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RAN: FUNCTIONAL DESCRIPTION

1.*0 INTRODUCTION

1. 1 Purpose of the Functional Description

This t'unctional Description provides a technical de-
lineation of the specific functions that the RAM software
system must perform. It serves as a formal basis for mutual
understanding between the functional designer of the systen
and the software development personnel. Together with the
RAN System Specification, it serves as the basic documenta-
tion for systems development and implementation.

1.2 References

1.2.1 Suede, Dennis N., and Peterson, Cameron R. An
Aplication of Cost-Benef it Analysis to the USM4C

Program Obiectives Memorandum (PON). Technical
Report TR 77-8-72. NcLean, Virginia: Decisions
and Designs# Inc., September 1977.

1.2.2 Suede, Dennis K., and Ragland, Janice E. Cot
Benef it Analysis AnIM1ied to the Progam Objectives
Memorandum WO0K),. Technical Report TR 78-9-72.
McLean, Virginia: Decisions and Designs, Inc.,,
November 1978.

1.2.3 Suede, Dennis M. at &I. Aplications of Decision.
Amasst h U98 . Army Affordability Study.
10uama1a Deport YR 73-10-72. McLean, Virginia:
Isuisifts and Desigase Inc., December 1978.



1.2.4 Amey, Dorothy M.; Feuerwerger, Phillip H.; and

Gulick, Roy M. Documentation of Decision-Aiding

Software: RAM Users Manual. McLean, Virginia:

Decisions and Designs, Inc., September 1979.

1.2.5 Amey, Dorothy M.; Feuerwerger, Phillip H.; and

Gulick, Roy M. Documentation of Decision-Aiding

Software: RAM Systems Specification. McLean,

Virginia: Decisions and Designs, Inc., September

1979.

1.3 Terms and Abbreviations

1.3.1 RAM - RAM, the name of the system, is an abbre-
viation for Resource Allocation Model, reflecting the system's

major area of applicability.

1.3.2 Terms - Standard mathematical notations and cost-
benefit and resource allocation terminology are used through-
out this functional description. Cost-benefit and resource
allocation terms are defined when they are first encountered.

References 1.2.1, 1.2.2, and 1.2.3 provide more detail on

the cost-benefit and resource allocation methodology imple-
mented by RAM.



2.0 SYSTEM SUMMARY

2.1 System Description

RAM is a model-building software system that supports

the decision process of allocating scarce monetary resources

among competing alternatives. Its general purpose is to aid
decision makers by providing them with the capability to

construct, store, retrieve, exercise, and refine cost-

benefit models of the complex resource allocation problems

they face.

Cost-benefit analysis serves as the methodological

foundation for the RAM system. A RAM model serves as the

organizing framework for processing information concerning

the costs and relative benefits of the alternatives for

resource allocation.

The overall objective of RAN is to prioritize the allo-

cation of resources in a manner that is logically consistent

with the decision maker's value structure. For a more

complete description of the purpose and use of RAM, see

RAN Users Manual, reference 1.2.4.

2.2 Design ObJectives

The RAN system is designed to be used interactively by

end users who are relatively unsophisticated with respect to

computer technology. Accordingly, the design satisfies two

human-factors objectives: RAM is a menu-driven system, and

one that is generally forgiving of procedural errors made by
the user.

In addition, to facilitate the production of the pro-

gram specification and coding necessary to implement RAN at
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a physical site, the system is designed in a hierarchically
stuctured and modular fashion. The logical structure of
MM Is contained in RM Systems Specification, reference

1.2.5.
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3.0 DETAILED CXARACTRI8TICS

Use Resource Allocation Model (RAM) software was
developed specifically to serve as a decision aid in the
omeplex and difficult trade-off problem of determining the
best proourement, mix to be specified in the Program objec-
tives Memorandum (POX) process of the Department of Defense.
RAM aids users in performing cost-beneft trade-of fs, and in
developing optimual procurement objectives within a fixed
budget. It is a highly useful tool for both conventional
and zero-base budgeting activities.

The funaena product of RAN is a resource allocation
model. The RAN system enables the user to create, store,
retrieve, exercise, and refine resource allocation models
interactively.

All o the epecificl functions that PAN performs are
related to the resource allocation model.* Therefore,*in
order to establish a frame of reference for understanding
the RAM functions, it is neoessary to begin with a detailed
description of: the format, inputs, and outputs of the re-
source allocation model.* A description of the specific
functions that RAN performs appears in Section 4.*0.

3.* 1 Nodel tesorLILOg

The RAM model assumes that two or more organizational
sponsors (e.g., traiing, logistics# manpower, etc.) have
each proposed several itemis (e.g., procuremeint packages,
reeach programs, etc.) for funding.' The items all compete
with one another for funding consid to. Each item is
assumd to hame asociated costs (qpred among several

cstot) aaad an asaociated benefit. Softh costs and
benefit &L aow . by the item's aSponsor group.



The model also assumes that a group of independent

judges (honest brokers) has assigned a relative importance

weight to one randomly selected item from each sponsor.

Each resource allocation model created by the user has

a unique label, and each is constructed using the same

generic format. The basic model format is shown graphically

in Figure 3-1. The format always consists of all of the
following elements which, when completely specified, uniquely
define a RAM model.

3.1.1 The problem area - A short label, P, defining

the general nature of the resource allocation problem. This
label is applied to the model and is used to store and

retrieve it.

3.1.2 The organizational sponsors - A list of the n

sponsors (S1, S2'099 Sn ) who collectively have proposed the
various items to be funded. Each sponsor is appropriately

labeled.

3.1.3 The items - A list of the k items (Il, I2,..., Ik)
submitted by each sponsor where k varies per sponsor. Each

item is appropriately labeled.

3.1.4 Cost components - A list of five cost components
(Q1 through Q5) describing the different kinds of costs
inherent in the total cost associated with each specific
item. Each cost category is appropriately labeled. An

additional cost component is preassigned the name "other

costs. "

3.1.5 Item costs - A vector of six separate costs (C1
through C6) associated with each item. The first five costs
correspond with the five cost components. The sixth cost
comprises "all other costs."

i-,IOS" .. " " . "-6
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3.1.6 Item benefit - For each item, a sponsor-assigned

relative benefit, B , such that OsB 1OO. The benefit

number describes the relative utility that the sponsor

attaches to the item. The item having the greatest benefit

to each sponsor is always assigned a value of 100.

3.1.7 Rationale - For" each sponsor-assigned relative

benefit, rationale describing the reasons that the relative

benefit was assigned to that item. The rationales are

useful for briefing the results and for communicating essential

information.

3.1.8 Weights - A vector of weights (W , W 2 , .* , Wn )

describing the relative importances of n selected items, one

item chosen from each sponsor. The weight assigned to each

specific item will be associated with the entire list of

items submitted by that sponsor. Note that each sponsor has

only one item that will be assigned a weight. Weights are

assigned by a group of independent judges.

This completes the model format. The resource

allocation model is completely and uniquely specified when

the elements described above are defined by the user.

3.2 Results of the Model

The input specifications describing the model can be

processed to produce the following results.

3.2.1 Total cost - A single number representing the

total cost for each item. The total cost is obtained by

adding the cost components C1 through C6.

3.2.2 Normalized benefit - A single number, 8ij, rep-

resenting the normalized benefit associated with item j from

sponsor i. The normalized benefit indicates the ite.m's

S
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position relative to all items submitted by all of the

sponsors. Normalized benefits range on a scale extending

from 0 to 100. The normalized benefit is computed as fol-

lows.

First, for each sponsor i compute an index of

merit, Mi, such that:

W
M i  - i

where Wi is the weight previously assigned to the sponsor

i's item j by the independent judges, and B is the sponsor's

original assessment of the benefit of item j.

For example, I f the selected item had been

assigned an original benefit of 50 by the sponsor but
assigned a weight of 10 by the independent judges, then the
resultant index of merit is .2.

Second, considering all of the sponsors, deter-

mine the value of the greatest index of merit, %max .

Third, compute the normalized benefit, $, of

any item j from any sponsor i as follows:

Bijm 4 x B
Muax

3.2.3 Cost-benofit ratios - A single number repre-
senting the ratio of cost to benefit for each item. This

number is calculated by dividing the item's total cost by
its normalized benefit. If any specific benefit is equal to
zero (and, therefore, the cost-benefit ratio is infinite),

the software will automatically yield the maximum repre-

sentable value for the cost-benefit ratio.

9



3. 2.4 Item rankLngS - A single list representing the

order in which the items should be acquired. The list is

arranged according to the cost-benefit criterion (whereby

items with the lowest ratio of cost to benefit are bought

first). However, items designated as "must-buy" items
(designated as such either for political considerations or
because of contractual obligations) are always ranked first.

I

3.2.5 Cost-benefit versus benefit-only display - A

set of displays that shows the order in which the items

would be bought both according to a cost-benefit criterion

(buying in order of smallest to largest cost-benefit ratio)

and according to a benefit-only criterion (buying in order

of greatest to smallest overall benefit) for each individual

sponsor. The cumulative cost and benefit accruing as each

individual item is bought are also displayed. The two lists

are displayed side by side, with equal cumulative costs

being displayed at the same level. Often, many items on one

list are displayed in the same space that only one or two

items occupy on the other list. This signifies that the

larger set of items has the same cumulative cost as the

smaller sets, although their cumulative benefit may differ.

In general, the items will be purchased in

different orders according to the two criteria, with the

cost-benefit criterion preferred. Figure 3-2 represents

this notion graphically. For examples the figure indicates

that a fixed cost of 100 provides 50 of the maximum benefit

if the benefit-only criterion is used, but the same cost
provides 680 of the maximum benefit if the cost-benefit

criterion is used. Figure 3-3 depits a sample computer
printout of the cost-benefit versus benefit-only display.

3.2.6 Cumulative cost display - This display yields

the cumulative cost, by cost component, as each item is
acquired under a variety of criteria. Any constraints

10
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ORDERED BY CUMULATIVE CUMULATIVE ORDERED BY
BENEFIT BENEFIT COST COST BENEFIT COST-BENEFIT

CAREER PLACEMENT 35 44.0 44.0 35 CAREER PLACEMENT
CTR CTR

73.0 42 EXTRACURRICULAR
125.0 53 STUDENT CENTER
156.0 58 HOUSING GUIDE
266.0 74 COUNSELING PROGRAM

HEALTH SERVICES 61 322.0
COUNSELING 77 432.0
PROGRAM

STUDENT CENTER 88 484.0
EXTRACURRICULAR 95 513.0
HOUSING GUIDE 100 544.0 544.0 100 HEALTH SERVICES

PLEASE RETURN CARRIAGE TO CONTINUE

Figure 3-3
COST-BENEFIT VS. BENEFIT-ONLY DISPLAY



p~Oft MWa aof the component costs (as, well as on the
t*tA% 00t) can be Invoked at any stage. Fi=* 3-4 depicts
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4.*0 UK FU CIONS

MM Is designed to perform the basic functions de-
scribed below. These functions are executed by two distinct
subsystemss: BUILUMA and NPRAK, the former is used to con-
struct and exercise a RMM model and the latter is used to
prepare reports.

A description of the detailed logical design of the PAM
functions in contained in the MM SylsSwIf ication,
reference 1.2.5.

4.1 Functions Common to Both Subes tms

40101 Maintain a library of MMX models - Store various
resource allocation models, filed by their associated labels.

40102 Load an qxistipg MU model - Display the labels
of those resource allocation models stated In the model
library, and permit the user to retrieve any desired model.
The loaded model Is referred to as the current model.

4.1.3 Save the c-urrent model - Permit the user to add
the current model to the model library, or to replace an
existing model with the current, model.

402 Functions Per fommd W17y bY the DVILDRhN Subsystem

4.2.1 Create a pow WM model - Permit the user to
create an entirely new resource allocation model, which then

becmesthe current model. The user create@ a model by
specif ying the organizational sponsors, items, wa cost

compnent, as described In sections 3.1.2, 3.1.31 and
39194o



4. 2. 2 Add new data to the current model -Permit the
user to apply an entire set of item costs or item benefits
to the current model.

4.2.3 Ad" relative sponsor weights - Permit the user
to apply a new set of relative sponsor weights to the imodel.

4.2.4 Deasgate must-buy" items - Permit the user to
designate those items that must be given an absolute priority
in the allocation process.

4.2.5 Build the model - Perform the c~klculations
necessary to merge all specified elements of the model into
a format from which all of the available displays can be
easily transformed.

402.*6 'Revise the current model - Permit the user to
make changes to the structure and content of the current
model.* The user may:

a. edit item benefits;

b. edit item costs;a

a. change item labelsa

d. add new Itemsa and

a. delete existing Items.

40207 Display results of the cretmdel -PerMit

the user to examine the structure and content of the current
model by displaying, for all of the items proposed by any
single sponsor* the followings



a. Item names;

b. Item benefits;

c. normalized benefits;

d. total cost.;

es cost-benefit ratios; and

f. item rankings.

The user may also obtain a display of the cost-benefit ver-
sus benefit-ordering of the item procurement for all of the
items of any sponsor.

4.3 Functions Performed Only Dy the IREPRAM Subsystem

4.3.1 Sort the items - All displays available in
UPRA are available either for the items submitted by a

designated single sponsor or for all items from all spon-
sors. The user my sort the available displays in any of
the fol lowing orders:i

a. by sponsor and Item number;

b. by sponsor-assigned item benef it;'

c. by normalized beneft;

4. by total cost;

a* by cost-beneft ratio; or

f. by reMakig.

* 17



The items may be sorted either in ascending or descending

order.

4.3.2 Display results of the current model - Permit

the user to examine the structure and content of the node by

displaying:

a. item names;

b. item benefits;

c. normalized benefits;

d. costs (both by separate component and cumula-

tive);

e. cost-benefit ratios; and

f. item rankings.

These may be obtained for a single sponsor or for all of the

sponsors, in any specified order as described in Section

4.3.1.

4.3.3 Print listing of results - Permit the user to

obtain a hard-copy printout of all of the displays described

in Section 4.3.2.

4.3.4 Display and edit rationale - Permit the user to

display the rationale explaining the benefit number assigned

to any specific item. The rationale may also be revised,

should additions or corrections be required. Inputting and

editing rationale are accomplished by the same software

process.
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