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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 of temperature coefficient of the 

reactivity; 

(5) Determination of the level of xenon poisoning 

(6) Determination of the power output feedback coefficient; 

1 
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(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 flux, 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 Calif ornium-252 

ionization counter. A better signal is produced when more than one 

ionization chamber is used. By locating the ionization chambers at 
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different places in the reactor core, the noise pic'ked 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 ~-t.ef erence page followinb 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 valid 

under conditions of less than prompt critical. The prompt critical 

condition is reached when the reactivity inserted is equal to the 

delayed neutron fraction p = a. 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 neutrons [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 

conveyed to the microcomputer. The other signal requires a special 

interface between the Keithley meter and the microcomputer. 
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The purpose of this thesis is to design and construct the 

hardware for the reactimeter, and to develop the software progr~m 

that converts neutron flux into reactivity. 
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Introduction 

CHAPTER II 

THEORY 

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-

mation 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 

6 
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(neutrons/cm2-sec) is defined as the density (neutrons/cm3) multiplied 

by the average velocity (~m/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 neutrons. 

Suppose it was 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 ~eneration 
k - the number of neutrons in the (i-l)t generation (2.1) 

It is more convenient to measure the ratio of the deviation of the 

neutron multiplication factor from unity, a quantity which is defined 

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

p (t) -

Point Reactor Kinetics 

k(t) - 1 
k(t) (2.2) 

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

e~ables one to predict the neutron reactivity of the time-dependent 
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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 

. i . d t t. ( 4 ) I h . ' 1 sopn sticate neutron ransport equa ion. n t eir most conventiona 

form, the point reactor kinetics equations are as follows: 

where qi(t) 

p ( t) 

c. ( t) 
i 

>... 
i 

s 

dp(t) = 
dt 

dC.(t) S. <t>(t) 
i i ------ = _.,;;; ____ _ 
dt fl. 

6 
l 

i=l 

A.. C. ( t) 
i i 

> .. c. ( t) 
i i 

i = 1, 6, 

2 is the thermal neutron flux (neutrons/cm -sec), 

is the time dependent reactivity, 

(2.3) 

(2.4) 

is the neutron precursor flux of group i, (neutrons/ 
cm2-sec), 

is the decay constant of precursor i (sec-1 ), 

is the delayed neutron fraction of precursor i, 

is the total delayed neutron fraction, and 

is the neutron generation time (sec) [pg. 239 in (3)). 

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

<t>(O) = 4'a• 

C.(O) = c. 0 = ¢ S./!I. A.., i i i i (2. 5) 

p(O) = Po= 0. 
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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, 
-17 and occur within 10 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). -4 Delayed neutrons appear from 10 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 equations, C.(t) has the same units 
l 

as ~(t). When referring to neutron precursors, one usually is con-

cerned about the density. Therefore, let C. (t) l. b h . th et.el. precursor 

density (precursor of group 3 -i/cm ), v.(cm/sec) l. be the velocity of the 

th ( -1) d f h . th i precursor, Ai sec be the ecay constant o t e l. precursor, 

and Bi be 

that 6 = 

the delayed neutron fraction of 
6 

h .th h t e i precursor, sue 

I B •• 
i=l 1. 

6 is the total fraction of delayed neutrons per 

neutron emitted in one fission, and (1 - S) is the total number of 

prompt neutrons per neutron emitted. If C. (t) is to have the same 
1. 

units as ~(t)(neutrons/cm2 /sec), then C. (t) must be equal to l. 
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Br 8 7 
( X. = 55 se c. ) 

Kras 

Fig. 2.1 Diagram for a Typical Neutron Precursor 
[Pg. 13 in ( 7 )] 
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v. x C.(t) [pg. 238 in (3)]. 
1 1 

Even though the thermal neutron flux (neutrons with energies of 

1 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 i were used in equations (2.3) and (2.4) instead of A, A would 

be replaced by i/k. The prompt neutron lifetime is based on the 

reciprocal probability of the destruction of the neutron. 

i -
Total neutron population in the system at time t 

Rate of neutron loss in the system (2.6) 

The rate of neutron loss 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. ~ is normalized to 

the fission event and is defined as, .\ = '1/k. C5) 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, S. It is 

uore convenient to reference fission events than removal processes, 

and employ parameters based on production, ;J, i3, and ,\. 

Effective Delayed Neutrons Fraction 

Each reactor has a characteristic effective delayed neutron 

fraction, S £-· The actual delayed neutron fraction cannot be used e r 
because its value is too small. Delayed neutrons, when produced, 

have an average energy less than that of prompt neutrons, and 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, 

= Sl.. exp B2 (T - T.), p l. 
(2. 7) 

* .th where s. is the effective delayed neutron fraction of the l. 
l. 

group, T is the Fermi age of the prompt neutrons, and T. is the p l. 

Fermi age of the ith delayed neutron group [pg. 436 in (2)] • 

The uranium in the VPI & SU reactor is at least 90% 235 or more U 
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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 E0 and ending when 

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

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

by measuring a known r~activity 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 fro~ its own Fermi age. Since a 
6 

calculation for seff 

very close to seff' 

is being used, and seff 

* an approximation for S. 
l. 

I"' * L B. , and B is 
i=l l. 

. d .,.., u235 is use • .i:or , 

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

is, 

* 

* B. 
l. 

(2. 8) 

S. is not exact, but is precise enough for the simple model employed. 
l. 

* As will be shown, the values of B. do not need to be calculated. 
l. 

In the development of the computer algorithm later in the chapter, 

* the ratio of Si I B eff is used. This value reduces to S/ S 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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A s - p + 6 -0 

(2.9) 

The denominator can be shown to have seven distinct real roots, which 

implies ~(s) has seven poles on the reals-axis [pg. 21 in (7)]. The 

inverse transform of equation (2.9) is 

7 
~ (t) = l 

i=l 
A. exp (w. t) , 

J J 
(2.10) 

-1 
where w. (sec ) are the seven roots of the denominator of ¢(s) for 

J 

s = j. Setting the denominator of equation (2.9) eqaal to zero, the 

inhour equation becomes 

6 
Since 8 = l 

i=l 

Po = 6 + A w -
6 Si /... 
l w + / . 

i=l 1 

e., equation (2.11) becomes 
1 

P = Aw+ 0 

6 6. w 
l w + >... ' i=l 1 

(2.11) 

(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. w1 through w6 refer to the delayed neutron groups 

with w1 representing the delayed neutron groups which has the largest 

w and w6 representing the delayed neutron group with the smallest w. 
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w7 represents the prompt neutrons and is the Stilallest of all the w 

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(w7 t). 

For longer periods of time ~(t) follows the sum of the six delayed 

neutron group terms. Each term of the sum, A. exp(w. t), for i = 1 
J J 

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 

delayed neutron groups. The time behavior of the neutron flux is 

essentially governed by the delayed neutron flux 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 ¢1 (Fig. 2.2) instantaneously. 

The effect on the point reactor kinetics equations (2.3) and (2.4) 

. 1 . . d . . d'Ji b . . 1 is to neg ect tne time erivative, dt , y setting it equa 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 ~Oto ~l given by ¢1 (S - pl) = ¢0 Cs - p0) [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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Flux 
I 

<Po 
0 --- Time 

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 chan&es 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 and 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 

(3)] ' 

1 1 r=r (2 .13) 

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 constants being different. A microcomputer 

can easily ~erform all six calculations in under one-half second. 

The time to perform the six calculations is not a major factor, so 

nothing is gained froQ 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 cor.iputer algorithm.. Consider the consta::i.ts 

first. Let a = S/A and S./B =a., where a. is the relative neutron R i i i 

fraction. Reactivity is 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)/S. Finally, the precursor flux is 

defined as Y1 (t) = c1 (t)A A./'\· If one multiplies p(t) by S/S and 

A. C. ( t) by AB. Bl AS. S in equation (2 .3) and everything in equation 
l. l. l. l. 

(2.4) by A A../S. and simplifies, (2.3) and (2.4) become 
l. l. 

~= 
dt 

6 
aR[~(t)(p'(t) - 1) + l 

i=l 
a.Y.(t)], 

l. l. 
(2.14) 
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Table 2.1 

Delayed Neutron Precursors 

Group Half-life 
Number Precursor second ln t 1 /sec 

~ 

1 Br87 54.S 3.99 

2 1137 24.4 3.19 
Br88 16.3 2.79 

3 Br (89) 6.3 1.84 
Rb (93, 94) -6. 1. 79 

4 1139 2.0 .69 
(Cs, Sb, or Te) (1. 6-2. 4) .47 - .88 

Br(90,91) 1.6 .4 7 
Kr(93) -i.s .41 

5 (1140 Kr ?) 0.5 -.69 

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

* Uncertain quantities are indicated by parentheses. [pg. 99 in (2)] 



Group 

1 

2 

3 

4 

5 

6 

[pg. 22 in (8)] 
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Table 2.2 

u235 Delayed Neutron Data 

Decay Constant 
-1 (sec ) 

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 
S = l Si = 0.0065 ± 0.0002 

i=l 

Fractional Yield 
Si 

0.000247 

0 .001385 

0.001222 

0.002645 

0.000832 

0.000169 
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Table 2.3 
235 U Delayed Neutron Decay Constants 

for One, Two, and Three Groups 

1 :\ .102 -1 group = sec 

2 :\1 .0387 -1 groups = sec 

.\2 .399 -1 
= sec 

3 groups .\1 .0285 -1 = sec 

>-2 .202 -1 = sec 

>-3 1.57 -1 
= sec 



dY. 
l. 

dt 
( t) 
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= A.(¢(t) - Y.(t)), 
l. l. 

i = 1 to 6. (2.15) 

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

¢(0) = ¢0, 

y. (0) 
l. 

= yiO = <Po' (2.16) 

p'(O) = p' o. 0 

Dividing through by aR, applying the prompt jump approximation, and 

then solving for p(t) in equation (2.14), one obtains 

6 
<ti ( t) - I a.Y.(t) 

l. l. i=l 
p' ( t) = ---------

qi ( t) (2.17) 

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

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

y. ( t) 
l. 

= ¢0 exp(-A. t) +A, ft ~(T) exp(-A.(t - T) dT. 
i io i 

(2.18) 

The integral can be evaluated by a numerical integration technique, 

such as Simpson's Rule or the Trape~oid 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 of 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 critical, 

the prompt jump approximation is employed. This model is s:imple 

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-microal!lOeter. 

The current range of the Keithley is from l0-11 to 10-3 amperes and 

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, ~bi.ch 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 io10 neutrons/cm2-sec, in fields where very high gamma radiation 

24 
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is present. The CIC can be operated in any position at any tempera-

ture up to 175°F. It 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 

13 to the thermal neutron flux, I = K x ~' where K = 2.5 x 10 nv/ n 
2 amperes (nv =neutrons/cm /sec). 

A compensated ion chamber records neutron flux. by using two 

regions of equal volurae and three parallel plates (see Fig. 3.2), 

which may be cup shaped for grzater surf ace area. One region has a 

boron coating, enriched in boron-10, coverin~ 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: lOB(1n, 4a) 7Li. 

The alpha particle along with the ganuna 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. ~he 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 niddle plate is due only to the thermal 

neutrons. Thus, the current output from the CIC is directly pro-

portional to the therI!lal neutron flux [pp. 312-313 in (10)]. 

Specifications for the westinghouse Type 6377 CIC are located in 
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Appendix C. 

Keithley Model 411 Micro-microammeter 

The Keithley Model 411 Micro-microammeter has seventeen current 

-11 -3 ranges from 10 to 10 amperes. The Keithley meter uses a resistor 

network to partition the current into smaller logarithmic decades 

as follows: 1 x l0-11 , 3 x l0-11 , 1 x l0-10 , 3 x lo-10 , 1 x 10-9 , 

• • • • ' 3 x -3 and 1 x 10 amperes. The lowest range setting, 

1 x l0-11 , is not used because values of neutron flux at this 

setting are of no concern. There is a ± 2% accuracy for the ranges 
3 -7 from 1 x 10- to 3 x 10 and a ± 4% accuracy for all other ranges. 

The input current to the Keithley meter is the outjrnt 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 metl10d 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 
Setting 

Current Range Limits 

Low High 

1 x 10-10 3 x 10-10 

3 x 10-10 

Current 
Measured 

(amps) 

2.0 x 10-10 

l.S x 10-10 

2.S x 10-10 

4.0 x 10-10 

6.5 x 10-lO 

8.0 x 10-10 

2.0 x 10-9 

1.1 x 10-9 

1.6 x 10-9 

s.s x 10-6 

6.S x 10-6 

7.S x 10-6 

1.0 x 10-5 

1.5 x 10-s 

2.S x 10-5 

3.0 x 10-s 

Voltage 
Output 

so.o 
25.0 

7S.O 

14.3 

so.a 
71.5 

50.0 

5.0 

30.0 

35. 7 

so.a 
64.3 

0.0 

25.0 

75.0 

100.0 
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located in Appendix C. 

Digital Panel ~'1eter 

The digital panel meter (DPN) is a 3 1/2-Digit AC line-powered 

DPM Model AD2009/S made by Analog Devices, Inc. The AD2009/S is 

designed around TTl logic circuits and is TTL/DTL (transistor-

transistor logic/diode-transistor-logic) compatible. It is capable 

of analog input voltages from 0 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 are low. Analog Devices, Inc. documentation is located in 

Appendix C. 

Hark 80 Microcomputer 

The microcomputer is a Mark 80R which is made by E&L Instruments, 

Inc. and is used in conjunction with IF-101 interface board, also 

made by E&L Instruments Inc. The heart of the Mark 80 is a CPI-80/B 

Central Processor and Interface Controller printed circuit board which 

contains the Intel 8080 microprocessor chip. The minimUiil 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 Hark 80 has some unique features and concepts 

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

11 for programming and basic interface techniques. 



CiiAPTER IV 

HARDWAR.2 

Introduction 

The purpose of the hardware in the reactimeter is to allow for 

an exchange of information between the Hark 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 into the Mark 80, where 

the Keithley interface supplies the characteristic of the mantissa. 

The third circuit, the output interface, receives a nuraber, con-

sisting from one 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 Xark 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 11icro-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 rani;e dial in the manufacturers specifications. 

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, which is a binary code, only one bit changes 

at a time when the 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 FTK0040 9-elen.ent ln'N planar photo-

transistor array that has a high illumination sensitivity. Each 

phototransistor channel is electrically isolated, is on a 0.254 cm 

center, and requires a Schmitt trigger for operation (see documentation 

in Appendix C). A Schmitt tri6ger is a hybrid analog/digital device 

in which the output pulse of the trigger reoains 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 



ALL HOLES DIA.=.20 CM. 
DRILLED COMPLETELY 
THROUGH. 

NOT TO SCALE FIG. 4.1 GRAY SHAFT ENCODER 

. 32 CM. SET SCREW 

-=-+I !+". 32 

T 
1.27 

~I.II 
1.27 

ALL MEASUREMENTS ARE 
IN CENTIMETERS. 

KIM JONES 7- 21- 77 

w 
V1 
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amplitude as long as the input voltage exceeds a certain DC voltage 

value. A resistor is needed on eacn channel to adjust 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, 

t:1e 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 O) of the four channels on a 

positive device select pulse generated by the Mark 80. The data is 

read into the Hark 80 when a negative device select pulse is applied 

to the corresponding 8095 three state-buffer. The 8095 three-state 

buffer has three outputs, a "logic O" state, a "logic 1 11 state, aild 

a state in which the output is, in effect, disconnected from tile 

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 inf or-

mation in the 7475 fllp-flop to be transferred on to the data bus 

of the Hark 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 O". 

Digital Panel Heter Interface 

The interface between the digital panel illeter and the Mark 80 



37 

+5V 

10 Kil Each 

s DATA-3 

.02µ.F GND 
4.7µ. F I DATA-2 

i7 h/ 2 

GND 

G.E.#47 \ Light Bulb 16 

4 DATA- I 

hv 3 

GNO \ GND ., 
DATA-O 

15 

4 7414 
GND 

FTK0040 

Fig. 4. 2 Gray Shaft Encoder Circuit 



Light 
Reflector 

Light Bulb 

38 

Input-
. · Output 
17414 I Socket 

FTK0040 L__l ....__-' 

Keithley Range Setting 
Shaft 

Gray Shaft Encoder 

Fig. 4. 3 Block Diagram of Gray Shaft Encoder 



39 

D -3 9 10 9 7 DATA-3 7 6 10 6 D -2 
4 15 3 

DATA-2 
0-1 5 DATA-I o-o 3 2 16 2 DATA-O 

0 I 13 
15 8095 7475 4 

16 (a 5 12 

+5 GND +5 GND 

-u- JL... 
Device Select Device Select 
Pulse IN 0 Pulse OUT 10 
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is simple. Four bits are required for each of the three digits that 

are produced by the digital panel fileter. 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 pul3e 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 mm individual negative device select µulse to allow the 

Nark 80 to reci.d 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 A.l.'ID gates 

and a 8095 three-state buff er with its inputs set at "logic O" (see 

Fig. 4.6). The arrangement of the three 2-input Ai.~D gates is that 

of a 4-input A...l\ID gate. The purpose of creating a 4-input A1iD 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 O" 

while input data is being read on the other four data bus lines by 

the 1'1ark 80. The inputs to the Ai.'ID gates are always at "logic l" 

unless a negative device select pulse is sent. Thus, only one line 

at a time will ever be at "logic O". Table 4.2 summarizes the truth 

table for the Mil) 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 <~~D gates; three of these and one 

4-input AHD gate would be wasted if a 7425 ci:J.ip, which has two 

4-input &:JD gates, were used with the 7408. 



o-3 
0-2 
D-1 
D-O 

9 
7 
5 
3 

0-L. 
15 -Lr 

Device Sele ct 
Pulse IN 3 

D -3 
D-2 
D -1 
o-o 

9 
7 
5 
3 

0-1.. 
Lr 

Device Sele ct 
Pulse IN 

D -3 
D-2 
D-1 
o-o 

2 

15 -

9 
7 
5 
3 

Q I -l..J 
Device Sele ct 

15 -

10 
6 
4 
2 

8095 

116 is 
+5 GND 

116 Is 
10 
6 
4 
2 

8095 

10 
6 
4 
2 

8095 

116 la 
Pulse IN I +5 GND 

Device Select 
Pulse OUT 10 

41 

. 9 7 
10 6 
15 3 
16 2 

7475 13 

4 

15 (12 

+5 GND .. 
f s 112' 

9 7 
10 6 
15 3 
16 2 

7475 ~o 
~. 

9 7 
10 6 
15 3 
16 2 

7475 ~. 
-~-o 

15 112 
+5 GND 

_n_ 

BCD 800 
BCD 400 
BCD 200 
BCD I 0 0 

BCD 80 
BCD 40 
BCD 20 
BCD 10 

BCD 8 
BCD 4 
BCD 2 
BCD I 

Fig. 4. 5 Digital Panel Meter Interface Circuit 



42 

Fig. 4. 6 Zero Input Interface Circuit 
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Table 4.2 

4-Input AND Gate Truth Table for Device Select Pulses 

IN 0 through IN 3 

-
Logic State of Logic State of 

IN 0 IN 1 IN 2 IN 3 Output 

1 1 1 1 l 

0 1 1 l 0 

1 0 1 1 0 

1 1 0 1 0 

1 1 1 0 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 perf orm.s 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 DPM 

(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 external 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, 

where ~ = 2.28 Kn 

~ = 660 \1 

C = 10 µF. 

Hz = 1.443/(RA + 2~) C (4 .1) 

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 

capacitor has a tolerance of ± 20%(l3). Since the frequency must be 

as close as possible to 40 Hz, a potentiometer is used in the circuit 

to adjust the resistance to obtain 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 l", which is changed to a "logic O" by an inverter. When 

a "logic O" appears at the inverter output, two things happen: 
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(1) a "logic O" 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 O" acknowledges the interrupt, resets the interrupt flag 

of the ~1ark 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 11
• Thus, during the interr..ipt, 

data bus lines DO through D3 and DS through D7 assume a "logic l", 

while D4 is set to "logic O". The octal code tnat appears on the 

data bus, 357, has significance to the Mark 80 because it directs 

the Mark 80 to memory location HI = 0008 and LO = 0508 to restart 

the program. Located at that address is an OUT 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 positive clock 

pulse. When the 7490 counter is reset, pin 11 goes to "logic O", 

whicn disconnects the 74125 buff er from the data bus line and 

returns EXT to its normal state of "logic 1 11
• 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 flip-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 11 at pin 11 allows the input data to be displayed, while 

a "logic O" 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 our 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 l" and pin 10 to "logic O". 

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. ~ 330 obm resistor is used as a current liruiting 

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

Binary Representation of Output Data 

Output Data 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

plus sign 

minus sign 

blank 

Binary Representation 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 1 

0 0 0 0 0 0 1 0 

00000011 

0 0 0 0 0 1 0 0 

0 0 0 0 0 1 0 1 

0 0 0 0 0 1 1 0 

00000111 

0 0 0 0 1 0 0 0 

0 0 0 0 1 0 0 l 

0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 

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-16-line decoder, a 7408 A...~D gate, and a 7404 inverter. 

The 74154 input lines are connected to the address bus lines AO 

through A.3, 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 l" in the standard state. 

When a 4-bit code is read into the address bus and the 74154 is enacled, 

the corresponding output channel goes to "logic O" 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 PJIDed together. These bits cannot be 

directly connected together to the same line, since both cannot be 

"logic O" at one time without causing damage. Both bits can be 

"logic l" 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 



IN 

OUT 

fig.4. 10 

3 

7408 

A-3 
A -2 
A -1 
A -Q 
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Positive Device 
Select Pulses 

0 19 
11 13""1..r 

18 10 11 

9 10 

8 9 
7 8 

74154 6 Ll._ 5l±: 20 4 5 
21 I 4 

3 
22 2 3 
23 I 2 

0 I 

24 12 

+5 GND 

Decoding Circuit 

3 

l_j 
Negative 
D0vice Select 
Pulses 
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Table 4.4 

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

Octal Device Code Inputs 

DC BA 

000 0 0 0 0 

001 0 0 0 1 

002 0 0 l 0 

003 0 0 1 1 

004 0 1 0 0 

005 0 1 0 1 

006 0 1 l 0 

007 () l l 1 

010 1 0 0 0 

011 l 0 0 1 

012 1 0 1 0 

013 

014 

015 

016 

017 

1 0 1 1 

1 1 0 0 

1 1 0 l 

1 l 1 0 

l 1 1 l 

Outputs 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

0 1 1 1 1 l 1 l l l 1 1 .1 1 1 l 

l 0 l l 1 1 l l l l 1 l 1 1 l l 

l 1 0 l 1 l 1 l l l l l 1 l 1 l 

1 l l 0 l 1 1 l 1 l l l l 1 1 1 

l 1 l 1 0 l 1 l l 1 1 1 l l l l 

1 l 1 l l 0 l 1 l l 1 l 1 1 l 1 

l 1 l l 1 1 0 1 1 1 1 1 1 l l 1 

1 1 l 1 1 1 l 0 1 1 1 l 1 l l 1 

1 1 1 1 1 1 l 1 0 1 l 1 1 1 1 1 

1 1 1 1 1 1 l 1 1 0 1 1 1 l 1 1 

1 1 1 1 1 1 1 l 1 1 0 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 

1 1 1 1 1 1 l 1 1 1 1 1 0 1 1 1 

1 l l 1 1 1 1 1 1 1 1 

1 l 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 

1 1 0 1 1 

1 1 1 0 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 

TIL309 Display 007 Negative 

TIL309 Display 010 Negative 

7475 Flip-flop 011 Positive 

Four 7475 Flip-flops 012 Positive 

7490 Decade Counter 013 Negative 
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the normal rate of 2 MHz to allow the software to function correctly. 

At 2 HHz, mathematical calcul~tions 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 from 2 MHz to 500 KHz, the 2 MHz internal clock of the Mark 80 

is used along with the circuit on Figure 4.11 to single step the 

Hark 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 hlachine cycle. When the microcomputer is single 

stepped at a clock rate of 500 KHz, the machine cycles still operate 

at 2 }lliz, but there is a waiting period between two consecutive 

ruaci1ine cycles. 

Conclusion 

All the circuits that have appeared in this section are to be 

wire wrapped together on 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 

software required to direct ini orma ti on in and out of these circuits 

is discussed in the next chapter. 
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+sv GND 
15 ·110 

7493 
9 14 

I 12 - --

Mark 

Single Step Mode Input Terminal 
Mark 80 MCP- 80/B Board 

¢-1 
2M Hz Clock 

80 SK- I 0 Bus Socket 

Fig. 4.11 Automatic Single Step Mode Circuit 



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 mi.cro-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 calculatiou 

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, 

~t, the reactivity is calculated every 2 ~t. The time interval, lt, 

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 

59 
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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 microcomputer 

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 three, 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, 0 mV 

corresponds to three and 100 mV corresponds to ten. ACMAN is 

defined as follows, 

ACMAN = 3 + MANT 1~ (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 Output Voltage (mV) 

3.00 000.0 

4.00 14.3 

5.00 28.6 

6.00 42.9 

7.00 57.2 

8.00 71.5 

9.00 85.8 

10.00 100.0 
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which 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 values 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. 

FLUX= Current * 2.5 * 1013 nv/amp, (5 .5) 

which is equivalent to 

FLUX= ACMAN x lOJ * 2.5 * 1013 nv/amp, (5. 6) 

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

and K can be defined as a new constant, CONn. Let CONn = 2.5 x l013+J 

for n 1 to () and let J be defined in tenns of n such that (,), 

J = n - 12. For n = 1, J = -11, CONl = 2.5 x io2 
' and if n = 8, 

-4, CONS 9 Table 5.2 lists the values of CONn J = and = 2 .5 x 10 . 

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 102 . CONl 210 171 377 320 

2.5 x 103 CON2 214 034 077 340 

2.5 x 104 CONJ 217 103 120 010 

2.5 x 105 CON4 222 164 043 270 

2.5 x 106 CONS 226 030 226 270 

2.5 x 107 CON6 231 076 274 100 

2.5 x 108 CON7 234 156 152 370 

2.5 Y. 10 9 CONS 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), 

p' ( t) 
6 

= 1 - c I 
i=l 

a. Y. ( t)) I Ht) . 
l. l. 

(2.17) 

(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 ~t. Let ~· tk+l' and tk+2 be three 

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

define ~t = tk+l - tk, and 2 ~t = ~+2 - ~· Assume that Y.(t) is 
l. 

known and that a relationship for Yi(tk+2) can be derived from Yi(~). 

By applying Simpson's Rule to the integral, one can calculate Yi(~) 

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), i;.;hich 

can be simplified to equation (5.11). 



A.~t 

Yi (tk) ~O exp(- Ait) + ~ [~(t0 ) exp(- Ai(tk-t0)) + 4~(t 1 )exp(- A1 (tk-t1) + 2~(t 2 )exp(-Ai(tk-t 2 )) 

(5.8) 

(5.9) °' VI 
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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, aud is performed six times every 

two time intervals. Equation (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 

CEXli exp (- 2 .\.Lit) 
1 

(5 .12) 

CEX2i = 4 x exp (- .\ .t:.t) 
1 

(5.13) 

CLi\Mi = .\ .t:.t/3 
1 

(5.14) 

for i = 1 to 6, where tit = 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 flux 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 AS 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 CEXll 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 CLAMl 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 CLAMS 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 

yield an inaccurate representation of the neutron precursor flux of 

that group as well as tae 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 tile 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, wnich 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, TRA.i.~SFER, and REACT to perform the calculations 

can be obtained by implementi:!.'lg the following program after the 

last instruction in the routine REACT. 



LXI H, COUNT 

DCR M 

JMP SELECT 

HLT 
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;HL + COUNT 

;(COUNT) +(COUNT - 1) 

;If the result is not zero, jump 

to the starting address of SELECT 

;HALT 

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, tae average execution time of the routines INPUT 

and OUTPUT are less than 0.01 second. Thus, if we choose 0.15 seconds 

as a conservative estimate for the entira 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 reactim.eter 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 Collllllents 

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 H = HI and L = LO 

(HL) The data located at the memory 
location in H and L 

Labels 

HAl'iT The 16-bit address of M&~T 

(MANT) The 8-bit value of HANT 



71 

START 

WAIT '40------ INT E 

INPUT 

LRFC HRFC 

DO i= 1,6 

PRECURi 

Fig. 5.1 A Main Flowchart 
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TRANSFER 

REACT 

Fig. 5.1 8 Main Flowchart (cont.) 



Numbers 

10 

10 H 

FE H 

Expressions 

HL + MA.i."'iT 

H + (HL) 

OUT 10 

A+ 7C H 

HI = 13 H 

INPUT 
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10 (base 10) 

10 (base 16) 

FE (base 16) 

The address of MA...~T is loaded into 
the HL register pair 

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

Generate a device select pulse to 
device 10 

Load A with 7C (base 16) 

HI address is 13 (base 16) 

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 meter 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, Dt~'\NT + 4, for the tenths digit is loaded 



INPUT : HI = 00 H 
LO= 2 AH 

74 

OUT 10 

~ 
HL~ DMANT+ 4 

~ 
IN I 

~ 
(DMANT+4)<rA 

~ 
L~L-1 

7 
L~L-1 

~ 
IN 2 

~ 
[ (DMANT+ 2)4-A 

0 
Fig. 5.2 A INPUT Routine 
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L~L-1 

IN 3 

· (DMANT+l)~A 

IN 0 

Rotate A Left 

Rotate A Left 

I HL<l GRAYC 

Fig. 5.2 B INPUT Routine tcont.) 
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(GRAYC) <--A 

HL~ DMANT 

Call INP 

HL~ MANT 

Coll STR 

Go to SELECT 

Fig. 5.2 C 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 I~P. 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 (DMA..'fr + 1) for the tens digit appears in 

the HI. 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 buff er 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 DS. 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 

L'i!'. The result is stored in MA.i.'fr, and control is passed to SELECT. 
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Table 5.4 

Device Codes and Peripheral Devices 

Octal Device Number 

000 

001 

002 

003 

004 

005 

006 

007 

010 

Oll 

012 

013 

Peripheral Device 

8095 Three-state buffer from 
Gray shaft encoder from Keithley 

8095 Three-state buffer from 
tenths digit of the DPM 

8095 Three-state buffer from 
ones digit of the DPM 

8095 Three-state buffer from 
tens digit of the DPM 

Numeric Display-latch for 
ones digit 

Numeric Display-latch for 
tens digit 

Numeric Display-latch for 
hundreds digit 

Numeric Display-latch for 
thousands digit 

Numeric Display-latch for 
ten-thousands digit 

7475 flip-flop for sign 

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

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 DS in mem.or1 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 .f_onversion) or LRFC (Low _g_ange Flux .f.onversion), 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 DS instead of DO through D3, 

thus making it possible to address every fourth byte. Sixty-four 

bytes of meoory must be reserved at the beginning of a lK 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 H 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; Hl=OOH 
LO=SO H 

80 

H L<: GRAYC 

~ 
L~ (GRAYC) 

~ 
H<- OIH 

~ 
E~ (HL) 

~ 
L<-L+I 

- & 
I PUSH H ~ on SP 

H~ (HL) 

PC~ H L,Jump 

Fig. 5.3 SELECT 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. Durino 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 fonversion) and LRFC (Low Range !_lux 

Conversion) convert the electrical current input data into the cor-

responding neutron flux measured 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 MA..~T (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. MA.1.'IT 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, 
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HRFC: Hl=OOH H L~ MANT 
LO= 8 5 H 

~ 
Call LOO 

~ 
H L<: CONT7 

~ 

Call MUL 

~ 
H L<: THREE 

~ I Call AD: 

[ POP H L off S P 

J7 I H, L <l- H. Ly I 

Fig. 5.4 A HRFC Routine 
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H,L <.1-- H,L +I 

H ~ (HL} 

L~E 

Call MUL 

H L~ FLUX 

Call STR 

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 is stored on the microprocessor stack and is available for 

retrieval. Using a POP 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 illust 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. , 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. 



LRFC: HI =OOH 
LO=GIH 
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HL~ MANT 

~ 
Coll L OD 

~ 
HL~ CONT2 

'7 
Coll MUL 

~ 
HL<: ONE 

~ 

Coll AD 

~ 
POP H L off SP 

~ 

H,L4-H,L+ I 

·~ 

E< (HL) 

~ 

lj 
Fig. 5. 5 A LRFC Routine 
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H,L~ H,L +I 

H< (H L) 

Coll MUL 

HL<j FLUX 

Call STR 

Jump to DIRECT 

Fig. 5. 5 8 LR FC Rau tine (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 - ~t) and is stored in FLUX2. If 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 instruction. 

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. 

PRECURi 

PRECURi calculates the neutron precursor flux at time t from 

the previous neutron precursor flux at time t - 2 ~t with the aid 

of equation (5.11). There are six PRECURi routines, one for each 

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

(MEM)~(MEM) - I 

YES 

HL~ FLUX 

Call LOO 

HL<O FLUX2 

Ca II STR 

Jump to WAIT 

Fig.5.6A DIRECT Routine 
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HL< FLUX 

Call LOO 

H L<: FLUX3 

Call STR 

H L<= MEM 

(MEM)~ 02H 

Jump to PRECURI 

Fig. 5. 6 B 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 operation. 

This section in memory is labeled HOLD and is used twice by each 

PRECURi 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. FLUXl, ¢(t - 2 ~t), is loaded 

into the floating-point accumulator and multiplied by CEXli, 

exp(- 2 A.~t). This result is stored in the address HOLD to permit 
1 

the next multiplication to be performed. FLUX2, ¢(t - ~t), is 

loaded into the floating-point-accumulator and is multiplied by 

CEX2i, 4 exp(- A.~t). The result of the multiplication appears 
1 

in the floating-point-accumulator. HOLD, FLUX3, (¢(t)), and CLAMI 

(A.~t/3) are each loaded as operands, and two additions and one 
1 

multiplication are performed, respectively [CLAMI * (FLUXl * CEXli 

+ 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 ~t). The present neutron precursor flux is still in the 

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



PRE CUR I: H I = I 4H 
LO=OOH 

Fig. 5. 7 A PRECURi 
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HL<---FLUXI 

Call LOO 

H L< _ CEXli 

Call MUL 

l HL<l ~ HOLD 

[Call ST~ 
I HL< FLUX2 

~ I Call LOO: 
'I 

CD 
Routines 
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HL~ C EX2f. 

Call MUL 

HL< HOLD 

Call AD 

HL<= FLUX3 

Coll AD 

HL~ CLAMi 

Call MUL 

Fig. 5. 7 8 PRECURi Routines (cont.) 
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v 

HL< HOLD 

~ 
Call STR 

~ 
HL<: Y2Ti 

~ 

Coll LOO 

~ 

HL~ CE Xii 

J 
Coll MUL 

~ 
HL<J HOLD 

& 
Coll AD 

~ 

Fig.5.7C PRECURi Routines {cont.) 
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HL<' Y2Ti 

Call STR 

HL<j Ai 

Call MUL 

.. 
H L<J YTi 

Call STR 

.___I Contin---.--ue: ____.I l 
:7 I Go to TRANSFER I e:J 

Fig. 5. 7 D PR EC U R i Routine s (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. 

TRA.J.~SFER 

TR&.~SFER (see Fig. 5.8 for flowchart) is a small routine that 

assigns the last flux measurement, FLUX3, to FLUXl 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 FLUXl. 

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 a.Y.(t), labeled in 
i i 

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, YTS, 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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HL<j FLUX3 

~ 

Coil LOO 

J 
HL-<J FLUXI 

A 
Call STR 

I Go to REACT 

Fig. 5. 8 TRANSFER Routine 
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HL< 

Call 

H L<j 

Coll 

H L<: 

Call 

HL~ 

Coll 

HL<l 

~ 

LOO 

~ 

~ 

AD 

~ 

~ 
AD 

~ 

J 
AD 

~ 

~ 

Fig. 5.9 A REACT Routine 

YTI 

YT2 

YT3 

YT4 

YT5 
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Coll AD 

I H L-C ~ YT6 

Ca II AD 

'7 
HL< FLUX3 

~ 
Co II DIV 

.b 
Call CHS 

f, 
H L<J ONE 

1 
Call AD 

~ 

Fig. 5. 9 B REACT Routine (cont) 
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H L< TEN5 

Coll MUL 

H L<; RHO 

Call OU 

Go to OUTPT 

Fig. 5 .9 C REACT Routine (cont.) 



100 

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 tile 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, HHO 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. RHO is the final derived value. 

Rl:.ACT 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 
7 0.1 or greater than or equal to 1 x 10 are written in scientific 

notation by the floating point subroutine OU. The subroutine OU 

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, 0258 (ASCII code for E) appears in the first byte. The 

last three bytes are the sign and a two digit exponent. 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 

the 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 



OUTPUT: HI = 16 H 
LO= 60 H 

Jump to CHK I 
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[ A <J1---( RHO+ 9) 

I B< FO H 

YES 

OTPTO: A~ 0 

E<J--

OTNUM: OUT 4 

Cali CHECK 

I OUT 5 

:r: I Coll CHECK 

Fig. 5.10 A OUTPUT Routine 
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OUT 6 

Call CHECK 

OUT 7 

Call CHECK 

~ 
OUT 8 

~ 
Jump to SIGN 

CHKI: I A4--(RHO+J) 

'(~ 

Fig. 5.10 8 OUTPUT Routine (cont.) 
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Jump to OTPTO 

A<J (RHO+G) 

B~ FE H 

I Jump to OTPTS ~YES 

A<J {RHO+ 5) 

B<J FE H 

Fig. 5.10 C OUTPUT Routine (cont.) 
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Jump to OTPT4 YES 

A<J (RHO+ 4) 

B<:-FE H 

A<J (RH0+3) 

B<J FE H 

Fig. 5.10 D OUTPUT Routine (cont) 
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Jump to OTPT2 YES 

HL< RHO+I 

A<O (HL) 

E<r-- I 

Jump to OTNUM I 

Fig. 5.10 E OUTPUT Routine (cont.) 
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OTPT5: I HL<l RH0+-5 I 
;; 

E<J 5 

& 
Jump 1o OTNUM 

or Pr 4: _I H_l..!_~-~--~-T-R_H_o_;-_4__. 
J7 

A<J (HL) 

~ 
E<J 4 

~ 
Jump to OTNUM 

Fig. 5.IOF OUTPUT Routine (cont.) 
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OTP T 3: HL<O RH0+3 

& 
A <). (HL) 

6 
E <J 3 

~ 
Jump to OTNUM 

o T PT 2 :j __ H_L_<J_~_R_H_o_+_2 ...... I 
:;r: 

A~ ( HL) 

~ 
E <J 2 

~ 
Jump to OTNUM 

Fig. 5.10 G OUTPUT Routine (cont.) 
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SIGN: A~ (RHO) 

~ 
8 ,~ FO H 

Jump to ZERO YES 

A~ (MINUS) 

OUT 9 

I Jump to WAIT 

ZERO : A <1 (PLUS) 

OUT 9 

\l I Jump to WAIT 

Fig. 5. I 0 H 0 U T PU T R out in e ( c on t.) 



Table 5.5 

ASCII Coded 13-Byte Representation of ~loating-Point
Decimal Numbers 

ASCII Code in Octal Definition 

000 0 

001 1 
002 2 

003 3 
004 4 
005 5 

006 6 
007 7 
008 8 

009 9 
360 space 
374 plus 

375 minus 

376 decimal point 
025 E 

...... 

...... 
0 



Table 5.5 

ASCII 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 

2.75x10 -1 360 376 002 007 005 000 000 000 000 360 360 360 360 

4.5 x 10° 360 004 376 005 000 000 000 000 000 360 360 360 360 ~ 
~ 

x 10° 
~ 

-4.5 375 004 376 005 000 000 000 000 000 360 360 360 360 

1.2 x 101 360 001 002 376 000 000 000 000 000 360 360 360 360 

2.9 x 102 360 002 011 000 376 000 000 000 000 360 360 360 360 

5.85 x 10 3 360 005 010 005 000 376 000 000 000 360 360 360 360 

6.789 x 10 4 360 006 007 010 011 000 376 000 000 360 360 360 360 

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 

1.05 x 1012 360 001 376 000 005 000 000 000 000 025 374 001 002 
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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 RHO + 1 signifies a nwnber greater than or equal to 0.1 and 

less than 1.0. Again the value of zero is transferred to the digital 

display (see Fig. 5.10 for flowcnart). 

If the test determines that the value of the computed reactivity 

is not less than 1 pcm 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 ;1H0 + 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-

marizes 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 BL&~K + 1 in the HL register pair and the value 
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Table 5.6 

Decimal Point Location of 
Location Decimal Digit Digit 

RHO + 6 RHO + 5 Ones 
RHO + 4 Tens 
RHO + 3 Hundreds 
RHO + 2 Thousands 
RHO + 1 Ten-thousands 

RHO + 5 RHO + 4 Ones 
RHO + 3 Tens 
RHO + 2 Hundreds 
RHO + 1 Thousands 
Blank Ten-thousands 

RHO + 4 RHO + 3 Ones 
RHO + 2 Tens 
RHO + 1 Hundreds 
Blank Thousands 
Blank Ten-thousands 

RHO + 3 RHO + 2 Ones 
RHO + 1 Tens 
Blank Hundreds 
Blank Thousands 
Blank Ten-thousands 

RHO + 2 RHO + 1 Ones 
Blank Tens 
Blank Hundreds 
Blank Thousands 
Blank Ten-thousands 

RHO + 1 Zero Ones 
Blank Tens 
Blank Hundreds 
Blank Thousands 
Blank Ten-thousands 
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CHECK:Hl=OOH E<J E-1 
LO=D8H 

Cal I WOUT YES 

"'----~ L<-L-1 

. A<- (HL) 

Return 

Fig.5. If CHECK Subroutine 



WOUT:Hl=OOH 
LO=D F H 
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HL<j-BLANK+I 

~ 

E<r- I 

~ 

Return 

Fig. 5. I 2 WO UT Subroutine 
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of one in register E before returning to CHECK. The address directly 

above B~~K 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 OTNUM, 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 STA..~T 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 = 0008 and LO = 0508 , which is the starting address of RESTR. 

After clearing the decade counter, the routine INPUT regains control. 



WAIT: HJ =OOH 
LO= 5C H 

RESTART: HI = 00 H 
L0=28H 
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Enable Interrupt 

~ 
No 0 peration 

? 
Jump to WAIT 

OUT 11 

~ 
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 DMAf~T, and initialize FLUXl 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 mnemonic 

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 



START: Hl=OOH 
LO= OOH 
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SP< 1100 H 

~ 

HL <J DMANT 

v 
(H L)~FO H 

~ 
L~ L+3 

~ 

(H L) 4 FE H 
u 

L ~ L+2 

~ 
(H L)~FF H 

~ 
D ~ 7 

~ 
HL~ Y2TI 

~ 

l:) 
Fig.5.14A START Routine 
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A <} 0 

I TI T Z: (H L) <J A 

L4--L+4 

Dc.G-D-1 

NO 

Call INT 

Jump to WAIT 

Fig. 5.14 8 ST ART 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. 



Conclusion 

CHAPTER VI 

CONCLUSIONS 

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% 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 periods 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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Fig. 6.1 Reactivity versus Reactor Period 



Table 6.1 

Instrumentation Calibration 

Pact T % 4> in. Reading Change of DPM 
(sec) 0.2 in 0.4 sec p calculated (pcm) sec 

10% scale 501~ scale 90% scale 10% scale 50% scale 90% scale 
reading reading reading reading reading reading 

337 5 4.1 .8 4.0 7.4 335 334 336 

211 15 1.3 .':.. 2 1.3 2.3 180 215 205 

144 30 0.7 !) .1 0.7 1.2 118 148 145 

104 50 0.4 0 0.4 0.7 0 103 102 

78 75 0.3 0 0.3 0.5 0 83 80 I-' 
N 

60 100 0.2 0 0.2 
VI 

0.3 0 62 55 

53 125 0.16 0.1 35 55 

45 150 0.10 0.1 0.2 35 39 
35 200 0.10 0 0.1 0 21 
29 250 0.08 0.1 21 
28 300 0.04 0 0 
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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 microvolt, 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 change, 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. 

6 s1 p = nw + I 
0 i=l w + Ai 

(2.12) 

One of the seven solutions to the inhour equation is w = l/T, where 

T is the reactor period. The inhour equation can be written in 

the following form, 

A 6 s. 
= - + l _......;l.~-Po T i=l 1 + Ai T 

(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 

used. 

The following circuits discussed in Chapter rv can still be 

Figure 4.5 Digital Panel Heter 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 11 

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

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

timing circuit (shown in Fig. 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 

Fi6ure 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 Hark 80, has two modifications (see 
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V=llO VAC 

Shield 

s 15 R 

Digital Panel Meter 

N 10 2 B 

ViN = 0 to 100 mV from 
Keithley Meter 

EXT of 
3 Mark 80 

9 BCD 800 
II BCD 400 
!2 BCD 200 
K BCD 100 
7 BCD 80 
J BCD 40 
8 BCD 20 
H BCD 10 
5 BCD 8 
F BCD 4 
6 BCD 2 
E BCD I 

Pin 3 of 555 
Timer chip 

Fig. 6. 2 Connection Diagram for Digital Panel Meter -
Modified Version 
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LO Kn 3.3K.Q +5V 
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5.6K.U 
555 

2 
3 

1.0 µ.F GND 

--------i -I -~, 
0.1 µ.F 

l.2K n 

6 

555 
7 
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2 

3 JLPin B 
of Digital 

4 Panel Meter 

+5V 

Fig. 6.3 100 Hz Timing Circuit for the 
Digital Panel Meter 
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INTA 
.I 

0-4 3 DBiN 

74125 7404 

Fig. 6.4 Interrupt Circuit for the Digital Panel 
Meter 
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START 

WAIT 

INPUT 

TRACK 

CALC 

OUTPT 

Fig. 6.5 Main Flowchart- lnhour 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 0 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, FLXl. The purpose of the routine CMPAR (compare) is to 

determine the per cent power change with respect to the reference 

power, FLXl (see flowchart Fig. 6.7). If the power change is less 

than 15~ with respect to the reference power, C11PAR passes control to 

TRACK. If the power change is greater than 10%, the subroutine 

EXCH (exchange) is called. On return from the subroutine Q1PAR 

passes control to WAIT (no change, see Chapter V). If the power 

change is between 1 and 10%, control is passed to CALC (calculate). 

A change of 10% between two consecutive readings from the DPM implies 

one of two things; a 10% change in the reactor power, or the range 

setting of the Keithley meter has been changed. The 10% change in 

power change can be ruled out, because for a 10% 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 FLXl 

from FLUX2, and dividing the absolute value of the result by FLXl. 

After FLXl is subtracted from FLX2, the subroutine FLAG is called 

to determine and store the sign of the subtraction result in SGST 

(sign storage). If a period calculation is required, this is 



INPUT :HI= 00 H 
LO= 2 8 H 
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OUT 10 

~ 
HL~ DMANT+ 4 

~ 
IN I 

~ 
(DMANT+4)<l-A 

~ 
L~L-1 

~ 

L~L-1 

J 
IN 2 

~ 
(DMANT+ 2)~A 

~ 

lj 

Fig.6.6A INPUT Routine 
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y 
L~L-1 

I 
IN 3 

f 

lDMANT i" I) <J- A 

I 
L<-- L-1 

I 
Call INP 

I 
HL<r-FLX2 

I 
Call STR 

I 
Go to CMPAR 

Fig. 6.6 8 INPUT Routine (cont.) 



CMPAR Hl=OOH 
LO= 2 8 H 
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HL<-FLX2 

tr 
Call LOO 

~ 
HL<-FLXI 

~ 
PUSH H 

~ 
·Call SB 

~ 
Call FLAG 

~ 
Call ABS 

~ 
POP H 

~ 
Call DIV 

I 
tJ 

Fig. 6. 7 A CMPAR Routine 
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HL<- THIOO 

Call SB 

I Jump to TRACK r YES 

I HL <: NTHIO 

~ I Call SB 

YES 
Jump to CALC 

NO :1z 

I Call EXCH 

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 0.01 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, MEMl and MEH, every time the power change is less 

than 1%. The number of counts stored in MEMl and ME..~ is equal to 

the reactor period in seconds. Thus if Mfu~l equals 00000102 and 

Mfil-1 equals 100010012 , the reactor period is equal to 29 + 27 + 

3 0 2 + 2 + 1 = 650 seconds. A maximum limit is imposed on the number 

of counts recorded before a 1% 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. OUTPT 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, FLXl. With 

a new reference power, the two-byte period counter, ~1EM1 and MEM, 

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; t-H =OOH 
L0::87H 

Jump to WAIT 

Fig. 6.8 TRACK Routine 

HL~-- MEM 

(MEM)<l- (MEM)+ I 

YES 

Jump to WAIT 

(MEMl)<-(MEMI)+ I 

A<- 4 

YES 

Jump to 0 T PTO 



EXCH: Hl-=OOH 
L0=72H 
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(flXI)~ (FLX2) 

~ 
(MErv1)<:- 0 

~ 
(MEMI)~ 0 

~ 
Return 

Fig. 6. 9 EXCH Subroutine 



CALC: Hl=l4 
LO=OO 
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c<- (MEM) 

~ 
B~ (iviEMI) 

~~ 
(8,C) <---(B,C +I) 

~ 
A<: 0 

~ 
D <J 0 

~ 
E L! ~ 18H 

I Coll FLT 

~ 
HL <l PER 

~ 
Ca II STR 

l 

Fig. 6. 10 A CA LC Routine 
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(SGST) -{SGSTJ- I 

Ca II CHSGN YES 

DO 
i = I 6 I 

HL~ PER 

Call LOO 

HL~ LAMi 

.---~ 

ICall MUL~ 
I 

C9 
Fig. 6.10 8 CALC Routine (cont.) 
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l_( 
H L <J ONE 

~ 
Call AD 

~ 
HL<-- HOLD 

~ 
Call STR 

~ 
HL¢- Bli 

~ 
Call LOO 

~ 
HL<-HOLD 

v 
Call DIV 

Fig. 6.10 C CALC Routine (cont.) 
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HL<- RES 

Coll AD 

HL~RES 

Call STR 

___ _.,. Continue 

H L<J-- PNLF 

Call LOO 

HL~ PER 

Fig. 6. 10 D CALC Routine (cont.) 
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~ I Call DIV ] 
HL~ RES 

Call AD 

HL~ CONV 

--~--~ 
HL<l- RHO 

Call OU 

[(RE SJ<:- 0 
~.--

Call EX CH 

~ 
Jump to OUTPT 

Fig. 6. I 0 E CALC Routine (cont.) 
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determines the reactor period. ~IE~U and HEM 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 CHSG~ 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. LA1'1i (A., the decay constant) and PER 
i 

(reactor period) are multiplied together. One is added to this 

quantity which is divided into Bii (S., the delayed neutron fraction). 
i 

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 OTPTS. 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 FLXl. 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; RES, 

MEM, and MEHl. All of these corrections can be found in the program 

appearing in Appendix F. 



CF.APTER VII 

RECOMME1"'DATIONS 

Recommendations for Completing the System 

Originally the reactimeter calculations were to be performed by 

a KIM 1 microcomputer instead of the Mark 80. The Mark 80 was 

used because 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 F will only work on 8080 

systems. 

The followi~ steps are recommendations for completing the 

reactimeter using the KIM system. Parts have been ordered to complete 

the system using the KL~ 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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B. Connect the vector interrupt from the DPM (Fig. 6.4) 

C. Note corrections required for the software routines 

I~Pur, OUTPT, and WAIT 

II. 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. 

III. 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 Kil1 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 reactim.eter 

be based on the use of 8080 A/8085/Z-80 family of chips. 
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APP:&.'IDIX A 

Calculation of S eff 

Seff 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 
(per cent mills) 

T 
(seconds) 

179 20.4 .00680 ± .00001 

170 48.0 .00682 

244 11.1 .00676 

To determine Beff for the reactor, the average of the three Seff's 

is used. The average value for S ~f is .00679 ± .00003 which is the er 
value that is used in the algorithm. 
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APPEHDIX 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 O. C. 
Juelich of Rockwell International Corporation, has its origin in an 
earlier 8008 floating point package written by C. E. Ohme that con-
sists of a 768-byte ROH 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 Ohine's t!lllch 
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 POil~T NUMBER REPRESENTATION 

Floating point numbers are represented by four consecutive 8-bit 
bytes in memory. According to Ohine, 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 0008 , 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 2008 • 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 0, 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 form 
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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 fraction. 

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 
n It is 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 2n 

-a:> 
000 -a:> 2 = 0. 00000000 

170 -8 -8 0.00390625 2 = 

171 -7 -7 0.0078125 2 = 

172 -6 -6 0.015625 2 = 

173 -5 -5 0.03125 2 = 

174 -4 2 -4 0.0625 

175 -3 2 -3 0.125 

176 -2 -2 0.25 2 = 

177 -1 -1 0.5 2 = 

200 0 20 = 1 

201 1 21 = 2 
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202 2 22 = 4 

203 3 23 = 8 

204 4 24 = 16 

205 5 25 = 32 

206 6 26 = 64 

207 7 27 = 128 

210 8 28 = 256 

n 128 The largest possible exponential value of 2 is 2 = 
The smallest possible exponential value of 2n is 2-128 

3.4028 • 1038 • 
2.9386 • l0-39 • 

This is sufficient range for almost any type of floating point calcu-
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 377 8 

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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1/64 = 0.015625 

1/128 = 0.0078125 

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 is the same as for the second byte. Consider the 
following table: 

Bit Weighting 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 + 

201 000 000 000 = 21 x [0.50 + 

202 000 000 000 = 22 x [0.50 + • 

203 000 000 000 = 23 x [0.50 + 

204 000 000 000 = 24 x [0.50 + 

== 0.50 

1.0 

. . ] == 2.0 

= 4.0 

= 8.0 

203 100 000 000 = 23 x [0.50 + 0.25] = 6.0 

203 140 000 000 = 23 x [0.50 + 0.25 + 0.125] = 7.0 

000 :XXX: :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 

177 000 000 000 = +0.250 

200 200 000 000 = -0.5 

201 300 000 000 = 1.5 

202 200 000 000 = -2.0 



202 300 000 000 = -3.0 

204 040 000 000 = +10.0 

150 126 277 255 = +0.00000005 

201 174 017 334 = ~12 = 1.570796 
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200 061 245 030 = ln 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. 

FIXEJ POINT BINARY NUMBER REPRESENTATION 

The second format written 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 0008 . A binary scaling factor of 32 0 = 
0408 indicates that the binary point is immediately to the right 
of the least significant bit in the 32-bit word, 

00000000 00000000 00000000 00000000. 

The permissible range of the binary scaling factor is -12810 = 2008 to 
+12710 = 177g. Note that bit 7 in the scaling factor byte is the 
sign, a logic 0 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 
set to 
zero 

COUNT 
register 

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 spaca 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. 
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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. 

L"'{Af1PLES OF CHARACTER STRINGS 

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

Input character string 

3.141593 
-.0000000000001 
+l.6E5 

Output character string 

123456789 
54321E-10 

-2718281828 

3.141593 
-l.OOOOOOE-13 

160000.0 
l.234568E+08 
5.432100E-06 

-2.718282E+o9 

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 
binary 

160 000 000 000 

170 000 000 000 

171 000 000 000 

174 000 000 000 

175 000 000 000 

176 000 000 000 

177 000 000 000 

200 000 000 000 

Corresponding 
string representation 

360 007 376 006 002 011 003 011 005 025 375 000 006 

360 001 376 011 005 003 001 002 005 025 375 000 003 

360 003 376 011 000 006 002 005 000 025 375 000 003 

360 003 376 001 002 005 000 000 000 025 375 000 002 

360 006 376 002 005 000 000 000 000 025 375 000 002 

360 376 001 002 005 000 000 000 000 360 360 360 360 

360 376 002 005 000 000 000 000 000 360 360 360 360 

360 376 005 000 000 000 000 000 000 360 360 360 360 
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201 000 000 000 360 001 376 000 000 000 000 000 000 360 360 360 360 

204 000 000 000 360 010 376 000 000 000 000 000 000 360 360 360 360 

210 000 000 000 360 001 002 010 376 000 000 000 000 360 360 360 360 

220 000 000 000 360 003 002 007 006 010 376 000 000 360 360 360 360 

221 000 000 000 360 006 005 005 003 005 376 011 011 360 360 360 360 

222 000 000 000 360 001 003 001 000 007 002 376 000 360 360 360 360 

223 000 000 000 360 002 006 002 001 004 004 376 000 360 360 360 360 

224 000 000 000 360 005 002 004 002 010 007 376 011 360 360 360 360 

225 000 000 001 360 001 000 004 010 005 007 006 376 360 360 360 360 

Many of the rules governing string character representations are 
evident in the listing on the preceding page. Note the following: 

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

o The exponential representation, 025 375, for small numbers. 

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

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

o 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 i~ the floating point number represen-
tation discussed previously: 

Byte 1: 
Byte 2: 
Byte 3: 
Byte 4: 

Floating point exponent 
Sign bit and eight most significant bits in fraction 
Next eight most significant bits in fraction 
Least significant eight bits in fraction 
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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 is 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 ARITHMETIC SOFI'WARE 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): 

L~IT 

STR 

LOD 

AD 

SB 

MUL 

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 



D~ 

ABS 

ZRO 

TST 

CHS 

Im' 

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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Fixed subrout.:.ne. Cor..verts the value in the 
floating point accumulacor 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 o~tal and hexadecimal, of the 
various subroutines described above are as follows: 

Subroutine Hexadecimal address Octal address 

INTI 02 2F 002 057 

STR 02 JE 002 076 

LOD 02 6E 002 156 

AD 02 D7 002 327 

SB 02 D4 002 324 

MUL 02 BC 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 QC 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 inf orma.tion is available in the internal 8080 
registers and in memory. 

DRIVER ROUTINES FOR THE ARITHMETIC FLOATL~G 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+l4) 
into a floating point accumulator word. 

LXI H, STR...'lG 
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+l4). 

LXI H, FLOAT 
CALL LOD 
LXI H , STR...~G 

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 
rnR L 
MOV B,M 
INR L 
MOV C,M 
INR. L 
IDV 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 fiY.ed point 
binary word (located at FIXED to FIXED+3) with binary scale byte at 
FIXED+4. 
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CALL LOD 
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LXI H,FIXED+4 
MOV E ,!·f 
CALL FIX 
LXI 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 
LXI 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 FLOATQ 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 i1ags for the value of the quantity in the floating 
point accumulator. 



LXI H,FLOAT 
CALL LOD 
CALL TST 
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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, exponential, 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 sohle nlllllerical examples th.at deffionstrate 
the operation of some of the above routines. 

FLOAT FLOATQ FLOAT 

202 000 000 000 x 202 000 000 000 = 203 000 000 000 

202 100 000 000 x 202 100 000 000 = 204 040 000 000 

203 000 000 000 x 202 000 000 000 = 204 000 000 000 

204 000 000 000 x 202 000 000 000 = 205 000 000 000 

201 000 000 000 + 201 000 000 000 = 202 000 000 000 
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202 000 000 000 + 201 000 000 000 = 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 - 201 000 000 000 = 203 040 000 000 

203 040 000 000 - 201 000 000 000 = 203 000 000 000 

203 000 000 000 - 201 000 000 000 = 202 100 000 000 

202 100 000 000 201 000 000 000 = 202 000 000 000 

202 000 000 000 201 000 000 000 = 201 000 000 000 

201 000 000 000 - 201 000 000 000 = 000 000 000 000 

000 000 000 000 - 201 000 000 000 = 201 200 000 000 

201 200 000 000 201 000 000 000 = 202 200 000 000 

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 

1.0 000 000 000 001 040 201 000 000 000 

2.0 000 000 000 002 040 202 000 000 000 

3.0 000 000 000 003 C40 202 100 000 000 

7.0 000 000 000 007 040 203 140 000 000 

1.0 000 000 000 002 037 201 000 000 000 

1.0 000 000 000 010 035 201 000 000 000 

1.0 000 000 000 020 034 201 000 000 000 
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1.0 000 000 000 004 036 201 000 000 000 

1.0 100 000 000 000 002 201 000 000 000 

-1.0 300 000 000 000 002 201 200 000 000 

0.5 100 000 000 000 001 200 000 000 000 

-0.5 300 000 000 000 001 200 200 000 000 

2.0 177 377 377 377 002 202 000 000 000 

0.25 100 000 000 000 000 177 000 000 000 

MEMORY MAP FOR FLOAT:lliG 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 FF to 06 F4 

06 F5 to 07 06 

07 07 to 07 40 

07 41 to 07 BB 

07 BC to 08 52 

08 53 to 08 D2 

08 D3 to 09 28 

09 29 to 09 El 

09 E2 to OA 53 

8080 Binary Floating Point System Arithmetic 
and Utility Package. Progranmer, 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 FSL~. Sine and cosine routine. 

ARCT.AN. 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 S7, scratch pad bytes are required. They can be located 
at LO memory addresses 00 through S7 (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: 

Hemory locations 
that refer to 

scratch pad memory 

hexadecimal 

02 3S 
02 47 
02 S2 
02 SA 
02 80 
02 C6 
02 CB 
02 El 
03 9D 
04 SF 
04 DE 
04 FS 
05 08 
OS 17 
05 6C 
OS E6 
06 3B 
06 Al 
06 C6 
06 DA 
06 E2 
07 44 
07 51 
07 57 
07 SD 
07 79 
07 7D 
07 89 

octal 

002 065 
002 107 
002 122 
002 132 
002 200 
002 306 
002 313 
002 341 
003 235 
004 217 
004 336 
004 365 
oos 010 
005 027 
oos 154 
005 346 
006 073 
006 241 
006 306 
006 332 
006 342 
007 104 
007 121 
007 127 
007 13S 
007 171 
007 175 
007 211 
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In the floating point pack.age that we currently have in 1702A EP.ROM, 
the scratch pad memory HI byte is 020, in octal code (10 in hexadecimal). 
The EPROMs cover the address range of from 02 00 to OA 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 lK 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 OC, OD, 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, lA, lB 030, 031, 032, 033 

07 lC, lD, lE, lF 034, 035, 036, 037 

08 20, 21, 22, 23 040, 041, 042, 043 

09 24, 25, 26, 27 044, 045, 046, 047 

OA 28, 29, 2A, 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 one which you have chosen 
for your scratch pad memory. We si:nply list the LO bytes, the labels, 
and the significance of the specific memory locations. Memory 
locations are given in hexadecimal code. 

LO lllemory 
address 

00 
01 
05 
09 
OD 
OE 
11 
15 
19 
lC 
lE 
lF 
23 
27 
2A 
2E 
2F 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
3A 
3B 
3C 
3D 
3E 
3F 
40 
40 
44 
44 
48 
4C 
4E 
4E 
4E 

Name 

MULX4 
MULP3 
MULP2 
MULPl 
DIVX5 
OP4S 
OP3S 
OP2S 
OPlS 
OP4A 
DIVX6 
OP3A 
OP2A 
OPlA 
OP4X 
OVER 
PREX 
ACCE 
ACCS 
AC Cl 
ACC2 
ACC3 
SF 
ADPL 
ADRH 
TMPl 
TMP2 
TMP3 
VALE 
VALl 
VAL2 
VAL3 
TMP4 
FSQRN 
FMACX 
FSQRX 
FMACS 
FMACT 
FMACG 
FCSHD 
FLO GE 
FSNHD 

Description 

Operand third fraction 
Operand second fraction 
Operand first fraction 

Divisor fourth fraction 
Divisor third fraction 
Divisor second fraction 
Divisor first fraction 
Remainder fourth fraction 

Remainder third fraction 
Remainder second fraction 
Remainder first fraction 
Remainder fourth fraction 

Previous exponent 
Accumulator exponent 
Accumulator sign 
Accumulator first fraction 
Accumulator second fraction 
Accumulator third fraction 
Subtraction flag 
Character string word 
Character string bank 
Temporary storage 
Temporary storage 
Temporary storage 
Value exponent 
Value first fraction 
Value second fraction 
Value third fraction 
Temporary storage 
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50 
50 
50 
50 
54 

FEXOV 
FATNT 
FSINX 
FSNHX 
FL OGX 
FATNU 
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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 6377 

Moy I, 1960 

COMPENSATED IONIZATION CHAMSER TYPE 6377 

The 6377 compensated 1on1Zallon chamber is d.,si~ned to Jetect thermal ncurron • 111 1hc range from 2.5 x !OZ to-
2.5 )( 10 10 neurrons cm 2 ".econd, in rlie prcser.cc ot very l11gh ~011111HJ rudi11t1on i1clJ~. Tlic Jcrcctor 1 ~extremely 
rugged in construcl1on, meeting MIL-S-901 •or shock on.J MIL-Std-167 (type 11 for v1l>rat1011, and n1ay be operote\l 
in any position at temperatures up to 175,F. The 6377, including th.e connectors, is conslructeJ of magnesium 
alloy, with high stability, crosslinked polystyrene insulation. The use of rh.s latter 111aterial assures completely 
noise free performance of the detector, even in the lowest decade of operot1cn. 

The 6377 incorporates two outstanding feat\Jres. The first 1s the use of guard ring construction througl1oi.;t to 
minimize the reduction in signal currents due to electr1cal leakage of the 1r.sulators. The s..:cond 1s the prov1s1on 
for continuously variable, electr1c~1 compensar1on. This feature prow-1Jcs any Jcsired dc-:lree ot reduction of the 
signal caused by gamma radiation, 1ncl:. .. hling .:0111olete cancellot1on. 

The thermal neutron sensit1"ity or the 6377 is. opprox1ma!ely -l., 10- 14 amperes neurro11 Cn1 2 seconJ. The ~ammo 
sens1f11o'1ty, when operated uncompensote-.J, is opprox1rn~teiy 3 x JQ- 1 1 ~mpcrcs i< hour 

The 6377 1s similar to the 7353, differing a11ly 111 ourl1ne diinens1011s. 

Seti-''"• 
i.A"tfft 

14• .... , .. 
I 
l -
:r 

.. L._ 

MEC:HANICAL. 
Moaun ... m 01ame1~, 

Ma•1"'u"' Q,...,.,1 I l.•n91h 

Appto••mote Sen"''"• Litngrlo. 
Net We19h1 . 
Sl·Hppin9 w., • ._,,,,. 

MA TE RIALS' 
Our•r (a,e. 

E l•c:lrades 
ln\11la11an. 

Neutron S.ms1t•v• Mf°ll•nol: 

Cun1en t •• 

Thickness 
Cas Fdl1n9 

IMPEDANCE 
~esulonce. [Note 2) 

Signal ElecltOd• 10 (a,• \.\o4,ri1mum). 

H.V. Electrod• lo (o,e (M1r11n1u1nl 

Compen,ating l:.l•ctrodu ro l.<J~• 
(M1n1mum1. 

Copoc1tonc111· (Nof• I) 

S1gnol El•crrod• to Cos• ~Appto•.l 
H.V. Electrode la C.:ue {Appro•.) 
Col"'lp•n,at:ng E 1ectrade ,,.. Co,. 

{Appro•.) 

MAX1MUM RA. TINGS: 
Yohag• Bet"'"••" fl•Ctr'ldiP, (tic). 
T emp•ralut• 

J.'' lo Inch•• 
)J. j J 16 !11C.'111t' 

14 lnche• 
5-J ·a Po ... nds 

I? Pound\ 

) .... A I, 97~ Mq Alloy 

3•~ A I, 97~ Mg Alloy 
S1abil11ed Polysryre<1e 

Boron enriched Hl B· ! C 
1 mq• cm~ 
N1fro9•n 

,101.• 

1500 
175 
180 

125 

Volts 

Oe9r••S F 
Pcnmds1 lnch2 E .t•rnol Pr•uur• (Nole 3). 

Th•rmal ~•utton Flu•. 5' 10 1 I 

N•ulro., & Radiol1on Defector Section 

WESTINGhOUSE ELECTRIC CORPORATION, EU::.CTRONIC TUBE OiVISION, ELMIRA, ·"EW YCRK 
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63n Westinghouse 
Page 2 

TYPICAL OPERATION' 
Typical Cannect1CN"1 
Oeerot1n9 Volta;• 
Compenaat1n9 Voltage 

. , , ... , . . • . . . See Figure I 
300 to 800 Volta 

(S••Fi._,vr•l). -10 to -80 Voh1 

1. Copac1tmnc• 11 m.asured between an electrode and caae, with 
all other electrod•• 9rowu~•d. 

Saturation Choroct•111flc1, Se• F1'iilure 2 2. The det.ctor may not be immet1ed dirKlly In WQfar. and high 
humidity en•,,.ronmen11 sho1.1ld be ovo1d.d 01 tftey will 1mpa1r 
performance. 

Thumal Nei..tron Flu• 
Ran;• . . . ..... 2.5 • 102 to 2.S • 10 10 

Thermal Ne\.ltron Sen11t1vity, . 
Comma S..,11t1w1ty: 

Total Comp•nsotion , 
Uncompensated , , 

'• I a- 1
<4 

3. The pre11uri1in9 otmo1pher• mu1t be dry and no.,·corro1ive. 

TYPICAL CONNECTION DIAGRAM 

~Amphenol Coblt 

~/ No.21-467 

.. !!2 . .! .. !> Perm1111blt powu tupply re;ulatlon and rippl• 
wtll d•p•nd upon lht porl1cular .. appl1eat1on. See 
StC11on tnlllted • JonuQt1on Chomoer Operation.· 

FIGURE 1 

WESTINGHOUSE ELECTRIC CORPORATION, ELi::CTRONIC TUBE DIVISION, ELMIRA, NEW YORK 
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Westinghouse 
TYPICAL COMPENSATION CHARACTERISTICS 
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SECTION I INTRCDUCT!C~I 

Modol 411 

Tho Koithley Model 411 Micro-microammater is a linA operated 
Vl!!.cuum tuba electromf'ter d'"signed and constructed dSpecially f.)r 
measuring small currents, Full ::;cule ranges are from lo-3 to 
10-11 ampere . 

The features includ~ full-scale voltag" d!'op at the input of 
less than five millivolts, zero drift of loss thc.n ~ of full 3calo 
per wef:'k, good accuracy and. ce.].ibration stabtlit.y, and simplicity 
of operation. It also has an output wti~h will drive a 0-l or 
0-5 mill:!.ampere :-ecor1er us well as th11 n11morous potentiomater -
rebalance recorders; one output te:r:r.ina.l is at ground, n:a.king it 
convenient to connect. cathoce ray cscillos~op11a (')r pen-driving 
amplifiers, similar to the Brush and s~nborn equip1:1ent. 

The major panel controls are the range switch (amperes full-
ocale) and the :ere. ~1nor ccntrcla are the Zerc Check, use1 to 
short circuit the input and in setting the zero, Meter ?olarity 
for provid:!.ng up-scale reudi~ga for :i;.rronts flcwi~g !n either 
direction, and an O~-OFF power switch. The =eter dial is illumin-
ated, and these bulb~ serve as the pilot light. 

Model 411C 

The Keithley ~od.el 4llC is identical to the Model 411, except that 
the par.el meter i3 provided w1 th conto.cts which can be set to 
clcae at any predstc:Jrmir..Bd :neter pointer deflection. The delicate 
contacts cf the neter operate a relay in the 411C, and the relay 
contacts (SPDT) are avll.ilable for external switching fun::tiona 
through an AN cor.."lect.or en tha rear of the chassis. 

Response Speed, both models 

The 411 and 411C are shipped with capacitors shunting the range 
resistors on the lo-s through 10-ll a'llpere ranges. The capacitors 
damp the respcnse, limiting the amplification of spurious disturb-
ances, and prever.ting overshoot and ringing when a square pulse 
o! current is applied and input cable capacitance is as much as 
5000 micro-microfarads. Such damping is usually preferred when 
long input cables are used, as with re~ote ion chambers. When 
maximum speed is desired, as in some production tests, and very 
short ir.put cables are being used, the capacitors may simply be 
removed !ram the range switch. See details on page II-2. 

- I-1 • 
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S1'~CTIO!I II DESCRIPTIC!l 

~venteen overl:i.pping current r&.r.ges, frcm 10 x l0-4 ampere to 
10 x lo-12 ampere are selecte1i by the Amperes ~'ull See.le sv1tch, locuted 
left vf the :.leter. The accur:ic·r ci' the ranges frore 10 x 10- 1• thr,;u(;h 
3 x lo-7 is vithin ~' 10 x lo-9 through 10 x io-1:2 is "ith1n 4~. 

In~ut Impedance is controlled by negative feedback from the output 
so that the volta~e drop across the in~ut terminal~ is less thu.n 5 ::i.il-
livolts for full-scale meter deflection. 

The Input Ccm~ector is located on the back flice of the ch1tss is. 
It is a UHF ~unnt:ctor vith tt:fl·on insulation, and accepts "' st•~nd,irJ 

teflon insulated mating plug. The plug and leud w1 re fl or cable sh:.ould 
be extremely well in:iulated to prevent the leakage of tr.e sma.11 cu,·-
~·entb. A cap is providad for keeping dirt out '.Then the instrument is 
stored. 

Input Svitch L~belled ZERO CE::CK is located to the left of the 
range tivitch. Whan .l<:prossud, it. effect1velJ shorts the input to re-
move spur~ous charges, ar.d provideti the ierc input current reference 
for zeroing the meter with the Zero Control. 

Grid Current is less than 5 x lo-14 wnpere, and represents tha 
lit:it of measurement uf a ·rncuum tube electrcl'!:eter. Tl::is is abo•J.t 
O.~i of full-scale on the most oensitive range. 

7.ero Dr1ft is less than Cfc of full scale per veek en all rang~s. 
This includeg '"'"-r:nup from a cold start, provided the source vclte.ge 
lA lO volts or more. 

Zern Control - The 7,erc knob is located to the right of the metar 
and is used fer zeroing the""meter With zero input current. Effectively 
:ere input current can be obtained by depressing the Zero Cr.eek button. 
7hE:l input must not be short-circuited. This upcets the nego.t:!.ve feed-
back path !l.Ild J!Skes it impossible to zero the meter. 

- II-1 -
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It is recommended that t~e :teter pointer r.ot be set any-•here but zero 
on the meter scale with zero input curr<lnt, be.cause with the feedback used, 
a de potential is developed acro:is the ir.put whl:never the output and tho 
panel meter are not zero for zero :nput current. Recorders, of course, can 
be biased to any part of their scale for zero volts at tho M..idal 411 output. 

Output is provided for driving recorders. The ar.iplifie.r will duvelop 
10 vo.1.ts for full-scale m<Jti;r deflection, e.nd 5 milliamperes can be drawn 
\lithcut upsetting the circuits. 'rhe OUTPUT connector is at the rear of 
the chassis. Tho conr~ction details and suitable output attenuators are 
discus sod in O~.RATION, Section III. 

Response Speed of the ~ll depends upon the current range being used and 
also upon tho capacitance of th& external circuitry. On tho less rensitive 
ranges the speed is limited by the amplifier response, which is from de to 
approximately 1,000 cps. On the ranges fro~ 3 x lo-7 to 10 x io-11 amper~c 
the speed hes been reduced to about 1.0 second by :.he addition of capacitors 
across the range resistors. On the three ~ust sensitive renges, shi;r,t cap-
acitanc~ across :.he input limits the response speed. Because of the method 
of application of the negative feedback, the slowi~g ~ffucts of cdyacitanco 
from the high input teminal to grour:d. have been greatly reduced, but are 
still significant. ~able I belo\I gives typical response speeds; viz; the 
time constant of the r~sponsc to a step function. 

TABLS I 

TYPICAL RESPONSE S~DS 

(to reach 6ii of final value) 

Ranges ·•i':.h no significant with 5000 rnmf 
external capacitance across the input 

1 x io-ll 2.0 Seconds 4.0 Sflconds 
3 x io-11 1.0 2.0 
1 x 10-10 0.5 1.0 
3 x io-10 0.5 1.0 

If the maximum speed of rosponse is desired, the capacitors shunting the 
range resistors reay be removed; ho\le·:er the increased response to spurious 
ac aignals rtay interfere with recording, and the transient response may 
suffer. 

Amplifier Noise is principally po\ler frequency, and is 50 miLcivolta 
rms max at. the output turminal:J, irrespective of the curr~nt range. From 
the most general point of view, grid current and amplifier zero drift are 
also background noise; these have ~lrc~dy been discussed. 

- II-2 -
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Circuit Description 

The circuit diagram DR 111'{5-C ia encloaed c.t the back. The a111pl1fier 
consists of tvo 5886 electrcmeter tubes operated as a balanced stage, vith 
a substantial amount of in-phaae rejection. Further in-phase rejection is 
obtained by supplying Vl and V2 screens from V3 and V4. A triode conruicted 
6cMG is used as the cathode follower output stage. 

Negative feedback from the output is accornplished through the shunt 
resistor to the grid of the input electrometer tube. It is this feedback 
vhich keeps the input voltage drop low. 

The open loop voltage gain of the amplifier, a:easured from the first 
stage grid to the feedback conr.ection which would norrtally be connected to 
the low i:iipedance end of the ahunt resistor, is about 2500. This assures 
a low input drop. 

To insure low drift, the :eedback-voltage (the voltage drop across 
the high resistance range resisters) is made ten volts on all ranges. 

The pover supply is regulated by a Sola transfor:i:er. l!alf-wave 
se~enium rectifiers supply the B~ and B- potentials. The filtering is 
conventional. 

Calibration 
range resisters. 
better than 21'. 
than l;.1>. 

is deter:!!ined by the value of the high resistance 
From lo-3 tg lc-7 amoeres, the overall accuracy is 

From 3 x lo- to lo-11 amperes, the accuracy is better 

The meter is connected betveen the output terminal and ground. 
When the range re sis-tor is sr.orted in zeroing tr.e instr'JJnent, the ~ter 
rr~asures the voltage existing bet•een the input ter::iinal end the output 
terminal (which are connected togecher when the shori:ing ·out ten is 
preJsei) and grour.d. 

The balancing of the amplifier, '•ith the Zero control, is done 
in the filament circuit of V2. This is a convenient lov-impedance 
point ar.d does not disturb :he electrode potentials of the lov grid 
currenc electrometer tube. 

- II-3 -
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SECTION EI OPE?.ATION 

Simplicity of operation ia an outstanding ch.aracterist!c of the Moo.el 
411. First conn~ct the input to a current source, end the cutput too. 
recorder or external indicator, if desired. 

Then: a) Plug tlw power c~ord into a 110 volt 60 cps outlet. Nute 
th!it because a Sola resoruint reg•.ilatinc; transfor::::or i:J used, the pow(;r 
!'~quency, o.s ·.tell 'ls voltag1J, :nust bet.he proper value. 

b) Turn the o.mpE'res Full Seo.le to t.he 10 x Jo-4 posit.ion. 

c) Turn the power svitch to ON. 

d) After a :t'e'.I minutes war:nup, s<:it the panel meter to ze1·0 'Iii th 
the ZERO control. 

o) Advance the instrument's sensitivity with the range Sllitch, 
until a usable dtJflaction is obti:;.ir;t,d. on tho pil1:El i:r.eter. The current is 
read directly. Attention should ce paid to the ME'I".2R polarity switch, so 
that an up-scale deflaction is obtain,E,d. 

!') ?eriodico.lly check the zero setting by oper~ting the ZERO 
CHECK switch and rezcrcing the meter if necessary. 

Ir.put, usir.g cabling 

Tht:l current source should be connected to the input connector with the 
high impedanco side of the current source associated with central conductor 
of the connector. The lead-in cable should be polyethylene, polystyrene, 
or teflon insulcted ccaxial cnble, and the connec~or should have teflon 
lnsulation. Amphenul type 83-756 or equivalent is reco=ended. During pre-
paration of cable and connectors, :t is essent:al that all high impedance 
surfaces bo kept scrupulously clean to avoid leakage. ~ith graphite coated 
cable, it is necessary to avoid tracking graphite onto the high impedance 
surfaces of the cut end of tlw insulation and the teflon surface of the 
connoctor. Movc:nont of the· cable during meaaure~.ent should be avoided 
since this will cause spurious need:e movements, because of capacitance 
cho.nges and generation of stat1c charges. 

RECORDI:!G: The Model 411 is provided with a connector on the rear 
of tha chassis for recording. '!'he output fer full-see.le meter deflection 
is tlO volts. The caximum current that ::iay be drawn from the output terci-
nalo is 5 milliamperes. Thia output is suitable for driving one and five 
~dlliampere recorders a:i well as rocorder5 er-ploying o.n o.rtplifier. Cinch-
Jonea S-202-a is the chassis connector, P-202-CCT is the mating plug. 
Terminal #1 is ground. 

- III-1 -
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Table III gives resistance to be used in aerias vith one cmd five 
milliampere recordir.g "11llia.nraeters, to make the recorda r full--scale dci -
flection equal the panel meter f11ll-scale d.eflFiction. 

TJ.D:E III 

Recorder Sericb Tie:Ji&tc:.r..cti 

l m.a. 8.3 to 3."jK 

'.) 111.a. 1920 tu lS)+O 

The exact series roeistance varies from recorder to re:cr1cr, ~nd ~ porti~r. 
of' tr.e series resistance aho11ld bo e.djustable so ':hat thtl r(•ccra.er '011Y oe 
calibrated exactly againct th.1 _punel :neter. 

A sui--cable voltagtl :livid.er for more 5ut~sit:.·n recordon: ca!'l e~sil;)" be 
m!ide, keeping in mind that 10 volts 11.pp'3ar ~".: the cutput term1 !l~ld for 
full-scale deflec1;ion oI' the ;ialll:ll meter, e.n'1 t:Uat a 2COO ohm J.i,,Ua;; W'ill 
not drnv too much output curr~nt end vill bP. s1J.ffici~ntly lo.,, i~pP.dance 

to connect to amplifiur inputs. 

The Speed of Res~onse, or tho time constant of an input transducer 
and mICro:iiii'C'roiimr.iet0r, depends upon the speed of response of the cir-
cuitry of the instr~~~nt and also upon the capacitance of tha current 
source imd its conncct::.r.g C:.ibla. Because .:if the ;:ay the D.<Jgative feed-
back is applied in the Model 411, the external input capacitance is not 
neiuly as i:npo:-tant cJ.s in systerns using a volt:neter across a shunting 
resistor, ar.d quite large cepacitsnces can be tolerated vithout having 
an ia:possibly elo'.i' response. '.:'hue, a. ca.bld ::u::i i'ro.n an ior. char.1ber to 
the '1licro-;;ii.:roo.mm.iter is p<Jn::i.ssible. 

The internal tirna constant of the Mod.el 411 depends upon both the 
frequency response of thd arnplifier s-cages and the ti:ne constants al' the 
high T:l(lgohm range IY;sictcrs o.nd the associated distributed cauacitances. 
These change from range to range on the 411, the speed d.t:lcrea~ing aa the 
sensitivity is increased. T~blo I in Section II, DeRc:-iptio~, gives 
quantitatiVR values. 

f216 Volta. A connoctor has teen mounted on the back face of "thP. 
chassis to provide +216 volts for polarizir.g an ion chamber. Tha ?Oten-
tial is derived f:-om 2 CB2 voltage regulator t·.ibes and is ;;ell filte:-ed. 
The supply can be shn~ ci:-cuited vithout damaging it. rhe chassis con-
nector is Cinch-Jones SlOl, and PlCl is th~ ;nat!ng plug. 

- III-2 -
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SECTION I'l MATI!7ENA:rCE 

The Keithley Mod.Fil 411 Micro-micrcamm11ter has been <ieaignod to 
give long, troubl.e-fr•X; servi:e. Hit:h qUD..!.ity :cmpononts h:J.ve r•ecn used 
throu13hout, and the ci:::-cui ts are stab1l.1zed by :i. substantial. amount of 
negat 1 ve fcedtack. 

DR 11175-C, at tht: bti.ck, is the detail.ad circ'..:it sch.e=tic iiagi:am 
of the Model 411.. The circuit operation was diec~ssed in Section II, 
De script ion. 

Maintenance Adjustments 

One maintenance ccn"trol is provided. It is acces11ible fr::iui the top 
of the chassis, and is located behind the ~~te:::-. 

Rl38, METER CALJJ3F.ATION, :.s in series with the Meter. To r~calibrtit~, 
use the 1.0 x 10-"" rang'3 and, 1Ji ':h 7 x l.O-~ ampere through tho input. 
circu.!.t, udj.ist Rl.38 ,;o the :noter reud:i exactly 7 .o. Since tr.e i;hunt 
resistor on t;1is rl'l.ng" is n.ccurate to o . .:.~ of its nominu.l value the 
overall accuracy ~an be adjusted to about l~ of full scule. On the 
3 x lo-4 to 10 x lQ-8 arnper'3 range the range resistors are a~c.irate 
to l~ and, providi:•g ';he c.:i.l.!.bre.tion .,,.ao accurately done on the 10 x 10-4 
ranee, the ov~rall accuracy .,,.ill be <:'f. Frcm 3 x lo-8 tv 10 x lJ-12 am-
pere.:i the.: ran'3e :-esietors aro acc\ll·atti to 3'? and tr.e overall acc·zacy 
vill be 4·~. 

Vacuum T'Jbes Vl and V2 are the two el.ectrcmeter tubes, and ara located 
in an alwi:~num can which plugs onto the top of the chll.ssie nec.r the 
input ter.nina.ls. The tubP.s have been selected, matched and label.led; 
Vl is Keithley part 2¥5386-5 and V2 is EV5886-6, The difference bet'W'een 
the two is that EV58~-6 does not have to have low grid curr~nt. It is 
recommended that tho completo Input Tube assembly, Model 41.02 be kept 
for :::-eplacement purposes. 

The ether tubes ore standard raceiv!ng tubes and need no special 
selection to ~ssure s.:i.tisfar.tory performa.nco of the Model 411. 

INSULATION: All insulation for tte high impedance conductors is 
~.ade of tcflon, as are the contact insulators on the range s'W'itch. 
This ohould give satisfacto:::-y s..;rYice in all humidities. Occasior..ally, 
the high impedance insulators should he inspected to inettri'l that they 
are free from dirt and dust. 

CONNF.CTO"n CAP: Tho cap for the input connector should be kept in 
place 'W'hcn-ever the connector is not being uoed. I:l stora(>e and in 
transport, it keeps th~ insulation from accumulat:nB dust and dirt. 
Before screvin0 the cap back onto the connector, be certain that it is 
clean, so tr.e insulation 1Jill not be contaminated. 

( 
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111111 ANALOG 
i.il DEVICES 

3!~ Digit 
AC Line Powered DPM 

.. :- ·: .: .:_-.; .. ·.' ..... · : .;': .- ". · ... : ..... ·,. "-.: .. :'' ... ~.:. ;.~ ·· Ao2·009~·-
,. ' . . . -~ ~ . . , . .._·_ .... ,; .... . . . . : ~ ~· ' 

'EA TURES ·,. .,· 
IC Line Powered 
lright, Seven Segment Gas Discharge Display 
!CD Data Outputs Standard 
iold and Trigger Control Signals 
'ull Scale Ranges of !1.999V or ±199.9mV 
)isplay Blanking Control 
ndustry Standard Panel Cutout 

~PPLICATI ONS 
3eneral Purpose DPM Applications Requiring AC Power and a 

High Visibility Display 
Jata Logging and Digital Feedback Controi Systems 

;NEKAL f)f.SCl<tl'TION 
, . .\1>20119 ".1 low ,llst J•,'J Ji~1C. AC line powcrcJ lJP.\I de· 
ne;:J !or (.!L"lln.d rurpn'i..: DP.\\ .1ppl11.::iwin~ 'l he ,\IJ~l)09 
:.i.surcs b1pol.u inpuc voltJgcs oH:r full )(J.lC' rang,es uf either 
999V '" !199 9mV, with •n accuraC)' "i ±0 1% reading ±I 

:n anJ Jispl.1)·s the reaJin~s vn l.1ri;c. bright U.55" (14mm) 
L·km:.in ~as J1)i:hJr~c d1)p1Jys 

\l<Gt-:, lil<ICllT DISPLAY 
•r d1>pi.1y •Jr.Iv .1pplicauuns, th~ BeLkman Jisplay offers ex· 
llcnt lppc.1rJnce .inJ v1s1l11lity. The ADZUUY Jisplay is easily 
1J up tu 5 U ti:cc ( l5m) .iwa~· Jnd uvcr Ji\ Jmb1ent h~hung 
nJHiuns. The nunbl.in: kn!> J.Jlows J. i.'hulct: of ctChcr red or 
1h1..·r Jispl.iy i.:olurs, and is c:u;1ly ~1lk-:ii.:rc.:cncd with ..:umpany 
;u ur measurc1nc:nt unics. l~xtcrnal control of dc..:1mal potnts 
J d!Splay blanking is proviJcd. 

l\Pl.F. DATA INTERFACING 
11.·L· lhc :\ l).ZOOIJ i-. dt.:~&!;!O<.·J Jrou1h.I TTL lut-!il" circuns, par~.l
uc:n d.HJ, ·1 Ti./UTL cun1p:.111Lllc, 1~ .1 standard fc:ature, 
)\nni; cJ .. -.y 1nfcrfa.L"111µ to .i \.a.r1cty ul JJtJ peripherals, sui.:h 
.i1!-'.1t.1l i.:omp.1ra'urs JnJ line prtntcrs. UnJcr internal con· 
i. tilt· {\D.2009 ronvcrcs Jf :i. nomin.il r.ice of six converswns 
· :,n:unJ. Using the.: llolJ .rnJ Tn~gc.:r controls, up to 100 
1vc~1ons per SC\.:ond '-'JO lie externally tnia~cred. 

OUSTRY STANDARD CASE o~:SIGN 
r~ponsc to md1.1•Hry's urgent need fur DPM Standardiz.auon. 
Jlo~ Ut.:V1L·1.:s h.1.c;; :iJ,>ptt:J the muse popub.r AC powered. DPM 
'cl cuwut >llC for the ,.\D20U9 anJ all future 1\C line pow· 
·J 01''\\\. Srnt.:c (h1-i. 3 .924" x 1 .682'' (9~J .C7 x 42.72mm) 
\d 1..·utout is used Uy ~l, man>' AC powered panel mcccrs. the 
ccnua.J Dl'M ~U!ttomcn. ~Jn be a.ssurc:J th.,t sccond-sour,c:s 

'orma11on futn•ii'lel.J bv Anal09 Dev1cn is b•lt....ed 10 bt «:cur11a 
::I 1~1able Howeower. no rnponi1b1i11'V is as.sumed by An~109 Qey1ces 

•U uw. nor for any 1nfr1r~mttn1s of patenn, or other rights of third 
r11n 'IWhteh may result from its 1.tse No llcenw is gr•nted by 1mpllca· 
nor 01narw1se under any P•l"11 or patent righrs of An-'()l:jl Otv.ce!.. 

will be a.ailable anJ future new products will be usable withouc 
mcc.:hani1.:al 1.:h.1.r.~t.."S to their mscrumcnts or S) ')terns. 

DESIGNED AND BUILT FOR KELIAl!ILITY 
Dcsi~n anJ mar.ufa.i.:tunng techniques are chosen to insure reli-
ability in the 1\D2U09 Conservative design techniques and 
thorough componL·nt evJ.iuJ.[ion ue only the: beginning:. 1\.bnu-
facturing prol.:\:':lSCS .ire monitored by conunuuus quality assur-
anL·c inspci;;tiuns to in!turc: proper "'"orkmanshlj> anJ testing. 
L1k< even uthcr Analog Devices' DPM, ea.:h ,\02009 is fully 
tc:s£ed ior dc1.:rncal specificacions, calibratc:d, and given one 
full week oi failure free burn·in before shipmen<. 

TllF.ORY OF OPEl<ATION 
The AD2009 uses .1 Jual slope conversion technique with •n 
absolute vJluc voltage co i.:urrcnt convener input. The c:ncire 
cu1wcrs1u11 ~ydc takes less thJ.n 10 m1ll1sct:onds, allowing a 
complete c0nvc-rs1on cu he: Jone during the negative half ~·ycle 
of the AC line, .inJ the rc>ult1ng re1J111g is d1Spl1yeJ Juring 
the P'h1.l1vc h . .df cydc of the: AC line. This scheme noc only 
in>ures a tltckcr free J1spl.1y. but Jiso alloW'5 externally mg-
~c-rc<l cun\lc:rswns at rates up to 100/sccond for d.ita intc:r-
f.h.·ing apphcilcions. ln order to insure: a bngiH display even 
Jurin~ operation .11 low line volta~cs anJ to help insure the 
reh•bility of rhe lleckman JtsplJ;'S . .1 separate power supply is 
provided to continually illuminate rwo "keep-ahves" in the 
lkckman Jt>play. 

Route 1 lndu•lli•t Park; P.O. Box 280; Norwood, M•ss. 02062 
Tel: 617/329-4700 'TWX: 710/394-0577 

West Co.Ht 
213/595-1783 

Mid-West 
312/894-3300 

Texas 
214/231-5094 
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SPECIFICATIONS (t•1pical@+25°C and nominal line voltage) 

DISPI.,\ Y OUTPUT 
• lk·L·km.ln S'-·vi:n S1.:gm .. 1.:nc Ca.s IJ1s1..:h;irg1.: Display, o 5 5" 

lli~h t 14mm) for Thr"e Oat.a [)1~1t~. 100% Ovc.:rrJngc ;\OJ 

Ni:t;JU\IC Polancy lnd1caciun. Ovcrlt)aJ ind1cHed hy 
bl.inking rhe three Jara digits and Ji>pl•)'ing rhe "l" 
uverrangc. The po!Jricy rcm;.uns \JliJ. 

• Dc~1mal Porncs Sclt:ctablc at Input. 
• Displ.iy Blanking 

ANALOG ll"l'UT 
• CuntiguT>uon, Bipolar, Singk Fnded 
• Full Scale lfan~c· !l.999V or ±199.9mV (sec S option) 
• Autom.itic Polancy 
• Input lmpcJ.ince, IOOMrlDC 
• lliJs Current, lluth Ranges. 3nA@ 2V l·S, 20nA <21 

200mV FS 
• OvcrvolrJ~e Prorcction, lloth R.in~cs. 200V DC Sust.11ned 

ACCURACY 
• !0.1'"'.i !:l D1gic 1 
• Kcsoiuuon, lmV or IOOµV (S option) 
• Tcmpcr.lturc: Rangc 1 : 0 co 1'50°C Opcc1ung 

-ZS °C ro •85 °C Srurl~C 
• Tc:rnpcracurc: Coc:tf11.:1cnt: 

C.un (both ranµcs) :t60ppmi°C 
Zcrn Oii;ct (2V Input) - ±3llµV1°C 

(20tlmV lnpurl !lllµli/°C 
• WJrm·Up Time to Ra.tc:d Accura..:y 15 n11nut1:s 
• ~l·ttiln~ Time ro RatcJ A~L:ura,:y: 0 3 sci: 

NORMAL MODE R~:JECTION 
• 18dB l"' <>0111 

COMMON .\\ODE IU.JECTION Ukrl source imbalance L'" 50-
60llt, with sra11JarJ sh1cldcJ transform<r) 

• 2V Input - IOOJll 
• 200mV Input - 8lldll 

CO.\IMON .\\ODE VOLTAGE 
• ±3llOVL.lC lbOOV,\C pip) (floarcd on puwcr supply 

trJnsformc:-r when BCD outputs and control st~nals arc 
nor useJ) 

CONVERSION Tl.\IE 
• JOnl>ec 

CONVERSION KATE 
• Internal Trigger: 6 ,·~>nversions pt.·r sc:1.:unJ 
• l::.'<tc:rnJl Tn~gcr: 0·100 conversion~ per \cconJ 

f)IGITAL CONTROi. SIC:NAJ.S 
• DTL/TTL Cumpmble 

I~ 
Logi.: "O" <Oi!V 

>Z.OV 

CONTROL INl'UTS 1 

Q_u.l 
<ll.4V 
>HV 

• Displ.1y lllank (I 1'1 L Load). Logic "O" or grounding 
blanks lh\.:' cnlin: Ji'>pl:ly, not induJing cht.: Jccim.J.l 
points. Loyc "1" or open circuit for norm.ii operariun. 
Dlspl.i.y bl;inking has no cffcl·t on uucpu.t Jata .ind lhc 
display reading is ••lid 1mmediacely upon remuval nt a 
blank in~ signal. 

• 1 lold ( 1 TTL Luad). Logic "O" or grounding d1Sablcs 
t.:Hlu.:r the cxH:rnal flr internal tn~~cr anJ the la.sr \.'on· 
Vl"f'\01\ .... IH'ld ;\lld di'."tpla.)•t.·J. 

• l· .. \lcrn.1 l I r•>-!i:l·r l I Tl I. I .~11Ld). l'11..,u1v,- pulw (5 ooµ~c...: 

·2· 

• IX:..:1m.1l Pvinls (Not 1 TL Ct>mpatihlc). Grounding will 
dium1natc the tles1rcJ Jr:c1m:...l poant. E.uernal dnvc cir· 
.:u1try must Uc rapabic of wuhstanding 1UOV when ch,· 
decimal points are tur11cJ off. 

DATA OUTPUTS' 
• 31KD D1~1r> (Onv<s oTTL I.olds) Porn1vc true, unl~rchcJ 
• Ovcrran~e (Dnvt'S 6'1 Tl. l.oaJs). Unl.nchcd, L"g1c "O" 

111'.iiL.·:.ircs nvcrr .ingc C> l 000). 
• OwrloJd ( llnvcs orl'L Lo.ids). Unlatched, Loi;i.: "O" 

inJi(au:s ovcrlo.!J (~2000). 
• Pularity <Drive< orfL Luad<). Lac.:hed, Lo~ic "I" in· 

J1caccs pus11ivc pul-ancy. 
• St•tus (Drives !UTT!. Loads) All d1giral uutpulS are valid 

when ~t.irus 1s Jt l.0~1l· "U" Logic" 1" inJi...:ates cunver· 
s1un I!> in 11ro~rv-.s. 

• Internal ·1 n~gc; Outp1<c (Noc J'TL Comp.itiblc). When 
i.:onnc.:1.:tcJ to Lxtcr:i.il rrit:~Cr lnpuc will i.:-au~c the 
:\D20U9 co \.'onvcrt .![ 6 t.:onvc:-rs1ons pt:r Sl."l.'onJ. This 
uutput CJ.n u:1ly lH: u~c-J for tr1ggcrm~ the t\02009 

POWl,K INPUT 
• ,\Cline, 50-60llt, 4.2 11'.uts at 60111;-l.7 Warts at SOl!z 

C.1.t num111o1.i hnl.' vulta~t.·s). 

C.\l.11\H:\.l ION .. \OJ UST.llENTS 
• C.iln 
• Zero 
• J<L.·1,:11mmcnJcJ rc1.:Jlihrauon inccrva.l - 6 month'\ 

SIZE 
• •US"w x t.93"11 x-l.15"1. (106 x -l9 x 11211110) 
• -t.77"1. (12lmm) to n.:.ir of cHd cd~4..' .. ·onnc1.:lvr 
• 1':1nd L:utnur rn1u1rcJ. l o~2 x 3.9~4" l-t2.72 .x 99 67mm) 

WEIGllT 
• 15 <>UllCCS (·HS ~ram;) 

Ol'TION~4 -- ORlJl·.ltl'JC, CUl!ll'. 
• AC l'owcr Inputs (50-6Ulll) 

• 

• 

,\[)200'} I I iV ,\C I 
t\D20U9/L - 220\'AC ± IO'!o 
.'\DZ009/I· IOIJV,\C 
,\1)2009111 2-lUV.\C 

AD2009 
,\D!OO'J/S 

- I 999\l!JC Full Sole 
199.'JmVDC l·ull Scale 

Lens 7 
I.ens 8 
I.ens 13 
I.ens 14 

- RcJ w 1th AD I Logo 
- l{cd without ADI l.o~o 

:\rnLJc:r with r\Dl Lu~o 
- ,\ml>t:r \\.1thouc ADI l.o~u 

CONNECTOR 
• 30 Pin, 0.15 6" Spacing Card Ed~c Connecror, :\mphcnol 

225-21524-<>lll (117)ur Equivaicnr 
• Op(u.Jn.J.l: Ortkr AC261 l ~v S4 SU 

PIUCINC 
• Sl40 (unic quanury) 
• Cunsult 1:,11.:tory for OEM llu;ncicy priL:ing 

1 Cuar.1n11:c:J 
~~\II ~" lu.· u-.cJ when 111c l\D.?OU9 1.., flnaun~ on 1,.01111n1111 mudc '/Olt")C'-''· 
4

\1111\' 111\4.0 111pu1 r1111,c ... · .wd 1\( p11w4.·r 11111~111111) he 'l'"·c1finl 
• I 1·11 ... 7 , .. '"Pl'lU'd d IHI kn'''!''"'" ... 'l''-'t 1l1nl 
'Jh'\ ilu .it11111 .. "'-'hit·"' 1u \h11ni.:l· w11nuu1 noun: 
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. ·;' .. . ,:.:- "· :~ ·.,· .. ,. . . ·, .... _· .. , .-._ . .. _ .. : .. A ·ry· th · 
.. -'~ ... •• :,· ............ 1; ... ·: ·.-:-· · ···i.·., ~- · ··· pp 1nw e·AD2009·'.· 

f' •• ~ - • > •' ' ... ' ''• • '' • .; I ' t ~ .' I! • • • Ii··- ' ~ o", 

INTEl{f,\CING Till" A020U9 

Ln~~t-~~~-1~:t~~~!1) 

The ,\D2009 hJ!\ J ')inglt.: c1H..lcd input wuh l.'.ommon analub JnJ 
Jtgital grounJs. \\'lu.:n JlgHJI i:uncrul lmi.:~ .rnJ HCD JJ.ta uut· 
puts arc not 11~n1. the cnrirc OPM l"J.11 b1.: floatL·J on the puY..l"f 
supply trJm,furmcr Jt up to 300\/0C 1.:umm1m rnuJc \oolta~1.·:,. 
If tbcsc signab arc uscJ, i.::J.re shoulJ be tJk1.:n tlJ in)urc Jg:amsc 
t!ruund loops within the system 1..:au~ln~ errJttc.: and/ur errurn:· 
uus rcaJinbrs. 

QsCIO~J._lj!!_!~ 

CwunJin~ the prupl'r pin "ill 1ll..iminJtc the JcsircJ JcC1mal 
po111c. Ii external lo).!ll: dnn:·s Jn: us1.:d tn ,:untrol the dcc1mJI 
po111ts, driH' i.:irl..'uirr~ mu~r IH.' .ii.It: to w1ch"tJnd t llO\' \\oh"·n 
1 IK· dn:imal 110111h .1r1.: 1 ur1ll1..I lll I 

l_l~~Ll~~!_n!L 

Thl' c:nore J1spi.1y (cxcluJing Jc1.:1m.il 1hltnts) may bt: blirnkcJ 
I>)· ;ipplying logic •·o" ur gro•1nd1og th'-° proper lontrul input 
qun 13). BIJnk111g tht· J1splav tu) nucfkc.t 11n the output J.il.i 
.ir tlu: l.:l>llVl'r\\011 pn:~l'~\. Tl11.: J.1.t.i rcnuins v.iliJ Jurin~ 
hlJnkini.: Jnd 1lu: DP.\\ rl·;1din~ \',) c.-nrrl'l"t 1mmeJ1.ucly upon re· 
nlllVJI or" cht.• bl:111k111~ ''!-!nJI. 

~n..!._~'_!~JE~n~L!!_~ic~l _Q.~t-~_q_~!fl~ts_ 

The dignal J:.Ha uuqrnh of the 1\D2UU9 .irC un!JtL"hcJ, ro~1UV\.' 
trtll..", pJr.dkl H<:D,.it DI l.f"ITl. logn: k·"'d'li .. \.-. ..;hown in the.: 
timing J1.tgram 0\;urt.· 1 ), J.11 Ja.ta ourput~ arc vallJ \\ohc:n thl.." 
ST1\ TUS line is low. The STATliS lin~ JS high Junn~ conver-
sion vwht.·n crruncuus J.itJ. Y..ill Ge present on the uutpurs. 

TK!GGEH!NG CONYEHSIONS 
The: t\[)2009 may lie: rri1!~ercd rn~crnJ.llv at six con\oc:rsions per 
sc\.:nnd. or cxa·rn.illy .1t rau.·s oi up cu too l"onversiun~ per 
'cnmd. hir intern.ii tni-:~t.:nn~, thl· lntnnJ.I Tnggt.·r Ourput 
(Prn I) c;hould hl' nrnnc1...·1 .... d ru thl.." Tn~gl'r Input tPin li). For 
1..'\.tcnul tri~gcrin~!, J poSHIVl' tr1~gl·r pulo;c (<500µs w1Jth) 
"lllwulJ li..: Jpplu.:d to the Tngg('r Input 0 1 111 B). Whcthcr in· 

!Nil HNAl OH 
lllHHlllAl IHU:filH 

C~VEHSIOlllCYCll 

!IOTATUS 

DATA VALID 

POlAAHY 
"'AllU 

~OTl 1 

SIGNAL fihtMl PttCf 
.... Jf.:111\ll! 

NOTES 
, ..................... -\II 100ot ..... - ... '300..t 
2""ppro•-•••.,lmt1J<rlu••~•n-•-..i•"' 

Figure 1. AD2009 Timing Diagram 

rcrn .. J or cxtl.."rilJI trzggcnn~ 1~ used. the last re;iJms can !Je 
hdJ and J1>plJycJ by gruunJing or •ppl)'in~ 10~1" "O" to rhc 
llu!J Input. At h1~h wnv<rsiun rates. the di>play may flick~r 
1..1nks'."t ~yr11..:hrumil!J [,,the AC line mpur, but dau outputs 
wtll rc:mJm v.liid 

CAL!BKAT!ON PHOCEDUHE 

"W1\R.'\ING Fur 1l1e >•1/<·ty u/pt•rsu1111d .inJ in1ercum1ecuJ 
•:quirnnt:nt. Jil ,·.1/Jbrutiou )•lt11,JJ ht: June uswg J l!_!..E_stic !n·m· 
111ir~toul9!!_ly" 

J\ prccisiun voltage refcrenl'c is neeJeJ iur c~librJtion of the 
.\D2009. Th!.." lul'J.tion of l°.ilihr.ittun putentiomctl.!rs t~ shovm 
in Fi~url· 2 lkfort· t.:Jiil1ra1:nr:! chc 1\D:!OU9, .iilt>w the unit tu 
w.1rmup Ct1 llt•r111.1.I opn.u111µ tclllpl0 rJ.tUfl'. Alway.; .iJjttSt the 
1rro uff'\c.:C t1rsc rht.:n du.: _;.!Jiil. 

/ao JJJUSlmcuc. Short the s1~nal inpuc (Pm 2) ru the signal 
~round \Ptn 10) and Jtlju~( chc Lero a.J1uscment pot unCll the 
merer rl·.iJs UOU 

C.11n ad1us1menc. Apply m mpur of +l .900Y (•190.0mV on 
.\f)Z009/S) and JJ1u>t the ~Jin pot until the merer rcaJ> 
1900 C.:XJ.l"dy. 

f 
I 

t .,, 
11111 

I 

~~---__,....,_...---__ --
ZH 09·09 :>YI\ OOL Q 
ZH 01·09 :J'1J\ 01'l Q 
ZH 09-0i :l'f'I\ Oll Q 
lH 01·09 :JYJ\ L ~L Q 

A. ldGOS 11 :tMOd 

M 
j 

"'1 "AP .. 1NC;lO Al>l'tAA ON 
TO!" SUAfACf. 

i 
l 
/ 
I 

"' \1~1 

___ l 
J 

GOOZOV 
"-----~-- <111110•21---
I 

~t('llS 

,# 

I ----
i- r;~-<:>~~,\f=========--i 
' ~ ... )--------,,.,'"""'.,,~"~ 
I 
I 

"' •<1901 

3. 

Zl RO ADJUST 

CA11\1 AO.IU$T 

·-· .. r .. u1t,,.,1r ... 

Figure 2. AD2009 Mechanical Outline 
!Dimensions shown in inches and (mm)) 

:J 26 ,,,. 
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PIN REF 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

-( 
1112 ·0010 
142 n >11.111 

Ml)UfilflNG IHST"UCTIOfld 
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----- P•MU. THK:91:Nf.Sl 
Oo.ll"9G11!1 
\IMtall:U 

TINSIOfrt SClllitW 

1. S&.lOt: Of"til THROUGH ,MH <:VTOUT fR()M fRONT Of PAHtl 
l SHA.I WOUM1'111G llOC .. INTO SLOT ON~ SIDES 
1 1'1GHT(H lllOt.JNTllilt(J ILOCIC HMSK>fiil ~RfWS 5NU~l Y TO 

U:CUA( ~TO PAjrrij(l lOO NOT OVlRTIGHfUt'I 
4. $1itAIL(Jl&SQNTOflitOffTOf Of'llll 

Figure 3. AD2009 Mounting lnstruc;10ns 
(Dimensions shown in inches and Imm!! 

PIN FUNCTION PIN REF 

INTERNAL TRIGGER OUT' A 
SIGNAL INPUT B 
STATUS !PRINT) c 
POLARITY D 
BCD 8 
BCD 2 KEY 

E 
F 

BCD 80 H 
BCD 20 J 
BCD 800 K 
SIGNAL GROUND L 
BCD 400 M 
BCD 200 N 
DISPLAY BLANK p 
OVER RANGE R 
AC LINE HI s 

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

Figure 4. AD2009 Signal and Pin Designations 

PIN FUNCTION 

NO CONNECTION 
EXTERNAL TRIGGER IN 1 

OVERLOAD 
HOLD 
BCD 1 
BCD 4 
BCD 10 
BCD 40 
BCD 100 
DP3/XX.X 
DP2/X.XX 
DIGIT AL GROUND 
DP1/.XXX 
SHIELD (EARTH GROUND) 
AC LINE LO 
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The FTK0040 is a 9 element npn Planar' phototransistor array having el(ceptionally stable 
characteristics and high illumination sensitivity. Each transist'lr is electrically isolated and 
mounted on 100 mil centers. The case is a plsstic compocnd 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 Collector to Emitter Sustaining Voltage 

Maximum Current 
le Collector Current 

ELECTRICAL CHARACTERISTICS (25"C) 

SYMBOL CHARACTERISTICS 

lceo Collector Dark Current1Cell 
ICE(L) Photo Current 

ICE(L) Photo Current 

ICE(L) Photo Current 

Sm int 
Smax Matching Factor 

tr Light Current Rise Time 
tf Light Current Fall Time 

VcE(sat) Collector-Emitter Saturation Voltage 

VCEO(sus) Collector-Emitter Sustaining Voltage 
BVECO Emitter-Collector Breakdown Voltage 

•Planar Is a patented Fairchild process 

TYP 

4.0 
200 

1.75 

2.25 

0.5 

4.0 

0.16 

20 
7.0 

- 55°C to+ 100°c 
·- ss·c to+ ssvc 

98% at 65vC 

200 mW 
133 mW 

20 v 
25 mA 

UNITS TEST CONDITIONS 

nA Vee= 5.o v 
µA Vee= s.o v. 

H = 5 mWlcm2 
mA Vee= 5.o v. 

H = 10 mW/cm2 
mA Vee= 5.o v. 

H = 5 mW/cm2 

Vee= 5.o v. 
H = 5 mW/cm2 

µs GaAs, le = 2.0 mA, 
AL= 100!1, 
Vee= 5.o v 

v le= 500 µA, 
H = 20 mW/cm2 

v le = 1.0 mA (Pulsed) 
v lee= ioo µA· 

- -~ .... :: =-· - ..... --..... - TYPICAL APPLICATION 

:::, -.... .::.=--' .• r-- l---· ~"·=rr ... --
....... . ·:: .. 

... . ':. ... -

Vee rr-'"°'V'IY---. 
(one per channell DATA 

OUT 

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

l NEPRl ~ACRO CEX1J,CEX21,CLAMI,Y2TI 
l LODE 
1 LXI H,CEXlI ;LOAO H L REGISTER PAIR WITH ADDRESS 
1 ; C fX l I 
l CALL MUL ; CALL IFPP MlJL SUHROlJTINE TO MULTIPLY 
l LXI Hr HOLD ; LOAD H l REGISTER PAIR WITH ADDRESS 
l ; HOLD 
l STRIN 
l LXI H,FLUX2 ;LOAD H L REGISTER PAJR WITH ADDRESS 
l ; F LUX2 
l LODE 
1 LXI H,CEX2I ; LOA 0 H L REGISTER PAIR WITH AOOR ESS 
l ;CEX2I 
1 CALL MUL ;C ~.LL IFPP MUL SU BR OUT I NE TO MULTIPLY 
1 LXI H,HOLD ; LOAD H L REGISTER PAIR WITH ADDRESS 
l ;HGLD 
l CALL AO ; CALL I FPP AD SUBROUTINE TO AOD 
1 LXI H1 FLUX3 ;LOAD H L REGISTER PAIR WITH ADDRESS 
l ;FLUX3 
l CALL AD ; CALL IFPP AO SUBROUTINE TO ADD 
l LXI HrCLAMl ;LOAI) H L REGISTER PAIR WITH ADDRESS 
l ;CLAMI 
1 CALL t-IUL ; CALL lrPP MUL SIJl3ROUTINE Tn MULTIPLY 
l LXI H,HOLD ;LOAO H L REGl$TER PAIR WITH AOOR ESS 
l ;HOLD 
l STRIN 
l LXI H,Y?.11 ;LGl\O H L REGISTER PAIR \.I ITH ADDRESS 
l ;Y2TI 

OF 

OF 

OF 

OF I-' 
\0 
-..J 

OF 

OF 

OF 

OF 

OF 



l LODE 
l LXI H,CfXll 
l 
1 CALL MUL 
l LXI H,HOLD 
l 
l CALL ~o 

l LXI H,Y2TI 
1 
l STRIN 

ENDM 
l NEPR2 MACRO AI,YTI 
l LXI H,AI 
l CALL Miil 
1 LXI H,YTI 
1 
l STRIN 

ENDM 
1 LOOE MACRO 
l CALL l OD 
1 
l 

ENDM 

soao MACRO ASSEMtlLER, VER 2.4 
ERRORS = 0 PAGE 2 

1 
1 
1 

STRIN MACRO 
CALL STR 

;LOAD H L REGISTER PAIR WITH ADORESS OF 
; C EX lI 
;CALL IFPP MUL SUl:lROUTINE TO MULTIPLY 
;LOAD H L REGISTER PAIR WITH ADDRESS OF 
;HOLD 
;CALL IFPP AO SUAROUTINE TO AOO 
;LOAD H l REGISTEk PAIR WITH ADDRESS OF 
; Y 2T I 

;LOAD H L REGISTER PAIR WITH ADDRESS OF A I 
;CALL If PP MUL SUBROUTINE TO MULTIPLY 
; LOAD H L REGISTER PAIR WITH AOOR E5S OF 
;YTI 

;CALL IFPP LOO SUBROUTINE TO LOAD FLOATING 
;-POINT-ACCU~ULATOR FROM THF ADDRESS GIVEN 
;BY H L R.EGISTER PA IR 

;CALL IFPP STR SUBRQUTINE THAT STORES THE 
;FLOATING-POINT-ACCUMULATOR IN THE ADDRESS 

I-' 
\0 
00 



022F 

l 

1 
l 
l 
1 
l 
1 
l 
l 
l 
l 
l 
1 
l 
l 
l 
l 
l 
l 
l 
l 

022F 00 
0230 c 9 
02JE 
023F. ()J 
023F C9 
0240 
J24D 00 
024E C9 

ENDM 
NEUCO MACRO 

CALL AD 
Pt)P H 

INX H 

MOV E,M 
INX H 

MOV H,M 
MOV L,i: 

CALL MUL 
LXI H,FLUX 

STRIN 
ENDM 
ORG 022F H 

INT: NOP 
RET 
DRG 023EH 

STR: N~P 

KET 
OK.G 024DH 

CHS: NOP 
RET 

;GIVEN BY THE H L REGISTER PAIR 

;CALL IFPP AD SUBROUTINE TO AD 
;POP THE HIGH AND LOW AOORESS,STORED BY 
;SELCT OFF THE STACK AND LOAD IN THE H l 
;REGISTER PAIR 
;INCREMENT THE H L REGISTER PAIR 
;THE H L REGISTER PAIR CONTAIN THE MEMORY 
;LOCATION OF THE LOW AOORESS BYTE OF CONJ 
;MOVE THE LOW ADDRESS BYTE OF CONI TO E 
; INCREMENT H L REGISTER PAIR 
;THE H L REGISTER PAIR CONTAIN THE ME~OPY 
;LOCATION OF THE HIGH ADDRESS BYTE OF CONI 
;MOVE THE HIGH ADORFSS AYTE OF CONI TO H 
;MOVE THE LOW ADDRESS BYTE OF CONJ TO L 
;THE H L REGISTER PAIR CONTAIN THE ADDRESS 
;OF CONI 
;CALL IFPP MUL SUdROUTINE TO MULTIPLY 
;LOAD H L REGISTER PAIR WITH THE ADDRESS 
; OF f LUX 



026E 
J26E 
026F 
028C 
.J2 SC 
0280 
02B4 
0284 
02B5 
'J204 
0204 
0205 
0207 
02D7 
0208 
054A 

00 
C9 

00 
C9 

00 
C9 

00 
C9 

00 
CCJ 

LOU: 

MUL: 

11 IV : 

SB: 

AO: 

ORG 026EH 
NOP 
RET 
ORG 028CH 
NOP 
RET 
ORG 02 B4H 
NOP 
RET 
ORG 0204H 
NOP 
RET 
ORG 0207H 
NOP 
RET 
ORG 054AH 

;THE FOLLOWING LABELS ARE FOR THE FLOAT-
; ING POINT ROUTINES THAT ARE IN EPROM ANO 
;ARE BY CERTAlN ROUTINES TO PERFORM MATHE 
;MATICAL OPERATIONS. THESE ROUTINES ARE 
;IN ANOTHEK PkINT OUT ANO ~RE GIVEN HERE 
;AS DUMMY PROGRAMS TO BE REFERENCE BY THE 
;CROSS ASSEMBLER. 
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054A 
0548 
J60C 
060C 
0600 
OJOO 
0000 
0003 
0006 
0008 

00 
C9 

00 
C9 

31FF10 
218010 
36FO 
2C 

INP: NOP 
RET 
ORG 060CH 

OU: NOP 
RET 

START: ORG OOOOH 
LXI SP,lOFFH ;LOAD STACK POINTER TO HI 10 AND LO FF 
LXI H,DMANT 
MVI M,360Q 
INR L 

N 
0 
0 



0009 
OOOA 
OOOB 
uOOD 
OOOE 
Ou OF 
0011 
0013 
JJ16 
0018 
0019 
OOlA 
OOlB 
uOlC 
0010 
OOlE 
J()21 

0024 
0028 
)J28 
002A 

ooze 

002F 

0031 

2C 
2C 
36FE 
2C 
2C 
36FF 
1607 
218610 
3EOO 
71 
2C 
2C 
2C 
2C 
15 
C21800 
C02f 02 

C 35C OJ 

030B 
030A 

218410 

DBOl 

11 

INR L 
INR L 
MVI M,376Q 
If\IR L 
INR L 
MVI M,377Q 
MVI D,7 ;SET 0 EQUAL TO 7 
LXI H, Y2Tl ;LGAD H L REGISTER PAIR WITH V2Tl 
MV I A, 0 

INITZ: MOV M,A 
INR L 
INR L 
INR L 
INR L 
DCR D 
JNZ INIT l 
CALL INT ;CALL IFPP INT SUBROUTINE TO 

;INITIALIZE THE FLOATING-
; PO I NT-ROUT IN ES 

JMP WAIT ;JUMP TO WAIT ANO BEGIN PRCGRAM 
INTRO: ORG 0028H 
RESTR: OUT 11 ;GENERATE A DEVICE SELECT PULSE 
INPUT: OUT 10 ;GENERATE A DEVICE SELECT PULSE 

;TO DEVICE TEN, THIS CASE FOUR 7475 
;LATCHES 

LXI H,DMANT+4;ADORESS OF TENTHS DIGIT OF DMANT, WHICH 
;IS THE FIRST OIGIT TO BE READ INTO THE 
;ACCUMULATOR 

IN 1 ;REAU TENTHS DIGIT FROM DEVICE l INTO 
;ACCUMULATOR 

MOV M,A ;MOVE TENTHS OIGIT TO MEMORY ADDRESS BY 
;H L REGISTER PAIR 

N 
0 ...... 



0032 2n 
0033 20 
0034 Db02 

0036 77 
0037 20 
0038 DB03 

003A 71 
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003~ 

0030 
·.)03E 
003F 
0042 

0043 
0046 

J049 

004C 

004-F 

0800 
01 
07 
21CE10 
71 

218010 
CD41\05 

2 lC 610 
l 
l CD3E02 
l 
1 

00 

+ 
+ 
+ 
+ 

VER 
4 

OCR L 
OCR L 
I~ 2 

Ml JV M,A 
OCR l 
IN 3 

MDV M,A 

2.4 

IN 0 
RLC 
RLC 
LXI H,GRAYC 
MDV M,A 

LXI H,OMANT 
CALL I NP 

LXI H,MANT 
STRIN 
CALL STR 

NOP 

;READ ONES DIGIT 
; ACCUMULATOR 

; READ TEr~s DIGIT 
;ACCUMULATOR 
;MOVE TENS DIGIT 

;RfGISTER PAIR 
;REAO GkAY 

FROM DEVICE 2 INTO 

FROM DFV ICE 3 INTO 

TO MEMORY ADDRSS BY 

;ROTATE ACCUMlJLATOP. LEFT 

H L 

;MOVE ACCUMULATOR TO MEMORY LOCATION GIVEN 
;HY H L REGISTcR PAIR 
;LOAD H L REGISTERS WITH AOORESS OF OMANT 
;CALL IFPP SUHROUTINE TO CHANGE A STRING 
;OF BCD DIGITS INTO A BINARY FLOATING-
; POI NT-1\JUMAER 
;LOAD H L REGISTERS WITH ADDRESS OF MANT 

;CALL IFPP STR SUBROUTINE THAT STORES THE 
;FLO.l\TING-POINl-ACCUMtJLATOR IN THE ADDRESS 
;GIVEN 8Y THE H L PEGISTfR PAIR 

"-l 
0 
N 



0050 

0053 
0054 
005b 
J057 
0058 

0059 
OOSA 
0058 

005C 
0050 

OOSE 
0061 

21CE10 

6E 
2601 
5E 
2C 
E5 

66 
6B 
E9 

F ti 
OJ 

C35COO 
21C610 

l + 
0064 l CD6E 02 -t 

l + 
l ... 

J06 7 2164Jl 

SELCT: LXI H,GRAYC 

MOV L, M 
MVI H,OOlQ 
MIJV E,M 
If\IR L 
PUSH H 

MOV H,M 
MOV L,E 
PCHL 

~AIT: EI 
NOP 

JMP WA IT 
LRFC: LXI H,MANT 

LODE 

;LOAU THE AOORESS OF GRAVC INTO H L 
;REGISTER PAIR 
;GRAYC CONTAINS THE LOW ADDRESS OF THE 
;FIRST BYTE Or A FOUR BYTE MEMORY LOCA-
;TION, CONTAINS THE ADDRESS OF THE ROU-
; TINE HKFC OR LRFC ANO THE CONSTANT CONI 
;MOVE KEITHLEY COnE INTO L 
;LOAO H WITH 001 
;MOVE LOW ADDRESS INTO E 
;INCREMENT L 
;STORE CONTENTS OF H L REGISTER PAIR IN 
;STACK PUINTER 
;MOVE HlGH ADOkESS TO H 
;MOVE LOW ADDRESS FROM E TO L 
;PUSH CONTENTS OF H AND L INTO PROGRAM 
;COUNTER ANO JUMP TO THAT ADDRESS 
;ENABLE FLAG INTERRUPT 
;NO OPERATION 
;THE PURPOSE OF THIS LOOP IS TO LET THE 
;MICROCOMPUTER IDLE WHILE WAITING FOR THE 
;START OF A NE~ TIME INTERVAL SIGNAL FROM 
;555 MONUSTABLt: MUL Tl VIBRATOR CLOCK CIR-
; CU IT THAT PRODUCFS AN INTERRUPT COMMANO 
; EVERY 0. 2 Sr: C lJ ND S • 
;JUMP TO 'dAIT 
;LOAD H L REGISTER PAIR WITH THE A00RESS 
; OF MANT 

CALL LOO ;CALL IFPP Lno SUBROUTINE TO LOAD FLOATING 
;-POINT-ACCUMULATOR FROM THE ADDRESS GIVEN 
;BY H L REGISftR PAIR 

LXI H,CONT2 ;LOAD THE H L ~EGlSTER PAIR WITH THE AO-

N 
0 w 



;DRESS OF CONT2 
006A CD8C02 CALL MUL ; CALL I FP P MUL SUBROUTINE TO MULTIPLY 
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0060 2lCCOl LXI H, ONE ;LOAD H l REGISTER PAIR WITH THE ADDRESS 
; OF ONE 

l + NE UCO 
0070 l CDD702 + CALL AD ;CALL I FP P AO SUBROUTINE TO AD 
0073 l El ... PDP H ;POP THE HIGH .L'.NO LOW ADDRESS,STORED BY 

l + ;SfLCT OFF THE STACK AND LOAD IN THE H l 
l + ;REGISTEK PAIR. 

0074 l 23 + INX H ; I NCR f M El'JT THE H L REGISTER PAIR 
l + ; THf H L REGISTER PAIR CONTAIN THE MEMORY ''" 0 
l + ;LOCATION OF THE LOW ADDRESS BYTE OF CONI ~ 

0075 l 5E + MOV E,M ;MOVE THE LOW A DDl\E SS BYTE OF CONI TO E 
0076 l 23 + INX H ;INCREMENT H l REGISTER PAIR 

l + ;THE H L REGISlE~ P A I P. CONTAIN THE MEMORY 
l + ;LOCATION OF THE HIGH ADDRESS BYTE OF CONJ 

0077 l 66 + "-10V H,M ; MOVE THE H I G H AD OP. ES S BYTE OF CONJ TO H 
0078 l 61:3 + MOV L,E ;MOVE THE LOW .1. DIJ RESS BYTE Cf CONI TO L 

l + ;THE H L REGISTER PAI~ CONTAIN THE ADDRESS 
l + ; OF CONI 

0079 l CD8C02 ... CALL MUL ; CALL JFPP MUL SUAROUTINr: TO MULTIPLY 
JJ7C l 21CA10 + LXI H,FLUX ;LOAD H L REGISTER PAIR WITH THE ADDRESS 

l + ;OF FLUX 
2 + STRIN 

OJ7F 2 CIJ3E02 + CALL S TR ;CALL IFPP STR SU BR OUT I NE THAT STORES T HF. 
2 + ;FLOATING-POINT-ACCUMULATOR IN THE ADDRESS 



2 + 
0082 C3A600 JMP DIRCT 

;GIVEN BY THE H L REGISTER PAIR 
;JUMP TO ROUTINE DIRCT 

0085 2lC6lO HRFC: LXI H,MANT ;LOAD H L REGISTER PAIR WITH THE ADDRESS 
; OF MANT 

l + 
0088 1 CD6E02 t-

l + 
l + 

008B 216801 

OOBE CD8C02 
0091 210001 

1 + 
0094 1 C00702 + 
0097 l El + 

l + 
1 + 

0098 l 23 + 
l + 
l + 

OJ9'J l 5E + 
009A 1 23 + 

l + 
1 + 

0098 l 66 .. 
009C l 6B + 

LODE 
CALL LOO ;CALL IFPP LOO SUBROUTINE TO LOAD FLOATING 

;-POINT-ACCUMULATOR FROM THf ADDRESS GIVEN 
;BY H L REGISTER PAIR 

LXI H,CONT7 ;LOAD THE H l REGISTER PAIR WITH THE AD-
;ORESS LJF CONT7 

CALL MUL ;CALL IFPP MUL SUBROUTINE TO MULTIPLY 
LXI H,THREE ;LOAO H L REGISTER PAIR WITH THE ADDRESS 

;OF THREE 
NE UCO 
CALL AD 
PDP H 

INX H 

MOV E,~'1 

INX H 

MDV H,M 
MOV L, E 

;CALL IFPP AD SUBROUTINE TO AO 
;POP THE HIGH ANO LOW AODRf SS,STORED BY 
;SELCT OFF THE STACK AND LOAD IN THE H l 
;REGISTER PAIR 
;INCREMENT THE H L REGISTER PAIR 
;THE H L REGISTER PAIR CONTAIN THE MEMORY 
;LOCATION OF TH1= LOW ADDRESS BYTE OF CONJ 
;MOVE THE LOW ADDRESS BYTE Of CONI TO E 
;INCREMENT H L REGISTER PAIR 
;THE H L REGISTER PAIR CONTAIN THE MEMORY 
;LOCATION OF THE HIGH ADDRESS BYTE OF CONJ 
;MOVE THE HIGH ADDRESS BYTF OF CONI TO H 
;MOVE THE LOW ADORESS BYTE OF CONI TO L 
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N 
0 
lJ1 



009D 
uOAt> 

OOA3 

OOA6 

()QA9 
OOAA 
OOAO 

1 
1 
1 CDBC02 
1 21CA1u 
1 
2 
2 CU3E02 
2 
2 

21CF10 

35 
CAB COO 
21CA1J 

+ 
+ 
+ CALL MUL 
+ LXI H,FLUX 
+ 
+ STRIN 
+ CALL STR 
+ 
+ 

D IR CT : L X I H , ME M 

OCR M 
Jl LODIR 
LXI H,FLUX 

l + LODE 

;THE H L REGISTER PAIR CONTAIN THE ADDRESS 
; OF CONI 
;CALL IFPP MUL SUBROUTINE TO MULTIPLY 
;LOAO H L REGISTER PAIR WITH THE ADDRESS 
;OF FLUX 

;CALL IFPP STR SUBROUTINE THAT STORES THE 
;FLOATING-POINT-ACCUMULATOR IN THE ADDRESS 
;GIVEN BY THE H L REGISTER PAIR 
;LOAO H L REGISTER PAIR WITH THE ADDRESS 
;WITH MEM 
;DECREMENT MEM RY ONE 
;JUMP TO LODIR IF THE RESULT IS ZERO 
;LOAD H L REGISTER PAIR WITH THE ADD~ESS 
; OF FLUX 

OOBQ 1 CD6E02 + 
1 + 
l + 

CALL LOU ;CALL IFPP LOO SUBROUTINE TO LOAO FLOATING 
;-POINT-ACCUMULATOR FROM THE ADDRESS GIVEN 
;BY H L REGISTER PAIR 

JOH3 21A210 LXI H,FLUX2 ;LOAU H L REGISTER PAIR WITH THE ADDRESS 
;OF FLUX2 

l + STRIN 
uJB6 l C03E02 + CALL STR 

1 + 
l + 

OOB9 C35COO JMP WAIT 
OOBC 21CA10 LODIR: LXI H,FLUX 

1 + LODE 
OOBF l CD6E02 + CALL L OD 

l ·• 

;CALL IFPP STk SUBROUTINE THAT STORES THE 
;FLOATING-POINT-ACCUMULATOR IN THE ADDRESS 
;GIVEN BY THE H L REGISTER PAIR 
;JUMP TO WAIT PROGRAM 
;LOAD H l REGISTER PAIR WITH THE ADDRESS 
; OF FLUX 

;CALL IFPP LOO SUBROUTINE TO LOAD FLOATING 
;-POINT-ACCUMULATOR FROM THE ADDRESS GIVEN 

N 
0 

"' 



1 ... 
OOC2 21A610 

OOC5 

ooco 
O:JCB 
OOCD 
OODO 
0003 
0005 
0008 
00l)9 
oooc 
1JODO 

1 
1 ClJ3E02 
l 
l 

21CF10 

3602 
(30014 
3ADA01 
0309 
C 35COO 
lD 
CCOFOO 
20 
7E 

... 

... 

... 

... 

LERO: 

CHECK: 

;BY H L REGISTER PAIR 
LXI H,FLUX3 ;LOAD H l REGISTER PAIR WITH THE ADDRESS 

;OF FLUX3 
STRIN 
CALL STR 

LX I H, ME M 

MVI M,002Q 
JMP PKEC 1 
LOA PLUS 
OUT 9 
J ~'1P WA IT 
OCR E 
Cl WOUT 
OCR L 
MOV A,M 

;CALL IFPP STR SUBROUTINE THAT STORES THE 
;FLOATING-POINT-ACCUMULATOR IN THE AUDRESS 
;GIV~N BY THE H l REGISTEP PAIR 
;LOAD H L REGISTER PAIR WITH THE ADDRESS 
;OF MEM 
;SET MEM EQUAL TO TWO 
;JUMP TO PRECl 
;LOAD ACCUMULATOR WITH PLUS 
;OUTPUT ACCUMULATOR TO DEVICE 9 
;JUMP TO WAIT 
;DECREMENT REGISTER E 
;CALL SUHROUTINE WOUT IF RESULT IS ZERO 
;DECREMENT L 
;MOVE THE DATA FRUM MEMORY LOCATION 
;AOORESSEO BY THE H L REGISTER PAIR TO 
; THE ACCUMULATOR 
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OODE C9 RET ;RETURN 
JODF 2l0901 WOUT: LXI H,BLANK-t-l;LQAO H L REGISTER PAIR WITH BLANK .. l 
OOE2 lEO 1 MVI E, l ; SET REGISTER EQUAL TO 1 
OOE4 C9 RET ; RETURN 
1400 ORG 1400H 
1400 219El0 PRECl: LXI H,FLUXl ;LOAD H L REGISTER PAIR WITH ADDRESS OF 

N 
0 
-..J 



l .. 
2 + 

1403 2 CD6E02 + 
2 + 
2 + 

14 06 l 2 l 6C 0 l + 
1 + 

1409 l CD8C02 + 
140C 1 21C210 + 

1 + 
2 ... 

140F 2 CD3E02 + 
2 ... 
2 + 

1412 l 21A210 + 
l ... 
2 + 

1415 2 C06E02 + 
2 + 
2 .. 

14 18 l 2 18 40 1 .. 
l + 

141 B l CD BC 02 + 
l41E 1 21C210 + 

l + 
1421 l CD0702 + 
1424 1 21A610 + 

1 + 
1427 1 (00702 -+ 
142A 1 219C01 + 

l + 

; FLUXl 
NEPRl CEXll,CEX2l,CLAMl,Y2Tl 
LODE 
CALL LOO ;CALL IFPP LOO SUBROUTINE TO LOAD FLOATING 

;-POINT-ACCUMULATOR FROM THE ADDRESS GIVEN 
iBY H L REGISTER PAIR 

LXI H,CEXll iLOAll H L REGISTER PAIR WITH ADDRESS Of 
; CE X ll 

CALL MUL ;CALL IFPP MUL SUBROUTINE TO MULTIPLY 
LXI H,HOLD ;LOAD H L REGISTER PAIR WITH ADDRESS OF 

;HOLD 
STRIN 
CALL STR ;CALL IFPP STK SUBROUTINE THAT STORES THE 

;FLOATING-POINT-ACCUMULATOR IN THE ADDRESS 
;GIVEN BY THE H L REGISTER PAIR 

LXI H,FLUX2 ;LO~O H L REGISTER PAIR WITH ADDRESS OF 
; Fl UX 2 

LODE 
CALL LOO ;CALL IFPP LOO SUBROUTINE TO LOAD FLOATING 

;-POINT-ACCUMULATOR FROM THE ADDRESS GIVEN 
;BY H L REGISTER PAIR 

LXI H,CEX21 ;LOAD H L REGISTER PAIR WITH ADDRESS OF 
;CEX21 

CALL MUL ;CALL IFPP MlJL SUBROUTINE TO MULTIPLY 
LXI H,HOLO ;UlAO H l REGISTER PAIR WITH ADDRESS OF 

;HOLD 
CALL AO CALL If PP AO SUBROUTINE TO AOO 
LXJ H,FLUX3 LOAU H l REGISTER PAIR WITH ADDRESS OF 

FLUX3 
CALL AO CALL If PP AO SUBROUTINE TO ADD 
LXI H,CLAMl LOAO H L REGISTEk PAIR WITH ADDRESS OF 

CLAM I 

N 
0 
CX> 



1420 l CD8C02 + 
1430 l 21C210 t-

1 ... 
2 + 

1433 2 CD3E02 + 
2 .. 
2 + 

1436 1 218610 + 
l + 
2 ... 

1439 2 C06E02 + 
2 + 
2 ... 

CALL HUL 
LXl H,HOLD 

STRIN 
CALL S TR 

LXI HrY2Tl 

LODE 
CALL LOO 

;CALL IFPP MUL SUBROUTINE TO MULTIPLY 
;LOAD H L REGISTER PAIR WITH ADDRESS OF 
;HOLO 

;CALL IFPP STR SUBROUTINE THAT STORES THE 
;FLOATING-POINT-ACCUMULATOR IN THE ADDRESS 
;GIVEN BY THE H L REGISTER PAIR 
;LOAO H L REGISTER PAIR WITH ADDRESS OF 
;Y2TI 

;CALL IFPP LOU SU~ROUTINE TO LOAD FLOATING 
;-POINT-ACCUMULATOR FROM THE ADDRESS GIVEN 
;BY H L REGISTER PAIR 
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l43C l 216COl + 
l + 

l43F l CD8C02 + 
1442 l 2lC210 + 

1 + 
1445 l C00702 + 
1448 l 218610 + 

l + 
2 + 

144B 2 CD3E02 + 
2 + 
2 + 
l + 

LXI H,CEXll ;LOAO H L REGISTER PAIR WITH ADDRESS OF 
;CEXll 

CALL MUL ;CALL IFPP MUL SUBROUTINE TO MULTIPLY 
LXI H,HOLO ;LOAO H L REGISTER PAIR WITH ADDRESS OF 

;HOLD 
CALL AO ;CALL IFPP AO SUBROUTINE TO ADO 
LXI H,Y2Tl ;LOAO H l REGISTER PAIR WITH ADDRESS OF 

;Y2TI 
STRIN 
CALL STR ;CALL IFPP STk SUBROUTINE THAT STORES THE 

;FLOATING-POINT-ACCUMULATOR IN THE ADDRESS 
;GIVfN BY THE H L REGISTER PAIR 

NEPK2 Al,YTl 

N 
0 
\0 



l44E l 2 lB 401 
1451 l CD8C02 
1454 l 21AA10 

1 
2 

1457 2 CD3E02 
2 
2 

145A 21A210 

l 
2 

1450 2 C06E 02 
2 
2 

1460 l 217001 
1 

1463 l C08C 02 
1466 1 2LC210 

1 
2 

1469 2 CD3E02 
2 
2 

l46C l 21A210 
l 
2 

l46F 2 C06E02 
2 
2 

1472 l 21BtWl 
l 

.. 
+ 
+ 
+ 
+ 
+ 
+ 

LXJ H,Al 
CALL MUL 
LXI H,YTl 

STRIN 
CALL STR 

;LOAD H L REGISTER PAIR WITH ADDRESS OF AI 
;CALL JFPP MUL SUBROUTINE TO MULTIPLY 
;LOAD H l REGISTEK PAIR WITH ADDRESS OF 
;YTI 

;CALL IFPP STR SUBROUTTNF THAT STORES THE 
; FLOAT ING-POI NT-ACCUMULATOR IN THE ADDRESS 

+ ;GIVEN tlY THE H L REGISTER PAIR 
PREC2: LXI H,FLUX2 ;LOAD H l REGISTEK PAIR WITH ADDRESS OF 

+ 

+ .. 
+ 
+ 
+ .. 
+ 
+ 

;FLUXl 
NEPRl CFX12,CEX22,CLAM2,Y2Ti 
LODE 
CALL LOO 

LXI H,CEX12 

CA LL MUL 
LXI H,HOLD 

;CALL IFPP LOO SUBROUTINE TO 
;-POINT-ACCUMULATOR FROM THE 
;BY H l REGISTER PAIK 
;LOAO H L REGISTEk PAIR WITH 
; C EX 1I 
;CALL IFPP MUL SU~ROUTINE TO 
;LCAO H L REGISTER PAIR WITH 
;HOLD 

+ STfdN 

LOAD FLOATING 
ADDRESS GIVEN 

ADDRESS OF 

MULTIPLY 
AOD~ESS OF 

+ CALL srr ;CALL IFPP Slk SUBROUTINE THAT STORES TH~ 
+ ;FLOATING-POINT-ACCUMULATOR lN THE ADDRESS 
+ ;GIVEN HY THE H L REGISTER PAIR 
t LXI H,FLUX2 ;LfJAG Ht REGISTEk PAIR WITH ADDRESS OF 
+ ;FLUX2 
+ LODE 
+ CA LL L 00 ; C All IF PP LOO SUHROUT I NE T 0 LOAD FLOAT ING 
+ ;-POINT-ACCUMIJLATOR FROM THE ADDRESS GIVEN 
+ ;BY H L kEGISTf:R PAIR 
+ LXI H,CEX22 ;LOAO H L REGISTER PAIR WITH ADDRESS OF 
+ ;CEX21 

N 
....... 
0 



1475 l CD8C02 + 
1478 l 21C210 + 

l + 
147B l CDD702 + 
14 7E 1 21A610 + 

l + 

CALL MUL ;CALL IFPP MUL SUBROUTINE TO MULTIPLY 
LXI H,HOLD ;LOAD H L REGISTER PAIR WITH ADDRESS OF 

;HOLD 
CALL AO ;CALL IFPP AO SUBROUTTNF TO ADD 
LXI H,FlUX3 ;LOAD H L REGISTER PAIR WITH ADDRESS OF 

;FLUX3 
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148 l l CDLl702 + 
1484 l 21A001 + 

l + 
1487 l CD8C02 + 
148A l 21C210 + 

l + 
2 + 

1480 2 CD3E02 + 
2 + 
2 + 

1490 l 218Al0 + 
l t 
2 + 

1493 2 C06E02 + 
2 + 
2 + 

1496 1 217JOl + 
l + 

1499 l CD8C02 + 
14 9C l 2 l C 2 l O + 

CALL AD ;CALL IFPP AD SUBROUTINE TO ADD 
LXI H,CLAM2 ;LOAO H L REGlSTER PAIR WITH ADDRESS OF 

;CLAMI 
CALL MUL ;CALL IFPP MUL SUBROUTINE TO MULTIPLY 
LXI H,HOLO ;LOAD H L REGISTER PAIR WITH AODRESS OF 

;HOLD 
STRIN 
CALL STK ;CALL IFPP STR SUBROUTINE THAT STORES THE 

;FLOATING-POINT-ACCUMULATCR IN THE ADDRESS 
;GIVEN BY THE H L REGISTER PAIR 

LXI HrY2T2 ;LOAD H L REGIST~R PAIR WITH ADDRESS OF 
; Y2TI 

LODE 
CALL LOO ;CALL IFPP Lno SUBROUTINE TO LOAO FLOATING 

;-POINT-ACCUMULATOR FROM THE ADDRESS GIVEN 
;BY H l REGISTER PAIR 

LXI H,CEX12 ;LOAD H L REGISTER PAIR WITH ADDRESS OF 
;CFXlI 

CALL MUL ;CALL IFPP MUL SUBROUTINE TO MULTIPLY 
LXI H,HOLO ;LOAD H l REGISTER PAIR WITH ADDRESS OF 



l + ;HOLD 
l49F l CDD702 + CALL AIJ ;CALL IFPP AD SUBROUTINE TO ADO 
14A2 l 218Al0 + LXI H,Y2T2 ; LOAD H L REGISTER PAIR WITH ADDRESS OF 

l + ;Y2Tl 
2 + STRIN 

14A5 2 CD3E02 + CALL STR ;CALL IFPP STR SUBROUTINE THAT STORES THE 
2 + ;FLOATING-POINT-ACCUMULATOR IN THE ADDRESS 
2 .. ;GIVEN BY THE H L REGISTER PAIR 
l + NEPR2 A2,YT2 

14A8 l 2 lB 801 + LXI H,A2 ;LOAO H L REGISTER PAIR WITH ADDRESS OF AI 
14AB l CDBC02 + CALL MUL ;CALL IFPP MIJL SUBROUTINE TO MULTIPLY 
14AE l 21AE10 .. LXI H,VT2 ;LOAD H L REGISTER PAIR WITH ADDRESS OF 

l + ; YT I 
2 + STRIN 

l4Bl 2 C03E02 + CALL STR ;CALL IFPP STR SUBROUTINE THAT STORES THE 
2 .. ;FLOATING-POINT-ACCUMULATOR IN THE ADORES S 
2 ;GIVEN BY THE H L REGISTER PAIR tv + ....... 

1484 219El0 PREC3: LXI H,FLUXl ;LOAD H L REGISTER PAIR WITH ADDRESS OF N 

; FLUX 1 
l + NEPIU CEX13,CEX23,CLAM3,Y2T3 
2 + LDOE 

l4B7 2 CD6E02 .. CALL LOO ;CALL IFPP um SUBROUTINE TO LOAD FLOATING 
2 + ;-POINT-ACCUMULATUR FROM THF AUORES S GIVEN 
2 + ;BY H L l{EGISTER PAIR 

l4BA l 217401 + LXI H,CEX13 ;LOAD H l. REGISTFR PAIR WITH ADDRESS Or 
l + ;CEXll 

1480 l COBC02 + CALL MUL ;CALL I FP P MUL SUBROUTINi: TO MULTIPLY 
14CO l 21C210 + LX I H,HOLD ;LOAl) H L REGISTF:R PAIR WITH ADDRESS OF 

l + ; HOLD 
2 .. STRIN 

14C3 2 CDJE02 + CALL STR ;CALL IFPP STR SURROUTlNE THAT STORES THE 
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2 + ;FLOATING-POINT-ACCUMULATOR IN THE ADDRESS 
2 + ;GIVEN BY THE H l RfGISTEP PA IR 

14C6 1 21A210 + LXI H,FLUX2 ;LOAl.J H L REGISTER PAIR WITH ADDRESS OF 
l + ;FLUX2 
2 + LODE 

14C9 2 C06E02 + CA LL L Ql) ;CALL IFPP LUO SUBROUTI~E TO LOAD FLOATING 
2 + ; - PO I NT-ACCUMlJLA TOR FROM THE ADORE SS GIVEN 
2 + ;BY H l REGISTER PAIR 

14CC l 21BC01 ... LXI H,CEX23 ; L OAO H L REGISTER. PAIR WITH ADDRESS OF 
l + ;CEXl.I 

14CF l CD8CJ2 + CALL MUL ; CALL l FP P MU L SUBPOUTINE TO MULTIPLY N 
I-' 

l't02 l 21C210 + LXI H,HOLO ; LOAD H L REGISTER PAIR WITH ADDRESS OF w 

1 + ;HOLD 
1405 l Cll0702 + CALL A f) ;C.All IFPP All SUAROUT INE TO ADO 
1408 1 21A610 + LXI H,FLUX3 ; LOAD H l REGISTER PAIR WITH ADDRESS OF 

1 + ; FLUX 3 
14DB 1 c !)0 702 + C<\LL AO ;CALL IFP P AO SUBROUTINE TO ADO 
14DE 1 21A401 + LXI H,CLAM3 ;LOAD H L REGISTEF\ PA IR WITH ADDRESS OF 

l + ;CLAMI 
14El 1 C08C02 + CALL MUL ;CALL lFPP MUL SUBROUT I NF TO MULTIPLY 
14E4 l 21C210 + LXI H,HOLD ; LOAD H L REGISTER PAIR WITH ADDRf SS OF 

l ... ;HOLD 
2 ... STRI r-J 

14E7 2 C03E02 + CALL STR ;CALL I FP P STR SU~ROUTINE THAT STORES THE 
2 + ;FLOATING-POINT-ACCUMULATOR IN THI: ADDRESS 
2 + ;GIVEN BY THE H L REGJSTF.R PAIR 

14EA l 218E10 + LX[ H, Y 2T 3 ; LOA C 1-1 l REGISTER PAIR WITH ADDRESS OF 



l + ; Y2TI 
2 + LODE 

l4ED 2 CD6E02 + CA LL LOO ;CALL IFPP LOO SU~ROUTINE TO LOAD FLOATING 
2 + ;-POINT-ACCUMULATOR FROM THE ADORE SS GIVEN 
2 + ; BY H l REGISTER PAIR 

l4Fu 1 217401 + LXI H,CEX13 ;LOAD H L REGISTER PAIR WITH ADOR ESS OF 
l ... ;CEXlI 

l4F3 l CD8C02 + CALL MUL ; CALL IFPP MlJL SUBROUTINE TG MULTIPLY 
l4F6 l 2 lC 210 ... LXI H,HOLD ; L OAO H L REGISTER PAIR WITH ADDRESS OF 

1 + ;HOLD 
l4F9 l CDD702 + CALL AO ;CALL IFPP AD SUBkOUTINE TO ADO 
l4FC l 218El0 + LXI H, Y2 T3 ; LOAD H L RF.GISTEk PAIR WITH ADDRESS OF 

l + ;V2TI 
') + STRIN ,_ 

l4FF 2 C03E02 + CALL S TR ;CALL IFPP STR SUBRnUTINE THAT STORES THE 
2 + ;FLOATING-POINT-ACCUMULATOR IN THE ADDRESS 
2 + ; GI VEN BY THE H L REGISTER PAIR t-J 

I-' 
l .. NEPR2 A3,YT3 .i::-

1502 l 21BCOl .... LXI H, A3 ;LOAD H L REGISTER PAIR WITH AODR.ESS OF Al 
1505 l COBC02 + CALL MUL ;CALL IF PP MU l SUliR OUT I NE TO MULTIPLY 
1508 l 218210 + LX I H,VT3 ; LCAD H L REGISTER PAIR WITH ADDRESS OF 

l + ;YTI 
2 + STRIN 

l ~ 011 2 CD3E02 + CALL STR ;CALL lFPP STR SUoROUTINE THAT STORES THE 
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2 + ;FLOATING-POINT-ACCUMULATOR IN THE ADDRfSS 
2 + ;GIVf:N BY THE H l REGISTER PAIR 



150E 219El0 

1 
2 

15 l l 2 CD6E02 
2 
2 

1514 1 217801 
1 

1 5 1 7 1 C 0 BC 0 2 
151A l 21C210 

1 
2 

1510 2 CD3E02 
2 
2 

15 20 l 21A2l0 
l 
2 

1523 2 CD6E02 
2 
2 

1526 l 219001 
l 

l:i29 l C08C02 
152C 1 21C210 

1 
152F l CJ0702 
153l l 21A610 

l 
1535 1 COD702 
1538 1 21A801 

PREC4: LXI H,FLUXl ;LOAD H L REGISTER PAIR WITH ADDRESS OF 
;FLUXl 

+ NEPRl CEX14,CEX24,CLAM4,Y2T4 
+ LODE 
+ CALL LOO ;CALL IFPP LOD SUbROUTTNE TO LOAD FLOATING 
+ ;-POINT-ACCUMULATOR FROM THE ADDRESS GIVEN 
+ ;BY H L REGISTER PAIR 
+ LXI H,CEX14 ;LOAD H L REGISTER PAIR WITH ADDRESS OF 
+ ;CF.XlI 
+ CALL MUL ;CALL IFPP MUL SU8ROUTINE TO MULTIPLY 
+ LXI H,HOLD ;LOAD H L REGISTER PAIR WITH ADDRESS OF 
+ ; HOLD 
+ STR IN 
+ CALL STR ;CALL IFPP SfR SUBROUTINE THAT STORES THE 
+ ;FLOATING-POINT-ACCUMULATOR IN THE ADDRESS 
+ ;GIVEN BY THE H L REGISTER PAIR 
+ LXI H,FLUX2 ;LOAO H l REGISTER PAIR WITH ADDRESS OF 
t ;FLUX2 
+ LODE 
t CALL LOO ;CALL IFPP LOO SUBROUTINE TO LOAD FLOATING 
+ ;-POINT-ACCUMULATOR FROM THE ADDRESS GIVFN 
+ ;BY H l REGISTER PAIR 
+ LXI H,CEX24 ;LOAO H l REGISTER PAIR WITH ADDRESS OF 
+ ;CEX21 
+ CALL MUL ;CALL IFPP MUL SUBROUTINE TO MULTIPLY 
+ LXI H,HOLD ;LOAD H L REGISTER PAIR WITH AODRFSS OF 
+ ; HOLD 
+ CALL AO ;CALL IFPP AO SUBROUTINE TO AOO 
+ LXI H,FLUX3 ;LOAD H L REGISTER PAIR WITH ADD~ESS OF 
-t ;FLUX3 
+ CALL AO ;CALL IFPP AO SUBROUTINE Tn ADO 
+ LXI H,CLAM4 ;LOAD H L REGISTER PAIR WITH ADDRESS OF 

N 
...... 
l..Jl 



1 + ;CLAMI 
L53B 1 CD8C02 + CALL MUL ; CALL I FP P MUL SUBROUTINE TO MULTI PLY 
153E l 21C210 + LXI H,HOLD ;LOAD H L REGISTER PAIR WITH ADDRESS OF 

l • ;HOLD 
2 + STRIN 

1541 2 CD3E02 ... CALL STR ;CALL IFPP STR SUBROUTINE THAT STORES THE 
2 ... ;FLOATING-POINT-ACCUMULATOR IN THE ADDRESS 
2 t- ;GIVEN 11¥ THF H l PEGISTER PAIR 

1544 l 2L9210 • LXI H,Y214 ;LOAD H L REGISTER PAIR WITH ADDRESS OF 
l ... ; Y 2T I 
2 ... LODE 

1547 2 C06 E02 ... CALL L. OD ;CALL IFPP LOD SUBROUTINE TO LOAD FLOATING 
2 + ;-POINT-ACCUMULATOR FROM THE ADDRESS GIVEN 
2 + ;BY H L REGISTER PAIR 

154A l 217801 + LXI H,CEX14 ;LOAD H L REGI'.>TER PAIR WITH ADDRESS OF 
1 + ;CFXll 

154D l CD8C02 + CALL MUL ; CALL If PP MU L SUBROUTINE TO MULTIPLY N 
~ 

"' 
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1550 l 21C2l0 + LXl H, HOl D ;LOAO H L REGISTER PAIR WITH ADDRESS OF 
1 + ;HOLL) 

1553 l COD702 + CALL AO ; CALL IFPP AO SUBROUTINE TO ADO 
1556 l 219210 + LXI H,Y2T4 ; l OA D H l REGISTER PAIR WITH ADDRESS OF 

1 + i Y2 TI 
2 + STRIN 

1559 2 CD3E02 ... CALL STR i CALL lfPP STR SUBROUTINE THAT STORES THE 
2 ... ;FLOATING-POINT-ACCUMULATOR IN lHE ADDRESS 
2 + ;GIVFN BY THE H L REGISTER PA IR 



1 
155C 1 21C001 
155F i coaco2 
1562 l 2llj610 

1 
2 

1565 2 CD3E02 
2 
2 

1568 219El0 

1 
2 

1568 2 CD6E02 
2 
2 

l56E l 217C01 
l 

1571 l CD8C02 
1574 l 21C210 

l 
2 

1577 2 ClHE02 
2 
2 

157A l 21A210 
l 
2 

l57D 2 CD6E02 
2 
2 

1580 l 219401 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

NEPR2 A4,YT4 
LXI H,A4 
CALL MUL 
LXJ H7 YT4 

STRIN 
CALL ~TR 

PREC5: LXI H,FLUXl 

;LOAD H l REGISTER PAIR WITH ADDRESS OF Al 
; CALL I FP P MUL SUBROlJT INE TO MULTIPLY 
;LOAD H L REGISTER PAIR WITH ADDRESS OF 
;YTI 

;CALL If PP STR SUHROUTINE THAT STORES THE 
;FLOATING-POINT-ACCUMULATOR JN THE ADDRESS 
;GIVEN BY THE H L REGISTER PAIR 
;LOAD H L REGISTER PAIR WITH ADDRESS OF 
;FLUXl 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

NEPRl CEX15,CEX25,CLAM5,V2T5 
L:JDE: 
CALL l 00 

LXI H,CEX15 

CALL MUL 
LXI H,HOLO 

+ STRIN 

;CALL IFPP LOO SUBROUTINE TO 
;-POINT-ACCUMULATOR FROM THE 
;BY H L REGISTER PAIR 
;LOAD H L RfGIST~R PAIR WITH 
;CEXll 
;CALL IFPP MUL SUBROUTINE TO 
;LCAO H L REGISTER. PAIR WITH 
;H(lLO 

LOAD FLOATING 
f,ODRESS GIVEN 

ADDRESS OF 

MULTIPLY 
ADORfSS OF 

+ CALL STR ;CALL IFPP STR SUbROUTINE THAT STORES THE 
+ ;FLOATING-POJNl-ACCUMULATOR IN THE ADDRESS 
+ ;GIVtN BY THE H L REGISTER PAIR 
+ LXI H,FLUX2 ;LOAD H L REGISTER PAIR WITH ADDRESS OF 
+ ;FLUX2 
+ LODE 
+ CALL LOD ;CALL IFPP LOD SUBROUTINE TO LOAD FLOATING 
+ ;-POINT-ACCUMULATOR FROM THE ADDRESS GIVEN 
+ ;BY H L kEGISTER PAIR 
+ LXI H,CfX25 ;LOAD HI. REGISTER PAIR WITH ADDRESS OF 



l + ; C EX2 I 
1583 l C08C02 + CALL MUL ; CALL IFPP MUL SUBROUTINE TO MULTIPLY 
1586 l 21C210 + LXI H,HOLO ;LOAU H L REGISTER PAIR WITH ADDRESS OF 

l + ;HOLD 
1589 l COD702 + CALL AO ;CALL IFPP AD SUB~OUTINE TO ADD 
158C l 21A6l·'.l + LX I H,FLUX3 ;LOAD H L REGISTER PAIR WITH ADDRESS OF 

l + ;FLUX3 
15 8F l CDD702 + CALL AD ;CALL IFPP AD SUB~OUTINE TO ADD 
1592 l 21ACJl + LX I H,CLAM5 ; LOAD H L REGISTEk PAIR WITH ADDRESS OF 

l + ;CLAMI 
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1595 l C08C02 + CALL MUL ;CALL IFPP MUL SUBROUTINE TO MULTIPLY N .._. 
1598 l 21C210 + LX I H,HOLD ;LOAD H L REGISTER PAIR WITH ADORESS OF 00 

1 ... ;HOLD 
2 + ST RI N 

1598 2 CD3E02 + CALL S TR ;CALL IFPP STk SUBROUTINE THAT STORES T HF. 
2 + ;FLOATING-POINT-ACCUMULATOR TN THf ADDRESS 
2 + ;GIVEl'l tW THf H L RFGISTER PAIR 

159E l 219610 + LXI H,Y2T5 ;LOAD H L REGISTER PAIR WITH ADDRESS OF 
l + ; Y2TI 
2 + LODE 

15Al 2 C06!:02 + CALL LOO ;CALL IFPP LOO SUBROUTINE TO LOAD FLOATING 
2 + ;-POINT-ACCUMULATOR FROM THE AOOR.ESS GIVEN 
2 + ;BY H L R~GISTER PAIR 

15A4 l 217C01 + LXI H,CEX15 ;LOAD H L REGISTER PAIR WITH ADDRESS OF 
l + ; C EX l 1 

l 5A 7 l CD3C02 ... CALL '1UL ;CALL IF PP MUL SUf.>ROUTINE TO f-IULTIPLY 



l5AA l 21C210 
l 

15AD l CDD702 
l5BO 1 2l96l0 

l 
2 

15B3 2 CD3E02 
2 
2 
l 

15 B6 l 2 lC 40 l 
1589 l CD8C02 
l5BC l 21BA10 

l 
2 

15BF 2 CtJ3E02 
2 
2 

15C2 219El0 

1 
2 

l5C5 2 CD6E02 
2 
2 

15C8 1 210001 
1 

15CB l C08C02 
L5CE 1 21C210 

l 
2 

1501 2 COJE02 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
... 
+ 
... 
... 
... 
+ 
+ 
+ 

LXI H,HOLO 

CALL AD 
LXI H,Y2T5 

STRIN 
CALL STR 

NEPR2 A5,YT5 
LXI H,A5 
CALL MUL 
LXI H,YT5 

STRIN 
CALL STR 

;LOAD H L REGISTER PAIR WITH ADDRESS OF 
; HOLD 
;CALL IFPP AO SUBROUTINE TO ADD 
;LOAD H L REGISTEk PAIR WITH ADDRESS OF 
; Y2TI 

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

;LOAD H L REGISTER PAIR WITH ADDRESS OF AI 
;CALL IFPP MUL SUBROUTINE TO MULTIPLY 
;LOAD H L REGISTER PAIR WITH ADDRESS OF 
; YT I 

;CALL IFPP STk SUBROUTINE THAT STORES THE 
;FLOATING-POINT-ACCUMULATOP IN THE ADDRESS 

+ ;GIVfN BY THE H L REGISTER PAIR 

+ 
+ 
+ 
+ 
+ ... 
+ 
+ 
... 
+ 
+ 
+ 

PREC6: LXI H,FLUXl ;LOAD H L REGISTER PAIR WITH ADDRESS OF 
;FLUXl 

NEPRl CEX16,CEX26,CLAM6,Y2T6 
LODE 
CALL LOO 

LXI H,CEX16 

CALL MUL 
LXI H,HOLD 

;CALL lfPP LOO SUBROUTINE TO 
;-POINT-ACCUMULATOR FROM THE 

BY H L REGISTER PAIR 
LO~D H L REGISTER PAIR WITH 
CfXll 
CALL IFPP MUL SUBROUTINE TO 
LOAD H L REGISTER PAIR WITH 
HOLD 

LOAD FLOATING 
ADDRESS GIVEN 

ADDRESS OF 

MULTIPLY 
ADDRESS OF 

STRIN 
CALL STR ;CALL IFPP STR SUBROUTINE THAT STORES THE 



2 + ;FLOATING-POINT-ACCUMULATOR IN THE ADDRESS 
2 + ;GIVEN 8Y THE H L REGISTER PAIR 

1504 l 2lA210 + LXI H,FLUX2 ;LOAD H L RF:GlSTER PAIR WITH ADDRESS OF 
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1 + ;FLUX2 
2 + LODE 

1507 2 C06E02 + CALL LOO ;CALL IFPP LOO SUBROUTINE TO LOAD FLOATING 
2 + ;-POINT-ACCUMULATOR FROM THE ADORE5S GIVEN 
2 + ;BY H L F.EGISTER. PA IR 

l5DA l 219801 + LXI H,CEX26 ;LOAD H L REGISTER PA IR WITH ADDRESS OF 
l + ;CtX21 

1500 l CD8C02 + CALL MUL ;CALL I FP P MUL SUl:>ROUTINE TO MULTIPLY N 
tv 

15EO l 21C210 + LXI H,HOLO ;LOAD H L REGISTER PAIR wITH ADDRESS OF 0 

l + ; HOLO 
15E3 l CDD702 + CALL AO ;CALL IFP P AD SUBROUTINE TO AOD 
15E6 l 21A610 + LXI H,FLUX3 ;LOAD H L REGISTER PAIR WITH ADDRESS OF 

l + ;FLUX3 
15E9 l CDD702 + CALL AO ;CALL IFPP AD SUBROUTINE TO AOD 
15EC 1 21BOQ1 + LXI H,CLAM6 ; LOAO H L REGISTEK PAIR WITH AOORESS OF 

l + ;CLAM! 
15EF l coaco2 + CALL MUL ; CALL I FP P MUL SUBROUTINE TO MULTIPLY 
15F2 1 21C210 + LXI H, liOLlJ ; L OAO H L REGISTER PAIR WITH ~OOR ESS OF 

l + ;HOLD 
2 + STRIN 

15F5 2 C03E02 + CALL ~TR ;CALL IFPP STR SUbROUTINE THAT STORES THf 
2 + ;FLOATING-POINT-ACCUMULATOR IN THE ADDRESS 
2 + ;GIVEN tW THE H L R FG I STER PAIR 



15F8 1 2l9Al0 
l 
2 

l 5F B 2 C06E 02 
2 
2 

l5FE l 2180Jl 
l 

1601 l CDoC02 
1604 l 21C210 

1 
1607 1 CDD702 
16 OA 1 21 9 A l 0 

l 
2 

1600 2 C!J3E02 
2 
2 
l 

1&10 l 21cao1 
1613 l CD8C02 
1616 l 2lBElO 

l 
2 

1619 2 CD3E02 
2 
2 

l61C 21A610 

+ LXI H,Y2T6 

+ LODE 
+ CALL LOO 
+ 

+ LXI H,CEX16 
+ 
+ CALL MUL 
+ LXI H,HOLO 
+ 
+ CALL AD 
+ LXI H,Y2T6 
+ 
+ STRIN 
+ CALL STR 
+ 

+ NEPR2 A6,YT6 
+ LX I H, A6 
+ CALL MUL 
+ LXI H,YT6 
+ 
+ STR IN 
t CALL STR 
+ 
+ 

TRANS: LXI H,FLUX3 
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;LOAO H L REGISTER PAIR WITH ADDRESS OF 
; Y2T I 

;CALL IFPP LOO SUBROUTINE TO LOAO FLOATING 
;-POINT-ACCUMULATOR FROM THE AOOQESS GIVEN 
;BY H L REGISTER PAIR 
;LOAD H l REGISTER PAIR WITH AUORESS OF 
; CE X lI 
;CALL IFPP MUL SUHROUTINE TO MULTIPLY 
;LOAD H L REGISTER PAIR WITH ADDRESS OF 
;HOLO 
;CALL JFPP AO SUtlROUTJNE TO AOD 
;LOAD H L REGISTER PAIR WITH ADDRESS OF 
;Y2TI 

;CALL IFPP STR SUbRnUTINE THAT STORES THE 
;FLOATING-POINT-ACCUMULATGR IN THE ADORfSS 
;GIVEN BY THE H L REGISTFR PAIR 

;LOAD H L REGISTER PAIR WITH ADDRESS OF AI 
;CALL IFPP MUL SUBROUTINE TO MULTIPLY 
;LOAD H L REGlSTER PAIR WITH ADDRESS OF 
;YTI 

;CALL IFPP STR SUHROUTINE THAT STORES THE 
;FLOATING-POINT-ACCUMULATOR IN THE ADDRESS 
;GIVEN BY THE H L REGISTER PA IR 
;LOAD H L REGISTER PAJR WITH THE ADORFSS 

N 
N ...... 



1 + 
lolF 1 CD6E02 + 

1 + 
1 + 

1622 219E10 

;OF FLUX3 
LODE 
CALL LOO ;CALL IFPP LOO SUBROUTINE TO LOAD FLOATING 

;-POINT-ACCUMULATOR FROM THE ADDRESS GIVEN 
;~Y H L REGISTER PAIR 

LXI H,FLUXl ;LOAO H L REGISTER PAIR WITH THE ADDRESS 
; OF F LUXl 

1 + STRIN 
1625 1 CD3E02 

1 
+ CALL STR 
+ 

1 ... 
1628 21AA10 

1 ... 
l62B 1 CD6E02 + 

1 ... 
1 + 

l62E 21AE10 

1631 CDD702 
1634 216210 

163 7 CDD7tl2 
l63A 21B610 

1630 CDD702 
1640 218Al0 

1643 COD102 
1646 21BE10 

REACT: LXI H,YTl 

LODE 
CA LL LOO 

LXI H,YT2 

CALL AO 
LXI H,YT3 

CALL AD 
LXI H,YT4 

CALL AD 
LXI H,YT5 

Cl\LL AO 
LXI H,YT6 

;CALL IFPP STR SUHROUTINE THAT STORES THE 
;FLOATING-POINT-ACCUMULATOR IN THE AOORESS 
;GIVEN HY THE H l REGISTER PAIR 
;LOAD H L ~EGISTER PAIR WITH THE ADDRESS 
;OF YTl 

;CALL IFPP LOO SUBROUTINE TO LOAD FLOATING 
;-POJNT-ACCU~ULATOR FROM THE ADDRESS GIVEN 
;BY H l REGISTER PAIR 
;LOAD H L REGISTER PAIR WITH THE AOORESS 
;OF YT2 
;CALL IFl'P AO SUl-\kOUTINE Tn ACO 
;LOAD H L REGISTER PAIR WITH THE AODKESS 
;OF YT3 
;CALL IFPP AD SUBkUUTINF TO ADO 
;LOAO H L REGISTEK PAIP, WITH THE ADDRESS 
;OF YT4 
;CALL IFPP AD SUf1ROIJTINE TO ADO 
;LOAD H L REGISTER PAIR WITH THE ADDRESS 
;OF YT5 
;CALL IFPP AO SU~KOUTINE TO ADD 
;LOAD H L REGISTE~ PAIR WITH THE ADDRESS 

N 
N 
N 



1649 
l64C 

164F 
1652 

1655 

1658 
1658 

l65E 
166 l 

1664 
166 7 

l66A 

COD702 
2lA610 

COB402 
C04002 

2 lCC 01 

CDD702 
210401 

C08C02 
2 l'tOOl 

COLJ7u2 
210010 

cooc 06 

;OF YT6 
CALL AD ;CALL IFPP AO SUBROUTINE TO ADD 
LXI H,FLUX3 ;LCAO H L REGISTER PAIR WITH THE AOORfSS 

;OF FLUX3 
CALL DIV ;CALL IFPP DIV SUBROUTINE TO OIVIDE 
CALL CHS ;CALL IFPP CHS SUHROUTINE TO CHANGE THE 

;SIGN OF THE FLOATING-POINT-ACCUMULATOR 
LXI H,ONE ;LOAO H L REGISTEk PAIR WITH THE ADDRESS 

;OF ONE 
CALL AO ;CALL IFPP AD SUBROUTINE TO ADO 
LXI H,TEN5 ;LOAO H l REGISTER PAIR WITH THE AOORESS 

;OF TEN5 
CALL MUL ;CALL JFPP MUL SUHROUTINE TO MULTIPLY 
LXI H,OFSET ;LOAt) H L REGISTER PAIR WITH ADDRESS OF 

; 0 FS FT 
CALL AO ;CALL IFPP AO SUBRUlJTINE TO AOO 
LXI H,RHO ;LOAD H L REGISTER PATR WITH THE AOORESS 

; OF RHO 
CALL UU ;CALL THl IFPP OU SUBROUTINE THAT STORES 

;THE FLOATJNG-POINT-ACCUMUL.ATOR IN THE t\{)-
;ORESS BY THE H L RFGISTEP PAIR IN BCD 
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1660 3A0910 QUTPT: LOA RH0+9 
; FORMAT 
;LOAD THE ACCUMULATOR WITH THf VALUE OF 
;RH0+9 
;THIS VALUE IS TESTED TO DETERMINE IF A 
;BLANK OR THE NUMBER 025,WHICH MEANS AN 

N 
N 
w 



16 ·10 
1672 

1673 
16 76 
1678 
167A 
167C 
L67F 
1681 
1684 
1686 
1689 
168B 
168E 
1690 
1693 
l6'J6 
1698 
l 69<.J 
169( 
169F 
l6Al 
16A2 
l6A5 
l6A8 
l6AA 
l6AB 
l6AE 
1681 
1683 

06FO 
B8 

CA93l6 
3EOO 
lEOl 
0104 
COD800 
0305 
CODSOO 
0306 
CD0800 
0307 
cooaoo 
0308 
C3E016 
3AD110 
06FE 
B8 
CA7616 
3AD610 
06FE 
88 
CAC916 
3AD51U 
06FE 
88 
CAD2l6 
3AD410 
06FE 
B8 

P-1VI B,360\J 
C'-1P B 

JZ CHKl 
OTPTQ: MVI A,OH 

MV I E, 1 
OTNUM: OUT 4 

CALL CHECK 
OUT 5 
CALL CHECK 
OUT 6 
CALL CHECK 
OUT 7 
CALL CHECK 
OUT 8 
J"1P SIGN 

CHKl: LOA RHO+l 
MV I B ,3 76Q 
C1-1P B 
Jl OTPTO 
LOA RH0+-6 
MVI B,376Q 
O\P B 
Jl OlPT5 
LDA KH0+5 
MV I B, 3 76Q 
CMP B 
Jl OTPT4 
LOA RHf1+4 
MVI Br376Q 
01P B 

; EX PON ENT FOL LOWS 
;LOAD B WITH THE VALUE 360(COOE FOR BLANK) 
;COMPARE B WITH THE ACCUMULATOR, TEST FOR 
;BLANK IN RH0+9 
;JUMP TO CHKl IF THE RFSULT IS ZERO 
;LOAD A w ITH 0 
;SET REGISTER tQUAL TO l 
;OUTPUT ACCUMULATOR TO DEVICE 4 
;CALL SUBROUTI~E CHECK 
;OUTPUT ACCUMULATOR TO DEVICE 5 
;CALL SUBROUTINE CHECK 
;OUTPUT ACCUMlllATUR TO DEVICE 6 
;CALL SUBROUTINE CHECK 
;OUTPUT ACCUMULATOR TO DEVICE 7 
;CALL SUBROUTINE CHECK 
;OUTPUT ACCUMULATOR TO DEVICE 8 
; JUMP TU SI Gr~ 
;LOAO ACCUMULATOR WITH RHO+l 
;LOAO ~EGISTER B WITH 376Q 
;CCMPARE B WITH ACCUMULATOR 
;JUMP TO OTPTO 
; LOAD ACCUMULATOR WITH R.H0+6 
;LOAO B WITH 37611(COOE FOR DfCIMAL POINT) 
;COMPARE B WITH ACCUMULATOR 
; JUMP T 0 OT PT 5 
;LOAO ACCUMULATOR WITH RH0+5 
;LOAO B WITH 376Q(COOE FOR DECIMAL POINTl 
;COMPARE A WITH ACCUMtJLATOR 
;JUMP TO OTPT4 
;LOAD ACCU~ULATOR WITH RH0+4 
;LOAO B WITH 376Q(COOE FOR DECIMAL POINT) 
;COMPARE 8 WITH ACCUMULATOR 

N 
N 
-P-



16B4 
l6B7 
l6BA 
l6BC 
16BD 
l6CO 
l6C3 

l6C4 
l6C6 
16(9 
l6CC 

CADB16 
3AD310 
06FE 
B8 
CAE416 
21[)110 
7E 

lEOl 
C37Al6 
210510 
7E 

OTPT5: 

JZ OTPT3 
LOA RH0+3 
MVI B,376Q 
CMP B 
Jl OTPT2 
LXI H,~HO + 
MOV .4, M 

MV I E, l 
JMP OTNUM 
l XI H, RHO+ 5 
MDV A, M 
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16CD 
16CF 
1602 
1605 
1606 
1608 
1608 
l6DE 
160F 
16 El 
l6E4 

lEOS 
C37Al6 
210410 
7E 
1E04 
C37Al6 
210310 
7E 
1E03 
C37Al6 
2l0210 

MV I E, 5 
JMP OTNUM 

OTPT4: LXI H,RH0+4 
MDV A,M 
MVl E,4 
JMP OTNUM 

OTPTJ: LXI H,~H0+3 

MIJV A,M 
MV I E, 3 
Jf.1P l1TNUM 

OTPT2: LXI H,RH0+2 

; JUMP TD OTPT3 
;LOAD ACCUMULATOR WITH RH0+3 
;LOAD B WITH 376Q (CODE FOR DECIMAL POINT) 
;CO~PARE B WITH ACCUMULATOR 
;JUMP TO OTPT2 

l;LOAO H L REGISTER PAIR WITH RHO + l 
;MOVE TH~ OATA FROM THF. MEMORY LOCATION 
;ADDRESSED RY THE H L REGISTER PAIR TO 
;THE ACCUMULATOR 
;SET REGISTER EQUAL TO ONF 
; JUMP TU OTNUM 
;LOAD H L KEGISTlR PAIR WITH RH0+5 
;MOVE THE DATA FKOM THE MEMORY LOCATION 
;ADDRESS BY THE H L REGISTER PAIR TO 

; THE ACCUMULATOR 
;SET REGISTER EQUAL TO FIVE 
; JUMP TO OTNUM 
;LOAD H L REGISTER PAIR WITH RH0+4 

;SET REGISTEk EQUAL TO FOUR 
;JUMP TO OTNUM 
;LOAO H l REGISTER PAIR WITH RH0+3 

;SET REGISTER E EQUAL TO THRfF. 
i JUMP TO OTNUM 
;LOAD H L REGISTER PAIR WITH RH0+2 



l6E 7 7E MDV A,M 
l6E8 lf.02 MV I E,2 ;SET REGISTER EQUAL TO E 
l6EA C37Al6 JMP OTNUM ;JUMP TO OTNUM 
16EO 3Au010 SIGN: LDA RHO ;LOAD ACCUMULATOR WITH RHO 
16FO Of> FO '-IV I B,360Q ;LOAO B WITH 360Q (((JI)[ FOR SPACE I 
l6F2 BB CM? B ;COMPARE: B WITH ACCUMULATOR 
l6F3 CADOOO Jl ZERO ;JUMP TU ZERO 
l6F6 3AD901 LOA MC NUS ;LOAO ACCUMULATOR WITH "1 I NUS 
16F9 0309 OUT 9 ;OUTPUT ACCUMULATOR TO DEVICE 9 
l6FU C35COO JMP ~~A IT ;JUMP TU WAIT 
1.080 RWMEM: ORG 10801-1 
1080 OMANT: OS 6 ;STORAGE FOR INPUT DATA FROM OPM 
1086 Y2Tl: OS 4 ;PRECURSOR HUX FOR GROUP l 
l08A Y2T2: DS 4 ; PP.ECURSOR FLUX FOR GROUP 2 
l 08E Y2T3: OS 't ;PRECURSOR FLUX FOR GROUP 3 
1 1)92 Y2T4: OS 4 ;PRECURSUR FLUX FOR GROUP 4 
1096 Y2T 5: t)S 4 ;PRECURSOR FLUX FOR GROUP 5 N 

N l 09A Y2T6: DS 4 . ; PRECURSUR FLUX FOR GROUP 6 °' l •)9f FLLJXl: OS 4 ; NEUT RON FLUX AT TIME T-2 * DELTA T 
10A2 FLUX2: OS 4 ;NEUTRON FLUX AT TI m= T-DELTA T 
lOA6 FLUXJ: OS 4 ; NEUTRO!\J FLUX AT TIME T 
lOAA YTl: OS 4 ;RELATlVt PRECURSOR FLUX FOR GROUP 1 
lOAE YT2: OS 4 ;RELATIVE PRECURSOR FLUX FOR GROUP 2 
lJB2 YB: OS 4 ;RELATIVE PRECURSOR FLUX FOR GROUP 3 
1086 YT4: 0$ 4 ;kfLATIVE PRrCURSOR FLUX FOR GROUP 4 
lOBA YT'.>: DS 4 ;RELATIVE PRECURSOR FLUX FOR GROUP 5 
lOBE YT6: l) s 4 ;RELATIVE PRECURSOR FLUX FOR GROUP 6 
lOC2 HOL O: OS 4 ;TEMPEPARV HULOING SPACE FOR A MULTIPLICA-

;TION 
lOC6 MAN T: 05 4 ;NORMALIZEO MANTISSA FOR THE ELECTRICAL 

;CURRENT 
lOCA fLUX: OS 4 ; MOST REC ENT NtUTR.ON FLUX CALCULATION 



lOCE GRAYC: OS 1 ;KEITHLEY RANGE CODE 
lOCF MEM: OS l ; COUNT ER FOR DIRECT 
1000 RHO: OS 13 ;FINAL ANSWER IN bCD FQRMAT,THE REACTIVITY 
0100 DATA: ORG OlOOH 
0100 61 i)·J ow LRFC ;ADDRESS OF LRFC 
0102 4401 OW C ONl ;ADORE SS OF CONl 
0104 8500 ow HRFC ;AOORF.SS Of HRJ-'.C 
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0106 4401 ow CONl ;ADDRESS OF C Uf\; l 
0108 85()0 ow HRFC ; ADDRESS OF HRFC 
OlOA 4801 D'.-1 COl~Z ;ADDRESS OF CON2 N 

N OlOC 6100 ow LRFC ; ADDRESS OF LRFC .....,, 
OlOE 4!301 ow c Qj\12 ; AOL1kF SS OF CllN2 
0110 8500 ow HRfC ;ADDRESS OF HR.FC 
\)112 5Jul lh~ CON4 ;AODPF.SS OF CON4 
0114 6100 Ow LRi-:C ; ADO~.ESS OF LFFC 
0116 5001 n~' CON4 ;ADDRESS OF COl\4 
0 l 18 6100 ow LRFC ; AOt1RESS OF LRFC 
OllA 4CO l D..J CON3 ;ADDRESS OF CON3 
01 lC 8500 ow HRFC ; AOURESS OF HRf C 
OllE 4COl ow CON3 ;ADDRESS OF C tJ:\l3 
0120 8~01.) ow HRFC ;AODRtSS OF HRfC 
<J 12 2 6JOl l) w CONS ;ADDRESS OF cnr-.. a 
'.)124 6100 ow LRfC ;ADORE SS OF Ll<FC 
0126 6001 ow crnrn ; ADDRESS OF CIJ!\8 
0128 6100 l) ~~ LRFC ;ADORE SS OF LRl-C 
OlZA 5C01 ow CWH ;ADDRESS OF co;\:7 



Ol2C 8500 o~~ HRFC ;ADDRESS OF HRFC 
012 E 5C01 ow CON7 ;ADDRESS OF CON7 
0130 6100 ow LRFC ;ADDRESS OF LR fC 
0132 5401 ow C ON5 ; ADORE SS OF CUN5 
0134 8500 0\-l HRFC ;AOORF.SS OF HRFC 
Jl36 5401 ow CON5 ;ADDRESS OF CflN5 
0138 8500 ow HRFC ;ADDRESS OF HkfC 
Ol3A 580 l Ow COi'l6 ;ADDRESS OF C0!\!6 
01JC 61JO ow LRFC ; ADDRESS OF LP.t=C 
Ol3E 5801 ow CON6 ; AOOIH: SS OF C0?-;6 
0140 83 OF SET: DB 203Q ;NUM8ER VALUE ($ 5.66 
0 14 l 35 or1 065Q 
0142 lE 1)8 0360 
·)143 B8 08 27JQ 
014'• 88 CONl: on 210~ ;NUMBER VALUE IS 2.5000 * 10**2 
0145 7A DB 172Q 
0146 OJ n a JOJQ N 

N 
0147 00 L)A OOOQ 00 

0148 ac CON2: DB 214Q ;NUMBER VALUE IS 2.5000 * 10**3 
·.)149 lC OB 034Q 
014A 40 OB 1000 
014B 00 OB 001.)Q 
Ol4C 8F CONJ: 011 2 l -, (~ ;NUMBER VALUE IS 2.5000 * 10**4 
0140 43 DB 103Q 
Jl4E 5J DB l2JQ 
Ol4F 00 OB OOOQ 
0150 92 CON4: DB 222Q ;NUMBER VALUE IS 2.5000 * 10**5 
)151 74 DB l64Q 
0152 24 OB 044<J 
0153 00 OB OOOQ 
0154 96 COl\J5: Otl 226Q i NUMBER VALUE IS 2.5000 * 10**6 
0155 18 Dt3 030Q 
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0156 96 DB 22bQ 
0157 80 Df3 200Q 
0158 99 CON6: DB 231Q ;NUMBER VALUE 1 s 2.5000 * 10**7 
0159 3E IJB u76Q 
Ol5A BC DB 274Q 
015B 20 08 040Q 
O l 5C 9C CON7: OB 234Q ; NUMB ER VALUE IS 2.5000 * 10**8 
0150 6E DB 1560 
015E oB DB l53Q 
015F 28 DB 050Q N 

l'.J 
l.)160 AO cmrn: DH l40Q ;NUMA ER VALUE IS 2.5000 * 10**9 \.0 

0161 15 DB 025(J 
0162 02 OB 002Q 
0163 F9 DB J71Q 
0164 7B CONT2: OB l 73Q ; NUMA EK VALUE IS 0.02000 
0165 23 DB 043Q 
0166 07 DB 32 HJ 
Jl67 OA DB 012 fJ 
0168 70 CONT7: OB l 751.J ;NUMBER VALUE IS 0.0700() 
0169 OF Dt3 0170 
Ol6A 5C DB 134Q 
Ol6B 29 DB 0510 
Jl6C 80 CEXll: DB 20JQ ;NUMBER VALUE IS i). 9949329 
0160 1E DB 1760 
0161::: B3 Oi3 2 oJW 
016F ED OB J55Q 



Jl 70 80 CEX12: OB 200Q ; NUMBER VALUE IS 0.9874001 
0171 7C DB 1740 
0172 C6 DB 306Q 
0173 43 DB 103Q 
0174 80 CEX13: DB 2000 ;NUMBER VALUF lS 0.9550420 
011s 74 DB l 6 1tQ 
0176 70 DB 1750 
0177 Al DB 2410 
0178 80 CEX14: OB 2 OOQ ; NUMBER VALUE IS 0.8830266 
0179 62 DB 1420 
017A OE Dd Ol6Q 
Ol7B QA DB Ol2Q 
Ol7C 80 C EX 15: DB 2000 ;NUMBEk VALUE IS o. 5712 091 
Jl7D 12 08 02ZQ 
017E 3A OB 072Q 
017F C2 DB 30ZQ 
Jl80 7E CEXl6: DB 1760 ; NUMBER VALUE IS 0.2126729 N w 
0181 59 DB 1310 0 

0182 cs OB 30lQ 
0183 EJ Ot\ 35'.JQ 
0184 82 CE X2 l: DB 202Q ;NUMBER VALUE IS 3.989853 
0185 7F OB 177Q 
0186 59 DB 131Q 
0187 co OB 300(J 
0188 82 CE X22: Dtl 2020 ; NUMH ER VALU f: lS 3.974720 
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0189 7E Ot~ l 76Q 



018A 61 DB 141Q 
0188 DO OB 320Q 
018C 82 CEX2J: DB 202Q ;NUMt3ER VALUE ls 3.909050 
0180 7A DB l 72Q 
Ol8E 20 OB 055Q 
018F EO DB 3400 
Jl90 82 CEX24: 01:3 2 02Q ;NUMBER VALUE lS 3.758780 
0191 70 08 160Q 
0192 8F DB 217Q 
0193 DA 013 332(J 
0194 82 CEX25: 0!3 202Q ;NUMBER VALUE IS 3.023135 
()195 41 DH lOlQ 
0196 7B OB l Jj(J 
0197 OB DB Ol3r) 
0198 81 CEX26: D~ 201Q ; NUMt3 ER VALUE IS 1.844659 
0199 6C 08 l54Q N 

w 
019A 10 DB 035Q t-' 

0198 CA On 31LQ 
Ol9C 76 CLAMl: 01:3 l66Q ;NUMfaER VALUE IS 8.466667 * 10**-4 
0190 5f) DB 135Q 
Ol9E f 2 or-~ 362Q 
019F CE DB 316() 
OlAO 78 CLAM2: DB l 71)Q ;NUMBER VALUE IS 2.113333 * l O**- 3 
0 lA l OA 013 Ol2Q 
01A2 7F 08 1770 
01A3 09 l)fj 3300 
01A4 79 CLAMJ: OB 171Q iNUMl1ER VALUE IS 7.666667 * 10**-3 
01A5 78 0[1 1730 
OlA6 38 Od u70Q 
01A7 AA Ot3 252Q 
OlA8 7 l3 Cl AM4: 0[3 l73Q ;NUMBER VALUE IS 2.073333 * l 0**-2 
OlA9 29 OB 05 l!J 



OlAA DB OB 330Q 
OlAB F2 DB 36.2Q 
OlAC 70 CLAM5: OB l75Q ;NUMBER VALUE IS 9. 333333 * 10**-2 
OlAD 3F DB 0770 
:JlAE 25 DB 045Q 
OlAF 88 OB 213Q 
OlBO 7F CLAM6: DB l 77Q ;NUMBER VALUE IS 0.258000 
011.H 04 OB J04 Q 
OlB2 18 DB 030Q 
0163 93 DB 223Q 
JlB4 7C Al: DB l74Q ; NUMl:i ER VALUE ( s o. 03sono 
0185 113 Du 0330 
01B6 A5 013 245Q 
01B7 E3 DB 343Q 
OlB8 7E A2: DB l7o0 ;NUMBER VALUE l s 0.2131000 
,) lB9 5A D!J l 32!J 
OlBA 36 OB 066Q N w OlBA E3 D~ 3430 N 
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OlBC 7E A3: 08 176Q ;NUMBER VALUE IS 0.1880000 
OlBD 'tO OB 1000 
OlBE 83 00 203Q 
OlBF ll (}8 022Q 
OlCO 7F A4: DB l77Q ;NUMBER VALUE IS 0.4069000 
0 lC l 50 OB 12011 
OlC2 55 Of~ 1250 
01C3 32 DR 062Q 



01C4 7E AS: OB l 76<J ;NUMbER VALUE IS o. 12 8000 
OlC 5 03 Otl 0()3 Q 
OlC6 12 DB 022Q 
OlC7 6E DB l56Q 
01C8 78 A6: Ot3 173Q ; NUMHER VALUE IS 0.0260000 
OlC9 54 DA 124Q 
OlCA FD OB 375Q 
JlCO F3 DB 363Q 
OlCC 81 ONE: OB 2011.) ; NUMtH:R VALUE IS l. 0000 
OlCO 00 OB OOOQ 
OlC E 00 DA OOOQ 
OlCF 00 01:3 OOOQ 
0100 82 THREE: DR 202Q ; NUMBER VALUE IS 3.0000 
0101 40 DB lOOQ 
0102 00 OA 0000 
0103 Qt) DB OOOQ N 

w 
0104 91 TEN 5: 08 221Q iNUM8ER VALUE IS 1. 0000 * 10**5 w 

0105 43 DB lQjQ 
0106 50 01:3 120Q 
0107 00 OB 0001) 
01 on OD BLANK: DB 0150 ;COOE WOK D FOR BLANKING DISPLAY 
0109 80 MINUS: 011 200Q ;CODE WUF\ D FOR MI MUS SIGN 
OlOA 00 PLUS: OB 000() ;CODE WORD FOR PLUS SIGN 

ENO 
NO PROGRAM ERRORS 
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SYMBOL TABLE 



* 01 

A 0001 Al 0164 A2 0188 A3 OlBC 
A4 OlCO A5 01C4 A6 OlC8 AO 0207 
B 0000 BLANK 0108 ( 0001 CEXll 016C 
CEX12 0170 CEX13 0174 CEX14 0178 CEX15 Ol 7C 
CEX16 ·)180 CEX21 Jl04 CEX22 0180 CEX23 OlBC 
CEX24 0190 CEX25 0194 CE X26 0198 CHECK 0008 
CHKl 1693 CHS 0240 CLAMl Ol9C CLAM2 OlAO 
CLAM3 01A4 CLAM4 01A8 CLAMS OlAC CLAM6 !HBO 
CONl 0144 CON2 0148 CON3 Ol4C COM4 0150 
CONS Jl54 CON6 JlS8 CON7 015C corm 016() 
CONT2 0164 CONT7 0168 D 0002 DAT A 1000 * 
DIR.CT OOA6 DIV 0284 DMANT 1080 E 0003 
FLUX l:JCA FLUXl 109[ FLUX2 lOA2 fLUX3 lOA6 
GR l\YC l OCE H 0004 HOLO lfJC2 HRFC 0085 N w 
!NITZ 0018 INP 054A INPUT 002A * lNT 022F -t'-

INT Ru 0027 * L ))05 LOO 026E LOOE 026F 
LOO IR OOIJC LRFC 01)61 M 0006 MAl'H lOC6 
ME~ lOCF MINUS 0109 MUL 028C NEPRl IJ2BF 
NEPR2 0292 NE UCO 0184 OF SET 0140 t.JNE OlCC 
OTNUM l67A OTP TO 1676 OTPT2 l6E4 :JTPT3 16DB 
OTPT4 1602 OTP TS l6C9 OU 061)C OUT PT 1660 • 
PLUS OlOA PIH: Cl 1400 PREC2 145A * PK.EC3 l4B4 * 
PREC4 150E * PREC5 1568 * PREC6 15C2 * ?SW 0006 
REACT l628 * kESTR 0()28 ~ RHO 1000 RWMEM 16FE * SB 0204 * SELCT 0050 * SIGN l6tD SP 0006 
START 06i)E * STR J23E STRIN 024B TENS 0104 
THREE 0100 TRANS l6lC * WAIT 005C ~\OUT OODF 
Y2Tl 1086 Y2f 2 lOoA Y2T3 l08F. Y2T4 1092 
Y2T5 1096 Y2T6 1 J9A YTl lOAA YT2 lOAE 



IJ.l co 
0 ...... 

t.J"I 
I-
> 

'° co 
0 ....... 

NO co a 
00 ...... c 

a 
~ a: 
I- l..!.J 
>N 
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APPE:IDIX E 

Intel 8080 

}lath Floating Point Package 

The following is a reproduction of the Intel 8080 }fath Floating 

Point Package that was developed by Otto C. Juelich. 
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0200 
OU02 
0200 
!Jl Ou 
OJOl 

OlOO 
U?OO 
OOOl 
0202 
0203 
\)2. 04 
JJQ5 
0206 
020 I 

C6J0 

5 r-
7A 
CEOO 

57 
79 

AH THb 
J",R IT Ii 
SCR 
SCR b 

MUl X't 

MULP3 

1'1ULP2 

$ Sl·W a AND ar-FH 
1> 

2JOH 
E 1.1U 
cCJU 
100H 
E QlJ SCk SHR 8 .f\NO OFFH 

;dLANK NUMbER GF SCRATCHPAD 
t3JdJ BINAkY FLlll\TINt; PUlNT SYSTEi'1 
ARITHMEf lC ANO UTILITY PACKAli>: 
PROGRAMMER CAL OHME 
D1'.\TE 26 1)ECEMBEP. l<J7J 
,\P!fll IS THE Ef.GINNINC; .~ODRESS !JF THf 
A,..ZilHMC:T IC AND UT IL ITV PACK./~Gt: OF THE FLO.ti.TING 
P 0 L'H S Y S T c :"1 • 
SCR IS THE REGINNINC ADORFSS LF THf 
R A :~ U S t: U . .\ S S C k A T C H P r'\ D f fl tl. T H f: S Y S T f M • 
THE RAM ~ULTIPLY ANO OIVIni SUBROUTINES 
J\1,E ~1·.JVttl FkrJ1'-'I R·:J~ HJ ;{M'I UY SlJ!3fWUTINE 
l!~IT A.\.!:J ARF_ [:X[ClJT~D lf\J R:'\M LNLY. 

p !\ ·"' MULTIPLY SUl:3ROUTii..Jf:. 
F <JlJ :1.-/\l{ITH+SC~ 

,\DI O; ;~(JUUi' E RAl·Jt) 3K0 FR.ACT IC N 
E CJU $-l-ARITH 

,\1~1 v E , A; 4TH PMH lAL PRODUCT 
1'·1UV A' lJ; ]f;.O Pl\Kllt,L Pt<,ODUCT 
AC I 0; .t. DD 1JPFRf\.NfJ 2r~o f RAC TI tll'J 

f (JU $-1-td~ ITH 
M'.:'1 V O,A; 3 ~' ~) P !\IHI AL PkOCUCT 
MUV A,C; 2!'.j I) fJ A1l TI AL f>kC!DuCT 

N w 
--1 



.)20~3 CEOO AC I \) ; I\ DL1 OPERM.iu lST FRACTION 
0()09 MULPl FQU $-l-ARITH 
0201\ c 3 7J04 Jl1 p MULX5; TO ;:.:rJ:°"l CUL>:: 

R 1\,_, UIVIOE SUBRdUTI t--JE:, 
u l () l) JIVX5 E (.llJ 'f. - A'.<. l TH+ 5 C !", 
JZOD D6J,) SUI 0; SUR U IV IS l J~< 4TH FRACTIGN 
OJ OE OP4 S !:: QU $-1-ARifH 
O~OF 7 fJ ,"10V I' ' l ; kfMl\l NDE P jRD FPACTION 
J2 l J DEOO SUI (J ; S Ui1 t'tIVISn~~ 3KO FRACTICN 
0011 Of>3S EQU .b-l-ARITH 
Oll2 6F ~ov L , f, i f{ c M t. J N 11 FI< j~ [) FRACTICN 
J213 ·1c MOV A,H; t<.fMAINlJER L..NO F-RACT ION 
1)2 14 DEOO S t3 I O; SUB DIVIS Ur<. 2ilJD FRACTION 
0015 UP2 S f:WU i-1-AF.JTH 
oz 16 t. 7 1'10V H,A; f<.C:Mt; I N!1EK 2ND F PA CT I L~J 
021 7 78 .\IOV A,E; R.E~A I :'IJDE.~ lST FRACTION 
0218 DEOO SB I u; SUB !> IV IS U~~ lST FR ACT JQF-; I'-) 

l,.) 

0019 llP l S EWU i>-1-AR ITH ()'.) 

02 lA 5F '"10V E,A; Rt: '"IA I NllEr: lST F-RACTICiN 
J21H 3EOO ~WI A, 0; RElviAll\J0U 4TH FRACTWt! 
OOlC OP4A EQU $-1-M~,ITH 

02 lD C9 RET RETUkN TU i•.u'-1 
u 1 l r: UIVX6 EWU $-A~ITH+SCi<. 
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02 lE C60u A 0 I 0; ADOOIVISOP 3RO FRACTICN 
OOlF OP3A E<JU $-1-A~ITH 

:J22 :) 6F MClV L,A; REMAINIJER 3RO FRACTION 



0z21 lC MLJV A, H; R. f. :''1 •U N f1 E !\ 2ND FRACTICN 
J222 CEOJ AC I J; AOD UIVISUR 2irn FRACTION 
0023 UP2A dJU f.-1-ARITH 
0224 67 MOV H,t>,; kfMAINDtk 2NiJ FRi\CTfON 
J~25 7H MCJV J\ ' f: ; :.n: ... , A I N L1 k f ~. lST FRACTION 
0226 c:::l10 AC I O; ADD DIVIS u;-< iST FRACTICN 
0027 OP L~ FQU $-1-AP ITH 
0223 5F MUV E , A; Rt .'-1/d Ni"1cR !ST FRACTIGN 
l)2 29 3~00 MVI A, 0; Rf::MAINDtR ·1 TH FPACTION 
002 A OP4X f: QU t-1-AKITH 
02213 C 30F04 Ji-IP OIVX2; Ttl k1l~ Cl lD t: 

KA~-1 LGCt\TIUHS USED i3 y fHE 1H f\J!\ R. Y 
FLLJATING PO li\JT SYSTc:'-1 

OOZE OVER fQU l>-Al'.ITH 
022[ () 0 [)3 0; INITIALLY CLEAP 
U02F PRfX EWU lJVf.F,-t-1; P:<.EVll1US f XPCNFNT N w 
0030 ACC F EQU 1)f<FX+l; ACCUMULATOR f XPONENT \0 

OJ31 ACC. S F-wu /•CCLt-1; AC. CU '·llJL AT OP SIGN 
uO 32 ACC l E WU l1CCS -t- l; t.CCUMULATOR lST FRCTN 
OuJJ ACC2 E: QIJ ~CCl+l; ACCUMULATOR 2ND FR.CTN 
JJ34 ACC3 f WU M:C2-t-l; ACcu:-tULAT f)P 3RO FR CTN 
iJ035 Sf E 1,) U ACCJ-t-1; SUH Tk.!l.C TI tl:\i F-U~G 

ldT SU[jt<.OUT !IH tNlRY PiJINf 
022F 2 (: ZF I !-JI T: MVI L,P~FX; T t~ ADIJR LAST \.JO T LJ 140 VE 
0231 26)2 Ii~ITl: MI/ I H , ~ f-. 1 I I l\; T;._j ,"J. DDF:E SS RCM COPY 
)233 5:_: MOV F. ' M ; C U!H~E~JT ~Wf< D I J F ROM COPY 
0234 2601 ,'1V I H, SCP.ti; T f) Alh1RE SS RAH COPY 
0236 73 M11V M,f; 1,.1~ I Tt: curt< CNT WO TC R. /I. M 
J?.37 20 DCR L ; Ll fC f.!. r.: M t:fH ~:!J p I) M10R F:S S 
0233 F23l02 JP INITl; If :'!liq~ TU "'1~lVF 
02 Jli c ') RET ,,fTU!U4 Tll CALL [P 

:; TK SUfW.(IUT I Nt f. fHR Y POINT, 



023C 73 S TkO: 
0230 2C I i'J i< 
023E ., 1 S TR: MUV 
023F 2C S Till: 
•)2 'n) 7J MDV 
024 l 2C Ii-JR 
0242 71 MUV 
~) 2't3 2C I l1J R. 
0244 72 :·1CV 
0245 C9 K~T 

;FLJl\TING POINT 
0246 2601 ZK~;: fv\VI 
J24t3 2c3 o ltUll: 
u2'tA AF XRA 
024B 77 i·1 LJV 
021.tC c <) PET 
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FUJATING 
02 1 .. u 3EBO CHS: .'•1 VI 
024F o~ D8 

; fLUA TH/; POINT 
0250 Ar ABS: X'<.A 
.)251 2 i) ') l .-1 VI 
1)2 ~3 2t3l 11 VI 
025'-.i Ao 1\NA 
0250 [~80 XI{! 
02 ~8 77 :1 .lV 

N11V 
l ; 
M,A; 
I i'ik 
M, t); 
L ; 
M,C; 
L; 
1'1' D; 

M ,f: ; S T l1 F L E h 0 r T H ~!O R 0 
TO ADDRESS FIRST WORD 
S T 0 k [ F I k ST \~DR D 
L; ro ADD~~ss SFCO~n WORD 
STURF Sf:cm..;u WOHl.l 
T CJ AU 0 i{f S ~ T H I R D W fl R 0 
S T 0 rU'. TH I r. U W 0 R f) 
TO AUIWES~ iJF FOUR.TH WORO 
S 1 !J "'t: F fJlJ f<. TH W Cl PD 

P.tTlJRN TO Cc\LL Efl. 
ZEKO SUtW.f'JUTINE fNT. PT. 
H,SU<.t3; TD A1)l)RF.SS scr~ATCH BLAND 
MVI L,ACCE; TO AUDR ACCUM EXPfNENT 
A; Zl::k'J 
t'i , A ; C L E t. R AC C lJ :'-I U L.H (JR E X P fl N r N T 

~fTURN TLI CALLER 

POINT CHS 5Ub~OUTIN€ ENT.PNT. 
A,200Q; ~ASK FO~ SIG~ BIT 
i.>16 Q ; L tJ I I N <; 1 ·1 L: SK I P ~Jf' X T W 0 
AMS SUh~OUTINE t~T. P~T. 
t;; ZFR.J 
1-1,surn; Ttl L\t)L)'~f:SS 5C."1ATCH BLM'JK 
L , A C C S ; f tJ t. D t) t< F: :-., S A C C lJ M S I G N 
M 
2 00 (J; 
M, t; 

; CCIJif>L J:-1t::,1T OF SIGN 
C CJ ~ t-' L li·I ff d TH f-: S I G N ti IT 
.ti C C \J .·1 U L /\ T '. l i< S l G N 

N 
~ 
0 



F- LOA TI ~·JG PfJINT TFST f:;\JT PY P il I NT , 
0259 2601 TS T: ~IV I H,SC~t::,; T Ci ADOfl,ESS scu.rc1-1 GLANt< 
025B 2[..3J T ST l: MVI L,ACCE; Tn ADO~ OF AC CUM 
025l) 7L. !I .JV .A, M; ACCU rlUL AT tlr' EXP(lfllENT 
02 5E l\ -, ANA A; SET C o~HiJ.ill BITS 
'12 SF CA4602 Jl z ~IJ; If ACCUMULATUR. IS z ff< 0 
0262 SF ;"10V E, A; 1\CC lJ"'iUL A 1, JF. EXPONENT 
0263 2C INR L ; Tl) A I) fJi~ Af.CU;>.1ULATOR SIGN 
J264 7t. MDV A, M; f,C C LJ MUU\ TOK SIGN 
0265 2C INR L ; TD ADIJK ACCUi'1 l ST FR AC TN 
0266 AE XR1\ M; A CC UM SIGN ANO lST FRCHJ 
0267 2C I NR L; r u I\ I) l>K .~CCUM 2t·IO FR CTN 
0268 4E M0V c ' 1·1 ; ACCU,.-1ULI\ TllR 2Nn FRACTICN 
')269 2C I !'JR L; TO A 1)l)R 1\CCUM 3P D FRCTN 
02 61\ 5h M!JV O,M; ACCU MlJLA T dR 1FO FRCTN 
0268 CJ7/\03 J :~P ADC12; HJ SfT f XJT CC1NOITinns N 

FL ·JA TI tJG POINT LO:\D ::1'Jl KY Pl1Im. ~ 
I-' 

u26f 7t LUO: MDV A' "1 ; lJP FR Arm FX PC!NfNT 
026F Al ANA A; Sf: T C1JNl f-U)L BITS 
02 71J C A't602 Jl lkO; IF nPr· f<..t\1110 IS ZEi<.O 
0273 5F MtJV F,A; UPf>Hi.f\JD t XPQNr:~n 
.)2 74 2C I N1{ L; HJ Al)Orl. CP SIGN MW IS T 
U275 h 1'-1uV A, 1•i; fJPFk.ArW SI Gl'J ANO lST FPCTN 
u'2. 76 2C TNR L ; T fJ i\l)IJR. t SS CJr>f R/\Nf) 21'-ll) FRCTN 
J277 4[ MOV c d-1; lJD ~ RAi-J L) 2i~iJ fRt1.CTifN 
02 78 2C INR L; TIJ ,~OD!;!-: SS f1PfRAND 3RO FRCTN 
J2 {9 '.J6 ;~l]V L)' M; OP ERMJU 3R tJ FR ACT IC'N 

s Tl)k f. THE (JPtRArm IN lHE AC CUi"1lJL. ATU R. 
U2 7A 6F nnv L, A; UP !:R.MJ 11 SIGN AND lST FRCTN 
J2 7B F;i8J LOlH: Ck I 2 J ()!~; /\CCU:"\Ul /\ TCJR l <:. T fRJ\CTlntJ 
02 70 4., MOV u , " ; AC Ct l'•1U u, TLN lST FPAC T J Ci~ 
027E AD x I..( i\ L ; ACC1J"'1lJL A ft..11~ SIGN 



02 7F 26'.)l MVI H,SCRb; T!l AD l)f< ES S SCRATCH BLANK 
0281 2f30 ~VI L,ACCE; TO Ail Dk AC CUM fXPrNfNT 
0283 CD3C02 CALL STRO; S FT THt J\ CC UM U l I\ T 0 R 
02Bo Ail XRA p • 

.) ' t~ CCU!--1 ~I G~.J /I.ND lST FPACTION 
SET CONTROL hlTS AND i X I T 

0287 4 -, MlJV 
>J288 F60l ORI 
028A 7lj MGV 
J2 8B C9 RET 

80UO ~~CRO ASSEMULER, VE~ 2.4 
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FLOATING 
U28C 7E MUL: M1JV 
ozao A7 ilNA 
J28~ C't9 503 CNl 
0291 Cr\4602 JZ 
02 94 Ot.CA02 JC 
0297 CD41)04 CALL 

N0t{fl.1Al I l E 
J29A 7 :J MCV 
02<rn A7 .'.\ N1\ 
0.29C F1\AlJQ2 JN! 
029F 2f.30 i'~V I 
02Al 7[ !~UV 

u2A2 Of.JI S 5 I 
02A4 77 MOV 
02/.5 Cd 'Kl 
J2A6 C00C03 CALL 

B, I~; ;.ICCUM SIGN f,('Jf) lST FPACTIOt-J 
1 ; StT C. I iji" blT FOP FX IT 
A,L; ACCU1~1ULA T1JR EXPO"JFNT 

F< ETU'< N TO CAL l ER 

PO I NT MUL su1:3,;;J1LJT I NE ENT. PNT. 
A, M; tJ Pf RA l'Jll EXP ON f NT 
A ; s::T CUfHROL BITS 
M Li t X ; l.:. FA D IW E f.. AN fl I F N 0 T l f R 0 
Zf\C; IF L[f\~1 Ck Uf,Jl)Eq_FL O\~ 
CJVERF; l F rw r.;... Fll)~i 
MULX; CALL FlXfO MLJl.T SUB~TN 
IF N':CfSS4'.<.Y. 
A, B; 
f. 
~.f'l Ll .ll; 
l , llCC E ; 
t , r~ ; 
l ; 
M,A; 

LSH; 

L ST Pf' ~J DUCT 
; St=T C!lNHJlL 
lF 11;;1 ~.tlf-'i-'!AlIZATICN REQUIRED 
T !) ADU:\ .\CCUM F:Y.PCNHJT 
ACCMU~:L/\Ttlf< EXP(lNFNT 
DF.CRh',ff\JT ACCU"'iULATOI\ EXPONENT 
ACCU<1ULAT·Jli, EXPONtNT 
P.i:TtJR~J TD ("ill FR IS UNDER.FLO\~ 
LALL IJ FT SH I FT SU i:3 R [ll JT IN E 

N 
.j:'-
N 



J2/19 
021\C 
02AF 
J2Bu 
D2 b2 
02B3 

02B4 
J2B5 
U2f36 
02BB 
02BB 
02i.H.'. 
02Cl 
02C2 
Q2CS 
J2C 7 

02CA 
J2CC 
OZC E 
U2DO 
.J20l 
OZD2 
02Di 

0204 
JZD6 

0207 

CD300 1t 

OACA02 
47 
F6Jl 
7B 
c '-j 
AF 
96 
FEOl 
049503 
OACA02 
CA4802 
4F 
cu 91)0ft 
2o01 
l);'\A9'.)2 

2601 
2f2E 
3 t: FF 
77 
07 
C9 
0J 

3E8J 
OE 

AF 

, 
RNDA: 

DIV: 

1JVEP.F: 

SB: 

AO: 

R(~lJ/\JD IF NE:.CJ:=:SSf1PY. 
CALL RllND; CALL POUNDJNG SIJBRDIJTINE 

JC OVlRF; IF OVF~FLQ~ 
MLJV H,A; ACCUr-1 SIGN AMO lST FP.ACTION 
0 K. I l ; ') E f S I GN t~ IT 
M'lV A,t; /~CCUMULATUR EXPONENT 
K. ET ;:._ i-: T ~m N T n c AL l ER 
fLJATING Pflli'JT OIV SUIJKOUTINt: "'.:'JT. PNT. 
XP.f\ A; ZF:M.'.J 
SU'~ M; CiJ.\1PLf,\1EfH OF DIVISOR EXPONENT 
c p I 1 ; st r c AK!<. y IF n Iv I s I ON IW l ER 0 
CNC MDC:X; f~r:~r) llf>ERANO IF NOT ZERO 
JC OVERF; lF OV~KFLUW UR DIVISION HY ZERO 
JZ lkOl; IF UND~RFLOW OP. ZFRO 
;rnv C,A; DIVIStl:' lST FRACTirN 
CALL UIVX; CALL FJXF0 DIV 5UARTN 
,-..: VI 
JC 
SE. T 

:·I'../ I 
MVI 
:~IJV 

RLC 
R;: T 

Ht S CR B; 
P NOA; 

u v t: l{f urn FL AG. 
MVI 
L,CVt::k; 
A,377l.J; 
r• ' f', ; 

1) ci 0 ; 
Fl 1JATil\JG PCJTNT SlJb 
:WI A,ZOOQ; 
l)iJ I) l{J Q; 
F LdA TI NG PCJ I NT ACO 
XKA A; 
L :JI\ I) Ttff OP r 8 M,JO. 

rt,SC~h; TU AOORFSS 5CR.ATCH 
T n ~ !) I 1 I< ;JV ::: R F L CW FL AG 
l!Vf:Rf-LLJW FLAG 
: Iv E:r~ F Lll iol FL "G 
SfT [~kRY HIT FOk EXIT 
~~TU~N TO CALLEP 
C Hf CK .S UM rlO i.; 0 

5UHPOUTJNf FNT. PNT. 
iv1ASK r._1 CHAt<Gi: OP SIGN 
LB I Jr~ Sf T CJ SK I? N f XT WO 

SUbi< CUT I ,,fr UH. PNT. 
LFIW 

N 
~ w 



0208 
0209 

5E 
2C 

MUV 
I NR 

nPEkANLl t:XPONF.:NT 
rn ADD.~ llP SIGN, lST FRCTN 
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020A 
020B 
020C 
0200 
u2DE 
02DF 

02f O 
02E2 
02E4 
OlE5 
.J2 E 6 

02El 
JZEB 
0.2E9 

1)2 EC 
OZED 
02EE 
02FU 
Q2f- l 
1JZF 2 

AE 
47 
2C 
4F. 
2C 
5 ti 

2601 
2 f.3 0 
7[ 
2 L) 

71 

78 
A7 
CA5602 

68 
78 
F680 
47 
AU 
2£:31 

XRA ~; UPEPNAO SIGN AND lST FRCTN 
1~ u V 11 , A ; UP ER AN fl S I G N AND 1 5 T FR CTN 
INR L; TO AODk OPERAND 2ND 
MOV C,~; OPERANU 2ND FRACTION 
IN~ L; TO A00k OPERAND 3RO FRCTN 
~JV O,~; OPFRNAD JKD FRACTION 
~AVE l~ITIAL EXPONfNT. 
MVI H,SCR:~; TIJ ADo:.;,Ess SCRATCH BM!K 
MVI L,ACCE; TfJ ADD~~ ,\CCUt-i EXPGNTNT 
MDV 1\,1-'.; ACCU:·IULAf(JP EXPONFNT 
DC R L ; T D Al.H1 :-<.. HH TI AL f X PC NF NT 
MUV M,A; INITIAL EXPONFNT 
CHECK FOR Z[kO OPERANU. 
,'·10V A, E; UPERAr,Ji) FXPOt~ENT 
/\:~A A ; C:.fl CO~HROL BITS 
Jl T~Tl; IF OPEkAND IS ZFKO 
'; HJ E Fi. A T E S U b H'. I!. C T I U 1\J F L AG , R F S T r JR f 
SUPPRESSED FRACTIJN b!T. 
M1JV 
MDV 
ClrU 
1'·1'1V 
XRA 
MV[ 

L, f.}; 
A ,t~; 
2 00(~ i 
b' t~; 
L; 
L,ACCS; 

i l P ~ R A.'HJ S I G N AND 1 ST F RC T N 
UP [ R Ai'! l} S l G N AN lJ l ST FR AC T I 0 N 
dPEkPJLJ 1 ST FR ACT ION 
UPf:::R1iNu lST fRACTHm 
;JPfRM,lu SICN 
ro ADDt<.ESS ACCUMULATOR s IGN 



J2F4 AE 
O.ZF 5 2E35 
02 F 7 77 

02F8 2 t:J 0 

·J2FA 7E 
02 ff3 Al 
02FC CA8b03 
02fF 93 
J300 DAQE03 

0303 FA~B02 

03 06 F[19 
t)308 PA2 l10 3 
J301:i C35t:302 

030[ F£'.860J AD02: 
J3ll FtE7 
0313 OMH,lB 
d316 73 
0317 ">F 
OJ 18 2E35 

1.H lA 7':.. 
031B 2F31 

X RA !VJ ; S U ~ T ?, I\ C T I u t-J F l AG 
,'W I L , SF ; T tJ I\ 1)L) i·d.: S S SUB T HA CT IO f-1 FL AG 
:~nv M,A; SLJIHRf\CTIUtl .-:LAG 
U ET t: R M I NE I< t L AT I V E MA G ~ J I TU U F S U f 
0 p E RA N L) A N fl .A c c u M lJ l. /1 rrw • 
'WI L,ACCti TO ;\L)[jRESS ACCU~ULATCR 

MlJV 
ANA 
Jl 
SUl3 
JC 
CHECK 
J , .. , 
CPI 
JC 
J/Ap 
CHECHK 

CPI 
JC 

MOV 
MVI 

MUV 
MVI 

; t X I-' iJ ,'JE r H 
A,M; ACCIJMULl\fOP EXPONENT 
A ; 5 ET UJr I TF Ol 13 ITS 
/l.LlUUi IF ACCUMULATOR IS ZFRO 
E ; D I F f Ek eJ C f- I N E X P 0 N [- ,_, T S 
AllU.::'; IF ~\CClM <;MALLER HIAN OP 

FOR u ... ~ !GIH F ICAfH nPEF<./,ND 
TSfl; IF THE UP[RAtJO IS TNSIGf'-JIFICA~H 
(HLU; COMPA.~~F. SHIFT COUNT 10 25 
:1t 1 u .::i ; J · J I i'J t-: x c H PA TH I r r P s 1 r; N I F 
1 ~ 1 1 ; lJ i) t:: F t i J U I S I N S I G ~ H FI C AN T 

F CF I ~ J S I G N I r- I C I\ 1'J l A C C U i 1l J U .. T CJR 
JI' AllD11; If ACCUM IS INSIGNIFICANT 
34Hl; CUMP!\l<r:: SHIFT CnlJNT TO 1'1INlJS 25 
r.uu11; 

M' ~:; 
f- ,/\; 
l , ~ F ; 

A,M; 
L,~CCS; 

If AC(UM IS INSIGNIFICA~T 
upa. 1~;,;I) '.~XPflNEhJT 

SHIFT C•_ltnJT 
HJ f.UDk[!:>S THF SUBT~.ACTION 

;FLAG 
SlJBTkC.CflON FLAG 
T tl AfH lK. f SS THE AC C U"-1 UL AT 0 R 

ilOUO MACRO ASScMJLfK, VER 2.4 
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; s I er~ 
u3lD Af Xi< A M; Cf>E:<A;\JO SI f;N 
031[ 77 11rJV M,A; tiCClJA-1ULA Tf)R SI er~ 
u31F AF XRA A; l f:Ri l 
0320 93 SUR E- ; C 11 MP L I "'' F.: l'l T SHIFT COUNT 

EXCH.4N1;E ACCU/vlUL f.HJK t\l"l f) OP Ei< Ai'lf > 
J32l zc INR L; TO All UR AC CUM lST FRACTION 
0322 SE i10V t,M; ACCtJr-1ULA TO~ lST FRACTION 
0323 70 ;,._JV M,8; I) P F fJ Af,; D lST FRfl.CTinN 
0324 43 MOV t~ , E ; ACClJ MUL f:.. TUR l~T FR ACT ION 
0325 zc Il~R L ; TCl /\iJD AC CUM 2 ~If) FRACTION 
1J":i26 5 f. ;-10v E, M; ACCUMLJLA TCR 2 f\lO F- RAC T HP~ 
0327 7l MDV M,C; OPff~ Ai~L) 2NO Fk.AC T TGN 
0328 4B ,.,'1 !JV C,[; ACClJ~·iULA TOR 2MD FP J\C TI 0\1 
032 9 2C UJ~ L; HJ i:< u llR 1\C CUM 3P() rPACTION 
032A 5 !: ;v10V E,M; ACCUMUL ti TUR 3 Rf1 FRAC T 10"1 t...> 

~ 

OJ21J 72 MDV M, Ii; !lP ~RI\;\ D JP fl FRACTION °' 
B2C 53 MDV j)' c ; ACCUi'·luLA lOR 3 P,D F PACT Io:~ 

P :J S I T I fJ r>I THt 0 P E P f, r>Jl) • 
032[) CDC 903 ADD3: CIH.L RSH; PIJSITIClN TflF OP FR A:~ D 
J330 2E35 !Wl L,sr; T ll f..Lll)IU: SS SUSTRt\CTICN FLAG 
OJ32 TE 1--IJV :. ' 1"1 i S IJ t:H AC TI lit~ FLAC 
JD3 A7 ANA A . SEl C!JNTROL HITS ' 0334 2E34 11 VI L,ACC3; T il AlJLlK AC Ct JM 31~ 0 F-RCTN 
0336 FA5D0J J '·1 f,DD9; [f SU!"3~ l\C. T! m~ r, r- Q u I r.: E D 

A OU A DU HJU TO AUGf.t~D. 
0339 7f. :1111v A,M; AUGH,li.J 3f<.D FPAf.TICI'\ 
033A 82 ADD f) ; AOOU,!D -~R.D FRl\CTTOI\' 
0330 57 "10V L),.A; SUH 31<0 FRACTION 
033C 2D DCR L i T 0 J\[,lJRFSS AUGFND 2ND FR ACT I OM 
JJ 30 7E i•1 'JV .l\ ' t-1, ; AUGNEU 2 f,,,it) FR 1\CT ION 



033E 89 AOC 
J33F 4F MOV 
0340 20 1.)CR 
0341 7E MOV 
0342 us ADC 
0343 47 MDV 
0Jlt4 027403 JNC 

RIGHT 
034 7 lF RAR 
0348 47 MOV 
0349 1<J MOV 
034A lF :<.AR 
J3't8 4F MOV 
034C 7A MOV 
034 [) lf RM~ 

034E 57 MDV 
0.34F lF f<. AR 
..)3 5J 5F ."'10\1 
03Sl 2t30 :'·1 VI 

U080 MACkO ASSEMBLER, VER 2.4 
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035.:i 7E MdV 
J31)4 C60l AUi 
0356 OAC t\02 JC 
03 59 7 ( ~·WV 
03 5A C37't0:l J MP 

c i 
C,A; 
Li 
A,M; 
B; 
Ii, A; 
AIJDll; 

5HIFT 5 UM Tfl 

£J,A.; 
A,C; 
i 
C,A; 
A' L); 

O,A; 

F , A ; 
L,ACCt; 

A,M; 
1 ; 

[jVf: Rr.:; 
M,A; 
/ll)OU; 

SUdRACT SU8Tf; AHUJD 

ADOF~W 2NO FRACTION 
s tJ ti 21'.0 FK. ACT I ON 
rn ADiJRESS AUG ENO lST FRACTION 
AUGE NU l ST FR~'\CTif'N 

AOlJPJ I) 1 <.> T FR ACT Int~ 
SUt:3 lST HACTION 

IF NO CA;.;o,RY FRC1M lST FRACTION 
NOkMALI ZFtJ PIJS IT I Of\;. 

RIGHT SHIFT SUM lST FRACTION 
SlJ:'1 1 s l FRACTION 
SUM 2 1\!l) FkACT ION 
FIGHT SHIFT SUM 2ND FR ACT I UM 
S lH•l 2 j\j t) FP ACT JON 
SUM 31<.0 FR ACT J 01'1 
RIGHT SI 1 l FT SU~ 3RO FRACTION 
SUM 3i--.l1 FPACT JON N 

~ 4TH F}!C TN = LCltl BI T OF 3RD ...... 
Slit~ 4TH FR ACT I ClN 
T () i'.Uuk[ SS ACCUMULATCJR 

; f XPCJN ENT 

ACCLI i"IUL A Hi R FXPONfNT 
I NCP F~·i ENT ACCUMULATOR EXPONENT 
I F OVEFFLO\.J 
I\ CCU r•lU LAT 0 I~ EXP!l"JHJT 
r LJ R t!U 'IJI) FRACTI1JN 

f-RUM ;.q ,\fUdll> 



03SD 
J35E 
035F 
0360 
0361 
0362 
JJ63 
0364 
0365 
0366 
0367 
J368 
0369 
036A 
,)36() 

036E 
03 7 l 
)3 74 
0377 
037A 
iJJW 
0370 
J3 7[ 
t))7f 

uJ ua 
:n t3 l 
J3ll3 
l) 3 8 1t 

OJH5 

J3B6 
1.Hu8 

AF 
93 
5F 
7 f: 
9A 
57 
20 
7E 
9() 
4F 
2() 
7E 
9U 
47 
OCEFQ3 
F40204 
F24802 
c 0 3t)04 
DACA02 
47 
2F.2F 
],-', 
96 
6F 
7 /J 
F 6Jl 
rn 
50 
c \) 

2E35 
7E 

AD09: 
SU1l 
MDV 
MOV 
SBl1 
MUV 
lJCR 
MOV 
S B!3 
MDV 
DC~ 

M1JV 
Sl.rn 
:-\OV 

AOO l ·): 
CP 
JP 

AL)f)ll: 
JC 

Aou12: 
.'l 'I I 
Mt)V 
s lll3 
.\1fJ v 
MU\/ 
ll I~ I 
M,1V 
Ml;V 
R [: T 

XkA 
E ; 
E, A; 
A' Iv.; 
[1 ; 
D,A; 

A,M; 
c; 
C,A; 
L ; 
f,, M; 
8; 
8,A; 
cc 
Ntl~ t~; 

lf<C'l; 
Ct\LL 
OVFkF; 
Mi JV 
L,PHEX; 
f\ , t: ; 
M; 
I , 1\ ; 
J.\ , t> ; 
l ; 
A, E ; 
E, L; 

A; MJ.'llJEl\iD 4TH FPCTN IS ZERO 
SUBT.-.t..Hf:ND 'tTH FR.".CT ION 
DIFFEKLNCf 4TH FRACTION 
~INUf~O 3RD FRACTION 
SUbTk,HENO 3RO FPACTION 
Dlf-FEf.HJCF 3RD FP/\CTION 
T ;) Id) lJ K t s s M If\J u f ND nm 
~ HJ lJ L :'. D 2 N D F R ti (, T I f N 
SU!HktHf::l'Jf) nm fQACT JC11'1 
OIFFE~iNCf 2NO FR~CTIGN 
TO Ant1Rt:ss IHNUEND lST FRCTN 
'HNIJt::,:u lST FRA(.TJntl 
SUBHt.llEi'Jt) lST FRACTION 
DIFf-t:id'.NCf: lST FFACTJCN 
COMP; CDll\PLEfVENT lF 1'JF:GATIVE 
N !l k M .'\ L I L t- I) I F N F C f S S A R Y 
J 1: Ui·F>~q 1=L C'\J OR ZERn 
Ri:lNI); Ct,LL ROU~!DING SUGEOUTINE 
I F t; V ;_ R. F l L H 
t3,A; ACCUM SIGM AND lST FRCTN 
Ti1 !Wtil~ESS PKEV fXPCNENT 
ACCUMUL~TnQ EXPONFNT 
t)JFfr:ilU,ICf IN fXPllNtNTS 
o I F F F :-- t: t~ c F. I r~ r: x r ·1 t' :- r--: T s 
ACCU"'I SIGt! /1~.Jf) lST fF<CTN 
SET SIG~ ~TT F0R ~xrr 

~CCUtv1UL\rC1R f:XPCr!fNT 
SIGNlf ICANT IN~~X 

R ET lJ r. 1' 1 T ( J CA l L Ff.', 
LG1\D ACCUMULATU:;. WITH THi: !Jt>t'.-<MJD. 

AOU17: MVI L,SF; TO AGOR SUBTRACTION 
MJV A,M; ~U~fkACTIJN FLAG 



03 A'J 2E31 ,-.,v I 
038d i\ E XRA 
03DC 20 OCR. 
JJ8D CD3C02 CALL 
0390 A8 XR. A 
0391 CJll\03 JMP 
d394 Ou o~ 

SlH3f\OUTl"lc 
CHECK 

0395 47 MDEX: 
0396 2C I ~Jk 
J39 7 It E MCIV 
0398 2C I NR 

80dU MACRO ASSEMHLER, VER 2.4 
ERRORS = 0 PAGE 8 

039') 56 MJV 
039A 2C I NR 
.J39U 5E ,_.,UV 
039C 2601 MVI 
J3 <./[ 2E3 1J 11V I 

t.BAO 1r: 1"\ilV 
J3Al A7 A1'-JA 
03A2 cs RZ 
J3A3 ao ADO 
J 3.~4 1t 7 MDV 
0JA5 lF kAR 
03A6 Ad Xr<A 

THE 

L,ACCS; 
i'1 ; 
L ; 
S HZCi; 
I~; 

Af)f)l 2; 
O; 

T(l ~EAO THE 
ACCUMULATOR 
~1 fW 

L; 
C, M; 
L; 

D t M; 
L; 
E,M; 
H,SCRB; 
L,1.CCE; 

A, t,1; 
A 
; 
H; 
B,A; 
; 
H; 

T 'J AJt):<. ACCIJ:.HJLATOR SI G!'J 
1JP!:l{AN1l SIGN 
ro At)()~ ~CCUM fXPONFNT 
S t:T T HF ACCUl'1ULATOR 
ACCUi•; ';lG:\J AND lST FR CTN 
JG IN '=XI T CODE 
C Hl:CK SUM ~I Of~D 

ti PE RA Ni.J AND 
EX PCJNUH 

H' :\; f::X PiJNHJT MODIC: IFR 
T iJ AD Dk 11P SIGN, lST FRCTN 
(JP (f~ Ai'! U SIGN ANI) lST FRACTION 
T ll ALU~.t SS OPFRANO 2Nl) FRCHJ 

n PER.A :--m Z ND FRACTION 
l fl t.DD;:<. E: SS OPERAND 3Rf) FRCHJ 
UP E f{A l~U J KD Ff~/ICT ION 
TO ADD~ESS ~CP/lTCH RANK 
T il AlWl<.f:SS AC CU~Ul A T(JP . EX PtJ~JF:IH ' ACCtJMULAf<JR f X Pnta="JT . $FT r ,JN fl•. nt BITS ' R ETUk ~ IF ACCUM I S ZfR 0 
RESULT t:X PfJf\T NT PLUS BIAS 
l\ t SULT EXPONENT PLUS EI AS 
C.4P KY r 11 S [ GN 
CAR.I{'( AND SIGN MUST nJFFFR 



J3A 7 78 :-VIOV A, t1; RESULT EXPDNE:NT PLUS BIAS 
03A8 0680 MVI H,200Q; EXP l1IAS, SIGN MASK, 1'1.S BIT 
OJA~ F2Bd03 JP OVUN; IF OV E!<.FL UW OR UN D != I< F l m1 
03AD 90 S Ul3 B; R. EMOV E EXCESSS EXP RIAS 
03AE ca RZ l<F.TURN IF IJNDERFUJW 
J3AF 77 MOV M' µ,; ~-'=SULT EXPONENT 
03HO 2C INR L; TO ADOi<.l:SS ,A.CCUMULATfJR SIGN 
OJIH 7E 1'.10V A,M; ACCU:'1UL A TLJP SIGN 
J3R2 A9 XRA c; RF.SULT SI Gf-J IN SIGN RIT 
0.1133 AO ANA B; P.ESUL T SIGN 
03 f31t 77 MOV M,A; RESULT SIG~! 
0385 79 i"1ll v A,C; l!PfRMIO SIGN AMO lST FRCT N 
03Bb 130 ORA B; CJ PEP A:m LST F'<.ACT ICN 
nu 1 C9 R ET R ':TIJR N TO CALLER 
u3b8 Of OVUN:hl.LC; SET (t.j-;.RY BIT IF OV FR F LlJW 
0389 rm RC I<. r:TUI~ ~l IF ti Vf !< F Lfll~ 
J3BA AF XRA A; l t: l{ [J N 

Vl ()Jb8 c <) RET RETURN If· U~DERF L CJW 0 

SUBROUTINE TO LEFT SHifT THE ti' c ' 
t) ' ANO E ru_ (; I s T E R s ONE h {T' 

03 l3C 7~ LSH: M1)V A, f.; !JR I 1; I ,Jt L Cf1Nl~NTS nF F 
JJl)[) l 1 f{ AL L F. FT SHifT E 
03BE 5~ >IOV f , A; i:.: rs r o:~i~ Cll"11 r::1HS OF RFGISTE~ -· -
J3t3F 7 .'\ LSHl: ,'H!V A, D; I l!<. GI i\JI\ I_ CfJNTFNTSS OF D 

; R Eld::. TF:R. 
OJCO l 7 l·U\l l FF T St! IF f f) 
ll JC l 57 i1UV D,A; RESTU<.t: CONTENTS flF 0 Rl:GISTF.R 
J3C2 79 MDV A,C; ~ J i<. I G I 'JI• L COf\IT FNTS OF ( 

; C<fCI~TFI~ 
03C3 l-, Rill L .::FT SHIFT ( 
Qj( ~ 4F rJ,LJ V C,A; ~ EST l11< t; \.1HH~NTS llF c f·U=GJSTF.R 
03C5 73 MllV i'., d; ~ 1 k I G I r·J .l'. l CONT H!TS OF H 



03(& 
J5C 7 
J3C3 

UF 
4/ 
C9 

J\ flC 
i~ 1V 
KcT 

A ; 
B' t,; 

;REGl'STt:R 
LEFT SHIFT R 
kf.S Tfl!U: cm!TF.NTS flF e REC I STl:R 
f<ETUf<N TD CALLER 

RIGHf SHlfT THt U, C, O, ANOE REGISTERS 
BY fl-it: SHIFT courn Hi THE J\ i<,i-"GI~1 rl-' 

UOHO MACPn ASSFMBLER, VER ~.4 
ERROkS = u PAGt 9 

SH I:= T lJPF.RAtW TCJ f\tGISftil. Jr-.J l)l CAT [ 0 LI y 
SH!FT CulJNT 

03(9 1L 00 t.zSH: 1"1V I F, U ; UP'.:Rt•NiJ 't TH F Q( Tr·I I S zurn 
i.HCB 2EOU RSHO: MV I L, 0 l 0 <J; tACH R FG I c::. 8 B iT S OF 

; SH ff T 
u3CD BD RSH l: Ci·1P L i C 0 ;vi I-' A K f. SHlf T cnuNT rn H 
03CE- F AtJi\0:1 JM h')li.2i I F R. E i,/ SHIFT LESS THA~I 8 
ll3c1 5A M l.J II E' lJ; u r :: R M.JU 4 Tll FRACTTUN 
J3D2 51 '-10V J,C; OPC.!-<J\f\JIJ 3 ~:.o Ff.'. ACT ION 
03()3 4il l~OV c 'b; fJ P F R ii i·~ i > ~~ ~~ i) FR1\CT trm 
uJ D4 0600 ,,1 VI f'.. , I) ; n I-' ':":1-\At'W l ST F RAC T IfJ~i I S ZERD 
J306 9:1 SUB L •• 

' ' k F. ,)LJC t: Sri I FT COUNT fW l f-< EG 
03 L) 7 C2C003 JIU f.i.S Hl; ! F Ml i tit: SHIFTS R!-QUIF fO 

SHIFT CPf.RAND RIGHT llY - SHI FT C.1Ut-!T-
BI TS. 

03CA A7 RSH2: AN.•< A; SET CLJNT POL BITS 
·..)3DB CB P. l ;{f: TlJ~',N IF SHIFT IS C rHIP l E TF 
03GC 6F :>IDV L,A; ~HI. FT COUl\IT 
03DD A. 7 RSH3: AN A A ; CLU.,R U~RfJ y BIT 
JJDE 7d Mi)V A,H; OP<:=Rt.;...;u lST FRACTWN 



030F lF RAR R. I GHT SHIFT OP lST FP. CTN 
OJEO 47 Mt JV B,A; UPERANIJ l ST FR.ACTION 
1)3E l 79 MOV A,C; OfJERAl\llJ ZrJO FR.ACTION 
03[2 lF RAR . RIGHT SHlFT OP 2NO FRACTION ' 03E3 'tF MlJV C,A; U PERAi\JD 2NO FR ACT EH1 
03E4 7A MIJV A' [l; UPER1\~IU 31<. D FPACTIIJN 
03E5 lF RAR ; f<. I GHT SHIFT UP 3PD FRACTION 
J.3E6 57 ~rnv U,A; UPERANU 3RO FR ACT ION 
03E7 7b MOV A,f; iJPEJ<,ANil 4TH F RACT I r:f\i 
J3E8 lF RA~ ; KIGHT SHIFT OP 4TH FPACTllJN 
BE9 5F MDV t, A; UPfRfl.Nt) 4TH FRACTION 
()3 EA 20 OCR L; 0 F. C !-\ f ~,: E N T SHIFT C (tlJNT 
T3EA C2DD03 J ~ j l f·"S HJ; IF MUi.\ r SHIFTS l'<FQUlRfO 
u3EE C9 RET 

COMPLEMENT THf- 3,C,D, A!·JO E f<i::G[ STt=RS, 
1.BEF 2l) COMP: nc f<. L ; TU J.J)l)j./. ACCU~ ~IGN 
03FO 7E MCJV A, 1•1; .\CC UUJt LAT OR SJ Gt~ N 

03Fl EF.BO X RI 2 0 0(~ ; CHMlGt SIGN V1 

'" 03F 3 77 MUV M,A; t,CCWllJLATCJR <;I CN 
03F4 AF COMPl: XR.t. A; lE:kd 
03F 5 6F MDV L,A; l i= RO 
03F6 93 SUB f ; CC"IPL IHf•'Jl 4TH FR ACT IO~ 
()Jf7 5F ~rnv f: 'A ; 4 TH H.l.\Cf ID~! 
J3F 8 10 Ml-JV A, L; LEf~U 
03F9 9!\ sua o; ( \J "'IPL I ;~: t: NT 1FD FRACTICN 
03F.l\ 57 frnV 0,1\; J Rn FPt.CTIDM 
03F 1:3 70 MJV A' L; l F.f.W 
03FC 99 StjB c ; C ll '1 i' L J:vt f. f\J T 2NO HCTN 
J3F-D 4F MUV C,A; 2ND Fl<t.CTIOf\! 
0 3 Ff. 70 MDV A, L; l E:{O 
0 .3F r 9d SB a t3 ; C OMPL f .V:f:N f 15 T FR CTN 



UOJO MACRO ASSEMBLER, VER 2.4 
ERRORS = 0 PAGE 10 

04(JJ 
04-01 

)402 
U404 
04-05 
04 06 
0409 
J4 OA 
040f~ 

040C 
J40l) 
040E 
O't l () 
J4ll 
0414 
0415 
0416 
0417 
0418 
0419 
u41A 
J41~ 

041( 
u41D 
04 l [; 
J41F 

47 
C9 

2E2 J 
78 
A7 
C22204 
41 
4A 
51 
SF 
7U 
06CH.i 
6F 
C20404 
C9 
20 
713 
1 7 
SF 
7A 
17 
57 
79 
l -, 
4F 
/f:j 

MOV H,A; lST FkACTION 
RE T R ETUl<.N TU CALL ER 
NDi<.."1AL IZED THf: fd_GISTERS. 

NO~M:tWI L,0400; MAX l\!tl?.Mt.LIZIMG SHIFT 
NUP.Ml: Mf;V A,B; l~T fRf.CTIOf\ 

ANA A ; SET CONTROL BITS 
JNZ NUf-.M3; If lST FRACTION NCNZFRO 
MDV b,C; lST FRACTION 
M[JV c,u; 
HUV LJ,i:; 
M•JV F,A; 
WW Ii, l; 
SUI OlOU; 
M.JV L,A; 
JN l N (l f< r-11 ; 
RET 

NORM2: 
MOV 
RAL 
MOV 
MiJV 
RAL 
MLlV 
MDV 
RAL 
MUV 
MiJV 

f-, A; 
A , l l; 

D,.i\; 
A,C; 
' C, A; 
/l , 8 ; 

3 Rn F H..t.C r IfJt.J 
LFRO 41H FkALTION 
NURMALIZING SHIFT COUNT 
KfL)UCF SHlFT COUNT 
t~t lRMA LI l I NG SH I FT c ruNT 
IF Htit:TltlN NONZfRO 
I F F iH. (. T T LJ~1 I S Z f R 0 
L ; L) r C '.-< E ·1 Ctd S H I f T C fl UN T 
(li~[C~!Nt.L cot-:TfNTS f)f E 
Lf:fT SHIFT E 
f.'fSh:1<.t CUNTr:NTS OF f REGISTER 
O~IGINAL cnNTENTS OF D 
L FfT SHIFT 11 
RESTCird: CUNTfNTS OF D REGISTER 
l-1 R I G I 111 AL C 0 NT E flJ TS 0 F C 
LEFT SHIFT C 
R F. S TCl !< t= CLJ N T E NT S 0 F C R E G I S T E R 
ORIGINAL CONTENTS OF R 

1-.l 
VI 
LV 



BF 
47 
F~lS04 
10 
0620 
2t30 
86 
77 
C8 
lF 

ADC 
MOV 

NfJPM3: 
MOV 
SUI 
MVI 
A 0 lJ 
l~I) V 
f{[ 

RA~ 

A; 
h,A; 
JP 
A, L; 
040Q; 
L,ACCE; 
;Vi; 
M, t; 

LE FT SH J F r B 
~. E 5 T U ~. ::'. C li I\! T E NT S 0 F H P. E G I S T E R 
NURM2; lF NOT NORMALIZED 
NCJRMAllllNG SHIFT CfJIJNT 
REl.1UVt BIAS 
TO /.:.DDrc. ,'\CfUM EXPWffNT 
A 1).JlJ~. T AC CUM r X PDNH.;T 
iiF.1~ t'.CCUM FXPONFNT 
l<F.TUP!\i IF ZFi<O EXP 
blJRKlir.: HIT TU SlGN 

0420 
0421. 
0422 
0425 
0426 
u428 
J4LA 
042A 
042C 
J42D 
042E 
042F 

Al A1..JA A; SEr SIGN Tn [NO, UNDERFLOW 
i<.F:TU1~ i\l L1 CALL f~ ClJ K.ET 

SUUKOUTINE TO ROUNO THE i1,C, 0 KtGISTERS. 
0430 
04J2 
0433 
0't J't 
1J43'5 
0438 
O•t3CJ 
043A 
U43B 
u43C 

2E30 
rn 
A7 
5 F. 
FC3F04 
I) 8 
7iJ 
2C 
AE 
C33F.J2 

RO~JO: 

1'1'°JV 
A ;J ,'\ 
MliV 
C"1 
RC 
MJV 
INR 
xi<. A 
JMP 
SE C:Jl'JD 

SOJO MACRO ASSEMeLER, VE~ 2.~ 
ERKORS = 0 PAGE 11 

il"t 3 F 
0440 

14 
co 

IUJI) R: 
RNL 

"'IV I 
A,E; 
.l\ 
E, 1"1; 
PNOR; 

L,ACCl; TO AODR ACCUM EXPONENT 
4"!"11 FflACTIOI\! 
; SET CO~TROL BITS 
,'\ CC lJ MU L A T n R E X P Drff NT 
CALL 2~D LEVEL ROU~DfR 
IF fWi-l',flOW 
lST 1-t<ACTinN 

L; TG ADO~ ACCUM SIGN 
M; ACCUM SIGN AND l~T FR CTN 
STRl; P,ETURNG THF<.U SfORF: SUBR. 

LEVfL t:UlJNDING SURR1JllTlNi:. 

I l\i k D; ROUND JRD FRiCTION 
~ETURN IF NO CA~RY 

N 
Ln 
.i:--



i)441 
J442 
J441 
0444 
J445 
lh46 
0448 
J449 
Oft.4a 
044C 

'.H4D 

044f 
O.'.t50 
·H52 
0453 
0455 
J456 
04 'j 7 
0458 

)459 
d45B 
0 1t5E 
Jl16J 
0463 

0465 
0466 
0467 

oc 
CJ 
04 
co 
7B 
C60l 
SF 
06t10 
77 
C9 

2[09 

17 
21:05 
72 
?F.01 
73 
AF 
5F 
57 

2t34 
CU6804 
2E33 
C065J't 
2E32 

l A 
59 
SJ 

Ii~ R 
i(N l 
INR 
1~1'-J l 
~1:-JV 

A1H 
MQV 
:-1V I 
M:JV 
KET 

c; 

B; 

A, E; 
l ; 
E,A; 
Ii, 2 OJ !J; 
M,A; 

CAkRY 10 2NO FRACTTDN 
;~ E T lJ P N J F i'J 0 C A R R Y 
CAKRY Tn lST FPACTIGN 
RETURN IF NO CARRY 
ACClJt1UL1'TCR EXPn~ffNT 

INC~EME~T ACCLlM EXPONENT 
~.!Eh 1\CCU1~lJL AT OR '.: X PON ENT 
t~fw lST F~ACTICJN 

tH:w J\CClJ:-1 EXPONENT 

flXt:J PDINT MULTIPLY 
K'.:TUhN TO RONO SUBPfJlJTINf 

SUr-3 IHJUT I ·'IE. 
'.'-1UL X: 

:-1 i) v 
MVI 
MOV 
M"I I 
MLlV 
Xi{A 
MUV 
MUV 
MULTI PL V 
FRACTION 
MVI 
CALL 
MVI 
CALL 
MVI 
MULTILPV 

MUL Xl: 
MDV 
MOV 

1"1 "/I L , "1 U L P l ; T 0 fl 0 DR l <; T 
; :-1 ULT 1 PL I C AND 

M,A; lST MULTlPLICAND 
L,l·~ULP2; T!l Anl.lt<. 21\Jn MULTIPLICAND 
~,o; 2ND MULTIPLICAND 
L ' M u L p j ; r 0 A i) n t<. -~ K f) M u l T l p L I c A N D 
M,E; 3RO MULTJPL lCANn 
A ; C l EA F t, T H P R 0 D LI CT 
f,A; Clf~R 5TH PROOUCT 
D,A; CLi:AR 4TH PRCDUCT 

h Y I:. ACH AC(lJ,"IUL ATOtl. 
IN TUR.N. 

L,ACC3; fO AC:DF<.ESS 3RD FP.CTN 
MU l X 2 ; MU L T I PL '( b Y 4 C CU 1', 3 RD F RC T N 

L' ACC2; TI) ADDI< F:=S s ztm FRC TN 
MULXl; MULTIPLY BY ACCUM 2NO FRCTN 

L,ACCl; T~ AnDRESS lST FRCTN 
HY IJNE J\CC!JMULATJR W:JRD. 

t-'GV A, t); 51 H PAFT I AL PRODUCT 
E,t; 4TH PARTIAL PRODUCT 
D t B ; 3 R LJ Pt.RT l A L PR 0 0 UC T 

['..) 
l.11 
lJI 



J468 46 MULX2: MiJV 
0469 6F l•F1V L,A; 
JltbA Af XR. A A; 
')4bb 4f MOV L,A; 
040C 90 SU !1 I\ ; 
) 1tb [) Dt, 7904 JC "'II LX 3; 
J4 /l) 4A fflV C,D; 
04 7 l 53 M~JV U,t; 
0472 C9 k r: r 

CUMPLETF.: AUD IT ION OF 
J4T3 4F MULX'i: Ml1V 
0 1t14 027<J04 JNC MULXJ; 
0 1t 7 7 04 I ~J ;~ El ; 
,)4 7 8 A"/ A~~ .i\ Ai 

LUOP F11k f.ACH tJ I T OF 
04 l<J 71) i·1UL X3: t--lOV 

acuo J.1ACRO ASS[MtjLER, v fl{ 2 • 1t 
[PRORS = 0 PAGE LZ 

04 7/\ 8F AUC A; 
04 /iJ CB Rl 
J4 7C 6F :1'JV L, A; 
04 70 7B MUV A' r.; 
047E 17 RAL 
)4 IF 5F r1UV E, A; 
0480 7 ,\ ,'-1L1V A,D; 
\)481 l 7 i\ AL 
0482 57 MJV u 'A; 

8,M; !•!ULT I PL I [ R 
5TH P!\R,TIAL PRODUCT 
ZER-n 
2 i'ID P"~:-rJAL PRODUCT 
SET CM'R Y BIT FOR FXIT FL f<G 
IF i'H J L T I PL I f R IS NflT ZERO 
2 ,'~!) PAk.TIAL PPUOUCT 
3RD PAiH I Al PRODUCT 
l'-'IULT i:;Y u~ro co.~PL ET E 

MULTI PL I CAl~D 
C,A; 2 l'JD PARTIAL PRODUCT 
I F l'W CARl.:Y Tn lST PFrDUCT 
A DD CA~RY Fl lST pqQDUCT 
CL fAt~ CA~RY ij IT 

MUL T I Pl It~ R •..JCRD. 
I , l; ST H P1\ RT PRl1DUCT, F.X IT 

; ~LA(; 

SHifT lXI T FLAG OUT JF u:JNF. 
EXIT lf MULTIPLICATION D~NE 
~TH PART PRODUCT, EXIT FLAG 

4TH P~~TIAL PkOOUCT 
SHIFT 4TH Ptf<TILA PRL10lJCT 
4TH PA~TIAL PRnourr 
3RO PA~T[AL PRODUCT 
5 H r FT J p i) r AR T I "L p K fl 0 UC T 
.1 f~ l > fl i\ t<. T I AL P R 0 DU CT 

N 
VI 

°' 



04B3 
0484 
0485 
')4 8 6 
0487 
J4bd 
J4d4 

)4llC 
0480 

()490 
0492 
04~3 

.)49 4 
J '~'/j 
!Jlt'J 6 
J4'1 I 
0493 
lJ499 
049A 
049[} 
J49C 

~H90 

049E 
049F 
J4AO 

19 
l I 
4F 
78 
l 7 
47 
027904 

7B 
C3000l 

2E34 
7t. 
9J 
n 
21) 
7E 
9.\ 
77 
20 
7f. 
99 
77 

7'1 
l1 
7 CJ 
lF 

MtJV A,C; 2i'l'1 Pt.!{TJAL PRODUCT 
RAL , SHIFT 2NO PAkf lAL PRODUCT 
MOV C,A; l~D P~~TIAL PRODUCT 
MOV A,~; lST PA~TIAL PROOUC ANO ~ULTIPLIFR 
kAL SHIFT lST P~OOO ANO MULTIPL!fR 
M'J v B 'A.; ls T p t.f< T Pk ro MID ~HJL TI Pl IE R 

J~JC MULX3; IF N:1 .~OOll ION Rf=OUIPfD 
AOO THE ~ULTIPLICANO TJ THE Pknnucr 

IF Tilt MULTIPLIEH BIT IS tJ"'lE. 
"'1t1V 1\,f:; 4TH Pl\~./116.L PRODUCT 
JM p Mu L x 4 ; r i J RA r,1 cut) f 
FIXED P~I~T LIVIDE SUuRUUTl~E. 
')LJ,3TRACT DIVISGI\ FRCH-1 ACCU;'ALJLA"ll1R rn 
ObfAIN lST REMAINDEk. 

Divx: MVI L,ACC~; TiJ AODPfSS ACCUM 3Rt) 
MDV A,M; f;CClJ~ULATC'd< "iKLl FRACTION 
SU3 f; DIVISOR 1~0 FkACTION 
MGV M,r; l<UU\I'WcH. 3f<1) F~.i\CTION 

OCR L; TU t.lJDf.\!::S~ ACCUM 2NO FPACTI·Jl'J 
,vtlJV A,,''i; ACCU"1IJL1\T1_~R 1-NO FRACTION 
SHd u; DIVlSClK. 2t\l!) ff<A,-:TIOIJ 
NOV M,A; klMAINO~k 2~0 FRACTir~ 
•)C.{ L; Tll Af;D:~f:SS ACCUi"1 lST F~CTN 

.~1W A ,,"1; ACCU1'~UL1\TOK. lST FR CTN 
SU3 C; DIVISOR LST F~6CTinN 
;WV M,A; REi·IAINth:f:. lST FRACTION 
HALVi:. THE OIVISOR ANO ST1Ji~t Fill<. 
ADDITION DR SUliTRACTION 
~GV A,C; DIVISOR lST FRACTION 
RAL , SET CARRY BIT 
MLJV A,C; lJIVl:l'JP !ST FRACTION 
RA~ HALF OF DIVISOR lST FRACTION 

N 
VI ..... 



04Al 

04A3 
J4.A4 
04A6 
04A 7 
:)4A8 
04A -J 

2El9 

77 
2E27 
r1 
7A 
lF 
2c: l:> 

MVl 

i"IU If 
MVI 
MOV 
\lOV 
RI\ ;;i_ 

'WI 

BOUO MACRO ASSEMHLER, VF~ 2.4 
EKRURS = I) PAGE 13 

J4AB 
J4AC 
04AE 
04t.. f 
04130 
04f) l 

1)4BJ 
04134 
04B6 
o:..tn 
:J4H9 

04BA 

04 (jfj 

77 
2E23 
77 
78 
lF 
2Ell 

77 
2clF 
., 7 
0600 
7 i.i 

lF 

2tOE 

110V 
MVI 
MOV 
i"IOV 
K.MI, 
MV I 

~~ ~) v 
MVI 
MOV 
MVI 
MOV 

MVI 

+ L00Q TO COF\ti.ECT tJUOTIENT 
L,rJPlS; TD f,DIW[SS lST SUBTRACT 

; 0 I VIS Di~ 
M,.A; 151' SlJBT~.tCT D!VTSOR 
L,OPlA; TO At)!)RESS lST ADO DIVISOR 
M,A; lST AOO 1HVISnR 
A,O; DIVISt)t{ 2:':0 fRt.CTIGr·I 

HALF rJF UIVI5CH~ 2"10 f-R!\CTION 
L,'JPlS; HJ J\DIJRFSS 2ND SUGTRACT 

M,A; 
L,tW2A; 
M, A; 
A, E; 

L, CJ P JS; 

M 'A ; 
L,UP3Ai 
M, A; 
B,O; 
t., ti ; 

L,l1r>4S; 

;DIVISf1P. 

2 f\J l) ') u rn f.J. A c T 0 I v I s () p 
TO A00kESS ZNO ADO OIViSOR 
2i~fl ~Oil DIVISnR 
DIV ISrJP. JRt) Ff'ACT lflN 
HALF OF DIVISnR 3RO FROCT!ON 
Tll Atlf>kl:SS 3PC SUfHPACT 
i iJ IVISOf< 

j i'. [) s l I tr! K i\ c T 0 I v I s rm 
T ( ) J\ I) [} R r~ s s 3 p D A 0 D r, I v I s rn~ 
:·rnD AtHl UIVISllR 
!NIT QUGTIENT lST FRCTN 
LJl VI SUR. FOUR TH FRACT HJ~: IS 

; ZEJ.\f) 
LI J vJ H I T () r n I v I s 0 R 3 R 0 

; r l</\C T l Li~J 
ru i\O;)RfSS 4TH SUATPACT 

tv 
lll 
00 



04bi) 
u4BE 
04Cu 
l) 1tC l 
•J4C3 

04C4 
1J4C6 
04C7 
04C8 
.J4C 9 
J4CA 
u4Cl3 
U4CC 

0't0 l 
0'~U2 
0 1tD3 
Jlt04 
J4D5 
lJlt f)6 
04ll7 
0408 
04LiA 

17 
2ElC 
77 
2F.2A 
77 

2E32 
7E 
2C 
56 
2C 
5c 
A7 
FAf 604 

2E 30 

4E 
oc 
ca 
71 
6Ll 
62 
5f-
l 60 l 
48 

Af 
CL)01)0l 

; 01\/I~UR 

MOV M,A; 4TH SUbTRACT DIVISOR 
.'WI L ,UP4A; Til AODH:SS 4TH ADD DIVISOR 
i-1 0 V M , A ; 4 1 H A t) tJ I) I V I S 0 E 
•"1Vl L,OP4X; lU AOOkt.SS 4TH ADD DISHlk 
MOV ~1 ,A; 4TH Al11J DIVISOR 
L0AO lST KEMAINUEk, CHECK SIGN 
t'IVI L,ALCl; rrJ A[Jt1r<. kFM/UNOF.R lST FRCTN 
Mnv A,~; REMA1NOER lST FRACTION 
INk L; TO A0DR REMAINOER 2~0 FRCTN 
IWV D,."'i; l<f:-.MAlNllLP. 2Nn FRfl.CTION 
I~JP. L; TD J\UUR r~EMAINDER 3PD FRCTN 
1·~ LI V E , M ; q E i ·~ .l'.l N [) [ R 3 R 0 F R A CT f 0 N 
IHJ ·"- A ; S ET UJ .''ll ~ CJ L E:I JT S 
J\1 DIVX4; IF kf:~1/1ltJOEI-'. J<: NfGATfVF 

A f l J U S l £:: X P 0 M-_ N T , P J S I T I 1 i t J R. f: M .~ I ~m F K 
AihJ INITll\liZt HIE (JUlJTlt:NT, 
i'IVI L,lCCf; TlJ At,l)l~i-SS ACCUMULATOR 

MUV 
I ~JI-' 
Rl 
1"1UV 
M:JV 
ML1V 
MJV 
:1V I 
.'~OV 

SUtn:<..t.C T 
IF IT IS 

(JIVXl: 
CHL 

c , i-1 i 
c i 
M,C; 
l ' f; 
! I ' [) ; 
E , A; 
r, ' l ; 
C,B; 

THE LllVISOK 
POSITIVE. 

XrA 
DIVX5; 

F k1J1"1 

; fXhlr,J[NT 
t)IJiH I t::H FX POUt.NT 
Jl'lCkt::4UH QUOTIENT fXPUNlt'>iT 
Rf TU~N IF OVEQFLrw 
i)lJllT l ENT f:X PON~· NT 
R.F.HAlNDER 3PD FP/1-(T ION 
P, E ,v, ti. trm t: P, 2 N 0 F R t. c T I or~ 
k.t!-,t..INl)tR I ST F~.ACT ION 
INITL\LIZE QUOT 31<0 FKCTN 
INITllLJZE QUOT 2NO FkCTN 
THE :-, t M .I\ I NO FR 

A ; f{ U4 /\I f· i Ii [ R 4 T H FR C TN I S l FR 0 
Ci\LL !{f\"'1 SF.CTiilN 

!...:> 
VI 
•D 



()4 ()f" 07 DIVX2: RLC ; SHIFT ~[M 4TH FRCTN TO CY 
SHIFT TH:= REMAPJOfR LffT OiH: bIT 

71:3 t1iJV /\,b; QUOTIENT lST FR.ACTION 

8080 MACRO ASS~M~L~R, VER 2.4 
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04El 
04E2 
04[3 
04[4 
J4E5 
U 't c 6 
04[ 7 
ll4f 8 
04[9 
04EA 

04ED 
,)4[E 
IJ4[ F 

04F2 
04F3 

J4F6 
04F7 
O<tf 8 

l 7 
Db 
lF 
-, D 
17 
AF 
7C 
17 
67 
COHCJ3 

7A 
.') r-
DAD 1104 

7iJ 
(31003 

6n 
62 
5F 

RC 
RAR 
MOV 
RAL 
MllV 
MUV 
RAL 

A,L; 

L,A; 
fq H; 

i·fl V H, A; 
CALL LSH; 

r~S HIT t]F tJUOTIENT TO CY 
IF OlVISinN COMPLfTF 
P,Er·IA l f\JUcR 4 TH FR fTf~ TO c y 
P E ~·1 J\ l ND EI- 3 P D F R ACT I 01\1 
LEfT SHIFT REM 3RO FRACTI~N 
RFMAlNOFR 3RD F~ACTION 
~f~hlNnfR 2Nn FRACTION 
LEFT SHIFT RfM 2ND FRCTN 
~ fY, f\ l ND f R 2 l'J D F R ACT I n N 

,rn Al'lCll IF ~.lJti l RAC TI lll\J l S 
CALL LEFT SHIFT SUBROUTINE 
KfuUIKf-U 

A,D; 

.JC OIVXl; 

OUilfIENl 3RD FRACTJ(;N 
REn ~IGf'J INDIC TO C.tf<.RY RJT 
T ! ) s Im 0 I v I s 0 R I F p H1 p n s 

A~ 0 TH E D l V l SU f.. If TH£ R !::'-1 A I 1~ [J t: i< 
IS ,'JEGAfIVf-. 

DIVX3: MOV 
J f-1 P 0 I VX6 i 
PU51TIUf~ lHI: Rf:MfdNLlU< 
TH!: QUllTIFNT. 

DI VX 1t: 
~-1ov 

~"10V 

MCV 
H 'f); 
f, I\; 

A, l; 1n···11t:. li'JDER JR[I fU~CT ION 
T U r< ~. r1 C fl D F. 

A N 0 l N IT I /1 L I l f 

L,f; f<.P1Alt~DFR 3RD FRACTION 
f< E 1"11\ I .'JD F .::\. 2 N fl FR ACT Hi N 
RFM.'\l:\Dfk lST FRACTION 

N 

°' 0 



04F9 5J 
04FA 48 
J4Fl3 C 3F 2 04 
IJ4i-:E 00 

;)()33 
1)0Jlt 

0036 

MOV 0 'h; INlTI~LIZ~ QUOT JRD rRCTN 
Ii'HTU.LIZf QUOT 2ND FRCHJ 
ADD UIVI'lOR IF REM lS NEG 
CHECK~UM wORD 

rmv C, B; 
J,"IP DIVX.3; 
DB o; 

S CR Eau luJH 
; SCRl3 f lJU SCk ')HK d ANO (lf-FH 

;BMIK tilJMur-R nF SCRt',TCH PAD 
ARITli HJU 2JOH; B/\SE AODRFSS flF 

;nvER 
;ACCE 
;ACCS 
;J\CCl 
J\CC2 
ACC J 
;SF 
AURL 

;ARlfrlE~ATIC PACV~GE 

80UQ BINARY FLOATING PUl~T SYSTEM 
FORMAT CONVEkSION PACKAGf 
PRCJGRAMMEk CAL UHME-
0/.\TE 26 DEC01BEI~ 1973 
,\~.ITH IS THt= tH:Gll'Ji'HNG 1\lJUf<c~S OF THE 
~RITHE~ATIC ANO UTILlfY PACK~Gf nF THf FLQATING 
P fll NT SYS T r.1'1 
SCR IS Hit hE-GINNINt; l\Ul)RfSS rJ!-= THE 
:-{/\"1 dSt:D t...S SC:<,AfCHPAD FfJV TH[ >YSTfM. 
RA~ LOCATI~~ USFO ey THf hl~ARY 
FLJATI~G PGlNT SYSTEM. 

f 0 IJ 5 tir) ; 0 V ~: K F L · l ~~ FL AG 
EUU hd(J; ACCW1lJLAT!JR EXPONENT 
EWU ACCf+l; ACCUMULhTOR SIGN 
EQU ACCS+l; ACClJ:.11JLATOR, lST FRCTl\J 
EQU ACCl+l; SlCUMLJL:\TOR 2NO FRTCN 
[:(,)LJ ACC2+1; !\CLUMULAHJR 3RD FR CTN 

ElJU ACC3+1; suorq~CTIO~ FLAG 
EUU SF+l; CHAR~CTik STRING HORD 

8J30 MACRO ASSEML3L[K, VF.R 2.4 
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J037 
0030 
003 ·~ 
OOJJ\ 
oo:rn 
J03C 
u03D 
003E 
003F 

ADKH fQU AV~L+l; TEMPi1}1.AkY STOf~AGf 
TMPl EQU ADRH+l; TEMPOF.AF.Y STORAGf 
HIP2 EQU TMPH-1; TEMPtll<ARY STORAGf 
TMP3 ~QU TMP2+1; VALUE EX~ONENT 
VALE E.jU Ti-1PJ+l; V.l\LUE tX~'UNUJT 

VALl fQU VALf+-1; VALia lST FRACT IrN 
VAL 2 E <JU VAL l t 1 ; VAL U t 2 ND FR ACT I 0 N 
VAL3 FQU VAL2+1; VALU~ 3KD FRACTI8N 
TMr''t t:=WU VAL.Hi; l f1'1P()J<,ARY STORf,Gf_ 

ADDRESS lN THf: ARITHtl.lfTIC .Al\JI) UTILITY 
PACK~GE RtFl:D..fNCF. lW TH~: Fl1R"H.l CUNVfRSillN 
PACKAGE. 

STr', EfJU 
ZR\J [QU 
Ab S el)U 
TST ElJU 

EQU 
MUL E tJIJ 
UIV EQU 
AO EuU 
ADOlO 
LSH [t~U 

hSH r:uu 

~p llH+/tif) 
AklTH+l06Q 
AR I TH+ 12 OCJ 
A~.lTH+-13UJ 

tif~lTH+l5DlJ 

AR.ITH+214fJ 
A k I TH f 2 6 't tJ 
Atd TH+ 3Z-IO 
fUU lKITHt-'J53<J 

ARITHh.,740 
t-R. I l H+ 71 l :) 

C!J~1Pl [!JU .~RITfltfo40 

SUbi'OUTlr\1::- HJ cr,:-JVEKT FRO:"l FIXtO 
P CJI 1~ T f(; Fl Cl AT I I\: G P CJ I ~~ T F l~ f< :-.: .u • 
A1~t31TkM'Y l:lCC CHA.:(.ll.Cf LR C11l!"S, ( C1FFSET 30H 

F IZ fJ "1 t1 ~ ~ I I ) : 
SPACE - Of OH 1>d: THAL PllINT OFEH 
P L US - 0 f H H u: T T 1: 1-: ~ 0 l 5 H 

N 
(J'\ 
N 



1'-1 l t,JUS - Of Oh 
J4FF 6B FLT: MCJV L ,r:; 
0500 5A Mnv f 'L); 
0501 51 1•1,JV L)' c; 
0502 4a MflV C,E; 
J503 47 t-1i.:i v Ii, A; 
0'.>04 7 f) M1-lV I\, L ; 
J505 Ef.i3tJ X K. I hlOI); 
0507 2601 MV! H,SCRH; 
0~) 0 ') 2E30 MVI L,ACC~; 
0'.) (Jd 71 MUV M,/l,; 
o~oc 2C I i\I K L ; 
O~iQO 368J MVI M,2JJi); 
•)50F 2C lNR L ; 
0510 18 M\JV A,o; 
J511 Al M~A A 
0512 l 7 R l< l. 
0513 C36B03 JMP MJD l i); 

SUBROUT L Nf TU CONVEt~ 
p;iJNT 

J5l6 26\J l FIX: M VI 

60UO MACRO ASSEMBLER, VER 2.4 
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J5 l ti 2E3J 1"1V I 
051A 7E MUV 
051[3 A7 ANA 
•.J 5 lC CA44J5 Jl 
115lf rn 1'-1JV 

fl) FIXfD POINT 
H,SCR.B; 

L,f,CCE; 
A, M; 
A 
FIX l; 
A, E; 

liJPUT F;x.PCHHH 
4TH IN PlJT 
]f<.D II'! p (JT 
2Nl1 INPUT fl' /\CT Iml 
lST INPUT FRACTION 
[1,1 PUT r: x Pei i\J nn 
APPLY f XPLH~f NT Bit.<; 
f •J ADDHiSS SCP.t1TCH RANK 
r i J ADDH.t-~ SS ACCUM EXPONftlT 
t.CClJ1'1U L .~. T rm f X PONE NT 
TU AU;J i•.E SS J.\ CC UM SI f;N 
SFT t..C CiJ.'-1 SJ GiJ POSITIVE 
r fJ A1)t)f< AC.CUM lST FRCTN 
lST Ii'< PUT H< ACT I ON . scr SI G;·J BIT N ' CJ'\ 
1:~f'UT SI 1,;r-4 r r. CARRY w 
COMPU p: C l)f.JVE RS I m1 

Fr<. l) M F L I l D, f I :'-JG 
F-tJk Ml\ T. 

TU l\•Jui1 .::ss S CR t1 TCH RANK 

Ttl A lJOf.i AC CUM FXPL1NfNT 
ACCUMULftT:JR EX POMU 1T 
; SET l~~NT 1--0L RJTS 
lF l\CCUMULATrk IS Zf RO 
INPIJT El( P1J,'ff i"il 



()520 
J522 
0523 
l) 52 4 
0526 
05Z9 
J520 
;)520 
05~t: 

.)52F 
0530 
J53l 
053£'. 
0!.>35 
1)53 7 
053t3 
O~d9 

0?3C 
053E 
053F 
0540 
0 541 
)542 
0543 
054't 
'j ') 't ~ 
J546 
J54 1 
J'.Jft d 
O~'tY 

C67F 
9& 
08 
FElF 
024405 
C60l 
2E32 
46 
2C 
4E 
2C 
56 
CDC903 
2E:H 
7E 
A7 
F4F't03 
3EO l 
uo 
7 3 
41 
4A 
53 
C9 
AF 
47 
'tF 
57 
c ') 
uO 

FL-.: 1: 

ADI 
SUL°i 
RC 
CPI 
Jt,JC 
ADI 
MVI 
M'1V 
I i"JR 
MDV 
INR 
MOV 
CALL 
MVI 
M.JV 
ANA 
CP 
MVI 
Of.<_A 
MDV 
MdV 
,"11-JV 
M'JV 
R-::: r 

1770; 
M; 

OT/<J; 
FIXl; 
l ; 
L,ACCl; 
B,M; 
L i 
C, Mi 
L ; 

0 '~~; 
PSH; 
L,ACCS; 
/l. ' ~1 ; 
A 
CIJMPl; 
A ,l; 
t
~, • 
·' t 
A ,L~; 
R, C; 
( '0; 
t) ' F: ; 

XFA 
MfJV 11,A; 
MiJV C,A; 
M'.1V O,A; 
Ri: T 
f)tj (); 

INP SUHkl'lJTlNt E:NTK.'t' 
INITIALIZ~ TEMPORARY 

APPLY HIAS - l 
SHIFT C1JUMT -1 
~ETURN If ACCUM ron LARGE 
CO~PARE rn LA~GE SHIFT 
IF ACCU~ULATCR TOO SMALL 
SH IF f C\HJf'JT 
TO AUDR ACCUM lST FRCTN 
iACCU.'1lJLATJf<. lST FRACTION 
f U AOUi-< ACCUM 2~m FPCHI 
£.CCU1'1UL.t,Tflk 2NO FRCTN 
10 ADJ;:\ ACCUM 31<,D FPCTN 
4CCU'-IULATllR. 3RIJ FRACTIGN 
t'USITl!Jl'l THE FRACTWN 
liJ ~Dt)R ACCUM SIGN 
ACC!JMLJLt,TLJ;{ SIGN 
; SET CtJi\ITF~CL BITS 
CtJMf->t:r•iflH rRCTN IF NfG 
N1JN-lt k1J 
SET CONl-R~L BITS F0R EXIT 
lST ktSULT 
2iW kESlJLT 
3R,i) Rf SlJL T 
4TH P,FSULT 
r{~:nJ:~N -,q CALLER 
:..; /Ei\d 
l!:P.(J 
ZE ki) 
ZE Rf) 
f.!. t T lJ R N T LJ CA l l ER 
C I ff C KS l Jf•i w 0 R D 
PU IrH 
S TfJ~AG f 



·J54A 5E INP: M:JV 
0548 COtVt06 CA LL 
054E 2C INR 
•J54F 368.) MVI 
0551 2E30 MVI 
0553 72 ~·1LJ v 
;)'j~4 7B M1JV 
(J:)55 FE:FO CPI 
)') 5 7 CA6705 JZ 
ll5 5A F EF F\ CPI 
O::> 5C CA6 705 Jl 
J55F Ff.FU CPI 
0561 C26D05 JNl 
0564 2E3A MVJ 

8030 MACRll ASS[MtilER, V[~ 2.4 
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0566 72 MUV 
A;'J /\LY zr: 

056 7 CDE106 INPl: 
J56A 7E WJV 
056B 2601 MVI 
0560 u(, Ou INP2: 
056F FEFE CPI 
05 71 CAt..A05 Jl 
05 74 FE 1 '1 CPI 
0516 CAb405 JL 
0579 FEOA Cf> I 
:JS 78 D2~5J5 Ji\JC 

f. ' M; 
S VAIJ; 
L ; 
M,200Q; 
L,1~CCE; 

M' t1; 
A, F; 
3 60(J; 
INPl; 
3 7::hJ; 
[~!PL; 

375tJ; 
Ir~P2; 

L, T r"1P 3; 

M,n; 

FIRST OIAl~ACTER OF STRlf\JG 
Sf:T CHAR. tiDuR, PNT FlG, FXP 

TU AODRtSS VALUE SIGN 
SET V~LUE SIGN POSITIVE 
1 fl ADDh. ACCU~ EXP1JNl=°tJT 
S~T ACCU~ rn ZERO 
r JRST CrlAt1,ACTEF< 
CflMPAF-E TfJ SPACE 
IF SPACE CHAPACTER 
C!Jl~PAf't: CHAK TO PLUS 
If- PLUS SIGM 
COMPARE TO MINUS 
I F tJ r lT 1•l I r-11 JS S I G 1\1 
T~ Ano~ VALUE SIGN 

SFT VALUc lJf SIGN N!=--GATIVE 
NF XT CHAk AC Tf: R IN STl<.lNG 

CALL CH AO; CALL CHAR ADOR SP.RP~ 
A,M; r~E XT CIHP ACT fR 
H,SCF<u; T1j AL)[)f< t: SS SCkAlCH BANK 
MVI b,O; [)I;;n 2ND WD GP DEC EXP 
3 7 6t~; COMPARE Tll OFC I MAL POINT 
I 1\J P J. ; If DFC [ t•',AL POI NT 
0250; C..lJ"-1PAF-F rn EXPONENl SIGN 
I i'W't; If t: X p () ;\J t I \j l SIGN 
1 2lJ; SET CAl~f-' Y IF CHAR IS DIGIT 
I NPH; IF CHAF I 5 NC!T A DIGIT 

N 

°' Ln 



05 1t 2f JF ."1V I L,TMP4; TrJ Al1Dk CUkRENT f11Gll 
0580 77 MUV M,A; SAVE CU.·d~!::NT DIGIT 
J58l 2lfC06 LXI H,FTf=N; TU Al)Jk FLOATING Tf"J 
0584 CD8C02 CA LL MlJL; r11JLTIPLY BY TEN 
05d1 2f::JB MV I L,VALE; r u ,\Q[)µ, V/\LUf 
J5d':) ClJ3E02 CALL STR; s r mu: t JL 0 V4LUf TI ~lES TEN 
05dC 2C I 'IR L; lO A lJIJ.., CURRFNT DI GIT 
J58D -n MiJV A, M; CUR I{ Ef'I T 0 i GIT 
058E 0600 MVI f3 '0; CL F. ,\fi, 2 /\!I) WOkO OF D IGil 
05'10 4t3 Mc1 V C, H; l.LEAR 3f< [) wllRD OF OIGIT 
:)591 5J MUV D,b; CLF:AR 4lH WORD OF DI GIT 
0592 lEOu MVI E ,OlOQ; 11\j DIC AT t 0 I GIT IS IN PEG A 
0594 CDFF:Jtt CALL FLT; CUNVEFT DIGIT TO FLOATING PNT 
iJ'j'Jl 21:3B MVI L,VALE; l iJ A Ou~. VALUF 
0599 CDD702 Ci\LL A lJ; A1H) OLD VALUF TI 1vtE S TF N 
059C 2F39 'WI L,TMP2; ld A DI) R [) r: c PNT FL AG 
J5YE 7E :-tnv /> ' M; UtCIMAL p:J I NT FLAG N 

059F A7 ANA 4 ; S!:T Ci"JNTROL BITS °' °' ·) 5A t) CAo705 Jl INPl; I F :~n DEC PNT FNU1UNTFI'. ED 
05AJ 2D DC R L; l·l AOOf.', INPUl FXPONENT 
05A't 46 :"1nv B,M; HJ PUT f-'. X PLli·~F: l'H 
Q5A5 05 OCR Ii ; 1) E C I< E ·"1 f ;\ T INPU EXPC'NENT 
O~A6 71) r"iciV M,K; UPDATF:- lNPUT fXPONFNT 
<) 5 A 7 c 36 7 05 JdP INPl; TU GU ~i EX r CHARACTt:Q. 

u::iAA 2E39 INPJ: t-' VI L,T'1P~; T ~J ADDP. DEC PNl Fl AG 
J5AC AE XI'. A M; Lt.:R•J If FLAG SFT 
05AO 17 Mt1V M,A; S l: T l)l c P~IT FLAG 
O:>AE C26705 J~l lNPl; IF FL Ac; N'lT ALP.EADY SET 
J5tH C3E505 .I 1"1 p I NPil; If Zi~t) IJt. C PNT 

rRtlCESS OfCIMAL EXPCi'-lENT 
05 lVt CDfl06 HlP4: CALL Ull\O; C.ti LL r, HAR AOf1P S BR TN 



05b 7 7t MDV 
05i38 41 Mi JV 
05B9 1)6fl) SUI 
05 (~B 5F ML1V 
05BC CAC505 JZ 
05BF (602 Al) l 
u5Cl 7 'd MDV 

cl080 MACRO ASSEMBLER, VER z.4 
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05C2 C2C 7 05 J '-Jl 

O?C5 2C lNP'>: 
()'.} c 6 7 f. :·lllV 
.)5C 7 J6J) 1 l\!P6: 
()5( 9 FEOA CPI 
05Cll 02E505 JNC 
05CE 47 M.JV 
1)5CF 2C PIR 
J 'j iJ t) ff M.JV 
J5Ul FEOA CJ-> I 
0503 GZDE05 J l·JC 

FORM 
d5(J6 'tF i-1~) v 
05 [) 7 7d MlJV 
u5D8 U7 AD LJ 
05DY 8., ADD 
05DA 8J ADD 
050b 87 A 110 

A,M; 
H, A; 
3 7? (J; 
E , fl ; 
INP5; 
2 i 
A,B; 

INP6; 

I t\1' 
A'~; 
~.1 v l 
ll.iJ; 
INPH; 

11 ,t.; 
L ; 
A, r1; 
1 bJ; 
I NP 7; 

ClJMPLlTE OEC!MAL 
c , :i; 
A, 13; 
A; 
A; 
Ii; 
A; 

NEXT CHAR4CTfR OF STRIN~ 

CUR~E~T CHAR~CT~R 
COMPARf T11 MINUS CHAR 
CHAR = M!l·IUS SIGN 
1 F 1'1 nws s I GN 
CU~PARE TD PLUS CHAR 
CURY.fNT CH!\RtiC lf:R 

IF NOT PL lJ S SIGN 

L; TO AuoRrss NEXT CHAR 
f-JE XT CHl\1~. t\C T fk nF S TR IN<; 
ii,O; P il ~ S I iiL E DEC E XP[lN ENT 
SlT Cil !- i<. Y IF CHAR JS DIGIT 
Ir CHAR IS NOl A OJ GIT 
LJLC EXP flJlJAI DIGIT 
HJ ~DDl<t-SS NEXT CHAR 
NE" xr CHARACT El) nF STRIIJG 
St" T Cl',i<.KY IS NOT fl. D JG IT 
lf C Hl; I<. IS ~en A DIG IT 

f: X PUN d.JT 
LS 1) IG IT () F OFC EXP 
HS DI 1; ( T OF IJf C EXP 
2 * MS uIGIT 
4 * MS DI r; IT 
? * MS DIGIT 
10 * MS OIGIT 



050C 81 AOO c i lU 4 HS +- LS DIGIT 
0500 1t 7 MOV B,A; Ot:C T ~AL EXPONENT 
050E 7B INP 7: MtlV A, f; SI t.JN UF DEC E XPON fNT 
050F A7 ANA A . SF=T C3NT ROL fHTS , 
J5EJ D2E505 J;'JC INP8; IF S IGf\J PLUS 
05E3 90 SUtl B; CCMPU:: 1.1~~H f'I EC F.XP 
u5E4 47 MOV R,A; !H-Clfv'IAL tXPONENT 
J5E5 2601 lNPd: MVI II, SC 1<.B ; T iJ A OtlK ES S S CR AT CH BAND 
05E7 2E3A 1w1 L,PW:;; f !J AOD~t"SS Ir~PUT SIGN 
05E9 4E MIJV C,M; li'i PUT SI G\J 
05EA 2E3l MVI L,J\CCS; l lJ l.1[) lJ f<. i s s A CC UM SIGN 
05EC 71 "'IOV ~.c; ACCUMUL t TU~ SING 
u5f:u 1 i-3 MDV A, f~; Uf_ CI MAL EXPONENT 

C 0<-JV f Kl Df:C l MAL EXPL1Nt!\JT T'~ 'J t~ I .\J .~. R Y • 
OSEF. 2E3U INP9: MVI L,T.1Pl; HJ f·DDR ES~ CfC EXPONfNT 
05F 0 86 A i)L) M; l\IJJUST flF:C I tAAL EXPC1Nfr-:T 
.)SF l CAS902 Jl T ST; YI~ DFI i XP I S ZFRO N 

0\ u 5f 1t 77 MDV M,A; cu ;<_R c::·n nr-c I MAL FX PC~JFrH OJ 

OSF ~ 21EC06 L XI H,FTtN; T ;J t\Dl>h. FLUATINC TEN 
05Fu F20306 JP I t·:P l 0; If MUL. TI Pl Y REQUIRrn 
O~fU (•)8402 CALL ll I V; ll l V Ill t:= I) y TEN 
1)5rr: 3[0 l :vi VI A, l; f(: I NC R :: 'ff i'l T OFC FXP 
J6Jj C3EE05 J :-ip I t'iP9; Tn TEST f iJR CUMPLETT ION 
0603 Cil8C 02. 11\iPlO: CALL t.1Ul; HULTIPLY EW TEN 
)606 DJ RC ~. r T IJR :\I [F fJV(RFL.DW 
J607 3EFF MVI A,J71Ui T rJ 1J f. C f~ f ,·1 [NT DEC EXP 
:)609 CJEEu5 JMP I l .. 1~9; Tl.I ft:ST Fdk COMPLETICN 

'1 UT SU bkC!UT Ir~ E HJTkY Pill NT. 
SAVE: CH,\R A~ T f:f\. ADORFS<; ANU .t.CCUMULATOJJ. 

060C 2 L) OU: DCR L; Uf::CRFMGH CHfJ~.~CTER ADDRESS 
J60!J C00406 CALL SVfll1; SET C llAL.. I'. l)l) R ' DIG OJT' DFC F XI' 
06 l 0 CL15902 CALL TST; LUAO A f.CU1"1 Fl RE r; I ST El< S 



dOBU MACRO ASSfMblfR, VER 2.4 
ERRORS = 0 PAGE 19 

0613 
061'> 

061 f.l 
)6lt) 

0610 
061E 
0621 
0622 
0623 
L) 62 1t 
0625 
J62d 

J61..A 
d62C 
062F 
0632 
Ol34 
0637 
J63A 
063( 
JC.3E 
Ll6 3F 
06 1t0 

2E3B 
CD3E02 

COE106 
36FO 
A 7 
CA3A06 
5F 
78 
A7 
78 
F22A06 
Jo FD 

FE7E 
21EC06 
OA1+406 
F f: 8 1 
DA4F06 
COB402 
26Ul 
2E39 .. ·-:.>c 
lC 
73 

LJUfl: 
LJUT 2: 

OUT3: 

MVI 
CALL 

OUTPUT 
CALL 
!-1 VI 
I\ f·~ A 
Jl 
MUV 
i·IU V 
.\ f-J A 
MCV 
JP 
l-1V I 

SC.ALE 

JC 
CPI 
JC 
C~LL 

MVI 
M1JV 
I ;·~R 
!l.1L) v 

L , VA l f: i T fl .~DD f<. AC C U M S A V f. A I< E A 
STR; CALL RfC STR SlJRROlJTit~f 

SIGN CHARACTi:R. 
CHAO; CALL CHAR ADOR SBRTN 
M,360Q; STOt<F. SPACE CHflRACTER 
A i SFT C~NTKOL BITS 
llUT3; Ir ACCU"'llJLATCR IS ZERO 
f,A; ALCUMULATU~ EXPONENT 
A,b; 
A 
A ,1: ; 
UUT l; 
M, 3 f 5 !) ; 

ACC.m!lJL ATOR 
cpl 
LXI 
OUT4; 
~'.Ol<Ji 

lJUT 5; 
DIV i 
MVI 
L,TMPZ; 
f. ' t-1 i 
E ; 
M,E; 

ACCUM SIGN A~O lST fFCTN 
; S l~ T Ct JN T i{l! L BITS 
AC CUMUL A TtJR f.X PJNH.tT 
If ACCU~ IS PnSITIV~ 
ClfA:·j\,i_ ~ ICN Tll M HW') 

TO .l = L. ~~~GF/ 

l 7 'J '.) ; IC~ Mi' AR E Tr. S I"'~ LL E X P 0 f\1 H.JT 
d,FTUl; rr_1 AO()f< FLOATING TEN 
If EXPl1>-Jf!H TOO SMALL 
CU~PARr TQ L4RGf EXP 
lF EXP ~MALL ENOUGH 
UIVILH: hY ff.N 
H,<;C:k11; TO Af'tlkFSS SfkATCH BMJK 
TIJ AODi•. DECIMAL EXPCJNENT 
iJ c C I "'I/\ L EXP 0 NF: NT 
l NC R f:: M ENT Lff C I i•1 Al [ X P l1 NE NT 
,->ECir'11\l FXPflf\lENT 



0641 
064'• 
064 7 
J64<J 
064!. 
064£3 
064C 

'J64F 
06~2 

l.}6~5 

J658 
065A 

CJ2C~)6 

cnsc oz 
2E39 
5f: 
lD 
73 
C32A06 

C05002 
21F006 
CDD702 
FE81 
022C06 

J,'1P 
OUT4: 

OUTS: 

MV I 
r-ICV 
OCR 
MJV 
JMP 

ROUND 

L XI 
Ci\ LL 
Ci) I 
J:K 

OUT 2; 
CALL 
L,TMP2; 
£ 'M; 
E; 
M,r; 
OUTl; 

fHf VALUE 
CUL 
H,IHJt)O; 
A f); 
20 l lJ; 
OUT/; 

TU H:ST FOR SCALING COMPLETf 
f.1UL; t'ilJLTIPLY BY TFl\J 
ltl t\00f; or:CIMJ\L EXPOf'JHJT 
l)[C I Ml\t EX 1-'fJNENT 
d t C R E M F. i\i T D r: ( I MA L E X P 0 N E N T 
I l r= C I MAL f X P 0 N n1 T 
T0 TfST FOR SCALING COMPLETE 

BY AODI~G .00000005 
AH5; SET ACCUM POSITIVE 
TU AUORES KOUNDFR 
AUil THE R1.JUNIJfR 
CH ECK f:.Jt\ UV F:P. FL f'W 
fr FXP HJf1 LAPGF. 

SLT lJIGIT C:(lUNTS. 
0650 
065F 
lJ() (, 0 
ll66l 
06b3 
J666 
0668 
066<.J 
066A 
066C 
)660 

2E39 
7[ 
5F 
Ff:UQ 
DA6U06 
lEOl 
93 
Tl 
J[;J 1 
93 
2C 

OUT6~ 

~IV I 
MDV 
i'1.JV 
CPI 
JC 
i1V I 

~h1V 

·wr 
SIJB 
I i-.JR 

bOJu MACRO ASSEMBLEk, VEK 2.4 
ERRORS = U PAGE 20 

77 MdV 

L,1MP2; 
,~,:. .. ~; 
E, A; 
(JlO 1); 
flUTo; 
c' l ; 
SlJM 
M,A; 
h '7; 
F; 
L; 

M,A; 

T d ,\ L1 t) I~ t) E c I M /I. L f x p nm= ''i T 
DrC1MAL EXl'Of\iftH 
DIGITS tH:FtJRF: fJECIMAL PCPH 
C1IMPARF: Tll L1WGF EXP 
If EXPl.J,\jUJT HJ Rt\IJGE 
iJ l G IT S h !: f UR E D E C P n If'!T 
E; AflJlbT OEC EXPllNENT 
IH.:C["1.l\L EXPGNFNT 
l l JT -\ l /\JU ,''1 b ~ r. ll F D 1 G IT S 
OIGITS AFTER DfCTMAL PNT 
T (J ,\ ljl);... 2 r·rn DI GI T c NT 

UlGirS AFH:R Of-CIMAL POINT 

N 
'-J 
0 



066F 
06 70 

06 7 l 
0673 
0674 
Qt., l ':> 
J6 1 ti 
06713 
06 7 f: 
06d0 
06UJ 
\)bdb 
06137 
06uu 
06 8A 
l16UD 
.Jt>BF 
0692 
0694 
)695 
06'H 
~)6 ') 8 
L)t, 9 l) 
069E 
O&AJ 
06/>2 
OoA? 
J6A6 
06/17 

J6AA 

lD 
78 

2E38 
.96 
77 
FA9206 
21ECOb 
CDBC02 
lf08 
Cul605 
CDElOb 
77 
AF 
1E03 
CDFF04 
3EFF 
CJ7106 
2E3A 
7E 
36rF 
A7 
F~'\AS06 

CUE106 
3oFE 
26)1 
(37106 
2D 
A6 
CACC06 

06FB 

OUT7: 

DC R F; 
1-1:) V A, f: ; 

QUTPUT SIGNIFICANT 
MVI 

A ~JO 
M<JV 
J :,1 
L XI 
CALL 

M; 
M,A; 
OUT 8; 
H,FTEN; 
MUL; 

~I V I E , l 0 <J ; 
U1LL Fl.X.; 
C A L L C Ht. D ; 
M.JV M,A; 
X1{ A ;\ ; 
MVI E,UlOQ; 
CALL FLT; 
MVI 
J;1p 

UUT8: 

/J..,3/7tj; 
mnr; 
1"1V I 

CJUT9: 

MCJV 
MVI 
A/JA 
Ji·~ 

C:'\ LL 
i"1 VI 
M VI 
.J MP 

A, i'I; 
~l, 3 7 7 (,); 
A 
ClJT 9; 
C 1-lA IJ; 
I~ ' j I(; lJ ; 
H,SCRB; 
nur1; 
DCt< 

D~CREM~NT OIGIT COUNT 
ulGITS h~F1RE DEC PNT 

DIGITS. 
L,T1"1Pl; Tfl ADOR nIGJT COUNT 
AtJJIJST DIGIT COUNT 
l'lFW [){:;rr COU~JT 

l F CUIJl'·H P.UN OUT 
T~J '\Ot"fr FLCATJNG T[N 
1\~ lJ L rI PLY t; Y TE N 
TU PLAC~. 1.HGIT IN PE A 
C~NVEKT T0 FIXED FORMAT 
CA Lt C tH P t\OfW SBR T 
JUT 0 UT UECIMAL DIGIT 
CL~AR CUR~E~T DIGIT 
HINARY SCALT~G FACTOR 
r\t::STUr.:r: VALUJ=: M!"IUS DIGIT 
T: 1 .I\ DJ U ~ T r l I GI T C NT 
YLCOP FUR NfXT DIGIT 
L,T~P3; TO ADOR 2NO DIGIT CNT 
1){GITS ~Fft:R DECIMAL PNT 
St~ T lt·W U1 IJl'l T ~l E G 
; S~T CCNTkGL BifS 
l f zr..;u Cndl'lT KAN llUT 
~ 1'. LL C Ht P :\•)Dr{ S HR TN 
ST'J~;:: W:Cli~.'\L POINT 
T 1 J A Du ;:i t: S S S CR A 1 C H B AN K 
LUllP f-(1 .... f'J.,::xr Oif,IT 
L; ru <'\1)1N DEC I MAL EXP 

ANA M ; OECl~AL EXPONENT 
JZ CUT13; IF O~(l~AL fXPONENT TS ZE~Q 

llUlPUT DFC 1MAL EXPUNENf. 
''1V I 



06AC F28406 JP OUTlll; 
Oo AF 06FD MVI B,315<J; 
'J61:3 l 4F MUV c '/\; 
06[)2 I\ F XR. A A ; 
J6U3 ') 1 SUo (; 
J6H4 OEFF lJUTlO: MVI 

.)606 51 0UT11 : M[!V 
u6B 7 oc INR c; 
Ool3b 060A SUI O UO; 
06Bl\ D2B606 JIJC OUT 11; 
06BO 3El5 MVI A7 025U; 
Jo BF CDE106 OUTl2: CALL 
u&C2 Ci)3E02 Cl\LL SH; 
Q{,( ~ 2601 MVI H, SCF, B; 
J6C1 2E3B MV[ L,VALE; 
06C'1 C36f:02 JHP LL:O; 

i1UTPU T 4 ~PACES IF 

8080 1'1ACF<.O ASSEMbLER, VE'~ 2.4 
t:RRORS = J Pi\Gf 21 

O&CC 3EFO OUT l J: f-IV I 
J6CE 47 M.JV 13,A; 
06Cf 4F MOV C,A; 
0o00 57 MlJV D,A; 
JoOl C3f3F06 J11P UUT12; 

SlJBRUUTINF rn SAVE 

noD't 7U SVAO: MUV 

IF EXPtJrJ!:l\IT IS POSITJVF" 
CHANGE SIGN TU MTNUS 
NEG~TIV~ EXPONFNT 
lF R1l 
L~MPLiM1NT EXPONENT 
Cr311U; EMh~YO TENS OIGIT 

U,A; UNITS DIGIT 
IN(kfMENT T~NS DIGIT 
1-i. E nu c [: Ft. r:: MA I Nf1 ER 
I F •'hJ r'. t: TENS 
E X P 0/-JC N r S I G N 
CH .4 ~1 ; Ct LL C H 1\ R A 0 DP S BR TN 
5TO~~ LAST 4 CHARACTER 
HJ ADi1kt:SS SCRATCH BANK 
T U .\IJ Ll R f S S !. CC lJ M S A V F A R E A 
r<.cSfUR~ ACLlJM AN11 F.XIT 

fXPuNfNT IS ZEPO. 

t,3600; SPACF CHARACTFP 
<:>PAt:F CHARACTER 
~t'ACE: CHARACTER 
SPACF CHAf\ACTER 
TU STO~f CHARACTERS 

CHAt\ACTEk. STRING AOOP. 

A,L; CH~R6CTFR STRING WORD 

N 
-....I 
1-V 



0605 
061)6 
0608 
QI) fJ q 
u60l3 
J6f'.D 
.)6E J 

44 
OE 00 
51 
2~'.H 

2E36 
COJE02 
C9 

1"11JV 
MVI 
WJV 
MVI 
Ml/I 
CI\ LL 
RET 

8,H; 
c,o; 
o,c; 
H,c;(R.li; 
l , '1.fW Li 
ST f,, ; 

SU~ROUTINE TU nBTAI~ 
OlEl 
Ll6EJ 
06F5 
J6E6 
06E7 
06Fd 
Oo E 'J 
06EA 
06 Et> 

2601 
2E36 
5 i: 
!C 
73 
zc 
66 
613 
C9 

CHA t): 

UttZOOOOu FTE-N: 
bd5613FAD 1umo: 

MVI 
MDV 
INR 
\1DV 
INR 
Ml°JV 
M'lV 
RET 

06c·C 
u6ro 
Oof4 00 uu 

EMO 
NO PPOGRAM ERRORS 

8080 M~CRO ASSEMBLER, VE~ 2.4 
ERRORS = 0 PAGE 22 

~1V I 

F,M; 
E; 
M,f; 
L ; 
H,M; 
L , f. ; 

SYMiHJL TAHLF. 

* 01 

CHARACTER STPING BANK 
lr>JPUT t:XP llf< DIGIT 
lH-C Pf\IT FLAG OR OEC FX P 
TU 1\UDkYS~ SCRATCH BA!'Jt<. 
TD Atlek CHAF S TR H>!G WOP D 
STRDF A, B, C, AMO D 
::-\.f:TUR.N l CALLC:R 
:,lf-XT Ctl.tfU.CTEf~ ADDI<. 
H,SCH.B; TtJ AODRESS SCRATCH 
TU l\t10k CH/.P. S Tl~ H!G WO R 0 
CHA~~CT~R SlRING WGRO 
T ') A D 0 i-~ N l X T C HA R A CT E k 
UP DAT F: CH.\f< Sl RI NG WOR fJ 
r 0 ;X 0 U I< CH AR S TR I NG BA t>.: K 
C.. H /\ 1~ I\ C T FR ST P I N G W 0 R D 
c H /\ R Ac r u~ s T R I f\l G ~HI K D 
R.FTUrU~ T1J Cfl LL fR 

dANK 

l04J,040~,o,o; FLOtTING TEN 
l~OQ,l2hQ,277U,255Q; .000JOJ05 
C I l t C K 5 U N \-HW D 



A !) l).J 7 ABS :JZ ~o ACCl 003~ ACC.2 0033 
ACC 3 OOJ4 ACCE 0030 ACCS U031 At1 0207 
ADDll) 0361:3 A DO 11 0374 AD012 OJ7A t,f)!)l 7 0306 
ADD2 OJJE A l)IJ J 1B2LJ AD U9 0351J /.:..DR H 0037 
ADK.L 0036 ARlTH 0200 Ak.THb 0002 b 0000 
c OuOl CHAD 06El CHS J24D * Cu"'IP 0 3f:F 
CUMPl 03F4 0 oo:J2 L)J V d2.l:.~4 LIIV X 0490 
OIVXl 040B DIVX2 Oc'.tOF D1VX3 ll4F 2 DIVX4 04F6 
DIVX5 )1 JD DIVX6 oJll E r JuJ3 FIX 0516 
FIXl 0544 FLT 0 'tF r fl EN O&EC H 0004 
!:'HT u22 F * I NI Tl Ol3l ltJ p J54l\ * I!~ Pl 0')67 
Im) l 0 0603 1NP2 )'.)6L) I NP.~ l)'.JA A INP4 0 5B't-
INP ~ u5C5 INP6 o :JC l I I~ P7 1) ')I)[: lNPd 05F5 
I !\IP9 05EE l 0005 LUD i)26t Lorn 02 7B * L 5H OJBC l SH l 0Ji1F ·t. '·\ i)U06 :·!OE: X 0395 
MlJL 1)23C MULPl OJ09 MULP2 lHl 0 j ,~ltJL P3 0001 N 

-...J 
~IJLX 0440 MUL X l 0465 "1lJ LX 2 J46d ,"llJLX3 0479 ~ 

MULX't- 0100 MULX:J (J!t- 13 l'.4fJl<M J40L l'JUKMl 0'tl14 
1\ 1:1 Ri-12 l)'tl 5 NOPl'-13 0422 UPlt\ 002"/ i!PlS 00 l ') 
OP2A ()1)23 OP2S 0015 np·1A UUlr UP 3 ~ OOll 
OP4A OOlC UP4S Ol)Qt IJP4X G OL I\ 1JU 060C * OUTl 'J62A UUT lll 0 ti U4 CUTll :)bH6 [j LIT 12 Q6RF 
OUT13 06CC OUT2 062( uun D63A ULJT 4 0641t-
GUT~ 064F UUT6 OboLJ iJU T f 06/1 1JU T tl 06')2 
OUTS J6A5 OVER JJ2E fJV t:ru= )2Ct\ .JVUN 0108 
PRt:X 002F PS1.J OJ06 kNt)O 06F i) "Ni) A 02A9 
R:'JDR Ott3 F RUND Q!tJ() t< SH i) JC -J F< SIW 03C8 * RSIH 03C D RSH2 J30A l\51-U 0 .Hli) O.:B 02[)4 * SCR 011)0 SCRU 0001 SF 0035 ~ (> 0006 
STR 02'3E ST kl 02JF ST Ril l)2 3C s v :\D .)604 
Tr~p 1 oo:Hs TMP2 Q\)j'J rMPJ UuJ/.. T MP't 003f-



CJ '.:::l 
('("'1 ~ 
ON 
00 

~ 

I- ~ 
Vl <! 
I- > 

275 
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8080 MACRO ASSEMBLER, VER 2.4 
ERRORS = 0 PAGE 1 

1 PART MACRO LAMl,BII 
1 LXI H,LAMI ;LOAD ADDRESS OF LAMI tN HL 
1 LODE 
1 LX I t-1, PER iLOAD ADDRESS OF PER IN HL 
1 CALL MUL ;MULTIPLY 
1 LXI H, ONE ;LOAD ADDRESS ON ONE IN HL 
1 CALL AD ;AO 
1 LXI H, HOLD ;LOAD ADDRESS OF HOLD IN HL 
1 STRIN 
1 LXI H,811 ;LOAD ADDRESS OF B 11 IN Hl 
1 LODE 
1 LXI H,HOLD ;LOAD ADDRESS OF HOLD IN HL N ....., 
1 CALL DIV iDIVIDE ....., 
1 LXI H,RES ; LOAD ADDRESS OF RES IN HL 
l CALL AD ;ADD 
1 LXI H, RES ;LOAD ADDRESS OF RES IN HL 
l STRIN 

ENDM 
l LODE MACRO 
l CALL LOO iLOO--LOADS FLOATING-POINT-ACCUMULATOR 
1 ;FROM THE ADDRESS GIVEN IN HL 

ENDH 
1 STRIN MACRO 
1 CALL STR ;STR--STORES THE FLOATING-POINT-
l ;ACCUMULATOR IN THE ADDRESS GIVEN BY HL 

ENDM 
022F ORG 022FH 
022F 00 INT: NOP 



0230 C9 RET 
023E ORG 023EH 
023E 00 STR: NOP 
023F C9 RET 
0250 ORG 0250H 
0250 00 ABS: NOP 
0251 C9 RET 
0240 ORG 024DH 
0240 00 CHS: NOP 
024E C9 RET 
026E ORG 026EH THE FOLLOWING LABELS ARE FOR THE FLOAT-
026E 00 LOO: NOP ING POINT ROUTINES THAT APE IN EPROM ANO 
026F C9 RET ARE BY CERTAIN ROUTINES TO PERFORM MATHE 
02BC ORG 028CH MATICAL OPERATIONS. THESE ROUTINES ARE 
028C 00 MUL: NOP IN ANOTHER PRINT OUT AND ARE GIVEN HERE 
0280 C9 RET AS DUMMY PROGRAMS TO BE REFERENCE BY THE 
0284 ORG 02B4H ;CROSS ASSEMBLER. N ...... 0284 00 DIV: NOP 00 

0285 C9 RET 
0204 ORG 02D4H 
0204 00 SB: NOP 
0205 C9 RET 
0207 ORG 02D7H 

8080 MACRO ASSEMBLER, VER 2.4 
ERRORS = 0 PAGE 2 

0207 00 AO: NOP 
0208 C9 RET 
04FF ORG 04FFH 



04FF 00 FLT: NOP 
0500 C9 RET 
054A ORG 054AH 
054A 00 INP: NOP 
054B C9 RET 
060C ORG 060CH 
060C 00 OU: NOP 
0600 C9 RET 
0000 START: ORG OOOOH 
0000 31FF10 LXI SP,lOFFH ;LOAD STACK POINTER TO HI 10 AND LO FF 
0003 210Al3 LXI H,DMANT 
0006 36FO MVI M,360Q 
0008 2C INR L 
0009 2C INR L 
OOOA 2C INR L 
OOOB 36FE MVI M,376Q N 

........ 0000 2C INR L \0 

OOOE 2C INR L 
OOOF 36FF MVI M,377Q 
0011 1607 MVI 0,7 ;SET D EQUAL TO 1 
0013 CD2F02 CALL INT ;INT--INITIALIZE SCRATCH PAO MEMORY 
0016 210213 LXI H,RES ;LOAD ADDRESS OF RES IN HL 
0019 3600 MV I M,O ;RES = 0 
OOlB 20 OCR L 
OOlC 3600 MVI M,O ; MEM = 0 
OOlE 2D OCR L 
OOlF 3600 MVI M,O ;MEMl = 0 
0021 C39COO JMP WAIT ; JUMP TO WAIT AND BEGIN PROGRAM 
0028 INTRO: ORG 0028H 
0028 D30A INPUT: OUT 10 ;GENERATE A DEVICE SELECT PULSE 

; TO DEVICE TEN 
002A 210El3 LXI H,DMANT+4;AODRESS OF THE TENTHS DIGIT OF OM ANT 



0020 

002F 
0030 
0031 
0032 

0034 
0035 
0036 

0038 
0039 

DBOl 

11 
20 
2D 
DB02 

11 
20 
OB03 

11 
2D 

IN l 

MDV H,A 
OCR L 
OCR L 
IN 2 

MDV Ht A 
OCR L 
IN 3 

MOV H,A 
OCR L 
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003A CD4A05 

0030 212513 
l 

0040 1 C03E02 
l 

0043 212513 
l 

0046 1 CD6E02 
l 

0049 212113 
004C E5 

... 
+ 
+ 

+ 
+ 
+ 

CALL INP 

LXI H,FLX2 
STRIN 
CALL STR 

CMPAR: LXI H,FLX2 
LODE 
CALL LOO 

LXI H,FLXl 
PUSH H 

;ACCUMULATOR 
;READ TENTHS DIGIT FROM DEVICE l INTO 
;ACCUMULATOR 
;MOVE A TO DMANT + 4 

;READ ONES DIGIT FROM DEVICE 2 INTO 
;ACCUMULATOR 
;MOVE A TO OMANT + 2 

;READ TENS DIGIT FROM DEVICE 3 INTO 
;ACCUMULATOR 
;MOVE A TO DMANT + 1 

;INP--CHANGES A BCD STRING NUMBER INTO 
; A BINARY-FLOATING-POINT NUMBER 
;LOAD ADDRESS OF FLX2 INTO HL 

;STR--STORES THE FLOATING-POINT-
;ACCUMULATOR IN THE ADDRESS GIVEN BY HL 
;LOAD ADDRESS OF FLX2 IN Hl 

;LOD--LOAOS FLOATING-POINT-ACCUMULATOR 
;FROM THE ADDRESS GIVEN IN HL 
;LOAD ADDRESS OF FLXl IN HL 
;PUSH HL ON TO THE STACK 

N 
00 
0 



0040 CDD402 
0050 COAlOO 
0053 C05002 
0056 El 
0051 CDB402 
005A 213C01 
0050 CDD402 
0060 FA8700 
0063 214001 
0066 CD0402 
0069 FA0014 
006C CD7200 
006F C39COO 
0072 212513 

1 
0075 l CD6E02 

l 
0078 212113 

1 
0078 l CD3E02 

l 
007E 210113 
0081 3600 
0083 20 
0084 3600 
0086 C9 
0087 210113 
008A 34 
0088 CA9100 
OOBE C 39COO 
0091 20 
0092 34 

CALL SB 
CALL FLAG 
CALL ABS 
POP H 
CALL DIV 
LXI H, THlOO 
CALL SB 
JM TRACK 
LXI H,NTHlO 
CALL SB 
JM CALC 
CALL EXCH 
JHP WAIT 

EXCH: LXI H,FLX2 
+ LODE 
+ CALL LOO 
... 

LXI H,FLXl 
+ STRIN 
+ CALL STR 
+ 

LXI HrMEM 
MVI M,O 
OCR L 
MVI HrO 
RET 

TRACK: LXI H, MEM 
INR M 
JZ HMEM 
JMP WAIT 

HME M: OCR L 
INR H 

;SUBTRACT 
;CALL SUBROUTINE FLAG 
; ABSOLUTE VALUE 
;POP HL OFF OF THE STACK 
;DIVIDE 
;LO~D ADDRESS OF THlOO IN Hl 
;SUBRACT 
;JUMP TO TRACK ON NEGATIVE RESULT 
iLOAD ADDRESS OF NTHlO IN HL 
;SUBTRACT 
;JUMP TO CALC ON NEGATIVE RESULT 

;CALL EXCH 
; JUMP TO WA IT 
iLOAO ADDRESS OF FLX2 INTO HL 

iLOD--LOADS FLOATING-POINT-ACCUMULATOR 
;FROM THE ADDRESS GIVEN IN HL 
;LOAD ADDRESS Of FLXl INTO Hl 

;STR--STORES THE FLOATING-POINT-
;ACCUMULATOR IN THE ADDRESS GIVEN BY HL 
;LOAD ADURESS OF MEM INTO Hl 
; MEM = 0 

;MEMl = 0 

;LOAD ADDRESS OF MEH IN HL 
;INCREMENT CONTENTS OF MEM 
;JUMP TO HMEM IF RESULT IS ONE 
; JUMP TO WA IT 
;DECREMENT L 
; INCREMENT MEM ... l 

N 
00 
t-' 



0093 3E04 MVI A,004Q 
0095 9E SBB M 
0096 C29COO JNZ WAlT 
0099 c 35901 JMP OT PTO 
009C FB WAIT: EI 
009D 00 NOP 
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009E C39COO JMP WAIT 
OOAl 212913 FLAG: LXI H,SGST 
OOA4 FAAAOO JM NEGAT 
OOA7 3600 MV I M, 0 
OOA9 C9 RET 
OOAA 3601 NEGAT: MVI M,0010 
OOAC C9 RET 
OOAO 210613 CHSGN: LXI H,PER 

1 + LODE 
OOBO l CD6E02 + CALL LOO 

1 + 
OOB3 C04D02 CALL CHS 
0086 210613 LXI H,PER 

l + STRIN 
OOB9 l CD3E02 + CALL STR 

1 + 

;A = 4 
;SUBTRACT MEM+l FROM A 
;JUMP TO WAIT IS RESULT IS NOT ZERO 
; JUMPT TO OTPTO 
;ENABLE FLAG INTERRUPT 
; NO 0 PER AT I ON 
iTHE PURPOSE OF THIS LOOP IS TO LET THE 

;MICROCOMPUTER IDLE WHILE WAITING FOR THE 
;START OF A NEW TIME INTERVAL SIGNAL FROM 
;THE DPM WHICH OCCURS EVERY 0.01 SEC. 

JUMP TO WAIT N 
00 LOAO AOORSS OF SGST IN HL N 

JUMP TO NEGAT IF RESULT IS NEGATlVE 
SET M = 0 
RETURN FROM SUBROUTINE 
SET M = OOlQ 

;LOAD ADORESS OF PER IN HL 

;LOD--LOADS FLOATING-POINT-ACCUMULATOR 
;FROM THE ADDRESS GIVEN IN HL 
;CHANGE OF SIGN 
;LOAD ADDRESS OF PER IN HL 

;STR--STORES THE FLOATING-POINT-
;ACCUMULATOR IN THE ADDRESS GIVEN BY Hl 



OOBC C9 
1400 
1400 210113 
1403 4E 
1404 20 
1405 46 
1406 03 
1407 3EOO 
1409 1600 
1406 1El8 
l40D CDFF04 

1410 210613 
l 

1413 1 C03E02 
1 

1416 212913 
1419 35 
141A CCAOOO 

1 
1410 1 210001 

2 
1420 2 CD6E02 

2 
1423 l 210613 
1426 1 CDBC02 
1429 1 213801 
142C l CDD702 
142F l 211013 

2 
1432 2 CD3E02 

2 

+ 
+ 
+ 

... 
+ 
+ 
+ 
... 
+ 
+ ... 
+ 
+ .. 
+ 
+ 

CALC: 

RET 
ORG l400H 
LXI H,MEH 
MOV C,M 
OCR L 
MOV B,M 
INX B 
HVI ArO 
MV I D, 0 
MVI E,030Q 
CALL FLT 

LXI H, PER 
STRIN 
CALL STR 

;RETURN FROM SUBROUTINE 

;LOAD ADDRESS OF MEM IN HL 
;MOVE CONTENTS FROM MEM TO C 
;DECREMENT L 
;MOVE CONTENTS FROM MEM TO B 
;INCREMENT BC PAIR 
;A = 0 
;REGISTER D = 0 
;REGISTER E = 24 
;CALL IFPP ROUTINE FLT TO CONVERT BINARY 
;FIXED POINT TO BINARY FLOATING POINT 
;LCAO ADDRESS OF PER IN HL 

;STR--STORES THE FLOATING-POINT-
;ACCUMULATOR IN THE ADDRESS GIVEN BY Hl 

LXI H,SGST ;LOAD AOORESS OF SGST IN Hl 
OCR M ;DECREMENT SGST 
CZ CHSGN ;CALL CHGSN IF THE RESULT IS ZERO 
PART L AM 1 , B I 1 
LXI H,LAMl ;LOAD ADDRESS OF LAMI IN HL 
LODE 
CALL LOO 

LXI H, PER 
CALL MUL 
LX I H, ONE 
CALL AD 
LXI H, HOLD 
STRIN 
CALL STR 

;LOD--LOADS FLOATING-POINT-ACCUMULATOR 
;FROM THE ADDRESS GIVEN IN HL 
;LOAD ADDRESS OF PER IN HL 
; MULTIPLY 
;LOAD ADDRESS ON ONE IN Hl 
;AD 
;LOAD ADDRESS OF HOLD IN Hl 

;STR--STORES THE FLOATING-POINT-
;ACCUMULATOR IN THE ADDRESS GIVEN BV HL 
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1435 l 211801 + LXI H,Bll ;LOAD ADDRESS Of Bii IN HL 
2 + LODE 

1438 2 CObE02 + CALL LOO LOD--LOAOS FLOATING-POINT-ACCUMULATOR 
2 ... FROM THE ADDRESS GIVEN IN HL 

1436 1 211013 + LXI H,HOLD LOAD ADDRESS OF HOLD IN HL 
143E l CDS402 + CALL DIV DIVIDE 
1441 l 210213 + LXI H,RES LOAD ADDRESS OF RES IN HL 
l't44 l COD702 + CALL AO ADD 
1447 1 210213 + LXI H,RES LOAD ADDRESS OF RES IN HL 

2 + STRIN 
144A 2 CD3E02 + CALL STR ;STR--STORES THE FLOATING-POINT- N 

co 
2 + ;ACCUMULATOR IN THE ADDRESS GIVEN BY HL ~ 

1 + PART LAM2,Bl2 
1440 l 210401 + LXI H,LAM2 ;LOAD ADDRESS OF LAMI IN HL 

2 + LODE 
1450 2 CD6E02 ... CALL LOD ;LOO--LOAOS FLOATING-POINT-ACCUMULATOR 

2 ... ;FROM THE ADDRESS GIVEN IN HL 
1453 l 210613 ... LXI H, PER ;LOAD ADDRESS OF PER IN HL 
1456 l COOC02 ... CALL MUL ;MULTIPLY 
1459 l 2:13801 + LX I H, ONE ;LOAD ADDRESS ON ONE IN HL 
145C l CDD702 + CALL AO ;AO 
145F 1 211013 + LXI H, HOLD ;LOAD AODRESS OF HOLD IN Hl 

2 ... STRIN 
1462 2 CD3E02 + CALL STR ;STR--STORES THE FLOATING-POINT-

2 + ;ACCUMULATOR IN THE ADDRESS GIVEN BY HL 
1465 1 211C01 + LXI H,BI2 ;LOAD ADDRESS OF Bii IN Hl 



2 .. 
1468 2 CD6E02 + 

2 + 
1468 l 211013 .. 
146E 1 COB402 + 
1471 l 210213 + 
1474 l CDD702 + 
1477 1 210213 + 

2 + 
147A 2 CD3E02 + 

2 + 
l .. 

14 70 l 210801 .. 
2 + 

1480 2 C06E02 + 
2 + 

1483 1 210613 .. 
1486 1 C D8C02 -t 
1489 l 213801 + 
148C 1 CDD702 + 
148F 1 211013 + 

2 + 
1492 2 CD3E02 + 

2 + 
1495 l 212001 + 

LODE 
CALL LOO 

LXI H,HOLD 
CALL DIV 
LXI H,RES 
CALL AD 
LXI H,RES 
STRIN 

;LOD--LOADS FLOATING-POINT-ACCUMULATOR 
;FROM THE ADDRESS GIVEN IN HL 
;LOAD ADDRESS OF HOLD IN HL 
;DIVIDE 
;LOAD ADDRESS OF RES IN HL 
;ADD 
;LOAD ADDRESS OF RES IN HL 

CALL STR ;STR--STORES THE FLOATING-POINT-
;ACCUMULATOR IN THE ADDRESS GIVEN BY HL 

PART LAM3,Bl3 
LXI H,LAM3 ;LOAD ADDRESS OF LAMI IN HL 
LODE 
CALL LOO 

LXI H, PER 
CALL MlJL 
LXI H, ONE 
CALL AO 
LXI H, HOLD 
STRIN 
CALL STR 

LXI H,BI3 

;LOD--LOADS FLOATING-POINT-ACCUMULATOR 
;FROM THE ADDRESS GIVEN IN HL 
;LOAD ADDRESS OF PER IN HL 
;MULTIPLY 
;LOAD ADDRESS ON ONE IN HL 
; AD 
;LOAD ADDRESS OF HQLD IN HL 

;STR--STORES THE FLOATING-POINT-
;ACCU~ULATOR IN THE ADDRESS GIVEN BY HL 
;LOAD AOURESS OF BII IN HL 
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2 LODE 

N 
00 
l/1 



1498 2 C06E02 + CALL LOO ;LOD--LOADS FLOATING-POINT-ACCUMULATOR 
2 + ;FROM THE ADDRESS GIVEN IN HL 

l49B 1 211013 + LXI H,HOLD ;LOAD ADDRESS OF HOLD IN HL 
149E 1 COB402 .. CALL DIV ;DIVIDE 
14Al 1 210213 + LXI U, RES ;LOAD ADDRESS OF RES IN HL 
l4A4 l COD702 + CALL AD ;ADO 
14A7 1 210213 + LX I H, RES ;LOAD ADDRESS OF RES IN HL 

2 + STRIN 
14AA 2 C03E02 + CALL STR ;STR--STORES THE FLOATING-POINT-

2 + ;ACCUMULATOR IN THE ADDRESS GIVEN BY Hl 
l + PART LAH4,Bl4 

14AD l 210COl + LXI H,LAM4 ;LOAD ADDRESS OF LAMI IN HL 
2 + LODE 

1480 2 C06E02 ... CALL LOO ;LOD--LOAOS FLOATING-POINT-ACCUMULATOR 
2 ... ;FROM THE ADDRESS GIVEN IN HL 

1483 l 210613 + LXI H, PER ;LOAD ADORESS Of PER IN HL 
1486 l CD8C02 + CALL MUL ;MULTIPLY N 

co 1489 l 213801 .. LXI H, ONE ;LOAD ADDRESS ON ONE IN HL 0\ 

14BC l C00702 + CALL AO ;AD 
14BF l 211013 + LXI H, HOLD ;LOAD ADDRESS OF HOLD IN HL 

2 + STRIN 
l4C2 2 C03E02 + CALL STR ;STR--STORES THE FLOATING-POINT-

2 .. ;ACCUMULATOR IN THE ADDRESS GIVEN BY Hl 
14C5 l 212401 + LXI H,BI4 ;LOAD AOORESS OF Bii IN HL 

2 + LODE 
14C8 2 C06E02 + CALL LOO ;LOD--LOAOS FLCATING-POINT-ACCUMULATOR 

2 + ;FROM THE ADDRESS GIVEN IN HL 
14CB 1 211013 ... LXI H,HOLD ;LOAD ADDRESS OF HOLD IN HL 
l4CE 1 COB402 + CALL DIV ;DIVIDE 
1401 l 210213 ... LXI H,RES :LOAD ADDRESS OF RES IN HL 
1404 1 COD702 ... CALL AD ;ADD 
1407 l 210213 .. LXI H,RES ;LOAD ADDRESS OF RES IN HL 



2 + STRIN 
14DA 2 CD3E02 ... CALL STR ;STR--STORES THE FLOATING-POINT-

2 ... ;ACCUMULATOR IN THE ADDRESS GIVEN BY HL 
1 + PART LAM5,Bl5 

1400 l 211001 + LXI H,LAM5 ;LOAD ADDRESS OF LAMI IN HL 
2 + LODE 

14EO 2 CD6E02 + CALL LOO ;LOO--LOADS FLOATING-POINT-ACCUMULATOR 
2 ... ;FROM THE ADDRESS GIVEN IN HL 

14E3 l 210613 + LXI H, PER ;LOAD ADDRESS OF PER IN HL 
14E6 1 CD6C02 ... CALL HUL ; MULTIPLY 
l4E9 l 213801 ... LXI Ht ONE ;LOAD ADDRESS ON ONE IN HL 
14EC 1 CD0702 + CALL AD ;AO 
14EF 1 211013 + LXI H, HOLD ;LOAD ADDRESS OF HOLD IN HL 

2 + STRIN 
14F2 2 CD3E02 + CALL STR ;STR--STORES THE FLOATING-POINT-

2 + ;ACCUMULATOR IN THE ADDRESS GIVEN BY HL N 
00 l4f5 1 212801 .. LXI H,BI5 ;LOAD ADDRESS OF Bii IN HL -...J 

2 + LODE 
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14F8 2 CD6E02 .. CALL LOO ;LOO--LOAOS FLOATING-POINT-ACCUMULATOR 
2 + ;FROM THE ADDRESS GIVEN IN HL 

14FB l 211013 + LXI H,HOLO ;LOAD ADDRESS OF HOLD IN HL 
14FE 1 COB402 + CALL DIV ;DIVIDE 
1501 l 210213 + LXI H, RES ;LOAD ADDRESS OF RES IN HL 
1504 l CDD102 ... CALL AD ;ADD 
1507 1 210213 + LXI H,RES ; LOAD ADDRESS OF RES IN Hl 

2 + STRIN 



150A 2 C03E02 + CALL STR ;STR--STORES THE FLOATING-POINT-
2 + ;ACCUMULATOR IN THE ADDRESS GIVEN BY HL 
1 + PART LAM6,Bl6 

1500 l 211401 + LX I H, LAH6 ;LOAD ADDRESS OF LAMI IN Hl 
2 + LODE 

1510 2 CD6E02 + CALL LOO ;LOD--LOADS FLOATING-POINT-ACCUMULATOR 
2 + ;FROM THE ADDRESS GIVEN IN HL 

1513 l 210613 + LX I H, PER ;LOAD ADDRESS OF PER IN HL 
1516 l CD8C02 + CALL MUL ;MULTIPLY 
1519 l 213801 + LXI H, ONE ;LOAD AOURESS ON ONE IN HL 
151C 1 COD702 + CALL AO ;AD 
15 lf 1 211013 + LXI H, HOLD ;LOAD ADDRESS OF HOLD IN HL 

2 + STRIN 
1522 2 C03E02 + CALL STR ;STR--STORES THE FLOATING-POINT-

2 + ;ACCUMULATOR IN THE ADDRESS GIVEN BV HL 
1525 l 212C 01 + LXI H,BI6 ;LOAO ADDRESS OF Bii IN HL 

2 + LODE N 
00 

1528 2 CD6E02 + CALL LOO ;LOD--LOADS FLOATING-POINT-ACCUMULATOR 00 

2 + ;FROM THE ADDRESS GIVEN IN HL 
1526 l 211013 + LXI H,HOLO ;LOAD ADORESS OF HOLD IN HL 
152E l CDB402 + CALL OIV ;OIVIUE 
1531 1 210213 + LX I H, RES ;LOAO ADDRESS OF RES IN Hl 
1534 1 COD702 + CALL AD ; ADD 
1537 1 210213 + LXI H,RES ;LOAD ADDRESS OF RES IN HL 

2 + STRIN 
153A 2 CD3E02 + CALL STR ;STR--STORES THE FLOATING-POINT-

2 + ;ACCUMULATOR IN THE ADDRESS GIVEN BY HL 
1530 213401 LXI U,PNLF ;LOAD ADDRESS UF PNLF 

1 + LODE 
1540 l CD6E02 + CA LL LOO ;LOD--LOADS FLOATING-POINT-ACCUMULATOR 

1 ... ;FROM THE ADDRESS GIVEN IN HL 
1543 210613 LXI U,PER ;LOAD ADDRESS OF PER IN HL 



1546 
1549 
154C 
154F 
1552 
1555 
1558 
1558 
155E 
1560 
1563 

COB402 
210213 
CDD702 
213001 
CD8C02 
211413 
CDOC06 
210213 
3600 
CD7200 
C35001 

CALL DIV 
LXI H,RES 
CALL AD 
LXI H,CONV 
CALL MUL 
LXI H,RHO 
CALL OU 
LXI H,RES 
MV I M, 0 
CALL EXCH 
JMP OUTPT 
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0150 
0150 

01.53 
0155 

0156 
0159 
0158 
0150 
Ol5F 
0162 

3Al013 

06FO 
88 

CA7101 
3EOO 
lEOl 
0304 
COD201 
D305 

ORG 0150H 
OUTPT: LOA RH0+9 

MVI B,360Q 
CMP B 

JZ CHKl 
OTP TO: MVI A,OH 

MVI E, l 
OTNUM: OUT 4 

CALL CHECK 
OUT 5 

;DIVIDE 
;LOAD AOORESS OF RES IN Hl 
;AOD 
;LOAD ADDRESS OF CONV IN HL 
; MULTIPLY 
;LOAD ADDRESS OF RHO IN HO 
;OUTPUT IN BCD FORMAT 
;LOAD ADDRESS OF RES IN HL 
;SET RES = O 
;CALL EXCH 
;JUMP TO OUTPT 

LOAD THE ACCUMULATOR WITH THE VALUE OF 
RH0+9 
THIS VALUE IS TESTED TO DETERMINE IF A 
BLANK OR THE NUMBER 025,WHICH MEANS AN 
EXPONENT FOLLOWS 
LOAD B WITH THE VALUE 360(CODE FOR BLANK) 
COMPARE B WITH THE ACCUMULATOR, TEST FOR 

,BLANK IN RH0•9 
;JUMP TO CHKl IF THE RESULT IS ZERO 
;LOAD A WITH O 
;SET REGISTER EQUAL TO 1 
;OUTPUT ACCUMULATOR TO DEVICE 4 
;CALL SUBROUTINE CHECK 
;OUTPUT ACCUMULATOR TO DEVICE 5 

l'-l 
00 
\0 



0164 CDD201 CALL CHECK ;CALL SUBROUTINE CHECK 
0167 0306 OUT 6 ;OUTPUT ACCUMULATOR TO DEVICE 6 
0169 CDD201 CALL CHECK ;CALL SUBROUTINE CHECK 
Ol6C 0307 OUT 7 ;OUTPUT ACCUMULATOR TO DEVICE 1 
Ol6E C3B901 JMP SIGN ;JUMP TO SIGN 
0171 3Al513 CHKt: LOA RHO+l ;LOAD ACCUMULATOR WITH RHO+l 
0174 06FE MVI B,376Q ;LOAD REGISTER B WITH 376Q 
0176 BS CMP B ;COMPARE B WITH ACCUMULATOR 
0177 CA5901 JZ OT PTO ;JUMP TO OTPTO 
017A 3Al913 LOA RH0+5 ;LOAD ACCUMULATOR WITH RH0+5 
0170 06FE MV l B, 3 76Q ;LOAD B WITH 376Q(CODE FOR DECIMAL POINT) 
Ol7F 88 CMP B ; COMPARE B WITH ACCUMULATOR 
0180 CA9E01 Jl OTPT4 ;JUMP TO OTPT4 
0183 3Al813 LOA RH0+4 ;LOAD ACCUMULATOR WITH RH0+4 
0186 06FE MVI B,376Q ;LOAD B WITH 376Q(CODE FOR DECIMAL POINT) 
0188 86 CMP B ·COMPARE B WITH ACCUMULATOR 
0189 CAA701 JZ OTPT3 JUMP TO OTPT3 N 

\0 
Ol8C 3Al713 LOA RH0+3 LOAD ACCUMULATOR WITH RH0+3 0 

018F 06FE MVI B1 376Q LOAD B WITH 376Q (COOE FOR DECI~AL POINT I 
0191 88 CMP B COMPARE B WITH ACCUMULATOR 
0192 CABOOl Jl OTPT2 JUMP TO OTPT2 
Jl95 211513 LX I H,RHO + l LOAD H l REGISTER PAIR WITH RHO + l 
0198 7E MOV A,M MOVE THE DATA FROM THE MEMCRY LOCATION 

ADDRf.SSEO BY THE H L REGISTER PAIR TO 
,THE ACCUMULATOR 

0199 lEOl MVI E,l ;SET REGISTER EQUAL TO ONE 
0198 C35D01 JMP OTNUM ;JUMP TO OTNUM 
Ol9E 211813 OTPT4: LXI H,RH0+4 ;LOAD H L REGISTEk PAIR WITH RH0+-4 
OlAl 7E MOV A,M 
OlA2 1E04 MV I E,4 ;SET REGISTER EQUAL TO FOUR 
01A4 C35001 JMP OTNUM ;JUMP TO OTNUM 
OlA7 211713 OTPT3: LXI H,RH0+3 ;LOAD H L REGISTER PAIR WITH RH0+3 



OlAA 7E MOV A,M 
OlAB 1E03 MVI E,3 ;SET REGISTER E EQUAL TO THREE 
OlAO C35D01 JMP OTNUM ;JUMP TO OTNUM 
OlBO 211613 OTPT2: LXI H,RH0+2 ;LOAD H L REGISTER PAIR WITH RH0+2 
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0183 7E HOV A,H 
01B4 1E02 MVI E,2 SET REGISTER EQUAL TO E 
0186 C35D01 JMP OTNUM JUMP TO OTNUM 
0189 3Al413 SIGN: LOA RHO LOAD ACCUMULATOR WITH RHO 
OlBC 06FO MVI B,360Q LOAO B WITH 3600 (CODE FOR SPACE) 
OlBE B8 CMP B COMPARE 8 WITH ACCUMULATOR N 

\0 OlBF CACAOl Jl ZERO JUMP TU ZERO I-' 

01C2 3A4401 LOA MINUS LOAD ACCUMULATOR WITH MINUS 
01C5 0308 OUT 8 OUTPUT ACCUMULATOR TO OE VICE 8 
OlC7 C39COO JMP WAIT JUMP TO WAIT 
0 lCA 3A4501 ZERO: LOA BLANK LOAD ACCUMULATOR WITH PLUS SIGN 
OlCO 0308 OUT 8 .OUTPUT ACCUMULATOR TO DEVICE 8 
OlCF C39COO JMP WAIT ;JUMP TO WAIT 
0102 10 CHECK: OCR E ;DECREMENT REGISTER E 
OlD3 CC0901 CZ WOUT ;CALL SUBROUTINE WOUT IF RESULT IS ZERO 
01D6 20 OCR L ;DECREMENT L 
0107 7E MOV A,M ;MOVE THE D~TA FROM MEMORY LOCATION 

;ADDRESSED BY THE H L REGISTER PAIR TO 
;THE ACCUMULATOR 

0108 C9 RET ;RETURN 
0109 214601 WOUT: LXI H,BLANK•l;LOAD H L REGISTER PAIR WITH BLANK + 1 
OlDC lEOl MVI E t1 ;SET REGISTER EQUAL TO 1 



OlDE C9 RET iRETURN 
0100 DATA: ORG OlOOH 
0100 7A LAMl: OB 172Q ;LAHDAl = 0.0121 
0101 50 DB 1200 
0102 13 DB 023Q 
0103 6A DB l 52Q 
0104 7C LAM2: DB 1740 ;LAMDA2 = 0.0317 
0105 01 DB OOlQ 
0106 D7 OB 327Q 
0107 DC DB 334Q 
0108 70 LAMJ: DB l 75Q ;LAMOA3 = 0.115 
0109 6B DB 153Q 
OlOA 85 DB 205Q 
OlOB lE DB 036Q 
OlOC 7F LAM4: OB 177Q i LAMDA4 = 0.311 
0100 lf DB 037Q 
OlOE 3B DB 073Q N 

\0 
OlOF 65 DB 145Q N 

0110 81 LAMS: DB 201Q ; LAMOA5 = 1.40 
0111 33 DB 063Q 
0112 33 DB 063Q 
0113 33 OB 063Q 
0114 82 LAM6: DB 202Q ;LAMDA6 = 3. 8 7 
0115 17 DB l67Q 
0116 AE DB 2560 
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0117 15 DB 025Q 



0118 75 BI l: DB 165Q ;BETAl = 0.000247 
0119 01 DB OOlQ 
01 lA 7F OB 177Q 
OllB cs DB 310Q 
OllC 77 BI2: DB 167Q ; BET A2 = 0.001385 
0110 35 OB 065Q 
OllE 88 DB 210Q 
Ollf E4 DB 344Q 
0120 77 813: DB 167Q ;BETA3 = 0.001222 
0121 20 DB 0400 
0122 28 DB 0530 
0123 83 DB 203Q 
0124 78 814: DB 170Q ;BETA4 = 0.002645 
0125 20 OB 055Q 
0126 57 OB 127Q 
0127 BC DB 274Q N 

\0 
0128 76 015: OB l66Q ;BETA5 = 0.000832 w 
012q 5A DB 132Q 
012A lA DB 032Q 
0126 92 DB 222Q 
012C 74 816: OB 164Q ;BETA6 ::. 0.000169 
0120 31 OB 061Q 
012E 35 DB 065Q 
012F 97 DB 227Q 
0130 91 CONV: OB 221Q ; CONVERSION FACTOR FROM ABSOLUTE 
0131 43 DB 103Q ;REACTIVITV TO PCM 
0132 50 OB 120Q 
0133 00 DB OOOQ 
0134 73 PNLF: OB l63Q ;PROMP NEUTRON LIFETEME = 0.0001 
0135 51 DB 121Q 
0136 B7 DB 267Q 
0137 16 DB 026Q 



0138 81 ONE: DB 201Q 
0139 00 08 OOOQ 
013A 00 DB OOOQ 
013B 00 DB OOOQ 
013C 7A THlOO: OB 172Q 
0130 23 oe 043Q 
013E D1 DB 327Q 
013F OA DB 012Q 
0140 70 NTHlO: OB 175Q 
0141 4C DB 114Q 
0142 cc DB 314Q 
0143 CD DB 315Q 
0144 OB MINUS: DB Ol3Q 
0145 00 BLANK: DB 0150 
1300 RWMEM: ORG l300H 
1300 MEMl: OS 1 
1301 HEM: OS 1 
1302 RES: OS 4 
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1306 PER: OS 4 
130A OMANT: OS 6 
1310 HOLD: OS 4 
1314 RHO: OS 13 
1321 FLXl: OS 4 
1325 FLX2: OS 4 
1329 SGST: OS l 

END 

;NUMBER VALUE IS 1.000 

;NUMBER VALUE EQUALS 0.01 

;NUMBER VALUE IS 0.1 

;CODE FOR MINUS 
;CODE FOR BLANK 

;HIGH YTE FOR PERIOD COUNTER 
;LOW BYTE FOR PERIOD COUNTEP 
;STORAGE LOCATION FOR SUMMING TERM 

;STORAGE FOR REACTOR PERIOD 
;STORAGE LOCATION INPUT OATAIBCO FORMI 
; TEMPORARY SPACE 
;REACTIVITY IN PCM 
;STORAGE SPACE FOR POWER! 
;STORAGE SPACE FOR POWER2 
;STORAGE SPACE FOR PERIOD SIGN 



NO PROGRAM ERRORS 
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SYMBOL TABLE 

* 01 

A 0007 ABS 0250 AO 0207 B 0000 
Bil 0118 BI2 OllC Bl3 0120 Bl4 0124 
615 0128 816 Ol2C BLANK 0145 c 0001 
CALC 1400 CHECK OlDA CH Kl 0171 CHS 0240 
CHSGN OOAD CMPAR 0043 * CONV 0130 0 0002 N 

l.O DATA 01E7 * DI \I 0284 DMANT 130A E 0003 lJl 

EXCH 0072 FLAG OOAl FLT 04FF FLXl 1321 
FLX2 1325 H 0004 HMEM 0091 HOLD 1310 
INP 054A INPUT 0028 * INT 022F INTRO 0024 * 
L 0005 LAMl 0100 LAM2 0104 LAM3 0108 
LAM4 OlOC LAH5 0110 LAM6 0114 LOO 026E 
LODE 0366 M 0006 MEM 1301 MEMl 1300 * 
MINUS 0144 MUL 028C NEGAT OOAA NTHlO 0140 
ONE 0136 OTNUM 0150 OT PTO 0159 OTPT2 0180 
OTPT3 01A7 OTPT4 Ol9E OU 060C OUT PT 0150 
PART 0370 PER 1306 PNLF 0134 PSW 0006 
RES 1302 RHO 1314 RWMEM 0140 * SB 0204 
SGST 1329 SIGN 01B9 SP 0006 START 060E * 
STR 023E STRIN 034E THlOO Ol3C TRACK 0087 
WAIT 009C WOUT OlEl LERO 0102 
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THE DESIG~, CONSTRUCTION, AXD 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 reactim.eter 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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