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SECTION 1

INTRODUCTION

1.]. PURPOSE

This report contains the results of the orocessing system architecture tas k

perform ed by 5021 under the Basic Avionic Subsystem Integi AtlOfl Concept BASIC~
Architecture Interdepartmental Work Agreement 1DWAi No. 4 5_ 7~ _ ) 4 • Pro-

vided herein is a definition of an avionic info rmation process in g system arc hitecture

and recommendations for implementing a subset of thi s architecture tn the BASIC

laboratory . Thi s recommended architecture can he classif ied as a distributed .

multiple processing system. It was derived based on the ~-:lA operational re-

quirements employing a structured system design methodology . The ~-3A archi-

tecture was chosen as a baseline since it typifies avionic information processing

requirements . In addition , current Navy standards , such as the AVK- 14 air-

borne computer and 1353 bus , were employed to the greatest possible extent.

One ~f the major ob~~ctiv es was to pr ov~ ie f lexihCj tv so that the arch icec—

t:~re cai~ odapt to vary ing configurations as •~ict ated by new or chan~zt- a :echnolo—

~:es . Another major objective was to provide fault tolerance so that  the system

can recover from and circumvent failures. These obj ectives were included In

the criteria for assessing the recommended architecture. The modularity as-

pects of the architecture permit the system to he implemented and verified in

an inc remental manner. This is a major benefit made possible by structured

design.

1.2 APPROACH

A structured system design methodology was employed as a tool in arriving

at the architecture In this report. The general procedure followed includes per-

forming a requirem ents analysis , defining an application structure , establishing

k

i—i
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assessment criteria , and mapping the application to hardware and software re-

quirements . The contents of this report , therefore, detail the application of

this procedure to the S-3A requirements and other rationale employed in deriving

a proposed avionic inform ation processing system architecture.

1.3 SUM MAR Y

This report initially describes the steps involved in the sYstem design

m ethodology (Section ~~~~ . Application requirements are derived in Section 3
by exam ining the existing S—3A processing system. This results in a functional

partitioning of the operational program into decompositional units . Section 4

establishes a baseline generic structure as wril  as assessment criteria rela-

tive to flexibility , fault toleranc e, and recovery . Implementations for the de—

compositional units are developed in Section 5. An analysis is performed and

rationale is provided for the definition of a proposed architecture. An imple-

mentation subset , recommended for the BASIC ~ahoratorv , is then described

in Section ‘~ , based on demonstrable assessment criteria as previously established.

1—2
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• SECTION 2

SYSTEM DESIGN METHODOLOGY

This section describes the methodology used in developm ent of the recom-

mended architecture for the BASIC laboratory.

2.1 METHODOLOGY DESCRIPTION

The methodology used to derive the proposed system is based upon the

Avionic Information Processing System Design Methodology currently being

developed by Un ivac under NAV AIR IDEVCEN 5021 directIon. This methodology

is still in a preliminary, qualitative state, but quantifying enhancements will

soon be made. A full description can be found in Reference 1.

The m ethodology of designing information processing systems should be a

stru ctured process consisting of the following stages:

a. Determination of the application requirements

. Decomposition of the requirements into decompositional elements (DE ’ s~
c. Association of the D E s  into decompositional units (DC’ s

ci. Synthesis of a control structure relating DC’s to one another

e. Imp lementation selection for each DC in hardware , software , or firm-
ware

f. Selection of hardware components and software lan guage~s~
• Composition of the hardware system

h. Mapping of softw are and fi rmware DC’s onto thc hardware

i. Simulation of the system, both hardware and software

In each stage, there is a decision matrix which has columns headed by

design choices avai lable to the designer and rows listing assessment criteria

appropriate to that design stage. The elements of the matrix are either —, 0 ,

or - , representing a positive choice, neutral cho ice, or negative choice , re-

spectively. Frequently, qualitative comments also accompany the matrix elements.

• ~~~-±:



MADC— 79 16 1—40

The designer adds up the elements in each column ithat is, design choice) and
chooses the column with the largest net positive total. As stated before , this

approach is currently qualitative; but work on quantifying the methodology,

that is, assignin g numerical weights to the elements , will begin shortly.

The design process will not be examined in more detail. The first stage is
• the determination of the application requirements. This consists of the follow-

ing steps: (1) determination of the algorithms that are to be done by each sensor
arid subsystem: (21 development uf the repetition rates and the precision of each

algorithm ; (3 definition of the information to be received from and sent to each
sensor , display , subsystem , and peripheral: and (4~ the specification of the

required data rates for such transmissions .

The next two steps , application decomposition and association into DC’s ,

involve the partit ioning of the requirements into the smallest practical elements
ç DE’ s~, which are then combined to form the DU~s. The forming of DC’ s makes
use of the natural association of certain DE s on the basis of shared resources
or data transmission bet\veen the grouped elements.

The fourth stage , synthes i s  of a control structure , involves determinat: on

of the control dependencies among DC’ s and the relative priorities of the DC’s.
It should be noted here that , thus far in the design procedure , no assumption

• has been made concerning the implementation of the DC’s. Whether they wi ll

be implemented in hardware , software , or fi rmware is of no importance in the
first four steps . However , In the fifth stage , each DC is bound to a specifi c
medium of implementation .

The sixth and seventh stages are self—exp lanatory . At this time, the hard-
ware components are selected and confi gured into a system. The hardware

can consist of both dedicated hardware logic for those DC’s implemented in hard-
ware and processors , memories , buses , and input output (I 0) peripherals

2-2
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for performing the software- and firmware—implemented DC’s. The selection

of software language(s and support software also occurs during the sixth stage.

In the eighth stage , the software and firmware DC’s are mapped onto the

hardware chosen previously. This mapping can be either static , dynamic , or

a hybrid of the two. An example of the latter might be an initial static alloca-

tion of tasks to various processors in a distributed system plus a dynamic recon-

figuration capability in case of a fault in a processor. Alternatively , the dynamic

mapping al gorithms can also be considered as another DC and could be handled

in the earlier stages . This issue is still to be decided in the final methodology.

In the ninth stage , the entire system , both hardware and software, is simu-

lated . During this stage , tr adeoff studies can be made , the system can be “fine-

tuned , ” and the final sYstem validated. Should the simulation studies show that

modifications must be made in the system , the n ’ethodologv procedure can be

re-entered at any of the earlier stages , the changes made, and the succeeding

steps repeated with the new inputs .

2.2 APPLICATION OF METHODOLOGY TO BASIC

The application requirements for the BASIC laboratory were assum ed to be

functionally equivalent to those of the S-3A avionic suite less some of the sensor

processlr~ . Obviously , the subsystems to be used in fu gure platfo rms will di ffer
• from those in the S-3A; but , since the information processing requirements for

these future subsystems are not clearly defined at present , it was dec ided to

use the S-3A avionic requirements to design an initial baseline cystem . As the

requirements for the new subsystems become available, they can be inserted into
the first stage of the methodology, and a new information processing system can

he designed. However, li the initial information processing system architecture

is flexible enough, It should be able to accommodate the changed requirements .

2-3
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In applying the methodology to the S-3A requirements for the BASIC design,
the first three stages of the methodology were followed in the described pro-

cedure to partition the requirements into DC’s. However , in the fourth through

the eighth stages , the methodology was not fully utilized. There are several

reasons for this. First , the methodology Is still qualitative and not yet fully

developed. Second , it was assumed that all algorithms would be perform ed in

software because of the decision that the BASIC laboratory should not be involved

at this time with special-purpose hardware or firmware logic; rather , the labora-

tory should stress the development of a flexible , expandable system. Third,

processors used in naval aircraft for the next decade will almost surely be

standard minicomputers (AN AYK-14 or successors~ and possibly standard micro-

processors (not vet choseni; so the proposed system architecture is being developed

based on these assumptions. Finally , the advances being made in computer tech-
nology during the last couple of years virtually lead a designer to choose a

~ist r~huted hybrid architecture because of the increasing disparity in hardware

costs versus software cost.

The last step in the methodology , that of verification via simulation , has not

‘:ct been perfo rmed for the recommended architecture , but the simulation inputs are

are presently being prepared and results will be available in a later supplement

to this report.
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SECTION 3

REQUIREME NTS ANALYSIS

The first step In the design methodology is the determination of application
requirements. This section derives application requirements, In terms of
implementation-independent decompositona l units, from an extensive exa.mina-
tion of the existing S—3A processing system.

3.1 EXISTING S-3A D~FORMATION PROCESSING SYSTEM ARCHITECT URE

The following paragraphs provide a functional overview of the current imple-
- - mentation of the S-3A information processing system with respect to hardware

configuration , operaticnal program, Interfaces , and executive functions . Al-
though this information is detailed in various related S-3A documentation, a
summary is provided here for reference. This system has been used as a base-
line for development of the BASIC architectu re .

3. 1. 1 Hardware Configuration

The S-3A information processing system hardware is based on the AN/
AYK-1O general-purpose digital computer. All the anti submarine warfare ASW)
tactical processing is controlled by thi s computer. The AN/AYK-10 has two
central processors which communicate with two 32-K memory units over Instruc-
tion and operand buses. In addition, two I/O controllers conduct and direct all
I/O traffic between I/O devices and memory. A bl ock diagram of the S-3A digital
avionics hardware confi gurati on is shown In FIgure 3-1.

3.1.1. 1 Central Processor

Each central processor is composed of a control section and an arithmetic
section. The control section Interprets the Inst ruction, carries out the com-
mands , and directs the sequence of events for the logical execution of avionic
programs and external Interrupts. The arithmetic section performs the arith-
metic and logic functions as directed by the control section. Each processor
operates Independently, but both use the same instruction repertoire consisting

3— 1
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of arithmetic, logical, compare, and I/O operations. - 

Additional processor

speed Is attained through the use of memory overlap and a high speed shift
• matrix. Memory overlap involves retrieving the present operand from one

memory and the next Instruction from another memory In parallel over two
different memory buses.

3. 1. 1. 2 Memory Units

Each of two memory units provides up to 32, 718 36-bIt words (32 data plus
4 parity). Each memory contains Its own addressing circuitry which allows each

• unit to function independently while servicing six diffe rent users. The memory
has an average cycle time of 750 nanoseconds.

3. 1. 1. 3 ILO Controller

The I/O controller and interface uni t provide the control l ogic which (1)
di rects the sequence of events for the logical execution of inpu t and output pro-
grams and (2) conducts the transfe r of data between 1, 0 devices and memory .
The I/O controller requires only a single initiation command from a processor
to initiate an I/O command program (chain). Thi s I/O command program uses
its own command repertoire in c ontrolling i/o operation s, and it has direct
memory access thr ough its own I/O memory bus. The AN/AYK- 10 provides a
serial I/O interface to S-3A avionics in which some channels may have up to
seven devices multiplexed together.

3. 1. 1. 4 AvionIc Sensors/Subsystems

.~ li st of the avionic devices, their nomenclature, and their function Is
presented In Table 3-1. Each device is connected to the AN/A YK-10 via a
Manchester serial channel. The maximum channel data rate for the acoustic
da ta processors (ADP ’s) Numbers 1 and 2 Is 150 K words per second. The max!-
mum data rate for the remaining devices is 100 K words per second. Normally,
these peripherals run at a small percentage of their maximum data rate.

3—3
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TABLE 3-1. S-3A AVIONIC SENSORS/SUBSYSTEMS

NOME NCLATURE NAME FUNCTION

- ‘ ADP Acoustic Data Processor Provides acoustic sensor data.

MPD Multipurpose Display Displays sensor and tactical
data to operators.

RADAR Radar Subsystem Locates objects by receiving
transmitted RF energy.

INS rnertial Navigation Provides aircraft position ,
Subsystem velocity, and heading.

NDRC Navigation Data Repeater Interfaces with other naviga-
and Converter tion subsystems to provide

aircraft position , course ,
speed, altitude, and guidance.

SRS Sonobuoy Reference Provides sonobu oy position
Subsystem relative to aircraft.

INCOS Integrated Control Provides data entry for
Subsystem aircraft operators.

RAAWS Radar Altimeter and P rovides aircraft altitude
Alti tude Warning above terrain.
Subsystem

ESM Electronic Surveillance P rovide ta rget information
Measurement Sub - from received RADAR
systems sigual .

- 
. AACS Airc raft-Altimeter Provides air speed , temper-

Computer Set ature , and alti tude.

DGVS Doppler Ground ye- Provides aircraft velocity .
locity Subsystem
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TABLE 3-1. S-3A AVIONIC SENSORS/SUBSYSTEMS (Continued)

NOMENCLATURE NAME FUNCTION

AHRS Altitude and Heading Provides airc raft roll , pitch,
Refe rence Subsystem and heading.

MAD Magnetic Anomaly Provides target info rmation
• Detection from det2cting anomaly in

earth’s magnetic fields. ¶

SESCOS Search Stores Control Provides for the release of
Subsystem search stores (for example ,

wnobuoys) .

COMM Communication Sub- Provides for both voice and
system tactical communication be-

tween forces.

FLIR Forward-Looking Provides target information
Infrared Subsystem for received infrared

radiation.

ATR Analog Tape Recorder Provides for recordin g of
audio, acoustic , ~LAD, and

— digital data f o r  later
playback.

.-\RMCO S Arm ament Control Provides control for weapon
Subsystem launching.

DMT U Digital Magnetic Tape Provides for system loading
Unit and operational event

recording .
• 

- 
SRX Sonobuoy Receiver Provides for signal data corn-

• - - Subsystem municatlon from sonobuoys to
aircraft .
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3. 1. 2 Operational Program

• The S—3A operational program is divided Into functional areas called sub-

programs. A brief description of each subprogram Is provided in the following

paragraphs.

3. 1.2. 1 Executive Subprogram (EXE C)

The EXEC subprogram provides the initi alization , scheduling, input/output
• control , error processing, and system recovery for the rest of the subprograms.

A further discussion regarding the executive functions is provided in paragraph

3. 1. 4 of this document.

3. 1. 2. 2 Keyset Processing and Control (KEYPAC ) Subprogra m

The KEYPAC subprogram provides the primary man-machine interface for

K the operational system. KEYPAC obtains control via the EXE C through inter-

rupts received from the keysets located at the operator stations. Upon receiving

-• control , KE\ TAC provides for ~1) keyset mode control , (2) matrix select switch

control , 3) switch lighting, ~4) keyset hardware monitoring , and 5)  inItiating

the operator specified functions.

3. 1. 2. 3 Display Processing and Control ( DISPAC) Subprogram

The DISPAC subprogram provides for the visual means of communicating

• information from the various avionic subsystems to the S-3A crew member via

the multipurpose display s (MPD ’ s). In this function DISPAC will (1) display

operator alert s, (2) dIsplay and process cues , (3) display and process tableaus ,

and (4) control tactical symbology .

3. 1. 2. 4 Navigation (NAy) Subprogram

The NAV subprogram provides navigation parameters to othe r subprograms.

These navigation parameters include (1) the aircraft geographic posItion , (2) the

cor rect relative buoy positions , (3) the carrier positi on, and (4) othe r operator

navigational aids.

3—6
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3. 1. 2. 5 Steering Subprograms

The steering program provides for automatic steering of the aircraft . The

steering subprogram directs the aircraft via an automatic flight cr ~rol system

to fly to or orbit an operator entered fly—to point.

3. 1. 2. 6 Searc h, Localization, Track, and Attack (SLTA) Subprogram

The SLTA subprogram provides a collection of aids which allows the tactical

coordinator (TACCO) to correlate tactical information available to him so he can

employ the airc raft in the most effective way to accomplish its mission. These

aids include (1) standard AS\V flight pattern selections , (2) fix and track gener-

ation, and (3) target tracking algori thms.

3. 1. 2. 7 CommunIcation Processing and Control (COMPAC) Subprogram

• The CO~~PAC subprogram provides communication capabilities \~-ith othe r

S—3A ’ s and surface ships. The COMPAC subprogram ( i i  conui g~ires , monitors ,

and maintains the communication equipment , ~2) participates in the operational

da t a link aer~ , 3) transmits tactical data to other participating .mi ~s , and 4~
passes received tactical d ata to interested subprograms.

3. 1. 2. ~ Ballistic Subprogram

The ballistic subprogram uses weapon or search stores flight character-

istics in order to loc ate drop—and-splash points to within a 100-yard (30 . 4-meter)

radius. The ballistic subprogram provides (1) weapon fl y-to points , (2 ) weapon

splash points, and (3) expendable splash points.

3. 1. 2. 9 Armament Control (ARM CON ) Subprogram

The ARMCON subprog ram provides the means to select , arm , and release

weapons loaded on wing pylons , triple ejector racks , and bomb bay stations.

The ARMCON subprogram (1) enters weapon fly-to points into the system, (2)

selects weapons for release, (3) controls the release , and (4) updates weapon

Inventory.
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3. 1. 0~ 10 Search Stores C ontrol (SESCON ) Subprogra m

The SESCON subprogram provides the ability to select , prepare , desIgnate,
and release search stores from sonobuoy launch chutes. The SESCON subpro-
gram (1) enters search stores fl y—to points into the system, (2) selects search

sto res for release , (3) controls the release, (4) updates the search stores
inventory , and (5) allows fo r desIgnating a sonobuoy currently in the water.

3. 1. 2. 11 Acoustic Control (ACCON ) Subprogra m

The ACCON subprogram provides the man-machine interface for controlling
the acous tic data processor (AD?) , the analog tape recorder (ATR) , and the

sonobuoy receiver set (SRX) . The .ACCON subprogram (1) maintains control
of AD? , ATR , SRX input and output operations , (2 ) cont rols the acoustic dis-
play modes , (3) controls the audio headsets , 4) assigns sonobuoy receiver Ire—
quencies , and (5) manages acoustic contacts.

:3. 1. 2. 12 Passive Acousti c Classification t PA C) Subprogram

The PA C subprog ram provides a method of classifying passive acoustic

siz ’aals according to their ori~~n. The PAC subprogram 1 edits dIgitIzed
acoustic data , 2) alert s operator of active contacts , (3) classifies targets , and
(4) manages contact data.

3. 1. 2. 13 Active Acoustic Control ~ACTrV E) Subprogram

The ACTIV E subprogram provides target localization by controlling and
processing the echoes from a sonic pulse transmitted by an active sonobuoy.
The ACTIVE subprogram (1) controls different active modes, (2) controls the
sequence of pings , (3) analyzes ping return s, (4) manages active contact , and
5) allows display of targets.

3. 1. 2. 14 Forward—Looking Infrared (FLLR) Subprogram

The FL~~ su~ . rogram aids the operator in Identi fying targets by controlling
the FL~~ subsystem. The FLIR subprogram (1) controls automatic FL~~

-- -
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tracking of fixed geographi c posItions, (2) controls automatic FLIR slewlng,
(3) provides for entry of FL~~ fixes, and (4) allows for adjustment of FLIR field
of view, polarity, brightness , and contrast.

3. 1. 2. 15 Magnetic Anomaly Detection (MA D) Subprogram

The ~LAD subprogram provides the capability to detect , evaluate , and
record anomalies in the earth ’s magnetic field due to the presence of sub-

marines. The MAD subprogram (1) displays MAD sensor data on display, (2)

provides for automatic signal detection , and (3) provides for entry of MAD

contacts.

3. 1. 2. 16 Radar Processing and Control (RADAR ) Subprogram

The RADAR subprogram provides the capability to detect , classify , local—
ize , and track submarine snorkels and surface vessels through the use of the
RADAR subsystem. The RADAR subprogram (1) selects the type and format

of the rad ar to he ~isp 1aved , 2) allows for adjustment of antenna position,
power .vels , r :idar mode , perslster .t \adeo gain , receiver gain , and false
alarm rate , 3) pr wide~ for entry if i~ADAR fixes , and I ~ provides for auto
t racking of a ~~kctod target.

3. 1. 2. 17 Lectroni c Surveillance Measures ~E SM) Subprogram

The ESM subprogram provides the capability of detecting, locali zing, and
• 

classifying intercepted radar transmissions. The ESM subprogra m Il) displays
selected emItters , (2 ) provIdes for the entry of ESM contacts , (3) eliminates
redundant emitters , i4) classifies emitters , and (5) control s the scan frequency

bands.

3. 1. 2. 13 Data Extraction (DEP ) Subprogram

The DEP subprogram provides for the recording of specific tactical events
on the airborne digital magnetic tape unit (DMTL) .

3—9
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3. 1. 2. 19 System Common Routine Subprogram

The system common routine subprogram Is a collection of common routines
available for direct use by any task without going through the executive. These
routines are categorized as mathematical , conversion, and user routines. One
program copy of each common routine is employed for all users.

3. 1. 2. 20 in-Flight Performance Monitoring (~~‘PM) Subprogram

The IFPM subprogram is designed to detect , verify, and take appropriate
ac tion in response to error Indications from the S— 3A avionic equipment units .
When the tFPM dete rmines that a subsystem or component of the processing
sYstem meets a predefined failure criteria, it communicates this information
to the executive , which alert s the operators and indicates the status of the sub-
system in a sYstem statu s tableau.

( .1.3 Interfaces

The following paragraphs provide a description of the interfaces which enable
the operator , software , and hardwa re elements of the system to interact.

3. 1. 3. 1 Operator

The S—3A is an operator- oriented system with crew stations consisting of
pilot , copilot , tactical coordinator (TACCO) , and sensor operator (SENSO) . The
S-3A aircraft crew communicate s with the avionic system through alphanumeric/
video multipurpose displays ( \IPD ’s and functionally oriented keyboards.

3.1.3. 2 Sof tware

There are three basic ways that elements of the various subprograms inter-
face with one another. The first Is at the task level in which one task can sched-
ule another through the executive. The second occurs when a task calls on a
subroutine (common routine) to perform some function with parameters passed In
the compu ter registers. The thi rd method is through shared data , the most
com mon being the system common data.

3—10
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3.1.3.3 Hardware

Chains (programs) of I/O controller (IOC) commands direct the I/O controller/

interface to initiate communication between the computer and the various S-3A

peripheral subsystems. When a task requires data to be transferred to or from

a peripheral device, the following steps are performed:

a. A data memory area (data buffer) is set up which either contains the
data to be transferred or the storage area to which the data is to be
sent.

b. The subprogram calls on the EXEC subprogram to initiate an IOC pro-
gram (chain).

c. The EXE C directs the b C  to initiate this specific chain by passing the
channel number and chain address to the IOC over the central processing
unit (CPfl to IOC data bus.

d. The IOC initiates this chain , which causes data words to be trans-
ferred between the peripheral and data buffer. This data transfer is
under complete control of the IOC chain; thus , the CPU is free to do
-~the r processing while the data tr ansfer is in process.

e. Upon completion of the transfer , the b C  chain usually interrupts the
CPU and notifies the EXEC of the completion. The EXE C ~il1 either
notify the requesting subprogram or a subprogram interrupt handler
( il-IX) of this completion.

Most of the I/O operations in the S-3A Operation Program occur at a periodic
rate and are requested by periodic tasks with that same rate.

Table 3-2 is a list of each subprogram and the I/O devices it communicates
with. For each I/O device , the nominal duty cycle (average time interval be—
tween data transfers) and the data transfer rate are listed.

3.1.4 Executive Functions

The pu rpose of the executive is to provide an initial environment for the
operational program and to provide a focal point for the processing of all Inter-

F rupts . Since most of executive processing requires the use of privileged instnic-
tions , the majority of the executive operates In the Interrupt state . During
mission operations , the executive is primarily concerned with the management
of space and time resources.
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TABLE 3-2. SUBPROGRA M NOM~~AL I/O RATES

SUBPROGRAM I/O DEVICE NOM~~ AL NOMINAL RATES 1
DUTY CYCLE (words per second)

EXE C ADP No. 1 (Drum 1) Demand 12000
ADP No. 2 (Drum 2) Demand 12000

KEYPAK INC OS No. 1 50 msec + Demand SO
INCOS No. 2 30 msec + Demand SO

INC OS No. 4 Demand

DISPAC ~~~D No. 1 25 msec 20000

~~~D No. 2 25 msec 20000
~~PD No. 3 25 msec 13000
~Y~~D No. 4 25 msec 6000

NAV XDRC No. 1 200 msec 60
NDRC No. 2 200 msec 60
CAINS .5’) msec 120
RAA\VS 

- 
200 msec 5

CSAA 
- 

200 msec 10
DGVS 200 msec
AH RS 30 msec
SRS I i sec 4(3

Steering (None) - -

SLTA (None) - -

COMM COMM Demand 100

Ballistics None - -

ARMCON ARMCOS Demand 24

SESCON SESCOS Demand 10

ACCON ADP No. 1 Demand 700
ADP No. 2 Demand 700
ADP No. 3 100 msec (max ) 100
SRS i sec 4
ATR 100 10

3-12
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TABLE 3-2. SUBPROGRAM NOMINAL I/O RATES (Continued)

NOMINAL NOMINAL RATES
SUBPROGRAM h O  DEVICE DUTY CYCLE (words per second)

PAC (None) - -

ACTIVE (None) - -

FL~~ FL IB 50 msec 75

MAD MAD 42 msec 24

RADAR RADAR 50 msec (max) 110

ESM ESM 250 msec 100

DEP DMTU 1 sec/demand 3000

3. 1. 4. 1 Space Resources

Available areas of the ADP drums and main memory units are initially

available for use of nonresident segments called the transient area. The allo-

cation, retrieval , and drum handler porions of the executive manage the allo-

cation of this space to drum segments using mapping tables and queues for

requests.

3. 1. 4. 2 TIme Resources

Time resources include central processor (C?) and IOC utilization and the

allocation of I/O channel time to various requestors. S—3A tasks are the prime
users of C? time. The scheduler and dispatcher portions of the executive have

di rectories and queues to assist in controlling C? utilization. The centralized

I/O portion of the executive controls the usage of the b C  and its channels.

3. 1. 4. 3 Executive Service Requests

A variety of executive service requests (ESR’s) are used by the S-3A tasks

to interface with the executive for resource utilization. These services allow a

task to schedule other tasks , to read or write drum segments, to request I/O

3—1 3
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initiation, to save C? registers, to lock or unlock data tables, to allocate tran-
slent space for temporary data storage , to establish or remove wait conditions,
and to Increase allowable C? execution time.

3. 1.4. 4 Operational Program Priority Levels

Each function within the S-3A operational program Is assigned to one of
eight levels of priority. The basic driving force of the executive Is the ached—
u.ling queue, which contains the list of tasks currently scheduled according to
their priority. Thi s table is used by the executive to select the highest priority

task and allows the task to use CP time. When tasks are encountered that are
drum-resident , the executive allocates memory space to the segment and initi-
ates retrieval from the drum. When the segment retrieval Is complete , any
scheduled tasks of this segment are eligible for dispatch.

3. 1. 4. 5 Executive Recovery Component

The operational program is capable of accommodating a variety of equip-
ment tailures without loss of all capability . Failures in the avionic equipment
are addressed in the IFPM subprogram , as indicated in paragraph 3. 1. 2. 20.

Failures resulting from a loss of the executive resources of time and space will
be handled by the executive recovery component , which is vested with the re-
sponsibility of maintaining some meaningful operational capability in the light

of such resource failures. Depending upon the nature of the failure , some

capability may be lost; but , in general . techniques used by the recovery compo-
nent will either reinitialize the system or reload via the digita l magnetic tape
unit (DMTU) . However , for all failures, the operator is notified via system

alerts; and the error is extracted on the DMT TJ.

3.2 APPLICATIO N REQUIREME NTS

The following paragraphs discuss the re sults of applying the first three
stages of the methodology to the current S-3A avionic Information processing
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system. As Indicated previously, these stages are concerned with the applica-

tion requirements and functional decomposition aspects of the methodology and

are employed to partition the S-3A Information processing system into functional

elements establishing baseline requirements for performing decentralized archi—

tectural studies. In addition, control strategy requirements for Implementing

decentralized architectures are also addressed.

3. 2. 1 Operational Requirements

Operational requirements are dete rmined by means of analyzing the func-

- 

- 

tlona.l aspects of the subprograms/tasks which constitute the S—3A operational

program (see paragraph 3. 1. 2) followed by a functional partitioning of these

software elements into decomposltlonal units and elements.

3. 2. 1. 1 Operational Program Fun ctional Analysis

The S—3A operational program can essentially be considered to consist of
subprograms executing on either a pe riodic or demand basis , as indicated in

Table 3-2. Each high-level subprogram module is made up of a group of low-

level executable modules called tasks. A task , which can either continuously

run at a peri odic rate periodic task) or run as a result of an external interrupt

(demand task~ usuall y has a defined priori ty and iteration rate. However , a

subprogram which is made up of many tasks does not have a definite priority or

iterati on rate. For a high-level analysis, it can be assu’ .ed that the subpro—

gram takes on the priority of the task with the highest priority in the subsystem

and the iteration rate of the task with the highest periodic rate.

3. 2. 1. 1. 1 Functional Flow Diagram s. Each subprogram is divided Into many
low-level functi ons , and each functi on is composed of one or more tasks (exec-
utable code) . Information, including processing time, priority, and Iteration

rates, was compiled for these low-level functions and characterized by mean s

of functional flow diagrams. Functional flow diagrams consIst of process strings,
represented by bubbles , required to perform the function. I)ie to the extent of
these flow diagrams, only the navigation data processing function is provided as
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an example In FIgure 3-2. The reader is referred to Volume 1, “S-3A Func-
tional Analysis, ” of the “S-3A Information Processing Architecture Study” for
a complete description (Reference 2). As shown in FIgure 3-2, the flow dia-
grams are arranged such that processes performed In the C P are called tasks,
shown on the left side, and processes performed in the b C  are called chain s,
shown on the right side. Bubbles connected by lines Indicate that the process
represented by the first bubble has scheduled the process represented by the
second bubble. Thus, each subsequent bubble is referred to as a successor of

the immediately preceding bubble.

3. 2. 1. 1. 2 Operator Initiated Functions. Functions tha t are initiated frequently
by S—3A operators are considered as having a major impact on the system and

are included In the previously discussed functional flow diagrams. Other
operator-initiated functions that only cause momentary Increases in system
activi~~ are con sidered as having minor impact on the system. The minor im-

pact functions ire summarized in tables , an example of which is sho~vn in

Table 3-3 for operator-~nitiared f imcri ons relative to disp lay s .  The reader is

again referred to the ~-3A functional -u~dvsis report (Volume 1 of Reference 2)

for a complete -:lescription of operator-initiated functions.

3. 2. 1. 2 Decompo sitlonal Elements/Units Partitioning

An S—3A requirement decomposition report was produced under the S—3A In-
formation Processing Architecture Study contract and contains the rationale and

approach for partitioning S-3A functions into decompositl onal elements (DE ’s~
and decompositlonal units (DU’ s) (Refe rence 3). A DE is defined as “a func-
tional part of a system/application without regard to Its execution.” A DU is

defined as “the basic component of the methodology consisting of one or more

decompositlonal elements, implemented in hardware, software, or firmware
and executed as required. ” As a result of the decomposltiona l analysI s, -l total

of 47 DTJ ’s are realized; each DL comprises various DE’ s. These DC’s are
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TABLE 3-3. OPERATOR-INITIATED FUNCTIONS EXAMPLE (DISPLAY)

FUNCTION DESCRfl~TION

Increase Scale (12) P1 This function increases the 25 29 msec
tactical display scale by a
factor of 2.

Decrease Scale (13) P1 Thi s function decreases the 25 21 msec
tactical display scale by a
fac tor of 2.

Recenter (11) P5 Thi s function recenters the 10 25 msec
tactical display about a
selected point.

Hook Veri fy (7) P1 Thi s function allows the 300 S msec
operator to designate sym-
bols or positions on the
tactical display for future
operations.

RL ’c lt4 ~~ Pilot Thi s function &i~o~vs 2 L5 mst~
P3 nonpilot operators Y~ re—

cente r the pilot .~ t~icti —
cal display .

Recente r on F~~- Thi s fun ction allows the 3 15 msec
To Point t403) P1 pilot to recenter his

tactical display on the
highest priority fly-to
point.

Recenter On Air- Thi s function allows the 3 13 msec
craft (402 ’) P1 pilot to recenter his tacti-

cal display on the own-
aircraft symbol.

Auto Down-Scale This function allows the 2 1 msec
(414) P1 pilot to keep his tacti-

cal display at the small-
est scale tha t displays
the own-aircraft symbol.

Extend Track Vec- Thi s function allows the 2 3 msec
tor (552) P1 pilot to extend the track

bearing of the own-aircraft
symbol to the edge of his
tactical display .
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listed in Table 3—4 according to their associated sensors/subsystems, and a

summary of the general types of functions performed by each DC is provided in

the following paragraphs

3. 2. 1. 2. 1 ESM Intercept Maintenance (DUO 1)

. Accesses , processes , and update s ESM emitter file

• Places tactical display in ESM display mode

. Displays intercepts on the MPD

3. 2. 1. 2. 2 ESM Frequency C ontrol (DUO2)

• Performs control functions associated with frequency bands
in which the ESM receiver scans

• Permits operator modification of. scan bands and inhibits lists

3. 2. 1. 2. 3 ESM Classification (DCO3 )

• Displays possible classifications of designated signal

• Permits the operator to specify classification of specifi c —

i~~ercept

3. 2. 1. 2. 1 ESM C ~‘~~ict Mai ntenance I DUO 4~

• Enters intercept In contact file

3. 2. 1. 2.5 ADP Mode Control (DUO 5)

• Controls various modes and functions of the ADP

• Performs initi~1ization of ADP subsystem and acoustic functions

• Provides various target information such as target locations
relative to sonobuoys

3.2. 1. 2.6 ADP Data Management DCO6)

• Obtains all acoustic data inputs from the AD? and stores data
in a central file for use by other elements

• 3. 2. 1. 2. 7 ADP Display Control (DUO 7)

• Establishes the MPD and auxiliary readout ur~t (ARC) acoustic
display modes and their associated annotation

• Displays alerts

3—19
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• Displays and processes responses from cues

• Displays tableau and processes responses from tableau
modification

• Enters and updates acoustic contacts and fixes

• Utilizes track ball input s

3. 2. 1. 2. 5 SRX Frequency Control (DC0)~

• Provides sonobuoy receiver initialization

• Regulates sonobuoy receiver input/output

• Assigns sor ohuoy receivers to ADP processor channels

3. 2. 1. 2. 9 ATR Control (DUO 9)

• Provides analog tape recorder initialization

• Provides operator interface to analog tape recorder

• Provides analog tape recorder control

3. 2. 1. 2. 10 ADP Passive Contact Classification (DUb)

• Places MPD in classifr display mode

• Enables operator to change the ciassi~~ mode RF

• Ei~~~ es operator to modify stored data for the classify RF

• Provides various rehted processing, alert , nd display functions

3. 2. 1. 2. 11 ADP Passive Contact Maintenance (DU11J

• Provides the contact data matrix which permits the operator to
participate in contact maintenance

• Provides functions in the display control matrix to permit the
operator to monitor contact data

3. 2. 1. 2. 12 ADP Active Ping Control (DU12)

• Controls selection of command active and directional command
active sonobuoy systems

• Controls sequence of pinging
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TABLE 3-4. DECOMPOS 1TIONAL UNITS

DECOMPOSITIONAL U’NIT (DL’) ASSOCIATE D
NOME YCLATURE NO. SENSOR/SUBSYSTEM

ESM Intercept Maintenance 01 Electronic Suryeillance
ESM Frequency Control 02 Measures (ESM’)
ESM Classification 03
ESM Contact Maintenance 04

AD? Mode Control 05 Acoustic Data Processing
ADP Data Management 06 Subsystem (ADP)
ADP Display Control 07
ADP Passive Contact Classification 10
ADP Passive Contact Maintenance 11
ADP Mtive Ping Control 12
ADP Active Contact Maintenance 13

SRX Frequency Control OS Sonobuoy Receiver Subsystem (SR~~

ATR Control 09 Analog Tape Recorder (ATm

MAD Display Control 
- 

14 ~L4m -ti c Anomaly
~L \D I~~ta ~l j : ~ n~~n~ 15 Ee~ection Subsystem ~- [A~T~\

j MAD Signal Fe:~ur~- Recognition 1; I
MAD  Contact Maintenance

RADAR Display Control 15 Radar IRA D AR )
RADAR Data Management 19
RADAR Contact Maintenance 21

Display Operator Control 22 S-3A Tactical Comm and and
Tacti cal Display Management 23 Control
Display Refresh Management 24
Nevset Control 25
C ontact Tracking 43
Tactical Coord ination 44

NAV Position Control 26 Navigation Subsystem (NA V)
NA\ Position Calculation 27 - NDRC - AACS
NAV Data Management 28 — INS - DGVS
NAy Track History 29 — RAAWS - AHRS
Aircraft Steering Control 37
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TABLE 3-4. DECO~~~ OSITIONAL UNITS (Continued)

DECOMPOSIT IONAL UNIT (DC) ASSOCIATED
NO~~~ NCLATURE NO. SE NSOR/SUBSYSTEM

COMM Receiv e 30 Communications (COMM)
COMM Control 31
C OMM Data Management 32
COMM Tran smit 33

Sonobuoy Selection 34 Search Stores Control
Sonobuoy Release 35 Subsystem (SESCON)
Sonobuov Drop—Point Calculation 36

Ballistics 20 Armament Control
\V eap on Release 35 Subsystem (ARMCON)
Weapon Drop Point Calculation 39
Weapon Selection 40

SR S Control 41 Sonobuoy Reference
Sonobuoy Position Calculation 42 Subsystem SRS)

FLIR Contact Maintenance 45 Forward-Looking Infrared
FUR Di sn i av  Control 4~ Subsystem TLIR)
FL~~ Stabilization 47

3. 2. 1. 2. 13 ADP Active Contact Maintenance ~DU1 3)

• Provides for entering and updating active acoustic contacts

3. 2 . 1. 2. 14 MAD Display Control DU14)
- • 

• Permits the operator to display real-time MAD signal data

• Establishes the controlling operato r and availability of MAD
fun ctions

3. 2. 1. 2. 15 MAD Data Management (DUI 5)

• Obtains Input data from MAD subsystem and stores it in a file
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3. 2. 1. 2. 16 MAD Signal Feature Recognition (DC16)

• Ini tiates feature recognition processing

• Performs MAD data analysis

3. 2. 1. 2. 17 MAD Contact Maintenance (DU17)

• Permits the operator to enter a MAD fix into the system based on the
position of the horizontal cursor on MAD display

• Permits the operator to accept an automatically detected MAD signal
as a MAD fix and enter it into the system

3. 2. 1. 2. 15 Radar Display Control (DUbS )

• Permits the operator to control radar set configuration by selection
F of appropriate control function

• Provides radar display and control

• Provides scan converter control

• Provides antenna control

3. 2. 1. 2. 19 Radar Data Management DUi 9~

• Pt’~ v~cl es all lata communication to and from the radar subsystem

2 . 2. 1. 2. 2’~ Ballistics (DU2 ( i )

• Determines speed and motion of buoys and weapons when in flight

3. 2. 1. 2. 21 Radar Contact Maintenance DC2 1)

• Permits the operator to enter radar fixes into the system

3. 2. 1. 2. 22 Display Operator Control (DU22)

• Provides operator aids , functions, and requests to enable tableaus ,
cues , and alerts to be displayed

3. 2. 1. 2. 23 Tactical Display Management (DU23)

• Manages the tactical plot area of each display

• Provides manual entry functions to assist the operator in processing
inputs —

• Provides the operator wi th various control functions, including tableau
and symbology control

3—23
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3. 2. 1. 2. 24 Display Refresh Management (DC2)~

• Formats the data buffer and transfers data to all tactical displays
maintaining an updated presentation

3. 2. 1. 2. 25 Keyset Control (DU25)

• Interprets key depressions of operator ’s Integrated Control Subsystem
(D~COS) trays

• Sends lighting commands to INCOS trays and table

• Schedules associated units

• Processes trackball inputs from INC OS trays

3. 2. 1. 2. 26 NAV Position Control (DU~~~

• Initializes navigation system

• Activate s dead—reckoning processing

• Activates and modifies Zulu timekeeping

• Eater s  anti displays navigation symbols and gri d coordinates

• Initiates and terminates the tactical mode of navigation

• Allows operator correction oi aircraft tactical position

• Modification and computati on of bias velocity

• Allows operator correction of tactical positions of buoys , contacts ,
and fixes

• Sets position of buoy and contacts to last aircraft position

• Corrects aircraft geographic position

• Operator inputs of magnetic variation or Carrier Aircraft Aligned
Inertial Navigation System (CAINS) data

3. 2. 1. 2. 27 NAV Position Calculation (DC27)

• Computes ai rcraft position from NA\ sensor data

• Stores latitude/longitude for output to the inertial navigation subsystem
(INS) and the altitude and heading reference subsystem (AHB S~

3. 2. 1. 2. 29 NA\ Data Management (DU2S )

. Receives , converts , maintains , and stores signal data from the
NA\ subsystem

3—24
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3. 2. 1. 2. 29 NAV Track Hi story (DU29 )

• Allows the operator to display the AS\V support aircraft carrier (CVS)
computed position

• Maintains CVS position, course, and velocity

• Maintains the track history of aircraft

3. 2 . 1. 2. 30 CO~~~I Receive (DU3O)

• Receives, converts, and maintains data from COMM subsystem

3. 2. 1. 2. 31 COMM C ontrol (DC31)

• Initializes COMPAC module

• Transmits all data on link In one transmission during data silence

• Retransmits the data terminal set (DTS) and deactivates Net

• Configures hardware before starting Net

• Configures Net in receive—onl y silence mode

• Activates Net and perform s synchronize and control functions

• Monitors status of COMM subsystem for f a u i t s  and configuration
change s

3 .2 .1 .2 . 32 COMM Data Management DC32)

• Allows the operator to assign data to net , assign special points of
interest , recenter display, specify engagement status, assign contact
status to buoy, and assign the Identification friend or foe (1FF) selec-
tive identification feature (SIP’) code to track on net

• Transfers COMM data base to another aircraft

• Transmits emergency alerts of data on Net

• Corrects and updates aircraft positi on

• Inhibits remote data from display

• Displays link track numbers

• Unlinks data from net, destroys COM~vi data , and purges old data

3—25
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• Formats on-station message

• Acknowledges order received and answers it

• Puts emergency message on Net

3. 2. 1. 2. 33 COMM Transit (DU33)

• Maintains, converts, and transmits communication data to the
COMM transmitters

3. 2. 1. 2. 34 Sonob uoy Selection (DU34)

• Resets and initi alizes SESCON module

• Allows the operator to modify parameters in the search stores
inventory

• Allows the operator to select one of the following buoys for release:
low-frequency acquisition and ranging (LOFAR) , directional LOFAR
DIFAR), comman d activated son obuoy system (CASS~, directional

CASS (DICASS) , bath~~hermograph ~BT) , range only RO’~, sound under-
water signal (SUS) or Smoke

• Allows the oper ator to ente r a patteni o~ ~ v— ~o points into the
system and to select a sonobuoy for release at each point

3. 2. 1. 2. 35 Sonobuoy R e l e -~se DU35)

• Performs release of sonohuoy from aircraft and insertion 1 buoy
into system , executing upon deman d

• Updates search stores inventory

3. 2. 1. 2. 36 Sonobuoy Drop-Point Calculation (DL’36’~
• Calculates the fly-to point of a sonobuoy

3. 2. 1. 2. 37 Ai rcraft Steering Control iDU 3 7)

• Allows the operator to assign a constant radius ai rcraft orbit about a
chosen point

• Initiates circular orbit about an active range buoy with an orbit radius
equal to and varying with target range

• Computes and displays the Intercept point between target and aircraft

• Allows the operator to enter and display fly-to points

3—26
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• Computes synthetic fly-to points for aircraft control in special

steering patterns

• Determines desired ground track in directing airc raft to fly-to point
and furnishes data to the navigation data repeater and converter (N DRC)

3. 2. 1. 2. 38 Weapon Release (DU3S)

• Releases selected weapon(s) on demand

3. 2. 1. 2. 39 Weapon Drop Point Calculation (DU39 )

• Calculate s the fly-to point of a weapon

3. 2. 1. 2. 40 Weapon Selection (DU4O)

• Initializes the ARMCOS function

• Selects bomb , cluster bomb, mine, practice bomb, special weapon ,
or torpedo fo r release

3. 2. 1. 2. 41 Sonobuoy Reference Subsystem (SRS) Control DU41 )

• Se ’eCt s, deselects sonobuoys for SRS processing

• Initiates SRS buoy positioning processing

• Monitors S1~S for hardware failures

• Computes calihrathm factors for SRS processing

3. 2. 1. 2. 42 Sonobuoy Position Calculation (DU4)~~

• Computes sonobuoy positions

• Computes Sin/CoS of SRS on-top position indicator OTPI) bearing

• Computes calibration factors for angle-measuring equipment (AME)
and direction-measuring equipment (DME~ data

• Does preliminary processing and scheduling and requests I/O for
SRS calibration and normal processing routines

3. 2. 1. 2. 43 Contact Traciting ~DU43)

• Updates Intercept, predicts position and active sonobuoy-to—MAD
attack tactics (ASM.AT) contacts

• Updates probability contours

• Updates tracks

3— 2 7
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3. 2.1. 2. 44 Tactical Coordination (DU~~~

• Enters visually Identified, operator specified , and computed fixes
(the latter at intersections of bearing lines or range circles associated
with two contacts)

• Displays probability ellipse about a fix, track, or in-flight training
program (IFTP)

• Displays circle about target position containing possible locations
of target when aircraft arrives at position

• • Enters local data into system

• Constructs target track based on fixes

• Displays fix positions for a generated track

• Allows operator to modify track number and category identif icat ion
of fix or track

• Estimates current position of target and computes and displays
predicted position for a given target at specified time

• Calculates parameters for ACTIVE RANGE tableau

• Computes and displays a suggested pattern for CA~ S and RO buoy
deployment

• Allows operator to acknowledge entry of new contacts

3. 2. 1. 2. 45 FL~~ Contact Management DC45)

• Enters and maintains FL~~ fix

3. 2. 1. 2. 46 FLIR Display Control (DL4~~

• Initializes/disables computer control of FLIB hardwa re

• Activates FLIB cooling fans and sensors

• Extends/retracts FLLR outside/Inside aircraft

• Displays FLIB mode on MPD

• Adjusts brightness/contrast and modifies image resolution

• Reverses FLIR polarity

3. 2. 1. 2. 47 FUR Stabilization (DU4 7)

• Pans a given sector in manual track mode

• Initiates the FUR auto track mode

• Perform s FLIB output and positioning commands

3— 2 8 
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3. 2. 2 Control Requirements

Decompositional elements have now been defined for the BASIC application.

The next step in the methodology is the synthesis of a control structure which

relates the DU’ s to one another. The objective of thi s paragraph is to define

such a control structure.

The first step is to define a comprehensive set of functions necessary for

the control of data processing software and hardware in an avionic system with

operational requirements similar to those of the S-3A. These functions will

provide a baseline set of control requirements suitable for incorporation into

the BASIC concept.

3. 2. 2. 2 Cha racteristics of Avionic Compute r Processes

Before developing a set of control fun ctions , the nature of the controlled

processes must be well understood . One prima~~ characteristic of avionic

~rocesses is ~hut the’: ~re pred efine cl and do not c h u e during particu~ . r ai l s—

sion. Only the sequence in which the processes execute is not 1-m own beforehand

Thus , much -of the environment and interfaces re~ uired by a particular process

can be defined it sy stem-generation t i n ic ;  this relic’:~~ the nin-tii -n e control

mechanism of these burdens. The other primary characteristic of avionic proc-

esses is that they are all interrelated to some degree and tha t they all contribute

• to the execution of a sing le , overall function , called the mission. For this reason ,
the efficiency of the control structure must be measured in terms of contribution

to mission success , which is a complex and ill-defined measure , rathe r than in

terms of percentage of overall time required for control , which is a standard

measure for a batch processing environment.

In general , avionic processes execute In one of three modes: synchronous ,
demand , and background . In the synchronous mode, processes are dispatched
periodically and are expected to be complete before the next dispatch. Most of

the processing time In avionic systems is used by synchronous processes. In the
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demand mode, processes are dispatched as a result of an Interrupt , usually

generated by a keyset depression. Most of the tasks executed by an avionic

system are demand mode tasks. They do not , however , constitute a heavy load

on the processing resources. Background tasks are low-priority tasks executed

whenever the processor is not otherwise occupied. Avionic processes usually

require more program storage than data storage, and the data is usually upd ated

periodically. The ratio of program storage required to data storage requi red

runs from 35 percent for F-15 fighte r ai rcraft to 50 percent for E-2C surveil-

lance a1rcraf~..

3. 2. 2. 2. 1 Synch ronous Processes. Synchronous processes are scheduled and

dispatched periodically by the control mechanism. In general , they operate on

sensor data which is always being updated at a particular rate determined h the

sensor. It is therefore necessary that the periodic processes utilize the data be-

fore it ~ets overwri tten hr new data .

In the avionic environment , time is measured in terms of cycles . Each

cvc~t~ is a smal l increm~-nt ~5’) msec for t he S—3 A , .  ond all t ime is measured in

intege r numhcr s  ~f c’~cL- s . Thus , periodic pro c-~-ss is dispatched everv Y

cycles and must  h~ comp letc  wi t hi n a certain number of cycles. This method

allows the c ontrol mechanism two options if a process cannot be dispatched or

• completed on time; either the start of a new cycle can he delayed , or the process

can be aborted .

In the ‘-3A , the svi~chronous tasks account for almost all the processor

loading, while ~he a c~ ial number of s~nwhronous tasks is only 10 percent of the

total numbe r of tasks executed by the system.

3. 2. 2. 2. 2 Demand Tasks. Demand tasks are most often executed In response

to in ~‘rator-generate d Interrupt and generally result in a change to the display
issoci ated with tha t operator . Demand tasks cannot be prescheduied , as

can synchronous tasks . Thi s presents a more difficult problem to the control
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mechanism, since It must recognize the Interrupt , decide which process is to be
executed , interrupt and save the state of the currently executing process , dispatch
the demand task, and restore the previous process when the demand task is com-
plete.

On the average , demand tasks require about 2 msec of processing time out
of every second. However , out of the 331 tasks identified for the S—3A processing
system, 295 (89 percent) are demand tasks , while only 36 are synchronous.

The performance measure of the control structure with respect to demand
tasks is the time which is required to start execution of the process after the
interrupt is received. Thi s time can be quite critical , especially if the demand
interrupt is caused , not by an operator action , but by the ident ification of certain
pa rameters in sensor data. These data may require additional special processing
before they are overwritten; thus , speedy dispatc h of the appropriate process is
necessary.

3. 2. 2. 2. 3 Background Tasks. Background tasks are executed when no demand
tasks hare been requested and no sv~chronous task is read y for execution. Test
programs , bus polling processes , and certain functions of the executive are
normally background processes.

3. 2. 2. 2. 4 Interrupt-Activated Processes. Occasionally, an avionic process
operates in a combination of demand and synchronous modes. This occurs when
an interrupt causes a synchronous process to become active. After activation,
the process behaves exactly as a synchronous task until another interrupt de-
activates It , after which it is no longe r scheduled on a periodic basis. These
interrupt-activated processes are usuall y associated with the operator ’s desire
to see a parti cular display format for a time and then retu rn to his norm al di s-
play format. Thus , the process is synchronously executing only as long as the
operator desires to display the results. Otherwise , the process is not executing.

3—31
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3. 2. 2. 2. 5 Functions. Avionic processes , in a very general sense , are con-

cerned with the display of data gathered by the sensors. A typical sequence of

processes for a mission sensor would input sensor date ; filter it to remove

noise; compensate for the position , heading, motion, and physical geometry of

the aircraft; decide If a detection has occurred; and , if It has , format the data

for display on a cathode ray tube (CI~T). These processes usually perform

numerous trigonometric and averaging calculations. Data accuracy and resolu-

tion is usually in the ~ to 16 bit range. Considerable man—machine cooperation

is necessary to detect and classify objects perceived by the various aircraft

sensors , thus leading to the large number of demand tasks requi red. Naviga-

tion and communication processes also filter data received from sensors , com-

pensate for aircraft parameters , and display the results. These processes do

not , however , require detection and classification fun ctions.

‘3. 2. 2. 3 Avi onic Processing Environment

There are several important characteristics of the processinz environment

that  must he considered in the definition ~ t a conti~~ sti”~cture . A pi’oce~ s exe-

cute s in an environment which can part lY ne controlled ov the sY stem designer

through defini tion -of the sy stem architecture and is partly beyond the desiarers

control because of weight , cost , and state-of-the—art constraints. For example ,

the designer would normall not choose to increase radar re liability hr imple-

menting dual surveillance radar systems , such as tha t on the E-2C , since the

weight and cost penal ty would he too great. Similarly , no amount of architec-

tural manipulation will enable an avionic system to detect and classify targets

beyond the range of any of its sensors. The primary impact of these weight ,

cost, and state—of—the—art constraints on the control mechanism is In the areas

of signal processing and fault tolerance.

Although there Is no theoretical difference between signal and data proc-

essing, there is an undeniable practical and arc hitectural diffe rence. Signal

processin g must be performed at a speed much greater than can be attained by

a general-purpose data processor. As a resul t , signal processing devices are
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generally high— technology devices whose Inte rnal architecture is matched with

the sensor(s) it services. Signal processors are larger and more expensive
than data processors and require more power and a greater attention to physical

geometry because of their higher speeds for internal data transfer. They are

architecturally geared for limited applications. As such , the processing system

designer has very little freedom in the number and type of signal processors he
may use. For thi s reason, signal processors have been removed from consider-

atlon as part of the data processing system and will henceforth be considered as

part of the part icular sensor subsystem in which they are used.

The ability of a sy stem to recover from a fault is also constrained by weight

and cost factors. As stated before , it  is unrealistic to duplicate large and ex-
pensive sensors to provide better fault tolerance; therefore , it is unrealistic to

expect to maintain full per formonce in the face of any fault  that mar occur.

Likewise , it is inefficient to provide a computer with fault tolerance capability

-uch tha t th e  ntea:i :~~ne het- -;ee n :a~I~.i-es M TBF o~ the computer  e~ ceeus the

reliability of onv of th e sensors it m ay  service hr more than a factor  of five I ’~~~

siN .

Li cases like thi s , it is ~‘equired that the system be able to lose the capa—
hih t -’: provided by the sensor without a complete system crash. That is , the

system must he capable of providing the m aximum pe rform ance possible with-

out the data normally provided hr the failed sensor. Such graceful degradation

can he provided for in the design of the architecture.

Many aspects of the processing environment , however , are under the con-
t rol -)f the processing system designer. Complete recovery from a processor

t :~u l t  can be attained through the prope r use of redundant processing hardware

and interface paths. Flexibility and growth can be built Into the system so that
inc reased or mod1~~ed requirements can be met at minimum costs , or new
techn ology can be easily incorporated to improv e performance.
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With this understanding of the avionic processes and their env~ronment, a
set of control functions for the architecture may now be defined. The following
paragraphs describe the control functions recommended for the BASIC proc-
essing system.

3. 2. 2. 4 Functional Requirements for Control of a Multiple Computer System

The functions necessary for control of a processing system can conveniently

be broken into two categories; local control, which deals with the internal actions
of each computer; and global control , which coordinates and manages the inter-
actions among the various computers. This division and the functions required

for each category are shown graphically in Figure 3-3 and are described in

detai l below.

3. 2. 2. 4. 1 Local Control Functions

a. Initialization. The computer should be capable of putting itself into a
st:~te in which it can perform sel f—check and inf orm an external source
of  the results oi the se l f— checN . Li the self—check indicates a worldng

~tdi tioi , then the e-~~~~~~-~ ~h -~ui d be c7n ~hle of perforttii a~ Nay ~f the
following subfuncti ons

1~ Reload — Thi s function pe rforms a master clear oi all necessarv
computer status and re~ i st ~ r contents , and executes a resident
bootstrap load program.

2~ Cold Start — After self -check , the computer executes a master
clear and initializes any necessary control inform ation from data
loaded via the bootstrap loader. A prespecified process then
begins execution.

(3~ Autosta rt — Thi s function reinitializes the computer after an inter-
rupt has occurred because of a hardware failure (for example , low
powe r) . Data for reinitialization shall have been stored in non-
volatile memory by the Interrupt service routine .

b. Timekeeping

A timekeeping mechanism Is necessary for this Internal use of applica-
tion processes and for the scheduling of s nchronous programs. In
addition, system time in terms of cycles must be kept to aid in coordina-
tion of interdependent processes executed on different computers.
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c. Event Handling. Each computer must have a mechanism for servicing
event s generated by hardware conditions , by application processes,
and by the glob al control mechanism. Tn handling an event , the pre-
sently executing process in interrupted ; and a predefined application
process , particular to tha t event , is executed. For most events , the
sta te of the machine is saved before the event processor is entered ,
-and the interrupted process is continued alter the event is serviced.
Some events , however , may requi re complete reinitializatlon of the
computer.

ci. Scheduling. This function determines at what time an application
process is ready to be executed in the local computer. This may or
may not involve interacting with the global control mechanism.

e. ~~spatching. This function creates the prope r local environment for
an application process and transfers control to the application process ,
which then executes on the computer. This function will , in some
cases , require coordination with the global control ~nechanism.

f. r~ 0 Management. This function prov ides a standard , structured inter-
face between apr lication processes :-atd the peripheral s or other corn—
aute rs with ~ h i - ~ ~hese nracesse s ty u s t  co un zc -~te . This  f un c t ion
must be closeiv coordinated oith the global control mechani sm.

z. Synchr onization. Thi s function c~etermj ne s if all the resources and data
necessary f o r  the execution ot r~rocess -u - u va i lab l e  for use by that
process.

h. Error Management. Thi s function detects errors in the local computer ,
corrects the error if possible , determines the statu s of the computer ,
and informs the global control mechanism of the error and the computer
status.

Data Protection. This fun ction assures that  memorv contents are
accessed , modified , or executed only by those processes wi~ich have
been given prope r authori ty to do so. This is one mechanism for
protecting the system data from hardware faults especiallv non-
recurring fault s) arid software errors.

3. 2. 2. 4. 2 Global Control Functions

a. Initializat ion Control. The initialization control function is composed
of the followin g su bfun ctions (See Figure 3- 4) :

( 1) Initial Checkout — The avionics ’ initialization controller (an y of the
processors) is loaded from a load device containing unit test soft-
ware des1~ned to verify the integri ty of the system. Self—test is

3—3 6
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INIT IAL SYSTEM 
1 

P R O G R A M  D ATA A v I O N I c~~lCHECKOUT L TEST LOAD 

[

oA o INIT IAL IZA T ION 1

:~~~~re :~~— 4 . L:~ t ii::ti~ n Conti’ol Function Hierarchy

eflornle -.nte  r’a~L ‘ :-v t ae cont i  ~~t er and inch ~ak s the C P~ and
Lt ~t er na~ :t t v n l - i-1e-~. h.~op t e s t s  conducted between the controller

nd the ~n~ ividua1 ~v i-~n ic ~u bsv- ~tems in order to veri fy the comni u—
nic tion inhs .  C ~nii :.~ r: ti ~n ~ata , which establish thc - ‘:a i~ ous
op era t iL ~ a~- (k - s )t :h~ ~u )svste m elements , ar e -~ ded from the
initialization controller into each of the avi onic subsystems. The
initial checkout process includes a verificati on tha t  a fault is sensed
and reported to in appropri ate Usplav. The system controller directs
each subsystem processor to execute i ts  built-in test function and
report the results  back for appropri :ite display .  The system con—
t i - o i l e r  uibu late s the results received from the ini t ia l  chcchout proc-
ess and report s the checkout as being either Go or No-Go. A No—Go
report will effect a system shutdown .

2 System Test — The system test subfunct-ion requires a ha rdware diag-
nostic program to be run for the tot a l  sy stem , includ ing subsystem
interfaces and each subsystem. The svste n’i test ver i fies the prope r
operation of the equipment in the sy stem and reports is to the prope r
operation or mal functioning of i spec i fic subsystem. The sy stem
test  Isolates the problem wit hin the m lf u nc ~i n i n~ subsystem to a
specific subuni t or group of pages tha t c ar . -~o replaced in order to
recti fy the problem.
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(3) Program Load — Following a successful initial checkout and system
test , the operational software is loaded into each of the subsystem
processors with their respective operational software. Each sub-
system reports the successful loading of its operational software
to the system controller.

(4) Data Load — The system is provided with data on magnetic tape,
which permits optional confi guration for prosecuti on of designated
targets. The data Include target classification information (that
is , f requency components , radar characteristics) , desired operating
modes for each of the subsystem processors, position of friendly
forces , and so forth. These data will be made available for each
mission.

~5) Avionics’ Initialization — The avionic subsystem must be initial-
ized to a specified state before the operational software is exe-
cuted. The system controller will issue the required commands
to each of the subsystems to place these subsystems in the required
state . Failure to perf orm thi s initialization function will cause the
software operating svste-m to repo rt a software system error .

b . Recover ’- T iTure ~—~i) The recover: funct ion provic~es for the following
contingency: when a subsystem falls and thi s failure is recognized and
isolated by the in— flight performanc e monitoring softwar e , the sy stem
can be reconfigured either automatically or manually a l t - )  a degraded
mode; and tile mission can proceed. The system will select the desired
configuration and proceed with the initialization fun cti on . At the comple-
tion of the initi alization process , the system will enter the inform ati on
contained in the checkpoint sta tus data base. This data base contains
sub system configuration status information, which includes the opera—
ting mode for each processor and stores inventory , and problem data ,
which include tactical display inputs , sensor classification coeffi-
cients , and navigation computat ions. At the completion of the recovery
process , the system will display a message that the recoverv has been
successfu l along with the resultant degraded configuration.

c. System C on.uigiiration (F igure 3— 6) . The system is required to main tain
status with each of the subsystem processors to verify that the commu-
nication link is operating properl y and that the subsystem is properly
configured. The system will format and receive messages , as sched-
uled by the executive , to verify the configuration statu s of each of the
subsystems and peripherals. The system also has the capability to
reconfigure any of the subsystems to a new configuration.

3_ 3 s
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~~~~RECOVE RY 

1

ISOLATE TREINITIAL IZE 1 CHECKPOINT NEW
FAILURE SYSTEM J STATUS/DATA

(IFPM) BASE

U~~ TI~~~~~~~~S 

~~ I
Figure 3-5. Recovery Control Functi on Hierarchy

SYSTEM
CON FIG U R A TI ON/

STATUS

SUBSYSTEM SYSTEM ] 1 DAT A BASE VEHICLE ENGINE
STATUS STATU S BACKUP STATUS STATUS

MONITOR DETERMINATION MANAGEMENT MONITOR MONITOR

Figure 3-s3. System C onfi guration, ’Stavus Control Function Hierarchy
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Recove ry data In the form of configuration status and problem data
are periodically collected by the system for each of the subsys-
terns and stored on magnetic tape (or other medium . These re-
cot ’erv data are used by the system to restore mission operation
after a system/subsy stem failure.

In addition to monitoring the configuration statu s of each subsys-
tern , the system al so monitors the vehicle status. Such param eters
as fuel status, attitude, and temperature are monitored and displayed.

In the case of a failure of the system controller , another subsystem
CPU will assum e the function of system controller. The initializa-
tion and recovery procedures ~vill then take place to load and configure
the system in the new degraded mode .

ci. Bus Control (Figure 3-7) . The bus control function provides for the
passing of messages among processes executin g in different computers.
In this capacity , this function is concerned with bus access control ,
bus error management , and bus reconfi guration in case of failure.
The bus control function also p rovides each computer access to nec -
essarv system—wide global variables. Specifically, the following sub—

up the bus ci at~ ol functh-n:

I ~tessage Processing — ~‘[es~ ages aassed between ~- i - ~nic units
may be classifi ed into thr ~e categories: synchronou s messages ,
isvnchronou s mess~~ es , and criticaih: :i:-ned messazes.  It is
the responsibil ity oi the bus control fun ction to assure tha t the-s c
messages are transmitted and received correctly within the time
limitation s of their particular category .

Synchronous messiges must be tran smitted on a periodic basis
(that is , an integer number of cycles apart) . Asynchronous mes-
sages are initiated upon request of some process , such as a re-
quest for data ~~ y a demand task , or a statu s update from a text
program. Crit ical ly timed messages are those which must occur
at a finer time resolution than a singl e cycle. The bus control
must provide a timing mechanism for these messages as ~vell as
a priority access to the bus so that thei r transmission is assured
in a timely maimer.

3— 4 0
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BUS
CONTROL

PR~~~~~~NG ~~ LO B
S~IABL ~~

J

Fi~-ure 3—7 . ~us Cen t r -~i Funct i- - n Hierarchy

21 E r ro r  Proce~~ :a~ — Thi s subfunction is required to detect , i so l ate ,
and recover ~- -m faults in the me ssaa( .- or mess a~ e path. The bUS
control mt:st )e able to identify f u i tv  messages -ir id either correct
them or tahe some action to i ssure that they are not taken as cor-
rect by the rest of the system. Recovery may be hv use of err or
correction mechanisms, retry , or cancellation of the message and
reconfiguration using available excess hardware and software re-
s~~ rces. The bus control functi on must he capable of detecting,
isolating, and recovering from faults wi thi n its own mechanism.

(3) ~y~tem Variable Acce ss— The bus control function must provide
each unit on the bus with the capability to access an~- global vari-
ables and semaphores. This is considered a different category
from simple message passing since, depending on implementation
techniques, the location of these variables and semaphores may
not be l~~own previous to run time.

e. File/Data Base Management (Figure 3- i). The system must have a
mechanism by which data generate d by one process in one computer
can he mad e av ailable to anothe r process in another computer when
needed. Appropriate protection mechanisms must be Implemented to
assure proper updating of data and tl~ avoidance of ‘deadly embrace ”
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FILE /DATA
BASE MANAGEMENT

_ _  _ _  I _ _  I
PROCESS SYSTEM 1 GLOBAL RECONFIGURATION SYSTEM

GENERATED CON FIGURATION VARIABLES PROGRAMS / CHECKPOINT
DATA DATA CON TROL DATA DATA

Figure 3-i . File/Data Base Management Control Function Hierarchy

conditions; for example , Process A is waiting for data from Process
B, which is waiting for data from Process A. In addition , all global
variables and semaphores must be updated and made available to all
processes. Reconfi guration programs and c ontrol data must be avail-
able for use if required. Finall’- , system checlcpoiot ri ot~ , ~t m s , ‘ad
configuration must be maintained.

f. Synchronizati on. As in the local control mechanism , thi s function re-
solves conflicts that may arise wi’tm two or more processes recuire
the use )1 a single resource . Semaphores are the usual
used by the synchronization function .

g. Dispatching. Thi s function , again as in the local control mechanism,
determines when the global conditions necessary for the executi on of a
particular process have been satisfied.

h. Even t Coordination, if an application process causes an event , that
event Is normally serviced by another process. It is the responsibility
of the event coordination function to see that this second process is
queued for dispatch (regardless of where it Is In the system~ and to
pass any n ecessary messages between the event-causing process and
the event-servicing process .
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SECTION 4

APPLICATION STRUCTUR E

A set of application DU ’ s and the functions for controlling their execution
- 

- have been defined. Now implementation techniques must be developed such that

these functions can execute and perform the mission optimally w ith respect to a

set of predefi ned assessment criteria. These assessment criteria are chosen
according to the demands of the application .

The following paragraphs define a ver high-level , generic structure that

will act as a baseline for the architeeture. Assessment criteria for the BASIC

application will be defined and justified , and implementation techniques for the

baseline structure will be recommended , such that the generic structure will

become better defined and applicable to the BASIC mission .

t BAS E LINE G E N E R I C  S T R U C T U R E

Aj-i avionic sy stem can ~enerallv he considere d as an application t u n c t b ~n

~orn p r~~:ua two maj or  elements . Th- -~ :-iements lacha j e a complement  of

se~~ or -  -ubs v stems , v h l c h  oer t ~~rtr t a t - search , ~~~~~~ c t io n , position 1etei -m ~aa-

t i ~ n , m d  communication functions - ) f a mission , and a processing system fu l-

f i l l ing  the corresponding information processing functions. Figure -i- i caarac-

te r i~ es a generic application function architecture in t e rms of sensor subsy s tem

elements , processing sy stem elements , and an interconnection structure .

F. 0. Wo l f f ’ s pape r , ‘Improvements In Real Time Distributed Control’

contained in Reference 9~, indicated that there are only four basic strategies at the

the disposal of system architects for attaining higher perform ance.

a. Redefinition of the problem in more efficient fo rm — algorithm develop-
ment

h. Development of f unctionally specialized machines

c. Improvement In raw speed of components

d. Application of sy stem and machine architectures which support concurrency

~~~~~~~~~~_ _ _ _ _ _  _____________________________
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Since the first two strategies depend greatly on the application , the gain Is

moderate , concentrating on only a part of the overall system. The third approach

is limited by the state of the art in solid-state devices at any point in time. As

a result , the Immediate goal of most system architecture work is the fourth stra-

tegy , that Is , to find methods of multiplying perfo rmance by creating systems

which exploit parallel , concurrent , or simultaneous execution of tasks in multi-

ple processing element s.

The architecture depicted in Figure 4-1 is organized to employ multiple

processing elements by part itioning the processing system function into related

task groups. The interconnection structure provides a mechanism which permits

any element to communicate with any other. As implied in Figure 4-1, growth

in the sensor/subsy stem area to accommodate technological advances or responses

to new threat conditions should only have impact on the processing system by

either adding subtasks within task groups or adding new task groups and mak ing

aD or oprj a te  adj us tments  to the interconnetion s t ru c tu re .

~ .~sSESSMEY T CRITERI A

Architectures that employ o t u l t i p l e  ~rocessor or~ -ani~ ations aro aenerallv

classified as distributed sy stems . Some of the current question s pertinent to the

expectations of distributed sy stems include the follow ing:

• Can the system easily adapt to new functions?

• Does the sy stem provide ease of modular , incremental growth and con-
figur ation flexibility for both hardware and software ?

• What type of interconnect and con trol structures is requ ired ?

• How does the system detect , categorize, Isolate, and recover from
failures?

In ‘,-iew of these and other concern s regarding distributed processing archi-

tectures , this section attempts to establish general design and assessment cri-

teria guidelines for application in the development of a multiple processor

organized avionic Information processing system. The extent to which the
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potential benefit s expected of distributed processing systems can he realized

depends on the degree to which the subsequent assessment criteria are achieved .

4. ~~. 1 FlexibiUty

In the literature , system flexibility is referred to by various terms , such as

modularity , expandabi lity, adaptability , and extensibility. Essentially, flex -

ibilitv can be considered to be the ease with which system function and perform-

ance can be changed without altering the basic system design.

4. 2. 1. 1 Design Goals for Flexibility

Although implementing the mechanisms to achieve the desired flexibility

implied in Figure 4-1 is subject to various current issues regarding multiple

processing systems , the generic architecture shown , nonetheless , serves as a

model that is suggestive of design goals for which to strive. An ultimate , overall

ohi ect iv e is to derive a single , versatile architecture that has the necessar’: fea-

:or - - -t ~ n t :a l  a p a i i  :mti ~ u to :uanv p la t t rms .  F - u  ar ais  -?O ~~~~. the follo~vin~
arch i tec tur a l  fea::a’~ s uxu cat c  a design philosoph ’: t i - at  ‘-‘ i 1  ~ci l~t a t e  ~v~ t~ rn

fl~ xib i l  i tv:

a. Technology AL aptation . The architecture ~h oul i  accommodate ao’:
technological improvements.

b . St andarclization. System elements should be standardized to the greatest
extent practicable for increasing interchan~ eabilitv and commonality .

c. interconnection Structure. The number of hardware resources on any
bus should only he limited by the data transmission capacity of the bus .
In addition , all processors in the sy stem should he able to communicate
with the peripherals of any other processor in the system either directly
or through another processor.

d. Task intercommunication. Program s from an auxil iary memory should
be capable of being transferred over the bus structure as a regular part
of an executing operational program without degrading the overall system
operation.

e. Executive Control Structure. The system executive should provide an
efficient means for supporting task interaction and permit ease of
modifying the applications supported. —

4— 4
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4 .2. 1.2 Flexibility Techniques

As Indicated previously , Figure 4—1 depicts the general characteristics
necessary for achieving system flexibility . Techniques for implementing these

characteristics are, however , subject to many architectural and application con-
sideratj on s. The architectural modularity aspect , for example , must be accom-
panieci by well-conceived interfaces for hardware , software , communications ,
and control in support of the application function being implemented. Paragraph
4 .2. 1.1 l is ts  several features that are desirable for enhancing flexibility . The
following paragraphs provide a further discussion of these features.

4 . 2 .1 .2 .1  Techn olou -v A d a o t a t i - r n .  Du rin g the life of a system there will he
numerous changes in the  na ture  of tactical operat ions . Some of these changes
may result  from changes in the anticipate d threat o:’ changes in tactics used

t~ counter e\ i~~: tc  t h r e a t s . Cer ta i n functions - - i t h i n  the sy stem may require

un at in ~ ~r rep l acement  ~ ne’ : fu nctions , It fol I o -v s that  th e  ~-ro ce ss in c sv s—
t~~n -design mu st  be able to a c c o m m m : a t e  or adapt to such chan u e  s in fu nc t ion

i thou t  b ar  i re  :r or i i s rup t :~ r. -
~~ -:th e r -nuom n u  f’:n ~ ‘ :on s hi t h ~ —

:~~ t .~~~~’:s :mr ies th a t  re sy stem mu s t  hc ~~~ to accommocato  s o i r v a r :

rev cs i en  anr  the  i r a t  i - n  ~~t i i ar h ~ are e l e n t v n t s  without any c h a n ces  in the  Hasic
system design.

In :‘eference to bgui’e -i-i , t he p r l : r i t v  of approaches suggested to accom-
modate fun ct iona l  changes is , f i r s t , to add or modify sub ta sk s  within a task

~r - tu p  an- i then to add new task g rou p s . The rationale ~oi’ initially e ’:aluatin g

the addition or modification of suhta sk s  - \ i t i t in  a task group is to minimize ad-

ditional hardware and , consequently , interconnection modific atlons. However ,

given a flexible interconnection structur e , the addition of processor , memory ,

or 1 0 channels should also be accomplished with relative ease.

4 .2.  1.2 .2 Standardization. Standardization is a desirable feature since 
~~t implies a

homogeneous rather than a heterogeneous architecture and is conducive to simplif i-
-uin i n n.  The prime adv antages of standardization are interchangeability and

4 — 3
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commonality , since the numbers of different types of elements in the system are

minimized . Of course , the degree to which standardization can be incorporated

is subject to various trade-off s.

One of the trade-off decisions with respect to flexibility is where to concen-

trate the expandability potential of processing power. Since we are dealing with a

multiple processing approach , expandabilit could be made available b~’ utilizing

only partial capabilities of more powerful processors , using the reserve capa-

bilities when adding more tasks : or -by employing less powerful processors

tailored to particular tasks with little to no reserve capabilities and adding

processors for additional tasks when required. However , for  complete flexi-

hility , provision s should be made for accommodatin g any combination of the

above to the gr eatest  possible extent.

If the design is confined to the constraints of current Nay standardization

program s , analysis of the near-term oh~ectives should consider archi tectures

incorporating element s such as the AN A Y K — t ;  computer and the ~[IE— ~ - :-~5dA
hi : s , u : t h  a s soc i a t ed  exe cut ires .  For the long tei~~~, however , the ai ’c- b i t c c t r : c

should be prep ared for adapting to no -: miniaturized technologies , such as ~~
and 32-b it  microcomputers as well as fiber optic buses.

4 . 2 . 1 . 2 . 3  Interconnection Structure. An interconnection s t ructure is concerned

-vith the bus configuration and conventions by which the various sy stem olements

are able to communicate , The set of rules by which the various elements of the
system communicate is governed by the protocol . The protocol also define s

status information to be exchanged and maintains coordination bet —s eer. -:arious
asyn c hronously operat ing functions. For multiple processing s steni s , the

manner in which the various elements are connected is currently referred to as
coupling, of which there are two types . Loose coupling is generally characterized
by disjoint primary address spaces , use of bit serial buses , and comparat lv ’~lv

smaller interproces s communication bandwidt h , where communication among

distributed elements is accomplished by message passing. Tight coupling
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4 . 2. I.. 2 FlexibiliP ’ Techniques

As indicated previously, Figure 4-]. depicts the general characteristics

necessary for achieving system flexibility. Techniques for implementing these

characteristic s are , however , subject to many architectural and application con-

siderations . The architectural modularity aspect , for example , must be accom-

panied by well—conceived interfaces for hardware , software , communications ,

and control in support of the application function being implemented. Paragraph

4. 2. 1,1 lists several features that are desirable for enhancing flexibility . The

following paragraphs provide a further discussion of these features.

4 . 2. 1.2. 1 Technology Adaptation. During the life of a system there ‘viii he

numerous changes in the nature of tactical operations. Some of these changes

may result  from changes in the anticipated threat  or changes in tactics used

to counter existing threats.  Certain functions within the system may require

updating or replacement by new functions . It follows that the  processing svs—

iesi gn must be able to accommodate or adapt to such changes in function

thout  h r r l ’ .’:a,~ cc-dc sf ~ n ~r i sr upt i on  -f other ono ::u~ [rOe t ions  hi th e

te m. ~his  im p l i e s  tha t  t i t C  system tu r s t  be able to accommodate sof ~ vam

t’~~~’ :L i i O f l  anu t oe  iuu i t ton  of h a r — r ’  are elements without am cha :c,es in the  basic

stem ~esi~ t i.

In reference to Figure 1-1 , the priority of approaches suggested to accom-

modate functional changes is , first , to add or modify subtasks within a task

zrou o and then to add new task 4r oup s . The rationale f~r initially evaluating

the  addition or modification of subtasks within a task group is to minimize ad—

- [it ional hardware and , consequently , interconnection mod if i c  at ions . However ,

a iro n a flexible interconnection structure , the addition of processor , memory ,

or 1 0 channels should also be accomplished with relative ease.

4 .2 .  1 .2 .2  Standardization. Standardization is ~ ~es i rahl e  feature  since it implies a

homogeneous rather than a heterogeneous archi tecture  and is conduci ’: e to simplifi-

cation. The prime advan tages of standardization are interchan ceab i l i tv  and

4-3
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commonality , since the numbers of different type s of elements in the system are

minimized. Of course , the degree to which standardization can he incorporated

is subject to various trade-offs .

One of the trade-off decision s with respect to flexibility is ~here to concen-

trate the expandability potential of processing power . Since we are dealing with a

multiple processing approach , exp andabilitv coul d be made available by utilizing

only partial capabilities of more powerful processors , using the reserve capa-

bilities when adding more tasks; or L eniploving less powerful processors

tailored to particular tasks with little to no reserve capabilities and adding
processors for additional tasks when required . However , for complete flexi-

bility , provision s should be made for accommodating any combination of the

above to the 4re ate st  poss ible extent .

If the design is confined to the con s t ra in t s  of current Nav y standardization
pr ~~~~~~~~~~~~~~~~~ analysis  of the n e a r — t e r m  ohi ect i ve. s  should consider architectures

incorpor ating elements such as tao AN AYN - 14 computer and the M I L -~~idD -i333A

~u s , -v ith associated ex ecuti  os . For the  tong t e rm , h o k  eve r , the ai -chi tL -: ’ are

should oc prepa :ed for auapt ing to ne - - :t uniaturized te c lm - ioa i e s , such as

ama ~2— b i t  microcomputers  as v e I l  as ~ib e r optic -uses .

4 , 2 , 1 . 2 , 3  Interconnection Structure. An interconnect ion structure is concerned

with the bus configuration and conventions by vh i ch  the various system e lement s

are able to communicate, The set of rules by which the various elements of the
system communicate is governed y t h e  protocol . T h e  protocol also defines

status information to he exchanged and maintains coordination between various
asyn chronously operat ing function s. For multiple processing sy s tems , the

manner in which the various elements are connected is currently referred to as

coupling, of which there are two types . Loose coupling is generally characterized
by disj oint primary address spaces , use of bit serial buses , and comparatively

smaller interprocess communication bandwidth , •vhere communication among

distributed elements is accomplished by message passin g .  Tight coupling

4 — I ~ 
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is generally characterized by shared , directly accessible , executable main mem-

ory , with comparatively higher primary memo~~ bandwidth and lower inter-

processor communication latency.

Referring to FIgure 4-1, the circles contained within the interconnection

st ruc ture represent coupling mechanisms. With respect to flexibility , although

all elements are shown and should have the potential for being connected , the

actual connection coupling scheme is determined by information flow and data

rates of the application. Consider a loosely coupled configur ation in which a

bus is assumed to be connected to afl elements in the system , and designat e it

to be a global bus. Provided the bus bandwidth is adequate , the addressing

capability of the bus should be able to access all elements , with provisions to

add more. t apabilitv should also be provided to distribute the inform ation flow

simultaneously among several buses to accommodate increased loads,

Provis i ons  -i  schemes shou l -  OlSO he devise i such t h a t  communicat ion can

be aec )m ~~~ ‘n a loca l  e~ ~- h v i th separate huse , so t h a t  the  ~lobai ru~ -~-a

can ~
- . r~ liev ed in ~t ifl  ‘ra:ut n~n in d i r ec t  ( - ~mma nIcar :o n ~ ~th the a l oh al  ms to

ex t e n t  oeeessa r . )e pendin a -n t he  iota  r a te  ~~, the local bus st r t c tu r e s  cool

a l,  ‘t loosely ~leti .

The choice het- veen loose and t ig ht coupling is subject t o  a detailed analysis

of the  n r o i  ected application requi re m ent s , ~ ut implementation of both should be

tal~en in t o  consideration for t iexih ility purposes. From a standardization point

of ‘:iew , it n O U l v i  he desirable to employ one type of bU s s t ructure in an incremental

f : i s h i on  to sa t i s tv  application requirements.

~. 2.1 , 2. 4 Task Intercommunication. In a mult iple  processing architecture ,

task s -v i i i  he distributed among various processing elements , as implied in Figure

4-1. Because of the dependency of characteristic function s in tactical applica-

tions , the interaction of task s associated with other processors will he required

in addition to those associated with a local processor. Certain common routines

that are required by the majority of tasks may not be replicated in all processors

hut , instead , be centralized in a globally accessible processor .
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To facilitate flexibility, the location of resources necessary to execute a

task should be transparent to the task . This implies the need for an address

translation mechanism which coordinates the use of all resources b\ task ,

including the processor and memory to which it is assigned.

4. 2. 1.2.5 ExecutIve Control Structure. An executive Is concerned with a well-
conceived control structure tha t is capable of directing all system resources to
interact efficiently in accomplishing the overall application function. The ex-

ecutive is responsible for function s such as the scheduling and dispatching of

tasks, resource control, task intercommunications and control, and interrupt
handling. In centralized systems , the executive control structure is essentially

associated with a single processor. However , multiple processing system

architectures require the executive as well as the ta sks to be distributed among

the various processing elements.

o n e  of the current issues i- mardin g mul t ip l e  pr ocessing architectures is

t h a t  ot load balancing. i - o r  put -ro ses et - J i scuss ion , ~~ae balanc ing can be c c -n—

sij ered e i th e r  dvnam ~ or ~t a t i c  . ~ vramic  load bahtnc inz  is concerned -v :t h the
- ‘ namic  or automat ic  as~ ianme nt of tasks ~o that  the -v- ’r ~do ad is as equally

u i st r t r u t e u  as possible among the campu s processors . i he  con t r o l  ~t ru c tu r e

necessary to realize t h i s  typ e of architecture is extremely complex and is the
subject of many investigative studies . In static load balancing, on the other

hand , tasks are preassigned to specific processors at system generation time ,
so that the location of these tasks is alway s known. The only time task s are re-
assigned to alternate processors is af ter  fai lure reconfiguration , and even these

assigrinients are determ inistic. The control structure necessary to realize this

type of architecture appears to be less stringent than the dynamic , because
of the elimination of the dynamic workload distribution mechanism. The static
load balancin g approac h is selected for deriving the architecture in this report
because it more nearly matches the nature of the avionic processing problem and

because it presents less of a run-time burden on the processing system. Other

related issues concern the distribution of system -wide control and the mechanism
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by which the operational Integrity of the system is assured to be preserved .

These and other control structure de sign aspects are discussed elsewhere In

this report .

4. 2. 2 Faul t Tolerance Recovery

4 .2. 2 .1 Definit ion of Terms

Fault tolerance is an attribute of an information processing system that en-

ables the system to continue expected behavior after the appearance of certain

classes of faults (physical , man—made , or both) that woul d otherwise force the

sy stem into an error state. A fault is an abnormal condition of hardware , soft-

ware , or data that may cause a deviation from the expected sequence of behavior

of some part of the system. An error state is a system state that can lead to a

failure attributed tO some aspect of that state . Finally , a failure occurs when

a sy stem does not meet i t S specifications: it is an externally observable event.

. 2 . 2 . 2 ~Th ~es of Fau lts

There are a number of d imensi on s  ‘-v - h ich fa u l t s  can be ch a t - a c t e r ize c l :

among them are the follo~’ing:

a . Duration: transient versus permanent

b. Extent: local versus g lobal

c . Value : determinate versus indeterminate

I . Criticality : flight—cri tical versus mission—crit ical  versus mission—
legrading

However , during the succeeding discussion , we shall tak e criticality as the prime

dimension distinguishing three classes of faults from each other , that is , flig ht-

critical versus mission-critical versus mission—degrading. Examples of functions

in which faults  would be in the three classes , respectively , are in-flight perform-

ance monitoring, ordinance management , and flig ht recording. Of course , it is

possible for a fault to affect both flig ht-critical and mission-critical functions ,

for example , a fault in one or more of the executive functions , such as inter-

rupt handling or synchronization.

4 9
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4 .2 .2 .3 Techniques of Fault Tolerance

There are six areas of fault tolerance that must be addressed: 1) prevention ,
2 masking, ~3) detectIon , 4 dIagnosis , ( 5) isolation , and (6) recovery.

4. 2 .2 .3 .1 Fault Prevention. Included in this area would be the practice of

such software techniques as top-down design , structured programming, carefu l

debugging, and the use of a higher order langu age. In hardware the designer
should ideally use reliable components , rigorous quality control , nonvolatile

memories, and careful design to minimize the occurrence of faults .

The major trade—off decisions to be made by a designer in the area of fault

prevention are degree of prevention and availability versus cost , size , weight ,
processing time , and memory requirement .

t .2 . 2 .3 .2 Fault Masking . Fault masking uses redundancy to assure that the

effect of a fault is cnmrl et elv contained within a system module , If sufficient

cc lunaan c~ exists tn t i e  module , -- :h ich ma~- be either hardware or softvarc , the

fa ul t  is concealed - ~t h io  the modul e :  and no effect Propagate outs ide the

module.

A key issue in masking is the size of the  module within which masking occurs.

In hardware , the masked module can vary from a few components to an entire

• subsystem or processor. Likewise , in software , redundancy can be built in to
a relatively small module or into a large module.

The trade-off -design decisions to be made in this area are the sam e as in

faul t prevention .

4 .2 .  2 .3 .3 Fault Detection. Fault detection is the starting point of most fault re-
cot-err implementation s. It can be accomplished by either hardware or software
methods, which can be grouped according to the time of their application :

a. Initial testing, ;vhich takes place prior to normal use and serves to
Identify fault hardware elements

4—10
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b. Concurrent (on—line ) detection, which takes place simultaneously with
norm al operation of the system

c , Scheduled (off-line detection , which takes place when normal operation
is temporarily suspended

d . Redundancy testing, which verifies that the various redundancy features
of a system are ready to use when needed

Issues to be decided b the designer in the area of fault detection are the

following: What percentage of faults is to be detected ? With what level of

V confidence ? Is fault detection to be accomplished by hardware , software , or

combination? Which of the four above trnes of fault detection will be utilized ?

Naturally , the greater the level of fa~ detection and the greater the level
of confidence , the more elaborate are the method s , whether hardware or software ,

which must be used to settle these matters. As the complexity of fault detection

rises , the availability of the system will rise (Up to a po int 1: ut SO will cost ,

size , vei~ ht , processin~ ::mc , and memory requirement s . I e ’ cnd a cer ta in

level ) t  :ault detect i on , the liai - hvare and or so ft - -;are required is so elabor :uu

that t l u - r c  is mol- c dance of a fault  occurv irt ~ in th e  - kt ect ion  l ta rd ’var c  ano ci~
so t U -  are than in the  equi~ ni . ut being te st~- - : .

~~. 2. 2. :~.4 Fault l iasnosis. Fault l Luznosis is concei-ned wit h determining the

specific natur e of a fault which has occurred in order to repair it. On-line or

off-line diagnosis durin g flight is not very practical for many avionic processing

systems because repairs cannot be made easily during a mission. On ship or

groun d or on large aircraft , such as the P-:3 C , fault  diagnosis might be more

practical .

4.2.2.3.3 Fault Isolation. Once a fault has been detected and localized to a

specific hardware or software modul e , the failed module must be isolated from

the rest of the system to avoid propagating erroneou s Information throughout the

system. Issues which the designer must decide are how larg e the modules should

he for example , should a hardware modul e , for the purposes of fault isolation ,

be a processor or a section of a processor ) and when a module should be isolated

after the first detection of failure or after several attempts to zet the module

to responth .

4—11
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V 4 .2 . 2. 3. 6 Fault Recovery. Fault recovery comprises all actions taken after a

fault has been detected and the failed unit has been isolated to restore some

degree of normal operation in the system. Recovery algorithms can be

divided into automatic and manually controlled schemes. Manual schemes are

usually not too feasible for avionic use , except possibly for large aircraft such

as the P-3C, because flig ht personnel do not have the time or knowledge to re-

configure a processing system and because of space and weight constraints in

the plane.

Automatic schemes can be subdivided into three classes: full recovery,

partial recoverr , and sale shutdown. Full recovery means that the s stem is

restored to the same capability that existed before the fault . Failed hardware

is rep laced by sparest damaged progr am s and data are returned to a state existing

before the faul t .  Partial recovery - also known as degraded recovery , graceful

degradation, or fail-soft operatiorn returns the system to a fault-free state but

-‘- i:h c e - JUL e- cap al:  ~l i t ~• . iiis m~ an~ that  some hat - - h- are modules da ’ e dce~
e i imi n a t c  from t h e  system without replacement , some functions ui- or -~ata

ha~e been b s z , or som e functions no-~ t ai-ce longer or at -c n e i t  - i-i-ned less frequent-

~~~
- than sche- u l e d . Saf-: - -di-it n -un .i~ so called f a i l — s a t e  cper at ion i  is the l im i t i n ~

case of partial reco~ erv . It is used when the remaining processing capabi lity

is below a minimum acceptable threshold . The goal s of safe shutdown are to

avoid damage to the remaining good program s , data , and hardware~ to cease

interactions with other system s and or operators; and to deliver shut down mes-

sages and diagnostic information to designated users .

Hardware-controlled systems use dedicated hardware to detect the presence

of a fault and to initiate recovery , -vhi le software—controlled systems use special

program s to accomplish this.

The principal advantage of hard-ware-controlled recovery systems lies in

their independence of the operation of software immediately after the fault has

occurred. Recovery control is transferred to software only after the software ’s

ability to operate has been assured. The major disadvantage is that special hard-

vare must he designed , built , and maintained.
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The major advantage of software-controlled recovery systems is that existing

hardware modules can be used , with resultant increased reliabilit y and lower

life-cycle cost. The major limitation is that the recovery must remain opera-

tional during the occurrence of a faul t , since recovery cannot occur unless the

recovery software can run correctly.

4 . 2. 2. 4 Detection and Recovery Goals

The following is a list of goals deemed appropriate for the BASIC processing

architecture study :

a. 1~ O—p ercent  detection of all faults with a 1)0-percent confidence level

b. Isolation of all failed units from the system

c. Complete recovery from fault(s )  in one or two flight-critical fun ctions

d. Complete recovery from faul t ( s)  in one mission-essential function

e. Partial recovery to degraded mode of operation from fau l t s  of two
mission-essential  functions

C~ era t t en  in ~eu-radeu mode —~ hen fault  s occur in : t t i s s i o n — - ~~-u i-n

functions , -v tth l oss of only those functions

4 .~~~~ . ~.5 Design Criteria

The criteria used in mak ing decisions on the choice of fault  to lerance schemes

are the following :

a. Availability (including fault recovery goals )

h. Life—cycle cost

e. Use of standard , off-the-shelf hardware

d. Number of processors and processing time required

e. Memory storage requirements

f. Bus requirements (especially data transfer rates)

g. Implementation (hardware - ‘software/firmware )

h. Reliability ( both hardware and software)

i. Cont rol (hardware or software)

L 
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j. Degree of recovery and functions involved

k . Diagnostic test in hardware , software , or firmware
1. Type of fault detection

4.2.3 Recovery Techniques

As described in paragraph 4 .2 .2 , recovery from a fault must be preceded by

detection of the fault and isolation of the fault to a system component so that the

rest of the system is not affected. After these actions , recovery may be obtained

through the use of redundant hardware or software , or through the operation of

the system in a degraded mode . The objective of this paragraph is to recommend

the best techniques for the implementation of these recovery functions in the

BASIC information processing system , considering the constraints imposed by

the state-of-the-art arid the use of standard hardware and software.

; . 2.3.1 Detection- Isolation Techniques

bete c t ina  -u f au l t s  md :beii- i soiat ~en to a Da r t i cuj a l  ah’. s iL - a i  ~
-
~~~-~~ - c ’ -~~

lcco mnl i sn e -  by ~er t  ~rminu- ~t ~n s t  on th e module and coraaarin~ the module

-v .r p u t  against p t -c’  - - u s lv -J et i :n J :alues. This compat-i son can indIL i t t . - whether

th e module is f~uc t i  ‘nin g properl y and cmil also be u sed to detc - t-m in e which

submodule is malfunctioning - r  which group ot further tests should ~e pe t - formed

to isolate the fault  to a particular submodule. These comparisons can he made

by either the module under test ( self-test) or some other module . If self-test

is used , care must be taken that the comparison mechanism is working properly
--efore more complex tests are made .

As has been describe d in paragraph 4 . 2 . 2 , there are four type s of tests that

are appropriate for the testing of avionic function s. They are described in detail

below .

4.2.3.1.1 Initialization Testing. Init ialization testing is performed when the

avionic system is first powered up prior to takeoff . This testing may also be

performed as a confidence check after a system reinitialization follow ing a

4- 1 4

_ _ _  V j



- V __V _ 
~~~~~~~~~~~~~~~~~~~~~~~~~

N ADC—79 16 1—4 0

failure. Since this testing time is not critical and the resources to be tested

are not required for other functions at the time of Initialization , Initialization

testing should be the most complete of all the types of testing; all other tests

should be a subset of the initialization tests . These tests must be sequenced
In such a manner that very simple tests on very basic functions are tested first.
With these basic functions verified, more complex test s can be made on higher
level functions . This process can continue until very complex system level

tests are made with confidence that the testing mechanism itself Is in good work-
ing order . In addition , in a system lik e BASIC , these tests ma he performed

usin g an exte rnal computer and other test equipment. which are not part of the

simulated avionic system. Thi s can provide a sig-niflcantlv greater level of

confidence in the testing than can be attained simply by using the operational

equipment.

4 . 2 . 3 .1. 1. 1 Detection Capabil i ty Confidence Level. The initialization test

sb id e the i~~~)~~~Z CO lta - ) le t c  te s t  c d  should chech fat- all t au l t s . V U 1

~z - it ~cal fa i lu i ’- s  ~?icu 1d he detected u a 100—percent conf idence ~~~~ For

init ial izat ion test ing ,  isolation of t faul t  in a particular moe-a le with a great
- ~e~z ree ~f precisi on ls n’~t t i eces ~a t ’ - , but detection of any faul t  that mi~ht

jeop ar a ize  the con t inu at ion  of the mission is mandatory . In addition , all m iss ion—

critical faults  should he detected with a high -:(egree (approximately 95 oercent~
of conf idenc e, since time and money would he -vasted by taking off and not hein z
able to perform the intended mission.

4.2.3.1.1.2 Hardware Test Functions. Certain of the initialization tests must

he implemented in hardware -f i rmware , since they must be perf ormed in order

to verify the proper execution of software. These tests must check the ability
of a processor to read and write memory and to communicate to the outside

world through at least one 1’O channel , through which further software may he

loaded. This involves the self-check of many data paths and control mechanisms

which are best tested throug h the use of the special microcode incorporated into

4-13
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the firmware of the computer. This section of microcode is entered automati-

cally on power-on condition , and it includes a capability of automatic loading of

memory from an I/O channel after the self-check functions are complete.

4.2.3.1.1.3 Software Test Functions. After software is loaded into the computer

memory, a complete diagnostic test program may be run . This normally starts

with a test of the individual instructions and ends with a test of the interrupt

structure. At this point , the capability to transmit and receive data from exter-

nal I- ’O channels can he tested. In the case of the MIL-STD-1553 bus , this capa-

bility could be attained by having the computer attempt to send a prespecified test

message to itself.

A t e r  each computer has completed the above tests , the intercomputer and

computer-peripheral communication paths max- he tested. After this, system

s ta tus  may he determined and reported; this step completes the initialization

testing.

2. 3 .1 .2  On—Line  Detection. On—line detection is performed concurrentlv ’v ith

the  execution of application proces~ es . It t iormally c~te~~ s t he vali ii t .. of data

pass in4 from one computer t o  anothet - or  ft -em - i t t ’ :  —~~~~ meat of th e comb ut er  to

another,  it alsn can be use d to - ~et ermine j f~~~~~~ j~~~~ event has t :d en olace

within a specific time period . Normal implementation of on-line detection in-

volves hard ’-vare parity checkin g and time-out interrupt s . Time-out interrupts

occur ‘- hen an application process -does not reset a test t imer  within a prespeci—

fl e d  interval.  Thus , if a process is in an infinite loop -ecause of some hardware

or software failure , a built-in test will indicate a failure.

4.2.3.1.2. 1 DetectIon Capability -Confidence Level. Since on-lin e detection is

basically a built- in—test concept , the detection capability and confidence levels

for it depend on the state of the art and the cost - weight ‘pe rformance penalties
that the computer designer is willing to accept . For the most part , especially
with standard hardware , these facto rs are beyond the control of the sy stem

designer. Most military computers have on-line fault detection capability in
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compliance with the requirement s of AR-b . Fault isolatIon capability is
usually limited to an indication of a rau lt in the entire computer rather than

in a particular module.

4 .2 .3 .2 Isolation Techniques

Once a fault is detected and isolated to a single phy sical module or set of

modules , the system must be protected from the effect of that fault by the iso-

lation of the faulty module from the system. For the purposes of th i s  discussion ,
assum e that a fault  has been detected and isolated to one of the follow ing units~ the

central processing uni t , memory module , 1 0 channel , or I/ O processor.

4 . 2 .3 .2 .  1 Central Processing Unit  ( CPU )  Faults. If onlr one CPU exists in

the computer and that CPU or an~- of its interfaces to the rest of the computer
fails , then the only fea s ib l e  approach to isolation is to dist~ble the entire com-

puter and remove the CPU from any of the interface buses t~i th which it communi-
cates . In a v  elI —- lesi~ ned computer , t h i s  may be ea~ i l\- accomp l i sh t i - - v ~~-e ’. ’o~’ lnC

p ou er  from the computer .  This  removal of po’-~er can he :i-iaaered - v  a s e i t - t e s t

—~~u ai  or by a ~t a ual  ft -o n - -ete ra tOr or an external ia t :’~are m ’nt :ot- .

In a c on t r u t - -t -  -‘ h ich ha~ m ul t ip le  ~~, ~ ‘ch i~~ a m u l t ip r o c e s s o r , ot 

has an independent I 0 processor , it m a - . - he uossible  to - :ti sahl ’i- onl y  the f a u l t -:
CP 1~ and have the remainder of the computer  act as a unipi-ocessor. This ca-

pabi litv - ‘-oulc i have to be Li esi ~ neu into the hardware and act ivateci either by a

self- test  output or an external signal

2.3. 2.2 Memory Module Faults .  Fault\- memoi-v modules can be i s o la t e - .i from

the remainder of the system if some type of virtual memory translat ion hardware

is incorporated into the computer . If redundant memo~~ is avai lable , this can be

substituted for the faulty physical memory module by a~oropriate changes to the

‘-irtual --to-phvslcal address translat ion tables. If redundant memory is not avail-

abl e , it may be possible , throug h memory protection mechanisms , to cause an

interrupt if an attempt is made to referenc e the faulty memo~~ module.

-4—17
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4. 2.3. 2.3 1/0 Channel Failure. If an i/O channel fails , all communication between

that channel and the CPU or memory must be inhibited. This inhibition can he

accomplished by changing the address of the channel to an unused I ’O channel

address or by using a hardware mechanism that essentially switches the failed

channel off arid replaces it with a redundan t channel.

- 
- 

1.2 .3 .2 .4  1 0  Processor (IOP( Failure. If an i/O processor fails in a computer

which has a CPU capable of performing 1 0 and CPU tasks in a time-shared mode

as in the case for the A_N AYK-14) , then the lop may be shut down via a mode

command and the computer w ill still be able to perform , althoug h with reduced

perform ance. If the CPU cannot perform 1,- 0 t asks , then the entire computer

woul d hav e to be shut down .

4.2 . 3.3 Reco~-erv Techniques. Once a faulty module has been isolated from the

stem , ste p s  must be taken -D recover the functional capabili t y tha t  had been

imp ait -ed by the fault .  If this  is not possible , th e n th e ~v~ tera must  he m-c~ n—

f i4 ureo  such that  th e loss of that fanct ~on - : r e s  not cause other f u n c t i ~-n~ to ~i i l .

2.3.3. 1 F a l l  l~c- : o~ eyy . If a au lt  in ha t -  i’S - . are is t o  ‘~c- c omr- i t - tc i v  m as - i c i ,

t hen i- e- :undant  har : -  are or -j nu-e i  t ime re~ -~u rces m u s t  - - moloved. Tbi~
p rocess may be int clemented w ~t h redundant :omp ute t - s in th e  sv -stem ‘.vhich may

— c used for tes t ing in a normal , f au l t - t r ee  sy stem and possibly -~ith unused

memory and I 0 modules in the operational compute r- ~. IS a CPU fails and re-

moval of a computer from the system is nece ssai-v , then its replacement mus t

be a computer that has access to all the programs executed by the  faulty computer ,

and all the constant and alohal dat a used bv it. These program s and constant

data could be prestored in the redundant computer or stored in a mass memory

to which the backup computer has access. Global data could be obtained from

other processinz elements . The replacement computer must  have access to all

the peripherals and other sy stem processing elements with which the original

computer communicated. Under these condition s, full recovery is possible. The

faulty computer is shut down . The replacement is loaded with the appropriate

4 — i S
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programs and data , is initialized , and broug ht into operation at the beginning of

the next major cycle. Thus , processing capability and data are lost for only a

short time , at least from the operator ’s viewpoint .

Because a memory module may fail , an extra memory module in the computer

is necessar-’.-~ it may be substituted for the failed module by changing the virtual-to-

physical address translation tables. Li the failed module contained programs or

constant data , the replacement must be reloaded ‘-v ith this information from an

external source , on the data must have been prestored in the redundant module.

If an I 0 channel fails , complete recovery requires that an identical , redun-

iant channel , connected to the sam e peripherals , be available. In this case ,

s” :itching channels is normally a simple matter .

IS an 1- 0  proce ssor  fa i l s , a redundant lOP tust be available within the

computer , along i th  a hardware mechanism to switch out the failed IOU and

replace it - ‘~ it h th e redundan t module. Th is  is act normal l y  the case in mo st

c c - mp u t e r ~ . - ‘ i t h  the  resul t  tha t  complete i- eco’:c-rv from an lOP fa i lure  must  be

ha nd led ‘v t -ca l ~i c enten t  ci the -:nt re c om ::ut , -t - , as i t h e  C PU ha at led .

4~ ~~. :~ . 3 .2 Pot ~~- ti  Rec- -- - - e r-- i rar e ’’: t~e~ r t  ~t~ -~a - . Partial t - e- - - -- ’ o r u ~ :al lv

mean~ t h a t  t a l l  recover ’: is a - ~-t nos ~ih i e  ~-c au~ e the necessary r~ - up -  at re sout -ce s

are not available. In this  case , the computer  which has suffered the fai lure is

sh ut -t own , and its task s  are assi~ neo as extra duties to another operational corn—

puter.  F h i s  backup computer must have access to the  same per iphera ls  and

system elements as the  original. Since the backup computer mu st  no\v perform

extra processing, more t ime -v i i i  be required to execute all the processe s . Since

task s are normally dispatched on a priority basis , some ‘tower priority tasks

may not he executed during som e major cycles . IS thi s condition Is not acceptable ,

some tasks  may be given variable priority , such that their dispatchin g pi -icrit ’-

increases every tim e they are not executed during a major cycle. Fh u s , grace-

ful degradation for a processing sy stem essentially means that lower priority

task s do not execute as often as the system specification wou al 1-e j u i r e .  This

4 — 19
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technique is clearly not acceptable for flight-critical function s; it is useful for

operator display , navigation , and communication function s.

4 . 2 . 3. 3.3 Safe Shutdown. Shutting down a function is necessar \vhen a fai lure

occurs in a module for which there is no backup or redundant hardware provided .

This normally occurs when a mission sensor , such as a radar transmitter or a

MAD receiver , fails. In this case , the scheduling procedure must he revised

so that the task s using these data are not executed. Periodic tasks that process

the data to or from the fai le d sensor should not be executed , and demand tasks

tha t  recj uire these data should be replaced with processes that return an indica-

t i m  that the required function has faile t .

~~. 2 . -~ Software Considerations

Several recent studies have indicated that  sof ~ vare is the maj or  contributor

- - - - t o overall sy stem cost , and i-o~ect inns  are  that  the  cost ~f software wil l  he

~ ~~rc eat  — 
~~‘ ~t em co -

~~~~. h~-e se  at-o~ec t i -~ t a t a y - er’: ‘:11 PrO \ e t -r

si nce techn ol og ica l i n t a t -n ’ emer ~t s  in ba r - i ”  at -c , su ch as ‘ erv ia rc e— ~ cale inte—

t -at i on V Lol , , h a- - - - produced ra s t i e  ecaeases in the anst  of b ar  --  ri: . Such

ne ’: memor: tee rn-  -~~~it - s as m i ~n e t i c  ~u u h i e s  ai~ o t ’ e  promise of ~uLs ta n t i a l lv

reducing the c os t  t

Technological a ro are - -c has also ~V e~:n made in software in recent years New

developments in software give some oromise of deeping software cost s under

c 3ntrol , although not to the ~ame exte n t  as in hardware . Such development s as

h igh er  order languages , to~ - - t e - -vn te si~ n , str uctured oro~ r amminc , and modular

programmitrz are examples  of these .

~. 2 . 4 . 1  Hi gher~~ ’de r I~~ngua~es

The a~xantages of using a higher order language H OL for application ~ C s

implemented in software are:

a. Shorter programming time

b. — h o r ter  .tebugging t ime

4—20
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C. Lower programming cost

d. Increased programming transparency (that is , the abi lity to ‘-~r ite pro—
gram s without need for detailed knowledge of the system ,

e . Increased portability of software (that is , the ability to use software on
several different hardware systems with only minor changes required)

The disadvantages are that the HOL ma result in a less efficient code with

more processing time and more memory required . However , the advantages of

using an HOL seem to outweigh the disadvan tages , especially if a standard HOL

is used.

4. 2 . 4 . 2  Top—Dow n Design

The approach ~einu used to -le sign the I3ASIC laboratory information process—

ing sy stem is a top-down methodology in which the designer ‘art s wi th  the

application requirements and work s -t o - en  f rom there  through lecomposition , and

so t - ’i -rh. This  rnethoc lolog-v is somewhat i i f f e r v n t  from th-: current  apn rnae t r c s

p b :~- a : Pact :-  a -  ire l~ 5L~Pe- - or :“ :1 P t , i tt J t i O f l  Pt ~~‘ !  P are  at ttie ~ec~in n 1n-a

O t  ~~~~ t P - - ar e - -~ iP a .  t~~t or lc , Pr o t o r t— ’  o’- ’- n  m - t ’~- r - t es tet  ~~!t~~) O 5 C  a m e ( I l u m

fo r im p len ren t a t  len unt i l  ‘- - t l l  alon u the - e5 : art “ i - ’r~ - -  . I i ’’~ e v e r . — r -r ethod —

ol e - v  ine~ - : a p r r t  t e a - b~ a les i~ rt f - - r t  ~~
- ace 1r - i c c i s -rn t o

a - P t r ! : c - : t t r  D I in sc f t — .v i i- .’ is ar . t  - - , a ~ m — - : - ~-aa ~ -~~~ p o~ th - - — - - i t -  are for that

D[ can easily be attained , --vit h all of t he  unct ional  el~-n ien t .s D E s  known from

previ ous steps .

~. 2. ~~. .1 4t ruc tur -al M o -iu l a t -  P rogramming

Th e advantage s of s t ruc tu ra l -modula r  programming are the following :

1. oupp or t  and f a c i l i t a t e s  top—down design

b . ~~lows proof of correctness . The only v av to be cet~ain that  a software
program functions properly is by establishing a “proof of correctness .
Debugging only show s the presence ct errors and not their absence and ,
hence , Is Insufficient. In cen~-r al , a large soft-ware program is not
amendable to such ap r not , i - ut a smaller module is.

c . Reduces program m ing cost . Figure ~-2 , taken from a General F lectrlc
broc hur e , shows that programmin g cost varies exponentially w ith  size of
program . Therefore , break ing software in t o modules shoul d reduce costs .

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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NUMBER OF IN STRUCT I ONS

Fi~ are -1—2.  Soft - -vare Size C -r s t

Facil i tates soft ’vare mana gement , - i e s i ~ n , m a i n t en a n c e , and r e r i f i —
cat i on b ’ ens r et -  t -c’ac!Ln-a at  :‘de

C.  ~~o-’- s :se oi• s tan t ar  - sr common mo ( iui ~ s : ~a it i n g  in inca-: a~ e’I
cost e! t e e ’:’ one - ~s

Allows f lexibi l i t y  in as signment of t asks to or oces sor s , in recovery
a f t e r  a f au l t , and in changin g the sy s tem for various application s

a. F a c i l i t a t e s  5vstoar  ~ro ’vth by allowing ne -v functions to i~e added
relat ively easily

ii. Promotes portabili ty of software

t -Ieshes ‘cell ‘- i th the NA’d A J R D E V C E N  Uni v ac  Design Methodology

The possible iisad- :antages of structured ’modular programming are that

more initial programming time may be required , and that the code generated
may demand a slig htly longer processing time and or slightly more memory .
However , the advant ages more than outweigh the disadvantages .
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4 . 2. 3 Compatibility with Hardware -‘Software Standards

4 . 2. 3. 1 Current Applicable Directive and Standards

Among the current directives applicable to the desigi~ and development of

computer processing systems are DoD Directives 5000 . 29 , which covers the

management of software , 5000 . di , which specifies the acceptable higher order

languages HOL s , and 5000 .xx (draf t ) , which specifies the approved computer

architectures. In addition , a memorandum of 30 March 1977 from the Secreta ry

of the Navy specifies t h a t  the ~ \ - ‘AYK- 14 shall he the Nav y standard airborne

computer. The AN AYK- 14 computer includes the -~~~~ UVK -2 0 instruction set

and emulates the latter ’s architecture .

The current standard Navy HOL’ s are the CM S-2 for - iata processing and

SPL-1 for signal processing , w i t h  DoD-I to he the future DoD standard H OL.

Other existing standards specif ~- the M I L — S T )— 1333 , —13 53 A , and — 1 5 d ; B  ~uses

as the stan a r t  Na ’:v a~ to nic buses . ~~o ~t an- at - - i  at ic r onr oc , -  ~soi -  ha s \- er ~e’-n

chosen , nor is there  a policy for s tan , i ar  i :ation in the a reas  of - c om Pu te r  re si  —

re n t  : t t em or l c - s or mas :aremor ~ — t o r - : t~~e

2. - . 2 Pi~ crr ~~ :-~n

Implementation of DC’ s in hardware an~r s- a t - - - ar e should -c in compliance

‘.vith existing DoD and Navy directives and stan dar :~- ruil ess there  is some com-

pelling reason to request a aiver .  The purpose of such documents are to mini-

mize the prol i fera t ion of hardware , increase the p oi -ta i  i l i t v  of sof trvai -e , reduce

logist ic requirements , and reduce l i fe—c y cle  costs .

The disadvantage of standardization is the difficul ty of incorporating the latest

technological advances hardware and software when processor architecture ,

languag e , bus protocols , and so forth are fixed. In Naval avioni c applications ,

howeve r , the advantages of standardization over an ‘equipment generation ’ out-

weigh t h e  disadvantages~ therefore , standardization ‘viii be followed to the max i-

mum extent possible.
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SECTION 5

APPL ICATION BINDIN G

5.1 INTROD UCTION

The previous sections have de~ ned a set of application requireme nts , broken

those requirements into decompositional elements (DE ’s), combined the DE’s

into decornpositionai units (DC’ s), and defined a baseline structure within which

the DC’s can execute their functions. The next step in the architectural develop-

ment is the selection of implementation media for the DC’s and the composition

of these implementations into an overal l system. This section will develop im-

plementations for the DC’s, propose a BASIC system architecture , and present

the rationale for the selections recommended, Specific areas to be discussed

are:

• Information Flow — a description of data flow among DC’ s base d on the
-~— - i \  operat ional program

• DC Functional Grouping — combining DC’ s into functional group s for
d i stribution among processin g nodes for  the BA SIC application

• Messa~ c- Structure — oruani~a:;g inl orrn ation dow and ief ining messages
wilier-i conform to the MI L—STD — l333 bus protocol for the BASIC applica-
tion

• Hardware Confi gur ation — hardware required to implement the proces-
sing nodes

• Processing Requirements — software execution parameters corres-
ponding to the various DC ’s to be simulated in the BA SiC application

• Control Structure — con t rol mechanism s necessar’,- for conLrol of the
DC’ s and a recommended implementation for the control mechanisms.

An analytical approach was employed in the development of this preliminary

arc hitecture. This implies that a simulation remains to be performed via the

Generalized Computer System Simulator (GCSS) so that the architecture recom-
mended herein can be verified in terms of interactions between the data transfers

5— 1
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and the processes that use the data. A GCSS simulation is currently under

development; the results will be described in a future supplement to thi s report.

5.2 DECOMPOSITIONAL UNiT IMPLEMENTATIONS

Having defined the DC’s, it now becomes necessary to select an implementa-

tion medium fo r each DC In a manner which will optimize the assessment cri-

teria parameters defined in Section 4. In all cases , a software implementation

was chosen. The rationale for this choice with respect to the assessment cr1—

terla Is presented In the following paragraphs.

5.2.1 Fle~dbility

DC’s implemented in hardware or firmware are considerably more difficult

V to change than DC’s implemented in software . In addition, software DC’s can

tak e advantage of the rapid increases in hardware performance which accompany

processor technolo~~- growth. Thus , replacement of a computer (which executes

many DC’s with a higher performance compute r automatically increases the

performanc e of those DC ’s.

3. 2. 2 Fault Tolerance/Recovery

It is assumed that software errors will be minimized by proper progr amming
practices , simulation , bench testing, and flight testing. In the proposed archi-

tecture , failures in the computing hardware on which the DC’s execute do not

result in loss of the DC function , since the softw are may be executed (perhaps

in a degraded mode) in a different computer. This functional redund ancy of DC’ s

would not be possible in hardware implementation, since it would result in un—

acceptable weight and cost penalties in redundant hardware.

5.2.3 Software Considerations

The DC’s can be programmed In HOL and , thu s, take advantage of the in-

herent cost savings in a modular, structured program ming approach. Since the 
—
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DC’s are a result of a top—down partitioning methodology, their specifica tions

and interfaces are known in a format highly compatible with a computer program

performance specification. Indeed , the software module specifications are

very nearly a by-product of the methodology process.

5.2.4 Compatibility With Software/Hardware Standards

A DC implementation in software can be made completely compatible with

e~dsting standards. No unique or new hardware need be procured , and no non-

standard languages need be used.

5.3 DECOMPO SIT IONAL U NIT FUNCTIONAL GROUPIN G

In deriving a mul tiple processing system architecture , it is necessary to

organize the DC’s shown in Figure 5—1 into operational groups with functions

related acco i~ ing to a set of assessment criteria so that they can be distributed

among several proc essing elements in an optimal fashion.  However , lacking

weighting parameters and associated phy sical assessment criteria, the design

decisions for grouping DC’ s in the recent S—3A architecture study were essen-

t ially based on minimizing I/O rates between functional groupings , while not

exceeding the processing capability of a moderat e—power , microprocessor—

based minicomputer.

A DC grouping proposed as a result of the study described in Reference 4

is shown In Table 5— 1. In addition to the operational DC’ s shown , allowances

are made for executive , test , and diagnostic functions. The executive functions

for each processor dIffe r depending on the scheduling requirements dictated by

the particular DC group. The executive function overhead is currently projected

to be on the order of approxImately 30 percent. The overhead for the test and

diagnostic functions is currently estimated as being less than 10 percent. The

structure of the executive is defined in more detai l in paragraph 5, 5.

5—3
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TAB LE 5-1. PROPOSE D DC GROUPIN G

DC — _ _ _ _ _  _____ PROC E SSOR_GROUP 
_ _ _ _ _  _ _ _ _ _ _

NO. FUNCTION 
- 

2 3 4 5 6 7

1 ES M Intercept M aintenance N
2 ESM Frequenc y Contro l X
3 ESM Class ification X
4 E SM Contact Maintenance X ______  ______  ______  ______  ______  ______  _______

5 ADP Mode Control X
6 AD? Data Man agement N
7 AD? Display Control X
~ S R.X Frequency Control X
9 AT R Control  

_ _ _ _ _ _  _ _ _ _ _ _  X _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _

10 AD? Passive Contact Cla ssification N
11 ADP Passive Contact Maintenance  

_______ _______ ( 
N 

_______ _______ _______

12 ADP Act ive Ping Control X
13 AD? Active Conta c t Maintenanc e - X 

_______ _______

14 MAD Display Control X
15 MAD Data Management N
16 MAD Signa l Feature Recognition X

• 
- 17 MAD Contact Maintenance 

-  _______ N ______________ ______ _______ _______

1’ RADAR Display Control x
19 R A D A R Dat:i Managem ent   N 

_______ _______________ _______ _______ _______

.~~) B ti ll stic~ - -\

21 RADAR Contact Maintenance N 
_______ _______________________ _______ _______

Display ~~ er ato r Control N
23 Tactical Di splay Manag ement 

- - 
X

2 4  Disp lay Refresh Management ~I N
23 Kevset Control - 

______  
N

25 N A V  Posit ion Control - I N
27 N A V  Position Calculat ion - 

- 

- N
2’ N A V Data Man agement - N

29 NA~ Track 1-listory I 
_ _ _ _ _  ___________  _ _ _ _ _  

N 
_ _ _ _ _ _

30 COMM Receiv e N
31 COMM Contro l - N 

-
32 COMM Data Man agement N -

~~~~~~~~~~~ COMM Trans mit 
- N -

34 Sonobucy Selection I N -

35 Sonobuoy Release X - -

35 Sonobucy D rop-Point Calculat ion X 
_ _ _ _ _ _  ____________ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _

37 Airc r aft Steer ing Control  
_______ _______ ______ _______ _______ 

x 
_______

38 Weapon Release N
39 Weapon Drop—Point Calcul ation N
40 Weapon Selection N 

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _

41 SRS Control x
42 Sonobucy Position Calculation  

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  
x

43 Contact Trac ldn g N
44 Tacti cal Coord ination  

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _

45 FL IR Contact Maintena nce X
46 FL IR Display Control X
47 FLIR Stab i lizati on N
-- Executive EXE C EXE C EXE C EXE C EXE C EXE C EXE C EXE C
-- j Test/Diagnostic lID T D I ’ D  T D lID I ’D T/D l/D
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5.4 DECOMPOSITIONAL UNIT/SUBSYSTEM INFORMATION FLOW

The partitioning of the S-3A operational program Into 47 DC’s was developed

in Section 3 and is summarized in Table 3—4 along with the associated sensors/

subsystems. Figure 5—1 is an excerpt from Reference 3 which shows directional

data flow paths among these DC’s and sensors/subsystems. The symbols con-

tained in the information flow diagram of FIgure 5-1 are interpreted as follows:

• . Boxes represent individual DC’s whose general functions are described
in paragr aphs 3~~9 • 1.2.1 through 3 .2 .1 .2 .47 of Section 3.

• Cblong circles represent elements external to the info rmation proces-
sing system, that is, sensors/subsystems.

• Circles with the letter K indic ate data obtained from the Keyset control
element, DU25 .

• Circles with the letter D in dicate display data (alerts, cues , and so
forth) to be transferred to the display operator control element , DC22.

• Circles with the letter N indicat e navigation data (aircraft position,
speed , course , and so fort~i obtained fro m the NAV position calculation
element, D C2T . As indicated previously, each DC consists of a num-
ber of DE ’s. These DE ’s are the next lower lev el of decomposition
which are the smallest executable entities tasks) . However , at thi s
tin~e the S—3A partitioning at the DC lev J appears to provide suf ficient
understanding and visthilitv regarding data flow and element interactions
for establishin g baseline requirements for the BASIC avioni c informa-
tion processing system architecture.

5 . 5  DC/DC C O M M UN I C A T I O N

Application processes will be distributed among various processing ele-

ments In a multiple processor , organi z ed in formation processing system. Thi s

distribution will require the sharing of dat a among application processes and is

referred to as communication.

5. 5. 1 Modes of Communication

For purpose of discussion, a process can be considered to be either a data

source or destination. Li the data source and destination processes are both asso-

ciated with the same processor, directly accessing the same memory, the n the

transfe r of data will be referred to as intraprocessor communication. LI the data

source and destination processes are associated with different processors, each

5—7
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with its own private memory, then message passin g is required to move the data to

the destination process. Data transfer employing message passing will be referred

to as Interprocessor communication .

5.5.2 Address Tr anslation Mechanism

In order to relieve application processes from the concern of actual data

locations, a communication scheme could be employed in which address tran s-

lation is performed by a separate mechanism. This scheme will be referred to

as an address translation mechanism. The general operation of the proposed

scheme is depicted in Figure 5—2. As shown, data locations are preassigned

to specific groups and, from the point of view of the application process , are

always directly accessible. In operation, when the application process proceeds

to fetch data , these data are intercepted by the address translation mechanism.

This mechanism can consist of a series of status registers, for eac h group of

data , which contain flags indicatin g the current location of the desired data.

\Vhen employing the intraprocessor communication mode, the d ata are local to

the process , and the mechanism imm ediately proceeds to read the data. Whe n

eniployin~ the Interp rocessor communication mode , d ata are remote to the

process , and an I/O mechanism is invoked to fetch a copy of the d ata. After

the dat a are fetched , the statu s is changed to local, the p rocessor is notified ,

and the process continues. A possible implementation of the mechanism could

invoke an interrupt—ser vice routine to initiate the necessary I/O procedures.

Each status register associated with a data group could point to a location in a

table which would contain the appropriate service rout ine. Thi s table could be

defined at system generation time with provisions for modification to accommo-

dat e system reconfiguration.

5.6 DATA/MESSAGE MAPPING

The Interaction of data among the functions of the processor groups shown

in T able 5—1 requires the use of an Interconnection/bus structure for data trans-

fer. As indicated above, two types of d ata transfers will be considered : intra-

processor and Inte rprocessor communications. The common bus structure that
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Figure 5—2. Communication Scheme
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will be considered in the subsequent paragraphs will be the serial, multiplexed

MIL—STD— 1553A data bus and associated protocol. This is the implementation

chosen for the generic bus structure of FIgure 4-1. Thi s form of data transfer

incorporate s a loosely coupled interconnect struccure and is referred to as mes-

sage passing, as opposed to tight coupling, which is char acterized by shared ,

directly accessible memory among processors.

A message passing implementation was chosen over the tightly coup led imple-

2lentation because it more nearly optimizes the assessment criteria , as explained

below.
a. Fleidbilitv. Since a message passing scheme provides a well—defined

interface between processes, the effects of a change in the process can

be more easily ascertained and isolated from the rest of the system.
This means essentially that any suitable algo rithm or technique can be
used to execute the function , as long as the input and output messages
remain the same. For example, this allows the replacement of older
tecimology computers with newer , low—cost units without significantly
impacting upon the remainder of t h e  sy stem .

b. Fault Tolerance’ Recovery . Message passing ease s the task of fault
isolation, sinc e th e source of an erroneous message is ~mown , and each

message is checked for errors. Faulty units can automatically be iso-
lated from the remainder of the system , because of the possibilities
to refuse messages from them and also not to tran smit messages to
them. These possibilities are considerably more difficult in a shared-
memory environment. In general , the ability to accept or reject data
from a selected source on the basis of eith er the message content or a
previous message from a test monitor considerably simplifies the data
contamination problem and makes reconfiguration easier.

c. Software Considerations. The message passing protocol establishes a
well-defined i~terface between processes. Thi s is compatible with
modern modular and HOL programming techniques and aids in the
development of structured software which can be tested and verified at

minimum cost. Shared memory environments lead to software inter-
face problem s, especially when real-time program ming is involved.

d. Compatibility with Stand ard s. The Implementation chosen is the stan-
dard ~MIL—STD—l553) serial bus and appears to meet the data transfer
requirements for inte rprocessor communications.

5.6.1 Data Trans fe r Rates

FIgu re 5—3 provides a summary of data tran sfers required for the current S-3A

operational program. The circles indicate the complement of DC’s associated

5—10



AD A072 ~27 NAVAL AIR DEVELOPMENT CENTER WARM INSTER PA CONMUNICA—tTC F/Ø 5/2
BASIC LABORATORY ARCHITECTURE PLAN. (U)
MAT 79 S GREENBERG. C JO€CKEL. R P~~JZAK IDW A—45—78—O (e

UNCLASSIFIED NADC 79161 40

2~~ 4

C

U. 
_ _ _ __U 

_ _

_
_ _ _ _ _ _  _ _ _ _



10 
~L~ 
1315 III 2 2._

3.5
i i 2 0
I• 1

18

• 1111F25 illK~1f~~
NATIONAL BUREAU OF STAN~~RDS
moicco,, ~E$CtU’flO,s itsi



I
NADC~-7916i~ 4O

I I I I
— — —

4 0

‘~ ‘[~‘[!!] 
L~~~~

(

~j~3 ~c~~ I)- ~~~~~~ ~~

~~ 
~~- ;~~~~~4O

H :: ~L4~ 
~~~~~~~~ ~-*hf

- ___I~~~~~~~~~~ __.A . .E ~x I ,- ~ 0 ~ —
• 

~~~~~~~~

I II I I I I I I . 4
C

p ;-

5—11
I

___ • _ _ _  - •  •



— — —~~- — •

NA DC—79 16 1—40
with each of the processor groups (1 through 8) as established in Table 5—1. An
add1~ onal processor group (PG-9) performs the system health monitoring func-

tion over the other processor groups, acts as the bus controller, and controls
reconfiguration (if it Is not itself the failed unit. ) The oblong circles m cli-

cate the sensors/sub systems and their relationship to the processor groups.

Note that the data transfer rates are normalized to bits per second and , there-

fore , only characterize the data flow on a gross basis. The self-loops shown

imply intraprocessor communications. All other data transfers shown are con-

sidered to be interprocessor communications. Since the data transfers include
• only the basic info rm ation, a data transfer analysis should also take Into account

the growth and overhead factors indicated in Figure 5-3.

5.6.2 MIL—~~ D—1553A Bus Considerations

The 1553A data bus permits a maximum of 32 terminals to be connected on
any one bus. Information is transferred on a single shielded , twi sted pair line

at a 1—megahertz bit rate. Control of info rmation transmission and reception
on the bus resides with the bus controller , which initiates all transfers. Tl~
dat a bus may employ three modes of information transfer:

• Controller-to-terminal

• Terminal-to-controller
• • Terminal-to-terminal

A terminal is considered to be the electronic unit necessary to interface the
bus with the sub system and the subsystem with the bus. A redundant bus con-
troller, when not functioning as a controller, may operate as a terminal. Data

are transferred serially in 20-microsecond frames, each divided Into 17 bit
times of 1 microsecond and one 3-microsecond sync Interval. All messages
are addressed by use of three types of words, as shown in Figure 5—4a:

• Command Word — sent by bus controller to the appropriate terminal;
specifies message type; and sets data word count for subsequent trans-
fer

• Data Word — contains 16 bits of message data, sync pattern, and a
parity bit

5—12
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• Status Word — set by a terminal in response to a command word ; Iden-
tifies terminal; and reports status

Message formats for each of the three information transfer modes are

shown in Figure 5-4b. Transfer time implications as a function of data words

per message for each transfer mode are shown in Figure 5—5 and reflect the

formats in Figure 5-4. Note that the command word format in Figure 5-4a con-

sists of a 5-bit data word count; therefore, each transfer can consist of a maid—

mum message length of 32 data words. Figure 5-4 shows that a considerable

overhead is realized for messages containing six or fewer data words. The

actual transfer time overhead realized for a data word of a particular message

length can be computed by taking the differenc e of 16 microseconds and the cor-

responding transfer time per word in Figure 5—5. It can be observed that more

L efficient bus utilization occurs when message lengths approach 32 data words.

Thi s Is further demonstrated In Figure 5—6, which characterizes bus efficiency

for va rious message lengths.

5.7 SYSTEM CONFIGU RATION ANALYSIS

F In developing an info rmation processing system architecture, the DL”s are

mapped into processing groups called nodes; and the various sensors , subsys-

tem s, displays, and keysets are considered to be peripherals. These nodes and

peripherals are assumed to be loosely coupled where data transfers are per—

formed via 1553 buses. An assessment of the data transfers shown in Figure

5—3 indicates the distributed system architecture, shown in Figure 5—7 , which

is sub sequently substantiated via analyses. For reasons discussed later (para-

graph 5.7.2), the functional grouping of DU’s shown in Table 5-1 is redefined

to reflec t the functional grouping in Table 5-2. The nodes shown in Figure 5-7,

therefore, reflect the DU grouping Indicated in Table 5—2.

5.7.1 Data Transfer Analysis

An analysis is performed based on the data transfer requirements shown

in Figure 5—2 and the sy stem configuration shown in Figure 5—7 . As Indicated

previously, only interprocessor data transfers are considered, that is, those

5— 14
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TABLE 5-2. RE VISED DU GROUPING

PROCESSOR GROUP

L-~.H-—— FUNCTION 10 21 22 30 40 50 70 81 82

1 ESM Intercept Maintenance X $
2 ESM Frequency Control X
3 ESM ClauiAcation X
4 ESM Contact Maintenance X 

___________________ ___________________ _____ ______

5 ADP Mode Control X
6 ADP Data Management X
7 ADP Display Control X I

• ~ SRX Frequency Control X

•~~~~_ ATR Control _____ __________________ 
j X 

_____ ______

10 ADP Passive Contact Classification I X $

11 ADP Passive Contact Maintenance 
______ _____________________ 

X 
______ _______

12 ADP Active Ping Control X
13 ADP Active Contact Maintenance _____ ____________________ X 

_____ ______

14 MAD Display Control X -

L 15 MAD Data Management X
• 16 MAD Signal Feature Recognition . X

F 17 MAD Contact Maintenanc e 
_____ 

X 
_________________ _____ ______

18 RADA1~ Display Control N
19 RADAR Data Ma nagement 

_____ 
N 

____________________ ______ ______

20~~~ Balli stics X F I
L.~L_L~ ADA R Contact Maintenance N — 

$ 
______$ 22 Display ~~erator Control X

23 Tactical Display Management 
______ _____________________ ______________ ______ ______ 

X
24 Display Refresh Management 

______ _______ _______ ______ _______________ ______ 
X 

______

23 l’~eyset Control -

~~~~~~~~~~ N
26 ~ AV Position Control X
27 NAV Position Calculation N
28 NA% Data Management X
29 NAV Track History 

_____ _____ _____ _____ ___________ 
X 

_____ _____

30 COM M Receive X
31 COMM Control X
32 COMM Data Management X
33 COMM Tranamil 

_____ 
X $

34 Sonobuoy Selection X
35 sonobuoy Release N
36 Sonobuoy Drop-Point Calculation X 

_____ ____ ____ _____ _____ ____ _____ ____

37 Aircraft Steering Control 
_____ _____ _____ _____ _____ 

X 
_____ _____

38 Weapon Release X
39 Weapon Drop-Point Calculation X
40 Weapon Selection X 

_____ _____ _____ _____ _____ _____ _____ _____

41 SRS Control X
42 Sonobuoy Position Calculation 

_____ _____ _____ _____ _____ _____ _____ _____ 
N

43 Contact Tracldng x
44 Tactical Coordination 

_____ _____ _____ _____ _____ _____ 
X 

_____ _____

45 FLIR Contact Maintenance N -

46 PLIR Display Control N
47 FUR Stabilization X
-- Executive EXE C EXE C EXE C EXE C EXE C EXE C EXE C EXE C EXEC
-- Test/Diagnostic Tb Tb T/D T/D T/D T/D T/D T/D T/D

5—1 8
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data transfers performed by means of 1553 buses. This implies that the com-
munication s~~ucture among nodes and peripherals will conform to the protocol
requirements of the 1553 bus. The 1553 word and message formats to be em—
ployed are shown in Figv~ 5-5. $

5.7.1. 1 Message Formats

For purposes of analysis, all nodes and peripherals are considered to be
remote terminals, with the exception of the node designated as the controller
(Node 90). All data transfers are assum ed to be initiated by the controller.
When a terminal is transmitting a message, that terminal is considered to be

$ 
the source of the transmission. When a terminal is receiving a message, that

terminal is considered to be the destination. Source and destination terminals
are identified by means of terminal addresses that are specified by the controller
in the command word . Since terminal addresses are not yet determined for the
terminals (nodes and peripherals) in Figure 3—7 , the numerical assignments shown
can be considered to be pseudo-addresses. Other information contained in the
command word Includes a dat a word count which permits messages of vari able
length to be transmitted with up to a ma~dmum of 32 16-bit words. In addition ,
a transmit/receive (T/R) bit Indicates whether the addressed terminal is to
transmit or receive the message.

5.7.1.2 Message Scheduling

Messages to be transmitted are scheduled during predetermined periods
called cycles. The shortest scheduling period is called a minor cycle; all other
cycles are an integer number of minor cycles. Figure 5—8 shows scheduling
periods corresponding to various cycles In which a minor cycle is defined as 50
milliseconds. The cycles repeats afte r a time period equal to a major cycle.
The number of minor cycles in a major cycle is some power of 2 (for example,
8, 16, 32). FIgure 5—8 provides an example employing this message scheduling
scheme. As shown therein, six subaddresses are employed to perform the re-
quired transfer for the example.

5—19
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5.7.1. 3 Message Structure

In order for the S-3A information flow requirements to adapt to the system

configuration of FIgure 5—7 , messages are constructed to perfo rm the 1553 bus

data transfers. In constructing these messag es, fle.~dbility objectives were con-

sidered in terms of minimizing both bus utilization and sub addresses so that
future growth could be accommodated. The results of an analysis indicate that

a minor cycle of 50 milliseconds is required to realize the required data trans-

fers. A complete list of messages required for the system confi guration of

Figure 5—7 is shown in Table 5—3 and reflects data transfer rates as determined
$ 

from References 2 and 3. As Indicated previously , the source and destination
terminal assignments are pseudo-addresses which can be reassigned prior to

implementation in the BASIC laboratory. However , command words can be con-
structed by employing the word counts , transmitter subaddresses , and receiver
sub addresses directly from Table 5—3. Note that the command word for the

$ transmitter would have the T/R bit set to 1, and the receiv er would have the

T/R bit set to 0. Scheduling information can also be obtained directly from the

cycle field indicated. The ma~’dmum cycle required is 4 , which corresponds to

800 milliseconds, as shown in Figure 5—8 . Asynchronous messages in Table 5—3

correspond to those messages with a 0 entry in the period field and no entry in

the cycle field. In the case of asynchronous messages, both the transmitter and

receiver subadd resses are assigned a value of 30 for compatibility with eithe r

the 1553A or 1553B bus. Other info rmation provided in Table 5—3 includes the

identification of the bus (corresponding to Figure 5—7) used for each message
transfer. Provisions are also made for monitoring the health of the individual
modes by means of the controller/monitor node (90). Thi s is accomplished by

requiring each node to issue a message to be received and evaluated by the moni-

tor every minor cycle (50 milliseconds).

5—21
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TABLE 5-3. MESSAGE STRUCTURE (Sheet 1 of 3)

SRC XMT DST WORDS PERIOD BUS CYC WRD RCV TIME
MO E SUB MOE PER SEC IN ID CODE CNT StI R IN

AOR MSEC ADR p SEC

• 10 1 70 840 sei 1 0 32 1 725
* 10 2 82 100 45e 1 2 23 1 545

• 10 3 82 800 450 1 0 30 2 685
• 10 4 82 450 1000 1 1 30 3 685
• 5 1 16 4 405
• 10 8 111 100 1000 1 2 20 1 4.85
• 10 7 118 240 1001) 1 1 24 1 565
• 10 29 90 180 50 1 0 8 1 245
• 10 30 70 18 0 1 3 30 145
• 10 30 82 30 0 1 3 30 145
• 10 30 118 6 0 1 3 30 145

4 21 1 10 10 1000 1 4 10 1 285
• 21 2 70 3000 2000 3 0 32 2 725
• 3 0 32 3 725
• 4 0 32 4 7Th
• 5 0 32 5 725
• 6 1 32 8 725
• 7 2 18 7 405
• 21 8 117 150 1000 1 2 30 1 685
• 21 29 90 160 50 1 0 8 2 245

21 30 82 6 0 1 3 30 145
22 105 3 0 1

$ 22 1 10 150 1500 1 2 30 2 685
• 22 2 82 50 50 1 0 3 5 145
• 22 3 105 80 1000 1 3 30 1 685
• 22 29 90 160 50 1 0 8 3 245
* 22 30 10 3 0 1 3 30 145
• 22 30 105 3 0 1 3 30 145
• 30 1 82 400 40 1 0 20 8 485
• 30 2 82 3600 160 $ 1 0 32 7 725
• 3 0 32 B 725
• 4 0 32 9 725
• 5 0 32 10 725
• 6 0 32 11 725
• 7 0 32 12 725
• 30 29 90 160 50 1 0 8 4 245
• 30 30 40 3 0 1 3 30 145
• 30 30 70 3 0 1 3 30 145
• 30 30 82 3 0 1 3 30 145
• 30 30 115 3 0 1 3 30 145
• 40 1 50 300 100 1 1 30 1 685
• 40 2 82 530 1000 1 1 32 13 725
• 3 1 21 14 505
• 40 4 100 900 100 4 0 30 1 685
• 5 4 30 2 685 —

• 41) 6 119 10 1000 4 4 10 1 285
• 40 7 122 10 1000 4 4 10 1 285
• 40 8 70 10 1000 1 4 10 5 285
• 40 9 82 10 1000 1 4 10 15 285
• 40 29 90 180 50 1 8 5 245
• 40 30 10 3 0 1 3 30 145
• 41) 30 82 3 0 1 3 30 145
• 50 1 44) 100 100 1 1 10 1 285
• 50 2 70 800 2000 1 0 32 3 725

7
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TABLE 5-3. MESSA GE STRUCTURE (Sheet 2 of 3)

SRC XMl 051 WORDS PERIOD BUS CYC WRO RCV TIME
MOE SUB NDE PER SEC IN ID CODE CNT SUB IN

• ADR MSEC ADR p SEC

• 3 2 32 4 725
• 

• 50 29 90 160 50 1 0 8 6 245
• 50 30 40 3 0 1 1 3 30 145
• 50 30 82 3 0 1 3 30 145
* 60 30 50 0 1 3 30 145
• 70 1 10 300 50 1 0 15 3 385

• 70 2 10 420 50 1 0 21 6 505
70 3 21 210 100 1 1 21 1 505

• 70 4 21 960 1000 1 0 32 23 725
• 70 5 22 210 100 1 1 21 1 505
* 70 6 30 300 50 1 0 15 1 385
* 10 7 30 420 50 1 0 21 2 505
• 70 8 40 105 200 1 2 21 2 505
• 70 9 50 105 200 1 2 21 2 505
• 70 10 82 1240 50 5 0 19 16 465
* 11 0 21 17 505
• 12 0 21 18 505
• 70 13 82 1500 2000 5 0 30 19 685
• 14 0 30 20 6*5
* 15 0 30 21 685
• 70 16 82 320 1000 5 1 32 22 725
• 70 17 82 100 2000 5 2 11 23 305
• 70 29 90 160 50 1 0 8 5 245
• 70 30 10 13 0 1 13 30 345
• 70 30 10 63 0 1 21 30 505
• 70 30 82 16 0 5 30 405
• 81 101 12000 25 2
• 81 102 38000 25 2
• 81 103 40000 25 2
• 81 104 40000 25 2
• 81 29 90 160 50 1 0 8 8 245
• 82 1 10 240 50 1 0 12 1 325
* 82 2 22 20 50 1 0 1 2 105
• 82 3 40 40 50 1 0 2 3 125
• 82 5 81 4000 500 1 0 32 1 725

• * 6 0 32 2 725
* 7 0 32 3 725
• 8 0 32 4 725
* 9 0 32 5 725

$ 10 0 32 6 725
• 11 1 16 7 405
• 82 12 108 8 1000 1 4 8 1 245
• 82 29 90 160 50 I 0 8 9 245
• 82 30 10 48 0 1 3 30 145
• 82 30 21 6 0 1 3 30 146 —

• 82 30 22 3 0 1 3 30 145
• 82 30 30 3 0 1 3 30 145
* 82 30 40 9 0 1 3 30 145
• 82 30 40 6 0 1 3 30 145
• 82 30 50 3 0 1 3 30 145

$ 82 30 70 25 0 1 5 30 185 
$

• 82 30 70 14 0 1 4 14 30 365
• 90 1 21 160 50 1 0 8 29 245
• 90 2 30 180 50 1 0 8 29 245
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TA BLE 5-3. ME SSAGE STRUCTURE (Sheet 30! 3)

SRC XMl OST WORDS PERIOD BUS CYC WRD RCV TIME
NO E SUB MOE PERSEC IN ID . CODE CNT SUB IN

AOR MSEC ADR p SEC

• 90 30 21 0 1 7 30 225
• 100 9 40 900 100 4 0 32 4 725
* 9 1 21 5 605
• 105 14 22 60 50 1 0 3 3 14E

• • 108 15 70 240 50 3 0 12 8 325
• 107 16 70 120 200 3 2 24 9 565

• 10$ 11 82 8 1000 1 4 S 24 245
* 110 19 70 10 200 3 2 2 10 125
• 111 20 10 100 250 1 2 25 5 585

$ * 112 21 70 20 200 3 2 4 11 166
• 113 22 70 80 200 3 2 12 12 325
• 114 23 70 160 50 3 0 8 13 245
• 115 24 30 48 50 4 0 3 2 445
• 117 26 21 150 0 I 3 30 145
• 123 1 82 3 0 S 3 30 145• 124 1 82 40 0 5 20 30 485
• 125 1 82 40 0 5 20 30 4*5
• 126 1 82 40 0 5 20 30 4*5

5.7.1.4 Bus Utilization

The bus utilization/tran sfer times shown for each message in Table 3—3 are

a function of word length and correspond to the terminal-to-te rminal transfers
characterize d in Figure 5—5. In addition, since a gap time of 2 to 5 microseconds
occurs for each message transfer , 5 microseconds are included with each mes-
sage transfer time to reflect a worst—case situation. As can be observed from
Figure 5—8 , a bus is not uniformly loaded over an entire scheduling interval of
800 milliseconds; that Is , a scheduling interval consists of the 16 50-microsecond
scheduling periods P1 through P16, after which the 800—mi llisecond interv al re-
peats. A ma.~dmum or peak bus loading occurs when all cycles (0 through 4) are
coincident as depicted for scheduling period P1 in Figure 5—8. Figure 5—9 char-
acterizes utilization of the various 1553 bus structures shown in Figure 5—7 with
respect to transfer groups as defined therein. A summary of bus utilization for
the peak loading period P1 and the weighted average for an 800-millisecond inter-
val is given In Table 5—4.
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TABLE 5-4. PEAK/AVERAGE BUS UT ILIZATION

UTILIZATION (%)
BUS ID

PEAK WEIGHTED AVERA GE

1 64 47

3 12 9

• 4 7 4

5 9 8

5.7.2 Processing Analysis

5.7.2. 1 Introduction

• Figure 5—7 represents the recommended full—up processing system con.figur a—

- • tion for the BASIC laboratory . It may be classified as a homogeneous hierarchical

• system, since it uses standard computers interconnected via a hierarchy of buses.

The system is derived (via the information handling method ology described in

Section 2 of this report) f rom the processing requirements of the S-3A aircraft.

The primary requi rements for BASIC application are its ability to meet the per-

formance requirements, av ailability in the event of processor failure, e,~ andability

to accommodate new or changing requirements, and compatibility with hardware

and software standards.

Toward these objectives, the system Is oriented around a redundant set of

buses used for subsystem-to-subsystem communication, with separate secondary

buses used for computer/peripheral communications. Peripheral interfaces with

a secondary bus are implemented using identical redundant microprocessors,

which, in a platform application, are projected to be implemented on a single

board. For the BASIC application, however, these microprocessors are more

powerful , flexib le devices which can simulate nonavailable peripherals and sub—

systems. These microcomputers are redundant, and are controlled by the mini-

computers attached to their particular secondary buses (see Figure 5—10). Thus,

the Interfaces can be made standard and identical, enabling easier reconfiguration

and expansion.
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FIgure 5-10. Secondary Bus Interfaces

A vailability is provided by redundant hardware, redund ant data paths, and
reconfiguration software stored in the minicomputers and In a bulk storage medium

accessible to all the processors. Additionally, one computer Is dedicated to the

• test/monitor function and can be used as a spare in case of a processor failure.

The recommended architecture represents a system In which cost, flexi-
bility, and availability are considered more Important than weight and processor
speed. Future requirements may be accomm odated through the use of additional
computers rather than through the use of excess processing capability within the

• - existing computers. This approach reduces the cost of programming, since

Interaction between modules, especially for the purpose of Increasing real-time
speed of response, is minimized. Thi s approach is also cost-effective for a
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demonstration laboratory, because a demonstrated and validated processing
system concept may be weight-optimized for a particular application when the
physical con straints and unique processing requirements of that application are
well defined .

• The following sections will present the components recommended for use In
the BASIC laboratory and the rationale for their selection , the software structure,
the Interface definition, the control structure, and some reconfiguration con-
siderations.

5. 7.2.2 Component Selection

• 5.7.2.2. 1 Nodes (Minicomputers). The performance requirements for the S—3A
operation al program were used as a baseline for the selection of computers for
the nodes. These performanc e requirements, In term s of memory size and

- • throughput, are pre sented in Table 5—5. The figures shown are based on the AN /
AYK— 10 multiprocessor , which uses 32—bit memory words and ~ias two central
processing units. These programs represent almost all of the processing per-
formed by the AN/AYK— 10 . The processing time for the executive is Included in
other portion s of the operational program and has proved impossible to accurately
separate). The functional description of the subprograms listed in Table 5-4
can be found ln paragraph 3. 1.2of this report.

Table 5-6 presents the estimated requirements for the various nodes based
on the operational requirements of Table 5—5 plus considerations of availability
and compatibility with ongoing technology programs. The figures in Table 5—6
are based on a 16-bit minicomputer, since the standard AN/AY K-14 would be
more than adequate ~o meet the processing requirements. The configuration s
recommended are AN/AYK-14 minicomputers. Before the BASIC architecture
is fully implemented, newer versions of the standard minicomputer will probably
be available. The recommended confi gurations will be regarded , therefore, as

5—28
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TABLE 5-5. SUBPROGRA M SYSTEM RE SOURCE RE QUIREMENTS

NUMBER OF NUMBER OF NUMBER OF
SUBPROGRA M INSTRUCTION LOCAL DATA DYNAMIC DATA

WORDS WORD S WORDS

KEYPA C, DISPAC 16, 800 5,000 350

NAy, STEER , and 8,400 1,200 500
SLTA

COM M 21,100 1,200 160

ARMCON, SESCON, 6,000 400 100
and Ballistics

ACCON , PAC K, and 34,200 7,200 1,700
• ACTIVE

FUR 1,600 200 50

RADAR 3,300 300 130

MAD 2,200 3, 800 50

• ESM 1, 700 1, 400 120

TABLE 5-6. PROCESSING NODE SIZ ING ESTIMATES FOR BASIC ARCHITECTURE

ESTIMATED ESTIMATED THROUGHPUT
NODE NUMBER OF NUMBER OF OPE RATION S• INSTRUCTIONS DATA WORDS PER SEC)

10 - ESM , FLIR , 14,000 4, 000 175K
ARMC ON,
SE SC ON

• 21 — COMM 31,650 2,750 75K

22 — RADAR 5,000 860 30K

• 30 — MAD 3,300 7,600 225K

40 — ACCON, ADP, 20 ,000 10,000 290K
ACTIVE, SRX,
ATR CTRL

50 - Passive Contact 14,000 8,000 206K
• 

1 Maintenance,
• Classification

- - 

70 — NAy , Tactical 12, 600 3,400 180K

• 81/82 — Display 36,000 60,000 400K
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• representing capability rather than as unique hardware devices. The recom-

mended configurations for each node are described below.

Node 10

The Node 10 processor performs the search stores control, armament con—

• trol, FLIR, and ESM functions of the S-3A. This node has modest memory,
speed, and I/O requirements. Since loading will not be excessive, Node 10 could
act as a backup processor for either Node 30 or the reconfiguration monitor.

The num ber of ESM signals processed could be increased from 16 to 32 with
• slight additional bus loading. A 32K-word memory module would be adequate for

the operational requirements. The recommended configuration, however, con-
tains facilities for two 64K modules, so that Node 10 can act as a backup for the
reconfiguration monitor, the MAD processor , or both if necessary.

• The I/o requi rements are such that the primary bus is not unduly loaded by
the appro dmately 200 words per second, transmitted between the ESM subsystem
and Node 1. Since a single connection to the primary bus has obvious advantages

• in terms of communication and recon.flgiirability , thi s option was cho sen.

An lop option was not considered necessary for the operational requirements,
but the role of backup for the reconfi guration monitor requires it. An extended

• arithm etic unit (EAU) would be desirable since ESM processing requi res many
• arithmetic operations, and floating-point arithmetic is more compatible with

high-level language programming than fixed-point arithmetic. The EAC is not
strictly necessary for proper operation, but the recommended configuration
should be able to accept an EAU U desired . For maximum flexib ility , therefore ,
an XN— 1 configuration chassis is recommended . A discrete Interface module
(DIM) is required for control of the processor from external sources. A summary
of the recommended configuration I s  given in Table 5—7.

• 5—30
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TABLE 5-7. NODE 10 CONFIGURATION

CHASSIS — XN-1

MODULE DESIGNATION QUANTITY

Power ~~pply PCM-2 (1)

Memory 32K word (1)

Memory Control MCM (1)
General Processor GPM (1)
Serial Interface SIM (1)

• Discrete Interface DIM (1)

I/O Processor lOP (1)

Nodes 21 and 22

Nodes 21 and 22 are represented to be two computers for several reasons.

a. The requirements of the radar and communication subsystems are such
that subsystem-unique processing will probab ly also occur in that node
~that is , the Tran smission and lniormation Exchange System (TIES) com-
munication processing uses the AN , AYK- 14 as a subsystem processor).
Thi s will require processing capability in excess of the S—3A requirements
to accommodate this subsystem—unique processing.

b. With separate nodes, the programming may be done independently with
minimized interaction between the processes.

c. With two physical nodes, the computers can act as backups for each
other and for Node 70 in case of failure.

• Notwithstanding the above discussions, Implementing these two nodes in one
AN/AYK-14 was considered cost—effec tive for the BASIC application. However,

to retain the functional separation required above, the AN/AYK-14 for Nodes 21

and 22 shou ld be assigned two terminal addresses; the memory used by the com-
munications and radar fumtions should be distinct; and all I/O’s between the

communications and radar functions should be conducted over the primary bus.

This will allow future separation of the node into two computers with minimum

impact.

5—31
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The processing requirements for Nodes 21 and 22 are such that an XN—2

configuration could be used. Three 32K memory modules or two 64K memory
modules would satisfy the storage requirements and allow reconfiguration in
case of failure. I/O requirements are modest, approxImately 4000 words per
second, indicating that this node need not contain an lOP. Since the processing
for this node is primarily a management function and few extensive arithmetic
operations are performed, an EAU was not considered necessary. Although an
XN—2 chassis type could be used, an XN-1 is recommended because of Its greater
flexibility and expaixi ability. A DIM is also necessary for external control. A
summary of the recommended configuration of Nodes 21 and 22 is presented in
Table 5—8.

Node 30

The MAD processing requirements for the S—3A can be reasonably well ac-
com modated by an AN/AYK- 14 , XN- 1 configuration using an EAC. As in the
case of Node 1, an EAC is not strictly necessary, but programming complexity

TAB LE 5-8. CONFIGURATION FOR NODES 21 AND 22

CHASSIS — XN-1

MODULE DESIGNATION QUANT ITY

Power Supply PCM-2 (1)

Memory 32K word (3)

or

64K word (2)

Memory Control MCM (1)

General Processor GPM (1)

Serial Interface SIM (4)
Discrete Interface DIM (1)
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is significantly decreased if floating—point arithmetic can be used; and the speed

requirements are such that the microprogrammed floating-point capability might

not be fast enough for the application. Floating-point instructions in the AN/AYK-14
• run at a 180K operations per second rate. The overall speed required for the

MAD application is 220K operations per second. This speed requirement could
probably be met, since the program does not contain only floating-point calcu-
lations; but careful programming would be required, and growth would be pro-

hibited.

Memory requirements are small, and a single 32K memory module will

more than suffice. An tOP is not considered necessary for this node since the

I/O requirements are small. A summary of the recommended configuration is

presented in Table 5-9.

Node 40 — Acousti c Data Processing

The processing requirements for Node 40 are somewhat diffi cult to assess

since thi s node performs many different functions on a demand basis as required
by the sensor operato r (SENSO). Node 40 has one major periodic function , which

is the input of acoustic data ~12 milliseconds of processing time every 100 milli-

seconds). Other tasks are in response to operator commands or to sonobuoy

TAB LE 5-9. NODE 30 CONFIGURATION

L CHASSIS — XN-1

MODULE DESIGNATION QUANTITY

Power Supp ly PCM—2 (1)

Memory 32K word (1)

Memory Control MCM (1)

Serial Interface SIM (1)

Extended Arithmetic Unit EAU (1)

Discrete Interface DIM (1)

• 
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signals. Although these other tasks occur infrequently, they are randomly
spaced In time and can thus cause heavy peak loading. The processing capa-

bility must therefore be adequate to ensure proper response time under high-
load conditions, even though the average Instruction processing rate is very
low. An AN/AYK-14 , XN-2 configu ration is adequate for this node. Two 32K
memory modules will be necessary, since a large number of program tasks

must be stored. Neither an lOP nor an EAU is considered necessary for this
application. A summary of the recommended configuration for Node 40 is given
in Table 5—10.

Node 50 — Passive Contact Maintenance, Classification

The reouirement s for Node 50 are similar to those for Node 40, and the

same types of functions are performed. One major periodic function processes

passive buoys and requires about 3 second s of processing time every 15 seconds
(wo rst case) . Other operator demand tasks are also performed in this mode.

Nodes 40 and 50 represent a processing throughput requi rement in excess of that

TABLE 5-10. NODES 40 AND 50 CONFIGURATiON

CHASSIS — XN-2

MODULE DESIGNATION QUANTITY

Power Supply PCM-1 (1)

Memory 32K word (2)
or

64K word (1)

Memory Control MCM ~1)

General Processor GPM (1)

Serial Interface SIM (2)
Discrete Interface DIM (1)
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attainable by a single AN/AYK- 14. For this reason and for redundancy consider-
ations, two nodes are necessary . The configuration recommended for Node 50
is identical to that recommended for Node 40 and is summarized in Table 5—10.

Node 70 — Navigation and Tactical Processing

Node 70 was chosen as an AN/AYK-14 , XN—2 configuration since the proces-
sing and memory requirements can easily be met and since this computer is
planned for the Integrated Inertial Sensor Assembly/Global Positioning System
(LISA/GPS)—based navigation subsystem, which is scheduled to be demonstrated
in the BASIC laboratory in the near future. This system will probably have more
stringent computational requirements than the S-3A Implementation , since it

will be used for many platfo rms. Therefore , considerable excess processing
capabi lity over the S-3A requirements is necessary . The A N/AYK- 14 will pro-
vide this capability . The dat a update rate between Node 70 and the display sub-
system may req iire a 16—millisecond minor cycle , rather than the current 50
milliseconds. Since the display subsystem as proposed by the Advanced Integrated
Display System (AIDS) will have a secondary bus between the integrated control
panels and the display processo rs , it was consid ered convenient to interface Node
70 to thi s secondary bus as well as to the system bus. The secondary bus could
have the required 16-millisecond minor cycle. This Int erconnection also pro-
vides for the possibility that Node 70 could act as a partial back-up in case of
Node 81 or 82 fai lures, and conversely. An XN—2 configuration can fulfill the
requirements, with a single 32K—wo rd module and three serial interface module
(SLM) channels. At this point , the microprogrammed floating-point capability
of the XN—2 appears to be sufficient for the navigation requirements, so an EAU
is probably not necessary. An lOP will not be necessary because of the rela-
tively low I/O rate for Node 70. A summary of the recommended confi guration
appears in Table 5—11.

5—35
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TABLE 5-11. NODE 70 CONFIGURATION

CHASSIS — XN-2
• MODUL E DESIGNATION QUANTITY

Power Supply PCM = 1 (1)

Memory 32K word (1)

Memory Control MCM (1)
General Processor GPM (1)

Serial Interface SIM (3)

Discrete Interface DIM (1)

Nodes 81 and S2 — Display Processing

The confi guration for Nodes 81 and 82 is identical and in conformance with

the planned conilguratlon of the AIDS program, which is scheduled to be demon-
strated by the BASIC laboratory . The display subsystem shown in the system

configuration represents the AID S hardware configuration; therefo re , the recom-
mended configu rati on, summarized in Table 5—12, reflects the computers speci-
fied in the preliminary AID S system specification (Reference iS).

TA BLE 5-12. NODES ~1 and 52 CONFIGURATION

c s s is — XN-1

• MODU LE DESIGNATION QUANTITY

Power Supply PCM-2 (1)

Memory 64K word (1)

32K word (1)

Memory Control MCM (1)

General Processor GPM (1)

Extended Arithmetic EAU (1)

Serial Interface SIN (2)

Bus Extender BEM (1)

Discrete Interface DIM (1)
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Node 90 — Bus Control/Reconfiguration Monitor

The functions of this node are to monitor all other nodes and to control re-
configuration if another node fails. Node 90 will act as a bus controller in ac-
cordance with MIL-STD-1553, and it will act as a backup processor for Nodes

• 10 and 30. Accordingly , it needs extensive capability for its backup role. The
recommended configuration is presented in Table 5-13.

The recommended configurations for each node are summarized in Table
5—14.

5 .7 .2 .2 .2  Microcomputer Component s. The microcomputers described in the

introduction serve primarily as interfaces between subsystem sensors or sub-

system processors and the standard serial bus. Several designs for a single—
board module for thi s purpose exist and are being implemented. However , for

the BASI C application these devices must have considerable flexibility, since in
most cases the Llevices/subsyste ms to which they connect will not be the real

devices but some kind of simulator. In addition , the interface microcomputers

may be required to re spond to multiple addresses , as in the case of one

TABLE 5-13. NODE 90 CONFIGURATION

CHASSIS — XN -1

MODUL E DESIGNATION QUANTIT Y

Power Supply PCM-2 (1)

Memory 32K word (2)

Memory C ontrol MCM (1)

General Processor GPM (1)

I/O Processor lop (1)
Serial Interface SIN (1)
Di screte Inte rface DIM (1)

Extended A rithmetic EAU (1)
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simulator representing multiple sensors, such as in the navigation area. For

these reasons, it is recommended that one of the more powerful microcomputer

chip sets be used to implement the interface microcomputers for the BASIC

laboratory. One such microcomputer interface has already been implemented

• using the Z—2 chip set. This Implementation appears adequate for the projected

simulation needs of BASIC and is therefore recommended. A list of Z-2 micro-

computer Interface/simulator configuration hardware is summarized In Table

5—15. A detailed description of the manner in which 1553 bus data transfers are

performed with the Z—2 and interface module (IM) is contained in Reference 17.

5.7.2. 2. 3 Bus Selection. Two MIL—STD— 1553 buses were selected primarily

because they both meet the requirements and are designated standard . Further-

more , advanced bus technology and concepts are likely to start with the 1553 as

a baseline, thus allowing BASIC to more easily grow into advanced technology

bus configurations , such as a highe r speed fiber—optic version of 1553.

• The prImary purposes of the redundan t buses (Bus Numbers 2 , 3, 4, 5) are

to mi nimize the impact of subsystem confi guration changes on the main bus and

to provide alternate paths from a computer to a peripheral , so that a computer

failure will not result in the isolation of its peripheral from the remainder of the

system.

TABLE 5-15. MICROCOMPUTER SIMULATOR CONFIGURATION

MODULE QUANTITY

2 80—CPU card — 4 MHz (1)

16K PROM card (1)

TL’-A RT I/O interface card (1) per subsystem

16K RAM card—250 nsec access time (2) simulated

1553 bus IM card set (1)

P10-4 card (fo r configuration inte rfacing (1)
to status advisory displays only )
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5.7.2.3 Control Structure

The objective of this paragraph is to define a general control structure that
• will efficiently control the timely execution of avionic processes in a multiple

• computer avionic system. This structure is defined in terms of a number of
primitive functions which the control mechanism must perform and a set of

• • parameters , associated with each applications process, on which these primi-
tive functions operate. La concept, the capability to execute the primitive func—

• tions must be available within each computer that executes more than one process.
Microcomputers that repeti tively execute the same process may be considered
as functional units and do not require the ability to execute the primitive functions.
Most of the implementation structure defined in this paragraph follows the struc-
ture recommended in References 4 and 14.

K 5. 7.2 . 3. 1 Control Parameters. The following is a list of control parameters
that must be available to each compute r for each process that it may execute.
These paramete rs will be stored in a table which is accessed by the control
mechanism when eac h process becomes active.

a. Task Identifi er. A unique process nam e on identifier

b. Dependency Tree. If a process generates one or more successor proc-
esses the task identifiers of all successor processes and their relative
positions in the hierarchical structure make up the dependency tree.

• Process B is considered a successor of process A in the case in which
process B may be executed only If process A has been completed.

c. Process Authorities. This parameter limits the authority of a process
to define for itself and its successor the processor, memory, sema-
phores, and event responses it will use.

d. DisDatch Type. Defines whether a process is synchronous, demand,
background, or demand/synchronous

5—4 0
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e. Process State. Defines the current state of the process (ready, sus-
pended ready , waiting, suspended waiting, running, or requesting execu-

• 
• tive service)

f. Dispatching Priority

• g. Storage Translation Table. All memory In the system Is considered
as a contiguous virtual memory. This table contains the real addresses
of the variables addressed virtually by the process. It also contains

• other information, such as the protection constraints on the variable
and whether the required data segment is local to the computer in which

• the process is executing or In the memory of a remote computer. Per-
forming this translation is not possible at system generation time, since
the real addresses of data may change during the mission as a result• of reconfi guration after failure. In addition, once a d ata word is brought
into the local memory of the process , its status changes from remote
to local; and future references can be made much more efficiently .
The storage translation table is ini tialized at system generation time
and changed by the control mechanism as required.

h. Processor Identifiers. Identifiers of the phy sical processors in which
the process may run

• i. Semaphore Descriptors. Each resource has a semaphore associated
with it which will indicate whether the resource is available or unavail-
able. This par ameter indicates which semaphores are used by the
process.

j .  Process Status. Contains state info rmation necessary for the process
to run in the computer. This information usually consists of status
and working register contents as well as the values of any vari ables
that must be initialized.

k. Event Response Descriptors. For each event that the process may
implicitly or explicitly cause , the event identifier , the allowable
processor(s), the event type, and the semaphore descriptors for that
event must be listed.

1. Termination Event Identi fiers. Each process causes the identified
event as it terminates.

m. Failure Parameters. This entry contains Information indicating which
alternate process, if any, Is to be executed for each particular class
of failures that has been anticipated In the system design .

a. Interrupt Identifiers. Identifies interrupts honored by the process

5—4 1
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5.7.2.3. 2 Control Primitives. The following is a list of primitive control func-
tions that are assumed to be resident at each computer and available to each
process as it executes. These control primitives are executed via calls from
the process to the control mechanism, similar to the Executive Service Request
of the SDEX-M operating system. Using these primitives, applications programs
can be written to implement the control function s outlined in paragraph 3.2.2.4.

a. Create/Destroy Process. This primitive is used to build or purge a
table containing all the parameters listed In paragraph 5.7.2.3. 1.

b. Define/Modify Attribute of Process. This primitive adds or modifies
one of the data parameters specific to a process. The data parameters
are as defined In paragraph 5. 7.2.3.1.

c. Defi ne Resource. A resource is a processor , a segment of physical
storage, a semaphore, or an event . This primitive identifies and
bounds a resource needed for execution by the calling process or one
of its successor modules.

d. Relinquish Resource. Thi s primitive releases a previously defined re-
source so that it may be used by another process.

e. Defi ne/Mod ifv Attribute of Resource. This primitive defines or mod i-
fies th e type or quantity of a resource needed by eithe r the process
executing the primitive or one of its successor processes.

f. Define/Modify Sha ring of Resource. This indicate s which resources may
be shared among successor processes identified in the primitive call.

g. Delegate/Rescind Authority . This primitive enables the process calling
the primitive to convey to any successor processes the ability to execute
any , some, or all of the previously described “Define ” primitives.

h. Block/Release Process. This is used to stop another process or remove
the stop, making it eligible for dispatch.

I. Sem aphore Block/ Semaphore Release. Semaphores are used in the
normal manner to indicate the availability of resources. The sema-
phore block/release primitives are used to control access to these re-

• sources by processes.

J. Request Status From • This primitive is used to request messages or
• status fro m a process suspended by an event.

k. Update Status Of. Used to update the status of a suspended process and
release the suspension. This primitive and the request status primitive
are used to transmit and receive messages between processes.
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The primitives described above may be broken Into three general categories:
process control, which is the management of the suspended, ready, and execu-
tion states of processes; definition, by which processes identify resource needs

• and/or disperse resources from their own pool to their descendant processes;
and authority, by which processes convey to descendant processes the ability to
execute definition primitives.

The formats for these primitives are shown in Table 5—16.

TABLE 5-16. FORMAT OF PRIMITIVE OPERATORS

Process Primitives

Block/ Release Process (N)

Semaphore Block Process (N)

k. Semaphore Release Process (N)

Definition Primitives

Create/Destroy Process (N)

Define/Modify Att ribute (N) of Process (N)

Define/Relinquish Resource (N) of Process (N)

Defi ne/Modify Attribute (N) of Process (N) of Process ~N)

Define/Modify Sharing of Resource (N) between Proc-
esses (N) (N)

Authority Primitives

(Delegate/Rescind Authority for)

Create/Destroy of Processes to/from Process (N)

Define/Modify of Attribute to/from Process (N)

Define/Relinquish of Resource to/from Process (N)

Define/Mod ify of Attribute of Resource (N) to/from Process
(N)

Define/Relinquish of Sharing of Re source (N) to/from Process
(N)
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5.7.2.3.3 implementation of CQntrol Functions. Using the control parameters

and primitive operators defined in 5.7.2. 3.1 and 5. 7. 2.3.2, configu ration—

unique application programs can be written for control purposes. For each

application process, a kernel executive and a process description table are de—

• fined. The kernel executive is a body of common control func tions which con-

trol the interfaces between hardware and software and between softw are modules.

• It has three primary functions: execution of primitives, management of re-

sources (by assigning them to processes and reclaiming them as necessary to

support execution time demands), and cooperation with other kernel executives

for the purpose of executing primitives requested by remote processes or for

performing process or resource reassignment. The process description table

is a process control record containing the control parameters described pre-

viously ; this table is used to describe a process and the process’s status, re—

source needs , and authority to change the process description table of itself or

its successor modules.

The kernel executive and its operations using the process description table

are the mechanisms by which application programs may affect the state of the

multiple computer system. Thus, for each function listed in Table 4-1, a con-

confi guration-unique application program can be written which will use the de-

fined primitives within the normal software structure to implement that particu-

lar function and communicate with the other functions when necessary.

The control structure described above has two main components for each

node. These are the kernel executive, which is the control mechanism itself ;

and the process description table, which is the data set on which the kernel

executive operates. The primitive functions themselves are executed upon re-

quest from the application programs.

The above structure is fairly well implemented in the present SDEX/M

executive definition, with the exception that SDEX/M controls only a single
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computer. However, the necessary multiple—computer primitive functions could
be added to the SDEX/M definition, or the present single-computer executive

functions could be expanded to Include the multiple-computer case. This expan-
sion of the SDEX/M executive into a multiple-computer executive via expansion/

addition of multiple-computer primitive functions is recommended for the fol-
lowing reasons:

a. SDEX/ M is already designated the standard executive for the AN/AYK-14.
b. The structure of SDEX/M can be expanded to cover the structure de-

• fined in paragraph 4.4 with only moderate cost.
c. A full software implementation of the control structure will provide the

maidmum fle~dbility and growth potential for the system. This fle,d-
bility and growt h are obtained at considerable cost in perfo rmance ,
since the most often used cont rol primitives should be implemented in
hardware to assure ma,dmum speed . However , the BASIC configura-
tion can “grow into” these hardware implementations If the laboratory
is requi red to simulate a particular platfo rm with well-defined execu-
tive requi rements. Presently , the fle dbilit provided by a softw a re
implementation outweighs the performance degradation that results
from it.

The communication structur e can also be implemented in software at moderate
cost. The application requirements can be met using software developed from
the bus control functions defin ed by the Digital Avionics Information System
(DAIS) program. This software can be viewed as an implementation of the re-
que st status and update status primitives defined in paragraph 5.7.2.3. 2 of this
report. Again, these functions could later be implemented in hardware or firm-
ware if the platform-unique application requirements demand It.

5.7.2 . 4 Softw are Confi guration

The software for the recommended architecture falls into two general areas:
applications software and control (or executive) software. The structure recom-
mended for the control software has been described above, and the application
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software structures are represented by the DU’s defi ned in paragraph 3.2.1.2.
The objective of this paragraph Is to define an implementation of the applica-

tion softwar e structure. -

The DU’s previously described are to be implemented in software. However,

for the purposes of demonstration in the BASIC laboratory, the DU’s need not
reflect the actual processing done on the S—3A. They need only reflect the

processing time used and the messages either received or transmitted by the
process. The majority of processing time is used by periodic processes, and
the majority of bus time is used in transmitting periodic messages. Secondary
system loading effects occur because of asynchronous messages and demand
tasks.

Table 5— 2 presents the software allocation structure for the recommended
architecture, and the relationships between the software functions and the

bus message s are presented in Table 5—17 . Thi s table provides general param —
ete rs which can be used In the simulation of the recommended architecture via
the GC SS simulator. The node and message identi fiers in Table 5—17 represent

the message structur e provided in Table 5—3 of thi s repo rt . Software functions

DC’s) not included in Table 5—17 do not have input s or outputs .

5.7.2. 5 System Oper ation

• Figu re 5—7 shows the recommended fault tolerant configuration for a com-

plete BASIC laboratory model. AU nodes are AN/AYK- 14 con figu ration XN- 1

or XN-2 computers. All buses are implementations of MIL—STD— 1553. The
display subsystem is configured accord ing to AIDS specifications. Interfaces

between subsystems and buses are assumed to be controlled by standard micro-
processors (one for eac h bus). One of the microprocessors would be in standby
mode, only operating if a failure occurred in the other. An example of system

operation with emphasis on fault detection , isolatIon, and reconfi guration will
be given in the following paragraphs .
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TABLE 5-17. DU — MESSAGE RELATIONSHIPS (Sheet 1 of 3)

SRC SRC DST DST
DC NODE DU NODE ADR

* 1 10 2 22 82 1
* 1 10 3 22 82 2
* 1 10 6 111 111 1
* 4 10 1 43 70 1
* 5 40 30 22 82 30
* 6 40 1 11 50 1
* 6 40 4 100 100 1
* 5 2
* 6 40 30 34 10 30
* 8 40 7 122 122 1
* 9 40 2 22 82 13
* 3 14
* 9 40 6 119 119 1
* 10 50 1 6 40 1

10 50 30 6 -10 30
* 10 50 30 22 82 30

11 50 2 43 70 3
* 3 4
- 13 40 43 70 3
* 13 40 9 22 ‘2 15
* 14 30 1 22 ~2 6
* 14 30 30 113 115 30
* 15 30 2 22 82 7
* 3
* 4 9
* 5 10
* 6 11

7 12
* 15 30 30 9 40 30
* 17 30 30 22 82 30

17 30 30 43 70 30
* 18 22 105 105
* 30 30
* 19 22 2 22 82 5
* 19 22 3 105 105 1
* 19 22 30 21 10 30
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TABLE 5-17. DU — MESSAGE RELATIONSHIPS (Sheet 2 of 3)

SRC SRC 
XMT 

DST. DST
DU NODE ADR DU NODE

* 22 82 5 24 81 1
Ii * 6 2

* 7 3
* 8 4
* 9 5
* 10 6
* 11 7

• * 24 81 101 101
* 24 81 102 102

• * 24 81 103 103
* 24 91 104 104
* 25 92 1 46 10 1
* 25 82 2 19 22 2
* 25 82 3 7 40 3
* 25 82 30 9 40 30
~ 25 82 30 10 50 30
* 25 52 30 12 40 30
* ‘5 30 17 30 30
* 25 ‘2 30 18 22 30
* 25 ~2 30 29 70 30
* 25 82 30 32 21 30
* 25 82 30 45 10 30

~ 27 70 1 1 10 3
* 27 70 2 46 10 6
* 27 70 3 32 21 1
* 27 70 5 19 22 1
* 27 70 6 15 30 1
* 27 70 7 17 30 2
* 27 70 S 3 40 2
* 27 70 9 11 50 2
* 27 70 10 22 82 16
* 11 17
* 12 18
* 27 70 30 21 10 30
* 27 70 30 22 92 30
* 30 22 1 32 10 2
* 32 21 1 40 10 1
* 32 21 2 43 70 2
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TABL E 5-17. DU — MESSAGE RELATIONSHIPS (Sheet 3 of 3)

SRC SRC 
XMT 

DST DST 
RCV

DU NODE DU NODE

* 3 3
* 4 4
* 5 5
* 6 6
* 7 7
* 32 21 30 22 82 30
* 33 21 S 117 117 1
* 35 10 30 116 116 30
* 36 10 30 37 70 30
* 42 82 12 108 108 1
* 42 82 30 43 70 30
* 43 70 4 32 21 23
* 43 70 13 23 82 19
* 14 20

13 21

~ 43 70 17 42 82 23
* 43 70 30 34 10 30
* 44 70 16 22 ‘~2 22

~ 45 10 30 22 ~2 30
* 100 100 9 6 40 4
* 9 5
* 105 105 14 19 22 3
* 106 106 15 28 70 8
* 107 107 16 37 70 9
* 108 108 17 42 82 24
* 110 110 19 28 70 10
* 111 111 20 1 10 5
* 112 112 21 28 70 11
* 113 113 22 28 70 12
* 114 114 23 28 70 13
* 115 115 24 15 30 2
* 117 117 26 21 30
* 123 123 1 25 82 30
* 124 124 1 25 82 30
* 125 125 1 25 82 30
* 126 126 1 25 82 30

3
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5.7.2. 5. 1 System Initialization. Upon application of power , all of the AN/

AYK- 14’s and microprocessors would automatically initiate a fi rmware self—

check program. This test would culminate in an attempt to communicate its

status with the bus control executive program which would be resident in the
reconfiguration monitor node. The reconfiguration monitor would be the processor
in control of the Initialization process. Its self—check process complete , thi s
processo r would then attempt to load its memory from the computer control unit
(CC U) or loader/veri fier units. If this is successful, the reconfiguration moni-
tor node would then assume control of the main system bus and begin execution

of the bus control process. If the various units are operationa l, the reconfigura-

tion monitor will then supervise the loading of the v arious computers from the

bulk store unit, if necessary. (The microcomputers may have firmware pro-
grams.) Initially, diagnostic programs will be loaded and executed , with re-

sults sent back to the reconfiguration moni tor. If all diagnostic tests are posi-
tiv e , the operational programs ~vil 1 be io~ J e~i; and execution -viii i j t~~in .

5.7.2.  5.2 On— line Detection. Continuou ’ built—in t e st  equipment tBITE) hard-
ware in the .AN /AY K— 14 will moni to r ~ie fun ctions listed in Table 5—1 8. On—line

detection is not presently imp lement~ for any comme rcially avai lable micro-

computer.

5.7.2.5. 3 Scheduled Test. The AN / A Y N — 14  In—flight performance monitoring

(IFPM) program respond s to an interrupt periodically generated by the hardware

built—in—test (BIT) timer and is specified to detect 98 percent of all faults in the

system. In addition to the IFPM modules , generation of a peri odic message to
the remainder of the system indicating the status of the computer will be neces-

sary. If this message Is not properly transmitted and received by the rest of
the system, assume that the computer has fai led.

• The microcomputers in the system should also perfo rm a periodic self-

test function and generate status messages to the system . Where two redund ant
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TABLE 5-18. AN/AYK- 14 HA RD WA RE BITE

• Memory Parity

• Memory Protect

• Memory Channel Timeout

• Power Monitoring

• Overtemperature Monitoring

• Bus Timeouts

• I/O Channel Parity

• I/O Channel Timeout

• Manchester Code Format Verification

• BIT Timer

• BIT Indicator

microcomputers perform the same interface function (fo r different buses), their

self—test programs and status messages should be identical so they can be com-

pared by one or more receiving monitors and so faults can be more easily de-

tected and isolated.

5. 7. 2. 3.4 Red undancy Testing . The primary redund ant resources in the sys—
tern are the reconfiguration monitor node , the redundant interface microcom-

puters , the redundant 1553 buses , and extra memory modules in all the AN/

AY K-14 computers. The reconfiguration monitor i5 testing itself periodically
and gene r ating a status message which is to be sent to all other nodes. The

red und ant interface microcomputers are cond ucting self-test programs periodi-

cally and sending status messages over their re spective buses to either the re-
configuration monitor or to the computer controlling the secondary bus . The

bus controller receives both of the status messages and compares them to deter-
mine the status of the microcomputers. The redundant buses are tested every

time a message is transferred over them. If repeated errors occur within mes-

sages transmitted from different sources , assume that the bus is faulty .
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5.7.2.5. 5 Isolation

C PU/lop Failures

If a CPU or an lOP of an AN/AYK-14 or the CPU of a microcomputer fails,
then the entire unit must be isolated from the remainder of the system. 1.1 the
failure has not occurred in a unit which is a bus controller , isolation can be ac—
com?lished by the appropriate bus controller program; the bus controller pro-
gram will merely refuse to read from or write to the faulty unit. If the failure
is such that the bus is not usable , that bus may be considered as failed and may
switch to its backup bus. Alternatively , removal of power f rom the faul ty unit
may be possible to determine If the bus is usable. If the Advanced Aircraft Elec-
t rical System (AAES) is providing electrical power, power removal can be ef-

fected by an appropri ate request to the AAES control computer. Otherwise ,
special—p urpose hartiware must be employed. 

-

If a CPU fails in one of the units that is a second ary bus controller , the
reconfiguration monitor will be informed of this via statu s messages of the
tailed units and any AN/ A YN — 14 units that connect to the same secondary bus.
The reconfiguration monitor will then prepare the backup computet to assume

the duties of bus controller for the secondary bus; shut dow n the faulty computer

by means of a signal on a di screte wire; and signal the backup computer , via
the bus , to itititate bus control functions.

If a failure occurs in the reconfi gu ration monitor ~~hich is the bus controUer
for the main system bus), thi s situatio n will be made known to the rest of the
system via the status messages (or lack of them) from the reconfiguration moni-
tor. Discretes fro m three of the other AN/AYK- 14 computers will activate a
majority voting circuit which will shut down the reconfigu ration monitor when
any two of the three discrete signals are enabled. One of the other AN/ÀY K— 14’ s
will then begin executing the prestored bus controller program .

- • • . : :~ _ _ _ _ _ _  -~~~~- . - 
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Memory Failures

A memory failure in an AN/AY K-14 will be detected by BIT and/or the IFPM
and will be signaled by an interrupt . In any case, the faulty module will be iso—
lated by an interrupt—servic e routine which will prevent access to that module
until reconfiguration recovery can be effected. If the memory of a microcom-
puter fails, the entire microcomputer will be isolated .

I/O Channel Failures

• The interface microcomputers will make reasonableness checks on their
sensor subsystem input as often as Is feasthle. If the input appears in error ,
the microcomputers will notify the bus controller by means of a status message .
The bus controller will compare thi s condition with that of the microcomputer
on the other bus. If both messages agree that the sensor d ata are in error , the
bus controller will not allow any more data transmission from that sensor.

5.7.2.6 Recovery

5. 7.2.6 . 1 CPU/ TOP Failu res. II an entire computational unit has been isolated
from its interfaces , then the operational processes previously performed by
that unit must be executed elsewhere. The uni t that executes these added

processes must have the following characteristics:

a. The unit must have access to the peripherals/interfaces of the failed
machine.

b. It must have access to the program code which performs the same
function as the processes executed by the failed machine.

c. It must have memo ry sufficient to store the extra code.

d. It must have available time to execute the extra code.

If one of the microcomputers has failed, the redund ant microcomputer will
replace it. The redund ant microcomputer has the same interfaces as its failed

counterpart . The appropriate code has been prestored in its memory, and it
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will execute this program as its highest priority , thus ensuring that sufflcient

time will be available. The self-test programs will continue to execute , but at

a lower iteration rate. If Nodes 10, 21 and 22 , 30, or 50 fail, they will be re-

placed by the reconfiguration monitor. The reconfiguration monitor will, upon

Indication that the node has been successfully isolated , load itself with the

appropriate programs from the bulk store . All requi red data will be marked
• “nonresident” in the data translation tables, and the programs will start execu-

tion at the beginning of the next major cycle. Self-test programs and bus control

will continue on the reconfi guration monitor, but the Iteration rate will be lower.

If Nodes 40, 70, Si, or S2 fail, they will be replaced by Nodes 50, 21, 82,

and Si , respectively, so that access to the proper interfaces will be maintained .

If Nodes 40 and 70 do not have the capability to execute the extra processes as

well as their own operational processes , it may be necessary to perform a dual

reconfiguration using the reconfi guration monitor. For example, if Node 70

fails , it must be replaced by Node 21 or 22 , since only these nodes hav e the

proper interfaces. However , if Node 21 cannot perform both sets of processes,

then the reconfi gur ation monitor must be used to replace Node 21. Nodes 30,

21, and 22 hav e no operational interfac e with their respective secondary buses

and are only connected to those second ary buses for purposes of reconfi guration.

The reconfiguration monitor performs no operational function other than bus

control. Therefore, bus control is the only function transferred if the reconfi gu-

ration monitor fails.

The bulk store again perfo rms no operational function and so requires no

reconfiguration process. However , implementation of the bulk store in a num-

ber of small modules may be more desirable to reduce the probability of a

total failure.

In general, the replacement process proceeds as follows: an Interrupt will
be generated in the replacement computer; the required programs will be read
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into the replacement unit from the bulk store; the control parameters (Iteration

rates, priorities, etc.) will be given to the executive program from the same

bulk store — these are predefined for each type of failure; all data required by

the program will be marked “nonresid ent”; system variables will be updated by

• the global executive to reflect the new configuration; the Interrupted program

will be gracefully aborted; and the program with the highest local dispatch priority

will begin execution in the replacement computer.

5.7.2. 6. 2 Memory Failuzes. If a memory fails in a microcomputer , it should

be treated as a CPU failure as described above. If the memory module In an AN/

AY K-14 fai ls, it will be replaced by a resident spare memory module. If the

fai led segment contained progr am code or constants, these should be replaced

from dat a In the bulk store.

Va riable data will be lost and must be regenerated. For this reason, storing

important and slowly changing -!a :a , such as syste m track data , in two computers

may be desirable to assure that  these data can be recovered qui ckly in the case

of a memory failure.

3.7.2 . 6.3 I/O Failures. The primary mechanism for recovery from i/o fail-

ure s is the automatic switchover to the redundant bus , as provided for by the

1553 bus structure and bus control software.

5.7.2.7 Conclusions

This section has presented a recommended system configuration for BASIC

and the rationale for developing this configur ation. First , the decompositional

units derived from the S-3A functional requirements were grouped into related

functional areas and assigned to processing nodes. The data flow among the

nodes was extensively analyzed, and a set of 1553 messages was defined to

accommodate this data flow . The data rate resulting from this message struc-

ture was calculated and found to be moderate, allowing a wide growth margin
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before new buses must be added. The processing requirements for each node

were analyzed and a hardware confi guration for the node developed. Software

execution parameters were defined and presented in a format suitable for input

to a hardware-on-software simulation effort.

Finally, an example of overall system operation was presented, with empha-

sis on fault tolerance and reconfiguration.

___  
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SECTION 6

IMPLEMENTA TION SUBSE T

6.1 OBJECTIVE

• The objective of this section is to define a subset of the recommended arch-

itecture which may be Imp lemented in a short time with reasonable cost and which

• will demonstrate and verify the major concepts embodied In the full architecture.

The subset defined in this section will demonstrate both flexibility and fault

tolerance and will provide an indication of the capability of the full architecture

in the following areas :

• Computational power

• Operator interface

• Control mechanism efficiency

• Communication mechanism efficiency

in addition to the demonstratio n aspects , the configuration recommended will

be available to provide system integration services to both subsystem technology

developers and system platform users .

Funding and time constraints dictate that the configu ration recommended

contain only available hardware and that software generation be held to a

minimum .

6.2 APPROAC H

In order to make the system as generic and usable as possible , the subset

of the architecture shown In Figure 6-1 was chosen. This confi guration contains

modes used for any avionic application: communications ( Node 21), navigation

(Node 70), display and control (Nodes 81 and 82), and the bus controller and re-

configuration monitor (Node 90). In addition , the MAD mode (Node 30) was
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chosen because an existing MAD program, written in SPL, I , exists and can be
used without major modification. In addition, Node 30 provides convenient growth
capability and may act as a backup for Node 90 without compromisin g its opera-
tional capability. The MAD subsystem also does not require sophisticated , high-
speed signal processing.

The flexibility of the system may be demonstrated through the choice of those
subsystems which the nodes are to represent. For example, the navigation sub-

• system on the S-3A does not contain USA or ASW support aircraft carrier (CVS),
yet Node 70 simulates these systems at the interface without modification of the
message structure or data rates derived for the full , S-3A-based architecture.
Similarly, the bus interface defined for Node 21 in the full architecture will ac-
commodate the postulated Joint Tactical Integrated Data System (JTIDS) interface
without modification. The AIDS subsystem is also simulated at the interface by
Nodes ~1 and ‘~2. Thus , the node partitioning and message structure derived
from the S— 3A -based requirements are flexible enough to accommodate three
advanced technology subsystems without major modification .

A limited amount of fault tolerance making maximum use of existing IFPM
and bus error processing routines is incorporated into the system. Provisions
are made for periodic system self—check and subsequent load of reconfiguration
programs, although these programs are not defined in detail. It Is anticipated
that these programs will start out very simple and be made more sophisticated
as experience is gained with the system . Bus traffic and conflicts can be meas-
ured and compared against those predicted by analysis and simulation in order
to aid in the evaluation of the architecture.

in terms of service to users , several new technology subsystems (AIDS ,
TIE S, lISA) can be simulated in more detai l and eventually incorporated into the
recommended system .
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After selection of a configuration , a simple scenario was chosen as a dem-

onstration problem. The scenario was abstracted from the set of operational
sequence diagrams (Appendix B) developed for use by the V/STOL program.

These operational sequence diagrams depict the interactions between the oper-
ators and the avionic subsystems for a V/STOL Type A aircraft ASW mission.
The abstracted sample problem is considerably simplified (therefore, unrealistic)

• because of hardware and manpower constraints , but It may serve as a starting
point for a more realistic demonstration if desired.

rn order for the scenario to be useful , it must include hum an interaction.
Therefore, the scenario cannot be entirely predefined but must include asynchro-
nous responses to operator Keyset inputs. The next step in the demonstration,
then , was the definition of the allowable operator inputs and the responses to
them. This, together with the requirements for preprogrammed synchronous
message generation , led to the definition of the specific fun ctions that must be
perfo rmed by the modes in the scenario , and the specifi c contents of the mes-

sages passed over the bus.

Finally, general specifications were developed for the software required to
implement the functions. In the specification of the software , available high-level
language (HLL) software was specified where available , or where nearly available

(that is , SDEX-M , Bus Controller Software, AN/AYK-14 IFPM program s~.
Assume that software will be developed in HLL using structured programming
techniques wherever feasible.

6.3 SUBSET CON FIGURATION

As previously stated , Figure 6-1 shows the selected subset confi guration.
In general , the nodes have four major functions : they perform executive func-
tions which control the scheduling and dispatching of required programs; they
execute synchronous and asynchronous modules which are necessary to the en-
action of the chosen scenario; they perform I/O operations (which consist of the

6—4

- -



- _ _ __ _ _ _

NADC— 79 16 1—40
generation and reception of those messages assigned to them in Table 5-3) and
generation and reception of asynchronous commands which occur as a result of
operator action; finally, they perform test and recovery functions. The assump-.
tion is that the executive functions of the AN/AYK—14’s (Nodes 30 and 90) will be
implemented using the SDEX-14 or SDEX-M executive. The Z-2’s (Nodes 70, 21,
100 to 126, 81, and ~2) will require that executive sof tware be generated).

The major synchronous processes necessary for the scenario are as follows:

• Simulation of aircraft , fix , and track position updates by Node 70

• Display processing by Nodes ~1 and ~2

• MAD processing by Node 30

• Bus control. by Node 90

• Peripheral I 0 simulation by Nodes 100 to 126

• JTIDS I 0 simulation by Node ~l

The synchronous I 0 messages are as defined in Table -3. In general , the
data content is meaningless and is only requ i red to determine bus ut i l izat ion.
The data content is defined only f~r those messages necessary for the enaction
of the scenario.

All the nodes execute self—test programs every minor cycle and format the
results into a self—test message sent to Node 90. (Node 90 sends a self—test
message to Node 30. ) If a failure is sensed, reconfiguration is attempted. Re-
configuration is accomplished by ~so1ating the failed node from the system load-
ing reconfiguration programs from the mass memorv into Node 90 and reinitial-
izing Node 90. If Node 90 fails , it Is isolated from the system , and Node 30
takes over the bus control fun ction. This bus control program must be resident
in Node 30 at all times so that it may communicate with the mass memory , if
possible.

6—5
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6.4 SCENARIO

6.4.1 Obj ective

The objective of this section is to define a highly simplified , flexible

scenario which will demonstrate and verify the performance of the implementa-

tion subset. The scenario will be abstracted from the operationa l sequence dia-

grams developed for the ViSTOL Type A ASW mission (Appendix B), but the

hardware and time constraints prohibit the complete enaction of any siguficant

portion of Appendix A. 1

6.4 .2 Description

The recommended scenario involves only the TACCO. He may simulate the

placement of up to 32 buoys and their type, either LOFAR or DIFAR. If the

LOFAR buoys are withi n a certain range of a simulated submarine , a contact

alert will result. If a DIFAR buoy is withi n a certain ran ge, a contact alert plus

a hearing will be displayed . Convergence zones are i~ iored. Fixes may be

entered and a track wi l l he displayed based on the last three fixes on a single

contact. The objective of the scenarto is to obtain a MAD contac t , which vi l l

occur if the MAD processing is activated and the aircraft signal passes over the

submarine within a predefined radius. There may be more than one target in

the system which may represent the same target sensed by different subsystems

at diffe rent times.

6 .5 SYSTEM DATA

6.5. 1 Objective

The objective of this paragraph is to present a general description of the

major data structures that are necessary for enaction of the selected scenario.

Both static data , which do not change over the course of the scenario, and

dynamic data are included .

1Appendix A Is not contained In this volum e but is available from NAVAIBDEVCEN
Computer System s Technolo~ ’ Division , Code 502.
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6.5.2 Static Data

Static data will normally not change during a scenario enaction , unless re-

configuration occurs because of failure. The static data are preprogrammed and

loaded at initialization. If reconfiguration does occur , a different set of static

data are loaded when specific nodes are reinitialized to perform additional func-

tions. There are four major categories of static data: program code, some

message buffers, initi alization control data for the executive, and the message

control data base (PALEFAC ) as described in DAI S Mission Software Product

Specification Executive , Vol. 2 , Bus Control SA201302 , of 1 November 1977.

6.5.2 .1 Program Code

Both normal and reconfiguration program s must be coded and resident in

the system. Norm al programs are loaded at the time of or prior to system ini-

tialization. Reconfi guration programs are loaded from the disk , through Node

2 1, and over the MI L- STD—1 333 bus as required. A set of reconfiguration pro-

grams is postulated to exist for each of the various classes of failures that are

considered for reconfiguration. In i t ia f lv , the total failure and isolat ion from

the bus of Node T fl , Node 21 , Node 30 , Node P0 , and Node ~2 are the only failure

classes considered. Thus , there are five program sets required ; these may

overlap, as is anticipated in the case of the AN • AYK -14 ’s (Nodes 90 and 30).

That is , most of the normal program set for Node 30 is used as the reconfigur-

ation set which Node 90 will execute in its function of Node 30 backup.

6 .5 .2 .2  Static Message Buffers

Some of the messages defined In Table 5—3 are not used in the scenario

action ; thus , there is no need to either change them or make their contents mean-

ingful . Therefore , the buffers should be loaded once at initialization time and

thereafter transmitted periodically. Some predefined pattern should be loaded

so that correct operation may be checked if desired.

6—7 
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6.5.2.3 Initialization Control Data

These data are available to the local executives to control initialization ~or
reinitialization) of the nodes. These data include such things as program load
locations , task Identifiers , dispatching type and priority, and semaphore linkages.

6 • 5.2 • 4 PALE FAC Data Base

These data are used to control the message structure over the MIL-STD- 1553

bus and are described in the DAIS Bus Control Specification.

6.5.3 Dynamic Data

The scenario requires periodic position updates and display of three types

of objects : contacts , sonobuoys , and the aircraft itself. In order to enact the

scenario , the operator must enter both commands and data via the Kevset , and

the display s must show both symbols and alphanumerics. To accommodate these
• requirements , four dynamic file structures are defined: the track contact file ,

the fix , contact file , the sonobuoy file , and the text file.

6 . 3 . 3 . 1  Track , Contact File

The track/contact file contains the position , speed , heading, and so forth ,

of the ai rcraft and any simulated targets . This file is updated periodically ac-

cording to the following rules :

• If one or more fly—to points I~FTP’s) has been entered , the aircraft ~v i 1
proceed to the first entered FTP at a preset speed and altitude. If the
FTP is reached , the aircraft proceeds to the next entered FTP if one
exists) or flies a circular pattern at a preset speed , altitude , and radius
about the last entered FTP.

• All targets proceed at a preselected heading at constant speed . If the
targets exit the display, they start again at a preselected point. The
format for track entries is shown In Figure 6— 2 .

6 .5.3.2 FixiContact File

Fixes are entered as a result of an enter fix command. Fix entries have a

position Indicated by the hook positions on the display. If the fix position is with.~
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TRACK FILE (Contains curren t position of all targets)
— Track ID
— F I x 1 ID

Fix 2 I D
— F i x 3I D
— Target Latitude (2 words )
— Target Longitude (2 words )
— Target Grid Coordinates (U) (2 words)
— Target Grid Coordinates (V) (2 words)
— Bearing
— Target Velocity
— Target Classification
— Display Cue

FIX FI LE

— Contact ID
— Fix iD
— Fix Latitude (2 words~
— Fix Longitude (2 words)
— Fix Grid Coordinates U 2 words)
— Fix Grid Coordinates V) 2 words)
— Classification
— Display Cue
— Time of Fix 2 words)

SONOBUOY FILE

— Sonobuoy ID
— Grid Coordinates (U ) (2 words)
— Grid Coordinates (V) (2 words )
— Vector Endpoint (U) (2 words)
— Vector Endpoint ( V ) (2 words )
— Time of Update (2 words
— Display Cue
?

Figure 6-2. Data Files
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a preset radius of a track In the track file , the fix ID is entered Into the appro-

priate position in the track file entry . Three fixes entered into the track file will

cause a track symbol to be displayed . The format for a fix entry is shown in

Figure 6—2.

6.5.3.3 Sonobuoy File

The sonobuoy file contains the positions of sonobuoys inserted into the sys-

tem by means of the drop sonobuoy command. Sonobuoy position is determined
by the aircraft position at the time the command Is executed. The format for a

sonobuoy file is shown in Figu re 6-2 .

6.5.3.4 Text File

Thi s file contains text to be displayed ~ any or all of the displays and is

m erely a file of ASCII character codes , two pLr 16—bit word.

- . The operations performed on these files are described in more detail in

paragraph 6. 7 .

6 6  FUNCT I ONAL DESCRIPTION OF NODES

~~~~~ Node TO

6 .6 .  1.1 General Description

Node 70 simulates the navigation and tracking subsystem of the full archi-

tecture. This node calculates aircraft position heading, pitch , roll , and steering

information. It also keeps track of sonobuoy positions and contact and fix infor-

mation. it transmits this info rmation to almost all other nodes in several groups

of periodic messages and responds appropriately to asynchronous messages
(commands ) or 1ginatin~ from the Keyset.

In the scenario , Node 70 simulates the position and motion of the aircraft

and targets , updates the fix and sonobuoy positions, determines the flight path

of th e aircraft , determines If a contact has been made from the relative position

of the simulated targets and sonobuoys , and keeps time.
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The hard\vare consists of an Interface Module (TM), a Z-2 microcomputer , and
and an interface with the floppy disk. Use of this disk will probably not be re-
quired for anything other than Initial program load.

6.6.1.2 1,0 Description

The Input and output messages making up the Node 70 interface in the Imple-
mentation subset are shown in Tables 6-1 and 6-2 , respectively. Asynchronous
message formats are dependent upon the particular command they represent and
are described in Tables 6-3 and 6—4 . Formats and data content for Node 70

synchronous input and output messages are shown in Tables 6-5 and 6-6 ,

respectively.

TABLE 6-1. NODE 70 INPUT MESSAGES

RCV WORDS PERIOD 
CYC WORD

PER
NODE ADR SECOND MSEC CODE COUNT

21 2 300u 20 u0 0 32
3 0 :32
4 1 32
5 I )  32
6 1 32

* 7 2 16
30 30 3 0 3

30 14 0 4 14
30 25 0 5

* 90 30 0 3
106 240 50 0 12
107 9 120 200 2 24

* 110 10 10 2 00 2 2
* 112 11 20 200 2 4
* 113 12 60 200 2 12
* 114 13 160 50 0 9

1

6—11

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
-- -

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~



NADC— 79 161—40
TABLE 6-2. NODE 70 OUTPUT MESSAGES

DEST . ~~i; WORDS PERIOD CYC WORD
NODE 

ADR SECOND MSEC 
CODE COUNT

* 21 3 210 100 1 21
* 21 4 960 1000 0 32
* 30 6 300 50 0 15
* 30 7 420 50 0 21
* 82 10 1240 50 0 19
* 11 0 21
* 12 0 21
* 92 13 1500 2 000 0 30
* 14 0 30
* 15 0 30
* 92 16 320 1000 1 32

17 100 2 000 2 11
* ~2 30 16 0 16
* 90 29 160 50 1

1

6.6. 1. 3 Software Functional Description

The followi ng software module descriptions are intended to describe the

structure and interaction of the software in a general but comprehensive manner.
These descriptions are not intended to be specifications but rather a general out-

line of what the system is required to do.

6.6.1.3 .1 Cont rol Modules. Sinc e the Z-2 configurations lack a preprogram m ed

executive, they will requi re an operating system of sorts. This executive ~i 1l be

required to initialize the system (including the load of relevant program s and

data from the floppy disk), to handle interrupts , to read and wri te from

the bus, and to schedule and dispatch modules. Figures 6-3 through ~~~~~~~ lt ’~~-r ine

the executive functions implemented by software.

6—12



- - ~~~~~~~~~~~~~~~ - - ~~_ -~~~~

I
) NAD C— 79 16 1—40

TAB LE 6-3. NODE 70 COMMAND INPUT S
(RCV SUB ADR 30)

COMM AND ~~~~~ FORM AT CONTENT

Initialize NAV 0 Bit String Command ID

Terminate NAV 0 Bit String Command ID

Mark TIme 0 BIt String Command ID

Read Lati tude,- LongItude 0 BIt String Command ID
1 Integer X Hook Position
2 Integer Y Hook Position

Enter Fix 0 Bit String Comm and ID
1 Integer X Hook Position
2 Integer V Hook Position

Enter FTP 0 Bit String Command ID
1 Integer N Hook Position
2 Integer V Hook Position

Recenter 0 Bit String Command ID

Ac knowledge Contact Bit String Command ID
1 Integer X Hook Position
2 Integer Y Hook Position

New Mi nor Cycle 0 Bit String Command ID

Controller Status 0 Bit String Command ID

Destroy Fix 0 Bit String Command ID
1 Integer X Hook Position
2 Integer V Hook Position

Destroy FTP 0 BIt String Command ID
1 Int eger X Hook Position
2 Int eger Y Hook Position

6—13
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TABLE 6-4. NODE 70 ASYNC HRONOUS OUTPUTS

(~CV1T SUB ADR 30)

COMMAND WORD FORMAT - 

CONTENT

Contact Alert 0 Bit String Identifier
1 Bit String Fix 1 ID
2 Bit String Fix 2 ID
3 Bit String FIx 3 ID
4,5 Floating Point Target Latitude, deg.
6, 7 Floating Point Target Longitude , deg.
3, 9 Floating Point U Target Grid Coordinates , nm

10, 11 Floating Point V Target Grid Coordinates , rim
12 Scaled Target Bearing, deg.

- - 13 Scaled Target Velocit , knots
14 Bit String Target Classification
15 Bit StrIng Target Display Cue

6 .6 .1 .3 .2  Operational Modules. These modules deal with the operational as-

pects of the scenario. They perform position calculations , format outputs ,
manage the fix and track files , respond to commands , arid write messages to

the bus. Figures t3 -9 through p3-23 describe these operational funct ions . These

xr ’~lu1es ope rate primarily on three data files : the track file , the fix file , and
the sonobuov files. The contents of a typical entry for each file are shown in

Figure 6—2. The number of entries in each file is contained in the variables

NUM TRAC KS, NtM FIXES , and NUM SONO BUOYS.

6.6. 1.3.3 Test and Reconfi guration Modules. Node 70 executes a self-test

program every minor cycle and reports the result to Node 90 by means of a self—

test output message, as described in Table 6-7. Node 70 also receives the Node
90 self-test output and returns it to Node 30 on request. This occurs If Node 30

baa received a self-test message from Node 90 indicating a Node 90 fai lure and
is for verification. Figures 6—24 and 6—25 describe the test and recovery

function.

6-14
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TABLE 6 5 .  NODE 70 INPUT MESSAGE FORM ATS

SOURC E TYPE FORMAT WORD CONTENT
ADR ADR 0. 

-

1 Message ID
2]. 2 2 Static Integer 2,3 Aircraft Latitude
(JTIDS) Floating Point 4,5 Aircraft Longitude

Floating Point 6 , 7 CMD Altitude
Floating Point 9 , 9 Grid Azimuth
Floating Point 10, 11 CMD HDG
Floating Point 12, 13 CMD Course
Floating Point 14, 15 TACAN Range
Floatin g Point 16, 17 TACAN BRG
Floating Point 18, 19 Time of Day
Bit String 20 TACAN JTIDS Mode/Status
Floating Point 21, 22 Runway HDG
Floating Point 23 , 24 Glide Slope Error
Floating Point 25 , 26 Lateral ( Localizer) Error
Bit StrIng 27 Landing Alerts
Floating Poin t 2 ’ , 29 Ref. Latitude
Floating Point 30 , 31 Ref. Longitude
Bit String 32 \Vavpoint ID

3— 7  3 — 7  Static Bit st ring 1, 17 Track ID
Bit String 2 , 18 Fix l I D
Bit String 3, 19 FIx 2 ID
Bit String 4 , 20 Fix 3 ID
Floating Point 5, 6, 21, 22 Latitude
Floating Point 7 , ‘~~, 23, 24 Longitude
Floating Point 9 , 10, 25 , 26 Grid Coordinate (U)
Floating Point 11, 12, 27 , 28 GrId Coordinate (V~
Scaled 13, 29 Bearing
Scaled 14, 30 Veloc i ty
Bit String 15, 31 Classification
Bit String 16, 32 Display Cue

106 1 3 Static Bit String 1—12 Preset Pattern

107 1 9 Static Bit String 1—24 Preset Pattern

110 1 10 Static Bit String 1—2 Preset Pattern

112 1 11 Static Bit String 1—4 Preset Pattern

113 1 12 Static Bit StrIng 1—12 Preset Pattern

114 1 13 Static Bit String 1—8 Preset Pattern
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TABLE 6-6. NODE 70 OUTPUT ’ MESSAGE FORMATS

XMT RCV
DEST. SUB SUB WORD
NODE (S) ADR ADA TYPE FORMAT TYPE CONTENTS

21 3 I DYNAMIC SIT STRING I GROUP ID 
-

30 7 2 FLOATING PT. 1.2 LATITUO B OF A/C (D I G )
82 II *1 3,4 LONGITUDE OF A/C (DIG)

I 5,5 GRID CO.ORO (U) - MILES

4 7, S GRID CO-ORD IV) -MILES
INTEGER I BA RO AL TITUDE FT.
FLOATING PT 11. 11 RADAR ALT - FT
FLOATING PT 12. 13 COMMAND ALT - FT
INTEGER 14 COMMAND ALT ERROR - FT

— SCALED INTEGER IS GROUND SPEED FT/SEC
IS TRUE AIR SPEED - FT/SEC
17 INDICATED AIR SPEED - FT/SEC
IS COMMAND AIR SPEED FT/SEC
11 COMMAND AIR SPEED ERR O R - FT /SEC

MACH NO.

21 4 23 DYNAMIC BIT STRING 0, 16 TRAC~ ID
82 15 22 1 ,17 FIX I ID

I 2 , 18 FIX 2ID
4 3, 11 FIX 3ID

FL OATING POINT 4 ,5:2021 TOT LATITUDE DEG
I 17:2223 TOT LONGITUDE DIG
I 8,1:2425 TO T GRID CO-ORD (U) MILES

4 10 .11: 26 ,27 TGI GRID CO - ORD V ) MILES
SCALED *2 25 TGT BEA RING DIG
SCALED 13. 21 TOT VELOCITY KNOTS
BIT STRI NG 14 . 30 - TGT CLA SSIFICATION
SIT STRING *5, 31 I DISPLAY CUE

21 3 1 DYNAMIC SIT STRING 0 GROUP ID
36 7 2 FLOATING PT. 1 . 2 LATITUDE OF A/ C OE G(
62 II 17 I 3. 4 LONGITUDE OF A/C (DEG )

I 5 , 8 GRIO CO-ORO (U) - MILES

+ 7 , 6 GRID CD-O RD (V I MILES
INTE GER B BARD ALTITUDE FT
FL OATING PT 10 , 11 RA DAR ALT FT
FL O ATING PT 12 , 13 COMMAND ALT - FT
INTEGER IA C OMMAND A LT ERROR - FT
SCALED INT EGER IS GROUND SPEED FT/SEC

IS TRUE AIR SPEED FT/SEC
17 INDICATED AIR SPEED FT/SEC
15 COMMAND AIR SPEED - FT/SEC
II COMMAND AIR SPEED ERRO M - FT/S EC
25 MACH NO.

21 4 23 DYNAMIC SIT STRING 0, 18 TRACK ID
82 18 22 I. 17 FIX I ID

2, 15 F I X 2 I O

• 3, 11 FIX 3I D
FL OATING POINT 4.5: 2821 TG T LATITU OE DIG

I 8.7:2223 TOT LONGITUDE DIG
I 8 .1:2425 TGT GRID CO-ORO U) MILES
4 11,11: 2827 TGT GRID CO -ORO IV) MILES

SCALED ¶2 . 28 T O T SEA RING DE S
SCALED 13 . 21 TGT VELOCITY KNOTS
SIT STRING 14 . 30 TOT CLASSIFICATION
SIT STRING 18. 31 DISPLAY CUE
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TABLE 6-6 . NODE 70 OUTPUT MESSAGE FORM ATS (Continued)

XMT RCV
DEST SUB SUB WORD -

NODE(S) ADA ADA TYPE FORMAT TYPE CONTENTS

82 I! IS DYNAMIC BIT STRING S GROUP ID DIG
SCALED I MAC HOG DES

2 GRID AZIMUTH DIG
3 CMD HOG DIG
4 CMD HOG ERR . DIG
S CMD COURSE OEG

• CMD COURSE ERR DIG
7 WIND SPO DIG
S WIND BEARING DIG
9 A N G L E O F ATTACK DI G
10 SLIP INDICATOR DE C
II SEARI NG T O 01ST DIG
12 RANGE TO 0151 N.M.

13 TACAN RANGE N .M.
14, 15 TACAN BEARING DEC
15 TACAN DEVIATION DEC
¶7 , 18 TIME OF DAY I4RS
11.20 TIME TO GO HAS

52 13 111 DYNAMIC BIT STRING 0 . 15 GROUP ID
14 20 I 1 . 18 CONTACT ID
15 21 4 2: 1 7 FIX ID

FLOAT ING POINT 3.4:16.19 TOT LATITUDE DIG

I 5,6 . 20 ,21 TOT LONGITUDE DIG

I 7.5: 22.23 TOT GRID CO-DAD (U) N.M.

+ 9.10:24.25 TOT G R I D  CO- O RD (V I N.M.
SIT STRING 11 .26 CLASSIF ICATION

I 12 :27 DISPLAY CUE

___________ __________ + 13.14 : 2021 t IME OF FIX

52 I? 23 DYNAMIC BIT STRIN G B GROUP ID (SDNOBOUY ID)
FLOATING PT 1, 2, 3. 4 SDNOBOUY GRID CO-ORD W V )  N.M.
FL OATING PT s , 5, 7, 5 VECTOR END POINTS (U .V) N.M.
FL O ATIN G PT DISPLAY C UE N.M.

56 21 5 BIT STRIN G 0 NOD E ID , MAJOR CY C. MINOR C Y CLE =
STATUS WORD I

2 STATUS WORD 2
3 SYSTEM CONFIGURATION ID
4 SELF TEST RESULTS WORD
S OLD SEQUENCE WORD (LAST WORD 7 SENT)
8 TUb -

7 NEW SEQUENCE WOR D
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Figures 6-3 through 6-s . Node 70 Executive Functions
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• IF A L L  T HR EE F I X  ID P A R A M E T E R S  A PE NC N — 7E 0’T
• • THEN
• • SI T £PPPI ’!PF IAT F COMP ON EM T OF NEW _ IPAC K _ F L A G TO I
• INOEF
• IMCPE’ Y EN T 1 ICK _ I’l’)(X
(MOOD
SIT IISPL A Y CUES IN 8UF _ h A N D RI JF _ I~ TI) Q
SET I TO I

• S E T  J TI I
DO W)IILE I LE ‘lt, I_ T RA C K S  A Nt) 3 L E
• IF N EW _ T Di C~~_ FLA I ’.(I) 1 0 1
• . SET 4TW T R A C V _ rL ar ,(I) ‘0 I)

• • COPY O A R A M C TFRS INTO AP °R OP RIA T C HAL F C~ BLF~~ AND
• • I NC RE M ENT J
• ENO IF
• IPI C Q E PI ENT I

Figure 6-23b
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(P1000

~— ‘~~OCISS T I Y  FILE
‘II DI S ’LA Y CUES IN ‘UF _ I~~. BUF ,..1t. , B IlE _ IS TO 0
S~~T I I’) I
5 (1  J I’) I
OO WII! LE J LE ‘ A N D  I LE M UM _ S IXES
• IF ME W _ F IX _ Y L A G I I ) (I) I
• • 51”  ‘1(W _ F IX _ F L A G ( I )  TO ‘I

• • ‘TC~~Y T I X  (N TPYI I) INTO ADP PDPR IA T ( O ’JFPES AREA I’NDE ’Y ‘lY J)
• • I N C R E M E N T  J
• EMO T E
• INCR EM E NT I
(HOOD

rL~~~~ 7— “OCESS SON 000UY FILE
I~~ T D I S P L A Y  CUES IN 0U~ _ I? ‘0 ‘1
IF ‘‘TN IACT U POA TE ~L4G (‘A 1
• c IT  I Tfl I
• S E T  j 7” t
• DO NHILE I LI ‘I IJM _ c ’ ) N C ” O I J YS SPIT)  J L E ‘

• • IF ‘ I EW _ S C P 4 O _ F L A G ( I )  I’) I

• • SET NE 4 _ S T)llb D _ F L A F ~)I) TO 
~

• • • CO PY ‘ N O P O I IV  E NT R Y (  I) I NT O  A ’ P~~O D R T A T I  H A L F  SF PIIFF (Q

• • • tN C ~~~~~ ’~T J
• • (N0!F
• • I~~C~~IMT N~ I

• 111000
ENOIF

‘( J T ’ ’J ~~ O U F F E~~ ’O

‘0 1
OO WI TL ( I LE N L M I E R  ‘)F OIJT °IJT ~UF rrC S

• W R I T E  1 1 H  BUFFER I’) IN T E R F A C E  MOfl ?I L E
(M OOD

(MD

Figure 6—23 c
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TABLE 6-7. SE LF-TEST MESSAGE FORMAT

(16 bits) CONTENTS

1 Node ID , Major Cycle No. , Minor Cycle No ,

2 Status Register 1

3 Status Register 2

4 System Configuration Identifier

5 IFP M Test Result Word

6 Old Sequence Word (last word S sent to Node 90)

7 Return Word (las t word S received from Node 90)

New Sequence Word

6 , 6 ,2  Node S2

6 , 6 ,2 , 1  General Description

This node formats all operator inputs (Kevset depressions ) and manages

the tactical and situational advisory displays , For the purposes of the imple-

mentation subset, Node ‘~2 will perform a selected number of the navigation

operator functions , the steering operator funct ions , the display operator func-

tions , and the MAD operator functions . These functions are activated by a Key-

set depression ; they either accept alphan umeric data from the operator or pre-

sent a graphical tableau of the tactical situation. The operator may also position

a “hook” symbol on the display In order to obtain more information about the

“hooked ” item or to enter a command regarding it. A list of the selected oper-

ator commands is presented in Table 6-S.

6—33
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Figures 6—24 and 3-25. Node 70 Test and Recovery Function
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M OOU LE NAME ) M AV SELF TEST

DA T A  REQUIRED

RESULT S OP SELF TEST PROGRAM
‘ STATUS wOc ro s
OLD SE QIJTNC ~ WORD (SEO7IE PICE WO RD L A S T  IRA N S MIT t ~~P)
L A S T  ~E TU RN WOR lD IN PUT FROM UOfl ( 90

DATA PROD UCED

B W O R D  S E L F T E S T  M E S S A G E  (~~‘JF _~~01
— MODE IT), M 4JO P CYCLE NO, MINOR CYCLE NO
- S T A T US WO R E  I
-ST A T US WO R E  ‘
-C O’ lFIE~U PA T I i ) P 4  I”ENT
-~~ESUL tS  t)~ SSLF TEST P °OGRA ~
- ILO S E OU ’ P 4C E  W O R D
— R E T U R N  WOR E
-NEW ST’)UEMCE WflRI)

NAY SELF TEST

THIS M OO UL T 1X~ CUT (S I VE PY  M I NO R  C’CLE

5E t .~r~~’D S r~~ ‘J F _ ?~ TO D ’ ~~J~_~~ ~ F SFLF T E S T  ‘FOG FA ’ I
IF W ” ~~~’ 5 IN 7 D I C A T E S  A FA I L !j 0 1

• THEM
• IF T

~~~L I R E  ~ C C ’ D V F ’ A ’ L E. . THEN
• ~~~~~ 

A c p~~ T~~o I A r E  ° !r ’ ” V E R Y  ~~T ’ l T t N E
, • SC I S ’~ A ’  jS  .~O~~ ’S ~ l~ r1 C - T N T  : G) ~~A I !“‘I f j  - I ‘~n I C A T  —

• • O’l~~~I S l J T A T  CN
• . E L S E
• • A 7 0 1 I P T  T f l  A C T I / A T E  OHl)TlO~~’l •~~ :M l ~~SM

• ENOIF
• ELSE
• IF ‘l~~W ‘ IA iO~ 5 vr 1_ E

• ~ ‘~~~~ 5 M 5 N T  ‘4 A J O R  C Y C L E  ‘10,
• • S E ’  M I N O~ C Y C L E  ‘l”~ TO B
• E M O t E
• S ET w~~~~0 P CT ‘7~Jr 29 T O  NODE In. ~ AJ SP CY CLE NO . MTNT )P V L E  MO

• I NC’T ’ IE’I T ‘ l INER CYCLE MO .
C O D Y STA TU S WOR D 1, INTO WOPO 7 ~~T ‘9

• C O PY S T A T J S  W O R D  I NT O  WO ’ O  I IF RI J F _~~q

• S ET W O~~I) ~ t)~ 9UF~~~9 T O C C N F I G I I ’ A T I O P ~ 10
S E T  W O O D  ~ O~~ 8IJ~~ _ 29 T O  L A S T  W O R D  ~ T Q A N S M I T T E O  IPO M RU E ,. 29

• S E T  W O R D  7 CT 8UF _ 29 T O  L A S T  W O R C  ~ T T C E I J E t )  ~~ 5M NO DE ‘~0
SET W O R D  ~ O~~ BUF _ 29 10 A MEW S ES U E NC E  W O R D
W~~IT E R’JF _ 25  T O I • M .

EN0I F

(710

Figure 6—24

CONT ROLLE R STATUS

~“IS ‘4OO~JLE ~~ T’JRMS T.4( LA S T  SE LF TEST M ESSA GE PE CE IVE O FpOM N OOE ~o
IN ‘ IS PO NSE ~O 5 DEO U1ST F R O M  Iu( B A C K I J P/ M D N Z ’ T ) P FO ~ N O D E  ~ fl

W R IT E  L A S T  SEL F  T E O T  M E S S A G E  ~E C E i V F C  FRCM MOD~ 90 ‘E r) IN

(MO

FIgure 6—25 ,
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TAB LE 6-S. NODE ‘32 COMMAND INPUT S

COMMAN D FUNCTION

Display m it. Initializes display; North UP reference

Configure Sets configuration for SAD’s and TAC ’ NAV
display

Alphanumeric All text and tex t, control characters

Clear Tactical Plot Removes fix symbols , reference marks , and
DIFAR vectors

Acknowledge Contact Indicates acknowledged contact on sonobuoy

Reference Mark Displays reference mark at hooked position

Clear Text Clears all text displayed on TAC NAV display

Recenter Recenters display on hook

NAV m it. Initiali zes simulated YAV system

Mark Time Starts system clock

Contact Alert Displays contact s~i~obo l at sonobuov position

Read Latitude Longi tude Displays latitude longi tude of hooked point

Entcr  Fly-to Point Causes simulated aircraft to fly to hooked
position

Interrogate Displays trac k information for selected target

Enter ‘l,x Enters fix at hooked position

Drop Sonobuoy Displa~’s sonobuoy at own-aircrait position

Destroy Fix Destroys fix at hooked position

Destroy FTP Destroys FTP at hooked position

Terminate NAV Terminates navigation program

MAD Rem it. Resets MAD subsystem to ini tial condition

MAD Display Initiates MAD trace with annotation

Activate FRP Initiates feature reco~ oition processing

MAD Disable Terminates MAD processing

6—36
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6 .6 .2 .2  I, 0 DescriptIon

The input and outpu t messages making up the Node ‘32 interface in the imple-

mentation subset are shown in Tables 6-9 and 6—10 , respectively. Asynchronous
message formats are dependent upon the particular command they represent and

are described by the particular software modul e that executes them. Formats

and data content for the messages to Node ~2 are shown In Table 6-11.

6.6.2.3 Software Functional Description

6 .6 .2 .3 .1  Control Modules. The control module requirements for Node ‘32 are
identical to those of Node 70. Figures 6—26 through 6—31 describe the software

executive functions .

6 .6 .2 .3 .2  Operational Modes. These m odules format data for disp lay and out-

put those data periodically to Node ~l for display. They operate on the files shown
in Table 6—12. These files contai n the same information as their counterpart s
in Node 70. Figures 3-32 through 6-~3 )  describe the operational modules.

13 .6 .2 .3 .3  Test an~ Recont ’i~~ ration Modules. ~ode ‘32 executes a self—t est

pro~’rar~ every minor  cycle and reports the n sult s  to Node 90 by mean s of a

sel f—tes t  output mess~~ e. Figure 6—6 1 describes thi s module.

6 .6 .2 .3 .4  Node ‘32 Description. Nod e ‘32 represents the operator display por-

tion of the system. Thi s node receives data from the bus and displays it without

modification. It receives data only from Node ‘31 according to the message fo r-

mats specified in Table 6-11. The actual imp lementation of Node ‘32 is dependent

on the display hardware available and is presently being implemented by 502.

Formal documentation is presently unavailable. For thi s reason , Node ‘32 is

not fu rther described . It does , however , perform the same self-test function

as Node 31 every minor cycle and sends the resultant message to Node 90.

6—37
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TABLE 6-9. NODE 82 INPUT ~~~SSAGES

SRC RCV WORD S PE RIOD cyc WORD
NODE 

ADR SECOND M C  COD E COUNT

* 21 30 6 0 3
* 30 6 400 40 0 20 U
* 30 7 3600 160 0 32
* S 0 32
* 9 0 32
* 10 0 32
* 11 0 32

12 0 32
* 30 30 3 0 3

70 16 1240 50 0 19
* 17 0 21

0 21
• 70 19 1300 2000 0 30

20 0 30
21 0 30

70 22 320 1000 1 32
70 23 100 2000 2 11
70 30 16 0 16

* 90 30 0 3
10’3 24 8 1000 4 8
123 30 3 0 3

* 124 30 40 0 20
* 125 30 40 0 20
* 126 30 40 0 20

1

6 —3S
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TABLE 6-10. NOD E S2 OUT PUT MESSAGE S

DEST XMT WORD S PERIOD CYC WORD
NOD E 

ADR SECON D ~I~~ C CODE COUNT

21 30 6 0 3
- . 30 30 3 0 3

* 70 30 14 0 4 14
70 30 25 0 5
-31 5 4000 500 0 32

* 6 0 32
* 7 0 32
* ‘3 0 32
* 9 0 32
* 10 0 32

11 1 16
* 90 29 160 50 0 e

1
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Figu re s 6 -26 through ~i- ,31. Node ‘32 Execu tive Functions
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MODULE NA M E I  I N I T I A L I Z E  D I S P L A Y  S Y S T E M

G A l A  REQUIRED

NONE

D A T A  PRODUCED

NONE

I N IT I A L I Z E  OISP~.A Y S Y S T E M

T H I S  P R O C E S S  15 A C T U A T E D  R Y  A POWFR ON C O N D I T I O N
( I F  ~~) S S I B L E I .  II 111*05 P R O G R A M S  AND P R E S E T  D A T A
D I S P L - ~Y S Y S T E M  F R O M  TH E BUS AND 511’ S THE N E C E S S A R Y  I N I T I A L  V A L U E S
V A L U E’ . i r  ~1 S Q  I N I I I A I U 5 T I l E  I N T E R R U P T  S T R U C T U R E
A- N D S C h E D U L E S  T H E  O U T P U T  P R O C E S S I N G  A N D  S h E  T E S T  I 0 0 0 L E S .
F I N A L L Y ,  IT  C A ILS THE “DIS P A T C H ”  MO DULE
T O  I N I T I A T E  P R O C E S S I N G .

END

Figure 6—26

.IO O U L E N A M E !  I N T E R R U P T  H A N D I E R

D A T A  R E Q U I R E D

T Y P E  JF E V E N T  ( E ~~ l E R M A L  OR BUS I N P U T )

D A T A  P RODUCED

• NONE

I N T E R R U P T  HANDLER

T I l l ;  F ’ J N C T T J N  S A V E S T H E  S T A T F  OF T I-Il ‘IA C H IN E AND T R A N S F E R S
C O N T R O L T 3  HE P~~1P ER I N T E R R U P T  R E S P O N S E  MODULE

L~~
C (  J U T  A L L  F U R I H E R  I N T E R R U P T S

S A V E  P R - J G R A l  CT R
S A V E 1AC ~ ~1 IN1E~~S
S A V E  R E G I S T E R  C O N r E N I S
CA S E  ? N T E R R ’JDT T Y ’ E  I E X I E R N A L  DR BUS I N P U T )

“ E R T E R N A L  I N T E R R U P T ”
“ R E A D ”

E N D C A S E
R E S T O R E  M A C H I NE S l A T E
E N A B L E  I N T E R R U P T S
T R A N S F E R  TO P R O G R A M  : TR

END

Figure 6-27
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MODULE NAME!  D I S P A T C H

D A T A  R E Q U I R E D

I N I T  F l A G  (I N I T I A L L Y  P R E S E T  TO O)
NE~~_ M INOR _ C Y C L E  _ F L A G
P E R I O D I C  P R O G R A M  ~~A R A M E T E R S
— S T A CK _ P O I N T E R
— D E P T H _ OF ST A C K

DATA PRODUCED

NONE

DISP ATCH

T H I S  P R ) C E S S  C A L L ;  A L L  T H E  P E R I O D I C  P R O C E S S E S
E~~E C u r E o  3Y THE Z— 2. I T i S THE L O W E S T  P R I O R I T Y

P R O C I S S  A N D  IS P R E — E I PT ED BY A L L  I N T E R R U P T S .
I T  R E P E A T S  F O R E A C H  ‘ I IN J R C Y C L E .  P E R I O D I C  P R O C E S S
~~~E P R I I R I T I 1 ED  RY  T H E I R  P O S I I I O N IN THE S T A C K .

D O W H I L E  PO .4 1~ I 1H
IF 4E . _ 1IHO Q _ C Y C L E _ F L A ~ E D  I AND I N t l _ F L A G  E D I

THE M
S E T  I E , ~ _~1 t ’ 4 1 R , r C L ~~ _ F L A  T O O
IL~W H I L E S l a : ’  ‘l -; i

M I T I A L I 1 E  M A C I I ’ h E S h A l E  F O R  EA C I I  P E R i O D I C  P R I C E S S .

~~~
•4 S T , A , ’( ~ N T R Y  POIN TS Ti A -3UF~~E~, A~~EA C J N T A I N I N S

‘ d T I A L l ’ ~~ T L J ’ 4  ‘ A ~~ Y’ F T E ~~ S .
A L L  PR o C E S S  R~~~~~E;E HTED 3 Y  ;T~~C~ cI 4 T R Y .

EMD DO
END IF

E H 000

E N D

Figure 6-2~~

N

MODUL E N A M E !  R E A D

D A T A  R E Q U I R E D  
—

INP UT M E S S A G E  ( A S S U M E D  TO if L O C A T E D  IN 1. 11. BU F F E R )
1* 5111 OF M E M O R Y  B U F F E R  L O C A T I O N S  FOR E A C H  R CV A D R E S S .
TA 5 1 I E  OF B U F F E R  L E N G T HS FOR E A C H  R C V  A D D R E S S .
I N P ’ J T  RE S A G E  R C V  A D D R E S S

D A T A  PRODUCED

IN PUT M E S S A G E  IN R C V  A D R E S S  B U F F E R

Figure 6— 29
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R E A D

1dI ~ M O D U L E  IN P U T S  M E S S A G E S FR OM THE I N T E R F A C E  MOD ULE

R E A D  R C V  A D D R E S S
IF 5 U U R C E  MO DE EQ MODE ~ l
• THEM
• A C K N O W L E D G E  INPUT
. ELSE
• IF RCV A D D R E S S  (0 30
• . THEN - —

IN PUT THREE ~OR0 S TO RCV A D D R E S S  30 M E S S A G E  B U F F E R
A C KM O , d LEO GE INPUT
C A L L  “ COMMA N D P R O C E S S I N G ”  MODULE- . E L S E

, . T R A N S F E R  M E S S A G E  T O  A P P R O P R I A T E  INPUT B UFFER
A C K M O d L E D G E  INPUT

. ENDIF
ENO IF

-T 
END

FIgure 6-30

MODULE MAME I  W R I T E

D A T A  R E Q U I R E D

~~~ W I S S A G E  A D O R E S S
T A B L E  IF 3U F F E ’  L O C A T I O N S  FOR EA C h - I  X M T  A D D R E S S
T A B L E  OF  B U F F E R  LENGTHS FOR E A C H  X M T  A D D R E S S

• DA T A  PRODUCED

r J ) T P J T  M E S S A G E  TO I N T E R F A C E  M ODULE

W R I T E

T H IS F J N C T I O N  O U T P U T S  1-I F S P E C I F I E D  ‘IESSA GE
TJ THE I N T E R F A C E  I ODJ I E .  I T  W A I T S  FO R A N A C K N O W L E D G E  —
F I R  A P E ’ I FI F D  P E R I O D  OF TI ME. NONE O C C U R I N G
E R R O R  C O N D I T I O N  IS N O T E )  IN THE S T A T U S  d ORD.

END

FIgure 6—31
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TABLE 6-12. NOD E 82 DATA FILES

TRACK FILE (Contains current positi on of all targets)

— Track lD
— FixilD
— Fix 2 I D
— Fix 3ID
— Target Latitude (2 word s)
— Target Longitude (2 words)
— Target Grid Coordinates (U) (2 words)
— Target Grid Coordinates (V) (2 words)
— Bearing
— Target Velocity
— Target Classmcation
— Display Cue

FIX FILE

— Contact ID
— Fix iD
— Fix Latitude 12 words)
— Fix Longitude ~2 words)
— Fix Grid Coordinates (U) (2 words)
— Fix Grid Coo~ Iinates \ ‘) 2 words)
— Classification
— Display Cue
— X Display Coordinates
— Y Display Coordinates
— Time of Fix (2 words)

SONOB UOY FII.~E

— Sonobuoy ID
— Grid Coordinates (U (2 words)
— Gri d Coordinates (V) ç2 words)
— Vecto r Endpoint tU ) (2 words)
— Vector Endpoint (V) (2 words)
— Tinie of Update (2 words)
— Display Cue
— X Display Coordinates
— Y Display Coordinates

REFERENCE MARK FILE

— Reference Mark ID
— X Display Coordinates
— Y Display Coordinates

?
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Figi,ires I -32 throug h 13— ’30. Node ‘- l  Operational Functions
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NADC— 79 16 1—40

MODULE M A M E Z  D I S P L A Y  OUTPUT P R O C E S S I N G

D A T A  R E Q U I R E D

T R A CK F I L E
F I X  F I L E
SONO BO UT F I L E
OWN A / C  ~A R A 1 E T E R  B UFFER
I E R T  F I L E
P T R S ,  I N D I C E S .  F I L E  P A R A M E T E R S ,  ET
R E F E R E N C E  M A R K  F I L E

D A T A  PRODUCED

U P D A T E S  II— O U T P U T  B U F F E R S
RUF _ B ( T R A C K  F I L E —  3) W O R D S )
B UF _~ ( H O O K ,  A / C ,  AND V E C T O R S Y M B O L S  — 30 W O R D S )
RUE _ ID ( F I X E S ,  S G M 0 3 0 UY S ,  AN D R E F E R E N C E  M A R K S  30 WOR DS ;
3U F _ 1L ( T E X T  F I L E  — 15 W O R O S )

O I S P ~~A Y  O U T P U T  ? l i C ~~j S I N G
T I I S  M - J O J L E  i~’ ) A T [ S  T~~ L HS’ l I T ~ J B — a O C R E S S E S  8,  9. 1 3 .  AND 11
N THE F O R M A T  IES R I - 1 E 0  T~ T A B L E  b— _ — , A N D  T R A N S M I T S  T I-lEN E V E R Y
M I ~ I - ~ R C Y C L E

‘ii CC~~ l À —  b I O - J ~~ ~~i S t T t i 1 .
I14 -~ T ~~hJ Y D I S P L A Y  : 0 — O R D I N A T E S  OF 40 0K IN W O R D S  I AND 2 OF -3 U F F E R

3 L O C ~~ E l —  A /  P O S I T I T h
R A D  \ / C  ~ I S t T I T h  C O — U R O  F R Y  J~~N A C  P A R A M E T E R  B U F F E R

C 5 H - J E~~ E TO Y .Y  O N P L A Y  C - 3— O ~~-J

R 3 l t & 3 I H , ,  ~ R ) i  -~~~ H A / C  P,h -’~~M E T E R  B U F F E R
C J N V ~~-~ T’ J i : • , — : J S  D I F L A T  F J R ~~A T
t 4 ~~L a T ? J S I T I  IN A N D  H E A D I N G  D A T A  IN W O R D S  3 ,4,5,6 iF BUF _~

-3 1 O C - ~ IC — V E C T O R  I N F O R M A T I O N  ( B E A R I N G  L I M E S  F R O M  O T F A R  S ONOB 0UYS )
SET I Ti I
S E T  ~ O R 0 S  7 THRU 30 OF IJ F _ 9 TO 0
S E T  j  T O 7
DOUH ILE I L I NUM _ SO N O B O J Y S  AND 3 LI 30

IF NE 4 _ SONII _ F L A G ( I )  NE 0
• . SI T ‘ I EW SO NO _ F L A G (  I )  TO 0
• - I F  V~~C T U R  E N D P O I N T S  FOR E N T R Y U )  ME 0 ,3

• • C O N V E R T  W E T C R  E N D P O I N T S  IN ENT ~~Y ( I )  TO X , Y  D I S P L A Y

- - . C l — O R D I N A T E S
• . • I N S E R T  14 3U F _~ AS / ‘C I O R  E N D P O I N T  D A T A  ( W O R D S  34 -2 ,  3 + 3 )
• . . C O P Y  S O N O B O UY  P O S I T I O N  C 0 — O R D  I N T O  B UF _ 9 AS V E C T O R  S T A R T  P O I N T
• . . D A T A
• - . ( W O R D S  J~ 3 + 1 )
• • . SET V ECT O R E N D P O I N T S  IN S Q NO BO UY F I L E  TO 0 .0
• . . I N C R E M E N T  3 BY 4
• . E M O T E
- ENDIF

I N C R E M E N T I
€ N 000

Figure 6—32a
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MADC—79 16 1—40
BLOC K 2— JP O A T €  BUF _ 8 ( T R A CK INFO )
S E T  SUE _ B TO 0
S E T  I TO 1 -

S E T  3 TO I
DO W H IL E I L I MUM _ T R A C K S
- IF D I S P L A Y  CUE I F T R A C K  F I L E  E N T R Y ( I )  ME 0
• - C O N V E R T  P O S I T I O N  Q— O RD OF T R A C X ( I )  TO X , 1  D I S P L A Y  C O — O R D- . SET D I S P L A Y  CUE TO 0. . -J N V E R T  T I M E — O F — U P D A T E  TO A L P H A N U M E R I C S
• . IN S L R T  CO—O R D AND T I M E  OF U P D A T E  IN W O R DS 3. 3.1. AND 3+2 OF
- • BUF _ 8
• - N C R E M E N T  3 B Y 3
• END IF
• I N C R E M E N T
ENDDO

3 L J C K  3— J O D A T E  BJF _ L 0  ( F I X .  S D M O B D U Y ,  AND R E F E R E N C E  M A R K S )
S E T  3 TO 1

3 L0 C~ 3A ( S - ] NO B IJ I J Y  F I L E )

S E T  1 T i
‘S E T  )- J F _ 10 TI 0

3OWHI LE I LE N U M _ h J M O 3 O J Y S  AN D J L E 30
- IF 1E.i Sf l M O _ F L A ( I )  ‘IT 0
• . SET NE W , SO NO F L A G (  1 ) TO 0
• . C O N V E R T  S I M O ! O J V  ID I N  ~ N T R Y U )  T O  M E M O R Y  A D O R~~SS (40 T H R O U G H
• . 12 7 )
• . I N S E R T  M E M O R Y  A D O R E ~~ C IN w O R D  3
• . I NS E R T  X ,Y D I S P L A Y  C O — O R D I N A T E S  ( N  W O R D S  3 AND 3 + 1

• C O I J r R T  D I S P L A Y  C iT  T I  S Y M B O L  CODE
• . I N S E R T  S Y M B O L  OD~ IN IRD J +~
• . IF D I S P L A Y  JE I N D I C A T E ;  S O N O B O U T
• . • T H E N
• . . IF h E A R  T Y ~~E
• . • . TH EN- - . . S I T  ro C H A R  I T i  “Ce

• . . . E L S E
• . . . S E T  I D  C H A R  1 II) ‘ L ”
• - . F M D I F
• . . : -JNV E R T  S O ’ I O B O J Y  ID TO T W O  D I S I T A L~~H A N U M E R I C  C ‘O F
• . . I N S E R T  A L P H A N U~~E~~I C S  IN ID C H A R  2 ,3

• . S E T  T IME A L ’ I - I A N U M E R I C S  TO B L A N K S
• . . E L S E
• . - ( C O N T A C T  O R A C ( N O W L E G E D  C O N T A C T )
• - . C O N V E R T  NT A C T  ID TO TW O D I S I T  A L P H A N U M E R I C  C O O T- . . SET ID C H A R A C T E R S  1 AN t ) 2 IN BUF _ LO TO ID
• . - SET ID C H AR 3 TO BL ANK
• - . S E T  T I M E  A L P H A N U M E R I C S  TO T I M E — a F — U P D A T E
• . E M O I F
• . IN C R E M E N T  3 BY ‘,

• END IF
• IN C R E M E N T  I
EN000
S ET I TI) 1
DOUHILE I L E MUM _ F I X E S  AND 3 LI 30
• IF ME W _ F I X _ F IA G ( 1 )  NE 0- . S E T  N E W _ F I X _ FL A G ( I )  T O  D
- • CO N V E R T  F I R  ID TO M E M O R Y  A D D R E S S
• - I N S E R T  ‘ 4 E M O R Y  A D D R E S S  IN W O R D  3
• . I N S F R T  X , Y  D I S P L A Y  C O — O l D  IN w O R D S  3 AND J + L

• CO N V E R T  D I S P L A Y  C J E  TO YIIBO L C O D E
• . IN S E R T  SY M B O L  CODE IN W O RD 3 + ?- . C O N V E RY  F I X  ID TO ? D I G I T  A L P H A N U M E R I C

• S E T  ID C H A R A C T E R S  1 AND 2 TO F I X  ID IN WORDS 3 + 2 .  3+3
• - S E T  10 CHAR 3 T O  3 L A N K
• . S E T  T I M E  A L D P4A M UME ~~ I CS  T O  T I M E  O F F I X  ( W O R D S  3 + 4 ,  3 4 - 5 )
• . I N C R E M ~~dT 3 1r

Figure 6—32b
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1
• ENO IF
• I N C R E M E N T  I
EN000
S E T I T O I
D OWH ILE I L E M UM EF ERE’ I T S  AND 4 LT 30
- IF NE W _ R E F _ F L A G ( [ I  M E D
• • S E T  ‘ IEW _ R E F _ F L A G ( I )  T O )
• • C O P Y  *.Y D I S P L A Y  O —ORD INTO W O R D S  3 AND 3 4 1
• • S E T  ID C H A R  1 TO RN
• • S E T  I) CHARS 2 AND 3 T O  R E P R E S E N T  “ I”
• . S ET  T I M E  & L ’ HA MUME ~~IC T J  B L A N K S
• • IN C RE E1eT 3 BY ‘~
• ENDIF
• rNc RE~qE-N r I
EN OD O

-3 L I C (  4 — J~~D A T E  BUF _ I l  T E~~1
IF r A c _ M A 1 _ ) I S p I A Y  F L Y  NE ~i
• THEN

• S E T  I T O  L A S T _ :HA R _ (1 JT
• S E E  3 T J  L A S V ,, 1 _ P J S I T I 3 N
- S E T  K T O  I
• S E T  3 : iF ~~~~1 T O  A L L  3 L A M K ~
• D OW )- 4L LE ~ L E L A S T _ C H A R _ lU A N D  3 L E  23
• • I F  T E X T  C H A R T  T I  E D  C J N E R O L  C H A R

• • - THEN
• • • CA S E  C C U T R O L  :~~A R A c T E p
• • • • C A R R I A O E  R F T J R N

• • • • — S E T  3 T Q  ‘ Q
• • • • 3 A C K S ~~ -~C E
• • - - — S~~T 3 Ti M A I (J— l ,I, )

• • • • — S E T  K T O  M 1 (  (K—j ,,l )
T I l E  iL~~N< : I4AR 19 ~~~H l I F T E R  ~ O S I T 1J N

• • - • E R A S E  L I N E
• • • • — E N T E ~ ILAN ’c s IN
• • • • — S I T  3 T~~ ~~
. • • • — D E C R E  ~ T ’ l T  E _ PTJ S~~ l~ IT DEL _ V

• • - E N D C A S E
• • • E L S E
• - • C O P Y C A R  T O  I I I F E R  P O S ! T I T N
• • . I UC ~~EM E’ 1 I 3
- . • ~~l : R E M E p ( 1  I A S T _ ( _ ’ J S T T I i N
• • • i U ’.~~ E~~ E 9 T  K
• • ENDIF
• • IUC RE’ IENT I
• EN0 00
- N S E R T  L A S T _ X _ ’ O S T T I i N .  Y _~~O i I t I 3 N  N W O R D S  1 A N D  2 IF 3J F _ L [
• IF 3 E3 ?~
- • TH EN
• - S E T  L A ST _ * _ P O S I T I J N T O MI~ _ 1
• • I N C R E M E N T  Y ? ~J S I T I O M  B Y D E L _ V
• • IF Y _ ’ J S I T I l N  ST M A X _ Y
- • • THE M
• • • SE T  V _ P O S I T IO N  10 M I+4 _ Y
• • E M O t E
• • E L S E

- SET L A S T _ X _ 3 )S I T I J I I  TO L A S T _ R _~ I ) S I T IO94 -J X DE L _ R - —

• EM DIF
END IF

END

Figure 6—32c
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-: NA DC—79161-- hM
MODULE MA M E I  COMMAND P R O C E S S I N G  ( D I S P L A Y )

D A T A  R EQUIRED

C~~~MA N0 ID
F I R  F I L E
T R A C K  F I L E
SO NO BD UY V I L E
R E F E R E N C E  M A R K  F I L E
T E X T  F I L E
P O I N T E R S .  I N D I C E S ,  FILE P A R A M E T E R S
C E N T E R _ OF _ D I S P L A Y  V A R I A B L E
I R A C K _ I N I E R R O G A  TE _ N U M B E R

D A T A  PRODUCED

NONE

C O M M A N D  P R O C E S S I N G  ( D IS P L A Y )

• T I l T S  TJ ~ ~L E ID E N T I F I E S  T I E  I N ? J t  5 J M Y A U D  AN D C A L L S  T H E  ~ R O P F R
S I R / ICE R O u T I N E .  I T  I S  R C T I V A E E )  ‘~Y T H~ “ R E A D ”  CO M M A N D  UPON

~ E E ?N O N  IF A N  .‘u S F 9 C I R J U ~~U S E S S A G E .

C A S E  5 J ’~”~~~t~ I l
• Y ’ ! S’ ~ . A Y  I’I I T A
• I- .~ I 5 ~~L~~ r C 1 N Y I S i~~ I
• S ~ L -‘ 4  AU - ) F IC I
• ~T E E - ~R T~~~’~~C A L  P L O T A
• Y_ :~~ - 4 

~ L E 1 ; L C i - 4 T A C T I
• S~~[~~’~~ 1 l C 2  M I - ~~~A
• S C L E , i ?  T E ~~~ 1

• ~~~A /  1 4 1 1 1

• SM. I ~~ K T I l t s
• LR~~tt D E A T / L O N G S
• I E u T E~ T 1 1
• S T R A C ( I N T E R R O G A T E I

• . Y M F E R  F 1 Y A
• Y C R J P  SO’1 S~~f l U V %
• I O E S T R O Y  F I R S
• IOE T R T J Y F T P S
• IT N ’ I INA IE  NA y S
• IlIAD R E — E M I T S
• A M A D  D I S P L A Y S
• S~~C T I ’ / A t E  T I P S
• P1*) D I S A B L E S
• S C O M M  I N I T S
• S CJMM T E R M S
• SNE W MINOR C Y C L E S
EN O CASE

END

FIgure 6—33
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NADC—79 16 1—4 0
DISPLAY EMIT

SET OI SPLA Y _ INIT ._ FLAG TI) 1
SEND NNORTH UP NODE INITIAT EN C’~D TO DISPLAY NODE ~2WRI TE NMAV INIT” MD TO NODE 70
SET CE NTE R .,OP _ DISPLAY ID PRESET LATILDNG
INI TIALIZE FILE srRuc TU~ ES
SET T R A C K .JNTERROGA TE _ NLJ NBER TO I

END 
-

DISPLAY CON F IGUR E

SET TA C /NA V _ DISPLAY _ FLAG 10 1
S E T  SA D _ 1_ R E _ I N I T _ F L * G I F )  1
SET SA D _ 3_ T E X T.~FLAG TO 1

END

Figure 6-34

ALPHANUMERIC

t H I ~i MODUL E A CCE PT S TEXT OR CONTROL CHARACTE R S AND
APPEND S THEM TO THE T E X T  FILE

APP END CHARACTER II IE X T FIL E
INCREMENT LAST _ CHAR _ IN

END

Figure 6—35

CLE AR TACTICAL PLOT

11415 MODULE CLEARS ALL FIXES, REFERENCE MA RXS. VECTORS. AND TEXT
FROM THE TAC/ NAW DISPLAY 

-

RE _ E N T IAL IZE FIX FILE
PRE—I N IT IAL IZ E TEXT F I L E
RE— INITIAL l iE  REFERENCE IARI( F II. E - — —

SET NEw _ FIX _ FLAG VECTOR 10 0 LENGTH
S E T  NEW _ REF _ FLAG VECTOR TO 0 LENGTH 

______

SET L A S T _CHAR _ IN TO I — _____“-

~~~~~ 

-

SET ALL COMPONENTS OF NEW _ SONO _ FLAG 10 1
WRITE DEDICATED MEMO RY ERASE COMMAND TO NODE ei
WRITE NON DEDICATED MEMORY ERASE COMMAND TO NODE at - — - -  —

END

FIgure 6—36

6—51
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M~DC—79 16 1—4O
ACKNOWL EDGE CONTAC T

WR ITE RAC I(NOULEDGE CONTACT N COMMAND TO NODE 70
DATA WORDS UE HOOK X,Y POSITIONS 

—

END

Figure 6-37

REF ERENCE MARK

ENTER REFERENCE MARK ID IN REFE R ENCE MARK FILE
ENTER X DISPLAY C3—ORD
ENTER V DISPLAY CO—ORO
APPEND A NLN TO NEW _ R E F _ F L A G  V E C T O R

END

FIgure 6-38

RECENT ER

C ALCULATE MEW CENTER _ 0F _ I~I5PLAY (IATFLONG) FROM
HOOK POSIT I O N AND OLD C E N T E R _ OF _ DISPLAY
S END NR ECENIER L A T E  COMMAND TO MODE 70
( DA IA  WORDS AR E LA T I T U D E )
SENT N R E C EN T ER LONG” COMMAND TO NODE 70
( D A T A  WO R DS AR E LONGITUDE

• SET I TO I
DOUHILE I L E MUM _ F I X E S
• J PD A TE X, Y DISPLAY C O—ORD OF E N T R Y ( I I  - -  --

• S E T  M E W _ FIX _ F L A G ( I )  10 1
EN000
SET I TO 1
DOUHILE I LE NUM _ SONOBOJYS
. UPDATE X . Y  D ISPLAY CO — ORD OF ENT RYI I )
• SET NEW _ SONO _ FLAG I E )  TO I —

ENODO
SET I T O I
DOWNIL E I I.E MUM _ R EFERE NCES - - - — —

• UPDAT E X , Y  D ISPLAY CO— O RO OF ENT RY ( I )
• SET NEW _ REF _ FLAG I !) 10 1
EM000 -

W RITE “DEDICATED MEMORY E RASE ”  C OMMAND TO NODE Si
WRIT E “ NON—DEDICATED MEMOR Y ERASE ” COMM ANO TO MODE IL

END

• FIgure 6-39

6—52
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NADC— 79 161—40

CLEAR TEXT

• R E — I N I T IA L I T E  T E X T  FILE
SET L A S T _ CHA R _ IN 10 0
W R I T E  “ 140 N—OEDICA T EO MEMORY ERASE ”  COM MANO TO D ISPLAY—N O DE SI - -

END

FIgur e 6—40

• NAY INET

WRITE W P4A V IN IT” OMMANO TO NODE 70

END -

4 Flgure 6—4 1

COMM 1MEV

.~~I1E “CO MM ( M I T ”  CO MMAND TI) 4 30E  21
JS~ ~~ E S E 1  I ’ I L T I A L I Z & I I O M  Q A T ~ FOR D A T A  W O R D S  1 A ND 2

END

Figure 6—4 2

COMM (ElM

W R I T E  W COMM 1~~lM” COMMAND TO NODE 2 1

END

Figure 6—43

I. 6—53
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~~A.DC—79 16i—40

MARK TIME

WRITE “MARK TIME” COMMAND TO MODE 70

END

Figure 6-44

READ LAT ILOMG

A P P R O X I M A T E  LATILO NG FROM 1400K POS IT ION AND CENTER _ OF _ DISPLAY
C O N V E R T  TO ALPHANUMERICS

- 4  APPEND A LPHANUM ERICS TO TEXT FILE
UPDATE L A S T _ CHA R _ IN

END

Figure 6—4 5

ENTER FTP

W~~1tE “ ENTER F T P ”  COMMAND TO NODE 70
(HOOK P O S I T I O N S  AR E D A T A  W O R D S )
E NTER F T P  AND HOOK P051110145 IN REFERENCE MARK FILE
APPEND A “1” TO MEW _ R E F _ FLAG VECTOR

END

FIgure 6—46

6—54 • -
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N~tDC— 791 61—40

TRACK INTERROGATE 
- -

• — . THIS ROUTINE BRINGS THE T R A C K  SYM BOL UP ON THE T A C I N A V  DISPLAY
• AND PROVIDES POSITION, HEADING, ANO VELOCITY INFORMATION

• ON THE SA0 _3 DISPLAY • A SE QUENCE OF “TRACK INTERROGATE” COMMANDS
W ILL GIVE INFORMAT ION ON EACH TARGET IN TURN. AFTER THE LAST
TARGET IS IMTEPR0GAT ED, THE COMMAND WILL RETURN OPERATION TO NORMAL

- - 

IF TRACK _ INTERROGA TE _ NUMBER EQ MUM _ TRACKS

• • THEN
• SET TRACK _ I N T E R R O G A T E _ NUMBER TO 0 - - •  - —

• ELSE
• INCRE MENT TRACK _ INTERROGATE _ NUMBER BY 1
ENDIF

- IF TRACK _ I N T E R R O G A T E _ NUMBER NE 0
• THEN

- • SET DISPLAY CUE OF TRA K ENTRY (TRACX~.INTERROGATE _ MUMSER ) TO “TARGET” - -

• SET UP TARGE T T A B L E A U  IN SAO _ 3 OUTPUT BUFFER
• — T A R G E T  ID
• —LATITUDE _ _  - -  -

• —LONGITUDE
- • —U GRID CO—ORD

• —V GRID CO— O RD _ _  - - -

- . — S E ARING
• • — V E L O C I T Y  

• — C L A S S I F I C A T I O N
• CONVERT T A R G E T  P A R A M E T E R S  IN TRAC K FILE
. ENT!YI TRAC K _ INTE RRO GA TE _ NUMBER )

• . TO ALPHANUMERI CS AND ENTER IN OUTPUT BUFFER - •

• E LSE
• SET SAD _ 3_ TEXT _ FLAG 10 1
END IF - -. -- —

END

Figure 6-47

E NTER F IX

SEND “ENTER F I X”  COMMAND TO NODE 70
( D A T A  WORDS ARE X .Y  HOOK P O S I T I O N S )

• END

Figure 6-48

• DROP SONOSOUY

WRITE “DROP SONOBOUV” COMMAND TO NODE TD
(MO D A T A  WO R DS )

END 

Figure 6-49

t !~ 6—55
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NADC— 79161~-40
DESTROY FIX

S END “ DESTROY FIR” COMMAND TO NODE 70
( DATA WOR DS ARE X. Y 1400K POSITIONS )
S E T I TO I - - -

SET FIND _ FLAG TO 0
DOVI4ILE I I.E MUM_ F I X E S  AND FIND _ FLAG EQ 0
• IF HOOK POSITI O N “CLOSE ENOUGH” TO FIX POSITION -

• • SET FIND_ FLAG TO I
• • REMOVE E NT R Y ( I )  FROM FILE
• • REMOVE C O M PDN ENT (T )  FROM MEW _ FIX _ FLAG VECTOR
• • SET ALL NEW _ FIX _ FLAG COMPONENTS TO 1
• • SET ALL NEW _ SONG _ FLAG COMPON ENTS TO I
• • SET ALL NEW _ REF _ FLAG COMPON ENTS TO I
• • WRITE “ERASE DED iCATED MEMO RY” COMMAND TO NODE 51
• ENOIP
• INC REMENT I • - -  - — -

EN000

END - - •

-~~ Figure 6—50

DESTROY FTP

SEND “DESTROY FT P” COMMAND TO MODE 70
• ( D A T A  W ORDS ARE X . Y  HOOK POS I T IONS )

SET I TO 1
S E T  FIND _ FLAG TO 0
DOW NI LE I LE NUM _~ E F E R E N C E S  AND FIND _ F L A G  EQ 3
• IF (400K 0OSITIOM “CLOSE ENOUGH” TO FTP POSITION
• • SET FIND _ F L A G  TO I
• • REMOVE E N T R Y ( I )  FROM F ILE
• • REMOVE COMP3N ENT ( I )  FROM M EW _ R E F _ F L A G  V E C T O R  — -

• • • SET ALL NEW _ R E F _ FLAG CO MP O N ENTS TO 1
• • SET ALL NEW _ SOMO _ F L A G  COMPONENTS TO I
• • SET ALL NEW _ F I X _ FLAG CO MPONENT S TO 1
• . W R I T E  “ ERASE DEDICAT ED MEMORY ” COMMAND TO NODE 51
. ENDIF

L . INCREMENT I -

ENODO

END

Figure 6—51

I i
T ERMINATE NAY

S END “TERMINATE MAy” COMMAND TO NODE 70
NO D A T A  WORDS

END

Figure 6—52

6-56
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MAO RE _ INIT

S END “MAD RE _ INIT” COMMAND TO NODE 70
(NO DATA WOR DS)

- _ END

• • FIgure 6—53

MAD DISPLAY

• 
• SEND “MAD DISPLAY ” COMMAND TO NODE 70

(N O DATA W ORDS )

END

FIgure 6-54

ACT IVATE ElF

SFND “ A C T I V A T E  FRP” COMMAND 10 NODE 70
(MO 7 A T A  WQ1~? S1

END

Figure 6— 55

MAO DI SA B LE

SEND “MAD DISABLE ”  COMMAND TO NODE 70
(NO DATA WORDS)

END
STRUCTUR E

t NEW MINOR CYCLE
S ET NEW _ M INOR _ CYCL E _ FLAG TO I

END -

FIgure 6—56

I ~

j  

~~~

‘ 
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MODULE NAM E: SADI UPDATE

DATA REQUIRED

F T P _ FLAG
SAD _ 1_ RE _ INIT FLAG

4 OWN A/C PARAMETER BUFFER

DATA PRODUCED

SAD L OUTPUT BUFF ER
—16 LINES (64 ALPHANUMERIC CHARACTERS EACH )

SAD 1 UPDAT E

THIS MODULE EXECUTES APPROXIMATELY EVERY SECOND

IF FTP FLAG ED 1
• • THEN

• IF SAO _ 1_ RE _ INIT _ FLA G E Q 1
• • (INITIALI ZE SADI BUFFER FOR STRAIGHT LINE FLIGHT PATH)

• • SET LINE 1 TO “ NAVIGATION INFOR MATION ”
• • SET LINE 2 TO BLANKS
• • SET LINE 3 TO “STRAIGHT LINE FLIGHT PATH” •

• • SET LINE 4 TO A LL PLANKS
• 

• • SET L IN E 5 TI) “LATITUDE : 
_______

OEG ; 
_______

MIN”
• • SET LINE 6 TI) “LONGITUDE : _ ___ D E G ;  

_______
MTN •’ --

• • SET LINE 7 10 “HEADING : __ ___ DES; MIM
• • SET LIM E 3 TO “AZIMUTH : 

___ ____
O E G ;  

___ ___
MIN”

• • SET LINE ‘7 TO “BEAR ING TO DESTINATION; _______ DEG
• • SE T LI M E 10 TO “RANGE 10 DESTI NAT ION : NM”

• 
• • S 1ii~ 1) TO “TI M E TO SO: __ __ __
• • SLT LIM E 12 TO BLAN K S
• • SET LIME 13 II) OLA N K S
• • SET LIME 14 10 BLANKS
• • SET LINE 15 TO “TIME: ______ NRS ; 

_ _ __ _ __
MI N; _____ ..._ SEC”

• • S E T  SAD _ 1_ RE _ IMIT FLAG TO 0
• ENDIF
• READ AP PRO PRIAT E INFORMAT ION FROM OWN A /C  BUFFER

• • CONVERT TO ALP HANUMERICS
• UPDATE PROPER LINE S

• ELSE - - -•

• IF SAO _ 1_ RE _ IN II _ F L A G  E Q 1
• • (INITIALIZE SAOI SUFFER FOR CIRCULAR FLIGHT PATH)

• • . SET LIME I TO “NAVIGATION INFORMATION” - -

• • SET LINE 2 TO BLANKS
• - • • SET LIN E 3 TO “CIRCULAR FLIGHT PATH”

• - 
• • SET LINE 4 TO B LAN KS • — - - - - -

• • SET LINE 5 TO “LATITUDE: 
__ _ ___

DEG; MIM”
• • SET LINE 6 TO “LONGITUDE DES; 

_______
MIN”

• • SET LINE T TI) “U POSITION : NM” - -

• • SET LINE S TO “V POSITION: 
_______

NM”
• • SET LINE 9 TO “SARO ALT : 
• • SET LINE- 10 TO “ RADAR A L T :  ET” - —

• • SET LINE 11 TO “GROUND S PEED Z __ .~__ .__ KTS”
• • SET LINE 12 TO “TRUE AIR SPEED: ____ _ KTS”
• • SET LINE 13 TO “MACH NUMBER : _______ “

• • SET LINE 14 TO BLANKS
• • SET LINE iS TO “T IME :  ____ __ H R S ;  __ _ ____ M IN; SEC”
• • SET SA O _I_ RE _ INIT _ FLAG TO 0
• ENDIF
• READ APPROPRIATE INFORMATION FROM OWN A/C BUFFER

• CONVERT TO ALPHANUM ERICS
• UPDAT E PROPER LINES
ENDIF

END

Figure 6—57
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MODULE NAM E: SAD 2 UPDATE

DATA REQUIR ED

• CONFIGURATION VEC TOR (FROM MODE 90)
— B INARY VECTOR INDICATING CONDITION OF ALL NODES
—“1” IF WORKING, “0” IF FAILED - -

DATA PRODUCED : - - • - -

SAD _ 2 OUTPUT SUFF ER U PDATE — -

—16 LINES OF ALPHANUMERIC DATA FOR SAD 2
—ONE LINE IS OUTPUT EVERY MINOR CYCLE
—EACH LIN E IS 64 CHARACTERS LONG -

SAD 2 UPDATE
-

~ THIS MODULE EXECUTES EVERY MINOR CYCLE

THE ALPHANUMERICS FOR THIS BUFFER ARE INITIALIZED AS FOLLOWS,
AND ARE ONLY UPDATED WIT H THE WORDS “UP” AND “DOWN”

LINE 1’ HARD WARE STATUS
LINE 71 BLA NKS -

L INE 3 :  COMM ( NODE 21 )
LINE 6 :  lAO (NODE 30)
LINE 5: P4AV (NODE 73)
LINE 5: DI SPLAY (NODE 81)
LINE 7: KEY SE T (NODE 9 2)
LINE 9: CONTROLLER (MODE 90 )
LI NE 9: BUS 1
LINE 10: BUS 2

• LI NES 11 —16 (TOO) —

SET I T O  1
• DOWN ILE I LE 9

• IF BITt!) OF CONFIGURATION _ VECTOR EQ 1 - - - -

• - • • TI4EN
• • APPEND “UP” TO LINE 1.2
• .ELSE -

• • APPEND “DOWN” 10 LINE 1+2
• ENDIF

• EN000 - - -

END

• 
Figure 6—58

¶1
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MODULE NAME ) SAD 3 OUTPUT PROCESSING

DATA REQUIRED

TEXT FILE
L A ST _CHAR _ IN
— POINTER TO LAST CHARACTER ENTERED IN TEXT FILE -

LA ST _ CHAR ,.OUT
—POINTER TO LAS T CHARACTER OUTPUT TO SUFFER
L A S T _ C R  - - -

— NUMBER OF CHAR ENTERED IN OUTPUT SUFFER SiNCE LAST CARRIAGE RETURN

DATA PRODUC ED

UPDATES OF SUE _ i (SAD 2 OUTBUT SUFFER — (MT SUB ADDRESS 7)

- - 4 SAD 3 OUTPUT PROCESSING

THIS MODULE EXECUTES EVERY MINOR CYCLE 
- -  - -

• IF SAD _ 3_ T E X T _ FLAG EQ 1
• SET ALL WORDS IN BIJF _ i TO 0
• SET I TI) I
• SET J TO LAST _CR

• • OOWHILE LAST _ CHAR _ OUT LE LAST _ C H A R _ IN AND I I.E 64
• • SET PTR TI) LAST _ CHAR _ OUT ~ 1 

—- —

• • SET CHAR TO TEXT FI LE CI4A~~(PTR)
• • IF CHAR EQ :ONTROL C HARACT E R
• • • THEN
• • • CASE CHAR
• • • • —CASE I: CA R R IAGE RETURN
• • • • C~~~T 1 8 3 1 _ CR T I) 3
• • • • E MT ~~ C HAR IN BUF _ i(I)

• • • • INC~ EM E N1 I
• • • • —CA SE 2’ BAC KSPACE
• • • • IF LAST _ CR ME OTHEM SET LAST _ CR TO LAST _ CR — 1
• • • • ENDIF
• • • • ENTER CHAR IN BUF _ 7(I)
• • • • INCREMENT I
• • • • —CASE 3: ERASE LINE
• • • • DOWNILE LAST _ CR ST 0 — -  -

ENTER BACKSPACE IN SUP _ i t ? )
• • • . • •  INCREMENT I

OECREMENT LAST _ CR  - -

• • • • EN000
• • • EMOCASE
• • • ELSE
• • • IF L A S T _ CR LE 64
• • • • THEN
• • • • INCREMENT LAST _ CR  — - - -— - -

• • • • ELSE
• • • • SET L A S T _ CR TO 0
• • • • ENTER CARRIAGE RETURN IN SUE _ it !  

- -  — -  -

• • • • INCREMENT I
• • • EMOtE
• • • ENTER CHAR IN BUF _ 7(I)
• • • INCRE M EN T I
• • ENOIF
• • SET L A S T _ CHAR _ OUT TO PTR
• EN000
• W R ITE SUE _ i TO INTERFACE MODULE
E N D I F

END

Figure 6—59
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MODULE NAME ) DISPLAY INPUT PROCESSING

DAT A REQUIRED

IN PUT MESSAGE BUFFERS
— IM _ 6 (RCV SUB ADDRESS 6 OF TA BLE 6~

__ 
— 20 WORDS)

—IN _ i (32 WDS) - - -

—IN _ S (32 WOS )
—IN _ 9 (32 WDS)
—I N _ Id (32 WOS ) - -

— IM LL (32 WDS)
— IN _ 1Z (3 WOS )
—IN _ lb (19 WOS)
—IN _ Il (21 WOS)

• — IN _ iS (22 WOS )
— IM _19 (24 WDS) - -—

— IN _ ZD (2 4 WOS)
— IN _ Zi (?4 WOS )

-~~ — IN _22(32 ‘dOS) - - - -

~ IN _ 23 (20 WOS)

DATA PRODUCED

UPDATES OF
—F [( FILE
—TRAC K FILE - -

—SON080IJY FILE
—TEXT FILE

DISPLAY INPUT PROCESSING

BLOCK 1— ~1AD INPUT (B UFF ERS 6 T4R0 12)

T H IS 3LOCK WI LL AD D N E W  T E X T  TO THE SAD _ B T E X T BUFF EER.
IMP LE MEM T&TIJN IS OE ’EMD EN T ON THE MODIF ICATI O N OF THE
M 8OTA CS PROGRAM.

S tO C K  2~~ MA W I N P U T S  (SUFFERS lb 23)

BLOCK 2 A  — PROCESS IN _ iS
COPY DYNAMIC DATA FROM ?N _ L6 INTO OWN A /C PARAM ETER SUFFER

3LOCK 28 PROCESS IN _ li -

COPY DYNAMIC DATA FROM IN _ li TO OWN A /C PARA METER SUFFER

BLOC K ZC PROCESS IN _ I S • - -  - - -

COPY D YNAMIC DATA FROM (N _ lB INTO OWN A /C PARAM ETER SUFFER

BLOCK 20 — PROCESS IN _ l9. IN _ 20, IN _ 21 (FIX FILE)

(IT IS ASSUMED THAT THE THREE BUFFERS ARE CONSECUTIVE IN MEMORY )

SET I TO 1
DOUHZLE I I.E 5 (6 FIX ENTRIES FILL THREE BUFFERS 
• IF DIS PLAY CUE OF I”TH FIX NE 0
• • CONVE RT U/V CD—ORDINATES OF FIX TO X,Y DISPLAY CO—OlD
• • APPEND K,! DISP LAY CO—O lD TO F i X  DATA -

• • APPEND FIX DATA TO FIX FILE
• • INCREMENT MUM _ FIXES
• ENDIF -

• INCREMENT I
EMDOO 

-

Figure 6—60a

6—6 1

-- •, ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • - ~~~~~~
-
~~~~~~~~ - - -



— -——- — —--— -------- --

NADC— 79161—40

BLOC K ZE — PROCESS IN _U (TRAC K FILE )
SET I TO 1
DOW NUE I LE 2
• SET J 10 1
• DOW H ILE J LE HiM _ T R A C K S
• • IF (TRACK 10 OF J”TH ENTRY IN TRACK FiLE ) EQ (TRACK ID OF i”T4
• • . ENTRY
• • • IN BUFFER 1M 22 )
• • • TH EN
• • • CO’Y I”tI1 ENI~~Y FROM IN _ 22 1 Mb J”IH ENTRY IN TRACK FILE
• • E N D I F
• • INCREMENT J
• EN000

- • • INCREMEN T I
EN 000

BLOCK 2F — PROCES S IN _ fl CSONO8OUY FILE)

• IF DIS PLAY CUE OF E NTRY IN BU FFE P IN _ fl ME 0
• CONVE R T J/V CO— O RDINATES OF ENTRY TO X .Y D ISPLAY CO— ORD
• S E T  1 11 1
• SET FIND _ FLAG tO 3
• DOUHILE I LI M’JM ,_ S UMOB)UVS A N D FINO FLAG EQ 0

• • IF 1 1 1 0  OF E N T R Y  I IN Sluoaoijy FILE ) E~ (ID OF ENTRY I N BUFFER
• • • IN _ 23 )
• • • SE T FIND _ F L A G  11 1
• • • 8 P P F NO  X , Y  Q—~) R D j N A t E S  IT) SOTI 080 UY D A T A  FROM IN _ 23
• . • ~E”L4 CE A P P R3 P f l  lIE EP~TRY I’~ SONOBOUY FILE ‘WITH NE W DA T A
• • • ~~E 1  N EW _ SO N O _ FI £51 I) T r ~) I
• • ENDIF
• • INC~~~F’~E’ IT C

• ENDOD
• IF FIN D _ F L A G  ~D 0
• • &D~~ rND X, Y D I S P L A Y  — O RO ir:~ ~ &T A FROM IN _ 2 3
• • 8 D P E~~~ ‘JF~~ J A T A  TO ST )NDDOJY TI L T
• • I M C RE M E~~T NUM _ SU NI)BOUYS

• • A P P E N D  A “1” TO N EW _ SJNT )JLA G VECTOR
• ENOIF
ENDIF

BLOCK 3 — EMPTY SU FFERS FOR NEW DATA
SET ALL BUFFER dOROS. IN A ’  L BUFFERS, TO 0
(0  IS NOT ALLOWED AS A T RAC K ID )

END

Figure 6-6Gb
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MODULE NAME ) DISPLAY SELF TEST 
- - -

DATA REQUIRED

RESULTS OF SELF TEST PROGRAM
2 STATUS WORDS

• OLD SE QUENCE WORD (SEQUENCE WORD LAST TRANSMITTED) -

LAST RETURN WORD INPUT FROM NODE 90

DATA PRODUCED

S W O R D  SELF TEST M ESSAGE (BUF _ 29)
—NO DE ID. MAJO R CYCLE NO, MINOR CYCL E NO

• — S T A T U S  WORD 1 - -

—STATUS WORD 2
— CONFEG (JRAT ION IDENT
—RESUL TS OF SELF TEST PROGRAM -

—OL D SE QUENCE WORD
—RETURN WORD
—NEW EQUENCE WORD - - — — -  - -

DISPLAY SELF TEST

THI S MODULE EXECUTES EVERY MINOR CYCLE

~~ T ~‘JRO 5 OF BUF _ ?9 TO ~ESU1T OF SEL F TEST PR OGRAM
IF  4 U P 0  5 I M O I C A I E S  A F A I L U R E

• TH EN
• IF FAILURE R E C O V E R A B L E
• • THEN

• • • C ALL A PPROPRI A TE RE COVERY ROUTINE
• • S E T  S T A T U S  WORDS AND CO N FIGU RATION ID TI) INDIC ATE MEW
• . CO N FIGU RA IIOM
• • E L S E
• • ATT EM PT TO A C T I V A I E  SHUTDOWN MECHANISM
• ENDIF
• ELSE
• IF MEW MAJOR CYCLE - - —

• • I N C R EM E N T  MAJOR CYCLE NO.
• • S E T  MINOR C Y C L E  NO. TO 0

• ENOIF 
- -

• • S E T  WORD I OF SUE _ ZR TI) NODE ID, MA JOR CYCLE 40. MINOR CYCLE NO
• INCRE M EN T MINOR C YCLE MO.
• COPY STATU S WO RD 1 INTO ‘WORD 2 OF Bli P_ ZR - _ 

— -

• COPY STATUS WORD ‘ PITO WORD 3 OF BUF _ 29
• S E T  WOR D 4 OF ‘IUF _ 29 TO CONFIGURATION ID
• S E T  WO R D 6 OF SU P _ ZR TO LAST WORD 8 TRANSMITTED FROM BUF_ Z9
• SET WORD 7 OF BUF _ 29 TO LAST WORD B RECEIVED FROM NODE 90
• SET WORD S OF BUF _ ZR TO A NEW SEQUENCE WORD
• WRITE 3UF _ ZR TO t .M• - - 

_ 
— — - - -

ENDIF

END --  -— - - - - --

Figure 6-61. Node 81 Test and Recovery Function
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6.6.3 Node 30

6.6.3.1 General Description

Node 30 performs two major functi ons. It performs MAD processing, and
it acts as a monitor/backup for Node 90. If Node 90 (the bus controller) falls ,
Node 30 will initiate control of the bus.

6 .6.3 .2 VO Description

Node 30 is relatively self—contai ned. It receives MAD sensor data from
Node 115 and navigation and contact information from Node 70 , processes the
data , and alert s Node 70 (the navigation subsystem) if a detection is made. Thi s
nod e accepts control commands from Node 82 and sends display d ata to Node 82 ,
if required. Node 30 input and output messages for the implementation subset
are shown in Tables 6—13 and 6—14 , respectively .

For the purpose of this implementation subset , the use of Node 30 synchronous
• output messages to Nod e 82 was con sidered sufficient to transmit to the display

those statistical data that are produced as output by the existing MAD program
desc ribed in the previous paragraph. Data rates and bus loading will therefore
be maintained , but meaningfu l data will sti ll be passed to the display .

Node 30 also sends a self-test message to the bus controller every minor
cycle and likewise receives a self—test message from the controller.

6.6.3.3 Software Modules Descriptions

6.6.3.3. 1 Executive Control Processing. Assume that the SDEX- M (Reference
22) executive will be implemented in Node 30, sInce the node is an AN/AYK-14
computer. This executive functions when an application process makes an exec-
utive service request (ESR).

It will also be necessary to hav e the bus controller program resident in
Node 30 in case Node 90 fails.

6—64
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TAB LE 6-13. NODE 30 INPUT ME SSAGES

SRC RCV WORDS PERIOD CYC WORD
NODE ADR SECOND MSE C CODE COUNT

* 70 1 300 50 0 15
• * 70 2 420 50 0 21

* 82 30 3 0 3
* 90 29 160 50 0 8
* 90 30 0 3

4 * 21 3 48 50 0 3
-
. • * 21 22 60 50 0 3

* 21 10 120 50 2 24

______ _________ _________ ___________ ___________ __________ 

1

TABLE 6-14. NODE 30 OUTPUT MESSAGES

DEST. XMT WORDS PERIOD cyc WORD
NODE ADR SECOND MSEC 

CODE COUNT

* 70 30 3 0 3
* 82 1 400 40 0 20
* 82 2 3600 160 0 32
* 3 0 32
* 4 0 32
* 5 0 32
* 0 32
* 7 0 32
* 82 30 3 0 3
* 90 29 160 50 0 8
* 21 30 3 0 3

1

6—65
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6.6.3.3. 2 ~~ erat1onal Modules. These modules perform MAD processing, as
a result of receiving input command from Node 82.

a. Input Command Processing — Input Command Processing is a module
Invoked when an asynchronous bus message is received by Node 30.
This module Interprets the first message word as a command word.
The remwlnlng message words contain any necessary data for the ex-
ecution of the command. FIgures 6—62 through 6—67 present func tional
descriptions of the Input Command Processing module and its associ-
ated subroutines.

b. MAD Processing — The MAD Processing module detect s and localizes
a target based on the outputs of simulated magnetometer signals (one
frequency value every 50 mIlliseconds). This program was original ly
written for the CP-IO machine in the SPL/I language by Code 503 per-
sonnel. The SPL/I compiler for the AN/AYK- 14 is now available and
allows this program to be used to exercise the AN/AYK-14 In this
simulation problem. Minor modifications will have to be made in the
I/O routines, but these should have minim um cost Impact. Figures
6—6 8 th rough 6—72 present a structured description of the program,
while Appendix A1 Is a listing of the compilation of the program.

6.6.3.3.3 Test and Reconfigu ration IV. Node 30 monitors Node 90 (Bus Con-
trol) and acts as backup for it in case of failure. Thi s node, like every rz~de ,
performs self—test program every minor cycle.

a. Controlle r Monitor (see Figure 6—73) — Node 30 is designated as the
backup controller for Node 90. As such, it receives and verifies the
Node 90 self—test messages produced by the periodic execution of the
Node 90 self—test program. II the Node 90 sell-test message indicates
a failure, Node 30 will verify the self-test message by checldng the
message Node 30 received with the same message as received by Node
70. If the Nod e 70 message also indicates a failure, a di screte inter—
rupt line is activated which will remove power from Node 90, thus
isolating it from the bus. Node 30 wIll then take over test and monitor
functions for the system through execution of the reconfiguration program.

b. Reconfiguration (see Figure 6-74) — This program loads in the programs
normally executed by Node 70 and schedules them as Node 30 tasks; this
procedure allows recovery from a Node 90 failure.

c. Self—Test (Figure 6—75) — During every minor cycle, Node 30 will ex—
exute a sell-test program and format an appropriate message to the bus
controller indicating Its status. The self-test program Is the IFPM
program developed for the AN/AYK- 14, and the message format Is
shown In Table 6—7.

‘Appendix A is a separate volume available from NAVAIRD E VCEN Code 502.
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NODULE NANEI INPUT COMMAND PROCESSING

DATA REQUIRED

NODE 62 A SYNCHN O ICUS M SG
..CONM A N O WOR D
_ OA ,A  W ORD I
_ o* r*  wORD 2

DA TA PRODUCED

1
wON E

INPUT COMMAN D PROCESSING

THIS ~OOUL( INIERPRETS THE COMMAND A NI CALLS ~ F A DI~ROP Q IATE
LOCAL SUBROUTINE
CASE COMMAN D w O R D

~MA D ~E— t N I T 1
IHAU JIS PLAT I

• I A C 1 I V A l E  ~~ PS
. SNA D MARK I
• SHA D J IS ABL E S
ENOCASE

END

Figure 6 — 3 2

NA l. ME—EMIT

iHIS SU3ROUTINE RES~~~S T HE IN I T I A L  V ALU ~~ O~ THF MAO SU8PffO~~°AM
7 3  C~~~ 3~~~ VALUE S

END

Figure 6-63
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M A O DISPLAY

THIS SUBR OUTIN E SET S THE FORMA T ~
pT ION3 F O~ T~~

‘MAO PPOCESSIMG ’ MOCUL E A CCOrO~ HG 10 THE V A L U E  OF fl A TA W C~D 1~AND A C T I V A T E S  THE ‘HIQ PRO~ ESSIN~ • 14cK

(NO

FIgure 6-64

ACTIVAT E FRP

THIS SUBROuT INE SETS THE FLA G IN J I CA T I N G  THA I FEA tU R E RECOG NI TION
PROCESSING IS TO GE rERFORMEC, 3 Y ‘Il( ‘MAIl P OCESSING’ ~ OCUL~
SET FR P OUTPUT _ FLAG TO I

• END 
-

Figure 6—65

MAO MARK

THIS MOOI JLE SENDS AN ENT€R rIX~ C O M M A N O TO
MODE TO (NAV), WIT H 1H€ F Ig  10 IND ICA TE D IN O A T A  ~~O R O  I

END

FIgure 6-66

S

MAO DISABLE

TH IS SU9POUT INE T ERM I NATES T H( ‘M*~J P~ OCF55INr,
U M0DIJI~(

END

FIgure 6—67

6—6 9
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FIgures 6—68 through 6-72. Node 30 MAD Processing Function
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MODULE NAME (MAD) MAGNETIC ANOMALY DETECTION

DATA REQUIRED

• INPUT SIGNUL DATA
SAMPLE WINDOW FOP EACH C~1ANN~EL
PHEPADE DETECT FLAG
LOCA LIZATION f~L4GSE(I~UEPICE
TAP~LE FO~ EACH SEQUENCE
Nu~~~FR OF SEG~ ENCES

• EA PEC TED CMANNtL OF ~.AC~i SEQUE NCE
CHANNEL PROCESSOR FLAGS
TIME LI MIT CLOC)( FOP EACH CHANNEL
LOCK OUT TIMEP FOP t~ACM CHANNEL

DATA PRODUCED

SAMPLE WINDOW ~~~ ~AC’i CHA NNEL
CHANNEL PHOCESSc~4 FLAGS
P~~~PAI.~E DETECT FLA G
SLANT Q.~NGE
CONFIDENCE LEVEL
P~ TPOMARK TIM E
LOC A LIZATIO N STAT FLAG
NUM~~~EP OF SEQUE NCFS
LOCA LIZ ATION FLA G
E XPECTFO CHANN EL OF EACH SEQUENCE
SEUUFNCE
Cr4ANNEL
TIME LIM IT CLOCPc FO~4 EACH CHANNEL
LOCI~ OuT TIMER FO~ EACH CHANNEL

Figure 6—68a
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• PPEPPOCESSING CYCLE

LO WPASS FILTER INPUT SIGNAL DA TA
PUT DATA IN SAMPLE W INUOWS O~ APPROPR IATE CHANNELS AND SET TME
CORRESPONDING CHANNEL PROCESSOR FLAGS (SAMPLE VECTOI~ GE NERATION )

•ENfl OF PREPROCESSING CYCLE

(E XECU TION CYCLE DETERMINE AND PROCESS THE HIGHEST PRIORITY TASK )
IF PREPARE DETECT IS AWAIT ING EXECUTION
.TMEN
• SOETFCTIONS

. • LIKELIHOOD • CO MPUTAT IONS - 

—

-
~~ 

. • SEQUENCE PROCESSING

• R E S F I PREPAR E DETECT FLAG
. ELSE
• IF LOC ALIZATI ON IS AWAITING EXECUTION
. • THEN
• S

• • LOCAL IZATION CYCLE
• . 0

• . . 0 LOCA LIZE UST N( Ô THE INFO RMAT ION FROM THE SEQUENCE ’S TA F~LE
• S

• • CO~ PUTt — SLANT PANGE,CONFID~.NCE LEVEL , AND RETPOMARI( TIHE

• • DISPLAY STAT ISTICS (SET LOCA LIZAT ION STAT FLAG)

• • HAVING CO~ CL JDEL) SEQUENCE PROCESSING OEC~ EME NT NUMEjER OF
• . SEQ UENCES
• . IF THE. OTHE R SEQUENCE DOES NOT REQUIRE PROCESSING

• , • (T’~E EXPECTE D CHANNEL OF THE SEQUENCES DIFFER)
• . .THEN
• . . RESET LOCA LIZATION FLAG
• . ENOIF
• • SET EXPECTED CHANNEL OF SEQUENCE TO NONE (7)
• . SET SEQUE NCE (TABLE POINTER) TO THE OTHER SEQUENCE
• . 0

• . •END OF LOCALIZATION CYCLE
• . 0 0 000

• • ELSE
• • IF A CHANNEL PROCESSOR IS AWA IT IN C , EXECUTION

• . . THEN
• • • SPROCESS CHANNELS FOR THE LOWEST CHANNEL PROCESSOR WAIT ING
• . • 0 0 0 0 0

• • • • SIGNAL DESCRIPTION
• • • • PRELIMINA PY DETECTION TESTING / EPOCH TRACKING
• . S

• • • UPDATE CHAN NEL’S TI ME LIMIT CLOCK
• • • UPDATE CHANNE L’S LOCK OUT TIMER
• • • RESET CHANNEL PROCESSOR FLAG
• . ENDIF
• ENOIF
ENDIF
(WAIT FOR NEXT iNPUT SIGNAL DATA)

END Figure 6.-68b

‘
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MODULE NAME : DETECTION

DATA REQUIRED

CHANNEL H
L IKELIW 000 PRODUCT TH RESHOLD FOP EAC H CHANNEL
EXPECTED CHANNEL OF EACH SEQUENCE
LOCK OUT TIMER FOP EACH CHANNEL
NUMBER OF SEQUENCES

• SEQUENCE
LENGTH OF EACPI SEQUENCE
SAV EO CO PY OF S IGNAL METRICS

• T IM E  LIM IT CLOC K

DATA PRODUCED

TIMESLICE ST ATISTICS
L I K E L I HO O D  P~~OD UCT
D E T E C T I O N  FLAG FOP CHANNEL
SEQUENCE
SEQ UENCE TA BLE POINTE R
LENGT~I OF EACH SEQUENCE
NUM p~FR OF SEQUE NCES
LOCK OUT TIMER FOR EACH CHANNEL
TIME LI MIT CLOCK FOR EACH CHANNEL
A L ERT FLA G
EPOCH FLAt , OF CHAN NEL
EX PECT Er CHANNEL OF EACH SEQUENCE
SEQUENCE TAt~LE STATISTICS
L O C A L I Z A T I O N  FL A G
SAV EI’) CO PY OF SIGNAL METRICS

Figure 6—69a

I
t

6—73

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — • ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ::-~~~~~~~~~~ 
-v--- 

~~~~~~~~~~~~~ 
. - — -  ._ — _

~~~



NADC—7916i—40

DETECTION

COMPUTF TIMESLICt. STATISTICS AND THE LIKELIHOOD PRODUCT
IF LI I’ELIH000 PRODUCT EXCEEDS THIS CHANNEL’S LIKELIHOOD PRODUCT

• THRESHOLD
• THEN
• (PROCESS SEQUENCE )

.4 • SET DETECTIO N FLAG OF CHANNEL
IF CHANNEL WAS NOT EXPECTED BY EITHER SEQUENCE

• •T HEN
• • (TRY TO IN IT IATE A NEW SEQUENCE )
• • IF LOCKOUT TIMER OF THIS CHANNEL HAS NOT EXPIRED OR THE NUMBER OF
• • • SEQUENCES EXCEE DS 1
. • • THEN
• • • EXIT FROM PREPARE FOR DETECTION
• • • ELSE
• • • (IN ITIATE NEW SEQUENCE)
• • • INCREMENT NuM~5ER OF SEQUENCES
• • • SET SEQIIENCF TO THE FIRST AvA rLAB LE TASLE

• • • SET Lt.NGTH OF THIS SEQUENCE TO 0

• • • SAVE CHANNEL INITIATING SEQUENCE
• • • SET THE LOCK OUT TIMERS FOR THIS AND MIGHER CHANNELS

• • • SET THE TIM E- L IM IT CLOCKS FOR THE NEXT 2 CHANNELS

• • . SAVt. A IH CRA FT VELOCITY
• , • ACTIVATE CONFIRMING AL E~~T (SET ALE RT FLAG)

• • ENDIF
• ENDIF
• DOWHILE CHAN NEL IS EXPECTEO BY SEQUENCE
• • INC~ E~~ENT LE sUiTH OF SEQUENCE
• • SET EPOCH FLAG OF CHANNEL TO SEQUENCE

• • SET EXPECTED CHANN EL OF SEQUENCE TO THE NEXT CHANNEL

• • TPANSFER SAVED SIGNAL METRICS TO SEQUENCE TABLE

• • SAVE TIME OF CONFIRMAT ION AND LIKELIHOOD PRODUCT

• • SET SEQUENCE. TO 2
• ENDDO
• ELS E
• SAVE CUPR~~’IT SIG NAL METR ICS
• IF TIME LIM IT CL OCK OF THIS CHANNEL HAS EXPIRED WH ILE THE. CHANNEL
• • was EXPECTEQ H Y  ONE OF THE SEQUENCES
• • THEN
• • SET LOCALIZATION FLAG FOR PROCESSING OF TARGET INFORMATiON ON THE

• , NE XT CYCLE AS NO MORE CHANNEL INFORMATION IS ADMISS IBLE
• ENDIF
ENDIF

END

Figure 6—69b
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MODULE NAME PROCESS CHANNEL

DATA REQUIRED

CHANN EL
SAMPLE WI NOOW
AVE RAGE POWER
SIGNAL POWER HISTORY

U G A M M A  HISTORY
EPOCH FLAG FOR CHANNEL
EPOCH HISTORY
TIME L IM IT CLOCK FOR THIS ANO NEXT CHANNEL
EXPECTED CHANNEL OF EACH SEQUENCE
DETECTION FLAG FOR CHANNEL
SAVED AVE RAGE POwER LEVEL

DATA PRODUCED

SAMPLE vECTOR
SIGNAL MET RICS
— INPUT SIGNAL ~OwE ~ - •

—ANDE RSON COEF FICIE~~TS
—SIG NA L POWER ESTI MAT E
— G A M M A

—NOISE POWER
AVE RAGE POw ER
SIG NAL FVENT THRESHOLD
SIGNAL POwER HISTORY
GAMMA HISTORY
EPOCH
EPOCH HISTORY
LOCA LIZATION FLAG
EPOCH FLAt, FOR CHANNEL
SAVED AV ERAGE POWER LEVEL
PREPAPE DETECT FLAG
SAVED COPY OF SIGNAL METRICS

~)ETECTION FLAG FOR CHANNEL

Figure 6—70a
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GE N€~~AT E CHANNEL ’S NORMALIZED SAMPLE VECTOR FROM SAMPLE WINDOW bY

REMOVING RAMP AND CC BIAS
CHARACTE RIZE SIGNAL 3Y CALCULAT ING: INPU T SIGNAL POWER, ANDERSON
COEFFICIENTS, SIG NAL POWER ESTIMATE, GAMMA. NOISE POWER, AVEHAG E
POWER, SIGNA L EVENT THRESHOLD

UPDATE SIGNAL POwt.R ANt) GAMMA HISTORIES
COMPUTE FPOCH (DETERM INATO R ) AN D UPOATE ITS HISTORY
IF AN EVENT HAS bEEN CONFIRMEt ) ON THIS CHANNEL (EPOCH FLAG OF THIS
• CHANNEL IS NOT 0)

• THEN
• IF A M INIMUM IN EPOCH HAS OCCURRED
• • THEN
• • SET SEQUENCE TO EPOCH FLAG OF CHANNEL

• , SAVE DATA FOR EPOCH DETERM INATOR

• • IF T HIS IS CHANNEL 6 OR SEQUENCE LENGTH IS 3 OR C HA N~~EL.1 IS
• • • EXPECTED AND ITS TIME LIMIT CLOCK HAS EXPI RED
• • • THEN
• • • SET LOCA LIZATION FLAG
• • ENDIF
• • RESET EPOCH FLAG O~ CHANNEL TO 0
• ENDIF
• ELSE
• SET SEQUENCE TO FIRST TABLE EXPECTING THIS CHANNEL (OR 0)

• IF AN EVENT OCCURRED (SIGNAL POWER EXCEEDS EVENTTr IPESI-1OLD )

~ . . T H E N  
_ 

-

• • SAVE CukP~ r~T A VE RA GE. P O~~EP LEVEL AS BAS IS FOP NEXT EVENT AS

• • PE QuI~~ED
• • I~

’ A M A A IM UM  I N GA M M A  HAS OCCu~~~E L
• • • THEN
• • • SET P~~~PA RE UETECT FLAG

• • • ELSE
• • • S~~~V L  CU RR ENT S I G ~~.1L M E T R ICS

• • • IF TIM E LI M I T CLOCK OF THIS CHANNEL ~~ S EXPIRED ~ r-i ILE THE

• • , • CHANNEL wAS E~~P~~CTEu ~ Y ONE OF THE SEQUENCES

• • • • THEN
• • • • S~ T LOCA LIZAT ION FLA G FOR PROCESSING OF TARGET I~,WOPP~A TION

• • • • ON THE NEXT CYCLE AS NO MORE CHANNEL INFORMAT ION IS

• • • • AD M ISSIbLE
U S • • ENDIF

• • ENOIF
• • ELSE
• • IF THE DETECTION FLAG OF CHANNE L IS SET
• • • THEN
• • • RESTORE AVERAGE POWER LEVEL TO THE VALUE SAVED *HEN THE EVENT
• • • OCCURRED -

• • • RESET (ETECTION FLAG OF CHANNE L
• • ENDIF
• • IF TI M E. L IMIT  CLUC K OF THIS C HANN EL HAS EX PI RED WH ILE THE CHANN EL
• • • W A S  EXPECTED MY ONE OF THE SEQUENCES
• • • THEN
• • • SET LOCA LIZAT ION FLAG FOR PROCESSING OF TARGET INFORMAT ION (‘-~

• • • THE NEXT CYCLE AS NO MORE CHANNEL INFORMATION IS AOMI SS IBLc .
• • ENDIF
• ENDIF
ENDIF

END Figure 6—70b
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MODULE NAME : CONTROL PROGRAM FOR HAD

DATA REQUIRED

A LERT FLAG
LOC ALIZAT iON STAT FLAG
MACP4OX O PERATION FLAG
MISC. RUN TIME OPTIONS

DATA PRODUCED

ALERT FLAG
LOC A LIZATION STAT FLAG

CO NTROL PROGR AM FOR MAO

SET IN I T IA L CONDITIONS FOR PROGRA M ACCOWOIN (, TO RUN TIME SET INGS
IF ~4DROx OPERAT ION IS PE QUESTED

• THEN
• ~~ GISTE~~~$MAULOOPING PROt~~ AMS 5O,~ ,
• TURN ON M A O  ISC r iOX (~~f I C H w ILL INVOKE MAULOOPING PROGRAM AT 1/2OTM

• SECOND I~~TE PV A L S

• ELSE
• (f lP ER.~1’E OFF OF ~~G T APE D A T A )
• DISC ARD FIkST ~ ECuRD OF U A T A  (OPTIONAL )

• DOWHILE (TRUE )

• • ~ RECO— D OF DATA — 1?~ SAM PLES (OPTIONAL THE FIRST TIME .)

• . OPT IONA LLY DU’~R D A T A  TO PHINTER
• • SET COUNTE~ To 1
• • OOWH ILE COUNTER IS LESS THAN 12ô
• • , EXECUTE MA D W ITH SCALED SAMPLE (COUNTER )

• • • OPTIONA LLY DUMP INTERMEDIATE RESULTS

• • • IF A LERT FLAG IS SET
• • • • THEN
• • • RE5I~7 A LE RT FLAG
• • • • S I G N~.L THE A LE RT ON THE LINE PRINTER
• • • ENDIF
• • • IF’ LOCAL IZAT ION STAT FLAG IS SET
• • • • THEN
• • • • RESET LO CA LI1 A T ION STAT FLAG

- .  

• • .  • OUTPUT STAT ISTICS ON THE HA ZELTINE OR THE LINE PRINTEN
• • • PRINT STAT ISTIC S
• . • EWDIF
• . • INCREMENT COUNTER

• • EN000
• • IRTI ONA LL Y DUMP CHANNEL H IS T O RY S T A T I S T I C S
• • OPTIO NA LLY STOP EXECUTION FOP OPERATOR INT ERVENT ION

• ENDDO
END IF

END Figure 6-71
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MADLOOPING PROGRAM FOR PEAL—TIME OPERATION WITH SUB—SIMULATOR

(INVOKED AS A SELECTED tVENT TASK ON RECEIVING AN INTERRUPT AND INPUT
SIGNAL FROM THE ISC )

MASK AND SCALE INPUT SIGNAL
IF MAG DUMP FLAG IS SET
• THEN
• DUMP SC AL~.D SIGNALS ONTO TAPE (SAME FO RMAT AS USED FOP TAPE
• OPERATION)

• ELSE
• EXECUTE M A D  • ITH SCA LED SIG NAL
• IF ALERT FLAG IS SET
• S

• • P~~~~~ T uLE T FLAG

• • SIGNAL Tr~~ A LERT ON THE LI - ’dE PRINTERr .

• IF LC )CA L IZA T ION STAT FLA G IS SET. . THEN
• • RESET L O C A L I Z A T I O N  S T A T  FLA G
• • OUTPUT STA T IST ICS ON THE ~IA ZELT I NE OR T~ E L I NE PRINTER

• • PRINT STAT IST ICS
• ENDIF
ENOIF

END

FIgure 6-72
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ftOOULE NANE I CONTROLLER NONI TOR

DATA REQUIRED

• NODE 90 OUTPUT STLF TEST MES SAG~.
NODE f~ RE PEA T OF NODE 90 OUTPUT MESSAGE

DATA PROOUCEO

NONE

CONTROLLER NON ITOR

THI S MODULE IS ACT IVATED BY A
CYCLE OR BY AN tNTER~J(JPT WHIC H OCCURS W H E N  A L F P T A I N  PRE SET AM OUNT
OF TIME OCCURS WITHOUT A NEW MINOR CY C L E  r~~p .p j 4 .U ~ - 3 E T N G
PECEIYEJ

~ERTFY MODE ID, MAJ OR CYCLE MO, M[’IQR CYCLE NO. FROM W O R E  I
OF REC r,IVED MESSAGE
VE~~A FY STATUS WORDS l~ (WO~ OS 2 ~Nfl O~ M~~SSA&~~)
SAl E CON FICURAT!UM I~
VE~~IFV tERM RES ULTS OK
vE~~ E’ T ’ i A T  L A S T  wo~~

- or MOO 3~ ~~~LF t’~~1 ~~~~s A G ~
EOu AlS 4 C R Ø  7 OF THIS MES SAC t
VERI FY 11-441 LAST NOR” A OF N00C RY SELF V~~T MESSAG E
EOUALS ~lO RO 6 OF TMI U3 ~ C~~ S A G F

~ -~ Vc . W O R E  ~ ~F IHES ;S4CE
IF ANY VE~~ IFY F AILS
• THEN
• A C T  T d.~T E ~US t,ONTPCL F3P  PUS ‘
• REAJ  L A S T  MODE ~ O SELF T EST MESSA C E FROM NO ~ 70

• IF MESSAGES CO ‘401 A G R E E
• THEN
• • SIG NAL O P E R A T O R  ‘ S Y S T E M  FA I L UR E  NOT I SO LA T E D ’
• . ELSE
• . SIG NAL OPERATOR NODE 90 FAILU , E; ~~i~O$F!GURAcLON ATT EMP tED ’
• • A C T IV A T E  D IS C R E T E  PlacE 90 SHUT OrT (J#4 L M T E R F ~(JPT (P REF E R RA9L Y A POWER
• • SHUTDOWN ’
• . CALl. . ‘RECO NFIGURATIOP’
• ENOIF
EN 01 F

END

FIgure 6-73. Node 30 Controller Monitor Function

I
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NODULE NAMES RECONFIGURATION

DATA REQUIRED

RECONFIGURATION PROGRAMS FROM DISK THROUGH ~‘OC’€ 21

D A T A  PRODUCED

SIGNAL TO OPERATO R ‘RECONFISURA IION CO MPLETE’

RECONFIGURATION

SUSPEMO N~~W MINOR CYCLE MESSAGi S
St T t . A S T  10 0
OOWH ILE LAST  £0
• W R I T E  ‘ R E A D  B L O C k ’  COMMA ND T O  9-.S~ MEMO ~~’V 4 ’ O O E  2 t 1
• LOOP UNTIL  BLOC K IS ~~~ E jVE O
• T RA N S F E R  o L O C K  T O PROPER MEMO RY LO~~~ T T OH
• IF .~LL PR OGRAM5 T W A N S F E R R t 3

• • THEN
• . ~ET LAST  T O  I
• E NOIF
I N 000
R E , F T  MINOR CYCLE TIME
ACTIVATE ‘COMMA ND PROCESSING’ MODULE
ACTIVATE ‘CONFIGURATION MON ITOR ’ MOflt?..~

• A CTIVATE ‘STATISTICS MODULE• A C T I V A T E  ‘SELF TEST ’ NODULE
A C T I V A T E  ‘P440 PROCESSING’ ‘4OOU~.L• SIGNAL OPERATOR THAT RECON FIGLRA TIOW IS COMPL E E

ENO 
- -

Figure 6—74. Node 30 Reconfiguration Function
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MODULE NANEA MAO SELF TEST

DATA REQUIRED

RESULTS CF SELF TES T PROG RAM
2 STATUS WO RCS
OLD SEQUENCE WOR O ~SfCUENEE W OR D LAST TRA N SP 4T TT FO)
LAST RETU RN WOR D NPUT ER~ M NOOL ‘~~

-
~ DATA PRODUCED

8 WOR D SELF TEST MESSAGE (BU F_ 291
—NODE ID, MAJOR CYCLE NO, MI NOR CYCLE NO
— S T A T U S  WORD I
— S T A T U S  WORD 2
—CONFIGURATION ICEN T
-RESULTS OF SELF TEST PROGRA M
-OL D SEQUENCE WD °0 —
-RETURN WORD
—NEW SE QUENCE WOR D

MAO SELF TEST

T HIS MODULE E X E C U T E S  E V E R Y  MINOR C Y C L E

• SET w r) .? 0 S C~ ~~UC _ 7! TO RESULT OF ~ELF ST PR~JGRA MIF NOR,) c I N D IC A T E S  A FA I L ~JØ~~
• THEN
• IF F~~~LL’RE RECOV~!(~4RLE
• . THEN
• . ~LL APPROP~~~ 4 T F  E(Cf lVf~~Y °OU’INF
• . SET S T A I U S  W O ’ IC  A ND C O N F I G U RA T I O P I  ~~ I) IM~~~CAT~ t.FW
• • O K F T G U RA T I O P ’
• • ELSE
• . , ) T T ~~MP~ TO A C T I V .Y7E SHUTDOWN M:~~~~A P J I 5 M
• ENOIF
• ELSE
• IF NEW MAJOR CYCLE
• . INCREMENT P~AJC R CYCt E  P~O•
• • SET MINOR C Y C L E  1-10. TO 0
• EM O tE
• S ET WOR D I O F 9UF _ 29 10 NOOB 10, MA J O R CY C L E  PlO, MINOR CYCLE NO
• INCRE MENT MINOR CYC LE NO.
• C OPY S T A T U S  W OR D I IN T O  WORD ~ rPF BUF _ lq
• COPY STATUS WORD 2 INTO WOFO 3 OR ~U~~_ 2Q
• SET W ORO ~ OF 8UF _ 29 T O CON F IG URAT ION 10
• SET WORD B OF 3UF 29 TO LAST WORD 6 T R A N S M T T T E P )  FRON 6Uf _ 29
• SET W ORD 7 OF 6uF _ 29 TO LAST WORD A ‘ECE IV EO FROM NOO t 90

SET WORD A OF BUF ...29 TO A N~~W S1QUENCE NO’ 0
• WRITE  BUF _ 29 TO T.N.
EMOt E

END

Figure 6-75. Node 30 Self-Test Function
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6.6.4 Noae 90

6.6.4. 1 General Description

Node 90 performs two major functions. It controls the bus by means of the
bus controller program described In the DAIS Bus Control Specifi cation, and it
monitors the condition of the system by means of the sell-test messages it re-
ceives every minor cycle.

6.6.4 . 2 VO Description

In addition to sendin g out the I/O Inherent in the bus controller, Node 90

sends out a self—test message to Node 30 and Node 70 every minor cycle. It
also receives self—test messages from the other nodes every minor cycle.
These messages are defined in Tables 6—15 and 6— 16.

6 .6 .4 .3 Software Module Description

i.~~.4.3. 1 Executiv e Con trol Processing. Since Node 90 is an .AN / AY K—1 4
computer , assume that the SDEX— M executive and DAIS bus controller software

will be implemented.

6.6 .4.3. 2 ~~erational Modules. The DAIS bus controller is the only opera-
tional module executed by Node 90.

6.6.4 .3. 3 Test and Recoafiguration. Node 90 processes all incomi ng sell—test
messages; determines if a node is faulty ; and , If so, institutes reconfiguration
efforts. Figures 6— 76 through 6—73 describe thi s process. Node 90 also per-
form s a sell-test eve ry minor cycle and send s the results to both Node 30 and
Node 70, as descrthed in Figure 6—78.

6—82
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TAB LE 6-15. NODE 90 INPUT ME~~AGES

SRC WORDS PE RIOD cyc wo~~NODE ADR SECOND MSE C 
CODE • COUNT

* 21 2 160 50 0 8
* 30 4 160 50 0 8
* 70 5 160 50 0 8
* 81 8 160 50 0 8
* 82 9 160 50 0 8

1

TABLE 6-16. NODE 90 OUTPUT MESSAGES

DEST XMT WORDS PERIOD d c  wo~~
NODE ADR SECOND MSEC 

CODE COUNT

* 21 1 160 50 0 8
* 21 30 0 7
* 30 2 160 50 0 8

1
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FIgures 6—76 through 6—7 8. Node 90 Test and Reconfiguration Function
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MODULE NAME s CON F IGURATION MONITOR

DATA REQUIRED

SELF TEST MESSAGES FROM AL !. OTHER NO ,)ES
FIX F ILE FROM NO CE 62 OR NODE 7~
TRAC K FILE FRC N NODE A l  OR MODE ‘
SO NOB OUY FILE FRC M NOCE 62 OR 1-lODE ?0
RE COV ERY PROGRAMS FROM MASS ME MORY
RECOV ERY D A T A  AND TASK P A R A M E T E ~ PA C K~~1S FOO N MA SS MEPORY

DATA PRODUCED

NONE

CONFIGURATION MONITOR

T H IS  MO DULE PROCESS LS THE SELF ItSI M SSAGt F~~O~ rA CH MOCE
A N. DETE RMINE S WHETMER THA I Nfl) F MIJ S? ~~ ¶ I UT OWN AND ISOLATED
FROM THE SYSTEM . IN I’HT~ EVENT.  TMF MODE t~ L - ’1L a T E ~ AND P~~ESFT
P EC O v E ~~Y PROGRA MS £ P 0  DATA APE LDA DCC F-’~~M MA SS ME MORY .
DY NAMIC DATA IS LOA~~EO FR OM NO)E Al 0’ NO3r TO.
W H ERE T I  IS PEDL NC A ~~’1V S IO R P O.

$PROCE~~ SELF TES T ME SSA GESA
A CALCUL A TE CONF IGURAT ION IDA
IF ‘ECOVEPY MUST 35 ATTEP ~PTED
• IF 1-1005 II HA S  NO T  FAILED
• . THEN
• . SE ND ALE R T TO OPERA TOR
• • ELSE
• . SEND A L E RT  10 CCU
• ENOIF
• IN HIOIT ALL MESSAGES T3 AND FROM FATLE,) NODE
• CA S E N T RY  F A I L E D  NOOE
• ANOC E 70 RECO VERI
• A NODE 21 Q E C O V E R A
• ANODE 30  RECOVE PI
• A NODE A t  RECOVE R !
• A NODE 62 RECOVER I

I6US RE c OVER S
EP4OCASE
ACTI ,AT E COLD StART INITIA L IZATIO N

EMOtE

END

Figure 6-76
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PROCESS SELF TEST MESSAGES

THIS MODULE CHECKS THE CONTENTS OF nIL S~.LF T E T  MESSAGES INPUT
FROM EACH NODE EVERY MINOR CY CL E.  IT RE T URNS A EIPIA R’r F LA G V ECTO R
INDICATING WHICH NOC~ S HA VE FA IL~~D.

SET NODE_ INDEX TO I
OOWHII.E NODE _ INDEX LE NUNBER _ OF _ NOOES
• SEP A RA T E  FIRST WO R D OF SELF TZST MESSAGE FQON .NODE(MOCE_ INDEX )
• INTO NODE _ ID, MAJOR _ CYCLE _ NO, AND MINOR _ CYCLE _ NO
• IF ALL CORRECT

THEN
CHECK THAT WORD I, 5Q CONE IGURA IION _ IO

• . IF CORRECT
• . . THEN
• . • CHECK THAT TFP M RESULTS ARE NORMAL
• . . IF CORRECT
• • . . THEN
• . . • CHECK THAT WORQ 6 £0 LAST WORD A T~ AT4SHITTEO FROM NODE
• . . . IF CORRECT 

THE N
CHEC K THAT WOR D 7 EQ LA SI WORD A TRANSMITTED TO MOD E
IF CO~ RECT 

THEN
SET FAILEO _ NOOE_ FLAGU1OOE _ tN~ 5T) TO I 

ELSE
SAVE SELr _ .EST MESSAI.! IN P.~ESET MFMO PW LOCATIONS

• . .. . .  5~~T FA IL~ 0_ NOD~ _ FLAG NOO~~_ IN)5X) TO I
EMOTE

ELSE
SE T FATLEC _ 1-lODE_ FLA ulN 0flE_ IM~~~X ) 7’) 1

• . . . EMOtE
• . . • ELSE
. . . • SET FA I I .EO _ NOO5 _ F L A i , ( N O O ~~_ TNOE ~~ ) 1’) ~
• . . EMOtE
• . . ELSE
• . • SET EA ILEO _ NOOE _ FLA G PI0DE.ZN~ EX ) TO I
• . ENOIF
• .ELSE
• • SET FAILE O_ N0CE _ FLA G (NO O 5 _ IN e~E A ) TO I
• ENOIF
• IF FIILEO _ NOCE _ FL A G ( N O D € _ INOEX)  £ 0  I
• . S A V E  SELF T E S T  M E S S A G E  IN PRtS ~~T € MO.~Y L O C A T I O N S

EMOtE
(MOOD

END

FIgure 6—77
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NODULE NAME S CONTROLLER TEST MESSAGE

DATA REQU IRED

RESULTS OF SELF TEST PROGRAM
2 S 1 A T U~ WORDS
OLD SEQUENCC WORD ISECUENCE WORD LA ST T~~ANSHIT’ED)
LAST RETURN WORD INPUT FROM PIOJES 30

DATA PRODUCED

A WORD SELF TEST M ESSAGE lUU F .!~~)
—MO DE ID, MA JOR CYCLE NO, MINOR CYCLE MO
—STA TUS WORD 1
—STATUS WORD 2
-CONFIGURATICN 1111 -IT
— RESULTS OF SELF TEST PROGRA M
—OLD SEQUENC E WORD
—RETURN WORD
—NEW SEOUENCE WORD

CONTROLLER TEST MESSAGE

THIS MODULE EXECUTES EV ER Y MINOR L Y L I E

SET ~: - ~3 5 ~~ BUF _ 2” fl PE ULT C~ ~ F L~ F S~ 
pQr~~~~~A H

IF wO~~C ~‘ IND ICA TES A FA ILUR’
• THEN

• ~~ F 4 f lj j R~ N EcOV&RAaL E
• . T HEN
• . C A L L  apR~~opRI~~rE ~ E C O V E~~V JT ’PI : .
• . SET ST A T U S  WO~~1S Ar.3 C ,1-IF t ,tJI~A f l~ r~ ~o t’IOZCATE P~E~
• . ~ O N F I G U R A T I O 1 -~
• . ELSE
• . A T T E M PT T O  A C T I V A T E  ~~ I T J O W J  M A P I T S 1 -
• ENOIF
• ELSE
• XE MEW MAJOR CYCLE
• . INCREMENT MAJ CR CYCLE ND.

• . • SET MINOR CYCLE NO. TO 0
• (NOtE
• SET WO RD 1 OF ~U F _ 2R TO MOD E ID. MAJOR CYCLE NO, MIMOR CYCLE NO
• NCREMENI MINOR CYCLE NO .
• COPY STATUS WORD I INTO WORD 2 OF 3UF _ 2~
• COPY STATUS WORD 2 INTO WORD I O~ JUF _ 29
• SET W O Q ~ I. OF BUF ..29 TO CONFIGUR AT ION 10
• SET WORD 5 OF 3UF _29 TO LAST W0 t) A T~~A NSMT TTEO FROM 6UF _ 2~
• SLT WORD 7 OF BUC _ 2~ TO LAST WORD A RECE IVEC’ FROM NODE 30
• SET WORD 3 OF 8UF _ 29 TO A NEW S EO UENC~ W O~~O

WRITE SUF_ 29 ro NODE 30
• WRITE AUE..29 TO NODE 70
EMOTE

(NO

FIgure 6—78

6—87
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6.6.5 Node 21

6.6.5.1 General Description

Node 21 simulates those peripherals used by the other nodes and is con-

nected to the main system bus. Specifically, the MAD, ESM, and radar pe-

ripherals are simulated. (Radar and ESM data are not presently used by any
node, but short—term plans Include the development of a radar/ESM contact
correlation algorithm for use by an AN/AYK— 14; therefore, these peripherals
have been included in the simulation , with Node 30 chosen as the destination of

-: the simulated data.

Node 21 will also contain the JTIDS simulation currently being developed
for BASIC by 503 divIsion.

Finally, Node 21 will simulate the reconfiguration bulk store and will trans-
mit reconfiguration programs over the bus , as required .

6.6 .5.2 1/0 Description

The input and output messages making up the Nod e 21 interface are sho~vn
in Tables 6— 17 and ‘~— 18 , respectively . An asynchronous command output has
no present use but has been included for ule~dbilitv .

6 .6.3 .3  Software Func tional Description

6.6.5. 3. 1 Control Modules. The control module requirements for Node 21
are identical to those of Node 70. Figures 6-79 through 6—8 3 describe these

sof tware executiv e functions.

6.6.5. 3.2 Operational Modules. Nod e 21 simply outputs preset data accord ing
to Table 6—18 and accepts whatever data is sent to it. This node executes a
limited number of commands from Node 82 to Node 90. Figures 6—84 through
6—88 describe these procedures.

6.6. 5. 3.3 Test and Reconfi guration Modules. Node 21 outputs a self—test
message every minor cycle and also respond s to a read block command from
Node 90. This command will cause a reconfiguration progr am to be read from
bulk storage and transmitted over the bus. This process is described by Figures
6—89 and 6—90.

6—88 
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TAB LE 6-17. NOD E 21 INPUT MESSAGE S

SRC RCV WORDS PERIOD CYC WORD
NODE ~~

B
R SECOND MSEC 

CODE COUNT

* 70 1 210 100 1 21
70 23 960 1000 0 32

* ~2 30 6 0 3
90 29 160 50 0
90 JO 0 7

6— 89
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• Figure s 6—79 through 6—8 3. Node 21 Executive Functions

• 6—91

~~~ -~~~~~~~~.:~~~:
-_ 

~~~~~~~• ~~~~~~~~~~~~ •-  ~~~~~~~~ • -
~~~~--~~



— - -  ~~~~ - —~~~~

• N AD C— 79 16 1— 40

MODULE NA M E S  I N I T I A L I Z E  PERIP HERAL SI MULATION

D A T A  REQUIRED

NONE

D A T A  PRODUCED

NONE

I N i T i A L I Z E  PERIPHERAL S IMUL A FION

TUIS PROCESS IS AC TU AIE D BY A POWER ON CONDITION
(IF PQS$(311). TI LOA DS PROGRAM S AND PRESET OAI A
FROM TI lE F L O P P Y  DISK AND SETS THE NECESSA RY INI TIAL
V A L U E S .  IT  A L S O  I N I T I A L I Z E S  THE I N T E R R U P T  S T R U C T U R E
A ND S C ) 4 E O U L E S  THE r)uIPuT PROCE SSING AND SELF lES T M O D U L E S - .
F INALLY, IT CALLS THE “DISPATC H” MODULE
TO IN I T I A T E  PROCESSI NG.

END

Figure 6—79

MODULE NAME ’ £TITERRUP r HA N D L E R

D AT A  R E Q U I R E D

T Y DE -IF EVENT (FX TT R N AL OR BUS INPUT )

DATA PRODUCED

NONE

INTERR UPT HANDLER

T H IS FUNCTI ON SAV C~ T HE STATE OF THE MACHINE AND T RA N SFERS
CO NTRO L TO THE PRO PER INTERRUPT RESPONSE MODIJ I.E

LUCK OUT ALL FURT HER INTERRUPTS
SAVE PROGRAM CTR
SAVE STI CK POINTE R S
SA VE R E G I S T E R  C O N T E N T S
C A S E  I N T E R R U P T  T Y P~ ( E X T E R N A L  OR BUS INPUT)

“EXTER NAL INTERRU PT ”
• ~R E A O ”
E M D C A S E
REST O RE MAC M INE S T A l E
E NABLE INTERRU PTS
T R A N S F E R  T O  P R O G R A M  C T R

END

Figure 6— 80

6—92
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MODU LE N A M E ? D I S P A T C H

D A T A  REQUI R ED

INI T FLAG (INITIALLY PRESET TO 0)
MEW _ MINOR _ C Y C L E _ F L A G
PERIODIC PROGRAM PARAMETERS
—STAC K _ POINTER
OEPIH _ OF _ S T A C K

D A T A  PRODUCED

HO ME

D I S P A T C H

THIS ~~~ C ESS ALL. S ALL THE P E R IODIC PROC T~~SFS
E~~EC U r EO ~Y (HE 1 — ’ . 11 IS THE LOWEST P R I O R I T Y
P~~O C E ~~S AND IS PRF—F M PT~~O BY ~i11 I N T E R R U PTS.
IT ~E ’~~A r S  FOR E A C H  ~ I’4O~ C~~C L E. P E - ’ I i) IC  .‘Q~~C E S 5
A~~E - (I J R I T I Z E D  IV TH E I R P O S I T I ) M  Ir~ T~~ S T A C K .

DU WNILE ‘IWER 15 •1N

IF N F U ~~~1N Q R _ :1~~LE _ F~~4; ED I AND TNI T _ FI A F) t
• . THEN
• . SET N€4 _ MINOR _ CV C LE _ FL A ~, TO I
• . DOW I I I L E  S l & C ( N O l  E M P T Y

I N I I I A L I Z E  M A C H I N E  S T A T E  F ) R  EACH ‘ERIOO IC PROCESS.

- . . EACH STA C K E N T R Y  POINT S TO A BU FFE R AR E A CO NTAI N ING
• . . INt T IA L I Z A T I O ~l PA R A M E T E R S .

C A L L  PR O C E S S  R E P R E S E N T E D  BY S T A C K  E N T R Y .
EN000

END IF
EM000

END

Figure 6— 81

6— 9 3
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MODULE NA M Et  READ

DATA RE QUIRED

INPUT M E S S A G E  ( A S S U M E D  TO B E L O C A T E D  IN I.M. B U F F E R )
TA B LE OF MEMORY BUFFER LOCAT IO NS FOR EACH RCV ADRE SS.
TABLE OF BUFFER LENGTHS FOR EACH RCV ADDRESS. • - --

INPUT MESSAGE RCV ADDRESS

DATA PRODUCED

INPUT MESSAGE IN RCV A DRESS BUFFER

READ

THIS MODULE INPUTS M ESSAGES FROM THE INTE RFACE MODULE

IF PCV ADDRESS EQ 30
• THEN

INP UT M ESSAGE TO RCV AOR 30
AC KNOWLEDGE INPUT
C ALL “COMMAND PROCESSING” MODULE

• ELSE

• TRANSFER MESSAGE TO A PPROPRIATE INPUT BUFFER
AC K NOWLE DGE INPUT

E N O I F

END

Figure 6—8 2

MODULE NA M E ’  W R I T E

D A T A  R E Q U I R E D

~Ml M ESSAGE ADDR E SS
(A ILE 1E BUFFER L ICA T IONS FOR EACH XM T AD DRESS
T A B L E  OF B U F F E R  L E N G T H S  FOR E A C H  X M T  A D D R E S S

DATA PRODU CED

OUT PUT M E S S A G E  10 I N T E R F A C E  MODULE

W R I T E

T HIS FUNCTION OUTPUTS THE S P E C I F I E D  M ESSAGE
If) TH E I N T E R FA C E  MOD U LE.  I T  W A I T S  FOR AN A C K N O W L E D G E
FOR A SPEC IFTED PERIOD OF TIME. NONE OCCURTMG . AN
E R ROR CONDITION IS NOTE D IN THE STATUS WORD.

END

Figure 6-83

6—94

--- - --_~~~~- - - ~_.---• — --- -- • -—‘-•-—-- _------ -— -- • -  —
~~~~

- - —•-_~4_ • - - --5-- - - .



- -- LflZfl ~~~~~ - cr’Sv,r-- - - -

MADC—79 16 1—40

Figures 6-~ 4 through 6—88 . Node 21 Operat ional Functions
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MODU LE NAMES PERIPHERAL OUTPUT SIMULATION

• D A T A  RE QUI R ED

PRESET D A T A  FOR OU TPU T B U F F E R S
—OUT PUT 3UFFERS 00 NOT CHANGE IF DATA IS S T A T I C .
—IF DATA IS VARIE D IN A PREDEF IME D MANNER,
—A SEQUENCE OF PRESET BLOCKS IS DEFINED
— WH ICH CAN BE ACCESSED USING A SEQUENCE NUMBER
—C ON TA INED IN BUF SE 3. WH ICH IS A VECTOR CONTAINING
—THE CURRENT SEQUENCE NUMBER FOR EACH BUFFER.
—THE LENGTH OF EACH SE QUENC E IS CONTAINED IN
—THE IECT ~!R MA X _ BO F _ SED

DATA PRODUCED

J?O AI E S IF OUTPUT BUFF E RS FOR TRANSMISSION -

R I ) F _~ ( ‘ ‘ ~T SUB A0)RE S Z— 3Z iGROSl
3UF ..) —3 2 ADS
3iJ F _~~— 3 ?  405
I ~ _ — 3 2  A D S
1 ‘ _~~— 3 2  A D S
31) F _ 1—1 5 W O S
3 i F _ 5 — 1 6 A DS
3 UFj ~~— 3 40S
BUF ... t l — B  .105
BU F _ 20—2 S WDS
BUF _ 2 4 — 3  IJOS

Figure 6—84a

6—96
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PERIPHERAL OUTPUT SIMULATION

THIS M O D U L E  E X E C U T E S  E V E R Y  M I N O R  CYCLE

INCREMENT CYCLE _ COOE _ LFIA G
IMCREM ENT _ CYC LE _C O I 3 E 2 F  LAG
IN CREMENT CYCL E . C D D E _ I_ F L A G
IF PER ...INIT _ FLAG (2 ) E Q 1

• . IF BUF ,? MUST BE VARIED ACCORDING TO A PRESET SE QUENCE
TRANSFER 32 WORDS TO BUF _ 2 FROM A R E A  I N D I C A T E D  BY BUF _ SEQ (2)

• . . IN CREM ENT BUF _ SEQI Z ). . IF BUF _ SE Q(25 GT M AX ...BUF _ SEQ (Z)
SET BUF _ SED (2) TO 0

• . . ENOIF
• . W R I T E  BUF _ 2 TO INTERFACE MODULE
• E N D I F
END IF
IF PER _ I N I T _ F L A G ( 3 ) EQ 1
• IF BU F _ 3 M U S T  BE V A R I E D  A C C O R D I N G  1?) A P RE SET S EQ U E N C E

T R A N S F E R  32 W O R D S  TO BUF _ 3 FR O M  A R E A  I N D I C A T E D  BY BUF _ SEQ(3
— 

. . I N C R E M E N T  BU F _ SE Q ( 3 )
• . . IF BU F _ SE Q (3) GI l A X BUF SEQ (~~ )

• . . S E T  B UF _ SE)(3) TO 0
END IF

• - W R I T E  BU F _ 3 TO I N T E R F A C E  M O D U L E
• ENDIF 

— - —

ENDIF
IF PER _ INIT _ FLAG( 4) EQ 1
• IF !IUF _ ’. M U S T  BE V A R I E D  A C C O R D I N G  TO A PR E S E T  SEQUENC E
• . T R A N S F E R  32 W O R D S  TO BUF _ 4 F R O M  A R E A  I N D I C A T E D  BY BU F _ S EQ ( 4 )

INCRE M EN T 3JF _ SEQ(4)
• . IF 30F _ SE) ( A I  GT I A X _ 3U F ,.. E O (4 )

• . . S E T  BUF _ S E ) ( 4 )  TO 0
• . ENDI F

• • ~ R I l ~ 1JF _ 4 T~~ I N T E R F A C E  MO D ULE
• END IF
ENDIF
IF  PER _ I N I T _ FLAG( 5) El I

IF 3JF _ 5 MUST 3€ I A R I E D  A C C O R D I N G  (TI A P R E S E T  SEIU€NCE
• • T R A N S F E R  32 W O R D S  TO 3UF _ 5 F R O M  A R E A  I NDICATED BY BUF ..SEQ(5)

IN C R E MENT BJF _ SEI (5 )
• • IF BUF _ SE D (5I T M A I ._ IIUF _ SEQ (5)
• . . S E T  O UF ..SEQ (5) TO 0
- • ENOIF

• . . W R ITE BUF ..5 TO I N T E R FA C E  MODULE
ENOI F

END IF
IF PER _ INIT _ FL AG (S) 1) 1
. IF C Y Z L E _ C O D F _ 1 _ F L A G  E Q 2
• • SET C Y C L E _ C I D E .1 _ F L A G  TO I
• • IF BUF _ f. ‘lUST BE VARIED ACCORDING TO A P R E S E T  SE 3 U E N C E
• . . TRANSFE R  32 WORDS TO BJF _ 6 FROM AREA IND t CAT ~~O BY B UF .,SEQ (6 )
• . . INCREME N T 3UF SEO(6)
- • . IF BUF .SEQ(~~) GT MA X _ B’J F _ SEQ (b)

SET BUF _ SEQ IS ) TO 0
• . . E N O I F
• . . W R I T E  3UF _ 5 TO INTE R FACE MODULE

• ENDIF
• ENOIF
END IF
IF PER _ IM IT _ FLA G (1) E Q 1

Figure 6-84b
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• IF CY CLE _ COO E _ 2 _ F L A G  E Q 4
• - SE T C YCL E _ C O D E _ 2 _ F L A G  TO 0
• . IF BUF _ 7 MUST BE V A R I E D  A C C O R D I N G  TO A P R E S E T  SEQUENCE
• • - T R A N S F E R  16 WO ROS TO BUF ._ 7 FROM A R E A  I N D I C A T E D  BY BUF _ S E O C T )
• . • INCREMENT B’JF _ SEQ (7)

IF OUF ..SFQ (7) GT MA X _ B J F _ SE Q(7)

- . • - SET BUF _ SEOi7 ) TO 0
• . . - E H O I F  - -

• - . - WRITE BIlE _ i TO INTERFACE MODULE
• . ENDIF

• . EN DIF

• ENDIF
IF P E R _ I N I I _ F L A G I B )  E Q 1
• IF C Y C L E CODE _ Z _ F L A G  EQ A 

• - - - - - -

- . SET C Y C L E _ C OO E _ 2_.F L A G  TO 0. . IF BUF _ 6 MUST BE V A R I E D  A C C O R D I N G  TO A P R E S E T  SEQUENCE

4 . • . r R A N 5 F E R  30 WO RDS 10 8$J F _ B FROM AREA INDICATED BY BUF _ SEO (81
• . . INCREMENT BUF _ SE Q(8 (
• - - IF BUF _ SE Q (5) GI MA X _ O J F _ SEQ(B)
- . . - SET BUF _ SE Q (BI 10 0- - - ENO IF
• . . W RITE BUF _ 8 TO INTERFAC E MODULE
• . ENDIF - - - -  - - - —

• EM O TE
END IF
IF PER _ IN I T _ F L A G U A  EQ 1 - - - - - - —

- IF BU F _ LA M U S T  BE V A R I E D  A C C O R D I N G  TO A P R E S E T  S E Q U E N C E
• . T R A N S F E R  3 W O R D S  TO BU F _ 14 FROM A R E A  I N O I CA F E D  BY BUF _ S E Q ( 1 4 )
• - INCREMENT SLJ F _ SE Q (1A ) -

• • IF  BUF SED(1 41 CT MAX BUF _ SE Q(l41
. • - SET BUF ..SE Q (1A ) TO 0
- - EN O I F  

- -

- . W R I T E  -BJF . 1~ TO I N T E R F t . C E  M O D U L E

• ENDIF
END IF
IF ,

~ER _ Ii I T _ F L A G ( 1 7 )  El I
• IF C Y C L E _ C DDE _ 4 _ FL AG EU 16
• - SE T CY LE _ C C 1O E _~~_ FLAG TO 0

• IF I- J F _ 17 M JST SE V A R I E D  ACCORDING TO A PRESET SEQUENC E
- . . TI (ANS FER B WORDS TO BUF _ 17 F P O M  AR E A INDICATED BY BUF _ SEQ( 17)
- . . INCRE MENT BUF _ SE Q(17)
- • . IF IJE _ S E l I L ? )  CT MA I _ Bt JF SEQ(1 7)
• • • • S E T  BU F _ SE Q(11 ) TO 0
• • - E N O I F

• - W R I T E  BUF _ 17 TO INTE RFA CE MODULE
. . ENO I F
. ENDIF
E N D I F
IF PER _ I N I T _ F LA G (ZO) EQ 1
• IF C Y C L E _ C(IQE _ ?...FEA G EQ 4 -

• - SET C Y C I E _ C O D E _ 2 _ F L A G  TO 0
. . IF BUF _ ZO M U S T  BE V A R I E D  ACCORDING TO A PRESET SEQUENCE
- . . TRANSFER 24 WORDS 10 BUF _ 20 FROM AREA INDICATED BY BUF _ SEQ(20)
• . • INCREMENT BUF _.SE Q (2OP

- - - IF BU F _ S E D (2 O )  CT M A X _ B UF _ SE O I 2 O )

• . . - SET BUF _ SE Q I2 O )  TO 0

• - - E N O I F
. . - W R I T E  BUF _ 20 T) I N T E R F A C E  MODULE

- . ENOIF

- E M D IF
END IF
IF PER _ IN II _ F L A G ( .’c) EQ 1
• IF 3UF .24 M U S T  BE V A R ( E D  A C C O R D I N G  TO A P R E S E T  S E OU E H C E

• t R A N S F E R  3 W O R D S  T O  CUF _ 24 F ROM AREA I N D I C A T E D  BY tIUF _ SEO (24)

Figure 6-84c
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• . IN C R E M E N T  BUF ..SEQ (24)

- • IF BUF _ SEQ(24 ( Cf MA * _ BUF _ SEO (24;

• - . S E T  BUF _ S E Q ( 2 4 )  TO 0
- • ENOIF
• . W R I T E  BU F ._ 24 TO I N T E R F A C E  M O D U L E

• ENOIF
ENOIF

END

Figure 6-84d

MODULE NAME ’ COMMAND PROCESSING

DATA RE QUIRED

I N PU T  O M M A N D  ID A N D  J A T A  W O R D S  ‘RON R C V  A D D R E S S  30 INPUT B U F F E R  $
D A T A  PRODUCED

NO NE

COMMA ND PROCESSING

THIS M O D U L E  I N T E R P R E T S  THE C O M M A N D  ID A N D  C A L L S  THE A P P R O P R I A T E
S J B R O U I I N E  TO E X E U E E  THE C J M M A N D

C A S E  C O M M A N D  ID
• A C OM M  T H E T A

• A N E W M I N O R  C Y C L E %

- A R E A D  B L O C K A
ICJM M T E R M S

ENDCASE

END

Figure 6— 85
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COMM INIT

S E T  IM I T _ F L A G  ID 1
T U R N  32 B I T  INP UT DATA WORD FROM DA T A  WORDS 1 AND 2 OF INPUT BUFFER 30
SET I TI 1
DOW NILE I L E 32
- SET PER _ I M T T _ F L A G ( I p  TO BIT t!) OF INPUT DA T A  WORD
• INCREMENT I
EN000

END

Figure 6—86

P4 EV M INOR CYCLE

5 SET ‘1E~~,M INOR _ C YCLE _ FLaG TO I

END

Figure —8 7

COMM TERM

S E T  I N I T _ FLA G TO l

END

Figure 6-88

6—100
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Figures 6-89 and 6-90. Node 21 Test and Reconfigur ation Function
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READ BLOCK

• SET ADR T I) F I R S T  WORD ADDRESS OF BIOC ’( AS S P E C I F I E D  BY I N P U T  D A T A  W O R D
- SET 3LOC K _ LEN GT )-I TO VAL U E SPECIFIED BY INPUT WOR D

SET JEST IN A T T O N  N OD E A C C O R D I N ~. TO INPUT D A T A
51 1 1 I II 1
S E T  I T J  1

• SET DONE TO 0
- D OW H IL E  I LI B L O C K _ L E N G T H  A N D  D O NE E Q 0
- 

- SET I TO I
- 

. DOUHILE I LI 32 A M O  D O N E  EQ 0
- . . T R A N S F E R  M E M O R Y  A O R D ( AD R ) TO TN T SUB A D D R E S S  30 • W O R D  I
• • - IN C R E M E N T

. • IN C R E M E N T  I

• . I N C R E M E N T  A IR
• • IF 1 G I  BLOC E _ L E N G T H

S E T  C~~Nr TO ~
• . ENDIF

- . ENDDO
- . W R I T E  TNT SU B  A D D R E S S  30 B U F F E R  TO D E S T I N A T I O N  NODE

I MOO D

END

Figure 6-~ 9
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NODULE NAME PERIPHERAL SIMULATION SELF TEST

DATA RE QUIRED

RESULTS OF SELF TES I PROGRAM
2 S T A T U S  W O R D S
OLD SElUENCE WORD (SEQUE NCE WORD LAST TRANSMITTED)
LAST RETURN WORD INPUT FROM NODE ~O

DATA PROOUCED

B W O R D  S E L F  T E S T  M E S S A G E  (BU F _ 2q)
—NODE ID . M AJOR CYCLE MO . MINOR CYCLE NO
—STATUS WORD 1
— S T A T U S  W O R D  2
—CONFIG U R A T I O N  IDENT
—RESULTS IF S E L F  T E S T  P R O G R A M
—OL D S E Q U E N C E  WORD
— R ETUR N WORD
—NE W SEQUENCE WORD

PERIPHERAL SIMULATION SELF TEST

1-415 II) DUI E F X F C U T E S  EVE ~~Y MINOR C Y C L E

• .R) CF I J F  T J  RE~ IL~ ~V C E L F  1 1 C r  ~~ OGQAM
I F A C T ) I’l-J I C A I E S  T A  i L~~~T
- THEN
• IF r~~1 L J R E  IE ,- I cT A1 L E

• THEN

• - A L L  A P P ’ R C P ~~I A T r  1E O V E R T  R O u T P i r
- • C C T  ST ~~T ) S  ~~ T D 5  A ND :C’lrrCJ q ~~r~ 1 4  ID TO I9 DI~~A T E  N E W
• . I N F I G J R A T I  1N
• • E L S E
• • A1TE ’1 P~ TI )CT 1V AIE SH UIJ ~~W N I EC I A NISM
• E M O I F
- E L S E
• IF ‘lEA M A J O R  C Y C L E

• - I N C R E M E N T  M A J O R  C Y C L E  NO .
• . . SET MINOR CY C LE NO. TO J

EMOt E
SET WI)RD I OF B LJF _ 29 TO NODE ID. MA JOR CYCLE NO . MINOR CYCLE NO

• I N C R E M E N T M I N O R  C Y C L E  M U .

- C O P Y  STAT US WOR D I INTO WORD 2 OF )UF _ 2Q
C ) P f  STATUS WORD 2 INTl W O R D 3 OF M U F _ 2Q

• S E T  W O R D  4 OF BU F _~~~ TO C O N F I G U R A T I O N  ID
• S C T  . J R D  ~ ~~ ) .J F _~~1 T C LA S T W1~~D B TR ANS M ITTED F~~ 1M IUF _ 2~ 

--

• SET w O R D  7 OF BUF _ 29 TO LAST WORD S R E C E I V E D  FROM NODE ~O
• SET WORD B OF BUF _ 29 TO A NEW SEQUENCE WORD
• WRITE 3UF _ ?~ TO I.M .
E N D I F

END

Figure 6—90
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APPENDIX B

OPERATIONAL SEQUENCE DIAGRAMS
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VSTOL F3 AVIONICS CONCEPT WI’
liME 

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _L MISSION EVENT SYSTEM PROCESSING STORES MCUMMU- 
INT ERVA L FLIGHT ECM/ COMM NAVCONTROL DECM iw C SrT C OA R I L A T P ~ ~~ AC kIN G MUMI W I&PO~

_____________ F •c[ (ONIR

I.
ESTABLISH ASSIGNED F R E D .  TRACK ~ TRANS SEQ .TWO WAY LI NK
WITH ON STATION
ASW A/C 

~~~
TRANSM I T IN I T

REQUEST

-
~ RCV ON STATION LINK UJIF RCV I Nt l  RESPONSE

AIRCRAFT DATA SEQUENCE \.~...J A/C POSIT
DUMP 

~~~~
— REQUEST DATA DUMP

I I

i hRCV DATAUUMP

2 ‘~‘r” PROCESS DUMP
1 1 PU POSITS , PU P0 SITS~ SONO POSII I I B U O Y  POSITS ACTIVE TRACKS& CONTAC
I J &RF &CUS & SPEI

T
1 1  

________ ________

I ’  
_ _  

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



ICEPT WITH 3 MAN CREW
SUBSYSTEMS

STORES MGMT. MISSION SENSORS DISPLAY/CONTROL CREW

MOUT WI*.PO~ £(A MCH (J O (SM MAO ACOUSTIC NADAR WONT TAC T ICAL S~ NSO( PILOT TACT ICAL ) SINSOII OP

H- — --- _ _ _ _ _ _

A/C PRESENT POSIT

~~~~~ COMM OP
ORDERS

AJ
A/C POSIT

I,,. ) TO RELI EF
A/C

f

L

i

CONTRACTS &
/ S I G N A T U R E  DATA

/ UPDATE A P R I O R I  FILS
OSITS, SONO POSITS & TYPES /

‘ 
7

’ I I I
RACKS & CONTA CTS BY SENSOR ACTIVE EMITTER / A CTIVE RADAR TRACKS &

&CUS & SPEED REPORT / LOCATION .CUS &SPEED

Q BUOYSL WATEJ& P ~~ 2LII 
~~~~~~~~ 

1 1 L1 i ____ ~ 
(7

WATER 1PROCESS F FORMAT

- I - > - ! __I 
r J -

~~~~~~~~

-o  

_

B-i

_ _  - ~ -•~~~~~~~~~~~~~~~~~~~~~~ - - - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~
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_____  _____  _____  _____  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  __________

MISSION EVENT ECM/ ______

SYSTEM PROCESSING 
— 

STORES M~CUMMU IN1I~~VA L FLIGHT COMM NAVI.A1’IVt CONTROL DE CM TAC ITT CO~~rnILATII TRA CSPIQ MONT W(APO~

ACTIVATE
SEARCH
SENSORS

- _ ,_____ __ _p  -as ‘ -——. —- -5- -
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~ONCEPT WITH 3 MAN CREW
SUBSYSTEMS 

_______________

STORES MGMT. MISSION SENSORS DISPLAY/CONTROL CREW

~o MONT ~~IAP ON SIIACH (/0 (SM MAO ACOUSTIC ~ AOA( (UGH! TACTICA L $(‘ I$O~ PILOT TACTiCAL S(WSOS O.

n 

A/C PONT

F 

P 

_

RE DUEST ’ 
~~~~~ TIVAT ERFI IN SENSORS

ONWATER 

9- 

-

~~~~

- -
~~~~~~~~

- [j
--~~~~~~~~~~ 

_ _

_
FORMAT•Q

R A D A R  
i____

A/C PRESENTACTIVATE 
_____ PORIT. IRCVR ,~~~,J,~

ULSES 

~~ HDG&ALT .
T H R E S H O L D S  i ISELECTED 16 RADAR DATA

MODES R F S  
,

_
~~~ 

RETURNS
FR EQ. I
BANDS I

PROCESS ~~~~~~~~~~ RE QUEST

L,_J RETURNS DETECTION RADAR RADAR
DETECTION

PROVIDE 
CR ITERA DATA DI~P1AY

FILES
A PRIORI  

_____________~~~~~~~~~~~~~DAT~
,}S2Q<

~~~~~~~~~~~
{ I

EMISSION
FORMAT 

~~~ 

17

DATA POST 

~~~~~~~~~~~

‘ 
“~~PR OCES S ______

PROCESS FOR ______ _____

ANALYSIS DETECTION ______

_______ AGING
C R I T E R I A  

~ 1A NAL YZ E

~~~~~ EMITTER 

FORMAT 

~~ 

RE QUE ST

DATA

_ _ _  

I IPROVIDE
SCAN DATA

BANDS
_____ 

______ 
ACOUSTIC

FORMATFILE ______ ACOUSTIC &

_
_
_

~~~~~~~~

pI0ATA

1 1 ANALYSI S

FILE AGING _____________ REVI EW
CRITERIA

r 

PROCESS ‘- -::, ~~~

s
s

~

:.

~
;i 

DATA 

I I~’~”~’~_____ DATA -F

I DETERM INI 

‘ 
]DELET E

DATAI I EMITTERS ______I I~’RESENTS &
B E A R I N G  -

~:~~
FORMATIi ESM

_____ DATAI _ _ _

—_  I I  I__ _ 
-

~~~~~~~~~~~~~~~~~
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VSTOL F3 AVIONICS CONCEPT WI
TIME

MISSION EVENT SYSTEM PROCESSING STORES NCUMMU- 
INTIHVAL FLIGHT ECM/ COMM NAVLAT IV E CONTROL DECM IT~T LH C L PT TAC (IT CORMILA T H TRAC k ING MONT WIA?~~

_________________________________ _______ _______ __________ __________ 
(IRk CONIR 

_________ _______

PROVIDE
NAV

DATA

I

I

\ ~~

. - 

~~ 

- -

~~~~~~~~~~

- 

- 

- -
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SUBS Y STE MS 

________________  ________________

STORES MGMT. MISSION SENSORS DISPLAY/CONTROL CREW
IT W (APOPd UAACH (‘0 (SM MAO ACOUSTIC RAOAA FLIGHT TACTI CAL SINSOR PILOT TACT ICAL SINSOR OP

HDG

9ATITUOE&SPEED

COMMENCE
SCAN

I I
_____ 

PROCESS
E/O DATA 

______ ______ ______ — ______

FORMAT
E/O DATA

I REQUEST
‘N” ,’ [

I

1 D
~

A

9

~~~~~~~~~~~~~~~~J

I F~ -~-O

— 
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__________

MISSION EVENT 
CUMMU- 

I ERVAL FLIGHT ECM/ COMM NAV ______SYSTEM PROCESSING 
— 

STORES M~
LATIV ( NT 

CONTROL OECM INILFICIPI, 
TAC III CORRLLATN TNA C KING MOM! W LAPON

__________________________________ ________ 
(1(1. CO NTR 

_________ ________

ENROUTE
NAV NAV

WAY PT DATA

I
.

POSIT
CALC A/C

______ 

~~ _____ 

POSIT

PRIMARY
INPUTS BEARING & RANGE 

_____ PROVIDE
j 

S ‘

~

-‘
~~~ 

(_•).- 
~ I ~~~~~~~~~~~~~~~~~~

GENERATE STEERING
COMMANDS TO

CONTRO L SURFACES

>--

FORMAT

r 
}AIC POSIT 

_______ ______

FTP
LOCATIONS

2 

<-

ASSIGN
FTP ~‘S

FTP’S 
______ PROVIDE

I FFT
~
’L0C’

~
T 0NS -_-~~~~~

,_

I l l
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S W(APON SIAJICI4 I /O (SM MAO ACOUSTIC RADAR (UGH! TACTICAL S(FISOR PILOT TACTICAL SINSOR OP

A/C POSIT

9&FU~~T

IJ~~~~c
- >  PROVIDE

_____ 
PRIMARY A/C POSIT

I ~ 

INPUTS

INSERT

_____ 
FTp’S

‘

~____ 

LOCAT I ONS

FTP
SYMBOLS

- >  C
T FTP’S
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- 

- I NT IRVA L  PLIGHT COMM NAV -- I CONTROL DECM ~~~~~~ TA !  SIT  CflNN~~LATN !RAC( ~No MUM! WEAPON

P R I M A RY RA NGE S I
IN PUT BEARING I

PROVIDE RANGE/BEARING
DATA TO FTP

P R O V I D E  STEERING I
COMMANDS TO I

CONTROL SURFACES

P R O V I D E  I
SONO FIELD I

I DATA IDUMP 
i
I P R O V I D E  BUOY FIELD

______ 

LOCATIONS & TN’S LIFE REMAIN

>

~~~~~Pt
SENSOR CO NT

~ 7 REPORTS

TRANS t ( 1 I
SEQ. L _j PROViDE TRACK 0*

_• ______ D E T E R M I N E
TRANSMISSION SEQUENCE COMME

IN NET REMAIN I

A l l
( )  PU TRANSMISSIONS I

~~~~~~~ TRANSMIT LINK I
HANDSHAPE REQUEST I

I I I I
RCV ENTER NET

COMMAND CROM OTC

TRACK DATA

2 

-

\/ _

o 

~
— PROVIDE

• —I PRESENT
I POSIT
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Q
ST EERING
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MONITOR A/C
FLIGHT

______ PER F.

0
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9 9 
_
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..., SENSOR CONTACT I I/ RE PORTS

I I  I
PROVIDE TRACK DATA
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REMAINING CALC’S

13-5

• ,.4~~~ /-. - - -_~s ~~~~~~~ ~~L’~- -

L.~~ - -
-5 

~~• - 5 -



-‘ -5--  — - 5 - 5 —  — --5 - - —- --  -5--5- -~~~~~~~~~ - -5-5—-— 
•

- -~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-5—

_ _ _ _ _ _ _ _ _ _ _ _ _  

VSTO L F3 AVIONICS CONCEPT WI
TIME

MISSION EVENT SYSTEM PROCESSING 
— 

STORES NCUM u 
I N T E R V A L  FLIGHT ECM/ COMM NAV —~~~~LAT IV I CONTROL DECM I T T  H C L I T  TAC SIT COII IIILA~~, T R A C k I N G  MOUT W I SPOt

____________________________________ 1111 1 C UNI l

XMIT 
_____ 
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PROCESS SYS TRA
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