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Use-case: Verification of a motor controller in signalling systems
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Spreadsheet-based configuration of

Overview:  ramilies of Real-Time Specifications

t <= TSelfTest[id][max]

errorfid][read]?

doSelfTest _ i
id==0 StartingSelfTest: gotError:=true

to[id][sTest]! .
t:=0, gotError:=false S{altSelfTest[unit

Init

t<=Tlnit[id][max] errl=read

err:Err

error[id][err]?

Reseting last=err, t=0,canAct[id]=fal 1—
t<=Tsendinglidimax] F;;?L[eifg,[etr_—rg,can/xct[id]=fa\ 3 | Monitor X
R ke : ?uesi(l)-ldezrrtBeat b .
o 6 SelfTest X X

err:Err errorfid][err]?
\ to[id]fidle]! last=err, t=0,canAct[id]=fal
limaielid1 00

s

tolid]idle]! I t<=TSending[id][max

i

.............

4

@Configurations @Scenarios <queries>

2. Configure Instances of the models
and requirements in Excel

1. Model behaviour and
requirements in UPPAAL model checker

3. Verify all instances and all requirements 4. Novelty: valid instances and parameters in Excel
® [EERY @ -models/report-24feb.html @ (©) » Poling Heartbeats
Uppex SelfTesting StartWithSelfT. estL
U p p eX erification Report: uc10-nonreactive.xlsx SyncMon
)22/02/24 10:55:21 SyncDec ucto
Scenario Scnl T
Scn2 Poling Scenario
BufferOverflow ?cn3 Hemm s 1/§Iz>\s 3
@ChkBO0OCanOverflow: the Buffer1 shall be able to overflow. #SomEOf POIIIng SynCMon SyHCDec Selfrestjng o o _
#oneOf Scenario
Decoder
StartWithSelfTesting
X @cChkDecoding: the Decoder1 shall be able to send a warning.
@ChkBONeverOverflows: the Buffer1 shall never overflow. ﬂ-
m
| 5
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t <= TSelfTest[id][max]
doselfTest id+=0 StartingSelfTest '

error[id][read]?
gotError:=true

i !
Ef):[Ig,][gsggESrtllbr:=false5 artSelfTest[unit][faultva

A

The Controller

Init -
t<=Tlnit[id][max] / —err: errl=read
itfi ; : id][err]?
t>=Tnit[id][max] t>=TSelfTest[ig][min] errorlid]ferr .
Reseti to[id][checkHW]! {t: t:=0 T last=err, t=0,canAct[id]=false
sicing t/<= TCheécklidlImax] aerr-Frr

stop

2 ]«
y Lror
~ Ready ey >®

A
stop

reset

rdirn rduiwty

t<=TSending[id][max] Stopping ) err:Err
1! error[id][err]?
last=err, t=0,canAct[id]=false

action[id][reset]?
~

=0 ' FallBack
rET ror[id][err]? last=err, t=0,canAct[id]=false

fail[id][control]?
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t <= TSelfTest[id][max]

doSelfTest . . error[id][read]?
to[id][sTest]! idg=0StartingSelfTest gotError:=true
- t:=0, gotError:=false 32 :
nit _
t<=Tinitlid][max] / erri=read
t>=Tinitlid][max] t>=TSelfTestidll[min] | errorfidlferrl?
to[i_d][checkHW]l t'=_0 last=err, t=0,canAct[id]=false
Reseting ' Lck[id][max] . err:Err
C\, - ~ error[id][err]?
) t<=Tsendinglid]max] =0 Y last=err, t=0,canAct[id]=false
tolid][checkiMilasrs tolid]lidle]! c
Idle doSelfTest=false EndSelfTests err:Err error[id][err]?
. Y last=err, t=0,canAct[id]=false
command[idI[STOPR—" 4, se|fTest sramand[id][STOP!
action[id][start]? .
StoplLeft G =0 G StopRight
_ oo DY err:Err error[id][err]?
tolid]lidle]! t<‘Tse”d'”9['d][maX(J tolid]lidle]! Y last=err, t=0,canAct[id]=false
limit[id] && tolid][start]! limit[id] &&
t>=TMove[id][min] t>=TMove[id][min]
limit[id]=false el limit[id]=false err:Err errorfid][err]?
m Y last=err, t=0,canAct[id]=false
action[id][gste actignfid][goRighit
err:Err .
_ N 1 ~ errorfid][err]?
t<=TSendinglid]jmax] 7 last=err, t=0,canAct[id]=false
tolid][
t:=0 \ t:=0
ommand]id][LEFT]! e MovelLeft MoveRight e
err-Err N error[idl[err]?
_— L t <= TMovellid][max] last=err, t=0,canAct[id]=false
- t<= action[id][stop]? action[id][stop]? '
Model-checker of =0 =0 (=0, canAcia=ralse eucom
. . t=_,_c§nAct id]=false FallingBack | Iimit[,id] L fail[id][control]? action[id][a]?
Real-time properties ! limitfi] g =0 ¢ RS
— Fails | Faulty error[id][err]
t<=TSending[id][max] . Stoppi

ng ) err:Err

p]! error[id][err]?

action(id][reset]? last=err, t=0,canAct[id]=false
~

t=0
( FallBack faillid][control]?
T-ET ror[id][err]? last=err, t=0,canAct[id]=false
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Component architecture

do self-test

Self-Test Scheduler

warn,upd
[Encoderl]( ............. P.. V ....................................................................................... I ..... twarn.
; warn,upd im
warn: uod [Buffer1]< -------------- P {I\/Iomtorl]_‘_'___ Controller1 If%____
: P Avvarn error error
Y . et Decoderl]-....... --—-eLrQL——- .....

action ! command
[;?;hl?;)?;? lZZZZZZZZZZZZZZZZZIIIIII:: %‘pupd upd action :ZZZZZZZZZZIIIIIIZ:ZZZZZZZZZZZZZZZZZZZZZZZZIII.
imu : ;

16x Automata
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Enabled Ti

Mon2
warnE[1][msg]: Sg2 —

tick[1][unit): DashHB — De2

RIS
3

% @ <

NN
<Global variables> |

De2

tick[O][unit]: DashHB — Del

tack[0][0]: Del — Bfl

DashHB

warnE[0][msg]: Sg1 —

tackB[O][0]: BfL - Sg1

Mon1l

(StartingSelfTests, Waitin

(StartingSelfTests, Waiting, Waiting, StartingSt

(StartingSelfTests, Waiting, Waiting, StartingSt

(StartingSelfTests, Waiting, HeartbeatW, Start

(StartingSelfTests, Waiting, Waiting, StartingSt

(StartingSelfTests, Waiting, Waiting, StartingSt

(StartingSelfTests, Waiting, Waiting, StartingSc

(StartingSelfTests, Waiting, Waiting, StartingSt

Trace File:
Prev Next
[y Open ¥ save

|
Slow

Replay

Random

|
Fast

Fl
<Constraints>
wall = 81
{ Jpd
Ctl.t=43
Reset Next Monl.t = 1
Monl.sending = 4,
Simulation Trace Del.syn =7
R Del.dec =79
" - - : Del.tk =1
(StartingSelfTests, Waiting, Waiting, StartingSt Ct2.t=42
. Mon2.t = 8
warnB[0][seeA(]: Bf1 — Sg1[0] Mon2.sending = 4
(StartingSelfTests, Waiting, Waiting, StartingSt De2.syn = 6
De2.dec = 78
tackE[1][0]: Sg2 — De2.tk = 20
1
(StartingSelfTests, Waiting, Waiting, StartingSt 13
warnB[1][seeA(]: Bf2 — 5g2(0] DashitAct =81
Sg2.t=8
(StartingSelfTests, Waiting, Waiting, StartingSc Rd2.t= 12
Circ.tB = 81
Mon2 Circ.tV = 43
(StartingSelfTests, Waiting, Waiting, StartingSt ift‘;_sf !
Del DashHB.tTick = 1
wall - timeStateUp

Ctl.t - timeStateU|
Ctl.t - Monl.t = 4
Monl.sending - M
Monl.sending - D/
Del.dec - Del.sy|
Del.dec - Del.tk
Ct2.t - Del.tk = 4
Ct2.t - Mon2.t =

Mon2.sending - M
Mon2.sending - D
De2.dec - De2.syl
De2.dec - De2.tk
De2.tk - Sgl.t =1
Rdl.t-Sgl.t=1Z
Dash.tAct - Rd1.t
Dash.tAct - Sg2.t =
Rd2.t-Sg2.t=4
Circ.tB - Rd2.t

Circ.tB - Circ.t)
Sch.t - Circ.tV = 3
Sch.t = Fl.t

Fl.t - DashHB.tTick

uc10-nonreactive.xml

N
Editor LS ConcreteSimulator ~ Verifier
il o match( lastM[0] , lastM} T ienerioltsyps syn>=TDec[0][min] ¥&_~ ~J E;:Jr‘[)ﬂl[wnD]‘ k=0, badH=0
ovel oveRig Fad=07t=0 = ! -
command(0] command e . et I =l syn>=TDecl0][min] &&
= rror{0][err Imatch( lastM[0] , lastM[1-0] ) && JastD[0]!=IastD[1-0] &&
llerr] 0]lsyns]!
ringleft T<= TMovel0][max] last=err, t=0,canAct[0] =false =0 warnOIsynSIt \ / bad <MrRiesiol o> DeltaDecgy/®2mlOlisynDl! g - bad <DTRIES[O]
= Coc bad++, t=0 s WarningW bad++, syn=0
=0, canAct[0]=false RIoll t>=DeltaMon[0]
=0, canAct[0]=false: 4 fail[0][control]? action[0][a]? el Wi W syn<=| DeltaDec[Ol
Himit[0] L0 e t<=DeltaMon[0] amning!
error{0][err]?
‘command[0](STOP]! Faulty
t<=T: D err:Err
SLoIIfb]! error(0]ferr]?
action[0][reset]? last=err, t=0.canAct[0] =false
FallBack A faill0][control]?
errErr error(0]ferr]?  last=err, t=0,canAct{0]=false
Ct2
doSelfTest &&
t<=DeltaCt(1] @) t>= TCheck[1]{min] §<sasaftestlimax] | error{1liread]?
t>=DeltaCt[1] to[1][sTest]! e artingacitast gotError:=true
L e tor:= fatse spagtselTestiuni
=Tt misd erceyy | ofti=read
1ferr]?
t>=Tinit[1][max] t>=TSelfTest[{](min] errorl1][err -
. tol1licheckHWI! t:=0| /CheckHW =0 last=erm im0, canAcifl]=false Mon2 De2
serng t <= TCheck(1][max] errErr
error[1]ferr]? Warnings
t<=TSending[1][max] PldoselfTest 8& last=err, t=0,canAct(1]=false t>=TMon[1][min] & WarningD @) syn> =TDec[1)(min] &&
ollllcheckWlt | Eos Theckitmin] tol1]idle]! imatch( lastM[1], lastM[1-1] ) & lastD[1]1=lastD[1-1] &
tol1ifidle]! bad<MTRIES[1] warnliiteyioii bad <DTRIES[1]
idle doSelfTest=false st erkrr | errorf1)err? warn[1](syns]t bad++,t=0 i 66 sy =TOecllliminl8& Bk =0
) last=err, t=0,canAct[1]=false t>=TMon[1][min] A N B
command[1][STQP! — i anEi i ateht taaMer)  InebEi AT lastD[1]==lastD[1-1] syn>=TDec[1][min] &
action|1][startl? 2 bad=0, syn=¢ aSOMI-lasiOL- &8 tcsTHeartgeat
match(lastM[1] , lastM bad==MTRIES[1] stst iR R
stopLeft @) © stopRight bad=0, t=0 error{1][syns]! /ol list? syn<=TDec[1][max] & errorl11lynd]t HE0Y badNEo
o err:Er error(1]ferr]? t<=TMon[1][max] && dec<=TDecode[1][max] &&  p, 0 4is 0 '
tol1]lidle]t t<=TSending[1][max ToTITdIel! last=err, t=0,canAct[1]=false sending<=TSendin fail[Llimonitor]? O tk<=THeartBeat ) Sy ©) Heartbeard
limit{1] && to[1][start]! limit[1] && stst o Fails Faulty
t>=TMove[ ][min] t=TMove[1](min] status[1][lastM[1]]! lastM[1] warn[1]{unxD]! action[1]{lastD[1]]! ——
limit{1)=false limit(L)=false o sending>=TSending[1][min] § sending=0, c==TDecode[1][max|]  dec>=TDecode[1][min] Leneo ~
ercErr | error{1]jerr]? monitoring canAct{1]=true, && lcanDo(L,lastD[1]) fastDll]=act;dece0
last=err, t=0,canAct[1]=false Ll actionE[1][act)?
5 sending>=TSending[1][min] && Waiting toltlisd? pe=9, P Warningunx
errErr I - g =
error[1]ferr]? monitoring t<=TMon[1][max] t>=TMon[1][min] && . Syn>=TDec[1][min] &&
t<=Tsending[1]] Jasteerr, to0,canAct{1]=false Imatch( lastMI1] , TastM[1-1] ) & Sms—ADeclll[max] S lastD[1]!=lastD[1-1] &&  tk<=THeartBeat
o t>=TMon[Lllmin] && bad==MTRIES[1] themTHearteat bad==DTRIES[1] tick[1][unitl?
match( lastM[1] , lastM} “”(;”“”’V“*]‘ Dec{1]{min] erorfilsyrol tk=0, badH=0
t=(
command][1] bag=0;it=0 't>=TMon[1](min] & ‘“O‘D“’“ syn):TDe([ Mmm] &&
error{1lfern? \ [ imatch(lastM[1] iastMIL-1) 88 lastD[1]!=lastD[1-1] &
MovingLeft T o= THoveTiimad Jastaerr, t20,canAct{1]=false warn{1]{syns] bad <MTRIES[1] arn(1](synD]! bad <DTRIES[1]
t <= TMove[1][max] e =0 bad-++, t=0 Eyns;=DeliaDec © bad++, syn=0
=0, canAct[1]=false achcom gt L L
=0, canAct[1]=fals& e N fail[ 1] [control]? action[1][a]? t>=DeltaMon[1] WarningW syn<=DeltaDec(1] (@)
Tlimit(1] teaDeltaMont1] arning
limit(1] errErr on|
error{1]ferr]?
command[1](STOP]! Fails
t<=TSending[1](max] ()< Stopping ) errErr
LI error(1]ferr]?
action[1][reset]? last=err, t=0.canAct{1] =false
=0 =
FallBack fail[1][control]?
errErr error(1]ferr]?  last=err, t=0,canAct[1]=false
Bfl
Sgl Rd1
E) N i Dash
tisFull) lisFull() lisFull() K'g;‘;‘ggnm[max] - r = repOkRdr(report[0]), T,
= - Timitol =it . itio), o
pedollon - sutusoliaty warniOliend? > |l imi Somis e tAct <= nextDelay[n¥loop_nextDelay]
. ACIOIoR: \ el t<=TReading[0](max n<nr_nextAction && tAct >= nextDelay[nloop_nextDelay] &&
il St - ps Rl Reading * vams =0 n<nr_nextDelay n <nr_nextAction
O lterryy 1sFull0 warns> RTRESOIT, actionE[0][nextAction[n%loop_nextAction]]!
status{ol(st)? errrr stst fail[0)[reader)? fe v | actionE[1][nextAction[n¥loop_nextAction]]!
Idle warnB[0][err]? statusB[0][st]? warn[0][read]! n>=nr_nextDelay tAct=0, n=n+1
TsFull) msg=er, t=0 msg=st, t=0 O warns++
tacki0l[0] warns < RTRIES[0] ] y
Signingin (@ ®) Signingst Faulty Fails StopScenario  MoreActions SendAction
Overflow t<=Tsign[0]max] t<=Tsign[0][max] EepemRdlol WaitAl
X Idle t=0 =
) IsWarning() t>=TSign[0][min] t>=TSign[0][min]
tackB[0][0]! statusB[0][see()]! wamB[O][seeA()]‘ e el t<=DeltaRd[0]
dequeue( dequeue() s warnE[0][msg]! statusE[0][msg]!
Circ
f2
Li Sg2 Rd2 startSelfTest{unit] [faultval]?
stst errErr it =0
tsFully - tisFull) lisFull) t<TSign{Llimax] © = repOkRdr(report[1]), W al
K101 ) Llern? = t>=TReading[L)[min] _limit[1]=(imitReached(report[1]) || imit[1),
R emiaal el % 2 =0 i  >= timeFailval  startSelfTest{unit][faultv startSelfTest{unid][faultBeh]? t8 >= timeFaileh
= : report(Ql=rep R. report(Ol=rep RC report(0l=rep R,
Ctl Mon1l Del Ct2 Mon2 De2 Bf1 Sgl Rd1 Dash Bf2 Sg2 Rd2 Circ Sch Fl
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Model = Requirements + Network of Automata

Config. State Trigger Comp. Expected

Conf controllery is decoder receives a controller send a left
1 ready left command 1 command within 100ms
Confy monitor; or controllers go to a fallback

reader; fail state within 100ms

controllery o to a fallback D dosermes 1d=-0" StartmgselfTesgs) Srroridlreadl
Confs . controllers & i e —— el R
Q o fails o —  state within 100ms N e R T
. D) 7 error(id][err]?
5 E 'ﬂ II . ,Q g d . d. t 1 t C/eckHW ;?:OTSEHTQST[' I[min] Iast=[e?|!,[t=]0,canAcr[id]=faIse
Conf. E = controller; receives + troll m Send 1mmedlately a STOP /i uuma | oot
On 4 an error messa e Con ro er]— d t th s 't J last=err, t=d,canAct[id]=false
g command to the circui w/ é
[idle]! to[id]fidle]! <€
3 3 =false EndSelfTests err:Err error[id][err]?
controller; receives notify the dashboard et | fstmert, - 0.canActid—fase
Conf4 enCOderl . . Test and(id)[STOP]!
an error message within 100ms alsart? StopRight
N err:Err error[id][err]?
d a Sh boa rd Ca;n /m[‘d][stdrt]‘ fﬁy&‘ﬁ%.[‘d?‘g]é, last=err, t=0,canAct[id]=false
Confs full system never get stuck t>=Thoveliclmin
Send messages D limitlid)=false err:Err error[id][err]?
i \ last=err, t=0,canAct[id]=false
R =v €l(“o'(:O g ek errorlid][err]?
t<=TSending[id] t<=Tdending[id][max] last=err, t=0,canAct[id]=false
t=0
commandiid MoveLeft MO(V:::ir%:‘nd
MovingLeft Mt <I:ii;(li;[|d][max] — Iearsrtoi[;?l![et:]o? canActlid]=false
t <= TMove[id][max] actlon[t\ii]o[stop]7 actl()n[\d]t[zgm]7 ’ ’ Cocom
}i&‘fﬁgfct[id]:fals FallingBack | |.f~m=\?[’.§]anAU[ld]:false faillid][control]? it‘c‘t\gl’:[ld][a]’

N
Fails | Faulty errorfidi{err]

commandl[id][STOP]!
t<=TSending[id][max] Stopping D) err:Err
Lolid][fb]! error[id][err]?
¥ action[id][reset]? /y\ last=err, t=0,canAct[id]=false

=0
FaHBackLB fail[id][control]?

err:Err errorfid][err]?  last=err, t=0,canAct[id]=false

[ 23 April 2023 ][ Spreadsheet-based configuration of Families of Real-Time Specifications ] [ PU ][ 9 ]




Model = Requirements + Network of Automata

Config.

State Trigger

Comp.

Expected

=)
J—

Conf1
COan

Conf3

while

Conf4
Conf4

Conf5

decoder receives a
left command

Bntrollerl is
ready

(@]

monitor; or
reader; fail

controllery
fails

when

. <
controller; receives +
an error message

controller; receives
an error message

shboard can
sgnd messages

controller;y
controllery
controllery
=
=
controller;
encoder;

full system

go to a fallback
state within 100ms

send a left

command within 100ms

go to a fallback
state within 100ms

D t <= TSelfTest[id][max]

?(;)[?S]I[Fs[?é;t | id==0 StartingSelfTest:

=0, gotErllbr::falseS iflSe\Wesl{uml][f ItV

error[id][read]?
gotError:=true
errl=read

error[id][err]?
last=err, t=0,canAct[id]=false

error[id][err]?
last=err, t=0,canAct[id]=false

error[id][err]?
last=err, t=0,canAct[id]=false

error[id][err]?

last=err, t=0,canAct[id]=false

error[id][err]?

-

last=err, t=0,canAct[id]=false

errorlid][err]?

Y id==1 err:Err
7 / t>=TSelfTest[i]][min]
1 1 CheckHw =0
send immediately a stop e ecktatman o
. . )
command to the circuit /o
(jfle]! tolidlidle]! @
. EndSelfTests
IfTest=fal err:E
notify the dashboard elestofase —
. . Test and[id][STOP]!
within 100ms mmpmm
hY err:Err
4 tolid][idle]!
to[id][start]! Ill:‘r[w‘\tgl[‘d] E]&
never get StUCk t>=TMovelid][min]
N limit[id]=false errEn
actio [ggRight}™ \ err:Err
R =u t=0
t<=TSending[id] t<=TYending[id][max]
t=0
commandiid Moveleft MoveRight s
comman MovingRight err:Err

last=err, t=0,canAct[id]=false

error[id][err]?

MovingLeft
t <= TMove[id][max]

t <= TMove[id][max]

action[id][stop]? actionl[id][stop]?
t=0 t=0

FallingBack

t=0, canAct[id]=false

t=0, canAct[id]=fals T limitlid]

! limit[id]

last=err, t=0,canAct[id]=false
a:CtrCom

fail[id][control]? action[id][a]?

commandl[id][STOP]!
t<=TSending[id][max] géjpping
Lolid][fb]!
I action[id][reset]? /y\

last=err, t=0,canAct[id]=false

err:Err

Fails | Faulty errorfid]lerr]?
err:Err

error[id][err]?

=0 FaHBackLB

err:Err errorfid][err]?  last=err, t=0,canAct[id]=false

fail[id][control]?
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Examples of Configurations

Configuration 1

e The motor takes exactly 4.5s to move left or right (OK)
e The dashboard starts at 2s, asks to move left at 5s, and asks to move right at 10s
e No fault is injected

Conf3 —_—

Configuration 2

* The motor takes 6s to move left (not OK)
e (rest as Conf. 1)

Conf5 :% —

Configuration 3

e The monitorl components becomes faulty after 5s
e Buffer is smaller

e Heartbeats are off

e (rest as Conf 1.)
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Uppex: Challenges and Workflow

» Large model that can be refined < Understanding & Maintenaince
* Variability (unfixed parameters) <« Developers + Modellers

/) Apply a configuration

——>  Verify 1 configuration

XE—.

(Annotated)

\) Verify all configurations @

https://cister-labs.qgithub.io/uppex @
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Uppex: Challenges and Workflow

» Large model that can be refined Understanding & Maintenaince
» Variability (unfixed parameters) * Developers + Modellers

® -models/report-24feb.html @ ©)

Uppex

Verification Report: uc10-nonreactive.xlsx
2022/02/24 10:55:21

BufferOverflow

@ChkB0CanOverflow: the Buffer1 shall be able to overflow.

- Decoder $

e YALUSS

httDS -//cister-labs .d ithub.io/u ppex ( X @chkDecoding: the Decoder1 shall be able to send a warning.

@ChkBONeverOverflows: the Buffer1 shall never overflow.
ash

572 2 a2 T o G ‘Ibex

(Annotated)
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https://cister-labs.github.io/uppex

Demo: A look into annotated specifications

@ O uc10-nonreactive.xml

[E@& [ a[aa] « @ < > v

-~~~ Symbolic Simulator  Concrete Simulator  Verifier

I Project :
Bl De clarations | clock wall;
23 Control .
% DashSim Véé @TlmeBounds _ _
?% DashHeartbeat const int TCheck[Ids][Intrv] = {{16,16},{16,16}}; // control: max time 1ii
% Decoder const int TInit[Ids][Intrv] = {{16,16},{16,16}}; // control: time in "in:
% Monitor const int TMove[Ids][Intrv] = {{4000,5000},{4000,5000}}; // must take ent
?%B_Uffef const int TSelfTest[Ids][Intrv] = {{100,100},{160,1600}}; // time to run -
%5'_9"_ const int TMon[Ids][Intrv] = {{65536,65536},{65536,65536}}; // deactivate
%g;;?g:ts(:hed const int TSendl o -...-i 5 P S Ry e - e . | .
% Faulting const int TSName([lds][Intrv] = {{SMin-1,SMax-1},{SMin-2,SMax-2}}; // SComment
?ﬁzfsi:;'dec,a,am oy Name Min-1 Max-1 Min-2 Max-2 Features
//// Control Co . . P [T |
const int ctralinit 1000 1000 1000 1000 control: time in "init
typedef int[0,d Check 1000 1000 1000 1000 control: max timein "test"
//// States of || iy 16 16 16 16 control: time in "init" ShortStart
const int Sts
- ]Check 16 16 16 16 control: max time in "test" ShortStart
TS SelfTest 00 00 time to run the runtime self-tests - should be
SelfTest 100 100 100 100  timeto run the runtime self-tests - should be SelfTesting
w > @Configurations @Scenarios <queries> @TimeBounds @Global @Local @DataTypes

[ 23 April 2023 ][ Spreadsheet-based configuration of Families of Real-Time Specifications ] [ PU ][ 14 ]




Demo: A look into the configurations

const int TSName[lds][Intrv] = {{SMin-1,5SMax-1},{SMin-2,SMax-2}};
Name Min-1 Max-1 Min-2 Max-2 Comment Features
Init 50 50 70 70 control: tim« g To>SF o</ p— BSG t</ </
> < > < > > < ><, >
Check 100 100 100 100 control: ma» query> <formula>SFormula</formula> <commen omen commen query.
SelfTest 00 00 time to run - Formula Features While When
SelfTest 200 200 200 200  time to run-SelA[] (not deadlock) | | Dash.StopScer ChckDeadlock Das:board = full system
sen
[ 2 Global @Local @TimeBoung " :
(Ctl.Ready && Del.dec==0 && lastl Scnl COINDICTELS [PEC e Circuit
ready a GOLEFT
Monl.Fails --> (Ct2.FallBack && Mac FailMon10 Monitorl fails  Controller2
2 @Configurations @Scenarios <queries> @Gilobal +
< NZ
: \qu \{9@\ & ‘{\?} 6\0(}- 6\(\% é"é QOQ \\Q}V
& N OS¢ & & & & §°
Ve N Q 2 Q Q Q
. X & R & & I Q@ > ¥ O ¢ ¥ © &
yl Configuration & £ & & L L L L FF & & & &
3 Monitor X X
4 | Decoder X X
5 JustHeartBeat X X X X X
6 SelfTest X X X X X X X
8 @Configurations @Scenarios <queries> @Global @Local @TimeBounds @Datal|

Spreadsheet-based configuration of Families of Real-Time Specifications
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Adding Feature “Diagrams”

Controller
Poling Scenario
! MMA\ /<l>\s , Poling Heartbeats
cartbeats ¢ neMon SYReDeC G Scnl | | Sen2 | | Sen SelfTesting StartWithSelfTest
SyncMon
e S SyncDec
tartWithSelf Testing Scenario  Scnl
Scn2
Scn3

#someOf Polling
#oneOf Scenario @

#opt StartWithSelfTest @

[ 23 April 2023 ][ Spreadsheet-based configuration of Families of Real-Time Specifications ] [ PU ][ 16 ]




Adding attributes

Configuration
Main X X X
Monitor X
Decoder X
JustHeartBeat X
SelfTest X |200( x X
SelfTest-Deltas X X X X X
const int TSName([lds][Intrv] = {{SMin-1,SMax-1},{SMin-2,SMax-2}}; // SComment - X X X
Min-1 Max-1 Min-2 Max-2 Comment X X X
Check 100 100 100 100 control: max time in "test"
SelfTest 00 00 time to run the runtime self-test
SelfTest | SSelfTesting|SSelfTesting|SSelfTesting [SSelfTesting [time to run the runtime self-test SULCI
&& !SyncMon
Move 4000 5000 4000 5000 must take enough time to get a
Init 50 50 70 70 control: time in "init"

Init 16 16 16 16 control: time in "init" ShortStart

[ 23 April 2023 ] [ Spreadsheet-based configuration of Families of Real-Time Specifications ] [ PU ][ 17
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Infering configurations

X
&
5 IR 956 Q
’5" < . (}3\ RN \ O & <
. . SN o .0 o
Configuration ESECAIR FCAESC SE SOSge
Main X X X X
Monitor X X X
Decoder 21 ? | X ?
JustHeartBeat X
SelfTest x 200 x X
SelfTest-Deltas X X X X X X X
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Infering configurations

&
0 S *é’g\& & &
& ST FE
. - P & € o D P o S F o L
Configuration RN S ANC N N R S N
Main X X X X
Monitor X X X
Decoder 21 ? | X ?
JustHeartBeat X _ _ _
SelfTest X 200 x X * Optimal configurations?
SelfTest-Deltas X X X X X X X

e Goal function

* Optimal parameters?

« C.1f. IMITATOR @
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Wrap up
Uppviai
X§

Uppex ) 3. Intantiate & Verify many configurations

1. Annotate Uppaal model

2. Configure annotations in Excel

Poling

A\ 4. Validate/Infer configurations

SyncMon ¢ Self]

Development Verification
team team I|s e| @
)

ALSTOM

—
-
(=

| S—

—
N
o

—
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