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Preface 

The Air Force has seen a growing number of weapon 

systems that employ some type of digital signal processing 

(DSP).  Many analog circuits are being replaced with 

digital equivalent circuits.  AFIT supports this trend 

with courses, laboratory projects, and theses designed to 

give students sufficient background in this area to satisfy 

Air Force needs.  The computer facilities in the AFIT 

engineering laboratory are an important part of this 

support. 

One of the computer systems has recently had more 

hardware added to it, making it potentially a very valuable 

resource in support of DSP.  This report describes what 

was accomplished with the system. 

Thanks to Professor Gary Lamont, advisor, who proposed 

the topic and helped limit its scope.  His interest, en- 

couragement, and suggestions were invaluable.  Thanks to 

John Bankovskis, currently assigned to the Optical Sensors 

Lab, who volunteered his time and expertise to assist in 

the generation of the operating system.  Thanks also to 

Maj Lillie and Capt Kizer, my thesis-committee members. 

Wayne Todd 
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Abstract 

This project involved the integration of hardware 

and software to develop a general purpose digital signal 

processing (DSP) laboratory based on a Hewlett Packard (HP) 

21MX-type computer.  The hardware included an HP 2108A 

computer, HP 7906 disk drive, HP 26 I8A graphics terminal, 

Texas Instruments Silent 700 printing terminal, Rcmcx 

optical paper tape reader, two Analog Devices ADC-12QZ 

analog-to-digital converters, and an HP 12555B digital-to- 

analog converter. 

The operating system generated for the laboratory 

was RTE-III.  It is the latest version of RTE that can 

be used with the currently available hardware.  Software 

support for I/O devices not supported by RTE-III was 

developed and implemented. 

Four DSP applications programs were implemented and 

tested.— The first program performs both a fast Fourier 
K 

transform (FFT) and an inverse fast Fourier transform 

(IFFT) of a complex function.  The FFT and IFFT are 

computationally efficient methods for time-to-frequency 

and frequency-to-time transformations, respectively.  The 

second program designs a linear phase finite impulse 

response digital filter.  The third program uses auto- 

correlation and covariance methods of linear prediction 

analysis.  The fourth program designs a finite word-length 

infinite impluse response digital filter. 
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Chapter 1  Introduction 

This chapter begins with background information on 

the motivation supporting this study.  This is followed 

by a brief look at the requirements for a general purpose 

digital signal processing (DSP) laboratory, the extent to 

which these requirements have been met, and the approach 

taken.  The chapter concludes with an introductory 

description of the thesis project. 

1.1 Background 

The AFIT engineering laboratory has had an HP 21HX 

computer system for several years.  It has not been used 

extensively by either students or faculty because its 

limited peripheral devices and limited software support 

made its use difficult.  Recently, additional hardware 

(e.g., disk drive, graphics terminal, memory) has been 

added to the system which would potentially make it a 

very valuable asset to AFIT engineering students and 

faculty.  These additional capabilities have not previous- 

ly been exploited. Also, professor Gary Lamont, who is 

responsible for the system's use, has designated it to 

function as a DSP laboratory.  DSP is an important part 

of the engineering curriculum, and additional support 

facilities are needed to meet the demands of a growing 

number of students. 

1.2 Requirements 

The basic requirement of the laboratory is that it 

be user-oriented and provide hardware and software to 

«   « 
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support most common DSP applications.  It should also 

be expandable to allow the integration of additional hard- 

ware and software.  The basic requirement has been divided 

into six requirements for the purpose of discussion and 

implementation. These are:  1) the operating system, 

2)  data acquisition, 3)  data storage,  4)  computational 

tasks,  5)  output display, and 6)  user interaction. 

1. 3  Scope 

This project investigated and demonstrated most of 

the system's capabilities as they existed at the beginning, 

and as they were added during the project.  All the hard- 

ware had been specified and ordered previously. Software 

has been provided (including an operating system) where 

necessary in support of the hardware.  Also, several 

DSP applications programs were taken from the literature 

and modified to run on the HP system. Investigation of 

the present capabilities led to conclusions about what 

additions should be made to meet the ultimate design 

goal.  The recommended additions are presented as either 

essential or desireable. 

1 .4  Approach 

The first task was to investigate the requirements 

for a general purpose DSP laboratory.  This involved 

both a literature search and personal conversations with 

several peoDle currently using DSP.  The next task was 

to generate an operating system (OS).  The OS provides 
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software support for most of the I/O devices used.  It 

also has program development and testing facilities that 

were necessary later in the project.  The OS was generated 

on another HP computer system because a disk loader ROM, 

which is necessary to load the OS into main memory, was 

rot available early in the project. 

Next, the hardware was configured.  Most of it was 

available from the start, but some (e.g., the disk 

loader ROM) arrived later.  RTE-III supports most of 

the hardware, but software support had to be provided for 

the A/D converters and the D/A converter.  Four methods 

of software support for the converters were investigated: 

polling, interrupts, direct memory access, and system 

I/O drivers. This development followed the hardware 

integration. 

Finally, several DSP applications programs were 

implemented and tested. 

1.5  Overview of Thesis 

Chapter 2 covers the requirements that have been 

identified for the laboratory.  The requirements are 

a combination of observing similar systems and the 

author's own judgement.  Chapter 3 discusses the system's 

hardware and support software, which together comprise 

the laboratory's environment.  The main subject areas 

covered are the operating system, data acquisition, 

data storage, and the output display.  Chapter 4 is a 

discussion of the DSP applications programs that have 
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been implemented and tested.  The four programs presented 

were taken from a textbook (Ref 7) and modified to run 

on the HP system.  Also presented, is a possible way to 

use the system for real-time processing.  Chapter 5 is a 

discussion of the issues which have been addressed per- 

taining to user interaction.  Chapter 6 lists and justifies 

numerous recommendations which would allow the DSP 

laboratory to meet all requirements. 
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Chapter 2  Requirements 

A literature search did not lead to any book, per- 

iodical, or other document which specified and justified 

either the hardware or software requirements for a general 

purpose DSP laboratory.  However, existing hardware and 

software implementations were studied (Ref 4:433-441, 7, 

10, 12, 18, 23, 25:655-657, 31, 32, 33, Appendix C) in 

an attempt to determine the most common requirements, 

and survey possible capabilities.  Six basic requirement 

areas have been identified:  the operating system, data 

acquisition, data storage, computational tasks, output 

display, and user interaction. Even though each of these 

areas is discussed in a separate section of this chapter, 

they are closely interrelated and must be considered 

together when implementing a DSP laboratory.  Note that 

for brevity, in this context, the term operating system 

includes the assembler, interactive editor, compilers, 

and system utilities. 

The overall objective is to design a user-oriented 

system so that the DSP system user does not require a 

computer background.  This objective is to be fullfilled 

in both an educational and research environment. 

2.1  Operating System 

Since the user of this DSP laboratory is assumed 

to have minimum knowledge of the specifics of computer 

operations, automated resource management is essential. 

The operating system (OS) provides this.  In effect, 

•/ 
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the details of resource management should be "user- 

transparent" (Ref 20).  These resources include the CPU, 

memory, peripheral devices, and files.  Because the OS 

manages these resources, it is an important part of user 

interaction, discussed separately in section 2.6. 

An OS can be classified as a real-time OS, batch OS, 

time-sharing OS, or multipurpose OS (Ref 19:61-99).  A 

real-time OS is characterized as being able to perform 

a sequence of processing tasks (e.g., real-time data 

acquisition, computations, and display) within rigid time 

constraints.A batch OS is capable of executing more than 

one job without the need for operator intervention.  The 

concept of time-sharing refers to distributed computer 

power among a set of users at interactive terminals. 

A multipurpose OS will support the capabilities of a com- 

bination of at least two of the other three types of OSs. 

The DSP laboratory requires a multipurpose OS.  It 

is intended to have the capability for real-time pro- 

cessing as described in section 4.5.  Also, many DSP 

programs have lengthy (one or more hours) execution times. 

Therefore, a multiprogramming batch capability is also 

required, so that the user can initiate actions while 

one or more programs are executing.  The only aspect of 

time-sharing required is the use of an interactive 

terminal.  This is because the system is being designed 

such that there can only be one user at a time.  An 

interactive terminal is more user-responsive than a 



batch system because it allows on-line inputs to be 

entered by the user.  Finally, as an additional aid in 

user-responsiveness, the user should be able to initiate 

batch programs interactively. 

2.2  Data Acquisition 

Data can be acquired through a program that generates 

data, from a data file, or from an external source.  In 

the case of an external source, the phenomena is measured 

by some device and is represented as an analog signal. 

An analog-to-digital (A/D) converter will convert the 

analog signal (samples taken in real-time and equally 

spaced in time) into a form (binary numbers) suitable 

for digital computer processing. 

Several problem areas exist with regard to repre- 

senting analog data in digital form.  The first is the 

accuracy and precision of the A/D converter   The pre- 

cision is determined by the number of bits which repre- 

sent each data point. The accuracy concerns the ability 

of the A/D converter to provide correct data within the 

precision limit.  Two other common problem areas are 

aliasing and leakage (Ref 2). 

Aliasing refers to the fact that high-frequency 

components of a time function can impersonate low fre- 

quencies if the sampling rate is too low.  To effectively 

deal with aliasing, the sampling frequency must be at 

least twice that of the highest frequency» W present in 

the signal being analyzed.  However, increasing the 



—— ""•^ü —— 

sampling frequency results in more data points and con- 

sequently, more computations.  For band limited signals, 

Chen (Ref 4:82-83) recommends a sampling frequency between 

2.OW and 2.5W. 

The problem of leakage arises from sampling a sig- 

nal for a finite period and neglecting what happened 

before or after this period. This is equivalent to multi- 

plying the signal by a rectangular data window, which 

results in the leakage of energy from one discrete fre- 

quency into adjacent frequencies.  Various types of data 

windows can be used to reduce leakage (Ref 24). 

The user should be able to interactively specify 

the sampling rate, the number of samples per data frame, 

the type of data window (if any), and the data source 

(e.g., an I/O channel number).  By changing the first 

three of these four variables and analyzing the same 

data several times, error analysis can be performed 

with respect to aliasing and leakage. However, except 

for periodic calibration, the user has to assume that 

the data supplied by the A/D converter is correct. 

2.3  Data Storage 

Data acquired from an external source or generated 

by a program is initially stored in main memory.  In 

the case of the external source, it is because main 

memory is faster than secondary memory.  The data can 

then be sent to a display device, be used in computations, 

or stored on a mass storage device, such as a disk. 

8 



The capability for storing data is especially important 

because some data is relatively expensive or difficult 

to obtain.  For example, it may be expansive to turn on 

a rocket engine for the purpose of obtaining sensor 

data. This kind of test may also be difficult to set up. 

Another reason for storing data is that it may be 

desired to use the same data more than once. For 

example, it can be recalled and processed by one algor- 

ithm or several algorithms, and results compared. 

2.4  Computational Tasks 

The computational tasks, or algorithms presented 

here are for a general purpose DSP laboratory.  However, 

specific applications may require additional types of 

computation, or analysis of several methods of accomp- 

lishing the same task. Therefore, the overall software 

structure should be modular, so that additional modules 

can be added without the need to alter the existing 

software.  A module is a separate entity of instructions, 

which by itself performs a predefined task, computational 

or otherwise.  Computational tasks required for a 

general purpose DSP laboratory include the fast Fourier 

transform (FFT), inverse FFT (IFFT), transfer function, 

coherence function, auto correlation, cross correlation, 

convolution, waveform averaging, various statistical 

computations, digital filter design, different types of 

data windows, and power spectral density (Ref 32). 

The system should have the capability of performing 

I. 
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these tasks in real-time, if appropriate (e.g., FFT, 

IFFT, correlation, etc.).  To insure this, the CPU, 

memory, and executing programs must be fast enough to 

allow real-time computations without the loss of data 

(i.e., losing data by replacing old data with new data 

before the old data has been used).  In this case, 

computations must be performed in parallel with real-time 

data acquisition and real-time display. 

2.5  Output Display 

A general purpose DSP laboratory requires the cap- 

ability for displaying data and results from the afore- 

mentioned computational tasks.  Also, a display device 

(e.g., a graphics terminal) is an essential communica- 

tion medium between the user and the computer in an 

interactive environment.  However, a discussion of this 

second aspect of the output display is reserved for 

section 2.6. 

Requirements for the output display must be specified 

both in terms of the types of devices and the format 

of the display. Several criteria exist for selecting 

the display devices.  First, the system should provide 

the user with a hard copy of any useful display, for 

documentation purposes.  This might include a line 

printer for listing tables of values, or a camera for 

taking a picture of an oscilloscope display. A soft 

copy device (CRT) is necessary for some types of real- 

time display where the display is continuously replaced 

10 



with a new display.  It is also important to consider whet- 

her the soft copy device is a storage or non-storage type. 

A storage device does not require continuous input from the 

computer for a display, whereas a non-storage device does. 

Rather than stating that one or more particular 

devices be required, the combined capability of a par- 

ticular group of devices should be considered in light of 

the relevant issues presented.  In addition, some applica- 

tions may require an output which is not a visual display. 

For example, an audio amplifier and speaker are needed 

for speech synthesis.  A general purpose DSP laboratory 

will not be able to support all applications, but it 

should be flexible enough to allow additional output 

devices to be added. 

The information displayed should be in a format 

which is convenient and comprehensible to the user. 

Excluding the type of display device, the type of output 

format should be governed primarily by the information 

the user hopes to extract from the output.  For example, 

a graph generally provides a good panoramic view of a 

set of data, whereas a list of values can provide more 

information (e.g., number of significant digits) about 

specific data points.  The user should be able to 

interactively select from various formats to suit his 

particular needs. 

2.6 User Interaction 

Generally speaking, the computer cannot serve as a 

11 



useful tool unless a good system of communication has 

been established between the user and the computer. The 

purpose of this section is to present the major issues 

involved in  designing a good communication link.  Both 

psychological and technical aspects should be considered, 

as with any other human engineering problem (Ref 9:2). 

Basically, the computer must be adapted to the user. 

The OS, as previously discussed, is an important first 

step in providing a degree of transparency for the user. 

However, this only applied to system resources.  A 

higher level of transparency is required for application 

programs (e.g., DSP) so that they will also be user- 

oriented.  Higher level just means that applications pro- 

grams are scheduled by the OS. 

The issues concerning user interaction presented 

are:  the user, response time, language, input, and 

user assistance.  Even a system which addresses all of 

these issues with some degree of success should make 

provision for user feedback and subsequent changes 

(Ref 22:61).  The system designer should either take the 

responsibility for this or provide sufficient documen- 

tation for the system manager to take appropriate action. 

With adherence to these criteria, the ultimate goal of 

user satisfaction can be attained. 

2.6.1  The User 

In order to design a DSP laboratory for user sat- 

isfaction, the user must be defined.  As stated previously, 

12 
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the users will be students and faculty members at AFIT. 

This presents the problem of designing a system for a group 

of users with diverse backgrounds (Ref 29:17).  One 

requirement is that the user should not need a computer 

background.  Users will also have varying objectives 

when using the laboratory.  The spectrum of objectives 

can be defined as ranging from simply entering commands 

and accompanying parameters for performing DSP experi- 

ments, to modification and upgrade of the system's capa- 

bilities.  The issues of user interaction which are 

addressed here pertain to users with the former objective. 

2.6.2  Response Time 

User satisfaction regarding response time after a 

command has been entered depends both on the user's 

expectations and the system's capabilities (Ref 22:73). 

Expectations can be modified initially by providing 

approximate execution time values in the documentation. 

Of course, expectations will also change through ex- 

perience in using the laboratory.  This section will 

focus only on design issues pertinent to minimizing 

response time.  Response time in this context is defined 

as that time between the user initiating an action 

(e.g., retrieval of a data file, computations) to the 

system's completion of that action (if possible), and 

notifying the user that it is completed or that it 

cannot be completed. 

As stated previously, the system is intended to 

13 
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support only one interactive user at a time. Therefore, 

the problems associated with minimizing response time 

for multiple users in a time-sharing environment are 

not discussed. 

With this constraint, the focus of attention is on 

speed of execution.  The speed depends on the hardware, 

software (including the OS), and the algorithms employed. 

Issues pertinent to execution speed are far too exten- 

sive to adequately cover in this report.  The interested 

reader is referred to the literature. 

2.6.3  Language 

The language that the user uses to communicate with 

the system for the purpose of initiating DSP operations 

is called the command language (CL).  The CL should 

resemble, as much as possible, human communication 

(Ref 9:27).  This is because the design process has 

the goal of adapting the system to humans, rather than 

the reverse.  Therefore, commands should be English 

words instead of codes.  For example, the command 

"REPLACE" is much clearer than "RP".  However, once 

the user gains familiarity with the system it is con- 

venient to have the option of entering  a shortened ver- 

sion of each command to reduce the number of input 

characters required. 

The other half of designing for human communication 

involves the computer's responses to user requests.  Both 

requests for input by the computer and notification of 

14 



the system's status should be in a readable English 

format. 

2.6.4  Input 

The discussion of user input in this section 

assumes an interactive environment, although most of 

the requirements also apply to batch.  These require- 

ments are:  user interruption of a requested action, 

interception of user input errors by the system, correc- 

tion of input errors by the user, provision of default 

values, logical sequencing of inputs, construction of 

a sequence of user requests, and useful error messages 

(Ref 17). 

Once the user has caused the system to begin some 

action, he should have the means of interrupting the 

process.  This feature is useful for recovering from 

user mistakes which are not unacceptable errors to the 

system.  Those errors which are invalid (e.g., exceed 

parameters, illegal commands) should be in intercepted 

by the system before execution is attempted.  The user 

should be notified at that point of the specific 

error and be given options for further action.  One of 

the options should allow the user to correct the 

erroneous input. To aid in avoiding errors in the first 

place, default values should be provided, as appropriate, 

Another way to avoid input errors is for the system 

to request the input in a logical order.  Finally, 

the user should be able to construct a sequence of 

15 
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commands (commonly called a MACRO) so that he doesn't 

have to wait for each action to complete prior to 

entering the next command. 

2.5.5  User Assistance 

Both on-line and off-line assistance are necessary 

for a user-responsive system.  On-line assistance includes 

system prompts for user input, lists of options, and 

summary information for each valid command. Prompts are 

required so that the user will always be aware of the 

nature of the input requested.  A list of options should 

always follow an error message (Ref 22:112), and may 

also be used with prompts.  Summary information, often 

called HELP files, should give the user a brief descrip- 

tion of each valid command and the limits for each of 

its parameters (Ref 17). 

Off-line assistance refers to the documentation 

provided for the DSP laboratory.  A system reference 

manual should be included which contains comprehensive 

information regarding ail of the system's capabilities 

not covered in the other system documents.  A training 

manual should also be included.  It should teach the 

user how to properly use every available command through 

the use of examples and exercises (Ref 22:56). 

16 



Chapter 3  Environment 

The laboratory environment can be divided into 

four separate categories:  the operating system (OS), 

data acquisition, data storage, and output display.  These 

four together provide the capabilities and impose the 

ultimate limitations under which the user must work. 

At the beginning of this project, the specific 

hardware environment included an HP 2108A computer, HP 

7906 disk drive, HP 2648A graphics terminal, Remex 

high speed paper tape reader, teletype terminal with 

paper tape punch/reader, two A/D and one D/A converter, 

memory boards, and various I/O interfaces. 

The graphics terminal was not initially configured 

because the interface board for it had not yet arrived. 

The disk drive couldn't be used at first because a 

loader ROM had not arrived.  Without the disk drive, 

the operating system couldn't be generated for the de- 

sired configuration.  However, all the hardware listed 

above (except the teletype) is now configured, with 

the arrival of the required components (Fig. 1).  The 

teletype has been replaced with a Texas Instruments (TI) 

Silent 700 printing terminal.  The OS has been generated 

to support all but the A/D and D/A converters. RTE-III 

does not include system drivers for these devices. 

3.1  Operating System 

RTE-III was chosen as the OS because it is the 

latest version of RTE that can operate with the currently 
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available support hardware (RTE stands for Real Time 

Executive) (Ref 26:1-1).  The unique hardware required 

for RTE-III is the Dual Channel Port Controller (DCPC- 

used for direct memory access), dynamic memory mapping, 

memory protect, and a minimum of 32K words of memory. 

First, the generation of RTE-III is discussed. 

This should assist future users who need to generate 

a new OS.  Next, the capabilities and limitations of 

RTE-III are discussed with respect to the DSP applica- 

tion. 

3.1.1  Generation of RTE-III 

The procedures for generating a new OS begin by 

running a program called "RT3GN".  The program, as it 

is running, will ask for various parameters to be 

entered from the system console.  Since over a hundred 

responses are required, the preferred method of entering 

the parameters is to create an answer file.  See Appendix 

A for a listing of the answer file used in the most 

recent generation. 

Generating an OS takes about two hours if every 

entry in the answer file is valid.  Unfortunately, 

the computer usually halts before the generation is 

complete.  The point at which it halts appears to be 

random.  Why this anomaly occurs is presently unknown. 

The current version of the OS required 50 to 60 attempts 

before it finally completed (using the ^ame answer 

file every time). 
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Once the OS has been generated, a program called 

"SWTCH" is run to switch from the current OS to the 

new OS.  These procedures are summarized below and differ 

somewhat from those in the Operator's Manual (Ref 26). 

For example, the Operator's Manual refers to the program 

RTGEN instead of RT3GN (RTGEN may have been an earlier 

version of RT3GN).  Also, the Operator's Manual does 

not discuss the use of an answer file. 

*RUN,FMGR 
RP,RT3G1 
RP,RT3G2 
RP,RT3G3 
RP,RT3G4 
RP,RT3G5 
RP,RT3G6 
RP,RT3G7 
RP,RT3GN 
EX 
*RUN,RT3GN 

LIST FILE? 
L81914 

ECHO? 
TR,A81914 

(The OS and listing file are generated) 

RT3GN FINISHED 

*RUN,SWITCH 

The procedure for using SWTCH is summarized in Appendix 

B. 

Once the OS was executing, the first task was to 

create a backup disk so that the OS could be recovered 

in the event of a disk failure.  An off-line utility 

called DSKUP was used to copy the lower platter (where 
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the OS resides)  to the upper platter (which is removable) 

DSKUP was loaded from the right cassette drive of the 

graphics terminal (See Appendix F).  The procedure for 

using DSKUP is shown in Appendix B. 

One error has been discovered in the most recent 

answer file.  Three memory partitions were specified 

as 18K,  instead of the maximum of 17K, as reported by 

RT3GN in the list file.  This didn't cause any genera- 

tion errors.   These partitions are assumed to be 17K 

each, so that 3K words of physical memory are unavailable 

for use. 

3.1.2  Capabilities and Limitations 

RTE-III provides useful software support for pro- 

gram development and testing.  Included are an inter- 

active editor, an assembler, and compilers for BASIC, 

ALGOL, FORTRAN, and FORTRAN IV.  The only compiler that 

has been used is FORTRAN IV because DSP programs taken 

from the literature were written in this language. How- 

ever, two limitations should be noted in light of the 

DSP application.  The primary limitation is the size 

of logical memory (See Ref 26 for a discussion of physical 

memory vs. logical memory).  DSP programs are typically 

quite large (the FIR filter design program in Appendix 

D required 15K words of user partitioned memory), so 

that many programs cannot be used on this system, unless 

they are segmented.  This is because the maximum parti- 

tion size for user programs is 17K words.  The maximum 
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partition size is set at generation time, where RT3GN 

provides the maximum value. 

Another notable limitation is that writing an ex- 

ecutive program which can reference any of the DSP pro- 

grams is not as simple as   it might be. The simplest 

way to write an executive program is to write it in 

FORTRAN IV (or another high order language) and load it 

into memory with all of its subprograms.  This method 

is not practical for the HP system because logical 

memory size is relatively limited.  Alternate solutions 

are discussed in chapter five. 

3.2  Data Acquisition 

As stated previously, data can be acquired in real- 

time from an A/D converter, or with software that gen- 

erates data.  This section focuses on data obtained 

which represents real-time phenomena.  Examples of soft- 

ware generated data can be found in chapter four.  Two 

related subjects are presented here:  The A/D hardware 

and its software support. 

3.2.1  A/D Converter 

Two A/D converters were provided for this project. 

They are the ADC-12QZ model, made by Analog Devices 

(Ref 6:175-173).  Each is mounted on an AC-1548 mounting 

card.  An input range of -lOv to +10v, represented by 

12 bits in twos-complement format is configured.  The 

bipolar range was chosen to allow more flexibility in 
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the type of signals that can be analyzed.  Twos-comple- 

ment format was chosen because this is how the HP 

computer represents numbers in memory.  Each A/D conver- 

ter is connected to an HP 12566B micro-circuit inter- 

face card (Ref 16) as shown in Fig. 2. 

3.2.2  Software Support for A/D Converter 

Four different kinds of software support have been 

investigated for the A/D converter (Ref 34).  The first 

is polling (i.e., check the I/O channel flag bit)  soft- 

ware,, whereby the computer initiates an A/D conversion, 

waits in a loop for the conversion to complete, loads 

the data into a register, and then stores it in a 

memory buffer.  The second type is direct memory access 

(DMA).  In this case, the computer initializes one 

channel of the DCPC, which will perform the required oper- 

ations for data acquisition and storage.  The third 

method is to use a system driver. This method  as only 

partially been implemented.  The fourth method involves 

the use of interrupts.  The interrupt method was found 

to be inappropriate for this application.  Each of 

these methods is discussed with regard to its respective 

advantages, disadvantages, and implementation.  All re- 

levant program listings are in Appendix E. 

3.2.2.1  Polling 

The main advantage of polling software is that a 

software delay loop can be included to allow the user 
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to interactively specify the sampling rate.  In the sub- 

routine HAITIi the delay is increased by increasing the 

variable DELAY.  Of course, DELAY is just an integer 

which will cause a different amount of delay for differ- 

ent computers (even of the same type) and different 

operating conditions (e.g., temperature).  In order to 

relate the delay value to time, a test subroutine (AD14 

or AD15) was implemented.  This subroutine is nearly 

identical to the original (AD14B or AD15B), so that the 

speed of both is approximately the same in the data ac- 

quisition loop.  The speed of the instructions in this 

loop will determine the amount of time from the completion 

of one conversion to the beginning of the next conversion. 

This time - the instruction execution time (IET) - and 

the conversion time (CT) can  be measured with an oscillo- 

scope by checking the status bit of the A/D converter 

(Fig. 2, 3).  The sum of these two times is the sample 

time (ST).  Several measurements were taken for different 

values of DELAY, and are summarized in Table I.  The 

measurements are also plotted in Fig. 4.  In each case, 

the CT was about 33 us. 

The theoretical sample time (TST) for a periodic 

signal of a single frequency can be expressed as 

TST = NC/(fxNP) 

where 

NC  =  number of cycles 

f   •  frequency in hertz 

NP  =  number of sampled data points 
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Table I 

Sample Time Measurements 

DELAY ST, us 

76 
130 
240 
350 
510 
620 
890 
1150 
2775 

0 
10 
30 
50 
80 

100 
150 
200 
500 

Once the TST is calculated, the number for DELAY can be 

selected from Fig. 4.  Data can then be acquired and 

plotted using this value for DELAY and the value of NP 

selected above.  The actual NC plotted is used to cal- 

culated ST.  By comparing ST with TST, error in relating 

DELAY to time can be determined. 

The disadvantages of polling software are twofold. 

First, it is slower than DMA because data must first be 

transferred to a register.  The effect of this is to 

lower the maximum frequency that can be accurately 

represented.  Secondly, this method precludes real-time 

processing, whereby one data buffer is being filled 

while another is being processed (Kef 32).  Instead, 

the processor fills one buffer until it is full. 

3.2.2.2  Interrupts 

Performing I/O by the use of interrupts is inappro- 

priate for this application for several reasons.  First, 

if a system driver is not used, I/O for the A/D conver- 

ter can only be accomplished with the interrupt system 
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turned off.  Otherwise, an illegal (not allowed by the OS) 

interrupt error will occur.  Secondly, because of the 

high speed synchronous  nature of the A/D converter, an 

interrupt must be handled within a certain amount of time. 

RTE-III has many potential interrupts from other I/O 

channels that it must handle by priority, so there is no 

guarantee that data will not be lost from the A/D con- 

verter.  Thirdly, data which is acquired must first be 

transferred to a register as with the polling method, 

so that about the same software overhead is incurred. 

Therefore, the interrupt method offers no speed advantage 

over the polling method.  If the interrupt method could 

be used, it would have the advantage that some useful 

computations could be performed between interrupts. 

3.2.2.3  Direct Memory Access 

The fastest kind of data acquisition available for 

this system is direct memory access.  The acquisition 

rate is almost that of the A/D conversion rate.  The 

entire transfer process is handled by hardware (the DCPC) 

once it has been initialized by the appropriate instruc- 

tions.  Therefore, no software overhead is incurred in 

acquiring and storing data.  Additionally, the processor 

is free to perform useful computations in parallel with 

data acquisition.  However, the processor speed is reduced 

slightly because the processor cannot reference memory 

at the same instant of time that the DCPC is transferring 

data to or from memory. Thus, the number of computations 
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during data acquisition can be increased by reducing 

the number of memory reference instructions.  The capa- 

bility of simultaneous data acquisition and processing 

permits real-time processing, which is discussed in 

chapter four. 

The only disadvantage of DMA is that the sampling 

rate cannot be specified interactively by the user, with- 

out additional hardware.  This hardware might include a 

programable timer, which is initialized prior to the 

transfer of each data sample.  A count-finished signal 

would then be substituted for the status signal in Fig. 2 

The subroutine DMA14 (or DMA15) in Appendix E 

demonstrates the software needed to use DMA.  It is 

called from the main program ANDG2. 

3.2.2.4  I/O Driver 

A driver is a program designed to support I/O for 

a particular device.  It is placed in the system area 

at generation time, and gives the OS total control 

over I/O.  Although RTE-III does not provide drivers for 

the D/A converter card and the microcircuit interface 

card, user written drivers can be included in the OS 

generation (Ref 27).  Unfortunately, in debugging a 

driver, each new version requires another generation 

of the OS.  This is a lengthy process even if the genera- 

tion completes every time with the first attempt. 

In order to permit user-written drivers to be im- 

plemented and debugged without generating a new OS, 
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three dummy drivers have been included as part of the 

latest OS generation.  By themselves, these drivers do 

nothing but return to their calling program.  However, 

by changing the return address in the system area to 

the beginning address of a user-supplied driver before 

calling a du miry driver, the actual driver can be tested. 

A large buffer area is included in the dummy driver so 

that the actual driver can eventually be copied into this 

area.  This method has not been explored beyond the 

conceptual stage. 

Note that the OS will assign a DCPC channel for the 

driver.  if a DCPC channel is not available, the device 

goes into a "waiting for DCPC" state (Ref 27:3-16).  Be- 

cause of the possibility of waiting, drivers are probably 

not suitable for real-time processing. 

3.3  Data Storage 

The laboratory has two types of devices to meet the 

requirements of data storage from main memory:  the 

cassette drives in the graphics terminal and the disk 

drive.  The merits and some possible applications of 

each are presented. 

3.3.1  Disk 

The disk drive can be used in two different ways to 

store data.  One method is useful for temporary storage 

while a program is executing.  The other method can be 

used for permanent storage and later retrieval.  Both 
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methods can be useful in DSP applications.  Each is 

demonstrated by programs listed in Appendix G. 

Storing data temporarily on a disk involves the Disk 

Track Allocation EXEC Call (Kef 26:3-18) and the system 

utility B1NRY (Ref 11:3-2).  With this utility, the exact 

area on the disk where the data transfer is to occur must 

be specified.  RTE-III will assign the tracks to the program, 

and release the tracks when the program terminates.  FMGR 

and other programs cannot access data stored in this 

manner once the tracks have been released. 

One specific application of B1MRY is to pass data 

between two concurrently running programs which are in 

separate partitions.  In addition to the data, some kind 

of message must also be transferred to signal that the 

data transfer is complete or in progress.  This applica- 

tion has not been implemented. 

For permanent storage, FMP calls are used.  They 

allow a user program to create a disk file, and read 

from or write into a disk file.  The data will remain 

accessible to other programs (such as FMGR) after the 

user program has terminated.  To transfer data among a 

large system of DSP programs, a standard format for a 

data file should be established.  This would make it 

easier for a program to find the desired data within any 

given data file. 

3.3.2  Cassette 

One way to store program generated data into a disk 
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file is to first store it on a cassette tape.  Although 

the transfer rate is not as high as that of the disk, 

data stored on a cassette tape can be accessed by FMGR 

without the need for a user program to create a disk 

file.  Before the data is sent to the tape (LU 4 or LU 5), 

tape positioning characters should be sent.  After com- 

pleting the data transfer, an end-of-file (EOF) mark 

should be written on the tape. These special characters 

can be sent by using the method described in chapter five. 

The data can be transferred to a disk file with a 

FMGR command as follows: 

ST,4,DATA1::20 

In this case, the file is transferred from the left 

cassette to a file called DATAl, which is created by FMGR 

on cartridge 20 (upper platter disk) (Ref 1:2-23). 

3.4  Output Display 

Six types of output display can be supported with 

the system in its current configuration using the fol- 

lowing devices:  conventional CRT terminal, line printer, 

graphics terminal, graphics printer, oscilloscope, and 

X-Y plotter (the printers must be connected directly to 

the graphics terminal).  A line printer or graphics 

printer can be connected to the computer if the RTE-III 

printer driver is included in a new OS generation. 

3.4.1  Conventional CRT Terminal and Line Printer 

These types of displays are best suited for listing 
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tables of values because no special manipulation of the 

data is required.  Graphs and charts can also be imple- 

mented, but require additional instructions to draw axes, 

label axes, scale the data, etc.  The CRT has the advan- 

tage of speed for checking results quickly.  The printer 

has the advantage of providing a permanent copy of useful 

results. 

3.4.2 Graphics Terminal/Printer 

The graphics terminal and graphics printer displays 

are the best method of implementing graphs and charts 

because the resolution is only limited by the size of 

a single point.  However, the display size is limited to 

one screen for the HP 2648A terminal.  A graphics 

printer would simply provide an exact copy of the screen 

display. The graphics terminal and graphics printer can 

also serve the purpose of a conventional terminal and 

printer, respectively.  A graphics printer is not cur- 

rently configured because none is available. 

The HP 2648A terminal has a very useful feature for 

exploiting the graphics capability, called Auto Plot 

(Ref 15). The only requirements for using it are to 

fill out the Auto Plot menu, which specifies the data 

parameters, and then provide the data (usually sent from 

the computer). These procedures are implemented entirely 

by the computer in an   example in chapter five. 

3.4.3 D/A Converter 

The D/A converter used for this project is an HP 
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12555A.  It has two analog outputs corresponding to X 

and Y axes.  Each 16-bit word in memory that is transferred 

is> separated into two bytes.  Each byte is then converted 

to an analog signal, ranging from 0 to 10 volts.   The 

D/A converter also has a 20 msec refresh timer for con- 

ventional oscilloscopes, and an unblanking signal for 

storage-type oscilloscopes (Ref 13).  The converter 

is also suitable for driving an X-Y plotter. 

3.4.4  Software Support for D/A Converter 

The program that has been implemented to support 

the D/A converter will work for eitner a conventional 

oscilloscope or an X-Y plotter (See Appendix I). The 

inputs to the subroutine DA16B are two real arrays, 

one containing the X values, and the other containing 

the Y values. DA16B scales the data into bytes, for- 

mats the data into one array, and then outputs it to 

the D/A converter. 

The main differences between the oscilloscope 

approach and the plotter approach are the refresh timer, 

which is required for the conventional oscilloscope, 

and the delay loop, which matches the speed of the com- 

puter to that of the plotter.  Doth devices are cur- 

rently connected in parallel to Lhe X and Y outputs of 

the D/A converter. 

34 



  

Chapter 4  Computational Tasks 

Four DSP applications programs have been implemented 

and tested.  These programs were selected from the liter- 

ature (Ref 7) after examining many such programs (Ref 3, 

5, 21, 31).  The modifications made to allow them to run 

on the AFIT HP computer were minor and will not be 

discussed.  See Ref 7 for a detailed discussion of the 

algorithms involved.  The four programs that were imple- 

mented were chosen for two reasons.  First, they are 

written in ANSI standard FORTRAN IV, so that few changes 

were expected.  The final versions are listed in 

Appendix D. Secondly, in each case, the author(s) of the 

program included a test problem.  By running the test 

problem on the HP system and comparing that output to 

the output provided in the test problem, it was possible 

to determine if the program was not functioning properly. 

The outputs generated for all four programs by the HP 

system were very close (only a few differences in the two 

least significant digits) to that of the test problem. 

The differences are assumed to be due to the different 

accuracies of the computers on which the programs were 

run.  Based on this assumption, the four programs are 

functioning properly. This chapter concludes with a dis- 

cussion of a method for implementing real-time processing 

(RTP).  RTP involves simultaneous data acquisition, data 

processing, and display of results. 
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4.1  FFT/IPPT 

Many variations of the original radix-2 Cooley- 

Tukey algorithm (Ref 19) have been implemented. This 

algorithm is commonly called the fast Fourier transform 

(FFT).  The algorithm also computes the inverse of the 

transform and is called the inverse fast Fourier trans- 

form (IFFT).  The motivation for using the FFT is that it 

substantially reduces the required number of machine com- 

putations for calculating the DFT.  An algorithm used 

2 prior to the FFT involved N  complex multiplications and 

2 approximately N  additions (N is the number of sample 

points).  On the other hand, the basic FFT requires at 

most (l/2)x Nlog~N complex multiplications, where N is 

an integral multiple of two (Ref 5:275). 

As an example of the usefulness of the FFT, consider 

the case where N=8192.  Approximately 2.5 minutes of 

computation time is required to compute the DFT on 

an IBM 370 using an algorithm which preceeded the FFT. 

For the same data, the FFT requires approximately 1/4 

second (Ref 5:264). 

The FFT is an essential capability for a general 

purpose DSP laboratory.  It offers a computationally 

efficient time-to-frequency transformation.  It is also 

useful for other DSP computations such as convolution, 

correlation, power spectral density, and digital filter 

design (Ref 6).  The program FAFT4 (See Appendix D) 

calls a short demonstration version of the FFT (i.e., 
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FOURE).  FAFT4 generates date for a complex function, 

computes the theoretical DFT (TDFT), computes the FFT 

(using FOURE), computes the IFFT (based on values obtained 

from the TDFT, using FOURE), and outputs these four sets 

of data.  The program has been modified to also list 

these sets of data in a format suitable for plotting 

with Auto Plot. 

FAFT4 is not intended to be part of the applications 

software for the laboratory. A more general use of FOURE 

should be provided which allows the user to interactively 

specify the data, the number of data points, and whether 

an FFT or an IFFT is to be computed. 

4.2  FIR Filter Design 

Digital filtering is an important part of DSP and 

is in common use.  A very important type of filter is 

the linear phase finite impulse response digital filter 

(Ref 5:185).  One implementation of this is the program 

FIRF2 (See Appendix D). It uses the Remex exchange 

algorithm with minimum weighted Chebyshev error in 

approximating a desired ideal frequency response. The 

inputs are:  1)  filter length (in samples), 2) type of 

filter (multiple passband/stopband, differentiator, or 

Hubert transformer), 3) number of frequency bands, 

specified by upper and lower cutoff frequencies, 

4) desired frequency response in each band, 5) positive 

weight function in each band, and 6) grid density.  The 

data (provided by the authors) to test the program was 
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in   the   following   format: 

55,1,5,0 
0.0,0.05,0.1,0.15,0.18,0.25,0.3,0.36,0.41, 0.5 
0.0,1.0,0.0,1.0,0.0 
10.0,1.0,3.0,1.0,20.0 

Data is read by the program from the left cassette (LU4) 

of the graphics terminal. For the DSP laboratory the 

user should be able to interactively specify the data 

source and enter the data from the keyboard, if that is 

the source. 

4.3 Autocorrelation and Covariance 

The program COVAU implements the autocorrelation 

and covariance methods of linear prediction (LPC) anal- 

ysis. It consists of three parts: subroutine AUTO 

(autocorrelation), subroutine COVAP (covariance), and 

a test program which calls the two subroutines and 

generates the test input data. AUTO implements a form 

of Robinson's recursion. COVAR implements a form of 

Cholesky decomposition.  For the DSP laboratory, the 

user should be able to interactively specify the data 

source and method of LPC analysis. 

4.4 IIR Filter Design 

The purpose of program FWIIR is to design finite 

word-length IIR digital filters.   It consists of 

eight parts:  a main program, which acts as an executive, 

and seven subroutines.  Subroutine INDAT reads in all 

the problem data. FUNCT computes the value of the maxi- 

mum weighted error function on the coarse grid, and at 
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the end, on a finer grid.  HANDJ is a randomized version 

of the Hooke and Jeeves Pattern Search.  EXPLR is a local 

exploration program called by HANDJ.  SET sets one 

vector equal to another. SHUFF randomly orders the list 

of coordinates for EXPLR. UNI generates a random number. 

For the DSP laboratory, the user should be able to 

interactively enter the required data, or specify another 

data source. 

4.5  Real-Time Processing 

In this context, real-time processing refers to 

simultaneous data acquisition, data processing, and 

display of results, without any time limit or interruptions 

of these three functions.  One basic assumption of RTP 

is that the data can  be processed and results displayed 

at least as fast as it is acquired. Otherwise, some data 

would be overwritten in memory by new data before the 

old data was processed. In DSP applications, data is 

typically processed in time frames (Ref 32). Each time 

frame is represented by a buffer in main memory. If a 

time frame is processed as a group of data, then a buffer 

cannot be processed while it is being filled.  With this 

constraint, at least two buffers are required. 

RTP was beyond the scope of this project, but a 

possible way to implement it on the HP system is shown 

in a flowchart (See Fig. 5).  The program represented by 

the flowchart is terminated by pressing the "CLEAR DISPLAY" 

button on the front panel of the computer.  This method 
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Fig. 5  Flowchart of Real-Time Processing 
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of program termination has been successfully used with 

another program (Appendix 1). Bach number in the flow- 

chart corresponds to one of the steps listed below.  SB 

is the switch register displayed on the front panel. 

1 . Set SR to 1 
2. Is DCPC channel 1 ready (flag bit set)? 
J. Is DCPC channel 2 ready (flag bit set)? 
4. Begin DMA data acquisition in memory buffer #1 
5. Begin DMA data acquisition in memory buffer #2 
6. Process the data in buffer #1 
7. Format the data in buffer #1 for display 
8. Begin DMA output from buffer #1 
9. Process the data in buffer #2 

10. Format the data in buffer #2 for display 
11. Begin DMA output from buffer #2 
12. Is SR=0? 

Some computations may be too lengthy to permit real- 

time processing. One possible solution to this problem 

is to replace portions of an assembly language or high- 

order language program with a microprogram.  This involves 

identifying the "bottle-neck" portions of the program 

and replacing them with microprogram subroutines which 

are more time efficient. The system, in its current con- 

figuration, suppor's this capability. See Ref 30 for a 

complete discussion of the potential for improving 

program execution speed through microprogramming. 
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Chapter 5  User Interaction 

Several types of software support were implemented 

to make the DSP laboratory more user-responsive, or to 

demonstrate its potential in this regard.  Chapter three 

discussed the generation of the OS and the software 

support provided for the A/D and D/A converters. This 

chapter first presents a program which demonstrates 

computer control of the graphics terminal's functions. 

This is followed by a discussion of a method for executing 

a program which exceeds the logical memory size of the 

largest available user partition (17K words).  In this 

way, the user is not constrained to command the execution 

of several smaller programs to accomplish the same task. 

Next, two methods are presented whereby one  program can 

schedule another program.  A scheduling facility is 

useful for implementing a DSP executive program which 

can schedule the DSP applications programs.  Finally, a 

software structure is recommended for a large system of 

DSP programs. 

5.1  Graphics Terminal Control 

Since most user interaction will occur with the 

graphics terminal, an effort was made to relieve the 

user of many of the manual operations needed to operate 

the terminal. The program APLOT listed in Appendix II 

demonstrates a method by which any graphics terminal 

operation that can be performed manually by the user 

can also be initiated by the computer. This involves 
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the use of escape codes (kef 15).  The decimal equivalent 

of the ASCII character codes are sent from the computer 

using the Read/Write EXEC call (Kef 26:3-4).  APLOT is 

written in FORTRAN IV, but the characters can also be 

sent from an assembly language program.  The program fills 

in the Auto Plot menu, draws the axes and grid and plots 

the program generated data sent from the computer. 

5.2  Segmented Program 

A segmented program consists of a memory-resident 

main program and one or more disk-resident subprograms 

(i.e., segments).  By using a segmented structure, the 

total program size is only limited by the available 

disk storage space.  Data is passed among the segments 

and the main program through a common storage area 

within the memory partion allocated for the program. 

In spite of the size advantage of segmented programs, 

several limitations should be noted. First, the program 

will execute slower than if the entire program resided 

in main memcry, because a segment must be loaded from 

the disk before it can be executed.  Therefore, care must 

be exercised to insure that two or more frequently 

referenced sections of a program are not chosen to be 

disk-resident segments. Secondly, the only way to return 

control to the main program from a segment is for the 

segment to call the main program (this applies to FORTRAN 

IV programs, not assembly language). However, this will 

cause the main program to start executing from the 
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beginning.  Therefore, conditional branching to the seg- 

ments should occur at or near the beginning of the 

main program.  A third limitation of a segmented program 

is that if one segment calls another segment, the calling 

segment is overlayed by the segment it calls. 

Writing a segmented program involves the use of the 

program segment load EXEC call (Ref 26:3-23).  An example 

of this is presented in Appendix J.  The following FMGR 

commands were entered to load the program for execution: 

MR,%MAIN1 
MR,%SEGN1 
MR,%SEGM2 
MR,%SEGM3 
RU,LOADR,99,1,,00001 

To save the loaded program for future execution, the 

following commands were entered: 

SP,MAIN1 
SP,SEGM1 
SP,SEGM2 
SP,SEGM3 

This Laves the program as a type 6 file (ready for execu- 

tion) on the disk. 

5.3  Executive Programs 

The two programs discussed in this section are 

called executive programs because they can schedule other 

programs, each of which resides in a separate disk file. 

Both are listed in Appendix K. One method of implementing 

a DSP executive program (program SCHED) involves the 

program schedule EXEC call (Ref 26:3-24) and a program 

suspend EXEC call (Ref 26:3-22). Data is passed through 
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the system area buffer with a Class I/O - Read/Write 

EXEC call (Kef 26:3-6) and a Class I/O - Get EXEC call 

(Ref 26:3-13).  Another method of implementing a DSP 

executive program (program MESGl) involves the Message 

Processor utility, MESSS (Ref 26:4-40).  Any of the 

system commands can be executed from a FORTRAN IV program 

by using MESSS   (e.g., RU - run command). Data is 

passed in the same manner described for the previous 

method. 

5.4  Recommended Software Structure 

The software structure for the DSP laboratory (dem- 

onstrated by program EXECT) should be comprised of a 

user-oriented executive program and a system of DSP 

applications programs. The type of executive demonstrated 

by the program SCHED is considered to be more suitable 

for the DSP application than that demonstrated by MESGl. 

SCHED gives the user the option of immediate scheduling 

so that the output of the scheduled program can be 

seen before control is returned to the executive. This 

is not the case for MESGl. EXECT uses the SCHED method. 

In addition, several of the programs which are scheduled 

by EXECT are segmented.  Therefore, EXECT demonstrates 

the system's potential for a user-oriented executive 

program which can schedule any one of a large system of 

DSP applications programs. 
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Chapter 6  Recommendations 

The system, in its present state, does not qualify 

as a user-responsive general purpose DSP laboratory, 

which is the ultimate goal.  This is because not all of 

its current capabilities have been exploited, and be- 

cause additional capabilities need to be added.  Both 

of these issues will be addressed in this chapter.  Im- 

plementation of the recommendations which follow should 

result in a system which meets the design goal as 

stated above. 

6.1  Additional Hardware 

The hardware recommended in this section would bring 

the laboratory much closer to being general purpose. 

It is intended to support educational and research 

activities at AFIT.  It is also intended to support 

research for laboratories at WPAFB which might solicit 

AFIT students for thesis projects on other systems. 

Therefore, a diversity of equipment is desireable.  How- 

ever, only the addition of a graphics printer is consider- 

ed essential. 

6.1.1  Magnetic Tape Drive 

The magnetic tape drive can be useful for at least 

two reasons.  First, information stored on disk can be 

lost in the event of a disk failure. The information 

could be later retrieved if it is first backed up on 

tape.  Secondly, a tape can be used to transfer large 
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amounts of information from one computer system to 

another (not necessarily HP).  For certain types of 

research, this may be the most efficient means of doing 

so. 

6.1.2  Faster A/D Converter 

The A/D converters which are currently configured 

have a measured conversion time of about 33 us.  Accord- 

ing to the sampling theorem, a minimum of two samples/ 

cycle of the input signal are required to reconstruct 

the signal. This corresponds to a maximum frequency of 

about 15.15 kHz, which does not even cover all of the 

audio spectrum (20Hz - 20kHz).  This limits the types 

of research related to spectrum analysis that can be 

conducted on the HP system. 

Although HP makes an A/D interface (model 91000A), 

the sample rate is only 20,000 samples/second.  By the 

above criterion, the maximum useful frequency is 10kHz. 

Since this is more limited than the existing parts, the 

HP part is not recommended.  A better alternative is the 

ACD1103 A/D converter, made by Analog Devices.  It per- 

mits three different conversion times:  1)  8 bits in 

1 us, 2) 10 bits in 1.5 us, or 3) 12 bits in 3.5 us 

(Ref 6).  These are maximum values.  The comparative 

maximum useful frequencies are 500 kHz, 333 kHz, and 

143 kHz respectively. 

Only the conversion time specification has been 

considered above in recommending an A/D converter. 
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However, since some applications may emphasize other 

characteristics such as accuracy and linearity, they 

should also be considered. 

6.1.3 HP Fourier Analyzer 

A hardware solution to real-time processing is the 

HF Fourier Analyzer.  It has an oscilloscope display 

and performs operations such as the FFT/IFFT, convolution, 

and correlation.  Several of the HP users at WPAFB have 

this device. Conversations with some of the users indi- 

cated that it is very useful for real-time DSP. 

6.1.4 Graphics Printer 

A graphics printer (GP) is an essential addition to 

the DSP laboratory.  It can provide a hard copy for 

several types of output.  For example, displays from 

the graphics terminal's memory (i.e., graphics memory) 

can be sent directly to the GP.  This output is limited 

to one screen size. The GP can also serve as a line 

printer.  Any type of output that can be sent to a line 

printer can also be sent to the GP.  From the author's 

experience, the GP should operate at a serial data 

transfer rate cf at least 300 band in order to qualify 

as user-responsive. 

6.2  DMA for D/A Converter 

DMA is the preferred method of sending data to the 

D/A converter.  It can be implemented either as a system 

driver or in a user program.  For RTP, DMA is essential 
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for a real-time display.  No software has yet been 

written to provide this capability. 

6.3 Additional Applications Programs 

The four DSP programs which have been implemented 

(See chapter four) certainly are not sufficient for the 

diverse computational applications intended for the 

laboratory.  These programs were published by IEEE 

(Ref 7), and are available on standard 1/2 inch tape 

from IEEE, along with the other DSP programs in the 

text.  DSP programs can also be found in many other 

textbooks or periodicals.  All of the computational 

tasks listed in section 2.4 should be implemented. 

6.4 Real-Time Processing 

Even if an HP Fourier analyzer is configured, it 

may be desired to perform computations which the an- 

alyzer does not provide for.  The method for RTP 

described in chapter five, or some equivalent, should 

be implemented. RTP is a common activity in DSP and 

would make the laboratory more general purpose.  There- 

fore, it is an essential capability. 

6.5 Operating System 

RTE-III has made a significant contribution to the 

establishment of the HP system as a DSP laboratory. 

However, because of the limitations previously discussed, 

RTE-IVB is recommended as an upgrade OS.  It allows 

larger memory partitions (e.g., 28K) for user programs 
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to be specified (Ref 28:VI-13).  It also has a feature 

called Extended Memory Area (EMA).  The EMA is a 

large area of memory within a partition, limited only 

by the size of physical memory (Ref 28-.VI-14).  These 

are just two of the many advantages of an RTE-IVB OS  up- 

grade.  To do this will require the HP 2108A processor 

board to be modified or replaced.  An OS upgrade is not 

considered essential because RTE-III has been demonstrated 

to be adequate. 
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Appendix A:  RTE-III Generation Answer File 

The generation answer file provides responses to 

input requests by RT3GN.  In this way, the generation 

of the OS can proceed without interruption for inputs 

which otherwise would be entered from the system console, 

Listed in this appendix is the answer file used in the 

most recent OS generation.  Changes for a new OS 

generation can be made by simply editing the file; 

the filename  is A81914. 
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Appendix B:  Using SWTCH and DSKUP 

SWTCH is a program which is run to switch operating 

systems.  Below are listed the questions that the pro- 

gram will ask and the responses that were entered for 

the last generation.  SP means space; CR means carriage 

return. 

FILE NAME OF NEW RTE SYSTEM? 
S81914 

TARGET CHANNEL FOR NEW SYSTEM 
SP CR 

TARGET SUBCHANNEL (LOGICAL)/UNIT FOR NEW SYSTEM 
SP CR 

NOW IS THE TIME TO INSERT CARTRIDGE IN TARGET 
SUBCHANNEL UNIT. 
SP CR 

SAVE FILES AT TARGET? 
Y 

PURGE TYPE 6 FILES 
N 

AUTO BOOT-UP? 
Y 

READY TO TRANSFER.  OK TO PROCEED? 
Y 

DSKUP is an off-line utility which can be loaded 

from a cassette tape.  To load it from the left cas- 

sette, set the S Reg. to 041300.  Press PRESET, IBL, 

and RUN.  When it is finished loading, set the S Reg. 

to 13 and the P Reg. to 2. Press PRESET and RUN.  Below 

are listed the questions that the program will ask and 

the responses that were given to copy the operating 

system to a removable disk. 
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DISC BACKUP UTILITY 
TASK? 
CO 
SOURCE DISC CHANNELS? 
12 
SOURCE DISC TYPE? 
7906 
SOURCE DISC DRIVER*? 
0 
TYPE OF COPY? 
FR 
RTE OR DOS DISC? 
RT 
FROM CYLINDER*? 
O 
# OF TRACKS? 
256 
# OF SURFACES? 
2 
STARTING HEAD#? 
2 
DEST DISC DRIVER*? 
O 
TO CYLINDER*? 
0 
# OF SURFACES? 
2 
STARTING HEAD*? 
0 
6144 WORD BUFFER DESIRED? 
YES 
VERIFY? 
YES 
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Appendix C:  HP users at WPAFB 

The people listed below were visited to determine 

if they had any DSP software currently in use, which 

might be useful to this project.  Another reason for 

the visits was to observe their hardware configurations 

with respect to support of DSP applications.  Unfortunately, 

no useful software was found. Those involved with DSP 

used an HP Fourier Analyzer. 

NAME PHONE 

John Bankovskis 56361 

Bill Griffin 54016/52789 

Jim Leonard 53050 

L. T. Drzal 52952 

Bob Ballard 52493 

Irvin F. Luke 52372 

BUILDING 

622 

20 

23 

32 

24C 

18 

ORGANIZATION 

AFWAL/AARI 

ASD/ENADA 

AFWAL/AAFR/2 

AFWAL/MLBM 

AFWAL/FIMN 

AFWAL/POOC/1 
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Appendix D:  Computational Tasks Listings 

Four source code DSP program listings are contained 

in this Appendix.  They were taken from the literature 

(Ref 7) and modified to run on the HP system.  Also 

included are the inputs used to test each program (if 

needed), and the resultant outputs.  FAFT4 computes 

the FFT and IFFT of a complex function.  FIRF2 designs 

linear phase FIR filters.  CCVAU implements autocorrela- 

tion and covariance methods of linear prediction analysis. 

FWIIR designs finite word-length IIR digital filters. 

See Ref 7 for a detailed explanation of the algorithms 

employed. 
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FTN4,L 
C 
C 

PROGRAM FAFT4 
C 
C 

C MAIN PROGRAM: FOURSUBT 
C AUTHOR. C. M. RADER 
C MIT LINCOLN LABORATORY, LEXINGTON, MA  02173 
C 
C INPUT: FUNCTION IS GENERATED BY THE PROGRAM TO TEST 
C SUBROUTINE FOURE 

COMPLEX U, C<32), D, E, B(32), QB(32), A, F(32) 
C 
C SEQUENCE LENGTH N=2**MU  USES MU=S  THUS N=32 
C METHOD IS TO COMPUTE DFT OF KNOUN FUNCTION  A**I, 1=0,i,...,N-t 
C OUTPUT OF PROGRAM IS LARGEST DIFFERENCE BETWEEN DFT COMPUTED TWO 
C UHEN RUN ON AN IBM 370, THE MAX DIFFERENCE WAS 0.389E-04. 
C UHEN RUN ON A HONEYWELL 6Q80N, THE MAX DIFFERENCE WAS 0.238E-06. 
C A rtAX DIFFERENCE LARGE COMPARED TO THE ACCURACY OF THE COMPUTER 
C UOULD PROBABLY INDICATE A PROGRAM ERROR. 
C 

MU = 5 
C 
C SET UP MACHINE CONSTANT 
C 
C     IOUTD = I1MACHC2)  <  THIS STATEMENT IS USELESS TO HP. 
C 
C SET IOUTD TO THE SYSTEM CONSOLE LU#. 
C 

IOUTD = 1 
NN • 2**MU 
TPI =8 *ATAN< 1 . ) 
TPION = TPIZFLOAT(NN) 
U = CMPLX<COS<TPION>,-SIN(TPION>> 

C 
C GENERATE A**K AS TEST FUNCTION 
C 

A = < 9, .3) 
B(i) = (1,0.) 
QB(i) = B<1) 
DO 10 K=2,NN 

B(K> = A#*(K-i) 
QB(K) = B<K) 

10    CONTINUE 
C 
C PRINT COMPLEX INPUT SEQUENCE 
G 
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URITE (IQUTD,9999) 
9999  FORMAT (IX,//////24H COMPLEX INPUT SEQUENCE ) 

URITE <I0UTD,9998> (I,QB(I),I=i,NN) 
9998  FORMAT (2<2X, 1H< , 13, 1H), 2E14.6)) 
C 
C B<1) CONTAINS A**0  B<K) CONTAINS A**K-i ;   ETC 
C 
C COMPUTE DFT OF B IN CLOSED FORM 
C 

D • Ci.,0.) - A**NN 
DO 20 K=i,NN 

E • (1. ,0 . ) - A*U**(K-i) 
C(K) = D/E 
F(K) = C(K) 

20    CONTINUE 
C 
C DFT OF B IS <t-A**NN>/(i-AW**K> 
C 
C NOU COMPUTE DFT OF B USING FOURE 
C 

CALL FOURECB, NN, -1) 
C 
C PRINT FOUPE DFT AND THEORETICAL DFT 
C 

URITE U0UTD,9997) 
9997  FORMAT (IX ,//V///llH FOURE DFT ) 

WRITE (I0UTD,9998) (I,B<I>,1=1,NN) 
WRITE <I0UTD,9996> 

9996  FORMAT (IX,//////17H THEORETICAL DFT ) 
WRITE <IOUTD,9998; (I,C<I),1=1,NN> 

C 
C FIND MAX DIFFERENCE BETWEEN B AND C 
C 

DD = 0 . 
DO 30 1=1,NN 

DE • CABS(C(I)-B<D) 
IF (DD.GT.DE) GO TO 30 
DD • DE 

30    CONTINUE 
C 
C COMPUTE INVERSE DFT OF C> (F=C) 
C 

CALL FOURE<F, NN, 1) 
C 
C PRINT INVERSE DFT 
C 

WRITE (I0UTD,9995> 
999S  FORMAT (IX,//////19H FOURE INVERSE DFT ) 

WRITE <I0UTD,9998) <I,F<I),1=1,NN) 
C 
C COMPUTE MAX. DIFF BETWEEN INPUT AND INVERSE OF THEOR 
C 

DFT 
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    "•"•' '    ""•    **«amgpNs*> 

GG = 0 . 
DO 40 1=1,NN 

GG1 = CABS(QB(I)-F(I)) 
IF (GGi.LE.GG) GO TO 40 
GG =GG1 

40    CONTINUE 
C 
C PRINT MAXIMUM DIFFERENCE 
C 

WRITE (IOUTD,9994) DD 
WRITE (I0UTD.9993) GG 

9994  FORMAT </42H MAX DIFF BETWEEN THEOR AND FOURE DFT IS , E12.3) 
9993  FORMAT (/51H MAX DIFF BETWEEN ORIGINAL DATA AND INVERSE DFT IS 

*    E12.3,//////) 
WRITE (4,9000) (QB<I>,B(I),C(I),F<I),1=1,NN) 

9000  F0RMAT(8(2X,F7.S)) 
STOP 
END 

C SUBROUTINE FOURE 
C PERFORMS COOLEY-TUKEY FAST FOURIER TRANSFORM 
C  
C 

SUBROUTINE FOURE(DATA, N, 131) 
C 
C THE COOLEY-TUKEY FAST FOURIER TRANSFORM IN ANSI FORTRAN 
C 
C DATA 13 A ONE-DIMENSIONAL COMPLEX ARRAY WHOSE LENGTH, N, IS A 
C POWER OF TWO.  ISI IS +1 FOR AN INVERSE TRANSFORM AND -1 FOR A 
C FORWARD TRANSFORM.  TRANSFORM VALUES ARE RETURNED IN THE INPUT 
C ARRAY, REPLACING THE INPUT 
C TRANSFORM( J ) =SUM ( DATA ( J.) *U** ( (I-i>*( J-l) ) ) , WHERE I AMD J RUN 
C FROM 1 TG N AND W = EXP (ISI*2*PI*SQRT<-t)/N;.  PROGRAM ALSO 
C COMPUTES INVERSE TRANSFORM, FOR WHICH THE DEFINING EXPRESSION 
C IS INVTR ( J)=(i/N*SUM(DATA( I)*W**< (I-l)*(J-l )) ) . 
C RUNNING TIME IS PROPORTIONAL TO N*L0r-2(N), RATHER THAN TO THE 
C CLASSICAL N**2. 
C AFTER PROGRAM BY BRENNER, JUNE 1967.  THIS IS A VERY SHORT VERSION 
C OF THE FFT AND IS INTENDED MAINLY FOR DEMONSTRATION   PROGRAMS 
C ARE AVAILABLE IN THIS COLLECTION WHICH RUN FASTER AND ARE NOT 
C RESTRICTED TO POWERS OF 2 OR TO ONE-DIMENSIONAL ARRAYS. 
C SEE ~ IEEE TRANS AUDIO (JUNE 1967), SPECIAL ISSUE ON FFT 
C 

COMPLEX DATA(N) 
COMPLEX TEMP, W 

C     IOUTD = I1MACH(2)   (  THIS STATEMENT USELESS TO HP. 
C 
C SET IOUTD TO SYSTEM CONSOLE LU*. 
C 

IOUTD = 1 
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C CHECK FOR POWER OF TUO UP TO IS 
C 

NN = i 
DO 10 1=1,15 

M= I 
NN = NN*2 
IF (NN.EQ.N) GO TO 20 

10    CONTINUE 
WRITE <I0UTD,9999> 

9999  FORMAT (30H N NOT A POWER OF 2 FOR FOURE ) 
STOP 

20    CONTINUE 
C 

PI = 4.*ATAN<1. ) 
FN = FLOAT(N) 

C 
C THIS SECTION PUTS DATA IN BIT-REVERSED ORDER 
C 

J = i 
DO 80 1=1,N 

C 
C AT THIS POINT, I AND J ARE A BIT REVERSED PAIR (EXCEPT FOR THE 
C DISPLACEMENT OF +1) 
C 

IF (I-J) 30, 40, 40 
C 
C EXCHANGE DATA(I) WITH DATA(J) IF I.LT.J. 

30    TEMP = DATA(J) 
DATA(J) = DATAt I) 
DATA«I) = TEMP 

C 
C IMPLEMENT J=J+i, BIT-REVERSED COUNTER 
C 

70, 60 
40 rt = N/2 
SO IF CJ-M) 70, 
6 0 J = J - M 

M • (M+t)/2 
GO TO SO 

70 J = J + M 
80 CONTINUE 
C 
C NOW COMPUTE THE BUTTERFLIES 
C 

MMAX = 1 
90    IF (MMAX-N) 100, 130, 130 
100   ISTEP = 2*MMAX 

DO 120 M=i,MMAX 
THETA = PT.*FLOAT<ISI*(M-l> )/FLOAT ( MMAX ) 
W = CMPLXCCOS(THETA),SIN(THETA)) 
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DO 110 I=rt,N,ISTEP 
J = I + MMAX 
TEMP = W*DATA<J> 
DATA<J) • DATA<I) - TEMP 
DATA(I) = DATA(I) + TEMP 

Ü0     CONTINUE 
120   CONTINUE 

MMAX • ISTEP 
GO TO 90 

130   IF (ISI) 160, 140, 140 
C 
C FOR INV TRANS — 181-t ~ MULTIPLY OUTPUT BY 1/N 
C 
140   DO 150 1 = 1,N 

DATA(I) = DATA(I)/FN 
150   CONTINUE 
ISO   RETURN 

END 
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FAFT4 Original Output 

COMPLEX INPUT SEQUENCE 
(  1) iOOQQQE+01 .QOOOOOE+00 (  2) 900000E+00 300000E+00 
<  3) 72000QE+00 S40000E+00 (  4) 486QOOE+00 702000E+00 
(  S) 226800E+00 .777600E+00 (  6)  - 291600E-01 76788ÜE+00 
(  7)  - 256608E+00 .682344E+0 0 (  8)  - 435650E+00 537127E+00 
<  9)  - 553223E+00 .352719E+00 ( 10)  - 603717E+Q0 15148QE+00 
( ii)  - 588789E+00  - .447828E-01 ( 12)  - 516475E+00  - 216941E+00 
( i3)  - 399745E+00  - .350190E+00 ( 14)  - 254714E+Q0  - 435094E+00 
( 15)  - 9B7142E-01  - .467999E+0 0 ( 16) 515569E-01  - 4S0813E+00 
( 17) 181645E+00  - .390265E+Q0 ( 13) 280560E+00  - 296745E+00 
( 19) 341S28E+0Q  - . 182902E + OQ ( 20) 362245E+Ü0  - 621538E-01 
( 21) 344667E>00 .527352E-01 ( 22) 294380E+Q0 150862E+00 
( 23) 219683E+00 .224090E+00 ( 24) 13048SE+00 267586E+00 
( 25) 371635E-01 .279973E+00 < 26)  - 505448E-01 263125E+00 
(27)  - 124428E+0 0 .221649E+00 (28)  - 178480E+00 162i56E+0 0 
< 29)  - 209279E+OQ 923963E-01 ( 30)  - 216070E+00 203731E-01 
< 31)  - 200575E+00  - .464851E-01 (32)  - 166572E+00  - 1Ö2009E+00 

FÜURE DFT 
( 1) .693974E+0 0 349971E+01 ( 2) .279227E+01 S05045E+01 
( 3) .940297E+01 -91350QE+01 ( 4) .186645E+01  - 3S3333E+01 
( 5> . ti3182E+0i -.223416E+01 ( 6) .904795E+00  - 153463E+01 
( 7) 799557E+Ü0 -.113961E+01 ( 8) 739606E+00  - 882314E+0 0 
( 9) 700862E+00 -69856SE+00 ( 1.0) . 673S7SF.I-0 0  - S58478E+00 
( 11) 6S3109E+Q0 -.446246E+0Q ( 12) .636991E+00  - 352639F.+0 0 
( 13) .623788E+0 0 -272086E+00 ( 14) . 612613E+00  - 20Ü642E+00 
( 15) 602333E+0 0 -.135703E+00 ( 16) .594201E+0 0  - 753133E-01 
( 17) . 586277E+00 -.179496E-01 ( 18) 573900E+00 376520E-01 
( 19) .S71B99E+00 .926065E-01 ( 20) 565136E+00 147983E+00 
( 21) S5S492E+00 204881E+00 < 22) .S51859E+00 264522E+0 0 
< 23) 545133E+00 .323364E+Q0 ( 24) . S3S214E+00 3?3257E«-0 0 
< 25) .531Ü01E+00 .476678E+Q0 ( 26) 523403E+ÖO 567132Ef-00 
( 27) .S15362E+00 674849E+00 ( 28) .506926E+00 303101E+00 
( 29) .498467E+00 980906E+00 ( 30) 491389E+0 0 12.1.921E + 01 
( 31) .490733E+00 . 157708E+01 ( 32) .517354E+00 213383E+01 
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THEORETICAL DFT 
( 1) 693974E+0 0 349971E+Q1 ( 2) 279227E+01 805045E+01 
( 3) 940298E+01  - 913S01E+Q1 ( 4) .186645E+01  - 383383E+0i 
( 5) .113182E+01  - 223416E+01 ( 6) .904794E+00  - 153463E+01 
( 7) 799557E+Q0  - Ü3961E+01 ( 8) ". 739606E+00  - 382315E-I-00 
( 9) 7OO862E+0O  - 698566E+00 ( 10) .673576E+0 0  - S58479E+00 
( 11) .6S311QE+00  - 446245E+00 ( 12) .636991E+00  - 352639E+00 
( 13) .6237B8E+0 0  - 272086E+00 ( 14) .612613E+00  - 20 0642E+0 0 
( 15) .6O2883E+0O  - 135703E+Q0 ( 16) .S94200E+00  - 7S3140E-01 
( 17) .S86277E+0Q  - 179496E-01 ( 18) 578900E+00 376514E-0 1 
( 19) 571899E+0Q 926066E-Q1 ( 20) .565136E+0C 147983E+00 
( 21) 553492E+00 20488OE+00 ( P2) 5518S9E+00 264522E+00 
( 23) .545134E+0Q 328364E+0 0 ( 24) S38215E+00 398257E+00 
( 25) .S31002E+0O 476677E+0O < 26) .523404E+00 567132E+00 
( 27) 51S363E+00 674849E+Q0 < 23) 506927E+Q0 308100E+00 
< 29) 498468E+00 980905E+00 ( 30) 491391E+00 121920E+01 
( 31) .490734E+00 157708E+01 ( 32) S17358E+00 218833E+01 

FOURE INVERSE DFT 
(  1) iOOOOQE+Ol -.774860E-Q6 (  2) 700000E+00 299999E+00 
(  3) 720000E+00 .S40000E+00 (  4) 436000E+00 702000E+QO 
(  S) 226800E+00 777600E+0Q (  6) 291604E-01 767380E+00 
(  7)  - 256603E+00 632344E+Q0 (  3)  - 4356S1E+00 537127E+00 
<  9)  - 553224E+00 .3527195+80 ( ', 0 )  - 603717E+00 151480E+0O 
< 11)  - 53379QE+00 -.447831E-01 ( 12)  - 51647&E+(H)  - 216942E+Ü0 
( 13)  - 399746E+00 -3S0190E+00 ( 14)  - 254714E+00  - 43509SE+0 0 
( IS) - 937140E-01 -467999E+0 0 ( 16) 315S72E-01  - 450814E+00 
< 17) 181646E+00 -.39Q265E+00 ( 19; 28fl56iE + 00  - 29674SE«-0 0 
( 19) 341523E+00 -.182902E+00 ( 20) 362246E+0 0  - 621535E-01 
< 21) 344667E+00 .527359E-01 ( 22) 294330E+Ü0 150862E+00 
( 23) 219633E+00 224090E+00 ( 24) 1.30483E + 0 0 267S8&E+0 0 
( 25) 371634E-Ü1 .279974E+0 0 ( 26)  - 505450E-01. 263126Et00 
(27)  - 124428E+00 .221649E+00 ( 28)  - 178430E+00 162156E+Q0 
(29)  - 209273E+00 .923962E-01 (30)  - 216069E+00 20 3729E-01 
( 31)  - 200S74E+00 - 464854E-01 (32)  - 166571E+00 102009E+00 

MAX DIFF BETWEEN THEOR AND FOURE DFT IS ,    .111E-04 

MAX DIFF BETUEEN ORIGINAL DATA AND INVERSE DFT IS     .10SE-05 
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FAFT4 Output in Auto Plot Format 
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FTN4,L 
C 
C 

PROGRAM FIRF2 
C 
C 

C MAIN PROGRAM. FIR LINEAR PHASE FILTER DESIGN PROGRAM 
C 
C AUTHORS  JAMES H. MCCLELLAN 
C DEPARTMENT OF ELECTRICAL ENGINEERING AND COMPUTER SCIE. 
C MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
C CAMBRIDGE, MASS. 02139 
C 
C THOMAS U. PARKS 
C DEPARTMENT OF ELECTRICAL ENGINEERING 
C RICE UNIVERSITY 
C HOUSTON, TEXAS  770 0 1 

C LAWRENCE R  RABINER 
C BELL LABORATORIES 
C MURRAY HILL, NEU JERSEY  07774 
C 
C INPUT- 
C NFILT— FILTER LENGTH 
C JTYPE— TYPE OF FILTER 
C 1 = MULTIPLE PASSBAND/STOPBAND FILTER 
C 2   = DIFFERENTIATOR 
C 3 = HILBERT TRANSFORM FILTER 
C NBANDS — NUMBER OF BANDS 
C i-GRID— GRID DENSITY, WILL BE SET TO 16 UNLESS 
C SPECIFIED OTHERWISE BY A POSITIVE CONSTANT. 
C 
C EBGEC2*NBANDS)— BANDEDGc ARRAY, LOWER AND UPPER EDGES FOR EACH 
C UITH A MAXIMUM OF 10 BANDS. 
c 
C FX(NBANDS)— DESIRED FUNCTION ARRAY (OR DESIRED SLOPE IF A 
C DIFFERENTIATOR) FOR EACH BAND. 
C 
C WTX( NBANDS) — WEIGHT FUNCTION ARRAY IN EACH BAND.  FOR A 
C DIFFERENTIATOR, THE WEIGHT FUNCTION IS INVERSELY 
C PROPORTIONAL TO F. 
C 
C SAMPLE INPUT DATA SETUP: 
C 32,1,3,0 
C 0.0,0 .1,0.2,0.35,0.425,0.5 
C 0.0,1.0,0.0 
C 10 0,1.0,10.0 
C THIS DATA SPECIFIES A LENGTH 32 BANDPASS FILTER WITH 
C STOPBANDS 0 TO 0.1 AND 0.425 TO 0 S, AND PASSBANI) FROM 
C 0.2 TO 0.35 WITH WEIGHTING OF 10 IN THE STOPBANDS AND 1 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c- 
c 

c 
c 

•;• o o o 

IN THE PASSBAND.  THE GRID DENSITY DEFAULTS TO 16. 
THIS IS THE FILTER IN FIGURE 10. 

THE FOLLOWING INPUT DATA SPECIFIES A LENGTH 32 FULLBAND 
DIFFERENTIATOR WITH SLOPE 1 AND WEIGHTING OF 1/F. 
THE GRID DENSITY UILL BE SET TO 20. 

32,2,1,20 
0,0.5 
1 . 0 
1 . 0 

COMMON P12,AD,DEV,X,Y,GRID,DES,UT,ALPHA,IEXT,NFCNS > NGR ID 
COMMON NITER,IOUT 
DIMENSION IEXT(34),AD(34),ALPHA(34),X(34),Y(34) 
DIMENSION H(34) 
DIMENSION DESC544),GRID(544),UTtS44J 
DIMENSION EDGE(20),FX(10),WTX(10),DEUIAT(iO> 
DOUBLE PRECISION PI2,PI 
DOUBLE PRECISION AD,DEV,X,Y 
DOUBLE PRECISION GEE,D 
INTEGER 3D1,BD2,BD3,BD4 
DATA BDl,BD2,BD3.BD4/iHB,iHA,ihN,iHD/ 
INPUT=I1MACH(1) 
I0UT=I1MACH(2) 
INPUT«4 
IOUT=i 
WRITE(IOUT,9000) 
:ORMAT(; ') ) 
PI=4.0*DATAN(1 
PI2=2.QDOQXPI 

0DO ) 

THE   PROGRAM IS SET UP FOR A MAXIMUM LENGTH OF 64, BUT 
("HIS UPPER LIMIT CAN BE CHANGED BY REDIMENSIONTNG THF 
ARRAYS IEXT, AD, ALPHA, X, Y, H TO BE NFMAX/2 + 2. 
THE ARRAYS DES, GRID, AND UT MUST DIMENSIONED 
1OMNFMAX/2 * 2) . 

C 
C 
c 

NFMAX=64 
it)   CONTINUE 

JTYP£=0 

PROGRAM INPUT SECTION 

RFAD(INPUT,*) NFILT, JTYPE,NBANDS.LGRID 
IFlNFILT.EQ.O) STOP 

110   FCRMAT(4I5) 
IF(NFILT LE. 
CALL ERROR 
STOP 

NFMAX.OR.NFILT GE.3) GO TO 115 
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c 
c 
c 
c 

IFCNBANDS.LE.0) NBANDS=1 

GRID DENSITY IS ASSUMED TO BE 16 UNLESS SPECIFIED 
OTHERWISE 

IFCLGRID LE.O) LGRID=i6 
JB=2*NBANDS 
READdNPUT,*) (EDGE( J ) , J = i , JB ) 

120   rORMAT<4FlS.9> 
READdNPUT,*) <FX(J),J=i,NBANDS) 
READdNPUT,*) (UTX(J) ,J=1,NBANDS) 
IFdTYPE.GT.O.AND. JTYPE.LE.3) GO TG 125 
CALL ERROR 
STOP 

125   NEG=i 
IFdTYPE.EQ.l) NEG = 0 
N0DD=NFILT/2 
N0DD=NFILT-2*N0DD 
NFCNS=NFILT/2 
IF<NODD.EQ.1.AND.NEG. EQ.O) NFCNS=NFCNS+1 

135 

140 
145 
C 

SET UP THE DENSE GRID.  THE NUMBER OF POINTS IN THE GRID 
IS (FILTER LENGTH * 1>*GRID DENSITY/2 

GRID(i)=EDGE(l) 
DELF=LGRID*NFCNS 
DELF = 0 . S/'DELF 
IF(NEG.EQ.O) GO TO 135 
IF(EDGEd) .LT DELF) GRID(1)=DELF 
CONTINUE 
J = i 
L = i 
LBAND=1 
FUP=£DGE(L+1) 
TEnP=GRID(J) 

C 
C 
c 

CALCULATE THE DESIRED MAGNITUDE RESPONSE AND THE WEIGHT 
"UNCTION ON THE GRID 

DES <J)=EFF < TEMP,FX,WTX,LBAND,JTYPE) 
WT<J)=WATEdEMP,FX, WTX, LBAND, JTYPE) 
J=J+t 
r,RID(J)=TEMP + DELF 
IF(GRID<J>.GT FUP) GO TO 130 
GO TO 145 

150   GRID(J-i)=FUP 
DES(J-i)=£FF<FUP,FX,WTX,LBAND,JTYPE) 
WT(J-1)=WATE(FUP,FX,WTX,LBAND,JTYPE) 
LBAND=LBAND+1 
L=L+2 
IF(LBAND.GT.NBANDS) GO TO 160 
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GRID(J)=EDGE(L> 
GO TO 140 

160   NGRID=J-i 
IF(NEG.NE.NODD) GO TO 165 
IF<GRID(NGRID> . GT . ( 0 5-DELF) ) NGR ID=NGRID-1 

165   CONTINUE 
C 
C SET UP A NEW APPROXIMATION PROBLEM WHICH IS EQUIVALENT 
C TO THE ORIGINAL PROBLEM 
C 

IFCNEG) 170,170,130 
170   IF(NODD.EQ.l) GO TO 200 

DO 175 J=i,NGRID 
CHANGE=DCOS(PI*GRID<J)) 
DES < J > =DES(J)/CHANGE 

175        WT(J)=UT(J)»CHANGE 
GO   TO   200 

lilO        IF(NODD.EQ.l)   GO   TO   190 
DO   135   J=i,NGRID 
CHANGE=DSIN(PI*GRID(J>) 
DES(J)=DES<J)/CHANGE 

135   WTCJ)=UT<J)*CHANGE 
GO TO 200 

190   DO 195 J=i,NGRID 
CHANGE=DSIN<PI2*GRID<J>) 
DES(J)=DES <J)/CHANGE 

195   UT(J)=UT(J)*CHANGE 
c 
C INITIAL GUESS FOR THE EXTREMAL FREQUENCIES—EQUALLY 
C SPACED ALONG THE GRID 

20 0   TEMP=FLOAT(NGRID-i >/FLOAT(NFCNS) 
DO 210 J=l,NFCNS 
XT=J-1 

210   IEXT<J)=XT*TEMP+1.0 
IEXT(NFCNS+i)=NGRID 
NMi=NFCNS-l 
NZ=NFCNS+1 

C 
C CALL THE REMEZ EXCHANGE ALGORITHM TO DO THE APPROXIMATION 
C PROBLEM 
C 

CALL REMEZ 
C 
C CALCULATE THE IMPULSE RESPONSE. 
C 

IF(NEG) 300,300,320 
300   IF(NODD.EQ.O) GO TO 310 

DO 305 J=1,NM1 
NZMJ=NZ-J 

305        H(J>=0   S*ALPHA<NZMJ) 
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H(NFCNS)=ALPHA<1) 
GO   TO   350 

310        H(1) = 0 ,25j|iALPHA(NFCNS) 
DO   315   J=2,NM1 
NZMJ=NZ-J 
NF2J=NFCNS+2-J 

315   H( J)=0 . 25*(ALPHA(NZMJ)+ALPHA(NF2J)> 
H(NFCNS)=0.S*ALPHA(l)+0.25*ALPHA<2) 
GO TO 350 

320   IF(NODD.EQ.O) GO TO 330 
H(i)=0 .25*ALPHA<NFCNS) 
H(2)=0.25*ALPHA<NMi) 
DO 325 J=3,NM1 
NZMJ=NZ-J 
NF3J=NFCNS+3-J 

325   H(J)=0.25*<ALPHA<NZMJ)-ALPHA(NF3J>) 
H<NFCNS)=0 . S*ALPHA(i)~0.25*ALPHA<3) 
H<NZ)=0.0 
GO TO 350 

330   H(1)=0.2S*ALPHA(NFCNS) 
DO 335 J=2,NM1 
NZMJ=NZ-J 
NF2J=NFCNS+2-J 

335   H(J)=0 .25*(ALPHA(NZMJ)-ALPHA(NF2J) ) 
H(NFCNS)=0 . 5*ALPHA<l)-0 . 25*ALPHA(2) 

C 
C PROGRAM OUTPUT SECTION. 
C 
350   WRITE UOUT,360) 
360   FORMAT(10(/)>70(1H*)//15X,29FINITE IMPULSE RESPONSE (FIR)/ 

113X,34HLINEAR PHASE DIGITAL FILTER DESIGN/ 
2t7X,24HREMEZ EXCHANGE ALGORITHM/) 
IF(JTYPE.EQ.l) WRITE(IOUT,36S> 

365   F0RMAT(22X,15HBANDPASS FILTER/) 
IFCJTYPE.EQ.2) URITE(IOUT,370) 

370   F0RMAT(22X,14HDIFFERENTIATOR/) 
IF(.JTYPE.EQ3) URITEC IOUT ,375) 

375   FORMAT<20X,i9HHILBERT TRANSFORMER/) 
WRITE(I0UT,37S) NFILT 

373   FORMAT(20X,16HFILTER LENGTH = ,13/) 
URITE(IOUT,380) 

3O0   F0RMAT(15X,28H***** IMPULSE RESPONSE *****) 
DO 3Ü1 J=1,NFCNS 
K=NFILT+1-J 
IF(NEG.EQ.O) WRITE(I0UT,332) J,H(J),!< 
IF(NEG EQ.i) URITE(I0UT,383> J,H(J),K 

381 CONTINUE 
382 F0RMAT(13X,2HH(,I2,4H) = ,E15.3,5H = H(,I3,1H>) 
383 F0RMAT(13X,2HH(,I2,4H) = ,E15 8,6H = -H<,I3,1M>> 

IF<NEG.EQ.1.AND.NODD.EQ.1> URITE(IOUT,384) NZ 
334   FQRMAT(13X,2HH(,I2,8H) * 0.0) 
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Du 4S0 K=i,NBANDS,4 
KUP=K+3 
IF(KUP GT.NBANDS) KUP=NBANDS 
URITE<IOUT,385) (BDI,BD2,BD3,BD4,J,J=K,KUP) 

385   FGRMAT(/24X,4<4Ai,I3,7X)) 
WRITE(IOUT,390) <£DGE<2*J-i),J=K,KUP> 

390   F0RMAT(2X,1SHL0WER BAND EDGE,5Fi4.7) 
WRITECI0UT,39S) (EDGE(2*J> ,J=K,KUP) 

395   F0RMAT<2X,15HUPPER BAND EDGE,5F14.7) 
IFCJTYPE.NE.2) WRITE(IOUT,40 0> <FX(J),J=K,KUP) 

400   F0RMAT(2X,13HDESIRED VALUE,2X,5F14.7) 
IF(JTYPE.EQ.2) WR ITE( IOUT , 405) (FX( J ) , J=K ,!<UP ) 

405   FORMATC2X,13HDESIRED SL0PE,2X,5F14.7) 
WRITE<IOUT,4i0) (WTX(J) , J=K,KUP) 

410   FORMAT<2X,9HWEIGHTING,6X,5Fi4.7) 
DO 420 J=K,KUP 

420   DEVIAT<J)=DEV/UTXC.T) 
WRITEaOUT,425) (DEVIAT(J) ,J=K,KUP) 

425   F0RMAT<2X,9HDEVIATION,6X,5F14.7) 
IFUTYPE.NE. i) GO TO 450 
DO 430 J=K,KUP 

430   DEVIATCJ)=20 . 0*ALOGT(DEVIAT(J)+FXCJ) ) 
WRITE(IOUT,435) iDEVIAT(J),J=K,KUP) 

435   FORMAT<2X,15HDEVIATI0N IN DB,5Fi4.7) 
450   CONTINUE 

DO 452 J=1,NZ 
IX=IEXT(J) 

452   GRID(J)=GRID(IX) 
WRtTEU0UT,4SS) CGRID<J),J=i,NZ) 

455   FQRMAT(/2X,47HEXTREMAL FREQUENCIES—MAXIMA OF THE ERROR CURV£ 
1 <2X,5Fl2.7)) 
WRITE(IOUT,460> 

4e>i)   FCRMAT(/iX,70(iH*> , 10 (/) > 
C     GO TO 100 

STOP 
END 

C 
c 
c r 
c 
c 
c 
c 
c 
c 
c 
c- 
c 

UNCTION: EFF 
FUNCTION TO CALCULATE THE DESIRED MAGNITUDE RESPONSE 
AS A FUNCTION OF FREQUENCY. 
AN ARBITRARY FUNCTION OF FREQUENCY CAN BE 
APPROXIMATED IF THE USER REPLACES THIS FUNCTION 
WITH THE APPROPRIATE CODE TO EVALUATE THE IDEAL 
MAGNITUDE.  NOTE THAT THE PARAMETER FREU IS THE 
VALUE OF NORMALIZED FREQUENCY NEEDED FOR EVALUATION 

FUNCTION EFF(FREQ,FX,WTX,LBAND,JTYPE) 
DIMENSION FX(5),WTX(5) 
IF(JTYPE.EQ.2) GO TO i 
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EFF=FX(LBAND) 
RETURN 

1     £FF=FX(LBAND)*FREQ 
RETURN 
END 

C 
C  
C FUNCTION^ WATE 
C   FUNCTION TO CALCULATE THE WEIGHT FUNCTION AS A FUNCTION 
C   OF FREQUENCY.  SIMILAR TO THE FUNCTION EFF, THIS FUNCTION CAN 
C   BE REPLACED BY A USER-WRITTEN ROUTINE TO CALCULATE ANY 
C   DESIRED WEIGHTING FUNCTION. 
C  
c 

FUNCTION WATE(FREQ,FX,WTX,LBAND,JTYPE) 
DIMENSION FX(5),WTX(S) 
IF(JTYPE.EQ.2) GO TO 1 
WATE=WTX(LBAND) 
RETURN 

1 IF(FX(LBAND).LT.O OOOi) GO TO 2 
WATE=WTX<LBAND)/FREQ 
RETURN 

2 WATE=WTX(LBAND) 
RETURN 
END 

C 
Q  
C SUBROUTINE ERROR 
C   THIS ROUTINE WRITES AN ERROR MESSAGE IF AN 
C   ERROR HAS BEEN DETECTED IN THE DATA. 
c  
C 

SUBROUTINE ERROR 
COMMON IOUT 
URITE(IOUT,i) 

i     FORMATC44H ************ ERROR IN INPUT DATA *********») 
RETURN 
END 

C 
C  
C SUBROUTINE: REMEZ 
C   THIS SUBROUTINE IMPLEMENTS THE REMEZ EXCHANGE ALGORITHM 
C   FOR THE WEIGHTED CHEBYSHEY APPROXIMATION OF A CONTINUOUS 
C   FUNCTION WITH A SUM OF COSINES   INPUTS TO THE SUBROUTINE 
C   ARE A DENSE GRID WHICH REPLACES THE FREQUENCY AXIS, THE 
C   DESIRED FUNCTION ON THIS GRID, THE WEIGHT FUNCTION ON THE 
C   GRID, THE NUMBER OF COSINES, AND AN INITIAL GUESS OF THE 
C   EXTREMAL FREQUENCIES.  THE PROGRAM MINIMIZES THE CHEBYSHEV 
C   ERROR BY DETERMINING THE BEST LOCATION OF THE EXTREMAL 
C   FREQUENCIES (POINTS OF MAXIMUM ERROR) AND THEN CALCULATES 
C   THE COEFFICIENTS OF THE BEST APPROXIMATION. 
r,  
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c 
c 
c 

COMMON NITER,IOUT 
DIMENSION IEXTC34) ,AD(34> ,ALPHA<34> ,X(34> ,Y<34> 
DIMENSION DES<544>,GRID(S44) ,WT<<544> 
DIMENSION A(34),P<65),Q<6S> 
DOUBLE PRECISION PI2,DNUM,DDEN,DTEMP,A,P,Q 
DOUBLE PRECISION DK,DAK 
DOUBLE PRECISION ADjDEV^Y 
DOUBLE PRECISION GEE,D 

THE PROGRAM ALLOWS A MAXIMUM NUMBER OF ITERATIONS OF 25 

ITRMAX=25 
DEVL=-1.0 
NZ=NFCNS+i 
NZZ=NFCNS+2 
NITER=0 

100   CONTINUE 
IEXT<NZZ)=NGRID+i 
NITER=NITER+i 
IF<NITER.GT.ITRMAX) GO TO 400 
DO 110 J = 1,NZ 
JXT=IEXT(J) 
DTEMP=GRID(JXT> 
DTEMP=DCQS(DTEMP*P12) 

HO        XCJ)=DTEMP 
JET=(NFCNS-t)/15+l 
DO   120   J=i,NZ 

120        rtD(J)=D<J,NZ,JET) 
DNUM=0 . I) 
DDEN=0.0 
K = l 
BO   130   J=1,NZ 
L=IEXT(J) 
DTEMP=AD<J)*DE3<L> 
DNUM=DNUM+DTEMP 
DTb.MP=FLOAT <K ) *AD < J ) /UT ( L) 
DDEN=DDEN+DTEMP 

130 K=-K 
DEV=DNUM/DDEN 
URITE(IQUT,13i) DEV 

131 F0RMAT(1X,12HDEVIATI0N = ,F12.9) 
NIJ=1 
IFCDEU GT.O.0) NU=-1 
DEV=-FLOAT<NU)*DEV 
K=NU 
DO 140 J=1,NZ 
L=IEXT(J) 
DTEMP=FLOAT(K)*DEU/UT(L) 
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Y(J)=DES(L)+DTEMP 
140   K=-K 

IF(DEV.GT.DEVL) GO TO ISO 
CALL OUCH 
GO TO 400 

ISO   DEVL=DEV 
JCHNGE=0 
Kl=IEXT<i) 
KN2=IEXT(NZ) 
KLQU=0 
NUT=-NU 
J=l 

SEARCH FOR THE EXTREMAL FREQUENCIES OF THE BEST 
APPROXIMATION 

!00   XF(J.EQ.NZZ) YNZ=COMP 
IF(J.GE.NZZ) GO TO 300 
KUP=IEXT<J+l) 
L=IEXT(J>+1 
NUT=-NUT 
IF<J.EQ2) Yl=COMP 
COMP=DEy 
IF(L.GE.KUP) GO TO 220 
ERR=GEE<L,NZ> 
ERR=<ERR-DES(L))*WT<L) 
DTEMP=FLOAT(NUT)*ERR-COMP 
IF«.DTEMP .LE. 0 . 0) GO TO 220 
CQMP=FLOAT<NUT)*ERR 

»10   L=L+1 
IF(L.GE.KUP) GO TO 21S 
ERR=GEE<L,NZ> 
ERR=<ERR-DES(L>)*UT(L) 
DTEMP=FI.OAT ( NUT > »ERR-CCMP 
IF(DTEMP.LE.0.0)   GO   TO   21S 
COMP=FLOAT(NUT)*ERR 
GO   TO   210 

215        IEXT(J)=L-i 
J = J+1 
KLOU=L-i 
JCHNGE=JCHNGE+i 
GO TO 200 
L=L-1 
L=L-i 
IF(L.LE.KLOU) GO TO 250 
ERR=GEE(L,NZ) 
ERR=(ERR-DES(L)>*UT(L> 
DTEMP=FLOAT <NUT >*ERR-COMP 
IFCDTEMP.GT. 0.0) GO TO 230 
IF(JCHNGE.LE.O) GO TO 225 
GO TO 260 

22C 
;»2( 
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230 
235 

240 

26 0 

30 I) 

310 

315 

320 

325 

COMP=FLQATCNUT)*ERR 
L=L-i 
IF(L.LE.KLOU) GO TO 240 
ERR=GEE(L,NZ) 
ERR=<ERR-DES(L))*WTCL) 
DTEMP=FLOAT(NUT)*ERR-COMP 
IF(DTEMP.LE.O.0) GO TO 240 
CQMP=FLOAT(NUT)*ERR 
GO TO 235 
KLOU=IEXT(J) 
IEXT(J)=U+i 
J=J + i 
JCHNGE=JCHNGE+i 
GO TO 200 
L=IEXT(J>+1 
IF(JCHNGE.GT.O) GO TO 215 
L=L + 1 
IRL.GE.KUP>   GO   TO   260 
ERR=GEE(L,NZ) 
ERR=(ERR-DESCL)>*WT(L) 
DTEMP=FLOAT <NUT>*ERR-COMP 
IF(DTEMP.LE.0.0> GO TO 255 
CQf1P=FLOAT(NUT)*£RR 
GO TO 210 
KLOW=IEXT(J) 
J = J + i 
GO TO 20 0 
IFCJ.GT.NZZ) GO TO 320 
IF(Ki.GT.IEXT(i)) Kl=IEXT(i) 
IFCKNZ.LT IEXT(NZ)) KNZ=IEXT(NZ) 
NUTi=NUT 
NUT=-NU 
L=0 
KUP=K1 
COrtP=YNZ*(i.00001) 
LUCK»! 
L=t.. + i 
IF(L.GE.KUP) GO TO 315 
£RR=GEE(L,NZ) 
ERR=(ERR-DES(L))*WT(L) 
DTEMP=FLOAT(NUT)*ERR-COMP 
IFCDTFMP.LE.0.0) GO TO 310 
COhP = FLOAT (NUT>*ERR 
J*NZZ 
GO TO 210 
LUCK=6 
GO TO 325 
IFCLUCK .GT.9) GO TO 350 
IFCCOMP GT.Yl) Yl=COMP 
Kl-IEXT(NZZ) 
L=NGRID+1 
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KLOU=KNZ 
NUT=*-NUTi 
C0MP=Y1*<1.00001) 

330   L=L-i 
IF<L.L£.KLOW) GO TO 340 
ERR=GEE(L,NZ> 
ERR=<ERR-DES(L) >*UT(L> 
DTEMP=FLOAT<NUT)*£RR-COMP 
IF<DTEMP.LE.Q.0> GO TO 330 
J=NZZ 
COMP=FLOAT(NUT)*ERR 
LUCK=LUCK+10 
GO TO 235 

340   IFCLUCK.EQ.M GO TO 370 
DO 345 J=1,NFCNS 
NZZMJ=NZZ-J 
NZMJ=NZ-J 

345   IEXT<NZZMJ)=IEXT<NZMJ) 
IEXT(i)=Kl 
GO TO 100 

550   KN=IEXT(NZZ) 
DO 360 J=1,NFCNS 

360   IEXT(J)=IEXT(J+1) 
IEXT(NZ)=KN 
GO TO 10 0 

370   IF<JCHNGE.GT.O) GO TO 100 
C 
C  CALCULATION OF THE COEFFICIENTS OF THE BEST APPROXIMATION 
C  USING THE INVERSE DISCRETE FOURIER TRANSFORM 
C 
40 0   CONTINUE 

Nhi=NFCNS-i 
FSH»i.0E-06 
GTEMP=GRID(1) 
X(NZZ>=-2.0 
CN=2*NFCNS-i 
DELF=1. 0/CN 
l. = l 
KKK = Q 
IF(GRID(1) . LT. 0 . 01 .AND   GRIDCNGR ID) .GT.O.49)    KI<!< = 1 
IFCNFCNS.LE.3)   KKK=i 
IF<KKK £Q. 1) GO TO 405 
DTEMP=DC0S(PI2*GRID< 1.) ) 
DNUM=DCOS(PI2*GRID<NGRID)) 
AA=2.Q/(DTEMP-DNUM> 
BB=-(DTEMP+DNUM)/(DTEHP-DNUM) 

405   CONTINUE 
DO 430 J=1,NFCNS 
FT-FLOATU-i) 
FT=FT*DELF 
XT=DC0S<PI2*FT) 
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IF(KKK EQ.1) GO TO 410 
XT=(XT-BB)/AA 
XT1=SQRT(1.0-XT*XT> 
FT=ATAN2(XT1,XT)/PI2 

410   XE=X<L> 
IF(XT.GT.XE) GO TO 420 
IF((XE-XT>.LT.FSH) GO TO 415 
L*L+i 
GO TO 410 

415   A(J)=Y(L) 
GO TO 425 

420   IFUXT-XE) .LT.FSH) GO TO 415 
GRID(1)=FT 
A(J)=GEE(i,NZ) 

425   CONTINUE 
IF(L.GT.l) L=L-i 

43Ü   CONTINUE 
GRID<i)=GTEMP 
DDEN=PI2/CN 
DO 510 J=i,NFCNS 
DTEMP=0.0 
DNUrt=J-i 
DNUrt=DNUM*DDEN 
IF(NMi.LT.1) GO TO 505 
DO 500 K=i,NMl 
DAK=A(K+i> 
DK=K 

500   DTEr1P=DTEMP+DAK*DCaS(DNUtt*DK) 
505   DTEHP=2.fl*DTEMP+A<i> 
510   ALPHA <J)=OTEMP 

DO 550 J=2,NFCNS 
SS0   ALPHA<J>=2.0*ALPHA(J)/CN 

ALPHA«1)=ALPHA<1)/CN 
IFCKKK EQ.i) GO TO 545 
P<i)»2,0*ALPHA(NFCNS)*BB+ALPHA(NM1) 
P<2)=2.0*AA*ALPHA(NFCNS) 
Q<l)=ALPHA<NFCNS-2)-ALPHA(NFCNS) 
DO 540 J=2,NM1 
IFC.T.LT NH1) GO TO 51S 
AA = ü . 5*AA 
BB=0   5*BB 

515        CONTINUE 
PU + i)=»0   0 
DO   520   K=l,J 
A ( K)=P(K ) 

520        P<:<)=2. 0*BB*A(K) 
P(2)=P(2)+A(1)*2.0*AA 
JMi=J-l 
DO   525   K=i,JMi 

525        P(K)=P<K)+Q(K)+AA*A<K+i> 
JPi = .T+i 
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535 

540 

543 
545 

DO 530 K=3,JPi 
P(K)=P(K)+AA*ACK-1) 
IF(J.EQ.NMi) GO TO 540 
DO 535 K=i,J 
Q(K)=-A<K> 
NF1J=NFCNS-1-J 
Q<i>=Q(l>+ALPHA<NFiJ) 
CONTINUE 
DO 543 J=i,NFCNS 
ALPHA<J)=P(J) 
CONTINUE 
IF(NFCNS.GT.3) RETURN 
ALPHA(NFCNS+1>=0.0 
ALPHA<NFCNS+2>=0.0 
RETURN 
END 

C- 
c 
c 
c 
C- 
c 

1 
2 
3 

C 
c- 
c 
c 
c 
c- 
c 

FUNCTION: D 
FUNCTION TO CALCULATE THE LAGRANGE INTERPOLATION 
COEFFICIENTS FOR USE IN THE FUNCTION GEE. 

DOUBLE PRECISION FUNCTION D(K,N,M> 
COrtMON P 12, AD , DEU ,X, Y,GRID, DES, UT, ALP HA , IEXT , NFCNS , NGR ID 
DIMENSION IEXTC34),AD(34>,ALPHA(34),X(34>,Y(34> 
DlflENSION DES<544) ,GRID<544) ,WT<544) 
DOUBLE PRECISION AD.DEV^Y 
DOUBLE PRECISION Q 
DOUBLE PRECISION P 12 
D = i. 0 
3=X<K) 
DO 3 L=l,n 
DO 2 J=L,N,M 
IF(J-K)i,2,1 
D=a.0*D*(Q-X(J)) 
CONTINUE 
CONTINUE 
D=i . 0/D 
RETURN 
END 

FUNCTION GEE 
FUNCTION TO EVALUATE THE FREQUENCY RESPONSE USING THE 
LAGRANGE INTERPOLATION FORMULA IN THE BARYCENTRIC FORM 

DOUBLE PRECISION FUNCTION GEE(K,N) 
COMMON P12,AD,DEV,X,Y,GRID,DES,WT,ALPHA,TEXT,NFCNS,NCR ID 
DIMENSION IEXT(34),AD(34),ALPHA(34),X(34),Y(34) 
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DIMENSION DES(544),GRID(544),UT<544) 
DOUBLE PRECISION P,C,D,XF 
DOUBLE PRECISION PI2 
DOUBLE PRECISION AD,DEV,X,Y 
P = 0 . 0 
XF=GRID(K> 
XF=DCOS(PI2*XF> 
D = 0. 0 
DO i J=i,N 
C=XF-X(J) 
C=AD(J)/C 
D = D+C 
P=P+C*Y(J) 
GEE=P/D 
RETURN 
END 

SUBROUTINE; OUCH 
WRITES AN ERROR MESSAGE WHEN THE ALGORITHM FAILS TO 
CONVERGE.  THERE SEEM TO BE TWO CONDITIONS UNDER WHICH 
THE ALGORITHM FAILS TO CONVERGE: (i) THE INITIAL 
GUESS FOR THE EXTREMAL FREQUENCIES IS SO POOR THAT 
THE EXCHANGE ITERATION CANNOT GET STARTED, OR 
(2) NEAR THE TERMINATION OF A CORRECT DESIGN, 
THE DEVIATION DECREASES DUE TO ROUNDING ERRORS 
AND THE PROGRAM STOPS.  IN THIS LATTER CASE THE 
FILTER DESIGN IS PROBABLE ACCEPTABLE, BUT SHOULD 
BE CHECKED BY COMPUTING A FREQUENCY RESPONSE. 

SUBROUTINE OUCH 
COMMON NITER,I OUT 
WRITECIUUT,!)NITER 
FORMAT(44H ************ FAILURE TO CONVERGE ****«***:*#, 3(/) , 
140HPROBABLE CAUSE IS MACHINE ROUNDING ERROR, 3(/>, 
222HNUMBER OF ITERATIONS =,I4,3(/), 
338HIF THE NUMBER OF ITERATIONS EXCEEDS 3,3(/), 
461H THE DESIGN MAY BE CORRECT, BUT SHOULD BE VERIFIED WITH AN FFT) 
RETURN 
END 
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FIRF2 Output 

DEVIATION 
DEVIATION 
DEVIATION 
DEVIATION 
DEVIATION 
DEVIATION 
DEVIATION 
DEVIATION 

000734616 
0Ü6314959 
021566622 
026202958 
032680455 
034435450 
0 34448376 
034448590 

BANDPASS FILTER 

FILTER LENGTH =  55 

***** IMPULSE RESPONSE ***** 

H( i) = .10662768E-02 = H( 55) 
H< 2) = .S3777557E-02 a H( 54) 
H( 3) = .35755956E-02 = H< 53) 
H( 4) = -90673427E-02 a H( 52) 
Hi 5) = -909Ö7477E-02 a H< 51) 
h( 6) = .29156702E-02 • HC 50) 
H< 7) = 39638160E-02 a H( 49) 
H( 8) = 11171967E-01 a H( 48) 
H< 9) • .11646770E-01 = H( 47) 
H(10) = -.99630672E-02 a H( 46) 
H<li) = - 92384685E-02 a HC 45) 
H(12) = -.20406403E-01 = H( 44) 
H< 13) = -.19460432E-01 a H( 43) 
H( 14) = .31243082E-01 a H( 42) 
H<15) = .63045118E-02 a H( 41 ) 
I-K16) = -20482879E-01 • H( 40) 
H<17> = &S741474E-02 • H( 39) 
H<13) = -.11201S89E-02 = H( 38) 
H<19) = 419S6394E-01 a H( 37) 
H(20) = 3S784297E-01 a H< 36) 
H(2i) = 34744851E-01 a H( 35) 
H<22) = 71496233E-01 • H( 34) 
H(23) = -.17133839E+00 • H( 33) 
H(24) = -. 18255037E+00 m H< 32) 
H(25) = 740S9084E-01 a H( 31) 
H<26> = -.1031742SE+00 a H( 30) 
H < 27) • 25716718E-01 = H( 29) 
H(28) = .37813SS6E+00 = H( 23) 
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LOWER BAND EDGE 
UPPER BAND EDGE 
DESIRED VALUE 
LIGHTING 
DEVIATION 
DEVIATION IN DB 

BAND  1 
. 0000000 
050Q00J 
0000000 
0000000 
.0034449 

-49.236576S 

10 

BAND  2 
1000000 
.1500000 

i .ooooooo 
i 0000000 
.0344486 
2941777 -38 

BAND 3 
1800000 
2500000 
0000000 
0000000 
0114829 
7990036 

BAND 4 
. 3000(100 
3600000 
.0000000 
0000000 
0344486 
2941777 

LOWER BAND EDGE 
UPPER BAND EDGE 
DESIRED VALUE 
WEIGHTING 
DEVIATION 
DEVIATION IN DB 

BAND  5 
.4100000 
.5000000 
OOOOOOO 

20.0000000 
.0017224 

•55.2771683 

EXTREMAL FREQUENCIES—MAXIMA OF THE ERROR CURVE 
0 0 0 0 0 0 0 
iOOÜOOÜ 
18000 00 
2436153 
3502244 
-4457151 

0167411 
1089285 
135580 3 
2500000 
36C0000 
4635727 

.0323661 

.1267856 
1978571 

. 3000000 
41000ÜÜ 
.4814302 

0446429 
1424105 
2134820 
3122771 
41S580S 
5000000 

0500000 
1500000 
2312230 
3323668 
4239737 

************************** ***** ******************* ******* ************* 
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1 

FTN4. L 

PPOGPAM CQVftU 

C "IAIN PROGRAM: 
C AUTHORS: 
C     SRflV - 
C     BOTH - 

TEST PPOGPAM FDR COVAP RND ftUTQ 
ft. H. SRftY» JP. AND J. D. MAPKEL 
UNIV. OF CflLIF.« SANTA BAPBAPA. CA 93109 
SIGNAL TECHNOLOGY. INC.. 15 U. DE LA GUEPPA 
STREET. SANTA EPABAPA. CA  93101 

DIMENSION xaoO'M- fi<21) . RC<21> 

IOUTD = 1 
X<1) = 1. 
••< •::£:• =1.44 
XO) = 1.44*X<2> -1.26 
DO 10 J=4,40 

X<J) = l.44*X<J-l) - l.26*X<J-2) + .31*XCJ-3> 
10    CONTINUE 
?999 FDRMftT •• 13. £E 15. 6> 
3998 FORMAT <E 12. S'O 

N = 40 
DO £0 M«2»3 

CALL COVAP >:N. X i M. A, ALPHA. -•<'_•> 
MP = M+l 
Wl! ITE''IOUTD. 9999"' ••.I > A <I':< . PC <I) > 1 = 1« MP) 
MR ITE •: IOUTD i 9993) ALPHA 
CALL AUTO '.'N. X> Ms A. ftLPHft» RC> 
• .IP I TE <: I OUTD. 3999» •• I • A •' I '• . PC '•' I '• • I = 1« HP •• 
UP ITE <IOUTD.9993) AL-HA 

£0   CONTINUE 
DO 3 0 JE=1.4 0 

j = 44-JB 

30    CONTINUE 
DO 4 0 J=l.3 

JE = 43+J 
X < J ' = 0. 
X<J8) = o. 

4 0    CONTINUE 
M«3 
N=46 
CALL COVAP <M.X.M.A.ALPHA.RC> 
MP = N+l 
'..IP I TE >•: I OUTD. 5999)    < I. A < I.- . PC \I"' . I = 1. MP•) 
WRITS a OUTD. 9993:'    ALPHA 
CALL   AUTO CN» Xi M. A. ALpHA. PC' 
WRITE ''IOUTD. 9999:'    <I»ft<H .PC a:' . 1 = 1.-1= ' 
MPITS <IOUTD.999 3 >    ALPHA 
•TOP 
END 
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•'.   IUEPOUTINE: CQVAR 
I fl rUE^OUTINE P"OP IMPLEMENT IKS THE COVftRIftNCE 
C METHOD OF LI NEW PREDICTION ANALYSIS 

i 

SUBROUTIME COVftR CM•X»M»ft»HLPHR.SRC) 

C   INPUTS«  H - MO. OP DRTR POINT': 
C XCN> - INPUT DRTR SEQUENCE 
C M - ORDEP OF FILTER CM<21,SEE NOTE*) 
:  OUTPUTS«  R - FILTER COEFFICIENT" 
C RLPHR -* RESIDUAL "ENERGY". 
C SRC - "GENERALIZED REFLECTION COEFFICIENT; 

: »PROGRAM LIMITED TO M»20 BECAUSE OF THE DIMENSIONS 
C BCM*CH-D £> « EETR-'MM RND CCCM+D 

DI MEN3I !0M X < 1) • R •: 1 > > SRC C 1 •' 
DIMENSION E < 190 • - BETA '£0': • CC C2D 
MP a -»1+1 
MT = .MP»M' i 
DO 10 J=1-MT 

B( J> = 0. 
10    CONTINUE 

R'_C-HR = 0. 
CCCD = o. 
:C'£:' = o. 
DO 20 NP«MP»N 

M»l = NP-1 
RLPHR = ^LPHA+XCNP>*XCNP) 
C'I CD = CC < 1 ' +'•-. CNP i •'••! CNP 1 > 
:C''2>   =  CCC2>+XCNPD*XCNPD 

£0 CCNTINUE 
BCD   =   1. 
BETA' D   •  CCC2) 
NCI; , i I   s   -CC C1 >  'CC •''2> 
A CD    =   1. 
R C2)   •  SRC ,;. D 
ftLPHft   =   RLPHR+GPC >• 1) *CC C1''• 
MF   =   M 
00   130  MINC*S*MF 

DO   30   J»l»MINC 
JP   =   MINC+£-J 
nj = MP+i-jp 
HS   -   N*1-MINC 
N?   =   N+2-JP 
r44   =  MP-MIMC 
cc c JP) • cc •: JP-1 • +x CN4 • »x CN I > -x CN2"> •X CN3) 

30 CONTINUE 
CC<D   =   0. 
DO  4 0   NP=MP«N 

Ml   =   NP-MIN'I 
C C ' 1 '   •  CC ''' 1 ' +X CN 1 ' •'•'•.' NP ' 
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40 CONTINUE 
•OJE  =»   <MINC*MINC-MINC> '2 
MMI   =  ri INC-1 
»1*11   •  MINC-i 
Ml   • MSUB+MINC 
B'N1>   *   1. 
DO  80   IP=1-MM1 

ISUB •   'IP*IP-IP>   £ 
IF<BETfKIP>>    1'SO* 150,50 

•50 SflM  •   0. 
DO 60  J=l.IP 

Nl   •   ISUB+J 
SRM  =  SflW*CC < J+1 > *B '• Nl • 

£0 CONTINUE ' 
SAM   =   SflM   BETH''IP> 
DO  70   JP«1»IP 

Ml   = MSUB+JP 
N2   =   ISUE+JP 
E < N1 .'•   =  E • N1) -5W*B <N2) 

TO CONTINUE 
30 COMTINUE 

BETA'MINC'    =   0. 
DO  90   J"1»MINC 

Ml   =  MSUB+J 
BETftCMINO   =  8ETft<MINC>+CC"CJ*l i •B<N1 

90 CONTINUE 
IF' EETR'.MINC> >    ISO» 150. 1 00 

too ;=o. 
Da no IP*I»MINC 

2  =  S+CC '• Ip"' *M • IP'> 
110 CONTINUE 

SB C ' MINC '   =   -'-   EETR CM I NO 
DO   120   IP»2»MINC 

M2  =   »f$UB+IP-l 
qciPI   =  ft<IP>+S*?C<MlMC>*B<M2> 

120 CONTINUE 
H (MINC+1>   =  SRC < M INC) 
3  =  SRC<MINC)*SRC(MINC'»BETA<MIMC> 
ALPHA   =   SLPHH-i: 
IF'HtLDHR>    150» 150» 130 

130       CONTINUE 
140       RETURN 
150       CONTINUE 

"   WARNING  -  SINSULflR  MATRIX 

IOUTti  =   1 
WRITE« IOUTD''?'?'?'?' 

•3993    PQRMRT04H WARNIN6 -  SINGULAR MATRIX  -  C 
GO  TO   140 
END 

C 
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C A SUBROUTINE FOP I«PLEITEN"!"INS THE AUTOCORRELATION 
: METHOD OF LINEAR PREDICTION ANALYSIS 

SUBROUTINE AUTOCN»X»M»R» RLPHR, PC':- 
c 
I INPUTT:  M - NO. OF DRTR POINTS 
C X<N> - INPUT DRTR SEQUENCE 
C M - ORDER OF FILTER <M<21J SEE NOTE*- 
C OUTPUT:::  A - ^ILTEP COEFFICIENTS 
C ALPHA - RESIDUAL "ENERGY 
C PC - REFLECTION COEFFICIENT: 

- *pRQS$ftfl LIMITED TO N<£1 BECAUSE OF DIMENSION: OF R<.) 

DI MEN: I ON •*: < i>» Aa>»RC<l) 
DI MEN: I ON R<21) 

10 
20 

30 

4 0 

50 
60 
70 

TIP = n*i 
DO £ 0 K»liMP 
ROO = 0. 
HW   a N-K+I 
DO 10 NP=1.NK 

NI = HP+i:-i 
P ,:>::> = P <«) +X <NP."> •X <N1 - 

CONTINUE 
CONTINUE 
PC '•• 1) • -P(i!'' '9(1') 
A<1> = 1. 
At'2.) = RC '1 • 
RLPHR = R <i i +P >.'£ > •RC '• 1) 
DO 5 0 MINC»£»M 

:=o. 
DO 30 IP»1»NINC 

Nl = MINC-IP+£ 
•;. ^ s+P'-'Nl >*A< IP) 

CONTINUE 
RCCMINO = -:."RLPHR 
MH = MINC "2*\ 
DO 4 0 I ='=•£•, MM 

IE = NINC-IP+2 
RT  =  A<IP'»+RC<MINC>»A<IB) 
R •• IE ••    =   R < IB :• +RC CM INC > *R < IP! 
R'.IP'    =   RT 

CONTINUE 
R'MINC-t-1'    =   PC'.MINO 
ALPHA   =   ALPHA+RC CMINC-- »S 
IF<ALPHAj   70«70«50 

CONTINUE 
RETURN 
CONTINUE 

:   WARNING  -   SINSULAR MATRIX 

IOUTD   =   1 
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WRITE aOUTD» 99991 
?999    PQRMftT<33H  WSRININ6  - 

SO TO 60 
END 

SINSULfiR MATRIX - SUTQ) 
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COVAR Output 

1    .1Q0Q00E+Q1 
£   -.10SÜ20E+01 
3    .197714E+00 
,172096E+01 

1 .1QOOOOE+01 
a -.116200E+01 
3    .283t98E+00 
,3033S9E+01 

1 .100000E+01 
2 -.144000E+Q1 
3 .123999E+01 
4 -.809995E+00 
162123E-04 

1 .1OOOOOE+Ol 
2 -.136308E+01 
3 .110826E+01 
4 -.710Q38E+QO 
152913E+01 

1 .100000E+01 
2 -.136308E+01 
3 .110826E+01 
4 -.710039E+00 
152913E+-01 

1 .1000 00E+01 
a  -. 136308E+01 
3 .110S26E+01 
4 -,7i0038E*00 
152913E+01 

•.S91H7E+00 
.197714E+00 
.000000E+ 00 

•.9 05549E+0 0 
.283198E+00 
.00000OE+00 

•.935487E+00 
.313703E+0 0 

•. S09993E+0Q 
.00000OE+00 

•- 905549E+00 
.283198E+90 
-.71 003SE+00 
.ÖO00OOE+O0 

•. 9Ö5549E+00 
.2S3193E+00 
-.71 0039E+00 
.0O0OOOE+O0 

•• 905349S+00 
.283I93E+ÜQ 
-.71 0033E+00 
.00000OE+00 
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-TM4.L 
C 

»R06RAMO,FWIIR NAMED COMMON 

I MAIN PROGRAM»  FWIIP 
C AUTHORS»       KENNETH STEIGLITZ RND BRUCE D. LRDENBORF 
C PRINCETON UNIVERSITY» PRINCETON, NJ 0854 0 
C VERSION OCTOBER 15» 1973 

C INPUT:        A SRID OP FREQUENCY POINTS RND fl SET OF 
C (ESSENTIALLY) INFINITE PRECISION COEF- 
C FtCIENTS. IEE   SUBROUTINE INDRT FOR 
C DETRILED INPUT INFORMATION. 
C 
•I THIS PROSRAM BESISNS FINITE WORD-LENGTH II1? DISITAL 
I FILTERS.  THE METHOD USES RANBOMIZED PATTERN SEARCH 

•Z OF NOOKE RND JEEVES. RND IS BESCRIBEB IN "DESIGNING 
C SHORT-WORD RECURSIVE DISITAL FILTERS»" BY KENNETH 
C STEISLIT2» IN PROC. 9TH RNNURL ALLERTON CONF. ON CIRCUIT 
:. RND SYSTEM TH.» PP. 773-738  OCT. 1971.  PEPRINTEB IN 
C DISITAL SISNAL PROCESSING II» EDITED BY THE DISITAL 
C SISNAL PROCESSING COMMITTEE OF THE SROUP ON ASSP« IEEE 
C »PECS. N. Y.» 1976. 

DOUBLE PPECISI ON U <% 0 > ? V '3 0' . ME IGHT <S Q> «: •.' < 36 > 
DOUBLE PRECISION SDELTA»DELTA2»DUMMY»RHO»EST»F 
LOGICAL PPINT»TWQPTfFIXCOF 
COMMON 'ABC -X» NSET .< NTWOPT« NB IT1»NBIT2» NSECT« N 
COMMON - PRiil -M. V - WE I GHT» M • KOUNT 
COMMON/STEEP-PRINT»TWOPT»FIXCOF 
COMMON 'MACH.- IHD» IOUTD 

I: SET UP MACHINE CONSTANTS 

WRITE <i» 100) 
100  FORMATC'"WHAT IS THE INPUT LU»?") 

READ<I»*) IND 
WRITS ' i»200) 

300  FORMAT <•"WHAT IS THE OUTPUT LU«?M) 
PERDa-*- IOUTD 

: READ IN PROBLEM DRTR 

CALL INDRT 

C IE!   SMALL RND LARGE DELTR 
r 

SDELTA = <.3D 0)*#NBIT1 
DELTRZ = (.3D0>**NB!T2 

C SET RANDOM NUMBER GENERATOR BY CALLING IT NSET TIME! 
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DO 10 J»1»NSET 
DUMMY = DELE'-UNI CO) ) 

10   CONTINUE 

I TU.TN DPP THE PR I NT IMG CPTION FOR FUNCT 
C 

PRINT = .FALSE. 

; ROUND OF? THE COEFFICIENTS TO, MEIT1 BIT' 

DC  20  J=l»N 
XCJ)   =   DSISN<$BELTA*FLOAT<IBINT<OABS <X<J> ) 'SBELTP. 

• +. 5DQ) ) »X CJ>) 
£0          CONTINUE * 

UP ITE (IQUTD » 99991   NBIT1 
9999     FOWWT< "'37HTHE   INITIAL  COEFFICIENTS»   ROUNDED   TD   »13» 

• I OH   BITS.   ARE) 
DO   30  J»1»NSECT 

WRITE CIQUTB» 9998) J»X <4*J-3) < X C4«>J~£) »X <4*>J-1 > • X <4*J) 
30    CONTINUE 
9998  - DRMAT C7HSECTI ON • I ? -1H , £D£ 0. 1 0 •-1H > £D£ 0. 1 0 > 

! LET oflRAWETEP VALUES FOR H-AND-JJ THESE WAY BE CHANGED IF 
C DESIRED. H-AND-J MULTIPLIES THE STEP SIZE BY RHOS TAKE °H<3- 

RHO • . 3D0 

C H-AND-J STOPS IF THE FUNCTION VALUE -ALL! BELOW EIT: 
C TAKE EST = 0. 

EST = 0. 

C H-AND-j STOPS lc   WE EXCEED "LIMIT" FUNCT CALLS! 
C TAKE LIMIT = tO?0 00 

LIMIT = 1000 0 
'.i(= ITE • I0UTB»9997) 

?997  FORMAT < '47HNEXT FOLLOWS A REPORT c='OM THE SEARCH RLS3RI 
CALL HAND J <N. DELTR2« SBELTR» RHO» EST» LIM T» X > 
WRITE<IGUTD»9996) NBITl 

999«  FORMAT C^OHTHE FINAL COEFFICIENTS» HAVING« 13« 
• 10H BITS» ARE.> 
DO 4 0 J=l.NiECT 

WRITE • IQUTD» 9998) J»X<4*J-3) i X<4*>J-£) « "• > 4» J-l» « i <4*J • 
40    CONTINUE 

C »PINT CUT THE FINAL FINE GRID AND QUIT 

PRINT = .TRUE. 
CALL FUNCT<N»X»F) 
3TOP 
END 

C 5U8ROUTINEI  INDAT 
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: THIS SUBROUTINE READS IN TME PROBLEM DATA: 
I CARD 1 HAS THE NUMBER OF COEFFICIENTS PER STAGE (3 "- 4>. 
: THE INITIAL SETTING OF THE RANDOM NUMBER GENERATOR» 
C '"HETHEP TWO-OPT SHOULD BE USED CO IS NO. 1 15 YES>» THE 
C DESIRED EIT LENGTH OF THE COEFFICIENT". AND THE INITIAL 
C SEARCH DELTA (IN ElTO FDR THE HQOKE AND JEEVES ALGORITHM. 

3 THE NEXT SET OF CARDS SPECIFIES THE SRID» ONE 6RID POINT 
; PES CARDi  EACH CARD HAS FIRST THE FREQUENCY IN FRACTIONS 
Z   OF THE NYQUIST FREQUENCY- NEXT THE DESIRED TRANSFER R/NC- 
C TION» AND THIPD THE TOLERANCE. TO INDICATE THE END DF THE 
C GRID POINTS» SPECIFY A FREQUENCY OF 1. THE M CARDS ARE 
: COUNTED' M.LE.100. THE PRESENT SUBROUTINE FIJNCT ASSUMES ^OP 
C THE A CALCULATION*THAT THE DESIRED TRANSFER PJNCTION TAKES 
C ON ONLY THE VALUES 0 OP 1. THAT IS» THE FILTER HAS ONLY PASS 
S AND STOP BANDS» AND EVERY PASS BAND HAS DESIRED VALUE OF I» 
C AND THE SAME TOLERANCE. 

S THE NEXT CARD HAS THE NUMBER OF SECOND-ORDER SECTIONS» NSECT, 

I THE NEXT CARDS HAVE THE "INFINITE PRECISION" COEFFICIENTS» 
3 ONE PEP CARD. THE COEFFICIENTS 

C
OR SECTION 1 ARE GIVEN 

: FIRST, NE::T SECTION 2» ETC WHITHIN EACH SECTION THEY APE 
C IN THE ORDERS NUMERATOR COEFFICIENT OF Z**<-1>» NUMERATOR 
C COEFFICIENT OF Z++<-£)   <IF 4 PER SECTION?» DENOMINATOR 
C COEFFICIENT OF Z++<L-T*>>   DENOMINATOR COEFFICIENT OF Z*+<-2>. 
I THERE ARE 3*NSECT OR 4*NSECT COEFFICIENTS READ IN, OWEN- 
S' DING ON WHETHER THERE ARE 3 OR 4 COEFFICIENTS 

D
ER SECTION» 

S NSECT.LE.?. IN THE CASE OF 3 COEFFICIENTS 
C
'EF SECTION- T^£ 

I SECOND NUMEEPATOR COEFFICIENT IS SET TO 1 AND FROZEN. 

SUBROUTINE INDAT 
DOUBLE PRE'S I SIOH U • .'3 0"• > Y ' SO ' < HEIGHT ' 3 0 ' • :' 3S ' 
LOGICAL PRINT»T«OPT»PIXCCF 
COMMON'flBC>"v.#NSET«NTWOPT>NBITi«NB ITS» NSECT «N 
3 OMMON PA'.i U» Y» WE IGHT - M - KOUNT 
COMMON STEEP PRINT» TMOcT. Fi: ICOF 
COMMON MACH. IND»IOUTD 

INITIALIZE KOUNT» THE NUMBER OF FUNCTION EVALUATIONS 

» BUNT = 0 

=EAD AND "PITE CARD 1 PARAMETERS 

READ' IND» •' NSCE=".NSET.NTViCPT.NEITl«NEITi: 
WRITE« IOUTD« •?•?•?3"> NCOEF»NSET»NTWOPT»NBITl>NBITS 

'?*•     FORMAT1  23H • •••• INPUT DATA •••••/'9HNUMBER OF 
* I6M COERPICIENTS RE» i OHR ZT^E   IS- IS 
• iTuCHr(D2'i INITIALIZATION IS , II 8HTW0PT IS-I3 
• 43H*INAt, • AND INITIAL "OUNDINS '• PRECISION IS« 
* I3»5H BIT! 23HINITIAL SEARCH DELTA IS»I3J3H BIT; 
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: :ET LOGICHL VRPIRELE TUCPT I
C
 TWO-OPT IS CALLED FUR 

T'.JOPT = .FALSE. 
I-•MTWOFT.EQ.1> TWOPT = .TRUE. 

C READ AND WRITS THE SRID 

WRITE<IOUTD»9997) 
9997  FORMAT </ 19H6PID SPEC IFI CAT I DNS•-- 

+       29HP0INT NO. FREQUENCY» 
+       4OH DESIRED V TOLERANCE? 
M = 0 

io   M = rt+i 
P Efl D CIN D * 9996>] W < M •' •'i < 1:' > W EIGHT'.: Mt 

3996  FORMATC3FIO.o) 
WP ITE a QUTD» 9995) M« W CM > > Y <M) P WE I GHT CM) 

3993  FORMAT <'19« 3D20. 1 0> 
WEISHT<M) • 1. D 0•WE ISHT<M) 
IF<W<M) .LT. 1.00) SD TO 10 

3 READ HMD WRITE THE COEFFICIENT'!: 

READUND»*) NSECT 
WRITE •: IDUTD« 9994) NSECT 

?994  F3RMATC39HINITIAL HIGH PRECISION COEFFICIENTS FOR» 
*'     13. 13H CECTIGNC ARE) 
N = 4*NSECT 
IF.MCOEF.EQ.3) GO TO 20 
FIXCOF = .FALSE. 
'ER D <IND J9999) 'X CJ). J= 1 •N) 

9999  FORMAT<F£ 0.16) 
GO TO 4 0 

2 0   FIXC3F = .TRUE. 
PEMD <IND» 9993) ''.A (4*J-3) > ••', •:4»J-1) . X • 4* J '• . J=l. NSECT) 
DO 30 J«I»NSECT 

X<4»J-2) = I. DO 
SO    CONTINUE 
4 0    CONTINUE 

DO 50   J«l»NSECT 
WRITE<IQUTD»9992) J» X <4*J-3) < '•! <4*J-2) > X > 4* J-l) < X • 4».i 

50    CONTINUE 
9992  FORMAT C7HSECTI ON. 13 •• 1H • 2D2 0. 1 0 1H » 2D2 0.10' 

RETURN 
END 

•- 

C SUBROUTINE)  FUNCT 
5 THIS COMPUTES THE VALUE OF THE ERROR FUNCTION» USING THE 
3 GRID. IP PRINT.EO. .TRUE.. IT COMPUTES THE ERROR FUNCTION 
S AT fl FINER SRID '• 10 POINTS FOP EACH SRID POINT> J AND 
C PRINTS THE RESULTS! THIS IS USED TO PRINT OUT THE FINAL 
S TRANSFER FUNCTION. 

C NOTE THAT THE CALCULATION OF THE CONSTANT MULTIPLIER A 
3 ASSUMES THAT ALL THE PASSBANDS HAVE THE SAME DESIRED VALUE 
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C np l. THIC MUST BE CHANGED TO H B«ND-BY-B«ND CALCULATION 
C IF THERE IS MOPE THAN DME rASSBAND DESIRED VALUE. 

CUEROUTINE FUHCT<N»X»F? 
DOUBLE PPEC1C1 Oh W 03 0 > > Y 0? 0) • WE ISHT < S 0 • 
DOUBLE PPEC IC I DM C0CT2 C3 0) - C0CET4 . 3 0> 
DOUBLE PPEC ISI Oh CUB 1 CS 0) < CUEE <8 0 > , SUB3 <8 0> 
DOUELE PPECICION CUE6O30> »SUB7<8Q> »SUB3CB0) 
DOUBLE RRECICIOh X<36> »YHTC3C» »E<30> 
DOUBLE PPECISI ON IHTHT<10 0. 11) 
DOUELE PPEC in ON A , F - PI , NUM, DEN, Y1 , Y2 .« FC'EQ - CCC > SSS «Hl, ERPOP 
LOGICAL PRINT,TWCPT.FIXCOF 
COMMON •• RAM •••1.1»>« WE i GH r , M , KOUNT 
COMNON-CTEER PRINT,TWOPT, FIXCOF 
COMMON-MHCH••• IND, IOUTD 

CHECK THAT THE POLES OF THE ^ILTEP ARE INSIDE OP ON THE 
UNIT CIRCLE? MO CHECKS ARE MAKE ON NUMBEATÖR COEFFICIENT!: 

K = N-4 
DO 10 J=1,K 

.14 = .1*4 
IF<X <J4) . LE. 1. DO. AND. 1. DO+X <: J4 • . 5E. DABS <X U4-1 

+  so TO lo 
F = 1.D1E 
RETURN 

10    CONTINUE 
°l   = 4. D0*OATAN'. 1. DO) 
IF'KOUNT.ME.0) GO TO 30 

COMPUTE AND CAVE THE TRIG PIJNCTIOMC AT THE 
THE CIRCT TIME THROUGH 

•ID POINT: 

20 

DO SO 1=1»M 
COCTE CI'J = E. D 0*DCDS (PI *W '• I 
C0S2T4CD = COCTE'•:::•••£ 

CONTINUE 

NOVE THE CALCULATION OF CONSTANTS OUT! IDE THE INNER LOO? 

4 0 

DO 4 0 J»1>K 
J4 = 
SUB I 
CUBE 
CUEC 
SUB« 
CUE? a 
CUES 

CONTINUE 

• 4 
•:' J4—3) ••£•• '.'•-'. < J4-E • -1. DO ' ••£ 

; < J4- 3 .• • < ••: < J4-E> • 1. D 0 ' 
•:'J4-E:' 
'' J4-1) • •£ + < '••', CJ4 > -1. D0 •> ••£ 
;<J4-i>»C<<J4) +1.D0- 
(J4> 

C EVALUATE THE MAGNITUDE W=   THE TRANSFER FUNCTION- 
C AT EACH OF THE M GRID POINTS 

DO •iO 1 = 1 <M 
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MUM   =   1.30 
DEM  =   I.DO 
DO   JO   J=l«f 

HUM = NUM*< SUEI <J;>+SUB2<J>*C0ST2<:D «•suB3O>*C0S2T4<.i1 
DEN  •   DEN*<SUB6'CJ>+SUB7<J>*CaST2a>-»'SUBS<J'>»CaS2T4<I i 

50 CONTINUE 
YHT < I)   =   D 3 Q R T • N U M - D E M > 

»0 CONTINUE 

:  FIND   THE  LARGEST  AND  SMALLEST  VALUES  OF  YHT   EM   THE 
C  PASSBANDS 

VI = I. DIE 
Y2 » O.D0    * 
DO 70 1=1.M 

IF<Y<D .EC). O.DO) GO TO 7 0 
f'l = DM I Ml <Y1»YHT<I>) 
Y2 = DMAX1 <Y2>YHT<I) ) 

70   CONTINUE 

C DEFINE THE CONSTANT MULTIPLIER fl TO BE THE RECIPROCAL OF 
I THE AVERAGE OF THE SMALLEST AND LARGEST YHT'S IN THE PASS- 
C BANDS. THIS MAKES SENSE IP ALL THE PASSBANDS HAVE THE SAME 
: DESIRED VALUE OF 1 AND THE SAME TOLERANCES OTHERWISE THIS 
S CALCULATION OF A MUST EE MODIFIED 

A * 2.DO CY1+Y2) 

S CALCULATE THE WEIGHTED ERROR AT THE GRID POINTS 

-   =   0. D 0 
DC  30   1 = 1 - ••' 

YHT<n    =   A*YHT<I> 
E<I)   =  WEIGHT <I"> »DABS <YHT<I>-Y<IV5 
-   =   DMAX1<F»E<I)' 

30 CONTINUE 
K'OUNT   =   KOUNT+t 
IFC.NOT.PRINTS   PETURN 

C   IF   REQUIRED»   PRINT  OUT   THE   RESULTS   CM   THE   COARSE   5RID 
- 

WRITE (IOUTDi '???'?•' A» - 
?999  FORMAT<//"*•+++   FINAL RESULTS •••••"-'17HTHE CONSTANT A II 

+  D20.10•32HFUNCTION VALUE ON SOARSE SRID ISJ D10.10• 
WRITE<I0UTB>9993> 

=••??;:  FORMAT<7X>"FREQUENCY"J7X»9HD£SIRED Y»3X> 3HACTUAL I'J 
*  UX»5HSRR0R) 
DO 90 I«l»«1 

WRITE < IDUTD • 9997} i..i < I ':• « Y • I) t YHT • I • - E •: I • 
90   CONTINUE 
9997 FORMATED 16.3) 

•'.   TO RE-CALCULATE AJ CALCULATE N'D«YHTHT ON THE ^ IriEC 6PID 
•: THE SAME RESERVATION ABOUT THIS CALCULATION Oc A APPLIES 
I As ABOVE 
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Yl = 1.D12 
Y2 = Li. DO 
<W  = M-l 
DO 130 1 = 1' MM 

C SKIP TRANSITION BANDS» DEFINED RS THO-E WHERE Y<I) CHAN6ES 

IF <Y (I) . HE. Y < 1 +1 :• > GO TQ 13 0 
DO 120 11 = 1 - 11 

IF<II.NE. U> GO TO 100 

C FIND CASES MHEPE THE LRCT POINT DF THE EHND MILL "IDT EE 
c COMPUTED LSTE? 

IFCI.EQ.MM)   GO  TO   100 
IF<Ya + l>.NE.Y<I+2>>   GD  TO   100 
GO   TO   12 0 

1 0 0 ^PEQ  =  vi 11) + <W •' I +15 -W •• I > '•• *. 1D 0•P'LDHT • 11 -1 > 
CCC   =   1. D0*DCLT-"•<:'PI*FP£C;:i 
SSS   •   CCC**c 
MUM   =   1.D 0 
DEM   =   1.D0 
DD   110   J»1*K 

J4   =   J*4 
NU1  =  NUR*<X<J4-3) ••2+\X1 J4-£ • -l. DO ' ••2+X <J4-3>« 

* CX < J4-£> +1. DO' »CCC+X < J4-2) *~.Z '. • 
DEM   =   DEN*<X<J4-1 > ••£+•:::•' J4' -1. DO.- **£+X • J4-11 • 

+ <•'.'. •'. J4'' +1. D 0'1 *CCC +"• •. J-i ' * I'. Z '• 
110 CONTINUE 

VHTWTa*II>   =  DSQRT <NUM'DEN> 
Ic •: Y •; I •> ,EQ. 0.D0'   GO   TO   120 
Yl   =   DM INI -Yl. t-HTHTCI» 11' • 
Y2  =   DMfiXlfY2»YHTHT<I»IP ' 

120 CONTINUE 
130       CONTINUE 

3  =  3. DO 'C/1+Y2J 

I MOW *EClEST THE SAME LOOP"« FINDING THE ERFC* -ND »»IMTIMS 
I THE RESULT? 

WPITECIQUTD» 3996) 
»99«  FORMATO ••""FINRL RESULTS ON CINE GPID- 10 POINT' PER"s 

+ 11H GPID POINT' 
W*ITE<:I0UTB»9993"5 
c = 0.D0 
DO 160 I»1»MM 

IF .:; Y (I> , NE. V CI• 1) 1 GO TO 16 0 
1° = 1 + 1 
WRITE(IDUTDf9995) I'IP 

9995   FORMAT<"••••• BAND PROM GPID POINT"»I5»3H TO- 
+ 15«6H •••••! 

DO 150 11=1«11 
Ieai.NE. 11' GO TO 140 
IP-. I.EÜ.MM' GO TO 140 
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14 0 

150 
16 0 

IF <Y <I + i> . NE. Y • I *£.'• •   SO   TO   14 0 
•30  TO   150 
FREQ   =  W < I) • ' U • I +1 > HJ • I •' ••.ID Q*PLOftT > 11 -1 
Al   =  A*YHTMT<I» ID 
ERROR   =  ME IGHT •: I ) »DftBS Cfi 1 -Y (I • ) 
P  =  DNAX1(Ft ERROR) 
MR ITE fIQUTD» 99975 FRES•Y<I> > fll >ERROR 

CONTINUE 
CONTINUE 
yRITE<IOUTB>9994) ft»" 

9994  FOPMRT« "THE VftLUE OF ft FROM THE FINE 
+4SHTHE FINAL VftLUE OF THE ERROR ON TH= 
RETURN 
END •> 

'ID IS"i D20. 1 0 • 
"INE GRID IS» D2Q. 10) 

C SUBROUTINE:  HftNBJ 
•I THIS IS AN IMPLEMENTATION OF fl RANDOMIZED HOOKE ftND JEEVES 
: SEARCH ALGORITHM. IT FIND': LDCftL OPTIMA? THE COORDINATE"! ftRE 
I RANDOMLY ORDERED EACH TINE EXPLR IS INVOKED. -LOW CHARTS 
C FOc' THIS SUBROUTINE AND THE NEXT ARE INCLUDED IN THE 
C REFERENCES PAPER. 

SUBROUTINE HftNBJ<N»DELTAZ»CDELTA.PMC«CVIN. 
DOUBLE PREC11 ION PS I<36)>THETA <3€)«PHI<3£ 
DOUBLE PREC 111 ON )J • 3 0 >» Y ' S 0'• . LIE I GHT <3 0 > 
DOUBLE PRECISION PPSI•FPHI,DELTA.RHO»BELT- 
COMMON •• RAW < W. Y • WE I3HT» M. K DUNT 
COMMON-NACH-IND.IOUTD 
CALL FUNCT <N»PS I•FPSI• 
DELTA = DELTAS 
'•iPITE (IOUTD» 9999) 

?9?9  PORMftT<"NO. CALL!  C'AT. SIZE" > 11' :> "DELTA" - 
+  "OLD VALUE".TV."NEM VALUE"1 

10    IF> DELTA.LT. "DELTA. BO TO 50 
IF'-P"I.LT.FMIN) BO TO 5 0 
IP<KOUNT.<5T.LIMIT)   50  TO  50 
BALL   SET<PNI»PSI»N) 
FPHI   =  FRSI 
BALL   EXPLR CPHI»fPHI»N»DELTA) 
I   =   0 

£•0 IF<FPHI.SE.FPSI)   GO  TO  4 0 
IP',=•=•:I.LT.FMIN.   BO   TO   4 0 
IF..-OUNT.BT.LIMIT'    SO   TO   4 0 
I   =   1*1 

••ic-ITE 'IOUTD. 9999) KOUNT» I. DELTA. FPS I. FPHI 
9993 FORMAT <3X» I6»3X» 16» 3D16.8) 

BALL lETITHETA» PS I>N) 
:ALL SET<PSI»PHI»N) 
FPSI = FPHI 
DO 30 J=1.N 

PHI < J) = £. »='HI •: J) - THETA < J) 
30   CONTINUE 

CALL ="JNi: T -. N. PHI. c -'HI ' 

LIMIT«PSI 

B. IDELTA.-NIN 
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CALL  EXPLRCPHI•CCHI.M>BELTAl 
SD   TO  SO 

40 Ic-:i.ST. 0)   GO   TO   10 
DELTA = PHG*DELTR 
50 TD 10 

50    WRITECI0UTD»999?) KOUNT»PPSI 
9997  FORMAT« • ••• "FINAL VALUES- NO. OF P'JNCT CALL: 

•  7H FUNCT»»D30. 10> 
RETURN 
END 

• ", H,. 

C SUBROUTINE»  EXPLR 
C THIS IS A LOCAL EXPLORATION SUBROUTINE USED BY H-AND-J 

SUBROUTINE EXPLP (PHI» FPHI» N» DELTA) 
DOUBLE PPECISION PHI(36) »FPHI.DELTA,SAVE>FNEW>SAVE11SAVEJ 
INTEGER LISTC36) 
COMMON STEER "»PINT« TWOPT»FIXCOF 
LOGICAL PPINT»TWOPT»FIXCOR 

C PANBOMIZE THE ORDER OF THE COORDINATES 

CALL CHUFFCN>LI ST' 
I COUNT = 1 

1 0    IF •: I COUNT. 6T. N) RETURN 
I = LIST-iCOUNT:- 

S IF ONLY THREE COEFPICIENTS MERE READ IM PER '^^3Z 
Z   THEN DO NOT CHANGE THE SECOND NUMERATOR COEFFICIENT 

•• 0 

KSAVE  =   I->CI   4> »4 
IrCFIXCOF.AND.CKSAVE.EQ.S) > 
SAVE   =   PHICI) 
PHI<I>   = -HI CD •DELTA 
I ALL -UNCT <N.PHI.FNEW) 
IPCFNEW.SE.FPHI) GO TO SO 
FPHI = PNEU 
GO TO 100 
PHI a- • -HI <I)-3.D0*DELTR 
CALL -UNCTiN,PHI>FNEW) 
IFCFNEW.SE.FPHI) GO TO SO 
FPHI = FNEW 
GO TO 100 
PHKI) = SAVE 
IFC.NOT.TWOPT) GO TO 100 

50 TO 100 

I BEGINNING OF g-OPT 

JCOUNT = ICOUNT+1 
4 0    IP<JCOUNT,ST.N) GO TO 100 

J = LIST'. JCOUNT' 

SIMILARLY  FDP   TWOPTJ    Ir   T'J,:EE   SOE-"ICIENTS   DE? iSE  WERE 
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50 

SO 

70 

30 

?0 

i: o 

:ERD IN» DO MOT CHANGE THE SECONB NUMERATOR COEFFICIENT 

KSfiVS   =   J--::j-4'*4 
IPCPIXCDF.ftHD.<KSfiVE.EQ.a>)    30  TO  90 
SftVEI   =  PHI<V 
SftVEJ = PHI <J) 
PHI a''   =   »HI <V    +   DELTR 
PHI (J)   =  PHI<J>   +  DELTA 
CALL  FUNCT (H «PHI» FNEU) 
IF<FNEU.GE.FPHI)    30  TO  5 0 
FPHI   =  FNEU 
30   TO   90 
PHI (p   =  PHKI>-a.B0*BELTA 
CRLL *UNCT <N» PHI, FNEU) 
IFCFNEW.SE.FPHI) GO TO 6 0 
PPHI = FNEU 
60 TO 90 
PHI <J) = PHI <J) -2. DQ*DELTA 
Z ^LL FUNCT <Ni PHI< FNEU) 
IFCFNEvJ.5E.FPHI) GO TO 7 0 
PPHI = PNEU 
'30 TO 90 
PHKI) = FHI <I;• +2. D0*DELTH 
CRLL FUNCT•H.PHIiFNEU) 
IFtFNEU.SE.FPHI) GO TO SO 
FPHI = PNEU 
'30 TO 90 
PHI<T = SAVEI 
PHKJ) = SflVEJ 
JCOUNT = J'ZO'JhT+l 
SO TO 4 0 

iND OF 2-OPT 

ICOUNT = icauNT+i 
30 TO 10 
END 

: SUBROUTINE»  SET 
: THIS SETS VECTOR R EQUAL TO VECTOR E 

10 

SUBRDUTINS CET• n, E« N) 
DOUBLE »C'EC I SI ON fl (36) i B 
DO 10 I«1>M 

ft < I) = B < I) 
CONTINUE 
RETURN 
END 

SUBROUTINE l  SHUFF 
THIS PANDOMLY ORDERS LIST 



SUBROUTINE 3HUFF(NiLIST» 
INTEGER LIST<36) 
DG 10 1=1»N 

LIST(I) = I 
10   CONTINUE 

DO £0 LL»1»N 
L = N-LL+1 
J = IMT (FLOAT CD *UN I < 0) • +1 
K = LISTCD 
LISTCU = LIST<J) 
LIST(J) = K 

20   CONTINUE 
RETURN      v 

END 

C FUNCTION«  UNI 
C AUTHOR«    ALAN «. SROSS 
C BELL LABORATORIES» ÜURRAY HILL- NEW JERSEY 
C 07974 
C PCPTRELE PflNBOM NUMBER GENERATOR 

FUNCTION UNI CK) 
INTEGER IBYTEC4) 
DRTfl IC:.EED-'0.-. ITIEED- 0-- IRCN^l' 

UNI»R1UNF<ICSEEI>! ITSEEDJ IBYTEI IFCN) 
RETURN 
END 

FUNCTI ON  R1UNF (IC SEED > IT TEED - I BYTE > IFCN) 

LOSICAL  FIRST 
INTEGER  CSEEBCo) • TSEEB '• 3£'' »XOR(2?) J IBYTEC4) < I"::c 

D^Tfl   XOR < 1 > -1 - •: '.3P (2) - £ ••' • XE XOR•4' {OP 
1 XOR • "ö •' • 1 '? XOR ' 7> ••••4--. XOR (8 '• -'5 • « XOR (3 > • S •' «' --UP ( 1 0) - 
2 XOR '11' '3/»X0R<i2) -4- -»XOR1 '13)   7- . !«3R • 14 • ••-£•• . XOR < 
3 XOR a 6 •• * -' XOR < 17'> -7 • • XOR v 13'•' '4 ' - !OR ' 1 ? > 5 - • XOR < 
4 XOR (21) -3 - • XOR (22 > "7 -. COR '3 3' ' 6 ' - XOR (24) 5- •>: COR • 
5 XOR (26 > • 3 • • XOR (27) ••-'2 ••'« XOR (28) 1 •-' > <OR (29) • 0 - 
DHTH FIRSTS.TRUE. '> JCSEEB/12345 « JTSEEB 1073- 

-' •     ' —      9 

15)    1   - 
20) • -£ 
25) '4'! 

DMTH   CTEED   0' 0« Of 0»0« 0 
DHT^   TSEEB   0< 0« Oi On 0? 0« 0« 0« 0> 0< 0« On 0< 0« 0« 0J 0« 0« 0> 

1 0« 0 • Oi 0« 0' 0 • 0« 0« 0» 0 
R1UNR=0.0 
IF < <. NOT. FIRST) . SND. < IFCN. 3T. 0 '• •   GQ  TO  5 0 
IF' IFCN.ST.0'    GO   TQ   10 

0 • 0. n. 

10 
c 

JCSEED-IABSaCSEEDü 
JTS£EB«IABS<ITS£ED: 
FIRST«.FALSE. 
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^ 

20 

CSEED<i)  • JCCEED 
IG  20   1 = 1 »3 
CSEEB a • 1 •• «C 2EED <V -"64 
CSEED<I>»CSEED<P-CSEED1 1 + 1 • »«4 
CSEED <6> «WOB <CSEED <6) »4.:' 

30 

IF<<JCSEED.NE. Q) . RMD. OttHKCS£ES<l) »25 .EQ. 0) • 
+ CSEED <l> «CSEED <1>-»»1 

TSEED<l)»JTSEED 
DO  30   1=1«11 
TSEED<I+l)»TSEEBa) '£ 
TSEEDa>»TSEED<D-TSEED<I-M'*2 

DO   40   I»12»32 
40 TSEEB<I>»0 

IF<JTSEED.NE. 0)   TSEEB<t>-l 
I-CIFCN.EQ.0)   RETURN 

50 CONTINUE 
Da  SO   1=1-17 

s o       TSEED •. r > = IRE:: < TSEED < r > -T SEED a+i 5) 
DO  70   1=12»32 

70 TSEED a>*IABS (TSEED <I) -TSEED •: I -17 • 

CSEED<S>»t3*CSEED' 
.SEED (3) +55»1! 
! IEED '.4' +33*( 
IEED <3•• +55*( 

CSEED<3) »13*C 
CSEED14-=13*C 
CSEED<3)»13*C 
CSEED <2)»13*CSEED<2> • 
CSEED < 1"' = 1 3*GSEEB •". 1) 

ICARRY»0 
DO  30   1=1-5 
K»K+€ 
"SEED •' I ' «C -EED •• I '•• f I CARRY 
ICARRY«CSE£D<I)'64 
CSEED'I•"CSEED(I)-S4*ICARR 
I2»CSEED<I) ••-2 
I1»CSEED<D-8*I2 
JI=4*T:EED <K+2)+TSEED <K+I> 

IEED':5' •16*CSEED<4^ 
IEED (4i•16*CSEED'3) 
3EED <3) •16*CSEED<2) 
IEED C2) •16*CS££D '.1• 
SEED<1) 

;ED<K+1)+TSEED 
J2»4*TSEEDIK*5)•TSEEDCK+4•+TSEEB<K+4'«-TSEED<K 
ITt»28 
IF a l.ST. ji-- iTi = ai»ii-n> 2+JI 
ic'ii.i_T. ji>   ITI = .;JI*JI-JI'•• £+ii 
IT2-2S 
IF (12. ST.Ji>   IT2»a2* 12-12)'2+J2 
IP<I2.LT.J2)   IT2»<J2*J2-J2)-2+12 
1SCR <I) =3*' :OR < IT2+1.' +XOR (ITl*D 

20 Rl UNF» •: R1UNF+-LORT < I SCR < I > > '   64. 0 
C IEED •:•£•':• »MOD (CSEED (6>+ICfiRRY»4) 
J1 = TIEED <31•+-T3EED(32)+TSEED'32' 
IT1»CSEED(6>-J1 
IP<IT1.LT.0)   IT1=0-IT1 
Ic < < IT l. EQ. i) . AND. •..'! SEES (6 • • J1. EQ. 3 • <   IT1 = 2 
RIUNF^fRiUNR+R-OATdTtl >  '4. j 
IFflFCN.EQ.i)   RETURN 
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IEVTE <4>«ISCF •• 1) *r'lQb CISC? • £   >4i *64 
I BYTE ''3' *i:CP ':'£;• '4+MQD' ISC&'O^ i I6>*t6 
IBYTE <2>»ISCR C2> /16+ISC#- <4"> »4 
I BYTE • 1.' = I SCR <3> • IT1 »64 
RETURN 
END 

BLOCK DftTfl 
COMMON -^EC • Xi NSETJ NTWOPT, NEIT1. NBIT2»NSECTi M 
COMMON-PSW -M» V > UEIGHT« M» KDUHT 
COHHOH<'STEER''PRINT< TWOPT.FIXCOF 
COMMON •• MPICH • INB • IDUTD 
DOUBLE  PRECISION  W<80> »¥<80> »WEIGHT<8Q> »X<3C> 
END 
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FWIIR   Input 

3 s 100s 1» 6 . 3 
Ö.0 0. 0 01 
.36 0. 0 01 
. 3633 0.0 01 

•so ••?•"• 'SO 
. _l •_' J -1 -I -' 0.0 01 
.411111 1.0 03 
.412 1. 0 03 
.4129 t. 0 „ 03 
.414 1. 0 03 
.4157 1. 0 03 
.4135 1.0 .03 
.423 1. 0 .03 
.4£75 1. 0 03 
. 433 1. 0 . 03 
. 4336 1. 0 . 03 
. 4443 1. 0 .03 
.45 1. 0 03 
.4545 1. 0 03 
. 459 1. 0 . 03 
.461916 1.0 . 0 3 
. 46 36 1. 0 . 03 
.464333 1. 0 . 03 
.465749 1. 0 03 
.466666 1. 0 . 03 
.494444 0. 0 . 01 
.51 0. 0 . 01 
.51443 0. 0 . 01 
.53 0. 0 . 01 
1. 0 0. 0 . 01 
4 
0.45135 9 1755 

-0.33553 C 33 38 
0.9116S w 0616 

-1. 09369 4 5504 
-0.44573 4 2317 
0.913 07 9 67 3 0 

-0.0 0996 f£, 5157 
-0.1969C 1 66=: 0 
0.96953 5 3354 

-0.73 041 6 97 06 
-0.55153 o 3641 
0.97053 99009 

,'w 
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FWIIR Output 

ÜJ OJ OJ OJ >"'J «•< -* ~« -< -< ~* -* — — •< »* •* «N — -« ^ »- — r* ftj i-, j n| ftj üj 
I_I o a a o o o e a o © o •—• •-• o •—i a o © o o o a e e e ö •=' •=• 
Z  I I   i   i   I I   I   I   I I I   I   1 I   I   I    I   I   I   I   I   I   I   I    I   I   I   I 

et o e o 
uj o o o o o a o o e © o s o o o o o o 

n © •=• o o o ö ö 3 a 3 •=• •=• •=• o o © 3 3 o 
h- o o o 
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Appendix E:  A/D Converter Software Listings 

Two methods of software support for the A/D conver- 

ters were implemented.  A third method was only partially 

implemented.  Program ANDIG uses a polling loop to acquire 

data. It can call one of two subroutines, AD14B or AD15B, 

depending on which I/O channel the user selects.  These 

two subroutines initiate the A/D conversion, load the 

data value into the A register, and then store it in a 

memory buffer location.  This process repeats until the 

buffer is full.  The subroutine WAIT1 is called to wait 

in a loop a specified amount of time until the initiation 

of the next A/D conversion.  An alternate implementation 

of ANDIG uses the subroutines AD14 and AD15 (same entry 

points:  DT14B, DT15B).  These subroutines were used to 

measure the approximate conversion times of AD14B and 

AD15B. 

Program ANDG2 uses a DMA channel to acquire data. 

It can call one of two subroutines, DMA14 or DMA15, 

depending on which I/O channel the user selects.  These 

subroutines check for the availability of DCPC channel 1, 

initiate the data transfer, and wait in a loop until the 

transfer is complete.  It is possible to execute other 

instructions rather than waiting in the loop. 

The three dummy drivers listed are identical in 

function and differ only in the names of their respective 

entry points.  The listings provide sufficient explanation 

of their purpose and implementation.  They were included 

in the latest generation of RTE-III. 
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FTN4,L 
C 
C 

PROGRAM ANDIG 
C 

c* * 
C* THIS PROGRAM TESTS THE SUBROUTINES AD14B AND * 
C* AD15B. THE ENTRY POINTS ARE DT14B AND DTiSB, * 
C*    RESPECTIVELY. * 
C* * 
C********************************************************* 
C 

INTEGER DELAY,DATA,BUFL,DECIDE 
COMMON DELAY,DATA(8192),BUFL 

C 
C   INITIALIZE VARIABLES 
C 

WRITE(i,iOO) 
READd,*) DELAY 
URITE(i,200) 
READd,*) BUFL 
WRITE(i,300) 
READd,*) LUNUM 
WRITE(i,400) 
READd,*) DECIDE 

C 
C   GET THE DATA 
C 

IF<DECIDE.EQ.14) CALL DT14B 
IFCDECIDE.EQ.15) CALL DTiSB 

C 

c 

c 
100 
C 
200 
c 
30 0 
C 
40 0 
C 
5 0 0 
C 

OUTPUT DATA 

WRITE(LUNUM,500) (I,DATA(I),1 = 1 ,BUFL) 

FORMAT(/////, "CHOOSE A DELAY VALUE FROM 0 TO 32767. ") 

FORMAK//, "HOW MANY DATA POINTS?  (0192 MAX) ") 

FORMAT(//, "WHAT IS THE LU# OF THE OUTPUT DEVICE? ") 

FORMAK//, "WHICH I/O CHANNEL, 14 OR 15?") 

FQRMAT(22(/),128(4(217),/)) 

STOP 
END 
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ASMB,L 

NAM AD14B 

* * 
* THIS SUBROUTINE USES POLLING SOFTWARE TO * 
* GET DATA FROM AN A/D CONVERTER.  THE I/O * 
* SELECT CODE IS 14.  MAXIMUM NUMBER OF DATA * 
* WORDS IS 3192. * 
* * 
* VARIABLES: * 
* DELAY - ADDS DELAY TIME BETWEEN THE ACQUI-  * 
* SITION OF EACH TWO DATA POINTS      * 
* DATA - DATA BUFFER * 
* BUFL - LENGTH OF THE DATA BUFFER * 
* * 

* 
EXT *LIBR,*LIBX,WAIT 
ENT DT14B 

* 
COM   DELAY,DATA<8192),BUFL 

* 
T14B  NOP 

* TURN OFF INTERRUPTS AND MEMORY PROTECT 

* 
* SKIP IF DELAY>0 OR =0 
* COMPLEMENT TF DELAY<0 
* 
* SET COUNTER 
* SET BUFFER POINTER 

* SEND ENCODE SIGNAL 
* IS DEVICE BUSY? 
* YES. TRY AGAIN. 
* NO. READ DATA. 
* STORE DATA IN BUFFER 

* SET POINTER TO NEXT BUFFER LOCATION 
* DELAY PERIOD BEFORE GETTING NEW DATA 
* DECREMENT COUNT. SKIP AFTER LAST DATA PT 
* GET NEXT DATA 

* CLEAR I/O CONTROL BIT 
* TURN ON INTERRUPTS AND MEMORY PROTECT 
* RETURN TO CALLING PROGRAM 

* DEFINE DATA BUFFER ADDRESS 

DT14B NOP 
JSB fLIBR 
NOP 
LDA DELAY 
3SA 
CMA 
STA DELAY 
LDX BUFL 
LD8 STORE 

* 
LOOP STC 14B,C 

SFS 14B 
JMP *-i 
LIA 14B 
STA STORE,I 
I NB 
STB STORE 
JSB WAIT 
DSX 
JMP LOOP 

* 
CLC 14B,C 
JSB SLIBX 
DEF DT14B 

* 
STORE DEF DATA 
* 

END DT14B 
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ASMB,L 

* 
NA« AD15B 

K******:lc:K***:it *******************T< **********.K***K****** 

* * 
* THIS SUBROUTINE USES POLLING SOFTWARE TO * 
* GET DATA FROM AN A/D CONVERTER.  THE I/O * 
* SELECT CODE IS 15.  MAXIMUM NUMBER OF DATA * 
* UORDS IS 3192. * 
* * 
* VARIABLESi * 
* DELAY - ADDS DELAY TIME BETWEEN THE ACQUI-  * 
* SITION OF EACH TWO DATA POINTS      * 
* DATA - DATA BUFFER * 
* BUFL - LENGTH OF THE DATA BUFFER * 
* * 

EXT -6LIBR ,*LIBX,UAIT 
ENT DT15B 

* 
COM DELAY,DATA(8192),BUFL 

DTiSB NOP 
JSB tLIBR * TURN OFF INTERRUPTS AND MEMORY PROTECT 
NOP * 
LDA DELAY * 
SSA * SKIP IF DELAY>0 OR =0 
CMA * COMPLEMENT IF DELAY<Q 
STA DELAY * 
I...DX BUFL * SET COUNTER 
LDB STORE * SET BUFFER POINTER 

* 
LOOP  STC iSB,C * SEND ENCODE SIGNAL 

SFS 1SB * IS DEVICE BUSY? 
JMP *-i * YES. TRY AGAIN. 
LIA 1SB * NO. READ DATA. 
STA STORE,I * STORE DATA IN BUFFER 
INB * 
STB STORE * SET POINTER TO NEXT BUFFER LOCATION 
JSB WAIT * DELAY PERIOD BEFORE GETTING NEU DATA 
DSX * DECREMENT COUNT. SKIP AFTER LAST DATA PT 
JMP LOOP * GET NEXT DATA 

* 
CLC 1SB,C * CLEAR I/O CONTROL BIT 
JSB SLIBX * TURN ON   INTERRUPTS AND MEMORY PROTECT 
DEF DTISB * RETURN TO CALLING PROGRAM 

* 
STORE DEF DATA * DEFINE DATA BUFFER ADDRESS 

END DTISB 
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AShB,L 
* 
* 

NAM UAITi 
x 

* * 
* THIS SUBROUTINE PROVIDES A WAITING LOOP. THE * 
* VARIABLE "DELAY" DETERMINES THE LENGTN OF * 
* TIME WAITING.  IT IS A NUMBER FROM 0 TO * 
* 32767. * 
* * 

* 

* SET TIMER 
* INCREMENT TIMER ONCE BEFORE DECREMENTING 

ENT UAIT 
COM DELAY 

* 
WAIT NOP 

LDY DELAY 
ISY 
NOP 

* 
LOOP DSY 

JMP *-l 
JMP WAIT,I 

* 
END WAIT 

* DECREMENT COUNT. TIMER-0? 
* NO. CONTINUE 
* YES  RETURN TO CALLING ROUTINE 
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r 
NAM AD14 

• 

• 

• 

THIS SUBROUTINE IS VERY SIMILAR TO RD14E. • 
ITS PURPOSE IS TO PROVIDE AN APPROXIMATION    • 
OF THE CONVERSION TIME PLUS THE TIME REQUIRED • 
TQ STORE DRTR WHICH OCURRS IM RD14B. AD14 • 
GOES INTO AN INFINITE LOOP WHICH CRN EE TERM- • 
INRTED BY PRESSING THE "CLEAR DISPLAY" • 
BUTTON ON THE FRONT PANEL. JHILE THIS ROU- • 
TINE IS PUNNING» THE "STATUS" SIGNAL ON THE • 
fl-D CONVERTER CRN EE MONITEPED WITH AM OSCIL- • 
LOSCOPE. • 

• 

VRPIRELE: • 
DELRY - ADDS DELRY TIME BETWEEN THE RC3UI-  • 

SITION OF ERCH TWO DRTR POINTS      • 

E::T SLIBR>$LIBX*WAIT 
£-\T   DT14E 

COM DELAY 

DT14E 

.OOP 

MOP 
JSB 'SLIER 
MGP 
LDA 1 
OTR I 

LDA DELAY 
SSR 
CMA 
STR DELAY 
LDX E'JFL 
LDB I: TOPE 

STC 14E*C 
SFS 14E 
.IMP • -1 
LIA 14E 
STR SAVE 
STB STO<=E 
JSB MR IT 
LIE 1 
SZE 
.IMP LOOP 

CLC 14B.C 
JSB «LIBX 
DEF DT14E 

TURN OF* INTERRUPTS AND MEMORY PROTECT 

SET THE SWITCH 
REGISTER TO 1 

SKIP 1^ DELRY"- 0 OF =0 
COMPLEMENT IP DELRY 0 

SET SOUNTEP 

SEND EN 
IS DEVIC 
YES. TP 

ODE SIGNAL 
E BUSY? 
RGRIN. 

NO. C'ERD DRTR. 

DELRY PEPIOD BEFOPE GETTING MEM DRTR 
LORD PEG. E WITH SWITCH RES. 
SKIP WHEN SWITCH *EG. IS CLEAR 
GET NEXT DRTR 

CLERP 10 CONTROL BIT 
T'JCM ON INTERRUPTS AND MEMO-'.' ^OTECT 
RETURN TO CALLING P-GGPRM 
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:TC=E ECU o 
SAVE  EOU o 
BU*L  EOU o 
• 

END DT14B 

ASMB*L 
• 
• 

NAM AD13 

• DUMMY VARIABLE 
• DUMMY VARIABLE 
• DUMMY VARIABLE 

• 

• 
THir SUBROUTINE IS VERY SIMILAR TO AD15B. 
ITS PURPOSE IS TO PROVIDE AM APPRO IHATIQ 
OF THE CONVERSION TIME PLUS THE TI"E PEOl 
TO STORE DATH WHICH 3CURRS [N AB19B. RD1 
'33EZ IMTD AM INFINITE LOOP WHICH I AM IE 
INATEI BY PRESSIMG THE "CLEAR DISPLAY' 
BUTTON OM THE FRONT PANEL. WHILE THI! 
TINE IS RUNNING! THE "STATUS" : I .-'•c- ? 
A • D CONVERTER CAN BE NONITERSI "I*- - 
LOSCOPE. 

IPED • 

I - 

VARIABLE! 
DELAY - ADD: DELAY TIME BETWEEN THE 

~IT ION Gc EACH TWO DATA ~Zl' 

EXT SLIBRJSLIBXJWAIT 
ENT DT15B 

SOM DELAY 

'13B 

.OOP 

NOP 
JSB 8LIBR 
NOc' 
LDA 1 
CTH 1 
LDA DELAY 
SSA 
CNR 
STA DELAY 
LDX BUFL 
LDB STORE 

ITC 15B»C 
SFS 13B 
.IMP • -1 
LlH 13B 
ITS SAVE 
:TE STORE 
JSB MA IT 

• TURN GFP INTERRUPTS AND MEMORY PROTECT 
• 
• !ET THE SWITCH 
• REGISTER TO 1 
• 

• SKIP IF DELAY: O OR «O 
• COMPLEMENT IF DELAY 0 
• 

• :ET COUNTER 

• SEND ENCODE SIGNAL 
• IS DEVICE BUSY? 
• YE;. TRY AGAIN. 
• NO. READ DATA. 
• 

• DELAY PERIOD BEFORE SETTING MEW DATA 
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LIB i 

HE 
JMP LOOP 

» 
CLC 15B»C 
JS8 «LIBX 
DEF DT15E 

• 

•TORE EQU L" 
SAVE EQU 0 
BUFL EQU 0 
• 

END DT15E 

• LDftD REG. B -HTM SWITCH REG. 
• SKIP WHEN SWITCH REG. IS CLEAR 
• GET NEXT DHTR 

• CLEAR IQ CONTROL BIT 
• TU?N ON INTERRUPTS ANB MEMORY PROTECT 
• RETURN TO CALLING PROGRAM 

• DUMMY VARIABLE 
• DUMMY VARIABLE 
• DUMMY VARIABLE 
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PTN4»L 

P3Q6RRM ANDG2 

•:•    THIC PR3GRRM TESTS THE "UEPOUTINE DMfllN.  THE 
!•    ENTRY POINTS ARE CHK6B1 DT14E« AND DT15E. 

INTE'3EP DATA « EUFL > DEC I DE. FNCH-S 
COMMON DATA 031925>BUFL« FNSHb 

C   INITIALIZE VAPIAELEC 
c 

1 0 0 

: 5 o 

i o o 

3 0 0 
i" 

4 0 lj 
f' 

3 0 0 

WRITE <l> 200) 
= EAD''1>*.' EUFL 
B'JFL = -EUFL 
MPITE'-l« 300) 
RERB<1»*) L'JNUM 
WRITE<1i40 0' 
-EAD'l-»' DECIDE 

"HECK" IF DCPC CHAN. 1 IS AVAILAELE 

cN3H-3 = 0 
CALL CHK6B 
I- '.PHCH-i.EQ. 0) '3D TO 100 

3ET THE DSTA 

Ic'DECIDE.EO.14) CALL DT14B 
IF(DECIDE.EQ.l?) CALL DT15B 

WIT UNTIL DATA ACQUISITION IS COMPLETE 

FNSH6 = 0 
CALL CHK4B 
IF-fF«lSH6.SQ, 

OUTPUT DATA 

?D TO 15 0 

EUFL = -EUFL 
WR ITE i LUMUM» 500 > •' I J DATA < I ) . I = 1. BUFL) 

POPMATC-•••'. "HQl.l MANY DATA POINTS7  CS19S MftK) "' 

POPMATr - • 'i "WHAT i: THE LU« OF THE OUTPUT DEVICI 

POPNAT •:••"• % "WHICH I "O CHANNEL- 14 OP 13?") 

FORMAT <22 < •' >  1 £'3 < 4 <2 I ? ' ' '' '' 
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:TDP 
END 

ASMB.L 
• 

NAM  DMAIN 

• • 

• THIS SUBROUTINE ACQUIRES DATA FROM AN R'D CONVERTER  • 
• USING DIRECT MEMORY ACCESS.  ONE OR TWO CHANNELS    • 
• CAN BE SELECTED: 14 DP 15. • 
• • 

EXT SLIBRJSLIBX 
ENT CHK6B«DT14B«DT15E 

• 

COM DATfi <31 92) • BUFL» FNSH6 
» 
CHK©B NOP • ENTRY POINT 

JCE SLIER • TURN OFF INTERRUPTS AND MEMORY PROTECT 
NOP • 
5FS SB • IS DCPC CHAN. 1 AVAILABLE? 
.IMF PTN • NO. RETURN. 
LDR =E1 • VES. 
STA FNSWiS •  CET PLAS WORD TO 1. 

PTN   JSB BLIB'; • TURN ON INTERRUPT": AND MEMORY PROTECT 
DEF CHK6B • RETURN TO CALLINS PROGRAM 

« 
DT14E NOP • ENTRY POINT 

JCE 'SLIER • 
NOP • 
LD* BUFL • 
"TR CW3 • SAVE -BUFL 
LBA CUfe • SPECIFY THAT 
ADA »B10000Q •  OPERATION IS INPUT 
STA cwa • 

LDA CW114 • 
OTA it • SEND CW1 TO DCPC CHAN. 1 
CLC cB • »REPARE M PEG. TO RECEIVE CWS 
LDA CW2 • 
DTR 3B • CEND CWS TO DCPC CHAN. 1 
ITC SB • PREPARE FOR CW3 
LDH CW3 • 
OTA SB • CEND CVI3 TO DCPC CHAN. 1 
STC 6B»C • ACTIVATE DCPC CHAN. 1 
STC 14E.C • START A-D CONVERSION 
CLC 6B»C • DISABLE DCPC CHAM. 1 INTERRUPT 
CLC 14E.C • DISABLE ID CHAN. 14 INTERRUPT 
JSB ILIBX • 
DEF DT14E • RETURN TO CALLIMS PROSPAN 
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DT15E NOP • ENTRY CCIMT 
JCB •EL IEP • 

NOP • 

LDR EUFL • 

STR CUJ3 • 

LDR CU2 • 

RDR =B1000 00 • • 

STR cua • 
i 

• 

LDR CW115 • 

OTR SB • 

CLC 2B • 

LDR CW2 • 

GTR 2B • 

STC 2B • 

LDR CW3 • 
• •TR £B • 

STC 6B* C • 

STC 15B-C •• 

CLC 6E-C • 

CLC 15B.C • DISRELE I-0 
JSE SLIBX • 

DEF DT15E • 

« 
CU i 1 4 QCT 120014 • 

cuts CCT 120015 • 
CW2 DEF DRTS • 

CM 3 ESS 1 • 

• 

END   BT14E 
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RSMB»L 
• 

NRM DVR3G 

• THIS IS fi DUMMY DRIVER.  ITS ONLY FUNCTION IS TO 
• JUMP TO fl USER SUPPLIED SUBROUTINE WHICH PERFORMS 
• THE NECESSARY DRIVE1? FUNCTIONS.  THIS PROCEDURE RLLOW: 
• TROUBLESHOOTING OF THE DRIVER AND CHRNGES TO BE NRDE 
• WITHOUT REGENEPRTING THE OPERATING SYSTEM.  R LRPGE 
• EUPFER RPER IS INCLUDED SO THRT THE CORRECTED VERSION 
• CRN EVENTURLLY EE COPIED INTO THE SYSTEM RPER. 

ENT DP5 0»I.5O.C.50 

1.50 NOP 
JSE DP5 0? I 
.IM-' 1. 5 0 - I 

• 

C.50 NOP 
JSE DR5 0. I 
JMP C.50.1 

• 

DP 50 DEF TMP50 
• 

• 

TMP50 NOP 
JMP TMP5 0. I 
ESS 3 0 0 E 
END 

INITIATION ZECTION 

• CONTINURTION COMPLETION SECTION • 

• THE USER "'S PRDSPRM MUST CHRNGE TMP5 0 
• STRPTING RDDRESS OF HIS DRIVER 5UBROU 

RSME.L 

NRM DVR31 

• THIS IS R DUMMY DRIVER.  ITS ONLY PUNCTION IS TO 
• JUMP TO R USER SUPPLIED SUBROUTINE WHICH ^EPFU^'-r. 
• THE NECESSAPY DRIVER FUNCTIONS.  THIS PROCEDURE RLLCU: 
• TPCUELESHOOTING OP THE DRIVER RND CHRNGES TO EE MRDE 
• WITHOUT REGENEPRTING THE OPEc'RTING SYSTEM.  R LRPGE 
• EUFFEP RPER IS INCLUDED SO THRT THE CORPECTED VERSION 
• CRN EVENTUALLY EE COPIED INTO THE SYSTEM RPER. 
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1.51  NOP • INITIATION SECTION • 
J-:E BR51i I 
.IMF 1. 51 - I 

• 

C.51  NOP • CONTINUATION COMPLETION SECTION • 
JSB DR5I«I 
JMP C.51» I 

• 

BR51  DEF TMP51     • THE USER"':' PROGRAM MUST CHANGE TMF51 
• • STARTING ADDRESS OF HIS DRIVER SUBROU 
• 

TMP31 NOP 
JMP TMP51»I 
BSS 300B 
END 

ASMB»L 

MHM DVR52 
• 

• THIS IS fl DUMMY DRIVER.  ITS ONLY FUNCTION IS TO 
• JUMP TO A USER SUPPLIED SUBROUTINE WHICH PERFORMS 
• THE NECESSARY DRIVER FUNCTIONS.  THIS »ROCEDURE ALLOW:; 
• TROUBLESHOOTING OF THE DRIVER AMD CHANGES TO BE «ABE 
• WITHOUT REGENERATING THE OPERATING SYSTEM.  R LARGE 
• BUFFER AREA IS INCLUDED SQ THHT THE CORRECTED VERSION 
• CAN EVENTUALLY BE COPIED INTO THE SYSTEM AREA, 

ENT DR52«I.33»C.32 

• 

1.52 NOP • INITIATION SECTION • 
JSB DR52JI 
JMP I.52» I 

• 

C.52 MOP • CONTINUATION COMPLETION SECTION • 
JSB DR52iI 
JMP C.52,I 

• 

DR32  DEF TMP52    • THE USER': PROGRAM MUST CHANGS TWP32 
• • STARTING HDDREC: OP HIS DRIVER SUBROU 
• 

TMP32 MOP 
JMP TMP52- I 
BSC 3 0OB 
END 
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Appendix F:  System User's Guide 

This appendix contains supplementary information 

which should assist the user in getting acquainted with 

the DSP laboratory.  It is not intended to be comprehen- 

sive because the user can find most information in 

appropriate manuals or other documentation. 

1. The system master security code is AF. 

2. Off-line loading procedures 

a. System Disk 

First, make sure the computer has halted, and 

the "DRIVE READY" light on the disk drive is on. 

Set the S Reg. to 111202 (the disk loader ROM 

occupies optional loader ROM socket #2; Ref 14:7). 

Press the keys PRESET, IBL, and RUN in sequence. 

This will load the operating system into memory. 

The system will come up with FMGR running. 

b. HP Cassettes 

Select the left or right cassette drive by 

pressing GOLD, one of the FROM: keys, and TRANSMIT 

in sequence.  Then, follow the same procedure as 

described for the disk, but set the S Reg. to 

041300 (optional loader ROM #1). 

c. Paper Tape Reader 

Follow the same procedure as described for the 

disk, but set the S Reg. to 001700. 

3. Compile and run a FORTRAN IV program 

To compile a program, enter the following coirnrand: 
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*RU,FTN4,£,fname,l , - 

The asterisk is the RTE prompt.  The source code 

file name is kfname. HP convention is to start all 

source code files with a "&" and all object files 

with a "%".  For the above command, if no file 

exists, called %fname,then RTE will create the file, 

stop the compilation, and report a DISASTER 97.  In 

this case, just type the same command in again, and 

it should run.  If %fname existed before the command 

was entered, the new object code will overwrite 

it as the compilation proceeds. 

To load and run the program, enter the following 

commands (the colon is the FMGR prompt): 

*RU,FMGR 
: LG, 0 
:MR,%fname 
:RU,LOADR,99,1 

If no errors were discovered by the loader, it will 

report that the program is ready.  To run the 

program, type: 

:RU,pname 

where pname is the name of the program.  Usually the 

FMGR prompt will return before all of the output 

has been sent to the designated device.  To see the 

remaining output, strike the RETURN key.  This will 

also terminate FMGR. 

A program can also be run without FMGR so that no 

interruption in the output occurs.  Just enter the 

EX command after running the loader.  Then type: 
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*RU,pname 

Assemble and run an assembly language program. 

Enter the following commands: 

*RU,FMGR 
LS,0 
MS,&fname 
LG,0 
LG,3 
EX 
*RU,ASMB,2,1 ,99 
*RU,FMGR 
:SA,LG,%fname 

The program can now be loaded and run in the same 

way as described for FORTRAN IV, except that the 

MR command is not required. 

Report Files 

The Source code file name of any program listed in 

this report is just the program name preceeded by 

a "&".  The corresponding object code files are 

preceeded by a "%".  Any corresponding type 6 file 

has the same name as the program name. 

TI Terminal 

The TI terminal is currently being operated at 110 

baud.  A 300 baud interface is available, but the 

terminal has trouble completing a carriage return 

fast enough. Another printing terminal has been 

successfully operated on the same I/O channel using 

the 300 baud interface. 
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Appendix G:  Disk Storage Programs 

The two programs implemented for storing data on 

the disk are listed in this Appendix.  STDSK demonstrates 

temporary disk storage.  FILES demonstrates permanent 

disk storage in a disk file.  Both programs are self- 

documenting and require no further explanation. 
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-TN4.L 

C 
c 

»RQSPAM STBSK 

C THIS PROGRAM USES R BISK TRACK ALLOCATION EXEC CALL TO 
C ALLOCATE TRACKS FOR DRTR STORAGE.  THE SUBROUTINE BINRY1 
C STORES DATA OH THE DISK. 

Z VARIABLES» 
C       IBUFR - THIS IS THE DRTR BUFFER TO BE PEAD FROM OR 
S WRITTEN TO 
C       IBUFL - LENGTH OF THE BUFFER 
C       I DISK - LOGICAL UNIT NUMBER OF THE DISK USED IN THE 
C DATA TRANSFER 
C       ISTRK - DISK STARTING TRACK NUMBER 
C       ISCTR - DISK STARTING SECTOR NUMBER 
C      IDFST - DISK SECTOR OFFSET <I.E.s THE NUMBER OF WORBS ' 
S TO BE SKIPPED IN THE SECTOR' 
S       IRBWR - DETERMINES READ OR WRITE OPERATION 
C 1 = READ   2 = WRITE 
I       MODE - SPECIFIES THE TVC'E 0er EXEC CALL 

DIMENSION IBUFR<100) 

S   ALLOCATE TRACKS 

»RITE' 1»50-' 
50   C0?N1AT < •---. "HOW MRNY TRACKS?") 

=EAD'l-*' ITRAK 
ICODE = 4 
:ALL EXEC a CODE, ITRAK» ISTRK* IPISK« ISECTJ 

C   INFORM USER OF DHTH ST0RA6E AREA» Qfi THAT IT i; 
   r,r;7 AVAILABLE 

IF<ISTRK.EQ.-1' CALL EXIT 
WRITE«1<75' ISTRK,I DISK,I SECT 

~Y   FORMAT<"* "THE STARTING TRACK NUMBER IS", 14. , 
+"THE DISK LU NUMBER IS",14« •••. 
•••••THE NUMBER 0F 64   MORD SECTORS-'TRACK IS"« 14, -'--> 

C— :ET VARIABLES FOR EINRY 

no too i=i-too 
100   IBUFR<I) = I 

IBUFL = 100 
ISCTR = 0 
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IDFST = 0 
IRDWR = 2 

   WRITE THE BUFFER VALUES To THE DIS» 

CALL BNRYt CIBUFRi IBUFL» IBISKi ISTRKI ISCTR» IOFSTI IRBMR 

C   SET THE BUFFER VALUE: TQ ZERO 

DO 200 1=1«100 
£0 0   IBUFR<I) • 0 

C   eEAB THE BUFFE» VALUES BHCK IN F='CIM THE BISK 
C 

IPBWP = 1 
CALL BNRY1 (IBUFR) IBUFL? IBISJ • ISTRKI ISCTRI IOFTT. IFD'JC" 

I:  WRITE 3UT THE BUP^E? VALUES TQ VERIFY THE REAB^WRITE 
"— OPERATION:: 

WR t TE ' 1' 10 0) 'I BUFP • I -' • I • 11 1 0 0 ' 
300  FQPMAT • "BUFFER VALUES"»  .10'101?« •• 

STOP 
END 

;iJBPOUTINE BNRYl iIBUFR» IBUFL» IDISK» ISTRt" . ISCTR» IOFCT. IPDWP' 

THIS ROUTINE USES THE SYSTEM UTILITY "8INPY" FOR READING 
FRON 3ND WRITTINS TO H BISK. T^E  ENTPY CQINT PQF READING 
IS "BREAD".  THE ENTRY PQINT FH? WRITTIN6 II "BWRIT". 

DIMENSION IBUFR<IBUFL) 

1 0 0 

£' 0 0 

IFdRDWR.EO. i> SO T~ 100 
IF<IPDMR,EQ.2) SO T3 200 
WRITE <1»50) 
FQPMAT<"••••• ERROR IN INPUT.  IRBWR BGEI NOT EQUAL "« 

•      "1 OR £ •••••"• 
PETURN 
CALL BREAD < I BUFF, IEUFL < IDI 3K < I S TRJ »ISCTR»I OF IT • 
RETURN 
C ALL BUR IT • I BUFF. I E'JFL • I811* • 11TRK • 11C TR - I Dc IT • 
RETURN 
END 
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SUBROUTINE EXIT 

HI! SUBROUTINE II CALLED WHEH THE TRACKS REQUESTED AFE 
UNAVAILABLE.  THE USES i: INFORMED 3F THI! AND THE PROGRAM 
IS STOPPED. 

'..IP ITE < 11 1 0 0 0) 
1000  FDPMrtT''" ••••. "TRACK <S) APE NOT AVAILABLE."» 

•.»PROSRflM TERMINATED."»  '• 
STOP 
END 
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C 

PROGRAM   FILE: 

c* • 
•:• THIS PPCJGRRH DEMdNSTRRTES THE USE OF FMP CRLLS FQR   • 
O DATA STDPRGE DM fl DISK, fl PILE IS CREATED» HMD DRTfl  • 
•> IS WRITTEN INTO AND READ FROM THE PILE.             • 
C* • 

INTEGEP DCE1(144'.NRME1C3><SIZE1<2)« CR•TYPE 1 - SEC UP• 
+        ERPQP' DPTN J RPRY 1 < 1 0) » RPRY;2 < 1 0) - RPRY 3 < 1 0) 

r 
HRMEia.:' = 0 
ftflMEl <2) = 0 
HRWEi<3> = 0 
WRITE a» 25) 

15    -DPNAT •::•'•• ENTER FILE MRNE".:' 
READ <1» 30) CNAWEl a'' i 1 = 1 < '••'• 

50    FOPMRT<SHEO 
SIZE1 CD = 3 
TYF'El = 3 
SECUP = 0 
CR = 20 

S 
S   CREATE fl TYPE 3 FILE ON CARTPILGE £0 

CALL SPERT • D'SBl« ERPa*» NAMElJ S IZE1 < TYPE1 > SECUR»CR> 
I- fERRQR.LT. 0> SO TQ 90 0 

MR ITE '. 1110 0 ' ('NAME 1 CI> »I«l.3> ? C Q t ERR CP 
100   RDPIAT C "FILE ',,«SR£«"' HRS BEEN CREATED ZM CARTRIDGE '< 

+      li«" MITH ">I3. " S4-WQRD SECTORS"^ 
—. 

:   OREM T'-fE FILE CZ* READ^WRITE 

QFTM = o 
CRLL OPEN ''DCE 1 ? ERROR > MRNE 1 < ZPTN. SEC UP. C P • 
IF ':.E=:PQR. LT. 0> GO TO 9 0 0 

C   GENERATE DRTR INTZ THREE RPCRYS 

DC £00 1=1-10 
RPRVI<I) = I 
RPRY'2 '" I '• = 2*1 
RPRYG'T' = 1*1 

200  C3MTINUS 

   ^.iC'lTE EACH DRTH ARRAY R: ZNE C'ECGPD IM THE CI_E 

LE"GH = 10 
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CftLL   'IP ITF i DCB1« ERROR»ftRfiYl - LE1SH1 
IFCMJRCIP.LT. 0)   SO   TZ  900 
CftLL   '.JRITF • TCE1 < ERROR» RRflY2> LENSH> 
IF «.'ERROR.LT. 0)   SO  TO  900 
C RLL WRI Tr '. DCE1 > EPPCP. HPHY3 , LENSH > 
IFCERRDR.LT.0) SD TG 900 

:ZT BRTR ARRAYS TO ZERO 

3 0 0 

DG   3 00   1=1«10 
ARftYl < I..'    =   0 
ftRftYS CD   =   0 
RRRY3<"I)    =   0 

CONTINUE " 

:   READ EACH RECORD FROM RILE INTO RfH ARRAY 

CALL RWNBF<DCB1>ERROR) 
IF • ERROR. LT. 0) ön TO 9 0 0 

CALL   ?EADF<BCB1>ERROR»ARAYl»LENSH? 
IFCERRDR.LT. 0)   SO   TG   90 0 
CALL  REABFCDCBlsERRORJRPAY2»LENSH> 
IFCERRCR.LT.O)   SO   TG   900 
CALL REABff <BCB1» ERROR - APAY 3 • LENSH ' 
IF ' ERR GP . L T. 0". SO TG 9 0 0 

:'ITE   THE   DATA   ARRAYS .'ERIFY   =Enü   MPITE   UC!Lr^TlZ' 

4 0 ü 

WRITE <1« 400?    <ARAY1 >:. D « 1 = 1« 1 0? « CARAY2 ' I' • 1 = 1 • 1 
CARAY-3 '.!:• < 1 = 1 - 1 0 • 

FORMATc -:• • i o i r •••-• ••• 

Z      CLOSE   DHTR   FILE 

CftLL  CLOSEfBCBI»ERROR? 
IFCERROR.LT.0>   SQ   TG   rOO 

:TG: 

3 0 0        IP ITE (. 1» 1 0 0 0 '   ERROR 
1 00 0     PQRMftT '    " - MP   EPPGP   " - I 4 •• ) 

END 
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Appendix H:  Auto Plot Program 

This Appendix contains a listing of the program 

APLOT. It is self-documenting. 

i 
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FTN4,L 
C 
C 

PROGRAM   APLOT 

;••• «u ^ -^ i^ ^ ^ .^ ^ ^ ^ -jj \^ \jj \u \^ i^ w ^ \^ \jj it'  V' '*' lV '-V vV' -V "• V '-V \& "4t "-^ ''V •V '^ "•¥   V' ••¥ ^ '"M   V  t •*" "^ '-A' ^ 'V '"V '^ -V  V 4 ""k- 'v ••t V ••(*• 

C* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 
c* 

THIS PROGRAM DEMONSTRATES COMPUTER CONTROL OF THE 
GRAPHICS TERMINAL.  THE EXECUTIVE CALL IS USED TO 
SEND THE DECIMAL VALUE OF THE ASCII CHARACTERS. 
THE SEQUENCE OF CHARACTERS LISTED IN BUFR WILL 
FILL THE AUTO PLOT MENU, ACCEPT DATA FROM THE COM- 
PUTER AND PLOT IT, AND TURN OFF AUTO PLOT. 

VARIABLESi 
CODE - DESIGNATES A WRITE EXEC CALL 
CTLWD - SPECIFIES THE 
BUFR - CHARACTER BUFFER 

CGNSULE LU# 

BUFL - BUFFER LENGTH; = »*(* OF WORDS IN BUFR) 

* 

* 
* 

* 

* 

* 
* 

* 

C »fr % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % 'S & % %%%%%%'%'%••%• 
c 

c 
c  
c 

INTEGER CODE,CTLWD,BUFR(43),BUFL 

INITIALIZE VARIABLES 

CODE = 2 
CTLWD ••=   i 
BUFL = -86 
BUFR(i) = 27 
BUFR(2) = 42 
BUFR(3) = 97 
BUFR(4) = 100 
BUFR(S) =50 
BUFR(6) = 104 
BUFR(7) = 49 
BUFR(S) = 105 
BUFR(9) = 50 
BUFR(iO) = 106 
BUFR(ii) • 49 
BUFR(12) = 107 
BUFR(i3) = 43 
BUFR(i4) = 103 
BUFR(15) = 49 
BUFR(i6) = 43 
BUFR(17) = 48 
BUFR<18) = 109 
BUFR(19) = 48 
BUFR(20) = Ü0 
BUFR(2i) = 49 
BUFR(22) = 43 
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BUFR(23) = 48 
BUFR(24) = iii 
BUFR(25) = 50 
BUFR(26> = 48 
BUFR(27) = 112 
BUFR<28) = 49 
BUFR(29) = 48 
BUFRC30) = Ü3 
BUFR(3i) = SO 
BUFR(32) = 48 
BUFR(33) = 114 
BUFR(34) = 49 
BUFR(35) = 48 
BUFRC36) = .115 
BUFRC37) = 49 
BUFRC38) = 52 
BUFR(3?) = 117 
BUFR(40) = 49 
BUFR(41) = 118 
BUFR(42) = 99 
BUFRC43) = 65 

c 
C   SET UP AUTO PLOT MENU AND DRAW GRID 
C 

r ALL EXEC(CODE,CTLWD,BUFR,BUFL) 

0   SEND DATA TO BE PLOTTED 
C 

J = 1 
l< = 0 
DO 20 0 1=1,92,7 

WRITE(1,100) I,J 
1ÜÜ F0RrtAT(2I7) 

K = K + l 
J = Jt-K 

20 Ü CONTINUE 

C  TURN OFF AUTO PLOT 
c 

BUFL = -8 
BUFR(4) = 66 
CALL EXEC(CODE,CTLWD,BUFR,BUFL) 

STOP 
END 
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Appendix I:  D/A Converter Software Listings 

The program TSTDA generates data for subroutine 

DA16B and calls it.  DA163 provides software support for 

the D/A converter which has an X-Y plotter and a conven- 

tional oscilloscope connected in parallel to its outputs. 

Subroutines MINXY, MAXXY, SCALE, CBINE, PLOTR, and SCOPE 

are called by DA16B.  Subroutine OSCPE (entry point SCPE) 

is called by SCOPE.  Subroutine PLT (entry point PLOT) 

and ONE (entry point FIRST) are called by PLOTR.  The 

purpose of each subroutine is explained in the program 

listing. 
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PR06RAM   TCTDA 

c* 
c* 

THIS PROGRAM GENERATE;: DAT« IM CAMPLE PC I NT FORM • 
FOP A CONTINUOUS FUNCTION. THE DATA IS USED TO • 
T3  DEMONSTRATE THE SUBROUTINE 'DA16B'. • 

1 0 0 

COMMON NPTS» IXAXS ':£56> « JYAXS >'256':> i XAXIS C256) > YAXI1 

INPUT THE NUMBER IF   DRTfl POINTS 

WRITE<tf50) 
FO&MAT<22C> j"HOt«) MANY DATA POINTS?  '::25* MAX'") 
REAB<i»*) NPTS 

GENERATE THE DATA 

PI = 4. 0*ATAN <l. 0) 
UEP  = ä.O^PI'FLDATCNPTS) 

DO 100 I»l>NPTS 
SAVE  =  FLOAT <D*STEP 
KAKIS <I")   =   SAVE 
YAXIC'-'I.' = SIN<SflVE> + a. 0-'SAVE) •COSt'SAVE) 

CONTINUE 

SEND DATA T3   D.--A AND OUTPUT DEVICE 

CALL DA16B 

STO* 
EflD 

FTN4»L 

SUBROUTINE DAiftB 

r » 
:• 

THIS ROUTINE PQRMATS DATA PQR OUTPUT TO EITHER AN 
X-Y PLOTTER OR A CONVENTIONAL OSCILLOSCOPE.  THE 
INPUTS ARE TWO PEAL ARRAYS CORRESPONDING TU  THE : 
AMD V AXES» AND THE NUMBER CF DATA POINTS. 

• 

• 
• 

COMMON  N6Ti>IXAXS<23c •A:: I AXli 
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100 

1Z 0 

FIND  THE  MINIMUM   VALUES   IN    :AXIS   WD   YAXI3 

: =ILL MINXY <XMIN* YMIM> 

lET   <MIN  fiMD  YMIH  TC  MAKE  RLL   I¥WAV 
VALUE; POSITIVE 

I P <XH IN. ST. 0. 0") XPIIN = 0. 0 
IF O'MIN. GT.0.0 >   YM IN = 0.0 
XHIH = RBSO'MIN) 
YMIN = ABC-YMIN:- 

FIND THE MAXJMUM VALUES IN XRXIS AND YAXIS 

CALL MAXXY <XMAX > YMAX > 

SCALE ALL ARRAY VALUE: 

CALL SCALE<XMIN*YMINi (MAX» YMAX) 

COMBINE INTESER RRRAYS INTO ONE RRRAY 

WRITE '1-1 00) <IXRXS <D » JYPXS •. I • « 1 = 1 < NPT5) 
FORMAT« '»3?<t4I3> -O - •'•••:' 
CALL CEIME 

SELECT OUTPUT DEVICE:  PLOTTER 3?   OSCILLOS( 

WRITE<1» 130' 
FORMAT <//» "WHAT TYPE 3F OUTPUT DEVICE""- - 

* "l-PLOTTER  2»OSCILLOSCQPE" 
C-EMD'1.*' IPICfc 

OUTPUT DATA 

I- (IPICK.EQ.1' CALL PLOTR 
I- • ICIC> .EQ.2) CALL SCOPE 

RETURN 
END 

-cc 

SUBROUTI ME MINXY <XMIN« i'M IM • 

•- THIS ROUTINE DETERMINES THE MINIMUM VALUE CCF EA: 

COMMON MPTSi IXAXS<2?6) « JYAXSC25«) »XAXlS<256) »Yfl :i 

XMIH • XRXIS<D 
VNIN * YAXIS <1• 

H AM 

DO 200 I»2fN*TS 
IPtXAXlS' I • .LT. :nlN) [IN = XftXlS' I 
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IF CYAXIS <I> .LT. YMIT. Y"t1N = YAXIS <I> 
£00   CONTINUE 

RETURN 
END 

SJBROUTI HE MflXXY «MAX. YMAX> 

THIS ROUTINE DETERMINES THE MAXIMUM VALUE FOR EACH AXIS 

COMMON  NPTS» IXAXS <236> • JYAXS <236> i XAXIS <256) •> YAXISC256) 

XMAX   =   XAXISO) 
YMAX   =   YAXIS<t) 

DO   3 00   I»2»NPTS 
IF «AXIS cr:- .GT.XMAXI :-:MAX = XAxisa) 
Ie Or'AX 11 < I) . ST. YMAX) I'MAX = VAX I S < I • 

CONTINUE 

RETURN 
END 

SUBROUTINE SCALE <XMIN»YMIN»XMAX»YMAX> 

COMMON NPTS»IXAXS(256)•JYAXS(256)tXAXI3<256)tYAXIS<25< 

r   Mök'E ALL ARRAY VALUE: RANSE FROM 0 T
J 155:  ONE BYTE 

:   INITIALIZE THE INTESER ARRAYS 

DO  40 0   I»1»NPTS 
XAXISa)   =   <XMIN+XAXi: <I> ) -' • XNIN+XMAX) *£55 
IXAXS a.   =   IFIXOCAXIS« I' • 
TAXIi'I'   •   CYMIN+YAXIS a • ••   •• ,'MIN+YMAX) *E55 
JYAXS i I ••   •   IFIX<VAXI * i I • i 

400        SONTINUE 

RETURN 
END 

c 
r 

SUBROUTINE SCOPE 

INTESER READY 

b*RITE<l»500) 
FORMAT < '••-•••55' "1H*> . •- "HIT A CARRIAGE RETURN T3 ZTA=T THE "• 

• "SCOPE DISPLAY, "i'»"PRESS 'CLEAR DISPLAY' TO TERMINATE." 
'    '«55 •. 1H» ' < • .> 
READ • • 11 •' READY 
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" •' • • •'•"," 

CALL "CPE 

RETURN 
END 

SUBROUTINE PLOTR 

INTEGER READY 

   POSITION THE PLOTTER PEN BY SENDING THE FIRST POINT 

CALL FIRST  * 

WRITE'1ib00> 
600   FORMAT* ••••<, 55<1H*J , ••-, "SET THE PLOTTER PEN DOWN. " , ' > 

+      "HIT R CARRIAGE RETURN WHEN READY TO PLOT."» 
+       - < 55': 1H*J ' ••- •-"> 
=
'EHD''1<*' REftDY 

CftLL PLOT 
C 

WRITE <l»<StO> 
61 0  FORMAT ( - ••' - £5 < 1H* :• » •-'« " PLOT COMPLETE. LI FT C'EN. ". 

+ 25(1H*:'.'/) 

RETURN 
END 

ASMB>L 

NAM CMBNE 

T-ill ROUTINE COMBINE: TWO INTEGER ARRAYS INTO ON: 
• JYAXi IS THE MOST SIGNIFICANT BYTE» AND IXAXS II 
• THE LEAST SIGNIFICANT BYTE. 
• 

ENT CEINE 

CON 
• 
CBINS NOP 

GLA 
cax 

NPTC- VAX • (£56 • < JYAXS v£56> 

• ENTRY POINT 

• CLEAR THE BUFFER FTP. 

LOOP  LAX JYAXS • MOST SIGNIFICANT BYTE 
RLF.MLF • ROTATE C'EG. A LEFT ONE BYTE 
AND =6177400 • MAKE C'JPE RIGHT BYTE IS CLEAR 
LBX IXAXS • LE^IT SIGNIFICANT BYTE 

148 



•tpi m 

CTE TEMP 
ADA TEMP 
SAX IXflXS 
1 i/':. 

CXfl 
CPR NPTS 
.IMP CBINE»I 
JHP LOOP 

• 

TEMP ESS 1 
• 

END CBINE 

• COMBINE THE TWO BYTES 
• INTO ONE WORD 
• LET PTR. TO NEXT BUFFER LOCATION 
• 

• COMPARE BUFFER CTR. TO NPTC 
• PETUPN TO CALLING PROGRAM 
• CONTINUE 

flSMB»L 

NftM QSCPE 

* • 
• THIS ROUTINE SENDS DATA FROM fl BUFFER TO AN OSCIL- • 

• LOCCOPE THROUGH A D-A CONVERTER. • 

• • 

EXT 
ENT 

FLIER- 
CCPE 

EL IE' 

vor  N 

COM 

p 

NPTSsIXflXS<£56> 

JCE 
NOP 
'_DA 
OTA 

SLIBR 

=E1 
IB 

• ENTRY c'OINT 
• TURN OF15 INTERRUPTS AND MEMORY PROTECT 

• SET THE SWITCH REGISTER TO 1 

TPRC CLR 
CAY 
LDY 
-i p 

NPTS 
IbE 

• :ET 
THE 

• COUNTERS 
• START THE REFRESH TIMER 

NEXT LA ••: 
OTA 
UK 
DCY 
JMP 
"FC 
JMP 
LIA 
iZA 
JMP 
CLC 
J:E 
DEF 

IXRXS 
loE 

NEXT 
16E 
•-1 
IE 

TRACE 
l$B 
ILIEY 
:C
C
E 

   

• SEND DATA POINT TO BE PLOTTED 
• INCPE WENT BUFFER FTP. 
• DECREMENT BUFFER COUNTER 
• 

• 

• 

• CHECK THE SWITCH RESISTER 
• IS IT CLEAR" 
• NO. 0 UTPUT BUFFS R AGAIN, 
• YE:. CLEAP • I'D C ONTROL EIT 
• TURN ON I' ITERRUPTS AMD NEMORY c'c'OTECT 
• RETURN TO CALLIN G PR06RRW 
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END SCPE 

RCMB.L 

NAM PLT 

THIS ROUTINE SEND DRTR FROM R BUFFER TO AM X-Y 
PLOTTER THROUGH fl D-'R CONVERTED 

• 

» 

EXT 'ELIBP-'ELIBX 
ENT PLOT 

CQH NPT~. IXAXS<256) 

:'LCT  NOP • ENTRY POINT 
JSB XLIEP     • TURN OFP INTERRUPT" ANB MEMORY PR! 
NOP • 

ITECT 

T^RCE CLR • SET 
CRX • THE 
LDY NPTS • COUNTER". 

NEXT LAX IXAXS • LOAD BUFPER VALUE 

LBS -8-327S7  • IET MR IT TIMER 
JflIT  OTA ISB      • 

OTR 16S 
1MB) szs 
Jrtp WA IT 

• 

i:x 
DSY 
JMP NEXT 

• 

CLC ioB 
JSB XL I EX 
DEF PLOT 

END PLOT 

ASMS L 
• 

• 

NAM ONE 

• INCREMENT COUNT. -INI SHED WAITING' 
• NO. CONTINUE. 

* YE;, UPDATE BUFFER POINTED 
• DECREMENT lO'JNT. LA IT DATA1 
• NO. SET NEXT DATA =01NT 

• YES. CLEAR 10 CONTROL BIT 
• TURN ON INTERRUPTS AND NEMO?',' PRQ1 
• RETURM TO CALLING PROGRAM 

''*T 

• THIS ROUTINE SENDS THE FIRST BUFFER VALUE TO AN 
• ::-•/ PLOTTER THROUGH R D R CONVERTER.  THIS 'JILL 
• POSITION THE PEN SO TMF 'j:Ec CRN IET IT DGMN. 

* 
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EXT «LIBR»SLIBX 
ENT FIPST 

• 

COM NRTS>IXftXS< 
• 

FIRST NOP • 

JSB •5LIBP     • 
MOP • 

LDfl IXftXS    • 
DTR l&B      • 
CLC iSB      • 
JSB «LIBX   •> • 
DEF FIPST     • 

END FIPST 

ENTRY POINT 
TURN OFF INTERRUPTS FiND «EMORY PROTECT 

LORD FIPST BUFFER VALUE 
OUTPUT BUFFER VALUE 
CLEAR I'D CONTROL EIT 
TURN ON INTERRUPTS flNB MEMORY PROTECT 
RETURN TO CRLLING PRQSRRM 

151 

JA • i 



—— 

Appendix J:  Segmented Program 

Program MAINl will load and execute one of three 

disk-resident segments.  The user is requested to enter 

1, 2, or 3 corresponding to SEGM1, SEGM2, or SEGM3, 

respectively. 
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FTN4»L 

PPOGRAM  MAIN1 

c* THIS PROGRAM DEMONSTRATES fl METHOD "0= WRITING SZ3- 
MENTED PROGRAMS.  IT USES THE PROGRAM SEGMENT LOAD 
EXEC CALL.  ONE OP THREE SEGMENTI CAN BE CALLED. 

INTEGER SESMIY3)•5EGM2 <3)>SEGM3C3) 

DATA SEGM1'2HSE« 2HGM•1H1 - 
DATA SEGM2 2HSE»2HGM> 1H2•••- 
DATA SEGM3 ••-2HSE • 2HGM <• 1H3^ 
DATA MODE'S-' 

I      ASK   USER   i.iHICH   SEGMENT 

50   WRITE' 1 ^ 1 00) 
100   PQPMftTO* "WHICH SEGMENT  1« 2> OP 

PERDU»*) I CHOSE 

3RD 3ND EXECUTE SEGMENT 

CALL EXEC IFCICHOSS.EQ.1 
IP'ICHQSE.EQ.2 
M ICHOSE.EQ.3 

CALL EXEC 
CALL EXEC 

-MODE« SEGM1) 
MODE«SEGM21 
MDDE< SEGM3J 

TERMINATE PROGRAM IP ENTRV M INVALID 

WRITE' 1' 200) 
POPMHT'.. •'••-. "ONLY THREE SEGMENTS AVAILABLE, 

k "EXECUTIVE PROGRAM TERMINATED."« 

STOP 
END 

•TN4.L 

PROGPAM SEGM1(5) 

c* 
c* 

THM IS SEGMENT 1 OP PROGRAM MAIN1. 

WRITE•1>100) 
100  FORMAT<"t "SEGMENT 1 HA: BEEN LOADED RROW 'HE 

*"DISK AND EXECUTED"! • • 
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:      RETURN   TD   "1HIN1 

CALL  r'lfliru 
END 

• TN4. L 

PROGRAM SEGM2(55 

THIS IS SEGMENT 2 OF PROGRAM MAIN1. 

WRITE '"1 • 1 00) 
100   FORMAT ••••••••-. "SEGMENT 2 HRI BEEN 

• "DISK AND EXECUTED". •"> 
.OADED PROM THE " 

I   RETURN TO MAIM 
p 

CALL MAIN1 
END 

PTN4»L 

PROGRAM SEGM3(53 

THIS I." SEGMENT I   QF PROGRAM MAIN1 • 

• 

MRITE•1 >100' 
FORMAT<'•''•* "SEGMENT 3 H^: BEEN 

•"DII- AND EXECUTED"« ' 
.OADED FROM THE 

I   RETURN TD MAIN1 

CALL NAIN1 
END 
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Append x K:  Executive Programs 

Two programs were implemented to demonstrate the 

system's capability for executing a large number of 

DSP applications programs by means of an executive 

program.  SCHED demonstrates the use of the Program 

Schedule EXEC Call.  The user has the option of specifying 

ore of four types of scheduling.  MESG1 demonstrates 

the use of the System Message utility, MESSS.  MESSS 

can be used to execute any of the system commands. How- 

ever, only the RU command is included in MESG1. 
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PROGRAM SCHEU 

THIS PROSRAM DEMONSTRATES THE USE 3F THE PROGRAM 
SCHEDULE EXEC CALL.  THE USER SPECIFIES THE TYPE 
3- SCHEDULING AND ONE OF THREE PROGRAMS To BE 
SCHEDULED. 

D I PCM Z IQ« NAME1 < 3 > • NAME2 . 3 • , NAME 3 <3"> 

DAT* MAMEl SHPÄ»2HQG»1M1 
DATA NAHC2 SHRR« SHQGS 1H£ • 
DATA NAHE3 2HPR»2HOG»1H3 

SELECT TVRf 3P SCHEDULE 

•i= ITE' 11  100 i 
: :••:,  PQPMAT •:E_E:T TYPE Z~  SCHEDULE."» 

' >"IHMCDIAT5 SCHEDULE» ''ITH WAIT": 
"tO»IMMEDIATE SCHEDULE» 1Q MA IT" . 
23»0U£UE SCHEDULE» .iITH WAIT"»'» 
'24"0U£UE ICHED'JLE« NQ WAIT"» 
3D! 

:c'I:ODE.E3. -  ;a T3 300 
I»' ICODE.EO. 10 '50 T3 300 
I-• tC3DE.E0.21 • '3D TO 300 
I-•ICODE.EO.24) 33 TH JOO 

INVALID INPUT 

WR ITE < t»10 0 0 • 
33 T3 30 

CELECT   P=03CAN 

WRITE<\'400• 
FORMAT< ••-. "IELECT  PROGRAM   TB   EE   RUM. "»••! 

+ " 1=C,F3'31 " .    i "i=PPu5i" »  's " 3=C'C,3G3" • •-> 
PE^D•1'••    I==GG 
•33   T 3   (?00*6 0 0 '700'    IP c' 0 '3 

C   INVALID INPUT 

450  WRITS •• 1« 1 000' 
'3C T3 300 

:   SCHEDULE PROSRAM 

500  CALL EXECtICODE»NAME! 

3 0 0 
4 0 0 
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GQ TO 730 
SOQ  CALL EMEC<IC0BE»rW%ME2) 

3H T3 750 
7 0 0   C 3LL EXEC •:' IC DDE > NWtE 3' 
rso  WRITE a »300^ 
500   Pt»WWT< '•••» "DG YOU WANT TO SCHEDULE «MOTHER PR06RftH?"i''» 

•       "1»YES   2*m~*/) 
REflDfl**) IPICK 
IF<IPICK.EQ.1) GO TO 50 

1000  cOPMRT': ••'••'!• "••••• INPUT ERROR •••••",.•:. 

:TCP 
END % 

RTN4»L 

PROGRAM PPCGI 

c* • 

c* THI": PROGRAM IS SCHEDULED BY THE PROGRAM "SCHEU". • 

c* • 

WRITE Qi 1 00) 
.00   FORMAT i.//i "PROGRAM 1 HAS BEEN SCHEDULED AND RUN' 

:TC:P 
END 

PROGRAM PRCG5 

'* * • 

c* THIS PPCSRftM I 3 SCHEDULED E'T THE PROSRAM "SCHED". • 

c* • 

WRITS<1.100' 
100  FORMATS/» "PROGRAM 3 HAS BEEN SCHEDULED AMD RUN". •• •:• 

STOP 
END 

PTN4»L 
C 
C 

PROGRAM PROGS 
.- 
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:• • 

o THIS PPOGPRM ig SCHOÜLED BV THE PRQSRRM •:CHED". • 

c* • 

c 

too 
i.iPITE'l > 100".' 
FORMAT C-''-1. "PROGRAM 

S TCP 
END 

HAS BEEN SCHEDULED RHB SUN' 
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PROGRAM MESG1 

THIS PROGRAM DEMONSTRATES THE USE OF THE SYSTEM 
MESSAGE UTILITY <MESSS>.  THE UTILITY ALLOWS 
SYSTEM COMMANDS TO EE EXECUTED FRDM A USE* PROGRAM. 
IN THIS CASE» THE USER HAS A CHOICE OF RUNNING ONE 
0- THPEE PROGRAM. 

• 

• 

INTEGER CMND1<Q>« CMND2 <S>> CMND3 <3) 
C 
C   CMND1 = "PU.RR0G1" 
C   CMND3 • "-U.PP0G2" 
S   CMND3 = "RU»PROGS" 

3   SELECT c'fiDGCAM TO BE RUN 

50    '.iRITt a, l 00) 
100   ^O^MAT -r •••-••, "SELECT A COMMAND" ?••"•" 1=RU« PROG1 ". •-. 

* " 2«RU f PR0G2" i •• < " 3»RU > PROG 3" • ' s 
PEAD'l'*' IPICK 
30 TO ' £ 0 0« 3 0 0« 400) IRICK 

"   RUN PPOGPAM 'PRQG1' 

200   CMND1<1) = 2HRU 
CMNB1<2> = 2H»P 
3MND1'3' = 2HRD 
CMND1<4) = 2HG1 
II-NT1 = '? 
i = MESS:'CMNDI«iera:< 
IF <I. LT. 0) ''.IF ITE < 1 < £ 000'' 
IF <I. GE. 0) MR I TE < 1« 3 0 0 0) 
GO TO ?00 

:MNIU ' j"' . j=i. 3.' 
:.MHD1 <J> . J=1.4' 

   RUN PROGRAM -'PROGS'' 
r 
300 CMND2<1i = 2HRU 

CMND£''£' = 2H»P 
CMND2<3> = £HFO 
CMND2':4'. = 2HS2 
ICNT2 = 9 
I • MESSS':'CMND£. ICNT8) 
IFCX.LT.O) WRITE<1»2000) <CMND2<J)»J«ii8i 
IP" •: I. GE. 0.' WRITE •• 1 • 3000' CCMNB2 • J' < J=l i 4) 
GO  TO  900 

.-• 

RUN  ePQGRAM   -"PPQGS 
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4 00        CMND3<Ü    =   cHP!J 
CMND3'£>    =   3:H«P 
CMNB3<3> = 2HRQ 
CMND3C41 = 2HS3 
I3NT3 = 3 
I   =  W£SSS<CMNB3»ICNT3> 
IF'ü.LT. 0:>   WRITEUiSOOO)    03MND3 (J> i J=l • 3 • 
IF<I.GE.0>   WRITE a »3000'    'XMHÜ3 CJ > *J*l> 4) 

C 
C      ftSK   IF  ANOTHER   WJQSRflU   IS   TO  BE  »UN 

900       WPITE<1» 4000) 
READ a«*'    IPICK 
IFaPICK.EQ. I)   SO   TO   50 

;ooo 
;000 
r 0 0 0 

FORMAT-::-'--. SA2>.••'--> 
cOPMPT •::•••'"THE COMMAND ' " » 4A2. " •' HA 3 BEEN EXECUTED' 
FORMAT'':.---., "DO YOU WANT TO PUN ANOTHER PP3SWOT?"i i 

f "1»YES    a«MQ"> ••-:• 

3 TOR 
END 
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Appendix L:  Recommended Software Structure 

The software structure recommended for the DSP lab- 

oratory includes the Program Schedule EXEC Call and 

segmented programs.  Program EXECT (the executive) has 

five valid commands:  TERM (terminate the program), 

PRGM1, PRGM2, PRGM3, and LIST (lists the valid commands), 

The programs PRGM1, PRGM2, and PRGM3 are identical 

except for the names of the segments they can call. 

Therefore, only PRGiVll and its segments - SUBRl , SUBR2, 

and SUBR3 - are listed. 
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PROGRAM  EXECT 

c* 
c* 
c* 

THIS IS RH EXECUTIVE PROGRAM WHICH WILL SCHEDULE • 
DISK RESIDENT PROGRAMS FDR IMMEDIATE EXECUTION. • 
THERE APE FIVE VALID COMMANDS:  PRGM1. PRSM2» PRGM3» • 
LIST» AND TERM.  THE FIRST FOUR WILL SCHEDULE • 
PROGRAMS,  TERM'' CAUSES EXECT TD TERMINATE. • 

C 

1 0 ij 

150 
5. 0 0 

4 0 0 

C DMMON ICMND '• 3) < I CODE 

ICODE = 3 
WRITE Cl» 1 0 0'.:' 
FORMAT<10 CO 11 QX>"••»•• PROGRAM FUR DIGITAL SIGNAL "» 

+  "PROCESSING •••••" . 11 <./*> •• 
WPITEvl' 200) 
FORMAT <••" ENTER COMMAND " ':• 
I CMND a"' = 0 
ICMNDC2? = 0 
ICMND03) = 0 
READ <1» 400'.' <ICMND<I> • 1 = 1« 3) 
FORMAT •:'3A£> 
IF< •-1 CMND a.) .EQ.2HTE) .AND. <ICMND<2J ,EQ.2HRM5 ) STOP 
IF < 'TCMND a> . EQ.EHPR'J . AND. < ICMND <2> . EQ. £HGM> 

+   . AND. < I CMND < 3) . EQ. 1H1 > > GO TO 5 0 0 
IP<<ICMNDa) .EQ.2HPR) .AND. aCMND<2) .SÖ.2HGM) 

*        . AND. -: I CMND < 3 > . EC. 1 42 "• < GO TU   5 0 0 
IF<<ICMND<D .EQ.2HPP1 . AND. CICMND<2> .EQ.2HGM) 

+   . AND. < I CMND <: 3 > . EG. 1 H3> ) GO TO 5 0 0 
IF •" ( I CMND (1) . EC!. 2HLI ) . AND. < ISMNB • £'• . EJ. 2H" T> • 30 TO 5 

INTERCEPT INVALID COMMAND: 

CALL ERRQP 
30 TO 150 

c  SCHEDULE PPDGPAM 

5 0 0 

r» 

C 

CALL EXES(I CODE•ICMND' 
GO TO 150 
END 

1 0 0 

SUBROUTINE ERROR 

COMMON ICMND'"3'•ICODE 

WRITE<1' 1 00- 
PflRMAT •:' •"•••••   INPUT   E = .c0=   ••« 
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WRITE <1» 200^ 
!2Q0  FORHftT<"SELECT 3PTIDN«" "1 = :TOP""£ = CONTINUE" 

+      "3 = DICPLAY LIST OF COMMANDS'"* 
RSflD<l»*) IPICK 
IFaPICK.EQ.a:' RETURN 
IF«IPICK.EG.3) GO TO 3 00 
STOP 

300  WRITE<1»400} 
400   FORMAT C--15K. "••••• LIST OF COMMANDS •••••'•••,••, 

+ " PRGM1" - 5X !> " PR6M2 " - 5X ? " FPGM3 " » 3X « " L I ST " • 6X« " TERM " • ' J 
RETURN 
END 

^TrUnL 
C 
-^ 

PROGRAM PRGM1 
C 

COMMON,-" I FLAG -1 FLAG 1 
INTEGER     CUER1 <3> . 3UER£:-:3'> > SUERS-:?'1 

Q 

DATA SUER1 "EHCU» 2HER • 1H1 
DATA SUBR2 -'EHCU •> -2HER - 1 H£ ' 
DATA CUER3-'EHCU<2HBR. 1H3--' 
DATA ICODE'8- « I EG IN. 0 

C 
IFaEGIN.NE. 1003 5D TO 100 
GO TO <!30>51»52'> I FLAG 1 

100   I EG IN = 100 
WRITE < 1 > £00) 

£00  FORMAT*. •'• PRGM 1 HAS BEEN SCHEDULED BY EKSCT**) 
: 
C   LOAD AND EXECUTE CIPIT SEGMENT 

CALL EXEC a CODE- SUERl> 
c 
C   LOAD AND EXECUTE SECOND SEGMENT 

50   CALL EK£C<ICDDEJSUBR2.'5 

C   LOAD AND EXECUTE THIRD SEGMENT 

31 CALL EXEC'TCODE,SUBR3> 
32 STOP 

END 
C 

BLOCK DATA 
COMMON IFLAG-T FLAG 1 
END 

FTN4.L 
t"' 

PROGPRM IUER1 <3>» ^AMED COMMON 
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ii I..   ............ ,   m—mmn^m*.-*—^^ 

COMMON•'-1FLRG-' I FLRG1 
C 

'dPITEa. £00) 
100   FORMAT C''MCUBP1 HAS BEEN LOADED RND EXECUTED" 

C   :ET IFLRG1 FDP ENTRY POINT IN PRGM1 
C 

IFLAG 1 = 1 
CALL PRGM1 
END 

FTN4.L 

PROSRftM SUBR2 <5)i NAMED COMMON 
C 

COMMONS IFLAG•IFLRG1 

WRITE a? 100) 
100  FORMAT <:-•• "SUBR2 HAS BEEN LORDED RND EXECUTED' 

:   SET IFLRGl PGP ENTRY POINT IN PRSM1 

IPLRG1 = 2 
CALL PPGM1 
END 

CTN4.'_ 
0 
r 

PROSRftM SUBR3 <S> i NftMED COMMON 

COMMON - IFLRG IFLRGl 
r 

:'.|R ITE ' 1« 1 00) 
100   -CPMRT-: •'*IJEC'3 HA: BEEN LORDED RND EXECUTED" 

:— :ET I
C
LH'3I POP ENTRY POINT IN PRGMI 

I FLAG 1 = 3 
CRLL PRSM1 
END 
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