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ABSTRACT

Designing a data base for growth as the normal mode is an

essential feature for the successful management information system.

Within the decision-making requirement domain for accurate and current

data, seven basic dimensions of data base design are invrstigated:

A. The data base "life span."

B. Logical record growth.

C. Record content growth.

D. Data set organization.

E. Linkages.

F. Design criteria.

G. Modeling and the data base.

By pragmatic definition, current data base design technology

requires that the vital growth and file maintenance operations be per-

formed under summary level software control. The approach utilized in

this paper is to introduce the broad concepts concerned with data base

design techniques and to focus on practical file management software

examples. Data base examples are utilized from MARK IV, Informatics

Inc. and RAPS, Leasco Systems and Research Corporation.

Constraints in data base size and structure are discussed in

terms of hardware/software limitations. Although a wide spectrum of data

base design strategies are known, the cost and availability of custom/

off-the-shelf file management software must be considered for the

selected hardware/software configuration.

Broader managerial Implications are introduced as a determinant

set of conditions that affect data base size and growth. Economies of

technological scale are a function of various factors such as the selected

file managment soft-Aare system, the data base size, and the computer

processing/communication environment.

Recognizing the tradition of gradually integrating files into

the future common data base structure of tomorrow's management infcrmation

systems, data base design technology is introduced in this paper at the

individual file level. Common data base development consolidation and

integration can be achieved by extending the basic concepts that are

presented.
ii
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The techniques discussed in this paper constitute a subsct of

data base management techniques for the hardware/software functions

necessary to support a management information system,

iii
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A. THE DATA BASE "LIFE SPAN'

The concept of a data base, as analyzed in this paper, is

directed toward the effective processing and utilization of manage-

ment information in a computer-based communications environment. Con-

ceptually the data base in the management information system is considered

as a set of interrelated data elements that are necessary for the decis ion -

making process of the organization.

No distinction is made between business and scientific pro-

cessing, since both capabilities are necessary in the modern decision-

making processes. Examples in later parts of this paper from MARK IV,

Informatics Inc. and RAPS, Leasco Systems and Research Corporation are

generally directed toward the technology of data base growth. These two

file management systems have provisions for business/scientific proces-

sing capabilities that are beyond the scope of the current data base

discussion, but are vital for effective data base utilization (1,2).

There are numerous data base management systems, however, for

simplicity only MARK IV and RAPS are utilized in the illustrations.

1. DATA BASE AS A SUBSET OF DATA BASE MANAGEMENT

A data base consists of the alphanumeric records pertaining

to an organization that are stored in computer processable form. In

the context of this discussion, data base is the set of data that is

operated upon by a data base or file management system to assist in

effective managerial decision-making.

The "life span" of data is therefore a direct function of the

need for and application of current and projected records in a given

data base or file management environment (3).

A-1
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There are many aspects of data base management that exist

and are not directly addressed in this paper. They are listed for

reference purposes to indicate the relative rJsition of the data base

(Blumenthal, 4):

a. Data Base Management

(1) Input/output control,

(2) Systems control,

(3) Data base control,

The relationships between data base or file management and

the data base are abstracted in Figure A.1.

Another viewpoint concerning the data base management set

of functions is given below (Bachman, 6):

b. Data Base ham:gement

(3)

Input/output control (message management).

Systems control (job management, computer program

management).

Data base control (media management).

A data base is therefore the centralized repository of rh3chine

readable data that is to be operated upon within the data base management

system.-
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DATA BASE/DATA BASE MANAGEMENT
SYSTEM RELATIONSHIPS (5)

USER

4'

DATA BASE MANAGEMENT SYSTEM

INPUT /OUTPUT TERMANALE,

1) INPUT/OUTPUT CONTROL
4

USER
TASKS

+

Nk

DATA
BASE

__L
SYSTEMS
CONTROL

DATA BASE i
CONTROL

Figure A. 1 A- 3
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2. DATA SASE MANAGEMENT AND THE MANAGEMENT INFORMATION SYSTEM

In a general hi rarchical sense, the data base management

system is one element of the management information system for a given

organization (7):

a. Manacement InformA ion System

(1) Hardware.

(2) Systems software (operating system, data base

management system,user programs . . .).

(3) Application (to assist user decision making

ob:ectives).

In turn, the management information system is a representation

of a subset of the organization decision making process. The management

information system can consist of several independent and/or interrelated

functions. A total information system is considered the total set of

programmed/unprogrammed decision making functions for the organization (8).

For perspective, the maagament information system is shown below

as it relates to information processing and the decision making process (9).

b. Management Information System

(1) Traditional information systems (closed), e.g.

responsibility accounting systems.

(2) Production and operation information systems

(partially open), e.g. inventory management

information systems.

(3) Marketing information systems (open), e.g. sales

analyses and credit control information systems.

A-4
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In a broader perspective, the management information system is

shown as a subset of the total information system, which includes the

decision making process.

c. Total Information System

Programmed decision making and unprogrammed decision

making support functions in the computer, i.e. the manage-

ment information system.

(2) Unprogrammed decision macins functions external to the

computer, i.e. management.

Conceptually, a total information system provides the programmed

and unprogrammed decision making functions for the organization. The

management information system design trend is to gradually extend beyond the

programmed (traditional) into the unprogrammed (planning and innovation)

domain of decision making operations.

Management is an art, therefore the concept of a total informa-

tion system is bigger than the computer. A total information system is,

by definition, a man-machine system.

In this context, the management information system can achieve

programmed decision making and support some of the unprogrammed decisions

in a total information system.

3. MANAGEMENT INFORMATION SYSTEM AND EXECUTIVE DECISION MAKING

In the hardware/software and the organizational perspectives,

the management information system has been identified as essential for

effective executive decision processing. This concept is summarized in

Figure A.2.
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MANAGEMENT INFORMATION SYSTEM
AND EXECUTIVE DECISION MAKING

THE
COMPUTER
CONFIGURATION11,

USER

I

DATA;;;OMANAGEMECT SYSTEM

DATA
BASE

THE
DECISION-MAKING
PROCESS IN THE
ORGANIZATION:

SUPPORTING
INFORMATION
SYSTEMS

1) CLOSED

2) PARTIALLY OPEN

3) OPEN

4) INTEGRATED
(projected)

Figure A.2 A-6
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The data base is therefore a structured model of the applicable

organization management information system set, e.g. (1) closed, (2) par-

tially open, (3) open, and (4) integrated (projected). in effect, the data

base development process consists of the mapping of the management informa-

tion system record set an relationships into the machine stored data base.

The trend is to consolidate the (1) closed, (2) partially open, and (3) open

data base subsets into an (4) integrated or common data base.

Data base element "life span" is a function of the needs and

constraints of a given organization's management information system and

decision making process.

A-7
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B. LOGICAL RECORD GROWTH

1. THE tOGICAL RECORD

In terms of the decision making process which has been identi-

fied, a logical record is the definition of a required structural informa-

tion record in the computer. Logical refers to the design or specification

of the record within a data base system; structural refers to the physical

record in the computer based storage system (10).

The logical/structural relationships are illustrated in Figure

8.1. Terminology varies from file management system to system, depending

upon particular organization vocabulary.

In a conceptual sense, a given data base configuration (logical)

can be equated with a computer hardware configuration (logical). Further,

a file set (structural) can be equated with a computer hardware set (struc-

tural).

This logical/structural separation is a vital concept to achieve

data base management flexibility. Within the computer, logical designs

are stored in software dictionaries that are separate from the actual data.

Changes in data base element design can be effected upon the logical soft-

ware dictionaries rather than upon the structural data itself.

The nature of this logical/structural separation is illustrated

in the next two sections with examples from MARK IV and RAPS, two file

management systems.

Logical record growth is achieved as necessary to support the

management information system and related decision making process.
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MANAGERIAL DATA BASE

LOGICAL/STRUCTURAL RELATIONSHIPS (10)

DECISION-MAKING FUNCTIONS (Logical)

DATA BASE CONFIGURATOR (Logical)

DATA BASE CONFIGURATION (Logical)

FILE SETS (Structural)

FILES (Structural)

RECORDS (Structural)

SEGMENTS (Structural)

FIELDS (Structural)

Figure B. 1 B-2
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2. MARK IV TRANSACTION DEFINITION AND TEMPORARY FIELDS

Two types of MARK IV "runs" are described to illustrate the

logical mcord growth process. Figure 8.2 shows a dictionary maintenance

run and Figure 8.3, a processing run. RAPS dictionary building is

virtually identical with MARK IV (Figure B.2), Selected details are

given for the MARK IV processing phase in Figure 8.4.

In Figure B.2, the key point is that the design of the logical

record is defined separately in the dictionary. The user then can refer

to the logical record in a short-hand manner, using a glossary.

User output achieved, with the assistance of the MARK IV

file management system, as illustrated in Figure B.3. The user require-

ments are expressed using the MARK IV language and the user's logical record

definition set (glossary).

As indicated above, the data base (master/transaction/new

master files) is separate frem the dictionary. This relationship is

implied in the figures.

In addition to processing temporary fields (14), MARK IV

assists the growth of logical /structural records by providing for (15):

a. Creation/deletion of a master file record.

b. insertion /deletion of a segment (within a record).

c. Addition/subtraction from the contents of a field

(approximate hierarchy is record/segment/field).

d. Replacement of master file record fields.

B-3
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MARK IV DICTIONARY MAINTENANCE RUN (11)

....--

I

Application
Requirements

File and

Definitions

Dictionary
Maintenance

I

._,,------

Glossary

Figure B. 2 B-4
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MARK IV PROCESSING RUN (12)

Glossary User
Requirements

Glossary

Decode
Requests

Processing 1

Phase 1 I See Figure B- 4
( 1

Yes

Reporter Phase

Printed
Reports

Sort
MARK W

Report File

Figure B. 3 B-5
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MARK IV PROCESSING PHASE (13)

MasterMaster File
Record

Read
I-Transactions 14

i

TRANSACTION FILE

or

....

or

New Master File
Record Created or
Updated in Memory

SUBFILES/NEW MASTER FILE

Test for End
of Transactions

against this
Record

Yes
REPORT FILE

Process All
Requests against

each Record
OT

Figure B. 4

Yes

it sI) OUT
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3. RAPS INPUT PROCESSING AND TEMPORARY FILE DEFINITIONS

Logical record separation from the data base is achieved

in RAPS as illustrated in Figure B.5. the dictionary in MARK IV is
1.

also referred to as a data definition file in RAPS. User require-

ments are identified in RAPS by parameter cards.

In a manner similar to MARK IV, RAPS provides for temporary

file and data descriptions (17).

Input processing requires that the logical file definition

be created for each file set (18). File maintenance functions (creation/

deletion, addition/subtraction, replacement . . .) are performed in a manner

compatible with but not identical to the MARK IV process, as described above.

The major point that has been illustrated by the MARK IV/RAPS

examples is that logical record growth can be readily achieved within

a controlled data base management environment.
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RAPS SYSTEM FLOW (16)

(-'
Parameters

I

........."

Core
Image
Library

Code Generative,
as contrasted with
interpretive for
batch processing).

......."*".

Extract
Generator

SYSINPUT
Sort

Parameter

Pigure B. 5

Fortran
& Lnkedt

4

(
Report

Parameters

Report
Generator

(SYSINPUT
Job Control
& Fortran

Source 1

1

Fortran
Source
Program

B-8
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C. RF(,.ORD CONTENT GROWTH

1. REPEATING DATA SETS

As a subset of record growth, record content growth is

briefly audressed in this section. An example from MARK IV is given

in Figure C.1, which shows the difference between a fixed length record

format and a fixed length record format with repeated data groups.

Repeating data sets are one means of providing expansion

within record content, e.g. in the MARK IV example, previous employer/

salary information.

The same repeating field or data set capability is illustrated

for RAPS, in Figure C.2, e.g. in the RAPS example, up to 20 skills per

employee number.

2. CHAINING

Chaining introduces the broader concept of data set organi-

zation which is discussed in the next section. In contrast with

repeating data sets, chaining provides for a list of noncontiguous

record extensions (21). For purposes of definition, several common

terms are used to refer to a chain; they are: (1) simple list, (2)

(2) string, (3) thread, and (4) chain.

A simple list is identified in Figure C.3. The list in this

case pertains a set of data elements that are concerned with animals.

The data elements are linked together by memory location and address

pointers. Figure C.4 indicates the use of several simple lists. The

example in C.4 illustrates two lists for "eye color," i.e. value 1 and

value 2. Access times to any single data element in the list is

relatively slaw since the list is entered by a single entry point,

e.g. "eye color."

C-1
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RAPS REPEATED FIELDS (20)

1 3 8 9

D IIPI # of
Periods Incre

1

REPEATING CARD FORMAT FOR EXAMPLE BELOW:

1. Name = Skill
2. # of Periods = 20
3. Increment = 4 Characters/Skill Code

Employee
Number

12 13 16

Skill Skill Skill Skill
1 2 3 20

REPEATING FIELDS EXAMPLE: SKILL

Figure C.2 C-3
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A SIMPLE LIST (22)

(Name) Contents
Memory

Example Location
Data

(Data Elements)
Address

(Pointers)
Animals:

14 cat 18
18 dog 11
11 mouse 143

143 pigeon 56
56 END

A SIMPLE LIST = STRING = THREAD = CHAIN

Figure C. 3
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This discussion introduces the concept of pointers or linkage,

which is more fully discussed in E. Linkages. The conceptual point

that is being developed here is that linkage between noncontiguous

records is necessary to achieve correlation between the separated

logical/structural records hi a data base mn=goment system.

Several examples follow to illustrate the utility of chaining

and pointers (linkage). A basic noncontiguous storage problem concerning

disk storage is shown in Figure C.5.

The movement pictured in Figure C.5 of the record CAT is

indicative of overflow processing that is internal to a data management

system. This concept is chaining in an elementary sense. The chain

consiscs of data elements related to CAT. After consolidating the

Clain on disk 2, in the example, a pointer is instituted on disk 1 to

assist in the location of the set of data elements concerning CAT.

It is possible to expand the reasoning in the example to a

set of chains as is done in Figure C.6. Disk 1 is in alphabetical order

and each entry is the first of a chain of one or more data elements. The

"x" indicates the terminator for each chain. Linkage facilitates over-

flow utilization of auxiliary disks. For example, the chain that con-

cerns last names starting with "B" starts on disk 1, track 2. This

sample chain utilizes an overflow pointer to disk 2, track (2,1),

where the chain ends.

Chaining constitutes the basis of a simple dictionary. Two

variations of basic dictionaries are illustrated in Figure C.7. For

example, AIRCRAFT, AIRPLANE, and PLANE are linked to code 01 or the

equivalent word AIRPLANE. More complex dictionaries are utilized in

data base management systems such as MARK IV and RAPS.

C-6
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NONCONTIGUOUS RECORD STORAGE (24)

Noncontiguous record storage. Track 1 of Disk 1 is completely
full when new information, to be filed under CAT arrives. In
order to place this information in the next track, the data already
there would have to be moved. To avoid this change, two con-
tiguous empty tracks are sought and the overflowing record is
moved over; a reference to the new location is left in the old
location.

Figure C. 5 C-7
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WORD-TO-CODE / WORD-TO-WORD
DICTIONARIES (26)

Word Code

AIRCRAFT 01
AIRPLANE 01
CALCULATOR 02
CANINE 03
COMPUTER 02
DOG 03
PLANE 01

WORD-TO-CODE DICTIONARY

Entry Word
Approved
Equivalent

AIRCRAFT AIRPLANE
AIRPLANE AIRPLANE
CALCULATOR COMPUTER
CANINE CANINE
COMPUTER COMPUTER
DOG CANINE
PLANE AIRPLANE

WORD- TO -WORD DICTIONARY

Figure C. 7 C-9
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A list structure is shown in Figure C.8. The list structure

is a list where one of the data elements is itself a list. The list

element "B" is itself a list (E, F, G, H), therefore A, B, C, D is

a list structure. This same principle applies to list element "78,"

which is itself a list (collie , retriever, setter, terrier).
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LIST STRUCTURES (27)

Memory
Location

Contents
Data Address

21.M111111111

14 cat 18
18 78 11
11 mouse 143

143 pigeon 56
56 END
78 collie 79
79 retriever 2

2 setter 194
194 terrier 22
22 END @

A
.11=11M

A LIST STRUCTURE

immajom. B owN4111P. C --40-

0.
E H F

G H H

DIAGRAMMATIC REPRESENTATION OF A
LIST STRUCTURE

Figure C. 8 C-11
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D. D/w SET ORGANIZATION

The data set organization discussion, which follows this

introduction, is technique and availability oriented. Data set

organization is addressed from a practical performance viewpoint.

For the individual organization analysis and design of a

data base for growth, managerial factors must also be considered_

Managerial factors assist the analyst in focusing upon the specific

set of requirements for a given management information system.

The managerial design criteria that affect selection of the

data set organization methodology are discussed in F. DESIGN CRITERIA.

Major decisions must also be made concerning hardware/software "brand"

selection, since the availability of Lu:tom/off-the-shelf data base

management systems is "brand" dependent to a significant degree.

Although the prime emphasis of this discussion is data set

organization, an introductioi is provided to some of the organization/

access time tradeoffs for information retrieval.

1. BASIC TECHNIQUES

Some of the basic data set organization methods have been

introduced:

a. Repeating Data Sets (C. RECORD CONTENT GROWTH).

b. Chaining (C. RECORD CONTENT GROWTH).

There are several data organization variations available. Some

of these are discussed in the following sections. In order to preserve

a practical orientation, the type of data set organization processed by

MARK IV and RAPS is summarized (28).

D-1
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c. MARK IV

(1) Fixed length and repeated data groups

(2) Variable length

(3) Undefined (fixed or variable)

(4) Indexed sequential access method (ISAM)

Within these four types of organization, blocking, and hier-

archical variations are possible.

d. RAPS

(1) Fixed length and repeated data groups

(2) Variablc length

(3) Indexed sequential access method (ISAM)

As in MARK IV, variations are possible in blocking and unblocking.

The techniques that are discussed in the following sections can

exceed the offered options of many data base or file management systems.

In general, the more general a software system the less likely it is going

to be optimized for a given specialized function.

As a basic comparison point, it is more likely that a data base

management system would have (1) basic techniques, (2) sequential access

method (SAM), and (3) indexed sequential access method (ISAM). General

file management systems would be associated with (4) h"...garchy, e.g. MARK

IV. The (5) inverted list capability is usually available in text pro-

cessEng systems that utilize Boolean search strategies.

2. SEQUENTIAL ACCESS METHOD (SA)

The most common method of file processing is sequentially by

key filed as illustrated in Figure D.1. Historically, sequential pro-

cessing is associated with card/tape operations. Sort algorithms order a

sequential file based upon the key field, e.g. alphabetical for a personnel

list.

0-2
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SEQUENTIAL ACCESS METHOD (SAM) (28)

DATA

record #1

Figure D. 1

record #2

KEY DATA

record #n

D-3
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Search times are relatively long and a function of serial

processing times, since each key field must be read serially until the

desired field is identified. Various short-cuts are possible, such as

blocking records and searching blocks of records.

3. INDEXED SEQUENTIAL ACCESS METHOD (ISAM)

This method of file structure is a relatively popular com-

promise method. It is available in MARK IV and RAPS and is usually

associated with IBM (29).

The most common 1SAM application is on a direct access device,

such as a disk file. Figure 0.2 indicates a basic ISAM index table/

direct access pointer approach.

In a basic sense, the ISAM uses a simple dictionary sorted by

key field. Noncontiguous data record storage is achieved, since all

data element locations are furnished by the ISAM pointers, e.g. POINTER

1, 2, . . n.

There are costs associated with ISAM. These include the resi-

dent memory requirement for the index table and the sequential search

mode within the dictionary on sort key, e.g. "eye color."

An extension of ISAM is given in Figure D.3. Conceptually,

if the 2nd index table sort key field has entries for the value "blue

eyes" only, then a search of this table provides rapid access time for

records pertaining to blue-eyed personnel and their respective records.

This type of extension can produce more rapid searches and operate inde-

pendently of the main ISAM index table.

D-4
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INDEXED SEQUENTIAL ACCESS METHOD
(IsAM) (30)

INDEX TABLE

KEY
1

POINTER
1

KEY
2

POINTER
2

KEY
n

POINTER
n

Note: The Index Table is usually
Main Memory Resident.

>I data record #2
I

ofdata record #n

Figure D. 2 D-5
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INDEXED SEQUENTIAL ACCESS METHOD
(ISAM): EXTENSION (31)

2nd INDEX TABLE

EYE COLOR
1

POINTER
1

EYE COLOR
2

POINTER
2

EYE COLOR
D1

POINTER
D

1

Figure D.3 D-6
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4. HIERARCHY

As this type of structure becomes more complex, the complexity

also increases for file maintenance. Several examples from MARK IV are

utilized to indicate the progressive capability that evolves in a hier-

archical structure.

Figure D.4 introduces a fixed length-two-level, hierarchical

record structure. Hierarchy or "nesting" of up to nine levels is pro-

vided by MARK IV. In the Figure D.4 example, subordination on the second

level applies to previous employment (PREVEMPL) and salary (SALARY). Null

entries for record B indicate absence of a level 2 subordinate segment set.

Certain efficiencies can be gained by adopting a modification

of Figure D.4 as illustrated in Figure D.5. In the Figure D.5 example,

a variable count field (PREV. COUNT) identifies the number of segments,

e.g. PREVEMPL.

Storage space is conserved in cases where PREV. COUNT is zero,

e.g. for record B in Figure D.5, using a variably repeated segment.

A final hierarchical example from MARK IV is given in Figure

D.6. The terminology begins to become more "brand dependent" as special-

ized structures are discussed. For the purposes of Figure D.6, a special-

ized MARK IV term is introduced. "Sibling" segments refers to different

segment types at the same level that are not necessarily related.

For example in Figure D.6, SCHOOL and PREVIOUS EMPLOYER are

"sibling" segments since they are both at level 2 and are essentially

unrelated. SCHOOL is labeled as segment type 2; PREVIOUS EMPLOYER, seg-

ment type 4.



www.manaraa.com

FI
X

E
D

L
E

N
G

T
H

-T
W

O
-L

E
V

E
L

, H
IE

R
A

R
C

H
IC

A
L

R
E

C
O

R
D

 S
T

R
U

C
T

U
R

E
(3

2)

R
E

C
O

R
D

 A
R

E
C

O
R

D
 B

L
ev

el
Se

gm
en

t E
M

P.
 E

M
PL

O
Y

E
E

H
IR

E
L

ev
el

 S
eg

m
en

t E
M

P.
E

M
PL

O
Y

E
E

H
IR

E
T

yp
e 

of
 D

at
a 

N
um

be
r 

N
um

be
r

N
O

,
N

A
M

E
A

G
E

 D
A

T
E

 N
um

be
r

N
um

be
r 

N
O

.
N

A
M

E
A

G
E

 D
A

T
E

E
m

pl
oy

ee
Id

en
tif

ic
at

io
n

E
m

pl
oy

m
en

t
H

is
to

ry

1 2 2 2

Fi
gu

re
 D

. 4

1 2 2 2

41
M

A
R

K
 I

V
3

66
12

01

PR
E

V
E

M
PL

 S
A

L
A

R
Y

FW
10

,0
00

PH
IL

C
O

)
14

,0
00

4/
 A

f Y
._

_
z

Li
iN

FU
R

M
A

 I
C

S
8

'0
00

/I
A

=
 K

E
Y

 F
IE

L
D

S

2
2

2
2

2
2

PR
E

V
E

M
PL

 S
A

L
A

R
Y

ri
bl

an
ki

I
0

Fl
r

bl
an

k)
,

0

f
(b

la
nk

I
0

S u
s

b
e

0
g

r d
m e

n
n

a
t

t
s

e

av
o a

B
as

e
T

o

Se
gm

en
t; p. z

D
-8

ie X
ft

Z
e a) rn M
C rn z



www.manaraa.com

AMERICAN MANAGEMENT ASSOCIATION

TWO-LEVEL HIERARCHICAL RECORD STRUCTURE
SHOWING A VARIABLY REPEATED SEGMENT (33)

Level Segment

RECORD A 1 1

2 2

2 2

2 2

RECORD B 1 1

Figure D. 5

EMP. EMP. HIRE PREY.
NO. NAME AGE DATE COUNT

/iii
/44

.///

MARK IV 3 66 12 01

PREVEMPL SALARY
r

UNIVA7 10, 000
A

Follifff 14, 000

V
'INFORMATIC 18, 000

A

7355]

.//..
Zilch, Joe 21

.

62 12 01 0

1

= KEY FIELDS
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EXAMPLE OF A THREE-LEVEL VARIABLE HIERARCHICAL RECORD (34)

EMPL,
NO. NAME JOB TITLE CLASS, DIVISION DEPT.'

GROUP
HIRE
DATE DEPEND.SOC.SEC.#

COUNT FIELDS
JobsSchool

2 1

SCHOOL
# 1 ADDRESS YEARS HONORS

DEGREE
COUNT REMARKS

1

DEGREE
. - - - -----.--------.---x-:::-:1

':"*"---v---:-::-:----:-:-:-:-:-:-:-:-.-.-.-.-.-.-.- .V.*.'.-.*......

GPA DATE

SCHOOL
# 2 ADDRESS YEARS HONORS

DEGREE
COUNT. REMARKS

0

1

PREVIOUS I

EMPLOYER # 1 I ADDRESS TITLE
REF
COUNT SALARY

2

TERM
DATE

START
DATE

-::::E:iiii:::i:

REFERENCE YEARS
# 1 TITLE KNOWN EVALUATION

:.:.:.x.:.:.:.:.:.:.:.:.:................:.:.:.:.,...........-.....................,..........

REFERENCE
# 2

77.7:777,77777.v.v77=7--
TITLE

YEARS
KNOWN EVALUATION

----- Figure D. 6

= SEGMENT KEYS

I

}

i

I

Level 1
Segment
Type 1

Level 2
Segment
Type 2

Level 3
Segment
Type 3

Level 2
Segment
Type 2

Level 2
Segment
Type 4

Level 3
Segment
Type 5

D- 1 0
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INVERTED LIST

A final type of data set organization is presented in Figure

D.7. This organization method is titled inverted list and it is related

to coordinate indexing techniques that utilize Boolean search algorithms

(e.g. A + B means find all of the records that contain A or B key field

entries).

This method is usually found, as indicated previously, in soft-

ware processing systems with text :earth capability. In a general sense,

more than one index table would be utilized. The example in Figure D.7

shows two index tables for the illustrated personnel data record.

The two index tables are (1)"eye color" and (2)"job title."

In a broad conceptual sense, each index table correlates with a descrip-

tor or term card in coordinate indexing systems.

For the sample Boolean search, all of the personnel records for

blue-eyed people (value 1) who are systems analysts (value 11) can be

retrieved rapidly from the mass storage system in Figure D.7.

The Boolean search could be stated:

Search answer = A "times" B

= value 1 "times" value 11.

= value 1 value 11.

= "logical" intersection of value 1 and

value 11.

= A B.

= record 7, which contains both value 1 and

value 11 entries for "eye color" and "job

title," respectively.

D-11
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"eye color"
index table

value
1

pointer
11
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INVERTED LIST (35)

MASS STORAGE

pointer
12

pointer
In

value
2

pointer
21

pointer
22

"eye color" "job title"

Ilrialild
I \,1 value1

12

2 a u
,4\

value
13

alue\ value
.11

"eye color"

EKEY r 7--1-47.
data record

job title

"job title"
index table

value
10

value
11

pointer
12

Figure D. 7 D- 12
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Search answer =

Inverted list is organized from the field level up, rather

than relying upon record level keys. More rapid searches are possible.

The cost is expressed in additional resident index requirements and more

extensive file maintenance software investment.
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E. LINKAGES

Linkages have been introduced as a necessary constituent of

data base organization and maintenance flexibility. File management

systems require extensive internal linkage systems to assist the mkreJC.-11

organization in the achievement of orderly and effective data base growth.

The user communicates with table defined terms that contain

implicit linkages necessary for data base management.

Within this introductory scope of this paper, highlights con-

cerning linkages are presented in the following sections.

1. SUMMARY OF LINKAGE RELATIONS

Four general categories have been identified by Minker and

Sable as the basic linkage relations (36). The linkage techniques that

have been introduced in this paper can imply one or more of the basic

relations in Figure E.1. Each of the linkage relations is discussed in

this section.

a. Sequencing: Ordered List

The basic ordered list type of relationship is called

sequencing. Pointers conceptually connect noncontiguous data

elcnents or "target" items.

b. Associative: Value List

This type of relationship is essentially a connection

based upon a common "value for a given property." For example,

a value list for animals could be (1) cat, (2) dog, (3) mouse,

and (4) pigeon.

In contrast to an ordered list (sequencing), the value list

(associative) does not imply a logical ordering of the list

elements.

E -1
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BASIC LINKAGE RELATIONS (36.1)

1. SEQUENCING: ORDERED LIST

2. ASSOCIATIVE: VALUE LIST

3. HIERARCHY

4. ADJOINING

Figure E,1 E-2
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As introduced earlier, the following "list" synonyms are

tried in this paper:

A Simple List = String = Thread = Chain

c. Hierarchy

A generic-specific relationsnip is implied by hierarchical

linkage. A MARK IV example presented a basic form of hier-

archy (Figure D.4):

Level 1, Segment 1 EMPLOYEE NO. (EMP. NO.)

Level 2, Segment 2 PREVIOUS EMPLOYER (PREVEMPL)

In standard hierarchical representation, this example

becomes:

EMP. NO.

PREVEMPL

It is said that PREVEMPL is subordinated to EMP.NO.

Several synonyms are used for the purpose of this paper:

Subordinated = Nested = Embedded

Hierarchy is a type of noncontiguous linkage, since no

physical adjacency is implied.

A conceptual variation of hierarchy that applies to

inverted list is presented briefly below for reference con-

cerning thesaurus construction in text processing systems (37).

The inverted list or coordinate indexing structure does not

necessarily imply hierarchy, however, a vocabulary set or

thesaurus for inverted list is usually constructed in a hier-

archical manner.

To illustrate the inverted list application of a thesaurus,

the followi-q example is used (Figure D.7):

E -3
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(1) Inverted list terms -1111blue eye color,"(1111systems

analyst (job title).

(2) A thesaurus entry for the inverted list sample could

be:

Eye color

Blue (value 1)

Green

Hazel

Job Title

Computer Programmer

Manager

Systems Analyst (value 11)

There are standard thesaurus conventions evolving (38).

The basic relations expressing generic-specific relationships

are (39):

(1) Broader Term BT

(2) Narrower Term NT

Other thesaurus relations are (40):

(3) Use (synonym) USE

(4) Related Term RT

(5) Used For (cross-reference) OF

In thesaurus format, an example is developed:

Color of Eyes

USE Eye color

Employee

NT Eye color
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Eye Color

BT Employee

NT blue (value 1)

Green

Hazel

OF Color of Eyes

Job Title

NT Computer Programmer

Manager

Systems Analyst (value 11)

RT Profession

Profession

RT Job Title

Note: The convention order used in this example is:

USE

BT

NT

RT

OF

d. Adjoining

This last type of linkage indicates that a continuation

relationship is implied. For example,in repeated fields the

variable information is a continuation of the fixed informa-

tiou.

The linkdge necessary to identify PREVIOUS EMP. (PREVIOUS

EMPLOYER) with EMPLOYEE NAME is adjoining linkage (Figure C.1):

E-5



www.manaraa.com

AMERICAN MANAGEMENT ASSOCIATION

EMP. EMPLOYEE PREVIOUS PREVIOUS PREVIOUS

NO. NAME EMP. EMP. EMP.

NO. 1 NO. 2 NO. 3

444 MARK IV UNIVAC Philco Informatics

This adjoining linkage becomes mare complex in a hierarchy

where the record may be noncontiguous (Figure D.4):

Level l, Segment l EMPLOYEE NO. (EMP. NO.)

Level 2, Segment 2 PREVIOUS EMPLOYER (PREVEMPL)

2. FILE MANAGEMENT SOFTWARE/HARDWARE IMPLICATIONS

Data set organization and linkages do have definite relation-

ship with file management cost/benefit performance analysis. This con-

cept was introduced in D. DATA SET ORGANIZATION.

The major point for linkage implications is that more complex

linkage requires more complex file maintenance and more powerful hardware.

These added costs must be weighed against time and investment considerations.

Some of the overall decision criteria are introduced in the next

section.
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F. DESIGN CRITERIA

The basic thesis of this presentation is designing a data base

for growth. A corollary theme is that change should be the normal mode

of operation. This is why modern file management systems provide for

dynamic file structure and input/output processing.

Returning to the introductory discussion in this paper, data

base is a subset of data base management (A. THE DATA BASE "LIFE SPAN,"

1. DATA BASE AS A SUBSET OF DATA BASE MANAGEMENT). Continuing the con-

ceptual hierarchy introduced in topic A, the overall relationship is shown

in Figure F./.

In this broad perspective, data base design criteria are viewed.

Consideration is given to efficiency of man/machine operation, but empha-

sis is upon the effectiveness of executive decision making.

1. PERFORMANCE REQUIREMENTS

As indicated in Figure F.1, there are several levels at which

performance can be evaluated:

Level 1:

Level 2:

Level 3:

Level 4:

Level 5:

o Executive decision making

o Management information system

o Data base or file management system

o Input/output control

o Systems control

o Data base control

o Data base

F-1
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DATA BASE DESIGN CRITERIA HIERARCHY (41)

EXECUTIVE DECISION MAKING

MANAGEMENT INFORMATION SYSTEM

DATA BASE OR FILE MANAGEMENT SYSTEM

- INPUT/OUTPUT CONTROL

- SYSTEMS CONTROL

- DATA BASE CONTROL

DATA BASE

Figure F. 1 F-2
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Performance at any given level must ultimately be translated

into more'effective executive decision making at level 1 (42). The

significance of this managerial requirement is that systems efficiency

at levels 2-5 does not necessarily result in effectiveness at level 1:

No management information system can insure effective decision making.

Effective decision making can be assisted by the computer, but

the ultimate performance responsibility rests with the executive. Each

organization has its unique measures of performance. For example, profit

is the test of performance for business.

Within the realities of executive performance measures, data

base design for growth must be subordinated to the requirements for

effective decision making. The impact of this design criteria is that

it is entirely feasible to design for suboptimum performance at the

data base level so that the optimum can be achieved for the overall

management information process.

Historically, data base design has possibly been restricted

by technology and related constraints. New technology is being developed

rapidly and it is management's responsibility to innovate so that tomor-

row's deicision making will utilize the most advanced data base design

criteria and strategies.

Competitive advantage can be achieved by distinguishing between

today's uses for a data base and the managerial requirements that are not

being satisfied (43). Concentrated efforts should focus upon a data

base design that is capable of supporting changing information needs.

Performance measures must be developed for the individual

organization and objectives within this framework, Some technological

aspects of data base design criteria are discussed in the next section.

F-3
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2. HARDWARE/SOFTWARE COST/BENEFIT ANALYSIS

A set of data base size/structure and input/processing/output

current and projected performance specification requirements can be

established for a given organization's management information system.

These specifications should be functionally oriented toward the system

input/processing/output needs, rather than oriented toward a specific

hardware/software vendor.

Given a set of functionally oriented specifications, it is then

a matter of cost/benefit analysis when evaluating available hardware/

software solution sets. Traditional and advanced systems analysis can

be aided by computer models such as SCERT from COMRESS (44).

The data base size/structure and growth criteria are constituent

requirements that support the overall development of a management informa-

tion system.

Economic and technological trends in hardware and software have

a defiLite impact upon the availability of suitable hardware/software

systems that can meet the desired performance specifications at a reason-

able cost.

i

i General trends are briefly indicated below:

a. Hardware/Software Control

(1) Lower cost mass storage, peripherals and hardware/

software control.

(2) Improved multiprocessing, timesharing, and communica-

tion hardware/software capability.

b. User Software

(1) Standardized summary software to support off-line

processing, e.g. MARK IV and RAPS.

F-4
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(2) Interactive on-line summary languages to support hard-

ware/software communication capability.

a. Standardized off-the-shelf summary software, e.g

MARK IV/2 (projected).

b. Custom summary software.

NOTE: Many standardized software systems are hardware "brand" depen-

dent, but usually to less of a degree than custom systems.

These future trends suggest lower unit costs for processing

more data. This situation can result in an increased economy of techno-

logical scale for the management information system function. The impli-

cit requirement upon data base design is to prepare now for the anticipated

growth and innovation.

F- 5



www.manaraa.com

AMERICAN MANAGEMENT ASSICIATION

G. MODELING AND THE DATA BASE

Modeling in an organization has been traditionally iimited by

data storage and processing methods. With the advent of third/fourth

generation hardware/software configurations, the nature of modeling

application is changing rapidly.

There are broadly two types of modeiing that can use a modern

computer complex effectively. The first type concerns business games

and is used primarily for training purposes (1.;). This present discussion

emphasizes a second category of mAeling, operational models.

Ciperational models arc defined in this paper as those models

that utilize or "operate" upon actual and projected data in the data base.

The requirement is that the data is stored in a computer configuration.

The broad spectrum of operational models can be identified

as a subset of operations research. These models utilize developed

techniques such as mathematical programmino_ no-work analysis, queueing,

and probability analysis.

There are special languages such as GPSS and Simscript that

support model development requiring simulation techniques.

Within the scope of this paper, a brief indication of the

role of the data base in relation to operational models is discussed.

1. FILE MANAGEMENT FUNCTIONS

The major contribution of data base or file management systems,

in support of modeling, is to provide an accurate up-to-date data base.

An increasing economy of scale is realized as the modeling algorithm

"operates" on the data base. This sitdation occurs because a second use

is being made of the data base, i.e. modeling.
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In a broad sense, there are two put poses of a data base: (1)

to support the management systems daily functions and (2) its analytical

or modeling requirements.

Most f:le management systems concentrate upon (1) the MIS

daily functions. There arm exceptions. For example, RAPS provides fci-

a FORTRAN analytical capability (46). Therefore a system like RAPS can

support selected (2) analytical or c./delirg requirements, as hell as

(1) the MIS daily functions.

2. MODELING AND INFORMATION SYSTEMS

Information systems re:wire modeling support and analysis in

order to achieve optimum technological economies of scale.

There are distinct trends in modeling that reflect the data

base management evolution. Historically, data base management has been

identified as gradually evolving from separate data bases and subsystems

or "islands of automation" (47). Modeling is developing in the same way.

To itiustrate this paint, 'islands of modeling" are listed

in the sample below:

a. Traditional Information Systems (closed)

(1) Cost and budges models.

(2) Basic variance analysis for budget vs actual.

(3) CPM/PERT network models.

b. Production and Operation Information Systems (partially

closed)

(1) Inventory control models.

(2) Production scheduling models.

(3) Process control models.
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c. Marketing Information Systams (open)

(1) Sales models.

(2) Credit models.

d. Total Information Systems (closed, partially open,

and open)

(1) Executive decision making analysis:

(2) Management information system analysis.

(3) Data base or file management system analysis.

Progress in modeling is uneven and a function of organization

requirements and capabilities. In certain areas pioneering work has been

done, stch as linear programming in the oil industry. In general, the

trend toward complex models that utilize an expanding data base is on

a "pay-as-you-go" basis.
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