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notions ofproperties, requirements, assumptions and
Abstract guards Section 7 presents the notiontiofie |locator,

continuous or discrete. Section 8 presents how

FORM-L views sets and arrays. Lastly, Section 9

. . . gresents hovactions are modelled in FORM-L.
As systems engineering methodologies for complex

systems make increasing use of modelling and simy-
lation techniques, it has become important to ektg#J
the MODELICA language to also cover require- .
ments, and more generally, properties modelingl Motivation

The ITEA2 MODRIO project is currently developin aper Innovative Moddlling Architecture for the

an extension for that very purpose: the FORM-L la i cati f Desi ind SV . "
guage (FOrmal Requirements Modelling Languag€e erification of Design again System requirements

This paper presents an overview of the FORM resents how one of the me_thodologies develop(_ad by
concepts, and illustrates them with examples ba DRI.O (to verlfy the design of a system against
on a practical case study, the Backup Power Suszryrequwements) is supported by FORM-L.

(BPS) system. This includes in particular a clear separation ofdm

els serving different purposes in the systems engi-
neering lifecycle or the support to systems openati

In particular, there should be a well-identified deb
that clearly and formally specifies:

» The boundaries of the system under study.
Systems engineering methodologies for complex The interactions of the system with its environ-
systems increasingly rely on, or could benefit from ment (including human operators), including any
modelling and simulation. For MODELICA to sup-  assumptions made regarding this environment.
port activities such as functional validation os®m . The system requirements, including functional
requirements, design verification against require- anqg timing requirements (concerning the interac-
ments, testing, dysfunctional analyses and verifica ions with the environment) and system opera-
tion of operational procedures, the ITEAZ MODRIO  ona] requirements (including quality of service
project is developing extensions to the language O anqg fault-tolerance, and operational constraints

of them concerns formal requirements and properties aiming for example at reducing wear and tear of
modelling, and is called FORM-L (FOrmal Re- system components).

quirements Modelling Language). This paper pre-
sents the main concepts underlying FORM-L, ath M ain Notions
illustrates them with examples taken from a

MODRIO case study, the Backup Poser Suppitis is supported by the FORM-L with the notions
(BPS) system. of property, requirement, assumption, and external
Section 2 presents the main objectives assignednfmrmation (to be supplied either by other MODE-
FORM-L. Section 3 introduces briefly the BPS cagdCA models or by engineering databases).

study in oder to provide a background contextf@r tThe expression of a requirement or a desirable-prop
examples given in the floowing sections. Sectiongdty needs to address four basic issues: WHAT,

presents how FORM-L considefsinctions, con- WHERE, WHEN (cf. EuroSysLib WP7.1 Property
stants and fixed variables. Section 5 introduces thgiodelling) and HOW WELL.

notions ofcondition andevent. Section 6 presents the

FORM-L Overview

Keywords: physical modelling; requirement model-
ling; systems engineering; methodology

1 Introduction
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WHAT states what needs to be achieved or whaal installation) that are considered essenitiatase
must be avoided. This is expressed in FORM-L witif loss of the Main Power Supply (MPS). Such com-
the notions ofcondition (that must be satisfied),ponents could be important to safety (e.g., inran i
event (that must or must not occufyinction andac- dustrial installation or in a hospital) or could e
tion. quired to prevent unacceptable economic losses (in

WHERE states where in the system the WHAJeMiconductor fab).

needs to be achieved. This can be expressedFigure 1 presents the overall organisation of tR&B
FORM-L by the explicit naming of objects, but alsérom the standpoint of the requirements specifiers.
with the notion ofse, in particular of set resultingFigure 2 presents a system architecture developed b
from queries. Indeed, at the time system requimdesigners as a possible answer tot he requirements.
ments are specified, early in the system lifecyitle, The objective of the system requirements model and
names, number, types, characteristics and locati@fighe architecture model is to support the veaific
of the objects concerned are often not known y#on that the architecture indeed meets the reguire
They are determined at a later stage, the infoomatments.

being usually stored in one or more engineering da-

tabases. 3.2 BPSPrinciples

WHEN states when the WHAT needs to be ,
achieved. Possibly complex temporal logic is oftéts the levels of power required by the backed-up
needed when considering reactive systems suchS&§ Of components are assumed to be very high, and

the BPS. Such logic can be expressed in FORMIIE duration of the backing-up to last up to selvera
usingcontinuous or discrete time locators, FORM-L  days, the BPS is based on a Back-Up Generator, or
also includes the notions dihite state automaton, BUYG- This generator has a number of constraints. In

statechart and time domain (the latter being ex- particular, it cannot power instantaneously allesec

tremely useful, or even necessary, when consideriftjy components: if all ‘client components were
hybrid systems). connected simultaneously to the BUG, the BUG

could be overloaded and stall, due to the fact that
HOW WELL states how well the WHAT needs to b0 ojectric power is restored to a given compo-

achieved (as real life systems are bound to halre fﬂent, there is an important, transient call forrent

ures). This is expressed in FORM:L using probabyj, power (see figure 3). Thus, much like a conven-
istic properties. Extensive work is being doneha t

Y tional car engine needs a gearbox, the BPS and its
framework of MODRIO on stochastic issues a g 9

. N UG need an active control system to ensure a pro-
multi-mode modelllng_. FORM-L only addressearessive and orderly increase of requested power
what concerns properties.

(hence the presence of circuit breakers).
2.3 Readability

It is not sure that all aspects of requirementsifipe  Call for

cation (in particular complex temporal logic) cam b Powear

represented graphically without risks of misinterpr >
tation from the part of readers, or even authors of Time

models. Therefore, the clarity of the FORM-L lan- _ . i i

guage textual syntax is important, as the langismge Figure 3 .Tfans'ef“ call for current When electric

mainly intended to be used by application spetgalis POV IS supplied to an eectric component

rather than modelling experts. The syntax that A4S0, not all components powered by the backed-up

proposed here voluntarily includes significarlectric panel have the same needs and functional

amounts of "syntactic sugar" for this very reason. roles. In the case study, six sets of backed-ugiree
components (SBC) have been identified:

3 A Brief Introduction to the BPS + SBC1 groups components that implement Con-

Example text Specific ActionsCSA). Such actions are not
always needed. However, if and when they are,
3.1 BPSObjective then Setl must be powered back within 20 sec-
onds.

The objective of the BPS (Backup Power Supply)1s SBC2, SBC3, SBC4 andSBCS are redundant sets
to provide electric power to electrical components Of components, and it is sufficient to power any
(e.g., pumps and valves in a thermohydraulic indus- two of them within 40 seconds.
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« SBC6 must be powered back within 60 seconds. ensure that when needed, BRS will indeed be

When in operation, the BPS can be in one of three @ble to perform its missions.
main states: * Maintenance state: théBPSis under repair and is

 Nominal state: the BPS is available and ready to not e_lble © pe_rform its main mission, which is tp
. N provide electric power to the backed-up electric
perform its missions.

. . anel.
e Test state: asdMPS loss is rare and thBPS is P
seldom required, periodic testing is necessary to
CSA Operator
ﬁ.
D. ¥
‘m \ = r-__.t_'—t‘
Non Backed-up \lf @
Electric Panel Backed-up Electric Panel

] | 1 | | | | |
MPS BUG SBC1|{SBC2|{SBC3| {SBC4|{SBC5 @
B S0006¢
I I R

|T \T BPS

Figure 1: BPS and its environment as viewed by system requirements specifiers. The overall configuration
correspondsto the case vvhere the MPS isavailable

(.---------

MNaon Backed-up A
Eleclric Panel
&, = po =) =
Operator GLS CSA

Figure 2: BPS and its environment as viewed by the system designers. Note the introduction of sensors
(voltmeters, frequency meters, breaker position sensors), of the digital control sysem GLS (Generator Load
Sequencer), of the splitting of certain SBCsinto smaller Seps.
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4.2 Condants
3.3 TheBPSModels
Qualifier const ant may be used to specify that a
The BPS case study considers 4 models (see fig#ure does not vary in time and has the samevalu
4): for all simulation runs. This is not absolutely agc
+ BPSREQ is a property model specifying thesary (the FORM-L compiler should be able to detect
functional and quality of service requirement§at automatically) but may clarify authors' inten-
applicable to thdPS. This property model alsotions.
describes the environment of the BPS, and constant real pi = 3.1416;
interactions between the BPS and that environ-
ment. 4.3 Fixed Values
e BPSADS is a property model describing an ar-
chitectural design for th&PS. In particular, it Qualifier fi xed may be used to specify that a fea-
identifies the components constituting tABS, ture has a value that is determined at the beginnin
and puts requirements on these. One objectivedisa run and does not vary during that run. However
to verify that this design will indeed satisfy th& may be different in different runs. Here agatms
requirements stated BBPSREQ. is mainly to clarify authors' intentions.
« BPSENV is a behavioural model that simulateconstant duration Cycl eTime = ns50;
the system environment of tH&PS, including ¢ xed durati on Phase = random (0.0, Oy-

operators' actions. cl eTime) ;
 BPSBEV is a behavioural model that simulate h q .
the design specified BBPS.ADS T e GLS (Generator Load Sequencer, see Figure 2)
is a digital, synchronous control system inrodulogd
BFS.REQ . . ] ..
Sosnm R BPS ADS the architectural design. It operates in a disdiete
Requirements & Arri‘:r'lite_ctural domain, theCycleTime of which is 50 milliseconds
oo (Property Mocel (m850). The Phase of the time domain is a random

value that does not change once the system has
started, but that will be different when the sysiem

restarted.

. Chserver Dhszrver .

Phase Cycle

BPS ENV BPS BEV > |E l |E Time ;| l l
System Co-simulation Detailed 3
Environment € > Diesign {0

{Behavioural Model) J (Eehavioural Model)

Figure 5: The GLStime domain
Figure 4: The MODELICA model s for the BPS

4 Functions, Constants and Fixed g Conditions and Events

Values
5.1 Conditions
4.1 Functions
Conditions determine the evaluation of Boolean ex-
Functions are features the value of which depend pnessions restricted to time periods specifieadry
time. In addition to functions already supported hinuous time locators (or CTLs). The general rule is
current MODELICA, FORM-L has a few additionathat they ardrue when not in the time period, and
types: take the value of the Boolean expression whenen th
» Conditions are combinations of Boolean andime period. However, there are cases where theey ar
temporal logic. Their values can tree, false or undefined (see example below).
undefined. Conditions are used to specify so-callemhdition-
» Finite state automata are functions the values ofased properties. The difference between the two is
which are in an enumerated set (see sd&gat properties express something that is desirable
tion 10 Discrete States - Finite State Automata)tequired or assumed, whereas conditions are just

» Probabilities are functions the values of whidhuiding blocks to express properties, as it isrofte
are real in the [0., 1] range (see sepreferable to break the expression of complex prop-

tion 13 Probabilistic Properties). erties into simpler, intermediate expressions.
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condition C = duringAny s4 check O f; when the Boolean expressiontisie, and notSatis-

This condition is used to specify when the MPS cifd otherwise. ItisiotApplicable at time instants not
or must be declared unavailable. In particular, §§vered by the CTL or when the combination of
avoid activating the BPS for short MPS losses, itl - an_d Boolean expression undeflnec_l. .It be-
must have been off for at least 4 consecutive sm:oﬁor_nestIaIed at the first instant where it iotSa-
(s4). tisfied.

.. . property P2ce =
ConditionC is evaluated at the end of each 4 secc after (BPSNeeded becomes true)

time window @ur i ngAny s4): itis trueif Off had within s60
beentrue during the complete time window. It i check SB( 6].Power ed becomes true;
false otherwise. It isundefined during the first 4
seconds of the simulation run, since no 4 second t
window has elapsed yet.

This property expresses the need to start providing
electric power to the 6th SBCSEJ 6] . Power ed
becones true) at most 60 seconds after the BPS
52 Events has been declared as needed.

An event characterises the occurrence of one B2 Event-Based Properties

more facts that have no duration: each of theds fa

is an occurrence of the event. Events are usepleto é&n eg/ent—?ased property sfpecn‘les a tcc(;ns_tralnher_] t
cify so-called event-based properties. number of occurrences of an event during a given

) time locator.
external Bool ean EndMi nt ; . . e .
_ A three-valued functionb@owLimits, withinLimits,
event endMaint = aboveLimits) is attached to each event-based proper-

G SR L BREeTEe U e ty, indicating whther the number of occurrences is

The external Booleaindmaint represents the time-below, within or above the limits specified. The
continuous signal issued by one of the buttonbet property become¥iolated at the first instant where
disposal of the human operator. This signal is sinitiis aboveLimits

lated by the behavioural model of the BPS envircg, gperty p2 = {Pra: P2b: P2c}:

ment. Transition fromfalse to true (becones

t r ue) denotes the end of the on-going maintenar
operation.

required property R7 =
until (or{P in P2 | P.Violated})
beconmes true
check no eFail ure;

6 Properties, Requirements, As P2 is the set of properties stating when SBE2a(),

sumptions, Guards SBC2-5 P2b) and SBC6 B2c) must be powered by

There are two types of properties: condition-basthe BPS. When any one of the SBCs cannot be po-
properties1 and event-based properties_ Two BOO|.Wer§d back within the allocated time, a fallurmalg
functions are attached to each property: (eFai | ure) must be sent to the operator.

* Violated is initially false. It becomedrue at the PropertyR7 expresses the requirement that this sig-
first instant where the property is violated, arnal must not be semid eFai | ur e) spuriously, i.e.,

remains so until the end of the simulation run. before any one of the2 properties is violated.
e Evaluated is also initiallyfalse. It becomedrue

at the first instant where théolated / notVio- 6.3 Requirements,
lated status can no longer be modified in the
course of the simulation run, and remains so ulrequirement is a property that MUST be satisfied:
til the end of the simulation run. it is the objective of simulation to verify thatig not
Violated.
6.1 Condition-Based Properties

6.4 Assumptions
Like a condition, a condition-based property speci-

fies a Boolean expression and a CTL: the BooleAn assumption is a property that is supposed to be
expression should bdeue during the CTL. satisfied: simulation scenarios assume / ensutdttha

A three-valued function stisfied, notSatisfied, IS satisfied. Assumptions are usually made with re-
notApplicable) is attached to each condition-base¥Pect to the environment or the boundaries of the
property. During the CTL, the property satisfied System under study. They can also be made on sys-
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tem aspects not fully determined yet, in prelimjnapr operty P4 =
stages of design. during not ( BPSNeeded) /1 CTL

check not (Acti ve);
assumed property

during MPS. Unavail abl e In this example, the CTL is specified in line 2.€Th
check no eMint; property states that when the BPS is not needed, it
This assumption concerns the human operator's should not be activate.
tions. It states that when the MPS is not availablgf t er event
the operator will not launch a maintenance sess

e R i) 'Pe time periods defined begin with each occurrence

of event and last until the end of the simulation run
(see figure 9). There are as many periods as #rere
event occurrences: if there are more than one eccur

A guard is a property that states the conditiorss th€Nce: they will overlap.
must be satisfied for a model to be valid. It ido® T Event Fven:

6.5 Guards

used for multi-modelling, when several models are ‘I' ndermie i_m
available for the same system or components, each T
corresponding to specific situations.

Figure 9: after event

7 Time Locators event eMust AbortM =

. ) (after eMaint within s60)
There are two types of time locators in FORM-I  3nd MPS. elLoss:

continuous time locators (CTLs) and discrete tin

locators (DTLS). In this example, the meanings of the named events
and conditions are as follows:
7.1 Basic Continuous Time Locators (CTLs) « eMust AbortMis an event that signals that a

- ) ) ) BPS maintenance request previously raised by
A CTL specifies one or more time periods. Tirr the operator needs to be cancelled.

periods have a duration and usually have a posit,  gnmj nt is an event raised by the operator sig-
in time (see Figure 6). nalling that maintenance will be performed on
I’l the BPS.
—>  IPS. elLoss is an event signalling that the MPS
e has been lost, and thus that the BPS is needed.
Figure 6: Timeintervals This event occurs when the MPS is lost 60 seconds
duri ngAny durati on or less after a maintenance request has been issued

In such cases, the maintenance request is exptected
be aborted (see example below).

This defines a sliding time window, i.e., any tim
period of a giverdur at i on (see Figure 7 and ex-
ample in Section 5.1). after event for duration

after event within duration

pr The time periods defined begin with each occurrence
of event and last for the specifiedur ati on (see

.

-
duration [
L.
>

Figure 7: duringAny duration figure 10)
Sliding time windows are a very distinct type ofICT
and cannot always be used as the other types of CTL Crent Lvent
. L  Duration | Duration_ N
during condition N < t -Iﬁme,

The time periods defined are those wheosdi -

tionistrue (see figure 8). Figure 10: after event for duration

Both syntaxes have the same meaning, but whereas

"‘ . the expression with or is mainly used for condi-

L [T1°f - [ |- —»  tion-based properties (the condition must be toe

o " a certain time period), the expression wiiht hi n
Figure 8: during condition is mainly intended for event-based properties (an

event must occukithin a certain time period).
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assuned property y
after eMist AbortMwithin s5 L_)I (S
. Du ration 2 Duraton 2 o -
check endMai nt ; t=0 Coration © - Diuration 1 T time
This statement assumes that within 5 secos@3 ( Figure 13: every Durationl for Duration2

after an occurrence agMust Abort M (the event  qqujred property
signalling that a BPS maintenance request shoulc  eyery s10 for s2 check eCheck;
cancelled), the effective cancellation eveand-

Mai nt ) is indeed raised by the operator. This statement requires that periodically, every 10
_ seconds g10), eventeCheck should occur in the
after eventl until Next event2 first 2 secondss?).

The time periods defined begin with each occurrence

of eventl and last until the first strictly following7.2 Combining/ Transforming CTLs

occurrence ofevent2 (see figure 11). There are as

many intervals as there are occurrencesveritl. The FORM-L offers various means for deriving new
CTLs from already existing ones. These are summa-

T el v B Banil Bl B iged in figure 14. The only type of CTL that cahno
= 2 > be used in these expressions are sliding time \_Nin—
dows: they can be neither transformed nor combined
Figure 11: after eventl untilNext event2 directly, but conditions based on sliding time win-
condi ti on Running = dows can be used (with keywowhen) to define
after eStart until Next eStop; CTLs that can be combined and transformed.
This statement concerns t_he backup generator of thd — ——
BPS. The generator can signal several eventsdnclu T -
ing eStart (it has started) an&St op (it has -
stopped). The statement defines the time periods gH DFCTLQI J
where the generator Rinni ng. | (o4 ]

v

until event _
. . . .. Cll1andCTL2 |
The time intervals defined all start at the begigni I_I::Tu

of the simulation run. There is one time intervat p I CTL2 l >
occurrence ofevent, and it ends with the occur- U ETE] (e e
rence (see figure 12). CIL1
I Ci2 |~
T Event Ewvent e
A - CIL1exc CILg)
=N tima CTL1 ]
I T2 ] o
Figure 12: until event
condition BP_SNeeded = Lo ratian
(MPS. Unavai |l abl e or after Qp.eVTest) CIL

Y

and not ( Mai nt enance)
and until p.eVReset;

. - ) _ Duration | CTL trunc Duration
This statement specifies when the BPS is needed. | | I 5

>

is a time period that begins when the MPS has bé=" hme

come unavailableMPS. Unavai | abl e) or when the  Figyre 14: Deriving new CTLs from existing ones
operator has initiated a periodic tegp.(eVTest ),

under the condition that th8PS is not under main- 73 Basic Discrete Time Locators(DTLS)

tenance rfot (Mai nt enance)). It ends when the

operator issues a valid resep(eVReset ).. A DTL defines one or more positions in time and has
no notion of duration.

every durationl for duration2

This expression defines periodic time intervals(se
figure 13).dur ati on2 should be shorter thafu-
rationl.
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when condition beconmes true is defined byCycl eTi ne (50 milliseconds). The
when condition becones false time domain has a random phase define@gse.
when condition changes 7.4 Combining/ Transforming DTLs

The DTL has a time position for each instant where
condi ti on becomedrue, false or changes valueFORM-L offers various means for deriving new
(see Figues 15 and example of Section 6.1). Is-a (I,'!’)TLS _fro_m already existing ones. These are summa-
crete time domain,conditi on changes value sed in figure 17.

when and only when its value at a given instant is A

different from its value at the preceding instant. Lt er DT AAMA  AA AA A A A
o r H4 » A H A N
D12 A A A b A A3
[_OTFl ' |FT'_| s | T | - . LILTendl 2 A A A N
- LT F M. L e
Figure 15a: when condition becomestrue LT Z S S
STV D72 A4 M A A A A A
on [ ML Y 11 41 ) . L
[zDTF : FFT r : . OTL1 oz DT _2 A A A A A
_ B oL [ N Y, N S, 3, S, N
Figure 15b: when condition becomes fal se Dm#‘ﬁ LY. S S S

| |
[Tl +I'?|.|'1IEi‘-_-t rf* *4\ A *"‘M X A ." *}
t:OTrl il |rT%T i | il | i 2 e firsiMT. A :
. . oy N Y S Y S S, S
Figure 15c. when condition changes T A A b4 >
nelli_anc DL A A A A A =
when fsa becones state neCl I I 2
iy N N S, ¥ S S S
when fsa | eaves state DTL1 se sctingDT_2 A A A A A
DTL- 7 ) -
when fsa changes rm > N Y . S S SR, S W
] ran darrhen e ._:_:| A A A N
when i nt eger changes ne L ] 1 1 -
fime

DTLs can be defined when a finite state automation
(fsa) enters or leaves a given discreteat e or  Figure 17: Deriving new DTLs from existing ones or

changes state. They can also be defined when an from CTLs

i nt eger function changes value.

when event 8 Sets, Subsetsand Arrays

This expression simply denotes the DTL associat8dts are an essential ingredient of FORM-L, particu
with anevent . larly when requirements and assumptions are stated

everv duration at very early stages of a project, where the peecis
- Y - ) o “identifications and numbers of the objects contstitu
This expression defines a periodic DTL, the perlq,qlg the system are yet unknown.

of which isdur at i on (see figure 16). Sets are first divided into two main categoriatic
sets (the membership of which does not vary in time)
¥ T t. T anddynamic sets.
t=le > > > tire Static sets are eithenumerated sets (their members

are listed individually) omueried sets (their mem-
bership is defined in intention based on constsaint

€ - Ca - e - o -
Cowration Curation Lo ration Curaticn

Figure 16: every duration

constant duration CycleTime = ns50; on static attributes, and is obtained at the begmnn

private fixed durati on Phase = of a simulation run through a query to an engimggri
randon{ 0.0, Cycl eTine); database).

dtl = (every CycleTime) + Phase; Dynamic sets are always subsets of static setsr The

_ i _ ) _ membership is defined based on constraints involv-
This example defines the discrete time domain asggy dynamic attributes.
ciated with the GLS, which has a synchronous d

sign: it sees its environment and acts upon it tanlyﬁl sets are ordered, either explicitly or impligitin

. , o . “this sense, they are close to single dimensiorysrra
the instants defined by tispecifieddt | . The period (vectors) of the current MODELICA language.
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However, there is one significant difference: arayr This composite action specifies the elementary ac-
contains its members and an object cannot belonitions to be implemented by the GLS when the BPS is
two different arrays; a set references its membeneeded (see Figure 17).

and an object may belong to several sets.

FORM-L has set operators (such as union or int

section), arithmetic operators (such as sum, mi Wait for DG
mum or maximum) and Boolean operators (such Ready
and or or). It also provide a cardinal functiontth !

. Open MP3
calculates the number of members in a set and Breaker
allows the expression of universal or existenti I
quantifiers. Waitfor MPS

Breaker Open

9 Actions
FORM-L provides the notion of action to support tt

Shed all Steps

modelling of designs. i '
| waitss | | waitts |
9.1 Elementary Actions ¥ v
FPerform Reload Close DG

Sequence Breaker

Elementary actions belong to one of two types:
» Assignments to functions.

* Raising of events. e . .
They are composed of two parts: an optional deI]a'9 Probabilistic Properties

part (specified by a time locator) and an actioecsp The MODRIO project is developing extensive sto-

fication (the effective event raising or functios- achastic modelling capabilities for MODELICA.

signment). These will not be addressed here: for requirements
modelling, FORM-L needs only two simple notions.

Figure 17: Beginning of the GLS sequencing

9.2 Composite Actions

10. 1 Probability Function
Composite actions regroup two or more actions that
need to be performed in a coordinated manner at Tine first notion introduced by FORM-L is a function
stants specified by a CTL or during time periods time: its value at a given instant is a Real bem
specified by a DTL. There are two types of coordina the [0., 1.] range that represents the proligbili
tion: that a specified event occurred at least once befor

« Sequences, where the member actions are pa@l instant.
formed one after the other. property P3 =
+ Simultaneous actions, where all actions are p  duri ng not (BPSNeeded)
formed at the instants specified by a DTL. ENRE Mo (A531 vE);
* Non-ordered actions, where the actions are grequired property R3 =
formed at unspecified instants within the tir When Singl eSensor Fai | ure then P3;
periods specified by a CTL. required property RO =

when State becomes Operational (Active; probabi I'i t yFunct i on
then sequence o ( ) (P3. Vi ol at ed becomes true)

rai se eStart DG < 1-exp(-Y*tinme);

el eDerEenl _ PropertyP3 states that the BPS should not be spuri-
M}?egwlraglgfﬁqﬁ(quenNPSBrk, ously activated when it is not needed. Requirement
then rai se eShedAl I : R3 states that when there are no BPS component
do failures, or at most one sensor failure, tPF@hmust
wait sl then raise ed oseDGBrk; be satisfied. RequiremerR9 puts a limit on the
wait s5 then raise eRel oad; probability of spurious activation of the BPS (doe
end; BPS components failures). This probability must be
end; lower than what it would be if there was a constant
occurrence rate of spurious activation, equal to Y.
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10.2 Probability

The second second notion introduced by FORM-L id1]
a Real constant or fixed value (not a function of
time) in the [0., 1.] range that states the prolgbi
of an event occurring at least once during a given
time period (possibly during the whole simulation [2]
run). This could be used for example to specify-con
ditional probabilities, with the time period repeas
ing the condition. Application of conditional prob-
abilities include probabilities of failure on dendaor
probabilities of common-cause failure. [3]
property P2ce =

after (BPSNeeded becones true)

within s60
check SB(C 6] . Powered becones true;

P2be; P2ce};

required property R3a =
probability (
(card{P in P2e |
becones true)
< 5%10°3;
PropertyP2ce states that SBC6SBC[ 6] ) should
start to be powered within 60 seconds after the BPS
is declared needed. There are similar properties fo
the other SBCsRRae andP2be). They are grouped

in P2e which is the set of properties regarding the
timeliness of providing power to the SBCs.

RequiremenR3a specifies the maximum probability
of not satisfying any single one of these propsrtie

property P2e = {Pae;

P.Violated} == 1)

11  Conclusions

A number of tasks remains to be achieved, mainly:

* Finalizing the FORM-L concrete syntax, in order
to bring it closer to the current MODELICA syn-
tax when this is not at the cost of clarity and
conciseness.

* Deciding on an implementation path in the exist-
ing tools environments. It is likely that integra-
tion with other existing tool environments (in
particular with Computer Aided Design and
Product Life Management environments and
their data bases).

» Developing the methodological aspects to better
support systems engineering and systems opera-
tion activities.
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