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ABSTRACT

With the DASA Department of Defense Damage Assessment Center a
significant advance has been achieved inthe establishmentof alarge-scale
military data handling system which operates under real-time constraints.
Although characteristics and requirements of this system are similar to
those of Command/Control systems now in development, the integration of
man to this configuration is of paramount concern. The DODDAC demands
swift man and system interaction to elicit the information upon which
decisions are based.

The system consists ofa Control Data Corporation 1604 Satellite Sys-
tem and communication and display devices manufactured by Thompson
Ramo Wooldridge Inc. The latter includes a Computer Communication
Console and an on-line group display.

Introduction

The need for adamage assessment center
that could rapidly handle and process ex-
tremely complex military data led to the ex-
pansion of the Defense Atomic Support Agency
toinclude the Department of Defense Damage
Assessment Center (DODDAC). Under the
Deputy Chief of Staff, Damage Assessment
Systems of DASA, DODDAC now provides
damage assessment support to elements of
the Department of Defense and the Joint Chiefs
of Staff. It provides comprehensive informa-
tion affecting peacetime and wartime deci-
sions with rapidity after particular queries
are received. Because of the great amount
of data handled, the complexity of the proc-
essing, the comprehensiveness and the facility
of output, and the fast system responses re-
quired for both man and machine, the design
and implementation of the data system are
especially challenging. In delivering this
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performance, DODDAC represents a signifi-
cant advance in large scale data handling
systems.

The characteristics and requirements of
this system have many features common to
the general class of military Command/
Control systems now in development. They
require, for example: large capacity random
data storage devices, parallel processing of
data, continual operation with near absolute
reliability, real-time response, and servicing
of queues formed by continual data entry and
consumer requests for output.

Of paramount concern was the integration
of man to the configuration, i.e., providing
him with adequate tools by whichhe interacts
with the data and the processing. In this
respect especially, the design represents one
of the more advanced real-time systems in-
corporating on-line interrogation anddisplay.

The DODDAC system design and project
management was provided by the DASA. The
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design was implemented by a Control Data
Corporation Satellite System, a Ramo-
Wooldridge Interrogation and Display System,
and by programming and modelling accom-
plished by the System Development Corpora-
tion. This paper presents the technical
aspects of the data processing and display
systems, following a discussion of the mis-
sion, functions, and requirements of
DODDAC.

Mission

DASA is a joint services organizationwith
broad military responsibilities in the atomic
energy field. DASA, formerly the Armed
Forces Special Weapons Project, succeeded
the Manhattan Project of World War II. As
part of its responsibilities, DASA has for
some years been performing computational
studies of weapons effects, hazards, and
vulnerabilities related to atomic warfare,
exercised earlier by the DASA Deputy Chief
of Staff for Weapons Effects and Tests and
now, insofar as applications to real target
systems, by the Deputy Chief of Staff for
Damage Assessment Systems. Under the
latter, DODDAC was established by a Depart-
ment of Defense directive. On March 4, 1960,
the Chief, Defense Atomic Support Agency,
was designated as Executive Director of the
DODDAC.

Should war occur, DASA (DODDAC) will
support the Joint Chiefs of Staff and other
designated military and government groups
in assessing nuclear damage sustained by the
armed forces and resources of the United
States, its allies, and the enemy, supplement-
ing its peacetime responsibility for apprais-
als of attack hazards and vulnerabilities.

Figure 1 depicts schematically the mis-
sion of DASA DODDAC by presenting the
overall data flow through the system. Data
comes into the DODDAC from the indicated
agencies in three categories: target data,
system parameters, and attack information.
Target data is a comprehensive description
of forces and resources, system parameters
include certain data on weapon effects, and
attack information is that volatile data related
to a specific and unpredictable pattern of
events during post attack phases.

The sources and users of data shown in
Figure 1 isnotan exhaustive list buta repre-
sentative one. The principal user, as indi-
cated, is the Joint Chiefs of Staff.

Functions and Requirements

A general statement of the functions of the
DODDAC is as follows: perform hazard and
vulnerability studies on a continuing basis,
keep an up-to-date file of military forces and
resources information, and in the event of
hostilities, accept information quickly, proc-
ess it rapidly, and provide display products
suitable for top level command use.

The DASA-DODDAC has also been given
the responsibility to support the war gaming
activity of the Joint Chiefs of Staff. In this
capacity the DODDAC works with the Joint
War Games Control Group from which guid-
ance is given leading to the development of
gaming models, computer programs imple-
menting the models, output designs and
presentation methods.

More specifically, the imposing list of re-
quirements is as follows:

1. Providea data base of informationnec-
essary for damage assessment proc-
essing which caninthe near future grow
to 100 million characters.

2. Provide a meanstoup-date the data base
on a day-to-day basis.

3. Design and implement a data handling
system for handling these large amounts
of data accurately and expeditiously.

4. Allow for the data transmission to
DODDAC over hardened, secure, and
reliable communication facilities, and
devise and arrange for sources of in-
formation appropriate to the damage
assessment process.

5. Accept attack data as real-time inputs
and allow for their direct input to the
computer system,

6. Develop damage assessment models
which represent the delicate balance
between comprehensiveness or real-
ism, and speed.

7. Provide a technique for man/machine
communications, allowing quick access
to nearly all data in the files.

8. Provide a system for the automatic
generation and presentation of high
quality output products of fast response
which are suitable for group viewing by
top command personnel.

There is a special challenge in the last two
requirements for there are few, if any, data
processing systems in existence today which
provide all flexible and all-purpose interro-
gation and display system required.
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Figure 1. DASA--DODDAC Mission - Overall Data Flow

Figure 2 shows the functions to be per-
formed by the data system. The input data,
as shown, can come inthrough many sources:
voice communications, teletype data links,
specialized communication systems, and
standarddigital data links. The system must
allow for automatic entry of data as well as
manual type entry. The computations must
allow for various kinds of damage assess-
ment processes. For the various models,
there must be a number of modes of operation
which allow various trade-offs between com-
prehensiveness of the model and the speed
with which results must be obtained. Standard
output in terms of hard copy must be avail-
able. In addition, individual or console type
displays are necessary for the individual
analysis of file data.

A last requirement for output is a display
for group viewing. Man/machine facilities
for the input of data and for calling for re-
quests, complete the required capabilities of
the system.

Of special concern is the system for group
display. Inorderto havethe quality and com-
prehensibility of the group display required
for command use, it was deemed necessary
to have a full color display system. It was
desiredthat this display system allow for the
placing of symbols on maps and charts in
full color, with no dilution of the color of the
superimposed symbols. Finally, because of
large amounts of information to be placed on
the slides for group viewing and the fast re-
sponse times necessary for their preparation,
it was necessarytohave completely automatic
operation. This automatic operation must
allow for the input of information directly
fromthe computer, the automatic preparation
of the slides, and the transportation of the
slides toa projector for viewingas required.

Implementation Philosophy

Inthe fall of 1960the first steps were taken
toward the eventual operational DODDAC. In
order to accelerate the establishment of the




20 / Computers - Key to Total Systems Control

INPUT COMPUTATION OUTPUT
AMAGE HARD COPY
BLAST DAMA CONSOLE DISPLAY
DATA BASE UPDATING ——————— FALLOUT COMPUTATIONS EEE— 'GROUP DISPLAY
WEATHER INFORMATION FATALITIES &
NUCLEAR CASUALTIES
DETONATIONS FILE MAINTENANCE
DAMAGE REPORTS EXECUTIVE CONTROL
MAN-MACHINE
INPUT DATA
OUTPUT
REQUESTS [

Figure 2. Data System Functions

necessary capability, an implementation
philosophy was adopted which saw the follow-
ing three activities in parallel development:

1. A semi-automatic manual system pro-
viding an immediate and basic capa-
bility.

2. A Developmental Center containing a
simplex of equipments with which to
study and test the operational DODDAC
environment and requirements. This
functional unit also represents a level
of sophistication that fulfills many of
the requirements set forth by the De-
partment of Defense.

3. Develop a design of future systems,
based on a better understanding of the
problems and experience gained in op-
erating the first two systems.

This planallowed anearly basic capability
while recognizing that significant technology
must evolve gradually inareas of computers,
programming, and displays, with the passage
of many months. It wasrecognizedthat start-
ing immediately toward a full blown opera-
tional system would have been costly and in-
efficient; the plan allowed the maximum
contribution to damage assessment required

by national defense.consistent with reasonable
expenditures.

In this paper we consider aspects of the
Developmental Center which is now equipped
with data processing and display facilities.
This system was integrated and established
through the combined participation of military
and industrial groups. As shown in Figure 3,
the Project Management and system design
was supplied by DASA which contracted the
computer subsystem to Control Data Corpo-
ration, the programming data processing
tasks to System Development Corporation,
and the man/machine communication and dis-
play subsystem to Thompson Ramo Woold-
ridge Inc.

In the fall, 1961, the Developmental Center
was equipped with the data handling equip-
ments. The Developmental Center satisfies
most of the requirements listed above. It is
implemented with a large-scale multi-
computer systemand a modernman/machine
communication and display system which will
provide the basis for future developments of
operational systems.

Data System Concept

The DASA-DODDAC's function is to pro-
vide command elements with appropriate
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Figure 3. DASA--DODDAC - Contractor Team

information in a military environment with
littledelay. These requirements were trans-
lated into a data system having the following
capabilities and attributes:

1. Parallel processing

2. Ease of communication interface

3. Flexibility of organization

4, Growth potential

5. High speed

6. Large, random access storage

The operational tasks were analyzed and
are shown in Figure 4. Each of these areas
is a functionally independent block requiring
periodic intercommunication.

Computer Subsystem

The Control Data Corporation 1604 Satel-
lite System was selected by DASA asthe com-
puter subsystem for the Developmental Cen-
ter. This multi-computer system possesses
attributes which meet the data processing
requirements stated above. The requirement
for a large, random access storage device
was answered by the addition of a Bryant-320
Disc Fileto the CDC equipment. This unit is
able to store over 30 million characters, and

has a character transfer rate which ranges
from 20 KC to 62.5 KC.

The complete system includes:

1 1604 Computer

2 160 Computers

3 1607 Tape/160 Computer controls

12 Magnetic tapes (Ampex FR-307,

character transfer rate 30 KC)
Bryant 320 Disc File
1610 card reader, punch adapter
Card Reader (IBM 088)
Card Punch (IBM 523)
1606 Printer Adapter
High Speed Printer (Analex, 1000
lines per minute)

Each of the three computers has an asso-
ciated Ferranti paper tape reader and tele-
type tape and punch. Also,a Soraban-modified
IBM electric typewriter is included with the
1604 and one of the 160 computers.

The organizationand interrelationships of
the system are depicted in Figure 5. In this
configuration one of the CDC 160 computers
is designated to the input/output area, pro-
viding the necessary buffer and processing
capabilities for data entryand hard copy out-
put. This computer also has the function

[
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Figure 4. DASA--DODDAC Data System Functions

usually associated with off-line tape to card,
card to tape and tape to printer operations.

The second CDC 160is devoted to a time-
shared operation between the three units
electrically tied to itself. This includes the
1604, a communication console, and the large
screen display. The latter itemswill be fur-
ther discussed in the next section.

Finally, the 1604 computer performs the
analytical and retrieval tasks. This includes
the computation of the damage assessment
process and the output processing. The
scheduling and direction of data flow is under
the executive control of a master program
operating in the 1604.

It is significant that this system is com-
pletely integrated as an on-line functional
unit., In this senseit is unique inadapting the
satellite computers for both "off-line' type
operations and as computer partners in sup-
port of the real-time processing operation.

An interesting design problem was faced
in the assignment of data transfer channels
to the various devices connected to the 1604.
Since the computer is equipped with 3 input
and 3 output buffer channels and a high speed
transfer channel,a large degree of flexibility
is afforded.

In the DODDAC, the 1604 has direct con-
nection to the following:

Console typewriter

Console punch tape punch
Console Punch tape reader
Three 1607 tape systems
Printer control unit

Card reader/punch control unit

RO 20T

g. Disc file
Figure 6 indicates the channel assignments
as established for the 1604. The rationale
behind this selection was guided by the follow-
ing principles:

1. Peak performance satisfaction during
real-time operation

2. Accommodate individual data transfer
rates

3. Avoid time sharing of high duty cycle
devices

4. Provide alternate paths for reliability
and back up.

Of the nine devices connected to the 1604, the
priority equipments are the disc file, the 1607
associated with the display subsystem and the
1607 servicing the input/output. Accordingly,
each of these units is assigned to separate
buffer channel pairs.

Secondary assignments are now made for
the remaining devices. The typewriter, tape
reader and card punchare all associated with
the input/output channel. This has two ad-
vantages:

1. Provides high priority 1/0 capability
for short bursts which circumvent nor-
mal queuing procedures.

2. Gives alternate paths in the event of a
1607 or a 160 failure.

The remaining element requiring assignment
is the third 1607. This is tied to the channel
used by the disc since these two elements
were usually not to be called uponat the same
time. Theassociated tape units also provide
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Figure 5. DSAS--DODDAC Computer Subsystem Organization

a potential backing to the disc since both
devices contain the data base.

The assignments reflected above provide
a clear channel for the interrogations and
outputs serviced by the 160 computer attached
to the display subsystem.

A design decision was made in attaching
the disc file to the buffer channel instead of
the high speed transfer channel. The disc
information transfer rate falls between the
transfer rates of the two types of input/output
channels. Connectionto the high speed chan-
nel would serve to slow down the effective
computing capacity of the central processing;
connection to the buffer channel would limit
the servicing capability to the competing
auxiliary devices whenever computer and
data transfer is at a saturation point. The
latter alternative was chosen and the execu-

tive program controls the additional channel
activations whenever the disc is accessed.

Man/Machine Communication and Display
Subsystem

The real-time aspect of the DODDAC re-
quires man to dynamically interact with the
system to obtaintimely information concern-
ingthe statusof internal information flow and
data file content as they reflect the "outside
world." This quest for facts is motivated by
the need to make decisions which are time
dependent.

In order to facilitate decision making on
the part of DODDAC consumers it is neces-
sary to provide adequate tools for summa-
rizing and presenting data and methods by
which interrogation can be readily processed.

These requirements are met by the Com-
puter Communication Console (CCC) and an




24 / Computers - Key to Total Systems Control

-
| 1 @ G Y
1607 TAPE DISC 1604 12(;7?::';*
SYSTEM FILE COMPUTER (DISPLAY)
l L < ]
s
5 )

@ Q)

1607 TAPE 1610 CARD ELECTRIC 1606 PAPER TAPE PAPER TAPE
SYSTEM READER/PUNCH TYPEWRITER PRINTER PUNCH READER
INPUT/OUTPUT CONTROL CONTROL

Figure 6. Buffer Channel Assignment in the DODDAC

on-line group display supplied by Ramo-
Wooldridge. These items form the basis of
the DODBAC Presentation Room. The CCC
is a single eperator device (see Figure 7)
providing the ability to initiate interrogation
and system control via a keyboard, or to dis-
play system status by use ofa CRT read out.
The group display generates film chips which
are automatically delivered to a projector
for large screen, full color viewing.

The CCC is a general purpose console
facilitating communication between a human
analyst/operator and a computer system in
the performance of:

Data entry

Data analysis
Information retrieval
Display

System control.

These features are summarized as follows:

1. Control buttons on a console keyboard

2. Status lights for indicating system
action

3. Alpha/numeric keys for data entry

4, CRT displays for alpha/numeric dis-
plays

5. Removable keyboard overlay for chang-
ing the problem orientation of the
console.

6. Complete program control of all con-
sole keys, lights and displays.

Of particular significance arethe CRT and
the overlay. The electronic display permits
the presentation of up to 720 symbols out of
a font of 62 alpha/numeric and graphic sym-
bols. Options are available for either out-
putting a full display of 720 characters or any
number of symbols at selected grid points of
the 20 row by 36 column display matrix. The
refresh rate isunder program control and is
usually performed at 45 times per second in
order to avoid flicker.

The overlay (see Figure 8) is the feature
which gives the console application flexibility
anduser oriented characteristics. It consists
of a plastic form which fits over a bank of 30
buttons designatedas the Process Step Keys.
When in place, the overlay supplies an asso-
ciated labor for each button Thus, by
properly engraving the overlay, the Process
Step Keys become functionally tied to a par-
ticular job or operation.

There are 63 overlays possible, each one
being identified to the computer, when in key-
board position, bya code generated by one to
six prongs present on the underside of the
plastic. Each overlay typically will have
associated computer programs which are
activated when buttonsare pressed. Removal
of an overlay and insertion of another effec-
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tively changes the orientation of boththe con-
sole and the computer.

Each label and button of the Process Step
Keys have associated illuminators whose
state is under program control. These lights
are utilized to indicate to the console opera-
tor current operating position by lighting the
proper button, and next allowable steps by
lighting selected labels. Sequential illumina-
tion of these lights, as a function of buttons
pressed, serve to guide the operator through
a particular process. Using these keys to-
gether with the data entry and CRT response
capability, the console can outline and lead
the operator in carrying out specific opera-
tions.

Figure 7. Computer

The on-line group display system produces
photographic transparencies for immediate
full color projection. The slide is a single,
composite 70 mm film chip containing three
images formed by a color separation process.
These images are projected through the lenses
of a special projector and recombined to give
the color presentation. The slide content
represents a combination of previously pre-
pared backgrounds (such as maps, charts
and photographs) with timely, computer-
generated annotations.

The attributes of this display system are:
1. SPEED: The time lapse between the
generating of annotation data and the

Communications Console
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projecting of the typical display chip is
30 to 60 seconds.

2. INFORMATION CLARITY AND DEN-
SITY: Theannotationsappear ashighly
legible alphanumeric characters, lines,
curves, or special symbols in any of
eight fully saturated colors (including
black and white); the background colors
(full range) are equally well saturated.
Backgroundand annotations canthus be
extensively color-coded.

3. INFORMATION PERMANENCE AND
ACCESSIBILITY: Display chips con-
stitute a permanent record easy to
store and retrieve; individual chips are
automatically selected from random
access, 200-chip file magazines.

4. AUTOMATIC OPERATION: The film
chip generation, processing and deliv-
ery isunder complete program control,

These advantages are made possible by the
use of various special techniques. The high
overall response time is due largely to the
high speed of photographic developing (1-1/2
seconds) resulting froma combination of two
relatively new photographic techniques. One
is that of color separation to create a color
image from blackand white film. The second
contribution came from the use of Kalvatone
film, which isa specialtype of black and white
film that can be developed by heat instead of
chemicals.

The legibility and color saturation of the
displays derives from a "masking' technique
that enables the annotations to be inserted
into rather than superimposed onto the back-
ground so as to eliminate color mixing and
weakening.

Convenient storage and retrieval derives
from the unit record film chip. This slide
can be projectedon large screens or individ-
ual consoles. Slides can be duplicated and
used for multiple projections or processed
to standard color transparencies for dissem-
ination or hard copy printing.

The equipment usedto create the full color
displays consists of four main units:

1. The Control Programmer, which re-
ceives display data and instructions
from the computer and stores them
temporarily for subsequent use by the
Display Generator.

2. TheDisplay Generator,which produces
the actual display chip by obtaining the

necessary instructions from the Con-
trol Programmer. According to these
instructions, a display chip is sequen-
tially exposed with particular sets of
annotations, in given colors, and in-
serted inthe desired space of the back-
ground specified. (This background can
be any of 200 stored in the Display
Generator's random access file.) It
then develops the chip and, if requested,
makes duplicates before passing it on.

3. The Monitor/Analysis Console, which
is an operational viewing station used
to perform quality control check on the
production chips and maintenance con-
trol on the entire system.

4, The Display Projector (or projectors)
receives finished chips from the Dis-
play Generator-and projects them for
individual or group viewing.

In the DODDAC these communication and
display devices are electrically tied to the
CDC Satellite System via one of the 160 com-
puters. The relevant partsof this subsystem
are shown in Figure 9. The 160 computer
provides a satisfactory interface and is time
shared between the following competing tasks:

1. refreshing of CCC's CRT display

. control of CCC illuminators
monitoring of CCC output register
monitoring of 1604 communication
data output to the control programmer
message interpretation and composition
display subsystem control.

Noggewh

The display subsystem, however, entails
more than the connection and operation of
these equipments. The organization of data
within the computer, the programming con-
cerned with the retrieval of this information
and the techniques employed in the requesting
of data, are all integral parts of the man/
machine communication. Because of the ver-
satility of this display subsystem, the user
is not restricted to a few standard displays
from which he must deduce all the informa-
tion required in the numerous situations he
will encounter. Rather, he may request in-
formation for presentation in such a fashion
that each display is tailored to the specific
problem which exists atthetime. Extraneous
information is deleted from any display, leav-
ing only that data which is pertinent to the
situation at hand.

Accordingly, a great deal of flexibility is
desired in making output requests. The CCC
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and the group display serve as the input and
output elements for this process. In fact, the
system user completes an information flow
loop when he wishes to obtain data from the
systemas a result of viewing anoutput. This
information flow is shown in Figure 10.

The output request overlay is instrumental
inperformingthe interrogation. A suggestive
implementation of such an overlayis given in
Figure 11. After pressing the start button
and registering the overlay to the computer,
label lights are sequenced as a function of
pressing each button. This sequencing is
demonstrated in Figure 12.

Pressing any one of the keys will in addi-
tion to setting up this sequencing, also cause
a CRT display toappear. These displays will
generally be of two types. One allows the
operator to make multiple choices of category
itemsor alternatives. A second type will re-
quire data parameter inputs as specified in a
form presentedto the operator. In all cases,
the parameters entered serve to set limits
for the data retrieval and output processing
programs.

DASA DODDAC Status and Developments

The integration of equipment, computer
programs and manwas initiated in the fall of
1961. In addition to having operational stat-
ure, the installation will be used to test the
adequacy of damage assessment models, out-
put displays, personnel requirements and
general systemdesign. Ofparticular concern
is the establishment of communication inter-
faces and data input techniques.

Whereas the Developmental Center is lo-
cated at the Pentagon, plans have been for-
mulated for eventual DODDAC operation in
other appropriate military environments. One
of these is already installed and operating:
the semi-automatic system at the Alternate
Joint Communication Center the hub of which
is an augmented IBM 1401 system.

As stated previously, we believe the De-
velopmental Center System to be among the
most modern large-scale data systems for
real-time. The experience in using the sys-
tem in the Center will add greatly to the de-
sign of future DODDAC systems which are
responsive to the considerable requirements
of the military mission.
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