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ABSTRACT

A sonar s{gnal simulator, basea on the application of the
SDK-85 microcompute}, has been developed to work as a train-
ing and test device wieh the current AN/SQS SOS.Sonat Sys-
tem. It is entirely self contained. Déyelopment work con-

sisted of both the programme and hardware development of the

total package.

This thesis deals with a. unified approach for the design

and development. The mathematical principle for deriving the

sigrial generation algorithm is presented. The software de-

veiopment includes a computational part for the generatieh
of a target return signal. A control part is also included
for inpgt/output ‘and timing cont?ol of the ' signel genera-
tion. Hardware design to interface the computer to the sonar
system is also presented. A complete configuration is in-

cluded.
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. Chaptér I
INTRODUCTION

1.1 GENERAL

In ordgg to provide training opportunities for sonar re-
ceiver operato:s'and to evaluate receiver performance in the
. absence of actuél sonar tgfgets for active sonar systems, a
sonaf return signalrsimula?or can be designed that will ful-
fill these requirements. It is the objective of this thesis
to complete such a design, which is self contained, and is
designed for one pértidhlar sonﬁr system, the AN/SQS 505
system. The principlés outlined in this design could however
easily be adapEed to supply simulated responses to other so-
nar receivers. -A‘éeérch of professional iiterature has nof
produced references to earlier work on sonar signal simuyla-
tors. The,work_reported here 1is thus entirely the develop-
ment of the author in conjunction with the members of the
research team- oﬁ this project as indicated in the acknow-

ledgements.

The problem is to supply signal inputs to the sonar sys-
tem, which simulate the actual return signals and which cor-
respond to the assumed target vessel position, velocity and

direction with respect to the position, velocity and direc-



2 .
tion of the receiver.  The range R and angle® of this rela-
tive position are computed at regular time intervals, cor-
responding to the periodic signal transmission from the
transducer. Tﬁe return signal paramefers include’ also the
doppler :requency shift and tﬂe normalized amplitude. The
- doppler freqguency shift is derived from the velocity and di-
rection of the target with respect to the receiver. The nor-
malized return signal amplitude relates to the actual visi-.
ble size of the target, and to the amplitude gain of the
target which depends on the target position wi;h fespect to
the center of the beam. The amplitude envelope is also cho-
sen to simulate the multipath effect. The sectors on the
transducer are numbered in a clockwise direction, each of
width 10°. Therefore, there are altogether thirty-six trans-
ducer sectors. A response may occur in a combination of two
adjaéent sectors of the receiving transducer, due to the .an-
gular position of the target. = Also the time delay between
the right and left half beams of an excited sector, repre-
sents the phase difference between the two half beam signals
due to the~33£38t location deviating from the center of the
main beam. The indication on the display screen in the sonar
system 1s to s sw the distance between the target and the
receiver, doppler frequency shift, angular position and the

size of the target.

S
The computer programmes written assume the initial veloc-

ity, distance and the angular position of the target with
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éespect to the receiver. An'Ihtel SDK-85 microcomplter is
used to generate, aécording to these input parameters, the
return signal in éynchronization with the transmitted puls-
es. The role ;f the microcomputer will be further discussed
in the next section. Control ‘signals are also generated by
the computer for the proper timing to generate the return
signal. In order to interface this signal with the scnar
system, hardware is used to convert the digital output data
from the computer into analog signals. In addition, multi- -
plexer circuits are built to select the appropriate circuits
of the sonar system to repregent the angular position of the

target, corresponding to the sector of the receiving trins-

ducer.

1.2 PROBLEM STATEMENT

The specifications are provided to develope a sonar simu-
later for one particular sonar I§ystem, the AN/SQS 505 sys-
tem. However, the princiBiEE\;an be generalized to supply

simulated responses to other sonar receivers.
A ) ‘
The following data were used as basic parameters, creat-

ing a prototype system that can simulate one single target
in a range f'ronb 800 yards to 32000 yards. Th_e target should
appear in one beam and in one adjacent beam. According to
the assumptions of the initial orientation between the tar-

-
get and the receiver, the simulated return signal is comput-
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-

ed. The doppler fr;qUency shift of the return signal should

4

have a :esolution of 100 nanoseconéé. ‘The return freguency
is the 7.2 kilohertz transmitted freguency modified by the
‘doppler effect. The receiving transducer consists of thirty-
six sectors to identify the possible target positions within
10O beams. Alsé, "each sector contains right ahd left hélf
beam signals. Therefore, the simulator should provide sev-
. enty-two possible outputs to be connected to the sonar sys-

tem, four of which are active only at any given time. v

The thesis consists of three parts - derivation of the
algorithm, the software design and hardware design. An al-’
gorithm is developed, and programmed to have the microcompu-
ter provide the digital data to be translated into return

target signals to the sonar system.

-
-

The SDK-85 microcomputer was chosen for its sufficient
applications for this particular design. The initial data.
for the algorithm can be entered intoc the computer via the
keyboard by accessing the keyBoérd interrupt. The computer
has to be synchronized by the transmitted pulses from the
sonar system. The computer provides a feature to compute the
period of these pulses by hardwiring these signalé from the
sonar system to the Serial Input Data of the CPU ( Central
Processor Unit ) of the computer. Also,-the comphter can be
programmed to provide a start pulse through the Serial Qut-

put Data to the hardware. There are also two other inter-
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rupts which can be hardwired to the CPU. They are the syn-
chronization pulses and the timer interrupts. Furthermore,
all the signals are TTL (Transistor Transistor Logic) compa-

tible.

The software consists of two parts - a computational part
and a timing control part. For pe;ségal preference and
simplicity, the compuational part is programmed in Fortran
to calculate thé data for the target return signal. The tim-
ing control part is programmed in 8085 Assembly Language. It
controls the input/output data flow and it also generates
the céntrol timing interrupt signals for the occurrance of
th§ return signals. The entire programmes are stored into
the Erasable .Programmable Read Only Memories (EPROM's) by

means of EPROM programmer which is availabe in the Universi-

ty of Ottawa.

The hardware serves as an interface between the computer
and the sonar system. It is designed to interpret the digi~
tal data from the computer to create the analog signals. The
clock circuit, which is an entirely novel development, re-
ceives the digital .data rep;esenting the frequency and the
left half beam time delays; In synchroniéation with the
transmitted pulses, the clock circuit generates the clock
output signals representing the ffequency of the return sig-
nals. These output signals are in turn used to clock the am-

plitude data through the Digital-to-Analog (D/A) converters
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into one or two of the thirty-siy sectors of the sonar re-

1)

ceiver,

The overall system is shown in Figure 1. The ;njection
points for the analog signals into the sonar system are 1in
the Preformed Beam (PFB) cards of the sonar system. ‘There
are thirty-si# PFB cards to identify the thirty-six target
séctors in 10 beams.

[

1.3 OUTLINE OF THESIS

h

In this thesis, the conceptual dgvelopment of the sonar
signal simulator is presented. This d;velopment is based on
the application of the Intél SDK-85 miéroéomputer. The the-
sis consists of three parts - the development of the algor-
ithm, the program development for the SDK-85 microcomputer
and the hardware design necessary to éhange the digital com-

puter outputs into the signal format required for intercon-

nections to the sonar receiver.

In chapter two, the initial assumptions concerning the
target and the receiver are stated. The algorithm to gener-
ate the target return signals 1is derived mathematically.
This algorithm provides a target return signal represented
by the normalized amplitude modified by the amplitude envel-
ope ‘chosen, and the doppler shifted return frequency. ° The
two adjacent transducer sectors excited aﬁd the time delay

between the right and left half beams of the return ‘signal

L4

S
.
-
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in each sector are also compu%éd to indicate the correct lo-

cation of the target.

In chapter three, the software 1is presented'using Fortran
and 8085 Assembly Languages. The computational part.in For-
tran is to.compute the paraméters fepresenting the target
return signal. The parameter data are computed to be compa-
tible with the hardware. The dpntrol part, in 8085 Assembly
Language, is formulated to ;?g:ide-proper timing for the oc-
currance of the return target signal.-The input/output rout-

ines for the computer are also presented.

In chapter four, the hardware is presentea to interface
between the SDK-85 microcomputer and the sonar system. The
design consists of three parts - the clock cirguit, the Di-
Qital-to-Analog conversions and the multiplexer circuit. An
acéount of the hardware development is given, which contains
novel concepts. Finally, ‘the interconnections between the
SDK-85 microcomputer, the D/A converters, the clock éircuit
and the multiplexer outputs are given. This completes the

overall design.

In chapter five, conclusions are given and a discussion

of the results is presented.
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Chapter 1II

MATHEMATICAL DERIVATION OF SIGNAL GENERATION
ALGORITHM

2.1 INTRODUCTION

't

- The mathematical algerithm for the return target signals
is generated after assumption of the initial position, vel-
ocity and direction of the target with respect to the re-
celver. Based 6n these input parameters, the signal parame-
ters, required to represenf the return target sigdal, are
derived. They aré the normalized amplitude, a selected am-
ﬁtitude envelope, and the retu?f frequency in Hertz. 1In the
following sections, a detailed derivation 1is given to com-
pute the time of océurrance of the return target signal.
This time of occurrance has to be taken relative to the
transmitted pulses. In addition, the algorithm has to pro-
vide the sector in which the tafget is located, aFd tﬁe ha%f
beam delay in seconds corresponding to the phase difference
between the right and left half beams of a particular sec-
tor. The algoriéhm is programmed to generate all the above
output data (see chapter III)}, -which are to be converted to
analog form. Therefore tﬁé computer output data have to

J .
matgh the hardware design. _ ‘ .
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2.2 FORMULATION OF SIMULATION ALGORITHM '

x

To analyse the problem of supplying test signal inputs
for the sonar system, the required output parameters are
\ - : . .
calculated according to the assumed initial relative posi-

tion and the relative motion of the target to the receiver.

2.2.1 Assumptions

-~

Several assumptions are made:

(1) The coordinate system is chosen in such a way that
the origin is the initial posit?on(t=0) of the receiver, and

the x-axis is the direction of motion of the receiver.

(2) Straight line motions are assumed for the target and

the receiver.

]
i

(3) Constant speeds are alsc assumed for the target and

the receiver.

(4) An initial position of the target relative to the re-
ceiver is assumed.

4

The diagram for one particular orientation between the
target and the receiver is shown in Figure 2., The algorithm
to be derived will be general for all possible orientations.

Refer to Figure 2,

-%. = time when the pulse is transmitted (seconds),



[ = ] 4 T PR,

t, = time when the pulse is reflected (seconds),

t3 = time when the pulse is received (seconds).

1
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Figure 2: Target Position Relative to the Receiver
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Reﬁ%sction Time and Receive Time

Referring to Figure 2, the x and y components of the vel-

ocity of target are A
Vt = Vt CoSs o : (1)
. X .
and
o ¢
v =V, sin ¢
t
ty (2)
wvhere V. is the velocity of target in yds/sec
¢ — is the velocity of target in x-axis in yds/sec
X ’ .
V. is the velocity of target in y-axis in yds/sec
Y , i .
o is the angle in radians between the target path
and the x-axis.
At t = t , the receiver position is
1 | - f
xrl =V, tl (3)
At ¢t = tz" the target position 1is .
x, =x.  +V, % (4)
t2 tO tx -
e, Tt ty 2 (5)

The distance traveled by the transmitted wave is

LY

)
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fi
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. 2 2 - - -
(ta=t,) V. =V/(x, =-x_)} " +vy
2 "l s t2 ry t2
vV ( + VvV, t V_t )2 + (y, +V t')2 | (6)
= b4 - ‘ 2 .
t0 tx 2 r 1 to ty .

vhere V_ is the velocity of sound (yds/sec) in water.
Squaring both'sides, we obtain
2 2 2 2 - 2 2 2 2

2 + tl - Zt-.L t2) vs

I
b
+
<
rt

t, 2 | (7)

Rearranging the terms, we have

4

2 2
t (V, 7 +v." =V ") +t, (2x, V, +2vyv,  V
2 t, ty s 2 t, < 0 v

2 2 2
?_vtx v %l +2t V) o+ (xto + yto + V.° ¢t

2 .,2 (8)

(

t2 is thereforé solved by’

£ = -b z /b2r4 ac ) \
2 2a - ' (9)



2 2
a =y + VvV, -V ] 10)
t. ty s (
b=2x v + 2 v v -2V X
ty ty kg t, I
B9 o . . ) : . . ]
28 V.2 ( (11)
1l s ~
2 2 2 2 2 . A
¢ =X + ¥ + X - 2 x X -t v {12)
tq t ry ty Ty 1l s
l’ Thus t, ,the reflection time, is known and xrl , xt2 and ytz

are known also. At t =4 the receiver position is

x =V t
r

2 2
(t, - £.) V. = /(x -x_ )" + v
3. 20 s *3 % £
) ) a
= /(V_ t, - x_ )" +vy : (14)
r "3 t2 t2
Squariné both sidés, we obtain
‘ 2
2 2 2 _y2424x2%2-2v_ t,x +vy
(£ + £5,° = 2 &5 £3) V© =V g t, r 3t Tt
‘ T, (15)
Rearranging the terms, we have
: 2 -2 2 2
2 w2:-y? 2 b, V.2 =2V, x5.) + +y. 2otV ) =0
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. A
t3'is solved by
- tz-b:/bi-tlaic\ -?_
3 oy | an
"where
a-= vr2 —'vs2 (18)
b=2¢t,V -2V xtz (19)
¢ = xi:i + Ytz - tzz Vsz. B ' (20)

Thus‘t3 , the receive time, is known.

The range between the target and the receiver can be com-

puted as

RANGE = v (x -x Y+ v .
£y t2 “to (21)

The time delay between the pulse transmitted and the sig-
nal received is deternined by the range between the target

and the receiver, and is computed by

Trange = %3 " t1 - (22)
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2.2.4 Doppler Effect :

The frequency of thé pulse is modified by the speed . of
the moving vessel relative to the speed of sound in water
[43. The frequency of the pulse £ is modified as shown in

the Figure 3 and Equation (23).

1
_b .
- v
s
——.__b
£'
£

Figure 3: Freguency Modification for Moving Transmitter

- {23}

where Vl is the speed of the transmitter,
f 1is the trag?mitted frequency in Hz,

f 1is the modified frequency of the wave travelling

in water, in Hz.

For a moving receiver, the relationship between the re-

ceived frequency and the modified ffequency £"is shown by
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~ . M f“ - f' S 2 f“ < f' . (24)

r
\ Vs
as described in Figure 4.

. =V,
- .
i
- SN
f.
f||

' v
~ » )
Figure 4: Frequency Modification for Moving Receiver

e

The return frequency f is found from Egquations (23) and
(24). The diagram in Figure 5 shows the overall doppler ef-
- fect. The parameters are defined as follows:

%_ = transmitted frequency of the pulse, in Hz ‘
El

* f = frequency of the travelling pulse (receiver to

target), in Hz

£ = frequency of the pulse received‘atvlge target, in

Hz
£, = fregquency of the travelling pulse (target to re-

ceiver), in Hz
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fs = frequency of the pulse received at the receiver,

in Hz
The angles 8y 1 8, v 93and-g4, as defined in the figure,
are easily computed by the cosinre rule from the known dis-
tances a, b, ¢, d and e. Therefore the relationships between

the frequencies are:

J -~
v
f2 = fl v, - VS cos 6 (23)
s r 1 ,
V. -V, cos 8
_ s t 2 : : (26)
f3 - f2 v ‘
s
v
£, = = cos © (27)
s £t 3
V. - V._ cos 8 -
£5 = £, > Vr : - 28

Then f5 rewritten as fundtion of £, is:

_ . (Vs - Vt cos 62) (Vs - Vr cos 84)

= — (29)
5_ 71 (v, - V_cos &) (V, - V. cos 6,)

-~ -

The total doppler frequency shift is:

Af = f5 - fl o s (30)
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Figure 53 Diagram for Doppler Effect



Positive dopplef frequency shift means an approaching target
and negative doppler frequency shift means a recedilg tar-

get. ' :

'2.2.5 Sector

The transducer consists of thirty-six'sectors to identify
the possible thirty-six target positions in 10° beams. . The
sectors are numbered in a -clockwise directién while looking
down the vertical ;;is of the transducer. Stave number one
is the element with its center displaced five degrees to the
right of the ship's bow axis. Since the direction of the

receiver is defined by the positive x-axis direction, the

sector numbers are as shown in Figure 6.

e4is defined in Figure 5. Therefore 8, which is defined

as increasing with the sector number can be codputed by
: - o
(2) if yt2 > 0 ; 8 1807 + 84 | {31).

i

where vy_ 1s the y-component of the target position;

£y

(b) if s0 , e=180"°-3, X (32)

v
ts

Now the number of the sector in which the target lies can
be computed from 6 and numbering arrangement of Figuré 6.
When the target is located between two beam centers, the

target should appear in two beams on the display screen.
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Figure - 5; Number Description of Transducer Staves
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2.2.6 Half-Beam Delays

" Figure 7 shows one particular sector (not drawn to sca-~

le). Points a and b are the virtual acoustic centers of .the

‘right and left hand beams respectively and they are separat-

ed by 1.8 £feet. The angley 1is 'the angle subtended by the
target with respect to the center of the beam. Defining
as the relative time delay between the right and left hand

beams, ,t can be computed from:

&t = 7 (33)

where \g is the wvelocity of sound in water,'in ft/sec.

In this particular case, the left hand beam is delayed

23

At

with respect to the right hand beam by &4t time wunits. As-

‘shown, the relative time delay between the right and left

hand beams can be calculated from «y.

The relative time delay of the adjacent- sector is calcu-

lated from the angle of deviation of the target, £rom the

center of the adjacent beam, which eguals (10-v).

g
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Figure 7: One Particular Sector for Half-Beam Delay
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2.2.7° Amplitude of the Return Signal

The amplitude of the return signal is a function of
(a) the range between the ta}get and the receiver,
(b) the actual visible size of the target, and |
{c) the amplitude percentage gain -of th;— target which

depends on the target pbsifion with respect to the

center of the beam. ( See table on page '27. )

However, the Automatic Gain Control- (AGC) circuit, which
is internai to the receiver system, limits the dynamic range
necessary to simulate a target return signél. This will be
further discussed in the hardware design séctio%.

&

Referring to Figure 8, the powTi of the return signal is

propeortional to

Emitted power x GZ(Y) x o (8, LT, W&) . (34)

where Emitted power is a constant,
G is the amplitude percentage gain of the target ap-
pearing in the beam,
E is the actual visible size of the target,
Ly "is the length of the target,

Wn is the width of the target.

The actual visible size of the target is computed by

¢

o (8, LT’ WT) = LT cos B+WT sing, 0<38s%90 (35)
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Figure g: Diagram for the Amplitude of Return Signal.
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Three required envelope shapes for the target signals in-
jected into the sonar receiver are to be implemented. The

design normalises the maximum calculated signal amplitude.

L B 27

According to the transmitter book [3]}any -full beam has
an aperture of 10° with a 3 db attenuation at tg from the
center, Thereégée G(y) is defined as.

G(y) = cos (9v) . . (-:36) ’
When the target is located bethen two beam centers, the
target should appear in two beams on the display screen us-
ing the following algorithm :
—  TABLE - _

_ Y . - cos (9y) ) cos (9(10-v))
Degrée Deviati Main Beam Adjacent Beam
from Center of ) Amplitude Power Amplitude Power

Main Beam' 3 Attenuation (&b) % Attenuation(dB)

0 : 100 0 s | 0 —a

2 95 | ~0.43 31 -10.2
4 81 . -l.84 59 -~ 4.61
5 71 -3.0 4 71 _ - 3.0
6 ' 59 . a6l | 81 - 1.84
8 31 -10.2 95 - 0.43
10 - 0 - 100 0

SN———
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"For a given position of the target, the amplitude (envelope)

of the return signal is (by Equations (34), (35) and (36))

A = /Cdsz (9%y) x ¢ (37)

Now 0 is redefined as cos® + 0.1 sin B, providing that we

take the width as one-tenth the length of the submarine.

”

2.3 LIMITXTIONS .

The sonar signal injector should simulate a single target
only. Target realism is achieved by varying the simulated
return irequency, amplitude envelope, and signal?level. dp-
eration is in a range limited from 800 yards to 32000 yards.
A targ is considered to be” in no more than two adjacent
beams at once to simulate smear at high levels of signal or

¥ :
the movement of a target from one beam to an adjacent beam.

The return amplitude signal is realized by Eguation (37).
The minimum amplitude of the return_ signal is calculated

Q
when Y= 9 and 9 =0.1.

Jeos® (9x9) x 0.1

5
It

min

0.049 (38)

Therefore the total amplitude variation is



Amax - 1
. 0.049
mLn .
_ 20 (39)
1 - ' .

A wvordlength of four bits is considered to be sufficient to
~ simulate this dynamic range of return amplitude to obtain an

adequate display appearance.

The total range of wvariation of the doppler freguency
shift has to be estimated for the designs of the software
and hardware. The doppler freguency is maximum for Tadial
rglative'movement between the targét and the receiver. Posi-
tive dppple; frequency implies an asbroaching target, while’
negative doppler frequency implies a rece&ing target. Now,
- let us consider the case when the target and the receiver
are approaching each other oh the same path. Refe}ring to

Figure 5 and Eguat&gns (25) to (28) ,

6, = 0° : | (40a)
6, = 0° (40b)
65 = 180° | | (40c)
e“ = 180" (404)

Therefore



e e et ————— R e —— = e

\'
£, = £) = :
S T : (41la)
V.-V :
_ s £ .
3= ) —5— . (41b)
=1 . '
. ' v _
f4 = f3 T : (41c)
s £ -
. Vs +.Vr ’
£ = . ‘
5= 5 S - | (1)

. I‘ »

The maximum doppler frequency shift (2f ) is computed as

<

max Af f fs -.fl

(42)

Similarly, for. a receding target (radial movement)}, the max—-

imum doppler frequency is -250 Hz.

Zero doppler shift 1s encountered at the instant when the
paths are perpendicular to the line joining the ship and the

target.



Chapter III
SOFTWARE DESIGN

3.1 INTRODUCTION

The entife software consists of the computational part,
. and input/output control and timing control part. The compu-
ﬁat%onal part generates the time delay between the synchron-
izatioﬁ pulse aﬁé the target return signal; the sector(s)
that the simulated target is situated in; the time delay
between the right and left half beams;' the return frequency
and the normalized return.amplitude of the signal. ‘The am-
plitude envelope is chosen to éimulate the multipath effect.
These oufput data from the computational part of the program
are to be cﬁnverted into analog form by the hardware. There-

fore the data is computed to be compatiblé with the hardware

desigﬁ. .

The other section of this chapter describes the input/
output control and timing control part of the software. This
part is written in 8085 Assembly Language. Initial data are
typed in via the keyboard of the SDK-85 microcomputer. The
input data are converted from BCD.(Binary'Coded Decimal) to
floating point format and stored in memory, ready to be used

in the computatiohal part of the programmes. The output data

.-.31_
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is also stored and ready to be delivered to the hardware.
The system is organized to carry out all the procedures in
sequence. Interrupt signals are inserted. The return sig-
nals are synchronized with the transmitted pulses. The RAM
timer is programmed to provide interrupt signals for the oc-
currance of the return target signals. Error messages are

also detected.

3.2 COMPUTATIONAL PART FOR SIGNAL GENERATION IN FORTRAN

The generation of the return signal has to be started by
punching in the input data, converting and storing them in
the fioating point format in some assigned’ﬁemory locatioens.
These numbers are ready to be used as soon as the Fortran

subroutines are called.

3.2.1 Fortran Subroutines

The algorithm for the generatioﬁ of the retuéﬂ target
si&?al is programmed in Fortran Language. This'programme is
df;ided into three parts to allow convenient calculation of
the next return signal after transmitting the next synchron-

ization pulse. The three Fortran subroutines are:
SUBROUTINE RECPOCL
SUBROUTINE COMPl

SUBROUTINE COMP2 -
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RECPOL serves to convert the input data from polar to

. 1
rectangular coordinates. It computes the velocity of the

target and the relative range of the-target.

COMP1 is called immediately after the transmission of a
pulse; when this event occurs, the stgrting r%ference time
is set to zero. COMP1l calculates the time delay of the re-
turn signal'from the time of transmission. The delay cor-
resﬁonds to the round trips of transmission and return of
the signal. This is ‘shown in Figure 9. COMPl is designed in
such a way that the timer.for the delay can be set as soon
as the time delay infbrmation'assqciated with the range is
available. ;'Ehé¢ﬁéxf'éaillof COM?i occurs at the next tran-
smission time. This time corresponds to a single period of

the synchronization pulses.

COMP2 performs the last stage of the computations. It
first checks if the range between the target and the receiv-
er lies between 800 and 32000 yards.. If it is, the computa-
tions will continue; otherwise, error messages are generated

in the following manner:
IF (RANGE .LT. 800.) GO TO 450
IF (R;\NGE .GT. 32000.) GO TO 451
FLG=0

RETURN

N



450. FLG=1
RETURN
451 FLG=2
- .~
RETURN
END

The flag. is set to zero if the range is within the limit.
The‘flag is set to one if the range is less than 800 yards.
-Thé flag is set to two if the range is greater than 32000
vards. This flag will then be checked in the Assembly pro-
gramme and different error messages will‘be generated ac-

cordiﬁgly.

The sector numbers, time delays between the right and
left half beams, frequency modified by the doppler effect,
and normalized amplitude are also computed to complete the

programme of COMP2.
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3.2.2 Generation of Input Numbers to the Hardware

COMP2 calculates the actual realizable values of the par-

ameters required as output signals. However, these actual

values computed will not be delivered to the hardware. These

values are modified to be interpreted by the hardware. N

Therefore, COMP2 has to translate these actual numbers to

infegers which can be coded into a required number of bits.

Then these values can be transferred to the output ports /

ready to be delivered to the hardware,
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3.2.2.1 Sector Numbers

‘The target should élways appear in two beams on the dis-
play screen. A method has to be determined to reduce the

- -"\____ ‘
numbers of addresses for the input sectors. ‘A target must
.appear‘in one sector and the adjacent sector. Since the cen-
ter of one beam is 10 degrees apart from the center of the
adjacent beam, there are altogether 36 sectors to be excit-
ed. The method of reducing the number of addresses is based
on considering the sectors as being grouped in sets of two,
with even and odd sector numbers; so that an odd sector and
one of 1its adjacent even sectors will be addressed- in all
cases. . Thus, the two different groups of even and odd sec-
tors have 18 different sectors each. Thus, two sets of ad-
dress lines of five bits each are sufficient to address the

two sets of 18 sectors { even and odd ).

Even sector 2 4 6 8 10 ... 28 30 32 34 36

Computer output # 0 1 2 3 4 ... 13 14 15 16 17

0dd sector 1 3 5 7 9 ...27 29 31 33 35

Computer output # 0 1 2 3 ¢ ... 13 14 15 16 17

o

1f EVSEC = even sector number

—



SO ' | 37
ané3-3' CDSEC = odd sector number, theAequations to com-
pute these values can be implemented in the following pro-

gramming form: ~

EVSEC (EVSEC - 2)/2

and ODSEC {(ODSEC - 1)/2

-

3.2.2.2 .Timeinelay Dividing Numbers

Since tlfe target must appear in two beams and eaph sector
excited consists of right and left half signals, there are a
total of four signals to be injected.into the sonar system
at the half beam level for every return signal. COMP2 calcu-
lates the relative delays, used for fine tracking, between
the right and left half beams both in the even ané.odd sec~
tors. A method 1s proposed to delay the fight half beams of
both sectors by 30 microseconds as shown in Figure 10, so
that the delays are described solely as positive numbers,
The advantage of doing this is to eliminate a possible nega-
tive delay. COMP2 controls the variable left half beam de-

lay by determining a value in the range between 0 and 75 mi-

croseconds. This produces the following effects:

a. the appeérance of the variable delayed signals 30 mi-
croseconds ahead of the fixed delay when the variable delay

-

is set to zero microsecond;

b
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\ < Left Half Beams
in between -

Y

4]
Right
Half
Beams
0 30 : 75
Time in_ Microseconds ) #

Figure 10: Absolute Delays of Half Beams

b. the arrival of the variable delay signals 45 microse-
conds after the fixed delay when the variable delay is set

to the maximum 75 microseconds; and

-

c. all values in between the above extremes in increments
of 5 microseconds by adjusting the variable delay between

zero and 75 microseconds with a 5 microsecond resclution.

Further comﬁutations must be made to determine the absolute
delays of the left half beam signals of both even and odd
sectors. Four bits are sufficient to divide down (will be
described in Chapter IV 'Hardware Design') to the reguired

frequency with a 5 microsecond resolution. If
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ELDEL = delay of ieft half signal of even sector,
NELDEL = computer output dividing number,

OLDEL = delay of left hélf signal @f odd sector,
NOLDEL = computér output diéiding number,

the equations to compute these values can be implemented in

the following programming form:

ELDEL = (ELDEL/5.) + 0.5

NELDEL = IFIX(ELDEL)

QOLDEL = (QLDEL/5.)} + 0.5

NOLDEL = IFIX(OLDEL) R

Thus the delays can be guantized into the closest integers

associated with the 16 different lévels.

3.2.2.3 Freéequency Dividing Number

The frequency of the return signal was calculated 1in a
range of 7.2 KHz + 250 Hz. The hardware is designed in a way
to divide the 10 MHz crystal ( will be discussed in Chapter -

IV ) down to twice the required freguency. 1f

FREQ fregquency of the return signal,

NFREQ

computer output dividing number,
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the freguency dividing number is computed in the~following
L

form: i

FREQ = 10000./(2.*FREQ) ~+ 0.5

NFREQ = IFIX(FREQ) ' S

y

3.2.2.4 . Amplitude Numbers

COMP2 oﬁly computes the maximu@ normalizing amplitudes of
the return signal 1in both even and odd sectors according to
the algorithm derived.- The points describing the amplitude
envelope will be calculated in the Assembly programme.

3.2.3 Flowchart

The three different Fortran subroutines complete the gen-
eration of the return signal. Once the input parameters are
initialized, RECPOL is not repeated again. However, COMPl
and COMP2 are repeatedly called for evé;y consecutive compu-
tation of.the return signal, COMP2 does the.rest of the com-

putations. Figure 11 describes the mechanism of COMP2,

al
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START

\

-

3

Compute the range between the target and the recelver

Check if
ange > 32000 yds

| Set flag = 2 —+<1§Ei>

Compute the actual even and odd sector numbers
Compute the computer output numbers of addresses
of even and odd sectors

Compute the absolute time delays of the left half
beam signals of both sectors with a con-
stant time delay of 30 usec of right half
beam signals _

Compute the computer output count down numbers of
the left half beam signals of both sectors

Compute the frequency of the return signal
Compute the computer output dividing number of the
frequency of the return signal

r -

Compute the amplitude of the envelope of both sectors

TIME (Transmission) = TIME + T SYNC (Period of
synchronization pulses)

Y
Set flag = 0

b

END

Figure 11: Flowchart of ®hroutine COMP2

| Set flag = l— .
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3.3  INPUT/OUTPUT AND CONTROL PARTS IN 8085 ASSEMBLY
LANGUAGE

~

The input/output routines are written in Assembly ﬁan-
quage. Parameters are typed-in by the operator ;using the
keyboard. The input data are checked for valid ranges. Par-
ameter inputs are displayed and checked‘:by the opeéater;
The sequence of executions of all the subroutines has to be
ordéred to control the sequence of the output parameters to
‘the hardware inteffaqe. Programmes in Fortran are properly
inserted for signal generation. The interrupts control the,

timing of iﬁjected signals. Output dat% are then delivered

to the output“ports ready to be tfansferred to the hardware.

The entire system éoftwaré is written in Fortran and 8085
Aésembly Languége. The SDR memory, however, is not éuffi—
cient - for the entire dompiled version of - the programmes
written and so additional memory chips are mounted.  An ad-
ditional 14K bytes of EPROM are used for the Assembly and
Fortran programmes and an .additional 1K bytes of RAM are

used for the STACK.

One initialization is the resolution counting for the
time delay which corresp&nds to the range between the target
and the receiver. The RAM timer is to be used  tc count to
" the proper time  delay for the range after the synchroniza-
tion pulse. The timer uses the Central Processor Unit {(CPU)

clock which is 3072 KHz. This is a high clock rate and we do
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not require such a high resolution. Therefore 2 count down
has to be done, in édvance, to the required fregquency cor-
cesponding to a suitable resolution. Thus the BASIC timer is
ﬁsed to count down the CPU clock from 3072-KHz to 400 Hz
which is equivalent to 2.5 msec corresponding to 2 yards re-
solution. Now the 400 Hz is in turn the clock freqﬁency to

~count down for the appropriate delay. : 4::\

3.3.1 Programme QOrganization for Data Input/Output and
Control -

-

The structure of the system is designed in such a way
that after the réégt entry point it executes all subroutines
in sequence, computations for repetition time of synchroni-
zation pulses and signal target return, error dgtection, in-
terrupt signals and data to the output ports. A flowchart

for the seguence is given in FPigures 12 and 13.

A character from the keyboard, either a GO or NEZXT,is
pressed by the operator (see Appendix D ;Operation Instruc-
tions'). GO is an indication that the same starting data

should be used to run the following programme. Some proce-

dures are skipped as indicated in the flowchart. NEXT indi-

cates new values are to be input. DATAIN (see Appendix E)
is called to get the starting data from the keyboard; After
this, all seven-segment LED's are turned on until the com-
pletion of REPTIM (see Section 3.3.2) and UNITS (see Appen-

dix E). REPTIM computes the repetition time for synchroni-

3
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zation pulses (TSYNC) and UNITS converts the starting data

" to the proper units ready for the computations of the return,

signals. At this time, reference time 1is set to zero for
the first transmission. The entire display is then cleared
to indicate the completion of all’ the conversions and GO is
now displayed in the data field. Data introduction has been
completed, thus the keybpa}d interrupt has to bg masked-out
and TSYNC and timer interrupts (see Section 3.3.6) are un-
masked. The TSINC flag is cleared at the same time. After
all the preparations havé been done, COMPl is called to
start the computations. The time corresponding to the range”
traveled back and forth is avaiiable at this moment, there-
fore the timer is set (see Section 3.3.3) to simulate this
time traveled. This timer does not start to count until the
TSYNC interrupt comes. The interrupt systeﬁ is now enabled.
COMP2 is then called to complete the computations. Error
messages (see Section 3.3.4). .are displayed if either the
range is less than B00 yards or greater than 32000 yards.
The error flag 1is checked. ERR 2 displayed indicates that
the target 1s too close, while ERR 3 displayed indicates

that the-target‘is too far. Either one will cause the system

to stop. If the error flag is zero, it means the range falls

in its valid limitation. AMP (see Section 3.3.5) is there-
fore called. It.computes, accofding to the envelope ¢chosen,

the points describing the amplitude envelope and stores all

of these in the consecutive memory locations. The interrupt
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enable flag is now checked to see if the interrﬁpts are ena-
bied. "If yes, the system has to wait until the TSYNC inter-
“Tupt comes. If no, the interrupt system is again enabled
and wait for the timer interrupt to come. If it happens that
the TSYNC inteérupt comes without the timer interrupt, error
5¥ﬁessage (ERR 1) will be displayed to indicate that the TSYNC
period is too short. This will also cause the system-to
stop. If éverythiﬁg comes in order, thé systém will go back
to the éomputation of COMPl and repeat the same procedures
again for the next return of the target signal. As will be

mentioned in Section 3.3.6 , the TSINC inte}rupt will start

the timer and the timer interrupt will stop the timer and
®

L .
- - B e T LI
4

produce a start pulse to the hardware interface. It also

transfers all the data to the output ports (see Section

3.3.7) and finally resets the TSYNC flag.

N



/[VGet character from keyboargJ/

Use
Same

Starting
Data

Get starting data from keyboard

|

Compute repetititon time for synchronization pulses (TSYNC)

— Y

Units converslon

L

- 4

Set transmission time = 0

r

Mask—out keyboard interrupt and
Unmask TSYNC and timer interrrupts

b

- ) Clear TSYNC flag

B - -

Call COMPL - Start computations

¥

Set timer

.y

Enable interrupts
¢ a

Call COMP2 - Complete computations

Figure 12: Flowchart of the Structure of Data Input/Output
and Timing Control (Sheet 1 of 2)
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Is

error flag ERR 3 -

- 0? '

Y

Call AMP -~ compute and
store amplitude samples

A

interrupts
enabled?

Enable interrupts

o

£

- 17 target too far

ERR 2 -
target too close

Wait for TSYNC interrupt

-Wait for timer interrupt
If TSYNC interrupt comes,
error message will be displayed.

Figure 13: Flowchart of the Structure of Data Input/Output
and Timing Control (Sheet 2 of 2)
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3.3.2 Repetition Time of Synchronization Pulses, REPTIM

One of the subroutines whicﬁ is called for is REPTIM. It
computes the repitition time of the synchronization pulses
presented to{the SID (Serial Input Data) at the CPU. The
pulses are provided from the sonar réceiver.and serve two
purposes, one for the subroutine REPTIM and the other to

provide interrupt signals for synchronization.

REPTIM checks whether a pulse has occurred. If not, it
waits until a pulse arrives. It then confinues to count mil-
lisecondslstarting from the rising edge of the pdise until
the next pulse arrives. Figure 14 describes this. The to-
tal number of milliseconds is then converted to floating
point format and again.divided by 1000 to get TSYNC in sec-
onds resulting in an accuracy of one millisecond. The number
is now stored in memory andgés one of the parameters reaéy
to be used for computations.

-

e
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TSYNC = Repetition Time of. _
v . Synchronization Pulses

-

Figure 14: Repetition Time of Synchronization Pulses

3.3.3 Set Timer, SETTIM

‘As soon as COMPl is completed, the information concerning
the transmission time and the corresponding time of the re-
turn signal is available. Hence the timer can be set to
count the time wﬁich simulates the distanée traveled between
the target and receiver. The EZXPANSION RAM timer is there-

fore used to count this time. It has a clock fregquency of

400 Hz, Figure 15 shows two configurations that count for N

"'§ec6nds. Therefore the actual time computed for the' range

has to be multiplied by 400 to count with the 400 Hz clock.
'This.multiplied number is then converted from floating point
to integer in order to set khg timer. The single square wave
mode [9] is also set to provide the necessary interrupt sig-

nal when the terminal count is reached.
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1 Hz ——». 'N |f—— N seconds

400 Hz ————m 400 N > N seconds

Figure 15: Configurations Explaining the Setting of Counts

3.3.4  Error Messages

Error messages have to be displayed as required. There
are three error messages, named ERR 1, ERR 2 and ERR 3. For
any one of them, ERR is displayed ih the address field and
either'l, 2 or 3 is displayed in the data field. The expla-

nations of the error messages are:

=4

ERR 1 - repetition time of TSYNC too short
ERR 2 - target too close, less than 800 yards

ERR 3 - target to; far, greater than 32000 ya;as

B :
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3.3.5 Amplitude of Return Signal, AMP

Computations in COM§2 normalize the maximum calculated
amplitude of the signal. Then the normalized signal is modu-
lated by a wave envelope shape fhat is selected from compu-
ter memory by the operator. Since the duration of a ;raﬂ-
smitted pulse is 40 milliseconds, the envelope shape has a
time span more than 40 milliseconds to account for the
spreading effect. Three possible envelope shapes‘.for the
target signals are given in Figure 16. Five-milliseconds
step size is used to‘generaté the envglope shapes. AMP det-
ermines which enﬁelope "is chosen, and computes and stores
all the points describing the envelope in consec;tive memory
locations. Since the maximum time span is 80 milliseconds in
waveform 2,. seventeen memor; locatiéns are therefore re-
. served for storage. If the entire memory is not going to be

occupied as in waveforms 1 and 3, the remaining locations

are set to zero.

Four bits are "sufficient for the dynamic range of the
signal amplitude. The normélized amplitude is translated to
the maximum aﬁplitq@e of the envelope of a particular wave-
forﬁ. The subroutine AMP does this by multiplying the ampli--
tude with 15 and the resulting number is rounded off to the
cldsest one of the sixteen levels. Consecutive points on the
envelope are then stored and ready to be transferred to the

output ports every five milliseconds.
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Waveform 1
14
0 - f
5 35 40 .
Relative
Envelope
Amplitude - ' Waveform 2
N -
/
0 —= | 75 80
- Waveform 3 °
_ 14
2/3 -
1/3 +
o

1520 40 45 60

Time in Milliseconds

Figure 16: Envelope Shape of Injected Signal
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3.3.6 Interrupts

There are three interrupt routines used - RST 5.5 which
is_dedicatéd to keyboard interrupt, RST 6.5 which is used
for the TSYNC interrupt, and_RST 7.5 which is used for the
timer interrupt. The RST 5.5, RST 6.5, and RST 7.5 hardware
interrupts are different in function in that they are maska-
ble through the use of the SIM {Set Interrupt Masks) 1in-
struction, which enables or disables these interrupts by
clearing or setting gorresponding mask flags based on data
in the accumulator., The status of the,interrupt mask previ-
ously set may be read by performing a RIM (Read Interrupt

Masks) instriction.

The input interrupt routine (ININT) is entered when the
RDRKBD routine 1is waiting for a character and the user has
pressed a key on the keyboard. ININT stores the input char-
acter in the input buffer and returns control to the RDKED

routine.

Figure 17 describes the timing control of the TSINC
(SYNINT) and timer interrupts (TIMINT). After COMPl is fin-
ished, the timer is set and interrupts are enabled.- The
TSYNC interrupt can occur anytime after this. SYNINT starts
“the timer and takes care of the order of the interrupt se-
guence. It checks the TSINC flag. If the flag is not
cleared, ERR 1 is genérated, which means that the répetitisn

time of synchronization pulses is too short. This is because
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two TSYNC interrupts come in consecutively without an inter-
vening timer interrupt. If the flag wés found to be
cleared, ERR 1 would not be created, and the interrupts are
in the right sequence. Finally, the TSYNC flag -is sét by

SYNINT.

After.the completion of COMP2, interrupts are enabled to
allow the timer interrupt to occur. The wait time is found
to be longer than the runtime of COMP2 in all circumstanégs.-
Therefore the timer ;nterrupt must occur after the comple-
tion of COMP2. TIMINT stops the timer and generates a start
pulse to the hardware. -ECHO 1s then called to load all the
output parameters t¢ the output pbrts, The start pulse is
now reset and the TSfNC flag 1is also cleared. The system

will then go to the computations of COMP1 again.

)
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3.3.7 Qutput, ECHO .

ECHO transfers all availéble output data storéd' in the
memory to the output ports. The port assignments are shown
" in Figure 18. ECHO has to account for ‘the fact that NELDEL
and EVAMP are transferred to the high order bits, and NOLDEL
and ODAMP are transferred to the low order bits of the re-
sé;ctive ports.-The consecutive peints, representing the en-
"velope, are to bé transferred to -the output ports every five

milliseconds until the last value has been transférred;

— ———
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Chapter IV ' . o
N 'HARDWARE DESIGN

4.1  INTRODUCTION ' | | : o

-
-

Referring to’ Chapter I4I 'Software Design', the digital

outputs generated by the computer are the even sector num-.

ber, odd sector number, even sector amplitude, -©dd se

g

amplitude, freéuehcy of return signal, even left sector de-
lay, odd left sector delay and a start pulse. A start pulse
has to be initiated before the delivery of the above digital
data to the hardware.

<

To provide analog Siénal inputs to the sonar system, the
hardware is réquired to generate a‘signal, the frequén;y of

which is the transmitted fregquency modified byrﬁﬁhe doépler

shift. (Refer to Sections 2.2.4 and 3.2.2.3.) This signal

should appear'gg;giwo.adiacent sectors to in@iéate the cor-

rect position of the target. (Refer to Sections 2.2.5 and
3;2:2.1.) For the fine fraéking in the sonar system, two
~§Tgnals, representing the right and left half beams for each
sectbr,‘ éccoudt.for the phase difference in the half beams. 7
(Refer to Sections 2.2.6 and 3.2.2.2.) The amplitudes of

each of the signals'are determined by the calculated normal-

ized values and by the AGC (Automatic Gain Control) feedback

[}

\‘ .
_58_
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-

from the “sonar system. (Refer to Sections‘2.2.7, 3.2.2.4 and

-

3.3.8.)

The overall design 'is shown in. block diagram form in Fig-
ure 19. The number of bits has been defined for every out-

put parémeter of the softﬁare. The right and left half beams

of a sector are addressed by the same number since they are..

in the same sector. As the sectors are grouped in sets of
two, ,thére are four groups ofiéighteen,half beams.  Thus,
for the main and adjacent sectors excited, -there are alto-
gether four 18-output multiplexing circuits. Two éf.these
indicate the right and left half Seams cf an even sector,

and the other two indicate those of an odd sector.

The digital data representing the amplitude envglope is
clocked into the multipiying D/A converters by a number of
'frequency signqls coming out . of the ‘clock circuit. Only
three clocks are required because the right half beam of
each sector is taken as a reference delay of 30 microseconds
and the other two left half beams are clocked at the re-

guired times. corresponding to the computed\éelays. Both half

beams in a particular "sector have the same amplitude. For

the clock circuit, the frequency input data 1is used to count
the 10 MHz down to the required doppler shifted frequeng?.
The signal outputs of this freque;cy are delayed to account
“fotr the relative dela; between right and left half beams.
The input data for the left beam delays of 5oth‘sectors are

set to give the computed delay times.
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4.2 CLOCK CIRCUIT

" To the ciock circuit the _éigital-input éata representing
freguency; -even left sector delay and odd'left sector de%ay
are applied. The start pulse initiates the simulation of the
return signél; in other words, it starts the generation.of
the output frequéncy signals of the clock circuit. The

block diagram of the clock circuit is shown in Figure 20.

The resolution required.to display the correct doppler
frequency is approximately 100 nanoseconds. Subsegquently, a
10 megahértz crystal is needed in the clock circuit. The
digital frequency data from the computer is’ calculated to
generate the signal retﬁ?g frequency.modified by the éoppler
shift. The hardware is designed in a way that this digital
data is used to count the 10 megaherti crystal down to the
required return frequency of the sigﬁal. This frequency is
the same for all right and left half beams, but the signal
representing this fregquency ‘should be delayed appropriately
to generate different freguency signals representing the
right and left half beams. The clock circuit uses the synch-
ronous digital counters [12]. The frequency data obtained

from the computer- is the same for all counters (COUNTER 1,

COUNTER 2 and COUNTER 3).

The phase difference of the right and left half beams is
represented by the relative time delay of the two - half

beams. The signal representing the frequency is therefore

-

+
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del;yed to generate two signals of the same freqﬁency t6 ac-
count for the relative time delay of the two beams. A cons-
tant 30 microseconds delay is determined for the time delay
of both }he,right half beams. This is done to avoid a possi-
ble negative time delay. Thus, variable time delays‘of the

left half beams are adjusted to indicate the relative time

delays between the right and left half beams. Now the other

' digital counters (COUNTER 4, COUNTER 5 and COUNTER 6) are

responsible to generate these time delays. Thé 10 megahertz
crystal is also,'desighed to be the clock for these digital
counters. Taking the right half beam as an example}. the
counters (COUNTER 4) are preset to'provide a 30 microseconds
count from the 10 megahertz clock. All the counters (COUNTER
1 and COUNTER 4) associated with the right half beam have to
be interconnected to provide the'proper fiming of the output
signal of the freguency. Line 'a' indicates the enable line
from COUNTER 4 to COUNTER 1 after ‘a 30 microseconds delay is
created. The counters for the other frequency- outputs.are
similarly connected. Instead, the counters receive the vari-*©
able time delay digital data of the two left half beams from
the computer., The individual parts of the clock circuit will

be further explained in the following sections.
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4.2.1 Implementation of 10 Megahettz‘FrequeQQXV

The '10 MHz Crystal' in Figure 20 is to generate a 10 me-
gahertz frequency in synchronization with the enable pulse
from the computer. This enable pulse is the start signal to

simulate the return signal. . ,

-

The implementation is shown in Figure 21. The IC 74624
is a voltage-controlled oscillator, to which the 10 megah-
ertz crstal is clamped. Pin.6 1is the output providing a 10
meéahertz ffequency—;;;\\gén 8 is the complementary output.
The 10 megaﬁertz is the clock frequency of the flip-flop
7474 which is used to synchronize the fregquency with the 'E-
nable- Pulse'. Figure 22 shows thé timing-diégram_ The 'Ena-
ble Pulse' can appear atigny time instant from the.computer.
. The outputs now go to the other <circuits. to geﬁerate the

frequency and the time deays.

g
-
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Figure 21: Implementation of the 10 MHz Frequency Sourc%
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Figure 22: Timing Diagram for the 10 MHz Frequency Source
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4.2.2 Implementation of the Time Delays

AS was mentioned in Section 372.2.3,‘ the deléys can ap-
pear anywhere between 0 ﬁﬁd 75 miéroseconds, with a 5 micro-
seconds resolution. The block 'COUNTER 5' in Figure 20 is
taken as an example, since 'COUNTER 4' is just a particular
case with a constant 30 microsecond§ delay, and 'COQUNTER 6'

1s an equivalent block with different input” data.

The implementation to obtain a particular time delay.is
shown in Figure 23. The digital Aata generated from the com-
puter is to produce a time delay betweeh 0 and 75 microse-
conds with a § microseconds resolution. Therefore, the cif;
cuit 1is implemented 1in such a way as tot'generate a 5
microseconds delay in the first place,. then the 200 kilo-
hertz, which.corresponds to 5 microseconds, 1is in turn the
clock frequency of the other counter to.generate the re-
guired time delay. The synchronous 4-bit up/down counters
74193 are used to count down the 10 megahertz frequency. The. .
f}rst two counters are used to generate a 5 microseconds
time'delay. Thus, these two counters are preset at a decimal
" value of 50, which is used to count the 10 megahertz down to
200 kilohertz, which corresponds to 5 microseconds. This
configuration is only constructed once, since the output in-
dicated by '200 KHz' can be shared by the blocks 'COUNTER &'
and 'COUNTEﬁ 6' in Figure 20. The 'borrow' output from the

first counter, which is associated with the preset least
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significant bits, 1is connected to the 'count down' input of
the second counter. This connection may provide a proper di-
vision for the 10 megahertz, since only a single inverted.
‘pulse for. the 'borrow’ is generated, whenever the first
counter counts .down to zero. The 'borrow' in turn is the
clock pulse t6 Sount down the second counter. The ultimate
inverted pulse generated by the ‘'borrow' output of the sec-
ond counter 1is fed back for the loading mechanism of the
breset inputs to generate a 5 microseconds_ time interval re-
petitively. ~ Now the 200 kilohertz 1is the freguency of the
thi}d 74193 counter. This counter will receive a 4-bit da-
tum representing the delay of the left half beam of the even
sector. The counter will generate the required time delay
between 0 and 75 microseconds through the 'borrow' outpﬁt.
Again, an inverted pulse is produced. Now, a set-reset
flip-flop is used to produce the enable signals to the other

circuit for the generation of the freguency.

The timing diagram is shown in Figure 24. A digital input
is taken, for example, to be 0010. Therefore, a 10 microse-
conds delay is created, as shown in 'Borrow 2'. The flip-
flop is thus set to provide enable signals to Figure 25,

which generates the required freguency.
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4.2.3 Implementation of the Return Signal Fregquency

In Section 3.2.2.3, the data computed representing the
frequency 1is to count the 10 megahertz down to twice the re-
quired frequency.' This frequency is then divided by two to
obtain the reguired frequency. This is done to obtain even
duty cycles of the required frequency since the borrow out-
put of the counter only gives one inverted pulse for every
time it counts downlto zero. The return signal frequency
range is 7.2 KHz + 250 Hz. Twice this frequency range is
" from 13.9 KHz to 14,9 KHz. The nimber to divide the 10 Miz
to the above double frequency range is from 671 to 719.
Twelve bitd are needed to code these numbers. However, the
four most significant bits are always the same. Thus eight

bits are sufficient.

The circuit to generate the return signal freguency is
shown 1in Figure 25, which 1s equivalent to the lblock
"COUNTER 1' in Figure 20. In fact, COUNTER 1, COUNTER 2 and
COUNTER 3 are all eguivalent since the same frequency output
is to be provided. 74193 counters are used to count down
the 10 megaherfz frequency. The 'borrow' output from the
first counter, which is associated with the least signifi-
cant bits,  is connected to the 'count down' input of the
second counter. The second counter is similarly connected to
the third counter, which is associated éith the four most

significant bits. This connection may provide a proper divi-
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sion. for ‘the 10 megahertz. In addition,-.the‘ input data
should be loaded 1nto_;heﬁcbunters atcthe same tlme. The ul-

’ timate inverted pulse.generated is from the counter which is
. associated wakp the most significant bits..This pulse is fed
u_back for tﬁe‘ioading mechanism and the inverted pulse is re-

pﬁfﬁedly generated to create the rQQUired frequency. This
will be further explained in the timing.diagrem.' At this
point, the flip-flop 7474 is used to divide down the fre- - -
guency obteined to dne;half.‘ The flip-flop is enabled when
the count-down for the gorreeponding time delay (from Figure
23). ie achieved. Also, the 'Counters enable' is active at
lthe same time. This is to ensure that the requlred frequency

is. produced only after a certain tlme delay, which is gener-

ated by the time delay c1rcu1th
The timing'diagrem is shown in Figure - 26. The counters
and the flip-flop are enabled as soon as the time delay 1is
«achieved.. The digitel input data are repetitively loaded
§§3nto the- counters whenever a ultimate 'borrow' is created. -

. ]
This continuous 'borrow' 51gnal represents a. frequency which

is twice the required frequency. The double freguency is
then divided by two .to obtain the required freguency.
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4.3~ MULTIPLYING .DIGITAL-TO-ANALOG CONVERTER (MDAC) AND

A

"
[}

(N

Referring to Figure 19,- the MDAC and

- - ' - » - -
circuits have been” shown in block diagram form. There are

MULTIPLEXING CIRCUIT

four similar circuits constructed to

the multiplexing

interface with the so-

nar system. Thus, only one ‘of the four parallel c¢ircuits is

to be discussed here. This is shown in Figure 27.

Digital

Data

representing
Sector #

Digital

Data -Z—J\ AND
representing~—ffm/

Amplitude

Feedback

T

Frequency Signal
from the Clock
Circuit

MULT.

D/A

from AGC

. Figure 27:

1

MUX

L)
Total #
of Sectors

1
2

17
18

Block Diagram of Multiplying Digital-to-Analog

Converter and Multiplexing Circuit

»
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-

Four bits of amplitude data from the computer are clocked

into the MDAC according to. the frequency generated by the

clock circuit. The amg}itudb generated by the MDAC is deter-
mined from the.digital input data and the AGC (Automatic
Gain Control) feedback from the sonar system. The signal
determined is'phen injected into one of the thirty-six cir-

cuits of the sonar system, by means of a multiplexing cir-

. cuit. Referring to Seetion &.1, since the sectors are

grouped into even and odd numbers, eighteer channels require

addressing by 5 bits of data from the computer.

-

4.3.1 Implementation of the Multiplving Digjtal-to—Analog
Converter (MDAC)

. The implementation of the MDAC [121, [13], [14] is shown
in Figure 28. The 4-bit amplitudéi data is clocfgd into the
MDAC according to the signal generated by the clock‘circuit.
The AND .Gate 7408 replaces the block indicated by“'ANb'. The
MC1508 MDAC output  current is the lineaf product of the
4-bit digital word and the analog reference voltage. Voltage
outputs are obtained-bywuﬁing an external operational ampli-
fier ( A741) as a current to voltage converter. The gpera-

tional amplifier generates a positive voltage limited only

"by its positive supply voltage. The unity gain operational

amplifier (TL072) serves as a buffer for the reference vol-
‘s \

tage of the D/A converter. The variable resistor is adjust-

-

ed so that the reguired maximum input signaa;level of the

§ =2

, N \ |
x

AGC is 2.5 volts.
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The signal that appears at the output of the circuit is
shown in Figure 29. Either one of the three envelope shapes

will be injected into the sonar system.
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4.3.2 Implementation of the Multiplexing Circuit

The block diagram of the muitiplexing circuit is shown in
Figure 30. The three least 51gn1f1cant bits ' Cqr C41 Cg
the control inputs is to select one of the outputs from each
of the multiplexers. The decoder, which is controlled by
and Cé . has three output lines to enable one of the three
multiplexers. Therefore, only one of the eighteen outputs

is selected at one time.

The implementation of the multiplexing circuit [12],

[13], {14] is shown in Figure 31. The two most significant

bits of the address go to the decoder 74138 tc enable one of

the three multiplexers (MC14051), while one of .the eight
outputs of a multiplexer 1is selected using the remaining

three‘?east significant biE‘bof the sectgr address. There-

fore one of the eighteen sectors is selected at one time de-

pending on the sector address. The level shifter (MC14504B)
will shift a TTL signal to CMOS logic levels for any CMOS

supply voltage between 5 and 15 volts. A

-

of’

s
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Figure 30: Block Diagram of -the Multiplexing Circuit
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4.4 IMPLEMENTATION ég SYNCHRONIZATION PULSES

The synchronization pulses serve two purposes -in the sys-
tem désign. Firétly, they are the input to the SID (Serial
Input Data) of the;CPU_(Central Processor Unit) for the su-

broutine REPTIM. Secondly, they are the interrupt signal to

82

the input RST 6.5 of the CPU. Therefore, they must be imple-
.mented and hardwiréd to the above mentioned two inputs of
the CPU. A monostable multivibrator (one-shot) 1is used to
generate the requifed sfhchronization pulses of width ap-

proximately 1.2 milliseconds. Figure 32 illustrates this.

Qutput from
Signal Generator .., |

Synchronization- {] ' [W {1
Pulses cea—

/ ' -

Figure 32: Implementation of Synchronization Pulses
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CONCLUSIONS

— Bxperiments havé been conducted on. the .system at the

Fleet School Halifax'using the constructed package. The si-

‘‘mulation concept was successfully demonstrated.

Seventy-two cables, which carry the simulated half beam
signals, were connected from the simulator outputs to the
injéétion points of the sonar system. The suitability of the
proposed injection points was confirmed.‘ The simulator pro-
vidgs the reqguired signa{ to any one ofﬁng thirty-six Pre-
formed Beam (PFB)} cards at the correct times and at a fre-

quency modified by the doppler effect.

~

The programme, stored in the SDK-85 microcomputer memory,
reacts to the input data which results in the generation of
the digital signals, and is: followed by the D/A conversion

and the display of the target on the display screen.

The package was tested both at the Univérsity of Ottawa
and at the Fleet School, and possesses the following capa-
bilities: |

(1) The ability to calculate the return signal, given the

envelope requi;ed'to represent the multipath effect.

- 83 - H
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(2) The ability to present the signal at ranges of 800 to

32000 yaras.
(3) The ability to follow a moving target *from one beam to
the adjacent beam with approprlate gradual diminuation

in one beam and increase in the adjacent beam.

- -

At the Fleet School Halifax, the target was displayed on
the.éfsplay screen with various . sets of input data to the
computer. Signal parameters were measured in the sonar sys-
tem in terms of the doppler frequency and the range. Howev-
er, photographs were not allowed to be taken as objective

measures.

v S .
In the future. the software package is to be redeveloped

for use with the Sperfy Univae cbmputer (AN-UYK 502) which
is commonly used;by the Departmént of National Defense, Go~
vernment of Canada. This computer was supposed to be used at
the beginning of this project. However, due to._some access
problems, it was not funct1on1ng as required. For demonstra-
tion purposes, the Intel SDK-85 microcomputer was used in-

stead to provide the return signals to the sonar system.
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Appendix A oo
OVERALL SCHEMATIC DIAGRAMS

" The overdll schematic diagrams are shown in Figures 33,
34, and 35. The schematic diagrams of the clock circuit,
which are shown in Figures 33 and 34, were built on two

boards (A and C).

The schematic diagram of the multiplying digital-to=-ana~-
. log converter and multiplexiﬂg circuit 1is given in Figure
35. Four identic;l boards were built based on this configu-
. ration.. Boards E, G, J and L describe the even right sec-
tors, even left sectors, odd right sectors and odd left sec-

tors respectively.
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Figure 34: Schematic Diagram-of Clock Circuit (Sheet 2 of 2)
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Appendix B
HARDWARE INTERCONNECTIONS

-

The hardware was built on several boards in an enclosure.

N

The SDK-85 microcomputer is mounted on the top; two ribbon

.‘cables are connected from the output ports to transfer data

&
te the hardware. Two other cables from the hardware are used

to interface with the sonar system.

Integrated Circuit (IC) chips layput of boards A, C, E,
G, J and L are shown in Figpres 36, 37 and 38. The number at
the corner of each IC corresponds to the number used in the

schematic diagrams.

Figures 39 and 40 show the interconnections between the
ribbon cables and the boards. Sheet #1 shows the connections
between the computer and the simulator hardware, while sheet

42 shows the connections between the hardware and the sonar

"system.

Eigures'4l and 42 show the interconnections between the
boards inside the enclosure. The ' PFB (Pref;rmed Beam) and
AGC (Automatic Gain Control) boards are also installed in
the enclosure for tésting purposes. However, when testing is

completed, these will be removed out of the simulator.

-89_
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The front viéw\of_ the sonar signal simulator built is
shown in Figure 43.- The SDK;BS microcomputer is mounted on
the: top of the enclosure, in whiéh éll?;he constructed

b ]

boards are installed.

ity
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Chips are shown

are listed as follows:

BOARD A &
Number Type
1C1 7474
1C2 74193
1C3 74193
1C4 7400
IC5 74193
IC6 74193
IC7 7474
‘18 74193
" 1C9 74193
IC10 74624
IC11 7400

Appendix C
LIST OF PARTS

in the layout diagrams. The parts used

Description

Dﬁa; D-Type Positive Eagq:frigggred
Flip-Flop .
Synchronous 4-Bit Binafy UQ/DOWD Coun-
ter

‘Above

‘Quad 2-Input NAND Gate'

Above

s

Above
Above

Above

Above

Voltage-Controlled Oscillator

Above .



BOARD C
.Number TYpe

IC1
- IC2
I1C3
IC4
1C5,
I1C6
. 1e7
1C8
I1C9
IC10
IC11

74193
74193

74193

74193
74193
74183
74183
7474
7474
74193
7400

L.

(O

Description

Above
Above
Above
Above
Above
Above
Above
Above
Above
Above

Aboye

C ey

>~



BOARDS E, G, J, L
Number Type '
1C1 MC145048
1C2 A741
1C3 TLO72
1C4 7408
1C5 MC1508
1C6 74138
1c7 MC140518
1C8 MC14051B
_ 1C9 MC140518
MEMORY ‘
Quantity Type -
1 MR4118-3
. 7 MR2716-6

101

Description

TTL or CMOS to CMOS Hex Leéel Shifter

Frequency-Compensated Operational Am-

plifier i B
Low-Noise JFET-Input Operational Am-
plifier .

Quad 2-In§ut AND Gate

8-Bit Multiplying D/A Converter

3-to-8 Line Decoder/Demultiplexer
8-Channel Analog Multiplexer.

Above

Above -

Description

1K x 8 Static RAM

.2K x 8 UV Erasable PROM
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Appendix_D'
OPERATION INSTRUCTIONS

In-order to operate the simulatof, the ;ystem requires
that various input parameters be entered by the operator via
the SDK-85 keyboard. The %nput procedures are:

RESET resets fhe system, terminates exexcution.
GO 8000 loaa program counter wifh BDOOH; this is the
' startiﬁg address of the simulation program-
me..h-’
EXBC executes the programme.
This EXEC command starts the programme; at this point a '0'
will appear in the data field. ‘ — '
' NEXT a 'l' will appear in the data field; this
indicates %hat the first of a list of seven
_ system parameters is now ayailable for in-
spection and possible change.

These seven parameters, as identified by the display of an

integer between 1 and 7 in the data_ziéld, are:

VELREC {knots) 1
VELTAR (knots) 2
RANGE (yards x 100} 3
ANGLE ~(de§reess— 4 : ‘
ALPHA  (degrees) 5
ENLOP 6

- 102 -
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VSOUND. (feet/second) -7
A more detailed desé}iption of these parameters may be found

in Section 3.3.3.

As stated above, a 'l' will.gppear in the data fiequaft—
er the EXEC key is pressed. This indicates that VELREC is
availablé for inspection and change. The address field will
contain.a previous value for VELREC or, if the system has
just been turned on, a random value. If it is desired to re-
tain the value displayed for VELREC, proceed to parameter 2
(VELTAR) by, pressing EXEC, a '2' should appear in data
field. If a new value for VELREC is required, press NEXT.
This will clear the address field and a new value may be
typed in. Then proceed to parameter 2 by pressipg EXEC - a
*2' should then appear in data field. The e#act same proce-
dure is used for the six remaining pararmeters. Bear in mind
the admissable ranges of the various parameters as described
in Section 3.3.3. If a particular value is out of range, the
display will Blahk out when it 1is atteﬁpted to enter the va-—
lue by pressing EXEC. In addition, enter the RANGE (parame-
ter 3) in units of 100 of yards. Thus 800 yards 1s entered
as 8 and 32000 vyards is entered as 320. .After entering
VSOUND and pressing EXEC, the data entry has been completed.
At this point all LED's will be activated until the subroug-
ines REPTIM and OUNITS have finished - then GO is displayed

in the data field to indicate that the simulation has begun.
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If a simulation is rerun with the same data as entered ™

previouély, it is not necessary to enter all the same param-—
eters again. Instead, enter the following

RESET

GO 8000

EXEC '0' displayed in data field

GO ’
Howeves,—iin order to do this successfully, ensure that ﬁhe
frequeney of the synch}onization pulses has not been changed

by the operator. °
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Appendix B
COMPUTER PROGRAMMES

L3

Polar to Rectangular Coordinates Conversion

ny

[ BN I AR I )

SUBROUTTNE PECPQL
COEMAN JTNDATS, TIME, TEUNT VS DED, WS TER DANAT AmfiT 2Tkl

VVEL TS, WUEL TR, VINTAS VINTED.

NVEL TR=YEL TRPQ0S(3LEHR
VYT TR=VEL TARRS TN S{PLAY
SINTER=PANGEXCOSCRNGLE)
VINTER=RANGEXSINGRNGLE
PETURN
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Provide Information of Time Delay of Return.Signal
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of Computations in Signal Generation

SURRMUTTNE COwe2
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INTEGER STt G202

INTEGER Wt EVSEC. ODSEC. NELDEL NOLDSL. 7.3 )
COMION 31, COER 1, P,
OO TR THE

| 107

WERIIND. (CWEL TR, U T
COMMON /DESIET, SMEDU. AMEGN. SUSER ANGEN gy
COMMIN JTEMBS TR.TRLTOL TR TEL
TO |‘nhr‘ T'.':' ‘,.‘Qg_ v _!_W ﬁ.‘: DE[‘E\_\.. ST YLD :‘:“;' - Toes
NREOISVELRECSTE 4
o~
TO COMBUTE THE PANGE
PRNGE= (NPELZ-XTARZ AN 2=V T30 2wwd
SENRESSERT (RANED -
19 CRRRGE LT 284 ) 30 T 4Sa ~ < :
[F (BENGE BT TIRRG 1 30 TH 2ot
TN CAMPIITE THETRL. TUETRL. TWETRT Ly TurTas
TRZYTAR 2WITRR? "
L= YTARD-NPE Yok D470
L2=XFelT=y28nt
LE,:&“' ™ &'"C“\wt -.n
.“ .&T:E/-v.h.nr.ﬁ.,-.u.ﬂ:i_; ThT ‘\aa;
JP-CUD"_E.
| n I
. o~ ) -
L7= Ter T ’
L?=r‘a*,~-s“.14.,'2.*T§,Tc\
THETRI=RONSIL N '
Th?ﬂ?:ﬁmeL?*-
TRETRd=A0087 L 20
THETAT=THE TR - THETR4=T=ETAZ
T COMPUTE THETR -
a“_ )
IF (YTRRZ) S4.56. 40
THETR=PI+THETAS —
0 70 58
THETA=PT-THETRe ’
THETR=THETAA L08R .
ITHETR=TF IV ( THETAY
1 ) e " pp— "

POOR COPY - )
COPIE DE QUALITEE INFERIEURE

o m—— . v



1)

P e Lonks
%1

£ L

£ £

L
[F SR, BN Y S S

o

[
~1
e B

Ex

O 0
fes
[
D

Lo

n en

(DS

“n

fadd

1}

&4

M ™
oIy 'JI.Ln v
!* ) 0D D

sy 1 Jy

(88

)
A |

P N Bar

Oy Ty Cl} I
LY s I JY e 1Y

=) =)
(SN S

)
RRIIAN A2

=

' - i 108 -
N=ITHETH/18 . : - - .

.. _ . - - ¢
TO COMPUTE THE SECTORS -

IF (MODCITRETR 1V T30 7R o

IF CITRETR) $4.190 93 /

St -

SEC2=2%
G0 TO L42 .
SeCi=N : :

SEC2=N-1 . -
G0 7O 12

ITOOMDCITUSTI IAN-S 140 470, 1T

SEt=NmL ' > i

SEC22N+2 :
R R )

SEL1=N+1 : _ .
SEC2=N ’

1 1) () v=e
] 18
o

o

e o4

£ I

S o

<

"

(141}

Ty

"na

1

1.3

'l

1]

v
;

1 n o=
=

F b=
[LEREN

4
t

-
Lt}

TN LER IS
1= (MIDISECL 20
EVEEC=SECL

s
‘v 148, 18g

T

GRAHAZ=RESIGAMMAZ)

T0 COMPLTT THE TIH

15 CRRMMAZ 6T 19 BAMMRDEIIN ~RSmadl

GRIMALBRMMALWDIEF

(GRMMA2SEAMMA2H NEF

TP=6 ES/MEOUND v
DELA=TRsS TH(ARIAL .
DEL2=TAwG TN/ RMMRZ — ' =

IF (0sECL = ’
IF (GEECL BN
IF (SECE-5EC2

IF (MODISECL 20
ELDEL=DELY
QRDEL=0EL2

Ipooa COPY - .
LCPPIE DE QUALITEE INFERIEURE

N ~

~—



FORTRAN COMPILER

4 : 109 )

G0 TO 52 :

43 . QLDEL=DELA -
ERDEL=DELZ : - ‘ )
G0 70 25t . ' '

pril
143 D

i £ T
L)
]

| » .
e 8 IE IF (OGSECL 2N ITRLITA. TR , : )
: TR ERDRLSDELL

3 ' 38 OLDEL=DEL2 - :
: G0 70 IR ' ¥
8 I8 (RDEL=DEL -

1
.
oy 7

£l ELOSLSDEL?
. 2 83 70 350 :
S 2 EEL=dELL

IRDELIEL2 .
&0 T0 352 | )
ORDEL=PELL
ShoEal

]

-
0D
Lo 1Y
9]
o
v

TN =3 +EDEL B
DLDEL =77 ~0RDEL ) . -
G0 TO 352 - ‘ -

)
a
=0 D
DD D
L}

~
[l
DS
=t
100
A
el
)
ol
3
LN
,
non
- " 1A) P~
X 1%
LA
dy =
i
in 0
1
L]
-t

: I
(' 183 352 IR (SR LT 2 ELDELE h
184 ITYELDEL T TS ELDELSTS .
r 189 ELDELACERDEL S 24 S ) ’
e 186 NELDEL=IFLUELOE ‘ - ) ’
L C .
t 167 FOOQLDEL LT @) WLRELsE ) .
' C 168 IF (OLDEL LT T LDEL=TS : DR

=
DO
Lo
+
.

QLS =(LOEL/S 34 S ' PR
KOLDEL=1F TN ALDEL) , S

tH
=
v

o) O

T0 COMPUTE THE SPEnuaNcyY &

“»

. : SPEN=FRERLMSOUND. {WSOLND-YELREC LD .

! 122 FREQ=FREM*YSOUND=YELTAR WL AE0UND ’
i

b

)
-
r

143 FREQEFPEQAVSOUND/ ¢ YENUND-EL TRRLG/ THETET Y ' SR e
118 FREG=FREDH(VSAUND-YELPE YL S} ETIMD - L
. 115 FREN=AARER /2 «FOE04 | o
. s NFPEQ=TF {13/ FRER ' _ )

M

147 RAMFAL=S, HGAHMAL
: - 418 GRMMAZZS, iRRHMNA2
N 12 RRINA=COS GAMHAL)

124 BRIN2=CIG! GREMAD

)
(e 3 o I oy }
o
Q
L=
=
T
=i
mi
=3
1%
n
=
10

P

124 1T (FELPRA AT &3 AND CALPHS LE PIETM &% TH 1A
) 122 15 ((RLPHR G Pl AND CALBMA 1T BTATL GO TH 130 .
' 122 870 200 :

(L)
.

FLPEA=ALPHA-P

IF (YTAR2) 21A, 226,224 : !

Z4=THETRS-ALPHA -

127 IF (21 . GE
TP (226

I
[o

L]

=

[\S]

w
{\) foey t_x
it ]

[u < B

— ~

| POOR COPY - | | :
!, ¢ : . |COPIE DE QUALITEE INFERIEURE .

-




| S

)

™

wvﬁ——*

-

129 G0 T 20
139 228 Z2=THETRALPHA
=

2

2 TP (22 B 2 AND (22
122 I GE PTY A (T2
133 G0 TO 239 :
138 28 IF ((APHRLGE PIES AN
135 IF (<RLFHR GE PI2T)  AND
136 ‘ IF (YTRR2Y 220, 249, 213
137 238 SIGMASCOS(RETRY ¢

c
13 . IF (BETR . ZD PIESY SIGMATA
439 TR=SOPT/STANAY
148 CHR4=GRTNAXTR
141 AMF2=GRINZSTE

42 T CMODSEDL. 2 501, SR, S
M43 S PRV
24 RIPOD=ANF2
145 &0 T2 285
146 €081 ANPOD=RNRL
147  AMPEY=RNRY

SYNCHRONTZRTION PLSES

148 8 TIMESTINESTSYNG
146 FLG=R
15 RETURN
C
150 455 FLG=t
152 PETIPN
I
195 45 REm2
15¢ 2ETPN
* 455 oty
MODULE TNFOPMATION:
CODE APER SIZE = GREGH 27240
YARIRELE FRER SIZE = @ASH 1340
MRYIMUM STACK GIZE = G@ASH 44D

202 LINES RERD

B PROGREN EéRUR(S) IN PPOCEEH UNTT COMP2

T PPOGRAM Z3RTR(S)
END OF FORTPAN CORMPILATION

N

TO INCREMENT THE TRANIMISSION TIMZ

- "'C

110

1S RN BETAzARS/TI-C
1S DTARMN DETASEIITATY
CRLAMA 1S DT S PRIsDToL Dal
CRLFRS LS RI2ON R RLEsTTINLS fal
'
.
-
24 ST D oIZIton oo
-
-
+

POOR. COPY

'|COPIE DE QUELITEE INFERIEURE

WRI——T———

Par--rum

+



pid
~»

B3y

ASHER :FL:SONRR. SR MODGS

A o : 111
Input/Output and Tiaing Control

(R A Raa
’

- e 08 U IOENS CTATEMENT

1)

" 1 NN SONSP
. 2 ==yt o ZITvoTITRIoInT
T T p
~
5 ____________
- -
L R !
Aac : 2 ORDISR. Ty G
. A )
200 13 BLLOFE 2O
5]
- ag0e P Te S 3
8 1% .
#a22 . 14 BNMRE E0N
C 2328 1S 85 S0l N A
» . 1Eam 15 2TIMD S . .
: 2325 1T RTINS
- el 18 a7 BN 7
Bade 13 eTIM BN
: 1339 28 TNTRL I
- C A . B
, 3894 22 DDITR EAY '
en
O a2t 24 [P ¥ T
: 1954 25 [P 180
: P82 26 EnsR pel
O . Gage ¢ 27 EMRTY 2 -
CT #32D 58 ST g aom )
Aol 28 ETIM Tp O0H
Iy ek ; WENE  EM o B
g BiaLs EEC W taw '
T T2 ERR EM o
e 12 T80 Ew A )
; B0E WORET BN g :
) 3/ LHT =0 4
e ALt ¢ OTENEYT  EMI 418 CHGRACTER GENESATED I 3
8928 7 or-_é' SO SBH L GUTRUT 2ST SA0 4
Badn K Psa;\ SO dEH TONTEL
' Ha4F 20 TEIMPT BRI PR OPWTEG CeRRETTIZ T
: 30 ' CUBRRTS &S THE CiTIUT LIS ) -
: gacF sTSTRT OEOL AQFN  OONTBOL CMEDACTID T ITIT Tt
o 42
4z -
4.1 DEE‘:T E}jT:U E,t.fl.‘l','
M 4G mmm———————— e *
' 46 RSER s -
, 23 47 fan
e a0 &7 48 SONER: PG ECE P
! a5 , .
= £9R1 226%19 5 578
b seed e st w1
g . 2985 228618 ) s )
; . 8089 2820 D MIT . ADGR AT BT SLAMTNE TTE e
«i - 2898 20 54 e R POCR COPY -

.-

COPIE DE QUALITEE INFERIEURE '



. i e e B e =

E N

112

LI

57

V4

SEEMRLER

MM asSEMR

BRA/SART MAT

N

oc 0B

-

e
i - -

.
[T

IRRL

P =

o1

I
¥

——
Al

3,

P

-

=l

AN L]
[Tyl

e

- -
I
<

T wm
T

-

oTIY T

1TISITE S

e

e o
=k

i
m

St
-

M

0325

IE6g

-
IR RSt

i

g817
a1
qazt T
3

[
b
do
Gl D

L

ITS

CSTENTEERTT

Jalas )

LR Aot

T h =

Iy

!

S 0TT rzan

(=
Mo

-
-

i

BT
P

g5l 21AFE

e
3t
e
L1}
Tie
LI
(S I
.o
[ER
[TEY
te:
t. Ly
L
L4 -
‘-
Ty
TR
1 ta1 e
[ |
(YRSt 1
hep !
Tl L
I
P
k- AT Uny
pagl V-
S
[ T
Db .w.
e ive 1l
A - -t
PR
.1
(=3 (54
i1t ~l a;
Koo S |
€2y 11 1E Ly
e
e
m_ [ F.Wl. oI
TopIe w=d -
oo B _.:

- LY e AN 1 W)
oy 0y O Ty O

<
B

() I~
s a)—
ur u &
& Sy

VYO T
O de m
=3 [y Oa L 1.....
s Ao o o Uy

X X
) OJ o Wkl

15

TR
o =

AR

" o
ok po

am sy

TRRT Tl
oe
=)

M ITT COHD
sk

———

R

Nl

192

165

89cE (D9ae
8871 COCFRS

2974 78
863 30FA27

ga7 A7

garC CRESER

8475 Chaegd
847¢ 1F

LYo N

paA?
'l V'

DR

8eez (2082

POOR COPY

jepete

-
el

-
.
v

COPIE DE QUALITEE INFERIEURE

n

r

ee

~

o
Ui &

oo O,

i =1



i

o Ly
e
N D Uy o

[ v I & By B
1

fASE aRcT
RAsy 117727
SEn IRZAZT

f,

Lr.s]
O
WLy iy '

T 2
T
N~

[ I B B ]
J [s)
I
n
[ S n ]
=

o v}
m
fu

Lo

85

‘B D h
A
T‘l

[N

£ 0 aTE 05
3 13
ay D b D
= v )
o
H
noR
Lo e ]
= -

v T € 'O Wy

Ly v
X
22
)
3

L]

n

S

SHES IR2S
2835 2587
2g28 ChhGgL

1]
=
LA t!{ (N33

m
(S I L ¢ B }
o2 Im °n

:II
=
-3
J
5§
*y
~a
=1

O D
20

I
(9p]

(e ) ‘ -~

1~ -
~

e g

vl

%
Lacs Chied:
gace Chpase
38CF 143727
BehZ Clvpeg  E
7

5 on

"

3

o o SRR B ] |

C¥ WD 20 4
I

()
3
<

8eEa CO0Ast
fpey €%

EREL RE

-89S T2 7
wze CH027
Ses2 £oD41
GEEETTL2:07
88FL CDRAAG
oHF4 3R2827

"

[ il Sl &l
[t i

O A T
R
PR PY I TSI

~
e awy ) vy 4N

R

3 1= 1=

Iy i

| el Tl Sl e

o o
£a 4D

g 1

| Sl

3 ia

B N e N
L0 IR RV RPN IS BT BN o8 i
LE RN | B PO PN RN % N i VLY 7 B

N
-1

31

4

PO

LJ fagd
LR ALY 0 I XS g

-
£x

1
£

Fe 1-)

I N S

[T

[ WY ': P e 1
S i i

fx
[T :—{: "o

| el el Bl Bl ol BB e
S i AR I

-

[N
T Oy wTy U N
LRl e e )

~

]

[ T T

a
LY

[
l}:

) t& v5

0 ASSEME

|
< ¥0
B
(1]

R L . . enh A e am s
-
-
e
L

D IMTERRIRYS ENSSi ST T
DVEST WATT EAQ TSNS TyTIITuDT
CNQL MSIT SOR TIMER aTEITRT

A

-~

El

nEesn
DEEL

ol

hLOPZ:

TRTIN

~ -

Rk

.
RMS - :""1:‘;7";‘ = Se SO

=t
P GHoCy
ol op

oy ET
-

11y 1

pe il )

ry r

iy
:
oTheT
X
I
L e

a

S )
Do
=

0
LERNE D B M

[, BM2AT
]
£722
] I:FE-;F-::

o BT
B
ot

]

V=t ]

cAgPTA TR

P

TR

ooyt oThoooo

m— m e

aoms no T
ey s ama

CAET EminD oraTa

m e wmmm e . m
TMI TS ARTIAIIILTT ST oCns

- L_ ‘_')‘I'I ’

TETIIDLT Bafledy
{ 50T Tatl D oanT TTDS TaT o IZIT
-
AOWNERATE TTIIT IIng o, A0 Ll
CRERT N E DATLT TE L ImIrn
- RMEAM 4 S
CSMEATAT L T
et - T
. A n o mmyi me e ewem
ot DDDRC LS INTHT T MIwt

e, - . s —_
achiooTe teess

m e m m e
oS, T &N TEDS T&D So:

RENERATE DIFTIRDIT :

NTOSTARST SMMITTOTTUT JAMTI ST AT AT T

>
- A

© 113

POOR COPY
COPIE DE QUALITEE INFERIEURE



£

(9

$oF7 288

25 155 Mo LS

30FS CLoAR 158 QR ITeE .

R8T &F 157 e S {37 apm g

RAFT T2 158 TR SuaMELt S

9198 123527 158, STR ODAMP . TIRST I3RS

493 127827 179 LD Doswenn .
2105 [HOERL 171 DAL BN

3189 CH31 172 ceLL o eDveR -

$16C 147727 e — S

SGF Cheeme § L7 PELL TINED

8112 IRIFET £7s 08 ODAMOat [ GENERATT DISTISONT Thaifd

445 2e0F 178 mT LS

L7 I00AN T Cay o STOeS

8418 a7 179 v & {2GT SAMRLE <
R11R 224827 7e SR AR .

I
m

TP Ik

. A

[ el ol Al Bl Sl

2 23 9T
2IF CDCREL o ENLOPT- SRLL  DN®
§133 140185 a3 LYT O DLTRES PERS DLE SAINT TR s SosToTes
5125 Chedda £ A PRI M St w2207
28 CNME 18 CRLL ENRD EMRDVAS i SS0Ten S
2172 1129527 195 INT D, CVEMZ | ADNIRGTELSTRCT TN fond If
£12F [Dadma T 408 LR TN
8471 72527 187 ‘Lha e
3¢ 220 188 M L
2152 croant 138 pa STORS
Q138 147757 193 VT D SMPDV (ADNEPRTT TaMEI S TH Iakd. T i
2170 TOCO8L 131 CRLL T
21F CDhagt 132 pELL ©P2
8142 112857 o LD DR
A4S COven £ 1% fRLL FIYeR
8148 302907 195 CiTE DMEME
9143 2605 185 Lk L5
£240 CODAGL 197 pelp o TTReS
TRISH 447727 192 LT [ RMEEV  ADNTDETD fam [k

8152 ooz
42156,113985

n
BEREG!
[a Rl
b
3
n
]
‘5
-1

W15 CDABER 1 Iy DML AMETUNAS L
8457 CDDasL 2 oAy SVDS  IMEDWMNAS 4 z -
815F 112e%7 26z L7 0, CUaMDLS

162 {Dasar  E
IR2ETY
2Epd
L]

57

A
[y}
)
i2
-
10
-
=
4

i

OO CO Ty
-~
n
.

Ty T
a0
2

3
1

[ ]
[ Xd
Ty
D
ny i
15
YL
o
“1s
=
-
U'} [
[ T N
0
m

215D as 22 xpa =
g1sE 2845 228 M1 L3 ’
g178 CToReL e AU STERE
Bi77 117827 241, L¥T D, AMBND (LENTDETS TTSCT FOim TRME ST
pATS CDCBRL vl CALL ¥Rt =
2479 140425 247 L¥I b Fops

0 CoEgme T 214 CRLL ML —

LAl

ChDdzs
15627

O v oo
¥ pA R
per gy
R T

5T Clpkas £ R ’

—

JPObﬁ_COPY 5

L.d i

9185 283827 ER U '
S |COPIE DE QUALITEE INFERIEURE

BiZE 2E@4 ks R



b ——

™

r—.

™

{7

1]

1

™

!

£

¢

e

A

e

¢y

)

)y

)

O

O

1S15-11 gaRas

‘.f oy N
£y

Iy ' Yh 0y

> "TY 2 tL)

£y 0
T

-

L)
i yi

I
¥ w IS L

o o ¢
' D

}

[ s r R R
BB
": -’3 I B R

5 |
a0

S

2403

8177 CODGEL
1 o2
et e
8173 Cheeew

140825

Tallo aat M

DRS

M

B4E1 TEET
S1E3 2R
2454 CREROL
P1E7 (3
815 I£6
B4E 28
BAED 2

g

m

[al}

m

m

(43}

ity

LINE

.
> (v I'-‘;
P ]

S

3
N

;\) ny w1

L) I Y

s IR RENE N
RRY A 1}

A [ 4
3’3 Lr 7]

=i

)]
3o
A F LN

T £a 1
(v )

(A% LS B LW RN LS B LY

A €. 62 €~ Fa fa Ea
[T RS

SO TN LT O T [N 0N SN 5 )

DN
X3 S0 1y of fF N1

3

Ny
i r
L

A A
[ )

[AN I LS B A8}
1% I.Tl Ty ¥y 4Ty X
e S T S N B DG w Y 1)

NI I8y WY
Iy Oy

1Fy :;3 ﬁ}

NI
[Nt e

I\J} (RS L LN L LR L A ]
-1 ~
g

AT MACRG RSSEMELER.

) )
. - » -
. . . )
W 9 u,.”;- 1 1 5
Al
SOHPCE SYSTEMENT
. * - N
el SRR )
LNT D AMROD ENERATE SRS
PALL T .
CALL ENP2 : 3
Ly D. ORANR
- fRLL SR .
(D8 pameas
M LS
DL STORS -
LV DOEWRIN GENDORTE SEMSLT 0 Th TaS T s )
SR R
e DoTeRT
TR R )}
PEL O ENED .
D, dneits s
‘ b
i : L3DERATT TERE -
Wi LS
fL Fes )
b -
L ) )
o)
It SR e
. !':\:_D ) . -)
SThRS nite Lo STORS SRME 2T Ty SAwEDo - ToaTs
DD . )
sray 0
Ny STRE
4 .
ATEST - aNGLE TEET .
P.E - T0TNBEES RESESIINTINR & WnM T D 0TI
fust RN ANBLE DTTERS 149 NCaRIEs ‘
NATHING
RTEST. T AX
e o .
Z ril
) FET
ATL: Ml A, EEF
Cp £
PET @
t NRFE - BINZCD - CONVERT 20D T —— -4
CINPUTS: A - 20T HilMEER 7O 22 POOR COPY .
;OUTPUTS: A - FEELLTING SINARY COPIE DE QUALITEE INFERIEURE
CALLS NOTHING o
;DESTRONE: ML
DESCRIPTION: 2INBLD CONVERTS THO DIGIT i ZTEE T

~



‘4

SO0MAT

NS
o

S
BING

* NATHRR

LINE

e

~5A85 MR

-

&35

I5]s-

1
) i 1
]
'
- - ot
/ !
- 1z ]
L o1
. 'y >
o
" L,
. [ O
1 O
o : o,
' i 'y : O
1’ [ Te N
e % ~ N o
i e s . A,
0
[¥] " ! i
" [ - Ly
4 ¥ Ve
[N (LK) 2 t [
u [} L)
R ' 11 (3} 1 i . 111
= e =RT 11 ¥ [ k- (LY} T
LT | [N e TR 1) X 'L i 11 ool
LN n ¥ . Lo o [ oy vy
- g b i . 1t - st
[ — — T . (¥} -y ] -
[Tl - Cooti ot (] [ voe [ e
L B k- Y it ot 1] [FYIRE A [¥3
LEEaas) SN WP N - [ETIR T b3 ty . [ §3 (Y2 EE AT —
[ Z. v r- 2 TR Il = Cr 4L LT (v
LT S T 1m0 r v, - = 111 L Lar Bad o2y O [
TP | 2 1 [ LEa ™1 [ = L [N
i“- | L ) i L T = o L) F -1 [ i)
[V SRR ST e EE vl n b-ood 3 T > 1 51 iy 1y a7
T+ 6y f_r v Y L7 4 8 [ 1 — » L EN -2l ok 1l L
i ) in 1l _ Ca A [} ¥-- ) - k- w.“ s SIS A 0.
IS ) “w . (&) * 0 T LI . LR ' ". Pt [
(s BT PO P <, T ou < - i p - i = u -
U R VI LA V- 1 LRI ] (] ul 3 LRl [ 01 T v v ¥
oo . . - ~ B Lz ) Ly T . T .
- _i ) ".—_ P
] T | ¥ - b
—1 1t b ) - pal (1) (Y8
R T - Lid = (2] - [ 2] (V7] [P B e 4 )
I L) ul o .1 1 il n —I =" [T 04 =1 ! S ! [}
LD S S 5 B R iy Lol L L2 SO 2 ] P 0 [#Y [ OO VX IREACR VIR i, J PR 4 ) [ ) [3 ]
[ C I S s N . daf el . Lol N PN [l Co o oun oo byl Ak ui - i i
Y B L RS B 4 -1 - a ot i . i L1 S ¥ ) T - b R SR PO I GGl S} Mo B - SRS SO E N E
I SR | - - '
[ TR ) [ AR TYRYY #.... [E%
[ CE S e & el
it LY PR e el R L = N
L= Pol S lis A & SO § SR wi VL by o} 1 I < ) 1
T2 owme T Tz ke £ 40 Tz fe fe dI4 L 4Za }- [ TR ¢} [ox] bma Oy b0 ) ova U0 P TN UL €3, Br) ks wd e
& S T o= e, O T (F (e 2 0 G W) G i C kS ST Ml ok il o onl B oD o B O
BT, EOE I el (¢ ED5fr. AT LS Sy ) v E = .w. -..V.: — I e ) e o v NI o v I Yy IO
1 i
- -lﬂ— —l' EEEE ) m\- ..
[ - = n (¢ < - B
2 | FY R I U B S S Bme 1
L7Y] EZI 0 b= 1 Ut . (34
- Lt 22 o LiF Ul k- B--
bt I T - 3 L g2 I (I
LE V) et e e . e [ 5] e e g e em e e e » L]
Nl [ €2 0F o0 owd Co) §-1 =2 Uy Va0 - £ O3, X N R CE R B TR T /3 POy TR P h-CRCE I Y I Y IS B 7 LY R L A M P L\ TR TR TR I S DI O SRR v SRR L of B S AR I L YO = O
B [ Ber Do O €60 60 Qs i O OFr 6y €5 0D "n-;. Ty €. 45, v—. nm—. [ M\ 0, o S s s A R R I S e B s B B B B o B o A B L] MJ.— ©J
31 O 03 ) € 051 61 ) 8 ) €] O 6 03 1] &l ed S odd nL ATRLAT] 'ShE V=1 Fob 008 B0 600 (=0 F=0 ren (=1 O 1%0 00 ) Fed 150 =1 00 M V0 03 000 093 - B0 e f 6
(Y]]
=1 f~ [T L] ] (Y]
e (] OO g oo )y
. [+ [ (23] [ VW RS S ) ™~ S LR
[ i 3 15 LIS I S ] _.._ -1 oy
TL 0 —- =R N VU VR VU VU U v B S L Iy - (-1 110 TR St B V) sl ol BN ST R G LS vy} ¥]
O A0 1< 1 O (X A e 130 0A fT 0 1) L) SO ] AR U] €N £ L AD ) 4O 8 O Nl
=] n..mun o =9 —‘_ =¥ s [ Ry (X, 412 *D —_s 11 e - ) 1) w4 =3 I oL 0 O ke -1 9 W0
11] n: TR TET] PP YR VR YU T VI VO P T L, 1. (Lo Rh ) N e § w4 =l w1 wf O] OO
-1 =4 o R [ty Ry R I B B S BRI I X | ~—i ~i . I W] N N RN N R RN R Rt Bt
X G O €5 OF O3 6 5 O U iy iy 00 O s o) oy Qb O3 0 00 0 OO 00 O 00 OO0 00 )
.
-
° L] 4 1 ] b . _\l.
. ' f \
— 1.2 L t .. - - L (W L. L be - L C “ ;

COPIE DE QUALITEE INFERIEURE

=l e
ol W

L

SHLD



117

snsR
NT

mTEME

vi @

QU

5

SSEMRLEP.

NT

-
-

!

35%/0955 MATRD A

g

.

1576~

f
'
-,
.
.
i
* t
[ . .
A O ]
" "_
‘1 1l
. o "
' [EY]
= N ”
42 - i L
7] v 1 .
. Lt m . L
ir: L b N
i o tis Y
. Lr 1y [+ [N
[ . k- et} .
e ] I = 1N
_er k- [} et} e
o "I i ey
11 o g il
L't - [ e s
P V] Py - r~
w .- LY V] .
I et L (39 iy LYY v
1-- 1] (8 v 1 [¥] (]
[ [ M= (x . u o1 =" (L g .
| R [y z it 1 I o S () o
7] e k- ' k- N €21 0y LIY]
2 - L. ] Lt [N .} e ol 1y . -
_: E. 1t o Let -t [T} I, 1. T. o [s]
LS vy o 1 iz LI i -1 @ 91 1 [T}
I -k 1 L5 ¢ Y] =t
s “ i ] k- L - fr - ..nn. Prad
P ] e! €r. Lt It _: L 1) £ 11 L]
a0 1 ir [ LAY (R " < LA b . [N
[ ) . [t
[T . [ . 11} o
[ et} 1 Y. LEN 11} . m.._ ur 1 N . . Loyl [ Sy i}
N A T (fy ~1 » £r k- a (93] -3 as e oqy *Eal %~ o I 1! - )
i1 ¢ 1 = - o) ) 5 o) - fil o i~ a a1 N - [\ N jaa} &
PO S o Ty e T T e e Lt L) 1L -1 Trob- [ R Y EE R I A I~ 1. i~ 1 ) L = Dob—
LTS S § - Ly £ ¢ 128 [ L) PP Ly It} s A PRI SN s n\-. 11 ~{ S e CO [ ‘) o, [, |
JS o PR i SR i e LT 1 s 0. 0 12 03 o= 0 (S B TP ST St S Y DU GAP D GO TE I VNI ) Sy oee B o MR Guc ) P A RO A [ i ol T
.
[Ae) -1 [} N Y R | 48y gln (2P -1 [ Sl PR I R | [ 6.0 STy &4 —t
A e m. W bot H‘ [ m. et m__ ) w-' [ 7 B ol m\.—; o mu H_ «he Lo -I.h [T ln. .H. ..HL (] “.u . W. ﬁ [ w oy _W O S B e o W. = NM. ot 1
—r o Z e e < A ps A = [ -5 =i - 4 gl B e N M o 4 r A . ET g i A . - i Lo ’ - » DC -
CHEERLAEALEE A S e E RSNl E LRGSR A RERESREEFSEELESNE
L]
- Ly ‘- -
i (s 8 ] (A
L. b L. b= - -
i (s 8 JT) [ N 1 pr
. (7S el n [l ) 1 =]
5 A M..._ 1 w2 L VO [ 0 OBy (S =4 O3 90 s W 0 Joe 0 iy 05 e d O (A0 w3 Uy L fe ms.m. Uy & od (Y ~\. T O A o VI ¢ SRR I o VI RTINS L B g n s RN
0 071 €40 040 €70 10 €8 (20 00 §-0 =3 =3 =F =3 =3 3 "} =3 =3 W e W U U o U U A S 0 bl b G0 U Wb A [ e B B e B B o [~ e 00
€0 00 <0 £20 01N -0 28 fon £ £20 f20 =0 020 (50 08 £ €70 70 01 1 CAN 0 070 10 120 fon T2 00 600 690 F50 0 6= 020 =0 =) I~y [ AR A R A I AR T R I A B LA B R BN R M A Y ST ]
LI .
. : .
(R Y] .H_ Lo €0 U dep s W0 0 [} o I-- - €0 0 X0 b O A e [ U () ot O O o 01 Y} - [
TSV A VI Iy AR AT R A 2 ] o : 01 VLTI I SV B OO O« LR QY BV K] ) IO o0 o N o o e
U J o | O . O MM. - 3 X -3 o, ML nn. 0, o U Je 0 B (i t I-- =3 (T 10 0~y [ [4¥] . = .
11 £ G 4n (=i S L [ Y 5 ey -..“ 203 V0w w44 AL YO ] -‘J LI N (e 1] MH- o a1 ¥y ™ m mn- [Tl '
i o~ €2 (50 =4 ) 00— 6y 0 JolL CE €8] hak 00 (g OO0 0 o Ca 0y = O v O rlL g vj L. f OS] L0 o ©F £~ 1l Mm LTS B VIS £ 3 ".5 1 _,..n -1
FTINSY B AVER SUR'SY B O B 2SR SY BUOU IS B R 56 G (1) AT I TV A B TV B B SR LT B GV DU o B S I oV I SR SRR E iy v i) IR e R ] PR SR AR RN S O T YR T V) B ot o]
w. (L o5 (30 0-) "0 08, (0 I €38 L O (0 £ (2 €20 O (0 10 [ -W” | ¥l ?: ~1 =3 —.\ 11 ¢y X —xd (R R R Tt TV I BT LA ¢ S e T <IN N 6 ST W € AT s R VW, o |
..“ €20 €] 0=y Bo) L9 071 €7y B-3 =X %2 *3 =3 W 3 s U * f.‘. s Wy ybrs vy sy UF 0 AT o - S F B Fo B 00 Qn ah O G (o Q0 oFy Uy Ty g AQJ._ ] FJ oy I
) ) €61 €63 O € ) O e 0] (3 0 08 m._ ~) '] J ) ) (2] 1 1 €0 ) €1 O3 0 O OO0 CiF Oy ] O O TR RN ] LR IR R IR B VLY ) ) ol Od O
0 D €0 G O €0 O 65 s G0 GO G O & OO 63 GO0 € 00 Fl ) 0 G0 G0 G0 00 O Q) 00 O3 00 0 OO G (0 ) 00 0D O 00 (0 ) 00 A0 00 00 00 00 O) OO O
. . ' . ' 3
R W N L P - (. A U _: .( O \ C
e i mmeimamm e ——men - e s p——

POOR COPY
COPIE DE QUALITEE INFERIEURE

. "_|‘;

i oY

-
[
-

s SThR

)

e
e

e
. PR
FETOR

B

h

ALL |
i

L
CRLL

o

@

?

-

4

2

5 1457

2R

-
o



11 S8/

{ 22p@ CIRCe:
R283 Z1A0aa
Qs oM
N oty b |

( §283 (3snaz
8280 24RVA%
Q2EF {0eRR3

O 8203 284027
B2CS TDTasS
2208 fIhFsz

T 3208 CDhEISL
FT DRDRRZ
2201 £/

r 2202 22427
R
2205 &2
820= 247®

S e
DRERE
£
21727
==

- =

21527
CDFSss
£21497

» £23622
£ 22
CAzE2Z
IE63
Bp

pAze8z
8

222427
£34203
24965
Lresvn

£34483

9965 MACRD ASSEMELEP, W4,

| SouRCE

—
—1
pr =4
(2]

35 e
W REPTLNI
oen D
R e
738 DRTR LI
289 PALL
K] LHLD
02 el
363 Wz
3% DRLL
355 A
a2 N
87 SHLD
'ses OHE

LY

3
‘0

463 TRLL
481 e
482 PEP4- LXI
o3 SHLD
494 P
JiE5 ORTRS,  LMI
LR THL
487 L=id
463 reL

N

2

Sl ol
211 i

412 ROGE
413 Sl D
414 ¥CHE

[ el ol

£
o

Lxi

[T -
Lol ol
[ IR
ey TN
= D
E-1 {:

dig PEPS:  LYI
418 SHLL

F=

N
N\ (RS IR ]
BRHERS
& "
u =
r_‘_‘ Rt

£

Fw

£

425 HZ

438 . JZ
478 Ml

e
v
X
]
i
L
T
—
o
i

STRTEMENT
DRTRL
H. 3
PENAER
DATAT
K. ==
nos

SNGLER

i
C @
i phaz
GaT:

L i o

i
A
]
[ )
G
]

m

o« I ] l,‘.,:l
5.5
[k g § ]

o
T

=3 m
b =
=
[
]

m ox
by )

118 .

.
.
.
SeY FRMAE=R
.
ATER GV SIS TN DaTA ITE T
v pens =
NET Sl c .
TNWSLTH TATS . DIDEaT
.
- -
ST ANDLS=R
-
DTSRI AV TTRE T taTL Dot
it et ayits]
SET A Fhe=g
BITELAL TPV by NATE ZTEC
GET EMLMR
JEETALDIMLATOR THOTEERT T T e
JEIAN ASLED BVTE CoNTLIND Tond o
NG - £BECT
dLOE AR0ER VTR DONTRING TERD G
JWES - ERBID -
L0 ORDER SWYE QRCSTED THAN TLTIT T
;YES = STPOE
oy - &Thee
$SET ENLOP=i
- ——— e ———

POOR COPY .
COPIE DE QUALITEE

INFERIEURE

~—

——



I . e . J

[315-1T 96392035 ﬁ%C”U RESEMELER, M. @ SOMAS

4

Lo Qe LIN2 SOPTE STRTEMENT

( 23342 217035 49 4LSEVEN (DISRLAY TTVEN TN PATE STEIN ,
2345 COFFE: a8 roF
8348 20727 442 VINDS L GET WERIND ~ .
( $348 C0TR9S 443 UPDATE . N
SE 026RE3 444 pEa7 :
. 2351 3838 ad5 830N TETT R PETIMAL MRSE . -
. 24 ddn )
- pagee? adt sepT
22 148 z
- pAgsaT 248 oger N
"' =2 450 :
o7 45 ""_:NL g
- -

"

it
- IJ
&
2]

A) Ind b= n

¥
J
1
N
[

= s]

] y

3 1)
1.}
n
¥
rea
vy
£
¥

SLyath 70 |'\N‘. LRTOINTS Y=

[ ¥
EARES
§ I
n
n
py i)
[13]
n
~1
:
I
PR

SET NSNS D)

eXy
0
3
in

T
[}

SO0
DA )
7
]

O Y T
2o
L=
=
2
FE]

6

o)

23
[ ]
LY

h f‘
a4

£a

P NEME

458 ¢
- dAR L IMRITE: OC NTITL SN
. dgt DR )
452 0
45T pEETRQUC. SE
(“ dsd DERCRIRTION: DUTRLT _'.'.': . )
) 353 Cap
465
Lo F 4T DDE YRR A- i . b
- 4 422 B &R N n‘:f.‘m..: : ;' LRETADA ;
: s 45 NP "
LT : [3dDAd 474 it =i b)
L Cxdiz L L
i 71 -
! T2 DNRME: ECR0 2 TITUDN SICMEC

PINFITS: NONES )
POUTRITE NONE

CRLLE METHING

(DESTRONG- ABDBLEM L

SDESCOIRTION: STR0 DUTPITS EWSED DOCEC WEREL WS LS nl DL SLEND L

(RGNS T TUE QUTRIIT S00TE

-5‘
[ N = T 7Y

Te ¥
NN

-
N Y
—~§ =1 -
HRE

[ 5 Ea

f Y

.
f=%
L By B |
‘D
i

} C 2050 DA EVERC LMD EUEN £ET 2zo7
N 2378 03ZE a3t L _
o 837R TRE927 22 1D& OOSEC  LOSD 06D SECTOR SRASSET Th ITET 27T
L i lice: SRy, T

| 8I7F 108227 484 (08 NFPEG  LQan SSECUENCY TH 4T EneT

e 5292 0328 425 T e
‘ 236 218227 4% LY HNGLDEL:URD LEST GO0 DELEY DI LIET Duby [Siav
2287 2REA27 dn7 ihé MELLEL o TR OATRELT RORT

(LY ]
B
¥
o~
R
o

[hu]
INENENE

(1)

(]
S D 4Xs
=~J =)

-

(2]
) LX's]

L]
— 1~ 1-
P B e B )

5 POOR COPY~ -
i COPIE DE QUALITEE INFERIEURE

fen]
F)

=1
[=%
D
Y

4
LA)

2l :1) ()
a3
O D
T
e B

L} L}

S
D
[ B
=

4az2

X

1S M 5o

(=
)

1)

=

=

2

=3

o

s

[2u)
IR
A
I
EE
=2
=
-
[
~]

(LOGR DD AMD D SHELITINES

.
.
A

| O

.



e e e e e e e St
r .
-
ICIG-11 R6R0/0095 MACPN ACTEMBLER, V4. B . STNAD 120
Loe Rr LINE SOLPCE STATDMONT
. - -
¢ §787 243627 435 YT H.ODSME - USORT SOR TuISv oIl S
3395 412527 483 LET - 2.5vae
8208 a7 97 SRNFLE. IDAY B
k a78a o7 age iy
5782 &7 438 2y :
szar &v 500 oLr .
- 928 A7 S Sy
i 86T 25 a2 S ,
§39F 0322 sa3 WT o e .
. SaTR1 48 Sad neR e
. w2k L2 e oy . \
33R2 0% 525 o
3T 1865 2 M

o
A

oy
oA

vooom
o

$5

.,,
M
o O L0
RN
2
3
:.l
2
RN

L |
3
R
9
m
[
£3
G

: &
8208 028 56 o . ) _
el - -
( $7R8 1D 510 oS . ) : )
S0 gRRC 0205 44 N
RRE 2 512 my ' -
; Q3R a7 53 U 3
f3ee o3seE - Sw e GamdE
515 ' z -
. S5 NAME.  EPPL § IPRZ § OED - TONAC
~ SH7T INPLTS.  AONS \
L3 MTRUTE:  NOKE :
. SLR 7RSS DARLDNF ’
- IR DETTRNG: RBCLDLE ML :
21 (DESORIOTION: THIT TWR DNTRV IEITING ATIS 20T IDI0D METINNT A aivf
- 522 SRPITIR TA WATT S SDITT I PN

n
3
}

’

(0

27g4
aues
o7ER

3308 24

8780 7

(NN dn
_:,'I ny ) (3 )
a1 on e

[l

= R kA

JHP

]
i3
o

ol

I
1=~ 22
“Z.
"

ire T
+
(AN

.

v iE
i

e L

o0
[84]
in

DIET A

Th Dot

o e

o
-0 I

) T

CXOTERY K
£306 218585 -

«

."-C.lz'
ol ¢
1y

P g £ L IEROD (RISRLAY EDR TN ADNSTIZ ST -
(. FI08 LOFCRL 571 fALL DRS '
2200 F3 572 6
330 7F =2 RLT
( v 93¢ -
S35 ; NAME . EVDRND - EVERND ECT MIMEEP FO9 NIIF v o e

1T BCL r.u_:r.:'::-::_ POCR COPY

S CINRUT  DE - 4 DG = ~
- S SQTENT: KL - BDDPESE OF GITOLT ZiFER COPIE DE QUALITEE INFERIEURE
’ ICALLS:  NATHING o

[DESTROVE . & M.L
(DESCRIPTION. E/EAND SYPRNDT S0

P
= D

4

e

TIRG, 1T IT RESLATIN LITR Soia

n
oy
LS8 I L% N B

oy,
I.E n
i

4
n

r B3CE 5 45 TYPRND: PIKH 2
| g30e edeA 547 WD 2,48 INITILITE 3 ITH EEied TEeas
) o3Pt 217227 549 WD HDEIES ROINTIO TR QUTELT
() o104 4R 49 MY D LCONVERY 87 ¢ 12t fuanisTIng




121

S -

CORATYTY DT
SESS 0AF

hl

W
MUIDT
[SAA

(EETIEN SDN

<Y

<l

i
oy

oNueT

TEMENT
falsy

TR

et
Ty

oo

SpecE T

.

LINE
&5

hami

& 4R

-

TETE-11 QPAA/QARS MACRD GESEMDIER. w4
o

a

i

A I
f
m ’
I3
+*
¥
. ¥-
0 «
i
e
\ L L
\\ - L3}
. " ' \t * -t
(8] b
I . (L]
- - »
- . o
i 'y
3
s Y]
X3 1 .
. ' Ve QO
5] oy o il O
".. v .m. “
1 1_ - LS L]
. BEHT G I _q m
oty o " ]
[ I PR § N o2 O
".. “: LRI = = u [&]
- B -1 r- ) a
[ - e [EE +- i n,
(Y5 . R L NI ¥ | . 3 ] | BN =z gy
[T T DR = ) B T L) L1 Loy oI [EX)
9] LR i ¥ B R pig o) =t k- [
Itt e kb, 11 ¥ [§] i ] oF ol o
o 1 1 (XTI Y I YA wt 2 (a. Led s
¥ PRI I U S S U A L () (13 LY Y] (Y1)
1. V] —: TR ¥ I [ [t R [} 3
) [ | B VR = 1 Dy ni . -y
3 1 [E I SV R B e I o S s P VI I [T TR k-
(- fa) Zoe-s (L . 7 Il 1! a - a1l 10 =
L3 - 0 T (. u-. e] b - Ly 1 a o - =T u <. <1
1 = 2 [ S0 R | [ — [Eq] [EETN T B Y] [EER - a.
o R L r ] L -2 Lt ' [l A Y] k- [ ol - LI
he' ] oM [ ] Y] . . fE. ) =0 €0 T we-s (1B L) LRI k-
[§3 - [N ¥ J cud . '™ vl prrucy i 0.
k- [T PR TR S ol B S Tl B R - R O N s (A o k- - ot
ﬂ. (SN VI RS W T T LA [P . LY SRS S-S 4 M ¥ I palS T s [33] 0
Lt = a ool L [ Y] LT PSR LR | il ey | TP ] [T
= 1 I B (3 L] (7] (YRR [FY] L1} oLt PEEE L ' - 3 3 1
- o ~| - - = "u Fagiiet B LR - R B [ VY [l W =
[y [ TRRLERI § S 1) . 1 1] [T - b-- (10 Ll o aE b Oy T s — [ W [} -t
L Do E oLy 124 g L] -4 12 al WA 05y oy €20 O ET O LI B} n. 0l Ll
} . [T V- [ g Y] S A . .. - .
s L1y N . be
<o a: ot Wl - - &
N a o STl b b an
X < =G ﬂ 1) Y] (1] L]
(] = L] —u— = 0t U o9l C' o - L) 2 (10 ¢ 2 L LD SR 34 (2§
- I 4 R T 4 - . g . o R T A Y B, .. i
el I o TP0 b rIe f_s d] 4. €11 E Ca - - {1 bt SRS SRS W SN s RS FIN-Sh § SRPUNE U 5 SR\
. [P B | LEN I DU SR . |
Y] 10T I R | -
[ E TP R I o S (Y I TS [
_1 - S B B N =
! - ~ [ TR SR ¥ IS " of =1 -1 [ = [+ .l“ Land
[} Lz 6 s =t e e I = LT P el Y [ Uz 2 = e Sl e Zh a0
ol S o G YL F T 2 2 T ZT o Gl EEaR A ] s " el LD [ R - Q... Lo logl Ca m....r.
Yy, BIME O 6 £x] Ciovev EOQT S ED v HDOET @ vl 2] M.._. Q. x = 0 i (RS Tl By U o B s}
' . oo,
Ly nu._ [T -
- B prR R L N T S od) * .
k- s = I | m.u. Y L Ll
. o =1 =10 e i T w . . =,
t = m = . bt M TR IR VR - a.
=z 4 - & ov-e [ SEURN = ¥} o | - =
(] ‘s (] . - - .. PR, L. e =
s Afg [-- €6 ¥, L Iged §=1 ™ [V DS T ¢ | Voaed ) [0 T LT E CR d FIs § ' owd O~ g A A e OO U B e B S VR Y L S v Oy O r~
ﬁ; i R IR A ..mk.m. oo _.W. I & el m\ —.a_."\ 7% . L _H A A T Sy v P e B E I mmd o a0 ST o e s Mm__ a4
PR T IR T T F N Vil V) W Uy W W W U r s Uy U Ues [ ’ ] N R R AR R R R e R e R R A L U T VR Vel R Ve B VAT A R TR T
»
-
— 1 [§7]
(] i [ ] -1 O T~ 5 b~ - ¥
oo o ’ a o oo IR S EYENE:Y '
_r T - v ] Cor 5 i) [a ] ™y G U O ) G
1) (TS L. 1 111 ul 1% PR s L w- (4]
~1 Xy n&. woIg. 12 1t 2s 070 o3 W ) i -0 Ao [ E O s L X 2 Ca U B b 0 g e O ) 1 =1 = = =l ™
bR A AR IO T B AL I A I I O S ol 2Oy R 00N 0BG R OSSP o
(o S N —.. hr A TP I n( o —.u.._ b O N. —.. (£ 2] [ SN S ey ] ﬁ‘_ L D 1 Ie OO0y U 6 o O Fry WD Oy O L, d
Eal vted () 0o Led Lad ey fa) Wf W) Gl L) li, Ba. Mo, M. M 1. Lb L4, [Tl IS YA SO TR O TR, TS S e Bt LI B SL Bt I 57
£ €20 0-0 00 00 051 -0 Ben v 0 020 £ 8=t 10 (=0 13 (-1 R R R R R A R A M N S - A .. il X A - 4 2
O Oy CF: 8 W0 £y Cf £ (6 00 O Q) ) G ) Q) 1 O OO0 A3 0o U 0D DU D G O 00 0 O ) 0D Q) OF 03 Q0 00 O .
™ - I
-
.
. \ . ) . - . - .
hvn- L —Jl. —..l\ — - _<.g —.l.w —.li —!.\ e S F\ h— -
LY

COPIE DE QUALITEE INFERIEURE

NN

sd ; INPUTS:

e i e mmmm - - - - i



\ - .
-Y » . . ‘ . )
T e ' . . _— i 122
ISIS-11 RAGA/QASS MACR( QSSEMRLED. W4 @ SONER }
—— LOC AT LINE - SpURCE STATEMENT
¢ ' . 6% [QUTPUTS NOME
SA CRLES NOTHING
87 < DESTEAVS. NOTRING
n ) A58 DECCRIPTION. ININT 1T ENT :
' e - QURRRNTER SND THE USES MET DOEICEN 2 MEW v THE TN
S1a L THE DpRT-ruRnasTIR :
- 8423 €3 S2OININT Buek T u : v
424 F3 a2 Rue 2y
= 0425 2408 214 L '
. 0479 T24R 215 M T .
- 22 2% © e
. 2428 7F Mo '
LT 2420 E23F an;
. 42F TOFEDT 73
e 874 FL 202 )
432 EL FoR
I3 8 e PET
(.. g7 -
524 o ™
#2% B
¢ £2: D.E - 8
27 SOUTRUTS DE - B
22 RRLLS.  NOTHING
i £28 (0ESTOWE. @
STA DECCRIATION. INGDE G oEpg ;
. ol THE D DR TaE SMETICT
Vo 232 .
ST fuzg €2 BIT INGDA- WOED CENRINGE B T WITY R
; 2435 29 624 My H CERIET B3 LEST & 21T
oo B43E 28 s nen o H
P 0477 23 ¢ pan
! 2475 29 &7 pan x
Lo 8434 85 oo L _
L T kmaer = WY L8
: 9478 = 24 vEHE FTeUSHAT DY
{ p4zrc 02 £41 PET

~
/

Zaz e re - T B s .
b £44 INFTS. 8 - NUMEED TO ZE AL TIELIIT .
. £45 OUTRUTE. (Rt - METISUTER wnIfD
< £45 CRLLE:  NITHING
L £a7 ;DECTAOVE: DS EL
| £48 nECrRIRTION b MALES 2 WLl
I R L T veml b e . - -

558 ; MLTIFLIES 1T By u

; 2435
B43E
P £445
2441

3
2

ESLMBH. MOV LB MOV SINGDY NBGER D TH
Fii H.o
52 - DR
534 bRy W 1ENva
g442 £55 MY D H O EEWE VENed) TN T E
( 2447 . ink EL -
2444 26 £57 . ED M

na
Oy ¥
[

X

0

o]
na

B8

ot
<y
g

on
L]
A
v
L
’

e ———— e
D
0D

8445 29 £58 paD M POORVCOPY , _ f
. 2445 25 PNKT2 . - R
O W5 = = woon B2 COPIE DE QUALITEE INFERIEURE




o4

5 o T . 123

LoT ey LINE SQURCE STRYEMENT

& &2 WCRE : TMWIZ N DT IMad Ty M
o448 13 gL Dah h CBMeTE
3446 22 -~ g Rl ERIS I DD T I -
¢ CLEE T &63 pem o u “Bhedd
2442 18 T Dan n DNAGG L
244l (9 fils oeT . ' .
- - - -t - °
i . . e ————
.
SET I NAME: DUTRUT = SUTDIT SUSRSETE:
. S53 CTNPUTT B - DISMOV IR .
- ]
- 78 4,4 = MOFEIT OF RN -
AT1 CDETROTS: NOME T
~ 572 GCRLLE:  NOTHING
AT DESTRINE, R DN L |
S7d :DESCRIPTION: DUTRUT SENDG CWARALTERS 77 TRZ MTITI AV TTTLED U oCanzittIis :
. &5 BRE SENT T THE DRTG TIELD, OR & QUATAITISD ATE ITNT TN TRD
7€ RDDBESS CIELD. OEPENDING O THE DIILAY 2%
gy M
20t
i adah @ =78 TR, PR Sz
442 DRSER4 e m aTRL avEs

L]
-
o
L
m
4
«r
Bt
R 1)

R :
¢ £457 759 g8t 5 SN CONTROL TUIRAITER T8
2495 £TSC34 £22 27T
3453 522 s37 oTFL. - O R e
. 245R TEa £54 ADOICR | QONTRAL QuSSECTIR S
- 44t 320048 e
94S‘F = oM .:.E. ShiTe

4, DHERTE: TRENTLAT

2454 95 3 SIS BUTRLT f TuzzTE
L0 Q48T &F LA '
8458 7C ga1 8 x
; 2457 CEoE g%2 2 _
r - 9468 &7 £as w8
, 2426 7F £ad 2,
oasz it ©oees
( 2460 720612 zas ; nepLY
B4EF 257 o > CRNY MODE UTEUT SUESATTEII
8478 0% z3g oz ‘M3 = PETIEN «
‘ 2471 2 g0 PO [SETOTENE (HEPACTER ATSRCCT TN U .
: 2472 23 798 My M INEVT (FTRIT CmepLeTIR . -
; 2477 £ISFR4 a1 w02 Rd
LT TRZ e
| AT CNEME.  SIWEN - PEED vIVBNARL
L 7TRE S TNPUTS.  NOME )
) 785 ; pUTPUTS: 2
: A5 CALLE:
| 707 DESTPOYS: A, H.L =
Lo . . 7B@ ;DESCRIPTION: SDVBD DSTEPMINDD wuITLID of
, ,
: 00 THE TMPUT SUFFER. IF NOT, FDVED
! A LOORS UNTIL THS INOUT INTEROLD
Loy 1L IN THE BUFFER HEN
: 742 FLAGS THE PYSEED &C ZMOTY AT PET n
Lo 77 ROCIMULATOP ——

_ _ POOR COPY -
o COPIE DE QUALITEE INFERIEURE
. R . lec

—~
~4
[y




IS16-11 RApR 2095

33
BET

j
.

{ 2478
TE
B4TE
. gag2
. aeg
3485
-
{
»
i Sd38
a8

X e IS4
4

:'g kY

{

Lo Ln
DD
L 39 g

& 249

b 2459

o]
[
o
Lo

~y

L2Y ]
Iy 140

T
oD
4=

T
y

ol
gy 1a

>
F
I

7 T
e

Ly

(VRN (V]

EY NS

(LU LV L]
=)o

Chagoe

imm—
114227

Cipecs

. 2RdBzT

22
224827
LDeeod
2B
o7

b

a6

B4

ca
349

-

m

m

m

MEPRD ASSEMALER. Wi 4 .

/

LINE . SOUREE

STATEMENT

124

TIS POKED: LNT K. TBUSF (SAINTER TQ INAUT EiFTER
T1s MM AW L3ST.RUFSER DINTENTS
AT NS R T Q THAGRCTRT &wATLami T o
IS I AVIT  NES - ENIT RPN LA0R
L 3 SNG - PEADV 08 [KARACTID SMM IVDNAT
el me AEED '
72ORVITS MMT MOENPTY [ SET SUSTIR DMOTV T en-
722 2l L (RETISN MITU INTESSURTI LIIaZ TN
T PET
M —
725 INSHE DERTIM - SSPETITIAN TIMT
TS INPUTE NONE
TOT OHTRUTS: NDNE
T8 CALLE ERIV.ELTDEIRGTHE T : .
T2S DESTPOVG R.E T DLEHL
TI0 DESCRISTION: PEPTINM COMPUTES § RESETITION TIMZ S8 £ 737 S38imi~3 7
™ THE STD AT THE CPU .
732 -
TTTOSESTIMG LNT  H.ACFFOHSET TEUND = .0 FT. TS MET STROT
X SHID  TOWND
7S Ny H
T35 SHLD L TEWRLE !
7 RiM CHERY WWETHED mj ST 1T 23TIonT D waT
732 2 =
TIs mwe st
T SRLE MILSED
a1 i £7
Taz CRLL MILSEC LoawThwE T
g N el
T4 i B.EPP [OWYERT Twn DT RIT
745 LT D TEN
€ pEi ALTRE
747 91 5 F1pAG SVEBEST TEWM Iy TEIAMDS
74€ pall EDIY
745 LT DUTSYNS S STORE TN MEMARY
@ ™o EETOR
TSLOMILSESC LHLD  TOUND  LOINT TIME
752 NG
7= SHLD TG

§ T RLL  MRIT  HRIT OUT ONE MILLITEONE
755 BiM (TEMPLE TT
758 aLc
757 NER FOR TIME ERLENCT
759 NOP
750 NP
758 FET
760 HRIT:  MYT  * A 4B LOOP FOO ANZ MTLLTSSOCAN
2 WTHL _
762 NTHL
764 pe R
763 M AT
766 PET y
T — - .
TE3NAME:  SETTIM - SET TIMT S :

789 INPUTS:

PQOR COPY A

COPIE DE QUALITEE INFERIEURE

-

iy



ISI5-T1 2828/8985 MACRD ASSEMELER. W

Lac o8 L

=

SQURCE

3

: QUTPURS::
iCALLS:

ik

B

73

: 774

. Q4CF egeeT TS SETTING LNT
2400 149527 5 LT
Q405 CDRRR £ 7T PRLL
24P 114727 TR . pES:
408 COGBBR £ TS CRLL
S4DE 110085 78R Ly
QEL ChAIE T TR parL
Q4E4 141707 78 Lo
G4ET [DGEEA £ TR AL
S4ER IAL42T LDR

Q4ED ES3F
CR4EF D220
QEFZ 3T

247 DT20

-

ANI
U
L0A
i

-y =
o0
ST R OB ) Ry

-

A

-

SONAR 125

STATEMENT

NIKE .
FTNED. FLORD. P
iDECTRVS: ALRC.DLE

;DESCRIFTION: SETTIN COMRUTES SND GL7

8. FRR
D, TE
SLOR
0. TINE

DR

2 52

R AN
<=

Ny, TR
Fiven
TEMR4L
iF
T
TEME

T

[COMPUTE TRONST TN SECONDS

MELTISUE Y dGR TH CENT TG 60 4T 00T

PDONVERT INTR-INTDRER

JAET HInH Q90D SVTD 3T TTRER SoonT

LSINBLE SOUARE RN 0
(SET RIGHIROER BVTE 0T TIMER odpy
[T LM ASTER BWTE OF

(SET LOW QSDER BVTE OF TTMER JHiMT

ToONAD

476 (2 789 et
' [l < IS
TOCNAME. . SYNINT = TIUND INTERPUPT ROLTING
762 S INFUTS:  NONE
TAT HARUTS:  NNE
7ag iCRLLS.  NOTHING
7S5 ;DEGTROVS: NOTHING
7S5 ;DECCRIPTION. TORINT STEPTS THE TIMDS a4 T&vSf 0307 22007 TuT 1INIT o
To7 THE TNTEPOOLRET SEOLENCE
ea -
24F7 £8 7OG SWNINT: PUSH  PSH
24Fg 7T 280 WY ATSTRT :STRRT TINED
24FR D720 94 pf ECSR
84FC 3RL227 a2 e ALAR
Q4FF 17 gz PRL LTSNS SRS FLEERED
2546 DARAST op4 ki PP cND. Z990Q 4 = SERSTITION TTMD AT TIulT Tn Dl

a7
8598 F1 283
Lol e

2 ;

ert (SET YEWNL FLAG

N21L G NRME:

2™ INPUTS:

BT S QUTPIRE:

814 :CALLS:

TININT - TIHER INTESRUPT POUTINZ
NONE

NONE ’

ECKO

315 ;DESTROYS: A B CDNEHL

P1E :DESCRIPTION: TIMINT GENEPATES START PILSE FOR THE [LAfv (1200778

217

Q18

214 TIMINT:
g92a

g24

822

g2z

£24

Bft 2edF
20 5328
oe 30
2519 20
g1 CD7ae3
8314 3Edm

i

FND STHMULATES PETUPMN STGNAL

MvT
i
!
SIM
CRLL
I

8, T5Tap ; ST0P TiMEp
ersp
AHOUT 85T START RIS

SCHY G RIMULATE DETIRN SIRNA
A LOUT PESET START SileE

El

~ |POOR COPY
COPIE DE QUALITEE

——— il

INFERIEURE )

-

" ——



ISTS-1T 2R8Q/0835 MRCRO RSSEMRLER. i @

oy

-
—
x
m
V']
¥

=
L
L ]
m
[

o
i
3

126

.
15 5 s i
Q547 BE 825 PR A PISTT TIWNT ZLAM '
Q518 T24227 307 SR FLRG
9548 £2 328 2eT
929
0, NITS - SVPPESS DATR TN STANIRIATD 1wTTI
at NONE
832 QUTRUTS. NONE
RIT GCPLLS FLOAD, FMy
- ¢ @3¢ (DESTRVE: BB, T.DE
335 :DESTOIPTION: INIT SITE
a8 SECTENG ‘
877 .
SN @O INITS L¥D B.ERP _ .
8547 TI0SES g2s LD D0t CONGERT VELTRS TDOM SNGTS INT) VRRIIOCED
§522 C0pREA £ S8 CALL  FLOW
8525 145327 841 - LY DLVELTER
SSCRTDEARE T RdD AL M .
9528 ChAAAR  E 343 raLl
8525 140385 8¢ Ly CDONVEST sastIiTEr .
8531 COARE 84S CaLL -
eS3¢ 114727 848 L¥I
857 CDeRod £ 947 CRLL
SSIR CDABEE T 840 >
8530 140385 s4g LONWERT ANGLT INTO SEDTANS
A%4n CHAEAR  C 9%
24z 445827 ek :
$Sef ChERAR o BSD =
3545 COERGE  © AS: £ ’
8540 140365 o5 oA
§5¢F THpeaz £ 959 s
£S5 145727 &5z b2
8555 C0AReE £ A5 ML
2555 MR £ 03 FETOR
955 142485 256 BOFGPT :DONVERT WEND INTD vaRnC T

3
i
=
l* (o}
;-.t:)
O3
[T
RIS
T

0 [a
oy
r = 0

564 CTE9RE £ 2R MWL
ST Choe £ 852 FETOR . -
856R ChaAng £ 2A4 FOAGD SYSTEM CRLL PRACEZLING &Ny SOOT0RY, ZUSoliThNE
3560 C3momE £ Q5% FECAL
W

A7 NRHE: UPDRTE - UPhRTE STRETI
262 G INPUTS.  H.L - 200 NUMEER TO B
359 (QUTPUTS: DvE - UPDATED NMZEE
o7l ;CRLLS:  DRF, EXPAND, INGDG, FIvED

871 ;DESTEOVS: A.DVEH

L
(DESCRIPTION: LPDATE DISPLAYS R F
AMD LPDATES IT ACCORDT

NE 7O HHETIS TYRES

b

{ e
8571 COCERD
2574 D3

UPDATE:

RCCEPTED APE FOLR LAGTY DECTMAL NMIZZE 2

et -

pRESSED

PUSK

CALL  EXPAND

LEGNING ZZPNS ARZ BLAMVED TIT

N
(ZPAAD THIS FOF DIFFLI

=
a1 i

POOR COPY - ' e
COPIE DE QUALITEE INFERIEURE



ll'

)

™

R N

X
i
=
‘n
0

1515-11 9A%/3085 MACRO ASSEMELEP. wi. . . i 127

—
-
in
’1)
—
[
D
[o¥]
m
3
|
Ty
=

e oW L

Cosrat
ol
R
FEBR

[‘| 20F08

I
r

(

3
Lo
e o]
i

I

4

?’J
Y]
%
7

~

i

L7y
)

LA J
ry )
o]
y o
o 7]
S
)
Do
.

eI LPE
Pt ORH - IG DHAPRETED R DECTMAL ATATT
KOS WD - G0 CWEDY S

]
»

¢
r

:}i
Lo

)

l
B RE
=
-

Z
z

e LSk D SiY = .
e 5 3L INSDE  :INSERT NS DINIT - . g
858 CRCEST o35 PRLL SUPRND L DVOAND 0D NOMEZS £30 11 ’

S 847 USH D " LSAVE NivEeR .

25ENDERSL aag SSE DA . GDISRLAV IN A0SISI SIIID .

3538 ) ase PR D LPESTIRE Nimase )

8580 (275 sop MO GOHAD (0 68T NDUT owatanTe

055F FIui S NIT (I BT iRgaST RATIR TE

38 0@ 882 oET TF SN STTURN ITR T
Q8T ; T e
a8 TRALE E00 TOONSLATING MHAPATTEEC T NiTELav

r
3
¥
)
m g
-1 N
m
D
Gl
2
D
]
]
t

eser =X A=TH 2
3587 &4 857 be Bk i1 . N
8584 B aeg R SN 2
2585 F4 qas DR AReE - 3
5535 85 B r2 28 d
2537 DS a3 R A0 5
8598 7 e e goTE g
2508 7o 237 n2 T G )
S8R =T aad D -3
5558 76 2G5 R ;2
L) ags I T EN
#san o7 a7 .08 E
€558 45 a8 p2 LR CLOMER CASEN
SHEQ -
210 ; FESSARES TH DISFLAY
344
£S5 4 812 7PN R 19.@ .
2589 a7
8881 &3 T ONE: DR 12,1

:.ﬁ x

B

Iy M
LV I (S S

X1

N

[y
]
¥ 0
s L
n o
¥ 2
il e
in P
&}
[t (]
i i
- =
s ) =
1) )

.
2
]
=1
30
iy d)
D
=
8}
m
<
i
A
hpt )
[ 0]
-
)
[ 9

< Q0
N
- n
B iD
D
=
]
n
—
-2
m
~3
4]
.
Y
L

"
bh ]
s 1]
[an)
"0
=
o) e
£

-9
e

-

L4 ]
.
i
.

\

CD.‘_
D5 D
o =

g58 .
3552 a7 . '
855F 85 S8 SITY: 1B 50
952% 49
252 99 24 BLANG. D2 18,191,140
2522 oA

2582 oA o §

4 A . :
Egg i oy 2. 0 POOR COPY -
5 % 522 BRR: COPIE DE QUALITEE INFERIEURE.

¥
s
il
o
o
(At ]

.
[
-_.S)
-

o
-
2
A

.
-

3

]

(hn)




wy

Ane ry

N

Y

®

ISIS-IT RA%A/2097 WACRG ASSEMELER, Y

[RUMNRIEN] LN SOURCE

a0
] N
. D
Lov]

[
L]

o oo
[ [
aad
[ v ]

5 7

128

'O

r-y

£u
1

ey

SLORTIG POINT JONGTNTS

Ly 'y
[N O {5 B (W}
oA

L)
e
(4
il

-

3.

3532 A9 EOR
8595 AR

8538 £2

8530 3E

8D 28 az7 FAPS. 02
25°F A )

i 0
n

&

4

)

-~ D
1
-
Ly ]
Lt}
[>4]
il
(2 1]
-
(e}

s
13

STe Pl D2

4
DL EABTEBEYBEEWM R
‘0
I3
e ]
n
5
[ 4

ol
o
Dy IR
£
[0S 2

", g50D 60 s R e
" esrs ga

W o O Lo :
r: '% - [or']
Ty £a ta) [} S T
s Bt § Q- SOECY I I oy
A B R o 'l.‘! (s ) g 1-3 :‘J')
N S
] 1
o N
[y ] I—D
.’_-.‘ Phed
(R
x
L Lind
o 3

4
0
TTY LAd Nad fn
n Tt
L33
LA
™39
()
[y}
13
n
[ e
O

O D 1
K-LJ} %
I I
[ I )
a3 ¢y In I
i

oA

u

—4

L g ]

1]

5;lﬂ"l
£
B T

2529 <3

933 Pi2e: 08

%
=
>y

(e}

2]

I
Ia

2]
T.

b
hel

CBOER 4T

a

7. G FR, SaF
FREH, BDEK. LK. 27K

IOH, BFAH, TER. 0

GDBH, BFH, B8k, IFH o <

Amdn, BCEH, GEH, 484

POOR COPY a

ADEH. 8FH, ACAH, 424 COPIE DE QUALITEE

INFERIEURE




L.

4

—
wry
r—
L}

]
—

-
[}
[}

oy i
L)
T

LA B o]

f

ﬂ [

oy N
f
il

‘

x
T T

¥

tss)

f, Fi
a1
;

T

lj
Ca Lo
]

=1
Sry ey .

[ T3 a4
A

[ LS )
1
]

A

Ny B

I.‘\.i [ ]

[N ]

=1 =] 1 )~
I..\

T X

(LI AN

I P O D

.

é%
=
5
P

o
L]
s

40 W

—
)
xZ
ifnl

TSR]

£a

oA

RRLLLEELEE

2

203
x)
Sad
853

1]
N

R

oy u‘; L]

0 ipn
=1 =1

Py JIFEINE IPN BV

}

% (¥ LD LYo BV IRy ¢ B E B o]
s e et It M |
-~ D)y N My

[y
X
|}

74
582

8gs
a2

oy

RESEMZL

£P. W

2

e 129

SOURCE STATEMENT t

FREQL: DB BEH. 6gH, AZSH. J4 ‘ )

: naTa .
ASER
o TR T

s T 12 CELORTING RATNT SEoTen

L TENND LS

T ( TERFRA0N STORAIT -

Vo Te
"ELTE

EFNGER-

L

¢ el PkaR -

SNLOE

WG MD
XWELTR:
YWELYR:
XINTR=:
YINTRR:

RMBE
RMPCD:

EVSEE: -

0LTr-

Syl

KELDE
NOLEEL: T

NFPED:
Ta:
IES
iC:”
T
TE:
IRRZ:
YTARZ-
FLG:
KPECA:

QLEE
IR

es3 0ma vy rDorg v v Dy o b

Foafin A o RN
(BRI I By ] rg

‘-
W ifp N by 10t

BRI
LRI EL

-

oy

W

LI Iy )

2y 13
RARRRRAG

0
P
3
De
B
o
LS
8s
L

[l

0P8
o6
0%

JUTLOER TN 20T SOCMAT

i

N P T IS T I O (S I B AN I BV B SN A

Lo Aa

it mrm oy, et mmm) e mA Ty e,
SWTIDES TN DU OSTTM SATHY ShdhsT

fa Ca

La

La

N SR N

€a Ix s

K

POOR COPY . . '
COPIE DE QUALITEE INFERIEURE

FEE—— -

PSP T I6 T W T - N MO U S e My U BN BN B B L
v




g

Las

EhD

(2.0
5

150
-l

A

arEe

=

oL

LOSYMROLS

UMD
Mo

-
-

-
i

- =
-

L

=

!

TTERN
i

P

L

“pa (e

o

[ ALY

Fa

Y

COPIE DE QUALITEE INFERIEURE

POOR COPY

|




11.
12.

13.
14.

REFERENCES
Department of National Defence, Statement of Work,
Sona:*Signal Injector, May 1981.

Department of National Defence, AN/SQS 505 Receiver
Book. -

Department. of Natzonal Defence, AN/SQS 505 Transmitter
Book.

Blake, L. V., " Radar Range-Performance Analysis ",
Lexington Books, 1580.

Woollard, B. G., " Microprocessors and Mlcrocomputers
", McGraw Hill Book Company, 1981.

Zaks, R., " Mlcroprocessors ", Sybex Incorborated,

1977.

-

Moore, J. B., Makela, L. J., " Structured Fortran with
WATFIV ", Prentice-Hall Company.

8080/8085 Floating Point Arithmatic lerary User's
Manual.

. MCS-80/85 Family User's Manual, October 1978.

SDK-85 System Design Kit User's Manual.
8080/8085 Assembly Language Programming Manual.

The TTL Data Book for Design Engineers, Texas

- Instruments Incorporated.

Component Data Catalog, Intel, 1981.

Semiconductor Data,Libréry/CMOS, Motorola
Semiconductor Products Inc.

Toe

- 131 -





