REQUIREMENTS
ANALYSIS

4.1 SYSTEMSENGINEERING PROCESS
INPUTS

Theinputsto the processncludethe customers
requirementandtheprojectconstraintsRequire-
mentsrelatedirectly to the performancecharac-
teristicsof the systembeingdesignedThey are
thestatedife-cycle customeneedsandobjectives
for the system,and they relateto how well the
systemwill work in its intendedenvironment.

Constraintsare conditionsthat exist becauseof
limitationsimposedy externalinterfacesproject
supporttechnologyor life cycle supporsystems.
Constraintdoundthedevelopmenteamsdesign
opportunities.

Requirementaretheprimaryfocusin thesystems
engineeringrocesbecaustheprocessprimary
purposseis to transformthe requirementsnto de-
signs.The procesglevelopsthesedesignswithin

the constraintsThey eventuallymustbe verified
to meetboththerequirementandconstraints.

Typesof Requirements

Requirementarecateyorizedin severalways.The
following arecommoncateyorizationsof require-
mentsthatrelateto technicaimanagement:

CustomerRequirements:Statementsf factand
assumptionghat define the expectationsof the
systemin termsof missionobjectives, erviron-
ment, constraintsand measure®f effectiveness
and suitability (MOE/MOS). The customersare
thosethatperformthe eight primary functionsof
systemsengineering(Chapterl), with special
emphasison the operatoras the key customer
Operationatequirementsvill definethebasicneed
and,ataminimum,answethequestiongposedn
Figure4-1.

plish the mission?

Effectiveness requirements:
mission?

manner?

Operational distrib ution or deplo yment: Where will the system be used?
Mission profile or scenario: How will the system accomplish its mission objective?

Performance and related parameter s: What are the critical system parameters to accom-

Utilization environments: How are the various system components to be used?

How effective or efficient must the system be in performing its

Operational lif e cycle: How long will the system be in use by the user?

Environment: What environments will the system be expected to operate in an effective

Figure 4-1. Operational Requirements — Basic Questions



Functional Requirements:The necessaryask,
actionor actiity thatmustbeaccomplished-unc-
tional(whathasto bedone)equirementientified
in requirementanalysiswill be usedasthe top-
level functionsfor functionalanalysis.

PerformanceRequirementsTheextentto which
amissionor functionmustbeexecutedgenerally
measuredn termsof quantity quality, coverage,
timelinesworreadinesdDuringrequirementanaly-
sis,performancéhow well doest haveto bedone)
requirementsvill beinteractively developedacross
all identified functionsbasedn systemiife cycle
factors;andcharacterizedn termsof the degree
of certaintyin their estimate the degreeof criti-
cality to systemsuccessandtheir relationshipto
otherrequirements.

Design RequirementsThe“build to,” “codeto,
and“buy to” requirementgor productsand“how
to execute’requirementsor processesxpressed
in technicaldatapackagesndtechnicaimanuals.

Derived Requirements:Requirementghat are

implied or transformedrom higherlevel require-

ment.For example a requiremenfor long range
or high speedmayresultin adesignrequirement
for low weight.

Allocated Requirements:A requirementhat is
establishedy dividing or otherwiseallocatinga
high-level requirementinto multiple lower-level

requirementsExample:A 100-pounditem that
consistof two subsystemmightresultin weight
requirement®f 70 poundsand30 poundsfor the
two lower-level items.

Attrib utesof Good Requirements

The attributesof good requirementsnclude the
following:

* A requirementmust be achiezable. It must
reflectneedor objective for whichasolutionis
technically achievable at costsconsidered
affordable.

» It mustbe verifiable—thatis, not defined by
words suchas excessve, sufficient, resistant,
etc. The expectedperformanceandfunctional
utility mustbeexpressedn amannerthat
allows verificationto beobjectve, preferably
gquantitatve.

* A requiremenmustbe unambiguouslt must
have but onepossiblemeaning.

* It mustbe completeand containall mission
profiles,operationahndmaintenanceoncepts,
utilization ervironmentsand constraintsAll
information necessaryto understandhe
customers needmustbethere.

* It mustbe expressedn termsof need,not
solution;thatis, it shouldaddresghe “why”
and“what” of theneednothow to doit.

» It mustbe consistentvith otherrequirements.
Conflictsmustberesohedup front.

» It mustbe appropriatdor the level of system
hierarchy It shouldnot be too detailedthat it
constrainssolutionsfor the currentlevel of
design.For example, detailedrequirements
relatingto componentsvould notnormallybe
in asystem-lgel specifcation.

4.2 REQUIREMENTS ANALYSIS

Requirementanalysisnvolvesdefining customer
needsand objectivesin the contet of planned
customeruse,ervironments,andidentified sys-
tem characteristicdo determinerequirements
for systemfunctions.Prior analysesrereviewed
and updated refining missionand ernvironment
definitions to supportsystendefinition.

Requirementanalysids conductedteratively with
functional analysisto optimize performance
requirementdor identified functions,and to
verify thatsynthesizedolutionscansatisfycus-
tomerrequirementsThepurposef Requirements
Analysisis to:



» Refine customeiobjectvesandrequirements;

Defineinitial performancebjectvesandrefine
theminto requirements;

Identify and define constraintsthat limit
solutions;and

» Define functional and performancerequire-
mentsbasedon customermprovided measures
of effectiveness.

In general,Requirement#nalysis shouldresult
in aclearunderstandingf:

FunctionsWhatthe systemhasto do,

PerformanceHow well the functionshave to
beperformed,

 Interfaces:Environmentin which the system
will perform,and

e Otherrequirementandconstraints.
Theunderstandingghatcomefrom requirements

analysisestablistthe basisfor the functionaland
physical designsto follow. Good requirements

analysisis fundamentalto successfuldesign
definition.

Inputs

Typicalinputsincludecustomeneedsandobjec-
tives, missions, MOE/MOS, ervironments,key
performanc@arameterKPPs) technologybase,
outputrequirementfrom prior applicationof SER
programdecisionrequirementsand suitability
requirements(SeeFigure 4-2 for additional
considerations.)

Input requirementsnust be comprehensie and
definedfor bothsystenproductsandsystenpro-
cessesuchasdevelopmentmanufcturing,veri-
fication,deployment,operationssupporttraining
anddisposaleightprimaryfunctions).

Role of Integrated Teams

The operatorcustomershave expertisein the
operationalemployment of the productor item
beingdevelopedThedeveloperdgovernmentand
contractor)are not necessarilycompetentn the
operationahspect®f the systemunderdevelop-
ment. Typically, the operators needis neither
clearlynorcompletelyexpressedn awaydirectly

¢ Inputs con verted to putputs:
— Customer requirements
— Mission and MOEs (MNS, ORD)

planning
— SE outputs from prior development efforts

¢ Controls:

— Military specific requirements

— Utilization environments

— Tech base and other constraints
¢ Enablers:

— Multi-disciplinary product teams

efforts
— System analysis and control

— Maintenance concept and other life-cycle function

— Laws and organizational policies and procedures

— Decision and requirements database including
system/configuration item descriptions from prior

Contr ols

v

Inputs Requirements
Transf ormed 2na| sis »Outputs
into Outputs y
Enablers

Figure 4-2. Inputs to Requirements Analysis



usableby developersit is unlikely thatdevelop-
erswill receiveawell-definedproblemfrom which
they candevelop the systemspecifcation. Thus,
teamwork is necessaryto understandthe
problemandto analyzeheneedlt isimperatve
thatcustomersrepartof thedefinition team.

On the otherhand,customeroftenfind it easier
to describeasystenthatattemptgo solvetheprob-
lem ratherthanto describethe problemitself.
Although these“solutions” may be workableto
someextent, the optimum solution is obtained
througha propertechnicaldevelopmenteffort
that properlybalanceghe variouscustomemis-
sion objectives, functions, MOE/MOS, andcon-
straints.An integratedapproachto productand
processlevelopmentwill balancethe analysisof
requirementsby providing understandingand
accommodatioamongheeightprimaryfunctions.

RequirementsAnalysis Questions
Requirementénalysisis aproces®f inquiry and
resolutionThefollowing aretypicalquestionghat

caninitiate thethoughtprocess:

 What are the reasonsbehindthe system
development?

* Whatarethe customeexpectations?

* Who arethe usersandhow do they intendto
usetheproduct?

» Whatdotheusersexpectof the product?
* Whatis theirlevel of expertise?

« With whaternvironmentalcharacteristicenust
thesystemcomply?

» Whatareexisting andplannednterfaces?

* What functionswill the systemperform,
expressedn custometanguage?

* Whatarethe constraintghardware,software,
economicproceduraljo whichthesystenmust
comply?

*  Whatwill bethefinal form of theproduct:such
asmodel,prototype,or massproduction?

This list canstartthe critical, inquisitive outlook
necessaryo analyzerequirementsbut it is only
thebeginning.A tailoredprocesssimilarto the
one at the endof this chaptermustbe developed
to producethe necessaryequirementsanalysis
outputs.

4.3 REQUIREMENTS ANALYSIS
OUTPUTS

The requirementghat result from requirements
analysisaretypically expressedrom oneof three
perspectiesor views. Thesehave beendescribed
astheOperationalFunctionalandPhysicaliews.
All threearenecessarand mustbe coordinated
to fully understandhe customers’needsand
objectives All threearedocumenteth thedecision
database.

Operational View

The OperationaView addresselow the system
will seneits userslt is usefulwhenestablishing
requirementsf “how well” and“underwhatcon-
dition” Operationaliew information shouldbe
documentedn anoperationakconceptdocument
thatidentifies:

» Operationaheeddefinition,

e Systemmissionanalysis,

» Operationakequences,

» Operationaknvironments,

» Conditions/@entsto which a systemmust
respond,

» Operationatonstrainton system,
» Missionperformanceequirements,

» Userandmaintaineroles(definedby job tasks
andskill requirementsr constraints),



» Structureof theorganizationghatwill operate,
supportandmaintainthe systemand

» Operationalnterfaceswith othersystems.

Analyzingrequirementsequiresunderstanding
the operationaland other life cycle needsand
constraints.

Functional View

The FunctionalView focuseson WHAT the sys-
tem mustdo to producethe requiredoperational
behaior. It includesrequiredinputs, outputs,
states,and transformatiorrules. The functional
requirementsin combinationwith the physical
requirementshavn below, aretheprimarysources
of therequirementthatwill eventuallybereflected
in the systemspecifcation. FunctionalView

informationincludes:

e Systemfunctions,
» Systenperformance,
— Qualitatve — how well
— Quantitatve — how much,capacity
— Timeliness— how often
» Tasksor actionsto beperformed,
 Interfunctionrelationships,
» Hardwareandsoftwarefunctionalrelationships,
» Performanceonstraints,
 Interfacerequirementincludingidentification
of potentialopen-systenepportunitie{poten-
tial standardshatcouldpromoteopensystems
shouldbeidentified),

» Uniquehardwareor software,and

» Verificationrequirementgto includeinspection,
analysis/simulationdemo,andtest).

Physical View

ThePhysicalView focuseon HOW thesystems
constructedlt is key to establishinghe physical
interfacesamongoperatorsand equipment,and
technology requirements.Physical View
informationwould normallyinclude:

» Configurationof System:

— Interfacedescriptions,

— Characteristicef informationdisplaysand
operatorcontrols,

— Relationship®f operatorgo system/
physicalequipmentand

— Operatorskills andlevelsrequiredto
performassignedunctions.

* Characterizationf Users:
— Handicapgspeciabperatingenvironments),
and
— Constraints(movementor visual limita-
tions).

e SystemPhysicalLimitations:

— Physicallimitations (capacity power, size,
weight),

— Technologylimitations (range,precision,
dataratesfrequeng, language),

— Governmentrurinishedequipment{GFE),
Commercial-Of-the-Shelf(COTS),
Nondevelopmentaltem (NDI), reusability
requirementsand

— Necessaryr directedstandards.

4.4 SUMMARY POINTS

« Aninitial statemendf aneeds seldondefned
clearly.

» A significantamountof collaboratiorbetween
variouslife cycle customerds necessaryo
produceanacceptableequirementslocument.

* Requirementare a statemenbf the problem
to besolved.Unconstrainecindnoninte-
gratedrequirementareseldomsufficient for
designinga solution.



» Becauseaequirementgrom differentcustom- mustbe accomplishedn orderto selecta bal-
erswill conflict, constraintswill limit options, ancedsetof requirementshatprovide feasible
andresourcesrenot unlimited; tradestudies solutionsto customemneeds.



SUPPLEMENT 4-A

A PROCEDURE FOR
REQUIREMENTS ANALYSIS

Thefollowing sectionprovidesallist of tasksthat
representa planto analyzerequirementsPart of

this notional procesds basedon the 15 require-
mentsanalysistaskslisted in IEEE P1220.This

industrystandarcandothersshouldbe consulted
when preparingengineeringactiities to help
identify andstructureappropriateactuities.

Aswith all techniquesthestudenshouldbecare-
ful to tailor; thatis, add or subtract,as suitsthe
particularsystembeing developed.Additionally,
thesdasksthoughthey build oneachother should
not be consideredpurely sequential Every task
contritutesunderstandinghat may causea need
torevisit previoustaskdecisionsThisis thenature
of all SystemEngineeringactiities.

Preparation: Establishand
Maintain DecisionDatabase

Whenbeginning a systemsengineeringprocess,
besurethatasystenisin placeto recordandman-
agethe decisiondatabaseThe decisiondatabase
isanhistoricaldatabasef technicadecisionsand

requirementgor futurereferencelt is theprimary
meansfor maintainingrequirementgraceability
This databaselecisionmanagemergystemmust
be developedor the existing systemmust be
reviewedandupgradedisnecessarjo accommo-
datethenew stageof productdevelopmentA key

part of this databasemanagemensystemis a
Requirementdraceability Matrix that mapsre-

guirementso subsystemsonfgurationitems,and
functionalareas.

Thismustbedevelopedupdatedandreissuedn
aregularbasisAll requirementsnustberecorded.
Rememberif it is not recorded,t cannotbean
approvedrequirement!

The 15Tasksof IEEE P1220

ThelEEE Systemd£EngineeringStandardffersa
procesdor performingRequirementdnalysisthat
comprehensklyidentifiestheimportantaskshat
mustbeperformedThesel5taskareaso beana-
lyzedfollow andareshown in Figure4-3.

Customer expectations

Project and enterprise constraints
External constraints

Operational scenarios

Measure of effectiveness (MOES)
System boundaries

Interfaces

© N o o~ w NP

Utilization environments

9. LlIfecycle

10. Functional requirements

11. Performance requirements

12. Modes of operation

13. Technical performance measures
14. Physical characteristics

15. Human systems integration

Figure 4-3. IEEE P1220 Requirements Analysis Task Areas



Task1l. CustomerExpectations

Define andquantify customeiexpectationsThey
maycomefrom ary of theeightprimaryfunctions,
operationalrequirementsdocumentsmission
needstechnology-basedpportunity directcom-
municationsvith customeror requirementgrom
a highersystemlevel. The purposeof this taskis
to determinewhatthe customemvantsthe system
to accomplishandhow well eachfunction must
beaccomplishedThis shouldincludenaturaland
inducedervironmentsin which the product(s)of
thesystemmustoperateor beused andconstraints
(e.g.funding, cost,or price objectives,schedule,
technologynondeelopmentahndreusablétems,
physicalcharacteristichoursof operatiorperday,
on-off sequencestc.).

Task2. Projectand Enterprise Constraints

Identify anddefine constraintdmpactingdesign
solutions Projectspecifc constraintsaninclude:

» Approved specifcationsand baselinesdevel-
opedfrom prior applicationsof the Systems
EngineeringProcess,

» Costs,

» Updatedechnicalandprojectplans,

» Teamassignmentandstructure,

» Controlmechanismsand

» Requiredmetricsfor measuringrogress.

Enterpriseconstraintsaninclude:

« Managementecisionsfrom a preceding
technicalreview,

» Enterprisggenerakpecifcations,
e Standardsr guidelines,
» Policiesandprocedures,

» Domaintechnologiesand

» Physical, financial, and humanresource
allocationgto the project.

Task 3. External Constraints

Identify anddefine externalconstraintsmpacting
designsolutionsorimplementatiorof theSystems
Engineerindgrocessictivities. Externalconstraints
caninclude:

Publicandinternationalaws andregulations,
» Technologybase,

» Compliancerequirementsindustry interna-
tional, and other generalspecifcations, stan-
dardsandguidelinesvhichrequirecompliance
for legal, interoperability or otherreasons,

» Threatsystemcapabilitiesand

Capabilitiesof interfacingsystems.
Task4. Operational Scenarios

Identify anddefine operationascenarioshatscope
theanticipateduseof systenproduct(s)Foreach
operationakcenariodefine expected:

* |nteractionswith the ervironmentand other
systemsand

» Physical interconnectiities with interfacing
systemsplatforms,or products.

Task5. Measuresof Effectivenessand
Suitability (MOE/MOS)

Identify anddefne systemeffectivenessneasures
that reflect overall customerexpectationsand
satisfaction. MOEs are relatedto how well the
systenmustperformthecustomers mission Key
MOEsincludemissionperformancesafety oper
ability, reliability, etc. MOSs are relatedto how
well the systemperformsin its intendederviron-
ment andincludesmeasuref supportability
maintainability easeof use,etc.



Task6. SystemBoundaries
Define systemboundariesncluding:

* Which systemelementsareunderdesigncon-
trol of the performingactivity andwhich fall
outsideof their control,and

» The expectednteractionsamongsystemele-
mentsunderdesigncontrolandexternaland/or
higherlevel andinteractingsystem®utsidethe
systemboundary(including open systems
approaches).

Task7. Interfaces

Define the functional and physicalinterfacesto

external or higherlevel andinteractingsystems,

platforms,and/orproductsin quantitatve terms

(includeopensystemsapproach)Functionaland

physicalinterfacesvouldincludemechanicalkelec-

trical, thermal datacontrol,proceduralandother
interactions.Interfacesmay also be considered
from an internal/external perspectie. Internal
interfacesare thosethat addresslementsnside
the boundariesestablishedor the systemad-
dressedTheseinterfacesaregenerallyidentified
and controlledby the contractorresponsibleor
developingthesystemExternalinterfacespnthe
other hand,are thosewhich involve entity rela-
tionshipsoutsidethe establishedoundariesand
thesearetypically defined andcontrolledby the
government.

Task8. Utilization Environments

Define the ervironmentsfor eachoperational
scenario All environmentalfactors (naturalor

induced)which mayimpactsystemperformance
must be identified and defined. Environmental
factorsinclude:

» Weatherconditionge.g.,rain,snav, sun,wind,
ice, dust,fog),

« Temperatureanges,

» Topologies(e.g.,ocean,mountains,deserts,
plains,vegetation),

» Biological (e.g.,animal,insectsbirds,fungi),
» Time (e.g.,davn, day, night, dusk),and

* Induced(e.g., vibration, electromagnetic,
chemical).

Task9. Life CycleProcesLConcepts

Analyzethe outputsof tasksl-8to define key life
cycle procesgequirementsecessaryo develop,
producetestdistribute,operatesupporttrain,and
disposeof systemproductsunderdevelopment.
Useintegratedteamgepresentingheeightprimary
functions.Focusshouldbeonthecostdriversand
higherrisk elementghatareanticipatedo impact
supportabilityandaffordability overtheusefullife
of thesystem.

Task 10. Functional Requirements

Define whatthe systemmustaccomplisior must
beableto do.Functionsdentifiedthroughrequire-
mentsanalysiswill befurtherdecomposeduring
functionalanalysisandallocation.

Task 11.PerformanceRequirements

Define the performancerequirementgor each
higherlevel functionperformedy thesystemPri-
mary focusshouldbe placedon performanceae-
guirementsthat addresshe MOEs, and other
KPPsestablishedn testplansor identified as
interestitemsby oversightauthorities.

Task12. Modesof Operation

Definethevariousmodesof operatiorfor thesys-
temproductainderdevelopmentConditionge.g.,
ervironmentalconfiguration,operationaletc.)that
determinethe modesof operationshould be
includedin this definition.

Task 13. TechnicalPerformanceMeasures
(TPMs)

Identify thekey indicatorsof systenperformance
that will be tracked during the designprocess.
Selectionof TPMs shouldbe limited to critical



technicaltthresholdsaindgoalsthat,if notmet,put
theprojectat cost,scheduleor performanceisk.
TPMsinvolve trackingthe actualversusplanned
progres®f KPPssuchthatthemanagecanmale
judgmentsabouttechnicalprogresson a by-ex-
ceptionbasis.To someextent TPM selectionis
phasedependentThey mustbe reconsideredat
eachsystemsngineeringrocessstepandatthe
beginningof eachphase.

Task 14. Physical Characteristics

Identify anddefine requiredphysicalcharacteris-
tics (e.g.,color, texture, size,weight, buoyang)
for thesystenproductaunderdevelopmentlden-
tify which physicalcharacteristicare true con-
straintsandwhich canbechangedbasedntrade
studies.

Task15. Human Factors

Identify and define humanfactor considerations
(e.g., physicalspacelimits, climatic limits, eye
movement,reach,ergonomics)which will affect
operationof the systemproductsunderdevelop-
ment. Identify which humansystemsntegration
are constraintsandwhich canbe changedased
ontradestudies.

Follow-on Tasks

The follow-on tasksare relatedto the iterative
natureof the Systemsngineering”rocess:

IntegrateRequirements:

Take anintegratedteamapproacho requirements
determinatiorsothatconflictsamongandbetween
requirementsare resohed in waysthat resultin
designrequirementshatarebalancedn termsof
bothrisk andaffordability.

ValidateRequirements:

During FunctionalAnalysisandAllocation, vali-
datethatthe derived functionaland performance
canbetracedto theoperationatequirements.

Verify Requirements:

» Coordinatelesignmanufcturingdeployment
andtestprocesses,

» Ensurethat requirementsare achiezable and
testable,

» Verify that the design-to-costgoals are
achievable,and

» Verify thatthe functional and physical archi-
tecturesdefined during FunctionalAnalysis/
Allocation and Synthesismeetthe integrated
technical,cost, and schedulerequirements
within acceptabléevelsof risk.
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