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Abstract Increasingly, licensing and safety regulatory bodies overall safety case, which provides assurance that the
require the suppliers of softwareintensive, safety-critical software elements of a system are sound, and that these
systems to provide anexplicit software safety casei a  elements are used cectly within the overall system.
structured set of arguments based on objective evidence to While the argumentation aspects of software safety cases
demonstate that the software elemenisof a systemare  (and generally, safety cases) have been studied for a long
acceptably safe. Existing research on safety cases mainly  time [6]; little 'has been done to precisely characterize the
focused on how to buildthe arguments in a safety case based evidence that underlies software safety arguments. As a
on available evidence;but little has been done to precisely result, suppliers of safetyitical sofware have been .Ieft
gzSﬁgg'zgrg"’hlitﬁth\';itﬁv'if;‘;igﬁ;Idnge gusi dirrs;ug’nsyv?/the; without proper guidance on what evidence to coltering
evidence to collect duringsoftware development. This has led development, Th's has led to the supphers having to recover
the relevant evidencafter the factwhich can be extremely

to the suppliers having to recover tle relevant evidence after | . ical dditi h litv & th
the facti an extremely costly and sometimes impractical task. costly or even impracticaln addition, the quality ¢ the

Although standards such ashe IEC 615087 which is widely ~ overall safety case is bound by the quality of the weakest

viewed as the best available generic standard famanaging  link. Hence, arrentpractices for managing software safety
functional safety in software i provide some guidince for the  €vidence caseverely limit the effectiveness of safety cases.

collection of relevant safety and certification information, this Although standards such #8C 61508[7] i which is
guidance is mostly textual, not expressed in a precise and widely viewed as the best available gémestandard for
structured form, and is not easy to specialize to contexspecific ~ management of functional safetydoftwarei provide some
needs. To address these issyege present a congetual model  guidance for collecting safety and certification information,
to characterize the evidence for arguing abousoftware safety.  this guidance is mostly textual, not expressed in a precise
Our model captures both the information requirements for  and structured form, and is not easy to specialize to centext
demonstrating compliance with IEC 61508 and théraceability specific needs.
links necessary to create a seamless chain of evidence. We = The goal of this paper is to address the above issues by
further describe how our generic model can be specialized providing a conceptual model thettaracterizethe evidence
according to the needs of a particular context, and discuss necessaryfor arguing about software safetpur model
some important ways in which our model can fatate  cahyres” both  the information  requirements  for
software certification. demonstrating compliance with IEC 6150&nd the
traceability links necessary to create a seangesgnuum of
. INTRODUCTION evidence information, called tlehain ofevidencd5].

In reallife projects, multiple rules, regulations and
standards apply; therefore, our conceptual model needs to be
further specialized accordinto the safety needs of the
plication domain (e.g., national and international laws, and
Ss society egulationsin the maritime domain[8]), the
elopment process, and the technologies used to express
requirements r@d design decisions (e.g., Sysj@h. A

The justification for safe operation of a system is usuallyye cialized version of the conceptual model can in turn be
presented in what is known as a safety ¢ass}. Kelly [1] ~ \.soq for constructing an evidence repository. Such a

describes a safety case as being composed of three princip ository can be utiized for automating various

parts: safety objectives, ~arguments, and evidenCeeyeionment and analysis tasks associated with safety

Detrrl]wor_lstratlngt the t_satlsfadctlon Og the ot?jjectl}/esolvef critical software, including safety report generation, checking
gatheéring systemalic evidence during development angy,,5iqo,s compliance rules, and impact analysis.

constructing wetreasoned arguments that relate the" o remainder of this paper is structured as follows: In

evic\i/(\a/!:ﬁet';]o the objectives. q lexity of Soft __Sectionll, we give a brief introduction to the IEC 61508
ith the growing use and complexity of software In qi,n4arq \We provide a detailed exposition of our conceptual
safetycritical systems, licensing and safety regulatory bOd'e?nodeI in Sectionll: and in SectionV, we exemplify some

increasingly require system suppliers to proyide an explici[{ey aspects of the modeén SectionV, we explain how the
software safety casé\ software safety case is a part of anodel can be specialized according to the needs of a

Safetycritical systems such as those found ire th
avionics, automotive, maritime, and energy domains ar
often required to undergo a safety certification process. T
goal of certification is to provide an assurance recognized b
society (and in some cases by law) that a system is deem&
safe by the céification body.



particular context. In SectionvVl, we describe some planning begins for the installation and commissioning,
important applications of the model in software certifma  operation and maintenance, and thealfi overall safety
SectionVIl provides initial validationof the usefulness of validation of the system. During the realization phases, the
our model. Section VIII compars our work to related standard calls for a number of overarching verification,
research; andSection IX concludes the paper witla  management, and assessment activities. The life cycle further

summaryanddirections for future work. takes into account the eventual, safe, decommissioning or
retrofit of the system.
Il. BACKGROUND In this paper, weleal with the activities that take place

This section provides background information on the IEGIuring the realization of the softwapart ofa programmable
61508 standard (version published in 1998). The standard @ectronic safetyelated systemThe standard requires an
concerned with improving the development of safetgted  explicit softwaresafety lifecycle, shown ifrigure 1, for the
electrical/electronic/progmmable  electronic  systems development o& PES.

(E/E/PES) whose failure could result in harm to people,
equipment, and/or the environment. IEC 61508 is a generic

[ Software Safety Requirements Specification |

standard and can either be used directly or for the creation of Software Safety I Software Design and
domainspecific standards in industries that regquian Validation Planning Developmant
eqUivalent level of Safety. | Software-Hardware “ Software Operation and
The standard applies to both lglemand and continuous Integration Modification Procedures
mode systems. In a ledemand system, thigequency of Software Safety Validation ]
demands for operation is lofthe standard specifies a Figurel: IEC 61508 Software Safety Lifecycle

precise range)An example of a lowdemand system is a dir
& gas protection system, which alerts personnel if a fire or The lifecycle for the realization of the hardware in the
gas leakage is detected and initiates protective actions eithefE/PES is similar except that it appliestie hardware. It is
automatically or through manual intervention. A continuousmportant to realize thatthe hardware and software
(or highh-demand) mode system is one with a Higljuency  developmentifecycles are happening in parallel and certain
of demandsdr operationAn example would be the dynamic hardware architecturassumptionsvill have to be in place
positioning system that continuoustyont r ol s abefore ¢he ielevand seftware lifecycle can be started.
movementvhen the vessel is near a port or rig. The softvare has to be implemented such that it fulfills
The goal of the standard is to ensure that saifdéted  the safety requirements allocated to it. In order to be able to
E/E/PES systems operate correctly in respomsetheir  show this during software safety validatiand assessment
inputs. This is referred to dsinctional safety Functional it is crucial to maintain traceability between the software
safety is not all there is to safety. For example, the activatiosafety requirementsnd the decisions taken during design,
of an alarm in response to a fire breakout is a functionadnd the actual implementation in code. This ic@mplex
safety measure, whereas the use of fire resistant walls task andneeds to beerformed whilst the system is being
control the spread of fire is not, although the latter measurdeveloped, not once the development has finisdRealiding
protects against the same hazard. IEC 61508 deals only wiéim accurate description of the safety infation that needs
functional safety. A function that a control system performso be preserved during software development is the main
to ensure that the system remains in a safe state is referredhtiotivation behindurwork in this paper
as a safty function. Each safety function specifies what The software safety lifecycle Figurel, togethemwith the
safety objective is to be achieved (safety functionoverall lifecycle activities yerification management and
requirement) and the level of integrity with which the safetyassessment of safety) specialized to software, form the basis

function is implemented (safety integrity level). of theconceptual model in Sectidh.
To systematically deal with the activitieecessary to
achieve the required level of safety, the standard adopts an . CONCEPTUALMODEL

overall safety lifecycle. The lifecycle starts with establishing  Figure 2 formalizes ourconceptualmodel asa UML
the concept and overall scope of a system, and thelass diagraniThe concepts in the model are only succinctly
conducting a hazard and risk analysis to determine thgnd intuitively defined here and precise definitions are
hazardshat can occur and the risks that they pose. Togetheprovided in a technical repojt0]. To managethe apparent
these activities determine what has to be done to avoid th®mplexity of he model, the conpés have been divided
hazardous situations (derivation of safety requirements) al’]ﬁto ten packages_ We describe these packages next. Note
the level to which safety has to be provided (derivation ofhat this conceptual model is meant to define, in a precise
safety integrity levis). way, information requirements to demonstrate both
In the next step, the safety requirements are allocated &mpliance with the standard and, perhayose importantly,

the various designated E/E/PE safitiated systems, other ensure the safety chain of evidence is collected.
technology safetyelated systems, and external risk

reduction facilities (only the E/E/PE allocations are withinA- System Concepts

the scope of thetandard). Once the allocations are made, the The System Conceptspackage describes the basic
realization phase begins for both the hardware and softwastements needed to conceptualize safelgted control
aspects of the E/E/PE safeslated systems. In tandem, systems that involve both hardware and softwake.
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Programmable Electroni8ystem (PES) ia blockmade up consequence and can fealitatively rated as catastrophic,
of one or more hardware blocks aodntrolled bya number  critical, marginal omegligible. Togetherthese are used to
of software blocks. A hardware block may represent aive a tolerance level to a risk. The level of tolerance of a
mechanical, electrical or electronicentity, both risk is then used toalive a safety integrity leveThe results
progranmable and noprogrammable. Both hardware and of hazardand risk analysis are presented as a Description.
software blocks can be hierarchically decomposed into Hazards and risks can be eskd to in various other
lower-level blocks. For software, the typical decompositiondevelopment artifacts such as requirements specifications
levels aremodule, component, subsysteamd system.The .
links between blocks and the corresponding developmerft: Reduirements Concepts
artifacts (see Sectiorlll.E) are captured through the  The concepts necessary to describe the requirements for
association between the Block and Artifact concepts. creating, operating, mamihing and decommissioning a
Interactions between the blocks are expressed &ystem are included in tfieequiremers Conceptpackage.
interfaces. Making the interfaces explicit is necessary tdraceability from requirements tthe correspoding PES,
minimize mismatches angeadlocksduring integrabn. For  system blockshazardsand artifacts forms an importapart
arguing software safety at the level of an individual PES, thef the chain of evidence
interfaces of interest are those that have a software block at A requirementis a statementidentifying a capability,
least at one end (i.e., no hardwéwéhardware interfaces). characteristic, or quality factor af system in order for it to
For integration of systerof-systems, interfaces between have value and utility to a usékequirements arene of the
PES are crucial as well. central conceptsof system developmentand are thus
Interactions between a PES aheé humarelementsare  nhaturally connected tooncepts in many other packages. A
modeled through user roles. Safety issues can arise duergsiuirement is typicallyconcerned with some particular
misuse or unauthorized access to a system. Mitigating theggpect of the system (functionality,abdlity, performance
issues requires an accurate description of how differettc.). Wi s i nf ormation is capture
groups of users can interact with the PES. requirementsEach requirement is linked to the block(s) that
Each block is traceable to the requirements allocated to ifust realize it. A rationale item might be affixed to a
At the PES level, the allocatiomse made during the safety requirement to jusyf why that requirement existslf an
requirements allocation step of the IEC 61508 overall safetigsue is raised about a requirement at some stage of
lifecycle. The PESevel (safety)requirements are used to development, the issue is recorded and linked to the
derive requirements for the software and hardware blockgequirement as well.
We discuss requirements in SectltrC. Blocks can evolve The source of a requirement may be a person,
over time and are thus versioned and placed undeganization, standard or recommendedacpie. A
configuration management. Configtion management is requirement may apply to certabperating mode of the

addressed in Sectioh.G. system such as noahoperation, maintenance, stddawn,
and emergencyEach operating mode may have a set of
B. Hazard Concepts designated states, which would render the system safe or

The Hazard Conceptpackage captures the hazards andunsafe. For example, it miglbe unsafe to run a boiler
the risks thg pose, which then constitute grourfds safety  engine during maintenance.
requirements and safeintegrity levels A hazard is any real A particular class ofequiements is that which concerns
or potential condition that can cause injury, illness, or deatbafety. Safety requirements are used to erthatdhe system
to personnel; damage to or loss of a system, equipment oarries out its functions in an acceptably safe manerse
property; or damage to the environment. requirements areetdived from hazards, and are intended to
The potential for énazard tooccur exists whenevehe  mitigate the risks posed by these hazards. Each safety
system hasomehazadous element in it thisis the basic  requirement is assignedsafety integrity levebased on the
hazardous resource creating the impetus for the haaard likelihood and consequences of the risks it mitigates.
example could bea hazardous energy sourcguch as Safety integrity is defined as the probépiof thesysem
explosives The hazardous elementiiself is not sufficient to successfully perform a required safety functidsually,
to trigger a hazard. The trigger is captuosthg the concept the dual notion of probability of failure (instead of
of an initiating mechanism An initiating mechanism is a probability of success) is used. The failure rate unit can be
sequence of events that leads todbtualization obhazard ff ai | ure per hour o for high de
Hazard are the basifor derivingsafey requirements and Afailure on demandWhedfaor | o
Each lazardis analyzd to assess the risk poses, using safety requirement only partially addresses a risk, the
risk assessment techniqueb essence, arisk is the residual risk (i.e., the risk fractiomemaining afterthe
combination of thegrobability of occurrence of a particular protective measures have been takemecorded.
harm and the severity of that hatm a person or object, A requirement may relatéo other equirements in a
usually referrd to as the target number of ways.Example relationships include: when a
The probability of occurrenceis referred to asthe lowerlevel requirement (e.g., module requirement) is
likelihood and is sometimegualitatively divided inta derived from a highelevel requirements (e.g., system or
frequent, probable, occasional, remote, improbable andomponent requirement), when a requirement contributes
incredible. The level of harm caused is referred to as thpositively or negively to the satisfaction of another
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requirement, and when a requirement conflicts with ore.g., atest or inspectionreport); and a request(e.g., a
overrides another requiremenh these cases, we need tochangeequest).

maintain traceability betaen the involved requirements. An artifact might be built based on a standard, e.g.,
This is done using a reflexive associatioor fthe source code may follow a certain coding standard. Each
Requirement concept. artifact can pertain to reqeiments, blocks, hazards, and

A requirement carhave variousdevelopment artifacts risks, as discussed in earlier sectioAs artifact can be
associated with .itParticulaty, a requirement is specified in linked to other artifactsas well For example, a design
some requirements specification, and referencednamy document may realize the requirements in the requirements
other artifacts such as design and architecture spmodins, specification, or a report could be the result ofyiag out a
test plans, source code, and alsther requirements plan.Issues that are identified during lifecycle activities are
specifications where la&ted requirements are captured documented in reports. Like system blocks, artifacts can

evolve over time and are therefore versioned and under
D. Process Concepts configuration management.

Development of software for a PES follows a certain |EC 61508 prescribes specific input amatput artifacts
process. This is expressed using tReocess Concepts for all the activities in the overall lifecycle. As an example,
package. Furthrerefinements of the process concepts wouldve have shown ifrigure 3 the input and output artifacts for
have to be performed in specific contexts of applicationshe Software Module Testing activity, whose goal is to verify
accounting for the specifics dfe process in place. that eaclsoftware module performs its intended function and

The notion of activity is the centralonceptin this  does not perform unintended functions. In the technical
package, representirayunit of behavior wit specific input report version of this paper[10], we provide
and aitput An activity can be further decomposed into-sub conceptualizations similar to that iigure 3 for all the
activities.A (lifecycle) phase isnade up ot set of activities  software lifecycle activities.

that are carried owuring the liféime of a systemstarting
from system inception to decommissionirigp be abé to
accommodate iterative development processes, we do not TGy | [ Software Modul TestSpeciicion | | SoureCodk |
restrict activity types to particular development phases. [q 1[-requires
Restrictions will be expressed externalihere necessary, (e sy o] ngf;;":mﬂ;m:;“‘ [CTew e |

for example usin@CL constraint§11]. 1[output input_- requires [1

/i ih H H 1 H 1 | produces
Each activity utilizes certain techniques to arrive at its r e sesls Repor: o)

desired output, given its input. The selection of tégqines is

intimately related to the safety integrity level that needs to be Figure3: Software Module Testing Activity

achieved. For example, if the activity in question concerns

software verification, constructing formal proofs of  Note that the links between the more specific subclasses

correctness is usually unnecessary for low integrity levelsf Artifact and these lifecycle activise (e.g., the link

whereas formal proofs are highly recommended (and ofterbetween Source Code and Software Module Testing in

necessary) for the highest integrity levels. Specific techniquBigure 3) refine the higHevel input and output links

recommendations (e.g., recommended, not recommenddakbtween Artifact and Activity in the conceptual model.

highly recommended, mandatory) are made based on tferefore, inFigure 2, the links between Activity and

overall standard guidelines, and thequirements of the Artifact can be seen aerived( hence the 06/ 6 be

certification bodies in charge of assessing functional safety. names). Further, note that the various artifacts in the standard
Each activity requires certain kiraf competence by the need to be specialized in any given context. For example, the

agents performingt. The agent itself can be either an Software Module Test Specification iRigure 3 could be

individual person or an organization. In either ¢tise yent  defined as being composed of test cases that exercise certain

is identified by the type of role plays, for example the blocks or requirements. Similarly, the notions of test stub,

agent may be the supplier of a system or the opefsgents  and test driver could be made expliftt testing. Deciding

can be made responsible for certain development artifacts. about how much structure to enforce on each artifact is one

E. Artifact Concepts of the key aspects of specialization (see Sedtijon

The Artifact Concepts packagearacterizes the inpu  F-  Issue Concepts
and outputs of the development activiti€he mainconcept The concepts enabling the description of issues are
here is Artifact, which describes the tangible-pyoducts modeledin the Issue Conceptpackage. Issue is the broad
producedduring development. IEC 61508 provides a high term we use to denote a point in question or a situation that
level classification of the different types of developmentneeds to be settled in regards to a controlled item or a
artifacts a specifcation (e.g. requirements specificationa ~ requirement (controlled items are discussedli®). Isues
description(e.g.description of planned activitigsadiagram  may represent defects, human mistakes, or enhancements
(e.g. architecture diagrampn instruction (e.g., operator and can be a result of activities concerned with Verification
instructiors); a list (e.g., code list, signal list)a log (e.g., & Validation (e.g. testing and inspection) and safety
maintenance log)a plan (e.g., maintenance plang report  assessment. In addition, enhancement may be proposed at
different stages of dev@bment as a result of activities such



as requirements engineering and design, or in response to tHe Justification Concepts

findings of V&V and safety assessment. Defects can be gystem development entails various decisions which
further refined into errors, failures and faults. An error is d,0ed to be justified by reasoning and based on assmapti
discrepancy between the actual and itheal output. IEC  ahoyt the domain and the artifacts. The basic concepts to
61508 distinguishes system errors from human errorgaple justification are provided in thestification Concepts
referred to as mistakes. Mistakes denotetended resust package. There are two concepts here, assumption and

due to human actioar inaction A failure is defined as the rationale.An assumption is a premise that is not under the
inability of a unit to perform a required function, and a fault.qnirol of the sgtem of interest, and is accepted as.tAle
as the abnormal condition that causes a unit to fail (€.9., &tionale is thereason that explains the existence of a
software bug). _ _ controlled item or a requirement in the system. The rationale
To illustrate these concepts, consider a boﬂey system. Amay rely on some of the assumptions that have been made
error could be when the observed temperature is 80 degregso it the concerned block or artifaén assumption about a
Celsius while the water is boiling, i.e., when the eiec pgg a5 a whole will have overarching affects whereas
value is 100If there is a safety requiremestiatingthatthe  assumptions regarding a particular block may affect how it is
boiler shouldactivate thepressuraelease valve in case of designed and implemented. In safetifical systems
overheating(i.e., when the temperature has reached 10055 mptions play a key role. In particular, most statements
then the error would lead to a failure, because the safely, t the safety of a system are tied to the assumptions made

function _Wculd not be_ delivered. An error _does not :i\bout the environment where the system will funci&in
necessarily lead to a failure. In our example, if the actua

temperature was 80 and the observed one was 60, thdre Guidance Concepts

would still be an error but no failuréailures and errors Many aspects of deve|op|mmre influenced bguidance
might imply faults. In our example, theuit could be a from external resources. For example, a sespecific
damaged sensor or the boigstaRdard ér a fe€mrhehded pradticeimay marti&e derfaift C t |
interpreting the temperature sensor output. requirements that must be fulfilled by the PES; toe
_Mistakes made by aoperator of the system cdead to  jmplementation sourceode may be expected to be based on

failures. For examplef the safety function requires manual 3 certain coding standard. Such external resources are
intervention and the perator fails to notice the alarm captured usingthe Guidance Conceptspackage. The
indicating an oveheating boiler, he would not engage theguidance package describes the various sources of advice
safety function. Mistakes may lead to changes to th@nd recommendationsised throughout developmena
operating procedures, or even the system. For example, tBgndard provides formal recommendations ngireering
operating procedure may be changed to ensure the&st  or technical criteria, methods, processes and practices and
one operator is monitoring the control panel at all times; Ogan be either general such as IEE508 orsectorspecific
the systemés user interfacsgh 8a30 178BMI] Bl poviGed priricifles foe el c et
possibility of alarms going unnoticed. o “development and use ES in marine applications The

The decision made about an issue (Whether it s Va'lq'ecommended practice on the other hand mayuhxﬁ‘] more
and if so, how it has been resolyed documented in a prescriptive and specific, providingound practices and

report. The resolution of an issue may induce change to sorggidance for the achievement of a particulgective. Hther
controlled items. Note that issues can be raised not onbay be used as a measure of compliance.

through the development stage, but also during operation, . »

maintenance, decommissioning, etc. J. DomainSpecific Concepts

' . Finally, theDomainSpecific Conceptpackage contains

G. Co.nfl-guratlon ManagemeiConcepts enumeration types that can be customized by defining
Valid issues need to be addressed through change. Thgecific enumeration valuefor a given context.The

concepts required fomanagement ofchange and for  concepts behind the enuraions have already been

ensuringthat thesafety requirements continue to be satisfiedjescribed in the other package descriptiomssigure4, we

as the system evolves are captured in @unfiguration  show examples of the kinds of values that can be used for
Management Concepfsackage. Demonstration of accurate each enumeration type.

change management is necessary for compliance with IEC

61508.The central concept here is a controlled item, which IV.  ILLUSTRATING THE CHAIN OF EVIDENCE

is any itemfor which meaimgful increments of change can

. The conceptal model described in the previous section
be documentedn our model, blocks, réifacts and PESs are ives an overall view of the safety evidence pieces and the

controlled items. Each controlled item may have some : :
rationale to justify its existence, and assumptions to describggeggggner.cn“o?hsetlr:caetc n(jgdoft(; ng es_igct;il:sshesctjel;qetween these
constraints or conditions about the item. Assumptions antl uring irecy i y :

rationale are further explained in SectibhH. Changes to Figure5 shows a partial instantiation of the concepts in

controlled items are made in response to issues, as discus&%ﬁ. model and_l thle't:c Imks.TEI'heh haza(Ljrd sholwn IS tthe b::g‘go“t
earlier, and can be justified by rationale. orfire on an ofl platiorm. 1he nazardous element INvo

the combustible gas on the platfornThe initiating
mechanisnteadingto a fire breakout is the presence gjas



been expanded to show a variety of other activities (e.g.,
design and testing) and artifacts (e.g., design specifications,
test specificaons and test results). All this information
needs to be accounted for when a software safety case is
being developed.

V.  SPECIALIZATION OF THECONCEPTUALMODEL

IEC 61508 is a generic standard and can be implemented
and augmented in a variety of ways depegdin contextual
factors, including the characteristics of a particular
application domain, and the development process and

Figure4: Example Values for Domaipecific Enumerations technologies to be used. Specialization is an important
prerequisite for developing a coherent, IEC 61668pliant
safety informathn model, which can guide data collection
and support analysis in a particular development context.
The generic conceptual model we developed in Settion
provides an intuitive and technically rigorous basis for
describing spcializations. As an example, we show how to
define a special type of the Diagram artifact (see Section
IILE), and use this specialized diagram for expressing
Assumptions (see SectitihH).

In a safetycritical system, it is important to state the
assumptions (e.g., about the operating environment) in a way
that permits systematic analysis. This helps ensure that we
can assess the validity of requirements, specifications, and
design decisions antb verify that there are no conflicts
between the required system properftds A powerful and
flexible notation for formalizing assumptions is the
ParametricDiagram in theSysML modeling languagg].

This type of diagram is used for representing constraints on a
Figure5: Example Evidence Information systembs pr o piguret ywe haegel showis an | n
example parametric diagram.
leak and a spark in the vicinity of the leak. The hazard is
identified during a hazard analysis activity and documented
in a hazard log. For every hazard, a risk analysis activity is
conducted and a report indicating the risks to mitigate is
created. Two of the potential risks that such a fire can pose
are damagéo the platform and loss of life.
Based upon the hazard, safety requirements are derived
and allocated to the various risk mitigation facilities. One
such facility is the fire & gas protection system. The safety
requirement allocated to this PES is thahust detect a fire
breakout within two seconds of occurrence. A safety
requirement for the software system is then derived for th
software system that controls the PES, stating that the ti

Figure6: Parametric Diagram for an Assumption

The diagram describes a domain assumption about the
hysical dimensions of the plates that are fed todxaujic
) . ; Srging press. The assumption states that the height of a plate
from the actual detection of fire from the sensor until ang g jarger than ¥4 of the length of the feed belt that conveys
alam (visual and/or aural) is presented the operator e piate to the press, and that the width of a plate is not
control panel is less thamne second. This requirement is larger than % of the width of the feed belt. The former
further partitioned between the control software and the he@brstraint is to ensure that the plate is small enough to be
sensor driver. The requirement allocated to the sensor drivgicked up by the robot arm that places the plate on the press
is that it must ke the delay between two consecutive pollstable, and the lattér to ensure that plates would not fall off
of the sensor to less than 200 milliseconds. the edges of the feed belt while in motion.

In this example, we can see the relationships between thelf we want to develop a spemlized standard or
different blocks, the requirements associated with eactecommended practice requiring that a parametric diagram
block, the derivation of loweevel requirements from should be constructed for every assumption, our conceptual
higherlevel requirements, the root hazard and associate@iodel will be extended as follows: A Parametric Diagram is
risks, and the lifecycle activities. The example could havélefined as a subclass of Diagram and an association is












