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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 conbractor
shall furnish the necessary I/O channels for the nuber of such displays
used in accordance with his peripheral-device-adapter concept, Figure 35-1
indicates in block form the bounds of the CCC,

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

wit oubtpute to external devices for the generation of displays, printouts,

etc. These input/output transfers, the processing of inputs, the preparation

of outputs, and the internal processing will be carried out largely on a

cyclic basis. The daba processing workload required by the ATC functions

is described in 3.3. The workload requirements of 3.3 are divided into "
the following data processing arveas: flight plan data processing, surveil-
lance data processing, and output data processing., Bach of the data-processing |
arems 18 Turther broken down into a set of functions. —

3.2 Hardware Requirements.- This section of the specification delineates
cervain hardware requirements for this equipment., The nature of the ATC

date ‘processing load, together with reliability and redundancy considerations
g8 conbained in other sections of this specification, may reguire that these
standards Ve exceeded. These standards apply to each of the system configure-
tlons specified herein, except that for the 100-flight configuration (3.5.3),
it shell not be necessary to add a third element of any type to provide the
"fail-softly” feature where two elements would. otherwise suffice,

3.2.1 CCC Bquipment Design.- The CCC shall be a high-speed, general-purpose,
digital; solid-state, stored-program data processing system. Its deslgn -
utive program which assigns tasks

lements on the basls of first available, so.thab.
uting element 1s critical to the ope ation of the system,

S

no Eingle comg

i

3.2.1.1 OFf-The-Shelf Tlements.- A major requirement of the equipment.is =/
that the CCC elements shall be "off-the-shelf,” The following requirements
I ' et ’ 5

<

o S

apply:

(&) Programer and assembler reference manuals for the CCC must be
available in accordance with software documentation requlrements
of section 3.T7.

() In the event the Government requires a program assembly debug-
ging facility in any request for proposals in which this specl-
Tication is a part, the contractor shall provide a scaled-down
Tacility for program assembly and debugging. Elements identical
to those used in the CCC are not mandatory, provided the
computer complex offered adequately simulates the CCOC for
debugging purposes. If elements other than identical to those
used 1n the CCC are furnished, the contractor shall provide
any swxiliary assembler software necessary to accomplish
program assembly ot the debugging facility.
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3.2.1.2 Modular Hardware Design.- Bach specified CCC configuration shall
be modulsr. The term modular ls defined and described by the follqwing
characteristics:

(a) Capabllity 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) TInput/output modular failure degrades only the I/0
transfer capability of the system, but does not
knock out any peripheral device, affect the com-
puting speed capability of the system, nor lower
its active memory capacity;

(2) Computing (arithmetic and control) module failure
reduces only the computing speed capebility of the
" system, but does not reduce I/O transfer capability
or active shared memory capacity;

{3) Active shared memory module failure reduces only 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,
existe for utilizisg excess capacity in the three major
data-processing areas for extrs system reliability. This
is not 40 be interpreted as the concept of active and

. switchable standby units, but rather one where the design
and configuration permit all units to cperate on-line in
the system such that system confidence checks lead to &
dynamic, Tast response capabllity for system recovery from

active module failures. A modular system, therefore must be.. *

capable of monltoring the Status of its major elements and
defining capability with reference to & pre-established
tav1e (on-Iine elements. and.aircr load vs. functional capa-
bility for the particular environment). to permit dytismic system
FECOvery., S

IR—— S

The term"element" as used elsewhere in this specification, when referring
.0 computing, I/O, or shared-memory functions, shall he considered as
synonymous with "module,"

3:2.1.3 Use of Two Types of Data-Processing Machines.~ The use of either
-one or two (but no:more than twe) data-processing machine types in the total
of three required flight configirations will be acceptable, provided that
programing is ldentical for each machine type and expandability requirements
(3.2.1.6) are met, '




puter word shall be utilized in all C
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3.2.1.4 Redundancy of CCC Elements.~ The nunber of elements of each type
snall pe devermined for each configurationsusing the load and timing tables
of appendices A, B, C, and D. These configurations shsll reflect the
capabilities of the particular elemente of which they are composed, as well
es the peak load of each complex {3.5.1, 3.5.2, 3.5.3)., To each such
complex, it is required that at least one additional elemeiit”of each type.
be added as a redundant element to provide n case of failure under
peak load conditicons., "As an example, if 1% is found that tHe"&ystem approacn
reqﬁﬁ?ggfﬁﬁféﬁ”mﬂmnry«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 also extends

+0 the mumber of independent paths through any I/O device to any system- .
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, and keyboard
entry device (for computer servicing, not part of system functional operation)
where the requirement is for only one of each type. Sections 3.6 and 3.8 '
may causé the reguired mumber of redundant elements or channels, or both to
exceed the minimum requirement as stated and have precedence over these
mininums .

3.2.1.4,1 Redundancy of Peripheral.Device Adapters.- Any proposed peripherale
device adspter units for reading in or out of teletypewriters, digital data
transfer devices (including radar/beacon digltized dats transfer devices),
nmanual keybosrd entry devices, and high speed printers shall also contain
sufficient redundancy to provide backup in case of a single failure. The
exact means of achieving this shall conform with requirements for the particular
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
ares of data recovery in case of fallure. The contractor shall provide s
means of imswring redundant operation in line with the preceding requirements

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

3.2.1.5 Parity Check Feature.- 4s.8.;

.8, 8ingle parity bit per com-

. ory/input-cutput/computer transfers
and storage. All transmissions €6 &Ad T¥om system-oriented peripheral devices,
although not yet defined, will also include at least one parity bit per
transmitted character, byte, or word. The computer-oriented periphersl
devices should, as a desirable feature, also adhere to this one-parity-bit.
per~transmission requirement; however, other checking mesns for transmissions
to and from: computer-oriented. peripheral devices will be consldered. The
magnetliec tape units, however, shall contain a parity check faclility for both
reading and writing tape with a parity bit 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



“Gu FAA-ER-606-063

(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 equipment shall consist of:

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

(

7
(b} Error-detection logic; and fkf* Ao, FL4&££1J/Wtd££&mtiﬁig//k
(c) Off-line test equipment (3.8.3.4).

This equipment and assocliated maintenance 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)J or both,~- The
monitor console{s) or supervisory console{s) or both, shall have the
folliowing controi and monitoring facilities. These hardware items shall be
supplied in sufficient quantities to meet the requirements of the operational
ATC system in addition to the stated additional reguirements for a maintenance
subsystem and other off-line data processing facilities.

{a) Keys (or switches) to control the basic operations of
the CCC consistent with the reguirements for operation
in either s real-time or program debugging environment

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

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

{d) TIndicators to visually display mode status,
error conditions, and contents of
selected reglisters.

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

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

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

on A nearby printer;

{d) An audible indication should be provided when & fault or
program stall condition occurs. The audible indication
should then be turmed off manually, but should be automatically
reactivated to sense for the next fault or stall condition;

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

(f) Console(s) should operate in a multi-progrem enviromment.
Additionel switches and control logic (or entire consoles)
should be supplied where necessary.

3.2.1.10.2 Error-Detection logic,.~ The error-detection logic of the CCC
shall automatically detect and indicate to the monitor comsole faults
occurring within each element of the CCC which would prevent proper system
operation, All error-detecting features shall function so that any fallure
of exrror-detecting circuitry will indicate a solid error,

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

3.,2.3 Radio-Freguency Interference.- The (CC equipment shall satisfy the
basic limits of interference and susceptibility as specified in 4,3, 2,
k.3.4,1.1, 4.3.4.1.2, mduahEOfm:EzGéoo(USAF)andAmendmente
thereto. The contractor should note that the prospective locale for each
CCC installation will be one that is subject to large amounts of radiated
or conducted electrical interference energy. The CCC equipment shall
function satisfactorily under existing conditions at such a locasle., Bources
for the electrical interference include radars, communication equipment,
display equipment, teletypewriter eguipment, and similsr 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 criteris for arriving at an organization and
system.51ze suited to the three configurations specified in 3.5.1, 3.5.2,

3.3.1 Inbroduction.- The data processing requiramants for each coufiguration
~ are stated by apeclfyingz _
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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 Organization Reguirements.~ Because a detalled organization of
the data processing task is dependent on equipment characteristics, this
section specifies only the general characteristics of the systenm organization
and the assoclated requirements. A data processing organization shall be
determined for each system configurstion reguired which is suited to the
capebilities of the particular CCC elements. The organization must account
for the impact of program, table, and I/O 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, C, and D are o be translated
into load requirements 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 character-
istics of the bulk storage that is part of the CCC--its access time and
transfer rate. The second factor ie the characteristics and cepebility of
the input/output (I/0) elements. Within the limitations imposed by the
enviromnmental requirements of the data processing functions, l.e., the dats
input end oubtput transfers and the program and table transfers, trade-offs
exiet emong the required size of primary siorsge, the amount and character-
istics of bulk storage, and the I/O capacity of the CCC. The best solution
depends on the hardware characteristics of the CCC equipment elements and the
technique used for external peripheral data handling {3.h4).

3.3.2.2 Tnputting and Outputting.- All data channelg that input information

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

Input data baiches may be accumulated in buffers external to the CCC, in
primary storage tables within the CCC, or in some combination of the two.
Similarly, output data batches may be block transferred to external buffers,
held in primary storage and metered out to peripheral devices at the appropriate
rate, or handied in.some combination.

3.3.2,3 Data Flow.- The flow of data through a typical system is summarized
in the tlow chart of Figure 3.2, All significant interactions have been
shown. Functions have been segregated into four areag: flight plen data
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 assoclated
with the flight plan and surveillance data processing areas are the only ones
shown. Tables in Appendices B, C, and D indicate the size of these tables and
elsc the addiiional working tebles regquired for each function.

3.3.2.54 Conditional Operations.- Certain functions, indicated by an
asterisk on Figure 3.2, need be operated only conditionally on the occcur-
rence of some previous event. For example, alphamumeric keyboard input
processing need not be performed unless there are inputs to be processed,
Nevertheless, for the purpose of determining dsta processing requirements,
all functlons sbell be assumed to be operated every cycle. (The loads shown
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by Appendices B, C, and D for conditional operations bas already been prorsted
t0 permit this.) Handling of conditional operations rests with the execubive
control function and whatever speciel features, such as interrupts, that the
particular CCC equipment provides,

3.3.2.5 BSecuence of Functions.- The sequence used by the experimental system
for performing functions comprising 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 area, e.g., assoclation checking, are not considered sequence
eritical, 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 number of functions are involved and insure that the most recent
data available to the system is utilized for the outpuis. To illustrate the
effect of the sequence in the flight plan area, considered the .case where a
controller requeets a conflict probe for a particular flight plan. The Con-
troller Inputs function detects this action and sets the appropriate indicators
80 that the Conflict Detection function will probe the flight. However, the
Conflict Detection function will not operate until after Flight Plan Dyneamics
80 that the most recently updated flight plan data is ubilized. The flight
plan data base may be updated by either Controller Inputs or Alphanumeric
Inputs. Conseguently, both these funcitions are operated before Fiight Plan
Dynamies. After Conflict Detection operates, ithe resuits of the conflict
probe are communicated to the operator through the appropriate Pats Output
function and associated cubput device., All functions are performed every
cycle,

3.3.2.6 OCperation at Reduced Demand.- When,the.traffic demand decreases below “T
20, pere capacity, . the. CCC will be operated in the iow traffic . &
demand ]evel. bed~in 3.6.1.1. Nc requirement exists that the same data
processing organization or table structure that services the peak-demand level
also service the low-demand level. It may be assumed that a different data
processing organization--specifically tailored t¢ accommodste only this re-

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

to assume also that different master program routines service each mode of

operation.

3.3.3 Storage, Input/Output, and Computing Time Requirements.~ All data
provided in the tabulations included in Appendices B, C, and D are based

on the experience gained from the design and operation of the experimental
system. The data processor of this experimental system is cagpable 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 stated system capacity and cycle
time requirements. Tables B-la, b, ¢, B-2a, b, ¢, and B-3a, b, ¢ of

Appendix B, for example, show, as a function of load, the common table and
program routine stiructure existing for the listed functions of the configuration
for 325 flights (3.5.1). The data is presented in this form to permit consider-
atlon of & datae processing organization which would permit 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 information. For outputs, and for inputs
in the case where inputs are inmbernally buffered, the Mandatory Transfers-
Peripheral Data entry of Tables B-2a, b, ¢, C-2a, b, ¢, and D-2s, b-would be
the average smount of infermation plus associated overhead data transmitted
for each fype of input or output during each 2.5-second .cycle.

3.5 System Configuration Reguirements.. Three complete and separate COC
system configurations are specifled in the following paragrsphs. Each
configuration shall Bandle the specified functions and processing load with
the minimum quantity of equipment that meets the require redundancy’and
ﬁ:i%2?E}Eﬁﬁﬂfﬁ@uxr@ﬁEﬁta*uMNnﬁe That the thres system o Pipuratiots are

such as to facilitate transitions from the smaller to the larger and
thus permit subseguent FAA programs to progressively implement functions and
looding at a mgiven location.

3.5,1 Configuretion for 325 Flights.~ A CCC configuration shall be furnished
which providesg for data processing in B.ccorda.nce with functions and loading
specified by Tables B-la, b, ¢, B-2a, b, ¢, and B-3a, b, ¢, and for the
external peripheral devices specified by Table B-i, This configuration ghall
handle 325 flights (n = 325 in the data processing ta.bles) and the functions
indicated by the tebles. The CCC equipment shall include all required
peripheral-device adapters to input and output data between the computer I/o
channel and the external peripheral devices described by Teble Buh except
for the peripherasl-device mdapters required for the plan-position a,nd tabular
displays. The computer-oriented peripheral devices called for in 3.2.1.9
sha.ll also be provided.

3.5.2 Confleguration for 200 Flights.- This is a scaled-down version of the
325 flight configuration. A CCC configuration shall be furnished which provides
for data processing in accordance with functions and loading specified by
Tebles C-la, b, ¢, C-2a, b and C-3a, b, ¢, and for the external peripheral
devices specified by Table C- ﬂ This configuraﬁlon shall handle 200 flights
(n = 200 in the data processing chaerts) and the funchtions indicated by the
tebles. The CCC equipment shall include all required peripheral-device
adapters to input and output date between the computer 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 tsbuler displays. The
cowpu$er-oriented peripheral devices called for in 3.2.1.9 shall alsc be
provided.

3.5.3 Configuration for 100 Flights.- This shall be a minimum configuration
system consisting of a reduced version of the 200-flight configuration. It
shall perform the radar/radsr-beacon trackKing function for 100 simultanedus
tra.cks with inputs from four radars, and provide 100 alphammeric tags in.
s,ssociai‘.ion with ‘vides on a zﬁanw-position d:.spl&y. This CCC configuration
shell provide for deta processing in accordance with functions and loading
specified by Tables D-2, b, D-2a, b, and D-3a, b, and for the external
periphersl] device apeci.fied by Table D-k. This eonfimation shall handie
100 flighte (n = 100 in the data processing tsbles), and the functions
indicated by the tables. The CCC equipment shall include all reguired
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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 computer-oriented peripheral devices called for in 3.2.1.9
shall also be provided. This CCC configuration shall incorporate sulfficient
hardware to perform the regquired functions, at the specified load of 100
flights, using conventional programming techniques and available software,

3.6 Reliability

3,6.1 Introduction.- The CCC shall provide funciional 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 mumber of
hardware elements that are avaeilable under program control, the CCC shall at
iixﬁ@/ﬂﬂai;:§g§§;gﬂﬂpx;psing redundant elementg; i.e., no functions are to
be discontinued nor iz thé fatfe at which these 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 gvailable are less than that needed to maintain a fail-safe
condition, the complex shall "faill-softly" by first extending the time
interval for selected functions (functions chosen to result in no loss of
input data) and second, discontine some fuunctions. 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 absolube
minimm of scheduled and non-scheduled down time shall be achieved by:

o 7
N (a) Redundant capacity.for all hardware elements, together with ﬁ%f} 'i
“%( = automatic error and failure detection, and dypamic system Cinrcie
e, recovery capabiltty tHToUgh ZCtivation of the redundant elements.

(v) Automatic adjustments in the scheduling of data processing
loads and functions for the CCC elements when failures
occur. The available data-Processing capaciby shall be
applied to the load requirements so that a reduction in rate
or of functions does not occur wille excess capacity is
availsble in the CCC,

This latter feature permits the CCC to maintain performance during light
traffic demand periods even though element failure ccecurs after all redundand
elements are in use. It alsc permits the COC to maintain limited performance,
at the expense of dropplng some functional capsbility, when more severe
failures occur.

3.6.%.1 Diurnai Load Variations.- The daily traffic demand on the CCC varies
approximately according to the following rates:

a) Hi 80 to 100%.of peak capacity for 5 hr/day (severel hours
¥ .
in the morning and several in the late afternoon),
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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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(o)

Non-clearing fallures of an active element requiring deacti-
vation of this element and ite replacement by a redundant
element, if available,

2,6,2.7 Mean Down Time--Mean Up Time

(a)

(v)

Mean Down Time (MDT) is the mean of the times required to
re-establish the desired mode of operation of the CGC afber
it has bad a mode failure. Failure 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 failure initiated by some other

‘element,

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

3.6.3 Detailed Relisbility Reguirements

3.6.3.,1 Detection of Element Failure and Dynamic Activation or Deactivasion

of Elements and Functions According to Fallures snd Traffic Demand

(a)

()

The CGC - shall provide redundant capsbllity for all hardware
elements in the form of additional elements over and sbove
the muber reguired for full load, full functional operation;

The CCC shall automatically detect failure, ervors, and mal-
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 technigues used to
accomplish this automatic detection and element activation/
deactivation may utilize both hardware logic and programing;
however, the hardware design ghall not impose an excessive
burden on the programing effort in order to realize these
automatic Teatures;

Wnen elements fail in excess of those available for

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

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

but the traffic demand 1s low enough that there is sufficlent
excess capacity available in some elements that have not

failed, the CCC system shall deactivabe the defective
element/elements and redistribute its asséigment of functions

£0 that no loss of function occurs when operating with
appropriate software. (Such software is not a deliverable

item under this specifteation.) Note that whenever the CCCO's
effective overall capacity is marginsl or insufficient to handle
the current demand and functions, due to spme defective element,
the funcilonal capability shall degrade and not the traffic load
capability;
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{d) When elements fail in excess of those available for
redundancy, and the traffic demand is such that insuf-
ficient capacity is available In the remaining elements,
the CCC system shall deactivate the defective element/
elements and automstlcally 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
capacity; i.e., data and reporis from all aircrafi shall
be processed and no data shall he lost., As traffic demand
varies under this condition, the functional capability shall
increase or decrease as required 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 statistical analysis. However, this usage
shall not affect the operating program, and shall not
prohibit these redundant elements from being automatically
brought into active operation; and

(f) The reconfiguration function described in (b), (c), and (4)
above shall be accomplished without manusl intervention.

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

(a) For a non-clearing transient failure {i.e., an active

mode fallure shall be accomplished within 30 seconds after
a mode faxlure.

element has failed) where a redundant element is available
to replace the falled element, the CCC shall automatically
. %QE reconfigure, replacing the falled element with the redundant
oA one, within 30 seconds aftrr the transient fallure.
i -
b Transition from any mode to a lower mode resulting from i
on |
)

3.6.3.3 Reliability for Mode Al,- The CCC shall have a MUT of 1000 hours

or greater when operating in the ALl mode (3.6.2.1). The CCC shaii Bava-g )
MDT of 1 hour or less when operating in the Al mode, These requirements, ?3“””
as well as those of 3.6.3.4, shall be met using “the contractor's recommended
maintenance staff and maintenance programs, snd 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.L4).

3.6.3.4 Reliability for Mode Cl.- Ixcept 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 & MDT-of-0.5- hour or 1eSS.MW“ﬂWmWWWW.m

b e
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3.6.3.5 Mean Time Between Failure,- The mean time between non-clearing
transient failures {3.6.2.6; involving the faliure of an active element when
a redundant element is available Lo replace the Talled element shall exceed

2 hoursg.
SR A LI

3,6.3.6 Application of Reliabillty Reguirements to the 325, 200, and 100
Flight Load CCC Contigurations.- The requirements of 3.6 and its sub-
paragraphs shall: apply to all three CCC counfigurations, subject only to
the provisions applicable to the 100-flight configurstion appearing 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 pfcvided.
The following programs are a minimm requirement.

3,7.1.1 Assembler,- A working assembler designed for, capsble of running
on, and producing machine code for the CCC from input symbolic machine-
oriented source statements, is required as a minimm programing aid for
developing programs. to perform the complex real-time functions described
in- this specification. The object code ‘shall be either reloestsble or
shsolute for any given translation. The translation shall, in general,.
convert one source sbatement into cne machine-~coded instruction or value
word. Translator conbrol source statements shall be available +o handle
decimal to binary conversions, asccepbance of alphabetical data, storage
allocation, input-output, translation and contreol, and control of documentation.
A compool feature is desirable with the ascembler.

3.7.1.2 Loaders.- These programs mugt be capable of loading object programs
produced by the assembler, data from magnetic tape, slphanmumerie keyboard,
or card reader into primary and bulk storage. The loader programs shall be
self loadling. It iz desirable that object programs be callable from a
1lbrary 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 instructicn code to
magnetic 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 as-a minimm,

3.7T.1.5 Delivery of Software.~ The software for the utility system shall
be delivered in operational condition six months from date of contract. The
delivered items shall include an operational utility system contained on
magnetic tape, and a symbolic progrem deck and listing.

3.7.1.6 High-Order Langusge.- The provision of a high~order language or .
complier is deslred but not required as part of this procurement. If such, 7
a language is availsble and is to be included as part of the CCC software )
package, a descriptive programer reference mamual: shall be. inclided with .

the technieal proposal.
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3,7.1.7 Utility System Software Documentation.~ Each piece of softwsre shall
he documented, both for programer and operator usage, and for maintenance and
modification of the soltware.

2,7.1.7.1 Assembler Reference Msnual.- An assembler reference manusl shell L
be provided and shall describe all actlons required to prepare source

language statements, initiate asssembly, and analyze resulting listings as

to encountered error conditions. The reference manual shell be written to
conform to good commercial praciice and contain sufficlent detaill to enable
programers to produce camputer programs without referencing additional

documentatlon.

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

the operabtor.

3.7.1.7.3 Utility System Specifications.- Detalled specifications shall be
provided, including appropriate flow diagrams 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
shall be deilivered 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;
(c) Specification, sssembler, six months after date of comtract;
(a) sSpecification, loaders, six months after date of contract;

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

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

3.7.2 Progremer's Reference Manual,- The contractor shall furnish 200:copies
of a programer’s reference manual to the COTR one month aefter date -of
contract; 1t shall include a description of the computer instructions,
commands, and orders used in an operationzl machine program. The manual
shall also include bub not be ilimited to information on instruction timing,
single and double precision operations, use of index registers, logical and
arithmetic cperations, data transmission, 1/0 operation, use of indicator
lights and branch switches, and data necessary for the use and control of
the compubing macbine. The manual shall be prepared in & 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 i1s intended that a contractor's standard commercial manusal,
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as an addendum to the sbandard manual or provided as & supplemental or

separate volume, , o
AS
>

3.7.3 Malntenance Programs.- A maintenance system containing software .
providing for continuing operatiom of the CCC and sakisfying the require- LQ
ments contained in this specification must be supplied (see 3.8.3 in
association with the following software descriptions.)

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

3.7.3.1 Off-Line Maintenance Programs.- Programs and applicable documentation
shall be provided as specified below. These programs will be utilized off
line to test, detect, and isolate errors within basic CCC modules. These
programs must be capable of isolating faults to a logic section within a

basic CCC element (e.g., failure of bit 10 of word 4010 in memory module B).
The computer utilizing a suitable output device of the CCC will output the
resulting diegnosis in an applicaeble form for use by maintenance personnel.

3.7.3.1.1 Off-Line Maintenance Program Delivery.~ Three complete sets of
documentation shall be provided six months after date of contract, and sghall
inciude initiation and intervention procedures, a complete list of possible
error halts, and all possible actions reguired of the operator. Fifiy
additlonal copiles of this documentation shall be supplied at the time of
delivery of the CCC., The program itself shall be provided st the time of
delivery of the CCC contained on magnetic tape and on a symbolic program
deck with appropriate listing.

3.723.2 On-Line Maintenance Programs.- Programs to operabe with the operas
ticnal system which are designed to maintain conmbinucus operation are

required and will incliude:

(a) - Confidence routine v
(b) Operational diagnostic W
{c) Data correction and recovery ~

(d) Reconfiguration and mode control 7ﬁ

Buch programs are not a‘ggiiverable item under this specifiecation, 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 time and a mizimum
of human involvement., Proven or existing equipment and techniques shall be
used to the greatest extent possible. Below are those hardware, software,

and test implementation reguirements, and desirable feabures that support

this design.
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3.8.2 Maintenance Definitions

3.8.2.1 Element Statur.- In order to state the reguirements of the NAS J0¢
Maintenance System, i* 18 necessary to define elements by their curreni status
in the system. Egui-ment status has been broken down into the following

categories., Their Jefinitions follow:

3.8.2.1,1 Active Elements.- Active elements are defined by 3.6.2.4.

3.8.2.1.2 Redmdant Flements

i
{a) ©On-Line Redundant.- Those hardware elemente not Presently
veing used to perform an ATC function, but which would be
p/;> available for use by the operational system within the
t£}§ 30~second recovery period permitied 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 available for use by the operational ATC system within
the 30-second recovery period specified in 3.6.3.2. These
elements would probably be used to perform an off-line
function such as scheduled or unscheduled maintenance. Tt
is likely that manual intervention would be required to
place these elements on~iine, with the actual time berfore
these elements could be available to the on-line systen
depending upon the hardware configurabtion chosen. It would
be desirable for all elements in operational condition to
be available automatically to the operational ATC system within
the 30-second transient recovery periocd mentioned abovew-
Tegardless of their current use~-in which case the category

being discussed here would not exist.

(c) ZInactive.- Those hardware elements that are not available
to the operational system within the near future., Typical
reasons for non-gvailability 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 classified
as either "on-line’ or "off~line." On-line maintenance would be performed
anly on on-line elements. Off-line maintenance would generally be performed
only on off-line elements. In a hardware conflguration where all 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 Tunction; being performed on off-line elements, certsain
operational (software) functions are defined herein as on-line maintensnce,
These software functions include programs to meintain and report on current
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element status, to detect errors, and to diagnose and print out limited
Information cn errors for maintenance personnel (3.8.3.3).

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

3.8,2.2.2,1 Scheduled Maintenance,- Scheduled maintenance includes preventive
types of maintenance, routine maintenance, and corrective maintenance.

(a) Preventive Maintenance.- Preventive maintenance is defined
&8 planned periodic marginal and functional testing of
the CCC elements and components. Preventive maintenance
techniques {e.g., voltage or clock timing marginal checks)
are chosen so as to detect marginal components (e.g., due
to aging or drift) and system misalignment (e.g., non-
optimum settings of tape sysitem head gains),

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

(e) Corrective Maintenance of Known Failures.- Corrective
maintenance on falled CCC elements can often be scheduled
for a later work ghift where a higher maintenance capability
would exist or at a time when there is a low traffic demand.
During perlods of low traffic demand, additional elements
would be availsble t0 aid in the repair and test of the
falled element. Such maintenance is classified as scheduled

corrective maintenance.

3.8.2.2.,2.2 Unscheduled Mzintenance.- Unscheduled maintenance consists of
maintenance required immedistely following a failure found by the on-line
maintenance function and which can not be scheduled for a later time (e.g.,
total system failure, or element failure where no further redundant element
of that type remains for use by the operational system)., Normally, single
element fallures ocecurring during peak traffic loads would be scheduled

for repair during a low-load period (i.e., scheduled corrective maintenance)
or handled by off-line test equipment (3.8.3.L).

3.8.3 Maintenance Requirements.- These paragraphs specify maintenance
requirements and reference other pertinent sections. 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 appropriete software
{not a deliverable item under this speciflcatlon), the on-line maintenance
funetion shall detect element failures. If an element failure is detected,
the on-line maintenancs function shall csuse the equipment complex to be
automatically reconfigured to exclude the falled element from further uss
by, the cyeling program complex. A redundant on-line element is then auto-
matically essigned the tasks of the felled element. No menusl intervention
of any kind shall be required. If no redundant element exists (because of
prior element fallures), the fail-soft approach applies. .In any case,
appropriate notification tc the maintenance persomnel shall be generated.

3.8.3.1.2 Repalr of Failed Element.- To effect the speedy repair of the
falled element, necessitated by The relisbility requirements in section 3.6, the _
Pollowing approaches or & combination of them are permissible;

{&) Maintenance persomnel may utilize specisl off-line test
equipment exclusively;

{b) If sufficient redundant elements sre available, then a set
of redundant elements ‘mey be teken off-line to form a hest
subsyshem;

{¢) Depending on the equipment capability, a test subsystem may
© ‘be defined that uses on-line redundant elements. However,

in this case, it is mandstory that the redundamt elements be
availabls under program contrel to the active program corplex
in czse of gz element fzilure. I must fuwrther te assured
that the program has the capabiliiy to completely lock out
any manusl controls and negate any speclial test parameters
that maintensnce personnel have seb up in the redundant
elements; '

(&) It muy suffice to schedule repeir of elements during low-
-load perlods when sufficient redundant elemenits sre svailsable,
The cbvious penalty is increased down-time when an element
falls during the high-losd pericd.

3.8.3.1.3 Preventive Maintenance.- The reguirement that the CCC operate .2k
hours every day places severe restrictions on preventive meintenance. - However,
since the system load fluctuates in a predictible menner during each dsy, a
carefully planmed scheme of preventive maintenance can be conducted during

low load conditions on redundant elements. If elements need be physically
disconnected from the system it shall be accomplished without interference

to the opersbional elements, ‘

3.8.3.2 Hardware Features.- The bardware requirements of that portion of
the system maintenance function which pertain t¢ the actual CCC elements
have been:specified in sectiom 3.2.1.10. In eddition, ell equipment shall
provide that the process.of {teking elements .off-line, operabing elements
off-line to form & test subsystem (inclnding the on-off cycling ‘of pover,
or returning elements on-line, does not generate any logical or -electrical
disturbances thet might affect on-line system operstion.
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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 both the hardware and
software configurations. It is feasible to assume that
quality control (e.g., radar return) routines might also be
integrated into this function at some later date. These con-
Tidence programs would be cycllc in nature and might be
performed during each system cycle;

() Operational Disgnostic Progrem(s).- This disgnostic 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 dlagnostic programs might collect data
on or verify the failure, or both, oubtput any pertinent
information to an on-line printer (for use by maintenance
personnel), and initiate corrective action;

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

{a) Reconfiguration and Mode Control Programs.- The reconfiguring
of the on-line elements would be performed by thée 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 woulid, comnsist with the reliability reguirements of
section 3.6, change the mode of the CCC operation. Inform-
ation on the reconfiguration or mode control process, or
bothn, would be outputed to an on-line printer or maintenance
console, 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 operational 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-Iine Maintenance Programs.- These programs shall consist of
& large number and variety of comprehensive maintenance programs. These
programs shall include routines o test all CCC elements, including the
computer-oriented peripheral devices and peripheral-device adapters. (The
Covermment intends that routines to test and exercise the system-oriented
peripheral devices also be integrated into this maintenance package st some
later date, but not as a deliverable ltem under this specification.) A
subset of these programs shall accomplilish the preventive malntenance
function discussed in 3.8.2.2.2,1 and 3.8.3.1.2. 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
function at any time. These programs may also be used, when possible,

in the event of a total system failure. These programs include a

diagnogtic capability and should not be confused with the limited diagnostic
capablility of the opera&ional 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 techniques permit (e g., failure of bit 10 of word 4010 of

memory module B All dinformation pertinent to the failure shall e
outputted to a printer or monitcr/supervisory console, or both,

3.8.3.3.3 Deliverable Maintenance Software Items.- The comprehensive

of f-line maintenance programs discussed in 3.8.3.3.2 (deleting any
system-~oriented peripheral requlrementq) shall be supplied by the
contractor. The on-line maintenance programs discussed in 3.7.3.2 and
3.8.3.3. L will be inbegrated into the executive control program structure,
but are not & deliverable item. As a minimum, the contractor shall show
that hig hardware configuration can perfomm the software functions

described,

3.8.3.4 0Off-Line Test Equipment.- In line with the general maintenance
approach of 3.8.3.1, off-line test equipment shall be provided to meet the
MDT reguirements stated in section 3.6. The exact nature of this
equipment will be dependent upon the proposed hardware configuration. and
cannot be described in detail at this time. The off-line test egquipment
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 peak 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 to an on-line status, and other factors.

3.8.4 Majintenance Services.- The contractor shall provide maintenance
service for each system ordered for one year beginning within 90 days’

after preliminary acceptance, as ordered., The contractor shall provide

all personnel and spare parts to maeintain each CCC system on a 16-hour-a~
day, 365-day-a-year basls to the level of performance and reliability
required by this. specification. TFull system capabllity for full-lcad
operation shall be available at least eight hours per day of the first shift.
The medivm-demand capability {50~ 80% of peak load, of 3,6.1.1) shall be
available forvthe second eight hours per day. The contractor shall not use
the remaining elght hours.per day for routine, malntenance, but shall
perform his routine services during the regular i6-hour operational perlod If
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maintenance beyoné the 1l6-hour period is required in order to have the system
"on-line" Ffor the following day’s operatidn, the contractor shall provide the
malntenance as requlred at no additionsl charge to the Govermment.

3.8.,4.1 Maintenance Log.- The contractor shall malntaln a log of maintenance
sculivities, outages, repalirs, and spare parts used, Entries shall be reviewed
and initiated by the Govermment’s loeal technical representative. The

contractor shall provide two coples of this log to the Govermment'’s loeal
technical representative on a weekly basis. ter six months operation, the
contractor shall summarize the reguirements for spare parts, based upon the
malntenance log entries, and provide 15 coples of a recommended spare parts

1list to the Govermment for support of the system for the second year of operation,
together with elther approximate or fim prices for all items.

3.9 Installation.- The contractor shall instsll each system (3.531, 3.5.2, and
3.5.3,) ordered at each site designated by the Government. A1l sites will be
within the conterminous United States. Site preparation, including the
furnishing and installation of any required alr-conditioning, will be
accomplished by the Govermment. The contractor shall provide the CGovernment
with two reproducibles and eight copies of all necessary site preparation
specifications six monthe in advance of a proposed site installation. The
contractor shall furnish all services, installation materials and personnel,
equipment, including contrachor-owned test eguipment {except Covermment

of f~1line test equipment in accordance with 3.8.3.4), and tools to install
and debug the system. TInstallation 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 GQovernment in accordance with section 4. Pre.
liminary acceptance of the system at the Govermment-designated site will be
made after approval of all preliminery accepbance tests by the Government.
Final scceptance of the system will be made afber teshs during the first
yvear of operation which demonstrates MUT and MDT.compliance; the reliability
daring the first yesr of operation following preliminary ucceptance will
provide the data for this determination. The first year of operation will
be concurrent with the one year of maintenance service, section 3.8.k4.

310 Design and Construction.- The overall design and construction shall

be accomplished in a simple and straighi-forwerd manner esmbodying the best
engineering practices as applied to off-the-ghelf equipment manufactured

for a similar intended use. It is desirable that the equipment meet require-
ments of ER-D-L06-010 or appropriate MIL specifications, or both.

2.11 Documentation.- The contractor ghall provide all necessary services
and meterial to develop snd deliver documentation in accordance with
requirements specified herein.

3.11.1 Program Planning end Control.- The contractor shall institute and
maintain a Program Planning and Control System. This system shall be an

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

As guidance, an FAA document, NETWORK/MILESTONE Techniques 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
regquirements of the equipment specificatlion. This submission of design data
shall not be used by the contractor to propose modifications or alternstes

to details of the equipment specification or a change in scope of the contracte
The design date referenced below shall include all elements of the equipment
to be produced by the contractor under the terms of the contract, as detailed
by the equipment specification and any addenda thereto, together with all
interfaces with other eguipment., A summary of egquipment operstionsal character-
istics shall be included.

3.11.5.1 Block Diagrams.- A complete set of equipment block diamgrams shall
be provided by the contractor. The block diagrams shall show the general
operational, electrical, and physical relationships of the equipment elements.

e SR

3.11.5.2 Information{ﬁaéigrglow Diagrams.- The contractor shall provide
complete information logic-fhow disgrams, These diagrams shall show the
detailed logical, operational, and functional relationships of the equip-
ment elements. Oymbology used in these diagrams shall be fully explained
in the baslc document.

3.11.5.3 Input/Outpui Details.~ The contractor shall provide a document
wnich consolidates all CCC-boundary input/outpuﬁ characteristics. This
document shall include, but not be restricted to electrical characteristics
of inter-system cables, signal characteristies and limits, -and timing
diagrams. All external system interfaces shall be included.

2.11.5.4 Togic Dlagrams.- Where logic cireuits are proposed that sre of
unconventional design, the contractor shall provide logic diagrams and a
summary of the particular design approach.

3.11,5.5 Detasiled Physical Description.- The combractor shall provide a
detailed physical description of the equipment. This description shall
include: weights, outline drawings, configuration, layouts, ventilation
or air-conditioning requirements, cable entry and exift features, clearance
factors, power requirements, and other special details which should be
considered for installation, operation, and maintenance of the equipment.

3.11.5.6 Design Review and Approval.- After receipt of the preliminsry
design, the FAA CUTR shall review, and approve or direct any changes
regzired in the design that are required to obiain conformity with this
specification. The coniractor 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 approval within fifteen days
after receipt of the design change requirements. In addition, the
contractor shall, from time to time during the course. of the contract,
revise poxtions 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 snd eight coples of
all such revisions to the FAA COTR no later than fifteen deys 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 Progromer and Assembler Reference Menuals.- These manusls ghsll
e Turnished in Accordance with so:stwsre documentation requirements (section

h cabie connectors, required for factory test and for installation and
sting of the equipment, including any speclal-purpose test cables required
cor routine matobenance. wWhere patch panels or plug boards are used in the
eguipment, the contractor shall provide adeguate plugs or paftch cables
required for normal egquipment operation. Cables required for factory testing
may be the same as those reguired for subsequent equipment installation

and testing. Cables between peripheral-device aedapters and system-oriented
peripheral devices sre not to be provided.

12 Cables.- The contracior shall furnish all intra- and inter-unit cables,

3.13 Cooperabion and Coordination.- The contractor shall participate in
meetings and conferences, and exchange technlcal data relating to the
equipment performance and design compatibility with others as directed by

the FAA COTR.

3,14 Service Conditions.~ The eguipment shall be designed to operate and
meintain speciried periormance in accordance with indoor serviee conditions

gs follows:

(a) Energy Source: single-phase, £-wire, 120 volts +10%, or 3-
thase, b-wire, 120/207 volts +10%; S0-cps +2% (steady state),

(b) Elevation: up to 10,000 feet sbove sea level.

(c) Duty: continuous, urattended.

(d) Salt Atmosphere: as encountered in coastal regions.
3,15 Test Eguipment and Tools.- The egquipment shall be designed and

fabricated so as vo minimize any requirements Tor special test equipment
and tools. Special test eguipment and tools are defined as devices not

readily availaole as commercial items.

3.16 Weight.- The total weight of the equipment shall be¢ a mindimm con-
sistent witn good design and economics. I possible, individual chassis of
the equipment shall not exceed 40 1bs to facilitate maintenance handling.
Construction of equipment racks or housing shall provide for even flioor
losding distribution not to exceed 200 lbs per square foot,

L, QUALTTY ASSURANCE PROVISIONS

.1 Generzl.- The equipment shall be tested at the contractor's plant
prior to eguipment shipment (factory acceptance tests) and after instal-
lation at the Govermment Gesignated site (preliminery 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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erd date to be taken (see 3.11.8) is submitted. During the factory aca
ceptance exercise the CCC shall be operated at the upper workload limit of
high capacity {3.6.1.1) for a minimum mggregate time of 12 hours per 2l
hour period, and at The upper workload limit of medium capacity (3.6.1.1)
for & minimem eggregate time of 6 hours per 2h-hour perlod. The CCC shall
he tested for = total of 6 hours with its power suppliles adlusted for low
margin voltage, & hours with i1ts power supplies adjusted for high mergin
voltage, and for & hours with its power supplies adjusted so &s t0 make the
system most susceptible to electrical noise. The remainder of the l20-hour
pericd shall be with its power supplies adjusted for normal voltage.

L,2,2,h,1 Test Routines.- The contractor shall prepare and debug adequate
computer programs to exercise the equipment as described in h.2.2.4 and
collect the statistical information required in L.2.2.4,3. These programs
ghall exercise all technical features of the equipment, all logic blocks,
all computer cormands, all datba transfer channels, and all error checklng
cireuits 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 progrem shall be prepared, debugged

and successfully run on the CCC to demcnstrate reconfiguration., Recognizing
that the final program for reconfiguration will be interwoven with the
executive control and operational programs, the program prepared for this
reconfiguration check need only demonstrate reconflguration on the following
simplified bagis, As fallures of elements are simulated, the program shall
czuse the CCC to “fail-safely", l.e., as elements fall they are deactivated
and the program shall readjust the roles of the active and redundant elements
50 that operation is maintained at the same level as prior to the failure.

As falled elements are returned to service, with suitable manual notification
if required, the system shall return to 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 simultanecusly. 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 1s simulated, the program shall provide an indlcation of the
configuration status so that a status table of operable elements ls available

in shared memory at all times.

4.2,2,4,3 Error-Recording Routine.- An error-recording routine shall be
provided which furnishes a printout of at least the following:

(a) PRunning time of routine and running time to faillure;
(v) The routine in which the error occurred;

(c) The instruction on which the error occurred; and

(a) Contents of all registers,
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Por errors which do not set indicators sdvising monitoring personnel ¢f esch
error, the following additional information will be required:

(2} An indicatlon of error with as much deta as practical
relsted to error type and source;

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

(¢) Such 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 running tinme.

4.,2.3 Preliminsry Acceptance Tests.- Preliminary acceptance tests shall be
conaucted after installation (3.9) and congist of all or pertions of tests
‘specifled by the test specification (3.11.8) or other tests as reguired to
show compliance with specified requirements.

h,2,4 Test Program Documentation,- Each program which is used in the
acceptance Ltest shall be documented with the following informationt

(a) English language description of program and its purposej
(b) Synmbolie listing of operating instructions;

(¢) Expected printouts umder normal conditiocns and expected
printouts under error conditions;

(a) Filow chart; and
(e) Running time.

.2, 4.1 Delivery.- Two reproducibles and eight coples of the test program
Aocumentation snall 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 3.7.

L.,2.6 Test Records.- The contractor shall record complete and accurate
information during the test on sultable data sheets or in log books,
including the following information for each error:
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{a) Unit name and serial number;

(b) Error number;

{¢) Date and time of error incidence;

) Time of recovery;

(e} Complete description 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 complets maintenance log which
1ists all malfunctions, their location in the system, and how they are
repaired shall be kept. 044 situations, such as cases in which malfunctlions
dissppear for reasons not clearly understood, shall also be recorded. Three
copies of this record shall be furnished to the COTR at the completion

of preliminary acceptance tests.

L.t Test Eounipment.- The contractor shall provide contractor-owned test
equipment for contractor-performed factory and preliminary acceptance tests,
except off-line teet equipment to be provided in accordance with 3.8.3.4

may be used.

4,5 Inspection of Design and Fabrilcaitlon Status.- Upon reguest from FAA,
the contractor shall make available Tor review gt his plant, at any stage

of the contract, all information regarding the design and fabrication status
of the equipment belng manufactured to this speciiication,

.6 lNotification of Readiness for Inspection,- Nobtification of readiness for
inspection shall be sent to the FAA Contracting Officer's Technical Represent-
ative at least ten days priocr to the desired inspection start date.

4.7 Facilities 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 cebinet (with 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, Similar facilities: shall be afforded inspectors assigned for
periods of 1 to 13 days except that the file cabinel is not reguired.

5, FPREPARATTON FCR DELIVERY

5.1 (eneral,- The contractor shall make alil arrangements for ghipment and
delivery of the{equipment and other contract iltems, FOB destinatlon.
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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
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Bounds of the CCC 3.1.2 L
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-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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APPENDIX A

DETERMINATTION CF ADJUSTMENT FACTORS FOR COMPUTING TIME,

FROGRAM LENGTH, AND DATA LENGTH

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

CCC configurations can adequately handle the data-processing loads described
in this Specification and 1ts appendices. The data-processing requirements
sre formulated in terms of computing time, program length, and data table
lengih that apply to the computer of an existing experimental system, which
cannot process the amount of data reguired 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 configuraticn 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 computing speed as
such (i.e., execubion time of specified instructions) is not of primary
importance., The ability of the central processor to speedily execute 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 air sraffic control system. For convenience the
total problem set is stated as eight short problems, plus other analyses
of capabilities as defined in sections 8.1 and 8.2 of this appendix. The
elght problems have been coded on the computer of the experimental system.
The results--progranm length and running time--are stated in 3. of this
appendix. Bach bidder must provide the following information 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.soly " This information will Te
used Lo reference the computing capability of your computing elements and
must be supplied regardless of what method of processing you propose Tor
your CCC configuraticns.

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

- where applicable--in serveral elements,
ES'Q’WW‘

fw‘i(\),
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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 t Progrem Length
(usec) (Instructions)
E; Xy
1 L, 58k 10
2 ‘ | 518 19
3 6,868 32
L La,612 19
5 610,768 139
6 205,512 4],
i 76,512 53
8 | L,736 61

4. Processing Capability of the Experimentai System.- The data processcr of
the experimental system is characterized as a single-address, fixed binary
point, single I/O channel, general-purpose, digital processor.

{a) The processor cootains 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 accumulator register can be
used for address modification.

(¢) The standard instruction execution time is 12 usec with the
following exceptions:

(1} Store Class instructions_are 18 usec.
(2) Loed Class instructions average 8 usec.

(3) Branch Class instructicns 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 reasonable fresdom in the menner in which you
choose to code the sample problems. Thus your coding may be efficient in rune
ning time at the expense of program siorage space or viece veras., The CRPE «
bilities of a particular CCC complex will dictate the desired emphasis.

6.1 If you judge that the stated enviromment of &ny problem results in an un-
reasonable inefficiency for your CCC, you will be allowed to resitate the
environment before coding and timing the problem. Should the restated en-
vironment assume & less densely packed table structure, you must adjust for
this fact when determining the DLAF. In eny c¢ase, the problem as originally
stated mast be coded, timed, and the results supplied to support your Judgment.

7. Provlem Stetements.- The eight problems are described below. Each was
chogen to represent & particular type of data manipulation representative of
the data procesging tasks of the air traffic control system.

Problem No. 1 Conditionality Testing and Counting

2 Character Testing and Moving of Data

i

Bookkeeping - Transfer Tables

& Floating Point Arithmetic

_fﬁﬁ Single Bit Testing
6 Fixed Point Arithmetic with Byte Manipulation - Dual
AfArithmetic
7 Two Bit Testing and Depositing of Data

8 1Indexiny and Chaining of Data
8. Data Transfer Capability and Lffect on Computing Speed.- The results of
this sectlon do not affect any adjustnent factors. This data 1is desired to
a1d only in the evaluation. It is intended to yield a quick means of grossly
compering the data transfer capabilities of & number of proposed equipment
configurations. The bidder is asked to supply actual timing dats 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 configurations are to be used in
determining the date assked for in sections 8.1.1 and 8.1.2.
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(2) Transfer a 620g* word block of data starting from l00g on
drum field XX to core memory. The data is to be placed
in core memory locations 20g thra 6375, At the time the
I/0 commend is given assume that the drum read heads are
Just passing over location 1018.

(b) Transfer a 620g word bliock of date starting from location
640g in core memory to drums. The data is to be placed
in drum locations 20g thru 637g on drum field YY. At the
time the I/0 command is given assume that the drum write
heads are just passing over location‘ala.

(¢) Write a 620g word record on tape drive #1. The data is
in core memory iocation5'1k608 thru 22775, Assume that
the tape is at the load point.

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

(e) Transfer a 6208 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 aversge 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 ecalculate the total time
required to perform the transfer. The total shall include the time required
from the moment the I/0 command is given to the completion of the transfer.

8.1.2 Simultaneous Transfer Times.- Calculate the minimum time necessary to
simultaneously complete transfers a, ¢, and e for each of the three proposed
system configurations. If any propesed configuration is not capable of
simultaneous I/0 transfers, sum up the times caleulated for the "individual
transfers.

8.2 Effect on Computing Speed Due to Simultanecus Transfer of Data,- Problem 2 -
Character Testing and Moving of Data, of section 7. is placed in memory location
100g and veyond. ILocation A and B of that problem shall be 20Cg and 240g,
respectively. A block of data L2500y words long is to be transferred from

your secondary storage medium into core memory.

8.2.1 State the amount of time reguired to execute problem 2 when the 150010
word block transfer is started before commencing with problem 2 and continues
while problem 2 is executed. The data is to be placed in memory location 30@5
and beyond.

* Subscripts indicate number system used.
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8.2.2 State the amount of time reguired to execute the probelm of 8.2.1 when
the date 15 to be placed in memory location MOUOO, and beyomd. (It is
anticipeted that problem 2 will be finished before 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




wAD -

FAA~ER-606-063

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




FAA~ER-606-D63 ~&10-

Problem 3 - Bookkeeping -~ Transfer Tables

Consider a two-block (block 4 and block 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 Vexclusive or'" combination of the two entries. C(lear
the corresponding bit of the entry in block A to positive
zero and trensfer to a subroutine corresponding to this
bit poeition. The environment consists of:

ENTRY BLOCK A BLGCK B
0 1ilill...31} 111100000...00C
1 11l1tt.. . 111 1111106000...000
2 11111i...111 111111000...000
3 1i1lll... 111 111111100...000
4 1i111i...141 111111110...060
5 000000, ..000 000000000 LLLEL, . 111
6 600000, ..000 0COC0C0O000LLEY. . 111
7 000000...000 0000000000011, . 111
8 600000...000 0000G000000011. .. 111
9 000G00...000 00000000000001. . . 111

NOTE: Analysis of the stated envircument shows that
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:

412~

{Problem 3)

SET UP FOR
TEN CASES
IxR m

!

RESET COUNTER
AND IxXR n

ADD ONE TO
COUNTER
SET UP FOH

NEXT BIT

YES

NO

S e
{&w

RESET
CORRESPONDING
Bit_ of A

n m

TEN WORDS
DONE 7

ADD ONE TO

ICOUNTER .
SET UP FOR;
BRI

NEXT

4

YES
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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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Q/LW

Lot
/? F&U‘«TJ){?

Eroblem 5 - Single Bit Testine

The table environment consists of:

TABLE I -- 40 Registers

S 1 2 3 & 5 6 7 B

KQQNSs
ITEM VALUES FOR TABLE I
REGISTERS KQRE MANG MPRI SPRI
0-19 260...219 | 0 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 «- 300 Registers . (Problem 5)

Biock

b

S 1 2 3 4 5 6 7 8 § 10111213 141516
TSTS L R A L [ 1] ]

Block 2

S 1 2 3 4 5 6 7 8 9 10 1f 1213 14 15 16

(ASEP. | | 1 U R & L
v)lk
L8 :
X 9
Block 3

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



ITEM VALUES FOR TABLYL .I (Problem 5)

REGISTERES)

URAL

APRI | ASEP | BABY | CSSI | KDFP | KFPS | LRAL |MAMA |PTCH |SSFP |SUSI [ TSTS

0-197 1 1 1 1 {200
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
230-232 2 1
233-234 1 1 -2 2
235-236 2 |.200
237-239 2 200 1
24L0-248 1
2469-309 i 1
310-359 1 1 1
360-399 1 7
400-436 1 1 1
437-439 ) 1 I
440-476 1 6
477-479 1 6
480»4?9 6
490-499 Y .

(Blank spaces equivalent to positive zero)

£90-909 - qY-vvVI

-91y-
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TABLE 111 ~-- 12 Registers ISP - TSl2 {Problem 5)
S 1 2 3 4 5 8 7 8 9§ 1011 12 13 14 15 16 '
TEMPORARY STORAGE 3 :

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

1.0 In all cases

1.1

1.2

3.3

1.4

1.5

1.6

1f MPRIn # 1

If MPRIL_ = i
n

1

1f SPRI, = ©
1.3.1 ° If MANU,

1.3.2

Lzi18PRIL = 1

If SSFPKQNSn

LE SUSIKQNSn =

if TSTSKQNSH =

Otherwise

If BABYKQNSE‘=

Lf MAMA s =

1f£ TS5 = TS6

Otherwise

If CSSIKQNSn =

Lf TSTSKQNSn =

If MANU, =

H
=

[
—

9 or 6

Set teo check MPRI for N cases: n = 40

Go to L1.14
Set: TSl = n
TS2 = KQNS,
**TS3 - TS12 = 0
Set: TE83 = 1
Set: MPRI, = @
Set: MPRI, = 2
TS4 = 1
Set: MPRI, = 2
TS84 = |
Set: MPRI = @
a -
Go to 1.14
Set: APRIKQNsn = @
TS5 = LRALKQNSn
T86 = URALKQNSD
Set: T87 = PTCHKQNSH
Go to 1.14
Set: TS8 = T85 - ASEPn
TS9 = T86 + ASEPn
Go to 1.13
Set: T5i0 =1
Go to 1.13

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

wk :
TS = Temporary Storage, all items stored in temporary storage are o
be stored right justified.
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1.12 Otherwise Set TS10 = 2
1.13 In all cases Set up to check k channels. k = 500
1.13.1 1IF KFPSR = ] and Set: TS8i1 = k
1f KDFPk = @ and
1f SSFPk = @ and
1f SUSIk = P and
1f TSTSk # 7
1.,13.2 1f CSSI.k = 1 Go to 1.13.5
1.13.3 1f TSTSk =@ or 6 Set: T8i2 =» |
Go to 1.13.5
1.13.4 GCtherwise Set T812 = 2
1.13.5 If T811 = & or KQNS, Go to 1.13.7
or PTCH,
1.13.6 Otherwise Go to Subroutine A,
Return to 1.13.7
1.13.7 1f 500 channels have Thent Set for next channel

not been checked Go to 1.13.1

1.14 If 40 cases have not been checked Then: Set for next case
Go to 1.1

1.15 Otherwise EXIT
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SUGGESTED FLOW DIAGRAM:

—_—— v ——
@ 'b

AT

{Problem 3)

START
Set up for
40 cases

TS1

TS2

753 - T8l2 = @

TS3 =

1

NG

v
Set
MPRI = &
n
| E
H
! §
.
]
=7




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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SUGGESTER FLOW DIAGRAM: (Problem 5}

{Continued)

v
SET UP TO

CHECK 300
CHANNELS




SUGGESTED FLOW DIAGRAM: (Problem 5)

(Continu:d)
onkin ; £ FAA-ER-606-063

SET
si2 = 1

71

500 CHANNELS
= CHECKED?

2 YES
n

40 CASES
CHECKED?

\/

TS11 = KQNS

\i

SUBROUTINE
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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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w2 h-

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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AT -
Problem 7 - Problen Statement
1.0 In all cases Set up to test
L.1 If through 500 cases EXLT

1.2 1If not through 500 cases

Le2,1 If KTIB_ = ¢ Set:
1.2.2 If KTTB_ = 1 Set:
1.2.3 1f KTTB_ = 2 Set:
1.2.4 1f KFTB_ = 3 Set:

*
n = Relative location of data within its table.

"

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

1

i

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

]

3]

ITEM 1
n
ITEM 2
n
ITEM 3
6
Go to 1.l

H

[t}

i

ITEM 1
n
ITEM 2
I
R -
1TEM %m
ot w 1.1

i

n

16
1060
300

20
208
Lo0

38
3ee
500

ag
400
600

CA5a5.

n = 500
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SUGGESTED FLOW DIAGRaM: (Problem 7)

SET UP
FOR 50C CASES
IR n

SET SET SET ! SET
Item lp = 10 Item 1, = 20 Item lp = 30 Item i, = 40
ltem 2, = 100 Item 2, = 200 Item 2n = 300 Ttem 24 = 400
Item 3, = 300 item 3, = 400 Item 35 = 500 ltem 3, = 600

V]
I

500 CASES

DONE 2
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Problem 8 - Indexing and Chaining 0. wata

The environment consists of:

TABLE 1 -- 10 Registers

S 1 2 3 4 5 & 7 8 9 10 11 12 1314 15 16 <; Iil
TNFX KFFA 5 B

TABLE

10 Registers

I

$ 1 2 3 4 5 6 7 8 91011 12 13 14 15 16
KPOS _ |

fe st

TABLE II1 ~-=- .0 Regpisters

S 1 2 3 &4 5 & 7 & 91011 12 13 14 15 16

] kext B KPRF | P

TABLE IV -- 250 Repisters

§ 1 2 3 4 5 6 7 8 91011 12 13 14 15 16
KRAD KNXa

X
AV A VRS

3
X

TABLE V -- Temporary Storage -- IS1-TS4

v

-
T

| 15 ]

S 1L .2 3 4 35 6 7 8 91011 1213 14 15 16
TEMPORARY STORAGE

N

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



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

TNFX

REGISTERS | KEXT | KFFA | KPOS_ | KPRF | TNFG

¢ 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 7 211 231

8 1 162 162

9 2 {230 | 199

£90-909-43-¥¥4

~QLV-
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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 B -~ Problem Statement

1.0 In all cases

1.1 1In all cases

1.2.1
1+.2.2 Otherwise

L.3 If KL&XTsz =

1.3.1 1If KEXTn

If n cases done

"
™

H
o~

1.3.2 1f KEXTn

H
-~

1.3.3 1If KEXTn

1.3.4 Otherwise
All Subroutines Return to L.4

1.4 1In all cases
1.4.1
1.4.2

If ACC = negative
If ACC = positive

1.5 In all cases

Set to check KFFA for n cases. n = 10
Set: TNFX,* = o

sk
TS81 = KFFA

T82 = KNKAQFFA
n

EXIT

Set for next case

Go to 1.1

Set: TB3 = KPRFn
TS4 = KRAD

Go to
Go to

Set:

Go to
Go to

Set:
Set:

Set:

Go to

T53
Subroutine A {Exit with ACC negative)
Subroutine B (Exit with ACC positive)

ACC = KPOSn

{right adjusted)

Subroutine C (Exit with ACC negative}
Subroutine D (Exit with ACC positive)

TNFGn = Q
TNFG_ = 1
n

T2 = KNXAT52

1.2

*
Subsecripts indicate the relagtive location of the item within its table.

dede i
4l1 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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AFFENDIX B

DATA PROCESSIRG TABIES FOR THE 325 FLIGHE! CONFICURATION

1. Description of Data Conteined in Tables.- The following paragraphs describe
the data contained in each column of the data processing tebles which are

P e

included in this appendixi™ g

1.1 Primsry Storsge (Tsbles B-la, b, and ¢).~ These tables present the
primary storage required during the operation of each funetion.

{a) Program Length.- The length of all programs end common program
routines regquired to perform a function is listed. The capltal
letter under Program Length represents & program routine
common to several functions. The value for this shared program
routine will be found in paragraph l.b--Legend for Tables.

The stated length ¢of programs and JProgram routines applied for
5ymbo No higher order Programming language WES

Boiic
useﬁ“?ﬂ“ﬁhe experimental system. The reguired length of
programs and program roubtines is to be adjusted using the ad-
Justment faétor PLAR (see .Appendix 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 Storage
represents a data block common to several functions. (See
Paragraph 1.4) These common data blocks are identified so that
requirements for communication between primary and bulk storsge
can be determined consistent with the function segquence of a
particular data processing organization. The small letter n
represents controlled flight load and 1dentifies those tables
which may be processed in several passes. Exercising the
option to execute a functicn in several passes will imply
reduced primary storage reguirements. The data tables are
based on a 32-bit word, and their length may be assumed to be
inversely proportional to word length.

{e¢) Working Tsble Storage.- The stated amount of table storage is
required for date manipulation internal to the stated
function. This working storage is required in addition to
listed Peripheral Data Storage requirements. 'The working
tables are temporary, i.e., they lose all value when the -
function has been completed. The working storage tebles are
based on a 32-bit word, and their length may be mssumed to be
inversely proportionel to word length.
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(a)

(e)

()

()

Peripheral Date Storage.- For every listed function, the amount

of Peripheral Data Storage refers to the size of the input or
output table reguired; the table size is based on the assumption
that the entire peripheral table will be trapaferrsd to or

from an external dbuffer. If all buffering is done external to the
CCC, the peripheral teble space is temporary. If primary storage
is used for Inmternal buffering, the stated storage must be pers
manently reserved for this purpose; thus, primery memory must
have space allocated for the sum of &ll internal buffered
peripheral tables during the opera.tlon of every function {see
section 3.k4).

Executive Control.- It is expected that those portions of the
Executive Cootrol function, concerned with the execution of
operational functions and related I/C operations, will remain
Dermenently in primary storage. Occasional executive funetions,
such as reliability mode control, recovery routines, ete.,

wey or may not be sllocsbted permanently in primary storage. The
exact size of the Executive Control function is determined by the
design of a data processing orgaaization appropriate to s
specific CCC hardware confignration. Since the storasge require-
ments of the Executive Control function of the experimental
system would not be significant for the CCC, this data is
omitted from the tables. The bidder must estimate mnd inelude
this functional storage reguirement in accordance with the
instructions given him in this specification (see Appendix F).

Next Function Envirommernt.- The storage sllocated to the next
function to be executed may vary from zero, with attendant
operating time penalty incurred as a result of waiting until
the next function and its environment are transferred into
primary storage, to the tolality of remaining programs and
tables, 1f a cholce is made to substitute primary storage for
all bulk storage. This data 1s not given for the experimental
gystem since it would not be meaningful for the system design
chosen for the CCC.

Bulk Storage.- The Bulk Storage requirement should be determined
as & result of trade-offs among 1/0 time, primary stor&ge, and
bulk storage.

1.2 TIoput/Output Trensfers (Tables B-2a, b, and ¢).- Certain I/0 trensfers

are mandstory as a result of system peripherel devices and recording require-
ments. Other I/0 transfers, specifically to and from bulk storage, are
design options dependent on irade-offs among primasry storage, bulk storage,

and I/0 time.

Data 1s presented for both types of transfer.

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

peripheral data which must be transferred in or out is listed.
The size of the dabts block 1s based on & 32~bit word, and may
be assumed to be lnversely proportional to word length.



(o)

(e)

(a)

(e)

~B3- FAA~ER-606-063

Thie data from the experimental system is based on the existence

of external drum buffers for sll system peripheral devices. Data
to permit consideration of alternate approaches 1s presented in
gection 3.4,

Recorded Date.- The stated amcunt of data must be transferred from
primary storage to magoetic tape or other bulk storage medium
after the function has been completed to gabisfy safe data and
legal recording requirements. The size of the data block is

based on a 32-bit word and mey be assumed to be. inversely
proportional to word length.

Progrem Transfer.- As a design option, any or all programs may

be transferred from bulk storsge into primary storage for
execution. Required program length may be adjusted if it can
be shown that the proposed CCC has & more effective instruction
repertoire than that of the experimental system processor (see
Appendix D

Data Tables-Transfer In.- As a design option, any or all dats

tables may be transferred from bulk storage into primary storages
for execution of a given function. The sequence of functions
will determine which fables may reme=in in primary storage from
the execution of one function to the next. Exercising the

option to execute a function in several passes will imply several
(smaller) data table transfers per function. Data tables are
besed on a 32-bit word, and their length may be assumed to be
inversely proportional to word length.

Data Tables-Transfer Out.- Data tables that are transferred in

and modifled must subsequently be transferred out. TFor transfer
purposes, it is assumed that a data table is modified in its
extirety even though data for certain flights may remain unchanged.

1.3 Timing Dabta {Tebles B-3a, b, and c).- The effechive computing speed of the

proposed CCC must guarasntee that the cycle for the given, Jraffic demand
}etg@_in 215“§éﬁond5-

(a)

Computing Time Per Cycle.- The computing time required for every ;
function 1s approximated with & single expression. This computing !
time does not account for any 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 several passes (i.e., several
successive operations on subsets of the totel flights within a
single cycle) should be assumed to require no ‘additionsl cverhead
computing time. The compubing time per pass should be derived
from the expression in the table that states the time a8 &
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
maximim nunber of radars or adjacent facilities which transmit
information Lo the control center. . For output of interfecility
messages, a comuon daba channel 1s assumed to connect with each
adjacent facility with appropriaste addressing of messages.

The dsta in Table B~k is based upon 325 flights (n = 325) and
a control.center conflgured with 34 control sectors B plannlng
teems, 8 flight data entry. positions, ‘ g,
and 8 adjacent facilities with _cha
control sector and planning team is equipped with two (2) push-
button entry devices, and one (1) alphanumeric keyboard end an
on-demand printer. Hach planning team is equipped with s high-
speed printer. Each search/beacon raedsr comnects to the control
center with three data channels to provide sufficient capacity for

transmission of processed radar dats messages.

(v) Complete Information Message Length for Each Device.- The number
Jisted 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 appropriate computer progran.

(e) Maximum Transmission Rate of Bach Device.- The number listed.in this
column of Table B-4 is the maximum transmission rate assumed for
each of the devices listed.

{d) Maxdizum Amount of Informstion for Each Type of Imput or Output
for which Buffer Storage (external, internal, or combination)
mist be Provided During Each 2.5 Second Cycle.- The pumber
listed in this column of Table B-L4 is based upon the following:

(1) Processed Redar Data

The amount of date which cen accumilate in 2.5 seconds if
the three channels from each radar are transmitting st
the maximm rate.

(2) Controller Pushbutton

The smount of information which will have accumulated prior
to dinterpretation if each entry device completes a maximum
Jength message in the ssme 2.5 second cycle.

(3) Alphanumeric Keyboard

The smount of information which will have accumulated prior
to interpretatlon if one-half ofthe keyboards are permitted
similtenecus 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

£90-909~E-VV4



PRIMARY STORAGE CHAR?

OUTPUT PROCESSING TABLE B ~ ic

FUNCTIONS ! PROGRAM DATA PABLE WORKING TABLE PERTPHERAT, DATA  [Column Headings

TENGTE STORAGE STORAGE ) STORAGE for Executive Con-

o A trol, Next ’
PLAN POSITION 6600 1000, 2n, 800, 23n Function Environ-
DISPLAY €1,Cp, C3, Oy, ment, and Bulk
GENERATTON 05, E, ¥, H Storage are
/ omitted
3 -

TABULAR 5000 3( Al,AE,AB ), 800 2n
DISPLAY 1 :
CENERATTON 3(8,C,F)
ON DHMAND 3300 1300,3n, 4 ,As, 800 on
PRINTER B, clxc 3 %63
OUTPUTS CS,DQ,DE
AUTOMATIC 3300 3n, 51, A, A3, 1200 3n
PRINTFR . B,C,F
QUIPUTS *
INTERFACILITY 3000 19n,B Loo I
OUTFUTS I

£30-609-HI-YVd



INFUT/OUTPUT TRANSFERS

FLIGHT PLAN PROCESSING TABLE B - 2a
FUNCTIONS MANDATORY TRANSFERS DESIGN OPTICNS
| | DATA TABLES DATA TABLES
| PERTPHERATL, DATA | RECORDED DATA || PROGRAM TRANSFER | TRANSFER IN TRANSFER OUT
CONTROLLER 200 200,n 1800,Y kOO,Sn,Ah,Bl, én,D.,D,,F,G,T,
INPUES D]_JDE:C 102)03: clJ 62;83) CI{_:
chy 36,1 05
ATPHA-NUMERIC k300 100,0.084, 13400,Y 6000, 4,8,C,H 1400, A,B,C
INPUTS 0.178, 0.0hC
FIX-TTME n 2600 Loo,A,0,F,B AC,F
DETERMINATION
FLIGHT PLAN - 0.25(A, 4}, 3800,Y §oo,n,-§(Al,A2,H), n, )
DYNAMICS 3(C1,C0,03,Cl 4 ;(Apﬂe s
0'25(C ’02103: 05) i(cl:chcsych,ca
Chsc‘js} )
CONFLICT - D khoo 300, Cp,C3,Cq,Cg
DEPECTION A,C,D,H D
ASSOCTATION -- n 1200 300, 1/6(A,,F),
CEECKING 1/6(}\' y :F:H): 1/6(01,02,03,(3“,
1/6(c3,C5,C3,04, | Cs)
05)
FLOW CONTROL - n 1000 300, 1/6(kn}
1/6§tm,a,c),
1/6(Dy,Dp,D3)

-0Te-

£90~909~HaE-YYVd



INPUT/QUTPUT TRANSFERS

SURVELILLANCE PROCESSING TABLE B - 2b
FUNCTIONS MANDATORY TRANSFERS DESIGN OPTIONS |
: DATA TABLES DATA TABLES

PERIPHERAL DATA | RECORDED DATA PROGRAM TRANSFFR | 'TRANSFER IN TRANSFER OUT
RADAR INPUT 8500 1400,1 3900 500,E, F, G, I 500,B,F,G,I
PROCESSING |
AUTOMATTC -- F,G 1200 F,G,T 0,1
TRACKING
PROXTMITY - n 600 B, n

1

WARNING (D, F,)

=TT

£90-909~¥Z-YV4



INPUT/QUTPUT TRANSFERS

QUTPUT PROCESSING

MANDATORY TRANSFERS DESIGN OPTIONS

" PERIPHERAL RECCRDED PROGRAM DATA TABLES DATA TABLES
FUNCTIONS DATA DATA TRANSEER IRANSFER IN TRANSFER QUT
Plan Position 1000,2n, 1000,2n,
Display 23n n 6600 . €1,C2,23,04,C5, €1,02,03.€4 C5,
Generation E,F,H E
Tabular Display 2n 2n 5000 1/3(A1,A2,43), 1/3(Cy,C2,Cs
Generation ; 1/3(8,C,F) £6,07,09 ),

1/3F

On-Demand 1300, 3n,
Printer n n 3300 A A5 B Dz Dy
Outputs €1,03,06,08,D2,D4
Automatic 3n, 3n,
Printer 3n n 3300 Al A7 A3, C3,04,Cg,Co
Qutputs B.C,¥
Interfacility n 2n 3000 19n, = 2 1 e e
OQutputs B

—g‘[g—

£50-909-HE-YVd



FLIGHT PLAN PROCESSING

TIMING DATA

TABLE B-3a

) COMPUTING TIME TRANSFER TIME
FUNCTIONS PER CYCLE(MS) TOTAL NON-OVERTAPPED EXECUTIVE CONTROL
Controller
Inputs 12,0.18n
Alphaxiumeric H
Inpu_ts 1 s Bn

{
Fix-Time
Determination 0.5n
Flight Plan
Dynamics 4.45n
Conflict
Detection 11n
Association
Checking 2.5,0.06n
Flow _
Control 0.17n

~£Td~

£90-9C9-UE- YV



IIMING DATA

SURVEILLANCE PROCESSING

TARLE B-3b

ﬂ COMPUTING TIME TRANSFFR TIME
EUNCTIONS PER _CYCLE TQTAL NON-OVERLAPPED EXECUTIVE CONTROL
Radar Input
Processing 2.3n
Automatic .
Tracking 2.0n
Proximity
Warning 13,0.05n
,‘ (millisec.)

n-?l‘ig—

£90-909-HE~YV¥d



TDMING DATA
OUTPUT PROCESSING

TABLE B-3c

GOMPUTING TIME

n TRANSFER TIME
FUNCTIONS PER CYCLE TOTAL NON-QVERLAPPED 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.)

~S T~

£90-909 - B~V



AVERAGE AMOUNT CF INFORMATION
TRANSMITIED FOR BACH TYFR OF

 TERCT OR OUTEUT OURTRG EAMH

O.ln x 11)3 bite

0.0ba TTYY worls

T3] .00 -
(5515 B rore vores

MAXTHRL AMDUNT OF IRPORMATION®® FGR PACE
TYPE OF INPUT OR QUTRUT FCR WHLZT! KJFPER
COMPLETE TRFORMATION MANTIN TRANS - STORAGE (EXTERIAL, INTERNAL, OR O3GINATION)
i EXTEREAS, IMVICE HAXIMIM FRGER MESBAGE LEMGTH FOR HISSIDN RATE OF MIEE R PROVIDED DURDNG RACH 2.5 SEUNHD
: . OF_CHAIEL i OF DEVICES FACE DEVICE EACH DRVICE CECLE 2.5 GECOMD CYCLE
? I
E Procedged Bader Data (for 15 ARSR's 53-T9 bita 2400 bitsfanc 20 x 103 hits
: eEple, pacte line dsta limk) and ASR'as per chaenel or
i 7200 bltafesc
i mxcimm
fntiroller Pashbutton {for <2 12-48 bits 208 sesend 3.3 x 103 bits n bits
: exnapie, L0 modules of 30-15 '
i rushiuttons each¥
i
: Alpnamumeris feyboard (for k2 2.30 TIE® was (T
t sXampie, Teietypewvriter) TTY wd3 avg) 00 PITY wis/min 630 TTY* worde
i
E Iptepfagility (for exmuple, i -8 2-30 TTY* vords #4090 bitafeec 58 x 103 bite 2n bits
f Thone Libe dota link) i {5 TTY wds evg) .
:
H 1 H
. : |
: : ! ———————— P T died
e m o fr o e — e e e — T - - :
H | i
! '
! High- 7 15-30 POY* wds 3A00 PIY* wis/min ‘n} 30 =3n . __n_"l 666 = 50
i — (15 TEY* wds ave) o) 2 TRY% wonds ; | T | 2 g words
i
: - }
| Tp-Demand Printer (for exmple, Wz . 2-96 TTY* words 100 TUEY wds/ain w12 ‘u‘% i
: Teleprinter, (L7 TTY* wds avg) %‘! W TTY# yords
l Toterfacility {for example, 1 23 TIT* wis {3 w400 vits/s2c [ 103 bitae 55 bite
: “hone 1line eatm Link TIY* wda avg)

=TI

Foors09-Ha=vid

Siponding upon the ctaracteristics of the Peripherai-
Tevlon Adepner additicnal astorage for data wazd e
21 the Mo,epping and Liming of gubpats muy be

RUMBER AND CHARACTERISTICS OF EXTxiliAl, DEVICES -

Tobls Bl

32% Flight Configuration

#eduifar table capacity exceeds

chanval capacity fo permit reascmable

fegsege Gueue,

#ay be gane a3 Radar Coatroller
Keyboard {see Tables Cub and D-h}.
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APPENDIX C

DATA PROCESSING TABLES FOR THE 200 FLIGET CONFIGURATION

l. Description of Data Contained in Tebles.- The following paragraphs describe
the data contained in each column of the data processing tables that are included
in this appendix.

..} Primary Storage (Tsbles 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 L.k,

1.2 Input/Output Trensfers (Tables C-2a, b, and c).- The descriptive comments
on Input/Output Transfers in paragraph 1.2, items (a) through (e), of Appendix B
are applicable here, BSee legend in paragraph 1.h.

1.3 Timing Data (Tebles C-3a, b, and c).- The descriptive comments on Timing
Date in paragraph 1.3, items (a) through (c), of Appendix B are appliceble here.
See legend in paragraph 1.k.

1.4 Legend for Tsbles (200 flight configuration)

Dynamic Tables {n = number of controlled flights)

Q9 e
[N ]

P =
LI
—
2

j‘ﬁmﬂﬁ
o
H]
B

=

oo
(@3
Q
[

NOTE: Commas imply "The Sum Of". Time information is stated in miliiseconds.
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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 Fach Type of Input or
OQutput During Fach 2.5 Second Cycle.- The number listed in this
column cof Table C-h is bmsed 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 traffic load, n.
With appropriaste inereese to account for overhead data pecullar
to & proposed solution for the periphersl deta buffer problem, the
number in this column will be used to determine peripheral date
transfer requirements for all outputs and for any inputs which will
be internally 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 eare treated as being
independent of the traffic loed, n. BExcept for inter-facility outputs, sll
maximum requirements for output buffer storage ere proportiocnal to traffic
load. Demand for outpuis in excess of the pesk amount provided for would be
serviced as cepacity becomes available.

1.6.1 Since each function will be executed only once per 2.5 second cycle and
most inputs/outguts will be baich processed, every solution to. the peripheral
data buffer problem must provide for the maximum amount of information listed
in Table 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 Information storage may be only & part of the total buffer storage re-
quired. The characteristics of a proposed buffer system snd related logic may
require additional storage for date used to control the addressing and timing
of outputs, and to tag the source of input data on less than a complete mes-
sage bagis. 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-demand printer outputs for each 32-bit computer word. Provision mus+t
be mede Tor storing the overhead dats as well as information data in any solu-
tion to the peripheral data storage end transfer problem.

1.6. 1.6.3 The entry in Table C-1 for peripheral datas storage associated with any
function is the sum of the maximum amount of information required to be buffered
during a 2.5 second cycle {(from Teble C-k) end the overhead data associated with
that information.

1.6.4 In addition, since Table C-2 is based upon an approsch to buffering where
all inputs sre entirely externally buffered, the entry for Mandatory Transfer
Peripheral Data associated with any function is also the sum of the msximum amount
of information required to be buffered during a 2.5 second cycle (from Table C-U)
and the overhead data associated with that information. For ocutputs, and for
inputs in the case where inputs are internally buffered, the Mandatory Transfer
Peripheral Data entry of Table -2 would be the average amount of information

plus associated overhead data tranemitied for each type of input or output dur

ing each 2.5 geconc cycle.



PRIMARY STORAGE CHART
FLIGHT PLAN PROCESSING

PROCRAM DATA WORKING | PERIPHERAL NEXT .
FUNCTIONS LENGTH TABLE TABLE DATA EXECUTIVE| FUNCTION BULK
STORAGE STORAGE STORAGE CONTROL |ENVIRON, | STORAGE

ALPHA- 3200,

NUMERIC 9200 A,B,C,H 500 3100

INPUTS

FIX-TIME 400, n,

COMPUTA- 4200 4,B,C, 200 ne

T10NS Fy H

TABLE (C-lg

TGO
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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




INPUT/QUTPUT TRANSFERS

et
_ FLIGHET PLAW PROCESSING &
1
FuNcTIoNs ||MANDATORY TRANSFERS DESIGY OPTIONS 1
PERIPHERAL | RECORDED PROGRAM | DATA TABLES| DATA TABLES é‘
DATA DATA TRANSFER | TRANSFER INI TRANSFER OUL R
ALPHA- , : b
NUMERIC 3100 100, 9200 3200, 800, &
INPUTS 0.17B, A,B,C,H A,B,C
D.04C, :
FIX-TIME n, 4200 | 400,n, A,B,C
| COMPUTATION ka,0) A,B.C,EH
1
§

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

£90-909-Ha-YV4



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
SURVETLLANCE PROCESSING
COMPUTING . )
FUNGTLONS TIME BER EXECUTIVE TRANSFER TIME
' CYCLE (millisec)! CONTROL | TON -0V ERRAFPED
CONTROLLER
IHBUTS 8,0-15!‘!
RADAR
INPUTS 2.3n
TRACKING 2.0n

-a—'[;)-

£90~909-HI-YVd

TABLE C-3b



TIMING DATA

CUTPUT PROCESSTNG

. COMPUTING TRANSFER TS
FUNCTIONS TIME PER EXECUTTVE RANS
, ) GYCLE (millisec)| compmar, ITOTAL [NON-OVERLATPED
" PLAN

POSTTION 1.2n

DISPLAY

ON-DEMAND 0.4n

PRINTER .

STRIP

PRINTING

AND 0.3n

UPDATING

INTER- 0.1n ‘

FACILITY ’

OUTPUTS

TABLE C-3c

£~
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HAXTMEM AMOUNT OF INFORMATION** FOR BACE
TYPR OF INFUT OR QUTFUT FOR WELCH BUFFER

AVERAGE ANMOINT OF INFCRMATION

CCMPLETE INFORMATICN |  MAXTMUM TRANG- STORACE {EXTERNAL, INTERNAL, OR COMBIRATIOR) | TRANSMITTED FOR FACE TYPE OF
EXTEHNAL DEVICE HAXIMOM HUMBRR MESSAGE LENGTH FOR MISSICH RATE OF MUST BE PROVIDED DURING BACH 2.5 SRCOND ISVUT OR CUPPUY DURTHG RACH
OR CEAFNIL OF DEVICES EACE IEVICE FACH DEVICE CYCLE 2.5 SECORD CICLE :
it
Processed Fadar Date {Tor 8 AmsR's 53-79 2400 bits/sec b4 x 107 vite 0.3m = 107 bita
e, phons Line data link) per champal or -
T Bitapec
e mm
Radar Controller X 3 624 char 200 char/min 900 chas Q.30 ohar
for example, Bazeltine
Punctiopal Control Papel)
Mphanueric Ke 0 10-130 char 100 TIYt was/ 1500 char 0.25 char
Talotypewriter {for exampla, {T0 char avg) nin
send part of 28ASR}
Computer Update Bquipment 3h 16 char 200 char/min 600 char G.1n char
{ cuE) ’
Interfecility {for exauple, 6 10-150 cher 2400 bite/sec ¥ x m3 bite G.3n char
Thone line data 1ink) : {17 char avg) :
QIERUY
Flight Strip Prioter {for 3k S0-40G char 40 char/sec - n .| 10 cher ¥ 3% 0.7n char
exappie, Kleips t Printer} {120 char avg) 20 chay
On-Demand Printer {for exsmple, 10 10-400 char 100TTY* wisfmdn [0.02:1] 45T o chaptrs 0.2n char
Tecelve part of ZOASR) {70 char avg) -
Flight Strip Update Display 3% k=17 char 200 char/sec 600 char Q.2n char
(#or exmmple, CGUE readout {10 cbar avg}
Interfaciiity (for exemple, 1 10-150 char 2400 bite/sec 6 = 10° hits 0.3n char
Thone Line data Link} . (17 char avg) :

w*lmn

ESO-005- A=YV .

*eletypewriter {TTY) word = five 6-hit

information chersoters.

”Depending upon the charscteristice of the Peripheral

Device Adapser 8ddiblonal gtormge for data ussd to control
the addressing and timing of outpuats may be needed.

able Cuk

FUMBER ARD CHARACTERISTICS OF BXTERNAL Dmézs - 200 Flight Confliguration

wedbuffer tadlie ¢
chanpel capacl
wedsage gueue,

apzcity emeeda
ty to pemmit ressopable
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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:

(&) Maximum Number of Devices,- The number provided is dependent
upon the 100 percent peak load figure; or in the case of
processed radar data and inter-facility messages, the
maximum number of radars or adjacent facilities which transmit
information to the terminal control.facility.

The date in Table D-4 is based upon a 100 percent pesk load
of "I00 flights (n = 100) and a terminal control facility
configired with 17 radar control positions, 3 supervisory
date ent¥y/cutput stations, 3 short-renge search/beacon
raéar, and one long-range search/beacon radar, and _one.
adjacent center with_dats chennel. econnection, 'Each rad&r
control position is equipped with one (l) redar controller
keyboard., BEach 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 comnects to the facility with three data channels o
provide sufficient capacity for transmission of processed
radar date messages.

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

(¢} Maximum Transmission Rete of Each Device.- The number listed
in this column of Table D-4 is the maximum tranemission
rate assumed for each of the devices listed.

(@) Maximum Amount of Information for Each Type of Inpub or
Output For Which Buffer Storage (external, internal, or
combination) Must Be Provided During Each 2.5 Second Cyele,-
The number listed in this column of Table D-4 is based upon
the following:

{1) Processed Radar Data

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

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

the maximum rate. For the short-range search/beacon
Yadars, the amount of data which can accumulate in
1.25 seconds if each of the radar video data processors
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are handling date of thelr maximum capacity. It
should be noted that radar inputs processing is
assumed  to operate twice in each 2.5 second cycle,
hence the buffer requirementr is for that amount of
data which accumulated in 1.25 eeconds.

(2) Radar Controller Keyboard

The amount of information which will have sccumulated
prior to interpretation if each entry device campletes
a maximum length message in the same 2.5 second cycle.,

(3) Interfacility Inputs

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

(k) Supervisory Data Output Printer

The amount of information makXing up complete
supervisory printouts which must be generated for
transmission o three printers, each ovperating
sinmiltaneously at the maximum rate.

(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 Bach 2.5 Second Cycle.- The number
listed in this column of Table D-4 is based upon the average
amount of information generated by the environment in which
the CCC operastes. REach type of input and oubtput is expressed
a8 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 thie
column will be used to determine peripheral data transfer
reguirements forell outputs and for any inputs which will
be internally buffered.

1.6 Input/Output Transfer and Buffer Approach.-  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 as
being independent of the traffic load, n. Except for interfacility outputs,
all maximm rejuirements for ocutput 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

INPUT AND SHRVETLIANCE PROCRSSING

FUNCTIONS PROGRAM DATA WORKING PERIPHERAL NEXT FUHC-
LENGTH TABLE TABLE BATA EXECUTIVE | TION BUIK
STORAGE STORAGE STORAGE CONTROL | ENVIRON, STORAGE
CONTROLLER 1200 200, 100 100
INFUTS B,C,F,G
RADAR 3900 400,n, 1000 1300
INPUT E,F.G,1
PROCESSING
AUTOMATIC 900 n, 100 —
TRACKING ¥,G

..{Iq..

£90~909 -~V

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



INPUTGUTPUT TRANSFERS

MANDATCRY TRANSFERS

CY¥EEIT PROCESSING

DESIGN OPFTIONS
FUNCTIONS |[PERIPHERAL |RECORDED PROGRAM | DATA TABLES | DATA TABLES
DATA DATA _ [TRANSFER | TRANSFER IN [ TRANSFER OUT
PLAN
POSTIION C,E,F, €y n
DISFLAY 15n n 2200 n,200
CENERATION
ON-DEMAND B,C,F,
PRINTER n n 1500 2,200 n
INTER- n n 300 C,F,n n
FACILITY

TABLE D-2b
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TIMING DATA

INPUT AND SURVEILLANCE PROCESSING

COMPUTING
FUNCTIONS TIME PER EXBCUTIVE TRANSFER TME
CYCLE (millisec) | CONTROL TOTAL NON~OVERLAPPED
CONTROLLER 0.4n
THPUT
tl
RADAR 4,11
INPUT
PROCESSING
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
DESCRIFTICN OF DATA-PROCESSING FUNCTIONS

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 i.e.,
Flight Plan Data Processing, Surveillance Data Processing, Output Data
Processing, and Executive Control.

1. FPlight Plan Data-Processing Area.- This section describes those
functions which operate on or modify flight plan data. Typical flight
plan data includes: aircraft identification, aircraft type, speeds..
origin of flight, time of departure, routé, ALLIEUAE GVEF various -
portions of route, fix points, €8tiiated time of arrival over FiX
points, destination, alternate destinatiofs, eteT o

L sy

T e e B

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

() Plan Position Display Reguests

(1) Request display of flights within a specified
altitude range.

(2) Request display of a flight plan route.

(3) Request suppression or repositioning of alpha-
numeric infdrmation that is displayed at
alreraft position.

(b} Printout Requests

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

e - :*w)\\,.‘
(c) { Flight Plan Modification )

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

y
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(d) Transfer of Comrol

(1) Prepare handover. .
§2§ Accept handover. _
Assume control. "

(k) Release for the control sector from which transferred.

1.2 Aiphanumeric Keyboard Input Processing.- Each control and planning
position, as well as local and remote flight data entry positions,

will be provided with an alphanumeric keyboard input capability for the
direct on-line entry of a variety of .inputs. The keyboard for
‘alphanumeric inputs may be separate from input devices for other
control inpute. Characteristics of aslphanumeric keyboard inputs are:

() Messege formats and contents will conform to cuxrrent
alr traffiec control practices. Fields not applying to
& particular messege mey be-cmitted; Veriable-length
items will be. permitted without padding ‘characters,
é“H'a wide latitu will be possible in meusage
séquence, composition,"and length, Formats convenient
for cgmposition by the controller’ may require
reformatting in the computer.

(b) Controllers will be able to correct or revise items
‘within a message without repeating the entire MeSSaEE
Each incoming message will be subject to computer
program acceptance checking to guard against certain
classes of errors not detected ov corrected by the
controller and to insure that each input represents
a complete and coherent message. If an input messege
'is acceptable, a receipt message will be output to
the sender. The controller msy then proceed with
the next input. If & message 1s not ecceptable, a
“printout indicating the error will be output Lo the
genger, The controller can then enter additicnsl
information to correct the original message, following
which the corrected message will be acknowledged by
& receipt message. This combined operator-input,
capputer-output cycle will provide a direct, fest-
re@ponse, two-way communication chamnnel for alpha-
numeric¢ deta entry.

(c) Air movement data and transfer-of-control messages
crosstold automatically from adjacent control
facilities will be processed by the alphanumeric
keyboard inputs processing function.in much the same
manner a8 described above.

o~
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1.2.,1 Representative Examples of Alphanumeric Inputs Are:

(a)

(v)

(c)

Alr Movement Data

(1) Plight Pians

(2) Flight Plan Modifications

A3) Progress Reports >

(&) “Prefiled Routes

Environﬁental Data

(1) Winds Aloft
(2) Barometric Pressure

Data Printout Reguests

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

1.3 Filight Plan Dynamics.- Flight plan dynamics will consist of a Fix

time determination function, a flight plan position and extrapolation

function, an
function.

(a)é

altitude processing function, and an area responsibility

Fix Time Determination.- The fix time determination

- function will calculate and/or medify time data

- assoclated with flight plans. | This function will
. determine relative time information using filed speed,
' filed route, and_stored wind information. Real times -
‘will be computed by the adjustment of stored times

(p) !

based upon entered real time information.fﬁbw fix

i oot Iy
- times will be calculated whenever the route or speed
‘is modifjed and whenever a fix time is entered in a

progress report or as a result of an update action./

o
Flight Plan Extrapolation.- The extrap}ation and position

! function will determine flight plan previous and

'{_ngxt fix, present flight plan position and velocity,
. and extrapolation status. These items will be derived

e

2
A

3

R Ll‘_)a-v&.f‘: (c)

“track with fiight plan position.
e B

. from stored fix information, will form the basis of
current air situation displays, and will provide inputs

automatic tracking and %o processes associating

Altitude Processing.- Altitude processing will serve
three purposes:

(1) To describe the intended vertical profile of flight,
(2) To monitor the conformance of reported altitude

pry

.-j.
B‘-‘
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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 funciion will meke use of route and
altitude deta as determined by the alphanumeric input o A
processing function. The output of the function will be used

by the conflict d tion and plan position display generation3i
functione. tay

(a)

Area Responsibility.- The aresa responsibility function
wili maintain area responsibility based on the geographic
division of the control cepter into sectors, and will

_generate boundary crossing Limes. The output of the
function will be used by the plan-position display’ 21
generation function to generate transfer of control
'dlsplays and to signal the generatlon and. routing of
area~sens1tive xnformatlon such as inter- fa01llty 3.5
messages.

1.4 Confllct Detection.- The cconflict- detectzon process w1ll be based

(v) -

? czrcunségiﬁédmébout thewprédl<ted poéitian ofueachw"

fiight plan, Tt is expected that deviations between
prédicted and actual fiight position will be symmetrical
with respect to.the predicted position; hence, the
protected volume of alrspace 1s deflned wlth the ;

will be protected by an appropriate volume of airspace
surroundlng the area 'segment for the delay lnterval.

;theqdnnen51ons of

space andatimes

The problem of conflict detection will be reduced %o &
¢ consideration of horizontal space and time dimensions

& only by processing together only route segments
(stralght lines and areas) which are within a Bpecified



&
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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 Imput Processing.- The input:dﬁfice mentioned in 1.1
~will also be used for rapid entry of controller input actions associated
with surveillance data. Representative examples of these inputs are:

(a) Actions Related to Autometic Tracking

(1) start and stop track.
2) Change trackin de.. 4§ £ ey ‘
() onange trackizmode. 5 M L Ber @ o

(b) Pian Position Display Reguests

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

: redar datum.

- (2) Request display of beacon code/call sign for all

: radar data having the same code filed in s

: gpeclified flight plan.

%(3) Request display of the area used to assoicate a

: track and flight plan position.

‘(4) Request suppression or repositioning of alphanumeric
information associated with track position.

2.2y Radar Input Processing.- Digitalized radar returns from multiple
remote radar sites will be recelved by the central dats processor in:
polax radar site coordinates. The radar input processing function w
transform the polar coordinate. data into & common Cartes;an coordi

system. = o

[P

;’(masklng) due to multiple coverage will be performed. .
{ Quantity analysis of radar returns by site, system, 4;»&fgﬂ
. and type (search or beacon) will be performed to %Jiﬁ/“”'“
. prevent overload of the CCC. Time delays associated f”$ﬁ<;4paﬁiu
wilth each datum will be delivered to the tracking
function.

(a) Selective rejection by sites of redundant data - «T“
Lépﬁzy&u’"

{b) The quality of radar inputs will be dynamically

: monitored by examining test messages generated at

¢ gach of the radar sites and by statistical analysis

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

© to determine radar data processor and transmission
“errors. The live data fram overlapping radars will be
‘crogs-compared 6 d ermine systen S¥¥orEin radar
’orlentation, registration, Tada?y BesssH" collimation,
and radar beacon decoding.

velocities for all tracks carried by the system. This includes the
automatic processing of radar data, both bescon and search, and flight
plan data to obtain position and veloc;ty estimates for each track. e

2.3 Auntomatic Tracking.- Automatic tracking will compute positions and /}
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(&) The vasic tracking function will be performed in

three phaasesr—
B g
2) Proc ng of correlsted data, rejecting clutter,
detecting turns, ebEy ™
(3) Predicting track position. and.velocity. by smoothing
operations’ using previous data on the track and
flight plan data.

(b) Correlation will involve the seleciive processing of
radar date to remove time delays and to determine those
ta which are most likely tc be returns from the track;
gorrelatlon will be performed using distance measures
ependent upon the reliability of past and present returna.

{c} Processing will be performed on the correlated deta 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 return has been received, etc.
The result of the _brocess will be a best estimatemof

(d) By means of a smoothlng operation on track past history,
Jan estimate will be maede of track future position,
maklng use of pertinent flight plan data, if NeCcessary,

(e)E‘If because of difficulty in receiving data, it
becames impossible to keep a track on its data trail,
a tracking trouble detection function will. detect the
dlfflculty and will notify the controller in time for
‘him to be able to assess the situstion and take corrective
‘action.

2.h Proximity Warning.- Detected or predicted viclation of procedural
separaetion standards u51ng fllght plan Gata implies that a conflict is
possible; but, in a radar env1ronment, the violation of radar separation,
sbandards is required before a conflict can occur. To detect the

immlnent v1olat10n of radar separatlon simndards,:a@ w}

2.4.3 L.1 Periodically, the tracks of all flights in procedursl conflict
with another track, as determined by the flight plan conflict detection
process, wlll be examined to determine whether there is or will be an
overlap of the protected airspace of the track using the radar separation
standards. If such an overlap is found, it will be considered an
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imminent radar conflict and the information will be displayed t0 comtrol
personnel.

LJutput Data Processing Ares.- This section describes the varicus
outputs generated for-plan-posttion and tabular displays, printouts,
control date recordings, and inter-facility messages.

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

generation function. automatically will make up, format, and tag -for
output messages for the plan p051t10n alphanumeric displays.

' qﬁion, guch as, . altitude cecupied, conflict status, ebe. Each
“track in the gystem will have a similar message associated with it,
and selected beacon code returns processed by the system will be
displayed with an assoclated display message. Selected processed

qgﬁﬁg deta will be displayed with appropriate symbols. In"addition,

sunplementary ‘alphanmmeric tabuler 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, requested output
messages for the plan-position alphanumeric displays based upon
requests received from the inputs processing programs. Requestable
displays will consist of flight plan route, display of flights by

Maltltude, te.

1ll be assigned to one or more of. several..
tatus information of the flight plan,

3.1.2 Each display message
dlsplay ca%egorzeg ‘based o

£7ack, or radar data. These categories Wlll, in part, determine the

s

routing of AIEPlEY féscages; and, in part, will be selectively available
to the operator at each display as an aid to display clutter reduction.

3.2 Tabular Display CGeneration.- The tabular displey generation function
will avtomstically make up, format, and tag for routing, flight plan

258 an ntrol order displays for control positions and air movements
ies, for. Planning and.flow control -positions. These outputs
will be displayed on the tabular display elements. Tabular alsplays
will be generated on demand when changes occur.

3.3 On-Demand Printer Outputs.- Bach keyboard or pushbutton input
unit will have associated with it a printer output device. Each
keyboard input and a portion of the input units will generate a
printed acknowledgement receipt on the appropriate printer, and will
generate printer outputs determined by the nature of the input., If
an input cannot be interpreted by the inputs processor, a request for
additional Information will be generated on the output channel,
initiating a dialogue which may be terminated by the correction of the
input or its cancellation. Representative output messages are:
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(a) Acknowledgement.

(b) Further information request.

(c) Stored flight plan route/time information.

(@) Detailed conflict informesion on & flight plan.

3.4  Aubomatic Printer OQutpubs.~ Periodically, variowm status printouts
will be generated automatically and routed to high-speed printer output
devices. The autamatic printcouts will consist mainly of flight plan
information which may be used for back-up during periods of sabular
displey failure.

3.5 Inter-facility OQutputs.~ Air movements and transfer of control

data will be automatically crosstold between adjacent 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:

(2) Air Movement Data

(1) Flight Plans

Flight Plan Modifications
Progress Reports

Track Data

S e,

2
3
L

(v) Transfer of Contrcl Data

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

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

4.1 Operate Mode Control.- Operate mode control will, upon siarting or
restarting the computing complex, determine in which of the specified
medes the complex shall operate. This determination will bhe based on
a preplanned order or manual instruction. When }nitiating'the processg-
ing cycle, the operate mode control function will properly initialize
all pnecessary portions of the data-processing complex and transfer
control to 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.

4.2 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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date 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.

4.2.1 Safe Data Recording.- All current ailr movement data must be
recoverable in the event of a computer malfunction or mode change. To
provide for this tecovery;all ‘information necessary to reéconstruct
current ailr movements will be periodically transferred to a storsge
unit which 1s not accessed by normal program operation and whose
contents are unaffected by computer malfunction, and envirormental
transients such as power surges, disruptions, and the like. This
storage unit 1s referred to &s safe storasge, and the information
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 data will
provide for the regeneration of:

(s} All flight plans

{p)} A1l prefiled routes

(¢) A1l wind informat on

{d) 411 track data

(e) A1l erea responsibility information

(f) A1l confliet information

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

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

4.,2.2.1 The control data recording function will reirieve informaticn
from specified sections of primary memory at specified times during

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

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 camputing system.

4.2.2,2 Off-line reduction of the data will be independent of the
functioning of the real-time system.

4.3 FEguipment Error Detection and Recovery.~ The equipment error
detection and recovery function will monitor variocus eguipment elements
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of the computing complex. If it debtects an error, 1t will attempt to
recover froam the error. If unsuccessful, an attempt will be made

to dimgnose 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 Diegnostics,.- The program diagnostic function will
determine all available. details about any progresm execution errors

that occur during the real-time operation of the computing camplex.

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

L.5 Confidence Routines,- These routines will perform confidence
checks during live-cycle cperation in order to control the quality

of computing complex operation. The results of confidence checks shaell
be printed on the on-line printer.

:“5. 100- and 200-Alrcraft Configurations.- The 100~ and 200-aircraft

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

5.1 200-Aircraft Configuration.- The 200-aircraft configuration has

-the following functional capability. ZExcept where indicated, the

functions have the ecapability described earlier in this appendix.

(a) Flight Plan Data Processing

(1) Alphanumeric Inputs
(2) Fix Time Determination

(v) 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 4o the controller.
On-Demand Printer

Inter-Facility Outputs

Ty i,
£
N S
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2.2 100-Aircraft Configuration.- The 100-aircraft configuration has the
capabllity to track and meintain appropriate displsys for 100 flights.
The functions included in this configuration are:

(a) Input and Surveillance Data Processing

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

{v) .Output Data Processing
(1; Plan-Position Display Generation

(2) On-Demand Printer
(3) Inter-Pacility Outputs
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AFPFENDIX F

TECHNICAL PROPOSAL FORMAT AND CONTENT

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

the most beneficial from the standpoints of the technical aspects,

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

1.1 Proposal Outline.- Each 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
heayily on the written proposals in selecting the successful bidder. The
proposal format and contents are specified in a manner to erhance the

proposal evaluation effort. Therefore, there is an intended redundancy in

the reguirements to specify certain items of inTormation in various levels

of detail-in different sections of the proposal.

2. Hardware Considerations.- The specification permits extensive freedom

In the manner in which the data processing tasks of air traffic control are
organized. The dsta processing functions and reliability requirements have
been emphasized. Only some minisum equipment requirements are stated. This
approach 1s intended to allow the bidder freedom to propose & data processing
organization and configuration of equipment for the CCC which makes optimum
use ¢f his equipment. The specification permits. the use of two (but no more
than two) data-processing machlne types in % fzthree requlred flighﬁ
corfigurations (sectlon 3.2.1.3) providsd tha prOgramlng is identical for ~
‘each machine type and expandability requirenents (3.2.1.6) are met. If

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

2.1 Overall Functional Organization.,- Provide a sufficiently detailed
description of the over-all functional organization of each proposed Centrsl
Computing Complex to demonstrate clearly an understanding of the data
processing land relisbility regquirements, and capabilities of the equipment
functional organization 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 techalcal requirements. The detalls of the manner in
which the experimental system was organized, slthough they appeesr in the
specification, are not be construed as restricting the bidder's proposed
design beyond the stated loading information that it supplies,

2.1.1 TIndicate broadly the over-all technical spproach to functional
organization and capability.

2.,1.2 Inciude and/or reference pertinent sketches, drawings, charts,
dlsgrams, ete,

2.1.3 If appropriate, indicate design alternastives which were considered
and indicate the reasons for the selected design.

off the shelf, and the amount of development effort required to modify
existing equipmﬁnt to meet the technlcal requirements.wﬁ_mrm

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

2.2 Ixecutive Control (Functional Design)

2.2,1 Mode of Operation Control.- Define and describe in detail your con~
cept of mode Of operation control as it relastes to the proposed CCC. .In
particwlar you shall cover but not be restricted to the foliowing items:

(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
Tailure or change in operating capacity requirements.

(c) Give a general indication of what provisions could be made
for functional 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 techniques,
and the executive program to detect and diagnose fallures in the real-time
operation.

2:.2.3 Interrupt Capsbility.- Describe what use the executive conbrol function
deglgn might make of avallable program and/or eguipment~generated interrupt
capebilities in & 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
data word length adjustment factor (DLAF). The computing time for each
function should be determined by adjusting the stated computing time
requirement for the computer of the experimentasl system using the sppropriste
computing time adjustment factor (CTAF).

2:3.1.1 Sample Problems,- Appendix A contains the specifications for

sample problems that are typical of the data processing tasks encountered

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

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

program length for each function which you propose 10 execute with a single
computing element., Uslng the parallel processing PLAF, determine the

program length for each function whleh you propose to execute with

simultaneous operation of more than one computing element. Using the format
of the Primary Storage Chart in Appendices B, C, and D, present data for
program length, data table storage, working table storage, peripheral data
storage, estimated executive control program length, next funchion 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 execution of funcbions for the assumed control function design. All
table lengths for data storage should be obtalned by adjusting the lengths
specified in the'Tables of B, ¢, and D, by the DLAF. Estimate the amount

and type of bulk storage that the aspumed executive control function design
requires, Include in this estimate the storage necessary to effect the
reliability, mode-of-operation. contiol, and safe data requirements. In
addition to the sbove data, provide a primary and bulk storage -allceation
chart showing the dynamic use of this storage and identifying transfers between
these storage elements during the processing cycle consistent with the sssumed
executlve control function design.

263.3 Inputhutput Transfers,- Present data in the format of the Input/Output
Transfer Charts of Appendices B, C, and D for all data and program transfers
required to handie peripheral data, and those necessitated by the assumed
.executive control function design and dynamic use of primary sterage. DLength
of each transfer should be determined by adjusting the basic data presenied
in the Tedbles of B, C, and D using the appropriate factor (PLAF or DLAF)

as described in 2,3.2., This tabular listing of transfers should be keyed

to the transfers identified on the primary and bulk storage allocation

charts by a chart which describes the timing of all I/0 transfers during

the processing cycle consistent with the assumed executive -control function
deslgn. Peripheral and recorded data transfers should be ideuntified, con-
sistent with your solution to the peripheral dsta handling problem.
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2.3.4 Timing Data.- Present timing data in the format of the Timing Data
Chart of Appendices B, C, and D for all 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
{calculated for the sample problem as specified in Appendix A) to the

listed computing time per cycle, For those data processing functions which
you propose to execute by simultaneous operation of more than one compubting
alement, 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 to the composite
sample problem specified in Appendix A,

2.3.4.2 The estimated total transfer time (including mverage time spent
in acceesing bulk storage and peripheral data) associated with the
executlon of each function should be stated. This transfer time shall be
estimated from the number and length of transfers necessitated by the
assumed organization of the over-all data processing task and the stated
characterisgtics of input/output channels, primary and bulk storage, peri-
pheral data storage, and recorded data storage. Consistent with the charts
describing dynamic alloecation of primary snd bulk storage, and timing of
transfers within the processing cycle, the amount of unoverlapped transfer
time associated with each function shall be determined. The unoverliapped
transfer-time data is to include estimates for the effect of "break-in"
WMEMOTY CYClLeS.

2,3.4,3 - In addition, an estimate of the computing time allocated to each
function for executive control should be entered on the timing data charts.

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

-2.3.45.5 The total real operating time per cycle for all functions shall be
computed (and stated on the timing data charts with appropriate label) by
corbining the individual function operating times consistent with the execu-
tion sequence of functions for the assumed execuiive control function design.
If the functions are executed in a sequence with no overlsp, the total real
operating time per cycle 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 ocycle should be computed as follows:
Increases, as necessary, the individusl function opersting time Tor any
functions which are executed in parslliel to account for simultaneous

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

2.3,A.I Using the charts identified in 2.3.2, 2.3.3, and 2.3.4, and a flow
chart for the executive control function as you visualize it, show how each
of your porposed CCC's perform the enroute functions and meet the cycle
time requirement of 2.9 seconds,

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

2.3.6 Interrupt Capsbility.- Describe the interrupt capsbilities of your
proposed eguipment complex. Show how lnternal and external interrupts may
be used in conjunciion with your envisioned executive program to handle
controller and peripheral device requests for service.

2.3.7 Real-Time Clocks.- Provide information as to real-time clocks thab
are applicable for utilization in your proposed CCC., Provide information
such as:

{a) Types (internal/external);

Eb) Interrupt features;

c) Computer program access and manipulation; and
(d) Precision.

2.3.8 Code Standardization,- The adoption of American Standsrd Cede for
Information Interchange or ASA Standard No. X3.4 presages its use for
filing flight plans with ATC facilities. This code is also under cone
sideration by FAA for inter-facility transmissions, with its adoption
probabie. Furthermore, certain plan-position displays being procured by
FAA have alphanumeric inputs that use the 6-bi%t subset of the X3.4 code
containing the alphanumeric characters, and it is desired to continue this
practice. Describe how you would adsipt the CCC 4o the sbove uses,
Indicate what effects this would have on system-~oriented and computer-
oriented peripheral devices,

2.4 Reliability Design

2,4,1 Reliability requlrements have been imposed on the entire Central
Computing Complex. Therefore, the development of the relisbility design
should give consideration to the following factors.
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(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. '
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(f) Wherever data from operational experience is not availsble
in reference to (a), (b), (c), and (d) sbove, provide sll
equations, mathematical techniques, and data used in the
computatlons. Provide derivations of technigues used in
order to Justify their valildity.

(g) Present the mathematical model for relisbility and main-
tainability 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 configuration.

(h) In cases where the failure of an active CCC element results
in switching to redundant element, describe how changes in
the CCC configuration are achieved and the smount of time
required for changeover.

(1) Present the extent to which you employ the following re-
lisbility design bechniques: derating of the component
piece parts, use of parts having = history of relisble
operation in other systems, examination of circuit and part
tolerances to insure minimization of drift-type equipment
fallures, and a review of packaging and production methods.

2.5 Central Computer Complex Equipment

2e5.2 CCC Elements,~ List the functional units, such as storage elements,
computing elements, ete., which make up each proposed CCC, indicating the
number, type, and capacity of each unit required to satisfy the specified
CCC capabilitles,

2.0.2 Peripheral Equipments.- List and deseribe the computer-oriented
peripheral equipments proposed for use with each ceniral computer c¢onw
figuration specified above. Is any provision mede 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 required flight configurations (3.2.1.3), provided that programing is
identical for each machine type and expandability requirements (3.2.1.6) are
met. In general, the use of more than one type of machine tends %o cause
an increase in complexity of certain areas of the system and mssocilated
support aectivities. 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 coneidered as trade-off items in evaluating
‘the oversll effectivenesas 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)

(2)

(m)

(n)

(o)

Instrumentation.- List the instrumentation that is
provided with each proposed CCC for maintaining and
repairing 1t. Describe separately any special equipment
which 1s being provided in +this procurement.

Stenderdization.~ Indicate the extent to which the proposed
CCC uses military approved or military standard piece

parts and techniques. The degrees of circuit standardization
should also be defined and described.

Quality Control.- Describe the procedures used for
maintaining quality control within your organization.

Malfunction Evaluatilon,- Describe normal compsny procedures
and methods for malfunction data collection, feed-back, and
analysis used durlng envirommeni and acceptance tests for
CCC-type systems., Indicate how such dats is used in
corrective actions of significant reliability and/or
maintainadbility problems at either the eguipment, unit,
subunit, eirecult, or part level. :

Failure Analysis.- Describe procedures for conducting a
failure analy§is effort to determine the causes of basilc
failures in the CCC.

Corrective Action.~ Define and describe the corrective
action process employed in connection with the malfunction
evaluation and failure analysis activities described above.

Long-term Evaluation.- Describe procedures end methods, if any,.

daia for collection, analysis and feedback, and corrective

acbion process concerned with continuing evaluation of
reliability and maintainability of (CC-type systems installed
in the field.

Preventive Maintenance.- Present a plan for preventive
malntenance of each complete CCC.

Mzintenance Personnel.- Define the number and qualifications

‘of personnel required to malntain 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 training required by maintenance personnel.

CCC Operators.- Define the number and gqualifications of
personnel required tooperate each proposed CCC for 24 hours
per day, seven days per week, Specify, by class breakdown,
the type(s) and amount of training required.

Variations in Manposr Reguirements.- Indicate the changes
in manning specified in {m) and (n) Gue to the operation
of the CCC in the high (ALl) and low (Cl) load modes specified,
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(p) Spares.- Define and describe the nature and quatity 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) Maintenance and Test Equipment. - List, and desctibe if
necessary, the quantities and types of all general and
specialized maintenance and test equipment being provided
(3.8.3.&) to support each size CCC. Include & per unit
(approximate or firm price) cost breakdown with this data.

2.7 Enviremmental Factors.- Describe all aspects of each CCC envirdhment
including but not restricted to the following items:

(a) Armbient Tempersture Range.~ Define the operating and
non-operating acceptable temperature ranges.

{(p) Bumidity Range.- Define the operating and non-operating
acceptable absolute and relative humidity ranges.

{e) Air Conditioning.~ Describe any integral air and/or liguid
cooling used. Discuss alr conditioning failure in terms of
system reliability, including operating time after faillure
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 required for normal system operation,
discuss your proposed redundancy of this equipment to meet
the reliasbility standards of this specification.

2.8 Thysical Characteristics.- Describe the physical charascteristics of
each CCC. The information provided should ineclude but not be restricted
to the following:

(a) Type of packaging.

(b) Numbercof physical units.

(e} Dimensions.

(d) Type of installation--including type of building features
required, such as false floors, overhead or under-floor

cable of air ducts, tie-down features, etc.

(e) Floor space~-indicate the amount of floor space requlred
* for each of the three CCC configurations.



FAA-ER~606-063 -Flo-

(£)
(=)
(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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{v)
(e)
{a)

(e)
(£)
(&)
(n)

Librery routines available,
Training and programer experience level required.
Detadils of aspembling, including;

Assembly program size and timling information.
frror detection characteristics.

Listing format and content.

Equipment reguired other than that in the CCC
required for assembly.

5) Assembly monitoring program, if any.

et S N ot

(1
(2
(3
(&
(

Program debugging aids contained with the assenmbler.
Insert~and-expand, delete-and-contract features.
Special features.

Limitstions,

3.1.2 High Order Language.- A high order language(s) oriented to your

proposed CCC is desirable. A description of the language, 1f any,
ineluding special features which would minimize the extensive programing
effort is reguestéd. Include in your description:

(a)

(b}
(e)
(a)

(e)

(£)

Supporting datas based on existing use of this language
.in a complex similar to the CCC. Indicate features

or functions inherent in the langusge that make it
applicable to program development in the CCC,

Iibrary routines available.
Training and programer experience level required.

Language efficlency, including estimates of additional
primary and bulk data storage required as the result
of object code derived through use of the language.

Details of compilation including:

) Number of passes regquired to obtain object code;

) Program size and timing information;

) Error detection routines;

) Listing format and content: _

) Equipment other than thaet in the CCC required
for compilation; and

) Compilation monitoring progrem if any.

e T e T e et
[ AN IS @1 0N L b

Program integration and debugging ailds.
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(g) Bpeclal feabures,
(h) Avallability.
(i) Limitations,
3.1.3 Utility Programs.- Discuss the characteristics of the following

utility programs which are being supplied as deliverable items in accordance
with the specifieation (section 3.T7.1): :

{(a) Loaders.
(b) Dumps.
(c) Programing debugging aids.

You are encouraged to submit descriptions of any additionsl utility system
programs which are available but are not a mandatory deliverable item under
the specification.

3.1.4 Maintenance 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 3.80%s~ Show that the hardware con-
Tigurations 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
exlst to perform portions of on-line or off-line maintenance tasks, or both,
include a description of such software packages with the proposal.

3.1.4.1 Tn particular, 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-
eonfiguration in the CCC you propose. Inciude:

(1) A description of how you woilld configure the
maintenance subsystem;

(2) A description of how you would perform operational
maintenance; :

(3) Describe how you would perform preventive maintenance;

(k) How you plan to reconfigure the system for equipment
Tailures and automatic mode transition; and

(5) What isolation procedures are necessary when
using these programs to prevent interference to
the operational real-time system?
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(p) A description of programs that are availsble or will be
gvailable that might be employed in the maintenance sube
system.

(e} Timing and storage estimates for those routines to be
included 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 availsable for program checkout
during the production phase. Indicate documentation
that will be supplied with these items,

(b) Features available at the control console and/or in
computer-oriented periphersl equipment that can be used for
program checkout.

3.3 Ixpandabllity.- Describe the nature of programing effort required when
additional capacity (memory or I/0) is added to the CCC but the basie
functions are unchanged. Are there advantages to be gained by s sub-
stantlel reprograming effort versus using expandable addressing technigues?
If 80, what are they.

ki, Acceptance Test.- Describe in detail your approach to developing an
acceptance test proecedure for the CCC. List and describe the software
necessary to implement this procedure.

5. Vendor Support.- Describe the nature of vendor support evallable to
cover items such as the following:

{a) Programing

{(b) Maintenance

{c) In-plant facilities for testing in-service improvements.

(d) Existing Pacilities.- Describe and list existing
facilities using ldentical or similar equipments. Indicate
the availability of these facilities to support an effort
concerned with the CCC.

(e} Personnel Training.~ Indicate the availability of personnel
training facilities, including text or course materisl to
train operational and maintenance personnel.

6. Additional System Information

6.1 System Support.- Discuss the sultability of the proposed computer system
configurations to simplify logistic support for a maintenance system in’’the
areas of:
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(a) Epare parts;
(v) Personmel training in programing and maintenance; and

(c) Sofiware 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;

(v) Standardized documentation;
{c}) Maintenance of programs in the field; and

(d) Development of software improvements and additions
for inclusion in field installations.
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