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ABSTRACT

A flowmeter was designed, developed and constructed to measure
total volume flow in partially full pipes because a re]iab]e,‘accurate
flowmeter was not commercially available. The flowmeter system uses a
pitot tube type sensor with a differential pressure transmitter and a
bubbler tube with a differential pressure transmitter to obtain flow
velocity and liquid level information. A microcomputer performs all
the flow calculations from this information. The completed system
exceeds all desired performance specifications for reliability, accuracy,

response time and flexibility.
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CHAPTER I

INTRODUCTION

Background Information

Total volume flow measurement has always been a difficult task.
Historically, this measurement has been almost impossible to make in
pipelines running partially full. A measurement of both flow velocity
and liquid level must be made to calculate total volume flow for this
condition. No acceptable method has existed for making the flow velocity
measurement under this condition. Nevertheless, volume flow measurement
can be very important to process control and is sometimes necessary to
satisfy Environmental Protection Agency regulations.

One instrument manufacturer has recently developed a system to
make this measurement. The author's company bought three of
these units for trial evaluation, partially because the instrument
looked promising, and partially because no other instruments were com-
mercially available. The instrument uses a magnetic sensor to measure
flow velocity and uses a bubbler system incorporating a pressure trans-
mitter to measure the 1iquid level. The total volume flow calculations
are made by hardwired logic using discrete components and integrated
circuits.

These three flowmeters were installed in different plant locations.
However, all flowmeters experienced hardware and design problems from
the start. Engineering and maintenance personnel were never able

to make the system perform satisfactorily, even with the assistance




of manufacturer service representatives. When this became evident,

supervision decided to develop a system in house.

Analysis of the Commercial Flowmeter

Several problem areas had become evident in the purchased flow-
meters. A major problem was the failure of discrete components and
integrated circuits in the hardwired electronic logic that performs the
flow calculations. This problem recurred often. When failures occurred,
these units were either removed and shipped back to the manufacturer
for rapair or factory personnel were sent for on site repair,
since the instruments were still under warranty. Down time for the
instruments due to this problem approached 50% the first year. As a
result, these three systems had not operated simultaneously during the
entire first year.

Another class of problems resulted from the inaccuracy of the
sensor used to measure flow velocity. In this design the single point
sensor develops a magnetic field only in the immediate area of the probe.
The flow velocity through this field causes a voltage to be developed
across two points in the probe. So, in effect, this sensor measures
flow velocity in only one small area of the pipe in contrast to the
Annubar method described in Chapter II. The measured velocity may or
may not be close to the average fluid velocity in the pipe since there
are different flow velocities in different areas of a pipe. If the
measured velocity is not approximately the average fluid velocity, there
will be a large error in the total flow output. This results because

the total volume flow is a function of fluid velocity. Accurate place-

ment of this probe in order to obtain the average velocity would require
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a detailed knowledge of the flow profile of the pipe. In addition, any
type of obstruction in the pipe alters this flow profile and decreases
the accuracy of the flow measurement. Coatings on the probe may also
decrease system accuracy by altering the magnetic field in the immediate
vicinity of the probe.

The manufacturer's method of measuring liquid level by using a
bubbler tube with a differential pressure transmitter is satisfactory.
Total accuracy of a bubbler system is within + 0.5% of full scale range
since the accuracy of most differential pressure transmitters, the
measuring instrument, is within 0.25% of full scale range. The bubbler
tube adds very little inaccuracy to the system since the pressure drop
is small when air velocity is small.

As a final consideration, this system is not very flexible. The
flowmeter utilizes custom built logic, so the electronics are designed
for the particular location in which they are to be used. Transferring
the system to other locations with greatly different flow velocities
and pipe sizes may require component changes as well as electronic
adjustments since the pipe radius and the flow velocity are used in the
flow calculations. The new pipe radius must be substituted into the
logic that performs the flow calculations. Significantly different
flow velocities will cause greatly different voltage levels on the flow

sensor. Scaling the altered voltage level on the sensor will require a

change in the flow constant designed into the electronics.




Chapter Content

The general equation derivation, the specific equation derivation
and the sensors used are covered in Chapter II. The sensors are included
in this chapter because their outputs must be included in the derivation
of the specific equation. The hardware system considerations are
explained in Chapter III. Desirable qualities are arrived at for a new
flowmeter and the choice of hardware for the new system is discussed in
this chapter. Finally, the actual hardware layout is given and block
diagrams are included. An explanation is given in Chapter IV for the
particular choice of software language. The general program flowchart
is also included and explained. Chapter V details the performance of
the new system and compares it to the old system and to desired per-
formance levels. Chapter VI presents a summary and conclusions of the

project.




CHAPTER II

DESCRIPTION OF THE PROCESS

A theoretical analysis of the commercial method for obtaining flow
is given for the particular application. Descriptions of the sensors
used to obtain liquid level information and velocity information, both
of which are used in application of the theoretical treatment, are also

included.

General Flow Equation

The volume flow rate in a partially filled pipe is the volume of A

liquid that flows past any point in unit time and is written as d(éil
This can be written as g—(lé%rgél-since the volume of any figure with a
constant cross sectional area is equal to the length (1) times the cross

sectional area. The average distance that a unit moves in unit time
is 1. For a constant cross sectional area, the volume rate Qi%%ll can
be rewritten as area x %%-where %%—equa]s the average velocity of the

fluid. One can then write

flow = Qﬁ%%ll.= velocity x area. (1)

Cross Sectional Area Derivation

In a cylindrical pipe, the cross sectional area can be calculated
from the radius of the pipe and the depth of the liquid. A formula for
the cross sectional area is developed for Case 1 where the liquid depth
is less than R, the pipe radius, and for Case 2, where the depth is

greater than R.



From Figure 1, it is obvious for Case 1, D < R, that the total
cross-sectional area of the fluid is equal to the cross-sectional area
of the bottom half of the pipe minus the sum of the area of the triangle
and the areas of the two sectors included in the lower semicircular area.
This is written as

A] = bottom semicircle - (triangle + 2 sectors)

Substituting in the area formulas gives

2 —
A =T - [(R-D) A2 - (R-D)?2+ 2(%;)(wR2)]

2
nR2 2
=22 - (R-D) /R2- (RZ - 2RD + D?)- oR
. . _R-D . -1 ,R-1D
Since sin 8 = —x > & =sin (——¢r—4
TR e o7 - g2 ein-l (R=D
A] = T - (R - D) 2RD - D¢ - R™ sin (—'R—‘)

2
- L [(R-D) MR-+ R sin BaD), 0B Ry

(2)

From Figure 2, it is obvious for Case 2, D > R, that the total
cross-sectional area of the fluid is equal to the cross-sectional area
of the bottom half of the pipe plus the sum of the area of the triangle
and the areas of the sectors included in the upper semicircular area.
This is written as

A2 = bottom semicircle + (triangle + 2 sectors)
Substituting in the area formulas gives

?2
) "R . [(D-R) /RE - (D -R)Z+ 2(%;0(nR2)]

e
1

2
R,
2

2

+(D-R) /RZ - (D? - 2RD + RZ) + oR
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Again, 6 = sin”! ( R ) so

2 —
_ R i ' 7, 02 -1 D -R
A2 = + (D - R) V2RD - D + R® sin ( R )
Since sin (-x) = - sin xand D - R = - (R - D)
RZ 2 . -1 R-D
A2=—2—-(R-D) /D(2R - DY - R® sin (—R_)
2

- "—2— - [(R - D) /B{ZR = D) + R sin”! (RZTD)],(-l <R - D g)

Equation 3 from Case 2 is identical to Equation 2 from Case 1 so
the area can be written as

2
A= - [(R-D) ATR-D+R sinh B2l (a1 <R2Doy

The equations for the area of a semicircle, a triangle, and a
sector of a circle are included in many mathematical tables such as CRC
Standard Mathematical Tables. [1] The most important point in the
derivations was recognizing that both total area equations could be
written in identical form. This was an original contribution that

greatly simplified flow computations.

Sensors

The Tiquid level, D, may be measured using a bubbler }ube
type differential pressure system. Liquid level is measured
extensively by this method in the chemical industries. It has

proven extremely reliable and accurate. Other acceptable methods

of determining liquid levels exist but standard instrumentation is not
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available to convert the measurement to an electrical signal. In this
method the low pressure connection of the transmitter is left open to
the atmosphere. A length of tubing is then connected by one end to the
high pressure port of a differential pressure transmitter. The other
end of the tubing is positioned near the bottom of the pipe in which
the level measurement is to be made and left open. A connection is made
in this tubing so that a small flow of air may be introduced. Due to
this air flow, the pressure in the tubing will increase until it exactly
equals the external pressure on the open end of the tubing. At this
pressure, any additional air flow into the tubing will bubble out the
end. The pressure in the tubing is directly proportional to the height
of the column of water above the open end of the tubing. Therefore,
the pressure detected by the differential pressure transmitter is
directly proportional to the liquid level in the pipe.

The fluid velocity may be measured by an Annubar primary sensor
manufactured by Dieterich Standard Corporation (see Figure 3). [2]
Using the Annubar sensor eliminates sensor problems encountered with the
commercial flowmeters. The advantages of using this sensor are given
in Chapter III, Hardware System Considerations. This sensor can be
described as two pitot tubes that use the concept of annular averaging.
[3] The input probe is designed to measure the average velocity of
the flowing fluid. Four ports are located in an upstream direction,
facing the direction of the flow. The pressures at these four ports
are averaged by an interpolating tube or pitot tube inside the sensor.

This pitot tube, which points toward the ports, measures the pressure

inside the sensor caused by flow velocity at the four ports. The
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1
difference in pressure between that in the interpolating tube and a
downstream pointing pitot tube is the average pressure difference of
the total flow.

This pressure difference is measured by using another differen-
tial pressure transmitter. Tubing is connected between the interpolating
tube and the high pressure port of the transmitter. Another length of
tubing is connected between the downstream element of the Annubar and
the Tow pressure port of the transmitter. Air is bubbled out the
interpolating tube and the downstream element in a manner similar to
that used to measure liquid level. The transmitter detects difference
in tubing air pressures, which is exactly equal to the pressure differ-
ence in the sensing element.

Total flow calculations can then be made using these differential

pressure measurements which yield depth and velocity information.

Specific Flow Equation

For two pitot tubes, one facing upstream and one downstream,
V =K /dp- [4] dp is the differential pressure between the two tubes,
V is the flow velocity of the liquid and K is a constant for the

particular sensor. For our 8-inch Annubar sensor

2

On = SN0? FyFof, /G /A = 40U 2
Gy :
Qn = volume flow rate in cfm for a full pipe
S = constant for an Annubar for 8" pipe = 0.72734 = KgF,,
N = grouped constants depending on units for Qn = 0.7576
D = diameter of pipe in inches

Fa = expansion-contraction factor for pipe % 1
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F_ = manometer correction factor % 1
F_ = correction for compressibility of flowing liquid = 1
for water
G_ = specific gravity of liquid at flowing temp. as compared to
water at 60°F X 1 in our case

G] = specific gravity of liquid at 60°F as compared to water at

60°F = 1
. . . _ _d(vol)
We can derive velocity by noting V dt x area
Then
V(ft/sec) = Qh(c?n) n SND? 5 /dp
60[n(5)%] ~ 60[x(3)°]
2
- (0.72734)(0i7g76)8 AP _ | 6a /&5 ft/sec
(60) [n(3)°]
So from Vavg = K /dp ft/sec,

we see K & 1.68 ft/(sec /Tﬁ—ﬁzﬁ) for an Annubar in a full pipe.

Since the pipe cross-sectional area has been removed from the
above equation, only S might be different for a partially full pipe
where

S = KF, [3]

Kg is a geometrical correction factor for the Annubar and does not vary

if the pipe is only partially full. Fv is the velocity distribution

factor in the pipe. For a full pipe, this factor is given by

2n2

N T D R

1
for a nth- power law turbulent flow.
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For Annubar calculations, the pipe is assumed to follow a !
\
\
\

7th
power law or 1
-y
Vmax R
Vi = velocity at the ith port
Vmax = centerline velocity

y; = distance from wall to ith hole

P
n

pipe radius

Any changes in K caused by deviations from this velocity distribution
in a partially filled pipe will be corrected for by field calibrations
of the dp transmitter since the changes can be lumped as some constant
multiple of the differential pressure. When K is not equal to 1.68,

K=1.68 K] so that V = 1.68 K] /dp]. Then

avg

v

v 2

1.68 Vdp ft/sec. (5)

From Equation 1, flow = ve]ocity( ) x area and substituting

avg.
Equation 4 for area and Equation 5 for velocity we get

2
Flow = 1.68 v@p { ™3~ - [(R - D) vB(ZR = D) + R? sin~ ' (B=2)13¢t3/sec
2 R

when R and D are expressed in feet. We approximate arcsine by a series
truncated after four terms

3
. =1 X 3 5 15 7
sin (x) N x + Tt X ‘i3 X" (-1 < x
3 5

<1) 1]
7

= x + 0.166 x~ + 0.075 x~ + 0.045 x
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=
Flow % 1.68 @5 { "o~ - [(R - D) /O(2R - D) + R® (=D

(6)

3
R - D ) )]}ft /sec

+0.166 (3—5—9) +0.075 R=2D

) + 0.045 (R - o’

This calculation for total volume flow can be made using only the
differential pressure information obtained by the Annubar and the depth

information obtained by the bubbler system.

Maximum Error Due to Truncated Series

To find the maximum error in the truncated series we find the

maximum of
F()=Sin-] -(X+£+3—X5+]—5—X7)
" " 6 0 336
3
d_rsin! x>, 3 5,15 7y _
g bsinx - (kv ot g x4 335 x7) = 0
: - (1 + l-x2 + §-X4 + 105 X6) =0
A -« 2 8 36

We square both sides

1= (1-x3)(1 + x% +x* + x8 + 0.453125 x® + 0.234375 x'0 + 0.09765625 x'?)
=1+ %%+ xb + x84 0.453125 «® + 0.234375 x'0 + 0.09765625 x'2 - x?
- x* o x8 - x® ~0.453125 X1 - 0.234375 x'2 - 0.09765625 x'*

0 = - 0.546875 x° - 0.21875 x'0 - 0.13671875 x'2 - 0.09765625 x'*

2 4

- x8 (0.546875 + 0.21875 x~ + 0.13671875 x + 0.0976525 x6)




There is no solution other than x = 0 which is a minimum since there
is 0 error at this point.
£(0) = sin"1(0) - 0 =0

f(x) must then be a maximum at the boundary points -1 and +1. In our

equations x = B—ﬁ—g (-1<x<1)
3
£(-1) = sin (1) - [+ 0 3 S s B ()
£(-1) = -0.284487

in"1(-1) = -1.570796

-0.284487

% error = 1570796 X 100 = 18% at x = -1

F1) = sin” V(1) = [1 +1 + %Qg ]

Bl
o

f(1) = 0.284487

in"1(1) = 1.570796

0.284487

%EY‘Y‘O\”'W x 100 = 18% at x = 1

However, the % error in area is much smaller. From

g - 1R [(R - D)/D(ZR =Dy + R% sin"} (R2D
=7 - LR-D)/DR - sin” ()]

R% 2 R - R - D3
A% - ((R-D)/BIR-D + R g~ D 4 0.166 (Rc 2

+0.015 B2 D) +0.005 (D D) 1}
For a full pipe where D = 2R, x = B—ﬁ—g-= -1 the exact area
= 7R% = 3.141593 RZ.

In our approximation,

15
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. p2
area & LU [(-R) VO + R2 [-1+ 0.166(-1

3
5 )

+ 0.075(-1)°4 0.045(-1)7]

2
- "R - R% [~ 1.286] = 2.856796 R°

2
- = 9.0600
% of full scale error = (3.141???4]533832796),R X 100 s

For an empty pipe where D = 0, x = B—ﬁ—g-= 1 the exact area = 0.

In our approximation,

2
area ¥ I - [R 7O +R® (1 + 0.166 + 0.075 + 0.045)]

2
- E%—-- RZ [1.286000]

= R% [0.284796]

RZ
0.284796

% of full scale error = 3147593 R2

= 9.06%

We see using only four terms restricts the maximum error to 9% in the

calculations of the cross sectional area.



CHAPTER III

HARDWARE SYSTEM CONSIDERATIONS

System Requirements

The new system should meet several basic requirements. Overall
system accuracy should be within 15% or less of full scale. This 15%
accuracy represents a compromise between the accuracy desired and what
we thought could be reasonably achieved. Time between consecutive total
flow measurement outputs must be one minute or less. System downtime
should be held to less than 10%. Coatings on the probe should have
little effect on the total measurement. Finally, one system design
should be suitable for all applications thus eliminating basic hardware

modifications when applying the system.

Hardware Considerations

The first concern was with the type of flow sensor needed. This
sensor should measure an area weighted average velocity in the pipe to
obtain a highly accurate reading. By sensing at multiple points in the
pipe, a nearly average flow velocity could be obtained.

Multiple magnetic sensors could be used with the flow averaging
performed by electronics. However, this would require placement of
multiple probes. The electronic calculation would also become more
complex by including this averaging function. Finally, the inaccuracies
caused by coatings and obstructions in the flow would not be eliminated
but could be experienced by any of the sensors.

Use of the Annubar sensor eliminates all sensor problems pre-

viously mentioned. The Annubar has multiple ports so that an average
17
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flow velocity may be obtained. The averaging is done by the probe
instead of by the flowmeter electronics thus simplifying the calculations.
Since all the ports are located in one element, only a single probe
must be placed and anchored in the stream. In addition, coatings will
not affect the sensor unless one or more of the ports are completely
blocked. Although an obstruction in front of any one port can cause
an error in the velocity measurement, the total measurement will be only
marginally affected since the pressure at any one port is averaged with
the pressure at the three other ports.

A 20% pressure error caused by a flow disturbance at one port
would be reduced to an overall error of 5%. This effect can be demon-
strated very simply. In the case where the pressure is equal to 20"

H20 at all ports, the average is also 20" HZO' If however a 20% error
exists at one port, the pressure at that port will be 16" H20 or 24"
H20. The error at that port is 4" H20. When 16" H20 is averaged with

the pressure at the other three ports, the result is (16 + 204+ 20 + 20)

or 19" HZO‘ When 24" H20 is averaged with the pressure at the other
(24 + 20 + 20 + 20)
4

three ports, the result is or 21" H20. In both
cases the error is now 1" HZO’ 1/4 the original error, and is only a
5% error.

A differential pressure of approximately 100" of water is
developed across the Annubar upstream and downstream connections at
the maximum expected flow velocity of 16 ft/sec. [2] This is converted

to a 4-20 milliamp direct current signal and transmitted by a

differential pressure transmitter and bubbler tube arrangement as shown
in Ficure 4. This particular transmitter is a very derendable instru-
ment that has been used successfully. Accuracy of this transmitter

is 0.2% of full scale which is 0.2" water in our system. Liguid level

T
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in the pipe is also measured by using a bubbler tube and a differential
sressure transmitter and is also shown in Figure 4. Transmitter
accuracy is the same. Overall system accuracy depends on the accuracy
of the transmitter calibrations.

Next, the author considered the electronic specifications required
in order to meet total system specifications. First, the electronics
must be capable of making the necessary flow calculations. One calcula-
tion and total volume flow output per minute is required. The
electronics should be reliable, keeping downtime to a minimum. Since
there are several applications for this flow meter, the instrument
should be designed so that a similar unit can be used at any of the
locations. System cost is also very important.

A digital system consisting of a National Semiconductor Rack
Mounted Computer RMC 80/10, a Datel Systems model 800 analog to digital
(A/D) converter and a Datel Systems Model 800 digital to analog (D/A)
converter meets all these requirements. This is a representative digital
system and descriptions of this system are included in the text for
completeness. There are many other systems that could be used equally.
The flow calculation can be easily programmed into this type unit. The
basic unit could be used at any location with only minor programming
changes required for each application. The maximum error in the calcula-
tion of the equations in Chapter II is 9% or less. This result was shown
in Chapter II. Additional calculations that have been made but not included
show that this error drops to 5% or less when the pipe is more than 5%
or less than 95% full. The pipe liquid level should be between these
Timits 99% of the time, therefore overall accuracy will be much better
than 9%. Accuracy of the analog to digital conversion by a Datel

Systems Model 800 is within + 0.025% of the full scale range. The
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resolution is one part in 4096. Accuracy of the digital to analog con-
version is # %-least significant bit over the entire output range when
zero and full scale are adjusted correctly. This calculates to an
accuracy within 0.011% of fu]i scale range. Finally, the cost of the
microcomputer system should be less than the cost of designing and
building a hardwired system. The block diagram for the total system is
shown in Figure 4. The system interconnection diagram is shown in
Figure 5.

Differential Pressure Transmitter. The differential pressure unit

employed uses a capacitance sensor. | 5] The high and low pressures from
the process connections are transmitted through isolating diaphragms and
sealed fill fluid to a sending diaphragm in the center of the sensing
element. This sensing diaphragm deflects in response to the differen-
tial pressure across it. This deflection is detected by fixed capacitor
plates on both sides of the sensing diaphragm. The diaphragm is actually
the second plate for both of these capacitors. Current output is
proportional to this deflection.

RMC 80/10 Microcomputers. The National Semiconductor Rack

Mounted Computer, RMC 80/10, is a packaged microcomputer system built
around the BLC-80/10 Board Level Computer and is comprised of five
functional units. [6] These units are a BLC-80/10 Board Level Computer,
a BLC-910 System Monitor for loading, executing and debugging programs,
a BLC-635 power supply, a BLC-604 four slot card cage, and front panel
controls.

The BLC-80/10 is a self contained board level computer based on
the INS8080A Microprocessor. [7] It is a complete computer including

a Central Processor Unit (CPU), a serial communications interface,
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48 parallel I/0 lines, 1K bytes of static Random Access Memory (RAM),
sockets to accept 4K bytes of Read Only Memory (ROM/PROM) and a system
clock. A block diagram of the'BLC—80/10 is shown in Figure 6. A block
diagram of the CPU is shown in Figure 7. The INS8080A N-MOS Large-Scale
Integration (LSI) microprocessor is the central processor for the
BLC-80/10. The microprocessor contains six general purpose 8-bit
registers which can be used singly or in pairs, an 8-bit accumulator, a
16-bit stack pointer register and a 16-bit program counter. The 16-bit
stack pointer allows the user's stack to be located anywhere within the
memory space. This allows unlimited subroutine nesting levels and the
capability of maintaining multiple stack areas. The 4K bytes of ROM can
be installed in 1K increments. The INS8080A has 111 instructions which
may be 8, 16, or 24 bits. The logic diagrams of the BLC-80/10 are
included in Appendix A.

Converters. The Datel Systems Model ST-800 A/D converter accepts
up to 32 single ended or 16 differential analog channels. [8] The con-
verter can be operated in the program interrupt mode, under strictly
program control or under direct memory address (DMA) control. When
under program control from an 8080 type microprocessor it will select a
particular channel, digitize the input and present the digital data to
the computer for processing. The resolution of the digitized signal is
12 bits. Under program control, status {when a conversicn is completed)
is easily determined by reading the condition of bits in the status
register. The ST 800 A/D system block diagram is seen in Figure 8.

The data acquisition section of the Datel ST 800 A/D system con-
sists of an analog multiplexer, a buffer differential amplifier, a

sample and hold amplifier and an A/D converter. The multiplexer selects
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any of the 16 differential channels under the control of the number in
the current channel address register. The buffer differential amplifier
provides high input impedance and provides a means of converting dif-
ferential channel inputs to single ended outputs. The sample and hold
amplifier acquires the signal and holds it during the conversion since
the output of this section goes to the A/D converter. The acquisition
time is on the order of 12 microseconds. The A/D converter employed in
this system uses a successive approximation type of conversion. The
conversion time is 8 microseconds. The typical data transfer time for
the A/D Board is 36 microseconds when under program control. This is
the minimum time between samples that the converter can obtain.

The Datel Systems Model ST-800-DA4 D/A converter accepts up to
4 12-bit digital signals. [9] This system can be operated under program
control or in the program interrupt mode. When under program control
from an 8080 type microprocessor it will accept digital data from the
CPU, select a particular channel, convert the data and output to an
analog signal. The data is converted by utilizing three quad current
switches, two thin film resistor networks, a precision zener reference
circuit and an output amplifier. In this system the output is a O to
5V dc signal. Status of the conversion is again determined by reading
bits in the status register. The ST-800 DA4 D/A system block diagram
is shown in Figure 9.

The microprocessor system programming is considered in the

following chapter.
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CHAPTER 1V
SOFTWARE CONSIDERATIONS

Code

A1l instructions were programmed in 8080 Assembly language.
[10] The source code was edited, assembled or converted to object code,
and programmed into two 2708 1K PROMS by using the operating system
in a microcomputer development system. [11]  The PROMS
were then installed in the microcomputer used in the flowmeter. Use of
the development system greatly simpiified programming by allowing all
programming to be done in assembly language instead of machine code
which would have to be hand loaded. The programming could have been
further simplified by using Fortran 80, also available on this develop-
ment system. However, considerable more memory space would be required
for this particular case. Since our system is limited to 4K ROM and
1K RAM, programming in Fortran 80 would have required more memory than

we had available.

Programming

The general flowchart is shown in Figure 10. In the first step,
a block of ROM memory was chosen and all constants, including the pipe
radius R and the flow constant K, were loaded into this block. ROM was
chosen for storage because there is four times as much ROM memory as
RAM. The constant, nR2/2 is calculated for the pipe to be used and
stored in RAM memory by the microcomputer. This constant can then be

recalled when needed for the flow calculation.
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Of the four output channels available on the D/A converter,
only one output is required. The address of this channel must be
loaded into the converter and its initial output set equal to zero.

[9] A1l the initial conditions are now established.

Two of the 16 differential inputs available on the A/D con-
verter Board are used. The starting channel and final channel addresses
must be programmed into the A/D Board. The inputs are read through
these channels and stored by another series of programming steps.

The analog input signals coming from the liquid level and flow
transmitter vary from 4 to 20 milliamps. Four milliamps represents zero
flow velocity and zero liquid depth. It is not uncommon for a trans-
mitter's output signal to be slightly less than 4 milliamps when the
transmitter input is zero. Each A/D converter output is checked to
ensure that it is not less than the digital input resulting from a
4 milliamp input. If the input is less than this value, it is changed
to the value representing 4 milliamps and this is stored instead.

The total flow is then calculated for these values of liquid
level and flow velocity using the equation developed in Chapter II,
“Description of the Process." A1l mathematical manipulations are per-
formed by using subroutines FMATH and SQRT. FMATH, a reverse polish
arithmetic processor, takes a string of variables, converts the vari-
ables to floating point notation, and then performs the arithmetic
processes designated in the strings. It also converts floating point
notation back to fixed point when required. SQRT finds the square root
of specified variables. Using these subroutines and the polish strings

greatly simplifies programming and requires minimal memory storage.
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The D/A board is next programmed to output this value on the
correct output channel. The program then returns to the data input
step. The output value is_he]d until the results of a new calculation
are available.
The detailed flow charts are included in Appendix B. The result-

ing program listing is given in Appendix C.



CHAPTER V

RESULTS

Performance of the New System

Reliability. In lab tests, the new system proved considerably
more reliable than the purchased flowmeter. The system operated for a
four-month period without equipment failure of any type. During this
period, the zero and fullscale outputs of the differential pressure
transmitters drifted less than 0.25%. Recalibration of the transmitters
was not required. The recorder was recalibrated on one occasion follow-
ing an output drift of approximately 1%.

Accuracy. During this period, system accuracy was checked by
applying simulated pressure signals to both differential pressure trans-
mitters. These pressures were varied over the pressure range correspond-
ing to flow velocities and liquid levels from 0% to 100% of maximum.
Precise calculations were made determining the theoretical volume flow.
This was compared to the recorder reading. The recorder had been
calibrated for a 0 to 5 volt range, corresponding to a flow range of 0
to 29.69 cubic ft/min.

A graph of the deviations from the theoretical output as a per-
cent of full-scale output is shown in Figure 11 for all data. For all
tests the maximum deviation as a percent of fullscale reading was 9.6%.
In most cases, the deviations are less than * 5%. The cases in which
the deviations exceed these values represent liquid levels greater than
95% or less than 5% maximum. The deviation was 0% at 0 flow. So the
experimental accuracy is demonstrated to be well within the required

15% by this graph.
33
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Time Response. No calculations were made to determine the

theoretical speed of response to an input change. However, the system
output responded to input changes faster than the recorder could follow.
The recorder has a full-scale response of 1.5 seconds or less, therefore,
the system did meet the requirement for consecutive flow measurement
outputs to occur in less than one minute.

Flexibility. During the test, the system was reprogrammed for
installation at another site with a different pipe size and a different
maximum flow velocity. This change was made in less than four hours by
using the development system. The system is therefore very flexible

and meets this last system requirement.

Cost Comparisons

Total typical hardware cost for the flowmeter developed on this
project is $4719.17. A breakdown of the component cost is given in
Table 1. The price of the commercial flowmeter was $6500 in 1978 or
approximately $1800 more than the hardware cost for our unit. Develop-
ment costs for one flowmeter exceeded this $1800 difference. However,
installation of three or more flowmeters would bring the total cost per
unit to less than the cost of the commercial unit when the development
costs are prorated.

Total costs per unit can be reduced again when two or more flow-
meters are installed in the same general vicinity. The microcomputer
can process inputs from a maximum of four different liquid streams using
the present A/D and D/A Board Combination. Moderate programming changes
would be required to do this. Hardware costs would be only $2950.17

for each of the three additional flow measurements.



TABLE 1
COST OF TYPICAL FLOWMETER SYSTEM HARDWARE

36

Air Pump 3 @ $26.99 $ 80.
A/D Converter 650.
D/A Converter 559.
8" Annubar Flow Sensor 400.
Microcomputer 560.
2708 PROM chips 2 @ $23.10 46.
Power Supply | 129.

Differential Pressure Transmitter 2 @ $764.50 1529.

Electronic Single Pen Recorder 765

Total $4719.

97
00
00
00
00
20
00
00

.00

17




When everything is considered, this system should be Tess

expensive than the commercial unit.
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CHAPTER VI

SUMMARY AND CONCLUSIONS

A flowmeter was designed and developed by the author to measure
total volume flow in partially full pipes because a reliable, accurate
flowmeter was not commercially available. The system was designed to
use an Annubar primary sensor with a differential pressure
transmitter to obtain flow velocity information and a bubbler tube with
a differential pressure transmitter to obtain Tiquid level
information. Equations were derived by the author that related this
information to total volume flow. A microcomputer was included in the
system to perform the flow calculations. The microcomputer was pro-
grammed by the author with the assistance of Mr. Bill Osborne. A
strip chart recorder was added to the system to provide a record of
the total flow.

The system exceeded all performance requirements. Down time for
maintenance, system accuracy and response time are all within desired
performance limits. In addition this system is much more flexible than
the previous instrument systems. With the increased emphasis placed on
monitoring 1iquid discharge in the chemical industry, tnis flowmeter
should fill a need that can not presently be met by commercial systems.

Even though accuracy is within specifications, system accuracy
can be improved. A look-up table can be included in ROM so that values
for pipe areas would be available whenever the liquid Tevel exceeds 90%

maximum or is less than 10% maximum. This would enable the output to

38




be much more accurate and would allow the number of table entries to

be kept to less than twenty. This possibility would be investigated

if the system were redone.
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Polish Strings

|

Designate
Starting
Address for
Constant Block

JTS FMATH
Scales Radius

to Feet
Stores at Radius

Load
Address of
SQR

]

JTS FMATH
Squares Radius
Stores at
RSQR

Load
Address of
CALP1

SCALO
y
Load
Constants
SQR
|
Load Starting
Address for
Program
|
Initialize
CALP] Stack
Pointer
i
Load
Address of
SCALQO
Subroutine
FMATH

JTS FMATH
Calculates
wR2/2 Stores
at PIRSQ

Figure B-1. Flow Chart for Loading and Calculating Constants
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Figure B-2.

|

Reset
D/A
Flags

L

Set
Start
Channel = 0

Set
End
Channel = 0

/

Qutput
- Low
Byte = 0

Output
High
Byte = 0

l

Flow Chart to Initialize and Reset D/A System
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|

Clear A/D
Status
Register

!

Set Start
Channel
No. = 0

|

Set End
Channel
No. = 1

Start

Conversion
of Depth

l

Check Status
for
Conversion

51

[

Read Low
Byte, Store
in E

l

Read
High
Byte

|

lero Four
High Bits,
Store in D

1

Start
Conversion
of dp

l

] Check Status
for
Conversion

Complete?

Figure B-3. Flow Chart for Programmed A/D Input Routine



Read Low
Byte, Store
in L

Read
High
Byte

|

Zero Four
High Bits
Store in H

Figure B-3. (continued)
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1

Load Live
Zero into
B, C Registers

Non Zero

Positive

Figure B-4.

Load Live
Zero into

dp

N

Flow Chart for Ensuring Inputs are Equal to

or Greater than Zero
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54

Pasitive

Load Live
Zero into
Depth

ft—

{

Store dp
and Depth
in Main
Memory

|

Figure B-4. (continued)




l

!

Load Address
of SCAL1
into H, L
Registers

JTS FMATH
Calc. R-D

Stores as
M1

|

JTS FMATH

Scales D
to Feet,
Stores

Load Address
of POL1
into H, L
Registers

!

Load Address
of SCAL2
into H, L
Registers

JTS FMATH
Calc. (R-D)/R,
Stores at
IM2

|

Load Address
of POL2
into H, L
Registers

JTS FMATH
Scales dp
to Inches » 256
Stores at DP

!

JTS FMATH
Calculates
256 D (2R-D),
Stores at IM3

Load Address
of POLO
into H, L
Registers

Load Address
of IM3
into H, L
Registers

Figure B-5.

Flow Chart for Flow Calculation




JTS FMATH

Calculates

IM2 Squared
Stores at IM2 Sq.

JTS SQRT
Calculates
256 » Sq. Root
of IM3

Load Address
of POL5
into H, L
Registers

Store 256 * Sq.
Root of IM3
at IM3

i

|

Load Address
of POL3
into H, L
Registers

JTS FMATH
Calculates
(IM2)x%4 Stores
at IM24T7

JTS FMATH
Calculates

(R-D) H(2r-D)
Stores at IM5

Load Address
of POL6
into H, L

Registers

)

JTS FMATH
Calculates
(IM2)«x6 Stores

at IM26T

Load Address
of POL4
into H, L
Registers

Load Address
of POL7
into H, L

Registers

Figure B-5. (continued)
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1

JTS FMATH
Calculates
K 7dp Stores
at IM7
JTS FMATH
Calculat
(5_03 CuDazst . Load Address
(8 J. { . ) of POL9
rc Sin (R-D)/R into H, L
Registers
Load DP ’
into H, L 3
Registers
?
JTS SQRT
Calculates
256 VDP

Stores 256«.
Y DP at
DP

l

Load Address
of POLS
into H, L
Registers

Figure B-5. (continued)




JTS FMATH
Calculates
Scaled Flow

Stores at Flow

Subroutines

FMATH

SQRT

Polish Strings

SCAL1

Figure B-5. (continued)




SCAL2

POLO

POL1

POL2

POL3

POL4

Polish Strings (continued)

POLS

POL6

POL7

POL8

POLY

Figure B-5. (continued)
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|

| Set Qutput
Channel in
D/A Converter

in H, L
Registers

Output

Low
Byte

Output
High
Byte

l

—_—1 Jump Main

i
Store Flow
Figure B-6. Flow Chart for Programmed D/A Output Routine
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ISIS-1I1 8080/8083 MACRO ASSEMELER» V2.0

Lac

0700
0700
0702
0704
0706
0708
070A
070C
070E
0710
0712
0714
0716
0718
071A
071C
071E
0720
0722
0724
0726
0728

0000

0000
0003
00046
0009
000C
000F
0012
0014
0013
0017
001A
001C
001E
0020
0021
0023
0024

0010
0026
0028
002A
002C
002E

ORJ

L8774
4EK00
9006
3303
FFOF
204E
0300
0200
0001
0F 00
5001
2800
0600
0100
£803
E13S
6400
8808
ccoc
0064
0010

J1FF3F
210301
cneco2
21E700
Cneco2
21F100
CcD9co?

[Q:3 ¥4
110000
3E00
(314
[(R3%)
7B
0316
7Aa
0317

3E£00
D310
3E0O
D3ty
3C

SEQ

-
CODBNOGUND 1) =

-
g b

-

D B B b= et s e et e
I OO DNOCDdW

23

S0

52

SOURCE STATEMENT

$DIVIDE BY 10000 FOR PI
JEQUAL TO RADOIUS IN FTX100
SCONSTANT TIMES 1000

iLIVE FROCESS ZERO
#FROCESS FULL SCALE

$SCALES RADIUS TO FEET
$STORES AT RADIUS

sRESET /A SYSTEM

iCLEAR STATUS REGISTER

$SET START CHANNEL NO=0

ORG 700H
[ & [ 31416
RAD? (7] 75
K3 7] 1680
2ERO: oW 819
FULLSCS Dw 4095
X20000: DW 20000
X33 W 3
X23 oW 2
X256 ow 256
X153 oW 15
X336¢ oW 136
X403 (V] 40
Xé1 (] 6
X13 oW 1
X1000: IV 1000
X13793: W 13793
X100:¢ (7] 100
X2184: DV 2184
X3276: DU 3276
X25600: DU 25600
X4096% W 4096
H
i
ORG o]
’
INITL: LXI SFs3FFFH
LXI H+SCALO
CALL FMATH
LXI H»SAK
CaLL FMATH
LxI HyCALFI
CALL FMATH
DA EQU 14H
IN DA+3
LXI D0
MVI ArO
our A
ouT DBA+1
MoV ArE
out DA+2
MOV ArD
ouT [IA+3
H
i
i FROGRAMNED A/D ST800
AD EQU 10H
MAIN? MVI AvO
out AD
MVI ArO
0uUT AD+)
INR A

62

$ISET END CHANNEL REG=1




ISIS-II 8080/8085 MACRO ASSEMBLER, V2.0

Loc

002F
0031
0033
0035
Q0346
0039
003K
003C
003E
0040
0041
0043
0045
00446
0049
004E
004C
004E
0050

0051
0054
0055
0056
0059
005C
o0osn
005E
0061
0064
0065
0066
0069
006C
[els T3
006E
0071
0074
0077
0078

0078
007E
0081
0084

0087
008A
008D
0090

OEkJ

0312
0313
D10
OF
023300
11:3 91
SF
[(1:39%
ESOF
57
D313
DE10O
OF
n24300
DE1L
&F
DB11
EL0F
67

013303
7C
B8
FA6100
C26400
7D
B9
F26400
213303
7a
B8
FA7100
C27400
7B
14
F27400
113303
221F3C
EE
22223C

Jeytaty

21E101
Ch9Co2
21F501
conyco2

210301
cneco2
210001
cneco2

SEQ

53
S4
S5
56
S7
o8
59
40
41
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
?1
72
93
74
95
?6
97
98
9?9
100
101
102
103
104
105
106
107

$START CONVERSION
PREAL STATUS FOR CONVERSION
iCOMFLETE(LSE=1 AT COMFLETE)

JiGET LOW EYTE

ISTORE IN €

SGET HIGH BYTE

$ZEROS 4 HIGH EITS
#STORE IN D

iSTART SECOND CONVERSION
FWAIT FOR COMFLETE

#GET LOW BYTE
#STORE IN L

$GET HIGH RYTE
$ZEROS 4 HIGH BITS
iSTORE IN H

iSCALES DEFTH FROM A/D
$TO 0 TO 1.5 FEET
$SCALES DFP=0 TO 100 INCHES

iCALCULATES (RAD-DEFTH)
}STORES AT IMtL
iCALCULATES (FRAD-DEPTH)/RAD

SOURCE STATEMENT
oUT AD+2
OUT AD+3
LFP1! IN AD
RKC
JNC LF1
IN Alt1
MOV ErA
IN AD+1
ANI OFH
MOV DrA
ouT ALl+3
LP2: IN AD
RRC
’ JNC LF2
IN AaD+1
MOV LrA
IN AD+1
ANI OFH
MOV HrA
{END OF A/D CONVERSION
LXI Ee819
MOV ArH
CMFP ]
JM TOOSM
INZ CFDE
MOV AsrlL
CHP Cc
JP CFDE
TOOSM: LXI H»819
CFOE: MoV Arl
CHP B
JN TOSM1
JNZ STVAL
MOV AYE
CHF c
JP STVAL
TOSHL! LXI 0e819
STVAL! SHLD DP
XCHG
SHLD DEFTH
H
]
[}
JSTART OF FLOW CALCULATION AND OUTPUT
#
1]
LXI H»SCALL
CALL FHATH
LXI HeSCAL2
CALL FMATH
$
LXI HeFOLO
CALL FMATH
LXI HeFOL L
CALL FMATH

$STORES AT IM2=IM1/RAD



ISIS-II 8080/8085

Loc

0093
0096

0099
009C
009F

00A2
00AS
00A8
00AR

00AE
00K1

OOk4
00KE7

Q0kA
OORD

00CO
00C3
00Cé

00C?
00CC

00CF
oon2

oons
0007
oon9
(o010 3]
00DE
00DF
00E1
00E2
00E4

00E?

ORJ

211701
Cn9co2

2A313C
CIOFO02
22313C

213101
Cneco2
214301
cneco2

214001
chneco2

215701
cneco2

216101
cneco2

2A1F3C
COOFO2
221F3C

219F01
Cn9co2

21E901
cneco2

3E00
n314
n31s
2A463C
70
316
7C
D317
€C32600

1C3C

SEQ

108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162

-

U) = w e W -

Q
n

MACRO ASSEMELER, V2.0

SOURCE STATEMENT

LXI HyFOL2 $CALCULATES FIXED FOINT
CALL FHMATH $IM3=DEFTH(2*RAD-DEFTH)

LHLD M3 i TAKES SQUARE ROOT OF
CALL SQRT $IM3» RESULT AT IN3
SHLD M3
LXxI HyFOL3 iCALC. (RAD-DEFTH)XIM3
CAaLL FMATH ISTORES AT INS
LXI HyFOL4 iCALCULATES IM2 SQUARED
CaLL FMATH iSTORES AT IM2SO
LXI H'POLS iCALCULATES FOURTH FWR IM2
CALL FMATH ISTORES AT IM24T
LXI HeFOLS  SCALCULATES SIXTH FWR IM2
CALL FMATH ISTORES AT IM26T
LXI HyFOL? iCALC. RAD SQRIKARCSIN(RAD-DEFTH)/KAD)
CaLL FMATH ISTORES AT IM6
\
LHLD e 1CALC, SQR ROOT DF
CALL SART iSTORES SQR RT 0F % 256 AT LfF
SHLD OF
LXI H'FOLB CALC. NESQR RUOOT DF

CALL FMATH ISTORES AT IM7

LXI HyFPOL? iCALC. FINAL FLOW SCALED
CALL FMATH +TO O TO 4095 FOR OUTPUT
iSTORES AT FLOW

$FROGRAMMED ['/A ROUTINE
MVI A0 #SET START CHANNEL=0
ouT DA
OUT DA+l
LHLD FLOW iGET FLOW IN H-L
MOV AsL
OUT DA+2 JOUTFUT LOW BYTE OF 1ST CHANNEL
MOV AvrHe
ouUT DA+3 iOUTFUT HIGH BYTE OF 1ST CHANNEL
JHF MALN

REVERSE FOLISH STRINGS

| "] RADIUS

64
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ISIS~1II 8080/8085 MACRO ASSEMELER, V2.0

LOC

00E®
O0EH
OCED
OOEF

00F1
00F3
Q0FS
00F7
00F9
OOF B
OOF I
OOFF
0101

0103
0105
0107
0109
010K

010D
010F
o111
0113
0115

0117
0119
O11R
011D
01§F
0121
0123
0125
0127
0129
012B
012D
O12F

0131
0133
0135
0137
0139
013k
0130
013F
0141

Okd

1e3c
04FF
04FF
253¢

0007
OOFF
0A07
OOFF
OSFF
253C
OAFF
06FF
283C

1C3C
223C
O3FF
06FF
2R3C

2B3C
1C3C
OSFF
0&FF
2e3C

0E07
00FF
1c3c
04FF
223C
03FF
223C
0AFF
1007
00FF
04FF
O7FF
313C

313C
OOFF
2807
0OFF
OSFF
2B3C
OAFF
0&FF
343C

EQ

163
164
165
166
167
148
169 CALFI:
170
171
172
173
174
175
176
1727
178 i
179
180 FOLO:
191
182
183
184
185 3
186 i
187 FOL1?
188
189
190
191
192
193 &
194 FPOL2S
195
196
197
198
199
200
201
202
203
204
205
206
207 %
208 §
209 FOL3
210
211
212
213
214
ns
216
217

W
[
oW
(&)

(Y]
| 0]
oy
| (]
]
[0"]
(7]
[ (V)
bW

(")
| )
D
1]
v

bW
bW
oW
oy
o

[
oy
1d}
oo
v
o
i1}
e
[
b
{0
[ ]
Dy

oW
oy
oW
ow
[}
oW
DY
[
|

SOURCE STATEMENT

RADNTUS
RMULTY
REQFLT
RSQR

FI
RFLOT
X20000
RFLOT
RDIV
RSQR
RMULT
REQFLT
FIRSQ

RADIUS
DEFTH
RSUB
REQFLT
Mt

M1
RADIUS
ROIV
REQFLT
IM2

X2
RFLOT
RADIUS
RMULT
DEFTH
RSUR
DEFTH
RMULT
X256
RFLOT
RHULT
REQFIX
M3

In3
RFLOT
X4094
RFLOT
ROIV
M1
RMULT
REQFLT
INS



66

ISIS-II 8080/808S MACKO ASSEMBLER, V2.0

LOC OEJ SEQ SOURCE STATEMENT

218

219 3
0143 283C 220 FOLA4? | (] in2
0145 2E3C 221 | 7] IM2
0147 OAFF 222 oW RMULT
0149 O06FF 223 () REQFLT
014p 373C 224 [ '] 1n2s0

225

226
014D 373C 227 POLSS (] In2sa
014F 373C 228 |47} IN2sQ
0151 OQAFF 229 oy RMULT
0153 O6FF 230 [ (7] REQFLT
0155 3A3C 231 | IM24T7

232 ¢

233
0157 3A3C 234 POLG! |] IM24T
0159 373C 235 oW Ih25Q
01SBE OAFF 236 Dw RMULT
015D O06FF 237 | (] REQFLT
015F 3D3C 238 (0] IM26T

239

240 4
0161 1207 241 FPOL7: oW X1S
0163 OOFF 242 D RFLOT
0165 303C 243 oW IM26T
0147 OAFF 244 W RMULT
0169 1407 245 nJ X336
016R OOFF 246 [0} RFLOT
0160 OSFF 247 W RDIV
016F 3A3C 248 nuw IM24AT
0171 0CO7 249 W X3
0173 OOFF 250 ] RFLOT
0175 OAFF 251 D RMULT
0177 1607 252 DM X40
0179 OOFF 253 oW RFLOT
017B OCFF 254 [ RDIV
017D O2FF 255 | RADD
017F 373C 256 w In2sa
0181 1807 257 j Xé
0183 OOFF 258 ) RFLOT
0185 OSFF 259 [L] RDIV
0187 O2FF 260 |} RADD
0189 1A07 261 fl] X1
0188 OOFF 262 v RFLOT
0180 02FF 263 | RADD
018F 2E3C 264 [(L] M2
0191 OA4FF 265 (<] RMULT
0193 253C 266 [} RSGR
0195 OAFF 267 [ RMULT
0197 343C 268 | '] InS
0199 O2FF 269 j ] RADD
O19R O06FF 270 oy REGFLT
019D 403C 271 [L0) In6

272



ISIS-II 8080/8085 MACRO ASSEMELER. V2.0

Loc

OL9F
0141
01A3
01AS
01A7
01A%
01AB
O1AD
O1AF
O1E1
01B3
01BS
0187

01B9
O1BE
O1BD
O1BF
01C1
01C3
01CS
01C7
01C9
OiCHE
01CD
O1CF
o1m

01D3
01D5
o1D7
0109
o1DB
010D
O10F

O1E1
01E3
01ES
01E7
O1E?
01EB
O1ED
O1EF
01F1
O1F3

0BJ

0407
QOFF
1Co7
OOFF
OSFF
1F3C
0OFF
O4AFF
2807
OOFF
OSFF
0&4FF
433C

283C
403C
O3FF
433C
OAFF
1E07
00FF
2007
OOFF
OSFF
04FF
O7FF
463C

0207
OOFF
2007
QOFF
OSFF
O&6FF
1€3C

223C
QOFF
0607
QOFF
O3FF
2207
OOFF
OSFF
O0&6FF
223C

SEQ

273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325

POLBS

POL?:

- e

SCaL1?

326 4

327

SOURCE STATEMENT

oW
by
nw
W
[
v
(0]
oW
()
o
oW
by
W

oW
oW
vy
il
oW
W
o
o
|
| )
ow
|
[

(1]
o
oW
(]
(]
[}
|0

()
[
{0
|0
oW
|0
[}
bW
o
[

K
RFLOT
X1000
RFLOT
RDIV
DP
RFLOT
RMULT
X4096
RFLOT
RDIV
REQFLT
18,74

FIRSQ
IM6
RSUB
In7
RHULT
X13793
RFLOT
X100
RFLOT
RDIV
RMULT
REQFIX
FLOW

RAD
RFLOT
X100
RFLOT
RDIV
REQFLT
RALDIUS

DEPTH
RFLOT
ZERO
RFLOT
RSUB
X2184
RFLOT
RDIV
REQFLT
DEPTH

67



ISIS-1I 8080/8085 MACRO ASSEMELER» V2.0

LOC OBJ SEQ SOURCE STATEMENT
01FS5 1F3C 328 SCAL2: W [ U
O01F7 OOFF 329 oW RFLOT
O1F? 0607 330 o ZERO
OLFB OOFF 331 [} RFLOT
OLFD O3FF 332 bW RSUB
O1FF 2407 333 () X3276
0201 OOFF 334 W RFLOT
0203 OSFF 335 o ROIV
0205 2607 336 (] X25600
0207 OOFF 337 [ RFLOT
0209 OAFF 338 (] RMULT
020B O7FF 339 | ) REQF IX
020D 1F3C 340 |7} F
341 4
342 }
343
344 3
345 $8080 SQUARE ROOT ROUTINE
346 316 BIT ARGUMENT, 16 BIT RESULT
347 $ENTER WITH ARGUMENT IN HL
348 JRESULT RETURNED IN HL
O20F 110000 349 SAQRTS LXI [,0000H SINITIALIZE EXTENDED' ARGUMENT,
0212 OLFFFF 350 LXI EOFFFFH 3COMPLEMENTED RESULT»,» AND
0215 3E10 351 MVI Ar10H $LOOP COUNT.
0217 FS 352 FUSH PSW $SAVE LOOP COUNT.
353 i
0218 EB 354 LOOF! XCHG
0219 7C 355 MOV ArH
021A 65 356 MOV H.L
021B 6A 357 MOV LoD
021C 29 358 DAL H iDOUBLE LEFT SHIFT OF
0211+ 17 359 RAL 3DOUKLE STRING DEHL
021E 29 360 DAD H $(CONTAINING CURRENT REMAINDER).
021F 17 361 RAL
0220 EB 3562 XCHG
0221 29 343 DAD H
0222 29 354 DAD H
0223 3A 345 MOV E.D
0224 57 366 MOV DyA
367 L]
0225 F1 348 FOFP FSW SRETRIEVE LOOP COUNT,
0226 ES 369 FUSH H $SAVE LOW ORDER 16.
0227 60 370 MOV H+B JMOVE PARTIAL RESULT
0228 49 371 MOV L.C iTO HL.
0229 29 372 DAD H iSHIFT LEFT» SHIFTING IN A ONE.
022A 2C 373 INR L
022 44 374 MOV ErH $SAVE SHIFTED PARTIAL RESULT.
022C 4D 375 HOV C»L
022D 29 376 DAD H ISHIFT COPY OF FARTIAL RESULT AGAIN.
022E 2C 377 INR L
022F 19 378 DAD D iSUBTRACT SHIFTED FARTIAL RESULT
379 iFROM HIGH 16 OF CURRENT REMAINIDER
380 i (BY ADDING COMFLEMENT),
0230 Dp23502 1381 JNC NOGO ITEST SUBTRACTION RESULT.

0233 oD 382 ICR C ITACK A ZERD ONTO COMPLEMENTED
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LOC OwJ SEQ SOURCE STATEMENT
383 iFARTIAL RESULT.
0234 ER 384 XCHG JREFLACE KIGH ORDER 16 OF CURRENT
385 JREMAINDER WITH SURTRACTION RESULT.
0235 30 386 NOGO: DCR A s BECREMENT AND TEST LOOF COUNT.
0236 CA3EO2 387 JZ [ONE
0239 E1l 3es FOF H
023A FS 389 FUSH FSHW }SAVE LOOF COUNT.
023 C31802 390 JMF LOOFP
023E E1 391 DONE?! FOP H REMOVE UNUSED DATA FROM STACK.
392 4
023F 78 393 MOV ArE
0240 2F 374 CMA
0241 67 395 MOV HrA $ COMPLEMENT RESULT AND STORE IN HL.
0242 79 396 HOV a,C
0243 2F 397 CHA
0244 6&F 398 MOV LrA
0245 C9 399 RET
400 i
401
402 &
403 i
404
405 ;REVERSE FOLISH ARITHMETIC FROCESSOR
406 $CALLING FORMAT: LXI HsFOL1
407 i CALL FMATH

408 FWHERE FOL1 IS THE START OF THE STRING TO BE FROCESSED
409 iNO STORAGE OF VARIAELES IS ALLOWED AEOUVE FFOOH
410 ;ADNDRESSES STARTING WITH FF INDICATE AN OFERATOR

411 i

412 i
0246 7k 413 OFRAT! HOV AE
0247 FEOS 414 CFI 6 iCARRY SET IF E<6
0249 DAL902 415 JC REALOF
024C 23 4146 STREK: INX H
024D SE 417 nov EsM
024 23 418 INX H
024F 56 419 MOV Do M $GET ADDRESS TO STR RESULT
0250 ER 420 XCHG
0251 M 421 FOF D
0252 C1 422 FOF B
0253 48 423 MoV CrB
0254 ES 424 FUSH H
0255 FEO6 425 CrPl -}
0257 €26102 426 JNZ FIXIT
025A E1 427 FOF H
025Kk 71 428 Hov MC
025€C 23 429 INX H
025D 72 430 XYZ3 MOV M
02SE 23 431 INX H
025F 73 432 MoV ME
0260 €9 433 RET
0261 CB6003 434 FIXIT! CaALL FIXX
0264 E1 435 FOF H
0265 73 434 MOV HeE

0266 23 437 INX H
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Loc O0BJ SEQ SOURCE STATEHENT
0267 72 438 MOV MeD
0268 C9 439 RET
440 &
0269 221A3C 441 REALOP! SHLD HLSTR
024C D1 442 POF D
026D C1 - 443 FOP B .
026E 48 444 MoV C»B $1ST IN COE
026F 3D 445 DCR A
0270 FAB202 446 Ju FLOAT
0273 3D 447 DCR A
0274 FAR902 448 JM UNARY
0277 32193C AA9 sTa OFSTR iSTORE OFERATOR-2
027A EI 450 FoP H
0278 F1 451 FOFP FSW
027C 47 452 MOV BeA 2ND IN EBHL
027D ES 453 PUSH H $SAVE RETURN ADDRESS
027E 219502 4354 LXI HeADNE $ON STACK
0281 E3 455 XTHL
0282 3A193C 456 LA OFSTK #GET OPERATOR-2
0285 B7 457 ORA A iSET FLAGS
0286 CAC202 4358 Jz FADD
0289 3D 459 DCR A
028A CAKFO2 460 JZ FSUE
028D 3D 461 DCR A
028E CA2604 462 JZ FHPY
0291 3D 453 DCR A
0292 CAAEO03 464 JZ FDIV
02935 A1l 445 ADNES MOV EC
0296 CS 466 PUSH B $SAVE RESULT ON STACK
0297 IS 447 FPUSH [J $FOR NEXT OPERAND
0298 2A1A3C 468 LHLD HLSTR
0298 23 449 INX H
029C SE 470 FHATH! MOV ErM
029D 23 471 INX H
029E 7E 472 MOV ArM
029F FEFF 473 CPI1 OFFH
02A1 CA4502 474 JZ OFRAT
02A4 56 475 MOV DeM
02A5 1A 476 LDAX D
02A6 FS 477 PUSH FSW
02A7 13 478 INX D
02A8 1A 479 LDAX D
02A9 47 480 MOV BrA
02AA 13 481 INX D
02AB 1A 482 LDAX D
02AC 4F 483 MOV CiA
02AaD €S 484 FUSH ]
02AE 23 485 INX H
02AF C39C02 486 JHP FMATH
487 &
0282 59 488 FLOAT: MOV EsC
02B3 CDBCO3 489 CALL FLOT
02B6 C39502 490 JHP ADNE
491 ¥

02B9 CDAA03 492 UNARY! CALL FNEG
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LoC O0BJ SEQ SOURCE STATEMENT
02BC C39502 493 JHP ADNE
494 }
495 JOPERANDS STORED ON STACK AS:
496 § EXPONENT-T77777777
497 MANT1 -MANT2
498 SVALUE STORED IN MEMORY LOCATION AS3
499 LABEL? EXPONENT
500 MANT1
501 § MANT2
502 ¢ OR FOR FIXED!
503 3 LABEL! LOW BYTE
504 HIGH BYTE
505

506 #7-FIX RESULT AND STORE AT LAST ADODRESS
507 36-STORE RESULT AT LAST ADIDRESS

508 $S5-DIVIDE

S09 $4-MULTIPLY

510 $3-SUBTRACT

511 $2-ADD

512 31-UNARY ‘-’ (NEGATION)

513 ;0-FLOAT

FFOO S14 RFLOT EQU OFFOOH
FFO1 515 RNEG EQU OFFOLH
FFO2 516 RADD EQU OFFO2H
FFO3 517 RSUB EQU OFFO3H
FFO4 518 RMULT EQU OFFO4H
FFOS 519 RDIV EQU OFFOSH
FFO0é 520 REQFLT EQU OFFO&H
FFO7 521 REQFIX EQU OFFO7H
522 4

523 SFLOATING POINT ROUTINE FSUB! THIS ROUTINE SETS UP THE FARAMETERS TO FASS
524 $T0 FADD WHICH KESULTS IN SUBTRACTION OF A NUMBER IN C-D-E FROM A
52% $NUMBER IN B-H-L. IT MUST BE LOADED INTO MEMORY IMMEDIATELY FRECEEDRING
526 JFADD.
02BF CDA403 527 FSUB! CALL FNEG INEGATE C-D-E
S28 $FLOATING POINT ROUTINE FADD! THIS ROUTINE ADDS A FLOATING FOINT
529 SNUMBER IN C-D-E TO A FLOATING POINT NUMBER IN B-H-L AND RETURNS WITH
%30 $THE RESULT IN C-D-E. IT SHOULD BE LOADED INTO MEMORY IMMEDIATELY
531 iFOLLOWING FSUB.

02C2 COBDOS 532 FADD! CALL ZRO $CHECK FOR ZERO C-D-E

02CS 87 533 ADD A

02C6 EB 534 FAOO! XCHG

02C7 79 535 MOV AlC JEXCHANGE C AND P

02C8 48 536 MOV CrB

02C? 47 537 MOV BsA

02CA C8 538 RZ JZERO IMPLIES ONE NUMBER WAS ZERO.
339 IRESULT IN C-D-E

02CP CDLBDOS 540 CALL ZRO $CHECK NEXT VALUE (B-H-L)

02CE 87 S41 ADD A "

02CF CAC602 542 JZ FAOO $ZERO IMPLIES B-H-L WAS ZERO»
543 IRESULT = C-D-E

0202 ES S44 PUSH H

0203 21113C S5S4S5 LXI H»S2

02Dé 79 546 MOV AsC

02D7 77 547 MOV MrA $RESERVE EXPONENT
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Loc

o2n8
o204
02DB
o2pc
020D
020E
02E0
02€E1
02E2
02ES
02E8
02E9
02EA
02ER
02EC
O2ED
02EE
02€EF
02F0
02F1
02F2
02F3
02F4
O2FS
02F 6
02F7
02fF8
O2F9
02FA
02FB
02FC
O2FD
O2FE
02FF
0300
0301
0302
0303
0306
0307
0308
030B
O30E
030F
0310
0311

0312
0315
0317
0318
031B
031C
031F
0320

OBJ

E47F
aF

28

78

77
E47F
47

B9
CA1103
DAF502
41

4F

cs

46

23

AE

70

28

71

c1

E1

EB

ES

€1

78

3c

47

37

3F

7C

1F

67

70

1F

&F

AF

17
32123C
78

B9
C2F702
3A123C
85

&F

ES

E1

3A113C
£680
aF
34103C
81
F24C03
74

BC

SEQ

546
549
550
551
552
353
554
555
556
557
556
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
$77
578
579
580
581
582
583
5684
585
586
587
588
589
590
591
992
593
574
595
596
S97
598
599

"G
601
602

FAOQL?
FAO021

FAO3!

FAO4t

ANI
MOV
DCX
MOV
MOV
ANI
MOV
cHP

SOURCE STATEMENT

7FH
CrA
H

ArB
MrA
7FH
BrA
c

JZ FAO3
JC FAOl

MoV
MOV

BsC
CrA

PUSH B

MOV
INX
MOV
Hav
oex
MOV
FOP
FOP

BoM
H
CoM
MsB
H
M C
B
H

XCHG
FUSH H

POF
MOV
INR
MoV
STC
cne
MoV
RAR
MOV
Hov
RAR
MOV
XRA
RAL
STa
MOV
[, 1
JNZ
LDA
ADD
MOV

H
A'B
A
BrA

ArH

HsA
AL

LrA
A

S3
ArB
c
FAO2
83

L
LrA

FUSH H

POP

LpA
ANI
HOV
LDA
ADD

H

§2
80H
CrA
S1
c

JP FALO

Hov
Chwe

AsD
H

MOLULE PAGE 11

$MASK SIGN BIT

iMATCH EXFONENTS IF NOT EQUAL
3IF Z=1+» EXFONENTS EQUAL, CONTINUE
JCARRY = 1 IMPLIES C>B
$C<B» SWITCH TO MAKE B<C

1SWITCH MANTISSAE

# INCREASE EXFONENT BY 1s NUMBER BY 2X
3} ZERO CARRY

JIDIVIDE HIGH MANTISSA BY 2

IDIVIDE LOW MANTISSA BY 2
$ICLEAR A TO SET UP FOR ROUNLOFF
iDROFFED BIT FROM CARRY INTO LSB OF A
$EXPONENTS MATCHED?
$IF Z=1» NO RETURN AND INCREMENT
$ ROUNDOFF
JEXFONENTS NOW MATCHEDs CHECK SIGN OF
# NUMBER
iMASK ALL BUT SIGN BIT
$STORE SIGN

JIF THE ANSWER IS +» SIGN SAME. CONTINUE
$SIGH DIFFERENT, WHICH IS LARGER?Y

72
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LoC O0BJ SEQ SOURCE STATEMENT

0321 CA4103 4603 JZ FAO9 JEQUAL:» COMFARE E AND L

0324 DA2CO3 604 JC FAOS #C=1 INFLIES H>D'y COMFLIMENT C-D-E AND
605 +ITS SIGN

0327 EB 606 FAOS? XCHG $D>Hy SWITCH NUMEBERS

0328 79 607 MOV A»C

0329 C32F03 608 JMP FAO7

032C 79 609 FAO6! MoV A»C

032D Cé680 610 ADI 80H

032F 80 611 FAO7! ADD E JSET TOTAL EXPONENT

0330 4F 612 MOV CeA IEXFONENT IN C

0331 37 613 STC

0332 3F 614 [, [

0333 7k 615 MOV AsE $COMPLIMENT SHMALLER (NOW IN CLE)

0334 2F 616 CHA

0335 SF 617 MOV EvA

0336 7A 618 MOV AsD

0337 2F 619 CHA

0338 57 620 MOV DyA

0339 13 621 INX D

033A 19 622 nAD D JRESULT IN C-H-L» IGNORE OVERFLOW

0338 EB 623 XCHG $RESULT IN C-D-E

033C 0610 624 FAOB! MVI Br10H

033E C3BE03 425 JMP FL1 $G0 TO LEFT JUSTIFY ROUTINE IN FLOT
426 $ROUTINE

0341 7B 627 FAO9? MOV A(E $DsH SAME» COMPARE E AND L

0342 BL 628 CHP L

0343 CASA03 629 JZ FALl §EQUAL MAGNITUDE, OFFPOSITE SIGN»
630 JRESULT ZERO

0346 DA2CO3 6131 JC FAOS

0349 C32703 432 JHP FAOS

034C 79 633 FAL108 MoV AfC ISIGN SAME» SET EXFONENT

034D 80 634 ADD B

034E 4F 435 MOV C»rA

034F 19 636 DAD D iADD MANTISSAE

0350 EB 637 XCHG

0351 DO 638 RNC #CARRY NOT SET» RETURN

0352 oC 639 INR C . $CARRY SETs INCREMENT EXPONENT

0353 7A 640 MOV AsD $LEFT JUSTIFY

0354 1F 641 RAR

0355 57 642 HOV DyA

0356 7B 643 MOV AYE

0357 1F 644 RAR

0358 SF 645 HOV EvA

0359 C? 646 RET

035A 0EA40 647 FAl11: MVI Cr40H #ANSWER ZERO» RETURN

035C 110000 6448 LXI D»OQOOH $SET ZERO ANSWER

035F C9 649 RET

650 JFLOATING FOINT ROUTINE FIXX: THIS ROUTINE CONVERTS A FLOATING POINT
651 INUMBER IN C-D-E TO A 16 BIT UNSIGNED FIXED FOINT NUMBER IN D-E.

652 3FRACTIONS ARE TRUNCATED. UPON RETURNs» THE STATE OF THE A REGISTEK.,
653 JWHEN DOUBLED» INLICATES THE CONDITION OF THE FIX. A FROFEKR TEST
654 3ROUTINE WOULD CONSIST

655 i

656 CALL FIXX iCALL FIX ROUTINE

657 ADD A i DOUBLE A
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LOC OBJ SEQ SOURCE STATEMENT
458 JZ OK #IF RESULT ZEROs FIX FERFORMED OK
659 1§ JH EN $IF NEGATIVE, IT TRIED TO FIX A NEGATIVE
6460 # NUMEER
661 4 JP EP $IF PLUSy» IT TRIED TO FIX A NUMBER > OR =
662 $2¢16)
663 i (CANNOT BE HANDLED IN 16 BITS)

0360 AF 464 FIXX3 XRA A

0341 47 665 MOV HyA

0362 &F 866 MOV LrA

0363 81 667 ADD C

0364 FAB103 668 JM FX2 $IF MINUS, FAULT TO RESULT

03467 Cé640 669 ADI 40H

0369 F28403 670 JP FX3 $IF +» THE NUMBER IS A FRACTION: RESULT
671 1 ZERO

0346C EL3F 672 ANI 3FH $MASK THE 2 MSBS OF THE EXPONENT

034E FEIL11L 673 CPI t1H

0370 28903 674 JINC FX4 $OVERLOADED IF >14

0373 4F 475 MOV CrA

0374 CDADOS 676 FX1: CALL DROT IROTATE D-E

0377 CDB&OS &77 CALL HROT iROTATE H-L FROM D-E

0374 OD 678 ICR C

0378 C27403 6479 JNZ FX1

037E AF 680 XRA A iCLEAR A IMPLIES RESULT SOUND

037F ER 681 XCHG JRESULT IN D-E

0380 C? 682 RET

0381 3E40 683 FX23 MVI Ar40H JWHEN DOURLED» RESULT MINUS, IMPLIES
684 iMINUS FIX ATT

0383 C? 485 RET

0384 110000 686 FX3$ LXI D»0000H #RESULT ZERO

0387 7a 687 HOV A»D

0388 C9 488 RET

0389 3E01 689 FXA4l HVI A»OLH $OVERFLOW, + A WHEN DOUBLED

038E C9? 690 RET
691 $FLOATING FOINT ROUTINE FLOT: THIS ROUTINE CONVERTS AN UNSIGNED,
692 INUMBER IN D-E TO A FLOATING FOINT NUMBER AND RETURNS WITH THE RESULT
693 iOF THE FLOAT IN C(EXF)-D-E. THE UNSIGNED NUMBERs UPON FLOATING, IS
694 FASSIGNED A POSITIVE VALUE. IF A NEGATIVE VALUE IS DESIRED, THE
695 INEGATE ROUTINE FNEG SHOULD BE CALLED UFON RETTRN.

038C OESO 696 FLOT? MVI C»50H IC=EXPONENT OF +16

03BE CDC10S 697 FL1: CALL ZRDE $SEE IF I=E=0

0391 87 698 Al'D A

0392 CAA103 6499 JZ FL3

0395 AF 700 FL2} XRA A

03946 82 701 ADD D

0397 3E00 702 MVI A»OO0H $ZERO A TO INDICATE A FROFER RETURN

0399 F8 703 RM

039A CDADOS 704 CALL DROT IROTATE D-E

039D OD 705 DCR C 1 DECREASE EXFONENT BY 1

039E C39503 706 JHP FL2 #SEE IF LEFT JUSTIFIED YET

03A1 OE40 707 FL3: MVI CrA0H IRESULT ZERO» SET FROFER EXFONENT

03A3 C9? 708 RET
709 3FLOATING FOINT ROUTINE FNEG! THIS ROUTINE NEGATES A FLOATING POINT
710 3NUMBER WHOSE EXPONENT IS IN C. IF C-D-E HAS A VALUE OF ZERO.
711 iNO OPERATION IS PERFORMED.

03A4 CDRDOS 712 FNEGS CALL ZRO iCHECK FOR ZERO VALUE

74

16 BIT
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Loc

03A7
03A8
0349
03AH
03AC
03AD

03AE
O3K1
03B2
0364
03BS
03Ké
O3Ek9
03BA
03EB
03BC
03RD
O3EBE
03C0
03C1
03C3
03C4
1 {at-1
03C6
03Cs8
03CA
03CE
03CC
03CE
03CF
o300
03p2
0303
0304
o3ns
o3né
o3nz
o308
[ X414
03DA
03DB

03DE
03DF
03E0Q
03E1L
03E4
03ES
03Eé
03E7

OBJ

a7
cs
3E80
81
AF
ce

CLRE[OS
87
3E01
cs
ES
21133C
AF
77
23
77
23
3611
23
3601
23
78
?1
Cé41
E&7F
7?7
79
E480
AF
78
E480
81
86
Ya4
AF
47
AF
El

| 34
37
C2DFO03

3F
3F
ES
21133C
7€
17
77
23

SEQ

713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
720
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
7435
766
767

SOURCE STATEMENT

ADD A

RZ $IF C-D-E IS ZEROr» NO NEGATION FERFORMED
FN1t MVI A»BOH

ADD C JCOMPLIMENT SIGN BIT

MOV CrA

RET
iFLOATING POINT ROUTINE FDIV! THIS ROUTINE DIVIDES A FLOATING FOINT
$NUMEER IN B-H-L EBY A FLOATING FOINT NUMRER IN C-D-E BY THE NONRESTORING
$METHOD AND' RETURNS WITH THE RESULT IN C-D-E. IF A DIVISION BY ZERO IS
FATTEMPTED» THE ROUTINE RETURNS WITH A °*1°® IN THE A FEGISTER.
FOTHERWISE» THE RETURN IS MADE WITH A ZERO A REGISTER.
FDIV? CALL ZRO 3CHECK FOR DIVISION RY ZERO

ADD A

MVI A»O1H

RZ
FDOO: FUSH H

LXI H:»S4

XRA A #ZERO S4 AND S5

MOV HrA

INX H

MOV MsA

INX H

MVI Mr11H $17 IN ME

INX H

MVI MsO01H #FIRST FOINTER IN MH

INX H

MOV A'B

SUB C IDIVIDE EXFONENTS

ADI 41iH iSET OFFSET

ANI 7FH iMASK SIGN BIT

MOV MrA iSTORE IN ML

MOV ArC

ANI 80H $MASK THE REST

MOV CrA

MOV AYE

ANI 80H $SET UP SIGN

AlD C

ADD M

MOV MrA

XRA A

MOV BrA

MOV CrA

FOF H
FDO1: CHF C

STC

JNZ FDO2 $NOT ZERQ IMPLIES SIGNS DIFFERENT,

$Q(N)=0

cHeC
FDO2¢ (o, [ $CARRY CONTAINS THE CURRENT QUOTIENT BIT

FUSH H

LXI HsS4

MOV ArM

RAL

MOV MrA

INX H
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LOC OmJ SEQ SOURCE STATEMENT

03ES 7E 768 MOV ArM

03E? 17 7469 RAL

03EA 77 770 NOV My A

03EB 23 771 INX H

03EC 35 772 DCR M

O3ED CA1604 773 JZ FDO6 JWHEN ZERO, DONE, SIGN BIT IN CARKY
03F0 23 774 INX H

03F1 35 775 DCR M

03F2 EI 776 FOP H

03F3 CAF903 777 JZ FDO3 $1ZERD IMPLIES FIRST FASS

03Fs 29 778 bAD H $DOUBLE DIVIDENT OR REMAINDEK
03F7 17 779 RAL

03F9 47 780 MOV B»A

03F9 3A133C 781 FDO3: LDA S4

O3FC E&01 782 ANI O1H iMASK ALL EUT MORE RECENT @ EIT
03FE 87 783 ADD A

O3FF CAODO4 78B4 JZ FDO4 1Q(N)=0 IMPLIES GO ALD 2R AND Y
0402 7D 785 MOV ArL $Q(N)=1 IMPLIES SUERTRACT Y FROM 2K
0403 93 786 SUB E

0404 &F 787 HOV LyA

0405 7C 708 MOV ArH

0406 9A 789 SEB D

0407 67 790 HOV HrA

0408 78 791 MOV AYB

0409 99 792 SEB C

040A C31004 793 JHP FDOS

040D 19 794 FDO4: 0AD D JRESULT IN H-L

040E 78 795 MOV AB

040F 89 796 AlC C

0410 E601 797 FDOSS ANI O1H iMASK ALL BUT SIGN

0412 47 798 MOV BrA

0413 C3D903 799 JMP FDO1

0416 E1 800 FLO6: FOP H iCLEAR THE STACK

0417 21173C 801 LXI HsML

041A 4E 802 MOV CoM

041B 2B 803 bCX H

041C 2B 804 DCX H

041D 2R 805 DCX H

O41E 56 806 MOV DM JQUOTIENT LSE IN E

041F 2B 807 DCX H

0420 SE 808 MOV ErM $QUOTIENT MSB IND

0421 0610 809 HVI ByiOH JBEGIN TO LEFT JUSTIFY
0423 C38£03 810 JHP FL1 $LEFT JUSTIFY IN FLOT ROUTINE

811 IFLOATING POINT ROUTINE FMFPY! THIS ROUTINE MULTIFLIES A FLOATING
812 $POINT NUMEER IN B-H-L BY A FLOATING FOINT NUMERER IN C-D-E

813 #AND RETURNS WITH THE RESULT IN C-D-E. IT D'OES NOT CHECK FOR

814 JEXPONENTIAL OVERFLOW.

0426 78 815 FMPYS HOV AsB #STORE ONE MULTIPLIER
0427 321533C 816 STA ME

042A 7C 817 HOV ArH

042B 32163C 818 STA MH

O42€ 70 819 MOV AL

042F 32173C 820 STA ML

0432 21103C 821 LXI HsS1 $ADDRESS OF S1

0435 AF 822 XRA A
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Loc

0436
0437
0438
0439
043A
043K
043C
043D
043E
043F
0440
0441
0442
0444
0445
0446
0447
0449
044B
044C
044D
044F
0450
0451
0452
0453
0454
0455
0457
0454
0458
045C
04SF
0462
0445
0466
0467
0448
0468
046C
046F
0470
0471
0472
0473
0474
0475
0476
0477
0478
0479
0474
0478
047C
0470

77

79
E680
80

86

77

23

23

46
0E08
210000
37

3F
C36504
CDADOS
CDhB60S
78

iF

47
D27F04
CcS
01103C
0A

83

02

03

0A

8A

02

03

0A

[:3

02

03

0A

a8c

02

SEQ

823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
8352
853
854
8595
8356
857
858
859
860
861
862
863
864
865
866
8467
868
8469
870
871
872
873
874
873
876
877

FH1i

SOURCE STATEMENT

MOV MrA
MOV MrA
INX H
MOV MrA
INX H
MOV MrA
INX H
MOV MrA
INX H
MOV MrA
INX H
MOV ArM
ANI 80H
MOV BrA
MOV ArM
ADD C
ART 40H
ANI 7FH
MOV MrA
MOV AlC
ANI 80H
ADD B
ADD M
MOV MsA
INX H
INX H
MOV E/M
MVI C,08H
LXI HsO0000H
STC

cHC

JMP FM2
CALL DROT
CALL HROT
MOV A:B
RAR

MOV BrA
JNC FM3
PUSH R
LXI B!S1
LDAX B
ADLD E
STAX B
INX B
LDAX B
ALC D
STAX B
INX B
LDAX B
AlC L
STAX B
INX B
LDAX R
ADC H
STAX B

V2.0

1ZERO S1-S%
$S1-54 TEMPORARY SUM STORAGE

iS5 IS FINISH FOINTER

iBERING IN EXPONENT OFf MULTIPLIER
iMASK ALL BUT SIGN EIT

FMULTIPLY EXPONENTSs SET SIGN
iSET OFFSET
iMASK SIGN

iMASK ALL BUT SIGN BIT
$ISET SIGN IN EXFONENT

iRESULT IN ME

iLSE MULTIPLIER IN B
iDECREMENTER = 8
3ZERO H-L

IROTATE D-E FAIR
iROTATE H-L FROM D-E
FALUEND NOW IN H-L-D-E
$CURRENT MULTIPLIER IN CARRY

IBIT ZERO» DONT ADD
$STORE B-C

$S1 ADDRESS IN E-C
#SUM

$ALL SUMMED IN (NSB)S4-S3-82-§1
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LoC OBJ SEQ SOURCE STATEMENT

047€ C1 878 POP B #RESTORE B-C

047F OD 879 FM3: DCR C

0480 C25F04 880 JINZ FM1 SFINISH MULTIPLIER

0483 01143C 881 LXI BeSS #S5 ADDRESS IN B-C

0486 OA 882 LIAX B

0487 3D 883 DCR A .

0488 CA9704 884 JZ FH4 $Z=1 IMPLIES ALL DONE, LEFT JUSTIFY

0488 3C 885 INR A

048C 3C 886 INR A

048D 02 887 STAX B $SET S5 TO INDICATE LAST FASS COMFLETE

048E 03 888 INX B

048F 03 889 INX B

0490 0A 890 LDAX E iMH TO A

0491 47 891 MOV B.A iMH TO By MULTIPLY BY HIGH WORD

0492 0£08 892 MVI C,08H $RESTORE FOINTER TO C

0494 C35F04 893 JMP FM1 FFINISH MULTIPLICATIONs MSB MULTIPLIER

0497 21153C 894 FM4! LXI HeME $SUM NOW IN S4-S1

049A 7E 895 HOV ArM

049k 2R 896 DCX H

049C 2B 897 DCX H $S4 ADDRESS

049D 46 898 HOV B'M iS4 IN B

049E 2B 899 DCX H iIS3 INC

049F 4E ?00 MOV C»i

04A0 2B 901 DCX H

04A1 56 902 MOV Do iIS2 IN D

0442 2B 203 oCxX H

04A3 SE 904 MOV EoM iS1 INE

04A4 40 905 MOV H'B

04A3 49 206 MOV LsC

0AAS 4F 907 MOV CrA JEXPONENT IN C

04A7 0610 708 MVI E/10H

04A9 AF 909 FMS3 XRA A

04AA 84 ?10 ADD H

04AAB FAECO4 911 JM FM6 JIF HINUS, LEFT JUSTIFIED» CONTINUE

O4AE CDADOS 912 CALL DROT iROTATE D-E

04B1 CDB&0S 913 CALL HROT IROTATE H-L

04B4 0D ?14 DER C IREDUCE EXPONENT

04F5 05 915 OCR B

04B4 C2A904 916 JINZ FMS

04B9 C35A03 917 JHP FAL1L $RESULT ZERO» RETURN BY WAY OF ZERO
918 3 ANSWER

04BC €B P19 FM6S XCHG iRESULT IN C-D-E

O4ED C9 920 RET

921 JFLOATING POINT ROUTINE FBCD! THIS ROUTINE CONVERTS A
. 922 3FLOATING POINT NUMBER IN C~D-E TO A FLOATING FOINT
923 1BCD NUMBER IN C-D-€. IT RETURNS WIT THE REGISTERS ASSIGNED AS FOLLOWS?

924

925 REGISTER BIT

926 72 6 S 4 3 2 1 0
?27 ¥ Cc SN SE EH EH EL EL EL EL
?28 D X4 X4 X4 X4 X3 X3 X3 X3
929 E X2 X2 X2 X2 X1 X1 X1 xi
930 ¢

931 JWHERE SN IS THE SIGN OF THE NUMBER (0 IMPLIES PLUS)s SE IS
932 ITHE SIGN OF THE EXFONENT: EH IS THE TWO BIT ECD UPPER EXFONENT DIGIT.
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Lac

O4ABE
04BF
04Ct
04C2
04AC4
04C?7
04Cse
04CA
04CE
04CD
04CE
0401

0404
04als
0407
04DA
040D
04LF
04EO
O4E3
04ES
04E7
O4ESB
O4AEB
04AEE
OAEF
04F 2
04FS
04F7
04F8
OAFE
OAFE
0500
0501
0504
0506
0508
050A
050D
0510
0511
0514
0517
051A
OS1B

0S51E
O0S1F
0520
0521
03524

oBJ

B9
DAE3O04
C2F504

JEPC
BA
DAE304
€21705
3E3C
KB
D21705
063D
26CC
é6C
CD2604
JA183C
3C
32183C
C3CHrO4
3E4A
B9
DA1705
C20405
3EF?
BA
[A1705
0644
26A0
2E00
CD2604
3A183C
3D
32183C
C3FS04
CD3CoS
AF
Ch4aDOS

F1
ES
AF
3A183C
47

SEQ

?33
9234
935
936
937
938
939
940
941
942
243
944
?45
946
947
948
949
950
951
952
953
954
935S
956
957
958
9?59
260
?61
962
?63
P64
9465
966
967
248
969
970
9?71
972
9?73
974
975
?76
977
978
9?79
980
981
982
783
784
285
986
9?87

SOURCE STATEMENT

79

$EL IS THE PCD LOWER EXFONENT DIGIT» AND X4 AND X1 IS THE EBCD MANTISSA
$AS X.XXX.

i
FECD!?

FBL?

FB2!

FE3$

[k H

FBA?

MOV
ANI

AC
80H

FUSH PSW

MVI
STA
MOV
ANI
MOV
MVI
CHP

ArO3H
MX
AsC
7FH
CrA
Ay AEH
o]

JC FB2

- JNZ

MVI
CHP

FB3

Ar»9CH
D

JC FE2

JINZ
MVI
CHP
JNC
MVI
MVI
MOV

FB4
A»3CH
E

FBA
Bs3DH
Hs» OCCH
LvH

CALL FMFY

LDA
INR
STA
JHFP
MYI
CHP

MX

A

MX
FEL
Ar4AH
c

JC FBa

JNZ
MVI
CMP

FE3A
Ar»OF9H
D

JC FB4

MVI
MVI
MVI

Br44H
H»O0AOH
L+OOH

CALL FHMPY

LDA
OCR
STA
JHP

MX
A
MX
FB3

CALL TROT

XRA

A

CALL ECD

FOP

PSW

PUSH H

nov
LDA
MOV

CrA
MX
BrA

IMASKN ALL BUT SIGN

#3 IMFLIES EXFONENT OF 10(3)

IMASK SIGN

iC IMPLIES 4E<REG C» DIVIDE BY 10
iINZ IMFLIES THE NUMEER MAY EKE TOO

iSMALL» CHECK

iC IMPLIES 9C<REG D» DIVIDE BY 10

iNZ IMPLIES DU<9C» NUMBER OK

INC IMFLIES 3C> OR = REG E
$LOAD 0.1

IX 0.1

NUMBER OK

§ INCREMENT EXFONENT FOINTER

iC IMPLIES 4A<REG C» NUMEER IS OK
IN2 IMPLIES REG C < 4AH, MULT

$C IMPLIES F9<REG [» NUMEER IS OK

ILOAD 10

iX 10

i DECREMENT EXFONENT
iNOTATE D-E TO H-L

$iCONVERT H-L TO BCD,
$IN H-L

IRESTORE ¢ SIGN TO A

$SAVE BCD

iFUT SIGN OF NUMBER IN C

RETURN WITH BCD
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Loc

0523
0526
03527
032A
03528

052C
032D
052F
0530
0531
0534
03353

0537

053A
0538

053C
OS3F
0542
0545
0546
0548
0549
054A

054D
054E
0551
0552
03553
05546
0558
0559
055A
055k
035C
0SSF
03561
03564
0367
0348
056B
056C
056€E
0570
0573
0575
03576

oBJ

AF
80
F23405
2F
3C

67
3E40
81

4F
C33505
67
3EO07

CDADOS

D1
ce

210000
CDADOS
ChB60S
op
3E40
B?

ce
C33F0S

FS
110000
EB

87
CASFOS
0606
7A

17

17

57
C36105
0610
CDADOS
CDB60S
05
CAA60S
7D
E&60F
FEOS
DAZEOS
3E03
a5

&6F

skaQ

988
989
990
991
992
993
994
995
996
997
998
999

1000

1001

1002

1003

1004

1008

1006

1007

1008

1009

1010

1011

1012

1013

1014

1015

1016

1017

1018

1019

1020

1021

1022

1023

1024

1025

1026

1027

1028

1029

1030

1031

1032

1033

1034

1035

1034

1037

1038

1039

1040

1041

1042

SOURCE STATEMENT

XRA
ADD

A
B

JP FBS iF IMPLIES EXFONENT IS +

CHA
INR

MoV
MVI
ADD
MOV
JNFP
FES? MOV
FB6: MvI

A $CHANGE MINUS EXFONENT TO 2S
$ COMFLIMENT

H:A

ArAOH

c

CrA $SET SIGN OF EXPONENT = -

FBS

HrA

Ar»O7H $SIGN OF & AND EXPONENT IN C» EXFONENT
$IN H

CALL ECD $RETURN WITH EXPONENT BCD AND ALL

FOF
RET
$ SUBROUTINE

$SIGNS IN C
D $RESTORE BCD MANTISSA TO D-€

TROT{THIS SUBROUTINE ROTATES D-E AND H-L UNTIL THE

$NUMERICAL EXFONENT IS REDUCED TO ZERO.

TROT? LXI

Hy»0000H

TRT1$ CALL DROT
CALL HROT

OCR
MVI
CHP
RZ
JHP
$ SUBROUTINE

c
Ar40H
[

TRT1
BCD: THIS SUKROUTINE CONVERTS A BINARY NUMEER IN

$H-L TO A BCD NUMBRER IN H-L. IF IT IS ENTERED WITH THE A REGISTER
$EQUAL TO ZERO, IT CONVERTS THE NUMEBERICAL MANTISSA IN H-L. IF THE

1A REGISTER

IS NONZERO» IT CONVERTS THE NUMERICAL EXPONENT IN H.

BCD? PUSH PSW

LXX

D»0000H

XCHG

ADD

A

JZ BRC1 3Z IMPLIES MANTISSA TO BE CONVERTED

1D ¢
MOV
RAL
RAL
MOV
JHP
BC1? HVI

BrO6H
A'D

D:A
BC2
Br10H

BC2: CALL DROT
CALL HROT

DCR

B

JZ BC6

HOV
ANI
CPI

ArlL }CHECK FIRST DECADE
OFH
OSH

JC EBC3 #iC IMFLIES DECADE <S¢ SKIP

HVI
ADD
MOV

Ar»O3H
L
LeA
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LoC OBJ SEQ SOURCE STATEMENT

81

$CHECK SECOND DECADE

$C IMPLIES DECADE <5, SKIP

$CHECK THIRD DECALE

#iC IMPLIES DECADE <S» SKIP

$CHECK FOURTH DECADE

$C IMFLIES DECAIE <Ss SKIP

$Z IMPLIES MANTISSA» RETURN WITH BCD
JIN H-L

1079 $SUBROUTINE DROT! THIS SUBROUTINE ROTATES THE D-E REGISTER FAIR LEFT

0577 3E00 1043 MVI A»OOH
0579 8C 1044 ADC H
057a 67 1045 MOV HrA
057 7D 10446 BC3! MOV ArL
057C E6FO 1047 ANI OFOH
037E FESO 1048 CPI SOH
0580 DABBOS 1049 JC BCA
0583 3E30 1050 MVI A»30H
0583 85 1051 ADD L
0586 &6F 1052 MOV L.A
0587 3E00 1. 7 MVI A»OO0H
0589 8C 1054 ADC H
058A 67 1055 MOV HrA
0588 7C 1056 EBCA! MOV ArH
058C E60F 1057 ANI OFH
058E FEOS 1058 CPI OSH
0590 DA?705 1059 JC BCS
0593 3E03 1060 MVI A»O3H
0595 B84 1061 ADD H
0596 67 1062 MOV H:A
0597 7C 1063 BCSt MOV ArH
0598 E6FO 1064 ANI OFOH
059A FESO 1065 CFI SOH
059C DAS10S 1066 JC BC2
059F 3E30 1067 MYT A»30H
05A1 84 1068 ADD H
05A2 67 1069 MOV HeA
05A3 C346105 1070 JMP BC2
0546 F1 1071 BCé6!? POP PSW
0547 87 1072 ADD A
05A8 C8 1073 RZ

1074
O0SA? 79 1075 MOV AC
0SAA 85 1076 ADD L
0SAB 4AF 1077 MOV CrA
0SAC C9 1078 RET
05AD 37 1080 DROT: STC
O0S5AE 3F 1081 CHC
O0S5SAF 7B 1082 HOV AYE
05SBO 17 1083 RAL
05B1 SF 1084 MOV ErA
05B2 7A 1085 MOV A»D
OSB3 17 1084 RAL
05B4 57 1087 MOV DA
0SBS C9 1088 RET

1089 $SUEROUTINE HROT! THIS SUBROUTINE ROTATES THE H-L REGISTEK PAIR
1090 SLEFTy PUTTING THE CARRY INTO THE LSB OF L

oSPps 7D 1091 HROT! MOV AsL
05B7 17 1092 RAL
05B8 6F 1093 MOV LsA
0S89 7C 1094 MOV AsrH
05BA 17 1095 RAL
058B 67 1096 MOV HrA

0SBC C9 - 1097 RET
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Loc

OSBD
OSBF
05€C0o
03C1
05C2
05C3
05Cé
05C9
05CaA
O5CE
05CD

3c10

icio
3C11
3C12
3C13
3C14
3C15
3C16
3C17
3cie

3C19
3CtA
3Ci1C
3CiD
3C1E
3CIF
3C20
3C21
3C22
3C23
3C24
3Cc25
3C26
3C27
3Cc2s8
3C29

OBJ

3E40
BY

co

7B

a2
DACBOS
C2CBOS
AF

co
3E40
ce

00
00
00
00
00
00

00
00

00
0000
00
00
00
00
00
00
00
00
00
00
00
00
00
00

SEQ

1098
1099
1100
1101

1102

1103
1104

1105
1106

1107

1108
1109
1110
1111

1112
1113
1114
1115
1116
1117
1118
1119
1120
1121

1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
1139

1140

1141

1142

1143

SOURCE STATEMENT

$ SUBROUTINES ZRO AND ZRDE! THESE SUBROUTINES CHECK FOR A

$ZERO VALUE FOR A FLOATING POINT NUMBER IN C-D-E (ZRO) OK

$ZERO D-E ONLY (ZRDE), IF THE RESULT WAS ZEROr THE RETURN

$1S MADE WITH A 2ERO A REGISTER. OTHERWISE, A=40H UFON RETURN.

ZRO!¢

ZRDE?

ZR13

W W W W W W W W W

[}

S11¢
821
S31
Sal
S§5:
MES
MH?
ML?
MX3

#
OPSTR1
HLSTRS
RADIUS?

DP 3

DEPTH!

RSOR!

PIRSQ!

MVI As40H

cHP C $CHECK FOR EXPONENT CORRESFPONDING TO O
RNZ $NZ IMPLIES NUMBER IS NOT ZERO

MOV AE ITEST D-E

ADD D

JC ZR1 $C = 1 IMPLIES NUMBER IS NOT O

JNZ ZR1t $NZ IMPLIES NUMBER IS NOT ZERO

XRA A

RET JRESULT WAS ZERDO» RETURN WITH ZERO A
HVI A»40H

RET $RESUL.T NOT ZERQ» RETURN WITH A=40H

RAM AREA HERE

ISIS-1I1 8080/8083 MACRO ASSEMBLER, V2.0

ORG 3C10H LOC OBJ  SEQ SOURCE STATEMENT
4 M 3C2A 00
o o 3C26 00 1144 IN1t  DE 0,0+0
o o 3c2C 00
0B o 3C2p 00
< o 3C2E 00 1145 IN2¢ DB 010,0
")
e o 3C2F 00
o8 o 3€30 00
P o 3c31 00 1146 IN3: DB 010,10
’ 3€32 00
3€33 00
0B o 3C34 00 1147 INSt DB 01050
3C35 00
bW o
DB 010,0 3c3¢ o0
3€37 00 1148 IN25Q% DB 0+0+0
3¢38 00
3€39 00
b 0:0:0 3C3A 00 1149 IN24T$ DB 010,10
3C3B 00
3€3C 00
DB 0:10:0 3¢30 00 1150 IN26Tt DB 01040
3C3E 00
3C3F 00
bB 010+0 3C40 00 1151 INGS DB 00,0
3C41 00
3C42 00
DB 0:0,0 3CA3 00 1152 IN78 b8 01010
3C44 00
3C45 00
3Caé 00 1153 FLOW: DB 010+0
3C47 00
3C48 00
1154
1155
1156

1157 END
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