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SECTION 1
INTRODUCTION

1.1 PURPOSE

This report contains the results of the processing svstem architecture task
performed bv 5021 under the Basic Avionic Subsystem Integt ution Concept (BASIC)
Architecture Interdepartmental Work Agreement (IDWA) No. 45-7%-04. Pro-
vided herein is a definition of an avionic information processing svstem architecture
and recommendations for implementing a subset of this architecture in the BASIC
laboratoryv. This recommended architecture can be classified as a distributed,
multiple processing system. [t was derived based on the S-3A operational re-
quirements emploving a structured svstem design methodology. The S-3A archi-
tecture was chosen as a baseline since it typifies avionic information processing
requirements. In addition, current Navv standards, such as the AYK-14 air-

horne computer and 1353 bus, were emploved to the greatest possible extent.

One of the major objectives was to provide flexibilitv so that the architec-
ture can adapt to varving configurations as dictated by new or changing technolo-
gies. Another major objective was to provide fault tolerance so that the svstem
can recover from and circumvent failures. These objectives were included in
the criteria for assessing the recommended architecture. The modularity as-
pects of the architecture permit the system to be implemented and verified in
an incremental manner. This is a major benefit made possible bv structured

design.

1.2 APPROACH

A structured system design methodology was emploved as a tool in arriving
at the architecture in this report. The general procedure followed includes per-

forming a requirements analysis, defining an application structure, establishing

1-1
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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 employved in deriving

a proposed avionic information processing system architecture.

1.3 SUMMARY

This report initially describes the steps involved in the system design
methodology (Section 2). Application requirements are derived in Section 3
by examining 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 well as assessment criteria rela-
tive to flexibility, fault tolerance, 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 laboratorv, is then described

in Section 6, hased on demonstrable assessment criteria as previouslv established.
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SECTION 2
SYSTEM DESIGN METHODOLOGY

This section describes the methodology used in development 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 Univac under NAVAIRDEVCEN 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 methodology of designing information processing svstems should be a

structured process consisting of the following stages:

a. Determination of the application requirements

b. Decomposition of the requirements into decompositional elements (DE's)
c. Association of the DE's into decompositional units (DU's)

d. Synthesis of a control structure relating DU's to one another

e. Implementation selection for each DU in hardware, software, or firm-
ware

f. Selection of hardware components and software language(s)
g. Composition of the hardware svstem
h. Mapping of software and firmware DU's onto the 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 available 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 choice, or negative choice, re-

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

2-1

G —r— -Mvm‘ R T ORIES I D 11547 e aap r— = - et ---‘~—-‘—.J

SRS —




e

i
.v
F
F
l
l
?
F
|

A,A,{,,v,,mv,.f._.

NADC-79161-40
The designer adds up the elements in each column (that 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, assigning 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
and subsystem: (2) development of 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 DU's,
involve the partitioning of the requirements into the smallest practical elements
(DE's), which are then combined to form the DU's. The forming of DU's makes
use of the natural association of certain DE's on the basis of shared resources

or data transmission between the grouped eiements.

The fourth stage, svnthesis of a control structure, involves determination
of the control dependencies among DU's and the relative priorities of the DU's,
It should be noted here that, thus far in the design procedure, no assumption
has been made concerning the implementation of the DU's. Whether theyv will
be implemented in hardware, software, or firmware is of no importance in the
first four steps. However, in the fifth stage, each DU is bound to a specific

medium of implementation.

The sixth and seventh stages are self-explanatory. At this time, the hard-
ware components are selected and configured into a system. The hardware
can consist of both dedicated hardware logic for those DU's implemented in hard-

ware and processors, memories, buses, and input, output (I, O) peripherals
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for performing the software- and firmware-implemented DU's. The selection

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

In the eighth stage, the software and firmware DU'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 algorithms can also be considered as another DU 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, tradeoff 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 methodology 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 assumed to be
functionally equivalent to those of the S-3A avionic suite less some of the sensor

processirg. Obviously, the subsvstems to be used in fugure platforms will differ

from those in the S-3A; but, since the information processing requirements for
these future subsvstems are not clearly defined at present, it was decided to

use the S-3A avionic requirements to design an initial baseline svstem. As the
requirements for the new subsvstems become available, they can be inserted into

the first stage of the methodology, and a new information processing system can

be designed. However, if the initial information processing system architecture

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

‘[ 2-3




o Al o

NADC-79161-40

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 DU'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 performed 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 fiexible, 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 yet chosen); 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 vears virtually lead a designer to choose a
distributed hvbrid 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
vet been performed 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

REQUIREMENTS ANALYSIS

The first step in the design methodology is the determination of application
requirements. This section derives application requirements, in terms of
implementation-independent decompositional units, from an extensive examina-

tion of the existing S-3A processing system.
3.1 EXISTING S-3A INFORMATION PROCESSING SYSTEM ARCHITECTURE

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 architecture.

3.1.1 Hardware Configuration

The S-3A information processing system hardware is based on the AN/
AYK-10 general-purpose digital computer. All the antisubmarine warfare (ASW)
tactical processing is controlled by this 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/0 traffic between I/O devices and memory. A block diagram of the S-3A digital
avionics hardware configuration 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 instruction, 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
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NADC-79161-40
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 different users. The memory

has an average cycle time of 750 nanoseconds.
3.1.1.3 I/O Controller

The I/O controller and interface unit provide the control logic which (1)
directs the sequence of events for the logical execution of input and output pro-
grams and (2) conducts the transfer of data between I,/0 devices and memory.
The 1I/0 controller requires only a single initiation command from a processor
to initiate an I/O command program (chain). This I/O command program uses
its own command repertoire in controlling I/O operations, and it has direct
memory access through 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

A list of the avionic devices, their nomenclature, and their function is
presented in Table 3-1. Each device is connected to the AN/AYK-10 via a
Manchester serial channel. The maximum channel data rate for the acoustic
data processors (ADP's) Numbers 1 and 2 is 150 K words per second. The maxi-
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.
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TABLE 3-1. S-3A AVIONIC SENSORS/SUBSYSTEMS
NOMENCLATURE 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 Inertial 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 sonobuoy position
Subsystem relative to aircraft.
INCOS Integrated Control Provides data entry for
Subsystem aircraft operators.
RAAWS Radar Altimeter and Provides aircraft altitude
Altitude Warning above terrain.
Subsystem
ESM Electronic Surveillance Provide target information
Measurement Sub ~ from received RADAR
systems signal.
AACS Aircraft-Altimeter Provides air speed, temper-
Computer Set ature, and altitude.
DGVS Doppler Ground Ve- Provides aircraft velocity.

locity Subsystem

3-4
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TABLE 3-1. S-3A AVIONIC SENSORS/SUBSYSTEMS (Continued)
NOMENCLATURE NAME FUNCTION
AHRS Altitude and Heading Provides aircraft roll, pitch,
Reference Subsystem and heading.
MAD Magnetic Anomaly Provides target information
Detection from detecting anomaly in
earth's magnetic fields.
SESCOS Search Stores Control Provides for the release of
Subsystem search stores (for example,
sonobuoys).
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 recording of
audio, acoustic, MAD, and
digital data for later

: playback.

a

i ARMCOS Armament Control Provides control for weapon

i Subsystem launching.

|

DMTU Digital Magnetic Tape Provides for system loading
Unit and operational event
recording.
SRX Sonobuoy Receiver Provides for signal data com-

Subsystem

munication 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 (EXEC)

The EXEC subprogram provides the initialization, 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) Subprogram

The KEYPAC subprogram provides the primary man-machine interface for

the operational system. KEYPAC obtains control via the EXEC through inter-

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

control, KEYPAC 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 crewmember via
i the multipurpose displays (MPD's). In this function DISPAC will (1) display
: operator alerts, (2) display and process cues, (3) display and process tableaus,

and (4) control tactical symbology.

TTITINTY

3.1.2.4 Navigation (NAV) Subprogram

The NAV subprogram provides navigation parameters to other subprograms.

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

correct relative buoy positions, (3) the carrier position, and (4) other operator

navigational aids.
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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 Search, 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 aircraft in the most effective way to accomplish its mission. These
aids include (1) standard ASW flight pattern selections, (2) fix and track gener-

ation, and (3) target tracking algorithms.

3.1.2.7 Communication Processing and Control (COMPAC) Subprogram

The COMPAC subprogram provides communication capabilities with other
S-3A's and surface ships. The COMPAC subprogram (1) configures, monitors,
and maintains the communication equipment, (2) participates in the operational
data link nets, (3) transmits tactical data to other participating units, and (4)

passes received tactical data to interested subprograms.

3.1.2.8 Ballistic Subprogram

The ballistic subprogram uses weapon or search stores flight character-
istics in order to locate drop-and-splash points to within a 100-vard (30. 4-meter)
radius. The ballistic subprogram provides (1) weapon fly-to points, (2) weapon

splash points, and (3) expendable splash points.

3.1.2.9 Armament Control (ARMCON) Subprogram

The ARMCON subprogram 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.

37
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3.1.2.10 Search Stores Control (SESCCN) Subprogram

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 fly-to points into the system, (2) selects search
stores for release, (3) controls the release, (4) updates the search stores

inventory, and (5) allows for designating a sonobuoy currently in the water.

3.1.2.11 Acoustic Control (ACCON) Subprogram

The ACCON subprogram provides the man-machine interface for controlling
the acoustic data processor (ADP), the analog tape recorder (ATR), and the
sonobuoy receiver set (SRX). The ACCON subprogram (1) maintains control
of ADP, ATR, SRX input and output operations, (2) controls the acoustic dis-
play modes, (3) controls the audio headsets, (4) assigns sonobuoy receiver fre-

quencies, and (5) manages acoustic contacts.

3.1.2.12 Passive Acoustic Classificaton (PAC) Subprogram

The PAC subprogram provides a method of classifying passive acoustic
signals according to their origin. The PAC subprogram (1) edits digitized
acoustic data, (2) alerts operator of active contacts, (3) classifies targets, and

(4) manages contact data.

3.1.2.13 Active Acoustic Control (ACTIVE) Subprogram

The ACTIVE 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 returns, (4) manages active contact, and

(3) allows display of targets.

3.1.2.14 Forward-Looking Infrared (FLIR) Subprogram

The FLIR subprogram aids the operator in identifying targets by controlling
the FLIR subsystem. The FLIR subprogram (1) controls automatic FLIR
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tracking of fixed geographic positions, (2) controls automatic FLIR slewing,

(3) provides for entry of FLIR fixes, and (4) allows for adjustment of FLIR field
of view, polarity, brightness, and contrast.

3.1.2.15 Magnetic Anomaly Detection (MAD) Subprogram

The MAD 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 radar to be displayed, (2) allows for adjustment of antenna position,
power levels, radar mode, persistent video gain, receiver gain, and false
alarm rate, (3) provides for entrv of RADAR fixes, and (4) provides for auto

tracking of a selected rarget.

3.1.2.17 Electronic Surveillance Measures (ESM) Subprogram

The ESM subprogram provides the capability of detecting, localizing, and
classifying intercepted radar transmissions. The ESM subprogram (1) displays
selected emitters, (2) provides for the entry of ESM contacts, (3) eliminates
redundant emitters, (4) classifies emitters, and (5) controls the scan frequency

bands.

3.1.2.18 Data Extraction (DEP) Subprogram

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

The IFPM subprogram is designed to detect, verify, and take appropriate
action in response to error indications from the S-3A avionic equipment units.
When the IFPM determines that a subsystem or component of the processing
system meets a predefined failure criteria, it communicates this information
to the executive, which alerts the operators and indicates the status of the sub-

system in a system status tableau.
3.1.3 Interfaces

The following paragraphs provide a description of the interfaces which enable

the operator, software, and hardware 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 communicates with the avionic system through alphanumeric/
video multipurpose displays (MPD's) and functionally oriented keyboards.

3.1.3.2 Software

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 computer registers, The third method is through shared data, the most

common being the system common data.

3-10
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3.1.3.3 Hardware

Chains (programs) of I/0O 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
3l 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 EXEC directs the IOC to initiate this specific chain by passing the
channel number and chain address to the IOC over the central processing
unit (CPU) 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
other processing while the data transfer is in process.

e. Upon completion of the transfer, the IOC chain usually interrupts the
CPU and notifies the EXEC of the completion. The EXEC will either
notifv the requesting subprogram or a subprogram interrupt handler
(IHX) 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. 1

Table 3-2 is a list of each subprogram and the I/O devices it communicates

T

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 purpose 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-
rupts. Since most of executive processing requires the use of privileged instruc-
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.

3-11
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TABLE 3-2. SUBPROGRAM NOMINAL I/O RATES

NOMINAL NOMINAL RATES
SURPROGRAM 1/0 DEVICE DUTY CYCLE (words per second)
EXEC ADP No. 1 (Drum 1) Demand 12000
ADP No. 2 (Drum 2) | Demand 12000
KEYPAK INCOS No. 1 50 msec + Demand 30
INCOS No. 2 50 msec + Demand 80
INCOS No. 4 Demand
DISPAC MPD No. 1 25 msec 20000
MPD No. 2 25 msec 20000
MPD No. 3 25 msec 13000
MPD No. 4 25 msec 6000
*' NAV NDRC No. 1 200 msec 60
NDRC No. 2 200 msec 60
, CAINS 50 msec 120
| ‘ | RAAWS 200 msec 5
CSAA 200 msec 10
DGVS 200 msec ! 30
3 AHRS 50 msec S0
' SRS ; I se¢ 40
- Steering (None) - -
SLTA (None) - -
3 coMM COMM Demand 100
Ballistics None - -
ARMCON ARMCOS Demand 24
SESCON SESCOS Demand 10
) ACCON ADP No. 1 Demand 700
E ADP No, 2 Demand 700
ADP No. 3 100 msec (max) 100
SRS 1 sec 4
ATR 100 10
3-12




NADC-79161-4C

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

; NOMINAL NOMINAL RATES
SUBPROGRAM I/O DEVICE DUTY CYCLE (words per second)
PAC (None) - =
ACTIVE (None) - -
FLIR FLIR 50 msec 75
MAD MAD 42 msec 24
RADAR RADAR 50 msec (max) 110
ESM ESM 250 msec 100
| DEP DMTU 1 sec/demand 5000
1

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 portions of the executive manage the allo-
i 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 (CP) and IOC utilization and the

# allocation of I/0O channel time to various requestors. S-3A tasks are the prime

E users of CP time. The scheduler and dispatcher portions of the executive have
directories and queues to assist in controlling CP utilization. The centralized

I/0 portion of the executive controls the usage of the IOC 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
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initiation, to save CP registers, to lock or unlock data tables, to allocate tran-
sient space for temporary data storage, to establish or remove wait conditions,

and to increase allowable CP execution time.

3.1.4.4 Operational Program Priority Levels

Each function within the S-3A operational program is assigned to one of

1 eight levels of priority. The basic driving force of the executive is the sched-
f uling queue, which contains the list of tasks currently scheduled according to
their priority. This table is used by the executive to select the highest priority
1 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 failures 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

T

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

3.2 APPLICATION REQUIREMENTS

The following paragraphs discuss the results of applying the first three

ik e

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 determined by means of analyzing the func-
tional 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 decompositional units and elements.

3.2.1.1 Operational Program Functional Analysis

The S-3A operational program can essentially be considered to consist of
subprograms executing on either a periodic 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 periodic rate (periodic task) or run as a result of an external interrupt
(demand task) usually has a defined priority and iteration rate. However, a
subprogram which is made up of many tasks does not have a definite priority or
iteration 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 Diagrams. Each subprogram is divided into many

low-level functions, and each function 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 means

of functional flow diagrams. Functional flow diagrams consist of process strings,
represented by bubbles, required to perform the function. Due 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 CP are called tasks,
shown on the left side, and processes performed in the IOC are called chains,
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 that 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 svstem
activity are considered as having minor impact on the system. The minor im-
pact functions are summarized in tables, an example of which is shown in
Table 3-3 for operator-initiated functions relative to displavs. The reader is
again referred to the S-3A functional analvsis report (Volume 1 of Reference 2)

for a complete description of operator-initiated functions.

3.2,1.2 Decompositional 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 decompositional elements (DE's)
and decompositional units (DU's) (Reference 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
decompositional elements, implemented in hardware, software, or firmware
and executed as required.' As a result of the decompositional analysis, a total

of 47 DU's are realized; each DU comprises various DE's. These DU's are

A el e deb cent 8 L e e
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TABLE 3-3. OPERATOR-INITIATED FUNCTIONS EXAMPLE (DISPLAY)

FUNCTION

DESCRIPTION

AVERAGE NO.
ACTIVATIONS

EXEC
TIME

Increase Scale (12) P1

Decrease Scale (13) P1

Recenter (11) P5

Hook Verify (7) P1

Recenter Pilot (430)

P3

Recenter on Flv-
To Point (403) P1

Recenter On Air-
craft (102) P1

Auto Down-Scale
(414) P1

Extend Track Vec-
tor (552) P1

This function increases the
tactical display scale by a
factor of 2.

This function decreases the
tactical display scale by a
factor of 2.

This function recenters the
tactical display about a
selected point.

This function allows the
operator to designate sym-
bols or positions on the
tactical display for future
operations.

This function allows
nonpilot operators to re-
center the pilot's tacti-
cal display.

This function allows the
pilot to recenter his
tactical display on the
highest priority flv-to
point.

This function allows the
pilot to recenter his tacti-
cal display on the own-
aircraft symbol.

This function allows the
pilot to keep his tacti-
cal display at the small-
est scale that displays
the own-aircraft symbol.

This function allows the
pilot to extend the track
bearing of the own-aircraft
symbol to the edge of his
tactical display.

25

25

10

(8]

(8]

29 msec

21 msec

25 msec

S msec

15 msec

1 msec

3 msec

3-18




NADC-79161-40

listed in Table 3-4 according to their associated sensors/subsystems, and a
summary of the general types of functions performed by each DU is provided in
the following paragraphs,

3.2.1.2.1 ESM Intercept Maintenance (DUO1)

e Accesses, processes, and updates ESM emitter file
e Places tactical display in ESM display mode
e Displays intercepts on the MPD

3.2.1.2.2 ESM Frequency Control (DU02)

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

e Permits operator modification of scan bands and inhibits lists

w
2
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.3 ESM Classification (DU03)

e Displavs possible classifications of designated signal

e Permits the operator to specify classification of specific
i?tercept

3.2.1.2.4 ESM Contact Maintenance (DU04)

e Enters intercept in contact file

3.2.1.2.5 ADP Mode Control (DUCS)

e Controls various modes and functions of the ADP
e Performs initialization of ADP subsystem and acoustic functions
e Provides various target information such as target locations

relative to sonobuoys

3.2.1.2.6 ADP Data Management (DUO06)

e Obtains all acoustic data inputs from the ADP and stores data
in a central file for use by other elements

3.2.1.2.7 ADP Display Control (DU0OT)

e Establishes the MPD and auxiliary readout unit (ARU) acoustic
display modes and their associated annotation

e Displays alerts

3-19
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NADC-79161-40
Displays and processes responses from cues

Displays tableau and processes responses from tableau
modification

e Enters and updates acoustic contacts and fixes
e Utilizes track ball inputs

.1. 2.8 SRX Frequency Control (DU(S8)

Provides sonobuoy receiver initialization

e Regulates sonobuoy receiver input/output

Assigns sonobuoy receivers to ADP processor channels

.1.2.9 ATR Control (DU09)

e Provides analog tape recorder initialization
o Provides operator interface to analog tape recorder

e Provides analog tape recorder control

.10 ADP Passive Contact Classification (DU10)

e Places MPD in classifyv display mode

e Enables operator to change the classify mode RT
e Enables operator to modify stored data for the classify RF

e DProvides various related processing, alert, and display functions

.2.11 ADP Passive Contact Maintenance (DU11)

participate in contact maintenance

e 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)

e Controls selection of command active and directional command

active sonobuoy systems

e Controls sequence of pinging

3-20
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TABLE 3-4. DECOMPOSITIONAL UNITS

DECOMPOSITIONAL UNIT (DU) ASSOCIATED
NOMENCLATURE NO. SENSOR/SUBSYSTEM
!
ESM Intercept Maintenance 01 Electronic Surveillance
ESM Frequency Control 02 Measures (ESM)
ESM Classification 03
ESM Contact Maintenance 04
ADP 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 Active Ping Control 12
ADP Active Contact Maintenance S
SRX Frequency Control 08 Sonohuoy Receiver Subsystem (SRX)
ATR Control 09 Analog Tape Recorder (ATR)
MAD Display Control 14 } Magnetic Anomaly
MAD Data Management 15 ’ Detection Subsystem (A[AD)
MAD signal Feature Recognition 16 |
MAD Contact Maintenance 17 ;
RADAR Display Control 13 } Radar (RADAR)
RADAR Data Management 19
RADAR Contact Maintenance 21
Display Operator Control 22 S-3A Tactical Command and
Tactical Display Management 23 Control
Display Refresh Management 24
Keyset Control 25
Contact Tracking 43
Tactical Coordination 14
NAV Position Control 26 Navigation Subsyvstem (NAY)
NAV Position Calculation 27 - NDRC - AACS
NAV Data Management 28 - INS - DGVS
NAV Track History 29 - RAAWS - AHRS
Aircraft Steering Control 37
3-21
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TABLE 3-4. DECOMPOSITIONAL UNITS (Continued)

DECOMPOSITIONAL UNIT (DU) ASSOCIATED
NOMENCLATURE NO. SENSOR/SUBSYSTEM

COMM Receive 30 Communications (COMM)
COMM Control 31
COMM Data Management 32
COMM Transmit 33
Sonobuoy Selection 34 Search Stores Control
Sonobuoy Release 35 Subsystem (SESCON)
Sonobuoy Drop-Point Calculation 36
Ballistics 20 Armament Control
Weapon Release 38 Subsystem (ARMCON)
Weapon Drop Point Calculation 39
Weapon Selection 40
SRS Control 41 Sonobuoy Reference

. Sonobuoy Position Calculation 12 Subsyvstem (SRS) u
FLIR Contact Maintenance 45 Forward-Looking Infrared |
FLIR Display Control 16 Subsystem (FLIR) ;‘
FLIR Stabilization | a7 -

3.2.1.2.13 ADP Active Contact Maintenance (DU13)

e Provides for entering and updating active acoustic contacts

3.2.1.2.14 MAD Display Control (DU14)

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

e Establishes the controlling operator and availability of MAD

functions

3.2.1.2.15 MAD Data Management (DU15)

e 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 (DU16)

e Initiates feature recognition processing

e Performs MAD data analysis

3.2.1.2,17 MAD Contact Maintenance (DULT)

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

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

=
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.18 Radar Display Control (DU183)

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

e DProvides radar display and control

e Provides scan converter control

@ Provides antenna control

3.2.1.2.19 Radar Data Management (DU19)

° Provides all data communication to and from the radar subsvstem

3.2.1.2,20 Ballistics (DU20)

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

3.2.1.2.21 Radar Contact Maintenance (DU21)

e Permits the operator to enter radar fixes into the svstem

3.2.1.2.22 Display Operator Control (DU22

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

i
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.23 Tactical Display Managemeat (DU23)

Manages the tactical plot area of each display

e Provides manual entry functions to assist the operator in processing ]
r
inputs

e Provides the operator with various control functions, including tableau
and symbology control
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24 Display Refresh Management (DU24)

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

25 Keyset Control (DU25)

Interprets key depressions of operator's Integrated Control Subsystem
(INCOS) trays

Sends lighting commands to INCOS trays and table
Schedules associated units

Processes trackball inputs from INCOS trays

26 NAV Position Control (DU26)

Initializes navigation system

Activates dead-reckoning processing

Activates and modifies Zulu timekeeping

Enters and displays navigation symbols and grid coordinates
Initiates and terminates the tactical mode of navigation
Allows operator correction of aircraft tactical position
Modification and computation 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

27 NAV Position Calculation (DU27)

Computes aircraft position from NAV sensor data

Stores latitude/longitude for output to the inertial navigation subsystem
(INS) and the altitude and he<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>