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ABSTRACT

The decison process may occur a vaious points during the life cycde of a
program/project.  Incorporating various ddidica techniques dlows for the creation of
multiple views of supporting data The main purpose of Trade-Off Anayses is to provide
a record induding quantitetive data to support decisons.  This report discusses a Trade-
Off Andyss process and a tool cgpable of being used for various types of Trade-Off
Andyses  With the current computing power a our desktops and the flexibility of many
software packages and suites, we are able b create automated process and andyss tools
that saves time and thus saves money. By following the methodology and approach

documented here, many other tools may be developed from exigting processes.
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TOA — Trade-Off Andyds
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CHAPTERII.
INTRODUCTION

Component-Oriented  Trade-Off Analyss (COTOA). COTOA is a process tool
that can be talored to accommodate any type of trade-off decison andyss. COTOA
contains various types of reusable components for creating Trade-Off Anadyss reports.
The components will be based on various types of evdudion criteria and contain the
necessary formulas for specific parameters used in the evauation process. An engineer
may choose these components as if sdecting pats from a pats bin.  If a particular
component does not satisfy the necessary evauation criterig, then one may be crested and
added to the repogtory of components. This method is less time consuming then cresting
every component every time a Trade-Off Andyss report is required. The COTOA
process tool uses the components to generate the required Trade-Off Andyss tables and

graphs necessary for the forma Trade-Off Andlysis report.



1.1 Scope

The scope of this project is to devdop a Trade-Off Andyds process tool. The
reusable components condst of common predetermined evauation criteria and associated
dgorithms, and templates for the required tables, graphs, and reports  The COTOA may
be talored s0 those newly deveoped components may be added to the COTOA tool
database for use on future trade-off andyses. The COTOA will condgt of a report
generator for producing the Trade-Off Andyss reports that contain the Trade Table,
Utility Curves (Graphs), Sendtivity Andyss Adverse Comsequences Andyss (Risk
Andyss), and a Find Sdection Recommendation. The COTOA will dso be cgpable of
interfacing with other commonly used tools, such as a Rough Order of Magnitude (ROM)

Too used for cogt edimaing. The Specfic ROM Too results may be incuded as

specific evdudion criteria, in this case the cost evauation criteria can be linked directly
to the gpecific COTOA through Object Linking and Embedding (OLE) or Dynamic Data
Exchange (DDE) interfaces. These are some of the many time saving capabilities of the

COTOA.

Disclaimer:

1. This report does not address the configuration management effort required to deploy

the COTOA toadl.

2. Thistool does not interface directly to modding, smulation or test equipment.



CHAPTER 1.
BACKGROUND
During the devdopment of sysems vaious desgn agoproaches may be
conddered, but only the mog vidble cod-effective approach is desred. Also, cusomers
of these sysems ae moving away from Militay Standad or Government specified
equipment, more often they are requiring the use of Commercid Off The Shdf (COTS)
products in the development of their sysems which in many cases dlows the customer
to obtan a qudity sysem for a much lower cos. When COTS products are used, it will

be necessary to choose the best candidate product from severa products on the market.

In my ressarch on Trade-Off Andyses, my references only provide high leved
guidance in preparing Trade-Off Andyses, by describing the various tables and grephs
required for the Trade-Off Andyss report. The difficulty with this is that it does not
provide the necessary detall required to prepare the Trade-Off Andyss tables or graphs,
nor do they provide sample Trade-Off Andyss reports or suggest a data repository where
previoudy peformed TradeOff Andyses ae avalable to use as guidance.  After
inquiring about the Trade-Off Andyss repostory, the Process Group begen to gather
Trade-Off Andyss reports from previous programs in an effort to build a repostory, but
these were not consstent and did not appear to completely follow the current processes
Enginears expend a great ded of time and effort determining how to evauate criteria and

how to cresate the required components of a Trade-Off Andyss



We as enginers don't have the luxury of picking up a book or magazine with
reviews and product comparisons, such as PC Magazine, Consumer Reports or Edmunds.
If we are ale to find previoudy performed reviews or product comparisons, the results
do not reflect whet is actudly important to us — some or dl of our evdudion criteria were
not used in the comparisons.  Much of what we do is unique; we need a way to evauate

products according to what' s important to our customers and us.



CHAPTER III.
TRADE-OFF ANALYSS

As a method for forma decison andyss, Trade-Off Andyses can be used to
solve any complex problem where there is more than one sdection criterion, and provide
documented decison rationde for review by a higher authority. These andyses ae
equaly necessxry for edtablishing system configurations and for accomplishing detailed
desgn of individuad components The Trade-Off Andyss method is equdly gpplicable
to budgeting, source sdection, tet planning, logidics development, production control,
and design synthess.

Engineers, whether engaged in research, desgn, development, condruction,
operations, or a synthess of these activities are concerned with the efficient use of
limited resources  When known opportunities fal to hold sufficent promise for the
employment of resources, more promiSng opportunities are  sought. This view
accompanied by initigtive leads to exploratory activiies amed a finding the better
opportunities In such activities, deps ae téken into the unknown to find new
posshiliies that may then be evauated to determine if they could be superior to those

now known (Blanchard et d., 1997).



Trade-Off Andyses provide a dandad method to use in evduding and
documenting the reaive meits of gpedfic technologies desgn configurations,
components and materiad sdection, manufacturing process sdlection, etc. The god is to
quantitetively support sdection of the best goproach to satisfying requirements while
mantaining a baanced desgn, as defined by the cusomer. They evduae dterndive
lutions in order to narow the lig of candidaies and ultimately sdect an optimum or
badanced solution. The Trade-Off Andyss method may be talored to a project’s needs

especidly for: criteria, solutions, cyde-time, and cost (Raytheon 1997).

Trade-Off Andyses ae peaformed throughout the desgn and deveopment
process to sdect the dedgn approach that best satisfies program requirements, and
document the reason for the sdection. The best desgn is achieved dfter iterating the
desgn, based upon the results of Trade-Off Andyses tha condder dl reasonable design
gpproaches.  Trade-Off Andyses are equaly necessary for establishing each leve of the

system design (Raytheon 1999).

The principd benefit derived from Trade-Off Andyses is twofold. Frs ad
formog, the use of Trade-Off Andyses forces the desgner to congder multiple
agoproaches to the problem and hdps to avoid the tendency to go directly to a point-
desgn. Second, the Trade-Off Andyss provides the supporting data necessary to enable
a meaningful evdudion of the desgn. The ovedl result should be the sdection of the
best approach a higher percentage of the time and an implementation that best satidfies
the overdl program requirements of cos, schedule, performance, risk, and produdhility

(Raytheon 1999).



The role of Trade-Off Andyses evolves with the phases of the program. During
the Concept Devdopment and Functiond Dedgn phases, a primary focus of Trade-Off
Andyses is to edablish the sysem configuration. During the Detal Dedgn phase,
Trade-Off Andyses ae employed in the detaled design of individud configuration items
to determine the most cos-effective desgns. As the desgn enters the implementation
phase, Trade-Off Andyses support make-a-buy, process, rate, and location decisons and

the evauation of design changes (Raytheon 1999).

Trade-Off Andyses can be performed in the order of hours to months and even
years depending on the complexity of the problem to be solved. The sysems engineer
has the responshility for defining the scope of the effort based on the customer's

expectations, time & budget available, and resources required.

All data is captured and recorded in a find report.  This is important for two
fundamentd ressons it is a mechaniam for communicaing the results and
recommendations of the Trade-Off Andyss and mogs importantly it provides a decison
higory for the product devdopment process This dlows for laer modification of the
Trade-Off Andyds results and recommendations if key assumptions modds,

requirements, or criteriachange.

It is importat that the enginer peforming the Trade-Off Anadyss incdude
subject mater experts, the cusomer(s), and supplier(s). It is the responghility of the
enginexr to ensure tha the individuals affecting and affected by the Trade-Off Andyds

be involved throughout its execution.



In order to ensure that a rationd and unbiased sdlection is made, a structured
process is employed. Section 31 illudrates the steps required to complete a Trade-Off
Andyss. The sudy objectives and the evduaion criteria are defined based on the overdl
program and peformance requirements. Weghts for each criterion are then assgned
based on program priorities to obtan a weighted score for each candidate. Candidate
agoproaches are defined, followed by evdudion of the peformance of each candidate.
The resulting data is entered into the trade table Each candidate is assgned a
performance score for each evduation criterion. A sengtivity andyss is then performed
to assess the sengtivity of each candidate to amdl changes in its performance or in the
requirements. This information is used to further adjust the candidate performances and

to assess the robustness d the scores.

The best candidate is sdlected based on the find weighted scores, and the adverse
consequences of sdecting that candidate are examined to ensure that the program will not
be detrimentally affected by its sdection. If the candidate is acceptable, it becomes the
basdline gpproach and the Trade-Off Andyss is documented in a report. If the candidate
is not acceptable, it is discarded, after documenting the results and the remaning

candidates are reconddered.

It is best to dructure the Trade-Off Andyses to reduce ther complexity to the
lowest practicd leve. This dlows enough information for decison support. Large Trade-
Off Andyses should be broken into a number of amdler ones to reduce the number of
combingtions of performance that must be conddered. As with mogt things it is bet to

have a number of Smple trade-offs rather than one large, complex one.



Trade-Off Anayses are the vehicles for evolving cod-reductions drategies and

mitigating program risks (Micheels et d., 1989).



3.1 Trade-Off Analyss Process

The Trade-Off Andyses process is necessary to ensure that dl of the required,
necessay, and gppropriste steps ae accomplished.  Prior to atempting a Trade-Off
Andydgs, it must be determine that there is a genuine vdid ned for a Trade-Off Andyss

effort. Unlessthereisared need, the effort may be futile and wasteful.

Briefly the Trade-Off Andyses process may be described as follows and in detal
in the following sections  The Trade-Off Andyds objectives and the evdudion criteria
are defined based on the overdl project and peformance requirements. Weights for each
criterion are then assgned based on project priorities to obtain a weighted score for each
candidate. Candidate approaches are defined, followed by evduaion of performance of
eech candidate. Each candidate is assdgned a peformance score for each evduation
criterion.  The resulting data is entered into the trade table. A sengtivity analyss is then
performed to assess the sengtivity of each candidate to smdl changes in its peformance
or in the requirements  This information is used to further adjus the candidae
performance and to assess the robustness of the scores. The best candidate is selected
based on the find weghted scores, and the adverse consequences of sdlecting that
candidate are examined to ensure that the project will not be detrimentdly affected by its
sdection. If the candidate is acceptable, it becomes the basdine gpproach and the Trade-
Off Andyss is document in a report. If the candidate is not acceptable, it is discarded,

after documenting the results, and the remaining candidates are considered.

10



All data is captured and recorded in a find report.  This is important for two
fundamental reasons it is a mechanism for communicating the results and
recommendations of the Trade-Off Andyss and mog importantly it provides a decison
higory for the product devedopment process This dlows for laer modification of the

Trade-Off Andyss resllts and recommendations if key assumptions modds

requirements, or criteria change (Raytheon 1997).

The result is the desgn approach that best saidfies the overdl project

requirements of cost, schedule, performance, risk, and producibility.

3.1.1 TOA Process Phases

Phase 1 - Planning

1 When a Trade-Off Andyss is required by the SEMP (or equivdent), the IPT must
review the Trade-Off Andyss requirements expressed by the SEMP with other
potentidly affected IPTs to ensure tha the expectations edablished are properly
interpreted and gpplied.  If there is any posshility of an inadequate understanding of
cusomer requirements or priorities, these must be resolved prior to planning the
Trade-Off Andyss.  This is a criticd gep snce it digns everyone to the same god
and provides the bounds within which the Trade-Off Andysiswill be performed.

2. A Trade-Off Andyss Kick-Off Meeting is used to communicate the need for the
Trade-Off Andysds among the stakeholders and other key personnd. If there is any
posshility of an inadequate underganding of customer requirements or priorities,
these must be resolved prior to planning the Trade-Off Andyds This is a criticd
dep snce it digns everyone to the same god and provides the bounds within which
the Trade-Off Andysswill be performed.

3. Create a Trade-Off Andyss plan based on the understanding of the problem to be
addressed.  The plan mug incdude a schedule of events in the performance of the
Trade-Off Andyss, a Budget, and other required resources (eg., computationa
resour ces, models and prototypes, test equipment, subject-matter experts, etc.)

1



Phase 2 - Perform Trade-Off Analyss Phase

1. Define The Problem. The Trade-Off Andyds standard method begins by defining the
problem. Define the need, the user, and the avalability of resources bounding the
scope of the andyss Condraints tha goply to the Trade-Off Andyss mus be
identified including budget and schedule  If the Trade-Off Andyds is associated
with a deficency in meeting specific requirements, then tha deficdency should dso
be sated dong with other related requirements, which could be affected by the Trade-
Off Andyss.

2. Edablish Evaudtion Criteria  This dep defines the st of evduation criteria on which
the Trade-Off Andyss is based. The evauation criteria reflect dl of the technicd and
progranmatic requirements of the product, which could be impacted by the Sudy.
The evauation criteria should be tracesble to a program document. For each of the
evaudion criteriaa corresponding system impad is identified.

3. Weght the Criteria This sep weights the evduation criteria in terms of rdative
importance, in accordance with the customers' priorities.

4. ldentify Alternative Solutions. This sep identifies the st of dternaie solutions to be
conddered in the Trade-Off Andyss Thee dteanate solutions will be
predetermined (in the case of a desgn competition, they will be the various proposed
designs) or developed specificdly for the andyds  Alternate solutions should reflect
the widest possble range of didinctly different solutions in order for the overdl god
of optimized design to be achieved.

5. The st of dternate solutions that are subjected to the full andyss may go through a
process of diminaion that condders adility to solve the problem, affordability,
technology or other screening criteria established by the [PT.

6. The IPT defines the set of subject matter experts needed to brangorm a st of
candidate solutions.

7. Quantify the Evduation Criteria  This step ensures that each of the evduation criteria
is quantified and quantifidble For evdudion criteria tha have ther origins in the
product specification, they should dreedy be dated in  quattifisble terms as
represented in those reguirements.  The criteria will indude quantitative gods and
thresholds (specification limits) beyond which the characteristic is unsatisfactory.

8. However, evduaion criteia for which quatitative daa is not avaldble any
quditative data is converted into quantitative deta via a rating scde developed by the
IPT conducting the Trade-Off Andysis.



10.

11

12.

13.

14.

15.

Devdop Criteria Evaduaion Functions  This dep identifies modds to apply in
characterizing eech dternaive solution based on the evauation criteria The
modelsffunctions sdected represent the fiddity necessary to  didinguish  among
competing dternatives. These models provide the characterisics for each dternate
solution as required based on the condrans previoudy defined (eg., schedule
budget, customer expectations, €tc.) .

Prepare Utility Functions This dep cdculaes a parameter used to account for non-
linearities in the benefit derived from improvements to a given Evduaion Criteria .
Mog paamees have a utility function vdue of 1. This technique dlows for the
trandation of diverse criteriato acommon scae (0-1) for direct comparison.

Evduate Alternatives. This sep condsts of doing the mahematica evaudion of the
Evdudtion Criteria usng the evduaion functions and goplying the weghts to arive
a aninitid cumulative assessment of each Trade-Off Analyssdternative.

Performance edtimaes/predictions are produced by evauators from testing, vendor
sources, paametric andyds, dmuldion, experience or other avalable, affordable,
and dependable methods,

Perform Sendtivity Andyss This dep determines the sengtivity of the Trade-Off
Andyss sHection to the specific weighting of the sdection criteria and the sdection
criteriaitsdlf.

Where the totd weighted scores of severd dternatives are proximate, a smal change
in the edimaed/predicted peformance or weight of any dterndive agang any
criterion may change the decison.

Paform Risk Andyss  Rik andyss is peformed to identify potentid risks
associated with the Trade-Off Analysis results and recommendations.

Phase 3 - Prepare Report Phase

1

Generate a Trade-Off Andysis report a the conduson of the last sep of the Trade-
Off Andyds process and placed under configuration management/distribution
control. This report mugt indude dl the data generated a each step with associated

assumptions, rationde, and sources. The Trade-Off Andyss report shdl conform to
the Trade-Off Andys's Report format.

Review the report within the IPT (induding any customers or suppliers).  Didribute
finde copies of the report and place in the integrated database.

13



Phase 4 - Follow-On

1 If the Trade-Off Andyss results are inconcdusive or there is not enough data to meke
a deddon within accepteble levels of rik, reevduae the Trade-Off Andyss
approach, identify weaknesses and replan to resolve.

2. If the cusomer reects the results and recommendations, summarize the rationde for
rejection.

Figurel - Trade-Off Analysis Process Major Components
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3.1.2 Trade-Off AndyssKick-Off Meeting
The Trade-Off Andyds KickOff Medting is a focused and dructured initid

brangorming activity that condss of a Desgn Team or Working Group.  Follow-up
brangorming sessons are conducted as deemed necessary by the desgn team. The
meeting paticipants conss of a fadlitator (specidis traned in fadlitation and in the
methodologies of Trade-Off Andyses), specificdly identified stakeholders (customers,
uppliers, program management, enginering, ec) doman experts, depatmentd experts
and expats from various disciplines It is the regponghility of the technicd lead to
ensure that the individuds affecting and affected by the Trade-Off Andyss be involved
throughout its execution. The brangorming sesson cregtes a vast st of options from
“very dmple’ to “date of the at.” The god is to generate idess that provide the most
efficient and cost-effective solution. During the kick-off meeting, it may be reveded that
there is only one worthwhle solution, in which case there is no need to proceed with the
complete Trade-Off Andyss. If this is the case, the reaults of the meeting ae

documented in the Trade-Off Analysis report.

During the Trade-Off Andyss Kick-Off Mesting, severd candidate solutions will
be generated. Of these solutions, the most practicd candidates are sdected to be included
in the Trade-Off Andyss.  Discarded candidates are documented in the Trade-Off

Andysis report as being discarded and why.

15



Since the group of participants is engaged in a focused and dructured didogue,
the braingorming sessons provide the framework for a red and degp understanding of
the dtuation that is under conddedion. The people engaged in the brainsorming
activity are exposed to a red shaing of idess and information, and thus are actively
learning about the issue a@ hand. Because of the fact that the definition of the Stuation,
the design, and choice of dternatives are made participaively, the decisons taken by the
group ae thar own dedgons only through this kind of approach can a genuine
commitment be achieved. In turn this commitment leads to a better bass for the

implementation of the decison within the organization (Warfidd 1990).

3.1.2.1 Sakeholder Responghilities
Along with patidpaing in brandorming sessons the fdlowing responshilities
aso goply.

Technical Lead:

Review Lessons Leaned from previous sSmilar Trade-Off Andyses for
relevance to the present Trade-Off Andysis.

Capture Lessons Learned in the peformance of the present Trade-Off
Andyss

Talor the Common Trade-Off Andyss process with cooperation from
process owners to the unique aspects of the program using the common
process tailoring process.

Pan for the use of Trade-Off Andyses to meet contract and engineering
requirements.

Prepare a Trade-Off Andlysis Report tailored to the program/customer.
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IPTs aoply Trade-Off Andyses a any time during a product life cycle as part
of the program plan, in regponse to an identified problem, or changed
conditions

Functional Organization:

Train personnd in the Trade-Off Analys's process.

Provide skilled resources when needed by the IPT.

Project Configur ation M anagement:

Places the Trade-Off Andyss report under configuration control, and
manages changes to it during the remainder of the program.

Process Owners:

Collect and report metricsfor Trade-Off Analyss process performance.

Capture and report Lessons Learned as change requests to the common Trade-
Off Andlysis process.

Document a fdlow-up report to the origind to provide the raionde for

rgecting the results and recommendetions when Trade-Off Andyss results
and recommendations are not adopted or implemented.

Program Managers:

Provide budget to perform planned Trade-Off Analyses.

Indude Trade-Off Andysisresultsin Technica Performance Measures.
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3.2 Trade-Off Analyss Objective

The Trade-Off Andyds objective must be expressed in precise, explicit terms to
save as the bass for sound decisons. They should define the need, the user, and the
avalability of resources bounding the scope of the andyss  The source for thee
objectives will be reguirements and desgn documents.  This will provide a firm

foundation for identifying the range of dternatives and the decison criteria

The Trade-Off Andyss begins by defining the problem. Define the need, the
user, and the avallability of resources bounding the scope of the andyss. Condraints that
goply to the Trade-Off Andyss must be identified induding budget and schedule.  If the
Trade-Off Andyss is associaed with a deficiency in meeting specific requirements, then
that deficiency should dso be dsaed dong with other reated requirements, which could

be affected by the Trade-Off Andys's (Raytheon 1997).

This gep identifies the sysem configuration or criticd item that is the subject of
the Trade-Off Andyds. It indudes the objective of the Trade-Off Andyss or a Satement
of the problem to be addressed and must be expressed in precise, explicit terms to serve
as the bass for a sound decison. ldentification of the specific requirements being
addressed helps to narow the scope of the sudy.  This sep is accomplished by key
personne on the program as a result of ther efforts to define the system configuration or
citicd item implementation. They should define the need, the user, and the availability
of resources that bound the scope of the andyss. When defining the objective of the
Trade-Off Andyss, the Sysems Enginer mugt determine the root of the problem being

addressed (Raytheon 1999).
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It is best to dructure the Trade-Off Andyses to reduce ther complexity to the
lowest practica level. This dlows enough information for decison support. Large Trade-
Off Andyses should be broken into a number of smdler ones to reduce the number of
combingtions of peformance that must be conddered. As with mogt things, it is best to

have a number of Smple trade-offs rather than one large, complex one (Raytheon 1999).
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3.3 Candidate Approaches

Alternatives for condderation will be ather predetermined (in the case of a design
competition, they will be the various proposed designs) or developed specificdly for the
andyss Candidates may be the product of systems engineering synthess activities and
represent exiging (dandard), modified, or origind desgns Candidates should reflect the
widest possble range of didinctly different solutions if the overdl god of optimized

systems design isto be achieved.

Next, candidates identified through uncondrained synthess or brangorming may
be screened based on ther &bility to solve the problem. This ensures that the andyss
effort does not waste time on nonproductive solutions. A second screening may be
peformed on the bads of atanability/affordability, where the candidate solutions are

achievable within time and budgetary condraints.

Remaining candidates become the decison dterndives. These dterndives ae
described fully and carefully.  Suffident detal must be avalable to judge the reative
worth of each workable, etanable dternaive. If an insufficient number of candidates
aurvives the screening process, the dudy condraints should be reexamined and Al
candidates rescreened, or the synthess and posshility functiond andyss activity must be

reinitiated.

Quite dten, the candidates have been defined before the trade study begins. There
is N0 magic way to sdect the candidates for a trade sudy. Some methods which engineers

normaly use sngly or in combination are listed below:



Experience with amilar problems

Conaultation with senior personnd inthe divison

Consaultation with experts outside the divison

Researching the problem in books, journds, etc.

3. Studying the problem, being credtive and inventive

Braingorming

Solidting proposas from companieswho dam to have asolution

All feasble gpproaches within reason should be conddered. They should reflect
the widest possble range of didinctly different solutions if the overdl god of identifying
the best sysem design which meets requirements is to be achieved. Candidates identified
through uncondraned synthess or brangorming should be screened based on ther
ability to solve the problem. This ensures that the andyds effort does not wadte time on
nonproductive solutions. A second screening shodd be peaformed on the bass of
dtanability and affordability. Are the candidate solutions achieveble within time and

budgetary congraints?

The sengtivity of the criteria that were used to diminate any gpproach should be
checked to ensure that candidates are not wrongly diminated a this point. If an
inaufficient number of candidates survives the screening process, the dudy condrants
should be reexamined and dl candidates rescreened, or the desgn synthess and possbly

the functiondl analys's adivity must be reinitisted (Raytheon 1999).
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3.4 Evaluation Criteria

This gep in the process is to generate idess. The idea set that is dedred is a st of
Evduation Criteria  These Criteria will be used as pat of a sysemdic gpproach to the
choice of a dngle Alternative. This st may be devedoped through braingorming or other
methods that produce idess in response to a suitable overview or triggering question

(Warfidd 1990).

Criteria may be of two types sandard and non-dandard. The standard criteria are
those for which numbers are avaladle tha aise from a process of enumerdion agangt
accepted dandards.  For example, cogt in dollars, area in acres, board-feet of timber,
inches of topsoil, length of an atifact, number of horsgpower, eic. The non-standard

criteriaare those criteria for which no suitable, accepted standard exigts (Warfield 1990).

The nondandard criteria may be of two types quantifisble and non-quantifidble.
The former are those for which numerica vaues can be ataned that reflect subjective
opinion on a scde. The later are those for which numerica vaues do not gppear to have

sgnificance on any interpretable scale (Warfield 1990).

Then the criteria ds0 can be sad to fdl into two other types quantifisble and
nonquantifidole.  The former include both the dandard criteria and the non-standard

criteriawhich can be suitably quantified (Warfield 1990).



Evduation Criteria are dandards for judging achievement of required operationd
effectiveness/suitability characteristics, or resolution of technicd or operaiona issues
The criteria may incude quantitative gods (desred vadue of the atribute), where
possble, and thresholds beyond which the characteridic is unsatisfactory (specification

limits). Good evauation criteriamust .

1 Differentiate meaningfully between dternatives without bias.

2 Rdate directly to the purpose of the Trade-Off Andyss, induding established

requirements and highrinterest concerns.

3 Bedaed ashroadly aspossible.

4. Be ableto be messured or estimated at reasonable cos.

5 Beindependent of eech other a dl levels.

6. Beuniversaly understood by evauators.



Evduation criteria may be dravn from sysems engineering documentetion based
on program requirements, militay and department guidance and standards, and design-
for and specidty requirements. These sources vary in importance based on the stage of
program development and desgn maturity. Regardless of the sources used and the
advice obtained, find sdection must be made by the decison-maker. The vaue of the
Trade-Off Andyss effort is proportiond to the decisonmeke’s ablity and willingness
to indude dl objective and subjective decison criteria  Regular, efficient guidance on
aopropriate decison criteria is one of the primary products of the sysems engineering

organization.

The evauation criteria againg which the candidates will be traded off must be
identified and liged in the trade table They must be petinent to the trade sudy,
quantified whenever possble and based on the progran requirements and the
performance specifications. The use of a "high, medium, low" type assessment should be
minimized. The vdue of the trade-off andyss effort is proportiond to the ability and
willingness to indude dl objective and subjective decison criteria Good evauation

criteria mugt (Raytheon 1999):

1 Differentiate meaningfully between dternatives without bias

2 Rdae directly to the purpose of the trade-off andyds incuding established

requirements and hightinterest concerns

3 Bedaed as secificdly aspossble

24



4 Be ale to be messured or edimated within reasonable cod, schedule, and

performance

5 Beindependent of each other at dl levels to areasonable extent

6. Beuniversdly undersood by the evauators

3.4.1 Typicd Evduaion Criteria

The evauation criteria usad for conducting a Trade-Off Andysis will depend to a
grest extent on the paticular problem under dudy. While the evauation of cog,
schedule, and peformance must adways be consdered, the operationd performance
evaduation criteria will be unique to eech sudy. Parameters should be sdected that ae
neither s0 broad that thelr sengtivity is masked by a large number of inputs, nor 0

narrow that the list becomes to long (Raytheon 1999).

Evdudion Criteria mey ether be Predefined or Newly Defined for a particular
Trade-Off Andyss. Categorized bdow ae vaious types of evduaion criteria  This
liging may serve as dimulus in developing other evdudtion criteria It is dso a good
idea to capture the exact definition or interpretation for a particular evaudion criterion
being usd in a soedific Trade-Off Andyss Many of the Common Evduation Criteria in

Table 1 bdow are defined in Appendix A.
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Table 1 —Common Evaluation Criteria

Memory Constraints
Power Consumption

Development & Program Support

Documentation Support
Technica Manual/Users Guide

g]oduci bility Sustainment Planning
S zatfe Sustaining Engineering
: Logigtics

\S/torage Life Government Property Management

olume it '

_ Logistic Services

\évazlg 2)15 Upgrade Siaberaiohy
gy radabiﬁg Operations & Maintenence

Pg ty End-User Training Development

Hardwar e Performance

Accuracy
BusLoading
Data Integrity
Response Time
Throughput

Programmatic Specialty Software
Cost Reidblility & Maintainability Size
Initid Cost Availability Ease of Upgrade
Life Cycle Cost Maintainablity Upgradability
Maturity of the Technology Rdiability Softwar e Performance
Reputable Vendor Mea Time Between Failure Accuracy
Preferred VVendor (MTBF) BusLoading
Recommended Vendor Meat Time To Replacement Data Integrity
Risk (MTTR) Response Time
Schedule Human Factors Throughput
Acceptable Delivery Safety System Performance

Hardware Operator Accuracy
Coadling Requirements Operahility BusLoading
Environmental Requirements Operator Interface Data Integrity
Electrostatic Discharge Sengitivity Obsolescence Analysis Response Time
Heat Dissipation Throughput



3.4.2 Weaghting Evduaion Criteria

The Evdudion Criteria ae weighted by the Trade-Off Andyss Team according
to therr reative importance in determining the effectiveness of dterndtives To ensure
the objectivity of the subsequent andyss, weighting factors developed by the Trade-Off

Andyds Team may be withheld from the andysts who do the performance evauation.

Weighting follows a logicd breskdown such as the one illusraed in Fgure 85
for a ship desgn program. Essntidly, the numericd scde used is coincidentd, provided
that it is condgtently didributed down the criteria tree.  In contribution to misson
cgpability incduding speed/endurance, logidics cargo capacity, safety, and cargo
cgpability. Firs, effectiveness measures are examined for their contribution to objectives
for the sysem; then each criterion is weighted according to its perceived contribution to

the effectiveness measures. The extent of the breskdown required is determined by:

The levd a which performance evauation is possble.

The leved a which separate performance specifications have been established.

27



Numericd weights are given to reduce the effect of evauator bias on the andyss.
Numericd weighting dlows the Trade-Off Andyds Team to obtan an objective
asessment of the dternatives.  In addition, numerical treatment facilitates comparison
among criteria that are not related. For ingance, in this example, cargo capacity is twice
as important as speed cgpability. The advantages in reaive smplicity, efficency, and
objectivity of this goproach fa exceed the effort required to assgn numericd weights.
Decison mekers who clam that they cannot assgn numericad weghts to the criteria
should redize that decisons are based on quantified criteria whether that quantification is
subconscious  (therefore,  unsysematic and  undocumenteble)  or  objective/numerica

(therefore, systematic and documentable).



Where a progran maintans an ovedl sysem effectiveness modd and has
operationd data, this weighting process can be very objective.  In casss where such a
foundation is not avalable, decison support techniques can be used to render subjective
evauations more rdiable. The andytic hierarchy process sts criteria weights using a
pared comparison technique. Engineers and managers from the design team were asked
to prepare data input sheets that compared attributes a each levd on a one-to-one bass.
A typicd input sheet is shown in Table 22 Daa were entered into a computer for
andyss oconsolidation, and normdization into matrix form.  The mahematicd technique
of egenvector andyss was then goplied to the normdized marix to determine the
relative weghtings of dl components a each leve. Once the weghting factors of dl
eements of hierarchy were derived, the “contributing weight” of any one attribute could
be cdculaed by multiplying the weights of its associated category headings by its
weighting factor. Data from respondents were summarized and, with minor adjustments,
resulted in the priorities shown in Table 5. This technique of pared comparisons has
been shown to give more repeatable weighting than direct edimation of the rddive

atribute priorities.



Once the evdudion criteria have been defined, they are weighted according to
ther relative importance in determining the effectiveness of the candidates. This ensures
that the most important dtributes have the most influence on the decison. In order to
increese the objectivity of the candidate performance scoring, these weights are goplied
after the raw scores have been assigned, but before adjusments are made in the candidate
performance or the sysem requirements to optimize the scores. The reaive importance
of the evduation criteria should be given to the sysems engineers prior to the sudy as an

ad in dructuring the trade study.

The numeicd scde used in weghting is coincidenta, provided that it is
condgently didributed. While it is not a necessty that the weghts add up to a vadue of
100, it makes for dmpler evduations. Weighting is necessxy, snce decisons are basd
on quatified citeriaz  whether that quantification is subconscious  (therefore,
unsysematic  and  undocumentable) or  conscious  (therefore,  sydematic and

documentable).



Where a progran maintans an ovedl sysem effectiveness modd and has
operationd data, this weighting process can be very objective. In cases where such a
foundation is not avalable two approaches may be used. In the fird gpproach the
engineers and managers who are aware of the relative importance of the requirements
discuss the evduation criteria and assgn the weights directly based on ther perceptions.
This gpproach can be made more rigorous by applying Qudity Function Deployment
techniques. QFD is a process for discovery and edimaion of the rdative "worth" and
cods of different atributes of an object. The process is formdized to remove as much
individua bias as possble The output of a QFD andyds will produce the weights

needed for the trade study.

The second gpproach is more time consuming, but is dso more rdiade and
repegtable. The andytic hierarchy process is used to cdculate the weights usng a pared
comparison technique. Key engineers and managers evauate pars of atributes a each

level on aranking chart.

3.4.2.1 Cdculating Weghts Usng Paired Comparison

Edimaing the weghts for the evdudion criteia in the trade table may be
mechanized usng a technique that compares the rddive vadue of each combinaion of
evauation criteria teken two a a time. This section describes a method for estimating the

weights and for caculating the congstency of the estimate.
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The fird gep is to condruct a ranking chat with dl pared combinations of the
evduation criteria Next, those engineers and managers who have the best indght into the
relative importance of the criteria pick the more important of each par and rank the
relative preference of the one sdected on a scde of 1 to 9. Whenever possble, the
cusomer technical and user personnd should aso be usad to rank the criteria for which
they have unique experience. The scde shows the reative preference of one criterion

over the other asfollows:
1- Thetwo criteria are approximately equd.
2- The selected criterion istwice asimportant.
3- through 9 - The selected criterion is 3, 4, 5, ic., times as important.

The scde may be adjugted if a smdl range of vaues is required and intermediate

vaues may be used. For example, ascdeof 1, 1.5, 2, 25, 3 35, 4, 45, 5 may be usad.

Figure 2 — Paired Comparison Calculating Weights
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The pair ranking edimates should be reconciled to atempt to arive & a common
edimate for each par of criteria This may be accomplished by discusson among the
paticipants, or the Dephi process may be used. The Dedphi process is desgned to
produce a more accurate result by avoiding peer pressure when dl the participants are
equaly knowledgesble Group discussons ae quicker and work better  when the

participants are not equaly knowledgesble and exchange of information is desirable.

It is usudly not possble to arive a a complete consensus and the ranking
edimaes will have to be averaged. Since the 9 to 1 to 9 scde is non-linear, it should be
temporarily converted to a linear scde from 1 to 17; the scores should be averaged and

the result converted back tothe 9to 1 to 9 scde.

The next dep is to form a marix udng the par ranking etimates from the
ranking chat. The mathematicd technique of eigenvector andysis can be goplied to a
normdized matrix of data vadues to delermine the reaive weighting factors of dl
components a eech levd. The Systems Enginearing Management Guide published by the

Defense Sysems Management College provides a good description of this process.



During the Trade-Off Andyss KickOff megting or another brangorming
sesson, severd evduaion criteria are etablished.  These evduation criteria ae placed in
a table smilar to Table 2 and members of the Trade-Off Andyss Team ae surveyed -
asked to rank the criteria according to importance.  In order to diminate influence among
the Trade-Off Andyss Team members this ranking is done individudly. Depending on
the scope of the Trade-Off Andyss, the logidics and sze of the Trade-Off Andyss
Team, and the Trade-Off Andyds Schedule the individud ranking survey may be
accomplished during the current meeting or accomplised individudly and returned to

the Trade-Off Andysis Team Leader a a specified later date.

The ranking scheme usad is from 0 — 100 %, 1 % being least important and 100 %
being mos important. If a criterion has no impact its ranking is 0 %. After ranking dl

criteriathetotd of dl criteriais @100 %.

A daement of Rationae for Criteria Weight should be entered on the surveys by
the individud evauators. This rationde explans why a scorelweight was given to a
paticular criterion. These rationde datements may then be compared when the find
consolidated weighted criteria is complete and an ovedl ralionde daement may be

written for each criteriain the find lis.



Table 2 — Criteria Evaluation Survey

Weight

Criteria

Description

Rationalefor Criteria Weight

Architecture Cost

Includes all cost related to utilizing the specific architecture option (i.e.
integration of existing control software, SDDS ports, SDN ports, shipping, site

integration, hardware and software maintenance costs).

Product Quality

Total BER performance in the complete signal path of the specific architecture
option.

Schedule Risk

The dependency of the specific architecture option on the delivery schedules of
SDDS, DSMs, and cabling.

Product Quantity

Theimpact to the number of tapes made per day for the specific architecture
option and whether the high volume SPS users are affected.

Single Point Of Failure

The amount of recording capability lost for the specific architecture option.

Architecture Transition
Support

The capability of each architecture option to use any DCR function for any
purpose within the system.

Availability

The amount of additional downtime experienced within ayear due to the
specific architecture option.

Operator Impacts

Distance of equipment or controls, more/fewer commands required, more/fewer
displays (i.e. the addition of the DSM hasincreased the number of

displays/windows).

Facilities Impacts

Floor space, cabinet space, power, and environmental conditions.

Software Control Complexity of the architecture control scheme of controlling resources limited

Complexity to the complexity of the task and not any other characteristic (e.g. SLOC) that
translate directly to colst.

Fault Diagnosis Percent of connection status logged. How to track a TFR (caused by data

Fault Detection

routing) that may be amonth old. Whether failure logging is accessible to
maintenance personnel. If softwareisrequired ensuring that such logging is

available for all switchesin the specific architecture option.

Whether fault detection blind spots exist due to the specific architecture option.

Industry Standard
Compliance

Compliance with hardware and software devel opment standards.

100

Total




Once the evauation criteria ranking surveys are received or the evauation criteria
survey deadline has passad, the received results may be entered into a teble smilar to
Table 3. Letters are used to provide evauator anonymity during this phase of the Trade-
Off Andyss Only the Trade-Off Andyss Leader should have the record of names
corresponding to the letters given in the Evdudion Criteria Ranking Survey Table.
Vaious datidicd and mathematicd methods may be used to tet for dmnormdities or
bias tendencies in the rankings. For example, evduaor F in Table 3 appears to have a
drong bias towards Cost (69) and Schedule (20) and condders dl other criteria to have
the leest vdue (1). In order to diminate these extremes, the highest and lowest vaues of

eech category can be thrown out in order to remove these biases indead of completdy

throwing out evaluator F as shown Table4.



Table 3 — Evaluation Criteria Ranking Survey Initial Results

. L Evaluators

Evaluation Criteria A B C D E F G H | Ag | Var |SdDev
Architecture Cost 12 5 10 15 6 69 19 1943 430 21
Product Quality 10 15 13 10 16 1 15 11.43 23 5
Schedule Risk 12 0 8 10 10 20 7 9.57 31 6
Product Quantity 10 5 13 10 13 1 12 9.14 18 4
Single Point Of Failure 10 15 5 10 8 1 7 8 17 4
Architecture Transition Support 6 0 5 15 6 1 12 6.43 25 5
Availability 10 15 5 5 8 1 0 6.29 23 5
Operator Impacts 6 10 12 5 6 1 4 6.29 12 3
Facilities Impacts 2 10 12 5 6 1 4 571 14 4
Software Control Complexity 4 0 4 10 7 1 12 543 17 4
Fault Diagnosis 6 10 10 3 3 1 4 5.29 11 3
Fault Detection 8 10 0 0 10 1 4 4.71 18 4
Industry Standard Compliance 4 5 3 2 1 1 0 2.29 3 2

Total 100 100 100 100 100 100 100 0[ 100.01




Table 4 — Anti-Bias Evaluation Criteria Ranking Survey

Evaluators

A B C D E F G H Avg Var [ Std Dev
Architecture Cost 12 10 15 6 19 124 19 4
Product Quality 10 15 13 10 15 12.6 5 2
Schedule Risk 12 8 10 10 7 94 3 2
Product Quantity 10 5 13 10 12 10 8 3
Single Point Of Failure 10 5 10 8 7 8 4 2
Architecture Transition Support 6 5 6 1 12 6 12 4
Availability 10 5 5 8 0 5.6 1 3
Operator Impacts 6 10 5 6 4 6.2 4 2
Facilities Impacts 2 10 5 6 4 54 7 3
Software Control Complexity 4 4 10 7 1 5.2 9 3
Fault Diagnosis 6 10 3 3 4 52 7 3
Fault Detection 8 10 0 1 4 4.6 15 4
Industry Standard Compliance 4 5 3 2 1 1 0 2.29 3 2

Total 100 65 66 85 61 4 83 0] 92.89




During the preparation and data gatheing dage, prior to the performance
evduation phese cetan criteria may be deermined as nondiscriminging or may be
conddered as pat of other evduation criteria These evauation criteria may be discarded
and ther weight zeroed out. After the weights of the discarded criteria have been
removed, the weights must be adjuded in order to achieve a totd ranking or @ 100%

aganasshownin Teble 5.



Table5 — Final Criteria Evaluation Results

Adjusted | Avg Criteria Description Rationalefor Criteria Weights
Weight

25 19.43 Architecture Cost Includes al cost related to utilizing the specific architecture option (i.e.
integration of existing control software, SDDS ports, SDN ports, shipping,
siteintegration, hardware and soft ware maintenance costs).

15 11.43 Product Quality Total BER performance in the complete signal path of the specific
architecture option.

12 9.57 Schedule Risk The dependency of the specific architecture option on the delivery schedules
of SDDS, DSMs, and cabling.

0 9.14 Product Quantity The impact to the number of tapes made per day for the specific architecture
option and whether the high volume SPS users are affected.

10 8 Single Point Of Failure The amount of recording capability lost for the specific architecture option.

8 6.43 Architecture Transition The capability of each architecture option to use any DCR function for any

Support purpose within the system.

8 6.29 Availability The amount of additional downtime experienced within ayear dueto the
specific architecture option.

8 6.29 Operator Impacts Distance of equipment or controls, more/fewer commands required,
more/fewer displays (i.e. the addition of the DSM has increased the number
of displays/'windows).

7 5.71 Facilities Impacts Floor space, cabinet space, power, and environmental conditions.

0 5.43 Software Control Complexity  [Complexity of the architecture control scheme of controlling resources
limited to the complexity of the task and not any other characteristic (e.g.
SLOC) tha translate directly to colst.

7 5.29 Fault Diagnosis Percent of connection statuslogged. How to track a TFR (caused by data
routing) that may be a month old. Whether failurelogging is accessible to
maintenance personnel. If softwareisrequired ensuring that such logging is
availablefor all switchesin the specific architecture option.

0 4.71 Fault Detection Whether fault detection blind spots exist due to the specific architecture
option.

0 2.29 Industry Standard Compliance |Compliance with hardware and software development standards.

100 100.01 Total




3.5 Evaluating Candidate Perfor mance

The peformance for each candidate is evauated for esch criterion and entered

into the Trade Table, Table 7.

The peformance edimaes ae devdoped usng andyss, rapid prototyping,
dmulation, vendor data, actud messurements, engineering edimates, or other affordeble
and dependable methods. Data from these sources are plotted on utility curves. Utility
curves asociate the perfomance of an dtribute with a score using gragphica or tabular

methods.

The table entries should be quantitative whenever possble so that performance
can be essly compared to the requirements and subjectivity is reduced. For example,
schedules should be developed to the point where a time can be edtimated, rather than
merdly sdecting which is longer or shorter. This is necessary in order to check schedule

sengtivity; eg., what if the schedule requirement is changed from 20 to 24 months?

Each of the candidetes is scored for esch of the evaluation criteria based on the
performance that has been entered into the table. The maximum possble score for each
evduation criterion mugst be identicd to prevent inadvertently weighting the scores.
Utility curves may be usad to provide a convenient means for sdecting or adjusting the
scores based on peformance. Utility curves are discussed in more detall later in this

section.
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When scoring is done without the benefit of measured data, the uncertainty in the
edimate may be dgnificant. In this case a useful technique is to indicate a range of
performance vaues. This may complicate the find sdection process, but will give a truer
indication of redive worth. An dterndive technique is to describe the range as a
function and run a Monte Calo dmulation. Monte Calo smulations use probability
digributions for each "assumed’ vaue and produce an output “forecast” vaue asociated
with it. This reduces a "what if" scenario into a range of possble outcomes and the

likdlihood of their achievement by cregting a Satitica picture.

Every atempt should be made to keep the scores objective. Since the scores will
dways be a least patly subjective, they should be edimated by severd knowledgesble

key personnd and a consensus arrived at for the fina number.

Once the scores have been assgned, the predetermined weights are entered into
the teble The weghted score is determined by multiplying the raw score for esch

requirement by its weight.

Table 6 — Evaluating Candidate Performance

Codt ($K) Sydem | Hardware| Cables | Shipping& | Maintenance | Totd Cost
Integration Cost Ingdlation Cost
Candidate A 500 1000 400 500 400 2800
Candidate B 400 1000 200 500 500 2600
Candidate C 300 1200 700 400 2600
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3.5.1 TradeTable

The trade table is the dructure into which the data is entered to define the
evaduation criteria and the candidates performance. The trade table is best implemented
as a templale usng a Sreadsheet program. This facilitates the sensitivity andyds by
dlowing rgpid computation of scores as a result of postulated performance changes. The

trade table is set up to record the following:

Evduation criteria

Rdative weights of the evauation criteria

Candidate approaches

Quantitative performance for each candidate's evauation criterion

A raw score for each candidate's evd uation criterion, rdative to the other
dterndives, to quantify the performance of that evaluation criterion

A weighted score for each candidate's evauation criterion

A total weighted score for eech candidate

Thee items ae discussed in more detal in the following sections. A sample

Trade Tebleis provided in Table 7.



Table7 — Trade Table

Evaluation Criteria Candidates
Rgm't Limit A B C
- Rgm't / Limit Performance Utility WTD Performance Utility WTD Performance Utility WTD
Item Description Type Lvax Lmin UM | WT ®) Score Score ®) Score Score ® Score Score
Y TUxWwn Y JUxWT L _JUxwT)
1]Architecture Cost Range Min 2800 2000 $k 17] 2800 0 0 2000 10 170 2600 2.5 43
2| Architecture Transition Support Range Max 100 0] % 9 0 0 0 60 6 54 100| 10, 90
3] Availability Greater Than 99.5 99.3] % 9 99.3 0 0 99.5 10 0 99.5) 10 0
4] Facilities Impacts Less Than 100 % 6 50 5 30 0 10 60| 0 10 60
5]Fault Detection Greater Than 80 30 0 45 3 0 80 10 0 30 0 0
6]Fault Diagnosis 0 6 0 0 0
7]Industry Standard Compliance 0 0 0
8]Operator Impacts Less Than 100 % 9 50 5 45) 25 7.5 68 10 90
9JProduct Quality Range Min 3E-08 1E-08| BER 18 2.00E-08 0 1.00E-08 0 1.476E-08 0
10]Product Quantity 0 0 0
11|Schedule Risk Less Than 100 0| Days 13 50 5 65 33.3 6.67 87| 33.3 6.67 87
12]Single Point Of Failure Less Than 100 ol % 12 91.5 0.85 10 52.4 4.76 57 100 0 0
13]Software Control Complexity 0| 0| 0
14 0 0 0
15 0 0 0
16 0 0 0
17 0 0 0
18 0 0 0
19 0 0 0
20| 0 0 0
Total Weighted Score 99 150.2] 585.33 459.21




3.5.2 Modding Performance Utility
Although mot necessary for every Trade-Off Andyss application, utility curves

are agood technique for trandating diverse criteriato a common scale.

Thereisadidinction between three gpproaches to establishing utility scaes

7. Absolute Scding,
8. Ration Scding, and
9. Rdative Scding.
Absolute scding is most dedrable, for it assumes that by andyds or initidtive, it
is posshble to conceptudize a “perfect” sysem and to predict a leve of performance with

respect to each attribute for each dternative being evaluated.

In cases where an atribute is difficult to quantify or measure, the evauation
might establish a ratio scade or use the andytic hierarchy process to establish a reldive
scde for utility vdues. The raio and rdative scding goproaches identify the “bet”
dterndive through a dructured comparison of dternatives. These gpproaches are most
vaduable in congdeing nontechnicad parameters (such as cod, devdopment time,
politicd sdesbility) where only subjective (high, medium, low) evduaion is possble
For example, if safety was an essentid Trade-Off Andyss criterion, if could be induded
& a rddivdy scded atribute usng a pared compaison process and  scding

methodology.

Utility curves are a technique for trandating performance into a numericd score.

They dso:



Improve the consistency of scoring between the candidates.

Provide a means to adjust the score in a controlled manner if the performance
is changed.

During the sendtivity andyds fadlitate adjusing the score based on
postulated changes in performance.

Provide tranddion of non-linear daa into liner space, i.e a Trander
Function.

Utility curves associate the peformance of an atribute with a score using
graphicd, tabular, or mathematicd methods. The swore ranges from O to 10, with the
lower bound on the useful value of an attribute being assgned a score of 0 and the upper
bound beng assgned a score of 10. Other scdes may be used provided they ae
condsent with other scoring methods used on the program. An example utility curve is

illustrated in Fgure 3.



Figure 3— Sample Utility Curve
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Utility curves for a given Trade-Off Andyss must use consstent scaes (for
example, between 0 and 10) 0 as not to inadvertently weight the scores. These modds
adso mug assume the independence of criteria The “zero point” of each curve indicates
the levd of peformance tha no longer provides vdue to sysem peformance or
effectiveness.  The zero may be sat bedow minimum accepteble specification vaues
snce minimum acceptable vdues are usudly the cut-off beyond which dternatives are

“not worthwhile to pursue” rather then “without vaue.”
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Graphic utility curves ae not necessary for every citerion.  Where linear
relaionships ae assumed between utility and peformance, dmple tables can be
edablished.  Tabular scoring plans could replace graphic chats for any criterion;
however, some fixed plan for scoring peformance evauations nust be established before

the evduations are conducted.

Deveoping utility curves has two important benefits. Fird, it forces the andyd to
think serioudy about the importance of various leves of peformance. This rexults in a

better understanding of the performance benefits and a more accurate scoring rule.

The sacond bendfit is that the scoring rule is documented. This is very important,
snce the trade dsudy often extends over severd days or weeks. If not documented, the
andyd's perception of the vadue of the levels of performance can change over time. The
sooring would then not be conggent between the initid candidates and a candidate added
near the end of the dudy. Furthermore, the accuracy of the sengtivity andysis could be
adversdy affected. Usng utility curves, the scoring remains congdent for the duration of

the study even if the origind reasoning is forgotten.

Thefallowing is arecommended procedure for constructing a utility curve:

Determine the useful range of performance and plot it on the aiscissa The
scae for the utility score on the ordinate is dways the same, and should be O

to 10.



Edimate the performance or range of performance that has the maximum and
plot it a a vaue of 10 (or O depending on the criteria). Be creful not to st
the maximum vaue higher than necessary, because tha may increase the cost
unnecessrily. The maximum vaue muds incdude any vaue edabdlished by a

system requirement.

Edimate the performance bedow which there is no vaue to the program, per
the requirements, and plot it & a vdue of 0. This point may be bdow the
minimum  acceptable pecification  vaues dnce  peaformance  bdow
Soecification is not necessxily without vaue. However, <dection of a
configuration with performance bedow the specification vaue may require a
compensating change in another pat of the sydem to mantan the overdl
system peformance. It may aso require a change in the sysem performance

requirements.

3.5.2.1 Utility CurvesGrgphs

Utility Curves are a technique for trandating performance into a numerica score.

They dso:

Improve the consistency of scoring between the candidates.

Provide a means to adjust the score in a controlled manner if the performance

ischanged.

During the sengtivity andyds fadlitate adjusing the score based on

postulated changes in performance.
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Provide trandation of non-linear datainto linear space (i.e. transfer function).

Utility curves associate the performance of an dtribute with a score using

graphicd, tabular, or mathematical methods.

The utility score ranges from O to 10, with the lower bound on the ussful vaue of
an attribute being assgned a score of 0 and the upper bound being assigned a score of 10.
Other scdes may be used provided they are consstent with other scoring methods used

on the project.

Deveoping utility curves has two important benefits  Fird, it forces the andys to
think serioudy about the importance of various levels of peformance.  This results in a
better understanding of the performance benefits and a more accurate scoring rule. The
second benefit is that the scoring rule is documented.  This is very important, snce the
TOA often extends over severd days or weeks If not documented, the andyd’s
perception of the vaue of the levels of performance can change over time. The scoring
would then not be condsent between the initid candidates and a candidate added near
the end of the TOA. Furthemore, the accuracy of the sengtivity andyds could be

adversdy affected.

By udng utility cunes, the scoring remains condstent for the duration of the TOA

even if the origind reasoning is forgotten.

The recommended procedure for congtructing utility curvesiis as follows:



1 Deemine the ussful range of performance and plot it on the dbscissas The
scale for the utility score on the ordinate is dways the same, and should be O

to 10.

2 Edimate the performance or range of performance that has the maximum and
plot it a a vaue of 10 (or O depending on the criterid). Be careful not to st
the maximum value higher than necessary, because that may incresse the cost

unnecessarily.  The maximum vaue mug incdude any vaue edablished by a

system requirement.

3 Edimae the paformance bdow which there is no vaue to the project, per the

requirements, and plot it & a vdue of 0. This point may be bdow the

minimum  acceptable  pecification  vaues dnce  peaformance  bdow

gpecification isn not necessarily without value.

Sdection of a configuration with perfformance bdow the spedification vdue may
require a compensating change in another pat of the sysem to mantan the ovedl
sydem peformance. It may dso require a change in the sysem peformance

requirements.

3.5.2.2 Utility Scores

The Utility Score is a technique for trandding diverse criteria into a common
scae, which provides a mediating cgpability.  The utility score ranges from O to 10, with
the lower bound on the possble vaue of an atribute being assgned a utility of 0, and the

upper bound being assgned a utility of 10.
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The range of the utility score encompasses the range of acceptable or redigtic
dtenatives. The “zero point/vaue’ indicates the levd of performance, which no longer
provides vaue to the sysem peformance or effectiveness The “zero pointivdue€’ may
be st bdow minimum accepteble specification vaues, snce minimum acceptable vaues
ae usudly the cut-off point beyond which dternaives are “not worthwhile to pursue”

rather then “without value.”

3.5.2.3 Subjective Method

In cases where an dtribute is difficult to quantify or measure, the evauation
might establish a ratio scde or use andytic hierarchy process to establish a relative scade
for utility vaues The ratio and rdative scding approaches identify the “best” dternative
through a dructured comparison of dternatives These gpproaches are most vauable in
conddeing nontechnicd parangers where only subjective  (high, medium, low)
evdudion is possble A subjective paameter could be incduded as rdaivey scded
atribute usng a pared comparison process and scding methodology.  This gpproach
counts expliait, physcd items tha might have and impact. The assumption is tha each
item counted will have the same potentid impact as every other item. This goproach is
used because there is no clear method to cusomize the impact of each individud item in
a defengble way. If the gpproach assumed that the risk impact of Candidate B is higher
than tha of Candidate A, the Candidae B supplier would more then likdy want to

dispute thet dam . . . and vice versa
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3.5.2.4 Cdculaions
Given the following, utility scores can be devdoped for the various types of

evduation criteriain the trade table,

Limits edablished by requirements or the maximum and minimum peformance

between al evaduated candidates for the specific criterion.

Lmax = Upper Limit
Lmin = Lower Limit

Lmig = Mid Point between Lyax and Luvin; Lyiq =w (35.24))

Performance of the specific candidate’ s criterion being eva uated.

P = Performance
Maximum criterion performance of al candidates being evauated.

Pnmax = Performance Max
The score from O to 10, given to the peformance of the gpecific candidate's

criterion evauated.
U = Utility Score

3.5.2.4.1 Cdculaion Methods
Less Than — Use this method when performance must be bdow a spedific limit,
such as weight and cod, where the parameter is not to exceed a certain amount/leve, but

may be aslow as possble. Thelowest performance value receives the highest score.

P

5
~; where 0£U £10 (35.24.1-1)

Max @

LessThan %:® U :1o§i-



Greater Than — Use this method when peformance must be above a specific
limit ant there is no upper limit, such as processor gpeed, disk dorage cgpacity and

memory Size. The highest performance vaue receives the highest score.

Greater Than 3%® U = 1OM; where 0£U £10 (35.24.1-2

(PMax - LMin)

Nearest To — Use this method when performance must be the closest to a specific
vaue, but may not be achievable by current technology, such as disk sorage, memory,

processor goeed, etc.

Nearest To 3%:® U =10 P

Max

;where 0O£U £10 (352413

Range Max - Use this method when peformance must be within a spedific limit
range, such as fud capacity or rdiability, where the parameter is not to exceed or go

below acertain anount/leve. Being closest to the maximum is desired.

Range Max 3%:® U = 10M; where 0£U £10 (35.24.1-9

(LMax - LMin)

Range Min — Use this method when performance must be within a specific limit
range, such as fud consumption, where the parameter is not to exceed or go bdow a

certain anount/level. Being dosest to the minimum is desired.

Range Min 3%#:® U =10 M;where 0£U £10 (35.24.1-5

(LMax - LMin )



Range Mid — Use this method when performance mugt be within a specific limit
range, such as temperature, where the parameter is not to exceed or go beow a certan

anount/levd. The mid-point is the most desred, dlowing leeway on both Sdes of the

mickpoint parameter.
If P<Mid Point =wthen,u =10M; (35.24.1-639)
where 0 £U £10 2 (Lyax- P)
Range Mid 3%® If P=Mid Point :wthen,u =10; (35.2.4.1-6b)
where 0 £U £10
If P>Mid Point :wthen,u :1OM; (35.2.4.1-6¢)
where 0£U £10 2 (P- Lyin)




Range Mid Example:

A unit shdl operae within the temperaiure range 69°F < T < 95°F, nat bdow
69°F and not above 95°F. The unit nomind vaues of 65, 70, 75, 80, 82, 84, 89, %4 ad

99 would gppear as grgphed bdow. The mid-point of 82 would achieve the highest score

gnceit fals cosest to the mid-point of the utility curve.

Table 8 - Temperaturevs. Raw Score

Temp Raw Score

65 0.00
70 172
75 417
80 789
82 10.00
34 789
89 417
A 172
N 0.00



Figure4 - Temperature Utility Curve
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3.5.3 Sengtivity Andyss

It is important to underdand how the results of the andyss are affected by
changes in the input factors such as sooring, weighting, requirements,  capabilities,
assumptions, or other subjective estimates. Sengtivity andyss is a tool for indicating the
quantitative dgnificance of these changesthus giving the sysems engineer confidence in
the results of the trade study. Candidates should be evduated in both stress and nomind

conditions.
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Vaying the candidate peformance up and down by 20 percent should uncover
those areas which are too sensitive. When sendtive criteria are uncovered, the differences
between the candidates must be examined carefully. The differences may not be as
dgnificant as the numbers indicate and additiond ressoning may be required to meke the
sdection. The predicted performance should be examined to determine if it is robust and

can reasonably be met. If not, the score should be adjusted.

The evduation criteria must dso be examined to determine if a smdl reduction in
the requirement will meke a dgnificant improvement in the scores of one or more
candidates. If the reduction in performance is acceptable to the customer, or if it may be
compensated for somewhere dse in the sysem, then a dgnificant cost saving may

mMetimes be obtained.



3.6 Sdect Best Candidate

The difference in scores may be samdl (a total weighted score difference between
candidates of less then 10 percent is not dgnificant) or the results of the sengtivity
andyss may result in no dearly superior gpproach. It is, therefore, important that the key
personnd on the program review the evaduation criteria and the scoring, and teke part in
the find decison. The find decison may have to be made based on the most important

evduation criteriasuch as

Risk, Cogt, or Performance In A Particular Area
Mgor Advantages and Disadvantages
Politicd or Strategic Condderations.

As an example if the fina total weighted scores of two or more dterndives are
proximate and additiond daa is unavaladle to discriminae between them, then dther
candidate may be chosen. The choice may be based on any criterion that makes sense.
Whenever a dngle criteria becomes the deciding factor, a detaled explanation is to be

included in the trade study report

Where the accurecy limits of the peformance evduaion &ffect the decison,

sverd optionsare available

Deay the decison until additiona information is available.
Acquire additiona data or refine the analysis to reduce uncertainty.
Review criteria and weights for modification.

When dl dse is incondusve, make the sdection based on advantages and
disadvantages, or on political congderations.
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3.6.1 Adverse Consequence Andydss

The find gep is to examine the sdected candidate to determine what, if any,
undesrable consequences might heppen if this candidate is sdected. The adverse
consequence andyds is used to overcome the naturd tendency to only characterize the
postive festures of sdected dternatives. An example would be a technicdly superior

dterndive that has a high risk of not being able to meet ddivery deadlines.

An additiond bendfit of the adverse conseguences andysss is that it highlights the
need for the cregtion of contingency plans to prevent or minimize the impact of any
adverse consequences which may devedop. Also, it dlows the comparison of negatives

for each dternative aswedl as positives (i.e, it completes the evaluation job).



Table9 — Adver se Consequences

PxS

®

Probabiity | Serousness
©

PxS

Probabiity| Seriousness
©

PxS

®)

Probability| Seriousness
©

Pashie Adverse Condliion




3.7 Create TOA Report

The following is the recommended format for the Trade-Off Andyss Report

including section heedings and a brief description of the sections

Title Page

ProgranV/Project Name
Trade-Off Andys's Report

< date >
Team Members
Team Member 1 (leeder)

Team Member 2
Team Member 3

Team Member n

1.0 ABSTRACT

This section should be only one paragraph generdly describing the trade studly.
Condusions need not be given explicitly in the abdtract unless they can be induded very
compectly. The abdract should dlow the reeder to make an informed decison about

reading further.
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20 SUMMARY

The summary capsaulizes the report's entire content. Mogt readers will only reed
through the summary, so great care should be taken in gructuring the summary and in
choosing the mod concise, accurate, and descriptive words and figures for  indusion.

Indluded in the summary should be the fallowing:

a the purpose of the trade study

b abrief lig of the criteriaand ther relative weights

C) abrief ligt of the dternatives consdered

d abrief lig of any assumptions made in performing the trade sudy

€ a short discusson of the mgor condderations that affected the outcome of the
Study

f) abrief description of the recommended dternative

3.0 I ntroduction

The primary purpose of the introduction is to provide the necessary background
information and description of the motivation behind conducting the trade dudy. At a

minimum, this section must indude the following:

a purpose of the trade study

b evdudion criteria

C) weghting of evauation criteria



4.0 Discussion

4.1 Configuration Alternatives

This section documents the trade study aternatives identified.

4.2 Quantification of Evaluation Criteria

This section documents how the evduation criteria is to be quantified for the

dterndivesidentified in the previous section.

4.3 Utility Function(s) (Optional)

This section documents any  utility functions used to account for nonlinearities in

the benefits derived from a given parameter.

4.4  Costing Function(s)

This section documents the criteria coding function(s) used to determine how

cogts are assigned to the trade study adterndtives.

4.5 Evaluation of Alternatives

This section documents the evauation of the trade dudy dternatives agang the
evadudion criteria defined in section 30 and usng the quantification defined in section
42, the utlity function(s) (if any) defined in section 4.3, and the cogting function(s)

defined in section 4.4.



4.6 Sensitivity Checks

This section documents the results of the sendtivity checks performed to ensure

insengitivity to evauation criteriaweighting and baance.

5.0 Conclusion

This section will document the recommendation of the trade study.



CHAPTER IV.
COTOA APPLICATION DEVELOPMENT

Following the cregtion of the COTOA concept, the COTOA concegpt must be
decomposed into requirements.  Requirements define what a product or sysem must do.
Requirements mandate that something must be accomplished trandformed, produced or
provided. Table 10 is the Requirements Allocation Matrix (RAM) ligs the requirements
for the Component-Oriented Trade-Off Andyss Project dong with methods to verify

each requirement.



Table10 — Requirements Allocation Matrix

Req ID |Requirement Text Verification Method
10 |Sample Trade-Off Anayss gpplication tables shdl be created. Demondtration
20 |Sample Trade-Off Andysis gpplication graphs shdl be created. Demondration
30 [Sample Trade-Off Andyss application screeng/displays shdl be created. Demondration
40 |Sample Trade-Off Andysis reports shall be created. Demondretion
50 |Reusable Trade-Off Anaysis components shdl be created. Demondration
60 |A Component-Oriented Trade-Off Analyss process shdl be created. Demondration
70 |Sample Evauation Criteriashdl be created. Demondration
80 |A processfor deveoping new Trade-Off Anadyss components shdl be created. Demondretion
0 [A demondraion of the timesavings of the new Component-Oriented Trade-Off Anayss process Demondration

varsus the manua method of cregting Trade-Off Andyss components every time a Trade-Off
Andyss Report is required.

A demongration of how components are used to generate the tables required for the Trade-Off
Andyss Report shdl be performed.

Demondration

A demondration of how components are used to generae the graphs required for the Trade-Off
Andysis Report shdl be performed.

Demondration

Three sample Trade-Off Anayss Reports shal be manualy created and timed.

Ingpection

Three sample Trade-Off Andyss Reports shdl be crested usng the Component-Oriented Trade-
Off Anays's process and timed.

Inspection

140 |A compaison andyss shdl be peformed between the manud method of credting Trade-Off| Demondration
Andyss Reports in order to vaidate the new Component-Oriented Trade-Off Andys's Process.
150 [The manud Trade-Off Analysis Process shdl be decomposad in to components. Inspection
160 [Resaults from previous Trade-Off Andyds Reports shdl be used to veify the Component-|InspectioryDemongration
Oriented Trade-Off Analysis Process.
170 |A Trade-Off Andyss Component Repository shdl be created. I ngpection/Demondtration
180 ([Microsoft Office gpplications shdl be used and linked together in order to provide portability of|InspectioryDemongration

the Component-Oriented Trade-Off Andlysis Process.




41 Domain Secific Analyss & Modding

The term domain is used to denote or group a set of sysems or functiond aress,
within sysems, that exhibit amilar functiondity. COTOA may be viewed as a doman
by ddining the Doman Modd, its components, component protocol, and cregting a

methodology.

Components are dructurd pieces that are tangible  They are independently
defined, but when put together, they congruct the desred sysem. The same components

could be used to build different systems.

The COTOA Doman condds of components from the Microsoft Office suite of

goplications as follows

Microsoft Word is a word processng program that can be used to write letters,

memos, reports, and dl the documents an organization needs.

Microsoft Excel is a spreadsheet pogram that can be used to organize, cdculae,

and anayze datain worksheets, charts, and reports.

Microsoft Access is a daabase program that can be used to link data in useful
ways, peform queries, and creste forms and reports  Access hdps manage data

efficiently.

Microsoft PowerPoint is a presentation program that can be used to creste
professond dide shows and handouts. Enhancing the apped of a presentations may be

accomplished by adding charts, graphics, sound, and animation.
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4.1.1 Inteface Protocds

In today’s workplace, it's likdy tha you need to do more than smply create a
document in Word or manege data in Access. The Microsoft Office suite of programs
have been desgned to work together in and integrated environment, providing the &bility
to go beyond the limits of the individud programs. With Microsoft Office, you can do

the following:

Embed information from one file type into another, to dlow editing without

dtering the source informetion.

Cregte links between files so when information is updaed in one file it is

automaticaly updated in the other file.

Merge an Access database with a form letter, report or other type document in
Word to quickly creste a large volume document merge or segregated

document merge.

Dynamic Data Exchange (DDE) - An edablished protocol for exchanging data
between Windowsbased programs.  The active link between applications is cdled a
DDE channd. A form of interprocess communication used in Microsoft Windows,
providing exchange of commands and data between two gpplications DDE was usd
princpdly to indude live data from one gpplication in another - for example, spreadshect
data in a word-processed report. After Windows 3.1 DDE was replaced by object linking
and embedding DDE links between files rdy on the files remaning in the same

locations in the computer's directory.
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Object Linking and Embedding (OLE) - A protocol by which an object, such as
a chat (grgph) in an OLE sarver or file, can be linked or embedded (inserted) in a OLE
container file, such as a Microsoft Access form or report. OLE is the protocol for drag
and drop or linking and embedding daa and objects is accomplished through the
Microsoft OLE dandard. OLE dlows a user or another program to communicate with
other programs, usudly for the purpose of exchanging information. An enhancement to
dynamic data exchange, which makes it possble not only to indude live daa from one
gpplication in another gpplication, but dso to edit the daa in the origind gpplication

without leaving the gpplication in which the data has been included.

70



Open DataBase Connectivity (ODBC) - A dadbase programming interface
from Microsoft that provides a common language for Windows applications to access
databases on a network. ODBC is made up of the function cdls programmers write into
their gpplications and the ODBC drivers themsdves. For dient/server datdbase sysems
such as Oracle and SQL Server, the ODBC driver provides links to ther database engines
to access the database. For desktop database systems such as dBASE and FoxPro, the
ODBC drivers actudly manipulate the data ODBC aupports SQL and non-SQL
databases.  Although the application adways uses SQL to communicate with ODBC,
ODBC will communicate with non-SQL databases in its naive languages ODBC is a
dandard method of sharing data between databases and other programs. ODBC drivers
use the standard Structured Query Language (SQL) to gain access to data from outsde
sources. MS Office provides a Driver Manager and a set of ODBC drivers for popular
database formats.  ODBC is a dandad protocol for accessng information in SQL
database sarvers, such as Microsoft SQL Server. You can inddl ODBC drivers that
enable Microsoft Access to connect to these SQL database servers and access the data in

the SQL databases.

Data Access Objects (DAO) - A programming interface for data access from
Microsoft. DAO/Jet provides access to the Jet database, and DAO/ODBC Direct provides

an interface to ODBC databases viaRDO. DAO isa COM object.

These component praocols ae required and must be obeyed to guide new

component developmern.
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A mehodology is dmilar to a process modd, the only difference is that the
methodologies include a lot more detail than process modds. Methodologies are sep-by-
dep definitions of how engineer. A methodology is a wdl-defined set of practices and
tools. The basc premise behind a methodology is tha ig will give users a predictable
and repeatable process. Only a the point its repeatable and predictable, can we begin to

think about how to improve on the methodology and optimizeit.

4.1.2 Doman Methodology

A smple methodology for locating, adgpting and integraing components to build
goplications in the domain is to locate components that add vaue to the COTOA by
providing additional cgpability, efficiency, accuracy and/or speed. In order to adgpt and
integrate components, the components must comply with the interface protocol standards

described in section 4.1.1

There are a variety d gpproaches to domain andyss and modding, each with its
advantages and disadvantages.  Which domain andyss and modeing gpproach is bedt is
dependent on the issues and condraints of each goplication. The goplication should be
discussed with a researcher who is knowledgegble in dl  appropriate  methodologies

before an gpproach is selected.
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42 COTOA Application Features

The COTOA may be used for any application where a Trade-Off Anadyss is
required, it may be necessary to creste separate COTOAS for a specific aea  COTOA

contains generic templates for the following COTOA components:

Trade Table
Utility Curves/Graphs
Sengtivity Andysis Table
Adverse Consequences Table
COTOA MS Access templates have been created for many common Trade-Off

Andyses.

4.2.1 Sating COTOA

Createanew COTOA

To creste a new COTOA, double dick on one of the exiging COTOA MSAccess

Templates asfollowsto :

Generic COTOA.mdz — Creates a generic COTOA
Software COTOA.mdz — Crestes a software COTOA
Hardware COTOA.mdz — Creates a hardware COTOA
Automobile COTOA.mdz — Cregtes a automobile COTOA

Home Purchase COTOA .mdz — Creates a home purchase COTOA
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Open an existing COTOA

Double click on the COTOA file name or open the file through the MS Access
file menu.
4.2.2 COTOA Application User Interfece
Splash Screen

After opening the COTOA, you will see a splash streen with information and

disdamers. Click the OK button to go to the main menu.

Figure5—-COTOA Splash Screen

COTOA

~ Welcome fo the Component-Criented Trade-Off Analkysis
Process Toaol, an engineering tool used to assistin

the decigion making process. You can manipulate

data through forms and generate reports.

"Fou don 't have b juggle decimions anyore.
Lize the COTOA Decision Process Tooll"

Disclaimers:
1. Thiz tool does not interface directly to modeling, simulation or test equipment.
2. Thiz application i= only & tool in azsisting inthe decizion making process.
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Figure6— COTOA Main Menu

B Switchboard

Trade-0ff Analyziz Definition
E valuation Criteria Detail
Candidate Detail

Preview Reportz

U S I 2

Exit COTOA

Figure 7 —Evaluation Criteria Input Window

_ioyx
P\ EvalCiterialD [ fAutoNumber]
M ame |
Drezcription |
R atiohale |
Ferfarmance |
Lirnit Type f
LIk4 |
Wweight f
recard: M 4 [T 1 s mir#]|of 1 b
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Figure 8 — Candidate Input Window

Lol
Y| CondidateDetail D | (AutoNomben)
Mamme f
Drezcription |
R atiohale |
PerfarmanceR gmt |
Total Score f T
record: 4 4 [T 1 s lmip#]of 1 b

Figure 9 — ReportsMenu

B Switchboard Page Reports

Trade-0ff Analyziz Beport

_I Return ta Main kMenu
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4.3 Future Enhancements

The Component-Oriented Trade-Off Andyds will conds of an object-oriented
database management system (OODBMYS) that manages objects, which are abdract data

types. Some examples of these objects are:

Data with complex relationships that are difficult to mode and process in
ardationd DBMS

Multimedia data types (images, audio, and video)
Complex datatypes

Arrays of vaues

Nested tables and methods.

User-defined objects.

The OODBMS dores the complex data objects and relationships among the data
eements directly in a daabase instead of trying to map the information to rdaiona rows
and columns as opposed to the reaiond database management sygsem RDBMS, which is
designed to only handle numbers, adphanumeric text and dates The RDBMS may adso
support a Large Object (LOB) fidd. A LOB fidd is a daabase fidd that holds any
binary/digitized information induding text, imeges, audio and video, but the database
program does not manipulate the LOB directly, ancother gpplication has to be written or
some middle-ware has to be used D process the LOB. In an OODBMS, a picture or video
dip object can indude the routine to digdlay the picture of video tha is dynamicdly

invoked by the OCODBMS



Object databases bring back the navigationd access of hierarcchy databases, a
performance berefit RDBMSs gave up. The OODBMS uses object inheritance to capture
dl the rddionships that &ffect decisons and the OODBMS is aware of cdlass hierarchy,
20 there is one sthema and one modd. The OODBMS retains the data integrity and
control feetures of traditiond database modes while adding the modding features of

object technology.

Some OODBMSs ae entirdy object oriented and ae accessed from an
goplication program written in an object-oriented programming language. Others dlow
access via a SQL-like language or derivaive the common database language between
cient and sarver. The OODBMS functions as both a RDBMS and OODBMS. Object
progranming cuts devedopment time congderably by object reuse For dadbase

Sructures with inheritance mechanisms a work, nothing has the speed of an OODBMS.

Overdl, OODBMS technology has many bendits induding more daa
abdraction; encgpaulation; data hiding, code reuse inheritance, actud OO daabase
progranming functions, full integration with OO programming langueges and dl other

defining characteristics of OO software.
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An object database makes it easy to view the data in a number of ways without
having to write highly complex queries for eech view. The OODBMS modds red world
objects placing empheds on nouns, indeed of verbs and crestes a red time, distributed
sysem. The OODBMS has drong server functions, security, integrity, concurrency, high-
volume processing, rdiability, high peformance and broadbased avalability. Deding
with multimedia and muitiple data formats that exigts today or that come tomorrow and

object technology are the key reasons for usng an OODBMS.

The OODBMS provides industry-leading peformance, unlimited scaability from
10 gigabytes to more than 100 terabytes, seamless connectivity and low adminidraion
requirements. The OODBMS is capable of legacy data transformation and movement,
metadata management, gpplication building and information access The OODBMS has
backup and incrementa backup festures, dong with the ability for backing up ad
restoring huge databases, or for sorage and retrievd of data tha does not fit wdl into

gandard rdationd tables.

The OODBMS hes security and access control, which indude locking, which
prevents two users from changing the same data simultaneoudy; or rollback, which

restores a database to its origind date if atransaction isinterrupted in midstream.

The OODBMS will efficently process the daly Trade-Off Andyss task and dso
provide sufficient horsepower for decison support. The OODBMS opeaion is dso it
into different databases, one for daly work (norma operations), and the other for ad hoc

or advanced queries and cagpabilities (adminidrator activities).
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The OODBMS usss intdligent-agent technology as a built-in decison  support
tool or data mining capability. There can be a lot of parameters that influence decisons,
usng inteligent agents provides a vaiety of ddidics to base these decisons on, in an
easy-to-underdand interface. Each decison is the end result of a series of very complex
rdaionships In the OODBMS, the decison-meking cgpdbility is built in to the

relationships.

Functiondity is built in to the daiabase s0 that actions would be taken based on
the dored information and user input. The OODBMS organizes and sets up the necessary
Trade-Off Anayss in response to requests and pre-planned input. 1t will baance the plan
and cgpabilities. The sysem knows what data are required and what capabilities are

necessary to set up agiven Trade-Off Andyss.



CHAPTER V.
RECOMMENDATIONS & CONCLUSON

When creding ay type of andyss tool gmilar to the Component-Oriented
Trade-Off Andyss an Enginesring Notebook should be used to cgpture dl idess,
problems, problems and successes. The engineer or developer should perform progress
edimates — sample time to complee a paticular task in order to edimate tasks

completion throughout project time period.

It is ds0 advantageous to sdect the Magter’s Report topic as early as possble, in
order to gan project topic goprovd and to atempt to base course group and individud

projects on the find project topic.

Other process tools that | may venture into cregting are a Requirements
Management Database Tool, an Electromagnetic Compatibility Andyss Too and an

Electricd Load Andysis Todl.

While the philosophy behind the Component-Oriented  Trade-Off  Andysis
Process and Tool is quite robug, the actud process deps, as well as this documentation
describing that process, and the COTOA application, are dways subject to correction
andlor improvement. Quedtions, suggedions or comments concerning this project may

be directed to:

Robert H. Price

P.O. Box 764942
Ddlas, Texas 75376

Robert.H.Price@usa.net
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APPENDIX A
EVALUATION CRITERIA DEFINED

As mentioned previoudy in section 3.4, evduation criteria ae defined based on
the overdl project and peformance requirements in addition to evaudion criteria that
the doman expets have edablished as important and having merit.  This section defines
vaious types of evdudion criteia and may save as simulus in developing other
evaduaion criteria. It is ds0 a good idea to capture the exact definition or interpretation

for aparticular evaluation criterion being used in a spedific Trade-Off Andysis.

Architecture Flexibility - Hexibility is often daed. Mog if not dl candidetes
advertise compliance to some acceptable st of sandards. That is a necessary but not a
aufficient condition.  Even within dandards individud products may be <o tightly
coupled that one cannot be removed and replaced without impacting severd.  Such
coupling can dso complicate product enhancements, technology insartion, and buyer
extendons. Examples are @) propriglary use of portions of a VME bus, b) software usng
a low levd interface to hardware, ¢) products that contain ther own database or GUI
rather than one that could be shared by dl products in the sysem, d) direct coupling of
software  components  rather than usng wrgppers and a oftware bus with standard
message formats (eg. a date vector is dways the same on the bus no matter what the
individud egpplication does intendly), € the over use of nonportable languages included

with a product such as an expert system.



Performance & Functionality - The red issue is not whether or not but rether,
how does one determine what the product can and cannot do. The only way to know for
aure is to execute the sysem under redigtic operational conditions. The greatest problem
is the dbility to peform a function a the (often high) expense of operability and

upportability.

Documented Specifications - Experience is that COTS products and sysems
seldom do what they are advertised to do and there is generdly no written understanding
between the sdler and buyer as to what capabilities and performance are provided. A
written specification of some form indicating the functiond and peformance capabilities
should be provided by the <dler. It should be in tems tha dlow a quantitative
assessment of the product. Risk to the buyer is inversdy proportiond to the qudity and

comprehensiveness of the specification.

Reiability & Maintainability Analyss - RMA daa is often proprietary for
COTS products meking it difficult to assess the performance of the individud product.
Multiple integrated products complicate the gtuation.  While the peformance of
individua products may be known, how they ae used collectivdy determines RMA
performance. In this case, the supplier should provide a sysem levd RMA assessment

and certify it.



Availability (Capabilities) - The advertised capabiliies of COTS products or
integrated products are often dlocated to some future verson. Tha verson may not be
avalable soon enough to meet the buyer's needs, may be ddayed, or may never happen.
If a required cgpability is not currently in the product, then there should be a written

agreement as to when the supplier will provide that capatility.

Cugomization - To wha extet, if awy, will the supplier make gpecific
modifications to the product and within what kind of pricing structure? There are many
requirements that can vary from trivid to dmog difficult and expendve depending on
where they are implemented. COTS, of course, condrains the implementation options. It
is often the case that the most obvious and cogt effective place to implement functions is
through the use of a COTS product. It dso generdly occurs in niche areas as opposed to
broad based aress.  Fortunately, niche products tend to be provide by smdler companies
willing to meke specid upgrades and modifications for a price  If it is likdy that
upgrades or specid modifications will be beneficdd, then companies willing should be

sought and written agreements established prior to product selection.

Product Support - What role will the supplier perform during product support?
Wha response time will the supplier guarantee for criticd problems? For man line
(large market) commercid products the support avalable from suppliers is generdly well
documented and often offers a menu of options. For smdler suppliers it can become
more vague and for suppliers of integrated products there is a mgor opportunity for
misunder¢ood roles and responshiliies  Examples illusrate the need for dearly defined

roles and responsibilities:



If the symptom of a problem gppears in Product X, what does the buyer expect of

the supplier if the problem isingde X or outsde X but manifestsitsdf in X?

If the product is an integrated set & products or contains second tier products, is
the integrating supplier reponsble or mug the buyer assume respongbility for the

overd| system and manage the interface with each individua product supplier.

There is no right or wrong answer as long as it was reached through a deliberate

assessment of the cost/benefits of the dternatives.

Benchmark/Operational Senerio - A comprehensve operationd scenaio
should be defined and dl candidates evduaed agang that scenario in red or pseudo

(mulation driven) test cases. Test cases should encompass:

functiond and performance requirements.
database generation process and labor codts.
configuration management needs

adequacy/ability of provided fediliies to meet traning needs and support
personndl.

The buyer should assess the cos and opeationd impacts of resolving
discrepancies @ther through a contract with the sdler or by extending the sysem after
ddlivery.

The daabase architecture/desgn dlows subditution without a mgor re-
specification and generation of the database. This can be donein two ways.
1. utilize productsthat can access a standard DBMS.

2. define and mantan the meder database in a dandad DBMS and
trandate from that to the specific sructure of the product currently in
use.



Performance - The peformance of integrated COTS products often is not easly
projected from the specifications or even the performance of the individuad products. The
slefintegrator of the product should provide information to hep the buyer assess the
overdl sydem peformance. It should track to hands-on evdudions thet the buyer may
later peform. The exigence of a paametric performance modd is indicative of a
supplier who understands and can describe the performance of the product in a variety of

environments.

Upgradability - Does the supplier have a formd process for incorporaing
upgrades of included COTS products on a regular bass? If the product contains included
COTS or if the sdler of the sysem is essentidly a COTS integrator with limited added
function through developed product, then the sdller should:

have a forma process for incorporation of COTS upgrades on a regular cycle
such that the resultant product is current with the dae of the contained
products.

have a process for evaluaing dternative products and incorporaing them if
gopropriate.

perform a reasonable and documented leve or regression testing.

Product Robustness - Is the sysem desgned to accommodate future product
andlor technology subditution/insation?  The life expectancy of a government is
generdly very long compared to the rate of growth of technology and the life expectancy
of COTS products. To dlow the sysem to live its required life with COTS and grow
with technology, it is essentid that it be easy to subditute products. To that end, the
sler should demondrate that this is not difficult. The buyer should define scenarios to

test the sdler's product's robustness:
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Hardware components are standard computers wherever possible and  support
astandard operating environment.

Software products esdly pot among  plaforms  including  operating
environment and hardware.

Hardware and software dements are not tightly coupled; tha is, avoid systems
where the hadwae and software components cannot be  subdtituted

independently.

There is minimd gpecdized (without a commercid subditute) hardware
content. For anything that is not pecidized, show tha there is a least one
commercid dterndive that can be subgtituted a& a cost not to exceed some
va ue acceptable to the customer.

The <oftware architecture eadly accommodates the subditutes of magor
eements (eg. databases, tdlemetry, contral). Key criteriaare:

1 a software message passing interface architecture with defined message
formats

2. wrappersaround al servers

3. encgpsulation

4. a sysem levd standard database that can be trandated to the specifics of
the ingtances of server implementations.

Product Support - How will the supplier rdieve the buyer of the impacts of
incompatible upgrades?  Incompatible upgrades are not uncommon and are sometimes
necessary to make mgor extensons to the product, paticularly in software. While it may
not be possble to totdly mitigate the impacts of such upgrades a responsble supplier
will provide appropricte tools to ad in the converson processs They should be an

integra part of the product plan and tested as well as the product itsdlf.



Verson Currency - Will the supplier agree and demondrae the ability to
maintain an agreed to levd of currency? COTS products can have a verson/change cycle
as short as sx months.  Support for COTS products declines by cycle and may be as short
as two cycles or one year. In addition, COTS products diverge and may suffer degraded
interoperability. Sustanment of a sysem necesstates that its contained COTS dements
be reasonably current and that interoperability among multiple COTS dements be
assured.

The aupplier should agree to mantan a given curency within  the
maintenance fee and assure interoperability among contained COTS products.
The rik of incompaibilites among COTS products in a sydem increases

rapidy as the number of COTS dements increeses  The number should
therefore be rdaivity low andlor the sdler should demondrate that it can

handle, possbly via the architecture, any problems without impacting the
buyer's operation or support costs.

Configuration Management/Change Management - Does the supplier have a
robus CM process tha can manage multiple and backleveed versons of the product
amultaneoudy? At any point in time there are often multiple versons of a product in use
and requiring support. The sdler should agree to provide CM for the current as wdl as
back-levded versons of the product for a time period acceptable to the buyer. If the
product is integrated COTS with developed dements that may become "account” unique,

then the <Hler should show tha multiple versons can be adequatdy configuration

managed.



Does the supplier provide a user-friendy mechaniam for the CM of operdtiond
products across dl COTS components?  The rdiability and integrity of operationd
products such as databases, stripts, and displays are as important to the success of
operdtions as that of the components of the sysem.  Configuration management is
therefore essentid.  However, it may be difficult across diverse COTS products without
goecid or additiond tools The buyer should look to the supplier to dther provide those

tools or a least adequate information for the buyer to assess the impact of developing

them independently.

Industry Standards - Does the supplier's product conform to dominant published
and defacto commercid dandards? The sdler's product should conform to a reasonable
st of dominant commercia standards that are not a risk of becaming extinct & an early
age. This provides a criticd foundation for buyers who want to extend the sysem or add
other products around it. Standards with a amdl following or externdly imposed have a
rik of extinction or dmply being ignored in the commercid world because they ae

inconggtent with a profit motivated business.

Tailorability - Is the documentation adequate to talor the product/sysem to the
buyer's needs? Virtudly dl products require taloring through fecilities provided or
extensons developed by the buyer. Examples are opeaiond parameters, databases
interface bridges, and imbedded code of the type found in some GUI buildes. It is
important to assess the impacts of the taloring process and the adequacy of the support
documentetion provided by the supplier. Inadequate documentation will impaect cos and

schedule and/or necessitate a support contract with the supplier.



Training - Are the traning materidgaids adequate, particularly if the product is a
collection of integrated components? The buyer needs an integrated package oriented
towards the operation of the overdl system in the context to which it will be used. While
ome amount of taloring will be required of the buyer, it is bex if it is limited to
goplication or misson usage of the sysem. While there will mogt certainly be traning
materid for embedded COTS products, there may or may not be an integrated sysem
levd training package. The more traning materia provided by the sdler, the lower the

cogt of preparing traning materid by the buyer.

Documentation - Can the buyer perform the support activities necessary with the
upport  documentation provided by the supplier? If the buyer is going to extend the
sysem, integrate it into a il lager system, or peform some levd of mantenance,
qudity documentation is essentid. If the product is integrated COTS, the documentation

should address the contained eements, the overdl system, and the development dements.

Escrow Agreement - Will the supplier escrow the "product” if deemed necessary
by the buyer? Providers of COTS products have been known to go out of busness or
discontinue a product line.  In that event it is essentid that a third party have the ability to
assume control and support the product. The sdler should be willing to enter into an
escrow agreement.  Equaly, if not more important, the sdler should have conducted a
rsk assessment of his suppliers and established second tier escrow agreements where the

risk is unacceptable. The sdller should share that risk assessment with the buyer.
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Operability - Does the product provide a common look and fed to the user and
mantane? A product comprised of COTS may have dement unique dements (eg.
database, GUI) each with a different look and fed. This complicates the definition, use,
and support of the operationd system. For some products there is a further operability
complication in that they do not use a sandard support product in order to reduce product
cod. This, of course is a the expense of operdbility, CM, and interoperability. The
buyer should assess operability. To exemplify:

Is there one common database/GUI/etc. look and fed across the system or
is there a collection of independent interfaces that would be more difficult
to learn and use.

Has the sl andyzed the dadbase to identify the occurrences of
redundant ingdances and made an effort to contain the operation impacts
thereof?

To what extent has the sdler gone to contain the impact subditution of the
database? Not only must the execution interfaces be bridged, but dso the
operdiond dadbase must be ported. The best Studion would be a
dandard, sysem wide daabase that can be automaticaly trandated into
product specific database.

Are applications tightly coupled to a specific GUI that could lead to
operator confuson or Ismply meke product subdtitution more difficult for
the maintainer?

Schedule Risk — The dependency of a specific candidate on the deivery

schedules of required materid or equipment.

Cost — Incudes dl cog reaed to utilizing a specific candidate (i.e integration,

software, hardware, shipping, indalation, maintenance, etc.).

Facilities Impacts — Hoor space, cabingt gpace, power and  environmenta

conditions.
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Quality - Totd performance in the complete product, architecture or system.

Operator Impacts — Digance of equipment or controls, moreffewer commands
required, moreffewer displays (i.e. the addition of Candidate A increases the number of
displaysiwindows).

Single Point Failure — The amount of capability logt for the specific option. For
eech option, identify the word case dngle point falure and determine how much of the

cgpability islogt with that faillure. Determine the number of functions lost.

Fault Diagnoss — Pecent of connection daus logged, falure logging
accesshility or if additiond tools are required to ensure that such logging is avaldble for

the specific architecture option.

Réiability - Rdidbility is a measure of the probability that an item or sysem will
continue to function for a gpecific duraion and under prescribed conditions. Whether
discussing hardware or oftware rdiability, it is messured in terms of the probability of
success. For hardware, rdiability is typicaly specified as the mean time between falures
in hours. The engineer dlocates the sysem rdidbility figure to lower tier items forming a
religbility modd. The desgn team fashions a desgn tha saidfies this dlocated figure
that is veified by assessng the rdidbility of the components and computing the resultant
religbility figure for the item as a function of the way the components are connected and
used. Pat and component rdiability figures are commonly extracted from reference
documents liging proven rdidbility figures for gedific kinds of components Rdidbility
engineering should be involved ealy in the procurement cycde to ensure the parts

purchased will meet rdlihility specifications



Availability - Avalability is a messure of the probability that the sysem will be
avalable for use & any point in time. It is measured in terms of a particular combination
of the sysem rdidblity and mantainebility. The MTTR edimates and availability
requirements are mgor factors in the determination of spares and other factors such as
Life Cyde Cost and Built-In-Test (BIT). Availability andyss modds should indude cost
of redundant hardware, cost of spares, and cost of various mantenance levels such tha

competitive life cycle cost are redlized.

Product Regulatory Compliance — Mog products must comply with Federd
Regulations for safety and Electromagnetic  Competibility (EMC). The Occupationd
Saety and Hedth Adminigration (OSHA) determines the federdly regulated safety
requirements. Product safety standards are intended to prevent injury by dectric shock,
and hazards due to enegy, chemicds mechanicd injury, heat, radiaion, or fire The
Federd Communications Commisson (FCC) adminisered EMC dandards regulate the
adility of a device to function stidfactorily in its dectromegnetic environment without

introducing intolerable dectromagnetic disturbances to other devicesin that environment.

Sysem Safety and Human Hazards - safety requirements based on customer
needs and design is andyzed to identify safety hazards to life, hedth, and property vaue
The princpa goproach is to build a modd of opedion in cooperdtion with the
maintainability and logidics of the sysem operations and support process and to examine
this process for conditions that can cause hazards to develop. The product is evauated for
ways to prevent these conditions from ever developing or ways to control the risks when
they do occur. A hazard lig is prepared and ways are found to diminate or control esch

hazard.



Electrostatic Discharge - Systems operding in the amosphere are susceptible to
a build up of dectrogaic charge that, if alowed to reach a high potentid relative to the
aurrounding charge, can have a derimentd effect on sendtive onboard eectrica

equipment. This effect isknown as Electrogatic Discharge (ESD).

Environmental Analyss - Environmenta andyds is accomplished to determine
to wha environments the product sysem will be exposed, to characterize those
environments with precison, and to identify product characteristics needed to survive in
those environments. Environmentd aspects involved dways include the naturd
environment, but may aso indude a hodile dement activated by persons or groups intent
on reducing the effectiveness of sysem capabilities and a non-cooperaive dement
entalling other sysems that may unintentiondly interfere with sysem operation. This
may incdlude nudear, biologicd, and chemicd andyses as a function of the threats posed
by a hodile force. The effects of these agents are defined for the benefit of design teams
and desgn dternatives reviewed for compliance with recognized effective solutions to
the problems posed by the agents. In the larger sense the environment includes everything
that is not in the system; 0 even cooperative systems that purpossfully interface with the

system are technically part of the environment.



Environmental Impact Analyss - The sysem must operae within a prescribed
environmentd  definition. The sysem and the environment will interact in cetan ways
and the god is to minimize the adverse impact of the sysem on its environment. This is
accomplished by underdanding the interface between the sysem and the environment in
terms of dl materids and energy that are exchanged across this interface. Each of these
interfaces is dudied for ways to reduce environmentd impact. Environmentd laws and

regulations are studied for compliance issues.

Mass Properties - ensuring that the desgn fdls within weight and center of
gravity (CG) condraints edablished for the product. The principad method involves
dlocation of avalable weght to sysem dements and monitoring the desgn process to
see tha responsble teams and desgners remain true to ther dlocations. A weights table
is edablished that ligs dl of the sysem dements and their weights with subtotds and
grand totd. Weight margins may be established to protect the project from weight growth

problems and provide for management of difficult weight issues as the desgn matures.

Alo computing the CG of dements where this is a criticd parameter. In
maintenance Studions this data may be required not only for a whole end item (hoisting
and lifting, for example) but for various conditions where the item is incomplete as in

assembly and disassembly operations.



Structural Dynamics and Stress Analyss - This discipline determines the
needed drength of dructures under daic and dynamic conditions under dl system
conditions. Computer tools are used to modd the dructure and support sructurd design
personnd in sdection of materids and design concepts There is a divison environmentd

laboratory available to test and verify design concepts.

Thermal Analyss - Heat sources and dnks are identified and the resultant
temperature of items in time is detlermined. This discipline is involved in postioning and
mounting of items for theemd control and dements involved in dtering the environment
within which items ae located. Support for this speddty is found within Product

Engineering of the HPD matrix.

Disposal Analysis - During the development of a sysem, the eventud disposd of
the sysem will be conddered in accordance with tasks defined in the SOW. Features that

encourage safe and low cogt digposal will be incdluded in system characteridtics.

Site Facility Analyss - sysemto-fadlity integration andyss by generding
fedility requirements specifications for the sysem itsdf and dl support systems needed.
Product specification and network interconnections that rdae to the fadlity interface are
compiled and refined. New facility code requirements and technologies are investigated.
This gpecidty adso provides Inteface Control Documentation for system-to-fadility
interfaces, conducts testing of facility intefaces in preparation of shipment, and provides

ingtdlation teams for inddlation at cusomer facilities.
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Components Analyss - The role of components engineering is to ensure the use
of components qudified for the gpplication and to dandardize on the fewest possble
number of different parts This is accomplished by deveopment of a dandard pats list
from which desgners may sdect pats Any suggedions for additions to the lis by
desgners are reviewed to determine if a suitable part has dready been identified or an
exiding lising can be gpplied to the new application. Some parts may require a company

parts goecification written by components engineering.

Deployment Planning Analyss - If the program involves products that must be
moved into use within a customer environmert, this process of credting the initid
operding cgpability will be subjected to andyss to delemine optimum methods and
techniques. Results of this andyss will be agoplied to requirements and desgns as

appropriate.

Maintainability - Mantanability is a probabiligic saement of the time it will
require to repar a falure. This can be saed in terms of the Remove and Replace (R&R)
time totd repar time (MTTR: Mean Time to Restore or Mean Time to Repair), or other
parameters. The mantainability engineer dlocates sysem leve repair time to items in the
sysgem and tracks design team performance in regponding to these dlocations. As design
dterndives ae evauated, the mantanability engineer looks for features that  will

encourage or deter maintenance actions.



Life Cycle Cogt - Life Cycle Cogt (LCC) is defined as the totd cost of a system
over its life cyde from devdopment through disposa. LCC is a technique to determine
and track during deveopment the totd cost over the complete life of a sysem. This
incdudes the nonrecurring cost of development and deployment, the recurring cost of
menufecturing, tesing, and training, the operaions, mantenance, logisics support cost
during its useful life, and the disposd cost of the system a lifés end. This totd cost may
be dlocated to system dements and used as a target for development. Design to codt is a

component of LCC.

Design to Cost - Desgn to Cog (DTC) is an organized way to dlocae non-
recurring development cost (an dement of LCC) to sysem eements to control the totd
sysgem cost. DTC promotes the philosophy that unit cost of a product is a parameter of
design which is equd in importance to peformance. DTC is a technique to encourage
cod-constious  behavior in the devdopment team, and toward that end, the product
devdopment cost targets are met. DTC is gpplied like any other dlocable quantitative
requirement such as reigbility or weight. A sysem deveopment cost number is firg
identified and this cogt is then dlocated down through the hierarchy based on anticipated
development difficulty. The desgn team identifies a target figure that indudes a margin
to protect againg exceeding the required value and tracks estimated cost as a function of
the desgn choices made. DTC is used as a sdection paameter for dternative design
solutions. The progran Lead Sysdems Enginer méakes the origind DTC dlocations,

integrates the current team estimates, and tracks this parameter in time.



System Cost/Effectiveness Analysis - System cost/effectiveness andyses will be
employed to support the deveopment of life cyde-baanced products and processes and
to support risk management activities. It is both a very important Specidty enginesring
andyss discpline and an integrd pat of the progran decison-meking and control
gopaaus. A sysem leved Measures of Effectiveness (MOE) hierarchy will be defined for
the sydsem as a bads for computing cost and effectiveness parameters for dternative

solutions that must be traded one againg the other.
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APPENDIX B

FORMULAS
Utility Formulas. Use the appropriate formula below as defined in section 3.5.2.4.1

O0£U £10

LessThan 3%:® U :10§i- P2

Max &

Greater Than 33.® U = 10M

(PMax - LMin)
Nearest To 3%® U =10 P
Max
Range Max 3%:® U _10(P- L)
(LMax- I‘Min)
Range Min 3%#® U :10M
(LMax - LMin)

’ If P<Mid Point =wthen,u :10M;
2 (LMax_ )

where0£U £10

Range Mid 34® If P=Mid Point =wthen,u =10;
where0£U £10

(LMax - P)

L +L.
If P> Mid Point :Mthen,u —10 3 max” .
\ whee0EU £10 2 (P- Lyin)
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APPENDIX C

Trade-Off Analyss Checklist
All Trade-Off Andyses seem to share certain desrable characteristics. These

characterigics are summarized in as a checkligt for evauation of trade study planning and

execution.
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Table 11 - Trade-Off Analysis Checklist

1. Objectives
Is the fundamentd objective clearly understood?
Is the problem defined & bounded?

2. Viable Alter natives?
Is each dterndive clearly defined?
Have the dternatives been prescreened? How?
Are afordability limits established? Sources?
Can dl of the screened-out dternatives be defended?
Do dternatives meet requirements?

3. Selection Criteria?
Are dl dgnificant criteriaidentified?
Do the criteria discriminate between dternatives?
Are the criteriameasurable?
Do the criteriareate to the study problem and objective?
Is a defengble rationde established for eech criterion?
Are criteria developed from operational measures of effectiveness where possble?
Does this sudy use the same numerica scade as predecessors?
Isthe location of the "zero point” explained?

4. Weighting?
Arerdiondesfor criteriawe ghts explained?
Are criteria weghts conggtent with guidance?

Are criteriawelghts congstently digtributed?

5. Evaluation M ethods?
Are test data confidence levels incorporated?
Are modd s vdidated? When? By whom?

6. Sendtivity?
Are error ranges carried through with worst case andyss?
Have the effects of changesin the utility curve shapes been examined?
Have rationdes for the limits been developed?

7.Adver se Consequences?
Have the aternatives been evaluated for adverse consequences?
Have the dternatives with adverse consequences been agppropriately judged for
induson/exdusion, and the rationale documented?
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