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'-InX ALR-46 Computer Graphics System (CGS) for the Electronic Warfare

Division Engineering Branch Laboratory was designed and implemented.

The system is composed of the ALR-46 Radar Warning Receiver; real time

hardware monitor; PDP 11/34 computer; and two display devices. a

Tektronix model 4027 CRT and a Digital Equipment Corporation (DEC) model

VT-100 CRT. The ALR-46 test engineers at the Engineering Branch

Laboratory were interviewed; their functional requirements were

translated into a detailed set of hardware and software requirements.

Structured Analysis Techniques were used to produce a structured

specification for the system requirements. Yourdon and Constantine's

Transform and Transaction Analysis techniques were used to develop

module structure charts for the software design. The final software

design phase translated the module structure charts into Warnier-Orr

(W/O) diagrams. These were translated into operational software using

DEC Pascal. The software was implemented and tested using a top down

approach. The modules and data structures were designed to allow

additional capabilities to be added to CGS with miminum impact on the

current system. I'The data acquired by the hardware monitor from the

ALR-46 is passed to the PD? 11/34 for CGS analysis. This information is

used either to simulate the pilot's display or to generate a critical

parameter display describing the threats being processed by the ALR-46.
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I. Tntroduction

The Air Force supports many Electronic Warfare (EW) systems. The

primary function of these systems is to respond to enemy action or

potential enemy action (Ref 1:1-2). The support responsibility for each

EW system is assigned to an Air Force organization based on the type of

maintenance support. When a user of an EW system requests that a change

be made. it is the responsibility of the supporting organization to

implement the change and distribute the modified system. The Electronic

Warfare Avionics Integration Support Facility (EWAISF) at Robins AFB is

responsible for two classes of very sophisticated systems, Radar Warning

Receivers (RWR) and Jammers. The time required to implement a change to

either class of system is critical to the user and the EWAISF. The

intent of this effort was to develop and implement a computer graphics

system which would reduce the tim' required to evaluate and implement a

system change.

The primary function of the RWR is to warn the pilot of an enemy

threat (anything that jeopardizes the life of the pilot or the

successful completion of the mission). The pilot must take whatever

action is necessary. The primary function of the jammer is to protect

the pilot and insure the success of the mission by denying critical

aircratt information such as aircraft heading, speed, position, etc., to

the threat.
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The early EW systems were built using all hardware components (Ref

1:2-6). The time required to make a change to the system was excessive.

As a result, computers became an integral part of EW systems. A change

to the system could be made by changing a few computer statements.

Unfortunately, the personnel required to maintain the new, computer

controlled EW systems required a knowledge of hardware, software, and

electronic warfare. The Electronic Warfare Division at Robins AFB,

Georgia was formed to provide the Air Force a centralized EW support

facility.

The personnel assigned to the EWAISF provide both hardware and

software support for Air Force Avionics Electronic Warfare systems. The

ALR-46 system is the most widely used of all the EW system supported by

the EWAISF. Two of the larger users of the system are the Strategic Air

Command (SAC) and the Tactical Air Command (TAC). The ALR-46 was

designed specifically to display the type and position of enemy threats.

It is able to distinguish between different types of enemy threats by

measuring specific parameters of the Radio Frequency (RF) energy

received from the enemy threats and comparing the measured parameters to

intelligence data parameters. If the parameters matched within a user

defined tolerance, the appropriate threat symbol is displayed to the

pilot. If the user of the system is not satisfied, he might request a

change. Some of the reasons that can cause a user to request a change

to the system are as follows:

-As the intelligence community increases its knowledge of enemy

threats, new and better techniques for detecting the threats are

2



formed. The ALR-46 system has to be modified to install these new

techniques.

- As is true with any computer controlled system. logical errors in

the computer program do exist. When an error is found. the ALR-46

must be modified.

- Because of the vast number of enemy threats that exist, no one EW

system is able to recognize every type of enemy threat. When a user

of the ALR-46 system decides their system should recognize a new

enemy threat, a change request is submitted to the EWAISF.

When a change request is received by the EWAISF (Ref 20), it is

reviewed by the ALR-46 configuration control board and is entered, based

on priority, into the list of modifications for the ALR-46. When a

request "or modification reaches the top of the queue, the request is

assigned to an engineer. The engineer and assistants are responsible

for making whatever changes to the system are required to satisfy the

user's request. After the changes have been installed and tested, the

updated system is forwarded to the user. The final phase of the system

update was to summarize all of the documentation generated during the

change process such as (1) who requested the change, (2) why was it

needed. (3) what changes to the system were required to implement it,

etc. The EWAISF maintains a history of the changes made to each EW

system.

3



The ALR-46 section is maintaining their system on a 10-15 year old

Integrated Support Station CISS). Figure 1 depicts the current ISS that

is currently used during the installation and testing of an ISS.

Several steps are executed each time a modification is made to the

ALR-46 system.

-The threat parameters are manually programmed into the threat

simulator.

-The ALR-46 system is modified to meet the new user requirements.

The user requirements could either cause a change in the flight

program (software) or system hardware or both.

-Each modified portion of the system is tested followed by a test of

the entire system. If the modification is extensive. the system

will be flight-tested in the aircraft. Otherwise, the system will

be bench-tested using either the local ISS threat simulator or the

Electronic Warfare Open Loop Simulator (EWOLS) to simulate an enemy

threat environment.

Since the flight processor is the only computer available to the

ALR-46 test engineer, it has to be used to acquire and analyze data

during the test phase of a modification. Data acquisition and analysis

has a severe impact on the ALR-46 performance. The test engineer is

limited to a few brief **snapshots** of the system. The failure rate of

the current ISS, combined with its limited capability, forced the EWAISF

4
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-- --- --
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Figure 1. Current ALR-46 ISS
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DISKI CRTI

Figure 2. ALR-46 Advanced ISS (AISS)
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I I
I AISS II
I I

Fig 3. ALR-46 AISS Network

to replace the current ALR-46 ISS's with four advanced ISS's (Ref figure

2.). Each Advanced ISS (AISS) is equiped with a stand-alone PDP 11/34

computer that car be used to automatically program the advanced enemy

threat simulator and, when used in conjunction with the hardware

monitor, is capable of analyzing the performance of the ALR-46 system

without affecting the performance of the flight processor. The four

6



AISS's will have access to a common data base located on the PDP 11/70

(Ref figure 3.). The PDP 11/70 will perform tasks either too large or

too time-consuming for the PDP 11/34's. The first AISS and the PDP

11/70 was delivered to the EWAISF in July. 1981. Because of constraints

beyond its control, the EWAISF was unable to develope/purchase all of

the data acquisition and analysis programs it needed.

~Pzoblem

The lack of a means of analyzing data acquired by the AISS and

reporting the results of the analysis to the user severely limits the

AISS's capabilities. The only new capalitities available to the test

engineer are as follows:

- a more advanced, computer controlled threat simulator

- a means of acquiring data from the flight processor in real time

(hardware monitor)

- a more convient means of editing and assembling the flight processor

programs

- a proposed reduction in the mean time between failures (MTBF)

Even though the above capabilities will assist the test engineer when

making a modification to the ALR-46 system. a further reduction in the

time to test the system could be realized if the following existed: a

closed loop test system in which a known set of threats would be

simulated by the advanced threat simulator and the flight processor

7



would be monitored to determine which threats it recognized. The list

of threats that were simulated would be compared to the threats

recognized by the flight processor. The system could generate. for the

test engineer. a list which contained (1) the threats that were

* j simulated. (2) the threats that were recognized, and (3) the threats

that should have been displayed. The magnitude of this test system is

not apparent from this simple description. A model of the ALR-46 is

required to automatically produce a list of threats that should have

been produced with a given combination of simulated threats. Modeling

flaws have been the topic of many discusions at the EWAISF. The threat

parameter tolerances that would be used to define whether the system had

*accurately- recognized the threat is also a grey area among personnel

at the EWAISF. For example. if the RF value programmed into the

advanced threat simulator was 1000.6 and the ALR-46 system measured the

signal at 985.3. is this right or wrong? Until the modeling and

tolerance questions are resolved, this portion of the test system can

not be completed.

This study will concentrate on the analysis, design, and

implementation of a system to analyze and display the information

captured by the hardware monitor. Since data can be accessed in any

order by the OFP, the~ information provided by the hardware monitor may

appear to be a series of binary words taken randomly from the ALR-46

central processing unit's (CPU) memory. The information generated by

analyzing the data taken from the ALR-46's memory will be presented to

8



the operator in two forms: (1) a color reproduction of the pilot's

display using a Tekronix 4027 CRT. The color will be utilized to

distinguish between two or more threats of the same type, when being

displayed simultaneously (2) a display of all of the information the

ALR-46 system has acquired on each enemy threat. The completed system

will be delivered to the sponsor (EWAISF) with a recommendation on

whether or not the benefits of a color graphics CRT justify the

additional expenditure on future AISS's.

Summary of Current Knowledge

The VAX-l1/780. Tektronix 4027 CRT. and the DEC VT-100 are

essential components in this research and the only knowledge of any of

these systems comes from the vendor supplied manuals. For the

VAX-l1/780. this consist of a series of system manuals, the Pascal

manuals (Refs 2 and 3), and DEC's VAX-11/780 book (Ref 4). The

documentation on the Tektronix 4027 consist of an operator's manaul (Ref

5) and a programmers reference manual (Ref 6). The documentation on the

VT-100 consist of a user's manual (Ref 7).

A complete system specification for the ALR-46 Computer Graphics

System was developed. A "top down- and "structured" approach (Ref

8:279) was selected for the analysis and design of the graphics system.

A top down strategy allowed the design to first address those levels

closest to the user and thereby insure that the design was consistent

with the user's requirements. Each lower level r-veals more and more

9
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details about the system. Data Flow Diagrams (DFD's) were used as an

aid in the design phase of the system.

The first phase of the investigation consisted primary of

researching the literature on similar systems to gain a better working

knowledge. Exhaustive searches of American Computing Machine (ACM),

Digital Equipment Corporation User Society (DECUS), Industrial

Electronic Engineers (MEE), Defense Technical Information Center (DTIC),

AFIT Theses, Avionics System Division (ASD), Avionics Labs, and the

EWAISF failed to produce a similar system. The research did provide

information on man / machine interfaces.

Next, six ALR-46 engineers were interviewed. From these

interviews, a set of functional requirements were compiled and these

were used to help derive the system requirements for the ALR-46 Computer

Graphics System (CGS). The software requirements were documented using

Structured Analysis (Ref. 8). The structured specifications consisted

of a series of data flow diagrams. Yourdon and Constantine's structured

design technique (Ref. 17) was used to translate the structured

specification into module structure charts. The final phase of the CGS

design was to generate Warnier-Orr (W/O) diagrams from the module

structure charts. The W/O diagrams were used to develop the CGS

software in DEC Pascal on a VAX-11/780. A top-down approach was used in

the implementation and validation of CGS.

10



Thesin Develonment

The development of this thesis followed the approach that was taken

in the investigation. The CGS functional requirements were analyzed in

Chapter II. This chapter translated the results of the user survey into

the system level requirements. Also included was introductory

information on the ALR-46 system, hardware monitor, Tektronix 4027 CRT.

and the DEC VT-100 CRT.

Chapter III further defined the CGS requirements. The operator

interface. Parameter capability and RWR capability were each described

in more detail along with the selection of the CGS language. Appendices

A. B. and C provide supporting information including a complete

description of the ALR-46 data which must be processed by CGS.

Chapter IV refined the CGS software requirements further using

Structured Analysis (Ref 8). The data flow diagrams produced with

Structured Analysis were translated into module structure charts using

Yourdon and Constantine's structured design technique (Ref. 17). A

complete set of module structure charts for CGS is contained in Appendix

D.

Chapter V described the implementation and testing of the CGS. In

this chapter, the factors affecting implementation were described. as

well as the testing techniques employed. The Waruier-Orr diagrams and

source code listings are in Appendix E while Appendix F contains the CGS

data dictionary. The test data is contained in Appendix G.



Finally, Chapter VI summarized this investigation and gave

recommendations for follow-on research efforts.

12



II. ALR-&6 CGS Funtional Requirements and System Configuration

Introduction

The first phase of any system development is to define

requirements. The development of the CGS functional requirements is

described in this chapter. The results of the user survey are described

followed by a description of the requirements and constaints developed

from the results of the survey. In the next section, the requirements

and constraints are defined in terms of an actual computer system.

Finally, each component in the computer system is discussed. A more

detailed analysis of the CGS software requirements can be found in

Chapter III.

User Survey

The requirements of the ALR-46 CGS had to be further defined to

insure that the system produced would meet the primary goal of the

EWAISF, which was to reduce the time required to modify the ALR-46

system. The following personnel assigned to the ALR-46 were

interviewed: 4 Electronic engineers, 2 technicians, 1 unit chief, and I

section chief. The survey was divided into three major sections.

In the first section, the users were asked what phase of

modification to the ALR-46 was the most time consuming. All of the

users overwhelmingly agreed that the test/debug phase was the most time

consuming.

13



In the second section, the users were asked to describe from a

hardware and operator interface point of view, how a reduction in

test/debug time could best be achieved. The requirements identified by

the users are described in the next section. The users were unable to

prioritize the requirements because each requirement was considered

essential for the particular type of testing it would be used with.

However, all of the users did agree that the parameter display

capability would be used the most often.

In the third section. the users were asked to describe their

requirements for an operator interface. The requirements identified by

the users are described in the next section.

System Level Requirements

The user survey results and the author's experience were used to

define the following system requirements:

1. RWR Display. A means of repreducing the RWR display in real time

(the information being displayed on the simulated RWR display can

not lag the actual pilot's RWR display by more than two second). If

two threats with identical symbols are displayed simultaneously,

each symbol will be assigned a different color.

SI I I I I I I
I AISS I--->1 Hardware Monitor I-...>I Computer I ---- >I Display Device I
I I I I I I I
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Table 1. Critical Emitter Track File Entries

ENTRY NUMBER OF CHARACTERS
----------------------------------------------------- I

1. SYMBOL 4
2. TYPE 4

3. BANDS 5
4. PRI OR FRAME PERIOD 6
5. PULSE TRAIN DESCRIPTOR 4
6. FRI AVERAGE 5

7. DEVIATION 5

8. SPECIAL 2

9. POWER 1
i10. POWER ROUND 1

I. HIGH BAND SINE 3
12. HIGH BAND COSINE 3

13. CEPC 1
14. AGE COUNT 2

15. C/D 2
16. PRIORITY 2
17. PRIORITY POWER 1
18. PRIORITY POWER ROUND 1
19. AZIMUTH 3

20. LETHALITY RING 3
21. M.L. AGE 1
22. RECORD NUMBER 2

---------------------------------------------------------

2. Parameter Disolay A means of displaying critical threat file

parameters (Ref Table 1).

I I I I I I I

I AISS I--->1 Hard-4are Monitor --.. >1 Computer I ---- >1 Display Device II I I I i i I

3. Operator Interface. The operator interface must have the

following capabilities: (a) It must have a "beginner" and an

15



experienced- mode of operation. The "beginner- mode uses very

descriptive prompts that lead the inexperienced operator through the

prompting session. The *experienced" mode uses very concise prompts

that help to keep the experienced user from becoming bored during

the prompting session, (b) The interface must be very -forgiving-.

That is. the system should not abort if the user makes a mistake, it

should resume at the appropriate level. (c) The terminology used in

tIe prompts must be as similar as possible to that used by the user

at the present time, and (d) A help command should exist at each

major level of the prompt structure.

4. Operational Environment. Each of the four AISS's must be able to

operate the CGS simultaneously.

5. Application Environment. The CGS must operate in the same

environment as the ALR-46 system and must be readily available.

Since space is very limited in the ALR-46 test environment, the

space required by the CGS must be minimal.

Constraints on the ALR-46 CGS.

I. CM Latibililt. Another requirement for the ALR-46 CGS was that it

must be compatiable with DEC's PDP-11 series of computers,

specifically the PDP 11/34 and the PDP 11/70. The EWAISF defined

DEC computers as the standard for use on all support equipment.

2. Operational Environment. The CGS must not affect the operation of

the ALR-46. If the ALR-46 is affected by the operation of the CGS,
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the results of the test being performed would be biased.

3. Any hardware or software that already exist could be used

in order to minimize the cost of the CGS. One of the two color

graphics terminals (Chromatics model 5001 and the Tektronix model

4027), available from the sponsor, should be used if possible.

4. Programming Language. The software can be written in FORTRAN or

Pascal. Both languages satisfy the standardization requirements of

the sponsor. Assembly lanuage will only be used if it is essential

for execution speed.

Meeting the Requirements.

Introduction. In this section, t-e hardware requirements defined

in the previous section are translated into a physically realizable

system. The software requirements, including the operator interface,

are discussed in Chapter III. The first step in translating

requirements into a physical system was to determine what new equipment

was needed by comparing the requirements and the available hardware (Ref

figure 4). This made it apparent that a PDP 11/34 computer, a hardware

monitor, and a DEC VT100 CRT, all of which are already in each AISS,

combined with the Tektronix 4027 CRT, would satisfy all of the CGS

hardware requirements. Even though the Chromatics 5001 is a color

graphics terminal, it was eliminated from consideration because it does

not support the requirements of the operator interface. It does not

allow the screen to be divided into regions. The PDP 11/70 was
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AVAILABLE HARDWARE

REQUIREMENTS IPDP-11/70IPDP-11/341VT-100lCbromaticsiTektronix
I I I I 5001 1 4027

------------ I-------------------------------------------
I I I II

RWR Display I I X I I I X

Parameter Display I I X I X I I X
I I I

Operational Environmenti I X I X I I X
III II

Application Environment X I X I X I X I X
I I I II

I AVAILABLE HARDWARE

-------------------------------------------
CONTRAINTS IPDP-1l/701PDP-11/341VT-100ChromaticsITektronix

I I I 5001 I 4027
------------ I-------------------------------------------

I I I II
Compatibility I X I X I

I I I
Operational EnvironmentI X I X I X I x I X

I I I I I
Programing Language X I X I X I I X

II I II
I I I I I

Figure 4. Sytems Requirements Verses Available Hardware

eliminated as a p,tential host for CGS because it did not satisfy the

real time constraints of the first two requirements (RWR Display and

Parameter Display). The additional time required to move the data

18



acquired by the hardware monitor from the PDP 11/34 to the PDP 11/70

would cause an excessive time delay between the ALR-46 display and the

CGS display. The requirements/constraints verses the CGS hardware

configuration are discussed below:

1. RL ispla. . The Tektronix 4027 is more than capable of

reproducing the RWR display. With a list of 64 colors to choose

from (Ref 5). the operator will not have a problem distinguishing

between threat symbols. The 4027 was selected to simulate the

pilot's display because of its color graphics capabilities

(described in a later section) and because there were no

expenditures or long lead times since the sponsor already owned it.

The hardware monitor will be used to acquire the data from the

ALR-46. and the PDP 11/34 will be used to host the software needed

to analyze the data supplied by the hardware monitor and to drive

the Tektronix 4027 CRT.

2. Parameter Displav. The VT100 CRT will be used to display all of

the critical parameters (Ref Table 1) the operator needs during the

test/debug phases of an ALR-46 modification. The VT100 was selected

as the parameter mode display device because of its cursor control

capabilities (described in a later section) and because there were

no expenditures or long lead times since it was already a part of

the AISS. The hardware monitor will be used to acquire data from

the ALR-46, and the PDP 11/34 will be used to host the software

needed to analyze the data supplied by the hardware monitor and to

drive the VTOO CRT.
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3. Operator Interface. Since satisfying the requirements of the

operator interface dealt mostly with the design of the CGS software

package, they will be discussed in Chapter III.

4. Operational Environment. Using the PDP 11/34's and the VT100's to

host the CGS, easily satisfies this requirement, except when two

users want to simultaneously exercise the RWR display capability of

CGS. There is no immediate solution to this problem since the

sponsor only has one Tektronix 4027. The hardware monitor.

discussed in a later section, provides CGS with a means of acquiring

the data it needs without affecting the operation of the ALR-46.

5. Application Environment. Again, using the PDP 11/34's and the

VTl00's to host the CGS easily satisfy this requirement, since these

devices are already an integral part of the AISS. The Tektronix

4027 will be easily tranportable to the required AISS.

6. matiulitz. The PDP 11/34 and VTl00's definitely meet the

sponsors compatibility requirements. They are already an integral

part of the ALR-46 AISS. The Tektronix 4027 CRT is also fully

compatible with DEC 's PDP-11 and VAX family of computers (Ref 5).

7. Cost. No equipment, in addition to that already owned by the

sponsor, was needed to build the CGS.

8. Programming Languae. The PDP 11/34 supports both Pascal and

FORTRAN. The selection of the language used to develop CGS is

discussed in Chapter III.
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I

System Component Architecture.

In the following section, the ALR-46, VT100 CRT. Tektronix 4027,

hardware monitor, threat simulator. PDP 11/34. PDP 11/70, and VAX-11/780

will be described followed by a description of the features that all

three computers have in common. This section will not only provide the

reader with a clearer understanding of CGS, but will also emphasize the

compatibility that exist between the three computers. This

compatibility made it possible for CGS to be developed on the VAX-11/780

and then transfered to the PDP 11/34.

ILR6 System. This section discussed the ALR-46 system and

should provide a general idea of how the ALR-46 functions, as well as an

idea of the magnitude of the problem the test engineer is faced with in

validating the system after a modification has been made. But for a

description of the ALR-46 system to be meaningful, the EW environment

the ALR-46 operates in must be described.

The EW Environment consist of one or more enemy threats. The

threats can be divided into classes or types. The ALR-46 uses the

characteristics of the signals that each threat transmits to identify

it. The threat characteristics, also called parameters, are defined

below:

A. Pulse -- used to gate the RF energy being transmitted by the

threat.

B. Pulse Width (PW) -- the length of time the RF energy is

transmitted.
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C. Pulse Repetition Interval (PRI) -- the time between pulses.

D. Scan Pattern -- the transmitter is moved back and forth to cover

more area. This movement creates a specific patterni that can be

identified by the ALR-46 system.

E. Radio Frequency CRY) -- each threat transmits at a given RE.

The EW system uses this to aid in the identification of the threat.

F. Power Level -- the amount of RE energy measured at the ALR-46.

When the energy transmitted by the threat strikes the plane, a small

portion of the energy is reflected back to the enemy threat where it is

received. The enemy threat analyzes the energy reflected back from the

plane (target) to determine the distance between the threat and the

aircraft (range), the direction ol the aircraft (azimuth), altitude.

speed, etc. The ALR-46 system on the plane also receives the RF energy

transmitted from the threat.

The front end of the ALR-46 consist of four receivers (ports), RE

measurement equipment, and a series of analog to digital converters

(AID's). The four receivers perform two major functions. First and

foremost, they received a portion of the RF energy transmitted by the

enemy threat. Because they are located at different points on the plane

(normally one on each wing tip. one on the front and one on the tail of

the plane), they can be used by the ALR-46 system to define the

direction of the threat (azimuth) relative to the heading of the

aircraft.
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A pulse of RF energy is received simultaneously at each of the four

receivers. The time the pulse arrived is recorded, the power level of

the signal at each receiver is also measured and recorded. and the

frequency is measured and recorded. The time of arrival (TOA),

frequency, and power levels are digitally transmitted to the ALR-46

flight processor.

The flight processor is the heart of the ALR-46 system. It

controls the operation of the entire system. It is responsible for

commanding the front end to make measurements, analyzing the parameter

data returned from the front end, and displaying, to the pilot, the

status of the EW environment. The software in the processor can be

divided into three categories:

(1) Threat identification tables -- The threat ID tables contain a

list of parameter values for each threat the AI.R-46 system is able

to recognize.

(2) Emitter Track File -- The emitter track file is a collection of

data on each threat the ALR-46 system has identified. Of course,

this list is constantly changing because new threats begin

transmitting, current threats shut off, and more information is

derived about each threat (PRI. scan, etc.). The list is sorted by

threat priority (the highest priority threat points to the next

higher priority threat, etc.

(3) The Parameter Algorithms -- These algorithms perform the actual

processing done by the system. Separate algorithms are used to
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calculate PRI. scan, etc. When the algorithm calculates a threat

parameter, it is entered into the emitter track file.

When an emitter track file entry. such as range. azimuth. etc. is

changed, the appropriate changes have to be made to the pilot's display.

For example, as the plane flies closer to a threat, the symbol

representing that threat is moved closer to the center of the diplay

(Ref figure 5). The center of the display represents the aircraft's

position.

Many interim test are performed while a modification to the ALR-46

is being made. The pilot's display is the only means the test engineer

has of determining if the system is working correctly unless the flight

processor is stopped and the emitter track file is dumped to a CRT. In

1981, A2LR-46 engineers use a large amount of time analyzing a given

enemy threat symbol being displayed on the ALR-46 monitor. Personnel at

the EWAISF feel that after a modification has been made, the time

required to test the ALR-46 system can be reduced through the use of a

color display (Ref figure 5) or if critical entries of the emitter track

file (Ref Table 1) were available in realtime (no more than two seconds

delay between actual events and the event being displayed).

DEC M1100 CRT. The MOO0 CRT serves as an input device for

operator commands to the computer and as an output device for data sent

from the host computer to the operator. Time consuming preventive

maintenance test are not necessary because the VTI00 has built in

diagnostics. Each time the VT100 is turned on, the advanced video

24



A
II
II
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I Direction
of Plane

Figure 5. Pilot's ALR-46 System Display

Note: Each symbol displayed more than once is assigned a unique color.

memory, nonvolatile memory, internal memory, and keyboard are checked.

Unlike most terminals, the VTl00 does not use switches or jumpers to

individually turn the built-in terminal features on or off (Ref 7:8).

Instead, the VTl00 uses a nonvolatile memory which always remembers what

features have been selected. The selection and storage of built-in

terminal features is performed by simply pressing the "'set-up" key and

selecting the desired features. Some of the features that can be

25
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controlled are autorepeat, light or dark background, margin bell.

keyclick, baud rate, tab stops# etc.

With the advanced video option, the VT100 can display up to 24

lines of 132 characters each. The VT100 can highlight any character(s)

on the screen in any of the following ways: bold, blink, underline.

reverse, or any combination of these (Ref 7:65).

The VT100 has a large selection of programmable features that can

be controlled from the host computer. Some of the features applicable

to CGS are described below:

1. Cursor Position Report (CPR) - The CPR command reports the active

position of the cursor by returning its line and column number.

2. Cursor Backward (CUB) - The CUB command moves the sursor to the left

the number of spaces requested.

3. Cursor Down (CUD) - The CUD command moves the cursor downward the

number of lines specified without affecting the column position.

4. Cursor Forward (CUF) - The CUF command moves the cursor to the right

the number of spaces requested.

5. Cursor Position (CUP) - The CUP command moves the cursor to the

position specified independent of the current position of the

cursor.

6. Cursor Up (CUU) - The CUU command moves the cursor up the number of

lines specified without affecting the column position.
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7. Double Height Line (DECDHL) - The DECDHL command allows the user to

create lines of text that are twice as high as normal.

8. Double Width Line (DECDWL) - The DECDWL command allows the user to

create lines of text that are twice as wide as normal.

9. Set Top and Bottom Margins (DECSTBM) - The DECSTBM command is used

to set the top and bottom margins which define the scrolling region.

Part of the screen can remain stable while the remainder of the

screen can be used for operator input and output.

10. Character Attributes - This command is used to emphasize a character

or a series of characters by turning on bold, underscore, blink

reverse video, or any combination of these.

All of the VTI00 features described make it an excellent choice for

use in the ALR-46 CGS.

Tektronix 4027 Color Granhics CRT. The 4027 belongs to the class

of machines popularly known as *smart terminals. Like the VT100 , the

4027 is used to carry communications between the operator and the host

computer. In addition, the 4027 contains its own microprocessor and

supporting electronics (Ref 7:1-1). With these electronics, the 4027

responds to its own set of commands, independently of the host computer.

The 4027 is not intended to be a stand-alone computing system. Rather,

its computing ability complements that of the host computer, enabling

the user to make full use of the 4027's information display

capabilities. It is designed especially for creating color graphic
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displays in up to 64 different colors. The 4027 consist of a display

unit and a keyboard attached to the display unit by a thin cable. The

display unit contains a 13 inch color CRT capable of displaying 34 lines

of 80 column text. The 4027 display memory can be divided into two

portions. one portion, called the workspace, serves as a composition

area for creating color graphics, editing text files. filling out forms.

or displaying the results of application programs (Ref 7:1-2). The

monitor portion of memory stores messages to and from the computer.

Each time the 4027 is turned on, all of its memory is checked by

internal diagnostics. Many of the operating parameters, such as baud

rate, left margin, right margin, tab stops, parity, etc., can be set

from the keyboard or from the host computer. The 4027 has a large host

of programmable features that can be controlled from the host computer.

Some of the features applicable to CGS are described below:

I. Jump Command - This command positions the cursor to the row and

column specified, independent of the cursor's current position.

2. Up Command - This command moves the cursor up tne number of lines

specified.

3. Right Command - This command moves the cursor to the right the

number of columns specified.

4. Left Command - This command moves the cursor to the left the number

of columns specified.

5. Color Command - This command is used to designate the color of
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subsequent graphics.

6. Map Command - The Map command provides a selection of 64 possible

colors of which eight may be designated at any one time.

7. Circle Command (CIR) - The CIR command is used to create circles,

circle sectors, and equilateral polygons.

8. Graphic Command (GRA) - The GRA command is used to define a graphic

region that will later be used to display graphics.

9. Vector Command (VEC) - The VEC command is used to draw line segments

in the graphic region.

10. Relative Vector Command (RVE) - The RVE command is used to draw

vectors by specifying relative coordinates. A line is drawn

starting at the last graphic cursor position.

11. Polygon command (POL) - The POL command is used to draw a large

number of colored shapes and panels.

12. String Command (STR) - The STR command is used to write text into

the graphic region.

13. Erade G Command (ERA G) - The ERA G command is used to erase a

graphic region.

14. Wo ':space Command (WOR) - The WOR command is used to define the size

of the workspace. The number of lines not defined as workspace is

used by the monitor.
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Table 2. Address Limits Table

I Lower Limit 1 1
--- -- -- -- -- -- --

I Upper Limit 1 I
---------------------

I Lower Limit 2
--- -- -- -- -- -- --

I Upper Limit 2
---------------------- I

-------------

-I - - - -

I Upper Limit n

All of the functions described are performed by the 4027's internal

processor, thus enabling the host processor to simultaneously perform

other task. The only problem encountered with the 4027 is that it

failed three times in a four month period. Tektronix has assured the

sponsor the problems with the 4027 have been resolved.

Hardware Monitor. The hardware monitor (HM) is an interface

between the ALR-46 and the PDP 11/34. The monitor is used to extract
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data from the ALR-46 in real time (within a few microseconds of when it

actually occured) and transfer it to the PDP 11/34 without affecting the

operation of the ALR-46 (Ref 13:3-1). Data captured by the hardware

monitor is stored in the 1M's 2048 word internal storage buffer until

the monitor can gain control of the PDP 11/34's unibus (unibus is

described below). When access has been gained to the unibus, the data

is transfered by direct memory access (DMA), i.e., the data in the UM

can be transfered into the PDP 11/34's memory without the aid of the PDP

11/34's central processing unit (CPU). The DMA process is sometimes

called "cycle stealing- because the RM steals cycles from the CPU (Ref

4:224). The hardware monitor has two modes of operation. In the first

mode, a series of address limits (Ref Table 2), that are to be

monitored, are defined by the user. Each time an address, that falls

into one of the address limits, is written to. the address and its

contents are saved in the monitor's storage buffer (Ref 13:4-40). As

soon as there is time, the monitor transfers the data in the storage

buffer to the PDP 11/34 (Ref figure 6). In the second mode, a series of

event addresses (Ref Table 3), that are to be monitored, are defined by

the user. The event addresses represents addresses of parts of the

ALR-46 operational flight program (OFP). The program counter (PC) is a

pointer to the specific part of the OFP being executed. Each time the

contents of the program counter matches one of the entries in the event

address table (Ref Table 3), the contents of the OFP's program counter

and the contents of the real time clock (two words) are temporary saved

in the monitor storage buffer (Ref 13:4-40). The value -177777- is used
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IALR-46 I HARDWARE MONITOR I PDP 11/34 IIII

-----------------------------------------------------I

Data Bus
---------X---

II I _ _I_

------------------ >1 Data I -

III-----II Ii
I Address I-----....>1 UNIBUS I
IIIIII

I I PI

I I IComparel I
I Address --- I--- > With I I

Bus I IAddressl I
i---------X I Limits I---------

I Table I

-------------I -----
I I I

----------------------------------------------------

Figure 6. Data Capture With the Hardware Monitor

as a marker to distinguish between the PC and time (Ref fig 7). As soon

as there is time, the monitor transfers the information in the storage

buffer to the PDP 11/34 (Ref figure 7).

Both hardware monitor modes can be exercised simultaneously without

affecting the operation of the ALR-46 in any way. The HM's internal

storage buffer would look similar to table 4 if both modes were engaged

at the same time.
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Table 3 Event Address Table

I Program Counter 1
---------------------- I
I Program Counter 2

---------------------- I
I Program Counter 3 I

---------------------- I

-- - - - - - - - - - -

-------------

I Program Counter n

enPrgrarCouternt.

33



I I

ALR-46 I HARDWARE MONITOR I PDP 11/34III
------------------------------------------------------ I

Address
Bus

----- X --- I

I I PC II II--- I I
I I I I 177777 I I I
I I------- ---- I-- > UNIBUS I II ... •Timel 0I[I II-i----- --- ---- I I

I I I ITime1 II II
--- I--->1 Compare I

Read I IWith I I
Enable I I Address I I

------------- >1 Limits I I
I Table I I

I Real-Time I I
I Clock I

------------------------------------------------------

Figure 7. Event Capture With the Hardware Monitor

PDP-ll Computer. The PDP-11 processors are a family based on

common architecture. Compatibility is inherent in design, and is

reflected in the software and in the peripheral options (Ref 9:1). For

example, the VTIOO terminal is compatible with the PDP 11/34, PDP 11/70,

and the VAX-11/780 processors. The RSX-1IM operating system is also

compatible with the PDP 11/34 and the PDP 11/70. The compatibility of

the PDP 11 and VAX-11 processors can be seen in Figure 8.
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Table 4. Hardware Monitor Internal Storage Buffer

I Data

Ram Address
--------------------- I

I Data
I---- -- -- -- -- --

I Ram AddressI
-------------------- I

I PCI
--- -- -- -- -- -- --
I 177777I

----------------------I
ITime 0I

--- -- -- -- -- -- --
ITimel I

----------------------I

-------- - - -

----------------------I
I Data

--- -- -- -- -- -- --
Ram Address

The PDP-11 processors have one outstanding characteristic in

comwion: they all process data on a data bus called the '*Unibus**. The

~Unibus- allows communication between any two devices on the bus. It
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Microcomputers Minicomputers Medium-scale High

for Multi-task Computers Performance
and Dedicated Wide-word
Applications

LSI-11 PDP 11/04 PDP 11/44 VAX-11/780
PDP 11/03 PDP 11/34 PDP 11/70

PDP 11/60
Sub-Unibus Unibus Unibus Unibus

Massbus Massbus
SBI

UPWARD COMPATIBLE

----------------------------------------------->

Figure 8. PDP-11 Processor Compatibility

consist of 56 signal lines, to which all devices, including the

processor, are connected in parallel (Ref 9:ll)(Ref figure 9).

Communication between any two devices and the bus is in a master/slave

relationship. During any bus operation, the bus master controls the bus

when communicating with another device on the bus. When two or more

devices try to control the bus at once, a priority scheme is used to

decide among them. The bus is always given to the requesting device

with the highest priority. If two devices of equal priority request

control of the bus, the device thet is electrically closer to the

processor is given control. The priority arbitration takes place

asynchronously, in parallel with data transfer. Every device on the bus

except memory is capable of becoming a bus master (Ref 9:13).
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Figure 9. Unibus Configuration

The unibus architecture and the priority scheme is further defined in

Figure 9.

Another feature that the PDP 11/34 and PDP 11/70 have in common is

the RSX-11M operating system. RSX-1IM is a small to moderate-sized

real-time multiprogramning system that can be generated for a wide range

of application environments, from small, dedicated systems to large,

multipurpose real-time application and program development systems.

RSX-X1M makes it transparent to the user whether the PDP 11/34 or the

PDP 11/70 is the host computer. The operating system is sophisticated

enough to simultaneously support many users with little reduction in

response time and also satisfy the critical time response real-time

programs require. Software generated under the RSX-11M operating system

can be executed on the VAX-11/780 in the -compatibility mode . The

"compatibility mode" allows the VAX-11/780 to simulate the PDP-1l.
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Another feature in common between the PDP 11/34 and the PDP 11/70

is the means by which they manage their memory. A 16 bit virtual

address provides direct access to 28K words (K=1024) of main memory. A

program executed on the PDP 11/34 and 11/70 processors with memory

management can address up to 32 K words of main memory by mapping all of

the virtual address space to physical memory (Ref 9:147). The memory

management system on the PDP 11/34 can map a 32 K program into any of

the 124 K words of main memory. The memory management system on the PDP

11/70 allows a 32 K program to be mapped into any of the 1920 K of main

memory. The key attributes of memory management are (1) it extends

memory address space and provides protection and relocation features for

mult2.user applications.

PDP 11/34. The PDP 11/34 is a general purpose computer

manufactured by the Digital Equipment Corporation for multi-task and

dedicated applications. It contains hardware multiply/divide

instructions, memory management, and enhanced data paths. and control

signals for the addition of hardware floating point and cache memory

options (Ref 9:181). The features common to all PDP 11/34 processors

are (Ref 9)

1. Self-test diagnostics routines which automatically executed every

time the processor is powered up.

2. An operator front panel with built-in CPU console emulator allows

control from any ASCII terminal without the need for the

conventional front panel with display switches and lights.
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3. Automatic bootstrap loader

4. Up to 124 X words of either Core or MOS memory

5. Memory management

The options available for the PDP 11/34 processor are (Ref 9)

1. Integral extended instruction set that provides hardware fixed-point

arithmetic in double precision mode.

2. Hardware floating point option allow ten times the performance of

software implementations (Ref 9:182).

3. Cache memory option mean up to 60 percent system performance

improvement (Ref 9:182).

4. RSX-11M operating system

S. A host of compilers and assemblers which include Pascal and FORTRAN.

The sponsor's PDP 11134 configuration is shown in Figure 10.

PD 1/0 The PDP 11/70 is designed to operate in large,

sophisticated, high-performance systems. The central processor performs

all arithmetic and logical operation required in the system. Memory

management is standard with the PDP 11/70, allowing access up to two

million words of memory (Ref 9:277). The cache contains 1024 words of

fast memory (Ref 9:301). Optional high-speed, mass storage controllers
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Figure 10. Sponsor's PDP 11/34 Configuration

provide dedicated paths to high performance storage devices (Ref

9:312-313). The PDP 11/70 supports a host of operating systems and

compilers including the RSX-11M operating system and the Pascal

compiler. The sponsors PDP 11/70 configuration is shown in Figure 11.

V&-II/780. The short description of the VAX that follows is not

included because the VAX is a part of CGS, but because it is the

computer that will be used to develop CGS.

The VAX-11/780 is the virtual address extension of the PDP-11

family of computers. It is a 32 bit system that uses a very complex
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Figure 11. Sponsor's PDP 11/70 Configuration

virtual operating system. The 32 bit word size allows the VAX to have

up to two gigawords of unique address space (Ref 11:345), and the

virtual operating system removes all constaints on program size (Ref

10:255). Even though the VAX is much larger than the PDP-11 processors

in both size and capacity, it still has the PDP-ll's same basic

structure, consisting of the high speed memory, the CPU, and the I/0

system(Ref 10:5). The VAX does not support the RSX-11M operating system

directly, but it does provide a "compatiblily mode- which allow the VAX

to execute programs developed on the PDP-11 computers with no

modifications. DEC has made it very easy to develop programs on the VAX
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Figure 12. AFIT VAX-11/780 Configuration

that will later be executed on one of the PDP-11 family of computers. A

detailed description of the VAX can be found in references 10 and 11.

The configuration of the AFIT digital engineering Laboratory's

VAX-11/780 is shown in Figure 12.

In summary, this chapter was devoted to the analysis of the CGS

requirements. First, the results of the user survey were described

followed by a description of a proposed system to satisfy the

requirements and constraints. Next, the hardware components of this

system were described. The major components in the system are: the

ALR-46, the VT100 CRT, the Tektronix 4027 CRT. the hardware monitor, the

threat simulator, the PDP 11/34, the PDP 11/70, and the VAX-1l/780.
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The constaints imposed by the sponsor on CGS hardware compatibility

and availibility did limit the hardware that could be used in CGS. Even

though system requirements were discussed in this chapter. the primary

e nhasis was on hardware requirements. The software requirements for

CGS can be found in the next chapter.
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III. Software RPguirements

Introduction

The previous chapter described the CGS hardware requirements/design

in detail, but only briefly described the CGS software System

requirements. Thi. chapter further defines the software requirements of

CGS. The software requirements define the type of communications

between the user and CGS, as well as the output capabilities of CGS.

The general structure of CGS is described, followed by a description of

the communications link between the user and CGS. The requirements of

both the Parameter and the RWR modes of operation are discussed.

Finally, the language characteristics required to support the

operational capabilities of CGS are described.

Software Overview

The CGS can be divided into three major categories :(1) Operator

Interface. (2) Processing. and (3) Output. As shown in Figure 13, the

user is directly affected by only two of the three categories (operator

interface and output). The operator interface provides the user with a

means of communicating with CGS. The user can request help or request

one of CGS's display processes be executed. Even though the operator

interface and the output processes used the same device, they are

separate functions. The operator interface provides the user with a

means of requestings CGS perform specific functions while the output

processes provides a means of displaying the results of the user's
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Figure 13. Man / ALR-46 CGS Interface

request. For example, when the user request the RWR mode, the operator

interface receives the user command and passes it to the processing

function. The processing function generates the display data and passes

it to the output function, which displays the requested information.

The user is concerned only with whether or not the display data was

generated, not with how the processing function generated the display

data. However, the user can be indirectly affected by the processing.

For example, if an error occurs in the processing phase, the user would

be notified via the operator interface. The operator interface is the

only means of communications between the user and CGS.

Operator Interface

This section describes the characteristics of a model operator

interface. The operator interface is the user's means of controlling

the system. Unfortunately, most interfaces are not very efficient at

communicating with their users (Ref 12:19). They often fail to

understand what their users want them to do and then in turn, are unable

to explain the nature of the misunderstanding to the user. Most
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interactive computer systems respond only to commands phrased with total

accuracy in a highly restricted artificial language designed

specifically for that system (Ref 12). If the user fails to use this

language or makes even the slightest mistake. an error message is issued

followed by a request to reenter the command. This is in strong

contrast to communication between people, which is conducted through a

wide-ranging, natural language and is conducted despite many errors in

language use. If a speaker or writer makes a syntactic error, his

listener or reader does not normally fail to understand, but instead

makes the obvious correction. The inability of current interactive

systems to make such corrections is very frustrating for their human

users.

Among other contributors to the man-machine communication barrier

is the poor performance of interactive systems in keeping track of

dialogue context and using it to resolve elliptical or anaphoric

references people often use for economy of phrasing (Ref 12:19). Again,

people, but not computers, are adept at suspending one context

temporily. switching conversation to a different context, and then

popping back to the original one (Ref 12,15). A user who enters an

illegal command while using a typical operator interface, is forced to

seek help and then reenter the entire command. The error may have been

as trivial as a mispelled word, but the interface does not care. It is

very unforgiving! The operator may have several errors in the command,

and yet the interface forces each error to be resolved one at a time,

since it stops interpretting the command when it encounters an error.
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The operator is not only forced to reenter the command several times,

but is also prone to making new errors while trying to correct the old

ones. Once a given mode (class of instructions such as edit. list

directory. etc.)has been selected, the operator is locked in (Ref

15:90). If the operator needs to enter another mode to resolve a

problem encountered in the current mode, the state of the current mode

is lost. All of the problems described above can make an operator's

first encounter with an interactive computer system very frustrating.

Most of the problems normally encountered with an operator interface

could be eliminated if the interface was more cooperative. In systems

that do not use extremely abbreviated cr~mmand languages, most spelling

and syntax errors could be automatically corrected by comparing the

command entered by the operator with the list of legal commands. In

this way, the operator is only required to reenter the command when it

is too different from any legal command to be recognized.

Research in human communication needs has resulted in a list of

characteristics that an operator interface should possess (Ref 12):

1. Flexible parsing. Whenever people spontaneously use a language,

whether natural or artificial, they make many small mistakes in

syntax and spelling and frequently do not say exactly what they

mean. A graceful system must be able to process its user's input

when a linguistic error is made, and then to correct the mistakes if

possible, or ask for a selection between alternative interpretations

of what was said.
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2. Robust communication. A graceful system must be able to let its

user know when it understands and. more importantly, when it does

not. While avoiding verbosity or an unnecessary disruption of the

flow of conversation, it must keep the user informed of any

* assumptions it makes about what was said and allow opportunities to

correct any misapprehensions that may have occured. Converaly, and

much more difficult, it should monitor the user's understanding of

its output and try to correct any demonstrated misunderstandings.

3. Identification from description. A fundamental ability of any

interface is that of recognizing objects known to it internally from

a usr' description of them. A graceful interface must also be

able to negotiate with the user when the descriptions turn out to be

ambiguous or when they have no referents. The interface should be

able to do this without losing the larger context in which the

description occured.

4. Focus tracking. A graceful system should be able to track the

focus of attention of the user as it change through the dialogue.

It should be able to track it both within restricted contexts, such

as occur in a description resolution, and across leaps, such as

those that typically occur between separate commands to the

interface. When such large leaps occur, it should also be prepared

to follow the focus back to the original context. This allows the

user to break off one command, execute another, and go back to the

first. Keeping track of the focus is important in the resolution of

elliptical and anaphoric inputs.
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5. Natural output. A graceful interface should be able to produce

output appropriate to the current context, with the correct amount

of detail in the object descriptions it generates.

6. Explanation facility. A gracefully interacting system should be

able to give explanations of both a static and dynamic nature to its

user. Static explanations relate to what the system can and cannot

do in a general sense, and how the user can ask the system to do a

specific task. Dynamic explanations describe what the system is

doing, why it is doing it, and the outcomes of past events.

7. Personalization. A graceful interface should recognize and adjust

to the idiosyncracies and preferences of its user. This includes

the ability to spot and correct recurring typographical, spelling.

or syntactic errors. It should also maintain a model of the user's

level of experience and adjust its messages and explanations

accordingly.

Even though the design and implemention of an interactive system that

fulfills the requirements outlined above is a very large task, systems

such as Alto, Perq. Lisp (Ref 12) and Small Talk (Ref 15) prove it can

be done. One of the main reasons that many current systems perform so

poorly is that the implementors were unable or unwilling to expend so

much effort on the user interface. The sponsor (Robins AFB) of this

thesis feels the same as most system developers. The sponsor chose to

have a less sophisticated operator interface and operational software

developed verses a more sophisticated operator interface and no
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operational software. The trade-off between a sophisticated operator

and operational software was necessary because the limited time allowed

to complete the thesis. A sophisticated operator interface would have

taken several months to design and implement, which is more time than is

allowed to complete the entire thesis. Of course. the primary function

of the operator interface is to provide the user with the Parameter and

RWR modes. rhey are discussed in the following sections.

Parameter Capability

As mentioned in Chapter II, the Parameter capability provides the

users with a means of monitoring the critical, OFP track file parameters

(Ref Table 2).* without affecting the operation of the ALR-46 system.

The functions required to provide the user with this capability are

described below:

1. The Parameter display must be protected against itself. That is,

the operator / computer dialogue must be kept in a dedicated area of

the display and the same is true for the parameter output. The

resultp of either of these outputs infringing on the area of the

other are obv-.ously catastrophic.

2. During the Parameter sequence, the critical parameters on the ALR-46

system display (Ref figure 14) must be identified. Of course, the

length of the names used on the actual display will be determined by

the space available.

50



BY PRIORITY Threat I Data . . . .. . Threat 16 Data
SYMBOL : :
TYPE :
BANDS I I
PRI / FRAME PERIOD I :
PULSE TRAIN DESCRIPTION I
PRI AVERAGE : :
DEVIATION I
SPECIAL
POWER /PWR ROUND I I
HIGH BAND SINE I I
HIGH BAND COSINE : :
CEPC I :
HI BAND AGE COUNT : :
CD BANDAGE COUNT I I
PRIORITY : :
PRIORITY / ROUND : I
AZIMUTH..
LETHALITY RING I I
ML AGE : :
RECORD NUMBER Threat I Data . . . . . . Threat 16 Data

--------------------------------------------------------------- I

OPERATOR / COMPUTER DIALOGUE REGION

Figure 14. Parameter Mode User Display

3. Another critical function in the Parameter mode is the generation

and maintenance of the userts display. In this mode, all threat

data collected by the hardware monitor is decoded and displayed for

up to sixteen threats simultaneously. Each time a threat parameter

in the track file is changed, the hardware monitor sends a copy of

the data to CGS. CGS decodes the word and updates the critical

parameters of the appropriate threat. For a detailed description of

the data collection and decoding processes, refer to the -Parameter

/ RWR Data section. A detail description of the critical
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parameters to be displayed can be found in Appendix A. Another

useful function provided by CGS is the RWR capability described in

the following section.

RWR Cagability

As mentioned in Chapter II, the RWR capability provides the user

with a means of simulating the RWR display in color as well as providing

range and azimuth data. The functions required to provide the user with

the capability are as follows:

1. As with the Parameter display, the RWR display must be protected

against itself. That is, the operator / computer dialogue must be

kept in a dedicated area of the display and the same is true for the

graphics output. The results of either of these outputs infringing

on the area of the other is also extremely detrimental.

2. During the RWR sequence, parts of the pilot's display (Ref figure

15) are static, which means it only has to be drawn once. The

static parts of the display are:

(a) Range rings. The display has three concentric circles (rings)

which represent distance. For example, if the display were

defined at sixty miles maximum, the outside ring would represent

sixty miles, the next ring would represent forty, etc. A small

dot, which represents the position of the aircraft, must be

placed in the center of the circles.
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for approximately one-half inch. The hash marks are positioned

at azimuth angles: 45, 135, 225. and 315 degrees.

3. The RWR mode user's display (Ref figure 16) must be generated and

maintained. If a change was made to a threat's symbol, range, or

azimuth parameters, it must be incorporated into the RWR mode user's

display. This RWR user's display is divided into three regions.

Region one, the operator / computer dialogue region, is used to

display messages from the computer and to enter user commands to the

CGS. It is not affected by a threat parameter change. Region two

is used to display a limited number of critical threat parameters.

Specifically, the threat symbol code, range, and azimuth. This

region is updated each time the threat's symbol, azimuth, or range

changes. The pilot's display region, or region three, is a replica

of the actual pilot's display except for the addition of color.

When a threat is first recognized by the ALR-46 system, its symbol

is displayed at the appropriate location (based on its range and

azimuth) using a unique color. Each time a change in range or

azimuth occurs, the threat symbol must be repositioned accordingly.

When the treat is no longer active, its symbol is removed from the

screen. If the threat ts range extends beyond the maximum display

range, then the threat symbol is not displayed. Of course, the

integrity of the display is entirely dependent on the ability of CGS

to decode the information taken from the OFP by the hardware

monitor. The decoding process is described in the following

section.
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I EMITTER NUMBER SYMBOL RANGE AZIMUTH

I SA2 20 310
2 AAA 50 48
"I: :I ALR-46 Pilot's Display

:I: I (Reference Figure 4)
I : I I

I I .

I : * :

16 SA8 100 165

( REGION 112) (REGION t3)

--------------------------------------------------------------- I

OPERATOR / COMPUTER DIALOGUE REGION (REGION 1)

ALR-46 CGS>

Figure 16 RWR Mode User's Display

note: Region 3 is not drawn to scale.

Parameter / RWR Data

A detailed description of the ALR-46 operation flight program's

(OFP) emitter track file will help the reader understand what is
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required to generate the data needed to drive the Parameter and RWR

modes user's display. Actually, the emitter track file is not a file.

but a buffer within the OFP. The OFP, which resides in the memory of

the ALR-46 Flight Processor, maintains a set of pointers

(first-availablerecord and firstemitter) which point to records in the

track file (Ref figure 17). If the firstavailable_record points to

itself, it means no records are available. If the first-emitter pointer

points to itself, it means no emitters are active. The track files are

divided into sixteen records, which contain sixteen words each. As

shown in Figure 17. the records in the track file form two linked lists,

the "Red_Link_List" and the "BlueLinkList". The Red_Link_List is

composed of records of active emitters while the BlueLink_List contains

all of the records that are available for use. The

firstemitter-pointer is the beginning of the RedLinkList. It points

to the highest priority threat, the highest priority threat points to

the next highest priority threat. etc.. until the lowest priority threat

is reached. The lowest priority threat points to the

firstemitter-pointer. The firstavailableemitter pointer is the

beginning of the Blue_Link_List. It points to the first available

record, the first available record points to the next available record,

etc., until the last available record is reached. The last available

record points to the firstavailable_emitter pointer.

When an enemy threat is recognized by the ALR-46, it is assigned.

based on the threat's priority, a record in the track file. The

pointers have to be updated in both linked lists, since an available
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Address Operational Flight Program

44 FirstAvailable_.Record -< .........

------------------------- I-i I < ----------------
* I FirstEmitter I------------

SI I

SI I I

5000 Pointer to Next Track File Record 1< -----

I I: I

5015 Data Word t15 I
--------------------------------I

5016 Pointer to Next Track File Record I< ----+---------

:I II
: I-- -- -- - --------------------------------

5031 Data Word :15 I

I I
. I

: I

I I

I---------------------------------

--------------------------------I

5255 Data Word Z,15

Figure 17. ALR-46 Emitter Track File

note: The pointer arrangement shown depicts fifteen used records
(active .emit'ers)and one available record.
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record has to be removed from the "BlueLinkList" and inserted into the

"'Red_Link_List". As the ALR-46 system collects more information about a

threat (PRI, PW. etc.), the OFP updates the appropriate vord(s) in the

record associated with that threat. Each time a word in the emitter

track file is updated, the hardware monitor stores the contents and the

address of the updated word. The information needed to drive the RWR

and Parameter displays must be extracted from the data (Ref Table 4)

taken from the ALR-46 Flight Processor by the hardware monitor. The

hardware monitor data will be in a sequential, fixed length record file.

Each record will contain four thousand . sixteen bit words. As shown in

table 4. the hardware monitor data will be either time data (in groups

of four words) or threat data (in groups of two words). The definition

of the bits in each of the sixteen words of a track file record is

defined in Appendix A. The threat data is the only data required to

drive the RWR display. Of course, the information on the display is

only as good as the programs that drive the display. The integrity of

the programs that drive the display are heavily influenced by the

language they are written in, which brings us to the topic of the next

section.

Selection of the CGS Lan2uae

The sponsor left the choice of whether to write the software in

Pascal or FORTRAN up to the author. Pascal was chosen as the CGS

language for several reasons:

1. One of the major software problems through-out industry and the
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government today is the high cost of maintaining software. This

cost could be reduced if the software was better documented and

structured. Pascal is a structured language with many structured

commands, such as -while- " repeat until%, and -if then-tetc.CRef

2). A structured program is normally easier to understand and thus

easier to maintain.

2. Unlike FORTRAN. Pascal does not limit the variable names to six or

nine characters as FORTRAN does (Ref 3). More meaningful variable

names make the program more readable and easier to understand.

3. Pascal allows the declaration of record structures which make the

program more readable (Ref 2).

4.' Pascal supports linked list (Ref 2). Using linked lists with

FORTRAN is very awkward because FORTRAN does not support the

function.

The only advantage of FORTRAN over Pascal is the fact that more of the

sponsor's personnel were already familiar with FORTRAN than Pascal.

Since the benefits of using Pascal out-numbered the benefits of FORTRAN.

Pascal was chosen as the programming language of CGS.

To summarize, this chapter has been devoted to discussing the CGS

software requirements and selecting a programming language for CGS. A

brief summary of the software requirements are as follows:
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1. The operator interface must be friendly. clear. and forgiving. It

must lead the inexperienced user -by the hand- with descriptive

promps, and provide a very short command language for the

experienced user. It must also provide help to the users when

necessary.

2. The Parameter capability requires the following functions to be

performed:

(a) The different regions in the user's display must be protected
from each other.

(b) The static regions of the Parameter display have to heg drawn.

(c) The data taken from the OFP by the hardware monitor have to be--
decoded.

(d) The dynamic regions of the Parameter display have to be created
and maintained.

3. The RWR capability requires several different functions to be
performed:

(a) The different regions in the user's display must be protected
from each other.

(b) The static regions of the RWR display have to be drawn.

Cc) The data taken from the OFP by the hardware monitor must be
decoded.

Cd) The dynamic regions of the RWR display must be created and
maintained.

This chapter completes the definition of the ALR-46 CGS requirements.

The transformation of the CGS system requirements into an operational

system is discussed in Chapter IV.
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TV. Design of Computer Graphics Syatem

The previous chapter employed the user survey to determine the

software system requirements. In this chapter. the software

requirements along with supporting background information were used to

design CGS. In the first phase, Structured Analysis (Ref 8) was

empInved to build a logical model of CGS. Transform and Transaction

Analysis techniques (Ref 17) were used in the final phase of the design

to convert the logical model into a physical model. The module

structure charts created by the transform and transaction analysis

process, are found in Appendix D.

Losical Model

Introduction. While the software requirements were discussed in

Chapter III. further analysis could prevent errors from being designed

into CGS. Several techniques were available for this task including

Weinberg's Structured Analysis (Ref 8). Softech's Structured Analysis

and Design Technique (SADT)(Ref 16). and IBM's Hierarchical

Input-Process-Output (HIPO) diagrams (Ref 8). Structured Analysis was

selected to build the logical model because it offers several

advantages. However, before the advantages can be discussed, it is

necessary to understand the basic components of the Structured Analysis

technique.
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I Data Flow Data Flow

IIInformation Process informationII

Soile Name Sin

-----------------------------------------------------

Figure 18. DFD Components

Structured Analysis uses data flow diagrams (DFD's) and a data

dictionary to logically define the system requirements. The DFD's have

the four components shown in Figure 18. The first component is the data

flow, a **pipeline- of other data flows and of data elements. The data

elements are basic data types that can not be partitioned further and

still retain their meaning. For excample. the data element might be an

integer word representing the number of active threats at a specific

instant in time. The data flow is represented by a curved arrow on the

DFD's. The process converts input data flows to output flows and is the

second component of the DFD's. It is represented by a circle that

contains the process name. The box represents the third component of
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Table 5. DFD Index

PAGE

DFD Components . . . . . . . . . . . . . . . ..... . 62
Context Diagram . . . ... . . . . . . . . . . . . . . . 64
System Diagram . . . . . . . . ... . . .. . . . . . 65

Display Critical Track File Parameters (2.0) DFD . .... 67
Update CGS's Track File Entry (2.2) DFD . . . . . . . . 68

Simulate Pilotts Display (3.0) DFD . . . . . ........ 69
Extract / Format RWR Data (3.3) DFD . . . . . . . . . . 71

Help User (4.0) DFD . . . ................ 72

DFD's, the sources and sinks of information. They may represent a user

keyboard, a user display, or any other mechanism by which information

enters or leaves the system. Finally, files are the last component and

are repositories of information within the system. They are shown by

straight lines. The DFD's are layered, starting with a context diagram

that defines the interface of the system with its environment. Then the

processes in the diagram are expanded into lower level DFDts. This

partitioning process continues until each process has been defined in

sufficent detail, or in terms of its most elementary inputs and outputs

(Ref 8:78).

With this very abbreviated description of Structured Analysis , it

is now possible to examine the three primary advantages Structured

Analysis offered. First, it was based on the concept of partitioning.

This allowed each CGS requirements to be analyzed in an orderly manner.

Second, Structured Analysis differentiated between the logical and the

physical environment, thus more clearly defining the problem.
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HardwareMonitor-Data Threat-Symbo lType
-------------------- ----------------------------

I I\IData Flow Data Flow
NaeNameI

- , I
I User Execute User I
[i KeyboardI CGS Display II

Figure 19. Context Diagram

Finally, it was fairly easy to transition from the DFD's in the logical

model (Ref Table 5) to the module structure charts (Ref 17) used in the

physical model.

Context Diagrm. The context diagram shows the system boundary

and interface with the user. As shown in Figure 19, CGS must include

everything from the user input at the keyboard to the response the user

receives at the display.

System Diagram. The system diagram translated the software

requirements for CGS into a logical model as shown in Figure 20. First,

the user command must be examined to determine the type of user request

(process 1). If it is a Parameter command, CGS must activate the
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HardwareMonitor.Data
--- - - - - - - - -

ThreatSymbol-Type I
---------- -----------------

Display

Critical Track
File

~Critical-

Parameter- Parameter-iCommand Dt

User_ RWR - RR_

Command 1 Command 3 Data 5 Device!
Determine Sdulate Data
Command Pilot's Commands/Data

Type Display to Local CRT

Rquest
Help-

Information

Figure 20. CGS System Diagram

process to display the critcal track file parameters (process 2). Both

the hardware monitor data file and threat symbol type file must be

accessed to generate the critical parameter data. If the user command
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is an RWR command, CGS must activate the process to simulate the pilot's

display (process 3). Again, both the hardware monitor data and the

threat symbol type files must be accessed by the process to generate the

RWR data. If the user command is a request for help, the appropriate

help information must be output to the user (process 4). Finally, the

response output from one of the three processes must be transmitted back

to the user (process 5).

Display Critical Track File Parameters. The display parameters

process was specified in more detail by the lower level DFD shown in

Figure 21. First, a block of data (4000 words) must be read from the

hardware monitor data files. The CGS must then extract an emitter track

file data word from the block of data (process 2.1). Next, CGS must

update its threat data base (process 2.2). In the final step, CGS must

extract the updated parameters from the treat data base and prepare them

for output to the user device (process 2.3).

Update CGS's Track File Entry. The update track file entry

process may be specified further by the lower level DFD shown in Figure

22. First, the specific threat being updated must be indentified

(process 2.2.1). This can be done using the address of the data words

(Ref figure 17). After the threat has been identified. CGS must

identify which of the sixteen possible word (Ref Appendix B) has been

modified (process 2.2.2). Finally, the critical parameters affected by

the change must be updated (process 2.2.3). As shown in Appendix A,

several critical parameters can be affected when only one track file

word is changed.
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Simulate Pilot's Disniny.. The simulate pilot's display process

was specified in more detail by the DFD shown in Figure 23. First, a

block of data (4000 words) must be read from the hardware monitor data

file. The CGS must then extract an emitter track file data word from

the block of data (process 3.1). Next, CGS must update its threat data

base (process 3.2). (Both the extract data word (process 3.1) and the

update track file entry (process 3.2) processes are identical to

processes 1.1 and 2.2 shown in Figure 21.) Finally, CGS must extract the

updated parameters from the threat data base and prepare them for output

to the user device (process 3.3).

Extract / Format RWR Data. The extract / format RWR data process

was specified in more detail by the DFD shown in Figure 24. First, the

position of the threat symbol must be determined (process 3.3.10. The

position of the symbol is a function of the threat's range and azimuth.

Next. the symbol must be removed from its current position on the

display and displayed in its new position (process 3.3.2). The critical

parameters on the user' s display must also be updated (process 3.3.3).

The threat's symbol. range, and azimuth are displayed alongside the

simulation of the pilot's display. Finally, the RWR data is prepared

for output by adding display position commands (process 3.3.4).

Hlp-Userit. Finally, the help-user process may be specified by

the lower level DFD shown in Figure 25. The help request must be

classified as either a general information request, an RWR display

procedure request, or a Parameter display procedure request (process

4.1). If it is a general information request, a menu setaction of the
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Menu-

Selection I

Generalp e elp u

Request

/ RWRDisplay_ [

IRequest DeterminePrvd
I the Type Help Procedure fo

IInformation RWR Display

Parmetr-Parameter-1.
.... Display -

Request 4.4 ProcedureI

Figure 25. Help User (4.0) DFD

available commands and their formats must be output along with the

formats of the more specific help requests (process 4.2). If the help

request is a RWR display procedure request, the format for initiating

the RWR procedure must be output (process 4.3). Finally, if the help

request is a parameter display procedure request, the format for

initiating the parameter procedure must be output (process 4.4).
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The next phase in the design was to translate the logical model of

CGS into a physical model. This process is described in the following

section.

Physical Model

TnLE.suc.tisn. The physical model was designed using structured

design techniques proposed by Yourdon and Constantine (Ref 17). Two

principal methods were used to translate the structured specification

into module structure charts, transform analysis and transaction

analysis. These techniques were chosen due to their direct

correspondence to the DFD's specified in the previous section.

Transform analysis is used to translate a DFD into three sets of

modules. The first set of modules gets data from the source. The data

is transformed into the output by the second set, and the third set

outputs the data to the sink. To partition the DFD into the three sets

of modules, the DFD is divided into an afferent branch. a transform

section. and an efferent branch. This is done by tracing the input from

the source to the furthest data flow where it is still recognizable as

an input. Likewise, the output is traced backwards from the sink to the

first data flow where it is recognizable as an output. These two data

flows then are used as the boundaries between the three sections of the

DFD.

For the first set of modules, the structure is derived by making an

afferent module for each data flow and a transform for each process.

This is illustrated in Figure 26. For the second set of modules, the
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Figure 26. Factoring the Afferent Section

first module is factored into subordinate transform modules that perform

the functions stated by the process names. An example of this is shown

in Figure 27. The structure for the last set of modules is designed

similarly to the set of afferent modules. As shown in Figure 28, the

efferent module has subordinate to it another efferent module and a

transform module that relates the two data flows specified by the

efferent modules. A complete description of transform analysis is given
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Help-Request I
-- 1 HelpInformation

I I Help.ser I
I iI

Selection Parameter.isplay..
f Procedure

General- RWR.. RWR I
llnformatio-_ Help- Display- Parameter-Help_

IRequest Request Procedure % Request I

I Provide I i Provide I I Provide I
I General I I Procedure for I I Procedure for I
I Help I I RWR Display I I RWR Display I

------------------------------------------------------------------

Figure 31. Help User Module Structure Chart

in Yourdon and Constantine's book, S.ru Designk (Ref 17:171-201).

This technique was used throughout the module structure design phase.

An example of this technique being used in the CGS design is shown in

Figure 29 for the simulation of the pilot's display.

The other technique used a great deal was transaction analysis (Ref

17:202-222). This technique is particularly useful for translating

DFD's with processes that classify an input as one of a number of

outputs. Using transaction analysis, a DFD like that shown in Figure

30(a) may be translated into a module structure chart like that in
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Figure 30(b). The module structure chart for the help-user command is

shown in Figure 31 as an example of this technique.

This chapter translated the software requirements into logical and

physical models of CGS. The logical model used data flow diagrms to

emphasize the flow of data through CGS, while de-emphasizing procedural

aspects of the problem and physical solutions. The physical model of

CGS was derived primarily using transform and transaction analysis.

These techniques are briefly described and the module structure charts

are included in Appendix D. The module structure charts were used

during the implementation of CGS, described in Chapter V.
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V. Implementation and Testing of CGS

The entire Computer Graphics System has been implemented. The

unique factors which impacted this implementation are discussed in this

chapter, as are the basic principles used in implementing the modules.

Also, the test plan and procedures employed to verify the CGS modules

and validate the system are described. Finally, the testing results are

st-ted.

Imnlementatioa

One of the first challenges in the implementation phase was to

select a system implementation strategy.

Strategy Two implementation strategies were considered, Top-down

and Bottom-up. The Top-down strategy was chosen to implement CGS due to

several advantages it offered. However. before these advantages can be

understood, it is necessary to understand the basic concepts in each

strategy.

Top-down design is a modular design strategy that creates a system

design in terms of major functions, which are decomposed into more

detailed functions. The top-down implementation suggests that

high-level modules should be coded and tested first, followed by the

next lower-level until all of the modules have been implemented

79



A.BC just call stubs
------ at this time

IMAIN

Now the modules
------ called by A1.A2.Cl.C2

MAIN Iare stubs

IAlI A21 I ! C21

----------------------------------------------------------------
Finally, real modules

------ are substituted for
IMAIN ~ the stubs for x. y. z

IA I I

Figure 32. Top-Down Implementation
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(Ref figure 32). High-level modules are tested using stubs to simulate

the work of lover-level modules (Ref 8:216). Bottom-up design creates a

system design in terms of minor functions, which are integrated together

to form major functions. The bottom-up implementation suggests

low-level modules should be coded and tested first, followed by the next

hie,,er-level until all of the modules have been implemented (Ref figure

33). The lower-level modules are tested using driver programs and

specialized test data.

With these very abbreviated description of top-down and bottom-up

strategies. it is now possible to examine the seven advantages of

top-down implementation (Ref 17 :340-358).

1. Unit, integration, and systems testing are all eliminated as

separate phases. in effect, every time a new module (or small group

of modules) is added to the system, an integration test is run. The

addition of the last module in actuality represents the final system

test.

2. Major interfaces in the system are tested early with a top-down.

* incremental testing strategy. Hierarchical modular designs identify

high-level modular functions which can be coded and tested before

detailed specifications have been developed for lower-level,

* I detailed functions. As a result, high-level program functions and

inter-program system's functions can be tested early, minimizing the

likelihood of interface problems necessitating revision of

lower-level modules.
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3. Users can see a working demonstration of a skeleton version of the

system long before the entire system has been completed, thereby

enhancing users' support for and involvement with the system.

4. Deadline problems are more manageable. Serious design flaws are

exposed early in testing.

5. Debugging is easier. In a bottom-up, phased-testing environment,

modules that have been successfully unit-tested are thrown together

for an integration test. If the test fails, the bug could be

anywhere in the system, causing considerable difficulty in

debugging. With incremental testing in a top-down environment, a

module or small group of modules is added to a working skeleton of

the system. If the test fails in this case, debugging probably

would be reasonably simple, because the bug would exist either in

the newly added code or in the interface between the new code and

the already tested, working skeleton of the system.

6. The need for test harne-ses is eliminated. In a bottom-up

environment. testing lo,~ Level modules requires driver programs and

specialized test data; the actual logic of high-level modules, in a

top-down environment, drives lower-level modules. Module stubs

simulate the work of even lower-level modules. Thus, no driver

program or specialized test data is created only to be discarded

later.

7. Requirements for machine time are distributed more evenly and are

more predictable. In bottom-up implementation, testing begins
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perhaps halfway through a project and grows slowly as modules are

compiled and unit-tested. In top-down implementation, testing

begins sooner than in the bottom-up approach. The amount of daily

test-time increases rapidly early in a project and then increases

gradually as modules are added incrementally to the system.

With the implementation strategy defined, the next step was to transform

the structure charts described in Chapter IV into a format easier to

implement. The Warnier-Orr diagram technique was chosen because it is

simple, readable, and easy to implement. It proceeds with one step

leading directly and logically to the next step.

The process stops when the last program hierarchial level defines

one specific function or when the last level of structure defines a

unique element which cannot be further divided. These criteria are

readily identifiable.

Readability is of utnost importance to every activity following the

design phase of software development. The design must be readable and

understandable to those whose jobs will be to code, test and maintain

the software.

The last advantage and one of the most important, practically, is

the ease with which a Warnier-Orr design can be implemented. The format

of the Warnier-Orr diagram graphically represents the three constructs

which are necessary and sufficient for any program implementation

sequence, decision cAd iteration (looping).
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P121

(0.1)

P12 < +
Ii (1)

P122
(0.1)

P13

(l.n)

-----------------------------------------------------

Figure 34. Warnier-Orr Process Structure Diagram

85



Table 6. List of all Warnier-Orr Diagrams

--------------------------- I-------------------------------
ALR46CGS

OPERATOR-INTERFACE
HELP

PARAMETER
CREATE_TRACKFILEENTRIES

INITIALIZE_TRACKFILEENTRY
READ_SYMBOLTYPEFILE
SETSTATEOF_VTl0O

POSITIONCURSOR
GENERATEFORM

UPDATE_TRACK_FILEENTRY
PROCESS_ONEWORD

SHIFT
ALR46-DEGREES

OUTPUT_.CRITICALPARAMETERS
POSTION_CURSOR

RWR.DISPLAY
CREATE_.TRACK FILEENTRIES

INITIALIZE_TRACKFILEENTRY
READSYMBOLTYPEFILE
INITIALIZEPOSITION
SET_STATE_OF_4027
UPDATETRACK_FILEENTRY

PROCESS_ONEWORD
SHIFT
ALR46-DEGREES

OUTPUTTORWRDISPLAY
DRIVEPILOTS_DISPLAY I

OUTPUT_A_SYMBOL
SENDCRITICALPARAMETERS
GETNEXTCOLOR
X-COORDINATE
Y-COORDINATE

-------------------------------------

In Figure 34 module P1 consists of three sequentially (top to

bottom) executed steps (sequence) Pll, P12 and P13. Module P12

consists of two steps : P121 and P122. At least one of P121 and P122,
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but not both, are executed each time P12 is executed (decision). The

notations on P11 and P13 in parenthesis indicate how many times that

module is repeated each time the parent module, P1,'is executed. In the

case of Pll and P13. the modules will be executed from one to "m- and

one to -n- times, respectively. This represents looping. The notation

on P1 indicates that the sequence P1I-P12-P13 will be executed only

once.

Extensions to the basic three constructs are obtained by combining

them. A combination of the loop and decision constructs produces the

DO-UNTIL or DO-WHILE constructs while multiple decisions illustrate the

CASE statement of the PASCAL language. These extensions are mentioned

to illustrate the relationships that the Warnier-Orr diagrams exhibit to

implementation. All of the Warnier-Orr diagrams (Ref Table 6) developed

for CGS is contained in Appendix E. An overview of CGS is shown in

Figure 35.

Onerator Interface. The first module to be implemented was a

top-down design operator interface. The primary implementation goals

were to make it easy to use and to provide the operator with help upon

request.

The user has the option of entering either the full keywords for

the commands or only the first letter of the keywords. This keeps a

regular user of the system from being hampered by long commands, yet

keeps the novice or infrequent user from having to cope with cryptic
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Figure 35. Warnier-Orr System Overview
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Table 7. Valid Keywords

CGS Commnd Parmeters

1. R]EP

2. RWR DISPLAY

3. ZARAMETER DISPLAY

one-letter commands and parameters. The list of keywords in the CGS

command language is given in Table 7.

The user -help- protocol was implemented and can provide the user

all information required to use CGS. This module is tiered, so entry

into the procedure can be accomplished by simply typing -help'.

Data Structures Careful consideration was given to data

structures that are to be employed. For example, the tradeoffs of using

a linked list verses an array to store the information needed to drive

the display was thoroughly studied before the linked list was chosen.

The linked list offered fast access to each critical parameter and was

the same structure used in the ALR-46 OFP. The linked list also allowed

the number of track file entries to vary with the number of active

threats and would on the average require less storage space than the

array. On the other hand, the array offered direct access to key

parameters and was simpler to implement. Even though the linked list

was more difficult to implement, it was easier for the ALR-46 personnel

to maintain because it was the same as the structure used in the OFP.
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The requirement for ease of maintenance made the linked list more

attractive.

Parameter / RWR Processes During implementation, every attemp

was made to continue the practices employed during the requirements and

design. As shown in Figure 36 and 37, both processes were implemented

in a modular, top-down manner. Also each module was implemented such

that it hid the data structures and algorithms employed as much as

possible from other modules. One example of this was in the RWR symbol

display module. This module was passed the symbol and its location on

the display. Thus, the subordinate modules did not require any

knowledge of the actual threat the symbol represented. The last phase

of impementation for each module consisted of debugging the module.

Care was taken to insure changes made in this phase did not destroy the

structure of the modules originally implemented. The code and

Warnier-Orr diagrams for these modules are included in Appendix E. Onze

the modules were free of compilation errors, they were tested using

stubs and drivers, as well as the techniques described in the following

section.

Testing

A top-down approach was used to test CGS. Each module was tested

before another module was integrated into CGS. Therefore, any problems

encountered were immediately isolated to the new module. Two testing

strategies were employed. "black-box' and "white-box". Black-box

testing requires all test data to be derived solely from the
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I I

Create track file entries < CREATE_TRACKyILEENTRIES

I I

I I

Initialize symbol-type records < READSYMBOL_TYPE_FILE

Set the state of the VT-100 < SET _STATE_OF_VT100

Read a block from hardware monitor fileParameter< -

UPDAT _ TRACK_
F TLE_ENTRIES

Track file word <

IOUTPUTCRITICAL_1
Process 1 Process PARAMETERS
Hardware < One < +
Monitor Word I
File I(l.last) I
(I.EOF) I I I

Track file word < SkipI I

Figure 36. Warnier-Orr Diagram of Parameter Process
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Define background color and maximum RWR range
I I I

Initialize thrLat position records< INITIALIZE.POSTION

Create track file entries < CREATE_TRACK_FILE_ENTRIES

I I I

I I
Initialize symbol-type records < READ_SYMBOL_TYPE_FILEI I

I w I

IRWR.. I
DISPLAY < Set the state of the 4027 < SET_STATE_OF_4027

Read a block from hardware monitor file

UPDATETRACK_
FILEENTRIES

Track file word <

OUTPUT_WR_
Process Process DISPLAY
Hardware < One < + -

Monitor I Word I
File (llast) I
(1,EOF) I_ _

Track file word < SkipI I

------------------------------------------------------

Figure 37. Warnier-Orr Diagram of RWR Process
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specifications. while white-box testing allows test data to be derived

from an examination of the program's logic (and often, unfortunately. at

the neglect of the specification)(Ref. 18:9).

White-box testing was used to test each module as it was integrated

into CGS. Inputs were chosen to insure that all segments of code were

executed. Also, when a branch depended upon a compound logical

expression. inputs were chosen for each of the possible combinations.

Equivalence partitioning, a form of black-box testing, was also

used. This procedure entailed partitioning the input domain of CGS into

a finite number of equivalence classes so one could reasonably assume a

test of a representative value from each class was equivalent to a test

of any other value. For example, the azimuth parameter has a legal

range from zero to two hundred and fifty nine. The legal values were

divided into sixteen equal subranges starting with zero. Since any

azimuth value from a specific subrange was the same as any other value

from that subrange, only four values were needed to perform this type

test.

Boundary value analysis, another form of block-box testing, was

also used to test the modules. The values at the borders of the

equivalence classes were tested to detect *off by one- errors. An

example of this technique is the testing of the stagger level parameter.

This parameter has a legal range of zero to seven. To test the behavior

of the module that decoded the stagger level, stagger level values of

zero, one, seven# and eight were used.
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The testing was done incrementally. As a module was coded and

debugged. it was then integrated into the set of modules that had

already been tested. This new set of modules was then rigorously tested

using the techniques already mentioned. This procedure was repeated

until the test of the last module was actually a test of the complete

CGS. This method worked well and allowed interface problems between

modules to be isolated quickly. Finally, records were kept of these

tests to aid in maintaining the program. Using these documented

results, a modification to CGS can be verified using the same input data

in addition to new data to test the extensions or modifications to CGS.

These test results are included in Appendix G.

The Computer Graphics System was implemented on the VAX 11/780, but

care was taken to ensure its compatibility with the PDP 11/34 by only

using Pascal statements that were compatiable with both the VAX 11/780

and the PDP 11/34. The operator interface was implemented to accomodate

both the novice and expert user. The RWR and Parameter modes were

implemented as defined in the system specification. Both information

hiding and a careful selection of data structures were employed during

the implementation. Finally, the modules were tested incrementally

using path analysis, equivalence class testing, and boundary value

analysis.

94



Vi. Conglusions and Recommendations

This investigation, the development of the CGS, was based on the

requirements provided by the Electronic Warfare Engineering Branch

La.boratory. User interviews were used to determine the user

requirements.

User requirements and the system coutraints were used to develop

the CGS system requirements. This portion of the investigation was very

time consuming since design decisions had to be made. Next. the

software requirements were defined in more detail.

The time invested in the system requirements proved worthwhile

throughout the investigation. The design proved to be straight forward

because of the amount of partitioning that had already been done.

Structured design techniques were employed in the development of both

the logical and physical models of CGS.

The software modules were implemented using structured techniques.

The most difficulty was encountered in controlling the DEC VT-100 CRT

and the Tektronix 4027 CRT. Many of the specialized comands used had

limited documentation. Each command was documented in CGS at the time

it was used.

The testing was conducted using branch analysis, equivalence class

testing. and boundary value analysis. The CGS modules were tested

incrementally which greatly simplified the overall system testing.
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In summary, through the user interviews, Structured Analysis

techniques, Structured Design techniques, and top-down design

techniques, CGS went from an idea to a fully operational system. All of

the requirements of the EW Engineering Branch Laboratory were satisfied.

Tests performed with CGS on AFIT's VAX 11/780 using simulated data

indicated CGS will be a valuable test tool for the ALR-46 personnel.

The sponsor felt that CGS did meet the objective of the investigation,

which was to reduce the time required to modify the ALR-46 system. CGS

will be installed on the sponsor's computt-r in 1982.

Recommendations

Because of the structured approach used to develop CGS,

enhancements and additional capabilities can be added without affecting

the current capabilities. It is recommended the following tasks be

considered by follow-on investigations in order to realize the full

potential of CGS:

1. Provide a capability to determine the amount ol time used by each

procedure in the ALR-46 Operational Flight Program. As the threat

environment becomes more dense, the number of threats that must be

simultaneously processed by the ALR-46 increases. The time required

to process a threat must be reduced if the system is to continue

meeting its response time requirements. TI-is CGS capability would

allow the large users of CPU time to be identified and thus the

prime candidates for optimization would also be identified.
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2. The response time of CGS could be reduced significantly if DECts

"QIO" system procedure was used for I/0 instead of the standard read

and write statements. Tests on the PDP 11/34 indicated a ten to one

difference in speed between a standard read/write and QIO (Ref 11).

3. The CGS OutputASymbol procedure should be enhanced to include

additional threat symbols.

4. The operator interface procedure should be transformed into a

standalone procedure that sends and receives messages to and from

the remainder of the CGS procedures. This would allow the RWR and

Parameter modes to operate simultaneously and also give the operator

control over CGS at any point in time. At the present time, the

operator has to wait for one mode to complete before another mode

can be selected.
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A P PE ND IX A

THRE A L R -46 E MIT T ER T RA CK F IL E

This Appendix contains a description of the ALR-46 emitter track

file entries used by CGS to generate the Parameter and RWR displays.

Actually, the emitter track file is not a file, but a buffer within the

ALR-46 Operational Flight Program. The track file is divided into

sixteen records which contain sixteen words each. All records have

identical formats. The structure of the emitter track file is shown in

Figure 38. Only the bits used by CGS are described. The function of

most of the bits not described is classified. Word zero is used by the

ALR-46 to form the linked list. This structure is discussed in the

description for'vord zero which follows.
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I I

Record Number

1. Data Word t0

Data Word tt15
--------------------------------- I

S 2. Data Word P4 0

Data Word a15

--------------------------------- I

--------------------------------- I

IData Word Mi15

Figure 38. Record Structure of the ALR-46 Emitter Track File
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The following is a description of the emitter track file words used

by CGS:

WORDO0: IBITS 0-15I

1. Bits 0 - 15: A sixteen bit address is contained in bits 0-15.

To understand the function of this address, the reader must

understand how the emitter track file is accessed and

maintained. The OFP, which resides in the memory of the ALR-46

Flight Processor, maintains a set of pointers

(first available_record and first-emitter) which point to

records in the track file (Ref Fig 17). If the

first_available_record points to itself, no records are

available. If the first_. emitter pointer points to itself, no

emitters are active. As shown in Figure 17, the records in the

track file form two linked lists, the "Red_LinkList" and the

"Blue_.Link_.List". The Red_LinkList is composed of records of

active emitters, while the Blue_Link_.List contains all of the

records available for use. The first_emitter.pointer is the

beginning of the RedLink_List. It points to the highest

priority threat, the highest priority threat points to the next

highest priority threat, etc., until the lowest priority threat

is reached. The lowest priority threat points to the

first_.emitterpointer. The first_availableemitter pointer is

the beginning of the
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Address Operational Flight Program

44 I FirstAvailable_Record 1< --------------------------

I------------I------------------

I j~<--------------
I First_Emitter ------------

I I

I I

5000 1 Pointer to Next Track File Record 1< -----

* I
------------------------ I I

5015 Data Word j15 I
------ ----------------------------------- I

5016 Pointer to Next Track File Record 1< ---- +-- +------

---------------------------------

-------------------------------- I

5031Data Word 15 I I

* I
I

5240 1 Pointer to Next Track File Record .----+--

5255 Data Word :tr15
----------------------------------

Figure 17. ALR-46 Emitter Track File

note: The pointer arrangement shown depicts fifteen used records
(active emitters)and one available record.
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Blue_Link_List. It points to the first available record, the

first available record points to the next available record,

etc., until the last available record is reached. The last

available record points to the first_availableemitter pointer.

When an enemy threat is recognized by the ALR-46, it is assigned

a record in the track file, based on the threat's priority. The

pointers have to be updated in both linked lists, since an

available record has to be removed from the "Blue_LinkList" and

inserted into the "RedLinkList". As the ALR-46 system

collects more information about a threat (PRI, iW, etc.), the

OFP updates the appropriate word(s) in the record associated

with that threat. Word 0 is the key to the structure of the

emitter track file.

WORD 2: BITS 0 - 15

1. Bits 0-15: The sixteen bit address contained in bits 0-15 is

used to define the symbol to be displayed. The address is an

index into the symbol / type table. Refer to Appendix B for

additional information.
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WORD 3: BITS 0 - 15

1. Bits 0-15: Either the frame PRI or the average PRI is contained

in bits 0-15. If the pulse train is staggered, word 3 contains

the frame PRI. otherwise it contains the average PRI. The units

of time for word s is tenths of microseconds.

WORD 4: I BITS 8 - 15 I

1. Bits 8-15: The Hi Band Sine is contained in bits 8-15. It is

used by the ALR-46 along with hi band cosine to determine the

threat's azimuth. The hi band sine can range from zero to two

hundred and fifty six.

WORD 5: BITS 8 - 15 I

1. Bits 8-15: The hi band cosine is contained in bkts 8-15. It is

used by the ALR-46 along with hi band sine to determine the

threat's azimuth. The hi band cosine can range from zero ta two

hundred and fifty six.
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WORD 6: (BITS 10-15 IBITS 5-9 IBIT 3)BIT 21BIT 1IBIT O

1. Bit 0: If bit 0 is set (equal to one), a flashing circle is put

around the symbol when it is displayed.

2. Bit 1: If bit 1 is set, a steady circle is put around the

symbol when it is displayed. If both bit 0 and bit 1 are set,

then bit 0 governs.

3. Bit 2: If bit 2 is set, a diamond is placed around the symbol

when it is displayed.

4. Bits 5-9: The priority is contained in bits 5-9. The priority

has a range from zero to thirty-two.

5. Bits 10-15: The Priority / Round is contained in bits 10 - 15.

The priority / round has a range from zero to fifty six.

WORD 7: 1 - Bit 91 IBit 4IBit 3(Bit 2iBit IlBit 01

1. Bit 0: If bit 0 is set, the ALR-46 has identified a threat

whose frequency is in band zero.

2. Bit 1: If bit 1 is set, the ALR-46 has identified a threat

whose frequency is in band one.
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3. Bit 2: If bit 2 is set, the ALR-46 has identified a threat

whose frequency is in band two.

4. Bit 3: If bit 3 is set, the ALR-46 has identified a threat

whose frequency is in band three.

5. Bit 4: If bit 4 is set, the ALR-46 b identified a threat

whose frequency is in band four.

6. Bit 9: If bit 9 is set, the pulse train is jittered.

WORD 8: I BITS 11-15 IBITS 8-10 IBITS 5-71 IBITS 0-21

1. Bits 0-2: The Conditional Emitter Program Count (CEPC) is

contained in bits 0-2. The CEPC has a range from zero to seven.

2. Bits 5-7: The ML Age is contained in bits 5-7. ML kge has a

range of zero to seven.

3. Bits 8-10: The stagger level is stored in bits 8-10. The

ALR-46 subtracts one from the stagger level count before storing

it. Therefore, one must be added to stagger level before it is

displayed. The ALR-46 subtracts one from the stagger level in

order to store the maximum stagger level of eight into a three

bit field. The stagger level has a display range of one to

eight.
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4. Bits 11-15: The low band age is contained in bits 11-15. The

low band age has a range from zero to thirty-two.

WORD 10: IBITS 6-121 BIT 51 1

1. Bit 5: Bit 5 is the sign bit for the value contained in bits

6-12. If it is set, the value in bits 6-12 is a negative number

in ones's complement form. Otherwise, the value in bits 6-12 is

a positive number.

2. Bits 6-12: The Y_Displacement value is contained in bits 6-12.

This value combined with the XDisplacement value is used by CGS

to calulate the threat's range and azimuth. For additional

information, refer to Appendix C.

WORD 12: BITS 0 - 15

1. Bits 0-15: The mean PRI is contained in bits 0-15. Word 12 is

the same as word 3. except for staggered pulse trains. When the

pulse train is staggered, word 12 contains the Frame PRI. The

unit of time for word 12 is tenths of microseconds.
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WORD 13: BITS 6 - 15 I IBIT I1I

1. Bit 1: If bit one is set, Special is equal to YY. Otherwise,

special is equal to NN.

2. Bits 6-15: The value of Deviation is contained in bits 6-15.

WORD 14: l BITS 3 - 7 I

1. Bits 3-7: The High Band Age Count is contained in bits 3-7. It

has a range from zero to thirty-two.

WORD 15: 1 Bits 0 - 4 I

1. Bits 0-4: The record number is contained in bits zero through

four. The record number has a range from zero to sixty-three.
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A PPE9N D IX B

T HE S Y MBOL / TY PE F IL E

This Appendix contains a description of the CGS Symbol/Type file.

It is used by CGS in conjunction with word two of the emitter track file

to determine the threat's symbol and type. The file, which is part of

CGS's input data, must exist prior to running CGS. The file contains

sixty four sequential records. each three words in length. The actual

data contained in the CGS Symbol/Type file is classified. With the

approval of the sponsor. the author generated an unclassified file that

could be used to develop CGS.

As shown in Figure 39, the symbol/type file contains two symbols

and a type number for each entry. When the ALR-46 displays a threat, it

alternates between symbol one and symbol two. Symbol one and two are

always the same for threats the ALR'-46 can uniquely identify.

NTherefore, the pilots only see one symbol. Unfortunately, certain

threats have such similar characteristics, the ALR-46 can not

distinguish between them. In this case, symbol one and sn -two will

not not be the same. The pilot will actually see two different symbols

alternately displayed at approximately once per second. The CGS

symbol/type file contains entries for all of the threats the ALR-46 can

uniquely identify, as well as entries for all pairs of threats that can
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OFFSET SYMBOL ONE SYMBOL TWO TYPE NUMBER

-----------------------------------------------------------------
I 0 SAl1 SAl1 100

1 SA 2 SA 2 101
2 SA 3 SA 3 102
3 SA 4 SA 4 103
4 SA 5 SA 5 104

61 AI -A- 161
62 2 BAR SA 4 162
63 AAA -2- 163

Figure 39. Symbol / Type File Structure

not be uniquely identified. Each entry in the file has a unique type

number.

The address in word two of the emitter track file consists of the

base address of the symbol table plus the offset into the symbol table.

The base address of the symbol table must be subtracted from word two

before it can be used as an offset into the symbol/type file.
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A PE N D IX C

C GS RA N GE a nd A ZI MU TH C ALC UL A TIO N

This Appendix contains a description of the process used to

calculate the threat's range and azimuth. Certain charateristics of the

ALR-46 made the process of calculating a threat's range and azimuth very

unique. These characteristics, shown in Figure 40, are listed below:

1. The ALR-46 coordinate system is shifted 45 degrees in the clockwise
direction.

2. The X coordinate is positive in the left direction instead of the
right.

3. The negative X and Y coordinates are in one's complement format.

4. The reference for zero degrees is shifted ninety degrees in the

ALR-46 coordinate system as compared to the polar coordinate system.

The first step was to convert any negative X or Y coordinates to DEC's

standard format for negative numbers. The range was easily calculated

using

Range =Square Root C X ** 2 + Y **2)

The calculation the azimuth was more complicated than the range

calculation. First, the azim~uth was calculated using ALR-46 co ordi.nateI' system, and it was then translated into the ALR-46 azimuth using
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!
I

Y

------------------
xI

x

RECTANGULAR COORDINATES ALR-46 COORDINATES

II 0
I I

190 10

180 0 90 I 270
-+-------------------------------- --------------------

270 I 180

POLAR COORDINATES ALR-46 COORDINATES

Figure 40. ALR-46 COORDINATE SYSTEM

the values of X and Y in the ALR-46 coordinate system. Refer to the

"Process_OneWord'" algorithm in the source listing for additional

information.
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AP PENDIX D

MODULE STRUCTURE CHARTS

This Appendix contains the complete set of module structure charts

needed to specify the design of the software for CGS. These charts were

drawn using Yourdon and Constantine's structured design techniques (Ref

17).

List of Data Flow Diagrams PAGE

System Structure Chart . .................. 115
Display Critical Track File Parameters ...... . 116

Update CGS's Track File Entry .... ............. ... 117

Simulate Pilot's Display ................... .. 118

Extract / Format RWR Data. . ............ 119
Help User ........ ................... ... . 120

114



IALR-46
ICOMPUTER
IGRAPHICS
ISYSTEM

User- User- User_ sr
I Command a Command-? Response '~Response

IGet thel Execute the! Output thel
IIUser's II User's II User's
IICommand I Command II Command

Critical- ep
ParameterInomtn

Informato

PCGS- CGS-,i. h~ilot's_ Help-
Status /Status Display Request

IDisplay IISimulate IIHelp

I rc ieIIDslyCritical I Pilot's I User

IParameters ------

Figure 41. System Structure Chart
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CGS-. Critical-
Status IParameter-

IData

1Display
ICritical I
ITrack File I
IParametersI

Parameter-___

I Data_ Yord.' Data
1Updated-

Hardware- Data_Word Parameter- UpdatedParameterl
1 Monitor- Data eData

I Data

-- -- -- - -- - - - - -- - - - -
I Extract IIUpdate CGS's II Extract I

IIOne Monitor I Track_File_ I and Formatf II
IData Word IIEntry IICritical I
-- - - - - - -- - - -- - - Parameters I I

Figure 42. Display Critical Track File Parameters Structure Chart
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Monitor- I Updated-
Data I Parameter-.

IData

IUpdate CGS's
ITrack File
I EntryI
-- -- - -- -

DCritical_Parameter_I
Emitter_- Data

Number 
Updated-

Emter- ? Parameter- ~Updated-.
I Monitor Number 0 Data Parameter-
IData DataI

IIDetermine IIDetermine the I Update CriticalII
IIthe Word to IITrack_File Word II Parameters I
IIbe Updated IIbeing Examined II Affected by

-- - -- - - -- -- - - -- - - Word I

Figure 43. Update CGS's Track File Entry Structure Chart
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-- --- ----- --- ---- --- --- --- ---- --- --- --2- -
ISimulateI

II Pilot's I
I Display I

Dat aWord ZRWR_Data
I Data_.Word Updated_I

I ardware_ Parameter_ Updated_.
I Monitr Threat- Data Parameter_ I

Data ymo Data I
Type I

II Extract iI Update CGS's I I Extract I I
I Ione Monitor I I Track_File_ I I and Formatl II
II Data Word I I Entry I I RWR..Data I I

Figure 29. Simulate Pilot's Dis~play Module Structure Chart
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Help..Request
IHelp..Information

I I HelpilserI

I Selection ParameterDisplay.
Procedure

lI'formation_ Help_. Display- Parameter-elp_.
IRequest Request Procedure Request

I IProvide I Provide II Provide I
IIGeneral IIProcedure for IIProcedure for I
IIHelp I RWR Display I RWR Display I

Figure 31. Help User Module Structure Chart
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APPENDIX E

CGS Warnier-Orr Diagrams and Source Code

This Appendix contains the CGS Warnier-Orr diagrams and the source

code compiled listings. The W/O diagrams were used to develop the

source code. All of the procedure names referenced in the W/O diagrams

are the same as the procedure names used in the source code. A list is

the CGS procedure names as well as the page number of each procedure's

W/O diagram and source is shown on page 122.
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W/O Chart Source code
Page Page

ALR46CGS . . . . . . . . . . . ......... 123 148

OPERATOR._INTERFACE ............. 124 151
HELP . . . . . . . . ........ .. 125 152

PARAMETER . . . . . . . . . . . . 126 178

CREATE_TRACK_FILE_ENTRIES . . . . . . . 127 152
INITIALIZETRACK.FILEENTRY . . . . 128 152

READSYMBOLTYPEFILE . . ........ 129 151
SET_STATE_OFVT100 . .......... 130 180

GENERATEFORM . . . ......... 131 180
POSITION_CURSOR ... ........... ... 132 179

UPDATETRACKFILEENTRY ......... 133 154
PROCESSONE ORD .......... 134 157

SHIFT . ............. .. 135 156

ALR46_.DEGREES ......... 136 156
OUTPUT_CRITICALPARAMETERS ....... 137 182

POSTION-IURSOR ........... 132 179

RWR_DISPLAY ...... ..... 138 164
CREATE_TRACK_FILEENTRIES ........ 127 152

INITIALIZE_TRACK_FILEENTRY . . . . 128 152
READ_SYMBOL_TYPE_FILE . . . . . . . . . 129 151
INITIALIZEPOSITION ........... 139 176
SETSTATE_.OF4027 ......... ..... 140 166
UPDATETRACKFILE_ENTRY . ........ 133 154

PROCESSONEWORD .......... 134 157
SHIFT . ........ ..... 135 156
ALR46_DEGREES .. ............. 136 156

OUTPUTTORWRDISPLAY .. ........... 141 167
DRIVE_PILOTS_DISPLAY ........... 142 168

OUTPUT..ASYMBOL ...... 143 169
SEND_CRITICALPARAMETER ... . 144 172
GET_NEXT_TOLOR ........... 145 167
X_COORDINATE ................ ... 146 173
Y_COORDINATE ............ 147 173
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II

Get a Command < OperatorInterface

Help Command < HelpUser
Process I
Operator

ALR46CGS < Commands

(lterminate)

Parametermode < Parameter

I I

RWR_mode < RWRDisplay

Figure 35. Warnier-Orr System Overview
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---- - - - - - -- - - - - - - - -- - - - - - - - -- - - - - - - - -

I Prompt User

I Receive a Command

Opertor < Get a Legal I
Interface l Command < Check the Command

I (l~legal command) I

I Legal Command < Skip

+-I

ILegal Command < HELPUTSER
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I I
I Provide general help

General information request < I Provide more help if

1 necessary
I I

I I

RWR help request 4 Provide procedure for RWR display

I I

Helpuser < 
+

Provide procedure for

Parameter help request < parameter display

I I

+

I 1

Continue < skip
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I -

Create track file entries < CREATETRACK_FILEF2TRIESI I

r I

Initialize symbol-type records < READ_SYMBOLTYPE_FILE

I I

Set the state of the VT-100 < SETSTATEOFVT100

I I

Read a block from hardware monitor file
Parameter<

UPDATETRACK_
FILE-ENTRIES

Track file word <

I OUTPUTCRITICAL_
Process Process PARAMETERS

Hardware < One < +

Monitor Word I
I File I(l,last) I

( ,EOF) I _

I Track file word < Skip
I I

Figure 36. Warnier-Orr Diagram of Parameter Process
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Create a new track file entry

CREATE_TRACKFILE_EXNTRY < INITIALIZE_TRACK_FILE_ENTRY

Link the new entry into the CGS
linked list

127
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-- - - - - - - - -- - - - - - - - -- - - - --I- -- - - - - - - - -

ISet each entry of the

IINITIALIZE_-TRACKFILE_ENTRY < CGS track file to a

I I known value
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II

Read one record

Read each pair

READSYMBOL-TYPEFYILE < of symbol-type <
(I.EOF)

SStore the record

I I

I I
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r .. . . . . ...._

Set CRT into 24 line mode

Set CRT into 132 column mode

SETSTATE_OF_VTIOO <

Define scroll region between lines 22 and 24

Generate a blank critical < GENERATE_FORM
parameter form
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-- - - - - - - - - - - - - - - - - - - - - - - -I-- - - - - - - - - -

IPOSITIONCPURSOR

1GENERATEFORM! <

I I Output the form to the VT-100
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II

Set VT0 into ASCII mode

Operator
interface < Set VT-IO0 into no underscore mode
region

Position the cursor

POSITION_CURSOR < +

l Set VT100 into graphics mode
Operator l
interface < Set VT-100 into underscore mode
region

Position the cursor

(II
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I ALR-46 track file
ALR-46 linked list modified < pointer change is

I in progress

+

ALR-46 linked list modified < Skip

UPDATE_TRACK_ < PROCESSONE_WORD
FILE_ENTRY

ALR-46 linked I Update
list modification < threat

I complete I priorityl
Track file modified <

+

I ALR-46 linked I
I list modification < Skip
I complete I

+

( ITrack file modified < Skip
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Decode word number zero
+

Decode word number two
+

Decode word number three
+

Decode word number four
+

Decode word number five

Decode word number six

Decode word number seven
PROCESSONEWORD < +

Decode word number eight

Decode word number ten

I I

Decode word number twelve
+

Decode word number thirteen
+

Decode word number fourteen

SDecode word number fifteen

134
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I I

I I
SHIFT < Extract the bits requested and

I return them right justifiedI I

13



----

X and Y > 0 and Degrees < 45 < Update angle

+

I I

X and Y 5 0 and Degrees > 45 < Update angle

+

ALR-46_DEGREES < X and Y < 0 < Update angle

+

I I X 0Oand Y >0 •TUpdate angle

+i

X >= 0 and Y < 0 < Update angle

136
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I I

Change to ALR-46 track file < Output new priorityI I
+

I I

Change to ALR-46 track file < Skip

I Delelete all entries from
NonActiveEmitters < the display for any threat

I no longer active
OUTPUT_
CRITICAL_ < +

PARAMETERS

Non_.Active_Emitters < Skip

I Upate the diplay of any
Modified Emitters < active threat whose parameters

have changed

+

Modified Emitters < Skip
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t-

Define background color and maximum RWR range

I I

Initialize threat position records< INITIALIZEPOSTION

I I Create track file entries < CREATE_TRACKFILEENTRIES
I I

I I

Initialize symbol-type records < READ SYMBOL_TYPE_FILE

RWR_
DISPLAY < Set the state of the 4027 < SETSTATEOF_4027

Read a block from hardware monitor file

UPDATETRACK_
FILEENTRIES

Track file word <

OUTPUTRWR_
Process Process DISPLAY

Hardware < One < +

Monitor Word I
File (l,last) I
(I.EOF) II II

[ Track file word < Skip

Figure 37. Warnier-Orr Diagram of RWR Process
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Define the operator interface as lines 27-34

Define the graphics interface as lines 1-26

Erase the graphics area

SET_STATE_0F_4027 < Draw the three RWR range rings

Draw the cross on the pilot's display

Clear the parameter area of the display
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V

I I Delete all information being

Non Active Emitters < displayed for any threat no
I longer active

+

I I

Non Active Emitters < Skip

I I

OUTPUTTO_ <
RWR.DISPLAY

I Update the display I GETNEXTCOLOR
I of any active threat I

Modified < whose range.azimuth, < DRIVE_PILOTS_
emitters I or symbol parameters I DISPLAY

have changed
- I SENDCRITICAL

+ I PARAMETERS

Modified < Skip

emitters I
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I I

I I

New threat in range < OUTPUT_A_SYMBOL

+

New threat in range < Skip

I I

DRIVEPILOTSDISPLAY <

Existing Move threat I
threat < symbol to < OUTPUT-ASYoBOL
in range I new position I

Existing I Erase threat I
threat < symbol from < OUTPUT_ASYMBOL
in range I display I

K"
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I Set the color for the next symbol

OUTPUT_A_SYMBOL < Position the 4027 graphics cursor

Output the appropriate vector commands
to draw the requested symbol

143



I I

I Send a *blank"
Parameters being deleted < line to the

appropriate entry

SEND-CRITICAL_ < +
PARAHETERS

I Send the parameters
Parameters being deleted < to the appropriate

I entry

----------------------------------------------------------------------

144



Restart
Current color greater than seven < the color

sequence

GET_NEXT_COLOR <+

SReturn
Current color greater than seven < the next

higher color
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T-

Generate a scale factor based on the azimuth
and the maximum RWR range

XCOORDINATE <

I I

Generate the X coordinate based on the
scale factor and the maximum number of

Spositions from the origin to the outside
ring on the 4027

I I

' . . . . . i ...... . . , .. .. . . . - - - - - - - - - - - - - - - - - - - - -
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Generate a scale factor based on the azimuth
and the maximum RWR range

Y_SOORDINATE <

Generate the Y coordinate based on the
scale factor and the maximum number of
positions from the origin to the outside

ring on the 4027

I

I I
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A PP E ND IX F

C CGS D a ta Dic t i o na ry

This Appendix contains a description of all of the constants,

variables, and processes used in CGS. First, the symbols used in the

data dictionary are defined followed by the data dictionary for CGS.

The terms described in this data dictionary are the terms used in the

actual CGS software.
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Data Element Definitiona

DATA ELEMENT NAME: Activeemitters

DESCRITION: The list of currently active emitters is contained
in Activeemitters.

ALIASES :

DATA ELEMENT NAME: AAA0

DESCRITION: The CGS name for an anti-aircraft artillery (aaa)
threat transmitting in band zero.

ALIASES:

DATA ELEMENT NAME: AAA_1

DESCRITION: The CGS name for an anti-aircraft artillery (aaa)
threat transmitting in band one.

ALIASES:

DATA ELEMENT NAME: AAA_2
DESCRITION: The CGS name for an anti-aircraft artillery (aaa'

threat transmitting in band two.

ALIASES:

DATA ELEMENT NAME: AAA3

DESCRITION: The CGS name for an anti-aircraft artillery (aaa)
threat transmitting in band three.

ALIASES:
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DATA ELEMENT NAME: Addressstatus

DESCRITION: Used by CGS to maintain the status of pointer
changes in the ALR-46 OFP. Addressstatus is
initialized to *none-in..progress" when CGS is
activated. When the ALR-46 changes ti trackfile_
free-pointer or word zero of any of CGS's track
file entries, address-status is set to in_progress.
When the ALR-46 OFP completes the pointer change
process, CGS sets addressstatus back to none_in_
progress.

ALIASES:

COMPOSITION: Addressstatus = In.-progress
I Completed
I Noneinprogress I

DATA ELEMENT NAME: AIR

DESCRITION: The CGS name for a class of airborn threats.

ALIASES:

DATA ELEMENT NAME: ALR46_free-pointer

DESCRITION: Contains the physical address of the first free
record in the ALR-46's emitter track file.

ALIASES:

DATA ELEMENT NAME: ALR46_usedpointer

DESCRITION: Contains the physical address of the first used
record in the ALR-46's emitter track file.

ALIASES:
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DATA ELEMENT NAME: Back.-ground_color

DESCRITION: Represents one ot the possible eight colors (0-7)

avaliable to the user of the Tektronix 4027 CRT. It

is always equal to the number of the background

color used while simulating the pilot's 
RWR display.

ALIASES:

-------------------------------------------------------------------------------

4 DATA ELEMENT NAME: Bar_2

DESCRITION: CGS's name for a special class of surface to air

missilep (SAM) called SAM 2 bar.

ALIASES:

-------------------------------------------------------------------------------

DATA ELEMENT NAME: Bits_0_3

DESCRITION: As described in appendix A, specific bits of a word

in the emitter track file affect different

parameters. Specific bits must be extracted from

the track file word before they can be examined.

Bits_0_3 is used to store bits zero through three

of a given word.

ALIASES:

DATA ELEMENT NAME: Bits_6_12

DESCRITION: As described in appendix A, specific bits of a word

in the emitter track file affect different

parameters. Specific bits must be extracted from

the track file word before they can be examined.

Bits_6_12 is used to store bits six through twelve

of a given word.

ALIASES:

----------------------------------------------- -------------------------------
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DATA ELEMENT NAME: Bits_8_10

DESCRITION: As described in appendix A, specific bits of a word
in the emitter track file affect different
parameters. Specific bits must be extracted from
the track file word before they can be examined.
Bits_8_10 is used to store bits eight through ten
of a given word.

ALIASES:

DATA ELEMENT NAME: Bit_1

DESCRITION: As described in appendix A, specific bits of a word
in the emitter track file affect different
parameters. Specific bits must be extracted from
the track file word before they can be examined.
Bitl is used to store bit one of a given word.

ALIASES:

DATA ELEMENT NAME: Bit_5

DESCRITION: As described in appendix A, specific bits of a word
in the emitter track file affect different
parameters. Specific bits must be extracted from
the track file word before they can be examined.
Bit_5 is used to store bit five of a given word.

ALIASES:
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DATA ELEMENT NAME: Bit_9

DESCRITION: As described in appendix A, specific bits of a word
in the emitter track file affect different
parameters. Specific bits must be extracted from
the track file word before they can be examined.
Bit-9 is used to store bit nine of a given word.

ALIASES:

DATA ELEMENT NAME: Blinkcircle

DESCRITION: The ALR-46 emphasizes certain symbols on the
pilot's by placing a blinking circle around the
threat's symbol. CGS uses Blinkcircle to indicate
the threat's symbol should have a blinking circle
placed around it.

ALIASES:

DATA ELEMENT NAME: Completed

DESCRITION: Used by CGS to indicate the ALR-46 has completed
the address changes associated with the track file.
Each time the ALR-46 adds a threat, deletes a
threat, or changes a threat's priority, and address
change occurs.

ALIASES:

DATA ELEMENT NAME: Crot

DESCRITION: The CGS name used for the crotale threat.

ALIASES:
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DATA ELEMENT NAME: Current_color

DESCRITION: Contains the number of the color that will be used
to display the next threat symbol. The value of
current_color has a range from zero to seven.

ALIASES:

DATA ELEMENT NAME: Current_emitter

DESCRITION: Used to point to the Track_file_entry in CGS that
it is currently examining.

ALIASES:

Note: Refer to "'trackfile_entry" for the composition
of the records pointed to by Current_emitter.

DATA FLOW NAME: Current_threat

DESCRITION: Used to point to the RWR_display-data in CGS that
it uses to maintain the information it needs to
drive the RWR display.

ALIASES:

COMPOSITION: Currentthreat = azimuth + color + new x_.position

new-y-position + old__xposition + old-y-position +
range + status + symbol

DATA ELEMENT NAME: Data

DESCRITION: Contains one sixteen bit word from the hardware_
monitor_data file.

ALIASES:
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DATA ELEMENT NAME: Degrees

DESCRITION: Used to store the intermediate values of degrees
during the calculation of azimuth.

ALIASES:

DATA ELEMENT NAME: Degreetoradian

DESCRITION: A constant that contains the value to conver
degrees to radians.

ALIASES:

DATA ELEMENT NAME: Diamond

DESCRITION: Used by CGS to indicate a diamond should be placed
around the emitter when it is displayed.

ALIASES:

DATA ELEMENT NAME: Dot

DESCRITION: Used by CGS to indicate a dot should be placed
inside the emitter symbol. The number of dots
which band the threat is transmitting in.

ALIASES:
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DATA ELEMENT NAME: Emittercount

DESCRITION: Used by CGS during the initialization of the track_
fileentries to store a different emitter number in
each record.

ALIASES:

DATA ELEMENT NAME: Emitteraddress

DESCRITION: Contains the address of the hardware.monitor word
being examined.

ALIASES:

DATA ELEMENT NAME: Emitter-number

DESCRITION: Contains the number of the emitter currently being
processed by CGS.

ALIASES:

DATA FLOW NAME: Emitter.-positions

DESCRITION: Contains all fo the information needed by CGS to
maintain and display up to sixteen threat symbols
on the RWR display.

ALIASES:

COMPOSITION: Emitterpositions = current_threat + currentthreat
+ currentthreat + current_threat + currentthreat
+ current-threat + currentthreat + currentthreat
+ currentthreat + current_threat + currentthreat
+ currentthreat + currentthreat + currentthreat
+ currentthreat + currentthreat
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DATA ELEMENT NAME: Emitterpriority

DESCRITION: Contains a list of the active emitter sorted by
priority starting with the highest priority threat.
Each time a new threat is recognized or an existing
threat is deactivated, the emitter-priority is
re-sorted.

ALIASES:

DATA ELEMENT NAME: Endin_address.of_trackfile

DESCRITION: Contains the address of the last word in the ALR-46
OFPIs track file.

ALIASES:

DATA ELEMENT NAME: EntrynAumber

DESCRITION: Used by CGS in the RWR display to indentify the
specific entry on the display being updated.

ALIASES:

DATA ELEMENT NAME: ESC

DESCRITION: An ascii control character used by the Tektronix
4027 CRT. It is equal to twenty seven.

ALIASES:

DATA ELEMENT NAME: Hawk

DESCRITION: Used by CGS to identify a specific type of threat.

ALIASES:
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DATA ELEMENT NAME: Hardwaremonitordata

DESCRITION: The name used by CGS to identify the file that
contains the hardware monitor data.

ALIASES:

DATA ELEMENT NAME: Index

DESCRITION: Used by CGS as an index into the "emitter-priority".

ALIASES:

DATA ELEMENT NAME: Input

DESCRITION: The name of the default input device for CGS.

ALIASES:

DATA ELEMENT NAME: In-.progress

DESCRITION: Used by CGS to indicate the ALR-46 is in the process
of adding a new threat or deleting an existing one
from its list of active emitters.

ALIASES:

DATA ELEMENT NAME : J it

DESCRITION: Used by CGS to indicate that the pulse train of a

specific threat is jittered.

ALIASES :
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DATA ELEMENT NAME: Lastemitter

DESCRITION: Is set true to indicate that all of the emitters
have been processed.

ALIASES:

DATA FLOW NAME: List_oflegalcommands

DESCRITION: Contains a list of the legal CGS commands.

ALIASES:

COMPOSITION: List_of_legalcommands = Help + Critical + RWR
+ Terminate

DATA ELEMENT NAME: Maximun_value_of_abyte

DESCRITION: The maximum value for a byte is contained in
maximumvalue_of_abyte. It is equal to octal one
hundred and seventy seven.

ALIASES:

DATA ELEMENT NAME: Maximum_number_ofemitters

DESCRITION: Is a constant, which contains the maximum number of
emitters the ALR-46 can process. It is initialized
to sixteen.

ALIASES:
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DATA ELEMENT NAME: Maximum_RWR.range

DESCRITION: Contains the maximum range that can be displayed in
the RWR mode.

ALIASES:

DATA ELEMENT NAME: Modified_emitters

DESCRITION: Conatins a list of the threats that have been
modified by CGS during the last time sequence. The
list can range from zero to sixteen.

ALIASES:

DATA ELEMENT NAME: Monitor_data

DESCRITION: A CGS buffer used to receive a block of data from
the hardware monitor file.

ALIASES:

DATA ELEMENT NAME: Monitor_dataindex

DESCRITION: Used is an index into the monitor_data

ALIASES:

DATA ELEMENT NAME: Name

DESCRITION: Used by CGS during the Parameter mode to display
the name of the critical parameter being displayed.

ALIASES:
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DATA ELEMENT NAME: None_in-progress

DESCRITION: Used by CGS to indicate the ALR-46 is not in the
process of adding a new threat or deleting an
existing threat from it's list of active emitters.

ALIASES:

DATA ELEMENT NAME: Non_activeemitters

DESCRITION: Contains a list of the emitters that become in
active during the last ALR-46 time sequence. The
list can range from zero to sixteen.

ALIASES:

DATA ELEMENT NAME: Nohighlighter

DESCRITION: Used by CGS to indicate whether or not the emitter
being displayed has a highlighter

ALIASES:

DATA ELEMENT NAME: Old-emitters

DESCRITION: Contains a list of threats that were active during
the last sequence.

ALIASES:

DATA ELEMENT NAME: Outofrange

DESCRITION: Used by CGS to indicate a threat is outside the
legal display range.

ALIASES:
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DATA ELEMENT NAME: PCflag

DESCRITION: Used to identify the type of hardware monitor data
being examined. It is equal to octal 177777. Refer
to table 4 for data format.

ALIASES:

DATA ELEMENT NAME: PI

DESCRITION: A constant equal to 3.14159.

ALIASES:

DATA ELEMENT NAME: Randiansto_degrees

DESCRITION: A CGS constant used to convert radians to degrees.

ALIASES:

DATA ELEMENT NAME: SA_1

DESCRITTON: The symbol used by CGS to identify a type one
surface to air missile (SAM) site.

ALIASES:

DATA ELEMENT NAME: SA_2

DESCRITION: The symbol used by CGS to identify a type two
surface to air missile site.

ALIASES:
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DATA ELEMENT NAME: SA_3

DESCRITION: The symbol used by CGS to identify a type three
surface to air missile site.

ALIASES:

DATA ELEMENT NAME: SA_4

DESCRITION: The symbol used by CGS to identify a type four
surface to air missile site.

ALIASES:

DATA ELEMENT NAME: SA_5

DESCRITION: The symbol used by CGS to identify a type five

surface to air missile site.

ALIASES:

DATA ELEMENT NAME: SA_6

DESCRITION: The symbol used by CGS to identify a type six
surface to air missile site.

ALIASES:

DATA ELEMENT NAME: SAJ

DESCRITION: The symbol used by CGS to identify a type seven
surface to air missile site.

ALIASES:

204



DATA ELEMENT NAME: SA_8

DESCRITION: The symbol used by CGS to identify a type eight
surface to air missile site.

ALIASES:

------------------------------------------------------------

DATA ELEMENT NAME: SA_9

DESCRITION: The symbol used by CGS to identify a type nine
surface to air missile site.

ALIASES :

------------------------------------------------------------

DATA ELEMENT NAME: Stab

DESCRITION: Used by CGS to indicate the threat's pulse train is
stable.

ALIASES:

------------------------------------------------------------

DATA ELEMENT NAME: Staf2

DESCRITION: Used by CGS to identify a special type two surface
to air missile site.

ALIASES:

-----------------------------------------------------------

DATA ELEMENT NAME: Staf6

DESCRITION: Used by CGS to identify a special type six surface
to air missile site.

ALIASES:

----------------------------------------------
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DATA ELEMENT NAME: Staf8

DESCRITION: Used by CGS to identify a special type eight surface
to air missile site.

ALIASES:

DATA ELEMENT NAME: Stag

DESCRITION: Used by CGS to indicate the threat's pulse train is
staggered.

ALIASES:

DATA ELEMENT NAME: Steady-circle

DESCRITION: Used by CGS to indicate the threat symbol should
have a steady circle placed around it as a high-
lighter.

ALIASES:

DATA FLOW NAME: Track-filejfree-pointer

DESCRITION: Contains the address used by the ALR-46 to point to
to the first free record in its emitter track file.

ALIASES:

DATA ELEMENT NAME: Trackfileusedpointer

DESCRITION: Contains the address of the word used by the ALR-46
to point to the first used record in its emitter
track file.

ALIASES:
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DATA FLOW NAME: Trackjfile..pointer

DESCRITION: Points to spcecific entry in the CGS track file.

ALIASES:

COMPOSITION: Track..file..pointer =azimuth + cd...age..counter +
cepc + deviation + emitter..type + high..lighter +
hi_ band..agecnt + hL..band_cos + hi_band_sin +
lethality-.ring + mlage + next..emitter + power-
pwround + priority + prio-..poweround + prL..average
+ pri~frameperiod + pules train -descriptor +
range + record_number + rf- band + special-field +
stagger-level + symbol + updated-entries +
x-.displacement + y-.displacement

DATA ELEMENT NAME: Starting..addres_of_track_file

DESCRITION: Contains the address of the first word in the
ALR-46 OFP's track file.

ALIASES:

DATA ELEMENT NAME: UnkO

DESCRITION: Used in CGS as a label for a threat that the ALR-46
is unable to identify. The **Unknown** threat is
trammitting in band zero.

ALIASES:

DATA ELEMENT NAME: Unkl

DESCRITION: Used in CGS as a label for a threat that the ALR-46
is unable to identify. The *'Unknown" threat is
tranmitting in band one.

,ALIASES:
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DATA ELEMENT NAME: Unk2

DESCRITION: Used in CGS as a label for a threat that the ALR-46
is unable to identify. The *Unknown" threat is
tranmitting in band two.

ALIASES:

DATA ELEMENT NAME: Unk3

DESCRITION: Used in CGS as a label for a threat that the ALR-46
is unable to identify. The **Unknown" threat is
trarmitting in band three.

ALIASES:

DATA ELEMENT NAME: Unk4

DESCRITION: Used in CGS as a label for a threat that the ALR-46
is unable to identify. The **Unknown" threat is
tranmitting in band four.

ALIASES:

DATA ELEMENT NAME: Vertical-linecount

DESCRITION: Used by CGS to count the number of vertical lines
durirg the initialization of the VT-100 CRT.

ALIASES:

DATA ELEMENT NAME: Wing

DESCRITION: Used in CGS to identify a specific airborn threat

ALIASES:
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DATA ELEMENT NAME: Wordnumber

DESCRITION: Contains the number of the word being examined from

a CGS track file entry. It has a range from zero to
fifteen.

ALIASES:

DATA ELEMENT NAME: X-scale_factor

DESCRITION: Is a percent of the maximum distance, from the
origin of the RWR display, a " areat can be placed.
For example, if x_scalefactor was equal to one
hundred percent. then the symbol would be placed at
the intersection of the x axis and the outer most
ring.

ALIASES:

DATA ELEMENT NAME: Yscalejactor

DESCRITION: Is a percent of the maximum distance, from the
origin of the RWR display, a threat can be placed.
For example, if y_scalefactor was equal to one
hundred percent, then the symbol would be placed at
the intersection of the y axis and the outter most
ring.

ALIASES:
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A PP E N I X G

C GS T E ST DOC U ME NT ATIO N

The data used to validate CGS was divided into two separatc files.

one dedicated to the validation of the Parameter mode and the other

dedicated to the RWR mode. Two data bases allowed data to be selected

that made it easy to visually validate each mode by examining the

information displayed on the operator's CRT. For example, the record

number data values selected for the Parmeter mode resulted in sixteen

record numbers ranging from one to sixteen. Both the Parameter mode and

the RWR mode data bases were divided into groups, one for each~ type of

word processed by CGS. Each group can be easily idet~tified by the

number which precedes it. For example, the data words for word number

two are preceded by the number two entered four times. The results of

the execution of CGS with the parameter data base is shown in Table 8.

The results of the execution of CGS with the RWR data base is shown in

Table 9. The ALR-46 test data base follows Table 9.
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Table 8. Parameter Display Test Results

BY PRIORITY 1 2 3 .... .. .. ." 16
I SMBL S~ . _9 HAWK BAR..2 CROT WIN AR AA&0O AAAJ I

TYPE 101 102 103104 105 ....... 116
BANDS 1 2 3 4 0 ........ 0
PRI / FRAME PER 1.1 2.2 3.3 4.4 ..9.9 11.1 .... 77.7
PULSE TRAIN DES 12STAG 3STAG .... 8STAG STAB.. ..... STAB
PRI AVERAGE i1.1 2.2 3.3 . . . 9.9 1.1 ..... 7.7

DEVIATION 1.0 2.0 3.0 . . . . . . . . . . . .. 16.0
SPECIAL YY NN YY .............. NN
POWER/PWR ROUND 1 2 3 ................. .16
HIGH BAND SINE I 2 3 ............. 16
HIGH BAND COS 1 2 3 . ............ 16
CEPC I 2 3 . ........... 16
HI BAND AGE CNTI 2 3 o... ..... . 16

ICD BAND AGE CNT I 2 3 ......... .... 16
PRIORITY I 2 3 .... ... ..... 16
PRIORITY /ROUND I 2 3. .......... .... .. 16
AZIMUTH 0 22 45. ............... 337
LETHALITY RING 0 0 0 ....... .... 0
ML AGE I 2 3 ... ............. . 16
RECORD NUMBER I 2 3 ................. 16

211



Table 9. RWR Display Test Results

1 SYMBOL RANGE AZIMUTH

I SAl 100 0
SA_2 100 22i . I

I SA_9 100 180
HAWK 100 202
BAR_2 100 225
CROT 100 247
WING 100 270

AIR 100 292
I AAA-0 100 315

AAA_1 100 337

SAl 100 0

SA2 100 22

SA3 100 45
WING 100 67
AIR 100 90
AAAO 100 112

AAA-1 100 135
AAA_2 100 157
AAA.3 100 180
STAF2 100 202
STAF6 100 225
STAF8 100 247
UNKO 100 270
UNK1 100 292
UNK2 100 315
UNK3 100 337
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Parameter Test Data Base

0
0
0
0
5000
45
5016
5000
5032
5016
5048
5032
5064
5048
5080
5064
5096
5080
5112
5096
5128
5112
5144
5128
5160
5144
5176
5160
5192
5176
5208
5192
5224
5208
5240
5224
45
5240
2
2
2
2
8001
5002

8002
5018
8003
5034
8004
5050
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Parameter Test Data Base

8005
5066
8006
5082
8007
5098
8008
5114
8009
5130

8010

5178
8013
5194
8014

8015

5226
8016
5242
3
3
3
3
11
5003
22
5019
33
5035
44
5051
55
5067
66
5083
77
5099
88
5115
99
5131

5147
222
5163
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Parameter Test Data Base

333

517 9
444
5195
555
5211
666
5227
777
5243
4
4
4
4
256
5004
512
5020
768
5036
1024
5052
1280
5068
1536
5084
1792
5100
2048
5116
2304
5132
25C'W,0
5149
281(,
516~4
3072
5180
3328
5196
3584
5212
3840
5228
4096
5244
5
5
5
5
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Parameter Test Data Base

256
5005
512
5021
768
5037
1024
5053
1280
5069
1536
5085
1792
5101
2048
5117
2304
5133
2560
5149
2816
5165
3072
5181
3328
5197
3584
5213
3840
5229
4096
5245
6
6
6
6
1057
5006
2114
5022
3171
5038
4228
5054
5288
5070
6336
5086
7392
5102
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Parameter Test Data Base

8448
5118
9504
5134
10560
5150
11616
5166
12672
5182
13728
5198
14784
5214
15840
5230
16896
5246
7
7
7
7
1025
5007
2050
5023
3076
5039
4104
5055
5120
5071
6144
5087
7168
5103
8192
5119
9216
5135
10240
5151
11264
5167
12288
5183
13312
5199
14336
5215
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Parameter Test Data Base

15872
5231
16384
5247
8
8
8
8
2337
5008
4674
5024
7011
5040
9348
5056
11685
5072
14022
5088
16359
5104
16384
5120
18432
5136
20480
5152
22528
5168
24576
5184
26624
5200
28672
5216
30720
5232
32768
5248
9
9
9
9
4480
5009
5888
5025
6400
5041
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Parameter Test Data Base

5888
5057
4480
5073
2432
5089
0
5105
5728
5121
3680
5137
2272
5153
1760
5169
2272
5185
3680
5201
5728
5217
0
5233
243 2

5249
10
10
10
10

4480
5010
2432
5026
0
5042
5728
5058
3680
5074
2272
5090
1760
5106
2272
5122
3680
5138
5728
5154
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Parameter Test Data Base

0
5170
2432
5186
4480
5202
5888
5218
6400
5234
5888
5250
12
12
12
12
11
5012
22
5028
33
5044
44
5060
55
5076
66
5092
77
5108
88
5124
99
5140
11
5156
22
5172
33
5188
44
5204
55
5220
66
5236

77
5252
13
13
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Parameter Test Data Base

13
13
65
5013
128
5029
193
5045
256
5061
321
5077
384
5093
449
5109
512
5125
577
5141
641
5157
705
5173
768
5189
833
5205
896
5221
961
5237
1024
5253
14
14
14
14
8
5014
16
5030
24
5046
32
5062
40
5078
48
5094
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Parameter Test Data Base

56
5110
64
5126
72
5142
80
5158
88
5174
96
5190
104
5206
112
5222
120
5238
128
5254
15
15
15
15
1
5015
2
5031
3
5047
4
5063
5
5079
6
5095
7
5111
8
5127
9
5143
10
5159
11
5175
12
5191
13
5207
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Parameter Test Data Base

14
5223
15
5239
16
5255
45
5192
15
5239
16
5255
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RWR Test Data Base

5000
45
5016
5000
5032
5016
5048
5032
5064
5048
5080
5064
5096
5080
5112
5096
5128
5112
5144
5128
5160
5144
5176
5160
5192
5176
5208
5192
5224
5208
5240
5224
45
5240
9
9
9
9
10
10
10
10
8001
5002
4480
5009
4480
5010
8002
5018
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RWR Test Data Base

5888
5025
2432
5026
8003
5034
6400
5041
0
5042
8004
5050
5888
5057
5728
5058
8005
5066
4480
5073
3680
5074
8006
5082
2432
5089
2272
5090
8007
5098
0
5105
1760
5106
8008
5114
5728
5121
2272
5122
8009
5130
3680
5137
3680
5138
8010
5162
2272
5153
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RWR Test Data Base

5728
5154
8011
5162
1760
5169
0
5170
8012
5178
2272
5185
2432
5186
8013
5194
3680
5201
4480
5202
8014
5210
5728
5217
5888
5218
8015
5226
0
5233
6400
5234
8016
5242
2432
5249
5888
5250
0
0
0
0
45
5224
0
0
45
5208
0
0
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RWR Test Data Base

45
5192
0
0
45
5176
0
0
45
5160
0
0
45
5144
0
0
45
5128
0
0
45
5112
0
0
45
5096
0
0
45
08
08

0
45
5064
0
0
45
5048
0
0
45
5032
0
0
45
5016
0
0
45
5000
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RWR Test Data Base

0
0
45
45
0
0
0
0
9
9
9
9
10
10
10
10
8001
5002
4480
5009
4480
5010
8002
5018
5888
5025
2432
5026
8003
5034
6400
5041
0
5042

5888

5089

57228



RWR Test Data Base

2272
5090
8016
5098
0
5105
1760
5106
8017
5114
5728
5121
2272
5122
8018
5130
3680
5137
3680
5138
8019
5162
2272
5153
5728
5154
8020
5162
1760
5169
0
5170
8021
5178
2272
5185
2432
5186
8022
5194
3680
5201
4480
5202
8023
5210
5728
5217
5888
5218
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RWR Test Data Base

8024
5226
0
5233
6400
5234
8025
5242
2432
5249
5888
5250
0
0
0
0
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RWR Test Data Base
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