriinbleele ctOmelr. aatroerl sas d infaioeidt hane s i gnment
companrinslogopal avtho esghel sitheudr t b ebaeillo w.

5.3.Bval u@t den

Oper avalisas pe oir fdiddadtet erbmi mpide c eadrddhyacses oci at i vi
Thepervaittohhei gihree c eawvalcten Feesx ammu ket i ph ahsiagthieorn
precetdleandccki ti on.

| t woper dtaotrelsea nper e c e d ehrdahegp er atrep p liine ddeefr
associvanitiiiciettfyi,i gFhote.x ammu et i p b ndiav i wanbdisea me
precedbas®oci &dtetif i d hhte;r ¢ hoepreercart MeeefVtal iat 86 .

5. 3 .14mp ICacsitti ng

Wec h efcdtrhtey ptebse o mp ait mgoil veeonn t( e xttchceor r espperdiahgr )
suctihtaliveal arensouts € h und e fwiange. dy Ap pdb @& ©h e Mrosidh, o t
almeani agpubsésiobiesic cemamnadtt omansyp e ciaadehso b ke d



47

def iansehdivcsud fdftehoea i nt aiortahbey p b & gTkheunsee na b lmepd i ci t
casbienh gteyeme s .

| s hogritvireunl texppreesdr o mbéy ptehbec agest tiygpteihwvd eng. ,

i nitenorree st rtihcithiovbeh 8 y p& hreo rree st reixcptrievsasmmini ci t | vy
¢ han(giemdpd a ctitital eylses st rtiydgtei.ageolVies h a ntge ddnalf t er
thhtHl .i% al cuPae¢ el pperliymi v (i gcdame mp | icatsd | gat .

5. 3. Welflor medness

Adescreixlpecdkasadonustucrheadt o wmaff bec medmec &®re un

on heRmwtrhd sutsheee-F br meda le sxeietdosal e f iwheidcého maé h e
secthieolnBswer yr detixmpd at 1 bilwgpdo n s ivdesfrierdnfeodper ands
anaper & hféosl,| bwi ng .

Oper anweskF br meidhani fhbgattey pe,u alutely e iansgs o owii & the d
avalluestwi t ¢ h @y iatduesfnii mehcko n tEexxatm@wé t Ch Pov3 il Ti On
raiagsal i ccatrdeomatuhsesvi t ¢ h P dsni heéixanmp peliinedrasect | vy,
sucihsortef er avnaddueyii mdoko n tseawxi tt.c h Wo ¥ drtaiaese! i dat i on
er rberc atuhsewi t c h P s pietcilboen astultcy,av alried et anmalkue

def iiméakont ext .

Oper ataigee-F br netdnanli f hepyeroadper wn ity poeftshei r
speci hpdeotmal n $ifeol | olverthe ¢ f iamead ogdtheedb yr espondir
operiamatrh e nEaxt ai nepsk.Ces iwk d 4 iav &1 | da thieaxcna uhsegge r<at or

i sodte f if mehtley g atstt hl eeaf NtRUt rd mlyel grthti .soatt y-per ueage

oft o permt6bai th drtaias & i ca thieoacnd uheee e r<d tdcerf if wehde

t y deawtn hleed ntidrott hrei grhhti .at y-per ue aogteh<eoper at or .

5.3.Krithedrat or s

Ari t honeedrn geofmatmthemapércalh eaypptloyu mbamdetar n
numbTehriey p &€ heex pr eiskslioocdnhgyt hoeper aavd g p b oTantey p €
t heex pr eisssritfoonod hoep er la atslysh ko a't

Operator | Name | Example | Precedencd
+ Addition atb 10
- Subtraction ai b 10
* Multiplication a*b 11
/ Division alb 11
% Modulo a%hb 11

5. 3.Assi gnOpeenrtat or s

Anas si gopme medst soiag & luae ar ioapbd flehwar ioapdtrewh itcthe
valiwe siigsnpeedc ® i heetf ¢ 3d ¢ bvea loutehrel dhlatsd dbwear i abl e
opoanmnassiygalendiehtax® mp atty fe=fa s s it fvesl2a v ar i abl e
ompocald\ar i aottihaes s i g o e malt borr ecvoi mabtien@afa $ ®ingn me n't
anat ltogrer at or s.
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Operator | Example | Precedencg Abbreviationfor
= a=b 1
+= a+=b 1| a=a+b
-= a-=b 1|a=a-b
*= a*=bh 1|a=a*b
/= al=b 1|a=alb
%= a%=>b 1|a=a%b

5.3.@omparQOmermat or s

Companoipeomabdbmptamaea | T h ey ptlpyr i miatnide eBa onl veaalnu e s .

Operator Name Example | Precedence
== Equalto a== 7
= Not equalto al=b 7
> Greaterthan a>b 8
< Lessthan a<b 8
>= Greaterthanor equal a>=b 8
<= Lessthanor equal a<=b 8

5. 3.190giCpaelr at or s

Logiocpadr atpercanBe ol eami @ bvlael skee 9,.@,0 n ¢ a toemeagt aet e
constThrhaytl &d ppflaynrde t Bla anl veaalnu e s .

Operator | Name | Example | Precedence
&& Logicaland a&& b 6

Il Logical or allb 5

! Logical not la 12

5. 4Functions

Durit hngodebbaystoemmahavtdesalganmagentmerx pregJdhiecmes .
expremaparessy mioleavrée dent @ a @h hfesrs uomemod ek s at e
mac hwhieabmat it s4 acthee,t ktmhien p ustas p e criafnigeee.x amp | e,
mu | ttirpd nesciotuhl adh &sea gay a r d

DI &0 cOPiI &bo q

| f hg Lsairsdomie t hset s e hd ;meescth a n tgd altheaiesa,t h ans it hieon
st ambe hd cmrettahsea mal bt pr e Asis o msnegy o h a b seed fs
consttriaé meassmodiefax hansntdi veimdua alojkursda d u wada kt,
addi t if om aleltoghiamg ie ntgrl @n g bt i albhe dadbsh iy Iwhrosgur ces
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arheat @ r adokwhhepreobk aansii nesasdiengx pr esw ¢ lals, b
expr emsashigoenpeat g d,

Nt Qi Qft z nrt n

Thespr eisawir @mmigrhpyl e nveenrtseidnet hpe,-fqgo r mmH iaggséhl cul at es
t hreesoullqtu adeguaThewdx pr eps/s48 8 end | ttiipmedsr o utghheo u't
for muddai.t itohsiasdok p r ensosthceonr s @b & x pf @ thymifgor ntuH ea

cor sedit pr evwsosubbogn/ I2¢ a d ibrhigee q ud hr eeidd disea e pr eisns i on
mu | ta cpd er rAesnuctehiSep e soMfLf asrutba n gu laaglel beesxt r s@ttisn g
ot o mmosH-ieox pr ek sdso nnsyd fei nFiutnicotni:ons .
Functhisotnasnfdoe x pr e saslil oomwsyrse hea nfeun cit s o eoafd h e
expr etshkeupos i afn@$.unchtatso e ef it heids Ad uncdeifoinni t i on
h aan a naentdheex p r etsheeh osat afnadssaf un cmaoens edamul t of ude
contexgga, fframwiiknexpr essli 6hter amdo fit hsmamset at e
machbree.dmr ansdafdi ofnestr atade hitnhées ncd é foinmietetdesn
abstfrraooit ® n tAesxstufmaerx a mp heex,p r eishshbeegi nni ng:

Pl 80 cOPi 8b o C

t hpeo ainipye xt emaniMaraesyv ai f a b hoeo ntod xhset amae hwhiec¢ h

i t hratisficeor r e s p o nAtlsh 0 we v kifeu,n cstti aomdfi airheex p r ensasyi o n
barseéednotshaemae hwintehtchpeb ratc,c e § dipem@orratthheeont e xt )
di r edcatolty | oiwaef du n cd @ foinnlintsitodaacd e $§ hdeommgttehkeu nct i on
def i mibtsit b m&rmcso nthbgmxetaofpar amAp & r 3 meate a niidoarn
expresadiummjt uleitdt eu n citti soedntf a rhdoare x pr eBls@iofnf.er ence
i ¢ htalpear a md tabhmhis i nwd lean.eqg .

A ¢QApo ¢

Aboivtehsea me pr easbse fobno we tvearxsp r eisgsaiodfu n cdte foinni t i on
wh etr lppea r a meatnatls ¢ ai nfidotrhpeoat t r e holle e s p e anthii weley ,

t hemsenh aweast b &fbd recd @ foinnTihteioamr.e s p andd exfoginmiatyi on

| obktklei s:

"0 &£ REWQED & cQQQb o ¢n

Threand hfeu n citsifounh € & enmea mehpea r a nfed lelwicsivina me nit hes e s
acommaepaldafeagdar ameadwad anes eftaarheimm st Wifeunct i on
def i fiaenddpnat ypacThtey pes € @ h etcheex p r edsesfi iwring thh e

f uncftawe-h br me @ midsshisey p bues a g £ bnea nhea weé t thlieex pr essi on.
Us itnhglee f if nend & mopamne p It &oerei geixrmpa lewsistiheer pr es si on

Et DI DI &O
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Thegpr eisss atbdf un cT hwanloweo r s o utntdhpear a mé i e wi s e,
t hvea loupeo r b B o utnt@ hpea r a & thetmhyea loutehfeu n cctaildmvea | u e
ot heex pr eistshfea n cat e foinmis itinhgeo uwnall o @B gienqgu i vtablheen t
or i geixnparlelsesfiimtn@s ep | abedetfheex @ r ecsasligosmuma t i pl e
t i mehsibleeiwirgi bpnhémce.
Asamr x anmpfl eulseetf§ i as$ U memdh aa@ott ream & b hsetoanbe hi ne
whi lcdtshsea meo n s ti malidrittéi wrnt bestkr mhihawed o ohta ¥ ®
rewt hfeud X pr els tiama trheewsheeunct i on

At O DI OO®I A0 pnn

Thi possasbhdrectaboleex pr eed ih@imwgk.ur t h eornmealy & ,u shee
funchhyweidnigf fer gunmesnd dnoerx a mp hveg nanso tploett b ave

av altuhdadas e maio2d @ad i v iwsiiBonh iwed oh onte ¢ dhd snstfroai nt
porth.hhdassepl thbseencgp ad a metheearl d utstées n cft oabinf f er ent
port.

Tof ur it merwefsker medhes binmmgadtdheex pec & etdy mé& h e

f uncttohbee gi rortihfregn cd e foinrEi. tgi.an .

Of € aQEE@R@WUED & cQQaP o ¢

Thiats!| bopsot et & @htathvea loutehfeu n cd 6 foinnd xt pi roensssti e
expetcypd.

5.4.Qverl oading

Functmiagmws er | Afadredtsivoenr | iofahdeerdeu | tfiupnl cete foinni t i on
wi t hsea me nmieh hd sa@&cgatl df un cutsieosheu n cwiitohneor r espondir
attriAsstuteibeo | | éd winrmdyeicolnar at i ons:
Qb EBOIQE 6 i QQQ MEME "Ma (R
NEDOIQED Q0O nmeME "Ma AR

i b haeb ooveesae ad b s (Wo. udl)stehfei Ff s hchb e oauyhsen g wbf | aad

t hfei f s hce X pea€ t saanttdh t1 bfeu n cd ddodnt afr In dHeootw.e vae at| @
abswWwd)wdt hsea me a s ocnaitl figee ¢ 6 md ca ritdbhnu e t aurt nltm h e
casfdri mtypaepear a me inp fceacsititesg@d equErigddhfeunct i on
abissalwiesdhy par anaest@b s ()b wineitaivoani t alebe Jit 8 s ed
insbpadB8i pas hbey t ane atst mti t bsass (iimgomre st ntihatni ve
fl dlamo rt éh a nfeu n cat pi pofnicag $ vceank | g e ¢ & uhseeb ma istdhtey p e s

of hpear a mertehsesnieh & hfeu nc arneome-F br nkeodra € lm n cct a loln,

t hemmuebte x a ©ohfley n ctt hiagirp ITihd ss.hcea s e reaee | p r e(shsd rioen
funccabobghnt ¢ siunlnheal ue.
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5.4 . Recursion

Whifl enct hemsaidas ¢ sinfidoerx pr e ¢ didgmlslfooarx pr es babns
arneopo s swibtlhechuefmh.at hepwabéeurAsisatmbgeo | | d winrcd i on
decl aration:

NEVQGE ¢ VEG'VQD ndMen
Qa i WK POIMP QA INOOE ¢ ®OMPQ "QQOE £ HO QA

Theuncdaloaulhet lisb o mauonbieoarny at mmuanlbneNo tteh h e

f un dsteixogmrr ecscn toad Inleshvee smmeuncBSu@mhecufasnekenon,
mo £taseasnbeeplheedpr ewsisti@bnu h cctatohne r a1 b ofwg m g
cal cuhapto sosmigbtl Heawwntct i ons.

Asacompanmiexsambi bacsa |l ¢ u s & mit avd &-/If ®Ir o cippsmper at i ve
progr amemngghlyead ;| foafrar bi I o agall cyu | Vdhtiihoensstt her
expr eageuan atnttiencidé h raimoanri tt mecufrsnoeeabmser e
powet helrnucnal cut Amd pobtsg u ar atnét iereids h .

5.4 RBackag@#odul es

Weh a ¥ e ncdad foinn Wh ahttarpspietneh avabi ggmed eMa®dy wewa 1t to

i mpocotlt | ecfft Uuono®ifanmostmoedrdMlay wewa nto mpocot | ecfti ons
funcoimun ¢ mopd dloe uWheait§ o noet h of suen ¢ h b @ dhsea mea me ?
Thhsndemuassnmagoatl wk p ewh @as p e diufnicdkoiedshdi t itohneal | vy,
modbecommbi gwhush uresiulptrsoblremsa rwkifrog medness
checlOnreg.umidt i tgladsebuer i tliomgnerle ktedbh g ni gqaenes .
Howe ¥ dires swhei]legsrse v aslt e n & vAad d ist. i voentag fl gyn crt d@ nvens
ma g e v erreed tybree a d aobti Heextpy e 3 sviho ps&sotnefaudn c b f fama s
gualmamiehdeun cdstniacwelf tdse f i mit tdiednfeo rtdhii shuenqual i f i e«
namEhgqual hamegdwecensafstlstw@idadencatwintdld € ¢

bet weeg. :

i AET 0 ADDBAGAAHMGHAEAT ACGET 1

Theualndimeatdwagpambi gluloowntedbgd e mf uhgAd bgeu.al i fi ed
nanmneameus s d dirdent i Wwealaltfdomhien qu a h a ftedcee mbi guous.
Struct hfeuinrcg d lolneicmo cudsregba c k a g ab | blwssceft hseh or t
ungquanhaifféenodd ta ssewst, ha@anteatshree a d aabdi vl a btlahgele mratme s

b uatl tslomed v a rotuangaemb i igdueorutsi d ti Mdpinlgiméys o uogvher vi e w:
AE v efrwn citdieofni mmddul e.

AEvemoduliespackage.

AAp a c knaagleii @ n o tplae rk ta lyiiesorte cur si ve.
Thufsynctmoodrusa,epack dgeashr evé tplac k hg eismghreoand
consenadttehlwms d ubd eeisnighsee c b b disayaenfdunc b e idnhgee av e s .
Modubapgackaagesunquanarmdsedyal hamefdf uncité ba
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concatehluenigumh a mfé edadipea ¢ kraogoet hter tetehfeu n c Wh iolne
packd@aeoadontaamiynf or madid othti loania naentd hseeotino d ud reds
s upac k angauhl &@asae avaae di tiindmalmat il fosiwhueseff uncti ons
usitnhgs hourntqu amh a e e d

PAKEACA A8A8AN

Ei b1 OO0 As8A8A8i 1 AOI

Ei BT 00 A8A8i i1 AOI Ag

11T 0EA
ET O AC

= O

I 17T AOI Ao
AOGET 1 p

Eaanto d it ewri thgha c kdaegcel af alt i owe i tmraaiympsyr &t ement s
antdhmeo d wWled i nlint heaxra.mp hpea ¢ kaoafg leneo d U lse bT.hecemmod u |l e

i mparhtewmo dud .els. ¢ . mpa.ub .emondaukl ier2gf umcaivantabl e

t hceur medutlhet,feu nct b bmesd unlagy stehiempofr tedb usn 51 g
theingquaodtigbiatéddm@sdeanet hneodulseodull ef3u.lqlual i fi ed
nanea. b. c. Mdhdeolbst3hneo d u ldee f iarf ddhneo d und &@mweh i ich

wri af ¢ bkeey woo dt ilftemZkE | oy a8 thirya ceknedtosn ttahfemacaG i ons
def i nl o heexmasmp hfeu,n cd e foinmif tuincwruis & 8 b cft u noentwihad ez,

h ansobte @ e f ii meéhchesd ublueta tihcerreet hhempomo @ dl e s .

5. 55tatecharts

St at exriagne atseo dasly setma p @acndile h aw iisa raatnéds ansi ti on
bet weheend el 2A$ t at enoddioms y s & £ ;mmeenatcetgs viennpiu.te,.
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Figure 5-3: A statehasa uniquenameandmaycontainan entryaction,an exit action,anda do-activity.
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Figure 5-4: A transition leadsfrom a sourcestateto a target stateand hasa stimuli, a guard, and a
reaction.
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5.6.Bhannel s

A channein theuniversalinterfacemodelis representetty a SysML flow propertyowned
by aninterfaceblock. The nameof the flow propertydefinesthe channefs name.The type of
the flow propertymodelsthe channeds type. In SpesML,the direction of all flow properties
mustbe setto out Whethera channelis usedas an input or an outputchannelby a system
elementis determinedby the proxy port thatis typedwith the interfaceblock containingthe
channelln SpesML eachinterfaceblock cancontainanarbitrarynumberof flow properties.

5. 6.DatTy pes

Recallthat the universalinterfacemodel definesa syntacticinterfacecontainingchannels
with anassociatedype (or sort). SysML valuetypesrepresenthesetypes.

5.6.Gomposition

Systémmiedy $8lceo mp dsdeedf iabil mfgakrhceo mp sgyyesck £ ;ame n' t
anadddi hegy s Eemmaegmapsit o p eTrhtaiseosurna uisg tplay & loimplosi t i on
asdef ii mdtkh e(@ rSEe c t3i. 1) .

| mr ddearl [tohsey seémmed b 5 eorntadcetf afnece d b b a kinteg i 0 X y
pomtestd &€ onnendtSgds MdlonnebDé pesadmwhpggdratreeonnect ed,
t hi epr eesheeohs e fs & § u ecnotnpaolsfi e el dotmayak a nhniedli n & e

uni viensarmd aele.

Someulhest 0e es peh &ceodh n epcrt oproygTtwsp.o mtag nbgonnect ed
viamonnedthdm \ disea mey paengdh @ii r e ontait Frh| i r e othinoyn s

t woo mtag icthnet hfeol | ewinm gitsiadarnsf i ed:



57

1.0npoirgwnliky hbel oaxrktdhoet lpeoir d wnle vhp a B o t h
poratrceonj ugat ed.

2.0npoirée¢wniky hbel oaxrkidhoet tpeoiir s wnle vhp a e hldot h
poratrreoctonj ugat ed.

3.Botplhhratreewnle yp a ratnsdhet hpeorits® nj u g atdheetl her
porgoctonj ugated.

Theiceshdicbroes$ phoeal®b emes s agtersan simi dam exgpwtr t

o ft hbel otcakrn nppwtofapamMheeccoddicbiror s pdeecdwber e
me s s agtersansimi eaoeud poe bparamut poe bl oTktehird
condicbror$ p boeadssh emes s agtersansfmi amwerd padhpar t

tanmnpwtwohpart .

5.6.Bxampl e

Bel ovws h cawe x a mpft by s Mo dell e me s & éma p pti Imugni ver s al
intembddbhexamphewst r onnigrhylviefriseiiohreu n nei xnagmp | e
Wi ndloiwf Tlees &¢ s vilo dell e ma me¢nsn o i anthdeida g Momat er f ace
bl otkpt hpgr oxgratreenldy s p lbaryarden hleBD s €e g 41 pA

def i mei sod|laBD&dsEieg#42)e,ncl|l udiehewopeamtdhuesse d
valtwe e.

ibd [Block] System | System ] 70 Y Ht o AC I T‘\

: Switch

: WindowController

H switch : ~SwitchM ovementl f
switchCommand : SwitchCommandIf
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Figure 5-5: SimpleExamplefor the usedSysMLmodelelements
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Figure 5-6: UsedInterfaceBlocksand Data Typesfor the Example

5.6.Th8peMLMet amd ateHlel M

| n hleasae ctweont |ti hgpgech entagplpf ndgrhieni vens embde &

Sy s MlLoSp e swMdd,m outstehSey s RIL e meeinnt daiitth ybeapgdof h & &

i basenBysMBui |l dpngfciolnsdafdesi modegl e meyp(ecsal | ed
ster eioBypMlhmrdes r if v éddn s ML e menmdasg dadd d i tpiropalr ti es
SpesiMt r odauctelse nieynpgsepse ctidf haei f fer ewWbex ampine,
SpesMhgdraejtuasi ngll enteynpte@ t e.rif nasctéehaedr; eel e nmieynpte s :
Functlimtnegtl bg d enale,ahBeechthinte &IFf got@ ¢ g biseh oavrs

over oit h@ep e seMiLe nieynpfeosrhuieni vensambadabdle wewet hout

s h owti hea) e meynpteoarivli e wp b b hfeosl.| owee x g lf dre;mdell e ment s
onkkEyne.



59

70VHE Al V! WA fOqul ncH

[ [ |

Interface T
Interface nterface Type

System Element i
l—owns— ——typed by— (e.g.
(e.g. Logical Component) (e.g. Logical Interface) e (eg Log;;:i;i)‘nte/fuce

_ '
connects owns
[.-

9YUUWHQQY ?2¢qc¢ WN!

1
[+—typed by — Channel

|

[ GYs WAI Y|

Figure 5-7: Overviewof the modelelementof SpesML Elementsn brown color are SysMLelements,
andelementsn greyare elementsierivedfrom SysMLelements.
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5. 6.V8e if lor me dRuel sess

Thel M| def almre asacdtf e n evied Ibr med n ¢ V& R) .
GeneRuwll es:
WFR-1: All SpesMLElementghatmayhavea namemusthaveaname.

1 Reasonin combinationwith textual specificationlanguagesteferenceablenodel
elementshouldhavenameslf amodelelemenis notsupposedo bereferenceable,
thenit usuallyshouldnot havea nameeither.

Enumer atnitlgpe s :
WFR-2: Enumerationsnustnot haveattributes.

1 ReasonThe purposeof enumerationsvithin SpesMLis to createa datatype for
listing elementsAttributesin an enumeratiorcomewith anunclearinterpretation
within themodel.

WFR-3: Enumerationsnusthaveatleastoneenumerationiteral
T ReasonEnumerationsvithoutenumeratioditeralsareuseless.

WFR-4: All attributesof valuetypesmusthaveatype,whichis avaluetype,anenumeration
type,or aprimitive type.

1 ReasonWe usea strongtype systemto minimize the numberof runtime errors
alreadyat designtime.

Flow Properties:
WFR-5: Interfaceblocksmustnot containany elementslifferentfrom flow properties.

1 ReasonBy definition, an interfaceblock only consistsof flow propertiesin the
SpesML.

WFR-6: All flow propertieamusthaveatype,whichis avaluetype,anenumeratioriype,or
aprimitive type.

1 ReasonSeeWFR-4.

WFR-7: Flow propertieamusthavethedirectionout.

1 Reason:The actualdirection of the channelrepresentedy the flow propertyis
definedby thevalueof the ds conjugatedpropertyof the proxy thatis typedwith
the interfaceblock defining the flow property.Thus,the value of the directionis
irrelevant.As we cannotdisablethe directionproperty,the defaultvalueis defined
to beout.

Ports:
WFR-8: All proxy portsmusthaveatype,whichis aninterfaceblock.

1 ReasonThisisto increasehe modelquality. An untypedproxy portdoesnot have
aspecifiedsyntacticinterface.
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WFR-9: Only blocksthatdo not own partsmay containvalueproperties.

1 ReasonValuepropertiegepresentheinternalstateof asystemelementHowever,
if asystemelemenis composeaf othersystemelementgandthus,theblockowns
parts),its stateis givenby the stateof its sub-elements.

WFR-10: Everyblock mustown at leastoneproxy port.

1 ReasonA block without a proxy port hasno interfacesand,therefore representa
system elementthat is not interacting with the environmentor other system
elements.

WFR-11: Everyvaluepropertyof everyblock musthaveanameandatype,whichis avalue
type,anenumeratiortype, or a primitive type.

1 ReasonA valuepropertycanonly bereferencedrom a statemachinewhenit has
aname.To verify thatexpressionin statemachinesarecorrect,thevalueproperty

needsatype.

WFR-15: Everypartof everyblock musthaveatype,whichis ablock.

1 ReasonSeeWFR-4.
WFR-20: Initial sequencesf ports of blocks may only be definedfor portsthat are not
conjugated.

1 ReasonBy conventionjnitial sequencemayonly bedefinedfor outputchannels.
WFR-27: All incomingportsof a partmustbe connected.

1 ReasonThis preventsusingpartswithout providinginput.
WFR-28: All outportsof apartshouldbe connected.

1 ReasonThisreducegherisk of forgettingto usethe outputsof a part.

Ref erences

[27] OMG (2011). Unified Modeling Language (OMG UML), superstructure.

[28] B. Rumpe (2016): Modeling with UML: Language, Concepts, Methods. Springer
International.

[29] Schatz, B., Pretschner, A., Huber, F., & Philipps, J.: Model-based development of
embedded systems. In International Conference on Object-Oriented Information Systems, pp.
298-311. Springer Berlin Heidelberg, 2002.

[30] Oracle America, Inc (2023) JSR-395 Java SE 20.

[31] ISO/IEC (2020) ISO/IEC 14882:2020 Programming languages - C++.



62




63

An d rBaaysh a
Seba®8tirge mann
Wol f ®B4& ihgn
Jamhi l i pps
Andr\oagsel sang
Seba&tbbsan

6 Usa@gd hleangu@Gagrestr a a®&8¥BRES
Met hodol ogy

Adesci @ha@tsers tmeomise | h hSgp e snvelLt h o didslacsgesed i vi si on
ofar c hi tneocdtauimstad eavsgdr anull eav ¥t ggr omps alasddr es s
specciofniccer amevd ewpgrahnsll ayanmssaed r s@tl escyt setde m
compoasntbhsysbheims hewmodebhchgacce ok Bipreg Mh e
modeolfdi f ferewsli ffgranul ayat®onnetchreaturgadhci ng
rel atilomsidi we-bbyr me dnkasbsst rdaed ti Inseeotfv a |Sipde s ML
model s.

Thic$ a pdteesrc t ihflee S p e sWiLe wporiengusi r eme atisoqiad 4 |
techwi eapiod eat(aSelc6it@dm 3& 0o mmbdbhbhtehfeu n c tli cognaan €, |
techwi ewpioshiathe g ¢ h c lawidewps@iermtiofdiedl hsey st emt ext .
Contmxdeliighegs c riimbedt6 .olhh eno d e loifsrgbsy § beynst em
devel oaptnefnftgr @mull ayiddteys c i Skeedbi.dhehapgtosmmrc!| udes
wi tSke c t6i.,.ofthi d@s ctt hkeay o n thneoxdtevliisewpamnshulssyat ems
br ougphgtetthhred«auwrgghc ehgti onshi ps.

6. ITheystaenmltcont ext
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|l genewedi st imgtuvitesdn f fteypadtdont e x t :

1. Knowledge Context: This type of contextmay contain standardsregulations(e.g.
1SO26262,D0O-178B) and other forms of documentatiorrelevantfor the SuD. This
type of contextinfluencesthe systemat designtime.

2. Operational Context: An operationalcontext may contain various elementsthat
interactwith the systemduringruntime.
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6. 1.EIl emeontthseper atciomn a&lx t
Theper adc 6o mto@ htsoitshies | | swisked mment s

1 SystemunderDevelopmen{SuD): The systemthatis currentlybeingengineeringresp.
in focusof anengineeringstep.

1 ContextElementsSystemelementsasdescribedelow.

1 Interfaceshetweercontextelementsandthe SuD.

| Bpesddeh e nesmotd elh yag p | ty bl gM, . teheel e ma ntérse a @e d
bl abcokxhhad wey nt @amab e mainn ti &« Wh amoed. e t hogpge r ad 0 mtneax t
orsyst emenfep!l | onwidedy u h d erluidndes! | owed:

1 A contextmodelof eachview shallcontainexactlyoneSuD.
9 The SuD on different views remainsthe same,meaningthe SuD doesnot change for
instancewith respecto the scopeof the SuD.
1 Eachcontextelementis modeledvia the UIM andshall haveat leastone channelto the
SuD, beinga contextelemenif 15t grade.
9 Eachcontextelementshallbe of oneof the following types:
o0 Human Actors as Context Elements: Theseelementdescribehumaninteraction
with the systemacrossa humancomputerinterface
o External SystemsContext Elements: Theseelementsdescribesystemto-system
communication
o Physical Context Elements: One specific External SystemContextElementcould
beaPhysicalContextElement.Theseelementsnayrepresentheimpactof physical
processesntothe system(e.g.hydraulics,gravitationalforces,é ) Suchelements,
however areexternalsystemcontextelementsastheyalsoapplythe UIM. Theycan
be modelledin the sameway asphysicalcomponentshatare partof the SuD. Such
elementhavefurtherpropertieson their interfacedescription(cf. chapter4.3).
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Figure 6-1: Context and System

6. 1.2 mensiiooonnstneoxdte | i ng
Theirahor i maoneM earl tdii anelnoshicodne t b n géd etme nt s :

1 Horizontal: As SpesML offers different viewpoints(andtheir correspondingiews) on
the system this mayresultin differentviews on the contextaswell. However,the same
SuDis consideredn thefunctional,thelogical andthetechnicalmodelson systemlevel.

1 Vertical: If the scopeof the SuD changesby usingthe conceptof granularitylayers(see
Sectiond.1),this consequentlyresultsin a differentoperationatontextfor thenewSuD,
meaningdifferentcontextelements.
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i 1% grade context functions

' Context Function A SuD

Figure 6-2: Context elements of'rade
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Figure 6-3: Example of Context functions interaction with the SuD

Contiemxx hleogiWialwhlkeogicoalfoxtusme s elt heergvi r a mme nt
whitchBeu Phalple maatl ® g | e @lehle.r ecfoonrteed,>etmiem hleo gv c aiv
arceal d entsg sttt ehmsy. s tbemn dadlhsey stemtaesepeci hhed

L ogiCooanltDe xatg.Ag @ 0 n tseg/)sttcealmsw v ar it ype.sgumant or s,

t hiartt evi & ¢&Seu ®nedx t esrynsadeprhsy sciocnatd ¢ em®nmwmaiom j ect i ve
i modet hheggcoatiaxsepedcihfeygi o kaoff BSeueRBccont i ng

t hebst raft hleomghwec &Mbecl ) Bantseyxsttoefmisat ey @aereot
ist-ahdmod e ochvaeae, e | atta coomtf euxntc © imoangsme ri giehleogi c al
contve xtwe Cg n tSeyxsttYg mh esslee ma mtdlse ied att @ blwarewpoi nt s
ardeesci Bleedi.dn

Context System A SuD

Actor ‘—|

Context System B

External System /
Physical Comp. 3 !

Context
System Y

Figure 6-4: Example of context systems in the logical view
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Figure 6-5: Example of technical context system
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Figure 6-6: Relations between context elements (horizontal dimension)
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Figure 6-7: Relations between context elements in the vertical dimension
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Figure 6-8: Context relations across views and granularity layers
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9 Capabilityrequirementsgoncerningstakeholde@demanddor the systemto be ableto
performa certainfunctionality.

9 Functional requirements,concerning the input/output behavior of functions and
components.
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1 Quality requirementsconcerningsoftwareandproductquality characteristicsuchasthe
well-knownii i 1 i t i es 0.
1 Constraintsconcerningsideconditionsto be observediuringdevelopment
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Figure 6-9: Requirements categories in SpesML.
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6. 2.ModE&Il ement s

Gi vtehaeb s eonaanea t h e msad mamtbrirecgu i riefpeenstMée q ui raernee nt s

repr esd mtitdadhhree qu i refig 8 MEp b j éhootl dtienxgtsa alt e ment s
Obvi otubseepr esmabebirerst t haaedrnabalagleiencr easi ng
degoker malnieit géhntvi si on:

9 Guidelines Even for freeform naturallanguagejt is recommendedo follow a style
guide, such as the INCOSE recommendation§INCOSE, 2019]. Most development
organizationswill curatea collection of suchguidelinesand makethem obligatory for
their developmenprojects.

1 Constrainedcontent For requirementsillocatedto, for instancea systemfunctionin the
functionalview, it is desirablethattherequirementeferencegandconstraingphenomena
in thescopeof themodelelemenit is allocatedo, suchasportsor internalstatevariables.

1 Sentenceemplates Strongly restrictedsentencepatterns,for instancein the style of
EARS[Mavin etal., 2009].

Suchstriimpdigond o lolait @ B mifosntsanc e

1 Do therequirement®beythe projects guidelines?

1 Do the entitiesmentionedn the requirementstatemenbelongto the elementto which
therequirements allocated?

1 Do therequirementdit into thetemplates?

1 Isthechosentemplatea goodfit for therequirementgategory?

Cl earhiey (feor mharke pr e s & hheiag ti lipeo t efndariud lo ncaotnesd st e n cy

andorreche®dbswietthhSep e spMLo} beatrrep | damdseephiyegr at e

suchedkhsel acbsgpprdoyd NriLrPoo lt bintttseskonsi sheoky.

Requiramdmtidbaddckidtbibea xt e g b i rsetnmaetnetissreetgfu,i r e ment
i Speshvllwme t aidabfeo ot t r isluwate s ,

anidentifier, asa uniquereferencao therequirements.

therequirementgategory(seeabove).

therequirementsource(e.g.,a stakeholdepr a normativedocument).

arationale, asanexplanatiorof theneedof therequirementThisis particularlyof interest

if a requirementdoesnot directly or indirectly originatefrom a stakeholderput rather

from a processctivity (e.g.,asafetyanalysis)or from anarchitecturatlecision.

1 a statusfield, indicating the degreeof maturity of the requirementTypical valuesare
proposedacceptedreviewed implementedandtested

9 a safetylevel, such as an ASIL (Automotive Safety Integrity Level) attribute for

automotivesystemsOtherdomainshavesimilar attributes suchasSIL (Safetylntegrity

Level, IEC 61508)or DAL (DesignAssurance.evel, ARP 4554).

Nottehait meeer saf redaadyar e qui rcearteengtstayt,ehemt t rf bet e,
cl assi f sadted tymtnaldo-na f-re¢ lyateeqqdui riesme n h® g a rheel
taxonaomy oiduhdest t i on.

= =4 —a A
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Thiasl | cevasseyxt encsft brequi r Eapdstcmpaandi saterity,
envirowomergtedd ui r @ mefnftreso,r§e e x iwthieilni @ gap r icolreiar
wh e tthheenri & dbt@a ngyv e rbled pfecern s tsaanfeeetdie c ua s @ g/ yarnidt y

|l ega&lqui rement s.

6. 2.Rracing

Requi rameoits ¢ Ineotdeedl e mé hagtey picall Aatyéethreerqui r ement
anat heordell e mehnt sturgahc ieh @t | Thisali lpaswidiigs hter aci ng
rel at iuosnéesdhp eoesMhei gnotcto | wrinhtea slheotwlseo dell e ment s
connéeottheedqui (Ementrce/ destination")

1 Req Requirements

9 Arch: Main architecturakelementsof the views, i.e., functionsin the functionalview or
componentén thelogical or technicalviews.

1 Any. Eitherrequirement®r mainarchitecturaklements.

Table6-1: Requirementfracing relationsin SpesML.

Relationship Description Tracing
Containment Decompositiorinto subrequirementsThisis notreally atracing Req/Req
relationshipputinsteadpartof therequirementsnetamodel. It

is frequentlyusedfor the co-evolutionof architectureand
requirementgseebelow).

Derive Derivationof oneor morerequirementgrom a source Reg/Req
requirementThisis relatedto the concepiof refinemenin
Focus.

Satisfy Relaterequirementvith architecturamodelelementghatare Arch/Req
intendedto satisfytherequirement.

Trace Generalpurposerelationshipbetweera requirementindany Any/Req

othermodelelementThe semantic®f traceincludenoreal
constraintandthereforearequite weak.

Verify Relaterequirementsvith testor simulationscenario®r other Any/Req
modelelements.
Require Neededor A/C-like argumentsAn architecturamodelelement  Arch/Req

canrequirerequiremento makeexplicit assumptionseededo
satisfyotherrequirements.

Matches In orderto link assumptionsf onemodelelementwith Reqg/Req
guaranteesf another Semanticallythe Matchesrelationis

identicalto Derive thedifferenceis purely methodological.

Thmodtr equenmntd lyat iaocBa ha pBer.iTh@®atiefgtioessdip
tet atheamr c hi ted cetnzehnatd b d arsd qyu i rTehmeshat.r ef gt i onshi
gi wresstehveer i f 0 b lhi goachhieocnwh @ gthhaéiris n d & beda ST .ea ree

mul twapis#i scbBaewd | i giantn dufsu motyieqrud lraermee pit sal |y
ver idytedatndonstaatertidfyredi emo.meevel oprmends s
descritphteeabins | § tsied retrarserd@ | | o codteiqouni rteenrecnhtist ect ur
el ement s.

ThPerireéat i eacsil dpdetori ® nclciedadaismgni slinomes .
absenfEer malgui rreonteattdi®or ndse,ensot a vad or ma&Ilma nh u tc s,
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intuiithr equy Renme et if v emtne qu i Ra meenxtp e lowh eRmMi s
valficed)i vseyns tt im0 Bn( ndtheathiianorn é beemdrhdaiueni ver sal
"R-mi mp IRin"e)S.i nicgee n é it & bpto s stiéu teo mau e rctiafleysp ect at i on
thDeerrebatgowdbseperi fololat g antmie etdbsel i s ¢ hdau rgiendg
devel opnyepnitbalaig i ew) .

't acommpat tdmamr c hi ted cetneeantt | asrfeiqeusi rwehnidcrintsi,es| f

der if v @aadno rhe ¢y le v @lg ui raesnheorwth,i g 6t G

Ofcoun heamraeh el onglkadifther irveeqdu i r @ ihemtrsi,dtiakehol der
reqguirement .

R-n 4
> The systiny

derive

R-m J

The system
shall...
e satisfy b
it

Figure 6-10: Satisfy and Derives relationships.

6. 2.RBequir eFnelnftisl | ment

Abowehawedm8pesMequi rreamaaattst r fi doruetqeu i r tmetnd s
i nf or nmatgioognd acttdheaét @ epr & btewmlde weslr i f bbht gahi on
typicadd eedequi rement s:

1 Reviewof requirementsDo we acceptherequiremenaindagreewith it? This obligation
is quitestraightforwardandeasilysupportedhroughrequirementsjuality criteriasuchas
thoseof INCOSE[2017].

1 Verificationof the systemagainstrequirementsDoesthe system- or a partof the system
- fulfill therequirementMNotethatthisis relatedto the useof Satisfylinks. The question
is whetherindeedthe architecturalelementat the sourceof the link indeedfulfills the
requirementtthe endof the Satisfylink.

Ani mmedguaetseth ecnonsi Bati e@pgal iodietqyu i rieanneentthse r
t hseouo t bBSeat | sditgefmsd m(er esayls)t b m e v e lod preddimeo defl
t hseyst edevel oped.



76

F oSy s MLhient er pirtehtiadtt hreemay s toeap ao ft hreesay s ttehmau s t
satit degqui rTeynpei nctaelgluyi,r eanteind fsaetmiom st h & vteegsht s .
ConsequBypt Mie,r ilfiimdtses ¢ 0 i nékcsasvea s Bquirement s.
FoSpestMhsei t uiagli iogih tf If & e & toifsnygs tiebnisg & &€ y e nodte m &
natafr e esayls)awmbabn essntvi r on eteencthsna nqdetsd ofless.t i ng
obystiesmaf c ooptehSep e spMLo we € ti © coussr ¢c hi tmeodted rsa |
Ont het hlreantdh eareeomeer i f igoatisamhef ul féedmeidder i ng
ar chi tneocdteolnstOn.@ x amip ¢ dwer i f iocdaetsiicopnm st f aé @d e s
taxond@nmye t6i. whiigdsde maomi baer c hi tmodtObrva loduess iyg n
constcabatesion ardodiet slelBpes Whyumboefc o mmdasi gn
consthabemsdddasvef br medoeNMFRsEhewpmerer iifti lea

Sp e sthvilo |
An o tehxearnmipd haesceb i mu loatm maoh i tmodted £ & kb ¢ uctocanbpl cen e n t
speci faassapechiafmifcr ot ot gpdegpeetarflee dbm dfleeasi bi | it

ot cehosenhiteatusegyi rement s.

Us i snigmu liasttiroani g httof estiow & 1 idiretnisfee a s iolaird i ¢lyi t ect ur e
sat tcapwglrielgiuti y(eanpeanig¢teshtea x o N aBreyc t6i. ki clapabat eti es
typiexi ¢ tpermotpidafittsilvasss e lalbt e . whid@mmhegedampbes
demonstration.

Functsipoencailf howeageysp,i crail v gr sp Mtwihet bfeodrl owi ng
Si mulheotlidbsay s s b mml Hewemesd meovearagemareXx pl anati or
wht hceh os e mu lsacteincanmseud§ t demaonh $§ ut diokflhnreegqui r e ment
Theguesdafi winf iodfl emgewnit roetnheeh tcsart e ggdroineblie e gl € at e d

sy s tdeenvse | opprnogmadonte ;v keirssoith hsec ooptehSep e spMLo j ect .

Repr es e fRetgiud m eFwelnftisl G ommenmdt @ hea p a bainlfliutnyct i on al
requi reanteedictr h eetsd iurl f il ¢l emma b s pr iaina dhir lotwegsht

si mul RRdSipcers Mirea iqru e shterosnh e ttheesitmu | asiedompbB@aET i OS
andesshodleidnc| aded eriemh b@mdc hi tneocdtelfrs&.lunct i on al
requi r-empinltailuiny vpr espéi addsaciovrarmagemanpeed
tbeocument ed.

Th¥erref vt iiomseriirpel at t demoing tud dti@fl engwitrletment s
calmaised dbi n&qui rtebrreasmti smu liantfiocornmbhind odd e rti Hiys
requi rFeurhefn thll sneetdoso n swidieryhs benm dell e mesnets ponsi bl ¢
f oern suariemaui rteheesspiegdn obtyehtbea t 1 s F gt i onshi p.

| 8 ummd rhyesefat esd ttuodpe mon ¢ thmatrec hi ted cetnieénead by b ¢ a |
techoompboranysoemibofxuncs abnyfeigaus Reas hb wn
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satisfy

I ~

R ) " | Tet " Component Test

. Theco verifes Input under Test Orade| =
g shall,.., ™
\-\_.A\_/‘) &

Figure 6-11: Use of simulation setups to demonstrate requirements fulfillment

6. 2.Met hodol ogy

As moptr of eacit o Widry sethemme | openremdt, h&iréeiceusand ng
calmabstriand wead tTehrenesc"gi vae saslell ece x ampl es .

CeEvol wtRequi reméintcdi t.Ecequeaduliyraenaercthd t ect ur
cevol trbsee ntsheadotn hyaer c hi tdecti bbrastende q u i r ke uatd rstos ,

t hait g errseag ui rdeentceonmips@aniie r o mmeatgdieopn@medr ¢ hi tThd tsur e .
"zigzaggt wgéqui ramemdclsi ti eecltsu@ ®o g h ydzeevde | o p me n't
stanfagddisnstlad®E2Pa210C] atd} e

| tamea epr e s &ptestMiLr otuhgelo mmd e c o mp wdrieteqg winreemdke nt s
ar chi tasdcdtouwnrme ,g 6+t 2

—
R-1 P

> The system shall...
S,
R ) f/ CR12 ) . R13 )

P
. \ . \ . N
~~ The component shall... The component shall... The component shall...

satisfy satisfy satisfy
5 |
S-‘I‘.W ‘ S-_1.2 . S-_l.3 . satisfy
S S e
W, J /

Figure 6-12: Decomposition of requirements and architecture.
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Nottéhrme qui raerdee c o snpg dhg estddh@b nt a irnemeanttiwchn &£chbg ,
propeacecd altn sotoeoandt,a ii mme ridretdioree q u i rneorddent tsket | sf .
usédéai vardequi i ememeé qui rvehmeonditinh e r aaétd pantded
ver iifnideedbendent | y.

Whewmsitrhgevol pat ommoud dpteifeo! | @winm gtthioo nds:

i Takentogetherthesubrequirementsnustimply theparentrequirement.

1 If theparentequirements satisfiedby afunction(in thesensef anarchitecturaklement)
F or by alogical or atechnicalcomponeng, the subrequirementsnustbe satisfiedby a
subfunction of F (in the senseof the functionalhierarchy)or by subcomponent®of E,
respectively.

Developmentagainstassumedrequirements. Subsystentdevelopmentrequentlyoccursin
parallelwith, or earlierthan,developmenbf themainsystem.Typical exampledor such
concurrentdevelopmenare:

1 Early developmentof subsystemsor componentswithin an organization before
requirementsare finalized and agreedupon; in fact, in somecasesit is preciselythe
experiencef suchearlydevelopmensubprojectsthatis neededo finalize requirements
andarchitecture.

1 Developmenbf "Baukasten'subsystenor componentvithin an organizatiorwith the
intentof usingtheseelementsn the constructiorof productsystemdor customers.

1 Developmenbf off-the-shelfsubsystemsr componentdy suppliers.

| 1 hecsaesdasy el olpapepeEsiarsstumegqui r e sndmeetrreeost abl e
systremui ryaedemati dTdhbneeah bat s oder t daiahiendependent |
d e v e |soupbesdyost cemp ochedér s d € e Htf hpdr lo p e retqiul & bsdy st e m.
Mor e ovheea ma gu me @ & hoet dd rr e &6 U b 8 yosct cenmp o o amatv e
reqgui roemegentt ® gor can tivémintndhy ma p obtes at i sy hseyds t & @
devel oped.

| $pesMhrRee quinMat crheelsat iaacines h étpEemgr ssdlivel opment
situations:

1 The Requirerelationshipis usedto state expectationon the integration contextof a
subsystem(from the point of view of the subsystem)as well as expectationon the
propertiego befulfilled by the subsystentfrom the point of view of the system).

1 TheMatchegrelationshipis thenusedto describewnhich of the propertiessatisfiedby the
systemimply thattheintegrationdemand®f the subsystenarefulfilled, aswell aswhich
of the propertiessatisfiedby the subsystenimply thatthe expectation®f the systemon
the subsystenarefulfilled.

Asanxampgl eeqnuppilnte@mite vel apiulbgytsh ggmn e rsd tad u s

i nf or Méntetnb a rdteivred oipitneeoytedte t e r antv Im iefdrh e q ul eamtre ly y

wi whiprhe € bs emantdat etrd altre@lnplg 0D &€ & disetl &dthufsor masi on
t der od uSda etdhsey p pd d retri waioluasmadye ve s o@mbB y s tDeum.i ng
devel oipthueronttt,htahh earrseo mee maommvé at ey et &ssu b s yi sstoe m

be nt e girnranoesdtr o mi neelnetcl fyg weva licke r tcdiam ac mairshtes t i ¢ s
avai lTohhisseb s ydsetveer opprmoecnatg d msstumedg u i r(ewrdeiaa s
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thguar amtsat dsyt hsedbsyah@imhoamssuimetde ga anti et
(whisé@quby bsdubsystem).

Convet ey ytdeme ldo psecrane gsth a vaes ub s ytsg e onvsitdaet u s
messwpbadher mahnmprora ke dardeyhbs wstidme wkamands ;
henagceer paiwmudpggtar ainyt bseydst e m.

Wh einn t e gtrhaett b B gosbtuerma mip hien,t e 4 atad rostuhtelgeu ar ant eed
per f orontahsed & s y-is ttehier e q wesnt cag eulsi- mea t gthhele® mao d s
theystuenndeéevel ofmenertshéelny e garlast@mBs e ns athe he

ex pectodtthsea b s y-is tietpp we e ma-tdbe at i sy hseyds uawhe r
devel ope -k oasi mpkampl e.

G2
least )‘_ require —— SuD satisfy —w-_ There wilbea 12v/5A
power supply.

|

A2
. ; Apower supplyof12v 4
s de—saify —  SubSuD ‘— require —, 127 lj’h/“b/
\_/x-/ available.

Figure 6-13: Requireand matchegelationships.

‘ matches

Whiilgenei alpos stidu teo mav & rcsafighlayi rofmmgsu(@ed )i r e
anduar a(btae ppsrfoyp eirit $ ypi, € a b btyam& e u a lelvyt drveTmh e

Re g iMartecrheelsa t ihoert phdiepestntdf ¢t dhle cev D bIvi gat i ons.
Nottehiaty enerhk guartechhembi nma Yy ecn sr cWil tahrowpgp!l i ed
poweshooabumes a ur pirffihseleb s yfsatteilne | 5 v aitnufsor Matt h e n .
ot thearnpde,r tahgep s we dnh F 9 ptoevte s hseu b s yi f theetmaitnufsor mat i or
i mpltihsewsb s yisstnedrekedv e ?

Suach rmusder obgrephroanseitnhgee qui rieanweargtust hatt e ast
oneo mpofnelnitigbilas a mtdevaaoclef hetms sumegui raerneeht s
f ul fbiyl Hoet dceormp omatnHfei ¢ e Mp ornemd g g ar a@lt earhliys,
appr sac hoanblflydre h a v roa padH d vi ee\saprr, a ctthiwciset & r leda y
probCemculaauwentl itlkasd giudke scgnst anaang smpteil arbe d
gualrietqui rteyngint¢ sV brfevsecoguae aalt le@ ¢ & tr @aitgdho wn
budgeetrioceg ss.

Not éitaliMea t crheelsat i ®lnchelppbDe d,i ndtah ey & hiaffthseou r c e
requi nemdtitdee st i mad u iomdtnnéen tscheo b kevda | ti A swi t h
Der,iMaet cbiegreisteaverifiobdt igadmethoyert R e quired
requi roefnhgen b s yasritere adne e Id fbiyd d teidsd g weidroefneea sy st e m,
anui cer sa.
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No t éitaltd iss ¢ wsnigors itdheewreedq u i rternaecrethsg t i loBhpsehsi NbLs,.
t he mé amet hodfocsroly y ydsetveenh owphmidoetl o s el pberdependent
devel capgnacansts urmedaqu i r £eBmrcttes. fdamret ai | s .

6. FunctVioaapoi nt

TheunctviicemepldriviiPtg s ¢ t hdeessif uenad t ioofansaylsitegm y st e m

l eelpel mar dlipeer spef x { saecntaolr esls s eoresx t esrynsatle ms ) .
| © hcee nd e hfeu n ¢ tvii cerwgildsihced n coebpyts f e mc.tAs g s § emct i on
descracbkeksessetfitnt er et waseayss b @ititex t earcntamre st er n all
systlehgs.anud®Bsryistf y@a mcitsioomp atr abhah)s@a § 8.2 yst em
wi severwyaslf emct sahdneud t i f usnycsttliepne mésryaslf,emct i ons
descygy shteematvhimbrar geldyg p @edenrbthhrearweses f emcti ons
maglismf | eaob B eamp e cwiafsietshfeu n ¢ tvii emwaptlohi enstd, | lmerec e s
modeldydad almedehanmet wseyesnf emct i ons.
Thfeunc tvii ernwgildhiemtn soitshtmeo aeltey p e s :

1 Functional Blackbox Modet Containsall systemfunctions and structuresthnemin a
hierarchy.

1 FunctionalWhiteboxModet Describeghe decompositiorof onesystemfunctioninto a
setof relatedwhite-box functions.

1 ModeModel Describesperationaktatesof the system.Theseoperationaktatescanbe
referencedn modechannelghatdescribedependencieBetweersystemfunctions.

Il n hfeol | owedmr g ctr htedhernmeoed € Y paensld o wer e pr & & eunsti tnhge
Uni vémgs &Mb d(e lexe c t4i. 81 .

6. 3.ModE&|l ement s

FunctContE&EREBystammdtCo ntiexhFreunct Vioamap d ulsitklel

ot hve re wp b if eutnsc,tvii erwagrleif tredrs e csiyfsisce mip eteh é Bel e ar
notofwhdtpaot hseystamr antddkgv el caapmd@tts onsitdleeg ed
contodxhtmy s tTehmo ntderstc i ib hfewn c tvii ernwgflmicnotsfeusn ct i on s
(i caupbehavhbe)nt axthheernt iTthieg s b e mn d atdhgey st em
contaesepeci b hFeudnct Comtadhxid $§ a go camt aarispse cFiufnicct i on

t hmeé pr esheent Sy sctuemdeerv el opIédjiaddi tfiusnrcaalr on s d

t hSeUD hche s cfrurbcepir owlsyw bcdont e x t .

Fi g6 4 hoaFsunctGoomtdboxdtei t hneaisry sf emcmda mange Sy st en
antdhseur r ocodif mgntct hiamfsl a anienef | ubeynisey d t e m.



81

Functional Context Model

<<ContextFunction>>
provideSensorinput

<<ContextFunction>
provideUserInput

<<Context Function>>
handleQutput

<<9JD, SystemFunction>>
manageSystem

<<ContextFunction>>
reportOutput

<<ContextFunction>>
provideBxternalInput

Figure 6-14: Functional Context

Sy stFaim c t Asoynssf. @ mcd e socnad dleessoth ht erhet wvaB@s t e m
anidtex t earcntanle st esrynsatifeotrsh.p sr piotsseg breo de kil egefh t s
thleni véms @ Mé d@leSee ¢ t4i. &rh e aassy s f e mcitdeosnc biyb e d
as pecmofdiecleil m greanlth wrdc.tEiaashy sf emchdasiynt aoct ecf ace
def ibnaddi nc tli mtnegil £ &sceetf n muntdut pamti b s o diygpteesd
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Input 1

LT

Output 1 [

<<§ystemFunction>>

doSomething
Input 2

Input 3 Qutput 2 [lj

Figure 6-15; System Function

SystFaunmc Hii em aAshycamavseveasyaslf emctlifdnes mboef r
sysfemci sma(bel.letsisdabBysfeamctwesmami) mplitghsey st em
funcanmdadteh € nt e rHfoameeisés y s b &€ fred rasngenlaentdar pét y
systffemctil cafteen td aiena p eb e n e ftisctirauc hseyrsef eemct i ons
hierarwihtleapdptiieun c tdioomaallono dtehhiser saaf aohgt i onal
domeaciammel e s c railceodnp o wifst yi sotheim ¢ tTiecrmsn.itcheeb hgt i onal
d o mdisng aasny,s f emcwiiwhhmnt ewhaicde f ibnteldeo mp o 0ift i on
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t hceont siysddmc tFii gros &8 hoavssy sf emch ii oemavi cslew er al
sysfemcoigasihaed tdioamad In s .

<<8UD, SystemFunction>>
manageSy/stem
I |
<<SystemFunction>> <<SystemFunction>> <<SystemFunction>>
doSomething doSomethingHse doSomethingOnTop
<<SystemFunction>> <<SystemFunction>>
doSomethingPartOne doSomethingPart Two

Figure 6-16. System Function Hierarchy
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I nt eMd dhsleSe c t4i. drh ante aaveh i-btodxu n citd eosnc biyals e ci f i c
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Functional Black-Box Model

1 Output 1

Input 1 [+ <<SystemFunction>>

doSomething

Mode 2
Input 2 [ }— Modelf—u

-

— &b

1 Output 2

5

<<SystemFunction>> [F>L] Qutput 3

doSomethingHse

f

Input 3 L

<<SystemFunction>>
nput4 L] yosomethingOnTop

{1 Output 3

Figure 6-17: Functional Blackbox Model
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Mode 1

Functional White-Box Model for
doSomethingHse

[—>]

functionl

{3
<< WhiteBoxFunction >>
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nput 3 L function3 %‘ % functiond ] Output 3

Figure 6-18: Functional WhiteBox Model
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Figure 6-19: Mode model based on the data type of the mode channel.
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6. 3.\BetlFlor medRelsss

influences
satisfies e B
________ Gomponent
Architecture
pa— realizes
_9 (redundant) Logical
-— mntqnment """"""" Component
—— association

Figure 6-20: Elements of the Functional VP and their relations to elements of
viewpoints
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Figure 6-21: An example for a logical system context model. The external compQieQ2
andC3are displayed in grey.
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Figure 6-22: Conceptual Metamodel for syntactical interfaces of logical component
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Figure 6-23: Example for the decomposition of a logical component into subcompc
The logical componerttl is decomposed intol.1andL1.2.
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scenariacanbe supportedy specifictechnicalcomponentandtheir dedicatednterfacego
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resourceshatareintendedfor the newsystem.
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Figure 6-24: Overviewoverthe SpesM Ltechnicalviewpointéoncept
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—Execution Element| [Execution Element SE1] X
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=T T SE 1 SE2 SE2| X
“;" Communication Element Software Elem. SE3 X
Bus SE3
Software Elements (SE)

Logical (Sub-)Components are mapped to  are mapped to Execution

Interface directions are not forced Software Elements (SE) Elements like ECUs

Figure 6-25: An example of how the technical elements can be composed in
different granularity layers. Colors indicate components from different tecl
disciplines.
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Application ' (Operating System and |
Software Models | | [ Middleware Models | :

Allocation
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Elements and Execution
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their ports)

. [Middleware and Operating |
Software Element System it

Architecture i |(with Software Partitions, ...)
(with Software Elements) | :

Execution Platform

: | (with Platform Elements like
i i |Execution or Communication
i_Not completely covered in SpesML§ Elements)

Figure 6-26: Overview over the models of the Software Execution Subsystem (S|
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whiacdmommunviceetssages

1 Softwareelement Softwareelementsare entitiesof the technicalsoftwarearchitecturelf
subcomponentsf thelogical architectureshouldberealizedn software theycanbemapped
to these software elements.The mapping of softwarerelated logical subcomponento
software elementsis n:m, although it is recommendedto map individual logical
subcomponent® exactlyonesoftwareelementsA softwareelementdefineswhich kind of
incominginformationis processedo createwhich kind of outgoinginformation.Messages
modelthe kind of informationthat is receivedand/orsentby interfacesof thesesoftware
elementsThe softwareelementswill be deployedonto the executionunits of an execution
platform (seebelow).

1 Message Software elementinterfacescan be connectedto model an information flow
betweersoftwareelementyvia message#n interfaceinputcanonly beconnectedo exactly
one interfaceoutput of the samemessagdype. An interfaceoutput can be connectedo
multiple interfaceinputsof thesamemessagéype.Messagesontaininformationthatis sent
betweensoftwareelementgo processt there.SpesMLusestechnicalinterfacesto define
suchinterfacesand specify the messageshat can be sentthrough them. Following the
syntacticalUIM, eachtechnicalinterfacecanhavemultiple channelsEachchannelhasa
type that defineswhich type of information can be sentvia the channelandthe interface.
Notethatthe behaviorof interfacess not explicitly modeled.The sametechnicalinterfaces
arealsousedasconnectiorpossibility betweerall othertechnicalelementdesidesoftware
elementsasdescribedpreviously.
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91 Softwareelementinterfacescanonly be deployedto portsof executionelementgo which
the softwareelementasownerof theinterfaceis deployeditself. It is not allowedto deploy
interfacesto ports of other executionelementsto which the softwareelement(s)aveno
deploymentonnection.

1 Reasonlt doesnot makesensedo separatenterfacesandtheir softwareelementdbetween
differentphysicalelementsn therealworld.

WFR 2Eaciof teMagmeaunbtta | | ot ekadndeyecet ement .

1 It is not allowedthat a softwareelementis without deploymentallocationto an execution
elementAlso, theremustnotbeasoftwareelementhatis allocatedo two or moreexecution
elements.

1 ReasonEverysoftwareelemenneedsxecutiorhardwareo becomepartof asystemAlso,
everyinstanceof a softwareelementcanonly be executedn oneexecutioncomponent.
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WFR 3Each f teMagmemnttemd & € tchoenrn ¢ eatnedstod teMaame n t
inteobbhtetapeadhrexecel ement .

1 Itisnotallowedthatasoftwareelemeninterfaceis neitherconnectedhorallocatedmeaning
thatit eitherneeddo haveaconnectiorto anothersoftwareelemeninterfaceor anallocation
to anexecutionelementport.

1 Reasonlt mustbeclearto whatthe outputof a softwareelementshouldbeforwarded.

WFR 4Alelx ecamomo mmunieclactmmeanb | o n n e catieedd et her
techoompbnent .

1 A communicatiorelemenmustbeconnectedo atleastoneexecutiorelementAn execution
elementmustbe connectedo at leastoneothertechnicalcomponentike anotherexecution
or communicatiorelementor to anexternaltechnicalcomponentike a sensoior actuator.

1 Reason A standalone communicationelementis uselesshecausdt cannotprovide any
actualcommunication A standalone executionelementthat has no connectionto other
hardwaredoesnot makesensdor a cyberphysicalsystemsincea characteristiof a cyber
physicalsystemis its interactionbetweersoftwareexecutionandphysicalworld.

WF R 5Al ogscaalkompé&@hegt oambotnteangétsaggedengi neer i ng
di scimplaiobte r atcendtyec hel emédt f feergeintdescngl i ne.

1 If alogical components alreadyindicatedasrelatedto a certainengineeringlisciplineand
it containsfurther logical subcomponentghesesubcomponentsan have only tracesto
technicalelementof the sameengineeringlisciplinein thetechnicalview.

1 Reason For example,pure software can only be handledvia software elementsin the
technicalview, sinceonly thesecanandwill be deployedandexecuted.
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1 If anexecutionelementhassoftwareelementshatwereallocatedto it for deploymentthe
executionelementmusthavea flash memorycapacitythatis at leastaslargeasthe sumof
all the flash memorythatis neededby thesesoftwareelementslf this is not the case the
executionelementmusteithergeta largermemorycapacityor lesssoftwareelementsnust
bedeployedoniit.

1 Reason If thereis too little memory spaceon the executionelement,not all software
elementscan be deployed,or somewill be overridden.This will usually resultin wrong
systembehaviorif the softwarecanbe executedatall.
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DAR Eveaxyec et ieomeundtta \veen 0 IRQANM a p afcoatldle p| sgEtdwar e
el ememt s

1 If anexecutionelementhassoftwareelementshatwereallocatecto it for deploymentthe
executionelementmusthavea RAM capacitythatis at leastaslarge asthe sumof all the
RAM thatis neededy thesesoftwareelementslf thisis notthecasetheexecutionelement
musteithergetalargerRAM capacityor lesssoftwareelementsnustbe deployedoniit.

1 Reasonlf thereis too little RAM spaceon the executionelementnotall softwareelements
might getexecutecdcorrectlyandin time. Thiswill likely resultin wrong systembehavionf
the softwarecanbeexecutedatall.

DAR Eveaxwyec etl ieomeundita \a@A Slislafleea wéhlabh i g@m o U gdr| |
depl gk davaamemt s

1 If anexecutionelementhassoftwareelementghatwereallocatedto it for deploymentthe
executionelementmustguarantee@n ASIL safetylevelthatis atleastashigh asthehighest
ASIL safetylevelof all thesesoftwareelementslf thisis notthe casetheexecutiorelement
musteithergetcertifiedfor ahigherASIL safetylevel or the softwareelementghathavethe
too high ASIL safetylevelsmustbedeployedto a moresuitableexecutionelement.

1 Reasonlf an ASIL safetylevel cannotbe satisfiedby the hardware the safetyregulations
accordingo ISO 262626cannotbe met.
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6. 6. layerdGsr anul arity
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Figure 6-27: Layers of granularity in the SPES matrix [Pohl et al. 2012, modified].

Theayefgysanud eapir ¢ wearrttriecfd Inaexneth hPESat ahar e

or t hotgtolmea b wp(os Eniggshr2 eWed e f al nagoejrr a n u & & hseedtfy |
subsyisd e miih fhtieeeadhwni © & lhree s p esautpiew esWhsettehteerc hni ¢ al
compoineenfti hdcdur medwlt dseuper yas ¢ lewi emlasepar at e
S ub s ydsetpeeomrid lceo n tod hdee v e | oppr nogheatic b s t asnucbes, yrsi tgehn
baefiirddbev el orpensepnotnfsathded mp yaleandguded ut sotobci ng
suppob asuistcolmpealemaex dfgotre us e .

| it po s stidbel celadctoemp o h @ hteesc hwi e®lu b s yasnteébnusr t B &t ne

t heamhnee k ayodrr anuil @s uilt aci I néga eter ucd mp @ it theeotni r e
SUD nsabsy Htoevresi.a@ru,sbtec onsi tdlewtetdla ¢ r a n g i@tnieomn

gr anull ayehteyyded mpliexden Fheeas arhii shceo n tmexdtelf s

t seubsywhemebnime & koevrg rflr o fmmeo d e It $seu p e r gsyeSee e mi o n
6. plidemponttoaontbaubsyasltwigsma ndepamddnthaan ur e
assodieaxthandnglaé¢ ment ati on.

6. 6.Revel opmgmvte Shbsyst ems

Wedi st i hgtuwtedina saipgpr ocfaaitsaup er asgshh eytdsetveent o p me n't
t hteodpo vanntdhbeo t L @np pr ovdn ¢ wdanl B € 0 mb idreg e nodrti hues e
caBowhbexpl aibhmfeadl | owi ng.

ToPowhhteedhovdre vel s mwintth d et hseug e r suyssutaeknhf @ r st

| aydgr anubaadedcyrdefvieuds ytoleombeayefysanuThrsty.
meankfadtrhappr cadls,y atsepnesc b ft ihead d @It shseu p e r ;aynsgdt e m

i mpl eanead thieg q ui roefmkesautpse r sB/asst@edmh s seci fimedeli on,
refi niesmtegdar f oirenmeecdln b s yosrit lenee k b Wwearyodgrr anulatr et y.

t hlel dnatsleasnli eisit eogirhaett b & ysotdeéniné liseu p e r sn sited m .
Thappr oaf tieominbdhdee v e | ocoptnoemmpt | red seyt syt e ms .



104

Fi g62&hoave x a mpiteopovanp pr Fhebper Sydeeoamp od ed

t hrcomempo A@BnatndAltlhrcoenpos bdopbdshidliydbeelaped

| owearyo@rr anud eahtaltep d et hsad syastieornsat bséec bager
ofranu(lmedhsgyfsotre o mp o MMeéhratp)p.r o alnehe p erag cewdr si vel
t or ecdteeepes Dim@null aaydrtsy.

1st layer of granularity

‘ 2nd layer of granularity [C]
[ 2nd layer of granularity [B]

2nd layer of granularity [A]

Figure 6-28: Example of a toglown development with subsystems.
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1st layer of granularity
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‘ 2nd layer of granularity [B] @ : L

2nd layer of granularity [A]

Figure 6-29: Example of a bottornp development with subsystems.
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1 asubsebr refinementof thetextualrequirementsf the supersystemand
1 all supersystensonstraintswith referenceo the specificsubsystemand

1 all additionalconstraintsarising,e.qg.,from contextrelationshipsand

1 all requirementsesultingfrom interfacemodelsin all viewsof the system.
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1 Fulfilmentof requirement®f the supersysteniThe subsystenmustfulfill therequirements
specifiedby the supersystemit is not necessaryo adoptrequirementsn a 1:1 mannerinto
the subsystemThe subsystentanalsofi o v e r fraguirémemtdi.ed, offer morethanis
requiredby the supersystemin SpesML,the Matchestracingrelationshipis introducedfor
this purpose.

1 Interfacesof the subsystemsThe subsystemareintegratednto the supersystenaccording
to theUIM paradigmwhich meanghe subsystenmiinterfaceamustbe conformto the UIM.
In caseof the bottomup approachawrappemightberequiredto align theinterfacesf the
subsystentomponentso therelatedonesin the supersystemrhis caneitherbedonein the
subsystemsthemselvesor directly within the supersystemlt requires refinement or
abstractiorstepsof the syntacticinterfaces.
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6. 6.ConteBubsystems
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The SoftwareExecutionSubsysten{SES)is an exampleof a specificsubsystenthat plays
an important role when developing cyberphysical systems.An SESis formed if a



107

technical componenton the system level is identified that representsa software
applicationtogetherwith its executionplatform. Sucha technicalcomponenis further
developedon the next lower granularity layer as a separatesubsystemA systemcan
contain severalSESs,eachmodeling a part of the whole application software of the
systemForthe SES,SpesMLoffersuniquemodelsthatareonly usedwithin this specific
subsysteme.g.,the softwareelementarchitectureor the executionplatform. For details
seeSection6.5.2

6. 7Tr achentgw® e pweddayorfGsr anul arity
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Figure 6-30: SpesML Model Relations Overview
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Figure 6-31. Requirements tracing.
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3 Trace in this context means, that a logical component is linked to the functions modeled in
the whitebox function, expressing their relation.
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Figure 6-32: Mapping Functional View to Logical Architecture.
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9 Eachinstanceof the white-box functionis implementedoy a separatesubcomponerin the
logical view. This casewill be modeledby therealizegredundant}racingrelation.

1 Thewhite-box functionis implementedhrougha sharedsubcomponenn thelogical view.
As the white-box function typesare tracedonly, this caseis modeledwith the standard
realizesrelation.

NotTehleoghacahi t eaanlteuanetf aiir f B-gdbo mpom éma g e sfurlotm
addi trieogrua Ir (einteengt usi rtehmaetmepa d d r eosysyesdtf emc i i dres
FVPTHho(sedbompowiennkts aei rtercaac e h gtawbhmbtodxunct i on.
Ane x ampHredy eadu ¢ B ub) c o@mpremdeuwit réehrameat rit thse aduegshi g n
deci 6iwbline xiefsi g 63 3.



112
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Figure 6-33: From Initial Logical Architecture to Central S\ubsystem Architecture

Thfeol | swit n@ adhonisr :

1 Thesplitinto cyberfunctionsandphysicalfunctionshasalreadybeendoneduringthedesign
of the functional white-box models,i.e., the white-box functionswhich correspondo the
cyber part of the SUD havebeenidentified. In this case,thereis alreadya structureof
subcomponent® the logical architectureconsistingof softwarecomponentsand physical
componentswith appropriateinterfaces between these subcomponentsyhich can be
rearrangedto form logical componentsthat implement the cyber and the physical
component®f the SUD forming the central SWSubsysterarchitecture This approacthas
the advantagéhata continuoussemanticatracingbetweenall modelingviews of the SUD
is achieved.The drawbackis, that alreadyin the functional modelsan implementation
decision(this white-box functionwill beimplementedn SW) hasto be madewhich maynot
beappropriaten all cases.

4Here, physical parts stand for all parts of the SUD that are not part of the control component.
Therefore, physical parts may also contain software shares.
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1 If thewhite-boxfunctionsarenotalreadydesignediccordingo this split, thesubcomponents
in the logical architecturecan be further decomposednto a cyber and a physical sub
subcomponenthich now canberearrangedndcomposedo achievethetargetedstructure
(seeFigure 6-33). This approachdoesnot requireimplementationdecisionsalreadyin the
functionalview, buthasthedisadvantagéhatthebehaviomodelsof thewhite-boxfunctions
can no longer be useddirectly to model the behaviorof thesesubsubcomponentsin
addition, thereis a disruptionin the tracing relationsbetweenthe modesof the functional
view andthemodelsof the centralSW-Subsystenarchitecturesincewhite-box functionsare
now split over severalogical components.
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ar chi tTehcetnuirited.gilaa a&lh i ti a@chtewreeh dagnent e r nsetdéipa h e
devel oprmeatealsmso,d eolfveh i @ hreo ongeedetdhfeur tclo@m § e
devel oppmesrd.c o mnmeanddosphtri esf i nsetmemhveh i-btoexo d e@lIf s

t hfeu n c tvii canmtdd e c 0o miplweoea r e s b Rbdoexugn ¢ t n dcoysbaenrd
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ardeecomp due d b e el osptneepnst.

Not e:

1 As with the logical architecture,the technical architecturecan also contain further
componentshataredefinedby additionalimplementatiorrequirementsvhich will nothave
adirecttracingrelationto alogical component.

9 It is also possiblethat logical componentsare implementedmultiple times by technical
componentsn thetechnicalarchitecturee.g.to modelredundancyn thetechnicalview for
thefirst time. Therelationsrealize (redundantjareusedto modelthis.

Theynt acnttievdfllaecee hao mpad niemarse f i noefnieea t b @idc al
c o mp o nfTehnetash.,o w hii 5t er ¢ aic miedne it m&amda j iomp acdth e
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Figure 6-34: Mapping Logical Architecture to Technical Architecture.
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5 A prominent example of a subsystem is the SW execution subsystem discussed above.
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| ayefyrsanud amaietfyi ned.
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1 The softwareexecutionsubsystentdefinedin the technicalarchitectureof the supersystem
becomeghenewSUD in thenextlayerof granularity,and

1 alogicalcomponenin thelogicalarchitecturef thesupersysterthatrepresentthesoftware
executionsubsystentanbeidentified,and

1 white-boxfunctionsin thefunctionalview of the supersystermaybecomesystemfunctions
on subsystentevel. Whetherawhite-box functionbecomes systemfunctionon subsystem
level dependson how fine granularthe white-box functions have been defined at the
supersystentevel: In casethereexistwhite-box functionsthatdo nothaveacommunication
channelinterface)attheboundaryof associatedystenfunction(i.e.,therearecausalchains
of white-box functionswithin asystenfunctionthatcanbecombinedo form alargerwhite-
boxfunctionwithout affectingthe structureof thelogical componentsphenthewhole causal
chainis tracedto a systemfunctionon subsystentevel (Figure6-35).
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Figure 6-35: Causal chains of whitbox functions.
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1 The operationalcontextis alwaysdefinedwith referenceto the systembeing developed.
Fromthe definition of a subsystenandgiventhe proposedelationsbetweentechnicaland
logical componentsa subsystenis representetdy acomponentn thelogical architectureof
thesupersystem.

1 Theoperationatontextof thesubsystentontainsall contextelementsrom thesupersystem
that have a direct channelto the componentrepresentingthe subsystemin the logical
architectureof the supersystem.

1 Furthermore the operationalcontextof the subsystencontainsall componentdrom the
logical architectureof the supersystenthat have a communicationchannelto in the
componentepresentinghesubsystemlt shouldbenotedthatthesecontextelementsarenot
1:1 copiesof thecomponent®f thelogical architecturenf the supersystenastheir behavior
might be additionally influenced other logical componentsor by the context of the
supersystenOnly the syntacticandsemantidnterfacesof thosecomponentareidentical.
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t htaliceo n ttehgeu b s yospteertrart ,e skkn owtd e si gmé hseubsyBd em.
over ¢ himsobdt emaas amptri@en s ypsotiedfmi enw Htena deh at
nee¢d & alf icddhseu b s ytsbtéeemt e g magoemler sy st em.

| W hceas & nt egammob dledivreelq,u i raecnrdorstyseefy sa n ud raeeil tay e d
wi tmhat IcihnSkpse sdfLf tewasd d i ttircarcaelh @ t itoenxsphri dpssést uat i on
(skeiegr3 ®@ocarrmxampl e) :

1 Require(from modelelemento requirement)This relationshipstateshata modelelement
- typically a function of the FVP or a componentof the LVP, or the TVP - hascertain
expectationshatareto befulfilled by the contextof the modelelement.

1 Matcheqfrom requiremento requirement)Thisrelationshipexpressethatexpectationare
providedby propertiegguaranteedy the subsystemThe guaranteesf the subsystenmust
include:

0 A subsebr refinemeniof thetextualrequirement®f the supersystem.

0 Supersystengonstraintswith referenceo the subsystem.

0 Additional constraintson the subsystemarising, for example, from context
relationships.

o0 Requirementshat resultfrom the interfacemodelsof the supersystenin all three
views.

0 Subsystemsay still haveadditionalrequirementaswell astheir own contextthat
mustbe consideredor their development.
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Figure 6-36: Matching guarantees to assumptions.
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7. 10verview

IntroducingMBSE into anorganizatioris notaneasytask.Oneneedgo choosea
modelinglanguagedefinea modelingmethod,andchooseanappropriatdool. Moreover,
languagemethod,andtool shouldbeintegratedespeciallyconsideringhatthe typical system
architectis notalsoa modelingexpert.

In the contextof SpesML the SystemdModeling LanguaggSysML) [OMG 2019],the
SPESmethodologyandthe modelingtool MagicDrawfrom DassaulSysteme$37] are
combined Forthis purposeadedicatedMagicDraw SpesMLPIluginhasbeendevelopedhat
combinedanguagemethod,andtool in aneasyto-useway [38]. The plugin consistof the
following parts:

T Magi c BrpeevePilofit hgerso € 0 h eaalblp s s e csitfeirce ot y p e s
tagefdur thet omiazatointabrinSeREnset hodol ogy.

T Magi cDYpaews Mbd &l mp liatthet emptat earmési mo dél
strufceenameg e aothieoBnp e smvode br ngect s.

T Magi cDEp#ws NPler spedcttihveeskeagi c Dpeawspeall ows
cust omo k buesieonnt eef gbetstueprpmovia caax pesdr s .

T Magi c BrpeawMdL\WPd ugit helaadaspeldigesxtelmceapabi | it i e
oMagi cler gwnddiwa-fbr medmless mu laastpieocnt s .

7. 1. Magi cBrpew MLof il e

Oneof themainfeaturesof MagicDrawis the domainspecificlanguaggDSL)
customizatiorengine which allowsfor adaptingMagicDrawto a specificmodeldomainand
languageprofile. To this end,a specificSpesMLprofile hasbeendefinedaspartof the
MagicDrawSpesMLprofile.

A profile in MagicDrawdoesnot only consistof stereotypesndtagdefinitionsbutalso
enableghe definition of so-calledcustomizatiorelementsTheseMagicDrawspecific
elementsallow the definition of additionalrulesor contextconditionsfor eachstereotypeThis
facilitatesnot only theintegrationof partsof the SPESmethodbutalsodirectly influencesthe
userexperience.
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All SpesMLviewpoints(Requirementsi-unctional Logical,andTechnical)arecovered,
andtheprofile containsdedicatedstereotypeshatrepresenthe specificSpesMLmodel
structure Insteadof usingstandardJML packageslementsthe profile definesindividual
stereotypesor eachstructurallevel. By defining customizationgor thesestereotypesnly a
certainsetof additionalelementsanbe created For example underthe Logical Viewpoint
(packagepnly the specificelementsr diagramshatarepartof the Logical Viewpointto be
createdThis stepalreadyprovidesintuitive guidanceto the user,asit combineshe modelling
languagemethod,andtool in aneasyto-useway. Thisis lesserror pronecomparedo the
typical approactof simply giving usersaccesgo all UML/SysML elementsvithouta defined
scopeandlaterprovidingguidelineson whatto do [39]. It alsoensureshatall SpesML
modelsaremuchmoreuniform,improvingnot only readabilitybut overallmodelquality.
Subsequentlyit allowsfor easielintegrationof automatiortechniqueslike document
generatioror any otherform of accessinghe modeldatausingthe MagicDrawAPI.

7. 1. Magi cBrpew Madeémpl at e

A templateis usedwhenevera usercreatesa new SpesMLproject.It consistof a
dedicatedcon, adescriptionanda predefinedpackagestructurewithin the containmentree
basedn thededicatedSpesMLstereotypesgdefinedin the profile). While simpleto setup the
modeltemplatenot only makesthingsmucheasierfor the userbut alsodirectly guidesthe
userto follow the SpesMLapproachin aspecificorder.It doesnot only containa predefined
numberedhackagestructurebut canalsobe configuredto containcertainothermodel
elementgfor examplea Logical Contextelement) customdiagramsmatricestables,and
relationmaps.Figure7-1 showsa newMagicDrawprojectbasedon the SpesMLModel
Template Theseelementsarediscussedaterin Chapter7.2

E- & Model
BB SpesML
[ _Data Types
&G Requirements View
G133 1.1 Tracing
B33 1.2 Requirements
&- E@ 2 Functional View

B3 2.1 Tracing
-3 2.2 Interface Types
-3 2.2 System

[}&) Functional Context
&- 0@ 3 Logical View

B3 2.1 Tracing
-3 3.2 Interface Types
-1 3.2 System

[}--SO Logical Context
B- g 4 Technical View
B33 4.1 Tracing
I:} 4.2 Interface Types
--El 4.3 System
B0 Technical Context

Figure 7-1: A newMagicDraw projectbasedon the SpesMLModel Template.
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7.1.Magi cDBrpew Mérspectives

Perspectivesustomizehe userinterfaceof MagicDrawby removingtoolbarmenuentries,
contextmenuactionsanda wide variety of MagicDrawfunctionalities.MagicDrawoffersa
lot of featureghatareoftenoverwhelmingto newandinexperiencedisers Reducingthe user
interfaceto a minimumnecessargf a given contextwill helptheseusersto focusonthe
relevantfunctionalitiesof thetool, while still allowing moreexperiencediserso makeuseof
thefull potentialby choosinga perspectivavith morefunctionalities.In the contextof
SpesML the SpesML(Novice) andSpesML(Expert) perspective$o supportthis approach
havebeendefined.

7.1 .Magi cBrpaew Mavwd ugi ns

MagicDrawoffersa Javabasedlug-in mechanismnto extendthe capabilitiesof thetool.
For SpesMLthefollowing setof pluginshavebeendevelopedo helpenhancehe user
experiencandaddvalidationandsimulationcapabilities.
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asteraotypes =
Block
[Class] wstereotypes
Traceable Logical Element

<isEncapsulated : Boolean [0..1]

[Element]

«SpesML StereotypeConfigs ®
sstereotypen SpesML Logical Component
SpesML Logical Viewpoint [Class]
[Package] {PartSteredtype = SpasML Logical Component Part}
«Customizations % «Customizations %
SpesML Logical Viewpoint SpesML Logical Component

abbreviation = "Logical View abbreviation = "component”
category = "SpesML Packages” category = "SpesML Elements”
customizationTarget = E@.Sp esML Logical Viewpoint customizationTarget = @ SpesML Logical Component
disallowedRelationships = [E]Relationship helplD = "hitps:/fspesml.github.iofpluginflogical_viewpoint. htmi#ogical_component”
helplD = "https:i/spesmi. github.io/plugin/logical_viewpoint html" hiddenOwnedDiagrams = "Any Diagram”
hiddenOwnedDiagrams = "Any Diagram" hiddenOwnedTypes =
hiddenOwnedTypes = [HElement [HElement
hideM etaty pe = true [EFlowSpecification
possibleOwners = B SpesML Model [V alueType
representationText = "Logical Viewpoint" ElBlock
suggestedOwnedTypes = ‘[ ConnectorProperty
@SpesM L Logical Component «»ProxyPort
EaSpesML Logical Package [EConstraintBlock
8OSDESM L Logical Context «» FullPort
&SDESML Logical Actor «» FlowPort
QS pesML Logical Interface Types Package [ElinterfaceBlock
[o45pesML Logical Tracing Package [HProperty

[EDomain

[ElExternal

[E£lSubsystem

Esystem

[Elsystem context

[El-InterfaceBlock

hideMetatype = true

possibleOwners =

[@SpesML Logical Viewpoint

CISpesML Logical Package
representationText = "Logical Compenent”
suggestedOwnedDiagrams = "SpesML Logical Internal Component Diagram”
suggestedOwnedTypes =

ThSpesML Logical Interface

«»SpesML StateMachine

[V alueProperty

Groups+Tracing{pr
Groups+impact]

Figure 7-2: An excerptof the SpesMLprofile stereotypesand customizationghrough which custom
languageelementsn MagicDraw canbe configured.
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pur pauess dteal ltohuesebr ¢ @ me et wtehden f fweire@Est om
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i denthiempaéthambgle s pltahyer a g haoglnre | e m&md snveLk e s
usefoneusttaflomandSpagRvelqui reelneemmdtn tg 9-3 £h otwls e
cusdomgt ataesb e d e f if mehieo g iVe & lwpTohH @pte.sLMLg il angpla c t
Mamntdh®p eslMigiTecralcNMan@rbeo bla serd el antaipdh 8p e s ML
LogilmaleConmapoDeagaswmbl hSep e sLtMLg iTe&€la Dd aganp e
b a socetdhUeMIC 0 mp oSstirtueDit a g.B amme ma idn iarg@ ecenss mamr i x e s .

2| SpesML Logical Impact Map

&) SpesML Logical Internal Component Diagram
&) SpesML Logical Test Case Diagram

=%s| SpesML Logical Tracing Map

“=.| SpesML LogicalTestToRequirement Matrix

“=.| SpesML LogicalToFunctional Matrix

“=.| SpesML LogicalToRequirement Matrix

Figure 7-3: TheSpesMLcustomDiagrams,Matrixes,and RelationMapsfor the Logical Viewpoint.
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» ® WindowLifterDriverSwitches &
» EIWindowLifterSwitches & - @WindowLiﬂerPassengerSwitches ®=
EawindowlLifter @ ~ ® WindowLifterSwitches @
~ @ WindowLifterSystem & = @ ManagingWindowLifterSystem

Fi gé4 Are x a nmsph cewti hSep e sLMLg il ma leQonmaploDhiea g r a m.

Theirel adhedi Sptesldblg il crepldMMatpl wo r kisk leter a eniap g t
showbemehtstacaeSpeslMligiGoamhp o,rad ltofvbanmgas ynpact
anal ysi s.

Ane x a nopfl hSep e sLMLg il ma leQonmeploDieagec abms ee rFi g5 e
Thei agirbaanscerdU MLCo mp oSstirtueDt agaaal | osvdrdse f i me
decompoSipteisldwlg iCoarip o @ le @ in& mad osn rSepcetsl MiLt e ( fhacs ed



126

onSys Pt oRgretl e mairsti &dgn n e.d treodr dsi t hdbing g ame B tah
customoatehamkcgntani mi mumbodrnt i ipeag .t itddel agr am
doa@woal luswarosr ealt emlein& e sMdg iCooarlp o nde rrtebkent sl tge a d
usmu st ealellee memhced nt ait mamedirta g &dhr éonptt lwlei a gT laims
waadel i bdeercatgeuo dtjhneg ¢ wr emod @el e me rnthaiprpr opr i at ¢
| ocabeé bwssignhgg mdi agr am.

SpesML Logical Internal Com ponent Diagram Logical Context of the WLS [ |7 Logical Context of the WLS ])

wls :WindowLifterSystem
lightSource : LightSource €]

light : PhysicalLuminance light - ~Physicalluminance
forceOnWindow : PhysicalForce

driverWindow : Window [E]
forceOnWindow : ~PhysicalForce

battery : Battery E
batteryCurrent : PhysicalCurrent T batteryCurrent : ~PhysicalCurrent

Logical Hements
Logical Component

[E] Logical Component [External]
& Logical Actor

—+| singleWindow Input : ~SingleWindow Input

—|

singleWindow Input : SingleWindow Input

driver : Driver

Figure 7-5: An exampleshowingthe SpesMLLogical Internal ComponenDiagram.
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"< Tracing Fun-Log X
i%m i@y i1 Delete Ty Remove From Matrix : ffl Change Axes [B Export | @ i % - © iQ
Legend = Model

[=-E3 3.4 Elements [WLS_SE_Si

/ﬂ realizes function
WindowlLifter: B =-EJ Windowlifter

stem Functions [T

B3 System Functions [0

= e ControlingAlWindows

EISV

G (6 e CollectingUser Input

=4 Elernents [WLS_Main_System::Fun

B3 CollectingUser Input: [\Whitebox Fu [11 D

= e CollectingDriver Input

£ External
£ External

[im]

[ e EvaluatingSystemModes

= e ControlingWindows

=] Model
=+ 4.4 Elements [WLS_Main_System::LogicalView]
EHiI External 6
£+ Windowlifter 11 1
EHET WindowlifterSwitches 11 1
@ WindowLifterDriverSwitches
@ WindowiLifterPassengerSwitches

= e CollectingPassenger Input
=[G 6 ManagingWindowLifterSystem

-

S
S

e e e
-

@ WindowLifterSystem
[=-E3 4.4 Elements [WLS_SE_Subsystem::LogicalView] 1 11
EHiI External 6 8
=+ WindowlifterController 1 11
E| £ IntemalControl 1
| E-E3 DriverWindowControler
! @ DriverWindowController 1 1 1 1
E| £ PassengerWindowController
@ PassengerWindowContraller 1 1 1 1
E| £ SignalDistributer
! @ SignalDistributer 1 1 1 1
@ WindowMovementController 1 1 1 1 /ﬂ
E| £ SystemModeEvaluator 1

Figure 7-6: An exampleshowingthe SpesMLLogicalToFunctionaMatrix.
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grammar SpesMLExpressions MEGr a mn
extends de. monticore.expressions. EXpf

de. monticore.literals. MCCommontLi

de. monticor

de .expressions. Str eamHf

de .expressions. Assignn

. monticor

e
e.expressions. CommonH
e

. monticore

Start Expression

o

Listing 7-1 The MontiCore grammar of SpesML's textual elements. The grammar
from MontiCore's rich library of textual language components such as common |
common expressions, and more specific expressions such as for streams and ass

POOOOOOOOO
O OWOONDUDWNE
—~

Addi t iboonsahl ehtye han@s e c uftuarbcdtee adaygpfassi gai ngs
t otthe mpowvaarriya wledadd | aw d a | pureo p eorftt hireess p escytsitveem
componien®ys MLI ocFkost. hpsr pob@F G xt efnrdanmhlei br ary
Assi gnmentvEKipadenstsas enisg eaxmeme b 5k ® nest &angdu fdn &
predxxr esisk®ndi nalslsye,mbhséurtbgn g u admsh elreamguage
i domat omabh Woal li f€Clor @uhbeh b rianti eeEsx pcea e bbby
def iEhxinrgeasshisemuout e .

Besitdhaiss sefe xi sltiibntfgangocamponeh@®F &SpesMLEXpressi
def inreewd emeahs eghteaetxeexplr e ws iSGrsdWIgr apleil eamlent s .
Li str-Poalgotwlseadad i tNiaomie .y s dintdh8pesmvlly nclspaa ed
arteypi cdal il misti endgd A e ® kSeyns ML Nasrhas 8 t r owdhuicedhd o ws
f osri ngh &r aactelsc | p q U eAnst bteo kieshe | | mii s dgu et d e,
| exesrmst ntwottEtthfei a slttalsd twtheesnt o t hpeagr s ea@t hteo k e n .
IntrodueadyngML Naorkiesnostuf f howea s tnedtdbse i ntke d
t hEex preissti @emMha d® bee xt e radnlostger mo i ddess ¢ dnguage
compowhdrbMent iGNearmeo kwveang r e v iuosueSdh.g c i ft iheeatl ¢y si on
poi ndrset heextenegif NmmeExpressSysMLNameEX@pmn@&ssi o
Fi el dAcc e sts@EyxspMlLeFsiseélodhAccessExpression

01t oken SysMLName MEGTr a mn|
02 =\ (SingleCharacter| Esc\dpeSequence
0 3 set Text (getText().substring(1l1)get
0 4

05SysMLNameExpression extends NameExpres
06f = SysMLName

07

08SysMLFi el dAccessExpression extends Fieg
09 = Expression "." SysMLName

Listing 7-2 The body of the CFG defines an extension of Names to allow for Sysdific
names. All relevant expression A@mminals are then extended to use the new token.
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Olgrammar SpesMLEffects extends S'MGGramn
0 2{

03 interface Effects

04 start Effects

0 5

06 SingleAssignment i mplements Effects
0 7 = assignment: Expression

0 8

09 MultipleAssignments i mplements Effect
10 = ( SingleAssignment " ;" )*

11

12 Block i mplements Effects

13 = "{" MultipleAssignments "} "

14}

Listing 7-3 SpesMLEffects defines an extension to SpesMLExpressions for parsing the
state machines. The common interface Effects denotes the starting rule. Then three v
effects are introduced: single assignments without any delimiters, assighistentvitr
delimiting semicolons and finally blocks which wrap assignment lists.
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extenpihgeenn Spals ML Exgqgmr easndmshe h ii mhe ¢ 7-8B.BEQf e athask e
thrdéd f ehaemd nagd =i g wine maasyte | i Mixt=&dY s i glhimeint h
del i msemhngdlixcrgs6;a)n,d i nabllloyc(kis{ x &b O Whi avtr ap
af oremeassobogeihanisr ac Feotth.psir p&Spe s ML Ed xfteecrt s
SpesMLEx@amielssi cad 8 maismt ek ff famlet sslhs@rastelset art i ng
rulfadgmiehrschapES f acceosn st r uet @ibii vmegll ye. A s ssii gnprheyn t
arExpr eamsideonnc ) e clkeedaamactasadi giméemecedued he
i nhelreafredtc ur so fiv bdeeessiArsesd g n me n thEptne r ens eximb iwn € ch
Mont iGBCoureder |l pangéechnolBugy diomgSi ngl eAssignm
Mul tipleAxadil precpreatteédi ngds i gromeap srtaht evnng
semi cToHBd nofciknad atghdeu | t i pl e A$ @ iu gbhr ganteenst. s

Mont i lCo€entCoxntdi tCo@EP)y ovMiadhegeagie n éreed sn s
chetctkeor r ecph acmedeCosCasael s etf awlddrre st raimctthientgaix s e
gr ammbhyenf f e chtel syéeg ryo vmedhen i ammadounl tsextsfi ¢ @ dtea ¢ k
threodeilreshégpicrayptyresrerrbmiseat paet i ¢ s éroadey,
SpesaviLt emaittesy a | b attogey indoed et @s 8 ma n twieefabl ul ngdredd
me t h o dsiocuahkdv ¢ | opr noecBetisesB.o Cos s € d heecakSh ngl eAssi gnm
tba@amMmssi gnmenthBxhpe cidiariSgd j te@d n nstoathlgee ner at ed
cl ASTFAssi gnme CaE M hGeemddsian mbiWwodnt iGCwmrfe asanmdict ur
makeseft hedouddli epait shtaotTelrigs e asttiryeamhieaerguage
engi neeroicampdse d utchgesot e hbgrara@ad angeageé meens y
respofhoeirmpleeme heeh eaigksien $ todlmaali megqui e @ va ndye
framewbok!| ecqpde.t e

" MontiCore Reference Manual, Holldobler et al, 2021. Page 221ff.
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Olscope symbol SpesMLPackage = NalM(—:Gramn
02
03scope symbol SpesMLComponent = Name

Listing 7-4 Spanning the scope tree are the packages and components. Defining a scop
of these assures that graphical elements can uniquely be classified and thus identified.
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01lgrammar SpesMLSymTab MEGr a mn

02 extends SpesMLExpressions,
SpesMLEffect s,

03
e. montic

or
04 de. a.symbo
05l

e. mf. Monti Fun,
|l s. OOSymbol s

Listing 7-5 MontiCore grammar for MagicDraw's SpesML elements. Extends frc
previously introduced Expressions, Effects, and executable functions to be
integrate all three. Further extends from OOSymbols, a library of cbjéentec

AsLi s7-dsnlgo whSep e ssMLmh allaldel i t deh @lkkdyg ebeemBaort s
packamgodosmp o méikee y woymdide hdthest r od e svwomlzd las s .
Sy mbloilisec o,pvédh s fcdirami er anmih g vedenfa e s tsienpga, raantdi o n
reguliastieb® ¥ mbagtlesr t acaot btersk ekter uthab bblva
si mul t asrmpeea scpogn t acihnislyndgb @ hadl Is @c hislyinlm & lo me her
scopff ecalilveewhgeogn st rodad r iddmo ® t ogptehti rsieeal tl rea
gl obad\Wwiet. h hreo ® ¢ orpeesd rdtes C ag®wSpesMimy t st aspean s
t hsec ohpiee r as hyMd i c Pr ayGente.splelaje a sy mh atsb e
i dentvifadNa mEien dabs g ghlwa It dosi cnoopsec ospter uica aulrrleesdo | vi ng.



132

NNNNRPRPRRPRPRRPRPRPRPRPRPOOOOOOOOO

WNPFPOOONDDADWNEOOONDIADWNE

public class SpesMLGenitor

extends ModelHierarchyVisitor {
private BiMap<Element, ISymbol> symMap;
private Stack<ISpesMLSymTabScope> scopeStack;

@Override
public void visitPackage(Package element) {

var builder = SpesMLSymTabMill.packageSymbolBuilder();

var symbol = builder.setName(element.getName()).build();
symMap.put(element, symbol);

var enclosingScope = scopeStack.peek();
enclosingScope.add(symbol);

var spannedScope = SpesMLSymTabMill.scope();
spannedScope.addSubScope(spannedScope);
scopeStack.push(spannedScope);

traverse(element);

scopeStack.pop();

)

Listing 7-6 The scope genitor simultaneously builds the symbols and scope skeletons, a
creates a bdirectional map between MagicDraw elements and MontiCore symbols.
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0 1

0 2

scope symbol SpesMLInterfaceType implements OOType

= Name;

MEGr am

Listing 7-7 Interface types are introduced as an extension to the library symbol Ot
This change was necessitated by the desire to differentiate at a symbol level betw:
properties and flow properties. This is relevant as stream functions should ¢

allowed on flows, not values.
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8 MontiCore Reference Manual, Holldobler et al, 2021. Page 179ff.
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public class SpesMLGenitor Jav
extends ModelHierarchyVisitor {

@Override
public void visitProperty(Property element) {
var builder = SpesMLSymTabMill.fieldSymbolBuilder();
var symbol = builder
.setName(element.getName())
.setlsStatic(false).build();
symMap.put(element, symbol);
var enclosingScope = scopeStack.peek();
enclosingScope.add(symbol);

}

PRPRRPRPRPRPOOOOOOOOO
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}

Listing 7-8 Properties represent fields of either components, value type definitic
flow type definitions. Compared to packages, components, or type definitions, tl
be static and do not span a scope, nor do they invoke further traversal.
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public class SpesMLCompleter Jav
extends OOSymbolsVisitor {

@Override

public void visit(FieldSymbol symbol) {
var element = symMap.get(symbol);
var typeName = ((TypedElement) element).getName();
var typeSym = symbol.enclosingScope.resolveType(typeName);
var type = SymTypeExpressionFactory.create Type(typeSym);
symbol.setType(type);

}
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}

Listing7-9The second phase links the type
traversal infrastructure is used. Each FieldSymbol is visited, the type name retriev
the matching containment tree element, and the type resolved through the symb:
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0 1| void embed(ASTExpression ast, Class component, Jav

02 BiMap symMap) {

03 ISymbol componentSymbol = symMap.get(component);

0 4 IScope enclosingScope = componentSymbol.getSpannedScope();

0 5 ast.setEnclosingScope(enclosingScope);

06}

Listing7-10Embeddi ng the textual expressionos
graphical model elements. The expression has previously been parsed to an AST. The
model el ement representing the embe dAPIlThe

bi-directional symMap was constructed from the containment tree.
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9 MontiCore Reference Manual, Holldobler et al, 2021. Page 361ff.
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7.4 .AQhannel Out Direction
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7. 4.QonnectedProxyPortsOf Bl ock
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7.4 . Bi stinctTaskAIl |l ocati on

This validationrule is implementedasa binaryvalidationrule (Java)andchecksthateach
SoftwareElementis allocatedto exactlyoneExecutionElement.Therule implementshe
following well-formednessule:
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1 WFR-T2: Eachsoftwareelementmustbeallocatedto exactlyoneexecutionelement.

7.4 HmptyName

This validationrule is implementedhsa binaryvalidationrule (Java)andchecksif specific
SpesMLelement$havea name.Theruleimplementshefollowing well-formednessules:
1 WFR-L1: All SpesMLElementanusthavea namesinceelementsarereferencedia
theirnamesdn atextuallanguagespecification.

7.4 BEmptyType

This validationrule is implementecdasa binaryvalidationrule (Java)andchecksthatall
SpesMLelementghatcanbetypedareproperlytyped.For example everylogical component
shouldhaveat leastonelogical interface.This meanghatattributesof valuetypesmusthavea
type,flow propertiesnusthaveatype, proxy portsmusthaveatype,andpartsandvalue
propertieof a block musthaveatype. Theruleimplementghefollowing well-formedness
rules:

1 WFR-L2: Everyattributeof valuetypes,flow propertiesproxy ports,andvalue
propertiesandpartsof everyblock musthaveatypeto havearelevantand
observabldehaviorin the system.

7.4 . BnoughMemorySpaceFor Task

Thisvalidationrule is implementedasa binary validationrule (Java)andchecksthat
SpesMLExecutionElementshaveenoughmemorycapacityfor all deployed/allocate&pesML
SoftwareElementnit. Therule implementghefollowing well-formednessule:

1 DAR-1: Everyexecutionelementmusthaveenoughmemorycapacityfor all
deployedsoftwareelementoniit.

7. 4. EnoughRAMCapFor Task

Thisvalidationrule is implementedasa binary validationrule (Java)andchecksthat
SpesMLExecutionElementdaveenoughRAM capacityfor all deployed/allocate@pesML
SoftwareElementonit. Therule implementghefollowing well-formednessule:

1 DAR-2: EveryexecutionelementmusthaveenoughRAM capacityfor all deployed
softwareelementoniit.

7. 4. atchingTaskPort Al l ocati on

This validationrule is implementedasa binaryvalidationrule (Java)andchecksthatthe
SpesMLportdeploymentis alignedwith SpesMLSoftwareElementdo SpesMLExecution
ElementdeploymentSoftwareelementportscanonly beallocatedto portsof execution
elementgo which the softwareelementasownerof the portis deployedtself. Therule
implementghefollowing well-formednessule:

1  WFR-T1: Interfacedeploymenmustbe alignedwith softwareelemento execution
elementdeployment.
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7.4 . MoPorts

Thisvalidationrule is implementecasa OCL 2.0 validationrule andchecksthatall SpesML
structuralelementge.g.,SpesMLFunction SpesMLLogical Componenté ) haveatleastone
SpesMLUnterface Therule implementghefollowing well-formednessule:

1 WFR-L2: Everylogical componenmusthaveat leastonelogical interface,meaning
everyblock mustown atleastoneproxy port.

7.4.AMWl yOneBehavior

This validationrule is implementedasa OCL 2.0validationrule andchecksthatcertain
SpesMLelementssuchasthefunctionalcontext,logical context,softwareelement,
mechatroniceomponentglectricalcomponentsandsoon, havea maximumof onebehavior
definition (e.g.,statemachine).Therule implementghefollowing well-formednessules:

1 WFR-L3: All logical componentsieedto haveaninterfacebehaviormodelin the
form of adecompositioror a statemachine.

7. 4 . Pllatf or mEl ement Connections

Thisvalidationrule is implementedasa binaryvalidationrule (Java)andchecksthateach
SpesMLExecutionand SpesMLCommunicatiorelementis connectedo atleastoneother
(technical)componentTherule implementghefollowing well-formednessule:

1  WFR-T4: All executionrandcommunicatiorelementmustbe connectedo atleast
oneothertechnicalcomponent.

7.4 .RA@rtTiming

This validationrule is implementedasa binaryvalidationrule (Java)andchecksthatthe
SpesMLTimingsettingson SpesMLLogical InterfacesareconsistentAn examples thata
statemachineshouldnot assignmultiple valuesto logical outputinterfacessuchthatthe
behaviorof thelogical componentannotbe analyzedTherule implementghefollowing
well-formednessule:

1 WFR-L5: Statemachinesnustnotassignmultiple valuesor sequenceto logical
outputinterfacesat the sametime.

7.4 ABreSoftwareTracing

Thisvalidationrule is implementedasa binaryvalidationrule (Java)andchecksthata
logical subcomponentf a SpesMLLogical Componenthatwastaggedassoftwaremustnot
betracedto anyotherelementhana SpesMLSoftwareElement Therule implementghe
following well-formednessule:

1 WFR-T5: A logical subcomponenf alogical componenthatwastaggedto one
engineeringliscipline,e.g.,software mustnotbetracedto anytechnicalelement
otherthana softwareelement.

7. 4.9TMEf f ect s

This validationrule is implementedasa binaryvalidationrule (Java)andchecksthe validity
of effectsin transitionsandinitial sequencem statemachineslt checksa) theassigneei.e.,
channelr attributesp) theassignedalue,i.e., aliteral or potentiallycomplexexpression,
andc) their combination This rule makesuseof the textuallanguagepartsintroducedn
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Chapter5 aswell astheir integrationwith MagicDrawdescribedn Section7.3. It comprises
multitudeof checksin a singlevalidationrule. The assigneegn theleft-handside,is checked
if it exists,meaningf it is anattributeof theowing block. Attributesmaybeflow properties
of proxy portsor valuepropertieof the owing block. Thevalue,on theright-handside,is
checkedf it is avalid expressioraccordingto the textualexpressiotanguagespecificationin
Chapters. This meanshoththeassigneandthe assignedralueshouldconsistof soundsyntax
andhavetype-correctreferenceso existingelementsonly. Suchexistingelementsnightbe
theflow propertiesandthevaluepropertieof the owningblock, executabldunctions(see
Chapterb), or staticelementsuchasenumerationgrinally, the assigne@andthevalueare
checkedor compatibilitywith regardgo their type. It thusimplementghefollowing well-
formednessules:
1  WFR-L3: All logical componentsindsub-componentsieedto haveaninterface
behaviormodelin form of decompositioror a statemachine.
1  WEFR-L4: Statemachinesnustonly referto interfacesdefinedby thelogical
componentn which theyaredefined.
1 WEFR-L5: Statemachinesnustnot assignmultiple valuesor sequenceo logical
outputinterfacesat the sametime.

7.4 .9BMGuar ds

This validationrule is implementedasa binaryvalidationrule (Java)andchecksthe validity
of transitiorfs guardsin statemachinesThis rule makesuseof the textuallanguageparts
introducedin Chapters aswell astheirintegrationwith MagicDrawdescribedn Section7.3.
Theguardis checkedo beanopaqueslementcontaininga string. This stringis checkedo be
avalid expressioraccordingto thetextualexpressiodanguagespecificationin Chapters.
This entailsbothbeingof soundsyntaxaswell astype-correctreferenceso existingelements
only. Suchexistingelementsmight bethe aforementionedlow propertiesandvalueproperties
of the owningblock, executabldunctions(seeChapters) or staticelementsuchas
enumerationgrinally, thetype of theguardexpressions assuredo be of Booleantype. It
thusimplementghefollowing well-formednessules:

1 WFR-F10: Eachvaluethatcanbe sentovera modechanneimusthavea
correspondingtatein themodemodel.
1 WFR-F11:Transitionsn themodemodeldo not haveanyguardsor actions.

7.4 .9wf ficient Asil Level For Task

This validationrule is implementedasa binaryvalidationrule (Java)andchecksthatthe
SpesMLExecutionElementdhavean ASIL safetylevelthatis high enoughfor all
deployed/allocate@pesMLSoftwareElementonit. If the ASIL safetylevelis nothigh
enoughthenthe executionelementmustbe certified for a highersafetylevel, andif the safety
levelis too high,thenit shouldbe deployedto a moresuitableexecutionelement.Therule
implementghefollowing well-formednessule:

1 DAR-3: Everyexecutionelemenimusthavean ASIL safetylevelthatis high enough
for all deployedsoftwareelementonit.

7.4 TalskPortConnection

This validationrule is implementedasa binaryvalidationrule (Java)andchecksthateach
SpesMLSoftwareElementportis eitherconnectedo anotherSpesMLSoftwareElementport
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or allocatedto a portof an SpesMLExecutionElement Therule implementghe following
well-formednessule:
1 WFR-T3: Eachsoftwareelementinterfacemustbe eitherconnectedo another
softwareelementinterfaceor allocatedto a port of anexecutionelement.

Toe&lpecMafliicdRu li @

Othervalidationruleshavealsobeendefinedaspartof the MagicDrawSpesMLplugin that
aretool-specificandarenot associatedvith anywell-formednessulesdescribedreviouslyin
Chapter6. Thefollowing list of tool-specificvalidationrulesalongwith arationalehavebeen
definedfor the SpesMLpluginin MagicDraw.

7.4 . BmptyEnum

Thisvalidationruleis implementedasa OCL 2.0 validationrule andchecksthatall SpesML
Enumeratiorelementsiefineat leastoneenumeratioditeral. This rule ensureghat
enumeratiorelementsarenot meaninglessvhenthereis no enumeratiotiteral defined.This
rule is partof a validationsuitethatis configuredto run automatically.

7.4 .P®Ort sAndValueProperties

This validationrule is implementecasa binaryvalidationrule (Java)andchecksthatall
SpesMLstructuralelementge.g.,SpesMLFunction SpesMLLogical Componenté ) donot
containvaluepropertiedf theyalsocontainpartpropertiesThis rule ensureghatonly those
blocksthatdo not containany partsareallowedto havevaluepropertiesconfigured.This rule
is partof thevalidationsuitethatis configuredto run automatically.

7.4 .ROrt Cycl es

This validationrule is implementecdasa binaryvalidationrule (Java)andchecksthatin each
SpesMLdiagramthatis basedon a UML CompositeStructureDiagram in eachcycleof ports
atleastoneportof thecycleis delayed A portis calleddelayedf its specificationdefines
initial sequencetor its flow propertiesThis rule ensureshatthe compositionsarewell-
definedfor the ports.For atomiccomponentsgomponentnodeleramay explicitly define
outgoingportsasdelayed For composedomponentsthe delayedpropertyof aportis
derivedfrom the componentomposition.This meanghatan outgoingport of acomposed
components delayedf all pathsin the componeris topologyto thatport aredelayedj.e.,
thereexistsatleastoneporton eachpaththatis delayed On the otherhand,incomingports
areneverdelayed.
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— —h o~ = o~ ()

(SpesML State Machine Diagram CheckingBatteryVoltageStateMachine [ |= CheckingBatteryVoltageStateMachine ]J N

[bv.v < MIN_BV]/ bm.s = BatteryStatus.NOT_OK; BATTERY LOW
( do / bm.s = BatteryStatus NOT_OK;
INIT
do / bms = BatteryStatus.NOT_OK;

l[bv,v >= MIN_BV]/ bm.s = BatteryStatus.OK

BATTERY OK [bv.v < MIN_BV]/bm.s = BatteryStatus.NOT_OK;

do / bm.s = BatteryStatus.OK;
[bv.v >= MIN_BV] / bms = BatteryStatus.OK;

. /
Figure 7-7: Thefigure showsan exampleof SpesMLbehaviorspecificationin form of a statemachine.
Theexamplds part of therunningexample Namesare shortenedor betterreadability.
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Figure 7-8: Thefigure showsan excerptof the componenshownin Figure 7-7 in the textual syntaxof
MontiArc. To avoid redundancy the excerptshowsonly one of the state transitions, the other state
transitionstranslatesimilarly.

Thecomponenvariabledeclaration(line 5) consistof thevariablds type,name andinitial
value, all directly derivedfrom the SpesMLcomponenspecification.In contrastto SpesML,
the statemachineis not a diagramof its own but alsoan elementof the componentleclaration,
herecalledautomator{lines7-14). Theelement®f anautomatonpamelystatesandtransitions,
are defined in anotherset of curly brackets. Statestranslate straight forward into state
declarationglines8-10),astatedeclaratiorconsistingof thekeywordstateandthestatéds name,
with themodifierinitial definingtheinitial state A transition(line 12) consistf thetransitiorés
sourceandtargetstate followed by the transitiorés guardandaction.In MontiArc, transitions
havean implicit order definedby their locationin the text file. This order caninfluencethe
componenis behaviorin caseof nondeterministicstatemachinesln SpesML thereis noorder
of transitions;thus, the translationdoesnot guaranteeany order. While the translationof
transitionsis mostly straightforward expressiongccessinghannelsn guardsor actionsare
modifiedto referto the correspondingportsin MontiArc.
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SpesML Logical Internal Component Diagram Window LifterSw itches [ [ Window LifterSw itches ]J

driver : WDSwitch

=

demd : AWCmd r_‘]

~|dsw itch : ~DSw itch i} . 5
= [~]switch : ~DSwitch cmd : AWCd [

L
L

passenger : WPSwitch

md : PWCmd
pci Eﬂ

L

L psw itch : ~PSwitch § ) 4
[—j |~>|switch : ~PSwitch omd : PWCmd [}

Figure 7-9: Thefigure showsan exampleof SpesMLcomposeccomponentThe exampleis part of the
runningexampleNamesare shortenedor betterreadability.

The translationof a composedcomponentfollows a similar pattern.Given the SpesML
componenshownin Figure7-9 consistingof two subcomponentshetranslationresultsin the
MontiArc componenshownin Figure 7-10. Again, the inner elementsf the componentare
definedin the curly bracketsLike the automatorof anatomiccomponentthe subcomponents
and connectorsare part of the componentdescriptioninsteadof a separatediagram.Each
subcomponendeclaration(lines 7-8) consistsof a referenceo the componendeclaratiorand
the subcomponeid name.While SpesML componentdeclarationsare referencedthrough
objectreferencesin MontiArc theyarereferencedy name.
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Yy
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stg DAOOATAJAROW b A mi

ts fydz

Figure 7-10: Thefigure showsan excerptof the componenshownin Figure 7-10 in the textualsyntaxof
MontiArc.

The connectorglines 10-13) similarly referencehe sourceandtargetportspername.If the
referencedort is of a subcomponenthenthe port referencds qualified via the nameof the
subcomponentWhile in MontiArc, subcomponentand ports areimplicitly orderedby their
locationin thetextfile, this orderdoesnot affectthe componerds behavior.SpesML,beinga
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graphicalmodelinglanguagehasno order of subcomponentghus, the translationdoesnot
guaranteanyorder.

MontiArc componentlescriptionsareonly anintermediatestepof the simulationexecution.
The simulationplugin furthertranslategshe intermediatedescriptiondo Javaandultimately to
bytecode.Thetranslatiorto Javais notshownhereandinsteadcanbefoundin apreviouswork
[44]. While the Javacodegeneratedhy MontiArc is usedasprovided thesimulationpluginalso
generateadditionalJavafiles, namelythetestdriversthatexecutethe simulation.
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Figure 7-11: The figure shoesthe basic conceptof a SpesMLtest case. The test caseconsistsof two

subcomponenthesystermundertest(SuT)andtheoraclethat providesthe systenis inputsandevaluates
thesystens outputs.In caseof successr failure theoraclesendsa correspondingnessageverthesingle
outputport.
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Integrated Parking Lock
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Figure 8-1: Representation of the Integrated Parking Lock and its context
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#| Name Text

1 & @ 1.0 Automotive Context The system shall operate in the automotive context of passenger cars

2 @ 1.1 Functional Safety The system shall fulfill the functional safety standard 1SO 26262

3 Q 1.2 Gross Weight The system shall be installed in road vehicle with a maximum gross weight of kg

4 Q 1.3 Road Vehicle Environmental Conditions The syftem shall fulfill the requirements of 1SO 16750 Road vehicles - Environmental
conditions

5 0 14 Ingress Protection Code zgz;;'stem shall meet the following Ingress Protection Codes in accordance with 1SO

6 B (D 2.0 Prevent Road Vehicle Movement The system shall prevent the movement of road vehicle during parking

7 @ 2.5 Manuel Control The system shall provide a way to manually lock and unlock

8 ® 256 Drive Train The system shall lock the vehicle drive train

9 @ 21 Parking Mode The system shall lock in status parking mode

10 @ 2.2 Vehicle Movement The system shall not lock in status vehicle movement

" @ 2.3 Movement After Locking The system shall allow a maximum vehicle movement of ™ mm in status locked

12 @ 24 Locking Speed The system shall lock and unlock within  second

13E @ 3.0 Communication The system shall communicate with other ECUs

14 @ 3.1 status Report The system shall communicate status messages

15 @ 3.2 Control Signals The system shall communicate control signals
Th m shall communi rdin 1SO 11 R wvehicles - Controller

16 ® 3.3 CAN Bus ar:as::";ior: (aCACA:}) unicate according to 1SO 11898 Road vehicles - Controllel

17 @ 4.0 Maximum Weight The system shall have a max. weight of kg

18 @50 Operating Time The system shall operate during a vehicle lifetime of h

19 ©® 6.0 Life Time The system shall be functional over a lifetime of ~ years

20 @ 7.0 Material The system shall consider laws and regulations based on (EC) No. 1907/2006 (REACH)

21 @ 80 Noises The system shall not generate any noise above = dB (A) according to DIN EN 21683

Figure 8-2: Requirements table (Screenshot of tool implementation)
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ef1 : Request Parking Mode ]
: IRequestMsg

1: Prevent movement of road vehicle during parking
: ~RequestMsg

efd:Lock [E]
: ~lLockRequest

: IStateChanged

~IResponseMsg - ResponseMsg : lLockRequest

ef2 : Request Drive Mode [F]
R eetieg : ~Requesthsg ef5 :Release ]
i : IStateChanged
: ~iResponseMsg : IResponseMsg
: ReleaseRequest [— : ~ReleaseRequest
ef3:Request Status ]
: ~ResponseMsg : IResponseMsg
: IRequestMsg  ~Requestisg

Figure 8-3: Functional context view of the IPL

8.1. FuhctWohbinBaékMode i Entar kMonde 0

Thehibomodehotwlber e akadfo vy s f emcEn tdearr kKN onddey

d e compiotsniwiog btodkunc s hoiwlki g &5 Af treercebnim@cessi ng
t hpear kmormdge g lme s mma m dwidllé or wa rodleed ®k i Tweafiumct i on.
Tepr ewermtmove mehedx t eLrondakl n citsiroing Basem hree s pofn s e

t hLeod unct hfeere,dibsaeakas t arteupdot hienicta l&luenrct i on.

class Prevent movement of road vehicle during parking [ @ ]J

L : ~RequestMsg f1 : Enter Parking Mode [Fg - ILockRequest
E —?|: ~RequestMsg  : ILockRequest|—> Eﬂ
: IResponseMsg
=] |_]_|: IResponseMsg: ~IStateChanged
: ~RequestMsg f2 : Leave Parking Mode : IReleaseRequest E
: ~IRequestMsg : IReIeaseReq:Ges w _El
. IResponseMsg
“"|: IResponseMsg: ~IStateChanged
: ~IStateChanged F_:l
- : ResponseMsg . . |R.§3;fof1rs'§‘§ig§ status g
m ~RequestMsg =
| : ~IRequestMsg

Figure 8-4: Functional Black Box View of the IPL
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ibd [Function] Enter Parking Mode [ Funtional White Box Model ])

f1: Receive command Ed

- ~IRequestMsg :~|RequestMsg : ICommand

11

f2 : Lock drive train
{function type = Whitebox Function}

. lLockRequest
-

: IResponseMsg

3 : Send status response E

i : ~IResponseMsg
g IResponseMsg ] : ResponseMsg

Figure 8-5: Functional white box view of the IPL

8. 1. Mo4dModel
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8. 1.150¢9iVciaelw
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Although allocationsbetweenfunctions and logical elementscan be x:y, in the practical
usagst is recommendetb dothefunctionaldecompositiorin away thatenablegheallocation
of afunctionto exactlyonelogical element(x:1).

8. 1. 3 .0lgiCcoanlt e x t

Theogicoalktdextc holwdUD nt ewiatehk s esrynsatl BElmsPiLh hi s

e X a nmyadtsavwroe | eavcat dtme s<:t e(rvneah)lic o Ih & nwit b bt ganidngc o mi ng
communiacnadi i bwewvh eweh aafeortaea@ans mingd sischriwi@i, gur e
8-6.

ecu : external control unit parkingLock : ParkingLock driveTrain : Drive train

: ~IStateFeedback .‘ IStateFeedback : IForce : ~IForce

: IForce

Figure 8-6: Logical context of the IPL

8. 1. .oy iCoariporBeamtuct ur e

The logical systemarchitectureof the IPL comprisesthreelogical componentsshownin
Figure 8-7. Inputs and outputsof the Parking Lock componentare connectedo an input or
outputof subcomponentsEachcomponentinteractswith othersto realizethe specifiedsystem
functionsof thefunctionalview.

SpesML Logical Internal Com ponent Diagram ParkingLock [ [&] ParkingLock ]J
: ~ICommand controlUnit : Control unit actuationSystem : Actuation system
el [—Hcommand i
- IStateFeedback iIForce
L ‘ IStateFeedback
: ~IFeedback : IControl : ~IControl : IFeedback
lockMechanism : Lock mechanism : ~IForce
—
7 . IForce B
: IForce
: ~IForce 'I:I:: - ~IFarce |

Figure 8-7: Architecture view of the IPL

Theview visualizesthe Control Unit with its externalcommunicatiorinterfaces Command
andStateFeedbaglho receiveandsendmessageandthe Controlinterfaceto enablecontrol of
theActuationSystemlf theControl Unit receivesanewrequestit will beconvertedo acontrol
commandand forwardedto the Actuation System The Actuation Systemcontrolsthe Lock
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Mechanismby emitting and retractingmechanicalforce. The Lock mechanismmust create
enoughforceto lock thedrivetrain.

Att hpsi alilogicoalp o te@mtitshiee q uli e wald o mp |l arfda iyt her
refi nemeontesessary.

8. 1. Behavior

Behawiameno d e V iSgpce sSMLaMtaec h i(sreBes ¢ t5i. b)) ntkirt@s soci at ed
| ogt omp o rFd mMtd8seh otwhbee h a vmoal erloltihfeg t u &ty is dwvla mc h
waal r ele@d yamme d gt o mp oinkind 8&*% e

(8]
Collapsed
 S——

(1

Extending 2

[3] 7

Extended :] [4]

5]

Collapsing

[6]

Figure 8-8: Behavior view of the Actuation System (transitions, Tsdxe8-1)
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Table8-1. Statetransitions
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comp arnoaust wut hheex pecéesdlbamsstihient emelraofasyst em,
mu | tti qusldaesaeasee eded .

SpesML Logical Test Case Diagram ActSys Test Casel|[ B ActSys Test Case1 ]J

cntrl : Cntrl TC1 act_sys_test : Actuation system a:Assert TC1

: IFeedback : ~IFeedback : Test_IResult

 Test_Resutt | =]

: ~IForce

: IControl ﬂ : ~IControl

Figure 8-9: Test case to validate the behavior of the Actuation System
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ecu : ECU PL : ParkingLock [

i}
: ~BusLevel 3 : BusLevel th

drive train : Drive Train []

: ~BusLevel -| :BusLevel

: IMechanicalForce E' : ~IMechanicalForce

power supply : Power Supply E]
:~IDC_12V 1] : IDC_12V
: ~IGND +: ieND

Figure 8-10: Technical context view of the IPL
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SpesML Technical Internal Component Diagram ParkingLock[ |E‘ ParkingLock ])

motorControl : IMotor Trigger

controlUnit : Control unit
CAN_H: BusLevel CAN_H: BusLevel

P
CAN_L : BusLevel
= CAN_L : BusLevel

DC_IN: IDC_12V DC_IN: IDC_12V
GROUND : IGND

encoder : ~IMagngtickield

“—| GROUND : IGND

motor : Blectric Motor Bl

4{‘—] rotor : IMechanicalForce

magnet : IMagnetigField

statorWindings : ~IMotorTrigger

spindle pawl : Spindle pawl assembly
plug : ~IMechanicalForce

stop : IMechanicalForce
3

[}

Paw | : IMechanicalForce 5

Figure 8-11: Technical architecture view of the IPL
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Legend E- _ 2.3 Elgments [Model::_SpesML::Functional Viewpoini
B-B3 235

n
m

xternal

A realizes function

3.1 System under
B3 2.3.2 System Functic [T
3.3 Whitebox Func [

| (@ Enter Parking Mode- -

B 2.
= (@ Determine status-—-

032

A= = @ prevent movement o

= (@ Request Parking Moc
= | (@ Request Status-

= | @ Request Drive Mode-

~ | @ Send status response-
™ @ Unlock drive trair--

=@ Receive commang--

@ @ Leave Parking Mode-
N @ Lock drive train:--

NI @ Provide status -

= @ Release

=@ Lock-

B £ 3.3 Elements [Model::SpesML:: Logical Viewp]
= E3 3.3.1 System under Development
i L.(® ParkingLock
= 3 3.3.2 Components
; (® Actuation system 3
@® Control unit 3
@® Control Unit Composed
.- (@ Lock mechanism 2
E] 3 3.3.3 Subcomponents 1
i (@ Actuation controller
® Msg emitter
@ Msg receiver
@ Position Determinant
@® Processing Unit
3.3.4 External ] El B IR
L-(® Drive train BlA A
@ ECY 3 ARAAR

Figure 8-12: Matrix view to display and create traces between logical and functiona

-
[

A @
A @
A

w w

AN
N

N = = =N
NN
EN

B

w N

Besitdresaes o s ewwbeare®#l 0 abeswekaemémntioamy i etw
requir€E€meensrmattpd » vi lseestfr e qu i remaklaelt e me fat s
partivd eBvad-.i ,g 8-1 s h otwwBter a oifelge mé n tt shleo g ive a&ho
requi rements.

Appltieeidi etwldee pendeaspipowhii g8rext ewaditodas es
toequi rehmeenstusihtoiwhl i g 8T =

- @ Msg emitter & > G Send status response
CAN transceiver &
~ @ Msg receiver @ = (@ Receive command

Figure 8-13: Dependency graph to visualizes traces across viewpoints
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Figure 8-14: Matrix to create and display traces between logical viewpoint an
requirements

Figure 8-15: Dependency graph includirtgaces to requirements, generated by the
SpesML Impact Analyses
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