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THE SOFTWARE SYSTEM DEVELOPMENT FOR THE vAMU
REAL-TIME FAN BEAM SCATTEROMETER DATA PROCESSORS

1.0 SUMMARY

The Remote Sensing Center at Texas A4M University (TAMU) has devel-
oped a real-time radar signal processor for the NASA fan beam scatter-
ometer system. The development of the system and hardware design of the
real-time processor is documented in Final Report RSC-3556, "The System
and Hardware Design of Real-Time Fan Beam Scatterometer Data Proces-
sors,"” March 1979 [1]. This current report presents the details of the
development of the software system for the signal processors.

The software package has been designed and written to process in
real-time any one quadrature channel pair of radar scatterometer signals
fron the NASA L- or C-Band radar scatterometer systems. The software
has been successfully tested in the C-Band processor breadboard hardware
using recorded radar and NERDAS (NASA Earth Resources Data Annotation
System) signals as the input data sources.

Contained in this report are a brief review of the processor devel-
opment program, a concise yet complete description of the overall
processor theory of operation and design, a detailed description and
documentation of the real-time processor software system, the results of
the laboratory software tests, and recommendations for the efficient
application of the data processing capabilities provided by the TAMU

Real-Time Scatterometer Processing System.




In the intevest of efficiency and economy, some of the material
presented in this report has been extracted from Final Feport RSC-3556
[1] with only minor or no modification, Such material has been {ncluded
to provide as nearly complete documentation in this volume of the over-
all processor system as is necessary to fully understand its operation,
capabilities and limitations, For the detailed documentation of the
breadboard hardware and the engineering model design it is still neces-

sary to refer to the eariier report,
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2.0 INTRODUCTION

2.1 Historical Background

The NASA Johnson Space Center operates a set of airbcrne fan beam
scatterometers for support of various earth and space related programs,
Data from an early system proved helpful in identifying an ocean wind
measurement technique. This work eventually led to the scatterometer
system aboard SEASAT A, Raw scatterometer signals from these early
experiments were post processed into quantitative engineering unit data
uging a general purpose computer, The time and expense required to
process data caused the delay between data acquisition and data product
delivery to be excessive. As a result, utilization of the scatter-
ometers was limited and they were eventually removed from service,

More recently, radar data requests by the NASA soil moisture pro-
gram provided enough justification to warrant reinstating the 0.4 GHz,
1.6 GHz and 13.3 GHz scatterometers into service, and constructing a new
4.75 GHz scatterometer. The earlier experiences with scatterometer data
processing led to a program to develop faster, cheaper methods of data
handling and processing. The initial thrust of the program produced a
demonstration processor for use with the 13.3 GHz scatterometer. The
philosophy behind this processor was to provide a real-time quick capa-
bility for verifying data characteristics (i.e., system operation) and
2) provide a method of identifying those data to be post processed on a
large computer to the accuracies needed for analysis. This processor

was developed and constructed at TAMU under NASA contract [2] to process
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polarization channel over a limited set of viewing angles. In addition
to this hardware processor, TAMU developed software routines for general
purpose computers to reduce raw data iw valibrated engineering units.
Recent advances in signal processing technology have suggested that
by combining analog and digital processing methods into a single proces-
sor, real~time on board processing and real-time rate post time process-
ing of scatterometer data to calibrated engineering units could be
accomplished, Such a system could provide all of the capability in
terms of viewing angies, resolution and adaptability that the post time
software systems previously developed could provide, with a potential
for more accurate results as a result of eliminating the analog recorder
when operating in a real-time mode. Such a system would provide experi-
menters with caliiirated data on a timely basis with fewer manhours
from data flight to delivery. This realization provided the basis for

the current efforts reported in this document.

2.2 Design Objective and Overview

Designs for two airborne radar scatterometer prccessors for use
with the NASA 1.6 GHz and 4.75 GHz scatterometers were identified and
anlayzed. A portion of the processor was implemented to evaluate a
"state-of-the-art” component proposed for use in the processor. This
component permitted a standarized design approach which is extendable to
other NASA fan beam scatterometers. The current effort exploited design

experiences from previous hardware and software processors to minimize

e e emi



significant error contributions and to assure repeatability in nerform-
ance. However, inncvations were also introduced as a result of the
hybrid sampled analen and digital approach to provide a flexible opera-
tor/experimenter oriented system, As a result of these new insights,
major improvements were also identified for use in the purely software
approaches to processing scatterometer data. This tunefitted another
NASA sponsored program to develop a more efficient sofiware routine to
process scatterometer data on an interim basis while the hardware
processors undergo development. This Tlatter effort ran concurrently
with the processor development program and afforded an opportunity to
also test, anticipate and prove {he characteristics of the hardware
design.

The hardware design features a chirp Z-transform (CZT) approach to
filtering the Doppler spread radar return. The CZT is implemented with
multiplying digital to analog converters and a charge coupled transver-
sal filter. The filtering operation reduces to that of performing a
discrete Fourier transform (DFT) of the radar return when represented in
complex valued form. As a consequence, no Hilbert transform operation
(sign sensing) is required to separate fore and aft returns. Both are
provided simultaneously with considerable reduction in circuit complex-
ity. The subsequent processing, is actually limited to the aft data;
however, the fore data is available within the processor should future
efforts require it.

There are many advantages in the CZT approach. It permits high

frequency resolution of Doppler return. As a consequence, the return

(&5
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may be measured with good angular resolution., “his atso permits the
processor to adapt with changes in aircraft velocity to track the
desired viewing angles by simply using a different set of spectral out-
puts. It will also permit arbitrary choices in viewing angles desired.
The CZT approach can be readily applied to scatterometers operating at
other wavelengths by altering the sampling frequency,

The power spectral density (PSD) of the total return is formed from
the chirp Z-transformed data. The formation of the PSD requires that
the spectral data be detected (squared) and accumuiated (averaged) over
a period of time. To achieve the accuracy and the dynamic range
required in scatterometry, the detection and accumulation are accom-
plished digitally.

The detected and averaged data are converted to estimates of the
scattering coefficients o° at eight viewing angles ove. .ne aft sector.
The conversion is implemented in software and requires the application
of radar range, pattern data, viewing angle, and transmitted power to
yield a calibrated result. In addition, the software permits inter-
active control of the processor. Since the computations and control are
provided by software, any portion of the operating system can be altered
should the need arise.

The design approach was partially evaluated hy actually implement-
ing a subsysteém of the scatterometer processor. An evaluation to this
detail was required to validate the performance and dynamic range of the
¢harge coupled devices and associated circuitry since this is a "state-

of-the-art" i..m.
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An earlier report [1] described the system design theory, the sys-
ten operating rationale and architecture, the harware and software
designs and an evaluafion of the CZT approach for the scatterometer
processors profiled above. This report reviews the relevant system and
hardware design considerations and provides detailed documentation of
the newly developed processor scftware. In particular, Section 3.0
reviews the system design theory background. The characteristitcs of CW
fan beam scatterometers are related to the scatterometer equation to
identify the measurement theory. It is shown that the angular scatter-
ing characteristic can be resolved by estimating the PSD of the radar
return. The precision by which the PSD estimated is related to the time
bandwidth product by analogy with classical fading theory. The tech-
nique by which the fore and aft spectra are separated using a DFT method
is then identified. The DFT is related to the CZT and the means by
which the CZT may be implemented is then established.

Section 4.0 is dedicated to establishing a suitable operating
vationale for the processor. Trade-offs between angular resolution,
ground resolution, precision and beam resolution are established and
eyaluated to identify a suitabie operating mode to satisfy user require-
ments and system constraints.

Section 5.0 describas in detail the system architecture and care-

fully distinguishes between the target system and the engineering devel-

opment model. An overview of the internal operation of the system is

also presented.
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Section 6.0 provides a complete description of the software system
that has been developed for the real-time data processors. The software
system provides fully calibrated normalized radar cross-section data for
eight angles of incidence, The output data are fully annotated with all
relevant aircraft, sensor, and processor ancillary data in a single

serial bi-¢ L channel.
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3.0 DESIGN THEORY

3,1 Introduction

Airborne fan beam scatterometers permit simultaneous backscatter
observations over a range of incident angles. By confining the antenna
beam width in the crosstrack dimension and spreading the beam in the
along track dimension, Doppler filtering may be employed in a CW system
to resolve the average return power at various incident angles, each of
which is spanned by a small angular window as illustrated by Figure
3.1, Combinations of transmit and receive polarizations permit 1ike and
cross polarized scattering properties of distributed targets to be mea-
sured. When the aircraft is flown over the same distributed target at
different headings about the compass, the azimuthal as well as the

incident angular behaviors may be documented,

3.2 The Scatterometer Equation and Fan Beam Systems

For a large class of distributed targets the returns from slightly
different angular directions are essentially uncorrelated. Where a
particular direction is denoted by (¢,4) within the coordinte system of
Figure 3.2, the total return power may be described by summing returns
from patches of the target located in various angular directions (oj,
¢j). If the radar cross section in direction (04,¢j) is denoted
by 0pq(ui,¢j), the total return power may be expressed as

2
wr! = ...__)k..-.awt g f§ th(ﬂ\i, (bj)Grq(e*i, ¢\j)0pq(01p ‘H)/R“i (3.1)
(4n)° =1 §=)

b s 285 —
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FIGURE 3.2 SCATTEROMETER GEOMETRY
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where A = radar wavelength
Gy = transmit pattern dirvectivity for polarization state p
G. = receive pattern directivity for polarization state q
Nt = total transmitted power
Ry = h/cosoi
h = aircraft altitude
p,q = indices denoting the transmit and receive polarization
states, respectively
In order to primarily discriminate the backscatter within an angular
sector of the incident angle 0, a Doppler filter, whose normalized
transfer function is given by H(w), is employed (see Figure 3.1). The
portion of the return power appearing at the output of the filter is

therefore given by

Awt N M
W, = (CE 121 jzl th(01:¢j) Grq(ei’wj) (3.2)
I 2 /nh
05q (030051 [Hlug ) |2/R:
where
wig = Gr v sinoi cosej/x (3.3)

is the radian frequency associated with the patch in direction (01’¢j>'
When the normalized scattering coefficient ogq(0,¢) is introduced, the

double sumnmation may be replace with a double integral given by

0 2
. y I dpqu(w)[ dA

" (4r)? RY (3.4)

In the interpretation of W, it is important to realize that IH(m)'2

12
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participates within the integration since w is dependent on (0,4). In an
ideal fan beam scatterometer, ¢ ranges over a small interval about zero
since the crosstrack antenna beam width is small. As a consequence

we drvosin o/ (3.5)
It 15 then observed that |[H(w)|? plays the role of a normalized antenna
pattern having discriminatory power in the 0 dimension.

When the bandwidth of the Doppler filter is sufficiently narrow,

pq may be regarded as constant over the area A spanned by the Doppler
bandwidth and the crosstrack beamwidth. The scatterometer equation (3.4)

then reduces to the form

0
) xzwt o pq(00) S/ G
(47) h'

tp rq lHlacos 0dA

(3.6)

where 0, is the incident angle corresponding to the center frequency W,

of the Doppler filter, i.e.,
wy = 4m v sin OO/A (3.7)

The recovery of o0 ) is, therefore, dependent on measurement of wr, wt

o)
and h and on an estimate of the double integral. In this regard the
integral is often approximated by introducing an effective area Aeff

so that

I/ GG l lzcos“ 6 dA = (0 O)G ( ,0) cos" 0, Aeff (3.8)

13
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3.3 Precision in Estimating cgq

In order to estimate ogq at a set of incident angles 6 ., ix1,2,...,

n, a bank of filturs is required. The center frequency of each filter

is chosen in accord with equation (3.7). If S(w) is the spectral density

of the return signal, then the output of the ith filter Hi is given by
o0
Wel8gq) = 2 /g |Hi(w) | Slw)df (3.9)

An alternative method could, instead, measure (estimate) the power spectral
density (PSD) of the return signal and then form the return power through
an integration, viz.,

f

W,=2 5 M s()dr (3.10)
1

where fui and fH are the upper and lower corner frequencies associated

with the ith angle. In the latter case the measurement of qu has been

reduced to a problem in estimating the power spectral density.
Regardless of the approach, it is necessary to reduce the variance

in the estimate of the mean power return wr to assure a good estimate of
' 0

Pq’
is characterized by heavy fading since the signal has a Rayleigh-like

the average scattering coefficient o As is well known, the radar return
amplitude distribution {3]. As a consequence, it is difficult to estimate

the mean squared statistic of such a signal. The theory for the precision

in the estimating the mean squared statistic appears in references [3], [4]
and others. The extrapolation of this theory to the case where the PSD is

to te estimated can be established on an intutive basis and is made pre-

cise in reference [5]. The PSD is estimated from the periodogram and is

14
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defined by

‘ N-1

)
n=Q

sy(k) =4 |y s(n) o7d 2w kn/NNE (3.11)

for the kth spectral Tine for a signal represented in sampled form
{s(0), s(1),...,s(N-1)}.

In the case where analog filtering, detection and integration is
performed, it is well known that the standard deviation o in the estimate

of wr is given by [4]

o= wr//ﬁ?r (3.12)

where B is the pre-detection (effective) bandwidth and T is the integration
period. The dependence of the variance ratio cz/wrz on the BT product is
illustrated in Figure 3.3.

Although the variance reduction is a good indication of the improve-
ment in the estimate of wr, the precision of a system is better conveyed
by a statistical 90% confidence interval. The 90% confidence interval for

a BT product of 10 or better can be approximated by [6]

Wr ~ 1.6450 < Wr < Wr + 1.6450 (3.13)

where W} is the estimate of W,. When the span of this confidence interval

is expressed in dB, it can be written as

R = 10 Log 1+ 1.645/ VBT (3.14)
1-1.645/ /BT

The dependence of this precision factor on the time bandwidth product is il-

lustrated in Figure 3.4, It is observed that a + 1 dB confidence interval

15
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requires a BT product of 50. Furthermore, it is noted that the improve-
ment in precision becomes less rapid when BT > 100,

The above theory can also be applied to the case where the PSD 1is
determined from the periodogram. To obtain precision in the estimate
of the PSD, the periodogram must be averaged, This can be accomplished
by averaging spectral estimates from a sequence of records and by smooth-
ing adjacent spectral lines from a single record. To make the association
between the precision for an analog processor with that for a PSD proces~-
sor, it should be noted that the PSD estimates are based on the discrete
Fourier transform (DFT) of the return signal s(t) (see equation (3.18)).
The effective bandwidth associated with DFT processing (filtering) is given

by

Af =JT—- (3.15)

where T is the duration of the signal record. It has been assumed that
the record is unweighted. Therefore, the time bandwidth product associat-

ed with a single line from a single record is simply
BT = AfT (3.16)

or 1, Since the spectral estimates from a single record are poorly
correlated, the BT product can be enhanced by averaging over a window of
adjacent spectral lines. The BT product can be further enhanced by
averaging line estimates from a sequence of non-overlapping records.
So, if Nf adjacent lines from each record are smoothed and NR non-over-

lapping records are processed, the resulting BT product for a filter of

18




width NFAf is given by
BT = (NFAf)(NRT) (3.17)

or simply NFNR’ This result indicates that the precision improvement is

identical for analog and P5D processing.

3.4 Power Spectral Estimation Using the Chirp Z-Transform

As indicated above, the estimate of the PSD can be based on the DFT
of a radar return record. If s(n), n=0,1,2,...,N~1 is an N point sequence
representing the return signal s(t) over a time interval T, then the DFT
of s{t) is defined as

F(k) = & s(n) e™J2mkn/N (3.18)
n=0
where k €{0,1,2,...,N-1}, F(k) is interpreted as the spectral amplitude of
s(t) at a frequency of k/T when 0 s k < %-and at a frequency of =(N-k)/ T
for %'< k <N-1. Ithas been assumed that N is even. The DFT formula-

tion may be modified through the use of the identity

2

onk = n® + k® - (k - n)@ (3.19)

to permit an implementation of the DFT by hardware. The identity results
in a DFT given by
f(k) = e dTKEN T N dn(ken) BN
n=0
The implication of the above result is that s(n) must be first down-chirped

(3.20)

with e™9™ /N convelved with an up-chirp ed™ /N and then post multi-

. 2
plied by a down-chirp e ~JTK/N pq pre and post multiplications may be

19
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performed by analog methods and the convolution may be formed with trans-
versal filters using charge coupled devices, The transversal filter
requires 2N-1 stages to implement the DFT. When forming the PSD, the
post chirp may be discarded since it does not affect the amplitude,

A more efficient means for implementing the transversal filter,
requiring only N stages in the transversal filter, is based on the slid-

ing NFT. The sliding transform is defined as

ktN-1
Fs(k) = 5

k s(n)e~32mk/N (3.21)
n‘

and differs from the non-sliding version in that the input sequence is
shifted forward ene sample for each new spectral estimate. The transform
consequently operates continuously. Spectral estimates on the same line
are updated every N samples since e'j""k/N is modulo N in the parameter
k. As a result of the sliding action, phase information is destroyed;
nevertheless, the magnitude information important to the PSD estimation
is preserved.

It can be shown that through the use of the identity of equation

(3.19), the sliding transform can be rewritten as

.2 N .
Fo(k) = eIk o Jdm(meN)

2 s(k - m 4 N)e-dn(k = m + N)2/N

m=1 (3.22)

This result implies that the input must be pre-chirped by a factor
o~ (m-N)Z/N gr(m-N)Z/n

. 2
e~ dmk=/N

,» convolved with e and then post multiplied with

to form the sliding DFT. When ihe PSD i¢ required, the post

20
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multiplication may be replaced with a squaring operation to yield
lFs(k)lz. Since the pre-multiplication is periodic in m, the CZT filter
can operate on the input signal continuously with the trans ersal filter

only requiring N stages.

3.5 The Application of the CZT to Doppler Filtering

3.5.1 Signal Processing Theory

A simplified block diagram of the CW fan beam scatterometer is
illustrated in Figure 3.5. The transmitter illuminates the terrain at a
radian frequency of Wy The backscattered signal arriving at the receiver

may be denoted as

s(%)

where a(t) and ¢(t) may be regarded as random variables. The spectrum

a(t) cos [w,t + o(t)] (3.23)

of s(t) is depicted symbolically in Figure 3.6a. The fore and aft spectra
are distinguished from one another by "coloring” the fore spectrum as a
rectangle and the aft spectrum as a triangle. As indicated in the receiv-
er chain, the return signal is split equally into two channels. This sig-
nal in the upper channel is coherently demoduiated with cos wot and Tow

pass filtered to yield
x(t) =% a(t) cosg(t) (3.24)

The upper charnnel is commonly called the cosine channel or the in-phase
(I) channel. Demodulation and low pass filtering in the lower channel

yields

y(t) =% a(t) sing(t) (3.25)
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where product modulation with the quadrature reference sin wot has
occurred, The lower channel is commonly called the sine channel or the
quadrature (Q) channel. The spectra of x(t) and y(t) are illustrated
in Figures 3.6b and 3.8c, respectively.

A comparison of Figures 3.6b and 3.6c shows that the aft and fore

spectra can be retrieved sinultaneously if a complex signal

z(t) = x(t) + j y(t) (3.26)
is formed. An examination of the spectrum of z(t) indicates that the aft
spectrum occurs for w > 0 and the fore spectrum for w < 0,

Since the DFT can also be applied to complex signals as weli as real
signals, the above result shows that the fore and aft spectra can be
simultaneously filtered using CZT techniques to implement the DFT, The
configuration for implementing the CZT using charge coupled devices and

analog multipliers is described below.

3.5.2 The Implementation Technique

It is advantageous to use the sl%ding version of the CIT, since
many sequential measurements are required to estimate the PSD. The
actual implementation method is best understood by separating the real
and imaginary parts of the sliding CZT. When the sliding CZT of z(t)

is taken, Zs(k) can be rewritten in the form

N
Izs(k)l = I [cosw(m—N)z/N ¥ 3 sinr (m=N)2/N]
m=1
[x(k-m+N) + jy(k-m+N)]. (3.27)

[c05ﬁ(k~m+N)z/N -3 Sinﬁ(k-m+N)2/NJ
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A careful interpretation of the arguments within the above magnitude
suggests the implementation technique shown in Figure 3.7, Both x(t)

and y(t) are pre-chirped and appropriately summed to form the real and

imaginary valued entries into the transversal filter bank. Four trans-

versal filters are required to form the cross multiplication products of

the complex valued signal entering the filters. The real and imaginary

paris of the CZT without the post-multiplication are formed by differenc-

ing the outputs of the transversal filters as jllustrated in Figure 3.7.
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4.0 SYSTEM DESIGN RATIONALE

4.1 Introduction

As is the case with any system, the actual design is a compromise

between user requirements and system constraints. The design of real
time processors for the NASA scatterometers is no exception. Ideally
the scatterometer should provide high precision estimates of o° with
infinitesimal angular and ground resolutions. However, as will be shown
below, the precision, angular resolution and ground resolution interact
in such a way to prevent maximizing all three parameters simultaneously.
In addition to maximizing the precision and resolution parameters, the
user is also interested in achieving a reasonable accuracy to permit
comparative analysis of the processed data at different view angles and
polarizations and with scatterometer data from other sources (also
presumably calibrated),

A list of the factors which can potentially influence the performance
of the scatterometer/processor system is shown in Table 1. The source
of error is described in the left-hand column. The system performance
factors most influenced by the error source is reflected in the middle
column. The origin of the error within the system is identified in the
right-hand columns. Most of the performance parameters are manageable
by the processor provided that the scatterometer has been appropriately
designed. Those that are manageable are treated below as well as in

subsequent chapters to develop the processor design rationile.
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TABLE 4,7 FACTORS INFLUENCING SYSTEM PERFORMANCE

Origin in System

Error Source Affected , L
Performance I
Factor % 5
[=] +
S (%] e
(W] [ 1] -
- 1] - Q)
- (¥ ] (8] (=]
812 | =& 5
w | e « [
1. Fading Signal Precision X
2, Finite Doppler Bandwidth Precision & Angular
Resolution X
3. Finite Record Length Ground Resoltuion
& Precision X
4.  Filter Sidelobe Level Accuracy X
5.  Bit Truncation Precision X
6. Inversion Approximaticn Accuracy X
7. Uncertainty in Altitude Accuracy X
8. Aircraft Attitude Accuracy
a) INluminated area X
b) Polarization X
decomposition
9. Transmitted Power Accuracy X
10. Polarization Accuracy X
11.  Non-Stationary Return Accuracy X
12, Beamwidth Accuracy & Angular
Resolution X
13.  Pattern Sidelobes Accurécy X
14, Pattern Gain Accuracy X
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4.2 Definition of System Design Parameters

To identify the processor's mode of operation it is important to
define various parameters associated with fan beam systems, In this
regard such terms as angular resolution, ground resolution, scan length,
beam resolution, ground track coverage, etc, must be clarified to arrive

at the impact of these parameters on the system design.

Angular Resolution

As indicated in Section 3.2 the angular resolution of a fan beam
scatterometer is dictated by the physical beamwidth in the crosstrack
dimension and by the bandwidth of the Doppler filter in the intrack di-
mension. If H{w) denotes the normalized voltage transfer function of
the Doppler filter, then an affective bandwidth may be defined as

w

1 2
B=or/ _ [H(w)] dw (4.1)

where the normalization has been applied so that "2* {| H(w) |} =1
when H{w) represented in low pass form. An effective intrack beamwidth
may be related to the effective bandwidth through the Doppler relationship

I
M = icoso (4.2)

when ¢ = 0. AB® is defined to be the angular resolution.

Beam Resolution

The beam resolution in the cross track dimension is given by

pe = (h tano) A¢ (4.3)




where Ap is the crosstrack angle subtended by the two way beam when pro-
Jected on the ground plane, The beam resolution in the intrack dimen-
sion is

. _h
Pg * G557y A0 (4.4)

See Figure 4.1 to clarify these definitions.

Scan_Length
Scan length is simpiy the ground track distance vT traversed by the

aircraft during a single integration period T where v is the ground

velocity. See Figure 4.2.

Ground Track Coverage

The ground track coverage LC is that entire length over which a
radar return was observed. The coverage inciudes the scan length as

well as the initial coverage within the beam, ie.,

LC = pg +vT

See Figure 4.2.

Ground Resolution

The ground resolution may be defined in several ways. However,
for the purposes of this design effort the ground resolution is defined
as an effective ground length over which radar returns have primarily
contributed to the measurement as implied in Figure 4.2. It consequent-
ly emphasizes that portion ot the ground track which is repeatedly in

view within the beam subtended by A9.
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FIGURE 4.1

VARIOUS RESOLUTION PARAMETERS
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VT = scan length
A6 = angular resolution

A6 p = effective ground

\ \ resolution
\ \ og * beam resolution

\ \\ ; 0 LC = length of coverage
\l\\i

FIGURE 4.2 VARIOUS CELL PARAMETERS
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VTl p1 Pg

VT2= P, = Pp

=
vT3 p3 Pg

p = (VTl + OB)/Z

FIGURE 4.3 COMPARISON OF THE RESOLUTION PARAMETERS WHEN

(a) le < pgs (b) vT2 = pp and (c) v'r3 > g
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Three cases may be identified as i1lustrated in Figure 4.3. The

ground resolution is therefore defined as

vT + p
——~T—E if VT < PR
p = ﬂB if vi = QB (4-5)

vT if vl > Pg
From the above definitions an important observation can be with-
drawn. When the three ground resolution cases are ordered as ‘implied

in Figure 4.3 it may be shown that

{A s B2 (4.6)
1 = M
and
%:. = P2 (4.7)
3 P3

where oy is the ground resolution corresponding to Ti' For a constant
Doppler bandwidth these results imply the following conclusion:

Case 2 maximizes the ground resolution consistent with maximizing
the precision. It is also interesting to note that Case 2 maximizes the
precision for a given coverage interval Lc as demonstrated in Appendix A.

In this case the design criterion requires that

pg © VT (4.8)

at any incident angle. This conclusion will be used in identifying

appropriate design theories below,
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4.3 The Theory for Lonstant Precision, Constant Argular Resolution
and Constant Ground Resolution Designs

Amorig the many system designs which could be considered it is
helpful to Timit considerations to three basic design approaches:
(1) constant precision, (2) constant angular resolution and (3) constant
ground resolution. The theory for each is presented below and their

characteristics are compared in a final subsection.

4.3.1 A Constant Precision Design

A constant precision design approach requires a constant BT product
at each incident angle to be processed. The implication deduced from
Section 4.2 is helpful in assigning B and T so as to achieve an accept-
able BT product. At the smallest incident angle 6x the BT product may

be maximized for a given coverage Lc by requiring

pgt * VT (4.9)
Then
_ h A0,
T = Y coser (4.10)
and
B = 2v cos8; A8/ ' (4-”)

The viewing window at 8, is therefore specified as

2
A91=‘, 1.31...3_2__‘;25._9_1, (4_]2)

where BT is chosen to achieve the desired precision. When A@1 is with-

drawn from equation (4.12), T and B are uniquely assigned by equations
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(4.10) and (4.11), respectively. On pragmatic grounds the integration
time must be constant at all viewing angles. Therefore B is also constant.
As a result, the angular resolution, beam resolution, and ground resolution

at the remaining view angles ek become

R
'k~ 2VcosB (4.13)
AhB (4.14)

gk ™ 2Vcos 0,

and

. AhB cos 0
Pk ® Aveostsy U F c0s 76, } (4.15)

From the above results it is noted that the angular resolution is inverse-
ly proportional to v cosy the beam resolution is propertional to h/vcos3ek

3
and the ground resolution is proportional to h {1 + gggv%t}

4.3.2 Constant Angular Resolution
A constant angular resolution approach requires that A8 be constant

at all viewing angles, say A8. Once A is assigned, the bandwidth at each

ek is given by

2V cosekAe
and the beam resolution by
hA® (4.17)

Pak = Cos %6,
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The precision and ground resolution require a rationale to assign T.
Once again it is convenient to maximize BT at the smallest incident

angle for a given coverage. This requires that
The remaining parameters then become

. __hae
T= V €0s%8, (4.19)

2hcosek A%9

(BT)k * “Tc0s76; (4.20)
and
__hoe {1+ 5801 (4.21)
Pk 0520, k

at each viewing angle ek > 91.

4.3.3 Constant Ground Resolution

A constant ground resolution approach requires that p be constant

at each incident angle. With p specified, the precision may be maximized

at each incident angle by requiring p = Pg = vT in accord with Section 4.2.

As a result of this imposition

Ay = pcoszek/h (4.22)

T = p/v (4.23)

and
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W

(BT), = 20* cos®0, /A h (4.24)

4.4 A Comparison of the Design Approaches

To evaluate the three design approaches, the nominal design guide-
lines shown in Table 4.2 were employed for C band and L band systems.

The guidelines were primarily applied at the smallest incident
angle and were allowed to vary at the larger incident angles depending
on the design approach. The results of this evalution are shown graph-
ically in Figures 4.4 and 4.11.

The first four graphs apply to the C band processor whereas the
latter four apply to the L band processor.. Each figure identifies and
compares a single system performance parameter over the entire range of
incident angles for the three design approaches. The graphs are para-
metrically identified by the design approach: CP = constant precision,

CGR = constant ground resolution and CAR = constant angular resolution.

Table 4.2 Nominal Design Guidelines

Parameter Value Units
Aircraft velocity 150 knots
Aircraft altitude 1500 feet
Angular resolution (nominal)

C band 3 degrees

L band 6 degrees
Ground resolution(nominal)

C band 25 meters

L band 50 metess
Precision factor (nominal)

C band 50

L band 50
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from these graphs the following features are noted:

1). When constant precision is imposed, the angular, beam and
ground resolutions degrade with incident angle; however, the degrada-
tions are only significant for angles greater than 45°,

2). When constant ground resolution is imposed, constant beam
resolution is alsc realized. The precision, however, degrades at the
larger incident angles but is useable to 50°. The angular resolution
increases rapidly at the large incident angles. The very high angular
resolution at the large incident angles may preclude selecting a correct
pattern gain at the large ‘incident angles when converting to o°,

3). When constant angular resolution is imposed, the beam resolu-~
tion and ground resolution degrade at large incident angles. The per-
formance, in general, lies between the constant ¢ground resolution and
constant precision design approaches.

If a single design approach were to be selected among the three,
it is apparent that the constant angular resolution approach represents
a good compromise between constant precision and constant ground resol-
ution. The constant precision and constant ground resolution designs
may, however, suit some experiments better. The constant precision design
is attractive in those cases where high precision is required on a single
cell, particularly at the larger viewing angles. The constant precision
approach may also be helpful in those cases where a large spatial average
is required. The constant ground resolution approach is attractive for
those applications where well metered - high resolution data are required

along the intrack dimension. This design approach is consequently attrac-
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tive for those targets which are highly nonhomogeneous.

Since the scatterometer processor is under software control, it
is conceivable to provide an experimenter with any design option. The
constant angular rescolution design represents a good compromise among

the approaches, however, when a single approach must be taken,
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5,0 SYSTEM ARCHITECTURE AND OVERVIEW

£.1 Target and Development System Architectures

The objective of the scatterometer processing system is to
provide real and post time conversion of two channels of scatterometer
dat4, like and cross polarized signals, into o° estimates at eight (8)
viewing angles: 5%, 10°, 159, 20°, 30°, 40°, 50° and 60°. Processor designs
were to be developed for the NASA 4.75 GHz and 1.6 GHz fan beam
scatteromecers. The efforts were 1) to emphasize a standardize design
approach suitabie for use with these scatterometers as well as future
scatterometer systems and 2) to utilize design experience from the
previous 13.3 GHz scatterometer processor project. An appropriate target
system architecture using the CZT approach to Doppler processing and
meeting the above stated objectives is illustrated in Figure 5.1. The
system consists of two major subsystems, viz., the PSD estimation subsystem
and the micro-processing subsystem. A number of interface units are
also provided to permit control of the system, entry of data and storage
of processed data. Also a special alignment generator not required
during operation but helpful in aligning the CZT filtering unit prior
operation is shown.

The PSD estimation subsystem has two channels to handle like and
cross polarized return signals. Each channel converts the quadrature
signals into discrete PSD estimates over the fore and aft Doppler spectra
simultaneously. The estimation technique is based on the CZT technique
which may be regarded as an analog technique of implementing the discrete
Fourier transform (DFT). The detection (squaring) and accumulation

{averaging) of the spectral amplitudes is performed digitally by a
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dedicated processor.

The micro-processing subsystem is composed of a digital micro-
computer, memory and associated software. The role of the micro-pro~
cessing subsystem is 1) to control the scatteroneter processor through
a software operating system, 2) to select appiu; ate PSD estimates and
to use them within the radar scatterometer equation to invert’for o°
values on the eight viewing angleé‘ﬂﬂﬁ N to accept, store and transfer
various data required by the processor 3% the experimenter.

Commuriication between the micro-processor and various peripheral
systeims is provided by the interface units indicated in Figure 5.1.
Among these interface units is the operator interface and display. Al
system functions are initiated through this interface by the operator.
The display is also used by the micro~processor,

The system of Figure 5.1 represents but 2 single architecture for
the target system. It may not be the architecture of the final system
but it will be close. Implied in Figure 5.1 is a single micro-processor
to service both scatterometer channels. However, in view of the amounts
of data and the number of computations ‘involved, a single micro-processor
may be unable to convert both channels of scatterometer to «° values at
eight angles without large gaps betwezn successive ground cells., A
fast floating point processor such as the Advanced Micro Computer
95/4000 may permit use of a single processor. However, it may be
necessary to dedicate a micrc-processor to each scatterometer channel.
To make an assessment of the number of processors requires that the
software design be reduced to machine coding and that the machine be

specified.
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In view of this uncertainty and with full realization that a complete
design effort requires an iterative effort between paper design (called
for in this contract) and laboratory evaluation, an engineering model
which is expandable to the target system was actually designed. The
architecture of the proposed design is illustrated by the block diagram
of Figure 5.2. The development model is restricted to single PSD
estimation channel and a single micro-processor. The software is suffi-
ciently general to permit processing of like or cross polarized data for
any transmit polarization. However, the processor must be cued
externally as to which polarization channel the PSD estiwation subsystem
is connected. A single channel processor of this type is sufficiently
simple to fully evaluate the total system design. It can be readily
expanded to a two channel system, terminating in either a single micro-
processor or two micro-processors. The expansion simply requires that the
controller signals be routed to two channels and that simple modifications
be ‘incorporated into the software whether one or two micro-processors

be required.

5.2 An Qverview of the Operation of the System

As indicated above, the scatterometer processing system consists of
two major subsystems together with the necessary interfaces to permit
communication with various peripheral devices. The relationships among
the major subsystems and interface units was shown in Figure 5.2. An
alignment generator, although not required during operation, was also
shown,

When the system is powered, software control of the system is

assumed by the micro-processor within the so-called RESET mode. Within
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this mode the aircraft, operator and output interface units, and the

CZT filtering unit within the PSD estimation subsystem are active (see
Figure 5.2). When the system is within this mode, the overator may over-
ride certain aircraft parameters arriving at the aircraft interface
should they be inaccurate or missing in the aircraft data stream. From
the RESET mode, scatterometer data may be processed ~n a flight Tine by
entering the RUN mode.

Within the RUN mode, the software controller determines the number
of 512 point sub-records to be processed to form an average return from
the 512 beam resolution cells in view by the CZT filters. The number of
sub-records Ne and the address to which the accumulated reserves are to
be stored are transferred to the PSD controller (see Figure 5.2). Upon
this initialization, the accumulator and detector are activated at the
beginning of a CZT cycle. The PSD estimation subsystem then accumulates
NR estimates in each spectral channel. At the end of the N sub-records
the detector and accumulator are halted and a DMA (direct memory access)
transfer is made from the accumulator to the micro-processor memory. If
the processor has not been halted by the operator, the detection and
accumulation cycle is re-initiated by the micro-processor once the DMA
has been completed. It should be noted that the filtering sub-section
operates continuously between accumulations to avoid start up transients.

A closer look at the PSD estimation subsystem will indicate that
this subsystem filters the fore and aft Doppler spectra of the radar
return to form estimates of the return power is 512 parallel spectral
channels. Of these channels, 256 are available to characterize the

fore spectrum and 255 the aft spectrum. The remaining channel monitors
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the return from the nadir point (this return is suppressed by the radar
and the processor). A sliding CZT algorithm, as discussed in Section 3.5,
is employed tc form repeated estimates of the power return within each
channel. Several estimates are summed to form an improved estimate of
the average power.

The format of the summed spectral estimates in the 512 channels is
illustrated in Figure 5.3. When the forward CZT is formed on the complex
signal x + jy, the aft sbectrum appears in the first 257 accumulation bins
(channels) and the fore spectrum in reverse order in the latter 255
accumulation bins. Some of the spectral channels among the 512 channels
are reserved for the calibration and polarization tones. The effective
bandwidth of each channel is given by B = fs/512 where fs is the sampling
frequency. The frequency resolution, i.e., the separation between spectral
estimates is also equal to B. The normalized frequency response of each
filter in dB is illustrated in Figure 5.4. The filter efficiency to the
first sidelobes is 90.3% and through the first sidelabes is 95.5%*. The
effective bandwidth is also equivalent tc the width of the mainlobe.

The average spectral estimates together with calibration and polari-
zation tone levels are transferred from the PSD estimation subsystem to

the micro-processing subsystem through a DMA process initiated by the

*It is possible to increase the mainlobe efficiency by weighting
the tap points on the CZT transversal filter. Such a device is available.
However, this design is not recommended since 1) the precision will be
reduced by a factor of two (the adjacent channel outputs are highly
correlated) and 2) the S/N ratio referred to the output of the weighted
transversal filter degrades by a factor of twe (the noise is primarily
governed by the post amplifier and signal output is reduced when

weighting is used).
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PSD controller. Once the detector and accumulator are re-initiated, the
micro-processor, using data from the aircraft interface together with
invariant calibration constants stored in ROMs (Read Only Memories),
converts the spectral and calibration data to o° estimates at the required
eight viewing angles. Adjacent spectral estimates are summed about each
viewing angle to form a total return within the desired angular resolution.
The spectral lines are chosen dynamically to track the specified viewing
angle.

The processed scatterometer data and other parameters are stored in
an array of the micro-processor memory for each of the viewing angles.
The o° estimates at the eight angles are stored in memory in an askewed
fashion to provide near collocation of tha returns on a single cell.
When the re-ordered data is available on a single cell at all angles,
it is writcen out to the output interface which in turn transfers it to
magnetic tape. The transfer of the data continues until the operator
halts the processor. When halted, the processor places an end of file
indicator within the output array, transfers the partially filled array
to tape and enters the RESET mode to await instructions from the operator,.
At the beginning of each accumulation cycle, appropriate parameters are
withdrawn from the aircraft data channel for use in the computations

and for transmittal to the output tape.
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6.0 Software Development For C-Band/L-Band Real-Time Radar Data
Processor ’ ‘ ‘ T

6.1 Background
During 1979, under NASA Contract NAS9-15311, the analysis and

design of a ‘'real-time' software algorithm for processing fan-beam
radar data was completed. The product of the 1979 work was a newtech-
nique for producing aligned, digital scattering coefficient values for
up to eight aft viewing angles at the same time the raw data was being
acquired. The increased capability of this data reduction technique
was due mainly to the use of a hardware chirp Z-transform (CZT) to
simultaneously produce all the fyltered frequency domain data from the
analog I and Q channel inputs. A previous hardware processor used
individual analog filters which were sampled sequentially. This
processor was designed to perform only a quick look, data validation
function, rather than provide fully reduced cross section data. The
sequential filtering technique was inadequate for full rezi-time pro-
cessing in that it could not provide adequate along track coverage
while maintaining an acceptable time bandwidth product [1].

The current production techniques used for processing radar data
to scattering coefficients utilize several stages of computer process-
ing, all of which require expensive digital Fourier transforms to con-
vert the data from the time domain to the frequency domain. The

objective of the effort during this contract period was to demonstrate
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that this entire process could be accomplished with micro-processor
technology along with a relatively inexpensive CCD transversal filter
to accomplish the normally expensive domain transformation of the

input data.

6.2 Software Algorithm

6.2.1 General Concept

The computational sequence used for sigma-zero calculations is
essentially the same as that described in Section 8.0 of reference
[1]. Some minor changes were made in the way some of the individual
parameters are developed, and in the order and refresh rate of the
aircraft data input. The most significant difference in the overali
system is in the number of options available to the operator when set-

ting tiie mode of operation.

6.2.2 System Initialization and Set-Up

In its simplest form the system logic is as illustrated in
Figure 6.1. The ‘initialize task opens the I/0 port for the CRT, the
serial port for the Bi-Phase L, and sets the CZT board for mapping the
frequency domain data to micro-processor memory. Also initialized are
the NERDAS port and the Interrupt Controller on the SBC 80/20. Table
6.1 defines the 1/0 Ports used by the system.

After initilization, the software begins a series of queries to
the operator to determine the exact set-up and run mode options to be

used. The system software is designed to process either C-Band or
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power ratio and Ty values
buffer and output data

to Bi-phase-L.

FIGURE 6.1 Overall System Structure.
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PORT ADDR (HEX)

o TR T

TABLE 6.1

{/0 PORTS USED BY NASA-CZT PROCESSOR

LOCATION (BOARD)

08
09
0A
08

cc
cD

D8
D9
E4
E6
E7

EC
ED

CZT BOARD
CZT BUARD
CZT BOARD
CZT BOARD

SBC 116
SBC 116

SBC 80/20
SBC 80/20
SBC 80/20
SBC 80/20
SBC 80/20

SBC 80/20
SBC 80/20
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FUNCTION

Load NBR RCDS
Begin DMA Transfer
DMA ADDR (LSB)
DMA ADDR (MSB)

CRT Data, 1/0
USRT Control Port

Interrupt Controller,
Control
Interrupt Controller,
Contro]l

Bi-phase-L, Data Fort A
Bi-phase«L, Data Purt C
Bi-phase-l., Contrel P1/0

NERDAS, Data IN
USRT Contrel Port




L~Band input data of any desired polarization combination. Consider-
able flexibility has been given to the operator regarding use of sys-
tem constants and aircraft data inputs. Further, the operator is
allowed to change the grounid cell resolution and thus may make inter-
pretive analysis of resolution effect: o1 sigma-zero for repeated pas-
ses through the same data set.

Figure 6.2 illustrates the general system layout from the opera-
tor's point of view, System communication ard contrcl is provided.
through the keyboard/CRT. One type of input data may be selected and
processed; e.g., witical, cross-polarized, L-band, The system may be
operated in various combinations of 'Open-Loop’ or 'Timed' wmodes.
During 'Open-Loop' operations, no defined start time is given and no
defined stop time 1is given. The system begins processing on permis-
sion of the operator and contintues until the operator gives the stop
command. In the 'Timed' mode the system is given a data set start
time; e.g., 14:15:21, and a data set length in seconds. The system
begins processing on permission of the operator and on detection of
the desired start time in the NERDAS Bi-phase-L input frame. Proces-
sing continues until the specified number of seconds of data have been
acquired.

Specific options given the operator during operation vary
according to whether the first data set is about to be taken or sub-
sequent sets are being acquired. The Flow‘charts in Appendix A give
complete details on all available options and exactly how they are

provided. - Stme highlights of the system flaxibility are:
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Band: {L/C)

FIGURE 6.2 General System Layout,
Real Time Processor.
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a. Band {L/C}, select L or C

b. Polarization {HH/HV/VV/VH}, select one combination

¢. Cel) Resolution Over-ride {YES/NO

d. System Constant Over-ride {YES/NO

e. NERDAS DATA Over-ride {YES/NO}

If 'YES':
ALTITUDE Over-ride {YES/NO}
DRIFT Over-ride {YES/NO}
ROLL Over-ride {YES/NO}
PITCH Over-ride gYES/NO}
VELOCITY Over-ride {YES/NO}

f. Start Time Select {YES/NO}

g. Run Time Select {YES/NO}

h. Display Set-up Data {YES/NO}

On the second and subsequent data sets the operator may choose
whether the above set-up is retained or whether a new set-up is used.
A1l necessary data for calculating the sigma-zero values is requested
from the operator during the set-up phase of the program.

As each operation is initiated, appropriate pointer settings are
computed for accessing the correct beanwidth, wavelength, filter size,
calibration frequency, noise frequency band, antenna gain table,
rol1-off function, processing constant, and aircraft data. In
addition, flags are set (which are later put in the output data frame)
that indicate to the data user which options were selected and which
over-rides were used. Finally, after the start and stop times are set
(if selected) and the option to display the set-up has been made, the
operator is given the option to start taking data. If the operator
response is 'Y', the system begins reading and processing the raw
input data. As each set is processed it is placed in the output data
buffer for transfer to the Bi-phase-L output port.

To ease the formatting burder, especially in the set-up module,

the main driver program was coded in FORTRAN, using an INTEL MDS230 to

65

T S T T T T




enter and prepare the source code for the INTEL FORT80 compiler.
Although the FORTRAN was used extensively for internal data format-
ting, all I/0 is handled by special device service routines, each
written in assembler language.

In the set-up module all mathematical expression were accom-
plished using the INTEL floating point software library routines.
Since speed in this poition of the system was not critical, the time
saved in coding was considered a good trade-off for additional core-
usage and slower execution. However, all floating-point evaluations
in the data processing and output modules are done using the AMC 95/
6011 hardware arithmetic unit. Special device service routines were
written in assembler language to perform all the required operations.
Appendix D Tlists all AMI511 routines and defines their particular

function.

6.2.3 'RUN' Mode of Operation

After all set-up data has been acquired, the 'RUN' mode is
initiated by an operator 'Y' response to the system query. The 'RUN'
mode reads NERDAS, sets integration time and starts integration by the

CZT-board. Initial data is processed to calculate ¢°' values for each

of the eight viewing angles.

6.2.3.1 Calculating o'
The expression which must be evaluated for each of the eight

viewing angles is

O = {4m)® CL _Zwlfdci) R*(eLi)_PR(eDi) (6.1)
A2 K GGle'i) AleLy) Pt
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where: o = estimated scattering coefficient.

A:

G
K
Zw( fdcy)

GG{oL{)

R*(eLi)
Alegi)
PR{op;j )
PT

i

wavelength.

4

u

1

i

)it

i

U

cable loss term.

system constant.

system roll-off, function of doppler frequency,
fdcj, for each filter center.

antenna gain, function of viewing angle through
the antenna.

target cell range, function of viewing angle.

cell area, also function of viewing angle.

received power, function of each doppler angle.

transmitted power,

index for viewing angle, i=1, 8.

Note that after integration is started, all the terms in the

above expression can be evaluated except the power ratio, Pp/PT.

After arranging the equation so that

where

o’ = o' (PRi/PT) (6.2)

O - (@ndcpzy R

—_— (6.3)
A K GG A

it can be seen that ¢°' may be evaluated while the CZT-band is per-

forming the integration. This is done in the SIGMAl code module for

each of the eight viewing angles. The value (47)3/22 is a stored-

constant value, one for each band. Similarly, C_ /K are ctored
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values, However, there are eight values in all, four for each band.
The roll-off, Z,, is calculated using an appropriate expression for
the band and polarization being processed. The antenna gain, GG, is
acquired by table look-up using an appropriate table of values for the
band and polarization in use. The L-band tables have values for
angles ranging over -70 to +10 dc¢grees, while the C-band tables range
from -60 to O degrees.

The R*/A term is evaluated as two separate values, R and A. The

range, R, is evaluated using the expression

Ri = H/cose j (6.4)

altitude, and
viewing angle

where H
0y

The above expression is derived from the system geometry shown in Fig-
ure 6.3, The range expression is not exact, but is sufficiently
accurate ag jusified in Reference [1], Section 8.0. The area term, A,

is evaluated using the expression

A=W(Y, - Y )/cosp (6.5)

=
H

cell width, function of altitude, beamwidth, viewing angles
and aircraft roll.

= Y-coordinate of doppler contour, lower frequency.

= Y-coordinate of doppler contour, upper frequency.

aircraft drift angle.

- - <
N —
13 1 i
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Detail justification for the above expression is available in Referen-

ces [7] and [8].

requires the upper and lower Doppler frequencies that define the cell

The software encoding of the above expression

boundary; therefore, they are evaluated before area, A. The upper and

Tower Doppler frequency defining each cell require in turn, each cell

center coordinate, Doppler angles and bandwidth,

The cell center coordinates are calculated using the two coordi-

nate transformation vectors

X' I 0 0 X" 0|
Y'f » f cosy siny| {Y"| + [0 (6.6)
/A i wsiny cosyf |Z H
and
X cos¢ -sing  Of (X'
Y| = |sing cos¢y Of {Y' (6.7)
/A 0 0 1} |1z
where v = aircraft roll anglie and ¢ = aircraft drift angle.
From the above, the viewing point coordinates in Figure 6.4 are
X ;= (-H/cos¥)tane i 'cos¢ + Htanysing (6.8)
and
Y; = (-H/cosy)tanej'sing - Htanycos¢ (6.9)

where tane'yj =

-(tanzeLi

- tan2y)!/2cosy.

Software checks are

provided to guard against negative frequency solution where opi<y;

i.e., o4

is always set >v.

opi = TAN=1(X{2/(H2+Y;2))1/2,
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The desired bandwidth is calculated using the expression

Bi = (2VLjcos®opi)/AH (6.10)

where V = aircraft velocity (ground speed)
Lj = cell length (along ground track vector)
opj = doppler angle to cell center
A = wavelength, and
H altitude of aircraft.

Actual bandwidth is then
BW; = af[Bj/af + 0.5]] (6.11)

"

where Af is the spectral Tine width of the filters and the nearest
integer value is represented by [Bi/af + 0.5];.
Finally, actual bandwidth is used to evaluate upper and lower

pointers used to derive power from the filter bank.

6.2.3.2 Calculating o°

After all ¢°' values have been evaluated and after the CZT inte-
gration has been completed, the calculation of the power ratio values,
PRi/PT may be calculated te complete the solution for each oo.
This is done in the SIGMA2 module for each of the eight viewing
angles.

First, the results of the CZT band integration are transferred to
the memory as 512 integers, 32-bits each. Using the pointers derived
in the SIGMAL module, power ratio values, Ppj/Pt, are calculated
for each viewing angle by summing appropriate sets of the 32-bit

integers. Next, each o¢pj is calculated using the expression in
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Equation (6.2). Finally, the inner execution loop is completed by
buffering all the output data quantities and writing the appropriate
buffer line to the Bi-Phase-L output port,

The output data frame produced on the Bi-Phase-L output port for
each pass through the processing loop is shown in Appendix C. The
first 54 bytes (108 4-bit BCD characters) are copies of the aircraft
NERDAS data as received by the system. These 108 characters contain
all the time, altitude, location and mission data, Characters 109-172
contain the processed viewing angles and scattering coefficients for
each of the eight aft angles. Characters 173-176 and 177-180 contain
the calibration and noise power respectively. Flag bits and alarm
words are grouped into the characters 181-187. Characters 188-256 are

fi11 data, each containing a hexidecimal 'D', binary 12.

6.2.3.3 'RUN' Termination

Tho inner-most execution loop is terminated only by 1) reset of
the micro-processor, 2) completing the specified number of seconds of
data, or 3) operator input of the 'ESC' character on the keyboard.
The first type of termination is a hardware reset and provides no
logical data set close-out functions. The Tatter two terminations
both cause an orderly close-out of the output buffer and the data file

being transferred to the Bi-Phase-L output port.

6.2.4 Testing and Evaluation
Testing was performed in two stages. First, as each executable
module or subrawiine was completed, independent verification waa

performed. In general, this was accomplished by preparing special
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purpose "drivers" which supplied the parameter and/or buffer
requirements of the module being tested, This étage constituted the
bulk of the project schedule., Secondly, an "all-up" systems test was
perfornied using all modules and sub-routines, This second stage took
approximately 1/6th of the total schedule.

Module testing was initially accomplished using the hardware set-
up illustrated in Figure 6.4, The ICE80 (in-circuit emulator) and its
associated software package in the INTEL MDS230 allowed the software
being evaluated to be run at almost real-time while residing in RAM
space provided as part of the engineering breadboard system hardware,
or within RAM space in the MDS230. Both modes were used, where the
selection depended on the particular module being tested.

Over-all system testing was accomplished using the set-up illus-
trated in Figure 6.5. Aircraft and radar data inputs were provided by
the Bi-Phase-L input from the 14-Track AMPEX Tape Unit. Bi-Phase-L
output was captured by the TI980, partially decoded and recorded on
the 9-track TI979A Tape Unit. Final decoding of the Bi-Phase-L output
data was done as a post-run task and the results printed on the print-
er for analysis. During early May 1980, several demonstration runs
were made using the system shown in Figure 6.5. These runs all demon-
strated the capability of the system to process C-Band data at a rate
of one data frame per 1.5 seconds. The output data quality was com-
pared to data generated by NASA for the same input data set. The
results of the over-all system tests showed that the micro-processor
based system can produce comparable data (:2.0db) to that produced by

much larger and more expensive systems.
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Subsequent to the above tests, two tests were run to find out
approximately how much time was required to execute each major portion
of the software. First, the software inner loop was modified to
delete area, range, roll-off, and gain calculations. Those deletions
reduced cycle time from approximately 1.5 seconds to 1.05 seconds.
Next, the loop was further modified to delete the power-ratio evalua-
tions. This change further reduced the execution loop time to approx-
imately 0.55 seconds. The effect of varying the cycle time, t¢, is
only on the effective repetition rate of the viewing cells cccurring
within the field of view of the radar. This repetition rate also
varies with viewing angle, producing greater overlap between succes-
sive cells for greater viewing angles. Figure 6.6 shows the geometry

of the effect. Using the following expression for cell overlap,

L =C+ Vg = Vic (6.12)
where ty = integration time
tc = cycle time
v = velocity of the aircraft,

the parameter plot in Figure 6.7 can be calculated. Note that a cycle
time of very near 0.5 seconds is required to always have positive
overlap. Negative overlap is produced when the successive ground
cells for a given viewing angle are spaced apart. From the parameter
plot it can also be shown that for a cycle time of 0.75 seconds cell
overlaps will all be greater than -50%, giving a ground coverage of
more than 66%. The above timing tests indicate tht if closer cell
spacing is required, the present system could be used to produce par-

tially reduced scattering coefficients; i.e., read NERDAS, calculate
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integration times, set and integrate using the CZT board, recover the
frequency domain data, place the time correlated power spectral den-
sity data on the output port. Also, such a system could operate with
a cycle time of approximately 0.6 to 0.7 seconds of which approxi-
mately 0.3 seconds 1is integration time. A small amount of post
processing would then be required to yield complete sigma-zero esti-
mates for each ground cell.

Another and perhaps more flexible, alternative to fi .  proces-
sing (full or partial) would be to use fewer viewing angles, say 10,
20, 30, and 45 degrees, or a set selectable by the operator. Approxi-
mately half the overhead and buffering tasks would be saved. Such a
system could l1ikely run at very near 1.0 second cycle time while
producing fully reduced sigma-zero data. Using selectable angles and

multiple passes, analysis to any depth desired could be made.

6.2.5 Memory Requirements

As illustrated in Figure 6.8, a large amount of ROM (AQOOH) will
be required to store the data tables and code. A large portion of
this space (4000H) is required for inter-communications formatting;
i.e., the 1/0 formatting of communications between the operator and
the system. Figure 6.5 also shows the suggested board arrangement to
accomplish the appropriate program alignment within the ROM/RAM struc-

ture.

6.3 Interrupt Structure

The inner-loop (SIGMAl, SIGMAZ} execution uses four interrupt

Tines. The associated software interrupt jump table is located at
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0000

0120

0200

71AA

9FFF
A00O

B0O0O

€000
D000
£000
FO00

Restart and Interrupt
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Code and Data

Variables
and
Stack

Space

4K ROM
SBC 80/20-4
4K ROM
SBC 116

16K ROM
SBC 416, #1

16K ROM
SBC 416, #2

4K
Unused

4K RAM

SBC 80/20+4

16K RAM
SBC 116

FIGURE 6.8 Program Alignment within ROM and RAM.
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4000H. The table is loaded under the module name LDJMPS. A level
interrupt is generated when the CZT-board completes a timed integra-
tion. The subroutine CZTINT handles these interrupts. It rauses a
fiag, IEOC, to be set in the main program, Figure 6.9. The main pro-
gram, after completing its SIGMAL tasks, is held in . ait-loop until
the IEOC flag is set. After the flag is set, cci..... passes from the
SIGMA1 module to the SIGMA2 module where power ratios are calculated
usiiiy data from the CZT board.

Level 1 interrupts are used for Bi-Phase-l. output. A level 1
interrupt signals acknowledge/receipt by the 8255 of the outgoing
byte.

Level 3 and Level 4 interrupts are used in NERDAS data inputs.
The level 3 interrupt signals a byte is pending. The level 4 inter-

rupt signals that the byte is on the data base.

6.4 Sub-routine Definitions

Most of the inner-loop operations, SIGMAl and SIGMA2 modules,
are accomplished using the subroutine calls defired below.
AFIX(X,I): converts floating point number, X, to integer and
places result in I.

AFLOAT(IN,FP): converts integer value, IN, to floating point
format and place result in FP.

AINDIX(IN,I80,TEN,AGL,RAD): calculates an index value, IX,
using the expression:

IX = IFIX{AGL*RAD-TEN) + 180
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FIGURE 6.9 CZT Interrupt Structure.
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where AGL = angle in radians
RAD = constant, §7.3
TEN = constant, 10.0
180 = constant, 80

Index value is used as a pointer into the L-Band antenna table,.

ALTFP(ALT, CALT, ITN, IHD, ITH, IUN): evaluates altitude of the
aircratt 1n meters, using the following expression

ALT = FLOAT(IUN + 10*(ITN + 10%(IHD + 10%ITH)))*CALT

where IUN = NERDAS UNITS digit
ITN = NERDAS TENS digit
IHD = NERDAS HUNDREDS digit
ITH = NERDAS THOUSANDS digit
CALT = constant, 0.3048

Routine is called by DECNDA module when decoding NERDAS data.

AMDADD(R,Al,A2): evaluates the result of addition of two
floating peint numbers, places result in R:

R = Al + A2

AMDIV(R,A1,A2): evaluates the result of dividing two floating
point numbers:

R = AL/

AMDGN(DGN ,TWO ,DG,TEN,I1,12): calculates interpolation value
DGN according to the expression:

DGN = (FLOAT(I1 - I2)/TEN)*DG/TWO

where I1 = upper table iridex
I2 = lower table index
TEN = 10.0, constant
DG = ABS(AGL*57.3) - FLOAT(IFIX((AGL*87.3 + 0.5)/2.))*2
where AGL = viewing angle through the antenna
™O = 2.0, constant

AMDGSQ (GSQ,DGN,IGT,TEN): evaluates final gain value by adding
iterpolation value DGN to table value using the
expression:

GSQ = FLOAT(IGT)/TEN + DGN

where IGT = table value of gain
TEN = constant, 10
DGN = interpolation adjustment
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AMDMUL (R,A1,A2): computes product of floating point numbers
Al "and A2 according to the expression:

R = AL*A2
AMDSUB(R,A1,A2): evalutes difference of two floating point
numbers:
R = Al - A2

CBNDW(BNDW,NFEL ,DELF}: calculates actual filter bandwidth
according to the expression:

BNDW = FLOAT(NFEL,DELF)*DELF

number of filter elements in the band
spectral line width of the filter

where NFEL
NDELF

CCELL(CELL,DIFF,SUM,ALT): evaluates ground cell length according
to the expression:

CELL = ALT*(TAN(SUM) - TAN(DIFF))

u u

where ALT = aircraft altitude, meters
SUM = viewing angle plus one-half the resolution
angle
DIFF = viewing angle minus one-half the resolution
angle

CELCNT(ICNT,VEL,TC,ALT,THET8): computes the number of cells in
view (reguired buffer size) tor a given altitude and
viewing angle range’

ICNT = IFIX(ALT*TAN(THET8))/(VEL*TC) + 0.5
where ALT = aircraft altitude, meters
VEL = velocity of aircraft (ground speed), meters/sec
TC = processti tycle time, seconds

CINDX(IX,I1,TWO,HALF D): calculates the index value IX using the
the expression:

IX = IFIX((D + 0.5)/TW0) + I1

where D = ABS(AGL*57.3)
AGL = viewing angle through antenna
TWO = constant, 2
I1 = constant, 1
HALF = ~onstant, 0.5

Routine is called by GAIN when evaluating C-Band antenna gain.
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CLNPT(1BPT,LT,PC,PN,XT,YI,ANGTD,ALT): calculates buffer
Toading pointers for viewing angle according
to the procedure:

ANGTD = ASIN(ANGTD)
XT = (ALT*ALT + YI*YI)*TAN(ANGTD)**2
IBPT = LT - IFIX(PC*(TAN(ANGTD) - PN))
where ANGTD = doppler angle
XT = X-AXIS INTERCEPT OF DOPPLER CONTOUR
IBPT = number of cells aft of nadir to place
the g, for the given viewing angle
LT = current nadir position in buffer
YI = viewing goint y-coordinate
PC = (ALT/VEL)/TC
PN = (TI/PC)*0.5
TI = integration time

CNFILT(NFEL ,DEL ,BNDW,CELL ,FDOP ,ANGLD,YI,XI ,XT,S): calc¢1ates
number of filver elements required to represent each
viewing angle band. Routine implements the following:

XT = (2.*%VEL)/SLMDA

ANGLD = ATAN(SQRT( (XI*XI)/(ALT*ALT + YI*YI*}))
FDOP = XI*SIN(ANGLD)

BNDW = (CELL*XT/ALT)*COS{ANGLD)***3
NFEL = IFIX(BNDW/DEL + 0.5)

where SLMD = wavelength

ANGLD = doppler angle

XI,YI = viewing point coordinates

FDOP = doppler center frequency

CRG4(RG4,FRTY,ALT,ANGTL): evaluates the range of the cell cen-
ter from the antenna. Value, RG4, is returned in db
according to the expression:

RG4 = 40.*ALOGLO(ALT/COS(ANGTL))
where FRTY = constant, 40.0
ALT = altitude, meters
ANGTL = viewing angle, radians

CZT(N): set and start integration of N sub-records

CZTR: starthMA transfer of 512 filter elements from the CZT
oard
DAREA(AL,TEN,TRM1,TRM2,TRM3): computes the area of a ground
cell according to the expression:

AL = 10,*ALOGIO(TRML1*(TRM2 - TRM3))
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where AL = area in db
TRML = width of ground cell
(TRM2 - TRM3) = length of ground cell

DECODA(IOV ,NERZ,T1 ,PARM): Decodes NERDAS frame. Uses subrou-
tines as follows:

ALTFP: decodes altitude up to 9999. feet

DRPFP: decodes drift, roll, pitch up to 99.9 degrees
VELFP: decodes velocity up to 999. knots

MINHR: decodes minutes, hours

TSECS: decodes seconds

DRPFP(DRP,CRAD,ISGN, ITH,IHD,IUN): converts NERDAS digits to
drift, roll, or pitch in radians:

DRP = FLOAT((IUN + 10%(ITN + 10*IHD))*ISGN)/CRAD

where CRAD = 57.3
IUN = units digit of NERDAS
ITN = TEWS digit of WERDAS

JHD = HUNDREDS digit of NERDAS
ISGK = sign digit of NERDAS

i

DVERIF(ICNT,IBUFF): edits a buffer, IBUFF, containing ICNT bytes
for ASCII decimal characters. Any character, other
g?an decimal or leading unary, 1is converted to a
ank.

DWAIT: & Tlinkage routine for FORTRAN error recovery. Assumes
control of program counter until a machine reset,

FDLEV(IFDL ,NFEL ,NEV,FDOP ,DELF): evaluates starting pointer for
sumning spectral power when the number of filter
elements in the filter band 1is even and uses the
expression:

IFDL = IFIX(FDOP/DELF) + NEV - NFEL/Z

where FDOP
DELF
NEV
NFEL

FDLOD(IFDL,NFEL ,NOD,FDOP,DELF): evaluates starting pointer for
summing spectral power when the umber of filter
elements in the filter band is odd. It uses the

expression:

IFDL = IFIX(FDOP/BELF + 0.5) + NOD - (NFEL - 1)/2

doppler center frequency

spectral line width

constant, 3

number of filter elements in the filter

won

wou

where NOD = constant, 2.
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GAIN(ANG ,PCH,IGTBL ,IGTBC ,NPZN,IBND,GSQ): calcuiates antenna gain,
GSQ, for either L-Bana or C-Band using a table look-
up and interpolation procedure. Input parameters are:

ANG = antenna view angle in radians
PCH = aircraft pitch, in radians
IGTBL = L-Band gain table

IGTBC = C-Band gain table
NPZN = polarization identifier, W=1, VH=2, HH=3, HV=4
IBND = band identifier, L=1, C=2

GaML{Z,C1,C4,C5,CZ,F,C3): evaluates the value of Z, roll-off, in
db for L-Band using the expression:

Z = ~(Cl + F*(CZ + C3*F) + (C4 + C5/F)/F)

where = frequency/10.

F‘
cl, ..., C6 = constants

GAMC(Z,C1,C2,C3,C4,06,06,C7,F):  evaluates the value of Z, roll-
off, in db for C-Band using the exiréssion:

Z =Cl + F*(CZ + F*(C3 + F*(C4 + C5%F))) + (C6 + C7/F)/F

where F = frequency/10.

Cc1, ..., C7 = constants

GAMMA(FRQ,IB,NPZ,Z):  evaluates roll-off, Z, using subroutine
calls to GAML or GAMC depending on band identifier,
IB. Computes F = FRQ/10. before calling subrou-
tine. NPZ is ihe polarization identifier.

GETVLU(CIOBUF ,10BUFF ,N10,N20,IERR,XNUM):  acquires from console
the floating point number, XNUM. CIOBUF and IOBUFF
are the input buffers, N10 = constant, 10, and N20 =
constant, 20.

GXI{XI,XT,ALT,RL,0R): computes X-coordinate, XI, using the
' expreseion:

IX = XT*COS(DR) + ALT*TAN(RL)*SIN(DR)

where XT = ZORT(ALT*TAN(ANGL) )**Z - (ALT*TAN(RL)**Z),
calculated in subroutine GXT, below.
DR = drift in radians
ALT = altitude, meters
RL = roll

GXT(XT,RL,ANGL ,ALT): evaluates XT, used in the above subroutine,
using the expression:
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XT = SQRT(ALTATAN(ANGL))**2 - (ALT*TAN(RL))**)

where ANGL = viewing angle.

GYI(YI,XT,ALT,RL,DR): calculates the Y-coordinate of the viewing
point, YI, using the expression:

YI = XT*SIN(DR) - ALT*TAN(RL)*COS(DR)

where AT is as calculated by the subroutine GXT above.
IBELL: sends bell character to CRT. No calling parameters.

IBFILL(L,IBUFF): fills 128 byte buffer lines with 99H, L = line
count and IBUFF = buffer starting address.

IBIPHL(IBUFF): move 128 bytes beginning at IBUFF to the 8255
serial port.

ICRLF: routine to output a carriage return and Yine-feed to the
CRT.

IKEVI: sets flag for keyboard 'ESC' input. Called by KEYCK.
INIPIO: initializes parallel 1/0 port on the SBC 80/20 board.
INICZT{IPSD): initializes CZT board with DMA address, IPSD.

INI259: initializes the 8259 interrupt controller for the vested
mode at 4 uyte intervals. Call table set at 4000H.
Leaves interrupts enabled but all masked.

INTGT(ICNT,TI,DELF): calculates the number of subrecords over
which to integrate. Uses expression:

ICNT = IFTX(TI*DELF + 0.5)

integration time, seconds

where TI
spectral line width of CZT

DELF

wou

IUSART: initializes the USART for CRT/keyboard I/0.

132SUM(PX ,NV,IV): calculates the sum ¢~ a set of 'IV' 32-bit
integers beginning at NV(:.), and extending to

NV(IV). The result in db is placed in PX, and uses
the expression:

PX = 10.*ALOGLO(FLOAT(NV(1) + NV(2) + ... + NV(IV))

KBPHAL(IOUT):  control routine for handing Bi-Phase-L output.
Sends out a 128 byte line from I0UT then backfills
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the 1ine with 99H. Calls IBIPHL. to write the line to
the serial interface.

KEYCHK: senses the keyboard for an escape character. If no
character is pending or if character is not an 'ESC’',
no action is taken. If 'ESC' is found, a branch is
zggen to subroutine IKEYI to set a main program flag,

C.

KEYIN(N,IB): key board input routine. Reads keyboard to place
' N characters in IB, left justified. As each chardc-
ter 1§$fead, it is echoed to the CRT; 'ESC' is echoed
as a .

MSKSET(MSK): sets 8259 interrupt mask to the value MSK.

MINHR(IMH,NU,NT): evaluates minutes or hours from NERDAS digits
using the expression:

IMH = NT*10 + NU

where NT = tens digit
NU = units digit

MFLAG(IC,I0F,IOUT,IB,NZ): moves flag data words to output buffer

Tine.

IC = column count in buffer
IOF = flag word buffer
IOUT = output buffer

IB = band identifier

NZ = polarization identifier

J Seven flag words are placed in the outpui, line then the line is

finished by filling it with DDH.

MFPNUM(FPNBR,ICOL ,IBPT,IOUT,IBCD,NK): moves up to 8 floating
point numbers into the output buffer ufter they have
keen converted to BCD (binary coded decimal). NK =
number values to convert and aove. FPNBR = buffer of
floating point numbers. 1he numbers, starting at
FPNBR, are converted one at a time into a BCD buffer
IBCD, then moved to a location in the output buffer.
ICOL and IB are pointers into the output buffer,
I0UT.

NERD(ICNT)  reads Bi-Phase-L for ICNT bytes of NERDAS data.

OUTPUT(N,IBUFF): outputs a character string ¢f N bytes beginning
at IBUFF. String is sent to CRT or logging device at
port CCH. 89




R - e TR

PCPN(PNTI ,PC,TC,ALT,VEL): calculates the parameters PC and PN
used 1n evaluating the required buffer Tlength.
Implements:

PC = (ALT/VEL)/PC
PN = (TI/(ALT/VEL)*0,5

RUNLMT(PREV,ICVER,PARM): checks aircraft data (altitude, drift,
roll, pitch, velocity) to verify that it is within
prescribed 1imits. The prescribed 1inits are set by
monitoring a limited number of previous values. The
previous values have also been monitored against a
preset standard.

SIGSUM(SGMA,ZW,AL ,GSQ,SYSK,RG4,FP):  computes the final value
of ¢op. Ises the expression:

SGMA = FP + RG4 + SYSK - GSQ ~ AL - ZW

where all parameters are in db,

FP = (41)8/)2

RG4 = R*, range parameter
SYSK = C /K, system constant
GSQ = GG( ), antenna gain

AL = area of ground cell

IW = roll-off function value

TIMEFP(T1,ITS,IM,IH): computes floating point value of time in
seconds by:

Tl = FLOAT(IH*60 + IM)*60. + FLOAT(ITS)/10.

where IH = NERDAS hours
IM = NERDAS minutes
ITS = NERDAS tenths of seconds

TMP12(TMP1,VEL ,X12): evaluates the ground cell parameter 7TMP1
using the expression;

TMP1 = X12%(VEL**2)

where X12 = XK1 or XK2, as defined in Reference (2).

TRMI1(T1BMW,ANG,ALT,RL): evaluates the ground cell area tem T1
using the expression: !

Tl = 2.*TAN(BMW/2.)*(ALT**2)/COS(RI.)/COS(ANG)

where BMW = beamwidth
ANG = viewing angle
RL = roll
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TRM23(TRM,TMP1 ,RL ,DR): calculates the ground cell area term TRM
according to the expression:

TRM = (-TAN(DR)*TAN(RL) + SQRT(TAN(RL)**2*(TMPL - 1.)
+ TMPL*COS(DR)**2 - (1. - TMPI*COS(DR)**2)
where TRM = TRM2 or TRM3 of the area equation.

I"ru,8(ITS,ITN, IHD,IUN): evaluates seconds from NERDAS date by
ITS = 10%(ITN + 1O*IHD) + IUN

where ITN = tens digit
IHD = hundreds digit
IUN = units digit

UNPACK(INN,INB): wunpacks a frame of 68 NERDAS NIBS at INN (2 BCD
values per byte) into a buffer at INB with 1 BCD
value per byte. INB is 55 bytes in length. First 2
NIBS are skipped.

VALID{DL ,DF ,IOV,IVAL ,PARM): validates NERDAS data values unles

the override flag is s=t. If value is outside preset

i 1imits, the default value is used. Whenever default

; values are used an appropriate flag is set in the
| output buffer. Calling parameters are

DL = preset limit values (buffer of 10 values)
DF = preset default values (buffer oi 5 values)
I0V = override flag buffer
IVAL = flag byte
PARM = buffer of NERDAS parameters; i.e., alt., pitch,
} roll, drift, velocity

VELFP(VEL ,CVEL ,ITN,IKD,IUN): computes velocity of the aircraft
in meters per second using the expression

VEL = FLOAT(IUN + 10*(ITN + 10*IHD))*CVEL

where CVEL = 0.514
IHD = NERDAS hundreds digit
ITN = NERDAS tens digit
l IUN = NERDAS units digit
XK12 (XK2 ,XK1 ,SLMDA,BNDW,FDOP): evaluates the two area terms XK1,

XK2, using the expressions:

4./(SLMDA*(FDOF - BNDW/2.)**2
4./(SLMDA*(FDOP + BNDW/2.)**2

XK1
XK2

nou
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where SLMDA = wavelength, meters.

DFOP = dcppier center frequency
BNDW = filter bandwidth

6.5.0 AMC95/6011 Arithmetic Unit Operations

A1l inner-loop arithmetic, except indexing, is accomplished using
the hardware floating point arithmetic board. These operations
are all accomplished using the following set of device calls:
AMDCMD:  routine to send a command in the A-register to the AMC
9576011,

AMDLOD : loads a floating point number at the address in
register-pair BC into the AMC 95/6011.

AMDSTR: stores a floating point number in INTEL format from the
AMC 95/6011 internal register. Storsge address is expected to be
in register pair BC.

GET: gets a floating point number in AMC 95/6011 internal regis-
ter and stores it at the address in register pair DE,

GIVE: gives a floating point number in AMC format located at the
address in register pair DE to the AMC 95/6011 internal register.

INTLOD: loads a 16-bit integer at address in register pair BC
into the AMC 95/6011 internal register.

INTSTR: stores a 16-bit integer at the address in register pair
BC. Tnteger is retrieved from the AMC 95/6011 internal register.

132L0D: loads a 32-bit integer at the address in register pair
BC Tnto the AMD 95/6511 interpal register.
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waiting + 1657

IOFLG(2)= IOFLG(2)=
IOFLG(2).V. IOFLG(2).AN11
KXP(2)
«
1660 Y
CZTR Read
DATA
+~ Read
13333? Noise &
Calib
Power
132SUM(PC)
XT= Establish
PC~PN Signal/Noise
) Ratio
1689

T0FLG(2)=
I0FLG(2). AN 14

Clear Wait Flag

p.18




1690

Build Output Data

Frame, Insert

1690 sSync Byte ,
=1 yes > T0UT(1,LT)=
#@FBH
>8?‘ no )
I=1+1
1700
MFPNUM
1325UM (1COL=55,
(PR) 1CNT=8)
1
?FPNEM71
EVALUATE . 1COL=
KBPHAL FIL%EQ f XT=PR-PC ICNT'—“B)’
% : MFPNUM
e | [ o] LS
NPASS= SIGMA(T)+XT ALk
N pStes | EACH LTI '
I1CNT=0 ) ANGLE I MFLAG
* 1COL=89
INTERRUPTS
R
INTSET ——_
LT-1BL/2
v D
MX=MX+1
~ LT"‘
MOD(MX, IBL }+1
ICNT=
A TCNT+IBL
.1.1] 915
1

13

INSERT
VIEWING
ANGLES

INSERT
STGMA
VALUES

INSERT
CALIB.
POWER

INSERT
FLAG
BYTES

SET
OUTPUT
POINTFR

p.19




ERROR MESSAGE HANDLER, INTCOM MODULE

700

CRLF

oy

MSGOUT
(NI@,IFAERR)

IFAERR=
'FATAL
ERR*!

701

MSGOUT
(N5,IFATAL
(1,1EFLG))

70{@1{

| 4

CRLF

70201

DWAILT

ICNT=
LT-IBL/2

777

K=ICNT

ICNT: @

K=ICNT+IBL

v

[=]]

ICNT=

ICNT+1

ICNT ;LT

114

¢

G{)

p.20




KEYBOARD INTERRUPT HANDLER

ENTRY KESC EXTRN

GETCH

ECHO

=

C(KESC)«
#p21

v

Restore
Operation
Level

( RETURN

115

(c)=Input character
Echo character to CRT

¢ =
SET ~(KESC) 210

p.21




CZT Board Interrupt Handler

m IEOC EXTRN

Crorn Set flag signalling that
(IEOC)+#p2H Integration is done
MSKSET Set Interrupt Mask to
(MSKZ) inhibit CZT-board
RESTORE .
OPERATING Send End of Interrupt
LEVEL

RETURN

p.22
116




e —

SUBROUTINE MVNERD(IOUT, IOBUF;
where IOUT(128,70) and T0BUF(60

ENTRY

TOUT(1,LT) =#pFa
10UT(2,LT) =#pFoH
+10BUF(1)/16

| ves
no

v

are integer*l

RETURN

T0UT(K,LT)=

T0BUF(K-7)*
16+JOBUF (K~1)

/16

117




- —

T —— s -

LT

( ENTRY >

K

-

Yoo

INUM=TFIX
(FPNBR{K)*10,

MFPNUM

=1
>NK? o= RETURN

K=K+1

CONVERT TO
INTEGER AND
FILTER

1F(INUM.LT.-999) INUM=-999,

v

IRCD(4)=10

(

INTBCD
INUM, IBCD)

15

v

(1

K,IBPT,IBCD)

ILOAD
ouT, I1COL,

IF(INUM.GT, 999)INUM=999,
Insert PAH for '+!

IBCD(4)=14 | If no, set
INUM==INUM | 4th byte=14

Convert integer to 3 dig + sign
in IBCD(1,..4)

Merge into 2 bytes
put into output buffer

118
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SUBROUTINE RUNLMT

ENTRY

PREV,PARM, IOVER)

PREV(5), PARM%S). IOVER(5)

-15.24
+15,24

AL=PREV(1)
AU=PREV(1)

PARM(1)=
PREV(1)

K>4?
K=K+1

no

—
=

AL=PREV(K)
~0.0873
AU=PREV (K)
+0,0873

AL=PREV(5)
| -2.57

AU=PREY (5)

42,57

PARM(5)=
PREV(5)

PARM(K)=
PREV(K)

119
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MFLAG SUBROUTINE

IB=Band Identifier(1,2)
IC=Column
I0F=Flag llord Buffer
I0UT=0utput Buffer

ENTRY

I=1 10UT(94)=1IB
yes >
57 [mo IOUT(95)=N7
I=1+1
v
| IOUT(IC-1+I)
| =I10F(I) RETURN ‘
' ‘
IOF(1)=Defaults ‘r
I0F(2)=Alarms
\ 10F 3;=System Constant O/R T0UT(K)=
D I0F(5)=I THE O/R '
‘ /
# BIT ASSIGNMENT:
I0F(1),I10F(3) I0F(2)
BIT BIT
= VEL 0 BUFFER OVERFLOW
1 PITCH 1 WPIT FLAG
2 CALIBRATION ALARM
2 ROLL 3 X
3 DRIFT 4 X
4 ALT 5 X
5 X 6 X
6 X 7 y
7 X

p.26
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Message Output to Console, Fortran Callable
MSGOUT(ICNT, IBUFF)

MSGOUT
ENTRY

Set IBUFF
pointer &
counter

R

C(H
c(B

et
D

(HL)+1
B)-1

—~—

RETURN

Register:
CﬁBcgmadds of char.count
C(NE)=adds of output strings

C(DE), sets pointer
CéC(BC)), gets count
C(A),set counter ( P7FH)

Get a character from the buffer.

Send character in Reg C to console.

Step adds pointer
Decrement count

Last of String?

121




CONSOLE INPUT ROUTIME: KEYBRD(NBR, IBUFF)

Registers upon entry:

KEYBOARD C(BC)=adds of buffer length(value of NBR)
ENTRY CéDE)=adds of destination buffer (value
of IBUFF)
(HL)«C(DE),set buffer pointer
«C(C(BC)),qet count value
Set pointer & . «C(A;,save initial count value
counter «C(A),set current value

Save initial
count value

( : > -4 I 2|
ozzoni | | | 01FoH
GETCH D [ BKSPC J ECHO

A

C(C)+'BELL'
'BELL'=0TH

C(S(HL)<C(C) c(C)«'b #
(P2pH)
OLFOH W

ECHO

v

C(HL)+
C(HL)+1
C(B)«C(B)-1

n,28
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Get Character from Input Terminal

Registers;
(0220H) C(HL)* Input buffer adds pointer
C{B) = current char, count

01D5H
Cl Call char, ‘input routine
C(A)«'char’

* CONSOLE INPUT
Clear off ANI Q7FH
pagit% bit & C(C)«C(A) .
put char. in TR 01D5H
Req C Registers: ety | )

CéHL)=Input buffer adds
C(B) =Current char. count

RETURN Get JJ

IN OCDH Console
Status

<

Rcuv ready?

ANI 0ZH

JZ CI
Input

IN CC Character
C(A) char.

RET RETURN

p.29
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BACKSPACE OR RUBOUT

Registers:
BKSPC C(HL; = pointer to input buffer
ENTRY C(IBNT) = initial character count
CéB = current initial character count
C(C} = input char. value ('BS')
C(B)«C(B)+1 Increment character counter by on.
C(HL) Set pointer to prior input buffer character.
-
C(HL)~1
C(C)« Get prior char. from buffer,
c(C(HL))

01ESH *
cOo

Send previous character to CRT.

RETURN

p.30
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ST e el T

Console Qutput Routine

Registers upon entry:

01E8H Eé%%v ¢(C)=character to be sent
<
no
yes
; gegister upon
ntry:
S e Rin's. care)
to CRT
€(c)«'CR" CR=0D!!
OIEBH*
Co
c
(C}'LF" 1 L F=onH
Co

RETURN

p"31
125




ASCII to BCD Converter, ASCBCD(NBR, IBUFF)
NAME = 'ABCONV!
ASCBCD
“ENTRT Reqisters upon entry;
" C(BC) = adds of counts value
C(PE) = adds of buffer containing

string
Set pointer
C(HL)<C(DE), set pointer
% counter C(A) <C(C(BC)), get count value
B) «C(A), set counter
Get char.
from buffer
C(A)«C(C(HL) X

C{A): 30H |

If character is
< '0' or if char-

7A acter is » '9!
' rep1§c? it with
C(A) QOH BCD "o,
Strip out
Lower Nibble
ANI IFH
| A
C(C(HL))<C(A) Replace ASCII char-
acter in the
string with BCD
value,
C(HL)«C(HL)+1
C(B)Y«C(B)-1

RETURN

n.32




ASCiI Decimal Verification Routine, ASCDV(NBR, IBUFF)

Registers upon entry;
C(BC)=adds of buffer length

ASCDV (counts)
ENTRY C(DE)=adds of buffer contain-
ing characters

Set pointer C HL)+C$DE)

& count C(A) «C(C(DE))

Reset flag, C(C) «0

c(C) C(B) «C(A)

—>

Get a

character C(A)+C(C(HL))

from buffer

C(C(HL) )«
020H

(C(HL)<CH+ 1
¢(B)«C(B)-1

< #C/(B),O\

CP2:
c(c)«c(c)+2

4

CP1:

p.33
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FORTRAMN Run-Time Lrror Recovery

Registers:
C(BC) = Error Nbr, <255
C(NE) = Adds of statement nearest whore
error occurred,

\
E ééﬁﬁéglc(A) Save value of Error Nbr @ ERNUM
C(ERNUMH)-«C(DE) and adds 0 ERMUM+]
«C
CHL)«c (ML) Set string pointer
c(B)<0All Set string(character)counter ?
~ GETC Send string to CRT GETC
c |
C(HL)<C(EADD) Set byte pointer C““E:%EADD)H
C{B)<N1H Set byte counter
' C(B)«02H
GETD
| Send to CRT 4
| GETD

’ 4

. ALY C (] :

’ C(HL)<E(MZ) Set pointer RESET
| C(B)“‘OBH Set counter -

128
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FORTRAN Run-Time Error Recovery {cont.)
GETC, sends character string to terminal.
co routine resides in Monitor,

Reqisters'
C&HL; = pointer to character buffer
C(B) = number of bytes to send

c(c(HL) Put character in Reg C

om_@
{
C(HL)<

ey

Send character to console J

Step pointer & counter

# Last character? ?

RETURN Yes )
v

129
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FORTRAN Run-Rime Error Recovery (cont.)
GETD, converts byte to ASCII character pair
MMOUT routine resides in Monitor

RETURN

Renisters:
C(KL)=pointer to byte buffer
C(B) =number of bytes to process

et byte from buffer

Convart & send bvte to
consnle as ASCIT pair

Step pointer
& counter

Last hyte

ves

130
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INTCOM Listing (Main Driver)
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s S

QOOL  C:ororovrorr: T PARAMETER DEFINITIONS. ;oo 0 oo ¢
oo02 G C
0T010 0 B C/L-BAND SCATTEROMETER PROCESSOR G
o004 €
Qoan ¢ TEXASR ALM UNIVERSITY REMOTE SENSING CENTER c
0004 ¢
QOO0  C. o sy R T S A
oo ¢
oo0» ¢ ANGIL. VIEWING ANGLE. ALWAYS AFT, ANTENNA TCO GROUND CELL.
o1 ¢ ANGT VIEWING ANGLE, 1N DEGREES, USED IN QUTRPUT FRAME.
go1l C AROL. ABRSOLUTE VALUE OF AIRCRAFT ROLL, RADIANS,
0no1R BMi BEAM WIDTH OF ANTENNA, BAND DEPENDENT, RADIANG,
0013 C BMWID BEAM WIDTH CONSTANT, BAND DEPENDENT, DEGREES.
o014 ¢ BNDW BAND WIDTH VARIABLE USED FOR EACH FILTER.
] Nols ¢ CANTIL AMTENNA GAIN CONSTAMT, USED FOR ©-BAND.
0016 C CAN“"‘Q it tt it L} H "
0017 C CANTG i} " L 1t 11 1
P 00153 C CAr,,l'rq. i 1} 1] i H it
' 0019 ¢ (g TWO DIMENSIONAL CONSTANT BUFFER USED FOR ROLL-0OFF,
o200 ¢ CCLC CHARACTER BUFFER FOR ‘L’ AND ‘C‘.
ooz1 C CELL CELL SIZE, METERS, 8 VALUES,
poza € CFAERR ERRDR MESSAGE BUFFER,
0oR3 ¢ CFATAL " . "
Qo244 ¢ CILG CHARACTER BLUFFER FOR ‘L7, ¢/
puRs C CIOBUF 177 BUFFER, EQUIVALENCED TO CREGP,
s C CIDVRA CHARAGCTER BUFFER USED FOR OVER~-RIDE INPUTS,
poar ¢ CIPOLZ " " " "ORPOLARIZATION ",
poas ¢ CIVYN " nen " OPERATOR RESPONSES.
ooze ¢ Cl. L~BAMD ROLL~OFF POLYNOMIAL CONSTANTS.
o3 ¢ CNERD CHARACTER BUFFER, EQUIVALENCED TO CRESP.
no31 ¢ CRESP " " y GENERAL. I/0 USAGE,
0032 ¢ ST GENMERAL CONSTANT DATA [UFFER.
Qons ¢ DELF FILTER UPECTRAL LINE~-WIDTH:, BAND DEPENDENT,
o03a ¢ DELT DATA ACQUISITION AND RUN TIME, OPERATOR SETS.
o03% ¢ DFALT AIRCRAFT NERDAS DEFAULT VALUES,
Luo3eE  © DIFF DIFFERENCE BETWEEN VIEWING AND RESDLUTION ANGLE.
o032 G DLIM LOWER AND URPER LIMITS FOR INPUT NERDAS DATA,
0o38  C DTHET INPUT VALUE OF RESOLUTIOM ANGLE, OPERATOR SETS,
003y C DTHER RADIAN VALUE OF " " UBED IN EXECUTION,
004G ¢ DTHETA DEFAULT VALUE OF RESOLUTION ANGLE. BAND DEPENDENT.
0041 G FCAL, CALIPRATION TONE FREQUENCIES, BAND DEPERDENT.
42 G FDOP DOPPLER CENTER FREQUENCY FOR FIL.TER.
Qo4 C FNDIZ NOISE FILTER FREQUENCY, BAND DEPENDENT.
ao4d C EpIaL CONSTANT, BAND DEPENDENT, (4#PI)##3/LAMDA#H#E, :
o458 =85Q GAIN VALUE IN DB, ANTENNA ANGLE RELATED. ‘
ObE G 1AUTP .0 SIGNIFYING AUTO-8TOP IF SET TO VALUE OF 2. ]
04y C LAUTR " " " -START WHEN SET TO 2, :
noaAsn O TRCD BUFFER USED WHEN CONVERTING TO BINARY-CODED DECIMAL., :
noae ¢ TBFLW MESSAGE BUFFER OF OVER-FLOW LF OUTPUT BUFFER, 5
nosg ¢ I1BL. ALLOWARLE BUFFER LENGTH, SET T0O 70. é
0os1 € IRMND BAND IDENTIFIER, L-BAND=1, C-BAND=2Z, ;
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T1-980 FORTRAN V4l.1

Qoo
0053
OO%4
QO5%
G0%4,
QOB7
QG5%H
GOS%
Q060
0061
0062
DQ&OT
OCLA
00&S
Q0bs
00&7
Qs
0062
QO70
071
Qo732
Qo7
Q074
Q075
QO7 &
QO77
078
Q7%
vlaizle]
0081
o082
0oan
0084
ooes
008G
o087
088
QORY
Q020
Q091
0092
0093
D0%4
Q04
G026
Q097
0098
OO9e
Q100
0101
Q107

SO0

OO0 0GGOOCOaO00N0SC OO NGO O00NGO0000O00O0GO0GCGE:

IBOVF
IBPT
ICALW
1CLG
TCNT
LEFL.G
IEQC
IERR
IF AERR
IFATAL
IFCAL
IFDL
16TBC
IGTBL.
ILC
TMSK
INERD
INZ
INZERR
10BUF
LOFLG
0UT
IOVER
IOVRQ
ITPL.Z
IPOL.Z
IPED
IRESP
TWAIT
IYn
1rJi K
KESC
KXP
LANTI11
LANT 12
LANT13
LANT14
LANT21
LANTZ2
LANTZ23
LANT24
LT

MX

NC
NFEL.
NPAGS
NP ZN
NZE
NZL.
NZPAS
PARM

FLAG USED TD SIGNAL BUFFER OVERFLOW,
POINTER FOR POSITIONING DATA IN OUTPUT BUFFER.
MESSAGE BUFFER FOR CALIBRATION WARNING.
CHARACTER BUFFER FOR ‘L7, ‘C7.
GENERAL PURPOSE INTEGER VARIABLE.
POINTER USED TO GET ERROR MESSAGES FOR 1/0.
FLaG USED TO SIGNAL END OF INTEGRATION, CZT BUARD,
FL.AG UBED TO SBTGNAL 1/0 ERRORS.
ERROR MESSAGE BUFFER,

n f 1]
POINTER TO CALIBRATION TONE FILTER.
LEFT FILTER POINTER FOR EACH ANGLE.
GAIN TABLE FOR C-BAND ANTENNA, INTEGERS,

0 ] n L,_BAND 1] 3]
CHARACTER BUFFER FOR ‘L7, 'C‘,
MaSK BUFFER FOR SETTING INTERRUPTS
CHARACTER BUFFER FOR NERDAS 1/0.
INTTIALIZATION FLAG.
MESSAGE BUFFER FOR NERDAS WARNING.
GEMERAL. FURPOSE I/0 BUFFER.
BUFFER OF FLAG WORDS UBED IN OUTPUT DATA SET,
OUTPUT DATA BUFFER.
FLAGE USED TO SIGNAL OVER-RIDE CONDITIONS,

MEGSAGE BUFFERS USED IN ACQUIRIMG DOVER~RIDE VALUES,

CHARACTER BUFFER USED TO IDENTIFY POLARIZATION,
POLARTZATION IDENTIFIERS,

POWER BPECTRAL DATA BUFFER, 512 INTEGER#*4
GENERAL. PURPOSE 1/0 BUFFER,

Fl.AG TO SIGNAL COMPLETION OF SIGMAL TABKS,
CHARACTER BUFFER,

DO LOOP INDEXES.

CHARACTER, 'ESCARPE’.

BINARY POWER BUFFER.

L-BAND ANTENNA GAIN BUFFER,

LOAD POINTER FOR QUTPUT BUFFER,

DUTRUT POINTER FOR DATA BEING SENT QUT.
INTEGER CONSTANT TABLE.

NUMBER OF FILTER ELEMENTS TO SuUM,

FLAG TO SIGNAL PASS NUMLER,

POLARIZATION IDENTIFIER MUMBER,

NOISE FILTER ELEMENT COUNTER.

LEFT MOST NOISE FILTER ELEMENT,

PASS COUNTER USED FOR CHECKING NERDAS DATA,
BUFFER OF NERDAS AIRCRAFT DATA PARAMETERS.

]33 h i 1 e
ORMIINAL Fatyl
OF Fo, 5 TY




—— e ———

TI-280 FORTRAN V4L.1

0103 ¢ PG
0104 o PN
P10S ¢ PR
01046 ©

0Lo7 ¢ PREV
(0D Aol I REAL
O1o% ¢ RGA
QLI ¢ sleMa
0111 ¢ SLMDA
o118 ¢ BTART
0118 ¢ SUM
0iia4 ¢C BYSK
0115 0 T0
Olie € T
Q117 ¢ T&
i1 ¢ T3
011w @ TANTL.
(O} A ¢ TG
0121 ¢ TDEL
Qlas o THETA
0123 ¢ TI
niz24 G Tl
oLRs G LDELF
Q1246 C X1
oir ¢ XK1
O1RE ¢ I 1 e
arey O XK2
EIan @ XL.MDA
oist XEYSK
0138 ¢ Xt
013y o Y1
Q13a W
Q139 ¢

Q13 G v

NO END CARD
SUBROUT INE
$FAEND

PROGRAM ALLOCATION

SUBPARAMETER USED INT EVALUATING SIGMAQ.

n u n n

PC=CALIB POWER, PN=NOISE POWER, PR=RECEIVE POWER
BUFFER TO SAVE PREVIOUS VALUES OF AIRCRAFT DATA
CALIBRATION FREQUENCY USBED, BAND DEPENDENT
RANGE VALUE IN DB
S1GMA-0 VALUES FOR EACH VIEWING ANGLE.
WAVE
TIME IN SECONDS AT WHICH DATA SET GTARTS,
PUWER SPECTRAL 8UM OVER FILTER BET FOR ANGLE.
SBYSTEM PROCESSING CONSTANT.
TIME IN SECONDS AT WHICH DATA SET STARTS.
CURRENT NERDAS TIME IN SECONDS.
VARTABLE USED IN AREA CALCULATION,

" £l n n n
VARTABLE USED IN AREA CALCULATION,
MICRO-PROCESBOR CYCLE TIME IN SECONDS.
ELAPSED TIME COUNTER.
DESIRED VIEWING ANGLES, RADIANS
INTEGRATION TIME, SECONDS.
AREA CALCULATION VARIABLE.
FILTER LINE WIDTH, BAND DEPENDENT.
COORD. OF GROUND CELL POSITION
AREA CALCULATTION VARTABLE,

1] ] "

u n i

WAVE L ENGTH, BAND DERENMDENT.

GYGTEM CONSTANT VALUES, BAND/POLARIZATION DEP.
VARTABLE USED IN EVALUATION OF CELL LOCATION,
YoLguRD. OF GROUND CELL POSITION.

ROUL-OFF VALUE TN DB,

....................................

134




TI-280 FORTRAN V4l.1

PROGRAM END
COMPILER MEMORY USED = &9&0

THERE ARE 0001 ERRORS IN THIS COMPILATION,
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FORTRAN COMPILER PAGE 3

o 4 W0BLS’ v/ K0BS5O v/ WOBA4 »/ OB’ »’ UNDEF’ /
41 ) DATA CFAERR/’FATAL ERRX’»’&&KNERD ERR’ s’ A4BUFF OUR’ )’ %¥ACAL LOW’/
42 ) DATA CELC/* L/’ C'/9CST/1,2502,0957,301040140.0y0,5r573, 104304870, 514/
43 DATA CL/7,710941-21,4914r14,94111, 111821 -0, 018476711000,/
44 TR BT adnde-atatittalhnddie s L1821 20, 018670700000,/ 0 30 3057841
- RN AR TR T IV A S LA e Vet LT et I A A
€ PO DR INTERCORKKRR RN DRI
. C w INITIALIZE 1/0 BOARD FOR CRT/KEY
¥ C 41t CINITIALIZE BI-PHASE-L I/0 EOARDs CZT BOARDs AND INTERRUPT CONTROLLER
46 CALL INIPIO
47 CALL INICZT(IPSD)
48 CALL INIZS9
49 i CALL LDJNES
€ a4k SEND OUT SIGN-ON MESSAGE
50 CALL CRLF
51 TEFLG=1
5D WRITE( CIORUF y 21 yERR=7000 )
&3 21 FORMAT( 10X+’ NASA L/C-BAND PROCESSOR’ y17X) ]
£ ALL MSEOUTCNE(9)s TGEUF)
55 ] CALL CRLF |
€ %k INITIALIZE FLAG SET RARKXKKARKAXXKIAK
54 ) INZ=1
- C ¥kooud o SET OUTRUT BUFFER LINE LIKIT FARRRRRRRRE R
¥ C oo ¥Xk KKK KKK SXX  RE-CYCLE LOOP ENTRY *%% %%k
58 40 CONTINUE
56 CALL TBELL
40 ALL CRL
81 ASS=1
&2 KESC=1
it SET sranrznc POINTERS INTO OUTPUT EUFFER $i3
&3 MX=1EL-1
64 . PAZHRGCHS » TBL 144 |
. € PHOULUCOOOOCOUUANKEY PRE-LOAD OUTPUT BUFFER W/099H  Hhhkk g
64 . N RRr TLL oNT Y TOUTC Lo 21 1) |
€ Xk AKX XXX XKK XK XXk KX SET UP OFTIONS %% %%k
67 CALL CRLF
68 G0 TD (115,85)yINZ
69 85  CONTINUE
70 CRESF=’ NEW SET-UP(Y/N)®"
71 CALL IRELL
72 CALL KSGOUT(NC(7 )y IRFST )
73 CALL KEYBRINNG(1)-7 nSP)
7% TFCIRESPC1),EQL 31RA) GO0 10 9
75 TFCIRESPC 1 )oEQ. TYR(2)I60 TO 740
€ SARERREXKARRKKKXIAKKKIONRKKKRREKKKKRRGET BAND IDENTIFIER¥XKKKRXK
76 115 CONTINUE
77 TBND=1 |
78 CRESF=" TYFE OF SCAT(L/C)?’
79 CALL MSGOUT(NC( 7 )y IRESF )
80 CALL KEYRRD(NC( 1), IRESP )
81 TFCIRESP( 1 )0 EGs TLOC 25 ) END=2
C IRRRIROOR RO KRR R AR KK RSET BAND RELATED VARIARLESHHKKAX
82 BMU=EMWID¢ IRND )/CST( 3)
83 SLMDA=XLMIAC TEND )
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APPENDIX C
Bi-Phase-L Output Frame




Bi-Phase L Qutput Data Format

CONTENT (H means Hex)

SYNC

SYNC

SYNC

FRAME
TIME, SEC.
TIME, SEC.
TIME, SEC.
TIME, MIN.
TIME, MIN.

FLIGHT Nbr
FLIGHT Nbr
LINE  Nbr
LINE  Nbr
RUN Nbr
LINE START
ANGLE 1
ANGLE 1
ANGLE 1

1
2
3 .
4
(Tenths) 5
(Units) 6
{Tens) 7
(Units) 8
(Tens) 9
(Same As Input NERDAS)
(Units) 103
(Tens) 104
(Units) 105
(Tens) 106
(Units) 107
(Units) 108
(Tenths) 109
(Units) 110
(Tens) m

FH
BH
FH.
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Bi-Phase I Qutput Data Format (continued)

CONTENT (H means Hex) WORD Nbr (4 Bits Each)
ANGLE 1 (Sign) N2
ANGLE 2 (Tenths) 113
ANGLE 2 (Units) 114
ANGLE 2 (Tens) 116
ANGLE 2 (Sign) 116
\
ANGLE 8 (Tenths) 137
ANGLE 8 (Units) 138
ANGLE 8 (Tens) 139
ANGLE 8 (Sign) 140
SIGMA 1 (Tenths) 141
SIGMA 1 (Units) 142
SIGMA 1 (Tens) 143
SIGMA 1 (Sign) 144
| SIGMA 2 (Tenths) 145
; SIGMA 2 (Units) 146
| SIGMA 2 (Tens) 147
| SIGHA 2 __ (88O} M8
SIGMA 8 (Tenths) O TTTTTTTTTTTTTTTTRey T
SIGMA 8 (Units) 170
SIGMA 8 (Tens) * 17
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Bi-Phase L Output Data Format (continued)

CONTENT (H means Hex) WORD Nor (4 Bits Each)
SIGMA 8  (Sign 172
CPWR (Tenths) 173
CPHR (Units) 174
CPUWR (Tens) 175
CPWR (Sign) 176
NPWR (Tenths) 177
NPUWR (Units) 178
NPWR (Tens) 179
NPWR (Sign) 180
NPZN (Units) 181
IVALB (Units) 182
SALARM (Units) 183
I18YSK (Units) 184
IOVRB (Units) 185
IBND (Units) 186
ITHE (Units) 187
DDH Frame End Fill 188
DDH Identified .- 225
DDH DDHEX 256
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ASHM80 IF1!AFLOAT.SRC DEBUG PAGELENGTH(75) PAGEWIDTH( 90)

ISIS~IT 8080/8085 MACRD ASSEMBLERy V3.0 AFLOAT  PAGE 1

LoC 0BJ

—
-
Pt
m

SOURCE STATEMENT

NAME _ AFLOAT
SUBROUTINE AFLOATCINSFP)

$3 FP=FLOATC(IN)

»"Tiwmsws mpar

1
2
5
i
001D ; LOAT EQU  1DH
7
8 EXTRN  INTLOD) AHDSTRy AHDCHD
13
10 PUBLIC  AFLOAT
12 CsEe
!
0000 E1 14 AFLOAT! FOP  H iSAVE RETURN ADD
0000 Eloooo £ 1417 VEALL  vmion [RVE RETURN ADDK
0004 3ELD 14 RUI AyFLOAT
0004 CHO000 E 17 CALL  AMDCHD $FLDATCIN)
0009 42 18 MOV~ EsD
000A AF 19 MOV CyE
000B CLO0D0 E 20 CALL  AMDSTR 3FF -FLOAT( IN)
000E E9 21 PCAL SRETURN
5% ' END
BLIC SYMBOLS
f szonr € 0000
? EXTERNAL SYMBOLS
' ANDCHD E 0000 ~ AMDSTR E 0000  INTLOD E 0000
USER SYMBOLS

E AFLOAT C 0000 ANDCMD E 0000 ANDSTR E 0000 FLOAT, A 001D INTLOD E 0000
| ASSEMBLY CONPLETEy  NO ERRORS
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ASHMBO SF1IAINDX.SRC DERUG FAGELENGTH(77) PAGEWIDTHC 90)

I1S15-11 8080/8085 MACKO ASSEMBLERs V3.0 AINDX  FAGE 1
LOC OBJ LINE SOURCE STATEMENT
) NANE  AINIX
g i B T AL IR 1X 180» TERYAGLYRAD)
i § P4 IX=IFIXC ABLARAD-TEN 180
0012 5 BULT  EGU 12H
0011 ? SUET  EQU 11H
001F 8 FIX  EoU  1FH
006C g IAD EGU  boH
11 EXTRN  AMDLOD INTLO, INTSTR  AHDCHT
13 PUBLIC AINDX
14
15 tseC
1]
0000 E1 17 AINDX! FOF  H iSAVE RTN ALIR
0001 CI0000 E 18 CALL  AMDLOD  JAGL 4
0004 42 1% KOV EoD
0005 4 0 MOU  CyE .
il & gl e o
000B CHO000 E 33 CALL  ARICAD 5 AGLARAL
000F C1 B4 FOF. k.
000F CI0000 E 25 CALL  AMDLOL  §TEN
0012 IE11 A MUI - AsSUET )
0014 CLO000 E 27 CALL  AMDCMD  3AGLARAD-TERN
0017 3EIF 58 NUT - AyFIX ,
0019 CHO000 E 29 CALL  AMICHR  SIFIXGABLRRAD-TEN)
001C C1 20 FOF- K
0010 CL0000 E  3i CALL  INTLOD 5180 4
- 0050 JEAC 37 AUI- Ay IAD
0052 COO000 E 73 CALL  ANDCHD § + 180
0095 €1 . 34 FOF K
0055 CD0000 E 39 CALL  INTSTK  §IX=RESULT
0039 E9 3 ECHL FRETURR
58 ' ENI
PUBLIC SYAEOLS
AINDX © 0000
EXTERNAL SYNBOLS
SHICVE G000 % aMbLoD E 0000  INTLOD E 0000  INTSTR E 0000
USER SYMEOLS
AINDX 'C'0000  ANCHD £ 0000 AHILOD £ 0000  FIX A 0OIF  IAD
INTLOD E 0000  INTSTR E 0000  HULT A 0012  SUBT A 0011
ASSEMELY COMPLETE,  NO ERROKS

ORIGINAJ,
PAGE
OFPOOR(HMLUT
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ASHBO SF1!ALTFP,SRC DEBUG PAGELENGTH(75) PAGEWIDTH( 90)
151511 8080/8085 NACKO ASSEMELERy V3,0 ALTFP  PAGE 1
LOC OBJ LINE SOURCE STATEMENT
1 SUBROUTINE ALTFPCALToCALTy ITNy IHDy ITHy TUN)
z f NAME  ALTFP
i
§ : EVALUATES ALTITUDE IN METERS!
14
8 ALTSFLOATC TUNH10%C TTNH10¥ THDH LOKITH ) ) JKCALT
0012 10 NULT  EQU 12
004C 11 1AL EQU &6
00&E 12 TMULT EQU  4EH
001D 13 FLOAT EOU DA
15 ' EXTRN  INTLOD » AMICHDy AMDSTR AMDLOL
6 FUBLIC ALTFP
18 ' CSEG
0000 Ef 20 ALTFPS POP W §SAVE RETURN ALIDRESS
0001 CD0000 E 21 CALL  INTLON FITH ¢
0004 015400 € 99 UXT~ HyTEN ,
0007 CDO00O E 23 CALL  INTLOD i10 4
0007 3ESE 24 HUT - ArINULT
000C £HoG00 E 25 CALL  AHDCHT iX
0010 €00000 E 57 CALL  INTLOD § THD
0013 3E4C 58 WVE AsIAD f
0015 Chodoo E 29 CALL  AHDCHD it
0018 ae%d B 3 tAlL ERdENn 710 1
001E 3EGE 32 HUT AsINULT
0020 CH0000 E 33 CALL  AMDCHI i
0023 Ci 24 FOF~
0024 (00000 E 35 CALL  INTLOD FITN ¢
0027 3E4C 34 HUE AyIAD
0059 CDOO00 E 37 CALL  AMDCHD n
005C 015400 € 38 LXT~  BeTEN .
005F CA0000 E 39 CALL  INTLOD $10 1
0032 3EAE 40 AUT - AsIMULT
0034 CD0000 E 41 CALL  AMDCMD i
0037 42 47 Hoy EeD
0038 48 45 B CE
i : 4 i fmp o
093¢ BEébo0 £ 12 CALL  AMDCMD i+
0041 FELD 47 HVI AyFLOAT
0043 CLO000 E 48 CALL  AMDCMD s FLOAT
0045 Eloooo £ 28 O ApLop JCALT 1
0047 JE12 E1 HUT Ay HOLT '
004C CDO000 E 52 CALL  AMDCHID X
0985 Ehoooo E 54 Pl RMDsTR sSAVE IN ALT
0053 E9 Ex; ECHL FRETURN )
0054 0A00 E4 TEN: DU T
&7 END

e e e e e

PUBLIC SYMBOLS
ALTFP C 0000

EXTERNAL SYMBOLS
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ISIS~IT 8080/808%5 MACKD ASSEMBLERy V3.0

ANDCHD E 0000
USER SYMBOLS
ALTFF 0000 A
IAD 006C I

ASSEMBLY COMPLETE

ANDLOD E 0000

HDCMD E 0000
HULT A Q04E

NO ERRORS

AMDSTR E 0000
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INTLOL E 0000




ABNBO {F11AMDADD,SRC DEBUG

I818-11 B080/8085 HACKO ASSEMBLERs V3,0 AHDADD  PAGE 1
LOC  OBJ LINE SOURCE STATEMENT
. NAME ANDADD
§ j SUBROUTINE AMDADD( Ky A11A2)
7 § 111 ReALFAZ
0010 g RADD  ERU  10H
(3 EXTRN  AHDLOD) AHDCHD AHDSTR
1 PUBLIC AMDADD
&
13 (s
0000 E1 15 AMDADD! POP K {SAVE RETURN ADDR
0003 Edoooo € 18 " CALL  AMDLOD iA1 1
0004 42 17 MOV EeD
0005 4H 18 MOV CyE
0006 CUO000 E 19 CALL  AMOLOD A2 1
0009 3E10 20 HE AekAL
000B CDO000 E 21 CALL  AWOCKD  iAL+A2
000E Gi 20 PP
000F CD0000 E 23 CALL  AMDSTR  jR=A14A2
0012 E9 24 FCHL FRETURN
25 ;
58 END
PUBLIC SYMBOLS
ANDADD € 0000
EXTERNAL SYMBOLS
ANDCHD E 0000  AMDLOD E 0000  AMDSTR E 0000

USER SYMBOLS
ARDADD C 0000 ANDCMD E 0000 ANDLOD E 0000 ANDSTR E 0000 RALL

ASSEMBLY COMPLETEs  NO ERRORS
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ASHBO F1!AMDGSQ,SRC DEBUG PAGELENGTH(73) FAGEWIDTH(90)

1

PAGE

AMDGSO

181511 8080/B085 MACRD ASSEMBLERy V3,0

S0URCE STATEMENT

LINE

LoC Om

SUBROUTINE AMDGSO( GSQyDGNy IGTYTEN)
ARDGSA
H
H
H

$4t GSO=FLOATC IGT )/ TEN4DGN

NAME

AMDLOL Y INTLODy AHDSTR » AMDCHD

LIC AMDESA

K
TRN

o

o2

LS ]

= —-

o i <<

=3 |

= .~ -

< -~ o~~~ -

— - =

= 3 (&) f<2 3

o o 4 fx)
o ~r ~ Pa b
- } o } R =
|13 T << A0
S O =T O = =
<3 1 I3 QU S <Tlad
o33 L - L = S
dmem  «m cm  em  am.  Aam dmam

.
<z

=05 o S QS o ot~ B s

QK O QSE b

T T | S0 I3 3

FCosaulimdaia sl 2

ZeE s T~ T

T~ ETITROTLTCTITRTITTR/T

P g
B TS N 100 Y 1 S T W -
ST ERod> 0T 2IOTOZ
OO EOEOLUECL OS]
s
]
3
Sd
=

—CHO DO B OOt I HIVN RO O 0N IO OO0
et ot vl vt et vt vt v vt O] CICL CECL CICHCICI O

W L W o o ow

S © [ R = TR o B o R -
=4 o O OO O
DR QT OO O
el Qe S O
et e L2 O 0 L] ) ot SRS ) et QO
WML LLMOOLMOOOW

St O CRLOMEN IR
OOOOOOODvivivirdvivtvrd(y
COOOOOOOOOCORO0
SOOSOOCOOOTIOOOOT

UBLIC SYMBOLS
HDGSG C 0000

P
A

INTLOR E 0000

ARDSTR E 0000

AMIILOL E 0000

ANBESE C 0000

NO ERRORS

ASSEMBLY COMPLETE,
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ASHBO IF1IAMDGN,SRC DEBUG PAGELENGTH(7S) PAGEWIDTH( %0)

1S1S-I1 8080/8085 HACKD ASSEMELER, V3.0 AMDGN  PAGE 1
LOC OBJ LINE SDURRE STATENENT
1 SUBROUTINE AMDIGNC DGM s THO DG s TEN s I1912)
3 i £313 DONw(FLOATCI1~12)/TEN JKDG/TYO
; ' NAME  AMDGN
001D 7 AFLOAT EQU  1DM
0013 8 ATV EQU
0012 9 WULT EQU 194
0041 10 ISUs  EQU i
[
12 EXTRN  AMILOD ATLOD AHDSTR ANDCHD
14 PUBLIC AMDGN
18
14 Cses
0000 E1 18 AMIGN: POP  H fPICK OFF RETURN ADDR
0001 CIO 19 CALL  INTLOD 11 %
0004 42 20 50U BD
0005 43 5 MOU  CoE
0005 CD00O0 E  H2 CALL  INTLOD 512 ¢
0009 3EAD Hg AT ArISUs
000B CDO000 E 94 CALL  AMOCHD $I1-I2
000E 3EID 5¢ NUI . ArAFLDAT
001G CHO000 E 26 CALL  AMDCMD' JFLOAT( I1-12)
6013 C1 57 POF- R
il © G G Amm o
0019 CHO000 E %0 Wi ARORRY srLowcz1-12)/7EN
001C €1 k3 POF-
0010 CD0000 E 35 CALL  AMDLOL DG ¢
0020 3E12 3% HUT AsMOLT
0052 CHO000 E 34 CALL  AMDCND iFLOAT(13-12)/TENADG
0096 {1 15 POF-
0074 CDO000 E 34 CALL  AMDLOD $TWO 4
6076 JE13 27 HUT-  ArABIV
0028 C5N000 E 38 CALL  AMDCHL 3¢ .., J¥DG/TWD
009E €1 29 FOF- K
005 £D0000 E 40 CALL  AMDSTR $SAVE RESULT AT DGN
0032 E9 4 FCAL iRETURN |

FUBL1L SYMBOLS
ANDGN € 0000

EXTERNAL SYNBOLS .

AXDCMD E 0000 AMDLOD E 0000 AMDSTR E 0009 INTLOD E 0000

USER SYMBOLS

ADIV A 0013 AFLOAT A 001D AMDCHD E 0000 AKDGN € 0000 ANLLOD E 0000
AMDSTR E 0000 INTLOD E 0000 ISUB A 005 WILT A 0012

ASSEMBELY COMPLETEs  NO ERKORS
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ASMBO IF1IAMIMUL,SRC DNEBUG PAGELENGTH(75) PAGEWIDTH(90)

ISIS~IT 8080/8085 MACRO ASSEMBLERy V3.0

LOC OB LINE
by
5
i
g !
0012 & HuLt
g EXTRN
10 PUELIC
i1
12 CsE
0000 E1 14 AMIMUL
0001 CIOGO0 E 15
0004 42 14
0005 4f 17
0005 CDO000 E 18
0009 3E12 19
0008 CHG000 E 20
000F €1 51
000F C10000 53
0012 E% 53
54 3
A
PUBLIC SYMBOLS
ANDMUL #0000
EXTERNAL SYMBOLS
AMDCHE E 0000  AMDLOD E 0000
USER SYMBOLS
AMGCHD E 0000  ANDLOL E 0000

ASSEMBLY COMPLETEs,  NO ERRORS

AMDHUL  PAGE 1
SOURCE STATEMENT

NANE DMUL.

SUBRUUTIGE AMIEULCRyALYAZ)
$1! R=ALKA2

EQU 12K

AMDLOLY ANDSTR y AMDOMD
AMIMUL

POF H FSAVE RTN ADDK
CALL AMDLOD  §AL ¢

MOV By

MOV CyE

CALL ANDLOL 5A2 ¢

MVI ArNMULT

EG%L gNﬁCNH FALRA2
CALL AMIBTR  TR=A1%A2
PCHL 1 RETURN
EMI

AMDSTR E 0000

AMDMUL C 0000 ANDBTR E 0000 HULT
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ASHBO IF11AMDSUB.SRC DEBUG PAGELENGTH(75) PAGEWIDTH(90)

ISIS~IT 8080/8085 NACRO ASSEMELER, V3.0 AMDSUB  PAGE i

LOC ORJ

-
-
=
m

SOURCE STATEMENT

1 NAME  AMDSUB
2 SUBROUTINE AMDSUERyA1sA2)
§
4 141 R=AL-AD
o
0011 é SUBT  EQU  11H
y
8 EXTRN  AHDCHD AHDLOD AHDSTR
10 PUBLIC AMDSUR
12 CSEG
000 Ei 14 AMDSUE: POP iSAVE RTN ADDR
0001 £D0000 15 CALL  AMDLOD AL 9§
004 42 14 MOV~ oD
0005 4f 17 MOV CyE
0006 CDO000 E 18 CALL  AMGLOL A2 ¢
0009 3E1l 19 MUT~ ArSUBT
000R CH0000 50 CALL  ANDCHD jAL-a2
S00F Ed000o 25 PAL  AHDSTR  iR=AL-AZ
0012 E9 23 PCAL IRETORR”
5 END

PUBLIC SYMBOLS
ANDSUB C 0000

EXTERNAL SYMBOLS
ANDCHD E 0000 AMDLOD E 0000 ANDSTR E 0000

USER SYMBOLS
ANDCMD £ 0000 , ANDLOD E 0000 AMDSTR E 0000 ANDBUR C 0000 SUET A 0012

ASSEMBLY COMPLETEy  NO ERRORS
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ASHMBO $F1CENDW,SRC DEBUG PAGELENGTH(7%S) PAGEWINTH( 90)

ISIS-II 8080/808% MACRO ABSEMBLER, V3,0

LOC OBJ LINE
1
2 i
3i
i
£}
b
001D 7 FLOT
0012 g HOLT
10 EXTRN
11
12 PURLIC
15
14 CSEG
15 1
0000 E1 15 CENDW!
0001 CIO000 17
0004 3E1D 18
0004 CHO000 E 19
0009 42 20
000/ 4R 21
000R CDOOO0 E 57
000E 3E12 5%
0010 CDO000 E 24
0013 £1 55
0014 CDO000 E 55
0017 E9 57
28
29
UBLIC SYMBOLS
CBNIGW € 0000
EXTERNAL SYMBOLS
AMDCHD E 0000  AMILOD E 0000
USER SYMBOLS
ANDCMD E 0000  AMDLOL E 0000
INTLOD E 0000  MULT A 0012
AGSEMBLY COMPLETEs  NO ERROKS

CENIM  PAGE
SOURCE STATEMENT

NAME  CBNIW

SUBROUTINE CENDW ENDWsNFEL ¢ DELF )
$¢ BNIW=FLOAT( NFEL )KDELF

EQU  1DH

EQU 124

INTLODY ARELOD y ANISTR » ANLCHE
CENDW

POF W iSAVE RTN ADL
At thrion  IRPYE §TN ADUR
AUL.  AyFLOT

CALL  AMDCHD  $FLDAT(NFEL)

ROV~ Eol

MOV EtEon iper o

i RyNOLT |

CALL  AHDGHD JDELFAFLOATCNFEL)
CAL STR  GENDW=

Font  ASTR TRERER

END

AMDSTR E 0000 INTLODR E 0000

ANDSTR E 0000 Cenie € 0000
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ASMB0 F1SCCELL.SRC DEBUG PAGELENGTH(75) PAGEWIDTH( 20)

ISIS~-II 8¢80/8085 MACKRD ASSEMELERy V3,0 CCELL PAGE i
LoC 0OBJ LINE SOURCE STATEMENT
g i SUBROUTINE CCELL{CELL yDIFF»SUMyALT)
o~ !
3 NAME CCELL
4 4
59
00F0 6 PORT EQU Q0FOH
0004 7 TAN EQU 04H
0011 8 SURT EQU 11H
0012 *g HULY EQU 124
10 4
11 EXTRN  AMDLOD
12 EXTRN  AMDSTR
ig . EXTRN  AMDCMI
i
15 | PURLIC CCELL
16 i
%g . CSEG
§
0000 El 19 CCELLY POP H 1 SAVE RETURN AI'DRESS
0001 CDOO00 E 20 CALL ANDLON §SUM ¢
0004 3E04 21 MVI ArTAN .
0006 CDOO00 E 22 CALL AMDCME # TANGENT
0009 C1 23 POF R .
000A £BO000 E 24 CALL AMDLOD sRIFF ¢
000D 3EQN4 25 MVI Ar TAN .
000F CIO000 E 26 CALL AMOCMD § TANGENT
0012 3E11 27 MVI ArSURT .
0014 CDOOOO E 28 CALL AMDCMI -
0017 42 29 MOV EeD
0018 43 30 MOV CyE
001y CLO0ON 31 CALL AMDLOD FALT ¢
¢01C 3E12 32 MVI A BULT .
83%% 8?0000 %2 ggkL QNDCHB i X
0022 CRO0V0 E 35 CALL AMDSTR §SAVE IT IN CELL
0025 £9 g? EggL §RETURN

FUBLIC SYMBOLS
CCELL C 0000
EXTERNAL SYMBOLS
ANDCHME E 0000 ANDLOD E 0000 ANDSTR E 0000
USER SYMBOLS

ANDCMD E 0000 ANDLODR E 0000 AN
FORT & O00F) SURT A 0011 TA

ASSEMBELY COMPLETEs  NO ERRORS

DSTR E 0000 CCELL € 0000 pULT
N A 0004
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ASNBO :F13CELCNT,SRC DIEBUG

FAGE 1

CELCNT

ISIS-IT 8080/8085 MACRO ASSEMELER, V3.0

SOURCE STATEMENT

LINE

LOC O0BJ

ALT ¢
§SAVE RESULT IN ICNT
fRET

;
L
JSAVE RETURN ALIRESS
1
5
 RETURN

iTHETS ¢

i TANCTHETS)

iX

iVEL ¢

Py

it

sCONVERT TG INTEGER

.
'

iTC ¢t

LOK
Lon
AN
M
ULY
CHI

nua.u o“
.U.vun, t ru
|21ru|&1pyﬁcblrflnucu
Smunara s —
EesLaEsE EsE _LaCaesf ol Z
TLEDOCTCELEINHT L ITRITL T LT T T~

CELCNT
C
I

Uy
C
{}
PUBLIC CELCNT

NAME
U
H
EQU
EQU
EQU
EQU
EQU
EQU
X
X
X
X
X
CSEG
v POF
CALL
MOV
MOV
CALL

00H:O00H »80H » 00H

i}

[+
-
<

[ e T S Ll e

lllllllll w) <CTACE-lL e am  em  am)

AT IO GO S AT WID N OO S N WO OO OIS LI OB SIS LI ON DO vt
et v s vt vt et vt vt (o O S O T AL TN I M DI 2 OGN b b b b DT

i W oW W o o oW WOl W L w
< S OO O D OO O QD
< oo O T R VOO OO O
< CewONe OMS OMOIOOCLS
3 OO OO QrHOMO™MO™MO O

et 52 NG 0 Ll St S s kad 55 ol S L S LS 22 O
WOWweLOMUMOQLLOMOOLUMO~OMOMOOOL

OOl SN VNG O M N O OSS GO A O CIWI O

Lo str it vt Qv SOOOCOOC vivirtrd w1 Cd CICICICICI MMM M)
OO OOV
OSOOOCT COOOTVOOOOCOOTOOOIVOOOOTCOOO
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ISIS~IT 8080/8085 MACRO ASSEMBLER,» V3,0 CELCNT  ™AGE 2

LOC OBJ LINE SOURCE STATEMENT
ue END
PUBLIC SYMBOLS
CELCNT C 0000

EXTERNAL SYMBOLS
h%BCHD € 0000  AMDLOD E 0000 ANDSTR E 0000 GIVE E 0000 INTSTR E 0000

USER SYMBOLS
AD FIX A OglgolF ANDCMD E 0000 ANDLOD E 0000 AMDSTR E 0000 CELCNT € 0000 DIV A 0013

GIVE E 0000 HALF C 0034 INTSTR E 0000 HULT A 0012 PORT A 00F0 TAN A 0004

ASSEMBLY COMPLETE,  NO ERRORS
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s
/

CINDX FAGE 1

CINIA
QUTINE CINLRCIXsTLeTROyHALF B

IX=TFIXCERE0 450/ TRO T

¥t
v

AKE
UER

N
A

BOURCE BTATEMENT

LINE

0B

ASHBO IF1ICINDXWSRE DERUG FAGELENGTH(Z)) FAGELINTIN 90
Loc

ISIB-IT 8080/8085 MACRO ASSEMELERs V3,0

DTS
et <C <Y
<At rSemldemD em( el

Orall
R e e 1
OO
QOO

ARDLOD Y INTLODY INTSTR » ANLCHL

UBLIC CINIX

V]
AN

XT

-4
=t
- -
- —~
e pag} -
=3 s — -
=3 b Tl -
£ 12 <= e
- - - x
= a1 4 . ==
- D | L
ol T e > =R
¥ e WX —~—r s
153 L - - X e 2 [
> - O T3 A 4 = T
<T<t - T2 £3 lz = ke LS
3= 23 53 P ., B 4 e T
RS N < - < < . N <o AL
=3 T3 <3 £3 Sa S S5 B3 i
s § £3 Az SDas>Cas Qoo
-t PO e T S T I T I S 2 o i S €23
[ tou 13 St of o QR w ans T3 S e S gt o S S R
22 e =3 xRS AT AT A0 3T T
Il ST L <o T T LT <Cim<C <Tar

- S SR SO T P S D e e |
o SO Sne S ST T T SO T e N T DO T JS |o JIE 1'x SO o mt
SEEUORCOITLDLCOLDDCTOLDOCTOTLS
OIS QOO 2300 O,

INIEG}

OIS 0101ﬂa34cd673~f01ﬁ&34r‘;6718QIOILMJS.Avcl\?C mrlmD
rirdrdrirdrd rd i et i G CICICIC T OO T GRS I TSI A PGP

E33 JCS NS TS SN G5 S S5 S U5 S £ N S5 B 11
<> Qo O D 2 QO O
< [~ == S R SR
< DOC QPMIGLe QLo O
< O DO O 2

S CER R L 4 SR LTS Ll i S L) S i O
WO~ OMOUO MMM QN3O0

Q=T T~aalsd FﬂLATwaIQrCTLOFJmPJ ST~

0000000000000000 DSOS
DSQOOQLVOOOTOOOTITOOOT

& Q013

END
INTLOD E 0000 INTSTR E 6000
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EXTERNAL SYMEOLS
ARLICHE E 0000




ASHBO (F13CLNPT,SRC DEBUG PAGELENGTH(7%) PAGEWIDTH( 90)

182

ISIS-II 8080/8085 MACRO ASSEMELERy V3.0 CLNPT FAGE 1
LOC OBJ LINE SOURCE STATEMENT
1 NAME  CLNPT
% SUBROUTINE CLNPT(IBPToLTyPCoPNsXToYIsANGTDALT)
) 88 Q GTD = QQIE%A GTD
b = (ALTXA +?IIY1)&TA&(QNGTB)‘I2
g IBPT = LT~IFIX(PCX{TANCANGTL)~PN))
0005 9 ASIN EQU O5H
0004 10 ﬂN EQU 04u
0017 11 PUSHT EQU 17
0012 12 FHUL EQU 124
0010 13 FADD EQU 1on
0011 14 FSUR EQU 11
001F 15 IFIX EQU 1FH
806D 16 ISUR EQU 4DH
074 {g CHS EQU 74H
%8 EXTRN  AMDLOIDy ANDSTR ¢ AMDCHD » INTLOD INTSTRy GIVEGET
P4
gg PUBLIC CLNPT
gg CSEG
0000 El 25 FOP H 1SAVE RETURN ADDRESS
0001 C% 26 PUSH R iSAVE _ADDRESS OF ANGTD
0002 CDOQ00 E 27 CALL AMDLOLT  JANGTD ¢
0005 3EQ0S 23 MVI ArASIN
0007 CDO000 E 29 CALL AMDCMD  FASINCANGTD )8~ m=t~m
008 8517 30 HXI AyPUSHT |
00C CD0000 E 31 CALL AMDCMLD FASINCANGTD )IASINCANGTD )8 om§ =~
000F Ci 32 POP B
0010 CDOOO0 E 33 CALL AMDSTR  iSAVE IN ANGTI
0813 3504 34 MUI AvTAH \
0015 CDOONO E 35 CALL AMDCMIt  sTANCANGTL ) §~~t~~}—~
0018 3E17 36 MVI Ay PUSHT
A T T T
o ’ * * S
0020 Du 39 PUSH I
0021 110000 D 490 LXI DyHOLT
0024 CDOO00 E 41 CALL GET FSAVE TANCANGTII) IN HOLLD
0027 3E12 42 MUT AsFHUL
0029 CDO000 E 43 CALL AMDCML S TANC ANGTD )4%28 —= 3 ~- 3=~
002C Ci 44 POP E .
002D CDO000 E 45 CALL AMDLOL  FALT ¢
0030 3E17 44 NVI Ay PUSH
0032 CDO000 E 47 CALL AMDCND
003% 3E12 48 MUI ArFHUL
0037 CDOO0O0 E 49 CALL AMDCMD!  FALTHX2TANCANGTD )XK24 =8 —~
go3a c1 50 POP K i
03B CDO000 E ul CALL AMDLOD YT ¢
003E 3EL17 by MVI ArPUSHT
0040 CDOO0O E a3 CALL ANDCMD
0043 3E12 a4 MVI AsFHUL ]
004% CDO0OOO E o9 CALL AMDCMD  FYIRX2IALTRR23TANCANGTD Mk%2¢ -~
0048 3E10 b MVI AsFabl
0044 CDO000 E 97 CALL AMDCMD  SYIRX2+ALTHX2TANCANGTD JXX2 4§ —~§ ~-
04D FE12 58 HUT ™ AsFMUL
04F CDO000 E 99 CALL AMBCAL:  §¢ YIXX2HALTHK2 YATANCANGTD YA %28~ 8~ b~
0052 C1 40 POP E .
0054 110000 © 42 CXE- Dofiolp onve RESULT INXT
o A s !
0059 CDO000  E 63 CALL GIVE iTANCANGTL) ¢




ISIS~IT 8080/8085 MACRO ASSEMBLERs V3,0

LoC o0BJ

TTYES e I EI ITIEY bee IR s

<

<

[

m
GICICITINOINCITIONWNOIO

0000

=

<

QO

Yok
[gaigielop il
O TN

DA mmr
(=]
L=
O
-
<

0000

ISUR A 004l

ASSEMELY COMPLETE,

-
w

LINE

41

m m mmMmmmm
COCOCE OTOCOTO NN NN NN NN NI O ONONON O
S&LH%NPJHOQQ\JO*UI&GPJ'-‘O*OQ%L’I‘

NO ERRORS

SOURCE STATEMENT

FOP B

o g
() §
CALL Aﬁgcgﬂ
EDPL gﬁﬂ I
H@% AthﬁL
CALL AMDCHL
MVI frIFIX
CALL ANDCHI
POP K

CALL INTLOD
MVI A ISUR
CALL AMDCHD
MVI Ar ICHS
CALL AMDCMD
POP 1
CALL INTSTR
PCHL

[SEG

IS 4

ENI

ARDSTR E 0000

AMDSTR E 0000
FoUs 4 0011
IFIX A Q0LF
TAN A 0004

183

CLNPT  PAGE 2

iPN ¢

P TANCANGTI )=PN S == § e d e
iFC ¢

FFPCKCTANCANGTD 3PN ) § o § vore§ o

i IFIX{PCHR TANCANGTIO-PN J ) = b e

iLT ¢

i IFXXCPCR TANCANGTE )-PN ) LT =t mm
JLT-IFIXCFCRC TANCANGTT )P ) ) $ -t =m

i8AVE RESULT IN IEPT
RETUR®N

GET E 0000 GIVE E 0000
ASIN A 0005 CLNPT € 0000
GET E 0000 GIVE E 000
INTLOD E 0000 INTSTR E 000




ASHBO $F1ICNFILT.SRC DEBUG PAGELENGTH(7S) PAGEWIDTH(90)

I1S18-11 8080/8085 NACRD ASSEMBLERy V3,0 CNFILT  PAGE 1
LOC OBJ LINE SOURCE STATEMENT
L NAME  CNFILT
3 SUBROUTINE CNFILT(NFELyDEL yENIWyCELL »FIOPs ANGLD»YIsX1 o XTrS
, LHDAVVELJALT)
5 i 84 XT=( 2,XVEL )/SLMDA
%} ANGLDSA AN SARICE XTAKT )¢ ALTSALTHYIAYI)))
7 4 FDOF=XTXSIN( ANGLD ) ‘
8 i BNDW=( CELLXXT/ALT 4COS( ANGLD J¥%3
i NFEL=IF IXC ENDW/DELH0+5 )
y
0010 11 FADD  EQU  10H
i o
§033 110an Bl O
0001 15 SORT  EQU 01K
0002 16 SIN  EQU  02H
001F {7 EIX o EQl 1P
0017 18 PUSHT EQU 17
0003 13C0S° EQU O3
21 EXTRN  AMDLOD: AMDCHI, INTSTRy AMDSTRGET 1 GIVE
5% PUBLIC CNFILT
24
25 Csec
s 1
0000 Ei 27 CNFILT! POP M $SAVE RTN ADR
0001 520000 D 28 SHLD  ISAVE ;AT INTERNAL HUFF
0004 &9 59 MOV HeD
0005 48 30 MOV LsE SPUT ALT ADDR IN RPCHL)
0004 CDOO0O E 31 CALL  AMDLOD VEL ¢
000F thdgoo E 33 EALL  ADEHD' iVEL 1
3998 S99 34 HUI RyFADD
0010 CDO0PO E 35 CALL  AMDCMD 2. XVEL
0017 Eloooo £ B FALL  ENDLOD  $SLMDA 1
0017 3E13 - 38 a0k AvF '
0019 CDO0OO E 39 CALL  AMDCMD 2. XVEL/SLMDA
001C 3EL7 40 MWL AyPUSHT
001E CDO000 E 41 CALL  AMDCHD  XTiXTi~t-
0031 €1 42 POF~ R
ot £ M RO e o
0098 CDOG00 E 4% GALL  GET '~ $SAVE CY OF XT
0098 €1 4% POF-
002C CDOCO0 E 47 CALL  AMDLOD  XI ¢
T S A A
0034 JEI2 50 WUI - AoMULT
0036 CDO000 E 51 CALL  AMDCMD  §XIXI
0039 C1 £ POF K
003A £D0000 E 53 CALL  AMDLOD  §YI ¢
003D JE17 54 T
003F CDO000 E 59 CALL  AMDCHD JYISYIIXIKXIt~
0042 3E12 Eh MUT . ArHUL
0044 CDO000 E &7 CALL  AMDCMD  5YIRYISXIRXI-:-
0047 44 £8 HOY - EeH
0048 4D B9 I
9042 GRageo E 80 GOr-  AMDLOR, GALT 1
J |
004E CDOO00 E &2 CALL  AMDCHD $ALTIALTS =t~

T U S T S T ST I AT
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PAGE 2

CNFILT

ISIS~11 8080/8085 MACRO ASSEMBLER, V3,0

SOURCE STATEMENT

LINE

LoC OBJ

-~
cd 1
> -
% i
— .o =3
- D= - -~ - =2
-~ g - - &3 - 1 - =
(5.3} Lol - —d * e - o
o W * 3 I I < o2 B ol - -
¢ & - = - U 0 »* J -> H [T u3
— - - < = <t m Q 0 »% < T e O -
> A ™ L $ =1 _~ o~ we S 75 S 6 | <T ~ w 1 <>
~ << ~ < -k - - L) oo oo ] v ™M 0 e 1y B o
&+ o~ P D O = e - -~ & < > o % P -
o~ = [~ e = - <€ < = ~ ~ ;mom % QO % 2% o3 d - 183}
_ 4 (= - <L >= LB ~vr o - - - 0O O ™M << % <L -z < Ld =
-1 ¥ 4 m - JI e O Z Z == H > s 3 ) <23 - 1 e X = o = o
L M W o s e =R < ¥ 4 /| L L e W W 2 < o P& e - NN e 3
I = P b T EZ D d L s M R ] s T T T Q - 3 Jd 43 W =3 —
= X T DL D Z e Q2 W WM N e ¥ = % 1 0 S D> oS m =
d T XK ST = R M-Im0 0 0 0 0 -4 — LI W Z < W =Z L]
L v w B C T T T I XX L €O QO O X X C X Q O m ¢ QO
B B 4B am 4w s 4 anDem  mlem <  mJem cm sm e am e am 4B 4B 4B A 4 4B 4 S AB. B
-~ -+ -+ -
- —_ w w w - = w — _ _
| L o e | e A o o al o T Y ol s 02D e ED MmNk e—tas>  ad [P S o T e § o D oo S v G e o 3 5} § R e {5
SQOCONMOCLI-OD0 M0 ~OMWID0 MOuIcoUIT0OI0I030ALII0 =450 AW U AmO<CLI<TOIm
AL RL AR CERL e S-SRt RO ORG A AR O> TSR IRLa QTR 2 2QLaISou un
e el el ml niL el el wleal edel B e el sl sh s s e r2T acxD ol X X X T X =L ~re f
CEETCTCACTLCECTRELE DO LELE UL ERE LB LT ICICTITITELCTEOICTINICEINRITIICIICTNTLCITLOLITL
—d md wd d wd wd ad od ed ad ed ad wd d ad ed D g —d ed ad ad ed ad A ad S
[y (S TSy TSy (e 1O IS | o S (S0 S SO Y | 0 SR (U £ S o0 s o s {1y L | b e e L T | | L Long Pt bon
SEDEHIACDIAEDIEITICDITHNTDERKEPICEAKAEDEDAPEIDAISIXIDACOIDOIOI>I>CIOCIO LTI DI >
OO OO TGO OO0 oG OGO OO O CECTOUJOTOEECEQALOEOTOLOLOTOJ0XT0OX

MO NO0 Ot IO O O~ OISO NR OO~ U OB A Ot M NV N OIS INIOMNE OO €0

VOGO CIBN NN NN NN NN S OO GORGRBHR AR AR OCOOOCOO DO Hrdrirdrtrdrdrdmt w (NOICICICICICE
PhusrTinan e B B i it B B B e e e L b e B D e B e

oW W oW o W W LS LTl W e W W b W s W 55 SR U3 TN TS U ¥ SN V< S VS QR € G S5 {50 106 S U8

O O OO O O D OO OO0 O DO O O D O OO0 @ DO T O OO O OO0 O
S O OO O OO0 OO O OO O O OO O O S O O o O O OO O
HNOOOMOHORMONS CORMROIVUONOHONS DOUVUOMONONONHNONONOMNSG SO CHOMARS © OSMOCOOCOOL.
HMOMO HOOC OO MO OMOOOOOCOHE ODOOOCOHOHHOHONMOOO ™IS SO OrHOHO © OrmMOLQr Qw4
WIS ISR Rl v ER LD vt o L o ot e L ek vt v L S R L) S e W S S L S S QLS R RS sl v QL Ca - Sl cald
MMM OMOMIOMOILICI ML IO = QMG QIO M OMOM LM MO~ ML= OIGUOOMOMOLQO OIS EMOM
=4 OB RO TIHNIN €I O MU SG LI NS OO0 Ll O 00 €t Cd @ M O~ LI Lot N O Q2 Ll w10 N T+ DO O~ il v OO
IHSWBWINLINO O VO RVO VN A A NNNOORNE VBRSO CTICTITIRMANNIGN OO QOUOSRNIT el il i LIl
COOOOOCLOLLOROCOOCOOCOROORDOOOOOOORLLOORTUOOOOOOOIVOVLDRVVOD ORI
OO OO OO OO OO OO TOOOTOOOOCOOCOCROOSOOHOOOOTCLOVOTOLOOOOTOOOOOT
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ISIS~IT 8080/8085 MACRO ASSEMBLER, V3,0

LOC 0BJ LINE
oose CDO000 E 127
§ ga 00 {53
3 aooos b 153
131
F i%% HALF}
8&-2 88
R
3
533 DSEG
134
0000 137 ISAVE!
138
139
PUBLIC SYMBOLS
CNFILT C 0000
BADCHL E o685 ADLOD E 0000
xnrsTR E ooog
USRS oo £ ooun
cgg A ooo thh A 0010
GIVE E 000 HALF  C OOF%
PUSHT A 0017 SIN A 0002
ASSEMBLY COMPLETEy  NO ERRORS

CNFILT  PAGE
SUURCE STATEMENT
CALL ANDCHD 3IFIX(BNDU».’)
EﬂL% TgTR gNFEL=
ISAVE GET RTN ADDR
PCHL RETURN

;
DB OOH:OOHVBOHvOOH

10

IMesrlywr W
w3

ANDSTR E 0000  GET  E 0000

MDSTR E 0000  ATAN 0007
?nle E 0013  FIX 2 001F
INTSTK E 0000  ISAVE D 0000
SGRT A 0001
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ASHB0 {F1ICRG4,5RC DEBUS PAGELENGTH(7S) PAGEWINTH(?0)

ISIS~IT1 8080/8085 NACRO ASSEMBLERy V3.0

LOC OBJ LINE
5,
7
4 4
I
1
0003 ; cos
0013 8 FRIV
0008 9 ALOG
0012 1? BULT
11
12 EXTRN
1 i
15
16 CSEG
0000 EL ig éRG#!
0001 CDOO0OO0 E 19
0004 42 20
0002 thogoo E 4
3995 5894 ik
000k CDO00OO E 24
0005 JE13 25
0010 CDOO00 E 26
0013 3E08 27
001% CDO00O E 28
0018 C1 =0
0612 CDO000 E 30
0:C JIEL2 31
00LE CDOO00 E 32
0021 C1 33
0022 CbGO00 E 34
0025 E9 35
36
37
PUBLIC SYMBOLS
CRG4 C 0000
EXTERNAL SYMBALS
AMNDCHD E 0000 AMDLOD E 0000
USER SYMEOLS

ALOG A 0008  AKDCMD E 0000
CRG4 € 0000 FDIV A 0013

CRG4 PAGE 1

SOURCE STATEMENT

NAKE

CRG4

SUBROUTINE CRGA(RGAsFRTYyALTYANGTL)
$t RGA=40,%ALOGLOCALT/COSC ANGTL ) )y WHERE FRTY=40,

EQU
EOQU

EQU

03H
13H

08H
12H

AKDLODy ARDCHD » ANDSTR

CRG4

x0n
— r- ™

SDOCTIPT
-

O»c»cpr-“c!‘mr"r-«r" _roCr W
— | gud

e |OVOIOTV
b < ot wd
rr

=
i~

——
o=t

oo {R4E T

bgﬂ PANGTL ¢

I FCOSCANGTL )IALT

- §ALT/ZC0SC ANGTL)
FALOGLOCALT/CO8( 44 ))
qghﬁﬂ i40. ¢

HDCHMD  §40, ¥ALOG1OCALT/CO8C 4y 4 ))

bs iRG4=
AHDSTR iRETURN

DI CIT D
e Xw X* Xw w X

X D> D> T > D Ir D

>-

ANDSTR E 0000

ANDLOD E 0000 ANDSTR E 0000 cos A 0003

MULT

ASSEMBLY COHPLETEy  NO ERRORS °

A 0012
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ASHBO $F1ICZTINT.SRC DERUG

ISIS-II 8080/8085 MACRO

AISEMBLERy V340

CZTINT  PAGE 1

LOC OBY LINE SOURCE STATEMENT
{, NAME CZTINT
o !
3 FUNCTIGH! CZT~ROARD INTERRUPT HANDLER
f
5 PUBLIC CZTINT
§ ‘ EXTRN TENDI
8 f CSEG
0000 F5 10 CZTINT! PUSH  DSW  #5AVE
0001 C5 11 PUSH B iREGISTERS
990z B2 13 A LN A THE FVRKENT AcHIng
0004 £DO000 E 14 CALL  IENDI
0007 E1 15 POF~  H SRESTORE
0008 D1 16 POF I iREGISTERS
0009 C1 17 POF & iT0 THEIR ORIG STATE
0004 3E20 18 MUI  As20H  IRESTORE
500C D308 19 OUT D8N $MACHINE TO OPER LEVEL
D0OE 3EFF 20 heL  AsOFFH IRESET INTERKUPT HASK
U S Ay
8012 i ok £ IRRALLE IQQEEQU?
0014 €9 24 RET SRETURN
5 ENI!
PUBLIC SYMBOLS
CZTINT € 0000
EXTERNAL SYNBOLS
TENDI E 0000
USER SYHBOLS
CZTINT C 0000  IENDI E 0000
ASSEMBLY COMPLETEs  NO ERRORS
188




ASHBO {F1IDAREA.SRC DEBUG PAGELENGTH(79)

ISIS-1I 8080/8085 MACRO ASSEMBLER» V3.0

LOC OBJ LINE SOURCE STATEMENT

NAME DAREA

S ot gt < T3 T T T2 TS
=
-
—-

DAREA PAGE 1

SUBROUTINE DAREACAL » TENs TRM1 ) TRN2» TRH3 )
$3 AL=10.XALOGLOC TRMIKC TRHZ2-TRH3 ))

)

2

3

i

v
0012 7 EQU 124
0008 8L0G  EQU  O8H
0011 (g fslE EGU 1M

i EXTRN  AMDLODAMDCHI ANDSTR

i% PUBLIC DAREA

15 CSEG

14
0000 El 17 DAREAS POP FHOLD RTN ADDR
0003 Choooo E 18 "REA ERLL  Mupop YRND §TN AID
0004 42 19 MOV~ BeD
0003 (Doooo E 23 CALL  GADLOD  $TRH3 ¢
0009 JE11 52 HUI™  AsFSUR
0008 CHO0000 E 73 CALL  AMDCHD  $TRM2-TRM3
000E €1 54 FOF B
000F CD0000 E 25 CALL  AMDLOL 3TRMI t
0012 312 5% HVI©  AvHULT
9014 CDO000 E 37 CALL  AMDCHD 3 TRMLK TRN2~TRH3)
0017 3E08 28 WVI AsLOG
0019 CO0000 E 29 CALL  AMDCHD JALOGIOC " )
001€ €1 30 POP R
0010 €D0000 E 31 CALL  AMDLOD 3§10, ¢
0020 3E12 32 YT~ ArHULT
0022 CDOO00 E 33 CALL  AMDCND 710, ¥ALOG10C .., )
0035 €1 34 POF- &
003 CDODOO E 35 CALL  AMDSTR jAL= *
0029 E9 35 PCHL FRETURN
¥
38

PUBLIC SYMBOLS
DAREA C 0000

EXTERNAL SYMBOLS
ANDCND E 0000

USER SYMBOLS
AMDCMD E 0000  AMDLOD E 0000
HULT A 0012

ANDLOD E 0000 ANDSTR E 0000
AKDSTR E 0000

ASSEMELY COMPLETEy»  NO ERRORS
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DAREA C 0000 FSUB A 0011
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FALE

FORTRAN COMFILFR
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TION

ERRORS
COMFILA

GRAN
RAN

RO
R

0 TOTAL P
END' OF FORT
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1

PAGE
FLOYIHIN) DR ISGN )/ CRAD

DRFFP
[ty AMDCHD Y AMDS TRy AMDLOL

SUBROUTINE DRFFP(DRPCRAD ISGN» ITNy IR IUN)
DRPFP

NAME
EVALUATES DRIFTROLLyOR PITCH IN RADIANS

DRP=FLOAT

S0URCE STATEMENT
CSEG

S AP e ARCB ST

t

E RETURN AIIDR
E RESULT IN DRP
URN

iIUN ¢
‘\
v
T

£ =4
OZOIEX OSEIOITIE oOsE ODEQY QX% TM

-t d d ad ad IS SRS S S s I e T

oS (S s (R 1 SIS T T | O b S | R e - Lo R =

BAAKIDACEDECAI oI OCI oI >IoICOASIOTIRZ

PR IR IETTRET SEWIET <EF b SEF RELREF B> = &I E o 2 8 S0 M 13

a-

i T -

o =z

@ L
P -

4 OHG LI TN SRSt LTSS TN O Gt CIIT W3O OO OIS WO N OO S Ol 100 RO CIMItUYT
ot ot o Py 7k 7 ot et A A C Cd A T CICH T OIS IS MO NI IS OIS S b b b S RN LI

LINE

ISIS-II B080/8035 MACRO ASSEMRLER, V3.0
LOC OBJ

ASHBO IF1IDRPFP,SRC REBUG PAGELENGTH(7T) PAGEWIDTH( 90)

Wity W i WOl w PTS NS T3 SN ©3 BN ¥3 S5 SN 07 S C8 O £5)

SO O O OO0 O == =T Y~ R~ 4
SOCLWO OLOOLIC SIS DUOMO OO O O
SOeOTNVNS SWOCeOVT SVO OVOHT Orio O O

ot 5 vt 3 L vt SR L) ey vt e L 6 CN G St CS 1S Lt SR Lt QLI v 3 O T
WL SOMULOMULOOWMOweUMOQUUMOMOOLMOLOWO

vt b I L L2 s DIGUI O3 LIS I 11300 T Ll w4 PO OO0 (L. w4 LI 00 O
OO OO Oos S rirtrt vt r 4L CICICICICICICA I MIINQF GGt
SOOCTOOOOOCOOCOCTOTLODODL 2DOOTOTD
SO CCOOOOOOCOOCOCOOTCTCOOOCOIOTOOCCOCT

INTLOL E 0000
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AMDSTR E 0000

AL SYMBOLS
E 0000 ANDLOD E 0000



ISIS~XI 8080/8085 NACRO ASSEMBLERy V3.0

ggggﬂgvgngggo ARDLOD E 0000 ARDSTR
FLOAT A 001D  IAD A 004C IMULT
TEN € 0049

ASGEMBLY COMPLETE,  NO ERRORS
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ISIS~IX 8080/8085 MACRO ASSEMBLERy V3.0

LOC  OBYJ LINE SOURCE STATEMENT
003F C31000 C §§ : JHP 8TPO
042 0 7 CP2} R
3945 8¢ 58 IR
0044 CHB00 € B9 JNP P1H
4
047 0 %x CPL:  IN
0045 2Eap h LPL P S28H
0044 CA1000 € &3 Jz STPO
004D C3t200 € &4 JHp 5TP
o 7e @l ww e
0053 CA?ZOO C &5 Jg“ gr2
0056 C31200 C  d% JNP ETP
7' END
PUBLIC SYMBOLS
ASCOV € 0000
EXTERNAL SYNBOLS
USER SYMBOLS
WoEnuRE0se0  co C 0050 CCO € 0024
e C 0018
6C C 0005  STP  C 0012  STPO  C 0040
ASSEMBLY COMPLETE, NO ERRORS
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7 U5 T B0 T (17917916018 MNFT
¢ NPZ ! 1=UU 220Hy 3HHr 4=HY
g 14 %g%bRﬁAPC\gchklrn>sCL(~rk)vCC\3v¢)vCP(4vQ)qu\qrﬁ)fubkur~)vCC(?rﬁ)yF)
19 17 CALL GA&CKA!CC\l:i)yCL(Byi)yLL(Ari)yC( a1l OB S 1 )e O0CE L 1yC0CF 51 )0 F)
i ERp
£4 -

MODULE INFORHATION!

CDDE AREA 8175 = QORIN 1771

VARI ﬁ A STZE = 0QOCH 12x

HAX THUM STACA SIZE = QO10H 180

22 LINES READ

0 PROGRAM ERROR(S) IN FROGRAH UNIT GAHHA
O TOTAL PROGRAN ERROR{ 8)

END OF FORTRAN COMPILATION
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PAGE 1

FORTRAN COMPILER

+SRC DEBUG SYMBOLS PAGELENGTH(S3)

F PROGRAM UNIT GETULU

OBUFvalovNZOcISTAToIERRvXNUH)

STAT/ERR=51,END=G2) XNUM

-
S
0
1
— o
&= o
(X i
- -
o —=>¢
=1 <
Oz ]
=l = £3 =
LT2 Maem~ 4
Bz Ll e~ it
o - P T T
e —~ IS ST
>k maETMmE S
— D SS0omny
58  Tteam
Sl OO » =
e 1 | o T et LY
He8e e eZ i~
et S. RSO
y= 2 | SxaEEsy
Lo ]
w5 =inOG>00k o o o
X 2 OBl - - =
HBZUY ORI E ~ i
[= 4L T 4 g -~ HOoHOHQ
FULE UEFTJdISETS ok
[EE FEZEIIINON Sobiotio =
Nirdl) OBLIIOQONLLOL = (D4L5 L]
NONOKONSG © w O
It B I3 D
w w (2

=M DNVNDOOTIMET VN BOD
viedvivdrd efeiviriviCd 04
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FORTRAN COMPILER
PAGE

SYMBOL LISTING

4 Tk Do e o ot 99 . D B Yo b Bt

DEFN ADDR SIZE NAMEs ATTRIBUTESs AND REFERENCES 5

8 000N 10 LABEL |
9 008CH 15 LABEL j
10 0098H 20 LABEL
11 00A4H 25 LABEL
12 00BON 30 LABEL
13 0017H 35 LABEL
14 00FAH 40 LABEL
7 0053H 5 LABEL !
15 00FEH 50 LABEL
17 0107H 51 LABEL
19 0113H 52 LABEL
0010H 18 @IOPB INTEGER¥2 DIHENSIONED
ASCIY EXTERNAL SUBROUTINE
0000H 2 CIORUF CHARACTERX30 PARAMETER
00024 2 CIOBUFE INTEGER2
CRLF EXTERNAL SUBROUTINE
000cH 2 IERR INTEGERK2 PARAMETER
00044 2 IOBUFF INTEGERK) PARAMETER DINENSIONED
000AH 2 ISTAT INTEGERX2 PARAMETER f
KEYBRD EXTERNAL SUBROUTINE
HSGOUT EXTERNAL SUBROUTINE
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FORTRAN CONPILER
PAGE

0006H 2 N1o INTEGER¥) PARANETER
0008H 2 N20 INTEGER®1 PARAMETER
000EH 2 XNUN REAL®4 PARAMETER

MODULE INFORMATION!
CODE 7 0
UARTAB EABIACaIzE = Oomon
HAXIMUM STACK SIZE = 0OOCH
24 LINES READ
0 PROGRAM ERROR(S) IN PROGRAM UNIT GETVLU

OTAL _PROGRAM EKROR(S)
ENE OFLFSRTRAN COH#ILATION
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ASHBO IF1IGXIVSRC DEBUG PAGELENGTH(77) PABEWILTMI9G)

!

PAGE

GXI

ISI§~11 8080/8085 MACRO ASSEMELERy \3.0

SOURCE STATEMENT

LINE

LoC  OBJ

i
¥
— i
&2 - N
= - O
il - T
- -
- % =3
G2 -~ v
i 3 jx [r o -
o> e == Az =z «T
-_1 = < X - J =
doz << L el -~
2<% Dz € O o~
-~ = ¥ =3 =3 = -
T =~ - ~ X = == - -
-t o7 - QZ = =t oL 2 - =
T o = o= 3 O3 =2 o - o
- Lje- - * s 2] e X - . -~ O - {§ Jomee §
| e | = privg = 2 = = 93 »* —
>C<T .1 < 2 e 4 -4 L O b = X il
- e @I - = o®mom < <« £ 63 3 X o~ XX
o L = aman A LR S R L B R L R
>oZ 1]
~— f o
— = = &2 £ Sab-ig Sa-tg =2 S5 Sabesaemes o2
>0 T [ sns e g 23l OJE QUIXE O JXESIX —
e ¢ - XL AT 50 000 AT &
34 £ LXrILXLTIT K - AL OIS ATES R S OISy sl s 3
>¢ s GO OO~ AT A= wqs e ndl e w3 3T wdAT e w0 w3 AT eS0T w3 30
ot
- aZ
o | <C
> -
bl o = ~1 =1 - d d ad d - d d d d dd
T e DDIJI33I3IT3IT O PLILU”V!kIL”&LPLILHV"VLILPLILILDILH =
4 D OGO Jd XX DICO>ACROE>COCTICIOIRCSIDOCDCIOITIOTL
X Nee LHObILOLE Wlm o OGO OO OXOM QX OO0 OO0 oLt
<z
(]
L8 L e
- £IC QX o L3 e
N _JZealy b= o Ll e
- DLL>C 2> T U NM

cmamam o LI AT e L Lid o LiJem Y sm L amn

O EINGP I O Ot G IO Y DD D O St C P D M GO D O NI LI N IO S O W DN 05 O
it xt e et d A i d e CICE CI T O DA CICI TIPSO 2N b b b
L Ll Lo oy L g W ohg Lk
Lo B - [ IR B e " L= T~ B B e
QD QSO 2 QO O o O o
O QIS DD O DHNQOL
QO OO e SO0 QDI O
et 5 L 5o 04 90 5 2 Ay i et L5 30 oy L S i L S L £ 155 08
LM< LIS LM OLOMOCSLIMOLOMOMOO0W
PO - OO Qb OO TG LIS ML QOO0 LIS w4 LD DO LI L vt~ D O e
Ot At OOOSICI It rd ek rdrd v+ IO C T NI D213
DAY SOOODOOVOTODCOVDORRDOOVOIVIVIIVOT
SOOQOD OOV OTOOUOOVORODOOUOVROOCTIOTS

2

LIC SYMBOLS
€ 0000

FUR
GXI

ANDSTR E 0000

AHDLOD E 0000

L SYMBOLS
E 0000

NA
n

NO ERRORS

ASSEMELY COMPLETE,
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ASHE0 IF1I6XT,SRC DERUG

i

FAGE

GXT

ISI8~I1 8080/8085 MACR(O ASSEMELER, V3.0

SOURCE STATEMENT

LINE

LoC oBJ

)

P
b=

~CALTRTANL KL ) Dxe

o -~ -
=% - e~ T4 o4
[ 4 - % O %
~a T — g 2 e e
-3 -d S - e x oz
3 = =z - - - - - -
<z | = T - —— - <
_— fual - <L - —— b nd
P . | - e < T4 - o2 es o~ 1 = =
p 1407 . = P - A L ..
i e &2 e =4 <L = £ 4 i
<C<T <€ -~ = S o £z -~ - T X X - 24
-~ Lol e & <L < - ., oE e ¥ I - i fpmes }
A o — T -4 31 «€ < 3 < ~d 4 = = = 5 i
e 132 <L ¥ €T T - s = - T L T T T 1 Xz
Foe oD B W AW < - L - <o am ‘o - o < - <o LN A4
Tl aZ
rmd < — Fom
—< - s 2 ] sab-rS g £33 ey e e g § e L L et
ICar =3 L ww p-La g fane GO b uf <3 > SefiS > iy s g it Q_IXUIT JA DDA I -
Bz = il | d30D0U50 Jd9i | dS0oD020noS0 93
- — ST 3 Fo ot H - Pt To it - mees S ) et et 13 == b Sl o TR S B ol o s EIR S 5] S S S
P o3 2 R ] e 2o w3t e o3 AT wIT W AT w3 s 22T w3 e = T w30 32
Lo Nm et vrivraS 33T R LTI T AL L T LT LT T L LGS TLLLLTLETLTTL<TGT
-t <
~H >
s { =3
o< o
g oL P 4 UG . | PR SR D s S e | P S T e e ™ |
A= Mee D00 £ PN TN e S O O N R S e S T e L L e T
L Dee SOSCOE 32 XK CIS>EOCd2IDCDIOIDCOREISI>TITOIOCOTO =
X e Liluiiila < 3 L OGN ONOrOTOL OO EOCTrOEOXOTEOXOL Ulelit
w2
= =z o~
e Of L] L3 ee
A e & 1g
CTODUIIS < = X<

! Sttt < W TON 4, DL P T AL S TS AL

st TR G HIDINCI O C g I I E IO IO OO 4 CIH EI BN SO O i I I DI MO S A G LI D O Qi 0
et i 1yt e At 2 O O G CA CACI AT SIS PO LAY 2~ b b b~ LB

[F3 I §3 4 (SN U5 S G5 QR 3 2 L5 SN ¥ § 25 BN ©3 QNS £ S F5 S U SN $3 QU £3
L~ = A~ o~ ] D OO OO O O
<o O SO oD OO oD OO OO O @
QDES QISP SIS SO SHONICISHOO O
SO Qrid QeI OO0 Qe QA Qv SO O

e el 5 O L s o0 0 L] £ £ 1] O T e L 2 L €0 L S Ll £ 4 O
LIOMOLeTWUOMOMOMOOUOMOEw+OMOMOIMOMOMOOOW

@ CdP -t e O vt B O~ L LAOMII 0T L il 13- O O TN T UL~ 4L

QvrartrdtO SOOI rIrd rird rdorsr CICICICS CICHCIA I PN QTN It
QOO DOOCDOODIQROOOURRLOODTODDCRODDIIODD
[ lwlwle ) OO OTVOCOCCOCTOTRLOOOTOTOTOOTTIOD
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ISIS~IT B8080/8085 MACRD ASSEMELERy V3.0

PUBLIC SYMROLS

BXT ! € 0080

EXTERNAL SYMEOLS

AKDCHD E 0000 AMDLUL E 0000
USER SYMBOLS

AﬂﬂgﬁgH$ 0208017 ARDLOIY E Q000
SORT A 0001 TAN A 0004
ASBEMELY COHMPLETEy  NO ERRORS

ARDRTR E 0009

ARDBTR E 0000

GXT

210

FeUR

FAGE 2

A 0011 GXT £ 0000

e S
A N P Y T

Yo B/ s A e
P LT

it ettt e et e i At

HULT TRV

e



1

FAGE

GYa

SOURCT STATEMENT

LINE

ASHBO IF1IGYIVGRC TIBUG FAGELENGTH(7Y) FAGEWIDTING .
LoC OBJ

I818~11 8080/3085 HACRO ASHEMELERs 4340

o

wt

o~ ~~
ol £ o~
= = m
" A
J$24 = e
e} L
~L3 o Ww
- o [ ¥ o %
= = Z | S
.1 = o S > 1 =
{2 <C N ~ ee
X m [ D o L .
- = ar Sa a3 = i
Pl —_ —~ ~ & 5 N -~ —
~d b v ~ i = O O 2o = =3 - a
T oz = o, L L — =~ 0 - o2
- Lrfe— .. - . BQ ee X - ., e U} I - 3
b3 > = G ) - N = ¥t b= -
- 1 fvod @3 - 3 O T < = 1 2 2 <L ., >
o Sand e “mawm, RE “m amn A AW Aam -« < 4w am em am amam
P oz
~l = 1
i P o SR | 3 Sobeia Sab-T3 3 Sn Sab-Saooaeaisy Of
D < [os P-g> 54 QNI 1T I Q3 QIATAITITIIT -
g - 4T3 L0373 JI302 A AT @8
) i XTI oo e} ot 83 P TIPSl o G = i =T =T B3 T PO b ST s RN S |
o= e PACICIweal~ I S =D e A0 2T wms T w30 s w0 w30 w00 w0 s 0 0
? -y
—~u =
pue | o 2 <t
b > g -
2 o< = — —d - o d UG S ST [ i S S e |
3= Qaes D3OIV O L d et I D It It SO I ID DTt IO I I 3
T T OGO T > DICOCOTLHOIDOLOCOIOUIOCTOCOIOTOTOIT o
X ee  LaiatbIlLIidist N.”m £ OO TOrOrOL OO0 OLOEQOTOQOEOL OO«
<
2
L3 X »=
= 50X O I L3 e
MZIZ32Q = oo Ll =~
43X X 33 1) o=

oo e 2wl INIT =2 adenitien sl Jenld

ORI DINGE O OO N N OO N U AN O O S DT I O O Qe T LN DI O~ O 7
Tttt i vt v e e C OO CICL CICIC G SIS MM MM P NG bt b bbb b UL

w Wow W L d L i L W Wl o g

< O (=R A~ - ] (== T~ S = e B
QD> O L= ==~ T D O o O QO O 9
L e ™ DPNIQCI DO QD QIO O

DO [l e Lot | ST QDO O

vt LU ORS00 e b O e L v Sl i LU S w2 O
PCIC 40~ vk D O T OGS IO LI L wa T4 D G5O LI L, v D O tad s O
OOt~ DO Clrdrd v tvt et v CICICI N CICICL I AT IS
SODTIO> OOV OORCDIODDOTIDDROODDOIT
OOOOTOOD SOOI OCOCOCOOTOOLOOOOOODOIDOOOD
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ARDSTR E 0000

NO ERRORS

ARDLOL E 0000

EXTERNAL SYMROLS
AMIICHIY E 0000
ASSEMRLY CUMPLETE,



ASMBO IF1SIBELLSRC DEBUG PAGELENGTH(7%) PAGEWIDTH{ 90)

ISIS-I1 8080/808% MACRO ASSEMBLERy V3.0 IBELL 7AGE i
LeC  0BJ LINE SOURCE STATEMENT
1 ; NAME IBELL
§ g FUNCTION? SENDS A BELL CHARACTER 7O THE CRT
2 ; EXTRN  ECHO
g ; CSEG
18 . PUBLIC IBELL
4
0000 OEQ7 11 IBELL! MVI CrO7H  FGET BELL CHARACTER
0002 gDOOOO E 12 . cALL E&HO ;SEND %T TQ CR?
0005 C9 %i RET
END
"UBLIC OLS
ThECL® 275605
EX Y
BTG S
USER SYMBOLS
ECHO E 0000 IBELL. C 0000

ASSEMBLY COMPLETEy  NO ERRORS
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ASHBO SFLLIBFILL,SRC DEBUG PAGELENGTW77) PAGERILTHI90)

1

FAGE

IBFILL

ISI5~IT 8080/808%5 HACRO ASSEABLEKRy V3.0

SOURCE STATEHENT
NARE TEFILL

FURCTION?

LINE

LOC OF

LI LI L
ABHITUNL S

AW S A2 A T SR A, L AP

- . =~ it
- g a3 =
e QS 0 %y R e ] SO0 14 a2
O 30 v LIS «TLisy
F we [ = oI Lar ul
Lo N Pa ML 2 4 s 4 LIS B Tow oo
<€ €3 T oLsmady
Xty XX [ T T3 4 =2
e~ 3 < =0 -3
ot 2t el et o B 92
vy 2 o> 23 cahier Y L £
=l Ll - LI
Qcoatull ¥y L OS—{ITOOH
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1, L2 O o L I o o |
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b= o A 4
LT An 5 FFT L ot Srs VS I L U5
o -t s S 4 8 i e e L oF L
L3
oz
35 4
£
(SN
=
=

<O o3 -~
- 2 -4

XTI CIAT LI T
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T KO NI S
QOSaOD>>2LITOZL
PO FATITATERG TS 1l

- |
. |

I 2 2 2
1 404
= S .

~St

AT A A, B AT FB 4B B Pk

OIS E3ON R OO NS N B OO O U0
e Lt ot vt vk vt v e e O CICATI IO

FURLIC IEFILL

CSEG

-

b

C

<
<
o0~ w3

asisy] <
70 S T LE ot T i Lo o
WO OMEIGOOQL

QeI OO
QOO Tr
QOO
CSCOOOOOTOOT

0300

YHDOLS
0000

w

| o P §
_I
P L
eto
oo £ =3

EXTERNAL SYMEOLS

LL2 C 0005

C 0003
KO ERRORS

ASSENBLY COMPLETE
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ABNBO tF1ICRLFSRC DEBUG

1

FAGE

ICRLF

I8IS-I1 8080/8085 NACRO ABSEMLLER, V3.0

S0URCE STATEMENT

LINE

LOC OBJ

-
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~ o
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o [ % =1
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iGET STATUS
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w
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ISIS-1I 8080/8085 MACRO ASSEMBLER» V3.0

LOC CBJ LINE SOURCE STATEMENT
grem, , B oW om
33 3 2209 27 PI  OOH
04 cascoo € 56 Jz PRINT
1T
88z E5bo0 ¢ & G Dieur
054 Cacoos § o3 LDA  LOC
7 E610 &3 ANT  1OM
0955 830 o4 CPI  OOH
0058 C24100 &5 JNZ  BUSY
005E 7E 45 PRINT: MOV As
005F 2F 67 CHA
0040 D3E4 48 GUT  PORT)
0042 3E00 89 MYI  AsQ0
0rs4 DIES 70 oUT  PORTC
\bé 00 71 NOF
0047 0C 7% NOFP
0048 00 73 oF
0069 3E01 74 VI AOIN
004B DIES 7% ouT  PORTC
004D €9 74 INCRMT! RET
78 bsec
79 4
0000 80 Loc: DS 1
81 END
PUBLIC SYNBOLS
FgoLIC BYHBOES  GRLF  C 0000  DELAY € 0033
EXTERNAL SYMBOLS
USER SYNBOLS
BUSY  CO04L  CO € 0028 LR A 000D
. «
g & - ES 0018 INCRMT C 004D
ECHG .G 0004 _"ESC 4 00 NCRMT
PORTC A OOE6  PRINT C OOSE
ASSEHELY COMPLETE)  NO ERRORS
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ICRLF PAGE 2

LOWER NIBsUNUSED UPPEK BITS

K
STATU
CK FOR gUITCH +BUSY yLOW TRUE
TRUE_PRINT
K OFF BUSY
CK FOR TRUE

ALL STATUS BYTE
ASK OFF SWITCH STATUS
CHECK FOR BUSY

§GET BYTE AND COMPLIHENT
i
i STROBE
i THEN
P LAY ImmE
FSEND HIGH TO FRINTER
ECHO € 0006
CRLF  C 0000 [DELAY C 0033  ECHOS C OC
LF AO000A LOC D 0000 LOOP C 00
ORIGIy
00R Quy;

R S Yt S VU WP U



FORTRAN COMFILER FARE )

ISI8~11 FORTRAN-B0 U2, 0 CONP}LATION OF PROGRAK UsIT IEREY
ORJECT MODULE PLACEL IN (FL3IENDT,0RJ
COMFILER TNVOKER RY! FORTBO IT1TIENLILSRC LEEUG PABELENGTHC /7)Y PABENIDTH99)
1 GUBROUTINE IENDI
9 INTEGERL RESC
3 . INTEGERSD TEOC
§ 144 BETS FLAG WHEN CZ1-INTEGRATION 19 LONC
W
4 - COMMON/AS TEOCKESE
5 é SAVE/B/
b ’ 1E0C=3
7 RETURN
g END

MODULE YNFORMATION!

CORE AREA SIZE = 000N 7L
HAX IR0 STAEK SizE = 60001 OF
15 LINES READ '

PROGRAM ERRORCEH ) IN FROGRAM UNIT IENDI

TOTAL PROGRAN ERROR( S )
ND OF FORTRAN COMFILATION

mo o
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FORTRAN COMPILER PAGE 1

1S19-11 FORTRAN-80 V2,0 COMPILATION OF PROGRAM UNIT IKCYI
OBJECT MODULE PLACER IN {F1:IKEYI,ORJ
COMPILER INVOKER EY$ = FORT8D {F1IREYI,SRC PEKUS FABELENGTH(7T) PAGERILTH 90)
1 SUBROUTINE IREYT
2 c INTEGERX L KESC
€ 44 SETS FLAG FOR KEYEOARD ‘ESC’ INTERRJFT
3 CONNON/A/ TEDCKESC
4 g SAVE/A/
5 KESC=2
5 RETURN
7 END

HODULE INFORHATIONS

CODE AREA SIZE = 0004H Al
ARIARLE AREA SIZE = QQOQOH on
AXIHUE STACK SIZE = Q000K on
2 LINES REALD

Y

H

1

0 PROGRAN ERROR(G ) IN PROGRAH UNIT IKEYI
90

E

N
TOTAL PROGRAM ERR ﬁ

(3)
ND' OF FORTRAN COMFILATION
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ASMBO IF1!IUSART,SRC DEBUG SYMEOLS XREF

ISIS-I1 8080/808% MACRO ASSEMBLERy V3.0 IUSART  PAGE 1

Loc OBJ LINE SOURCE STATEMENT
NAME TUSART

FUNCTION IS TO INITIALIZE THE PROTOTYFE USART
REGISTERS ALTERED: C(A)

B

CSEG
PUBLIC IUSRT

-

OO NP P e OO LG NN Gl I e

00CE 1 MODE  EQU  OCEH
00CD 1 CNCTL  EQU  OCDM
0027 12 CHE ~ EQU  0a7M
4 .

000 3E 14 TUSRT! MVI  AJHODE GET MODE SETTING
9999 Rack 16 0 Qlt BNCTL.  OUT-PUT IT T0 THE USART
0004 3E37 1 BUI  AsCMG  JGET CHD
0004 DICH 1 0UT  CNETL i AND SEND IT OUT
0008 C7 18 RET

20 ' END

PUBLIC SYMBOLS
IUSRT C 0000

EXTERNAL SYMBOLS

USE BOLS

CSDR SY230527 CNCTL A 00CD IUSRT € 0000 MODE A OOCE
ASSEMBLY COMPLETEs»  NO ERRORS
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FORTRAN COMPILER PAGE

BB TR0 S RO T o
constER INVOKED EY{ ~FORTBO tF1SKBPHAL,SRC DEBUC PAGELENGTH(77) PAGEWIDTH( 90)
i c SUBROUTINE KBPHAL( IOUT)
¢ KAKX  HANDLES BI-PHASE-L OUTPUTS  shRabkadi
2 . INTEGERA1 IOUT(128)
C 13 SET MASK TO ALLOW LEVEL 1 INTERRUPTS !
3 J=$OF DH
4 ¢ 11 WhitE PSKRETCY) ~PHASE-L INTERFACE !
5 veOWRITE YENEWTD1ENS '
C it SET MASK TO MASN ALL INTERRUPTS &3
; O BiksETc 0
¢ 1t BACRoFIUTNRGEVER LINE JUST WRITTEN WITH $099H 1)
8 B0 10 J=17128
9 T0UT( J)=$05%H
10 10 CONTINUE
11 RETURN
12 END
MODULE INFORMATION:
CODE A = 004EH I
ugnxaafg“aﬁlzs S ok 8L
MAXIMUM STACK SIZE = 0002H 20

20 LINES READ
0 PROGRAN ERROR(S) IN FROGRAM UNIT KEPHAL

0 TOTAL PROGRAM ERROR(S)
END OF FORTRAN COMPILATION
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FUBLIC SYMBOLS



ISIS~IT B80830/8035 MACKO ASSCMILERs V30 KEYIN FAGE 2

£I C 0043  GETCH € 003C KEYEREL € 0000

EXTERNAL STHEOLS

ECHN E 0000

UGER SYIBOLS

HAC?I‘IA O?O%O"E EELL. A 0007 ERSPC € 0019 CI C 0043
GETCH™ [ 0030~ KEYERL C 0000 KEXT  C 0004 SKIFL £ 0021

ARRIIMELY COHMPLETE,  ND ERRDRES
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£ 0000




ASMBO $F1ILDJINPSSRC DEBUG PHGELENGTH(75) PAGEWIDTH( 90)

IS1S~I1 8080/808% MACRO ASSEMBLERy V3.0

LOC OBJ LINE

UBLIC

I = "Das

XTRN

Y]

0000 E

[y

ORT A2

[

OO0 CONOUMPLIPI OO NOSLAS GIMI--

SOVWOOO YWOTSOIJIOODT Vo

SOOOO

M) SO0 00 O LAS LI O
I GII DIOGIMIPINIPINIRIPININI DI e tibid bl bt bt bt b

e e e Tt et P ot ks Pt s s ke
COOMOOONOSONOOONOOLS MNOOONOOST NSO
NON AP INI e O OO NS LI e

N
Bl
(3]

£

Ad

B S Y D D D T P
SOOOOOOOOOOO
YOO OVOOOIVOOOIVOO

PUBLIC SYMEOLS
LDJMPS A 4020

EXTERNAL SYMBOLS
CZTINT E 0000

USER SYMBOLS
CZTINT E 0000 LDJMFS A 4020

ASSEMBLY COMPLETE,  NOD ERROKS

48 LIMPS?
39 E

SOURCE STATEMENT

NAME LDJHPS

LOJHPS

SEG
INT

000H
CZTINT

229

LOJHPS

iLEVEL 0

# LEVEL

JLEVEL

iLEVEL

JLEVEL

iLEVEL

iLEVEL

$LEVEL

an

PAGE 1

INTERRUPTy CZT INTEGRATION TIMER
INTERRUPT» BI-PHASE-Ls PARALLEL F

INTERRUFTy BUGS INT 2

INTERRUPT»STROBEs PARALLEL PORT E

INTERRUPTSYNCy EBUSS INT 1
INTERRUPTy GNI!
INTERRUPTy GNI!

INTERRUPTy GNI!




FORTRAN COMPILER
PAGE

F PROGRAM UNIT MFLAG
6+8RC DEBUG

1 SUBROUTINE MFLAGC ICsIOF»IOUTYIByNZ)
KRRRORRKY  MOVES FLAG DATA WORDS TO OUTPUT LINE
”)vIOUT(IZB)

L
oI

i

-

ND LUENT NZ=POLARIZ IDENT
athG wORD BUFFERy IOUT=0UTPUT BUFFER

oIOICTIT
E
3
3
2

10

LIt e SNg ONONAS
mMA It Oy
=z oo otooo

F g o = S =

MODULE INFURMATIONS

CODE AREA SIZE
VARIARLE AREA SIZE
MAXTMUM STACK SIZE
23 LINES READ

0 PROGRAM ERROR(S) IN FROGRAM UNIT HFLAG

0 TOTAL PROGRAN ERRORY &)
END OF FORTRAN COMPILATION
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VERT & HOVE

OLy IBPTyI0OUTYIRCIONR)
UP TO 8 FLTG POINT NBRS CAN RE HANDLEDR

PROGRAM UNIT MFPNUM

M'SRC DERUG

PAGE 1

C

FORTRAN COMPILER

-

-

..
-

SIGN OF NBR

ZO b
mil | D e Ol
o @ oCeevr4(Dwa ]
1i Z=l—ttes ]| o] X
e T ALl SE
Z > o4 4w}
Ea--Easr
Ll ol
= 1l w3 LY LI D
0N L ZZ e 00 L OO
oLt bt et ot ot bt

-
-
-

w3

S+ IV OOy

!

N It bt
AL N
=SoZEo~

UNPACK INTO BCD DIGITS

I

PSS NCD
P L b ]

-
-

PACK INTO BI-FHASE-L OUTRUT

-e
-
.o
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[ 40 K~1 K 24L

e NSl
de | ZEDDD

I i Lo
&5 s nar~r P14
S Eabe b

RO D E X -2
O I RO OO
Pt L S 1 A 2 P5

0 PROGRAM ERROR(S) IN PROGRAM UNIT MFPNUM

0 TOTAL PROGRAN ERROR(S)

O S v OIS T30
g CACN OO CITNONTN

MODULE INFORMATION?



Wy

FORTRAN COMPILER
PAGE

END OF FORTRAN COMPILATION
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ASHB0 $F1IMINHR.SRC DEBUG PAGELENGTH(75) PAGEWIDTH( 90)

ISIS-II 8080/8085 NACRO ASSEMBLER» V3,0 HINNR ~ PAGE 1
LOC OBJ LINE SOURCE STATEMENT
1 SUBROUTINE HINHRC IMHyNUSNT/120)
5
4 NAME  MINHR
: 5 EVALUATES MINUTES OR HOURS BY:
’
8 i THH=NTHT10+NY
9 i WHERE 110=10
i ,
’
004C 12 1A EQU  4CH
004E IS THULT EQU EH
1)
15 EXYRN  INTLOD,AMDCME » ANDSTR » AMDLOD» INTST
i§ ) PUBLIC  MINHR' ' P INTSTR
18 ' CSEG
0000 Ef 20 HINHR: POP  H JSAVE RETURN ADIRESS
0001 €00000 E 31 CALL  INTLOD iNT f
| 0004 42 52 My BD
0005 45 5% 0 CE
0005 CD0O00 E 24 CALL  INTLOD  +110
0009 IESE 55 VT~ Ay THULT
0008 L0000 E 28 CALL  AMDCHE X i
| 000E €1 57 POF ‘
, 000F CD0000 E 28 CALL  INTLOD 3NU 3
0012 3EAC P T Ay TAD |
: 0014 CHOG00 E 30 CALL  AMDCMD i+ |
e 0017 €1 31 FOP™ B |
| 0018 CDO000 E 32 CALL  INTSTR JSAVE IN INM
| 001F E9 3 FCHL SRETURN ;
, 35 END
PUBLIC SYMBOLS
b HINHR € 0000
EXTERNAL SYNBOLS |
ANDCME E 0000  AMDLOD E 0000  AMDSTR E 0000  INTLOD E 0000  INTSTR E 0000
} USER SYMROLS
| AMDCHD E 0000  ANDLOD E 0000  AMDSTR E 0000  IAD A 00SC  IMULT A OD4E
| INTLOD E 0000  INTS

0 ]
TR E 0000 MINHR C 0000
ASSEMELY COMPLETE»  NO ERRORS

233




ASMBO IF1I0UTPUT,SRC XREF DEBUE PAGELENGTH(S3)

FAGE 1

oUTRPUT

ISIS-II 8080/8085 MACRO ASSEMELER, V3.0

SOURCE STATEMENT
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LOC OBJ
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ISIS~IT 8080/8085 MACRO ASSEMELER, V3.0 OUTPUT  PAGE 2

co E 0000

USER SYMBOLS
co E 0000 GBYT C 0003 MSGOUT C 0000 XIT € 0015

ASSEMBLY COMPLETE»  NO ERRORS
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1

PAGE

PCPN

SURROUTINE PCPN(PNyTIyPCyTCyALToVEL)
*CPN

NAME
FUBLIC PCPN

SOURCE STATEMENT
CSEG
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..

=

o

[ &

-m  ewm  ewm Oy

LINE

ASHBO IF1IPCPNJSRC DERUG PAGELENGTH(75) PAGEWIDTH( %0)
LoC ORJ

ISIS~II 8080/8085 MACRO ABSEMBLERy V3.0

8 e BBy e bt
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GIVE E 0000

00HyOOHs80H Y O0H
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ANDRSTR E 0000

END
ANDLOD E 0000

PURLIC SYMBOLS
PCPN C 0008
EXTERNAL SYMBOLS
ANRCHD E 0000
USER SYNBOLS



ISIS-IT 8080/8085 NACRO ASSEMELERy V3,0 PCPN PAGE 2

DCH 0000
QQCHGD 3 A 0019 8
PORT A 00F0

ASSEMBLY COMPLETE,  NO ERRORS
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FORTRAN CUNMPILER
FAGE

ISIS-11 FORTRAN-80 V2,0 COMFILATION OF FROGRAN UNIT PRIVLU
QRJECT MODULE PLACED 1N IFLFRTVLU, O
COMPILER INUOKED EY: FORTBO 1F1iPRTVLU,SKC [EELG
Lo, SUEROUTINE FRTVLU(CRs IR +Hy IERRyX)
€ 111 ERINTS NESSAGE OF K CHAXACTERS ALREALY IN
b KUFFER TR REXTr FRINTS VALUE GF A FLOATIN
c POINT KURKER TN F10.3 FORMAT LOCATED TN X
: NOTED A3k NoLE.30 %k
n INTERERYL TR 304N
5 CHARACTER# 0 CR
4 CALL CRLE
5 EALL HSEOUTC ks IR )
3 HRITEC CRy 104 ERIC20 )X
7 10 FORMATCELU 51 50%)
g CALL MSGOUTC Ky IR)
15 RETIRW
10 20 1ERR=1
o GO TO 15
12 END
MODULE INFORMATION!
COIE AREA SIZE = Q01N 143
UARIARLE AREA SIZE = OO1EW 30I
NS IR STAER 126 = 0o08H an
no L INES READ

0 PROGRAN ERROR(S ) IN FROGRAM URIT FRTVLU

0 TOTAL PROGRAH ERRORS &)
END OF FORTRAN COMPILATION
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PAGE

DWAIT

ISIS-II 8080/8085 MACRO ASSEMBLERs V3.0

SOURCE STATEMENT

LINE

LOC ORJ
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C
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0000 CDOO0O

DELAY E 0000

CRLF  E 0000

E 0000

EXTERNAL SYMBOLS
USER SYMBOLS

Co

£ 0000 LOOF € 0005 LP2 € o0

IRATT

[ELAY E 0000

E 0000 CRLF  E 0000

co

NO ERRORS

ASSEMELY COMPLETES
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gﬁ PROGRAM UNIT RUNLMT

LMT.8RC DEBUG

i

1

PAGE
TRA
K

FORTRAN COMPILER
BBHPELeK INb

ISIS~II FOR

o d
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)\

PAGE
RHERE I460=40y F60=60.9AND F10=10,

TIMEFP

XXX
MO UL
vldrded DDt

Ti=FLOATCIHRISO+IN M4FE6OHFLOATC TTS)/F10

TINEFF

DI

SOURCE STATEMENT
SUBROUTINE TIMEFF(TYsF10yITSsF60»IMy IHy160)
NAME
COHPUTES FLOATING POINT VALUE OF TIME IN SECONDS BY!
INTLOLy AMDCHE y AMDSTR o AMDLOD

UBLIC TIMEFP

XTRN

o S30
o e R T |
T r-trll caliico cm LI en

RS LIV OO O IS E IO N0
i vd vd vt rd vt vt vl vl ot

LINE

OO LIS

ABNBO IF1ITIMEFP.SRC DEBUG PAGELENGTH(7U) FAGEWIDTH(90)
LoC OBJ

ISI8~II1 8080/8085 MACRO ASBEMELERy V3,0

Qs
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=2 |
-
113 -
144 <3
-~ - - - - - v
Ll e - <z < w3
2> < QS m Qo D=
<X ~o p >4 - O - 1 Tl
Qe - D>C M =4 il W > o L e N 4 X
amath Bl - - - <~ - - - - - - - - am.
|t - |
= PP { o Rl S O o v S et o G e U o G oo v T~ N x 4
[} SOIE OSEOEY OJr OoX O2X X
- HAEC Sa3d0) D20 A IOl

PN SRS R S T |
IO it Sl IO
>IOICDOTOTOIT I
CROCEOECLOEOO.

CALL.
MOV
MOV
CAL).
hVI
CALL
HVI
CAL
FOF
CALL
MUI
CALL
HVI
CALL
Fop
CAL
PCHL

IHEFF} POP

e

St CIS LIV DS OO 4 LIS LI O O30 S 4TI WO DO Qv CIPI LI O P
CICHCICE CCICICI TR IS MM M MIMNS b d bb d d b E HIRIN NN WES
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PUBLIC SYMBOLS
EXTERNAL SYMBOLS

TIMEFP C 0000



ISIS-II 8080/8085 NACRO ASSEMBLERy V3.0 TIMEFP  PAGE 2

AMDCMD E 0000  AMDLODR E 0000 AMDSTR E 0000 INTLOD E 2000
USER SYMBOLS

Bog TR MR BRPSRN WERENR W

ASSEMBLY COMPLETEs  NO ERRORS

V. A 00
't 901
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ASHB0 IFLITMF12,SRC DEBUG

1SIS-II 8080/8085 MACKD ASSEMELERs Y3.0 THP12  PAGE 1
LOC OBJ LINE SOURCE STATEMENT
L NAKE  THP12
§ i SUBROUTINE TMP12( TMP1sVEL)X12)
9 i tE0 TMP1=X126( VELKA2 )y WHERE X12=XK1 OR XK2
0017 7 PUSHT EQU  17H
0012 guLT EQU  1H
16 éXTRN ANMDLOL! AKDCHD s ANDSTR
12 PUBLIC THPL2
13
4 Csee
0000 E1 16 THP12! FOP N §SAVE RTN ALDR OFF STACK
0001 CDOOOC 17 CALL  AMDLOD  VEL ¢
0004 IE17 18 AU AypUSHT
0004 CHO00C 19 CALL  AWDCHD $VEL 1
0009 3E12 20 MUT AyMULT
000F CDOOOO E 21 CALL  AMDCAD  §VELNVEL
000E 42 59 HOU-  EyD
000F 48 5% MOV CoE
0010 CDOO0O0 E 24 CALL  AMDLOD $XKL OR XK2 1}
2018 28500 57 WL MBERD xeoscveLKs2)
o -~
0018 C1 59 FOP & “
0019 CIO000 E 28 CALL  AMDSTR §THPL = *
0010 E9 27 FEHL SRETURN
531 END

FHBYAC §Y5606°
EXTERNAL SYMEOLS
AHDICHD E 0000

USER SYMBOLS
AMDCHMD E 0000

AHDLOD E 0000 ARDSTR E 0000

AMDLOLDY E 0000 AMDSTR E 0000 WULT A 0012

ASSEMELY COMPLETEy  NO ERRORS
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ASM80 SF1:TRM1.,SRC DEBUG PAGELENGTH(73)

ISIS~II 8080/8085 MACRO ASSEMBLERy V3.0 TRM1 PAGE 1
LOC OBJ LINE SOURCE STATEMENT
% . NAME TRM1
& !
% i SUBROUTINE TRMLC¢T1yBMWsANGsALTRL)
f
2 i $03 T1=2 XTANC BMUW/ 2, DXCALTXX2 )/C0S(RL )/C0SC ANG )
y
0017 7 PUSHT EQU 17H
0003 8 C0S EQU 03H
0012 9 HULT EQU 12H
0010 10 FALD EQU 10H
0013 11 FDIV EQU 13H
0004 %% IAN EQY 04H
: 1
ig EXTRN AMDLODy AMDCHD Y ANDSTR » GIVE
S f
16 EUBLIC TRH1
17
%g QSEG
19 ¢
0000 El 20 TRM1S For H yHOLD RTN ADDR
0001 CDO000 E 21 CALL AMDLOD:  5ALT ¢
0004 JEL17 22 MV1 A PUSHT .
0006 CDOO0O E 23 CALL AMDCHIY  ALT ¢
0009 JE1Z 24 MUI A MULT
000B CDOOOO E 2% CALL AMDCMD  FALTHALT
000E 42 26 MOV RyD
000F 4B 27 MOV CiE R
0010 CDO00O0 E 28 CALL AMDLOL  sRL ¢
0013 3IEQ3 29 M1 Ay COS .
0015 CDO00O E 30 CALL AMDCMD  SCOS(RL)ALTRX23~3-
0018 3JE13 31 MU AryFDIV
001A CDO0O0 E 32 CALL AMDCHD  JCALTHX2)/COS(RL )~
001D C1 33 FOP B .
. 001E CDOO00 E 34 CaLL AMDLOD  FANG ¢
0021 3E03 35 MVI Ay C0S .
0023 CDOOOD E 3b CALL AMDOND  SCOS{ANG ) CALT oo M=t~
0826 3EL3 37 MU AyFIV
0028 CDhOOOO E 38 CALL AMDCHD  §CCALTw oo )/COSCANG )t~ t -t~
002E C1 39 FOF E
002C CDOO00 E 40 CALL AMDLOL  SEMW ¢
Q02F 118300 C 41 LXI [ty TWUO .
0022 CRO000 E A2 CAEL FIVE i2. ¢
0035 3E13 43 MUY &y FOIV
0037 CDOOCD E 44 CALL AMDCHD  SEMU/2.0CALT. . o ANG)
0034 3EQ4 45 M1 iy TAN
002C CDO000 E 44 CaLL AMDCMD  STANCBMW/20 )M ALT e 0o}t~
003F 3E12 47 Ul Ay MULT
0041 CDOO0O0 E 48 CALL AMDOMD  STANC oo DXCALTY 00 )
0044 3E17 49 MUl Ay PUSHT
00446 CDOOO0 E S50 CALL AMDCMD  FTANC oo JRCALT o o JITANC o o DRCALT 00 )
0049 3E10 b1 MUI fyFALD
004R CIO000 E e CAaLL ANDCHIY  $20KTANC, o YXCALT.e)
004F Eloooo £ B3 FALL  AMDSTR jTi=
] 1 T71=
0052 E9 gg ﬁCHL sRETURN
] §
0053 00 57 TWO! IB 00HsQ00H»80Hy O2H
0054 00
0055 80
0056 02 .
58 y
oy END
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ISIS-II 8080/8085 MACRO ASSEMBLER, V3.0 TRM1 FAGE 2

PUBLIC SYMEOLS

TRM1 € 0000

EXTERNAL SYMBOLS

ARDCMD E 0000  ANDLODN E 0000 ABDSTR E 0000 GIVE E 0000

USER SYMBOLS

AHDE?&EE 0808000 AMDLOD E 0000 ANDSTR E 0000 cos A 0003 FAIID A 0010 FRIV 4 00

MULT A 0012  PUSHT A 0017 Te™ A 0004 TRM1 € 0000 TRO € 0053
ASSEMELY COMPLETE, NO ERROKS
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ASHBO 1F1ITRH23.SRC DEBUG PAGELENGTH(75)

ISIS~I1 80B0/8085 NACRO ASSEUBLERs V3,0 TRH23  PAGE 1
LOC  OBJ LINE SOURCE STATEMENT
1, NAME  TRM23
’
§ i SUBROUTINE TRM23( TRM»TMPLsRL IR )
5 i §4 TRM=( ~TANC DR KTANC RL SORTL TANG RL JKX2K( THFL=1, HTHP1¥COS( DR Mhi2~

DG
1))/ { 1, ~THPLKCOS( DR J¥K2 )¢

9 i WHERE TRM = TRH2 OR TRM3 OF AREA EQUATION
7
0017 8 PUSHT EGQU 17
0012 9 NULT EQU 12“
0011 10 FSUR EQU 114
0010 11 FADD EQU 10H
0001 12 SGRT EGU 01H
0004 13 TAN EQU 04H
0003 14 C0OS EQU 03H
0019 15 XCHF EQU 19H
0013 %? FOIV EQU 13H
L
ig EXTRN  AMDLODYyAHRCMDY AMDSTR »GET» S IVE
4
20 PUBLIC TRH23
21 4
23 Csee
£ 13
0000 E1 24 TRM23: POP H $SAVE RTN ADIR
0001 220000 D 25 SHLD ISAVE  JIN IN?ERNAL BUFFER
0004 EB 26 XCHE fHOLD CY OF DR ADDR IN RF(HL)
8883 cnogoo E %g gﬁ%L gﬂgkﬂﬂ sRL ¢
s ./
00047 8% 000 E 29 CALL AﬁDC”D i TANCRL)
000D 3EL7 30 MVI ArPUSHT
000F CDO000 E 31 CALL AHDCMD  FTANCRL )I TANCRL )8 =3~
0012 CDOO0O0 E 32 CALL AMDCMD 5 ¥ H " {TANCRL ) -
0015 110200 D 33 LXI DIISAUE+?
0018 CDOO0O E 34 CALL GET FSAVE CY OF TANCRL)
001k 3JE12 35 MVI ArMULT
00Lllr CDOOOO E 36 CALL AHDCMD  FTANCRL )x%2
0020 Ci 37 pPoP R
P VA HOI-  Aapbggy et
P4 \ 1
0026 CDOOODO E 490 CALL AMDCML S TMP1STMFL L TANCRL M2 4 -
0029 110600 I 41 LQI Iy TSAVEH4
002C CDO000 E 42 CALL GE1 FOAVE CY OF THP)
002F 1104600 C 43 LXI [ty ONE \
0032 CDO000 E 44 CALL GIVE il t
0035 3JE11 45 M1 AsFSUR
0037 CDO00O0 E Ab CaLL AMDCME  §CTMP1~1, D TANCRL DkX28 4~
0034 3E12 47 MU AyMULT ]
003C CDO00O0 E 48 CALL AMDCMD  $CTMP1-1, )XTANCRL MR2 =20~
003F 110400 C 49 LXI [yONE
o S T
o 1
0047 CDOO0O E o2 CALL ANDCMD  FCTMPLo v oo o X¥2)-1 08t -t~
004A 44 53 Hov RsH
0048 4D 54 L 1
084g CEO%OO E §5 gﬁLL gﬂngD tOR ¢
!
80%1 80 000 E g? CXEL AHDgﬂﬂ +COSCDR)
0054 JEL7 a8 MVI ArPUSHT
0056 CDO00O E 59 CALL AMDCMLI  sCOSDICOSDI(THPL v 0 Xi-8~
0059 JE12 60 MVI AyHULT
Q05E CDOO00 E 61 CALL AMDCML  §CCOSCDRIXK2)IECTHPL vy )8-2-
00%E 3E17 42 MVI ArPUSHT
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ISIS-I1 8080/8085 MACRD ASSEMBLERy V3,0 TRM23  PAGE 2
LOC 0BJ LINE SOURCE STATEMENT e
0040 CDOOD0 E 43 CALL  AMDCHD  jCOSDARZSCOSDRKZE THPL 4 v )=
J0cs Lho008 B &k EALL  BRISAVEMQ0E oY oF cos(or wkn
v} ! 4
0049 110600 I &4 EXI™  DyISAVE S
004C CDOO00 E &7 CALL  GIVE  §TMEL 1
S EEe ¢ B B R .
’ atl e
0074 3E10 70 oty e
0076 CH0000 E 71 CALL  AMDCMD 5O TANKEZ oyomly )imgmtom
ik B A
! (XX
007E 42 5% MOV~ ByD
007F 4% 75 MOV CoE ‘
0080 C00000 E 76 CALL  AMDLOD DR ¢
0083 IE04 57 HUT - APTAN
0085 CDO000 E 78 CALL  AMDCHD  3TANCIR)
0088 110200 b 79 XTI Dy ISAVE+?
0088 CDO000 E 80 CALL  GIVE "~ STANCRL) ¢
008E IE12 81 HUT-  AHOLT
0090 CH0d00 E &9 CALL  AMDCHD  TANRATANISSGRT( ovs)
0093 3E11 83 MUI AsFSUE
0095 CL0000 E 84 CALL  AMDCHMD  SSORT( +» )~ TANRKTAND
0098 110600 L B85 LXI Iy ISAVE+S
009k C00000 E 84 CALL  GIVE iTMP1 1t
009 11000 I 87 LXI D ISAVE+10
00A1 CHOOD0 E 88 CALL  GIVE  COS(DR)KE2 ¢
00A4 IE1D g5 HUI AGHULT
00ns CHO000 E 90 CALL  AMDCHD  $( TMPIXCOSDAX2)ISORT( , .\ )i=3-
00A9 110400 € 91 LXI DyONE
00AC CDO000 E 92 CALL  GIVE 51, ¢
00AF 3E19 5% MUL  AJXCHF
Q01 CHO000 E 94 CALL  AMOGHD  5CTMPLae0 D010 bSORT s s )om
00B4 IE11 9% WUI- AyFSUR
00B6 CD0000 E 94 CALL  AMDCHR  $1.~CTMPL. 4 )SQRT( 40 )
00H9 3E13 97 HUL-  AFRIV
OOKE CDO000 E 98 CALL  AMDCHD  5CSORTC. s »=TANC oo 2)/4 10 o0)
00BE C1 99 FOF - R ,
Ml @ oL o
00CE E9 102 FCHL SRETURN
9y
00Cé 00 104 ONE: DR 00H»00H» 80Hy 01H
0067 00
00C8 80
0069 01 .
105 §
104 DSEG
107 ¥
0000 108 ISAVE! IS 14
109 ;
110 END
PUBLIC SYMROLS
TRMZ3 € 0000
EXTERNAL SYMBOLS
AMDCHD E 0000 — AMDLOL E 0000  AMDSTR E 0000  GET  E 0000 GIVE E 0000
USER SYHBOLS |
AHDCHD £°0000 ~ AMDLOD E 0000  AWDSTR E 0000  COS A 0003 FALD A 0010  FBIV 4 001
GET_ € 0000 GIE E0000 ISAE D OO HUT A 0012 ONE  COOC6  PUSHT & 001
TAN. A 0004 TRM23 C 0000  XCHF A 0019
247
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ISIS-II 8080/8085 MACRO ASSEMELERy V3.0

LOC OBJ LINE
ASSEMBLY COMPLETE» NO ERRORS

SOURCE STATEMENT
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ASH30 IF12TSECS,SRC DERUG PAGELENGTH(7S) PAGEWIDTH( 90)

ISIS-IT 8080/8085 MACRO ASSEMELERy V3.0 TSECS FAGE 1

LOC ORJ LINE

e Pl el W W WS W WD -

x>
e
-
-

S OONOUNS LI O QRN AL LIt Fe
— - -
w
m
3
w

OO
2RI FIPIDINI DI DT b bk ik ok ok ok ok ok B ok

3

o

L

o

S

<

<
m mom momomom
OGNS LINI -

&
CD0000
42

A

S LGISMIMOIMWNOTIOID NI O
ol L ICICIN
m
o~
law ]

SOCOVOOOOD
OSOOOOOOOTD
P3PPI RIIt b bt ot e

4B
€no000
0028 3E4C
00%9 CRo000

0020 Ci
Q02E CROO0O
0031 E9

14

0032 0A00

P WA L N D DI P
PP O QOO LN Lt

PUBLIC SYMBOLS

TSECS € 0000

EXTERNAL SYMROLS

ANDCHMD E 0000 ANDLOD E 0000

USER SYMROLS
ANDCHR E 0000 AMDLOL E 0000
INTLOD E 0000 INTSTR E 0000

ASSEMELY COMPLETE»  NO ERRORS

SOURCE STATEMENT
SUBROUTINE TSECS(ITSyITNs IHDyIUN)
NANE TSECS
EVALUATES SECONDS RY?
ITS=10%C ITM+10RTHD )+ TUN

EQU  4CH
EQU  oEH
EXTRN  INTLOD s AMIICHD s AMDS TRy AHDLOD» INTSTR
FUBLIC TSECS
CSEG
POF Y iSAVE RETURN ALDR
CALL  INTLOD +IHD
LXT~ ByTEN
CALL  INTLOD 510 ¢
HUT- AJINULT |
CALL  ARDCHO $X
FOP. R
calL  Inmon 1T
4

CALL  AMDCMD i+
LXI.  RyTEN
CALL  INTLOD 10 ¢
BT ApIHULT
CALL  AMDCMG iX
MOV~ BD
WY HEon suw s

b y
WO AyiAD
CALL  AMOCMD i+
i
CALL  INTSTR §SAVE RESULT IN 178
FCHL SRETURN
Dy 10
END

AMDSTR E 0000 INTLOD E 0000 INTSTR E 0000

b A 00460 IMULT A Q06E
ECS C 0000
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ASHBY IFLIUNPACKISRE DERUG PAGELENGTHL77) FABEWIDTH 90)

FAGE 1

UsFACK

ISI5-11 8080/8085 MACRO ASSEMELERy V3,0

SOURCE GTATEMENT

il
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EXTERNAL SYMBOLS

NO ERRORS

ASGEMBLY COMPLETE,
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ASHBO F1IVELFPJSRC DEBUG PAGELENGTH(7S) PAGEWIDTH( 90}

PAGE 1

VELFF

ISIS-II 8080/8085 MACRO ASSEMBLER» V3,0

SOURCE STATEMENT

LINE

LoC OBJ

o~

=

=

- .. 3

= = Ll

] =

x o QL

— ) %

-~ E -

b [ 3> Sy

o S ]

-~ n X

- o -

- g

uz - O

> Ll et

3 = 4t

- = -

. | b ]

L3 — P4 i XXX

> ~raad [arint 1dh {13 P

D >~ el ANt

Q. e D>

Lo, — w3

—~d 23 +

e S5z

w g ¥ 333==
D> e

= o —I fotaitliedied

L o3 <L

Fangd w o

= [

=] pees B T b

ol ¥ 34 2 H - I

2 & moRea

o = o > =l

AT AR ARABIB AT ST A

gﬁthUCMUvANBSTRvAMBLuH

am

CSEG

ESULT IN VEL

BAVE RETURN ADDR
THD ¢
10 4

e
£2

cmam 4. am  Cw  am ewm am

[,

sa<g
—_E0 N
el ey — T cem g — o st £ L e T R S e
ZeaZ e T oL 2T e max a o T aL Aﬂh

<
2 A T L L T L L N I E LT T T <T i

o d e ed ad ad Ll S RS [ S S S e |
R N e T | T I | o e | T D (VI L S Sy o iy |
[PREIR ST AR ES o SWB A L XS =52 EF S S S A o 300 ST TE

-

=
Ld

ELFF

am  amlD> }

O IO D OO O DN I O O DO D OO AT LI B N DO SIS DN D OO v O
s et et vt ek vk vt et vt L SO O S S EICI TN OIS I P M IS P I Py b b~ b e IR S

MW

witlld W W ol g bl Wl o o Lo

SO O O OO O L= T = S - B =
DO T QOO o QT o o O O
OIS DLOODLIC QLOmO OHNe o ©
WOV O TDUOESNOC CSROO O O <O

vt vt g L 5 v L £ i ) 20 O LI SR Ly v LSS 1 2 0T
WRSOUMOGLMOUOLMOUTETLMOMOOUOMLLLWIOC

St TOL OMINMIKELISO ML <l O L OL O
OOROO OO vdvd vd vt vt T CICICI T CICI CI I PN T3 PPt
OOVOOOCOOODOOUROTOOIIOROOT
SCUOCOOOUOOCOOCCOOOOTOOTOOOOT

PUBLIC SYMBOLS
VELFF C 0000

AMDSTR E 0000 INTLOD E 0000

ANDLOL E 0000
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I815-I1 8080/808% MACRO ASSEMRLERy V340

VELFF C 0000
ASSEMBLY COMPLETE»  NO ERRORS
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ASHBO IF13XK12,8RC DEBUG PAGELENGTHC 75) PAGEWIDTH(90)

Y51S-I1 8080/8085 HACKD ASSEMELERs V3,0 XK12  PAGE 1
LOC MBJ LINE SOURCE STATEMENT
L NAME  XK12
§ ; SUBROUTINE XK12¢ XK20XK1ySLMDA» ENDKyEDOR )
5 883 XKL = 4. /( SLMDAR( FUOF~BNDR/2, Yhk
; i S R R E AR TN R,
1
0017 8 PUSHT EQU  17H
3 JAL B B
0013 1% Evroc ERg i3
0010 12 FADD  EQU  10H
0011 13 FSUER  EQU  11H
0018 ROl e 16H
o
18 ' EXTRN  AMDLOLy ANLSTR  AMDCHD  INTLOG s INTSTR» GIVE s GET
18 ' PUBLIC XK12
19 ;
20 CSEG
& 1A
0000 Ei 53 YK12:  FOP N JPULL RETURN ADDR OFF S7ACK
000) Ehoooo E a5 ™2 BOF Hunop HEMeG A
0004 3E17 54 WUI~ ArPUSHT
0004 CLO00C E 25 CALL  AMDCHD  §ENDW{BNIK b wmg e
0009 b5 54 PUSH I
000A 117800 € 57 LXT DyTWO
s B on g R
0012 CHO000 E 30 CALL  AMDCMD  §ENDW/2ENIW S werf =m
0015 €1 31 FOF~ R
0016 CDO000 E 32 CALL  AMDLOL $FLOF 4
0019 3E10 33 HUI-  ArFADD ,
001B CHO000 E 34 CALL  AMDCMD  $ENDW/2FFTIOR  ENDI S ~n =
001E 3E17 35 MUT - AyPUSHT
0020 CHO000 E 36 CALL  AMDCHD
0023 CD0000 E 37 GALL  AMDCHD  §ENDW/24FDOF S BNDW/2+FDOP S ENDK/ 2+FEOP ¢ BNDW
0056 3E18 38 WUL-  AyROL
0028 CHO000 E 39 CALL  AMDCHID
002K CDO000 E 40 CALL  AMDCHI
00%E CDO000 E 41 CALL  AMDCHL  §BNDWSENIW/24FDOP L ENTN/ 2+F DOP L ENDN/ 24F DOP
0031 3E11 47 HUE~ AyFSUR
0033 CH0000 E 4% CALL  AMDCHD  §FIOP-ENIM/2LFDOPHENDW/ 2 FROPHENDR/2 -
0036 117800 € 44 [XT~ Ty ThO
0037 CDO000 E 43 CALL  EIE 2t
093% Bhoooo £ 4% AL RMpLopn  ssimpa
0040 3E13 48 BT AYFDIV
0042 L0000 E 49 CALL  AMDCHD 2/SLKDA!FDOP-END/ 2! FDOPHERTU/ 23~
0047 CH0O000 E 51 CALL  AMDCHD  $2/SLMDAS 2/SLHDA SFDOP~ENDK/ 2 SFIOPH+ENDN/2
004A IE18 £2 HUE AYROL
004k CRogoo E g3 ROt~ AMDSHRG
0051 CH0000 E &5 CALL  AMOCHD $FROP-ENIW/22/SLMIA S FIOPHENDE/ 24 2/SLADA
0054 3E13 Ed BUT- AYFEIY ,
0054 Chodoo E 57 CALL  AMDCHD 52,/ SLMDAXC FLOP-BNIW/2 ) )i FTOPHENDW /28 2/5LH
0059 3EL7 58 M1 ArPUSHT
005E CH0000 5o CALL  AMDCHI
005E 3E12 50 0T AsFRUL ,
0040 CL0000 61 (| s o CALL  GHOCHI  4/¢ SLHDAKC FIOP~BNDU/2 ) A2 FUOP HBNT/ 212/

o : -?\j‘ ':’ P ;? i
254 0N SO CTURRRAY




hd

2

FAGE

XK12

ISIS~IT 8080/8085 MACRO ASSEMBLERy V3.0

SOURCE STATEMENT

LINE

LOC O0BJ

270 SLHDAKR FOOPHBNIN/2 ) Jhmm b e d o
#4/( SLEDARC FLOP FBRADW/2 ) PRRZ L o b e § e

i o3
=z =
>< ><
= =
-t e
f -
- -
=2 -
o I
13 wd
o oz x
E §
ud 1t >
> o> -
<< <C x
o ol >
-~ - o0
-
2oy x
OO X <
R - <
DI O -
MLt At =2 x
p =llS e s, . <
LT CITTNT <>
d d wd d dd
I D s [+ T - =
QICOCOCOIOCLI X =
LOXOCXOTOA QA wl

-

o

=2

—
SISO DO O~ u2
QDT O OO O NN | 2N
oW W W L
S O OO O
o DO O
OMITNOMNNO O
OO OO O
sl ISR R0 SO O
CUMOUOMOMOOULI OORO
MO OO X5kl
B ol N o > B o I T e et st TR Y 3 s g
OCOOOVOVOOOD COLOO
OOOSOOOOOOT OCOC

G 0000

PUBLIC SYMBOLS
XK12

E 0000 GIVE E 0000

GET

AMDSTR E 0000

L. SYMBOLS
ﬁgnE 00500 AMDLOD E 0000
INTSTR E 0000

XTE
MG
NTLOD E

E
A
I

NO ERRORS

ASSEMBLY COMPLETE,

[Tel
1o
o



ISIS~IT ASSEMBLER SYMBOL CROSS REFERENCEy V2.1 PAGE 1

124 16
o, B # v
IUSRT 8 144
HODE 10% 14

CROSS REFERENCE COMPLETE
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1

PAGE

ISIS-II ASSEMBLER SYMRO!. CROSS REFERENCEs V2,1

[PRRT—

63

2
W)

b1

»
OO DD
[T e 8 ~3Ux

Ll 3
1641976 i Cd
I i MOt

W gpte
I OO N ) O
CIMMMIEICT NI

|558

-t

_un <
OO0 [ X5
BOCPPPCNVCTIT;
COLLLUSNSGNG

CROSS REFERENCE COHPLE\E
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ISIS-IT ASSEMBLER SYMEBOL CROSS REFERENCE, V2.1 FAGE

GO n7' 54
i
XIT 31 334

CROSS REFERENCE COMPLETE
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ASHBO $F11ANICMD,SRC DEBUG

FAGE 1

ANLICMD

ISIS~IT 8080/8085 MACRO ASSEMEBLERy V3.0

SOURCE STATEMENT

LINE

LOC  OBJ

jazing ] <3
DN ~N2
E ot ol E.3
- -2 E
-t 304 [}
(=4
~3 L= I ] 1
~. e OGN - ~
N o O s
o
Zhz 1) x
Qo =Z
I <Lk - -
< T dodod J -d
e Do e B | =2
W N u £r)
X lluitd i
- WRRR oz o
S ”
ad 157
[* A~ 3.4 g
Ll o <Lzl
- W0
27 SN T3 | COLL ST
. T D
L - ad = €
i NOZLL
o X o o
3 O-odiad  CZtd
<t QN D00
S0 X
Ll wib RSOl <
X Ul O
— LiZrap=(3T3r
WD L0zl
Z EEOHOZX-O
-~ D0an <
<a E\.I\nl)) P
ZE vatiMMw W3
< <&
= -
x u (=] =
[ - -4 = X b =
e o o f ()
| » [~ X =
<< = = O X
D € o= <
Bued
=
Ll o
142 ] -t
i -
[ = =23 &
| et < os 2
= uid 4o
23§
=
i
o
2 ——
o X
&z o=
AR AR A E IR LI C i AT A . e D ew e

CSEG

o =2
- P | o
131 {F 4
= = i
o = oz
=1 = il =
=< > <0
= o i 2 =t
= <z o3
< - oz 551
p = (471 ul R o =z
= =2 )53
o = = <2 o
3 2z o x 033 2 [ou
~r =t 9 T X o ="
X < << oz oo
Sre >= o b 0 &z
(%2 ] <] T . Leid d x
= = >4 x O =z -
=] =3 i o i &z o3 ~
- 2 RIQOL L o] 32
b= - N X DIEC x << —
o fo=] samacy — 2l IR g ~d [ M 4
zZ L 3 l g W o § [T X<
& ZITZ Y] o DN O i
b, s § T J 22 P e R S o =
-d .l fee 3 - [~ S | Q= X
e oo nl O T J < e OO
(=1 [=181&E1 = =T~ o~ i —
Q Q. U3 R [r¥iss]
931 o Sl bl e d b= LWl < | F3{=}
>r —m > X e a0 Wl b L
<L T I == DWW = X iy <l
7 3 LIz g ;> Aol I - s TG
Rl NN At AR 4D - E: N N AW EP. L A aw £ 5 AWM OW Rt 32

wd - ot —r o OX

o - - 2L S SN R | T

o - = D= [ ] ol e LI Q. -
=i >»TJEBE 1 <CITWLZWITRISOOE Ow b= n o4's 4
| _NOQMO 23 ~uD ~0 wUIBESZ » >0 Qs DO
it <ComS OO Tl Z T C~MODODLHEL I MMl
x x xx

0 € Al T DD b dbd A D A= Q2 T ) A e
HEErOONZEEDCZNIDIDOZANZZODIQECIE T
mr_lnu.dnvnuPIOJPMHAHJMOMHAHCJAJMHM!ODJ”RAHOO

= .o -
o

LIwe b

_ « o

N =2 o
sgixa = -

10&34##6789019“34“36780!010&3.4_3678901»&34:4:&789019.34:06789015&34
e ot gty i vt v vt et I S CH LI CICIC I T S I [ M IS IS IS IO b b e DL IS

o 3 (& 1 [ ] o Q [ ]

< <> (= [~ ] L d

(=] < < =4 (=]
i vt 4 w4 G WM LGLWEwWLMO & SO
M @ Lk W O -y, ~HOMOMULOU. O RV
5B?“l-.drdB?AEJFLUAE—JBLUEA:O»!&E/QSSQ&B?:O:O?Q
LR ks Lr Sk S L 2 D 1] QI M96aMN Ll L LI LI M5 vt LI P e U L =%
SN L L NI LI O C L) Sl v O OGS L. O M IN O
BOOOSC O OO S vd vty vt vt vrd 4 v A CICI I CICICI CNII I3 PG
OO OOOOOCOOOOOOOOOLCOOOOTOOT
00000000000000000000000000000000

260



1818~I1 8080/8085 MACRO ASEEMELERs V3,0

LoC O0BJ

003H
Q03E

(=4

<>

-
D RouUe s
CIMEAC) e e O
Gt s PICR CN O TGN

SOOOTO
jeloleleleld
B o N

-

T

oo ILCICRn rzn

S OIPIF OO OO

PUBLIC SYMBOLS
ARDCMD C 0000

EXTERNAL SYMBOLS
ER SYMBOL
ggDCHU g 00%0 BUSY € OQOR
FORT A Q0F0
PULL A 0018 UNDFLO € O03E

ASSEMELY COMPLETE,  NO ERRORS

SOURCE STATEMENT

JNF NOERK
HVI ArOOH
Iy 04
out FORT
DCR It
JNZ LOOP2
POP I
Fop Fsu
RET
END

RZY £ 0001
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AMDCHD

LOOF

FAGE

C 0020

LOOF2

C 0042

FUNDERFLOWy THEN SEND ZERO TO THE BOARD

NOERK € 0048




ASMBO 1F1!AMDSTR,SRC DEBUG

PAGE 1

AMDSTR

ISIS~IT 8080/898% MACRO ASSEMBLER» V3,0

S e T T R e AT TR AT T T e T A TR T T e T TR TR ST VATRRS Teswee

SOURCE STATEMENT

LINE

LOC OBJ

UNDFLO

-

B I ==
TN o] €3
-t et 4 o< 4
I > (£3 ] w2
bl € =3
TNCY b = >
o} x4 =2 ul
R o1l o § 23 = .
e NN > ~ < o]
2 O O -+ 2 b 534 =4
<Trt 12} = w2 > O v 4
x Ziz 2 u 2 - - T
[=<1; B = — - x <
[ - - 2 x 1T - o
L = JJ.d0 o | e << 3L g
o 33 3 2 <3 <Tiad =2 oz
-4 UM v 2] a. b - L. ~dZ s
W Zldlid W Ll = 0 T o — —
= @Y oL x oL = =1 <T = 12
= =2 T3 (el = = =4 2] ] e
=l O b o > QoL Q2 = (%]
xr I Ll 2} - X 2 ITEO < (=T ud
=Z—- I fep ] Py [ 22 b= 0 P | % O3 [> 4
L o - [4. 1551 = bl = uich T > 0
~bF <TEZLITD L w a o i Lis
< w>o oz -~ 22 | s | oz | et =
o €31 j=1T 4 — - [ < T | (o= B = | > ==
oz = O . wo et u <<€ <CTOXE Jd = < < i
Kl b~ i 223 > [ - S5 = O b X = K oL
T NOZLL = iz 22 i o
20 =z o o Leitad - L3 d - L] JES ¥ —
a4 3 -l OZidd > - i &5 X = - = o w
(<] O/ O-OL) << << X O W ZT oLl << < Ll
el S5d0 e X <7 =2 QO o Gwnn DO = w [+
2L i JOEeli] o< PO am em M CBmemem  «m 4n PR S am
o XL XN
O.Jd <ClioZrab-=3r
G WRWOLIGL.
2 ZEOIrSZX-O
O 2050 <
Zil
TS Lt B
= ZeCiMe O
= =
~i~ U3 oz o - ~drt o o x
ws O b x - -+ X d4 - L.
] 2] < o - > 28 - . Lo [
<3 = wr =2 ¥ UCTWALWITEaTAW XX O
~ = St O D el =0 s wE s S =
“% wl < Ovd <L SO A E AN v Z A LS D ODT 00 N 3T 1350 190150 50 1% 0
o o
nx -
< tad -~ B = >< > X
Qo = =T X W W T D dbe Dttt AN I et LA XX O LD
Em = Wi oo O GO E SRRSO C R CONE SR
= -e
T
- m - -
e V4 -l ez > P
(= TN xd - m (%]
az oD x =2 <
PSR ERTRTRT R LRV RN TP WE TRT LL R e = [~ -3

OIS LEIDIN DO 4 0 M LI O N B30 D I LI SO0 Ot M LI DD D0 O wACNMI T WD DO O
et gt 7t ¥ gt 3t et et 7 ot CY I CI O IO T O CICHIS I MM NI PIISIOTS b b b b b~ DL NN

Q Q Qo
S < < O
< < (=
¢ WOt WS Cd ol L

WML <o O <C LI 2 O EL<E ~O O SOOI G OGO AQ Ot
SOOOSMLINIUCMARNLWIL OUWON WL OMOOCO OO

< SIS O LIS NN Ul MU O T RO bl L

N

<
Li.~t ODCCOOCO OO virtrdrdrird v +CCI CICICICI CICICICI TN
o0 COOOOOVOTCOOVOLOODOLOOLODRROIDOD
(=1 OO OCOOTOCOCOOCOCUOOOOOOLTOTTC
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2

FAGE

AMDSTR

TSIS~1T 8080/8085 MACRO ASSEMELERy V3.0

SOURCE STATEMENT

LINE

LOC OBJ

o
<L
=
= [~ ]
< o w3
- fa P |
<
. | b
il | %3 = &2
- 1ol ot
- = 3z <
- S e 2 1
= b [~ %
[e2 =0 >< o
Ll Ll j33 [T5]
o2L = F o
O x (7]
-= R~z - e
53} >l 4 m
x 154 = 1133
) o ~ fod
[ o I ] o4 i <
- a>< [ {42] -4 > [£3
< 3 al uj x= 33 53  $ 3501
[=] 731 —Lzd [ PV TY S
'l = S bl Dej=  Depe Delid
. =X a2 =5~ N~ =1+
v j==3%34 Xa<C = 1=~ o
il > o d Ll | £3 Wl
= | ol ot = 9 Db D= D
b wc <Tlsdiud <Cul <l Tl
=2 [E148 | [spldix-q s it
- - A Pl Nt St A EE £i X1 N AW Al
x -t o3
[ 4 X X | | e | e
[~ 1. 4 Ll = & o [+ o
- LTI . Ll [~} [ [
T, <CNCS o [+ -1+ 00 O 535 S Qe 105 53 5
> > > > >
el LI IO S L XL KA —"a
WS EZ IXLaEemd<-ZITX QT O OOl
R m e A Y B e Y g d s A v v =1 It Lt =1L O e 1
o - cove
- o —~Cd
L [ 0.
= i ot bl
= 2 P
= = "I
5707:89010,“3457078901»&34.36789010&3
rurdrdwdwdlﬂéé.ﬂéé&u66677777777778888
w Q [ ¢
<> < <
(=] (=3 <
o O 0w e < < <
O N -l il i Li |'8
01E9~38779~6F36FFNLB?FBWLBBQABB?—IQ&
MO OXL OMLILIHOSI~OOOROOSOORL
-t CI D CROL I AR CORLIL OISO 00
MMM 19091 M b - o RN WL
COCOOOSOOOCQOORLOLRRROOIIORIDD
COCOOOOOSOOOTOOOOTLOTOOOOOCO

PUBLIC SYMBOLS
ANDSTR C 0000

EXTERNAL SYMBOLS

A OOFQ PULL A 0018

FORT

NOERR C 0038

C 0024 RUSY € 0004

UNDFL.O € 0032

RACK

NO ERRORS

ASSEMELY COMPLETE,
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ASHBO (F1!ANILOD, SRC DEBUG PAGELENGTH(75) PAGEWIDTH( 90)

ISIS-II 8080/8085 MACRD ASSEMELER» V3,0 ANDLOD  PAGE i
L.0C 0OBJ LINE SOURCE STATEMENT
1 fROUTINE TO LOAD A FLOATING POINT NUMBER ¢ IN INTEL FORMAT) FROM
% g THE ADDRESS IN BC INTO THE AMC 95/46011 INTERNAL REGISTER
4 NAME  AMDLOD ?
o f
b i ‘
00F0 é fORT EQU 00FOH
]
9 PUBLIC AMDLOI
10 4 !
i}' . CSEG
&~ !
0000 DBF1 13 AMDLOD? IN PORT+1 QRQAD STATUS
0002 B7 14 ORA ) 1SET FLAGS
0003 FAO0000 C 15 JH AMDLOD $LOOP IF BUSY
0006 0A !é LIAX B .
0007 D3IFO X ouTt FORT FSEND BYTE 0 ;
0009 03 TR INX B |
000A 04 "4 LDAX R
9003 D3Fo PR ouT PORT $SEND BYTE 1
000 03 23 INX R
000F 0A 22 LDAX R yGET BYTE 2
000F F480 23 ORY 04 sSET MBR
0011 D3F) 24 out PORT s SEND
0013 0A 25 LDAX B {GET BYTE 2
0014 17 26 RAL sMOVE SIGN TO CARRY
0015 03 27 INX R
0016 0A 28 LDAX R §GET RYTE 3
0017 17 29 RAL sSHIFT IN EXPONENT LSE
0018 17 30 RAL fBEGIN CONVERTING EXPONENT
0019 DA2800 31 JC LABEL1
001C FE7C 32 Crl 7CH FEXP=2%%-55
001E [23400 33 JNC LABELZ2
0021 {F 34 RAR
0022 3E80 35 MVI Ar80H #IF NOT EXP=2%%-45
0024 F 36 RAR
0025 C33700 C 37 JHD LABEL3
0028 FE7C 38 LARELL} CPI 7CH FEXP<2%%43
0024 DA3400 39 JC LAREL2
0020 1F 49 RAR
002E 3E7E 41 MVI Av7EH $IF NOT EXP=2%%42
0030 1F 42 RAR
0031 C33700 C 43 JHP LABEL3 ~
0034 C4604 44 LAREL2: ADRI 04 sCOMPLETE CONVERTING EXPONENT
0034 OF 4% RRC
0037 DIFO 46 LAREL3?Y OUT FORT $SEND EXPONENT(BYTE 3)
0039 C9 zg Egg F RETURN

PUBLIC SYMBOLS

AMDLOD C 0000

EXTERNAL SYMROLS

USER SYMBOLS

AMDLOD C 0000 LABELY C 0028 LABEL2 C 0034 LABEL3 C 0037 PORT A 00FQ
ASSEMELY COMPLETEy  ND ERRORS
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e ST oy

ASHBO IF1VINTSTR.SRC DEBUG PAGELEMGTH(75) PAGEWIINTH(90)

IS1S-11 8080/8085 MACKD ASSEMBLERs V3,0 INTSTR  PAGE 1
LOC O LINE SOURCE STATEMENT
1 jROUTINE TO STORE A 14-BIT INTEGER AT THE AUDRESS IN EC
2 i FROM THE 95/6011 INTERNAL REGISTER
! w
i NAME  INTSTR
(<
6 1)
00F0 7 PORT  EQU  OOFOH
5 PUBLIC INTSTR
10
T CSEG
0000 DBF1 13 INTSTR IN PORT+1 JWATT TILL NOT BUSY
0002 B7 14 ORA
0003 FAODO0 € 15 JH INTSTR
0006 03 18 N B
0007 DEFO 17 N FORT .
0007 02 18 sIgx FSAVE BYTE 1
0004 OF 19 fic K
000K DIEFO 20 N FORT
0001 02 51 GTAX  F ISAVE EYTE 0
000E €9 2 RET
55 END
PUBLIC SYMBOLS
INTSTR € 0000

EXTERNAL SYMEOLS

USER_SYMEOLS
INTSTR C 0000 PORT A 0070

ASSEMBLY COMPLETE, NO ERRORS
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ABHBO IF1IGIVE,SRC DERUG FAéELENGTH(?S) PAGERIDTH( 90)

ISIS-IT1 8080/808%5 MACRO ASSEMBLERy V3,0

LOC OBJ

-
-
=z
m

R N
£

prg=1
o} ame
(=21
T

00F0

Gler wsr as“Twrws wsGras
[
paas
-

-n
o
t o d
<
m

0000 C

SIGID D~
R
2 © o

cwww_c;xl»uu»uu»
<

<

=
CONONLALINI e TImMI
€ 9=t s gt TP et ot 1T et et TS Bt et 22239 e T 09 259

T o . o s Pt Posts {1

QOO OD
SOOOOOOD
== N0 00 NP P e OO DN NS GIrI - GO DN LA GIPIre

TIGIEIRI FIEIEI DI PIDI PI NI Pt Ik Lok ks k- ot ot e bt e

PUBLIC SYMBOLS
GIUEI CYOOOO

EXTERNAL SYMBOLS

USER SYHBOLS
GIVE C 0000 PORT A O0F0

ASSEMBLY COMPLETEs  NO ERRORS

SOURCE STATEMENT

GIVE FAGE 1

E_TO GIVE_A FLOATING POINT NUMEER ( IN AMD FORMAT) AT THE ;
§5 IN DE TO THE AHC 95/4011 INTERNAL REGISTER !
NAME  GIVE :
QU OOFOH !
PUBLIC GIVE f
CSEG
IN PORT#H1 SWAIT TILL NOT BUSY ;
ORA A |
JH GIVE ;
LDAX i |
Ut PORT FSEND BYTE 0
INX )
BT Port FSEND BYTE 1
HH |
qu? PORT FSEND BYTE 2
thAX D
ou PORT i5 TE 3
ouy POR $SEND BYTE
DCX D
eX D
RET
END

(..'i‘?. -:. Now
- e AR,
Oil FOTR T &
£ \'b\ali‘ . L
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ASHB0O IF1IGET.SRC DEBUG PAGELENGTH(75) PAGEWIDTH(?0)

ISIS-II 8080/808% MACKD ASSEMRLERy V3.0
LoC ORJ LINE SOURCE STATEMENT
1 iROUTINE TO GET A FLOATI
% 1 AMC 95/6011 INTERNAL R
'
g \ NAME BET
z !
j
00F0 é PORT EQU OOFOH
f
9. PUBLIC GET
10 4
i1 CSER
124
0000 13 13 GET? INX [
0001 13 14 INX It
0002 13 15 INX I
0003 DBF1 16 BSY! IN PORTHL
0005 R7 17 ORA A
00046 FA0300 C i8 Jﬁ ESY
0009 IIEFO 19 1 PORT
OQ0R 12 20 STAX i
000C 1R 21 DeX I
Q000 LIRFO 22 IN FORT
000F 12 23 STAX J
0010 1B 24 ICX I
0011 DEFO 25 IN PORT
0013 12 24 STAX I
0014 1B 27 nex It
0015 DEFO 28 IN FORT
0017 éz 29 STAX I
0018 C9 30 RET
i1 END

PUBLIC SYMBOLS
GET C 0000
EXTERNAL SYMBOLS
USER SYMBOLS

RSY C 0003 GET
ASSEMELY COMPLETE)

C 0000 FPORT A 00F0
NO ERRORS
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GET

PAGE 1

NG POINT mUHBER (IN_AML FOR
EGISTER AND STORE IT AT THE

iNOVE POINTER

iWAIT TILL NOT BUSY

1 SAVE EYTE 3
iSAVE EYTE 2
$SAVE EYTE 1

i SAVE EYTE 0




ASHMBO IF13INTLODVSRC DEBUG PAGELENGTH(7%) PAGEWIDTH( %0)

ISIS~I1 8080/8085 NACRO ASSEMELERy V3,0

LOC 0BJ LINE

i

i

i

;
00F0 §0RT
i
i
)

NTLOD?

N OVDNOUIP I NI OO DN S LN

QUoCES IR
VYD HLD> DN
<
DIPIDI s bt bt ot st ok s ok

PUBLIC SYMBOLS
INTLOD C 0000

EXTERNAL SYMBOLS

USER SYMBOLS

INTLOD € 0000  PORT A OOF0
ASSEMBLY COMPLETE»  NO ERRORS

SOURCE STATEMENT
ROUTINE TOL LOAD A 15-BIT INTE T THE ADDRESS IN BC INTO
QHE AEC 85/6011 IN%ERN L Rgclggékh A

NAME  INTLOD

EQU 00FOH
CSEG

PURLIC INTLOD
6%A KORT+1

JH INTLOD
LDAX R

ouy PORT
INX B

LDAX K

out FORT
RET

END
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INTLOD  PAGE |

JWAIT TILL NOT BUSY

iSEND BYTE ¢

#SEND BYTE 1




ASMBO IF11T32L00.SRC DEBUG PAGELENGTH(75)

1

PAGE

132000

ISIS~-IT 80B0/808% MACRO ASSEMELERs V3.0

SOURCE STATEMENT

LINE

1.0C 0OBJ

3

N
132.00
00FOH

PUELIC TI32L0L

0

?
NAHE
CSEG

EQU

= -
Ok o2
o o

FUAIT TILL NOT BUSY

FSENIY RYTE 0
FSEND' BYTE 1
B
ySEND EYTE 3

JaLon

> >< > ><
€ IO T 2T KT =L 2O I
P 2, -t e {0 e T T g 0 3 = e b4 T g
P4 _ IO S IO S JOR J Ot 0l L

-
==
o
-~
o
M

o  dmemf} em  em  smi=q

et O < E IO O O Ot SIS H IO M G O O IS LI O O N O O M 2
i el rd v ved e i v O] IO O TR O T O Mt M 9SS

00F0

C

0000

band < < < <
. L |8 | T L
MN<TMMMMMIECMGCIN I -<MmMmMarMaMmes
SGRL. OOCOROOMOOCEHROOaOOOoCU

SCIMD OO OISl O O DO B0 < O
QOO OOO vrdvivrivdvdrdrdvrisirs
OOCOOLOOOUOOOOOUNIOCOOOTT
SOSOCOOOCUOTOTCOROOCOTTOCOT

EXTERNAL SYMBOLS

A 00F0
NO ERRORS

PORT

ASSEMELY COMPLETE

SYMBOLS
on € 0000

=1

(323 ]
D
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