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PREFACE tL

CBRA Technique was originated as an Army Suggestion (#127-79A), adopted and ‘
implemented by the Advanced Scout Helicopter Project Manager's Office and ;
approved by the Commander, USAAVRADCOM; implementation assistance (automation) ;
b was provided by the Plans & Analysis Directorate, USAAVRADCOM; and technical %

application assistance by the Directorate for Advanced Systems, USAAVRADCOM. i

Author/Suggestion Originator - Judith H. Fite
Systems Analyst/Programmer - William A. Oxandale

Applications Consultant - Samuel R. Hurt
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I - PURPOSE

To provide a simple, general purpose, quick-reaction tool for use in
evaluating and substantiating the relative merits of given course(s) of
action:

. To help bridge the gap between purely subjective/emotional analysis and
full-blown quantitative analysis, in a variety of systems evaluation or

cost-benefit assessment needs.

. Intended to supplement (NOT supplant or circumvent!) existing
requirements or processes in the areas of cost analysis (CA), economic
analysis (EA), risk analysis (RA), cost and oper: tional/training effectiveness
analysis (COEA/CTEA), source selection/evaluation planning, and related

systems acquisition matters.

{
!
|
{ IT - SCOPE
This Guide is the product of an adopted and implemented suggestion
(AR 672-20) and is offered as an elective, nonmandatory tool for application
' to a wide range of systems acquisition/evaluation tasks, by any U.S. Government

‘ element.
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IIT - OVERVIEW

A, BASIS OF NEED.

Despite the many CA/EA/RA/COEA/CTEA governing reg lations and resulting
multitude of sophisticated decision-analytic computer models, a gap continues
to exist in terms of tools to meet everyday needs. For instance:

1. When there is not enough data available to fully exercise a '"canned"

model.

2. When there is not enough time and/or lack of available operations
research or computer assistance personnel to meet suspense dates.

3. When there is need to deal with a combination of tangible (more or |
less quantifiable) and intangible (primarily subjective) considerations in
evaluating a given option or alternative.

4. When there is need for systematic evaluation of a single course of

—— —— a—— T

e e .

action, by comparison with a known, accepted standard or product. (Most

existing models accommodate comparison of multiple alternatives, but do not

( provide for evaluating the relative merits of a single option). %
( 5. When there is need to compare very dissimilar items in terms of
relative worth for similar roles.

RV

6. When there is need for preliminary screening of alternatives, either --
| a. To reduce a large number of options to a more manageable
number/range on which full-blown, more formal analysis can be conducted; or --

b. To identify which facets are most critical to the evaluation and

| S

which therefore warrant further, in-depth analysis.
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B. CONCEPT.

The core of the CBRA technique is drawn from ordinary principles of
decision analysis/source selection evalution, In terms of problem definition
and identification and exploration of alternatives.
1. The chief advantage of CBRA is that it assimilates these '"universal"
evaluation methods into a simple but highly adaptable tool to improve the
depth, quality, and documentation of analyses that would otherwise rely on {

= totally subjective processes -- or not be attempted at all. I

k a. Permits assessment of a wide range of factors in evaluation processes

i by correlating both tangible an! intangible aspects and expressing them in
{ quantifiable terms conducive to both objective and subjective evaluation.
b. Designed for individual or group use, large or small number of
‘ variables -- no special training required for either manual or automated
l! application,

c. With computer assistance, permits accommodation of a large volume of
data in a practical visible manner; featuring --
‘ (1) Self-contained, English-language program ‘n ready-to-use status

! on any terminal with S&E computer access; no prior training or special skills

‘ required.
(2) Responsive, see-as-you-go results. Can be used either in
t "building block" increments, or completed at a single sitting. ‘
(3) Allows real-time participation from multiple locations via remote 1

access terminals; and in most cases, permits hard copy of input/output and
other documentation if desired.
(4) Source program (Appendix D) is easily adaptable to non-IBM/S&E

computers if desired (see IV.E.2).

13
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2. Once the problem (task) has been defined, the following generally
applies:

a. Identify principal characteristics which define the benefits and
drawbacks of the candidate item(s) or alternative(s) against the overall
objective.

b. Obtain assessment from key participants as to:

(1) Relationship of the critical parameters to each other (within
the framework of the overall task).

(2) Weight or ranking of the critical parameters (against a total
weight of 100).

(3) Estimated worth or rating of each candidate, for each
critical characteristic above, expressed as a numeric rating on a decimal
scale such as 1-10.

c. Compute candidate ratings against critical characteristic weights
to derive candidate weighted score, which yields a projected "unit worth" in
quantifiable terms.

d. Obtain cost estimates for each candidate and express In common
terms.

e. Divide each candidate cost by the corresponding candidate weighted
score, to yleld a numeric cost per "benefit", or Cost-Benefit Ratio (CBR).

f. Expanded discussion of the technique, tailored to a variety of

uses, plus case studies/examples, are presented in Section IV following,

14




3. A comment about other principles, techniques, terms, or tools within the
broad category of decision theory/analysis: While such topics as
Multi-Attribute Utility Theory, Utility Curves, use of Ratio vs. Absolute
Scale -- endless etc. -~ lie outside the purview of this Guide, there are no
known incompatiblities or barriers to using CBRA in conjunction with such
tools. Quite simply, CBRA is designed to assist in task layout, scorckeeping
and feedback during the analysis; and 1if Utlity Curves (etc.) are desired,
they simply become the basis of the scoring standard ('yardstick") selected

for use in the evaluation process.

15
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C. SUGGESTED USES.
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1. To illustrate potential use of CBRA against the kinds of needs

previously discussed, the following sample tasks are outlined:

a. Assess projected benefit
vs cost of a prouposed ECP or
PIP; only skeletal information
is available at this point.
(Ref. III.A.1)

b. "What If" question; one-
day reaction time: What is
the estimated impact in terms
of "bang for bucks" 1f you
augment the currently planned
payload capability of System X
to accommodate expanded mission
equipment package?

(Ref. III.A.2)

c. Compare alternative mission
equipment packages, in terms of
projected performance capability
vs. human factors considerations.

(Ref. III.A.3)

17

Remarks
Analysis results will help
determine whether formal review

and staffing will be pursued.

Outcome will influence decision
on whether to submit request for
a program increment, FY XX-XX

POM cycle.

Results will influence scenario
outline and task selection for
Mission Profile Operational
Test/Evaluation Plan (part of

COEA) .
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d. Determine whether Lt is cost

effective (addftional bang for
additfonal bucks) to modernize
older, flelded assets to mw
system configuration, to
achieve "houmogenevus" fleet.
(Ref. TII.A.4)

e. Explore relative merits of
ground vs, aerial vehicles for
laser designation of targets,
in various support roles; e.g.,
field artillery, afir cavalry,
attack helicopter, command and
control.

(Ref. IIL.A.5)

f. Screen a dozen-plus initial

options and narrow down tu those

which reflect greatest potential

for and/or greatest differences

in type of approach to task

solution; isolate critical aspects

on which further analysis should

be focused.

(Ref. III.A.6)

IV.B.

i

18

Outcome, {f positive, will be
incorporated in justification of
agency proposal for 4 conversion

program,

Results will be fed into Trade
Off Analyses/Determinations
(TOA/TOD) dur ing Concept
Formulation Package (CFP)

preparation.

Results will help frame the
structure and scope of subseque..:

COEA.

Specific instructions and examples of CBRA application arec included in

) ‘s oo
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A,

desired, rather than

IV - OPERATING INSTRUCTIONS

THE PROCESS
Basic Steps*

I. Define the task. No mitter

what the nature of tne exerclise,
the first step is to establish the
objective (define the problem).

2, Identify Critical Parameters.

The next step is to Jetermine what
key elements or principal charac-
teristics will "make or break'" a
solution to the problem; evaluation
"musts'. When selecting critical

parameters, try to assure:

Discussion
This forms the summary level
(top plece) of the evaluation

framework.

These critical parameters (CP)

form the backbone of the
evaluation structure, and
every CP occupies a 'cell"

within the overall structure.

a. Focus on aspects which are important in terms of contribution (pro

should influerce a decision.

and con) to the final purpose/objective of the task; 1i.e., the things which

b. ~“ompleteness of coverage~-so that the primary benefits and

the scope of evaluation.

drawbacks of the potential candidate item(s) or approach(es) are included in

c¢. Recognition of interdependence among factors (such as target

process,

recognition as a function of target detectioﬁ); but at the same time,
avoldance of direct redundancy (e.g., evaluation of airspeed both as a
technical characteristic and as an indicator of maneuverability). To avoid
this kind of redundancy, tailor the parameters to the function or capability

the means of attaining 1it.

*Be sure to document assumptions, sources, and rationale throughout the

e
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d. When comparing alternative candidates, assure that:

(1) Emphasis 1is glven to aspects in which the candidates differ;
inclusion of too wmich similarity tends to "muddy"” the outcome rather than
enhance discr imination.

(2) There is basis for meaningful comparison be tween/among
candidates against each parameter selected. However, 1f the candidates are so
dissimilar that their characteristics or features cannot be compared, then ¥
reor lent the evaluation to assess their respective contribution to the end

purpose, rather than "hardware' aspects.

e. If a single option is to be evaluated against an established
“yardstick", 1t can be done either in terms of comparable aspects, or in terms
of added/delta capabllity or benefits for added/delta cost.

f. Some typlcal criticdal parameters:

(1) Mission capability--including speed, endurance, firepower,

etc.

(2) Survivability--encompassing delectability, crashworthiness,

ballistic protection, EW countermcasures, etc.

(3) Operational suitability--addressing human factors, handling
qualities, mission analysis, etc.

(4) Loglstics/Management--including RAM, availabilirty,

rovisioning, "-ilities", etc.
P

3. Lay out the framework. This rough diagram depicting

Var {ously referred to as a blue- critical parameter relation:hips
print, pyramid, wiring diagram, becomes the evaluation structu:c
declsion tree, hierarchy, etc.-- (ES). May range from very
regardless of "label", the simple to very complex, dependin,
object 1s to establish the re- on the nature of the task itseld.

latlonghip of the critical
parameters to each other within
the overall task.

20
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Level 1
(Summary)

Level 2
(Areas)

Level 3
(Elements)

Level 4
(Factors)

Level 5
(Subfactors)

4. Allocate weights reflecting

the relative {mportance or

preference" of the critical
parameters; total weight for the

cells within a given block should

Referred to as cell welpht (CW).

In a multi~level evaluation
Structure, each group of
subordinate cells with their

immed lately superior cell form

equal 100%. @ cell block (CB). Every cell

Illustration:

recelves a weighe,

EVALUATION STRUCTHRE (ES) ILLUSTRATION

Cell Wt
(cw)
1.0 (100)
|
B ] 1
g2 (40) ) (20) [ 1.3 (25) 1.4 (15)

1.%.1 (40)

L3112

(35) oY) (250

N
1.3t f](es)

1.3.2.0.1) w@sy )

Cell

Block 1.1.2.1.;] (&1t))

1.3T;L1.§] 25)

N\

Cell

21
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193742052 35)

|
|

-

Cell weights
add to 100




5. Formulate evaluation criteria.

Evaluation is essentially a
measurement process, using a

yardstick tailored to the specific

These scoring standards (SS)
bicome 4 sort of "yardstick" to
facilitate consistent, objective

assessment.

needs of the task. Even though

. I o S Ty sy Foepants P e

critical parameters predispose

what will be measured, it remains

to be determined how to measure

them systematically.

a. Obviously, wherever possible, it is desirable to use specific
requirements (from RUC, system specification, test plans, etc.) to establish
benchmarks; including "required" and "desired'" characteristics.

b. In the absence of specific tangible requirements as a basis for
measurement, construct narrative criteria which describe as definitively as ;
possible what wili be considered good/acceptable, bad/unacceptable, and
be tter/desirable in evaluating a given parameter.

c. In some instances, a different kind of yardstick may be nzeded;

e.g., where detail criteria is not feasible but where a known, accepted
product can be used as a standard, with proposed options compared against it.

d. Illustrations of various yardstick are included in the case
studies/examples in IV.B.

6. Verify candidates or alter- Frequently implicit in task

natives to be evaluated. definition; however, review

should at least be made to assure
that all reasonable options are

considered.

22
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7. Assign and Compute Scores.

a. Assess the estimated worth
(or preference or ranking) of cach
candidate, for each critical
parameter, against {ts scoring
standard and express as a numeric
value on a decimal scale such

as 1-10 or 1-100.

b. Compute candidate weighted
scores, to yield an estimated
“"candida te worth" or "benefit

rating” in numeric terms.

Obtain cost estimites for cach

candidate and express in common

terms.

Compute cost~benefit ratio.

May be computed/compared for
ind iv idual cell blocks or for
in termediate cell groupings
("modules”), as well as for

task summary level.

TSARCOM 23
STHNFO & REF 08

Raw scores (RS) are applied only

to the lowest level cells within

cach block (those which have no

subordinate cells).

Raw score multiplied by cell

welght yields the weighted score

(WS), repeated for each ascending
level (RS x CW = WS). This process

is referred to as rollup..

Candidate cost (CC) may be drawn

from any type of funds or any
category of cost, as needed/
available to compare the
candidates in the areas belag
evaluated.

Divide each candidate cost by the
corresponding weighted score to

yield cost-benefit ratio (CBR),

which 1s an expression of re- ]
lative "bang for bucks",

(CC + WS = CBR).
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10. Analyze results, performing The cost~benefit ratio with

sensitivity analyses wherever supporting analysis (CBRA) assists
indicated by those results, to in decision making by isolating

help solidify conclusion and issues and clarifying their

support recommendations for impacts under varying conditions;

fur ther action. but does not predispose a one- .

only best answer or final
sulution. It is a decision

tool--not a decision maker.

NOTES:

a. Throughout this Guide, the assumption is made that cost is an
important consideration in most any evaluation or justification task, and fo:
this reason cost considerations are inherent in the Instruction and discussion

material. However, if for any reason it 1is not pertineant or possible to

address cost 1ssues, the technique may still be used by simply omitting the
cost-related steps in the process.
b. Practical examples of the technique, tailored to different types of

tasks, are included in 1IV.B.

24
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B. WALK-THROUGH INSTRUCTIONS/CASE STUDIES

1. Manual Usage.
For obvious reasons, it is impractical to utilize CBRA manually on
very large or complex tasks; therefore, instructions for manual applications
are gearel to fairly simple, straight forward examples.

a. System X "Shopping List".

i (1) Task: Screen the list of potential items against System X

l ¥ modernization objectives and constraints, to eliminate any obvious drop-outs
and highlight marginal items/issues which warrant further analysis. Thrust of
modernization is on improved capabhility without extensive new development,

with early fielding and at moderate cost,

Candidate Improvements Benefits/Drawbacks

Crew station Human factors, growth potential;
(modify) reduced commonality.

De-icing system Adverse weather operations; weight
(add) and power penalty.

Auxiliary genera tor Safety backup, power source for j
(add) test/maintenance equipment; sp.. e 3

and weight penalty.

Uprated transmission Mission performance benefits; M =7 ;
(modify) fuel consumption impacts.
Teflon bearings Improved RAM; loss of commonality,

(replace)

e o e



.

Integrated communications Saves weight, space & reduces crew
1 package (ICP) workload; not compatible with
(n‘aplace) older, fielded communications
3 equipment.
Doppler Navigation aid; requires ICP
(add) above to accommodate.
i Automatic direction More accurate; loss of
| f inder commonality.
i 1 (replace)
E 5 Night vision system Round-the-clock operations;
E - (add) weight and space penalty.
Filg Infrared suppressor Survivability; weight and power
(replace) penalty.
Infrared jammer Survivability; weight and power
(add) penalty.
Laser warning device Survivability; space/location
(add) and electro-mangetic problems.
2. Critical Parameters. h

Based on the task objective and the candidate characteristics,
following arc selected:

Mission cpability/performance improvement

Weight/power requirements

Human factors

Survivahility

Logistic support

Schedule

26




3. ®aluation Structure

To keep it simple (bearing in mind this is a screening exercise, not a
"final selection), a vertical structure is used:
System X
Performance capability
Weight/power requirements
Human factors
Survivabhility
Logistic support
' Schedule
4. Cell Weight
Widely different viewpoints may exist concerning the importance of
these parameters; therefore, even though only one version is employed in this
example, it is advisable to run Z or 3 variations in actual practice, to
reflect anticipated extremes.
System X (100)
Perf Cap 35
Wt/Pwr 15

Human Factors 10

Surv 15
Log Spt 10
Schedule 15

27




".; 5. Scorinyg Standards. L
On a scale of 1-10, following yardstick 1s established:
1-4 5-1 8~10
Perf Cap (benefit) Minor Significant Highly sig./
Multiple 2/
Wt/Power (impact) Major Moderate None/improves
! Human Factors Minor Moderate Substantial
(benefit)
L Survivability Minor Significant Major/new 3/
Logistic Spt Significant Moderate None/improved
Schedule (target) Pacing 1iten Moderate Low risk &
& high risk rish nonpacing item
NOTES:
1

I1f warranted, scoring standards can be broken down more specifically;

i.e., translating "major" & "moderate'" weight penalties into numbers of
pounds, schedule variances into numbers of months, etc.

"Multiple'" benefit example = ICP, which permits accommodation of navigation
items in addition to its own (direct) benefits.

=’ "New" means protection not previously provided even in lesser forms.

6. Verify Candidates.

In this example, candidates are already identified via the "shopping
1ist". However, in other cases, candidates are not predetermined and
need to be solidified here after critical parameter identification and tri::
weight allocation, but before actual scoring~-to maximize thoroughness .and

objectivity of evaluation. ;

28




7. Scoring:

(a) Raw scores. Using best data available, assign raw scores
for each candidate against each critical parame ter, in accordance with the

per tinent scoring standard.

cw (.35) (.15) (.10) (.15) (.10) (.10)
Perf. Wt/ A Human Safe ty/ Log
" Candidate Cap Power Factors Surv - Spt Schedule
(RS) (RS) (RS) (RS) (RS) (RS)
Crew std. 1 8 9 4 5 6
f De-1ce 6 6 1 1 5 7
, Aug. gen 9 3 . 2 7 4 8 ,]
i Uprated Xmn 9 8 5 3 4 6
; { Te flon brgs 3 6 5 5 8 2
| 1cP 8 8 9 4 3 5 :
ADG 6 4 7 2 5 6 |
: { NVS 7 z 3 7 5 3
IR supp. 4 4 5 8 5 8
‘, IR jam. 5 B 5 9 3 4
Laser warn, 5 5 5 7 4 6
Doppler 7 4 6 7 6 7

— e

b o

i
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(b) Weighted Scores.
Computed below: (CW x RS = WS)

. " s oz
PR B

1 cwW (.35) (.15) (.10) (.15) (.10)
Per f Wt/ Human Safe ty/ Log
1 ‘ Cand ida te Cap Power Factors Surv- Spt Schedule Total

(RS)  (WS) (RS) (ws) (RS) (WS) (RS) (WS) (RS) (WS) (RS)(WS) (Ws) ¢

Crew sta 1 .35 8 1.20 9 .90 4 .60 5 .50 6 .90 4.45
De-ice 6 2.10 6 .90 1 .10 1 .15 5 .50 7 1.05 4.80
Aug. gen 9 3.15 3 .45 2 .20 7 1.05 4 .40 8 1.20 6.45
Uprated Xmn 9 3.15 8 1.20 5 .50 3 .45 4 .40 6 .90 6.60
Teflon brgs 3 1.05 6 .90 5 .50 5 .75 8 .80 2 .30 4.30
1ce 8 2.80 8 1.20 9 .90 4 .60 3 .30 5 .75 6.55
ADG 6 2.10 4 .60 7 .70 2 .30 5 .50 6 .90 5.10
NVS 7 2.45 2 .30 3 .30 7 1.05 5 .50 3 .45 5.05
IR supp. 4 1.40 4 .60 5 .50 8 1.20 5 .50 8 1.20 5.40
IR jam. 5 1.75 3 .45 5 .50 9 1.35 3 .30 4 .60 4.95
Laser warn. 5 1.75 5 .75 5 .50 7 1.05 4 .40 6 .90 4.95
Doppler 7 2.45 4 .60 6 .60 7 1.05 6 .60 7 1.05 6.35




8. Candidate Cost.

For this example, estimated unit acquisition cost is used (development

& plus procurement cost, divided by the planned number of systems to be
modernized), expressed in constant year dollars. If available, other costs

(such as 0&S) could be included.

¢ Candida te Cost ($=K)
: ' Crew sta 5.6
- De-ice 3.5
Aux. gen 2.9
Uprated Xmn 13.4
Teflon brgs 5.8
ICP 8.1
Doppler 7.4
ADF 5.4
NVS 15.2
IR supp. 5.8
IR jam. 7.6
Laser warn 3.7




9., Cost-Benefit Ratio.

Computed below: (CC - WS = CBR)
- | Cand ida te CC (8=K) =« WS = CBR
+ Crew sta. 5.6 4.45 1.26
De-ice 3.5 4.80 .73
Aug. gen 2.9 6.45 .45 d
1 Upra ted Xmn 13.4 6.60 2.03
i Te flon brgs 5.8 4.30 1.35
| 1CP 8.1 6.55  1.24
!. Doppler 74 6.35 i
, ADF 5.4 5.10 1.06
'- NVS 15.2 5.05 3.01
l} IR supp. 5.8 5.40 1.07
' | IR jam. 7.6 4.95 1.54
i 1 Laser warn. 3.7 4.95 .75

Average CBR = 1.31

(Use as SS)

v P
»

eSS e )
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10. Analzsis.

Rev iew of this first~cut CBR '"output" leads to several areas of

question/need for further analysis.
(a) Since no specific standard CBR is available, and the candidates
are widely spread, the average CBR of 1.3 can be used as a standard. Thus,

candidates with CBR of approx. 1.3 or less appear to offer promising '"bang for

s bucks", while those with CBR substantially greater than 1.3 deserve further
scrutiny, See comparative CBR annotations below:
1 . Candidate CC ($3K) <= WS = CBR %= SS = Comparative CBR
Crew sta. 5.6 4.45 1.26 (1.31) .96 F
De-ice 3.5 4.80 .73 i .56 F
Aug. gen 2.9 6.45 .45 L .34 F
Uprated Xmn 13.4 6.60 2.03 - 1.55 U
Teflon brgs 5.8 4.30 1.35 k 1.03 M
ICcP 8.1 6.55 1.24 ! .95 F
Doppler 7.4 6.35 1.17 W .89 F
ADF 5.4 5.10 1.06 th .81 F
NVS 15.2 5.05 3.01 4 2.30 U
IR supp. 5.8 5.40 1.07 g .82 F
IR jam. 7.6 4.95 1.54 " 1.18 M
lLaser warn. 3.7 4.95 .75 " .57 F

F = favorable comparison to standard
U = unfavorable comparison to standard

M = marginal
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(b) Suggested directions to pursue:

* Have the right critical parameters been selected for the task?
Are there omissions/redundancies?

* Do the individual scoring standards reflect proper means of
measurement for their respective critical parame ters?

* Are there imbalances in the cell weights? For example, do one or
two parameters dr ive the whole outcome--and if so, should they?

* Do the assigned scores properly reflect the candidate benefits/
drawbacks? (This is where clear documentation of rationale pays off.)

* Are there interdependencies that were not reflected in the
weighting or scoring process? A good cross-check is to group the candidate
items into packages--e.g., evaluate 1tems which impact weight/power with those
which provide it; those which save space with those which require it--and see
if a favorable CBR results from the combinations of related items.

* Are there aspects which would logically be added to the
evaluation if information were available? 1If so, do a quick test with
"assumed data'" to see how {t affects outcome. This may point the way to

essential fact finding before proceeding further.
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b. "Go=-No Go" for Homogencous Flect Modernization Request.

(1) Task: Determine whether it is cost-beneficial to update
fielded System X assets (in varying configurations) to the fully moderized
System X configuratifon. Outcome (if positive) will be incorpurated in
justification of proposed conversion prugram submission.

(2) Critical Parameters. 1In this instance, the separate

configurations themselves become the critic:l parameters, because the central

question is one of delta benefit vs. delta cost to update to the fully

moderized standard.

Quantity* cp
(Was 1000; all have System X = original configuration

been converted to

X1, X2, X3 or X4)

300 X1l = X plus weapon subsystem

200 X2 = X1 plus performance package
100 X3 = X2 plus survivability mode
400 X4 = X3 plus fire control & comm/

nav package

*For info only.




T — S
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(3) Evaluation Structure. Layered structure is not pertinent, since

each critical parameter 1is to be compared independently against the fully
moderized standard.
(4) Cell Weights. Not applicable--same reason as (3) above.

(5) Scoring Standards. Only one yardstick is needed; 1-10 scale is

established by using the original (X) configuration as the "1" mark and the
fully modernized (X4) as the "10" mark. X1, X2 and X3 will be measured by
comparison against this standard.

(6) Verify Candidates. In this case, candidates are predetermined

(synonymous with critical parameters).
(7) Scoring.
(a) Raw score is based on assessment of each candidate's '"worth"

in comparison to the standard.

Candidate RS
X 1 (given)
X1 3
X2 6
X3 7
X4 10 (given)

(b) Since cell weights are not pertinent, weighted score is
merely the raw score translatel into added (delta) benefit to be derived if
modernized to X4 standards. Also, the incremental steps to get from original X

to X1, X2, X3 and X4 are shown (purely for reference).
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Candidate RS WS

X 1 +9

: (X to X1) (+2)
E ] X1 3 +7
3 (X1 to X2) (+3)
: . X2 6 +4
; (X2 to X3) (+1)
. X3 7 +3

(X3 to X4) (+3)

X4 10 +9

(8) Candidate Cost. Since development cost 1is essentially "sunk"

(accomplished prior to X4 configuration conversion), and quantities per
candidate vary, unit procurement cost of modernization (FY 80 constant

dollars) 1is selected as best available basis for comparison.

Cand ida te Cost to Modernize ($=K)
X 1100
(X to X1) (550)
X1 500
(X1 to X2) (200)
X2 450
(X2 to X3) (150)
X3 350
(X3 to X4) (300)
X4 9

37




(9) Cost-Benefit Ratio. 5
Cand ida te CcC _Ws _CBR _ J
- X 1100 9 122% ; |
(X to X1) (500) (2) (250) ‘
X1 650 7 93 j
(X1 to X2) (250) 3) (83) v
p. X2 450 4 113 |
(X2 to X3) (150) (1) (250)
X3 350 3 117
(X3 to X4) (350) (3 (117)
X4 (Same as X, because X4 reflects !

conversion of original to fully

modernized configuration).

*Standard
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E . (10) Analysis:

i
(a) Comparison of candidate CBR to the "standard' CBR reveals the
following:
Candida te CBR Std Comparative CBR
X/X4 122 122 1.00 '"Yardstick"
(X to X1) (250) 122 (2.05) (Unfavorable)
X1 93 122 .76 Favorable
(X1 to X2) ( 83) 122 ( .68) (Favorable)
X2 113 122 .93  Favorable
(X2 to X3) (150) 122 (1.23) (Marginal)
X3 117 122 .96  Favorable
(X3 to X4) (117) 122 ( .96) (Favorable)

(b) Review indicates that som of the incremental configuration steps
(shown for reference) were less "cost-beneficial'" than the standard, but that
all current candidates for modernization do compare favorably to the standard.
While favorable/unfavorable comparisons do not necessarily equate to "good
buy/bad buy'", they do provide a basis for communicating the relative 'good
buy" to decision makers--by using the known and accepted X4 configuration as a
baseline. Thus, having substantiated a rough cost-benefit relationship,
additional factors (such as logistic support advantage of a homogeneous fleet) !

may be introduced to amplify the program request.
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2. Automated Usage.

a. The basic process is the same for automated as for manual application;
however, much greater scope and depth of evaluation can b accommodated with
computer assistance. To this end, the CBRA computer model 1s designed to be
as flexible as possible; a general-purpose tool which can be used in whole or
in part for many different types of tasks. The examples presented here are
representative only, and are intended to faniliarize the user with the
automated technique so that it can be readily adapted to "live" needs as they
are encountered.

b. The operating instructions in this Guide are keyed to the specific
IBM-Fortran IV computer source program provided at Appendix C. However,
utilization is by no means limited to IBM/"main frame" type computers. In
fact, this is actually a relatively cumbersome/inflexible program
model--much greater flexibility/versatility can be obtained from smaller
computers designed speclfically for personal/interactive use. (One such,
ideally suited, is the Apple 1T with Visl-Calc package; example of CBRA - Apple
application is included with IV.E.2.) The sheer diversity and versatllity of
these computers renders it impractical to dlscuss specific instructlions in

this document; but the manuals furnished with each manufacturer's equipment

make the "translation"” largely self-explanatory once the basic technique is
understood . |

c. Sample Problems.

(1) Task. Assess the relative suitability of two classes of
vehicles for performing A common support mission; e.g., serving as a target
acquisition & designation medium for offensive weapon systems. Development of
a new system spec {fically designed for the mission is precluded;

therefore, adaptation of existing systems mist be examlned.




Lk

(2) critical parameters. Performance of the target acquisition/ '

designation mission entails required and desired capabilities in the areas of

speed /power, endurance, maneuverabllity, detectabi{lity, supportab!lity,

velnerability, survivablility/self defense, commnications & navigation, crew
workload, and, of course, the visionics package. These considerations form
the critical parameters to be addressed in the evaluation.

(3)  Evaluation structure. The critical parameters fall into two

basic groups, with interrelatlionships as illustrated following page.

|
l

42




o i —_— " i

*00V/oNd

AN QAN |

‘WY -
zeerz iy

WO L [A0QNH/9S
T°€°C°T Sy S

ddAL
EE ST

j

"ATANNS
| X

* AVN/WWOD

dInda NSK

"ENTINA
(A0 2 S ¢

1d
T

&

01
] §

-

S
QD

V/N

Tdnang
Sl ) o ¢

d3amMod
| 5l

L

@ 11°°/m) 2an30oni13g uofiIenTEAj

HWALSAS
0°1

SOINOISIA “TIVAV *10313d
I'2°1 BT T Z2'T°1
"ADIM MO "Raod¥dd
2'¢°1 € T°T 1'1'1
|
- & = & ® = = & &8 S [fS A & B W S W S W S T A& »H W =@ B = W =™-m = = S - = =- = =@ - = a = =
JTOIHAA

Z'1 11
J

’

yoloviens
¢ 13731

¥olovi
% TIATT

43

ININTI3
£ T3A21

AEVHWNS
T T13AT1




(4) Cell weights. The weighting process should address the areas of
greatest contrast among candidates, for such differences are the reason that
tradeoff analysls is needed. In this case, the contrast revolves around
vehicle size as {t affects required capabilities; i.e., the larger-class
vehicles have greater power, endurance and "payload" capacity, and the
smaller-class vehicles have greater maneuverability, better availability (in
the specified method of employment) and are less detectable. Thus, the cell
weights must reflect the relative importance of these aspects to isolate
tradeoffs and areas requiring in-depth examination/testing.

Illustration following Page.
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(5) Scoring standards. Only the lowest-level cells (marked with *)

are assigned raw scores; remaining scores are computed in the rollup process.

Following standards are established (scale of 1-10 points), with

supporting rationale:
CELL

1.0 System

l.1 Vehicle

l1.1.1 Performance

*1'1.1.1 Powr

4-5

6-7
8-10

RATIONALE

Basic vehicle vs. mission equipment
capability tradeoff.

Consider performance, detectability,
crew operation, and availability
aspects.

Key aspects are power, endurance and
maneuverability.

Vehicle must have sufficlent power to
operate in anticipated battle en-
vironment, enough speed to be
compatible with its companion (of-
fenslve weapon) systems with full

mission equipment Installed.

Comes within 2% of "required" power
ratings and/or speed range.

Meets min!mums requirements with
reasonable conflidence.

Moderately exceeds some requ!rements.
Meets all requirements and sub-
stantially exceeds (l0% or better)

som2 aspects.

46
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*1,1.1.2 Maneuverability

-7

8-10

*1,1.1.3 Endurance

4~5
67

8-10

Must be able to perform on/over/in
the expected battle conditions

(terrain, altltudes, temperatures,
winds) safely and easily enough to
preclude prolonged exposure to the
enemy while keeping pace with com-

panfon wapon systems.

Performs most requ!ired maneuvers, but
with significant payload/workload

lim! tations/penalt les,

Performs maneuvers but with little or
no margin, either for vehicle or crew.
Perforwms responsively and with reason-
able margin in one or more aspects.
Significantly exceeds minimums in
several aspects.

Mist be able to perform continuous
mission operations without scheduled
out-of-gservice tim, for 3 hours;

5 desired.,

Projected to mect 3 hr. requlrement
oxcept with max, payload and/or !n
extreme environmental cond!tions,
ully meets requlirement.

Moderately exceeds requlrement,
Significantly exceeds requlired/mets

desired standards.
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*1.1.2 Detectability

4-5

67

8-10

48

Ve hicle must be able to "hide" well
enough enroute & during battle so
that exposure to enemy weapons does
not permit them to fix location and
fire while in kill range. Includes
direct visual, radar, and IR means of

detection.

De tectable for 3-5 seconds longer than
specified min. guidelines in some
modes/conditions.

Meets established minimums, overall
conditions.

Meets all and moderately exceeds some
minimims.

Not detectable long enough to be
successfully acquired at any polint

within kill range.




*#1.1.3 Crew Workload Overall system should be operable by
crew of two, with adequate vehicle i
~ safety margin while performing migsinn

maneuvers and employing mission equip-

ment.
; ss
f 1-3 Unsatisfactory to marginal.
! » 45 Adequate except during intense battle
& adverse visibility conditions.
6~-7 Potentially adequate with extensive ;
training and/or additional skills. ;
8-10 Fully adequate with normal training '
& skills,
1.1.4 Availability Consider impacts of logistic support
and vulnerab!lity upon overall
readiness.
*1.1.4.,1 Logistic Support NORS/NOM/RAM standards equivalent to
System X are desired; at minimum,
characteristics of the exlsting Class
A & B Systems should not be degraded
by the planned modification/con-
verslon. i
!
ss |
1-3 Risk of minor degradation, '
45 Equivalent to status-quo systems.
6-7 Improved over status quo but less
than System X.
8-10 Roughly comparable to System X.
49
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*1,1.4.2 Wulnerablility Consideration of expected damage/loss

) during normal mission operations,

whether resulting from enemy flire,

environmental conditions, handling

problems, or other causes.

: ss
i 1-3 Significantly more vulnerable than

System X.
45 More vulnerable than System X in

some aspects/conditions,
67 Roughly equivalent to System X.
8-10 Less vulnerable than System X.

1.2 Migsion Equipment Consider the visionics, comminications,
navigation, and survivability equip-
ment needs.
1.2.1, Visionics Addresses type of acquisition subsystem
range & accuracy, and designation i
capabilities. }
*1.2,1.1 Type Day/night/obscurants/all season

capability 1s desired.
sS
1-3 Day only.
45 Basic day/night,
6-7 Day/night plus certain obscurants. ?
8-10 Day/night/obscurant/all weather

subsystem,
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*1.2.1.3 Range & Accuracy To achileve safe stand off ranges,
following detection/recognition
assessment pertains, 3
sS Datect (meters) Recognize
1-3 1800 day/1200 night 75-80% |
4=5 2200 day/1800 night 80-85%
6-7 3000 day/2200 night 85-90%
s 8-10 4000 day/3000 night 90-95%
*]1.2.1.3 Deslignation/Handoff Ability to designate targets for sister

weapon systems, throughout the above
ranges, plus (desired) capability to
automatically hand off acquired

targets to other designation systems.

ss

1-3 Designation with approx. 80% success/
accuracy; no auto handoff.

4-5 Approx. 85% designation capability; h
still no auto handoff.

6-7 Approx. 90% designation success; no
auto handoff.

8-10 Designation 90% or better, auto

handoff capability.




*1,2,2 Communications &

Navigation

4-5

6-7

8-10

1.2.3 Survivability

"Full suit" of third-generation
equipment desired (compatible with

System X).

Can accommodate only minimum essential
items with existing space/we ight/power
allowance.

Can accommodate most of the desired
items, but entails payload tradeoffs/
human factors penalties.,

Can accommodate the full suit with
moderate human factors impacts.

Full System X compatibility with
reasonable crew workload.

Considers ability to accommodate IR
suppression/countermeasures equipment
and also potentlal for self-defense

armament.




*x1.2,3.1 CM

6-7

8-10

*1,2.3.2 Armament

4=5

6-7

8-10

33

Desired features include radar
warning, IR suppression, IR jamming,

laser warning indf{cator, NBC device.

Can accommodate only radar warning
and IR suppression items.

Can accommodate above plus IR jammer.
Can accommodate all except NBC
device, but with some performance/
payload impacts.

Can accommodate desired items with
little to no impacts.

Need existing space/weight/power
allowance for first-generation self
defense subsystem; growth potential
for second generatlon (multiple-type)

self defense subsystem 1s desired,

Existing SWPA (lst gen) with mission
equipment tradeoffs and in standard-
day condi tions.

Existing SWPA (lst gen) with full
mission equip.~-min. performance
tradeoffs, standard day.

Existing SWPA (lst gen.) to include
extreme condltions.

Existing SWPA for 1lst gen equipment

plus desired growth potential,




(6) Verify candidates. At this polnt, the "candidates" are the two

classes of system (A & B); however, based on results of this exercise, similar
structure may be used to compare specific candidates as appropriate.

n Scor ing. Based on best information available, assign scores based
on each candidate's expected rating for each critical parame ter against the
established scoring standard. (Document sources & rationale.) Sew attached

cheets for sample System A & B scoring input.
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(8) At this point fn the case exercise (or earlier, if desired) it is
advigable to work at the computer terminal. Therefore, subsequent instruc-
tions for CBRA computations dre provided in the DETAILED OPERATING INSTRUC-
TIONS, attached. These instructlons are designed to lead you through all
basic program steps, as outlined and numbered on CBRA "Road Map" (flow chart),

included with Quick Reference Summary at IV.C.
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