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Abstract

A methodology is presented which utilizes an intraorganlzational structure to
coordinate a modernization that requires the acquisition of facilities involv—
Ing high technology. This methodology is then applied to a proposed moderniza-

= tion of the Tectsiical Data Department of the Naval Ships Weapon Systems
• Engineering Station, Port Huenene, California. The results of this application

are initial reco..endations for an acquisition coordinating Structure to reduce
technical and organizational risks .

1. INTROOUCTION (1) Damage to the aperture cards due to
• One of the missions of the Naval Ships Weapon Sys- mechanical and homan handling.

toni Engineering Stations (NSWSES . commonly called (2) Loss of portions of th* data base
‘Nsnesis ) Is maintaining the engineering drawings while microfilm copies are being made,

• and docunentation (both current and archival ) for (3) Loss of portions of the data base
shipboard weapon systems, and providing copies, as due to out-of—sequence cards, and
required, to users . (4) Slow response due to lack of random
At present, this data base at NSWSES consists of access.
approximately 3 million sequenced 35ii. aperture NSWSES is considering replacing this system with
microfilm cards. When a request is received for an automated one, where the engineering drawings
drawings, a computer generates a “ s lav i deck” of are di gitally stored in a random access file. The
IBM cards, which contains the card sequence overall objective of this paper Is to establish a
identifiers of the aperture cards which hold the foundation which can be utilized by NSWSES In the
required drawings. This slave deck Is then run developeent of a modernization p1111 for the sta-
against the data bau in a mechanical collator , tion’s data management system. The intent is to
and the correct aperture cards pulled. After the provide an understanding of the scope of the ~sn-
microfilms have been copied, the aperture cards siderstions which impact this de,elopmsnt, and to
are r erged into the data base. The drawbacks of present a framework which will insure that these
this are many, the most obvious being: considerations are included in th. specification

Th1s Is partIally supported by NSWSES under contract 56953 wIth the ~~themit1cs Departeent at tts
Nava l Postgraduate School .

This article Is wri tten based on material included in a aast’r’s thesis by LT John V. ‘ounds , USM
and LCOR Bil lie W . Wiel and , USM.
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of system requi rements. TABLE 1
1 • 1 ~ETHOODLOGY Key Questions on Present Organizational Character
The methodology presented here was devised to a. Organizational History
provide an intrao rganlzational structure to coordl— (1) How did the organization and its

mission evolve?nate a mo~ernization that will include the acqui-
sition of facilities involving high technology. (2) What external factors Influenced

this evolution?Our output of this is to identify critical issues
and key organizatio nal structures which should be (3) Was the growth pattern evolutionary

or revolutionary?formed to coordinate the process. A block diagram
of the methodology is shown in Fig. 1, and a brief b. Organizational Structure

• description of each block is contained below. We (1) What is the structure? functional?
emphasize that the steps shown in the meth,dology vertical? etc. ?

• are not necessarily serial , but wo rk on severa l (2) What are the formal /informa l lines - •
portions may proceed simultaneously. The first of comaunication?
consideration is to defi ne cl early the character

• c. Organizational Process
of the present organizati on . The key questions on
this are shown In Table 1. With a clear under- (1) What are the inputs to each component?
standing of the organization s present mission (2) How does each component utilize its

resources to process these inputs?and how it fu lfills Its responsibilities , we can
identi fy the proble ms that pres ently exist. These (3) What are the outputs?

• problems nay be related to internal str uctu re, (4) ~~ are the users of thes . out puts?
- • process , procedures or a combination of these, or

d. Organizati onal Procedures• thei r key elements may lie in external factors
such as additional responsibilities , or unfore— (1) What are the specific procedures

that each component uses in ful-seen growth. In each case, the causes must be filling its function?
identified . (This is not to suggest that a s im—

(2) How do these procedures mesh withplc sin gle cause/ sin gle problem relationship those of other components?
will always exists. Group” of causes that mani-
fest themselves in a “group” of problems may ‘iced sophisticated statistical procedures, depending

* to be identified.) Thi s forms the basis of upon the amount and nature of the data avai lable,
projection of how the natu re of the identified whether the vari ables are quanti fi able, etc.
probl~~ might change in the future.

Since not all the variables need increase in im—
To assess the degree of modernization needed, pact, but ‘nay decrease, even to insignificance, - •

the “ causes” identified in the preceding paragraph and also, since significant un foreseen variablesI• must be projected into the future. Since the term may appear dun rig the process, the methodology we
“ cause” has a stat ic connotation, we will use in— propose is a dynamic process. There is no separ-
stead the term “ variable ” , to mean a cause that ation between planning and implementation since
changes over tin . this might lead to a solution to problems that no
The techniques for projecting these will vary longer exist and to problems that the solution
from ‘best estimates” by key experts , to does not address.
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Th. system definition is the first step toward procurement, and assessment of the procurement
Identifying specific hardware characteristics activity. Procurement is a subset of acqui sition
required. It is the buffe r between identifying and involves contract definition, installation,

• general functional need and the definit ion of checkout, and phased-in operation.
• specific technical parameters of the actual hard- Acquisition plannin g could involve a steering

• ware. (The general functi onal needs of the coinn ittee structure or it might be limited to a
‘ organization should be derivable after the analy- few upper /middl e level management personnel who

sis has Identi fi ed the future impact of the will decide on a procur ement plan.
variables). It shou ld incl ud. an Initial Identi—

If the system Is a sin g le purchase , this plan would• f ication of possible technical al ternatives , and
definition of key areas for technolog ical review g ive the specifi c hardware characteristics that

• 
• • • are required In the contract definition . If the

The Initial review of tech nology is not an assess-
• • purchase Involves separate phases, the plan must

merit of specific hardwares of specific manufactur- contain specific hardware characteristics for
ers, but a general investigatIon of the Industries Phase 1 and lntergration and timing plans.
which appear to be developing products that will

This methodology will now be used to address the• satisfy the need. The technological review should
NSWSES modernization.be able to Impact the system definition by m di-

cating the risk associated with proposed 1.2 HISTORICAL BACKGI~)UND
altern. d yes. During the latter part of World War II and in
The rru iew of presently operating systems should subsequent years the Navy has continued a concen-
concentrate on systems similar to the one con- trated effort toward the developuent and instal-
ceived in the definition phase. This review can latlori of highly complex weapon systems aboard
provide critical information on possible pitfalls, Navy surface ships. The need for a field activity

• and may also provide an insight to possible which could provide a concentrated source of sup-
changes In organizational structure required by a port requirements for Surface Missile Systems
more modern technical approach. • (SP’~) led to the establishment of the Naval Ship

Weapon Systems Engineering Station (~lSWSES) atAgain, it should be emphasized that this process
Port Hueneme in 1963.of establishing a system definition, through

technical and operational system reviews is The station’s primary task was to upgrade the
dynamic and Iterative. It must be a continuous reliability and performance of the Terrier, Tartar,
process to ensure that the hardware characteristics and Tab s missile systems which were then deployed
contracted for will (1) support a system that is in the fleet. As a foundation for providing total
consistent with the projected nature of the van - system support, a configuration baseline was
ables , (2) utilIze a technology that will be established from data collected through direct

-( neither obsolete nor unattainable and (3) reflect contact with the fleet and from system contractors. •

the lessons of other systems to avoid replication The station ’ s Technical Data Depart~nent provides
of errors and to entrace sound technical and the centralized location for the storage, updating
organizational procedures. and retrieval of this technical data.

To avoid confusion, we drew a distinction between The responsibilIties of NSWSES have grown over
the te~~ “acquisition” and “procurement.” For the years and it Is now Involved in the support
the purposes of this paper, the process of acqui- of many systems In addition to surface missile
sitlon Involves planning, coordination, tradeoff systems. These systems Include some Gun Fi re

analysis, cost estimating, procurement planning, Control Systems. Surface Weapons Switchboards,
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Search Radars, the AEGIS program, the Anti-Ship configuration and data management for NSWSES sys-
Missile Defense System, the Point Defense System, tans (see Fig. 3). The department is tasked with
the Standard Mssl le, Nato Sea Sparrow and the coordination and control of data requirements for
Harpoon Missile as well as the continued support NSWSES supported equipments throughout their life
of the original Terrier. Tartar and Tab s Missile . cycle. In fulfilling this requirement, the do—
Systems. To meet the future requirements for parteent becomes involved with data acquisition
accurate and timely technical data support the at a detailed level Including: identification of
responsible department must seek new and improved need, procurement coordinatIon, validation,
techniques to update, store and retrieve technical standardization, quality assurance, review and
data. revision of existing policies and standards, and

• • 
The data management system currently in use in cost analysis. Furthermore, the department must

the Technical Data Department is based on the data develop and maintain an Integrated Configuration

management and storage technology which existed in Management Data System (ICMDS) to provide baseline

the early to middle sixties when the station was identification, configuration status, and associ-

• 
founded. NSWSES personnel have indicated that ated engineering planning for designated ships,

the data files which have been developed are not sites, systems, equipments and configuration items.

well integrated, leading to redundant storage of The Data Management Division (Code 5120) specIfies
data and ineffi cient methods for manipulating and standardizes the content, form, and production
data often Involving several manual steps whi ch of technical data. It monitors, reviews , and pro—
could be automatically performed with modern data vides servi ces for preparation, acquisition, and
management techniques. release of technical data. Furthermore, the

division authenticates and releases complete de—2. CONFIGURATION MANAGEI’ENT - THE PRESENT SYSTEM
sign disclosure Information subsequent to approval

2.1 SYSTEMS SUPPORTED of the documentation by the appropriate engineer-
The type of systems supported by NSWSES was ing department. The division Is comprised of three
briefly discussed in Section 1. The amount of branches: Data Requirements Branch (Code 5121),
support for these systems may be as little as a Data Standardization Branch (Code 5122), and De-
specific task to correct a gi~~n problem or as sign Disclosure and Review Branch (Code 5123).
much as total engineering support Including Each of these branches acts as an initial input
logistics and data management. In the past, this and a prospective user of ICMDS. Specific func-
has been an evolutionary growth beginning with a tions of these branches can be found in reference
technical involvement and proceeding to logistics 1.
and data management as the station gained in The Configuration Division (Coda 5130) acts as the
engineering expertise. NSWSES point, of contact for configuration matters,
As the concept of the totally integrated weapon performs configuration planning, identifi cation,
system grows, more emphasis is being placed on status accounting, change control coordination,
equipments that interface with the major missile and configuration audits. The division is cam-
systems, such as, search radars and guns. Fig. 2 prisad of three branches: Identification and
shows the present systems which are completely Provisioning Branch (Code 5131), Status Accounting
supported by the Technical Data Department. and Change Secretariat Branch (Code 5132). Data

In forma tion Branch (Code 5133). Each of these2.2 TECHNICAL ~ TA DEPARTMENT
branches is responsible for maintaining a file

The two divisions comprising the Technical Data which directly supports ICMDS. These branches use
Department (Code 5100) are the primary source of a variety of files to support their functions.

5

_ j



-~~ —_ _

• I

The identification and Provisioning Branch maintains missiles). It also covers all SMS test equipment.
the Configuration Item Identification File (Cu r). 6 guIded missile checkout equipments and 193

o whIch provides storage and retrieval capability for ancillary equipments. These system responsibili—

technical and logistics data specified on an engi- ties result in approximately 3 million line items
neering drawing. The Status Accounting and Change and is/was data on over 550 actIve ORDALT’s. Ap-

Secretariat Branch maintains two Configuration proximately 10 major equipment provisionings, S
Status Accounting (CSA) files. The Site File con- minor equipment provisionlngs, 60 ORDALT’s and S

tains descriptive information of all NSWSES cog- APL reviews are processed through this file yearly.
nizant equipment as well as site location data. The AACF consists of approximately three million

~~ Information includes sub-system usage, EIC, master aperture cards and the corresponding corn-
nomenclature, designation and serial ni.~~er. The puterized Master Inventory File (MIF). The in—

• Class 1 Change File contains information on ap- puts to both f i l es are manufacturer drawings for
plicable equipment changes including purpose, supplied equipments and revised drawings from
logistic data, where applicable and authority, contractor or engineering codes. The aperture

• The Data Information Branch maintains the Auto- card file acts as a repository for engineering
• 

• mated Aperture Card Pu. (MC?). This contains drawings to ships, shipyards, repair facilities
computer cards with affixed microfilm of engi- and engineering codes.

• neering drawings of NSWSES supported equipments.
2.3.1 File Maintenance Procedures.Specific functions of these branches can be found

in reference 1. Both the CSA files and the CIIF are maintained
wi th the use of loading forms. Each file has a2.3 FILE CHARACTERISTICS
nuaber of different types of forms depending upon

The interaction of the Configuration Division and the nature of the transaction. Once the trans-
other agencies is predicated on the division’s action has been coded, the forms are keypunched
capability to transmit timely information in use- onto a magnetic tape and sent to the computer
ful form to the prospective user from one of the facility for processing.
four files discussed below. A detailed descrip-
tion of the Inputs, outputs and users for each of At present, NSWSES has no dedicated computing

facility.’ It utilizes the Naval Facilitiesthese f i les can be found in reference 1.
Engineering Conunand (FACSO) facility which is

The Si te and Class 1 Change Files are stored on located approximately two miles away. Th is to -
two reels of magnetic tape. The Site File covers sults in a substantial time lag between runs
approximately 575 sites and 1600 equipments. The during the update process because 1) the comput-
Class 1 Change File contains approximately 4500 ing facility is not primarily used for configur-
changes affecting equipment confl9uration. These ation management and therefore processing must be
changes may be in the form of Engineering Change scheduled; 2) errors in loading forms or subse-
Proposals (ECP) or Ordnance Alterations (ORDALT). quent keypunching are not caught until computer
An ORMLT is a change which has been reviewed as processing Is completed and returned to the
an ECP and authorized for accomplisPument on Fleet originator.
equipments. Approximately 1200 ECP’s and 167

final ORDALT texts are processed through these NSWSES personnel indicate that the average time
• required to perform a parts listing for an averagefiles yearly. 

equipment is five weeks. During this time, the

is stored on 17 reels of magnetic tape. The - file
Maintenance of AACF requires more physical pro-covers all major SMS and some Gun Fire Control

Systems (GFCS) equipment (less expendabl es and cessing. When an engineering drawing is received,

The Configuration Item Identificat$on File (CHF) data is not available to any user.

6
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it is initially checked for resolution, density, There are many reasons why an al teration requires
proper forest, and other NIL-standard specifica- years to be completed throughout the Fleet. Many
tions. The drawing Is then filmed with a KODAK can only be performed during a restricted avatli-

-
‘ 

MRG 35 h~’I or 3M 2000€ camera to obtain a micro- bility or overhaul period. In many cases , funding
film. The microfilm is used to keypunch a slave restrictions requi re that an alteration be delayed
deck. The microfilm is attached to an aperture • until a second overhaul period which would occur
card and these cards are run through an IBM re- approximately three years later.
producer with the slave deck to transfer the Fig. 4 shows the data for ORDALT 6865. This al ter-
information from the slave deck to aperture cards. ation was authorized for Installation on February
The slave deck Is forwarded to the data processing
center to update th master Inventory file. After 

1, 1969. As can be seen from the graph, the first
• ship to have the alteration completed was DDG-41

the aperture cards are interpreted to convert the in April 1970, and the last is CGN—9 which Is
keypunched Information to print, they are placed presently in overhaul. This shows that over a
in to the AACF by using IBM collators. The col- period of five years a configuration difference
lator automatically files the cards into the proper existed in 34 ships of a varying degree.
sequence and eliminates the need for htran filing,

The AACP impact of this ORDALT Is 6 engineeringthus reducing filing errors. The original draw-
• ings are sent to a local repository. drawings in addition to those of other alterations

and the basic system. For the outstanding ORDALT ’s
2.4 THE NEED FOR CONFIGURATION MANAGEPENT - on the !‘I(—lO system, this number varies between

AN E XAWLE 1 and 25. The impact on the CIIF is a listing
The P5( - 10 Guided Missile Launching System pro- of each drawing, the parts differences, and the

• vides the launcher capability for the Terrier relationship to the next higher assembly. The
Guided Missile System. It is also used as a Class I Change File details all pertinent logis—
launching system for ASROC and HARPOON. The tics and applicability data.
system has a history of reliable performance, The PlC-JO Launching System was used for this
ease of maintenance, and flexibility in respond— example because of Its stable nature. As a system,
ing to varying requirements. There are presently it has undergone comparatively few changes and has
nine Pbds to the launching system. Different Nods been in the Fleet for a number of years. For corn-
are used on missile capable aircraft carriers, plex electronic systems, such as the AN/SPG—55• double-ended and single-ended CG’ s, and DOG ’s. fire control radar, the changes are more rnmierous
From 1951 to 1975. the system had 60 Ordnance and have a greater Impact on the major files.
Alterations (ORDALT’s). These ORDALT’ s were not 2.5 PRESENT PROBLEP~applicable to all Nods but did affect an average

In 1963 when the concept of configuration manage-of 40 ships per al teration. At present, 20 of
these ORDALT’ s are outstanding in that they have mont was recognized as a viable management tool,

NSWSES was primarily concerned with surface missilenot been completed on all shi ps to which they are
applicable. The oldest of these outs tan&Ing systems . At that time, the 5145 fleet consisted of

S aircraft carriers, 10 cruisers, 22 frigates, andORIMLT’ s was authorized in May 1969. This means
25 destroyers or a total of 62 ships. The S145that over the last seven years, n~umerous conflg-
fleet has now expanded to 133 ships, and aturation differences have existed in the launcher

system In the Fleet. Even if each 0RDALT ~~ 
present NSWSES has grown In responsibility and Is

install,d on all applicable ships simultaneously, engaged in a variety of systems; its files have

thousands of possible combinations would exist. expanded accordingly.

7
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~ The greatest Increase has been In the size of the If a  drawIng Is to be revised, It Is obtained from
ClIP , the AACF and its supporting MIF. Presently, the AACF, converted to hard copy, changed by the
the data shows that files are growing at a rate of cognizant engineering department, redrawn by the
approximately 250,000 line items per year. As draftsman, and reprocessed to the aperture card
these files become larger, they become increasingly format. The average revision takes approximately

• more difficult to manipulate. Present software is 24 man-hours.
based on file structure technology that Is nearly (5) Lack of file Integration.
a decade ol d and as such, lacks flexibility and Is Although all files are related by various

• Increasingly time-consuming to process. coninon data elements, there exist no moans by
The symptomatic problems caused by these character- which one file may interrogate or transfer data to

• 

• 
istics are as follows: another without the use of loading forms. For

• (1) Increased file update time . example, If an Engineering Change Proposal (ECP)
• The procedure for updating requires consid- has final authorization, ft impacts both the Class

erable man-hours which results In approximately 1 Change File and the CEIF. At present, elements
five weeks wherein the data of that file is not of this change must be processed separately and by
useable. hand. The file relationships are shown $fl Fig. 5.

(2) Increased response time to users. 3. CONFIGURATION MANAGEMENT - THE FUTURE DEMANDS
Because of the lengthy update cycle, user

3.1 BASIS OF PRO,JF.CTIONSinquiries may be impossible to service until the
data is processed. If the need is urgent, the In the future, the magnitude of the problems dis—
user may be required to use the previous file in— cussed in Section 2 will vary directly with the
formation which is possibly in error. Users volume of data which must be collected and stored
requiring tailored reports must be willing to wait and with the number and needs of the users of the
until prograimiing is made available for that data. In this section, changes are Identified
specific format, which will affect the volume and useage of the data
(3) Increased potential for error. management system at NSWSES in the future.

The files require a large amount of human Determination of future demands on the data manage-
operation. Even the most experienced operator ment system is based as much as possible on changes
establishes a finite error rate for a given volume which can be predicted with relative certainty,
of activity. Unfortunately, as the volume of such as the approved Navy shipbuilding program, on
transact ions increases, so does the absolute needs known to exist today, and on other events
amount of errors, even though the error rate might which may occur such as the expansion of the depart-
remain low. The result is that the update cycle mont’s responsibility for configuration management.
becomes longer due to the greater nij~ er of errors.

If a computer system is to be installed , it could
(4) AACF. be in operation In the l9~O-8l time frame, butUse of microfilm prints on aperture cards Is since it must be capable of meeting the needs of

more efficient and less time-consuming than hand- the department several years beyond the Installation
ling full—size engineering drawinqs. But, because time, some projections cover the 1980-85 time frame.
of the growth of this file, even this mode is re-

3.2 NAVY SHIPBUILDING PROGRAMquiring increased time. Departments that require
the use of these cards send messengers to pick up The Navy ’s shipbulldlnq program will affect the Ithe cards. The retrieval system Is slow as It data manaaement needs of the Technical Data Depart-
requires that each card be pulled separately with ment in the future. The surface missile ships,
the use of slave decks and collators, which are included In the program, are of particular

8
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Importance since the configuration of these ships systems also requires the development of proper
Includes many systems and equipments for which the parts support and the preparation of provisioning
configuration and data management divisions are technical documentation.
responsible, FIg. 6 sets forth the Navy’s ship— 3.3 NEW RESPONSIBILITY AREAS
building program for surface missile ships through
1981 as approved by Congress. These niaiters 3.3.1 Search Radars .
reflect a major effort which is planned for expan- The department currently maintains the ClIP file
sion of the fleet. for the SPS-58 search radar and tracks the location
It is also Important to consider the systems which of several other search radars in the CSA site file.

are being installed on these ships and on ships In the near future it is anticipated that the SPS-

• Which are already in coamission. The project:ons 48 search radar will also be Included in the CIIF

for system deployment are based on reconinendation~ 
file. There are currently 50 SPS-48 radar systems

made by the Anti-ship Missile Defense Project deployed whi ch woul d cause a step increase on the
Office (P14-20). Fig. 7 lists several major syst~~ 

data system demands followed by a more gradual

for which NSWSES has the responsibility for ~~~ 
expansion as more SPS-48 radars are deployed. The

aspect of configuration and data management. The need for some source of configuration mana gement
number of ships which currently have each system of search radar sYstems will increase as these

Installed Is contrasted to the number of ships systems become more closely Integrated with the

anticipated to have the system Instafled in the weapon systems.

1980—85 time frame. The numbers In Fig. 7 there- 3.3.2 Gun Fire Control Systems.
fore represent maximum numbers in 1980 when a new The department Is now involved in the configuration
computer system could be In operation at NSWSES management of three gun fire control systems. This
and probable ntmters for system deployment by 1985.

• involvement resulted from the close coordination
The large 1ncreas~ in the total matter of systems required when the MK-86 fire control system was
deployed will not cause a direct one for one in- undergoing test and evaluation at NSWSES and timely
crease in the demands placed on the data manage— configuration changes had to be effected and docu-
ment system since the Technical Data Department mented. It is likely that additional GFCS will be

• will have varying degrees of responsibility do— incorporated in the future.
pending on the system. However, the increase will 3.3.3 Underway Replenishment
be reflected in a significant increase in the data
which must be stored and managed. • 

The Co~~ nder Naval Surface Forces Pacific (COMSURF- j
PAC) in April 1976 identified an urgent requirement

In addition, there will be a large increase in the for confiquration control of underway replenishment
niatter of users of the data since sante systems will

(UNREP) equipment to the Naval Sea Systems Coninand.
be deployed on a wide variety of Ships where in

Although the exact form of configuration control
the pest the systems were largely confined to the

to be used and the organization which will estab-
surface missile fleet. lish configuration management has not been decided,
Configuration management will also be affected a logical choice to document and maintain config-
through expanded requirements to Incorporate new uration control is the configuration division at
data into the data base, particularily for new NSWSES. If the division were tasked with this
weapon systems which will require a large input of responsibility using the current data management
initial data. In addition , a relatively large system, the accomplishment would be very slow and
number of engineering changes must be made rapidly incremental due to the existing process for incor-
during the test and evaluation and early deployment poratina new data and the complete lack of config-
stages for new systems. The deployment of new urati on control which now exists on the UNREP ships.

9
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The addition of UNREP configuration responsibility nlzed that befo re a formal request for a modernized
would in the long run represent a significant In— system is made, specific data must be gathered to

• . crease in data storage requirements. This would support this general conclusion and to define the
almost surely lead to a degradation of service to parameters of the system requested. It Is felt that
other users. the specific data will support the need for a mod-

ernized system. The following section provides the3.4 SUI4IATION AND CC’ICLUSIOtiS
basic system definition that will be required to• At the present time, the data acquisition process fulfill NSWSES future requirements.

is tracked manually. The process could be followed
much more efficiently with a computer based file 4. SYSTEM CHARACTERISTICS

similar to the Class 1 Change file used to track 4.1 SYSTEM DEFINITION
Engineering Change Proposals. However, the diffi- The system specifications must be based upon a
culty of creating a new distinct file under the clear definition of what the system must accomplish ,
current data management system makes the autoina- I.e., an interaction of user needs and technolog-
tion of the process unattractive. If an integra— ical capabilities. It is rooted in the variables
ted data base existed, this data acquisition pro— 

- described in Section 3 and , therefore, must remain
cess could readily be automated. general enough to respond to their change but must
The following is a recapitulation of variables be specific enough so that a dialogue exists to

j
which will impact both the urgency of need for an facilitate technology response to the need.
automated system and the specific characteristics First, the system required must marry the functions

• • 
• of that system. Over the design, production, and of data and configuration management. To facilitate

Installation phase of the system life cycle, these th is, some type of computer system will be needed
variables should be continually assessed to ensure with the capability of quick response to Inquiries
that the end project will fulfill the requirements, and ease of updating and inserting data. These
(1) Navy Shipbuilding Program — physical size of considerations would indicate that the systems

the Fleet should be on-line vice batch in nature. This re-
quirement can be fulfilled in two ways: 1) a• (2) System Development - ntjiter of systems main—
large computer where NSWSES personnel would be ten-tam ed, matter of system users
ants in a multiprocessing system or 2) a minicom-

(3) New Responsibility Areas - change in user puter maintained by the station and specifically
needs, change in NSWSES cognizant systems , change dedicated to ICMDS. Because the requirements of
in responsibility for systems currently managed NSWSES are not only data processing but interactive
only in part control between analog devices which must perform
(4) NSWSES personnel manning levels - need for operations in various output media (e.g., microfilm

increased productivity production), the second option of having a dedi-
cated data handling device such as a minicomputerThe total impact of the above variables on the
woul d be more suitable. This defines the firs tproblems identified In Section 2 must be consider-
area of technological review.ed by NSWSES in the justification for and the dev-

elopment of a modernized data management system. The major output of the Configuration Management
The variables which have been identified are gen— Branch, other than hard copy reports, is microfilm
eral in nature. However, based on the trend of packages which are used by both shipyard and Fleet
these variables and the close observation of the personnel . These are produced from the aperture
operations at MSWSES , the need for a modernized cards that are filed in the AACF. The bulk of the
data management system Is Indicated. It is recog— AACF has been previously discussed as a critical

10
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factor in the time required for distribution of conversion, the total storage requi rements for the
microfilm packages. A technology that has emerged system may become quite large . The actual size

• in recent years is the process of converting will depend upon the portion of the AACF that will
engineering drawings to a digital format and star- be digitized. The issue of storag e devices becomes
ing the Information on magnetic tape or disk. T~ a tradeoff between mass storage systems with a
feasible , this process would allow computer con- small amount of operator interaction and convention-
trolled microfilm production and signi ficantly al disk and tape storage with the operator drawing
reduce the physical storage requirements of the the file from a library system and mounting it as
AACF as well as the matter of personnel required required. The overriding consideration in making
to maintain it. It would also facilitate the this tradeoff will be that of system access time.
acquisition of drawings in digital form_and reduce The preceding section included a general definition
the amount of hard copy. of the system characteristics and derived the areas
Inherent to the concept of digi tal storage of of technology in which to start the initial review.
drawings Is the capability of projecting the This relationship Is sutmnarized as follows :

• drawing on a CRT input/output (I/O) device for (1) Central Processor - Minicomputer
the use of engineering and quality assurance per—

(2) Automated Mi crofilm Packa ges - Computer -sonne l . This would allow engineering personnel
to query the CIIF for the latest revision of the Output - Microfilm (CCII)

drawing needed and cal l the display from a term— (3) Retrieval and revision of engineering draw-
inal . Once the section of interest is di splayed, ings - Digital Storage of Drawings , Automated
hard copy could be produced if requi red. Drafting

A follow—on to display of digitally stored draw— (4) Support Equipment — “Intelligent’ Terminals,
ings is the concept of automatic drafting. If a Mass or Conventional Storage Devices.
drawing is to be revised by station personnel , the 4.2 TECHNOLOGICAL SURVEY
process might be done by a computer controlled

Following is an Initial survey of the specific tech-
drafting system wi th preproqramed standard func-

nologles addressed in the system definition .tions. This would a llow drawing updates to occur
Mention of specific brand names are kept to awithin a matter of minutes Instead of the 24 man-
minimum. However , in  some cases, a particularhours now estimated. Final drawings should pass
approach is best exemplified by a specific menu—

• the same quality assurance tests which drawings• facturer are listed by suggesti ng the character-received from contractors must pass.
Istics of their systems as they pertain to the

The issue of support equipment should now be ad— areas of interest.
dressed as it will ultimately Impact the actual
configuration of the system. The computer system 4.2.1 MInicomputers.

incl udes two additional considerations : 1) the Minicomputers first became an important nart of the
type of I/O devices required and 2) the storage computer community about 1965. With essential ly
facilities. The type of I/O device w i l l  vary no sales In that year, the minicomputer industry
between functional areas. The terminals required had grown to over $300 million annual sales by 1973,
by data and configuration managers will differ and continues to grow at a rate of 20 percent to
from those required by engineering codes. There- 30 percent per year. Though total sales figures
fore, a review of the ‘intelllqent” terminal tech— may vary significantly, minicomputers still repre—
noloqy i~ In order, sent only a small portion of the $13 billion total

Because of the possibility for digi tal drawing market in the United States for computer products

U



• and services. Nevertheless, the minicomputer seg- requirements of minicomputer systems and is wil l ing
• I mont is expected to continue its rapid growth wi th and able to start small in an effort to grow large.• I estimates of wor1dwI~e computer market volume 500fl --Prices will continue to fall as a result of

- I . to reach an even $1 billion . technological improvements and aggressive competi-
I Digital Equipment Corporation, the company that tin. These fundamental points are the resul t of

• I started the minicomputer boom in the mid-sixties the following changes: reduction of processor and
with the highly successful POP—B line, is still memory costs; greatly increased reliability and

I undisputed king of the minicomputer field. Round- flexibility; increased availability of operating,
• ing out the “big six” among the minicomputer application , and support software; increase in the

• builders are Honeywel l , Hewlett Packard, Varlan , use of read only memory and mlcroprogranmdng;
• ~, Data General , and Microdata. improvement in hardware and software design; and

The second rank of minicomputer makers comprises increase in experience gained by using minicomputers
successfully in a range of applications.the aggressive, innovative young companies such as

Computer Automation, Digi tal Computer Controls , 4.2.2 Computer-Output-Microfilm (CON).

~ General Automation, and Interdata. Minicomputers Computer-Output-Microfilm is an Information system
are also being built by divisons of well-estab- that converts computer data Into readable form on
lished conglomerates such as General Telephone and microfilm. CON first appeared commercially In 1959
Electron ics, Lockheed, Raytheon, Texas Ins truments,

• by such companies as Strouterg DatagraphiX , IBM,
and Westinghouse. Eastman Kodak and Data Display Incorporated. These
As might be expected, IBM gets a category unto devices were mainly CRT printer-plotters intended

I 

. itself. The undisputed leader in most other seg— for a6ministrative and engineering applications.
nmnts of the computer field is still playing a But their marketability was uncertain and shortly

~ comparatively minor role in the minicomputer field. IBM left the field and has never returned.
However, its very latest entry, System 5100, wi l l  CON Is a microfilm camera backed up to a computer.
•uidoubtably aid In giving IBM a large percentage In its most basic operation, a COM system takes the
o~ an industry it heretofore chose to neglect.• digital signals recorded on magnetic tape or coming
In a l l , more than 80 companies are now marketing directly from a computer system, runs them through
minicomputers in the United States. The current a logic section to determine their locations, con-

• off erings of these companies Include more than verts the signals into an electronic beam and
200 minicomputer models, projects it onto a CRT screen. A special camera

The following basic trends appear to be emerging: then takes a picture of the CRT screen at specific
intervals and records the contents on film.

-—The minicomputer is increasingly becoming part
CON recorders have been produced that operate bothof a much larger hardware, instrumentation, and
on-line and off-line from the host computer. On-control system.

• line CON dev ices are connected directly Into a
~ -—The serious computer manufacturers are gearing speed paper printer. Because of this, no modifica-

their design and marketing strategies to selling ti on of the host computer ’s program is generally
to original equipment manufacturers , systems required when an on-line CON recorder is used . Off-
houses, large—scale computer manufacturers , line CON systems receive the computer output on

j  —
communication companies and ~iriad large and small magnetic tape. On-line CON recorders might be
business enterprises . somewh at cheaper, since they do not include an

--The potential user has a wider choice, Is more input tape drive. However, the off-line method
cost-conscious, Is more aware of the additional offers more compensating advantages , such asL 12 
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increased speed which significantly reduces corn— through an acousto-optic modulator to form seven

• peter tIme and expense; reruns of the CON opera- beams which write at high speeds directly on the
tion do not require computer time; and the ability film.
to use a number of microfiche titling and indexing The LED technique directs its digital signals to a

• techniques which are Impractical with on-line COIl, bank of light-emitting diodes through a character
4.2.2.1 Transfer techniques. The CRT technIque translation matrix. Light from these diodes is
is the oldest and most commonly used method for transmitted through fiber optic strands to form
CON recording. An electron beam draws the desired an image. An entire line is thus formed, displayed,

• characters on the face of the CR1. The image of and photographed via the fiber optics asse~~ly.
the character passes through a semi—reflect ive The film is then advanced one line at a time. The
mirror and lens system onto the unexposed film. forms overlay process is accomplished by use of a
After a page is exposed to the film, the f i lm is second lens system, as used in the EBR system.
advanced, and the next page of information is dis- LED has two limitations: 1) in the microfiche
played on the face of the CR1. If desired, the production, there Is difficulty in controlling the
image of the form used when generating the report movement of the film and 2) because LED emits red
on a computer high-speed printer can be superim— light, red—sensitive film must be employed wi th

• posed on the film. This is accomplished by flash- special filtering processes producing a less sensi-
ing a bright light behind a glass or film slide on tive process with inferior resolution than blue—

• which the image of the form has been photographic— light sensitive processes .
ally reproduced. Through the use of a semi-re- 4.2.2.2 Film types. There are four types of film

• flective mirror , the form’s image passes through utilized in the CON process . The majority of the
the lens system onto the film. An alternate tech— industry has chosen the silver halide film for
nique involves the use of a programmed merge, and making the master copy; the most popular brand is
requires the drawing of the form around the data the Kodak Dacomatic. The silver halide film Is
on the face of the CR1 by the electron beam. known for its inherently wide tonal range and its
(BR , unlike the CR1 technique, writes directly contrast range satisfies most specifications. In
onto the unexposed film with the electron beam. addition, a silver halide film specimen has been
To properly control the direction of the electron known to last over 50 years without showing signs
beam, this process must be performed in a vacuum of deterioration, an important characteristic for
chanter. Unexposed film is drawn Into the chanter, archival mediums. This type of film produces a
and a page of information is written onto the film, negative or reversal image. There are, however,
After the page has been completed, the film is several limi tations. Most annoying is the require-
incremented, and the next page generated. With ment for wet chemical processing, involving several

• EBR technique, If a form slide is desired, its baths and roller devices. This type of film is
ima ge is placed on the film by the use of a second also subject to easy scratching. Finally, the
lens system after the data has been written on the price of these films is quite high.
film. One of the main advantages of the EBR tech— Diazo f i lm is much less expensive than silver
nique is that a special type silver film can be halide film and is used widely for microfilm
developed by heat rather than wet chemical pro- duplicating. The film contains dyes which produce
cessing. a visable image when exposed to ammonia vapors and
LBR writes directly on dry silver microfilm form- a strong ultraviolet light. Unlike silver film,
ing a latent image that is developed by heat, not diazo film is non—reversing. Its cost is low and
chemicals. The laser is expanded through a beam— it gives a highly satisfactory duplIcation with
expanding telescope. Then, it is deflected excellent contrast. It does have the drawback

13
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Uiat ammonia vapors require special ventilation an4 (3) Microfilm DuplIcator - Microfilm duplicators

• create an unpleasant working situation, make multiple copies of microfiche or microfilm for

- Vesicular film Is a comparatively recent develop— distribution. A variety of models is available,
mant which is competing hard against diazo. Trans— from the Datagraphlx Model 11 table—top unit which

parent crystalline particles are mixed with a operates at 360 fiche per how , to their Model 75,
. transparent resinous plastic, coated onto a pylar which has a through-put speed in excess of 1000

base, and exposed to ultraviolet radiatio n . To cOPies an hour and which collates up to 100 sets

develop the image, heat Is applied. Th. process automatically.
• Is reversing. The finished vesicular copy is very (4) Microfilm Readers/Printers - There are many

sturdy and scratch resistant. A disadvantage is styles and types of readers and their price range
• • • - that if the exposure to ultraviolet light in the varies from $175 to $400 for microfiche. Microf i lm

duplicating process is not sufficiently prolonged, readers are more complex and range from $400 to
the images will tend to darken over a period of $1750. The majority of readers function quite

• 

1 

time. satisfactorily. However, some portable models

J Dry silver film is a 3M product used on the ~ FBR have problems with illumination and optical distor—

and LBR CON. A latent image Is formed by the elec- tin. Reader/Printers give the added advantage of

tron or laser beam writing directly on the film, being able to produce a hard copy of the page

and then developed by heat, not chemicals. desired on a selective basis.

4.2.2.3 CON harduare. Some of the more expensive (5) AutomatIc Retrieval Devices — Devices are

• CON recorders have built-in minicomputers to con— available to permit the selection and insertion of

trol their operations. The primary function of a fiche into a fiche reader in a matter of seconds.

• this internal computer is generally to reformat This has the advantage of speed and simplicity of
• 

• 
- the input data prior to recording on microfilm. accessing large amounts of information. The major

By utilizing this technique, the mainframe computer disadvantages include the cost of the retrieval
is relieved from the task of reformatlng and devices and the additional fiche production time

• coding. Minicomputers are mostly used In graphic required to prepare the fiche for insertion Into

appli cations or when special in structions are the reader.

• required for titling and indexing the fiche. 4.2.2.4 Other considerations. In addition to the

• There are other pieces of equipment involved in physical specifications of CON equipment, one must

CON systems. These Include: take into consideration the requirements and the
exact output functions expected tO be derived from

(1) Mognetic Tape Unit - Most CON systems in- •

d uds in their purchase price a magnetic tape unit 
the CON system--data file size, frequency of update
(should be no more than once a day ) need for hard

for Input into the system. The Memorex 1603 copy, nunther of locations requiring copies of
appears to be the only system currently available reports , and the retrieval requirements; whether
that does not. The majority of the tape drives the CON system will be on-line or off-line; costs

• accept 7 or 9 track tape at 556, 800 or 1600 BPI. for utilizing CON equipment which nay increase due
(2) Microfilm processors - With the exception of to inflation and greater sophistication; total cost

• the ~4 Dry Silver Film, which is developed via an per line of copy; the timeliness of the information;
• internal heat process, all CON original film convenience and availability of output.

requires some “wet” chemical processing. This 4.2.2.5 Future trends. The industry is experiencing
process can be accomplished either through the incredible growth. A survey conducted by Interna-
une of a separate film processor or through the tlonal Data Corporation determined that the CON
me of an internal processor.

-
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industry would double in the next five years . The Designer System Is a complete automated syst em
As far as technical improvements, the ‘Ultrafiche” that can integrate a developmen t effort f rom the

has great promise. Also called Photochromatic first desicin idea to the finished product. The
Microlmaae (PCMI) Technology, ultrafiche gives a engineer and designer interact with the system
high density fiche on the order of 96X reduction through CRT devices or plotting surfaces . The

and can reverse color based on temperature or • system provides computer aided design and produc-
specific radiant energy. As a result, the image tion.

can be changed (in contrast to the silver halide The Designer System offers an autoscan operation
• film), producing a perfect master at less cost and which can input data from hard copy at approximately

time delay. This will be particularly applicable four square inches per second. It offers inter-
to graphic requirements. Ultrafiche is limi ted active plotting surfaces which allow drawings to
because it requires careful balance of quality be digitized into the system or plotted out on the
control , sensitive readout equipment and high vol— surface. In addition the system provides inter—
wile, active CRT terminals with two or three-dimensional
Another innovative technique Is Computer-Input- displays.
Microfilm (CIM) , which is a scanning technique In The central processor for the Designer System is a
which the image on microfilm is scanned and stored high-speed, general purpose minIcomputer wi th up-
as computer records. Such systems have most coin— to 128K 16—bit words of main memory, supported by
manly been applied to engineering development cassette tape, magnetic tape, disk memories of up

• applications and are not widespread at this time, to 14 millIon word capacity . A single central
Finally there is a current trend toward front—end processor can typIcally control four or five inter—
processors because of their flexibility , active terminals.

4.2.3. Dlgitalized Drawing and Automatic Drafting It is almost certain that many companies and the
government will go to digital engineering data

One of the rapidly developing areas of computer
bases which will make interchange of engineering

technology is the storage of engineering data in
drawings In digital format entirely possible. The

digital format. The digital storage of an engi— automated drafting function is well developed
nearing drawing offers several advantages including

today and Is operational in several companies.
automated drafting systems; reduced storage space; Refinements to the automated drafting systems can

• the ability to reproduce clear and accurate drawing
be expected over the next few years.

copies; reduction in the amount of hard copy used;
nunerical control of the manufacturing process ; a 4.2.4 Mass Memory Systems
choice of outputting digital data to hard copy, The need for mass memory systems in the range of
microfilm or CRT for display or interactive opera- 1012 bIts has become evident with the advent of

(
• tions ; maintaining the data base through inter- increasing dependence on computer information

active terminals. 
• 

management systems in business and scientific
One problem which still exists with digitized endeavors. The ideal system, allowing random
storaoe of drawings is the slow rate at which cur- access of 1 used with a reasonable price, has not
rent hard copy can be converted Into digi tal format, yet been realized. Presently, non-random access

systems are available which provide for mass
4.2.3.1. The designer system. The Computervision storage at a reasonable cost per bit.
Corporation Designer System is described below to
provide an example of the application of current While moveable head magnetic disks offer access

technology In interactive graphics, time advan tages , even the latest IBN—3330-ll

________ - 
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( 2000 *yte capacity) disk does not lend i tsel f to set. The recording media is “control software” sub—
mass storage application. The primary constraint divided into “allocation units. ” Physical storage
is the physical limitation of head alignment and space is made up of an aggregation of allocation

• the necessary decrease In distance between head units. Selection of the size of the allocation
and tape for higher densities . Increased effort unit is a compromise between space and processing
In overcoming these mechanical problems has had efficiency and is also a function of the intended
limIted success resultin~ in the elimination of user application. Increased random accessing
this method from consideration In mass memory would imply larger unit size. However, uo to 33~

- - systems. of storage capacity may be unused due to average

Other storage systems which may be considered are user data block size. Since even the best access

the UNICON 690-212, manufactured by Precision times are too slow for numerous random access

Instrunents; MASSTAPE , manufactured by Grununan; requirements, most manufacturers use compromise

and Tera Bit Memory (‘IBM), by AMPEX. allocation units of approximately 130 Kbytes.
.

• The UNICON system has a total capacity of 0.1*1012 User files can be transferred from the miss media

bits. Storage is on data strips in a carousel , either directly or by staging. The direct transfer

The system contains independent read/record units mode of operation requires allocation of a data

which provide for a simultaneous read/write capa- path for each active file to each host, whereas ,

• billty. Access time for this system is approx— staged transfer requires only one data path for

Imately 10 seconds. A Recorder Control Unit (RCU) all files . Additionally, that path must remain
dedicated during processing execution and the fileusing a minicomputer for overall control of the
must necessarily be processed sequentially. Whilememory system provides interface with the host

computer. staging requires host or shared har~~are, after
the file has been staged it may be randomly pro-

The Grumnan system offers storage of 1012 bits and cessed if the file has been staged in its entirety.
an average random search time of less than six Again , particular software must be tailored for
seconds. Storage Is in cartridges in a carousel. individua l requirements.
Eight storage units are controlled by a masstape
controller (minicomputer). The system provides Selection of a particular file processing technique

for allocation of up to 16 active files with a must include consideration of the file activity

burst transfer rate of 10’ bytes per second. ratio. Very low activity ratio files would favor
direct access. High activity ratios would Indicate

The iBM system boasts one of the largest capacity a batched input and sequential access. The latter
figures of 3.1*1012 bits. Reasonable access times is envisioned as the most prominent mode of ooera-.
are provided by use of video recording techniques tion.
which allow search speeds of 1001) ips and up to
six simultaneous searches or the equivalent of ~ 4.2.4.2 Disadvantages . One of the disadvantages

conventional computer tapes per second. of mass storage systems is their high expense;
although, this is not the primary obstacle to their

A summary chart of these three systems and a con- widespread use. A more substantial problem is the
ventlonal comparison is shown in Fig. 8. Mor’e uncertainty involved with any new and untried svs-
detailed information on these systems can be tea, particularly expectations of technical prob-
found in reference 1. lanes. However, probably the most significant
4.2.4.1 Filing and transfer methods. Most sys- obstacle to widespread utilization of mass storage
tema are designed for sequential access using systems is the excessive random access time .
large data blocks , which significantly reduces Systems such as UNICON which utilize non—erasable .
efficient random access to a relatively small data laser recording techniques certainly provide ~en -•
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excellent archival media, but are less flexible Charge coupled devices utilize much the same tech—
for numerous record processing changes. In re— nology as MOS devices , but remain unattractive for

search related to their own application develop— mass memory applications due to their volatile
mints, Ampex has found that after a file has been storage process , despite many desireable features
Inactive for three months the probability Is less (e.g., fast access times).
than .5% that it will again be accessed. This is Magnetic bubble devices have essentially been three
quite different from the NSWSES operation where years from production for the past five years.
95% of the AACF cards are accessed In 5 years, Using present technology they too are relatively
75% In 2 years, 50% in 1 year and 20% in 3 months. volatile in that a smell D.C. voltage must be main-

~~ This would indicate a significantly more active tamed. However, Rand Corporation predicts that
• system and possibly result In a greater man—hour by 1980 bubble technology advances will result in

cost savings if automated. a nonvolatile system with a 2 qsec random access
Finally, the pay-off for conversion to a mass stor- time and a density figure of 10’ bits/In3 for 0.01
age system does not occur for at least five years, cents/bit.
which leads to the very real risk that technolog— Elec tro—optical techniques encompass both electron
Ical improvements will render the system obsolete beam and laser technology, as well as several
and reduce the returns of a sizable capital invest- radiation sensitive media (i.e., thennoplastics
mint, and photochromic). Electron beams can be focused

C 4.2.4.3 Advantages . There are a nunber of p051— for extremely high potential density rates, but
tive factors characterizin g mass memory systems. must operate in a high vacuum which limits their
They offer obvious economic advantages in cost—per- application possibilities. Laser beams can operate
bit as compared to conventional methods of on—line in norma l environments and can be focused with
stora ge. Additionally, they feature handsoff data several mechanical and nonmectianical means.
retrieval , relieving many scheduling and librarian Holographic techniques entail the recording of
cost s/problems and security against data loss and optical wavefronts formed by the interaction of
overwri te ri sks inherent to the often piecemeal a reference laser beam with a second reflected
conventional library techniques. Many utility beam. In erasable media , heating above curie
functions may be accomplished with some sys tems temperatures and a magnetic field can be applied
in an off-line mode or Independent of the host in 15 to 20 usec, but upwards of 100 kwatts of
computer. The physical size reduction of mass power is required. An entire page of data could
stora ge facilities over conventional systems for be recorded simultaneously further speeding the
a given storage requirement essentially eliminates process. Reading is accomplished by illuminating
the requirement for bulky off—line tape libraries, the recording with a l ight beam and reflecting the

r The modular add-on design of most systems allows light on an array of photo conductors. Time re-
for capacity/performance changes as requirements quIr~ is less than 10 usec.
change. Finally, the data throughput rates are

The most far reaching predictions come in the areacomparable to conventional storage media making
of laser applications. For Instance, Laser Co-them quite competitive in sequential processing
puter predicted a system utilizing a 4*4 foot thinapplications.
film plane with a capacity of lO’~ bits with a

4.2.4.4 Future mass storage. In this area there maximum access time of 20 nanosec and a transfer
are almost as many predictions as there are pro- rate of 50 Pbits/sec. The cost was to be 2xl0 5
dictors , but a representative sample is offered cents/bit. Further characteristics were nonvola—
here. tility for greater than 25 years, less than one
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error per 10, bits , associative memory organiza— lat lons and Indeed they materialized in most cases.
tion, no moving parts, plug -in capability with IBM Most miss stora ge manufacturers conceded the sys-
peripheral equipment, and with a price of less tern would be difficult to obtain, but it is cx-
than $1.2 million . Phenomenal predictions such as tremely unlikely that any one vendor has sold more
systems with capacities of lob e bits have been than 12 units in the pest five years.
forthcoming fro. the same so urce. These systems

‘ Future technological breakthroughs in developing
are to feature access to 1000 bits in less than .3 fast access, high density storage media are a
nanosec. Unfortunately, very few specific deta i ls certainty. It may be a non-movinq media device• of any sig nificance have been forthcoming si nce as is envisioned by Laser Computer Corporati on orthe initial announcements . Furthermore , a few
calculation s Indicate even wi th the speeds predic- a disk-ty pe system as envisioned by more moderate

predictors.ted, a total of 1021 years would be necessary to
access all the memory in the lobe bit capacity 4.2.5 Intelli gent Terminals

system. On-lie computing systems are designed to use
~iile such announcements are rather over-optimistic terminals and telecommunications links to overcome

and deserving of skepticism, predictions by numer- the limitation s of batch processin g systems.
otis credible authorities have been extremely Strategically, a terminal can be an interactive
encoura ging. For instance , by 1983 anot her pre— device which enables the user to cOmmunicate with
dictor asserts that a moderate speed device ~ f 1.. a computing system at a record leve l , rather than

at a file level ; it may be a device which transmitsizing a disk with holographic or cryogenic techno-
logy will have up to b i b  bits/units capacity, an and receives batches of data quickly and accurately
access ti me from .01 to 100 meec, and a price ~f 

to and from a computer; or It may be a device which

6x10 cents/bIt. Still other mere skeptical has intefliqence of Its own and is able to perform
individuals predict present motion of media tech— certain tasks itself , thereby relieving the main
niques will be necessary for the foreseeable future. càsivuter and reducing the load on the transmission
Current mass memory systems require motion of the line. Any type of terminal may be provided with
media pest a read/write device due to the present sonic level of intelligence.
recording density technol ogy . Therefore , access The benefits of relieving the main computer are
ti is relatively poor which essentially negates that the computer is better able to give fast re—
the practicality of random access processing. This sponse to messag es, is better able to handle peak
results In many users with relatively large storag e loads , and is freed to do other work. As a conse-
requirements such as Aetna using conventional stor— quence, costly storage additions to the centra l
age devices at a considerably hIgher cost/b it. computer can be averted. The benefits of reducing
In sl~~ary, while mass storage Systems are useful the load on the transmission line are that lessI
for arch iva l means, that characteristic Is not an errors will occur and that transmission costs may
important selling point In most instanc es . Tb. be reduced.

application of these systems is relegated generally An intelligent terminal generally consists of corn-
to batched Input and sequential file processing in ponents of an Interactive terminal; processinq
applications which require a large data base un it capable of executing conventional computer

~~ 

- 
(greater than loll bits) on line . Further they instructions ; high-speed memory for storage of
would normally supplement conventiona l devices , as both data and operational programs; and mass stor-
part of a hierarchical system rather than replace age, typically cassette or cartridge tape; and
conventional equipment entirely. conventional or floppy disks . A program can be
Mtmisrous problems were expected in initial Instal- entered into the programmable read only memory
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(PROM) area where it cannot be altered. On some processor during daytime business hours. The ter—
terminals, a board containing logic circuits can minal is polled by the central computer at night
be unplugged and replaced by another. to collect data and update the data base before

the next workday.Compared with equipment which would have had the
same capability of just a decade earlier, an intel- Until recently most intel l igent terminals could
ligent terminal is incredibly smell in size, re- not perform simul taneous operation of printers,
liable in use, easy to maintain and to repair. It cassettes , card readers, etc., or permit their
is easy to use because it can be programed to being shared by two different ter minals. In other
provide different levels of man/machine dialogues words , if the terminal was busy printing, it was

depending on the appl ication and the person using unavailable for input.
it. It provides aid to operators in  local edit ing Three developments have practically eliminated
of entered data with page buffering and a fill-in- these restrictions :
the-blanks screen format. In general , intelligence
is put in a terminal for communication, for bulk (1) High-speed microprocessors with a cycle

time of one microsecond or better,memory control, and for operator assi stance.
(2) changes In architecture design which allowIntelligent terminals can check and validate data

direct contact between’ the terminal ‘s internalprior to transmission. They can pull information
off local storage, upgrade It and use it as re- memory and the peripherals at memory speed,

quired. (3) parallel connection of peripherals on the
same line with the terminal by high-speed dataThe Intelligent terminal is essentially a single
buses. These buses have allowed up to eight de-key—entry station which has the capability to sup—
vices to be connected to the intelligent terminalport various peripheral devices including random
at distances up to 7000 feet. Data transfer occursaccess devices being used concurrently with data

entry. When a large ni er of key entry devices at speeds up to 20,000 bytes per second.

are required at a single site, the cost of Intel- More advanced terminals of the future will likely
ligence needs careful analysis. To overcome dis- require less interaction with the main computer.
advantages in this situation, some vendors have Additionally, features will be installed which will
incorporated the concepts of intelligent terminals reduce operator interaction and lower the possibil-
in cl ustered versions . In these systems each ity of errors .
display can perform as an independent Intelligent 4.3 TECHNOLOGICAL IMPACT ON SYSTEM DEFINITION
terminal with respect to user-programed data

Most of the areas surve yed hold great promise inent ry. Multit asking softwa re allows data entry
satisfying the specific requirements of the systemto run concurrent with processing and conrunica—

tion. definition. Therefore, little change will be pre-
sented here. The minicomputer industry is well

Some of the more sophisticated on-line distributed along in production of machines which can adapt to
processing systems are capable of continuing pro— data base management as well as interface with
cessinj data at the local level for some time even other components such as CON devices. The produc—
when the communications link is down, or if the tion of more advanced NintelligentN terminals can
host computer Is not operating. On—line updating provide flexibility for operator interaction with
is then done when all facilities are once again the main computer as well as relieve the main corn—
functional. puter of many of the more tedious chores. Other
In other distributel processing applications , a I/O devices are also becoming more sophisticated
remote intelligent terminal acts as a stand-alone and require less main processor time for control.
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The only technology area which appears to be some- the system envisioned at NSWSES.L
what questionable is that of mass storage systems . The Configuration and Data Monagement Support Sys-
Developments in this area appear to hold great ten (CADMSS) at Point Mugu serves both PMTC and the
promise but at present, technical interface dif Naval Weapons Center (NWC) at China Lake, Califor-
f icu lt ies might preclude inmediate use. This is nia. It provides on—line query and a data collec-
not to eliminate the possibility of their use but tion system supporting In-service engineering,

• to emphasize that particular attention mu st be paid logistics , configuration and data management. The
to this industry when future iterations are made system is accessed via IBM 3270 compatable data
and the impact on the system definition is col lection stations capable of storing and retriev-
assessed. 

• ing management data information. The data stations
Perhaps th -most critical issue derived from the are linked to the CADMSS data base via telephone
survey Is that of interfacing the various devices network .
into a system. All facets of the com puter indus- The processor is an IBM 370/165 and supporting
try appear to be making great strides with 

~~ telecommunications. This system receives, pro-
innovations emerging almost weekly. But, with cesse s and stores data from the CAOMSS data sta—
this accelera ted progress , Increasingly more emph- tions, and retrieves queried infometion and gen-
asis must be placed upon efficient system design. crates selected reports for a particular data
4.4 OPERAT IONAL SYSTEIG stat ion.

To develop an appreciation for the approach of The CADMSS is comprised of four Interacting modules
other organizations to configuration and data man- utilizing conunon data bases.
agement and to observe the appl icatIon of current The Technical Data Module (TOM) provides for the
technology, the configuration and data management identification and control of technical data and

• systems at the Pacific Missile Test Center (PMTC), for the accounting of changes to the data. Stan-
Point Mugu, California, and at Lockheed Mistlie dard on-line query, data entry, and file mainten-
and Space Company, Inc., Sunnyvale, California , ance techniques service the TOM. Data edit and
were observed. Although there are some variations validation are included in file maintenance rou-
in each configuration and data management system, tines. On-line query capabilities relate the
the problem of configurat ion control is universal current revision status if all technical data on
enough that standard software systems have been file and the status of in—process changes to the
developed which could fill NSWSES configuration technical data on file.
control requirements.

The Contract Monitoring Module (Clvi) tracks con-
4.4.1 A Navy System tract data requirements and hardware deliverables.
The Pacific Missile Test Center at Point Mugu per- Data edit and validation are Included In all file
forms the configuration control function for sys- maintenance routines. On—line query and hard copy
tens under the cognizance of Naval Air Systems report capabilities relate the status of Contract
Coimmnd which is a mirror image of the confi gura- Data Requirement deliverables , hardware delivery
tion control performed by NSWSES for systems under status of configuration and items by serial nuiter
Naval Sea Systems Command. This conunonality of and contract baseline. The contract baseline
functions makes possible a direct comparison of information is retained in the parts bill—of-
the configuration management requirements of the material format for each contract , thus providing
two stations. This is particularly pertinent a baseline accounting for a specific contract.
since PMTC has an on-line system for configuration The Baseline Accounting Module (BAN) provides a
management In operation which is very similar to bill-of-material process from which product base-
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lines of equipment are extracted. Data edit and correspond to the CIIF and Class 1 Change File
validation are Included in all file maintenance respectively as described In Section 2. The on-
routines. On-line query and hardcopy report cape- line feature provided by CADS~S provides a vast
bilities relate the baseline definition, component improvement over the batch operation used at
usage, contract baseline definition and contract NSWSES.
component usage. 

- 

The Point Mugu CAONSS system appears to provide an
The Change Accounting Module (CAM) tracks the excellent example of an operational on—line system
status of all Engineering Change Proposals, dcv- which could be utilized by NSWSES in the develop-

b 

iatlons, and waivers. The approval cycle status ment of the specifications for their own system.
• of a change is monitored by date and activity. 4.4.2 An Industry System

- 
- The impact of a change on other portions of the -

CADMSS system is provided by the linkages of The Configuration Accounting System employed at
Lockheed Missile and Space Company Is primarilytechnical data affected, parts affected, including
concerned with insuring that the ‘as built’ systemscontract baseline and contracts affected.
are reflected correctly by supporting technical

The CAVMSS was developed as a structured system data upon del ivery to the Navy. The configuration
utilizing a standard data base to provide accurate control required at NSWSES is primarily concerned
and timely information. The system was designed with maintaining control after systems are deliv-

ered to the fleet. However, review of Lockheed’swith the flexibility to grow to meet future re-
a quirements with minimal impact to the basic system Configuration Accounting System revealed that

and provides data validation, ease of maintenance, configuration control systems are very similar
rapid data retrieval , flexibility in operation and t egardless of the specific application. Desired
integration. The CAOMSS was designed to minimize features of particular configuration systems
training requirements for effective utilization of available in industry could be incorporated in the
the system. Specialized training or experience is spe~ification of a new syste. at NSWSES.
not required for normal system use. A menu tech-

Review of the Lockheed installation did provide annique of accessing system functions is utilized to
minimize requirements for familiari zation with opportunity to observe the operational application

specifIc program names. Operators follow normal of the digitized storage of engineering drawings
and an automated drafting system based on thissign-on procedures Including password security.

After sign—on, the CAOMSS executive system directs digitized data.

the program selection based on descriptive names The Computer—Graphics Augmented Design and Manu—
rather than coded program identifiers or niabers. facturing (CADAN) system at Lockheed Is lndepend—

The automated functions of the Technical Data ent of the Configuration Accounting System. The
Module and Contract Monitoring Module ‘described CADAN system Is designed to operate on an IBM 360

above for CAOMSS correspond very closely to many or 370 computer, but automated drafting systems
of the responsibilities of the Data Management are adaptable to minicomputer applications. The

Di vision at NSWSES. These functions at NSWSES are system can support up to 14 interactive terminals
currently carried out manually but as demonstrated with 130,000 byte region of core memory without a
by tne CAOI6S system, many of these functions noticeable reduction in response time. A reduced
could be automated for a much more efficient ninter of terminals would reduce the core memory
and effective operation. ~~ t~meuits.

The Baseline Accounting Module and the Change The CADAM system automatically controls release of
Accounting Module described above for CAOMSS drawings and prevents unauthorized changes. A key
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code is input into the program which is acessible configuration and data management system in a time
only to authorized individuals. The master digi— phased sequence. Completion of each phase will
tized drawing file Is kept current with a minimian result in the defined capability being obtained.
of man—hours effort. The ease with which a digl— It should be noted, however, that the phases are
t lzed drawing can be updated and the automation of not independent and some decisions must take Into
the drafting functions show promise for substan- account the requirements of all phases. Also,
tial cost and time savings. In addition, looking decisions made in each phase will limi t to some
to the future when the military specifications may extent decisions which can be made in later phases.

- allow the acceptance of engineering drawings in Another key factor which ties the phases together
• digitized form makes the consideration of a system is the timing of various segnents in each phase.

such as CADMIS attractive from both a cost and Fig. 9 gIves the overview of the recommended
• space savings aspect, acquisition process and the following paragraphs

4.5 OPERATIONAL SYSTEMS IMPACT provide more details of the process.

r ON SYSTEM DEFINITION 5.1.1 Phases of Acquisition

V The review of operational systems provided a val- PHASE 1 - Integrate the Configuration Item Identi-
uable input to the system definition. The CACNSS fication File, the Site File, the Class 1 Change
system at Point Mugu is ful ly specified and opera— File and the Master Index File Into a couuon data
tional and many of the problems associated with base. Develop a Technical Data Tracking File for
the development of a new system have been solved, technical data requirements similar to the Class 1
Other problems which may arise will be resolved Change File for Engineering Change Proposals.
before the NSWSES system goes on-line and as Its Acquire the central processing units, the inter-

• system definition is firmed up, NSWSES shoul d take active terminals and the software operating systems
advantage of the knowledge gained at Point Nugu. necessary to develop an on—line configuration

• One important difference between the Point Mugu management system operating on an integrated data

system and the system envisioned at NSWSES is that base.

the CADMSS system was designed to operate as a PHASE 2 - Develop the capability to digitally
tenant on an IBM 360 computer and the system at store engineering drawings and the capability for
NSWSES will most likely utilize minicomputers as computer Output to microfilm. This phase will

• the central processing units. This is because the greatly increase the storage requirements over
minicomputer industry has made great strides in phase 1 and will require either a mess storage
satisfying the needs of a data management system system or a library system. In addition, input
since the CADNSS system at Point Mugu was sped — digital scanners will be required.
fled. PHASE 3 — This phase is a natural follow-on to

• Another area from which NSWSES should take full phase 2 and involves the development of the
advantage of available knowledge is the area of digitized display of engineering drawings and an
digitized storage of engineering drawings and automated drafting system. Phase 3 would pri-
automated drafting systems . man ly provide services to NSWSES departments
As they develop and finalize their system defini- outside the Technical Data Department and would
tion, NSWSES ~hou1d continue to review the involve both hardware and software for the auto-
operational systems . mated drafting system and display terminals.

S. ACQUISI TION PLANNING The reconunended phases of procurement were

5.1 R(COPP(ItO(O ACQUISITION I~..M selected to provide the maximip benefit from the
NSWSES should acqui re an automatic computer based new data mana gement system as early as possible
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in the system development and to delay the acqui- time, priori ty systems , etc., become Important.
sition decisions which are less clearly defined 5.1.2 Acquisition Timing
at present until a later point in the sequence.

The establishment of a timing sequence similar toPhase 1 in the acquisition process does not re—
that shown in Fig. 9 serves three major functions .quire any technological accomplishments that do• First, this will allow for an orderly sequence ofnot already exist today. In addition , software

• systems are in existence whi ch can eas i ly be 
- procurement which can be merged with the budget
cycle. Second, the attainment of various opera-adapted to the phase 1 requirements. Completion
tional objectives can be anticipated. Third, andof phase 1 would provide a major Improvement in
perhaps most important , the assessment of onethe configuration and data management system of

the Technical Data Department. Completion of phase can be used to influence decisions in the

phase 1 will give the department comolete in-house contract definition of the subsequent phase thereby

• • capability with regard to their configuration and providing a total system which most nearly meets
the overall operational objectives.data management system and will make the p~ogres—

sion to phase 2 much easier and reduce disruption 5.2 RECOMMENDED ORGANIZATION PLAN
of services. Acquiring an automated computer based configuration
Phase 2 wIll provide the Technical Data Department and data management system will greatly enhance the
the capability to meet the long—term future de- Technical Data Department’s ability to perform its
mends which will increase as the volume of data mission. At the same time, the development will
and nunter of users increases. However, before represent a major capItal expenditure for NSWSES
phase 2 can be implemented, some problems must be and will Impact the billet requirements particularly
resolved and some technological questions answered, within the Technical Data Department. In order for

• Currently the milita ry specifications do not allow NSWSES to realize full benefit from the new system,
the acceptance of engineering drawings in digita l make a smooth transition from the current system
format. Some digitized drawing systems do not without disruption of current services, and minimize

• provide the specified resolution. To determine the adverse impact on personnel , it will be neces-
the ful l potential of a digitized engineeri ng sary for the upper levels of manaaement at NSWSES
drawing system it must be determined to what to be aware of the objectives of the new system and
extent the contractors and other organizations to support them. It is therefore reconunended that
which Interface with NSWSES will convert to similar a steering committee be established which shall be

• systems which would allow the interchange of responsible for the overall coordination of the
engineering drawings in digital form. In addition, acquisition to ensure that it is integrated with
It is not certain at the present time that the all of the NSWSES operations and with other activ—
technology of the mass storage systems or a libra ry ities external to NSWSES.
system would provide the response time that would Subcommittees should be appointed to provide de-r
be required to maintain the engineering drawing tailed guidance for specific segments of the sys-
file. tem acquisition. A recommended committee arrange-
Pha se 3 would provide the logical benefit avail— mont is shown in Fig. 10. The following paragraphs
able once phase 2 is complete. Phase 3 does not provide general areas of responsibility for each
pose any particular technological problems but commi ttee. Specific units within NSWSES have been
imp lementation of phase 3 will call for close recommended for steering committee merbership to

• coordination within NSWSES since other departments ensure overall coordination of the system develop-
will effectively become tenants of the Technical mont. The subcommittee mentershlp should be made
Data Department’ s system and questions of response up of personnel from NSWSES who have particular
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technical or other expertise in a given area and Increased productivity
an appreciation for the operational objectives of The steering committee should give general guide—
the data management system. Active membership on lines on schedule for Implementation , integrated
any of the committees will likely vary at different data base concept, on-line operational requirements,
stages of the acquisition . known cost and time constraints, etc. This will
5.2.1 The Steering Committee provide the various subcommittees a framework in

• which to work.It Is recommended that the Department Head of the
Technical Data Department be appointed as the The steering committee should evaluate the pos-
steering committee chairman. He has a workinq sibility of revolutionary changes occurring in the
knowledge of the operational objectives of the Technical Data Department’s responsibility for
system, and as a senior manager he has ready access configuration management, such as , the possible
to other senior managers to ensure that the data inclusion of the underway replenishment data base,
management system becomes an integral part of the so the impact can be reflected in the data manage-
entire NSWSES organization. Each Division Head ment System acquisition.
within the Technical Data Department should be The steering committee should consider alternatives
appointed to the committee to identify division developed by the subcommittees and make major
requirements and to ensure that an integrated data alternative tradeoff decisions to satisfy the
base is developed which will satisfy these require— overall objectIves of the system.
ments.

5.2.2 The Hardware Subcommittee
The long-range planning group at NSWSES should be 

The hardware subcommittee should be responsible for
• represented on the committee to ensure that NSWSES

selecting system hardware which will must effect—command requirements are considered throughout and
to ensure that the acquisition is Integrated with ively and economically support the system objectives.

• This will require close coordination with the soft-the overalT NSWSES operation.
ware subcommittee to ensure system compatibility .

• During phase 2 and phase 3 of the system acqulsi-
Following are some of the basic considerations

• tion, additional members, such as the engineers
which the hardware subcommittee should study:and the engineering drafting personnel , should be

incl uded as active committee members to ensure AVAILABILITY — Hardware should be chosen which is
that their departments will derive ful l benefit close to the state of the art in order to prolono
from the data management system. the life of the overall system.

The steering committee should use the variables MAINTAINABILITY AND REPAIRABILITY - A decision must
listed below as a basis for determining the over- be made as to whether USWSES will develop its own
all objectives for the acquisition : maintenance and repair. This will involve consid-

eration of both cost and possible system downtime.(1) Navy Shipbuilding Program — physical size of
the Fleet OPERATOR TRAINING - The time , disruption, and cost
(2) System Deployment - number of systems main- of training personnel must be considered. It is

tam ed, number of end users desirable that training time be kept to a minimum .

(3) New Responsibility Areas - change in user ~ DU1ARITY - The hardware chosen must fulfill cur—
needs, change in NSUSES cognizant systems, change rent system requirements , be capable of expanding
in responsibility for systems currently managed to meet future needs. This is particularly lmr’or-
only in part tent as the hardware selections made for one rhase

(4) NSWSES Personnel Manning Levels - need for must also support the additions of later phases.
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5.2.3. The Software Subcouiunittee be investigated. Close coordination with the hard-
ware committee wi l l  be required to ensure that theThe software subcoimiittee must work in close con-
facili t ies developed are compatible with the spacejunction with the hardware subcomittee to develop• and support requirements of the hardware.an operating system which fully exploits the cap-

ability -of the hardware and fulfill s the require- 5.2.5 The Budget/Cost Estimating Subcommittee
nmnts of the overall system. Some of the consid- This subconunittee must work in close conj unction
erations for which the software subcommittee with all the other subcommittees to ensure that
should be responsible are given below. all the requ irements are considered and that a .cur-
DOCUMENTATION - The docunentation from the design ate cost estimates are developed to support prepar-
phase throughout the system life cycle cannot be ation of the budget submissions. The subcommittee
overemphasized since it fonns the bas i s for shoul d be respons ib le for ensuring that the time
system understanding and operation. This docianen— and cost constraints prescribed by the steering

• tation should include computer programs, manuals , committee are observed and that necessary tradeoffs
and procedures, equipment and facility layout, between the requirements identified by other sub-
computer operating procedures, training materials committees are presented to the steering committee
and training programs. • for final decision.

USER TRAINING — The subcommittee should develop a 6. RECO#IENDATIONS FOR FURThER STUDY
training program for the users of the system. This study has concentrated on a managerial approach
STANDARDS - The development of standards which to properly organize future investigation and coor—
must be followed by all users of the system is dination efforts. After the need is Justified,
very important if an Integrated data base is to NSWSES should turn to studies which will formalize
be effective, the parameters of the proposed system. These

studies nay be made by NSWSES personnel , contract—
INFORMATION FLOW - A study of information flow

ors, or Naval Postgraduate School students, depend—requirements should be made to ensure that all
ing upon cost and time constraints. The studiesrequired information is made available in a timely
could be made by one of the committees discussedfashion and that redundant or useless information
in Section 5. These committees should be respon-Is not processed.
sible for collecting date and analyzing it in li~~tACCOUNTABILITY - Procedures should be developed of specific user requirements, then making detailed

which ensure that only authorized personnel inter— recommendations to the steering committee. This
act with the system and that these personnel be should be a natural product of the acquisition
accountable for actions taken. process and need not delay the beginning of the
BACK-UP PROCEDURE - Consideration must be given system development cycle.
to methods if operation which can be utilized If Areas for additional study are:
the system is inoperative.

(1) AnalysIs of the expected file sizes pro—
5.2.4. The Facilities Subcommittee jected into the relevant time frame. This should
This subconunittee should determine the facility include an analysis of the mass storage require—
requirements for support of the system. The ments for the various functional areas of the
committee must take an overall view of all three system definition.
phases to ensure that allowance is made for the (2) AnalysIs of the access times required for
increased facility requirements as the phases are each classification of work. For example, routine
installed. The possibility of utilizing existing file maintenance times would probably differ from
buildings, upgraded to support the system, shoul d
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the times required for the extraction of engIneer- 6. S~~ effler , James 1). and Temple. Rbnald H. (ad)
ing drawing s. Minicomputers: Hardward, Software and Appli-

(3) SimulatIon and analysis of the proposed cations. New York: IEEE Press, 1972.
system using GPSS or other simulation languages 

~ ianna,, Daniel J. (ad). W.TAPRO Reports on
to provide a model for other studies . This work Minico mputers. Dshran, New Jersey: DATAP*)
might well be accomplished by Computer Science Research CorporatIon, 1975.

• students at the Postgraduate School in conjunction
8. “Al l About Computer Output Microfilm (CON). ”with the hardware subcommittee. 1975 UATAPRO Research Corporation , December

(4) A tradeoff analysis of a complete on-line
1975, p. 700-010-80 a.w.system versu ’ on—line query and update/transaction

fIl e wi th a batch file maintenance conce pt. 9. Glldenb.rg, Robert F. Computer Outpu t Micro-
(5) AnalysIs of the actual dollar savings film Systems. Los Angeles: Melville Pub-

associated with digitized drawings. lishing Company, 1974.

(6) Analysis of the actual dollar savings 10. Chu, Albert L. C. “Computer Output Micro-
associated with increased productivity of person— Film Survey,” Government Uata Systems,
mel . This analysis can be conducted in phases as Noven~er/Decenter 1974, p. 22—28.
the various functional areas are included as users

11. Wieselman, Irving L. “Choosing Proper
of the system.

• Computer Output Systems.” Computer Desi gn,
December 1974 , p. 63—67.

7. LIST OF ~~FE RENCES
• - 12. English, John. “Building the Power and the1. Pounds, John W.; Wieland, Billie W.; Wang,

Flexibility.” Computing, June 12, 1975,
• - Peter C. C. (Thesis Adviser). A Modernization

p. 16.• Plan for the Technical Data Osparteent of the
Naval Ships Weapon Systems Engineering Station. 13. Hol m, Bart E. uDisc ussion of Technology for

Master’s Thesis , Naval Postgraduate School • Storage and Retrieval .” Changing Patterns
Monterey, Cali fornia , 1976. in Information Retrieval. Washington, D.C.:

AmerIcan Society for Information Science,2. Naval Ships Weapon Systems Engineering Station 1974.Instruction 5450.lc, Station Organization
Manual, 30 April 1974. 14. Schultz , Louise. “Technolo gy for Storag e

and Retrieval of Bibli ograp hic Data. ”• 3. Simmons , Sheldon L. Integrated Configura tion
Changing Patterns in Information Retrieval.and Data Management System. Paper presented

at Stanford (Miversity/National Mlcrographics Washington 0. C.: American Society for
Information Science, 1974.Association Strategies for Management of

Computer Output Workshop and Symposlian. 15. Clark, R. Computervlsion Corporation.
Stanford tk~iversity, 26 February 1976. Deslgn/Engineerinq/Manufacturing Automation,

January 1976.4. Coury, Fred F. (ed). A Practical Guide to
Minicomputer Applications. New York : IEEE 16. “Al l About Al phanumeric Display Terminals. ”
Press, 1972. UATAPRO, April 1975, p. 20d.

• 5. Hugo, J. (ed). Minicomputers. (INFOTECH 17. Bowers, 0. M. “Small-Scale Computing.”
State of the Art Report 13). Maldenhead MOdern Data, May 1975, p. 43.
Barkshlre England: INFOTECH Information 18. Cullen, G. “Weighting the Meri ts of
Limited, 1973. IntellIgence.” Data Communications IMer,

June 1975 , p. 22.

26



•~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - •

19. Dyk. and Berstein. “Search for the Idea l
• Data Terminal .” Data Communications User ,

October 1975 , p. 29.

• 20. Pritchard, J. A. 1. Selection and Use of

Terminals in On-Line Systems. Manchester,
England: N. C. C. Publications, 1974.

21. Ritchie, °. 0. “Intelligent Terminals ~nd

~1stributed Processing.” Comouter Decisinnc ,
-: 

• February 1975. p. 36.

22. Seigle, 0. C. “Intelligent Terminals Fastest
Growing OP Area. ” Computer Worl d,
26 November, 1975, p. s/3.

23. Gross , W. A. “Ultra—Large Systems Using
Flexible Media, Past, Present and Future.”
AFIPS, Vol. 40, p. 957-968, 1972.

24. Hoagland, A. S. “Mass Storage: Past,
Present , and Future.” Computer, Vol. 6 No. 8,
P. 29-33 , September 1973.

25. Grumman Data Corporation. Mass System
Description 572-l.la.

• •
: 26. “Tape System Offers 128 Gbytes On-Line.”

Computer World, Vol. IV No. 44, p. 1 , 3,

November 1971.

27. Frazier , R. B. Simulation Analysis of the
IBM System. H. S. Thesis , Naval Postgraduate
School , Monterey, California, 1975.

28. Houston, 8. B. “Trillion Bit Memories.”
Dataination, Vol . 19 No. 10, p. 52, Oct. 1973.

29. Becker , C. H. “UNICON Computer Mass Memory
System.” AFIPS, Vol . 29, p. 711-716, 1966.

30. Farmer, V. “200 Ibyte Drivers Proving
Their Worth.” Computer World , Vol . VIII
No. 32, p. 19, 7 August 1974.



• 
•• • • • ~~~~~

••_•
~~~~~~ 

- - - - - -

~~~~~~~~~~~~

-

~~~~

- • •

~~~~~~~

1 

• 

~~~~~~~~~~
• - T.ftI. , IIS

• - • ‘~~~s~ ~r~ — mis ,~~~~ -. is

is PI~~ C~~~~~ i Sr.’s ml
• , 

• s7I s. •i m
- 

•

• mi~~~ •l U
*7~~~~~4

— • 
• ml ~~~~•4

____________________ T$mr IS U ti .ii

~~~~~~~~~~~~~~~~~~~~

- I *4~~~~ U UI

_ _ _ _  
•

I is Fl~~ ~~~~I is Ill

~~~~~~~~~ I ~~~~~~~ ~~~~ ~~~~~~~~ ~ UI

{T~1~~~~ .’1 J j ~i~ ,_.I.’i~’s ~~~ ~r’~~ J 
— ~~~~~~~ 

~~~
—

1 — — — 1 ismI lli ’. is ~~~~ ~~ ls  Sr.t 1577 ~~~~~~ S

• 
~~~w”s I

•
~ 

. —r’ ~~~~~~~ 
°“

~~

‘ “.‘s

[ PS luS I •~~~~• is l~~~~~U~ Sr.’s *fl 150 l is 

• is FI~~ CIS,.l W~S— SISI is

:~ 
• . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~

• IS. I.V~~~~~~~~~~ ~51~r.. *~~.‘s

‘5’..
I ••

~~~ 5’ ~~
,p .5 5.. ~~~‘s1. Is’s. ..u, .5’ .l~ Is ‘sf~~e . 1l t.

• 3 l~~ 5 ~~~~r. SIT 515 is 3.5. ø.p. .1t ‘s

“iss I 5’fl~~~JIY 5~~~ 
..vls . SIT p’s.*I IS .5115’ ~~~~..

Fl~~. 3 - 57555 l75573~TULS ~~~ *IS

-

~

• 
28

L - • 
- -



• r~~~— — ~.-— .—-—- — -~~~~~ ..c~ ”’ - - • — -—— 
~~~~~~ ••~ —••———•-—— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ‘ T ~ 7~~~ Z#.__

5100
• Tchnical

Data
• Dmp.rtaent

I I
Fiizo 5130

Data Configuration
~~iagemant Division
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I I _ _  

H

I 1 I
5121 5123 F~i31 I 1 5133

Data Design Disclosure Identificaticit Data
Requirements and Review and Provisioning I I Infor tiat
Branch Branch Branch Lkanth

5122 5132
Data Statts Mccutting
Standardization and thange

• Branch Secretariat
Branch

Figure 3 - TEGIN ICAL’ DPtTA CEPARTI.LNT

I.

Ct~~lati’ve
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Ordalt c~~ 1eted

Total Applicable Ships
CGN9 3 4 — — — — — — — —  
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________________
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Distribut ion
Require ment ECP/Drawing File

AACF lIP CSA

• 

( \ 

Drawing Data \ Configuration 

/
Parts Data 

\ SECAS

Ships , Provisioning
Enginee rs , Parts

- Shipyards Listing

Figure 5 - FILE RELAIIOhSHIPS
7.

S . 
— •

t

Total
FY-76 FY-7/ FY-78 FY.79 FY-80 FY-81 FY7b-81

Carriers 1 1 2

1 Cruisers 1 1 Z

• Vistol Carrier 1 1
- 

Destroyers 1 3 2

Frigates 6 8 8 8 8 8 46
I

Tot als 6 9 9 11 12 12 59

Figure 6 - APPROVED NAVY SHIPBUILDING PROG NAI4

1 
_ _  
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______ __________________

System Present 1980-1985

Terrier 34 30 - 35

Tartar 52 90-95 
*

Tab s 7 1-S • -

NATO Seasparrow 3 55-60

Harpoon 0 180-185
S Clo se- in-Weapons-System 0 190-195

Point Defense 50 55-60

AEGIS 0 1-3

Anti-Ship-Missile-Defense 32 110-115

Totals 181 712-753

• Notes:
1. Land based sites and foreign ships are not included .

2. Number of ships with indicated capability is shown.
Some of these ships will have multiple capability for
a given system.

I 

• ‘ Figure 7 - CONFIGURATION MANAG ED SY STbM S

Conventional
UNICON TBM MASSTAPE Disk

System
Cost $l.6Million $3.2SMillion $3Million $200 ,000

Throughput
(Bits/Sec) 3.4X10 6 l.SXl0 6

~ i06 6.4X b O 6

Capacity 
~2 12 12 9(Bits) •7X 1C • 3.2X10 10 10

• Cost / Bit 4 4 4(Cents) 2.29X 1O 1.O16X1O 3X1O 2X10

Average
Access Time 10 13.3 6 .075
(Seconds)

* Funct ion of EDCP selected

Figure 8 - MASS STORAGE COMPARISON
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Phase Sequence

Phase 1- Integrate CLIP, Site
• File, C1C, HIP. Add TDM.

Procure CPU. Terminals. Software

I
• IPhase 2- Develop CON and -

IDigital Drawings . Procure Mass IN IStora ge or Librar y and Scanners~j

IPhase 3- Develop Automatic
iDrafting and Terminal
I~~!play of Engineering Drawing.

Phase Timing Overlap

Contract
Definition

* Phaso l

‘H l lnsta llat ion
l and Check Out _________________

• [Phese l Steering Coanittee

[Begin I
lOperation
IPhase 1 Icontract 1 

____________ __ ......51Definition
1 

jSoft ware La Phase 2 1SubcommitteeT’~
.’..[Assessment I

i Phase l I ‘ _ _ _ _ _ _ _ _ _ _

____________ ~~i1Budget and
• 1 Jhardware ]. . — — ..ICost Esti mating

lSubcornaitteel _...lSubconittee

— —

Figure 9 - PHASE TIMING 
____________

JFacilitics ,~~
- 
]Subcommittcer

-p

Figure 10 - RECO*IF.NDF.D ORGANI ATII’NAI.
STRUCTURE

1 :
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