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CHAPTER I

INTRODUCTION

A reactimeter is a useful piece of equipment to have on a nuclear
reactor and is becoming widely used in the nuclear industry. The
reactimeter records the neutron flux and calculates the reactivity
by using a computer algorithm. Reactor operators and nuclear

engineers use reactimeters for the following applications:

(1) Determination of critical control rods settings in
- criticality experiments,
- investigations relating to the so-called stuck
rod problem
- investigations of the symmetry properties of
a core;
(2) Calibration of control rods;

(3) Determination of the reactivity equivalents of

fuel assemblies,

reflector assemblies,

- irradiation rigs,

detectors;

(4) Determination o f temperature coefficient of the
reactivity;

(5) Determination of the level of xenon poisoning

(6) Determination of the power output feedback coefficient;



(7) Determination of the reactivity burnup of
- fuel assemblies,
- control rods,
- active irradiation rigs:

(8) Testing the period channel.(l)

The main proposed uses of the reactimeter for the VPI & SU reactor are
to monitor the change of reactivity as samples are inserted into

and removed from the reactor for irradiation, for control rod
calibration, and for reactor testing.

The history of the reactimeter, or reactivity meter, is relatively
short. The first instruments to be called a reactivity meter started
to appear in the early 1970's, even though methods to determine the
neutron reactivity of nuclear reactors were around since the early
1950's. Early reactivity measurements were made using a period
meter and a rate meter. From the reactor period and the change in
neutron fiux, the reactivity could be calculated. Today, the
recommended way to measure the change in neutron population is to
employ either an analog or digital method. One of the more common
methods is to use an ionization chamber, whose current is converted
by high gain amplifier into a voltage. The voltage signal can be
converted into the reactivity of the reactor.

The current development status on the reactimeter is the use of
more than one detector and the development of a Californium-252
ionization counter. A better signal is produced when more than one

ionization chamber is used. By locating the ionization chambers at



different places in the reactor core, the noise picked up by one
detector can be eliminated by the other detectors. A Californium-252
counter is used as a correlation counter to compare the fission
events in the reactor core to the fission events in the Californium.
For further references, see the General Reference page following this
Introduction.

The point reactor kinetics equations with six delayed neutron
groups and no feedback effects are employed to calculate the
reactivity from the neutron flux. This model is simple, accurate,
and involves seven coupled differential equations. The prompt jump
approximation is used to solve the system of equations and is wvalid
under conditions of less than prompt critical. The prompt critical
condition is reached when the reactivity inserted is equal to the
delayed neutron fraction o = 3. For conditions equal to or greater
than prompt critical, delayed neutrons do not govern the reactor
period, and the neutron flux increases rapidly during very short
periods which are determined by the prompt neutroms [pg. 441 in (2)].

The reactimeter is comprised of a compensated ion chamber (CIC)
and a microcomputer with auxiliary equipment. A Keithley Micro-
microammeter moniters the CIC's signal and sends two signals to the
microcomputer. One signal is a normalized analog voltage that is
converted to a digital signal by a digital panel meter before being
conveved to the microcomputer. The other signal requires a special

interface between the Keithley meter and the microcomputer.



The purpose of this thesis is to design and construct the
hardware for the reactimeter, and to develop the software program

that converts neutron flux into reactivity.
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CHAPTER II

THEORY

Introduction

A reactimeter converts neutron flux measurements into reactivity.
Both of these quantities are generally time dependent. It is
important to be able to predict the time behavior of the neutron
multiplication factor, k, or reactivity, p, by changes in the neutron
flux. To accomplish the above, the point reactor kinetics with
delayed neutrons and feedback effects are used.

For the purpose at hand, the point reactor kinetics equations can
be applied to the VPI & SU reactor. Some of the neutron constants
are not the literature values, but are effective values that depend
on the geometry and physics of the core. The number of point reactor
kinetics equations depends on the number of delayed neutron groups,
which range from one to six, used and the number of feedback
equations required. In the most conventional form, the reactivity
is difficult to determine, but by applying the prompt jump approxi-

matjion the reactivity can easily be calculated.

Background

The neutron flux, ¢, is not really a flux as one would think of
the term in a physics context. Instead, it is a simple characterization
of the total rate at which neutrons pass through a unit area regard-

less of the neutron direction [pg. 110 in (3)]. The neutron flux



(neutrons/cmz;sec) is defined as the density (neutrons/cm3) multiplied
by the average velocity (cm/sec). Reactivity, p, is a function of
the effective neutron multiplication factor, k. Fast neutrons are
produced in a fission event and usually scatter about the reactor
until they are destroyed in an absorption reaction or leak out of the
system. Some of the absorption is in the fissile fuel, which induces
fission and produces more neutrons, thus starting a new generation
of neutromns.

Suppose it Qas possible to measure the number of neutrons in
two successive fission generations using one group diffusion theory,
which considers only thermal neutrons. A ratio of the two numbers
could be defined as the multiplication factor, k, characterizing the
chain reaction [pg. 75 in (3)]. Let k be defined as the effective

multiplication factor, that is

the number of neutrons in the ith generation (2.1)
the number of neutrons in the (i-1)th generation :

k =

It is more convenient to measure the ratio of the deviation of the
neutron multiplication factor from unity, a quantity which is definead

as the reactivity, p(t), such that [pg. 239 in (3)1],

) 5%2(?;—1 . (2.2)

Point Reactor Kinetics

In the field of nuclear reactor kinetics, a model is needed that

enables one to predict the neutron reactivity of the time-dependent



neutron flux. The model that is used is the point reactor kinetics
model, which assumes that the reactor dynamics are position~independent
and are determined by the fundamental mode of the spatial flux distri-
bution [pg. 202 in (3)].

The point reactor kinetics equations can be derived from the
one-speed diffusion equation [pp. 238-239 in (3)] or from the more

(4)

sophisticated neutron transport equation. In their most conventional

form, the point reactor kinetics equations are as follows:

6
de(e) _ oft) - 8
s 1 e izl Ay Cy(0) (2.3)

dci(t) ) B, ¢ (t)

T R - Ki Ci(t) i=1,6, (2.4)
where ¢(t) is the thermal neutron flux (neutrons/cmz-sec),
p(t) is the time dependent reactivity,

Ci(t) is the neutron precursor flux of group i, (neutrons/

cml-sec),
. . -1
Ai is the decay constant of precursor i (sec 7),
Bi is the delayed neutron fraction of precursor i,
B is the total delayed neutron fraction, and
A is the neutron generation time (sec) [pg. 239 in (3)1].

The initial conditions for equations (2.3) and (2.4) at t < 0 are,

$(0) = 34,

Ci(O) =CyT¢ Bi/A Aos (2.5)

p(0) = °g = 0.



When considering neutron flux, there are two types of neutrons
that are of concern, prompt and delayed neutrons. Prompt neutrons
are the result of a fission event and make up the majority (approxi-
mately 99.3%) of the neutron flux, have an average energy of 2 MeV,
and occur within 10_17 seconds after a fission event. Delayed
neutrons are produced by the decay of neutron precursors, which are
unstable fission products. The neutron precursor decays by emitting
a beta particle from the nucleus to form an emitter. In the low
energy state the emitter will decay by gamma or beta emission, but
in the higher energy state the emitter will decay by neutron emission.
In both cases the daughter nuclide may not be stable and further
gamma or beta decay may take place; however, no further neutron emission
will occur (see Fig. 2.1). Delayed neutrons appear from 10—4 seconds
to five minutes in the system after an initial fission event and
have an average energy of 0.5 MeV.

In the point reactor kinetics equatioms, Ci(t) has the same units
as ¢(t). When referring to neutron precursors, one usually is con-
cerned about the density. Therefore, let E;(t) be the ith precursor
density (precursor of group i/cm3), ;;(cm/sec) be the velocity of the
ith precursor, Ai(sec-l) be the decay constant of the ith precursor,
and Bi be ghe delayed neutron fraction of the ith precursor, such
that 8 = Z Bi. B8 is the total fraction of delayed neutrons per
neutron ei;ited in one fission, and (1 - 8) is the total number of

prompt neutrons per neutron emitted. If Ci(t) is to have the same

units as ¢(t)(neutrons/cm2/sec), then Ci(t) must be equal to
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Bre’ (A=55sec.)

B
3 w87
87
X
87
Rb - n
K86

Fig. 2.1 Diagram for a Typical Neutron Precursor
[Pg. 13 in (7)]
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;; X Ci(t) [pg. 238 in (3)1].
Even though the thermal neutron flux (neutrons with energies of

1l eV or less) has been discussed, the fast flux must also be considered.

The multiplication factor, k, is determined by a six factor formula

in which variable factors relating to the fast flux are taken into

account [Chapt. 3 in (3)].
Neutron Generation Time versus Prompt Neutron Lifetime

In the point reactor kinetics equations, the neutron generation
time, A, is used instead of the prompt neutron lifetime, . The
prompt neutron lifetime is the mean time before one neutron is
destroyed, and is the sum of the neutron slowing-down time and the
neutron diffusion time. The slowing-down time is the time that the
neutron spends above the thermal energy range after a fission event,
while the diffusion time is the time that a neutron spends in the
thermal range that ends when the neutron is absorbed or leaks out of the
system.

If % were used in equations (2.3) and (2.4) instead of A, A would
be replaced by &/k. The prompt neutron lifetime is based on the

reciprocal probability of the destruction of the neutron.

Total neutron population in the system at time t
Rate of neutron loss in the system

L = (2.6)

The rate of neutron Ioss includes neutron absorption in the fuel,
neutron capture in non-fuel materials, and leakage out of the system

[pg. 77 in (3)].
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The neutron generation time is the mean time before one neutron
generates one prompt neutron or one precursor. A is normalized to
the fission event and is defined as, A = i/k.(s) Prompt neutrons
are removed by different processes and not all of these cause a new
fission event; however, the production of all prompt neutrons occurs
only one way, via a fission event. Also, the effect of delayed
neutron precursors is expressed as a fractional production, . It is
nore convenient to reference fission events than removal processes,

and employ parameters based on production, o, 3, and A.
Effective Delayed Neutrons Fraction

Each reactor has a characteristic effective delayed neutron

fraction, B8 The actual delayed neutron fraction cannot be used

eff’
because its value is too small. Delayed neutrons, when produced,
have an average energy less than that of prompt neutromns, aand thus
slow down to thermal energies quicker. The overall effect is that
there appears to be more delayed neutrons in the system than there
actually are. The correction factor for a homogeneous fuel is,

*

2 -
Bi = Bi exp B (Tp - Ti), (2.7)

*
where Si is the effective delayed neutron fraction of the ith
group, Tp is the Fermi age of the prompt neutrons, and T is the
Fermi age of the ith delayed neutron group [pg. 436 in (2)].

The uranium in the VPI & SU reactor is at least 907 or more U235
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(6)

in each fuel plate. The Fermi age of a neutron is one-sixth the
average distance squared (crow-flight) that a neutron travels,

starting when it enters the system at energy E. and ending when

0
thermal energy is reached at 1 eV [pg. 367 in (3)].

8 for the VPI & SU reactor is 0.00679, which can be calculated

eff

by measuring a known reactivity change over a known period and using
a Reactirule sliderule to calculate Beff (see Appendix A). According
to equation (2.7), each effective delayed neutron group fraction

should be calculated individually fromw its own Fermi age. Since a
S _
2 Bi , and B is

i=1 235
an approximation for Bi is used. Tor U s

. , . . . -

calculation for Seff is being used, and Beff

very close to Seff’
*

Bi/B are tabulated; therefore the approximation for Bi that is used

is,

*
B, = (B./8) 8 (2.8)
i i e

£f°

*
Bi is not exact, but is precise enough for the simple model employed.

%
As will be shown, the values of Bi do not need to be calculated.
In the development of the computer algorithm later in the chapter,
%
the ratio of Bi /Beff is used. This value reduces to Bi/B and these

values are tabulated.
Prompt Jump Approximation

To understand the prompt jump approximation, one can start
with the inhour equation. Using Laplace transforms to solve equations

(2.3) and (2.4) simultaneously for ¢(s), the following result is
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obtained,
6 Bi Ai
NO[A + izl Ai + s]
¢(s) = 6 (2.9)
Ai Bi
As-po+6-'£ls+>\

The denominator can be shown to have seven distinct real roots, which
implies ¢(s) has seven poles on the real s-axis [pg. 21 in (7)]. The

inverse transform of equation (2.9) is

7

o(t) = J
i=1

Aj exp(wj t), (2.10)
-1

where wj (sec 7) are the seven roots of the denominator of ¢(s) for

3 = j. Setting the denominator of equation (2.9) equal to zero, the

inhour equation becomes

6 B, A,

=8+ Aw - z S (2.11)

p
0 i=1 w + Ai

Since B =
i

e~ o

Bi, equation (2.11) becomes
1

=hw+ § —— (2.12)

which is the most conventional form of the inhour equation [pg. 22

in (7)]. Six of the seven roots are based on six delayed neutron
groups, and the seventh is primarily determined by the generation time
and reactivity. Wy through we refer to the delayed neutron groups
with wy representing the delayed neutron groups which has the largest

w and We representing the delaved neutron group with the smallest w.
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w. represents the prompt neutrons and is the smallest of all the w

7
roots.
The effect of w can be seen in Figure 2.2. During time intervals

of two seconds or less, ¢(t) has the shape of the term, A7 exp(w, t).

7
For longer periods of time $(t) follows the sum of the six delayed
neutron group terms. Each term of the sum, Aj exp(wj t), for i =1
to 6, has a similar exponential shaped curve. During a step change
in reactivity, the reactor flux has a very rapid transient behavior
initially that is characteristic of the prompt neutron lifetime, and
is followed by a slower transient behavior that is controlled by the
delaved neutron groups. The time behavior of the neutron flux is
essentially governed by the delayed neutron f£lux for systems below
prompt critical [pg. 250 in (3)].

The prompt jump approximation makes use of the above fact for
systems below prompt critical. The prompt neutron lifetime is
assumed to be zero so that for a step reactivity insertion, the
neutron flux level jumps from ¢0 to ¢l (Fig. 2.2) instantaneously.
The effect on the point reactor kinetics equations (2.3) and (2.4)
is to neglect the time derivative,-g% ,» by setting it equal to
zero. Delayed neutron production cannot change instantaneously
during a step change. The prompt jump approximation predicts a
reactivity jump that yields an instantaneous change in neutron flux
from $0 to ¢l given by ¢1(6 - pl) = ¢0(8 - po) [pg. 251 in (3)]. The
prompt jump approximation is very useful and accurate for reactor

systems below prompt critical. It is a good approximation for
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F lux (1) /)
/
Po
< = >
/ Time
[/ Ase®?
v

Fig. 2.2 Neutron Flux Change for a Positive
Reactivity Insertion. [pg. 34 in (7) ]
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injection into and removal of samples from the reactor at criticality.
Feedback Effects

Feedback effects are changes in the physical and chemical
properties of the reactor materials that cause changes in the neutron
flux. To illustrate the above, the moderator temperature is a
feedback effect. As the neutron flux increases, the moderator
temperature increases and causes the neutron flux to decrease.

Other feedback effects are fuel temperature aﬁd the build-up of
neutron poisons, such as xenon, iodine, and samarium. No feedback
equations are required in the algorithm, because the changes in

the neutron flux occur internally in the reactor.
Six Delayed Neutron Groups

There are six delayed neutron groups that have distinct half
lives and decay times (Table 2.1 and Table 2.2). The six groups
can be collapsed into fewer groups and new decay constants can be
calculated for each group (Table 2.3) by the equation [pg. 242 in

31,

1 _ 1
=T Qg =). (2.13)
i
i
The purpose for combining neutron groups would be to reduce the
number of differential equations from seven to no less than two.

The fewer delayed neutron groups used in the point reactor kinetics

equations, the less accurate are the results. As can be seen from
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Table 2.1, the delayed neutron groups are divided into the fewest
groups possible to have good accuracy. According to the natural
logs of the half lives, the difference between the number in any
group is no more than 0.5, while the difference between groups is one.
Reducing the seven equation system to make the model simpler
would decrease the accuracy of the results. The evaluation of each
of the six delayed neutron groups represents the same type of calcu-
lation, with only the comnstants being different. A microcomputer
can easily perform all six calculations in under one-half second.
The time to perform the six calculations is not a major factor, so
nothing is gained from a simplification from six groups to something

less, and accuracy is lost.

Computer Algorithm Equations:

A simplification of equations (2.3) and (2.4) is needed before
they can be used in the computer algorithm. Consider the constants
first. Let ap = 3/A and Si/B = a,, where a, is the relative neutron
fraction. Reactivity 1s measured in dollars. When the reactivity
change is equal to beta, p(t) = B, this quantity is called a dollar;
therefore let p'(t) = p(t)/R. Finally, the precursor flux is

defined as Yi(t) = Ci(t)A A /Bi. If one multiplies p(t) by 8/8 and

i
AiCi(t) by ABiB/ABiS in equation (2.3) and everything in equation
(2.4) by A Ai/Bi and simplifies, (2.3) and (2.4) become

6
%% = aple(e) (p'(t) - 1) + izl a, Y. ()1, (2.14)
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Table 2.1

Delayed Neutron Precursors

Group Half-life

Number Precursor second In t%/sec

1 Br87 54.5 3.99

2 37 24 .4 3.19

Br88 16.3 2.79

3 Br(89) 6.3 1.84

gp 93,94 “6. 1.79

4 139 2.0 .69
(Cs, Sb, or Te) (1.6-2.4) 47 - .88

Br(90,9l) 1.6 A7

Kr(93) ~1.5 .41

5 a0 g 7) 0.5 .69

6 (Br, Rb, As ?) 0.2 -1.61

* r
Uncertain quantities are indicated by parentheses. [pg. 99 in (2)]
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[pg. 22 in (8)]
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Table 2.2

U235 Delayed Neutron Data

Decay Constant

(sec—l)
0.0127 + 0.0002
0.0317 £ 0.0008
0.115 + 0.003
0.311 =* 0.008
1.40 £ 0.081
3.87 £ 0.369

6
B = Z B, = 0.0065 + 0.0002

Fractional Yield
8i
0.000247
0.001385
0.001222
0.002645
0.000832

0.000169



21

Table 2.3

U235 Delayed Neutron Decay Constants

for One, Two, and Three Groups

1 group A= .102 sec—1

2 groups Al = ,0387 sec“l
Ay = 399 sec

3 groups Al = ,0285 sec_l
A, = .202 sec”!
A, = 1.57 sec_l
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4y .
d—ti (t) =2 (4(e) = ¥ (8)), i=1to 6. (2.15)

The above equations have the following initial conditions for t < 0:

Yi(O) = YiO = ¢0’ (2.16)
p'(0) = p'o = 0.

Dividing through by Cps applying the prompt jump approximation, and
then solving for p(t) in equation (2.14), one obtains

6
s(e) = [ a¥ (1)

B i=1
p'(t) = NTS . (2.17)

Everything but Yi(t) is known in equation (2.17). Yi(t) can be

determined by solving the simple differential equation (2.15). Thus,

t
= - + A , - - . .
Yi(t) ¢ exp( Ai t) i [o p(1) exp( Ki(t t) dt (2.18)
The integral can be evaluated by a numerical integration technique,
such as Simpson's Rule or the Trapezoid Rule. Equations (2.17) and

(2.18) are the equations on which the microcomputer algorithm is

based [pp. 132-133 in (9)].
Conclusion:

Starting with the basic form cf the point reactor kinetics

equations, seven equations have been derived for use in the computer
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algorithm. Six delayed neutron groups are used for accuracy. Since
the system is used to calculate the reactivity below prompt eritical,
the prompt jump approximation is employed. This model is simple
and accurate to within two decimal places and is implemented in

the software program.



CHAPTER III

EQUIPMENT
Introduction

The reactimeter for the VPI & SU reactor is comprised of four
components: a compensated ion chamber, a micro-microammeter, a digital
panel meter, and a microcomputer (see Fig. 3.1 for a block diagram).

The Westinghouse Type 6377 compensated ion chamber measures the
thermal neutron flux from the reactor and outputs an electrical
current that is directly proportional to the thermal neutron flux.

The current is measured by a Keithley Model 411 micro-microammeter.

L to 10-'3 amperes and

The current range of the Keithley is from lO«l
is divided into seventeen logarithmic range settings. The Keithley
has a normalized analog voltage signal for each range that determines
the magnitude of the current in that range setting. This signal is
converted into a digital signal by a digital panel meter, which is
made by Analog Devices, Inc., before being read by the microcomputer.
A second signal is required to interpret the range of the Keithley

and relay such information to the microcomputer. The microcomputer

is a Mark 80 that is made by E&L Instruments, Inc.
Compensated Ion Chamber:

The compensated ion chamber (CIC) is a Westinghouse Type 6377
2
and is designed to detect thermal neutron fluxes from 2.5 x 10 to

2.5 x 1010 neutrons/cmz-sec, in fields where very high gamma radiation

24
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VPI & SU
Reactor

1ll ¢ (nv= neutrons /cm  -sec)

<+Compensated lon Chamber

13
l l,=$/K (K=2.5 x 10 nv/amp)

Keithley Model 41|
Micro—microammeter

) —
Analog Voltage (0 to 100 mV)
. P Digital Panel
Gray signal Meter
from dial lBCD signal
v
MARK 80 —

A
5 Digit Display

Fig. 3.1 Block Diagram of Reactimeter
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is present. The CIC can be operated in any position at any tempera-
ture up to 175°F. 1t has an operating voltage range from 300 to 800
volts that is set to 425.3 volts DC, and a compensating voltage that
is set to -43.2 volts DC. The current output is directly proportional
to the thermal neutron flux, In =K x ¢, where K = 2.5 x lO13 av/
amperes (nv = neutrons/cmz/sec).

A compensated ion chamber records neutron flux by using two
regions of equal volume and three parallel plates (see Fig. 3.2),
which may be cup shaped for greater surface area. One region has a
boron coating, enriched in boron-10, covering the inside faces of
the plates and has a positive potential on the outside plate. The
boron—-10 has a high capture cross section for thermal neutrons, and
emits an alpha particle after absorption of a neutron: 1OB(ln, 4a)7Li.
The alpha particle along with the gamma radiation produces a current
between the plates. The other region has a negative potential on
the outside plate and has a current due only to gamma radiation in
the direction opposite to that in the other region. The middle
plate is the signal collector and is grounded. The middle plate has
a boron coating on the face in the region with the positive potential,
but has none on the face in the region with the negative potential.
Since the gamma rays are approximately the same in both regions, the
final current output of the middle plate is due only to the thermal
neutrons. Thus, the current output from the CIC is directly pro-

portional to the thermal nmeutron flux [pp. 312-313 in (10)].

Specifications for the Westinghouse Type 6377 CIC are located in



SNONONONWNANN N
| >Boron Coating
*i\\\\\\\\\l Signal |
-V

Ground

Fig. 3.2 Compensated lon Chamber Detector
[pg. 313 in (10)]



28

Appendix C.
Keithley Model 411 Micro-microammeter

The Keithley Model 411 Micro-microammeter has seventeen current

1

- -3
ranges from 10 1 to 10 amperes. The Keithley meter uses a resistor

network to partition the current into smaller logarithmic decades

11 11 0 10’ 1 x 10—9’

as follows: 1x 10 -7, 3x 10 —, 1 x 107t , 3 x 10
vees 3 30X 10—4, and 1 x 10—3 amperes. The lowest range setting,

1x 10—11, is not used because values of neutron flux at this

setting are of no concern. There is a * 2% accuracy for the ranges
from 1 x 10-3 to 3 x LLO—7 and a * 47 accuracy for all other ranges.
The input current to the Keithley meter is the output current from
the CIC, which can be read from a meter on the front panel. The
Keithley meter has a 0 to 100 mV output on the back panel from which
a normalized signal is produces for each of the sixteen ranges. The
normalized voltage is an analog signal that must be converted to a
digital signal before it can be used by the microcomputer. The
mantissa of the electrical current is determined from this signal,
which represents a number either between one and three, or a number
between three and ten (see Table 3.1). Since there is no method in
the manufacturer's design to determine the actual range setting, such
as, by using an analog or digital signal from which the limits of the
mantissa and the magnitude of the characteristic can be determined,

a method must be devised. This limitation poses an interesting

interfacing problem. Specifications for the Keithley meter are
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Table 3.1

Current Measured vs Voltage Output

Correlation between the current read by the Keithley meter and the

normalized voltage output.

Range Current Range Limits Current Voltage
Setting Measured Output
Low High (amps)
3% 1070 121070 351010 2.0x 10710 50.0
1.5 x 10719 25.0
2.5 x 10710 ’ 75.0
1x 1070 3x10%% 1x107° 4.0 x 10710 14.3
6.5 x 1079 50.0
8.0 x 10710 71.5
3% 1077 1x10°  3x107° 2.0 x 1077 50.0
1.1 x 1077 5.0
1.6 x 107 30.0
1x 107 3210 1x107 5.5 x 107° 35.7
6.5 x 10°° 50.0
7.5 x 107° 64.3
3107 1x10°  3x10° 1.0 x 107° 0.0
1.5 x 107° 25.0
2.5 x 10°° 75.0
-5

3.0 x 10 100.0
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located in Appendix C.
Digital Panel Meter

The digital panel meter (DFM) is a 3 1/2-Digit AC line-powered
DPM Model AD2009/S made by Analog Devices, Inc. The AD2009/S is
designed around TT1 logic circuits and is TTL/DTL (transistor-
transistor logic/diode-transistor-logic) compatible. It is capable
of analog input voltages from O to 200 mV and outputs a parallel
binary-coded-decimal (BCD) digital signal with an accuracy of = 0.1%
reading, *+ 1 digit. Under external control, the AD2009/S can be
triggered to give readings up to 100 conversions per second, but
under internal control has a conversion rate of six conversions per
second. All thirteen digital output lines are valid when the status
lines ar=2 low. Analog Devices, Inc. documentation is located in

Appendix C.
Mark 80 Microcomputer

The microcomputer is a Mark SOR wiich is made by ESL Instruments,
Inc. ana is used in conjunction with IF-10l interface board, also
made by E&L Instruments Inc. The heart of the Mark 80 is a CPI-80Q/B
Central Processor and Interface Controller printed circuit board which
contains the Intel 8080 microprocessor chip. The minimum memory
requirements for the Mark 80 is 1 K of R/W (Read/Write) memory, that
can be obtained from MB-80/B memory circuit board. The Mark 80R can

be expanded up to 64 K of memory by using sixteen memory boards and
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a chassis rack. The Mark 80 has some unique features and concepts

(11)

in data busing and I/0 (input/output). See Bugbook III, reference

11 for programming and basic interface techniques.



CHAPTER IV

HARDWARZ

Introduction

The purpose of the hardware in the reactimeter is to allow for
an exchange of information between the Mark 80 and the peripheral
devices. In total there are five external circuits connected to
the Mark 80. There are two sources of input data that together
represent one piece of data. The digital panel meter interface
allows a three-digit mantissa to be read intoc the Mark 80, where
the Keithley interface supplies the characteristic of the mantissa.
The third circuit, the output interface, receives a number, con-
sisting from ome to five digits plus the sign, that represents the
final calculated result. A clock circuit, the fourth external
circuit, is required to generate an interrupt to the Mark 80 every
0.2 seconds to restart it for a new calculation. The final circuit
is one that automatically single steps the Mark 80 at a speed of

500 kHz instead of the normal operating speed of 2 MHz.

Keithley Micro-microammeter Interface

The Keithley interface is the more complex of the two data
input interfaces. The interface involves the transmission of a
binary signal from the range dial of the Keithley to the Mark 80.
The first problem that arises is that there is no signal of any

kind generated by the range dial in the manufacturers specificatioms.

32
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The method used to create a signal is the construction of a Gray
shaft encoder that uses the Gray code to generate a binary signal
for each range setting.

In the Grade code, wiiich is a binary code, only one bit changes
at a time when thé switch changes between consecutive positions. This
allows for the least amount of error in interpreting the binary
signal. The Gray code, with its binary representation and binary
code equivalent value, is listed in Table 4.1 [pg. 218 in (12)].

A Gray shaft encoder uses the Grady code to assign a binary
value to each range of the Keithley meter. Four bits can represent
the sixteen ranges. The Gray shaft encoder was manufactured ac-
cording to the drawing in Figure 4.1. As can be noticed, there are
0.20-cm holes drilled around the encoder disk at different radii.
The binary code, generated by light passing through the holes lying
on a single radius, is detected by a phototransistor array. The
Gray shaft encoder is fastened to the range dial shaft on the inside
of the Keithley meter. Each radius is assigned a binary weight.

The holes lying on the circles with radii 1,68, 1.93, 2.18, and
2.44 cm represent bits DATAO, DATAl, DATA2, and DATA3, respectively.

The light detector is a FTKO040 9-elenent WPN planar photo-
transistor array that has a high illumination sensitivity. Each
phototransistor channel is electrically isolated, is om a 0.254 cm
center, and requires a Schmitt trigger for operation (see documentation
in Appendix C). A Schmitt trigger is a hybrid analog/digital device

in which the output pulse of the trigger remains at a constant
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Table 4.1
Gray Code
Position Gray Code Binary Equivalent Value

0 0000 0
1 0001 1
2 0011 3
3 0010 2
&4 0110 6
5 0111 7
6 0101 5
7 0100 4
8 1100 12
9 1101 13
10 1111 15
11 1110 14
12 1010 10
13 1011 11
14 1001 9

15 1000 8
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amplitude as long as the input voltage exceeds a certain DC voltage
value. A resistor is needed on eacin channel to adjiust the light
sensitivity. It was determined that a 10 K ohm resistor was required
to permit eaca phototransistor channel to be used with a G.E. #47
6.3 V light bulb. Only four of the nine channels are required for
the binary code. The remaining five are left unconnected (see Fig.
4.2 for circuit connection). The arrangement of the 6.3 V light bulb,
tie Gray shaft encoder, and the phototransistor is shown in Figure
4.3. Each channel is connected to an input of a 7475 flip-flop,
which latches the value (logic 1 or 0) of the four channels on a
positive device select pulse generated by the Mark 80, The data is
read into the Mark 80 when a negative device seilect pulse is applied
to the corresponding 8095 three state-buffer. The 8095 three-state
buffer has thnree outputs, a "logic 0" state, a "logic 1" state, and
a state in which the output is, in effect, disconnected from the
rest of the circuit and has no influence on it. The negative device
select pulse is used to enable the 8095 buffer and allows the infor-
mation in the 7475 flip-flop to be transferred on to the data bus

of the Mark 80 and be read into the accumulator (see Fig. 4.4 for
interface connection). The 8095 chip output pins are connected to
the data bus lines DO through D3. Data bus lines D4 through D7 are

set to "logic 0".
Digital Panel Meter Interface

The interface between the digital panel meter and the Mark 80
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is simple. Four bits are required for each of the three digits that
are produced by the digital panel meter. Three 7475 flip-flops

and three 8095 three-state buffers are required to latch the twelve
bits of data (see Fig. 4.5). A positive device select pulse is used
to latch the three 7475 flip-flops simultaneously as well as the

7475 flip-flop used in the Keithley meter interface. Each 8095 buffer
has its own individual negative device select pulse to allow the

Mark 80 to read the data from one 7475 flip-flop at a time. All three
8095 buffer outputs are connected to the data bus lines DO through D3.
Lines D4 through D7 are set to zero by using three 2-input AND gates
and a 8095 three-state buffer with its inputs set at "logic 0" (see
Fig. 4.6). The arrangement of the three 2-input AND gates is that

of a 4-input AND gate. The purpose of creating a 4-input AND gate

is to allow four devices to use the same device for the same purpose,
which is the setting of the data bus lines D4 through D7 to "logic 0"
while input data is being read on the other four data bus lines by
the Mark 80. The inputs to the AND gates are always at "logic 1"
unless a negative device select pulse is sent. Thus, only one line
at a time will ever be at "logic Q0". Table 4.2 summarizes the truth
table for the AND gate circuit. A 4-input AND gate could be used in
place of the three 2-input AND gates, but in the decoding circuit
that appears later in this manuscript, a 2-input AND gate is needed.
Each 7408 chip has four 2-input AND gates; three of these and one
4~input AND gate would be wasted if a 7425 cnip, which has two

4-input AND gates, were used with the 7408.
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Table 4.2
4-Input AND Gate Truth Table for Device Select Pulses

IN O through IN 3

Loéic étaﬁe of Logic State of
IN O IN 1 IN 2 IN 3 Output
1 1 1 1 1
0 1 1 1 0
1 0 1 1 0
1 1 0 1 0
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In Figure 4.7, the connections for the digital panel meter are
shown. A 110 VAC source and an earth shield are required for operation
of the DPM. An external trigger is used for a conversion rate of
five times per second. To trigger a new conversion, a positive clock
pulse is required at pin B. A positive clock pulse is obtained by
inverting the negative clock pulse generated by an IN 1 instruction,
which also enables a three-state buffer. The IN 1 instruction starts
a new conversion by the DPM after the previous data has been latched
by an OUT 10 instruction.

Thus, while the microcomputer performs calculations with the
current data, the DPM updates the reading for the next calculation.
Since the analog-to-digital conversion takes less than 10 msec, the
new reading is ready for the next reading before the microcomputer is
done with the current calculations. The analog voltage output of
the Keithley is connected to the analog voltage input of the DFM
(pins 10 and 2). To ensure the correct conversion from analog to
digital, the analog and digital signal grounds are connected together
(pins N and 10). Only twelve out of the thirteen data lines are used
because all input voltages are positive and the data line for the
number sign is not required. The twelve data lines are connected

to the inputs of three 7475 flip-flops (see Fig. 4.5).

Interrupt Timing Circuit

Because of a software requirement, the Mark 80 needs to know

when one 0.2 second period ends and the next 0.2 second period begins.
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The Mark 80 itself cannot keep track of the time because of the
timing variations in the software system. Instead, an interrupt
signal from a timing circuit is used to keep track of the time
period of 0.2 seconds (see Fig. 4.8). A 555 timer IC chip is the
basis for the extermal clock. A frequency of 40 Hz is used to
generate eight clock pulses every 0.2 seconds. To generate a

frequency of 40 Hz from the 555 timer chip the following equation

is used,
= 2
Hz 1.443/(RA+ ARB) C (4.1)
where RA f 2.28 KQ
RB = 660 Q
C = 10 uF.

The .above value yields a frequency of 40.08 Hz, but this is of no
consequence because the resistors have a tolerance of * 5%, and the

(13)

capacitor has a tolerance of * 207 Since the frequency must be
as close as possible to 40 Hz, a potentiometer is used in the circuit
to adjust the resistance to ocbtain the exact frequency.

At pin 3 of the 555 timer, a clock pulse is generated at every
cycle. The clock pulses are directed to the input pin of a 7490
decade counter. Since there are eight counts every 0.2 seconds, on
the eighth count pin 11 of the 7490 counter goes from a "logic O"

to a "logic 1", which is changed to a "logic 0" by an inverter. When

a "logic 0" appears at the inverter output, two things happen:



47

660 {1 2l 555 |3

IOpF GND

FITE

7490

L 74125 2404 ERE

+5 GND
Device Select —pJ 9 8
Pulse OUT Il

Fig. 4.8 0.2 sec. Timing Interval Circuit




48

(1) a "logic 0" enables a three-state buffer on a 74125 chip,

which allows that same signal to be read on to the data bus, and

(2) a "logic 0" acknowledges the interrupt, resets the interrupt flag
of the Mark 80, and jams an instruction on the data bus. Note that
a data bus line that is not connected to a peripheral device during
an interrupt signal assumes a "logic 1". Thus, during the interrupt,
data bus lines DO through D3 and D5 through D7 assume a "logic 1",
while D4 is set to "logic 0". The octal code that appears on the
data bus, 357, has significance to the Mark 80 because it directs

the Mark 80 to memory location HI = 000, and LO = 050, to restart

8 8
the program. Located at that address is an QUT instruction, that
is used to reset the 7490 counter back to zero to count another eight
clock pulses for a new time interval. Since a positive clock pulse
is required to reset the 7490 counter, an inverter is used to change
the negative clock pulse from the Mark 80 to a pcsitive clock
pulse. When the 7490 counter is reset, pin 11 goes to "logic 0",
wnich disconnects the 74125 buffer from the data bus line and

returns EXT to its normal state of '"logic 1". The 7490 counter

begins counting pulses again for the next interrupt.

Display Interface

The display is constructed from Texas Instruments Inc. TIL309
digital displays, which contain a built in 4-bit £lip-flop, display,
and buffer. The TIL309 operates in the following manner: Input

data from the data bus is transferred to pins 7, 6, 10, and 15.
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Pin 12 is used to light the decimal point, which appears to the
right of the figure. Pin 5 is the TIL309 display enable input;
data at the input lines are latched during a negative clock pulse.
A "logic 1" at pin 11 allows the input data to be displayed, while
a "logic 0" blanks the display.

The TIL309 display with the device select pulse OUT 4 is the
only display with the decimal point illuminated and is the only
display that is not blanked (see Fig. 4.9A). In the Reactimeter
program, the software calls for blanking the other four displays
on certain occasions. Device select pulses OUT 5, 6, 7, and 8 each
enable a TIL309 display. The TIL309 display can be blanked by
setting pins 7, 6, and 15 to "logic 1" and pin 10 to "logic 0O".
Table 4.3 lists the binary representation of the numbers, 0 through
9, and the software codes for plus sign, minus sign, and blank (for
blanking the display).

The sign of the number is displayed by a light-emitting diode
(LED). If the LED is on, the sign is negative, whereas if the LED
is off, the sign is positive (see Fig. 4.9B). A 7475 flip-flop
is used to latch the data appearing on the data bus line D7. Only
a single bit is needed to light the LED. The octal codes for the
minus and plus signs are 200 and 000, respectively. A positive
device select pulse enables the 7475 flip-~-flop, which latches the
data at bit D7. A 330 ohm resistor is used as a current limiting

resistor to ensure that the LED does not burn out.
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Table 4.3

Binary Representation of Qutput Data

Output Data Binary Representation
0 000000000
1 00000001
2 00000010
3 00000011
4 00000100
5 00000101
6 00000110
7 00000111
8 00001000
9 00001001

plus sign 00000000O

minus sign 10000000

blank 00001101
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Decoding Circuit

Device select pulses are used as clock pulses for the DPM, 7475
flip-flops, 8095 three-state buffers, and TIL309 digital displays.
Three chips are required to construct the decoding circuit: a 74154
4-line-to-l16~line decoder, a 7408 AND gate, and a 7404 inverter.

The 74154 input lines are connected to the address bus lines AQ
through A3, which permit the device code to be read into the chip

at the same time the chip is enabled by a negative clock pulse that
is generated by either an IN or OUT instruction (see Fig. 4.10). All
output channels of the 74154 are at "logic 1" in the standard state.
When a 4-bit code is read into the address bus and the 74154 is enatled,
the corresponding output channel goes to "logic 0" and remains there
until the chip is disabled (see Table 4.4). The 7475 flip-flop
requires a positive clock pulse, so an inverter is used to change

the negative clock pulse into a positive clock pulse. To permit

the use of one 74154 decoder for both IN and OUT instructions, the
IN and OUT status bits are AllDed together. These bits cannot be
directly connected together to the same line, since both cannot be
"logic 0" at one time without causing damage. Both bits can be
"logic 1" at the same time or they can have opposite logic. Table
4.5 summarizes the device codes, the peripheral devices, and the

types of clock pulse sent out.

500 KHz Clock Rate

The Mark 80 microcomputer must operate at 500 KHz instead of
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Table 4.4

Truth Table for a 4-Line-to-16-Line Decoder

Octal Device Code Inputs Outputs

DCBA 0123456789 1011 12 13 14 15

000 0000 61l1l1111111 1 11111
001 0001 lol11111111 1 1 11 11
002 0010 1101111111 1 1 1 1 11
003 0011 ti110111111 1 1 1 1 11
004 0100 1111011111 1 1 1 1 1 1
005 0101 1111101111 1 1 11 11
006 o110 1111110111 1 1 1 1 11
007 0111 1111111011 1 1 1 1 11
010 10G0 1111111101 1 1 1 1 11
011 1001 111111:110 1 1 1 1 11
012 1010 1111111111 0 1 1 1 11
013 1011 1111111111 1 0 1 1 1 1
014 1100 tt1r11111111 11 0 1 1 1
015 1101 1111111111 1 1 1 O 1 1
016 1110 1111111111 11 1101

1y 1111 t111111111 1 1 1 1 1 0
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Table 4.5

Peripheral Device vs Clock Pulse

Peripheral Device Device Code Clock Pulse
8095 Three-state buffer 000 Negative
8095 Three-state buffer 001 Negative
8095 Three-state buffer 002 Negative
8095 Three-state buffer 003 Negative
TIL309 Display 004 Negative
TIL309 Display 005 Negative
TIL309 Display 006 ‘ Negative
TIL3C9 Display 007 Negative
TIL309 Display 010 Negative
7475 Flip-£flop 011 Positive
Four 7475 Flip=-flops 012 Positive

7490 Decade Counter 013 Negative



the normal rate of 2 MHz to allow the software to function correctly.
At 2 MHz, mathematical calculations performed by the math subroutine
package produces inaccurate results, but at the slower rate of

500 KHz the correct results are produced. To decrease the operating
rate froem 2 MHz to 500 KHz, the 2 MHz internmal clock of the Mark 80
is used along with the circuit on Figure 4.1l to single step the
Mark 80 through the program. The 7493 binary counter chip is used
to generate one clock pulse for every four clock pulses received,
and the new clock pulse is used to single step the Mark 80 through
the program. The yellow switch on the top row of switches on the
front panel of the Mark 80 must be in the up position to allow
single step operation to proceed.

At a speed of 2 MHz, each machine cycle is executed immediately
after the previous machine cycle. When the microccmputer is single
stepped at a clock rate of 500 KHz, the machine cycles still operate
at 2 MHz, but there is a waiting period between two ccnsecutive

macnine cycles.

Conclusion

All the circuits that have appeared in this section are to be
wire wrapped together omn one circuit board that can be plugged
directly into the Mark 80 system. Because of a lack of time this
was not done and the circuits have only been tested individually. The
sof tware required to direct information in and out of these circuits

is discussed in the next chapter.
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CHAPTER V
SOFTWARE

Introduction

The programming of the microcomputer is the last step in the
development of the reactimeter. The program has two major compu-
tations to perform. One computation is the interpretation of the
flux from the two signals received from the Keithley micro-micro-
ammeter. The flux interpretation program is comprised of four
routines: two which convert electrical current into neutron flux,
one that selects one of the conversion routines and the correct
conversion constant, and one that stores the calculated flux in the
correct memory location. The second computation is the calculation
of the reactivity from the present and past neutron flux. Simpson's
Rule is used to evaluate the integral in equation (2.18). Two flux
measurements must be recorded before a new reactivity calculation
can be performed. Thus, if the flux is measured at each time interval,
At, the reactivity is calculated every 2 At. The time interval, At,
that is chosen must be based on the decay times of the neutron pre-
cursors and on the time requirements for the calculations of the

neutron flux and reactivity.
Neutron Flux Algorithm

The neutron flux algorithm converts electrical current data

received from the Keithley meter into neutron flux data. The Keithley

39
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has sixteen range settings; eight range settings have mantissas
between one and three, and eight have mantissas between three and ten.
On all ranges the mantissa is represented as an analog voltage between
0 and 100 mV at the auxiliary output of the Keithley meter. This signal
is digitized by a digital panel meter and read into the microeomputer
in binary-coded-decimal form. During the read routine, the data is
changed into binary-floating-point form and stored in MANT (normalized
mantissa). By using one of two equations, the actual mantissa of the
electrical current measured by the Keithley is determined and is
labeled ACMAN (actual mantissa). MANT is a number between 0 and 100 mV
that represents a number either between one and three, or a number
between three and ten. If MANT represents a number between one and
three, then 0 mV corresponds to one and 100 mV corresponds to three
(see Table 5.1). For a range setting with the mantissa between one

and thiree, ACMAN is defined as follows,
ACMAN = 1 + MANT * (3-1)/100, 5.1
which simplifies to
ACMAN = 1 + MANT * 0.02. (5.2)

If the range setting of the Keithley is between three and ten, O mV
corresponds to three and 100 mV corresponds to ten. ACMAN is

defined as follows,

ACMAN = 3 + MANT * (10-3)/100, (5.3)
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Table 5.1

Mantissa Value vs Output Voltage

Electric current range setting with the mantissa between one and three.

Value of Mantissa Output Voltage (mV)
1.00 000.0
1.50 25.0
2.00 50.0
2,50 75.0
3.00 100.0

Electric current range settings with the mantissa between three and

ten.
Value of Mantissa Qutput Voltage (mV)
3.00 000.0
4.00 14.3
5.00 28.6
€.00 42.9
7.00 57.2
8.00 71.5
9.00 85.8

10.00 100.0



62
wnich simplifies to
ACMAN = 3 + MANT * 0.07. (5.4)

Equations (5.2) and (5.4) are the equations that are employed to
calculate the actual mantissa of the electrical current measured by
the Keithley. Table 5.2 lists the binary-floating—-point wvalues for
the constants and their labels for memory addressing.

To obtain the complete value for the current, ACMAN must be
multiplied by the correct power of ten. The exponent is between =11
and -4. The neutron flux is obtained by multiplying the electrical
current by the conversion factor, K = 2.5 x 1013 nv/amp, from the
compensated ion chamber. The neutron flux is equal to the current

times K.
- 13
FLUX = Current * 2.5 %10~ nv/amp, (5.5)
which is equivalent to
J 13
FLUX = ACMAN x 10~ % 2.5 % 10~ nv/amp, (5.6)

J
where J = -11, -10, -9, ... =4. TFor simplicity, the constants 10

13+J
and K can be defined as a new constant, CONn. Let CONn = 2.5 x 10 3

1}

for n 1 to 8, and let J be defined in terms of n such that

J=n-12. Forn=1, J = -11, CON1 = 2.5 x 102, and if n = 8,
J = -4, and CON8 = 2.5 x 109. Table 5.2 lists the values of CONn
and their binary-floating-point values. Equation (5.6) can be simpli-

fied to the following,
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Table 5.2

Conversion Constants for Neutron Flux Algorithm

Binary Floating Point

Number Label Representation

0.02 CONT2 173 043 327 010
0.07 CONT7 175 017 134 050
1.00 ONE 201 000 000 000
3.00 THREE _ 202 100 000 000
2.5 x 10 © oo 210 171 377 320
2.5 x 10° CON2 214 034 077 340
2.5 x 10 CON3 217 103 120 010
2.5 x 10° CON4 222 164 043 270
2.5 x 10° CON5 226 030 © 226 270
2.5 x 10’ CON6 ; 231 076 274 100
2.5 x 10° CON7 234 156 152 370

9

2.5 » 10 CONS8 240 025 003 060
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FLUX = ACMAN * CONn, n =1 to 8. (5.7)

Equations (5.2), (5.4), and (5.7) comprise the neutron flux algorithm.

Reactivity Algorithm

The reactivity algorithm is based on equations (2.17) and (2.18),

6
' (t) =1 - (] a¥ (©))/e(e). (2.17)
i=1
t
Yi(t) = ¢oexp(—lit) + A [0 ¢(r)exp(-ki(t—r))d(r). (2.18)

Since the microcomputer cannot integrate, a numerical integration
technique, such as Simpson's Rule, must be used to evaluate the
integral in equation (2.18). Simpson's Rule requires the use of
three points to calculate the area under the curve. The first point
in the area calculation is the end point from the previous area calcu-
lation. Thus, two neutron flux measurements are needed before the
next neutron precursor flux and reactivity can be calculated.

The precursor flux at time t is calculated from the previous
precursor flux at time t = 2 At. Let tk’ tk+1’ and tk+2 be three

consecutive points in time when a flux measurement 1is recorded, and

define At = t - tk’ and 2 At tebo ~ t Assume that Yi(t) is

k+1
known and that a relationship for Yi(tk+2) can be derived from Yi(tk)'
By applying Simpson's Rule to the integral, one can calculate Yi(tk)
and Yi(tk+2) in equations (5.8) and (5.9), respectively. (See the
following page.) Yi(tk+2) can be rewritten as equation (5.10), which

can be simplified to equation (5.11).



AAt

Y (6) = ¢ exp(- AE) + —— [(e)) exp(- A (£,-t)) + 40 (e dexp(= A (£, =€) + 20(t,)exp(-A; (¢, ~t,))
+ ... + 4¢(tk_l) exp (- Ai(tk—tk_l)) + ¢(tk)] (5.8)
)\iAt
Yi(tk+2) = ¢O exp(—k(tk+2)) + [¢(t0) exp(-—Ai(tk+2 - to)) + 4¢(tl)exp(—>\i(tk+2 - tl))
+ 2¢(t2) exp(—)\i(tk+2 - t2)) + ... + 4¢(tk_l)exp(—ki(tk+2 - tk_l))
+20(8) exp(-A (b, = £)] + 4d(t,, ) exp(-A (£ o =t 1)) + 4t )] (5.9)
)\iAt
Yi(tk+2) = exp(—ZAiAt) pYe {?Oexp( -\, t ) + - [¢(t ) exp(~A (t -t )) + 4¢(t ) exp(-X, (t:k l))
+ 2¢(t2) exp(—Ai(tk—tz)) + ...+ 4¢(tk_l) exp(—ki(tk_l—tk)) + ¢(tk) exp(—ki(tk—tk))]}
)\iAt
[6(t,) exp(-h, (£ ,,mt,)) + 4ot 1) exp(-A (£, 5 = £, 1)) + 6(t,,,)] (5.10)
ALAtL
Yi(tk+2) = Yi(tk) exp(-2 AiAt) + [¢(tk) exp (-2 AiAt) + 4¢(tk+1) exp(~AiAt) + ¢(tk+2)] (5.11)

<9
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Equations (5.11) and (2.17) are the two equations that are used
in the reactivity algorithm. Equation (5.11) is used once for each
of the six neutron precursor groups, and is performed six times every
two time intervals. Zquation (2.17) is used only once every two
time interval.

One additional modification makes it easier for the microcomputer
to perform the reactivity algorithm. We define and calculate

eighteen constants, three for each of the six equations. Thus, let

CEX1i = exp (- 2 AiAt) (5.12)
CEX2i = 4 x exp (- AiAt) (5.13)
CLAMi = XiAt/3 (5.14)

for i = 1 to 6, where At = 0.2 seconds. Refer to Table 5.3 for the
numerical values and binary-floating-point values for each of the

above constants and the relative yield fraction, Ai.

Time Interval

How often should one take neutron fiux measurements? There
are two criteria: (1) a time interval that is short enough so that
it provides accurate results when used in the point reactor kinetics
equations, (2) a time interval that is long enough to permit the
microcomputer to perform all calculations in the time span of two
time intervals, and (3) a time interval that is long enough to permit

a significant change in power.
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Table 5.3

Constants for Reactivity Algorithm

Binary Floating Point

Number Label Representation

0.03800 Al 174 033 245 340
0.21310 A2 176 132 066 340
0.18800 A3 176 100 203 020
0.40690 A4 177 120 125 060
0.12800 A5 176 003 022 160
0.02600 A6 173 124 375 260
3.97468 CEX21 202 176 141 050
3.93710 CEX22 202 173 371 162
3.77649 CEX23 202 161 262 002
3.42395 CEX24 202 133 041 377
1.98634 CEX25 201 176 100 140
0.57770 CEX26 200 013 344 040
0.98738 CEX11 200 174 304 360
0.96880 CEX12 200 170 003 100
0.89137 CEX13 200 144 060 321
0.73271 CEX14 200 073 222 340
0.24660 CEX15 176 174 204 260
0.02086 CEX16 173 052 342 230
0.00212 CLAM1 170 012 357 260
0.00528 CLAM2 171 055 003 330
0.01917 CLAM3 173 035 012 150
0.05183 CLAM4 174 124 113 260
0.23333 CLAM5 176 156 256 020

0.64500 CLAM6 200 045 036 270
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The maximum time interval depends upon the accuracy desired
in the point reactor kinetics equations. Time intervals that are
larger than the half-life of any single neutron precursor group
yvield an inaccurate representation of the neutron precursor flux of
that group as well as tiae total neutron flux. Ideally, the time
"interval for recording neutron flux measurements should be less than
the smallest half-life (0.2 sec. for group six, see Table 2.1). For
good accuracy, the time interval should be no larger than 0.2 seconds.
If necessary, neutron flux measurements can be taken every 0.5 seconds
and still provide acceptable accuracy. At 0.5 seconds, only group
six would not be represented accurately, Group six comprises approxi-
mately 3% of the total neutron flux and would introduce, at most,
the same amount of error. Group five has a half-life of 0.55 seconds
and comprises about 13% of the total neutron flux. Any further
increase in the time interval past 0.5 seconds would introduce more
error. The maximum time interval should not exceed 0.5 seconds.

The Mark 80 microcomputer is single stepped at 500 kHz instead
of operating at 2 MHz to allow the 1702 EPROMs, wiich contain the
reactimeter program and the floating point math routines, to operate
correctly. There is no equation to determine how much time is
required to perform all the calculations at 500 kHz. An estimate
of the total time required for the routines SELECT, HRFC, LRFC,
DIRECT, PRECURI, TRANSFER, and REACT to perform the calculations
can be obtained by implementing the following program after the

last instruction in the routine REACT.
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LXI H, COUNT ;HL <« COUNT
DCR M ; (COUNT) <« (COUNT - 1)
JMP SELECT ;If the result is not zero, jump

to the starting address of SELECT

HLT sHALT

If the value of COUNT is not zero after the DCR M instruction, the
microcomputer jumps to the starting address of the routine SELECT
and performs the calculation over again. If the result is zero,
then the microcomputer stops. It was found that the average execution
time at 500 kHz for the routines SELECT to REACT was 0.130 = 0.005
seconds. Together, the average execution time of the routines INPUT
and OUTPUT are less than 0.0l second. Thus, if we choose 0.15 seconds
as a conservative estimate for the entirza program to execute the
longest instruction set, a time interval of 0.2 seconds is adequate
for calculation time and provides good results.

The reactor period is the time that it takes for the neutron
flux (and power) to change by a factor of "e'". During a thirty
second or greater period, the thermal neutron flux changes slowly.
Thus, during two consecutive neutron flux measurements, the conversion
from the analog signal to digital signal may not register any signifi-
cant change. The digital panel meter can only detect changes of
0.1 mV from the output of the Keithley meter. Thus, many time
intervals could pass before a voltage change of 0.1 mV could be
detected by the digital panel meter., The reactivity displayed during

this time would be inaccurate.
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Reactimeter Program Introduction

There are ten main routines used to calculate the reactivity
from the electrical current in addition to the math routines in the
8080 Intel Floating Point Package. Figure 5.1 contains the main
flowchart of the reactimeter program. A discussion and flowchart
of each of the ten routines follow. To help the reader better
interpret the flowcharts, we have summarized below the symbols that

we have used.

Registers
Symbols Comments
A Register A, accumulator
B Register B
C Register C
D Register D
E Register E
H Register H
L Register L
HL Register pair HL, usually an
address with K = HI and L = LO
(HL) The data located at the memory
location in H and L
Labels
MANT The 16-bit address of MANT

(MANT) The 8-bit value of MANT
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Fig. 5.1 A Main Flowchart
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Fig. 5.1 B Main Flowchart (cont)



73

Numbers
10 10 kbase 10)
10 H 10 (base 16)
FE H FE (base 16)

Expressions

HL <« MANT The address of MANT is loaded into
the HL register pair

H « (HL) The value of the memory location,
whose address is in the HL register
is moved into register H

ouT 10 Generate a device select pulse to
device 10
A<+« 7CH . A Load A with 7C (base 16)
HI = 13 H HI address is 13 (base 16)
INPUT

The purpose of INPUT is to read the BCD signals from the Keithley
meter and the digital panel meter, convert the input data from the
digital panel ;eter into an appropriate form, and store the results
in the correct memory locations for later use by other routines (see
Fig. 5.2 for flowchart). The first task of INPUT is to latch the two
bytes of input data simultaneously. An OUT 10 instruction is used to
generate a device select pulse to four 7475 flip-flops. Each flip-flop
latches four bits. Three 7475 chips latch the tenths, ones, and tens
digits from the digital panel meter, and the fourth 7475 chip latches
the binary coded signal from the range dial of the Keithley meter.

The memory storage location, DMANT + 4, for the tenths digit is loaded
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INPUT :HI=00H QUT 10

LO=2AH ‘5

HL<G——DMANTt 4

(DMANT+4)<-A

v

L— L—|

T

L¢—L— |

(DMANT+ 2)<—A

9

Fig.5.2 A INPUT Routine
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v
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Rotote A Left
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HL<S—GRAYC

S

Fig.5.2B INPUT Routine (cont)
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%

(GRAYC) <— A
HL<——DMANT
<

Call INP
v
HL<S¢— MANT
&
Call STR
&

Go to SELECT

Fig.5.2C INPUT Routine (cont.)
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into the HL register pair and an IN 1 instruction generates a device
select pulse to input device one (see Table 5.4 for peripheral

device and codes). Input device one is an 8095 three-state buffer,
which when enabled allows the data stored in the 7475 chip to be read
into bits DO to D3 of the accumulator, whose contents are then moved
‘to the address given by the HL register pair. Register L is
decremented twice, and the memory storage location for the ones
digit, DMANT + 2, appears in the HL register pair. One byte is
skipped to leave space to hold the ASCII code for the decimal point,
which must appear for the conversion subroutine INP. Input device
two is an 8095 three-state buffer for the ones digit, and behaves

the same way as input device one. Register L is decremented and

the memory storage location (DMANT + 1) for the tens digit appears in
the HL register pair. Input device three is an 8095 three-state
buffer for the tens digit and functions the same way as input

devices one and two.

Input device zero is an 8095 three-state buffer for the binary
code from the range dial of the Keithley. After the bits are read
into bits DO to D3 of the accumulator, two RCL instructions are used
to move the four bits to bits positions D2 to D5. The accumulator
byte corresponds to the low address byte in the high address block
01 H. The data of the accumulator is stored in the memory location
GRAYC. Initially, DMANT, the three digit BCD string number is con-

verted into a binary floating-point number by calling the subroutine

INP. The result is stored in MANT, and control is passed to SELECT.
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Table 5.4

Device Codes and Peripheral Devices

Octal Device Number Peripheral Device

000 8095 Three-state buffer from
Gray shaft encoder from Keithley

001 8095 Three-state buffer from
tenths digit of the DPM

002 8095 Three-state buffer from
ones digit of the DPM

003 8095 Three-state buffer from
tens digit of the DPM

004 Numeric Display-latch for
ones digit

005 Numeric Display-latch for
tens digit

006 Numeric Display-latch for
hundreds digit

007 Numeric Display-latch for
thousands digit

010 Numeric Display-latch for
ten-thousands digit

011 7475 flip-flop for sign

012 Four 7475 flip-flops that
latch data from the Keithley
and DPM

013 7475 flip-flop for 7490 decade

counter
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SELECT

The purpose of SELECT is to direct the microcomputer to one of
two electrical-current-to-neutron-flux conversion routines and
select the corresponding constant, CONn, n = 1 to 8, for the range
setting of the Keithley micro-microammeter. Each range setting has
a binary value between zero and fifteen assigned to it. This value
has been stored in bits D2 through D5 in memory location GRAYC and is
the low address byte of the first byte of a four byte section of
memory that contains the starting address of either HRFC (High Range
Flux Conversion) or LRFC (Low Range Flux Conversion), and the
address of the constant CONn. Since four bytes are required to store
the two addresses, the binary code of each range setting of the
Keithley is stored in bits D2 through D5 instead of DO through D3,
thus making it possible to address every fourth byte. Sixty-four
bytes of memory must be reserved at the beginning of a 1K memory
block to store the four bytes for each of the sixteen range settings.

The routine, SELECT (see Fig. 5.3 for flowchart), begins by
loading the address of GRAYC into the HL register pair and then
moves the value of GRAYC into the L register. The high address of
the first byte of four bytes is loaded into the K register. The
HL register pair contains the address of a byte that contains the
starting low address of either HRFC or LRFC. This value is moved
from memory to register E; register L is incremented. The HL

register pair now contains the address of the second byte that



SELECT:; HI=00H
LO=50H

Fig. 5.3 SELECT
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H L<$——— GRAYC

v
L<¢——(GRAYC)
v
H<— OIH
- v
E <— (HL)
v
L<—L +]
¥
PUSH H L on SP
<
H<— (HL)
v
L<—E

PC<—H L, Jump

Routine
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contains the high address of either HRFC or LRFC. This address in

the HL register pair is stored on the microprocessor stack for later
reference by LRFC or HRFC to determine the address of the first byte
of CONn. During a PUSH instruction, the contents of the HL register
pair do not change, so the value of the byte addressed by the HL
register pair can still be moved into the H register. The value in
register E is moved to the L register. The HL register pair now
contains the starting address of HRFC or LRFC. A jump to that address
is initiated by a PCHL instruction, which moves the data in the HL
register pair to the program counter and causes the microcomputer

to jump to that address.

HRFC-LRFC

HRFC (High Range Flux Conversion) and LRFC (Low Range Flux
Conversion) convert the electrical current input data into the cor-
responding neutron flux measurad in the reactor core. Depending
on the range setting on the Keithley meter, the mantissa of the
electrical current is either between one and three or between three
and ten. The normalized mantissa is read by the microcomputer and
stored in MANT (normalized mantissa) in binary floating-point form.
If HRFC (see Fig. 5.4 for flowchart) is chosen, equation (5.4) is
used for the first half of the calculation. MANT is loaded into the
floating-point—-accumulator and multiplied by CONT7 (0.07); ONE
(1.00) is added to obtain the actual mantissa (ACMAN). ACMAN is a

dummy name because no memory space is allocated for the result,



82

HRFC: HI=COH |HLS——MANT
LO=85H
o
Call LOD
-
H L<———CONT7?
v
Call MUL
&
H L< THREE
&
Call AD
&
POP HL off SP
T
HL<—H,L+1
&
E<——(MHL)
&

J

Fig. 54 A HRFC Routine



83

Y

HL<S— H,L+I

<

H<G——(HL)

v

L<—E

v

Call MUL

v

HL<—FLUX

v

Call STR

5

Go to DIRECT

Fig. 5.4 B HRFC Routine (cont.)
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which remains in the floating-point accumulator until it is multiplied
by CONn. If LRFC (see Fig. 5.5 for flowchart) is chosen, equation
(5.2) is used instead of equation (5.4). The procedure is the
same with only the constants differing; CONT2 (0.02) and THREE (3.00)
replace CONT7 and ONE. From here to the end, both routines are
exactly alike and are based on equation (5.7).

So far, only two of the four bytes that the routine SELECT
has previously addressed have been used. The address of the second
byte 1is stored on the microprocessor stack and is available for
retrieval. Using a FOP instruction, that address is moved back
into the HL register pair and then register L is incremented by
one. The address of the byte in the HL register pair contains the
value of the low address for the constant CONn. A multiplication
is to be performed on ACMAN, which is in the floating-point-
accumulator, by CONn, whose address must be loaded into the HL
register pair. The low address of CONn is moved to register E
from memory and register L is incremented. The HL register pair
contains the memory location for the high address of CONn. K This
value is moved to register H, and the value of register E is moved to
register L. The address in the HL register pair is the address of
CONn and the multiplication between ACMAN and CONn can be performed.
The result of the multiplication is stored in the memory location
FLUX. Control is passed to the routine DIRECT, which assigns the

value of FLUX to either FLUX2 or FLUX3.
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LRFC: HI=00H |HLS MANT
LO=6IH
v
Call L OD
v
HLG— CONT2
<
Call MUL
HL<——ONE
v
Call AD
v
POP HL off SP
<.
H,L—H,L+ |
E <——— (HL)

Y

Fig. 5.5 A LRFC Routine
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H,L<—H, L+
H<—(HL)
L<—E
Call MUL
v
HL<———FLUX
v
Call STR
Y7

Jump to DIRECT

LRFC Routine (cont)
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DIRECT

DIRECT receives control from either HRFC or LRFC, and stores
the calculated value of the most recent neutron flux measurement
in either FLUX2 or FLUX3. If the neutron flux measurement is the
first measurement after the previous reactivity calculation, then
it represents ¢(t - At) and is stored in FLUX2. 1If it is the
second measurement after the previous reactivity calculation, it
represents ¢(t) and is stored in FLUX3.

The method of directing the neutron flux measurement to the
proper storage address is simple (see Fig. 5.6 for flowchart). One
byte of memory, MEM, is set aside with the initial value of two.
When control is given DIRECT, it decrements MEM by one, and tests
the result for a zero value by using a conditional jump instructionm.
If MEM is not equal to zero, the value of FLUX is loaded in the
floating-point-accumulator and stored in the address of FLUX2 and
control is given to WAIT. If the value of MEM is zero, the
operation is the same, with FLUX being stored in the address of
FLUX3. After FLUX3 has been stored, MEM is reset to the value of

two and control is passed to PRECURi.
PRECURL

PRECURL calculates the neutron precursor flux at time t from
the previous neutron precursor flux at time t - 2 At with the aid
of equation (5.11). There are six PRECURL routines, one for each

of the six delayed neutron groups. In the six PRECURL routines
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DIRECT:HI =00H [HL<——MEM
LO=A6 H

&
(MEM)<—(MEM) — |
(MEM)=0 YES
<NO
HL<— FLUX
37
Cali LOD
HL<S— FLUX2
.
Call STR
Jump to WAIT

Fig.5.6 A DIRECT Routine



Fig. 5.6 B
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Y

HL< FLUX
Call LOD
HL< FLUX3
7
Call STR
&
HL< MEM
&
(MEM)<— O2H
v

Jump to PRECURI

DIRECT Routine (cont)
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(see Fig. 5.7 for flowchart), a temporary four-byte section of
memory is required to store a result from a multiplication operatiom.
This section in memory is labeled HOLD and is used twice by each
PRECURL routine to store the result from one multiplication
operation while another multiplication operation is being performed.
The two results are added later.

The first half of the calculation is based on the use of Simpson's
Rule to determine the value of the new neutron flux introduced since
the last reactivity calculation. FLUX1l, ¢(t - 2 At), is loaded
into the floating-point accumulator and multiplied by CEX1i,
exp(- 2 AiAt). This result is stored in the address HOLD to permit
the next multiplication to be performed. FLUX2, ¢(t - At), is
loaded into the floating-point-accumulator and is multiplied by
CEX2i, 4 exp(- AiAt). The result of the multiplication appears
in the floating-point-accumulator. HOLD, FLUX3, (¢(t)), and CLAMI
(AiAt/3) are each loaded as operands, and two additions and one
multiplication are performed, respectively [CLAMI * (FLUX1l * CEX1li
+ FLUX2 * CEX2i + FLUX3)]. The final result of the above calculation
is stored in HOLD while the multiplication of Y2Ti, the previous
neutron precursor flux, and CEXli is performed. HOLD is added to
Y2Ti to obtain the new neutron precursor flux at time t. The
result is stored in memory location Y2Ti for the next neutron
precursor calculation (for the reactivity calculation at time
t + 2 At). The present neutron precursor flux is still in the

floating-point-accumulator. A multiplication is performed with Ai,



PRECURI:HI=1|4H HL<

Fig. 5.7 A
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FLUXI

LO=00H

v

Call LOD

v

HL<S— CEXIi

v

Call MUL
<

HLS—HOLD

v

Call STR
&

HL< FLUX2

2
Call LOD

i)

U

PRECURI Routines




Fig.5.7B PRECURI
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~

HLS——CEX2lI.
Call MUL
HLS——HOLD
v
Call AD
HL< —FLUX3
v
Call AD
HL<——— CLAMi
Call MUL
&4

L

Routines (cont.)



Fig.5.7C
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/

2L

HLS HOLD

Call STR

HLS——— Y2 Ti
5

Call LOD
v

HLS CEXIi
i

Call MUL

HL<————HOLD
v

Call AD

wr

L

PRECURIi Routines {(cont.)
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Y

HL—Y2Ti
i
Call STR
| HLS¢— A
<
Call MUL
HL—YTi
5
Call STR
Continue
B l
Go to TRANSFER

Fig.5.7 D PRECURI Routines (cont.)



95

the relative fractional yield, with the result being stored in YTi.
The YTi's are summed together in REACT, which calculates the

reactivity.
TRANSFER

TRANSFER (see Fig. 5.8 for flowchart) is a small routine that
assigns the last flux measurement, FLUX3, to FLUX1l in preparation
for a new calculation in each of the six PRECURi routines. In the
reactivity algorithm, an integral is evaluated by using Simpson's
Rule, which requires three points. The last point of one area
section becomes the first point of the next successive area section.
This program is very simple since all that is done is to load FLUX3

into the floating-point-accumulator and output it to FLUX1.

REACT

REACT performs the final calculation for determining the
reactivity of the reactor (see Fig. 5.9 for flowchart). In order
to sum the relative neutron precursor yields aiYi(t), labeled in
memory as YTi, YTl is loaded into the floating-point-accumulator
and YT2 is loaded into the operand. The floating~point AD subroutine
is called, with the result of the operation appearing in the floating-
point-accumulator. Similarly, YT3, YT4, YT5, and YT6 are added one
at a time in the same way through the use of the proper address for
the operand in the HL register pair. The address of FLUX3 is loaded

and the floating-point DIV subroutine is called, with the result
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TRANSFER: HI=l6H HL<— FLUX3
LO=ICH \17
Call LOD
HL~<——FLUXI
Call STR
&
Go to REACT

Fig. 5.8 TRANSFER Routine
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REACT:H|=l6H | HL<S YTI
LO=28H
v
Call LOD
o
HL— YT2
v
Call AD
HLS— YT3
&
Call AD
v
HL—YT4
v
Call AD
v
HLE—YTS5S
&

9

Fig.5.9 A REACT Routine
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\

v
Calli AD
&
HLS YT6
v
Call AD
T
Hl<G—————FLUX3
o
Call DIV
<&
Call CHS
<
H L 4———— ONE
Call AD
d,
K
N

Fig. 5.9B REACT Routine (cont)
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%

HL< TENS
o
Caoll MUL
-
HL<S— RHO
Call QU
v
Go to OUTPT

Fig.5.9C REACT Routine (cont.)
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being stored in the floating-point-accumulator. The result is the
sum of the relative yields of each neutron precursor divided by the
neutron flux at time t. This result must be subtracted from one to
obtain the final answer which is the reactivity. One method to
calculate the reactivity would be to output the result to a storage
place in memory, load the number one into the floating-point-
accumulator, and call the floating-point SB subroutine to subtract
it from one. This operation requires 24 bytes of memory. A second
method is to leave the result in the floating-point-accumulator,
change the sign of the result with the floating-point CHS subroutine,
and then use the AD subroutine to add one to obtain the reactivity.
This operation requires nine bytes of memory, which is a savings

of greater than 50% in memory space and a couple of milli-seconds of
time. Of the two methods mentioned above, the latter is more
efficient and is employed in REACT. The units of RHO are dollars,
which is a very large quantity to measure reactivity. The more
common units are per cent mills. One dollar equals 650 per cent mills.
Since RHO is desired in per cent mills, after one is added, RHO is
multiplied by 650. REACT stores the final result in RHO in a
binary-coded-decimal form that requires thirteen bytes of memory

for the decimal representation. RHGC is the final derived value.
REACT passes control to OUTPUT, which transfers RHO to a digital

display.
OUTPUT

The purpose of OUTPUT is to locate the decimal point in the
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computed reactivity and transfer it to the digital display. Most
reactor operators prefer to detect changes in reactivity of 1 to

10 pcm, but no smaller. OUTPUT does not immediately transfer the
computed reactivity to the display latches because it has to make

a decision and a search (see Fig. 5.10 for flow chart). On entry
into OUTPUT, the decision that must be made is whether or not the
absolute value of the computed reactivity is less than 1 pcm. If
so, the value that is transferred to the digital display is zero.

If the value is not less than 1 pcm, then a search for the decimal
point is performed. Only numbers whose absolute value are less than
0.1 or greater than or equal to 1 x lO7 are written in scientific
notation by the floating point subroutine O0U. The subroutine QU
converts binary floating-point numbers into a 13-byte BCD character-
string representation (see Appendix B). The first byte is the sign
of the number. The next eight bytes are seven significant digits
and the decimal point. The last four bytes represent the exponent;

if it exists, 025, (ASCII code for E) appears in the first byte. The

8
last three bytes are the sign and a two digit expoment. If there is
no exponent, all four bytes are set to 360 (ASCII code for space)
and the number is not written in scientific notation. Table 5.5
illustrates the different forms of the 13-byte floating point
representation. The subroutine OU is used in the routine REACT, but
tlie results are interpreted by OUTPUT.

All bytes are referenced from the first byte in the 13-byte

representation of decimal numbers. For instance, the computed
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OUTPUT : HI
LO

16 H | A<—(RHO+ 9)
6D H

Jump to CHKI

OTPTO:

OTNUM: [ QUT 4

Cali CHECK

<

QUT S

T
Call CHECK

x

9

Fig. 5.10 A OUTPUT Routine
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b

QUT 6

v

Call CHECK

o

ouT 7

1

-

Call CHECK

v
&

Jump to SIGN

OuT 8

CHKIl: | Ad—(RHO+1)

Fig. 5.10B OUTPUT Routine (cont.)



104

Jump to OTPTO

Jump to OTPTS

Fig. 3.10 C  OUTPUT Routine (cont.)
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Jump to OTPT4

AG— (RHO + 4)

v

B<—FE H

Jump to OTPT3

A<—— (RHO+3)

v

B<¢——FEH

]
U

Fig.5.10 D OQUTPUT Routine (cont)
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Jump to OTPTZ2

Jump to OTNUM

Fig.5.10 E  QUTPUT Routine (cont)
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OTPTS: | HLS——RHO+S5

i

\

A<T— (HL)

5
E<—5

<

Jump to OTNUM

OTPT4: | HL—RHO+ 4

2
A<—— (HL)

v

E<<—4

v

Jump to OTNUM

Fig.5.10F OQUTPUT Routine (cont.)
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OTPT 3: |HL<——RHO+3
v
A ¢— (HL)

&
E<+—3

2

Jump to OTNUM

OTPTZ2: HL <-—RHO+2

I
A <— (HL)

&

E<SC—2

¢

Jump to OTNUM

Fig. 5.10G OUTPUT Routine (cont)
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SIGN: | A<——(RHO)

Jump to ZERO

Jump to WAIT

ZERO: | A S—(PLUS)

Jump to  WAIT

Fig.5.10 H OUTPUT Routine (cont)



Table 5.5

ASCII Coded 13-Byte Representation of Floating-Point-

ASCII Code in Octal

000
001
002
003
004
005
006
007
008
009
360
374
375
376
025

Decimal Numbers

Definition

0O NN W N O

O

space
plus
minus
decimal point
E

0Tt



Table 5.5

ASCIT Coded 13-Byte Representation of Floating-Point-Decimal Numbers (continued)

Floating Point

Number 13-Byte Representation
1.0 x 10_3 360 001 376 000 000 000 000 000 000 025 375 000 003
1.5 x 10—2 360 001 376 005 000 000 000 000 000 025 375 000 002
2.75 x 10_1 360 376 002 007 005 000 000 000 000 360 360 360 360
4.5 x 100 360 004 376 005 000 000 000 000 000 360 360 360 360
-4.5 x 100 375 004 376 005 000 000 000 000 000 360 360 360 360
1.2 x 10l 360 001 002 376 000 000 000 000 000 360 360 360 360
2.9 x 102 360 002 011 000 376 000 000 000 000 360 360 360 360
5.85 x 103 360 005 010 005 000 376 000 000 000 360 360 360 360
6.789 x 104 360 006 007 010 011 000 376 000 000 360 360 360 360
8.0 x 105 360 010 000 000 000 000 000 376 000 360 360 360 360
1.5 x 106 360 001 005 000 000 000 000 000 376 360 360 360 360
1.75 x 107 360 001 376 007 005 000 000 000 000 025 374 000 007
12

1.05 x 10 ‘ 360 001 376 000 005 000 000 000 000 025 374 001 002

111



reactivity is converted into a 13-byte BCD string and is labeled RHO
in the reactimeter program. To reference byte 10 of RHO, the
exponential byte, one refers to it as RHO + 9. This is the first

of two bytes that are checked to determine if the computed reactivity
is less than 1 pcm in absolute value. The largest reactivity magni-
tude will never exceed 1000 pcm. Therefore, any value of RHO that
has an exponent, 0258 appearing in byte RHO + 9 is a number that is
less than one. In such a case, the routine OUTPUT transfers zero

to the digital display. If a space instead of an E is found in

RHO + 9, RHO + 1 is checked as the second part of the test. A decimal
point in REO + 1 signifies a number greater than or equal to 0.1 and
less than 1.0. Again the value of zero is transfierred to the digital
display (see Fig. 5.10 for flowchart).

If the test determines that the value of the computed reactivity
is not less than 1 pem in absolute value, then a search is conducted
for a decimal point in bytes RHO + 6 through RHO + 3. RHO + 6 is the
first byte checked. If one is found, then RHO + 5 through RHO + 1
are transferred to the ones through ten-thousands digit displays,
respectively. If no decimal point is found, then RHO + 5 is checked.
If RHO + 5 contains a decimal point, then RHO + 4 through RHO + 1
are transferred respectively to the ones through thousands digit
displays, and the ten-thousands digit display is blanked. If no
decimal point is found, RHO + 4 is checked, then RHO + 3. If no
decimal point is found, it is assumed to be in RHO + 2. The decimal

point cannot be located in RHO + 7 or RHO + 8, because the numbers
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represented by a decimal point in these locations are beyond the
actual values of reactivity capable of being produced in the VPI & SU
reactor. Table 5.6 lists the location of the decimal point, the
digital displays with numbers, and the displays that are blanked.

After the test for zero and the decimal point search have been
completed, the data is ready for transfer to the digital display.
If the value to be transferred is zero, OUTPUT starts OTPTO, which
loads the accumulator with zero and proceeds to OTNUM. If the value
is not zero, OUTPUT starts at OTNUM. The first value to be trans-
ferred has been previously loaded into the accumulator immediately
after the location of the decimal point was determined. The number
of digits to be transferred had also been stored in Register E at
this same time. The data are transferred to the digital display by
generating a device select pulse with an OUT instruction and calling
the subroutine CHECK after each OUT instruction. Table 5.4 sum-
warizes the peripheral devices and their respective codes.

The purpose of the subroutine CHECK (see Fig. 5.11 for flowchart)
is to determine if the next value moved into the accumulator is a
number or the code word to blank the display. Register E, which was
loaded earlier with the number of significant digits to be latched,
is decremented on each entry into the subroutine. If the result is
zero, the subroutine calls the subroutine WOUT; if the result is not
zero, register L is decremented and the next number is loaded into
the accumulator. The subroutine WOUT (see Fig. 5.12 for flowchart)

loads the address of BLANK + 1 in the HL register pair and the value



Decimal Point
Location

RHO + 6

RHO + 5

RHO + 4

RHO + 3

RHO + 2

RHO + 1
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Table 5.6

Location of
Decimal Digit

RHO +
RHO +
RHO +
RHO +
RHO +

z
++ + +
H N W& HFNWeesO;m

g
+
N W

Digit

Ones

Tens

Hundreds
Thousands
Ten-thousands

Ones

Tens

Hundreds
Thousands
Ten-thousands

Ones

Tens

Hundreds
Thousands
Ten-thousands

Ones

Tens

Hundreds
Thousands
Ten-thousands

Ones

Tens

Hundreds
Thousands
Ten-thousands

Ones

Tens

Hundreds
Thousands
Ten—-thousands
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CHECK:HIi=O0H |E<—E—]|
LO=D8H

Call WOUT

> L<— L]

&

A<— (HL)

v

Return

Fig.5.1f CHECK Subroutine



116

WOUT :

o¥e)
Mo

H | HL<—BLANK+|
H

g o

v

E<— |

v

.Return

Fig.5.12 WOUT Subroutine
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of one in register E before returning to CHECK. The address directly
above BLANK is loaded because, on returning to CHECK, register L is
decremented and the address of BLANK is now in the HL register pair.
Register E is set to one so subsequent displays can be blanked if
required. CHECK is called four times by OINUM, once after each of

the first four OUT instructions.
WAIT

The purpose of WAIT is to let the microcomputer idle until an
interrupt signal is received from the external clock (see Fig. 5.13
for flowchart). The external clock generates an interrupt signal
every 0.2 seconds and restarts the microcomputer at the address
RESTR, which provides a device select pulse to reset the 7490 decade
counter that is used to generate the interrupt signal (see Chapter 4).

WAIT receives control from DIRECT if no reactivity calculation
is performed, from OUTPUT if a reactivity calculation has been
performed, and from START after a power termination. WAIT is a
three instruction loop. The first instruction enables the interrupt
that permits the external clock to signal the start of a new time
interval. The third instruction is a jump to the address occupied
by the first instruction. The second instruction is a NOP. The
Mark 80 cycles through this loop until an interrupt signal along with
a RST 5 is received. The RST command restarts the Mark 80 at
HI = 000, and LO = 0508, which is the starting address of RESTR.

8

After clearing the decade counter, the routine INPUT regains control.
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WAIT: Hl =O0 H | Enable Interrupt

N

LO=5CH éz
No Operation
v
Jump to WAIT
RESTART: HI =00 H | OUT 11
LO=28H
Go to INPUT

Fig. 5.13 WAIT Loop
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START

The START routine is used only once, when the power is first
turned on. The entire program can be stored_in EPROM, but 256 bytes
of R/W memory are required for temporary data: 64 bytes for scratch
pad use by the math routines, 64 bytes for use by the Reactimeter
program to store input data and results from calculations, and sixteen
bytes for stack pointer use. The purpose of START (see Fig. 5.14) is
to locate the stack pointer at the high end cf R/W memory, insert
the ASCII codes for decimal point, space, and end-of-BCD string into
the storage section of DMANT, and initialize FLUX1 and Y2Ti (i = 1 to
6) to zero for the first calculation. After this is done, START

gives control to WAIT to begin the first calculation.

Conclusion

The development of the software system is based on two algorithms
and the constraints governing the hardware system for the input and
output of data. The program was assembled using MAC80, a cross
assembler on the VPI & SU IBM 360 computer. The MAC80 reads mmnemonic
symbols and labels typed into a source program and generates a
listing program that assigns an address and the correct code to
each mnemonic symbol. In conjunction with the reactivity program,
the Intel Floating Point Package of basic mathematical subroutines
is used to perform mathematical operations. The Intel Floating
Point Package is listed in Appendix E. The Reactimeter program is

listed in Appendix D. In assembling the Reactimeter program, dummy



120

START:HI=00H|{ SP<—IIOOH

LO=00H
v

HL <——DMANT

v

(HL)<—FOH

i

L L +3

¥,

(HL)<——FE H

7

L<—L+2

2

(HL)S—FF H

V

D ~—7

v

HL<— Y2TI

9

Fig.5.14 A START Routine
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A +——0
ITITZ: | HL<——A [T
Y
L<¢——L+4
v
Da—D—|
p=0 HNO
[YES
Call INT

Jump to WAIT

Fig.5.14 B START Routine (cont)
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routines were placed under the floating-point subroutine names and
addresses so that the cross assembler could reference them. The
cross assembler generates the address and the code in hexadecimal
notation. Once the listing program is free of errors, it can be
stored in the Mark 80 and testing can begin. Results of testing

are discussed in Chapter 6.



CHEAPTER VI

CONCLUSIONS

Conclusion

Figure 6.1 compares the reactor period versus the actual
reactivity for the VPI & SU reactor. The point reactor kinetics
algorithm developed does not calculate the correct reactivity for
certain reactor periods. Table 6.1 summarizes the actual and the
calculated reactivity for different reactor periods, the per cent
change in flux during a 0.2 second interval, and the change in the
digital panel meter reading in 0.4 seconds. These calculations
were performed at 10%, 50%, and 90% of scale readings for the 0 to
100 mV range. At 10% of scale, reactor periods greater than 50
seconds have a calculated reactivity of zero. Reactor periods
greater than 300 seconds have a calculated reactivity of zero at
90%Z of scale. It is desired that reactor periods up to 1000 seconds
(16 minutes) be detected by the reactimeter. The reason for the
inaccurate reactivity calculation for reactor periocds longer than
thirty seconds is the lack of sensitivity of the digital panel meter
in detecting changes of voltage from the Keithley meter. The method
developed to calculate reactivity is not wrong, but is as only
accurate as the instrumentation supplying the information.

Two solutions are offered to solve the problem. One solution
is to change the instrumentation, and the other is to change the

method of calculation. Changing the instrumentation involves
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Pact

(pcm)

337
211
144
104
78
60
53
45
35
29
28

5

T
(sec)

15
30
50
75
100
125
150
200
250
300

% ¢ in.
0.2 sec

4.1
1.3
0.7
0.4
0.3
0.2
0.16
0.10
0.10
0.08
0.04

Instrumentation Calibration

Table 6.1

Reading Change of DPM

10% scale
reading

o O C© k= N ®

in 0.4 sec
50% scale
reading

4.0
1.3
0.7
0.4
0.3
0.2
0.1
0.1
0

90% scale
reading

7.4
2.3
1.2
0.7
0.5
0.3

0.2

0.1

0.1
0

10% scale
reading

335
180
118

pcalculated

507% scale
reading

334
215
148
103
83
62
35
35
0

90% scale
reading

336
205
145
102
80
55
55
39
21
21
0

Al
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obtaining a more sensitive digital panel meter and is the more
costly of the two methods. A more sensitive digital panel meter,
capable of detecting a microvelt, could be used to interpret the
signal from the Keithley meter. This would allow measurements to be
taken every 0.2 seconds and the correct reactivity calculated by
the algorithm for reactor periods of 1000 seconds at 10% of scale.
With the high sensitivity meter, background noise on the signal
line becomes a major concern. If the noise level is greater than
the voltage changa, it is useless to employ a more sensitive
instrument.

The second solution is to change the calculation method. The
inhour equation, equation (2.12), provides acceptable results for

reactor periods of thirty seconds or greater.
(2.12)

One of the seven solutions to the inhour equation is w = 1/T, where
T is the reactor period. The inhour equation can be written in

the following form,

6
_ A i
=T+ Z . 6.1)

This algorithm is simpler than the first and is employed in the

reactimeter program in Appendix F.
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Reactimeter Program

The following circuits discussed in Chapter IV can still be

used.

Figure 4.5 Digital Panel Meter Interface Circuit -- No change

Figure 4.6 Zero Input Interface Circuit -- Device select pulse

INO is not used. Therefore pin 9 of the 7408 AND gate is set

to "logic 1"

Figure 4.8 Digital Panel Meter -- Two changes (see Fig. 6.2)

(1) Pin B, the extermal trigger, is connected to a 100 Hz

timing circuit (shown in Fiz. 6.3), which generates a conversion

pulse to the DPM every 10 msec; (2) Pin 3, Status (Print), is

used to generate an interrupt instruction (RST 5) to the Mark 80,

that signals an update in data (see Fig. 6.4)

Figure 4.9 A Output Interface Circuit displays -- No change

Figure 4.9 B Not required

Figure 4.10 Decoding Circuit -- Channels 0 (pin 1), 9 (pin 10),

and 11 (pin 13) are not needed and are unconnected

The inhour reactimeter program works in the following manner.
A master flowchart of the inhour program is shown in Figure 6.5. The
first measurement on each range setting is used as initial power
reference. There is no cross referencing between range settings of
the Keithley meter. If a power change of 10% is detected, the
previous measurement becomes the new reference. The routine INPUT

that transfers data into the Mark 80, has two modifications (see
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V=110 VAC

L/ / shield

EXT of
Mark 80

2__BCD 800

l_BCD 400

2_BCD 200
BCD 100
BCD 80
BCD 40
BCD 20
BCD 10

BCD 8
BCD 4
BCD 2
BCD |

Digifol Panel Meter

Pin 3 of 555
Timer chip
GND

Vy = 0 to 100 mV from
Keithley Meter

Fig. 6.2 Connection Diagram for Digital Panel Meter -
Modified Version
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0K 33K 0 +5V

555
56K ) >
L__/\/\I L 5) 3
[ | '
| |
\OpF GND
11
01 uF !
. /.L >
6
555
7
gL
l>= “pin B
of Digital
/\/\[ 18 %4 Panel Meter
12K £ | +35V

Fig. 6.3 100 Hz Timing Circuit for the
Digital Panel Meter
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74125 | 7404

Fig. 6.4 Interrupt Circuit for the Digital Panel
Meter
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TRACK

F;‘ig. 6.5 Main Flowchart- Inhour Program
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Fig. 6.6). The OUT 11 instruction is not required since the decade
counter is not used, and the IN O instruction is omitted since no
data is transferred from the range dial of the Keithley meter. The
purpose of INPUT is to change the input data from BCD form to binary-
floating-point form and store it in FLX2.

Measurements are recorded every 10 msec and compared to a
reference, FLX1. The purpose of the routine CMPAR (compare) is to
determine the per cent power change with respect to the reference
power, FLX1 (see flowchart Fig. 6.7). If the power change is less
than 1% with respect to the reference power, CMPAR passes control to
TRACK. If the power change is greater than 10%, the subroutine
EXCH (exchange) is called. On return from the subroutine CMPAR
passes control to WAIT (no change, see Chapter V). If the power
change is between 1 and 10%Z, control is passed to CALC (calculate).

A change of 107 between two consecutive readings from the DPM implies
one of two things; a 10%Z change in the reactor power, or the range
setting of the Keithley meter has been changed. The 10Z change in
power change can be ruled out, because for a 10Z change in power
during 10 msec (the time between two consecutive measurements) implies
the reactor is on a 0.1 second period, which is an impossible
situation. The per cent change is calculated by subtracting FLX1
from FLUX2, and dividing the absolute value of the result by FLXI.

Af ter FLX1 is subtracted from FLX2, the subroutine FLAG is called

to determine and store the sign of the subtrac;ion result in SGST

(sign storage). If a period calculation is required, this is
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INPUT :HI=00H ouT 10

LO= 28 H ‘9

HLS—DMANT+ 4

(DMANT+4)<-A

v

(¢+— L]

v

L¢—— L— |

(DMANT+ 2)<—A

9

Fig. 66 A INPUT Routine
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Y

L<—L—|

IN 3

(DMANT +1)<—A

L<— L—|

Call INP

HL<—FLX2

Call STR

Go to CMPAR

Fig.6.6 B INPUT Routine (cont)
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CMPAR HI=00H HL< FLX2
LO=28H
v
Call LOD
v
HL <—FLX!
PUSH H
-Call SB
Call FLAG
Call ABS
-POP H
v
Call DIV

X%

Fig. 6.7 A CMPAR Routine
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Y

HL<— THI0O

!

Call SB

o« YES “ANS <O

NO L

Jump to TRACK

HL<——NTHIO

v

Call SB

I
YES
Jump to CALC < ANS <O

NO J,

Call EXCH

v

Jump to WAIT

Fig.6.7 B CMPAR Routine (cont.)
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recalled later by CALC. Two tests are performed by subtracting 0.01
and 0.1, respectively, from the absolute value of the per cent change
in power. If the result of the subtraction of 0.0l is negative,

then control is passed to TRACK. If the result of the subtraction

of 0.1 is negative, control is passed to CALC. If neither result

is negative, control is passed to EXCH.

The purpose of TRACK (see Fig. 6.8) is to increment a two-byte
section of memory, MEM1 and MEM, every time the power change is less
than 1%7. The number of counts stored in MEM1 and MEM is equal to
the reactor period in seconds. Thus if MEM1 equals 00000102 and

MEM equals 100010012, the reactor period is equal to 29 + 27 +

23 + 2O + 1 = 650 seconds. A maximum limit is imposed on the number
of counts recorded before a 17 change is detected. If there is no
1% change after 1024 counts (1024 seconds or 17 minutes), TRACK
passes control to OUTPT, which transfers the value of zero to the
digital displays. OUTIPT is the data output routine from Chapter V.
Reactor periods longer than 15 minutes have a reactivity that is
essentially zero, and this is the reason for the upper limit.

The purpose of EXCH (see Fig. 6.9) is to transfer the most
recent measurement, FLX2, into the reference location, FLX1l. With
a new reference power, the two-byte period counter, MEM1 and MEMN,
is set to zero. EXCH is called by either CMPAR, if a 10% power
change is detected, or by CALC after a reactivity calculation is
made.

The routine CALC (see Fig. 6.10) performs only when a reactivity

calculation is required. Before calculating the reactivity, CALC
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TRACK: Hi=COH
LO=87H

HL< MEM

v

(MEM)<— (MEM) +1

YES

Jump to WAIT <

YES 4

(MEM)=O
NO

Jump to WAIT

A——e»LG——L—l

v

(MEM)) <—(MEM|) + |

D

A<S— 4

(MEMI

Fig. 6.8

TRACK Routine

7 O
NO

Jump to OTPTO
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EXCH:HI=00H FLX)<— (FLX2)

LO=72H
7

(MEM)<— O

v

(MEMI)<— O

¢

Return

Fig. 6.9 EXCH Subroutine
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CALC: HI=14 C<— (MEM)

LO=00
b

B<— (MEMI)

s

(8C) < (BLCTI)

v

A<—O0

v

D<t—O

<

E<—I8H

Call FLT

v

HL <— PER

v

Call STR

L

Fig.6. 10 A CALC Routine
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Call

CHSGN

Fig. 6.10 B CALC Routine

(SGST) —(SGSN-1

HL<— PER

Call LOD

HL<— LAMI
F

| A4

Call MUL
K:

(cont.)
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Y

HL <——ONE

v
Call AD

v
HL <—— HOLD
Call STR
HL<— Bli
Call LOD

v
HL <— HOLD

%
Call DIV

9

Fig. 6.10 C CALC Routine ({(cont.)
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Y

HL<— RES

v

Call AD

T

HLS—RES

v

Call STR

7

Continue
@ &

HL<— PNLF

v

Call LOD

v

HL<— PER

L

Fig.6.10 D CALC Routine (cont.)
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W

Call DIV

<

HL<— RES

v

Call AD

&

HL<—CONV

v

Call MUL

v

HL<S— RHO

7

Call OU

Y

(RES)<—O

v

Call EXCH

v

Jump to OUTPT

Fig. 6.10E CALC Routine (cont.)



determines the reactor period. MEMl and MEM are loaded into registers
B and C, respectively. Registers A and D are set to zero. Register
E, which is the binary-fixed point scaling factor is set to 0308,
(see Appendix B for further information). The subroutine FLT is used
to change the number of counts into a binary-floating-point number.
The memory location SGST is checked to determine the sign for the
reactor period. SGST was previously set to one for a negative number
and to zero for a positive number by FLAG. SGST is decremented, and
if the result is zero the subroutine CHSGN is called. CHSGN (Fig.
6.11) changes the sign of the reactor period from positive to negative.
After the period is determined, the reactivity is calculated
using the inhour equation. LAMi (Xi, the decay constant) and PER
(reactor period) are multiplied together., One is added to this
quantity which is divided into BIi (Bi, the delayed neutron fraction).
This value is added to RES, which had previously been set to zero
before CALC started the calculation. This calculation is performed
six times, once for each delayed neutron group. Finally, the
neutron generation time is divided by the period and added on. The
reactivity is converted from absolute units to pcm by multiplying
by 1 * 105. Control is passed to OUTPT.
OUTPT is the routine developed in Chapter V with the following
modifications. After RHO + 1 is checked for a decimal point, RHO + 5
is checked instead of RHO + 6. This also eliminates the section in

OUTPT labeled OTPTS5. The OUT 8 instruction and the Call CHECK

instruction just before it, located in the section OTNUM, are omitted.
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In the subroutine SIGN, the OUT 9 instructions are changed to OUT 8.
Other than these small changes, the routine OUTPT remains the same as
discussed in Chapter V. After the data have been transferred to
digital displays, RES is initialized to zero and the subroutine EXCH
is called. EXCH sets the period counter to zero and stores a new
reference in FLX1l. Control is passed to WAIT.

The routines WAIT and START perform the same functions as
discussed in Chapter V. The only difference is the number of
initializations. Instead of seven, there are now only three; RIS,
MEM, and MEM1l. All of these corrections can be found in the program

appearing in Appendix F.



CHAPTER VII

RECOMMENDATIONS

Recommendations for Completing the System

Originally the reactimeter calculations were to be performed by
a KIM 1 microcoumputer instead of the Mark 80. The Mark 80 was
used becauge KIM accessories needed for the reactimeter were un-
available. The hardware circuits presented in Chapters IV and VI
will work with most microcomputers with slight modifications. The
programs presented in Appendices D, E, and ¥ will only work on 8080
systems.

The following steps are recommendations for completing the
reactimeter using the KIM system. Parts have been ordered to complete
the system using the KIM 1. When these parts arrive, assembly
and testing is required. If a system other than a KIM is used,

the following recommendations hold.

I. Study interface techniques of the KIM system
A. Data transfer between peripheral devices and KIM

1. Connect the three 8095 three-state buffers to the
data bus (Fig. 4.5)

2. Connect input pins of the five TIL309 latch
displays to the data bus (Fig. 4.9)

3. Connect the 74154 decoder (Fig. 4.10) to the
address bus and the chip enable to the device

select pulse clock.
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II.

III.
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B. Connect the vector interrupt from the DPM (Fig. 6.4)
C. Note corrections required for the software routines

INPUT, OUTPT, and WAIT

Study the math package that is to be used

A. Math routines that are required
1. Addition
2, Subtraction
3. Multiplication
4, Division
5. Absolute Value
6. Change of Sign

B. Extra routines required for a binary-floating-point
math package
1. Binary-floating-point to BCD conversion
2. BCD to binary-floating-point conversion
3. Binary-fixed-point to binary-floating-point

conversion

C. For a BCD math package, only a binary-fixed-point to
BCD conversion routine is needed

D. If these routines are not available, refer to Appendix
E and use the Intel 8080 Floating Point Package to aid
in the development for the needed routines.

Become familiar with software of the KIM system

A. Study the experiments in the lab manual left by the

author
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B. Practice using the 6502 cross assembler located on
the VPI & SU IMP 360 computer

C. Rewrite the software in the KIM system using the flow
charts and the 8080 programs as guides; assemble the

program on the cross assembler.

It is the recommendation of the author that the use of the KIM
system be abandoned and that further development of the reactimeter

be based on the use of 8080 A/8085/Z-80 family of chips.
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APPENDIX A

i 3
Calculation of Beff

Beff for the VPI & SU reactor is a slide rule calculation. A

known reactivity change, in per cent mills, is measured along with the
corresponding period in seconds, and then are aligned as inputs on a
Babcock and Wilcox Reactrirule sliderule. Beff is read off a scale.

The following reactivity and period measurements, from which Beff was

determined, were made by Robert Stone, Reactor Supervisor, on April

4, 1977.
P T
(per cent mills) (seconds) Beff
179 20.4 .00680 = .00001
170 48.0 .00682
244 11.1 .00676

. . 1 1
To determine Beff for the reactor, the average of the three Beff s
is used. The average value for seff is .00679 = .00003 which is the

value that is used in the algorithm.
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APPERDIX B

Intel 8080 Floating Point Package

The following copyrighted material is duplicated here with

the permission of Dr. Peter R. Rony, Professor of Chemical

Engineering, Virginia Polytechnic Institute and State University.
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INTEL 8080 FLOATING POINT PACKAGE

-

INTRODUCTION

The following pages represent an attempt to describe the Intel 8080
floating point package.

The Intel 8080 floating point package, which was written by 0. C.
Juelich of Rockwell Intermational Corporation, has its origin in an
earlier 8008 floating point package written by C. E. Ohme that con-
sists of a 768-byte ROM program and 63 bytes of scratch pad read/write
memory.

The documentation of the 8080 floating point package is poor. To
understand what Juelich is doing, you must seek clues in Ohme's much
better documentation of the 8008 floating point package, after which
the 8080 package is patterned.

The first thing that you must learn is what is meant by a "floating
point number." This is discussed below.

FLOATING POINT NUMBER REPRESENTATION

Floating point numbers are represented by four consecutive 8-bit
bytes in memory. According to Ohme, they should be in the same bank
of memory (you might test whether or not this is true). The in-
terpretation of these four bytes is as follows:

First byte: If this byte is 000,, the number represented is
zero and the remaining bytes are meaningless.

If this byte is non-zero, then it is the floating
point exponent (base 2) plus a bias of 200,. The
exponent indicates the power of 2 by which the
fraction is multiplied to obtain the represented
value. Examples will be given later.

Second byte: Bit 7 indicates the sign of the floating point
number. If bit 7 is logic O, the number is
positive; if bit 7 is logic 1, the number is
negative.

Bits 6 through 0. These bits, plus an assumed
logic 1 in bit 7, are the eight most significant
bits of the fraction that is multiplied by 2 to an
exponent. The fraction is stored in absolute fomm
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(unsigned) with the radix point positioned to the
left of bit 7. The value of the fraction is thus
less than 1.000000 and equal to or greater than
0.500000.

Third byte: This byte contains the second most significant
eight bits of the fractiomn.

Fourth byte: This byte contains the eight least significant
bits of the fraction.

EXAMPLES OF FLOATING POINT NUMBERS

The significance of the representation does not become clear until
you examine some decimal numbers that are represented in floating
point notation. Once you get the floating point package in operation
on an 8080-based system, you will enjoy converting from decimal
numbers to floating point numbers. It takes less than 1 ms to do so
on a microcomputer operating at 2 MHz.

a. First byte
It i1s most appropriate to list the values of 2% that correspond to

the first byte in the floating point representation. Thus, consider
the table below:

First byte n 28
000 o 2”7 = 0.00000000
170 -8 278 = 0.00390625
171 -7 27 = 0.0078125
172 -6 278 = ¢.015625
173 -5 27> = 0.03125
174 -4 2% = 0.0625
175 -3 273 = 0.125
176 -2 272 = 0.25
177 -1 27t - 0.5
200 0 20 -

1

201 1 25 = 2
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202 2 25 = 4
203 3 23 = 8
204 4 2* = 16
205 5 25 = 32
206 6 26 = 64
207 7 27 = 128
210 8 28 = 256
The largest possible exponential value of 2" is 212i2§ 3.4028 - 1038.39

=2.9386 - 10 ~°.

This is sufficient range for almost any type of floating point calcu-

The smallest possible exponential value of 2" is 2

lation.
b. Second byte

The first rule involves bit 7, the sign bit for the floating point
number. If the second byte is between

0008 and 1778

the sign is positive. If the second byte is between

2008 and 3778

the sign is negative.

The next thing is to consider the weighting factor for the remaining
bits in the second byte. This is shown in the table below:

Bit Weighting Factor

7 1/2 = 0.5 [always assumed to be present]
6 1/4 = 0.25

5 1/8 = 0.125

4 1/16 = 0.0625

3 1/32 = 0.03125
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2 1/64 = 0.015625
1 1/128 = 0.0078125
0 1/256 = 0.00390625

If the indicated bit is logic 1, you add the weighting factor to that
for bit 7, which is always assumed to be at logic 1. You proceed

bit by bit until you obtain the sum of the fractions for the eight

bits in the second byte. To this sum, you add the sum of the fractions
for the eight bits in both the third and fourth bytes in the floating
point representation.

As a practical matter, we have found it convenient to stop after the
second byte and assume the third and fourth bytes do not add much

to the floating point number. Whenever we use a hand calculation to
check a floating point value, we ignore the third and fourth bytes.

¢c. Third byte

The procedure 1s the same as for the second byte. Consider the
following tabl

Bit Welighting Factor

7 1/512 = 0.001953125

6 1/1024 = 0.0009765625
5 1/2048 = 0.00048828125
4 1/4096

3 1/8192

2 1/16384

1 1/32768

0 1/65536

d. Fourth byte

More of same. Consider the following table:
Bit Weighting factor
7 1/131,072

6 1/262,144
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5 1/524,288

4 1/1,048,576
3 1/2,097,152
2 1/4,194,304
1 1/8,388,608
0 1/16,777,216

The error inherent in the four-byte floating point representation is
one part in 16,777,216, or 5.96 - 10-8 parts in unity. The precision
is quite acceptable for most engineering applications.

e. Examples of floating point numbers

Let us now consider some actual numbers and how they are calculated.
The four bytes are listed in sequence in octal code.

200 000 000 000 = 2° x [0.50 + . . . ] = 0.50
201 000 000 000 = 2¥ x [0.50+ . . . ] = 1.0
202 000 000 000 = 2% x [0.50+ . . . ] = 2.0
203 000 000 000 = 2> x [0.50 + . . . ] = 4.0
204 000 000 000 = 2* x [0.50 + . . . ] = 8.0
203 100 000 000 = 2> x [0.50 + 0.25] = 6.0

3

203 140 000 000 = 27 x [0.50 + 0.25 + 0.125] = 7.0

000 XX XXX XXX = 0.0 X = don't care
201 200 000 000 = ~-1.0

175 114 314 314 = +0.1

207 310 063 063 = -100.1

177 000 000 0CO = +0.250

200 200 000 000 = -0.5

201 300 000 000 = 1.5

202 200 000 000 = -2.0
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202 300 000 000 = -3.0

204 040 000

o

o

o
[

+10.0

150 126 277 255 = +0.00000005

201 174 017 334 = n/2 = 1.570796
200 061 245 030 = 1n 2 = 0.693147

These last several values have been taken from Juelich's program.

Our conclusion is that it is easy to represent any number in floating
point binary representation. To make the conversion from decimal

to floating point binary, use the floating point package rather than
trying to perform the calculation by hand. Use hand calculations
only for rough values.

FIXED POINT BINARY NUMBER REPRESENTATION

The second format writtem by C. E. Ohme, and used by 0. C. Juelich,

is the fixed point binary number representation. The fixed point
data format consists of four-byte (32-bit) binary numbers plus an
additional byte, called the binary scaling factor, that locates

the binary point, "." , relative to the bits representing the value.
Two's complement notation is used to represent negative binary values.

The binary scaling factor, the fifth byte, is not normally recorded
in the microcomputer. When a format conversion subroutine is called,
the binary scaling factor must be specified in the E register. A
binary scaling factor of zero indicates that the binary point is
immediately to the left of the most significant bit of the 32-bit
word,

.00000000 00000000 00000000 00000000

Plus the scaling factor of 000,. A binary scaling factor of 32 0=
040, indicates that the binary point is immediately to the righ%
of the least significant bit in the 32-bit word,

00000000 00000000 00000000 00000000.

The permissible range of the binary scaling factor is —128lO = 2008 to
+127y9 = 177g. Note that bit 7 in the scaling factor byte is the
sign, a logic O representing a positive scaling factor and a logic 1

representing a negative scaling factor.

In general, we will not use this notation very often. Its main
value is in the conversion of multi-byte binary numbers to floating
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point binary numbers. An example of a binary number that would need
conversion is a two~byte COUNT register that is monitoring the number
of counts from a device. The fixed point binary number representation
would be,

00000000 00000000 01001011 01110100.

These bytes COUNT
set to register
zero

Since the number of counts is an integer that is greater than 0, the
binary scaling factor should be 0408 and the binary point should be
located to the right of the least significant bit in COUNT.

EXAMPLES OF FIXED POINT BINARY NUMBERS

In general, you will be working with binary integers. Given below
are the fixed point representations of several low-value integers.

000 000 000 001 040 = 1.0
000 000 000 002 040 = 2.0
000 000 000 003 040 = 3.0
000 000 000 007 040 = 7.0
000 000 000 002 037 = 1.0
000 000 000 004 036 = 1.0
000 000 000 010 035 = 1.0
000 000 000 020 034 = 1.0
100 000 000 000 002 = 1.0
200 000 000 000 002 = 2.0 ,
300 000 000 000 002 = -1.0
300 000 000 000 001 = -0.5
100 000 000 000 001 = 0.5

100 000 000 000 001 = 0.25
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Note that the fifth byte in the above examples is the scaling factor.
In most cases, the value of this fifth byte will be 0408.

CHARACTER STRING FORMAT

The character string format for data processed by the floating point
package consists of binary representations of decimal characters
occupying consecutive bytes of memory. A character string, according
to Ohme, may not cross a memory bank boundary (you may wish to test
this limitation as well). The characters that may be included in the
character string, along with their corresponding octal representations,
are listed below:

Character Octal representation ASCII representation
0 000 060
1 001 061
2 002 062
3 003 063
4 004 064
5 005 065
6 006 066
7 007 067
8 010 070
9 011 071
+ (plus) 373 053
- (minus) 375 055
(decimal point) 376 056
(space) 360 040

E (exponential 025 105
sign)

Observe that the octal representation can be converted to the
corresponding ASCII representation by adding 0608.

The output format in the floating point package generates character
strings in two formats, each consisting of 13 consecutive characters
in memory. The format used in a specific case is dependent upon the
magnitude of the value represented. For example, zero and magnitudes
between 0.1000000 and 9999999. are represented by a space or minus
sign, seven decimal characters, and an appropriate positioned decimal
point, all followed by four spaces (octal 360). Magnitudes outside
this range are represented by a spaces or minus sign, a value between
1.000000 and 9.999999, an exponential sign (octal 025), and a signed
two-digit power of ten.

The input subroutine in the floating point package converts character
settings in either of the above formats, or a modified version of them.



The leading sign character may be included or omitted. Up to 37
digits may be used to indicate the value, with or without an included
decimal point. If a power-of-ten multiplier is indicated, it may be
signed or unsigned and may contain one or two digits. An input
character string is terminated by the first character which departs
from the specified format above. We use the octal byte, 3778’ to
terminate an input character string.

EXAMPLES OF CHARACTER STRINGS

We first give the following examples of input strings and the cor-
responding output character strings:

Input character string Output character string

3.141593 3.141593
-.0000000000001 -1.000000E-13
+1.6E5 160000.0
123456789 1.234568E+08
54321E-10 5.432100E-06
-2718281828 -2.718282E+09

It would be advisable to stick to a certain format, such as that
illustrated by the number, 5.432100E-06, for all input character
strings. We shall do so wherever possible and appropriate.

Subroutines INP and OUT can be used to interconvert string repre-
sentations with floating point binary representations. Given below
are the resulting string representations for input floating point
binary quantities.

Floating point

Corresponding

binary string representation
160 000 000 000 360 007 376 006 002 011 003 011 005 025 375 000 006
170 000 000 000 360 001 376 011 CO5 003 001 002 005 025 375 000 003
171 000 000 000 360 003 376 011 000 006 002 005 000 025 375 000 003
174 000 000 000 360 003 376 001 002 005 000 000 00O 025 375 000 002
175 000 000 000 360 006 376 002 005 000 000 000 COO 025 375 000 002
176 000 000 000 360 376 001 002 005 000 00G 000 COO 360 360 360 360
177 000 000 000 360 376 002 005 000 000 000 000 000 360 360 360 360
200 000 000 6GO 360 376 005 000 000 000 000 000 000 360 360 360 360
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204
210
220
221
222
223
224

225

000
000
000
000
000
000
000
000

000

Many of
evident

o}
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000 000 360 001 376 000 000 00O 000 000 000 360 360 360 360
000 000 360 010 376 000 000 Q00 000 000 000 360 360 360 360
000 000 360 001 002 010 376 000 000 000 000 36G 360 360 360
000 000 360 003 002 007 006 010 376 000 000 360 360 360 360
000 000 360 006 005 005 003 005 376 011 011 360 360 360 360
000 000 360 001 003 001 000 007 002 376 000 360 360 360 360
000 000 360 002 006 002 001 004 004 376 000 360 360 360 360
000 000 360 005 002 004 002 010 007 376 011 360 360 360 360
000 001 360 001 000 004 010 005 007 006 376 360 360 360 360
the rules governing string character representations are

in the listing on the preceding page. Note the following:

The four spaces, 360 360 360 360, at the end of many
string representations.

The exponential representation, 025 375, for small numbers.

The space, 360, at the beginning of each character string.
Thus all of the numbers in the listing are positive.

The number of significant digits in the character
strings is seven. Digits beyond seven are rounded off.

Each character string format contains thirteen bytes.

FLOATING POINT ACCUMULATOR

The floating point accumulator consists of four successive bytes in
read/write memory that store an operand and the result of an
arithmetic operation. This accumulator must not be confused with

the accumulator (A) register in the 8080 chip that contains only
eight bits. The floating point accumulator is a 32~bit word in which
the four bytes are arranged in the floating point number represen-
tation discussed previously:

Byte 1: Floating point exponent

Byte 2: Sign bit and eight most significant bits in fraction
Byte 3: Next eight most significant bits in fraction

Byte 4: Least significant eight bits in fractiom
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Each numeric quantity represented by a 32-bit floating point repre-
sentation has a precision of approximately one part in 16,000,000.
Byte 2 may initially appear to contain nine bits; in practice, the
first bit in the binary fraction 1s always assumed to be at logic 1.
Thus, bit 7 in Byte 2 can be used as the sign bit.

You can have many different floating point accumulators in your
program simply by defining them at the appropriate points using

register pair H.

SUMMARY OF ARTITHMETIC SOFIWARE IN FLOATING POINT PACKAGE

The arithmetic and data handling software in the floating point
package consists of the following (they are listed by their subroutine

names) :

INIT

STR

LOD

SB

Floating point initialize subroutine. Moves a
section of code from ROM to scratchpad read/write
memory in preparation for the execution of the
floating point multiply and divide subroutines.
The overflow flag is also set to zero.

Floating point store registers subroutine. Stores
the contents of registers A, B, C, and D into four
consecutive memory locations (in the same bank

of memory) in read/write memory. The address
where the first word will be stored is indicated
by the contents of the H register pair.

Floating point load subroutine. Places the
specified floating point operand in the floating
point accumulator.

Floating point add subroutine. Adds the specified
floating point operand to the value in the floating
point accumulator and places the sum in the floating
point accumulator. The address of the operand is
given by the contents of register pair H.

Floating point subtract subroutine. Subtracts the
specified floating point operand from the value in
the floating point accumulator and places the
difference in the floating point accumulator. The
address of the operand is given by the contents of
register pair H.

Floating point multiply subroutine. Multiplies the
specified floating point operand by the value in



DIV

ABS

ZRO

IST

CHS

INP

ou

FLT
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the floating point accumulator and places the
product in the floating point accumulator. The
address of the operand is given by the contents
of register pair H.

Floating point divide subroutine. Divides the
specified floating point operand into the value
in the floating point accumulator and places the
quotient in the floating point accumulator. The
address of the operand is given by the contents
of register pair H. '

Floating point absolute subroutine. Sets the
sign of the value in the floating point accumulator
to positive.

Floating point zero subroutine. Places the value
zero in the floating point accumulator.

Floating point test subroutine. Loads the value
in the floating point accumulator into registers
A through D and sets the zero and sign flag bits
to indicate the corresponding attributes of the
floating point number.

Floating point complement subroutine. Changes the
arithmetic sign of the value in the floating point
accumulator.

Character string input subroutine. Converts the
value represented by a character string stored in
memory to floating point format and stores the
result in the floating point accumulator. The
address of the first character in the character
string is contained in register pair H.

Character string output subroutine. Converts the
value in the floating point accumulator to a
character string format consisting of 13 characters,
and stores the string in read/write memory. The
address of the first character in the character
string is contained in register pair H.

Float subroutine. Converts the fixed point binary
data format in the A, B, C, and D registers to
floating point format and stores the result in the
floating point accumulator. The binary scaling
factor (a single byte) needed for the fixed point
binary word is contained in register E upon entry
to this subroutine.
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FIX Fixed subroutine., Converts the value in the
floating point accumulactor to fixed point format
and returns the result in the A, B, C, and D
registers. The binary scaling factor needed for
the fixed point binary word is contained in
register E upon entry to this subroutine.

The memory addresses, given in both octal and hexadecimal, of the
various subroutines described above are as follows:

Subroutine Hexadecimal address Octal address
INIT 02 2F 002 057
STR 02 3E 002 076
LOD 02 6E 002 156
AD 02 D7 002 327
SB 02 D4 002 324
MUL 02 8C 002 214
DIV 02 B4 002 264
ABS 02 50 002 120
ZRO 02 46 002 106
TST 02 59 002 131
CHS 02 4D 002 115
INP 05 4A 005 112
ou 06 OC 006 014
FLT 04 FF 004 377
FIX 05 16 005 026

You would call the subroutines at these addresses when needed, provided
only that the proper information is available in the internal 8080
registers and in memory.

DRIVER ROUTINES FOR THE ARITHMETIC FLOATING POINT PACKAGE

In the preceding section, we described the various routines available
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and their starting addresses. Each such routine is called, and
executes a return operation at the end. Let us now proceed to the
question of how the routines are used in practice. What we must do
is take into account the information needed in registers or memory
prior to executing a subroutine.

A. To translate a BCD string (located at address STRNG to STRNG+14)
into a floating point accumulator word.

LXI H,STRNG
CALL INP
LXI H,FLOAT
CALL STR

Memory location FLOAT consists of four bytes, which are the floating
point accumulator. Register pair H points at the memory location of
the first byte.

B. To translate a floating point word into a BCD string (located at
address STRNG to STRNG+14).

LXI H, FLOAT
CALL LOD
LXI H, STRNG
CALL OU

C. To translate a fixed point binary word (located in FIXED to
FIXED+3) with binary scale byte at FIXED+4 to floating point repre-
sentation.

LXI H, FIXED
MOV A,M

INR L

MOV B,M

INR L

MOV C,M

INR L

MOV D,M

INR L

MOV E,M

CALL FLT
LXI H, FLOAT
CALL STR

Observe that we are moving five successive bytes in memory into
registers A through E, then calling subroutine FLT.

D. To translate floating point representation into a fived point
binary word (located at FIXED to FIXED+3) with binary scale byte at
FIXED+4 .



LXI H, FLOAT
CALL LOD

LXI H,FIXED+4
MOV E,M

CALL FIX

LXT H,FIXED
CALL STR

E. To copy a floating point accumulator word in location FLOAT to
another location FLOATQ

LXI H,FLOAT
CALL LOD
LXI H,FLOATQ
CALL STR

In other words, we can move the floating point accumulator around
in memory.

F. To multiply the quantity in the floating point accumulator by
the operand at memory location FLOATQ and store the result in the
floating point accumulator.

LXI H,FLOAT

CALL LOD

LXI H,FLOATQ
CALL MUL

LXI H,FLOAT

CALL STR

Note how simple it is to multiply two numbers. Addition, subtraction,
and division are equally simple.

G. To divide the quantity in the floating point accumulator by the
operand at memory location FLOATQ and store the quotient in the
floating point accumulator.

LXI H,FLOAT
CALL LOD
1XI H,FLOATQ
CALL DIV
LXI H,FLOAT
CALL STR

Observe that it is not necessary to lose the contents of the floating
point accumulator in a multiplication or division (or for that

matter, an addition or subtraction) operation. The second instruction
from the bottom, LXI H,FLOAT, could easily point to some other

memory location.
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H. To add the quantity in the floating point accumulator to the
operand at memory location FLOATIQ and store the sum in the floating
point accumulator.

LXI H,FLOAT
CALL LOD
LXI H,FLOATQ
CALL AD

LXI H,FLOAT
CALL STR

I. To subtract the operand in memory location FLOATQ from the
quantity in the floating point accumulator and store the difference
in the floating point accumulator.

LXI H,FLOAT
CALL LOD
LXI H,FLOATQ
CALL SB

LXI H,FLOAT
CALL STR

J. To set the quantity in the floating point accumulator to zero.

CALL ZRO
LXI H,FLOAT
CALL STR

K. To change the sign of the quantity in the floating point
accumulator.

LXI H,FLOAT
CALL LOD
CALL CHS
LXI H,FLOAT
CALL STR

L. To replace the quantity in the floating point accumulator by its
absolute value.

LXI H,FLOAT
CALL LOD
CALL ABS
LXI H,FLOAT
CALL STR

M. To set the ¥lags for the value of the quantity in the floating
point accumulator.
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LXI H,FLOAT
CALL LOD
CALL TST

This ends the list of driver routines available in the basic
mathematics package for the 8080 microprocessor. Juelich has
written additional software that permits you to perform operations
such as sine, cosine, arc sine, arc cosine, expomential, natural
logarithm, arc tangent, hyperbolic sine, hyperbolic cosine, and
inverse. The form of the driver routines is very much like that
given above.

In the above driver routines, observe the interplay between the
various subroutines. If we have a 32-bit floating point number in
memory, we can load it into the 8080 registers using subroutine LOD.
To perform an addition, subtraction, multiplication, or division,

we must first identify the memory address, FLOATQ, of the operand.

We then call AD, SB, MUL, or DIV to perform the desired mathematical
operation. Finally, we identify the memory address, typically FLOAT
(but not always so), where we wish to store the result, and then call
subroutine STR.

In practice, we have found that the arithmetic floating point package
is quite easy to use with the aid of driver routines such as the
above. It takes eighteen instruction bytes to perform a single
simple arithmetic operation; this total includes both acquiring the
information and storing the result.

One point might be of interest: Why were the labels INP, OU, AD, and
SB used instead of IN, OUT, ADD, and SUB? The reason is that the
latter group of four labels are identical to 8080 instruction
mnemonics.

EXAMPLES OF THE USE OF THE SUBROUTINES IN THE FLOATING POINT PACKAGE

What we wish to give here are soue numerical examples that demonstrate
the operation of some of the above routines.

FLOAT
202 000 000 000
202 100 000 000
203 000 000 o000
204 000 000 000

201 000 000 000

FLOATQ
202 000 000 000
202 100 000 000
202 000 000 000
202 000 000 000

201 000 000 000

FLOAT
203 000 000 000
204 040 000 000
204 000 000 000
205 000 000 000

202 000 0CO 000
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202 090 000 000 + 201 000 000 Q00 = 202 100 000 000

202 100 000 000 + 201 000 000 000 = 203 000 000 000

203 040 000 000 + 201 000 000 000 = 203 100 000 000
203 100 000 000 -~ 201 000 00C 000 = 203 040 000 Q00
203 040 000 0CO -~ 201 000 000 OO0 = 203 000 000 OO
203 000 000 000 -~ 201 000 000 00O = 202 100 000 000
202 100 000 000 - 201 000 Q00 000 = 202 000 Q00O 00O
202 000 000 000 - 201 00O 000 OO0 = 201 000 00O 00O
201 000 000 000 - 201 000 000 000 = 000 000 000 0CO
000 000 000 000 - 201 000 000 0CO = 201 200 QOO 000
201 200 000 oOC - 201 000 000 OGO = 202 200 000 0OQO

We shall leave it to you as an exercise to convert the above floating
point binary numbers into decimal numbers and to verify the arithmetic
operations shown.

We have also tested the use of the FIX and FLT subroutines. A table
of results is provided on the following page. Observe that there are
many different ways to represent simple integers in the fixed binary
format. We prefer the representation in which the binary point is to
the right of the least significant bit and the scaling factor is 0408.

Decimal

number FIXED FLOAT
1.0 000 000 000 001 040 201 000 000 €00
2.0 000 000 0CO 002 040 202 000 000 000
3.0 000 000 000 003 C49 202 100 000 00O
7.0 000 000 000 007 040 203 140 000 000
1.0 000 000 000 002 037 201 000 0CC 000 .
1.0 000 0GO 000 010 035 201 000 000 000

1.0 000 000 000 020 034 201 000 000 GO0
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1.0

-1.0

2.0

0.2

5

000 000
100 000
300 000
100 000
300 000
177 377

100 000
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000 004 036 201 000 000 000
000 000 002 201 000 000 000
000 000 002 201 200 000 000
000 000 001 200 000 000 000
000 000 001 200 200 000 000
377 377 002 202 000 000 000
000 000 000 177 000 000 000

MEMORY MAP FOR FLOATING POINT PACKAGE

The full floating point package, including the elementary functions,
requires several kilobytes or ROM and perhaps no more than 24 bytes
of read/write scratch pad memory. The following routines have been
placed into 1702A EPROM chips:

02 00 to 04 FE

04

06

07

07

07

08

08

09

09

FF

F5

07

41

BC

D3

29

E2

to

to

to

to

to

to

to

to

to

06

07

07

07

08

08

09

09

0A

F4

06
40
BB
52
b2
28

El

53

8080 Binary Floating Point System Arithmetic
and Utility Package. Programmer, Cal Ohme.
December 26, 1973.

8080 Binary Floating Point System Format
Conversion Package. Programmer, Cal Ohme.
December 26, 1973.

IDV. Inverse divide routine.

FSQRT. Square root routine.

FMACL. Maclaurin series routine.

FCOS and FSIN. Sine and cosine routine.
ARCTAN. Arc-tangent routine.

FCOSH. Hyperbolic cosine routine.

FSINH and FEXP. Hyperbolic sine and
exponential routine.

FLOG. Natural logarithm routine using
Maclaurin series.
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SCRATCH PAD MEMORY

A scratch pad memory is a region of read/write memory that is used

to store temporary results. In the floating point package, even a
short segment of ROM is copied into the scratch pad memory for use in
multiplication and division operations.

For the entire arithemtic floating point package, including the
elementary function package written by Jeulich, eighty-seven, or
hexadecimal 57, scratch pad bytes are required. They can be located
at L0 memory addresses 00 through 57 (hexadecimal notation) in any
HI memory address byte desired. This HI address byte must be entered
into the following memory address locations in the Juelich program:

Memory locations
that refer to
scratch pad memory

hexadecimal octal
02 35 002 065
02 47 002 107
02 52 002 122
02 5A 002 132
02 80 002 200
02 C6 002 306
02 CB 002 313
02 E1 002 341
03 9D 003 235
04 8F 004 217
04 DE 004 336
04 F5 004 365
05 08 005 010
05 17 005 027
05 6C 005 154
05 E6 005 346
06 3B 006 073
06 Al 006 241
06 C6 006 306
06 DA 006 332
06 E2 006 342
07 44 007 104
07 51 007 121
07 57 007 127
07 5D 007 135
07 79 007 171
07 7D 007 175

07 89 007 211
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In the floating point package that we currently have in 1702A EPROM,
the scratch pad memory HI byte is €20, in octal code (10 in hexadecimal).
The EPROMs cover the address range of from 02 00 to 0OA 53. Depending
upon the type of application, it may be necessary to change the HI
byte to a different value. It is useful to think of memory as being
subdivided into 1K memory blocks. The first such blocks are as
follows. We define a memory bank as 256 contiguous memory locations
that have the same HI address byte.

Memory Banks

Memory block Hexadecimal Octal

00 00, 01, 02, 03 000, 001, 002, 003
01 04, 05, 06, 07 004, 005, 006, 007
02 08, 09, OA, OB 010, 011, 012, 013
03 0c, 0D, OE, OF 014, 015, 016, 017
04 10, 11, 12, 13 020, 021, 022, 023
05 14, 15, 16, 17 024, 025, 026, 027
06 18, 19, 14, 1B 030, 031, 032, 033
07 1c, 1D, 1E, 1F 034, 035, 036, 037
08 20, 21, 22, 23 040, 041, 042, 043
09 24, 25, 26, 27 044, 045, 046, 047
0A 28, 29, 24, 2B 050, 051, 052, 053
OB 2C, 2D, 2E, 2F 054, 055, 056, 057

This listing should be sufficient for our purposes. It is quite likely
that 8708 (2708) EPROMs, which have one kilobyte of memory, will be
used to store programs. Thus, it will not be possible to subdivide

a memory block into both read-only memory and read/write memory.

We have made an attempt to identify the types of information that are
stored in the scratch pad read/write memory in the floating point
package. Of particular interest is the fact that from LO = 00 to LO =
2F (hexadecimal code) is stored an actual segment of ROM program that
has been copied into scratch pad memory. This is performed using
subroutine INIT,
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In the listing below, the HI byte is the on= which you have chosen
for your scratch pad memory. We simply list the LO bytes, the labels,
and the significance of the specific memory locations. Memory
locations are given in hexadecimal code.

LO memory

address Name Description
00 MULX4
0l MULP3 Operand third fraction
05 MULP2 Operand second fraction
09 MULP1 Operand first fraction
0)3] DIVX5
OE OP4S Divisor fourth fraction
11 0P3s Divisor third fraction
15 0P2S Divisor second fraction
19 OP1S Divisor first fraction
1C OP4A Remainder fourth fraction
1E DIVX6
1F 0P3A Remainder third fraction
23 OP2A Remainder second fraction
27 OPlA Remainder first fraction
2A 0P4X Remainder fourth fraction
2E OVER
2F PREX Previous exponent
30 ACCE Accumulator exponent
31 ACCS Accumulator sign
32 ACCl Accumulator first fraction
33 ACC2 Accumulator second fraction
34 ACC3 Accumulator third fraction
35 SF Subtraction flag
36 ADPL Character string word
37 ADRH Character string bank
38 TMP1 Temporary storage
39 ™P2 Temporary storage
3A T™MP3 Temporary storage
3B VALE Value exponent
3C VALL Value first fraction
3D VAL2 Value second fraction
3E VAL3 Value third fraction
3F T™P4 Temporary storage
40 FSQRN
40 FMACX
44 FSQRX
44 FMACS
48 FMACT
4C FMACG
4E FCSHD
4E FLOGE

4E FSNHD
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4F FEXQV
50 FATNT
50 FSINX
50 FSNHX
50 FLOGX
54 FATNU

Stored in the above LO address locations are the indicated quantities,
which vary during the arithmetic calculations. This is why these
quantities need to be located in scratch pad memory.
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Westinghouse

Moy |, 1960

COMPENSATED IONIZATION CHAMBER TYPE 6377

The 6377 compensated ionization chamber is designed to detect thermal neutrons in the range from 2.5 x 102 to-
2.5 % 10'% neutrons cm? second, in the presence of very high gomma radiation frelds. The detector s extremeiy
rugged in construction, meeting MIL-5-901 for shock and MIL-5td-167 (type 1) for vibration, and nay be operated
in any position ot temperatures up to 175°F. Tie 35377, including the connectors, is constructed of magnesium
alloy, with high stability, crosslinked polystyrene insuiation. The use of this latter material assures completely
noise free performance of the detector, even in the iowest decade of operaticn.

The 4377 incorporates two outstanding feotures. The first 1s the use of guard ring construction throughout to
minimize the reduction in signal currents due to eiectrical leakage of the insulators. The sccond is the provision
for continuously variable, electrica: compensation. This feature provides any Jdesired degree ot reduction of the
signal caused by gomma radiation, including compiete cancellation.

. . -~ _‘ hd -
The thermal neutron sensitivity of the 6377 1s approximately 4 « 10 v amperes neviron cn® second., The jamma

sensitivity, when operated uncompensated, 1s approximateiy 3 x 107" amperes R hour

The 6377 is similar 10 the 7353, dittering only in outline diinensions,

METHANICAL.
- B Maximum Diameter . . - 3-10e lnches
Maximum QOverall Length . . . . | L2313 s inenms
c., Merking Approximate Sansitive Langth. . ., . 14 Inches
Net Weight . . . . ..... _..... 5.3°3 Pounds
Shipping Weight. . . . . .. . .. .... 19 Pounds
W.N.CONNECTOR MATERIALS:
_-— Maies wiiN
T MIL-UG %9A/U Quter Cose. . .. ... .... e e 3% AL, 97% Mg Ailay
Electrades . o o 3% AL, 97% Mg Alloy
- r Insulation. . .. ... ... . Stabilized Polystyrene
' Neutron Sensitive material: .
_ Contenr . . ... .. .. e . Boron enriched in B-1C
f Thicknass . .. ... L1 mgeem?
: Gas Filling . Nitrogen
) IMPEDANCE:
: Rasistonce: (Note 2)
' Signai Electrode to Case (Minimum). . . 1074 Ohing
% : H.V. Electrade 1o Case (Minimum). .. 107 Ohms
| Compensating Electrode 1o Case
‘,:. {Minimumy. . . . N gt Ohmy
| 2% Cacacitance: (Note 1)
E g%' Signal Elecrrode 1o Case {Approx.) . ..  27% iy
zz:'-‘. . H.Y. Elecirode to Case {(Approx.) . . . 315 regit
—— "... , Compensating Electrade 1 Case
-f . ‘s ! {APPrOR.) . o ool .128 i
Sensitive e, ) I . MA XiMUM RATINGS:
I e e Voltage Between Elactrades (dc). .. . 1500 mau. Yolrs
.,.'...v i Temperature . . ... 175 max.  Dagrees F
) Extenol Pressure (Note 3). . . . .. .. 180 mox. Pounds/Inch?
i | Thermol Neutron Flus. . . ... ... 5.10"" mun. ny
1. -
v [
1y ' P
P EPRNE X P SO X
) T i
:v- s‘-f. Dle.- =
-6

Neutron & Radiotion Detecror Section

WESTINGHOUSE ELECTRIC CORPORATION, ELECTRONIC TUBE DiVISION, ELMIRA, NEW YCRK
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Westinghouse

Page 2

TYPICAL OPERATION:

Typical Connection . ., . ...... P See Figure |
Operating Yoltage . .. .. . ... .. 300 o 800 Voita
1. Copacitance is measured between cn elecirode and case, with
Compensating Yoltage W other alectrod ded
(Sow Figura . oo, ~10 1a ~80 Yolts atl other alecirodes grounded.
Saturation Chorocteristics . ... . ... oo ... Ses Figure 2 2. The detector may not be immersed directly in water, ond high
Thermal Neutron Flux humidity environments should be avoided as they wiil impair
Range . . oo v venn 2.5 10%102.5<10'° nv performance.
Th N Sensitivity . . . .. 4« 10-'4 A /n
ermal Neutran 3easitivity mperessny 3. The pressurizing atmosphere must be dry and noa-corresive.
Comma Seasitivity:
Taral Compensation . . . . . .. .. i v e 1er0
Uncompensated . . . ... ...... 3. 10°'" Amperes/R/hour
TYPICAL CONNECTION DIAGRAM
Amphenacl Cobdle
No.2i-467
High VYoitage A
Power
Supaty .
{Jeg Note)
O\/ Compensaling
— Power +
Supply
/—\O {See Nole)
—_—
(‘. Note: Permissible power suppiy regulation and rippie

will depend upon lhe particular-application.

Section entitied

FIGURE 1

Ses

*lonization Chamber Operation.”

cE-atI2e Mt

WESTINGHQUSE ELECTRIC CORPORATION, ELECTRONIC TUBE DIVISION, ELMIRA, NEW

YORK
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Westinghouse

Page 3

TYPICAL SATURATION CHARACTERISTICS

Lx 41uul.;u ":?':
2 4 X IO
w
L4
>
a
E
2
z
<
; 1
Q.
3
o
°
=
2
1723
.._?,,,;:
- »LTH»;}
600 800
Applied Positive Voits
i cL-a1284 RZ

FIGURE 2

WESTINGHCUSE ELECTRIC CCRPCORATION, ELECTRONIC TUBE CiVISION, ELMIRA, NEW YORK
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Westinghouse

Poge 4

TYPICAL COMPENSATION CHARACTERISTICS

Positive Voitage
200 volts
10 -
50000 R/ HR, Co-60
2500 R/HR, Co-60
S 50 R/HR, Co- 60
° 50 R/HR, Sb-i24
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€
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o
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o
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°
"
=
o
a
E
o
o
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s ! L ! L
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N Compensating Volis
l cE-8137)
FIGURE 3

WESTINGHOUSE ELECTRIC CORPORATION, ELECTRONIC TUSE DIVISION, ELMIRA, NEW YORK
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SECTICON I INTRCDUCTICH

Modol 411

Tho Keithlay Model 411 Micro.microammeter is a linem operated
vacuum tubse electrometer designed and constructed aspecially for
measuring small currouts, Full scals ranges ere from 1077 to
10-L ampere .

The features includs full-scale voltags drop at the input of
less than five millivolts, zsro 4rift of less then 2% of full 3cale
per week, good eccuracy and calibration stability, and simplicity
of operation. IZ also has an output which will drive a 0-1 or
0-5 milliampere recorder as well as ths numerous potentiometer -
rebalance recorders; one output terminal is at ground, making it
ccnvenient to comnect cathode ray cscilloscopes or pen-driving

amplifiers, similar to the Brush and Senborn equipment.

The major panel controls are the range switch (amperes full-
ocale) and the cerc. Minor centrcls ere the Zerc Check, used to
shert circuit the input and in setting the zero, Meter Polarity
for providing up-scale readizgs for surronts flowing in either
direction, and an ON-OFF power switch. The zeter dial is {llumin-
ated, and these tulbe serve as the pilot lignt.

Modael L1lC

The Keithley Model 411C is identical to the Modal 411, except that
the parel meter i3 provided with contacts which can be set to
clcse at any predstermined meter pointer deflecticn. The delicate
contacts of the meter coperate a relay in the L11C, and the relay
contacts (SPDT) are available for external switching functions
through an AN comnector cn the rear of the chassis.

Response Speed, both models

The 411 and 411C are shipped with capacitors shunting the range
resistors on the 10-* through 10-!! ampere ranges. The capacitors
damp the response, limiting the amplification of spurious disturb-
ances, and preventing overshoot and ringing when a square pulse

of current is applied and input cable capacitance is as much as
5000 micro-microfarads. Such damping is usually preferred when
long irput cables are used, as with remcte ion chambers. W®hen
maximum speed is desired, as in scme producticn tests, and very
short input cables are being used, the capacitors may simply be
removed from the range switch. See details on page II-2,

-I-1 -

ITHLZEY INSTRUMENTS CLZVELAND, OHIO
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SrCTICN IT DESCRIPTICN

Seventeen overlapping current ranges, frem 10 x 10-4 ampere to
10 x 10-12 ampere are selected by the Amperes Full Scele switch, located
left of the Meter. The accuracy cf the ranges from 10 x 10-% threough
3 2 1077 4s within 2%, 10 x 10°5 through 10 x 10-12 {s within U4,

Inrut Imredance is controlled by negative feedback from the output
80 that the voltage drop across the input terminaly is less thun % zmil-
livolts for full-scale meter deflectica.

The Input Connector is leccated on the back fuce of the chasasis.
It is a UHF connector with teflon insulation, and accepts a stendard
teflon insulated mating plug. The plug and lead wires or cable should
be extremely well insulated to prevent the leakage cof the small cuu-
sents. A cap is providecd for keeping dirt out when ths instrumernt is
stored,

Input Switch Labelled ZERO CHRCK 18 located to the left of the
range switch. Whan ae¢rprossed, it effectively shorts the input to re-
move spurious charges, and provides the 2erc input current reference
for zeroing the neter with the Zero Control.

Grid Current is less than 5 x lO'lu ampere, and represents the
limit of measurement of a vacuum tube elecircmeter. This i{s about
0.5% of full-scale on the most sensitive range.

Zero Drift is less than 2% of full scale per week cn a&ll ranges,
This includes wecramup from a cold start, provided the source voltage
is 10 volts »r more.

Zera Contrcl - The Zerc knob is located to the right of the meter
and is used for zeroing the meter with zero input current., Effectively-
zerc input current can be obtained by depressing the Zero Check button.
The input must not be short-circuited. This upcets the negative fesd-
back path and mskes it impossible to zero the meter.

- II-1 -

XEITHLEY INSTRUMENTS CLEVELAND, OHIC
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It is recommended that the meter pointer not be set anywhers but zero
on the meter scale with zero input curreant, because with the feedback used,
a dc potential is developed across the input whenever the output and the
panel mater are not zero Ior zero input current. Recorders, of course, cen
be biased to any part of their scale for zero volts at the Modsl 41l output.

Qutput is provided for driving recorders. The amplifier will develop
10 voits for full-scale moter deflscticn, and 5 milliamperes can be drawn
withcut upsetting the circuits, The CUTFUT ccnnector is at the rear of
the chassis. The connection details and suitabls output ettsnuators are
discussed in OPERATION, Section III.

Response Speed of ths 41l dspends upon the current range being used and
also upon tho cepacitancc of the extcrnal circuitry. On tho less cenaitive
ranges the speed is limited by the amplifier resnonse, which 13 from 4c <o
epproximately 1,000 cps. On the ranges from 3 x 10-T to 10 x 10-11 amperce
the 3peed hes bteen reduced to ebout 1.0 second by the addition of cepecitors
across the range resistors. On the thrse uost sensitive renges, shunt car-
acitance across the input limits the response speed. Because of the method
of application of the negative feedback, the slowilag effects ¢f cavacitance
from the high input terminal to ground have been greatly reduced, but are
atill significant. Table I balow gives typical rasponse speeds; viz; the
time constant of the respcnse to a step function.

TABLE I
TYPICAL RESPONSE SPEEDS

(to reech 67¢ of final value)

Ranges with no significent with 5000 mmf
external cepacitance across the input
1x 1o-}i 2.0 Seconds 4.0 Seconds
x 0°* 1.0 2.0
i x 16-10 0.5 1.0
3 x 10710 0.5 1.0

If the maximum speed of Tosponse is desired, the capacitors shunting the
range resistors may be removed; nowsver the Iincreesed response to spurious
ac signals may intertfere with recording, and the transient response mey
suffer.

Amplifier Noise is principally power frequency, and is 50 millijivolts
rm8 mex at the output terminals, irrespective of the current rangs. From
the most generel point of view, grid current and amplifier zero drift are
also background noise; these have alircedy been discussed.

¢
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Circuit Description

The circuit diagram DR 11175-C i3 enclosed et the back. The amplifier
consists of two 5886 slectrometer tubes cperated as a balanced stage, with
a substantial amount of in-phase rejoction. Further in-phase rejection is
obtained by supplying V1 and V2 screens from V3 and V4. A triode connected
€CMG is used as the cathode Tollower output stage.

Negative feedback from the output is accomplished through the shunt
resistor to the grid of the input electrometer tube. It is this feedback
which xeeps the input voltage drop lov.

The open loop voltage gain of the amplifier, meesured from *the first
stege grid to the feedback connection which would normally be connected to
the low impedance end of the shunt resistor, 1s abcut 2500. This assures
a low input drop.

To insure low drift, the Teedback-vcitage (the voltege drop across
the high resistance range resistcrs) is made ten volts on all ranges.

The power supply is regulated by a Sola transforzmer. Half-wave
gelenium rectifisers supply the B+ and B- potentials. The filtering is
cenventional.

Calibration is determined ty the value of the high resistance
range resisters. From 16-3 tg 10-7 amperes, the overall accuracy is
better then 2%. From 3 x 10°° to 10-11 amperes, the accuracy is better

than L%,

The meter is connected between the output terminel and ground.
When the range resistor is shorted in zercing the instrument, the meter
measures the voltage existing between the input terminal end the output
terminal (which ars connected togesther when the sherting butten is
preseel) and ground.

The balancing of the amplifier, with the Zero control, is done
in the filament circuit of V2. This is a convenient low-impedance

point and doces not disturb the elsctrcde potentials of the low grid
current electrometer tute.

- I1-3 -
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SECTICN III OPERATION

Simplicity of operation is an outstanding characteristic of the Moael
L11, First connact the input to & current source, end the cutput to a
recorder or external indicator, if desired.

Then: a) Plug ths power cord into a 110 volt 60 cps outlet. MNote
that because a Sola resonant regulating transformor is used, the power
frequency, as well as voltagn, must be the preper value.

b) Turn the amperes Full Scals to the 10 x 10-% position.
¢) Turn the power switch to ON.

d) After a few minutes warmup, Set the panel meter to zero with
the ZERO control.

a) Advance the instrument's sensitivity with ths range switch,
until & usable deflection Is obteinud on the pansl meter. Tha current s
read directly. ttention shouid Tte paid to the METER polarity switch, so
that an up-scale deflection is obtained.

£) Periodicelly check the zero setting by operating the ZERO
CHECK switch and rezercing the meter if necessary.

irput, uging cabling

The current source should be connected to the input connector with the
high impedance side of the current source associated with central conductor
of the connector. The lead-in cable should be polyethylene, polystyrsne,
or teflon insuleted ccaxiel coble, end the connector should have teflon
insulation, Amphenol type 83-756 or equivalent is recommended. During pre-
paration ol cable and connectors, it is essential thet all high impedance
surfaces bte kept scrupulously clean to avoid lesakage. With graphite coated
cable, it i{s nocessary to avoid tracking graphite onto the high impedance
surfaces of the cut snd of the insulation and the teflon surface of the
connocior. Movement of the.cable during meagurement should be avoided
since this will ceuse spurious needie movements, because of capacitance
changes and gencration of static charges.

RECORDING: The Mcdel 411 is provided with e connector on the reer
of the chassig for recording. The output for full-scele meter daflection
is 410 volts. The maximum current that mey be drawn frem the output termi-
palg 18 5 milliamperes. This output is suitable for driving one and five
milliampere recorders ags wcil es recorders employing an amplifier. Cinch-
Jones S5-202-B is the chassia comnector, P-202-CCT is the mating plug.
Terminal #l is ground.

i

i
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Table III gives resistance to be used in series with one and r'ive
nilliampere recording milliemmetsrs, to make the rucorder full-scale do-
flection equel the panel meter full-scale deflaction.

TABLE III
Recorder Serics Resistornce
1l m.a. 8.3 to 8.7
5 m.&. 1920 to 16k0

The exact series rosistance varies from reccrder to reccrder, end & portinn
of the series rssistance should be adjustabls sc thaft the ruceoraer may ve

calibrated exectly against the punel meter.

A suitable voltage divider for meore sousitive recordere can easily de
made, keeping in mind that 10 volts appesr et the ocutput terminals for
full-scale deflection or the panel meter, and tuet & CCO0 ohm dividar will
not draw too much output current and will be snfficiently low impedance
t0 connect to amplifior inputs.

The Speed of Resnonss, or ths time constant of an input trensducer
~end mlcro-mxcroammstur depends upon the speed of response of the cir-
cuitry of the instrument and also upcn the capacitance of the current
source and its comnecting cablae. Because of the way the negative feed-
back i3 applied in the Model u4ll, the external input capecitance is not
nearly as ifuaportant as in gystems using a vsoltmeter across a shunting
resistor, and quite large cepacitances can be tolerated without having
an impossibly sluw response., Thus, & cable run from an ion chember to

the micro-nicroemmeter is parmissitle.

The internel time constant of the Mcdel L1l depends upon both the
frequency response of the amplifier stages and the time constants oi the
high megohm range rusictcrs and the associated distridbuted capeacitances.
These change from range to range on the Lll, the speed docreesing as the
sensitivity is increasad. Toble I in Section II, Description, gives
quantitative values.

J216 Volta. A conmsctor has heen mounted on the back faco of the
chessie to provide 4216 voits for polarizing an ion chamber. Tha roten-
tial is derived from 2 (B2 voltage regulatcr tubes and i3 wecll filtered.
The supply can te short circuited without damaging it. The chassis ccn-
nector is Cinch-Jones S101, and PL1Cl is the aating plug.

- IT1-2 -
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SECTION IV MAINTENAINCE

The Keithley Model 411 Micro-micrcammater has been cesigned to
give long, trouble-fr service. High quality ccmponents have becn used
throughout, end the circuits are stabilized by a substantial amount of
negative feedback.

DR 11175-C, at the back, is the deteailed circuit scheastic diagram
of the Model Lll, The circuit operation wes discussed in Section II,
Description,

Maintenance Adjustments

One maintenance ccntrel is provided. It is accessible {row the top
of the chassis, and i{s located benhind the meter.

R138, METER CALIBRATION, is in geries with the Meter., To recalibrate,
use the 10 x 10-+ rangs and, wi<a 7 x 10-% ampere through the input
circult, udjust R138 o the moter rouds exactly 7.0. Since the cghunt
resistor on this rangs is accurate to G.1% of its nominul valus the
overall accuracy can be adjusted to about 1% of full scels. On the

3 x 10-% to 10 x 10- empera range the range resistors ers accurate

to 1% and, providiung <he callibretion was accuretely done on the 10 x 10-4
range, the overall accuracy will be 2%. Frem 3 x 10-3 t¢ 10 x 10-12 am-
peres the range resictors arg accurate to 3% and the coverall accurecy
will be L%,

Vacuum Tubes V1 and V2 are the two slectrcmeter tubes, and are located
in an eluminum can which plugs cnto the top of the chassis near the
input terminals. The tutes have been sslected, matched and labelled;

V1 is Keithley part £v5386-5 and V2 is EV5886-6. The difference between
+he two is that EVSB56-6 does not have to heve low grid current. It is
recommended that the complets Input Tute essembly, Modsl 4102 be xept

for replacement purposes.

The other tubes are standard receiving tubes and need no special
selection tc aussure satislactory perfurmancu of the Model 411,

INSULATION: All insulaticn for the high impedance conductors is
made of teflon, as are the contact insuletors cn the renge switch.
This should give satisfactory service in all humidities. Occasionally,
the high impedance 1insulators shculd be inspected to insurs that they
are free from dirt and dust.

CONNFCTOR CAP: The cap for the input cennector shouid be kept in
place whenaver the connsctor is not being used. In storage and in
transport, it xeeps the inswlation from accumulating dust and dirt.
Before screwing the cap back onto the connector, be certain that it is
clean, 8o the insulation will not te contaminated.

¥
- IV-l -
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ANALOG
DEVICES

31, Digit
AC Line Powered DPM

'EATURES

\C Line Powered

dright, Seven Segment Gas Discharge Display
3CD Data Qutputs Standard

{old and Trigger Control Signals

‘ull Scale Ranges of +1.999V or £199.9mV
display Blanking Control

ndustry Standard Panei Cutout

APPLICATIONS

Seneral Purpose DPM Applications Requiring AC Power and a
High Visibility Dispiay

Jata Logging and Digital Feedback Controi Systems

INERAL DESCRIPTION

¢ AD2009 1y a2 tow cost 3% digic, AC hine powered DPM de-
ned for general purpnse DPM applicatons The ADIOYY
sasures bipoldr input voltages over full scale ranges of either
999V ur £199 9mV, with an accuracy of +0.1% reading *1
it and displays the readings un large, bright 055" (14mm)
ckman ygas discharge displays

\RGE, BRIGHT DISPLAY

¢ dispiay only applicanons, the Beckman display offers cx-
lent 1ppearance and visibnlity. The AD200Y display is easily
1d up o 50 teer (15m) away and over all ambient hghung
nditions. The nonlare lens allows 4 choice of etther red or
ber display colors, and is easily silk screened with company
0 of measuremient units. External control of decimal points
J display blanking is provided.

MPLE DATA INTERFACING

cr the AD2009 is designed around TTL logic circuts, paral-
BCD data, TTL/ADTL companble s astandard feature,
ywing cany interfacing (o a variety ot data peripherals, such
ilgital compararurs and line printers. Under internal con-

i, the AD20U9 converts ar a nowminal rate of six conversions
scvond. Using the Hold and Trigger controls, up to 100
tversions per seeond can be externally tiggered.

DUSTRY STANDARD CASE DESICN

response to industry’s urgent need for DPM standardization,
alog Devices has adopted the most popular AC powered DPM
el cutout size for the AD2009 and ail future AC line pow-

d DPAVS. Sunce thid 3.9247 < 1.6827 (99,67 x 42.72mm)

wl vutout is used by so many AC powered panel meters, the
tentizl DI'M customen can be assured that secondsources

ormation turnished by Ansiog Devices is believed 10 be accurate
4 rehiable. However, no responubility 13 assumed by Analog Devices

s use, nor for any infrirgements of patents or other nights of third
ties which may resuit from its use. No license 15 grented by implica
n or otherwise under any patent or patent rights of Anaiog Devices.

will be available and future new products will be usable without
mechanical chanyges to their instruments or systems.

DESIGNED AND BUILT FOR RELIABILITY

Design and manufacturing techniques are chosen to insure reli-
ability in the AD2009. Conservative Jesign techniques and
thorough component evaluarion are only the beginning. Manu-
facturing processes are monitored by conunuous quaiity assur-
ance inspections to insure proper workinanship and testing.
Like every uther Analog Devices' DPM, each AD2009 is fully
tested for electnical specifications, calibrated. and given one
full week of failure free burn-in before shipment.

THEORY OF OPERATION

The AD2009 uses a dual slope conversion technique with an
absolute value voltage to current converter input. The entire
conversion cycle takes less than 10 milliseconds, allowing a
complete conversion to be donc during the negacive half cycle
of the AC line, and the resulting reading is displayed during
the positive half cycle of the AC line. This scheme not only
insures a flicker free display, but also allows externally trig-
yered conversions at rates up to 100/second for data iater-
facing applications. In order to insure a bright display even
Juring operanion at low line voitages and to help insure the
rehiability of the Beckman displays. a separate power supply is
provided to continuaily illuminate two “'keep-alives” in the
Beckman display.

Route 1 Industriaf Park; P.O. Box 280; Norwood, Mass. 02062

Tel: 617/3294700 TWX: 710/394-6577
West Coast Texas

213/595-1783 214/231-5094

Mid-West
312/894-3300



SPEC'F'CAT'ONS {typical @ +25°C and nomtnal line voltage)

DISPLAY OUTPUYT
& Boecknan Seven Scgment Gas Discharge Display, 0 55"
High (14mm) for Vhree Data Digits, 100% Overrange and
Negsuve Polarity Indication. Overload indicated by
blanking the three data digits and displaying the 1"
overrange. The polarity remains valid.
® Deamal Pounts Selectable at Input.
® Dispiay Blanking
ANALOG INPUT
® Contigurauon: Bipolar, Single Fnded
® Full Scule Range: £1.999V or 199 9mV (sce S option)
® Automatic Polanicy
e Input Impedance: 100MQDC
® Bias Current, Both Ranges. 3nA @ 2V IS, 20nA @
200mV FS
® Overvoltage Protection, Both Ranges: 200V DC Sustained

ACCURACY
e .1% =1 Digit
& Rcesoiuuon: ImV or 100uV (S option)
& Temperature Rangc] 0 to +50°C Opcrating
-25°C 10 +85°C Storage
® Temperature Coctticient:
Guin (bath ranges) - Ic(lppm/'oc
Zero Offset (2V Input) - £30uvIeC
(200mV Input) - z1ouv/°C
o Wurm-Up Time to Rated Accuracy 15 munutes
e Scrthng Time to Rated Accuracy: 0.3 sec
NORMAL MODE REJECTION
e 18dB w otz
COMMON MODE REJECTION (1k§2 souece imbalance @ 50-
60l1e, with standard shielded ransfornmer)
® 2V Input — 1004B
® 200mV lnput - 80dB
COMMON MODE VOLTAGE
o 3300VDC (6VOVAC p/p) (floated on puwer supply
transformer when BCD outputs and control signals are
not used)

CONVERSION TIME
® J0msec

CONVERSION RATE
® lnternal Trgger: 6 conversions pet secoad
e External Trigger: 0-100 conversions per second

DIGITAL CONTROL SIGNALS
® DTL/TTL Companble

In Out
Logic 0" <03V <04V
>20V >2.3V

CONTROL INPUTS?

® Display Blunk (1TTL Load). Logic 0" or grounding
blanks the entire display, not including the decimal
points. Logrc 17" or upen circuit for normal operation,
Display blinking has no effect on output Jata and the
display readiny is valid immediately upon removal of a
blanking signat.

® lloid (1TTL Load). Logic 0" or grounding disables
cither the exeernal or internal trigger and the lase con-
version s held and displayed.

& onternal Vengeer CUTHL Lowd), Pusinive puise (500used
i width) will utiage conversuom.,

® Deamal Points (Not T'TL Compatible). Grounding will
iluminate the desired decimal point. External dnive cic-
cuitry must be capable of withstanding 100V when che
decimal points are turned off,

DATA OUTPUTS’
® 3BCD Digies (Drives oTTL Loads). Positive true, unlatched
® Overrange (Drives 6TTL 1oads). Unlatched, Logic 70"
mdicates overrange (1000).
® Overload (Dnves 0TTL Louads). Unlatched, Logic 0"
indicates overload (22000).
® Pulanity (Drives 6 TTL Loads). Latched, Logic *1” in-
dicares positive polarity.
® Status (Drives 1OTTL Loads). All digital outputs are valid
when status s ac Logie ©'07. Logic 17 indicates cunver-
510015 1N Progress,
® lncernal Trgge: Queput (Not TTE Compatible). When
connected to Lxternal Togger Inpuc will cause the
AD2009 to convert at 6 conversions per seeond. This
vutput can oaly be used for triggering the AD200Y
POWLR INPUT
® AC line, S0-60t1z, 4.2 Wartts at 60tlz; 4.7 Watts at 5011z
(at nominai hine voltages).
CALIBRATION ADJUSTMENTS
® CGain
® Zero
® Recommended recalibraton interval — 6 months
SIZE ) R R
o 418 Wx1.93 H{x4+15 L (106 x 49 x L12nun)
® 3.77"1 (121mm) 1o rear of card edge conneciur
® Panclcutoutrequired: 1,682 x 3.924” (42.72 x99 67nun)
WEIGHT
® |5 ounces (425 grams)
OPTIONS® ~ ORDLRING GUIDE
® AC Power Inputs (50-0011z)

AD2VVY HH7VAC
AD20VOI/L - 220VAC £10%
AD260O9/F - 10UVAC
AD200Y/H - 230VAC
.
AD2009 - 1.999VDC Full Scaie
AD2009/S 199.9mVDC Full Scale
.
Lens 7 - Red with ADT Logo
lens 8 — Red without ADH Logo
Lens 13 .- Amber with ADI Logo

Lens 14— Amber without ADI Logo

CONNECTOR
® 30 Pin, 0.156" Spacing Card Edge Connector, Amphenol
225-21524-001 (117) or kquivaient
® Opuonal: Order AC2611 w $4.50

PRICING
& $140 (unit quantty)
® Consult Factory for OEM guantity pricing

' Guarantecd v +257C.

! Guaraniced

T Not to be used when the AD2OUY 1y floating on comimon muode voltages.
*Only one pUC renge and AC powers ipuet oy be specilicd

TUens 7os supphicd dno lens opuon s specibied

Spedifications sulyeat 1o Cinge witiou g nonee.
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INTERFACING THE AD2009

Input Lunncctions

The AD200Y has o single ended inpuc with common analog and
digital grounds. When digital control ines and BCD duta out-
puts are not used, the entire DPM cun be floated on the power
supply transformer at up 1o 300V DC commuon mode voltages.
If these signals are used, care should be taken to insure against
ground loops within the system causing erratic and/or errone-
ous readings.

Decimal Points

Grounding the proper pin will ilaminate the desired deamal
point. if external logie dawes are used to control the decimal
ponts, drive creseey must be alde 1o withstand 100V when
the deciniad pones are turned ot

Display Blanking

The encire display (exclading deaimal powts) may be blanked
by applying logic "0 or grounding the proper control input
(pin 13). Blanking the display has no eftect on the output data
ot the conversion precess. The data remains valid duning
blanking and the DPM reading s correct immediately upon re-
moval of the blanking signal.

Interfacing Digital Data Qutputs

The digital data outputs of the AD20UY are unl.n;hgd positive
true, parailed BCD, 2t DELAYTE logic fevels. As shown in the
timing dragram (Frgure 1), afl data outputs ure vahid when the
STATUS line is luw. The STATUS line is high dunng conver-
sion when erroneuus data will be present on the vutputs.

TRIGGERING CONVERSIONS

The AD20092 may be tggered tnternally 3t six conversions per
seeond, or externally at rates of up to 100 conversions per
second. Foranternal toggening, the Inteenal Togger Qurput
(Pin 1) should be connected to the Trigger input (Pin B). FFor
external trggering, 3 positive trigger puise (<500us width)
should be apphicd to the Trigger Input (Pin B). Whether in-

NOTE 1
INTERNAL OR
ENTEHNAL TRIGGLA
CONVERSION CYCLE NOTE 2
)
SIGNaL REFIHINCE !
b OINTEGNATE INT2 GRATL
| .
' .
\ .
status | l

DATA vALID z l

POLARITY T
VALID s -

NOTES
1 V.rumum ouite st 10008 maasmmem 500us.
2 Aparonwmataty Imy beture omveriin gy

Figure 1. AD2009 Timing Diagram

ternal or external triggening 1s used. the last reading can be
held and displayed by grounding or applying fogic 0" to the
iold Input. At high conversion rates, the display may flicker
unless synchromized to the AC line input, but data outputs
will remasn valid.

CALIBRATION PROCEDURE

“WARNING: For the safety of personnel and interconnected
equipment, ull calibration should be done using a plastic trim-
ming tool oniy.”

A preasion voltage reference is needed for calibration of the
AD2009. The lucation of cabibrativa potentiometers is shown
i Fgure 20 Before cabbrating the AD2OU9, ilow the unit to
warmip to pormal operanng tomperature. Always adjust the
sero offset tiese then dhe gain.

Z¢ro adjustment: Shore the signal input (Pin 2) to the signal
ground (P1n 10) and adjust the zero adjustment pot unal the
meter reads VOV,

Gava adyustment. Apply an iput of +1.900V (+190.0mV on
AD2009/8) and adyust the guin potundil the meter reads
1900 exactly.
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Figure 2. AD2009 Mechanical Outline
{Dimensions shown in inches and (mm))
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COMPRESS MOUN T ING
BLOCK TG Sar

1 INTO SLOT |
1682 :0 010 K
272 028
/L 392440018 Q005
i/.ssu-nn_am i

T e Tickness

QoAIS w O 12D
1s w3

PANEL
REAR VIEW

MOUNTING BLOCK
TEMSION SCALW

MOUNTING INSTRUCTIONS
1. SLIDE OPW THAOUGH PANEL CUTOUT FROM FRONT OF PANEL.
1 SHAP MOUNTING SLOCK INTD SLOT Om DPW SIDES.
3 TIGHTEN MOUNTING BLOCK TENSION SCREWS SNUGLY TO
SECURE DA™ TO PANEL (DO NOT OVEATIGMT LMY
4 SNAP LENS ONTO FROMT OF DFW

Figure 3. AD2009 Mounting instructions
{Dimensions shown in inches and (mm})

CONNECTOR

ma— BLOCK TENSION
SCREW

-

PIN REF PIN FUNCTION PIN REF PIN FUNCTION
1 INTERNAL TRIGGER OUT! A NO CONNECTION
2 SIGNAL INPUT B EXTERNAL TRIGGER IN'
3 STATUS (PRINT) C OVERLOAD
4 POLARITY D HOLD
5 BCD 8 £ 8CD 1
5 BCD 2 KEY F BCD 4
7 8CD 80 =] BCD 10
3 BCD 20 J BCD 40
9 BCD 800 K BCD 100
10 SIGNAL GROUND L DP3/XX.X
11 BCD 400 M DP2/X.XX
12 BCD 200 N DIGITAL GROUND
13 DISPLAY BLANK P DP 1/ XXX
14 OVERRANGE R SHIELD (EARTH GROUND)
15 AC LINE HI S AC LINE LO

'Pin 1 and Pin B must be connected for operation with inteenai trigger.

Figure 4. AD2009 Signal and Pin Designations
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The FTK0040 is a 9 element npn Planar® phototransistor array having exceptionally stable
characteristics and high illumination sensitivity. Each transistor is electrically isolated and
mounted on 100 mil centers. The case is a plastic compound with transparent resin encapsu-
lation which exhibits stable characteristics under high humidity conditions.

® HIGH ILLUMINATION SENSITIVITY

® EXHIBITS STABLE CHARACTERISTICS UNDER HIGH HUMIDITY CONDITIONS
® ESPECIALLY DESIGNED FOR PUNCHED OR MARKED CARD READING APPLICATIONS
® OTHER APPLICATIONS INCLUDE: OPTICAL ENCODER APPLICATIONS

ABSOLUTE MAXIMUM RATINGS
Maximum Temperatures/Humidity
Storage Temperature
Operating Junction Temperature
Relative Humidity at Temperature
Maximum Power Dissipation
Total Dissipation 25 C Case
Total Dissipation 25 C Ambient
Vceo Coilector to Emitter Sustaining Voltage
Maximum Current
Ic Collector Current

ELECTRICAL CHARACTERISTICS (25°C)

SYMBOL CHARACTERISTICS

ICEO Collector Dark Current:Cell

ICE(L) Photo Current

ICE(L) Photo Current

ICE(L) Photo Current

Smin/

Smax Matching Factor

te Light Current Rise Time

tf Light Current Fall Time

VCE(sat) Collector-Emitter Saturation Voltage

VCEO(sus) Collector-Emitter Sustaining Voltage
8Veco Emitter-Collector Breakdown Volitage

*Planar is a patented Fairchild process

Vce

FTK0040

(one per channel)

TYP

4.0
200

1.7%

2.25

05

4.0

0.16

20
7.0

-55°C to +10¢°C
-55°C to +85°C
98% at 65°C

200 mW
133 mW
20V

25 mA

UNITS TEST CONDITIONS

nA
wA

mA

mA

Vcg= 50V
VCg= 50V,

H = 5 mW/cm?
Vce= 50V,
H= 10 mWicm?
VCE= 50V,
H= 5 mWicm?

VCe= 50V,

H= 5 mW/cm2
GaAs, Ic = 2.0 mA,
RL = 10012,

Vee= 50V

Ic= 500 uA,

H= 20 mW/cm?

Ic = 1.0 mA (Puised)
lec = 100 LA

TYPICAL APPLICATION

DATA
ouT

Hex Schmitt Trigger
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Reactimeter Program
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8080 MACRO ASSEMBLER, VER 2.4
ERRORS = 0 PAGE 1

1 NEPRL MACRO CEX1I,CEX21,CLAMI,Y2TI

1 LODE

1 LXI HyCEX1I LCAD H L REGISTER PAIR WITH ADDRESS OF
1 sCEXLI

1 CALL MUL yCALL TFPP MUL SUHBROUTINE TC MULTIPLY

1 LXIT HyHOLD sLOAD H L REGISTER PAIR WITH ADDRESS OF
1 s HOLD

1 STRIN

1 LXI HyFLUX2 3LOCAD H L REGISTER PAJR WITH ADDRESS OF
1 s FLUX2

1 LODc

1 LXI HeCEX2] SLOAD H L REGISTER PAIR WITH ADDRESS 0OF
1 sCEX21

1 CALL MUL sCALL TFPP MUL SUBROUTINE TO MULTIPLY

1 LXI HyHOLD sLCAD H L REGISTER PAIR WITH ADDRESS OF
1 yHCLD

1 CALL AD s CALL TFPP AD SUBROUTINE TO ADD

1 LXT HyFLUX3 LOAD H L REGISTER PAIR WITH ADDRESS OF
1l s FLUX3

1 CALL AD ;CALL IFPP AD SUBRCUTINE TO ADD

1 LXI HyCLAMI 3LOAD H L REGISTER PAIR WITH ADDRESS OF
1 sCLAMI

1 CALL MUL sCALL IFPP MUL SUBROUTINE TO MULTIPLY

1 LXI H,HOLD ;LOAD H L REGISTER PAIR WITH ADDRESS OF
1 s HOLD

1 STRIN

1 LXI H,¥211 sLCAD H L REGISTER PAIR WITH ADDRESS OF
1 3Y2T1

L6T



LODE
LXI HyCEX1I

CALL MUL
LXI H,HOLD

CALL AD
LXT HyY2TI

e Pt gt b ek

STRIN
ENDM

NEPR2 MACRO AI,YTI
LXI HsAI
CALL Mt
LXI HeYTI

P s pass et s s

STRIN

ENDM
LODE MACRO

CALL LOD

r—

ENDM

8030 MACRO ASSEMBLER, VER 2.4
ERRORS = U PAGE 2

1 STRIN MACRO
CALL STR

p—t

sLOAD H L REGISTER PAIR WITH
sCEX1I
sCALL TFPP MUL SUBRDUTINE TO
;LOAD H L REGISTER PAIR WITH
s HOLD

ADDRESS OF

MULT IPLY
ADDRESS OF

s CALL IFPP AD SURRGUTINE TO ADD

sLOAD H L REGISTER PAIR WITH
Y2T!

sLOAD H L REGISTER PAIR WITH
sCALL IFPP MUL SUBRCUTINE 10
sLOAD H L REGISTER PAIR WITH
PYTI

yCALL IFPP LOD SUBROUTINE TO
? —POINT—-ACCUMULATOR FROM THEF
iyBY H L REGISTER PAIR

ADDRESS OF

ADDRESS OF Al
MULTIPLY
ADDRESS OF

LOAD FLOATING
ADDRESS GIVEN

sCALL IFPP STR SUBROUTINE THAT STORES THE
sFLOATING-POINT-ACCUMULATOR IN THE ADDRESS

86T



022F
022F
0230
023E
023F
023F
0240
324D
024E

—

Pt e ot et gt ot 0 s i ot o e pem et P s b s g

00
c9

39
C9

00
Cc9

NEUCO

INT ¢

STR:

CHS:

ENDM
MACRQO
catL AD
P3P H

INX H

MOV EM
INX H

MOV He M
MOV L,F

CALL MUL
LXI H,yFLUX

STRIN
ENDM

ORG 022FH
NOP

RET

ORG 023EH
N3P

RET

ORG 024DH
NOP

RET

sGIVEN BY THE H L REGISTER PAIR

sCALL IFPP AD SUBROUTINE TO AD

s POP THE HIGH AND LOW ADDRESS,STORED BY
;SELCT OFF THE STACK AND LOAD IN THE H L
sREGISTER PAIR

s INCREMENT THE H L REGISTER PAIR

sTHE H L REGISTER PAIR CONTAIN THE MEMORY
+ LOCATION OF THE LOW ADDRESS BYTE OF CONI
yMOVE THE LOW ADDRESS BYTE OF CONI 1O E

s INCREMENT H L REGISTER PAIR

sTHE H L REGISTER PAIR CONTAIN THE MEMOPRY
yLOCATICN OF THE HIGH ADDRESS BYTE OF CONI
sMOVE THE HIGH ADDRESS BYTE OF CONI TO H
sMOVE THE LOW ADDRESS BYTE CF CONI TO L
sTHE H L REGISTER PAIR CONTAIN THE ADDRESS
3 OF CONI

yCALL IFPP MUL SUBROUTINE TO MULTIPLY
sLOAD H L REGISTER PATIR WITH THE ADDRESS

s OF FLUX

661



026E
J26E
026F
028C
J28C
028D
0284
0284
0285
3204
02D4
0205
2207
Q207
0208
054A

8383 MACRO ASSEMBLER,

Q0
c9

00
Cc9

00
c9

00
C9

00
c9

Lab:

MUL 2

NDive:

SB:

AD:

ERRORS = O PAGE 3

054A
0548
J60C
060C
060D
3300
0000
0003
0006
0008

00
c9

00
C9

31FF10
2180190
36F0
2C

INP 2

ou:

START:

ORG
NOP
RET
ORG
NOP
RET
GRG
NOP
RET
0ORG
NP
RET
ORG
NOP
RET
ORG

VER 2.4

NGP
RET
0ORG
NOP
RET
ORG
LXI
LX1
MVI
INR

026EH

028CH

0284H

02D4H

0207H

054AH

060CH

0000H

SPy10FFH
H s DMANT
M.360Q

L

s THE FOLLOWING LABELS ARE FOR THE FLOAT-
s ING POINT ROUTINES THAT ARE IN EPROM AND
sARE BY CERTAIN ROUTINES TO PERFORM MATHE
sMATICAL OPERATIONS. THESE ROUTINES ARE
s IN ANOTHER PRINT OUT AND ARE GIVEN HERE
iAS DUMMY PROGRAMS TO BE REFERENCE BY THE
sCROSS ASSEMBLER.

sLOAD STACK POINTER TO HI 10 AND LO FF

00¢



0009
000A
0008
J000
000E
DU OF
0011
0013
AJ16
0018
0019
001A
0018
001C
001D
001E
3021

0024
0028
3928
002A

002cC

002F

0031

2C

2C
36FE
20

2C
36FF
1607
218610
3E00
117

2C

2C

2C

2C

15
€21800
CD2FN2

€35C00

D308

D30A

218410

DBO1

17

INITZ:

INTRO:
RESTR:
INPUT:

INR
INR
MVI
INR
INR
MVI M,377Q

MVI D, 7

LXI H, Y2T1
MVI A,O

MOV v A

INR
TNR
INR
INR
OCR
JNZ INITZ
CALL INT

13764Q

e

sSET D EQUAL TO 7
iLCAD H L REGISTER PAIR WITH Y2T1

orrCfermx

sCALL IFPP INY SUBROUTINE TO
yINITIALIZE THE FLOATING-

;s POINT-ROUTINES

JMP WAILT s JUMP TUO WAIT AND BEGIN PRCGRAM
ORG 0Q028H
outT 11

ouT 10

sGENERATE A DEVICE SELECY PULSE

s GENERATE A DEVICE SELECY PULSE

3+ TO DEVICE TEM, THIS CASE FQUR 7475

s LATCHES

LXT HyDMANT+4;ADDRESS OF TENTHS DIGIT OF DMANT, WHICH
s IS THE FIRST DIGIT TO BE READ INTO THE
s ACCUMULATOR

IN 1 yREAD TENTHS DIGIYT FROM DEVICE 1 INTO
s ACCUMULATOR
MOV M, A sMOVE TENTHS DIGIT TO MEMORY ADDRESS BY

yH L REGISTER PAIR

T10¢C



0032
0033
0034

0036
0037
0038

003A

8080 MACRO ASSEMBLER,
ERRORS = O PAGE 4

0038
003D
Q03¢
003F
0042

0043
0046

J049

004C

004F

Pt s gt gt

2n
20
D602
17
2D
DBO3

17

DBOO
017

07
21CE10
77

218010
CD4AQS

21C610

CD3Ee02

00

+ + o+ +

DCR
DCR
IN

[AS 2

M3V M, A
DCR
IN

W

MOV M,A

VER 2.4

IN O

RLC

RLC

LXT HyGRAYC
MOV M, A

LXI HyDMANT
CALL INP

LXT HyMANT
STRIN
CALL STR

NOP

sREAD ONES DIGIT FROM DEVICE 2 INTO
s ACCUMULATOR

;READ TENS DIGIT FRCM DEVICE 3 INTO
sACCUMULATOR
tMOVE TENS DIGIT TO MEMORY ADDRSS BY H L

sREGISTER PAIR
s READ GRAY
yROTATE ACCUMULATOR LEFT

0z

sMOVE ACCUMULATOR TO MEMORY LOCATION GIVEN
iBY H L REGISTER PAIR

sLCAD H L REGISTERS WITH ADDRESS OF DMANT
sCALL IFPP SUBROUTINE TO CHANGE A STRING
sOF BCD DIGITS INTO A BINARY FLOATING-

s POCINT—NUMBER

s LOAD H L RECISTERS WITH ADDRESS OF MANT

sCALL IFPP STR SUBROUTINE THAT STORES THE
s FLOATING-POINT-ACCUMULATOR IN THE ADDRESS
sGIVEN BY THE H L PEGISTER PAIR



0050

0053
0054
0056
JOS57
0058

0059
005A
0058

005C
005D

005E
0061

0064

JaeT

et et et e

21CE10

6E
2601
5E
2C
£S5

66
68
£9

Fo
02

€35C00
21C610

CD6ED2

216431

+ + + 4+

SELCT:

WAIT:

LRFC:

LX1 H,GRAYC

MOV L4M
MVI H,001Q
MOV EoM
INR L

PUSH H

MOV HeM
MOV L,E
PCHL

El
NOP

JHAP WAIT
LXT H,MANT

LODE
CAaLL LOD

LXT H,CONT2

sLOAD THE ADDRESS OF GRAYC INTO H L
sREGISTER PAIR

sGRAYC CONTAINS THE LOW ADDRESS OF THE
yFIRST BYTE OrF A FOUR BYTE MEMORY LOCA-
sTION, CUNTAINS THE ADDRESS OF THE ROU-
s TINE HRFC OR LRFC AND THE CONSTANT CONI
sMOVE KEITHLEY CODE INTO L

sLOAD H WITH 001

sMOVE LOW ADDRESS INTO E

s INCREMENT L

s STORE CUNTENTS OF H L REGISTER PAIR IN
s STACK PUINTER

i MOVE HIGH ADDRESS TO H

;s MOVE LOW ADDRESS FROM F TO L

s PUSH CONTENTS OF H AND L INTO PROGRAM

s COUNTER AND JUMP TG THAT ADDRESS
sENABLE FLAG INTERRUPT

s NC OPERATION

s THE PURPOSE OF THIS LOOP 1S TO LET THE
tMICROCOMPUTER INLE WHILE WAITING FOR THE
s START OF A NEW TIME INTERVAL SIGNAL FROM
1555 MONUSTABLe: MULTIVIBRATOR CLOCK CIR-
sCUIT THAT PRUDUCES AN INTERRUPT COMMAND
s EVERY 0.2 SECUNDS.

sJUMP TQ WAITY
sLCAD H L. REGISTER PAIR WITH THE AODRESS
3 OF MANT

sCALL IFPP LND SUBROUTINE TO LOAD FLOATING
i~PUINT-ACCUMULATOR FROM THE ADDRESS GIVEN
yBY H L REGISTER PAIR

y LOAD THE H L REGISTER PAIR WITH THE AD-

€02



006A

8080 MACRO ASSEMBLER,
ERRNRS = 0 PAGE 5

006D

0070
0073

V074

0075
0076

0077
0078

0079
A97C

JJ7F

DN NN bt gt o s o o ot e o e e e et e et fed e et e

C08CO2

21CCO01

CDODT702
El

23

5E
23

66
68

cb8coz
21CA10

CD3ED2

TR AR I T TR IR TE K T I S S S G S

CALL MUL

VER 2.4

LXI H,ONE
NEUCO

CALL AD
POP H

INX H

MOV EsM
INX H

MOV H, M
MOV L,E

CALL MuL
LXI H,FLUX

STRIN
CALL STR

sORESS OF CONTZ
sCALL IFPP MUL SUBRGUTINE TC MULTIPLY

sLOAC H L REGISTER PAIR WITH THE ADDRESS
; OF ONE

sCALL IFPP AD SUBROUTINE TO AD

s POP THE HIGH AND LOW ADDRESS,STORED BY
3SELCT OFF THE STACK AND LOAD IN THE H L
sREGISTEK PAIR

s INCREMENT THE H L REGISTER PAIR

sTHE H L REGISTER PAIR CONTAIN THE MEMORY
sLCCATION OF THE LOW ADDRESS BYTE OF CONI
sMOVE THE LOW ADDRESS BYTE OF CONI TO €

s INCREMENT H L REGISTER PAIR

sTHE H L REGISTER PAIR CONTAIN THE MEMORY
sLOCATION OF THE HIGH ADDRESS BYTE OF CONI
s MOVE THE HIGH ADDRESS BYTE OF CONI TO H
yMCVE THE LOW ADODRESS BYTE CF CONI T0O L
sTHE H L REGISTER PAIR CANTAIN THE ADDRESS
s OF CONI

;CALL TFPP MUL SUBROUTINE TO MULTIPLY
sLOAD H L REGISTER PAIR WITH THE ADDRESS
;OF FLUKX

%02

sCALL IFPP STR SUBROUTINE THAT STORES THF
sFLOATING-POINT-ACCUMULATOR IN THE ADDRESS



0082
0085

0088

0088

00BE

0091

0094
0097

0098

2399
009A

0098
009C

8080 MACRO ASSEMBLER,
ERRQRS =

— et et

Pt o ot o pt o e e st o ot s et et

*
C3A600 JMP DIRCT
21C610 HRFC: LXI H,MANT
+ LODE
CD6EQ2 + CALL LOD
+
+
216801 LXI H,CONT7
€D8Co2 CALL HMUL
210001 LXT H,THREE
+ NEUCO
CNDoT02 + CALL AD
El + POP H
+
+
23 + INX H
+
+
5E + MOV EWM
23 + INX H
+
+
66 + MOV HyM
6B + MOV L,E
VER 2.4

J PAGE 6

iGIVEN BY THE H L REGISTER PAIR

+JUMP TO ROUTINE DIRCT

sLOAD H L REGISTER PAIR WITH THE ADDRESS
;s OF MANT

sCALL IFPP LOD SUBROUTINE TO LOAD FLOATING
1—POINT-ACCUMULATOR FROM THE ADDRESS GIVEN
sBY H L REGISTER PAIR

sLOAD THE H L REGISTER PAIR WITH THE AD-
sDRESS UF CONTT

iCALL IFPP MUL SUBROUTINE TO MULTIPLY
sLOAD H L REGISTER PAIR WITH YHE ADDRESS
sOF THREE

sCALL IFPP AD SUBROUTINE TO AD

yPOP THE HIGH AND LOW ANDRESS,STORED BY
SSELCT UFF THE STACK AND LOAD IN THE H L
sREGISTER PAIR

s INCREMENT THE H L REGISTER PAIR

sTHE H L REGISTER PAIR CONTAIN THE MEMORY
sLOCATION OF THE LOW ADDRESS BYTE OF CONMI
iMOVE THE LOW ADDRESS BYTE OF CONI TO E

s INCREMENT H L REGISTER PAIR

sTHE H L REGISTER PAIR CONTAIN THE MEMORY
s LOCATION OF THE HIGH ADDRESS BYTE OF CONI
s MOVE THE HIGH ADDRESS BYTF OF CONI TO H
sMOVE THE LOW ADDRESS BYTE OF CONI TO L

c0¢



009D
J0A0

00A3

U0 Ab

J0A9

00AA
00AD

9080

JoB3

3386

0oB9
008C

00 BF

NN N e e ot ot s

—— s el el

o pe

Cp8Co2
21CA1D

Cu3EQ2

21CF10

35

CABCOO
21CA1D

CD6EJZ2

21A219

CD3EO02

C35C00
21CA10

CD6EOD2

R

+ + + + o+

<+

DIRCT:

LODIR:

CALL MUL
LXI H,FLUX

STRIN

CALL STR
LXI HyMEM
DCR M

JZz LODIR
LXT HsFLUX
LDDE

CALL LGD
LXI H,FLUXZ2
STRIN

CALL STR
JMP WAIT
LXI H,FLUX

LODE
CALL LOD

sTHE H L REGISTER PAIR CONTAIN THE ADDRESS
s OF CONI

sCALL IFPP MUL SUBRODUTINE TO MULTIPLY
sLOAD H L REGISTER PAIR WITH THE ADDRESS
sOF FLUX

s CALL IFPP STR SUBROUTINE THAT STORES THE
sFLOATING-POINT-ACCUMULATCGR IN THE ADDRESS
sGIVEN BY THE H L REGISTER PAIR

sLOAD H L REGISTER PAIR WITH THE ADDRESS
sWITH MEM

s DECREMENT MEM BY ONE

sJUMP TO LODIR If THE RESULT
sLOAD H L REGISTER PAIR WITH
s OF FLUX

IS ZERD
THE ADDRESS

sCALL TFPP LOD SUBROUTINE TO
3 —POINT-ACCUMULATOR FROM THE
3yBY H L REGISTER PAIR

sLCAD H L REGISTER PAIR WITH
s OF FLUXZ2

LOAD FLOATING
ADDRESS GIVEN

THE ADDRESS

sCALL IFPP STK SUBROUTINE THATY STCGRES THE
sFLOATING-POINT-ACCUMULATOR IN THE ADDRESS
sGIVEN BY THE H L REGISTER PAIR

s JUMP TO WAIT PROGRAM

sLOAD H L REGISTER PAIR WITH THE ADDRESS

s OF FLUX

iCALL IFPP LOD SUBRCUTINE TC LOAD FLOATING
i—POINT-ACCUMULATOR FROM THE ADDRESS GIVEN

80¢



30C2

00CS

00Cs8

20CB
00CD
00Do
J0D3
00D>5
00D8
00D9
0oDC
200D

8030 MACRO ASSEMBLER,

ol TR )

21A610

CL3EQ2

21CF10

3602
C30014
3ADAOL
D309
C35C00
1D
CCDFOO
2D

[45

+* + + +

LERQO:

CHECK:

ERRORS = 0 PAGE 7

00DE
JODF
00E2
00E4
1400
1400

c9
210901
1€01
c9

219E10

WOUT :

PRECL:

LXI H,FLUX3

STRIN
CALL STR

LXI

MVI
JMP
LDA
ouT
JMP
DCR
CZ

DCR
MOV

VER 2.4

RET

HyMEM

M,002Q
PREC1
PLUS

9

WAIT

E

WwouTt

L

A M

sBY H L REGISTER PAIR
sLODAD H L REGISTER PAIR WITH THE ADDRESS
sOF FLUX3

sCALL IFPP STR SUBROUTINE THAT STORES THE
sFLOATING-POINT-ACCUMULATOR IN THE ADDRESS
sGIVEN BY THE H L REGISTER PAIR

sLOAD H L REGISTEK PAIR WITH THE ADDORESS
;0F MEM

sSET MEM EQUAL TOD TWO

s JUMP TO PRECI

sLOAD ACCUMULATOR WITH PLUS

s OUTPUT ACCUMULATOR TO DEVICE 9

s JUMP TO WAIT

sDECREMENT REGISTER E

;CALL SUBROUTINE WOUT IF RESULT IS ZERO
sDECREMENT L

i MOVE THE DATA FROM MEMORY LOCATION
sADDRESSED BY THE H L REGISTER PAIR TD

s THE ACCUMULATUGR

i RETURN

LXI HyBLANK+13LCAD H L REGISTER PAIR WITH BLANK + 1

MVI
RET
0ORG

LXI H,FLUX]

Eyl

1400H

3 SET REGISTER EQUAL TO 1
s RETURN

sLCAD H L REGISTEK PAIR WITH ADDRESS OF

L0T



1403

1406

1409

140C

140F

1412

1415

1418

1418
l41E

1421
1424

1427
142A

e ot e e g e e e e NN NI N P e NN NN e e e e e OO NN e

CD6EO2

216C01

Cbsco2

21C210

CD3EO02

21A210

CD6EOD2

218401

coscoe
21€210

CDD702
21A610

CODT02
219Co0l1

LK P B B R T . R P AR A R I I I N I N R S

s FLUX1

NEPR1 CEX11,CEX21,CLAML,Y2T1

LODE
CALL LOD
LXI H,CEX11

CALL MUL
LXI H,HCLD

STRIN

CALL STR
LXI H,FLUXZ2
LODE

CALL LOD
LxI HyCEX21

CALL MUL
LXI HyHOLD

CALL AD
LXT HyFLUX3

CALL AD
LXI H,CLAM]

sCALL IFPP LOD SUBROUTINE TO LOAD FLOATING
s—POINT-ACCUMULATOR FROM THE ADDRESS GIVEN
3iBY H L REGISTER PAIR

s LOAD H L REGISTER PAIR WITH ADDRESS OF
yCEXLI

sCALL IFPP MUL SUBROUTINE TO MULTIPLY
5LOAD H L REGISTER PAIR WITH ADDRESS OF

3 HOLD

sCALL IFPP STR SUBROUTINE THAT STORES THE
s FLOATING-POINT-ACCUMULATOR IN THE ADDRESS
sGIVEN BY THE H L REGISTER PAIR

yLCAD H L REGISTER PAIR WITH ADDRESS OF

s FLUXZ2

sCALL IFPP LOD SUBROUTINE TO LOAD FLOATING
s—POINT-ACCUMULATOR FROM THE ADDRESS GIVEN
;BY H L KEGISTER PAIR

sLOAD H  REGISTER PAIR WITH ADDRESS OF
sCEXZ2I

sCALL TFPP MUL SUBROUTINE TO MULTIPLY
sLOAD H U REGISTER PAIR WITH ADDRESS OF

s HOLD

sCALL TFPP AD SUBROUTINE TO ADD

sLOAD H L REGISTER PAIR WITH ADDRESS OF

s FLUX3

sCALL TFPP AD SUBROUTINE TO ADD

yLOAD H L REGISTER PAIR WITH ADDRESS OF
sCLAMI

807



142D
1430

1433

1436

8080 MACRO ASSEMBLER,
ERRORS = 0 PAGE 8

143C

143F
1442

1445
1448

1448

NN = NN NN M

1
1
1
1
1
1
1
1
2
2
2
2
1

cpbsCo2
21C210

CD3EQ2

218610

CDGEO2

216C01

cb8Ca2
21C210

CoD0702
218610

CD3EO2

LR IR R A

TR I K A T

CALL MNUL
LXI H,HCLD

STRIN
CALL STR
LXI H,Y2T1

LODE
CALL LOD

VER 2.4

LXI H,CEX11

CALL MUL
LXI H,HOLD

CALL AD
LXI H,Y2T1

STRIN
CALL STR

NEPR2 Al,YT1

sCALL IFPP MUL SUBROUTINE TO MULTIPLY
yLOAD H L REGISTEK PAIR WITH ADDRESS OF
s HOLD

sCALL TFPP STR SUBROUTINE THAT STORES THE
sFLOATING-POINT-ACCUMULATOR IN THE ADDRESS
sGIVEN BY THE H L REGISTER PAIR

sLCADO H L REGISTER PAIR WITH ADDRESS OF
3Y2T1

sCALL IFPP LOD SUBROUTINE TO LOAD FLOATING
3-POINT-ACCUMULATOR FROM THE ADDRESS GIVEN
sBY H L REGISTER PAIR

sLOAD H L REGISTER PAIR WITH ADDRESS OF
yCEXLI

sCALL IFPP MUL SUBROUTINE TO MULTIPLY
sLOAD H L REGISTER PAIR WITH ADDRESS OF
sHOLD

sCALL IFPP AD SUBROUTINE TO ADD

tLOAD H L REGISTER PAIR WITH ADDRESS OF
1Y2T!

;CALL IFPP STK SUBROUTINE THAT STORES THE
sFLOATING-POINT-ACCUMULATOR IN THE ADDRESS
yGIVEN BY THE H L REGISTER PAIR

60¢C



l44E
1451
1454

L457

145A

1450

1460

1463

1466

1469

146C

146F

1472

NN NN byt o e

e NN = = N NN = e = = NN NN -

218401
cpgcoz2
21AA10

CHD3EO2

21A210

CD6EO02

217001

coscoz2

21C210

CD3EO2

21A210

CD6E02

218801

R E RN

PREC2:

I IR O e R R R R

LXI H,Al
CALL MUL
LXI H,YT1

STRIN
CALL STR

LXT H,FLUX2

+LOAD H L REGISTER PAIR WITH ADDRESS OF Al
sCALL IFPP MUL SUBROUTINE TO MULTIPLY
sLOAD H L REGISTER PAIR WITH ADDRESS QOF
sYTI

sCALL IFPP STR SUBROUTINE THAT STORES THE
s FLOATING-POINT-ACCUMULATOR IN THE ADDRESS
sGIVEN BY THE H L REGISTER PAIR

tLOAD H L REGISTER PAIR WITH ADDRESS OF

s FLUXL

NEPRL CEX12,CEX22,CLAM2,Y2T:

LODE
CALL LOD
LXI HyCEX12

CALL MUL
LXT H,HOLD

STKIN

CALL STR
LXT H,FLUXZ2
LNDE

CALL LOD

LXI H,CEX22

sCALL IFPP LODD SUBROUTINE TO
s—POINT-ACCUMULATOR FROM THE
iBY H L REGISTER PAIR

sLOAD H L REGISTER PATR WITH
yCEX1I

sCALL IFPP MUL SUBROUTINE TO
sLCAD H L REGISTER PAIR WITH
s HOLD

LOAD FLODATING
ADDRESS GIVEN

ADDRESS OF

MULT IPLY
ADDRESS OF

sCALL IFPP STK SUBROUTINE THATY STORES THE
sFLOATING-POINT-ACCUMULATOR [N THE ADDRESS
sGIVEN BY THE H L REGISTER FPAIR

sLOAD H L REGISTEK PAIR WITH ADDRESS OF
sFLUX2

sCALL TFPP LOD SUBROUTINE TO LCAD FLOATING
y—POINT-ACCUMULATOR FROM THE ADDRESS GIVEN
3BY H I KEGISTER PAIR

sLOAD H L REGISTER PATR WITH ADORESS OF
CEX21I

01¢



1475
1478

1478
147E

8080 MACRQO ASSEMBLER,
ERRORS = 0 PAGE 9

1481
1484

1487

148A

148D

14990

1493

1496

1499
149C

Pt e ot et e

bt e s DO NN = N NO NN e b s s s

cD8Co2
21C210

CHD702
21A610

cburo02
21A001

co8Co2
21C210
CD3E02
218A16
CD6ED2
217301

€D8Co2
21C210

+ + + o+

LR I S SR SR T A 2 T T I I SRR S

CALL MUL
LXI HyHOLD

CALL AD
LXIT H,FLUX3

VER 2.4

CALL AD
LXI H,CLAMZ

CALL MUL
LXI H,HOLD

STRIN

CALL STR
LXI H,Y2T2
LODE

CALL LOD
LXI H,CEX12

CALL MUL
LXI H,HOLD

sCALL TFPP MUL SUBROUTINE TO MULTIPLY
sLOAD H L REGISTER PAIR WITH ADDRESS OF
s HOLD

sCALL IFPP AD SUBROUTINF TO ADD

sLOAD H L REGISTER PAIR WITH ADORESS OF
s FLUX3

yCALL IFPP AD SUBROUTINE TO ADD

sLOAD H L REGISTER PAIR WITH ADDRESS 0OF
s CLAMI

sCALL IFPP MUL SUBROUTINE TO MULTIPLY
sLOAD H L REGISTER PAIR WITH ADDRESS OF
y HOLD

s CALL IFPP STR SUBROUTINE THAT STORES THE
s FLOATING-POINT-ACCUMULATCR IN THE ADDRESS
tGIVEN BY THE H L. REGISTER PAIR

iLOAD H L. REGISTER PAIR WITH ADDRESS OF

1 Y2TI

sCALL IFPP LND SUBROUTINE TO LOAD FLOATING
si—POINT-ACCUMULATUR FROM THE ADDRESS GIVEN
3BY H L REGISTER PAIR

sLOAD H L REGISTER PAIR WITH ADDRESS OF
;CEXLI

sCALL IFPP MUL SUBROUTINE TO MULTIPLY
sLOAD H L REGISTER PAIR WITH ADDRESS OF

T1¢



L49F
14A2

14A5

14A8
14AB
14AE

1481

1484

L1487

14BA

148D

14C0

14C3

NN NN v s e s e NN NN P et e

NN s b it s s DO OO

CODTO2
218A10

CD3E02

218801
€D8CO02
21AE1O

CO3€e02

219E10

CD6EODZ2
217401
cbsCoz2

21C210

CD3E0Z2

B R T e

R R E R

CALL AD
LXT HyY2T2

STRIN
CALL STR

NEPR2 A2,YT2
LXI HyA2
CALL MUL

LXI Hs¥T2

STRIN
CALL STR

LXI H,FLUX1

s HOLD

sCALL TFPP AD SUBROUTINE TO ADD

sLOAD H L REGISTER PAIR WITH ADDRESS OF
Y211

sCALL IFPP STR SUBRODUTINE THAT STORES THE
s FLOATING-POINT-ACCUMULATOR IN THE ADDRESS
sGIVEN BY THE H L REGISTER PAIR

yLCAD H L REGISTER PAIR WITH ADDRESS OF Al
sCALL IFPP MUL SUBROUTINE TO MULTIPLY
sLOAD H L REGISTER PAIR WITH ADDRESS OF

s YT1

sCALL TFPP STR SUBROUTINE THAT STORES THE
s FLOATING-POINT-ACCUMULATCR IN THE ADDRESS
sGIVEN BY YHE H L REGISTER PAIR

sLOAD H L REGISTER PAIR WITH ADDRESS OF

s FLUXL

NEPR1 CEX13,CEX23,CLAM3,Y2T3

LODE
CALL LOD
LXT H,CEX13

CALL MUL
LXI H,HOLD

STRIN
CALL STR

sCALL IFPP LOD SUBROUTINE TG LOAD FLOUATING
3+ ~POINT-ACCUMULATOR FROM THE ADDRESS GIVEN
iBY H L REGISTER PAIR

sLOAD H L REGISTER PAIR WITH ADDRESS OF
;CEXLI

+CALL IFPP MUL SUBROUTINE TO MULTIPLY
sLCAD H I REGISTRER PAIR WITH ADDRESS OF
yHOLD

sCALL IFPP STR SUBROUTINE THAT STORES THE

(4%



8380 MACRO ASSEMBLER,

VER 2.4

ERRORS = 0 PAGE 10

14C6

14C9

14CC

14CF
14D2

14D5
1408

1408
14D¢E

14E1

14E4

14€7

14EA

N PO N N et s s ot ot et Pt Pt et et e P P e NN N N e e NN

21A2190

CH6E02

218C01

€C08Ca2
21C210

cupbro2
21A610

CoD702
21A401

cosCo2
21€210

CD3EO2

218E10

TR IR A R T I TR P R SR R R N

LXT H,FLUX2
LODE

CALL LOD
LXI H,CEX23

CALL MUL
LXI HL.HOLD

CALL AD
LXT H,FLUX3

CALL AD
LXI H,CLAM3

CALL MUL
LXI H,HOLD

STRIN
CALL STR

LXT H,Y2T3

sFLOATING-POINT-ACCUMULATOR IN THE ADDRESS.

sGIVEN BY THE H L REGISTER PAIR
+LOAD H L REGISTER PAIR WITH ADDRESS OF
sFLUX2

sCALL IFPP LUD SUBROUTINE TG LOAD FLOATING
3 —POINT-ACCUMULATOR FROM THE ADDRESS GIVEN
iBY H L REGISTER PAIR

sLOAD H L REGISTER PAIR WITH ADDRESS OF
sCEX2I

sCALL IFPP MUL SUBROUTINE TO MULYIPLY

s LOAD H L REGISTER PAIR WITH ADDRESS OF

s HOLD

sCALL IFPP AD SUBROUTINE TO ADD

sLOAD H L REGISTER PAIR WITH ADDRESS OF
sFLUX3

sCALL IFPP AD SUBRQUTINE T0O ADD

sLOAD H L REGISTER PAIR WITH ADDRESS OF
sCLAMI

sCALL IFPP MUL SUBROUTINE TO MULTIPLY
yLOAD H L REGISTER PAIR WITH ADDRESS OF

s HOLD

sCALL IFPP STR SUBROUTINE THAT STORES THE
» FLOATING-POINT-ACCUMULATOR IN THE ADDRESS
5GIVEN BY THE H L REGISTER PAIR

sLOAE H L REGISTER PAIR WITH ADDRESS OF

£TC



14ED

14FV

14F3
14F6

14F9
l4FC

14FF

1502
1505
1508

1508

NN = s et e = DO NN PO et et et et g oot e e DO N D =

+

+ LODE
CD6EQ2 + CALL LOD

+

.’.
217401 + LXI H,CEX13

’.
cD8Cco2 + CALL MUL
21C210 + LXI H,HOLD

+
CODT702 + CALL AD
218810 + LXT H,Y2T3

+

+ STRIN
CD3E02 + CALL STR

+

+

+ MEPR2 A3,YT3
218C01 + LXT HyA3
CD8CO2 + CALL MUL
218210 + LXT H,YT3

+

+ STRIN
CD3EQ2 + CALL STR

8080 MACRO ASSEMBLER, VER 2.4
ERRORS = 0 PAGE 11

yY2T1

sCALL IFPP LOD SUBROUTINE TO LOAD FLOATING
5—POINT-ACCUMULATOR FROM THE ADDRESS GIVEN
iBY H Lt REGISTER PAIR

s LOAD H L REGISTER PAIR WITH ADDRESS OF
sCEXLI

;CALL IFPP MUL SUBROUTINE TG MULTIPLY
sLOAD H L REGISTER PAIR WITH ADORESS OF

3 HOLD

sCALL IFPP AD SUBKOUTINE TO ADD

sLCAD H L REGISTER PAIR WITH ADDRESS OF
3Y2TI

sCALL IFPP STR SUBRNUTINE THAT STORES THE

s FLOATING-POINT-ACCUMULATOR IN THE ADDRESS

tGIVEN BY THE H L REGISTER PAIR ~
£~

sLOAD H L REGISTER PAIR WITH ADDRESS GOF Al

sCALL TFPP MUL SUBROUTINE TO MULTIPLY

sLCAD H L REGISTER PAIR WITH ADDRESS OF

YT1

sCALL 1FPP STR SUBROUTINE THAT STORES THE

s FLOAT ING-POINT-ACCUMULATOR IN THE ADDRESS
;GIVEN BY THE H L REGISTER PAIR



150€E

1511

1514

1517

151A

151D

1520

1523

1526

1529
152C

152F
1532

1535
1538

e e e g P e e NN PN e DO N P e e e DO N

219E10

CD6ED2

217801

cnbacoe

21C210

CD3E02

21A210

CD6EOQ2

219001

€CD8C0o2
21C210

ConT02
21A610

Cobv02
21A801

LR K I S Y R S P R TR A T S R S R I

PREC4:

LXT H,FLUX1

tLOAD H L REGISTEK PAIR WITH
s FLUXL

ADDRESS OF

NEPR1 CEX14,CEX24,CLAM4,Y2T4

LODE
CALL LOD
LXI H,CEX14

CALL MUL
LXI HyHOLD

STRIN

CALL STR
LXT H,FLUX2
LODE

CALL LOD
LXT H,CEX24

CALL MUL
LXI HyHOLD

CALL AD
LXT H,FLUX3

CALL AD
LXI H,CLAM4

sCALL IFPP LOD SUBROUTINE YO
s—POINT-ACCUMULATOR FROM THE
3BY H L REGISTER PAIR

sLOAD H L REGISTER PAIR WITH
sCEX1I

sCALL IFPP MUL SUBROUTINE TO
sLOAD H L REGISTER PAIR WITH
s HOLD

LOAD FLOATING
ADDRESS GIVEN

ADDRESS OF

MULTIPLY
ADDRESS OF

sCALL IFPP STR SUBROUTINE THAT STORES THE
' FLOATING-PUINT-ACCUMULATOR IN THE ADODRESS
sGIVEN BY THE H L REGISTER PAIR

sLCAD H L REGISTER PAIR WITH ADDRESS OF

s FLUXZ2

sCALL IFPP LOD SUBROUTINE TO
;—POINT-ACCUMULATUR FROM THE
3BY H L REGISTER PAIR

LOAD FLOATING
ADDRESS GIVEN

7LCAD H L REGISTER PAIR WITH ADDRESS 0OF
sCEX21

sCALL IFPP MUL SUBROUTINE TO MULTIPLY
sLOAD H L REGISTER PAIR WITH ADDRESS QF
s HOLD

sCALL TFPP AD SUBROUTINE TO ADD

sLOAD H L REGISTER PAIR WITH ADDRESS OF
s FLUX3

yCALL IFPP AD SUBROUTINE TN ACD
;LOAD H L REGISTER PAIR WITH ADDRESS OF

€T¢C



1538
153E

1541

1544

1547

154A

154D

8080 MACRO ASSEMBLER,

cbsco2
21C210

CD3E02

219210

CDoEO02

217801

e NN PO N = NN NN e e e

€D8CO2

P I T IR I R I R N A B

CALL ™MUL
LXI H,HOLD

STRIN

CALL STR
LXI HsY2T4
LO3DE

caLt 10D
LXT H,CEX14

CALL MUL

VER 2.4

ERRORS = 0 PAGE 12

1550

1553
1556

1559

cobr02
219210

1
1
1
1
1
2
2 CD3ED2
2

2

PO S S S SRS

LXI Hy,HOLD

CALL AD
LXI HyY2T4

STRIN
CALL STR

sCLAMI

sCALL IFPP MUL SUBROUTINE TO MULTIPLY
tLOAD H L REGISTER PAIR WITH ADDRESS OF
$HOLD

sCALL IFPP STR SUBROUTINE THAT STORES THE
sFLOATING-POINT-ACCUMULATOR IN THE ADDRESS
;GIVEN BY THE H L REGISTER PAIR

sLOAD H L REGISTER PAIR WITH ADDRESS OF
sY2TI1

sCALL IFPP LOD SUBROUTINE TO LOAD FLOATING
;—POINT-ACCUMULATOR FROM THE ADDRESS GIVEN
i8Y H L REGISTER PAIR

;LOAD H L REGISTER PATIR WITH ADDRESS QOF
sCEXLI

sCALL IFPP MUL SUBROUTINE TO MULTIPLY

;LOAD H L REGISTER PAIR WITH ADDRESS OF
s HOLD

sCALL IFPP AD SUBROUTINE TO ADD

sLOAD H L REGISTER PAIR WITH ADDRESS OF
Y271

sCALL TFPP STR SUBROUTINE THAT STORES THE
s FLOATING-POINT-ACCUMULATOR IN THE ADORESS
sGIVEN BY THE H L REGISTER PAIR

91¢



155C
155F
1562

1568

156E

1571

1574

1577

157A

L570

1580

NN N R b e = e

= RN NN == NN e = NN -

21€001
cD3C02
218610

CD3E0Q2

219E10

CD6ED2

217C01

CD8CO02

21C210

CD3EQ2

21A210

CD6EO2

219401

R EEEERE:

PRECS:

AR IR A I IR A A I A e A

NEPR2 A4,YT4
LXT H,A4
CALL MUL

LXI H,YT4

STRIN
CALL STR

LXT H, FLUX1

sLOAD H L REGISTER PAIR WITH ADDRESS OF Al
;CALL IFPP MUL SUBRQUTINE TO MULTIPLY
sLCAD H t REGISTER PAIR WITH ADDRESS OF
3YTI

sCALL ITFPP STR SUBROUTINE THAT STORES THE
s FLOATING-POINT-ACCUMULATOR IN THE ADDRESS
sGIVEN BY THE H L REGISTER PAIR

sLOAD H L REGISTER PAIR WITH ADDRESS OF

s FLUX]

NEPR1 CEX15,CEX25,CLAMS ,Y2T5

L3DE
CALL LD
LXI H,CEX15

CALL MUL
LXI HsHOLD

STRIN

CALL STR
LXI H,FLUX2
LODE

CALL LOD

LXI H,CEX25

;CALL IFPP LOD SUBROUTINE TO
s—POINT-ACCUMULATOR FROM THE
iBY Ht REGISTER PAIR

sLOAD H L REGISTEK PAIR WITH
sCEX11

sCALL IFPP MUL SUBRODUTINE TO
sLCAD H L REGISTER PAIR WITH
sHOLD

LOAD FLOATING
ADDRESS GIVEN

ADDRESS OF

MULTIPLY
ADDRESS OF

sCALL IFPP STR SUBROUTINE THAYT STORES THE
sFLOATING-POINT-ACCUMULATOR TN THE ADDRESS
sGIVEN BY THE H L REGISTER PAIR

sLOAD H L REGISTER PAIR WITH ADDRESS 0F

;s FLUX?Z

sCALL IFPP LUD SUBROUTINE TO LOAD FLOATING
3 —POINT-ACCUMULATOR FRDM THE ADDRESS GIVEN
sBY H L REGISTER PAIR

sLOAD H I REGISTER PAIR WITH ADDRESS OF

L12T



1583
1586

15389
158C

158F
1592

8030 MACRO ASSEMBLER,

P e et et ot gt s Pt e

cpsCcoe
21C210

CbD702
21A619

CDDT02
21ACO1

T

CALL HUL
LXT H,yHOLD

CALL AD
LXI H,FLUX3

CALL AD
LXI HyCLAMS

VER 2.4

ERRORS = 0 PAGE 13

1595
1598

1598

159

15A1

L15A4

15A7

P = NN NN P et NN NN et o e

CD8CO2
21C219

CD3ED2

219610

CD6E02

217C01

CbaCo2

B 2 A IR I I T NS S O

CALL MUL
LXI H,HOLD

STRIN

CALL STR
LXI H,Y2T5
LODE

CALL LOD
LXI HyCEXLS5

CALL MUL

sCEX2T

sCALL IFPP MUL SUBROUTINE TG MULTIPLY
sLOAD H L REGISTER PAIR WITH ADDRESS OF
;s HOLD

sCALL IFPP AD SUBROUTINE TO ADD

sLOAD H L REGISTER PAIR WITH AODRESS OF
sFLUX3

;CALL IFPP AD SUBROUTINE TO ADD

s LOAD H L REGISTEK PAIR WITH ADDRESS OFfF
sCLAMI

sCALL IFPP MUL SUBROUTINE TO MULTIPLY
sLOAD H L REGISTER PAIR WITH ADDRESS OF
yHOLD

sCALL IFPP STR SUBROUTINE THAT STORES THE
s FLOATING-POINT-ACCUMULATOR IN THE ADDRESS
sGIVEN BY THE H L REGISTER PAIR

sLOAD H L REGISTER PAIR WITH ADDRESS OF
1Y2T1

sCALL TFPP LGD SUBROUTINE TO LOAD FLOATING
3—POINT-ACCUMULATOR FROM THE ANDRESS GIVEN
sBY H L REGISTER PAIR

sLOAD H L REGISTER PATIR WITH ADDRESS OF
sCEX11

sCALL IFPP MUL SUBROUTINE TO MULTIPLY

8T¢



15AA
15AD
1580

1583

1586
1589
158C

158F

15C2

L5C5

15C8

15C8B
15CE

NN NN et e e e s NN PO N e et o s et

NN et ot s et e NN e

21C210
CDD702
219610

CD3EOD2

21C401
€DaCoz
218A10

CU3EQ2

219E10

CD6EQ2
218001
Cnacoe

21C210

CD3EOQZ2

LR I S B N T S B SRR

PRECOE:

"

LXT H,HOLD

CALL AD
LXI H,Y2T5

STRIN
CALL STR

NEPR2 AS5,YTS5
LXI H,A5
CALL MUL

LXI H,YT5

STRIN
CALL STR

LXI H,FLUX1

;LOAC H L REGISTER PAIR WITH ADDRESS OF
; HOLD

sCALL TFPP AD SUBROUTINE TO ADD

yLOAD H L REGISTER PAIR WITH ADDRESS OF
1Y2Tl

sCALL IFPP STR SUBROUTINE THAT STORES THE
sFLOATING-POINT-ACCUMULATOR IN THE ADDRESS
5GIVEN BY THE H L REGISTER PAIR

+LOAD H L REGISTER PAIR WITH ADDRESS OF Al
sCALL TFPP MUL SUBROUTINE TO MULTIPLY

s LOAD H L REGISTER PAIR WITH ADDRESS OF
sYTI

sCALL IFPP STK SUBROUTINE THAY STORES THE
s FLOATING-POINT-ACCUMULATOR IN THE ADDRESS
yGIVEN BY THE H L REGISTER PAIR

sLOAD H L REGISTER PAIR WITH ADDRESS OF

s FLUXL

NEPR1 CEX16,CEX26,CLAM6,Y2TE

LODE
CALL LGD
LXI H,CEXl6

CALL MUL
LXI H,HOLD

STRIN
CALL STR

sCALL IFPP LOD SUBROUTINE TO LOAD FLOATING
s ~POINT-ACCUMULATOR FROM THE ADDRESS GIVEN
yBY H L REGISTER PAIR

sLOAD H L REGISTER PAIR WITH ADDRESS OF
yCEXLI

sCALL IFPP MUL SUBROUTINE TO MULTIPLY
iLOAD H L REGISTER PAIR WITH ADDRESS OF

s HOLD

sCALL IFPP STR SUBROUTINE THAT STORES THE

61¢C
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+
+
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LXI H, FLUX2

8080 MACRO ASSEMBLER, VER 2.4

ERRORS = 0 PAGE 14

15D7

15DA

150D
15€0

15€3
15E6

15E9
15EC

15EF
15F2

15F5

NN NS N bt s ot ot ot ot ot ot oo ot o ped s e N N N N

CD6EOZ

219801

Cnacoz
21C210

CDD702
21A610

Cbnro2
218301

€CD3Co2
21C210

CN3E02

P IR I IR IR I R R I Tk T

LODE
CALL LOD
LXI H,CEX26

CALL MUL
LXI HsHOLD

CALL AD
LXI H,FLUX3

CALL AD
LXI HsCLAMG

CALL MUL
LXI H,HOLD

STRIN
CaLt STR

s FLOATING-POINT—-ACCUMULATOR IN THE ADDRESS
sGIVEN BY THE H L REGISTER PAIR
;LOAD H L REGISTER PAIR WITH ADDRESS OF

sFLUX2

sCALL IFPP LOD SUBROUTINE TO LOAD FLDATING
s —POINT-ACCUMULATOR FROM THE ADDRESS GIVEN
3BY H L REGISTER PAIR

sLOAD H L REGISTER PAIR WITH ADDRESS OF
sCEX21]

sCALL IFPP MUL SUBROUTINE TO MULTIPLY
sLOAD H L REGISTER PAIR WITH ADDRESS OF
sHOLD

sCALL IFPP AD SUHROUTINE TO ADD

s LOAD H L REGISTER PATIR WITH ADDRESS OF
sFLUX3

sCALL IFPP AD SUBROUTINE TO ADD

;LOAD H L REGISTEK PAIR WITH ADDRESS OF
sCLAMI

sCALL IFPP MUL SUBROUTINE TO MULTIPLY
sLOAD H L REGISTER PAIR WITH ADDRESS OF

s HOLD

0¢e

sCALL IFPP STR SUBROUTINE THAT STORES THE
sFLOATING-POINT-ACCUMULATOR IN THE ADDRESS
sGIVEN BY THE H L REGISTER PAIR



15F8

15FB

L5FE

1601
1604

1607
160A

160D

1610
1613
1616

1619

161C

8080 MACRO ASSEMBLER,
ERRORS =

BN NN pot s b s et NSNS NN et o ot et o e ot s NN NN =

219A10

CD6EQ2

218001

CD3C02
21C219

CDOD702
219A10

CO3E02

21C3801
cb8Co2
21BE1Q

CD3E02

21A610

I I I IR IR I B SR R N R R i R B R Y

TRANS:

LXI H,Y2T6
LODE

CALL LOD
LXI H,CEX16

CALL MUL
LXI H,HOLD

CALL AD
LXI H,Y2T6

STRIN
CALL STR

NEPR2 AG6,YT6

LXI H,A6
CALL MUL
LXI HyYT6

STRIN
CaLL STR

LXI HyFLUX3

VER 2.4
0 PAGE 15

sLOAD H L REGISTER PATIR WITH
5Y2T1

ADDRESS OF

sCALL IFPP LOD SUBROUTINE 71O
s ~POINT-ACCUMULATOR FROM THE
iBY H L REGISTZR PAIR

LOAD FLOATING
ADDRESS GIVEN

sLOAD H L REGISTER PAIR WITH ADDRESS 0OF
;CEXLI

sCALL TFPP MUL SUBROUTINE TO MULTIPLY
sLOAD H L REGISTER PAIR WITH ADDRESS OF

s HOLD

sCALL IFPP AD SUBROUTINE TO ADD

+LOAD H L REGISTEK PAIR WITH ADDRESS OF
3Y2T1

sCALL IFPP STR SUBROUTINE THAT STORES THE

sFLOATING-POINT-ACCUMULATCR IN THE ADDRFESS
sGIVEN BY THE H L REGISTER PAIR

sLOAD H L REGISTER PAIR WITH ADDRESS OF Al
sCALL IFPP MUL SUBRQUTINE TO MULTIPLY
sLOAD H L REGISTER PAIR WITH ADDRESS OF
sYTI

sCALL TFPP STR SUBROUTINE THAT STORES THFE
s FLOATING-POINT-ACCUMULATOR IN THE ADDRESS
sGIVEN BY THE H L REGISTER PAIR

sLOAD H L REGISTER PATR WITH THE ADDRESS

T¢¢



161F

1622

1625

1628

162€

1631
1634

1637
163A

163D
1640

1643
1646

P e

et ot ot

CD6ED2

219E10

CD3EO02

21AA10

CD6EQ2

21AEL10Q

CoD722
218210

CHDTO2
218610

cop702
218A10

CobT702
21BE1O

+ + o+t

+ + + +

REACT:

+ o+

LODE
CALL LOD

LXT H,FLUX1

STRIN
CALL STR
LXI H,YT1
LODE

CALL LOD
LXI H,YT2

CALL AD
LXI H,YT3

CALL AD
LXI HyYT4

CALL AD
LXI H,YT5

catt AD
LXI H,YT6

;O0F FLUX3

;CALL IFPP LOD SUBRDUTINE 7O LOAD FLOATING
;—=POINT-ACCUMULATOR FROM THE ADODRESS GIVEN
sBY H L REGISTER PAIR

sLOAD H L REGISTER PAIR WITH THE ADDRESS

; OF FLUXL

yCALL IFPP STR SUBROUTINE THAT STORES THE
sFLOATING-POINT-ACCUMULATOR IN THE ADDRESS
sGIVEN BY THE H L REGISTER PAIR

sLOAD H L REGISTER PAIR WITH THE ADDRESS
10F Y11

sCALL IFPP LOD SUBROUTINE TO LOAD FLOATING
3=POINT-ACCUMULATOR FROM THE ADDRESS GIVEN
;BY H L REGISTER PAIR

;LOAD H L REGISTER PAIR WITH THE ADORESS
sOF YT2

sCALL THFPP AD SUBKOUTINE TO ACD
iLOAD H L REGISTER PAIR WITH THE
sOF YT3

sCALL IFPP AD SUBROUTINE TO ADD
sLOAD H L REGISTER PAIR WITH THE ADDRESS
;OF YT4 '
sCALL IFPP A SUBRGUTINE TO ADO

iLUOAD H L REGISTER PAIR WITH THE ADDRESS
s0OF YT5

sCALL IFPP AD SUBROUTINE TO ADD

sLOAD H L REGISTER PAIR WITH THE ADDRESS

ADDRESS

(444



1649
164C

L64F
1652

1655

1658
1658

165E
1661

1664
1667

166A

8080 MACRO ASSEMBLER,
ERRORS = 0 PAGE 16

166D

COD702
21A610

coB402
C04D02

21CCO1

€DD702
210401

cpsCo2
214001

CoOD702
210010

CooC o6

3A0910

CALL AD
LXI H,FLUX3

CALL DIV
CALL CHS

LXI H,ONE

CALL AD
LXI Hs TENS

CALL MUL
LXI H,OFSET

CALL AD
LXI H,RHO

CALL wU

VER 2.4

LDA RHO+9

;OF YT6

;CALL IFPP AD SUBROUTINE TO ADD

;LCAD H L REGISTER PAIR WITH THE ADDRESS
sOF FLUX3

;CALL IFPP DIV SUBROUTINE TO DIVIDE
sCALL IFPP CHS SUBRDUTINE TO CHANGE THE
;SIGN OF THE FLOATING-POINT-ACCUMULATOR
s LOAD H L REGISTER PAIR WITH THE ADDRESS
;OF OMF '

sCALL IFPP AD SUBROUTINE TO ADD

;LOAD H L REGISTER PAIR WITH THE ADDRESS
:OF TENS

tCALL IFPP MUL SUBROUTINE TO MULTIPLY
;LOAD H L REGISTER PAIR WITH ADDRESS OF
sOFSET

;CALL IFPP AD SUBRUUTINE YD ADD

;LOAD H L REGISTER PAIR WITH THE ADDRESS
s OF RHO

;CALL THE IFPP 0OU SUBROUTINE THAT STORES
s THE FLOATING-POINT-ACCUMULATCGR IN THE AD-
sDRESS BY THE H L RFGISTER PAIR IN BCD

s FORMAT

s LOAD THE ACCUMULATOR WITH THE VALUE OF
y RHO+9

s THIS VALUE IS TESTED TO DETERMINE IF A
s BLANK OK THE NUMBER 025,WHICH MEANS AN

€T



1670
1672

1673
1676
1678
167A
167C
L6TF
1681
1684
1666
1689
1688
168E
1690
1693
1696
1698
1699
169C
L 69F
16A1
16A2
16A5
16A8
16AA
L6AB
16AE
1681
1683

06F0
B8

CA9316
3200
1E£01
D304
CDDBOO
D305
€0D8GO
D306
cDD8oo
D307
cbbsoo
D308
C3ED16
3AD110
O6FE
B8
CAT616
3AD610
O6FE
88
CAC916
3AD510
O6FE
B8
CAD216
3AD410
06FE
B8

OTPTO:

UTNUM:

CHKI1:

MYI B,360Q
CHP B

JZ  CHK1
MVI A,OH
MVI E, 1
ouT 4

CALL CHECK
auT 5

CALL CHECK
ouT 6

CALL CHECK
ouT 7

CALL CHECK
OuT 8

JMP SIGN
LDA RHO+1
MVI B,3760Q
CMP 8

JZ QTPTO
LDA RHO+6
MVI B4376Q
CHP B

JZ OTPTS
LDA RHO+5
MVI B,376Q
CMP B

JZ OTPT4
LDA RHO+4
MVI B,376Q
CMP B

;s EXPONENT FOLLOWS

sLOAD B WITH THE VALUE 360(CODE FOR BLANK)
;COMPARE B WITH THE ACCUMULATOR, TEST FOR
yBLANK IN RHO+9

;JUMP TO CHKI IF THE RESULT IS ZERO

sLOAD A WITH O

sSET REGISTER EQUAL TO 1

s OUTPUT ACCUMULATOR T0O DEVICE 4

sCALL SUBROUT INE CHECK

s OUTPUT ACCUMULATOR TO DEVICE 5

sCALL SUBROUTINE CHECK

s OUTPUT ACCUMULATOR TO DEVICE 6

tCALL SUBROUTINE CHECK

;OUTPUT ACCUMULATOR YO DEVICE 7

sCALL SUBROUTIME CHECK

sOUTPUT ACCUMULATOR TO DEVICE 8

s JUMP TU SIGHN

s LOAD ACCUMULATOR WITH RHO+1

sLOAD REGISTER B WITH 376Q

s COMPARE B WITH ACCUMULATCR

iJUMP TO OTPTO

s LOAD ACCUMUL ATOR WITH RHO+6

sLCAD B WITH 376Q(CODE FOR DECIMAL POINT)
yCCMPARE B WITH ACCUMULATOR

sJUMP TO QTPTS

s LOAD ACCUMULATOR WITH RHO+5

s LOAD B WITH 376Q(CODE FDR DECIMAL POINT)
sCOMPARE B WITH ACCUMULATOR

iJUMP TO OTPT4

tLOAD ACCUMULATOR WITH RHO+4

iLOAD B WITH 376Q(CCODE FOR DECIMAL POINT)
sCOMPARE B WITH ACCUMULATOR

vee



16B4
1687
16BA
168C
168D
16C0O
16C3

16C4
16C6
16C9
L6CC

4080 MACRO ASSEMBLER,

CADB16
3AD310
06FE
B8
CAE416
21D110
1k

101
€C37a16
21D5190
TE

OTPTS:

ERRORS = 0 PAGE 17

16CD
16CF
1602
16D5
1606
1608
1608
16DE
16DF
16E1
16t4

1E05
C37A16
210410
Tt
1E04
C37A16
210310
1t
1€03
C37A16
210210

0TP T4:

oTPT3:

0TPT2:

JZ

LDA
MVI
cMP
Jz

LXI{
MOV

MV 1
JMP
LXI
MOV

VER 2.4

MV 1
JMP
LXI
MOV
MVI
JMP
LXI
MDYV
MV I
JMp
LXI

atePT3
RHO+73
Bs376Q
8
gTPT2

HyRHO + 1

AyM

Eyl
OTNUM
HyRHO+5
A, M

E+5
OTNUM
HeRHO+4
A, M

E+4
OTNUM
Hs RHO+3
A, M

Es3
OTNUM
HyRHO+2

sJUMP TO OTPT3

sLOAD ACCUMULATOR WITH RHO+3

;LOAD B WITH 376Q (CODE FOR DECIMAL POINT)
;COMPARE B WITH ACCUMULATOR

s JUMP TO OTPTZ2

sLOAD H L REGISTER PAIR WITH RHO + 1

s MOVE THE DATA FROM THE MEMCRY LOCATION
s ADDRESSED BY THE H L REGISTER PAIR TO
s THE ACCUMULATOR

sSET REGISTER EQUAL TO ONF

s JUMP TO COTNUM

JLOAD H L REGISTER PAIR WITH RHO+5

s MOVE THE DATA FROM THE MEMORY LOCATION
s ADDRESS BY THE H L REGISTER PAIR TO

ro

s THE ACCUMULATOR

$SET REGISTER EQUAL TO FIVE

s JUMP TO OTNUM

sLOAD H L REGISTER PAIR WITH RHO+4

sSET REGISTEKR EQUAL TO FOUR
sJUMP TO OTNUM
sLOAD H L REGISTER PAIR WITH RHO+3

;SET REGISTER E EQUAL TO THREE
sJUMP TO OTNUM
sLOAD H L REGISTER PAIR WITH RHO+2



16E7
16E8
16EA
16ED
16F0
16F2
16F3
16F6
L6F9
1L6FB
1080
1080
1086
1L38A
108E
1992
1096
109A
139€E
10A2
1046
10AA
10AE
1382
1086
10BA
108BE
L0C2

10C6

10CA

T€
1£02
C37A16
3AD010
N6 FQ
B8
CADOOO
3AD901
D309
C35C00

RWMEM:
DMANT ¢
Y2a2T1l:
Y2T2:
Y2T73:
Y2T4:
Y2152
Y2T6:
FLUX] S
FLUX2:
FLUX3:
YT1:
YTZ:
YT3:
YT4:
YT5:
YTé6:
HOLD:

MANT:

FLUX:

MOV
MV [
JMP
LDA
MY T
CHpP
Jz
LDA
our
JMP
ORG
DS
DS
ns
s
DS
DS
DS
DS
DS
0S
DS
nsS
DS
DS
DS
DS
DS

0s

DS

B R T S NP P N S R AT I RN R e

o

A,M
Es2
OTNUM
RHO
B,360Q
B
ZERQ
MINUS
9
WATT
1080H

3SET REGISTER EQUAL 7O E

sJUMP TO O

TNUM

s LOAD ACCUMULATOR WITH RHO
sLOAD B WITH 350Q (CODE FOR SPACE)
s COMPARE B WITH ACCUMULATOCR

sJUMP TO £

ERD

s LOAD ACCUMULATOR WITH MINUS
s OUTPUT ACCUMULATOR TO DOEVICE 9

FJUMP TU W

AIT

;s STORAGE FOR INPUT DATA FROM DPM

s PRECURSUR
; PRECURSOR
s PRECURSOR
s PRECURSOR
; PRECURSOR

3 PRECURSUR

FLUX
FLUX
FLUX
FLUX
FLUX
FLUX

FOR
FOR
FOR
FOR
FOR
FOR

GROUP
GRgoUP
GROUP
GROUP
GROUP
GRrROUP

s NEUTRON FLUX AT TIME T-2
sNEUTRON FLUX AT TIME T-DELTA T
sNEUTRON FLUX AT TIME T

s RELATIVE
sRELATIVE
sRELATIVE
sRELATIVE
sRELATIVE
s RELATIVE

PRECURSOR
PRECURSOR
PRECURSOR
PRECURSOR
PRECURS(GR
PRECURSOR

FLUX
FLUX
FLUX
FLUX
FLUX
FLUX

s TEMPERAKY HCLDING SPACE

s TION

s NCGRMALTZED MANTISSA FOR

s CURRENT
sMOST RECE

SN~

¥ DELTA T

FCR
FOR
FOR
FOR
FGR
FCR
FGR

THE

GROUP
GROUP
GROUP
GROUP
GROUP
GROUP
A MULTIPLICA-

D W -

ELECTRICAL

NT NEUTRON FLUX CALCULATIOGN

9¢7¢



10CE GRAYC: DS 1 sKEITHLEY RANGE CODE

10CF MEM: DS 1 sCOUNTER FOR DIRECT
1000 RHO: NS 13 yFINAL ANSWER IN BCD FORMAT,THE REACTIVITY
0loo0 DATA: ORG O100H
0100 6139 DW LRFC i ADDRESS QF LRFC
o102 4401 OW CON1 s ADDRESS 0OF CON1
0104 8500 DW HRFC s ADDRESS 0OF HRFC
8080 MACRO ASSEMBLER, VER 2.4
ERRORS = 0 PAGE 18
0106 4401 DW CON1 s ADDRESS OF CUNI
0108 85390 OW HRFC s ADDRESS QOF HRFC
010A 4801 DA CONH2 sADDRESS OF CON2
oto0C 6100 OW LRFC s ADDRESS OF LKFC
Ol0t 4801 DA CON2 s ADDRESS OF CNON2
0110 8500 DW HRFC s ADDRESS 0OF HRFC
J112 5301 OW CONG s ADDRESS OF COM4
0114 6100 DW LRFC s ADDRESS 0OF LRFC
0lle 5001 DW CON4 s ADDRESS OF CON4
oLls 6100 OW LRFC s ADDRESS OF LRFC
011A 4C01 DW CON3 sADDKESS OF CON3
J11C 8500 DW HRFC s ADDRESS OF HRFC
Gl1€E 4C01 oW CON3 ;s ADDRESS 0OF CunN3
0120 8500 DW HRFC s ADDRESS 0OF HRFEC
U122 6J01 Dw CONS y ADDRESS QF CON3
3124 6100 DW LRFC s ADDRESS GF LKkFC
0126 6001 DW CONB s ACDRESS 0OF CnNSB
0128 6100 Dw LRFC s ADDRESS OF LRKC
012A 5C01 DW CONT sADDRESS OF CONT

Lz



012C
Ol12E
0130
0132
0134
Jdl 36
0138
013A
J13C
0l13E
0140
0141
0142
J143
0144
0145
Dl46
0147
0148
J149
0l4A
0148
014C
014D
JlatE
014F
0150
2151
0152
0153
0154
0155

8500
5C01
6100
5401
8500
5401
8500
5801
6130
5801
83
35
1E
B8
83
1A
03
00
8C
1C
40
00
BF
43
59
00
92
T4
24
00
96
18

OFSET:

CONZ:

CUN3:

CUON4 :

CONS:

DW
DOW
DW
DwW
DW
DW
DwW
DA
DW
DW
DB
D5
N3
DB
A
DB
N3
08
]3]
D3
0B
N8
D3
DB
]}
Dd
DB
D3
b}
DB
B]e}
] )

HRFC
CONT
LRFC
C ONS
HRFC
CONS
HRFC
CONG
LRFC
CONG6
203Q
065Q
036Q
270Q
2104
172Q
003Q
0004Q
214Q
034qQ
100Q
00uQ
217Q
103Q
120Q
000Q
222Q
1641Q
04440
000Q
226Q
030Q

s ADDRESS
t ADDRESS
3 ADDRESS
s ADORESS
s ADDRESS
s ADDRESS
;s ADDRESS
s ADDKESS
s ADDRESS
y ADDRESS
s NUMBER

s NUMBER

i NUMBER

i NUMBER

s NUMBER

3 NUMBER

OF HRFC
OF CON7
OF LRFC
CF CUNS
OF HRFC
aOF CONS
OF HRFC
OF CONo
CF LRFC
DF CONG6
VALUE IS

VALUE IS

VALUE IS

VALUE IS

VALUE IS

VALUE IS

2.5000

2.5000

2.5000

2.5000

2.5000

10% %2

10%%3

10% %4

10%%5

1O**6

8¢CT



8080 MACRO ASSEMOLER, VER 2.4
ERRORS = 0 PAGE 19

0156 96 D8 226Q

0157 80 DB 200Q

0158 99 CON6: DB 231Q s NUMBER VALUE [S 2.5000 * 10%%7
0159 3E Nng a76Q

015A BC DB 274Q

0158 20 08 040Q

015C 9C CONT7: DB 234Q s NUMBER VALUE IS 2.5000 * 10%%8
0150 6L DB 156Q

015E 6B DB 153Q

Ol5F 28 DB 050Q _ N
0160 AO COnNB: DB 240Q sNUMBER VALUE IS 2.5000 * 10%%9 o
0lé61 15 DB 025Q

0162 02 0B 002Q

0163 F9 N8 3714Q

0164 18 CONT2: DB 173Q s NUMBER VALUE IS 0.02000

0165 23 D3 043Q

0166 D1 DB 327Q

JiLé67 0A DB 01249

ul63 0 CONT7: DB 175Q s NUMBER VALUE IS 0.07000

0169 OF D3 017Q

016A 5C DB 134Q

0168 29 DB 051Q

216C 80 CeEXLll: DB 200Q s NUMBER VALUE IS 0.9949329

016D 1€ DB 176Q

Ol6t B3 D3 203Q

0l 6F ED DB 355Q



170
0171
0172
0173
0174
Jl175
0176
o177
0178
0179
017A
oL78
oL7C
17D
Ol7E
OLTF
J180
0181
0182
0183
0184
0185
o186
0187
0188

8080 MACRQ ASSEMBLER,

80
7C
Cé
43
80
14
70
Al
80
62
Ot
0A
80
12
3A
Cc2
TE
59
Cs
ED
82
TF
59
co
82

ERRORS

0189

1€

CEX12:

CEX13:

CEX15:

CEXLl6:

CEX21:

CEX22:

= 0 PASc 20

;]
DB
D8
DB
DB
08
0B
D))
b]:)
DB
DB
DB
DB
08
N3
DB
]
DB
DB
03
D8
N8
DB
nys
DB

I3)

200Q
174Q
306Q
103Q
200Q
164Q
175Q
241Q
200Q
142Q
016qQ
012Q
200Q
022Q
072Q
3021
176Q
131Q
306Q
355Q
202Q
177Q
131Q
300Q
202Q

VER 2.4

176Q

s NUMBER

s NUMBER

i NUMBER

sNUMBEK

3 NUMBER

s NUMBER

3 NUMBER

VALUE

VALUE

VALUE

VALUE

VALUE

VALUE

VALUE

IS

1S

IS

1S

IS

1S

18

0.9874001

0. 9550420

0.8830266

0.5712091

0.2126729

3.989853

3.974720

0ee



018A
0188
018C
018D
018E
Ol8F
J190
0191
0192
0193
0194
J195
0196
0197
0198
0199
O19A
0198
019C
0190
D19E
D19F
01A0
OlA1
OlA2
O1A3
0lA4
0lA5
J1A6
0LA7
01 A8
01A9

61
DO
82
TA
20
EO
82
10
BF
DA
82
41
18
08
81
6C
1D
CA
16
50
F2
CE
73
0A
1F
D8
79
18
38
AA
18
29

CEX24:

CEX25:

CLAML:

CLAM2:

CLAM3:

CLAM4:

DB
DB
DB
D8
D8
DB
by
08
D3
pB
D8
DR
DB
DB
0B
)i}
0]}
3)
o8
D3
h15)
(8]3)
DB
DB
D8
Ny
DB
b3
D3
L]
]t}
n3

141Q
320Q
202Q
172Q
055Q
340Q
202Q
160Q
217Q
332Q
202Q
101Q
173Q
01310
201Q
154Q
035Q
312Q
16£Q
135Q
362Q
3160
179Q
012Q
177Q
330Q
171Q
173Q
073Q
2520
173Q
051Q

s NUMBER

3 NUMBER

$NUMBER

s NUMBER

3 NUMBER

s NUMBER

3 NUMBER

s NUMBER

VALUE

VALUE

VALUE

VALUE

VALUE

VALUE

VALUE

VALUE

1S

1S

1S

IS

[s

IS

IS

IS

3.909050

3.758780

3.023135

1.844659

B.466667

2.113333

T.666667

2.073333

k3

10%%~4

LO*%-3

10%x~3

10%*-2

T€2



0lAA
0iLAB
O1AC
O1AD
D1AE
Ol AF
0180
0181
0182
0183
J184
0185
0186
0187
oL88
J1B9
O1BA
0188

8080 MACRDO ASSEMBLEK,

D8
F2
70
3F
25
88
1F
04
18
93
7C
18
A5
E3
TE
5A
36
E3

ERRORS
o1scC 1€
018D 40
OlBE 83
O1BF 12
01co 1F
01C1 50
oicz 55
01C3 32

CLAMS:

CLAMS:

Al:

A2:

= 0 PAGE 21

A3:

A4

DB 330Q
0B 3624Q
DB 175Q
DB 077Q
DB 045Q
NB 213Q
DB 177Q
DB H04Q
DB 030Q
D3 223Q
DB 1740
D8 033Q
DB 245Q
DB 3434Q
DB 17640
D8 1324
DB 065Q
DB 343Q

VER 2.4

DB 176Q
DB 100Q
nB 203Q
DB 022Q
DB 177Q
NB 120Q
DB 125Q
DR 062Q

;s NUMBER VALUE

sNUMBER VALUE

s NUMBER VALUE

iNUMBER VALUE

s NUMBER VALUE

s NUMBER VALUE

IS 9.333333 % ]0%x%-2

1S 0.258000

[S 0.038000

IS 0.2131000

IS 0.1880000

IS 0.4069000

[4 %4



0l1C4
o1C5s
01Ce
o1c7
Jlcs
01cC9
OlLCA
J1CB
01cCC
01CD
01CE
01CF
0100
0101
0lD2
01D3
9104
01D5
0106
g107
Jl108
o109
01DA

TE
03
12
6E
78
54
FD
F3
81
00
00
00
82
40
00
09
91
43
50
00
on
80
00

08
DB
DB

08
0B
n8
UONE: 08
3]}
D8
DB
THREE: DB
D8
Dy
DB
TEN5: DB
DB
bB
DB
BLANK: DB
MINUS: OB
PLUS: DB
END

NO PROGRAM ERRORS

8080 MACRO ASSEMBLER,

ERRORS

= 0 PAGE 22

SYMBOL TABLE

VER 2,

1764Q
0034Q
022Q
156Q
173Q
124Q
375Q
363Q
20149
000Q
000Q
000Q
202Q
100Q
0004Q
009Q
221Q
103Q
120Q
0000
015Q
20049
000Q

4

s NUMBER

s NUMBER

s NUMBER

s NUMBER

s NUMBER

VALUE

VALUE

VALUE

VALUE

VALUE

1S

IS

IS

1S

IS

0.128000

0.0260000

1.0000

3.0000

1.0000 * 10%%5

yCODE WORD FOR BLANKING DISPLAY
; CODE WURD FDR MIMUS SIGN
+CODE WORD FOR PLUS SIGN

€ed



* 0l

A

A4

B
CEX12
CEX16
CEX24
CHK1
CLAM3
CONL
CONS
CONT2
DIRCT
FLUX
GRAYC
INITZ
INTRO
LODIR
MEM
NEPRZ2
OTNUM
oTPT4
PLUS
PREC4
REACT
SB
START
THREE
Y271
Y2715

0007
01€o
00600
0170
3180
0190
1693
01A4
0144
Jl 54
0l64
00Ab
10CA
10CE
0018
2027
008cC
10CF
0292
167A
1602
01DA
150€
1628
02D4
069E
0100
1086
1096

#* 3% %

Al

A5
BLANK
CEX13
CEX21
CEX25
CHS
CLAMS
CON2
CCN6
CONTT
DIV
FLUXL
H

INP

L
LRFC
MINUS
NEUCO
grPvO0
aTeTs
PRECI
PRECS
KESTR
SELCT
STR
TRANS
Y212
Y216

0184
J1C4
o108
0L74
J1 84
0194
024D
0lA8
0148
J158
0168
02B4
199t
0004
054A
3205
0061
01D9
0l 84
1676
16C9
1400
1568
0028
0050
J23€E
161C
103A
1J9A

A2

A6

C
CEX14
CEX22
CEX26
CLAML
CLAMS
CON3
CONT
D
DMANT
FLUXZ2
HOLD
INPUT
LOO

M

MUL
OF SET
oTPT2
Ou
PRECZ2
PRECO6
KHO
SIGN
STRIN
WATT
Y273
YTl

oliBs
D1C8
0001
o178
olas
0198
019C
01AC
014C
015C
0002
1080
10A2
10C2
002A
026E
0006
028C
0140
L6E4
060C
145A
15C2
1000
L6ED
0248
005C
L08F
10AA

A3
AD
CEX11
CEX15
CEX23
CHECK
CLAM2
CLAMG
CON4
CONSB
DATA
E
FLUX3
HRFC
INT
LODE
MANT
NEPR1
UNE
OTPT3
CuUTPTY
PREC3
?SW
RWMEM
SP
TENS
wOUT
Y274
Y12

ol18C
0207
016C
017C
018C
0008
01490
0180
0150
01690
100D
0003
10A6
0085
022F
026F
10C6
028F
o1CC
16D8
1660
1484
0006
16FF
0006
0104
O0DF
1392
10AE

YE€T
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3801

91A

veaoT1

S1A

9801

YLA

cacce
2801

0y32
€1A



APPENDIX E
Intel 8080

Math Floating Point Package

The following is a reproduction of the Intel 8080 Math Floating

Point Package that was developed by Otto C. Juelich.
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8080 MACRO ASSEMBLER, VER 2.4

ERR{IRS =
0200
ouo2
0200
2109
0J01
0100
0200 C6ID
0001
0202 5F
V203 TA
0204 Ce00
J195
0206 51
02017 79

0 PAGE 1

JRG 2J0H
AR THb Ewl $ SHi 8 AND OFFH
ARITH QU b
SCR ENY 100H
SCRB EQuU SCk SHR 8 AND OFFH

yBLANK NUMBER UF SCRATCHPAD

89389 BINARY FLOATING POINT SYSTEHM
ARITHMETIC AND UTILITY PACKAGE
PROGRAMMER CAL OHME

DATE 20 ODECEMBER 1973

ARITH IS THE BEGINNING ADDRESS IF THE

POINT SYSTcM.
SCR IS THE BEGINNING ADUDRESS UF THE
RAM US=zD AS SCRATCHPAD FOR THE SYSTEH,
THE RAM MULTIPLY ANC DIVIDE SUBROUTINES
AKE MOVED FROM ROM TO RAM BY SUBRDUT INE
INIT AN ARFE EXCCUTED [N RAM UNLY.
RAM MULTIPLY SUBROUTINE.
Ut X4 £ QU I-ARITH+SC
ADI s ADDUPERAMD 3R0D FRACTICN
MULP3 EQU $-1-ARITH
N IR EyvAjs 4TH PARTIAL PRODUCT
MUV Ayls 3R0 PARTIAL PRODUCT

s WP B¢ WO WS W VI I we G @ W W

=
=

ACT 03 ADD JPERAND 2ND FRACTION

MULP2 E QU $p~1—-arITH
MGV A3 3D PARTLAL PRODUCT
MUy A, C; 2ND PARTIAL PRODUCT

ARTTHMET IC AND UTILITY PACKAGYL OF THE FLOATING

Led



2203
0909
020A

0100
9200
0JOE
UZ20F
J21d
Joll
0212
J213
D214
0015
0216
02117
J214
0019
02 1A
J21h
001C
0210
gllt

8043y MACRO ASSEMSLER,

CEDO

C37304

D6J)

0
DEDO

6F
1C
DEDO
67
B8
DEODD

5F
3E£00

C9

ERRORS = 0 PAGE 2

021E
001F
32249

C600

6F

ACT 03 ADD GPERAND 1ST FRACTION
MULPL EQU $—1-ARITH

JipP MULXS5 3 TG RoM COLE
H RAM UIVIDE SUBRIOUTINE,
J1VvX5 EQU $~AKITH+SCK

Sul Vi SUB DIVISOR 4TH FRACTICGN
oP4S EQU $—-1-ARITH

MOV Ayls KEMATINDER 3RD FRACTICON

SB1 3 SuBd OIVISOR 3RD FRACTICN
0P2S EQuU $—~1—-ARITH

Mav Lyhj, REMATNNDER 220 FRACTICN

MOV AgHs KEMATINDER 2NO FRACTION

SB1 G SUB DIVISOR 2WND FRACTIGN
uP2Ss QU $—1-AFRITH

MOV HyAj KEMATNDER 2ND FRACTICN

MOV A,E; REMATNDER 1ST FRACTICGN

S81 VN SUB ODIVISOR 1ST FRACTION
aP1ls EQU $—1—-ARITH

MOV EvAj REMAINDER 1ST FRACTIGN

MVI Ay03 REMAINOER 4TH FRACTIOM
P4A EQU $-1-ARITH

RET ; FETURN Tu =OM
DIVXé6 EQU $-ARTTHESCHR

VER 2.4

Aul ’ ADDDIVISOR 3RD FRACTICN
gP3nA EQU $-1-ARITH

MOV Ly Aj REMAINDER 3RO FRACTIGN

8¢C



221
3222
0023
0224
J225
0226
0027
0228
D229
JO2A
0228

002¢E
022€
UO2F
J030
0931
u032
0033
Jd34
3035

022¢F
0231
2233
0234
0236
3237
0238
Q238

1C
CEQJ

61
783
CEQO

5F
3200

C30F04

09

2EZF
25)2
5%
2601
73

20
F23102
c9

REMAINDER ZND FRACTICN
ADD DIVISOR 2ND FRACTION
t—1-ARITH

REMAINDER 2N FRACTION
REMAINDKER 1ST FRACTIGN
ADD DIVISUR 1ST FRACTICN
$-1-APITH

REMAINDEZR IST FRACTICHN
REMATINDER 4TH FRACTION
$-1-AKITH

T RaM Cave

BY THE 3INARY

3—ARITH

INITTALLY CLEAR

UVEK+1l3  PREVIOUS EXPCNENT
PREX+ 17  ACCUMULATOR EXPONENT
ACCIE+Ls  ACCUMULATOR SIGM
ACCS+1;  ACCUMULATOR 1ST FRCTN
ACCL+ 1l  ACCUMULATOR 2ND FRCTN
ACCZ2+1;  ACCUMULATOR 3RO FRCTN
SUBTRACTION FLAG

Ly PxEXS T ADDR LAST WD TG MOVE
Hy ARTHBS TU ADDRESS RCM CopPyY
CURRENT WUKD UF ROM COPY

O ADORESS RAM COPY

WRITE CURRENT WD TG RAMN
VDECREMENT WORD ADDRESS

[+ MUORE T MOVE

RETURN T CALLEPR

MOV AyHj
ACT J3
OP2A cQuU
MOV Hy A
MOV AsEs
ACT 03
OPLA FQU
MOV EeAg
MVI AyOj3
OP4X FQuU
JMP DIVXZ2;
' kKAM LUCATIONS USED
H FLOATING POINT SYSTEM
OVER £ QU
N3 Jds
PREX EQU
ACCF £ QU
ACCS Fyu
ACCL E QU
ACC?2 EQU
ACC3 E WU
SF EQU ACC3+1;
' T T SUBROUTINE ENTRY PJINT
INIT: MVT
INITL: My g
MOV EaeM3
MV I H,SCRB;
MV My F 3
DCR Ls
JP INITL;
RET ’
H STR SUBROUTINE

ENTRY POILINT,

6€¢



023C
0230
023E
023F
3240
0241
0242
3243
0244
0245

D246
1248
Q24A
0248
224C

73
2C
17
2C
79
2C
71
2C
12
C9y

2601
22390
AF
17

C9

STkO:
INR
STR: MOV
STR1:
MOV
I NR
MOV
INR
MLV
RET
s FLOATING
IR My
ZrR{01:
XRA
10V
RET

POINT

4089 MACR(O ASSEMBLER, VEK 2.4

EPRORS =
0241 3EBO
024F oF
0250 AF
3251 2501
3253 2831
0255 Ao
02506 €80
0258 117

0 PAGE 3
H FLUATING
CrHS:  MV]

DB
sFLOATING POINT
ABS: ARA

AV1

vl

ANA

XR1

"MW

MOV MyEs STOE LEKOFTH WORD

L3 TO ADDRESS FIRST WORD
MsAj STOKE FIRST WORD

INK L; TO ADDREZSS SECOMD WARD
My 3 STORE SECOND WORD

Ls TO ADDRESS THIRD WORD
MyCs STORE THIRD WAIRD

L3 TO ADDRESS 2OF FOURTH WORD
My D3 S10re FOURTH WOERD

H RETURN TGO CALLER

]
ZERD SUBROUTINE ENT. PT.
Hy SCKB§ TO ADDRESS SCRATCH BLAND

MV 1 LsACCES TO AUDOUR ACCUM EXPUNENT
Aj LER]

My s CLEAK ACCUMULATOR EXPONFNT

3 RETURN TO CALLER

POINT CHS SUBRDUTINF £NT JPNT,
Ay200Q;5 MASK FOR SIGN BIT

016Q3 LT INST 180 SKIP NFXT WD
ABS SUBROUTINEG ENT. PnT.

L3 LERD

HeSCRBS TO ADDRESS SCRATCH BLANK
LyACCS; Tu ADBKESS ACCUM SIGN
M y COMPLIMENT OF SIGN
200Q;3 COMPLIMENT THE SIGN BIT
My £ 3 ACCUNULAT O SIGN

0%¢



s FLOATING PDINT TEST EMNTRY POINT,

3259 2601 TST: MVI Hy SCRE s T3 ADDRESS SCHETCH BLANK
0258 2£39 TST1l: MVI Ly ACCE; T0 ADDR OF ACCUM
0250 7c MV Ay M3 ACCUMULAT 1 EXPONENT
025k AT ANA Aj SET CONTROL 8ITS
J25F CA45602 Jz LkO3 IF ACCUMULATOR IS ZERQ
0262 5F 40V EqA3 ACCUMULAT R EXPONENT
0263 2C INR Ls TG ADDR ACTUMULATOR SIGN
264 I3 M0V AgM; ACCUMULATOR STIGN
0265 2C INR L3 TO ADDR ACCUM 1ST FRACTN
0266 AE XRA M ACCUM SIGN AND 1ST FRCTN
Q267 2C [ NR L3 T ADNDR ACCUM 2MD FRCTN
0268 4 Mav Ca™; ACCUMULATUIR 2ND FRACTICN
3269 2C I NR Ls TO ADDR ACCUM 3PD FRCTN
U2 6A 56 MV Dy M3 ACCUMULATUR 3RD FRLTN
0263 C37A03 JMp ADCLZ; T SET FXIT CONDITINHS
; FLOATING POINT LOAD ZMNTRY PGINT.
026F ¢ LUD: MOV AyM; UPFRAND EXPLNENT
026F Al ANA Aj SET CONTRAOL BITS
02710 CA4602 JZ IR23 IF OPERAND TS ZERD
02713 5F My Fq23 UPERAND EXPONENT
J2 T4 2€ I NR - TO ADNR CP SIGN AND 1ST
uz2ils 1t MJv Ay UPERARD SIGMN AND 1ST FRCTN
uz21o 2C TNR L3 T2 ADDRESS DPERAND 2ND FRCTN
J2117 4t MoV CiM; OPERAND 2N FRACTICN
0218 2C INR L3 TS5 ADDRESS DPERAND 3RD FRCTN
J2 179 56 AV Dy M3 OPERANMND 3R FRACTICN
H STORE THE GPERAND IN THE ACCUMULATOR.
U27A 6F Hov LyAs OPERAMD STGN AND 1ST FRCTN
J218 F689 Lopl: CK1 29003 ALCUMULATOR 1ST FRACTION
021D 41 Mov ByAs ACCUMULATOR 1ST FRALCTICH

027€& AD XRA Ls ACCUMULATIR SIGN

e



021F 2671 MVI Hy SCRE S TO ADDRKESS SCRATCH BLANK

0281 2E30 MVI L. ACCES TO ADDK ACCUM EXPONENT

0283 CD3C02 CALL STROS SET THE ACCUMULATOR

J286 A3 XRA 33 4CCUM STGN AND 1ST FRACTION
3 SET CONTROL BITS AND eXIT

9287 417 MoV by A3 ACCUM SIGNWN AND 1ST FRACTION

Jz2s88 F601 ORI 13 SET SIGHN bIT FOR EXIT

J28A 78 Mav Ay ks ACCUMULATHIR EXPONFENT

J238 Cy CRET H RETUKN T CALLER

8080 MACRO ASSEMUBLER, VER 2.4
ERRORS = 0 PAGE 4

FLOATING POINT MUL SUBROUTINE ENT. PNT,

’
028C  TE MULT MOV Ay h; OPERANL EXPONENT
028D A7 ANA 4 i SET CUNTROL BITS
J28E  C495073 CNZ MUEX; KFAD NPERAND IF NOT ZERQ
0291 CA4602 Jz IKG IF LEKD CK UMDERFLOW
U294  DACAO2 JC OVERF 3 [F OVERFLOW
0297  CD4D04 CALL MUL X3 CALL FIXED MULT SUBRTN
; NORMALIZE IF NZCESSARY.
0294 73 MoV Ay LST PRODUCT
0298 A7 ANA A 5 SET CONTROL
029C  FAAY02 VB KNDAS LE Nt RURMALTZATICN REQUIRED
029F 230 V1 L 4 ACCE; TO ADDx ACCUM EXPCNENT
02al  TE DV Lot ACCMUNLATOR EXPONFNT
02A2  DEJL $81 13 DECRE#FNT ACCUMULATOR EXPONENT
02A4 77 MOV MoAs ACCUMUL AT DR EXPONENT
0285 3 RZ ; RETURN TO CALLER 1S UNDERFLOW

L
J2A6 cneco3 CALL LSH; CALL LEFT SHIFT SUBRDUTINE

(444



J2A9
02AC
O02AF
A2BQ
D262
0283

0284
285
02186
0288
0288
021E
02C1
02C2
J2C5
J2C17

02CA
J2CC
02CE
u2ho
2201
0202
02D3

0204
J2D6

02017

CD3904
DACAOQZ2
47
F631
[4)

Cy

AF

96
FEOL
D49503
DACAOZ2
CA4802
4 F
CuvNoy
2601
DAA9DZ2

2601
2F2E
3EFF
77
"y
3
0J

3E80
0t

AF

]
RNDA:

]
DIvV:

'
OVERF @

RCUND TF NECESSAPRY.

CALL
JC [VERE 3
MOV HyAs
ORI L;
MV A,E3
RET s
FLOJATING POINT DIV
XRA Aj
Suj M3
CPI 1;
CNC MDEX s
JC UVERF ;
JZ IKQ1L;
IRAY) CyA;
CALL DIVX;
MVI HySCRB;
JC PNDAS
SET UGVERFLOW FLAG.
MV 1
vl LyOVERS
MVI Ay3T77Q%
MOV My hs
RLC H
RET H
ng 03
FLOATING POINT SUB
V1 A, 2004
Dad Q16Q3
FLIJATING PGINT AQGQ
XRA As

LOAD THE OPrrAND.

RONDS CALL ROUNDING SUBROUTINE
[F QVEAFLOW

ACCuUM SICN ANMD 1IST FRACTION
SET SIGN 817

ACCUMULATUR EXPONENT

~ETURN T CALLER

SUBROUTINE ST, PNT.

ZFERD

COMPLEMENT GF DIVISOR EXPONENT
SET CAxRY IF DIVISICN BY ZEROD
KEAD UOPERAND IF NOT ZERO

IF OverFLUW OR DIVISICM BY ZERD
IF UNDERFLOW OR ZFRO

DIVISOx 1ST FRACTICN

CALL FIXFD DIV SUBRTN

TG ADH=ESS SCRATCH BANKNK

LF MO OVERFLOW

ily SCXB3 Tu ADDRESS SCRATCH
TO AL QVERFLCW FLAG
DVERFLUW FLAG

SDVERFLUOW FLAG

SET CaxRY BIT FOK EXIT
RETURN TO CALLER

CHECK SUM WORD

SUBKOUTINE ENT ., PNT,

MASK Td CHANGE OP SIGN
LBT INST TO SKIP MEXT WO

SUBKOUTINE ENT. PNT.,

LEFRD

£ve



0208
0209

8080 MACRO ASSEMBLER,
ERRORS = Q PAGE 5

02DA
0208
026C
020D
020k
020DF

02E0
02E2
02E4
D2ES
J2E6

02e7
J2EH
02&9

N2EC
J2ED
D2EE
02F0
02F1
J2F2

5E
2C

AE
47
2C
4E
2¢C
56

2601
2£30
7C
20
77

8
AT
CA5802

68
78
F680
41
AD
2€31

-e

M3V LMy OPERAND RXPONENT

INR L3 T ADD®K P SIGMN, 1ST FRCTN
VER 2.4

XRA M3 UPERNMNAD SIGN AND 1ST FRCTN

Mav ByAs UPERAND STIGN AND 1ST FRCTN

INR L; TC ADDR OPERAND 2ND

Mav CoMj OPERAND 2ND FRACTION

INR L3 TO AvDk OPERAND 3RD FRCTN

M3V DyMs GPERKNAD 3RD FRACTION

SAVE INITIAL EXPCNENT.

MVI HySCRB3 T ADDRESS SCRATCH BAMK

MV I Ly ACCE; TO ADDR ACCUM EXPOMNTINT

MOV Ay M3 ACCUMULATUR EXPONENT

DCR L3 TO ADDR INTTIAL EXPONFENT

MoV My A3 INITIAL EXPONFENT

CHECK FOR ZEKC OPERAND.

MOV AyE 3 OPERAND FXPONENT

ANA A 3y SET CONTROL BITS

J2 TST13 ILF OPEKAND IS ZFRO

SENCERATE SUBTRACTIUON FLAG, RESTHURE
SUPPRESSED FRACTION BIT.

MOV Lyi3s OPERAND SIGN AND 1ST FRCTN
Mav AyB3 ODPERANMD SIGN AND 1ST FRACTION
OR1 200Q; JPEREAND LST FRACTION

MOV By Aj OPERANG 1ST FRACTICM

LRA Ls DPERAND SIGN

MVI L+ACCS; TO ADDKESS ACCUMULATOR SIGN

v9¢



J2F4
2F5
02F17

02F3

D2FA
D2FB
02FC
02FF
D300

0363
J306
0308
21308

g30¢€
J311
0313
J316
0311
U318

U3lA
0318

AT
CA8603
93
DAJEODS

FALBO2
FC19

DA2DNO3
£35802

F28603
FEET
DAB6LOS
73

SF
2E35

N~
mon

31

AXRA
MV I
A0V
H DETERMINE
H OPERAND A
MVI

Mav

ANA

Jz

SU3

JC
’ CHECK FOR

JH

CPI

JC

JMP
H CHECHK FU
AbD2:

cPI

JC

HavV
MOV
MVI

Muv
MVI

8080 MACRC ASSEMULER, VER 2.4
FRRGRS = 0

PAGE &

M3 SURTRACTIUN FLAG
LySF3 T3 ADDKESS SURTRACTION FLAG
My A3 SUBTRACTIUN FLAG

RELATIVE MAGMITUDES OF
ND ACCUMUL ATOR .

L,ACCES T ADDRESS ACCUMULATER
PEXPUMNENT

AaMg ACCUMULATOR EXPONENT

A PSET COHNTROL BITS

ADDLT; [F ACCUMULATOR IS ZERQ

Es DIFFEKENCE IN EXPONENTS

ADDZS IF ACCUA SMALLER THAN OP
INSIGNIFICANT OPERAND

TST1; IF Tilm UPERAND IS INSIGNIFICANT
O31Q; COMPAKE SHIFT COUNY T0 25

HYRIUE JAIt £XCH PATH IF 0P SIGNIF
15715 UPeR e IS INSIGNTF ICANT
kOIMSIGNITFICanT ACCUMULATOR

Jp ADDLT7; IF ACCUM IS TINSIGNIFICANT
34743 COMPALE SHIFT COUNT TO AINUS 25
ADLLTS IF 4CCU TS INSIGNIFICANT
My b3 UPER AND EXPONENT

FrAs SHIFT CouMT

LySFk;S T ADDKESS THE SUBTRACTION

s FLAG
Ay M3 SUBTHRACT ION FLAG
LsPCCS3H Td ADDRESS THE ACCUMULATOR

144



0310
031¢t
U31F
0320

J321
0322
0323
0324
J325
1326
0321
0328
0329
032A
0328
J3zcC

032D
J330
0332
J333
0334
0336

0339
03 3A
0338
033C
233D

AE
17
AF
93

2C
S5E
79
43
2C
5t
71
46
2C
5E
12
53

CDC903
2E 35
Tt

AT
2E34
FAS003

7t
82
57
20
[4=

?
ADD3:

XRA M

MOV MaAj

XRA A

SuB Es

EXCHANGE ACCUMULATOR

INR Ls

MoV EaM3

Mav My B3

MOV ek

INR L

MoV fqM3

M0V M,C H

MOV Cyl s

I NR L3

MOV £ M3

MOV My 35

M0V Dy

POSTITIOUN Tt OPERAND.
CaLL

MV 1 LySES

MV Ay

ANA A

MVI LeACC3S

JH ARSI

ADD ADDENUD TO AUGEND.

MOV Ayt

ADD N;

M0V DyAj;

DCR Ls

Mav Ay M3

;s SIGN
CPERAND SIGN
ACCUMULATER SIGHN
LERI)
COMPLIMENT SHIFT CCOUNT

AMD OPERAND

TO ALDR ACCUM 1ST FRACTION
ACCUMDLATOR 1ST FRACTION
OPFRAND LST FRACTICN
ACCUMULATOR 1ST FRACTION
T3 ADD ACCUM 2ND FRACTION
ACCUMULATGR 2ND FRACTION
OPERAND 2N0O FKRACTION
ACCUMULATOR 2ND FRACTION
TO AUDR ACCUM 3FD FRACTION
ACCUMULATUR 3RD FRACTIGN
DPERAND 3RD FRACTION
ACCUMULATOR 3RD FRACTICN

9%¢

RSH; pPOSITION THE QPFRAND
TO ADLURESS SUBTRACTION FLAG
SUBTACTION FLAG

3 SET CONTROL BITS
TO ADDR ACCUM 3RD FRCTIN

[F suUB=aACTION RFQUIKED

AUGEND 3RD FRACTICN

ADDEMD 3RD FRACTTON

SUB 3«0 FRACTION

TO ADDRESS AUGFND 2ND FRACTION
AUGNEL 2ND FRACT ION



033E
J33F
0340
0341
3342
0343
0344

0347
0348
0349
034A
J348
034C
034D
034E
034F
2350
0351

8080 MACRO ASSEMBLER,
ERRORS = Q0 PAGE 7

0353
J354
0356
0359
035A

89
4F
20
7€
88
47
D27403

1F
47
79
LF
4F
74
1
57
LF
5F
2£30

1€
C601
DACAO2
1/
C37403

-e

ADC Cs

40V CeAj;

DCR L3

MOV Ay M3

ADC 5y

MOV ByAj;

JNC ADDLL

RIGHT SHIFT SUM TnO

RAK H

MOV AyCs

RAR ;

MaVv CoAj;

MOV AsD;

RAR H

MOV DyAj;

AR s

MOV FyAs

MVI LyACCE;
VER 2.4

MOV Ay M3
ADI :

JC GVERT

MV My A3

JMP ADDLL

SUBRACT SUBTRAHEMND FROM

ADDEND 2ND FRACTIOCN

SUB 2ND FRACTION

TO ADURESS AUGEND 1ST FRACTION
AUGEND 1ST FRACTICN

ADDEND LST FRACTION

SuB LST FRACTION

IF NO CARRY FROM 1ST FRACTION
NORMALIZED POSITION.

RIGHT SHIFT SUM 1ST FRACTION
SUA4 15T FRACTION
SUM 28D FRACTIDN
FIGHT SHIFT SuM 2ND FRACTION
SuUM 2NO FRACTION
SUM 3KD FRACTION
RIGHT SHIFT SUM 3RD FRACTIDN
SUM 3KkD FRACTION
4TH FHCTN = LCW BIT OF 3RD
SUM 4TH FRACTION
TO ADURESS ACCUMULATOR

7 EXPONENT

ACCUMULATOR EXPONENT

INCREMENT ACCUMULATOR EXPONENT
IF GVERFLOW

ACCUMULATOR EXPANENT

TU RUOUND FRACTIUN

MINUCND

Ly



034D
J35E
035F
0360
3361
0362
J363
0364
1365
03066
0367
J368
0369
036A
23683
036C
0371
J374
TENA
037A
U378
037D
J3ITEC
037¢
U380
3381
J383
0384
0385

J386
J3ys

AF
93

5F

7¢

9A

57

20

7€

99

4F

20

TE

98

47
DCEFO3
F40204
F24802
CN3004
DACAO2
47
2E2F
73

9%

oF

74
F601
78

5D

o

2E35
1¢

ADD9:

ADDLD

ALDIL

ADUL2

’
ADDLT

sSusl
M3V
MOV
SBi
Mav
DCR
MOV
Si383
MOV
DCK
AV
S8
M0V
ce
JP
JC
My I
MOV
Sun
MOV
M3V
Un ]
MaV
MV
RET

XKA
£3
EsA
Ay"l;
03
Dyly
L3

Ay M
Cs
CyAs
L3
hyMs
B

By Aj
cC
NUrRM;
%013
CALL
OVEKRF 5
Mi)V
LePREXS
Ly
M3

1L 1A
FAR S
|
A,E;
Esls

L]

Ay MINUEND 4TH FRCTIN IS ZERD
SUBTELHEND 4TH FRACT ION
DIFFEXLNCE 4TH FRACTICON
AINUFSD 3RD FRACTICN
SUBTKLHEND 3RD FRACT IOM
DIFFEREMCE 3RD FRACTION

TO ADUKESS MINUEND 2MD
MINUEND 2ND FRACTICN
SUBTRLHEND 2MD FRACTION
DIFFERENCE 2ND FRACT IGN

TO ADLRESS MINUEND LST FRCTN
MINUEND IST FRACTINM
SUBTSLHEND LST FRACTION
DIFFERENCE 1ST FRPACTICGN
COMP s COMPLEMENT 1F NEGATIVE
NORMALTZED TF NECESSARY

IF UNIERFLOW OR ZERND

RONDs CALL ROUMDING SUBKQOUTINE
IF OVERFLLY

ByA; ACCUM SIGHM AND 1ST FRCTN
T AULRESS PREV EXPONENT
ACCUMULATOR EXPONENT
BIFFeRENCE IN FXPONENTS
DIFFESENCE IN FEXPONENTS
ACCUM STEGH AMD 1ST FRCTN

SET SIGN EIT FNR OEXIT
ACCUMULATOR EXPONENT
SIGHNIFICANT INNEX

RETUrM T CALLFR

LOAD ACCUMULATUR WITH THRE OPERAND.

MV

MV I

AgM;

LeSFs3 T3 ADDR SUBTRACTION
SUBTRACTION FLAG

8%¢



0389 2831
0388 At
038C 2D
J38D Cb3Co2
0390 A
0391 C37A03
J394 ou
H
i
0395 41 MDE X
0396 2C
J397 4t
0353 2C

8030 MACRO ASSEMBLER,
ERRORS = 0 PAGE 8

0399 56
039A 2C
J398 5E

039C 2601

J3sC 2E39
U3A0 1F
J3A1 A7
0342 Cs
J3A3 80
J3A4 41
J3A5 LF
03 A6 Ad

MV I

XRA
DCR
cALL
XRA
JMP
oB

SUBRKOUTINE T

CHECK THE

IHR
MOV
TNR

VER 2.4

MavV
ITNR
MoV
MVI
vl

MOV
ANA
RZ

ADD
MOV
KAR
XRA

1.y ACCS
M3

Ls
STRO;
B3

ADIDL 2
0;

READ THE

T AdV ACCUMULATOR SIGN
JPERAND SIGN

TO ADDk ACCUM EXPONENT
SET THE ACCUMULATOR
ACCUN SIGN AND 1ST FRCTN
JUIN =xIT CODE

CHECK SUM WORD

UPERANL AND

ACCUMUL ATOR EXPIONENT

MOV
L3
Ls

DM

L3

Eqids

Ly ACCE;

Ay Mg
A
’
B3
ByAs

B3

ByAs EXPONENT MODIFIFR

T ADD& 0P SIGN,y 1ST FRCTN
OPERAND STGN AND 1ST FRACTION
T ADIRESS OPFRAND 2ND FRCTN

OPERAND 2ND FRACTIGN
T ADDXESS CPERAND 3RD FRCTN
UPERAND 3KD FRACTION
TO ADDYESS SCRATCH BANK
TO ADUKESS ACCUMULATREP

5 EXPONENT
LCCUMULATOR EXPONENT
3 SET CONTRDL BITS
RETUKN IF ACCUM IS ZERO
RESULT EXPONENT PLUS BIAS
KESULT EXPONENT PLUS EIAS
CARRY T4 SIGN
CARRY AND SIGN MUST DIFFER

6%C



J3A1
03A8
03 AA
03AD
03AE
J3 AF
0380
0381
382
0383
0384
035
N3Bs6
2387
U368
N3B9
JI3BA
0368

038C
9380
038E
U3gF

03C0
J3Cl
J3C2

03C3
03C %
03C5

78
0680
F28303
90
cs8
7
2C
TE
A9
AQ
17
79
By
C9
ofr
Dy
AF
C9

78
17
5F
TA

117
57
79

17
4F
73

MOV
MV 1
JP

SuB
RZ

MOV
INR
M0V
XRA
ANA
MOV
MOV
ORA
RET

OVUN:IRLC;

’
’
LSH:

LSHL:

rC
XR A
RET

SUBROUTINE TO

Dy AND E
MaV
RAL
Mav

RAL
MOV
MOV

RaL
AUAY)
MOV

AgBs
H,200Q;3
OVUN
B3

9

My 43
Ls
Ay M;
Cs
B3
My A3
hsCj
B;

]

.
’

“ws T> we

REGISTEKS

Ayt s
’

Egng
MOV

H
Dy A
A,C3

H
Cyh;

A,l*;

RESULT EXPONENT PLUS BIAS
EXP BIAS, SIGN MASK, MS BIT
IF OVEKFLUW GR UNDFRFLOW
REMOVE EXCESSS EXP BIAS
RETURN IF UNDERFLOW

RESULT EXPONENT

TO ADDKESS ACCUMULATOR SIGN
ACCUMULATUR SIGN

RESULTY SIGN IN SIGN BIT
FRESULT SIGN

RESULT SIGN

DPERAMO SIGN AND 1ST FRCTN
OPERAND 1ST FRACTION

RETURN T CALLER

SET CAKRY BIT If OVFRFLOW
RKETURN IF OGVERFLOW

LERO

KETURN T+ UNDERFLOW

LEFT SHIFT THE 8,C,
ONE BIT,

DRIGINLL CONTENTS OF F

LEFT SHIFT F

RESTORL CUMTENTS 0OF RFGISTER
AyDs ORGINAL CONTENTSS OF D
s REGISTEK

LFFT SHIFT D

RESTORE CONTENTS OF D REGISTER
URIGINALL CONTENTS OF C

y REGISTER

LeFT SHIFT C

FESTUK:E CONTENTS NF C REGISTER
JRIGIMAL CONTEMTS OF B

it

052



03Co
X3C?
J3C3

5080 MACRO

BF
47
Cy

ASSEMBLER,

ERROKS = 0 PAGE 9

03C9
03C3

a3CDh
03CF
U3C1
2302
0303
J3Dg
J3D6
0307

03CA
2308
030C
030D
J30E

100
2E08

BO
FADAOQS
5A

51

43
0600
95
€2CN03

A7
cs8
oF
Al
13

s REGISTER

ADC (i LEFT SHIFT B
AV Yy A5 KESTORE COMTENTS OF B REGISTER
RcT H RETURN TO CALLER
; RIGHT SHIFT THE By Cy 0D, AND £ RCGISTERS
H BY THt SHIFT COUNT In THE A KEGISTEP
VER 2.4
H SHIFT OPERAND TO REGISTER IMDICATED BY
H SHIFT CuUuUNT
KSH: MV Fads OPERAEND 4TH FRCTN IS ZERD
RSH: MV [ LyJdl0Qs; EACH RFG IS 8 BITS OF
s SHIFT
RSH1: CHp Ly COmPARE SHIFT COUNT TO 8
JM ' KSHZ IF REG SHIFT LESS THAM 8
MUV Eal)s OP=RAND 4TH FRACTION
MOV ) J4C OPcRAND 3ED FRACT ION
MOV Coetss OPERAND 2ND FRACTINN
MV T B3 OPERAND IST FRACTINON 1S ZERD
SUB L3 REQUCYE SHIFT COUNT BY 1 REG
JNZ RSHL; {F MOKE SHIFTS RFQUIFED
H SHIFT GPERAND RIGHT BY — SHIFT CaumT-
5 BITS.
RSHZ2: ANn Ay SET CUONTPROL RBITS
Rl ; RETUXN  IF SHIFT IS COMPLETFE
MOV LyAs SHIFT COQUNT
RSH3: ANA A3 CLEAR CARRY RIT

i3V AyBs JPERAND 1ST FRACT ION

T8¢



D3DF
03E0
J3E1
03¢e2
03E3
03E4
03E5
J3EG
037
J3ES8
J3E9
03 EA
73EB
J3EE

J3EF
03F0
03F1
03F3
03F4
J3F5
03F 6
U3F7
J3F8
03F 9
O3FA
03FB
03FC
J3FD
03FE
03FF

1F RAR 3
47 MOV By A
19 MOV AyCs
1F RAR H
4F MOV CyrAj
7A MOV AyDs
1F RAR H
57 MOV Ughs
8 MOV AsrE
1F RAR H
5F MOV EsAj
20 DCR Ls
€C2DD03 JNZ RSH3;
C9 RET

H COMPLEMENT THE
20 CUMP: NCk
1€ MOV JIRE I
EESO XR1 200Q
17 MUV My &s
AF COMPL: XRA
6F MOV LyAs
93 Sud ts
5F MOV EqvA3
10 MUV Ayl
9A 583 03
57 iV Dy
7D MJaV Ayt
99 sSBB C;
4f MOV CrA;
w MoV Ayis
93 Si33 B3

RIGHT SHIFT
OPERANID 18T
OPERAND 21D
RIGHT SHIFT
DPERAND 2NG
UPERAMD 3KD
KIGHT SHIFT
OPERAND 3RD
OPEKAND 4TH
KIGHT SHIFT
P ERAND 4TH

OpP 1ST FECTN
FRACTICN

FRACT ION

GP 2ND FRACTION
FRACT IOM

FRACT ION

OP 3RO FRACTION
FRACT ION
FRACTION

OP 4TH FRACTION
FRACT ION

DECREMENT SHIFT COUNT
I[F MORtE SHIFTS REQUIRED

Ls TO ADDR ACCUM SIGHN

ACCUMULLATOR SIGN

CHANGE SIGN
ACCUMULATOR
Ay 28k
ZFRD

(474

SIGN

COMPLTHENT 4TH FRACTION

4TH FRaCTION

LERU

COMPLIMENT 3ED FRACTIUN

3RD FRACTION

ZERD

COYPLIMENT 2ND FRCTN

2N FRaCTIOGN

LERQO

COMPLINMENT 1ST FRCTN



8030 MACRO ASSEMBLER,

ERROKS = 0 PAGE 10

0400
0401

3402
0404
0405
04 06
0409
J40A
0408
040C
J4aD
040E
0410
J4ll
0414
0415
0416
0417
0418
0419
J41A
J418
041C
J410
d41C
Jd41lF

47
C9

2€2)
78
AT
C22204
41
4A
53
5F
10
D508
6F
C20404
cY
20
78
17
5F
TA
17
57
79
17
4F
18

VER 2.4

MUV Byhs 1ST FRACTICN
RET H RETUKN TO CALLER
’ NORMALIZED THE KEGISTERS.
NORMIMVI L,C40Q3 MAX NUORMALIZING SHIFT
NOR ML 2 MGV AyB35 LST FRACTION
ANA A 7 SET CONTROL BITS
NI NORM3S ITF 1ST FRACTION NCNZERO
MOV B+C3 1ST FRACTION
MUV CyDs
SIORY Uyt ARD FRECTION
' MOV Fehs LERD 4TH FRALTION >
MOV A L3 NORMAL TZING SHIFT COUNT W
SUl 01045 REQUCE SHIFT COUNT
MoV LyAs NUORMALTZING SHIFT CCUNT
JNZ NOKML; [F FRAUTION NUNZERD
ReT ; I+ FRACTIUN IS ZERQ
NORM2: DOK L OFCEAENT SHIFT COUNT
MOV Ay kS OIEGINAL CONTENTS NF F
RA4L ; LEFT SHIFT E
MOV EyAj FESTuorte CONTENTS OF £ REGISTER
MoV Aglls ORTGINAL CONTENTS OF D
RAL ) LEFT SHIFT D
MOV Dyas RESTORE CUNTENTS OF D REGISTER
MOV AyCj ORIGI AL CONTENTS OF C
RAL ; LEFT SHIFT C
MUV CrAjs RESTORE CUNTENTS CF C REGISTER
M3V AeB ORIGINAL CONTENTS QF B



0420
0421
0422
0425
0426
U428
J4 2A
0428
042C
U420
042E
042F

0430
0432
0433
0434
2435
0438
0439
043A
0438
94 3C

8F
41
F21504
10
0620
2£30
84
17
Cs
1F
AT
Ca

2E30
[43]

AT

5E
FC3F04
N8

73

2C

AC
C33Fo2

ADC As LEFT SHIFF B
MoV Byhs RESTUKE CUNTENTS OF B REGISTER
NORM3 S JP NiJRMZ 3 1F NOT NORMALIZED
MoV AsLs NORMALTZING SHIFT COUNT
SUI 040Q3 REMUVE BIAS
MV 1 Ly ACCES T ADD< ACCUM EXPUONENT
AL M3 ADJUST ACCUM EXPONENT
IBRY My 23 WEW ACCUM EXPONENT
KZ i RETURN IF ZF0 £EXP
RAR 3 bUORRUW BIT TO SIGN
AnA a3 SET SIGN TO INDy UNDERFLOW
RET ; KETUKN T CALLER
i SUBROUTINE T ROUND THE B4Cy U REGISTERS,
ROMND: MV I LyACCES; TO ADDR ACCUM EXPONENT
A3V AyEs 4TH FRACTION
ANA 4 5 SET CONTROL BITS
MaV EaM; ACCUMULATOR EXPOMENT
CH RNDR; CALL 2naD LEVEL ROUNDER
RC ’ IE OVERFLOW
MIV A,u5 1ST FRACTION
INR Ls TC ADOUrx ACCUM STIGN
XRA M3 ACCUM STGN AND 1ST FRCTN
JMp STR1; PETURNG THRU STORE SUBR.,
i SECIAND LEVEL FUUNDING SUBRSUTINE.

8040 MACRD ASSEMBLER, VEK 2.4
ERROKRS = O PAGE 11

0% 3F
0440

14
co

RNOR 2 INK
RNZ ;

D3 RIUMD 3KD FRACTION
RETURN IF NO CARRY

KeY4



441
V442
J4a43
0444
0445
Ja46
04438
J449
0443
044C

044F
0450
2452
0453
0455
J456
3457
0458

3459
0458
045E
460
0463

0465
0466
0461

cC
Co
04
Co
T8
C601
5F
J6890
17
C9

2t09

77
2105
T2
JEO1
73
AF
5F
57

2t34
Cb6804
2E33
CL6534
2E32

7A
59
539

14
MUL X

’
MUL X1

CARRY T 2ND FRACTTON

RETURN JrF NO CARRY

CARRY T} LST FRACTICN

RETUEN IF NO CARRY

ACCUMULATCR EXPONENT

INCREMENT ACCUM EXPONENT

NEW ACCUAUL ATOR EXPONENT

NEW 1IST FRACTION

NEW ACCUM EXPONENT

RETURN TO ROND SUBRNUTINE

SUBROUT I NE.

Ly¥MULPL; TO ADDR IST

5 MULTIPLICAND

LST MULTIPL ICAND

TO ADDe 28D MULTIPLICAND

2ND MULTIPLICAND

7€ ADDK 3RD MULTIPLICAND

3RD MULTIPLICAND

CLEAR &TH PRODUCT

CLEAR 5TH PRODUCT

CLEAR 4TH PRODUCT
UMULATOR

Ta AGNRESS 3RD FRCTN

MULTIPLY BY ACCUM 3RD FRCTN

TO ADDRESS 2ND FRCTN
MULTYIPLY BY ACCUM 2ND FRCTN
T ANDRESS 1ST FRCTH

AyD; 5TH PAETIAL PRODUCT
4TH PARTIAL PRODUCT

IR C;

RNZL ;

INR B3

RN Z ’

MV A,E;

Aol L

Mav EaAS

MV By 2000Q3%

M2V My As

RET )

FIXzOo POINT MULTIPLY
MV

MV Mo Aj

MV 1 LyULP2;

MOV MeDs

Myl L, MULP3;

MOV My

XRA Aj

MOV FsAj

MOV DyA;

MULTIPLY bY EACH ACC

FRACTIOMN IN TURN.,

MV I LyACC33

CALL MULXZ2 3

MV I LyACC2;

CALL MULXL ;

MVI LyACC1;

MULTILPY BY ONE ACCUMULATIR WIRD.

: MOV

M3V Eel s

MOV DeBs

3R PART AL PRODUCT

N
(91}



3d468
0469
J46A
3468
04 0C
46l
V4170
04171
0472

Jal3
0414
04177
418

Q4 74

8C80 MACRO ASSEMBLER,

46
6F
AF
4F
90
DATY04
4A
53
cY
4F
D27904

04
A

10

ERRORS = 0
U4 7A 8F
0415 C8
34 1C 6F
041D 78
0417¢€ 17
dalf 5F
0480 TA
D481 17
0482 517

MUL X2 : MV
MOV LyAs
XRA As
MOV CsA3%
SuUB ths
JC MULX3S
MV CyDs
MV Dyks
KRET 3
; COMPLETE ADDITION OF
MUL XS ¢ MOV
JNC MULLX3;
IThNR B3
ANA A
H LJUOP Fiik EACH 8IT OF
MULX3: MOV
VER 24
PAGE 12
aAnc Aj
RZ o
ROV LyAs
MOV Asts
RAL :
MUV £aA3
MOV A,0j5
RAL H
MJV Ush;

BeM; MULTIPLIER

5TH PARTIAL PRODUCT
ZERD

2D PARTIAL PRODUCT

SET CAPRY BIT FOR FXIT FLAG

IF MULTIPLIER IS NOT ZCRO
20 PARTIAL PRUDUCT

3RD PARTIAL PRODUCT

MULT BY LEPO COMPLETE

MULTIPLICAND

CeAs 2MND PARTIAL PRODUCT
[F nNO CARKY T0O 1SY PRCDUCT
ADD CARRY TN 1ST PRODUCT
CLEAR CARRY BIT

MULTEPLIER WCRD.

Ayl STH PART PRODUCT, EXITY
3 FLAG

SHIFT ¢XIT FLAG OUT IFf DINE
EXIT IF MULTIPLICATION DONE
5TH PAKT PRCDUCT, EXIT FLAG
4TH PLRTIAL PRODUCT

SHIFT &4TH PA<TILA PRODUCT

4TH PARTTIAL PRODUCT

ARD PARTIAL PRODUCT

SHIFT 26D PARTIAL PRODUCT

3k PARTIAL PRODUCT

9¢¢



483 19 MOV Ay C3 200 PARTTAL PRODUCT
0484 17 RAL ’ SHIFT 2ND PARTIAL PRODUCT

’

0485 4F MOV CyAj; ZND PARTIAL PRODUCT
1486 78 MaV Aytss 1ST PARTIAL PRODUC AND MULTIPLIFR
U467 17 KAL ; SHIFT 1ST PRDO0OHO AND MULTIPLIER
J4838 47 MV ByAs LST PART PKOD AND MULTIPLIER
)4 89 D27904 JNC MULX3 IF NDY AODITION REQUIFED

H ADD THE MULTIPLICAND T) THE PKODUCT

H IF TiE MULTIPLTIER BIT IS ONE.
34 8C 73 MOV Ay FE3 4TH PARTIAL PRODUCT
0460 C30001 JHP MULX 43 Ti) RAH CUDE

H FIXED PIINT CIVINDE SUBRUUTINE,
H SUSTRACT DIVISOK FROM ACCUMULATOR TGO
' OBTAIN 1ST REMAINDER.

3490 2834 PDIVX: MVI L,ACC335 Ta ADDRESS ACCUM 3RD
Ja92 1t MOV Ay M3 ACCUMULATEGR 3RD FRACTION
0443 93 SuU3 F3 DIVISOR 3kD FRACTION

)45 4 13 MOV Myt s REMATINDeR 3R FRACTION

Jt9I> 20 DCR L3 TO ADDRESS ACCUM 2NO FRACTION
0496 TE MOV Ay s ACCUMULATIZR 2ND FRATCTION
Jayvl 94 S8 Us DIVISOR 2ND FRACTION

0493 17 MOV MyAj REMAINDER 2ND FRACTICN

U499 2D IO L TO ADOXESS ACCUM 1ST FRCTN
U49A 7t AUV Ay itg ACCUMULATNOR LST FRCTN

04903 99 SB5 H DIVISOR 1ST FRACTION

J49C 17 A0V MyAs; REAAINDER LST FRACTION

H HALVE THE DIVISOR AND STORE Fik
H ADDITICGN OK SUBTRACTION
J490D T4 MGV AyC3 DIVISOR 1ST FRACTION
049¢t 17 RAL H SET CARRY BIT
049F 79 MOV A,C; DIVISTIR 1ST FRACTION
U4A0 1F RAR H HALF OF ODIVISOR 1ST FRACTION

LST



04Al

04A3
Jah4
04A6
04 A1
J4A8
04A9

2E19

71
2e27
11
7A
1F

2clo

MVI

MUV
MVl
MOV
MoV
RAR
MVl

8080 MACRO ASSEMUBLER, VFR

ERRORS =
J4AB 77
J4AC 223
04 AE 717
Q4 ALF 78
0480 1F
0481 2E11
0483 77
0484 2c-1F
0486 17
04817 0600
D489 T8
04BA 1F
04 BB 2EQE

U PAGE 13

Hov
MVI
MaV
MOV
RAR
MV ]

MV
MV I
MOV
MVI
MOV

RAR

V1

+ 2000 TO CORRECT QUOTIENT

l-yUP 15;

Ly OPLAG
MyAs

Ay D3

;

L,0P2S;

My A3
LsOP2AS
My Aj
Ay 3

{L,0P3Ss

MehAj
Ly(OP3AS
Myas
ByOs
AyBs

.
?

Ly LIP4SS

TO ADDRESS 1ST SUBTRACT

i DIVISOR

1ST SUBTK2CT DIVISNR

TO AUNRESS 1ST ADD DIVISOR

LST AGD OIVISOR

DIVISNHK 20D FRACTICN

HALF OF BIVISOR 2MD FRACT ION

TO ADDRESS 2ND SUDBTRACT
sDIVISOR

2ND SUBTRACT DIVISOR -
TO ADDKESS 2ND ADD DIVISOR 0o
2D ADD DIVISOR
DIVISOR 3RD FPACTION
HALF OF DIVISOR 3RD FRACTIDN
TO ADDEESS 3PC SUBTRACT
i DIVISOFK
38D SUBTRACT DIVISOR
TO ADR&ESS 3PD ADD DIVISOR
3RD AUD DIVISOR
INIT QUGTIENT 1ST FRCTN
DIVISUR FOURTH FRACTION IS
; LERN
LUW BIT OF NDIVISOR 3RD
s FRACT LGN
TO ADDRESS 4TH SUBTRACT



3 DIVISUOR

04tD 17 MOV MyA; 4TH SUBTRACT DIVISOR
J4BE 2E1C v 1 L ,GP4A;S T ADUKESS 4TH ADD DIVISOK
04C0 11 M0V MyAj; 4TH A DIVISOR
04C1 2E2A MV 1 L,OP&X; 10 ADDKESS 4TH ADD DISINK
24C3 17 MoV MyAs 4TH Aty DIVISOR

; LJAD 1ST REMAINDEK, CHECK SIGN
044 2E32 MV I Ly2CCL3S T3 ADDR KEMAINDER 1ST FRCTN
J4C6 1€ MOV PR REMAINDER LST FRACTION
24C7 2C THR Ls TC ALUDR REMAINDER 2ND FRCTN
04C8 56 0V DyMs REMALINDUR 2ND FRACTION
J4C9 2C [NR L3 TO ADDR REMAINDER 3RD FRCTN
J4CA c ALV E M3 REMAINDER 3RD FRACTION
04CB AT ANA Aj SET COMTROL BITS
04CC FAF604 JM DIVX4; [F KEMALIMNDER IS NEGATIVF

’ ADJUST EXPONENT, PASITIUN REMAINDER =

H AND INITIALIZE THE QUUTIENT, o
u4cCF 2E30 MVl L+£CCE; TO ALDRESS ACCUMULATOR

s DXFONENT

04D1 4t MOV CyMs QUSTTENT FXPONENT
0402 oc INF Cs INCREMENT QUOTIENT EXPONENT
U403 cg RZ ; RETUxN IF OVERFLOW
J4D4 71 MOV MyC3 QUUTLENT EXPONENT
405 ] M3V LyF3 REMAINDER 3RD FRACTION
U406 62 MAV 1, D3 REMALINDER 2ND FRACTION
G407 5F MUV EqA3 KEMAINOEK 1ST FRACT ION
0408 1601 vl Lol INITLIALIZE QUODT 3RD FRCTN
J4GbA 43 M0V CoB3s INITLIALIZE QUOT 2ND FRCTN

i SUBTRACT THE DIVISCR FROM THE XEMAINDFER

i IF IT IS POSITIVE,

4 DD AF DIvxl: Xeh A REMATHDER 4TH FRCTN IS ZERO
040C CuoNo1 CALL DIVXS5; CALLL RAM SECTION



04DF

04E9

a7

15

DIVX2: KLC s SHIFT FEM 4TH FRCTN TO CY
H SHIFT THE REMAINDER LEFT ONE BIT
hav Aylss QUUTITENT 1ST FRACTICN

8080 MACRO ASSeMBLER, VER 2.4
ERRORS = 0 PACGEL 14

04E1
04%E2
043
D4b4
J4ES
O%cé
047
J4t 4
04E9
N4EA

04ED
I4LE
D4CF

0482
04F3

Jatrs
04F7
O+F8

17
Do
1F
10
17
6F
7C
17
67
€NBCAI3

1A
aF
DADBOG

70
C31D03

613
62
5F

RAL H 45 BIT OF QUOTIENT TO CY
RC 3 IF DIVISION COMPLETF
K AR H REMALNDER 4TH FRCTN TO CY
MOV Ayl s REMALINDEE 3RD FRACTION
RAL H LEFT SHIFT REM 3&0D FRACTIUN
MOy LyAs REAAINDER 3kD FRACTION
MUV LaHj REMAINDER 2ND FRACTION
RAL H LEFT SHIFT RFM 2ND FRCTHN
MV HyAj REMAINDER 2ND FRACTION
CALL LSH;3 CALL LEFT SHIFT SUBROUTINE
H ARAMNCH IF SUBTIRACTIUN IS REQUIRKED
MIV AyDj QUOTIENT 3RD FRACTICGN
RPC H R STGM INDIC TO CARRY BIT
JC DIVXL; T SUL DIVISOR IF REM PNS
H ADD THE DLIVISOR TIF THE REMATwnDER
; IS NEGATIVH,
DIvVX3: MGV Ayl 3 RFMATNDER 3RD FRACTION
JMP DIVXs; TO et CODE
) POSITION THE REMAINDER ANO INITIALIZE
’ THE QUOTIENT.
DIVX4: MCV Lyts REMAIKDFR 3RD FRACTION
MoV H,D3 REMATMDER 2ND FRACTIUN

Mav EaA3 REMAINDER LIST FRACTION

09c¢



04F 9 59 MOV Dybs INITI&ALIZE QUOT 3RD FRCTN

04FA 483 MOV CyB3 IMITIALIZE QUOT ZND FRCTN
J4FB C3F204 JMP DIVX3; ADD DIVISCR IF REM IS NEG
04FE 00 DB 05 CHECKSUM WORD

s SCR EQU 100

3 SCRB Equ SCR SHR g AND OFFH

H } BANK NUMBER 0DF SCRATCH PAD

i ARITH FQU 200H; BASE ADDRESS 0OF

yARTTHEMATIC PACKAGE

H 8989 BINARY FLOATING POINT SYSTEM

’ FORMAT CONVEKSION PACKAGE

, PROGRAMMER CAL UHME

H DATE 264 DECEMBER 1973

’ ARITH IS THE SEGINNING ADDKESS GF THE

H ARTTHEMATIC AND UTILITY PACKAGE OF THE FLOATING

V POINT SYSTEM

H SCR IS THiE BEGINNING ADDRESS NF THE

H RAM JSED AS SCRATCHPAD FNK THE SYSTEM,

; RAM { JQUAT TON USED Y THE BINARY

’ FLOATING PUINT SYSTEM,

sy OVER FOQU 5607 OVERFLIW FLAG

1 ACCE EQU 5005 ACCUMULATOR EXPONENT

yACCS EQU ACCE+1 ;3 ACCUMULATGR SIGN

yACC L EQU ACLCS+1; ACCUMULATOR 1ST FRCTN
2033 ACC2 EQU ACCL+13 SCCUMULATOR 2NO FRTCN
1034 ACC3 EQU ACC2+1; ACCUMULATOR 3RD FRCTN

3 SF EQU ACC3+1; SUBTRACTION FLAG
0036 ADRL EQuU SE+1; CHARACTER STRING WOKD

8930 MACRO ASSEMBLER, VER 2.4
FRRORS = 0 PAGE 15

197



2037
0038
0034
003A
0038
303C
Jo3D
003E
0073F

ADKRH QU
TMP1 EQU
TMP2 £EQuU
TMP3 EQU
VALE Ewu
VALl FQuU
VAL?2 £EQU
VAL3 FQu
TMP 4 EQU
’

H

; PACKAGE,

sy STR  EQU

s ZR3  EQU

s ABS QU

s TST  EQU

s LCo €qQu

y MUL EQU

i DIV EQU

s AD Edy

sy ADDLO

s LSH  Ewu AR
3 KSH  EQU

s CoMpPl

3

; POINT TG
’ ARBITRARY

-t -

SPACE
PLUS

ACRL+1;
ADRH+1;
TMPL+]1;
TMP2+1;
TMP3+1;
VALE+];
VALL+4 ]
VALZ2+1;
VAL3+1;

ARITHH TN
AKITH+1060Q
ARTTH+120Q
ARLITH+131Q
ARTITH+1504Q
ARTTH+2149
ARITH+2641)
AR1ITH+3270

TEMPUORARY STORAGE
TCMPORARY STORAGE
TEMPURARY STCRAGE
VALUE EXPONENT
VALUE EXPONENMNT
VALGE 1ST FRACTICN
VALUr 2KRD FRACTICN
VALUY 3RrD FRACTICN
TeMPOKARY STORAGE

ADDRESS IN THE ARITHMETIC AND UTILITY
PACKAGE REFERFNCFE BY TH®

FORMAT CUNVFERSION

EQU FRITHESS3Q

ITH+0T741Q
ARTTH+TL11Y)

£au ARITH #1640
SUBROUTINE TO CONVERT FROM FIXED
FLOATING POINT FORMAT.
BCD CHARACTLR CantS,y, (OFFSET 30H
s FROM ASLIT):
- OFOH PDECTHAL PUINT ~ OFEH
- OFBH LETTER & —- 015H

9t



JaFF
0500
0501
35C2
J503
0904
J505
05017
0509
0508
050C
053D
J50F
0510
3511
0512
J513

J516

68
5A
51
48
47
mn
EcdyJ
2601
2E30
77
2C
3680
2C
78
A7
b7
C36803

26vu1

'
FLT:

5640 MACRO ASSEMBLER,
ERRJORS = 0 PAGE 16

J519
U51A
0518
J51C
051F

2E39
7E

A7
CA4405
[43)

MGV
MV
MV
MOV
MoV
MOV
AR 1
MV I
MV I
MOV
INR
MV ]
I NR
MOV
NA
RAL
JMp

SUBROUTINE T COMNVER

POINT T1) FIXED PUINT

MVI

VER 2.4

MVI
Mov
ANA
Jz
MUV

MINUS — 0FDH

LyEs
EaLD
U,C;
Cyks
lygAj

Ay L g
20010)3
Hy SCRR;
LyACCE;
M'A;

Ls

M, 204Q%
L

Aybs

A

’
ADDLO;

HySCRB 3}

Ly ACCES
Ay M;

A

FIXL;
A,k

[HPUT FXPONENT

4TH INPUT

RN IMPUT

ZND INPUT FRACTION

15T INPUT FRACTION
[NPUT EXPOINENT

APPLY EXPONENT BIAS

) ADDRESS SCRATCH BANK
T ADDRESS ACCUM EXPONENT
ACCUNYLATOR EXPONENT

T8y ALUKESS ACCUM SIGN
SET ACCUM SIGH POSITIVE
T AdDY ACCUM 1ST FRCTN
LST INPUT FRACTION

5 SET SIGN BIT

ENPUT STGN TO CARRY
COMPLETF COMVERSION

FrUOM FLIJATING
FUkMAT.,

T AJURAESS SCRATCH BANK

Ty AUDK ACCUM EXPONENT
ACCUMULATIR EXPONEMT

3 SET CUNTROL BITS

{F ACCUMULATCK IS ZERO
INPUT EXPUNENT

£9¢



J520
1522
0523
0524
J5H26
0b29
2528
3520
02k
J52F
0530
Jd531
053¢
0L39
2537
U538
0539
0%13C
053E
053F
0540
0541
542
05413
0544
31545
J5406
541
3544
0549

Co6TF
96

N3
FELF
024405
€601
2532
46

2C

4E

2C

56
CNCI03
231
7€

AT
F4F403
3E01
B0

13

41

4A

53

c9

AF

41

4F

57

Cy

Jo

FIXLl:

ADI 177Q;
suB M3
RC '
cPt 0374
JNC FIXL;
ADI 13
MVI LyACCl
MOV BoeM3
IR Ls
MOV C ¢ M3
INR LS
EIRRY DyM;
CALL FSH;
MVl LyACCS;
M.V Ay M,
ANA A
cp Cumpl;
MV I A,1l;
0OKkA £
MOV Ay B3
MaV ByC3
MOy CyD;
MV DyFEs
RET '

XRA
MOV ByAj
MOV CyAs;
MOV Dy As
RET '
D3 D3

INP SUBKQUT INt

INITIALIZ® TEMPORARY

ENTRY

APPLY BIAS - 1

SHIFT COUNT -1

RKETYURM TIF ACCUM TOO LARGE
COMPARE T LARGE SHIFT
IF ACCUMULATCR TOO SMALL
SHIFT COUMT

TO ADOR ACCUM 1ST FRCTN
s ACCUMULLATIOR 1ST FRACTION
TO ANLUR ACCUM 2ND FRCTM
LCCUMULATOR 2MND FRCTN

13 ADSR ACCUM 3ED FRCTN
ACCUMULATUR 3RD FRACTION
POSITIOM THE FRACTION

T ADDR ACCuUM SIGN
ACCUMULETUOR SIGN

3 SET CUNTRCL BITS
CUMPEMERT FRCTN IF NEG
MNON=Zt ki)

SET CONTRUOL BITS FOR EXIT
1ST ReSULT

21 RE SULT

ARD RESULT

4TH RESULT

RETURN 19 CALLER

43 LERY

LERO

LE K

ZERD

RETURN TO CALLER
CHECKSUM WORD

POINT

STHRAGE

?9¢



354A
J548
054¢
J54F
0551
0553
0554
055%
Jnus7
J55A
055C
J5HF
0561
0564

5E
Con406
2C
368)
2E30
12

1B
FEFO
CA6TO05
Ferg
CAGTOS
FEFOD
€C26D05
2E3A

INP:

8030 HMACRO ASSEMBLER,
ERRORS = O PAGE 17

0564

0561
J56A
o568
u5¢eDd
0506F
0571
05174
0576
0579
25748

12

CDELO6
1€
2601
V60U
FEFE
CAAADS
FELS
CAB405
FEOQOA
D2E5)25

SET

FIRST CHARACTER OF STRING
CHAR ADUR, PNT FLG, EXP
TO ADDEESS VALUE SIGN
SET VALUE SIGN POSITIVE
10 ADDK ACCUM EXPIONFNT
SET ACCUYM T ZERD

FIRST CAARACTER

COMPARE T SPACE

I SPACE CHAPACTER
COMPARE CHAR T PLUS

It PLUS SIGN

COMPARE TO MINUS

I+ NOT MINUS SIGN

T ADDR VALUE SIGN

SET VALUc OF SIGN NFGATIVE

ANALYZE NEXT CHAKACTER IN STKING

INPL:

INP2:

MV teM;
CaLL SVAD;,
INR L

MVI My2000Q;
MV I LyACCES
MaV MyDs
MV AyE;
CPI 360Q;
JZ INPL;
el 37345
JZ NP LS
cPI 37505
JNZ NP2,
MVI L, THP3;
VER 2.4

MOV My s

CAaLL

MV Ay M;

MV I HySCKEsS

MV T

CPI 37643
Jz NP3
cPl L2503
JZ INP4;
cht 1243
JNC I NP3

CHAD; CALL CHAR ADDR SEBRTN
NeXT CHERACTER

TU ADDKESS SCRATCH BANK

BeO3 DISIT 2ND WD CGP DEC EXP
COMPARE TO DECIMAL PGINT

IF DECIMAL POINT

COMPARFE TN EXPONENT SIGN

[+ SXPUNENT SIGN

SET CARPFY IF (HAR IS DIGIT
1V CHaR 1S NOT A DIGIT

c9¢



0% 7t
0580
5831
0584
0547
J589
0548C
J5 80
058E
0540
2591
0592
0594
U597
0599
159C
J59EF
059F
JS5A0
05A3
0584
J5A5
OHA6
OSAT

05AA
J5AC
05AD
O5AE
0581

0584

2E3F
11
21ECO6
cnaCoz
238
CL3E02
2C

1€
0600
43

52
15038
COFFJ4
2c38
cpoproz
2FE39
Tt

A7
CAo705
20

46

0%

19
C36705%

2£39
AE

17
C26705
C3ES505

Chtrloe

INP3:

J

NP4

MV
MOV
LX1
CALL
MV |
CALL
IR
MV
MV I
MOV
MUV
MV I
CALL
MV I
CALL
Ml
MV
ANA
JZ
DCR
MOy
DCR
MoV

24P

XK A
MUV
JNZ
MP

LyTMP4;
M'A;
HyFTEN;
MUL 5
LyVALES
STR;

Ls

AyM;s
By0;
Cy83
Daebs
E4,0104Q;
FLT;
LyVALES
ADS
LyTMP2;
Ay M3

O

INPL;
Ls

ByMs

(o 3

MeBj3
INPL3

VI
M3
MoAs
INPL;
INPS

PROCESS DECIMAL

CALL

T ADDK CURRENY DIGIT
SAVE CUKRENT DIGIT

TU ADUK FLOATING TEN
MULTIPLY By TEN

o ADDR VALUFE

STORe ULD VALUFE TIMES TEN
10 ADDr CURRENT DIGITY
CURREMT DIGIT

CLEAR 2MD WORD OF DIGIT
CLEAR 3KD WORD OF CIGIT
CLEAR 47TH WORD QF DIGIY
INDICATE DIGIT IS IN REG A
CONVERT DIGIT TO FLOATING PNT
T ADDK VALUFE

ADD OLD VALUE TIMES TEN
TJ ADNDR DEC PNT FLAG
VECIMAL PIOINT FLAG

v SET CONTRGL BITS

IF N0 DEC PNT ENCNOUNTERED
TJ ADOR INPUT EXPONENT
THPUT EXPAONENT

DECREMENT INPU EXPCNENT
UPDATE INPUT EXPONENT

T GET NEXT CHARACTER

L,THP25 T4y ADDR DEC PNT FLAG
LERY IF FLAG SET

SET DEC PNT FLAG

IF FLAG NAT ALREADY SET

IF 2ND DEC PNT
EXPUONENT

CHAD; CoLL CHAR ADDR SBRTN

99¢



a5b17 &
0588 47
0589 N6FD
0568 5F
as58C CAC505
058F C6Q2
05C1 73

8080 MACRJ ASSEMBLER, V
ERRORS = Q0 PAGE 18

05C2  €2C705
05C5  2C [NPS:
05C6  TE
I5CT 069 INP6
05C9  FEOA
05CB  D2E505
05CE 47
I5CF  2C
509 TE
USUL  FEOA
0503  G2DEOS
’
D506 4F
0501 74
0508 87
0509 87
050A 8
0506 87

Muv Ay M3
MV By A
Sul 3715Q;3
MOV Eoh;
JZ INP5;
ADt 23
MOV Aq.83%
ER 2.4
JNL INP6;
I Nk
AV Ay M3
MV 1
(ONE | 124,
JNC TP ;
MJV ByAs
INR L3
R ERAY} Ayrds
cPl 12495
JNC INPT;
FORM CUMPLETE
Qv Ay B,
ADD Aj
ADD A
ADD B
ADD Aj

HEXT CHARACTER OF STRING
CURRENT CHARACTER
COMPARE T MINUS CHAR
CHAR = MINUS SIGN

I1F MINUS SIGHN

COMPAKE TO PLUS CHAR
CURRENT CHARACTER

IF NGT PLUS SIGN

Ly TO AuDRESS NEXT CHAR
NEXT CHARACTER 0OF STRING
By D3 POSSIBLE DEC EXPONENT
SET CARRY [F CHAR IS DIGIT
IF CHAR IS NB1 A DIGIY

utC EXP EQUAL DIGIT

TO ADDKESS NEXT CHAR

NEXT CHARACTER DF STRING
SeT CARRY IS NOT A DIGITY
ILF CHA4lk 1S NOT A DIGIT

£9¢

DECIMAL EXPONENT

LS DIGIT OF DFEC EXP
MS DIGIT OF DEC EXP
2 x MS DIGIY

4 % MS DIGIT

5 % MS DIGIT

10 * MS DIGIT



05DC
J50D
05DE
050F
JI5ED
05&3
U5t4
J5E5
0517
05E9
O5EA
35€C
J5ED

05¢tF
05FQ
J5F1
J0%F4
05FH
O5F8
O5FB
NO5FE
J6J30
0603
JE06
1607
609

060C
J60D
aelo

81
47
183
A7
D2E505
90
47
2601
2E3A
4k
2€31
71
(]

2E38
85
CA5902
117
21ECO6
F20306
£IB402
3001
C3EEDS
Cngcoe
D3
3EFF
C3EEQS

20
COD40s
Cp5902

ADD
MOV
INPT:
ANA
JNC
SuUB
MOV
INPA:
My ]
MOV
MVI
MOV
MOV

) CONVERT

INPI:
A0
JZ
MOV
LXI
JP

cAalL

MV I
JMp
INP1O:
RC
MV ]
JMP

C we ws
c

DCR

CALL
CALL

Cs

ByA;

MUV

A

INPY;

83

ByAs
MV
LyTMP3;
CyM3
Ly ACCSS

MyCs
AyRs

UEC IMAL

MV 1

M3

TSTs

HyFTEN;
INPLO;

DIvs

Ay l;
INP9

CALL

?
Ay371T4;
[ P9,

DUT SUBROUTINE
SAVE CHARACLTER ADDORFSS ANU ACCUMULATOR,

Ly
SVAD;
TST3

Lo # 1S + LS DIGIT
DUCTIMAL EXPONENT

AsFs STGN UGF DEC EXPONENT
s SFET CONTROL BITS

[F SIGN PLUS

COMPLEMENT DEC FXP
DECIMAL EXPONENT

Hy SCRB 5 Ti) ADORESS SCRATCH BAND
T ADRRESS INPUT SIGN
INPUT SIGN

TU apukeSS ACCUM SIGN
ACCUMUL2ATUOR SING

DECIMAL EXPONENT

CXPUONENT TS sINARY.

Ly THPL; T  ADDRESS DEC EXPONENT
ADJUST DECIMAL EXPONENT
YN DEC rXP IS ZFRD
CURRCHNT DECIMAL FXPOMNENT
T3 ADDR FLUATING TEN

I MULTIPLY REQUIRED
DIVIDE BY TEN

TG INCREMENT DEC EXP

TG TEST FUJR CUIOMPLETTION
MUL s MULTIPLY BY TEN
RETURN {F OVERFLOW

TO OrCxkeEAUNT DEC EXP

TG TeEST Fuk COMPLETICN

FNTRY POINT,

DECREMENT CHARACTER ADDRESS
SET CHAX ADOR, DIG CMT, DEC FXP
LUAD ACCUM TN REGISTERS

862



808U MACRO ASSEMBLER, VER 2.4
ERRORS = O PAGE 19

0613 2E38 MV I Ly VALE;S TO ADDRK ACCUM SAVE AREA
061% CD3ED2 CALL STR; CALL RF& STR SUBRGUTINE
H OUTPUT STIGN CHARACTER,
0618 CDELOG CALL CHAD3 CALL CHAR ADDR SBRTHN
J61is 36F0 MV1 M,360Q3 STORE SPACE CHARACTER
51D AT ARNA A y SET CONTROL BITS
061E CA3A06 JZz OuUT33 IF ACCUMULATCR IS ZEROD
0621 5F MOV £9Aj ACCUMUL ATUR EXPONENT
0622 18 MV Avb; ACCUM SIGN AND 1ST TECTN
0623 AT ANA A 3 St CONTRGL BITS IN
Jo24 8 MoV Ayks ACCUMUL &TOR EXPIONENT o
0625 F22A06 JP uuT L I ACCUM TS POSITIVE
J624 346FD MV I My375Q; CHANGC STON T MIRUS
’ SCALE ACCUMULATOR TO ol = 1. RANGF/
J6L2A FETE uurls: CPI 17505 COMPARE TGO SMALL EXPONENMT
J62C 21ECO06 Jut2: LXI He FTEMS T ADDR FLOATING TEN
062F DA4406 JC OUT 43 [F EXPONENT TOD SMALL
3632 FES1 CPI 201Q3 CUNMPART: TO L ARGE EXP
D634 DA4F 06 JC JUT5; LF EXP SHMALL ENOUGH
06317 CnB402 CALL Dlv; DIVIVDE BY TEN
J63A 2501 OuT3: MV 1 HeSCRB3 TO APDRFSS SCRATCH BANK
063C 2E39 MV 1 Ly TMP2; TO ADDic DECIMAL EXPONENT
J&3C 5¢ MOV £ M3 Do CIMAL EXPONENT
U6 3F 1C IR E; [NCREMENT DECIMAL EXPONENT

0640 73 MOV MyEs NECIMAL EXPONENT



0641
D644
06417
649
0644
0648
064C

J6 4 F
0652
U655
Job58
065A

0650
Q065F
UiEe O
Wo6s61
0663
2666
D668
0669
J66A
066C
J66D

6040 MACRO ASSEMBLEK,

£32CJ06
cnscoz
2E39
S5E

10

13
C32A006

Cu5002
21F006
cDD702
FEBL

D22C06

2t 39
7€
SF
FEOS
DAGBO6
1E01
93
77
3E97
93
2C

ERRORS = U PAGE 20

D66F

17

BY

JMP ouT2;
OUT4: CALL
MV I LyTMP2;
MOV E g M3
DCR Es
JMp OuTl;
H ROUND THE VALUE
OuTs5: CaLlL
LXi HyrMUOSG
CALL AljS
CPl 201u;
JAHNC OuUTZ;
i SCT DIGIT COUNTS.
MVT Ly TMP2;
My PR
IV CohA;
cr1l 010493
JC UT6
MVl cyls
UuTé6: Sun
MOV My,
My 1 L
S4B Fs3
IR L3
VER 2.4

T TEST FOR SCALING COMPLETE
MULS MULTIPLY BY TFEN

Tt) ADDE DECIMAL EXPCONENT
DECIMAL EXPONENT

DECREMENT DECIMAL EXPONENT
DECTMAL EXPONEMT

T TEST FOR SCALING COMPLETE

ADDING J0000005

ABS3 SET ACCUM POSITIVE

TG AUDEES ROUNDER

ARD THE ROUNDER
CHECK FUR (UVFERFLOW
[F EXP TOO LARGE

TJ ADDK DECIMAL EXPONENT
DECIMAL EXPOMENT

DIGITS BEFURE DECIMAL PCINY
CUMPARE T8 LARGE EXP

[F EXPUNENT IN RANGE
DIGITS BEFURE DEC PNOINT
E3 ADJUST DEC EXPONENT

DECIMAL EXPONENT
TUTAL NUMBEE OF

DIGITS
TO ADDK

DIGITS
AFTER DFCTMAL PNT
20D DIGIT CONT

DIGITS AFTER DECIMAL PGINT

0s2



N66F
0670

0071
D613
D674
06175
06178
06178
067t
0640
0683
Jogb
064817
0684y
06 8A
068D
Jb8F
0692
0694
J&95
0697
D698
Q698
D6G9IE
064A)
A6 A2
Ny )
J6AS6
Q6 AT

J6AA

1D
78

2E38
96

17
FA9206
21ECO6
Ccp8Ccoz
1E08
Co160%
CDELO®
17

AF
1E03
COFFO4
3EFF
C37106
2E3A
1E
36FF
AT
FAAS06
COELOG
JoFE
2631
C37106
2D

A6
CACCO6

95FB

i
QuTT7:

outs:

OurT9:

DCR Fs

MV AyE s

SUTPUT STIGNIFICANT
MV1

ADD M

MOV My As

JH ouTs;s

LxI Hy FTEN;

CALL MuUL s

MVI C,10Q3

CALL FIx;

CALL CHLD;

MV My A3

XRA A

MY I E,0100;5

CALL FLT

MV I Aeg31771;

Jiip DUTT;S
MVI

MGV Ay M;

MVI My3TTGS

ATIA A

J# CuTa;

cALL CHAD;S

MV I My 370693

MVI HySCKB

JMp Ut
DCk

ANA ]

JZ Cutis;

OuUTPUT

MV 1 By37349;

DECREMENT DIGIT COUNT
VIGITS LefFORE DEC PNT

DIGITS.

Ly TMPL;

MEW DI
[F COUNT
T3 ADO-

MULTIPLY
T PLACE
CUNVERT

CALL CHie

T3 ADDR DIGIT COUNT
ADJUST DIGIT COUNT

T COUNT

RUN 0OUT
FLCATING TON

BY TEN

DIGIT IN RE A
TN FIXED FORMAT
R ADDR SBRT

JUTPUYT UEC IMAL DIGITY

CLEFAR CURRENT DIGIT

CALTNG FACTOR

VALUE MINUS GIGIT

T DIGIT CNT

YLCOP FOR NEXT DIGIT

TO ADDR 2N0D DIGIT CNT
BIGITS aFTER DECTMAL PNT

BINARY §
RESTORF
T3 ADJUS
Ly THP3

SET 2ND
y SET Co

LUulP Fiw
Ly T Ap

PLUS CHA

COUNT MEG

NTRGL 8ITS

LE2ND COUNT RAN OUT

CALL CHAR ADDR SBRTN

STIRE DRCIMAL POINT

Ty ADUESS SCRATCH BANK
NEXT DIGIT

DR DECIMAL EXP

3 DECIMAL e£XPONENT

I+ OFCTIHAL EXPONENT IS ZERQD
DECTMAL EXPUNENT .,

RACT ER

TL2



06AC
Do AF
2681
J6LB2
)63
D684

26B6
6B 7
068y
06BA
068D
JH BF
06C2
06CH
A6CT
06CH9

F2B8406
06FD
4F

AF

91
OEFF

57

ocC
D60A
D2B606
3E15
CDE106
CO3E02
2601
2E38
C36E02

80830 HACKD ASSEMBLER, VEX
ERRORS = 3 PAGE 21

06 CC
JoCLE
N6C*F
JoDu
JoDl

QuD4

3EFO
47

4F

57
C3BF06

T0

Jp OUT103 ¥ EXPUMNENT IS POSTITIVF
MV By375Q3 CHANGE SIGN TO MTNUS
MOV CeAj NEGATIVE EXPONFNT
XR A A LERD
SuUB Cs CUMPLEMENT EXPONENT
outT19d: MV 1 Ce3T77T4d5 EMBRYD TENS DIGIT
OuTll: MOV DyAs UNITS DIGIT
INR Cs INCREMENT TENS DIGIT
Sul 01203 RENDUCE WEMAINDER
JHC QuTtils IF MORe TENS
MVI A,025Q; EXPONENT SIGN
aurtle: CAtL CHADS CeLL CHAR ADDR SBRTN
catiL STR; STORE LAST 4 CHARACTER
MV I HySCRB; TG ADDKESS SCRATCH BANK
MVI Ly VALE; TU ADURESS ACCUM SAVE AREA
Jhp LLO; RueSTORS ACCUM AND EXIT &
H AQUTPUT 4 SPACES IF EXPUNENT 1S ZERO. >
OuUT13: MV Ay 36005 SPACE CHARACTEP
MV ByAs SPACF CHARACTER
MOV CyAj SPACE CHARACTER
MUV DyA3 SPACF CHAKACTER
JilP Gurle; 10 STOwr CHARACTERS
H SUBROUTINF TO SAVE CHARACTER STRIMNG ADDR,
SVAD: MUV AyL; CHARGCTER STRING WORD



06D5 44 MOV ByH3 CHARACTER STPING BANK

06n6 0c 00 MV I Cy03 INPUT EXP UR DIGITY
Q608 51 MOV DsC3 D-C PNT FLAG OR DEC EXP
3609 2501 MV 1 HesSCKB} Tt ADDKESS SCRATCH BAMK
2603 2E36 MV I L 2ADIRL;S T ADCK CHAR STRING WOFRD
J6rD CO3EV2 CALL STR; STKROE A, #By Cy, AND D
J6ED C9 RET H RETURN T CALLER

; SUBROUTINE TO NDBTAIN NEXT CHeRACTEK ADDR. '
0eel 2¢01 CHAD: MVl Hy SCRB3 T ADDRESS SCRATCH BANK
uot3 2E36 MV I LyAURLS TO ADDK CHAR STRIMG wWDORD
06F5 S5E MOV FoM3 CHARACTLER STRING WGRD
J6ED 1C IMR E3 T ADOR NEXT CHARACTER
O6ET 13 MOV MsE3 UPDATE (HAR STIRING WORD
06F38 2C INR L3 0 ADDK CHAR STRING BANK
Dokq 66 My Hy M3 CHARACTER STRING WORD
06EA 68 MOV LeEs CHARACTER STRING WORD
06E8 C9 RET H KETURN TU CALLER
06tC 84200000 FTEN: DR 2040,040Q2,0,03 FLOATING TEN
J610 6856BFAD RNDO: 813 L50Q,126Q,2770,255Q3 00020305
Jof 4 00 v 03 CHECKSUM WERD

ENMD

NO PPOGRAM ERRIRS

BOB0 MACKO ASSEMBLER, VER 2.4
ERRDRS = O PAGE 22

SYMBUL TASLE

¥ 01

£L2



A
ACC3
ADD1Y
ADD2
ADRL
C
CUmMP1
nIvxl
DIVXS
FIX1
INITY
INPL1O
INP S
INPY
LSH
MUL
MOL X
MUL X4
NORM2
OP2A
aPan
OuTl
OuT13
GuUtTH
GuUTsS
PREX
RnDR
RSIHL
SCR
STR
TP 1

7037
0034
0368
030k
0036
0u01
03F 4
0408
J1ub
0Y%44
Q22F
0603
Jd5CH
05EE
u38C
023C
0440
0100
U415
Q023
001cC
J62A
06CC
064F
J6AS
Q02F
043F
23CH
0100
023E
003 b

ABS
ACCE
ADDI11
ADD]
ARITH
CHAD
0
DIVXe
DIvXe
FLT
INITIL
INP2
INPO
L
LSHI1
MULP1
MUL XL
MUL X5
NORM3
ap2sS
OP4S
OuUT 1
gute
QuTéb
OVER
PSw
ROND
RSH2Z
SCRB
STR1
TMP2

3250
0030
0374
J320
0200
JO6EL
002
04NF
Jl1E
O4FF
0231
1561
0oC7
0005
038F
0309
0465
0413
0422
04d15
0J0E
A6BY
062C
0u5Y
J32E
0J06
U430
J30A
09201
023F
0039

ACC1
ACCS
ALDLZ2
ADDY
AR THB
CHS
OIv
DIVX3
E
FTEN
ine
INP3
INPT
1.UD

M
MuLP?2
MULXZ
NESIRTA
OP1A
0P3A
P ax
CUuTll
UuT3
GuTYy
OVERF
RNDO
RSH
KS5H3
SF
STRO
T™P3

332
uG3l
037A
0350
Q002
J240D
JZ2B4
QaF 2
JUd3
056EC
O954A
OH A4
JdbDc
126K
JU0s
0005
2453
D402
027
vl F
G024
JOB6
D63 A
06171t
J2CA
06F)
J3Cy
Q30D
JU35
w230
Uu3dL

ALC2
A)
£DDLT
LDRH
b
CaMp
ulvx
CIVXs
FIX

H
INP1
INP 4
NP3
LON1
MDEX
ML P3
SUL K3
MURML
UP1S
0OP3s
B10)
CuTL?2
2UT 4
IRIVR et
OVUN
rNDA
«SHO
B

P
SVAD
TMP4

06033
0207
0386
0037
0000
N3&F
0490
04F6
D516
0004
0567
05B4
05E5
n218
0395
0001
0479
044
0019
0011
060C
J6BF
0644
0692
0388
02A9
03C8
0204
0006
J6eN4
003¢

9L
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8%20
4eCo

1047
Z2IVA

RAXAt
J¢00

o7z
TIVA

q4eCo
9670

3 IVA
T1S1

Je 00
6670

£ TVA
151



APPENDIX F
Reactimeter Program

Inhour Equation
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8080 MACRO ASSEMBLERjs VER 2.4
ERRORS = 0 PAGE 1

1 PART MACRO LAMI,BII

1 LXI H,LAMI sLOAD ADDRESS OF LAMI (N HL

1 LODE

1 LXI H, PER i LOAD ADDRESS OF PER IN HL

1 CALL MUL sMULTIPLY

1 LXI Hy ONE s LOAD ADDRESS ON ONE IN HL

1 CALL AD 3AD :

1 LXI H, HOLD ;LOAD ADDRESS OF HOLD IN HL

1 STRIN

1 LXI H,BII ;LOAD ADDRESS OF BII IN HL

1 LODE

1 LXI HyHOLD s LOAD ADDRESS OF HOLD IN HL

1 CaLL DIV iDIVIDE

1 LXI H,RES s LOAD ADDRESS DF RES IN HL

1 CALL AD + ADD

1 LXI HsRES s LOAD ADDRESS OF RES IN HL

1 STRIN
ENDM

1 LODE MACRO

1 CALL LOD + LOD——LOADS FLOATING-POINT—-ACCUMULATOR

1 + FROM THE ADDRESS GIVEN IN HL
ENDM

1 STRIN MACRO

1 CALL STR 1 STR-—STORES THE FLOATING-POINT-

1 sACCUMULATOR IN THE ADDRESS GIVEN BY HL
ENDM

022F ORG 022FH

022F 0o INT: NOP

LLe



0230
023E
023€
023F
0250
0250
0251
024D
0240
024E
026E
026E
026F
028C
028C
0280
0284
0284
0285
02D4
0204
0205
0207

8080 MACRO ASSEMBLER,

()

00
c9

00
c9

00
c9

00
Cc9

00
c9

00
c9

00
Cc9

ERRORS
0207 00
0208 €9
04FF

RET
ORG
STR: NOP
RET
ORG
ABS: NOP
RET
ORG
CHS: NOP
RET
ORG
LOD: NGP
RET
ORG
MUL 2 NOP
RET
ORG
DIv: NOP
RET
ORG
S8 NQOP
RET
ORG

= 0 PAGE 2

AD: NOP
RET
ORG

VER 2.4

023EH

0250H

024DH

026EH

028CH

028B4H

02D4H

02D7H

04FFH

+THE FOLLOWING LABELS ARE FOR THE FLOAT-
$ ING POINT ROUTINES THAT ARE IN EPROM AND
s ARE BY CERTAIN ROUTINES TO PERFORM MATHE
sMATICAL OPERATIONS. THESE ROUTINES ARE
i IN ANOTHER PRINT OUY AND ARE GIVEN HERE
+AS DUMMY PROGRAMS TO BE REFERENCE BY THE
3+ CROSS ASSEMBLER.

8L¢



C4FF
0500
054A
054A
0548
060C
060C
060D
0000
0000
0003
0006
0008
0909
000A
0008
000D
000E
0J0F
0011
0013
0016
0019
0ols
0olcC
001lE
001F
0021
0028
0028

002A

00
c9

00
co

00
c9

31FF10
210A13
36F0
2C

2C

2C
36FE
2C

2C
36FF
1607
CD2F02
210213
3600
20
3600
2D
3600
C39C00

D30A

210E13

FLT:

INP:

Qu:

START:

INTRO:
INPUT:

NOP
RET
ORG
NOP
RET
ORG
NOP
RET
ORG
LX1I
LX1I
MV I
INR
INR
INR
MV I
INR
INR
MVI
MVI
CALL
LX1
MV ]
DCR
MVI
DCR
MVI
JMP
ORG
out

LXI

054AH

060CH

0000H
SPy10FFH ;LOAD STACK POINTER TO HI 10 AND LD FF
Hy DMANTY
Me360Q
L
L
L
M,376Q
L
L
M,377Q
Ds7 ;SET D EQUAL TO 7

INT s INT——INITIALIZE SCRATCH PAD MEMORY
HyRES s LOAD ADDRESS OF RES IN HL
M,0 sRES = 0
L
M,0 iMEM = O
L
M, 0 tMEMYI = O
WAIT sJUMP TO WAIT AND BEGIN PROGRAM
0028H
10 sGENERATE A DEVICE SELECTY PULSE

s TO OEVICE TEN

Hy DMANT+4 ; ADDRESS OF THE TENTHS DIGIT OF DMANT

6LC



0020

002F
0030
0031
0032

0034
0035
0036

0038
0039

8080 MACRO ASSEMBLER,

D801

17
20
2D
DB 02

17
20
DBO3

117
2D

ERRORS = 0 PAGE 3

003A
0030
0040
0043
0046

0049
004C

fo=

- g

CD4AOS
212513
CD3EO02
212513
CD6EO2

212113
ES

IN 1

MOV M,A

DCR L

DCR L

IN 2

MOV M, A

DCR L

IN 3

MOV M,A

DCR L

VER 2.4

CALL INP

LXI HyFLX2

STRIN

CALL STR
CMPAR: LXI HyFLX2

LODE

CALL LOD

tXI HyFLX1

PUSH H

s ACCUMULATOR

sREAD TENTHS DIGIT FROM DEVICE 1 INTO
s ACCUMULATOR

iMOVE A TO DMANT + 4

sREAD ONES DIGIT FROM DEVICE 2 INTO
s ACCUMULATOR
iMOVE A TO DMANT + 2

sREAD TENS DIGIT FROM DEVICE 3 INTO
s ACCUMULATOR
iMOVE A TO DMANT + 1

s INP-—CHANGES A BCD STRING NUMBER INTQO
? A BINARY-FLOATING-POINT NUMBER
s LOAD ADDRESS OF FLX2 INTYO HL

$ STR-—STORES THE FLOATING-POINT-
sACCUMULATOR IN THE ADDRESS GIVEN BY HL
s LOAD ADDRESS OF FLX2 IN HL

+LOD-—-LOADS FLOATING-POINT-ACCUMULATOR
s FROM THE AODRESS GIVEN IN HL

sLOAD ADORESS OF FLX1 IN HL

+PUSH HL ON TO THE STACK

08¢



004D
0050
0053
0056
0057
005A
005D
0060
0063
0056
0069
006C
006F
0072

0075
0078
0078

007E
ool
0083
0084
0086
0087
008A
0088
008E
0091
0092

™

[

CDD402
CDA100
€D5002
El

CDB402
213C01
COD402
FA8700
214001
CDOD402
FAOOLl 4
CD7200
€39C00
212513

CD6EQ2
212113
CD3EO02

210113
3600
20
3600
C9
210113
34
CA9100
C39Co0
2D

34

EXCH:

TRACK:

HMEM:

CALL SB
CALL FLAG
CALL ABS
POP H

CALL DIV
LXI HyTH100
CALL SB

JM TRACK
LXI HyNTH1O
CALL SB

JM CALC
CALL EXCH
JMP WAIT
LXI HyFLX2
LODE

CALL LOD

LXI H,FLX1
STRIN
CALL STR

LXI HyMEM
MVI M,0
DCR L

MVI M,0
RET

LXT Hy MEM
INR M

JZ HMEM
JMP WAIT
DCR L

INR M

s SUBTRACT

iCALL SUBROUTINE FLAG

$ABSOLUTE VALUE

;POP HL OFF OF THE STACK

iDIVIDE

s LOAD ADDRESS OF THL100 IN HL

s SUBRACT

iJUMP TO TRACK ON NEGATIVE RESULT

iLOAD ADDRESS OF NTHLO IN HL

s SUBTRACT

3 JUMP TO CALC ON NEGATIVE RESULT
;CALL EXCH

1JUMP TO WAIT

i LOAD ADDRESS OF FLX2 INTO HL

s LOD-—LOADS FLOATING-POINT-ACCUMULATOR
i FROM THE ADDRESS GIVEN IN HL
;LOAD ADDRESS OF FLX1 INTO HL

iSTR-——STORES THE FLOATING—-POINT-
sACCUMULATOR IN THE ADDRESS GIVEN BY HL
i LOAD ADURESS OF MEM INTO HL

iMEM = O

tMEM1L = O

+ LOAD ADDRESS OF MEM IN HL

s INCREMENT CONTENTS OF MEM
;JUMP TO HMEM IF RESULT IS ONE
s JUMP TO WAIT

sDECREMENT L

s INCREMENT MEM+1

182



0093
0095
0096
0099
009C
0090

8080 MACRO ASSEMBLER,

3E04
9E
€29C00
C 35901
FB

00

WAIT:

ERRORS = 0 PAGE 4

009E
00Al
00A4
00A7
00A9
00AA
00AC
00AD

00BO

0083
o0B6

0oB9

e g

P o ot

C39C00
212913
FAAAOO
3600
co
3601
c9
210613

CD6EO2

CD4DO02
210613

CD3E02

FLAG:

NEGAT

CHSGN:

MVI A,004Q
SBB M

JNZ WAIT
JMP OTPTO
El

NOP

VER 2.4

JMP HWAIT
LXI HySGST
JM NEGAT
MVI M,0
RET

MVI M,001Q
RET

LXI H,PER
LODE

CALL LOD

CALL CHS
LXI H,PER
STRIN
CALL STR

A = 4

s SUBTRACT MEM+1 FROM A

sJUMP TO WAIT IS RESULT IS NOT ZEROD

s JUMPT TO OTPTO

sENABLE FLAG INTERRUPT

iNO OPERATION

3+ THE PURPOSE OF THIS LOOP IS TO LET THE

sMICROCOMPUTER IDLE WHILE WAITING FOR THE
;START DF A NEW TIME INTERVAL SIGNAL FROM
s THE DPM WHICH OCCURS EVERY 0.01 SEC.

s JUMP TO WAIT

s LOAD ADDRSS OF SGST IN HL

i JUMP TO NEGAT IF RESULT IS NEGATIVE

ISET M = 0

sRETURN FROM SUBROUTINE

sSET M = 001Q

s LOAD ADDRESS OF PER IN HL

s LOD——LOADS FLOATING-POINT-ACCUMULATOR
;s FROM THE ADDRESS GIVEN IN HL

s CHANGE OF SIGN

+ LOAD ADDRESS OF PER IN HL

$STR-—STORES THE FLOATING-POINT-
s ACCUMULATOR IN THE ADDRESS GIVEN BY HL

[4:74



008C
1400
1400
1403
1404
1405
1406
1407
1409
1408
140D

1410
1413
1416
1419
141A
1410
1420
1423
1426
1429
142C
142F

1432

r— e

NN o e gt o NN N e

()

210113
4E

20

46

03
3E00
1600
1E18
CDOFFO4

210613
CD3EO02
212913
35

CCADOO
210001
CD6ED2
210613
coscCo2
213801
CDDTO2
211013

CD3E02

+

L R R R

CALC:

RET iRETURN FROM SUBROUTINE

ORG 1400H

LXI HyMEM sLOAD ADDRESS OF MEM IN HL
MOV C,sM sMOVE CONTENTS FROM MEM T0 C
DCR L s DECREMENT L

MOV B, M s MOVE CONTENTS FROM MEM TO B
INX B ;s INCREMENT BC PAIR

MVI A,0 tA =0

MVl D,O0 +REGISTER D = 0

MVI £,030Q sREGISTER E = 24

CALL FLT sCALL IFPP ROUTINE FLT TO CONVERT BINARY

sFIXED POINT TO BINARY FLOATING POINT
LXI Hy PER s LCAD ADDRESS OF PER IN HL
STRIN
CALL STR sSTR--STORES THE FLOATING-POINT~-

sACCUMULATOR IN THE ADDRESS GIVEN BY HL »
LXI HySGST yLOAD ADDRESS OF SGST IN HL w
DCR M ;s DECREMENT SGST
CZ CHSGN sCALL CHGSN IF THE RESULT IS ZERO

PART LAM1,BI1

LXI HyLAML s LOAD ADDRESS OF LAMI IN HL

LODE

CALL LOD + LOD~-LOADS FLOATING-POINT—-ACCUMULATOR
iFROM THE ADDRESS GIVEN IN HL

LXI Hy PER iLOAD ADDRESS OF PER IN HL

CALL MUL s MULTIPLY

LXI H, ONE sLOAD ADDRESS ON ONE IN HL

CALL AD $AD

LXI Hy, HOLD ;LOAD ADDRESS OF HOLD IN HL
STRIN

CALL STR iSTR-—STORES THE FLOATING-POINT-

s ACCUMULATOR IN THE ADDRESS GIVEN BY HL



8080 MACRO ASSEMBLER,
ERRORS = 0 PAGE 5
1435 1 211801 +
2 +
1438 2 CD6EQ2 +
2 +
1438 1 211013 +
143E 1 CDB402 +
1441 1 210213 +
1444 1 CDD702 +
1447 1 210213 +
2 +
144A 2 CD3EO2 +
2 +
1 +
144D 1 210401 +
2 +
1450 2 CD6EQ2 +
2 +
1453 1 210613 +
1456 1 CD8CO2 +
1459 1 213801 +
145C 1 CDD702 +
145F 1 211013 +
2 +
1462 2 CD3EQ2 +
2 +
1465 1 211C01 +

VER 2.4
LXI H,BI1 sLOAD ADDRESS OF BII IN HL
LODE
CALL LOD 3 LOD-—LOADS FLOATING-POINT-ACCUMULATOR

:FROM THE ADDRESS GIVEN IN HL
LXI H,HOLD s+ LOAD ADDRESS OF HOLD IN HL

CALL DIV s DIVIDE

LXI H4RES sLOAD ADDRESS OF RES IN HL

CALL AD i ADD

LXT H,RES ;LOAD ADDRESS OF RES IN HL

STRIN

CALL STR 3 STR-—STORES THE FLOATING-POINT-

sACCUMULATOR IN THE ADDRESS GIVEN BY HL
PART LAM2,BI2
LXI H,LAM2 ;s LOAD ADDRESS OF LAMI IN HL
LODE
CALL ©LaD s LOD~--LOADS FLOATING-POINT-ACCUMULATOR
iFROM THE ADDRESS GIVEN IN HL
LXI H, PER sLOAD ADDRESS OF PER IN HL

CALL MUL s MULTIPLY
LXI Hy ONE s LOAD ADDRESS ON ONE IN HL
CALL AD : AD

LXI Hy HOLD ;LOAD ADDRESS OF HOLD IN HL
STRIN
CALL STR i STR--STORES THE FLOATING-POINT-
s ACCUMULATOR IN THE ADDRESS GIVEN BY HL
LXI H,BI2 ;LOAD ADDRESS OF 8II IN HL

%8¢



1468

1468
146E
1471
1474
1477

147A

147D
1480
1483
1486
1489
148C
148F
1492

1495

N NN P e NN = NDNN = NN

+
CD6EQ2 +
+
211013 +
CDB402 +
210213 +
CoD702 +
210213 +
+
CD3EO2 +
+
+
210801 +
.’.
CD6E0Q2 +
+
210613 +
cosco2 +
213801 +
CODT702 +
211013 +
+
CD3€E02 +
+
212001F +

8080 MACRO ASSEMBLER,
ERRORS = 0 PAGE 6

LODE

CALL LOD ; LOD~—LOADS FLOATING-POINT-ACCUMULATOR
s FROM THE ADDRESS GIVEN IN HL

LXI H,HOLD s+ LOAD ADDRESS OF HOLD IN HL

CALL DIV sOIVIDE

LXI HsRES : LOAD ADDRESS OF KRES IN HL

CALL AD ;s ADD

LXI HsRES + LOAD ADDRESS OF RES IN HL

STRIN

CALL STR 3STR-—STORES THE FLOATING-POINT-

sACCUMULATOR IN THE ADDRESS GIVEN BY HL
PART LAM3,BI3
LXI H,LAM3 sLOAD ADDRESS OF LAMI IN HL
LODE
CALL LOD } LOD-—~LOADS FLOATING-POINT-ACCUMULATOR
s FROM THE ADDRESS GIVEN IN HL
LXI Hy PEK s LOAD ADDRESS OF PER IN HL

CALL MUL sMULTIPLY
LXI Hy ONE s LOAD ADDRESS ON ONE IN HL
CALL AD 3 AD
LXI Hy HOLD 3;LOAD ADDRESS OF HOLD IN HL
STRIN
CALL STR 1 STR--STORES THE FLOATING—-POINT-
sACCUMULATOR IN THE ADDRESS GIVEN BY HL
LXI H,BI3 s LOAD ADOURESS OF BII IN HL
VER 2.4

LODE

19114



1498

1498
149E
14A1
14A4
14A7

14AA

14AD
14B0

1483
1486
1489
148C
14BF

L4C2
14C5
14C8
14C8
14CE
1401

14D4
14D7

s et ot pt et N NN et NN N P st et gt s NI NN e 0 NN s e e b e PO

CD6EO2

211013
CDB402
210213
CDD702
210213

CD3EO02

210C01
CD6E02

210613
coscoz
213801
CDD702
211013

CD3E02
212401
CD6EQ2
211013
CDB402
210213

CoD702
210213

LR I BN B A R A AR K AR S S B SRR A IR S I A R R

CALL LOD ;1 LOD——LOADS FLOATING-POINT-ACCUMULATOR
s FROM THE ADDRESS GIVEN IN HL
LXI HsHOLD i LOAD ADDRESS OF HOLD IN HL

CALL DIV ;DIVIDE

LXI H,RES s LOAD ADDRESS OF RES IN HL

CALL AD $ ADD

LXT H,RES ;LOAD ADDRESS OF RES IN HL

STRIN

CALL STR 3 STR-—STORES THE FLOATING-POINT-

sACCUMULATOR IN THE ADDRESS GIVEN BY HL
PART LAM4,Bl4
LXI HyLAM4 s LOAD ADDRESS OF LAMI IN HL
LODE
CALL LOD 3 LOD——LOADS FLOATING-POINT—-ACCUMULATOR
3 FROM THE ADDRESS GIVEN IN HL
LXI Hy PER s LOAD ADORESS OF PER IN HL

CALL MUL sMULTIPLY
LXI H, ONE s LOAD ADDRESS ON ONE IN HL
CALL AD s AD

LXI Hy, HOLD ;LOAD ADDRESS OF HOLD IN HL
STRIN

CALL STR s STR-—STORES THE FLOATING-POINT-
sACCUMULATOR IN THE ADDRESS GIVEN BY HL

LXI H,BI4 s LOAD ADDRESS OF BII IN HL

LODE

CALL LOD ; LOD--LOADS FLOATING-POINT-ACCUMULATOR

; FROM THE ADDRESS GIVEN IN HL
LXI HsHOLD s LOAD ADODRESS OF HOLD IN HL
CALL DIV ;sOIVIDE
LXI HsRES + LOAD ADDRESS OF RES IN HL
CALL AD sADD
LXI H,RES i LOAD ADDRESS OF RES IN HL

98¢



14DA

14DD
14€0
14E3
14E6
14E9
14EC
14EF
14F2

14F5

8080 MACRO ASSEMBLER,
ERRORS = 0 PAGE 7

14F8

14F8
14FE
1501
1504
1507

N NN - e ONNN NN

TN Pt b o P s NN

CD3EO2

211001
CD6EQ2

210613
cbscoz
213801
CDD702
211013

CD3EO02

212801

CD6EO2

211013
CDB402
210213
CbD702
210213

LK B A IR R AR A A K B 2

R EE RIS

STRIN

CALL STR $STR-—-STORES THE FLOATING-POINT-
s ACCUMULATOR IN THE ADDRESS GIVEN BY HL

PART LAMS5,BI5

LXI HsLAMS s LOAD ADDRESS OF LAMI IN HL

LODE

CALL LOD ;LOD——LOADS FLOATING-POINT-ACCUMULATOR
s FROM THE ADDRESS GIVEN IN HL

LXI Hy PER ;+LOAD ADDRESS OF PER IN HL

CALL MuL sMULTIPLY
LXI Hs, ONE ;s LOAD ADDRESS ON ONE IN HL
CALL AD $AD

LXI Hy HOLD 3LOAD ADDRESS OF HOLD IN HL
STRIN

CALL STR iSTR--STORES THE FLOATING-POINT-
s ACCUMULATOR IN THE ADDRESS GIVEN BY HL
LXI H,BIS5 ;s LOAD ADDRESS OF BII IN HL
LODE
VER 2.4
CALL LOD 3+ LOD-—LOADS FLOATING-POINT-ACCUMULATOR

; FROM THE ADDRESS GIVEN IN HL
LXI H,HOLD iLOAD ADDRESS OF HOLD IN HL
CALL DIV sDIVIDE

LXI HsRES s LOAD ADDRESS OF RES IN HL
CALL AD $ADD
LXT HsRES s LOAD ADORESS OF RES IN HL

STRIN

£8¢



150A

150D
1510
1513
1516
1519
151C
151F
1522
1525
1528
1528
152€E
1531
1534
1537
153A
153D
1540

1543

NN ot bt ot s NN NN N st ot s et e DN N~ NN

et

CD3EOQ2

211401
CD6EO2
210613
cpsco2
213801
CDD702
211013
C03E02
212C0l
CD6ED2
211013
CDB402
210213
CODT02
210213
CD3E0Q2
213401
CD6EOQ2

210613

R I I R A e AR IR R I 2k I I PP

+ + +

CALL STR

PART LAM6,BI6

LXI HeLAM6
LODE
CALL LOD

LXI H, PER
CALL MUL
LXI H, ONE
CALL AD

LXI Hy, HOLD
STRIN

CALL STR

LXI HsBIG6
LODE
CALL LOD

LXI H,HOLD
CALL DIV
LXI HsRES
CALL AD
LXI H,yRES
STRIN

CALL STR

LXI Hy PNLF
LODE
CALL LOD

LXI H,PER

i STR-—STORES THE FLOATYING-POINT~-
iACCUMULATOR IN THE ADDRESS GIVEN BY HL

;LOAD ADDRESS OF LAMI IN HL

;LOD—~LOADS FLOATING-POINT-ACCUMULATOR
;s FROM THE ADDRESS GIVEN IN HL

s LOAD ADDRESS OF PER IN HL

SMULTIPLY

s+ LOAD ADURESS ON ONE IN HL

s AD

s LOAD ADDRESS OF HOLD IN HL

s STR-—STORES THE FLOATING—-POINT-
sACCUMULATOR IN THE ADDRESS GIVEN BY HL
s LOAD ADDRESS OF BITI IN HL

3 LOD~—-LOADS FLOATING-POINT—-ACCUMULATOR
;FROM THE ADDRESS GIVEN IN HL

;LOAD ADDRESS OF HOLD IN HL

iDIVILE

sLOAD ADODRESS UF RES IN HL

s ADD

s LOAD ADDRESS OF RES IN HL

1 STR--STORES THE FLOATING-POINT-
sACCUMULATOR IN THE ADDRESS GIVEN BY HL
;LOAD ADDRESS UF PNLF

;s LOD--LOADS FLOATING-POINT-ACCUMULATOR
s FROM THE ADDRESS GIVEN IN HL
; LOAD ADORESS OF PER IN HL

8827



1546
1549
154C
154F
1552
1555
1558
1558
155E
1560
1563

8080 MACRO ASSEMBLER,

C0B402
210213
COD702
213001
cD8Co2
211413
CDoCos
210213
3600

€ch7200
€35001

ERRORS = 0 PAGE 8

0150
0150

0153
0155

0156
0159
0158
0150
015F
0162

3A1D013

06F0
B8

CA7101
3E00
1e01
D304
Cbb201
D305

OUTPT:

oTPTO:

OTNUM:

CALL O1V

LXI

HyRES

CALL AD

LXI

H, CONV

CALL MUL

LXI

Hy RHO

CALL 0Ou

LXI
MV I

HyRES
M,0

CALL EXCH

JMP

VER 2.4

0ORG
LDA

MVI
CMP

JZ

MVI
Mv1
out

auTePY

0150H
RHO+9

B,»360Q
8

CHK1
A, OH
Ey 1
4

CALL CHECK

out

5

;sDIVIDE

+ LOAD ADDRESS OF RES IN HL
sADD

iLOAD ADDRESS OF CONV IN HL
s MULTIPLY

sLOAD ADDRESS OF RHO IN HO
; QUTPUT IN BCD FORMAT

s LOAD ADDRESS OF RES IN HL
$SET RES = 0

sCALL EXCH

sJUMP TO QUTPT

687

s LOAD THE ACCUMULATOR WITH THE VALUE OF

i RHO+9

s THIS VALUE IS YESTED TO DETERMINE 1IF A
iBLANK OR THE NUMBER 025,WHICH MEANS AN

s EXPONENT FOLLOMS

iLOAD B WITH THE VALUE 360{CODE FOR BLANK)
;s COMPARE B WITH THE ACCUMULATOR, TEST FOR
sBLANK IN RHO#+9

iJUMP TO CHK1 [IF THE RESULY IS ZERD

sLOAD A WITH O

3iSET REGISTER EQUAL TO 1

sOUTPUT ACCUMULATOR TO DEVICE 4

sCALL SUBROUTINE CHECK

sOUTPUT ACCUMULATOR TO DEVICE 5



0164
0167
0169
0l16C
Ol6E
0171
0174
0176
0177
O17A
0170
OL7F
0180
0183
0186
0188
2189
oir8C
Ol8F
0191
0192
9195
0198

0199
0198
019E
0lAl
01A2
01A4
Ol A7

cDD201
D306
CDD201
0307
C38901
3A1513
06FE
B8
CA5901
3A1913
O6FE
B8
CA9EQL
3A1813
06FE
B8
CAATOL
3A1713
06FE
B8
CABOO1
211513
1€

1£01
C35D01
211813
1E
1EO04
C350D01
211713

CHK1:

0TPT4:

OTPT3:

CALL CHECK

out

6

CALL CHECK

ouT
JMP
LDA
MVI
CMP
Jz

LDA
MVI
CMP
Jz

LDA
MVI
CMP
Jz

LDA
MVI
CMP
Jz

LXI
MOV

MV1
JMP
LXI
MOV
MVI
JMP
LXI

7

SIGN
RHO+1
By3764Q
8
OTPTO
RHO+5
B,376Q
B
aTPT4
RHO+4
B,376Q
8
oTPT3
RHO+3
B,376Q
8
oTPT2

HyRHO + 1

AM

Esxl
OTNUM
Hs RHO+4
AsM

E+4
OTNUM
H,RHO+3

sCALL SUBROUTINE CHECK

s OUTPUT ACCUMULATOR TO DEVICE 6

;CALL SUBROUTINE CHECK

;s OUTPUT ACCUMULATOR TO DEVICE 7

i JUMP TO SIGN

s LOAD ACCUMULATOR WITH RHO+1

;s LOAD REGISTER B8 WITH 3764Q

sCCMPARE B WITH ACCUMULATOR

sJUMP TO OTPTO

$ LOAD ACCUMULATOR WITH RHO+S

+LOAD B WITH 376Q(CODE FOR DECIMAL POINT)
;COMPARE B WITH ACCUMULATOR

iJUMP TO OTPT4

i LOAD ACCUMULATOR WITH RHO+4

iLOAD B WITH 376Q(CODE FOR OECIMAL POINT)
tCOMPARE B WITH ACCUMULATOR

s JUMP TO OTPT3

s LOAD ACCUMULATOR WITH RHO+3

;LOAD B WITH 376Q (CONE FOR DECIMAL POINT)
sCOMPARE B WITH ACCUMULATOR

iJUMP TO OTPT2

tLOAD H L REGISTER PAIR WITH RHDO + 1

s MOVE THE DATA FROM THE MEMCRY LOCATION
;s ADDRESSED BY THE H L REGISTER PAIR TO

s THE ACCUMULATOR

3SET REGISTER EQUAL TO ONE

s JUMP TO OTNUM

i LOAD H L REGISTER PAIR WITH RHOt+4

sSET REGISTER EQUAL TO FOUR
s JUMP TO OTNUM
;LOAD H L REGISTER PAIR WITH RHO+3

06¢



01AA
0OlAB
01AD
0180

8080 MACRO ASSEMBLER,

1t
1£03
C35D01
211613

oTePT2:

ERRORS = 0 PAGE 9

0183
0184
olBé
o189
018C
O1BE
0l8F
01C2
01C5
o01cC7
01lCA
01CO
O1CF
0102
0lD3
0LD6
0107

0108
0lD9
010C

1€
1E02
C35p01
3A1413
06F0
B8
CACAO1
3A4401
D308
C39C00
3A4501
D308
C39C00
1D
CCD90l
2D

T1E

c9
214601
1€01

SIGN:

ZERQ:

CHECK:

WouT:

MOV
MVI
JMP

LXI HyRHO+2

VER 2.4

MOV
MVI
JMp
LDA
MV1
CMP
Jz

LOA
ouT
JMP
LDA
ouTt
JMP
DCR
¥4

DCR
Mav

RET
LXI
Mvli

AyM
E.3
OTNUM

AyM
Es2
OTNUM
RHO
B,360Q
8
ZERO
MINUS
8
WAIT
BL ANK
8
WAIT
E
WOouT
L
AsM

;SET REGISTER E EQUAL TO THREE
s JUMP TO OTNUM
sLOAD H L REGISTER PAIR WITH RHO+2

$SET REGISTER EQUAL TO E

i JUMP TO OTNUM

sLOAD ACCUMULATOR WITH RHO

sLOAD B WITH 360Q (CODE FOR SPACE)

i COMPARE B WITH ACCUMULATOR

$JUMP TOU ZERD

s LOAD ACCUMULATOR WITH MINUS

i OUTPUT ACCUMULATOR TO DEVICE 8

s JUMP TO WAIT

s LOAD ACCUMULATOR WITH PLUS SIGN
sOUTPUT ACCUMULATOR TO DEVICE 8

s JUMP TO WAIT

s DECREMENT REGISTER E

;sCALL SUBROUTINE WOUT IF RESULT IS ZERO
s DECREMENT L

s MOVE THE DATA FROM MEMORY LOCATION

i ADORESSED BY THE H L REGISTER PAIR T0
s THE ACCUMULATUR

s RETURN

HyBLANK#13LOAD H L REGISTER PAIR WITH BLANK + 1

Esl

s SET REGISTER EQUAL TO 1

T6¢



O1DE
0100
0100
0101
0102
0103
0104
0105
0106
0107
o108
0109
010A
0108
o10C
0100
010E
010F
0lL10
o111l
o112
o1L13
Oll4
0115
0llé

8080 MACRO ASSEMBLER,

c9

7A
50
13
6A
7C
01
07
DC
70
68
85
LE
TF
1F
38
65
81
33
33
33
82
17
AE

ERRORS

o117

15

DATA:
LAML:

LAM2:

LAM3:

LAM4:

LAMS:

LAM6:

RET

ORG 0100H

D8 172Q
08 120Q
D8 023Q
D8 152Q
DB 174Q
DB 001Q
08 327Q
DB 334Q
DB 175Q
DB 153Q
DB 205Q
DB 036Q
DB 177Q
D8 037Q
DB 073Q
DB 145Q
DB 201Q
DB 063Q
DB 063Q
0B 063Q
DB 202Q
DB 167Q
DB 256Q

VER 2.4
= 0 PAGE 10

DB 025Q

s RETURN

s LAMDAL

sLAMDAZ2

i LAMDA3

iLAMDA4

;s LAMDAS

i LAMDAS

0.0127

0.0317

0.115

0.311

1.40

26¢



0118 15 BIl:z DB 165Q ;s BETA1l = 0.000247

o119 01 0B 001Q

011A TF DB 177Q

o118 cs DB 310Q

011C 17 BIZ2: DB 167Q iBETA2 = 0.001385
0110 35 0B 065Q

011E 88 DB 210Q

OL1F E4 DB 344Q

0120 17 BI3: DB 167Q ;BETA3 = 0.001222
0121 20 DB 040Q

0122 2B DB 053Q

0123 83 DB 203Q

0124 78 BI4: DB 170Q iBETA4 = 0.002645
0125 2D DB 055Q

0126 57 DB 127Q

0L27 BC DB 274Q

0128 76 BI5: DB 166Q iBETAS = 0.000832
0129 5A DB 132Q

012A 1A DB 032Q

o128 92 DB 222Q

or2c€ T4 BI6: b8 164Q iBETA6 = 0.000169
oL12D 31 DB 061Q

012€ 35 ' DB 065Q

012F 97 DB 227Q

0130 91 CONV: DB 221Q ;+ CONVERSION FACTOR FROM ABSOLUTE
0131 43 D8 1034Q SREACTIVITY TO PCM
0132 50 08 120Q

0133 00 DB 000Q

0134 73 PNLF: DB 163Q s PROMP NEUTRON LIFETEME = 0.0001
0135 51 0B 121Q

0136 87 DB 267Q

0LrL37 16 DB 026Q

£6¢



0138
0139
013A
0138
013C
013D
013E
013F
0140
Ol41
0142
0143
0l44
0145
1309
1300
1301
1302

8080 MACRO ASSEMBLER,

81
00
00
00
TA
23
D7
OA
70
4C
CC
Cb
0B
0n

ERRORS

1306
130A
1310
1314
1321
1325
1329

ONE @ DB 201Q
DB 0000Q
08 000Q
DB 000Q
TH100: DB 172Q
DB 043Q
0B 327Q
DB 012Q
NTH10: DB 175Q
DB 114Q
DB 314Q
DB 315Q
MINUS: DB 013Q
BLANK: DB 015Q
RWMEM: ORG 1300H
MEM1: 0S 1
MEM: DS 1
RES: DS 4
VER 2.4
= 0 PAGE 11
PER: DS 4
ODMANT: DS 6
HOLD: DS 4
RHO: DS 13
FLX1l: DS 4
FLX2: O0S 4
SGST: DS 1

END

i NUMBER VALUE IS 1.000

s NUMBER VALUE EQUALS 0.01

i NUMBER VALUE IS 0.1

+CODE FOR MINUS
;CODE FOR BLANK

iHIGH YTE FOR PERIOD COUNTER
;LOW BYTE FOR PERIOD COUNTER
i STORAGE LOCATION FOR SUMMING TERM

;s STORAGE FOR REACTOR PERIOD

s STORAGE LOCATION INPUT DATA(BCD FORM)
s TEMPORARY SPACE

SREACTIVITY IN PCM

:STORAGE SPACE FOR POWERL
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NO PROGRAM ERRORS

8080 MACRO ASSEMBLER, V

ERRORS

* 01

A 0007
BIl o118
BIS 0128
CALC 1400
CHSGN 00AD
DATA OlE7
EXCH 0072
FLX2 1325
INP 054A
L 0005
LAM4 010C
LODE 0366
MINUS 0l44
ONE o138
OTPT3 OlA7
PART 0370
RES 1302
SGST 1329
STR 023E
WAIT 009C
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ABS
BI2
BI6
CHECK
CMP AR
* DIV
FLAG

INPUT
LAML
LAMS

MUL
OTNUM
oTPT4
PER
RHO
SIGN
STRIN
WOouT

ER 2.4

SYMBOL

0250
o11cC
o12C
01DA
0043
0284
00Al
0004
0028
0100
o110
0006
028C
015D
0l19E
1306
1314
0189
034k
OlEl

TABLE

AD
BI3
BLANK
CHK1
* CONV
DMANT
FLT
HMEM
* INT
LAM2
LAM6
MEM
NEGAT
oTeTo
8]V)
PNLF
RWMEM
SP
TH100
LERO

02D7
0120
0145
0171
0130
130A
04FF
0091
022F
0104
Ol14
1301
00AA
0159
060C
0134
0146
0006
013C
0102

Bl4

CHS

FLX1
HOLD
INTRO
LAM3
LOD
MEM1
NTH10
oTeT2
cuUTPT
PSW
SB
START
TRACK

0000
0124
0001
024D

0002

0003
1321
1310
0024
01908
026E
1300
0140
0180
0150
0006
0204
060E
0087

g6¢



The vita has been removed from
the scanned document



THE DESIGN, CONSTRUCTION, AND TESTING

OF A REACTIMETER

by

Kim Allen Jones

(ABSTRACT)

A reactimeter has been developed to measure the neutron
reactivity of the Virginia Polytechnic Institute and State University
nuclear research reactor. The reactimeter will be employed in
monitoring reactivity changes of samples entering and leaving the
reactor.

The reactimeter is comprised of a compensated ion chamber that
measures the neutron flux of the reactor and a microcomputer that
performs the reactivity calculations. The calculations are based on the
six group, point reactor kinetics equations. To simplify the algorithm
programming into the microcomputer, the prompt jump approximation
is used. The entire reactimeter program can be stored in 2 K of
memory, but it requires a separate program of elementary mathematical
subroutines. This second program performs all the mathematical

operations and requires 1.25 K of memory.
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