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I. INTRODUCTION

-~

A. General

This study was performed under Lir. Contract CAL dated ']:)cccmber 12,
1967, Refercnce P-8628 for the Center for Applied Linguisties, 1717
Massachusetis Avenue, N. W., Washington, D.C. "The study was undertalen
as part of a broader cffort of the Center for the SURVEY-AND-ANALYSIS STAGE
of the INFORMATION-SYSTEM PROGRAM JFOR THE LLANGUAGE SCIENCES.

‘The Center's information-sysicm program is designed to provide
for development activities aimed at the technical specification and pilot
study of cssential system rcquircements. ‘The SURVEY-AND-ANALYSIS
STAGY of this program concentrates on the essential preliminaries of the
program: Planning Approaches and System Corponent Studics. In support
of these preliminary cifforts, the study containcd hercin is 01‘10;1£cd toward
the analysis rcquircd to identify and describe the relevant paramcicrs
requircd for subsequent analysis of proposcd alternative systems by means

of mathemalical models.

B. Purposc of Study

The purposc of this study is to identify and define the gencralized sets
of parameters whose valucs are requircd for subsequent quantitalive znalysis
of pruposed alternative Language Information Network and Clearinghousc
Systems (LINCS) by means of mathematical models. In addition, the defined
parameters can scerve as guidelines for the data collection and data Lanking

efforts in the SURVEY-AND-ANALYSIS STAGE.

C. .<opc of Study

‘This study is limited to consideralion of the parametiers to be associated

with the linguistics community, linguistics lilerature ivems, and a generalized

~1
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LINC system. The siudy cffort is primarily bascd on information

obtained {from a previous study conducted by Information Dynamics Corporation
(IDC), titled, "A Mcthodology for the Analysis of Information Systecms",
Contract NSF-C-370.

D. Background ‘ -

The Center for Applied Linguistics is currently conducling a survey and
analysis of the information sysiem for the language sciences. This stage
of the Center's study cffort is addressed Lo the preliminary qualitali-vc and
quantitative analysis rcquired for advanced siudics in the design of a LINC

syslem.

A porlion of the advanced stludics will be concerncd with the detailed
formulation and quantilative analysis of aliernalive LINC systems. 1t is
planned thal the quaniitalive analysis will be conducted with the aid of a
mathematical model similar to the onc deseribed jn IDC report, "A Methodology
for the Analysis of Information Systems'. The modcl described in the above
report is designed to facilitate the study and evaluation of operating costis for

alternative information service nelwork configuralions.

Prior to the detailed quantitative analysis of allernative systcms,
preliminary analyses are required to (1) formulate alternative systems
{(2) identify the paramecticrs associaied with the alternative systems and (3)
estimate the values of the paramcters., The analysis presenicd in the
following scciions is primarily addresscd to the identification of scts of

paramecters associated with a generalized LINC sysicem.

1-2
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II. QUANTITATIVE EVALUATION REQUIREMENTS

A. Introductlion

As indicated in the previous scuetion, a portion of the advanced
studics will be addressed to the qua.ntitati\ > cvaluation of alternative LINC
systems. In order lo formulailc a basis for further discussion of the
rclevant system parameters, this section prescnts the general form of
the evaluation model and, as a consequence, the cvaluation activities that

must be performed in the quantitative cvaluation process.

B. Evaluation Modcel

The quaniitative cvaluatlion process requires the usc of two models
which we will call a "descriptive model" and an "evaluation model". The
descriptive model characierizes the information sysiem in terms of the
specific operational processes that govern the cause and cffcet relitionships.
For cxample, tiwe model deseribed in IDC Report, "A Methodology f{or the
Analysis of Inforination Systems', is of this type. The cvaluation modcl

expressces the relationship between the measures of value or effeclivencss

and cost, and the chosen allernative designs,

In accordancc with the objectives of the quantitative cvalualion, the
mode) for the evaluation of alternative LINCS systems takes on the general

form:

<
1]

L (X, Y.},

1 i i

- (1) [

1'2 (Xi’ Yi) = f3 (Vi). or Vi = 'f4 (Ci)

3
I

Q
) Ii~1
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where Vi = the measure of value or effectiveness of the i-th alternative

system.

@]
n

the relative cost of the i-th alternative system.

the parameters (variable or constant) which affect system

g
n

system performance or costs but which are not subject to

control by the systems designers.

L™

-~

the variables which define the alternative systems and which are

=
1]

subject to control by system designers.

-y
1

the funetional relationship between the parameters and

independent variables, Xi and Yi’ and the dependent variable Vi'

—
"

* the functional relaiionship between the parameters and independent
variubles, Xi and Yi, and the dependent variable Ci'

in descripiive terms, thé evaluation model or process has the following *™

essential characterislics. Tirst, onc set of input data, denoted by Yi’ is

subject to conirol by system design cs. This sect of data defines the elements

of the system which are dirccily controlled by designers and would include, for exa:

ple, such clements as the types of product: and services to be made available {0 th

user community. Second, for each alternative system, therc exists a set of

dala (paramecters), denoted by Xi' which i3 not subjeet 10 control. TFor

example, if & particular mode of communication is chosen, then the comniuni-

cation cost rates are not subject to conirol by system designers. Third, the

ouiput variables, Vi and Ci’ are relative measures of value or efiectiveness

and cost for usc in the ¢cvaluation process.

10
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IFor purposce of evaluation and comparison, the dependent variables
associated with a speciiic set of variables and parameiers, and therefore
alternative systems designs, may be graphically represented by a two-

dimensional outcoine space as indicated in Figure II-1.

Relative
Cost

Region )

Region 2

Relative Value or lXifectiveness

Figurce lI-1. Outcome Space
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Each point plotied in the outcome space represents a specific
alternative design. In the above illustration, two alternative designs are
represented above the curve AL All possible points associated with design
alternatives would be contained in Region 1 (ubove the curve AB) and no
alternative designs wou.d appear in Region 2 {below the line AB).

Oplimal alternative designs would fall on e curve AB.
Naving identified the gene. al form of the ¢evaluation model and the
differcent classes of inputs and outputs, the following scection discussces

the activitics to be performed in the quantitative evaluation process,

C. DEvaluation Activities

Within the context of the evaluation miodel, the objectives of the
quantitalive evaluation process may be stuted as follows: ‘

i. Identiiy optimal alternative LIXC systems {i. e., the s.ystcms

that fall on the curve A showa in Figure JI-1).

2. Evaluute optimal #ystemns and choosce a particular sysiem

design.

The study activitivs required to meet these objectives are best
presented us thiey affect the components of the cvaluation model. These
activities are illustrated in Vigure II-2. This description of the evaluation
process implies that the above objectives will be achieved by the careful
updating und refining of {he various inpuis to the model and suosequent re-

evaluations.

12
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The following are the nccessary implemeatation functions:

- L

Evaluation of Inputs - Inventories of input parameters

and variables will have to be maintained for the
specification and subscquent evaluation of alternative
LIXC systems. This would include the identification
and evaluation of variables such as literature sources,

literature items, scrvices and products, system

. components and the uscr community. Parameters

associated with the variables would have to be identified '
and, r}iaking usc oi the hest data available, their values
estimated. Computer analysis of the data in addition

;‘,o a compulcer aided inventory system would greaily
facilitate tbe evalualion process.

Evaluation of Costi-Effcciiveness Relationships - In order

to compa_re the various aliernaiive systems designs with
the CAL INFORMATION-SYSTEM PROGRAM objectives,
the cost-efiectiveness relationships for various alternative
designs would have to bhe estimated. It will be necessary

to construct this model. The modcl would be of the general
form described in Section II-B, Evaluation Model. The
development of this model would require a detailed review
of program objectives Lo determine th: measures of value
or effectivencss to be employed.

Evaluation of Quiputs - The cost-effeciiveness relationships

of alternative designs would have to be compared to the CAL
program objectives as a measure of success of {he program.
This cvaluation would also include continuous evaluation and

possible modification of program objectives.

14
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4, Ewvalualion of Allernatives and Constraints - Aliernative

sysiems designs will have to be formulaied or modified

making use of the best technical data available, the program

objcctives and knowledge of whatever consiraints that exist.
Included in the formulation process would be the identification
of the input variables and parameters which deseribe cach .

alternative system design.

D. Concludine Remarks

In this seciion, the basic requirements for the quantitative evaluation of
alternative LINC systems are struciured in order to set the context for
discussion of relevant information syslem parametces. Of particular importance
to the study conilined herein is the concepi of two sets of input data which are

1.  the variables which deline aliernative systems and which
are subjeci to control by system designers, and

2. the parameters (variable or constant) which zaiiect system

effectiveness or value and costs but which are not subject
to control by systems designers,
The selection of a particular get of variables identifies and defines a specific
information sysiem design and iixes, in the matihematical sense, the effective-

ness or value and cost associated with the design.

The above lwo classes of data are input to a "descriptive model" which

Y

characierizes ihe information system in terns of cause and effect relationships,

The outputs of the above modcl are then employed o estimate the cost-ceifectivenes

or value relationships for various alternative designs.

Since the study addressed herein is primarily concerncd with {he identifi-
cation of parameters which will be input to the descripiive model, the .u..owing

section presents a brief discussion of its structure.

15
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III. DESCRIPTIVE MODEL STRUCTURE
A, Introduction

This scction presents the structure of the descriptive model which
characterizes a gencralized concepiual information system. The purposc
of the prescntation is to identify the ciasses of ¢lemenis or components of

the concepinal sysiem which are cxplicitly accounted for by the descriptive

modcl.

From the point of view of the descriptive model, the conceptual
clements expliciily accounted for arce defined in terms of two sets of input
data {variables and paramecters) as defined in the preceding scction. ‘This
section also identifies the classces of variables which are employcd to define
alternative systems and the associsled parameters which are required as

inputs o the descripiive model.

B. The Generalized Concoptual Model

The classes of elemenws or componenis of a generalized conceptual
information are illustrated in Figure III-1. The classces of elements
explicitly accounicd for by the descriplive model are

1,  the uscr cominunity,

2. the system outpul services,

3. the information sysicm centers, irlzlcluding processes

and communications links, and
4. the information inputs. -4
, These elements are iglcntificci by solid lines in Figure 1iI-1. Elcements

‘ identificd by dashed lines are implicitly accounted for by the descripiive modcl.

I1I-1
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From the viewpoint of the descriptive model, the generalized

concepiual information system may be desceribed as follows:

INFORMATION OUTPUTS - The information system center(s)

must provide and distribute information services and products
bascd upon the needs of the user community. Two broad

classes of services and producis are identified which are,

"initiative services outpuis” and "responsive services outputs’

Initialive scrvices arc those services provided automatically

at equal intervals of time {i. c. once a month, ete. ).

Responsive

services are those services provided upon request from a member

of {hc user community.

INWORMATION INPUTS - In order {0 provide informalion service

outputs, the information center{s) must acquire information

packages occurring in the cnvironmeni corresponding to the two

types of service outpuls.

INFORMATION CENTERS; PROCESSES - The system must extract

and communicaie {rom the information packages il acquires those

elements of information it must process.

It must also maintain

a store of informalion elemcnts and proccess the stored information

to provide information outputs.

Within the above conceptual struclure, alarge number of alternative

systems designs could be crected and quantitatively studicd. The ere

ction

of aliernative systems designs is accomplished by providing sets of deflinitions

and choices of variables associated with cach of the above elements

explicitly accounted for by the descriptive modcl.

18
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C. Characterization of Alternative Sysiems

As indicated previously, the allernative systems are characterized

in terms of two sects of input data which we callled variables and parameters.
This characterization is accomplished first by defining and choosing the
variables which characterize the alicrnative sysiems and then estimating the

values of parameters associated with the variables.

The specification of variables re.qui.res the {ollowing:

1. Definition and choice of elements of the user community’
10 be served.

2. Definition and choice of initiative and responsive services

to be provided.

Definition aud cnoice of information inputs.

Definition and choice of processing operations.

Definilion and choice of nelwork siructure.

© o o W

Definition and choice of cominunicalions

carriers.

In order Lo Quantilatively evaluate various allernative designs,
X ihe following parameters would have to be ¢stimated making use of the
best available data.

- 1. User Community

: a. populaiion
| b. bias of inicrest

¢. regional distribution

2. Information Inputs/Outputs

a. quantitics
. flow raies

¢, materials cosis

' ' . 19
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3. Processes
a. manhours required by process operation

b. manhour wage rates

4. Communications

-a. distances
b. wvolumes

¢. costs
Having defined the general properties of alternative information

systems accounted for by the descriptive model, weé now turn our attention

{0 the detailed variable and parameter requirements.

II1-5
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IV, CHARACTERIZATION OF TIIE USER COMMUNITY

The properties of the user community are basic to the design of the
system sincc thcy directly or indirectly affcct all other components of the
system. This scction presents the variables and parameters required to

characterize the user community.

‘A, Uscr Comimunity Variablcs

For the purposcs of this study, the user communitly is defined as a set
of individuals to be scrycd by an information seivice center {or centers).
Thesc individuals are categorized according to

1. a sct of defined subject disciplines,

2. asctof defincd geographic regions, and

3. a set of defined projects/missions.

Two classecs of information scrvice centers may be considered, which are

1.  the dircct-scrvice center, and

2. the "clcaring house" or pre-processing center.

The above clasgsification of individuals and service centers reqQuires the

detcrmination of the variables which {ollow:
N(C) = the number of subject disciplines.
N(R) = the number of geographic regions.

N(D) = the number of projccts/missions.

Cr = the identification of the r-th discipline, r=l,2,,.., N{(C).
Rs = {he identification of the s-th gcographic region, s<1, 2, ..,, N(R).

21
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Di = the identification of the i-th project/mission, i1, 2,..., N{(D}.
N{IK} = number of direct service centers.
Ko = the identification of the "clearing house" center.

Kr = the identification of the r-th direct service center,

B. User Communily Parameters

After the determination of the variables associaté'd with the above

classification stheme, tue {ollowing paramecters would have to be estimated:

X(CP, Di) = estimated number of individuals associated with the i-th

projeci/mission and the r-ih subject disciplimre.

estimated number of individuals associated with the r-ih

X{(C_, R
r' s

subjcet discipline and located in the s-th geographic region.

(’1-, (Dm, Di) cstimated average number of individuals associated with

the i-th project/mission that ure interested in the m-th

projcct/mission.

(bl(D , D.} =1 for m =i and
e m’ i

'S é({,l (Dm’ Di) <) for m ‘f 1,

X(Cr) = estimated number of individuals associated with the r-th

subject discipline where
N(D)}
X{C } = Z XA{C, D)
r , Ui

i=1

- 22
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it

D(I{o, Kr) estimated dislance from the clearing house center to

the r-th direcct service center.

estimated distances from the direct service cenlers to

#

DX, R)
r S

centroid of the populalion in the s-th geographic region.

In order (o facilitate the estimatlion of parameter values and the analysis
of variables and parameters, it is recommended that the seis of parameter

valucs be recorded in the form of two-way tables as shown below:

0,
i
C\ | 2 ... N(D)

X{C_, D.}
r’ i

N{C)

r 1 2 .. . N{R)

X(Cr’ RS)

N{C) 23
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V. CHARACTERIZATION OF INFORMATION ELEMENTS

The nature of the scrvice outputs and information inputs is of importance
sinee it will determinc to a large extent the kinds of system processes
required. In this scction, the characterization of information elements from

real-world inputs to scrvice outpuis is developed.

A, Catcgorics of Information Elcments; System Processcs

The major categorics of information urce developed bascd upon three main
groups of proccesscs which the system must contaih. These groups are:

1. Acquisition proccssing consisting of all thosc opcerations

and activitics neccssary for acquiring real-world information
input and converting it for further proccssing,

2. Input processing by which the basic stores of information are

created.

3. Output processing through which the scrvices and output services

are gencrated from the system stores.

By ordering thesc main groups of processcs as shown in Figure V-],
we can now identify five categorics of information elements which are as
follows:

1. Rcal-World Inputs, [] ij} - Information packages entering the

system processcs in the form of their occurrance in the system
environment. lixamples of real-world inputs are issues of
journals, monographs, abstract journals, etc.

2. Input Information Bilements, {_113 - Those clements of information

obtained from the “information packsges' enlering the system proccsses.
Examplcs of input information clements are individual journal articles,

entirc monographs, singlc bibliographic citations, etc.

25
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3. Stored Information Elements, {Z:) - Those elements of information

obtained from input information elements and placed in the sysiem
stores. For example, bibliographic¢ descriptions, descriptive abstracts,
ete. )

4, Initiatlive Service Outpuis, {SK} - The types of services to be made

available to the use'r community automatically at equal intervals of

time. For example, announcement lisls, catalog and index, research

in progress, ete.

5. Responsive Service Outputs, {I'IS - The types of services to be made

available to the user commuaity upon request. For example, directorial
services, spcecific search and retricval, ete.
Having defined the calcgorics of informaticn to be considered, we now turn
our aticntion :.o ihe scis of variables and parametiers required to categorize

tliem.

B. Information Element Variables

In order to characierize the information clements and their interrelationship

in the system dc¢sign, the following variables will require identification:

, N(I) = ihe number of categories of ''real-world inputs'.
] +
) N(I} = the number of categories of "input information elements".
f N{(Z) = the number of categories of "stored information elements".
?. N{S8) = thc number of categories of "initiative service outputs”.
i
i N(T} = the number of categories of ''responsive service outputs'.
[ H; = the identification of the j-th type of real world input, H;=1,2,..., N(3
1 o 29
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I = the identification of the r-th type of input information eleront H-
I =1,2,..., N(I).
r
Zr = the identification of the r-th type of stored information elcr-'nent,
Zr =1,2,..., N{Z).
Sr = the identification of the r-th type of initiative service outputs,
S =1,2,..., N{S).
r
Tr = the identification of the r-th type of responsive service_ oufputs,
Tr =1,2,..., N(T).
C. Relationships Between Variables

The next step in the characicrization of the information clements is the
identificalion of the rclationships among the information elements and between
the information clements and the user community. This can best be presented
in the form of tv.-ro-way tables which indicate whether or not & relationship
between elements of information andfor the user community exists. An entry
of "1" in the tables indicates the existance of a relationship, an entry of "0"

indicates a relationship does not exist.

[Di, Hj] = binary relationship between the user community projects/

missions Di and the types of real world inputs Hj'

H.

J
b, 2 L, NCH)
1
2 values of either "0" or "1"
i
® 28
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[Hj, Ir] =binary relationship between the real world inputs I-Ij and the input

information element Ir"

I
r
H, 1 2 N(D)
1
2 values of either "0 or ™"
N{II)

information elemonts Zr'

yA
r
1 .
r 1 2 N{(Z}
1
2 value of either "0" or ™"

N(D

[, Zr] = binary relationship betwecen input information elements Ir and stored




R-8628

[Zr’ Sr] = binary relaiionship between stored information elements Zr

and initiatit e servicc outputs Sr‘

1 2 . . . N

N{z)

values of either "0" or ""

[Sr’ Di] = binary rclationship beiween initiative service outputs Sr and

user community projects/missions Di‘

1 2 . . . N(D)

N(S)

values of either "0" or "1"

30
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[Tr, Di] = binary relationship between responsive service outputs Tr
an” user community projects/missions Di'
D,
i
T 1 2 . . . N(D}
1
2 values of either "0" or "1"
N(T}
D, Information Element Parameters
This section identifies and defines the flow rate parameters to be
associated with the variables that describe the information elements. The
estimated values of these parameters should be recorded in the tabular
forms indicated after each definition.
The parameters requiring estimation are defined as follows:
31
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Y(Di’ I-IJ.) = the estimated mean number of real world inputs of type I-Ij
generated by the project/mission of type Di per unit time

(i.e., per month).

H.
D J
i 1 2, . . N3
1
2
Values of Y(Di, I-Ij)
N(D)
ajr © o= the estimated mean number of units of input information elements
of type Ir derived from a real world input of type I-Ij.
I .
r
H, ] 2 . .. N(I) y
1
r f 2

Values of a,
jr

N(D)

| 32
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bjr = the estimated mean number of units of stored information
elements of type Zr derived from an input information element
of type Ij'
Z
r
L 1 2 . . . N2
1
2 values of b,
r
N{(I)
cjr = the estimated mean number of initiative service outputs of
type Sr derived from a stored information element of type Zj.
S
1 .
2 12 . .. N(®)
: 1
2
values of e,
r
: N{Z}
33
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the estimated percentage of the population of project/ mission

type Dr to receive service ouiputs of type Sj'

D .
r

S, ! 2 . . . ND

values of pjr

N(S)

the estimated number of requests for responsive oulpuls of

type Tr per member of the Di project/mission per unit of time.

T
"
D, 1 2 ... N(T)
1
2
vaiues of pjr
N{D)
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VI. CHARACTERIZATION OF PROCESSING FUNCTIONS
A. Introduction
In the preceding section, three main groups of processes were
identified: i
1, Acquisition processing.
2, Input proccssing.
3. Ouiput processing.
For purposcs of evaluation, the above caicgories of processes are
assumecd to be composed scts of operations which are required to perform
the transformations on the information.elements identificd in the preceding
section. This section identifies and defines the variables and parameters
required to characierize these operations which, in turn, characterize the -
i

three groups of processes.

B. Proecess Variables

In order to characterize the three groups of processes, the {ollowing

variables must be ideniified:

NGH = the number of operations associated with the acquisition
processing function.

N{(G") = the number of operations associaied with the input processing
function.

N(GS) = the number of operations in the output proccssing function
assocjated with initiative scrvice ouiputs.

N(G4) = the number of operations in thc output processing function

associated with responsive scrvice ouiputs.

35
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G, = the identification of the i-th operation associated with the

acquisition processing function, Gi.‘ =1,2,. . ., N(Gl).

2 . . .
Gi = the identification of the i-th operatiion associated with the
. . . 2
_ inpul processing {unction, Gi =12, . .., N(Gz).
. Gi = the identificalion of the i-1h operation of the output processing
s
function associated with iniliative service outputs.
Gi = the idenlification of the i-th operation of the output processing
funclion associated with the resnonsive service outpuls.
C. Relationship Between Variables

The next step in the characierization of the three groups of processes
is to deterinine the relationship between the operations and information
elements. The relationships can be presented in the form of two-way tables

as indicated in previous seclions.

[I-Ij, Gi] = ihe binary reclationship between the real world input elements

I-IJ. and the acquisilion processing operation G]i‘.

a!
! 1
Hi 1 2 . . . H{(G")
1
2 values of either "0" or "1"
N(H.
L . J)
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[Ir, Giz] = the binary relationship between the information input
. . . 2
elements Ir and the input processing operation Gi .
Gl
i 2
\ 2 . .. N(GT)
r
1
2 = LI FpLL tig It
values of either "0" or '
N{I)
[Zr’ Gf] = the binary relationship betwecen the stored input elements

3
and ihe outpui processing operation Gi .

Gf o
z S S N(GS) e
r

]

2 values of either "0" or "1"

N{(Z)
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(T , Gf’l‘] = the binary relationship between the vesponsive service outputs
e : .4
Tr and the outpul processing operation Gi'
4
Gi .
~J! 2z . . . ' wah
L
) 2 values of either "0" or "1"
N(T}
D. Process Paramelers

This sectlion defines the manhour rates to be associated with the above

paramelers. The € s of paramectlers to be estimated are as follows:

gij = the estimated mean nunber of manhours associated with
operalion G; required to process a unit of information of type Hi'

Gt
J 1
H, 1 2 . ) . N(G")
1
2 values of g!.
ij
' NQ1)
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2 .
gij = the estimated mean number of manhours associated with operation
2 :
Gj required to process a unit of information of type Ij‘
a2 .
AN TR T 2 (¢ o
1
2 values of g?.
13
N(I)
gfj' = the estimated mean number of manhours associated with operation

Gj3 required to process a unit of information of type Zi.

2 NJdiy 2 L . NG

. values of g3ij
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gfj 2 = the estimated mean number of manhours associated with
operation G‘.i required to produce a unit of information of
type Ti.
c?
s 4
%} 1 2 . . . N(G")
1
4
2 values of g..
. 1)
N{(T)
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VII. - COST PARAMETERS

A, Introduction

Preceding sections of thie report have 1dent1f1ed the sets of vanables
and their associated parameters required to quantitatively define the system.
This section presents the cost parameters required fo evaluate system

operating costs.

Systems operating cost paramecters are grouped in three categbries:

1. Cost paramcters associaled with information materials

inputs /outputs.
2. Cost parameters associated with system process functions. )
3. Cost parameters asgociated with communications.

By utilizing the above cost parameters in conjunclion with system

parameclers, the total sysiem operaling cost can be determined.

B. Materials Cost Parameters

This section identifics and defines the cost parameters, or
coefficients to be estimated. Tabular forms for recording the data are

also indicated.
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Ty = the estimated mean cost per unit of real world input of type
I-Ij associated with project/mission Di'
I-Ii
Dy 1 2 . . . N(H)
1
2 values of r_.
1]
N(D)
m;j = estimated mean cost of material required in performing operation
Gl. to process a unit of information of type Hi'
Gt
J
H; 2 . NG
J
1
2 values of m}.
1)
- N(IT)

42
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mﬁj = estimated mean cost of malerial required in performing operation
. GJ2 lo produce a unit of information of type Ii.
GJ? A
Ii\ 2 . : N(G)
A
1
2
2 values of m,,
1)
N(D
|
misj = estimated mean cost of material required in performing operation

i

GS' to produce 2 unit of information of type 2'i

Gj3 |
Z; 2 . . . N(G)
1
3
2 values of m..
1)
N(Z)

43
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mij = estimatcd mean cost of material required in performing operation
Gfto produce 2 unit of information of type Ti’
o
T, o2, NiGH
1
4
2 values of m_,
i)
N{T)
C. Process Cost Paramecoters

The process cost parameters to be estimated are as follows:

. 1
ij = estimatcd mean cost per manhour associated with Operéanon Gj

to process a unit of information of type Hi'

! 1
H Jia 2 . . . N(G)
1
2 al £ b
values © ij
44
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ij

estimated mean cost per manhour associated with operation G,

to process a unit of information of type Ii'

e

G, 0
H 1 2 . . . N{G™)
1
2
2 values of b,
1)
N{(I}

estimated mean cost per manhour associated with operation

3
G, to process a unit of information of type Zi'

Gf
z. L 2 . . NG
1 N |
1
2 valueg of b?.
1)
N{(z)

45
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b, =
1]

estimated mean cost per manhour associated with operation Gf‘j

to produce a unit of information of type Tj

NGH

J
T, 2
1 .
1
4
2 values of b,
1]
N{'T)
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D. Communications Cost Parameters

The communicaiions cost parameters to be estimated are as follows:

nij = {he communications cost per unit disiance for the Ej

. mode of communicaiion associaied with the i-th

category of information clements.

AN E,
\ 1 2 . . s N{E)

N, =1

i
I. =2

i
2. =3 values of n,.
i ij
5.=4

i
T. =5

i
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VIII. SUMMARY OF SYMBOLS

A, User Community
1. Variables
N(C) = the number of subject disciplines
N(R} = the number of geographic regions

N(D} = the number of projects/missions

C = the identification of the Cr discipline, Cr =1,2,..., N(C)

R = the identification of the R geographic region,

RS=1,2,..., N(R)

Di = the identification of the Di project/ mission, Di =1,2,...,N(
N(K) = the number of direct service centers
K = the identification of "clearing housé'center
Kr = the identification of ihe I{r direct service center,
K =12,..., N(K)
r
2, Parameicrs
X(Cr, Di) = eslimaled number of individuals associated with
the i-th project/mission and the r-th subject
discipline
‘o
ERIC 48
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X{C., Rs) = eslimated number of individuals associated
with the r-th subject discipline and locatled in the
s-th geographic region
| . T .
(5 ('Dm, Di) = eslimated mean number of individuals associated
with the i-th project/mission that are interested
in the m-th subjeet discipline
x(c ) = eslimated number of individuals associated with
the r-ih subject discipline
D(l(.o; K = cstimated distance from the clearing house center
to the r-ih service center
D(Kr’ Rs) = estimaled distances from the direct service
center to the centroid of the populalion of the
s~-th geographic region
B. Information Elements
1. Variables
N(H) = the number of categories of real world inputs
N(I) = the number of calegories of input information
elements
N(Z) = the numbecr of categories of stored information
elements
N(T) = the number of salegories of responsive service

oulpuls

’ 49 VIII-2
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I~Ij = the identification of the j-th type of real world input,
H.=12,. . ., NID
J
I = the identification of the r-th type of input information
element, I = L2,. . ., ND
Sr = the identification of the r-th type of initiative service
output, Sr =1.2,. . ., N(S)
'?l"r = the identification of the r-th type of responsive service
output, T =12,. . ., N(T)
Parameters
Y(Di’ I-Ij) = the estimated mecan number of real world inputs of
{ype Hj generated by project/ mission of type Di
per unit of time
ajr = the estimiated mean number of units of input information
elements of type Ir derived from @ real world input
of type II:j
bjr = {he estimatied mean number of stored information
elements of tlype Zr derived from an input information
element of type I.'i
t':jr = {he estimated mean number of initialive service

outputs of type Sr derived from a stored information

element of iype Zj‘

50
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pjr = the estimated percentage of the population of projeet/
mission type Dr to receive sérvice outputs of type Sj

!-)jr = the estimated mcan number of requests {or responsive
outputs of type Tr per member of Di project/ mission
. per unit of time
C. Processiug Functions
1. Variables
1 . . s
N(G') = the number of operations associated with the aequisition
processing function
N(Gz) = {he number of operations associated with the input
processing functim
N(G3) = the number of operations in the oulput processing function
associaied with initiative service ouipuls
4 . . . .
f N(G7) = the number of operations in the output proecessing function
i :
' associated with responsive serviece outputs
G} = lhé identification of the i-th operation associated with
. . . 1 1
the acquisition proeessing function, Gi =1,2,. . ., N(G)
G12 = {he identification of the i-th operation associated with the
. . . 2
input processing function, Gf" =1,2,. .., NG")
Gi3 = the identification of the i-th operation of the output
processing function associated with initiative service outpuis
Q
ERIC 51
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G. . = the identification of the i-th operation of the output

processing function associated with the responsive

service outpuis

2. Parameters
1 . .
gij = the estimated mean mumber of manhours associated
. 1 . ) .
operation Gj requircd to process a unit of information
of type 11i
2 . . .
gij = the estimated mean number of manhours associated
. 2 .
operation GJ required o process a unit of information
of typc lJ..
3 . .
gij = {he csiimaled mean number of manhowrs associaled
with operation G_? required {0 process & unit of
information of type Z.i
gfj = the estimated mean number of manhours associated with
operation G;.l required {o produce a unit of information
of type Ti
D. Cost Paramecters
1. Materials Cost Parameters
rij = the estimated mean cost per unit of real world
input of type IIJ. associated with project/ mission Di
mij = the estimated mcan cost of material required in

. . 1 . . .
performing opcralion Gj 1o process a unit of information

of type Ili

52 VIiii-5
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the estimated mecan cost of material required in
performing operation G? to produce a unit of information

of type Ii

the estimated mean cost of material required in

per{orming operation G? to produce a unit of information

of type Zi

m?j = {he estimated mean cost of material required in
per{forming operation G; to produce a wnit of information
of type T ;

2, Process Cost Parameicers

bij = the estimated mean cost per manhour associated with
operation G;. {o process a unit of information of type I{i

bfj = the estimated mean cost per manhour associated with

2 . .

operation Gj {o process a uvnit of information of type Ii

i bfj = the estimated mean cost per manhour associated with
operation G‘u;.3 to process a unit of information of type Zi

b?j = the estimated mean cost pér manhour associaied with

operation ij {o produce a wnit of information of type 'I'i

53
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3. Commaunications Cost Parameters

nij = the communications cost per unit distance for the Ej

mode ol communication associated with the i-th

category of information eiements,

54
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IX. CONCLUDING REMARKS AND RECOMMENDATIONS

A. Concluding Remarks

The idenlification and definition of the genecralized sets of variables
and paramcicers presented hercin represents the first step in the develop-
ment of a detailed and tailored methodology for the quantitalive cvaluation
of alternative LINC systems. The method‘ology and subscquent mathematical
models will permit precision cvaluation of alternative LINC systems in

terms of system cost and valuc/effectiveness,

The quantitative evaluation process will require the use of two modecls
which we have idenlificd as the "evaluation model" and the "descriptive
model”. The development of the evalualion model would be based upon the

1. the detailed objectives of the INFORMATION-SYSTEM
PROGRAM FOR THE LANGUAGE SCIENCES and
2. the outpuis of the deseriptive modei.

The desceripiive model would characterize the aliernative LINC systems
in terms of the specific operational processcs that govern ihe causc and
effcet relationships as deseribed in the IDC report, "A Methodology for the
Analysis of Information Systems'. ‘The variables and paramecters identified

and defined herein are inputs to the desceriplive model.

In deseriptive terms, the variables represent those elenmients of the
sysiem that arc controlled by sysiem designers and paramcters represent
thosc elements of the system which are not controlled by system designers,
Alternative systems designs arce crecled by choosing a particular subsect
of variables. °The variables associated with systems are deterministic
in naturc and paramcters are probabilistic and, conscquently, must be

estimated making use of the best available data.
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B. Recommendations

As a result of this study, five (5) recommendations suggest themselves
in the folléwing order:
1. Specification of System Variables
Based upon the results of CAL's SURVEY-AND-ANALYSIS STAGE

of the study program, listings of the variables defined in this report
should be compiled.

. 2. Design Dala Forms

Based upon the resulling lists of variables, data forms should
be designed to facilitate the recording and estimation of parameter
values,

3. Patla Reduction

Procedures should be developed to ¢stimate the parameter
valucs identified in this rceport making use of best available data,

4, Develop Jsvaluation Modcel

Based upon objectives to be developed by CAL, a detailed
evaluation model should he developed to aid in the evaluation of
alternative systenis,

5. Tailor IDC Descriptive Model
The IDC model should be tailored to nicet CAL's

specific cvaluation requircments and time schedule.
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