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developed. The system architecture is a form of distributed processing in 
which computer interties to a bus are accommodated through microprocessor 
ports.  Data base management functions would be provided by a staging computer 
supported by disk storage which is shared and thus accessible by both intertied 
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 manner. 

Interim actions recommended to improve production capabilities included im- 
plementation of decentralized interactive edit capabilities supporting carto- 
graphic and photogranunetric production, and a program to upgrade data files 
through consolidation and possible use of a data base management system. 
Further analysis of data holdings and associated access and response require- 
ments is recommended to provide a better basis for definition of a mass storage 
media. 
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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. 

General Methodology. The study was performed using three basic sources of In- 
formation.  The first consisted of Information provided by t.ie DMATC.  An Ini- 
tial briefing was provided which described the environment and Initial assess- 
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 
Topographic Laboratories, Fort Belvolr, 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. 

Technical Results. The study effort concluded that achievement of long-range 
objectives would require parallel actions addressing processing capabilities | I 
as  well as Improved methods of Information management.  Study findings, based 
on DMATC provided processing requirements, support a major augmentation of the 
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 
both collateral and SAA processing. While system augmentation Is essential to 
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 recommeftded. 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 10^2 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 tine does not appear justifiable. Conse- 
quently, a system concept which would allow modular growth as technology and 
production requirements change is 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- 
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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. 

• 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 required. 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 
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 raultileve] 
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. 

>>4t*<^£* 
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 technology 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 scanner 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, 197 2 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. 
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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 

• 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 system's 

• Specialized topographic products, studies, and reports 

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- 
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 
level of ADP support required by the Center in the performance of its mission. 
Consequently, they are fundamental considerations in addressing the data pro- 
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. 

■ 

^H^lit^    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 effective 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   accommodate new or changed product require- 
ments.    From a long-term view,  flexibility largely depends on the 
content,   format,  and organization of data stored in a resource data 
bank.     Data management then becomes an integral factor in system archi- 
tecture. 

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—it? 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: 

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 
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Department of Field  Offices 
o Support of  compilation and color  separation phases of map 

production 
Department  of  Distribution 
o        Management of  product distribution facilities and resources 

Central Computer  Support:     Operation of centralized  computer facili- 
ties 

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

Staff Offices 
Directorate  of Programs Production and Operations   (PPO)— 
responsible  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 
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  Requirements. 

v 
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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 

Translate defined requirements into projected ADP and storage capa- 
bilities needed to support the DMATC mission 

Perform an analysis of data files 

Develop viable ADP system configurations for performance of the 
stated requirements 

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 

• 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. 
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2.1.2    Study Approach.     The  Initial  phase of  the study effort was  the 
establishment of  the current baseline.     This was  initially  provided by a 
presentation from DMATC personnel who provided  summaries of data  systems and 
data processing activities reflecting DMATC requirements.    These presentations 
also  included data processing support provided  by  the ryMATC  for  the DMAHC. 
These briefings were  followed  by more detailed discussions with data system 
program managers and personnel   from  the Department of Computer  Services.    A 
parallel  avenue of approach  examined  areas of data processing  technology,   both 
through  literature research and direct  contact with government and  commercial activities. 

2.1.3    Organization of  the Study.     The remainder of  this  section of  the 
report  provides an assessment of  the current baseline  environment,   and an ex- 
amination of projected  requirements  for data processing and data  storage capa- 
bility.     Sections 3 and 4 of  the report  examine  selected  areas of  technology 
which will  influence architectural options.    Topics included are  current DMA- 
sponsored areas of reseaich and development,   an assessment of back-end data 
base management  technology,   and  an update of current mass  storage   technology. 
Section  5 presents a synthesis of requirements and  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 overview of  the current DMATC 
data  processing environment and a summary of projected  requirements  for both 
processing and data storage.     In general,   the approach describes  the hardware 
environment,   the functional data systems,   and  the data storage requirements. 
A rigid adherence to these topics has not been followed because of their high 
level  of  Interaction.     It  is  felt  that a better understanding can be reached 
by addressing system entities.     Finally,   the implications of a DMA long range 
objectives and  feasibility assessment  program,   the Pilot Digital  Operations 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  sub- 
sequently recognized  that other  components of  the processing  environment  should 
be  recognized  as essential   parts  of   the  total  environment.     This  overview will 
therefore  include  the central  processors,   the Burroughs B-3500 processor,  an 
IBM 7094  processor,   and  a  summary of minicomputers  currently in use  at DMATC. 
Figure  1  provides a graphical  summary of  these components   together with an il- 
lustration of external  communications  links now in use. 

2.2.1.1    UNIVAC 1108 Central  Processors.     The primary data  processing 
capability of  the DMATC  is  provided  by   two  UNIVAC 1108  processors  operating 
under  EXEC 8.     The  two processors  are  configured as   independent  systems  to 
allow  total   isolation  to accommodate  security classification requirements. 
The UNIVAC systems  are operated,   maintained,   and supported by  the Department of Computer Services. 
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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: 

• Five Uniscope 100 Communications Terminals 

• An RM-1004 Remote Job Entry Communications Terminal 

• A COPE 1200 Terminal located in Louisville, Ky. (Corps of Engineers) 

• 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 discusseo 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 s ipporting a specific input/output sys- 
tem.  A partial list of these devices and the associated minicomputHr includes 
the following: 
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Photogranunetric Devices 
7 UNAMACE (BR133) 
10 AS-11A (Bendix AP-2) 
ARME (Varian 620f-100) 
RP1E (PDF 11/45) 
0L0P Off-Line OrthoPrinter (BR133) 

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)- 

CELESTE Preprocessor—Interdata 7/16 

-Concord I (PDP-8) 

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 •■he 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 environment. 

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 is 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 Dirtribution Management 
System  (DADMS).    Opert. Lng 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 
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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. 

I 

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. 
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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 comp troll er-oiiented  financial 
management  files  including  the DM1S/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   is highly volatile,   activity against  these 
files  is  relatively low,   i.e.,   less   than once a day.    A new file,   the Advanced 
Personnel  Data System-Civilian (APDS-C)   is estimated  to be operational  by  the 
end of 1976. 

2.2.1.4    IBM  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 rtses 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. 

' 
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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/O 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- 
Lun 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 100 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 
Cards Out 
Pages 
Tapes Used 
CPU Time (Hours) 
SUP* Time (Hours) 
Jobs 
CPU Time/Job (Minutes) 
SUP* Time/Job (Minutes) 
Jobs with Error Termination 

3,381,000 
213,000 
417,000 

6,194 
254 
558 

6,961 
2.20 
5.10 

1,507 

(290/day) 

(325/day) 

(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/O and CPU operations. 
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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/O)   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.     In 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 valfd statistics were 
taken by site. Note that there is no overlap between the :wo sites for any 
data  accumulation. 

1 

\ 

1 

i 

Site 
I 
II 

Date/Time  Span 
7-26/4:22    7-28/2:03/5:30    7-29/4:04 
8-13/6:57    8-17/7:02 8-18/6:45 
8-26/2:04    8-30/5:47 
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7-30/4:26 
8-20/3:45 

8-03/7:46 
8-23/7:04 8-25/6:20 
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Disks: 1=0 
Drums: I > 0 
Tapes: I <<0 

Particular  attention was given  to  the SIP measures reflecting I/O 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): 

i.e.,   not much variation 
uniformly so 
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 2A 
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 
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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 
Technical Services 
Geodesy 
Cartography 
Other 

44.8% 
6.6% 

12.4% 
35.2% 
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 Jt 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 is 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.  In 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: 
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Table 1. UNIVAC 1108 CPU Utilization 
(FY 76) 

1                                Line Item Includes CPU Hours Percent   1 

3AA 1:50,000 Line Maps SACARTS 380 7.0 

3AC 1:50,000 Topo. Data Bases DARIC 1,037 19.2    1 
3EA Dig. Topo. Elevation Data DTED 1,004 18.6 

3GE DOD Librarv 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 3.4 

7BC Product/Techniques Development 384 7.1 

7BD Program Management Info. Sys. DMIS/P 
ARAPS 299 9.5 

7BE Other Mission Support 515 5.5 

Others 396 7.5 
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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 
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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) 

Automatic Map Research Report (AMRR) 

CELESTE 

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

2.2.3.1    Topographic Data Library System (TDLS).    The TDLS  is an auto- 
mated  library which describes holdings of maps and related textual data.     The 
TDLS is operated as a consolidated library for the Department of Defense and 
serves as  the single reference for storage and retrieval of published maps 
and related data.     The TDLS  supports production requirements of  all  the DMA 
activities 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 
of the TDLS data base was completed during the fall of 1976.    The TDLS pro- 
duces a variety of products and reports including a Master File,  Master File 
Deletion Report,  Statistical Summary,  Document Summary Cards,   etc.     The file 
includes classified data since  indexing and references  to holdings are pro- 
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. 

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 
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. 
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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 thld  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 11 UN1VAC 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 (DT1B) .    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 (DAR1C).    DAR1C 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 DAR1C 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. 
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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. 

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 1i created which constitutes 
a permanent  record of  the terrain data extraction process and is  the source 
record  for subsequent data formatting processes. 

Since the DMATC program is primarily directed toward the production of line 
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, 
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. 

2.2.3.4.1    DMIS.     The DMIS is comprised of a set of  interrelated  func- 
tional management information systems.     Each of these functional systems  is 
structured around  its own distinctive requirements and data  sources,  but must 
mutually support the  total information system through the exchange of basic 
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 available 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 produrfion 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. 
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A significant feature of each of these systems as well as the entire DKIS 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 transactions 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 Information 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 Field 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 DT1B 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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• An automated  file directory 

• Report generation capability 

• A file management system  (FMS)  to  support  data  extraction,   file 
merging,   and  file  extension  (beyond  1x1     blocks)   features 

• Automated  transaction log 

The DIED 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 at 
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 standaro.  Each 800 bpl tape reflects data from one 
map sheet. 

• UTM-Planar.  These 800 bpl 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. 

Digital Topographic Data Is being addressed In two subcomponents. Digital 
Terrain Elevation Data (DTED) and Digital Planimetrie Data.  The DTED Is in 
an advanced development stage with the DMAAC serving as Executive Agent for 
the system development.1  Planning for the Digital Planimetrie Data Base is 
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 content and format of digital terrain 
elevation data. The file structure is organized into 1x1 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 bpl magnetic tape. Data for storage will consist of ten 
1 x 1 blocks per tape. The DTED software support system is 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: 
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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 DIED is projected to require approx- 
imately 100 hours of UNIVAC 1108 CPU time per month.  Approximately 90 per- 
cent of this work load is associatei.' 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 file 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 aj.c independent systems which 
both relate to the status of map production. The PMS data files are used to 
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 some 12 mil- 
lion characters maintained on 2 magnetic 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 

si*».*.-  
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in production.        Production, and scheduled completion dates for it ems 

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 rHe  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 
(MRR) contain information useful during the production planning process to 
facilitate the identification and selection of the best means of supporting 
new production tasking.  Examples of the contents of an MRR Include: 

• Availability of map coverage 

• Accuracy of available map coverage 

• Identification of best map sources for recompilatlon 

• History of previous product development 

• Area geography/geology 

• Demography 

• Construction, etc. 

The MRR is analyst oriented and includes extensive use of graphics for por- 
trayal of geologic formation, population growth patterns, and rainfall 
projections. 

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 

m 
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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 GE0S-3 satellites. 

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

• 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 resoonsibility 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 input 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 fov 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 11Ü8 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, 
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a continuous assessment of work load projects will be required to minimize 
the central processor work load scheduling. 

Data storage for the CELESTE system Is provided by magnetic tape. Tape hold- 
ings currently Include approximately 300 reels with a projected growth of ar- 
chival tapes of approximately 60 reels per year. 

This growth rate Is considered nominal and will require a continuous tape 
management effort based on well defined standards for data retention.  Estab- 
lishment of an archival directory has also been recognized as a necessity for 
efficient storage and retrieval of ephemeral data to service user requirements. 

2.2.3.9 Data System Summary.  The data systems previously described 
represent the most active data systems In use at the DMATC.  In addition to 
those described, the ACRES system together with a number of free-standing but 
related files were of pertinent Interest from an activity point of view. 
ACRES Is not further described for security reasons. 

In addition to these files, a variety of other individual files and director- 
ies were identified.  Some 50 files were identified, most of which represent 
relatively small data volumes.  Approximately 10 of these files are supported 
on the Burroughs B-3500 processor. 

A summary of file or data system characteristics was compiled.  The summary reflects: 

• Security 

• Storage Media and Volume 

• Projected Growth 

• Level of Activity 

• Response Time 

• Volatility 

Tables 2 and 3 illustrate these file characteristics for the primary systems 
described as well as selected additional files. While most of these features 
are self-explanatory, several deserve additional explanation.  Level of Ac- 

tivity is Intended to .rsolate files having high frequency processing activity. 
Response Time was tabulated to obtain a general sense of priority.  Volatility 
is a general assessment of the stability in a given set of data, i.e., slowly 
growing directories will reflect low volatility while a file such as DMIS/P 
will reflect a high level of change on a weekly basis.  These last three 
characteristics are of particular Interest when evaluating files as candi- dates for online storage. 
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Table 2. Data Base Characteristics 

Pita Security 
Storage Madia 

Projected Growth Level of 
Activity 

Response 
Time 

Volatility 
Tape OMc 

TDLS Collateral 50 (4) 0 Daily 24 Hr. Low 

SACARTS SAA 200 (21 500 tapes/year High/Daily 24 Hr. Low 
UNAMACE SAA 2,550 18%/year High/Daily 24 Hr. Low 
DMIS/P Unclattified 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 

Planimetrv 80 500/year 24 Hr. Low 

PMS Collateral 2 Negligible 1/month 24 Hr. Moderate 
AR APS Collateral 4 Negligible Daily 24 Hr. Moderate 

AMRR Collateral (In Planning Stage) Low 

CELESTE Collateral 300 60 tapei/year High/Daily 
Seasonal 

<24 Hr. High 

ACRES and 
related filet SAA 16 Total 8 tapes/yr High/Daily 2-24 Hr. High 

tlil If 
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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: 

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) 

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 will 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 

I 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 
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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 utilization 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. 

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 
based on system utilization experience for  the  Site  I system,  which again 
provides a baseline  calculated  on the actual production environment. 

The data processing requirement  for collateral data reflects  an  increase  in 
FY  77 which approaches   the Site  I system maximum capacity.     Validated re- 
quirements are projected  to  slightly exceed maximum capacity beyond  1977, 
leaving no capacity  for  as yet  unvalidated requirements.     These unvalidated 
requirements  reflect  a potential  total system work  load approximately two 
times  the estimated system capacity. 

The major implications  of  the  collateral work load  are  the: 

• 40 percent  increase  in work load during FY  77 

• Site  I system at  saturation starting in FY  77 

• No capacity  to accommodate anticipated growth resulting from un- 
validated  requirements beyond FY  77. 

2.2.5.3 SAA Processing  Requirement.     A similar  breakdown reflecting SAA 
processing requirements  is  shown  in Figure  5.     The rapid  growth of  SAA pro- 
cessing requirements  is most  apparent in this  graphic with  the most signifi- 
cant growth  (148 percent)  occurring during FY  77.     The projection shows re- 
quirements  exceeding  system capacity occurring  in  FY  77 with more moderate 
increases occurring  through  1980.     Virtually all of   the  SAA processing re- 
quirement is  associated with validated requirements. 

2.2.5.4 Implications  of  Projected Processing Work Load.     From a system 
architecture view  the  significant  factors  of  the DMATC data processing work 
load  study are: 

• An immediate need  for  increased  CPU capacity  for  both SAA and col- 
lateral production. 

• FY 77  time  constraints  preclude an  initial  offload  to distributed 
processing  systems. 

• The rapid  growth  of  processor work load will  increase  tape handling 
by approximately  100  percent during  FY  77. 
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• System users can expect increased turnaround times as greater 
portions of the work load encompass second and third shift 
(or weekend) processing. 

• Primary shift operations, supporting DMAHC and DMATC "open shop" 
users, will be severely impacted by the rapidly increasing work 
load. This impact will occur throughout the ADP environment in- 
cluding service support areas such as job preparation, tape library 
storage and retrieval, and quality review. 

2.2.5.5 Processing Work Load by Functional Areas.  The work load pro- 
jections provided to the study team were also examined to establish trends 
based on functional areas of activity. As with the examination of current 
system utilization, the objective was to establish trends as related to pro- 
duction activity and in turn to relate the projected work load to specific 
data systems. Table 4 provides a summary of the most significant growth fac- 
tors related to the DMIS/P line item and in turn to data systems.  As would 
be expected, the most significant growth shown in the projection is related 
to the increased utilization of the SACARTS and DARIC systems in support of 
1:50,000 scale line maps.  The significant growth in this area also provided 
additional Impetus to a more detailed examination of the SACARTS itself (Ap- 
pendix A). 

The total work load projected for the related product line items of 1:50,000 
Line Maps, 1:50,000 Topographic Data Bases, and Digital Topographic Elevation 
Data was also extracted.  The projected work load related to these products 
from 1976 through 1980 is shown in Table 5, and illustrates the sustained 
dominance of these products in the DMATC environment over the next five years. 
As should be expected, these same products reflect the most significant growth 
of data holdings. 

2.2.6 Projected Data Storage Requirements. The projected growth of data 
storage requirements was initially based on a survey conducted by the DMATC 
Data Base Administrator.  Data obtained through the survey was supplemented 
by briefings and interview.  Size estimates for various files varied from de- 
tailed word count to "reels of tape" for which no data content estimate was 
available. To a large extent, however, active files reflected actual data 
content expressed in words or characters, while files expressed only in terms 
of reels of tape were of an archival nature. 

Data file growth factors were also obtained during the survey and verified 
during the study period.  Typically, growth rates associated with resource 
management files such as DMIS/P, TDLS, and ARAPS remained relatively low. 
ACRES related files reflected a higher rate of growth but total file size was 
still relatively small.  The most significant growth relates to the direct 
production of topographic products in which UNAMACE master tapes, SACARTS re- 
lated files (GIST Level IV), and DTIB elevation and planimetry tapes consti- 
tute a growing source data file. 

The size of data holdings projected to FY 79 and FY 83 for the primary files 
addressed in the study is summarized in Table 6. As noted in the summary, 
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Table 4. Significant Changes in UNIVAC 1108 CPU Utilization1 

(FY76toFY77) 

Line Item Includes 

FY76 
CPU 

Hours 
Change 
(Hers) 

Percont 
Change 

3AA 1:50,000 Line Maps SACARTS/ 
OARIC 

379 +2,423 +639 

3EA Dig. Topo. Elevation Data DTED 1,004 - 114 - 11 

3GE DOD Library of Maps TDLS 246 +    62 + 25 

3GG Analysis and Evaluation PMS 188 +    26 + 14 

3GJ Procurement of Maps and Data ACRES 240 -    24 - 10 

4FD Geodetic and Gravity Studies 150 + 125 + 83 

4FF- Satellite Geophysics CELESTE 297 +    91 + 31 

4FG Special Surveys 140 +    35 + 25 

7BA Mission ADP Support 185 + 349 + 189 

7BC Product/Technique Development 384 -    78 - 20 

7BD Program Management Info. Sys. DMIS/P 
ARAPS 515 -   293 -   57 

7BE Other Mission Support 268 -    86 - 32 

Support For DMAHC 120 437 +364 

As of January 14, 1977 

36 



Table 5. Major Production Work Load 
(UNIVAC 1108 CPU Hours) 

1 

ITEM FY76 FY77 FY78 FY79 FY80 

3AA 1:50,000 Line Maps 379 2,802 2,802 2,802 3,840    j 

3 AC 1:50,000 Topo. DataBase 1,039 1,038 1,038 1,038      | 

3EA Dig. Topo. Elevation Data 1,004 890 1,172 1,172 1,172 

2,422 4,730 5,012 5 012 5,012 

j        Total Validated Work Load 5,395 10,114 10,880 11,217 11.145    j 

Percent of Work Load 45 47 46 45 45 

As of January 14, 1977 

Table6. Data Base Growth Projection' 

File 
Currant FY 79 Projection 

1 1 
FY 83 Projection 

Tap« Words Tap« Wordi Tapes Words     i 

TDLS 50 72M 50 72M 50 72M     i 

SACARTS 200 1,700 3,700 

DARIC 2,550 3,927 5,763 

DMIS/P 20 4M 20 4M 20 4M     1 

DTIB 

1          DTED 1,100 1,800 2,500 

Unverified 
Planar 

Planimetry 
6,000 

80 
1,200 
1,580 

1,200 
3,580 

PMS 2 2M 2 2M 2 2M     | 

ARAPS 4 7M 4 7M 4 7M     | 

AMRR Planned 

CELESTE 300 33M 
98M(77) 

480 (98M) 720 (98M)     | 

ACRES and 
related files 16 34M 4? 37iyi 72 «M     j 

Totals 10,322 152M 10,803 220M 17,411 224IY,     1 

As of January 14, 1977 
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Since the files of primary interest to this study reflect only a portion of 
DMATC magnetic tape holdings, a second summary was made which includes identi- 
fied holdings in other files (Table 7), and holdings of the Department of 
Computer Services Tape Library.  This summary also includes an estimate of 
tapes used as intermediate temporary storage in the production cycle.  No 
growth was projected for this later group based on a management objective of 
maintaining a minimum number of tapes in this status.  The summary projection 
of total tape holdings as shown in Table 7 reflects an estimated growth from 
an approximate level of 25,000 tapes to 35,000 tapes in 1983.  In view of the 
rapidly expanding data processing requirement previously addressed, the data 
holding projection is considered conservative and will require a continuous 
management effort to assure minimum retention of magnetic tapes used for tem- 
porary storage. 

2.2.6.1 Projected Source Data Base Holdings.  Projected data holdings 
constituting a source/product data base are estimated to approach 17,000 
reels of magnetic tape by 1983.  This data primarily consists of UNAMACE mas- 
ter files, SACARTS-generated master files, and holdings in the DTIB consist- 
ing of both planimetric and elevation data compacted in DMA standard format. 
If it is assumed that these holdings will consist of consolidated data stored 
on 1600 bpl, 9-track tapes, and that the tapes are utilized at 25 percent of 
capacity, the data could represent a total holding of 4.7 x 10  bits.  The 
tape utilization figure of 75 percent is recognized as significantly exceed- 
ing the widely used commercial utilization factor which is normally 20-25 
percent of capacity. The 75 percent factor is based on the assumption that 
cartographic file contents would be compacted for storage under the DTIB. 

Projected holdings of this magnitude demonstrate the need to plan for improved 
methods of mass data storage.  Since the holdings will consist of data which 
is primarily archival in nature, the choice of storage media will depend 
largely on the projected requirement for access and update frequencies.  Ef- 
forts to verify and consolidate these holdings should be continued along with 
a further definition of projected utilization and response time requirements. 
These continuously refined estimates will provide a more stable requirements 
base on which an optimized solution addressing this expected mass storage re- 
quirement can be iddressed. 

2.2.6.2 Online Storage Requirements.  One of the study objectives was 
to examine online storage requirements and provide a definition of resident 
and temporary online storage requirements.  Resident online storage is gen- 
erally described as storage space which can be accessed without manual inter- 
vention.  Storage such as solid state memory devices, drums, fixed-mount 
disks, and fully automated mass storage systems fit this definition.  Storage 
devices such as removable disk packs or floppy disks may be either resident 
or temporary depending on their use at any given time.  Magnetic tapes are 
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active files indicate data holdings increasing from a current figure of 152 
million words to approximately 224 million words in 1983. The total growth 
of tapes associated with the primary files increases from approximately 
10,000 at present to 17,411 in 1983. This volume of tape holdings includes 
a projected consolidation of unverified Planar tapes during the period from 
6,000 reels to 1,200 reels. 
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Table 7. Projected Magnetic Tape Holdings 

FY 79      FY 83 

Data Files 
TDLS,DMIS/P 392 596 868 1 

PMS, ARAPS 

ACRES, AMRR 

CELESTE 

Other» 
631 636 642 

Source/Product DB 

DARIC 

SACARTS 9,930 10,207* 16,743 

DTIB 

Others 
D/CS Tape Lib. etc. 

Scratch and Work 

Totals 

4,000 

10,000 

24,953 

5,200 

10,000 

26,629 

6,800 

10,000 

35,053 

'Includes consolidation 
of 6,000 unverified Planar tapes. 
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considered temporary online storage only since tapes are usually associated 
with a manual intervention. 

Evaluation of online storage requirements is to a large extent a relative 
assessment depending on frequency of access, data volatility, and/or required 
response time.  Using these criteria, the existing resident online storage of 
the DMATC consists of storage required for Catalogue Files and Scratch File 
Space.  Excluding drum storage, these files represent 140 million words of 
disk storage for the Site 1 system.  In terms of data files, files aggregat- 
ing approximately 84 million words are maintained on removable disk and con- 
stitute the existing temporary online storage requirements. 

This assessment of online storage requirements, either resident or temporary, 
is not considered adequate for future planning purposes. It is considered 
valid, however, in terms of the response time requirements identified by 
DMATC.  In only two cases were required response times of less than 24 hours 
identified, these exceptions being CELESTE and ACRES.  In our view the iden- 
tified response times reflect only what the file managers expect in terms of 
turn around.  A more realistic assessment should be based on production 
throughput objectives. 

Potentially all the active data files should be considered as candidates for 
online storage. Based on current projections, data files in this category 
will reach a minimum level of 224 million words by 1983. This projection is 
over and above online storage requirements for catalogue file and scratch 
space which currently require approximately 200 million words of disk storage. 
Specific identification of candidates for resident versus temporary storage 
should reflect access frequency.  A move toward integrated data management 
will also carry an inherent requirement for resident online storage. 

The continued definition of online storage requirements should be addressed 
as an open topic within the DMATC environment as system improvements are 
implemented. 

2.2.7 Projected Restructuring of Data Files.  During the assessment of 
data holdings it was recognized that a broad range of opportunities exist 
which could improve the utility of existing data files held at DMATC. With 
few exceptions the files described in Section 2 are independent functionally- 
oriented files.  Interfaces between interacting files are not In general 
automated and require manual extraction and preparation. None of the current 
files are maintained online, and data entry is primarily accomplished by 
means of punch cards or card images on tape. The only data system supporting 
online query is the DADMS. 

Examination of the individual files has been initiated under the guidance of 
the Data Base Administrator.  Efforts to date have recognized the interrela- 
tionships between many of the files by examining the function and role of the 
files. This approach is useful in identifying clusters of related files 
which, depending on frequency of use, may warrant Integration, consolidation, 
or development of automated interface programs.  An example of such interre- 
lationships is readily apparent in the various directories or files (Fact 
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Files) which contain information regarding published/or in-production topo- 
graphic maps. Some of the concerned files in this area are: 

• DADMS—containing depot inventory and distribution files 

• ARAPS—identifying user requirements and production status 

• PMS—identifying currency and accuracy assessments 

• DMIS/P—identifying personnel resources and schedules for current 
production 

• REPROMAT—identifying reproduction materials 

Similar clusters of files are readily identifiable in areas addressing the 
availability of source materials to support new production (TDLS, Analytical 
Triangulation, CELESTE, Geodetic Control, photo coverage files) while still 
another cluster includes files of processed data which could support new pro- 
duction requirements (DT1B, DTED, DTIB Planimetry, UNAMACE Masters, SACARTS). 

In general a]l of the files fall in two broad categories which support man- 
agement and direct production. In turn each of these groups can be further 
categorized by function: 

• Management 
Planning and Control 
Resource Management 
Source Directories 

Production 
Operational  files of processed data 
Preprocessed source data 
Product data bases 

Motivation for examining any individual file or cluster of related  files de- 
pends on a variety of factors such as frequency of use,   stability of the file, 
how the files  interface with the overall production system,  and  the volume 
of  traffic.    These same factors also affect  the choice  of how a selected  file 
or set of  files  should be supported in an ADP sense to  optimize  the files 
utility  in supporting the production effort.     This can be best  illustrated by 
some specific examples. 

The DMIS/P  is primarily concerned with the utilization of personnel resources 
and  the monitoring of production schedules.     DMIS/P is  cycled on a weekly ba- 
sis with a high  level of  activity associated with some  3,50C card  inputs  per 
week.    Turn around times  associated with the 15 individual  files vary from 
1 to 7 days which  indicates  that  the DMIS/P could always be a week behind, 
diluting  the usefulness of  the system as a management  resource control   tool. 

If a more responsive system is required,  alternates  available range  from per- 
forming all batch processing in a pre-established time block under  sophisti- 
cated  software control,   to  placement of the DMIS/P on  a  fully online status 
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supported by interactive online update/query capability. In either case any 
improvements should be based on the role DMIS/P is intended to play in DMATC 
production and management's requirements for more responsive status reporting. 

A second illustration of potential file improvement was apparent during ini- 
tial presentations on the TDLS.  The structure of this system was observed to 
allow addition of an online query capability for exploiting the file for sup- 
port of production planning. The low query level projected, however, (35 to 
50 queries per month) would not justify the additional costs of adding remote 
query terminals or additional online storage for the system. 

These examples are cited to illustrate the broad range of alternatives that 
can be addressed relative to each file.  Only through a comprehensive analy- 
sis of major file groups can a pattern emerge which provides a balanced 
recommendation. 

2.2.7.1  Initial File Assessment.  Restructuring PMATC data files to 
provide improved support of production is a complex and long-term task.  The 
range of restructuring can vary from the development of relatively simple 
file interfaces to the consolidation of closely related subsets to the total 
integration of all files under a comprehensive Data Base Management System. 
The impact of restructuring similarly varies from relatively small software 
efforts to a complete revision in the concept of ADP support operations which 
are inherent in a totally integrated DBMS which could involve: 

• Operation in an online, time-share mode 

• Hardware to support the DBMS 

One approach to initiating the restructuring of data files would be initia- 
tion of a study of high-activity files to identify candidates for possible 
integration or interfacing. The selection of candidate systems should be 
based on file activity, their general relationship to each other, and their 
importance to the production planning or support cycle.  Typical grouos of 
files might include: 

• Map coverage files (DADMS, ARAPS, PMS, DMIS/P, REPROMAT) 

• Photo Coverage Files 

• Geodetic Control Files (Geodetic Control Points, Analytic 
Triangulation) 

The initial assessment could examine specific fact files on a detailed basis 
to further define both short-term and long-term improvement requirements as 
well as an optimal data management structure for the files examined.  This 
analysis would then provide a starting point for the systematic evaluation 
and upgrading of fact files into systems more fully integrated into the pro- 
duction planning or execution process. 
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2.2.7,2 Interaction with Standards. The move toward integrated data 
management and the use of data standards are mutually dependent and should 
be pursued as parallel efforts.  The development of standards can be highly 
effective in facilitating file integration and interfacing, reducing redun- 
dancy in files, and reducing the data processing work load associated with 
format conversions.  Conversely, the existence of a high level of data in- 
tegration will inherently impose standards for data element definition, pro- 
gramming practices, program Identification, and interface requirements for 
new files. When applied and considered during the development cycle of new 
equipment acquisitions, standards will minimize the requirements for refor- 
matting programs and expedite the full integration of these acquisitions into 
full production use. 

The extent to which a fully integrated data management concept is pursued is 
Integral with long-range system architecture options.  As will be noted in 
the following section, long-term objectives of the Pilot Digital Operations 
Plan (PDOP), assume a highly integrated data management capability structured 
under the control of a DBMS.  On a short-term basis a major objective of file 
assessment should be a file-by-flle analysis directed toward improved respon- 
siveness of the specific data file being addressed. Whether such files 
should be integrated as a system, and whether or not they should be struc- 
tured under DBMS should be assessed in parallel with the file analysis. 

2.2.8 Long-Range Projections—Pilot Digital Operations Plan.  Concepts 
relating to long-term objectives of the Defense Mapping Agency are being ad- 
dressed within the context of a DMA production posture operating in a com- 
pletely digital mode. The purpose of the Pilot Digital Operations program 
is to establish the technical and operational feasibility and the practical- 
ity (cost effectiveness) of performing each production operation in a wholly 
digital mode. The concept deals with the post-1985 time frame and is con- 
cerned primarily with digital image processing. As a secondary objective, 
the plan addresses the DMA posture Involving digital processing in general, 
and in the context of a totally digital throughput production system. The 
relationship of this second conceptual objective is of particular interest 
to our study. 

The PDOP primarily addresses the full scope of operations concerned with the 
manipulation and exploitation of digital imagery. The plan assumes that ac- 
tions related to other forms of digital processing, such as that related to 
resource management and automated cartography, will progress at a rate which 
will support a totally digital production operation in the post-1985 period. 
The evolving DMATC data processing environment between now and 1985 should 
consequently be consistent with and supportive of the long-range DMA objec- 
tive as conceptualized in the PDOP. 

• 

2.2.8.1 Systems Concept and Assumptions.  The systems concept for Pilot 
Digital Operations is heavily oriented to the maintenance and exploitation of 
three primary data bases functioning in an online mode.  The primary data 
bases are: 
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• Online Production Planning and Management System 

• Digital Imagery and Parameters Data Base 

• Products/Supplementary Source Data Base 

The concept further addresses the role of each of these data bases through 
the entire production cycle.  For our purposes it is not necessary to review 
that aspect of the plan.  Of significance, however, are some of the assump- 
tions included in the plan as they pertain to areas outside the domain of 
digital imagery.  The assumptions are most pertinent to the Online Production 
Planning and Management System which is excluded from the scope of specific 
PDOP development objectives. Operations or functions excluded include the 
automated cartographic function not dealing with imagery, management informa- 
tion systems, and management functions. 

Some of the characteristics of the Online Production Planning and Management 
System and the Product/Supplementary Source Data Base which are either ex- 
plicit or can be inferred from the PDOP include: 

• Online status 

• Remote query capability 

• Integrated data management 

• Security 

• Interactive display capability 

• Interactive distributed work station capabilities 

• Product independent data 

• Electronic transmission capability 

These characteristics are also evidenced in specific operations to be exam- 
ined within the PDOP context. A summary of the more apparent characteristics 
is illustrated in Table 8.  Since all of the objectives relate to digital 
image processing, only those with broader implications to this study have 
been identified. 

2.2.8.2 Relationship to the System Architecture Study.  In a strict 
sense, objectives of the PDOP cannot be construed as requirements since the 
purpose of the program is to ascertain the feasibility and practicality of 
the various function subsystem developments.  As a growth objective, however, 
the PDOP establishes additional guidelines for system growth in the 1977 to 
1983 time frame.  These guidelines are of particular significance in the as- 
sessment of alternatives where selection of a course of action based solely 
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Table 8. Implied Technical Characteristics of Pilot Digital Operations Subsystems 

\ CHARACTERISTICS          ~^ 

,         PILOT DIGITAL OPERATIONS SUBSYSTEMS          \ 

<   111.2 DMA Data Telecommunications ■ ■ ■ 1 

<   111.3 Automated Digital Screening and Assessment ■  ■  ■ 

,   111.4 Digital Image Data Base Storage/Retrieval/Security/ 
Protection ■  ■ ■   ■ 

111.5 Digital Image Data Base Query/Update/Purge ■         ■ ■ 

111.6 Change Detection Between Digital Imagery ■  ■ 

111.7 Structure of Subset of the Products and Supplementary 
Data Base ■  ■ ■      i 

i   111.8 Man/Machine Interface through Digital Displays ■         ■ 

i   111.9 Product Digital Image Evaluation ■ ■      ■  ■ ■      { 

|   111.12 Digital Control Base ■ ■      i 
111.14 Automated Change Detection (Image to Data Base) ■ ■      i 
111.15 Compression of Digital Image Data ■ 

1  111.30 Preparation of Press Plates from Digital Imagery ■ ■      ■ 

1  111.31 Direct Printing from Digital Data ■ ■ 
1 
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on current needs may or may not be consistent with long-term objectives of 
the PDOP.  To cite one such example, under the existing SACARTS concept, 
digital recordings of cartographic features are maintained in a product- 
dependent system using Cartesian coordinates.  This approach is well suited 
to the production of 1:50,000 scale topographic maps, provides an efficient 
data storage mechanism, and avoids the computational burdens of high-volume 
geographic coordinate transformations.  Conversely, the PDOP addresses a 
product-independent data structure using geographic coordinates. This di- 
chotomy is illustrative of differences in short-term and long-term objectives 
which will have to be addressed at some point in time if the long-term objec- 
tives of the PDOP are to be achieved. 
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3.     CURRENT RESEARCH AND DEVELOPMENT PROGRAMS 

This  section addresses  three areas of developing  technology of direct  interest 
to  the DMA for their application to  the cartographic production process.     Con- 
sideration of  these programs  for  inclusion in  the DMATC  system architecture 
study  is  therefore appropriate.     Two of  these areas have potential   for  improv- 
ing  the data capture cycle supporting  topographic data production:     raster 
scanner/plotter  technology and photogrammetric postprocessing.     The  third 
area concerns use of associate array processors to support the data processing 
function.     The three areas are essentially independent topics both in terms of 
their  status and  their potential  impact on the DMATC system architecture.     The 
three  topics covered in this section are: 

• The Raster Scanner/Plotter 

• The Integrated Photogrammetric  Instrumentation Network   (IPIN) 

• Associative Array Processor 

3.1    Raster Scanner/Plotter.    Introduction of a raster type device to 
support  data  extraction and plotting  is  scheduled  for use in  the DMATC carto- 
graphic production system in mid-1977.     This precision device is  programmed 
for  Interface with  the SACARTS  process   to  take advantage of raster  technology 
in cartographic production. 

3.1.1 System Functions.    The major desirable characteristics of raster 
technology address  two  principal  functions  supporting the SACARTS  process: 

• Scanning Function—A black and white scanning device serves as a 
data capture device using black and white manuscripts.     The device 
can scan the  equivalent of  two  Joint Operational Graphic   (JOG)  manu- 
scripts in 15 minutes and represents an extremely high rate of data 
capture.     In  the DMATC production environment  the device   is  planned 
for  the digitization of  data for  input  to  the GIST software system 
either  from reproduction material or  from photogrammetrically gen- 
erated contour manuscripts which have been edited  for   "cartographic 
expression."    The scanning  function requires off-line computer  pro- 
cessing support for the conversion of raster formatted data to a 
lineal  (vector)   format.     This  function also requires an  edit opera- 
tion  for  the entry of  feature classification headers. 

• Plotting Function—The plotting  function provides a precision plot 
on reproduction material  as an alternative to  the scribe coat color 
separation process.     Plotter output  is high and  plot  time remains 
constant regardless of  information content.     The plotter  can plot 
the  equivalent of  two  JOG's  in 15 minutes.     The plotter  function re- 
quires data  input  in raster  form.     Reformatting of data  from the 
SACARTS  data bank (GIST Level 4,   6,  or  7)  requires off-line process- 
ing  for   the conversion from lineal  (vector)   to  raster  format. 

3.1.2 Data Processing Impact.     The  scanner/plotter scheduled  for  imple- 
mentation in  the SACARTS  process  poses  a  significant data processing work  load 
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on the UNIVAC 1108.     Due  to  equipment delivery problems,   the original  support 
software developed  for  the system did  not undergo a  full  development cycle. 
Based on  initial   tests of  the system at  the DMAAC,   it was determined  that ap- 
proximately 20 hours of CPU  time would be required  for  the lineal-to-raster 
conversion process  for a  typical map overlay.     Since normal production re- 
quires or  involves  5 overlays,   the total  requirement was   estimated at 100 
hours of CPU time  per map.     Based on a production schedule of 250 map sheets 
per year a resulting burden of some  25,000 CPU  hours  per year has  been cited. 
This,   together with an estimated 10 hours  per  chart  for  the raster  to vector 
conversion process,   suggests a  total  requirement  approaching 27,500 hours  per 
year. 

Software supporting the scanner/plotter  is currently undergoing improvement 
under contract  to   the Rome Air Development Center.     Informal  estimates regard- 
ing these improvements reflect a  target representing a 75 percent reduction  in 
CPU processing  time.    On a  production basis  supporting  250 map sheets  per 
year,   this work load would  still  exceed  the entire DMATC  processing  time ac- 
crued on the Center's  two UNIVAC HOS's during FY  76. 

Improvements  to  the DMA scanner/plotter software addressing the vector-to- 
raster  process and   the conversion of  the RADC raster conversion software and 
the ETL CASPP software  to  the UNIVAC  1108 will  provide an initial basis for 
utilization of  the scanner/plotter  in conjunction with  the SACARTS.     Use of 
these programs will  severely  tax  the available UNIVAC  1108 resources  as  the 
number of map sheets  increases  to  the production goal of  250 sheets.     The rate 
at which  this goal   can be achieved will also depend on  the extent of  the edit- 
ing required  to  support  the raster-to-vector conversion and  the entry of data 
into  the GISTS  structure. 

3.1.3    Impact on SACARTS Production.    The most dramatic  effect of  intro- 
ducing raster  technology in  the SACARTS environment  is  expected  in the reduc- 
tion of  the production pipeline.     Depending on  the  extent of  the edit require- 
ment,   the  time required  to  create a GIST Level  4 master  record should be dras- 
tically reduced. 

Although a significant increase in data processing requirements is projected, 
some  trade-off will occur  in  terms of  the current  processing associated with 
manual digitizing operations and data preparation for lineal  plotters.    Addi- 
tional   trade-offs  will  accrue in the form of labor costs  during  the digitiza- 
tion and color  separation phases.    All of  these  factors will  contribute  to   the 
overall assessment of  the cost effectiveness of  the DMA scanner/plotter  in  the 
production environment.     The relative costs of manually produced maps versus 
those supported by  the scanner/plotter should be  subjected  to a detailed cost 
analysis once  the system has  been integrated  into   the SACARTS production sys- 
tem.     This analysis can  then provide additional  input  to   the assessment of  im- 
provements  to  effectively exploit raster  technology on a  full  production 
basis.    Although  the current  examination of  the scanner/plotter  points  to data 
processing capabilities as   the major  constraint,   actual  implementation  in  the 
SACARTS  environment may indicate  the existence of other  choke points,  such  as 
editing and  feature header  entry,   that may lead  to  the identification of 
alternatives  that  provide a balance of data  processing requirements with over- 
all production  throughput. 
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3.1.4    Consideration of Alternatives.    Data processing associated with 
both  the raster-to-vector and vector-to-raster  functions  involves  the manipu- 
lation of massive quantities of data.     Extensive software development has been 
adr ressed in a research environment at both RADC and the U.S.  Army Engineering 
Tr^ographic Laboratories.     Some of these programs and  the associated computers 
include: 

Raster-to-Lineal Conversion 

Computer-Assisted Scanning Techniques—RADC PDF  9 
Computer-Assisted Color Scanning—RADC HIS  635 
Raster-to-Lineal Software Conversion—RADC PDF 11/45 
Raster-to-Lineal Software Conversion—RADC H-6180 
Cartographic Scanner/Plotter Program (CASPF)—ETL IBM 360, CDC 6400 

Lineal-to-Raster Conversion 

Format Conversion Software—RADC HIS-635 
Raster Imaging Software—RADC H-6180 
CASPF—ETL IBM 360,  CDC 6400 
DMA Raster Plotter Software—RADC UNIVAC 1108 

Two of  these programs,   the RADC Raster-to-Lineal Software System and the ETL 
CASPF system are currently being converted  to  the UNIVAC 1108 for use by  the 
DMA.    The CASPF system,  adapted to use the DMATC scanner magnetic tape format 
as input and the GIST CALMA/NOVA magnetic tape format as output, will provide 
a raster conversion capability consistent with current SACARTS data formats. 

The existence of similar programs on different computing systems (i.e.,  Rast- 
er-to-Lineal on PDF 11/45, H-6180 and UNIVAC 1108 and Lineal-to-Raster on H- 
6180 and UNIVAC 1108)   provides a basis for a relative performance assessment. 
In addition,   the demonstration of the raster-to-vector,  and vector-to-raster 
format on the Goodyear STARAN array processor provides a further basis  for 
examining alternatives. 

It is readily  apparent that alternatives exist in terms of  the processor  (se- 
quential or array),  size of the processor  (large scale or minicomputer),   and 
programming language.    The capabilities cited also represent differing ap- 
proaches  to  solving specific problems.     These differences may occur  in  the way 
data is formatted,  how general  functions  such as  the sort and merge functions 
are handled,   or  the manner in which specific  cartographic problems are solved. 

For  example  the  technique used  to  generate line weights suitable for portrayal 
of a road may consist of an expansion of a centerline with overlapping expo- 
sures  (DMA scanner/plotter)  or may be a double cased  centerline with area  fill 
(raster imaging).     The same problem addressed on  the STARAN uses  still  another 
innovative approach.    While some basis for   comparison is now becoming avail- 
able,  existing data reflects a variety of data volume,  data resolution,   pro- 
gram objectives  (for example,   level and  type of symbolization),   and  tech- 
niques.     A carefully designed comparative analysis  should  insure use of  con- 
sistent parameters and  test constraints  to better define the optimal hard- 
ware,   programming language,  and  software  technique. 
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3.1.5    Potential  Use of  the ETL STARAN Processor.     Implementation of 
cartographic  programs  developed by Goodyear Aerospace  Corporation on the ETL 
STARAN processor  could  hold potential  for supporting DMATC production.    An ac- 
celerated program to   install  these programs on the  ETL  processor would provide 
the opportunity for  further development of  the cartographic  applications soft- 
ware using DMATC production daca.     The full  implications of  such a  quasi-pro- 
duction support program will  require a detailed  evaluation,  but a first step 
in any event is  the  implementation of  the Goodyear  programs and  their evalua- 
tion using high volume,   high resolution data.     It  should also  be noted  that 
problems  associated with data  edit and entry of  feature neader data would 
still  require UNIVAC  1108 processing  for creation of  GIST Level 4 master re- 
cords and significantly offset  the high-speed processing capabilities of  the 
STARAN. 

3.1.6    Conclusions.     Completion of  the raster  scanner/plotter and  the 
planned  improvement  in associated software programs will  provide a basic capa- 
bility  to  support both a data  capture and a finishing plotter  function for  the 
DMATC. 

The rate at which  the  scanner/plotter will be able  to  assume a major produc- 
tion role,   i.e.,  support of  500 map sheets per year,   is highly dependent on 
other system capabilities.     The most  critical of  these are devices  to perform 
edit and feature header  entry functions. 

The overall impact of   the raster  finishing plotter/scanner  is largely unknown 
at  this  time for the  following reasons: 

System performance of  the scanner/plotter will not be fully demon- 
strated until mid-1977. 

• The DIODE System,  which is programmed  to  perform edit and feature 
header entry  functions,   is still in  the  implementation phase. 
Throughput  capacity of  the DIODE will be  uncertain until  full im- 
plementation  and demonstration 

• The full  Implication of performing edit and  feature header entry 
functions on  linealized scanner/plotter data using other data  entry 
devices  (DPC,   COMPUGRID,  CALMA)   is largely unknown.     Utilization of 
these devices  for edit purposes will still  require processing through 
GIST Levels   I,   II,   III,  and  IV. 

• The extent  and  nature of  transformation programs  such as DIODE to 
GIST format  is  unknown. 

Because of  the above  factors an extended period of  operational   testing and 
integration  into a  full  production posture must be anticipated. 

A research and development effort should be considered   to address alternatives 
to  the data processing  problems associated with use of  the scanner/plotter  in 
a  production environment.     This  effort could  include an assessment of process- 
ing options as well  as  interface options  from a production  throughput  point of 
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view.     The assessment should be based on carefully designed control condi- 
tions—data volume,  resolution,   function,  etc. 

Potential use of processing capabilities at RADC and particularly the existing 
interface between  the H-6180 and  the STARAN should be considered for  this pur- 
pose.     The  interface of  these processors under  control of  the MULTICS operat- 
ing system provides  a unique opportunity to assess relative system performance 
and module efficiency. 

3.2    Integrated Photogrammetric Instrumentation Network (IP1N).     The IPIN 
system currently being designed addresses  the conversion of >. tta from automa- 
tic photogrammetric compilation equipment for  the production of  digital  ter- 
rain elevation data.     The system will provide a means of  converting,   editing, 
and  formatting photogrammetrically-produced data  close  to  the point of data 
capture and at a rate consistent with the throughput capacity of the photo- 
grammetric systems.     The system will perform the variety of post-processing 
functions now performed  in a batch mode on the UNIVAC 1108 processor. 

The primary motivation for  implementation of an IPIN  type system is  to  provide 
a post-processing  cycle consistent with the high  data volume output of data 
collection devices  such as  the AS-11BX and clusters of  AS-11  type analytical 
stereocompilers  and  stereocomparators  ("pooled minis").     While  the system ca- 
pacity is  tailored   to meet  the photogrammetric output of   the DMAAC,   the con- 
ceptual approach  to  performing the post-processing functions provides an ex- 
cellent example of how a remote processing system can be  implemented  to pro- 
vide a  finished  product consistent with the rate at which data  is collected. 

A simplified  illustration of  the IPIN  is  shown in Figure 6 and  is useful  in 
describing  the functions performed by components of  the system. 

Input data is received  from the "pooled-mini"  systems and  the AS-11BX/ACE. 

The "pooled-mini"  systems  function as data collection devices.     They also pro- 
vide control data  for the AS-llßX/ACE.    The systems provide digital geomorpho- 
logical  records,   i.e.,  drainage patterns and  ridge lines which will be used   to 
support  terr.iin modeling during the matrix interpolation process.    The "pooled- 
mini"  systems  provide digital output  in geographic coordinates.    The AS-11BX/ 
ACE is  the primary data collection device and  outputs data in a model coor- 
dinate system.     The output  of  this device  (approximately 485 points per sec- 
ond)  establishes  the  throughput requirements  for  the remainder of  the  system. 

The System Processor  collects and passes data  from the  collection subsystems 
to  the remainder of  the  IPIN.     The system processor also  performs "on-the-fly" 
coordinate  transformations  for data input from  the AS-11BX/ACE subsystems  and 
converts data from model  coordinates  to geographic coordinates. 

The File Manager  controls  data  flow within  the  IPIN and  directs data  to  temp- 
orary storage on magnetic disks or  tape.     Sufficient storage  Is provided   to 
accommodate a  system flow capable of supporting  10 models of ACE data.     Data 
stored on disk is  formatted  in small  sorted blocks,  based on  the one degree 
file structure  prescribed  in the "DMA Standard   for Digital Terrain Elevation 
Data File."    The File Manager  grid indexes  the data prior  to  storage on disk. 
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In other words, contiguous data on the earth's surface is similarly mapped to 
contiguous areas on disk.  The primary data association element is a 3 arc 
minute by 3 arc minute data cell, which presumably corresponds to one track- 
cylinder on the moving head disk (each data cell would be composed of approxi- 
mately 60 x 60 = 3600 elevation points). Similar!^, these data cells are 
mapped in a directly addressable fashion to produce the basic data file  which 
corresponds to 1 arc degree times 1 arc degree grid on the earth's surface. 
Thus, the basic data file consists of 400 (data cells) track-cylinders of in- 
formation or approximately 1,440,000 elevation samples. 

The structure of the disk file was designed on the basis of minimizing disk 
I/O time which turns out to be the most time-critical process in the system. 
Since the head movement of the disk is the most time-consuming component of 
the disk I/O time, two disk drives are used. One disk holds the data while 
the file control directories are maintained on the other disk.  Thus data 
cells can be optionally retrieved from the data disk by placing contiguous 
data cells on adjacent track-cylinders.  Displacement of the disk head is min- 
imized as adjacent data cells are processed.  The second disk allows for the 
avoidance of long excursions of the head of the data disk for periodic direct- 
ory accesses. 

After the ground data has been grid indexed and stored on disk, the Matrix 
Processor retrieves data cells via the File Manager for terrain matrix pro- 
cessing.  The matrix processor performs an elevation interpolation to convert 
the data from the photogrammetric collection devices to a DMA standard matrix 
format. Since the data has been presorted, it is estimated that the time to 
process a complete data file will be on the order of 20 minutes.  On the 
UNIVAC 1108 the same process now takes about 4 hours. 

The proofing and revision processes are accomplished at the Edit System. 
There are basically two kinds of errors:  (1) gross errors in which elevation 
samples were simply not recorded by the analytical stereoplotters; and (2) 
resolution of drains and contours and insertion of geomorphologlcal data.  The 
gross errors can be easily spotted by displaying the data and detecting 
"holes" or "gaps" in the elevation data.  This type of error can be easily 
identified at the Edit Station. Type (2) editing is accomplished by capturing 
the geomorphologlcal data (drains and spot elevations) at the Pooled Minis. 
The type (1) and (2) revisions are sorted back into the data file.  The geo- 
morphologlcal data is lineally formatted for the revision cycle. When such 
corrections have been made and processed through the IPIN, the final edit will 
be made in the edit subsystem and the completed file transmitted to the UNIVAC 
1108 for integration in the DTED data base. 

The operating system envisioned for the IPIN will be very simply structured. 
The system will operate in a store-and-forward fashion, and will be essential- 
ly message driven.  Each message will be accompanied with a destination code 
indicating the process to be performed.  Priority queues for each message type 
will be maintained in each node processor in the network. Multiprogramming 
will not be needed by the node processors because all requests will be flushed 
out of the highest priority queue before processing other requests.  Conse- 
quently, only the program that processes ths highest priority queue will need 
to be in the node processor's memory.  Further, since the disk I/O is being 
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performed by the File Manager, the other node processors can operate essen- 
tially in a CPU-bound mode (no I/O waiting).  The average I/O traffic load is 
expected to be only about S'megawords per hour through a single point on the 
network.  The operating system will be transportable to any processing node 
on the network due to the modularity of the computers and the single-thread 
nature of the processing to be performed. 

The system design will allow the proper selection and sequencing of functional 
operations such as matrix generation and editing appropriate to any specific 
data subset.  Iterative processes can be continued as necessary to assure com- 
plete processing of a model prior to its release to the DTED data base. 

3,2.1 Applicability of the IPIN to DMATC. From a conceptual point of 
view the IPIN is significant in that it addresses a recognized need to perform 
data edit and formatting functions as an integral part of data capture.  By 
performing these functions on a time basis consistent with the rate of data 
capture, time lags associated with sequential passes through a batch-oriented 
central processor are eliminated.  The approach also illustrates the manner in 
which data storage structure can maximize processor efficiency by minimizing 
the movement of data. 

Consideration of an IPIN type system for the DMATC environment must recognize 
some basic considerations which could significantly alter the configuration 
and functional objectives of a DMATC-oriented IPIN. 

• Capacity of the IPIN is tailored to match the output of three 
"pooled-mini" systems and two AS-llBX/ACE Stereocompilers. 

• The DMATC "pooled-mini" program addresses the clustering of the Cen- 
ter's AS-11A stereocompilers.  The AS-11A is a manually operated 
stereocomparator capable of generating a graphic output in either 
profile or contour mode.  Although the AS-11A did not provide digi- 
tal recording, the "pooled-mini" approach will provide a digital re- 
cord in either mode.  Throughput capacity of the AS-llA's, even in a 
cluster configuration will remain well below other devices (Pooled 
AS-11B1, AS-11BX, ACE). 

• Primary digital output from photogrammetric compilers at DMATC con- 
sists of profile recordings from the UNAMACE. Pending additional 
augmentation or replacement of the UNAMACE by equipment similar to 
the AS-11BX, the UNAMACE output would establish capacity require- 
ments of a DMATC-oriented IPIN. 

• The IPIN is oriented towards the production of digital terrain ele- 
vation data in matrix form, while DMATC's primary production re- 
quirements are directed toward the line map and the elevation con- 
tour. 

Recognizing these inherent differences, it would be relatively easy to config- 
ure a DMATC-oriented IPIN tailored to match the output of the data capture de- 
vices.  The retention of geomorphological features to se'-ve as constraints 
during the terrain modeling function could also offer the opportunity to 
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functionally orient a system to produce both edlttd contours and terrain ma- 
trix data. Such an approach would directly support DMATC's production re- 
quirements involving line map production as well as produce terrain matrix 
data as a direct useful output. The approach would also allow the formatting 
of data under the SACARTS GIST structure for systematic retention of terrain 
data as an integral part of a topographic information data base. 

3.2.2 Summary. An IPIN type system tailored to the DMATC environment 
would impact the current DMATC production process significantly: 

• The production of contours and elevation matrix data would occur at 
a pace consistent with photogrammetric data capture capacity. 

• Throughput time would be accelerated, since delays encountered in 
batch processing through a central processor would be avoided. 
These delays are incurred by data handling involved in 
processes of editing, plotting, contour generation, etc. 

• Direct production of edited contours and terrain elevation matrix 
data early in the production cycle would affect the process by which 
contours are now corrected for geomorphological constraints in both 
the Department of Cartography (UNACOMP) and the Field Off:ices. 

3.3 Associative Array Processor. The purpose of this section is to pro- 
vide general background information, specific alternative uses of associative 
array processing technology for DMATC, and recommendations for implementation 
of the most plausible alternatives. The background information on associative 
array processors in general and the STARAN in specific, includes definitions, 
characteristics, advantages, disadvantages, and application areas. The appli- 
cation areas most relevant for DMATC operations will be identified as possible 
alternatives and the rationale behind the recommendations will be discussed. 

3.3.1 Definition of Terms. Many computer applications require identical 
operations on multiple streams of data. Most present day computers (monopro- 
cessors) accomplish their tasks through the use of a single central processor 
unit (CPU) that is capable of addressing only one datum within any one stream 
per instruction cycle. When the number of data streams (or, alternatively, 
the number of data elements to be processed), becomes large, even the fastest 
of these computers (at speeds approaching several hundred nanoseconds per 
cycle) may require a completely unacceptable amount of time to complete its 
tasks.  In light of these difficulties, considerable work has been directed 
toward more efficient techniques for "bulk" processing. The results have 
emerged as multiprocessors, parallel processors, and associative processors. 

i 

The multiprocessor employs more than one CPU sharing a common memory and pe- 
ripherals.  Each CPU is capable of independently executing its Instructions 
(or in responding to conditions set by other processors), and each CPU is ba- 
sically similar to the CPU found in conventional monoprocessor configurations. 
Through appropriate interprocessor linkage, a multiprocessor is then able to 
either process more than one stream of data or is able to assign one CPU to 
each sequential segment of a program operating on one data stream (or both). 
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This sequencing is known as pipelining.  However, despite the significantly 
improved throughput rates attainable with a multiprocessor configuration, the 
programming techniques remain basically the same—an entirely sequential in- 
struction set for each CPU where each CPU may handle only a single data 
stream. 

Parallel processors (or array processors), are characterized by the handling 
of multiple data streams with the processor for each stream controlled by a 
single master CPU.  However, the relative locations within memory of each data 
stream are fixed and the data structure must be completely known in advance. 
Data addressing is by physical address (location in memory) only—just as in 
the case of the conventional monoprocessor. 

The associative processor, as currently implemented (e.g., a STARAN) is char- 
acterized by its method of memory addressing as well as by its inherent paral- 
lel processing capabilities. As opposed to a strictly physical address, oper- 
ands in an associative processor may be accessed or selected based upon the 
contents of the memory.  This form of memory organization is called content- 
addressable memory, or CAM. The inherent power of such a memory organization 
lies in its ability to address all data "associated" with a given descriptor 
simultaneously and is limited only by the engineering practicalities of imple- 
mentation. 

The primary difference between an associative (i.e., involving CAM) and non- 
associative parallel processor may be demonstrated by a simple example.  Given 
a memory containing a large data field in which a binary pattern of interest 
may (or may not) exist, it is desired to test for the existence of the select- 
ed binary pattern within the memory and to determine the location of the pat- 
tern (or patterns) so that the pattern may be altered. With a parallel pro- 
cessor, we would still have to search each memory location for a pattern match 
(even though a constant could be subtracted from all locations simultaneously, 
thereby allowing a test for binary O's).  Then for each location satisfying 
the match, a new value would be written, one location at a time.  However, 
with CAM, all memory is simultaneously queried with one instruction and all 
locations containing the desired pattern are immediately identified by the 
contents of the memory response store (equal to one bit for each word).  Fur- 
ther calculations may then be performed using only the words responding; the 
alteration is performed on all responding words by a single "store constant" 
command. 

V 

Figure 7 illustrates the main features required to implement an associative 
address operation.  In Figure 7, the application may require that all cities 
with elevation greater than 500 feet above sea level be located. This would 
be accomplished by performing a greater-than-comparison search in the eleva- 
tion field of the file.  This search is done in parallel.  To set up the 
search a Data Register is loaded with the elevation (500) used for comparison, 
a Mask Register is included to mask the data searched, a Word Select Register 
specifies the subset of words to be addressed, a Results Register collects the 
results of the search, a Match Indicator is used to indicate the number of 
matches, and a Multiple Match Resolver indicates the "topmost" matched word. 
A six-word example of a geography file is Illustrated in Figure 7; It assumes 
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Figure 7. Associative Address Operation 
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that the search for elevation greater than 500 was performed on the entire 
file. All necessary registers and features are illustrated. 

3.3.2 General Applications of AAP.  In general, the array or parallel 
processing capability provides for fast, high-performance and real-time pro- 
cessing ability, while the associative processing characteristic provides fct 
fast data searches and flexible data organization.  Several areas of applica- 
tion appear quite well suited to associative and parallel processing. They 
provide cost-effective system augmentation in some cases (e.g., air traffic 
control and bulk filtering).  In others, AAP's are very close to functional 
analogs of the physical system (e.g., data compression, communication multi- 
plexing, and signal processing). 

The use of AAP's appears promising in the elimination of critical bottlenecks 
in current general-purpose computer systems. Only very small dedicated asso- 
ciative memories are required and cost is really not a critical factor in the 
selection of these problems. Such problems may be encountered in the manage- 
ment of computer resources and might involve such items as protection mechan- 
isms, resource allocation, and memory management. A major application area 
for which AAP's appear ideally suited, but due to cost factors have yet to 
prove themselves, is in data base management or large file searching and pro- 
cessing. 

The application advantages of AAP's are: 

• Low cost to produce—using LSI technology 

• Provides a growth option—modular concept 

• Increased throughput—using fast search capabilities 

• Off-loading capability—can take some load off host, general pur- 
pose machine 

• Reliability--due to modular concept 

The general disadvantages of AAP's include: 

• Complexity of program design—stems from the difficulty devising 
algorithms to best utilize the unique features 

• Throughput degradation—may occur if single I/O channel is provided 
in either the AAP or host machine 

Since the associative array processor (AAP) combines the technologies of other 
processors and is a prime concern of this study, we shall focus on it for the 
remainder of this section.  Because the STARAN is the only AAP commercially 
available at the present time and is potentially available to the DMATC, we 
shall specifically direct our attention to it. 

3.3.3  STARAN Characteristics. To accommodate the fact that AAP's are 
designed to be special purpose machines with various possible uses, and thus, 

S8 



need to interface in a wide variety of ways, the STARAN system was divided 
into a standardized main frame and a custom interface unit (Figure 8). A 
variety of I/O options implemented in the custom interface unit include 
conventional direct memory access (DMA), buffered I/O (BIO) channels, external 
function channels (EXF), and parallel I/O (PIO). 

The main frame consists of a conventionally addressed control memory for pro- 
gram storage and data buffering, a control logic unit for sequencing and de- 
coding instructions from control memory, and from 1 to 32 modular associative 
processors. A key element of this system is the "main frame" memory providing 
content addressability and parallel processing capabilities. Each memory ar- 
ray is a multidimensional access memory matrix of 256 words by 256 bits (i.e., 
65,536 bits) with parallel access to up to 256 bits at a time in either the 
word (horizontal or row) or bit (vertical or column) direction.  Each array 
contains a 256 bit-serial processing element, each of which has an independent 
external device I/O path.  Control signals generated by the control logic unit 
are fed to the processing elements in parallel and all processing elements 
execute the instruction simultaneously. 

STARAN utilizes a FDP 11 as its sequential controller and has a sequential as- 
sociative processor control unit which has a memory cycle about ten times 
faster than the PDF 11. 

Although the STARAN's associative memory allows for multidimensional access- 
ing, only one set of registers (X, Y, M) and processing logic are needed. The 
X-register is generally used to store temporary results. The Y-register ef- 
fectively acts as the search-results register.  It typically contains the re- 
sults of search, arithmetic, and logic operations. The M-register is used to 
specify element activity. This register, in the bit-slice (vertical) mode, 
corresponds to a word-select register, and in the word-slice (horizontal) 
mode, to a mask register. The STARAN does not have a dedicated serial adder 
on a per word basis. Goodyear programs the X- and Y-registers, using the log- 
ical functions, to appear to have this capability. This cuts the cost of an 
array, but requires the facility for high-speed operation within the X-, Y-, 
M-register complex. 

Each of the 256-word X 256-bit associative arrays includes a 256-bit resolu- 
tion system.  Resolution is always going on in each array, and the system in- 
terface is a 9-bit response output—8 bits giving the address of the first 
responder, and the ninth bit is the Inclusive OR of the response register. 

The system I/O is not definable because each system is unique in the kind of 
I/O required.  Typical options include DMA to a host computer, buffered I/O 
for peripherals, and communication through EXF and PIO channels into any of 
the arrays. 

The assembly language APPLE—Associative Processor Procedural Language—has 
been developed for STARAN. Assemblers for APPLE, including macro assemblers, 
are available and are tailored for individual machine installations.  Few I/O 
instructions are included in APPLE, since I/O is also customized for each in- 
stallation.  To our knowledge no high order language has been developed and 
implemented for the STARAN. 
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Thus far,   three STARAN systems have been delivered:     Rome Air Development Cen- 
ter,  Johnson Space Center  at NASA (Houston),  and  the U.S.  Army Engineering 
Topographic Laboratory. 

3.3.4    DMATC Applications for the STARAN.    Research and development ac- 
tivities related to examination of associative processing technology have been 
pursued through DMA-sponsored programs at both Rome Air Development Center and 
the U.S.  Army Engineering Topographic Laboratory.     The thrust of  these efforts 
has been directed  toward  the investigation of applications of  interest  to the 
DMA and the identification and development of  support  systems which would be 
required in a production environment.    The major thrust of these efforts is 
summarized below. 

3.3.4.1    Synopsis of Associative Array Processing of  Raster Scanned Data 
for Automated Cartography.    This project was funded jointly by the Defense 
Mapping Agency and  the U.S. Geological Survey.    The objective was to assess 
and show the feasibility of using the STARAN for raster processing including 
raster-to-lineal conversion.    This processing entailed generating a map sheet 
with a var^ty of representative map symbols such as single lines, double 
lines,  broken lines,   railroads,  area fill,  and point symbols.    The source data 
was raster scanned with a resolution of 4 mils and had a map image area of 19 
x 22 inches.    Also  included as functions of  such processing was to separate, 
as a function of line thickness,  each feature class of a raster scanned,  4 
class,  feature separation and to vectorize a raster scanned contour sheet. 
The project designed and implemented the necessary software to produce the 
needed data for the production of a map using the STARAN and measured the 
timing performance of major software routines.    The conclusions reached by the 
project team include: 

•        The STARAN could produce the basic types of map  symbology in a time- 
ly manner (at an average rate of 125 seconds per symbol). 

: 

•   The STARAN could efficiently perform vectorization and line separa- 
tion tasks for cartographic work (at the average rates of 187 sec- 
onds for vectorization and 235 seconds for line separation). 

While this project did show the feasibility of using the STARAN for map pro- 
cessing in conjunction with the ETL-IBM raster scanner/plotter for this one 
map, it has not established the cost effectiveness of the system in a produc- 
tion environment. 

The demonstration illustrates the high processing speed of the STARAN. It 
also highlights the high I/O demands of the processor.  The project report 
includes a recommended stand-alone STARAN configuration in which data compac- 
tion would be performed within the STARAN system. Use of a stand-alone con- 
figuration would facilitate a future integration of the STARAN in a produc- 
tion environmentw 

There is still much work to be done in modifying and adding to the present 
software to better present routines and provide for other necessary functions. 
The largest bottleneck occurs in the I/O area.  To this end work must be done 
to reduce the amount of data passing in and out via compaction techniques and 
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with the use of higher speed devices. A smoother, more automated interface 
between the raster scanner/plotter and the STARAN should be developed, includ- 
ing provisions for editing and feature header entry. 

3.3.4.2 Synopsis of Application of a Parallel Processing Computer in 
LACIE.  The Large Area Crop Inventory Experiment (LACIE) is a joint investiga- 
tion by NASA, USDA, and NOAA to determine the usefulness of computer-analyzed 
remotely-sensed data in crop forecasting on a global scale. The STARAN was 
used in the LACIE program for such pattern recognition functions as statis- 
tics collecting, iterative clustering, adaptive clustering, maximum likelihood 
classification, and mixture density classification. The LACIE algorithms are 
well suited to the AAP architecture because of inherent parallelism. The 
computation associated with each picture element (pixel) is the same for a 
given algorithm and can be implemented in a single instruction stream over the 
array of data points. 

The STARAN is configured as a special purpose processor (i.e., slave) to an 
IBM 360/75 boat machine. Originally all the work, including the pattern rec- 
ognition, had been done on one of five IBM 360/75 computers.  Therefore, all 
pattern recognition routines had to be redesigned and rewritten to make use of 
the features of an AAP. 

Thexresults and conclusions of the project team are very positive. The spon- 
sors believe their success with an "essentially research-oriented system" wil] 
provide the basis of a production system for analyzing and employing multi- 
spectral data. This work will provide input for the next attempt toward a 
production system. Of importance and assistance will be the awareness of the 
performance evaluation dependencies between: 

• Algorithm organization (ability to exploit parallelism) 

• Number of data channels 

• Number of classes/clusters 

• Number of pixels per quantum of system work (job) 

• Setup time for STARAN (formatting vector transfers to and from the 
fTARAN) 

• Data base retrieval rates 

Again this is a promising application for the STARAN to DMATC operations. 
However, the transition from an experimental to an operational system is not a 
simple modification.  Further work is needed in this area to produce the nec- 
essary evaluation and eventual transition. 

3.3.4.3 Synopsis of An Implementation of a Data Management System on an 
Associative Processor. This project represents a research effort of Goodyear 
Aerospace Corporation to show the advantages of using an AAP coupled with a 
special head per track disk for Data Base Management System functions. A 
single level, hierarchical structure was chosen for the data.  This technique 
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maintains each level of the hierarchy is a unique record type and associated 
with each record type are level codes indicating parentage of the particular 
record. A sample data base of 400,000 characters is structured into a four- 
level hierarchy (i.e., command, unit, sortie, and option records). The search 
technique used was entirely dependent on the physical layout of the data base 
on the disk. Due to the parallelism in the disk heads and the STARAN, the 
data is arranged in sectors consisting of 64 tracks where each track is com- 
posed of 256 bits.  Thus, each sector contains one-fourth the STARAN array. 
If one assumes the entire data base is contained on one surface, two passes 
of the surface under the read/write heads will provide a search of the entire 
data base. The intent of this work is to have appropriate software to perform 
data definition, file create, interrogation, and update. 

As of the last available report only the data definition and create modules 
were operational on a sample data base. A simplified version of the interro- 
gation module was performing queries utilizing the Sigma 5 host computer to 
translate the query into a task list for the STARAN. Also operational were 
the change and delete options of the update module. 

It was Goodyear's conclusion that this work provides great promise for the 
future of DBMS. They believe this is a viable way to handle the dual problems 
of providing rapid query response with easy update capability. Further work 
is necessary to prove cost-effectiveness. Simple performance evaluations can 
be made between the same data base queries with and without AAP assistance. 
While this technique may be efficient for small to moderate size data bases, 
the true problems do not actually arise until the size of the data base becomes 
very large. The transition from moderate to very large data base systems is 
not usually linear. This, too, is a promising area of application for DMATC, 
but much more work remains to provide operational capabilities. 

In a separate RADC effort, Syracuse University has conducted preliminary in- 
vestigations for the development of a Data Management System Strategy for 
possible application in a DMA environment. 

3.3.4.4 Other Research and Development.  Other research and development 
relevant to DMATC use of an associative array processor is discussed here. 

^ 

3.3.4.4.1    Mass  Storage Device.    Under a RADC program a design of a one- 
half billion bit mass storage device has been completed.     Fabrication of a bit 
access engineering prototype has been estimated to require a three-year devel- 
opment effort.    Design of  the device is generalized to allow use with paral- 
lel/array processors   in general and is modular  to allow expansion to a billion 
bit capacity.    Projected costs of subsequent storage devices are estimated at 
about one million dollars.     Implementation of a device fabrication program has 
not been initiated. 

3.3.4.4.2    High-Order Language Development.     Initial  studies have been 
directed toward the design of a high-order language  (HDL)   for use with the 
STARAN.     At the present  time the STARAN must be programmed  in a machine lan- 
guage unique  to STARAN.     Development of a high-order  language and an associ- 
ated compiler would allow applications programming in a commonly used 
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programming  language such as  FORTRAN.     Availability of  a HOL and  compiler 
would  significantly increase  the  ease  of  exploiting  the STARAN capabilities 
in a production environment.     Development of a HOL and compiler represents a 
considerable  investment risk until a firm decision  is  reached  to  introduce a 
parallel/array processor  in the production environment.     Conversely,   lead time 
requirements  for compiler development  could restrict  full  exploitation of the 
parallel/array processor capabilities  until  the HOL capability were available. 
A specification for a HOL has been delivered  to RADC under an RADC/DMA sponsored 
R&D effort. 

3.3.4.4.3    UNIVAC STARAN Interface  Study.    This study by  the Georgia In- 
stitute of Technology addressed  the feasibility and  implications  of  interfac- 
ing  a STARAN processor  to a host UNIVAC 1108.    In this configuration,   the 
STARAN would function as a peripheral  of  the UNIVAC processor  for  the  process- 
ing of applications  programs.     This study provides an initial assessment of 
interface  implications and an alternative  to a stand-alone configuration as 
conceptualized In the previously referenced Goodyear  study. 

The following summarizes the major points presented in this work: 

• The study identified  the two most effective  (i.e.,   highest  transfer 
rate)  connection points.     Due  to bulk memory  transfer rate con- 
straints and additional  internal  logic needed,   the fastest  connect- 
ion point,  via an IOC port,  was considered  to be less cost  effective 
than the slightly slower  connection point via an ISI  channel. 

• Shared memory interface with  the possibility of a  corner  turning 
memory addition was  identified  as a topic for further  study.     A 
queue-exchange system of  buffering data was also recommended. 

• DR11-B interface design was detailed including a $5,000 cost  esti- 
mate.    Further study was  recognized as necessary in  the areas of 
burst transfer impact  on  the STARAN and actual transfer  speed. 

• The UNIVAC software needed was  defined and  several  algorithms pre- 
sented along with  the  estimated  cost  in code and  overhead. 

• Data format conversion hardware unit was described  and  feasibility 
demonstrated. 

• The data transfer rates of  the  two machines were studied and  the 
conclusion that  the UNIVAC 1108 cannot communicate with  the  STARAN 
fast enough to fully utilize  the STARAN was  reached. 

As long as the average processing rate of the STARAN is greater than 10 milli- 
seconds, the transfer rate of the UNIVAC machine would not cause any delays or 
idle time for the STARAN. Therefore, the feasibility and baseline constraints 
for a  UNIVAC 1108/STARAN Interface have been identified. 

3.3.5     Recommendations Concerning AAP.     It  is undeniable  that AAP's  ttl 
general,  and  the STARAN in particular,   provide attractive capabilities  for 
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performing automated functions heretofor either too cumbersome to consider or 
totally unthinkable.  In light of the DMATC production missions, the applica- 
tions towards map production, image processing and pattern recognition, as 
well as data base management search capabilities, present great possibilities 
for further automation and efficiencies. The work thus far accomplished to- 
ward such ends shows promise, but has been of an experimental nature with 
little empirical evidence of cost effectiveness in production environments. 

The efforts toward DMATC applications have been very fruitful in pi-osenting 
the feasibility basis, providing the initial step, and pointing to b^ccific 
areas for further work. Judging from the opinions formed in the work already 
cited, among the targeted areas for further works are: 

Design and production of parallel algorithms 

I/O procedures 

Distinguishing the roles of the sequential host and the AAP special 
purpose machine 

High-order language for the STARAN and better debugging tools 

Optimum word and array size (Goodyear has already announced a Module 
with 1024, 5120 or 9216 bits per word arrays) 

Resource allocation and utilization (e.g., control memory vs. array 
memory) 

When the installation of an AAP is to be considered, various configurations 
should be evaluated.  Since the STARAN (and any AAP) is a special-purpose 
computer, it will need a host computer connected in some manner.  In an appli- 
cation such as map production or image processing, it may be desirable to pro- 
vide a dedicated mini-host for stand-alone performance or a communication link 
to the UNIVAC 1108. This decision would depend on time, financial, I/O, and 
system degradation issues.  For a data base management application, the deci- 
sion between connecting the STARAN to the main frame system directly or 
through the back-end processor is interdependent with the decision u-> utilize 
back-end processing (section 4.1 of this report). Considerations of time, 
finances, I/O system degradation also arise as do issues of security and flex- 
ibility. 

In conclusion, there is promise in AAP as applied to map production, pattern 
recognition, and data base management systems. Only a small amount of work 
has thus far been completed to make these applications efficient and reliable 
in a production environment. However, an AAP as well as other special purpose 
systems should be kept in mind while designing any new or upgraded system 
architectures. The key is to provide a modular configuration for maximum 
flexibility in order to add equipment or modify present modules in any way and 
specifically with the addition of a STARAN system.  Such a modular configura- 
tion should include a flexible communication link between all system compon- 
ents so that such machinery a0 the STARAN may be connected to any one or sev- 
eral modules. 
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4.  ADVANCED INFORMATION HANDLING TECHNOLOGY 

This section addresses three subjects dealing with current developments which 
may be pertinent to advanced data management concepts at the DMATC. The 
first of these is a review and assessment of back-end data base management 
technology.  This approach to integrated data base management may provide a 
viable option for future integration in an advanced system architecture. The 
second topic covered in this section addresses an updated assessment of cur- 
rent mass storage technologies and their future trends. The third section 
addresses security issues. During the course of the study the issues related 
to a multi-level security environment emerged as a major constraint in the 
adaptation of advanced ADP technology in the DMA environment.  This topic has 
been introduced to focus attention on security as a growing architectural 
constraint and also to support the position that technological advances in 
both software and hardware will support a realistic solution to security 
problems in the near future. 

4.1 Back-End Data Base Management 

4.1.1 Introduction. Before addressing the topic of back-end data base 
management it may be helpful to briefly describe two general terms to estab- 
lish a background reference: 

• Data Base Management.  A systematic approach to storing, updating, 
and retrieval of information stored as organized data items which 
are usually in the form of records in a data base. 

• Data Base Management System (DBMS).  A generalized software system 
assigned to manage the data base providing facilities for organiza- 
tion, access, and control.  Organization facilities provided by DBMS 
software packages are aimed at representing the user's view of data 
in such a way that it can be accessed efficiently at a single 
storage location. 

Access facilities of DliMS software packages provide the mech- 
anism for storage, retrieval, and dissemination of data to 
and from the data base. 
Control facilities included in the DBMS software packages help 
to maintain the data base with a high degree of integrity. 

In brief, the DBMS is a software system which relieves the user from the task 
of routine data maintenance functions.  The DBMS provides routine data stor- 
age and retrieval services to the user in a highly transparent manner. Most 
significantly itprovides program/data independence by making a single set of 
data, stored in a single location, available to many users for many programs. 

A wide variety of DBMS's have been develoned which reflect a wide range of 
function, complexity, and reliability.  Traditionally, the DBMS was used on 
large mainframe processors where servicing the data management function com- 
petes with application programs for processor resources.  More recently, 
DBMS's have been extended to a variety of minicomputers where the same con- 
tention for nrocessor resources exist.  The back-end data base management con- 
cept is a form of distributed processing in which the data base management 
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function and applications processing are distributed.     The principal motiva- 
tion for  this functional distribution is the alignment of processing func- 
tions with machine capabilities and  the maximization of  application-oriented 

processor efficiency. 

4.1.2    Definitions and Concepts.    In essence, back-end data base manage- 
ment is a type of functionally distributed system architecture in which the 
data management routines of a host computer are off-loaded  to a separate com- 
puter  that is dedicated  to operating those routines.     The dedicated computer 
is called a back-end processor in analogy to front-end processors which man- 
age communication routines and hardware.    The expression "back-end processing" 
is synonymous with back-end data base management;  for  the sake of simplicity 
the acronym "BEP" will stand for back-end processing or back-end processor in 

the appropriate contexts. 

A few qualifications may help to  clarify this concept.     First,   a BEP  is  iden- 
tified solely by its functional relationship to a host—the BEP performs the 
host's data base management operations.    No other extrinsic characteristics 
(e.g.,   physical distance between host and BEP,  relative computirg power of 
host and BEP,  etc.)  are essential to the BEP concept.    Second,   the "applica- 
tion"  software executed by a BEP  is of  necessity a data base management  sys- 
tem  (DBMS);   however,  nothing in the definition of BEP  requires  a particular 
kind of DBMS.     Theoretically,  any DBMS  could be implemented on some kind of 
BEP,   although  it is unlikely that a given BEP will offer more  than one DBMS. 
Finally,   the data base on which  the BEP operates need  not be fully integrated, 
since the BEP concept  is broad enough to  encompass partially  integrated data 
bases  (at the price of  increased system complexity and overhead) . 

Within this general context of data base management  there can exist an unlim- 
ited variety of BEP systems, most of which share a few common elements:     the 
BEP  itself,   some storage devices,   and a  control and data  interface with a 
host  (Figure 9).    Data requests or data modification operations  from a user 
application program or query are passed from the host to the BEP via  the in- 
terface.     These requests  typically would be expressed  as commands within a 
data management language (DML);   each type of command would correspond to an 
executable routine  (e.g.,   search,   fetch,   sort,  insert,  modify,  delete,   etc.) 

within the BEP. 

Hardware for  a BEP can range from microcomputer  to  large mainframe;   the most 
cost-effective BEP's  are likely  to be mini-or micro-systems   (since mainframes 
are usually designed  for  efficient numerical  computation rather  than data 
manipulation).     The choice of a  particular  type of  hardware will be determined 
primarily by  the choice of a preferred data base management  system  (DBMS), 
since most computer manufacturers and vendors will  provide  their machines 
with only one DBMS.     If  it  is decided  to  construct a DBMS  for  a BEP  from 
scratch,   then other  considerations become  important.     For  example,   if  the BEP 
were microprogrammable,   then  the most  heavily used DML routines  could  be 
microcoded  in order  to decrease  execution  times.     A  large word  size  and avail- 
able core space would  eliminate  the need  for memory management  routines with 
their  associated overhead.    A complete  list of such desirable hardware  fea- 
tures would depend  entirely on  the operational  requirements placed  on  the BEP 

by  the DBMS. 
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Figure 9. Hardware and Software Essentials of Back-End Processing 
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If  time permits,  a BEP can process DML requests from a host in serial order, 
but it is likely that neither  the host nor the BEP can afford to wait for 
BEP I/O operations  to complete in order to continue processing of a task.    A 
BEP which is capable of interleaving and overlapping the processing and I/O 
for several DML requests concuirreatly is said to be multithreading  (MT) .    A 
MI/BEP can  also coordinate  DML requests in a multiple host network. 

A multiprocessing  (MP) BEP has more than one instruction processing unit. 
Since it  can operate on several DML requests  simultaneously,  a MP/BEP may 
have very large data throughput capacities,  especially if each individual 
BEP in  the system is also multithreading.    MP/BEP's can  be organized  in one 
of three ways:     a dedicated system in which each BEP accesses only one data 
base or one portion of a data base  (Figure 10a);  a distributed system in 
which each BEP can access all of the data base(s)   (Figure 10b);  or a hybrid 
system which is a combination of the other two alternatives. 

Another important characteristic is  the type of access  to the BEP which is 
available to system users.     One possibility is a host-dedicated BEP in which 
all communication between users and the BEP must pass  first through the host; 
only the data base administrator would be allowed direct communication with 
the BEP.     At the opposite extreme all users would communicate only with the 
BEP  (i.e.,   there would be no host).     Such a freestanding BEP would be  in ef- 
fect a stand-alone data computer with extensive data base management support 
but with limited arithmetic   capabilities and language  facilities.     An inter- 
mediate alternative is the partially freestanding BEP.     This type of archi- 
tecture  allows  system users   to issue  commands  to the BEP  either directly  or 

via application programs in the host  (Figure  11). 

One more attribute of BEP  systems is significant.    The variable portion of 
any DBMS is its application programs.    If any of these programs are executed 
by the BEP  (perhaps because the "pure" DBMS routines do not fully utilize  the 
BEP's CPU)  then the BEP is user programmable;  otherwise,   it is user non- 
programmable.    Note that in this context the  term "user" excludes  the data 
base administrator, who is always allowed to program the BEP.    Also,  it is 
difficult to separate the functions of a user programmable BEP and a host; 
if a BEP routinely executes a wide variety of application programs,  it begins 

to resemble a general purpose host. 

4.1.3    System Impact of Back-End Processing.    When a BEP is installed in 
a system,   it will have  significant  impact on all hardware,   software,  and  data 
base resources.    While all of  these resources  are heavily interdependent,   it 
will be convenient  to discuss  the BEP's  effect on each of  them separately. 

Hardware.     Since  the BEP will contain all  DBMS  and  file management routines, 
data base  schema tables,   and data base I/O buffers,   the host will not need 
to maintain space for  them in core.     The resulting extra core can be used  to 
increase partition sizes  or  the number of  partitions   in  the host,  or  core 
could  be  reduced,  thereby  reducing  the host's cost   (if   it  is  rented or 

leased) . 
The  BEP itself will probably be  a minicomputer with  sufficient  computing 
power  to keep up with the rate at which the host issues DML requests,   and 
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Figure 10b.  Distributed Multiprocessing BEP 
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that has a lower cost per executed Instruction than does the host. As men- 
tioned earlier, the specific requirements for the BEP will depend upon the 
choice of DBMS, but a partial list of some desirable features might include: 
large word size (32 bits) to eliminate the need for memory management soft- 
ware; large maximum memory size (256K - IM bytes); high I/O data rate (at 
least 4 Mbytes/sec); micorprogrammability; multiprogramming support; and of 
course, low price (preferably under $100,000 for a CPU with at least 256K 
core). 

No matter how low its price, the BEP will still cost money.  Furthermore, in 
most cases, the BEP and the host will be procured from different vendors; 
consequently, maintenance will cost more, and effective maintenance strate- 
gies may become more difficult to implement.  Nevertheless, the BEP will be 
more cost-effective at data base management than the host, so relative sav- 
ings should accrue. 

Since the BEP will be responsible for controlling the storage devices on 
which the data base resides, it is essential that the BEP have the capability 
of interfacing with high performance, competitively priced disk, and tape 
drives.  If the system contains a mass storage subsystem (MSS) with large 
capacity (greater than 10^ bits) and slow access times (averaging more than 
one second to retrieve a file), then the BEP can also serve as a controller 
for the MSS and staged storage devices.  DML requests from the host would be 
passed by the BEP to the MSS; the MSS would return an entire file to the BEP, 
which would transfer the data to high-speed disk storage. The host could 
then have either fast, direct, and random access to the data or indirect ac- 
cess through the BEP (Figure 12). 

Sharing storage resources in a multihost environment has always been a diffi- 
cult problem to solve, but the BEP concept can provide an answer. Because it 
has sufficient computing power, the BEP is capable of intelligently, and dy- 
namically allocating storage space or entire devices t.o host subscribers.  In 
addition, a MP/BEP which is distributed so that each device can be accessed 
by more than one BEP has very high reliability characteristics.  If one BEP 
falls, its work load can he accepted by another.  Thus while system perfor- 
mance may be degraded, it will not be destroyed. 

The communication link between the host and BEP presents more hardware 
choices.  If the link is a 9600 baud telephone line and the host and BEP look 
like terminals to each other, then implementation is easy, but data through- 
put is very low.  Conversely, a channel-to-channel direct link has very high 
transfer rates, but it may be exceedingly difficult (or impossible) to imple- 
ment such a link without severely distrupting the operating systems of the 
host and BEP.  This type of decision cannot be made until system throughput 
requirements are well established; whenever possible, advantage should be 
taken of the BEP's power to reduce the amount of data which needs to be sent 
to the host. 

Software.  The primary software impact of the BEP is on the host operating 
system and application programs.  Since all of the storage device I/O control 
routines, file management routines, and DBMS routines are executed bv the 
BEP, the host OS has more CPU time available.  Of course, this extra time 
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Figure 12. BEP as a Staged Storage/MSS Controller 
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is advantageous only if the host OS is multiprogramming, so that the host can 
continue to process other tasks while waiting for the BEP to respond to a DML 
request. Also, some of the extra time will be used by the BEP communications 
interface located in the host. However, the net resulting increase in host 
throughput and productivity may by itself outweigh the dollar cost of the 
BEP. 

To users of the host who are accustomed to accessing the data base through a 
DBMS in the host, the BEP will appear to be totally transparent.  If the host 
has had no DBMS prior to the acquisition of a BEP, then application programs 
will have to be modified and system users trained to make use of new proce- 
dures , 

The BEP has its own complement of software of which the most important compo- 
nent is the DBMS.  In fact, since the choice of a BEP may depend upon the de- 
sired DBMS, a particular DBMS should be chosen or designed as the first step 
in developing a BEP system. The factors involved in such a choice are out- 
side the scope of this discussion, but it must be emphasized that the decision 
will affect ':he entire architecture and design of the BEP system. 

Data Base.  The existence of an integrated data base is implicit in the BEP 
concept. Without an integrated data base and a DBMS, the BEP is merely an 
expensive file control system. However, there is no need for the data base 
to be totally integrated; a MP/BEP can be designed such that each individual 
BEP manages a separate functional portion of the data base. While this ap- 
proach is expensive, it may be a viable option, particularly when full inte- 
gration of the data base itself would be costly or undesirable for other rea- 
sons (e.g., security). 

A MP/BEP is also capable of supporting a distributed data base.  For example, 
each of a group of remote BEP's could be dedicated to manage its own data 
base, and at the same time each would be communicating with a central BEP 
which would provide coordinating control for the entire BEP configuration. 
Alternatively, a large BEP could transmit data between a central MSS and re- 
mote staging areas.  The exact type of data base distribution depends upon 
many management dacisions which are too complex to cover here. Note that in 
any MP/BEP, especially one involving remote stations, time and space consum- 
ing network communication routines must be present in each BEP, thereby re- 
ducing the average processor efficiency somewhat. 

Data integrity and security are major concerns of every data base administra- 
tor, and the BEP is capable of significantly enhancing system performance in 
these areas.  The host and BEP can both maintain journal or audit files to 
keep track of data base changes.  If either machine detects a failure in the 
other, then the system can be halted without compromising data Integrity. 
The data base can be restored (once the fault has been corrected) by applying 
change; recorded in the audit files to an appropriate earlier backup copy of 
the data base.  This technique will help avoid loss of data integrity due to 
system failure, since two cross-checking machines are better at detecting and 
correcting their errors than one possibly faulty self-diagnosing machine. 
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Data base security can be improved by the BEP in several ways.    First,   the 
only path to the data base available to users is through the host/BEP link. 
Even if a user gains control of  the host's operating system,   he would be un- 
able to make illegal data accesses,  since all data password and validation 
routines reside in the BEP, which is not under host control.    Second,   the BEP 
can constantly monitor the host for the occurrence of unauthorized operating 
system penetration.    Of course,  both of  these safeguards are compromised  if 
the BEP is either user programmable or partially freestanding.    A third  alter- 
native is more expensive—provide a separate BEP and data base for each  level 
of security.    This procedure may be necessary when security regulations  forbid 
the mixture of  security levels in one machine regardless of how it is pro- 
tected. 

In addition  to its direct impact on a system's hardware,   software,   and  data 
base,  BEP has far reaching implications for future system development.     For 
example,   the BEP can be upgraded without  impact to host application programs. 
The BEP will enable system designers to take full advantage of  the new stor- 
age  technologies  (e.g.,   CCD's, magnetic bubbles)  by interfacing directly with 
the new devices.    The host will continue to see a constant environment.     An 
important consideration is the expressed willingness of the BEP vendor to in- 
terface his equipment with that of other  vendors.     Lack of  such support  from 
the vendor may result  in a very inflexible development path for the purchaser. 

4.1.4    Requirements for Back-End Processing.    Given the great variety of 
possible BEP configurations,   it seems intuitively obvious that some  type of 
BEP architecture could be developed to improve the performance of almost  any 
existing system.     However,   in order to maximize the benefits of BEP  (and min- 
imize its disadvantages), many different conditions should be met.    While  the 
relative importance of particular factors will vary from one system to an- 
other,   the following list of conditions partially delimits some basic  require- 
ments for any BEP implementation. 

Requirements of  the Host and Application 
A DBMS or information system should exist and should be  inten- 
sively used. 
A major portion of  the BEP  total computer resources  should be 
devoted  to operating the DBMS or  information system. 
The application should be able to take advantage of  the  BEP's 
ability  to reduce the amount of data processed by the  host. 
The BEP will have greater beneficial  impact  in an online,  mul- 
ti-user  environment  than  in a single-user,  batch environment. 

I 

< 

Requirements of the BEP Vendor 
The vendor should be willing to adapt to changing customer 
needs and new technology (especially MSS and other storage 
technology). 
The vendor should be willing to Interface the BEP with several 
different types of hosts and peripherals. 
Careful maintenance strategies must be implemented to ensure 
definitive fault isolation in a multiple vendor environment. 
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•   Requirements of the Back-End System 
The storage devices Interfaced with the BEP should be competi- 
tive in both price and performance. 
The host/BEP link must be reliable, and it should operate at 
the highest possible speed which would not require major oper- 
ating system revision. 
Most of the DBMS should be off-loaded to the BEP. 
Application programs should not be off-loaded to the BEP. 
The BEP should be responsible for data integrity and security. 
The BEP should be multithreading, and when extremely high reli- 
ability or throughput is needed, it should also be multi- 
processing. 

4.1,5 Status of Back-End Processing.  Since the concept of BEP has been 
developed only in the last four or five years, very few 3EP systems have been 
implemented. Those which do exist are experimental or prototype models, and 
none of them are operating in a commercial environment.  In 1972 Bell Tele- 
phone Laboratories, Inc., created what may have been the first BEP to be 
physically realized.  The back-end was a Digital Scientific META-4 linked to 
a UNIVAC 1108 host, and the DBMS used was called XDMS, a modified version of 
UNIVAC's own DMS 1100.  The purpose of this effort was to partially determine 
the feasibility of back-end data base management and validate its capability 
to improve total system performance. While the project succeeded in achiev- 
ing these goals, it left untouched many important areas of study (e.g., *iP/ 
BEP or multihost environments, data security, and system reliability). One 
unexpected result was the demonstration that a workable BEP system could be 
established on a small machine (32K 16-bit words) in a relatively short time 
(18 months) with a relatively small manpower effort (6 man-years). 

The only company to date which has announced an aggressive development pro- 
gram for BEP is the Cullinane Corporation. On the basis of an indepth eval- 
uation of current minicomputer characteristics and capabilities, Cullinane 
concluded that the Interdata 8/32, the SEL 32/55, the PDP 11/70, and the 
MODCOMP IV/25 (in that order) are the four best candidates for BEP hardware. 
Although the Interdata 8/32 was found to be significantly superior to the 
PDP 11/70 (for BEP purposes) , Cullinane has elected to focus its resources 
in the future on the development of its Integrated Data Management System 
(IDMS) on the PDP 11/70 as a BEP. There are powerful economic reasons for 
this decision:  Cullinane had already invested heavily in IDMS on the PDP 11/ 
70 as a freestanding system at the time they completed their minicomputer 
evaluation study; a la^ge market for the PDP 11/70 already exists in both 
the government and commercial sectors of the economy.  At the present time 
IDMS on the PDP 11/70 as a BEP prototype has been delivered to the DOD and is 
scheduled to be operational in April 1977. Commercial versions will probably 
be available in early 1978.  The initial model will interface only with IBM 
systems and the development of interfaces with other hosts will depend upon 
future market demand. 

■y 

There are indications that MRI Systems Corporation (a new corporation formed 
from elements of MRI and Precision Instruments) may also enter the BEP market. 
It is understood that the Interdata 8/32 has been chosen as the REP to support 
MRl's System 2000 as a DBMS.  Host/BEP interfacing software is expected to be 
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provided for most mainframes which now support System 2000  (IBM,  CDC,   UNIVAC). 
In addition,   it is expected  that MRI Systems Corporation will market  the Pre- 
cision Instruments  System 190 mass  storage device   (section 4.2)  along with 
staging disks  as an integral part of  its  BEP system.     This system would  also 
mark the first marriage of a DBMS with a mass  storage device. 

In summary,   BEP  technology is still in its  infancy,   and as such its full  po- 
tential will  remain unknown for  some time.     However,  any system engineer  con- 
templating  the future growth and complexity of data management operations  on 
his  system will be facing severe problems.     Hopefully,   the emergence  of  back- 
end  processing as a mature  technology will  enable him to cope with those 
problems. 

4.2    Mass  Storage  Systems.     This  section consists of a brief summary of 
existing mass  storage systems and assessment of recent  technical advances 
in this area.     The  summary consists of updated  equipment descriptions which 
were originally included in RADC Technical  Report RADC-TR-76-15,   "System and 
Mass Storage  Study for  Defense Mapping Agency Aerospace Center   (DMAAC)," 
January 1976.     Extensive data contained in that report describing advanced 
technology and mass storage system implementation considerations has not sig- 
nificantly changed during the past year  and will  not be repeated  in  this  report, 

The DMATC currently has a projected requirement, for storing as much as  4.7 
x 1012 bits,   by  1983.     This volume of data,   coupled with operational  charac- 
teristics  of projected drum,  disk, and especially  tape activities, was  one 
of  the primary motivations in entering  into  this  mass  storage study.     It  is 
readily apparent  that some form of mass  storage  system will be needed   to han- 
dle such a quantity of  information.    In this section we therefore discuss  the 
developing  technology which might provide  such a system.     Emphasis will be 
placed on  the  technology of  particular mass  storage devices  in the environ- 
ment of very  large data bases   (greater than  1011  bits).     A brief assessment 
of  future  trends  in mass storage  technology  is also included. 

4.2.1    Ampex Terabit Memory  (TBM)   System 

4.2.1.1    Characteristics.     The TBM uses  2-inch wide,   reel-to-reel mag- 
netic  tape as  the basic storage medium.     What Ampex refers  to as a random 
access capability  is provided  by using   tape  search  speeds of  1,000  ips   (com- 
pared  to 125 or  200  ips on conventional   transports)  and a packing density of 
700,000 bits per square inch  (compared  to   14,000 bits/in2  for  standard  com- 
puter  tape) .     Data recording is done in  the  transverse mode  (to  the direction 
of  tape motion)  using a rotating head.     This   transverse scan rotating  head 
and  tape configuration  is  illustrated  in  Figure  13.    As  is evident,   the  rela- 
tive head-to-tape speed  is  the sum of  the  longitudinal  tape speed and   the 
speed of   the rotating head. 

In addition  to  the  transverse data tracks,   the  tape also contains  three  longi- 
tudinal channels:     an address  track used   to identify  individual data  blocks; 
a control   track needed  for operation of   the rotating head;  and a  tally   track 
to record  auxiliary  information such as   the number  of  accesses  to a  particular 
block,   to  identify  the  location of  tape defects,  or  to  identify  tape  sections 
which cannot  be erased. 
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Figure 13. Transverse Scan Rotating Head and Tape 
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The standard  tape configuration calls for a fixed data block length of 1 mil- 
lion bits.    This  translates  into a length of 0.97 inches of  the 2-inch wide 
tape.     Each data block can be individually erased and recorded. 

The actual memory system is composed of four major building blocks: 

• The  tape  transport which contains   the components necessary to move 
the   tape. 

• The  transport controller which contains all of the circuitry needed 
to control  the  transport.    Each controller can operate any one of 
the  transports  in the system. 

• The TBM controller which is a general-purpose minicomputer pro- 
vides command interface between the memory building blocks and  the 
central processor unit as well as monitoring  the internal functions 
of  the TBM. 

• The digital signal channel which accepts the digital input which  is 
then FM modulated and written in that form on the tape.    The read 
and write channels are independent thereby permitting simultaneous 
reading and writing operations on separate transports.    Data erase 
is an independent function not requiring the data channels. 

A typical TBM memory system consists of transport controllers, multiple tape 
transports,  and data channels.     In addition to  the main components,  buffers 
between the memory and  the central processor unit are usually required.    A 
switching matrix between  the transport controllers and  the transports is 
needed so  that any controller may operate any  transport.    A similar switch 
between the transports and the data channels is also required. 

4.2.1.2    Capacity and  I/O Rates.    The modular nature of the TBM permits 
the configuration of systems with a wide range of capacities and I/O rates...- 
Each transport  can accommodate up to 45,000 inches of  tape..,or about 5 x 10, „ 
bits.    Overall system capacity can be anything  from 5 x 10      bits  to 3 x 10 
bits with 64  transports.    According to Ampex  the only limitation on system 
size is possible problems due to  the placement of equipment and of the cables 
required  to interface a very large configuration.    For means of size compari- 
son it should be„noted  that a reel of conventional  1/2-inch tape accommodates 
approximately 10    bits.     Each data channel  transmits at a rate of  6 megabits/ 
second. 

The following  performance  characteristics have been provided  by Ampex for  a 
typical 10      bit system: 

Number of  transports 
Tape per  transport 
Number of  transport controllers 
Requests per hour 
Average  time per request 
Data   transfer rate 

36 
30,000  inches 
5 
1200 
3 seconds 
6 x 10^ bits/second 
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4.2.1.3 Reliability.  The TBM system has been operational since 1972 
and Ampex claims 98 percent uptime.  The high degree of system modularity is 

probably responsible for this success. 

Although hardware breakdown does not appear to be a problem, the mode of data 
storage itself may present difficulties.  Videotape recording techniques (the 
source of the transverse rotating head concept) were never intended to pro- 
vide the low error rates required for digital computer applications.  To 
counter this, Ampex has employed a dual recording idea, i.e., each bit of 
information is recorded twice on the tape. The bit density of 700,000 bits/ 
in^ quoted earlier takes this fact into account and represents the usable den- 
sity of imormation, the actual packing density being 1.4 x 10" bits/in2. 
With this arrangement Ampex claims an error rate of 1 error in lO1 bits. 

Another possible problem is that of tape wear.  The rotating head is quite 
destructive to the tape and represents another imcompatibility between video- 
tape and computer tape requirements.  To at least partially counter this, 
only the control, tally, and address tracks are read during high-speed search. 
The rotating transverse head is not in contact with the tape during this op- 
operation.  Ampex feels that this arrangement will permit at least 500,000 
data passes to be made before reliability is adversely affected. 

4.2.1.4 Software Impact.  Ampex says that the command and control inter- 
face between the central processor and the memory controller is fairly simple, 
consisting of several simple commands such as "write address," "write digital 
data," "search for address," "abort last command," etc.  However, Ampex lit- 
erature cites the existence of interfaces only with IBM, CDC, and DEC equip- 
ment and it is therefore likely that the interface of a TBM with the UNIVAC 
mainframe would be a flrst-of-its-kind venture. 

4.2.1.5 Cost and Status.  A basic 88 billion bit TBM system can be pur- 
chased for $800,000; each additional 88 billion bits will cost $100,000.  Cur- 
rent marketing of the TBM is being handled through an arrangement with the 
Systems Data Corporation (SDC) .  Under this arrangement SDC holds the market- 
ing rights for Ampex TBM end-users, while Ampex will continue to sell the 
hardware system without software interface.  This arrangement reflects a com- 
mon problem facing all existing mass storage devices—the requirement for 
customized interface software.  Under this SDC-Ampex arrangement a multiple 
TBM system is programmed for delivery to the National Weather Service, Na- 
tional Oceanic and Athmospheric Agency.  Scheduled for delivery in June 1977, 
the systems will be used to create archival recordings of TIROS weather sat- 
ellite images.  Each tape record will maintain its own directory. 

4.2.2  CALCOMP 7110 Automated Tape Library 

4.2.2.1 Characteristics.  The CALCOMP 7110 Automated Tape Library (ATL) 
is a fully automated online tape library for standard 1/2-inch magnetic 
tapes.  Under computer control the ATL -automatically brings the tapes from 
storage, mounts them on tape drives, discounts the tapes when the job is com- 
pleted, and returns them to storage.  Accessing up to 150 reels per hour, the 
ATL can store up to 6,122 standard tape reels in a lockable self-contained 
library that can service UD to 32 tape drives. 
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The system is modular.  The basic configuration consists of one control unit, 
two storage units, a reel-selector mechanism and one automatic reel-mounting 
unit servicing one tape drive and storing 746 standard reels of magnetic 
tape.  Sample configurations of differing capacities are as follows: 

Control Unit Sto rage Units Tape Drives St ored Standard Reels 

2 4 746 
4 8 1,514 
6 12 2,282 
8 16 3,050 

10 20 3,818 
12 24 4,586 
14 28 5,354 
16 32 6,122 

These are not the only possible configurations.  Use of thin cartridges can 
increase capacity up to approximately 9,000 reels. 

The ATL control unit oversees all mechanical functions of the library and 
interfaces with up to 4 CPU's. The reel selector mechanism sweeps along at 
100 inches per second, selects a tape reel from storage and places it in a 
premount station which automatically locks it on the hub of a tape drive. 
Once the tape reel is in the premount station, the reel selector mechanism 
is free to remove and return other tape reels in the library. 

4.2.2.2 Capacity and I/O Rate, 
iri—' —   

_  CALCOMP quotes a maximum system capa- 
city of 9.6 x 1012 bits for the ATL. Maximum data transfer rate is given 
as 9.6 megabits/seconds. The access time for the mounting of a tape is 
given as 11.6 seconds for a system with 8 storage units and 13.6 seconds for 
a 16 storage unit system. 

4.2.2.3 Reliability.  There are 30 ATL systems currently installed in 
commercial and federal government installations.  All of these installations 
are in IBM 360/370 environments. Commercial acceptance is viewed as sig- 
nificant.  Users include the Atlantic Richfield Corporation and Mountain Bell 
Telephone. 

4.2.2.4 Software Impact.  The software for the ATL falls into two cat- 
egories: hardware control and library management support. This software is 
designed to interface with IBM 360/370 OS and OS/VS. No interface with a 
UNIVAC 1108 system exists at this time, but CALCOMP has advised that one is 
currently under consideration by the Bureau of the Census. 

4.2.2.5 Cost.  The approximate cost of a 5,000 reel tape library is 
$300,000.  Cost of a minimum size unit (746 reels) is approximately $200,000. 

4.2.3 Control Data 38500. The Control Data 38500 is presently produced 
specifically for the IBM System 370.  The following statements pertain only 
to the IBM compatible system although it is expected that later systems for 
other mainframes will possess similar capabilities. 
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4.2.3.1 Characteristics.  The 38500 records all data on small magnetic 
tape cartridges which are stored in cells contained in a mass storage file. 
This file is a storage magazine in which the cartridges are filed according 
to an X-Y grid. Any specific cartridge is selected by a mechanical arm and 
moved from storage to an entry station in an average of 2.5 seconds. Then, 
after a 2-second move to a read/writö station, the cartridge is opened and 
its tape unwound and drawn into two vacuum columns while remaining attached 
to the spool in the cartridge.  The system contains 2-4 such read/write 
stations and the operations of selection, transfer, reading, writing, and 
storage can be overlapped to maintain a continuous flow of data between the 
mass storage facility and any disk of the central computer system. 

The basic facility has a capacity of 2,052 cartridges. The effective record- 
ing density of the tape is 6,250 bpi and each cartridge contains 150 inches 
of tape resulting in a capacity of 64 million bits per cartridge.  Data is 
recorded on 144 tracks across the width of the tape, with 18 tracks being 
covered by one position of the read/write head assembly so that the head 
moves 8 times to fully cover the total of 144 tracks. The facility therefore 
combines disk and reel-tape technology resulting in sequential operation with 
limited random access capability.  The read/write head configuration and tape 
format is illustrated in Figure 14.  Data can be accessed directly without 
searching the entire length of the tape and a so-called "user direct code" 
provides access to specific records within a cartridge. 

Data access may be accomplished either through the use of a staging disk or 
may be read directly into central memory and returned directly to the mass- 
stored cartridge without the use of intermediate storage.  Dedicated staging 
drives are not required. 

Figure 15 is block diagram of the 38500 mass storage system.  The mass stor- 
age facility contains the storage controls, mass storage adapters, and mass 
storage files. The mass storage adapter provides control and attachment fa- 
cilities between the mass storage file and the System 370.  Each mass stor- 
age file has its cartridge files, selector mechanism, and two to four read/ 
write cartridge transports. Movement of the magnetic tape cartridge within 
the file is effected by the cartridge selector, and the read/write transports 
make data available to the System 370. 

A CDC mass storage facility may be configured in almost any size, from a 
128 billion bit capacity upward.  It is possible to configure for the number 
of data paths, the number of read/write transports, the amount of redundancy 
approprite to the system, and the access performance required.  Field ex- 
pansion is also provided by module add-on. 

The user's current direct-access subsystem may serve as the staging device 
for the mass storage file; no controller upgrade or modification is required. 

4.2.3.2 Capacity and I/O Rates.  The entire 38500 system provides 128 
billion bits of online storage, about the same as 6,400 mag tapes.  According 
to CDC a maximum of 5 seconds is required to retrieve a given cartridge and 
move it to a read/write station.  Once threaded, tape movement can be con- 
tinuous or incremental with a maximum transfer rate of 6.5 megabits/second. 
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Figure 15. CDC 38500 Mass Storage System Block Diagram 
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4.2.3.3 Reliability.  It is too early to make definite statements about 
38500 reliability. However, the mechanical complexity of the device in re- 
gard to cartridge selection and tape read/write operations suggests that this 
unit may require careful maintenance. 

4.2.3.4 Software Impact.  Programming support is provided by the CDC 
Virtual Data Set Access Method (VDAM) software package under the control of 
OS/MFT, OS/MVT, or OS/VS software systems.  VDAM controls the storage of data, 
remembers the location of data sets, and handles the staging of data on disk 
and the queuing of accesses.  It will support user sequential access (where 
the user knows the location of the data sets) and user direct access (where 
the user calls for a block within a known data set but does not necessarily 
know the location of the set.) 

The main point is that this system is presently offered only for IBM systems, 
later to be made in models for CYBER 170 mainframes. It may be some time be- 
fore a UNIVAC compatible operating system is offered. 

4.2.3.5 Cost.  The basic 128 billion bit system with two tape read/ 
write stations is priced at $326,335 plus $987/month for maintenance.  Two 
additional drives may be added for $52,000 each.  Cartridges are available in 
packages of eight for $120 per package 

4.2.4 Grumman MASSTAPE 

4.2.4.1 Characteristics. 
stored in a cylindrical array. 

The MASSTAPE system employs data cartridges 
Delivery to the read/write station is per- 

formed by rapidly rotating this cylindrical array and electromechanically po- 
sitioning the desired cartridge into the read/write transport which is lo- 
cated atop the cartridge array.  Each array contains 44 cartridges and 8 such 
arrays are physically packaged into one storage unit yielding a modular stor- 
age Increment of 94.4 billion bits. 

Each cartridge contains 260 feet of 1/2-inch tape, in a reel-to-reel config- 
uration.  Data is recorded at 8,000 bits per inch resulting in a real packing 
density of 256,000 bits per square inch.  In normal operation there is 130 
feet on each reel at the start of a file access and since the tape is passed 
at 150 ips, it takes a maximum of 10.4 seconds plus 1.5 seconds for delivery 
to the read/write station to read any bit of data in the system. 

In order to determine access time to the start of a file one notes that each 
cartridge is subdivided into 288 data sections, 9 on each of 32 half-tracks. 
These data sections are storage allocation units of 106 bits each, allocated 
to one file at a time, and are analogous to cylinder or track allocations on 
a disk. Thirty-two data sections are available within 1.5 seconds and the 
average data section start point is obtained in 5.6 seconds. 

4.2.4.2 Capacity and I/O Rate.  Running the tape at 150 ips with a den- 
sity of 8000 bits/inch fields a single file data rate of 12M bits/second. 
The MASSTAPE buffer unit accepts data from up to eight tape transports in 
whole allocation units of 10 bits.  It is partitioned in such a manner that 
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16 simultaneously active files can be accommodated.    The buffer device is 
presently a drum with a capacity of  17 x 10^ bits  together with five  inde- 
pendent  8K x 16-biL core buffers,     Grumman estimates a sustained  throughput 
of  3,080 kilobits/second per buffer device. 

Each storage unit  of  the MASSTAPE system provides a storage increment of 94.4 
billion  bits. 

4.2.4.3 Reliability.     Error  correcting  codes which can detect  and cor- 
rect multibit burst  errors  are implemented  in  the MASSTAPE system.     During 
any  transfer  of data,  512  data word  segments are operated on by a  cyclic  fire 
code which has  the  ability  to  correct  all burst  errors up  to 160 bits  in 
length.     This  results  in an error rate  of  1  in  10".    An additional  order of 
magnitude  improvement in accuracy is  attained with retries leading  to an 
overall  error  rate  of 1 in  10 

Failure of  anv MASSTAPE component  is detected by MASSTAPE resident  software 
and  reported  to  the MASSTAPE control operator.     The MASSTAPE system will con- 
tinue  to operate as  long as one of each essential component  is functioning. 

4.2.4.4 Software Impact.     The MASSTAPE system simulates a pool of con- 
ventional  tape drives and  requires no modifications to user programs.    As 
with all mass  storage devices,  software  interface  to  the central processor 
must be  provided  and at present Grumman's  emphasis  in  this direction appears 
to be  toward  compatibility with  IBM mainframes. 

4.2.4.5    Cost  and status.    A 112  billion bit MASSTAPE system is priced 
at approximately  $400,000,   and will be  sold only  to OEM purchasers.     This 
again reflects  the  problems  associated with  interfacing a mass storage de- 
vice in a user environment. 

4.2.5     IBM 3850 \ 

4.2.5.1 Characteristics. The IBM 3850 and the CDC 38500 are very simi- 
lar in concept and, as is clear from the model numbers, CDC (whose unit is 
newer) seems eager to emphasize thip fact. 

Data in the 3850 is stored in cartridges arranged in a honeycomb-type library 
wall.  The library accessing mechanism travels at a maximum speed of 250 cm/ 
sec in the X or Y direction.  At this speed the arm searches across 50 car- 
tridges of 400 Mbits each in 1 second or 20000 megabits of stored data per 
second in each direction.  The combined motion provides a 7-second average 
access time. 

The cartridges are cylindrical in shape having a diameter of 4.75 cm and a 
length of 8.9 cm.  The area recording density is 3.36 x 10^ bits/in and the 
tape length per cartridge of 770 inches results in a volumetric storage den- 
sity of 2.48 megabits/cm-'.  As has already been mentioned, each cartridge has 
a capacity of 400 megabits. 
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Information on the tape spool is organized into "cylinders." A cylinder is 
the smallest unit of data which can be moved and has the same storage capac- 
ity as a 19-track. cylinder on a 3336 disk pack—about 250,000 characters. 
Each cylinder is recorded at a fixed location, and specific cylinders can be 
located by identifiers along the edge of the tape. Cartridge capacity is 202 
cylinders which again translates into approximately 400 megabits per 
cartridge. 

IBM uses the term "accessor" to refer to the cartridge selection mechanism. 
This accessor delivers the cartridge to a data recording device of which 
there may be as many as four in the system.  IBM employs a helical-scan 
transport as the data recording device and in this sense it is similar to the 
Ampex Terabit System. This helical-scan head is illustrated in Figure 16. 
Such a device does not require the head positioning function or the complex 
interleaved head design that a parallel drive requires, thus simplifying 
transport, design and (supposedly) reducing costs. Another advantage of the 
helical-scan configuration is that the instantaneous data rate is independent 
of tape velocity, and a high average data rate requires only a low longitud- 
inal tape velocity. 

4.2.5.2 Capacity and 1/0 Rates.  The current 3850 provides capacity 
configurations from 280 billion to 3,776 billion bits. Although actual data 
transfer rates are not available, IBM quotes an average access time of 15 
seconds as measured from the cylinder requests to completion of data transfer 
for a one-cylinder data set onto a 3330.  It will be recalled that one cyl- 
inder is equivalent to 400,000 bits. 

4.2.5.3 Reliability. The mechanical reliability ol the 3850 is a ques- 
tion that only time can answer. 

In order to provide high reliability in data transfer, error correcting codes 
and associated circuitry are used which can correct up to 256 of 1,664 bits 
on-the-fly.  All data leaving the mass storage facility are corrected, if 
possible, or tagged.  Facilities are also provided to correct errors occur- 
ring during destaging.  The design allows correction of single error bursts 
of up to 11 bits per recorded data block.  In addition, label information on 
the cartridges is duplicated to prevent loss of an entire cartridge due to 
tape defects in the label area. 

4.2.5.4 Software Impact.  Data flow in the 3850 system is controlled by 
a 3830 microprocessor.  This data flow is illustrated in Figure 17.  In addi- 
tion to data control, the 3830 also manages the virtual-to-real address 
translation.  These virtual addresses must be converted to real DASD drive 
addressed and specific cylinders. 

The system also contains a second microprocessor used for mass storage con- 
trol (MSC).  Its functions include:  placement and inventory of all car- 
tridges; space allocation on staging drives; initiating all stage and destage 
operations to be done by the 3830 microprocessor; control of the movement of 
cartridges; and error recovery procedures such as alternate device and alter- 
nate path entry.  As the single primary control for the 3850 subsystem, this 
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Figure 16. Helical Scan Rotor With Head 
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microprocessor  interfaces directly to the host  computer,   receiving commands 
for mounting volumes  and  acquiring data. 

At  the present  time,   the  software  interfaces  required by  the  functions listed 
above exist only  for  the  IBM System 370. 

4.2.5.5    Cost.     The basic  component of  the  3850 system is  the 3851 mass 
storage facility whose purchase price will range  from $477,000 for 280 bil- 
lion bits  to  $2,304,000  for  3,776 billion bits.     The 3851 contains  the ac- 
cessors,   the accescor controls,   and  the mass  storage control microprocessor. 
The 3830 storage  control microprocessor  is priced at  $160,000.    The data car- 
tridges are  $20  each. 

4.2.6    Precision Instruments System 190 

4.2.6.1    Characteristics.     The System 190 uses  a precisely focused laser 
beam to vaporize minute holes  in the metallic  surface of  a special recording 
medium,  the data  strip, which  is mounted on a rotating drum for read and 
write operations.     By modulating  the intensity  of  the laser beam focused on 
the rotating strip,   a meaningful pattern oan be  generated  in the media. 
During this writing  process,   light is reflected  from the data strip,  and  the 
reflected beam is  monitored  in real-time to provide a read-while-write 
verification. 

To read data,   the  incident  light  is reduced in power  to  a point where it no 
longer vaporizes   the metallic surface.    The light  reflected from a previously 
recorded pattern  is  then monitored and used to reconstruct the data. 

The basic recording media are optical quality polyester sheets,  31-1/4" by 
4-3/4",  called data strips.     Onto each strip,   a  thin coating of rhodium metal 
is deposited and  it  is  this  coating which is selectively burned away in the 
process of data recording.     Data strips,  in quantities of  one  to ten,  are 
mounted fn a strip pack which provides a means of automatic handling and 
loading and serves  as a clean environment  for  the  strips when stored off-line. j 

ic- 
4.2.6.2 Capacity and I/O Rate. Each data strip can hold up to 1.6 x 

user data bits.  Average access time has not been released but will prob- 
ably be approximately 10 seconds fcr a 10  bit memory. 

For recording or reproducing sequential tracks of digital data, the maximum 
transfer rate of the laser recording unit is approximately four million bits 
per second, with an average error rate of one in 10** to 10^ bits, depending 
on the data density selected. 

4.2.6.3 Reliability.  The method of data recording used in the System 
190 yields permanent records which are not subject to degradation regardless 
of how many times they are read.  In addition, the system has a simultaneous 
read-while-write capability that is unique to the laser hole-vaporization 
method and provides an almost instantaneous verification of data accuracy 
during the write operation. 
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Since the records are permanent, file updates on the 190 can be accomplished 
only by re-recording the entire data block on an unused portion of the data 
strip. Also, the effects of dust are critical in this system since a speck 
of dust falling into one of the vaporized holes can change the reflection 
properties during the read operation and thereby cause errors. 

A recent announcement by Precision Instruments cites acceptance of a System 
190 by a government agency on the basis of tests which "exceeded expectations 
in error rate, storage density, and transfer rate." Precision Instruments 
also announced that orders for a System 190 had been placed by the Energy 
Research and Development Administration (ERDA), the Heizer Corporation and 
Chase-Manhattan Capital Corporation. The latter two orders cited the need 
for permanence (non-erasable memory) in accounting records and indicated a 
total cost of $1.5 million. Some of these installations have since been de- 
layed pending further enhancements of mechanical reliability. The division 
of Precision Instruments manufacturing the System 190 plans to merge with 
MRI Systems Corporation in mid-1977. MRI is a vendor of data base management 
systems and is best known for the System 2000 DBMS. MRI will provide soft- 
ware interfacing and market support for the System 190 as a component of a 
back-end data base processing system. This event marks an important mile- 
stone in mass storage systems—the increasing recognition that a terabit 
storage device is of limited value unless it is combined with a sophisticated 
data management system. 

4.2.6.4 Software Impact. According to the manufacturer, the laser re- 
cording unit includes a programmable recorder control subsystem which can be 
designed to provide a hardware and software interface compatible with a spe- 
cified computer system. 

4.2.6.5 Cost. The cost of a basic System 190, including the system 
controller and a 128 billion bit read/write storage unit is approximately 
$400,000. However, it is unlikely that the System 190 will be marketed in- 
dependently of its supporting data computer. 

4.2.7 The Human Readable/Machine Readable (H3MR) System. The Harris 
Corporation HRMR system is presented separately in this study. While the 
HRMR is not a currently marketed system, it is in a late stage of engineering 
development by the Air Force and represents an emerging technology. The sys- 
tem has also been the subject of special interest for cartographic data stor- 
age. For these reasons, the HRMR system is presented here as a system of 
special interest. 

The HRMR system represents a major development effort of the Rome Air Devel- 
opment Center towards achievement of a mass storage capability. Although the 
HRMR syscem originally addressed the document storage retrieval and dissem- 
ination problem and is primarily a read-only memory system, the permanent 
archival nature of the photographic recording media represents unique char- 
acteristics different from the wider range of currently available systems 
which utilize magnetic tape technology. 
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4.2*7.1 Research Prototype HRMR Microfilm Memory System.  The research 
prototype of the Human Readable/Machine Readable (HRMR) Microfilm Memory Sys- 
tem was developed by the Electronic '".ystem Division of Harris Corporation, 
formerly Radiation, for Rome Air Development Center. This was an initial 
step toward a mass memory microfilm data storage and retrieval system.  It 
was delivered to Rome Air Development Center in May 1973 and has since under- 
gone extensive testing and provides a vehicle for demonstration of the sys- 
tem capability. 

The primary storage medium for the HRMR is standard 4" x 6" microfiche film. 
The equipment is capable of operating in three modes: an all digital or mass 
memory mode in which the fiche is used to store only digital data; a graphic 
arts mode in which both graphic arts pictures and the corresponding digitizer 
pictorial data are stored; and the alphanumeric mode in which the fiche is 
used to store HR alphanumeric data and the corresponding ASCII digital data. 

The HRMR system is functionally composed of modules, each of which serves a 
special function within the total system.  These basic modules are: 

Recorder 

Reader 

Controller 

Graphic Arts Scanner 

Microfiche Storage and Retrieval 

Under a recent contract, the Rome Research Corporation performed a study 
and demonstration of the application of the HRMR device as a mass storage de- 
vice for cartographic information. This analysis addressed the HRMR within 
the context of the Advanced Cartographic System (ACS) and included various 
aspects of input, output, application for product generation, and exploita- 
tion efficiency. The demonstration phase of the contract included the abil- 
ity of the HRMR to process, record, recover, and exploit cartographic data 
for a variety of applications.  Results of the study will be cited later in 
this section, and of necessity reflect only the capabilities of the first 
generation research prototype HRMR. 

4.2.7.2 Description of HRMR Engineering Model Microfilm Mass Memory. 
In the Spring of 1974 the Harris Corporation began development of the HRMR 
Engineering Model Microfilm Mass Memory.  This second generation system "^.J.! 

be delivered in mid-1977. 

The engineering model consists of a recording unit which formats, records, 
and verifies digital data stored on microfilm and a storage and retrieval 
unit which retrieves and reads the desired information.  The emphasis of the 
program is to merge the previouslv developed HRMR techniques with large scale 
microfilm storage and retrieval mechanisms into a fully operational HRMR 
Microfilm Mass Memory.  The HRMR Mass Memory System will consist of two major 
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subsystems:  the HRMR Subsystem which will generate verified microfiche, and 
the Storage and Retrieval Subsystem, which will store the microfiche and pro- 
vide rapid, random and automatic access to digital data recorded on the 
chips. 

For this engineering model, the recording and readout rates, and the number 
of bits stored per microfiche is higher and the reliability and maintainabil- 
ity of the overall system should be improved.  Technologies developed over 
the past several years are incorporated into the system to improve overall 
operational performance.  Specifically, use is planned of an acousto-optic 
laser beam deflector in place of the multifaceted rotating mirror to scan 
the holograms onto the microfiche.  Acousto-optic deflectors will permit 
higher recording rates while minimizing the maintenance associated with high- 
speed moving part deflectors. 

Functionally, the engineering model HRMR Mass Memory System can be divided 
into two distinct subsystems.  The HRMR Subsystem accepts data from any of 
several input sources, formats this data, records it on a film chip and ver- 
ifies the recorded data.  The Storage and Retrieval Subsystem stores film 
chips and, upon command, delivers a film chip to a data readout station. 

A block diagram of the entire Mass Memory System is shown in Figure 18. Cen- 
tral to the HRMR Subsystem is the Controller Unit which consists of a Digital 
Equipment Corporation PDF 11/45 CPU, core storage, disk and tape storage, and 
I/O peripherals. The CRT terminal is a vital part of the Controller since 
the Controller, and, hence, the entire HRMR Mass Memory System, is interfaced 
to the operator by means of the display. All user input requests and system 
display outputs are also accomplished by means of the display. 

A magnetic tape unit serves as the primary data input/output device.  Data 
files, which are created externally on other user equipment, can be trans- 
ferred to the HRMR Subsystem for processing and recording.  Similarly, files 
which are stored within the HRMR system can be transferred to a magnetic tape 
for off-line utilization. 

Another source of data input/output to the HRMR system is i direct user's 
computer communications channel.  This channel can be utilized for file 
transfer in a manner similar to a mag tape file transfer und for facilitating 
direct online access of an existing user information da'_a dissemination sys- 
tem to the HRMR Storage and Retrieval Subsystem. 

For information which is not in digital format, such as line drawings, carto- 
graphies, or other black/white hardcopy material, a Digitizer Unit will be 
includ "d as a part of the HRMR Subsystem.  Digitizing of hardcopy source 
docunu ats will be an off-line process to the HRMR Subsystem; therefore, the 
system Controller will not be required to execute in real timu the control 
and data processing tasks associated with the digitization process. 

Digitizer mag tape files will be transferred to the HRMR Subsystem for data 
reduction, processing, and fiche generation. Off-line digitization offers 
additional flexibility since multiple digitizers may be employed to increase 
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data input capacity. In addition, if the digitizer output is recorded on mag- 
netic tape, it can be utilized directly on other user peripheral devices such 
as COM or display equipment. 

The most critical part of the HRMR Subsystem is the recorder unit and its as- 
sociated film chip on which all system information is stored. Film chip pro- 
cessing and digital data verification will be online, automatic, and an in- 
tegral part of the recording process. To provide this additional capability, 
the engineering model recorder will consist of three distinct subassemblies 
grouped into a single physical equipment unit. 

The first of these is the recording subassembly which will be basically the 
same as the present prototype recorder and will use similar film handling and 
recording techniques. Some modifications to the prototype model device im- 
plementation are being considered, especially in such areas as the laser scan- 
ner and modulator where increased performance is needed.  Secondly, a film 
processor subassembly will be interfaced to the recorder and will provide on- 
line processing of the exposed film chip. Thirdly, a verifier station will 
be incorporated into the recorder unit. The verifier will automatically se- 
quence through digital data files recorded on the fiche and will verify that 
data is properly recorded and processed. Verification of digital data is es- 
pecially important since film supply imperfections or recorder performance 
deterioration can be quickly identified and corrective action taken.  Since 
the verification task requires that digital data recorded on the fiche be 
read, the verifier can also function as a digital data reader. Other stand- 
alone reader units can be easily added to the system if future applications 
require such a configuration. 

The most critical effort on the current contract is the integration of a hol- 
ographic digital reader with a large-scale storage and retrieval system. 
Harris plans to interface the holographic reader with a modified fiche carou- 
sel system developed by Image Systems, Incorporated. This basic storage and 
retrieval system stores up to 750 microfiche in a single carousel. By stack- 
ing several carousels, an automated storage and retrieval system will be im- 
plemented which has the capacity of storing in excess of 10  bits. Modular 
expansion of this basic approach may be a cost-effective way to achieve an 
intermediate-sized storage system. 

Table 9 summarizes the performance goals of the HRMR engineering model Micro- 
film Mass Memory. 

4.2.7.3 Summary of HRMR Cartographic Applications Study. Results of a 
study conducted by the Rome Research Corporation addressing potential appli- 
cation of the HRMR system for the storage and retrieval of cartographic data 
is contained in the final report to Contract F30602-75-C-0008, ACS Data Bank 
Development. The full report is relevant to the general scope of this study 
from a viewpoint of mass storage technology and potential applications of the 
HRMR system in the DMA environment. A review of the full report is recom- 
mended to interested personnel. 

The followinr, are extracts from the conclusions of the study: 
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Table 9. HRMR Engineering Model Microfilm Mass 
Memory Performance Goals and Parameters 

Storage Medium: 

Storage Density: 

Record/Read Rate: 

Total Fiche Read Time: 

Error Rate: 

S&R Subsystem Capacity: 

Random Access Time to a Fiche: 

105 mm x 148 mm microfiche 

30 megabits/fiche In MR mode 
(62 - 484K bit files) 

60 alphanumeric images at 20X plus MR 

500 kilobits/second within a file 

2 minute$/f iche 

10-7 

6750 microfiche (2 x 1011 bit capacity) 

<15 seconds 

■ 
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"The hologram concept of digital data storage Is an attractive means 
of achieving a high bit packing density while providing for minimal 
info degradation during handling." 

"The fact that machine readable data stored on microfiche is perma- 
nent (archival) gives flehe an advantage over magnetic storage de- 
vices which are susceptible to erasure and may require long term 
exercise or refresh. This permanency results from the fact that 
the data is stored on film, in a dispersed holographic form. In 
generating this film time must be allocated for photoRraphic pro- 
cessing and parity checking. This additional operating requirement 
along with the inability to rewrite or change the machine readable 
code, may be a disadvantage for some applications, while other ap- 
plications may not be affected by these procedures." 

"HRMR II is projected to demonstrate improvements over the original 
model, HRMR I, with improved recorder and reader hardware, storage 
and retrieval hardware, higher densities, and error correction 
codes. 

"From the cartographic applications surveyed at DMA, the use of 
human readable information does not appear to be necessary (from a 
data management point of view) on a microfiche that also contains 
machine readable data.  From a data storage point of view, purely 
machine readable data is much more efficient." 

"There is a potential threat to inventory control and security in 
permitting someone to remove a microfiche containing valuable data 
from the storage and retrieval system in order to view the micro- 
image under the present HRMR system. The risk lies in the possi- 
bility that the fiche might be lost or stolen or returned to the 
wrong location." 

"Possible applications of HRMR II or an improved version of HRMR II 
include the data bases at DMAAC (Defense Mapping Agency Aerospace 
Center) required by the Digital Land Mass Simulators and the Auto- 
matic Cartographic System." Note: Although not addressed in the 
conclusions, the report addresses potential use of the HRMR for 
storage of DTED and GIST data. The study also discusses potential 
means of providing source data to tactical field army users. 

"HRMR II could be a stand-alone system with data passed to and from 
it by magnetic tape.  This, however, may be less efficient, due to 
the redundant data handling, (i.e., writing and reading of tape) 
than the alternative to let the HRMR II system, with its control- 
ling computer, be a peripheral storage device to a major computer 
installation, such as the Univac 1108, with a high-speed data link." 

"If large amounts of data must be delivered from one installation to 
another, then, depending upon the cost of a microfiche machine code 

97 

1 

i 

l 

al  ■MM 



-^r^^-^n^--;:.:^-- 

,  Hill yW!HUffW|iPPW|JII^, Wl!)ilJ)J.fl 

reader at the destination, microfiche may be an attractive transfer 
medium.  Also, if microfiche may be duplicated accurately without 
the involvement of a computer, as in photographic methods, then 
copies of the same data may be delivered to multiple destinations 
with no additional CPU cost." 

• "There are only four other mass storage and retrieval systems ac- 
tively on the market today; namely, IBM, CDC, Ampex, and California 
Computer.  All of these are systems with very high total cost, lim- 
ited speed and uncertain mechanical reliability. They are there- 
fore of questionable value for 'on-line' operations, where demands 
of reliability and speed of access to data are beyond the capabili- 
ties of existing computer peripherals which have less mechanical 
complexity.  Because of their high total cost and limited installa- 
tion experience, they are not as yet economically proven for 'off- 
line' operation.  The HRMR offers the potential for an economical 
cost savings medium for very large data bases in space and in unit 
price of the microfiche, and therefore might be competitively just- 
ified 'off-line'.  Since the HRMR II is complex and unproven in 
mechanical and data reliability, it is initially considered re- 
stricted to near-future 'off-line' archival operations.  The next 
phase, after its reliability is proven 'off-line', might logically 
be to interface to customized 'on-line' operations." 

4.2.7.A Summary. 

• The HRMR system is an archival system with the unique capability of 
storing both digital and human readable (including graphic) 
information. 

• A second generation HRMR system will be delivered to ADCOM for test 
and evaluation in mid-1977.  This system will provide a more firm 
basis for the demonstration of system performance and mechanical 
reliability factors. 

Based on the study performed by the Rome Research Corporation it 
appears that additional modifications of the HRMR would be desir- 
able for use of the system to store cartographic data. 

Cost of the HRMR system remains difficult to establish. Current 
best estimates place the probable cost of production versions in 
the $750,000 range. 

Based on current delivery and test schedules it is estimated that 
production versions of the HRMR system could be available around 
1980. 

Based on the current assessment of DMATC mass storage requirements, 
which are predominantly of an archival nature, continued monitor- 
ing of the HRMR system for potential use as a mass storage device 
is warranted. The absence of any optimal solution to cartographic 
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data storage problems will require an open attitude towards all 
mass storage technology. 

•   As a low cost, permanent storage media the microfiche could provide 
a means of digital cartographic data for field army exploitation. 
While an evolution towards this type of application would take con- 
siderable time, an open attitude towards its use in such a manner 
should be maintained. 

4.2.8 Future Mass Storage Technology.  During the next decade research- 
ers in storage technology will achieve orders of magnitude of improvement in 
the storage characteristics of most media. The two important aspects of all 
such technologies from the perspective of mass storage (greater than 10  bit) 
systems are their cost per bit (including the cost of all mechanical/ 
electrical/optical hardware needed to access and move data or control its 
placement) and their volatility (the rate at which the decay of the storage 
ability of media creates errors in the stored data). Volatility tends to be 
a fixed property of a given type of storage media, whereas cost per bit can 
be decreased by increasing the density of data stored per unit area.  There 
are theoretical limits to the data density achievable in any recording sur- 
face, but no technology has reached its limit yet. 

4.2.8.1 Magnetic Tape. This is a mature and highly competitive tech- 
nology which will probably continue to be the most cost-effective choice for 
mass storage systems for at least the next five years. Current costs are as 
low as 10" cents/bit, and they will drop further as both linear and areal 
bit densities increase. The new 6,250-bpi tape drives currently on the mar- 
ket represent such a step in the development of standard half-inch tape, and 
10,000- to 20,000-bpi tapes are likely to become available in the early 
1980^. Because mechanical placement tolerances will decrease, the very high 
density tape systems will employ sophisticated EDAC routines to ensure low 
error rates.  Videotape based systems (like the Ampex TBM) will also be im- 
proved during this period of time.  Consequently, any potentially competitive 
technology will nrobably have to achieve 10  cents/bit in quantities of 
greater than 10  bits in order to match the cost of future tape systems. 
Since this prospect is unlikely, magnetic tapes will continue to be the pri- 
mary choice for large mass storage systems. 

4.2.8.2 Disks (Magnetic and Magneto-Optic) and Drums. Magnetic disks 
and drums are a well-proven technology for storing large volumes of data with 
relatively quick access times (10 to 50 milliseconds). However, they are not 
yet practical as online devices for terabits of data.  For example, about 400 
spindles and packs of the new, high-density IBM 3350 disks would be needed to 
store 10  bits of data online. This figure is clearly unacceptable for rea- 
sons of cost and size.  If the density of such disks could be increased by 
another order of magnitude (an event which might easily occur within 5 years), 
then the hardware requirements for storing 10  bits of data would fall to 40 
spindles and packs. Thus it is very possible that magnetic disks will be used 
for terabit data storage in 5 years, and tapes will be reserved for extremely 
large (1014 bit) data bases. 
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Magneto-optic disks are still in the research stage, and it is unlikely that 
they will develop into a reliable device for mass storage systems during the 
period of time covered by this study. 

4.2.8.3 Optical.  Although optical data storage has the potential for 
higher bit densities than does magnetic surface recording, no reliable digital 
optical storage systems exist today. A practical erasable storage medium for 
true holographic memories has not yet been developed; and although Holofile 
Industries, Ltd., has announced the creation of a microfiche-based non- 
erasable holographic storage device, it has not yet released the stage of de- 
velopment of the device.  Synthetic holographic systems (e.g., the Harris 
HRMR system) and non-holographic systems (e.g., the PI 190) both suffer re- 
liability and error rate problems as the result of high mechanical complexity. 
While any of these problems might be overcome very soon, it will take years 
for the technology to demonstrate its commercial viability and safety. 

4.2.8.4 Solid State Storage. Many types of solid state devices, in- 
cluding MOS semiconductors, CCD's, magnetic bubbles, etc., have been proposed 
as possible storage components for large volumes of data. However, none of 
these devices will achieve a low enough cost per bit for trillions of bits 
to compete with tapes or even disks. The main comparative advantage of solid 
state devices versus mechanical access devices is the rapid access time, a 
characteristic which is relatively unimportant in mass storage systems. 

4,3 Security Issues.  In this section we recognize the issues surround- 
ing the problem DMATC faces protecting and securing a portion of its data and 
computer programs.  A discussion centering around the types of security, the 
locations of greatest concern, and alternative security measures follows. 

The basic conflict pits security consideration against efficient usage of 
computer resources. Because only a portion of the DMATC operation is con- 
sidered classified, the question arises: How can DMATC be certain classified 
information will not be purposely or inadvertently accessed and compromised 
without causing an inefficient computer configuration? As DMATC presently 
has their configuration, two completely separate installations provide the 
security assurance.  There is no question, given a non-hostile environment, 
that dedicating one machine to classified operations is a secure arrangement. 
However, this situation causes a duplication of certain resources without the 
expanded capability the addition of these resources could provide if they 
were intertied and sharable. Therefore, this discussion is based on the as- 
sumptions that: 

The computer system and the programs with data will be stored and 
used in a non-hostile environment 1 

• The program/data mix involves both classified and unclassified 
information 

• Only  one  computer system is used with many  sharable resources 
(e.g.,   network) 
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•   The system is multiprogrammable, possibly a multiprocessor 

Given the above assumptions, there are four primary locations where security 
measures are of paramount importance: main memory, secondary storage, trans- 
mission channels, and terminals. With both classifications of information 
possibly coe-.istent in main memory, certainly some protection mechanism 
(e.g., segmentation, security kernel) is necessary. Likewise, it is certain- 
ly reasonable to assign secondary storage media individual security classifi- 
cations.  In the case of magnetic tapes, cartridges and removable disk packs, 
a dichotomy of classification need not introduce much inefficiency.  However, 
it will still be necessary to provide protection (e.g., capability matching) 
from inadvertent secondary access when the secured media is online.  Some 
measure is also required to ensure the classified data is clear from memory 
and scratch disks.  Transmission channels, on the other hand, do not require 
much attention in a benign environment.  Generally speaking, appropriate en- 
casement of such cables or the use of fiber optics should suffice.  And, fi- 
nally, at the user's terminal the user and terminal may be categorized for 
secure operations via various types of protocols (e.g., password), 

A well established conceptual model for security control information is a 
three-dimensional access matrix (Figure 19) .  On one axis of the matrix are 
subjects (e.g., users); on another axis are the objects (e.g., program files, 
data files), and on the third axis are the capabilities (e.g., read, write, 
password).  Entries in the matrix are Boolean values, indicating whether a 
capability is available to a subject for a given object. For most systems 
the matrix is rather sparsely populated, with subjects having access to rel- 
atively few objects. Therefore, actual implementation will use some more 
compact and logically equivalent data structure. 

One of the alternative approaches specified for consideration in this study 
is a transition to a distributed processing capability, A distributed system 
is one in which the control of data storage and processing is decentralized 
and information must be transmitted between system segments. A multi-user, 
multiresource, multisystem environment needs more than simple physical and 
procedural security mechanisms.  Some alternative security techniques are 
presented in the following paragraphs to support a position that security 
technology does exist and research continues to improve and reduce the costs 
of these techniques. 

Recently (in "Electronics", Vol 49, September 30, 1976), an Air Force-Mitre 
Corporation team has announced the development and verification of a "secur- 
ity kernel" for a Digital Equipment Corporation PDF 11/45 minicomputer.  The 
kernel is a hardware and software device which ensures that users can get in 
and out of multi-security-level data base only the information authorized at 
their levels of security clearance.  The kernel requires less than 1,000 pro- 
gram statements and about 17,000 bytes of storage.  The developers are work- 
ing toward specifications for similar security kernels which will work in a 
variety of commercial computers. 
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Figure 19. Capabilities Access Matrix 
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Perhaps a more relevant development involves an approach to computer network 
security using cryptographic devices. The work done by Heinrich and Kaufman 
combines a special purpose processor, the network security center (NSC), and 
data protection devices called network cryptographic devices as pictured in 
Figure 20. The network front-end is a processor which implements connection- 
oriented functions for a set of terminals and hosts. The network security 
center centralizes the authorization process. With the assistance of the 
cryptographic device (i.e., master) and stored access control information 
(e.g., capabilities), the NSC authenticates and permits connections between 
network resources. There are also cryptographic devices (i.e., slaves) at 
each network resource. 

The cryptographic device encrypts data (i.e., transforms data to a cipher) 
and decrypts (i.e., reverses the encryption). These transformations are 
based on a secret parameter called a key. The master cryptographic device 
coupled with the NSC manages the establishment of new keys at the slave de- 
vices. If a slave device is attached to a single terminal, it may maintain 
only one key. However, if attached to a host or a network front-end, a slave 
device must be able to maintain several new keys to distinguish between var- 
ious logical connections of that resource. 

The basic encryption device used in the system described above makes use of 
the National Bureau of Standards Data Encryption Algorithm (this Federal In- 
formation Processing Standard was approved November 23, 1976). The charac- 
teristics which make this standard well suited for network security include: 

• The secrecy of the transformation is dependent only on the secrecy 
of the key, not on the secrecy of the algorithm. 

• Key length is 64 bits (8 are reserved for parity). There are 2 
potential keys. The length of the key is not amenable to exhaus- 
tive search techniques, and yet transmission to remote devices is 

not hampered. 

• It does not require position or time synchronization and is inde- 
pendent of communication subsystem. The algorithm is block- 
oriented (i.e., 64-bit blocks). 

• Single bit changes cause unpredictable effects on the output text. 
Enciphered text pairs do not aid code-breaking. Penetrators are 
forced to use exhaustive techniques to break the code. 

• The algorithm is available in an LSI package making the device in- 
expensive to purchase and easy to implement and add to a network 
configuration. 

Security issues become more impressive the closer the architectural config- 
uration approaches a network configuration. However, in a benign environment 
with some combination of capability modeling, kernel technology, crypto- 
graphic devices, and further technology advancements, the concern for the 
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possible compromise of  information is  lessened.     With  the possibility of  SAA 
data being accessed and  transferred to memory within any computer,   the re- 
quirement for advanced hardware/software security technology packages greatly 
increases.    Certification of a system that has access from terminals outside 
the SAA-cleared area requires  that there be extensive testing.    A re.sult 
could be  that  all computers  and  terminals must be  located  in an SAA environ- 
ment,  and data  leaving  this  area must be manually "sanitized" by authorized 
personnel.    Utilizing past  experience,  present expertise,   and  future tech- 
nology,  a system can be designed that incorporates  the required techniques 
to provide the system security necessary for the DMATC environment. 

This discussion of  security  is  recognized as brief  and  only highlights  the 
issues involved.    We contend  that technology now holds a realistic potential 
for providing a solution to  the control of multi-level  security information. 
This pr-.blem Is considered the greatest single constraint  to the adaptation 
of advances in distributed processing technology in the DMATC environment. 
The same constraint would also exist if a centrally hosted  time share envir- 
onment were to be pursued and can be expected to constitute a constraint 
during Lhe establishment of an integrated information management structure. 
Development,  testing,  and acceptance of suitable techniques capable of sup- 
porting a distributed processing capability will require extensive lead time. 
Pursuit of a viable solution to security issues should be made a priority 
DMATC objective. 
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5.  ARCHITECTURAL ALTERNATIVES 

This chapter reviews the major considerations which most significantly affect 
an advanced system architecture, discusses possible alternatives in this area, 
and concludes with a detailed description of an architectual approach which we 
feel will support DMATC requirements. 

5.1 Factors Influencing System Architecture.  The preceding sections 
have addressed a broad sco^ of activities having varying levels of influence 
on development of an advanced system architecture concept.  These factors in- 
clude the existing production environment, projected requirements for pro- 
cessing and data growth, promising areas of advanced technology, and long- 
term objectives of the Center.  Functionally these factors represent computer 
processing needs, a need for more response information management, improved 
means of storing and retrieving growing amounts of data, and changing methods 
of the cartographic production process itself. To further complicate the 
issue, a recognition of lead time requirements can lead to conclusions which 
are somewhat contradictory. 

Within this broad scope of influencing factors the following considerations 
were considered the most significant in terms of defining a system architec- 
ture which would support an orderly growth throughout the time frame of the 
study. 

5.1.1 Computer Work Load Requirements. The rapid growth of processing 
requirements projected by DMATC will require substantial augmentation of cen- 
tral processing capabilities. 

• The rapid rate of growth will require system augmentation during 
FY 77. 

• Growth, in both the SAA and collateral areas, will require that 
capabilities be augmented in each area. 

• SAA processing requirements will require an augmented capability 
approximately twice as great as the existing UNIVAC 1108 capacity 
operated on a 3-shift, 5-day week basis. 

• Collateral processing requirements will approach the estimated 
UNIVAC 1108 system maximum capacity in FY 77 and exceed that cap- 
acity in FY 78. 

5.1.2 Need for Work Load Distribution. A conclusion reached by the 
study team is that improvement 
transition toward distributed 
edit and formatting functions 
this type of system should be 
generation (SACARTS) and photo 
elusion appears contradictory 
lead times associated with the 
systems will preclude immediat 
ing work load. 

in production throughput times will require a 
satellite processing systems to perform data 
in an interactive mode.  Specific areas in which 
considered are related to cartographic data 
grammetic post-processing.  While this con- 
to augmented central processor capabilities, 
implementation of distributed processing sub- 

e relief to the rapidly growing DMATC process- 
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• Distributiün of functions related to data capture is motivated by 
the extended calendar times associated with batch mode cycling 
through a central processor. 

• Implementation of distributed satellite processing» systems requires 
extensive lead time (two to three years) and offers no immediate 
relief for the rapidly growing data processing work load. 

• When fully operational processing demands on the central processors 
should decrease. The extent of the decrease will depend on the 
functions incorporated in the distributed satellite processing sys- 
tems. The most dramatic effect, however, will occur in production 
throughput in terms of calendar time. 

5.1.3 Growth of Data Holdings. The projected growth of data holdings 
will require accommodations for efficient means of mass data storage. While 
an initial assessment of potential data holdings has been made, a continuous 
effort to verify this project in terms of quantity and response requirements 
is considered essential. 

Projections for online data storage requirements by 1983 indicate a minimum 
requirement of approximately 225 million words, exclusive of catalogue file 
and scratch space. Data storage at this level is well within disk storage 
capacity. 

Projections for tape holdings consisting of source data base files (UNAMACE 
masters, SACARTS, DTIB) could reach a level of 4.7 x 1012 bits by 1983. With- 
in the time constraints of the study, this data is considered primarily 
archival in nature and selection of storage media will be primarily an econom- 
ic consideration. Further definition of access requirements both in frequency 
and response time could significantly alter the selection of storage media. 

5.1.4 Improved Information Management. The need is recognized for a 
comprehensive program addressing information management. 

• Through a detailed analysis of files, existing independent files 
should be examined for currency, redundancy, and accessibility. 

• Files should be selectively identified for: 
Consolidation 
Development of automated interfaces 
Restructuring under a Data Base Management System 

• System growth should include provisions to allow integration of a 
Data Base Management System. 

5.1.5 Automated Chart Production. From a functional point of view the 
work load associated with automated production of the 1:50,000 topographic 
line map is a dominant factor both in terms of data processing work load and 
growth of data file holdings.  (Attention is drawn to the Addendum to this 
report which cites a recent change in DMATC program direction.) 
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5.1.6 Security.  Protection of multi-level classified information is 
and will remain a major constraint and consideration during the evolution of 
any DMATC system architecture. 

5.1.7 Associative Array Processing.  While the associative array pro- 
cessor has demonstrated a capbility to perform cartographic applications pro- 
cessing, the cost effectiveness of this approach has not been established. 
Conversely, the potential utility of this processing technology, particularly 
in advanced concepts of digital imagery processing, warrants its consideration 
as an option for the future. 

An extended period of research and development must be anticipated before im- 
plementation in a production environment can be considered a viable option. 
Since associative array processing technology is still in the process of 
evolving, particularly from an applications point of view, a system concept 
which would allow but not require its future integration with the DMATC en- 
vironment should be considered. 

5.1.8 Objective of Pilot Digital Operations. The post 1985 objectives 
of the DMA as expressed in the PDOP also provide a set of growth guidelines 
toward which system development in the 1977-1983 time frame should be direct- 
ed.  Of particular interest are objectives which are to be pursued concurrent 
with but outside of efforts specifically directed toward digital imagery pro- 
cessing. Included within these activities are the following. 

Integrated Data Bases. Achievement of these objectives will result in a large 
volume of information transfers.  This activity can be reduced by combining 
redundant data into integrated files. Nonetheless, there will be: 

• Significant transitory file handling, mainly involving highly 
volatile (temporary) data 

• Increased online storage of data requiring high-frequency access 

• Archival (low-frequency access) data storage with appreciable growth 
expected 

• A considerable file design and software development effort to im- 
prove methods of controlling and accessing data elements (data base 
management) 

Distributed Access.  Such PDOP subsystems as data base query, update, and 
purge or preproduction image evaluation—which assume distributed access to 
data bases—and preparation of press plates or direct printing from digital 
data—which assume distributed processing—imply that DMA's data processing 
operations be tied together by some kind of network. 

5.2 Central Processor Augmentation.  Prior to addressing a long-term 
system architecture concept, the rapid growth of data processing requirements 
forecast by tue Center requires immediate attention. While this course of 
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action addresses only one aspect of the requirements scenario, its satisfac- 
tion is basic to maintenance of a capability to support production efforts 
while longer term solutions evolve. 

5.2.1 Projected Work Load. The central processing capability must be 
able to support a work load which will double during the current year with 
potential for tripling during FY 78. The requirement for processing during 
1977 exceeds the 1976 work load by a minimum of 100 percent. This requirement 
is viewed as primary and basic to DMATC mission accomplishment. 

The need for a strong central processing capability remains an initial archi- 
tectural consideration both in terms of the capacity required and the lack of 
time for development and implementation of viable processing alternatives. 

Satisfaction of the FY 78 central processing work load will require an in- 
creased CPU capacity together with significant improvement of I/O capabili- 
ties. As the work load increases on augmented central processors, a corre- 
sponding need for increaded I/O capacity will have to be addressed. 

5.2.2 Central Processor. The optimal approach to meet projected pro- 
cessing requirements within the req-jired time is an augmentation with a UNIVAC 
1100/40 class processor. This approach provides: 

• A modularly expandable system 

• Maximum compatibility with existing software 

• Upward compatibility with current UNIVAC 1108 peripheral devices 

• State-of-the-art capability with maximum life expectancy 

The UNIVAC 1100/40 and UNIVAC 1110 both represent an approximately 100 percent 
increase in computer speed over the UNIVAC 1108. A detailed trade-off anal- 
ysis will be needed to select a specific system configuration and can be in- 
itiated on the basis of benchmark testing which has already been undertaken. 
Since the greatest growth is associated with SAA production requirements, use 
of the augmented capability for this purpose would indicate optimal config- 
uration with a 2 x 1 configuration. Augmentation of collateral processing 
resources through coupling of the existing UNIVAC 1108 processors should ade- 
quately satisfy validated requirements at this security level and leave undis- 
turbed existing external communications channels. 

5.2.3 Increased Information File Transits. Along with the increase in 
DMATC production demands, supported by improved CPU capacity, one can expect 
a proliferation of tape activity. This will be accompanied by an increase in 
the level of usage as well as the quantity of the dedicated I/O systems at 
the Center (digitizers, plotters, etc.). The focal point for these movements 
of files from system to system will remain the central processor complex. 
Current and future plans call for expanding the role of minicomputers and 
dedicated mini-based processing stations with equipment such as the DIODE 
and improved cartographic digitizing systems.  At present all interfacing 
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between these devices and the large central host computers Is by tape, which 
Involves a somewhat error-prone human intervention component when high levels 
of activity are involved. The extent to which tape handling activities can 
be expected to increase can be readily appreciated by consideration of current 
activities related to plotter operations. This activity also illustrates the 
significant level of data preparation and formatting activity associated with 
a graphic function in the cartographic production process.  Work load for the 
major cartographic plotters typically supports some 2,000 plots per month. 
Preparation of drive tapes on the UNIVAC 1108 and the physical movement and 
control of these tapes between the computer facility and the centralized plot- 
ter facility represent a significant part of the tape related work load which 
will grow in direct proportion to map sheet production. 

Proliferation in tape activity with the augmented configuration can be expect- 
ed to emphasize the apparent contrary tendencies of increased centralized and 
distributed environments.  Our attention is then forced to focus on the com- 
mon thrust in these two areas:  the transiting of information files between 
equipments. The optimum accomplishment of these transfer operations then be- 
comes a key requirement in architectural renovation considerations. This 
requirement is best satisfied by minimizing tape activities and automating 
the information transfer.  Given the additional requirements for increased 
storage capacity and data management capabilities, the staging concept pre- 
sented in a following section appears to be an optimal solution. 

5.2.4 Security Constraints. The processing restrictions associated with 
SAA data further complicate the advanced system architecture. The physical 
segregation of Site I and Site II has minimized the system time lost by shut- 
ting down and purging since only one system is affected.  Growth of SAA pro- 
cessing and data storage requirements remain on a par with collateral activ- 
ities and necessitate augmented capabilities at both security levels. 

At least on an interim basis retention of an isolated central system operating 
in a dedicated mode appears to provide the best solution to this problem.  Re- 
version to a system architecture which would require total system shutdown 
(i.e., only one mainframe) will become more costly in terms of lost production 
with an augmentation to an advanced higher speed processor. 

As discussed in section 4 advances in technology are expected to provide vi- 
able means by which an integrated system may be developed without system 
shutdown for processing multi-level security data. With this technology it 
is expected that it will be feasible to integrate the two sites and ensure 
that security is met without a shutdown-purge mode of operation.  Through a 
combination of software automatic purge and hardware technology including re- 
movable disk packs it will be feasible to restrict unauthorized access to 
protected data and clear the classified data from core storage. 

Development of an acceptable means of providing multi-level security protec- 
tion in an integrated enviornment is critical to the optimal utilization of 
advanced data processing technology in the DMATC environment.  This is equally 
true for achievement of the objectives of the PDOP.  It is our position that 
advanced technology will make such protective measures a reality within a 
reasonable time frame. 
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5.3 Proposed System Architecture. The preceding section addressed an 
augmentation to the existing DMATC central processing facilities. This course 
of action is recognized as a necessary expedient to provide a capability to 
respond to a rapidly growing processing work load. This approach by Itself 
will not provide solutions to other Center objectives such as Improved infor- 
mation management or reduced product throughput time. As was previously 
pointed out, augmentation of the central systems can be expected to signifi- 
cantly Increase the volume of tape handling since this mode of operation will 
remain the primary means of Information file transit. System augmentation 
similarly does not address the potential use of an integrated Data Base Man- 
agement System, whether hosted on a mainframe or as a Back-End Data Base Man- 
agement System: the use of associative array processors; or the use of mass 
storage systems. 

To provide a system architecture concept which meets the overall objectives 
of the DMATC through 1983 and beyond, a modular form of distributed processing 
is considered most amenable to future growth. This concept will allow im- 
plementation on an orderly incremental basis while preserving flexibility and 
allowing integration of additional systems or components as specific technol- 
ogies mature. The concept proposed is a simplified adaptation of system ar- 
chitectures being addressed in two highly complex environments. The first of 
these is the system architectural design developed for the Air Force Global 
Weather Central. The second is the Strategic Air Command intelligence data 
handling enviroment. Advanced network technology currently being developed 
in these environments will provide a solid technology base for pursuit of the 
system concept proposed for DMATC consideration. 

The data processing hardware configuration recommended below Involves two ma- 
jor innovative concepts: 

A computer intertie—a general electrical, protocol, speed, data and 
device interface normalization technique for a wide array of sub- 
scriber interfacing requirements.  (A subscriber is any piece of 
hardware—satellite computer, terminal, host computer, COPE 1600, 
associative processor, CELESTE, plotter, etc.—attached to the in- 
tertie bus via a microprocessor port.) 

• The staging computer—a computer and disk device which Is shared, 
and thus accessible by both the intertied processors and the mass 
storage device. 

Proposal of these concepts is the result of a preliminary overview and needs 
more detailed examination before final judgement on specific components should 
be made. Similarly, use of the term "intertie" is intended to describe a 
generalized function rather than any specific existing device. 

The general structure of the proposed DMATC architecture is shown in Figure 21 
We feel it is the type of system that fosters the distributed processing con- 
cept while still retaining the extensive capacity of large centralized main- 
frames.  The focal point of this figure is the staging center to which all 
transit files are passed.  This and the system-wide communication bus allow 
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all components in the environment  to be tied together.    We call this distri- 
buted processing through a computer intertie concept.    It  is  supported by the 
semi-centraiized general purpose mainframes,  although relative to bus activ- 
ies,  all members attached to  the bus appear equal.    Much of  the material 
which follows should be studied relative to  this figure. 

5.3.1    Justification and Assumptions.    The overall goal of this concept 
is  to provide a fast flexible data communications media between  the diverse 
DMATC resources.    The concepts presented here are designed  to provide the 
optimal mixture of isolated modularity and interrelated communications and 
processing.    The following points summarize the basic assumptions used to 
gauge the scope of this requirement: 

• The amount and variety of data from dedicated I/O  subsystems will 
increase substantially. 

• Dissemination of finished cartographic products will  increase in 
volume and variety. 

• The amount of  time required  to produce finished products  should be 
reduced to allow more sophisticated resource utilization. 

, 

• More raw computer  capacity will be required to  satisy increasing 
loads. 

Providing a vehicle to meet  the distributed system objective requires a de- 
sign constrained by  the following issues: 

• Systems Security.     Any intertie design must not compromise any 
security rules demanded by DMATC requirements. 

• System Reliability.     A distributed approach must rely on a stable 
communications capability if its overall mission is  to be accom- 
plished. 

• Systems Performance.    The intertie network should not introduce 
negative performance characteristics into  the ADP operation.    Data 
transfers on the bus should not adversely affect computer  through 
put. 

The purpose of this section then is: 

• To provide background of sufficient depth for effective decision- 
making on the alternative architecture 

• To draw attention to  the long lead  time factors of equipment pro- 
curement which require timely decisions 

• To  illustrate that  the bus concept is the basic  common denominator 
for  this architecture and should be given appropriate priority 
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The bus/inter tie concept  is  implied by a broader requirement which in ADP 
terminology  translates  to making separate  interdependent mission-oriented 
systems   (the dedicated I/O systems)   perform their  collective  function  in 
support of the overall mission in more optimal fashion.    Any scheme for re- 
sponding  to  this requirement,  of necessity,   takes on certain ubiquitous  con- 
notations,   i.e.,   the intertie media will be a constantly encountered  factor 
in all  information acquisition,   information processing,   information analysis, 
and  information dissemination operations.     For this reason the performance, 
reliability levels,  and  security  protection supported by the  selected  in- 
tertie media must be of a very high order. 

Effective steps  toward problem solution necessitate certain assumptions about 
the available  tools  to work with.     The following is an attempt   to make some 
categorical statements about  the ADP  tools  available for  the intertie solu- 
tion: 

• ADP hardware in  the igSO's will not be  totally reliable.     Any sys- 
tem design formulated must make provisions for  the  loss of any 
component without loss of  system function. 

• Sealing off  errors and  failures  is within the capabilities of  exis- 
ting technology. 

• Since electronics  technology  is  imperfect,  and undoubtedly will re- 
main so,  reliability can be achieved through hardware  redundancy, 
which is consistent with  the  intertie design characteristics. 

The above assumptions  constitute an important aspect of  this  concept.     High 
reliability operation of the intertie media must be a primary objective dur- 
ing design and integration.     Considerable emphasis must also be given to  er- 
ror detection and correction procedures  to minimize and  isolate  the  impact of 
failures. 

5.3.2    The Intertie Concept.     The function of  the intertie system is  to 
provide the automatic  intercommunication of diverse ADP resources within  the 
DMATC  environment.    All data  interchanges between  intertie subscribers will 
be  through  the intertie media. 

The  intertie as conceptualized herein  is made up of  the following components: 

Bus. A bus i 
nected togeth 
other. A bus 
light pipes. 
cessing needs 
driven, multi 
of informatio 
between many 

s  the means  by which computer hardware devices are con- 
er,  so  that data may be transmitted from one to an- 
might be made  from wires,   cables,  or  fiber optics 
The  type of bus being proposed  for DMATC's  future  pro- 
(asynchronous,  bidirectional,  bit-parallel,  demand- 

ple-access)   is capable of  transmitting  large quantities 
n simultaneously;   and  the  information may be enroute 
different  and  independent origins and  destinations. 

Port.    A port  is a microprocessor  subsystem  through which a sub- 
scriber is  connected   to  the bus.     If  specified,   the port  supplies 
the source and destination addressing attributes  that messages 
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possess while on the bus and performs whatever conversions are nec- 
essary to ensure protocol, speed, and electrical compatibility be- 
tween different intertied devices.  Each port is a self-contained 
microcomputer system complete with CPU, bus, ROM, RAM and 1/0 in- 
terfaces. Port microprocessor busses are interfaced to the sys- 
tems I/O bus via a bus interface module which controls the indi- 
vidual port's bus access. Traffic is multiplexed on to the system 
I/O bus to or from the staging area.  (See Figure 22.) 

• Bus Controller. Somewhere in the system a processor would need to 
be designated which would have overall control of bus activities 
and which would resolve and prioritize conflicts arising from si- 
multaneous requests for use of the bus or ports. This responsibil- 
ity could possibly be vested in the staging computer. 

The intertie concept will make possible the following generic ADP 
capabilities: 

• Network Storage Management for Distributed Data Storage and Re- 
trieval. Through the central staging computer, any authorized sub- 
scriber attached to the bus will be able to address the data orig- 
inated by any other subscriber also interfaced to the information 
bus. 

• Ability to Interchange Loading Assignments Between Hosts. The job 
queues and program files can be treated as additional files at the 
staging computer. The loading level at each host can then be "bal- 
anced" out so new jobs can be directed to the least busy host. 

• Load Leveling Among Compatible Distributed Dedicated Processors. 
As peaks shift between information acquisition, information pro- 
cessing, and information dissemination, it will be possible via 
the bus to dynamically align resources and requirements. 

• Ability to Predict System Saturation Levels. By offloading commun- 
ications functions from individual hosts to microprocessors, 
compute-to-1/0 ratios tend to be more stable, presenting a more 
streamlined loading picture for the host processors. 

• Centralized Data Management. The control potential of using the 
Staging Computer as a Back-End Processor for data base management 
isolates this function.  Imposition of file standards as well as 
localized data monitoring is therefore facilitated. 

NOTE: The identification of a back-end processing capability in Figure 21 
has be^.n included to emphasize the need for centrally managed and controlled 
data base management. It should be noted that the proposed intertie concept 
is not restricted to use of a back-end processor to perform the data manage- 
ment function. Use of a mainframe processor as host for a Data Base Manage- 
ment System, though conceptually less desirable, would also be a viable 
alternative. 
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Modularity and Expandability.  Logical extension of the underlying 
architecture should produce amplified capabilities and adaptability 
for the future. 

Dynamic Configurability. If a system remains in an operational 
state 24 hours a day for perhaps several months, several abnormal 
capabilities are required, e.g., it may be necessary to attach or 
detach subscribers without interrupting intertie service.  Thus, 
the attached subscriber entities must be able, and are required, 
to acquire their distributed configuration information dynamically 
during system operation. 

•   Multiplexing/Normalization.  The bus provides normalization of 
speed, electrical, and protocol mismatches between transmitter and 
recipient. 

5.3.3 The Staging Computer. This is the name given to a processor ded- 
icated to managing file manipulations for, and file transfers between, mass 
storage and host or satellite processors.  Files or data sets are transferred 
to tape or disk devices which are accessible to both the processors and the 
Mass Storage System (MSS), prior to or during program execution. The MSS, 
upon command, fetches the required files and transfers them to the mutually 
accessible disk or tape devices in a format ready for direct processing with 
no further MSS action required during execution. New or changed data sets 
are copied back into the MSS upon completion of program execution. 

The staging computer provides almost complete transparency to the user for 
the following reasons: 

File request messages are transmitted to the MSS via the intertie. 

No host or satellite computer resources are consumed during the 
data transfer operation. 

There is very limited direct electrical interdependence between the 
staging computer complex and other processors. Thus, the MSS data 
connection is by way of the intertie just as though the staging 
computer complex were another subscriber in a multi-subscriber 
environment. 

The data is transferred to a standard, staging-computer-supported 
device so that no application or system source code modifications 
would be required for program execution; users would rely on stan- 
dard and conventional access methods to process data. 

Minor external job control language changes might be required to 
indicate that certain files are to be MSS resident; but no device 
characteristics, addresses, or parameters would be required other 
than a file name (unless multiple mass storage systems were 
employed). 

s 
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• The staging concept has the advantages of enforcing duta base stan- 
dards and of isolating any data base management system. Also, sub- 
sequent incorporation of a large mass storage system would be eased 
by the preexistence of a staging computer. 

There are two attributes of the staging computer concept which must be 
weighed against the data characteristics of each potential mass storage 
application: 

• All data sets or files should be relocatable, i.e., must not con- 
tain absolute location-dependent data in internal fields. 

• If the size of any given file excppds the total capacity of the 
disk device, the file must be broken into segments. 

On the other hand, a significant advantage of the staging computer concept is 
achieved when the file transfer operations occur before and after program ex- 
ecution. This enables the staging computer to manage and allocate its own 
resources independent of the local requirements of an executing program. 
Conflicting data requests among users can also be coordinated in a multi- 
tasking, multi-processing environment. Hundreds of files can be transferred 
to one or more hosts or satellites and made available for processing by pro- 
grams executing simultaneously. The staging computer hardware resources for 
performing file transfers can be minimized by using queuing techniques and 
by time-sharing the hardware data path between a collection of shared 
peripherals. 

Hence, the staging computer is a most versatile approach, gracefully support- 
ing existing applications and new ones in a multi-tasking, multi-processing 
environment. 

5.3.4 Additional Technical Characteristics. Some of the more detailed 
considerations that would require consideration during a detailed system de- 
sign would include the following: 

Accuracy and Validity. A primary intertie requirement is the ap- 
plication of effective error detection procedures during each data 
transfer.  Appropriate techniques must be selected to insure that 
each transfer step is checked for errors.  The basic rule is that 
at least three error checks should be applied to each transmission 
block, during its transit through the bus. These three checks oc- 
cur on data leaving a port and data entering a port. There are al- 
so checks for transient errors occurring within port processors. 

Timing and Bandwidth. The intertie bus can be as fast as necessary. 
The objective is to achieve a throughput capability in excess of 
the aggregate bandwidth of all subscribers. The two variables 
which determine bus bandwidth are the width of the data base and 
the speed of the bus drive electronics. 

\ 
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Bus Acquisition.     A high port count in a bus  structure  tends   to  in- 
crease  the probability  that more  than one port will request  bus  ac- 
cess at  the same  time.     Throughput demands on  the bus require  that 
such contentions are subject  to  a form of positive control which 
operates  in parallel with bus activity.     For this reason,   each port 
must be connected to a bus priority resolver.    This module would 
process bus requests from ports and deliver bus grants to ports 
contending for bus services.     Such operations should occur in par- 
allel with actual bus activity and not  affect  the overall  through- 
put potential of the bus. 

Global Multiplexing.     At any  given time  several subsystems may be 
Interacting with a host system.     The bus is capable of coordinating 
this activity and the staging computer with its storage capability 
provides  a system-scale buffer. 

Data Routing.    Either to or from the central staging center,   the 
system will be capable of performing header analysis in support of 
routing determination to specific ports. 

Data Translation.    Hosts,  terminals,   and external links need only 
receive or transmit data in their native code set since the micro- 
processors will be capable of  translating all data that passes 
through to a normalized code set of the staging computer or back- 
end processor. 

Data Compaction/Explosion/Fixed  Field Exclusion.    Microprocessors 
have the potential of reducing central processing overhead as well 
as reducing network bandwidth requirements.    In this stnse the in- 
tertie increases effective available bandwidth by insuring certain 
efficiency procedures. 

Global Access.     Valid  files may be communicated between any  two 
ports.     Resources may be accessed from any valid processor. 

Security.    Since all intersubscriber data is first seen by  the port 
processoi.-,   it can prevent unauthorized routing of data. 

Input/Outputs.    Data transiting the intertie media have three basic 
source and/or destinations:     the central host systems, dedicated 
I/O systems,  and the back-end processor/staging area.    The staging 
computer/back-end processor  is  the controlling node.    That  is,  most 
data transits go to or from the staging area as an intermediate 
source/destination. 

Data Characteristics. The bus should be capable of handling a va- 
riety of data types with a fixed protocol. Established data char- 
acteristics on the bus  include: 
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Fixed transmission block size 
Byte parallel (8 or 16 bits) 
Asynchronous 

5.3.5 Security Considerations. A primary consideration in the design 
of both the network and intertie concepts is the element of security. Any 
techniques to interface computers electronically must provide the necessary 
capacity to preserve differences in security levels between 'systems.  Fur- 
ther, any such computer intertie techniques must comply with appropriate lo- 
cal and DOD security regulations pertaining to safeguarding classified ma- 
terial in ADP operations.  j.'he conventional security system is maintained 
within the proposed architectural concept of interconnection via a system 
bus and microprocessor controllers. 

5.3.5.1 Logical Security.  All data entering the bus is subject to an- 
alysis by an isolated processing entity, the port processor, prior to being 
routed to its destination.  Such checking means that the level of logical 
security protection is equal to that of its 3ubscribers; that is, the port 
processor will support and not violate any established system privacy rule 
of which it is cognizant.  Since control programs for the bus are ROM con- 
tained, established security rules cannot be modified by external sources 
remotely, i.e., modification of ROM-contained programs requires physical 
penetration of the system. 

The above security rationale means: 

• The bus concept is uniquely suited to support system security 
procedures. 

• The port processors make decisions before data is actually allowed 
to be transmitted to any location. 

• The microprocessors are capable of performing many such evaluations 
in parallel without impacting any subscriber resource. 

• The ROM program can allow the dynamic modification of security 
rules, i.e., altering rules to fit certain changeable sensitive 
situations. 

• The design can provide for encryption/decryption within ROM- 
contained port programs if security procedures permit. 

Encryption/decryption within the microprocessor ports would make the port 
programs highly classified.  Other security procedures within a port, such as 
domain processing, can be implemented without classifying these programs, 
i.e., knowing such rules does not readily allow the security of the system to 
be compromised. 

With respect to an integrated data base, on a distributed network, security 
classification identifiers can exist at the record level or even at the ele- 
ment level of the data structure and all transfer of data between network 
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"nodes" will be checked to ensure the receiving terminal, processor, or com- 
munications line is authorized access to the information and is cleared to 
receive it. The actual checking of authorizations can be accomplished via 
system software and by firmware built into the port processor. 

Given appropriate implementation of these techniques and possible changes in 
security regulations, the possibility that implementation of the intertie 
concept will encounter major problems with respect to full compliance with 
security regulations for ADP systems is greatly reduced. 

5.3.5.2 Physical Security. 
intertie: 

Two factors impact the physical security of 

• Physical security of logical security enforcement procedures (ROM 
mtMory) 

• Physical security of the harness which interconnects the subscribers 

The first factor is self-explanatory; the second item, however, is more dif- 
ficult to deal with. The physical harness design must be of top priority in 
any subsequent system design effort. The existing plant facilities of the 
DMATC are well suited to insure adequate physical security of critical com- 
ponents of the system; 

5.3.6 Software Considerations.  Implementation of a full network con- 
cept will involve extensive software development. The first interface of any 
two pieces of dissimilar hardware almost always involves some new software 
development. Software considerations for the intertie concept are involved 
at two distinct levels—the microprocessor port processor and the subsystem 
interfaces to the network. 

5.3.6.1 Port Software. The microprocessor-based bus requires the ex- 
istence of a unique software generation system. Such a system must be capable 
of assembling firmware for the microprocessors which interface with the stag- 
ing processor.  Such a system also requires provisions for loading assembled 
programs into read only memory (ROM). Operational software is normally con- 
tained in ROM and so requires specialized startup procedures. 

It should be pointed out that a major advantage of the microprocessor approach 
is the relatively small software effort that will be required for its imple- 
mentation. This is true, since individual port software has independent pro- 
cessing resources. Hence, no complex executive type software is required, 
i.e., each port has its own memory so no memory manager is required. Each 
element has its own processor so no queue management is required.  Likewise, 
task scheduling is not required.  Such software is normally complex and re- 
quires extrnsive debugging due to its re-entrant nature. The elimination of 
such software represents a major cost advantage of this approach. 

5.3.6.2 Other Software Considerations. The software impact of augment- 
ing the present central processors would be mainly that of continuing to im- 
prove, expand, and streamline present programming efforts.  If options were 
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selected which provided the direct Interfacing of an associative array pro- 
cessor or a mass storage device to a central processor, a unique Interface 
requirement would be faced. To date neither of these types of equipment have 
been interfaced with UNIVAC mainframe processors. 

In addition to the software Interface which Is required when two types of 
hardware are married for the first time. Implementation of a Mass Storage 
System or an associative array processor would require specialized software 
consideration within the framwork of the intertle concept. 

5.3.6.2.1 Mass Storage Systems. Adding a MSS to the system would gen- 
erate software implications of the following types: 

• Programming considerations—Programming that must be considered by 
the application programmer when creating and requesting data set 
and system programming necessary for installing MSS software 

The primary user programming consideration for executing jobs 
in the MSS environment relate to job control language and the 
direct access support needed by the application. All data 
sets controlled by MSS must be treated as disk data sets 
stored by the application programs. Access to application 
data sets is via existing device support software for disk 
storage. Applications that use device-independent coding 
techniques can move their data sets from tape storage to disk 
by changing the JCL. With the use of translators in a stag- 
ing computer few software alterations should be necessary. 
System programming considerations include system generation on 
the MSS hardware, MSS system modification, and I/O device and 
SYSGEN options on the staging computer. 

• MSS monitoring—The MSS would maintain an historical record of sys- 
tem activity. The history would be a chronology of significant 
system events. The objectives of event monitoring and recording 
would be to provide: 

Accounting information 
Performance data 
Error recording 
Security data 
System activity 

• System maintenance and diagnostics—Support which would consist of 
a diagnostic monitor and a collection of test programs. These 
would be used to detect hardware malfunctions and aid the field en- 
gineer in the checkout and maintenance of the MSS equipment. The 
test programs would be started by the monitor and would operate in 
either online or stand-alone mode. 

5.3.6.2.2 Associative Array Processors. Although any new system may 
present new or different languages to the applications or system programs, 
this may be a major concern with the AAP. It should also be understood that 
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associative processors (such as STARAN) are special purpose. They are useful 
for a limited set of applications which may be characterized as having: 

• A large number of independent data sets 

• The requirement for quick throughput response 

• The potential to exploit associative addressing selection 

techniques 

Since associative machines are special purpose, software implications vary 
with the application. There are, however, some visible software trade-offs. 
Higher order language extensions have been considered for use on associative 
machines. The major extensions of the languages would likely include: 

• Data declarations—A means of differentiating processing element 

and control unit variables is necessary. 

• Arithmetic and logical expressions—The use of arithmetic and logi- 

cal expression is usually directly extended. 

• Control statements—The control of the program in an associative 
machine involves not only the type of control statements seen in 
conventional machines, but also control statements that use amount 

of activity as a means of execution control. 

5.3.6.2.3 Microprocessors. Present trends indicate that it is becoming 

increasingly cost-effective to accomplish some kinds of widely used and re- 
petitive functions via specialized logic or microprocessor firmware rather 
than with generalized computer software. The one-time purchase cost of such 
hardware may be more economical than the ongoing costs of software develop- 
ment. Thus, the intertie with its microprocessor ports could potentially 
have an additional advantage of reducing software development efforts. 

5.3.6.2.4 Applications Programs. Centralized systems encourage stan- 
dardization, reduction of redundant operations, and easier quality control. 
In a distributed system, on the other hand, there is greater user participa- 
tion (and hence, satisfaction) . In general, the nature of applications pro- 
gramming will be similar regardless of the implementation route chosen. Dur- 
ing the system development, and as current production trends may reach hard- 
ware limitations, it would be wise to work out interim stopgap solutions, 

such as streamlining of software and program libraries. 

5.3.7 System Comparison.  At this point it may be of value to compare 
existing methods and procedures with the type of system envisioned in the in- 
tertie concept. After briefly comparing the "now" and "then," some examples 
of data flow under the new configuration will be used to illustrate typical 

information paths. 

5.3.7.1 Existing Methods and Procedures.  The DMATC computer complex 
today consists primarily of interdependent but isolated processors which tend 
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to be single processing entities surrounding two large central host computers. 
While one processor such as the Site I computer may require data generated by 
CELESTE, that interchange is now accommodated manually by human intervention. 
This human intervention is time consuming and incroduces an error-prone ac- 
tivity in the tape handling component.  Also, since in a given time only a 
limited number of manual operations are practical, central computer data in- 
terchanges tend to be large; whole files are interchanged rather than run the 
risk, of not satisfying demands.  This bulk interchange also tends to increase 
the size and speed required by central computers. Human intervention in 
inter-data transfers, in other words, slows things down and imposes artifi- 
cial cost burdens. 

5.3.7.2 Proposed Methods and Procedures.  The proposed DMATC intertie 
network envisioned could be characterized as a microprocessor based bus.  The 
bus will act as a master communication channel for all intersubscriber traf- 
fic.  Primary responsibilities of the microprocessors include: 

• Routing determination for all intersubscriber data 

• Message or transmission block queuing for all subscribers 

• Protocol enforcement for all subscribers 

• Interface normalization as required 

• Error checking for all transfers 

• Message or block multiplexing services 

• Data compression and explosion 

• Data translation services as required 

• Network control services 

• Enforcement of logical security rules on network-wide basis 

• Error sealing services, i.e., transient errors can be "sealed off" 
before generating system-wide impact 

The above capabilities combine to support the capabilities listed in the pre- 
vious section, 

A major benefit of the bus and microprocessor approach is the capability for 
implementation of high-resolution system-to-system data selectivity.  The cur- 
rent off-line procedures for system-to-system communication require the trans- 
fer of large data files via tape, primarily due to historical developments. 
The sending system generally sends a full file from which the receiving sys- 
tem may process all or only a subset of the records or fields.  Thus, all 
data that has historically been generated is transferred. The presence of a 
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universal data communications link between these systems could allow the re- 
cipient to access only those records it needs through the staging computer. 
This automatic selectivity of data can reduce network traffic and improve re- 
sponsiveness by reducing the amount of transmitted data and by eliminating 
the human element in the tape transfer process. 

5.3.7.3 Scenarios for Job Flow Through New Configuration.  The intertie 
concept provides such a flexible means of tying data processing components 
together that one can postulate an almost endless variety of information 
paths.  A few of these are suggested below. 

Scenarios for Application Programming. Figure 23 shows two of many possible 
program development job flow sequences. The circled numbers in the figure 
indicate (1) entry or editing of program instructions, (2) assembly or com- 
pilition, (3) testing, and (4) storage in a program library. 

Figure 23A depicts the situation of an intelligent satellite processor.  Ob- 
ject program creation, testing, and storage are done locally, with optional 
object program storage also at the central facility. 

Figure 23B illustrates a case where the equipment at the satellite location 
is less elaborate, perhaps a CRT terminal. Only entry and testing are done 
at the satellite. 

Data Movement to a Satellite.  Figure 24 illustrates a typical data movement 
sequence corresponding by number to the following. A query (1) is entered at 
a distributed site. The query (2) is submitted to the data base in mass 
storage (4) via the staging computer (3). The staging computer (5) moves the 
requested data back to the query originator (6). If the amount of data to be 
moved is large, it may temporarily reside on a staging disk (not shown) on 
the way to the originator. 

Data Base Update. Data base update flow is illustrated in Figure 25 showing 
the following numbered steps. Update information (1) is entered through the 
central computer, which communicates with the staging computer (2).  The rec- 
ords to be updated are moved from mass storage (3) to a staging disk (4). 
The update occurs and the changed records are returned to the data base stor- 
age (5). A transaction record is returned to the point of origination (6). 
Not shown is an administration terminal linked directly to the staging com- 
puter through which data base management processes are controlled. This ter- 
minal might also be the recipient of the transaction record. 

Balancing Loading Assignments Between Hosts.  Figure 26 shows how incoming 
jobs can be assigned to the least busy host by treating request queues and 
job files as additional files at the staging computer.  A job (1) comes in 
through Host A. The appropriate program file is accessed from mass storage 
(2), job queues are checked (3), and the least busy appropriate host is se- 
lected for the actual processing (4) .  The results are returned. If desired 
to the originating computer (6); and request queues are updated (5). 
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5.3.8 Configuration Options.  Numerous variations could be proposed on 
the theme which has been described in the preceding sections. A sampling of 
such options is listed below. A careful look should be taken at the trade- 
offs involved in each before arriving at a judgment of what constitutes the 
optimal configuration. 

• The staging computer or back-end processor may or may not be the 
same hardware as the mass storage system controller. 

• The mass storage system itself is entirely optional. Its level of 
performance will largely depend on the nature of the data stored 
and DMATC response requirements. 

If required, a mainframe processor can be isolated from the rest of 
the system for secure processing. 

An associative processor (of the STARAN or other type) could be at- 
tached to the bus or to a host computer mainframe. 

Most other bus connections are optional. The existing tape inter- 
face scheme could be selectively retained based on subsystem func- 
tions and activity. 

Complete backup capability would be provided if both host computer 
mainframes had a full range of identical peripherals. 

There is great latitude in the arrangement of disks, tapes, and the 
attachment of satellites. 

•   The staging computer could possess a degree of complexity anywhere 
in the range from a simple buffer processor to a back-end processor 
for an elaborate data base management system. 

5.4 Implementation Sequence. The implementation of an advanced archi- 
tecture must be achieved incrementally.  Figure 27 shows a possible imple- 
mentation sequence for hardware components of the system.  For the necessary 
events to be realized, certain plans and strategies would have to be initiated 
early in the implementation process due to the long lead time factors for sub- 
system development and equipment procurement. 

A detailed trade-off analysis will be needed to select a specific system con- 
figuration.  This will entail a detailed analysis of the trade-offs Involved 
in each option before arriving at a judgment as to the optimal configuration. 
For example, the manner in which a Data Base Management System is to be ad- 
dressed has a significant design iranact. Recognition of various options and 
alternatives will place an added emphasis on strong, centralized management 
and planning to insure an integrated and cohesive capability to meet produc- 
tion requirements in the 1980,s. 
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MAINFRAME AUGMENTATION 

■   BACK-END PROCESSOR 

■   BUS LINK-BEP TO FIRST MAINFRAME 

■   BUS LINK TO FIRST SATELLITE PROCESSOR 

■   BUS LINK TO SECOND MAINFRAME 

BUS LINK TO 
ADDITIONAL INTERACTIVE 
SATELLITE PROCESSORS 

•   MSS —»-AS DATA VOLUME INCREASES 

-MICROPROCESSOR EVALUATIONS 

•  PARALLEL DEVELOPMENTS 
■ DBMS »-BACK-END PROCESSOR 

  SATELLITE PROCESSOR SYSTEMS 
MONITOR AND ASSESS POTENTIAL OF NEWTECHNOLOGY-MSS, AAP 

DATA FILE INTEGRATION »DBMS -P-O 
INTERACTIVE SATELLITE PROCESSOR SYSTEMS 

• —    «.„«„„TCMTIAI OFNEWTECI 

-»-1979- 
-»-1983- 

•■. 

Figure 27. Implementation Sequence 
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Ample planning time for each component also allows time to study the actual 
impacts of each on the whole processing environment.  The schedule is not as 
important as the order of implementation. 

DMATC stated requirements show that the existing mainframe processors require 
an early augmentation.  Thus, the first order of business is to consider in- 
creased central processor capabilities.  As the work load increases on the 
augmented central processors, a corresponding need for increased I/O capacity 
will have to be addressed, as data interfacing volume increases. 

Concurrent with the augmentation of the central processors, parallel efforts 
should be initiated to further define other system objectives and functions. 
These efforts will include: 

• Definition of an integrated data base management function 

• Development or augmentation of satellite processing systems address- 
ing high activity functional areas such as: 

Cartographic Interactive Data Edit 
—  Photogrammetic Postprocessing 

CELESTE Processing 

• Further definition of network intertie functions and components 

Probablv the one component in the entire configuration whose design and im- 
plementation will require the longest lead time is the network intertie.  Full 
system definition, development, and testing could involve as much as four 
years lead time.  It should have a priority immediately after central proces- 
sor augmentation.  Similar efforts currently under development should demon- 
strate the technical viability of the intertie concept and significantly re- 
duce technical risk. 

Definition of the role of the data base management function will involve a 
systematic analysis of all data files and holdings to identify the optimum 
means of supporting an integrated data base function.  Regardless of the in- 
tertie concept, this effort should be pursued on a priority basis to provide 
more effective management and utilization of data holdings.  Assuming that 
this analysis will support adaptation of a Data Base Management System, the 
further definition of how the data management function would be accommodated 
in a network concept is a basic consideration.  From a conceptual point of 
view, however, pursuit of the back-end data base management (BEP) approach is 
considered the most desirable approach.  In addition to helping to define a 
data management strategy for the future, a comprehensive program addressing 
restructuring of data holdings will nrovide a stronger basis on which to de- 
fine selection and implementation strategy for integration of a mass storage 
system in later nhases of the system development. 

The development of dedicated satellite processing systems, particularly as re- 
lated to the creation of error-free digital records from cartographic sources, 
also represents an area which should be pursued on its own merits.  Improved 
methods of creating and editing digital files and minimizing the throughput 
limitations associated with batch processing will be required independent of 
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a decision to enter into a network configuration.     The design of the intertie 
concept allows  interfacing with these dedicated  subsystems,  but is not con- 
strained by  the  subsystems  themselves. 

A similar development  effort addresses  photogrammetrie  edit and postprocessing 
functions.     Using a conceptual approach similar  to  the  Integrated Photogram- 
metrlc Processing Network  (IPIN),  a system reflecting DMATC-planned photo- 
grarametric  capabilities and  production requirements  should  be addressed   to improve system  throughput. 

Augmentation of existing CELESTE capabilities would provide a third logical 
area in which distribution of the processing work load would facilitate in- 
formation flow and  improve production  throughput. 

The evolution of DMATC  processing environment  into a  highly integrated capa- 
bility will require parallel action in the above areas.     The ar as cited are 
considered basic  to an orderly growth of DMATC capabilities regardless of  the 
advanced  system concept  selected.     In addition  to  these actions,  advances in 
technology related  to mass storage systems and associative array processors 
should be continuously monitored.    In both of  these areas emerging technology 
holds good prospects  for increasing the viable options which may provide cost- 
effective solutions  to  projected DMATC needs.     The important  factor is  that 
each of these potential  system components should be viewed from the "top 
down" and in terms of its specific contribution  to  the Center's long-term ob- jectives. 

Beyond these,   it would not be wise to lock into a particular physical instal- 
lation scheme based  on  today's  technology for a  system whose operational  ta get is in the 1980's. 

The realization of objectives by the 1983 time f. ame therefore requires the following projects: 

Augmented  central  computer systems 

Development of  interactive satellite processing subsystems 

Intertie design and implementation 

Development of  a data base management  concept  and acquisition of a 
suitable Data Base Management System (potentially a back-end pro- cessor  svstem) 

•        Possible acquisition of a mass storage system 

If  the above assumptions  represent a reasonable scenario,   it  is believed  that 
the  funding  should be allocated  in the same sequence.     Some phasing at any 
rate is necessary  to   prevent  funding peaks   that would  require major resolution problems. 

r- 
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Finally, as the system concept presented reaches maturity and significant 
portions of the processing work load are distributed, the nature and capacity 
of the mainframe processors will require re-evaluation. While specialized 
functions will be offloaded to the dedicated subsystems, it is reasonable to 
expect that a significant general work load will still require support from 
a mainframe processor.  Even if a dramatic offloading were achieved, it would 
not occur until late in the time frame addressed in this study. 

5.5 Applicability of thf Intertie Concept to DMAAC.  The computer in- 
tertie concepts proposed in this section are considered equally applicable to 
the DMATC and the DMA Aerospace Center (DMAAC).  In both cases the evolution 
and demonstration of back-end data base management could provide a viable 
option to support an integrated data base management function.  In either in- 
stallation, adaptation of the concept would involve a transition toward on- 
line systems and online data bases. The trend toward functionally-oriented 
data bases, such as the Automated Aeronautical Information Processing System 
(AAIPS) or a Gravity Data Base at the DMAAC could be readily accommodated 
within this concept.  In both cases, some level of computer interface is in- 
herent as it is in any truly distributive processing concept.  Similarly the 
same constraints, including an accommodation of multi-level security require- 
ments, are the most severe hindrances to evolution of an integrated system 
concept. DMAAC projected data processing requirements identified in July 1975 
reflected a stable requirement for SAA processing capability.  If this pro- 
jection remains valid, security constraints may in fact be less significant 
for the DMAAC and allow earlier integration of a significant portion of the 
DMAAC data processing environment. 
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6. CONCLUSIONS 

This section presents a summary of the most significant conclusions reached 
during the study effort. Although the conclusions are presented as individ- 
ual items, there is a high degree of interdependence between both the con- 
clusions and individual recommendations which follow. 

6.1 Central Processing. Based on the requirements provided by DMATC, a 
major augmentation of the central processing capabilities will be required in 
FY 1977. 

• Projected growth in processing requirements at the SAA and the col- 
lateral levels will require augmentation at both of these security 
levels. 

• As the work load increases on the augmented central processors, a 
corresponding need for increased input/output capability can be 
anticipated. 

• As the level of processing activity increases, use of magnetic tape 
as the primary file transfer media will increase tape proliferation. 
Quality control problems associated with manual handling of large 
quantities of tape can be expected to increase dramatically. 

• Continued operation in a batch mode for processes which require 
numerous sequential processing steps (such as cartographic data 
capture and edit) will limit the reduction of production throughput 
time. 

6.2 Dedicated Processing Subsystems.  Improved production throughput 
time can be achieved by a transition toward distributed satellite processing 
systems. These dedicated systems would perform data edit functions in an in- 
teractive mode and support routine data functions. 

• Based on an indepth examination of the SACARTS system, a significant 
improvement in the calendar time required to generate digital cart- 
ographic files will require implementation of an interactive carto- 
graphic data edit system. 

• Development of a photogrammetric postprocessing system, similar In 
intent to the Integrated Photogrammetric Instrumentation Network 
(IPIN) would allow performance of edit and formatting functions at a 
rate consistent with the output of photogrammetric devices. Design 
of this system should be tailored to DMATC photogrammetric capabil- 
ities and production requ4rements. 

• Continued expansion of the capabilities within the CELESTE process- 
ing system to support data edit/formatting functions would minimize 
the Impact of the high input volume seasonal work load on the cen- 
tral systems. 

- 
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• Implementation of dedicated processing systems will involve extend- 
ed lead times.  Consequently, their potential for offloading pro- 
cessing from the central systems would not be realized for several 
years. The extent to which these dedicated systems will relieve 
the central processor work, load will depend on the functional cap- 
abilities provided.  Their most dramatic effect, however, is ex- 
pected to be improved throughput calendar time. 

6.3 Data Systems.  From a functional view, the work load and data stor- 
age associated with the production of 1:50,000 scale topographic maps will 

remain the dominant factor in the DMATC through the 1983 time frame.  (Atten- 
tion is drawn to the Addendum to this report which cites a recent change in 
DMATC program direction.) 

• The SACARTS system, both in terms of its hardware components and 
the GIST software system, should receive priority attention to im- 
prove its capability to support this primary production area.  Con- 
tinued actions to improve both throughput capacity and throughput 
time is essential. 

• Data files constituting a potential source data base (UNAMACE mas- 
ters, SACARTS, DTIB) could reach a level of 4.7 x 1012 bits by 1983. 
This estimate is based on projected magnetic tape holdings and 
should be subjected to further verification. Within the context of 
this study these files are considered primarily archival in nature. 

• Projections for online data storage indicate a potential requirement 
for approximately 225 million words, exclusive of catalogue file and 
scratch space.  This estimate reflects the study team's assessment 
of minimum online file capacity, rather than user stated turn around 
requirements.  A continued effort to define this requirement based 
on production response requirements is warranted. 

6.4 Information Management.  Data files currently maintained by DMATC 
are essentially independent files.  In most cases, interactions between files 
must be manually generated.  This mode of information handling precludes the 
rapid exploitation of interrelated but independent fact files to responsively 
support management functions. 

A need is recognized for an improved file management capability to provide 
more responsive support to the production planning process.  This need will 
require a systematic approach to allow the integration or enhanced respon- 
siveness of files which identifv the availability of source materials suitable 
for the support of new nroduction requirements. 

6.5 Security.  Protection of multi-level security Information is and 
will remain a major consideration and constraint during the evolution of any 
DMATC system architecture. 

6.6 Advanced Technology.  While virtually all aspects of data process- 
ing technology are changing at a rapid pace, the following represents the 
study teams view of how specific technologies pertinent to the study are ex- 
pected to affect the evolving DMATC environment. 
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6.6.1 Mass Storage Systems.  Prospects for significant breakthroughs 
in mass storage technology are not encouraging.  While advanced methods will 
mature, costs will remain high. Costs associated with new technology are ex- 
pected to remain high as compared to magnetic tape technology. Significant 
growth potential in magnetic tape technology will tend to maintain the rel- 
ative cost advantage of tape technology for some time. 

6.6.2 Associative Array Processors. Despite demonstration of carto- 
graphic applications on the associative array processor, extensive research 
and development is required to provide a system suitable for use in a pro- 
duction environment. Major development efforts are still required in areas 
of mass storage and high order language development. 

6.6.3 Microprocessor Technology. Microprocessor technology is expected 
to become increasingly important in the performance of high-volume repetitive 
processing requirements associated with cartographic production.  The poten- 
tial use of microprocessors to perform a control function is also expected 
to play a major role in providing increased security control within inte- 
grated data management structures. 

6.6.4 Back-End Data Base Management.  The utilization of minicomputers 
to support a Data Base Management System is a promising technology providing 
a broad scope of architectural options. A principal motivation for this type 
of data base management system is the alignment of processing functions with 
machine capabilities and hence maximizing the efficiency of applications- 
oriented processors such as the UNIVAC mainframes. Back-end data base manage- 
ment holds promise for an economical solution to data base management and can 
be adapted either for completely centralized data base management or a dis- 
tributed data base concept. 
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7.  RECOMMENDATIONS 

The following recommendations are limited to the major actions considered es- 
sential to meet the data processing and data handling requirements of the 
DM/TC in the 1977-1983 time frame. No single recommendation is considered 
adequate to provide a system capability which addresses all facets of the in- 
creased processing and data handling problems facing the Center. Consequent- 
ly, the following parallel actions are recommended to provide the balance ef- 
forts considered necessary to meet DMATC goals through 1983 and beyond. 

• Continue actions to augment the central processing capability of 
the Center.  The processing requirements as provided by the DMATC 
support augmentation with a UNIVAC 1100/40 or equivalent processor. 

• Initiate actions to provide an interactive cartographic data edit 
subsystem to improve production throughput time for creation of 
digital cartographic data files.  The system selection should be 
a design that can be easily adapted to meet interactive edit re- 
quirements of the Field Offices. 

• Initiate actions to define functional and system requirements for 
a photogrammetric postprocessor tailored to DMATC production needs. 

• Continue actions addressing information management to allow more 
responsive exploitation of resource files. Achievement of this ob- 
jective will require the following actions: 

Examine files with a view toward integration or interfacing 
of related fact files 
Examine the feasibility of structuring fact files under a Data 
Base Management System 
Continue file evaluation program to refine data volume esti- 
mates for online storage and archival storage requirements 
Continue file evaluation program to refine file access and 
response time requirements to provide planning data for re- 
finement of mass storage system requirements 

• Continue efforts to improve production throughput capacity of the 
SACARTS system.  Specific actions should include: 

Refine the role of the scanner/plotter and DIODE system in 
the production cycle 
Initiate efforts to examine alternative options for scanner/ 
plotter data processing support 
Consider development of an intermediate data structure for 
GIST levels 1 through 4 to support online interactive data 
capture/edit functions 
Plan for the integration of automated cartographic functions 
in the Field Offices within the scone of SACARTS production 
activities 
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Initiate research and development programs supporting an evolution 
toward an Integrated system architecture as proposed In the com- 

puter Intertle concept 

Integrate within the overall ADP support plan actions addressing 
ether Center processors. Because of their age replacement of both 
the B-3500 and the IBM 7094 must be anticipated. Replacement of 
the Geodetic Survey Squadron hardware should be addressed early be- 
cause of potential costs associated with old equipment. A require- 
ments definition study should be initiated with replacement by a 

minicomputer as a prime consideration. 

! ' 

Si 
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APPENDIX A 

SACARTS 

A.l Introduction.  Because of the heavy production work load programmed 
for support by the Semi-Automatic Cartographic System (SACARTS) , the need for 
a detailed examination of this process was recognized early in the study. As 
a major user of UNIVAC 1108 resources, increased production of topographic 
maps to be supported by SACARTS to a level of 500 map sheets per year was rec- 
ognized as one of the principal DMATC growth factors. 

As the effort progressed, recognition of the relationship of SACARTS to other 
programs (such as the raster scanner plotter, the DIODES system, the potential 
entry of an ADP capability in the Field Offices) and the expected role of 
automated cartography in long-range PDOP considerations, emphasized the signi- 
ficance of SACARTS and the importance of resolving related problems. 

A.2 Background. The development and application of automation support 
to the cartographic production requirements of the Topographic Center (TC) has 
received increasing emphasis over the past years. The application of this 
technology has followed the general pattern set by industry at large.  That 
is, it has progressed from accounting-type functions, through the scientific 
and technical area, into production management and information storage and re- 
trieval applications. Paralleling industrial developments, the application 
of automation technology to cartography began on the periphery of the process 
and is working its way toward direct and more efficient support of the overall 
production activity. 

The impact of technology on the forms of information input to the cartographic 
process and on cartographic products themselves has been dramatic.  New de- 
mands for speed, precision, and product form flexibility are being levied on 
the cartographer—demands that canrot be met without the deliberate develop- 
ment of new techniques for storing and handling cartographic information. 
Cartography is a unique and difficult application area for automation; it 
stubbornly refusal to yield totally to quantitative methods.  An extensive, 
dynamic, scientific method is involved in the practice of modern cartography. 
However, a generous portion of the art of automatic cartography remains unre- 
vealed; this promises to keep the cartographer very much involved for years to 
come.  This is significant to the designer and builder of cartographic support 
systems since, to be successful, such systems must provide for purposeful hu- 
man interaction at strategic points throughout the process. 

To date, three major automation development efforts have focused on several 
aspects of the production process: the Digital Topographic. Data Collection 
System (DTDCS); the Universal Aucomatic Map Compilation Equipment (UNAMACE) 
System; and the Semi-Automatic Cartographic System (SACARTS). 

During the development of the above three systems a series of data files was 
developed for the direct support of cartographic maintenance, production re- 
search, cartographic compilation, and topographic production functions. Ex- 
perience gained through the development of these systems has resulted not only 
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in a mature understanding of the cartographic products, processes, and infor- 
mation requirements, but an intimate knowledge of the production methods used 
at the Topographic Center. 

A.3 SACARTS Development.  The development of SACARTS at the Topographic 
Center is one of the major efforts concerned with computer-supported carto- 
graphic production.  SACARTS was developed in a quasi-experimental environ- 
ment, one that addressed both the hardware and software aspects of an automat 
ed cartography system. Work station development resulted in the combination 
of state-of-the-art and industrial "shelf" items yielding several types of 
digitizing subsystems (analog-to-digital) for the capturing of raw digital 
data and for providing a means by which previously digitized data may be modi- 
fied and edited. 

Extensive investigation by DMATC established that the software required to 
support "auto-carto" requirements did not exist. Many of the problems had not 
been addressed in depth while others did not preserve a system concept and/or 
maintain the required accuracy.  It was decided to design a total software 
system. 

The Graphic Improvement Software Transformation system (GIST) is the product 
of that design.  It is a batch-oriented modular system that operates on the 
UNIVAC 1108. GIST consists of seven modules which can produce a series of 
color-separated plots employing a limited repertoire of symbolization opera- 
tions.  These plots are suitable for producing a finished reproducible pro- 
duct. 

A.4 Identification of Problem Areas.  The review of procedures and tech- 
niques related to the use of SACARTS was conducted by interview with working 
level personnel using the system, by familiarization with actual operations, 
and by examination of software documentation for the GIST system. During the 
course of the review, three problems were identified as significant which lim- 
it the throughput capacity of the system or cause undesirable burden on pro- 
cessing facilities. Two of these problems are associated with the GIST soft- 
ware system—namely, the use of a batch mode operation during the data capture 
phase, and the efficiency of data base access techniques.  The third problem 
area is associated with the SACARTS subsystems used during the digitizing and 
editing process.  Although these problems are not totally independent, they 
will be treated as three separate topics. 

A.4.1 GIST Batch Mode Operation. The GIST system is a collectio.i of 
program modules used to create and maintain a digital data structure in the 
automatic cartographic effort at the Topographic Center.  Each module executes 
on the UNIVAC 1108 in an independent fashion and in a batch mode environment. 
While each module appears to perform its function as originally intended, use 
of the batch mode of operation constitutes a major drawback to efficient high 
volume production. 

Figure A-l is a generalized production flow aiagram showing the SACARTS pro- 
cessing steps and illustrating the GIST modules. A significant point that 
becomes apparent in the diagram is the requirement for human intervention at 
each step in the processing sequence. The efficiency of the SACARTS depends 
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in large measure on the degrading effect of the man-machine/human-intervention 
requirements of the batch modules of the GIST software package.  In essence 
the original objective of minimizing human intervention in the GIST process 
has been thwarted by the manual intervention imposed by the existing batch 
mode of processing. 

The modular segmentation of the GIST functions operating in a batch environ- 
ment imposes an unreasonable delay, measurable in days, in creating a digital 
file in which all features are correctly positioned and classified. This is 
due to need for sequential processing of the GIST modules 1, 2, and 3, and 
then the iterative cycle of executing GIST modules 4 and 3 to accomplish the 
edit and verification functions of the data capture phase. The need for GIST 
module 1 to successfully complete before GIST module 2 can be executed may in 
itself cause one or more days delay in a batch environment since the execution 
could be aborted for a variety of reasons such as an error in the GIST 1 input 
parameter card deck, the correct work tape not found at the UNIVAC 1108, pari- 
ty on work tape, etc. The possible causes for delay are many, expensive, and 
unacceptable. Each of the GIST modules requires a human to handle an input 
tape (at least one), an output tape (at least one), and to prepare and handle 
the input parameter card deck used to control the specific functions to be 
performed by the called GIST module. GIST 4, in addition to these restric- 
tions, requires the cartographer to follow a stringent set of procedures while 
performing edits to a master file. Violation of these procedures could cause 
an edit update job to a GIST master file to be aborted and/or possibly con- 
taminate the data file. 

The segmentation of GIST modules 1 through 4, combined with the UNIVAC 1108 
batch environment, may have been an asset in the GIST development phase, but 
it proves to be a detriment in a production environment. GIST was designed 
as a passive data base manipulator. There is no direct interplay with the 
cartographer and the data file and, an excessively long calendar time is re- 
quired to acquire an error-free digital master file. 

In summary, the GIST software performs two general functions: GIST levels 
1-4 support the accumulation of an error-free digital file with all features 
classified correctly and positioned properly. GIST levels 5-7 support tht 
symbolization and color separation of the error-free data in a digital file. 
The latter function lends itself quite readily to a batch environment and 
therefore no real loss is suffered through its residence and execution on the 
UNIVAC 1108; the former, as previously discussed, does in fact suffer greatly 
in the form of an extended time requirement in performing its tasks. 

. 

A.4.2 Data Base Access. A data structure, as detailed in Graphic Im- 
provement Software Transformation by H.R. Cook, was created to support GIST. 
The data structure incorporated in this design provides access to data to per- 
form local edit in a batch mode. In this mode the speed with which a GIST 
master file can be created and maintained may not be critical. Data access 
time becomes critical when use of an interactive data capture and edit system 
is considered. Rapid recovery and display of data in the interactive mode is 
a critical human engineering factor. For use in an interactive system it is 
essential that the data base structure be such that any feature in the digital 
file can be located quickly and efficiently. 
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The GIST data structure uses a Cartesian coordinate system which assists in 
subdividing the surface of the source document (chart, photo, plot, etc.) into 
a series of well defined areas of half-inch squares called sections.  Etch 
section contains a number of "pages" which in turn is comprised of a group 
(11 maximum) of data nodes.  It is these data nodes that contain feature 
classification information and coordinate (X, Y) information in the form of 
chain-encoded vectors that describe the convolutions of the feature.  Since 
a node is finite in length, it may be necessary to chain or link a family of 
n nodes to fully describe a feature.  Classification information stored in 
each node is redundant in all but the first node in this case. 

When editing, the cartographer identifies a position (X, Y) on the source doc- 
ument via the stylus location.  The UNIVAC 1108 batch GIST module 4 will use 
the X, Y position to select a data base "section/page/node." Each of the 
chain-encoded vectors in each node is processed in a filtered search in an 
attempt to match a point on the feature with the point specified by the stylus 
X, Y coordinates.  If a match is not made, the next node is processed until 
a match is found or all nodes in the page have been examined. Similarly, sub- 
sequent pages associated with the specified section are sequentially examined 
in an attempt to locate the desired point. 

A major problem of the current data base structure is that a family of n 
nodes, that is used to define a unique feature, cannot be addressed as one 
complete feature and must be referenced as a group of sequential nodes. There 
is no common identifier by which a group of nodes constituting a unique fea- 
ture such as a road, a river, or a railroad may be addressed. This inability 
to address a "complete feature" on a sector basis hampers several economic 
software methods that could be used to decrease the data point search/locate 
time in an edit sequence. 

The method which is now used to partition data in a GIST matter file may not 
provide sufficient selectivity to perform an efficient retrieval operation. 
To illustrate this point we will outline an alternative approach and then 
compare the data retrieval process using the GIST structure to the alterna- 
tive. 

Assume an alternative approach in which a feai.jre consists of a chain of n 
nodes and that the chain is identified by a unique name. Assume further that 
each sector is overlaid with a grid and that each grid intersection is a 
pointer to an inverse list containing the unique name assigned to each feature 
that passed through the domain of that grid intersection.  Retrieval for edit 
or examination will be greatly enhanced since the X, Y position of the work 
station stylus can be used to select the appropriate grid intersect which in 
turn yields the name of the feature(s) within the domain of that intersection. 
The random search ^f data nodes has been greatly reduced if not eliminated. 

•■ 

The following example (Figure A-2) illustrates how the search operation under 
GIST would differ from the operation using a grid overlay. 

The significance of improving the time required for feature retrieval is not 
as obvious as the consequences of an all batch operation.  In the batch mode. 
Increased search time is less apparent, and the processing time mav not 
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GIST PAGE 
CONTAINING 

SECTION M 
SECTION M 

{           CONTROL           1 
INFORMATION 

I   NODE      1 F(1)   1 

; *—{"    2 F(1) 

3 F(1)   | 

4 F(2)   | 
5 F(3) 

6 F(3)   | 
7 F(4I 

8 F(5) 

t           9 
T       10               ! 

|    NODE     11 

GRID INTERSECT TABLE A-1 

A        B        CD 

I 

1 1 1 

4 2 2 

3 

4 

Assume GIST section M with features 1 through S in residence. Feature 1 requires 2V> GIST nodes for its description; 
feature 2, I node; feature 3, I'/i nodes; features 4 and 5,1 node each. Overlay section M with a grid containing 4 inter- 
sections A, B, C, and D. Each intersection is a pointer to a list of feature ID numbers showing the features thai pass 

through the domain of the intersection. Table A-1 corresponds with section M. 

The cartographer may edit by placing the stylus on any point on the feature of interest, producing an X, Y value for 
point iden:ification. Feature 5 is selected for modification. The GIST system requires all data in nodes 1 through 8 
inclusive be sequentially searched until a position match is made. Using the grid intersect table, the stylus position iden- 
tifies intersect D as the nearest intersection. Feature identification (3 and S) are extracted and only 3 nodes instead of 

8 will be searched before a match is made. 

\ 

Figure A-2. Example of an Alternative Retrieval Method 
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in fact be a major concern.  Efficiency of the data retrieval operation be- 
comes significant, however, when use of an interactive edit system is consid- 
ered.  In this situation, the time required to retrieve a feature from the 
master file will translate to user delay and could constitute a major user 
frustration. Because of this limitation, and a recognized need to minimize 
retrieval time in an interactive situation, redesign of the data structure or 
development of an intermediate data structure specifically designed for inter- 
active file maintenance should be considered. 

A.4.3 Data Capture Systems.  In this section some problems and possible 
solutions related to existing data capture/edit devices are addressed. 

A.4.3.1 Digital Planimetrie Compiler (DPC).  This is a special purpose 
system used to convert source material from an analog to a digital form. The 
equipment used to achieve this conversion is one mainframe CPU (PDP 11/20), 
one magnetic tape used as the output medium, and five Bendix Datagrid systems 
for data capture.  The operational procedures required for datagrid setup, 
data capture, edit, and classification are well known and are not the subject 
here; instead, some of the DPC system problem areas and their resulting UNIVAC 
1108 considerations are the points to be addressed. 

• Data Sort Problem.  Each work station has a unique identification 
number associated with it; as the data is created, it is tagged with 
this identification number and stored in an assigned buffer reserved 
for that station. The data is written to magnetic tape on carto- 
grapher command or when the PDP 11/20 buffer becomes full. The out- 
put buffers from each table are written on the output magnetic tape 
in a mixed random sequence. 

• Output Data Format.  The output format of the DPC is incremental 
data and not the absolute (X, Y), CALMA/NOVA format required by the 
Graphic Improvement Software Transformation (GIST) . Therefore, all 
DPC output tapes must be sorted and reformatted on the UNIVAC 1108 
prior to GIST operations. The 1108 sort/reformat sequence may re- 
quire 11 separate batch 1108 computer runs, the end result of which 
is five magnetic tapes sorted by work station identification number 
and in the CALMA/NOVA format required by the GIST system. 

• Job Inflexibility. Two different jobs (A and B) may not be sequen- 
tially mounted on one work station with both jobs creating data 
since the table identification alone is inadequate to distinguish 
job A from job B on the output tape.  If the DPC output tape were 
changed to permit one station to work on two different jobs (A and 
B), the output from the 1108 sort/reformat operation would be 10 
magnetic tapes to handle, bookkeep, and process—when in fact six 
tapes (two for one station) are all that are really required. 

The problems inherent in the operation of the DPC are: 

• Table identification and not job identification is used to identify 
the mixed random data records written on the DPC output magnetic 
tape. 
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• Only one composite output tape is generated containing randomly 
mixed data records from each work station in operation. 

• The magnetic tape output format is incremental in nature and is not 
directly acceptable as input to the UNIVAC 1108 GIST software. 

• UNIVAC 1108 time is required to perform the preprocessing sequence 
of the DPC table sort/data reformat prior to submission to the GIST 
system. 

• The DPC sort/reformat sequence requires a large n"mber of intermed- 
iate processes. 

• Since the output magnetic tapes generated on the DPC cannot stack 
multiple data files, each day's work on output tape must be pro- 
cessed on the UNIVAC 1108 yielding relatively small amounts of data 
per work station and increasing the number of work tapes required. 

• Near the end of shift a cartographer may elect not to start a second 
job on a work station rather than cause an interruption to all 
othe^- work stations to permit the DPC output tape to be changed. 

• Handling a needlessly large number of magnetic tapes increases the 
possibility of human error, tape error (such as parity), and mul- 
tiplies the probability of data degradation and loss. 

All of the above prob] ems are encountered in the DPC or in the required pre- 
processing steps prior to entry to GIST module 1. The cycle occurs both when 
initially creating a file or when updating a master file. The next two points 
address the GIST operations for each of the data capture systems and not just 
the DPC. 

GIST modules 1, 2, and 3 must be exercised to create a master file 
and a proof plot to verify the accuracy of the captured data. 
UNIVAC 1108 turn around time (measured in days) and the UNIVAC 1108 
costs are factors for consideration. 

•   GIST modules 4 and 3 must be executed repeatedly (on the UNIVAC 
1108) to complete the edit and data capture verification cycle. 
Calendar time and UNIVAC 1108 costs are again the factors that must 
be evaluated. 

When examining the problems listed above, it becomes obvious that the major 
fault in the operation of the DPC subsystem is the indiscriminate manner in 
which the output from all work stations is written on the one magnetic tape 
used as the output device. It becomes equally obvious that this could be the 
point of attack to make a significant improvement in the operation and cost 
effectiveness of the Digital Planimetrie Compiler. 

A possible minimum change consideration for the DPC would be to expand the 
subsystem's hardware and software so that each work station is assigned its 
own output magnetic tape. The physical tape unit may be assigned dynamically 
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at the start of job processing but in no case should more than one work sta- 
tion write output to a given tape unit at any one time.  The software could 
also be expanded to permit multiple date files with each file representing one 
job to be stacked on the output tape. This would make it possible for one 
tape to contain several days' work for a given job prior to submission to the 
GIST preprocessor  Data identification on magnetic tape is currently made by 
the work station identification number.  This job identification and account- 
ing would be more meaningful and definitive if it were related to a job ID/ 
charge-number/data scheme.  These minimum changes would relieve or eliminate 
6 of 10 deficiencies discussed above; there are, however, some additional mod- 
ifications that should be considered. 

A secondary change that could be made would be more difficult to implement 
with a smaller return on effort. This would involve either changing the DPC 
magnetic tape output format to the CALMA/NOVA notation or provide software to 
make the format transition.  The existing PDP 11/20 would be the ideal place 
for the software to reside, but a detailed analysis of the new CPU time re- 
quirements (suggested minimum changes above) and the various techniques of 
implementing the new output format should be performed to determine the feasi- 
bility of this enhancement on the current PDP 11/20. 

All the above alternatives add up to a significant reconfiguration of both the 
DPC software and hardware.  In addition, the data base structure of the GIST 
system is not considered efficient for use in an interactive system.  The 
question must be asked: Is this the point in time when the knowledge gained 
through the operation of the DPC subsystem, as well as the other known data 
entry devices, and the knowledge of the pros and cons of the various modules 
of the GIST subsystem should be combined and analyzed to determine the practi- 
cality of designing and implementing an interactive edit system on a dedicated 
midi/mini computer, using state-of-the-art devices for data capture and edit- 
ing? 

A discussion of some of the functional objectives and operational requirements 
of such a system is addressed later in this Appendix. 

A.4.3.2 Comp-U-Grid (CEC) and CALMA (C-985).  The CEC and the CALMA are 
both data entry systems used to convert analog source material (maps, plots, 
photo, etc.) to a digital form directly acceptable to the GIST system.  While 
there are some hardware differences, these two systems are essentially the 
same.  Each system has two strong points.  First is that each output tape 
contains information from one work station (only one work station exists on 
each system), and the second is the output format is an absolute format (CAL- 
MA/NOVA) and is directly acceptable by the GIST system.  Note that most of 
the faults cited for the DPC subsystem do not exist here, but there are poten- 
tial Improvements that should be addressed. 

Each system, the CEC and the CALMA, is expensive for the rate of return In 
captured, verified digital data.  This reflects two basic design features—one 
input work station per system, and a dependency on the batch operated UNI VAC 
1108 GIST system to create a master file, verification plots, and to update 
(edit) master data files. r 
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The eKisting hardware configuration in each system (excluding output tapes) is 
considered capable of supporting at least two input work stations with the ap- 
propriate software. The cost of an additional work station is a relatively 
small amount to increase the data capture rate and to insure that one inopera- 
tive work station does not remove a complete subsystem irom the active produc- 
tion line. 

The dependency on GIST to create a master data file, provide a verification 
plot, merge corrected digital data (results of an edit operation), and to add 
new digital data to a master file adds a large calendar delay time period to 
the processing sequence, reducing the effective capture rate of both systems. 
A side effect of the GIST turn around time is a decrease in the effective use 
of the cartographer due to fragmentation of his work on a given job. Several 
days may elapse waiting on UNIVAC 1108 turn around, and the cartographer may 
need a period for a reorientation to the job at hand. 

A.5 SACARTS Expansion.  The Topographic Center recognizes that SACARTS 
is in a state of dynamic evolution accommodating advancements of new and im- 
proved hardware systems. Associated with new equipment is acknowledged need 
to modify and improve the software techniques used to support and service 
these new devices. The most current expansion to SACARTS is the addition of 
the raster scanner/plotter, a device that should operate with a time/data 
capture rate that will prove cost effective when compared with the current 
methods of capturing digital data. A parallel development, which can function 
independently of the raster scanner/plotter or may be used to augment its op- 
eration, is the Digital Input/Output Display Equipment (DIODE). The DIODE is 
an interactive edit device which will permit the cartographer to make changes 
(corrections or additions) from an analog source directly to a digital data 
base (not the GIST data base). 

A.5.1 Raster Scanner. The raster scanner/plotter serves two separate 
functions which can be used independently. The functions of the scanner would 
be performed in the following order: 

First, the source document to be converted to a digital raster image is mount- 
ed on the scanner. The scan function is performed and a raster matrix is 
created. 

Second, a lineal file using the new "MAP01" raster-to-linear software will be 
generated. The product lineal file is in a CALMA/NOVA format and is accept- 
able to GIST for subsequent edit procedures. 

In adaition to the "MAP(9l" software, RADC raster-to-lineal conversion software 
is being delivered to the DMA and installed on the DMAAC UNIVAC 1108 process- 
or. This software, which could be adapted to GIST output, is used to illus- 
trate the need for an edit capability. The remainder of this section discus- 
ses some of the considerations involved if the RADC-generated raster-to-line- 
ar software were used to create the lineal file from the raster matrix. This 
serves as background in discussing typical edit operations. The generated 
raster matrix is operated upon by a set of software used to first skeletonize 
(reduce) the volume of data and, second, to create a series of lineal fea- 
tures. These features are created and the data points linked based on the 
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A.5.2 
quirement 

Raster Plotter.  The raster plotter has somewhat a different re- 
A software package is being provided to convert a raster matrix 

impge to a string of commands (on/off, burn/non-burn) used to control the 
raster plotter and accomplish the generation of the output product. This re- 
quires the generation of the raster image from a linear file.  Software is 
under development to make this conversion. 

A.5.3  Digital Input/Output Display Equipment (DIODE). The DIODE is a 
high-powered interactive edit device. The options available for data selec- 
tion and edit will make it a valuable addition to the SACARTS once it becomes 
operational.  Its throughput rata will no doubt outstrip any work station 
currently in operation.  Its interface into the SACARTS production system in- 
troduces two problems.  First, the DIODE, accounting for the GIST deficiency 
in a file maintenance operation, uses a data structure that is more suited for 
file maintenance requirements.  The result is that a GIST master file must be 
reformatted prior to DIODE processing and the DIODE digital data in turn must 
be converted to a GIST format after all processing has been completed.  The 
second consideration is that the DIODE currently supports a single work sta- 
tion and regardless of its throughput rate is a prime candidate to become a 
bottleneck due to hardware malfunctions and the sheer volume of data to be 
processed. 

A.6 Summary.  Some of the operational and functional aspects of the 
SACARTS in its current configuration and with the enhancements of the DIODE 
and the raster scanner/plotter were discussed in this appendix. The objective 
of this discussion is to summarize some of the bottlenecks and the environ- 
mental conditions, In both hardware and software, causing these choke points. 
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distance relationship of one point to another.  It should be noted that the 
output of this function is a group of features (point and linear) for which 
feature classification information is not and cannot be provided at this 
point.  In addition, feature nositional definition conflicts, such as a fea- 
ture splitting into two legs forming an inverted Y, cannot be properly 
resolved by software.  The feature definition and classification problems 
must be resolved by an edit operation. 

Third, the lineal features are edited.  Unfortunately, this is easier said 
than done. The output format generated by the RADC raster-to-linear software 
does not agree with any of the formats currently in use by SACARTS.  None of 
the data entry devices (DPC, CEC, CALMA, or DIODE) can operate on this format, 
nor can the GIST system process the raster-to-linear output. 

A reformat program would be required, but the more efficient approach in CPU 
time and therefore cost, would be to redefine the output format of the RADC 
raster-to-linear software to agree with one of the SACARTS operational data 
structures. Once the data is in the correct format, it will be possible to 
create a GIST master file with dummy header information attached to each fea- 
ture. The edit operations required to accomplish feature classifications, 
resolve positional conflicts, and any other desired or necessary edit changes 
could be performed on any work station (DPC, CEC, CALMA, or DIODE) in the 
SACARTS. 

—. . . - . 



The remainder of this section will briefly recap the major points discussed in 
the preceding portion of the SACARTS appendix and present several conclusions. 

A.6.1 SACARTS Recap.  GIST software operates on the UNIVAC 1108 in a 
batch environment. There are seven program modules which are the components 
of GIST. These seven modules comprise six independent software packages; mod- 
ules 5 and 6 have been combined into one executable software package.  Each 
package must be operated in the proper sequence and its results verified be- 
fore the next software package in the production chain may be activated.  Each 
software package requires human intervention by a cartographer for input data 
preparation and control card deck setup and by the UNIVAC 1108 operator for 
execution.  The sequential nature and the need to verify the accuracy of the 
work performed combine to add a calendar delay time measured in days in ac- 
complishing the UNIVAC 1108 processing.  In addition, this sequence results in 
a proliferation of Intermediate tapes. This increases the likelihood of con- 
fusion in tape handling and errors in reading or writing (parity) the data 
tapes. 

The current GIST data structure does not lend itself to the rapid modification 
(edit) of a digital file.  Digital data is organized in a GIST master file on 
a sector/page/node basis.  Each node contains feature classification informa- 
tion, control data, and a series of encoded vectors which describe the convo- 
lutions of the line segment contained within the node.  When performing an 
edit on an existing feature, two pieces of information arr; supplied—feature 
classification identification number range and the X, Y position of the work 
station stylus. A filtered serial search of each node in each page of the 
section selected by the X, Y position of the stylus is then required in an 
attempt to match the location identified by the cartographer via the stylus 
with a point found within a node that satisfies the feature classification 
identification range specified in the request. 

The serial search of all nodes within the sector, even with the one element 
filter, is a sequential process that increases computer search time on the 
UNIVAC 1108. See section A.3 for a discussion of the GIST data structure with 
an example of a possible alternative approach to reduce or eliminate the time 
requirement for a sequential search of the GIST nodes in an attempt to locate 
a cartographer defined point. 

Data capture devices (digitizing subsystems) are isolated from the GIST sup- 
port software and cause a fragmentation of the work effort and cartographer's 
concentration.  The three existing subsystems (DPC, CEC, and CALMA) are pass- 
ive in nature. All actions performed at the work stations must be interpreted 
by the GIST UNIVAC 1108 software before a digital master file can be created 
or amended. The DPC further complicates the production operations because as 
many as five work stations may be intermixing data on one input tape that is 
in a format not acceptable for input to the GIST system.  Several levels of 
DPC reconfiguration of hardware and software are discussed in section A.4; 
that section also addresses the CEC and CALMA digitizing subsystems. The 
data capture rate for the CEC and CALMA systems is restricted by virtue of 
only one work station associated with each system. 
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The raster scanner and Its associated raster-to-linear software package 
(MAP01) will produce a lineal file containing linear and point features with- 
out any feature classification information. There is a need to edit the file 
and thereby classify features and resolve X, Y positional conflicts that oc- 
curred during the raster-to-linear conversion.  This edit is not a trivial op- 
eration and with the current SACARTS equipment can be quite a time consuming 
procedure.  However, the anticipated speed with which the entire process of 
scanning, linear conversion, and editing can be accomplished indicates a 
throughput rate that is likely to prove cost effective. Once the DIODE is 
fully operational and is inserted in the above procedure, a major improvement 
in cost effectiveness over the current SACARTS digitizing systems should be 
realized. 

The DIODE operates on a data format that is foreign to GIST and all of the 
current SACARTS digitizing subsystems.  The DIODE offers a dedicated minicom- 
puter that allows the online interactive edit of a digital file.  The edit 
functions will be augmented by a strong set of flexible options to support 
the cartographer when performing the necessary correction and addition to the 
digital file.  All digital files must be reformatted on entry to and on exit 
from the DIODE system. 

The DIODE, once fully operational, should provide a marked increase in edit- 
ing throughput rate.  It is, however, just one device and its ability to keep 
pace with the raster scanner's output is In doubt at this time.  Documentation 
describing the current DIODE configuration at the Topographic Center indicates 
that it is capable of being expanded to two work stations. An evaluation of 
cost of expansion to a two work station DIODE system and an analysis of the 
benefit in the form of overall increase of throughput rate should be undertak- 
en.  Some key points to be considered in the benefit analysis are: degrada- 
tion of system response time to the cartographer's commands, changes in bulk 
storage requirements, and variations in the mean-time-between-fallure with 
the addition of the new equipment. 

The raster plotter will generate a plot, regardless of the data volume or 
density, in approximately 15 minutes. A lineal file may not be plotted on the 
raster plotter.  The lineal file must be converted to a format that is accept- 
able to the plotter. Traditionally, software used to convert the linear file 
to a raster file and then to a set of on/off burn/no-burn commands ha^e been 
time consuming.  The software is still under development, and tinal estimates 
of the throughput rate are not now available. 

A.6.2 SACARTS Conclusions.  The evolution of SACARTS to its present sta- 
tus has undergone an extended period of growth as additional requirements and 
capabilities were introduced.  Its transition to a high-volume production sup- 
port system has involved a concerted and committed effort on the part of per- 
sonnel in the Department of Cartography to fully exploit the system capabili- 
ties to meet these production needs.  Many of the limitations of the current 
system have already been recognized by these personnel and have resulted in 
recommendations for system change or enhancement.  Introduction of new equip- 
ment such as the DIODE and the Scanner/Plotter together with expanded system 
software capabilities reflect further evolutionary growth of system capacity 
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and flexibility. This growth also indicates an increasing trend toward inter- 
active operations with more direct participation by the cartographer function- 
ing in an interactive mode. This analysis has therefore concentrated on ex- 
amining areas which the study team feels will provide the greatest benefit to 
the cartographer in expanding the throughput capacity of the SACARTS system. 

Within this context the following conclusions were drawn: 

• Augmented digitizing systems (CEC and CALMA) could increase the 

data/edit capture rate. 

• An augmented DPC would relieve a burdensome data preprocessing/re- 

format problem. 

• Augmented digitizing systems will not resolve: 
The UNIVAC 1108 processing work load for data entry, edit, or 

feature search time. 
The calendar time required to sequence GIST software modules 1 

through 4. 
The volume of intermediate magnetic tapes to be handled, pro- 

cessed, and iournalled. 

• GIST modules 5/6 and 7 do iy>t suffer in operational efficiency due 
to the batch environment of the GIGT/UNIVAC 1108 structure. 

• GIST modules 1 through 4 require frequent human intervention by both 

the cartographer and the computer operator. 

A.6.3 Recommendations. 

commendations are made 

As a result of this analysis, the following re- 

A dynamic online interactive data capture/edit system encompassing 

the functions of GIST modules 1 through 4 should be considered. 
A functional description of such a system is provided in Appendix B. 

Some desirable objectives are: 
Dedicated minicomputer with multiple smart work stations 
Full interactive edit capacity operating directly on the digi- 

tal data base 
Localized quick-look proof plot capability 
Cartesian coordinate conversion to geographic coordinates and 

vice versa 
Reformat to DMA standard for Planimetrie data format 

Mainframe CPU foreground/background operation 

The system selected to perform the interactive edit function in sup- 
port of SACARTS should be of a design that can be easily adapted 
to meet interactive edit requirements of the Field Offices. 
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APPENDIX B 

INTERACTIVE EDIT STATION FUNCTIONAL DESCRIPTION 

The SACARTS evaluation identified a major problem area, the calendar delay 
time required to generate an error-free digital data file.  The d^.iay time is 
the result of the batch mode environment of CIST modules 1 through 4. 

The delay arises from the sequence in which every action performed by the 
cartographer at a work station must be recorded on magnetic tape and physi- 
cally moved to the UNIVAC 1108 computer area.  One way to offset this calen- 
dar delay time is to use a dedicated interactive minicomputer network that 
affords the cartographer the ability to create a data file in the proper for- 
mat and allows the cartographer to interactively modify or edit that data 
file. A detailed discussion of such a system is outside the scope of the 
SACARTS evaluation task, but, the tremendous impact such a system would have 
on the data capture/edit procedures demands that a few words must be in- 
cluded.  Figure B-l illustrates a typical interactive data capture/edit sys- 
tem.  The remainder of this section will address some of the considerations 
associated with the smart work stations, communication interface, and the 
mainframe CPU of such a system. The system is described in terms of functions 
and does not describe any specific system known to exist currently. 

B.l Smart Work Station. The incorporation of a minicomputer at the 
work station coupled with a prudent system design makes it possible for each 
work station to create and edit digital data as if it were the only station 
operating.  All data captured at a work station is in the proper format; the 
need for preprocessing/reformatting is eliminated. 

All data capture/edit operations are performed within the work station (CPU). 
The cartographer at the work station may direct the mainframe CPU to perform 
operations on a data file such as save file to magnetic tape, transform to a 
geo-coordinate system, etc. (see Background Functions below). 

B.2 Desirable Work Station Functions. Work station capabilities should 
include the ability to perform the following functions; 

•   Select the mode of operation.  Reducing work station software to 
categories (or modes) of operation (digitize data, edit, etc.) 
makes it possible to decrease the volume of software required in 
the work station CPU at any one time.  This allows for a more ef- 
ficient and economic use of core.  Some of the operational modes 
that should be considered are: 

Job log on/off, fetch job accounting software and initialize/ 
report the ]oh  statistics associated with this job 
File header define, name the file, and supply cartographic 
parameters associated with the new ^ita file 
Source document registration on digitizing table 
Define feature classification, classify or reclassify a 
feature 
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Digitize a feature, interpret the movement of the stylus, and 
create a digital feature.  Both trace and point-to-point modes 
are honored in any combination. 
Edit a feature, an additional modifier is required to select 
the desired edit option (see Edit digital data below) 
Remote Job Entry is used to specify a job(s) to be performed 
on and by the mainframe CPU.  The jobs that may be executed 
are listed in the Mainframe CPU discussion that follows. 

• Define job accounting information for journaling 

• Define file header data;  lat/long of reference corner and control 
points, projection type, etc. (projection type required only if a 
geo-transformation is anticipated) 

• Register source document to digitizing table, generate parameters 
to compensate for rotation, translation, and skew of source docu- 
ment placement on digitizing table 

• Enter feature classification information, permit multiple feature 
headers to be defined when processing in either the digitize or 
edit mode 

• Digitize data in any combination of trace and point-to-point modes. 
If multiple feature headers have been defined, create duplicate 
features. 

• Edit digital data, the following functions should be included: 
Delete a feature from the file 
Delete a segment of a feature, possibly resulting in two 
features 
Change classification information 
Feature end segment modify, manually change the beginning or 
end point of a feature 
Modify the mid-segment of a feature 
Split a feature into two or more features and change classifi- 
cation information if desired 
Join two features 

B,3 Work Station Hardware. The following hardware illustrated in Fig- 
ure B-l would be required for the work station: 

• Minicomputer containing 16K of core controls all phases of the op- 
erations at work station as well as the asynchronous communications 
with the mainframe CPU via the communication interface device. 

• Paper tape reader serves as the input device for work station diag- 
nostic software. 

• Refresh CRT presents a dynamic prer-cntation of a feature on which 
the cartographer is performing an edit. 
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Storage CRT with an optional hard copy capability will serve sever- 
al functions. Menus guiding or prompting the cartographer in a se- 
quence of manual operations required to perform a task will be pre- 
sented; messages from the work station CPU (i.e., job complete, job 
abort, etc.) will be displayed, and the storage CRT provides an 
economic means by which a family of features around a designated 
point can be displayed. The economy is realized through the saving 
of core required by a refresh CRT that is not required by a storage 

CRT. 

• Alphanumeric keyboard is the command input device which permits the 
cartographer to direct operations to be performed by the work sta- 
tion CPU.  Individual commands and alphanumeric text may be entered. 

• Special function keyboard will augment the alphanumeric keyboard. 
Most commonly used commands will be selectable via one button de- 
pression reducing the number of physical actions required on the 
part of the cartographer. 

• Digitizing table is a data entry (capture/edit) device.  It pro- 
vides the cartographer with the ability to classify, create digital 
data, and to modify and edit existing digital data. 

B.4 Communication Interface. This is an asynchronous device used to 
control the transfer of data between each work station and the mainframe CPU. 
The asynchronous aspect of the device ameliorates the timing constraints that 
exist in the mainframe CPU. Each work station is connected through dedicated 
lines through the Communication Interface to the mainframe CPU insuring im- 
mediate access to the mainframe CPU. The data transfers may be either serial 
or parallel word transfers. Each word transfer should be controlled by a 
ready/resume signal exchange between the two CPU's to eliminate the possible 
loss of data due to an overwrite during the data exchange. 

B.5 Mainframe CPU. This CPU serves two functions:  full and immediate 
support of the work being performed at the work station, and honoring job re- 
quests initiated at the work station of a quasi off-line nature, i.e., file 
save to magnetic tape, generate a plot tape, etc. (see Background Functions 
below).  To support these functions the CPU will operate in a foreground/ 
background environment. 

Requests to retrieve work station programs and to store/retrieve digital data 
are foreground requests and are of the highest priority. They will be hon- 
ored immediately on receipt in the mainframe CPU. Any background processing 
will be interrupted to permit a foreground request to be honored. 

The software provided with this CPU includes a complete data base management 
system to support the storage and retrieval of digital data created/edited at 
the work station and stored on the bulk storage disk included in the main- 
frame CPU. 
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B.6 Background Functions.  Some desirable background functions are the 
abilities to: 

• Save a digital file on magnetic tape for archival storage and/or 
input to GIST modules 5/6 

• Restore a digital file from magnetic tape to permit a new round of 
editing 

• Transform a two dimensional Cartesian digital file to a spherical 
geographic coordinate file 

• Transform the geographic coordinate file to a Cartesian coordinate 
file 

• Polygon extraction, used to create a new file that will contain the 
digital data inside or outside, as specified, of the cartographer 
defined polygon 

• Proof plot generate 

• Merge two files into a new file 

• Filter a file, extract selected features from a parent file and 
create a new file.  The cartograpner will dynamically set the fea- 
ture selection parameters directing the filter operation. 

• Panel two files and create a third file.  Two files geographically 
adjacent to each other are candidates for a panel (not merge) oper- 
ation. When panelling a traveling feature, such as a road that 
crosses from one file into the other, the result would be one con- 
tinuous feature in the product file.  In a merge function the prod- 
uct file would preserve the two original features as separate 
entities. 

B.7 Mainframe CPU Hardware. The mainframe CPU hardware would function 
as follows: 

• Mainframe CPU will provide all support software required by the 
various work stations, and the data base management system to store 
and retrieve digital data from bulk storage; control data transfer 
to and from magnetic tape; provide work station software on re- 
quest; and perform special software functions (see Background Func- 
tions above) . 

• Card reader—data input device primarily used for software develop- 
ment (optional). 

• Paper tape reader—input device for mainframe CPU diagnostic 
software. 

• 
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Operator control console—operator command input device. 

Line printer—used as an output report device. 

Fixed head disk—central storage device for all work station CPU 
and mainframe CPU software.  Speed of access makes the fixed head 
disk more desirable than a removable disk pack unit. 

Bulk storage—online bulk storage is used to store the active dig- 
ital files (in use at the work station). All access to these files 
is made through the data base management system of the mainframe 

CPU software. 

Magnetic tapes—serves several functions:  archival storage for er- 
ror free files, plot tapes for data verification, data input device 
for archival error free files or for data files generated by other 
agencies, and data output device to allow data to be distributed to 
other agencies. 

159 

■.      ■    ■    ,-1||      :.......V....   ^..■■..i|.|.. ■i ■.,..... ^^.^.^aMAai^^ 
MM^MliliMfe 



t'v *'--,;'j""*'"j' ^-_» »^J*"     11 up iiiiipiiiiipiipMmf^^^ ■ .,,itmmvmH%w \mHHm^immh\mmmm.^i mmmmmm*^- 

BIBLIOGRAPHY 

Anderson, J. P., Multics Evaluation—Final Report, Report //ESD-TR-73-276, Oc- 

tober 1973. 

Baldauf, David L., "Experiences with an Operational Associative Processor," 
G. Coos and J. Hartmanis (eds.), Lecture Notes in Computer Science, Parallel 
Processing, Proceedings of the Sagamore Computer Conference, August 1974, 

pp. 270-271. 

Bauer, Lyal H., "Imnlementation of Data Manipulating Functions on the STARAN 
Associative Processor," G. Coos and J. Hartmanis (eds.). Lecture Notes in Com- 
puter Science, Parallel Processing, Proceedings of the Sagamore Computer Con- 

ference, August 1974, pp. 209-227. 

Branstad, D. K., "Security Aspects at Computer Networks," AIAA Computer Net- 
work Conference, Huntsville, Alabama, April 1973. 

Cullinane, J., et al.. Commercial Data Management Processor Study (Babbage), 
Cullinane Corporation, Wellesley, Massachusetts, December 1975. 

Curran, L., "Air Force 'Kernel' Attains Computer Security Using Existing Tech- 
nology," Electronics, Volume 49, September 30, 1976, p. 59. 

DeFiore, D. R., et al., "Associative Techniques in the Solution of Data Mana- 
gement Problems," Proceedings ACM National Conference, 1971, ACM, pp. 28-36. 

Flynn, M. J., "Some Computer Organizations and their Effectiveness," IEEE 
Trans. Computers, September 1972, pp.  248-960. 

Gillotte, M., N. Andres, and M. Birdsall, ACS Data Bank Development—Final 
Report Contract F30602-75-C-0008 Pattern Analysis and Recognition Corporation, 
Rome, New York, July 1976. RADC-TR-76-372. AD//B016452L. 

Goodyear, "STARAN APPLE Programming Manual," Document GER-1563B, September 

1974. 

Gudes, E., and H. S. Koch, "The Anplication of Cryptography for Data Base 
Security," Proceeding of NCC, June 1976, p. 97. 

Heinrich, F. R., and D. J. Kaufman, "A Centralized Approach to Computer Net- 
work Security," Proceedings of NCC, June, 1976, p. 85. 

Higbie, L. C, "Supercomputer Architecture," Computer, December 1973, pp. 48- 

58. 

Ingemarsson, I., "Analysis of Secret Functions with Application to Computer 
Cryptography," Proceedings of NCC, June, 1976, page 125. 

160 

fc-^-— -     -   - iiiBiriiriiftiiiiTiiüiiiii ^^fc^.^i^^^.-.M.^.^i^^.^^.^^^^,^,^^^. 



vm^wmm^mm,:- "^wt 

Johnson,  M. D.  and D.  C.  Gunderson,   "An Associative Data Acquisition System," 
Proceedings 1970 International Telemetry Conference,  April 1970,  pp.  107-115. 

Kaufman,  D. J.,  "A Distributed Approach to Computer Network Security," System 

• evelopment Corporation,   SP-3848, May 31,  1976. 

Lampson,  B. W.,   "Dynamic Protection Structure,"  Fall Joint Computer Confer- 

ence,   1967. 
Lowenthal,  E.  1.,  The Back-End  Computer,  MRI  Systems Corporation,  April 1976. 

Martin,  J.,  Security,  Accuracy,   and Privacy in Computer Systems, Prentice- 
Hall,   Inc., Englewood Cliffs,  N.J.,  1973.     -     - 

Moulder,  R.,  "An Implementation of  a Data Management System on an Associative 

Processor," NCC,   1973. 
"Privacy and Security in Computer Systems," NBS Special Publication #404, Pro- 

ceedings of a Conference held at NBS, March 1974. 

Radosevic, R.  G.,  et al.,   "Associative Array Processing of Raster Scanned Data 
for Automated Cartography," Final Report ETL-0046,  March 1976. 

Ruben,   S.,  et al.,   "Application of a Parallel Processing Computer in LAC1E," 
paper presented at International Conference on Parallel Processing at Walden- 

woods, Michigan,  August 1976. 
Schmitz, H. G.,   et al.,  "ABMDA Prototype Bulk Filter Development Concept 
Definition Phase," Final Report,  Contract No. DAH60-72-C-0050, NTIS, April 

1972. 
Shore, J. E.,  "Second Thoughts on Parallel Processing," Computing and Electri- 
cal Engineering,  Volume 1,  Pergannon Press, Oxford,  England,   1973,  pp.  95-109. 

Thurber, K. J.,  "An Associative Processor for Air Traffic Control," Proceed- 
ings AFIPS Spring Joint Computer Conferences,  1971,  pp.  49-59. 

Wald,  L. D.,  "Integrated Voice/Data Compression and Multiplexing using Associ- 
ative Processing," Proceedings AFIPS,  1974 NCC, May 1974,  pp.  133-138. 

Wald, L. D.  and G. A.  Anderson,  "Associative Memory for Multiprocessor Con- 

trol," Final Report NAS,   12-2087,  September 1971. 

161 

I..        .  .,. .,„^  ^■^^^_..^^...-.     ^■^^_-..„,^^.. .    .,    ^^^ 



^ PPHR ■'   " ' 

METRIC SYSTEM 

BASE UNITS: 
Quantity Unit SI Symbol Formula 

length 
mass 
lime 
electric current 
thermodynamic temperature 
amount of substance 
luminous intensity 

SUPPLEMENTARY UNITS: 

plane angle 
solid angle 

DERIVED UNITS: 

Acceleration 
activity (of a radioactive source) 
angular acceleration 
angular velocity 
aroa 
density 
electric capacitance 
electrical conductance 
electric field strength 
electric inductance 
electric potential difference 
electric resistance 
electromotive force 
energy 
entropy 
force 
frequency 
illuminance 
luminance 
luminous flux 
magnetic field strength 
magnetic flux 
magnetic flux density 
magnetomotive force 
power 
pressure 
quantity of electricity 
quantity of h^at 
radiant intensity 
specific heal 
strekS 
thermal conductivity 
velocity 
viscosity, dynamic 
viscosity, kinematic 
voltage 
volume 
wavenumber 
work 

metre 
kilogram 
second 
ampere 
kelvin 
mole 
candela 

radian 
steradian 

m 
k| 
s 
A 
K 
mol 
cd 

rad 
sr 

metre per second squared 
disintegration per second 
radian per second squared 
radian per second 
square metre 
kilogram per cubic metre 
farad 
Siemens 
volt per metre 
henry 
volt 
ohm 
volt 
joule 
joule per kelvin 
newton 
hertz 
lux 
candela per square metre 
lumen 
ampere per metre 
weber 
tesla 
ampere 
watt 
pascal 
CLulomb 
jouW 
war per steradian 
jou'e per kilogram-kelvin 
pa«cal 
watt per metre-kelvin 
metre per second 
pascal-second 
square metre per second 
volt 
cubic metre 
reciprocal metre 
joule 

s 
H 
V 

V 
I 

N 
Hi 
Ix 

Wb 
T 
A 
W 
Pa 
C 
I 

m/s 
(disintegration )/s 
rad/s 
rad/s 
m 
kg/m 
A-a/V 
AW 
V/m 
V-»/A 
W/A 
V/A 
W/A 
N-m 
)* 
kg-m/s 
(cycle)/« 
Im/m 
cd/m 
cd-sr 
A/m 
V-s 
Wb/m 

* 
N/m 
As 
N-m 
W/sr 
|/kg.K 
N/m 
W/m-K 
m/s 
Pa-s 
m/s 
W/A 
m 
(wave)/m 
N-m 

SI PREFIXES: 

MultlplK.ation Factors 

1 000 000 000 000 ■ 10" 
1 000 000 000 = 1Ü" 

1 000 000 = 10* 
1 000 = 10' 

100 ■ 101 

10= 10' 
01 = lO"' 

0.01 ■ lO"1 

0 001 =10-' 
0 000 001 ■ lO"» 

0 000 000 001 ■ 10"* 
U'HXHIOOOOOOOl ■  10   ,: 

0 000 000 INHI (Mill 001      10- ■' 
0 000 000 000 000 (HKI 001       1(1   " 

Prefix 

Inra 
m» 
mega 
kilo 
hecto' 
deka' 
decl* 
OMM* 
mllll 
micro 
nano 
■tea 
fnmld 
alto 

SI Symooi 

T 
C 
M 
k 
h 
ds 
rf 
t 
m 
i' 
n 

Tu be avoided where poasibl« 
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MISSION 
of 

Rome Air Devebpment Center 

RADC plans and conducts research, exploratory and advanced 
development programs in command, control, and connmications 
(C3) activities, and in the C3 areas of information sciences 
and intelligence.    The principal technical mission areas 
are communications, electromagnetic guidance and control, 
surveillance of ground and aerospace objects, intelligence 
data collection  and handling, information system technology, 
ionospheric propagation, solid state sciences, microwave 
physics and electronic reliability, maintainability and 
compatibility. 
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