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1.0 INTRODUCTION AND SUMMARY

The Digital Avionics Information System (DAIS) represents a signifi-
cant advance in the technology of avionics systems architecture. DAIS is a
total systems concept, exploiting standardization, modularity, and application-
independent executive software to provide a system architecture adaptable to
many aircraft, missions, and avionics configurations and fully capable of
accommodating new advances in technology. The DAIS architecture results in
improved reliability and availability of avionics systems while at the same
time reducing life cycle costs.

Under the total systems concept, DAIS elements are not dedicated to
any one avionics function. Rather, the elements are used to perform the pro-
cessing and integrate the functions associated with the avionic sensors and
subsystems employed for a particular aircraft/configuraticon/mission. This is
achieved in part by the use of AN/AYK-15A general purpose digital processors
conforming to MIL-STD-1750A. The processors communicate with each other and
other system elements (e.g. C&D subsystem) via a MIL-STD-1553B dual redundant
multiplex data bus. Centralized system single point contrel is performed by a
processor-resident software executive. Application Software is structured to
provide modularity, reliability, and transferability. Both executive and
application software are implemented primarily in a MIL-STD-1589B JOVIAL J73
higher order language. The software modularity is enforced and enhanced by a
standard executive-to-applications software interface.

The besic elements of the DAIS architecture which can be reconfigured
for various avionics applications are called DAIS core elements {or building
blocks). The core elements consist of the DAIS processors, DAIS multiplex, DAIS
Mission Software, and DAIS Controls and Displays. Additional elements are the
support software elements, namely the JOVIAL compiler, the assembler/linker,
and the Partitioning, Analyzing, and Linkage Editing Facility (PALEFAC). The
core elements, along with support hardware and software were integrated into a
hot bench support facility also known as the Integrated Test Bed (ITB). A
postulated 1980's avionics mission was flown using real-time, pilot-in-the-loop
simulations to demonstrate the DAIS architecture and concepts. The subject of
this report is the description of the functional elements and operational
characteristics of the final configuration of the DAIS ITB.

The final ITB configuration is the result of developments performed
in the period covered by this report. The baseline for that development was
the DAIS ITB as successfully demonstrated in September 1978 and documented in
AFAL-TR-79-1027. The substance of the development was the incorporation of a
number of system improvements, the integration of second generation core element
hardware and the conversion to the newly adopted military standards: MIL-STD-
15538 (Multiplex), MIL-STD-1750A (Instruction Set Architecture), and MIL-STD-
1589B (Higher Order Language). The effort included the upgrade of all system
Tevel specifications to completely and accurately reflect the current system
implementation.

This report presents a review of the DAIS architecture with a section
on each of the core elements. A section on other key elements and each of the
non-real-time support software elements is also included. System operation is
described in detail, both normal operation and exception management. Principle
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features of the architecture are discussed and the support facility is des-
cribed. A separate discussion of the software and hardware conversion efforts
and integration and testing sequences is presented. The demonstration mission
scenarios are reviewed and project management and control procedures are
discussed. Support provided to other Air Force programs is identified and a
final set of conclusions and recommendations is presented.

Overall, this report presents and describes in detail an avionic
system architecture compliant with the most recent military standards, already
implemented and demonstrated, which is easily adaptable to many aircraft and
missions.
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2.0 BACKGROUND

The Digital Avionics Information System (DAIS) has been under
development by the Air Force since 1973. Air Force avionics systems in
existence in the early 1970's were largely analog systems interconnected by
dedicated wiring harnesses. In addition to the weight penalty, these were
difficult to maintain, difficult to modify in response to new threat environ-
ments, and difficult to upgrade to accommodate new technology. The initial
thrust of DAIS was to investigate the use of general purpose digital computers
for avionics processing and of multiplexing techniques for data interchange.
In addition to these two specific areas of technology, DAIS also addressed the
larger problem of providing a system architecture which could adapt available
avionics subsystems and sensors to a common, modularly expandable avionics core.

The lack of commonality and compatibility was an area of major con-
cern. The classical approach to avionics provided a system unique to each
particular aircraft. Avionics systems tended to be snapshots of technology
available at the time of development with 1ittle or nor relationship to previous
work. The result is that aircraft which are part of the operational fleet at
a given time have reither commonality of hardware or software, nor any sort of
compatibility. The effects are felt in costs and reliability. Additional
front-end design costs are incurred and a less mature product (hardware and soft-
ware) is obtained on each new development or upgrade/retrofit effort.

Even more serious, from an operational viewpoint, is the limited
adaptability of point-designed avionic systems to changing threat environments
or expanded mission roles for the weapon system. Past experience has shown
that the airframe lifetime is significantly longer than the useful (in the
sense of operational capability) lifetime of the avionics. Hence, a typical
weapon system is modified many times during the 1ife of the airframe. The
Digital Avionics Information System (DAIS) was conceived as a means of avoiding
the problems inherent in the classical avionics approach. DAIS considered the
avionics job as a hybrid of process control and information management functions
and provided a system architecture independent of a particular airframe and, to
a large extent, of the technology used to implement the system. An important
aspect of the DAIS concept is that it views the avionics as a whole and not as
a collection of previously defined systems.

By using this approach, common functions of the avionics system were
jidentified which are required by each of the missijon functions. This resulted
in an integrated avionics system which accomplishes all of the required mission
functions but is partitioned along the lines of processing hardware, software,
information transfer, and display and control. A new partitioning of the
avionics system was defined so that the mission functions could be mapped onto
that partitioning. The next step was to apply some constraints to the evolving
system architecture. For reasons of cost, maximum utilization of common hard-
ware was desired. In order to enhance redundancy and error management and
recovery, maximum sharing of information and maximum use of shared resources
were desired. This was based on the premise that if the necessary information
js available system-wide, the system can re-orient the task of selected resources
to accomplish critical mission functions when primary resources have failed.

One of the few performance improvement constraints was to provide a better method
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of interfacing to the pilot. The classical system forces the pilot to process
large amounts of raw data as well as make decidions. The DAIS approach was

to produce data for the pilot and aid his decision process, thereby reducing
pilot workidad. The final constraint was to provide an open-ended system
capability. The architecture chosen should be capable of handling tasks

larger than any anticipated today and should not depend upon today's technology.
The system should be able to expand or change by adding or modifying resources
without affecting the architecture.

The topology chosen for DAIS was that of a distributed system. This
allowed physically distributing the resources to enhance survivability and
provided a means for expanding system capability without regard to physical
placement of the resources. The architecture chosen for DAIS "s a hierarchicel
system structure operating under centralized control. To the "user”, therefere,
DAIS appears as a centralized system. The implementation of DAIS required the
development of certain building blocks to achieve the design goals. These
building blocks are called the DAIS core elements and consist generically of
processors, multiplex equipment, control and display subsystem and the software
associated with the flight processors.

AFWAL initiated the DAIS program in 1973 with two separate contracts
to Texas Instruments (F33615-73-C-1156) and General Dynamics (F33615-73-C-1244)
to define and provide the guidelines for the design of the DAIS system. Follow-
ing these studies, contracts to The Boeing Company (F33615-74-C-1108) and Texas
Instruments (F33615-74-C-1023) were let to provide the initial hardware and
software specifications for the DAIS core elements, and initial svstem designs
for DAIS.

Subsequent to these studies, AFWAL Tet contracts to design and develop
the core elements as shown below:

Multiplex Equipment IBM
Processor Westinghouse
Mission Software Intermetrics
Controls & Displays Hughes

Also, AFWAL let a System Integration and Test Coordination (SITC) contract with
TRW Defense and Space Systems to support AFWAL in combining these core elements,
along with support hardware and software, into an integrated test bed (ITB) or
"hot bench".

The initial part of the SITC effort was the development and demonstra-
tion of the Hardware Architecture Simulation, a DAIS prototype, to investigate
and verify the DAIS architecture. This effort provided confirmation of the
feasibility of the DAIS architecture and supplied useful inputs to the concurrent
development of the core elements. As the core elements were delivered, they
were tested and integrated into the hot bench facility. This effort culminated
in the successful demonstration of a Close Air Support mission in September 1978.

AFWAL awarded follow-on contracts to TRW (F33625-78-R-1502) for
continued System Integration and Test Coordination (SITC) and to Intermetrics
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(F33615-78-R-1542) for Mission Software Enhancements (MSE). Second generation
core element hardware was procured as shown below:

Processors Westinghouse
(dual procurement) Sperry-Univac
Multiplex Equipment IBM

In parallel and interactive with these efforts, the Air Force was
pursuing the finalization of revisions to the key avionics military standards.
These were approved as follows:

MIL-STD-15538 September 1978
{Multiplex)
MIL-STD-1750A July 1980

(processor instruction
set architecture)

MIL-STD-15898 June 1980
(high order language)

AFWAL anticipated the importance of DAIS demonstrating an implementa-
tion of these standards and extended the SITC contract to accomplish the
necessary conversions. The integration of the second generation core elements
and the conversion to the new MIL-STD's was accomplished and a formal demonstra-
tion of the DAIS 1TB was performed in March 1981. The final configuration of
the ITB and efforts leading to it are the subjects of this report.
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3.0 DAIS SYSTEM ARCHITECTURE

Historically, avionic systems have been established along semi-
autonomous functional areas such as navigation, weapon delivery, stores
management, flight control, communications, etc. Each of these functional
areas would have an analog or digital system with its own processing,
information transfer, control inputs, and display set. There would be an
interface between functional areas only as necessary for interaction pur-
poses, usually a one-of-a-kind, non-standard interface. The DAIS concept is
that the processing, information transfer, control and display functions be
common and service all the previously described functional areas on an
integrated basis.

These basic functions are implemented via the core elements which
are aircraft and mission independent. The specific avionics capabilities
are then achieved by selecting the sensors, weapons, and other subsystems
desired and installing the appropriate application software to control and
grocess the avionics data. This functional architecture is represented in

igure 1.

The purpose of the DAIS concept is to reduce the proliferation and
non-standardization of aircraft avionics and permit the Air Force to assume
the initiative in the specification of standard avionic systems and interfaces
for future Air Force System acquisitions. This approach of isolating the core
elements, and separately developing and verifying them should also aid Air
Force suppliers by permitting them to concentrate on the specific avionics
problem by viewing the core elements as a service facility interconnecting the
application software with the sensor/subsystem hardware. The general objectives
of the DAIS architectural design are listed in Table 1 along with the design
considerations or attributes to help satisfy the objectives. These attributes,
such as standardization, redundancy, modularity, on-board test, etc., have been
designed into the system at the start as opposed to incorporation at a later
stage.

3.1 System Configuration

The DAIS configuration is shown in Figure 2. The MIL-STD-15538
data bus is the central element of the configuration; it provides the commun-
ication link between the DAIS processors, Controls and Displays, and aircraft
subsystems. The basic core elements or building blocks of DAIS are the DAIS
multiplex system (dual bus and remote terminals) DAIS processor/BCMs, DAIS
Mission Software, and DAIS Controls and Displays.

The AN/AYK-15A processors include the bus interface/controller
function and normally reference is made to a "Processor/BCM" as a functional
unit. The Remote Terminals (RT's) receive various analog, digital, and dis-
crete signals from the sensors/subsystems and format these for bus transmission.
The RT is designed to accommodate various types of interface modules to provide
the proper electrical interface with different sensors. It is programmable to
permit mapping of the data between the data bus and the sensors as required for
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the specific avionic system configuration. Sensors, control and display
equipment, or other subsystems, may interface directly to the Lus, or may
interface via the Interface Modules of a Remote Terminal (RT1). 7his ‘iexi-
bility is provided within the communications proto.ol of the MIL-STD-1:5538
multiplex bus.

In normal system operation, one processor/BCM is designated as
master and is in control of the system. All bus commands are issued by this
unit under the direction of the Master Executive software resident in the
processor memory. The remaining processor/BCMs are designated as remotes and
contain mission application software appropriate for the configuration. All
processors also contain software known as the Local Executive providing basic
real-time task management and utility functions.

The Processor Control Panel (PCP) is interfaced to the multiplex bus
via an RT and provides the pilot control over what processors are active in a
configuration. The system mass memory is actually a simulation of a bubble
memory device with an embedded bus interface. Twc independent, fully redundant
RTs are used to interface the C&D system to assure availability of this critical
pilot interface. Other RTs/Subsystems are added to the configuration as required
for a particular mission demonstration. The RT< may also be simulated in the
Universal Remote Terminal (URT).

it should be clear that while this specific configuration was
implemented in the 17B, the DAIS architecture is applicable to a wide range
of configuraticns. For illustration, a generalized DAIS configuration is
shown in Figure 3. The main point is that DAIS provides a set of application-
independent core elements. For a specific aircraft appiication, the system
designer is at liberty to configure these building blocks to the specific
hardware configuration required. Tnhe software can also be partitioned based
upon avionic subsystems and mission requirements such as reliability and
availability. The support software, J73 Compiler and PALEFAC, provide the
system designer and application programmer the tools to develop, test, and
partition the application software and automatically generate the executive
tables for the specific aircraft conftiguration.

The number of processors can be reduced or enlarged depending upon
the avionics and mission requirements. Application-independent executive
software makes the DAIS architecture flexible and adaptable. It can be
applied to a broad class of applications, and mission-to-mission changes in a
particular aircraft are also easily accommodated. Sensors, weapons, and other
subsystems are selected as required for the particular mission. Application
modules of the software are selected or developed as required by the sub-
systems. This basic DAIS architecture reduces unnecessary development duplica-
tion of similar tasks every time new systems are developed.

3.2 DAIS Core Elements

The basic elements of the DAIS architecture, which are independent
of the aircraft and mission, are known as the core elements and consist of:
DAIS Multiplex (dual bus and RTs)
DAIS Processor/BCI
DAIS Controls and Displays K
DAIS Executive Software

-10-
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The system designer nust deternine the number of processore/BOM
required, but ctherwise tully defines syuten functionality setely with o 01-
cations software and the suite of avienics sensors/subsyster . confaured.,

The core elements are described in the fo)lowinn sections.
3.2.1 DAIS Multiplex

The DAIS multiplex provides a channel for infurmation transfer between
the elements within the system. It consists of tne Bus Controller Interface wnit
(BCIU) or integrated processor/bus controller (AN/AYh-15A). Remote Tzrminal units
(RT), and the multiplex cable assembly (data bus). The message structure, data
format, and command-respond protocol is as defined in MIL-STL-1553B. The messace
format consists of three types of operations as shown in Figure 4 with word for
mats as shown in Figure 5. The communications protocol is a time division
multiplex (TDM), command-response approach with one processor/BCIU controlling
the bus traffic at any given time. Each multiplex cable assembly consists of
a twisted, shielded wire pair and bus couplers.

Message protocol is the sequence of the bus messages required to
perform system and bus control functions (synchronous and asynchronous oper:-
tions) and error and failure manaqgement operations. A set of system contro’
procedures was defined to describe the urccedures to perform thesc operations 4
as summarized in paraaraph 4.1. The overall message sequencing is chown in
Figure 6.

a. Bus Controller Interface Unit (BCIU). The BCIU provides the 1
interface, control, and data transfer functions between a processor and two
data buses. The BCIU operates under control of the Executive software in
either a remote mode or master mode.

In the remote mode, the BCIU provides the transter of data to and
from the processor based upon commands received from either of the data buses.
It provides the status reply on the appropriate data bus, performs special
internal operations, and nresents interrupts to the processor for a few speci-
“ied conditions.

In the master mode, the BCiU constructs and issues the bus commands 4
based on a two-word instruction fetched from the piocessor memory. These
instruction words contain not only transmitting-receiving terminal addresses,
subaddresses, and word count fields, but also the fields to dictate bus selec-
tion, automatic retry options, and BCIU internal operation codes. The BCIU
sequentially interprets =ach instruction pair tu determine the action reguired.
Depending on the op-code contained in the instruction pai:, the BCIU initiates
a bus operation, performs a no-op, or performs a link operation. If a bus
operation is indicated, the BCIU controls the message transmission on the data
bus. It accesses the next sequential instruction pair when the present operation
is completed successfully. If a no-op is indicated, the BCIU accesses the next
requested instruction pair. If a 1ink operation is indicated, the BCIU performs
no bus operation, but uses the second word of the instruction as the address of
the next instructior pair.

-12-
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Figure 7 identifies the major components that comprise a BCIU.,
Each Multiplex Terminal Unit (MTU) provides the interface function te one
data bus. The Processor Interface Module (PIM) provides the interface
function to the processor. The chanaing of processor types is accommodated
by a re-design of only the PIM. The Bus Contrul Module (BCM) provides the
timing, control, instruction decoding, and data transfer routing required
to implement the various operations. The BCIU also performs mode code opera-
tions to obtain status or built-in-test information for error and failure
analysis or to perform special mode operations as defined in paragraph 4.1.2.2.

b. Bus Control Interface Module (BCI). The BCI is embedded in the
AN/AYK-15A processor and operates in either of two modes: master or remote.
The BCI performe the same duties as the BCIU but provides enhanced status word
interpretation and interrupt code generation. Figure 8 shows the major com-
ponents of the AN/AYK-15A processor/bus controller,

c. Remote Terminal (RT). The Remote Terminal provides the interface
between the subsystems and the two data buses. The RT transfers data in both
directions between the multiplex bus and subsystem via the Interface Modules.
It receives these commands from either of ihe data buses and provides the
status reply on the appropriate bus. The RT performs special mode command
operations upon receipt of a mode command.

The RT is modular and programmable. This allows flexible partition-
ing of the data messages to the appropriate subsystems/sensors and signal
conditioning required by different numbers and mixes of subsystem and signals.
The RT is composed of Multiplex Terminal Unit (MTU), Timing and Control Unit
(TCU), and Interface Modules (IM) as shown in Figure 9. The Multiplex Terminal
Unit (MTU) interfaces to the data bus. It transmits and recejves information
between the data bus and the Timing and Control Unit (TCU) under control of the
TCU. The RT is dual redundant with respect to the MTU, TCU, and power supplies.

The Timing and Control Unit (TCU) performs all of the timing, con-rol,
buffering, decoding, and checking required to receive or transmit information
on the data bus. It transfers that information as outputs or inputs from the
RT via the Interface Modules (IM). The TCU contains a programmable device which
controls the mapping of each data word in each message to the proper subsystem
interface, i.e., the specific IM slot in the RT and channel on that IM. The
interface between the TCU and IM is standardized and contains the signals re-
guired to allow the TCU to select the individual nodules. Therefore, all IM
slots accept all IM types.

Each RT will interface with different numbers and mixes of subsystems/
sensors signals for each specific system configuration. This is accomplished
by inserting the proper number and type of interface modules into the IM slots
in the RT housing and by programming the ROM in the TCU. Table 2 lists the
typical type of RT Interface Modules provided to interface with the subsystems.
If required, a special interface module can be designed to interface with any
existing subsystem.

The MTU and TCU functions of the RT can be embedded in a sensor or
subsystem so that the interface of the sensor or subsystem is directly with
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FIGURE 7. BUS CONTROL INTERFACE UNIT
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the multiplex data bus. Functionally, the embedded RT responds to commands
received on either data buses in the same way as an RT.

3.2.2 DAIS Processors

The AN/AYK-15 DAIS processors provide computational, control,
memory, and input/output capabilities. The DAIS processors are distributed
in the architecture and are interconnected through the DAIS multiplex system.
In this architecture, the processors address only their own memory units.

The DAIS processors include the following features:
e Central Processor Unit (CPU)

® 16 general registers

e Extensive instruction repertoire

® 379K operations per second throughput based upon
a specified benchmark program

e Floating point capability

e Direct, indirect, immediate and index addressing
modes

e Programmable interval timers
o Vectored interrupts
e Memory

® Expandable random access memory to 65K words
(16-bit words), in 16K word memory modules

¢ Memory parity and write protect features

r o Input and Output

——

e Discretes
e Program controlled
e Direct Memory Access (DMA)

e External interrupts

The AN/AYK-15A integrated DAIS processor/bus controller combines the
processor and BCIU functions into an integrated unit and incorporates the MIL-
STD-1750 instruction set. Figure 8 describes the AN/AYK-15A. This integrated
DAIS processor/bus controller includes the following features:

-21-

. o Py N ' : AL AR

L.




e Processor
e 16 general registers

o Extensive instruction repertoire as specified in
MIL-STD-1750

¢ 400K operations per second throughput based upon
specified benchmark program

® Floating point capability

e Direct, indirect, immediate, base relative, I(
relative, and index addressing modes

» Programmable interval timers
e Vectored interrupts
e Memory f

e Expandable random access memory to 65K words
{16 bits per word), in 16K word memory modules

o Memory parity and write protect features
e Input and Output

® Discretes

o Program controlled

e Direct memory access

o External, encoded interrupts

o Muitiplex data bus

o Bus controlier

3.2.3 DAIS Controls and Displays

The DAIS Controls and Dispiays (C&D) provide the interface between
the pilot and the various avionics. The C&D consists of a set of shared
multipurpose data entry devices, control devices, and display devices. The
C&D concept is based upon an integrated set of common and shared devices which
can be used for most of the avionic functions. Thus, the DAIS Controls and
Displays concept embodies the following features:

e Flexibility to accommodate changes in avionic functions
and moding as a result of new sensors/subsystems or
mission changes without requiring a physical change in
the control and display devices.

o Efficient design for centralized system management by
the pilot as required for the system application,

_22-




® Redundancy if reguired for specific system application
(e.g. CRT's serve as backup to each other, redundant
display generators) for backup of mission-critical
functions.

® Provisions for mode control and command data from data
entry devices and to display devices to be transmitted
and received over the multiplex bus to or from mission
software.

The set of Control and Display equipment developed for the DAIS demonstration
is representative of what one would utilize in the DAIS architecture. An
example of the Controls and Displays subsystem configuration is shown in
Figure 10. The units or building blocks of the DAIS controls and displays
include the following.

a. Modular Programmable Display Generator (MPDG). The MPDG is a
programmable graphic display generator. It is capable of being programmed
to generate graphics composed of predefined symbols, line segments, and alpha-
numeric symbols. The MPDG generates symbols for presentation on both raster
and stroke written display devices. The MPDG generates the display data for
up to four raster display devices via the Display Switch/Memory Unit (DS/MU)
which contains the refresh memory for the raster displays. The MPDG also
generates stroke (x and y deflection signals, and blank/unblank signals) for
one stroke display.

The MPDG generates various forms of symbology including geographic
map symbols, overiay symbols, tactical horizontal and vertical situation
data, and flight situation and director symbois as programmed in the C&D sub-
system application software. This application software executes on the
prograrmable processor in the MPDG.

b. C&D Subsystem Application Software. The C&D subsystem applica-
tion software consists of the routines and display lists for the display
generator in the MPDG. This software generates the display symbology, text
formats and pages, map data, etc., required for a specific avionics system
application. Mode control and data messages received from mission software
via the mulitiplex system controis the display modes, display assignments,
text displays, and variable symbology. The application software is commanded
by mission software. It performs the loading of the MPDG programs, text pages,
and map data from the C&D Mass Memory Unit (MMU).

The specific application software was developed using an MPDG
assembler hosted on a DECsystem-10. The source language consists of the MPDG
microprocessor instructions, display generator command formats, and assembler
directives.

c¢. Display Switch/Memory Unit (DS/MU). The DS/MU is used in con-

junction with one or two MPDGs to drive the raster display devices. The
DS/MU accepts digital data from one or two MPDGs, stores the data in up to
six refresh memories, and sends the data to up to four raster displays (525-
line or 875-1ine format).
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The raster displays are displayed alone or overlayed with sensor
video. The DS/MU provides the capability to route signals from up to 14
sensor or weapon video sources (e.g. TV sensor - 525 line, FLIR sensor -
875 line, weapon station sensors - 525 line) to any of the four raster dis-
plays. One external video signal is routed to a single display at one time.

The DS/MU also accepts stroke-generated signals from one or two
MPDGs and routes these signals to one of the two stroke displays. Although
the DS/MU is a serial element in the system, it is designed to minimize the
probability that a single failure will cause complete loss of display
capability.

d. Display Devices. The display devices are cathode-ray-tube (CRT)
displays which are driven by the MPDG and DSMU as described above. This allows
changes or additions to the information displayed to the pilot without physical
changes to or movement of the display devices in the cockpit. The CRT display
devices consist of raster-written and stroke-written devices as follows:

e Head-Up Display (HUD) - stroke-written
o Multiple Purpose Displays (MPDs) - raster-written

The MPDs can be used for Vertical Situation Display (VSD), Horizontal
Situation Display (HSD) and Multi-Purpose Displays (MPDs) as required by the
specific avionics systems configuration. Al1l the MPDs are identical except for
the legends on the display selection buttons. The Head-Up Display (HUD) pre-
sents the symbology (e.g. cues, flight information) in the pilot's forward

field-of-view, so out-the-window scenes (e.g. targets, IPs, etc.) can be viewed.

e. Data Entry Devices. The data entry devices provide flexibility
in the information which can be entered by the pilot to control and manage the
specific avionics system (mission functions, sensors, and subsystems). The
design of the data entry devices allows changes or modifications to the
avionics functions without physical changes to the cockpit. The output of the
data entry device is received and interpreted by Mission Software via the
multiplex system. Display responses to the device are generated by mission
software via the multiplex system. The type of data entry devices include the
following:

1. Integrated Multifunction Keyboard (IMFK). The IMFK consists of
a programmable alphanumeric 280 character display, seven master function push-
buttons, and ten submode select pushbutten switches, five on either side of
the display. The IMFK display is capable of displaying ten rows of characters
divided into three columns (nine characters in left and right columns, and
ten characters in center column}. The display information is generated by
mission software. The pushbuttons generate a request via the remote terminal
for the master executive to asynchronously service and transmit the data to
the appropriate processor. Application software interprets the pushbutton
or switch action and provides the appropriate response.

2. Multifunction Keyboard (MFK). The MFK consists of seven master
tunction pushbuttons, ten submode pushbutton switches, and ten indicator
Tights. The MFK interfaces with mission software via the RT in the same way
as the IMFK. It can be utilized for specific control and display functions
or as a backup for the [MFK,
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3. Data Entry Keyboard (DEK). The DEV vrovides the pilot with
means of entering numeric and Timited alpha data into mission software via
the multiplex data bus. The D'K steres and dicnlaye up to ten charg ters
1 When the enter key is depressed, a request far wervice via the RT is rade

to the master executive. Upon receiving the data, Mission Software inter-
prets the data depending upon the seincted submode via the IMIY or MY,

f. Control Devices. The Controls +nd Displavs subsyster also

provides several control devices as follows:

1. Sensor Cont-ol Luit (SCU). The SCU provides for selection and
position control of a s,mbol or sensgr (X and Y directicns). The hand con-
troller is a force control with Do voltage output which is propoctiore? to

the force in the X and Y directions. The SCU also provides triiger and switch
discrete outputs. These outputs are transmitted to missiorn software via the
multiplex data bus; mission software drives the :piroiriate symbol or sensor
based upon the selected mode. The SCU als0 provides o control kegh to centeo]
cursor brightness.

2. Armament Panel (AP). The armament uanel prevides switches for

weapon armament control (bombing, fusing. oun firing, and jettison).

3. Master Mode Panei (MMP). The MMF consists of fiftcen maste:
mode switches. Each has an indicator liaht enc HUD-related switches and con-
trols. U!hen a master mode switch is depressed, ¢ reguest for -ervice will be
made to the master executive. 'Inon receiving the date. ission software inter-

prets and responds to the selec.2d master mode.

The interface between the pilot and the integrated set of Controls
and Displays is dependent upon the specific avionic mission and system con-
figuration. The system designer selects the set of integrated Controls and
Displays required for the specific avionic system and cefines the pilot
sequences and display responses required to control and mode the avionics
system.

The interface between the Mission Software and the C&U applicatior
software in the MPDG is also mission-and application-dependent. This inter-
face is defined by the data bus mecsages from Mission Software to the MPDG
} to perform the following functions:

e load the MPDG
e Control display (VSD, MPL, HAD, & HUD) assignment
e Control display modes

® Provide data to drive thr display symbology, e.q.
o elevation, altitude, heading, etc.

® Provide text data




With increased avionic and mission complexity, the role of the
pilot is changing to that of a total sSystem manager. Mission Software can
perform the systems management function, collecting information and con-
trolling a functionally integrated set of subsystems and sensors, to reduce
the pilot workload. Functions such as subsystem checkout and monitoring,
data computation and reduction, routine sequencing within mission modes, and
mission and aircraft data storage can be performed by the mission software
with minimum pilot intervention. Operation by exception can be designed
into the system control and operation.

For example, the pilot can use the integrated Controls and Displays
to mode the avionics system throuagh the Mission Software applications func-
tions. He receives display information about the mission and avionics
system operations from the software. The control devices permit the pilot to
establish the operations to be performed by the software functions. The
master modes set the display devices to prescribed formats via Mission Soft-
ware and the MPDG. The pilot, however, can override these normal operations
to either cause alternate modes or activate operations not required by the
selected master mode.

Master modes are defined for specific phases of the mission where
certain normal operations are active. Upon entering a new master mode, some
previous operations are terminated as new ones are activated. Manual modes
previously selected by the pilot can be retained if compatible with the new
master mode. If the new master mode requires a system that has been'deselected”
using the manual mode, the pilot is alerted through display exception messages.
The Master Mode Panel, as labeled for the specific mission applications, permits
the pilot to select these prescribed master modes. Mission software, in res-
ponse to the selected master mode, will command the C&D application software to
generate formats for the various displays (HUD, VSD, MPD, et..}. The pilot can
override the preprogrammed mission functions through the IMFk-displayed pages
and side keys which are also handled by mission software. The pilot will also
be able to enter information into Mission Software via the DEK. For the DAIS
demonstration, a representative set of master modes and mission operational
sequences were defined and implemented under control of mission C&D application
software. The requirements for these modes are defined in a Pilot/Operational
Sequence Interface Control Document (ICD).

3.2.4 DAIS Mission Software

The DAIS Mission Software (MSW) is the set cf programs which support
and perform the avionics functions required for the DAIS Close Air Support (CAS)
mission. To control and perform these functions, the MSW contains both Execu-
tive and Application Software.

3.2.4.1 Executive

The executive is the operating system for MSW. It is organized into
the local executive and the master executive.
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3.2.4.1.1 Local Executive

Each DAIS processor contains a local executive. The local execu-
tive software is table-driven. It performs the following functions:

1

Process Control - provides services for the application
software to activate and deactivate periodic and non-
periodic tasks when appropriate conditions have been met.
These conditions are based upon legical wettings (on or
off) of real-time events.

Event Control - provides the mechanism for setting,
resetting, and evaluating real-time events which commun-
icate conditions (on or off) signalled between tasks in
the same or different processors.

Data Control - guarantees integrity of shared data and
provides mechanism for transmission and reception of
data over the multiplex bus.

Processor Initialization - provides initialization for
processor power transient recovery, initializes program
Toads, and performs minor cycle synchronization with the
pther processors.

3.2.4.1.2 Master Executive

One of the DAIS processors contains the master executive. The
master executive is table-driven. It manages the system configuration by
performing the following functions:

1.

System Synchronization Control - allocates time segments
{minor cycle and major cycle) for synchronous messages
and performs minor cycle synchronization by transmitting
minor cycle naster function mode commands to the other
processors.

Bus Control - controls transmission of synchronous and
asynchronous messages over the multipiex data bus.

System Error/Failure Management - monitors and analyzes

errors and failures on both bus and terminal devices.
Initiates message retry procedures to reccver from
message errors.

Configuration Management - detects and isolates permanent

device failures, maintains system configuration status,
reports failure to the application software, and initiates
backup or recovery operation if required.

Mass Memory Management - provides for retrieving and

storing information from the mass memory on request.
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3.2.4.2 Application Software

The application software performs the tasks associated with the
avionics requirements of the mission. The application software is divided
into eleven functional areas.

Navigation
Guidance

Weapon Delivery
Position Update
Display
Miscellaneous Functions
Stores Management
Pilot Control
System Control
Common Subroutines
System Functions

Table 3 1ists and briefly describes all the programs in each of
the functional areas.

3.2.4.2.1 Navigation

The navigation software computes aircraft position and velocity
and related information used by the pilot and by avionics algorithms. The
Navigation programs include three navigation modes (INS, Dead Reckoning,
and TACAN), associated programs, and programs to interface with the appro-
priate avionic sensors.

3.2.4.2.2 Guidance

The guidance software computes flight path deviations and handles
pilot requests. It calculates and displays to the pilot information needed
for steering. The guidance software provides the six steering modes: Command
Track, Command Nav, Command Heading, Command Altitude, ILS, and TACAN.

3.2.4.2.3 Weapon Delivery

The weapon delivery programs perform the calculations to aid the
pilot in releasing weapons. Variables such as ejection angles, range-to-
target, miss distance, stick length, and bomb-fall-line are computed and dis-
played. Two delivery modes, CCIP/Auto and CCIP/Manual, are available.

3.2.4.2.4 Position Update

The position update programs in conjunction with the weapon delivery
range algorithms allow the pilot to update the aircraft position based on known
waypoint or target positions. Three position update modes are available:

INU HUD update, Flyover update, and FLIR/Laser update.

3.2.4.2.5 Display

The display software presents information to the pilot in the cockpit.
[t controls data sent to the MPDG's and the IMFK and MFK. It provides specific
display messages to drive the symbols and graphics on the DAIS displays.
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TABLE 3. APPLICATION S0F IWARE PROGRAMS

FUNCTIONAL AREA

APPLICATION SGF WAt

DESCRIPTION

Navigation SPPAINAVCONTROL Navigation contrcller

SPP2NAVPARMS Calculates flight parameters
from INS data

SPR3NAVINS Interfaces with INS and computes
wander angle, latitude, iner-
tial velocity

SPPATACANNAV Calculates latitude, longitude,
velocities using TACAN

SPP5DRNAV Implements Dead Reckoning navi-
gation

SPP6ALIGN Controls timing of INS alignment

SP@7NAVOATA Computes transformation matrix

SPPBTACSEL Selects TACAN station to be used
in TALAN Area Navigation

QPP1INSOUTMODE Outputs mode and power to INS

QPP2Z INSOUTDATA Qutputs barometric altitude to
INS

QPB3INSOQUTUPDATE OQutputs direction cosines and
Jongitude to INS

QPP4 INSINDATA Inputs INS data

GUIDANCE SPIOSTEERCONTROL Guidance wontroller
SP11STEER Main task of steering function

SP12DESTINATION

Changes command nav steering
destination

QP15TCNOUT OQutputs mode and channel select
to TACAN

QP16TCNIN Inputs TACAN range, bearing, rangc
rate, status

QP2@ILSOUT Outputs Power and frequency to
ILS

QP211ILSIN Inputs glideslope and localizer
deviation

WEAFON DELIVERY SPAGATTVEL Calculates air mass velocity and

ejection angles

SP41WDCONT Weapon Delivery controller

SP42AIMING Controls aiming reticle

SP43FLR FLR (Laser Ranger) pointing
angles

SP44BALLISTICS Ballistics algorithm

SPASWPNRANGE Sets steering modes and in-range
flags

SP46SC Solution cue position

SP47BFL Bomb fall line parameters

SP4gPD Positions the pull-up cue

SP5pCCIP Solution cue for CCIP manual

SPSIWDINIT Initializes weapon delivery

software
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TABLE 3.

APPLICATION SOFTWA

RE_PROGRAMS (CON'T)

FUNCTIONAL AREA

APPLICATION SOFTWARE

DESCRIPTION

WEAPON DELIVERY SP52RANGING Computes target range
(CON'T) SP53RELEASE Time-to-release
QP5PLSRINRNG Inputs range and status from
Laser Ranger
QP51LSROUTDATA Qutputs data to Laser Ranger
QPS5SCUIN Converts SCU data into internal
format
POSITION UPDATE SP9PPOSUPDATE Coordinates pilot slewing the
aiming reticle and designat-
ing to perform a position
update
SP91POSUPDATECONTROL | Position update controller
DISPLAY DPP1IMMPLIGHTS Changes MMP light state
DPP2 IMFKLIGHTS Lights the IMFK Brute Force keys
DP@3MFKL IGHTS Lights the MFK Brute Force keys
DPP4APAGE Displays entire IMFK/MFK page
DP21MPDG Synchronous DISP for messages to
MPDG
DP23MPDGDISPLAYASSIGN | Formats and sends data to MPDGs
DP24MPDGWPTINIT Initializes waypoints for MPDG
DP25MPDGTABLDISP Sends message to MPDG1
DP3PFLASHSYMBOLS Controls flashing
DP52STORESTAT Changes MPDG stores option format
DP6PBLINKFD Blinks the flight director
DP51MAPUPDATE Determines which map data bliocks
are needed
QP71SCUDEKOUT Output lamps, DEK activity,
display power
MISCELLANEGUS SP2PADCOMP Air Data computations
FUNCTIONS SP2IWIND Computes wind velocity
QP25RDRALTOUT Outputs power and test bits to
Radar Altimeter
QP26RDRALTIN Inputs Altitude and Status from
. Radar Altimeter
QP4QADIN Inputs Air Data
QP43UHFOUT Outputs frequency and mode to
UHF
QP49GEARIN Inputs aircraft status
é STORES SP7BSTORESCON Stores management controller
MANAGEMENT SP71STORESCON] Deactivates weapons
SP72MK82CON Controls MK-82
SP76PJETT Performs programmed jettison
SP77EJETT Performs emergency jettison
SP78STORESINIT Brings loaded stores to quies-
cent state
QP6PARMIN Inputs armament switches
QP8PMK82 MK-82 control
QP81STA1REL Station 1 Release
-31-
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TABLE 3.

APPLICATION SOFTWARE PROGRAMS (LON'T)

FUNCTIONAL AREA

APPLICATION SOFTWARE

DESCRIPTION

PILOT CONTROL

CPP3MMPREQPROC
CPP4 IMFKREQPROC
CPPSMFKREQPROC
CPP7HANDLER

Handles MMP Pilot requests

Interprets IMFK key inputs

Interprets MFK key inputs

Carries out actions when IMFK
side key 1s pressed

QP7@QDEKIIN Tnputs data from DEKI and DEK2
SYSTEM CONTROL CPPIMASTSEQ Initializes application software

CPP2CONF1G Sets up application software
confiquration

CP11WOGS IMKEY Weight-off-gear simulated key
producer

CP12FLYTOSIMKEY Fly-to-point simulated key
producer

CP13WHLSIMKEY Wheels down simulated key
nroducer

CP14FLAPSIMKEY Flaps set simulated key producer

CP15MMPILLSIMKEY MMP illegal simulated key pro-
ducer

CP16MMPNIMPLSIMKEY Non-implemented «imulated key

CP17WONGSIMKEY Weight-on-gear simulated key
prcducer

CP18OFFFPSIMKEY Off-flight-plan simul sted key
producer

CP19TO2DIMWPTSIMKEY To 2 dimensional waypoint simu-
lated key producer

CP2POUTBNDSIMKLEY Qutbound intercept simulated key
producer

CP3PWTOFFGEAR Take-off/Climb simulated key
oroducer

CP4pMMCOPY Copies Master Mode

CPSPDISPCONTROL Activates CPP7

COMMON ALTSET Formats reference pressure for
SUBROUTINES IMFK

BINARY Performs binary searcn

CNTRST Formats weapon station informa-
tion

CONVER Converts radians to degrees and
seconds

DEGREE Converts radians to degrees

DENORM Converts floating point to
fixed point

ELEVDH Formats IMFK legend

FLOATF Converts floating point to ASCII

FLYTOF Formats the fly-to dispiay

FUZING Formats the fuzing for display

ILSCHN Formats the ILS CHNG IMFK jegend

INTERV

Formats the interval for the IMFK




FUNCTIONAL AREA

TABLE 3. APPLICATION SOFTWARE PROGRAMS (CON'T)

APPLICATION SOFTWARE

DESCRTPTION

COMMON SUB- | JETPAG Formats the jettison programs
ROUTINES (CON'U)N LATLON Converts radians to character
display
LIMIT Limits an integer to a specified
range
LIMITF Limits a floating-point to a
specified range
MAGVAR Formats the magnetic variation
MODEFQ Formats the weapon delivery mode
MTXV Multiplies matrix transpose
times a vector
MXV Multiplies matrix times vector
MXM Multiplies matrix by matrix
NORMAL Normalizes a fixed-point number
OFFSET Formats the offset for display
QUANID Formais the quantity/weapon ID
REVERS Reverse the bit pattern
SMOOTH Performs first-order lag
smoothing
STATIO Formats the stations
TCNCHN Formats the TCNCHNG legend
TRANSP Performs matrix transpose
S15ENC Converts integer to ASCII
UHFCHN Formats the UHFCHNG data
VADD Adds two vectors
vDOT Performs dot product
VUPDATE Performs vector operation
VXV Multiplies two vectors
WINDSE Formats the windset dispiay
SYSTEM FUNCTIONS | SIN Sine
cos Cosine
SIND Sine (der- <)
C0sD Cosine (d¢_.ces)
ASIN Arc sine
ACOS Arc cosine
ATAN Arc tangent
SINH Hyperbolic sine
COSH Hyperbolic cosine
TANH Hyperbolic tangent
MAX Max imum
TAN Tangent
LN Natural logarithm
LOG Logarithm
SQRT Square root
EXP Exponential
ATAN2 Two-argument arc tangent




3.2.4.2.6 Miscellaneous Functions

The miscellaneous functions inciude wind ang air data calculatiuns,
They also provide interfaces with the air data sensors, the radar altimeter,
the UHF radio, and the gear.

3.2.4.2.7 Stores Management

The stores management software maintains invento: ., of the weapons
on board the aircraft. It keeps track of the number and type of weapons 3s
well as their state.

3.2.4.2.8 Pilot Control
The pilot control software responds to the pilot's requests and invokes
? the appropriate application functions that generate information for displays
| or for controlling avionic support subsystems.

3.2.4.2.9 System Control

The system control software schedules and controls the application
software.

3.2.4.2.10 Common Subroutines

The common subroutines (COMSUB's) are a set of reentrant programs.
They perform mathematical operations such as matrix mujtiplication as well as
data manipulations such as reformatting.

3.2.4.2.11 System Functions

The system functions include the mathematical and trigonometric
functions such as sine and square root.

3.2.4.3 Mission Software Architecture

The mission software is modular and flexible. It can accommodate
mission-to-mission changes as well as changes in the complement of avionic
sensors. It allows for modification of both the executive and the application
software which greatly facilitates implementing the DAIS architecture on other
aircraft.

S tis o et nad

The application software is organized in a hierarchical control
tree structure. Each program is either a controller or a calculator. A
controller schedules a particular set of calculators. Each controller is,
in turn, scheduled by a controller at a higher Tlevel.

The master sequencer is at the top of the application software
hierarchy. It controls the request processors, configurator, and subsystem
status monitor. This master sequencer is only required in the master
processor.
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The configurator schedules the remaining tasks. It defines the set
of application functions to be invoked by request from the request processors
or the subsystem status monitor. It also generates a new set of available
functions upon significant changes in mission phasing or equipment moding.
This set of functions is based on a global knowledge of overall system status.

The structures described above are further divided into modular
components. Each component is a closed program, that is a program with only
one entry and one exit point. In addition, each program is under control of
a program at the next higher level of the hierarchy. Also, the components
isolate separate hardware functions; this localizes the impact of equipment
changes and allows for mission-to-mission system changes.

Structured programming techniques are used to increase reliability
and understanding and to eliminate intricate logic that is difficult to
validate and verify. Only closed logic structures--logic structures which
have a single entry point and a single exit point--are employed in the con-
struction of program components. To further emphasize standardization and
understanding, the higher order language JOVIAL J73 is used for development
of the Mission Software. JOVIAL is not used for those portions of the program
where computer time must be minimized or a high degree of numerical accuracy
is required or interface with processor or bus controlier hardware is performed.

3.3 Other Elements

3.3.1 System Mass Memory ,%
This optional subsystem supports the DAIS capabilities to load/ :

reload program modules. In the ITB, it is actually a simulation of a bubble

memory device. The simulation is implemented in the universal remote terminal 1

(URT).

A fixed RT address is required for the system mass memory in order
for it to be accessed by the bootstrap routine during startup. The system b
mass memory has four basic operations, as follows:

Address Select - to set a starting address for the
mass memory and specify if synchronous or asynchronous
operations are to be performed. Also to set read mode
or set write mode.

Address Retrieve - to obtain the current (i.e. next to
be accessed) mass memory address and settings of the
Read/Write and Sync/Async flags.

Read - to transfer data from the mass memory and advance
the current address by the number of words transferred.

Write - to tr.nsfer data to the mass memory and advance
the current address by the number of words transferred.
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The format of the messages associated with eacn of the basic
functions is shown in Figure 11. In this example, keceive (T/R=0) sub-
address 17 is used for Address Select:; Transmit subaddress 17 is used for
Address Retrieve; Transmit subaddress 18 is used for Read; and Keceive
subaddress 18 is used for Write. 1lhese are, of course, arbitrary choices
that may be changed by the system designer. The significant point is that
the startup program must know the bus address of the mass memory and the
subaddress of each function.

These messages have some bit definitions unigue to the system
mass memory. The sync/async bit in the address select command tells the
unit whether or not the Last Command Word is to Le included as the first
data word of a Read operation.

The read/write bit, also in the Address Select message, specifies
whether subsequent operations will be writing data to or reading data from
the system mass memory. This information is required to properly manage
data buffers internal to the interface. It also provides a first level of
security, reducing the chances of inadvertent data destruction.

To meet the multipliex bus response times, a buffer interface is
necessary. Further, the buffer size is selected so that the time to load
the buffer from the memory device is less than the time to transmit the
buffer contents over the multiplex bus. A standard double buffering tech-
nique can then support a continuous data flow and no delays need be encountered
after the initial access.

The bits defined in the status word provide the Master Executive
or Startup Loader with information on why the most recent operation vas not
successful. These are interpreted as follows:

ME - Message Error - indicates data was not received
correctly off the bus. The data has not been
accepted, and the address has not been advanced.

BSY - Busy - indicates the data transfer could not take
place; e.g., buffer full, access in progress.

TF - Terminal Fail - indicates an unrecoverable device
error occurred on the most recent operation.

The system mass memory is not to be confused with the C&D mass
memory unit (MMU). The MMU is a component of the C&D subsystem though a
system designer may opt to implement these logically distinct units on a
single physical device. (In this case, the interface unit would be required
to resolve any access conflicts internally in a manner transparent to the bus
operations.)

Alternatively, a specific implementation may choose to economize by
omitting the system mass memory, thereby foregoing the inflight reload capa-
bility.
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3.3.2 Processor Control Panel (PCP)

v \

The Processor Control Panel provides switches to scparately enable
power to each side (A and B) of the multiplex system and to each of the pro-
cessors. Two toggle switches and two push buttons provide the pilot control
over system load and system restart operations.

The advisory caution panel (ACP) provides a display of hardware and
software status during the startup process. This is shown in Figure 12. The
two panels are normally referenced together as the PCP/ACP. The lamp test
button on the PCP provides a local test of all lights and backlighted push
buttons on both panels.

3.4 Non-Real-Time Support Software

The DAIS non-real-time support software provides the tools to
develop, generate, test, and partition the mission software for the specific
avionics configuration. The non-real-time support software includes the
JOVIAL Compiler and the Partitioning Analyzing and Linkage Editing Facility
{PALEFAC).

3.4.1 JOVIAL Compiler

The JOVIAL Compiler is a program which translates high-order-
language source code into object code. Two versions of the JOVIAL language
and, therefore, two versions of the JOVIAL compiler were used in developing
the DAIS mission software. Mission Software was first written in JOVIAL
J73/1. In 1980, all Mission Software was converted to JOVIAL J73. Both
versions of the compiler serve the same function and fill the same role in
the DAIS system architecture.

The JOVIAL compiler generates object modules which can be loaded
and executed on specified target computers (such as the DAIS processors or
the DECsystem-10 computer). The JOVIAL language is machine-independent.

It uses self-explanatory English words and familiar notation for algebraic
and numerical computations and logical operations. The JOVIAL compiler pro-
vides a common, powerful, and easily understandable programming language for
a wide range of applications. The compiler provides a capability for sharing
data among interdependent programs or tasks through a communication pool
{compool).

The JOVIAL compiler is designed to be easily retargeted to produce
object code for a new and unspecified computer. It is also designed to be
easily rehostable to another host computer. Initially, the compiler was hosted
on the DECsystem-10 computer system and targeted for the DAIS processor and
DECsystem-10.

The structure of the compiler is shown in Figure 13. The system
programmer generates the source input and compool input files. The programmer
then compiles the source program using the compiler which produces source
listings, cross references, object listings, and the relocatable object files
for the selected target computer.
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The output of the compilation is a relocatable object file. In
order to execute the program on the DECsystem-iU, the object tile wust be
converted to core image form using the DECsystem-10 (LINK-10) linker/loader.
In order to execute the program on the DAIS processor, it must be converted
to core image form using the HBC linker/loader.

The JOVIAL Programmer User's Manual provides definition of the J73
language, properties, and statements including examples of how to write ¢ J72
program. The guide also presents a syntactic description of the languaue
elements with examples and necessary information for the user to write, cor-
pile, load and execute programs on the target computers.

3.4.2 Partitioning Analyzing and Linkage Editing Facility (PALEFAC)

PALEFAC is a non-real-time suppcrt software tcol for use by the
systert designer and application programmer to:

1. Build the data tables for the DAIS local and
master executives.

2. Provide bus analysis and module partitioning
information.

3. Produce the executive tables in J/3 source code.

4. Generate linker comwand files for each DAIS pro-
cessor for the DECsystem-10 Linker or DAIS
Processor Linker.

PALEFAC is used as a stand-alone tool. PALEFAC consists of three
hasic programs, as shown in Figure 14: PALLFAC pre-processor, PALEFAC main
nrograr, and PALEFAC module input {PMI} decoder.

PALEFAC is used to build the mission software load rodules for each
of the DAIS processors. Inputs to PALEFAC are the Application Software mod-
ules including the executive service requests generated by the application

programmer in J73 source code. The pre-processor reads each application module

and creates a record for each application module in the PMI file.

The system designer prepares a PALEFAC Global Input (PGI) file based

upon the specific system configuration, partitioning of application tasks to
eacn processar, and bus messaces to each terminal. This would include:

a. Bus Messages

e To/from data block name or Terminal Address/
Subaddress

o Cycle (period and phase) for synchronous
transmissions

o Activity request identification for asynchronous
transmission
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e Word count

e C(lass for messaye errar retry
b. List of all tasks or modules for each processor
c. JOverride directives

d. Number of processors in the systen confiquration and
address of each terwinal

The system designer also generates the PALEFAC Auxiliary File (PAL) for common
subroutines (comsubs) and comuon communication data blocks {compools).

The PALEFAC main program builds the executive tables and linker
command files based upon the system designer specified configuration. The
output of PALEFAC is the PALEFAC mission files (PMD), PALEFAC Partitioning
Information Files (PPI), and test output files shown in Figure 11. The PMD
files contain all the executive tables including the bus control tables in
J73 source code. The PPl files contain the linker commands for each pro-
cessor and specify all the missior software moduies (e.g. executive modules,
application tasks, comsubs, and executive tablec; in urder for the iinker to
produce the load modules for each processor. PALEFAC also produces text
output files Tisting all the PALLFAC input files, tre cutput files, and error
messages.

3.4.3 Assemblers/Linker

ALAP is a retargetable assembler written in Fortran IV and hosted
on the DECsystem-10 computer at the AF Wright Aeronautical Laboratory. The
assembler can be retargeted to a variety of machine languages. [ts function
js to translate assembly language scurce into object modules which can be
loaded and executed on a specified target computer {(e.g. AN/AYK-i5 processors,
AN/AYK-15A processors, DECsystem-10 computer) or into relocatable files for
further processing by LINKS.

LINKS is a target-independent linker written in Fortran IV and
hosted on the DECsystem-10 computer at the AF Wright Aeronautical Laboratcry.
Its function is to combine relocatable files produced by the ALAP assembler
and/or the JOVIAL compiler into a single object file ready for execution on
a specified target computer.
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4.0 DAIS SYSTEM CHARACTERISTICS AND FEATURES

The performance characteristics of DAIS include system functional
control characteristics as well as system architecture features and attributes
included in the design of DAIS core elements. These sections address the system
control features and the primary characteristics which are unique and important
to the DAIS concept.

4.1 System Control Procedures

The DAIS architecture and integrated system design result in a
special set of functional requirements, designated system control} procedures,
which include system startup/restart, control of the bus communication, and
utilization of redundancy in the event of core element failures. The system
and bus control functions are distinguished from mission avionic functions
which support the specific mission tasks. The mission avionic functions are
composed of navigation, guidance, weapon delivery, communications, target
acquisition and track, stores management, and subsystem management.

Another important group of functions, on-board tests, utilize both
hardware and software to isolate in-flight faijlures. This allows utilization
of redundancy, maintains a complete updated status of every equipment on the
system, and provides isolation of failure to LRU levels with a minimum of
auxiliary group equipment.

4.1.1 System Startup/Restart Operations

The overall objective of the system startup/restart procedures is to
give the pilot control of the system configuration and to provide a verification
of the hardware and software prior to entering normal system operations.

The pilot controls the system via the Processor Control Panel (PCP).
The power enable switches allow him to remove a processor from the system by
powering it down. The GROUND position of the startup switch permits him to
specify an initial startup as opposed to a restart, indicated by the INFLIGHT
position. The START button permits him to request the use of software already
loaded, while the LOAD button allows him to force the reload of all software.
Of course, the LOAD function is supported only when a system mass memory is
configured in the system.

In addition to the pilot-initiated restarts, the system will, under
certain limited circumstances, perform an automatic restart. It is essential
that an automatic restart have minimal impact on continued system operation.
This consideration defines the need for a "warm start" jnitialization of soft-
ware as opposed to the “cold start" associated with normal system startup.

“Cold start" assumes a fully operational configuration. It involves
the complete initialization of executive and application software and the
assignment of initial values to events and data.

"Warm start" continues the current operational status. A partial

initialization of the executive is performed, current data is maintained, and
application tasks and events are assigned to a known, predetermined state.
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The various startup/restart cases are summarized in Table 4.
As is evident from this table, it is important the nilot set the startup
switch before powering up the precessors. Ctherwise, the power-un would
look like a transient recovery. Conversely, the pilot must return the switch
to the INFLIGHT position at the completion of a normal startun. Failure to
do so would allow a transient to brina the system to a stop.

4.1.1.1  Normal System Startup

Each processor is equipped with a read only memory (ROM)*, which i<
enabled when the power up condition is detected. The ROM contains sufficient
instructions for the processors to perform self tests, determine the integrity,
of loaded software and arbitrate control of the multiplex bus. The ROM may
contain additional functions as desired for any specific implementation, but
normally considerations of stability and size would indicate only essentials
should be in the ROM. The minimum RCM contents are dictated by the requirement
that the ROM be capable of starting or rostartinc a systenm without a system
1ass memory.

PO ~ Y, =)

As each processor s