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which computer interties to a bus are accommodated through microprocessor
ports. Data base management functions would be provided by a staging computer
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processors and a mass storage device. The concept would allow retention of
large mainframes while the focal point of the information flow would be the
staging center to which all transit files are passed. Key to the concept is

a microprocessor interface device to control access between system components
and the bus. Security constraints are a major factor in achieving the level

of system integration needed by the Center. The concept is therefore dependent
on the premise that advancing technology will allow the development of micro-
processor devices and techniques to control access to data files in an
acceptable wmanner.

Interim actions recommended to improve production capabilities included im-
plementation of decentralized interactive edit capabilitieg supporting carto-
graphic and photogrammetric production, and a program to upgrade data files
through consolidation and possible use of a data base management system.
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ADDENDUM

Following submission of this report, the Planning Research Corporation was in-
formed that a change in DMATC program direction was in process which will
significantly modify workload projections as shown in this report. This change
of program direction will involve increased emphasis on the production of
digital topographic elevation data in matrix format. This change of direction
is expected to cause a shift in the application of production resources and
can be expected to affect the projected growth of pertinent data files as cited
in this report. While the full effect of these changes is not apparent at this

time, they do not appear to significantly alter the major conclusions and re-
commendations of this study.
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TECHNICAL REPORT SUMMARY

Technical Problem. The purpose of this effort was to provide a study of ad-
vanced computer technology for the processing and mass storage of digital data
at the Defense Mapping Agency Topographic Center (DMATC) and the application
of this technology to provide more efficient operation and support of the dig-
; ital data bases required by the DMATC in the FY 77 through FY 83 time period.
} The study was to be based on information processing requirements provided by
the DMATC for translation into a statement of computer system architecture

which would support the Center's production requirements.

e o dine & e ler

General Methodology. The study was performed using three basic sources of i..-
formation. The first consisted of information provided by tae DMATC. An ini-
tial briefing was provided which described the environment and initial assess-

1 ments of projected data processing and data storage requirements., Using this
information, extensive interviews and briefings were held with data processing
personnel, data file managers, and other production and management personnel,
Selected documentation was provided along with access to computer job statis-
tics and other forms of documentation. Information was also provided regard-
ing current programs to increase production capabilities. Questions arising
during the study were resolved with Center personnel through further inter-
views.

The second source of information consisted of briefings and interviews pro-

- vided by research and development program managers at the U.S. Army Engineer

1 Topographic Laboratories, Fort Belvoir, Virginia, and the Rome Air Development
Center. These briefings provided further information relevant to the changing

cartographic environment,

The third source of information consisted of a literature search and direct
queries to other commercial organizations. These queries were concentrated
on mass storage technology and emerging technology in back-end data base
management systems.

Three briefings summarizing project status were provided the DMATC during the
\ study effort.

g Technical Results. The study effort concluded that achievement of long-range
§ objectives would require parallel actions addressing processing capabilities
as well as improved methods of information management., Study findings, based ,
on DMATC provided processing requirements, support a major augmentation of the 3
central processing capabilities. These requirements reflect a 100 percent in- |
crease during FY 77 with further growth beyond 1978 to nearly triple the 1976
. level of usage. The projected requirements require augmented capabilities for
g both collateral and SAA processing. While system augmentation is essential to
4 satisfy basic data processing requirements, other actions will be required to
reduce production calendar time which is currently constrained by the existing
batch mode of operations.

.
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The most significant growth in data processing requirements and in the growth
of digital data files is associated with the production of 1:50,000 scale
topographic line maps. Automated cartography will play a major role in meet-
ing significantly increased production work loads of line maps. (Note: Fol-
lowing completion of this report, a change in DMATC program direction occurred
which will increase the production of digital terrain data. While this change
will alter some of the projections cited in this report, it is not considered
to alter the major conclusions reached in this study.)

The automated portion of this production process is supported by a software
system designed to operate in a batch mode on the UNIVAC 1108 processor. The
creation of digital files (digitizing, plotting, editing, and verification)
requires a sequential series of operations on the UNIVAC 1108, which may re-
quire iteration until an error-free record is created. This process involves
a high number of passes through the central processor, extending the time to
create error-free digital records, supports a high level of tape activity, and
increases the probability of human errors during job submission and data move-
ment. Implementation of an interactive cartographic edit system to support
the creation of master digital records is recommemded. Consideration of a
similar system to provide an editing and formatting for photogrammetric data
is also recommended.

From an information management point of view, the current environment is char-
acterized by a large number of independent functionally oriented fact files.
Many of these files are interrelated functionally, but lack automated inter-
faces. Exploitation of these files to support planning and control functions
is consequently time consuming. A file analysis program to examine restruc-
turing of the files to more effectively support management functions is recom-
mended.

Projected growth of data files and particularly those related to automated
cartography indicate a potential data storage requirement of 4.7 x 1012 bits
by 1983. These files constitute a source data base which could be used to
support new production. Within the context of the study, the files are viewed
as primarily archival in nature. Continuous refinement of this projection,
including access frequency and response requirements is recommended to pro-
vide a better basis for selection of a mass storage media.

An advanced system architecture concept which would accommodate an associative
array processor, a mass storage system, and a back-end data base management
system was developed. While each of these areas is in advanced stages of de-
velopment, full commitment at this time does not appear justifiable. Conse-
quently, a system concept which would allow modular growth as technology and
production requirements change 1s recommended.

The system architecture recommended is a form of distributed processing in
which computer interties to a bus are accommodated through microprocessor
ports. Under the concept data base management functions would be provided by
a staging computer supported by disk storage which is shared and thus access-
ible by both intertied processors and a mass storage device. The principal
motivation .for the concept is a need to provide improved information transfer.
The concept would allow retention of the extensive capacity of large main-

iv




frames while the focal point of the information flow would be the staging cen-
ter to which all transit files are passed. The staging center together with

a system-wide communications bus allow all components in the environment to

be tied together. Key to the concept is the microprocessor device which would
control access to and between system components and the bus.

Security constraints are recognized as a major factor in achieving the level
of system integration needed by the Center. The concept is therefore depend-
ent on the premise that advancing technology will allow the development of
techniques which will serve to control access to data files in an acceptable
manner.

Implications for Further Research. The report identifies several tasks which
are recommended for action by the DMATC which are within current state-of~the-
art. The areas identified below are considered to be the most critical from a
long-term research viewpoint.

o Research efforts directed toward the development and demonstration

of microprocessor based devices and techniques to support a security
control function should be given highest priority.

Continued development of the back-end data base management concept
is required to clearly establish the viability of this concept for
the management of very large data bases.

The development of significantly improved data processing capabili-
ties supporting raster scan operations is urgently needed. A study
effort examining all current capabilities should be initiated to
identify both short and long term alternatives.

Continued research to develop cost-effective options for mass stor-
age is requirad. Prospects for affordable very large random access
storage devices are dim,

A fresh approach to examining the use of parallel processing tech-
niques in automated cartography should be considered.
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EVALUATION

1. The System and Mass Storage Study for the Defense Mapping Agency
Topographic Center (DMATC/HC) was the second study performed by the PRC
Information Sciences Company wherein the purpose was the translation of
data processing and storage requirements into computer system architectures.

2. The first effort, which was also very well received by DMA, addressed

the problem at DMA Aerospace Center. The present DMATC/HC study provided

the user with extremely useful information at a time when DMA data processing

requirements are becoming critical operational support areas. Recommenda- :
tions for immediate subsystem improvements and computer system architecture Iy

are playing a key role in defining the computer upgrading being initiated
at DMAAC and DMATC. *

3. The study examined areas such as: alternative computer architectures,
distributed processing and networking considerations (including multilevel
security implications), interactive processing, mass storage and retrieval
systems, back-end data management systems and software development and

maintenance. All of these areas are key items within RADC technical program
objectives.

A Ak

YALE SMITH
Project Engineer
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1. BACKGROUND

1.1 Purpose and Goals. This study was initiated on June 28, 1976 with
the objective of translating the data processing requirements of the Defense
Mapping Agency Topographic Center (DMATC) into an advanced systems architecture
which could best utilize advanced computer science technolugy for the process-
ing and storage of digital information. The potential use of advanced technol-
ogy to support the production and maintenance of large digital data bases
through the 1983 time period was a principal consideration in the study. To
this end topics of special interest included mass storage technology, associa-
tive array processing, and an emerging concept of information management, i.e.,
back-end data base management. Additional areas of interest are the implica-
tions of two new applications of data processing for cartographic purposes,
namely the raster scamner plotter and a photogrammetric post-processor.

The basic requirements toward which the advanced system architecture is ad-
dressed consist of the requirements for data processing and data maintenance
as provided by the DMATC. The objective has been to define a system archi-
tecture which would allow system growth in a modular fashion and provide op-
tions for growth which could be accommodated within the advanced concept as
they become available. An overall constraint throughout the study has been
to provide an approach which would always assure the basic capacity to meet
DMATC mission requirements. Once an overall advanced concept is established,
specific solutions to problem areas can be isolated, defined, and implemented
within the total conceptual framework.

After a background discussion, this report addresses the baseline requirements
for the study. Subsequent sections discuss aspects of advanced technology as
they may contribute to the satisfaction of these requirements and lead to the
definition of an advanced architectural concept viewed by the project team as
a viable long-term objective.

1.2 DMATC Organization and Mission. The Defense Mapping Agency Topograph-
ic Center was established on July 1, 1972 as a major component of the Defense
Mapping Agency (DMA). With the establishment of the DMA, mapping, charting,
and geodesy (MC&G) resources in the military departments were consolidated in-
to a separate Defense agency. Prior to the establishment of the DMA, the Topo-
graphic Center was an agency of the U.S. Army known as the U.S. Army Topograph-
ic Command and in early times, the Army Map Service. The headquarters of the
DMATC is located in Brookmount, Maryland.

The Topographic Center has as its primary mission the production and distribu-
tion of MC&G products to satisfy the operational requirements of the land com-
bat forces in the Department of Defense. These products and services consist
of a broad spectrum of MC&G end-items including maps, geodetic data, and re-
lated information. To support this mission, DMATC maintains its primary pro-
duction facility collocated with the headquarters in the Washington, D.C., area
and four field production facilities in San Antonio, Texas; Providence, Rhode
Island; Kansas City, Missouri; and Louisville, Kentucky.

In August 1976, the Geodetic Survey Squadron (GSS) located at Cheyenne, Wyoming
was transferred to the DMATC in a consolidation of field survey resources.




DMATC also operates map storage and distribution facilities for all DMA products
in depots located in Philadelphia, Pennsylvania and Clearfield, Utah.

To fulfill its mission of providing MC&G support for the land combat forces of
the DOD, DMATC provides the following services:

° Production and distribution of maps and geodetic data

] Collection, processing, and storage of topographic data on a world-
wide basis

B T T ™ et ittt =

° Technical support and guidance to U.S. Army and U.S. Marine Corps
topographic units

Direct support for land combat weapon systems and the development of
new topographic products to support weapon systems

L Specialized topographic products, studies, and reports '8

The Center also provides service to the Department of Defense through the main-
tenance of data files of topographic maps and geodetic data on a worldwide basis.
The Center also provides ADP support and assistance to the DMA Headquarters

and performs selected functions such as distribution and source collection re-
quirements for the entire DMA structure.

| 1.3 Mission Objectives Influencing ADP Operations. The DMATC, and the

; entire DMA structure, is a service activity dedicated to support the operation-

} al forces of the Department of Defense. Its effectiveness is consequently mea-

sured in terms of the timeliness, quality, and quantity of its response to op-

erational requirements. Because of this supportive responsibility, the produc-

i tion capacity of the DMATC must be characterized by responsiveness, a high level
of quality control, capacity, and flexibility. At the same time, economy of
resources both in terms of equipment and manpower is a continued constraint.
While these factors may appear obvious, they have direct implications to the

4 level of ADP support required by the Center in the performance of its mission.

i Consequently, they are fundamental considerations in addressing the data pro-

3 cessing resources that will be needed by the Center over the next seven years.

The study will therefore consider these characteristics as they will influence

the advanced system architecture:

] Responsiveness. Organization and utilization of ADP resources must
support timely reaction to priority requirements. While timeliness
is relative, growing data banks of processed topographic data togeth-

er with advances in communications will significantly improve capa-

’ bilities to provide responsive support to land combat forces. While

such a consideration may provide a long-term growth objective, in

{ the current world it still implies the capability to respond to low-

volume, high-priority requirements in a minimum time span.

Quantity. Requirements for data may represent completely processed
data, such as maps, or data extracted from data banks. While many
requirements can be satisfied by normal production scheduling, the
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ADP support system should be adaptive to rapid retrieval of virtually
any quantity of data. The effective utilization of ADP technology
can also contribute to maintenance of an optimal depot inventory
level so long as a responsive capability to respond to urgent high
volume requirements can be satisfied.

) Quality. Although cartographic production standards demand a high
level of quality control, they do not in general present unusual re-
quirements on the ADP support system. Quality control is, however,
an essential consideration in the effect!ve use of ADP resources.
Without effective quality control during the production process, max-
imum ADP effectiveness will not be reached and production throughput
will be adversely impacted both in quantity and time.

° Flexibility. The ability to respond to changing user requirements
either in terms of the type of product or urgency requires adaptable
ADP resources. Flexibility is frequently addressed from a viewpoint
of adjusting work loads to iccommodate new or changed product require-
ments. From a long-term vicw, flexibility largely depends on the
content, format, and organization of duta stored in a resource data

bank. Data management then becomes an integral factor in system archi-

tecture.

L Economy of Resources. Limitations of resources both in investment
and manpower are recognized constraints. Full utilization of resour-
ces, elimination of redundant data, preservation of useful processed
data, and system improvements based on labor/investment trade-offs
all contribute to long-term resource management. Achievement of long
term resource management objectives will largely depend on how well
raw and processed data is managed as a production resource. Again,
the manner in which data is managed--how it is organized, stored,
retrieved, and applied--is a fundamental consideration in developing
an ADP architectural concept which best utilizes available resources.

1.4 Organizational Factors. Organization of the DMATC is pertinent to
this study only to the extent that it contributes to an understanding of the
data processing functions and the management of data files (including their
generation, maintenance, and utilization of ADP resources.) The principal ele-
ments of the organization pertinent to this study are:

L Production Departments: Generation, maintenance, and exploitation
of data files
--  Department of Technical Services

o Operation of map and other resource files
-~ Department of Geodesy
o Generation of geodetic control including analytical aero-
triangulation
o} Management of field survey activities
o Operation of the Geodetic Survey Squadron ADP resources
o Management of the Satellite Geophysics Programs
--  Department of Cartography
o Production of standard and special map products
. 3
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-- Department of Field Offices
o Support of compilation and color separation phases of map
production
-- Department of Distribution
o Management »f product distribution facilities and resources

L Central Computer Support: Operation of centralized computer facili-
ties

-- Operation of two UNIVAC 1108 processors
-~ Programming support for other production departments
= =- Operation of a Burroughs B-3500 processor

° Staff Offices

-- Directorate of Programs Production and Operations (PPO)--
respousible for production scheduling and resource allocation.
Relatively new functions established within this Directorate
include a Data Base Administrator overseeing the management of
data resources and a Quality Control Function.

-- Directorate of Plans Requirements and Technology (PRT)--
responsible for assuring the technical capacity of DMATC to
meet current and future production requirements. Through the
Advanced Requirements Division, the Directorate provides the
overall technical direction and coordination for development
programs based on advanced concepts and technology.

-~ Data Automation Division, Office of the Comptroller--establishes 1
overall staff guidance and policy for all ADP activities and
provides guidance, planning, and assistance relative to ADP ac-
tivities. This office also monitors ADP utilization and sup- ’
ports new acquisitions related to Data Automation Requiremerts. :
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2. REQUIREMENTS ANALYSIS

2.1 Problem Formulation. The objective of this study was to provide an
assessment of advanced computer science technology for processing and mass
storage methods to provide more efficient operations and support of digital
data bases required for existing and future production needs of the Defense
Mapping Agency Topographic Center (DMATC) through the 1977-1983 time frame.

The study provides for the analysis of data base requirements and data process-
ing needs together with current pertinent research and development needs to
formulate an advanced system architecture capable of meeting long-term data
processing and storage requirements. Within these overall objectives the study
was to include the following tasks:

° Establish as a baseline, the current processing and data storage
levels
L] Translate defined requirements into projected ADP and storage capa-

bilities needed to support the DMATC mission
L] Perform an analysis of data files

] Develop viable ADP system configurations for performance of the
stated requirements

L] Address the transferability of existing software for the selected
configuration

2.1.1 Concentration of Study Areas. While the overall objective of the
study did not change during the conduct of the study, certain factors emerged
which influenced the manner in which the problem was approached and the selec-
tion of the factors considered most significant to long-term system develop-
ment. Among these influencing factors were:

] The existence of a DMA-sponsored project to address requirements for
an upgraded central processing capability

° A recognition that the data processing environment of the DMATC in-
cludes major capabilities in addition to the UNIVAC 1108 processors
identified in the Statement of Work

o A contract revision encompassing consideration of '"Back-End Data
Base Management Technology" and an expanded analysis of data files
with regard to on-line storage requirements

In addition to these considerations, it also became apparent that efforts would
have to be concentrated in selected areas. In the course of the study numerous
efforts leading to improved data processing and data handling were evidenced.
Many of these efforts represent major undertakings by themselves, and a de-
tailed assessment of each program was beyond the scope of this study effort.
Those factors considered most significant from a long-term growth point of

view were selected for concentrated study as having the strongest influence

on the systematic growth of the DMATC data processing environment.

5
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2.1.2 Study Approach. The initial phase of the Study effort was the
establishment of the current baseline. Thig was initially provided by a
presentation from DMATC personnel who provided summaries of data Systems and
data Processing activities reflecting DMATC requirements;, These Presentations

Oort provided by the LMATC for the DMAHC

rent baseline environment, and an ex-
data Processing and data storage capa-

examine selected areas of technology
which will influence architectural options. Topics included are current DMA-

Sponsored areas of research and deve10pment, an assessment of back-end data
base management technology, and an update of current mass storage technology,
Section 5 presents a4 synthesis of requirements ang technology factors contrib-~
uting to an advanced systems architecture concept and illustrates the manner

in which recommended system improvements can be integrated into a functionally
responsive ADp Support operation.

2.2 Analysis, This section provides an
data Processing environment and a Summary of p
processing and data storage. 1In general, the
environment, the functional data systems
A rigid adherence to these topics has not been followed bec
level of interaction. 7Tt is felt that a be
by addressing System entitieg, Finally, the implications of a D
objectives and feasibility assessment pro
Plan, are examined,

2.2.1 Data Processing Environment. The Purpose of this section is to

Provide an overview of the DMATC data Processing environment from a computer
hardware point of view. While the original Statement of Work Primarily ad-
dressed the central processor (UNIVAC 1108) resources of the DMATC, it was syb-
Sequently recognized that other components of the Processing environment should

This overview will
» the Burroughs B-3500 processor, an

2.2.1.1 UNIVAC 1108 Central Processors,
capability of ‘the DMATC is provided by two UNIV
under EXEC 8. The two processors are configure

The UNIVAC systems are operated, maintained
of Computer Services,

é
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2,2,1.1.1 Site I. The Site I UNIVAC 1108 is a 1 x 0 processor with 262K
words of core memory. System peripherals include 4 drum storage devices (3
UNIVAC 432's, and 1 UNIVAC 1732); 10 tape drives; 10 model 8440 disk spindles;
and other standard peripherals. The system also hosts a communications sub-
system, consisting of a 32 port Communications Terminal Module Controller
(CTMC). The CTMC provides a communications interface for:

L Five Uniscope 100 Communications Terminals
] An RM-1004 Remote Job Entry Communications Terminal
o A COPE 1200 Terminal located in Louisville, Ky. (Corps of Engineers)

o A COPE 1600 Terminal located at the DMAHC in Suitland, Md.
This dual port terminal is supported by a 4800 baud link incoming to
DMATC and a 9600 baud link for output to the DMAHC.

2,2.1.1.2 Site II. The Site II system also has 262K words of core mem-
ory. Peripherals include the same drum configuration as the Site I system; a
Uniservo 16 tape subsystem with eight 9-track and four 7-track drives; and 6
model 8440 disk spindles., Additional peripherals include a high-speed printer.
The Site II system has no external communication interfaces.

2.2.1.,1.3 System Operation. The work load on the two UNIVAC systems is
allocated on the basis of security classification with Site I providing pri-
mary processing for unclassified and collateral data and Site II providing
primary support for SAA production. A concerted effort has been made to main-
tain a consistent minimal hardware configuration to allow flexible use of
either system for backup or to balance system work loads, Similarly, standard
software is maintained on the two systems to support flexibility in work al-
location. Both FORTRAN and COBOL are supported on the systems with FORTRAN
representing about 60 percent of all programs.

Both the Site I and Site II systems are operated on a nominal 5-day, 3-shift

} operation. All processing is done in a batch mode. Time block allocations .
‘ are used for processing programs requiring extensive processor resources. %
Time block allocations are also based on security classification. Changes in

the level of security are accompanied by system isolation and purge. A con-
tinuous attempt to obtain optimum operating efficiency through the monitoring
and scheduling of time allocations for the two processors was noted. Exten-
sive job accounting statistics are generated to continuously evaluate system
performance and utilization.

Program related processing will be discussea later in this chapter.

2.2.1.2 Dedicated Input/Output Systems. An extensive use of minicom-
puters has existed at DMATC for some time. In most instances these computers
function as dedicated control devices sipporting a specific input/output sys-

tem, A partial list of these devices and the associated minicomputer includes
the following:




L] Photogrammetric Devices
-- 7 UNAMACE (BR133)
-- 10 AS-11A (Bendix AP-2)
~-  ARME (Varian 620f-100)
--  RPIE (PDP 11/45)
-~=  OQOLOP Off-Line OrthoPrinter (BR133)

L Digitizers
--  DPC--5 stations (PDP 11/20)
- CALMA Disk System (Nova 1210)
--  CALMA Tape System (Nova 1210)
~—  CEC--2 systems (Nova 1210)
-~  DGR--10 stations (CDC 1700)

[ Plotters
-—  Xynetics (HP 2100A)
——  Concord II (Nova 1200)
-- Calcomp--4 systems
—- Automatic Type Placement--(SNAPS)--Concord I (PDP-8)

° CELESTE Preprocessor--Interdata 7/16

In addition to these items, new equipment acquisitions will add new minicom-
puters to this list of processors, such as the PDP 11/45 processor in the
DIODES system, and the PDP 11/40 used in the DMA scanner-plotter system. None
of the dedicated input/output systems are directly interfaced to the UNIVAC
1108 processors. Magnetic tape is the common interface media.

The minicomputers in use at DMATC illustrate an existing diverse environment.
This diversity imposes requirements for support programmers well versed in a
variety of programming languages, operating systems, and hardware characteris-
tics. From an information management point of view, it also illustrates a
need for data format standards for use in new system procurements. Use of
such standards during the design process will preclude unnecessary processing
work loads to reformat data.

2.2.1.3 Burroughs B-3500. The Department of Computer Services also
operates a B-3500 computer system in support of DMATC operations. Although
this system was not identified in the Statement of Work, the B-3500 supports
essential mission functions and is an integral part of the total DMATC data
processing enviromment,

The DMATC B-3500 was acquired from assets supporting the Air Force logistics
support system. The B-3500 was first introduced in 1967 and is a medium-scale,
third-generation processor. The system 1s business-oriented. The DMATC sys-
tem has an extended core memory, and is supported by online disk storage, tape
storage, and normal peripherals including line printer and word reader. The
system also includes two telecommunications terminals to interface four remote
query CRT display systems supporting the DMA Automated Distribution Management
System (DADMS). Oper:c.ilng system software support for the B-3500 is provided
by the Air Force Data System Design Center. This agency also provides and
supports other standard base level software packages in areas such as financial
management accounting and facility engineering.

9




The primary system supported by the B-3500 is the DADMS. The DADMS is ope-
rated by DMATC as a service to all DMA production activities in filling the
product distribution requirements of the Department of Defense. The two pri-
mary operating shifts on the B-3500 are directed toward support of the DADMS.
The configuration of the B-3500, including the remote query terminals, also
reflects the orientation of the computer system toward support of the DADMS.
Remote query capability exists between the B-3500 facility and distribution
activities at DMATC, DMAAC, DMAHC, and the DMA map storage depots at Phila-
delphia, Pennsylvania, and Clearfield, Utah. This remote query capability
and the use of leased telecommunications facilities for support of DADMS rep-
resent unique capabilities within the DMATC environment.

DADMS is a batch-oriented system which reached operational status in June 1976.
The system consists of approximately 260 separate programs written in COBOL
with some machine language code. The system is designed around the card-
oriented military logistics system. Requisitions for DMA products are received
from various military activities via card transceiver on AUTODIN communications
lines. These requisitions are accumulated on tape for subsequent processing.
Processing includes necessary subscriber and product verification and sorting
for retransmission to the appropriate storage depot. The total system operates
in the manner of a supply distribution system with appropriate provisions for
inventory control, requisition suspense accounting, transaction history, etc.

DADMS activity is high and reflects the handling of some 120,000 requisitions,
about 25,000 maintenance transactions, and some 70,000 automatic distribution
addresses per month. Conversely, DADMS is relatively stable in size with an
estimated growth of 5 percent per year.

Other systems supported in the B-3500 include comptroller-oriented financial
management files including the DMIS/F and facility engineer files. These files
are generally small and are projected to remain so in the future. While data
in these financially oriented files 1is highly volatile, activity against these
files is relatively low, 1.e., less than once a day. A new file, the Advanced
Personnel Data System-Civilian (APNS-C) is estimated to be operational by the
end of 1976.

2.2.1.4 1IBM 7040/7094. The DMA Geodetic Survey Squadron located at F. E.
Warren AFB, Cheyenne, Wyoming, was recently transferred from the DMAAC to
DMATC. This transfer consolidated DMA survey resources under the newly estab-
lished Department of Geodesy and Surveys. Data processing resources of the
Geodetic Survey Squadron are included in this study to provide a comprehensive
overview of the total data processing environment of DMATC.

ADP capabilities of the GSS are functionally oriented to the editing, verifi-
cation, and consolidation of field survey data collected by the field survey
elements and detachments of the Squadron. The Squadron "wses a variety of
small processors, such as the Hewlett Packard HP-65 Programmable Calculator,
to verify survey results on field location.

Final data verification and formatting is provided by an IBM 7040/7094 pro-
cessor (Direct Coupled System) located at Cheyenne.

10
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The processor configuration includes an IBM 7040/7094 (Mod I) Computer with
32K Core; 9 tape drives, 2 disk units with a capacity of 9 million 36-bit
words; a Xynetics plotter; and other I/0 peripherals.

In a typical reporting period, the system processed 387 jobs during approxi-

mately 75 hours of wall clock time during a one-week period. While the sys-

tem is normally available on a 1-1/2 shift basis, it is available for contin-
gency requirements on a full-time basis. The system is supported by a rela-

tively small library of programs written in ANSI FORTRAN IV and Assembly lan-
guage (MAP).

Subject to any significant change in survey requirements, a processing capa-
bility in the range of 75 to 10C hours (wall clock) per week appears adequate
to meet projected needs of the GSS.

Of significance to the long-range projection, however, is the possible discon-
tinuance of IBM maintenance and software support for the IBM 7094 class of
processors in the 1979-1980 time period. This fact will require an assessment
of alternative options to assure a sustained capability to meet the mission
requirements of the GSS. This assessment should be initiated immediately to
allow adequate assessment of unique processing requirements of the GSS geo-
detic applications work load--such as accuracy requirements (12 digits of
significance) and the ability to solve large linear systems. The assessment
should also include consideration of data management and storage requirements
as they pertain to the GSS operational files.

2.2.2 Central System Utilization

2.2.2.1 Processing Activity. Detailed accounting statistics for the two
UNIVAC 1108 systems were made available to the project team. Average utiliza-
tion of the two systems during FY 76 consumed an average of 990 SUP hours per
month. Typical level of activity is illustrated by the following average sta-
tistics for the Site I processor. The data reflects monthly averages from
January through July 1976.

Cards In 3,381,000

Cards Out 213,000

Pages 417,000

Tapes Used 6,194 (290/day)
CPU Time (Hours) 254

SUP* Time (Hours) 558

Jobs 6,961 (325/day)
CPU Time/Job (Minutes) 2.20

SUP* Time/Job (Minutes) 5.10

Jobs with Error Termination 1,507 (21.6%)

*SUP--Standard Unit of Processing. A unit devised to provide a consistent
measure of processing service as viewed by the user program. Input to the
calculation of SUP's is weighed such that SUP's will, as nearly as possible,
determine elapsed time to perform a unit work in a serial environment on a
unit processor with no overlap of I/0 and CPU operations.

11
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Utilization factors for the Site II system are similar and reflect system
usage of approximately 80 percent of the Site I system. Significant factors
include an average CPU utilization of approximately 200 hours per month, an
average of 250 tapes per day, and approximately 220 jobs per day. The average
CPU time per job is higher at about 2.6 minutes. The ratio of SUP time to

CPU time is about 2.2 for both systems, and is generally representative of
activity as illustrated in other accounting statistics examined. In general,

it typifies the processing work load as a relatively high volume of short pro-
cessing runs.

2,2.2.1.1 Disk Utilization. Under the current mode of system utiliza-
tion, use of removable disk packs is discouraged by the Department of Computer
Services. The standard configuration makes all disk spindles "fixed," i.e.,
system disks. There are no removable disk packs on the system except during
specified "block" times when a system redefinition (SYSDEF) expressly produces
a reconfiguration of the Site I system for a limited number of spindles. The
normal use of all disk spindles as system disks in a fixed mode allows for and
promotes a high degree of temporary file activity. Associated with this mode
of operation, the operating system (EXEC-8) apparently encourages staging

tapes to disk, presumably for update cases. The resulting typical sequence is
frequently:

° Roll tape into disk (copy)
® Process file

° Roll data back to tape

In an attempt to obtain a clearer picture of loading relative to the level of
system input/output (I/0) operations, a special collection of data was pro-
vided through the use of the UNIVAC Software Instrumentation Package (SIP).
Similar systems data is being used by the Department of Computer Services to

assist in work load allocation and the assignment of block times to achieve
an optimum work load mix.

2.2.2.1.2 Evaluation of SIP Statistics. Approximately one week's worth
of SIP statistics were compiled for each site. 1In order to provide a complete
basis for analysis, "draw reports' reflecting memory usage and job contention
for each day in which SIP monitoring occurred were also provided. All six SIP
status codes were "ON" so the most complete processing profiles would be pro-
vided. The only variable then was the length of the period for statistics
accumulation. This averaged a little over five hours on any given day while
the draw reports on core usage usually covered one or more full shifts.

The following table reflects the periods during which valid statistics were

taken by site. Note that there is no overlap between the wo sites for any
data accumulation.

Site Date/Time Span
I 7-26/4:22 7-28/2:08/5:30 7-29/4:04 7-30/4:26 8-03/7:46
11 8-13/6:57 8-17/7:02 8-18/6:45 8-20/3:45 8-23/7:04 8-25/6:20

8-26/2:04 8-30/5:47

12
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Particular attention was given to the SIP measures reflecting I/0 activity,
CPU usage categories, core usage, and job mix. These statistics were viewed
relative to the profile histograms of the draw reports.

Analysis of this material showed that basically the utilization of both
machines is highly efficient, especially in terms of the distribution of I/O
activity across devices. Particularly, the amount of time that requests are
queued for a channel are well distributed, although it is biased toward heavy
tape activity. It was also noted that the following trends seem to prevail
concerning the size of transfer blocks read (I) or written (0) on Site I de-
vices (SIP measures in average word count):

Disks: I =0 i.e., not much variation
Drums: I >0 uniformly so
Tapes: I <<0 with few exceptions

No hypothesis could be formulated as to why this might be the case; no rela-
tionships could be established between this phenomenon and any other measure.

On Site II, the relationship between input and output block sizes was much
more uniform regardless of the device type.

It was also noted that the percentage of time the CPU is engaged in executive
activity is directly related to the amount of time-sharing that is done.
(Particularly evident in comparing Site I versus Site II since the latter sup-
ports no time-sharing terminals). Since time-sharing is heavily supported by
executive level software, this can be interpreted as a more efficient use of
the machine as such software is generally highly optimized. This implies a

greater cost-effectiveness of resource usage when compared with standard
batch compiler and debug methods.

Relative to overall loading, it was noted that both machines registered a low
CPU idle time of less than 10 percent during the heavy use periods of prime
shift. During second and third shift operations job loading histograms in the
"draw reports" indicated that job turn around should always be less than 24
hours since slack or completely idle periods with no jobs in the machine were
recorded for each day that statistics were tabulated.

2.2,2.2 System Utilization by Program Area. This section adresses the
pattern and level of utilization of the UNIVAC 1108 systems. Data reflecting
system utilization patterns was provided by the Department of Computer Ser-
vices which made available monthly job accounting statistics for the two sys-
tems, The objective of this phase of the effort was to attempt to relate
system processing activity with data file or product requirements. Use of
job accounting statistics was only partially successful in this respect.

The primary method of sorting job accounting data is through use of DMATC
organizational codes. Activity reflecting the number of runs, CPU usage,
tape mountings, etc., is summarized on a daily and monthly basis. An initial
examination of this data revealed that the use of organizational codes would
not provide data useful to our purposes, since the data reflected the job

13
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submitter's organization. Job accounting for all of FY 76 on this basis
showed that departments used the UNIVAC 1108 resources as follows:

Computer Services 44.8%
Technical Services 6.67%
Geodesy 12.4%
Cartography 35.2%
Other 1.0%

A second type of job sort is based on the DMA program structure. This account-
ing method allows a sort to the three-digit level which identifies a specific
product category such as 1:50,000 Scale Line Maps. Summary data at this level
included SUP and CPU usage only. This summary was used to obtain a general
relationship between data files or processes and computer work load. The re-
lationships used are recognized as an over simplification since a given prod-
uct may include processing involving multiple files or processes, but the
dominant file relationship is considered valid. Utilization factors for the
most significant users of the UNIVAC 1108's is summarized in Table 1 and
graphically portrayed in Figure 2. The dominant factor apparent from the sum-
mary 1s that three program line items--the 1:50,000 Line Map, the 1:50,000
Topographic Data Base, and the Digital Topographic Elevation Data--consume 45
percent of the total resources. The dominance of these three interrelated
product areas is consistent with the Center's mission. A secondary observa-
tion is the amount of resources directed toward resource management which ap-
proaches 40 percent.

A general observation made during the examination of the job accounting sta-
tistics relates to the ratio of jobs with error termination to the total num-
ber of jobs processed. Use of this factor can be an effective tool in exercis-
ing quality control provided program runs are identified as to status, i.e.,
production, pre-production test, or developmental (programming and debug).

Use of standard program designators to identify both the pertinent data system
and program status can be an effective means of identifying high usage pro-
grams which should be maintained on the system library, programs having high
error termination, or programs which should be examined for efficiency. Iden-
tification of production programs having a high error .termination rate can be
used by quality control personnel to isolate problem areas and initiate a
trace for the source of the error. On production-tested programs the most
frequent source of such problems is in the data preparation phase. 1In a batch
mode operation, such terminations have their most adverse effect on the pro-
duction pipeline since the job submission must be returned to the user, cor-
rected, and resubmitted.

Implementation of standard computer program designators together with an
identification of their production status could provide a useful aid to quality
control functions examining the production process.

2.2.3 Data Systems. One of the baseline considerations for this study
included the major data systems in operation at DMATC. Specific systems
identified for consideration include the following:

14
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Table 1. UNIVAC 1108 CPU Utilization

(FY 76)
Line item Includes CPU Hours Percent
3AA 1:50,000 Line Maps SACARTS 380 7.0
3AC 1:50,000 Topo. Data Bases DARIC 1,037 19.2
3EA Dig. Topo. Elevation Data DTED 1,004 18.6
3GE DOD Library of Maps TDLS 246 4.6
3GG Analysis and Evaluation PMS 188 3.5
3GJ Procurement of Maps and Data ACRES 240 4.4
4FD Geodetic and Gravity Studies 225 4.2
4FF Satellite Geophysics Program CELESTE 296 5.5
7BA Mission ADP Support 185 34
78C Product/Techniques Development 384 71
78D Program Management Info. Sys. DMIS/P

ARAPS 299 9.5

7BE Other Mission Support 515 5.5
Others 396 75
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TOPOGRAPHIC PRODUCTS AND SERVICES
44.8%

TOPOGRAPHIC PUBLICATIONS
AND SERVICES
12.5%

MISCELLANEOUS
7.5%

MISSILE AND
TARGET MATERIALS SUPPORT
9.7%

PROGRAM MANAGEMENT
AND SUPPORT SERVICES
25.5%

Figure 2. Utilization of U-1108 Resources by Program Area FY 76 i




Topographic Data Library System (TDLS)

Semi- Automated Cartographic System (SACARTS)

Data Reduction Interface and Control System (DARIC)

DMA Management Information System (DMIS/P)

Digital Topographic Information Bank (DTIB)

Product Management System (PMS)/Area Requirements and Production
Status (ARAPS)

i ° Automatic Map Research Report (AMRR)

L CELESTE

This section contains a brief summary of these systems together with statis-
tical data which reflect a summary of file size and activity.

The TDLS is an auto-

2.2.3.1 Topographic Data Library System (TDLS).
The

mated library which describes holdings of maps and related textual data.
TDLS 1s operated as a consolidated library for the Department of Defense and
scrves as the single reference for storage and retrieval of published maps

and related data. The TDLS supports production requirements of all the DMA
activitles as well as other agencies in the Federal Government.

The TDLS constitutes a merged library of three formerly manually maintained

data files which included maps, books, and intelligence information. At

present the system provides a summary directory to 1,700,000 maps and associ-

: ated textual documents; 40,000 books; and 40,000 other documents. The loading g
of the TDLS data base was completed during the fall of 1976. The TDLS pro- 9

duces a variety of products and reports including a Master File, Master File

i Deletion Report, Statistical Summary, Document Summary Cards, etc. The file

f includes classified data since indexing and references to holdings are pro-

9 vided the same protection as the original source material.

Programs supporting the TDLS on the UNIVAC 1108 are written in Level 14 COBOL.
The file contains some 72 million characters and is stored on approximately
50 magnetic tapes including backup. To reduce computer time involving file
maintenance activities the TDLS has also been placed on disk.

o I

Following initial implementation and system loading, update activity is pro- |
jected at about 5,000 entries per month with an expected 40 to 50 queries per ,
month. Although the system has been operated on a daily basis during the
initial loading of the data base, there is little current experience on which
5 accurate computer usage factors can be established for the operational system.

This will be largely dependent on the extent to which DMATC cartographers
utilize the data base as a resource in assessing the availability of map

source material for new production requirements.




2.2.3.2 Semi-Automatic Cartographic System (SACARTS). The SACARTS con-
sists of the combination of both hardware and computer software which support
DMATC cartographers in the production of reproduction quality materials. The
system has been in development for an extended period of time and has been
introduced into the production process over the past two years. Used on
limited production basis during this transitional period, the SACARTS presently
represents a mixture of automated and manual functions depending on specific
functional capabilities and an optimal selection of techniques best suited to
supporting map production.

The production work load which will be supported by SACARTS has been pro-
grammed from its initial rate of 50 charts per year to a production rate of

500 charts per year. Because of this heavy production dependence on the sys-
tem, SACARTS was isolated as a subject of special interest and was investigated
in greater depth to help identify system choke points and to provide recom-
mendations pertinent to long-range system architectural plans. The summary

of this overview is presented separately in Appendix A.

Computer processing supporting the SACARTS is provided in a batch mode on the
Site II UNIVAC 1108. Use of a large scale computer is central to the original
SACARTS design concept. Data storage related to SACARTS files is provided by
standard magnetic tape. Approximately 200 archival tapes are maintained at
the present time plus an additional 80 tapes containing planimetric data held
as part of the planimetric subsystem of the Digital Topographic Information
Bank (DTIB). The data bank of planimetric data is expected to grow at a rate
of 500 tapes per year. Present plans provide for maintaining these tapes in
the SACARTS related Graphic Improvement Software Transformation System (GIST)
format.

Development of a DMA feature classification and format standard for planimetric
data will require the development of transformation software to allow refor-
matting GIST data to the DMA standard.

2.2.3.3 Data Reduction Interface and Control System (DARIC). DARIC can
be most accurately described as a system or process which supports the extrac-
tion of topographic information from photographic source materials. All map
compilations for which basic terrain information is derived from photography
are supported by the DARIC system.

DARIC provides the means for managing, storing, and transferring geodetic tri-
angulation data from one function to another within the DMATC environment.

As in most geodetic operations, the system operates under stringent numeric
control. In a simplified sense, DARIC is concerned with the translation of
positional information in a photographic image to its true earth position.
Elements entering into the process may include factors such as camera station,
camera calibration data, the identification and measurement of known ground
control points within the image, and other factors. From this data orienta-
tion parameters can be derived for use in a stereo-plotting instrument such

as the UNAMACE or the AS-11A. The process also supports analytical triangula-
tion for the extension of ground control information.

18



The establishment of photographic orientation parameters is a highly tailored
process dependent on type, quality, and quantity of input information avail-
able. The DARIC system supports this process through a library of programs
which may be selectively used to take best advantage of available data. The
complexity of the process involving source selection, image transfer, photo-
graphic measurement, and supportive computer processing involves extensive

lead time.

S 0, B

The DARIC system provides triangulation data to support 7 UNAMACE and 10 AS-
11A analytical stereo-plotting instruments. The output of the UNAMACE con-
sists of a uniform grid of elevation points. Following a coordinate transfor-
mation process on the UNIVAC 1108, a master tape i: created which constitutes
a permanent record of the terrain data extraction process and is the source

record for subsequent data formatting processes.

P ——

Since the DMATC program is primarily directed toward the production of line
3 maps, terrain data is formatted in contour form. The Contour III program in-

corporating advanced terrain modeling features is currently in use. (A high |
run-termination rate has been expereinced in conjunction with the contouring

function, but is attributable to errors in preparation of the run deck rather

than the program itself).

Although the UNAMACE master tapes hold the potential for direct production of
digital terrain elevation data in matrix form, they are not presently ex-
ploited in this manner. Editing functions performed during the contouring
process and the entry of geomorphological corrections made during the UNACOMP
process are required before an accurate contour manuscript can be prepared.

DARIC related programs are run on the Site II computer. While the process
itself is a tailored operation making best use of available source input, the ‘
resulting UNAMACE master files reflect a stable (non-volatile) data base asset. j
| This data base consists of approximately 2,500 magnetic tapes and has a pro-

jected growth rate of approximately 18 percent per year.

2.2.3.4 DMA Program Management Information System (DMIS/P). The
DMIS/P is a major subset of the overall DMA Management Information System
(DMIS) and should be addressed within the overall context of the DMA informa-

tion management concept.

e

. 2.2.3.4.1 DMIS. The DMIS is comprised of a set of interrelated func-
4 tional management information systems. Each of these functional systems 1is
1 structured around its own distinctive requirements and data sources, but must ’;
mutually support the total information system through the exchange of basic l”

data and informaton displays.

The objective of the DMIS concept is to integrate these functional management
information systems into a cohesive structure that can facilitate communica-
tions and support the decision-making process at all levels of DMA management.
One of the more specific system objectives of DMIS is to provide an informa-

tion system that supports and integrates the planning, programming, budgeting,

and execution review process within the DMA,
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The DMIS establishes the policy under which information is made availakle at
the various management and control levels within the DMA. Consequently, DMIS
places stress on information management rather than on the automated data
processing systems required to generate and support the information system.
Information within the DMIS structure is gathered and processed at various

functional levels and may be supported through a variety of programs and data
handling processes both manual and automated.

The DMIS is structured to provide information in five categories, all of

which contribute to an overall assessment of resource management. The five
subsets are:

® Program Management--DMIS/P

® Financial Management--DMIS/F

® Equipment Procurement Management--DMIS/E
® Support Management--DMIS/S

® R&D Management--DMIS/R

The most complex of these systems is the DMIS/P which not only collects in-
formation relative to production center production programs, but also pro-
vides an interface at the headquarters level to four related data files:

® DMA Resource Objective Plan (DROP)

®  ACRES
® Area Requirements and Production Status (ARAPS)
® Productivity Measurement System (PMS)

In addition to maintenance of the Center's DMIS/P, the DMATC also supports

the maintenance and exploitation of the ACRES, ARAPS, and PMS for Headquar-
ters, DMA,

2.2.3.4,2 DMIS/P. The DMA Program Management Information System
(DMIS/P) is designed to portray manpower resources against mission and mis=-
sion support requirements. The system is oriented to support the program
formulation, resource allocation, and program execution reviews at successive
levels of DMA management. The required information is accumulated at compo-
nent levels via programs and available resources at the three production cen-
ters. Consequently, the DMIS/P at the DMATC is based on use of the APPMIS
and is supported on the UNIVAC 1108 processor; the DMAAC DMIS/P uses the
PROMACS system on the Burroughs B-3500 processor; while the DMAHC system is
based on the FAMIS system supported by a WANG processor.

20
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A significant feature of each of these systems as well as the entire DMIS con-
cept is the use of a standard DMA program structure which established a com-
mon product (or service) oriented information structure for the allocation and
reporting of resources. The use of this common product oriented structure is
considered a significant basis of commonality on which future growth and ex-
pansion of the DMIS can be structured.

2.2.3.4,3 The DMATC DMIS/P. The DMIS/P consists of approximately fif-
teen files maintaining program schedules, programmed resources, actual re-
sources used, product schedules, and similar data. The individual files are
maintained on 20 magnetic tapes and contain a total of 615 million characters
of data. The files include programs for transfer of map production status to
the ARAPS. The system also allows direct entry of data from related manage-
ment information systems maintained by the Center's production departments.
Data from the Field Offices is collected by the Louisville facility and trans-
mitted via a Corps of Engineers COPE terminal to the DMATC UNIVAC 1108 facil-
ity. The DMIS/P involves use of approximately 40 programs supporting the Cen-
ter level MIS and an equal number supporting the complementary department
level systems.

The DMIS/P is projected to remain stable in size. File content is highly
volatile reflecting weekly tramsactions involving approximately 3,500 time
cards charged against 2,500 projects. While the system reflects a weekly up-
date, multiple operations and validation of input data (time cards) require
processing on a daily basis. The system also supports a variety of manage-
ment reports with summary staff reports generated on a monthly basis. Data
for entry to the ARAPS is prepared on a quarterly basis, and reflects the
only direct tie with other resource management files.

The DMIS/P is totally supported on the UNIVAC 1108 in batch mode and involves
both unclassified and classified data.

In addition to the DMIS/P itself, individual departments support and operate
departmental Management Infcrmation Systems reflecting resource management

and production scheduling. For example the "Carto Line System" (CLS) is oper-
ated by the Department Field Services. Inputs to the CLS are prepared in

the Field Offices and mailed to the Louisville Fieid Office for consolidation.,
The consolidated input is transmitted to the DMATC UNIVAC 1108 facility via
services provided by the Louisville District Corps of Engineers COPE 1600
terminal. Processed data is returned to Louisville by the same route and dis-
tributed by mail to the other Field Offices. The system is updated biweekly
and reflects an input activity of about 750 cards.

2.2.3.5 Digital Topographic Information Bank (DTIB). The DTIB is a
digital data bank which is being developed by the DMA to serve a variety of
production requirements and users. Development of the DTIB is being coordi-
nated by the DMA with participation of the three production centers,
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Digital Topographic Data is being addressed in two subcomponents, Digital
Terrain Elevation Data (DTED) and Digital Planimetric' Data. The DTED is in
an advanced development stage with the DMAAC serving as Executive Agent for
the system development. Planning for the Digital Planimetric Data Base 1s
proceeding with the development of a DMA standard for the definition of a
feature classification scheme and data format standard. Coordination and
adaptation of a DMA standard is anticipated early in calendar year 1977.

The development of the DTED as a standard DMA data file is based on use of
the "DMA Standard For Digital Terrain Elevation Data File." This standard
establishes a uniform structure for the coutent and format of digital terrain
elevation data. The file structure is organized into 1° x 1° geographic se-
quential areas using a southwest corner origin. Elevation points are ar-
ranged in a south to north profile, sequenced from west to east.

The horizontal plane spacing of the elevation matrix is in whole second in-
tervals for intervals of 1 second or above and in multiples of 0.01 second
for intervals less than 1 second. Data storage standards are based on the
use of 9-track 1600 bpi magnetic tape. Data for storage will consist of ten
1° x 1° blocks per tape. The DTED software support system 1s being developed
at DMAAC and uses the UNIVAC DMS-1100 data management system for implementa-

tion of an automated directory. The full system is targeted for completion
in early 1977 and will include:

® An automated file directory

® Report generation capability

A file management system (FMS) to supgort gata extraction, file
merging, and file extension (beyond 1° x 1  blocks) features

® JAutomated transaction log
The DTED system was installed at DMATC following system test.

Current actions at DMATC are being directed toward the conversion of existing

matrix elevation data to the DMA standard. Current elevation data held a2t
the DMATC exists in three formats:

® DMA standard with a grid interval of 3 seconds

® Planar Tapes. These tapes contain data from 1:250,000 map source.
Data is recorded at 0.01" in table coordinates in a structure simi-

lar to the DMA standaru. Each 800 bpli tape reflects data from one
map sheet.

®  UTM-Planar. These 800 bpi tapes record data from 1:50,000 and
1:25,000 topographic maps in a UTM coordinate reference. The ground
interval for the 1:50,000 scale map sheets is 12.5 meters.
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Holdings currently consist of 200 tapes in DMA standard format and approxi-
mately 1,500 tapes in Planar and UTM-Planar format. In addition, approxi-
mately 6,000 tapes containing Planar working data are being screened for ver-
ification, compaction, or elimination. Despite a significant growth projec-
tion for data in the DMA standard format, the combined effect of file growth
and tape management is expected to reduce the number of tapes that will be
held in 1979.

Computer processing associated with the DTED is projected to require approx-
imately 100 hours of UNIVAC 1108 CPU time per month. Approximately 90 per-
cent of this work load is associated with the generation and formatting of
data in matrix format while an estimated 10 percent of the work load is as-
sociated with maintenance of the automated DTED data bank.

Data content in the DTED file is expected to remain highly stable within a
completed tape holding. Activity in the data base will be initially charac-
terized by file building activity with a gradual transition to {ile exploita-
tion as the data base plays a more active role as an input source supporting
the production of DMATC end products.

2,2,3.6 Product Maintenance System (PMS) and Area Requirements and
Production System (ARAPS). The PMS and ARAPS are iudependent: systems which
both relate to the status of map production. The PMS data files are used tc
maintain currency and accuracy evaluations, while the ARAPS essentially pro-
vides a record of the product requirements cycle.

The Area Requirements and Production System is a system used to record and
consolidate map production requirements submitted by the operating commands
of the Department of Defense and other appropriate government agencies. Map
requirements are submitted to the DMA based on operations plans maintained by
the Unified and Specified Commands. When consolidated, the total require-
ments are evaluated against the ARAPS production status file which records
production in progress and the available status file which reflects completed
production. Input from the PMS is also interfaced with the available status
file to validate product currency and accuracy.

The ARAPS cycle closely follows the command's submission of requirements on
an annual basis. System activity peaks around October with maintenance and
updates entered on a monthly cycle. Priority requirements for Air Target Ma-
terials are processed on an as-required basis.

The ARAPS data files consist of 40 million characters and are maintained on

4 magnetic tapes. The file represents approximately 74,000 "available"
items; an item requirement of 71,000; and a combined "requirement" and
"available'" file of approximately 38,000, The PMS file contains somée 12 mil~
lion characters maintained on 2 maguetic tapes. Programs for both systems
are written in COBOL. .

The ARAPS has been recently augmented with a graphics display module to fa-
cilitate the generation of composite graphics reflecting requirements; infor-
mation on availability, adequacy, and currency of required items; information
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on items programmed for production; and scheduled completion dates for items
in production.

The ARAPS was initially developed for the DIA for the IBM 360 processor and
subsequently converted to the GE 635 Processor. The lack of full and com-
Plete documentation of the original System programs has been a severe con-~
straint on full exploitation of the system by the DMATC.

2.2.3.7 Automated Map Research Report (AMRR). The Automated Map Re-
search Report is a new “ile which is being considered for use by the Depart-
ment of Technical Services. The file would provide an automated record of
information currently contained in a manually maintained folder record. The
folder is maintained On an area basis, These existing Map Research Reports

® Availability of map coverage

®  Accuracy of available map coverage

® Identification of best Mmap sources for recompilation
® History of Previous product development

® Area geography/geology

® Demography

o Construction, etc,

Planning considerations for an automated MRR have included the recognition
that much of the data pertinent to the AMRR exists within other files and
directories maintained at the Center. Informal estimates provided indicated

that as much as 60-70 percent of the information required is already contained
in files such as the:

® TDLS
®  ARAPS
® PMS

® ACRES

® Geographic Place Names/Gazeteers
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Additional information also exists in the Geodetic Library, but is not cur-
rently automated. A major portion of the report content not currently ex-
isting in digital form is expected to consist of geologic interpretation data.

Current efforts are being directed toward an assessment of the AMRR concept
to determine the relative merits of proceeding with an automation concept.

2,2,3.8 CELESTE. CELESTE is a computer processing system used to de-
termine precise orbits for earth-orbiting satellites. The system provides a
means of maintaining and updating ephemeral information based on tracking
data collected from approximately 40 Geoceiver stations distributed world-
wide. The system supports orbit determinations for the TRANSIT navigation
satellite and in the future will also provide similar support for the Bea-
con and GEOS-3 satellites.

The DMATC support of the navigation satellite programs consists of three sep-
arate functions:

L Consolidation, editing, and formatting of tracking data files
® Computation of the precise ephemeris (CELESTE)
® Computation of geodetic positions

Input tracking data for use in the CELESTE computations was previously pro-
vided by the John Hopkins Applied Physics Laboratory through a terminal at
DMATC. Functional responsibility for consolidating and editing the raw
tracking data has been largely transferred to the DMATC and is being pro-
cessed on an Interdata 7/16 minicomputer supported by disk and tape storage,
card and paper tape 1nput devices, and two line printers. The processing
system is also supported by a telecommunications interface for direct inter-
face with the APL and the Naval Surface Weapons Center at Dahlgren, Virginia.
Data processing support related to the editing of tracking data has been in-
crementally moved from APL to DMATC. The remote interface to the APL will
continue as this transition is completed to accommodate tracking data not
received directly at DMATC. The direct entry of external source data to the
CELESTE Interdata processor is unique in the DMATC environment,

The CELESTE system requires daily processing support from the UNIVAC 1108.
This support includes daily short runs related to formatting of tracking
data, a more extensive run daily for the generation of the precise ephemeris,
and runs on an as-required basis fo. the computation of geodetic positions.
Since CELESTE tracking input is essentially a continuous process, a continu-
ous processing cycle is essential to avoid backlogs. While system response
time requirements (7 to 10 days) do not impose stringent processing require-
ments, the continuous flow of input data essentially dictates a processing
cycle consistent with the input data flow, i.e., less than 24 hours.

Expansion of CELESTE processing to accommodate seven satellites in early 1977
will place an increased work load on the UNIVAC 1108 processor. The increased
level of activity is expected to triple UNIVAC 1108 processing requirements

during peak seasons. Since the work load has significant seasonal variations,

25



e L e Sl

. e

oy

S

a continuous assessme

nt of work load Projects will be
the central pProcessor

required to minimize
work load scheduling,

2.2.3.9 Data Syst
represent the mos
those described,
related fileg wer
ACRES is not furt

em Summary,

t active data Syste
the ACRES System to
e of pertinent inte
her described for s

The data systems Previously described

ms in use at the DMATC. 1In addition to
gether with 4 number of free-standing but
rest from an activity point of view,
ecurity reasons,
In addition to these files, a var
iles were identified. gope 50 fi1
relatively small data volumes, A
on the Burroughs B-3500 pProcessor

iety of other individy
€s were identified, mo
PProximately 10 of the

r data systenm characteristics was compiled
reflects:

o Security

® Storage Media and Volume
® Projected Growth
°

Level of Activity
° Response Time

o Volatility

Y Processing activity,
Priority, Volatility

» slowly
hile a file such as DMIS/p
These last three
valuating fileg as candi-

26

e




Table 2. Data Base Characteristics

Storage Media
File Security > Projected Growth k‘c‘t'i"'"x Reponse | volatility
Tape Disk
TOLS Collateral 50 (4 0 Daily 24 Hr, Low
SACARTS SAA 200 (2) 500 tapes/year High/Daily 24 Hr. Low
UNAMACE SAA 2,550 18%/year High/Daily 24 Hr. Low
DMIS/P Unclassified 20 Negligible 5/day >24 Hr, High
DTIB Collateral
DTED 1,100 200/year 24 Hr. Low
Unverified
Planar 6,000 Consolidation 24 Hr., Low
Planimetry 80 500/year 24 Hr, Low
PMS Collateral 2 Negligible 1/month 24 Hr, Moderate
ARAPS Collaterai 4 Negligible Daily 24 Hr. Moderate
AMRR Collateral {in Planning Stage) Low
CELESTE Collateral 300 60 tapes/year High/Daily <24 Hr. High
Seasonal
ACRES and
related files SAA 16 Total 8 tapes/yr High/Daily 224 Hr, High
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Table 3. Additional Data Files and Characteristics

File Security ::" l: mﬂ m;’: ot | it
Repromat DB Collateral 2 7 1imanth 24 Hr Low
Gazetteer DB Unelassifisd 116 ? Vimanth 249 Hr Low
rmucii;:"h:q. Tape gﬂnuul l:' 3% year 1iweek 24 Hr Low
U-1108 Accoy nting Caollateral 44 Stable Viday 24 Hr High
Analytical Extensions S5aa 151 H A/week 24 Hyr Low
Country Files Collateral 225 7 ? 24 Hr Low
Total 569
28
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|
g 2.2.4 Current Data Storage.
|

2.2.4.1 Magnetic Tapes. The primary method of digital data storage is
provided through the use of standard magnetic tapes. The current inventory
of tapes is estimated at approximately 25,000 reels, and includes the follow-
ing general groupings:

L] Data Files--including TDLS, DMIS/P, PMS, ARAPS, ACRES, and CELESTE
(392 reels)

® Other Directories and MIS (631 reels)

® Source/Product Data Bases--including DARIC, SACARTS, and DTIB
(9,930 reels)

e Others DC/S Tape Library, DMAHC tapes, etc. (4,000 reels)
® Scratch and Work Files (10,000 reels)

An active program to evaluate and validate magnetic tape holdings has been
initiated under the guidance of the Data Base Administrator. The objective
of the program has been to assure adequate protection and security for tapes
which can support future production needs (source data base) as well as to
release tapes which contain data of marginal utility or which reflect a tem-
porary work status. Under the DTIB, Digital Terrain Elevation Data, is also
being consolidated following a verification process with a view toward mini-
mizing tape holdings and providing a more manageable means of tape storage
and retrieval of this data. This effort wilil allow systematic retrieval of
data for future production and recognizes the high monetary value of the data
maintained in this consolidated form,

2.2.4.2 Disk Storage. As a general rule, disk storage associated with
the UNIVAC 1108 system is used in a fixed system definition mode. Although a
limited number of files are maintained on removable disk (principally the
TDLS), this practice is considered an exception and is not encouraged. The
utilization of disk spindles on the two UNIVAC 1108 systems is shown below
and reflects the allocation of storage capacity between catalogue files (pro-
gram files), temporary working storage (scratch files), and removable disk

files.
Allocation of Disk Storage Capacity
(Millions of Words)
Catalog Scratch Files on Total System
Site Files Files Removable Disk Capacity

1 98.5 40.7 68.3 200.0

II-SAA 51.0 28.5 0 120.0
II-Classified, 22.8 36.8 83.9 120.0

NON-SAA
29
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The above disk storage together with a limited amount of drum storage re-
flects the only online storage capacity of the UNIVAC 1108 systems at the
DMATC.

2.2.5 Projected Data Processing Requirements. Projections of data pro-
cessing requirements through the 1980 time frame were provided to the study |
team. These projections consisted of two elements: requirements based on :
approved production programs (validated requirements) and requirements that
reflected anticipated needs (unvalidated requirements). The analysis was
based on data processing requirements associated with specific product or
service line elements of the DMA Management Information System Program Struc-
ture. This method of documentation allows a correlation between line item
production requirements as well as security requirements associated with the
production process. The projections included UNIVAC 1108 processing require-
ments for both the DMATC and DMAHC.

Estimates provided by DMATC are recognized as working estimates current as of
January 14, 1977. As with all planning documents, the requirements presented
will be subject to revision as production requirements are revised and as
planned system augmentations in both the central processing systems and in
other Center components such as the dedicated input/output processing systems
occur. The format of this requirements document, based on DMA program struc-
ture line items, should prove a valuable mechanism for a continual assessment
of data processing capabilities in a dynamic environment.

2.2,5.1 Overall Processing Requirement. The overall processing require-
ment projected by the DMATC is graphically shown in Figure 3. The figure
shows total central processing requirements on an annual basis expressed in
UNIVAC 1108 CPU hours. The baseline figure of 5,395 hours reflects actual
CPU uti’ization for the UNIVAC 1108. This projection is based on the most
recent assessment of work load based on current plans. The data is recognized

as highly dynamic and is subject to continuous revision as production require-
ments change,

!
i

Projections for 1977 through 1980 reflect an overall processing requirement
approximately twice that of the 1976 level based on validated requirements.
Potential requirements, reflecting identified but as yet unvalidated require-
ments, show a further increase approaching a level three times FY 76 require-
ments during the 1978-1980 time frame.

The figure also shows the estimated capacity of the existing computer systems.
These estimates, shown both in terms of a 3-shift, 5-day week operation and
maximum capacity, are based on actual system utilization characteristics.

The estimates account for lost time due to preventive and unscheduled mainte-
nance and due to security purges. The estimate is then based on the ratio of
CPU time to available wall clock time. Since this is based on experience data
obtained in the DMATC production environment, it correctly portrays system
capacity based on the actual mode of operation, While this does not exclude
improvements which may accrue in specific programs or processing techniques,
it does provide a realistic basis for future planning.
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The most salient implications of the projection are the rapid increase in re-
quirements in FY 77 and the significant overall growth which may be required
by 1978. These factors directly affect system architectural options both in
terms of time phasing, system capacity, and trade-off options.

2,2.5,2 Collateral Processing Requirement. Because of the dominant
constraint that security classification has on the DMATC data processing en-
vironment, a further examination of the requirement was made from a security
point of view. Figure 4 portrays the total data processing requirement based
on the collateral work load. For this purpose, the capacity estimate is
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