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FOREWORD

This effort, on the "Design and Development Study for Manned Space
Flight Operatmnl Control and Support; " is composed of eight major areas,
which are documented separately. Some of these areas of study may be
further subdivided but are reported in the same series of documents be-
cause of their interrelated nature. These eight report areas are des-
cribed briefly in the following paragraphs. This report covers progress

to date on the study area listed in Item 3 below:

1. Facility Requirements and Criteria - TR-E112

This report decuments information pertaining to the overall
IMCC building configuration to house the operational and sup-
port systems necessary to the control and support of Manned
Space Flight Programs. Contained within this series of doe-
uments ‘are overall building dimensions, the allocation of space
for major systems and subsystems, and the primary and stand-
by power and air conditioning estimates for the equipment con-
sidered necessary for operations.

2. Information Flow Plan (Gemini Rendezvous Operation) - TR-E114

This report contains three major elements; information flow
requirements, information flow plan, and operational concepts
and procedures. These elements are analyzed both by phase

of mission and by function. Phases include checkout, count-
down, powered flight, orbital operations with emphasis on ren-
dezvous, reentrysand recovery. Major functions include flight
dynamics, spacecraft systems, life support systems, network
control, launch operations,and recovery operations. These re-
ports also discuss the manning of these functions.

3. IMCC Systems and Performance Requ1rements Specification -
TR-E120

The study in this area encompasses the specification of the basic
systems for Gemini (rendezvous), Apollo earth orbital and
Apollo lunar operations, and the specification of an integrated
system, the performance of which will accommodate all three
mission classes without major revision. The major IMCC
systems in this area of study include communication, compu-
tation (interface), display/control, simulation and checkout, and
the local ''remote site!'

P H I L C o K WESTERN DEVELOPMENT LABORATORIES



WDL~-TR-E120

4. Information Flow Plan Development (Manned Apollo Missions)
- TR-E121 ' P

" This series of reports, as in item 2 above, contains information
flow requirements, information flow plan, and operational con-
cepts and procedures for manned Apollo earth orbital and lunar
missions, Information is presented both by mission phase and
by function. The functions covered in this report are essen-
tially the same as for the E-114 series. The phases, however,
include checkout, countdown, earth orbit, translunar flight,
lunar orbit, lunar operations, transearth flight, reentry, and .
recovery, as appropriate. Manning concepts are discussed as
they relate to control and support of these operations, ‘

5. GOSS Performance Requirements Specification - TR-E122

This report translates the information flow requirements into
terms of the performance required of ground equipment to
support Gemini (rendezvous) and manned Apollo missions. It
integrates these requirements so that like requirements for
different missions may be accommodated by the same classes
of equipment. Of equal importance is the difference between
mission requirements (for example, between earth orbital
and lunar missions) and the impact on support requirements.
Performance both within phases and the transition between
phases are documented,

6. IMCC Procurement Plan - TR-E125

This report will contain procurement information on typical
systems and subsystems which perform the functional opera-
tions within the IMCC. It will present scheduling information
on such items as require long lead times and development
effort, and transportation and installation times. It is not
intended to be a full-blown procurement document which typi-
cally includes identification of all of the components and char-
acteristics of these, but rather will provide data which will
demonstrate the feasibility of achieving the target schedule
dates.

7. IMCC Functional Checkout Plan -~ TR=-E126

This report will contain the general plan for the initial checkout
of the IMCC systems both prior to acceptance and after instal-
lation. It will also include documentation on the scheduling of
checkouts once the facility is in operation and will include the
intended use of the simulation and checkout system to facilitate
this checkout., Personnel and equipment required specifically
for systems checkout will be identified as part of the plan.

8. IMCC Functional Maintenance Plan - TR-E127

This report will discuss the plan for maintenance of IMCC
operational systems. It specifically excludes facility main-
tenance. Procedures for preventive and routine maintenance
and the ‘continuation of operations under these conditions will

0y
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be discussed. Considerations of minimum interference to
operations will be delineated. Information concerning logis-

tics, spare parts, personnel, maintenance equipment, etc.,
will be included. ‘
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~ SECTION1
INTRODUCTION

This report presents preliminary system and. subsystefn requifeme-nts
- and specifications for the Integrated Mission Control Center (IMCC) in -
support of the rendezvous phases of Project Gemini and Project Apollo
© Primary emphasis is given to the mis{_sion support requirements for 4
Gemini with due conside.ration,to also accommodate the future phases of

Project Apollo, within the constraints of current information.

These performance requirement specifications reflect a maximum in-

tegration of the IMCC equipment in supporf” of both Gemini and Apollo.

The IMCC performance requirements are bas_éd upon the.continuing de-
tailed studies and development for the overall mission information flow
plan, as presently reflected in WDL-TR-E114-2, Information Flow Plan
(Gemini Rendezvous Operation), dated 9 July 1962, under this contract,
The report covers the considerations relating té display console, data
processing, operational simulation and training, GOSS interface and -

communication requirements.
This report is divided into eight sections, entitled as follows:

Section 1 Introduction

Section 2 Overall IMCC Performance Requirements
Section 3 Communication System |

Section 4 ' Data Processing System

Section 5 ~ Display/Control System

Section 6 Simulation and Checkout System

Section 7 - MSC "Remote Site" '

Section 8 References '

Section 2 summarizes the IMCC functional system requirements which

are based on the overall mission information flow plan as described in

WDL-TR-E114-2, Section 3 presents the IMCC communication system
1-1
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»wh1ch 1s required to accommodate the flow of 1nformat10n W1th1n the

IMCC as Well as the 1nterface w1th the’ remote elements of GOSS

Section 4 covers th'e data proéessing system required to Support the
functlons of d1sp1ay, real-time computatmn. and 1nput-output data

seanmng and formattlng requ1rements.

Sect1on 5 describes the d1sp1ay/control system covering requ1rements,

_techmques and recommended conf1gurat1ons for group and console dis-

'plays

Section'6 presents the requirements and concepts covering the opera-
tional simulation and checkout system to accommodate the mission -

requirements.

Section 7 presents the considerations involved in a '"remote site'' within
the IMCC Which is recommended for primary use in simulation, train-
ing and checkout. In a.dd1t1on, its potentlal use as an operating “remote

site'' station is also presented
Section 8 lists the other documents referenced in this report.

Future revisions of the report will describe the IMCC systems require--
ments in support of earth orbital and lunar Apoilo missions also. The
IMCC systems to support the requirements of both Gemini rendezvous
and Apollo missions will be integrated into one flexible group of sys-

tems capable of supporting each of these missions.

PHILCO
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SECTION 2 |
OVERALL IMCC PERFORMANCE REQUIREMENTS

2.1 IMCC FUNCTIONAL REQUIREMENTS
2.1.1 General

The prime function of the IMCC is to exe‘rcis'e operations direction and
technical management for Manned Space Flight Programs in all aspects
~.of ground support from the beginning of countdown through flight opera-
tions to recovery. ‘Actual control of the manned spacecraft, however,
rests ultimately with the astronaﬁts, he IMCC function includes the
direction of the Ground Operational Support System prior to and during
a flight mission or simulated mission, and, more importantly, the
trénsmission of information, advice, and recommend’ations to the astro-
nauts as to the appropriate action to..be taken under a specific set of
circumstances consistent with flight plan objectives and mission rules.
The IMCC also controls certain aspects of the flight bf unmanned vehi-

cles.
The specific functions of the IMCC which are required to effect the
necessary direction and control fall into three major categories:

a., Pre-flight operations
b. Mission operations

c. Non-mission operations.

The IMCC functions in each of these phases are discussed below and

are discussed in greater detail in reference 1.

2, 1=1

Tt
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2,02 é're.-.mig‘ht, omifé,,tiip'ns. ok

 There are a number of IMCC functians Whlch ﬁmtt ta.ke pla.ce as part of
pre- ﬂ1ght (or pre 1au.nch) operatmnm -, These iunctions relate primanly
to planmng, SImulatlon. testmg, a.n,d checkout These functl_ons’miclude

‘the followmg*

Perform support and operations planning for mis sions.

cop

Develop and perform ‘simulation and trammg exercises
Conduct briefings and de brlefmg on all exercises '
Plan IMCC and remote site checkouts’

a0

Monitor pre-launch bc‘mster and v_ehicle checkout

Prepare flight plans and mission rules .

°

Prepare staffing plans for missions

A

Assist and coordinate recovery planning.

P H l L Co ¢ ) WESTERN DEVELOPMENT LABORATORIES
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2,1.3 Mission Operations

Mission operatxons span all phases of operatmn from the begmmng of

countdown to post fhght debr1ef1ng

Prior to la,unch; ‘the, IMCC functi‘o'ns are concerned primarily with GOSS
readiness and estimated launch time. From l.aunch to recovery, these |
functions include: (1) .direction of the GOSS network, (2) monitorihg
mission status, (3) predicting contingencies and reacting to thefn, and
(4) providing advice to the astronaits and some control of unmanned

spacecraft. (See Reference 1.)
Specific functions in each of these categories are listed below.

2.1.3.1 Direction of GOSS Network

a. Provide communication termination and switching facilities
for the GOSS network

b. Monitor and control voice, TTY, high-speed and low- SPeed
data links to remote sites, the launch complex and the pr1-
mary recovery control centers

“c. Monitor and control voice and data links to the spacecraft

Transmit voice and digital data to the GOSS elements and
to the spacecraft

‘e. Schedule the use of GOSS stations and equipment during mis-
sion periods

f, Schedule voice, data, and video loops during mission opera-
tions

g. - Compute nominal acquisition data for each remote station and

transmit these data to the remote stations. This information
should include time and pointing instructions for spacecraft
acquisition (on the horizon), five degree acquisition, fifteen
degree acquisition, and minimum range acquisition. The
acquisition information should also include communication
data resulting from the checkout and launch tests on both the
Gemini and Agena. Such communication data will facilitate
the establishment of ground-to-vehicle links

2.1.3-1
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2.1.3.2 Monitor Mission Status . ‘ ‘ . ,7
a. Prqvide g_i'oup displays showing overall mission status

b. Provide detailed action displé.ys for flight control and sup-
port persaonnel '

c. Maintain status information on all recovery forces in terms
of location, assistance, and recovery periods for each
designated area

d. Provide mission status information to VIPs, press, and
other agencies

e. Monitor Gemini and Agena systems during checkout and
launch for possible hold decisions and for engineering analy-
sis. If there is a change in the status of the propulsion or
guidance systems, for example, it may be necessary for the
IMCC to perform computations to determine the possible
effects on rendezvous and for the IMCC Flight Director to
recommend a hold decision or mission alteration to the
Operations Director.

Compute and monitor vehicle ephemeris

Compute and monitor orbit capabilities of both vehicles

o

. Make go, no~go decision on Gemini insertion

Compute and monitor, in conjunction with the Launch Con-
ductor, the launch time for the Agena (assumed to be launched ; /)
second) within the launch window. These computations will
- be based on injection conditions and the resultant orbit of
Gemini and the status of both vehicles insofar as status
affects rendezvous.

[

Jj.- Predict landing point, landing time and the associated uncer-

 tainties _

k.  Monitor all spacecraft telemetry including: (1) propulsion
status of spacecraft in terms of remaining fuel, predicted
safety factor, and expected time-to-shortage; (2) spacecraft
pneumatic, life support, navigation and guidance, attitude
control, and other electronic and mechanical control systems;
and (3) insertion conditions for Gemini and the Agena.

2,1,3-2

P H I L C o WESTERN DEVELOPMENT LABORATORIES



WDL-TR-E120

2.1.3.3 Transmission of Instructions to Crew and to Spacecraft

a. ..The final phases of rendezvous will be the sole responsibility
of the spacecraft crew. The IMCC must provide the crew with
the necessary information regarding the status and attitude of
the target vehicle, and the required maneuvers necessary to
effect docking. These recommendations will be based on the
orbital elements of both vehicles and the docking devices in
both vehicles. Should collision be imminent and normal dock-
ing impossible, it will be the responsibility of the IMCC to
determine the appropriate commands and time of execution
to the target vehicle to change its orbit to avoid collision if
this maneuver cannot be controlled from the manned space=-
craft. Such determinations will be based on the orbital ele-
ments and attitude of each vehicle, the energy status or reserve
of each vehicle, and the possibility of a second attempt to
rendezvous; should it be desired,

b. During the final phases of rendezvous, it may be necessary to
adjust the attitude of the target vehicle. The attitude-adjust
commands nd the time of the execution will be determined
by the FDO. Attt mﬁ{ﬁ.y 4158 Be desirable to control the attitude
of the target vehicle after the two vehicles have been separated
to permit the target vehicle to re-enter in the desired manner,
The determination of attitude control commands and the time
of execution will be based on the orbital elements of both
vehicles, information on the attitude, and energy status of the
target vehicle.

c. -After rendezvous of the two vehicles has taken place and the
desired maneuvers have been completed, it will be necessary
to return the Gemini vehicle to the ground. This will involve
separation of the target vehicle and the Gemini vehicle. The
separation will be the sole responsibility of the crew. The FDO
will be responsible for advising the crew during these phases
of flight, and to initiate engine re-start or attitude control
commands, as required, for the Agena vehicle to achieve the
desired separation, if the spacecraft crew cannot perform this
function once separation has been achieved.

d. Recommend to the crew a duty cycle program for the spacesuit.
This program will be a schedule of utilization of the life support
systems in the spacecraft and the spacesuits. Coupled with
this schedule will be recommended gas constituent flow rates.

e. Recommend optimum food consumption program for the extended
missions
f. The maneuvering during the final descent of the Gemini vehicle

will be the sole responsibility of the vehicle crew. The IMCC
will be responsible, however, to make recommendations as to
maneuvers required during the final descent to test lifting

devices or to avoid local hazards. The recommendations may

2,1.3-3
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‘be based on information received from the Recovery Control
Center and available knowledge of the status of critical vehi-
cle systems, the crew's control capability and the overall
mission objectives of the flight. It is recognized that com+ .
munication may not always be possible during the descent,

2.1.3.4 Predict Contingencies and Solutionsg

a. Modify, add to, delete, or interpret mission rules

b. Maintain continually an abort plan which will consist of
planned retrofire times for each orbit. It will be the
responsibility of the Flight Dynamics Officer (FDO) to
evaluate the optimum time for re-entry of the Gemini
vehicle. The FDO will be responsible for recommending
both the time of application of retrothrust and the attitude
during the thrust application, This recommendation may
simply invelve the initiation of a time sequence. In this
case, it will be the responsibility of the FDO to determine
the start time of the retrosequence and provide this to the
vehicle crew, such that the re-entry maneuver can take
place automatically or under the control of the crew in the
desired manner, The recommendations of the FDO will be
based on the status of recovery forces, the conditions of
the Gemini vehicle and the capability of the crew to maneuver
during re-entry.

c. Analyze and evaluate spacecraft telemetry for possible trends,
hazards, or contingency situations including radiation hazards,
gas composition in the spacecraft and spacesuits, crew status
and performance for possible mission alterations,

2.1.3~4
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2.1.4 Non-Mission Operation

2.1,4.1 Data Analysis

During non-mission operations, the IMCC will be responsible for mis-
sion preparation activities. This preparation will involve analysis of
the data from previous missions and planning of GOSS utilization for
the upcoming mission. |

2,1.4.2 Mission Simulation and Checkout

/
[

(

The IMCC must provide facilities for conducting IMCC remote site and

integrated simulation for training, qualification, and checkout prior to

a flight mission.

2.1.4.3 GOSS Status

During non-mission periods, the IMCC will also be responsible for

collecting and maintaining status information on all GOSS elements.

. 2.1.4.4 Public Information

The IMCC will disseminate data for general public information.

2.1.4.5 Maintenance

The IMCC must provide logistic support and maintenance for the IMCC
technical facilities, including the necessary aids for all maintenance
activities, such as servicing, trouble shooting, adjusting and calibrat-
ing, removing and replacing of components, and repair of faulty units.
This subject will be covered in greater detail in a subsequent report.
The maintenance concept must complement the maintainability goals
which affect design of the IMCC. Design goals for n’laintain.ability and
reliability are presently being defined, and will be included in later

revisions of this document.

2514 4=1
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2.1.4.6 Engineering Analysis

Activities relating to improvement or design of equipment and proce-
dures involving the use of Laboratory Facilities for development and
computers for analysis are included as typical non-mission engineering

functions.

2.1.4.7 Administrative Support

This includes such activities as administration, security, travel, finance,

and related activities,

2.1.4-2

PHILCO
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2.2 IMCC OPERATIONAL SYSTEM REQUIREMENTS

2.2.1 Operational System Concepts

These concepts have been delineated in Section 3.1.1 of Reference 2,

However, to provide continuity for this repoi't, ‘they will be xl'epeated'

here.

2.2.1.1 General

Several major operational concepts influence all aspects of the opera-

tion and are; therefore, presented at this point, These are:

PHILCO

a.

The astronauts will be in command of spacecraft operations
to the maximum extent possible. This restricts ground con-
trol of the spacecraft to those events which exceed the capa-

" bility of spacecraft equipment or to those periods during

which the astronauts are effectively incapacitated. This con-
cept may be modified to accommodate flight objectives and

mission rules. It will be the perogative of the astronauts %»%»oﬁgﬁi&

to delegate other functions of spacecraft command as they
deem desirable.

The IMCC will have operational responsibility and authority
over the GOSS during all phases of the mission from the be-

ginning of countdown through the flight mission to recovery.

The IMCC will be likewise in complete command of all ele-
ments of the GOSS participating in a simulation exercise for
Manned Space Flight Programs. It will be the perogative of
the IMCC to delegate temperary authority or standardized
control functions to subordinate organizations and outlying
stations for specific aspects of a mission. Included within
these delegated functions may be certain launch and recovery
operations, and contingency command and control procedures
to be implemented by outlying '""command! stations.

The Data Processing System will be implemented such that
most functions may be performed in part on any other com-
puter. Changes in assignment will be by executive program.
The desirability of this feature is particularly obvious in

the event of a machine failure, at which time certain critical
functions being performed by the failed machine may be
assigned to amy other machine. The maximum degradation
which can result under this condition is a reduction in either
capacity or time, proportional to the percentage of the failed
machine. Such a philosophy also pays off in that it permits
procurement of a minimum number of computers while still’
assuring high availability through backup. Safety of flight
considerations necessitate hard wire switching between those
machines used for simulation and those used for the flight
mission.

2,2-1
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d. All normal operations and as many predictable contingencies
as can reasonably and properly be handled automatically,
will be programmed for machine processing so that human
operators may utilize their time in analyzing trends in the
data. By this concept of operation, the GOSS mission con-
trollers will be provided maximum practical assistance in
predicting contingencies so that they can alert the astronauts
to an abnormal condition and recommend the proper corrective
action. In those situations where the condition had been pre-
viously analyzed and programmed into the computer, a com-
puter output would supply the alternative courses of action to
mission controllers for selection and communication to the
astronauts. On the other hand, if the condition had not been
foreseen, the mission controllers and associated support per-
sonnel would have recognized the abnormality at the earliest
possible moment and would, therefore, have had the maximum
amount of time to evaluate the situation and to make the best
recommendation as to remedial action. Under normal oper- -
ating conditions, the mission controllers would be planning
for future phases of the mission, performing such operations
as determining which alternate mission would be appropriate
or what the most productive modification to the flight plan
would be.

e. One flight mission and one simulation or checkout mission
may be in progress simultaneously. This dictates that opera-
tional procedures and instrumentation capability must be such
that each can be performed without interference to the other.
Duplicate Mission Operations Control Rooms (MOCR) and

necessary support are planned to implement this capability.
Y pp p mMoamned. %‘wgmr/rw'sj: &n( p Y

f. The ""remote site' at the MSC shall serve as a typical input
for simulation exercises, and shall serve as a test bed for
system improvement of the IMCC or spacecraft instrumenta-
tion and procedures for Manned Space Flight Programs. It
may also perform the function of an operational site to support
mission flights.

g. All aspects of the operational system shall have maximum
reliability since this is directly related to the safety of the
astronauts. By the same token, the emphasis in operational
system planning shall be on flexibility because of the variety
of planned missions and the requirement for a quick reaction
to different conditions during a mission. Therefore, redundancy
of instrumentation is acceptable, but only after exhaustive
evaluation of more ingenious, more economical approaches
have failed to provide a reasonable solution.

h. The operational system of the IMCC shall be an integrated
system, improving by evolution but not requiring a radical
change between the Gemini rendezvous phase and the Apollo
orbital phase, nor between the Apollo orbital and lunar phases,
nor between intermediate, less distinct mission phases. The
system design should be imaginative such that a minimum change
is required for those missions which will follow the Apollo
lunar flights, whatever they may be.

2.2-2
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i. Normal recovery shall be a land recovery in either the
United.States or Australia. The system shall, in addition
to accommodating normal recovery , effectively support
deferred emergency recoveries which may occur at a
specific time during each orbit and shall provide the where-
withal to support emergency recoveries at any time during
orbital or lunar flights. as appropriate.

2.2-3
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2.3 FUNCTIONAL SYSTEM CONFIGURATION
‘. 2.3. l General

’I“hre"e major operational systems support flight missions:

" a. - Communication System
b. . Data Pi'OCessing System

c.. Di apl“ay}' Comtrot System

In addition, varioué support systems are required for operation of the

Integrated Mission Control Center. These are:

d. ‘Simulation and Checkout System
e. .Technical Support Facilities
f. Non-operational Facilities

g. Remote Site

The remote site is considered a functional part of the Integrated Mission
Control Center amnd if used as an operationél site in addition to its basic
simulation and checkout functions, will implement direct voice com-
Amu'nica-tion between the IMCC and the spacecraft, real-time up—datai
transmission, and furnishing of tracking information and data to the
IMCC Except. for the RF antennas, the "remote site'' will actually be

a phys1cal part of the Mission Operations Wing.

The non-operational Iaéili‘éies-include the office, support and laboratory
"areas required to house the Flight Operations Division charged with the

responsibiiity for mission planning, mission execution (including flight

control); mission evaluation, and administration and operation of the

Integrated Mission Control Center.

2.3.2 IMCC Functional Systems

Figure 2.3.2-1 is a simplified block diagram of the functional systems
within the Mission Operations Wing of the IMCC. 'All external com-
municationlines from the GOSS network enter the IMCC complex through
the Communication System, Within thi(s system, the tracking and telem-

etry data, alphanumeric text, and teletype messages are separated and

. 2.3-1
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routed to their intended destinations, as indicated. During simulation
exercises, the inputs from the Simulation System simulate inputs from
‘the GOSS network,and follow the same distribution pattern. From the
MOCR, paths are indicated to both the Communication System and the
Display/Comtrol System to provide for manual instructions and data

call up from the IMCC and/or remote sites.
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SECTION 3
COMMUNICATION SYSTEM

3.1 INTRODUCTION

The present GOSS communication network will be augmented and
modified to accommodate the increased flow of information for the
successful completion of the Gemini/Apolio missions. Its purpose is

to maintain contact with the astronauts aboard the spacecraft, the
tracking sites, and the launch and recovery control complexes for the
interchange of intelligence, and to facilitate proper command decisions
during launch, orbit, and reentry phases of the mission. The Integrated
Mission Control Center, located at the Manned Spacecraft Center, will
have overall operational cognizance of the worldwide GOSS communi -

cation network during the Gemini/Apollo missions.

This specification presents the performance requirements for the
communication system within the IMCC to implement data flow in the
GOSS. Although this specification, when complete, is intended to
satisfy both Gemini rendezvous and Apollo requirements, the numbers
and types of circuits in this issue primarily reflect the anticipated

Gemini rendezvous mission requirements.
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3,2 SYSTEM FUNCTIONAL REQUIREMENTS
3.2.1 General .

The commumcation requirements for ma,nned spaceflight missions comprlse

the followmg. but riot necessanly in order of importance

3.. 2.1,1 Mission Perio’ds
a. Provide dxrect voice contact between the IMCC and the
spacecraft

b. Provide voice ca,pa.b111ty between the IMCC, all support sites
and other Government agenc1es ’

c. Telemeter biomedical data, env1ronmental data, systems
performance data, etc. from the spacecraft for display at
IMCC

d. Transemit near real-time tracking data from the remote sites
to the operational computers

Transmit computer-derived data from the IMCC to ground sites

®

Provide near real-time, -ground-derived digital information
to the spacecraft via remote sites

. Transmit remote site status data for display at the IMCC

F‘ oQ

Inform remote sites of mission status

Support simulation and training

e
°

j. Transfer eommunmication control to other agencies during
non-mission periods

k., - Provide other required operational information.

3.2.1.2 Non-Mission Periods

a. Prov1de voice capability between the IMCC, all lupport sites,
and other goverament agencies

b. Provide non-real time command data from the IMCC to remote
sites

c. Provide intersite communications.

These typc_%s of information must be transmitted between the remote

- groﬁnd facilities of GOSS and the Integrated Mission Control Center,.
This information is to be transmitted via high speed data (1200-2400 bps),
low speed data (75-100 bps), teletype or voice circuits. The trans-

e W P |
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vmission media for these éircuits entering the IMCC consist of normal
3 kc voice lines, specially-treated 3 kc voice lines for high speed data
and normal 100 wpm bandwidth teletype circuits, These circuits, all
arranged for four wire, full duplex operation, will arrive at the IMCC
via leased commercial facilities, pass thfough the communication
control room which houses the local technical control facilities for
monitoring all lines, and terminate at the communication processor,
which is the heart of the IMCC communication system and the primary
control point for routing and switching of data and text messages within
the IMCC.

3.2-2
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(; 3.3 COMMUNICATION SYSTEM RECOMMENDATIONS

The IMCC Communication System consists of three major subsystems

which have the following functions:

a. GOSS Termination Subsystem

(1) Terminates the high speed data (HSD), low speed data
(LSD), and teletype circuits which connect the remote

elements of GOSS and other outside support agencies to
the IMCC

(2) Terminates the part-time video circuits between Cape
Canaveral and the IMCC

(3) Terminates and switches the full-time and part-time,
leased voice circuits from the remote elements of GOSS,
and from other outside support agencies

(4) Provides technical control facilities, through which all
GOSS communication circuits pass so that quality mon-
itoring of the circuits can be performed and control of
circuit routing and terminal equipments provided. Co-
ordination with the AT&T long lines test facilities can
be effected by this facility through GSFC. 3wddad Sre ALE G

p (5) Provides operational control and supervision over the

Lv GOSS network during mission periods and coordination
with other agencies for relinquishing of this control dur-
ing non-mission periods.

b. Communication Processing and Control Subsystem

(1) Provides electronic switching and control of traffic from
the GOSS network and other circuit terminations for
proper routing of alpha-numeric m and dlglt 1 data
messages to the IMCC and MSC desfinations %unng both
mission and nonmission periods.

(2) Provides all internal communication facilities for both
network and internal IMCC traffic, including routing and
distribution of communication flow and messages

(3) Provides liaison between the Communication Director
and both the Network Status Monitor console and the
Technical Control Facilities.

c. IMCC Internal Communication Subsystem

(1) Provides internal communication circuits, terminal
equipments, and technical control facilities for the
operational voice intercommunication system between
the operational positions within the IMCC

3.3=1"
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(2) Provides local teletype, courier and facsimile circuits and o *)
equipment for the local delivery of the text traffic from the
GOSS communication network, via the IMCC Message Center

(3) Provides voice paging and public address facilities.

-

Figure ' 3,3~1 is a block diagram showing the overall communication
flow within the IMCC. In the following discussion of each of the sub-
systems, the Communication Processing and Control Subsysterh, and
the Internal Communication Subsystem are emphasized. Within the
GOSS Termination Subsystem, the technical control, voice contI:oi
switching, and GOSS supervision facilities will be discussed in detail
in this report. However, the terminal equipment's utilized on the HSD
and LSD circuits will be included as part of the GOSS Performance
Requirements Specification (WDL-TR-E122) so that the complete GOSS
circuits from terminal to terminal including data modems, and error
control techniques can be discussed in one report to provide continuity

of discussion without excessive referencing between the two documents.

3, Arll”
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'3.3,.1 GOSS Te_r'm'ina_.tion Subsystem

The GOSS Termination Subsystem comprises the terminal equipment,
control and test facilities on all high speed and low speed data circuits,
teletype, voice and video circuits which come into the IMCC Communi- -
cation System from the remote elements of the GOSS network. The
majority of these equipments are located in the Communication Control

Room and the Data Terminal Equipment Room.

3.3.1.1 Technical Control Facilities

All circuits entering or leaving the IMCC pass through the Technical
Control facgilities in the Communi@ation-(}entrol Room so that this is
appropriately the control center for the entire IMCC~GOSS communi-
cation network operation. By means of the monitoring and test facilities
provided, the status and quality of all @irquits can be determined.
Through the use of extensive patching facilities, circuits can be rerouted
to handle all conditions of traffic loading, and circuit or equipment

outages.

The operational activities of Technical Confirol are divided into three
functions; {1} traffic routing, (2) quality monitoring, and (3) mainte-
nance. The equipment in the Communigatien Control Room should be
grouped é.ccording to function, and the groups arranged in such a
manner as to provide the optimum in oper@tional efficiency. Figure
3.3.1.1-1 is an artist's conception of a typiéal technical control area.
The traffic patching facility, which includes the traffic patching bays
and the monitor te_](etypewriter consoles, appears on the right. In the
center, occupying & position readily accessible to both traffic patching
operations and maintenance patching operations, is the quality monitoring
facility, On the left is situated the maintenance patching facility
including the squipment patching bay lineup to the right, the audio
patching bay lineup to the left, and the audio test bay located between

the two lineups.

The traffic patching bays include equipment by which the operator

3.3.1-1
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Figure 3.3.1.1-1 Artist's Sketch of Typical Technical Control Area

WESTERN DEVELOPMENT LABORATORIES

J



WDL-TR-E120

reroutes teletype and digital data traffic to provide on-call system
serviceto circuit users and access for high impedance monitoring on
either send or receive teletype circuits. The electrical design of this
bay should be directed to ‘its primary function of providing the facilities
required by the operator for monitoring and controlling all traffic
‘between; (1) the GOSS network and the communication processor, and
(2) the communic‘:atvion processor and the IMCC Massage Center and
other teletype terminal locations within the MSC complex. Associated
with the traffic patching facility are the monitor teletypewriter consoles.
These consoles can be provided with space for mounting up to three
sound-proof monitor teletype page printers, and equipped with shunt
monitor applique units which provide the capability for highzimpedance.
bridged monitoring of an operating teletype circuit with no degradation

of the low-impedance teietypewriter loop circuit.

The quality monitoring facility consists of a quality monitor console.
This console should contain the necessary equipment to enable operators
to monitor and to perform qualitative analysis of the teletype and data

circuits prior to their entry into the communication processor.

For those channels equipped with on-line monitors, automatic and
continuous monitoring of the channel status is presented by the on-line
monitor indicators spread across the top portion of the front panel.
The operation of the console can be both simple and efficient by the use
of a punched card selection technique to call up a particular circuit for
detailed analysis. In addition; the on-line monitors which will permax- -
nently monitor each line on a high impedance bridging basis, should
provide the following indications to the operator to identify faulty
circuitsj

a, Visual and audible indications when the signal quality drops

below the level which has been preset on the monitor

b. Advisory information on the absence of traffic or an open-circuit
condition on the monitored circuit

c. An alarm indication when the number of hits on a line exceeds
a preset number in a given three minute period.

3.3.1-3
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Other functions and equipments at this quality monitoring console should

include:

a. Telephone and teletype order wire equ'ipment
b. IMCC operationa.l‘ intercommuniéation keyset

c. Alarm indicator panel for equipments of interest to the quality
monitor operator ' :

d. Operator's test equipments including digital distortion analyzers,
oscilloscopes, level meters, test transm1tter distributor,
random word bit generators, etc.

e. Channel status indicators

Cardmatic switch and switch circuitry designed to automatically
preset the test and monitor instruments for the selected
channel. Card storage and facilities for making up new or
replacement cards should be provided.

The equipments included in the console permit rapid diagnosis of
channel troubles and provide the operator with ample communication
facilities to keep him informed of equipment status and maintenance

progress.

The maintenance patching facility permits the analysis of DC and audio
frequency channels for the purpose of determining which links in the
system are not operating properly. Once this determination has been
made, a link known to be in proper operating condition may be substi-
tuted:for a faulty link, thereby allowing the channel to continue to
operate with a minimum loss of time while more extensive testing and

repairs are being made on faulty equipments.

The maintenance patching facility will consist of three major componentsy

a. Audio Test Bay

The audio test bay shall provide a central location for test
instruments used to perform routine testing and evaluation of
audio frequency lines and/or intersite channels. It also
provides a means for connecting test equipment to operating
channels.

b. Audio Patching Bay

The audio patching bay provides facilities required for patching

3.3.1-4
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between audio channels and/or audio terminal equipments for
control and maintenance purposes. The bay also provides the
means for monitoring all incoming and outgoing audio channels .
and connecting audio test equipment to any audio line or channel.

c. Equipment Patching Bay

This bay provides the means for substituting various equipments
for the purpose of maintenance and repair.

Figure 3.3.1.1-2 is a functional block diagram of a typical technical
control facility which shows how it would be integrated into the IMCC/

GOSS Communication System.

3.3.1.2 Teletype

Initially, a majority of the present Mercury teletype circuits utilizing
Baudot code transmissions may be used from the remote elements of
the GOSS network during both mission and non-mission periods, In
addition, direct teletype circuits from Goddard, Cape Canaveral and
other outside support agencies will enter the IMCC Communication
System. These circuits will operate at both 60 and 100 wpm. The
100 wpm circuits will be used primarily within the continental United

States.

Eventually, the intent is to convert the GOSS network teletype circuits
to low speed data circuits during IMCC mission periods, operating over
the same teletype bandwidth channel facilities., The primary advantage
of this type of operation is the utilization of more efficient coding than
the present Baudot code, and the use of more efficient error control
techniques to insure the maximum reliability of data. This conversion
of teletype to low speed data (at 75-100 bps) will be a gradual transition
during the early Gemini rendezvous missions. Because of the flexi-
bility of the communication processor (using electronic switching and
code conversion techniques), this phase=over period will not introduce
any significant problems or modifications within the IMCC. A more
detailed discussion of the GOSS teletype network and terminal

requirements, as well as new circuit requirements for the GOSS

3.3, 1~5
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network will be found in the report on GOSS Performance Requirements
Specification (WDL-TR-E122).

Additional teletype circuits from outside agencies and support areas

will include the following:

a. Weather network terminations, including facsimile
b. Military Recovery Communication network

Liaison Military and DOD circuits

(el

&

Commercial Western Union teletype and Bell System TWX
circuits.

These circuits, with the exception of item d, may also come under the:
cognizance of technical control personnel before terminating in their

areas of concern.

3.3.1.3 Low Speed Data

The low speed data circuits terminating at the IMCC will be, in part,
new circuits required to meet the greater mission requirements in
addition to those circuits resulting from the transition of Baudot code
to digital coding over the present Mercury teletype bandwidth facilities.
Data bit rates will be approximately 75 to 100 bps (corresponding to
100 wpm Baudot code transmissions). Actual data rates will be deter-

mined at a later date.

These data circuits will carry both compressed raw data formatted
for use by the IMCC cofnputation subsystems, and alphanumeric text
messages in digital format which will be code-converted and routed to
the IMCC Message Center. The Communication Processor will per-

form this function.

3.3.1.4 High Speed Data

All remote elements of the GOSS network which utilize adequate hard-
wire transmission media over the complete route to the IMCC will be
provided with facilities for high speed data transmission (at 1200/2400

bps) over nominal 3 kc voice bandwidth circuits. These circuits, many

3.3.1-7
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of which are common to more than one overseas station, may revert
during non-mission periods to shared frequency-multiplexed teletype -
carrier transmission in Baudot code. The Baudot-coded message .
formats will be compatible with the existing Western Electric Type 83B2

electro-mechanical teletype switching center at GSFC.

The serial bit stream data arriving at the IMCC will be quality moni-
tored at the Technical Control facilities and then the raw data and
alphanumeric text messages will be segregated and routed to the IMCC
Computation Subsystems and the IMCC Message Center, respectively,

by the Communication Processor.
3.3.1.5 Voice

Voice circuits to all remote sites and support functions are required.
While it is essential that certain information, such as tracking data,
command instructions, and telemetry data be sent by record messages

for subsequent processing and evaluation, voice transmission is superior
for the transmission of urgent advisory information, reports of conditions,
etc. In addition, the voice circuits permit the Flight Director at the

IMCC to have direct voice communication with the spacecraft crew.

Terminal facilities for a number of leased voice circuits will be
required at the IMCC. These voice circuits are full period leased
4-wire circuits. Approximately 10 of these lines may be diversely
routed to the Goddard Switching, Conferencing and Monitoring
Arrangement (SCAMA) voice control facility, where patching and
conferencing of circuits from the remote elements of the GOSS network
will take place. During mission periods, the GSFC voice switching
facility will be under the direct operational control of the Communication
Director at the IMCC. During non-mission periods, this voice network

is used for non-mission support under the direction of Goddard.

Circuit assignments will vary but will be used similarly to the existing
leased voice circuits used for the Mercury Project. Additional require-

ments will be detailed in a later revision of this report. The primary

3.3.1-8
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voice circuit which ties together all elements of the GOSS network will
have a call-up capability for a diversely routed standby route during
mission periods within the continental United States. Use of this cir-
cuit will be governed by the location of the orbiting spacecraft since
priority is assigned to the site having the spacecraft in view. All sites
may monitor all conversations, at the discretion of the Flight Director.
This arrangement will retain the circuit cut-off capabilities at GSFC
and certain remote locations (if necessary) for cutting out circuits
which become noisy due to propagation difficulties as is common on HF

radio circuits.

A voice switchboard facility will be required at the IMCC. Its functions
will consist of the following:
a. Quality monitoring of the voice circuits and subsequent
liaison with the Technical Control facilities

b. Conferencing of any combination of circuits terminating at
the IMCC

c. Programmable patching of fixed networks to integrate with
the operational intercommunication system

d. Non-mission assignment of full period lines to hot line
telephone set status at specified location

e. Provide a call-intercept position for the administrative
telephone system during mission periods (to prevent
unauthorized calls in the MOCR and other operational areas)

f. Terminate and switch additional directly-routed leased cir-
cuits from Cape Canaveral, DOD and other support areas

g. Coordinate with the Goddard SCAMA Voice Control Center

h. Control of voice recording on critical circuits; this position
will be manned only during mission periods.

3.3.1-9
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3.3.1.6 Video

It appears desirable to provide the IMCC with the capability to visually
communicate with the Launch Complex at Cape Canaveral concerning
pre-launch and launch activities. A television transmission channel
may be leased or implemented to transmit such video information
between the Launch Complex and the IMCC where it would be entered
into the television distribution system for viewing at any television
display device. The feasibility of providing a two way full duplex video
conference circuit is under study and firm recommendations will be

made at a later date.

Within the IMCC, the common carrier will terminate this video channel
(4.0 to 6.0 Mc bandwidth) with an A2A Termination Set located in the
common carrier equipment room. This termination set is equipped
with two 75 ohm coaxial output terminations, a Program Output and
Monitor Output. The Program Output will be routed directly to the
closed=-circuit television termination equipment which will distribute
the video information to the appropriate displays. The Monitor Output
jack will feed this same video information to monitor equipment within
the Technical Control facilities where quality monitoring of the circuit
can be performed, and proper liaison with the Telco Liaison repre-

sentative can be effected.

3.3.1-10
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3.3.2 Communication Processing and Control Subsystem

3.3.2.1 'General

The installation of an automatic, high speed, celectronic message
switching and processing center terminating the teletype and data
circuits of the GOSS communication network is proposed. This com-
munication processing and control subsystem will serve as the nerve

center for the IMCC external communication requirements.

The primary functional requirement of this facility is that of accepting
traffic from the worldwide GOSS network, either direct during IMCC
mission periods or via Goddard during non-mission periods, and sep-
arating and routing this traffic (both serial bit stream data and text
messages in Baudot or digital coding) to the appropriate destination
within the IMCC. A similar requirement exists for assembling and
routing of all outward communication from the IMCC. Therefore, a
definite requirement exists for a communication terminal switching
center at the IMCC, over and above the switching center requirements

for all NASA circuits at GSFC.

Future plans for GSFC include the implementation of an automatic,
electronic switching center replacing the present electro-mechanical
Mercury and Spacon systems. By proper engineering coordination and
the use of compatible systems, the overall communication operations

and procedures will be enhanced and interface problems minimized.

This communication system at the IMCC will be monitored and con-
trolled by a multiplexed, stored program digital computer, henceforth
referred to as the communication processor. Peripheral units can be
added to the processor depending upon the present and future require-
ments at the IMCC. Peripheral equipment for the communication
processor includes input and output line terminal and control units; a
random access storage file to extend the processor's memory for buf-

fer storage of messages; magnetic tape units to provide historical files,

By Ss B,
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traffic analysis and message accounting; a supervisory control console;

and a message intercept position for garbled messages.

3.3.2.2 Overall Criteria

The multiplexing of multiple input lines with multiple output lines is a

basic principle of switching in point‘-to~point communication. For the

switching function to be efficient, it must be fast enough to connect the
traffic on each incoming line to the desired outgoing line, with little or
no delay, except in the outgoing queue necessary for store and forward
operation. The burden of moving traffic is transferred to the outgoing
line. This means that the switching system must accept and unload all
traffic from all the incoming lines connecting to it. Storage of waiting

traffic is the primary problem in any switching center.

The use of computer techniques of stored program control to make
message switching and processing operations automatic;eliminates the
cross-office delay and the inflexibility and inefficiency common to the

electro-mechanical switching centers in wide use today.

In designing an electronic communication switching and processing sys-
tem, the communication problem must be approached directly. The
selection of the computer which will serve as the communication proces-
sor should be functionally directed towards the existing communication
problems and requirements. Most existing computers have limitations
in data input-output and transfer, and have an arbitrary list of instruc~
tions emphasizing arithmetic and logic operations .... not communica-
tion functions. Conventional computers are fixed for data processing

whereas they must be flexible for data communications.

To design and specify an efficient communication switching center for
the IMCC, it is necessary to take a close look at the requirements and

functions which must be accommodated. These are covered in the

By B Z=2
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follbwing sections and, as further traffic analysis and loading studies

for the IMCC operations are completed, will be modified and discussed

in more detail in future revisions of this document.

PHILCO

a. Switching Reqliirernents

1,

Number of circuits: Present planning indicates there
will be a total of approximately 40 input/output lines

from the communication processor, These lines will
consist of high speed data, low speed data and teletype
information. Actual line requiremants are not firm at
this date. Therefore, it seems reasonable to recommend
thad the initial system specified for the IMCC be designed
for a maximum of 100 lines, and equipped for a total of
50 lines, assigned as follows; 15 high speed data (HSD),
15 low speed data (LSD) and 20 teletype (TTY) lines.

The communication processor must switch rapidly enough
to accept all incoming messages, In other words, it must
be capable of handling the estimated peak traffic loading
expected on all internal IMCC and external GOSS communi-
cation lines,

The communication processor must be time shared among
all incoming and outgoing lines,

The communication processor must sample each incoming
line, determine message precedence, perform address
recognition, and provide flexible and automatic routing of
all messages within the IMCC,

The requirement for switching between external lines
(i. ®s, ramote site-to=site communication via GOSS) will
be limited, but this capability should be provided.

Each outgoing line must be sampled to determine its
status as defined by the following states.

(2) Iﬁoperative
(b) In use= transmitting high precedence message
(c) Im use= transmitting low precedence message
(d) Not in use,

Outgoing messages must be queued according to precedence,
and any message can be interrupted for no delay priority
traffic,

Multiple address messages, ranging from two addresses
to an all stations broadcast, can be accommodated at any
time. '

Data on the HSD/LSD lines must be separated and routed

e Bu =3
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to the computation data busses and/or the Message Center
by recognition of address 'tags' in the data stream.

10. Data and digitally coded alphanumeric text messages
must be interlaced and transmitted to common addresses
via the HSD/LSD lines.

11. Automatic speed conversion between data rates of 75 to
2400 bps must be accomplished.

12. Code conversion must be performed (i.e., digital to
Baudot and vice versa)., The processor must be capable
of accepting, storing, and retransmitting messages of
dissimilar form between certain unlike terminal devices.

13. The processor must provide automatic diversion of over-
flow traffic to random access storage files, and timely
return for retransmission.

14. Automatic detection of internal errors by generation and
checking of parity must be accomplished.

b. Bookkeeping Requirements

To continually monitor the status of all messages handled by
the communication processor and also to monitor the status

of the processor itself, the processing portion of the switching
facility must perform the following bookkeeping functions;

1. Keep a running account of all incoming messages on each
line

2. Keep a running account of all outgoing messages on each
line

3. Correlate incoming messages with outgoing messages

4. Direct all accounting data to the proper storage areas.

The communication processor will automatically insert on
each incoming and outgoing message an identification
consisting of letters and numbers identifying the circuit and
the particular transmission. All such identifications, with
date-time entries, are logged on magnetic tape. Provision
may be made for the interrogation of this tape and for
printing out by means of a high-speed line printer. Automatic
message accounting by the processor prevents lost messages
and provides data for subsequent traffic analysis.

c. Man-Machine Interface Problems

Because the system is under the direct supervision of man, a
direct interface between man and machine is required.
Therefore, the processor must: '

l. Indicate to the operating personnel the status of each
incoming and outgoing line

3.3.2-4
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Indicate the status of all bookkeeping functions

Indicate the presence of exceptions to normal operation
(garbled headings, out of sequence messages, etc.)

Provide facilities for program maintenance and control,
fault reporting and manual override.

Storage Requirements

The outgoing lines accept traffic from all incoming lines.
This may cause queues to form; therefore, outgoing lines
have some storage capability. In addition, some storage is
required on the incoming lines to accomplish speed and code
conversion.

1.

Inc orﬁing Line Storage

Speed conversion is necessary to match incoming speed
with the communication processor speed. Since the
incoming line speeds are fixed, speed conversion can be
accomplished only by an incoming line store in which the
slow input line accumulates data until enough is stored
for the communication processor to take the data at its
own rate. The amount of storage needed depends on
several factors:

(a) The sampling rate of the processor
(b) The number of lines to be sampled
(c) The speed of data transfer

(d) The method of processing the data.

Outgoing Line Storage

Implicit in all storage operations is message retrieval.
Basically, there are two different methods which can be
used. In one method; separate discrete storage for high
and low precedence messages is provided on each out-
going line so that the messages have access to this line
as the line becomes available. This eliminates the need
for further processing during information retrieval, and

.is the most direct and simple method of handling the

switching problem. Because a very large part of the
potential storage is in a waiting stage, rather than being
used, the storage utilization is very inefficient. Since
storage is expensive, a more efficient storage approach
is indicated.

It is possible to lessen the amount of storage required
by assigning a common storage area to all outgoing
lines. This can be done in the following manner.

(a) Each incoming message is sensed and processed.

3.3.2-5
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(b) Once processed, the message is removed from the
incoming line to make room for subsequent messages.

(c) The message is put into common storage.

(d) The message in common store either (1) retains all
its routing information while in 'storage, or (2) is
reprocessed each time it is taken out of storage.

(e) The processor contirually samples both the status of
the outgoing lines and the messages in storage
awaiting transmission. Each time a match is made
between message store and outgoing line, a message
is released for transmission.

This approach uses the storage more efficiently and
shares it among all outgoing lines. The switching burden
is transferred to the processor which time shares all
processing and storage functions with incoming and out-
going lines. Since the processor speed is far in excess
of the combined speed of all incoming and outgoing lines,
the burden placed on it is well within its capability.

3.3.2-6
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3.3,2.3 System Functional Criteria

In fulfilling the above general requirements, and also the more detailed
implicit requirements, definite functional criteria must be established

and met,

a. Compatibility

The Communication Processing and Control Subsystem is to
be one element in a large existing and operating worldwide
communication complex. It must, therefore, be designed to
fit the existing system rather than having the present system
conform to specifications established by it., However, design-
ing the IMCC communication center for compatibility with

the existing GOSS network should not detract from its primary
function.

b. Capability

The Communication Processing and Control Subsystem must
have the capacity and speed to accomplish the routing, stor-
age, and sequencing for the full complement of communica-
tion lines required. It must minimize all queues, other than
the outgoing line queues. In addition, it must perform all
the bookkeeping and other ancillary functions needed to oper-
ate an efficient, coordinated communication center,

c. Adaptability

Because of the dynamic nature of the communication field,
any system must be designed to adapt to.future changes. If
this adaptability is not designed into the system, the system
will soon be obsolete, This is one reason that both the soft-
ware and hardware must be constructed using a building
block approach. This will allow modular expansion changes
as they are required. The processor can be adapted to
changing day to day requirements through simple program
changes.

d. Reliability

Two aspects of reliability must be considered, functional
reliability and component reliability:

1. Functional Reliability

The primary function of a switching system is to accept
all incoming messages and transfer them to the proper
outgoing lines. This must be done without losing any
messages.

3.3.2-7
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2. Component Reliability.

All equipment components must be designed to satisfy
the highest standards of reliability. Furthermore,
redundant equipment for prime circuits will be necessary
to provide continuity of operation during scheduled pre-
ventive maintenance and, additionally, to forestall cata-
strophic failure,

e. Human Factors

Though the switching complex will be completely automatic,
there will be areas in which operating personnel must inter-
face with functional procedures as well as with operating
equipment. The type of interface designed will be a com-
promise between man's physical and psychological capabilities,
and the cost and complexity of procedures and equipment. The
individual must not be taxed beyond his capabilities, nor should
the equipment cost or complexity become excessive in an effort
to oversimplify tasks best performed by man.

f. DPracticality

Since the system will be functioning twenty-four hours a day,

seven days a week, it must be designed using sound engineer-
ing principles for efficient operation and maintainability, and
be practical in cost.

3.3.2.4 Overall Configuration and Major Subsystem Elements

The Communication Processing and Control Subsystem may be defined
by detailing the interfaces or information flow between its peripheral
equipments, other system elements and operating personnel. Figure
3.3.2.4-1 is a functional block diagram of the Communication Process-
ing and Control Subsystem. It shows the various peripheral equipments
and indicates their interconnection by either unilateral or bilateral links.
Each link may consist of multiwire cabling for handiing the control func-

tions to support the information flow.

The following paragraphs describe in greater detail the functions and

operations of each equipment.

a. Incoming Line Unit (ILTU)

The primary function of the incoming line unit is the coupling
of the input data line to the communication processor. The

3.3.2-8
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various input lines operate asynchronously with respect to
the communication processor, at speeds of 75 to 2400 bps.
The input line units provide the necessary line isolation and
speed buffering.

The ILUs receive the incoming data, sample the signal elements,
and decide whether they are mark or space. Start and stop
elements of the teletype data are stripped, and only the five
information elements are retained for storage. When a charac-
ter (or group of characters) is completed, a ready signal is
given the processor which then initiates the transfer of the
character(s) into the processor for storage.

In addition to start/stop operation, the ILU can operate with
binary stream information. It recognizes the binary stream
tag or prosign, and transfers this continuous data stream into
the processor, a specified number of bits at a time.

b. Outgoing Line Unit (OLU)

The outgoing line unit receives data from the communication
processor output memory at processor memory speed in five-
bit characters. Each character is transmitted by the OLU at
the required line data rate, with start and stop elements added,
where required. The OLU signals the communication processor
when it is ready to receive new data.

The incoming and outgoing line units will be housed in
standard 19-inch relay racks.

~c¢. Communication Processor (Dual)

The communication processor communicates with both the
incoming line units and the outgoing line units. One hundred
(100) of each type line unit, each capable of communicating
asynchronously with the communication processor may be
used in the system. Initially,the system will be equipped
with approximately fifty (50) of each type.

Information transfer takes place via memory stores and
communication access storage media which store the

incoming data until it is ready for processing. The information
is processed and sent to an outgoing line if one is available,

or to intermediate storage if one is not available. A com-
plete record of incoming and outgoing messages is kept.
Queueing of lines is handled so that high precedence messages
receive first consideration.

In this application where continuous service is required, high
system availability necessitates the use of dual units. The
processors will operate independently and concurrently.

Both receive common inputs from all lines and process the
message to the output register but only one processor

3.3.2-10
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transmits to an outgoing line. Operation is transferred from
the primary to the secondary processor through the operational
console, whenever a malfunction is indicated or preventive
maintenance is scheduled. Program control assures no loss

of messages during the transfer interval.

Short Term Storage Media

A disc or drum storage unit, which provides fast, random
access storage for the communication processor and acts as
an extension of the processor's main memory for storage of
Min-transit' messages, will be provided, -

Long Term Storage Media

Magnetic tape units are provided to maintain a complete

record of all traffic entering the system. These units permit
complete records te be kept in any code and format for message
accounting and traffic analysis. Tape units also provide his-
torical files. Upon receipt of an inquiry from the supervisor,
the communication processor can search the long-term file,
locate the message and process it as instructed.

Intercept Position

The intercept position or console, located in the Message
Center, corrects messages rejected by the communication
processor so that they can reenter the communication system.
When a message is sent to the intercept position, it is
specifically addressed to this position, just as is done for an
outgoing message. The message is received at the intercept
position as a page copy and also punched on a receiving
perforator. The intercept operator makes the necessary
corrections, and puts the corrected message tape on a trans-
mitting distributor which is connected back through the
communication processor by means of an incoming line unit.
The number of intercept positions can be increased as needed.
If an intercepted message is uncorrectable, proper service
messages to the originating station can be initiated from this
position.

Communication Control Console

This console serves as the monitor and control center for
system operation, providing message and circuit supervision,
system control, and output printing. It consists of teletype-
writer units, display lamps for line and equipment status, and
alarms. From the console, an operator can perform the
following functions; send and receive messages, 'busy out"
non-operating stations, and initiate inquiries to the processor
or retrieve messages from file. The processor should print

3.3.2-11
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out through the console, automatically or upon demand, the
status of all stations. From this console, the communication
director effects proper coordination and liaison between the
technical control facilities for maintenance and the communi-
cation network status monitor console during mission periods.

3.3.2-12
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3.3.3 IMCC Internal Communication Subsxst):em

Within the IMCC, internal communication will play a major role.
Efficient and reliable communication is not only directly related to
successful monitoring and completion of manned space flight missions,
but also to non-mission operations for normal day-to-day flow of ad-
ministrative, logistic and support communication required both within

the IMCC/MSC complex and between NASA support agencies. -

The equipment associated with the IMCC Internal Communication Sub-
sYstem is located in two major areas, the Message Center, and the
Communication Equipment Room. A detailed discussion of each system

requirement follows.

3.3.3.1 IMCC Message Center

The Message Center is the termination point for all text-type traffic
arriving at the IMCC from the GOSS communication network, other
direct teletype lines from support areas, and via the local teletype
circuits from subscriber terminal locations within the MSC complex.
The major flow of traffic will be betwe en the communication processor
and the Message Center. The communication processor accepts and
separates text from data on the data lines, performs digital to Baudot
code conversions, and routes all text messages to the IMCC Message
Center. These messages, in Baudot code format will terminate on the
latest model high speed teletype equipment, arranged for either full
duplex or simplex service. Overall communication system traffic
loading and information flow analysis at a later date will determine
the number of terminal teletype equipments required to assure that

message queueing is held to a minimum in the communication processor.

Ideally, high speed digital printers could be used for text traffic arriving
on the digital data communication circuits. Because these circuits may
also be used for teletype Baudot code transmissions, and because there
will always be a large number of strictly teletype circuits, it would be

uneconomical to provide both types of terminal equipments within the

3.3.3-1
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Message Center. Therefore, all traffic for the Message Center will
be transferred from the communication processor in Baudot code for-
mat. This will also alleviate the interface problems between the Mes-
sage Center and the internal, commercial and direct-line teletype

circuits.

Actual message transfer speeds between the communication processor
and the Message Center terminal equipments should be at 200-600 wpm
on a parellel-bit basis, wherever possible. Present teletype transmit-
distributor, tape reader and reperforator‘ equipment can be arranged
for this speed of operation. Recent developments of line-at-a-time
teleprinters may make it feasible to transfer messages for page copy
at speeds of 200-600 wpm. This fast transfer of messages will result

in a reduction of terminal equipment requirements.

It is presently planned that all teletype pony circuits between the. IMCC and
the’ MSC complex be terminated in the Message Center. These cir-
cuits should be operated at 100 wpm speed for rapid clearance of traffic

between terminals.

Further study will be required before a final recommendation can be made
as to the advisability of providing receive-only typing reperforator tape
copy of all messages arriving at the Message Center or whether long
term record storage by means of magnetic tape units associated with

the communication processor will be sufficient.

If the magnetic tape units provided with the communication: processor
are used for long term (2-3 months) historical storage of all message
received, a minor revision to the present teletype network leader for-
matting procedures will be required. Tépe copy of all messages de-
livered to the Message Center for retransmission via the individual
pony and/or direct teletype circuits will be required. Therefore, two
types of trunk circuits will be required from the communication pro-
cessor; one type would :terminate directly into multi-copy page printers
for local IMCC deliver, the other type would terminate page printers‘

and associated typing reperforators. These would provide a tape copy

3.3.3-2
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for manual insertion in the transmitter -distributors associated with
each outgoing circuit. This system would require additional tags (or
prosigns) in the message headers so that the communicationprocessor
could distinguish between the two types of traffic for the Message
Center. The alternative to this system would be to provide tape and
page copy of all traffic received in the Message Center, with no changes

in the present formatting procedures required,

Thought was also given to allowing the communication processor to auto-
matically route messages on the varieus pony circuits, as well as to

the Message Center. These pony circuits would then terminate at the
line terminating units of the communication processor. However, this
would require automatic addressee recognition and routing, and a com-
plete revision of present formatting procedures, Because of operator
training problems, possible lack of individual addressee information

at the message origination terminal, and,as is often the case, week-
‘to-week changes in pony circuit requirements, this method is not

recommended.

The Message Center would also contain a number of high speed transmit-
distributor equipments for outgoing traffic, keyboard send/receive

units, and tape punches for order wire and conferencing arrangements
as well as for tape preparation of outgoing messages. Maximum use

of the Teletype Corporation's new 600 wpm tape transmitters and
punches for entry of traffic into and from the communication processor

is recommended,

The intercept position associated with the communication processor
would be located in the Message Center. This position would print out
all text traffic which is garbled, or : mufilatedin such a way that the
communication processor does not know what to do with it except to
send it out to an intercept position for human intervention. Here, the
operator can correct obvious address or format garbles and return
the message to the communication processor for routing or originate

service messages on the mutilated. traffic.

3.3.3-3
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Au-toma.ti'oh'of the Message Center teletype equipméhts,' their funé'~
‘tions, and dcllvery of traffic to local addressess will decrease the
message handling time periods, reduce the phySlCal workload and
manpower requirements. It wotuld also consolidate equipments and
operational areas. The teletype facilities within the Messagé Center
should be automated consistent w1th the present state-of-the-art and

the IMCC traffic requirements.

In the future, as both the operationa’.l and administrative traffic vol-
ume and circuits incréase? the flexibility of the communication pro-
cessor, with preper programming, could provide completely auto-
mated local message delivery to the subscriber terminals and eliminate
a majority of the present Message Center functions. Of course, this
would also require complete revision of the existing message format

requirements.

As in any communication system, the major communication delay
tir_ne's are at the terminal locations and are a vresult of local message
delivery andvorigination procedures. Three separate and distinct
methods of internal message delivery of traffic arriving at the IMCC

Message Center are contemplated. These are as follows:

a. Subscriber Access Teletype terminals

"These would consist of local teletype pony circuits to other
buildings within the MSC complex and possibly to the Admin-
istration and Support Wing of the IMCC building. All traffic
during both non-mission and mission periods of addressees
served by these subscriber access terminals would be routed
via the pony circuits with local message courier service used
from the subscriber access terminals to the individual ad-.- .
dresdees,

b. Message Courier
Within the IMCC Mission Operations Wlng, all administrative, .
logistic, and operational messages would be delivered via
the normal inter-office mail courier service. Other methods,
such as pneumatic tube or conveyor belt delivery, are not
recommended because of facility design problems and inher-
ent operational drawbacks associated with these systems.
Message pickup windows are provided at the Message Center.

3.3.3-4

P H I L C o WESTERN DEVELOPMENT LABORATORIES



WDL-TR-E12D

Facsimile

During mission periods, it is contemplated that a system

similar to the Western Union "Speed-O-Fax' service could
be used for all critical traffic to the MOCR (and to other
areas as may be deemed necessary), It has several advan-
ta.geous features over teletype pony circuits and message
courier delivery;

Advantages
Terminal receiving units are very small
2. Noiseless operation

Speed of delivery essentially the same as teletype 100 wpm
operation (depends on message length)

4, . Would eliminate courier foot traffic in and out of the MOCR

Several minor disadvantages should be pointed out. These
could be overcome through operational procedures and train-
ing;

Disadvantages

1. The receive units must always be equipped with new paper
upon receipt of messages

2, Long messages must be paginated since the total message
length is limited by the receiving drum circumference

3. Deliver'y of the message to the cognizant person within
the MOCR must still be effected

4. Only one page copy would be available at the terminal end

Further study of these problems and requirements as well as
an investigation of present state-of-the-art '"noiseless'' tele-
printers must be accomplished before a final system or method
of delivery of operational mission traffic within the MOCR

can be recommended.

The implementation of the Message Center should include the following

considerations;

PHILCO

An adequate storage area should be provided, accessible from
within the Message Center for storage of teletype paper, logs,
historical tape records and other miscellaneous operating
supplies.

Limited access to the Message Center to reduce unauthorized
entrance and personnel traffic must be provided. This will be
accomplished by means of a double entry, which will also serve
as the message pickup area

3.3.3-5
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c. = Adequate diffused lighting should be installed to eliminate
_objectional shadowing at all operating positions and to
eliminate glare from the operating equipments and page-
printer paper. '

d. This room should be soundproofed as much as possible.

e. Adequate space should be provided for loggiﬁg and message
‘ servicing areas, and for partitioned office area for the Mes-
sage Center supervisor; '

f. The use of 24-hour clock and time stamps 1is recommended.
Automatic date-time stamping should be provided on receipt
of all messages. ‘

g. The use of non-carbon reproducible paper in all teletype
page printers is also recommended. This would contribute
towards keeping a clean Message Center, and minimize the
disposal problem.

3,3.3.4 Operational Voice Intercommunication Subsystem

The voice intercommunication subsystem (hereafter referred to as the
‘intercom subsystem) will be an important and sxtensive equipment com-
plex in itself. This communication network will provide point-to-point
and conference voice communication within the operational area of the
IMCC, and will be connected to outside circuits via a standard dial

system.

The functional design of theAintercom network will be tailored to the
organizational and operational structure cof tne IMCC. The IMCC, and
the MOCR, in particular,. will be the gathering point of a great amount
of information. This would irhply that, at each crganizational level,
operatiﬁg personnel wbuld assemble the essentiz! information appearing
at that level and pass it on to his immediate supervisor. Using this
reasoning, the basic intercom nets are considerss to be those that con-
nect the positions at each organizational level. Apn example of a chain
of such nets, based on current thinking, is shown in Figure 3.3.3.2-1.
For instance, the Assistant Flight Dynamic Officers report to the Flight
Dynamic Officer who would integrate this informaticn and report to the
Flight Director on a separate net. A useful feature in this system of
networks would be the ability of certain positions, such as the Flight

Director and the Flight Dynamics Officer, to use two or more

3.3.3-6

PHILCO

WESTERN DEVELOPMENT LABORATORIES



WDL-TR-E120

OPERATIONS
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FLIGHT
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(FDO)
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FDO FDO
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DATA MONITOR NET
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- | OTHER NET
REAL TIME POSITIONS
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Figure 3.3.3.2-1 Typical Chain of Intercom Nets
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nets at the same time. This scheme would provide more rapid com-
munication While,at the sa;rneltimey making full use of the connecting
operator's special knowledge. Each of these basic nets would be

full four-wire circuitsA and would proba.biy be the principle nets during

normal mission times.

In addition to these stratified nets, there would be more inclusive, talk-
listen loops, such as a general Flight Director net which would connect
all positions reporting to him. Also, the equipment areas are expected
to have extensive loop arrangements, both for real-time support of a
mission and.for off-line maintenance. Loops connecting MOCR pei‘—~
sonnel to equipment areas would be useful during emergency situations.
The complexity of the intercom system means that each network must
have its own set of operating rules, priority, ringing, etc. To insure
contact between _certa,in positions during. critical ojr contingent periods,’
a paging net could be provided and/or an override circuit could be in-
stalled. In the MOCR, for exanple, this override feature might be
limited to the Operations Director and the Flight Director.

A monitoring system will also be provided. Many of the talk-listen nets
‘appearing on an intercom station will also have an arrangefneﬁt that will -
- allow any or all of these circuits to be monitored without causing inter-

fber_enceo Undoubtedly, some intercom stations will be able only to mon-

- itor certain nets.

Due to the uncertainty of network assignments as currently exhibited in
the Mercury Control Center and to provide greater flexibility for future
programs, several keys from each intercom station will connect that
station to a patch panel or cross-bar switch in the equipment room. This
patch panel would allow the rapid addition of new networks, or étations

to existing nets. These connections could be either standard talk-listen

- or monitor only. The use of preprogrammed patch panels or érossbar '
switching would make it possible to set up a new system while the old

one was still in use. The wired patch boards could be stored for future

use.

3.3.3-8
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A majority of the intercom stations will have a network connection to
the local télephone exchange and will be providéd with a standard tele-
phonedial. This would provide connection to outside circuits and point-
to-point contact within the intercom system. This function would be

quite similar to that presently used in the Mercury Control Center.

As in Mercury, all remote sites would be connected to a single loop.

All positions in the MOCR would be able to either talk-listen, monitor -
or both on the remote site network. Because of the praximity of the
'local remote site.“ thbere will probably be more than one loop connection
to the IMCC.

It is expected that roughly 110 intercom stations will be required for the
initial IMCC operational systems installation. This mumber may be

broken dowh as follows;

Area No. Stations
Single MOCR 15
MOCR Support ‘ 23
Equipment Areas 21
Meteorological Center 3
Local Remote Site 10

Total - 72

- Second MOCR and _
Support 38 .

Total : 110

Past experience has indicated that key type intercom stations are very
satisfactory, Assuming that each of these stations will require approx-
imately one étandard relay rack for switching, power supplies, test
panels, etc., the intra facility communication equipment room, as now
specified, will be sufficient for 180 to 200 individual stations. This
estimate includes provisiéns for an internal technical control facility
containing test boards and patch bays, which will be used for rapid

adjustment and checkout of the intercom system and equipment. As a

3.3.3-9
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rough .estimate of intercom station size, it is expected that the most
extensive station would have 42 individual keys or push-buttons and a

dial, while the least extensive would have about 6 and no dial.

3.3.3.3 Voice Paging and Public Address

Certain intercom stations will have key access to the public address
system. The voice paging would, of necessity, be universal; however,
the public address function could be divided into several loudspeaker

areas so that any area, or combination of areas, may be serviced.

3.3.5-10
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SECTION 4
DATA PROCESSING SYSTEM

4.1 SYSTEMS CONCEPTS

4.1.,1 Differences from Mercury Missions

4.1.1.1 Specific Task Changes

a. An.operagional mission and a simulated mission aze to'bez
supported simultaneously. .

b. Two vehicles may be involved in each of these missions.

¢, Each mission will be more complex since there will be a
greater number of specific parts, or phases, involved. In
addition, the decision as to which future phases to be im-
plemented will be a function of the past performance of the
mission.

d. Many of these new phases will involve lunar travel.(Apollo).

4.1.1.2 Differences in Resulting Systems Concepts

Three differences in the basic data processing functions and computa-

tion loads result from these new tasks.

a. Much more computation must be done to perform the addi-
tional tasks. The simultaneous support of the dual missions
involving two vehicles will approximately quadruple the
average computing 16ad during the mission. The peak load
should not increase by this amount, however, since it is im-
possible for the high computation load activities to occur
simultaneously for all four vehicles.. Much more program
and data storage will be required since the missions will ex~-
tend over a much longer time interval, and more different
programs will have to be implemented.

b. The addition of more phases to the missions will necessitate
the generation of many new types of computer programs.
Several of these may be of greater complexity than any of
those used in Mercury. Different mathematics will certainly
be involved in some cases. Consequently, the overall pro-
gramming task will be much larger than for Mercury.

c. Since the decision to implement a future phése of any one
mission will be dependent upon the performance of that mission

4.1-1
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up-until the degision has to be made, a great deal of flexibility will have
to be built into the compuier programming, A quick reaction, with no
significant interruption in the work output, must result once a phase
implementation degision has been made., These differences point out
the inadequaéi_es of the pr#®sent Mercury cofnpuhtlon;l complex and
philosophies. Modularity of both data processing equipments and com-
puter programs will be of prime importance in adjusting to varying
mission requirements, Program modularity will be & must in order to
get the programming task done quickly and pfoperly. Breaking down
the overall programming into small sub-programs will allow separate
people to do separate parts of the programming task,. &nd these people
eéan be of lower caliber, since they will not neces sarily have to under-
gtand the overall systems problems. An executive control program
will then tie the various sub-programs together in accordance with

mission requirements.

The concept of providing 100% backup by having separate data process-
ing facilities running the same st of problems in real time is unfeasible
for the Gemini and Apollo programs. The amount of computation re-
quired is simply too great to allow complete duf)lication of the data
processing system. The concept of having only a minimal amount of
modular equipment backup, which can be assigned anywhere in the sys-
tem as needed, will provide more effective backlip at much lower cost.
This is accomplished by having the equipment assigned to the simulated
mission available for secondary backup of the operational mission.

- Thus, several levels of backup are made available. rather than one level
of backup, which is the case when using 100% redundant, off-line equip-
ment. Since the backup equipment, under this modular concept, will
be only switched in as needed, it can be doing additional non-essential
off-line tasks, which is not the case when using redundant equipment.

" These tasks might include non-real time data reduction, new program
checking, and real-time monitoring of data and other computer status,
Any of these could be immediately terminated when the equipment is

néeded on line,without degrading any overall system performance.

4.1-2
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4.1.2 Majof Functions

The primary tasks of the Data Processing System are:

a. To prepare all necessary mission status data for display to
the mission control personnel in order to assure successful
completion of the mission

b. To provide data processing assistance to IMCC fission control
personnel in predicting the future consequences of current
mission status and to facilitate the selection of the proper
actions to be taken to meet mission contingencies

c. To assist in mission housekeeping functions.

In addition to these 'prime tasks, the Data Processing System will be
required to:
a. Perform preliminary data reduction and formatting for post-
mission engineering analysis
b. Assist in IMCC and network checkout

c. Assist in IMCC and network simulation exercises.

These tasks will vary in detail from mission to mission, and will vary
markedly in volume and detail from phase to phase during a given
mission. Table4.1.2-1 summarizes the major-phases to be:supported
th:the major classes of missions and denotes the increased sophistica~
tion of the more advanced missions. It also demonstrates that the
Gemini rendezvous mission.2dds only a moderate number of new phases
to the Mercury phases, but that later Apollo missions introduce mark-
edly new phases. However, the phases employed in common during the
various missions become increasingly more complex during rendezvous

and lunar missions.

4.1-3
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OJ11Hd

P-1'%

MERCURY [ GEMINI . APOLLO
PHASES . RENDEZVOUS f| RENDEZVOUS| CISLUNAR, LUNAR LUNAR
CIRCUMLUNAR SATELLITE || LANDING
QPERATIONAL PHASES
PRELAUNCH k K X X b
LAUNCH, POWERED FLIGHT, AND INSERTION INTO LOCAL EARTH ORBIT x| K X i IX]
LOCAL EARTH ORBIT 11T X K X X I
EARTH ORBIT RETRO-SEQUENCE % " P
RE-ENTRY & DESCENT = » M K
RECOVERY | X %4 X % X
ABORT IX| X| X I K bd
LOCAL EARTH RENDE ZVOUS 9 »
SEPARATION WHILE IN LOCAL EARTH CRBIT | | K| B
POWERED TRANSITION FROM LOCAL EARTH ORBIT, TO EARTH-MOON TRAJECTORY X d
MIDCOURSE MANEUVERS | | e 1 hHH | b Ll |
SUPER-CIRCULAR RE-ENTRY | 11 % "‘H‘l r [ | ] | I » < 1 P
POWERED TRANSITION FROM EARTH-MOON TRAJECTORY TO LOCAL MOON ORBIT K
Locat meonomerr | TTTTT T T T - A
POWERED TRANSITION FROM LOCAL MOON ORBIT TO MOON-EARTH TRAJECTORY b
MOON-EARTH TRAJECTORY g a
LOCAL MOON RENDE ZVOUS X
SEPARATION WHILE IN LOCAL MOON ORSI(T A
MOON RETRO-SEQUENCE || | K
MOON DESCENT AND LANDING a
LAUNCH FROM MOON, POWERED FLIGHT, AND INSERTION INTO LOCAL MOON ORBIT | - i X _
NON-OPERATIONAL PHASES|
SIMULATION % M B
POST MISSION ANALYSIS 4 B D 4

SIIHOLVYOgVY1 LNINJOTIAIA NUILSIM

10246-P

02T1H-¥L-TAM



A

WDL-TR-E120

4.1.3 System Design Criteria

a.

The system must be capable of simultaneous full time opera-
tion for one operational mission and one simulated mission
during a normal state of readiness.

The data processing system supporting the operational mission
must be in satisfactory condition throughout mission status
for any given mission.

There must be minimum interference between equipments and
personnel supporting the real mission and simulated mission.

The system shall degrade proportionally in the event of equip-
ment malfunction. No larger percentage of the system capa-
bility shall be out than the percentage of the malfunctioning
equipment within the system.

Within the data processing system supporting the operational
or simulated mission, it should be feasible to reassign func-
tions and loads among the various equipments of each sub-
system to compensate for equipment malfunctions.

Participation in successively more complex missions should
require only evolutionary changes in the system rather than
major changes. Expandability is highly desirable, and should
be attainable with moderate facility or design effort. To this
extent, modularity of programming, as well as equipment, is
a functional necessity.

- During either normal and emergency operation, the system

must perform all functions that will provide the mission con-
trollers with a clear understanding of the status of the mis-
sion, of trends, and of alternatives which they may effect.

Though extensive automation is necessary and valuable, the
mission controllers must have ultimate control of GOSS so as
to be in a position to make sound recommendations to the
astronauts.

The system, including both hardware and software, must pro-
vide flexibility of operation so as to adjust to the variations in
mission objectives and to adjust to the changes in plans and
procedures reflecting earlier experience.

4.1.3.1 Separate Equipment for Operational and Simulated Missions

One MOCR is required to support an operational mission (both should

have the capability), while the second is used for a checkout or simu-

lated mission. These are independent activities, and must not be

allowed to interfere with one another.

PHILCO
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The simulation system will be subject to perturbations caused by (1)
the setting up and checking out of the new data processing program.s,
(2) evaluation of new operational procedures, (3) errors made by new
operating personnel being checked out, and (4) malfunctions in the sev-
eral simulation subsystems involved. These pei‘turbations must not be

permitted to interfere with the performance of the operational mission.

These considerations require that physically sepa.r_éte data processing

equipments be provided for each of the two types of missions.

4.1.3.2 Full Time Operation of Each Data Processing Subsystem

Electronic equipments of the types to be employed here will occasionally
fail. It is considered to be economically feasible and operationally
sensible to provide for each of the two mission activities the capability
to be effective in the face of failure of one of each of the major types of
equipment in the system (one computer, one coupler, etc.). Beyond
this level of equipment failure, additional failures should not cause
catastrophic reduction in system effectiveness. They would only par-
tially reduce the system effectiveness, not more than the proportion of

the capacity represented by the machines that have failed.

Should the data processing equipment supporting the operational mission
degrade to a marginal operational level, the requirement for operation
of the simulation mission would be sacrificed in the interests of re-

assigning equipment to the operational mission.

Any computer or data processor in a given subsystem of the data pro-
cessing system must be able to perform the functions of any other com-

puter or data processor in that subsystem.

Nonvolatile storage must be maintained at all times in such a way that
it is quickly accessible to any alternate or backup data processing
equipment that must undertake the processing functions in case of
malfunction. This backup storage of all necessary data must be or-

ganized so that if a power line transient or processor malfunction

4.1.3-2
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ogecurs, the machine that takes over the functions will be able to
autbmati'cally access all necessary status and other data that is up-to-
date as of a épecified time {for ~exammle, :fﬁp'ét'cx 2 minutes prior to
the malfunction). All inputs that have occurred since this specified
time will also be available for the backup processor to opérate upon,

to bi'ing the system up to real time. Also, all operating programs that
existed in the malfunctioning equipment will be available in nonvolatile

storage for the backup processor,

A part of the executive control programs will perform the function of
automafically adjusting the data processing system to meet equipment
malfunctions. These programs will accomplish functions such as the
following:

a. Automatic reassignment of functions that were being performed

by the equipment that failed _
b, Automatic reassignment of storage units, if necessary.
c. Updating the baékup files

According to preplanned rules, drop certain functions or
reduce the level of performance of certain functions when
necessary to adjust to appreciably reduced equipment capacity.

4.1.3-3
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4,1.4 Functional Configuration

The variety of procéssing tasks to be performed by the Data Processing
System can be broken down into three functional groups. This grouping
ddes not imply that these separate functions should be processed neces~-
sarily in physically separate equipments, although a physical arrange-‘

ment based on this concept has been considered.

Some unattractive features of a configuration based upon such a physical

arrangement include:

a. Different types of computers would probably be needed for
each function to provide the most efficient system at reason-
able cost.

~ b. This would complicate the assignment of any computer to the
~ complete functions of another in case of equipment failure
since the capabilities of the different machines will be dis-
similar. '

c. Partial takeover of functions will be complicated by the fact
that each program will have to be rewritten in the language of
each type of machine considered.

d. Programming in general will be more complicated because
more than one type of computer programming will have to be
learned.

e. Both the hardware and software interfaces between different
machines may be more complicated.

f. Training and logistics problems will be greater than when
using machines of all one type.

g. If machines of all one type are used but are physically sep-
arated according to this grouping, the physical switchover of
these computers may be more complicated than if all of the
machines are located in one large area. This will have to be
investigated.

The detailed considerations of programming task breakdowns and equip-

ment configurations are discussed in Sections 4.2 and 4. 3, respectively.

4.1.4.1 Input/Output Data Scanning and Formatting.

Extensive effort must be devoted to the automatic examination of
incoming messages from the Communication Processing and

Control Subsystem, determining the proper destination within the

4,1.4-1
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Data Processing System, determining priority, checking for format,
editing, selecting pertinent parts of the message, etc. A similar

degree of effort is applied to outgoing messages.

To respond properly to the arrival and transmittal of messages and
data, the system must be able to attend quickly to transmission
requirements. These requirements will arrive randomly in time,
occasionally peaking sharply. It will sometimes be necessary to
store waiting lines of messages (queues). These requirements are
sufficiently variable in quantity and sufficiently special in mechaniza-
tion (real time I/0 registers, auxiliary storage for queues which
must be scanned regularly) that great attention must be paid to this
set of functions to assure that peak I/0 loads will not interfere with

other important data processing functions, and vice versa.

4.1.4.2 Real-Time Mission Data Processing

Many mission tasks require extensive computation and must be per-
formed at high speeds during certain phases of the mission. These
are in the general area of flight trajectory and related computations.
Maintaining the status of the many variables represented in the
telemetered data is a high-volume, real-time task that also calls
for high-speed capability with appreciable computational content.
Programs devoted to the logical decisions needed to support emer-

gencies are also required to assist in mission control.

A further reason for combining these three major tasks in one group
is that they share the common requirement that, under certain con-
ditions, there will be a requirement for performing data reduction
functions on the telemetry or tracking data before the computation or

status work begins.

4.1.4-2
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A summary of these functions is as follows:

a. Flight trajectory' computations

b. Status data processing‘ |

c. Data reduction ‘

d. Contingency plans, logic, and actions -

e. Network exercising, testing, and checkout.

f. Diagnostic support

g. Weather y /7 ‘

h. Participate in: (1) post mis siqn analysis and (2) simulation.

4.1.4.3 Display/Control Data Processing Subsystem:

The displays provide organized summaries, lists, graphs, plots, etc.
to the mission controllers so they can maintain current knowledge of *
the mission status. This output link to the mission conirollers-is highty
interrelated with input links from those same controllers to the Data
Processing System as they support the mission. The requests they
make, the demands for additional information, the decisions they make,

and the commands they issue are:all intertwined with the data displayed.

A summary of these functions is as follows:

Display formatting, conversion, and generation
Display .routing ‘

Display stérage

Instruction processing

Interrogation

e PP FRFE

Participate in: (1) post mission analysis and (2) simulation,

4.1.4-3
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4.1.5 IMCC Basic Timing

The success of the many missions to be controlled by the Integrated
‘Mission Control Center depends upon time synchronization among stations
of the world-wide GOSS network. Within the IMCC ibtself,‘ much of the -
value of processed information is dependent upon accurate generation,
referencing, and communication of timing data. For these reasons a

basic timing system is required.

Figure 4.1.5-1 shows a block ‘dviagram of a basic timing system for the
IMCC. None of the equipment is shown duplexed, but further study may
show that duplication of some or all blocks is required to ensure adequate
reliability., There are two sources of basic timing in the system. One
source is an ultrastable oscillator which will drive the entire timing sys=-
tem. In the IMCC construction time period, one megacycle crystal-
controlled oscillators having a frequency stability of better than one

part in 10? per day will be available. The second'tifriing source will

be NBS radio station WWV.

L

In operation, the oscillator is counted down by frequency dividers into
a group of lower pulse rates as required by other IMCC equipment. One
of the important low rates produced is one pulse per second. Pulses
occurring at the 1 pps rate -av;_'e' sent through a delay network which delays
them a time equal to the sum of the WWYV signal transit time to Houston
plus the WWV receiver delay. (This delay will be approximately 7.5
milliseconds.) These delayed 'pulses are presented on an oscilloscope
simultaneously with once pef second tone bursts derived from the trans-
mitted WWYV signal. (The‘WWV signals are, of course, automatically
delayed by the transit time of the signal and by delays in the WWV
receiver.) An observer views the composite oseilldscope display and

manually adjusts the frequency divider to achieve"pulse coincidence.

A second important low rate produced is sixty cycles per second.. Pulses
occurring at the 60 pps rate may be sent through a power amplifier and
converted into a 60-cycle 110 volt power source for IMCC wall clocks.

This probably will not be necessary, since most commercial power is

4,1.5-1
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sufficiently accurate and stable for the job. An observer monitors these

clocks and manually sets them to coincide with "time of day'" announce-
ments received from WWV. A similar closed loop is shown for digital

clocks driven by other low pulse rates.

The remaining low pulse rate outputs of the frequency dividers (now
synchronized with Greenwich Mean Time as a result of comparison with
WWV.) are used to generate time code words and special timing signals
as required by other IMCC systems. Buffering is provided to make
these words and signals compatible with the computing, telemetering,
and display subsystems. It is not yet decided whether the computers
of the IMCC will take in timing data by reading it in under program
request, by being interrupted on a regular basis by the timing system,
or by generating their own timing based on sharing timing system basic
pulse rates. A combination of the above techniques may provide the
best solution.  Since these factors, together with the choice of display
equipment and amount of telemetering equipment, cannot now be speci-
fied, the design of the timing distribution and buffering equipment must

await those specifications.

4,1.5-3
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4.2 PROGRAM DEVELOPMENT

4.2.1 Programming Tasks

" The major and secondary data processing tasks previously outlined can

be further detailed as follows in terms of the computer programs re-

quired to accomplish these tasks.

a.

PHILCO

Simulation and Checkout Programs

Data Processing Diagnostics
Communication Diagnostics
Display Diagnostics

Simulation for Communication

Checkout/Readiness Program

Mission Programs, Functional

1. Mission Direction Programs

Direction of Operations Program

® Operations Director

® Flight Director

® Assistant Flight Director
Flight Dynamics Programs

® Flight Dynamics Officer

® Assistant FDO for Titan/Gemini

® Assistant FDO for Atlas/Agena
Vehicle Systems Status Programs

Vehicle System Officer

Vehicle Systems Status Advisor: Agena
Vehicle Systems Status Advisor: Gemini
Vehicle Communicator

Flight Test Assistant

) Biomedical and Environment Monitor

GOSS Network Control Program

® Network Commander

WESTERN DEVELOPMENT LABORATORIES
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° Remote Site Coordinator
® Operations and Procedures Officer

Recovery Forces Program

@ Recovery Commander

The Mission Programs outlined above comprise the following
sub-programs, which are utilized to support all the phases of

Gemini and Apollo.

2. Functional Sub-Programs

Powered Flight Trajectory Program

Satellite Orbit Ephemeris Program

Acquisition Program

Satellite Orbit Differential Correction Program
Re-entry and Impact Prediction Program
Mathematical Subroutines

Maneuver Computations

Vehicle Navigation Checks

Provide Data or Program for On-Board Computer
Weather Processing Program

Mission Analysis Program

Display Control Program

Display Formatting and Generation Programs
Man-Machine Communication Program

Input Data Control Program

Input Smoothing Program

Input Formatting Program

Output Data Control Program

Output Formatting Program

Report Generation Program

Data Processing Program

c. Mission Programs, Control
° Executive Programs
4.2-2
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® Mission Control

® Restart and Verification

d. Postflight Data Reduction

e. Network Countdown Programs
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4.2.2 Simulation and Checkout Programs

Simulation and Checkout are considered one of the major functions performed

by the IMCC. The functions of the Simulation and Checkout System are
reported in Section 6. A summary of the major programs is included

below.

4.2.2.1 Data Processor Diagnostics

This program serves a two-fold purpose First, it is an extensive
""readiness' program which determines whether or not the data processor
and its associated equipment are operating at prescribed level. Second,
it isolates a malfunction if the data processing system is not operational.
The complexity of this program will be a function of the equipment used.
Generally speaking, programs of this type usually require 8, 000 to

10, 000 instructions. Time to execution is less than a second for the data
processor, and will vary for other devices such as tapes, printers, card

readers, etc.

4.2.2.2 Communication Diagnostics

This program will serve first as a ""readiness'' test of the communica-
tion network and, second, as a routine to assist in locating faults in the
system. This program must have an automatic mode of operation for
cycling through all data channels with operator intervention and a control
mode for testing only an operator-specified segment of the system. The
length and complexity of this program will depend upon the tests to be

performed and the equipment to be tested.

4.2 2.3 Display Diagnostics

This program will serve first as a '"readiness' test of the display system

and, second, as a routine to isolate areas of malfunction. This routine will

display standard test patterns and random patterns. Operation Interven-

4.2.2-1
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tion will be required to pass on the effectiveness of the displays.

Display diagnostics will be able to test a single display, a sub-set of
the displays, or the entire set of displays. It will be primarily a test

of the hardware and not of the software programming.

4.2.2.4 Simulation for Communication

This set of programs will simulate the output of any device in the
communication system so that the diagnostics for this system can be
performed. In addition, these programs will be used to test other parts

of the data processing. They can be used to simulate the output of re-

mote sites when checking out the software programs. These programs

can be quite simple in scope, such as a simple table-ighc}_{t‘ip when re-
ferenced, or can be quite an elaborate program, generating varying

outputs from many sites. Considerable planning is needed here to establish

complete programming requirements.

4.2.2.5 Checkout/Readiness Program
The checkout/readiness program will be used to check the operation of
any component in the data processing or communication system. It is
not used tc isolate trouble, but to verify satisfactory operation. This
program will be used whenever equipment is suspected of malfunction.
At this time, the program will execute a quick check and display re-
sults. If trouble exists, the executive routine will take control.
4.2.2-2 | "
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4.2.3 Mission Programs, Functional

For a real-time control system of the scope embodied in the Gemini/
Apollo missions, task of creating,checking out, and maintaining the
required computer programs is very large. It is, therefore, proposed
that the programs be divided and subdivided until the programming tasks
can be broken down into manageable units. It should be made clear

that each of these programs will have different segments which are used
during different phases of the mission, and each of these program seg-
ments may consist of a subset of program segments pertaining to differ-
ent missions (i.e., Gemini Qualification Flight, One-day Flight, Seven-
day Flight, etc.) For convenience, each of these segments may be

referred to by a symbol such as Bzy C73, A41. ... defined as follows:

Letters refer to the basic program name:

A - Mission Control (Operation Directions portion)
B - Mission Control (Flight Dynamics portion)

C - Mission Control (Vehicle Systems portion)

Superscript denotes the phase of the mission:

1 - Pre-launch
2 - Launch, powered flight, insertion into orbit
3

- Local earth orbit.

Subscripts refer to a particular program within that phase:

1 - Gemini qualification flight
2 - Gemini one-day flight
3

- Gemini seven-day flight.

For example, BZ3 will refer to a program segment in the flight dynamics

program for the second phase of a seven-day flight.

With programs subdivided in this manner, there will exist an array of

available program segments. From such a supply of program segments,

4.2.3-1
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the executive program will prepare a mission program tape, which will

contain all the programs necessary for the execution of that mission.

The executive program initiates the following steps:

a. Read the proposed mission plan

b. Select the programs necessary for the execution of the mission
plan

c. Prepare a written copy of the listed programs and associated
directions

d. Initiate the mission program when so directed.

An important product resulting from organization of the program seg-

ments in this manner will be that a program segment, such as D can

be written as an independent routine, which permits checkout withzout

another set being used. If desired, a set of programs Bll, BZS, B3Z' ;

B76’ which are concerned only with the functions of the flight dynamics

group, can be checked out. It may be found that these segments will

not change from phase to phase, but this is only a minor saving. More

importantly, this scheme provides for alteration of any program seg- r

ment without destroying the entire program.

4.2.3.1 Mission Direction Programs ,.ff‘*

X
N e
The mission direction programs will consist of a set of 26 programs. =

The function of this set of programs is to provide the mission directors
with the means of controlling the execution of each phase of the planned
mission. FEach of the programs will contain a routine for the principal
director such that he, in effect, has at his command the ability to bring
the entire data processing system into the solution of his problem. Control
is built into these programs that prevents one director from locking out all

others in solving one problem.

These programs will vary in length depending upon the mission phase
being executed. Generally, each program will be less than 4, 000 words

in length, These programs will be stored in slow speed memory such as

4.2.3.2 W
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drum, discs, or magnetic tape. The mission phase being executed will

&

be in high speed storage and provision must be made for a block of
4,000 cells.

The control for contingency and abort plans is contained within these
mission direction programs. In the event of trouble, this control
program will bring in the routines necessary for the particular mission
phase being executed. For example, if trouble were suspected during
the lunar trajectory mission phase, the contingency plans used would be

different than those called upon during trouble in the local earth rendegz -
{\‘/’/OUS phase.

4.2.3.2 Functional Programs

The class of programs available to the mission controllers at all times
are the functional programs. These are the programs which compute
trajectory and orbit calculation, vehicle navigation checks, weather

m calculations and other programs which may be required at any time dur-

ing the mission but are not associated with a specific task.

a. Powered Flight Trajectory Program . The powered flight
trajectory is typically simulated by means of a six-degree of
freedom program which computes a position and velocity
ephemeris. This computation is based on the equations of
motion of a three degree of freedom vehicle thrusting in a
three dimensional inertial framework, taking into account
the aerodynamic and oblateness perturbative effects. The
calculation of the forces acting on the vehicle will probably
employ Cowell's and/or Encke's methods, which consists
of a direct evaluation of the above accelerations, an integra-
tion by some numerical method, and the use of the new posi-
tion and velocity data obtained from the integration to continue
the process. The program must have the capability to stage
the flight in terms of powered and coast phases, and also must
simulate and jettisoning of portions of the mass configuration.

A large amount of the data describing the conditions for this
computational simulation will be in the form of tables requir-
ing high speed storage allocation. Examples of such tables
include: atmospheric density, attitude control, aerodynamic
lift and drag coefficients, moments of inertia, chamber pre-
sure, and wind data. This by no means exhausts the list of
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possible entries, but serves as a guide in storage planning.

Satellite Orbit Ephemeris Program. This program computes

the position and velocity of an earth satellite and its orbital
lifetime, given elements of its orbit at ' some epoch values of

these elements in any of several forms. The forms may be, for

instance, components of position and velocity, classical
elements, or a specialized set of orbit parameters designed
for a particular type of orbit. An example of the latter would
be a specialized set of orbit elements designed to circumvent
the singularities incurred in the use of classical elements

to compute the ephemeris of a near-circular orbit.

The perturbative effects of the non-spherical earth and

atmospheric drag must be incorporated in the program, keep-

ing in mind that the vehicle is operating in the transitional

drag regime. The above perturbative effects and lesser
perturbations, like those caused by the Sun, the Moon, and
radiation pressure should be included as program modules.

This would allow these effects to be included if deemed necessary,
or otherwise locked out of the computation. Lock-out of the

lesser perturbations would be expected for the normal low

altitude, short duration, manned satellite mission. The

numerical integration utilized in this program should take
advantage of the variation of parameters technique. This

approach develops the equations of motion in terms of para- s
meters which remain invariant in the absence of perturbations of W
the two-body motion, the dominant two-body term being suppressed.
A process of this nature is quite effective in the integration

of earth satellite orbits where the two-body approximation is

valid over a portion of the trajectory. This permits much larger
integration steps than would be allowed by the Cowell integra-

tion of the total acceleration on the vehicle. Closed-form

equations of motion could be used for near earth orbits.

Acquisition Program . The purpose of the acquisition pro-

gram is to compute look-angle data for the remote tracking

sites. The process is one of interpolating into the available
satellite ephemeris for its rising time on the sensor's horizon.
This ephemeris must contain points at intervals such that any
pass over any stations would not be missed. The general steps in
this program are:

{1) A coordinate transformation to ascertain whether a given
ephemeris point is above the horizon of the sensor

(2) Upon establishment of the time above a station's horizon,
an interpolation in the ephemeris for the rising time re-

lative to that station

(3) A representative of the rising time and subsequent times
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(e.g., one minute intervals) in the satellite orbit
ephemeris program to obtain position and velocity
data

(4) A coordinate transformation of the position and velocity
data to obtain the required acquisition information con-
sisting of time, slant range, and angles.

Satellite Orbit Differential Correction Program . The ele-
ments of an earth satellite orbit can be corrected by means

of accumulated observational data from remote tracking sites.
Computationally, this process is one of forming residuals
between the actual observations and the observations computed
from the current set of orbital elements, and then adjusting the
elements to best fit these residuals. Analytical cause-and-
effect linear relationships are utilized in the fitting process
since the differential characteristics of an unperturbed satel-
lite orbit are, to a first order, identical to those of the true
orbit.

To correct the six-orbit elements, six observational quantities
are required. In general, a larger volume of data will be
available, calling for statistical methods in the fitting pro-
cess. A least squares reduction technique is generally
employed in this type of over-determination, and is recom-
mended in this particular application.

Reentry and Impact Prediction Program. A program must be

available for the computation of the trajectory of a vehicle
during the reentry phase of any space mission: orbital, sub-
orbital, or super-orbital. This program assumes the
ephemeris integration when the drag perturbation accounts
for an appreciable fraction of the total vehicle acceleration
(approximately 0.1 g) and continues the computation to provide
an impact point.

A Cowell integration of the total acceleration will yeild all

of the trajectory information that is implied in the data and

in the knowledge of density, lift and drag coefficients,

structural ablations, winds and many other effects for which
only limited data is available. This process implies the storage
requirements imposed by the tabular data for the above
information.

Mathematical Subroutines. The mathematical subroutines

are used in flight trajectory computations. The basic library
will include trigonometric functions, arc-functions, square
root exponential, logarithmic, interpolation, matrix inversion
(n X n) integration, and various other functions.

4.2.3-5
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g. Maneuver Computations. Computations that develop the re-
lationship between the existing trajectory and the desired
new trajectory will be needed to provide the basic informa-
tion for determining the total change required, initiation
time of the maneuver, direction and period of thrust, etc.
Reentry, rendezvous and separation, major transitions
from one trajectory to another, and midcourse trajectory
alterations are some of the maneuvers that must be provided
for. This program will perform the necessary processing
for developing the maneuver computations. Some of the other
flight trajectory programs will be used as subroutines. They
will be segmented so that some parts may be used during
Gemini phases and other parts used during Apollo missions.

h. Vehicle Navigation Checks. The programs required here are
for backup of the on-board navigational equipment and are
similar to those described under maneuver computations in
the preceding paragraph. In the Gemini rendezvous missions,
these checks are a part of the many maneuvers that are parti-
ally controlled from the ground. The same type of programs
should be performed during the phases when complete control
is primarily in the Gemini vehicle (rendezvous proper, re-
trosequence, reentry, and descent).

These programs must also be consistent with the on-board

computer programs to the extent that they can accept the same M
types of input data and produce equivalent outputs or control W
signals. While this may be no serious restriction, it must

be kept in mind so that puzzling disagreements between ground

computer and space-borne computers do not occur in those

cases where it is considered desirable to compare the results

of the two computers before initiating a maneuver.

i. Provide Data or Program for On-Board Computer. Any sec-
tion of the program in the on-board computer that can be loaded
with on-board equipment should be stored in the IMCC data
processing system. It should be stored in a form suitable for
direct transmission to the spacecraft, which will probably
require storage in format and code different from that used
by the ground data processors. Therefore, there is probably
a need for a program for loading or transforming the program
as it is loaded into the IMCC data processors. Special attention
should be given to any restrictions imposed by the transmission
links, since any up-transmission of this type will go via
remote sites.

The possibility of storing this program at remote site data
processors so as to be available for transmission upon an
appropriate instruction from IMCC will be examined. While
this would relieve the IMCC processors of some storage and
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programming requirements, provision must be made for this
capacity in the IMCC until, and if, it is decided that the
remote sites definitely should perform this function.

Data for the on-board computer may be provided in modest
amounts prior to launch. For reentry computations, data,
such as the following, will probably be loaded:

® Target latitude

® Target longitude

Three precomputed functions of 25 points each (func-
tions of a quantity proportional to density altitude)

Nominal retrograde velocity
Angle of retrograde velocity

A stored function of a computed quantity

Several constants.

Programs required for these are covered in the flight tra-
jectory computations above. Moderate additional subroutines
will provide the quantities of the types listed above.

During the mission, data and commands computed on the
ground and sent to the spacecraft include such things as
orbital correction data, thrust vector orientation, velocity incre-
ment, etc. for modifications of orbit. Also, data inputs such
as the following may be transmitted to the spacecraft before
reentry:
Predicted tangential velocity at nominal start of guidance
Predicted flight path angle at nominal start of guidance

Predicted radial distance from earth geocenter to space-
craft at nominal start of guidance

Orbit angle from equator to retrofire point

Orbit angle from equator to start of nominal guidance
point

® Angular difference between X-axis and Greenwich
meridian at initiation of reentry guidance

Direction cosine constants
Sensitivity coefficient constants

Time to retrofire

Time to initiation of guidance and control to programmers.

4.2.3-7
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Weather Processing Program . A program must be provided for

handling the weather status information inserted into the system
so that it can be presented in proper form to the Recovery
Commander when requested by the recovery forces program,

or the direction of operations program. The weather status
filed in the data processing system includes information on

such things as winds and cover at launch area, recovery areas,
remote sites, and world-wide. Solar weather information may
be stored, suitable for flare prediction and its affects on
communication, and for high altitude air density computations.

A real-time computational task must be performed during those
parts of a mission when reentry is imminent (planned or emer-
gency). High-altitude air density estimates are needed for skip
maneuver type returns to earth and reentry from earth orbits.
This computation will assist in predicting an accurate impact
area.

Mission Analysis Program. Telemetered data transmitted to

the center will be printed, displayed, and stored. Results

of flight trajectory computations will be recorded during

the mission with appropriate trajectory elements. Commands,
data, etc., that are sent and received during the mission will

be stored. Means will be provided for searching the records and
displaying the situation at any time during the mission.

This is essentially a control type program which will utilize
the information retrieval programs of the data processing pro-
grams and the report generator to output results. There will
be programs to perform the standard statistical analysis re-
quired.

Display Control Program. This program will monitor the
displays and respond to queries made by those observing

the displays. It will perform the automatic steps that

are necessary for keeping the data displayed. It will select
the proper data channel and memory location. This program
is under the control of the executive program.

Display/Control Formatting and Generation. The programs

dealing with display/control formatting plus generation will
generally operate independently except for control functions
which will be handled by the executive program. If a request
for an existing display, or one in the files, is made by a
mission controller, the executive program recognizes this and
relays it to the display program. If the request requires a
display which necessitates extensive computation, the executive
program will first secure the necessary results of the computa-
tions and send these with the request to the display routine

for action. The functions comprising this program are described
in the following paragraph.
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Display Record Maintenance.. A major part of the dis-
play data processing work will consist of maintaining

a basic record, in electronic storage, for many of the
displays in the IMCC. The classes of information to be
displayed are identified in Section 5. In each of the basic
records in this extensive set of records, the following

is likely to be stored:

) Anticipated variation of the variable(s) in question
throughout the mission, whenever such values
are needed for display or contingency computations.
Normally, these would be calculated prior to the
start of the mission.

® History of variable( s) during mission

) Current status of variable( s}, with time tag to make
the currency of the data clear

° Projected values of the variable( s), based on exper-
ience during the mission to present time, if

appropriate.

Generation of Display Formats. For each of the major

kinds of display equipment driven by the data processing
equipment, there exists an appreciable quantity of work in
translating data fromthe basic record storage to the
sequence and form suitable for transfer to the displays.
This may include such tasks as:

® Developing the proper sequence of data prior to
transfer to a display device

® Developing information to tell the display equipment
the coordinates of the symbols or lines to be displayed.
This may require transformation of coordinate systems
used in the mission proper to coordinates for the
display device itself.

® Developing control signals required by the display
equipment (beginning of message, end, beams "'on"
and "off", etc.)

® Scaling to fit data into predetermined scales for
display

® Transformation of alphanumeric information into
standard symbols, lengths of lines, etc., for
display

@ Conversion of alphanumeric information for display,
such as binary to decimal symbols, etc.
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Section 5. 2 presents a description of the kinds of data
which are to be displayed. For the purposes of deter-
mining computer program requirements for these tasks,

it is necessary to consider in greater detail the sources

of this data, the rates and formats of inputs to the display/
control computers, the extent to which this data must be
prepared for display, and the output rates and formats

for display.

Pictorial Displays . The first class of displays is

pictorial, and includes subsystem specifications,
schematic diagrams, parts lists, illustrations,
mission rules and other information which could be
displayed when required for a quick look at design,
maintenance, or operaticnal procedure information.
Because of the extreme data storage requirements
and execution times needed for driving this type of a
display, it is recommended that the off-line data
files, as described in Section 5.4, be used as a
data source rather than the data processors.

Dynamic Displays. The second type of display is

dynamic and consists of computer-generated displays
such as trajectory plots. It is advisable to provide
the capability of displaying several different kinds of
data and curves to each monitor console. For the
majority of the displays, background and scale infor-
mation will be supplied by the scanning of previously
drawn slides which are provided in the display scan
generators. For special cases, a computer program
may develop the scale information. An example of
the information shown on dynamic displays is
"vehicle height above the earth's surface versus
system time.'" Included in this type of display

might be several numeric values; for example,
current vehicle height and system time for which
this computed height is valid. Another display

might contain impact latitude or longitude for
immediate abort versus system time and appropriate
current values.

Trend/graphic and Numeric Displays. Trend/graphic

and numeric displays (including time) will require pro-
grams which are similar to those for dynamic dis-
plays. It will be possible, therefore, to use common
subroutines for both these types of displays in many
instances.

Event Displays. Events are normally displayed by

igniting one out of two or three lights on a console
to signify whether an event has occurred early, on
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time, or late with an associated numeric display
to specify time discrepancy. Status information
is provided similarly to indicate go, no-go, on-off
and other conditions met or not met. For these
displays, single binary bits are used to signify a
true or false condition for each possible light on a
display panel. Logic is usually provided at the
display panel to interrogate this data which ignites
a light for each corresponding binary one and exting-
uishes a light when its associated binary bit is a
zero. For purposes of computer storage and data
transfer, these bits are packed together into com-
puter words.

Display Routing. The data processing equipment

must maintain information stating which display

is to receive which information. Standard operat-
ing procedures will define this. The equipment will
assign the proper address(es) for transmission to
the proper display(s).

Display Control Program. A control program pro-

viding for the automatic generation of display informa-
tion will be written. This program is concerned with
the technical aspects of the display, i.e., the regenera-
tion cycle, and with reformatting of the display infor-
mation due to a change in the data. The mission
direction programs will control the responses for
creating a new display and, once the parameters for
this display have been established, control for for-
matting and generation will pass to this program.

Interrogation. The mission controllers must be pro-

vided means for interrogating any part of the ground
or spaceborne system for information or for diagnostic
purposes. Therefore, programs are provided for

this subsystem to assist in such interrogation. On
signal from the mission controllers, suitable interro-
gation commands will be automatically formulated,
addressed, and transmitted. Monitoring for the re-
turn information will be established, and the requested
information will be displayed or otherwise presented.

Man-Machine Communication Program. The mission directors

need the ability to change displays, modify existing displays,
recall old displays, extract data from files, and perform many
other similar tasks. The program must be able to respond to
all requests made by the directors. It will be segmented such @
that as the overlays on the display console change in function, it
will modify itself to correspond to the overlay being used. This
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requires that the program interpret the code of the overiay

and assemble the program segments to respond properly to

the keys. The program will be able to accept alphanumeric
information, translate this into a command, and execute the
request.

Input Data Control Program. This program will recognize data

interrupts, read data into the proper memory core or onto tape
and, depending upon the message identification, route it to the
proper formatting routine. Although any necessary data queu-
ing will be accomplished by the communications processor, this'
program will monitor the utilization of the data processor storage
and reroute data to different storage blocks when necessary. It
will be underithe control of the executive program.

Input Smoothing Program . This program will accept raw
telemetry data, perform decommutation, select representative
data points, and smooth the data. It will be able to supply mis-
sing points utilizing the best statistical procedures.

Input Formatting Program. This program will be required to re-
cognize several types of input formats and perform the necessary
unpacking for use by the other data processing routines. For
example, codes which may have to be generated might include
binary, binary coded decimal, and hexidecimal.

Output Data Control Program . The primary responsibility

of this program will be to route data to the proper output line

for transmission to the communications processor at the pro-

per time. Alternate lines will be provided for backup in case

of outage. This programwill be under the control of the executive
program.

Output Formatting Program. This program will convert binary
data into the proper word length for transmission to the communi-
cations processor. It will also address the messages so that
they will be routed to the proper destination. Any other coding
bits will also be added as required.

Report Generation Program. This program will be used to prepare

data in a suitable form for printing reports. At the request of a
mission director it will perform the necessary data conversion
formatting, and printing via the printer in the format requested.
To conserve space, only a selected number of formats will be
permitted.
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Data Processing Programs. The data processing programs

will perform the sorting, merging, information retrieving,
and data translating necessary during the mission. These
programs will be used by other routines to sort and merge
data so that the information can be used in an efficient way.
There will also be the capability to perform file searches for
requested data. Most of the data will be stored in binary
code and there will exist the capability for converting to a
more usable format.
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4.2.4 Mission Programs, Control

4.2.4.1 The Executive Programs

a. Requirements. The executive programs will impose certain

requirements upon the programs in the data processing sys-
tem. These programs will provide the following:
1. Protection of information which is concurrently utilized
by different programs

2. Assignment flexibility in that tables and files of informa-
tion are determined at execution time

3. Segmentation and interruptability features to facilitate
control of system environment.
Each program will maintain linkage to that part of the executive program
that is required for communication. This local executive program inter-
prets commands given to it and carries out the indicated functions itself
or communicates these to the master executive program for execution.
In the latter case, the master executive program executes the request

and then alerts the local executive program.

Some information files may have many requests directed to them con-
currently. One program may be altering data in the file while another
is reading this file. This could lead to ambiguous results. As a result,
no direct transfer of data to the files will be permitted. All loading of
new data must be coordinated through the executive program by means

of appropriate interrupts.

The loading of all program instructions and data is coordinated by the
executive program. All programs will be carried in a common data sink
(disc file, tape unit, or drum) which can be accessed only by the executive
program. Lengthy programs may be segmented, with the first segment
loaded by the executive program automatically initiating the job. Other
segments will be loaded, but initiation will be under control of the pro-
gram being executed. The length of each segment will be controlled to

prevent destruction of protected data in memory.
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The assignment of data stores such as tape units, drums, etc., will 0
be made by the executive program. During the course of a mission,

various components may be taken out of the system for preventive

maintenance or repairs. The executive program will monitor these

data stores and will make the necessary data reassignments for the

program.

It may be necessary to segment programs into sections called program-
ming phases. These segments may be used in many different phases of
the total mission. Some parts of a program may not be needed for a

considerable length of time. Therefore, the space needed for this seg-

ment can be better utilized by other jobs.

For integration into the system by the executive program, certain

information concerning the programs must be available to the executive

program for incorporation into internally stored tables. This informa-

tion includes program identification, information associated with the data

sink, the total extent and interruptability class of each processing phase L)
within the program, the program names for the different information o

files it uses, dump parameters, and loading parameters.

The executive program must, from time to time, interrupt the execution
of a program to facilitate a higher priority job. Certain characteristics
of the programs make it impossible to interrupt them at the desired point
of interruption. Since it is desirable to have some easily interruptable
program in the execution phase whenever program pre-emption is a
possibility, the executive program must take into account the interruptability
characteristics of each program. To facilitate this aspect of the system
operation, programs should initiate setting of preassigned bits in a
program-interrupt data word. An index will be assigned each program
processing phase on the basis of the longest continuous execution interval
within the processing phase during which the '"no interrupt' condition is
set. If the executive program attempts an interrupt and the program does

not respond to this alert within the maximum time interval corresponding
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to its current interuptability index, the program is destructively dumped
with no effort to preserve previous computations. If this occurs, a
restart from an earlier point will be necessary to bring the system back
to real-time processing. The programmers should be encouraged to make
a reasonable attempt to design all programs to be interrupted as often

as possible.

All procvessing phases except the terminal phase are terminated by

an exit to the executive program with an indication specifying the next
processing phase to be executed. No error stops will be permitted in
any program. Indication will be given to the executive program that
an error has occurred and appropriate action will be taken by the
executive program. The terminal processing phase exit  will alert
the executive program to perform the necessary terminal tasks and to

initiate the next program.

Each programmer will organize the working storage and instructions such
that a minimum amount of the programneed be dumped for later restart
if conditions warrant such a restart. Periodic dumps will be taken dur-

ing the execution of all programs.

b. Functions. The executive control programs will provide the
following functions:
1. Control the execution of all programs necessary for
the successful completion of the mission
2. Collect and store the necessary data for the programs

3. Provide means for program continuation in case of
malfunction of any component in the system

4., Assist in the execution of the diagnostic and system
checkout during a mission

5. Provide means for modifying mission plan by eliminat-
ing phases or initiating abort sequences by mission con-
trol personnel.

4,2.4-3
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Mission Control Program . The control of all programs is

performed by the mission control program. Its function -

is 'to’ control . all phases of the mission, provide means

for restarting in case of equipment failure and provide means

for passing control from one phase to the next. The mission
control program can be executed from any computer in the

data processing system, and portions of this program will be

in the memory of each of the computers throughout the mission.

It will make periodic dumps of memory, update files, and have the
ability to either read in the next phase in sequence or toc read

in any phase on the program tape.

Restart and Verification Program . With a multiple computer

data processing system, provisions must be made for any
computer to take control of the data processing. This pro-
gram must provide the means of restarting the processing after
a machine malfunction occurs, and it must verify that all re-
sults are within bounds. This program is segmented such that
each computer contains a routine which is verifying the other
computers and is able to take control if necessary. It will
have the ability of bringing the standby computer into the
system to replace the failing one. This routine will also pro-
vide capability for bringing on-line the standby peripheral

equipment when needed.

4.2.4-4
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4.2.5 Postflight Data Reduction

4.2.5.1 Data Processing System

The data processing system will be concerned only with the prepara-
tion of data for reduction and analysis, and will not be concerned with
the actual reduction and analysis of the data itself. Information attained
throughout all mission phases must b e identified, categorized and stored

for future use as an analytical tool and for an historical file.

As backup for the remote site data processor, provisions will be made
for performing the following operations: decommutating, recording,
scaling, conversion, limit checking, smoothing, and sampling. These
functions will be performed on both the tracking and telemetered data.
If possible, the raw data fromthe remote sites will be processed by the
""remo<ze site' processor at the IMCC before data is used by the data
processing system. The other input programs such as input formatting
and input smoothing may be used as subroutines for this program.
Generally the data received by IMCC will be processed by the other
input routines and this routine will be on a standby basis. A small
portion will be in high speed storage to initiate the call for this routine

when needed.

4.2.5.2 Data Reduction Computers

The actual data reduction and analysis will take place in the Office,
Laboratory and Support Wing of the IMCC by a set of computers not
associated with either operational or simulation missions. These

computers are not considered a part of the data processing system.

Sophisticated information retrieval techniques must be worked out to
allow the stored volume of data to be reduced. Statistical report pro-
grams covering areas not critical to mission completion, but of signi-
ficant value to mission analysis and future planning, will be written

for this set of computers.

4.2.5-1
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These computers can duplicate the remote site data processors, and
proper analysis of the results will prove invaluable in exploring appar-

ent anomalies in data as received at the IMCC during the actual mission.

Information, that is preserved in this manner, may also be used in de-
velopment of training courses. With the availability of this timed in-
formation, either the entire mission or specific phases may be regene-
rated to supplement the extensive training exercises envisoned with

simulations.

4.2.5-2
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4.2. 6 Network Countdown Programs

During the countdown, the multitude of planned steps and their timing
and interrelationships must be thoroughly and clearly kept before the
mission controllers. As holds occur, the definite consequences and

the probab'le consequences must be made evident. An interrelated set
of tasks in missions as complex as Gemini Rendezvous and succeeding
missions can be usefully represented by a network such as that employed
in PERT. The sequence of tasks is clearly stated, and the effect of
delay in one task on the timing of the other tasks throughout the net-
work can be made clear. The probable time to completion of countdown
can be computed at all times. The tasks that are "critical”, i.e.,

those which influence time to completion, are identified, and the amount
of rescheduling flexibility in '""noncritical’ tasks is made clear. If the
uncertainty in any task time duration can be estimated, an estimate of
the resulting uncertainty in the time of completion of countdown can be

computed.

The interrelations between the possible countdowns of two vehicles can

also be handled by this process.

The amount of time until the next significant event(s) or decision(s)

may be computed and displayed to the mission controllers at all times.

Scheduling of the various subsystems and equipments in the IMCC will
be performed. The times at which facilities are to be assigned to
GOSS, tAé"‘;{ted, exercised, and checked out, when they are to be fully
operational and for what time duration, would be computed and sub-

mitted to the mission controllers.

Computation of suitable launch windows would be performed, whenever
requested, based on the status of the countdown and the status of inter-

related vehicles in countdown or spaceborne status.

4.2.6-1

P H I L C o WESTERN DEVELOPMENT LABORATORIES






AT,

A

™

WDL-TR-E120 -1

4.2.7 General Concepts

4.2.7.1 Program Preparation

The essential elements in the generation of the data processing are

as follows:

Mission definition

Hardware systems/subsystems definition

Program systems/subsystems definition

Development of programming standards

Flow charting and timing analyses of program subsystems
Coding and translation into machine language

Generation of validity tests and checkout of validity tests
and program subsystems

Documentation of program material

Modification and integration of programs and program sub-
systems

Technical review of program systems

Real-time checkout and system integration.

Descriptions of these elements are presented in the following paragraphs:

PHILCO

a.

Mission Definition. This will include a technical description

of the vehicle flight path and the relevant mathematical and
data processing functions. The description will also include
all inputs and outputs to the Data Processing System by
mission phase, with relative priorities and tolerances. The
mission definition will also include the required reliability
for each phase.

Hardware Systems/Subsystems Definition. This will be

composed of a detailed description of all data processing
equipments including interface requirements, input-output
data formats and rates.

Program Systems/Sub systems Definition. This will comprise

a detailed description of all required programs, sub-programs,
and sub-routines, by mission phase and program development
phase. The description will include the inputs, outputs, functions,
failure indicators, and checkout provisions, and will thereby
assign responsibility to specific subprograms and define the
interprogram and hardware/program interface.

4.2.7-1
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Development of Programming Standards. This area will
encompass the standardizing of the external characteristics

of the programs, the allocation of the data processing real-
time facilities among the various programs, and the definition
of the operating system for real-time and production use.

Flow Charting and Timing Analyses of Program Subsystems.
This operation will provide checks for correction of initial
estimates and designs. This phase also includes the specifi-
cations for all detailed coding.

Coding and Translation into Machine Language. This phase
will include the essential elements of producing the programs
and subprograms. These activities encompass the coding and
code checking of the rough draft programs for compliance to
the guiding specification, key punching, and verification in
connection with the transcription of symbolic programs and
assembly of the human oriented coding into machine oriented
programs and data media.

Generation of Validity Tests and Checkout of Validity Tests
and Program Subsystem. The problem of verifying correct

operation of complex data processing is recognized as a pro-
blem of the same order of magnitude as creating the opera-
tional system. This phase will involve the preparation

of data for testing the functional performance of the Data
Processing System and the correction of inadequacies due

to machine or programming problems and the preparation

of software simulation programs. These programs would be
used to incorporate the various program segments into the
system and simulate only the aspects necessary to check out
the mission.

Documentation of Program Materials. Proper and adequate
documentation will result in the following advantages; (1) re-

use of subroutines and common functions for future systems,

(2) dissemination of new techniques throughout the data pro-
cessing field, (3) review and analysis of original technical
decisions, and (4) revision and modification of verified programs
can be accomplished without major difficulties.

Modification and Integration of Programs and Program Sub-

systems . This will cover the effort required to redocument the

debugged and verified subprograms, and the solution of

problems encountered in the combination of all the operational
subprograms into the operational program complex.

Technical Review of Program Systems. This will provide for

a review of the entire program system and its ultimate per-
formance, and a review of the final balance between hardware
and software performance.

4.2.7-2
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k. Real-Time Checkout and System Integration. This phase
involvesan examination of pre-mission, mission, and post-
mission performance. This will include pre-mission and
real-time checkout; real-time operations; modification of the
programming complex due to equipment, personnel, or pro-
gram deficiencies; and/or modification to satisfy new and
unforeseen requirements derived from post-mission per-
formance evaluation and data reduction.

4.2.7.2 Computer Program Testing

As indicated in subsections 4. 2. 7.1 e and g, above, the flow chart
and timing analyses of program subsystems will provide checks for cor-

rection of initial estimates.

4.2.7.3 Computer System Testing

A starting point for computer system testing will include such items
as (1) mission definition, (2) hardware systems/subsystems definition,

and (3) program systems/subsystems definition.

Data processing diagnostic programs, for example, will serve a two-
fold purpose. On the one hand, they serve as extensive '""readiness”
programs which determine whether or not the data processor and its
associated equipment are operating at prescribed levels. On the other
hand, malfunctions will be isolated if the data processing system is not
operational. Communication diagnostic programs will serve first as a
"readiness'' test of the communication network and, secondly, as a
routine to assist in locating the fauts in the system. Such programs
must have an automatic mode of operation for cycling through all data
channels with operator intervention and a control mode for testing only
an operator-specified segment of the system. Display diagnostic pro-
grams will also serve as ''readiness'' tests of the display system and
as routines to isolate the area of malfunctions. Such routines will
display standard test patterns and random patterns. Operation inter-
vention will be required to pass on the effectiveness of the displays.
Simulation programs for communication will simulate the output of any

device in the communication system. These programs can be used to

4.2.7-3
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test other parts of the data processing system. They can be used,
for example, to simulate the output of remote sites when checking

out the software programs.

Suitable documentation will result in the following advantages:

1L, Re-use of subroutines and common functions for future systems,

2. Dissemination of new techniques throughout the data processing
field,

3. Review and analysis of original technical discussions, and

4. Revision and modification of verified programs can be

accomplished without major difficulties.

4.2.7.4 Contingency Plans, Logic, and Actions

In the planning for contingencies, the failure of any substantial part

of any subsystem must be considered, and the variation of any status
more than a specified amount from bogey or plan must be considered.
The consequences of each such failure or excessive variation must be
established. If interrelations exist in determining the consequences,
these interrelations must be thoroughly examined. These plans must

be performed for each phase of a mission.

Not only must each status be tested for conformance to a specified range

of values but additional anticipation should be provided to detect possible
future deviations beyond acceptable tolerances by each status. This can

be accomplished by mathematically varying the parameters affecting

a particular status by some specified amount, either one at a time or
together and then checking the condition of this status. These automatically
generated, marginal tests will provide conditional trend information which
may be used by the mission controllers to initiate the necessary corrective
action to avoid a potential problem before its imminence would become

known by observing ordinary trend charts.

4.2.7-4 <’
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4.2.7.5 Systems and Standards

A data processing programming system of this magnitude must, of
necessity, adhere to stringent rules and procedures. The executive
routine will have in its system standardized subroutines, calling
sequences, error returns, indicator settings, recovery techniques

and interface controls. It will also embellish the idea of data bank
philosophy to apply commonly used items to symbolically identifiable
cells. These standards will avoid multi-program inconsistencies, reduce

storage allocation, and aid in the checkout of these programs.

Documentation standards will be set to insure that all programs use
common formats in write-ups, similar testing techniques where
applicable, common symbology for flow charting, and a common
language to present a consistent, concise and explanatory document
for future reference. Symbolic listings with adequate and meaningful
comments must also be considered as a major contribution to any

well-documented and standardized system.

4.2.7-5
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4.2.8 Program Storage

Tables 4. 2.8-1 and 4. 2. 8-2 show partial storage requirements for

the programs listed. These programs are stored in a high speed

memory according to the function they perform. For example,

all the flight trajectory programs would be in one block. This group

would require 19, 200 cells with an additional 200 cells for temporary
storage. The display programs require 12, 500 cells for program and 1, 600

cells for temporary storage.

Retaining functional programs in their respective groups and including the
control programs for the phase prevents overloading of computers. Dur-
ing the rendezvous mission phase, the greatest number of programs are
in high speed storage. This requires 54,000 cells of high speed memory

including program storage and temporary storage space.

Further additions to these tables will be made in future revisions to

the report.

It can be said at this time that the program storage requirement does
not play a significant part in selecting the optimum data processor for

the IMCC. The determining factor is the time loading of the machines.

4.2.8-1
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Table 4. 2. 8-1
MISSION CONTROL PROGRAMS

Mission Control

Testing and Checkout Phase Control
Pre-Launch Phase Control

Launch Phase Control

Local Earth Orbit Phase Control

Reentry and Descent Phase Control

Recovery Phase Control

Local Earth Rendezvous Phase Control

Separation While in Local Earth Orbit Phase Control

Powered Transition to Cislunar or Circumlunar Orbit Phase Control

Cislunar or Circumlunar Orbit Phase Control

Midcourse Maneuver Phase Control

Powered Transition to Local Earth Orbit Phase Control

Skip Maneuver to Local Earth Orbit Phase Control

Powered Transition from Local Earth Orbit to Earth-to-Moon
Trajectory Phase Control

Earth-to-Moon Trajectory Phase Control

Powered Transition from Earth-to-Moon Trajectory to Local Moon
Orbit Phase Control

Local Moon Orbit Phase Control

Powered Transition from Local Moon Orbit to Moon-to-Earth
Trajectory Phase Control

Moon-to-Earth Trajectory Phase Control

Local Moon Rendezvous Phase Control

Separation While in Local Moon Orbit Phase Control
Moon Retro-Sequence Phase Control

Moon Descent and Landing Phase Control

Launch from Moon Phase Control

Powered Flight Trajectory Phase Control

Storage Required for Above (A further breakdown is not available at
this time). ‘

PROGRAM TEMPORARY
4,000 500

For each phase listed above, only one program at a time is in high

speed storage. The others are stored on either drum, disc, or tape.

4.2.8-2
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Table 4. 2. 8-2
FUNCTIONAL PROGRAMS STORAGE

Storage Required

Program T;iﬁgg;:iy
Simulation and Checkout Programs
Data Processor Diagnostics 8,000 1,000
Communication Diagnostics 7,000 1,000
Display Diagnostics 5,000 1,000
Simulation for Communication 10,000 2,000
Check out/Readiness Program 1,000 ---
Mission Programs, Functional
( Functional Sub-Programs)

Powered Flight Trajectory 10,000 200
Satellite Orbit Ephemeris 3,000
Acquisition 200 ---
Satellite Orbit Differential Correction 1,000 R
Re-entry and Impact Prediction 2,000 ---
Mathematical Subroutines ' 3,000 -
Maneuver Computations 1,000 -—-
Vehicle Navagation Checks 1,000 -
Provide Data or Program for On-Board

Computer 500 ---
Weather Processing 500 .=
Mission Analysis 500 500
Display Control 4,000 500
Display Formatting and Generation 7,000 1,000
Man-Machine Communication 1,500 100
Input Data Control 2,000 2,000
Input Smoothing 2,000 1,000
Input Formatting 1,000 500
Output Data Control 1,000 100

* Temporary storage can be shared with other programs.

4.2.8-3
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Table 4. 2. 8-2 (Contd.)

Storage Required

Program ngr;;;:;:;y
Output Formatting 1,000 100
Report Generation 5,000 500
Data Processing 3,000 1,000
Mission Programs, Control
Mission Control 1,000 -—
Restart and Verification 250 per ---
computer
Postflight Data Reduction 2,500 500
Network Countdown Programs
Without PERT Program 3,000 -—-
With PERT Program 11,000 3,000

* Temporary storage can be shared with other programs.

4.2.8-4
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APPENDIX 4A
PARAMETRIC STUDY OF COMPUTER RELIABILITY

4A.1 Discussion

Given m éomputers, the number of computers, n, down for repairs changes
only by repair of a computer or failure of another. If at time t, n computers
are down for repairs, then the probability that during the interval (t, t + h)

a transition to n + 1 computers down o;:curis is h)\n + 0 (h), that a transi-
tion to n - 1 computers down occurs is hun + 0 (h), and that any other change

occurs in 6(h) for h small,
The times to failure and times to repair of a single computer are assumed to

have exponential distributions with means \~ 1 and p.~ respectively., The

probability Pn(t + h) that n computers are down at time t + h is then given
by

P (t+h) = (1-X h-p h)P (t) + )

n-1i.th-'1 () + p'n-i- 1th+ 1 (t)

However,

and

Substituting these quantities, subtracting Pn(t) from Pn(t + h), dividing by h,

and letting h approach zero, we find

4. A 1-1
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-m\ P_(t) + pP, (t)

".
Pn(t)
l=n=<m-1

i ) :
Pm(t) = - p pm(t) +\P_ _ l(t)‘
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{(m - )\ ;}Pn(t) t(m-n+1)AP__(t) + pP_ . ,(th

There is a limiting'probability distribution as t approaches infinity,

lim Pn(t) =. P, »

t'—o <0

independent of the initial conditions, satisfying the equations

0 = mkpoi-p.pl-
Ov = -{(m -,‘n)k +p}pn + (m - n+1)vkpn_1+ PP, 4 1
0= -pp +2rp_ _ ¢

These equations lead to the relationship

1} k
pm - k =E: (%) Pm
where
-1 1l
P, = 1+(§§) + P’ (%) Foeee
4, A.1-2
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Let mBn denote the probability of n or less computers down out of m, and let

Pm-k _ 1 k MTF\X
S = r;m L 'I%E”(M'—“TR)
Then
n n .
m _ . =
) )
_ jF0&m-j L mSh §
T m % T T m §,
j
& %,
j=0 m-n
m-i—l
-1 =0 _§
m .c.
j=0

Letting

r = m - n,

the probability of r or more computers functioning out of m is e,

n
i jj"m

4. A. 1-3
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mCr has been computed for

% = 25, 50, 100, 200
m = 4,6,8, 10
Tr = 0. oee 9 m

For each value of p/\ , the quantity mCr was plotted as a continuous function

of r for fixed values of m. From these plots, values of m and r corresponding
to fixed values of mCr using r as abscissa and m as ordinate in Figures 4A.1-1
through 4A.1-4, Curves of

4.A.1-4
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m . :
constant Cr were also cross plotted with r as abscissa and m/r as

ordinate.in Figures 4. A.1-5 thru 4. A.1-8.

Before drawing conclusions from these curves, let us first indicate

the limitations of the analysis that we have employed. These are:

L. No allowance has been made for computers down for routine
maintenance. This can be taken care of by altering the value
of m. Further, the question of whether routine maintenance
should be performed on computer main frames during a mission

is debatable.

2. Machines are assumed to be serviced sequentially when more
than one is down. If more service crews are available, the
balance will be tipped more in favor of having a large number

of small machines.

3. The reliability of inter-computer communication equipment
and the difficulty of employing it have not been considered here.
The effect of this factor is strongly dependent on the design

of the particular system.

4. The probability distributions derived here are the limiting
distributions for large times and are independent of the initial
conditions. In the actual system, the initial conditions are
controllable, i.e., no launch takes place unless a certain frac-
tion of the computers are operating - and the mission times
may not be great enough for the effects of the initial conditions

to die out.

4. A. 2 Conclusions

The conclusions to be drawn from this analysis, subject to the forego-

ing limitations, are the following:

1. As is obvious, increasing the ratio MTF/MTR means that fewer
computers are needed to achieve a particular probability that

at least a fixed number of computers are operating.
4, A 2-1
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2. For afixed MTF/MTR and required number of computers
operating, the probability of having the required number of
computers operating increases rapidly as the number of

computers supplied increases.

3. For a fixed computing capability - using a small number of large
computers, or a larger number of small computers - and a fixed
probability of sustaining the computing load, the ratio of the
number of computers that must be supplied to the number of
computers necessary to sustain the computing load, m/r, is
strongly dependent on the size of computer employed only for
MTF/MTR small and requisite probability high.

"4 A R-2
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4. A.3 Examples

The only computer reliability figures available to us at the present
time are those given in "A Third Survey of Domestic Electronic Digital
Computing Systems'' published by the U. S. Department of Commerce,
Office of Technical Services, in March 1961.

In the referenced document,user experience with a number of commerci-
ally available computers are given in terms of '"Good Time' and '""Attempted
to Run Time' per week. We determine the ratio of mean time to failure

to mean time to repair from this according to:

MTF Up Time
MTR Down Time

Good Time
Attempted to Run Time - Good Time

The available data on several machines is as follows:

Good Attempted to MTF
Machine User Time Run Time MTR
CDC 1604 Not Available
IBM 704 NASA 176.3 180.5 42.
USA WSMR 68.5 70. 22.
Co.
USA WSMR 52.11 52.63 100.
USN David 114. 120. 19.
Taylor
USNOL White 54, 58. 13.5
Ozk
USAF Eglin 132. 7 168. 38.
AFB
IBM 709 USBMA Red- 113.1 116. 6 32.
stone
USN PMR Pt. 55. 6 60.4 11.6
Mugu
4, A, 3-1
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Machine

IBM 709

IBM 7090

Philco
2000

PHILCO

User

USN PMR Pt.
Mugu

USN OTS
China Lake

NAFE FAA
etc.

GE

UCLRL

WEC Bettis AP
Lab

WDL-TR-E120-1

Good Attempted to MTF
Time Run Time MTR

35.2 37.1 18.5
100. 105. 20.
40. 4]1. 40.
110. 120. 11.
110. 150. 2.7

70. 80. 7.0
4. A.3-2
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4.3 IMPLEMENTATION

4.3, 1‘ Basic Approach

The objective of this Section is to specify the type and number of com-
puters required in the computer complex to satisfy computing capacity
and redundancy requirements. It is possible to approach this task in
the classic manner by estimating the memory capacity and operations
required per unit time for each of the program elements described
previously adding and averaging them (with appropriate attention to
peak loads) to determine the total computing load, and then selecting
one or more computers with enough capacity to handle the task in real

time.

For the Gemini/Apollo Data Processing System, however, this approach
should not be used since the function to be performed — the support of
manned space flight programs — does not follow the pattern of operational
characteristics of scientific computation, business data processing,

or on-line process control. It more nearly approximates, but even

goes beyond, the real-time control functions of air defense network con-
trol and unmanned satellite tracking and control systems. To properly
examine the data processing equipment needed for such a system, it

is necessary to focus attention on the interrelations and possible con-
flicts that exist among a variety of tasks being carried out simultaneously

and asynchronously.

Into the computer complex, a variety of information will flow: tracking
data, vehicle telemetry, and status reports on the ground system and
recovery forces. Out of the computer complex must go a variety of
information, such as recommendations to the spacecraft crew, schedules
of activities for ground network elements, acquisition data for tracking
stations, and a capability to provide information to the spacecraft.
Within the computer complex, the incoming data must be appropriately
manipulatetl or transformed to produce the required output information.
The key element in this transformation process is the men who have the
responsjibility for direct actions which control the support function.

Therefore, the complement of data processing equipment cannot be

4,3-1.
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specified without first analyzing the functions of the mission controllers

and ground monitoring personnel for whom the computer complex is

designed as a support tool.

A typical listing of the manpower needed to conduct a Gemini or Apollo

mission shows approximately fifteen men involved directly in the opera-

tion seated at display/control consoles in the MOCR. These can be

functionally grouped as follows (for Gemini):

a. Overall Operations Control

1.
2y
3

Operations Director

Flight Director

Assistant Flight Director

b. Flight Dynamics

L,
2.
D

Flight Dynamics Officer

Assistant FDO for Titan/Gemini
Assistant FDO for Atlas/Agena

c. Vehicle Systems Status

1
2
3
4,
5
6

Vehicle Systems Officer

Vehicle Systems Status Advisor: Agena
Vehiclie Systems Status Advisor: Gemini
Vehicle Communicator

Flight Test Assistant

Biomedical and Environment Monitor

d. GOSS Network Control

1,
2
i

Network Commander
Remote Site Coordinator

Operations and Procedures Officer

e. Recovery Forces Program

s

Recovery Commander (not in MOCR) .

Since the function of the Data Processing System is to provide the

automatic data processing capability, the above men must perform

their specified functions and not concern themselves with data

processing.

Information flow study has been carried out to determine

what incoming information is needed by each of the five functional
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groupings of personnel, what computer program elements are used by
each of these groups, what outputs are produced as a result of
operations upon the incoming data and decisions made and actions taken
by the control personnel. For example, the GOSS network control
group directly utilizes ground systems status information. which comes
in over the ground communication channels for countdown monitoring
and action, for monitoring of the ground network during the mission,
and for scheduling tracking station activities and communication channel
usage. The GOSS network control group also needs tracking data for
the generation of acquisition angles but this tracking data comes to
them after it has already been operated upon by a program performing
orbit calculations for the flight dynamics group. As can be seen in

this brief example, consideration has been given to the various uses to
which input data is put, the means by which it is manipulated, presented,
and acted upon, the various types of output data, and the internal inter-
change of data that takes place. A listing of these mission control

functions is as follows:

a. Operations control
b. Flight dynamics
GOSS network control

@]

=

Vehicle systems

Recovery forces

In addition to these programs, which are directly identifiable with
mission control functions, there are the simulation programs, the
control programs, and post-flight data reduction. In this considera-
tion of computer equipment configuration, it has been found to be logi-
cal to include the network countdown program as an integral part of
the GOSS network control function. Of course, it will operate during a
distinct time phase of the mission and, therefore, will be clearly
separable from the remainder of the GOSS network control programs.
It has also been logical to place the program segments concerned with
control of remote site operations and antenna pointing information with

the network control programs.
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In addition to the computer programs which directly and individually
support the mission controller groups within the Mission Control Center,
certain general purpose program elements are required, such as dis-
play formatting, report generation, the handling of all of the functions
associated with external communication lines, and an overall executive
control program. As a result of approaching the design of the Data
Processing System from the definition of the support functions to be

performed, the following grouping emerges:

a. Operations Control

1. Summary status reports

2. Status of test objectives

3. Emergency plan requests

4. Special status report requests
5. Contingency extrapolations.

b. Flight Dynamics

Monitor current vehicle position and velocity
Abort plan

Reentry maneuver

Rendezvous (including Agena control)

Orbit determination (including ephemeris)

o U W N

Contingency extrapolations.

c. Vehicle System

1. Mission monitoring (telemetry)
2. File and sort
3. Vehicle computer backup
4. Contingency extrapolations.
d. GOSS Network Control

Mission monitoring

Network countdown
Routine diagnostics

Acguisition (antenna pointing).information

(€2 BT R CV I WV

Contingency extrapolations, ~

4.3-4 .
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e. Recovery Control

1. Recovery force status

2. Weather monitoring

3. Contingency extrapolations.
f. Display

1. Display format and refresh

2. Special display generation

3. Contingency extrapolations.

g. Input/Output

1. Intercomputer

2. Contingency extrapolations.

It should be noted in the above tabulation of computer functions that, in
each case, provision has been made for programs and computing capac-
ity to hand_e contingency extrapolations. This has been done to ensure
that the initial computer complex equipment will have adequate capacity
to contain programs for real-time logic and computation to assist in
selection of alternative mission plans and to predict future positions and
velocity of the spacecraft for a range of possible conditions around the

presently-known velocity factor.

All of the major computational blocks, given above, have been estimated
in detail with the objective of first determining the largest single block
of integral computing capacity needed for each function. With this base
point established, consideration has been given to the grouping of other
computaticnal blocks whose operating characteristics are such that they
could be programmed and run within a single computing element with-
out conflict. As a result, it has been found that the largest block of com-
putation is that required to support the flight dynamics group. From
this base point, three other logical groupings of computational tasks have
been determined as shown below. These were arranged to provide ap-
proximately equal-sized loads. The four basic modular computational

elements selected are given below:
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a. Flight dynamics

b. Network control
Vehicle systems

c. Display
Operations direction
Recovery control

d. AR s el

With this functional grouping established for the computational task to
be accomplished, consideration can now be given to the data processing
equipment required to accomplish this task. Two basic approaches to
equipment design have been considered. The first consists of selecting
- four identical computers of a size sufficient to do the largest single
computational task, flight dynamics. The second approach consists

of the selection of a single machinelarge enough to do the entire
computing task. A complete desci‘iption of the computer loading figures
used in this selection process and of the various advantages and dis-
advantages inherent in the two approaches is given in the paragraphs

which follow.
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4.3.2 Peripheral Equipment Considerations

4.3.2.1 Communication System Interface

It is necessary for the IMCC Data Processing System to be able to com-
municzate with the external world. This external world consists of a
number of high-speed data lines and low-speed data lines to remote sites
and to Goddard Space Flight Center, displays in the Mission Operation
Control Rooms and support areas, and control originating in the MOCR
or support areas. In addition, it is possible that the Data Processing
System may be called upon to process text messages between persons

in the IMCC and other locations.

It is possible to combine the functions of communication datz processing
and routing in the same Data Processing System that performs all the
operational computations for the GOSS network. On the other hand, it -
is not necessary to so combine functions, and it may not be desirable to
do so. For this reason, several possible configurations of the Communi-
cation and Data Processing System have been considered. The block

diagram for such a configuration is shown in Figure 4.3.2. 1-1.

Iines from the remote sites and GSFC enter the IMCC through modems,
and may be switched either directly to a message center or to a buffer
and thence to a communication computer. The communication computer,
in turn, may be connected either to the message center or tvo the opera-
tional computers, or both. The operational computers drive the displays

in the IMCC and accept control messages.

Another possibility that must be considered is that of separating the com-
munication computer from the remaining computers in the Data Process-
ing System. The computer-loading studies have indicated that this may
be done efficiently without requiring an increase in the overall data proc-
essing system. The advantage of divorcing the communication computer
from the remainder of the Data Processing System is that, in both the
mission and non-mission modes, one computer may be used effectively
to control operation of lines to the external world and to route messages

to various places within the IMCC.

4.3.2-1
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4.3.2.2 Display Selection and Driving

This section discusses the considerations that will determine the structure
of the subsystem between the display/control data processors and the

display equipment proper.

a. Types and Numbers of Displays. Major determinants of the
characteristics of the selection and driving equipments are
the quantity and types of displays. Table 4.3.2.2-1 presents
basic display types, display media and presentation techniques.
The three basic types of presentation technique may be dis-
played on electronic or electric devices, or on hard copy. The
latter takes three forms as indicated in Table 4.3.2.2-1.
Table 4.3.2.2-2 indicates the media in which the three types of
presentation will probably be displayed.

b. Major Output Channels. These considerations suggest an
initial identification of a suitable set of output channels from
the data processors toward the displays, described in
Table 4.3.2.2-3. Each of these types of terminal display
equipment calls for different types of data format, signal
characteristics, and driving power. It appears reasonable
to consider a channel designed for each.

1. For Channels I and 2, preliminary estimates suggest that
the updating traffic is so low that it will be feasible to serve
the large number of terminal devices through an electronic
selection matrix that can serve only one indicator at a time.
Traffic studies will be conducted to test this concept,
possibly leading to a requirement for additional servicing
channels.

2. For Channel 3, the present concept for display of dynamic
information is a closed-circuit TV system. An estimated
47 TV monitors are served by 28 scan-converter units for
coupling to the data processor outputs and 10 miscellaneous
video inputs. A scan converter is capable of storing an
image for a period of 1—5 minutes before it must be re-
generated (or replaced).

A relatively straightforward method of coupling from a
data processor to the 28 scan converter units would be to
provide a multiplexer whose pole is connected to the data
processor output channel and which steps regularly through
28 output lines connected to the scan converters.

Each scan converter would be designed to signal when it
needs a regeneration, or else the regeneration can be
made to proceed on a regular cyclic basis. When new
-information arrives in the data processor, (1) it can write
the new information on the scan converter without waiting
for a regeneration cycle (this assumes no erasing of old

P H I L c O WESTERN DEVELOPMENT LABORATORIES



WDL-TR-E120

Table 4.3.2.2-1
TYPES OF DISPLAYS

Type Basic Presentation . Types of Display Media
Events Three Level Electronic and Electremic
Time Eight Digits (max. } Hard Copy |
Dynamic Graphic-Curves Plotboards

- Numeric Three to Eight Digits Strip. Plotters
Trend Graphic-Curves Alphanumeric Printers
Status Three Level

Quantities of Displays (Preliminary Estimate}

Regrouping by Type of Basic Presentation|Approximate Quantity of Type
Three Level 400
Eight Digit 50
Graphic-Curves 100
4 % 2.
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RELATIONS BETWEEN TYPE OF PRESENTATION AND MEDIUM
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Hard Copy
Electric ; :
: Strip | Alphanumeric
Electronic | Plotboards Plotters BBt nea
Three Level X X
Eight Digits (max. ) X X
Graphic-Curves X X X

Table 4.3.2.2-3
MAJOR OUTPUT CHANNELS

Channel Purpose
i Drive Three-Level Indicators
2 Drive up to Eight-Digit Numeric
Indicators
3 Drive Electronic Dynamic Graph,

Curve, etc. Displays

Plotboards
Strip Plotters

Alphanumeric Printers

information is required), (2) it can hold the new data points
until the next regeneration cycle, or (3) if the priority of
the new data calls for immediate up-dating, the pertinent
scan converter can be erased and a new plot made.

The time required to paint out a display on the input to the
scan converter depends on (1) the number of inches of line
or the number of line-segments required to paint out the
display, (2) the beam writing speed suitable for the particu-
lar scan converter, (3) the yoke settling time, (4) the
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characteristics of the driving amplifiers, etc. Prelimi-
nary estimates range from 0.1 sec to 1 sec average for
painting out one display. Using the simple multiplexer,

the performance results are summarized in Table 4.3.2.2-4.
Note that if the average painting time is as low as 0.1 second,
then the updating rate and the time for response to a com-
puter display request may be acceptable. Updating would
be occurring each 2.8 seconds on the average, where
appropriate to keep up with fast moving situations. Note
also that even if the average painting time is as high as

1 second, the stepping multiplexer can make the rounds to
28 scan converters well within the shortest regeneration
time (1 minute).

Table 4.3.2.2-4
PERFORMANCE OF SIMPLE MULTIPLEXER

Time to Paint Display Updating Frequency Computer Display
on Input to Scan for Each Scan Request Response
Converter Converter Time
(Average) (Average) (Average)/(Max. )
0.1 sec 21.4 pef min 1.9 sec/2.8 sec
0.5 sec 4,3 per min 7 sec/14 sec
1.0 sec 2.1 per min 14 sec/28 sec

If further study proves the 0.1-second average to be
optimistically short, or if the updating frequency or
response time .z e il SIS T ) :

may be incorporated in the amplifier. A register

would be provided that can be set by the data processor
for transmitting high-priority information to an appropriate
display in minimum time. A counter would be provided to
conduct a stepping operation when a computer display
request occurs, requiring that the multiplexer seek an
unused scan converter. The addressing register may also
prove useful in responding to regeneration signals from
the various scan converters, if these regeneration signals
are handled as interrupts at the data processor.

3. Channel 4 may requre a number of nearly full-time on-line
channels; but the rate at which points must be fed to these
plotboards may make it feasible to time share them through
a single output channel from the data processor.
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4. Channel 5 may require more than one on-line continuous
channel. Again, the possibility of supplying data to the
several strip plotters via a multiplexer or high-speed
selection system to cause them to share a common output
channel from the data processor must be examined. Also,
where appropriate, certain strip plotters may be driven
from information patched directly to the plotter rather
than transmitting it via the data processors.

O

5. Channel 6 will probably require a number of full-time
standard output channels for supplying data to on-line
printers.

c. Symbol Generation. In Channels 2, 3 and 6, where alpha-
betic, numeric and other symbols are included in the presenta-
tion, equipment must be provided to transform the electrical
codes used by the data processor into the corresponding sym-
bols that are meaningful to humans.

1. In Channel 2, the form of signal required to set the digital
or alphabetic indicators will usually be different than the
code used by the data processor. If possible, the con-
version equipment to produce the necessary indicator
signals should be placed in the vicinity of the data proces-
sor and ahead of the selection matrix. Solid-state latches
are recommended at the indicators, both for reliability
and to reduce the noise level in the vicinity of the viewers.

2. In Channel 3, extensive manipulation is required to generate
and position the symbols. Two major alternatives are open
at the outset:

{a) Generate within the data processing machine the digital
information suitable for painting and transmitting each
symbol (number, letter, or other symbol)

(b) Provide on-line symbol generation equipment that can
accept the data processor code for a given symbol and
generate the information required to paint out the
implied symbol.

The second alternative, on-line symbol generation, will be
considered initially since only a few generators are re-
quired and it is believed that the equipment costs will be
less than the creation and maintenance of the computer pro-
gram routines required for computer-generated symbols.

4.3.2-6
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If a few symbols,which cannot be readily generated by the
digital-to-analog equipment, are required, computer sub-
routines can be written for these special symbols. This
capability makes it possible to change symbol structure

if changing missions so require.

It is recommended that the symbol-painting information be
transmitted to the display digital-to-TV conversion devices
in digital form, for digital-to-analog conversion there.
This is suggested to avoid electronic noise problems on
the transmission lines and grounding problems and since

it is more convenient to confine the dc-coupled circuits
(necessary in the amplification of the analog deflection
signals) to the vicinity of the scan conversion tubes.

3. In Channel 6 the conversion system is built into the output
channel and the printer.

d. Driving Other Terminal Devices. For Channel 1, to the three-
level indicators, digital or pulse transmission is envisioned at
present, with solid-state latches or switches at the indicators
(unless such storage, switches, or equivalent are integral
parts of the indicators). Conversion from data processor code
to signal required by the indicators would best be performed
ahead of the selection matrix, perhaps by the data processor
program.

For Channels 4 and 5, plotters driven by the digital data proces-
sors, digital transmission to D/A converters at the terminal
device itself is proposed at present.

e. Backup Equipment. Scanners, stepping switches, and multi-
plexers will be fitted with surplus channels and means for
assigning a given transmission channel to one of the extras
if some part of one channel malfunctions.

For each selection matrix, scanner, stepping switch, or
multiplexer, a full duplicate will be provided.

Figure 4.3.2.2-1 represents a preliminary functional block
diagram of the display selection and driving equipment.

4.3, 2-7
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4.3.3 System Considerations

4,3,3,1 Computer Inter=-Communication Speeds

. Computer systems can be described as either off-line, on-line, or
real-time systems, with respect to the timeliness of data input and

output requirements.

In off-line data processing applications, the basic input and output
operations will change depending upon ‘the job to be done. For example,
business data processing is characterized by a relatively large input-
output requirement relative to the transform function, while scientific
data processing is generally characterized by relatively complex trans-
form functions and relatively small input-output functions. In these
off-line systems, the data 6litput is essentially the final step of the
processing and is printed or stored on magnetie tape. In some cases,
however, the results of the computer operations, (its output)is the input

for a second computer.

In these cases, the computer communication to the additional computer
%s wvia . core, drum or magnetic=tape memory. The computer com-
municates with other computers by transforming this data to a form
acceptable to the second computer. Figure 4.3.3.1-1 indicates three
general techniques for transferring data automatically or semiauto-
matically from one computer to another for off-line systems.

Figure 4.3.3. 1l-1a indicates the transfer method via & drum unit con=-
taining essentially dual-drum control (read-write) units which allow
computer A te write on the drum and computer B to read off the same
drum, asynchronously; i.e., computer B can obtain the information
that computer A puts on the drum whenever computer B desires it.
Note that in this system, there is no indication to computer B that any
data has been put on the drum by computer A. Figure 4.3.3.1-1b
indicates a tape-to-tape transfer which is similar to the drum transfer
technique. Figure 4.3.3.1-1c indicates a semi-automatic method in
which data is stored on one magnetic tape and hand carried to another

magnetic tape, each magnetic tape being associated with a different

4.3.3-1
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computer. In this case, the operator, who hand carries the data tape,

can alert the second computer that the data is available for processing.

When system requirements dictate the application of more than one
digital computer to handle an on-line, real-time, or near real-time
data processing load, high-speed, automatic, bi-directional inter-
communication between digital computers is generally a necessity.
The methods shown in Figure 4.3.3.1-1 are not satisfactory. Most
large-scale computers presently available can perform this function,
although each does so by different techniques which generally requir<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>