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FEDERAL AVIATION AGENCY SPECIFICATION

CFNTRAL COMPUTER COMPLEX FOR ENGINEERING MODEL
OF
NATTONAL AIRSPACE SYSTEM
(ENROUTE §

1. BCOPE
1.1 Scope.- This specification defines a Ceptral Compuber Complex (CCC)

For use in the engineering model of the National Airspace System {NAS), The
CCC equipment Includes digital computing elements, memory elements, input/
oubput elements, intercomnection equipment, peripheral-device asdapters for
equipment external to the CCC, and compubter-oriented peripheral devices.

1.1.% The CCC functions to process a large volume of input data such as
x‘a,c'iemf‘/’"r_we:aca:nc;.y flight plans, controller inputs, and to present resulis to
controlilers in the proper form via electronic displays and printers.

1.1.2 The salient Teatures required of the 0CC are extremely hlgh reliagbi-
Tity for operation 2L hours a day, seven days a. weeh, ca; for belng
configured from one basic famlly of equipment to cover & wide Tange of

on; an& f“lgh’ loading (*o ailow prog1e551ve system 1mplemenuation and

fun

with & &esxgn Lhat lnherently insures fail-sgafe and fail-soft ¢peration

(see 6.0},

1.1.3 Attached to this specification are Appendizes A through F which provide
reilated background and technical dats which are referenced by this speci-
fication., Section 6 lists the titles of these appendices. Seection 6 also
includes definitions and an indeix.

1.2 Deliverable Ttems.~ The following iitems shall be furnished in quantities
and at the times specified.’

Ttem ¥ey Reference Paragraphs

{4) Central Computer Complex Systen,
including as & winimum the items
1isted below:
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Ttenm

Central Computer Complex
including computing, memory
and input/output elements

Peripheral~device adapters

Disk and drum units (if
required)

Cables

Magnetic tape drives including
tape control units

Card reader

Card punch

Printer, high speed

Monitor console(s) or supervisory
console(s), or both, printer(s),
and typewriter{s), or both, and

paper tape reader/punch
Power supply units
Off-line test equipment
Type I Progress Reports
Instructipn books, manuscript
and final
Design data, preliminary and
revisions
Interface design and data
Recommended acceptance test
titles and data to be taken
Test specification
Test reports, preliminary test
dats sheets, and final test
data sheets
Test routines:
Software
Documentation
Utility Systems
Software:
Assembler
Loaders
Thamps
Progrem debugging aids
Documentation:

Asgembler reference manusl
Assenbler operator's manual

Specification, assembler
Specification, loaders
Specification, dumps
Specification, program
debugging aids
Off-1line maintensnce programs:
Software
Documentation
Programer's reference manual
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Lhem Key Reference Paragrashs

(B} TIostallation services 3.9

(c} BSite preparation specification 3.9

D) Installation documents 3.11.7

gE} Maintenance services 3.8.4

(F) Maintenance records 4.3

(G} Maintenance log 3.8.4.1

(H) FReconmended spare parts list 3.8.4.1

(I) Index of drawings and technical 3.11.6

memorands
(J) Drawings and-technical memoranda 3,11.6

2. APPLICABLE DOCUMENTS

2,1 General.- The foliowing documents form a part of this specification to
the extent specified herein,

2.2 Applicable Specifications

2.2.1 TFTAA Speclfications

{a} ER-D-406-010 General Requirement‘fcr Data Procesaing
and Display Equipment {Prototype) -
. January 12, 1962

{v) SRDS-1 Specification for Contractor's Technical
Reporte - December 17, 1962

(¢) SRDS-N/M-1 The SRDS Netword/Milestone Technique -
" February 1963

2.,2.2 MLL Specifications

{(a}) MIL-I-26600 (USAF) Interference Control Requirements
Aeronautical Equipment -~ June 2, 1958
Amendment No. 2 -« May 9, 1960

2.3 Precedepce of Documents.- When requirements of the contract, this speci-
fication, or subgidiary documents are in conflict, the followlng precedence
shall apply:

{(a)} Contract.- The contract shall have precedenge over all
- other documents,

(b) Specification,- This specification shall have precedence
over all subsidiary documents referenced hereln.
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3. REQUIREMENTS

3.1 Extent of Work.- The contractor shall provide all necessary services and
materials to design, fabricate, test, deliver, and install the equipment as
regquired by this specifilcation in the guantities and at the times required

by the contract, Any feature or iitem necessary for proper operation in accord-
arnice with the reguirements of the contract shall be incorporated even though
that item or feabure may not be specifically described herelin., TIn addition,
the conbractor shall provide all necesgssary services and material to prepare,
reproduce, and provide engineering analyses, reports, computer programs, and
documentation as specified herein.

3.1.1l  General.- The NAS CCC shall be:

{a) An "off-the-shelf" system (3.2.1.1);

() A system that needs only a few hours of down time %o
expand to meel changing needs;

{e) Three different configwations that can be effectively
and efficlently empioyed to meet the data processing
workload of three levels of flight and function loading
a5 indicated in this specification;

{@) A design that will permit use of a single executive
program located in active shared memory;

(e) A highly relisble system that monitors its elements and
detects fallures;

{f) A system with sufficient memory, arithmetlc and control, and
input/output elements on~line so that element failures will
result in "failing safely" and subsequently "failing softly”;

(g) A system that minimizes programing, training, maintenance,
P ng
and logistic support in quantity and persoanel sgkill levels
required for a nationwide implementation; and

{n) A system that conforms to certain minimum hardware standards
that are separately stated.

3.1.2 Bounds of the Central Computer CompleX.~ The bounds of the Central
Computer Complex shali include digital computing elements, memory elements,
input/output elements, the interconnection between these elements, computer-
oriented peripheral egquipment, peripheral device adapters containing such
components as data. buffers, demultiplexers, and equipment for word assembly
and formetting, and any other hardware item required to properly inter-
connect the computer I/0 elements to the Govermment-furnished radar digitizers,
inter-facility digital date itransfer circuits, telebtypewriter circuits,
controider keyboards, and high-speed printers. The eguipment required for
data storage, transfer, and formatting between the computer I/O channel and
the Government-furnished plan~position displays and the tabular displays is
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not included as a part of this CCC requirement; however, the contractor
shall furnish the necessary I/0 channels for the nuwber of such displays
psed in accordance with his periphersl-device-adapter comvept, Figuwre 3-1
indicates in block form the bounds of the CCC,

3.1.3 Description of the Data Processing Functions.~ Ap background to %his
specification, Appendix E describes the data processing functions to be per-
formed by vhe CCC. In general, the CCC will accept and process inputs from
external devices, perform internal data processing, and prepare and trans-

wit outputs to external devices for the generabtion of displays, printouts,

etc. These 1npui/output transfers, the processing of inputs, the preparation
of outputs, and the internsl processing will be carried out largely on a
eyelic basis., The data processing workload reguired by the ATC functions

is described in 3.3, The workload requirements of 3.3 are divided into =
" the following data processing areas: flight plan data processing, surveil-
lance data processing, and output data. processing. BRach of the da.ta-—processingi

areas Is further broken down into a set of functions, e

3,2 Hardware Requirements.~ This section of the specification delineates
certain hardware requirements for this equipment, The nabure of the ATC

date processing load, together with reilability and redundancy consideratiouns
az conbained in other sections of this specification, may reguire that these
standards Pe exceeded. These standards apply to each of the system configurs-
tions specified herein, except that for the 100-flight configuration {3.5.3),
it shall not be necessary to add a third element of any type to provide the
"reilesoftly” Feature where two elements would otherwise suffice.

3.2,1 CO0C Equipment Deslign.~ The CCC shall be a high-speed, general-purpose,
digital, solid-state, stored-program data processing system. Its desi
shall permit operation with a single executive _program vhich asslgns
to I#diFidual co £ st availahle, 50. that
no singlé COmputlng‘elemeni 1s critlcal to the one

ER

3.2.1.1 Off-The-Shelf Flements.- A major requirement of the .equipment is =/
that the CCC elements shall be “offmthashelf.“ The following requirements ¥

apply: T2

<

{a) Progromer and assembler reference manuals for the CCC must be
available in accordance with software documentation requirements
of section 3.7.

{b) 1In the event the Goverment requires a program assembly debug-
ging facility in any request for proposals in which this speci-
Ticatlon iz a part, the contractor shall provide a scaled-down
faciliity for program assembly and debugging. Elements identical
o those used in the CCC are not mandalory, provided the
computer complex offered adequately simulates the CCC for
debugging purposes, I elements other than identical to those
uged in the CCC are Purnished, the contractor shall provide
any auxiliary assembler software peceseary to accomplish
program sasenbly at the debugging facility.
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3,2,1.2 Modular Hardware Design.~ Bach specified CCC configwration shall
be modular. The term modular is defined and described by the follgwing
characteristics:

(a) Capabillity of being expanded independently in the three
major date-processing areas of input/outpuﬁ transfer,
computing speed, and active shared memory capacity;

(b) Failures to be on a modular unit basis in terms of the
effect on system capacity as opposed to complete data
processor or system fallures:

(1) Input/output modular failure degrades only the L/0
transfer capability of the systex, but does not
knock out any peripheral device, affect the com-
puting speed capdbility of the system, nor lower
its active memory capacity;

(2) Computing {arithmetic and comtrol) module failure
reduces only the compating speed capability of the
- gysbem, but does not reduce I/O transfer capability
or active shared memory capacity;

(3) Active shared memory module failure reduces oniy the
memory capacity by that amount, but does not reduce
computing speed and I/O transfer capability.

{c) System capability, both in hardware and software sense,
exists for utilizing excess capacity in the three major
data-processing areas for extrs system relisbility. This
is not Lo be interpreted azs the concept of active and

. switchable standby units, but rather one where the design
and configuration permit all units to operste on-line in
the system such that system confidence checks lead to g
dynamic, Tast response capability for system recovery from
active module fallures. A modular system, therefore must be.
capable of monitoring. the status of its . major elements and
defining its capability. with reference to 8 pre-established
t@bIé “(on= Tite elements and.airerafl load vs. functional capa-
bility for the. particular envirornment). to pe" """

—

”t dynamic ‘system
récovery. o -

The term’element” as used elsevhere in this specification, when referring

.to computing, I/O, cr shared-memory funciions, shall be considered as

synonymous with "module."

3.2,L.3 Use of Two Types of Data-Processing Machines.- The use of either
-one or two (but no:more than two) data-processing machine Lypes in the total
of three required flight configirations will be sacceptable, provided that
programing is ldemtical for each machine type and expandabllity requirements
(3.2,1.6) are met,
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3,2,1.4 Redundancy of CCC Elements.- The number of elements of each type-
shall pe detvermlued for each configurationausing the load and timing tables
of appendices A, B, C, and D. These configurations shall reflect the
capabilities of the particular elements of which they are composed, as well
as the peak load of each complex (3.5.1, 3.5.2, 3.5.3). To each such_

complex,, 1t 18 required that at least one additional ele £ each type ..
be sdded as & redundant element to provide n cage of der
peak load conditicns.” As an example, if 1t 1s found that tH em approach

requires flree-memory elements in a complex, then at least four such elements
shall be used. In addition, the system shall be capable of recovery by
program control such that fallures are detected and system recovery is
effected without manual intervention. This requirement results, with certain
exceptions, in the prohibition of any single (non—duplicated) elements in

the system. Thus there shall be multiple memory, input/output, and computer

elements in each proposed CCC configuration regardless of minimum requirements
determined from the load and timing charts. This multiplicity mlso extends
to the manber of independent paths through any I/O device to any systemw
oriented peripheral devices. The permissible exceptions to this requirement
for multiplicity are the following computer-oriented peripheral devices:

card reader, card punch, line printer, paper tape reader/punch,‘an& keyboard
entry device (for computer servicing, not part of system functional operation)
where the requirement is for only omne of each type. Sections 3.6 and 3.8

may causé the required muber of redundant elements or channels, or both to
exceed the minimum reguirement as stated and have precedence over these
minimums.

3.2.1.4,1 Redundancy of Peripheral-Device Adapters.- Any proposed peripheral-
device adapter units for reading in or out of teletypewriters, digital data
transfer devices (including radsr/beacon digltized dats transfer devices),
nmanual keybosrd entry devices, and high speed printers shall also contain
gufficient redundancy to provide backup in case of a single failure. The

exact means of achieving this shall conform with requirements for the particulaxr
input or output adapter devices.

3.2.1.4.2 Redundancy of Bulk Storage Devices.- The inclusion of bulk storage
devices such as magnetic drums and disk files pose unique problems in the
area of data recovery in case of faillure. The contractor shall provide a
means of inswring redundant operation in line with the preceding requirements

.of this section for any such devices employed in his configuration.

'y

3.2.1.5 Parity Check Feature,- As.a.mi
puter word shall be utilized in all C . .
end storsge. All transmissions £0“a&nd f¥om system-oriented peripheral devices,

although not yet defined, will also include at least one parity bit per

m,.. 5, single parity bit per com-
ory t-output/computer transfers

tranemitted character, byte, or word. The computer-oriented periphersl

devices should, as a desirable feature, also adhere to this one-parity-bit-
per~transmission reguirement; however, other checking means for transmissious
to and from computer-oriented peripheral devices will be considered. The

megnetic tape units, however, shall contain a parity check facility for both

reading’and writing tape with a parity bhit stored per stored tape character.
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3.2,1,6 Expandability.- The two smaller flight load configurstions specified--
100 and 200 flighis--shall be expandable so that either way be converted to
the 325-flight configuration by the addition of sufficient elements

identical to those making up the configurations initially. However, should
two types of machines be used to cover the range as permitted by 3.2.1.3,

the expandability reguirement shall be that the 100- fllght configuration

be expandable to at least a 150-flight conflguratlon as defined by the load
tables of Appendix B with r=150, and the 200-flight configuration be

expandable to the 325 fllgbt configuration. e

3.2.1.7 I/0 Channel Capabilities.- At least one of the I/C channels , with
required redundancy, shall be capable of g high data transwmission rate--
approaching the speed of the basic equipment element (memory-«xﬂD——computlng)
datg~transfer rate. The data-rate capability of the remaining channels shall
be higher than the rate required by the Jjob to be performed. All channels
shall also permit low-daba-rate transmission. All channels shall be compatilble
with the asynchronous requirements of the system's peripheral devices. The
burden of adjusting to variaticons in data-transfer timing among peripheral
devices shall be sssumed by the CCC system. At least one I/O channel shall
permit connecting directly into other I/O cnannels in order to permit the
transfer of data with nearby similar computer systems. Peripheral devices
sharing a common I/O channel shall not hang up the I/0 element or channel
logie.when turned on and off., Further, no commonly encountered component
failure in a single peripheral device shall tie up the I/O facilities so

that other devices sharing the same element or channel are also incapacitated.

3.2.1.8 Shared Memory.- Shared primsry memory shall be provided for active
storage of the execubtive program, object programs and routines, configuration
status, ATC information, and other  information that will be needed to perform
any program functions which zan be jassigned to the computing elements by the
executive program. Shared primary memory, as used here, is a high-speed,
random-access memory that is avallable to each on-line actlve computing
element within the normal memory sccess cycle time.

3.2.1.9 Computer-Uriented Peripheral Devices

3.2.1.9.1 Magnetic Tapes.~ At least eight magnetic tape drives, ilncluding
as a minimum two tape control units, shall be provided. Four of these
drives shall be reserved during system operation for data recording. If
the executive control concept, maintenance, and redundancy requirements
regqulre tape drives in excess of the remaining four, this additlonal require-
ment shall be accomodated. Loesl assigmment of any tape drive to any
selection code is required. At least two tape drives shall produce tapes
fpr and accept tapes from IBM-T729 Mod. II and Mod. IV tape drives. The
CCC shall provide for automatically loading program routines from tspe,
with no pre-stored informaticn being required to initiate such a funetion.
Cne acceptable method would be a single "load-from-tape” control located
on the monitor comsole, which would perform the following functions;

(a) Cause a block of data of fixed length to be read from a pre-
selected tape and stored in a fixed get of locations in primary
storage; and

Lm%-w_.._ﬂj

ks

'S

Coroteeil o e %j
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(b) Execute the instruction in the first such primary storesge
location and continue appropriate executlon of subseguent

instructions.

It 415 recognized that this regquirement can be fulfilled through & nuber of
hardware techniques; technlques other then that described above will be

congidered,

3,2,1.9,2 Card Reader.- A card reader shall be provided that reads 80-column,
12-row, rectangular-hole punched cards at a speed of not lees than 250 cards
per minute.

3.2.1.9.3 Card Punch.~ A card punch shall be provided that punches 80-column,
12-row, rectangular-hole punches cards at a speed of not less than 100 cards
per minute.

3.2,1.9.4 Printer.- A high speed line printer with the following minimm
charscteristics shall be provided:

(1) At least 120 characters per line (i.e., 120 printable
columns ) ;

(2} At least 300 lines per mimute printing speed; and

{3) A character set capable of performing the data
processing functions specified in section 3.3. (It
is enbticipated that between 50 and 64 different
printablie characters will be required; the specific
character set will be specified at a later date,)

3.2.1.10 Control and Maintenance Elements.- The specific system maintenance
requirements asre discussed in section 3.4, T .
this section include those portions of the..

thg characterlstlcs G, The control and maiﬁtenance
elemenﬁs of the CCC shall provide the facilities and permit:

(a) External control of the data processing system;

(b) Direct entry to and hard copy output from the CCC
data processing system;

(¢) Automatic monitoring of the operational status of (
all elements at one centrally located monitor comngole
area, including audible alarm whenever a mode change &
OCCUrs ;

{d4) Detecting equipment errors, and localizing and repairing f
faults; and

(&) Debugging‘aud_modification of programs.

-&iﬁmwétéiw
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The egquipment shall conslst of:

(a) Monitor console(s) or supervisory console(s), or both, printer(s)
or typewriter(s), or both, and paper tape reader/punch;

(

s
(b} FError-detection logic; and . auied, Ftéﬁiﬁiﬁ/”‘dgéiikigil/};
(e) Off-line test equipment {3.8.3.4).

This eguipment and associmbted masintenance programs shall provide the error
detection and repair necessary to insure a system mean down time as specified
in section 3.6.

3,2.1.10.1 Monitor Console{s) or Supervisory Console(s), or both,- The
monitor console(s) or supervisory console(s) or both, shall have the

following controi and monitoring facilities. These hardware items shall be
supplied in sufficient guantities to meet the requirements of the operstional
ATC system in addition to the stated additional requirements for a maintenance
subsystem and other off-line data processing facilities.

(a) Keys {or switcheg) to control the basic operations of
the CCC consistent with the requirements for coperation
in either a real-time or program debugging enviromment;

(b) A facility for manual keyboard entry and printout of
messages in the viecinity of the monitor console(s);

(¢) A paper tape reader/punch that will read punched paper tape and
punch & paper tape copy when manual entry of data is taking
place at the keyboard entry device; and

{d) Indicators to visually display mode status,
error conditions, and contents of
gelected registers.

It is recognized that many of the features of the console(s) will be dependent
upon both the hardware and software configurstions chosen. Because of this,
all desirable features of a console cannot be listed. The following is a
partial list of desirablie features of a console functioning in an ATC
environment.

(a) Keys {or switches) should be provided to start and stop
operation, select modes of operation {i.e., Tun, single
cycle, alter, and like operations), directly enter data
(e.g., load from card reader, load from tape, or load
from typewriter);

(b) vVisual indication of all equipment faults should be provided,
localized to at least the basic elements (e.g., computing
units, I/0 units, or memory units)--further localization
shall be provided for within each basic element;
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(e) Facilities to conbrol and provide status indications (e.g.,
lights, printouts, or audible alarms) of maintenance program
operation should be provided for on the monitor console or
on A nearby printer;

(d) An sudible indication should be provided when a fault or
program stall condition occurs. The audible indication
should then be turned off manually, but should be automastically
reactivated to sense for the next fault or stall condition;

(e} Sense and branch switches should be provided for altering
the program flow; and

(£) Console(s) should operate in a multi-program enviromment.
Additional switches and control logic {or entire consoles)
should be supplied where necessary.

3.2.1.10.2 FError-Detection Logic.- The error-detection logic of the CCC
shall asubtomatically detect and imdicate to the monitor console faults
occurring within each element of the CCC which would prevent proper system
operation. All error-detecting features shall function so that any fa:.lure
of error-detecting circulbtry will indicate a solid error,

-3.2,2 Power Supply Units.- Fach equipment element for which redundancy has
been provided shall operate from its own power supply unit, so that any
single power supply fallure shall not make inoperative more than one equip-
ment element. In dddition, if the central computer complex operates from
motor-generator AC power sources, these motor-generators shall be sipplied
with sufficient redundancy so that each unit can be serviced off line with-
out reducing the maximum required CCC capacity.

3.2.3 Redlo-Freguency Tnterference.- The CCC equipment shall satisfy the
basic limits of interference and susceptibility as specified in 4,3, 2,
L.3.4,1.1, 4.3.4.1.2, and 4.3.4,2 of MIL-T-26600 (USAF) and Amendment 2
thereto., The contractor should note that the prospective locale for each
CCC instellation will be one that is subject to large amounts of radisted
or conducted electrical interference energy. The CCC equipment shall
function satisfactorily under existing conditions at such a locale. Sources
for the electrical interference ineclude radars, communication equipment,
display eguipment, teletypewriter equipment, and similar devices.

3.3 Data Processing Functions, Organization, and Loads.- Three sizes of
CCC system configurations are described herein, This section and the
referenced tables specify the criterla for asrriving at an organization and
system size suited to the three configurations speclfied in 3.5.1, 3.5.2,

and 34543,

3.3.1 Introduction.- The data processing requlrements for each configwration
are stated by specifying:
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{a) "The time interval within which all functions comprising
the total processing task must be performed; and

b) The storage, input/output transfers, and computing time
L)
associated with the funcitions.

The operaticnal alr treffic control functlons comprising the itotal date
processing task are divided into three areas as follows (See Appendix B
for further details):

(a) Flight Plan Data Processing Area -

(1) Controlier Inputs

(2) Alphanumeric Inputs

(3) Fix-time Determination °
(4) Flight Plan Dynamics

(5) Confiict Detection

(6) Association Checking

(7T} Flow Control

(b) Surveillance Data Processing Area ~

(1) Radar Inpu- Processing

/

(2) Automabic Tracking J
(3) Proximity Warning

{e¢)} Output Data Processing Area -

(1) Plan-Position Display Generation
(2) Tabular Displiay Generation

{3} On-Demand Printer Cutputs

(4) Auvbomatic Printer Outputs

(5} TInber-facility Outputs

The maximum.cycle time _{time within. which all functions are perfnrme&) of the
“?E%em shall be 2.5 seconcs. This cyelic operatioi shall Bé continuous. The
storage, 1nput/04uput “tranifers, and computing time requirements associated
with the above functions sre presented in the tables of Appendices B, C, and
D in terms of an experimental system. This experimental system is one that
has been operated by the Mitre Corporation at Bedford, Massachusetts, under
Contract No. FAA/ARDS-LGT.
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3.3.2 System Organizatlion Reguirements.~ Because a detailed organization of
the data processing task is dependent on eguipment characteristics, this
section specifies only the general characteristics of the system organization
and the assoclated requirements. A datsa processing organization shsll be
determined for each system configuration reguired which is suited to the
capebilities of the particular CCC elements. The organization must account
for the impact of program, table, and I/0 data transfers on the cycle time.

The data. input and output, storage, and computing time requirements stated in
terms of the experimental system In Appendices B, €, and D are to be translated
into load reguirements for the CCC configuration.

3.3.2.1 Storage Tradeoffs.- The amount of primary storage required for the
total processing task depends mainly on two factors. One is the characters
istics of the bulk storage that is part of the CCC--ite access time and
transfer rate., The second factor ig the characteristics and capability of
the input/output (I/0) elements. Within the limitations imposed by the
enviromental requirements of the data processing functions, i.e.,, the data
input and output transfers and the program and table transfers, trade-offs
exist among the required size of primary siorage, the amount and characier-
istics of bulk storage, and the I/0 capacity of the CCC.  The best solution
depends on the hardware characteristics of the CCC equipment elements and the
technigue used for external peripheral data handling (3.4).

3.3.2,2 TInputting and Outputting.- All data channels that input information

to the CCC oy output information from the CCC shall be comnected via multi-
plexers or bufferg or both (peripheral-device adapters) with the system
peripheral devices. Most input and output data may be batch processed.

Input dats baiches may be accumuiated in buffers external to the CCC, in
primary storage tebles within the CCC, or in some combination of the two.
Similarly, outpul data batches may be block transferred to externsl buffers,
held in primary storage and metered out to peripheral devices at the appropriate
rate, or handled in.some combination.

3.3.2.3 Data Flow.- The flow of data through a typlical system is summarized
in the flow chart of Figure 3.2. All significant interasctions have been
shown. Functious have been segregated into four areas: flight plan date
processing, surveillance data processing, output data processing, and
executive control. Program functions are represented by single boxes. while
tables are represented by double boxes, Static and dynamic tables associated
with the flight plan and surveillance data processing areas are the only ones
shown. Tables in Appendlces B, C, and D indicste the size of these tablies and
siso the additional working tables required for each function.

3.3.2.4 Conditional Operations.- Certain functions, indicated by an
asterisk on Figure 3.2, need be operated only condltlonally on the occur-
rence of some previous event. For example, alphanumeric keyboard input
processing need not be performed unless there are inputs to be processed,
Nevertheless, for the purpose of determining data processing reguirements,
ell functions sball be assumed to be operated every cycle, (The loads shown
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by Appendices B, C, and D for conditional operaticns has already been prorated
to permit this.) Handling of comditional operations rests with the executive
control function and whatever special feabtures, such as inbterrupts, that the
perticular CCC equipment provides,

3.3.2.5 GSequence of Functions.- The sequence used by the experimental system
for performing functions cowprising the data processing task are indicated by
the sequence of functions from left to right on Figure 3.2. Note that no
particular sequence is implied in the output area. Certain functions of the
flight plan srea, e.g., assoclation checking, are not considered seguence
critical, and hence are indicated below the main line of flight plan functions.
The sequences indicated by Figure 3.2 minimize the time between input and out-
put when a mumber of functions are involved and insure that the most recent
data available to the system is utilized for the outputs. To illlustrate the
effect of the sequence in the flight plan ares, considered the .case where a
controller requests a conflict probe for a particular flight plan. The Con-
troiller Inputs function detects this action and sets the appropriate indilcators
50 that the Conflict Detection function will probe the flight. However, the
Conflict Detection function will not operate until after Flight Plan Dynamics
80 that the most recently updated flight plan data is ubtilized. The flight
plan daba base may be updated by either Controilier Inputs or Alphanumeric
Inputs. Conseguently, both these functions are coperated before Flight Plan
Dynamics. After Conflict Detection operates, the resulis of the conflicy
probe are communicsted to the operator through the appropriate Data Outputb
function and associated output device. All functions are performed every
cycle,

3.3.2.6 Cperation at Reduced Demand.- When,bthe.traffic.demand decreases below “T
50 percent of pesk.capsclty,.ithe. COC will be operated in the low traffic . @
demand, level.deseribedin 3.6.1.1. No requirement exists that the same data
‘processing organization or table structure that services the peak-demand level
glso service the low-demand level, It may be assumed that a different data
processing organization--gpecifieslly tailored to accommodate only this re-

duced demand--will be cperstive during these periods. It may be convenient

to assume also that different master program routines serviee each mode of
operation.

3.3.3 BStorage, Input/Output, and Computing Time Reguirements.- All data
provided in the tabulations inecluded in Appendices B, {, and D are based

on the experience gained from the design and operation of the experimental
system. The data processor of thils experimemtal system is capable of per-
forming the total processing task only for relatively low traffic demand.

The characteristics of this processor are stated in 4. of Appendix A. This
data must be scaled in accordance with the characteristics of the particular

CCC configuration to show compliance with the stgted system capacity and cycle
time requirements. Tables B-la, b, ¢, B-2a, b, ¢, and B-3a, b, ¢ of

Appendix B, for example, show, &s a functlon of load, the common table and
program routine structure existing for the listed functions of the configuration
for 325 flights (3.5.1). The data is presented in this form to permit consider-
ation of & data processing organization which would permilt a decrease in the
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primery storage requirement at the expense of increased communication between
prlmary'and bulk storage, Each table is divided into three parts«-a, b,

and ¢, for the functions of the flight plan or impub, surveillance, and OuIFuu
data processing areas. Requirements for the executive control area will be
based upon a partiecular date processing organization end are to be assoclated
directly with the operationsl functions and related I/0 operstions.

3.3.3.1 Teble Storage.- Except in large primsry storage machines, it will
not be possible to set up in primary storage the complete table enviromment
for the most demanding functions. It is valid to essume that any function
‘ may be processed in s many passes B8 are desireble to mccommodate the re-
iggf{jgﬁy guired table structure. To facilitate such a breskdown, data 1s presented

as & finction of Tlignt load. The total flight load may be broken into as
ﬁﬂﬁﬁ— many parts as is convenient., chever, this approach requires an I/O capabl-
o lity which will guarantee _that the proper tables are available in primery
m/ storage wneu needed, without violabing the 2.5-second cycle requirement,

3.4 Peripheral Data Buffer Approach

3. h,1 Peripheral-Device Adapters,~ Peripheral-device adapters shall be
.rcvided for each CCC configuration to input and cutput data between the
computer 1/0 chamnel end the externsl peripherasl devices, except for the
perlpher1L~dev1ce adapters required for the plan-position and tabulsr dlsplay
devices (Figure 3-1). The experimental system utilizes a hardware complex

in whiech &ll input and output data batches are buffered externally on drums,
with all peripheral devices comnected to this external drum system (Appendlx A).
Since the data processing requirements of the CCC are based on an analysis

of the same experimental system, the peripheral data storage and I/O transfer
requirements have been stated (Appendices B, C, and D) in terms of this parti-
cular hardware solution to the peripheral éaia storage and transfer problem.
Reference to tables in these appendices gives the amount of data that will be
sent to the dlsplays. For the 325—f11ght configuration there Wlll be from

b i

i - ot

3.4.1.1 Alternative to Bufferzng on Drums.- So tha$ alternative solutions

to the peripheral data storage and transfer problem can be considered,

Tables B-k, C-4, and D-U summarize the number and data characteristice of
individual external devices by type for each required configuratlon. The
plan-position and tabular dlsplays are excluded from this swmary since any
peripheral-device adapters (for buffering, formatting, and similar functions),
if required, bebween the computer I/b channel and the displays are not & part
of this specification. The contractor shall, however, provide sufficient I/0
elements and adjunct data channels (if requlred) to drive all plan~position
and tabular displays.

3,4.2 Interface of CCC Equipment with External Peripherzl Equlmmentc~ The
processed digital rader dasta will be inpubtted to a periphersl-deVice sdapter
by a radar video data processor {RVDP) currently being procured. The RVDP
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output interface has not been totally specified, however, the logic levels
and impedence characteristics are determined. The output data format of the
RVURJQQJ,beMelther 12 bits plus one parity bit, or 6 bits plus one parity

tted 'nmparallel. The CCC shell be designed to accommodate either
e The CCC shall accept data from some REVDP's at a
maximun equlvalent serial bit rate of 2400 bHits-per-second on each of three
dats lines, and from other RVDFis at T200 bits-per-second on one data line.
In the case of three 2400 -bits-per-second lines, each line carries discrete
messages. The ( CCu input shall handle up to 15 such RVDP unlts, with provision
for later expan The remaining interfaces to ‘peripheral equipments
consisting 6T" ssntrolier input devices, alphammeric keyboards, input and
output inter-facility teletypewriter or digital data links, high-speed printers,
and on-demand printers {such as teletypewriters) have not been defined. The
data rates Tfor these peripheral devices for each CCC configuration are shown
in Tables B-4, C-l, and D-4 in the appendices. The contractor.shall be
respensible for designing the detailed CCC interface with the peripheral
equipments in conjunction with the FAA Contracting Officer's Technical
Representative and the peripheral egqulipment manufacturers, The  contractor
shall furnish detailed interiace design and data in accordance with 3.11.5.

3.,4.3 Additional Data Buffer Requirements.- The number and types of

external devices for the particular configuration (3.5.1, 3.5.2, and 3.5.3)

are assumed to be constant irrespective of traffic load, hence all requirements
for input buffer storage are treated as beilng independent of the aircraft

load, n. Except for inter-facility outputs, all requirements for output
buffer storage are proportional to traffic load.

3.4.3.1 Since each function will be executed only once per cycle, every
solution to the periphersl dats buffer problem must provide for the maximum
amount of information listed in Tebles B-b, C-k, and D-k, whether this
storage is provided internally in primary memory, externally on drums or
other storage media, or in some combination.

3.4.3.2 Informstion storage may be only a part of the total buffer storage
required. The characteristics of a proposed buffer system and related

logic may require additional storsge for data used to control the addressing
and timing of ocutputs, and to tag the source of input data on less than a
complete message basis. For example, the drum buffering subsystém of the
experimental ATC system allows for storage of four 6-bit information
characters of high-speed and on-demand printer outputs for each 32-bit
computer word. FProvisions shall be made for storing the overhead data as
well as information data in any sclution to the peripheral dats storage and
transfer-problem.

3.%,3.3 'The entries in Tables B-la, b, ¢, C-la, b, ¢, and D-la, b, for
periphersal. data storage associated with any function is the sum of the maximmm
amount of information required to be buffered during a 2.5-second cycle {(from
Tables B-k, C-L, D-k) and the overhead data associsted with that informationm.
In asddition, since Tables B~Za, b, ¢, {-2a, b, ¢, and D-2a, b, are based upon
an approach to buffering where all inputs are entirely externally buffered,
the entry for Mandatory Transfers--Peripheral Data assoclated with any
function is also the sum of the maximum smount of information required to be
buffered during & 2.5-second cyele (from Tables B-k, C-=L, and D-4) and the
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overhead data associated wlth that informmtion. For outputs, and for inputs
in the case where inputs are internally buffered, the Mandatory Transferg--

Peripheral Data entry of Tableg B-2a, b, ¢, C-2a, b, ¢, and D-2a, b would be
the average smount of informetion plus assoclated overhead data transmitted

for each fype of input or output during easch 2.5-second -cycle.

32,5 Bystem Configuratlon Requirements.- Three complete and meparate CCOC
system configurations are specifled in the following parsgrephs. Each
configuration shall Bandle the specified functions and processing load with
the minimum quantity of equlpment that meets the required redundancyjand
Wﬁ%ﬁwﬂnﬁﬁhm the three system conPiguraticiis are

s guch as to facilitate transitions from the smaller to the larger and
thus permit subsequent FAA programs to progressively implement Pfunchions and
loading &t a given locdtion. '

3.5.1 Configuration for 325 Flights.- A CCC configuration shall be furnished
which provides for data processing in accordance with functions and loading
specified by Tebles B-la, b, c, B-22, b, ¢, and B-3a, b, ¢, and for the
external peripheral devices specified by Table B4, This configuretion shall
handle 325 flights (n = 325 in the data processing tebles) and the functions
indicated by the tables. The CCC equipment shell include all required
peripheral-~device adapters to input and output datas between the computer I/b
channel and the external peripheral devices described by Table B-l, except
for the peripheral-device adapters required for the plan-position and tabular
displays. The computer-oriented peripheral devices called for in 3.2.1.9
ghall also be provided.

3.5.2 Configuration for 200 Flights,.- This is & scaled-down version of the
325 flight condiguration. A CCC configuration shall be furnished which provides
for dats processing in accordance with functions and loading specified by
Tebles C-la, b, ¢, C~22, b, ¢, and C-3a, b, ¢, and for the external periphersl
devices specified by Table C-ﬁ. This configuration shall handle 200 flights
(n = 200 in the data processing charts) and the functions indicated by the
taebles. The CCC equipment shall include all required peripherali-device
adapters to input and output Gata between the ¢omputer I/0 channel and the
external peripheral devices described by Teble C-4, except for the peripheral-
device adapters required for the plan-position and tabular displays. The
camputer-oriented peripheral devices called for in 3.2.1.9 shall also be
provided.

3.5.3 Configuration for 100 Flights,- This shall be a minimum configuration
system consisting of a reduced version of the 200-£light configuration. I%
shall perform the radar/radar-beacon trackKing function for 100 simultanedus
tracks with inputs from four raders, and provide 100 alphammeric tags in .
association with videc on’ -pogition display., This CCC configuration
shall provide Tor data processing in accordance with functions and loading
specified by Tebles D-2, b, D2a, b, and D-3a, b, and for the external
peripheral] device specified by Table D-L.  This configuration shall handle
100 flights (n = 100 in the data processing tables), and the functions

indicated by the tables. The CCC equipment sball include all required
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peripheral-device adapters to input and oubput data between the computer I/O
channels and the external peripheral devices described by Table D—&, except
for the peripheral-device adapbers regquired for the plan-position and tabular
displays. The computexn-oriented peripheral devices called for in 3.2.1.9
shall also be provided. This CCC configuration shall incorporate sufficlent
hardware to perform the required functions, at the specified icad of 100
flights, using conventional programming technigues and avallable software.

3.6 Reliability

3,6.1 Introduction.- The CCC shall provide functional operation seven days
a week, with an absolute minimum of scheduled and non-scheduled down time.
In the case of progressive failures that continuously reduce the number of
hardware elements that are availabie under program control, the CCC shall at
ﬁirs_/,ﬂa;+—safelg;wpxmgﬁlng redundant elementss i.e., no functions are to
be discontinued nor is the ¥dte at which tHése’ functions are performed
changed (operation unaffected by an element failure by virtue of activation
of a redundant element). As failures continue, and the mumber of CCC
elements availsble are less Than that needed to mainitain a fail-safe
condition, the complex shall "fail-softly” by first extending the time
interval for selected functions (functions chosen to result in no loss of
input data) and second, discontine some functions. In discontinuing
functions, the more sophisticated programs (advanced planning, sequencing,
ete, ) would be dropped first and basic information last {e.g., alphanumerics
on beacon targets). The objective of continuous operation with an absolute
minimm of scheduled and non-scheduled down time shall be achieved by:

W ‘; (a) Redundant capacity.for all hardware elements, together with
ﬁK( ‘g gy&ggﬁtic error and failure detection, and dynamic system
e, recovery capability TEFOUEH activetion of the redundant elements.

(v) Automatic adjustments in the scheduling of data processing
loads and functions for the CCC elements when failures
occur. The availlable dasta~processing capaciby shall be
applied to the load reguirements so that a reduction in rate
or of funcitions does not cccur while excess capaclty is
availsble in the CCC,

This latter feabure permits the CCC to maintain performance during light
traffic demand periods even though element faliure occurs affer all redundant
elements are in use. It also permits the CCC to wmeintain limited performance,
at the expense of dropping some functional capability, when more severe
faiiures occur.

3.6.1.1 Diurnai Load Variations.- The daily traffic demand on the CCC variles
epproximately according to the following rates:

a) Hi 80 to 100% of peak capacity for 5 hr/day (seversl hours
Ay
in the morning and seversl in the late afternoon).

93]
3va¢i€>
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{b) Medium, 50 to 80% of peak capacity for T hr/day.
(¢} Low, O to 50% of peak capacity for 12 hr/day,

3,6,2 Rellability Definitions

3.6.2,1. Modes of Operatiocn.- The "Mode" of operation describee the status
of CCC system capabllity with respect to the functional and traffic demsnd

capacity.

() Mode AL 1s defined as the condition when 100% traffic
demand capaclty and 100% functional capebility existe;

ﬁb) Mode Bl is defined az the condiﬁion~when‘failpre hag
reduced the CCC capacity tc 80% of pesk treffic demand,
snd full functional capability still exists; and

(¢) Toge €1 is the-same as Mode Bl except :that the"COC-
scity is reduced to 50% of peak traffic demand; a full
functional capability still exists.

Mode designations using a numerit of 2 or shove (A2, B3,-C2, ete.) indicate
lower modes for which the full functional capability does not exist, the .
degree of degradation rising as the rumber increases., For purposes of
gimplifying these requirements, only the Al and Cl relisbility figures will
be specified; this is not to be construed as lessening the implied reliability
requirements at intermediate levels of traffic demand.

3.6,2.2 Mode Failure.- Mode failure is defined as the fallure of an active
CCC element which causes a shift in mode of operation to s lower mode.

3.6.2.3 Mode Change.- Mode change is defined as any. change in traffic
demand or element availability which causes the CCC to increase or decremse
the air traffic control functions being processed or change the rate at
which they are belng processed. '

3.6.2.4 Active Element,- Active elements are those equipment elements {ecge,
memory, computing, I/0 or peripheral-device adapter) required to service the
data processing load .of any given mcde.

3,6.2.5 Redundant Element,~ Redundant elements are those equlpment elements ..
which are required to provide excess capacity for rellebility, and when X
operable, are avallable for program assigrment.

i

3.6,2.6 Transient Failure.- Two classes of trensient fallure are definedi

{a) Belf-clearing transient.disturbances, such as ‘transient
parity errors, which do not require deactivation of an
active element; and
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(v)

Nonwclearing falilures of an active element requiring deacti-
vation of this element and its replacement by a redundant
element, if avallable,

3.6,2,7 Mean Down Time--Mean Up Time

(a)

(b)

Mean Down Time (MDT) is the mean of the times required to
re-establish the desired mode of operation of the CCC after
it has had a mode fallure. Fallure of any equipment within
the CCC bounds (3.1.2) shall be taken into account in the
computation of MDT, provided it is the cause of the mode
failure or prolongs a mode fallure Initiated by some obther

‘alement.

Mean Up Time (MUT) is the mean of the times between mode
failures, minus the MDT.

3.6.3 Detailed Reliability Regulrements

3.6.3,1 Detection of Hlement Failure and Dynemic Activation or Deactivation

of Elements and Functions According to Fallures and lraific Demand

(a)

()

(e)

The (CC. shall provide redundant capabilliy for all hardware
elements in the form of additional elements over and asbove
the number required for full load, full functional operation;

The CCC shall automatically detect failure, errors, and malw
funcbions in an element, dynamically deactivate a defective
element, and activate a redundant normal element when operating
with appropriate software. {Such software is not a deliverable
item under this specification). The techniques used to
accomplish this automatic detection and element activation/
deactivation may utilize both hardware logic and programing;
however, the hardware design shall not impose an excessive
burden on the programing effort in order to realize these
automatic features;

When elements fail in excess of theose availablie for

redundancy (i.e., all redundant elements of this type are

being fully used and none are avallsble for rep&acement}

but the traffic demand is low enough -that there is sufficlent
excess capacity avallable .in some elements that have not

failed, the CCC system shall deactivate the defective
element/elements and redistribute its aséigrment of functions

so that no loss of function occurs when opersting with
appropriate software. (Such softwsre is not a deliverable

item under this specifiestion.) Note that whenever the CCC's
effective overall capacity is marginal or insufficient to handle
the current demand and functions, due to spme defective element,
the functional capability shall degrade and not the traffic load
capability;
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(@) When elements fail in excess of those availsble for /
redundancy, and the traffic demand is such that insuf-
ficient capacity is avallaeble in the remaining elements,
the CCC system shall deactivate the defective element/
elements and automatically degrade or drop out functional
capability, according to a predetermined schedule of
functional priority.when operating with appropriate soft-
ware. (Such software is not a deliverable item under this
specification.} The CCC shall not reduce its traffic load
capgeity; l.e., data and reports from all aireraft shall
be processed and no datas shall be lost. As traffic demand
varies under this condition, the functional capability shall
increase or decrease as reguired to maintain full current
traffic demand capability;

(e) Elements that are redundant shall be available for non-
operational uses such as program check-outs, data re-
duction, and statistieal analysis. However, this usage
shall not affect the operating program, and shall not
prchibit these redundant elements from being automatically
brought into active operation; and

(f) The reconfiguration function described in (b}, (c), and (&)
gbove shall be accomplished withouf manusl intervention.

3.6.3.2 Reconfiguration Time After Failures.- The following applies when
when operating with appropriate software. (Such software is not a deliver-
able item under this specification.)

{a) For a non-clearing transient failure {i.e., an active
element has Tailed) where a redundant element iz availsbie
to replace the failed element, the CCC shall automatically
. @QE reconfigure, replacing the falled element with the redundant
NS one, within 30 seconds aftpr the transment fallure.
|
|
)

B—
AT

AT A

(b) Transition from any mode to a lowar mode resulting from
mode Tailure shall be accomplished within 30 seconds after
a mode Tailure. .

3.6,3.3 Reliability for Mode Al.~ The CCC shall have a MUT of 10GO hours

or greater when operating in thne Al mode (3.6.2.1). The CCC shali ‘havegT .

MDT of 1 bour or less when operating in the Al mode., These requirements,

as well as those of 3.6.3. L, ghall be met usxng “the contractor's recommended .-

maintenance staff zand maintenance programs, and shall conform to maintenance
services specified under 3.8.3; test equipment used shall be limited to that
furnished the Government as part of the basic CCC contract (3.8.3.4).

3.6.3.4 Reliability for Mode (l.- Except for the 100-flight configuration
(3.5.3), the CCC shall have a MUT of..10,000 hours or greater when operating
in the Cl mo&e, and a MDT--of-04 “5- hour or 1ess.””“”“mW”“”'“

S VO—
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3.6.3.5 Mean Time Between Failure,- The mean time between non-clearing
transient Taiiures {3.0.2.b; involving the faliure of an active element when
a redundant element is avallable to replace the falled element shall exceed

3.6.3.6 Application of Reliability Requirements to the 325, 200, and 100
Flight Load CCC Configurations.- The requir ements of 3.0 and its sub-
parsgraphs shall: apply to all three CCC configurations, subject only to
the provisions applicable +to the 100-flight configuration sppearing in 3.2
and 3.6.3.4.

3.7 Software Support

3,7.1 Utility System.- A complete set of utility programs must be provided.
The following programs are s minimum requirement.

3.7.1.1 Assembler.~ A working assembler designed for, capable of running
on, and producing machine code for the CCC from input symbolic machine-
oriented source statements, is required as a minimm programing aild for
developing programs. to perform the complex real~time functions described
in. this specification. The object code shall be either relocatable or
shsolute for any glven translation. The translation shall, in general,
convert one source statement into one machine-coded instruction or value
-word. Translator control source statements shall be available 4o handle
decimal %o bilnary conversions, accepbance of alphabetical data, storage
allocation, input-oubput, translation and control, -and control of documentation.
A compool feature is desirable with the assembler.

3.7.1.2 Loaders,-~ These programs must be cmpsble of loading object programs
produced by the assembler, data from megnetic tape, slphanumeric keyboard,
or card reader into primary and bulk storage. The loader programs shall be
self loading. It ie desirable that object programs be cellable from a
library under program control.

3.7.1.3 Dumps.- Programs shall be supplied for transferring the contents of
bulk and primary storage in octal, decimal, or mnemonic instruction code to
magnetie tape plus card punch or high-speed printer.

3.7.1.4 Program Debugging Aids.- These programs shall include full and
selective program tracing and bresk-point . testing routines ss-a minimm.

3.7.1:5 Deilvery of Software.- The software for the utility system shall
be dellvered in operational condition six wonths from date of contract. The
delivered items shall include an operationsl utility system contained on
magnetic tepe, and a symbollc program deck and listing,

3.7.1.6 High-Order Langusge.- The provision of a high-order langusge or .
complier 1g desired but not required as part of this procurement.  If such, ?
& language ls available and is to be included as part of the CCC software ‘
package, a descriptive programer reference msnusl: sh&ll ve. Included with .

.the techniecal proposal.
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3,7.1.7 Utdility System Software Documentation,- Each plece of softwsre shsall
be documented, both for programer and operator usage, and for maintenance and

modification of the software.

2,7.L.T.1l Assembler Reference Manual.~- An assembler reference manusl shall L
be provided and shall describe all actlons required to prepare source

language statements, initiate assembly, and analyze resulting listings as

+to encountered error conditions. The reference manual ghall be written to
conform to good commercial practice and contein sufficlent detail to enable
programers to produce camputer programs without referencing sdditional

documentatlon.

3.7.1.7.2 Asgembler Cperator’s Manual.- An assembler operator's manual shall
be provided and shall include initiation and intervention procedures, s
complete list of possible error halts, and all possivle actions required of

the operator.

3.7.1.7.3 Utility System Specifications.- Detailed specifications shall be
provided, including appropriate flow diagrems and instructions to permit
operation, maintenance, and program modifications for the assembler, loaders,

dumps, and the program debugging aids.

3.7.1.7.4 Delivery.~ Two hundred copies of utility system software documentation
shell be delivered to the COTR In accordance with the following:

(a) Assembler reference manual, one month after date of contract;
(b) Assembler operator's manual, six months after date of contract;
(¢) Specification, assembler, six months after date of contrach;
(d) Specification, loaders, six months after date of contract;

{e) Specification, dumps, six months after date of contract; and

(f) Specification, program debugging aids, six monthe after date
of contract.

32.7.2 Programer's Reference Manual.- The contractor shell furnish 200 copies
of a programer’s reference manual to the COTR one month after date of
contract; 1t shall include a description of the computer instructions,
commands, and orders used in an operational machine program. The manusal
shall also include but not be limited to information on instruction timing,
single and double precision operations, use of index registers, logical end
arithmetic operations, data transmission, I/O operation, use of indicator
lights and brench switches, and data necessary for the use and control of
the computing machine. The manual shall be prepared in a careful and
workmanlike,manner .in accordance with best practices (consistent with the
intended use) as spplied to similar manuals normally furnished for commercial
equipment. It is intended that a contractorts standard commercial manual,
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as an addendum to the sbtandard manual or provided as a supplemental or

separate volume. ijﬁk

3.7.2 Maintenance Programs.- A maintensance system containing software . 4k
providing for continuing operation of the CCC and satisfying the require- AL.‘
ments contained in this specificaticn must be supplied (see 3.8.3 in

association with the following software descriptions.)

if suitable, be furnished, with supplemental material as necessary furnished waﬂafp

o

3.7.3,1L Off-Line Mazintenance Programs.- Programs and applicable documentation
shall be provided as specified below. These programs will be uwtilized off
line to test, detvect, and isolate errors withinm basic CCC modules. These
progrems must be capable of isolating faults to a logic section within a

basic COC element (e.g., Tailure of bit 10 of word 4010 in memory module B).
The computer wutilizing a suitable output device of the CCC will,K output the
resulting diegnosis in an applicable form for use by waintenance personnel.

3.7.3.1.1 Off-Line Malntenance Program Delivery.-~ Three complete sets of
documentation shall be provided six momths after date of contract, and shall
include initiation and intervention procedures, a complete list of possible
error halits, and all possible actions required of the operator. Fifty
additional copies of this documentation shall be supplied at the time of
delivery of the CCC. The program itself shall be provided at the time of
delivery of the CCC contained on magnetic tape and on a symbolic program
deck with appropriate listing.

3.7+3.2 On-Liine Maintenance Programs.-~ Programs to operabe with the opera-
tional system which are designed to maintain continuous operation are
required and will include:

(a) - Confidence routine v
{b) Operational diagnostic e
(¢) Data correction and recovery “/

(d) Reconfiguration and mode control ?ﬁ

Such programs are not a del}ggg@ble item under this specification, however,
they are further defined in section 3.8,

3.8 System Maintenance Reguirements

3.8.1 Scope.~- The CCC shall operate with a minimum of down fime and a miznimum
of human invelvement. Proven or existing equipment and techunlgues shall be
used to the greatest extent possible. Below are those hardware, sofiware,

and test lmplementaticn requirements, and desirable Teatures that support

this design.
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3.8.2 Maintenance Defipitions

3.8.2.1 HBlement Statur.~ In order tec state the requirements of the WAL J0G
Msintenance System, 1 18 necessary to define elements by their current status
in the system. Equisment stafus has been broken dovn into the Tollowing

categories. Their.iefinitions follow:

3.8,2.1.1 Active Elements.- Active elements are defined by 3.6.2.L.

3.8.2.1.2 Redmdant Elements

o
(a) On-Line Redundant.- Those hardware elements not presently
_ belng used to perform an ATC Tunction, but which would be
W/;’ available for use by the operational system within the
Léﬁg 30-second recovery period permitted by 3.6.3.2.

(b} Off-Line Redundant.~- Those hardware elements not presently
being used to perform an ATC function and which would not
be availabie for use by the operational ATC system within
the 30-second recovery period specified in 3.6.3.2. These
elements wouid probably be used to perform an off-line
funciion such as scheduled or unscheduled maintenance. It
is likely that manual intervention would be required to
place these elements on-line, with the actual time before
these elements could be available to the on-line system
depending upon the hardware configuration chosen. It wouid
be desirable for all elements in operational condition to
be available automatlically to the operational ATC system within
the 30-second transient recovery period mentioned sbhove--
regardless of their current use--in which case the category

belng discussed here would not exist.

(¢) Inactive.- Those hardware elements that are not available
to the operational system within the near future. Typical
reasons for non-asvailability might be due to component
failure, marginal checking (preventive maintenance), and

element power off,

3.8.2.2 Types of Maintenance.- The maintenance function will be elassified
a8 either on-line  or "off-line." On-line malntenance would be performed
only on on-line elements. Off-line maintenance would generally be performed
only on off-line elements. In a hardware configuration where a1l elements
(except failed elements) would be available within a 30-second recovery
period, the off-line maintenance function, as defined here, might be run

on a combination of on-line and off-line elements.

3.8.2.2.1 On-Line Maintenance.- Although maintenance is generally considered
as an off-line funciion; being performed on off-line elements, certain
operational (software) functions are defined herein as on-line maintenance.
These software functions include programs t¢ maintain and report on current
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element status, to detect errors, and to diagnose and print ocut limited
information en errors for maintenance personnel (3.8.3.3).

3.8.2.2.2 Off-Line Maintenance,~- The bulk of the maintenance function would
generally be performed on off-line elements. Off-line maintenance is
generally classified as either scheduled maintenance or unscheduled
maintenance. A further breakdown follows.

3.8.2.2.2.1 Scheduled Maintenance,- Scheduled maintensnce includes preventive
types of maintenance, routine maintenance, and corrective maintenance,

(&) Preventive Maintenance.- Preventive maintenance is defined
as planned periodic marginal and functional festing of
the CCC elements and components. Preventive maintenance
techniques (e.g., voltage or clock timing marginal checks)
are chosen s0 as to detect marginal components (e.g., due
to aging or drift) and system misalignment (eego, non-
optimim setiings of tape system head gains).

(v) Routine Maintenance.- Routine maintenance consists of the
regular repair of failed components at the test bench and
regular repair or maintensnce of mechanical and electro-
mechanical devices (e.g., clean tape heads and loop hoxes
or vacuum air filters).

{e) Corrective Maintenance of Known Failures.- Corrective
maintenance on falled CCC elements can often be scheduled
for a later work shift where a higher maintenance capability
would exist or at a time when there is a low traffic demand.
During periods of low traffic demand, additiomal elements
would be availsble to aid in the repair and test of the
failed element. Such maintenance is classified as scheduled
corrective maintenance.

3.8.2.2,2.2 Unscheduied Maintenance,- Unscheduled maintenance consgists of
maintenance required immediately following a Tallure Tound by the on-line
maintenance function and which can not be scheduled for a later time (e.g.,
total system failure, or element fallure where no further redundant element
of that type remains for use by the operational system). Normally, single
element fallures occurring durling peak traffic loads would be scheduled

for repair during a low-load period (i.g., scheduled corrective maintenance)
or handled by off-line test equipment (3.8.3.4).

3.8.3 Maintenance Requirements.- These paragraphs specify maintenance
reguirements and reference other pertinent seciions. Desirable features

of a maintenance approach are discussed first.

3.8.3.1 Maintenance Approach.- The detailed maintenance approach for the
complete CCC will depend upon the final equipment configuration as well as
the chosen design options.
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3.8,3.1.1 On-Line Maintenance.- When operating with mppropriste software
(not & deliverable item under this epecifica.‘cion)‘, the on-line meintenance
function shall detect element fallures. If an element fallure is detected,
the op-line maintenance function shall cause the eguipment complex tc be
automaticelly reconfigured to exclude the falled element from further use
by the cyeling progrem complex. A redundant on-line element is then auto-
matically essigned the tasks of the failed element. No manusl dintervention
of any kind shall be required. If no redundant element exists (because of
prior element failures), the fall-soft approach epplies. In any. case,
appropriate notification to the maintenance perscunel shall be generated.

3.8.3,1.2 Repair of Failed Element.- To gffect the speedy repair of the
Failied eiement, necessitated by The rellsbility reguirements in section 3.5, the
Pollowing approaches or a combination of them sre permissible:

(a)} Maintenance personnel mey utilize specisl off-line test
equipment exclusively;

(b} If sufficient redundant elements are available, then a set
of redundant elements may be taken off-line to fom a tegt
subsystem;

{¢c} Depending on the equipment capability, a test subsystem may
ve defined that uses on-line redundesnt elements. However,
in this case, it Is mandstory that the redundant elements be
evailablz under program centrel to the active program corplex
in czse of zz elszment failyre. It must further be assured
that the program has the capabiliity to completely lock out
any manual conurols and negate sny special test parameters
that maintensnce personnei nave sel up in the redundant
-glements; '

(d) It mey suffice to schedule repair of elements during low-
load perleods when sufficient redundant elements sre sveilsble.
The cbviocus penalty is. increased down-time when an element
fails during the high-load pericd.

3.8.3.1.3 Preventive Maintenance.- The requirement that the CCC ¢perate 2k
hours every day places severe restrictions on preventive meintenance. . However,
since the system load fluctuates in a predictible menmner during each day, &
cerefully planned scheme of preventive maintenance can be conducted during

low load conditions on redundant elemente. If elements need be physically
digeommected from the system 1t shall be sccomplished without interference

to the operational elements. '

3,8.3,2 Hardware Features,- The hardware requirements of that portion of
the system maintenance function which pertain to the actual CCC.elements
have been!specified in section 3.2:.1.10. .In addition, all equipment shall
provide that the process. of teking elemenis off-line,. operating elements
off-line to form a test subsystem (including the on-off cyeling of power,
or returning elements .on-line, does not generate any logical or -electrical
digturbances that might affect on-line system operation. &
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3.8.3.3 Maintenance Programs.- In line with the definitions of section 3.8.2,
the maintenance programs can be grouped into two categories: on-line
maintenance programs and off-line maintenance programs, A further breakdown
follows.

3.8.3.3.1 On-Line Maintenance Programs.- These programs would perform the
on-line maintenance functions described in 3.8.2.2.1 and might consist of
the following:

(a) Confidence Programs.- Such programs might consist of routines
to perform simple tests on all on-line elements and report
to the executive function on their status. The actual functions
of these routines would depend upon hoth the hardware and
software configurations. It is feasible to assume that
guality control (e.g., radar return) routines might also be
integrated into this function at some later date. These con-
fidence programs would be cyclic in nature and might be
performed dwuring each system cycle;

{(b) Operstional Diagnostic Progrem(s).- This diasgnostic function

' would only be performed upon detection of an error by the
confidence programs (discussed above) or ATC operational
programs, Or upcn a hardware-initiated error interrupt.
These operational disgnostic programs might collect data
on or verify the failure, or both, output any pertinent
information 4o an on-line printer (for use by maintenance
personnel), and initiate corrective action;

{c) Data Correction and Recovery Programs.- These would be
"fix" type programs; l.e., correction of data after a failure,
This corrective action might consist of a complete startover
from safe data or simply a tape re-read. These programs
are conditional and would only be perfcrmed when requested
by the operational system. Useful information {to maintenance
personnel) would be output to an on-line printer;

{d) Reconfiguration and Mode Control Programs.- The reconfiguring
of the on-line elements would be performed by the reconfiguration
program which would also accept requests to reconfigure
from the operational diagnostic function when a non-clearing
operational element failure has been verified. The mode control
program would, counsist with the reliability requirements of .
section 3.6, change the mode of the CCC operation. Inform-
ation on the reconfiguration or mode control process, or
both, would be outputed to an on-line printer or maintenance
congole, or both.

An estimate of the storage and cycle time for these on-line maintenance
routines shall be made and added to those required by the ¢perational program
as described elsewhere in this specification. Such on-line maintenance
Programs are not a deliverable item under this specification.
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3.8.3.3.2 Off-ILine Maintenance Programs.- These programs shall consist of
a large number and variety of comprehensive maintensnce programs. These
programs shall include routines to test all CCC elements, including the
computer-oriented peripheral devices and peripheral-device adapters. (The
Covermnment intends that routines to test and exercise the systemworiented
reripheral devices also be Integrated into this mailntenance package st some
later date, but not as a deliverable item under this specification.) A
subset of these programs shall accomplish fhe preventive maintenance
function diseussed in 3.8.2.2.2.1 and 3.8.3.1.3. Because of its size,

the total package may be stored on tape (drum or disc if feasible) with

only a subset of the programs callable: for use by the off-line maintenance
fTunction at any time. These programs may alsc be used, When possible,

in the event of a total system failure. These programs include a
diagnostic capability and should not be confused with the limited disgnostic
capability of the operafional diagnostics referred to in 3.8.3.3.1. The
¢comprehensive maintenance programs discussed in this paragraph (3.8.3.3.2)
shall diagnose failures and localize their precise source to the extent
software technliques permit (e.g., failure of bit 10 of word 4010 of

memory modile B ALl information pertinent to the failure shall be
outputited to a printer or monitor/supervisory console, or both.

3.8,3.3.3 Deliverable Maintenance Software Items.- The comprehensive
off-line maintenance programs discussed in 3.8.3.3.2 (deleting any
sy%ﬁémaaozﬂanﬁad ‘peripheral requirementQ) shall be supplied by the
contractor. The on-line maintenance programs discussed in 3.7.3.2 and
3.8.3.3.1L will be inbegrated into the executive control program structure,
but are not & deliverable item. As a minimum, the contractor shall show
that his harﬁware ‘configuration can perfanm the software functions

described,

3.8.3.4 0ff-Line Test Equipmert.- In line with the general maintenance
approach of 3.8.3.1, off-line test equipment shall be provided to meet the
MDT requirements stated in section 3.6. The exact nature of this
equipment will be dependent upon the proposed hardware configurstion and
cannot be described in detail at this time. The off-line test equipment
shall isolate commonly encountered fallures without the support of the
redundant elements. It may not be possible to verify the correction of
such failures during pesk traffic loads because of the unavailability of
redundant elements. When these inactive elements would be put back
on-line would be dependent upon the type of failure, confidence in the
failure correction, possible consequences to the operational ATC system
if this element is not returned tc an on-line status, and other factors.

3.8.4 Maintenance Services.- The contractor shall provide maintenance
service for each system ordered for one year beginning within 90 days’
alter preliminary acceptance, as ordered. The contractor shall provide

all personnel and spare parts to maintain each CCC system on a l6-hour-a-
day, 365-day-a-year basis to the level of performance and reliability
required by this specification. Full system capabllity for full-load
operation shall be available at least eight hours per day of the first shift.
The medium-demand capability {50~ 80% of peak load, of 3.6.1.1) shall be
available forvihe second eight hours per day, The contractor shall not use
the remaining eight hours:per day for routine, maintenance, but shall
perform his routine services during the regular 16-hour operational period.

If
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meintenance beyond the lb-hour period is required in order to have the system
"on-line" Ffor the following day's operation, the contractor shall provide the
maintenance as regulred &t no additionsl charge to the Government.

3.8.4.1 Maintenance Log.- The contractor shall maintain e log of maintenance
actbivities, outeges, repalrs, and spare parts used. Entries shalil be reviewed
and initiated by the Govermment’s local technical representative. The

contractor shall provide two coples of this log to the Government's local
technical representative on a weekly basis. ter six months operation, the
contractor shall sumarize the regulrements for spare parts, based upon the
maintenance log entries, and provide 15 coples of a recommended spare parts

list to the Govermment for support of the system for the second year of operation,
together with either approximate or firm prices for all items.

3.9 Instzllation,~ The contractor shall install each system (3.5.1, 3.5.2, and
3.5.3) ordered at each site designazted by the Government. AlL sites will be
witain the conterminous United States. Site preparation, includl ng the
furnishing and installation of any required alr-conditioning, will be
accomplished by the Government. The contractor shall provide the Government
with two reproducibles and eight copies of all necessary site preparation
specifications six months in advance of & proposed site installation. The
contractor shall furnish all services, installation materials and persconnel,
equipment, ineluding contractor-owned test eguipment (except Government
off-line test equipment in accordance with 3.8.3.4), and tools to install
and debug the system. Installation and workmanship shall meet the standards
of all national codes for this type of equipment, Upon completion of
installiation, preliminary acceptance tests shall be conducted by the con~
tractor and witnessed by the Government in accordance with section 4, Pre.
liminary acceptance of the system at the Govermment-designated site will be
made after approval of all preliminary acceptance tests by the Government.
Final acceptance of the system will be made after tests during the first
year of operation which demonstrates MUT and MDT.compliance; the reliability
daring the first year of operation following preliminary ucceptance will
provide the data for this determination. The first year of opersation will
be concurrent with the one year of maintenance service, section 3.8.k4.

3.10 Design and Constructicn.- The overall design and consiruction shall

be accomplished in a simple and siraighi-forward manner embodying the best
engineering practices as applied to off-the-ghelf eguipment manufactured

for a similar intended use. It is degirable that the equipment meebt require-
ments of FR-D-L0O6-010 or appropriate MIL speclficatione, or both.

3.2l Documentation.- The contractor shall provide all necessary services
and material to develop and deliver documentation in accordance with
requirements specified herein,

3:11.1 Program Planning and Control.- The contractor shall institute and
meintain a Program Planning and Control Sysitem. This system shalli be an

SROS NETWORK/MILSTONE presentation as described in Specification SRDS-1.

As guidance, an FAA document, NETWORK/MILESTONE Technigues SRDS N/M-1, is
recommended.
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3.,11.2 Documentation Contract Designation.- All documentation produced or
updated by the contractor shall show the contract mmber conspicuously
displayed on each document, including drawings, to facilitate identification

and assoclation with the contract.

311,323 Quality of Reproducibles.- ALL reproducibles furnished shall be of
such quality as to permit The reproduction of every line and character on
the reproduced copy. Reproducibles of the sepila type shall have a minimum
background or field density (no burned or dark areas).

3.11.k Contractor's Technical Reports.- The contractor shall furnish Type I
Progress Reports in accordance with Specificabion SRDS-l except as specified

herein,

3.11.4.1 Type I Progress Reports.- Delete paragraph 3.2,1 of SRDS-1 and
substitute the following:

3421 Type T Progress Reports - The coniractor shall prepare
monthly Type I reports and submit Ten copies to the FA4
in accordance wilth Specifilcation SRDS-1, 5.2, Pre-
paration and submisslon of these reports shall commence
the month following the date of contract and they shall
be malled no later than ten days following the reporting
period. These reports shall include a concise statement
of the work accomplished for the reporting period; sum-
marize status of detalled design, Tabrication, maiterial
orders and tests of any deliverable items; swumarize
meetings between the contractor and others participating
in the program; dlscuss specizl problem areas, including
solutions; and provide a brief statement of work planned

for the next reporting period.

3.2.1.1 A planned work schedule for the contract shall be
submitted in the form of an SRDS WETWORK/MILESTONE
presentation. t shall include the delivery schedule
of all deliverable items and shall be revised as
necessary in each report. Any delays which may affect
the contract delivery schedules shall be fully explained.

3.2.1.2 The front cover shall be of the same stock as used for
the text, and shall include title, type of report, contract
nunber, release date, and preparation biock,

%.11l.5 Design Data.- The scope and complex inter-relationship of FAA develop-
ment programs regulre early knowledge of the contraelior's design approach,
Therefore, the contractor shall, within forty-five days of contract, provide
ten coples of all data required hereunder to be submitted for design review,
including the items specified in the subparagreaphs below, to the FAA
Contracting Officer’s Technical Representaiive (COTR) for review and

The design data submission shall be organized to reflect the

approval.
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contractor's approach to achieving compliance with the more significant
requirements of the eguipment specification. This submission of design data
shall not be used by the contractor to propose modificatilions or aliernates

to deteils of the equipment specification or a change 1ln scope of the contract.
The design data referenced bhelow ghall include all elements of the equipment
to be produced by the contractor under the terms of the contract, as detalled
by the equipment specification and any addenda thereto, together with all
interfaces with other eguipment. A summary of equipment operstionsl character-
istics shall be included.

3.11.5,1 3Block Diagrams.- A complete set of equipment block diagrams ghall
be provided by the contractor. The block diagrams shall show the general
operational, electrlical, and physical relationships of the equipment elements.

3.11.,5.2 Informaticn{ﬂééigfélow Diéé?éms;¥ The contracitor shall provide

complete information logic-flow dlagrams. These dlagrams shall show the

detailed logical, operational, and functional relationships of the equip-
ment elements. Synmbology used in these diagrame shall be fully explained
in the basic document.

3.1L.5.3 Input/Output Details,- The contractor shall provide a document
wnich consclidates all CCC~boundary input/output characteristics. This
document shall include, but not he restricted to electrical characteristics
of inter~system cables, signal characteristics and limits, and timing
diagrams. All external system interfaces shall be included.

2.11.5.4 Logic Disgrams.- Where logic cirecuits are proposed that sre of
wunconventional design, the conbtractor shall provide logic dlagrams and a8
sumnsry ©f The particular design approach.

2.11.5.5 Detailed Physical Description.— The conbractor shall provide a
detailed physical description of the equipment. This description shall
include: weights, outline drawings, configuration, layouts, ventilation
or air-conditioning recuirements, cable entry and exit features, clearance
factors, power regquirements, and other special details which should be
considered for installation, operation, and maintenance of the eguipment.

3.11.5.6 Design Review and Approval.- After receipt of the preliminary
design, the FPAA CUTR shall review, and approve or direct any changes
regiired in the design that are required to obiain conformity with this
specification. The contractor shall change the design as necessary to
conform with the requirements detailed by the FAA COTR and re-submit
corrected revisions of the design data for gpproval within fifteen dsys
after recelipt of the design change reguirements. In addition, the
contractor shall, from time to time during the course of the contract,
revise portions of the design data as directed by the FAA COTR or as
deemed appropriate by the contractor, subject to the approval of the FAA
COTR. The contractor shall provide two reproducibles and eight coples of
all such revisions to the FAA COTR no later than fifteen days from the date
of approval of the revision,
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3.11.6 Index of Drawings and Technical Memoranda.- The contractor shall
neintain an index of all drawings and technical memoranda produced in cone
nection with design, febrication, and test of the equipment. This index

shall be updated monthly and two reproducibles and eight complete updated
copies shall be submitted to the FAA COTR with the progress report (S.ll.hnl}.
Drawings and technicael memoranda produced in connection with the design and
fabrication of off-the-shelf items which are in existence at the date of
contract need be submitted only on a one-time basis with the first index.

The contractor shall provide drawings or technical memoranda that may be
requested by the contracting officer as listed by any index furnished in

accordance with this reguirement.

3.11.7 Installation Documents.- The contractor shall prepare and submit ten
coples of documents containing all necessary information reguired by skilled
techniclans and engineers to correctly install the equipment and initiate
its operstion, These documents may be selected data prepared under othew
documentation requirements of the specilication or previously prepared
documents for installation of like equipment. BSubmission of these instal-
‘lation documents to the FAA COTR shall be made forty-five days prior to

delivery of egquipment.

3.11.8 Test Specificabion.~ The contractor shall, ninety days prior to any
equipment tests, submit for FAA review and approval a check list of recommended
acceptance tests, descriptions, and data Lo be taken., FAA will review within
thirty days. The contractor shall then prepare and submit two reproducibles
and eighv copies of a recommended vest specification to the FAA COTR for
review and approval thirty days prior to any equipment tests. The test
specification shall conform to the FAA modilied or approved check list, and
be a comprehensive document including all devalls necessary to assure that
test procedures and testing will satisfactorily demonstrate equipment
compliance with all functional, envirommental, electrical, mechaniecal, and.
reliability (other than MUT and MDT) requirements of the contract, The
test specification shall provide a block diagram for the test configuration,
a list of test equipment, and the machine programs which will be used, for
the test. Although certain tesis may be impracticable at the contractor's
plant due to the unavailability of input data {real or simulated), the test
specification shall be comprehensive and complete regardless of whebthe r
tests are to be conducted at the contractor's plant or elsewhere after in-
stallation. The contractor shail recommend and identify tests to be con-
ducted at his plant and those he-recommends be conducted elsewhere, Each
test shall reference the specified requirement, including the paragraph
number and any applicable tolerance, and other documentation for which

the test 1s intended to demonstrate compliance. The contractor shall
nctify the FAA COTR of proposed test dates for recommended contractor-
conducted tests in accordance with notificatlion for inspection, L.6. fThe
Government shall have the right to require such additional testing as may
be needed to show compliance with this specification.

3.21.9 Test Reports.~ The contractor shall prepare end submit eight copies
of recommended test data sheets to the FAA COTR for approval concurrently
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with the recommended test specification. Test data sheets shall be com-
plete with respect to all fests specified by the approved test specification,
shall include the applicable test specification paragraph for each test, and
shall identify tests recommended to be conducted at the conbtractor's plant
and those to be conducted elsewhere. Two reproducibles and eight coples

of the fesgt data sheets ag approved shall be submitted to the FAA COTR. The
contractor shall conduct appllcable tests according to the approved test
gpaecification, recording results of the tests of the approved test data
sheets, and submit two reproducibles and eight coples of test reports, to
the FAA COTR within thirty days after completicon of tests.

2.12.10 Instruction Books.- The comtractor shell furnish agperation and
maintenance manuals prepared in a careful and workmanlike manner in
accordance with best practices {consistent with the intended use) as
zpplied to similsr manuals noymally furnished for commerical equipment.
It is intended that contractor standard commercial manuals, if sultable,
be furnished, with supplemental materlal as necessary funished as addends
to the standard manuals or provided as supplemental or separate volumes.

3.11.1C.1 Contents.~ Fach equipment item, i.e., memory, I/O, computer,
periperal-device adapter, motor generator (if required), voltage regulator,
rower supply, and each type of computer-coriented peripheral equipment

shall be documented for operatlion and maintenance of the sgquipment. As

= minimum, these manuals shall include (as applicable %o each configuration
ordered): maintenance schedules and procedures, including test points,
complete logical and timing diagrams, schematic diagrams, compiete parbs
‘iist, complete connection breakdown by pin, expected oscilicoscope waveforms
that describe normal operation of each unili, installation lnformation
regquired to correctly install the equipment and initiste its operation
(including cabling and connection diagrams and appiicable information).

3.11.10.1.1 Preparation and Delivery of Instruction Books.- Ten zoples

of initial instruction book manuscripts {commercial manuals, if suitable,
plug addenda .per 3.11.10) shall be submitted to the FAA COIR for review
and approval sixty days prior to delivery of equipment. In addition to the
bocks furnished and shipped with equipment (3.11.10.1.2), one reproducible
(2.11.10.1.3) and 100 copies of the final boocks shall be furnished thirty
days after approval of the manuscript books and shipped to approximately
five addresses in the conterminous U.S. in accordance with shipping in-
gtructions to be furnished by the FAA CCOTR. Applicable corrections,
additions, and delebions shall be made prior to printing of final books.

3.11.30.1.2 Instruction Book Delivery With Eguipment.- One copy of the
final instruction book for each unit of eguipment shall be furnished and
shipped with the equipment, except that the first unit of like egquipments
shall Dbe accompanied uy five copies.

3.11.10.1.3 Instruction Book Reproducibles.- The instruction bock repro-
ducible shall be on clean, white, smooth psper; drawings, photographs, or
other artwork for 1llustrations shall be complete and ready for camers.
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5,11.10.2 Programer. and Assembler Reference Menuals.- These manuals shall

Le 1urnished in accordance with sortwere documentation reguirements (section

"

3
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Cables.- The contractor ghall furnish all intra- and inter-unis cables,
1ih cable connectors, requlred for factory test and for installation and
esting of the eguipment, inciuding any special-purpose test cables required
or rouwtine malnbenance., Where paitch panels or plug boards are used in the
guipment, the contractor shall provide adequate plugs or patch cables
equired for normal egquipment operation. Cables reguired for factory testing
nay be the same as those required for subsequent equipment installistion
and testing. Cables between peripheral-device adapters and system-oriented

peripheral devices are nobt to be provided,
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2.13 Cooperation and Coordination.-~ The contractor shall participate in
meetings and conferences, and exchange techrnical data relating tec the
equipment performance and design compatibility with others as directed by

the FAA COTR.

3,14 Service Conditions.- The equipment shall be designed to operate and
maintain specified performance in accordance with indoor serviee copditions

25 followsg:

(a) Energy Source: single-phase, 2-wire, 120 volts +10%, or 3-
thase, M-wire, 120/20" volts +10%; 60-cps +2% {sTeady stase),

{(p} Elevation: up to 10,000 feet sbove sea level.

{¢) Dusty: coutinuous, urwittended,

(a) Salt Atmosphere: as encountered in coastal regions.
3.15 Test Eoulpment and Tools.- The equipment shall be designed and
fabricated so @ to minimize any requirements Tor speclsel test equipment

and tools, Special test eguipment and tools are defined as devices not
readily avaiiaoie as commercial items.

3,16 Weight.- The total weight of the equipment shall be¢ a minimm con-
sistent with good design and economics. If possible, individual chassis of
the eguipment shall not exceed 40 1bs to facilitate maintenance handling.
Construction of equipment racks or housing shall provide for even floor
loading distribvution not to exceed 200 lbs per square foot.

L, QUALITY ASSURANCE PROVISIONS

L.l Genersl.- The equipment shall be tested at the contractor's plant
pricr to equipment shipment (factory acceptance tests) and after instal-
lation at the Govermment designated site (preliminary acceptance tests),
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in accordance with the approved test specification (3.11.8), and compliance
therewith shall be demonstrated, All acceptance tests shall be performed
by the contractor and witnessed by the FPAA, However, the FAA reserves the
right © waive witnessing of the complete inspection tests or any part
thereof ., If FAA witnessing of tests is walved, the contractor shall furnish
certified test data showlng the resulis of all such tests. In any case,
factory acceptance by the FAA will not be made until test daba, certified
to be true snd correct by a properly-authorized official of the company,

and notarized, has been submitted and approved by the FAA,

4,2 Acceptance Tests

L.2.1 General,.- The contractor sghall perform factory acceptance and pre-
Liminary ecceptance tests necessary to demonstrate that the equipment fuily
meets the requirements of this specification. The contractor shall furnish
all test programs necessary to adeguately test the CCC., Govermment-furnished
equipment will not be provided for factory accepiance tests, except any
deliverable iteme under the contract may ve used,

4,2,2 Factory Acceptance Tests,~ Factory aceceptance tests shall be divided
into four sections:

(a) Quality Control Imspection
{b) Functional Tests
(c¢) Radio-Interference and Susceptibility Tests
(d) Pre-Delivery Exercise
4,2,2,1 Qualidty Control Inspection.- This inspection shall include all

checks and tests deemed necessary to ascertain that the equipment meets
highest commercisl standards and all applicable requirements of this and

reference specificgtions.

L,2,2.2 TFunctional Tesis.- The contractor shall demonstrate compliance
- with applicable gections of this specification. Tests shall consist of

unit tests and integrated system Lests.

L,2,2,3 Redio-Frequency Interference and Susceptibility Tests,~ The

contractor snall demonstrate that the equipment will satisfy the basic
dimits of interference and susceptibility tests as speeified in h.3.2,
b.3.k.1.1, bo3.4,0,2, and b.3.4.2 of MIL-I-26600 (USAF) and Amendment

No. 2 thereto,

h.2.2.4 Pactory Acceptance Exercise.- The CCC shall be exercised for a
minimum period of 120 consecutive hours, nmeeting all specified requirements
under existing amblent conditions of temperature and humidibty. Maintenance
schedules and allowable errors for this factory acceptance exercise will
be determined when the check list of recommended test titles, descriptions,
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end data to be taken (see 3.11.8) is submitted. During the factory ace
ceptance exercise the CCC shaell be operated at the upper worklosd limit of
high capacity (3.6.,1.1) for a minimum eggregate time of 12 hours per 2k-
hour period, and at the upper workload limit of medium capacity (3.6.1.1)
for a minimum eggregate time of 6 hours per 24-hour period, The CCC shall
be tested for a total of 6 hours with its power supplies adjusted for low
margin voltage, 5 hours with 1ts power supplies adjusted for high margin
voltage, and for 5 hours with its power supplies adjusted so as 1o make the
system most susceptible to electrical noise. The remainder of the 12C-haur
period shall be with its power supplies adjusted for normal voltsage.

4,2,2,4,1 Test Routines.- The contractor shall prepare and debug adeguate
computer programs to exercise the equipment as described in L4.2.2.4 and
collect the statistical information required in 4.2.2.4.3. These programs
ghall exercise all technical Teatures of ihe equipment, all logic blocks,
all compuber commands, all data transfer channels, and all error checking
circuits under worst case data conditlons where known. All programs shall

be supplied on magnetic tape and punched cards.

L.,2,2.4,2 Reconfiguration Check.- A program shall be prepared, debugged

and successfully run on the CCC to demonstrate reconfiguration., Recognizing
that the final program for reconfiguration will be Interwoven with the
executive control and operaticnal programs, the program prepared for this
reconfiguration check need only demonstrate reconfiguration on the following
simplified basis. As failures of elements are simulated, the program shall
cause the CCC to “failw-safely", l.e., as elements Tall they are deactivated
and the program shall readjust the roles of the active and redundant elements
80 that operation is maintained at the sahe level as prior to the failure.

As failed elements are returned to service, with suitable manual notification
if reguired, the system shall return L0 normal system redundant/active
element status. The Government inspector shall be able to drop or return
elements at will during. this test as long as two or more elements of the

same type are not down simulianeously. Transition times shall be in accord-
ance with 3.6.3.2. Additionally, as the failure of more than one element

of the same type is simulated, the program shall provide an Indication of the
configuration status so that a status table of operable elements is available

in shared memory at all times.

L.2,2.%.3 Error-Recording Routine.- An error-recording routine shall be
provided which furnishes & printout of at least the followilng:

{a) PRunning time of routine and running time to fallure;
(b) fThe routine in which the error occurred;

{¢) The instruction on which the error occurred; and

(a) Contents of all registers.
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Por errors which do not set indicators advising moniforing personnel of sach
error, the following additional information will be reguired:

{a) An indication of error with as much data as practical
related to error type and source;

(b} Data or results that should have been cbtained on the
erronous data or performance actually obtained; and

(¢} Buch other information as might be Important for counting
and evaluating errors.

L.,p.2.h.4 Program Counter.- After each pass through each series of computer
routines, the following printouts shall occur:

(a) Pass number; and
(v) Elapsed rusning time.

L.,2.3 Preliminary Accepbance Tests.- Preliminary accepbance tests shall bhe
conducted after installiation (3.%) and consist of all or portions of tesbs
specifled by the test specification (3,11.8) or other tests as required to
show compllance with specified reguirements.

h,2,4 Test Program Documentation.- Fach program which is used in the
acceptance ‘test shall be documented with the following information:

(a) English language description of program and iis. purpose;
(b) Symbolic listing of operating instructions;

(c) Expected printouts under normal conditions and expected
printouts under error conditions;

{d) Flow chart; and
{e) FRunning time.

L.2,4,l Delivery.- Two reproducibles and eight copies of the test program
documentation shall be delivered to the COTR thirty days prior to factory

acceptance tests,

L.2,5 Software Acceptance Tests.- Software acceptance tests shall be
conducted as part of the functional acceptance tests. However, the delivery
of software shall be in accordance with schedules stated in section 3.T.

L,2,6 Tegt Records.- The contractor shsll record complete and accurate
information during the test on sultable dats sheets or in log books,
including the following informstion for each error:
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{a) Unit name and serial niumber;

Fd

{p) Error number;

(e) Date and time of error incidence;

(&) Time of recovery;
(e} Complete desceription of error; and
{£) Type of error (detected or undetected),

4,3 Maintenance Records.- During pre-test debugging prior to and during
factory and preliminary acceptance tests, a complete maintenance log which
lists all melfunctions, their location in the system, and how they are
repalired shall be kept. 044 situations, such as cases in which malfunctions
digappesar for reasons not clearly undersiood, shall also be recorded., Threae
copies of this record shail be furnished to the COTR at the completion

of preliminary acceptance tests.

.4 Test Equipment.~ The contractor shall provide contractor-owned test
equipment for contractor-performed factory and preliminary acceptance tests,
except off-line test equipment to be provided in accordance with 3.8.3.L

may be used.

.5 Inspection of Design and Fabricabtion Status.- Upon regquest from FAA,
the contractor shall make available Tor review st his plant, at any stage

of the contract, all information regsarding the design and fabrication status
of the equipment being manufactured to this specification.

.6 Notification of Readiness for Inspection.- Wotification of readiness for
inspection shall be sent to the FAA Convracting Officer's Technical Represent-
ative alt least ten days prior to the desired inspection start date,

4,7 ¥acilities for FAA Inspector.- When an FAA inspector is assigned for
resident duty (two weeks or longer) at a contractor's or sub-contractor’s
plant, the contractor or sub-contractor shall provide the FAA inspector with
a desk and file dabinet (wlth a lock on each), a typewriter, use of telephone
{(located at the desk) for official business in comnnection with the contract
(cost of long-distance calls made by the inspector to be borne by FAA), and
sufficlent working space to permit him $o perform his regulred duties
adequately. Similsr facilitiesi shall be afforded inspectors asgsigned for
periods of 1 to 13 daye except that the file cabinet is not reguired,

5., PREPARATION FOR DELIVERY

5.1 (Oenersli,~ The contractor shall mske all arrangements for shipment and
delivery of the! equipment and other contract items, FOB destination,
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6.1 Appendices

Appendix Az

Appendix B:

Appendix i

Appendix D

wha

Determination of Adjustment Factors for Computing
Time, Program Length, and Data Length

Dats Processing Tables for the 325 Flight

Configuration

Table B-1 Primary Storage Chart, Flight Plan Processing
Table B-1b - Primsry Storage Chari, Survelllance Processing
Table B-lc - Primary Storage.Chart, Output Processding
Table B-2a Input/Oui;mt Transfers, Flight Plan Processing
Teble B-2b - Inpub/Output Transfers, Surveillance Processing
Table B-Z2¢ Input/Output Transfers, Output Processing
‘Table B-3a - Timing Data, Flight Plan Processing

Table B-3p - Timing Data, Survelllance Processing

Table B-3c = Timing Data, Cutput Processing

Teble B-i Number and Characteristics of Fxternal

Devices~=325 FLight Configuratici

Data Processing Tables for the 200 Flight Configuration

“Table

Tablie
Table
Table
Table
Table
Table

THeble

Table
Table

C-la
C-1b
C-lc
C-2a
C-2b
C~2¢c
C-3a
C-3b
C-3¢c
c-h

Primary Starage Chart, Flight Plan Processing
Primary Storage Chart, Swrvelllance Processing
Primary Storage Chart, Output Processing
Input/Output Transfers, Flight Plan Processing
Tnput /Output Transfers, Surveillance Processing
Input/@uﬁpuﬁ Transfers, Output Processing
Timing Data, Flight Plan Processing

Timing Data, Surveillance Processing

Timing Data, Output Processing

Number and Characteristics of External
Devices~-200 Flight Configuration

Data Processing Tables Tor the 100 Flight Configuration

Table

Table
Tahle

Table
Table

Table
Tabhle

D-la

D=1l -

D-2a

D-Zb
D=3a

D-3b
D-ly

Primary Storage Chart, Input-and Surveil-
lance Processing _

Primary Storage Chart, Output Processing

Input/Output Transfers, Iuput and
Surveillance

Enput/Ouxput Transfers, Output Processing

Timing Data, Input and Surveillance
Processing

Timing Data, Oubput Processing

Number and Characteristics of External
Devices-~100 Flight Configuration



~lla FALFR. 606063

Appendix E: Description of Data Processing Functions

Appendix F: Technical Proposal Format and Content

6.2 Definitions

Active Element - See 3.6.2.4

Computer«Oriented Feriphersl Device - A peripheral device of

Element

Fail Safely

Fail Softly

Mean Down Time
(vpT)

Mean Up Time
(Muz)

Mode Change
Mode PFallure

Mode of
Cpersation

Non-Clearing
‘Error
Off-the-Shelf

Redundant
Elementg

& type that is commonly used with computers
and which would normally be procured from a

.computer mapufacturer, e.g., card punch, card
reader, magnetic tape unit.

Any portion of the CCC system which, under program
control, may be deactlvated and replaced by an
identical redundant portion.

Operation unaffected by an element failure by
virtue of activation ¢f a redundant element,
See.3.6.L

A reduction in the rate at which ATC functions are
performed and/or the dropping of less vital funch-
ions as necessitated by the failure of an element

fog which no redundant element is sveilsble., See
3.6.1

See 3a69207

See 3.6.2.7
See 3.6.2.3

See 3.6.2,2

See 3.6.2.1

An error that persists when the operation is
repeated s second time,

See 3,2.1.1

See 3.6.2.5 and 3.8,2.1.2
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Seif-Clearing
Error ~ An error that disappears when the operstion

is repeated a second time,

System-Oriented - A periphersl device, provided by the Government,

Peripheral having speclal regquirements not satisfied by

Device computer-oriented peripheral devices, e.g.,
RVDP, plan-position and tabular displeys.

Transient
Failure: « See 3,6.2.6

6.3 Alphabetical Index

Title Paragraph Page
Acceptance Tests L, 36
Alternative to Buffering on Drums 3.h.1.1 15
Applicaeble Documents 2 3
Bounds of the CCC 3.1.2 L
Cables 3.12 35
Card Punch 3:2.1.9.3 9
-Card Reader 3.2.1.9.2 -9
Computer-Orieﬁfed Periphersl Devices 3.2.1.9 | 8
Conditional Operatioms 3.3.2.4 13
Configuration for 325 Flights | 3.5.1 17
Configuration for 200 Flights 3.5.2 17
Configuration for 100 Flights 3.5.3 17
Control and Maintenance Elements 3.2.1.10 G
Data Flow 3.3.2.3 13
Data Processing Functions, Organlization,

and Lozds 2.3 11
Dellverable Items 1.2 1

Detalled Reliisbility Requirements 3.6.3 .20
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'I/0 Channel Capabilities
Instruction Books |
Installation
Magnetic Tapes
Maintenan ce Definitions
Maintenance Log
Maintenance Programs
Maintenance Programs
Maintenance Requirements
Mzintenance Services
Mean Down Time--Mean Up Time
Meen Time Between Paliure
Modular Hardware Design
Off-Line Malntenance Programs
Off-Line Teést Equipment
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Paragzagh
3,10

3.11.5
3.11
3.6.1.1
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3.2.1.6
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3.2
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Cn-Line Maintenance
On-Line Mainten ance Programs
Cperation at Reduced Demand
Parity Check Feature
Periphersl Data Buffer Approach
Peripheral-Device Adapters
Power Bupply Units
Preparation for Delivery
Preventive Maintenance
Printer
Programer's Reference Manual
Quellty Assurance Provisions
Radio~-Frequency Interference
Reconfiguration Checlk
Reconfiguration Time After Failures
Redundancy of CCC Elements
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Service Conditions
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APPENDIX A

DETERMINATION COF ADJUSTMENT FACTORS FOR COMPUTING TIME,

FROGRAM IENGTH, AND DATA IENGTH

1, Summary.- Each bidder is required to show that each of his proposed

CCC conflguratlons can adeguately handle the data-processing loads described
in this Specification and its appendices. The data-processing requirements
are formulated in terms of caomputing time, program length, and data table
length that apply to the computer of an existing experimental system, which
cannot process the amount of data required for the specified peak traffic
demand within the specified response time. Using the process outlined in
this appendix, define the adjustment factors that will be used to scale

to your CCC configurations from the program length, computing time, and
data word length required in the computer of the experimental system. Each
proposed CCC configuration must satisfy the adjusted data-processing
requirements within the specified cycle time of 2.5 seconds.

2., Sample Problems.- Published data for the effective computing speed of
commercially available computers are ambiguous since compubing speed as
such (1 e., execution time of specified instruct Lons) is not of primary
importance. The ability of the central processor to speedlly execube specific
processing tasks is important. A data-processing problem set has been
defined, encompassing the arithmetic processes ilmportant to the data-
processing tasks of the alr traffic control system. For convenience the
total problem set is stated as eight short problems, plus cther analyses
of capabilities as defined in sections 8.1 and 8.2 of this appendix. The
eight problems have been coded on the computer of the experimental system.
The results--program liength and running time--are stated in 3. of this
appendix. Fach bidder must provide the following informstion in his
proposal in order to evaluate the capability of his proposed CCC configura-
tions to meet the stated workload reguirements.

2.1 Non-Parallel Processing.- Code each problem for processing by, a single.
computing element and supply. the,coded solut This information will be
used to reference the computing capability of your computing elemenis and
must be supplied regardless of what method of processing you propose for
your CCC configuraticns.

(a) Your coding should be consistent with the size of your
! primary memory element, i.e., if your primary memory consists
of several elements and the element size is smallL it
is invalid to process all semple problems entirely within
one element. Distribute the envirorment for the problem--

- where epplicable--in serveral elements,

fwgg
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{v) Calculate or measure the running time for each problem.

(¢c) State the running time and program length for each problem,
and explain how these were derived.

(d) Use the results obtained from the problems o define the
: ), Computing Time (CTAF), and DataJWord
Ustment. Hactors that apply for single

of this append+x.

2.2 Parsllel Processing.- For each configuration for which the vidder
proposes parallel processing, the bidder shall determine appropriate
adjustment factors. These adjustment factors must be determined without
using any redundant {see 3.6.2.5 of specification) elements, i.e., the
redundant elements are assumed to be non-existent for the purpose of
determining the computing capscity of a proposed configuration.

(a) Depending on the proposed executive structure, the bidder
shall determine adjustment factors for the proposed
configurations whereby more than one computing element
executes only one function simultaneously.

(b) Alternaisely, the bidder shall determine adjustment factors
that apply to any one computing element when each computing
element processes a different function simultanecusly.

The bidder i1s asked to show in detail how he determined these adjustment
factors. The bidder must account in both methods for the delay introduced
when more than one processor attempts to access any shared memory.

3. HResults of Experimental System.- The following table states the results
of the problems for the computer of the experimental system. The program
length includes all necessary constants and masks. On the experimental
machine, 1 instruction = 1 computer word.
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Problem Running Time Program Length
(usec) (Instructions)
E{ Xy
1 4, 58k 10
2 | | ' 918 19
3 6,868 32
i 42,612 19
5 610,768 139
6 205,512 hi
7 76,512 53
8 | L,736 61

i, Processing Capability of the Experimentai System.- The data processcr of
the experimental system 18 characterized as & single-address, fixed binary
roint, single I/O channel, general-purpose, digital processor.

(a) The processor contains a random-access ferrite-core memory of
epproximately 69,000 words. Each word contains 32 information
bits. The basic core cycle time is 6 usec.

(b) The processor of the experimental system contains four index
registers. In addition, the right accumulstor register can be
used for address modification.

{c) 'The standard instruction execution time is 12 usec with the
following excephions:

(1) Store Class instructions are 18 usec.
{2} Load Class instructions average 8 usec.

(3) Brench Class instructions average 6 usec.
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(4) Multiple instruction takes 16.5 usec, and

(5) Divide tekes 51 usec.

(d) The instruction repertoire consisis of 58 single-address fixed-
point instructions.

(e) All arithmetic registers are shlit into two reglsters each with
15-bits plus sign bit. Arithmetic commands operate on either half
of or the full (not coupled) accumilator.

{f) 'The prccessor operates in conjunction with & drum system con-
Teining 8 totel of 75 drum fields. Each field is capsble of
storing 2,048 words. The average access time for &, drum is 10
milliseconds and word transfer time 1s 10 usec.

5. Adjustment Factors.- For 5.1 (CTAF) and 5.2 {PLAF), determine separate
adjustment factors using non-parallel processing, and parailel processing if
proposed.

5.1 Computing Time Adjustment Factor (CTAF)

 ad pra—

8 1/8
Ty
CTAF=
Ey
i:
where: T4 = running time Tor problem i on proposed CCcC.
E. = munning time for problem i on computer of experimental system.

3

5.2 Program Length Adjustment Factor (PLAF)

8 1/8
Li
PLAF= —
.
i
i=1
Ve J—.

program length for problem i on the propesed CCC.

where: Li

program length for problem i oo the computer of experimental
system. '

>
4
il

5.3 Data Word Lengbh Adjustment Factor (DIAF)

DIAF = ' 32
word length of the proposed CCC
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£, Comment.- Your are allowed reascnable freedom in the mernner in which you
choose to ¢0de the sample preblems. Thus your coding may be efficient in run-
ning time at the expense cf progrem sitcrage space or vice veras. The capa-
bilitles of & particular CCC compliex will dictate the desired emphesis.

6.1 If you Jjudge that the stated envircnment of any problem results in an un-
reasonable inefficiency for your CCC, you will be allowed to restate the
epvirenment before coding and timing the problem. Should the restated en-
vironment assume e less densely packed table structure, you must adjust for
this fact when determining the DLAF. In any case, the problem as originally
stated must be coded, timed, and the results supplied to support your judgment.

7. Problem Statements,- The eight provlems are described belovw. Each was
chosen to represent a particulsar type of data menipulation representative of
the date processing tasks of the air traffic control system.

Problem No.‘i% Conditionality Testing and Couniing

2 Character Testing and Moving of Data

3 Bookkeeping - Transfer Tables
L Floating Point Arithmetic
rfﬂ Single Bit Testing
MEM Fixed Point Arithmetic with Byte Manipulation - Duasl
" Arithmetic
T "Two Bit Testing and Depositing of Data

8 1Indexing and Chaining of Data

8. Data Transfer Capability and Liffect on Computing Speed.- The results of
this sectlon do not affect any ad justment factors. This datas is desired to
&id only in the evaluation. It is intended to yield a quick means of grossly
compering the date transfer cepabilities of a number of proposed eguipment
configurations. The bidder is asked to supply actusl timing data or computed
times for +the stated problems.

8.1 Input/Output Transfers.~ Described below are five input/output transfers.
Those transfers applicable to your proposed conflgurations are to be used in
determining the date asked for in sections 8.1.1 and 8.1.2.
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(s} Trensfer a 620g%* word block of date starting from 100g on
drum fleld XX to core memory. The deta is to be placed
in core memory locations 20g thru 637g. At the time the
I/0 command is given assume that the drum read heads are
Just passing over lceaticn 1018.

(b) Transfer a 620g word block of data starting from location
6log in core meémory to drums. The data is to be placed
in drum locations 20g thru 6378 on drum field YY. At the
time the I/0 command is given assume that the drum write
heads are just passing over location'Qla.

{e¢) Write a 620g word record on tape drive #l. The data is
in core memory location5'1#608 thru 22778. Assume that
the tape is st the load point.

(d) 'Trénsfer a 620, word block of data from any other bulk
storege medium, other than drums or tapes, proposed in
your system into core memory locations 2300g thru 31178,
For purposes of calculating transfer time assume aversge
access time to this storage device.

(e) Transfer a 620g word block of data contained in core memory
locations 31208 thru 3737g to any other bulk storage medium,
other than drums or tapes, proposed in your system. For
purposes of calculating transfer time assume average access
time to this storage device.

8.1.1 Individual Transfer Times.- For each of the five transfers described
above, which apply to your configuration, you shall calculate the total time
regquired to perform the transfer. The total shall include the time reguired
from the moment the I/0 command is given to the completion of the transfer.

8.1.2 BSimultaneous Transfer Times.- Calculate the minimum time necessary to
simultaneously complete transfers a, ¢, and e for each of the three proposed
system configurations. If any proposed configuration is not capable of
simultaneous I/O transfers, sum up the times caleulated for the individual
transfers.

8.2 Effect on Computing Speed Due 1o Simultanecus Transfer of Data,- Problem 2 -
Character Testing and Moving of Data, of secticn 7. is placed in memory location
1003 and %beyond. Locaticn A and B of that problem shall be 2004 and 2&08,
respectively. A block of data 15007, words long is to be transferred from

your secondary storage medium into core memory.

8.2.1 State the amount of time required to execute problem 2 when the 1500
word block transfer is sitarted before commencing with problem 2 and continues
while provlem 2 is executed. The data is to be placed in memory location 300,
and beyond.

* GSubseripts indicate number system used.
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8.2.2 BState the amount of time required tc execute the probelm of 8.2.1 when
ibe date is to be placed in memory location MOLOO; and beyonmd. (I is
enticipeted that problem 2 will be finished beforé the transfer is completed.)
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Problem 1 - Conditionality Testing and Counting

Consider & multi-block parallel table with 100 entries. In one
block there is a one-bit item called INDI. In the low crder

6-8 bits {(choose a number convenient to your machine) of another
block is a counter, CNTR., For each entry in which INDI = 1 and
CNTR is not all i's add 1 to CNTR. Time the case for processing
the 100 entries when.

a) Entries O through 29 have INRI = &, CNIR = &
b} Entries 30 through 59 have INDI = 1, CNTR = all 1i's
c¢) Entries 60 through 99 have INDI = 1, CNTR # all 1's

13

it

SUGGESTED FLOW DIAGRAM:

SET UP
FOR 100
CASES

CNTR_ atl
n

ones?

0

ADD GNE
TG CNTR
0

e

‘ 100 CASES
e DONE 7
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At location A, there is a string of not more than 15 characters

ending with the chavacter /",

Each character will be 6-8 bits.

{Chioose a number convenient to your machine.) Move the string
excluding the "/* to location B, and lcave the character count

inn an index register.

the slash.

SUGGESTED FLOW DIAGRAM:

START
Set Ix Reg
to ZERG

[

™ '
=

GUT WEXT
CHARACTER FROM
LOCATION A

s 1T
& SLASH 7

STORE 1IN
NEXT SLOT IN
LOCATION B

Time the case where 10 characters precede

k

(' EXIT

ADD ONE TO Ix REG

SET UP FOR KNEXT
CHARACTER
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Problem 3 - Bookkeeping -~ Transfer Tables

Consider a two-blaock (block A and biock B) parallel table
with 10 entries each. For each entry in block A and its
corresponding entry in block B find the leftmost 1 bit of
the "exelusive or" combination of the two entries. Clear
the corresponding bit of the entry in block A to positive
zero and transfer to & subroutine corresponding Lo this
bit position. The environment consists of:

ENTRY BLOCK A ) BLOCK B
G Illitl.. 111 111100000C...000
1l I1liit.,.111 111110000...000
P 1111k, 1Ll 131111066, ..000
3 1tilil...111 1111131100,,.000
4 11i1il... 111 11111L110...000
5 G0000C,. . .000 000000000LLELL, . 111
6 000000...000 0000000000L111...111
7 000000...000 400000060001L11,...111
8 000000, ..000 Go0000CR00001L ., . 111
9 000G00. .. 000 000000CC0Q00CL. . 111

NOTE: Analysis of the stated environment shows thet
only the leftmost 1k bits are significant.
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SUGGESTED FLOW DIAGRAM: (Problem 3)

SET UP
FOR TEN CASES
IxR m

— —

COMPUTE LOGICAL
PRODUCT (EXCLUSIVE
or Am AND Bm

L1 OR")

A4

RESET COUNTER
AND IxR n

YES

ADD ONE TO CODUNTER
SET UP FOR NEXT BI

T

—_

¥l

SET TO POSITIVE ZERG

THE

CORRESPONDING Bitn of A
m

10 WORDS
DONE ?

FAA-TR-606-063
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SUGGESTED ALTERNATE FLOW DIAGRAM: (Problem 3)

e

412~

SET UP FOR
TEN CASES
IxR m

b

RESET COUNTER
AND IxR n

‘-_I"

ADD ONE TO
COUNTER
SET UP FOH

SEXT BIT

YES

S e
{&w
RESET

CORRESPONDING
Bit of A
n m

TEN WORDS
DONE 7

7 |
EXIT

IWDD GNE TQ
COUNTER

SET UP FOR
NEYT RIT

&
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Problem & - Floating Point Arithmetic

Consider an 8-block table with 100 entries. For every entry A, B,
C, b, E, gnd F are full normalized floating point numbers located
in block 1 through 6 respectively. TFor every entry find:

G = (a-B)% + (Cep)?

and store in block 7. Compute

H = (G/E) x¥F
and store the result in block 8. Assume that all necessary
Yoreshifting” is within the free range of your computer.. I? the
time required to execute floating point ipstructions is & varisble
in your machine, choose entries A, B, €, D, E, and F such that the
average instruction execution time is obizined.

-2

<

MM o7
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Problem 5 - Single Bit Testine

The table environment cconsists of:

TABLE I -- 40 Registers

S 1 2 3 4 5 6 7 8 9
KQNS
ITEM VALUES FOR TABLE I

REGISTERS QNS MAND MPRI SPRI

0-19 200...219 | @ 2 2
20- 24 220.,.224 | ® 1 ¢
25-26 225...220 | 1 1 ¢
30-39 . 230...239 | @ 1 1

n = word length of your computer. All unmarked bits
contain information which must not be destroyed.
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TABLE I1 «- 30C Registers . (Problem 5)
Biock 1
S 1 2 3 4 5 6 7 8 9 1011 1213141516
7STS | L R A L PlT
QI Ny
L2y
AT Jw
XIgu
Block 2
S 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16
ASER. | | U R A& L
) = qQ
Q & SN
b e ¥}
XX v)

n = word length of your computer.

All unmarked bits contain

information which must not be destroyed.



ITEM VALUES FOR TABLL .1 (Problem 5)

REGISTER{S)

TSTS {URAL

APRI | ASEP | BABY | CSSI | KDFD | KFPS | LRAL |MAMA |PICH |SSFP {SUSI

0-197 1 1 1 1 j200
197-199 1 1 1
200-219 1 1 ]

220 . 2 5
221-224 2 7
225 2 1

226 2 5
227-229 2 1
230-532 2 1
233-234 1 1 -2 2
235-236 2 1200
237-239 2 200 1
260-248 1
249-309 i 1
310-359 1 1 1 B
360-399 1 7
400-436 1 i 1
437-439 ) 1 1
440-476 1 6
477-479 ] 6
480-489 6
490-499 Y 1 1Y

{(Blank spaces equivalent to positivé zZerc)

£90~-909 ¥E-VVI

~91y-
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TARBLE III1 -- 12 Registers IS1 - TSl2 {Problem 5}

S 1 2 3 4 5 6 7 8 9 101l 12 13 i4 15 16 Mo

| 5..1.2.3 4 , ]
TEMPORARY STORAGE ) )

n = word length of your computer.
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Problem 5 - Problem Statement

1.0 In all cases Set to check MPRI for N cases: n = 40
*
i.1 1f MPRIH £ 1 Go to 1.14
1.2 1If MPRIn = 1 Set: TSl =n
TS2 = KQNS,

T35 - TS12 = 8

1.3 1f SPRI, = D Set: TB3

i
—

1

1.3.1 If MANU_ = ¢ Set: MPRI, = 0
1.3.2 If MANU, =1 Set: MPRI, = 2
TS4 = }
l.4 1ri8FPRIL = 1 Set: MPRI, = 2
T84 = 1
1.5 1f SSFPKQNSn =1 or Set: MPRInf,Q
1 SUSIKQNSn = 1 or Go to 1.14
if TSTSKQNSn = 7
1.6 Otherwise Sat: APRIKQNgn = @
785 = LRALKQNSn
T86 = URALKQNSD
1.7 1if BABYKQNSL‘= 1 or Ser: TS7 = PTCHKQNSn
£ MAMAKQNSH w ]
1.8 1f TS5 = TS6 Go to 1.14
1.9 Otherwise Set: TS8 = TS5 - ASEP
TSS = TSé + ASEPn
1.10 If CSSIKQNSn =1 Go to 1.13
L.i1 1f TSTSKQNﬁn = ¥ or 6 Set: TS510 =1
Go to 1.13

*
Subscripts indicate values used to get relative location in tables.

R ‘
TS = Temporary Storage, all items stored in temporarty storage are to
be stored vight justified.



1.512 Otherwis

2

1.13 In all cases

1.13.1

1.13.2

1.13.3

1.13.4

1.13.5

1.13.6

1.13.7

1.14 1f 40 cases have not been checked

1.15 Ctherwise

1F
1£
1f
1f
1t
If

L

Otherwise

KFPS
KDEP
SSFP,
SUs1
TSTS

S S G S

CSSIk

TSTSk

I B~ T > W .~ S S

-AlG-

and
and
and

and

or 6

1f TSIl = ¢ or KQNS,

Otherwise

or PTCHp

If 500 channels have
not been checked

FAA~ER-606-063

Set TS10 = 2

Set up to check ¥k channels.

Set:

Go to

TSIl = k

1.13.5

Set; TS12 = 1

Go to

1.13.5

Set Ts8l2 = 2

Go to

Go to

1.13.7

Subroutine A,

Return to 1.13.7

Then:
Go to

Thent
Go to

BXIT

Set for next channel
1.13.1

Set for next casze
i.1

k =

500
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SUGGESTED FLOW DIAGRAM: (Problem 5)

START
Set up for
40 cases

——— — — 3]
@ 'b

YES

TS1
T$2 = KQNSp,

153 - TSi2 = @ ]

i

TS3 = 1




SUGGESTED FLOW DIAGRAM: (Problem 5)
‘Continued) ~AZl- FAA-ER-606-06G3
7

b
SET APRIKQNSH

T85> = LRAIkqusg,
186 =

/

T87 =
?TCHKQNSn’
-
™
(:>£: vEs / TS5 = TS6 2
<
TNG
i
BET IS8 = TS5-
ASEP,
56 = TS6 +
ASEP_
v/
TS10 = 1
[ B
R ——
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SUGGESTED FLOW DIAGRAM: (Problem 5}

{Continued)}

i
SET UP TO
CHECK 500
CHANNELS




SUCGESTED FLOW DIAGRAM: (Problem 5)

(Continu:d)}

“h2 3

YES

SET SET
TS12 = 2 TSi2 = 1
YES
=
_ hYES -
TS11 = KQNS % =
f

SUBROUTINE

FAA-ER-606-063

500 CHANNELS
CHECKED?

40 CASES
CHECKED?
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Problem & - Fixed Point Arithmetic

The environment consists of:
TABLE I -~ 500 Registers

Block }

S 1 2 3 & 5 6 7 8 91011 1213 141516 17 18 19 20,
KERF KNXF £

Block 2%

S 1 2 3 4 5 Sg 14 15 16 17
<——— XPOS >l

)T

TABLE I1 -« 1000 Registers

YPOS — >

A AN,
SN

26 27 28 29 30 31 g

Block 1%

S 1 2 3 4 5 <> 1415 16 17 >> 26 27 28 29 30 31
XFLP >> >{< o0 UL

Block 2

Ty

CTOF S

LA
G e

S 1 2 3 4 5 6 7 8 910 11 1213 14 15%

TABLE IiI -~ 1 Register

S 1 2 3 4 5 6 7 8 91011 1213 14 15| {
e TINO

T . o

3 .
X208, Y208, XFUP, YF¥P are signed pumbers, They may be repositioned
in your computer word if desirable to take advantage of byte manipu-
letion and arithmetic.

n = number of bits in your computer word. All unmarked (shaded) bits
contain information that must not be destroyed.
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Problem & ~ Problem Statement
L.0 For all cases . Set up to do n cases, n = 500
1.1 If all cases done EXIT
1.2 If all cases not done Set: TSl = KPRFH*
Ts52 = KNKFn
Find:
XK= XFXPTSZ - XFK?TSL
¥ = YFXETSZ - YFXPTSI
T = CTOFTSZ - CTOFTSL
L4
X = (X/T)
¥ = {Y/T)
Ti = TIMO - CTOF
s8I
DX = Tl X
L 3
DY = Tl Y
Set: XPGSn = XFKPTSL + DX
YPOSn = YFXPTSI + DY

Set up to do next case

Go to 1.1

*
TSl ete., indicates temporary storage locations, All items stored in

temporary storage are to be stored right jus

tified.

Subscripts indicate values used to get relative locations within a table.
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Problem 7 - Two Bit Testing and Depesiting of Data

The environment consists of:

TABLE 1 -~ 500 Repisters

Register 0-124  KTITB
Register 125-24%  KTTB
Register 250-374  KTTB
Register 375-499  KTTB

TABLE 11 -- 500 Registers

s .

1 2 3 4 5 6 7 89

LRI
< frtd
g:ﬁut Lo

ITEM 1

III ~- 500 Registers

TABLE IV -~ 500 Repisters

R
i

ITEM 3

13

word length of your computer. All unmarked (i.e., shaded)
bits contain information which must not be destroyed.

I

Wwp— 53

I T |
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Problem 7 - Problenm Statsment

1.0 In all cases
1.1 I1f through 500 cases

1.2 If not through 500 cases

1.2.1 If KTTB_ = ¢
1.2.2 IE KTTB_ = 1
1.2.3 If KTTB_ = 2
L.2.4 1f KTTB_ =3

FAA-ER-606-063

Set up to test

EXIT

Set:

Set:

Set:

Sef:

*
n = Relative locaticn of data within its table.

]

ITEM 1n
ITEM 2
n
ITEM 3
n
Go to 1.

1

— il

ITEM 1n
ITEM 2
n
ITEM 3
n
Go to 1.1

S

it

i

ITEM in
ITEM 2
n
ITEM 3
n
Go to 1.l

I

ITEM ln
ITEM 2
o}
¥ =
1TEM %n
G2t o 1.1

H

n cases. n = 500

e
108
300

29
200
Loo

30
a0
50@

48
400
608
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SUGCESTED FLOW DIAGRAM: (Froblem 7)

SET UP
FOR 500 CASES
IxR n
“9/ KTTB = 7 \"'3
[ n
a \ /
} = 1 = 2
! SET SET SET
Item 1p = 10 Item Iy = 20 item lp = 30
ltem 2, = 100 Item 2, = 200 Item 2n = 300
Item 3, = 300 Item 3, = 400 Item 3 = 500

SET
item 1,
Ttem 2p
ltem 3,

W & R

40
400
600

\

500 CASES \
DONE 2
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Problem 8 - Indexing and Chaining o. wata

The environment consists of:

TABLE 1 ~- 10 Repgisters

S 1 2 3 4 5 6 7 8 9§ 1011 1213 14 15 16 <; Iil
TNFX KFFA 5 B

TABLE II -- 10 Repisters

S 1 2 3 &4 5 & 7 8 910 Ll 121314 15158
ceos P

ey

TABLE II1 == 10 Registers

TABLE IV -- 250 Repisters

§ 1 2 3 & 5 6 7 8 91011 12 13 14 15 16
KRAD KNXa

.

N

ALaxl |

TABLE V -- Tempcrary Storape -- IS1-TS4

./ ,".

S 1 2 3 4 5 6 7 & 91011 12 13 14 15 16)
).;
TEMPORARY STORAGE §>

n = word length of your computer. ALl unmarked bits contain
information which must not be destroyed.



ITEM VALUES FOR TAbiES I, 11, 111 (Problem 8)

REGISTERS

Kex? | kFFA | kvos | kere | TNFG | TNFX

¢ 2 31 * 36 *.arbitrary constant
1 4 180 249 |
2 1 126 126

3 7 111 113

4 3 100 188

5 4 223 190

6 5 172 172

7 7 c211 231

8 1 162 162

9 2 230 | VY 199

£90-909-¥T~¥¥d

~QEV-
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ITEM VALUES FOR TABLE IV (Problem 8)

REGISTER  KLAX  KNXA  KRAD
31 ) 36 50
36 o 152
37 1 e
100 ¢ 114
111 ) 112
112 ¢ 113
113 1 2
114 ? 188
126 ) 127
127 ¢ 37
151 ¢ 153
152 1 o
153 1 ®
154 1 )

161 ¢ 249

162 ? 182

172 e 173

173 1 B

180 8 161

182 ! ®

188 0 198

190 @ 151

196 o 231

198 1 ®

199 o 210

200 1

209 1 ‘
210 ¢ 209 b
211 o 196 %
223 o 224 /
224 9 190 ;
230 o 199 !
231 ) 154 é
249 P 200

FAA-ER-606-063
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Problem 8 - Prgblem Statepent

1.0 In all cases Set to check KFFA for n cases. n = 10
i.1 1In ali cases Seﬁ:'TNFXn* =p
*ke
TSl = KFFAn
182 = KNXAgpwa
n
1.2 - 1f KLAXTSZ =1
1.2.1 " If n cases done EXIT
1.2.2 Otherwise Set for next case
Go to 1.1

1.3 1If KLAXTSZ = @

"
N .

1.3.1 1if KEXTn Ser: T83 = KPRFn
TS4 = KRADTS3
Go to Subroutine A (Exit with ACC nepgative)
1.3.2 If KEXTn = &4 Go to Subroutine B (Exit with ACC pcsitiﬁe)
1.3.3 1If KEXTn = 7 Set: ALC = KPOSn
{right adjusted)
Go to Subroutine C (Exit with ACC negetive)}
1.3.4 Otherwise Go to Subroutine D (Exit with ACC positivel

All Subroutines Return to l.4

1.4 In all cases

l.4.1 If ACC = negative Set: ’I‘NFGn =@
1.4.2 1If ACC = positive Set: TNFGn =1
1.5 In ali cases Set: TS2 = KNXATsz
Go to 1.2

*
Subscripts indicate the relative location of the item within its table.

Fo¥k i
All items stored In temporary storage are to be stored right justified



SUGGESTED FLOW DIAGRAM (Problem 8)
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SET UP
FOR
10 CASES

TS1 KFFa

TS
2 KNXAKFFAn

l
SET TNFX, = @ [

|
—_———

10 CASES DONE?

=7
!

: SET
ACC to KIE’{JS.n

sf \E'f \!f i
SUBROQUTINE A
EAIT FROM SUB-
ROUTINE WITH
ACC NEGATIVE

SUBROQUTINE C
EXIT FROM S5UB-
ROUTINE WITH
CC POSITIV

/SUBROUTINE C
[ EXIT FROM SUB-
\ ROUTINE WITH

\ACC NEGATIVE

SUBROUTINE B
EXIT FROM SUB-
\ ROUTINE WITH
\ACC POSITIVE
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SUGGESTED FLOW DIAGRAM (Problem 8 - continued)

Iy

52

SET
' ﬁ\ T§2 = KNKA_
|

Lx.mm—wq‘
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AFPENST B

DATA PROCESSING TABIES FOR TER 325 FLIGHT CONFIGURATION

1. Description of Data Contained in Tables.~ The following paragraphs describe
the data contained in each column of the data processing tebles which sre

R PSR

included in this appendixy” -

1.1 Primery Storage (Tables B-la, b, and c).- These tables present the
prlmary'sﬁorage required during the operation of esach function.

(a} Program lLength.- The length of all programs and common Program
routines regquired to perform a function is listed. The capital
letter under Program Length represents a progrem routine
comunon to several functicns. The value for this shared program
routine will be found in paragraph l.4--Legend for Tables.

The stated length of programs and program routines applied for

. No higher order Drograming lanpuage was

useﬁ“fh“ﬁhe‘experlmenual system. The required length of

programs and program roubines is to be adjusted Using the &g~

Justment factor PLAR (seé :ppendix A).

(b) Data Table Storage.~ The Data Table Storage column lists the
sum of static and dynamic tables to which the function reguires
access. Hach of the capital letters under Data Table Btorage
represents a data block common to several functions. (See
Paragraph 1.4) These common data blocks are identified so that
requirements for comminication between primary and bulk storage

‘can be determined consistent with the function seqguence of a
particular date processing organization. The small letter n
represents controlled Tlight load and ldentifies those tables
which may be processed in several passes. Exercising the
option to execute a function in several passes will imply
reduced primary storage requirements. The dsta tables are
based on & 38-bid word, and their length may be assumed to be
inversely proportional to word length. '

{¢) Vorking Table Storage.- The stated amount of table storage is
required for data manipulation internal to the stated
funetion. This working storage is required in addition to
listed Peripheral Date Storage reguirements. The working
tables are temporary, i.e., they lose aldi value when the -
function has been completed. The working storage tables are
based on & 32-bit word, and their lepgth may be assumed to be
inversely proportional to word length.




FAA-FR~606-063 ~B2-

(a)

(e)

()

()

Peripheral Data Storage.- For every listed function, the amouat

of Peripheral Data Storage refers to the size of the input or
cutput table required; the tsble size is based on the assumption
that the entire peripheral iable will be itransferred to or

from an external buffer., If all buffering is done external to the
CCC, the peripheral teble space is temporary. If primary siorage
is used for internal buffering, the stated storage must be pere
menently reserved for this purpose; thus, primery memory must
have space allocated for the sum of all internal buffered
peripheral tables during the operation of every functiou (see
section 3.4).

Executive Control.- It is expected that those portions of the
Executive Control function, concerned with the execution of
operational functions and related Z/O operations, will remsin
permanently in primary storage. Occasiocnal executive functions,
such as reliability mode control, recovery routines, etec.,

may or may not be allocated permanently in primery storage. The
exact slze of the Executive Control funciion is determined by the
design of a data processing organizaticn asppropriste to a
specific CCC hardware configuration. Since the storage require-
ments Of the Executive Control function of the experimental
system would not be significant for the CCC, this data is
onitted from the tables. The bidder must estimate and include
this functional storage reguirement in accordance with the
instructions given him in this specification {see Appendix ¥).

Next Funetion Enviromment.- The storage sllocated to the next
function to be executed mey vary from zero, with attendant
operating time penalty incurred as a resuli of waiting until
the next functionh and its environment are fransferred into
primary storage, to the fotality of remaining programs and
tables, 1if a choice is made 4o substitube primary storage for
all bulk storage. This data 1s not given for the experimental
gystenm since it would not be meaningful for the system design
chogen for the CCC.

Bulk Storage.- The Bulk Storage requirement should be determined

85 a result of trade-offs among I/O time, primery storage, and
bulk storage.

1.2 Input/Output Transfers (Tebles B-2a, b, apd ¢).~ Certain I/0 transfers

are mandatory as a result of system peripheral devices and recording require-
ments. Other I/O transfers, specificelly to and from bulk storage, are
design options dependent on trade-offs among primsry storage, hulk storasge,

and I/0 time.

Data is presented for both types of transfer.

(a) Periphersl Data.- For every listed function, the amount of

peripheral data which must be transferred in or out is listed.
The size of the dats block 1s based on & 32-bit word, and may
be assumed to be lnversely proportional to word length.
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Thie data from the experimental system 1is based on the existence
of external drum buffers for all system peripheral devices. Dats
to permit consideration of alternate approaches is presented in
secticn 3.4.

(b) Recorded Date.- The stated amount of data must be transferred from
primary storage to magnetic tape or other bulk storage medium
aftter the function has been completed to satisfy safe date snd
legal recording requirements. The size of the data block is
based on a 32-bit word and may be assumed to be inversely
proportional to word length.

(¢) Program Transfer.- As e design option, any or all programs may
be transferred from bulk storage into primary storage for
execution. Required program length may be adjusted if it can
be shown that the proposed CCC nas a more effective instruction
repertoire than that of the experimental system processor (see
Appendix A

{a) Data Tables-Trensfer In.- As a design option, any or all data
tables may be transferred from bullk storage inte primary storage
for execution of a given function. The sequence of funciions
will determine which tebles may remein in primary storage from
the execution of one function to the next. Exercising the
option to execute & function in several passes will imply seversal
(smaliler) data table transfers per function. Data tables are
besed on a 32-bit word, and thelr length may be assumed 10 be
inversely proportional to word length.

(e) Data Tables-Transfer Out.- Date tebles that are transferred in
and modified must subsequently be transferred out. For transfer
purposes, it is assumed that a data table is modified in its
entirety even though data for certaln flights may remsin unchanged.

of the

R

1.3 Timing Date {Tables B-3a, b, and c).- The effective computing speed
proposed CCC must gu&rantee that the cycle for the given traffic demand

(a) Computlng Time Per Cycle.~ The compubing time required for every ;
function 1s approximated with & single expression. This computing
time does not account for sny transfer time requirements, nor
does it account for the effect of transfers on computing speed.
The computing time is referenced to 80,000 cperations per second

{see Appendix A},

Any function thet is processed in seversl passes (i.e., several
successive operations on subsets of the totsl flights within &
single cycle) should be assumed to require no ‘additionsl overhead
computing time. The compubing Time per pass should be derived
from the expression in the table that states the time &s &

function of flight load.
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(b) Non-overlapped Transfer Time.- Non-overlapped I/0 time, including
"oresk~in" memory cycles, must be accounted for s¢ that the 2.5
second cycle time is not exceeded. The amount of this time will
depend on trade-offs among primary storage, bulk storage, aad
I1/0 capability.

(e} Executive Control.- The portion of the Executive Control operating
time allocable to a specific function is not given for the experi-
mental system bubt must be estimeted in accordance with the dasta
in this specification and the results must be inciuded in the
operating time requirement.

1.% Tegend For Tebles (325 flight confimration)

n = number of controlled flights.

Shared Data Tables {32-bit words)

A = 96n D= 10n
Ay = 3Tn Dl = 1n
Az = 19n DE = 2n
ﬁ = 2hn D3 = 3n
= 9n Dll = 2n
B = 56n (total) E = 600 + 4n
B, = 3Ln
L F = 5n
C = 4bm Fy = 2n
€y = 12n
Co = 5n G = 5n
03 = 51’1
CL]- = 31'1 B = 800
C5 = 2n
g = 8n I="1T0
C., = hn
Cg = Ln
09 = 2n
Shared Program Routines (registers)
Y = 500 NOTHE: Compas imply "The Sum 0£f". Pime

informaetion 1s stated in milliseconds.

1.5 Explenation of Data in Table Belb-Number and characteristics of External
Devices

{a) Maximm Number of Devices.- The numbers provided in Teble B-h
are dependent upon the 100 percent peak load figure, or in the
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case of processed radar data and interfacility messages, the
maximm number of radars or adjacent facilities which transmit
informetion Lo the control center. . For output of interfacility
messages, & common date channel is assumed to connect with each
adjacent facility with appropriate addressing of messages.

The dsta in Table B~k is based upon 325 flights (n = 325) and

& ¢ontrol center configured w1th 34 ‘Céntrol, sector 84plann1ng
15 search/beacon radars,

% Each
control sector and planuing team is eqp¢pped with two (2) push=-
button entry devices, and one {1} alphamumeric keyboard and an
on-demand printer. Bach planning team is equipped with a high-
speed printer. Hach search/beacon redar connects to the control
center with three data channels to provide sufficient capacity for
transmission of processed radar data messages.

Complete Information Message Length for Each Device.- The nunber
listed in this column of Tables B-4 represents the number of bits
or characters which define & single message or that amount of
information which must be available to allow complete processing
by the appropriste compuber program.

Meximom Transmission Rate of Each Device.- The number listed in this
column of Pable B-4 is the maximum bransmission rete assumed for
egceh of the devices listed.

Maxdimum Amount of Information for Each Type of Input or Oubtput
for which Buffer Storage (external, internal, or combination)
mist be Provided During Each 2.5 Second Cycle.- The pumber
Tisted ir this column of Table B-L is based upon the following:

(1) Processed Radar Data

The emount of data which can accumulate in 2.5 seconds if
the three channels from each radar are transmitting at
the maximim rate.

(2) Controller Pushbutton

The emount of information which will have asccumuleted prior
1o interpretation if each entry device completes a maximum
length message in the ssme 2.5 second cycle.

{3) Alphanumeric Keyboard

The smount of information which will have accumulated prior
to interpretation if one~half ofthe keyboards are permitted
simulbaneous entry and each of these keyboards completes a
maximm length message in the same 2.5 second cycle.
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{(§) Interfacility Inputs

The amount of information which will have accumulated in
2.5 seconds if each of the adjacent facility channels is
trapsmititing et the moxdimmm rate.

(5) High-speed Printer

The amount of information which n/lOO printers can accept
in 2.5 seconds, each operating &t the maximum rate. The
n/lOO printers will be operating simultaneocusly when the
average length of a printout is 150 TTY information words.
Each cperating printer will generate n/U0 messages of 15
TTY words each.

6) On-Demand Printer
{

The amount of information meking up complete messages which
must be generated for trensmission to 3n/50 printers, each
operating at the maximm rate. The 3n/50 printers will

be operating simultaneously when the demand for printouts
peaks at twice the average demand and each printout message
everages 17 TTY words of information.

(7) Interfacility Outputs

The maximum smount of information which can be trapsmitted
by the output channel in 2.5 seconds.

{e) Average Amount of Informetion Trensmitted for Esch Type of Input
or Output During Each 2.5 Second Cvele.- The numbers listed in
this column of Tables B-4, C-4, and D-4 are based upon the average
smount of information generated by the envirconment in which the
CCC operates. Esch type of input and output is expressed ss B
function of traffic load, n. With appropriaste increase te account
for overhead dats peculiar to a proposed solution for the peri-
pheral dats buffer problem, the numbers in this column will be
used to determine peripheral dats transfer requirements for all
oubtputs and for any inputs which will be internally buffered.

1.6 Input/Output Transfer and Buffering Approach.- See paragraph 1.6 ff in
Appendix C for & discussion of 1/0 trensfers and buffering which is also appropriate
for Table B-k,




PRIMARY STORAGE CHEART

FLIGHT PLAN PROCESSING

TABLE B~ 1a

FUNCTIONS

CONTROLLER

DATA TABLE

Tl

400, 6n,

WORKING TABLE

STORAGE
e s

PERTPHERAL
DATA STORAGE

Column Headings
for Executive Con-o
trol, Next

£90=509-HI~ YV

1 .
E(Dl’DQJ D’j:)

200 200 Funetion Environ-
INPUTS Ay, B, Dy, D, ment, and Bulk
Cys Co, q3, Cy» Storage are
Cs, F, G,7L e, omitted
ATFHA 13400,Y 6000 » 1100 4300
NUMERTC
INPUTS A, B, C, H
]
FIX-TIME 2600 Loo, 200 -
DETERMIHATION
A, C, F, B
FLIGHT PLAN 3800,Y 300, n, 200 -
DYNAMICS ;
H Y re, 1),
. =3 0110210330}}905)
CONFLICT N 4400 300, 1500 -
DEFECTION
\ /I A) C, b, H
ASSOCIATION %"
1200 00 F,H 200 -
CHECKING i » Bl P8),
3(5»02,03:Ch:05)
L
- gou 1000 300, 6(ln,4, C), 800 -




PRIMARY STORAGE CHART

SURVETLIANCE PROCESSING PABIE B - 1b
“ DATA TABLE WORKTNG TABLE PERTPHERAL Column Headings
_ TINGLIONS N _PROGRAM TERGFIT STORAGH STORAGE DATA STORAGE | for Executive Con-
' “itrol, Hext
RADAR 3900 500, 2600 8500 Function Environ-
eUT E, F, G, 1 ment, and Bulk
FROCESSING . Storage are
HERSLoE T e omitted
g e T
PROXTMITY " 600 ) , - -
WARNING 2(Dy,7)
o

-m-ﬁ
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PRIMARY STORAGE CHART

OUFrPUT PROCESSING TABLE B - ic

FUNCTIONS t} PRQCRAN’ DATA TABLE WORKING TABLE PERIFEERAL DATA |{Column Headings

STORAGE STORAGE ? STORAGE for Executive Con-

T o trol, Next
PLAN POSITION 6600 1000, 2n, 8060,n 23n Function Faviron-
DISFLAY CJ,CQ, C3, Oy, ment, and Bulk
GENERATION 5, E, F, H Storage are
/ omitted

T _
TABULAR 5000 3{ Al,Ag,AB s 8GO 2n
DISPLAY 1 :
GENERATTON 3(8,C,F) _
ON DEMAND 3300 1300,3n, A ,A5 .1 800 2n
PRINTER B, €;,C %63
OUTPUTS cg,De E
AUTOMATIC 3300 30, Ay A, A3, 1200 3n
PRINTER B8,C,¥
OUTPUTS *
INTFRPACTIIITY 2000 19n,B Lo o
OUTPUTS

i
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INPUT/OUTPUT TRANSFERS

FLIGET PLAN PROCESSING

TABLE B - Za

FUNCTIONS MANDATORY TRANSFERS DESIGN OPFIONS
‘ DATA TABLES DATA TABIES
| PERIFHERAL DATA | RECORDED DATA || PROGRAM TRANSFER {TRANSFER IN TRANSFER OUT
CONTROLLER 200 200,n 1800,Y LLOO,G_n,Ah,Bl, én,D.,D,,F,G,1I,
INPUES Dy, Ds,C 102)03: Cy» 62;63; Gy
ch,c,)_, 56,1 c,'5
ATPHA~HUMERTC 4300 100,0.084, 13400,Y 6000, A,B,C,H 1400, A,B,C
INPUTS 0.178, .04
FIX-TTME n 2600 400,4,C,F,H ACF
DETERMINATION
FLIGHT PLAN -- 0.25(A1,4,), 3800, 300,m,3(A;, 45, H) 4 m,
DYNAMICS 2(C1,02,03,0, | 3(Ay,h0),
\ 0.25(0},02,03, Cs) ‘2*(01,82,03,0;4,0%9
Ch,Cs, :
CONFLICT - D 4400 300, Cp,03,07,08»
DEPECTTON A,C,D,E b
ASSOCTATION - n 1200 300, 1/6(a,,F),
CHECKING 1/6(}\' y :F:H): 1/6(%:02:03:0143
1/6(C1,C2,C3,Ch, | Cs)
05)
FLOW CONTROL - n 1000 300, 1/6(kn}
l/6§hn,A,C):
1/6 Dl,D2,133)

=QTe-

£90~909-¥a-YY¥d



INPUT/QUTPUT TRANSFERS

SURVEILLANCE PROCESSING TABLE, B - 2b
FUNCTIONS MANDATORY TRANSFERS DESIGN OPTIONS
. DATA TABLES DATA TABLES

PERIPHERAL DATA | RECORDED DATA PROGRAM TRANSFER | TRANSFER IN TRANSKFER OUT
RADAR INPUT 8500 1400,1 3900 500,E, F, G, I | 500,E,F,G,I
PROCESSING [
AUTOMATIC ' - F,G 1200 F,G,I 0,1
TRACKING
PROXKDMITY -~ n 600 n, n
WARNING (D, F{)

|

|

=T~
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INPUT/OUTPUT TRANSFERS

QUTPUT PROCESSING

] MANDATORY TRANSFERS DESIGN QPTIONS

ﬂ PERIPHERAL RECORDED PROGRAM DATA TARLES DATA TABLES
FUNCTIONS ~DATA DATA, TRANSTER, TRANSFER IN TRANSFER OUT
Plan Position 1000, 2q, 1000,2n,
Display 23n n 6600 €1,€2,23,04,C5, €1,02,03.€4 C5,
Generation E,F,H E
Tabular Display 2n 2n 5000 1/3(A1,42,43), 1/3(C1,€2,C4
Generation ; 1/3(R,C,F) £6.07,09 ) »

1/3F

On-Demand 1300, 3n,
Printer n n 3300 A A5 B Dz ,D
Outputs €1,03,06,08,D2,D4
Automatic 3n, _ 3n,
Printer 3n n 3300 Al Ay A3, C3,04,C8 Co
Qutputs } B,C,F

il
Interfacility n in 3000 19n, 2 om0 n e
Outputs B

ll

.-a'zg-

1
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FLIGHT PLAN PROCESSING

TIMING DATA

TABLE B-3a

) COMPUTING TIME TRANSFER TIME
FUNCTIONS PER CYCLE{MS) TOTAL NON-OVERIAPPED | EXECUTIVE CONTROL
Controller
Inputs 12,0.18n
Alphaﬁumeric H
Inputs 1.8n

{
Fix-Time
Determination 0.5n
Flight Plan
Dynamics 4.45n
Conflict
Detection 1in
Asgociation
Checking 2,5,0.06n
Flow
Control 0.17n

~CTd~
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TABLE B-3b
TIMING DATA

BURVEILLANCE PROCESSING.

et

COMPUTING TIME TRANSFFR TIME
FUNCTIONS PER _LYCLE TOTAL NON-OVERLAPPED EXECUTIVE CONTROL
Radar Input
Processing 2.3n
Automatic
Tracking 2,.0n

Proximity
Warning 13,0.05n
(millisec.)

n-?o(‘ig-

£90-909-HE~ VY



TTMING DATA
QUTPUT PROCESSING

TABLE B-3c

GOMPUTING TIME

—_ﬂ TRANSFER TIME
FUNCTIONS PER CYCLE TOTAL NON-QOVERLAPPED EXECUTIVE CONTROL
Plan Position
Display 4.3n
Generation
Tabular Display
Generation ’ 0.67n
On-Demand
Printer
Qutputs 0.4n
Auvtomatic Printe
Qutputs 1.0n
Interfacility
outputs 0.1n
(millisec.)

i

-Sm-

£90-909-{I-VYd
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APPENDIX C

DATA PROCESSING TABLES FOR THE 200 FLIGET CONFLGURATION

1. Description of Data Contained .in Tables.- The following paregraphs desqribe
the .data contained in each column of the data processing tebles that are included
in this appendix.

~-1 Primary Storage {Tables C-la, b, and c).- The descriptive comments on
Primary Storage In paragraph 1.1, items (&) through {g), of Appendix B are
epplicable here. The legend for this appendix appears in paragraph 1.bL.

1.2  Input/Output Trensfers (Tables C-2a, b, and c).- The descriptive comments
on Input/Output Transfers in paragraph 1.2, items (&) through (e), of Appendix B
are appiicable here. See legend in paragraph l.k4.

1.3 Timing Data {Tebles C-3a, b, and c).- The descriptive comments on Timing
Data in paregraph 1.3, ltems (@) through (c}, of Appendix B sre applicable here.
See legend in parsgraph l.k4.

1.k Legend for Tebles (200 flight configuration)

Dynemic Tables {n = number of controlled flights)

= 18n
£ 631’1
5n
4hn
= 21n
= ?n
= 10n
kn+600
Bn

n e '%1’55&?:9
"o

-t

n
én

300
700

Hm Qs QO
o

on A

NOTE: Commas imply "The Sum Of". Time information is stated in milliseconds.
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1.5 Number and Characteristics of External Devices.- So that azlternative sciutions
to the peripheral dais storage and transfer problem can be considered for the 200
flight configuration, Table C-4 summarizes ithe number and data chardcteristics of
individual external devices by type. The plan-position displays are excluded from
this summary since it is assumed that the display generation will involve the use
of external buffers.

The followlng describes the information provided in Table C-4 for each type of
peripheral data input and output.

(a) Maximum Number of Devices.- The number provided is dependent
'~ upon the 100 per cent peak load figure; or in the case of pro-
cessed radar data end inter-facillty messages, the meximum
number of radars or adjacent facilities which transmit informa-
tion to the control center. For output of inter-facility mes-

sages, a8 common data channel 1s assumed to comnect esch
edjacent facility with appropriate addressing of messages.

The data in Table C- L is based upon 100 per cent peak load of
! 200) &nd “c¢entrol center configured with 3b
radar control positions, 3l sector controllers, 10 Flight =7
Data Entry ositions, 8 sesrch/beacon.radars,.and.6.adjacent
facilities with data channel connectlon, Each rader control
position 18 eqiipped with dne (1) radar controller keyboard,
and eech sector contrel position is equipped with one (1)
computer update entry device, one (1) flight strip printer,
and one (1) flight strip update display device. BEach search/
beacon radar connects to the conirol center with three data
channels to provide sufficient capacity for transmission cof
processed radar data messages.

(b) Complete Information Message Length for Each Device.- The
number listed in this column of Table C-L represents the
number of bits or characters which define a single message or
that amount of information which must be aveilable to allow
complete processing by the appropriate computer program.

{(c) Maximum Transmission Rate of Each Device.- The number listed in
thie column of Table C-IL is the maximum trensmission rate
sssumed for each of the devices listed.

(d) Maximum Amount of Information for Each Type of Input or Output for
Which Buffer Storage (external, internal, or combination) Must Be
Provided During Each 2.5 Second Cycle.- The number listed in this
column of Table C-4 is based upon the following:




(1)

(2)

(3)

()

(5)

(6)

(1)

(8)

(9)

~C3- FAA-ER-606-063

Procesged Radar Data.- The amount of data which can asccumulate
in 2.5 seconds if the three channels from each radar are
transmitting at the maximum rate.

Radar Controller Keyboard.- The amcunt of information which
will have accumulated prior teo interpretation if each entry
device completes a maximum length message in the same 2.5
second cycle.

Alphanumeric Keyboard Inputs.- The amount of information which
will have accumulated prior to interpretation if all the key-
boards are permitted simulianecus entry and each of the key-
boards completes a maximum length message in the same 2.5
second cycle.

Computer Update Entry Device.- The amount of information
which will have accumuiated prior to interpretation if all
the entry devices are permitited simultaneous entry and a
maximum length message is completed with each of the
devices in the same 2.5 second cycle.

Inter-facility Inputs.- The amount of information which will
have accumulated in 2.5 seconds if each of the adjacent
facility channels is transmitting at the maximum rate.

Flight Strip Printer.- The amount of informetion making up
complete flight strips which must be generated for trans-
mission to [@/9@] printers, each operating at the maximum
rate. i@/90] printers will be operating simultaneously
when the demand for printing flight strips peaks at twice
the average demand and each strip averages 120 characters
of information.

Cn-Demand Printer.- The amount of information making up

‘complete messages which must be generated for transmission

to [Q.QG@] printers, each operating at the maximum rate.
The {0.02y} printers will be operating simultaneously when
the demmnd for printouts peaks at twice the average demand
and each printout message averages TO characters of
information.

Flight Strip Update Digplay.- The amount of information
making up complete displays which must be generated for
transmission if an output is demanded for each display in
the same 2.5 second cycle.

Inter-faciiity Outputs.- The maximum emcunt of information
which can be transmitted by the cutput channel in 2.5 seconds.
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(e) Average Amount of Information Transmitted for Esch Type of Input or
Output During Each 2.5 Second Cycle.- The number listed in this
column of Teble C-4 I1s based upon the average amount of information
generated by the environment in which the CCC operates. Each type
of input and output is expressed as a function of traffiec load, n.
With appropriate increase to account for overhead data peculler
to & proposed solution for the peripheral data buffer problem, the
number in this column will be used to determine peripheral data
transfer requirements for all outputs and for any inputs which wilil
‘be internelly buffered.

1.6 Input/Output Transfer and Buffering Approsch.-  The number and type of
external devices are assumed to be constant with respect-to traffic load, hence
all maximum requirements for input buffer storage are treated ss being
independent of the traffic load, n. Except for inter-faciiity outputs, ell
maximum requirements for output buffer storage are proportional to traffic
load. Demand for ocutputs in excess of the peask smount provided for would be
serviced as capacity becomes aveilable.

1.6.1 Since each function will be executed only once per 2.5 second cycle and
most inputs/outputs. will be batch processed, every solution to the peripheral
data buffer problem must provide for the maximum amount of information listed
in Teble C-4 whether this storage is provided internally in primary memory,
externally on drums or other storage media, or in some combination.

.1.6,2 Informetion storage may be only & part of the total buffer storage re-
gquired. The characteristics of a proposed buffer system snd related logic may
require additional storage for data used to control the addressing end timing
of outputs, and to tag the source of input data on less than a complete mes-
sage basis. TFor example, the drum buffering sub-system of the experimental ATC
system allows for storage of four 6~bit information characters of high-speed
and on-demsnd printer outputs for each 32-bit computer word. Provision must
be made for storing the overhead data as well as information deta in any solu-
tion to the peripheral data storage end transfer problem.

1.6.3 The entry in Table C-1 for peripheral data storage associated with any
function is the sum of the maximum smount of information required to be buffered
during a 2.5 second cycle {from Table C-4) and the overhead data associated with
that infommation.

1.6.4 In addition, since Table (-2 is based upon an approach to buffering where
a1l inpute sre entirely externally buffered, the entry for Mandatory Transfer
.Peripheral Data associated with any function is also the sum of the maximum amount
of information required to be buffered during a 2.5 second cycle (from Table C-4})
and the overhead date asssociated with that information. For outputs, and for
inputs in the case where inputs are internally buffered, the Mandatory Transfer
Peripheral Data entry'of Table C-2 would be the average amount of information

plus sssociated overhead data trapsmitted for each type of input or output dur

ing each 2.5 geconc cycle.



BRIMARY STORAGE CHART

FLIGHT FLAN PROCESSING

PROGRAM DATA WORKING | PERIPHERAL NEXT

FUNCT1ONS LENGTH TABLE TABLE DATA EXECUTIVE| FUNCTION BUIK
STORAGE STORAGE STORAGE CCNIROL | FIVIRON, STORAGE.

ALPHA- 3200,

NUMERIC 9200 A,B,C.H 500 3100

INPUTS

FIX-TIME 400, n,

COMPUTA-~ 4200 A,B,C, 200 ———

TIONS ,H

TABLE C-la

it Te
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PRIMARY STORAGE CHART

SURVEILLANCE PROCESSING

' P ROCRAM DATA WORKING | PERIPHERAL ' HERT
FUNCTIONS | b TABLE TABLE DATA EXECUTIVE | FUNCTION BULK
STORAGE | STORAGE STORAGE | CONTROL |ENVIRON.. | STORAGE
CONTROLLERY - 400, 2n,
. INBUTS_ 1800 €y,F,G,I | =~ 300
RADAR. 400,n,
INPUTS 3700 EF G 2000 4500
TRACKING 1300 n,F,G n L
TABLE ¢-1b

£50~909~Hi~ Vv
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PRIMARY STORAGE CHART

OQUTPIT PROCESSING

, PROGRAM DATA WORKING PERIPHERAL KEXT
FUNCTIONS LENGTH TABLE TABLE DATA BEXECUTIVE FUNCTICN BUIK
STORAGE STORAGE STORAGE CONTROL ENVIRON. STORAGE
PLAN 1600,n,
POSITION 4600 C,E,F 200 17n
DISPLAYS
ON-DEMAND 200,2n,
PRINTER | 2790 B,C) 200 "
STRIP
PRINTING || 1200 200, n, 200 3n
AND B
UPDATING
INTER~
FACILITY 200 2n,B, 200 . n
QUTPUTS <

TABLE {-le

-0

£90-909~¥E-¥yL




INFUT/QUTPUT TRANSFERS
FIIGHT TPLAN PROCESSING

DESIGN OPTIONS

MANDATORY _ TRANSFERS _
FUNCTIONS | orRIPHERAL | RECORDED PROGRAM | DATA TABLES| DATA TABLES
DATA RATA TRANSFER | TRANSFER TN| TRANSFER QUE
ALPHA- .
NUMERIC 3100 100, 9200 3200, 800,
TINPUTS G.17B, A,B,C.H A,B,C
Q.04C
FIX-TIME n, 4200 | 400,n, A,B,C
J COMPUTATION ka,0) A,B.C,E,H

£90-909~UA~YYd

-80-

TABLE (C-2a



INPUT/OUTPUT TRANSFERS

SURVEILLANCE PROCESSING

FUNCTIONS

MANDATORY TRANSFERS

DESIGN QPTIONS

PERIPHERAL | RECORDED PROGRAM DATA TABLES ! DATA TABLES
DATA DATA TRANSFER | TRANSFER IN | TRANSFER QUT
GONTROLLER 300 300,n - 1800 400,2n, 200,20,
INPUTS C,,F,6,1 C,,F,6,1
RADAR 4500 500,1 3700 400,n, 300,
INPUTS E,F,G,1 E,F,G,1
TRACKING F,G, 1300 n, F G
F.G :

TABLE C~2b
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INFUT/QUTRUT TRANSFERS

OUTPFE PROCESSTHG -

ez
MANDATORY TRANSFERS DESLGN OPTIONS B
FUNCTIONS PERIPHERAL RECORDED ~PROGRAM DATA TABLES | DATA TABLES E'g
DATA DATA TRANSFER | TRANSFER IN | TRANSFER OUT x
_PLAN 1600,n, | 1200, g
POSITION 17n n 4600 C,E,F n,Cy,E &5
DISPLAY &
ON-DEMAND 200,2n,
PRINTER n n 2500 B,C2 n
STRIP
PRINTING . _
AND n 1200 200,n, n
UPDATING B
INTER- 2n.B
FACILITY n 2n 200 E‘. * n N
QUTPUTS B
e

TABLE (2o



TIMING DATA

FLIGHT PLAN PROCESSTHG

COMPUTING
FUNCTIONS TIME PER | EXECUTIVE TRANSFER TIME
CYCLE CONTROL  [9oTal, INON-OVERLAPPED

" ALPHA-

NUMERIC 1.4n

INPUTS

FIX-TIME 0.9

COMPUTATION <R

{millisee)

u“[‘ton

£90~009- - YL

TABLE C~3a



TIMING DATA

ry
SURVEILLANCE PROCESSING ;
i =
- =
COMPUTING . : i
FUNCTLONS TIME BER EXECUTIVE TRANSFER TIME ga
: CYCLE (millisec)| cowrror | TON -GV ERRAFEED é{
[ )
CONTROLLER
INPUTS 8,0.15n
RADAR
INPUTS 2.3n
TRACKING 2.0n
} 1
'O
ko
[}

TABLE C-3b



TIMING DATA

CUTPUT PROCESSING

. COMPUTING .
FUNCTIONS TIME PER EXECUTIVE RANSFER TIME
| ~ CYCLE (milltsec)| comimar, JFOTAL TNON-OVERLAFPED
" PLAN _

POSTTION 3.2n

DISPLAY

ON- DEMAND

PRINTER 0.4n

STRIP

PRINTING 0.30

AND

UPDATING

INTER- ¢

0.in
FACILITY
OUTPUTS

TABLE C-3e¢

-ETo-
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MAIMM AMCURT OF INFORMATION®* FOR FACH
. ) TYPE OF INFUT OR OUTPUT FOR WHICH BUFFER AVERAGE AMUTNT OF INFORMATICN
. COMELETE TNFORMATION MAXTMUM TRANS- STORACE {EXTERNAL, INTERNAL, OR CCMBINATION} | TRANSMITTED FOR EACE TYFE OF
EXTRERNAL DEVICE MAXTMOM NUMBER MESSAGE LERGTH ¥OR MISSICH RATE OF MUST BE PROVIDED DURTNG EACH 2.5 SRCOND INPUT OR OUPPUT DURTRKG BACH
QR CEANNIT. OF DEVICES | EACK IEVICE FACH DEVICE CICE - 2.5 eEcomD CYCLE :
mvr
Processed Fadar Dats (for 8 ARSR's 5379 2400 bits/sec 4 x 10 biss 0.dm = 107 bits
e, phone data Link} per chamnal ap
7204 bits/ase
el o
Badnr Controller Keyboard k.3 624 char 20 char/min 900 chas Q.3 cher
for exazmple, Eazeltine ’
Functicnal Control Panel)
Mphasueric Ke 0 10150 cher .100 TTY* wis/ 1500 char 0.2x char
Taletypewriter (for cxample, (70 char avg) nin
send part of } .
Computer Tpdste Bmipment 34 16 char 200 char/min 600 char O.hs chiar
{ cuE) ’
Interfecility {for exsmple, 6 10-1% cher 2k00 bita/sec 3% x 10° bits 0.3n char
Thone lﬁe'—gt& 1ink) ’ {17 char avg) :
128520
Fiight Strip Prister {for 34 .00 char % char/sec - p i 1k0 char ¥ % . 0.Tn char
example, kielns t Pricter) {120 char avg) 0 char
On-Demand Printer {for example, ) 10-400 char 100TTY* wig/zin [Q.Oauj B5 T n char#es 0.2n ahar
Teceive pext of ZOASE) (70 char avg) -
Flight Stri te Mspla 3h b-17 char 200 char/sec 600 char 020 char
{for exampie, %% Teadout, {10 cher avg) :
Interfectlity (for examle, 3 10,150 cbar 2k00 bits/sec § % 107 uite 0.3n char
Thone line data iink) ' {17 char avg)

-w-g-t'rsn

EQ-00g-uE=¥vd -

”Depﬂx!i.ng gpon the charscteristics of the Peripheral

*aletypewriter (TTY) vord = flve 6-bit
information chersoters.

Povice Adapter 8dditlonal stormge for data used to control
the addressing and timing of outpats may be needed.

SUMEER AND CHARACTERISTICS OF EXTERNAL DEVICES - 200 Fiight Conflguration

able Cuk

*x#puffer table cepacity emtesda

channel eapecity to pemslt ressomable

medsage queue,
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APPENDIX D

DATA PROCESSING TABLES FOR THE 100 FLIGHT CONFIGURATION

l. Desgcription of Data Contalned in Tables.- The following paragraphs
describe the data contained in each column of the data processing tebles
which are included in this appendix.

1.1 Primary Storage {Tables D-la, and b).- The descriptive comments on
Primary Storage in parmgraph 1.1, items (a) through {g), of Appendix B
are gpplicable here. The legend for these tables appears in paragraph 1.4
of this appendix,

1.2 Input/Output Transfers (Tables D-Pa, and b).- The descriptive commente
on Input/Output Transfers in paragfaph 1.2, items (a) through (e), of
Appendix B are applicable here. See legend in paragraph l.lh.

1.3 Timing Data (Tables D-3a, and b).- The descripbive comments on
Timing Data in paragrapi 1.3, items (a) though {¢), of Appendix B
sre applicable here. BSee legend in paragraph l.k.

1.4 Iegend for Tables (100 flight configuration)

Dynamic Tables (n = number &f controlled flights)

B = 5n

C =5n
Cl=_2n
CE: 3n

B = 4n+600

F = 5n

@ = 6n

I = TOO

NOTE: Coamas imply "The Sum Of". Time information is stated in milliseconds.

1.5 Number and Characteristics of External Devices.- S50 that alternative
solutions to the peripheral data storage and transfer problém can be
considered for the 100 flight configuration, Table D-4 summarizes the number
and date characteristics of individual externsl devices by type. The plan-
position displays are excluded from the swmmary since it is assumed that
display generation will involve the use of external buffers.
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The following describes the information provided in Table D-4 for each
type of peripheral data input and output:

(a)

(v)

(e}

(a)

Maximum Number of Devices.- The number provided 1s dependent
upon the 100 percent peak load figure; or in the case of
processed radar data and inter-facility messages, the

maximm number of radars or adjacent facllities which tranemit
information to the terminal control.facility.

The data in Table D~ is based upon & 100 percent peak load
6f I00 flights (n = 100) and & terminal control facility
configiFed with 17 radar control positions, 3 supervisory
st entry/output stations, 3 short-range search/beacon
redsar, and one 1ong-range search/beacon radar, and one.
adjacént ¢énter with data chennel. connection. Bach radar
eontrol position is equipped with one (1) redar controller
keyboard. Each supervisory data output station is equipped
with an on-demand printer. The radar video processor for
each sort-range search/beacon radar is located in the
terminal control facility. The long-range search/beacon
radar connects to the facility with three dats channels to
provide sufficient capacity for transmission of processed
radar datae messages.

Compiete Informabtlon Megsage Length for Fach,.- The number
listed in this column of Table D-4 represents the mumber

of bits or charecters which define a single message or that
amcunt of information which must be available to allow complete
processing by The appropriate computer program.

Maximum Transmission Rate of Each Device.- The number listed
in this column of Table D-4 is the maximum transmission
rate assumed for each of the devices 1llsted.

Maxinum Amount of Information for Each Type of Input or
Qutput For Wnich Buffer Storsge {external, internal, or
combination) Mugt Be Provided During Fach 2.5 Second Cycle.-
The number listed in this column of Table D-4 is based upon
the fellowing:

{1) Processed Radar Data

For the leng-range search/beacon radar, the amount

of data which can accumulate in 1.25 seconds if the
three channels from each radar are transmitting st

the maximum rate. For the short-range search/beacon
radars, the emount of data which can accumulate in
1.25 seconds if each of the radar videa data processors



-D3- FAA-FER-606-063

are handling data of their maximum capacity. It
should be noted that radar inputs processing is
asgumed  to operate twice in each 2.5 second cycle,
hence the buffer requirementr is for that amount of
date vwhich accumulated in 1.25 esconds.

{(2) Radar Controcller Keyboard

The amount of information which will have accumulated
prior to interpretation if each entry device completes
8 maximum length message in the same 2.5 second eycle,

{3) Interfacility Inputs

The amount of information which will have accumulated
in 2.5 seconds if each of the adjacent facility
channels is transmitting at the maximum rate.

(k) Bupervisory Data Output Printer

The amount of information making up complete
supervisory printouts which must be generated for
transmission to three printers, each operating
simultaneously at the maximum rate.

a(5) Interfacility Outputs

The amount of information which will have accumulated
in 2.5 séconds if each of the adjacent facility
channels is transmitting at the maximm rate.

(e) Average Amount of Information Transmitted for Each Type of
Input or Output During Each 2.5 Becond Cycle.- The number
listed in this column of Table D-4 is based upon the average
amount of information generated by the envircnment in whidh
the CCC operates. Each type of input and ocutput is expressed
as a function of traffic load, n. With appropriate increase
to account for overhead data peculiar to a proposed solution
for the peripheral data buffer problem, the number in this
column will be used to determine peripheral data transfer
requirements forall outputs and for any inputs which will
be internslly buffered.

1.6  Input/Output Transfer and Buffer Approach.- The mmber and type of
external devices are assumed to be constant with respect to traffic load,
hence all maximum requirements for input buffer sborage are treated as
being independent of the traffic load, n. ZExcept for interfacility outputs,
all meximum rejuirements for output buffer storage are proportional to
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traffic load. Demand for outputs in excess of the peaa amount provided for
would be serviced as capacity becomes avallable,

L1.6.1 Since each function will be executed only once per 2.5 second cycle®
and most inputs/outputs will be batch procegsed; every solution to the
peripheral deta buffer problem must provide for the maximum amount of
information listed in Table D-4 whether this storage is provided internally
in primary memory, externally on drums, or other storage media, or in

some comblnation.

1.6.2 Information storage may be only s part of the total buffer storage
reguired. The characteristics of a proposed buffer system and related
loglc mey require additionasl storage for datas used to control the address-
ing and timing of outputs, and to tag the source of input data on less
than a complete messege basis. For example, the drum buffering sub-systenm
of the experimental ATC system allows for storsge of four 6-bit information
characters of alphammeric keyboard inputs, and only two 6-bit information
characters of high-speed snd on~demand printer outputs for each 32+bit
computer word. Provision must be made for storing the overhead data as well
as information date In any sclutlon to the peripheral data storege and
transfer problem.

1.6.3 The entry in Table D-1 for peripheral data storage associmbed with
any function is the sum of the maximum amount of information reguired to

be buffered during a 2.5-second cycle (from Table D-4) and the overhead
data assocciated with thet information. In addition, since Table D-2 is
based upon an approach to buffering where all inputs are entirely externally
buffered, the entry for manatory transfers-peripheral data associated with
any function is also the sum of the maximum amount of information required
to be buffered during a 2.5 second cycle {from Table D-L, and the overhead
dats associated with that infoxmation). For oubputs and for inputs in the
case where inputs are internally buffered, the mandstory transfer-peripheral
data entry of Table D-2 would be the average amount of information plus
assoclated overhead data tranmmitted for each type of input or cubput

during each 2.5-second cycle.

#Jith the excepbions of Procesesed Rader Data-Short-Range Inpubts and Long-Range
Inputs which are ghown on Table D-U4 as belng processed twice sach 2.5 second
oycle.



ERIMARY STORAGE CHART

J—

INPUT AND SHRVETLIANCE PROCESSING
FUNCTIONS PROGRAM DATA WORKING PERIPHERAL HEXT FUHC-
LENGTH TABLE TABLE DATA IXRCUTIVE TION BUTX
STORAGE STORAGE STORAGE CONTROL,  |ENVIRON, STORAGE
CONTROLLER 1200 200, 100 100
INFUTS B,C,F,G
RADAR 3900 400, n, 1000 1300
INPUT EF,6,1
PROCESSING
AUTOMATIC 500 n, 100 —
TRACKING ¥,G

£90-909~Ha-VVd

TABLE D-la



ERIMARY BTRAGE CHART

OUTEUT BRSCESSING
FUNCTIONS PROGRAM ?ATA WORKING PERLPHERAL B NEXT FUNC-
LENGTH TABLE TABLE DATA Eidcorrve 1TToN BULK
STORAGE STORAGE STORAGE EHTROL | ENVIRON. STORAQE

FLAN POS-
TTION DIS~- 2200 C.E,F, 200 150
PLAY (EN. n, 200

ON-DEMAND |} 1900 B,C,F, 100 n

ERINTER n, 200

TNTER~
FACTLITY 300 C.F,n 100 n

QUTPUTS

TABLE B=1p
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INPUT/QUTPUT TRANSFER$

TNPUT AND SURVEILLANCE PROCESSTNG
FUNCTIONS MANDATORY TRANSFERS DESTGN OPTICHS
FRRIPHERAL | RECORDED FROGRAM |DATA TABLES |DATA TABLES
DATA DATA TRANSFER |TRANSFER 1N |TRANSFER OUT
CONTROLLER 100 100,n 1200 100, B,Cy,F,G
INFUTS B,C,F,G
RADAR 1300 700,1 3900 400,n, E,F,C,I
INPUT E.F,G,1
PROCESSTNG
AUTOMATIC L F.c 900 n, o,
TRACKING F,C F,G

..L(I.,

£90~900- 9T -YV.d

TABLE D-Z2a



INPUTQHTPUT TRANSFERS

UWEZTT PROCESSING

MANDATCRY TRANSFERS

DESIGN OPTIONS
FUNCTIONS ||PERIPHERAL |RECORDED

£90-909-ME-YV4

PROGRAM | DATA TABLES | DATA TABLES
DATA DATA ~ ITRANSFER | TRANSFER IN | TRANSFER OUT
PLAN T
POSTTION _ C,E,F, Cyy m
DISPLAY 15n n 23200 n,200
QENERATION

ON-DEMAND ' B,C,F,
PRINTER n n 1500 7 o80 n
INTER- n n 300 C,F,n n
FACILITY :

TABLE D-2b



TIMING DATA -

INFUT AND SURVEILLANCE PROCESSING

COMPUTING

FUNCTIONS TIME PER EXECUTIVE §_ TRANSFER TIDME

CYCLE (m{llisec) | CONTROL U TOTAL KON-OVERLAPPED

CONTROLLER 0.4n

INFUT

-

RADAR 4,10

INPUT
FROCESSING

AUTOMATIC 2.7n

TRACKING

TABLE D-3a

-6(1..
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TIMING DATA

OUTPUT PROCESSING
COMPUTING

FUNCTIONS TIME PER EXECUTIVE TRANSFER TIME
CYCLE (millisec) | CONTROL TOTAL | NON-OVERLAPPED

PLAN

POSITION 2.8n

DISPLAY

ON-DEMAND

PRINTER 0.2n

INTER~

FACILITY 0.In

o 3 .

£80~009~HT-YVd

-0Td-

TABLE D-3b



BXTERNAL DEVICE
OR CHEANMEL

HAXTMM RUMBER

COMPLETE INFORMATION
MESSAGE TENGTE FOR

MISSION RATE OF

MAYTMIM AMDUNT OF INFORMATION*® FOR BACH
TYPE OF INFUT OR CUTFUT FOR WHICH BUFFER
STORAGE {EXTERK

, INTERMAL, OR COMBTNATION)

AVERAGE AMDURT OF INFORMATION
TRANSMITTED FOR EACH TYPE OF

Qutput Printer

) INFUT CR OUTPUT DURING BACH
OF DEVICES EACH DEVICE EACE DEVICE MJST BE PROVIDED DURING EACH 2.5 SEC. CYCLE 2.5 SECCRD CUTLE ’
IEUT 2500 bita/sec
per channel or .
Processed Bedar Data 3 am's 531.79 bits 7200 bits/sec 27 = 107 oitew .20 x 107 Bite
Sbwrt~ hBage lopubs (for e mam
wxmample, DOG of RVDP-2 or =3.)
2400 bitafges
long-Range Inputs (for 1 ARSR $3.79 bity per channel or 9 x 103 bitas
example, phone line data m) 7200 hita/aec
. el
padar Controller Xeyboard 17 6-24 char 200 cher/zin b10 cher G.3p char
{for exemple, Bazeltine
Functional Control Panel.)
Ihterfacilitx (for exnmple, 1 16-15 cher 2bao bits/sec. 6x 10° bits 0.in cher
phone line data )ink) {11 char avg) C
QUIFUT
Tnterfecility (i.s., phone 1 10-15 char 2400 bits/sec § x 10° bvite G.1n char
“1ine ds%a Llimk) (11 char avg) -
rvisery Date 3 7 char 500 char/min 100 chsr negligible

=TT~

€900 EE~VVL

NUMBER AND CHARACTERISTICS OF RXIPHFNAL DEVICES - 100 Flight Configuration

Mhese inputs may de processed twice every 2.5 mee. aycle,
t::nga the mmount of data %o be gtersd in the buffer is shown
BE -

the mximum amount of data to be processed in a 2,5

sec. gycls.

*Bepending upon the characteristicy of the Peripheral-

Device Adapters additional storage for data uased to
control the sddressing and timieg of cubtputs may be

needed.

fable Dab
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APPENDIX B

DESCRIPITION OF DATA-PROCESSING FUNCTTIOND

This appendix provides a summary description of the data-processing
functions that would be required in a typical air traffic control
center. This information is intended to permit a better understanding
of the requirements of Section 3.3 of the specification. The
descriptions are divided into the same areas as Section 3.3; i1.e.,
Flight Plan Data Processing, Surveillance Data Processing, Output Data
Processing, and Executive Control.

1. Flight Plan Data-Processing Area.- This section describes those
functions which operate on or modify flight plan data. Typical flight
plan data includes: aircraft identification, alrcraffmfxggémgpegd
origin of flight, time of departure, route, altTtUde over various
5 of route, fix points, €stimated time of arrival over Iix
points, destlnatlon, alternate destlna 1dn PR e

japiaetis

1.1 Controller Input Processing.- Bach control and planning position
will be provided with an input device to permit rapid entry of a
nmamber of inpubts. BRepresentative examples of these inputs are:

(&) Plan Position Display Requests

(l) Request dlisplay of flights within a specified
altitude range.

(2) BRequest display of a flight plan route.

(3) Request suppression or repositioning of alpha-
mumeric information that is displayed at
aireraft position.

(v} Printout Requests

(1) Request detailed conflict information on a flight.
(2) Request stored flight plan route/time information.

(c) ( Flight Plan Modification b

(1) Modify assigned altitude.
(2) Enter holding instructions for a flight plan fix.

y
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B s

e -

(d) Transfer &f Comtrol

(;)
(59
(&)
1.2 Alphanumeric

Prepare handover. .
Accept handover. —
Assume control. "

Release for the control sector from which transferred.

Keyboard Input Processing.- Bach control and planning

position, as well as logel and remote flight data entry positions,

will be provided

with en elphammeric keyboard input capabillity for the

direct on-line entry of a variety of .inputs. The keyboard for
alphanumeric inputs may be separate from input devices for other

controel inputs.

(&) Mess
alr

Characteristics of alphanumeric keyboard inputs are!

sge Formets and contents will conform to current
trafflc control prac‘sices. Fields not a,pplging to

{tems will e permi’t;t d.without padding characters,

end &

8 wide satitude 1 be possible in message

seque e, composition, and ength. Formats convenient

for

cén position by the controlier may reéquire

reformatting in the computer.

(b} Controllers will be able to correct or revise items
within a message without repesting the entire message.
Each incoming messsge will be subject to computer
program acceptance checking to guard against certain
classes of errors not deitected ov corrected by the
controller and to insure that each input represents
g complete and coherent message. If an input message
is acceptable, a receipt message will be oubput ‘o

the
the

sender. The controller may then proceed with
next input. If a message is not acceptable, a

-printout indicating the error will be output Lo the
gengler, The controller can then enter additicnal
information to correct the original message, following

whic

h the corrected message will be acknowledged by

g receipt message. This combined operator-input,
copputer-output cycle will provide a direct, fast-
refponse, two-way communication channel for alpha-
numeric data entry.

{e) Air

movement data and transfer-of-control messages

erosstold automatically from adlecent control
facilities will be processed by the alphanumeric
keyboard inputs processing function. in much the same
manner a8 described above.

-
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1.2:1 Representative anmples of A¢phanummrzc Inputs Are :

(a) Air Movement Date

(1} Plignt Plans

(2)_Flight Plan Modifications

Plan Bodlfic
(ial&qProgress Reports
(h) Prefiled Routes

(b) Environﬁental Data

(1) Wirds Aloft
(2) Barometric Pressure

(c) Data Printout Requests

(1) Detailed Conflict Information on a Flight
(2) sStored Flight Plan Route/Time Information
(3) Prefiled Route

1.3 rlight Plan Dynamics.- Flight plan dynamics will consist of & fix

time determination function, a flight plan position and extrapolation
function, an altitude processing function, and an area responsibility

fungtion.

(a):

Fix Time Determination.- The fix time determination

. function willi calculate and/or modify time data

- associated with flight plans. | This function will

P determine relative time information using filed speed,
filed route, and_stored wind information. Real times
- will be computed by the adjustment of stored times
‘pased upon entered real time 1nformat10n.}?New fix

ctimes will be calculated whenever the route or speed

?kg_ggg;i;gg.and whenever a_fix time 1ls entered in a
progrmgg_:QEEEEWPr as a result of an update action./

§ Flight Plan Extrapolation.- Tae extrag ation and position
¢ Punction will determine flight plan previous and

| next fix, present flight plan position and velocity,

(v)
e
o W “7
L o

”track with f1light plan position.

§ and extrapolation stat status. These items will be derived
i from stored fix anonnatlon, will form the basis of
. current air situation displays, and will provide inputs

automat1c tracking and to processes associating

Altitude Processing.~ Altitude processing will serve
three purposes:

(1) To descrive the intended vertical profile of flight,
(2) To monitor the conformance of reported altitbude
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of a flight with the filed altitude profile, and
(3) Tc process the filed data for the convenience of
other functions (e.g., conflict detection, plan
position display generation).

The altitude processing function will make use of route and
altitude deta as determined by the slphamumeric input o2
processing function. The output of the functlion wiil be used

by the conflict d tion and plan position display generation 3
functions. Voof

(d) Area Responsibility.- The ares responsibllity function

will malntain ares, respon51bility based on the geographic

_kenerate boundary chsﬁingmggmes. The output of the
function will be used by the plan-position display %/
generation function to generate transfer of control
'dlsplays and to sigpal the generatlon and rouﬁing of
area- sen51tive 1nformat10q.such as inter- fa3111ty 3.5
messages.

1.4 Conflict Detection.- The conflict-detection process will be based _

upon fllght plan data and will take account of both lateral ‘and.

p?%ﬁTﬁf%Hiandméctual flight position will be symmetrical
with respect to .the predicted position; hence, the
protected volume of airspace is defined with the ;

4" p6 at” ‘ “UgEgmhent e’ of routes
represented by areas (holding ‘BiTspaces and delay areas)
will be protected by an appropriate volume of alrspace
surroundlng the area segment for the delsy interval.

; i - otected-wvolumes-of
whhesdimengiong«of

space.: and shime.

(b} - The problem of conflict detection will be reduced to &
i consideraticon of horizontal space and time dimensicns
¢ only by processing together only route segments
(stralght lines and areas) which are within a specified
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vertical distance of each other. This specified
vertical distance represents an altitude separation
standard and accounts for vertical deviations of a
fiight from its predicted position.

(c) | Boute segments involving altitude transitions will
' be processed with segments of other flights which
‘could occupy the altitude tunnel defined by the
“transition and the aircraft type involved.

(d) Conflict detection in the horizontal space-time
dimensions will consist of checking for the intersection
or overiap of the protected rectangles or delay
areas of different flights. DThe.protected.rectangle
for“ea*h"flight wildd-have. the\predict ,position -as

calcuiated by the flx-tlme determlnatlon.process.
Bhewdength.of .the.protected-rectangiealong the-route
segment.will. be.equak-fo.-the-dongitudinal geparatitn
standard-{minutes-of-£light ). The, width.of.the..

ol éﬁ

it rectangle-will. be.equal to the latera

standard.

L T R o s B A T BT

(e}

a
and #he itude range occupled by each of“the flxghts
in"conflict i the conflict a:

{f) Tracks for those fiights which are found to be in
conflict using f1light plan data will be periodically
compared for violation of radar separation criteria.

1.5 Assoica ion of Track and Flight Plan.- ihe currenttraqk position..

Aﬁ atten+1on indicator will be dlsplayed for a fllght
whose Tateral aev1atlon exceeds a safety marglne Flight plan fix times .
and predicted position. Wlll .be. tagged for aytomatic updating by the
Fllght Plan Dynamics function when the time dev1at10n exceeds a safety
margin.

1.6 Flow Control.- Air movements data will be analyzed and summarized.
to generate tabular displays and/or prlntouts which will aid the flow
controller 10 predicting system capscity and demand, determine suitsble
flow control action, and verifying that these actions are effective.

"These displays will be generated auvtomatically.

2.. Burveillance Data Processing Area.- This section describes those
functions which depernd primarily upon radar and track data.
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2.1 Controller Input Processing.- The input:dﬁfice mentioned in 1.1
will also be used for rapid entry of controller input acticns assosisted
with surveillance data. Representative examples of these inputs are!

(a)  Actions Related to Automatic Tracking

(1} Start and stop track,
2) Change tracking mode. ) & ot ;
(2) Ohange tracking 2,#, L- Lop @y, <y

(b) Plan Position Displey Requests

- {1) Request display of beacon codes related to a

: radar datum. -

: (2) Request dlsplay of beacon code/call sign for all

: radar data having the same code filed in g

: gpecified flight plan.

§(3) Request display of the area used to assoicate &

; track and flight plan position.

é(h) Request suppression or repositioning of alphanumeric
information associated with track position.

2.2, Radar Input Processing.- Digitalized radar returns from multiple
remote radar sltes will be received by the central data processor in-
polar radar site coordinates. The radar input processing function will
transform the polar coordinate data into & common Cartesian coordinste
System, AN A g s e A AT g b e s v R SRR

E——

{ {masking) due to multiple coverage wil) be performed. . -
{ Quantity analysls of radar returns by site, system, é;p&£X£
. and type (search or beacon) will be performed to _%JZ;/“””“
. prevent overload of the CCC. Time delays associated éﬁﬂJ}G%jDAELW
with each datum will be delivered to the tracking
function.

(a) ESelectlve rejection by sites of redundant data ‘Léévéwﬂ‘éqw

{v) The guality of radar inputs will be dynamically

: monitored by examining test messages generated at

f each of the radar sites and by statistical analysis

¢ of the live data. The test messages will be monitored

.~ to determine radar data processor and transmission

L errors. The live data from overiapping radars will be
‘cross-compared “£6 determine systém . erPors in radar
‘orientation, registration, rada¥ beaeon ¢ollimation,
and radar beacon decoding.

velocities for all tracks carried by the system. This includes the
automatic processing of radar data, both beacon and search, and flight
plan data to obtain position and velocity estimates for each track. <

2.3 Aotomstlic Tracking.- Aubomatic tracking will compute positions and {/
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(a) The basic tracking funciion will be performed in
three phasesi-

él) Correlation of radar data with computer tracks.

2) ng of correlated data, rejecting clutter,
detecting turyng, eLeT

(3) Predicting track position.and-velocity.by smoothing

operations using previons data on the track and

flight plan data.

(b) XCorrelation wlll involve the selective processing of
radar data to remove time delays and to determine those
ta which are most likely to be returns from the track;
gorrelation will be performed using distance measures
ependent upon the reliability of past and present returns.

(¢} Processing will be performed on the correlated data to
determine the degree to which the return satisfies the
conditions of being near the predicted position, and,
if the track in replying to beacon interrogations,
whether a correct beacon returm has been received, ete.
The result of the process wxll be a best estimate of

track present position. >
el b it wini)

(d) : By means of a smoothing operation on track past history,
.fan estimate will be made of track future position,
- making use of pertinent flight plan data, if necessary.

(e)?;If, because of difficulty in receiving datas, it
: becomes impossible to keep a track on its data trail,
. @& tracking trouble detection function will detect the
cdifficulty and will notify the controller in time for
‘him to be able to assess the situation and take corrective
‘action.

2.4 Proximity Warning.- Detected or predicted viclaticn of. procedural
separation standards using fllght”plan Gata implies that a conflict is
possible; but, in a radar en _hﬁent, the violation of radar sep&ration
standards is required before ; a c0nfllc% can pecur. To detect the
inminent v1olatlon of ragdar separatlon stand&rds,;_ protected vclume

eht: .
the,expected course fq?hwjtrack.

2.4.1 L.l Periodically, the tracks of all flights in procedural conflict
witn another track, as detemined by the flight plan conflict detection
process,; will be exsmined to debermine whether there is or will be an
overlap of the protected airspace of the track using the radar separation
standardg. If such an overiap is found, it will be considered an
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imminent radar confliict and the information will be displayed to control
personnel.

3. Qutput Data Processing Area.- Thia section describes the varicus
oubtputs generated for-pian~position and tabular displays, printouts,
control data recordings, and inter-facility messages.

3.1 Plan-Position Display Generation.- The plan-position dispiay

generation function automatically will make up, format, and tag -for

routing, output messages for the plan-posztlon ‘alphammeric displays.

Assq}ggted with each extrapolated flight plan in the system will be a
display message containing eircraft ldentity and appropriate control
information, such as, altitude. occupied, conflict status, ebec. Each
“track in the system will have a similer message associated with it,
and selected beacon code returns processed by the system will be
displayed with an associated display message. Selected processed
radar data will be displayed with appropriate symbols. In addition,
sﬁﬁplementary aiphammeric tabulasr displays will be generated for the

margin of the plan-position display.

3:1.1 In addition to the automatically generated displays, this
function will make up, format, and tag for routing, reguested oubput
messages for the plan-position alphanumeric displays based upon
requests received from the inputs processing programs. Reguestable
displays will consist of Tlight plan route, display of flights by
_altitude, ete.

3.1.2 Each display message will be assigned to one or more of. several..
dlsplay-categorzeg bas bafus information of the flxght plan,

These categories will, in part, determine the
routlng ToETaATEpL €gsages; and, in part, will be selectively available
to the operator at each display as an aid to display clubier reduction.

3.2  Tabular Display Generation,- The tabular display generation function
will automatlcally make up, format, ‘and tag for routing, flight plan
trol order displays for control positions and air movements
rgffor planning and.flow control-positions. These“outputﬂ
will be displayed on the tabular display elements. Tabular displays
will be generated on demand when changes occur.

3.3 On-Demand Printer Outputs.- Bach keyboard or pushbutton input
unit will have asssoclated with it a printer output device. ZEach
keyboard input and a portion of the input units wiil generate a
printed acknowledgement receipt on the appropriate printer, and will

. generate printer outputs determined by the nature of the input.. If

an input cannct be interpreted by the inputs processor, & request for
additional information will be generated on the output channel,
initisting a dislogue which may be terminated by the correction of the
input or its cancellation. HRepresentative output messages are:
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{a) Acknowledgement.

(b) Further information request.

(c) Stored flight plan route/time information.

{d) Detailed conflict information on a flight plan.

3.4  Autometic Printer Qutputs.~ Periodically, variows status printouts
vwill be generated automatically and routed to high-speed printer output
devices. The autamatic printeouts will consist mainly of flight plan
information which may be used for back-up during periods of sabular
display failure.

3.5 Inter-facility Outputs.- Air movements and transfer of control

data will be automatically crosstold between adjscent centers. This
function will make up, format, and tag for routing, these inter-facility
output messages. Representative examples of these inter-facility

output messages are:

(a) Air Movement Data

(1) Flight Plans

(2) Flight Plan Modifications
(3) Progress Reports
{4) Track Data

(b) Transfer of Control Data

(1) Prepare Handover
(2) Accept Handover
(3) Assume Control

4, Executive Control Processing Ares.- This section describes those
functions necessary for control fo the data-processing functions.

L.1 Operate Mode Control.- Operate mode contrel will, upon starting or
restarting the computing complex, determine in which of the specified
modes the complex shall operate. This determination will be based on
a preplanned order or manual instruction. When }nitiating'the process-—
ing cyele, the operate mode control function will properly initialize
all necessary portions of the data-processing complex and transfer
control %o the appropriate sequence and timing control functions.

4,1.1 When restarting, the operate mode control function will expand
pertinent safe data into a complete data base appropriate to the current
mode of operation.

L.,2 Sequence and Timing Control.~ Sequence and timing controls the
sequence and frequency of operstion for all enroute data processing
functions. Sequence and timing aleo controls the input and output of
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datea between external devices and the computing complex, and assures
that internal transfers of programs and tables are executed in &
timely manner. In addition, this function controls the recording of
safe data and control data.

L.2,1 Safe Data Recording.- All current air movement data must.be.
recoverable in the event of a computer malfunctlon or mode change. To
provide for this recovery; all ‘information necessary to reconstruct
current air movements will be periodically transferred to a storage
unit which 1s not accessed by normal program operation end whose
contents are unaffected by computer malfunction, and environmental
transients such as power surges, disruptions, and the like. This
storage unit is referred to as safe storage, and the informetion
which it contains is known as safe storage. Safe storage will minimally
contain that portion of track and flight movement data which will
serve to reconstruct all such data. Specifically, safe dats will
provide for the regeneration of:

(a) A1l flight plans

{b) ALl prefiled routes

(¢) All wind information

(d) A1l track data

{e} A1l area responsibility information

(f) A1l conflict information

{g) All other essential control information
(h) All plan-position and tabular displays

4.2.2 Control Data Recording.- Control date recording encompasses the
retrieval of information during the operation of the system for sub-
sequent (off-iine) processing of the informaetion into the written
medium. The uses of control data recording vary from progrem shakedown
to system analysis and performance monitoring. When the system is
employed in the field, the recording function will also be utlilized as
a legal record and to recreate operational problems for detailed
analysis.

4,2.,2,1 The control data recording function will retrieve information
from specified sections of primary memory at specified times during

each system cycle, will pack and store the data in a working area,

and transfer the data to tape. The control data recording function will
operate with semi-permanent control table set up at the last start

of the computing system.

h.,2,2.2 Off-line reduction of the data will be independent of the
functioning of the real-time system.

4.3 FEquipment Error Detection and Recovery.~ The equipment error
detection and recovery function will monitor varicus eguipment elements
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of the computing complex. If it detects an error, it will attempt to
recover from the error. If unsuccessful, an attempt will be made

to diagnose the cause of the error, with control transferred to the
mode control function. The nature of the error and the result of the
recovery attempt will be printed on the on-line printer.

L.k, Program Dlagnostics.~ The program dlagnostic function will
determine all available details about any program executlon errors

that oceur during the real-time operation of the computing complex.

The compiled information shall be printed on the on-line printer. The
disgnostic function may be initialized to automatically transfer control
to the mode control functlon upon recognizing a program malfunction.

4.5 Confidence Routines.- These routines will perform confidence
checks during live-cycle operation in order to control the quality

of computing complex operation. The resuits of confidence checks shall
be printed on the on-line printer.

configurations represent a system design that comprises a reduced
Tunctional capability, i.e., not all the functions described in the
foregoing sections are performed.

5.1 200-Alrcraft Configuration.- The 200-aircraft configurstion has

-the following functional capability. Except where indicated, the

functions have the capability descrived earlier in this appendix.

(a) Flight Plan Data Processing

(1) Alphanumeric Inputs
(2) Fix Time Determination

(b) Surveillance Data Processing

{1) Controller Inputs
(2) Radar Inputs
{3) Automatic Tracking

{¢) Output Data Processing

(1) Plan-Position Display Generation

(2) Flight Strip Printing--This function causes light
strips to be printed for all new flight plans and
modified flight plans. This function also updates
the appropriate device used to communicate changes
of time and altitude data to the comtroller.
On-Demand Printer

Inter-Facility Outputs

P
L VL
o S
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5.2 100-Aircraft Configuration.- The 100-aircraft configuration has the
capabllity to track and maintain appropriate displays for 100 flighbts.
The functions included in this configuration are;

(a) Input and Surveillance Dats Processing

(1) Controller Inputs
(2) Radar Inputs
(3) Automatic Tracking

{v) .Output Deta Processing
(l; Plan-Position Display Generation

(2) On-Demand Printer
(3) Inter-Facility Outputs
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APPENDIX P

TECENICAT, PROPOSAL FORMAT AND CONTENT

1., General,- The written proposals submitted in response to this RFP
will be evalusted and a selection will be made which is found to be

the most beneficial from the standpoints of the technlcal aspects,

cost, and other factors such as the bifder's experience background and
management conslderations. However, most emphasis will be placed on the
technical aspects of the proposal, Therefore, it is important that all of
these points be covered adequately in the areas discussed in the following
paragraphs. To permit a thorough and effective evaluatlon, the proposal
should. be precise and complete while as brief as possible., Inclusion of
any important considerations not covered by this request is encourasged.

1.1 Proposal Outline,.- Bach of the items set forth below should be covered

in the order given, with any additional items covered following as separate
parts. The suggested contents within each item are not meant to be restrictive.
However, the importance of furnishing, as a minimm, the specific information
suggested herein cannot be overstressed, since the evaluation will depend
heavily on the writien proposals in selecting the successful bidder. The
proposal format and contents are specified in a manner to erhance the

proposal evaluation efTort, Therefore, there is an intended redundancy in

the requirements to specify certain items of information in various levels

of detail in different sections of the proposal.

2.  Hardware Considerabtions.- The specification permits extensive freedom

in the manner in which the data processing tasks of air traffic control are
organized., The data processing functions and reliability requirements have
heen emphasirzed. Only some minimum equipment requlrements are stated. This
approach is intended to allow the bidder freedom to propose & data processing
organization and configuration of equipment for the CCC which makes optimum
use of his equipment. The specification permits the use of two (but no more
than twu) data-processing machine types in th .flthree reguired flighﬁ
configurations (sectlon 3.2.1.3) provided that’ prOgramlng is identical for. ~
-each “machine type and expandability’ reguirements (3.2,1.6) are met. If

the use of two machine types is proposed, the substantiative data required
throughout this appendix should be furnished for each machine type separately,
and, where applicable, for the system as a whole.

2.1 Overall Funchional Organization.- Provlide a sufficiently detalled
description of the over-all functional organization of each proposed Centrsl
Computing Complex to demonstrate clearly an understanding of the data
processingfand reliability requirements, and capsbilities of the eguipment
functional orgenization to satisfy these requirements. Present a clear
explanation of how you plan to accomplish the proposed CCC design in.order
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to comply with the technleal requirements. The details of the manner in
which the experimental system was organized, although they appear in the
specification, are not be construed ag restricting the bidder's proposed
design beyond the stated loading information that it supplies.

2.1.1 Indicate brosdly the over-ail technical spproach to functional
organization and capability.

2.1.2 TIneclude and/or reference pertinent sketches, drawings, charts,
disgrams, etc,

2s1.3 If appropriate, indicate design alternatives which were considered
and indicate the reasons for the selected design.

off the shelf, and the amount of development effort required to modify
existing equipment to meet the tedhnlcal requirements.ﬂw_m“m-

2.1.5 Define the problems expected to be encountered, and the proposed
methods to be used to solve the technical problems.

2,2 Executlve Control (Functional Deslgn)

2.2,1 Mode of Operation Control.- Define and describe in detall your con-
cept of mode of operation control as it relates to the proposed CCC. .In
particular you shall cover but not be restricted to the followlng ltems:

(a) The features provided to meet the data processing and
reliability requirements in the Al and Cl operating modes
for the 325, 200, and 100 flight configurations. (It is
recognized that. the 100 flight configuration may have only
the Al mode, )

(b) The method and time required for dynamic changeover from
one mode of operation to another as a result of equipment
failure or change in operatlng capacity requirements.

(c) Give a general 1lndication of what provisions could be made
for functionsl degradation within a specified operating
‘mode as a result of partial failure of the CCC.

2.2.2 Performance Monitoring.- Discuss a possible design which makes use
of the proposed equipment complex, on-line maintenance program technlques,
and the executive program to detect and disgnose failures in the real-time
operation.

2.2.3 Interrupt Capability.~ Describe what use the executive control function
deslgn might make of avallable program and/or equipment-generated interrupt
capebilitlee in a particular CCC configuration for the Al and Cl modes of
operation.
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2.2.k4 Sequence and Timing,- Describe how the executive control program could
insure the proper sequence of program operation when sequence is critlcal,
how non-seguence-critical functions could be handled and what provisions are
made to insure that the system will keep up in resl time, Summarize the
runtiing times of all program and daba transfers that are required to perfom
the data processing function in the AL and (L (AL only for the 100-fiight
configuration) modes of operation for each proposed CCC. Care should be
taken 1o aseure that:

(2) Data needed in primary storage is available when each
program is operated;

(b) ZInput transfers do not interfere with on-golng
operations; and

(e} Output transfers are not initiated before the data is

prepared,

2.2.,5 CCC Size Variastions.. Discuss the executive control function in terms
of mpplicabllity to the three system sizes called for in this specilficaticn
and expansion reguirements that may occur in field imstallations, To what
_extent may reprograming be required to handle growth, and changing functionel
and operaticnal requiremente?

2,2.6 Gross Flow Chart.- Provide a gross flow chart outlining your -
thoughs on the executive contrel funetion. Show differences, il any,
between modes Al and Cl., Also, show any envisionsd variations necessary
for the 325, 200 and 100 flight configurations.

2.3 Central Computing Capacity.- This section describes the manner in
which the bidder is asked to validate the adequacy of each proposed CCC
with regard to storage, input/output, computing speed, and cycle time.
Data shouidl be presented in the format of the Primary Storage, Tnput/Output
Transfers, and Timing tables and should be plainly identified according to
which configuration--325, 200, or 100 aircraft--is intended. The functions
should be listed in the execution sequence of the assumed executive control
function design, If functions are executed in parallel, appropriate table
format adJjustments or notations should be made to clarify the presentation.
Presentation of data in these tableg should be keyed with a flow chart of
the assumed executive control function design, and with charts showing the
dynamic alloecation of primary and bulk storage and timing or 1/CG transfers
during the average processing cycle. Reasonable alternate approaches of
data presentation are atéeptable,’ However, the burden of sufficiency of
proof and epplicability to the problem rests with the bldder.

2+3.1 Adjustment Factors.- Appendices B, C, and D provide detalled dats
on the storage snd computing time reguirements for each of the required
data processing functions. These data are expressed in terms of the
program length, table lengths, and computing time required in the computer
of the experimental system. 'The bidder is asked to scale this data in
accordance with the characteristics of his proposed €CC organization. The
program lengbh for each Tunction should be determined by adjusting the
stated program length for the experimental system using the sppropriate
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program length adjustment factor (PLAF). The table storage requirements are
stated in terms of 32-bit words and should be scaled using the appropriate
deta word length adjustment factor (DLAF). The computing time for each
function should be determined by adjusting the stated computing itime
requirement for the computer of the experimental system using the appropriate
computing time adjustment factor (CTAF).

2.3.1,1 Sample Problems.~ Appendix A contains the specifications for

sample problems that are typlcal of the data processing tesks encountered

in air trafflec control. The program length snd operating time for the
sample problems on the computer of the experimental system ere stated.
Inetructions are given in Appendix A for. the determinstion of the adjustment
factors (PLAF, DLAF, and CTAF) mentioned above,

2.3.2 - Storage,~ Using the nonsparallel processing PLAF, determine the

program lengih for each Tunction which you propose to execute with a singie
computing element. Using the parallel processing FLAF, determine the

program length for each function which you propose o execute with
simultaneous operation of more than one computing element. Using the format
of the Primsry Storage Chart in Appendices B, C, and D, present data for
program length, datza table storage, working table storage, peripheral data
storage, estimated executive control program length, next function environment,
if applicable, and bulk storage for each of the data processing functions
consistent with your cholce for the dynamic use of primary and bulk memory

and the execubtion of funcbions for the assumed control function design. All
table lengths for -data storage should be obtained by adjusting the lengihs
specified in the Tables of B, C, and D, by the DLAF. Estimate the amount

and type of bulk storage that tne assumed executive control function design
reguires. Include in this estimate the storage necessary to effeci the
reliability, mode-of-operation. contiol, and safe data regquirements. In
addition to the above data, provide a primary and bulk storage allccation
chart showing the dynamic use of this storage -and ldentifyling transfers between
these storage elements during the processing eyele consistent with the assumed
executlve control function design.

263.3 InpuﬁfOutput Transfers.- Present data in-the format of the Input/Gutput
Transfer Charts of Appendiees B, C, and D for all data and program transfers
required to handle peripheral data, and those necessitated by the assumed
 executive control function design and éynamic use of primary storage. ZLength
of each transfer should be determined by adjusting the basic data presented
in the Tables of B, C, and D using the appropriate factor (PLAF or DLAF)

as described in 2.32.2. This tabular listing of transfers should be keyed

to the tranefers ldentified on the primary and bulk storage alliocation

charts by a chart which describes the timing of all I/O transfers during

the processing cycle consistent with the assumed executive -control fumetion
desipgn, Peripheral and recorded data transfers -should be identified, con-
sistent with your solution to the peripheral data handling problem.
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2.3.4 "iming Data.- Present timing data in the format of the Timing Data
Chart of Appendices B, C, and D for a1l data processing functions. The
primary use of this chart will be to determine that the proposed CCC and
executive control function design can perform the required functions within
" the specified cycle time of 2.5 seconds.

2.3.4.1 For those data processing functions which you propose to execute
with a single computing element, apply the non-parallel processing CTAF
(calcutated for the sample problem as specified in Appendix A) to the

listed computing time per cycle, For those data proecessing functions which
you propose to execute by simultaneous operation of more than one computing
element, apply the parallel processing CTAF (determined as specified in
Appendix A) to the listed computing time per cycle. It may be assumed that
all of the listed functions are structured in s way similar ‘o the composite
sample probliem specified in Appendix A.

2.3.4.2 The estimated total transfer time (including sverage time spent
in accessing bulk storage and peripheral data) assoclated with the
execution of each function should be stated. This transfer time shall be
estimated from the nuwber and length of transfers necessitated by the
assumed organization of the over-all data processing task and the stated
characteristics of input/output channels, primary and bulk storage, perie.
pheral data storage, and recorded daita storage. Congistent with the charts
describing dynamic allocation of primary and bulk storage, and timing of
transfers within the processing cycle, the amount of unoverlapped transfer
time assoclated with each function shall be determined, The unoveriapped
transfer-time data is to include estimates for the effect of "break-in"
memory cycles.

£.3.4.3 - In addition, an estimate of the computing time allocated to each
function for executive control should be entered dn the timing data charts.

£.3.4.4  The operating time allocated to each function for each cycle should
be computed (and entered in & blank column of the timing data charts, to be
labeled "operating time") by adding the entries for computing time per
cycle, unoverlspped transfer time per cycle, and executive control function
time per cycle.

2.3.4.5 The total real operating time per cycle for all functions shall be
computed {and stated on the timing data charts with appropriate label) by
combining the individual function operating times consistent with the execu-
tlon sequence of functions for the assumed executive control function design.
If the functions are executed in a sequence with no overlap, the itotal real
operating time per ecycle will be the sum of the function operating times.

2.3.4.6 If your executive design proposes simultaneous execution of
different functions in separate computing elements (i.e., in parallel},

the total real operating time per cycle showid be computed as Tollows!
Increases, as necessary, the individusl function operating time for any
functions which are executed in parallel to account for simultaneocus

attempts by these functions to access shared memory (see appendix A, 2.2(b)).
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Compute the totel real operating time by subtracting the total overlapped
cperating time from the sum of the adjusted funchtion operating times. This
total real operating time per cycle will determine complilance with the 2.5
second cycle time requiremente.

2.3.4.7 Using the charts identified im 2.3.2, 2.3.3, and 2.3.4, and a flow
chart for the executive conirol function as you visualize 1t, show how each
of your porposed CCC's perform the enroute functions and meet the cycle
time requiremént of 2.5 seconds,

2.3.5 Expandability.~ State the limiting factors for expandability of the
proposed CCC with regard to input/outpuﬁ and storage capability. If
effectlve computing speed of the proposed CCC can be further increased, the
method shall be outlined., A reasonable upper limit of effective compuiing
speed shall then be identifed. Indicate for each proposed CCC configuration
by what percentage the maximum aireraft load may be increased without the
addition of any other hardware. By what percentage can the maximum aircraft
load of the 325-Tlight confilguration be expanded by use of maximum permissible
number of elements? The nature of time, effort, and reprograming that may
be reguired shoulé be gpecified for each of the expandability alternatives
that are described.

2.3.6 Interrupt Capsbility.- Describe the interrupt capsbilities of your
proposed equipment complex. Show how internal and external interrupts may
be used In conjunction with youwr envisioned execubive program to handle
contreller and peripheral device requests for service,

2.3.7 Real~Time Clocks.- Provide information as to real-time clocks that
are gpplicable Tor utiliization .in your proposed CCC. Provide information
such as: :

(a) Types (internal/external);

gb) Interrupt features;

¢) Computer program access and manipulation; and
(d} Precision,

2.2.8 Code Standardization.- The adoption of American Standard Code for
Information Interchange or ASA Standard No. X3.4 presages its use for
filing flight plans with ATC facilities. This code is also under con-
slderation by FAA for inter-facility transmissions, with its adoption
probable. Furthermore, certain plan-position displays being procured by
FAA have alphanumeric inputs that use the 6-bit subset of the X3.4 code
containing the alphanumeric charaecters, and it is desired to continue this
practice. Describe how you would adspt the CCC to the above uses,
Indicate what effects this would have on system-oriented and computer-
oriented peripheral devices.

2.4 Relisbility Design

2,k,1 Reliability requirements have been imposed on the entire Central
Computing Complex. Therefore, the development of the relisbility design
should give consideration to the following factors,



Discuss
(a)
(v)
(e)

(a)
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The basle elements relisbilities;

The relisbility of the interconnection network(s);

The relisbility of proposed peripheral-device adapter(s);
The relisbility of the reconfiguration approach includ ng

(1) The availability of safe-data regardless of which
element faileg; and

(2) The availebility of the executive control features
required for mode-of-operstion control and recon-
Tiguration of active and redundant elements.

2.4.2 The following information should be provided asg & minimum.
Additional information may be provided asz appropriaste. The definitions
for the terms used in this section are presented in the specification.

(a)

(b)

(a)

(e)

Indicate the MDT (Mean down time) and MUT (mean up time}
Of each eguipment element of the CCC (computing, storage,
peripheral-device adapters, etc.).

Indicate the MDT and MUT of operstion-~of the 32% and 200
flight eonfigaration for both modes Al (80-100 percent

of peak demand and full functional capability) and Cl
(OJSO percent of peak traffic demand and full functional
capability),--and the Al mode of operation for the 100
fiight configuration.

Indicate the MDT and MUT of each CCC configuration for

Al and Cl modes of operation with one additional (beyond
that required to meet the specified relisbility and
minimum hardware requirements) redundant element of each
type (camputing, storage, peripheral-device adapber, ete. )
if the system configuration aliows such an expansion.

Indicate the mean time between transient failures involving
the failure of an active element when a redundant element
is availsble to replace the falled element for modes Al and
Cl,

The MDT and MUT for the CCC equipment elements should be

based on actual operatlon experience lnsofar as possible.
Soate the operational experience and test results for

(a) and slso any that would help to confirm (b) through (d).
State the evaluatlon procedures, including loads and con-
tinuity of exercising, computer programing, and certifications
applicable to these evaluations. '



FAA-ER-606-063 -F&-

(f) Wherever deta from operational experience 1s not aveilsble
in reference to (a), (b), (¢}, and (4) sbove, provide all
equations, mathemsbtical technigues, and data used in the
camputations. Provide derivations of technigues us=d Iin
order to Justify their validity.

{g) Present the mathematical model for reliability and main-
talnability of the CCC configured to operate in the Al and
Cl modes of operation except that the Al mode only is
applicable to the 100 flight configuraition.

(h) In ceses where the fallure of an active CCC element results
in switching to redundant element, describe how changes in
the CCC configuration are achieved and the amount of time
required for changeover.

(1) Present the extent to which you employ the following re-
lisbility design technigues: derating of the component
piece parts, use of parts having a history of reliable
operatiion In other systems, examinstion of circult and part
tolerances to insure minimization of drift-type equipment
failures, and a review of packaging and production methods.

2.5 Central Couwputer Complex Eguipment

2.5.1 CCC Elements.- List the funciional units, such as storage elements,
eomputing elements, ete., which make up each proposed CCC, indicating the
nunmber, type, and capaclity of each unit required to satisfy the specified
- CCC capablilitles,

2.5.2 Peripheral Equioments.- List and describe the computer-coriented
periphersl equipments proposed for use with each central computer <¢one
figuration specified above. Is any provision made for high-density, low-
cost magnetic tape:

‘2.5.3 Modularity.- Present descriptions of the nature of modularity for
each CCC element and the system as a whole, as appropriate,

2.5.4 Two Data-Processor Machine Types,- The specification permits the use
of two (but no more than two) data-processing machine types in the total of
three reguired flight configurations (3.2.1.3), provided that programing is
identical for each machine type and ‘expandability requirements (3.2.1.5) are
met. In general, the use of more than one type of machine tends to causze
an inecrease in complexity of certzin areas of the system and assoclated
support activities. Therefore, each bidder who proposes use of more than
one machine. type shall.discuss in detail the following list of system
characteristics which may be coneldered as trade-off items in evaluabting
the oversll effectiveness of the particular design approach:
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(a) Added costs for logistic and persomnel support activities
because of the use of increased hardware variety;

(b) Technological advantages through use of the wider choice in
selecting system components;

(c) The necessity of universally meeting the interface require-
ments of computer-criented and system-oriented peripheral
devices; and

(&) 'The need for being able to expand & configuration in small
increments to keep abreast of increasing load requirements.

2.5.5 Design and Construction.- In accordance with 3.10 of the specification,
it is desirable that the eguipment meet requirements of ER-D-406-010, or
appropriate MIL specifications, or both. If equipment meets MIL specificatlons,
it should be so Iindicated with a listing of the applicable MIL specification
or specifications. For equipment that does not meet MIL specifications, a
description of each deviation between the equipment and the reguirements

of ER-D-LO6-010 should be furnished,

2.6 Reliability/Maintainability.— Information on the following items
should be presented; sdditional information may be provided as appropriate.

(a.) Msintenance Approach.- Describe the maintenance approach
for the CCC and show that it will adequately support all
maintenance and relisbility requirements. Describe in detail
how gcheduled and unscheduled maintenance {3.8.2.2 of
‘specification) would be performed on the CCC elements in
& 2h-hour, T-day-per-week equipment operation. In
particular, describe how a subsystem of elements might be
taken off-line to perform off-line maintenance functions,
Confirm that sufficient controls (keys, switches, indicators,
etc.) are supplied to perform this function without inter-
Tering with the operationsl ATC system.

(b) Monitoring Features.- Describe the equilpment monitoring
features (automatic and manual)} for error checking and
trouble recognition while the machine is performing the
operalional functions.

(c) Diagnostic and Maintenance Features.- Describe the
gvallable feabtures for trouble isolation and definition.
Indicate whether the features operaie continuously or oniy
during downtime,

{(d) Scheduled Maintenance.~ Specify the frequency and length of
time recommended for scheduled maintenance of each element
proposed,
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(e)

(£)

()

(n)

(1)

(€))

(k)

(1)

(m)

(n)

(o)

Instrumentation.~ List the instrumentation that is
provided with each proposed CCC for maintaining and
repairing it. Describe separately any special equipment
which is being provided in this procurement.

Stenderdization.«~ Indicate the extent t0 which the proposed
CCC uses military approved or military standard piece

parts and techniques., The degrees of clreuit standardization
should also be defined and described.

Quality Control.- Describe the procedures used for
maintaining quality control within your organilzation.

Melfunction Eveluation,.« Desgcribe normal company procedures
and methods for malfunction data collectlon, feed-back, and
analysis used during environment and accepiance tests for
CCC-type systems. ZIndlcate how such data 1s used if
corrective actlons of significant relisbility and/or
maintainadility problems at either the equipment, unit,
subunit, circuit, or part level.

Failure Analysis.~ Describe procedures for conducting a
failure analygis effort to determine the causes of baszic
failures in the CCC,

Lorrective Action,~ Define and describe the corrective

action process employed in connection with the malfunction
evaluation snd failure analysis activities described above.

Long-term Bvaluation.~ Describe procedures and methods, 1f any,
data for collection, analysis and feedback, and corrective
acblion process concerned with continuing evaluatlon of
rellability and maintainability of CCCwtype systems Installed
in the field.

Preventive Maintenance.- Present a plan for preventive
maintenance of each complete CCC.

Maintenance Personnel,.- Define the number and qualifications
of personnel required to maintain and repair each proposed
CCC for continuous operation 24 hours per day, seven days
per week, Specify, by class breakdown, the type(s) and
amount of tralning required by maintenance personnel.

CCC Operators,~ Define the nunber and gualifications of
personnetl regquired tooperate each proposed CCC for 2L hours
per day, seven days per week. Specify, by class breakdown,
the type(s) and amount of training regquired.

Variations in Manpowr Reguirements.- Indlcate the changes
in manning specified in {(m) and (n) due to the operation
of the CCC in the high (A1) and low {C1) load modes specified.
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(p) Spares.- Define and describe the nature and quakity of
spares required to support continuous operation 24 hours
per day, seven days per week, for one year, for each size
CCC. The method(s) used should be consistent with the
reliability prediction techniques.

(q) Maintepance and Test Equipment,.- List, and describe if
necessary, the quantities and types of all genersl and
specialized maintenance and test equipment being provided
(3-8.3.&) to support each size CCC. TInclude a per unit
{approximate or firm price) cost breakdown with this data.

2.7 Epviremmentsl Factors,- Describe all aspects of each CCC envirdhment
lncluding but not restricted to the following items:

{(a) Ambient Temperature Range.- Define the operating and
non-operating acceptable temperature ranges.

(b) Humidity Range.~ Define the operating and non-operating
acceptable absolute and relative humidity ranges.

(e} Air Conditioning.- Describe any integral air and/or liguid
cocling used., Discuss alr conditioning fallure in terms of
system reliability, including operating time after fallure
of any integral cooling system.

(d) Power.- Give the system power requirements, including number
of circuits, voltage(s) plus tolerance, kilowatts, frequency{ies)
‘plus tolerance, power factor, turn-on surge currents, ete.
If a motor-generator set is reguired for normal system operation,
discuss your proposed redundancy of this equipment to meet
the reliability standards of this specification.

2.8 Thysical Characteristics.- Describe the physicsl characteristics of
each CCC, The information provided should include but not be restricted
10 the following:

(a) Type of packaging.

{(b) Numbercof physical units.

(¢) Dimensions.

(¢} Type of installation--including type of building features
required, such as false floors, overhead or under-Tloor

cable of air ducts, tie-down features, etc.

{(e) Floor space--indicate the amount of floor space reguired
© for each of the three CCC configurations.
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(£)
(=)
(n)

(1)

(3)

(%)

Welght and fliocor loading.
Level and spectrum of audible noise produced by equipment.

Cable length limlts for non-contiguous location of CCC
elements and/or equipments connecting to the I/0 channels.

Where applicable indicate ratic of transistor use to
vacuum tubes or indicate all-transistor. Report the type

of cirecuit components and packaging used. Describe the

level st which sub-assemblies would be replaced for
maintenance or repair. Describe techniques and test
equipment needed to repair replaceasble sub-assemblies.

Electromagnetic interference characteristics, both
internally or externally generated. Indlcate whethér
shielding is required and to what extent 1t is required.

Explain the grounding system, and grounding requirements
for peripheral equipment.

2.9 Machine Characteristics.- With regard to your proposed equipment camplex,

supply informavion regarding the following items. Additional items may be
presented if approprisate,

(a)

(v)
(e)

(a)

(e}
{(£)
(2)

(n)

Define type of arithmetic used. How are negative numbers
handled? Is provision for floating point arithmetic
included? Is provision for double precision arithmetic
included?

Degcribe instruction repertoire,

Degeribe Instruction execution rate and present supporting
theoretical studies and measured or calculated performance
based on the sample problems.

Describe I/0 rate for each channel.

Describe access time{s).

Discuss transfer time(s),

Define index capsbility inecluding sequential and simultanecus
cperations, and indirect addressing if svailable,

Discuss gpecisl feabures including bub not restricted to a
definition and description of ithe following items;

(1) Real time indicator(s).
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(2) Interrupt features, indicating type {equipment or
program controlled}, frequency of use and priority
echeme, 1if sppiicable.

(3) ZError checking and trouble recognition features.
Deseribe parity check structure included in proposed
CCC. Any sdditional features such as confidence check
routines, complete word or character checks, or
automatic error correction should be carefully
evaluated in terms of cost and complexity and the
evaluation presented in this section.

{4) Parallel use--i.e., the capability to use a portion
of the CCC during slack times for other functlions
such as data reduction, training, and computer program
checkout while the remaining portion of the CCC is
performing the operstional Tunction.

(5) Peripheral tie-in--the ability to connect peripheral
equipments to the CCC for certain non-operational
functions, such as data reduction, maintenance, and
program checkout.

(6) Interchangeability of units.

(7) Hase of expansion.

(8) Ease of modification for new features or functions.

(9) Control eonsole features and. functions.

(lO)\If applicable , define the nature of possible simul-
taneous operations such as T/O--computing operation(s)
and I/0--1/0 operation(s).

3. Software

3.1 Support Programs.- Describe and discuss the following software support
programsS., Do not necessarily limit your discussion to, but be sure to
ineclude, the items specifically mentioned in the succeeding paragraphs.

In particular, clearly lndicate what software you intend to supply with

this procurement that is not a mandatory software package as called for
in the specification, ‘

3.1.1 Assenbler.~ Include in your proposal s description of the assembler
stressing any inherent special features which would minimize the programing
effort described in the specification. Include in this description
information as to:

(a) Supporting data or information based on exisbting use
of the assembler in & complex similar to the CCC.
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(vp) Librery routines available.
(e} Training and programer experience level required.
(d) Details of assembling, including:

Assembly progrsam size and timing information.
frror detection characteristics.

Listing format and content.

Egquipment required other than that in the CCC
required for assembly.

(5) Assembly monitoring program, if any.

(1
(2
(3
(%

Nt S N A

(e) Program debugging aide contalned with the assembler.

(£) 1Insert-and-expand, delete-and-contract features.

(g) ©Special features.

(h) DLimitations.
3.1.2 High Order lLanguage.- A high order language(s) oriented to your
proposed CCC is desirable. A description of the langusge, if any,

ineluding special features which would minimize the extensive programing
effort is requested, Include in your description:

(a) Supporting data based on existing use of this langusage
.in a complex similar %o the CCC., Indicate features
or functlons inherent in the language that make if
gpplicable to program development in the CCC.

(b) Library routines available.
{e) Training and programer experience level required.

(&) Language efflciency, including estimates of additional
primary and bulk data storage required as the result
of object code derived through use of the langusge.

(e) Details of compilation including:

} Number of passes required to obtain object code;

) Program size and timing information;

) Error detection routines;

} Listing format and content:

) Equipment other than that in the CCC required
for compilation; and

) Compilation monitoring program if any.

——— T Ty T P
[ RN = UM

{f) Progrem integration and debugging aids.
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(g) Bpecisl festures.
(h) Availability.
(1) Limitetions,
3.1.3 Utility Programs.- Discuss the characteristics of the following

utility programs which are being supplied as delxver&ble items in accordance
with the specification (section 3.7.1):

(a) Loaders.
(b} Dumps.
(¢) Programing debugging aids.

You are encouraged to submit descriptions of any additional utility system
programeg which are available but are not a mandatory deliverable item under
the specification,

3.1.4 Mmintenance Programs,.- Discuss the characteristics of the maintenance
programs which are being supplied as deliverable items in accordance with
the specification {sections 3.7.3 and 3.8¥r« Show that the hardware con-
Tlgurations proposed are capable of performing the software functions
(on-line and off-line maintenance) regardless of whether such software is

a deliverable item under the specification. If software packages already
exist to perform portions of on-line or off-line maintenance tasks, or both,
include s description of such software packages with the proposale.

3.1.4.1 Tn particuler, include in your discussion a detailed review of
the following items:

{(a) A detailed description of a maintenance subsystem to
maintain continuity of operation and effect system re-
configuration in the CCC you propose. include:

{1) A description of how you would configure the
maintenance subsystem;

(2) A description of how you would perform operational
maintenance; :

(3) Describe how you would perform preventive maintenance;

(4) How you plan to reconfigure the system for eguipment
Tailures and automatic mode transition; and

(5) What isolation procedures are necessary when
using thesge programs to prevent interference to
the operational real-time systen?
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(b) A description of programs that are available or will be
agvailable thet might be employed in the msintenance gube-
system.,

(e} Timing and storage estimates for those routines to be
ineluded in the operational cycle time of the CCC.

{d) A list of programs of this type which are in use,
indicating user organization(s) and nature of the
effort.

3.2 Program Checkout and Testing.- Discuss the following items:

{(a) Program{s) that will be availsble for program checkout
during the production phase. Indicate documentation
that will be supplied with these ltems.

(b) Features availlable at the control console and/or in
computer-oriented peripheral eqguipment that can be used for
program checkout.

3.3 Expandablility.~ Describe the nature of progreming effort required when
additional capacity (memory or I/0) is added to the CCC but the basic
functions are unchanged. Are there advantages to be gained by & sub-
stanbial reprograming effort versus using expandsable addressing technigues?
I 86, what are they)

i, Acceptance Test.- Describe in detail your approach to developing an
acceptance test procedure for the CCC. List and describe the software
necessary to implement this procedure.

5. Vendor Support.- Describe the nature of vendor support avalilsble to
cover items such as the following:

{a) Prograuing

(b) Maintenance

{¢) In-plant facilities for testing in-service improvements.

(d) Rxisting Pacilities.- Describe and list existing
facilities using identical or similar equipmentsg. Indicate
the availability of these facilities to support an effort
concerned with the CCC.

(e) Personnel Training.- Indicate the avallability of persounnel
training facilities, inecluding text or course material to
train operational and maintenance personnel.

6. Additional System Information

6.1 PSystem Support.- Discuss the suitability of the proposed computer system
configurations to simplify logistic support for a maintenance system in"‘the
areas of!
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{a) Bpare parts;
(b) Personnel training in programing and maintenance; and

(c) Software implementation to cover initial installations
and later functional additions.

6.2 Overhead Development Facility.- Discuss the suitability of the
proposed CCC for use at an overhead development facllity to provide for:

(a) Standardization of hardware and software elements
throughout the field;

(b) Standardized documentation;
{c) Maintenance of programs in the field; and

{d) Development of software improvements and additions
for inclusion in field installatione.
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