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The Remote Wo.king Level Monitor (RWLM) is an instrwment used to
remotely monitor the Rn~daughter concentrations and the Working Level (WL).
It 1s an ac powered, microprocessor based lastrument which multiplexes
two independent detector units to a single central processor unit (CPU).
The CPU controls the actuation of the detentor units and processes and
outputs the data received from these remote detector units. The remote
detector units are fully automated and require no manual operation once
they are set up. They detect and separate the alpha emitters of RaA
and RaC' as well as detecting the beta emitters of RaB and RaC. The
resultant pulses from these detected radioisotopes are transmitted to
the CPU for processing. The programmed microprocessor performs the
mathematical manipulations necessary to output accurate Rn-daughter

concentrations and the WL.

A special su

broutine within the program

enables the RWLM to run and output a calibration procedure on command.
The data resulting from this request can then be processed in a separate
program on most computers capable of BASIC programming. The calibration
program results in the deriyation of coefficients and beta efitciencies
which provides calibrated coefficients and beta efficiencies.
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FOREWORD

This report was prepared by Argonne National Laboratory, Electronics
Division, 9700 S. Cass Avenue, Argonne, Illinois 60439 under Contract
Number HO 252053. The contract was initiated under the Metal and Nonmetal
Health and Safety Research Program. It was administered under the
technical direction of DMRC with Mr. Robert Droullard acting as the
Technical Project Officer. Mr. David Askin was the contract administrator

for the Bureau of Mines.

This report is a summary of the work recently completed as part of this
contract during the period April 1975 to June 1977. This report was
submitted by the authors on June 1977.
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Subject Inventions
The design of the filter-advance mechanism was recently submitted
to the Chicago Patent Group of the Energy Research and Development
Adninistration for a patent review. The Chicago Patent Group of
£

ERDA will contact the Bureau of Mines regarding the disposition of

this patent application in accordance with the contract.
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1.0 INTRODUCTION

The exact methods commonly used to determine Working Level (WL) measure
the total 2lpha activity on a filter membrane during three preselected
time periods. Due to the hali-lives of the isotopes involved (TRaB =
26.8 min. TRaC = 19.7 min.), these methods require 35 minutes to complete.
Methods of measuring WL using the total alpha counts, where the counting
time is less than about one RaB half-life after the end of sampling,
are unsatisfactory because of statistical problems. In addition, these
methods are almost blind to RaB (Pb2'*) as a consequence of its relatively
long half-~life and the fact that RaB is a beta emitter. The solution
to this dilemma is to measure RaB directly through its beta activity.
Since RaB's daughter RaC (Bi?!") is also a beta emitter, the two beta
spectra have to be separated to obtain RaB. How this is accomplished
is described in subsequent sections describing the theory of the
Remote Working Level Monitor/Instant Working Level Meter (RWLM/IWLM)

and its calibration.

It is irportant to note that the IWLM, described in the Bureau of

Mines Final Report prepared under contract No. HO 122106, and the

RWLM described here use the same method to obtain the measurement

of the radon-daughter concentrations and the WL. The IWLM is a port-
able battery-operated instrument which automatically performs the
sequence of operations required after initiation of the start button.
Its output 1s displayed visually and must be manually recorded. The
RWLM is a multichannel (two channel in this case).totally automatic
instrument designed to measure working levels and individual Rn-daughter
concentrations and record the data, The RWLM is capable of taking

up to 200 samples at operator-selected time intervals. The capability
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to perform these automatic operations is obtained through the use of a
microprocessor as the instrument controlier. The microprocessor

enables he RWIM to keep real time, provide timing logic for the
electronic sequencing necessary for proper operation, perform the
necessary mathematical operations, communicate with the outside

world through the data termimal, and perform its three different modes
of operation. The microprocessor, 1n addition to performing the circuit
logic through the use of software, also provides an automatic opera-
tional check of four mechanical functions and a functional check on
remote power. It checks for proper operation of the filter positioning,
adequate filter supply, release of the solenoid-operated air seal brake
and monitors the pump speed within preselected limits. It any one of
these parameters are beyond limits or not operational, the computer

is flagged, resulting in a vectored interrupt which provides the
specific error message to be printed on the data terminal and stops

the measurement sequence. A Texas Instrument's Silent 700 data terminal

is used for dats recording and instrument control.

The instrument is thoroughly described in section 2. 1Its theory of
operation and calibration are described in sections 2 and 4. Test

results are tabulated in section 5, and section 6 contains the operating
procedures for its three modes of operation. The drawings and computer

programs are contained in Appendices A, B, and C.
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2.0 THEORY

After taking a background count for two minutes, the RWLM collects

an air sample for two minutes onto a filter membrane, moves the filter
membrane to a counting stgtion and then counts this air sample for two
Aminutes starting 13 sec'after the end of the sampling period. The
inétrument has three counting channels, the lower-energy alpha channel,
the upper-energy alpha channel, and a beta sensitive channel. The RaA
counts observed are accumulated in the lower-energy alpha channel; the
) RaC' counts are stored in thé upper-energy alpha channel while the
total beta counts from RaB and RaC are recorded in the beta channel.
The éounts in these three charinels are functions of N,, NB’ Nc, the
unknown concentrations of RaA: RaB, and RaC in the ambient air (units
are atoms/1liter). The follow:ng relationships hold:

TA = 0.558814 E1VNA

B+ C = (0.038498E; + 0.001793E3)VNA + (0.097712E;
+ 0.0074733)VNB + 0.130234E3VNc
TC' = (0.001793NA + 0.007473NB + 0.130234NC)E1V (1)
- where:
| TA = alpha counts from RaA accumulated during the 2-min

counting period starting 13 sec after the end of
sampling.

B+ C‘ = beta counts from RaB and RaC in beta channel accumulated
during the same ti..2 interval as above.

TC' = alpha counts from RaC' (same period of accumulation as
above).

v = flowrate (liters/min).
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detection efficiency for RaA and RaC'.

E, =
E2 = detection efficiency for RaE.
E; = detection efficiency for RaC.
NA = RaA concentration in units of atoms/liter.
NB = RaB concentratign in units of atoms/liter.
NC = RaC comcentration in units of atoms/liter.

The numerical coefficients in (1) follow from the laws of radioactive-

series decay. The half-lives used are:

Nuclide Half-1life
RaA(2'%po) 3.05 min
RaB(2!“Pb) 26.8 min
RaC(?!“Bi) 19.7 min

To show the principle of calculation of these aumerical coefficients,
a sample calculation is given below:
EXAMPLE: Calculate the numerical coefficient for the first of (1).
This coefficient is the product of three factors:
1) Buildup factor = 1 - exp (-AAtB)
tB = buildup time = 2 min.
2) Delay factor = exp (_AAD)
D = Delay before start of the counting interval

= 13 gec or 13/60 min.
3) Decay factor = [i - exp (-AAtD)] /AA

tD = decay time = 2 Ein.

AA = RaA decay constant = 0,2272614.
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Multiplying all these factors one obtains:

[1 ~ exp ("‘A:B)] exp (""AD)[l - exp ("‘Atn)] /"A = 0.558814.

The derivations of the analogous coefficients for the other equations are
more complex but easily obtainable by the computer programs given in
Appendix C. If all the efficiencies and the flowrate are known, (1) con-
tains only numerical coefficients and the unknowns NA’ NB’ and NC' In~
verting (1) results in another set of equations which give a NA’ B’ and
NC for every observed set of TA, (B+C), and TC'. The WL can be calcu~

lated easily from the resulting NA’ B’ and NC.

The RWLM method does not make any assumptions about the equilibrium
conditions between the Rn daughters, but does assume that the airborne
concentrations N,, NB, and NC remain constant during the sampling period
of two minutes. A detailed description of how the efficiencies are

obtained and how (1) is inverted is given in section 4.0 and in the

computer programs in Appendix C.
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3.0 DESCRIPTIONS

The Remotr Working Level Moritor (RWLM) consists of two independent

detector assemblies, a central processing unit and a data terminal.

(See Figs. 1 through 6.)

3.1 The Detector Assembly

Each detector assembly (see Figs. 2 and 3) is housed in a

portable aluminum instrument case. This high-density package

contains:

1. The mechanical drive mechanisms for the filter-transport
assembly.

2, The air pump and its motor-tachometer assembly.

3. The necessarv power supplles for the mechanical and
electronic subassemblies.

4. The alpha- and beta~detector assemblies.

5. The electronic preamplifiers, discriminators, and single-
channel analyzer.

6. The electronic control package.

3.1.1 The mechanical filter~transport assembly (see
Fig. 6) advances the filter membrane 2.000 *
0.005 inches each transport cycle. The sequence
of mechanical operation is as follows:
1. The filter paper is advanced two cycles to
provide a clean surface for background measurements.
2, The pump draws a sample.
3. The filter paper is advanced again to move

the filtered sample to the detectors for counting.
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Six inches of filter membrane* are used per measure-
ment. Each sensor has a cufficient filter supply

to allow up to 200 samples, either one sample per
hour for eight days or amy cther programmed fre-
queﬁcy limited by a total of 200 samples and a 14 min

or greater sampling period.

This operation is motor driven, and computer con-
trolled. As shown in Fig. 6, a 5V, bifilar-wound
stepping motor** provides 200 steps per revolution.
a 5:1-90° drive and reduction gear couples the motor
to a "Scotch Yoke" drive assembly. One revolution
of this drive assembly will provide one filter-
advance cycle and requires 1000 pulses from the

stepping motor per cycle.

The filter advance cycle is implemented as follows:
The power to the magnetic clutch is turned off,
releasing the clutch which is under mechanical spring
pressure. Upon activation of pulses to the digital
motor, the filter advance roller moves down due.to
the mechanical conversion of angular to linear uwotion
of the scotch yoke mechanism. This advances the
paper from the storage reel. At the 500th pulse the
filter advance roller is at its bottom dead center
position, which completes the filter advance. At

this Fime,‘the computer energizes the magnetic clutch,

'“\\ % .
“.  GELMAN ACROPOR AN-800
’ T AN .
i 'Superior Electronics SLO-SYN Model MO61-FCO2.
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wraking the filter membrane and preventing further
motion of the fiiter. Due to the action of the
slip clutch and the one-way bearing on the take-up
reel and its drive, the filter paper is taken up
during the last 500 pulses of the motor operaticn.
The four-phase drive signal to the stepping motor
is generated by a digital motor-translator circuit
explained in section 3.1.6.3.

The Air-Pump and Motor-Tachometer Drive

A GAST rotary-vane vacuum pump, Model 1033, is
coupled with a universal self-aligning coupler to

a printed circuit mot;r—tachometer combination,
Model U9M4T. The pump-motor system is servo-
regulated using tachometer feedback for a constant-
speed operation. It is activated under computer
control. The interface circuit is described in
section 3.1.6.,3. The pump speed is adjusted to
provide a flowrate of 12 liters per min. The
computer-controlled solenoid-operated magnetic
clutch assures a tight air seal of the filter against

the inlet air port.

Regulated DC Power Supplies

The following regulated DC power supplies are in-

cluded within each portable detector assembly:

1. An ELEXON Model OLV30-15 (15V @ 3.3 amp)
regulated power supply provides power for the

air pump motor.
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An Analog Devices Model PS 933 (*24V @ 50 mA)
regulated power supply and a 12V @ 50 mA regu~-
lated supply (drawing EL-C-7171) provide powzar
for the alpha detector and preamp.

A Semiconductor Circuits, Model MP 1.5, 750/
2.15.100 (¥15V @ 100 mA plus +5V @ 750 mA)
regulated power supply provides power for the
linear circuits and the digital logic.

A Semiconductor Circuits, Model DPS 1.35.1500
(+5v @ 1.5 A) regulated power supply brovides
power for the solenoid.

A 5V @ 3 A vegulated supply (see drawing
EL~C-7171, sheet 7, Appendix B) provides power

for the stepping motor.

The AC ine power is supplied to the detector
assemblies via a power cable from the central
processing unit and is independently fused within
the detector assembly. Each detector assembly

also contains its own power "ON/OFF" switch.

Radiation Detectors

The alpha detector is a silicon-surface barrier

detector.”® The face of the detector is protected

with double-aluminized Mylar (25 gauge). The detector

is sensitive to both the 6.00 MeV RaA and the 7.68 MeV

RaC

' alpha particles.

*
Ortec #CA~29-300-100.
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The beta detector is a NE 102 Scintillator optically
coupled to a 10-stage, low-noise, high-gain photo-
multiplier (EMI 9633B). The gamma-background sensi-
tivity has been reduced by a factor of 50 over that
of the original MIT IWLM by the provision of an
integral lead shield for the beta detector and

the use of a thin scintillator (0.003 in).

Detector Preampiifier and Single-Channel Analyzer

The alpha channel utilizes a Canberra preamplifier
Model 1406, whose output is further amplified by a
dual integrated-circuit amplifier having a gain of
100. This combination nets a charge gain of 20 V/
pico-coulomb for the alpha channel. The output of
this charge-sensitive amplifier is delivered to a
single-channel analyzer which separates the 6.00 MeV
RaA energy peaks from the 7.68 MeV RaC' energy peaks.
(See Appendix C, drawing EL-C-7171, sheet 12.)

These separated energy pulses are routed via line
drivers to the appropriate accumulators in the

central processing unit (CPU).

The beta channel's preamplifier is contained within
the photomultiplier tube, voltage divider and pre-~
amplifier housing. The charge gain of this amplifier
is fixed at .05 V/pico~coulomb. A regulated high-
voltage converter (Venus K30) is used to supply a well
regulated voltage to the dynode bias divider to insure

the gain stability of the photomultiplier .
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A voltage of approximately 1250V was found to be a
satisfactory value for the PM tube. At this value
the optimum signal-to~noise ratio is obtained. The
output pulses from the PM tubes’' charge-sensitive
amplifier are routed to a low-level discriminator
which prevents the counting of noise pulses. The
signals that satisfy the discriminator requirements
are shaped, routed to a line driver and then to the

beta~channel accumulator in the CPU.

The Electronic Control Package

This package contains four printed circuit cards

which perform the following functions:

Card 1: Line drivers and opto-isolated line receivers
(see drawing EL-C-7171, sheet 10 of Appendix B).

Card 2: Tachometer output window comparator, high-
voltage regulator, solenold driver and the
pump-motor speed control (see drawing
EL-C-7171, sheet 11 of Appendix B).

Card 3: Slo-Syn motor translator control (see
drawing EL-C-7171, sheet 4 of Appendix B).

Card 4: Source check logic control and paper posii.on
and paper empty comparators (see drawing
EL-C-7171, sheet 9 of Appendix B).

3.1.6.1 Line Drivers and Opto-Isolated Line Receivers

The two detector assemblies and the central
processing unit are separated by up to 500 ft

of shielded cable. To drive digital pulses,
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with minimum distortion over this distance,
requires line drivers and line receivers.
The line drivers are designed to drive a

50 ohm line which is terminated in the
characteristic impedance of the cable.
Opto-isolators are used to terminate the
line, as well as to provide electrical
isolation between the three units. This
further reduces noise-induced signals and
electrically isolates the computer from

the detection heads. Signals from the

CPU are terminated within the particular
detector assembly and the return signal is
returned to the CPU ground via the remaining
wire of the twisted pair. Signals from the
detector assembly are terminated within the
CPU and the ground is returned in a similar

fashion to the detector assembly.

3.1.6.2 Tachometer Output Window Comparator, High-

Voltage Regulator, Solenoid Driver and Pump-

Motor Speed Control Circuit

Since the pump speed is approximately pro-
portional to the flowrate, the subject of
course to wear the efficiency, pump speed
is regulated using a tachometer. (See
Appendix B, sheet 6, tachometer vs flqwrate

graph.) The tachometer voltage is sensed
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and electrically compared to an upper and
lower limit. If the tachometer voltage
does not fall within this preselected
window, it is sensed as an error by the
comparator. The comparator output is
monitored by ghe CPU and an off normal
signal causes the error message "FLOWRATE
OUT-OF-RANGE" to be types on the terminal.
If this occurs, the measurement cycle is

aborted and the CPU returns to command loop.

A buffered reference signal is fed to the
low-voltage input of a high-voltage DC to
DCconve;ter(see drawing EL-C-7171, sheet 11).
A temperature compensated zener reference
feeds a potentiometer which provides a
variable reference for a closed~loop feed-
back-buffer amplifer. This amplifier supplies
the regulated voltage and current necessary

for the regulated high-voltage converter.

This regulated high voltage is used by the
beta channel's high-voltage photomultiplier
bias string. Regulating this voltage pro-
vides a measure of stability in the gain of

the photomultiplier.

The solenoid driver provides the necessary

current to activate the solenoid-driven clutch.

Fr,

0

B
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The circuit itself is basically a current-
controlled switch. A provision for a
solenoid status check signal is fed back

to the computer which checks for this signal
at the appropriate times If this flag

signal is present when checked, . he message

|
- "“"SOLENOID NOT RELEASED" is printed on the

] terminal and the measurement operation is
aborted.
LJ A closed-loop servo-controlled motor~drive

circuit is provided to regulate the angular

L—

velocity of the pump motor, keeping the

)

pump at a constant regulated speed. Pump

p-

activation is computer controlled.

3.1.6.3 Slo-Syn Motor Translator Control

g
;ﬁ A four phase, 5V, one Amp, step sequence
(full-step mode) is required to drive the
stepping motor. This four-bit driver code
;ﬁ is generated by the translator control card.
. This circuit operates as follows: A hexi-
iﬁ decimal divider is either counted up or
down depending on the motor-rotation direction
desired. The binary output of this divider
provides a four-bit address to a programmable
read-only memory which has the proper motor
code stored. The memory outputs provide the

current drivers with the proper input code
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sequence. The chip~enable input of the
PROM provides an On/Off switch for these
drivers. The motor direction is controlled
by either an up or down count, the motor
stepping speed is controlled by the pulse-
repetition rate to the counter, and power
is provided by the PROM chip-enable input.
This motor can be driyen to a maximum speed
of 330 steps/sec of a 3 sec paper-advance cycle.

Source Check Paper Position and Paper Empty

Logic

In the source-check mode of operation, the
discriminator setting for the RaC' energy must
be lowered in order to detect the Am2"! source
used in the source check. To accomplish this,
a linear switch is automatically actuated by
the CPU to provide a lower voltage to the
upper-level channel when a C' source check
operation is selected. The upper-level
discriminator is usually set at approximately
1.3 volts to detect the 7.6 MeV RaC' energy.
When a source check mode is entered, this
voltage is automatically set to approximately

0.4v.

The paper position and paper empty comparators
provide logic signals to the CPU which enable

the CPU to check these parameters. To
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accomplish this, each comparator receives

a signal from a light-sensitive detector
(Skan-a-matic). These detectors provide
their own infrared light source and are

able to detect reflected IR energy and
provide a current output proportional to

the magnitude of IR-reflected light received.
The current output is fed through a high-
impedance resistor which provides a signal
voltage to the comparators where it is
compared to a common reference voltage.

As long as the light is not reflected,

the current switch is turned off. However,
when this light source is detected, due

to reflection, the current switch is turned
on until the paper is exhausted. When the
filter feed reel is empty, the light source
projects against a black surface causing

no reflection. The paper-position detector
looks for a white scribe mark etched on

one end of the scotch yoke cam drive assembly
which appears within the view of the detector
only when the filter advance roller is at

top dead center.

3.2 Central Processing Unit (CPU)

The RWLM central processing unit consists of a chassis with

an integral power unit containing the following:
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1) an IMSAI MPU-A~8080 processor board
2) an IMSAI RAM 4-1 random access memory board with 1K
of memory.
3) a Cromemco 8K read only memory board
4) a Processor Technology 2KRO -2K read only
memory board
5) a Processor Technology 3P+S ~ serial I/O0 board
6) a vectored interrupt board
7) a head control and line driver board
8) a line receiver board
9) an accumulator board
10) a front panel substitute board
11) a system bus board
12) a system power supply
The CPU is housed in an IMSAI corporation main frame modified
to meet the needs of the RWLM. The modification consists of
the addition of system I/O cable connectors and system power

connectors,

3.2.1 IMSAI MPU-A Theory of Operation

The IMSAI MPU-A board is structured around the
Intel 8080A microprocessor chip, and much of
the MPU~A board is wired to support the 8080A
device. The MPU~A board provides interfacing
between the 8080A chip and the data and address
busses, clock and synchronization signals, and
the voltage regulation necessary for the 8080A

and other chips.
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The address lines from the 8080A drive the address bus on
the back plane through 8T97 tri-state buffer drivers. These
drivers may be disabled through the ADDRESS DTSABLE line on
pin 22 of the back plane. Intel 8216 bi~directicnal bus
drivers connect the 8080's bi-directional data bus to the
back plane's dual uni-directional DATA IN and DATA OUT busses.
The direction of data transmission is determined by the
DIRECTION ENABLE line. The DIRECTION ENABLE line is in
turn controlled by the front panel and the processor status
signalleATA BUS IN and HALF ACKNOWLEDGE. The 8216 can

be disabled by the DATA OUT DISABLE line on pin 23 of the

back plane.

The 8080A's bi-directional data bus is also connected to

the data bus socket and the 8212 status byte latch. The
data bus socket is used to connect a front panel (not
included) to the bi-directional bus, while the 8312 latch
transfers the status byte to the back plane via 8T97 drivers.
These drivers are disabled by the STATUS DISABLE line on

pin 18 of the back plane. The 8212 is latched up by the
STATUS STROBE signal of the 8224 clock chip to store the

status information for each instruction cycle.

One K pullup resistors to +5 volts are connected to all
the bi~directional bus lines to ensure that during the time

the bus is not driven, the 8080A reads all 1's.

The 8824 clock ship and crystal oscillator, provide the

two-phase non-overlapping 2 megacycle system clock for
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the 8080A. These clocks are also driven onto the back

plane through 8T97 tri-state buffered drivers.

The CLOCK line on the back plane is driven from the TTL
Phase II clock line through a delay so that the phase
relation of the clock signal to the Phase II and Phase I
back plane signals is nearly identical to that produced
by the MITS Altair 8800 system. Six sections of a 7404
are used for this delay to provide greater simplicity
and higher reliability than a one shot. The 8224 chip also
provides the power-on reset function through use of a
4.7K resistor and 33 uF capacitor connected to the reset
input of the 8224, The power-on reset is applied to the
8080A and is applied to the POWER ON CLEAR line, pin 99

on the back plane.

The two BACK PLANE READY signals are ANDed and connected
to the 8224 for synchronization with the Phase II clock
before being connected to the 8080A chip. The INTERRUPT
line is connected directly to the 8080A, while the HOLD
REQUEST line is synchronized with the Phase II clock and

then connected to the 8080A.

The six processor status signals (SYNC WRITE, STROBE DATA
BIT IN, READ STROBE, INTERRUPT ENABLED, HOLD ACKNOWLEDGE,
and WAIT ACKNOWLEDGE) are all driven onto the back plant
through 8T97 tri-state buffered drivers. These drivers
may be disabled by the CONTROL DISABLE line, pin 19 on

the back plane.
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The +% volts is regulated from the fS volts by a 7805
integrated circuilt regulator, while the -5 volts is regu-
lated by a 5-volt zener and a 470 ohm resistor from the
16-volt bus. The +12 volts is regulated by a 12-volt
zener and connected to the +16-volt line by two 82 ohm
1/2 watt resistors in parallel. All voltages are filtered

with .33 microfarad tantalum and disc ceramic capacitors.

IMSAYI RAM 4-1 Theory of Operation

The RAM-4 board has space for 4K bytes of memory which
consist of 32 chips of Intel 8111 or 2111 type random
access memory organized 456 words x 4 bits wide in each

chip. 1In the RWLM system only 1K bytes are implemented.

These RAM devices are arranged on the board in a 2 x N

(1 £ N < 16) array, with the top row A containing bits 0,1
2,3 of all the data and Row B containing bits 4,5,6, and 7

of all the data. Read/write and address control is pro-
vided by a support network of Gates (C8, C9, Cl3) and a
decoder (Cl0). Bi-directional tri-state bus drivers (C15,

Cl16) are used to receive and transmit data to and from the

IMSAI 8080 System bus.

To begin the Read or Write Cycles, the board must be
enabled. As shown in the schematic, the board enable is
produced by an 8-input NAND (741LS30 in position C13).
Four of the NAND inputs are the jumper selected board
address bits (Al2, Al3, Al4, Al5 or complements), and
the remaining two are the inverted status bits SINP and

SOUT. When the bnard is properly addressed, the NAND
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output is driven low. The 8205 l-of-8 decoder is then
enabled, addvessing a particular memory chip pair uniquely

4atermined by the states of A8, A9, AlO and All.

The 8T97 bus driver (Cl4) is also driven by the NAND (Cl3).
Also enabled at this time are the 8216 (Cl5, Cl6) tri-state

bi-directional bus drivers.

The direction of data flow is determined by the 7402 in
position C8, which when low selects a data path going

from the IMSAI 8080 data bus to the RAM-4 board's data bus.
This is made low by either the memory write line from the
control panel or the complement of the memory read status
signal from the processor. Thus for normal operation, w;th
the machine running, the status signal memory read determines
whether these data bus drivers are driving to the IMSAI 8080
data-out bus. When the machine 1s stopped and the front
panel is being used, the direction of data transmission

is selected by the memory write pulse from the front panel.
When writing from the front panel, a delay is necessary
before turning off the data on the memory chips (so that
there is time for the memory chips to write on the .railing
edge of the write strobe before the data disappears) and
this delay is provided by the disc capacitor to ground
connected at the output of the inverter at C9 pin 8. 1In
addition to selecting the direction of data flow through

the bi~directional data bus drivers, the direction control
signal is also inverted and applied to the output disable

pin on the 811l's so that during writing the 8111 is
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receiving data on its bi-directional data pins and not
attempting to drive. The write strobe is applied to the
8111's through a 4 section data out DIP switch which
enables the programmer to turr off the write pulse for

each K for debugging purposes. When the machine is running
normally,_the wrige comes from the processor write strobe
line (pin 77 on the back plane).and when the front panel is
being used, the write strobe line comes from the fromnt
panel on the memory write line (pin 60 on the back plane).
Two other sections of the 7402 are used to take either one
of these write strobes and buffer them to drive the

memory chips.

Cromenco 8K Bytesaver Read Only Memory

This board is a read only memory board plug compatible
with the standard S-100 microcomputer bus. It has the
capacity to hold eight 2708 type UV erasable read only

memories. ,

The board also contains provisions for programming the
2708 type memories; however, the RWLM does not support
the software required to perform this function. In the
RWIM seven of the eight sockets are used. This broad

is addressed at Zero and Stores the main RWLM program.

Processor Technology 2KRO 2K Read Only Memory

This board is a read only memory, socket compatible with

the standard S-100 microcomputer bus. It has the capacity
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to hold eight 1702A type UV ;rasable read only memories. b
Each 1702A is capable.of holding 256 bytes of program.
In the RWLM this board holds the floating point mathematics

package and the floating point-PIM transfer routines.

Processor Technology 3P+S Imput Qutput Module

This board is designed to provide the interface between
the microcomputer system and the terminal device. In
the RWLM this board is wired to implement the standard

RS-232C signals required by the TI Silent 700.

The board contains a serial I/0 port which links the terminal
to the system and a parallel port which is designed to
provide I/0 status information to the processor. It

also contains two parallel I/0 ports that are not used by

the RWLM.

Vectored Interrupt Board

The vectored interrupt board provides the processor with

an eight levei priority interrupt capability and a controlled
interval clock that can be used to interrupt the processor
on a regular basis. In the RWLM a one second interrupt is
used to provide the timing information. The program control
of the vector interrupt board is performed via output port
OFBH. The output of the address select gate (74L30) is
ANDed with processor signals PWR and SOUT. These signals
are used to latch the lower four bits of data into the 8214
priority interrupt chip. When 8214 is enabled and one of

its priority request lines is low, the-8314 INT line is
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used to strobe an 8212 IC. This causes the 8212's INT
flip-flop to be set and requests an interrupt from the
processor. When the processor acknowledges the interrupt
with an INTA, the 8212 outputs are enabled and this

puts the interrupt request address on bits 3, 4, and 5
of the DATA IN bus. The remaining bits of DATA IN are
held high. The byte thus formed on the DATA IN lines

is a restart instruction with bits 3, 4, and 5 directing

the processor to one of eight restart locations.

The clock circuit consists of a set of frequency dividers
which count the phase 2 clock pulses. In the RWLM, the
one second intervals are selected. The clock interrupt
flip-flop is reset by ANDing the RST 7'instruction with
the INTA signal. .Details of operation on the 8212 and the

8214 can be found in the Intel Data Book.

Head Control on Select Board

The Head control board consists of an I/0 address decoder,
an 8212 used as an output port latch, and two sets of

line drivers. When a command is to be sent to the remote
heads an OUT 7 instruction is placed on the bus. This is
decoded by the 8205 whose output, along with PWR and SOUT
cause the 8212 to latch the output instruction. The output
lines of 8212 are then used to select the head and to hold
the required information. Bit 0 selects the head to be
addressed via a set of 7408 AND gates. When Bit 0 is equal

to 0, head one is selected and when Bit 0 is equal to one,
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head two is selected. Bits 2 and 3 are not used. 3Bit &
delivers pulses to the digital motor, Bit 5 turns on the
digital motor, Bit 6 activates the solenoid and Bit 7

activates the pump.

Line Receiver Board

The line receiver board consists of a set of opco-
isolator line receivers which detect the signals sent

by each remote head. Head selection is performed by
7218158 multiplexers which select either head one or head
two using the head select bit from the output port on the

Head control board.

This data is placed on the processors data bus whenever
an IN 7 instruction is performed. Address decoding
is performed on the Head Control Board and signals are

bussed to the 8212 on the line receiver board.

The Accumulator Board

In order to count the pulses in each of the detection

channels (RaA, Ra(B+C) and RaC'). A seven-decade accumulator

has been implemented for each channel. The accumulator section

consists of a MC 14518 decade prescaler which holds the
least significant decade with a Mostek MK 50395N six

decade up/down counter with latch and comparator.

The accumulator board is controlled as output port seven

by an 8212 latch. The data is read out of the accumulators

onto the data bus by a set of 8212 latches used as input

ports, four, five and six. Output port 4's output commands are:



.

C_

T

S N

1

i

i

3.2.10

3.2.11

n

2)

3)

4)

5)

6)

- 39 -

‘STOREL - This strobes the output 8212 and causes

Them to hold the data being impressed on their input
lines.

SET - This resets the multiplexed output of the MK50395N
to the most significant digit.

SCAN - This strobes the MK50395N output selector to
output the next digit.

CLEAR - Resets all counters.

COUNT ENABLE - opens the count gates and allows the
accumulators to collect data.

STORES - Enables latch in .K50395N.

The MK50395N is a N~MOS device and requires a VCC of +12

volts; therefore, open collector 7406 devices are used to

interface with the output port and the RCA 308l. Seven

transistor common emitter IC devices are used to interface

with the input port.

Front Panel Replacement Card

In the normal $-100 system, a front panel is used which

generates a MWRITE signal. When no front panel is

installed, a way of generating this signal must be provided.

A single 7400 NAND gate is used to implement the function.

MWRITE = PWR-SOUT

System Bus

The 5100 system bus structure consists of 100 lines.
arranged 50 on each side of the plug-in board, with pins 1 through

50 on the component side and pins 51 through 100 on the back side.

These are
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As the board is viewed right-side up (components up, 100 pin

connector towards you) pin #1 is on the left end on the top

and pin 51 is on the back side directly opposite pin #1.

Conventions:

SYMBOLS:

LOADING:

LEVELS:

BUS DEFINITION

Front Side

"p" prefix indicates a processor command
or control signal

"s" prefix indicates a processor status
signal

All inputs to a card should be loaded with
a maximum of 1 TTL low power load

All bus signals exc.pt the power supply
are TTL. All Data and Address lines are

positive TRUE (ground = O bit)

No. SYMBOL NAME FUNCTION

1 +8V +8 volts Unregulated input to
5 V regulators

2 +16V +16 volts Positive unregulated
voltage

3 XRDY External Ready Used by Front Panel:

Pulling this line low
will cause the processor
to enter a WAIT state and
allows the status of the
normal Ready Line (PRDY)

to be examined.
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BUS DEFINITION

No.

4

10

11

12

13

14-16
17
18

Yront Side
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Interrupt

Interrupt

Interrupt

Interrupt

Interrupt

Interrupt

Interrupt

Interrupt

Head Select Bit

SINP*PDBIN for Head

SYMBOL NAME
V10 Vectored
Line #0
Vil Vectored
Line #1
V12 Vectored
Line #2
V13 Vectored
Line #3
V14 Vectored
Line #4
V15 Jectored
Line #5
V16 Vectored
Line #6
vVi7 Vectored
Line #7
HS
Output Port
UNUSED

STATUS DSBL

HEAD ADDRESS SELECT

STATUS DISABLE

FUNCTION

1/0 SEL

Allows the buffers for
the 8 status lines to be

tristated



BUS DEFINITION

Front Side

20

21

22

23

24

25
26

SYMBOL
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NAME

CC DSB

UNPROT

Ss

ADDR DSBL

DO DSBL

92
gL

PHLDA

COMMAND CONTROL

DISABLE

UNPROTECT

SINGLE STEP

ADDRESS DISABLE

DATA OUT DISABLE

Phase 2 Clock

Phase 1 Clock

Hold Acknowledge

FUNCTION
Allows the buffers for
the 6 output ¢ command/
control lines to be
tri-stated

Reserved for input to

the memory protect flip~

flop on a given memory board

Used by Front Panel to

disable input buffer whi® =

panel drives bidirectional

data bus

Allows the buffers for
the 16 address lines

to be tri-stated

Allows the bidirectional
data bus drivers for the
8 data lines to be tri-
stated for both input and

output data buses

Processor control output

signal which appears in

response to the HOLD signal;
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NAME

Front Side

No. SYMBOL
26 (continued)
27 PWAIT
28 PINTE
29 A5

30 A4

31 A3

32 Al5
33 Al2

WAIT

INTERRUPT ENABLE

Address Line #5
Address Line #4
Address Line #3
Address Line #15

Address Line #12

FUNCTION

indicates that the data
and address bus will go
to the high impedance

state on the 8080. Note:

ADDR DSBL and DO DSBL
must be driven to the
tri-state the system bus
Processor control output
signal which acknowleges
that the processor is

in a WAIT state
Processor control out-
put _ignal indicating
interrupts are enabled:
may be set or reset by
EI and DI instruction and
inhibits interrupts from
being accepted by the

CPU if it is reset



BUS DEFINITION

Front Side

No.
34
35
36
37
38
39
40
41
42
43
44

45

SYMBOL
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NAME

A9

DO

D00
Al0
D04
DO5
D06
D12
D13

D17

souT

Address Line 9
Data Out Line #1
Data Out Line #0
Address Line #10
Data Out Line #4
Data Out Line #5
Data Out Line #6
Data In Line {2
Data In Line #3
Data In Line #7

Ml

ouT

FUNCTION

Status output signal

that indicates that

the processor in in the
fetch cycle for the first
byte of an instruction
Status output signal

which indicates that the
address bus contains the
address of an output device
and the data bus will con-
tain the output data when

PWR is active

I
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J g BUS DEFINITION
L il
Front Side
] J § No. SYMBOL NAME FUNCTION
; ) 46 SNIP INP Status output signal
P_J 1! ;__ which indicates that the
{ ‘§ J address bus contains the
: ; address of an input device
J J and the input data should
) ‘ ) be placed on the data bus
. ,l J when PDBIN is active
/ -y 47 SMEMR MEMR Status output signal which
— J indicates that the data
J ;j; bus will be used for memory
: read data
,_J J 48 SHLTA HLTA Status output signal which
v acknowledges a HALT
d J instruction
j ;j 49 ‘CLOCK CLOCK 2 MHz clock signal
50 GND GROUND
d Jd
Back Side
J ) No. SYMBOL NAME FUNCTION
R 51 -8V +8 volts Unregulated input to
l._l 5V regulators
:j 52 . ~-16V =16 volts Negative unregulated
" . voltage
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BUS DEFINITION
Back Side
No. SYMBOL NAME
53 SSW DSB SENSE. SWITCH DISABLE
54 EXT CLR  EXTERNAL CLEAR
55 CGND CHASSIC GROUND
56~57 UNUSED
68 MWRT MEMORY WRITE
69 PS PROTECT STATUS

70 PROT PROTECT

FUNCTION

Disables the data input
buffers so the input from

the sense switches may be
strobed onto the bidirectional
data bus

Clear signal for I/0

devices (front panel switch

closure to ground)

From the Front Panel
replacement card indicates
that the current data on
the Data Out Bus is to be
written into the memory
location currently on the

address bus

Reserved to indicate the
status of the memory protect
flip-flop on the memory
board currently addressed
Reserved for input to the
memory protect flip-flop on
the memory board currently

addressed

L. . . A

L.
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BUS DEFINITION

Back Side

No.

71

72

73

74

- 47 -

SYMBOL NAME

RUN RUN

PRDY READY

PINT INTERRUPT REQUEST
PHOLD HOLD

FUNGTION
Indicates that the RUN/

STOP flip-flop is set to

run on the front panel
Processor command/control
input that controls the run
state of the processor; if

the line is pulled low the
processor will enter a wait
state until the line is
released

The processor recognizes

an interrupt request on this
line at the end of the current
instruction or while halted.
If the processor is in the
HOLD state or the Interrupt
Enable flip-flop 1is reset,

it will not honor the request
Processor command input signal
which requests the processor
to enter tﬂe HOLD state; allows
an external device to gain
control of address and data

buses as soon as the processor
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BUS DEFINITION
Back Side

No. SYMBOL NAME

74 (continued)

75 PRESET RESET

76 PSYNC SYNC

77 PWR WRITE

78 PDBIN DATA BUS IN

79 AOQ Address Line #0

80 Al Address Line #1

FUNCTION

has completed its use of these
buses for the current machine
cycle

Processor command input;
while activated the content
of the program counter is
cleared and the instruction
register is set to O
Processor control output
provides a2 signal to indicate
the beginning of each machine
cycle

Processor control output

used for memory write or

I/0 output control; data

on the data bus is stable
while the PWR is active
Processor control output
signal indicates to external
circuits that the data bus

is in the input mode
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BUS DEFINITION

Back Side

No.
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

96

97
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Address Line #2

Address Line #6

Address Line #7

Address Line {#8

Address Line #13

Address Line #14

Address Line #11

SYMBOL NAME
A2

A6

A7

A8

Al3

Al4

All

DO2 Data
DO3 Data
D07 Data
D14 Dat::
D15 Data
D16 Data
D17 Data
D10 Data
SINTA INTA
SWo WO

Out Line #2
Out Line #3
out Line #7
In Line #4
In Line #5
In Line #6
In Line #1

In Line #0

FUNCTION

Status output signal to
acknowledge signal for
INTERRUPT request

Status output signal indicates
that the operation in the
curreng machine cycle will

be a WRITE memory or output

function
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Back Side
No. SYMBOL NAME
98 SSTACK STACK
929 POC Power-On Clear
100 GND GROUND

o
id
1
I
Ll
FUNCTION ,
— i
Status output signal ’
indicates that the address
bus holds the pushdown stack
address from the Stack Pointer
B
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CPU Power Supply - Functional Description

The power supply is designed to be used in the CPU
with boards that have on-board regulators. It provides

+10 volts and *18 volts at no load and approximately +7

and *15.8 volts at full load.

The rectifiers and 115 volt power switching and fusing
functions are contained on a small power.supply PC board.

Large computer-grade filter capacitors are used to provide
minimum ripple. A custom-wound transformer is used to provide
the maximum amount of power in the available space to match the
exact requirements of the 8080 system. One hundred fifteen
volt output terminals are available on the board, switched
both fused for such functions as the ventilating fan and

auxiliary power outlets on the back panel. A position is

provided on the rectifier board for a power switch, for use

when the front panel is not installed in the system.

The secondary windings of the power transformer are all

connected in series to provide a winding with a center tap

and one tap on each side of the center tap midway up the secondary
out of which three separate full wave center tap rectifier

circuits provide the three required voltages.

Two heavy duty rectifiers are connected to the mid points of
the winding and provide +10 volts at the output. A full wave
bridge for both plus and negative voltages is connected to the

end points of the secondary winding to provide +18 and -18 volts.
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Large computer grade electrolytic capacitors are used to filter
the rectifier output before applying the voltages to the

8080 back plane.

Since the 7805 regulators used on the 8080 system boards
require 7 volts minimum to regulate at 5 volts, a maximum
power supply voltage drop of 3 volts is permissible between

the no load voltage of 10 volts and the minimum permissible

full load voltage of 7 volts.

Many components contribute significantly to the full load

power supply voltage drop due to the heavy currents involved.
Among these are the resistance of the transformer winding, the
resistance of the hook-up wire used in assembling the power
supply, the voltage drop accross the diode, the voltage drop
between cycles from the discharge of the filter capacitor, and
contact resistance in any of the joints. A similar situation

is true for the *18 volt supplies; however, because of the lower

currents involved, this design situation is less stringent.

Additionally, three series diodes were put in both the
+18 and -18 volt power supply leads to hold the no load
voiéage down to an acceptable value for a number of boards

which use a simple resistor and zener diode to regulate

for +12 volts.
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Control Program

3.3.1

3.3.2

Program Description

The control program for the RWLM is written in the PL/M
Language (Programming Language/Microcomputers). This
language is block structured and somewhat self-documenting.
The complete program listing is contained in Appendix C.

Most procedures are explained by the comments in the listing.

The Language

A PL/M program is a sequence of "declarations" and

" "executable statements."

The declarations allow the programmer to control allocation
of storage, define simple textual substitutions (macros),

and define procedures. PL/M is a '"block structured" language:
procedures may contain further declarations which control

storage allocation and define other procedures.

The procedure definition facility of PL/M allows modular
programming: a program can be divided into sections (e.g.,
Teletype input, conversion from binary to decimal forms,
and printing putput messages). Each of these sections is

written as a PL/M procedure.

PL/M handles two kinds of data. 1Its two basic '"'data types"
are BYTE and ADDRESS. A BYTE variable or constint is one
that can be represented as an 8-bit quantity; an ADDRESS

variable or constant is a 16~bit or double-byte quantity.
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The programmer can DECLARE variable names to represent BYTE
or ADDRESS values. One can also declare vectors (or array)

of the type of BYTE or ADDRESS.

In general, executable statements specify the computational
processes that are to take place. To achieve this, arithmetic,
logical (Boolean), and comparison (relational) operators
are defined for variables and constants of both types
{(BYTE and ADDRESS). These operators and operands are combined
to form EXPRESSIONS which resemble those of elementary
algebra. For example, the PL/M expression
X* (Y-~ 3)/r
represents this calculation: the value of X multiplied by
the quantity Y-3, divided by the value of R. Expressions
are a major component of PL/M statements. A simple statement
which computes a result and stores it in a memory location
defined by a variable name. The assignment
Q=X*%*(Y-3)/R
first causes the computation to the right of the equal sign,

as described above. The result of this computation is then

saved in a memory location labeled by the variable name "Q."

Other statements in PL/M perform conditional tests and branching,
loop control, and procedure invocation with parameter passing.,
The flow of program execution is specified by means of control
structures that take advantage of the block-structured

nature cf the language. Input and output statements read

and write 8-bit values from and to the 8080 microprocessor's
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input and output ports. Procedures can be defined which use

these basic input and output statements to perform more

complicated I/0 operations.

Calibration Coefficients

The Rn-daughter and WL coefficients which were calculated
during the calibration runs are stored in the READ ONLY
memory of the RWLM in matrix form and are accessed by the CAL
procedure on page 9 of the listing. Each constant is
allocated 16 bytes of memory starting at location 110 H.
The format of the data is as follows:
ADDRESS (HEX)

110-11F WL  COEF, #1

COEF. #2

=

120-12F

130-13F WL  COEF. #3

140-14F RaA COEF. #1
150-15F RaA COFF. #2

160-16F RaA COEF. #3
HEAD #1

170-17F RaB COEF. #1
180-18F RaB COEF. #2

190-19F RaB COEF. #3

1A0-1AF RaC COEF. #1

1RO-1BF RaC COEF. #2

1C0-1CF RaC COEF. #3
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1D0-1DF WL  COEF. #1
COEF. {2

2

1EO-1EF

1F0~1FF WL  COEF. #3

200-20F RaA COEF. #1
210-21F RaA COEF. #2

220-22F RaA COEF. #3
HEAD {2

230-23F RaB COFF. #1
240~24F RaB COEF. #2

250-75F RaB COEF. {3

260-26F RaC COEF. #1

270-27F RaC COEF. #2

280-28F RaC COEF. #3 |

Note from the listing that the last character in each data
string is a 24H. The math pack inferprets this character

as the end of a number.

The arrangement of data in this structure allows the routines
that calculate the WL and Rn-daughter levels to be tightly
coded and it alsoc allows using the same routines to do the

calculation for each head with only the change of an indexing

variable.

For example, in the CAL procedure the fixed point numbers
in the above matrix must be converted to four-byte floating
point numbers to be used in the calculations. The code to

perform this conversion is as follows:
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DO I=0 to 11; .
CALL INSTR(.CONSTR + (I*16) + (192 * SELDET),
.FCON + (I1%4)0;

END;

The INSTR routine is passed to the address of the number it
is to convert to floating point as the first parameter:
CONSTR + (I*16) + (192*SELDET)

when I = 0 and SELDET = 0 (HEAD #1).

The first number converted starts at location 110H, i.e.,
the first WL coefficient for Head #1. If SELDET = 1 as it
would if Head {!2 were selected, the first number converted

would at location 100H, i.e., 110H+0+(192D x 1) = 1DOH

The INSTR routine then stores the converted number at location
pointed by .FCON + (I*4). This, of course, forms a second
matrix holding the floating point values of the constant

data starting at the address of FCON (21BFH).

The altitude correction factor, the data counts and the

background counts are also converted to floating point

and stored by the CAL PROCEDURE.

The calculations are then performed on the data and constants

as shown in the listing. The output data is stored in a vector

called WL for use by the PRINTREPORT Procedure.

3.4 Floating Point Math Pack

The floating point system consists of a set of subroutines designed

to perform arithmetic operations on numeric quantities represented

in memory.



- 58 -

The software constituting the floating point system is divided inte

two sections.

Section 1 contains all the arithmetic routines, while section 2

contains routines which are used to convert data between a binary

floating point format and a decimal format suitable for entry or

display on input/output equipment.

3.4,1

Floating Point Routines

The 8080 binary fleating point system consists of a set of
subroutines designed to perform operations on numeric
quantities represented in a specific notation. Subroutines
are provided to perform a variety of arithmetic and related

operations.

The subroutines are designed to be stored and executed inm
READ~ONLY-MEMORY (ROM) and require 64 bytes of RAM.
Scratchpad memory is initialized by a utility subroutine
which must be executed before other subroutines are executed

for the first time (INT routine called hy PL/M).

In general, the subroutines have the following characteristics.
Subroutines requiring one operand take it from an internal
floating point accumulator. Subroutines requiring two
operands take one from the accumulator and the other from the
memory location indicated by the contents of the H and L
registers upon entry. The numeric result of each operation

is stored in the accumulator and is returned to the called

in the A,B,C, and D registers.
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Upon exit from the arithmetic subroutines, the properties of

the result are indicated by the settings of the control bits.

Carry Bit = 1 The result exceeds the capacity of the

Carry Bit

Zero

Zero
Sign
Sign

Sign

Bit

Bit

Bit

Bit

Bit

accumulator. The other control bits,
the contents of the hardware registers,
and the contents of the accumulators are
meaningless. This situation is also
indicated by a non-zero quantity being
stored in a flag word.

The result is in range. The zero and
sign bits are properly set, and the
A,B,C, and D registers contain a repre-
sentation of the value in the accumulator.
The result of the operation is zero or

a quantity too small to be represented.
The result is non-zero.

The result is non-zero.

The result is negative.

The result is positive.

Data are represented in a notation which records eight bits

of exponent.

One bit of sign, and 24 bits of fraction. The

largest magnitude that can be represented is approximately

3.6 * 10°%8,

2.7 % 10739,

The smallest non-zero magnitude is approximately

The resolution of the notation is approximately

6.2 * 10‘“, i.e., better than seven-decimal digit precision.
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;
Data values are represented in four consecutive memory words
which must be in the same bank of memory. The interpretation LJ
of these words 1s shown below.
Word 1 If non-zero, this word contains the exponent L~

plus a bias of 200 octal. The exponent indicates

L

the power of 2 by which the fraction is multiplied

e

to obtain the represented value, If this word i—g
is zero the represented value is zero and words 2, i
3, and 4 are meaningless. ik
Word 2, Bit 7 This bit indicates the sign of the valve: 0 if . §
positive, 1 if negative. -
Word 2, These bits plus as sssumed 1 in the bit 7 are Lj
Bits 6-0 the most significant bits of the fraction. The
N
fraction is stored in absolute form (unsigned) Lj
with the radix point positioned to the left of :F
bit 7. The value of the fraction is thus less =
than 1.0 and equal to or greater than 0.5. ¢E
Word 3 This word contains the second most significant
eight bits of the fraction. g
Word 4 This word contains the least significant eight m?
bits of the fraction. ii
Examples of Data Notatlon (Octal Notation). ;ﬁ
Value Word 1 Word 2 Word 3 Word &
0.0 000 XXX XXX xxx x = don't care
+1.0 201 000 000 000 -
-1.0 201 200 000 000 ii
+0.1 175 ° 114 314 314 n
-100.1 207 310 - 063 063

Lell
iy
N
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3.4.2 Floating Point Accumulator

The floating point accumulator consists of 5 scratchpad words
containing, respectively, the accumulator exponent, the accumu-
lator sign, and three words of accumulator fraction. The
exponent is recorded with a bias of 200 octal. An exponent

word of zero indicates that the value in the accumulator is

zero and the remaining words of the accumulator are meaningless.
The sign word holds 000 if the accumulator is negative, 200 octal
if positive. The fraction is recorded as a normalized positive
value with the radix point to the left of the most significant

bit of the first fraction word.

3.5 Format Conversion Package

The format conversion package of the 8080 binary floating point system
contains subroutines for the conversion of data between the floating
point system notation and two other formats. The non-floating, point
formats are four-word fixed-point format and variable-length character-

string format.

The format conversion package is contained in 512 consecutive words

of memory (2 banks of ROM) and requires for its execution that the
arithmetic and utility packages be available in memory. The combination
of this format conversion package and the arithmetic and utility

packages uses the first 64 words of a bank of RAM as scratchpad memory.

The fixed point format data processes by this package cousist of 32-bit
binary numbers occupying four words. (Two's complement notation is
used to represeut negative values.) The position of the binary point

relative to the bits representing the value is denoted by a binary
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scaling factor. The binary scaling factor is not normally recorded in

the computer; but, 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 the binary point is immediately to the
left of the most significant of the 32 bits representing the value.

A binary scaling factor of 32 indicates the binary point is immediately

to the right of the least significant bit. The permissible range of

the binary scaling factor is -128 (200 octal) to +127 (177 octal).

The character string format data processed by this package consist
of binary representations of characters occupying consecutive words
of memory. A character string may not cross a memory-bank boundary.

The characteis which may be included in a character string, and the

corresponding octal representations are listed below.

Decimal Digits 00B-011B BCD digits®
Space 360B

+ 3738

- 375B

. 376

Exponential sign 0258

*(These octal representatlons can be converted to the corresponding
ASCII characters by adding 060B to each.)

The out subroutine generates character strings in two formats. Each

consists of 13 characters. The format used in a specific case is

dependent upon the magnitude of the value represcnted.

Zero and magnitudes between .10000000 and 9999999. are represented

by a space or minus sign,. seven decimal digits and an appropriately

positioned decimal point, and four spaces.
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Magnitudes outside the above range are represented by a space or

minus sign, a value between 1.000000 and 9.999999, an exponential sign,

and a signed two-digit power of ten.

The input subroutine converts character strings in either of the above
formats, or a modified version of them. The leading sign character may
be included or omitted. Up to 37 digits may be used to indicate the
value, with or without an °~ _uded 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.

Interface Between PL/M and Assembly Language Floating Point Math

Pack Routines

There are two sets of routines that interface the PL/M and the

assembly language routines. One set of these interfaces appears on
page 8 of the PL/M control program listing in Appendix C. The assembly
language part of the routine is labeled Math Pack Transfer Routine

and is also found in Appendix C.

The PL/M procedures are called by elements in the control program. 1In
turn, they transfer control to the assembly language transfer control
to the assembly language transfer routines. These routines move
parameters passed by PL/M and make these parameters correspond with

the requirements of the Math Pack.
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4.0 CALIBRATION

It is evident from (1) in section 2.0 that the numerical values for NA’ NB’

and Nc depend on V, E;, Ez, E3, and the corrected counts TA, TC' see (5) and

the measured counts (B + C).

Therefore, to calibrate the RWIM, V, E;, Es,

anC E; (the flowrate and the efficiencies of RaA, RaB, and RaC) have to be

determined, and one has to ensure that the counts used to calculate "

N, NB,

and NC are TA, (B + C), and TC' as defined in section 2.0.

4.1

4.2

Measurenent of Flowrate V

The flowrate, V (liters/min), can easily be measured with a Wet
Test Meter (Precision Scientific Co.). The numerical value of
V (in liters/min) for the particular detector measured is used

in the calibration procedure (see Fig. 8).

Determinations of E;, E2, and Ej3

The alpha efficiency of the RWLM detectors, E,, was determined

by comparison with a calibrated hemispherical proportional counter.

The proportional counter was calibrated with an NBS 241pm source.
An air sample from a piastic drum containing uranium ore was
taken. About 40 minutes after the ending of the sampling period
the circular portion of the filter strip containing the filtered
Rn daughters was cut out. This circular disc was then counted
with the proportional counter and with the RWLM. The counting
period was always 30 seconds. About 10 measurements with each
counter were taken. These results were averaged and E, was
calculéted according to the formula:

E1r = (Coumy/Cpc) Epc
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where:
CRWLM = average number of alpha counts observed with RWLM
CPc = average number of alpha counts observed with the
proportional counter.
EPc = known alpha efficiency of the proportional counter.

The measurements with the two counters should be interlaced.
The first measurement with the RWLM, for example, should be
followed by the first measurement with the proportional counter,
and so on. Counting in this interlaced fashion avoids bias due

to decay. The counts frem the RWLM detection system can be

recorded with an external scaler.

Once E; is know, E» and E; can be determined by the following
procedure: Knowledge of E; allows a complete analysis of any
air sample by a method using total alpha counts. This method

allows calculation of NA’ NB’ and NC for this particular air

sample, NA’ NB, and NC can then be used to calculate the beta
disintegrations from RaB and RaC. By comparing the calculated
beta disintegrations with the observed total beta counts, the
values for E; and E3; are obtained. The necessary calculations

are all performed by the "RWLM CALIBRATION PROGRAM" (see Fig. 8).

To calculate the beta efficiencies E; and E;, the Rn-daughter
concentrations (atoms/liter) N,, NB, and NC must first be
determined from the alpha counts during several counting periods

using the following equations:
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.
NA = 0,962617%As/E{*V :
NB = (-0.919056*As - 11.17412*%Cs + 2.764731*C3)/E1*V  (2) h»j
NC = (0.054135%A5 + 4.305161*Cs - 0.264945%C3) /E1*V '
where: * ;
As = RaA counts observed during 5 min starting 13 sec f
after the end of the 2-min sampling time. ,
Cs = RaC' counts observed during the same time interval . j
as above. :
C; = RaC' counts observed during 30 min, starting at the j
same time as above. !
i
The numerical coefficients in (2) are again derived from v
the laws of radioactive-series decay. This derivation .
is straightforward but lengthy and will therefore be .
omitted. j
With NA’ NB’ and NC known, E; and E; can be determined o
from the following equations: ;
Q = (0.131911*NA + 0.235122*NB)*V*E2 + (0.010901*NA .
+ 0.029629%N, + 0.309182%N, *V*E, 3) i
Q = (0.984198*NA + 1.046109*NB)*V*E2 + (0.389388*NA =
+ 0.481449*NB + 1.24961*NC)*V*E3 Lj
where :
Q; = total beta counts observed during 5 min starting iﬁ
13 sec after the end of the 2-min sampling time. B
s

Q2 = total beta counts observed during 30 min same time

§
)
by

as above.

*
The overlap corrections must be incorporated into the alpha
counts (As, Cs and C3). See (5).

s, 4
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With the beta efficiencies E; and E; so determined, (1) can be
inverted and properly scaled. When properly scaled this yields
a set of equations which gives the Rn~daughter concentrations in
pCi/liter. The WL can also be expressed as a linear combination
of A, (B + C), and C'. These counts are net counts, i.e., the
background has been subtracted. The equations are of the

following form:

Ci1(A) + C2(B + C) + C3(C")

WL =
RaA(pCi/liter) = C4(A) + Cs(B + C) + Cs(C") (4)
RaB(pCi/liter) = C7(A) + Co(B + C) + Cqo(C")

RaC(pCi/liter) = Ci1p(A) + C1,:(B + C) + C,2(C")

C; through Ci; are the derived weighting coefficients which are
atored in the memory of the RWIM. It is clear from this description
of the calibration that NA, NB’ and NC are treated as independent
unknowns (i.e., no a priori relationship between these quantities
other than radioactive series decay is assumed). The RWLM deter-
mines, therefore, the Rn-daughter concentrations and WL without
any assumptions about the Rn-daughter equilibrium. Since all
weighting coefficients are strictly proportional to the inverse
of the flowrate, or 1/V, a flowrate correction can be made by
including a multiplication factor in (4). This implies that a
recalibration of the RWLM is unnecessary if it is operated at
different altitudes, or any condition which may result in a
flowrate different from that used in the calibration, such as a

Joss of pump efficiency due to wear.
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4.3 Discriminator Adjustments

V, E;, E2, and E3 have been determined so far. We will now

discuss the adjustments necessary to ensure that the other

input parameters VO (overlap), A, (B + C) and C' are properly

determined.

Vo = fraction of RaC' counts appearing in the RaA channel
during the corresponding counting period.

A = total alpha counts in RaA channel during 2 min counting
period starting 13 sec after the end of sampling.

total beta counts from RaB and RaC (same period of

(B+C)
accumulation as above).

C = total alpha counts in RaC' channel (same as above).

CKUS = total alpha counts from 39 to 41 min used to calculate

WLKUS, the Kusnetz WL (with time base starting 13 sec

after the end of sampling).

Firsi, the lower alpha discriminator level has to be set above
the noise level. This is done easily by gradually increasing the
reference voltage level until no background counts due to noilse
are observed. This adjustment has to be done in an area with
negligible airborme radioactivity. In a similar manner the beta
channel must be adjusted. A certain number of counts due to
ambient gamma radiation will always appear since the beta
detector is sensitive to gamma rays. The RWLM channel accumulator
registers approximately 250 counts/min for 1 mr/hr of gamma

The next step is the adjustment

radiation from a 2?®Ra source.

of the upper alpha discriminator level. For this adjustment,

]
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a multi-channel analyzer (MCA) is needed. The multichannel-
analyzer displys shows clearly the separation between the RaA

and the RaC' alpha peaks. Integrating the combined spectrum
between the analyzer's baseline and the channel with the

minimum number of counts between the two alpha peaks gives A,

the number of counts in the lower alpha channel. Integrating
from this channel to the descent of the RaC' spectrum gives C',
the number of counts in the upper alpha channel. The upper level
alpha discriminator must then be adjusted to obtain agreement
between A and C' by comparing the integrated counts under each
peak on the MCA with the A and C' counts observed in the alpha
channels of the RWLM. This data is collected simultaneously from
the same air sample. This agreement can be achieved by gradually
adjusting the upper alpha discriminator level in the RWLM and
comparing the different sets of A counts and C' counts. An
initial minimum setting of the RWLM's upper alpha discriminator
can be achieved with a 2*'Am standard. This initial setting
should be slightly higher than the pulses from the 5.5 MeV
24131pha's. After the upper alpha diseriminator has been
properly set, the RWLM will record the quantities A and C'
properly. The A counts and C' counts are, however, not yet
suitable for the necessary calculations. The A and C' have

to be corrected for the degradation of the RaC' spectrum.

VO (overlap) is the fraction of the RaC' counts that is detected
by the lower alpha channel when a sample is made with the

counting delayed 45 min to assure complete decay of RaA. It is

algebraically defined by:
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(RaC' counts in RaA channel)/(RaC' counts in C channel).

With VO known, all TA and TC counts can be determined from:

TA

TC'

A~ ((VO) - ") (5)

(1+v0) -

These relationships (5) are used in the "RWLM CALIBRATION PROGRAM."

Calibration Program (see Fig. 8)

The calibration program automates the solution of the equations

for radioactive~series decay, as applied to the RWLM, and calcu~

lates the required efficiencies and coefficients. This program

is available in both the FORTRAN and BASIC languages. The program

performs the following functions:

1) It calculates the Rn-daughter concentrations by three

different methods and the WL by four different methods

from the same air sample.

The four different methods are:

a)
b)
c)

d)

The alpha-spectroscopic method
The total-alpha method
The Kusnetz method

The IWLM/RWLM method

2) It calculates the RaB and RaC efficiencies using the Rn-

daughter concentrations calculated by the total-alpha method,

and the beta counts at two different periods of time.

3) It calculates the 12 coefficients needed for the IWLM/

RWLM method. See (4).

4) It calculates the Rn-daughter concentrations from 9 of

these calculated coefficients, in units of atoms/liter, for
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comparison to the other two methods, and also in units of
pCi/liter which is the unit used by the RWLM.

5) It calculates the WL from the Rn-daughter concentrations,
and with the use of the three remaining coefficients it

also determines the WL directly from the measured counts.

In order to understand the program, it will be necessary to refer

to the calibration program and to the "Table of Definitions of
Symbols in the calibration program'" (see Appendix C and Fig. 8).

The program has two branches, one which calculates beta efficiencies
from the input data, and another which uses the mean value of

the beta efficiencies to derive the final weighted coefficients

(see Figs. 9 and 10). In both branches the Rn-daughter concen-
trations are calculated by using the alpha-spectroscopic method

(line 140) and the total-alpha method (line 150).

Lines 50 through 52 are the coefficients for these two equations.
Lines 100 through 120 are statements that adapt the input data
for these methods. Line 170 calculates the WL with the alpha-
spectroscopic method. Line 180 uses the total-alpha method

for the same calculation. Line 190 calculates the WL by the
Kusnetz method. These three WL calculations are available for

comparison with the IWLM/RWIM method to be explained later.

As ghown in Fig. 9, the first question asked by the computer is
"Calculate or Input Eg» EC" (E1, E2). When the operator types

a "C", the program is routed into Branch 1 (lines 2000 to 2100)



4.5

- 72 -

which uses the inverted equations calculate the beta efficiencies
for RaB and RaC (Ez and E;, respectively) by using the observed
beta counts (Q; and Q2) and the Rn-daughter concentrations
previously determined by the total-alpha method. If an "I" is
entered (see Fig. 10), the input branch is selected and the

beta efficiencies are entered as data (line 210Q).

Statements 3000 to 3210 perform a matrix inversion and give the

final weighting coefficients C; through C;» for (4) after con-

version to the proper units.

The Rn-daughter concentrations are calculated in units of atoms/
liter by the statements for F0O(l), F0(2), and FO(3) and are
printed out to allow comparison with the values calculated by

the alpha methods. FO(1), FO(2), and FO(3) are then converted

to units of pCi/liter (line 260) and printed. The WL is
calculated from the Rn-daughter concentrations which were derived
using the IWLM/RWLM method (line 270) and directly using the
coefficients of the IWLM/RWLM method (line 280). ©Note that

these two different equations give exactly the same results.

. See Fig. 9, "WL from IWIM (direct and from Rn daughters)."

Calibration Procedure

The calibration procedure consists of the following steps:
first, 10 sets of data are automatica.ily collected; second,
the RWLM calibration program is used to calculate the beta
tefficiencies; third, the RWLM calibration program is used to

calculate the coefficients for the RWLM using the mean value of

the calculated beta efficiencies; and, fourth, these new coefficients
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TADAY 1S 00-00-00 THE TIME IS 00:00

DATE CORRECT <(Y/MN>7?N

ENTER YEAR-77 ENTER MONTH-02 ENTER DAY -21 ENTER HOUR-11 ENTER MINUTE--45

TODAY IS 03/21/77 THE TIME IS 11:45
DO ¥YDU WANT DETECTOR 1 RUNCY/N)7?Y
DD YOU WANT DETECTOR 2 RUNCY/NY7?Y

ENTER TIME INTERVAL BETWEEN SAMPLES HOURS-00 MIN-20

ENTER TIME TD START HOUR-12 MIN-00

INFUT TIME TO STOP

ENTER YERR-77 ENTER MONTH-03 ENTER DAY -22 ENTER HOUR-00 ENTER MINUTE~00

Figure 7 Data Terminal Dialog between Operator and System



1 REM RWLM CALIRRATION PROGRAM
2 RFM ARGONNE NATIGNAL LARGRATORY ELECTRONICS DIVISICN

20 PRINT “RWLMCAL.RAS V02«1 GOSUR anno

30 FPR 1=D 10 K

35 READ Cc1),C0cl»

40 NEXT 1

S0 DATA +926838,1.%18637,05-3.19677920,2:%06266

51 DATA =4879403,1¢701921,-11126065-18.620853,2.752K40,16.756924
52 DATA +049937,~3.6592397,4.232080,12.8967765-.251541,-10.108247

100
1o
120
- ~ 130
140
150
160
170
180
190
an9
210
250
260
210
280
299
300
301
3oz
ans
307
3o
32
320
B 330
! 335
336
340
345
350
355
350
370
490
500

S5=A5+C9:53=A3+C3:52=A2+C2
T1=AS-y02CIsT2=(1+VOISCOI TI=(1+VO0I A2 T4=A-UNT
TS=C1+VDIC

FBR 0=0 TO 6 STEP 3
FICEO/312¢CINISTI+CCO1I%TP4CCN+2)9TII/C(ET V)
FaeN/3)=(COCNIa55+COCN+1IRSH+00CN2IS2I/CETI*V)
NEXT 0
WEI=CI3.6RWF{CO3+7.6%%(F1L1)+F1(2)))/713D0NN

A22C13.68%F L0 +7AR#CF2C1I+F2(2)) )/ 170000
WISKI/CE192eV e} 90)

IF Sn=1 THFN GOSUB 20N0:60T0 250

INPUT "ER,EC PLEASE"1E2,E)]

GBSUR 300D
P1=:227261%FQC13/2+2P:P2=.029K64%FN(P)I/2.22:P3=.0191%24FNC¢3)/2.22

P 13.6R2F0C1)¢T.68%(FN(2)¢FN(32)3/130000
FI=NCIIRA+W(AIxA3+W (I}

PRINT:PRINTsPRINT2PRINT

PRINT R9LmM CALIRRATIUCNTIPRINT
PRINT:PRINT:PRINT AS:PRINT D$,PS

PRINT2PRINT “FNAZ"3F1(0),,"FNR="3F1(1),,"FNC=""3F1 (2):PRINT
PRINT:PRINT *FNAR="3F2(N),,"FNA2 Y» “FNC2=“F2(2)
PRINTZPRINT WL FW1, "Wl KUS E2,"EC="EJ
PRINT:PRINT WL "Fd2

PRINT¢PRINT"RN=-DAUGKTER COEFFICIENTS FOR IWL-MEMORY"

FOR I=] T@ 3¢ FCR J=t TO 3

PRINTP(1,J)stNEXTJ:PRINTINEXT I

PRINT:PRINT"RN=-DAUGHTER (RwWLM) IN ATOMS"

PRINT FOC1)sFG(2),FDC(3)

PRINT:PRINTY"RN=-DAUGHTER (HWLM)Y IN pPCIZL*

PRINT P1,P2,P3

PRINT:PRINTSPRINTWL FROM IWLM (DIRECT AND FROM RN-DAUGHTERS)"
PRINT P4,F9

PRINT:PRINT:PRINT WL CEFFICIF~, ., PJR TWLM-MEMORY"

PRINT WC1)s9L2)av(3)

PRINT:PRINT$PRINT:PRINTSPRINT

PRINT"NORMAL STOP AT LINE 5n0D*:STUP

2000 X)1=C 1272074 F2C0I+e23613R*FPCIIINY
2010 X2=(.IJKLAIOEF2(NI*«4THL16%F2 (1) ¢]1:256959%F2(2) )%V
2020 X3=(.9R1722#F2(0)+1.05062RsF2(1))wy

. 2030 X4=(+01020N%F2(0)+2 02K A18%FP(1)¢.31%F2(2)) sV
2040 09=X1*X2-X3%X4
2050 Y1=€.3R5RP5%F2(0)+«4TRBI16#F2(13+1.256959%F2(2)) V]
2060 Y2=(.0102%F2(0)4.02RAIB*F2(1)+«311%F20(2))%Vv¥N2
2070 OB=Y1-YZ:E2=NR8/N9
2080 Z1=C.12790T*FPCD)+23613R*F2(1))xyen2
2090 Z2=(. IR T224F2¢0)+1+05C62KaF201) Inyen)
2100 E3=(Z1-722)/09

2110 RETURN
3000 A1(1)=«5RD3KEEIMVIA2(1)=aNI5204%E2RY+NCISRAYETINY

3010 AR(R)=.D9RIZA*EPHV+. 006941 xEQ*VIAP(3)=e 131 2EIXVIAICIIZ DO OSBANE ] *L.

Figure 8 RWLM Calibration Program
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3020
3030
3040
3050
3060
3065
3070
0R0
su90
oo
3105
3110
3120
3130
3140
sn
3160
ati1o
380
3190
32n0
3210
4000
4001
4010
4020
“021
4030
ana0
4050
4055
4057
a060
4n70
B0
4090
4100
411n
a12n
4130
41 40
4150
al 60
4999
50Nn0
323
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AJ(2)2.006941%E1%VIAICII=. 131 *ET8V
B4=A1C1IH(A2(2)¢ACTI-AT(2I*AR(]T))
CIC1)=(AP(2)I*AICAI-AP(3)I4AT(2))/ R4
C2¢1)X=CA2(3)*xAJL1I=A2C1I*ATICII I/ Ry
C2¢2)=CALC1I*ATEI I /a4

CPE3I=~-CAICII*AIC 1)) /Ra
PIZCATEIIRATICDI =AY A LTI )70t
C3(MY==(A1(1I&ATL2II/NA

CIC3I=CATCTIISA (I R4
Pe1,1)=3CICLYwa2PTR61 20, 0

PC1,2)=6

P€1,3)==PCla12eVOIFOCII=CIC1)*T S
FO(P)I=CRC1)IRTA+C2 (1% IeC2(II*T Y

P2, 1)=C2¢1)1#.025K64/2.221P(2,2)=C2(2)4.025K64/2.22
P(2,3315(C2¢3)#¢1+V0)-C2C1)*UN) . N2HhR64s2.02
FAe3)=CAC1I*Ta+CIACII*NTIeCICI&TH
P¢3,13sCIC1I*0CA51R5/2.22:P(3,2)=C3(2)4.NIS|RSG/2. PP
P(3,3)=(CACIVe(14v0)I-CIC1I*UNIX.NIS|AS/2, 22
W1)=C13.68%C1C13¢7.6P*(C2¢12+CIC1)I)IZ 130000
W(2)=7.6R&(C2(2)+LA¢D3)/ 130000
NEPI=(Ta6HRCLEVMIF(CPCII«CIC3)II/1I0000-YO (1)

RETURN
INPUT "CALCULATE OKR INFUT ES,EC (C/1)"p AT
AS=DNTE PLACE*

IF NOT(RS="1" €k AF=*C') THEN 400C

‘I'* THEN §0=n

' THEN Sn=) -~

INPUT “DATE,PLACE' ; D<,P¢

INPUT ""FLOWRATE (LEITFRS/MINI";V

INPUT "EFFICIENCY OF ALFHA DETECIQR"™; EI

INPUT *"OVLAP®3 VO

INPUT "TOTAL RETA COUNTS FROM RAB AND RAC DURING S MINUTES";n|
INPUT "13TAL RETA COIUNTS FRNM RAN AND RAC DURINC 30 MINUTEL' ;N2
INPUT "TBTAL ALPHA COUNTS IN XAA CHANNEL DURING 30 MINUTE
INPUT "10TAL ALFHA COUNTS IN «AA CHANNEL DU~INC 1% MINUTFS
INPUT "TOTAL ALPHA COUNTS IN <WACT CHANNEL DURING 35 MINUTES*™3C?
INPHT "TCGTAL ALPHA COULNTS IN <AA CHANNFEL DURING S b INUTFS'Y;AY
INPUT "TCTAL ALPHA COUNTS IN RACY CHANNEL DURINC 5 ¢ INUTES
INPUT "TOTAL ALPHA COUNTS [N wAC' THANNEL BURINC 3N tINUIES?
INPUT "TCTAL ALPHA COUNTS IN RAA CHANNEL DURINDG 2 MINTES i
INPUT "TOTAL 7ETA COUNTS FROM QAR AND <AC NHIN T 2 MINGTFGI; a7y
INPUT “TOTAL ALPHA COUNTS IN RAL® CHANNFL DHRING 2 b INIJp e
INPUT "TOTAL ALPHA GOUNTS FR0M 19-41 MINUTES"3K]

RETURN

END

Figure 8. (Continued)
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RWLMCAL«BAS vo2.t

CALCULATE @R INPUT EB,EC (C/I)>? C -
DATE,PLACE? 8/4/76, QUIRK 1

FLOWRATE (LITERS/MINY? (1.2

EFFICIENCY OF ALPHA DETECTOR? .20

QVLAP? .18

TOTAL BETA COUNTS FR@M RAB AND RAC DURING 5 MINUTES? 5641645
TOTAL BETA COUNTS FROM RAB AND RAC DURING 30 MINUTES? 294583
TATAL ALPHA COUNTS IN RAA CHANNEL DURING 30 MINUTES? 25419
TOTAL ALPHA COUNTS IN RAA CHANNEL DURING 35 MINUTES? 27405.5
TOTAL ALFHA COUNTS IN RAC®' CHANNEL DURING 35 MINUTES? 107985
TOTAL ALPHA CBUNTS IN RAA CHANNEL DURING 5 MINUTES? 10151.5
TOTAL ALPHA COUNTS IN RAC® CHAWNEL DURING S MINUTES? 16980
TOTAL ALPHA COUNTS IN RAC' CHANNEL DURING 30 MINUTES? %4182
TATAL ALPHA CQUNTS IN RAA CHANNEL DURING 2 MINUTES? S1S7
TOTAL BETA CQUNTS FROM RAB AND RAC DURING 2 MINUTES? 22898
TOTAL ALPHA C@OUNTS IN RAC*' CHANNEL DURING 2 MINUTES? 6993
TOTAL ALPHA COUNTS FR®M 39-4]1 MINUTES? 2685

[

RWLM CALIRARRAT.1@N

BATE PLACE

Br4s76 QUIRK 1

FNA= 2935.72 FNB= 34272.6 FNC= 25533.5 : b
id

FNA2= 3029.67 FNR2= 32477.7

FNC2= 25368.5 R

W.1= 3.84209 WLKUS= 3.99554 EBs +191372 EC= +»395248 ) ;“i

W2= 3.73619

RN-DAUGHTER C@EFFICIENTS FOR IWL-MEMBRY ,"‘

+0787421 ¢} -.0141736 L&

-3.30609E-03  «0553894 -.128571 L3

9.08931E-05 -3.99245E-03  .0730273

RN-DAUGHTER (RWLM) IN AT@MS i ’:

2998.51 30227.2 26482.9 d}rﬁ

N-DAUGHTER (RWLM)> IN PCI/L
306.957 352. 161 419,73

W FROM IWLM (DIRECT AND FR@M RN-DAUGHTERS)
3.66579 3.66579

WL COFFICIENTS F@R IWLM-MEMGRY
6.45171E~05 24659B6E-04 -3.9431BE-0D4

NBRMAL STOP AT LINE S00

BREAX IN 500
eK

Figure 9 RWLM Calibration Program - Readout with calculate (C) o
beta efficiency branch ﬁ_ﬁ
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RWLMCAL « BAS vo2.1

CALCULATE @R INPUT ER.EC (C/I13? 1

DATE.,PLACE? 8/4/76, QUIRK

FLOWRATE (LITERS/MINY? (1.2

EFFICIENCY @F ALPHA DETECTER? .20

OVLAP? .18

TOTAL BETA COUNTS FREM RAB AND RAC DURING S MINUTES? 56416.5

TPTAL BETA COUNTS FRUM RAB AND RAC DURING 30 MINUTES? 294583
JTAL ALPHA COUNTS IN RAA CHANNEL DURING 30 MINUTES? 25419

TOTAL ALPHA COUNTS IN RAA CHANNEL DURING 35 MINUTES? 27405.5

TOTAL ALPHA CBUNTS IN RAC'® CHANNEL DURING 35 MINUTES? 107085
TOTAL ALPHA COUNTS IN RAA CHANNEL DURING 5 MINUTES? 10151.5

TOTAL ALPHA C@UNTS IN RAC' CHANNEL DURING 5 MINUTES? 16920
TOTAL ALPHA CGUNTS IN RAC' CHANNEL DURING 30 MINUTES? 94182
TOTAL ALPHA C@UNTS IN RAA CHANNEL DURING 2 MINUTES? 5157
TOTAL BETA CAUNTS FROM RAB AND RAC DURING 2 MINUTES? 22898
TETAL ALPHA COUNTS IN RAC® CHANNEL DURING 2 MINUTES? 6993

TOTAL ALPHA COUNTS FR@AM 39-41 MINUTES? 2685

EBsEC PLEASE? +205. .3865

RWLM CALIBRATION

DATE PLACE

874716 QUIRK 1

FNA= R2935.72 FNB= 34272.6 FNC= 25533.5
FNA2= 3029.67 FNR2= 32477.7

FNC2= 25368.5
WLl= 3.B4209 WLKUS= 3.99554 ER= .205 EC= +3B65
W.2= 3.73619

RN-DAUGHTER CO=FFICIENTS FOR IWL-MEMORY

«0787421 [o] ~+0141736

~3+30609E-03 «0517072 -«117316

9.08931E~-05 ~3.72704E-03 «072216

RN=-DAUGHTER (RWLM) IN ATOMS
2998.51 2974641 26508.4

RN-DAUGHTER (RWLM) IN PCI/ZL
3064957 346.555 420. 134

WL FROM IWLM (DIRECT AND FR@M RN-DAUGHTERS)
3.63888 3.63888

WL C@FFICIENTS FOR I1WLM-MEMORY
6445171E-05 2+48304E-04 -3.40269E-04

NORMAL STOP AT LINE 500

BREAK IN 500 °
oK

Figure 10 RWLM Calibration Program - Readout with input (I)

beta efficiency branch
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¥2¢ R W LM sss
DETECTOR 1

TODAY 1S 08/04/76 THE TIME IS 16345
ALTITUDE CORRECTION FACIER = 1

WBRKING ILLEVEL 366579

RADIUM A 306.957 PC/L
RADIUM B 352.161 PCsL
RADIUM C 4)9.73 PC/L

SAMPLE COUNTS BACKGRAGUND CRUNTS

RADIUM A 5184 «?

RADIUM (B+C) 23569 671

RADIUM C° 7015 22

05 MINUTE COUNT

' SAMPLE CBUNTS RACHGRBUND CBUNTS
RADIUM A 10219 27
RADIUM (B+C) 58094 671
RADIUM C* 17035 22

30 MINUTE COUNT

SAMPLE COUNTS RBACKGRBUND COUNTS
RADIUM A 25824 27
RADIUM (B+C) 304648 671
RADIUM C°* 94512 22

35 MINUTE COUNT

SAMPLE COUNTS RBACKGROUND COUNTS
RADIUM A 27878
RADIUM (R+C) 344188 671
RADIUM C* 107470 22

39~-41 MINUTE CQUNT

SAMPLE COUNTS AACKGROUND CQUNTS
RADIUM A 762 2
RADIUM (B+C) 13850 671
RADIUNM C° 4657 2

NET COUNTS
5157.0
22898.0
6993.0

NET COUNTS
10151.5
S564)16.5
16980.0

WET COUNTS
25419.0
294583.0
94182.0

NET CQUNTS
2740S.5
332445.5
1070R5.0

NET CQUNTS
73%.0
13179.0
4635.0

Figure 11 Sample Calibration Data Readout
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are loaded into the RWILM memory. This procedure assumes that
| )
- - the alpha cfficiency, the fl~vrate, and the RaC' overlap were

previously determined. The first step is initiated by entering

P’y
a "C" command via the keyboard. The RWLM then proceeds auto-
. E , matically to complete 10 successive calibration sampling
i runs (see Fig. 11).
. ;

When the calibration mode is selected by typing a "C" command,

F
| TS
e

the following events occur:

- i 1) a normal sampling run is taken, but the accumulators are

not resetr at the end of the 2-min counting time.*

2) the total count for 5 min is recorded.

[
R
-

3) the total count for 30 min is recorded.

[ %
.58
-

4) the total count for 35 min is recorded.

5) the accumulators are reset and the total count from

b
bt

39 to 41 min is recorded.

L“r\.‘
s

This procedure is automatically repeated a total of 10 times

fcr each head in order to obtain a statistically sufficient

-
oo

number of runs. It is possible to acquire the data for a

complete calibration run in approximately 14 hours. A cali-

L
b

bration run can be completed overnight. Unlike the earlier

1
LA |
-
~orsy

IWLM which had no microprocessor, the RWLM does not require an

o
L

operator to be present to record the data. A sample calibration

run is shown in Fig. 11.

B
-
L

On completion of the data collection, the RWLM calibration program

il is run, using the collected data to calculate beta efficiencies E;

*The zero time-base is selected as 13 sec after the end of
the sampling period.

L
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and E». The beta efficiencies calculated by the program are

averaged to obtain the mean beta efficiencies.

The program is then rerun in the input branch (see Fig. 10) to

calculate the final coefficients C; through C;, for the RWLM

equations.

These calculated coefficients C; through C,» are then programmed
into the RWLM PROM memory and the calibration is complete.
Note that since the RWLM has two detection heads, two individual

calibrations are required for the total system.
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5.0 <JEST RESULTS

The m' 1surements of WL and Rn-daughter concentrations taken with the
RWLM in the Twilight Mine on November 16-18, 1976, are tabulated in
Table 5.1. The agreement of the WL, NA’ NB, and NC values obtained
during the callbration runs is very good. WL is compared with three
different anc independent methods of measurement. One sample is used
to obtain data for all the different methods of measurement. The

WL's as measured by the total-alpha method, alpha-spectroscopic method,
and the RWLM method show consistently good agreement. Occasionally the
WL as measured by Kusnetz method reads a higher value than the other
three methods; however, the WL using the Kusnetz method is in good
agreement with the other three methods i'. more than 80% of the measure-
ments. The Rn-daughter concentrations as measured by the RWLM show

an absence of bias which can be seen easily by inspection of the tabu-

lated data in Table 5.1.



11/16/76

Det 1
Run #1
Time:

Det 1
Run #2
Time:

Det 1
Run #3
Time:

Det 1
Run #4
Time:

Det 1
Run #5
Time:

Det 1
Run #6
Time:

Det 1
Run #7
Time:

Detl
Run #8
Time:

Det 1
Run #9
Time:

Data Calculated from Calibration Runs
in Twilight Mine

1353

1439

1525

1630

1716

1801

1847

1933

2019

- 82 -

TASLE 5.1

WL

1.640
1.610
1.686
1.645

1.607
1.566
1,623
1.547

1.569
1.607
1,669
1.606

1,574
1,540
2,139
1,584

1.500

1,461
1.635
1.461

1,481
1.509
2,075
!.527

1,482
1.419
1,512
1,475

1.481
1.487
1.591
1.487

1.442
1.461
1.523
1,482

Method

alpha spectroscopic
total alpha

Kusnetz

RWLM

alpha spectroscopic
total alpha

Kusnetz

RWLM

alpha spectroscopic
total alpha

Kusnetz

RWLM

alpha spectroscopic
total alpha

Kusnetz

RWLM

alpha spectroscopic
total alpha

Kusnetz

RWLM

alpha spectroscopic
total alpha

Kusnetz

RWLM

alpha spectroscopic
total alpha

Kusnetz

RWLM

alpha spectroscopic
total alpha

Kusnetz

RWLM

alpha spectroscopic
total alpha

Kusnetz

RWLM

RaA_ _RaB_ RaC
(in units of atoms/liter)
2187 15496 8365
2112 14799 8687
2163 15330 8664
2216 15110 8137
2116 14168 8569
2215 13993 8243
2153 14595 8130
2327 15615 7441
2128 15402 7998
2095 15159 7752
2012 14364 8111
2125 15395 7638
2147 13824 7740
1938 12721 8554
2125 12944 7996
2157 13351 7881
2189 13938 7713
2163 13940 8057
2025 14200 7276
1722 12489 8469
1971 14215 7235
2064 13759 7642
1999 13747 7862
2090 13915 7540
2052 13396 7361
2070 13774 7262
2070 14125 7270

.
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11/16/76

11/17/76

Det 1
Run #10
Time: 2105

Det 1
Run #11
Time: 2150

Det 1
Run #12
Time: 2236

Det 1
Run #13
Time: 2322

Det 2
Run #1
Time: 0008

Det 2
Run #2
Time: 0053

Det 2
Run #3
Time: 0139

Det 2
Run #4
Time: 0225

Det 2
Run #5
Time: 0311

Det 2
Run #6€
Time: 0356

- 83 -

e

WL RaA RaB RaC Method
1.470 2037 13760 7488 alpha spectroscopic
1,472 1998 13731 7624  total alpha
1.593 Kusnetz
1.460 2051 13471 7597 RWLM
1.437 2026 13280 7434 alpha spectroscopic
1,454 1999 13553 7498 total alpha
1.537 Kusnetz
1.474 2040 13916 7404 RWLM
1.459 2075 13380 7628 alpha spectrascopic
1.459 1971 13190 8002 total alpha
1.598 Kusnetz
1.510 2101 14447 7379 RWLM
1.427 2118 13266 7120 alpha spectroscopic
1.428 2040 13137 7396 total alpha
1.484 Kusnetz
1.463 2121 13854 7130 RWLM
1.761 2762 16266 8628 alpha spectroscopic
1.752 2743 16056 8710 total alpha
2.322 Kusnetz
1.759 2752 16587 8288 RWLM
1.810 2800 17298 8359 alpha spectroscopic
1,761 2515 15874 9462 total alpha
1,832 Kusnetz
1.801 2801 17053 8436 RWLM
1.793 2805 16725 8633 alpha spectroscoplc
1.800 2768 16786 8751 total alpha
1,878 ] Kusnetz
1.827 2804 17378 8552 RWLM
1.790 2881 16404 8764 alpha spectroscopic
1.813 2867 16812 8772  total alpha
1.813 Kusnciz
1,776 2849 16779 8810 RWLM
1.788 2827 15973 9250 alpha spectroscopic
1.838 2933 17104 8781 total alpha
1.890 Kusnetz
1.864 2831 17246 9263 RWLM
1.852 2903 17142 9042 alpha spectroscopic
1.875 2902 17565 9005 total alpha
2,574 Kusnetz
1.841 2897 16721 278 RWLM




i1/17/76

Det 2
Run #7

Time: 0442

Det 2
Run #8

Time: 0528

Det 2
Run #9

Time: 0614

Det 2
Run #10

Time: 0700

- 84 -

WL RaA Raki Ral Method
1,858 2903 16689 9593 alpha spectroscopic
1.884 2905 17181 9537 total alpha
1,932 Kusnetz
1,886 2950 16745 9922 RWLM
1.844 2858 17030 9097 alpha spectroscopic
1.877 2911 17744 8849 total alpha
2,017 Kusnetz
1,886 2852 18003 8843 RWLM
1,888 3053 16553 9967 alpha spectroscopic
1.957 3187 18084 9365 total alpha
2.062 Kusnetz
1,953 3032 17769 9886 RWLM
1.916 2894 17874 9409 alpha spectroscopic
1.880 2674 16793 10259 total alpha
1,994 Kusnetz
1.913 2875 17450 9818 RWLM
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11/17/76

Det 1
Run #1
".me:

Det 1
Run #2
Time:

Detl
Run #3
Time:

Det 1
Run #4
Time:

Det 1
Run #5
Time:

Det 1
Run #6
Time:

Det 1
Run #7
Time:

Detl

Run # 8

Time:

Det 1
Run #9
Time;

Data Calculated from Calioration kuns
in Twilight Mine

1529

1615

1701

1746

1832

1918

2004

2050

2135

WL

0.333
0.311
0.342
0.329

0.330
0.323
0.325
0.318

0.306
0.299
0.312
0.296

0.293
0.265
0.374
0.281

0.290
0.279
0.289
0.279

0.267
0.276
0.278
0.257

0.253
0.250
0.267
0.252

0.255
0.245
0.244
0.256

0.222
0.221
0.228
0.207
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Method

alpha spectroscopic
total alpha

Kusnetz

RWLM

alpha spectroscopic
total alpha

Kusnetz

RWLM

alpha spectroscopic
total alpha

Kusnetz

RWLM

alpha spectroscopic
total alpha

Kusnetz

RWLM

alpha spectroscopic
total alpha

Kusnetz

RWLM

alpha spectroscopic
total alpha

Kusnetz

RWLM

alpha spectroscopic
total alpha

Kusnetz

RWLM

alpha spectroscopic
total alpha

Kusnetz

RWLM

alpha spectroscopic
total alpha

Kusnetz

RWLM

_RaA Rap RaC
(in units of atoms/liter)
640 3055 1438
562 2510 1756
657 2882 1514
650 3027 1402
648 2895 1422
669 2752 1447
596 2766 1348
587 2633 1388
611 2519 1405
554 2772 1201
466 2083 1567
527 2629 1188
532 2727 1237
512 2483 1327
513 2499 1310
513 2265 1343
557 2509 1173
505 2036 1406
492 2257 1147
469 2163 1235
500 2250 1123
475 2456 1017
441 2211 1155
477 2545 933
469 1894 1021
464 1864 1042
464 1597 1074




13/:7/76

11/18/76

LIl Cal{ulaiifu Utiea TiiALLTRLLEDY

Detl

Run #10
" Time:

Det 2
Run #1
Time:

Det 2
Run #2
Time:

Det 2
Run #3
Time:

Det 2
Run #4
Time:

Det 2
Run #5
Time:

Det 2
Run #6
Time:

Det 2
Run #7
Time:

Det 2
Run #8
Time:

Det 2
Run #9
Time:

Det 2

222]1

2301

2353

0038

0124

0210

0256

0341

0427

0513

Run #10

dime:

0559
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id
WI. KaA KaB faC Method

0.213 431 1889 942 alpha spectroscopic ‘j

0.205 405 1697 1047 total alpha

0.223 Kusnetz -

0.230 427 2192 944 RWLM Y

1.90 2871 17707 9268 alpha spectroscopic -~

1.90 2882 17821 9218 total alpha d

2.00 Kusnetz

1.83 2891 16511 9292 RWILM —

1 .85‘ 2847 16555. 9690 alpha spectroscopic j

1.82 2772 15806 10018 total alpha -

1.91 Kusnetz j

1,85 2873 16402 9765 RWLM

1.864 2937 16752 9569 alpha spectroscopic ‘ﬁ

1.867 2952 16838 9509 total alpha 1

2.017 Kusnetz

1.859 2919 17028 9406 RWLM e
13

1.893 2848 17795 9167 alpha speciroscopic

1.86S 2664 16959 9872 total alpha a-ﬂj

1,993 Kusnetz u&

1.811 2857 16199 9367 RWLM

1.836 2822 16839 9204 alpha spectroscopic 4

1.822 2803 16544 9297  total alpha

1,913 Kusnetz .

1,835 2823 16695 9339 RWLM o

1.961 2975 18096 9797 alpha speciroscopic 3

1.902 2722 16549 10805 total alpha J

2,603 Kusnetz ‘

1.921 2963 17350 9890 RWLM

2.007 2998 18929 9707 alpha spectroscopic j

1.975 2863 18075 10249 total alpha

2.089 : Kusnetz TR

2.006 2943 19097 9618 RWLM

1.983 3022 18304 9874 alpha spectroscopic i3

1,980 3000 18213 9956 total alpha i

2.670 Kusnetz

1.879 3011 16436 10012 RWLM =g

1.973 2950 18687 9461 alpha spectroscopic

1.877 2596 16210 10897 total alpha 7

2,048 . Kusnetz '\j

1.929 2986 17934 9391 RWLM -

1.985 2976 18546 9750 alpha spectroscopic ﬂ

1.972 2934 18234 9923 total alpha

2.123 Kusnetz

1.946 9955 RWILM i

2937

17748
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6.0 OPERATING INSTRUCTIONS

6.1 Normal Operation

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

Load the filter-paper transport mechanism. This is
accomplished by removing the alpha-detector hold-down
screw and swinging the detector assembly up. The feed

and takeup reel covers can then be removed and the reels
freed from the instrument by pulling the release plunger
for each reel. Note that the reels are identical. The
filter paper is then loaded onto the feed reel in such

a manner that it is pulled from the vop of the reel

as it feeds to the sampling port (see Fig. 6). The paper
is then placed in the guide slots, under the paper-advance
bar, and attached to the takeup reel with a small piece

of tape. The takeup reel is then advanced manually several
revolutions to assume proper action. If the paper advance
bar is not in the highest position, type a "J" on the
terminal.

Assure that both the signal cable and the power cable

are properly connected to the detector assemblies, and
that these cables are also connected to the appropriate
channel connector on the CPU.

Apply power to the central processing unit and the TI
Silent 700 terminal.

Assure that the AC power in ON in the remote unit by
observing the red lamp above the name plate.

If the lamp does not come on the power is applied, the
internal switch is in the "off” position. Remove the

cover plate and place the switch in the "on' position.
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6.1.6 Place the control switch on the terminal to the "ON~LINE"

6.1.7

6.1.8

position and press the restart button. The terminal should
respond with:

REMOTE WORKING LEVEL MONITOR VERSION 11.0

TODAY IS XX/XX/XX THE TIME IS XX:XX

When first energizgd, the contents of the data memory
locations are unspecified; to reset the system type:

R

The system will respond:

REMOTE WORKING LEVEL MONITOR VERSION 11.0

TODAY IS 00/00/00 THE fIME IS 00:00

To set the date and time, type

D

The systém will respond:

ENTER YEAR~XX ENTER MONTH-XX ENTER DAY-XX

ENTER HOUR~XX ENTER MINUTE-XX

The operator must always enter a two—digit'number, i.e.,
January is 01, etc. If a mistake is made in entry,
continue typing or press the restart button and re-enter
the "D": command. When all data has been entered, the
system will respond:

TODAY IS XX/XX/XX THE TIME IS XX:XX

Note that the time function assumes a 24~hour clock.
When in the command loop (indicated by an asterisk on

the terminal), an "F" can be types to check the date and

time.

N
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6.1.9 If an altitude-correction factor other than 1.0 is
desired, the operator can now type an "A". The system
will respond:

SELECT HEAD 1 OR 2 -
The operator then types 1 or 2.
The system responds:
ENTER ALTITUDE CORRECTION FACTOR=
The operator then types in an appropriate number such
as 1.053 or 0.9562. The sequence repeats to allow the
operator to set the correction factor on the remaining
head and then returns to the command loop.

6.1.10 The system is now ready for normal operation. To enter
this mode the operator types a "G".
The system responds:
TODAY IS XX/XX/XX THE TIME IS XX:XX DATE CORRECT
(Y/N)?
If date is correct, type "Y'"; if not, type "N" and
system will enter correction routine. When date is
correct, system responds: DO YOU WANT DETECTOR 1 RUN (Y/N)?
and waits for operator response.
After response the system types -
DO YOU WANT DETECTOR 2 RUN (Y/N)?
The system responds: (Operator response is indicated
as Y or N)
ENTER TIME INTERVAL BETWEEN SAMPLES HOURS-XX MINS-XX

(Time interval must be greater than 14 minutes.)
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ENTER TIME TO START HOUR-XX

MIN-XX

INPUT TIME TO STOP

ENTER YEAR-XX ENTER MONTH~XX ENTER DAY-XX

ENTER HOUR-XX ENTER MIN-XX

The system now enters the sampling loop and remains in
it until:

a) tie time interval is complete.

b) an error is detected.

c) the reset button on the terminal is depressed.
Fig. 7 shows a complete dialogue between an bperator and

the system.

Check Mode

6.2.1

6.2.2

In order to provide a first-order check of the system
functions, a source check mode has been provided. To
use this mode the alpha-detector hold-down screw must be
removed and the source holder inserted between the
detectors. When it is properly inserted, it cannct be
removed without slightly lifting the alpha detector

holder assembly.

When the source holder 1s in place in the desired head
or heads, type "S" to enter the Source Check Mode.

The system will respond with:

SELECT HEAD 1 OR 2 ~ 1

SELECT MODE A - B - C -~ A

Lth...

B
h’i’k’:}\
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The system now proceeds to accumulate a two-mainute
count in the detector ﬁaA channel. At the erd of the
counting time it will print a report. All normal cal-
culations will be performed with the count data in the

unselected channels set to 0.

This mode allows the opcrator to assure that the system
is operating normally as the calculations for all source

check modes should be consistent within statistical

variances from day to day.

6.3 Calibration Mode

The calibration mode which has been described in section 4.0

is entered by typing a ''C".
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APPENDIX A

This appendix contains the drawings of all mechanical parts. Copies of these
drawings can be obtained from the reproducible master.

Part #
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FILTER TRANSPORT ASSEMBLY

MODEL 1A

Drawing #

G0230-0003-PL-00

G0230-0003-DE-00
G0230-0004-DC-00
G0240-0005~-DC-00
G0230-0006-DC-00
G0230-0007-DC~-00
G0230-0008-DC-00
G0230-~0009-DC-00
G0230~0010-DC-00
G0230-~0011-DB-00
G0230-0012-DB-00
G0230-0013-DB-00
G0230-0014-DB-00

G0230-0015-DB-00
G0230-0016-DB-00
G0230-0017-DB-00
G0230-0018~-DB-00
G0230-0019-DB~00
G0230-0020-DB-00
G0230-0021-DB-00
G0230-0022-DB-00
G0230-0023~-DB-00
G0230-0024-DB-00
G0230-0025-DB-00
G0230-0026-DB-00
G0230-0027-DB-00
G0230-0028-DB-00
G0230-0029-DB-00
G0230-0030-DB-00
G0230~0031-DB-00
G0230~0032-DB-00
G0230-0033-DB-00
G0230-0034~-DB-00
G0230-0035-DB-00
G0230-0036-DB-00
G0230-0037-DB-00
G0230-0038-DB-00
G0230-0039-DB-00
G0230-0040-DB-00
G0230-0041-DB-00
G0230-0042-DB-00
G0230-0043-DB-00
G0230-0044-DB-00
G0230-0045-DB-00

Part Name and Description

Parts List

Assembly Drawing

Top Guide Plate

Right Side Plate

Left Side Plate

Actuating Plate Housing
Actuating Plate

Spool

Gear Housing

Gear Housing Shaft
Actuating Plate Cam
Actuating Plate Drive Rack
Actuating Plate Retalning Bar

Spool Plunger Spring.
Plunger Knob

Spool Retaining Plunger
Retaining Plunger Housing
Spacer Washer

Spool Shaft

Spool Bearing Housing
Spacer

Idler Gear Shaft

Drive Gear Bearing Housing
Drive Gear Shaft

Lower Tie Bar

Roller

Roller Shaft

Actuating Plate Roller Shaft
Hinge Pin

Mounting Plate Hinge Plece
Mounting Plate Hinge Bracket
Mounting Plate

Pressure Plate

Pressure Plate Guide Screw
Pressure Plate Support Spring
Stand off

Stand Off Shield

Stand Off Shield Insert
Shielding Cover

Cover Upper Shield Slug
Cover Lower Shield Disc
Tube Holder

Tube Holder Insert

Tube




Drawing #

G0230-0046-DB--00
G0230-0047-DB-00
G0230-0048-DB-00
G0230-0049-DB-00
G0230-0050-DB-00
G0230-0051-DB-00
G0230-0052-DB-00
G0230-0053~DB-00
G0230-0054-DB-00

~ G0230-0055-DB-00

G0230-0056-DB-00
G0230-0057-DB-00
G0230-0058-DB-00
G0230-0059-DB-00

Part hame and Dosoriusion

Tube End Cap

Spacer Ring

Coil Bobbin

Supply Spool Shaft

Friction Washer

Tape Tension Adjustment Spring
Source Holdar

Coil Shield Washer

Led Proximity Sensor Collet
Retaining Cap

Led Proximity sensor collet Housiyg
Counter Shield

Skanner Spacer

Worm 32P. 4th'Ds, 438PD
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* APPENDIX B

TABLE OF CONTENTS
ANL - ELECTRONICS DIVISION
DRAWING # EL-C-7171

REMOTE WORKING LEVEL MONITOR (RWLM)

Sheet # Description

1 RWLM Head Control & Select Boards {S100 Buss Compatible)
2 RWLM Accumulators (S100 Buss Compatible)
3 RWLM Microprocessor Chassis (Conn. Interconnections)
4 Priority Interrupt
5 Real Time Clock
6 Tachometer Voltage - vs - Flowrate
7 RWLM Interconnection Wiring Diagram (Detector Chassis)
8 Alpha Channel Voltage Amplifier
9 RWLM SLO-SYN Translator

10 RWLM Beta - Preampiifier

11 RWLM Photomultiplier - Bias Network

12 RWLM Remote Detector Power Supplies

13 RWLM Misc. Cont. Card (§PC 787)

14 RWLM Line-Drivers & Isolation Line Receivers

15 RWLM Misc. Cont. Card (5PC788)

16

RWLM Discriminators & Single Channel Analyzer

*This appendix contains the electronic circuit diagrams.
Copies of these diagrams can be obtained from the reproducible
master.
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This appendix contains the computer programs used in the development

APPENDIX C

and calibration of the RWIM.

1.

2'

RWLIM Floating Point Math Pack - Arithmetic and Utility Routines
RWLM Floating Point Math Pack - Format Conversion Routines
Math Pack Transfer Routine

Remote Working Level Monitor Control Program

RWLM Calibration Program

Table of Definitions of Symbols in the Calibration Program

Rn~daughter and Working Level Coefficient Program
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ADDR
3200
3200
3200
3200
3200

3200
3200
3202
3202
3203
32040
3206
3206
3207
3208
3207
3204

320D
320D
320F
320F
3210
321
3212
3213
3214
3215
3216
3217
3218
3214
3214
3218
321D
3212
321E
321t
3220
3220

B1

sN]
32
22
co

B2 B3

32
Go
00
22

co
00
01

39
Qs

z 00
> 09

73

1]
ce
0E

30
1M

20
15

34

B4 EZRROR

SOURCE

AKTHRB
ARITH
SCR
SCRE

H
H
i
B
H
H
H
H
H
H
;
HUL L4

MULP3

nuLep2

oP3s
cp2¢

ov1s

OP4A
CIVX6

CE3A

TNTTL 8080 ASSEMBLER PAGE 1
0ORG 32004
zq1 32H ;  BANK NUMBER OF ARITH PKG
BON $
EQU 2200H
EQU 224 BANK NUMBER OF SCRATCH

8080 BINAPY FLOATING POINT SYSTEN
PROGRAMMER CRAL OHME

DATE 26 DECEMBER 1973

ARITH IS TH® BEGINNING ADDRESS OF THE
ARITHMETIC AND UTILITY PACKAGE OF THE FLOATING
BPOINT SYST®:M.

SC® IS THE BEGINNING ADDRESS OF THE

RAM USED AS SCRATCPAD FOP THE SYSTEN.
TYE RAM MTLTIPLY AND PIVIDE SUBROUTINES
AFE MOVED FPQOM ROM TO RAM BY SUBROUTINE
INIT AND ARE EXECUTED IN RA¥ OWLY.

RAY MILTIPLY STBROUTINE,

EQU $-ARTTH+SCR

ADT 0 ; ADD OPERAND 3RD FRACTIOY
EQU $-1-AR1ITH

MoV 2,A 4TH PAFTIAL PRNDPUCT

nov AT 3RD PARTIAL PRODUCT

AcI oo ADD OPERAND 2ND FRACTTION
£QU $-1-ARITH

MoV D,A 3RD PARTIAL PRODUCT

Mov A,C 28D PARTIAL PRODUCT

ACI n RDD OPERAND 15T FRACTICN
EQU $~1-ARITH

Juo MULKS 3 TO ROM CODE

KA DIVIDE SUBROUTINE.
QU $-ARITH+SCP

SuUT n ; SUB DIVISOR 4TH PRACTION
gon $-1-RARITH

MoV A,L REMAINCEF 3BD FRACTION

sBT 5o SUR DIVISOR 3RD FRACTION
TQu $-1-ARITH

%0y L,2 ; RTMAINDEE 3PD FRACTIOW

ey A.H 3 REMATYDEP 2ND FRACTION

SBT 7 e 5UB DIVIZOP 2ND FRACTION
zq0 F-1-APTITH

MOV ", : REMAINDEF 2ND FRACTION

MoV a,% REWAINDCER 1ST FPACTICN

SBT n s SUB DIVISOR 15T FPACTION
=gn $-1-APITH

vov L W FEMAINDFE ST FRACTION

wI A0 ; PEMAINGEF 4TH FRACTION
EQU €~ 1-ARITH

]FT 3 RETURN TO ROM
TQn $-ARPITH+SCR

ADI 9 ADD DIVISOP 3FD FRACTTON
20U $-1-ARITH

oV LA 3 FPEMAINDEF 3RD FRACTION

[ Saman)

—



) 00000061
00000062
00000063

N 00000064
00000065

00000066

€0000067

00600068

0000069

000C0CTC

00600071

00000072

00000073

} 00000074
£0000075
60000076

} 00000077

00000078

00000079

6000008C

00000081

00000082

$0000083

00000084

€0000085

) G00C0C8E
00000087
00000088

} 00000089
0000009¢C
00000091

} 0000uL392
00000093
00000094

) 00000695
00000096
60000097

) 00000098
00000095
60000100

) 00000101

00000102

00000103

66000104

00000105

00000106

00000107

00000108

0000010¢

00000116

00000111

00000112

00000113

SYSIN
SYSIR
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYEIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIK

[ S
| e

E¥LM FLOATING POINT MATH PACK-ARITHMETIC AND UTILITY ROUTINES

LINE
53
54
55
56
57
58
59
60
61
62
63
64
65
66
57
68
69
7G
KA
72
73
T4
75
76
7”7
78
79
80
81
82
83
2y
85
a6
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104

ADDR
32214
3222
3224
3224
3225
3226
3228
3228
3229
3228
322e

322E
322E
322F
322F
322F
322F
322F
322F
322F

322F
3231
3233
3234
3236
3237
3238
323B

323cC
323D
323E
323F
3240
3241
3242
3243
3244
3245

3246
3248
3241
3248
32u4C

324D
324F

B1
7c
CE
00
67
7B
CE
00
5F
3E
00
c3

00
00
00
00
00
00
oc¢
00
00

2F
26
SE
26
73
2D
F2
c9

73
2C
77
2C
7C
2C
71
2C
72
(o]

26
2E
133
77
c9

3E
133

B
coat: |

B2 B3 B4 ERROR SOURCE INTEL 8080 ASSEMBLER PAGE 2

00
23

00
27

00
2k
DF

2E

2F
30
31
32
33
34
35

2F
32
22

31

22
30

80

34

32

OP2R

OP1A

oPuxX
s
H
OVER

PPEX
ACCE
ACCS
RCC1
2CC2
ACC3
SF

.
INIT
INIT

o 4 - i
D] :;zy

Hov ALH 3 REMAINDER 2ND FRACTION
AcI e ADD DIVISOR 2ND FRACTION
EQU $-1-ARITH
nov H,A 3 FPEMATNDERF 2ND FRACTION
uov AE : REMAINDEP 1ST FPACTION
ACI 7 ADD DIVISOR 43T FRACTION
£QU $-1-ARITH
MOV LI REMAINDER 1ST FRACTION
MY I 2,0 : REMAINDER 4TH FRACTION
EQU $~1-ARITH
Jup DIVX2 ; TO ROM CODE
RAM LOCATIONS USED BY THE BINARY
FLOATINYG DCTNT SYSTEM.
EQU $~ARITH
DB 0 ; INITIALLY CLEAR
EQU OVER+Y ; PREVIOUGS EXPONENT
EQU PRFX+1 ; ACCUMULATOR EXPONENT
EQU ACCE+1 ; ACCUMULATOR SIGN
20U ACCS+1 ; ACCUMULATOR 1ST FRACTION
EQU ACC1+1 ; ACCOMULATOR 2¥D FRACTTON
EQU ACC2+1 ; ACCUMULATOR 3RD FRACTION
EQU ACC3+1 ; SUBTRACTION FLAG
INIT SUBROUTINE ENTRY POINT
: MVI 1,PREX ; TO ADDR LAST WD TO MOVE
12 NV H,ARTHE ; TO ADDRESS ROM COPY
MOV .M : CORRENT WORD OF ROK COPY
MVI H,SCRB 3 TO ADDRESS RAM COPY
MOV M,E YRITE CUFRENT WD TO RAM
DCR L DECREMENT WORD ADDRESS
Jp INIT1 ; IF MORE TO MOVE
RET 3 RETURN TO CALLEP
STR SOBROUTINE ENTRY POINT.
: MoV M E STORE ZEEOETH VORD
INR L: T0 ADDFESS FIRST FORD
Mov M,A STORE FIRST WORD
: INR 1 ; TO ADDRESS SECOND ¥ORD
MOV M,B STORF SECOND WORD
INR L TO ADDRESS THIRD WORD
MOV M,C ; STORE THIRD WORD
INR L TO ADDRESS FOOPTH WORD
MoV ¥,D ; STORE FOURTH VWORD
RET s RETURN TO CALLER
FLOATING POINT ZRO SOBROUTINE ENT. PNT.
MvI H,SCRB 3 TO ADDRESS SCRATCH BANK
: nvI L,ACCE : TO ADDP ACCUM FXPON
XRA A ZERO
MOV M,A CLEAR ACCUMOLATOR EXPONENT
RET : RETORN TC CALLER
FLOATING POINT CHS SUBROUTINE ENT. PNT.
NV 4,2000 ; MASK FOR SIGN BIT

DE 0160 LBY INST TO SKIP NEXT WD
FLOATTNG PCINT ABS SUBROUTINF £NT. PNT.
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00000116
00000117
0000011¢
00000119
0000012¢C
00000121

00000122
00000123
60000124
00000125

00000126

00000127

00000128

00000129
000001230

00000131
60000132
09000133
00000134
00000135
00000136
00000137
00000138
00000139
00000140
00000141
00000142
00000143
00000144
00000145
00000146
00000147
000C01u8
00000149
00000150
00000151
00000152
€0000153
0600C154
0000015E
00000158
00000157
00000158
00000159
00000160
00000161
¢0000162
0€000163
00000164
00000165
00000166
00000157

000521

58

SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
EYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYESIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSTIN

»
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RWLM FLOATING POINT MATH PACK-~ARITEMETIC AND UTTLITY ROUTINES

LINE
105
106
107
108
199
10
1
112
13
14
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
132
134
135
136
137
138
139
10
11
u2
13
1y
145
16
w7
1u8
1o
151
151
152
153
154
155
156

ADDR
3250
3251
3253
3255
3256
3258

3279
3258
325D
325E
325F
3262
3263
3264
2265
3206
3267
3268
3269
3262
3268

326E
326F
3270
3273
3274
3275
3276
3277
3278
3279

327A
327R
3270
3278
327F
3281
3283
3286

3287
3288
328a
3288

328C
328D
328E
329

B1
AF
26
2F
A6
EE
77

26
2E
7E
A7
Ca
S5F
2C
7F
2c
AF
2C
4E
2C
56
Cc3

¢
A7
Ca
5F
2C
7F
2C
4f
2C
56

aF
Fé
47
AD
26
2E
CD
A8

47
¥6
78
€9

7€
1Y
ct4
Ca

B2 B3 B4 ERROR SOULCE

AES:
22
31
80

22 T5T:
30 TST1:

46 32

76 33

46 32

80 1cp1:

22
30
3C 32

01

MUL:

95 33
46 32

INTEL 8080 ASSEMBLER PAGF 3
XRA A3 ZERO
MVI 9,SCRB TO ADDRESS SCRATCH BANK

MVI L,ACCS TO ADDFESS ACCUM SIGN
ANA [} H COMPLEMENT OF SIGHN
Pl 200Q 3 COMPLEMENT THE SIGN BIT
Mov “,A 3 ACCUMTLATOR SIGN
FLO!TING POINT TEST ENTRY POINT.

MVI ¢+SCFB 3 TO ADDRESS SCRATCH BANK
HVI L,ACCE ; TO ADDR ACCUM FXPOMNENT
MOV A, M 3 ACCUMULMAIOR EXPONENT
ANA A H SET CONTROL BITS
Jz ZRO ; IF ACCUMULATOR TS ZERD
MOV E,A 3 ACCUMULATGR EXPONENT
INR L TO ADDR ACCUMULATOR SIGN
MOV AN 3 ACCUMULATOR SIGNW
INR L TO ADDR ACCUM 1ST FRCTN
XEA 13 ACCUMY SIGN AND 1ST FRCTN
INR L3 TO ADDR ACCUM 2ND FRCTW
MOV C.M 3 ACCUMNULATOR 2ND FRACTION
INR L3 TO ADDR ACCUM 3FD FRCTN
HOV D,™ ACCUMULATOR 3RD FRCTN
Jnp ADD12 TO SET EXIT CONDITIONS
FLOATING PCINT LOAD ENTRY POINT.
Hov A,M 3 OPERAND EXPONENT
ANA A H SET CONTPOL BITS
Jz ZRC IF OPERAND IS ZERO
moev 5,4 3 OPERANC EXPONENT
INR L3 TO ADDP OP SIGN AND 1ST
MoV A, 4 3 OPERAND SIGN AND 1ST FPCTN
INR L TO ADDRESS OPERAND 2ND FRACTIO¥
uov C,4 3 OPERAND 2ND FRACTION
INR L3 TO ADDRESS OPERANL 3RC FRACTION
MOV D,Y ; OPERANL 3RD FRACTION
STORE THE OPERAND IN THE ACCUMULATOR.
Hov L.,A 3 OPERAND SIGN AND 1ST PRCTHN
ORT 2¢00Q ; ACCTUMULATOR 1ST FRACTT
Mov B,A 3 ACCTTMULATOR 15T FRACTION
XFA L3 RCCUMNULATOR SIGN
MVI H,S5CRE ; TC ADPRESS SCRATCH BANK
MVI L,ACCE TO ADDF ACCUM EXPONENT
CALL SIRO 3 SET THE ACCUMULATOF
XRA B 3 ACCUH SIGN AND 1ST FRCTN
SET CONTROL BITS AND EXIT
MOV Bed ACCUM SIGN AND 1ST FRACTION
OPI 13 SET SIGN BIT FOR EXIT
MOV B,E 3 ACCUMULATOR EXPONENT
RET H RETNRN TC CALLEP

FLOATING POINT MUL SUBROUTINE ENT. PNT.

MOV a,4 ; OPERAND FXPONFNT

ANA A H SET COWTROL BITS
CNZ MDEX ; READ OFERANL IF NOT ZERO
Jz ZERO ; IF ZEFO OF UNDERFLOW

——

e



GOCGC171
€00C017:
0eCCoy73
Q0C20174
00GC0175
0060176
00023177
G0Clo17¢8
¢0CC017S
coCco180
€0C{0181
€CCoet82
GCGoC01c2
00CC0184
cCcco18s
0GCco186
00(20187
cCccco18e
0cCcco18¢
0CCC0190
00000191
00620192
00CC01923
¢oceo194
00000192
000C0196
€C000197
occeor9se
¢0C"319¢
¢0Cc0200
QCCC0201
00CC020z2
00cC0203
0CCC0204
0G6CCJ20E
00CC0206
0C¢C00207
00C00208
c000020¢
oceco21c
06¢0C0211
€GCo0212
€CCg0212
€0C00214
00600215
00600216
00000217
0CC0021¢8
€0000219
000c022¢
06300221
00000222
00000223

SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYISIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYESIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SISIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIK
SYSIN
SYSIN
SYSIR
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYISIN
SYSIN
SYSIN
SYSIN
SYSIN

=

RYLM FLOATING POINT MATH PACK-ARITHMETIC AND OUTTILITY ROUTINES

LINE
157
158
159
16C
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
1890
181
182
183
184
185
186
187
188
189
19¢C
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208

S
L

ADDR
3294
3297

329A
3298
329C
329F
321
32A2
3224
32A5
32186

32A9
32AC
320F
32B0
32p2
32B3

32B4
32B5
3286
3288
32BB
32BE
32¢t
32C2
32¢5
32¢7

32CA
32¢ce
32CE
3220
32D1
32D2
32D3

32D4
32D6

3207

32p8
32Dp9
32DA
32DB
32DC
32DD
32DE
32DF

-

B1
DA
<D

18
A7
FA
2E
7E
DE
77
[o:}
CcD

CcD
DA
47
Fé
7B
c9

AF
96
FE
D4
DA
Ca
4F
CcD
26
DA

26
2E
3E
77
07
c9
00

3E

B2
Ca
4D

A9
3¢

01

BC

30
Chr

01

01
95
Cca
48

90
22
A9

22
2E
FF

80

OF

AP

L. o L B

B3 B4 ERROP
32
34

32

33

34
32

33
32
32
34

32

SOURCE INTFL 8080 ASSEMBLER P2AGF 4

Jc OVERF ; IF OVERFLOW
CALL MULX 3 CALL FIXED WULT SUBKTY

H NORMALIZE TP NFCESSARY.
MCcV A,B 3 1ST PRODUCT
ANA A H SET CONTROL BITS
Ju RNDRA 3 IF MO NOEMALIZATION FEQUIRED
MVT L,2CCE H TO ADDR ACCUM EXIONENT
MoV A,M ACCUMULATOR EXPONENT
SBI A DECREMENT ACCUMULATOF ETXPONENT
MoV M,A ACCUMULATOR EXPONENT
RZ H RETURN TC CALLER IF UNDEFPLC™
CALL LSH ¢ CALL LEFT SHIFT SUBPOUTINE

H ROUND TF NECESSARY.

PNDA: CaLL POND ; CALL ROUNDING SUREROTTI
Jc OVERP ; IF OVERFLOW
uov B,A 3 ACCUM SIGN ARD 1ST FPACTION
ORI 13 SET SIGN BIT
MOV A,E 3 ACCUMULATOR EXPONENT
RET H RETURN TO CALLER

H FLOATING PCINT DIV SUBROUTINE ENT. PNT.

DIV: XRA R 3 Z2ERO
sge M COMPLPMENT OF DIVISOF EXPONENT
CPI 13 SET CAFRY IF DIVISION BY ZF®RQ
CNC MDEX READ OPERAND IF NOT ZZERO
Jc OVERF ; IF OVERFLOW OR DIVISION RY ZE%Q
Jz ZRO1 IF UNDERFLCH OR ZEEO

MoV C,A ; DIVISOR 1ST FRRCTION
CALL DIVY CALL FIXED DIV SUBRTN
MVI H,SCRB 3 TC ADDRESS SCRATCH BANK

JC RNDR IF NO OVERFLOY

H SET OVERFLOV FLAG.

OVERF: MVI H,SCRB TO ADDRESS SCRATCH BAN
MVI L,OVER ; TO ADDR OVERFLO¥ FLAG
MVI &,377Q ; OVERFLCW FLAG
MoV M,A 3 OVERFLOV FLAG
RLC H SET CAEBRY BIT FOR EXIT
RET H RETURN TC CALLER
DB 9 3 CHECK SUM WORD

H FLOATING POINT SUB SUBROUTINE ENT. PKT.

SB: MVI A,2000 ; MASK TO CHANGE OP SIGW
DB 0160 LBI INST TO SKIP NEXT W¥D

H FLOATING PCINT ADD SUBROUTINE ENT. PNT.

AD: XRA k3 ZFRO

H LOAD THE OPERAWND.
“ov E,M 3 OPERAND EXPOMNENT
INP L 3 TO ADDR OP SIGN, 1ST PRCTN
XRA | ] OPERANL SIGN AND 1ST FRCTN
MOV ByA OPERAND SIG¥ AND 1ST FRCTN
INR L TO ADDE CPERAND 2ND
MoV c,M 3 OPERAND 2ND FRACTION
INR L TO ADDR OPERANRD 3RD FRCTN
Mov D,M 3 OPERARD 3RD FRACTION

SIS T



(L._.-. L—

00000226
( 00000227

. 00000228
¢ 00000229
00000230

00000231

00000232

( 00000233
00000234

0000023¢

-« 00000236
06000237

00000238

[ 00000239
00000240

: 00000241
¢ 00000242
00000243

00000244

!‘ 00000245
00000246

00000247

¢ 00000248

‘ 00000249
00000250

¢ 00000251

: 00000252
00000253

{ 00000254

! 00000255
00000256

( 00000257
0000025€

00000259

( 00000260
00000261
00000262
00000263
0000264
00000265
t 0000026¢
00000267
00000268

¢ 00000269
0060027¢C
€0000271

¢ 00000272
00000273
00000274
00000275
00000276
. 00000277
£0000278

- . . . ) r , ! r
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R¥1LM FLCATING POINT MATH PACK~-ARITHMETIC AND UTILITY ROUTINES

SYISIN LINE ADDE B1 B2 B3 B4 ERROR SOURCE INTEL 8080 ASSFMBLER PAGE 5

SYSIN 209 H SAVE INITIAL EXPONENT.

SYSIN 210 I2F) 26 22 MVI H.SCRB TO ADDRESS SCRATCH BANK

SYSIN 211 32E2 2E 30 NVI L,ACCE TO ADDR ACCUM EXPONENT

SYSIN 212 32E4 7C MOV A,M g ACCUMULATOR EXPONENT

SYSIK 213 32E5 2D DCR L 3 TO ADDR INITIAL EXPCNENT

SYSIN 214 32F6 17 MOV M,A % INITIAL EXPONENT

SYSIN 215 H CHECK FOR ZERO OPERAND.

SYSIN 216 3287 7B MoV AP ; OPERAND EXPONENT

SYSIN 217 32E8 A7 ANA A H SET CONTROL RITS

SYSIN 218 32E9 CA 5B 32 J2 TST1 IF OPEEAKD IS ZERO

SYSIN 219 H GENERATE SUBTRACTION FLAG, KESTORE

SYSIN 220 H SUPPRESSED FPRACTION BIT,

SYSIN 221 32FC 68 MOV L,B 3 OPERAND SIGN AND 1ST PRCTHM

SYSIN 222 32%p 78 MOV A,B OPERAAD SIGN AND 1ST FRACTION

SYSIN 223 32EE F6 80 ORT 2000 ; OPERAND 15T FRACTION

SYSIE 224 32FQ 47 NOV B,A 3 OPERAND 1ST FRACTION

SYSIN 225 32F1 AD XR2 L ; OPFRAND SIGN

SYSIN 226 32F2 2E 31 MVt L,ACCS ; TO ADDRESS ACCUMULATOR 3TGHN

SYSIN 227 32F4 AE XRA . B SUBTRACTION FLAG

SYSIN 228 32F5 2E 3% MVI L.SF H TO ADDRESS SUBIRACTION FLAG

SYSIN 229 3287 17 Mov M,A SUBTRACTION FLAG

SYSIN 230 H DLTER‘”’NE RELA“IVE MAGNITUDES OF

SYSIN 231 H OPERAND AND ACCUMOLATOR.

SYSIN 232 32F8 2E 30 MvI %.,ACCE ; TO ADDRESS ACCUMULATCR EXPONENT

SYSIN 233 32FA 7F MOV A,M ACCUNMULATOR EXPONENT

SYSIN 234 32FB A7 ANA ] H SET CONTROL BITS

SYSIN 235 32FC CA 86 33 Jz ADD17 ; IF ACCUMOULATOR IS ZERO

SYSIN 236 32FF 93 SUR E 3 DIFFERENCE IN EXPONENTS

SYSIN 237 3300 DA OE 33 JC ADD2 3 IF ACCUM SMALLER THAN OP

SYSIN 238 H CHECK FOR INSIGNIFICANT OPERAND.

SYSIN 239 3303 FaA 5B 32 JN TST1 IF THF OPERAND IS INSIGNIFICANT

SYSIE 240 3306 FE 19 CPI 0319 COMPARE SHIFT CQUNT TO 25

SYSIN 241 33Cs8 DA 2D 33 JC ADD3 JOIN EXCd PATH IF OP SIGNIF

SYSIN 242 33C3 C3 5B 32 JMp TST1 OPERAND IS INSIGNIFICANT

SYSIN 2u3 H CEECYX FOR INSISNIFICANT ACCTMULATOPR

SYSIN 243 32CE 2 86 33 ADD2: Jp ADDA7 TIF ACCUM IS INSIGWIFIC

SYSTN 2us 3in FE E7 CPI 3L7Q 3 COMPARE SHIFT CTOUNT TO MNINUS 25

SYSIN 246 2312 DA 86 33 JC A9D17 IF ACCUM IS5 INSIGNIFICANT

SYSTIN 247 3316 73 MoV %,E OPEFRAND EXPONENT

SYSIR 248 3317 5S¢ nmov B,2 3 SHIFT COUNT

SYSIN 249 3318 2E 35 MYT L,SF 3 TO ADDRESS THE SUBTRACTION FLAG

S5YSIM 25¢ 3312 7E MOV A,M 3 SUBTRACTION FLAG

SYSIN 251 321B 2E 31 MyYT L,ACCS ; TO ADDPESS THE ACCUMULATOR SIGN

SYSIN 252 331D AR AIRA L OPERAND SIGN

SYSIN 2573 331 77 MOV M,2 ACCUMULATOR SIGN

SYSIN 254 321F AF XRA |-G ZFRO

SYSIN 255 332¢C 93 Sus E 3 COMPLFMENT SHIFT COUNT

SYSIN 256 H EXCHANGE ACCUMULATOR AND OPERAND.

SYSIN 257 3321 2C INR L TO ADDR ACCUM 1ST FRACTION

SYSIN 258 3322 SE MOV E,Y 3 ACCUMWLATOR 1ST FRACTION

SYSIN 259 3323 70 MOV H,B QPERAND 1ST FRACTION

SYSIN 260 3324 43 MOV B,E ; ACCUMULATOR 1ST FrACTION




00000281
) 00000292
-00000283
00000284
00000285
00000286
00000287
00000288
00600285
0000029¢
) 00000291
00006292
00000293
00000294
00000295
00600296
) 00000297

00000298

00000299
- ) 00000300
00000301
= 00000302
} 00600303

00000304

00000305
) 00000306

00000307

20000308
) 06000309

00€20310

00000311
) 60000312

00000313
| 00000314
c) 00000315

00000316

00000317
) 00000318

00000319

00000320
) 00000321
00000322
00000323
00000324
00000325
00000326
00000327
00000328
£0000329
00000330
00000331
00000332
) 00000333

SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYISIN
SYSIN
SYSIN
SISIR
SYEIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYEIR
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SISIK
SYSIN
SYSIN
SYSIN
SYSIR
SYSIN
SYSIN
SYSIN
SYSIN
SYSTIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYLIN
SYZIN
SYSTN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN

RVLM FLOATING POINT MATH PACK-ARITHMETIC AND UTTLITY POUTINES

LINE
261
262
263
264
265
266
267
268
269
2790
271
272
273
274
275
27§
277
278
279
280
281
282
283
284
285
286
87
288
289
290
291
292
293
224
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312

ADDR
3325
3326
3327
3328
3329
332a
332B
332c

332D
3330
3332
3333
3334
3336

3339
333a
333B
333C
333D
333E
333rF
3340
338
3342
3343
3344

3347
33u8
3349
334a
334B
334C
334D
334E
334F
3350
3351
3353
3354
3356
3359
33352

335D
335E
335F
3360
3361
3362

B1 B2 B3 B4 ERROR

2C
SE
71
4B
2C
5E
72
53

CcD
2E
7€
A7
2E
FA

7F
82
57
2D
7E
89
4F
2D
7E
88
47
D2

1F
47
79
1F
4F
7a
F
57
1F
SF
2E
7E
Ccé
Da
17
Cc3

AF
93
SF
1E
9a
7

e

c9 33
35

34
5D 33

74 33

3¢

01
Ca 32

74 33

-~

SOURCE

ADD3:

we

ADDY:

INTTL B0RC ASSEMBLFR PAGF 6

INR L 3 TO ADDR ACCUM 2ND FPACTION
Mov E,M 3 ACCUMULATOR 2ND FRACTION
¥ov M,C 3 OPERAND 2ND FRACTION

MOV C.E ; VCCUMULATOR 2ND FRACTION
INR L * ADDF ACCGM 3RD FRACTION
#ov E,M 3 CUMULATOR 3RD FRACTION
Mov %,D OPERAND 3RD FRACTION

MoV D,E ; ACCUMULATOR 3RD FRACTION

POSITION THE OPERAND.

CALL BSH ; POSITION THE OPERAND
MvVI L,SF 3 TO ARDDRESS SUBTRACTION FLAG
MOV .73 SUBTRACTION FLAG
ARA a H SET CONTROL BITS
MVI L,ACC3 ; TO ADDR ACCUM 3RD FFCTN
an ADDY9 IF SUBTRACTION REQUIFED
ADD ADDEND TO AUGEND.
MOV A,M 3 AUGEND 3RD PRACTION
ADD D3 ADDEND 3RD FRACTICN
¥ov D,A ; SUM 3KD FRACTION
DCR L3 TO ADDPESS AUGEND ZND FRACTIOR
MOV A, AUGEND 2ND PRACTION
ADC C 3 RDDEND 2ND FFRACTION
Mov CyA 3 SUM 28D FRACTION
DCR L TO ADDRESS AUGEND 1ST FRACTION
MoV A,™ 3 AUGEND 1ST FRACTION
ADC B 3 ADDFND 1ST FRACTION
5oV B,A 5U% 1ST FRACTIOR
JNC ADD11 3 IF NO CARRY FROM 1ST FRCTN
RIGHT SHIFT SUM TO NORMALIZED POSITIOR.
RAR H RIGHT SHIFT SUM 1ST FRACTION
MOV B,A 3 SUM 1ST FRACTION
Mov a,c ; SUM 2ND FRACTION
RAR H RIGHT SHIFT SUM 238D FRACTION
Mov C,R 3 SUM 28D FRACTION
Mov A,D 3 SUM 3RD FRACTION
RAR H RIGHT SKRIFT SUM 3RD FRACTION
nov D,A SUM 3RD FRACTIORN
RAP H 4TH FRCTN = LOW BIT OF 3RD
Mov TeA 3 SUM 4TH FRACTION
MVI L,ACCE ; TC ADDRESS ACCUMULATOR EXPONENT
MOV A,M 3 ACCUMULATOR EXPONENT
BRCI 13 INCREMENT ACCUMULATCR EXPONENT
gC OVERF 3 IF OVERFLOW
MOV M,A 3 ACCUMULATOR EXPONENT
JMP ADD11 TO ROUND FRACTION
SUBTRAC ° SNBTRAHREND FROM MINUEND,
XRA A 3 MINUEND 4TH FRCTN IS ZERO
sup ? 3 SUBTRAHEND 4TH FRACTIOW
MOV T,A 3 DIFFERENCE 4TH FRACTION
Mov a4 MINUEND 3RD FRACTION
SBB D SUBTEAHEND 3RD FEACTION
Mov D,A 3 DIFFERENCE 3RD FRACTIOW

e




€0000336
00000337
00000338
€0000339
00000340
00000341
00000342
00000343
00000344
00000345
0000¢3u€
00000347
0000034¢
00000349
00000350
00000351
00000352
00000353
00000354
00000355
0000035¢
00000357
00000358
00000259
00000360
00000361
00000362
€0000363
07000364
60000365
0000036€
60000267
00000368
0000036¢
€0000370
00000371

00000372
00000373
cCcCco0374
00060275

00000376
€6000377
00000378
0000037¢
€C000380
€0000381

000co3ez

00000383
60000384
€C000385
00000366
00000387
000c0388

SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYEIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SEYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSTN
SYSIN
SYSIN
SYSIN
SYSIN

e e e [
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RWLM FLOATING POINT MATH PACK-ARITHMETIC AND UTILITY POUTINES

LIRE
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
3u0
341
3u2
w3
3uy
345
3u6
347
348
349
350
351
352
353
354

ADDR
3363
3364
3365
3366
3367
3368
3369
336A
3368
336E
337
3374
3377
337a
3378
337D
337E
337F
3380
3381
3383
3384
3385

3386
3388
3389
3388
338C
338D
3390
3391
3394

3395
3396
3397
3398
3399
339A
3398
339C
339E
33aC
331
33A2
33a3
33A4
33A5
33A6
33A7

B1 B2 B3 BU ERROR

20
7€
99
4rF
2D
7€
98
47
DC
Fu
F2
CcD
CA
47
2E
78
96
€F
78
F6
B
5D
c9

2E
7€
2E
AE
2D
CcD
A8
c3
00

47
2C
UE
2C
56
2C
S5E
26
2E
7E
A7
c8
a0
47
1F
A8
78

EF
02
48
30
Ca

2F

01

35

31

3C

7A

22
30

33
34
32
34
32

32

33

INTEL 8080 ASSEMBLEP PAGE 0

DCR L ; TO ADDRESS MINUCND 2ND FRACTYON
MOV A,M 3 MINUEND 2ND FRACTLON
SBB C 3 SUBTRAHEND 2ND FRACTION
MOV C,A DIFFEPENCE 2ND FRACTION
DCR L3 TO ADDRESS MINUEND 1ST FRACTION
MoV A,H 3 MINUEND 1ST FRACTION
SBB B SUBTRAHEND 1ST FRACTION
MOV B,A 3 DIFFEPENCE 1ST FRACTION
cC coMp 3 COMPLEMENT IF NPGATIVE
cp WORM 3 HORMALIZE IF NECESSARY
Jp ZRO1 3 IF UNDERFLOW OR ZEEO
CALL ROND 3 CALL ROUNDING SUBROUTI
Jc OVERF 3 IF OVERFLOW
R{Y B,A ACCUM SIGN AND 1ST FRC
LAY L,PREX 3 TO ADDPRESS PREV EXPONENT
MOV A,E 3 ACCUMULATOR EXPONENT
sUB [ I DIFFERENCE IN EXPONENTS
mMov L,A DIFFERFNCE IN EXPONENTS
Hov A,B 3 RCCUM SIGH AWD 13T FRCTN
QPI 13 SET SIGN BIT FOR EXIT
Mov ALE ACCUMULATOR EXPONENT
Mov E,L 3 SIGNIFICANCE INDEX
RET H RETURN TO CALLER
LOAD THE ACCUMULATOR WITH THE OPERAND.
MVI L,SF 3 TO ADDF SUPTRACTION FL
wov A, g SUBTRACTION FLAG
NVI L,ACCS ; TO ADCR ACCUMULATOR SIGW
XRA [ I OTERAND SIGN
UCR L TO ADDF ACCUM EXPONENT
CRLL STRO 3 SET THE ACCUMULATOR
XRA B ; ACCUM SIGN AND 1ST FRCTY
Jup ADD12 JOIN EXIT CODE
DB 0 3 CHECK SUM WORD

SUBFONTINE TO PEAD THE OPERAND AND
CHECK THE ACCUMULATOF EXPONENT.
wov B,A EXPONENT MODIFIEFR

INR L TO ADDR OF SIGN, 1ST FRCTN

MoV C,M OPERAND SIGN AND 1ST FPACTTON
INR L TO ADDRTSS OPERAND 2ND FRACTION
MoV D,M 3 CPERAND 2ND FRACTION

INR L TO ADDFESS OPEFAND 3rD FFACTION
"ov E,MN 3 GPERAND 3RD FRACTION

MY I H,SCRE 3 TG ADDRESS SCRATCH BANK

MYT L,ACCE TO ADDPFSS ACCUMUILATOR EXPONENT
uov A,M 2 ACCUMULATOR EXPONENT

ANA |3 B SET CONTROL PITS

RZ H RETURN TF ACCUM IS ZEFO

ADD B 3 RESULT EXPONENT PLUS RIRS

MoV B,A FESULT EXPONENT PLUS 8IAS

RAR H CARRY TIC SIGN

XPA L CARRY *J4D SIGN MUST DIFTEFR

MOV A,B ; RESULT EXPONENT PLUS BTAS



INILNOY SNedl JJ9d HIGW®

B it - e vvun 10 UVZHELUW UR UNDERFLORA
] 000G6D39% SYSIN 367 33aD 90 SUB B 3 REMCVE EXCESS EXP BIAS
$ } 00000395 SYSIN 3¢8 33AE CB RZ : RETUPN IF UNDERFLOV
00000396 SYSIN 369 33AF 77 Mov M,A 3 RESULT EXPONENT
@ ) €0000397 SYSIN 370 33B0 2C INR L TO ADDRESS ACCUMULATOR STAN
o 00000398 SYSIN 371 33B1 7% MOV LN ACCUMULATOR SIGN
" 00000399 SYSIN 372 3382 A9 XRA C ; RESCLT SIGN IN SIGN BIT
@ i ' ¢000040C SYSIN. 373 33B3 A0 AN2 B H FESULT SIGN
5] i 00000401 SYSIN 374 33B4 77 Mov M,A 3 RESULT SIGN
o i 0000402 SYSIN 375 3385 79 MoV | S OPEPANT SIGN AND 1ST FRCTN
A : 00C00403 SYSIN 376 33B6 BO ORA B 3 OPERAND 1ST FRACTION
o ) 00000404 SYSIN 377 3387 <9 RET 3 RETURN TO CALLER
o €0000405 SYSIN 378 33B8 07 OVUN: RLC s SET CAFRY BIT IF OVERFLOY
0 00600406 SYSIR 379 3389 D8 RC H RETTRN IF OVERFLOW
=, , } 00000407 SYSIN 380 33BA AF XRA Ao ZERO
] | €0000408 SYSIN 381 33BB (9 RET : RETUPN IF UNDERFLOY
) ! 0000409 SYSIN 382 : SUBFOUTINF TO LEFI SHIFT THE B, C,
! ) €0000410 SYSIN 383 : D, AND E REGISTERS ONF BIT.
00000411 SYSIN 3y 33BC 7B LSH: MOV R,E ORIGINAL CONTENTS OF ¥
: & 00000412 SYSIN 385 338D 17 RAL H LEFT SHIFT ¥
e § . } 60000413 SYSIN 386 33BC SF MoV 2,4 3 RESTORE CONTENTS OF E REGISTER
o : 00000414 SYSIN 387 33BF 7A LSH1: Mov A,D ; ORIGTNAL CONTENTS OF D
£0000415 SYSIN 388 33c0 17 RAL : LEFT SHIFT D
2 ) 00000416 SYSIN 389 33C1 57 Hov D,A RESTORE CONTENTS OF D RPGISTER
w 0000417 SYSIN 390 33C2 79 MoV A,C 3 OFIGINKAL CONTENTS OF C REGISTER
o 00000418 SYSIN 391 33c3 17 RAL : LEFT SHIFT C
5 ) 00000819 SYSIN 392 33C4 4F MoV C,A ; RESTORE CONTENTS OF C REGISTFF
(. €000042C SYSIN ‘393 33c5 78 Bov A,B ; ORIGINAL CONTENTS OF B REGISTER
o 00000421 SYSIN 394 33C6 BF ADC L LEFT SHIFT B
. ) 00000822 SYSIN 395 33C7 47 MoV B,A 3 RESTORE CONTENTS OF B REGISTEF
B 00000423 SYSIN 396 33C8 9 RET : RKETURN TO CALLER
: 00000424 SYSIN : 397 : RIGHT SHIFT THE B, C, D AND E PEGISTERS
- = ) 00000425 SYSIN 398 : BY THE SHIFT COUNT IN THE A PEGISTER
‘ 00000426 SYSIN 399 : SHIFT OPERAND TO PEGISTER INDICATED BY
N €0000427 SYSIN 400 : SHIFT COUNT
> ) 00000428 SYSIN 401 33C9 1E 00 KSH: MVI E,O0 3 OPERAND 4TH FRCTN IS ZTRO
00000429 SYSIN 402 33CB 2E 08 RSHO: uy1 L,010Q ; EACH REG IS 8 BITS OF
00000430 SYSIN 403 33CD 9D PSH1: cue L ; CCMPARE SHIFT COCUNT TO 8
o ) €0000431 SYSIN 404  33CE FR DA 33 ~JM RSH2 3 IF REQ SHIFT LFSS THAN 8
o 00000432 SYSIN 405 33D1  SA MOV E,D OPERANE UTH FRACTION
Iy 00000433 SYSIN 406 33D2 51 Mov D,C 3 OPFRAND 3RD FRACTION
o } 00000434 SYSIN 407 33D3 48 MoV c.8 3 OPERAND 2ND FRACTION
a : 00000435 SYSIN 408 33D4 06 00 MvY B,0 ; OPERAND 1ST FRACTION IS ZERO
X 00000436 SYSIN 409 33D6 95 SUB A REDGCE SHIFT COUNT BY 1 REG
T } 060000437 SYSIN 410 33D (2 CD 33 JINZ RSH1 ; IF MORE SHIFTS REQUIRED
s 00000438 SYSIN 411 H SHIFT OPERAND RIGHT BY -SHIFT COUNT-
i 00000439 SYSIN 412 3 BITS.
) 00000440 SYSIN 413  33DA A7 RSH2: ANA A : SET CONTROL BITS
i C0000441 SYSIN 414  33DB C8 RZ F RETURN IF SHIFT COMPLETE
00000842 SYSIN 415 33DC 6F MOV L,A s SHIFT COUNT
) 00000443 SYSIN 416 33DD A7 BSH3: ANR A s CLEAR CARRY BIT

B A L B B
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o« gggggg:g g%ii: IINE ADDR B1 B2 B3 B4 ERROR SOURCE INTEL 8080 ASSEMBLER PAGF 9
< 41 33DE 78 H ST FRACTIO
0000048% Srory Hov A,B OPERAND 1 RA N

AnAAAo . ottt 418 33DF 1F pAD . ATADM anTam AR A0m maAma
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AR

LINE ADDR B1 B2 B3 B4 ERROR SOURCE INTEL 8080 ASSEMBLER PAGE 9
N f 00000447 SYSIN 417 33DE 78 MOV A,B ; OPFRAND 1ST PRACTION
, 00000848 SYSTH 418 33DF 1F RAR : RIGHT SHIFT OP 1ST FRCTH
00000449 SYSIN 419 33F0 47 wov B,A ; OPERAND 1ST FRACTION
¢ 0000045C SYSIN 420 33B1 79 xov A,C 3 OPERAKD 2ND FRACTIOW
00000451 SYSIN 421 33E2 1F RAR H RIGHT SHIFT OP 2ND FRCTN
00000452 SYSIN 422 33E3 4°Fp NOV C,A ; OPERAND 2ND FRACTION
( 00000453 SYSIN 423 33B4 A Nov A,D ; OPERAND 3RD PRACTION
00000454 SYSIN 424 33E5 IF RAR H RIGHT SHIPT OP 3RD PRCTH
00000455 SYSIN 425 336 57 NOV D,A ; OPERAND 3RD FRACTION
L{ 00000456 SYSIN 426 33E7 7B MOV A,B ; OPERAND LTH PRACTION
00000457 SYSIN 427 33E8 1F RAR H RIGHT SHIFT OP 4TH FFCTN
00000458 SYSIN 428 33E9 SPF nov E,A ; OPERAND 4TH FRACTION
t 00000459 SYSIN 29 33EA 2D DCR L 3 DECREMENT SHIFT COUNT
00000460 SYSIN 430 33EB C2 DD 33 INZ RSH? ; IF MORE SHIFTS REQUIRED
00000461 SYSIN 431 33EF C9 RET H RETURN TO CALLER
¢ 00000462 SYSIN 432 H COMPLEZMENT THE B, C, D, AND F REGISTERS.
00000463 SYSIN 433 33EF 2D COMP: DCR L TO ADDR ACCUM SIGN
00000464 SYSIN 434 33F0 7E MOV a.n; ACCUMULATOR SICGN
¢ 00000465 SYSIN 435 33F1 EE 80 XRI 200Q 3 CHAKGE SIGN
00000466 SYSIN 436 33F3 77 Mov ¥, ; ACCUMULATOR SIGK
P 00000467 SYSIN 437 33F4 AF COMP1: XRA A ZTRO
< 00000468 SYSIN 438 33F5 6F MoV L,A 3 ZERO
00000469 SYSIN 439 33FP6 93 suUB T 3 COMPLEMENT 4TH FRCTHN
0000047C SYSIN 449 33F7 SF MoV L Py W 4TH FRACTION
( 00000471 5YSIN 441 33F8 7D MOV A,L ; ZERO
00000472 SYSIN 442 33F9 9a SBB D ; COMPLEMENT 3RD FRCTN
00000473 SYSIN 4u3 33FA 57 nov D, A 3RD FRACTION
{ 00000474 SYSIN 444 33FB 7D MOV AL 3 ZERO
00000475 SYSIN 445 33FC S9 SBB c COMPLEMENT 2ND FRCTR
00000476 SYSIN 446 33FD uFP MOV C,A ; 2ND FRACTION
¢ 00000477 SYSIN 447 33FE 7D nov AL ; ZERO
00000478 SYSIN 488 33PF 98 3B B ; COMPLEMENT 15T FRCTN
00000479 SYSIN 449 3500 47 HOV B,A ; 1ST FRACTION
¢ 00000480 SYSIN 450 3401 cC9 RET H RETIURN TO CALLER
00000481 SYSIN 451 H NOBRMALIZE THE ®EGISTEPRS.
00000482 SYSIN 452 3402 2E 20 NORM: nv: L,0400 MAX NORMALIZING SHIFT
( 00000483 SYSIN 453 3404 78 NORMNM1: MOV A,B ; 1ST FRACTION
00000484 SYSIN 454 3405 A7 ANA A H SET CONTROL BITS
00000485 SYSIN 455 3406 C2 22 34 JINZ NORY3 ; TF 1ST FRACTION NONZERC
( 00000486 SYSIN 456 3409 41 MOV B,C ; 1ST FRACTION
Sy 00000487 SYSIN 457 340A 4aA HOV c,D ; 28D FRACTTION
A €0000488 SYSIN 458 3uCB 53 nov D,E ; 3RD FRACTION
¢ 60000489 SYSIN 459 34QC 5F nov F,A ZTRO UTH FRACTION
00000490 SYSIN 460 340D 7D MoV A,L NTPMALIZING SHIPT COONT
00000491 SYSIN 461 340E D6 08 SUI 0100 REDUCE SHIFT COUNT
-t 00000492 SYSIN 462 3410 6F MOV L,A 3 NORMALIZING SHIFT COUNT
00000493 SYSIN 463 3411 C2 04 34 JINZ RORY1 ; TIF FRACTION NONZERO
00000494 SYSIN 464 3414 C9 RET H IF FRACTION IS5 ZERO
{ 00000495 SYSIN 465 3415 2D NORM2: DCR L3 DFECFEMENT SHIFT COUNT
00000496 SYSIN 466 3416 7B nov A,E ORIGINAL CONTENTS OF E
00000497 SYSIN 367 3417 17 RAL H LEFT SHIFT E
( 00000498 SYSIK 468 3418 S5F MoV B,k RESTORE CONTENTS OF E REGISTER
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: ) 00000501 SYSIN . LINE ADDR B1 B2 B3 B4 ERROR SOURCE INTEL 8080 ASSEMBLER PAGPF 10 i
1 B 00000502 SYSIN 469 3419 7a HOV A,D 3 ORIGINAL CONTENTS OF D REGISTPR
000Q05C3 SYSIN 470 3u1a 17 RAL H LEFT SHIFT D
) 00000504 SYSIN 471 3418 57 Hov D,A . RESTORE CONTENTS OF D PEGISTER
- 00000505 SYSIN 472 341Cc 79 MOV A,C ORIGINAL CONTENTS OF C REGISTER
00000506 SYSIN . . 473 341D 17 RAL H LEFT SHIPT C
K ’~‘ - 00000507 SYSIN ’ ’ 474 341E 4F MOV CLA 3 RESTORE CONTENTS OF C REGIST®R
7 . . 0000050€ SYSIN 475 341F 78 MoV A,B 3 ORIGINAL CONTENTS OF B PEGISTER
00000509 SYSIN 476 3420 B8F ADC | LEFT SHIFT B
€0000510 SYSIX 477 3421 47 MO¥ B, 3 RESTORE CONTENTS OF B REGISTER
) 00000511 SYSIN 478 3422 F2 15 30 KORM3: JP NORM2 IF NOT NORMALIZED
00000512 SYSIN 479 3425 7D MOV A,L 3 NORMALIZING SHIFT COUNT
00000513 SYSIN ’ 480 3426 D6 20 suI ou0Q ; REMOYE BIAS
) ) 00000514 SYSIN 481 3428 2E 30 wvI L,ACCE TO ADDR ACCUM EXPOMENT
- C 00000515 SYSIN 482 3u2a 86 ADD . ] ADJUEL ACCUM EXPONEKRT
' 00000516 SYSIN 483 3428 77 nov LIS W NEW ACCUM EXPONENT
! ) 00000517 SYSIN 484 3u2c C8 :¥'4 H RETURN IFP ZERO EXP
. - 00000518 SYSIN 485 342D 1F RAR H BORROW RIT TO SIGN
: . 00000519 SYSIN 486 342E A7 ANA A s SET SIGN TO IND. UNDERFLOW
i . ) 00000520 SYSIN 487 342F C9 RET H RETORN TO CALLER
i ~ 00000521 SYSIN 488 H SUBROUTINE TO ROUND THE B, C, D REGISTERS, .
N 00000522 SYSIN 489 3430 2E 30 ROND: NvVI L,ACCE TO ADDR ACCUM EXPONENT
a 00000523 SYSIN 490 3432 7B : MOV A,E 4TH FRACTION
N ~ 00000524 SYSIN 491 3433 A7 ANA A : SET CONTROL BITS
' . 00000525 SYSIK 492 3434 SB Hov E,N ; ACCUMULATOR EXPONENT
‘00000526 SYSIN 493 3435 FC 3F 34 cH PFNDR ; CALL 2HD LEVEL ROUNDER
00000527 SYSIN 494 3438 D8 RC : IF OVERFLOV
) 00000528 SYSIN 495 3439 78 nov A,B 3 1ST FRACTION
’ 00000529 SYSIN 496 343K 2C INR L TO ADDR ACCUM SIGN
00000530 .SYSIN 497 3u43B AE XRA M ACCUM SIGN AND 1ST FRCTN
00000531 SYSIN 498 343c C3 3F 32 JuP STR1 ; RETURN THRU STORE SUBR.
) 00000532 SYSIN 499 ; SECOND LEVEL ROUNDING SUBROUTINE.
00000533 SYSIN 500 343F 14 RNDR: INR D3 ROUND 3RD FRACTION
00000534 SYSIN 501 3440 CO RNZ H RETURN IF NO CARRY
) 00000535 SYSIN 502 3441 0OC INR C CARRY TO 2ND FRACTIOR
- 00000536 SYSIN 503 3uu2 CO RWZ 3 RETURN IF MO CARRY
H 00000537 SYSIN S04 3443 04 INR B ; CARRY TO 1ST FRACTION
: ) 0000053€ SYSIN 505 3444 CO RNZ H RETURN IF NO CARRY
00000539 SYSIK 506 3445 7B Mmov AE s ACCUNMNULATOR EXPONENT
00000540 SYSIN 507 3446 C6 01 ADI 13 INCREMENT ACCUM EXPONENT
) 00000541 SYSIN 508 34u8 ©SF MOV E,A NEW ACCUM EXPONENT
00000542 SYSIN 509 3449 06 80 MYI B, 2000 : NER 15T FRACTION
00000543 SYSIN 510 344B 77 MOV M,A NEW ACCUM EXPONENT
) 00000544 SYSIN 511 344c C9 RET - RETURN TO ROND SUBROUTINE
00000545 SYSIN 512 H FIXED POINT MULTIPLY SUBROUTINE.
00000546 SYSIN 513 344p 2E 09 MULX: MVI L,MOLP1 ; TO ADDR 1ST MULTIPLICA
} 00000547 SYSIN 514 344fr 77 MoV M,A 1ST MULTIPLICAND
€0000548 SYSIN 515 3450 2k 05 MVI L,MOLP2 ; TO ADDR 2ND MULTIPLICAND
00000549 SYSIN 516 3452 72 mov M,D 3 28D MOLTIPLICAND
¢ ) 00000550 SYSIN 517 3u53 2E 01 NV L,MOLP3 TO ADDR 3RD MULTIPLICAND
; 00000551 SYSIN 518 3u55 73 Mov M,E ; 3RD MULTIPLICAND
[ ) 00000552 SYSIN 519 3456 AF ’ XRA A g CLEAR 6TH PRODUCT
i 00000553 SYSIN 520 3457 S°P mov B,A ; CLEAR S5TH PRODUCT

b
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00000556 SYSIN LINE ADDR B1 B2 B3 Bu ERROR SOURCE INTEL 8080 ASSEMBLER PAGE 11
¢ 00000557 SYSIN 521 3458 57 MOV  D,A ; CLEAR 4TH PRODUCT
0000055¢ SISIN 522 : NULTIPLY BY EACH ACCUNULATOR
00000559 SYSIN 523 : FRACTION IN TURN.
( 00000560 SYSIN 524 3459 2E 34 NVI L,ACC3 ; TO ADDPRESS 3RD FRCTH
00000561 SYSIN 525 3458 CD 68 34 CALL  NOLX2 ; MULTIPLY BY ACCUM 3RD PRCTN
. 00000562 SYSIN 526 345E 2® 33 NvI L,ACC2 3 TO ADDRESS 2ND FRCTH
( 00000563 SYSIN 527 3460 CD 65 34 CALL  NULX1 ; MULTIPLY BY ACCUM 2D ~RCTHN
00000564 SYSIN 528 3463 2B 32 MYI  L,ACCT TO ADDRESS 1ST FRCTN
00000565 SYSIN 529 : MULTIPLY BY ONE ACCUMULATOR WORD.
( 00000566 SYSIM 530 3465 7A NULX1: nov A,D 3 ST™H PARTIAL PRODUCT
00000567 SYSIN 531 3466 59 MOV E,C 3 4TH PARTIAL PRODUCT
00006568 SYSIN 532 3067 50 MOV  D,B ; 3RD PARTIAL PRODUCT
( 0000056¢ SYSIN 533 3468 66 NULX2: Moy B,M ; MULTIPLIER
00000570 SYSIN 538 3469 6F MOV L,A ; STH PARTIAL PRODUCT
00000571 SYSIN 535 3462 AF XRA A ; ZERO
( 00000572 SYSIN 536 346B UF MOV  C,A ; 2ND PARTIAL PRODUCT
00000573 SYSIN 537 346C 90 SUB Bt SET CARRY PIT FOR EXIT FLAG
00000574 SYSIN 538 3u6D DA 79 34 ac MULY3 ; IF MOLTIPLIER IS NOT ZERO
g 00000575 SYSIN 539 3470 uaA MOV  C,D ; 2§D PAETIAL PRODUCT
00000576 SISIN sS40 3471 53 MOV  D,E ;: 3RD EARTIAL PRODUCT
00000577 SYSIN 541 3472 C9 RET : MULT BY ZERO COMPLETE
¢ 00000578 SYSIN 542 : COMPLETE ADDITION OF MULTIPLICAND.
00000579 SYSIN 543 3473 uF MULX5: nov C,A 3 2ND PARTIAL PROPUCT
. 00000580 SYSIN 544 3474 D2 79 34 JNC  WOULX3 ; IF WO CARRY TO 1ST PRODUCT
’ | 00000581 SYSIN Sus 3477 04 INR B 3 ADD CARRY TO 1ST PRODUCT
00000582 SYSIN 546 3478 A7 ARA A : CLEA® CARRY BIT
¢ 00000583 SVSIN . 547 : LOOP FOR EACH BIT OF MULTIPLIER WORD.
00000584 = .SIN 548 3479 7D MULX3: Mov AL : STH PART PRODUCT, EXIT
00000585 SYSIN 549 3477 8F ADC A ; SHIFT EXIT FLAG OUT IF DONE
00000586 SYSIA S50 347 C8 RZ : EXIT TF MOLTIPLICATION DONE
t 00000587 SYSTN 551 347C 6F MOV L,A STH EART PRODUCT, EXIT FLAG
00000588 SYSIN 552 3470 7B Mov AE ; 4TH PARTIAL PRODUCT
; $0000585 STSIE 553 347 17 RAL : SHIFT 4TH PARTIAL PRODUCT
00000590 SYSIN 554 347F SF MOV E,B ; 4TH PARTIAL PRODUCT
00000591 SYSIN 555 3480 7A MOV A,D ; 3FD PAKTIAL PRODUCT
00000592 SYSIN 556 3481 17 RAL s SHIFT 3RD PARTIAL PRODUCT
( 00000593 SYSIN 557 3482 57 MOV  D,A ; 3RD PARTIAL PRODUCT
00000594 SYSIN 558 3483 79 Mov A,C 3 2ND PARTIAL PRODUCT
€0000595 SYSIN SS9 3484 17 RAL : SHIFT 2ND PARTIAL PRODUCT
¢ 00000596 SYSIN 560 3485 4F Mov C,A 2ND PARTIAL PRODUCT
00000597 SYSIN 561 3486 78 Mov A,B ; 1ST PART PROD AND MULTPLIER
0000059€ SYSIN 562 3487 17 RAL : SHIFT 1ST PROD AND MULTIPLIER
( 00000599 SYSIN 563 3488 47 MOV  B,A 1ST PAPT PROD AND MULTIPLTER
4 000006CC SYSIN 564 3489 D2 79 34 JNC HULX3 IF NO ADDITION REQUIRED
00000601 SYSIN 565 ; ADD THE MULTIPLICAND TO THE BRODUCT
! L 00000602 SYSIN 566 : IF THE MULTIPLIER BIT IS ONE.
I 00000603 SYSIN S67 348C 1B AoV AE 3 4TH PARTIAL PRODUCT
. 00000604 SYSIN 568 348D C3 00 22 JNP MULX4 ; TO RAM CODE
{ 00000605 SYSIN 569 ’ H FIXED POINT DIVIDE SUBROUTINE.
i 006000606 SYSIN 570 H SUBTRACT DIVISOR FROM ACCUMU'LATOR TO
i 00000607 SYSIN 571 : OBTAIN 1ST REMAINDER.
| { 00000608 SYSIN 572 3490 28 34 pIvVX: VI L,ACC3 ; TO ADDRESS ACCUM 38D F
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LINE
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624

ADDR
3492
3493
3494
3495
3496
3497
3498
3499
349a
3498
349cC

349D
349E
349F
3410

3411
3423
34a4
3446
34a7
348
349
34aB
34aC
34AE
34AF
34B0
3481
34B3
34B4
34B6
34B7
34B9
34BA
34BB
34BD
34BE
34¢0
341
34c3

34cy
34C6
34c¢7
34c8
34¢9
34CA
34CB
34cC

B1 B2 B3 B4 ERROR

7E
93
77
2D
7E
9A
77
2D
7E
99
17

79
17
79
1F

2E
77
2E
77
7A
1F
2E
77
2E
77
7B
1F
2E
77
2E
77
06
78
1F
2E
77
2E
77
2E
17

2E
7E
2C
56
2C
SE
A7
Fa

-~

19
27

15
23

11
1F
00

0E
1c

2A

32

F6 34

= -d

)

SOURCE

INTEL 8080 ASSEMBLEF PAGE 12
MoV A,M ACCUMULATOR 3KD FRACTION
SUB E DIVISOR 3RD FRACTION
Mov H,A H REMAINDER 3RD FRACTION
DCR L TO ADDRESS ACCUM 2ND PRCTN
Mov A, M ACCUMULATOR 2ND FRACTTON
SBB D 3 DIVISOR 2ND FRACTION
MoV M,A ; REMAINDER 2ND FRACTION
DCR L TO ADDRESS ACCUM 1ST PRCTN
MOV A,M 3 ACCTUMULATOR 1ST FRACTION
SBB C DIVISOR 1ST FRACTION
MoV M,A REMAINDER 1ST FRACTION

HALVE THE BIVISOP RND STORFE FOR
ADDITION OR SUBTFACTION.

Nov A,C DIVISOR 1ST FRACTION

RAL H SET CARRY BIT

MOV A, C H DIVISOR 1ST PRACTION

RAR HALF OF DIVISOR 1ST FRCTN

+ 2008 TO CORRECT QUOTIENT

MVI L,0P1S ; TO ADDRESS 1ST SUBTRACT DIVISOR
MoV M,A 1ST SUBTRACT DIVISOR

MVI L,0P} TO ADDRESS 1ST ADD DIVISOR
MoV 4, 1ST ADD DIVISOR

MOV A,D DIVISOR 28D FRACTION

RAR H HALF OF DIVISOR 2ND FRACTION

MvI 1,0P25 TO ADDRESS 2ND SUBTRACT DIVISOR
MoV M.A ; 2NC SUBTRACT DIVISOR

MvI L,0P23 TO ADDRESS 2ND ADD DIVISOR

mov M,A ; 2ND ADD DIVISOR

Mov AE ; DIVISOR 3RD FRACTION

RAR 3 HALF OF DIVISOF 3RD PRACTION
uvI L,0P3S TO ADDPESS 3RD SUBTRACT DIVISOR
MoV L 3RD SUBTRACT DIVISOR

MVI L,OP3A TO ADDRESS 2RD ADD DIVISOR

MoV M,A 3RD ADD DIVISOR

MVI B,0 ; INIT QUOTIENT 1ST FRCTN
MOV A,B ; DIVISOR FOURTH FRACTION IS ZERO
RAR H LOW BIT OF DIVISOR 3RD FRACTION

MvI L,0P45 3
Mov M,A

TO ADDRESS 4TH SUBTRACT DIVISOR
4TH SUBTRACT DIVISOR

MVI L,0P4A : TO ADDRESS 4TH ADD DIVISOR
MOV M,A 4TH ADD DIVISOR
MVI L,OP“X H TO ADDRESS 4TH ADD DIVISOR
MOV o2 4TH ADD DIVISOR

LOAD 1ST REHATNDEF, CHECK SIGN.
MVI L,ACCT 3 TO ADDP REMAINDEP 1ST FRCTN

MOV A, 3 REMAINDER 1ST FRACTION

INR L TO ADDP REMAINDER 2ND FRCTN
MOV D,M REMAINDER 2ND FRACTION

INR L TO ADDR FEMAINDER 3RD FRCTN
nov E,M 3 REMAIRDER 3RD FRACTION

ANA A H SET CONTROL BITS

Ju DIVX4 IF RPMAINDER IS NEGATIVE

ST O S S SR G S
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€0000666 SYSIN LINE ADDR B1 B2 B3 B4 ERROR SOURCE INTEL 8080 ASSIMBLER PAGE 13

00000667 SYSIN 625 H ADJUST EXPONENT,POSITION REMAINDER

C00C0668 SYSIN 626 H AND INITIALIZE THE QUOTIENT.

00000669 SYSIN 627 34CF 2E 30 NVI L.,ACCE TO ADDRESS ACCUMULAIOR EXPONENT
0000067C SYSIN 620 34Dy 4P nov C,¥ QUOTIENT EXPONENT

00000671 SYSIN 629 34D2 O0C INR C 3 INCREMENT QUOTIENT EXPONFNT
00009672 SYSIN 630 34Dp3 C8 RZ H RETURN IF OVERFLOW

oQO00673 SYSIN 631 34Dy 71 MOV ",C ; QUOTIENT EXPONENT

00000674 SYSIN 632 34DS 6B MOV L,E REMAINDER 3RD FRACTION
00000675 SYSIN 633 34D6 62 Hov H,eD 3 REMAINDER 2ND FRACTIOW
00000676 SYSIN 634 34D7 SF Hov E,A ¢ REMAINDEE 1ST FRACTION
00000677 SYSIN 635 34D8 16 01 MvI D,1 ; INITIALIZE QUOT 3RD FRCTN
00000678 SYSIW 636 2ubx 48 Nov C,B ; INITIALIZE QUOT 2ND FRCTN
C000067S SYSIN 637 H SUBTRACT THE DIVISOR FROM THE REMAINDER

00000680 SYSTIN 638 H IF IT IS POSITIVE

00000681 SYSIN 639 34DB AF DIVX1: XRA A ; REMAINDER 4TH FRCTN 1S ZERO
00000682 SYSIN 640 34DC CD 0D 22 CALL DIVIS ; CALL RAM SECTION

00000683 SYSIN 641 3uDF (7 DIVX2: PLC H SHFT REM 4TH FRCTH TO CY
00000684 SYSIW 6u2 H SHIFT THE REMAINCER LEFT ONE BIT.

00000685 SYSIN 643 34F0 78 MOV A,B 3 QUOTIENT 1ST FRACTION
00000686 SYSIN 6u4  3uE1 17 RAL H MS BIT OF QUOTIENWT TC CY
00000687 SYSIN 645 34E2 D8 RC H IF DIVISIONY COMPLETE

00000688 SYSIN 646 34E3 1F RAR : REMAINDER 4TH FRCTN TC CY
00000689 SYSIN 647 34E4 7D MOV A,L REMAINDEF 3RD FRACTION
00000690 SYSIN 648 34E5 17 RAL H LEFT SHIFT REM 38D FPCTN
00000691 SYSIN 649 34E6 6F Hov L,A ¢ REMAINDER 3RD FRACTION
00000692 SYSIN 650 24E7 7C MOV A,H 3 REMAINDER 2HD FRACTION
00000693 SYSIN 651 34E8 17 RAL : LEFT SEIFT RFN 2ND FRCTN
00000694 SYSIN 652 34E9 67 MOV H,R 3 REMAINCER 28D FRACTION
00000695 SYSIN 653 34FA CD BC 33 CALL LSH 3 CALL LEFT SHIFT SUBROUTINE
00000696 SYSIN 654 H BRANCH IF SUPTRACTION 15 REQUIRED

00000697 SYSIN 655 34ED 7A MoV A,D QUOTIENT 3RD FRACTION
0000069€ SYSIN 656 34EE OF RRC H RE® STGN INDIC TO CARRY BIT
00000699 SYSIN 657 34EF DA DB 34 Jc DIV¥X1 3 TO SUB DIVISOR IF REM POS
0000070C SYSIN 658 H ADD THE CIVISOR IF THE FEMAINDER

0000701 SYSIN 659 H IS NEGATIVE.

00000702 SYSIN 660 3u4F2 7D DIVX3: Mcy a,L 3 REMAINDEF 3PD FRACTION
00000703 SYSIN 661 34F3 C3 1E 22 JMe DIVX6 ; TO RAN CODE

0C000704 SYSTN €62 H POSITION THE REMAINDER AND INITIALIZE

00000705 SYSIN 662 H THE QUOTIENT.

00000706 SYSIN 664 3uf6 6B DIVX4: 40V L,E REMAINDER 3%D FRACTICN
C0000707 SYSIN 65  34F7 62 MoV #,D 3 REMAINDER 28D PRACTION
00000708 SYSIN 666 34F8 SF Mov E,A REMAINDER 15T FRACTION
00000709 SYSIN- 667 34F9 50 MoV D,8 3 INITIALIZE QUOT 3RD FRCTN
00000710 SYSIN 668 3ura 48 MOV CyB ; INITIALIZF QUOT 2ND FRCTN
00000711 SYSIN 663 34FP C3 F2 34 JMP DIVX2 ; ADD LIVISOR IF REM IS NEG
00000712 SYSIN 670 34FE 00 DB 0 3 CHECKSUM ROKD

00000716 SYSIN 671 34FF END

00000716 SYSIN TOTAL ASSEMBLER EFRORS = [

L1
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00000006
00000007
00000008
00000009
00000010
00000011
00000012
00000013
00000614
00000015
£0000016
00000017
00000018
§0000019
00000020
00000021
00000022
00000023
00000024
00000025
00000026
00000027
€0000028
00000029
00000030
00000031
00000032
00000033
00000034
00000035
00000036
00000037
00000038
0000039
00000040
0000041
00000042
€0000043
00000044
00000045
00000046
00000047
00000048
00000649
0000005C
60C00051
00000052
00000053
00000054
00000055
00000056
00000057
00000058

SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIR
SYSIN
SYSIN
SYSIN
SYISIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYISIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIR
SYSIN
SYSIN
SYSIN
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RWLM PLOATING POINT MATH PACK-FORMAT CONVERSION ROUTINES

LINE

&£ & & ECEfWWWWWWWWWWNRNNONNIONNRONND = = oD

ADDR
3500
3500
3500
3500

3500
3500
3500
3500
3500
3500
3500
3500
3500
3500
3500
3500
3500
3500
3500
3500
3500

3500
3500
3500
3500
3500
3500
3500
3500
3500
3500
3500
3500

3500
3501
3502

B1

22
00
32

32
32
32
32
32
32
32
32

33
33
33

6B
5A
51

B2 B3 B4 ERROR

00
22
00

2B
30
31
32
33
34
35
36
37
38
39
3a
3B
3c
3p
3E
3F

3E
46
50
59
6E
8C
BY
D7
6B
BC
<9
EF

SOURCE INTZL 8080 ASSEMBLER PAGE 1
ORG 3500H
SR EQU 2200H
SCRB EQU 220 BANK NUMBER OF SCRATC
ARITH EQU 3200H ; BASE ADDRESS OF ARTTHN
8080 BINARY PLOATING POINT SYSTEM
FORMAT CONVERSION PACKAGT
PROGRANNER CAL OHRME
DATE 26 DECEMBER 1973
ARITH IS THE BEGINNING ADDRESS OF THE
ARITHMETIC AND UTILITY PACKAGE OF THE FLOATING
POINT SYSTEM.
SCR IS THE BEGINNING ADDRESS OF THE
RAM USED AS SCRATCPAD FOR THE SYSTEM.
RAM LOCATIONS USED BY THE BINARY
FLOATING POINT SYSTEMN.

OVER EQU 56Q 3 OVERFLOW FLAG

ACCE EQU 60Q 3 ACCUMULATOR EXPONENT
ACCS BQN ACCE+1 3 ACCUMULATOR SIGN

ACC1 EQU ACCS+1 ; ACCUMULATOR 1ST FRACTI
ACC2 EQU ACC1+1 ACCUNULATOR 2ND PRACTI
ACC3 EQU ACC2+1 ; ACCUMULATOR 3RD FRACTI
SF EQU ACC2+1 ; SUBTRACTION FLAG

ADRL EQU SF+1 CHRRACTER STRING WORD
AD?H EQU ADRL+1 ; CHARACTER STRYNG BANK
T¥P1 EQU ADRH+1T ; TEMPORARY STORAGE
THP2 EQON THET+1 3§ TEMPORARY STORRGE
THP3 EQU TMP2+1 3 TEMPORARY STORAGFE

VALE EQU THP3+1 ; VALUE EXPONENT

VALl EQU VALE+1 3 VALUE 1ST FRACTION
VAL2 EQU VAL1+1 3 VALUE 2ND FRACTION
VAL3 EQU VAL2+% 3 VALUE 3RD FPRACTIOW
TMPY EQU VAL3+1 3 TEMPORARY STOFAGE

H ADDRESSES IN THE ARITHMETIC AND UTILITY .
H PACKAGE PEFERENCED BY THE FORMAT CONVERSION

H PACKAGE.

STR EQU ARITH+T6Q

ZRO EQU ARITH+10€Q

ABS EQU ARITH+1200Q
TST EQU ARITH+131Q
LOD EQU ARITH+156Q
BUL EQU ARITH+214Q
DIV EQU ARITH+264Q
AD EQU ARITH+327Q

ADD10 EQU ARITH+5530

LsH EQU ARITH+674Q

RsH EQU ARITH+711Q

cone EQU ARITH+757Q

H SUBROUTINE TO CONVERT FEOM FIXED
H POINT TO FLOATING POINT FORMAT.
FLT: MOV L,E INPUT EXPONENWT

;
MOV E,D ; 4TR INFYT PRACTION
Mov D,C 3 3RD INPUT FRACTION

e



BLANK PAGE




00000061

00000062
00000063
00000064
00000065
00000066
00000067
00000C6¢€
00000069
00000070
00000071
00000072
00000073
00000074
00000075
00000076
00000077
00000078
00000079
0€000080
00000081
00000082
00000083
00000084
00000085
00000C86
00000087
00000088
00000089
00000090
00000091
00000092
00000093
00000094
00000095
00000C96
00000097
€0000098
00000099
00000100
00000101
00000102
00000103
60000104
0000010S
00000106
00000107
0000010¢€
00000109
00000110
60000111
00000112
00000113

SYSIN

SYSIN
SYSIN

"SYSIN

SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
S5YSIN
SYSIN
SYSIN
SYSIN
SYSIN
SISIN
SYSIN
SYSIN
SYSIN
SYSINW
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYESIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN

RWLM FLOATING POINT MATH PACK-FPORMAT CONVEPSION PFOUTINES

LINE
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
Al
72
73
T4
75
76
17
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104

ADDR
3503
3504

3505°

3506
3508
350A
350Cc
350D
350
3510
3511
3512
3513
3514

2517
3519
3518
351Cc
351D
3520
1521
3523
3524
3525
3527
352a
352¢
352E
352F
3530
3531
3532
3533
3536
3538
3539
353A
353D
353F
3540
3541
3542
3543
3544
3545
3546
3547
3548
3549
354a

B1 B2 B3 B4 ERROR

48
47
70
EE
26
2B
17
2C
36
2C
78
A7
17
c3

26
2E
78
A7
CA
78
cé
96
D8
FE
D2
c6
2E
46
2C
4E
2C
56
CcD
2E
7E
a7
P4y
3E
BO
78
41
4a
53
c9
AP
47
4P
57
c9
00

80
22
30

80

6B

22
30

45
¥
1F
45

01
32

c9
31

EF
01

33

35

35

33

33

MOV
MoV
MoV
XRI
NVI
MVI
HMov
INF
NVI
INR
" MOV
ANA
RAL
Jup

Ffes wa
el
£

MVI
NVI
MOV
ANA
Jz
MOV
ADI
SUB
RC
CPI
JNC
ADI
MVI
MOV
INR
MoV
INR
Hov
CARLL
MVI
MoV
ANA
CP
MVI
ORA
fnov
Hov
HMov
K#ov
RET
FIXt:

nov
MOV
HMov
RET
DB

X;m:x"_: i’:—' i E;:::;J

c,B
8,4
AL

2000
H,5CRB
L,ACCE

M,A

H,5CRB
L, ACCE

AN
A
FIX

~ % e - - s
FE T LR L1 -

Q

WO O D ik

-

NP Nm»HITOOQ D 2

1

a

s Y we

-]

P

PRI

v

»

SOURCE INTEL 8080 ASSEMBLEF PAGF 2

28D INPUT PRACTION

1ST INPUT FRACTION
INPUT EXPONENT

APPLY EXPONENT BIAS

TO ADDRESS SCRATCH BANK
TO ADDR ACCUM EXPONENT
ACCUMULATOR EXPONENT
TO ADDEESS ACCUM SIGN
SET ACCUM SIGN POSITIVE
TO ADDR 3CCUM 1ST FPRCTW
1ST INPUT FRACTION

H SET SIGW BIT

INPUT SIGN TO CARRY
COMPLETE CONVERSION

SUBROUTINE TO CONVERT FROM FLCATING
POINT TC FIXED POINT FORMAT.

TO ADDRESS SCRATCH BANK
TO ADDR ACCUM EXPONENT
ACCUMULATOR EXPONENT

H SET CONTROL BITS

IF ACCUMULATOR IS ZERO
INPUT EXPONENT

APPLY BIAS - 1

SHIFT COUNT - 1

RETURN IF ACCUM TOO LARGE
COMPARE TO LARGE SHIFT
IF ACCUMULATOR TOO SMALL
SHIFT COUNT

0 ADDR ACCOM 1ST FRCTN
ACCUMNULATOR 15T FRACTION
TO ADDR ACCUM 2ND FRCTN
ACCUMULATOR 2ND FRCTIN

TO ADDE ACCUN 3RD FRCTN
ACCONULRTOR 3RD FRCTH
POSITION TRE FRACTION

TO ADDR ACCUM SIGN
ACCUMULRTOR SIGK

H SET CONTROL BITS
COMPLEMENT FRCTN IF NEG
NON-ZERO

SET CONTROL BITS FOR EXIT
15T PESULT

2ND RESULT

3RD RESULT

4TH RESULT

RETUR¥ TO CALLER
R 3 2ERO

ZERD

ZERO

ZERO

RETURN TO CALLER
CHECKSUM WORD

,
]
1
[~y

¢
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R¥WLIM FLOATING POINT MATH PACK~FORMAT CONVERSION ROUTINES
0000011€ SYSIN LINE ADDR B1 B2 B3 B4 ERROR SOURCE INTEL 8080 ASSEMBLER PAGE 3
00000117 SYSIN 105 H INP SUBROUTINE ENTRY POINT.
00000118 SYSIN 106 H INITIALIZE TEMPORARY STORAGE.
00000119 SYSIN 107 354B SE INP: MOV E.HN ; FIRST CHARACTER OF STRING
0000120 SYSIN 108 354C CD DS 36 CALL SVAD 3 SET CHAR ADDR, PNT FLG, FXP
00000121 SYSIN 109 354F 2C INR L TO ADDRESS VALUE SIGN
00000122 SYSIN 110 3550 36 80 MYI ~,2000 SET VALUE SIGN POSITIV™
00000123 SYSIN 111 3552 2E 30 nvl L,ACCE ; TO ADDR ACCUM EXPONENT
Q0000124 SYSIN 12 3554 72 NoY 4,0 SET ACCUM TO ZERO
00000125 SYSIN 113 3555 7B uov A,E 3 PIRST CHARACTER
00000126 SYSIN 114 3556 FE FO CPY 360Q ; COMPARE TO SPACE
00000127 SYSIN 115 3558 CA 68 35 Jz INP1 IF SPACE CHARACTER
00000128 SYSIN 116 355B FE FB [od 54 373Q COMPARE CR R TJ PLUS
00000129 SYSIN 117 355D CA 68 35 Jz INP1 ; IF PLUS SIGN
0000013C SYSIN 118 3560 FE FD CPI 375Q COMPAFE TO MINUS
00000131 SYSIN 119 3562 C2 6B 35 JNZ INP2 ¢ IF NOT MINDS SIGN
00000132 SYSIN 120 3565 2B 3A MVI L,THP3 TO ADDR VALUGE SIGN
00000133 SYSIN 121 3567 72 HOV M,D SET VALUE SIGN NEGATIVE
00000134 SYSIN 122 3 ANALYZE NEXT CHARACTER IN STRING.
- 00000135 SYSIN 123 3568 CD E2 36 INP1: CALL CHAD § CALL CHAR ADDK SBRTN
00000136 SYSIN 124 3568 7E Mov AN WEXT CHARACTER
00000137 SYSIN 125 356C 26 22 MVTI H,SCRB TO ADDRESS SCRATCH BANK
00000138 S¥SIN 126 356F 06 00 INP2: MyI B,0 DIGIT 2ND WD OR DEC EX
00000139 SYSIN 127 3570 FE FE CPI 376Q ; COMPARE TO DECIMAL POINT
G0Q0014¢ SYSIN 128 3572 CA AB 35 J2 TNP3 ¢ IF DECTMAL POINT
00000141 SYSIN 129 3575 PE 15 CPI 0250 3 COMPARE TO EXPONENT STGN
00000142 SYSIN 130 3577 CA BS5 35 Jz INPU IF EXPCRENT SIGK
00000143 SYSIN 131 3570 FE OA CPI 12Q SET CARRY IF CHAR IS DIGIT
00000144 SYSIN 132 357C D2 E6 35 JNC INPB ; IP CHEE IS NOT A DIGIT
00000145 SYSIN 133 357F 2E 3F NVT L,THNP4 ; TO ADDR CUREENT DIGIT
00000146 SYSIN 134 3581 77 HOV 4,7 ; SAVE CURRFNT DIGIT
00000147 SYSIN 135 3582 21 ED 36 LxI d,FTEN ; TC ADDPR FLOATING TEN
00000 148 SYSIN 136 3585 CD BC 32 CALL MUL 3 MOLTIPLY BY TEN
00000149 SYSIN 137 3588 28 3B NVI L,VALE : TO ADDP VALUE
C0000150 SYSIN 138 3582 CD 3E 32 CALL STR ; STORE OLD VALUE TIMES TEN
60000151 SYSIN 139 358D 2C INR L ; TO ALCDR CTRRENT DIGIT
00000152 SYSIN 10 358E 7E MOV A,Y 3 CURRENT DIGIT
00000153 SYSIN 141 358F (€6 00 MVI B,C 3 CLEAR 2ND WORD OF DIGIT
00000154 SYSIN 182 3591 48 MOV C,B 3 CLEAR 2RD WORD OF DIGLT
00000155 SYSIN 43 3592 S0 MOV p,B ; CLEAR 4TH WORD OF DIGIT
00000156 SYSIN 144 3593 1E 08 MYI E,010Q ; INDICATE DIGIT IS IN REG A
00000157 SYSIN 145 3595 CD 00 35 CALL FLT CONVERT DIGIT TO FLOATING PRKRT
00000158 SYSIN 146 3598 2E 3B MVl L,VALE ; TO ADDR VALUE
00000159 SYSIN W7 3592 CD D7 32 CALL AD ADD 01T VALUE TIMES TEN
€0000160 SYSIN us 359D 2E 39 MVI L,TMP2 ; TO ADDR DEC PNT FLAG
C0000151 SYSTIN 149 359F 7E MoV A,M DECINAL POINT FLAG
00000162 SYSIN 150 35A0 A7 ANA A : SET CONTROL BITS
00000163 SYSIN 151 35A1 CA 68 35 J7 INPT IF NO DEC PNT ENCOUNTFRFD
00000164 SYSIN 152 35A% 2D DCR L TO ADDR INPUT EXPONERT
000460165 SYSIN 153 3585 ue MoV B,M INPUT EXFONENT
00000166 SYSIN 154 3586 0S5 DCR B 3 DECREMENT INPUT EXPONENNT
00000167 SYSIN 155  35A7 70 nov M,B ¢ UPDATE INPUT EXPONENT
00000168 SYSIN 156 3538 C3 68 35 Jue INPY TO GET NEXT CHARACTER

Tt S
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00000171
00000172
00000173
00000174
000€0175
00000176
00000177
00000178
0000017§
000€0180
00000181
00000182
00000183
) £0000184
€000018¢
00000186
) 00060187
00000188
06000189
) 00000190
00000191
$0000192
) 00000193
00000194
00000195
00000196
00000197
00000198
} 00000199
00000200
00000201
€0000202
00000203
00000204
) 00000205
00000206
06000207
! 00000208
©0000209
00000210
) £0000211
00000212
00000213
) 00000214
00000215
00000216
) 00000217
00000218
00000219
) 0000022¢
00000221
60000222
00000223

SYSIN
SYSIN
SYISIN
SYSIN
SYSIWN
SYSIN
SYSIN
SYSIN
SYEIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SISIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN

SYSIN .

SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSTIW
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIR
SYSIN
SYSIR
SYSIN
SYSIN
SISIR
SYSIN
SYSIN
SYSIN

G B Bl B B

R¥FLM FLOATING POINT MATH PACK-FORMAT CONVERSION ROUTINES

LINE
157
158
159
160
161
162
163
16
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208

-

ADDR
35AB
35aD
35AE
35AF
3582

35B5
3588
3589
35BA
358C
35BD
35¢C0
35C2
35C3
35C6
35C7
35c8
35Ca
35cCcC
35CF
35D0
35D1
35D2
35D4

3507
3508
3509
35m
35DB
35DC
35DD
35DE
35DF
3580
35E1
35Eu
35ES
35E6
35E8
35EA
35EB
35ED
35EE

3SEF
35F1
35¥F2
35¥F5
35F6
35F9

B1
2E
AE
77
c2
c3

cD
TE
47
D6
SF
2.3
cé
78
c2
2C
7E
06
FE
D2
47
2c
7E
FE
D2

4F
78
87
87
80
87
81
07
7B
A7
c2
90
47
26
2E
4E
2E
71
78

2E
86
CA
77
21
F2

B2 B3 B4 ERROFP
39

68 35
Eé 35

E2 36

FD

C6 35
02

c8 35
00

0a
E6 35

0a
DF 35

E6 35
22
3A

31

38
59 32

ED 36
o4 36

SOURCE TINTEL 8080 ASSEMBLER PAGE 4

INP3:

INPY:

INPS:

INP6:

INP7:

INP8:

INP9:

PR S R e , : -
CIE‘::S: k L_a SN R - (- { L l‘

MVl L,THP2 TO ADDR DEC PNT FLAG
XRA [, I ZERO IF FLAG SET
Hov M,A 5 SET DEC PNT FLAG

JNZ TNPT ¢ IF FLAG NOT ALREAY SET
Jup INPS 3 IF 2ND DEC PNT
PROCESS DECIMAL EXPONENT.

CALL CHAD ; CALL CHAR ADDR SBRTN

MOV a,M 3 NEXT CHARACTER OF STRING
HOov B,A 3 CURRENT CHARACTER
sUI 375Q COMPARE TO MINUS CHAFR
Mov LY W CHAR - MINUS SIGN
Jz INPS ; IF WINUS SIGN
ADI 2 COMPARF TO PLUS CHAR
Mov A,B CURRENT CHARACTEPR
JNZ INPG ; IF NOT PLUS SIGN
INR L ; TO ADDRESS NEXT ZHAR
oV A, 3 NEXT CHARACTER OF STRING
MVI B,0 ; POSSIBLE DEC EXPCNENT
CPI 129 3 SE?T CARRY IF CHAR IS DIGIT
JNC INP8 IF CHAR IS NOT A DIGIT
Hov B,A DEC EXP EQUAL DIGIT

INR L ; TO ADDPESS NEXT CHAR

Mov A, M 3 NEXT CHARACTIER OF STRING
CPI 12Q 3 SET CARRY IF CHAR IS DIGIT
JNC INP? IF CHAR IS NOT A DIGIT
FORM COMPLETE DECIMAL EXPONENT.
MoV C,A ; LS DIGIT OF DEC EXP
MOV A,B 3 45 DIGIT OF DEC EXP
ADD A 2 * MS DIGIT
ADD A 3 4 * MS DIGIT
ADD B ; 5 * M5 DIGIT
ADD A 3 10 * MS DIGIT
ADD C 3 10 * MS + LS DIGIT
HOV B,n DECINAL EXPONENT

Mov A,E 3 SIGN OF DEC EXPONENT
ANA A H SET CONTROL BITS
JNZ INPS ; IF SIGN PLUS
SUB B ; COMPLEMENT DEC EXP
Hov B,a 3 DECIMAL EXPONRERT

“vI H,5CRB ; TO ADDRESS SCRATCH BANK
MVI L,THP3 ; TO ADDRESS INPUT SIGN
nov C,H 3 INPUT SIGN
MVI L,ACCS 3 TO ADDRESS ACCUM SIGN
MOV M,C 3 ACCUMULATOR SIGN
uov A,B 3 DECIMAL EXPONENRT
CONVERT DECINAL EXPONENT TO BINARY.

MVI L,TMP1 ; TO ADDRESS DEC EXPONENT
ADD - I ADJUST DECIMAL EXPONENT

IN DEC EXP IS ZERO

32 TST 3
Mov M,A 3 CURRENT DECIMAL EXPONENT
LXI H,FTEN ; TO ADDR FLOATING TEN
JP INP10 ; IF MGLTIPLY REQUIRED




00000226
00000227
00000228
00000229
00000230
00000231
00000232
00000233
00000234
0000023¢
00000236
€0000237
0000023¢€
00000239
00000240
00000241
00000242
00000243
00000244
00000245
00000246
00000247
00000248
00000249
0000025¢C
00000251
00000252
00000253
000C0254
00000255
00000256
00000257
00000258
00000259
00000260
00000261
00000262
00000263
00000264
0000026¢
00000266
00000267
00000268
0000269
0000027C
00000271
00000272
€0000273
40000274
0000027¢
00000276
00000277
00000278

SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIW
SYSIN
SYSIN
SYSIN
SYSIRK
SYSIN
SYSIN
SYSIR
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIR
SYsIN
SYSIN
SYSIN
SYSIN
SYSIR
SYSIN
SYSIN
SYSIRN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SISIK
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R¥VLYM FLOATING POINT MATH PACK-FORMAT CONVERSION ROUTINES

LINE
209
210
2n
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
23Q
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
2u8
249
250
251
252
253
254
255
256
257
258
259
260

ADDR
35FC
35FF
3601
3604
3607
3608
360a

360D
360E
3611
3614
3616

3619
361C
361E
361F
3622
3623
3624
3625
3626
3629

3628
362D
3630
3633
3635
3638
3638
363D
363F
3640
3641
3642
3645
3643
364n
364B
364C
364D

3650
3653
3656
3659
3658

365E

B1
cDh
3E
c3
cD
D8
3E
c3

2D
cD
cD
2E
cop

cD
36
A7
ca
SF
18
al
78
F2
36

FE
21
DA
FE
DA
CcD
26
2E
58
1c
73
C3
D
2E
5E
1D
73
c3

co
21
cD
FE
D2

2E

B2
B4
01
EF
ac

123
EF

D5
59
3B
3E

E2
PO

3B

2B
FD

78
ED
45
81
50
B4
22
39

2D
8C
39

2B

50
F1
D7
81
2D

B3 B4 ERROR

32
35
32

35

36
32

32
36

36

36

36
36

36
32

36
32

36
32
36
32

36

SOURCE INTEL 80R0 ASSEMBLER PAGE 5

INP10:

O e e

o

ouT1:
ouT2:

OUT3:

ouTs:

OUTS:

CALL DIV ; DIVIDE BY TEN

MVI A,1 3 TO INCREMENT DEC EXP

JNP INPY TO TEST FOR COMPLETION
CALL nuL ; MULTIPLY BY TEN

RC RETURN IF OVERFLOW

.
MVI A.377Q ; TO DECKEMENT DEC EXP
Jue IN29 ;3 TO TEST FOR COMPLETION
QUT SUBROUTINE ENTRY POINT.
SAVE CHAPACTFR ADDRESS AND ACCUMULATOF.
DCR L3 DECREMENT CHARACTER ADDPESS
CRLL SVAD 3 SET CHAMR ADDR, DIG CH™, DEC EY¥P
CALL TST LOAD ACCOM TO REGISTERS
NVI L,VALE ; TO ADDR ACCUM SAVE APER
CALL STR 3 CALL REG STR SUBROUTINE
ODTPUT SIGN CHARACTER.
CALL CHAD 3 CALL CHAPF ADDPF SBRTN
NVI n,3A0Q 3 STORE SPACE CHARACTEP

ANA A H SET CONTROL BITS
Jz ouT3 ; IF ACCUMULATOR IS ZEPO
Mov E,A 3§ ACCUMULATOR FXPONERT
NOV A,B 3 ACCOM SIGN 2D 1ST FRCTN
ANA A H SET CON.RQL BITS
Mov A,F 3 ACCUMULATOR EXPONENT
JP ouT1 IF ACCUM IS POSITIVE
MVI ,375Q ; CHANGE SIGN TO HINUS
SCALE ACCUMULATOR TO .71 - 1. RANGE,
crI 176Q ; COMPARE TO SMALL EXroOW
LXI H,FTEN ; TO ADDE FLOATING TEN
Jc 0Ty IF EXPONENT TOO SNALY
CPI 201Q COMPARE TO LARGE EXP
JC ogTs IF EXP SMALL ENOUGH
CALL DIV ; DIVIDE BY TEN
MvI HeSCRB TO ADDRESS SCRATCH BANW
ywr L,TMP2 ; TO ADDR DECIMAL EXPONTNT
Mov E,N 3 DECIMAL FXPONENT
INR E 3 INCREMENT DECIMAL EXPONENT
10v ®,e 3 TECIMAL EXPONENT

JHMP ouT2 ¢ TO TEST FOR SCALING COMPLETE

CALL MOL ; MOLTIPLY BY TEN
Mvy L,TMP2 ; TO ADDF DECIMAL EXPONENT
Mov E,M DECIMAL EXPONENT
DCR E ; DECREMENT DECIMAL EXPONENT

MoV ¥,F 3 DECIMAL EXPONENT
JHP OUT1 3 TO TEST FOR SCALING COMPLETE
ROTMND THE VALUE BY ADDING ,00000005.

CALL RBS 3 SET ACCUM POSITIVE

LXI H, RNDO TO ADDRESS ROUNDER
CALL AD ADD THE POUNDER
CcPI 20190 3 CHRCK FOR OVERFLOW

JNC ooT2
SET DIiGIT COUNTS.
A 1,TMP2 3 TO ADDR DECIMAL EXPONENT

IF EXP TOJ LARGE

[



00000281
€0000282
00000283
00000284
00000285
00000286
00000287
00000288
0000289
0000029¢
00000291
00000292
00000293
00000294
00000295
00000296
00000297
000C0298
-00000299
00000300
00000301
00000302
00000303
00000304
€0000305
00000306
00000307
00000308
00000308
00000310
00000311
00000312
00000313
000.9314
00000315
00000316
00000317
00000318
00000319
rceno3zo
00000321
00000322
00000323
0000324
00000325
00000326
00000327
66900328
00050329
00000320
00000331
00000332
00000333

SYSTIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSTN
SYSIN
SYSIN
SYSIN
SISIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIR
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SISIN
SYSIN
SYSIN
SYSIN
SYSIR
SYSIN
SYSIN
SYSIY
SYSIN
SYSIN

(SR -

P¥LM FLOATING POINT MATH PACK-FORMAT CONVERSION ROUTINES

LINE
261
262
263
264
265
266
267
268
269

] 270
271
272
273
274
275
276
277
278
279
280
281
282
203
264
285
286
287
288
289
299
291
292
293
294
295
295
297
298
299
300
301
302
303

ADDR
3660
3661
3662
3664
3667
3669
3662
366B
366D
366E
366F
3670
367

3672
3674
3675
3676
3679
367C
367F
3681
3684
3687
3688
3689
3688
368E
3690
3693
3695
3696
3698
3699
369C
369P
36A1
36A3
36A6
36A7
36A8

36AB
36AD
3680
36B2
3683
36B4
36B5
36B7
3688
36B9

B1 B2 B3 B4 ERROR

7E
5F
FE
DA
1E
93
77
3E
93
2C
77
1D
7B

2E
86
77
Fh
21
CcD
1E
Cb
cr
77
AF
1E
CD
3E
c3
2E
7F
36
A7
Fa
cD
36
26
c3
2D
A6
CA

06
F2
06
4F
AF
91
0E
57
ocC
D6

e N

08
69
01

07

38

93
ED
8C
08
17
E2

08
00
FF
72
3a

FF

A6
E2
FE
22
72

CD
FB

BS
FD

FF

36

36
36
32

35
36

35
36

36

36

36

36

36

SOURCE INTEL 8080 ASSEMBLER PAGE 6
MoV A,¥ 3 DECIMAL EXPONENT
MoV E A 3 DIGITS BEFORE DEC POINT
CPI 010Q ¢ COMPARE TO LARGE EXP
J 0uT6 3 IF EXPONENT IN RANGE
MVI E,1 DIGITS BEFORE DEC POINT
ouT6: SUB E ; ADJUST DEC EXPONENT
Mov M, R 3 DECIMAL EXPONENT
MVI A,7 TOTAL NOMBER OF DIGITS
SUB E ; DIGITS AFTER DECIMAL PNT
INR L ; TO ADDR 2ND DIGIT CNT
MoV ",A 3 DIGITS AFTER DECIMAL POINT
DCR E 3 DECREMENT DIGIT COURT
nov R, F DIGITS BEFOPE DEC PNT
; OUTPUT STIGNIFICANT DIGITS.
cuT7: MVI L,THP1 TC ADDR DIGIT COUNT
ADD L ADJUST DIGIT COUKT
Mov M,A 3 NEW DIGIT COUNT
Jn ouTs ; IF CCUNT FUN OUT
LXI1 H,FPTEN ; TO ADDR FLOATING TEN
CALL MOL ; MULTIPLY BY TEN
MvVI E,10Q ; TO PLACE DIGIT IN REG A
CALL FIX ; CONVERT TO FIXED FORMAT
CALL CHAD : CALL CHAR ADDR SBPTN
MOV M,A OUTPUT DECIMAL DIGIT
XRA A CLEMR CORRENT DIGIT
MVI E,0100 ; BINARY SCALING FACTCK
CALL FLT 3 RESTORE VALUE MINUS DIGTT
MvVY 2,377Q TO ADJUST DIGIT CNT
Jup 0UT7 ; LOOP FOR NEXT DIGIT
oUT8: MVI L,TMP3 ; TO ADDR 2ND DTGIT CNT
nMov hoY 5 DIGITS AFTEF DECINAL PNT
MvI u,>77Q 3 SET 2KB COUNT NEG
ANA A H SET CONTROL BITS
JH oUT9 ; IF 2ND COUNT RAN OUT
CALL Thao CALL CHAR ADDR SBRTN . °
VI M,3760 ; STORE DECIMAL POINT
mVI H,SCRB ; TO ADDRESS SCRATCH BANK
Jup 0UT7 3 LOooP FCR NEXT DIGIT
0UT9: DCR L3 TO ADDR DECIMAL EXP
ANA M H DECIMAL EXPONENT
Jz ouT13 IF DECIMAL FXPONENT IS ZERO
H OUTPUT DECIMAL EXPONENT.
MVI B,3730 ; PLUS CHARACTER
Jp 0UT10 ; IF EXPONENT IS POSITIVE
nvI B,3750Q C"aNGE SIGN TO MINUS
MOV C,h 3 NEGATIVE EXPORENT
XRA A ZERC
SUB C 3 COML LEMENT EXPONENT
0UT0: MVI C,377Q EMBRYO TENS DIGIT
cuT11: nov D,k ¢ ONITS DIGIT
INR (o INCREMENT TZNS DIGIT
SUI 0120 ; REDUCE REMAINDER
] et . . S * o 1 n - r . -
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:A

0000033¢
00000337
0000033¢
00000339
00000340
00000341
00000342
00000343
00000344
00000345
0000034¢€
06000347
00000348
00000349
00000350
00000351
00000352
00000353
00000354
00000355
00000356
00000357
0000035¢
0000359
00000360
00000361
00000362
00000363
00000364
00000365
00000366
00000367
00000368
00000369
000C037¢C
00000371
00000375
00000375

Ak
A

Eiéé;

SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIR
SYSIN
SYSIX
SYSIN
SYSIN
SYSINW
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIKR
SYSIN
SYSIN
SYSIN
SYSIK
SYSIN
SYSIN
SYSIN

B B
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el

e
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RWLM FLOATING POIMT MATH PACK-FORM.T CONVERSTON ROUTINES

LINE
313
314
315
316
317
318
319
320
320
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
3uy
345
346
347
348

ADDR
36BB
36BE
36C0
36C3
36C6
36C8
36CA

36CD
36CF
3600
36D1
36D2

36D5
36D6
36D7
36D9
36DA
36DC
36DE
36E1

36E2
3684
36E6
36E7
36E8
36E9
3EEA
36EB
36EC
36ED
36F1
36F5
36F6

B1
D2
3E
cD
cD
26
2B
c3

3E
7
(33
57
c3

7
44
0OE
S1
26
2E
CD
c9

26
2E
5E
1c
73
2C
66
6B
c9
84
68
00

B2
B7
15
E2
3E
22
3B
6E

FO

00

22
36
3E

22
36

20
56

B3 B4 ERROR
36

36
32

32

36

32

00 00
BF AD

TOTAL ASSEMBLER ERRORS =

SQURCE

0UT12:

00T13:

SVAD:

'
CHAD:

FTEN:
RNDO:

INTEL 8080 ASSEMBLER PAGE 3
Jsc 09T11 IF MORE TENS
NVI 24,0250 ; EXPONENT SIGN
CALL CHAD CALL CHAR ADDR SBRTY
cALL  STR 3 STORE LAST 4 CHARACTERS
MvVI H,SCRB ; TO ADDRESS SCRATCH BANK
MvI 1,VALE ; TO ADDRESS ACCOM SAVE ARFA
amp 10D 3 " 2STORE ACCUM AND EXIT
OUTPUT 4 SPACES I: FXPONENT IS ZERO.
nvI 2,3600 ; SPACE CHARACTEP
MOV B,A ;3 SPACE CHRRACTER
Mov C.A ; SPACE CHARACTER
MOV D,A 3 SPACE CBARACTER
anp 0UT12 ; TO STORE CAARACTERS
SUBROTTINE TO SAVE CHARACTER STRING ADDR.
Hev AL CHARACTER STRING WORD
sov B,H 3 CHARACTER STRING BANK
uvI c,0 ; INPUT EXP OR DIGIT CNT
Mov D.,C : DEC PNT FLAG OR DEC EXP
MVI H,SCRB : TO ADDRESS SCRATCH BANK
uvI L,ADRL TO ADDE CHAR SYRING WORD
CALL  STR ; STORE A, B, C, AND D
RET s RFTURN TC CALLER
SUBPOUTINE TO OBTAIN NEXT CHARACTER ADDR.
MVI R,SCRE : TO ADDRESS SCRATCH BAW
MvI 1,ADRL ; TO ADDR CHAR STRING RORD
nov E/M 3 CHARACTER STRING WORD
INR E 3 TO ADDR NEXT CHARACTER
MOV M.E ; UPDATE CHAR STRING WORD
INR L TO ADDR CHAR STRING BANK
Mov H,M 3 CHARACTER STRING BANK
MOV 1,E 3 CHARACTER STRING WOED
RET : RETURN TO CALLER
DE 204Q,01800,0,0 ; FLOATING TEN
DB 1500, 126Q,2770,2550 ; .00000093
DB 0 3 CHECKSUM WORD
END



v

*
[

WONDOA LGN

50
S1
52

2088
2068
2125
eee8
2980
eoea
9000
21403 12)
ggoe

3105

31D5
31D6
31D7
3108
31DB
31bC
31DF
31€a
31E1
31E4
31ES
31E6
31E9
31EA
31EB
31EE
31EF
31F0
31F3
31F4
31FS
31F8
31F9
31FA
31FD
31FE
31FF
3202

59 32
3E 32

6E 32

b7 32

D4 32

8C 32

B4 32

48 35

ep 36

: MATH PACK
TST EQU
STR EQU
LOD EQU
ADDO EQU
SuBe EQU
MuL EQU
b1V EQY
INP EQU
oUTPUT EGU
ORG
sSET SD BUTS UP
STRT: MoV
MB v
PUSH
caLL
POP
JMP
LODT: MoV
MOV
JMP
ADPDT: MOV
MOov
JMP
SuBT . MOV
MOV
JMP
MULT: MOV
MoV
JMP
DIVT: MOV
MOV
JMP
INPT: MoV
MoV
JMP
BuTT: Mav
MoV
JMP
END

TOTAL ASSEMBLER ERROGRS = @

3259H
323CH
326EH
32D7H
32D4H
328CH
32844
354BH
368DH

31D5H

MATH PACK TRANS ROUTINE
MOVES B TO H AND € TO L THEN JUMPS TO

RTW

TO MATH PACK

H‘B
L.C
H
TST
H
STR
H.B
L.C
LOD
H.B
an
RDDO

" H.B

L.C
suBe
H-B
L.C
MUL
H.B
L.C
D1V
H.B
L.C
InP
H.B
L.C
OUTPUT

- v

3/9/¢76

L







SYMBOL TABLE
A eaa7
D 08002
INP 3548
M 8085
Psl oeee
SUBT  31E9

( 680 MAX.
ADDE 3207
DIV 32B4
INPT  31F8
ML 328C
sP_ 9096
TST 3259

27 USED)
ADDT  31E4
DIVT  31F3
L 8885
MILT  31EE
STR 323€

B 2080
E 8603
LOD 326E
OJTPUT 360D
STRT  31b5

H

LoDT
ouTT
suBs

ATATAY oY)

t
]

LN

i e B

B
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RFTMOTE WORKING LEVEL MONITOR CONTFOL PROGRAM

/* RWLM PRUGRAM */
/% BY W.P. MCDOWELL AND D.J.KEEPE AND R.T.WITEK*/
/*FOR BOM CONTRACT # HO 252053 */
/*ARGONNE NATIONAL LABORATORY*/
/* NOVEMBER 8,1976%/
/*COPYRIGHT 1976%/
/*Viis/

/*THIS PROGRAM REQUIRES THE USE OF THE INTEL PLM COMPILER TC
GENERATE 8080 CCDE-USE THE POLLOWING CONPILER SYITCH SETTINGS
$%=9215 (SETS STACK POINTER TO 23FFH FOR 1K RAM,$V=32-RAN=2000H,
$8=256 ORG POR PROPER MATHPACK OPERATION,S$F,$G,$B=6,$0=7 */

/* DATA DECLARATIONS*/
DECLARE LIT LITERALLY *LITERALLY®Y;
DECLARE sPi6 LIT '0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,2uR";
DECLARE %ASK DATA(1,2,4,8,16,32,6U,128,255,0);
/% 255 AND O IN ABOVE MASK ARE DUMMIFS INSERTED T0 PREVENT

CONSTANT DATA WHICH FOLLOWS PROM OVERLAPING A MEMORY PAGE

THE MATH-EACK REQUIRES THAT REG H NOT CHANGE TN THE

ADDRESS OF A VARIABLE x/

DECLARE CONSTPR DATA (SP16,SP16,SP16,5P16,5P16,SP16,5P16,
SE16,5P16,5P16,5P16 ,5P16,5P16,5P16,5P16,
SP16,5P16,5P16,5P16,5P16,5P16,5P16,5P16,5P16) ;

DECLARE TRUE LITERALLY *111181111B%;

DECLARE FALSE LITERALLY '0°;

DECLARE QM LITERALLY "3FH¢;

DECLARE 0OT BYTE;

DECLARE BIT$07(8) BYTE; DECLARE BITS$O4(8) BYTE;

DECLARE (NET1,NET2,NET3) (13) BYTE:

DECL? RE (BO,B1,B2,D0,D1,D2) (8) BYTE;

DECLARE LF LITERAL.Y 'OAH', CR LITERALLY *ODH*,BELL LITERALLY *7°7;
DECLARE (FAILTST,SELDET)BYTE;

DECLARE DETSEL(2) BYTE;

DECLARE ( TIMERMINS,TIMERHRS,TIT) BYTE;
DECLARE (TIMERSECS) ADDRESS;

DECLARE (TIM,TIH,SMIN,SHRS) BYTE;

DECLAFE HEAD(2) BYTE;

DECLARE (SAMPLESHOURS,SAMPLESMINS ) BYTE;
BECLARE ( DETHRS,DETMINS) (3) BYTE;

DECLARE FWLMSHEAD LITERALLY 0743

DECLARE (YRS, MONS,DAYS,HRS ,MINS,SECS) BYTF ;
DECLARE (I,N,M,TT) BYTE;

DECLARE (TSTPWR,TSTSOL)BYTE;

DECLARE (TSTART,TSTOP) ADDRESS;

DECLARE TTYSTT LITERALLY *0', TTYBUF LITERALLY *1';

DECLARE DATEOK DATA ('DATE CORRECT (Y/N)',QM);

DECLARE WISH DATA('*DO YOU WANT ') ;

DECLART WISH2 DATA(' RUN(Y/N)',QM):

DECLARE STOPTIME DATA (*INPUT TIME TO STCP');

DECLARE TQH DATA ('ENTER TIME INTERVAL BETYEEN SAMPLES HOURS-');
DFCLARE TQM DATA (* MIN-');

DECLARE SHORT DATA(CR,LF,'TIME TOO SHORT MUST BE >14 MIKS',CR,LF);
DECLARE STM DATA('ENTER TIME TO START HOUR-') :

DECLARE STMM DATA (* MIN-');

DECLARE ALTSCORSFACTOR (13) BYTE;

DECLARE WL(52) BYTE;

DECLARE (YS,%NS,DS,HS,MS) BYTE;

DECLARE (CAL$TEST,CALSTEST1,CALTEST2,CALSTIM?) BYTE;

DECLARE (ALTFACTOR1,ALTFACTORZ2) (13) BYTE;

—
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REMOTE WORKING LEVEL MONITOR CONTROL PROGRAM PAGE 2

/*PROCEDURES*/

TYPEOUT: PROCEDURE (CHAR) ; /* TYPE A CHARACTER */

DECLARE (CHAR,I) BYTE;

DO WHILE((INPUT(TTYSTT) AND 8CH)=FALSE); TND; /* WAIT FOR TTY */

OUTPUT (ITYBUF) =CHAR:/* PRINT THE CHAR*/

IF CHAR=CR THEN /* WAIT ON CR FPOR S700%/

DO I=0 TO 8; CALL TIME(250); END;/*20C MSEC WAIT*/
END TYPEOUT ;/*THATS ALL*/

TYPEIN: PROCEDURE BYTE ;/* INPUT A CHAR FROM TTY */
DO WHILE((INPUT(TTYSTT) AND 1) =FALSE) ;END;/*WAIT FOF DATA*/
RETURN INPUT (TTYBUF) ; /*GET THE CHAR*/

END TYPEIN;

TYINOUT : PROCEDURE; /%ECHOS A CHAR TO TTY %/
N=TYPEIN AND 7FH;
CALL TYPEOUT (N} ;
END TYINOUT;

ECHO:PROCEDURE BYTE;
CALL TYINOUT;RETURN ()3
END ECHO;

DECLARE CNT BYTE;

INPSLINE:PROCEDURE (P) ;
| DECLARE P ADDRESS, (T,C BASED P)BYTE;
CNT=0;
DO WHILE((T:=ECHO)<>CR);
C(CNT) =T;CNT=CNT+1; END;
C(CNT)=*§0-10";
CALL TYPEOUT (LF);
END INMPSLINE:

CFLF: PROCEDURE; /* OUTPUTS A CR-LF TO THE TTY*/
CALL TYPEOUT (ODH) ;

CALL TYPEOUT (0AH) ;

END CRLF;

PRINTPROMPT: PROCEDURE; /*PRINTS PRCMPT CHAR*/
CALL CRLF;

CALL IYPEOUT ("*'):

END PRINTPROMPT;

PACKBCD: PROCEDURE; /*PRODUCES A PACKED BCD BYTE*/
CALL TYINOUT;
M=N-"0';
CALL TYINOUT;
M=SHL (M,4)+ (N=-20") ;
END PACKBCD;
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REMOTE WORKING LEVEL MONITOR CONTROL PROGRAM

PRINTSTRING :PROCEDURE (NAME, LENGTH); /* TYPES A DATA STRING*/
DECLARE NAME ADDRESS, (LENGTH,I,CHAR BASED NAME)} BYTE;
DO 1=0 TO LENGTH-1;
CALL TYPEQOUT (CHAR(I)) ;
END;
END PRINTSTRING;

PRINTBCD: PROCEDURE(B) ; /*PRINT BCD CHAR PAIR*/
DECLARE B BYTE;

CALL TYPEOUT (SHR(B,4)+'0');

CALL TYPEOUT((B AND OFH)+'0°) ;
END PRINTBCD;

ERROR: PROCEDURE;
/* ERROR RESTART PROCEDURE RESTARTS PROGRAM
AFTER ANY ERROE*/
DECLARE ERRMSG DATA (CR,LF,BELL,BELL,
t*=x ER ROR ***, BELL,BELL,CR,LF,LF)
CALL PRINTSTRING (. ERRMSG,LENGTH (ERRNSG))
GOTO START;
END ERROR;

DELAYS1MS: PROCEDURE; /%1 MS DELAY %/
DISABLE;
CALL TIME(10);
ENABLE;
END DELAYS1MS;

DELAY$S5MS:PROCEDURE; /*5 MS.DELAY*/
DISABLE;
CALL TIME (48);
ENABLE;
END DELAYS$SS5MS;

TYPEDATE: PROCEDURE; /*OUTPUTS CLOCK DATA¥/
DECLARE DATE DATA(CR,LF,'TODAY IS *);
DECLARE TIME DATA(' THE TIME IS ');

CALL PRINTSTRING(.DATE,LENGTH(DATE));
CALL PRINTBCD (HONS):

CALL TYPEOUT('/');

CALL PRINTBCD (DAYS) ;

CALL TYPEOUT (*/');

CALL PRINTBCD (YRS);

CALL PRINTSTRING (.TIME,LENGTH(TIHE));
CALL PRINTBCP (HRS); -
CALL TYPEOUT (*:');

CALL PRINTBCD (MINS) ;

CALL CRLF;

END TYPEDATE;

ey



RFMOTE WORKING LEVEL MONITOR CONTROL PROGRAMN

/% SET DATE AND TIME FROM KEYBOARD*/
DECLARE SETYEAR DATA(CR,LF,'ENTER YEAR-');

DECLARE SETMON DATA('
DECLARE SETDAY
DECLARE SETHR
DECLARE SETMIN
CHANGEDATE:
DISABLE;

ENTER MONTH-') 3
DATA(* ENTER DAY -');
DATA(* ENTER HOUR-');

DATA(* ENTER MINUTE-');

PROCEDURE;

CALL PRINTSTRING (. SETYEAR,LENGTH{SETYEAR));
CALL PACKBCD;

YRS=M;
CALL PRI&TSfRING(.SEQHON,LBNGTH(SETHON)):

CALL PAC¥FBCD;

MONS=H43

CALL PRINTSTRING (. SETDAY,LENGTH(SETDAY)) ;

CALL PACKBCD;
DAYS=H;
CALL PRINTSTRING (.SETHR,LENGTH (SETHR)) ;

CALL PACKBCD;

HRS=M;
CALL PRI&TSTRING(.SETHIN,LENGTH(SETHIN))3

CALL PACKBCD;

MINS=M:

CALL CRLF;
SECS=0;
QUTPUT(OFBR) =0}

ENABLE;
CALL TYPEDATE;

ERD CHARGEDATE:

RESTART: PKOCEDURE INTERRUPT 0;

/* STARTUP AND RESTART PROCEDURE INT 0#*/

GO TO START;/* ALL YOU DO ON INT 0 IS GO TO START*/

END RESTART;
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REMOTE WORKING LEVEL MONITOR CONTROL PROGRAN PAGE 5

TIMEKEEPER: PROCEDURE INTERRUPT 7;
/*MACHINE IS INTERRUPTED ONCE PER SEC TO UPDATE CLOCK%/
/% DAYMAX IS5 A VECTOR POR LENGTH OF MONTH */
DECLARE DAYMAX DATA(0,31H,28H,31H, 304,31H,304,3 14,314, 30H,
0,0,0,0,0,0,318,30H,31H) ;
TIMERSECS=TIMERSECS+1;
SECS=SECS OR SECS;/*RESETS CARRY BIT TO ACCOUNT FOR COMPILER BUG*/
IF(SECS5 := DEC(SECS+1))=60H THEN /*INCR SECONDS*/
DO;
SECS=0;
SECS=SECS OR SECS; /*SEE ABOVE*/
TIMERMINS=DEC( TIMERMIKS+1); /*EXTERNAL TIMER*/
IP TIMERMINS=60H THEN
DO; TIMERMINS=0; SECS=SECS OR SECS:TIMERHRS=DEC (TIMERSHRS+ 1) ;END;
MINS=MINS OR MINS; /*SEE ABOVE*/
I¥ (MINS:=DEC (HINS+1))=60H THEN /*INCR MINS*/
DO;
MINS=0;
HRS=HRS OR HRS; /*SEE ABOVE*/
IF(HRS:=DEC (HRS+1))=24H THEN /*INCR HRS*/
DO
HRS=0;
/%*NOW INCR DAYS AND THEN CHECK FOR LENGTY OF MONTH */
DAYS=DAYS OR DAYS; /#*SEE ABOVEX/
IF (DAYS:=DEC(DAYS+1)) > DAYMAX (MONS)
THEN DO;
DAYS=1;
DAYS=DAYS OR DAYS;
IF {MONS:=DEC(MONS+1))=13H THEN
DO;: YRS=DEC(YRS+1):;
MONS=1;
END;
END;
END;
END;
END;
OUTPUT (OFPBH) =
END TIMEKEEPEPR
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REMOTE WORKING LEVEL MONITOR CONTROL PROGRAM PAGF 6

DETHNSG: PROCEDURE; /*PRINTS DET NUMBER*/

DECLARE COMMSG DATA(' DETECTOR ');

CALL PRINTSTRING (.COMMSG, LENGTH (COMMSG)) ;
CALL TYPEOUT (SELDET + *1%):

END DETNSG;

/* CHAN 7 OUTPUT PROCEDURE =#/
/* OUTPUT 7 CONTROLS THE RWLM HEAD*/
/* BIT O HEAD SELECT-0=HEAD 1,1=HEAD 2 %/

/*BIT 1 */
/*BIT 2 */
/*BIY 3 MOTOR PULSES */
/*BIT 4 MOTOR POWER */
/*BIT 5 SOLENOID POWER */
/*BIT 6 PUNP ON */
/*BIT 7 SOURCE CHECK */

DETSHEADFOUT: PROCEDURE;
DECLARE I BYTE;
OUT=FALSE;
DO I=0 T0 7;
CUT=0UT OR (BIT$07(I) AND MASK(I)):
END;
OUTPUT (7) =0UT;
END DETSHEADSOUT;

/% CHAN 4 OUTPUT PROCEDURE */
/* OUTPUT 4 CONTROLS THE DATA ACCUMOULATORS */

/% BIT 0 STORE (NOT) %/
/% BIT 1 SET(NOT) *y
/% BIT 2 SCAN */
/% BIT 3 CLEAR(NOT) */
/% BIT 4 COUNT ENABLE Y
7% BIT 5 */
/% BIT 6 *y
/% BIT 7 */

CHN$4S0UT: PROCEDURE;
DECLARE I BYTE;
OUT=FALSE;
Do I=0 TO 7;
OUT=0UT OR (BITSO4(I) AND MASK(I));
END;
OUTPUT (4) =OUT;
END CHNS4SOUT;

RELEASESSOLENOID: PROCEDURE;
DECLARE SOLMSG DATA (* SOLENOIL NOT RELEASED'):
FAILTST=FALSE;
BITS$07(5) =FALSE;
CALL DETSHEADSOUT;
IF (INPUT (RWLMSHEAD) AND MASK (5))=FALSE THEN
DO;
CALL DETMS5G;
CALL PRINTSTRING {.SOLMSG,LENGTH (SOLNSG)) :
FAILTST=TRUE; CALL ERROR;
END;
END RELEASES$SOLENOID;

<=~ SR SR~ S S A

=S}

o
%

i

E

ngﬁ E;;; L;;_ L iﬁ‘_ L;;; L;::

R S S SR SR SUR S R S LU R SRR SR S e N |



B B B B B Lo Lo

CUT L L B B R L o Lo D

RESOTE WORKING LEVEL MONITOR CONTROL PROGRAM

/*PAPADV MOVES FILTER 1 CYCLE,CHECKS O POS AND PILTER QUANT*/
PAPADV:PROCEDURE;
DECLARE PULSES ADDRESS:
DECLARE FINISH LABEL;
DECLARE NOPAPER DATA( ' FILTER SUPPLY EXHAUSTED®*,CR,LF);
DECLARE EXTRASADVANCE DATA(' FILTER ADVANCZ ERROR',CR,LF);
FAILTST=FALSE;
BITS0T(4)=MASK(4);
CALL RELEASESSQLENQID;
IF FAILTST=0 THEN
DO PULSES = 0 TO 11503
/*TURN ON SOLENOID WHEN STARTING PAPER TAKE UP*x/
IF PULSBS > 500 THEN BIT$07(5)=TRUE;
/*START FORMING MOTOR PULSE®/
BIT$07 (3) =FALSE}
CALL DET$HEADSOUT;
CALL DELAYS$1MS;
BITS$07 (3) =BASK (3) :
CALL DETSHEADSOUT;
CALL DELAYS$5MS;
IFf ((I“PUT(RH;HSBEAD)AND MASK (7))=MASK(7) AND PULSES>100 } THER
03
IF(INPUT (RWLMSHEAD) AND MASK(4))= O THER
DOy CALL DETMSG;
CALL PRINTSTRING(.NOPAPER,LENGTE (NOPAPER)) ;
FAILTST=TRUE; /* SET ERROR FLAG %/
END;
G0 TO FINISH;/*GO HOME NICELY*/
END;
END;
/*IF HERE THERE HAS BEEN AN ERRORx/
CALL DETMSG;
CALL PRINTSTRING (.EXTRASADVANCE,LENGTH (EXTRASADVANCE)) ;
FAILTST=TRUE;
PINISH:BITSO7 (4) =FALSE;/*TURN OFF PQWER */
BITS$07 (5)=FALSE;/*AND THE SOLENOID*/
CALL DETSHEADSOUT;/*DO IT NOW*/
IF FAILTST=TRUE THEN CALL ERROR;/*EFROR IF BADNESS SET#*/
EMD PAPADV;/*ELSE GO BACK TQ WERE YOY CAME FROM*/
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SECTION IRTERFACES PLM TO THE MATH PACK*/

DECLARE ADDT LIT °"31E2H';

DECLARE
DECLARE
DECLARE
DECLARE
DECLARE
DECLARE
DECLARE
DECLARE

SUBT LIT *31E7H';
INITT LIT '322FH';

MULT
DIVT
INPT
QUIT
STRT
LODT

LIT
LIT
LIT
LIT
LIT
LIT

*31ECH' ;
*31FP18Y ;
*31F6H' ;
*31FBH' ;
*31D3H"';
*31DDH* ;

INIT: PROCEDURE 3

GOTO INITT;

END INIT;

ADD: PROCEDURE(LOC) ;
DECLARE LOC ADDRESS;
GOTQ ADDT;

ERD ADD;

SUB:  PROCEDURE {LOC) ;
DECLARE LOC ADDRESS;
GOTO SUBT:
END SUB;

MUL: PROCEDUGRE(LOC) .
DECLARE LOC ADDRESS:
GO TO MULT;
END HMUL;

DIV: PROCEDURE (LOC) 3
DECLARE LOC ADDRESS;
GOTO DIVT;

END DIV;

LOD: PROCEDURE(LOC) ;
DECLARE LOC ADDRESS;
GO TO LODT;

END LOD;

STR:  PROCEDURE(LOC);
DECLARE LOC ADDRESS;
GOTO STRT:

END STR;

INP: PROCEDORE (LOC) 3
DECLARE LOC ADDRESS;
GOTO INPT;

END INP;

QUTPT: PROCEDURE(LOC);

DECLARE LOC ADDRESS;

GO TO OUTT;

END OUTPT;

INSTR:; PROCEDURE (A1,A2);
DECLARE (A1,A2) ADDRESS;
CALL INP(A1); CALL STR(A2):
END INSTR;:
/% THIS END THE MATH PACK -PLM INTERFACE*/
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REMOTE WORKING LEVEL MONITOR CONTROL PROGRAM PAGE 9

DECLARE TEMP(48) BYTE;
DECLARE (ASUB,FSUB,TSUB) ADDRESS;
DECLARE ALTCONF (4) BYTE;
DECLARE FPT(12) BYTE,FB(24) BYTE, FCON(48) BYTE;

NETSCOUNT: PROCEDURE; /*SUBTRACTS BACKGROUND FROM SAMPLF*/
DO I=0 TO 2;
ASUB=.PB+I*i ;PSUB=ASUB+12; TSUB=.FT+I*4;
CALL LOD(FSUB) ;CALL SUB(ASUB) ;CALL STR(TSUB);
CALL OUTPT (. NET1+I%*13):
END;
END NETSCOUNT;

CAL: PROCEDURE; /* PERFORMES CALCULIATIONS*/
DECLARE (I,I1) BYTE;
CALL INIT;
/% CONVERT CONSTANT VALUES TO FLOATING POINT AND STQRE*/
0 I=0 TO 11;
CALL INSTR(.CONSTR+ (I*16)+ (192%SELDET), . FCON+ (I%U));
END;
/% CONVERT ALTITUDE CORRECTION FACTOR TO FP RND STORE*/
/% DETERMINE WHICH HEAD IS SRBLECTED*/
IF SELDET=0 THEN
DO I=0 TO 13;ALTSCORSFACTOR(I)=ALTFACTOR1(I);END;
ELSE
DO I=0 TO 13;ALTSCORSFACTOR (I) =ALTFACTOR2 (I) :END;
CALL INSTR(.ALTSCORSFACTOR,.ALTCONF) ;
/*CONVERT BACKGROUND AND SAMPLE COUNTS TO ¥P AND STORE*/
Do I=0 TO 5;
CALL INSTR{(.BO+I*8,.FB+I*4);
END;
/% SUBTRACT BACKGROUND FROM SAMPLE AND STORE*/
CALL NET$COUNT:
/% PERFORM MULTIPLICATIONS AND STORE RFSULTS IN TEMP*/
DO I1=0 TO 3 ;
DO I=0 TO 8 BY 4;
CALL LOD(.FT+I);
CALL NOL(.FCON+I+(I1%12))
CALL STR{.TEMP+I+ {I1%12))
END;
CALL LOD (. TEMP+(I1%12));
DO I=4 TO 8 BY 4;
/* PERFORM ADDITIONS*/
CALL ADD({.TEMP+I+(I1%12));
END;
/* MOLTIPLY BY ALTITUDE CORRECTION FACTOR*/
CALL MHUL {.ALTCONF) ¢
/*STORE RESULTS*/
CALL OUTPT (. WL+ (I1%13));
END;
END CAL:
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/*THIS SECTION PRINTS THE REPORT ON THE TERPMINAL*/

DECLARE WLM DATA ('WORKING LEVEL RADIUN',

‘A RADIUM B RADINN C',

L] )«

DECLARE L DATA(* PC/L PC/L PC/L'};

DECLARE HEAD1 DATA (CR,LF,LF,' '

A *% R W L H *#%¢ CR,LF,* 93
DECLARE CL DATA (*RADIUM A RADIUM (B+C) RADIUM C'¢ 1),
DECLARE CH DATA(' SAMPLE COUNTSY,

' BACKGROUND COUNTS NET COUNTS*,CR,LF);
DECLARE ALTESG DATA(CR,LF,*ENTER ALTITUDE CORRECTION FACTOR= )3

PRINTSREPORT: PROCEDURE;
DECLARE I BYTE;
/*CONVERT COUNT DATA FROM BCD TO ASCII*/
pe I=0 TO 47 ; BO(I)=BO(I)+'0"; END;
DO I=0 TO 38;NET1(I)=NET1(I) +*0';END;
/*CHECK IF CALIBRATION REPORT*/
IF CALSTEST2=TRUE THEN GOTO CALSPRINT;
DO I=0 TO S1; WL(I})=WL(I)+*0¢'3END;:
CALL PRINTSTRING(.HEAD1,LENGTH(HEAD1));
CALL DETMSG:
CALL CRLF;
CRLL TYPEDATE;
CALL PRINTSTRING (.ALTMSG+8,27);
DO I=0 TO CNT-1: N=ALT$CORSFACTOR (I)+30H;CALL TYPEOUT (N) ; END;
CALL CRLF;CALL CRLF;
DO I=0 TO 3;
CALL PRINTSTRING (.WLM+I*24,24);
CALL PRINTSTRING (.WL+I*73,13);
CALL PRINTSTRING (.L+I*5,5;;
CALL CRLF;
END;
CALL CRLF;CALL CRLF;CALL CRLF;
/*PRINT CALIBRATION REPORT*/
CALSPRINT:;
CALL PRINTSTRING(.CH,LENGTH(CRH)) ;
DO I=0 TO 2;
CALL PRINTSTRING (.CL+I*16,16);
CALL PRINTSTRING (.BO+I*8+24,7);
CALL PRINTSTRING (.HEAD1+3,16);
CALL PRINTSTXLNG (.BO+I*8,7);
CALL PRINTSTRING(.HEAD1+3,16);
CALL PRINTSTRING(.NET1+I*13,13);
CALL CRLF;
END;
CALL CRLF;CALL CRLF;
/* RETURN DATA TO ORIGINAL CONDITION*/
/* RECONVERT TOQ BCD*/
DO I=0 TO 47+ BO(I)=BO(I)-*0';END;
DO I=0 TO 38;JBET1(I)=NET1(I)-"0';END;
DO I=0 TO 51;WL(I)=WL(I)~*0’;END;
END PRINTREPORT;
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COUNT: PROCEDURE;
/* TORE COUNTERS ON AT TSTART AND OFF
AT TSTQP , CLEAR BEFORE COQUNT %/
IF CALSTEST1=TRUE THEN GO TO CALSLOOP:
BITS$O04 (3) =FALSE; BIT$O04 (4) =PALSE;CALL CHNSUSOUT;
BIT$04 {3) =HASK (3) ; BITSOU (4) =MASK (4} 3
DO WHILE (TIMER$SECSSTSTART); END;
CALL CHN$4SOUT;
/% POR CALIBRATION ONLY #/
CRLSLOOP: ;
BITS$O4 (4) =FALSE;
DECLARE TS ADDRESS;
STARTTIN: DISABLE;
TS= TIMERSSECS; ENABLE;
IF TSTOP>TS THEN GOTO STARTTIN;
CALL CHNS4$0UT;
END COUNT;
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READSACCUM: PROCEDUKRE(A,B,C);
DECLARE I BYTE;
/* READ ACCUM PROCEDURE
WILL READ DATA FROM SELECTED HEAD AND RETURN DATA */
DECLARE (A,B,C) ADDRESS, (R1 BASED A,R2 BASED B, R3 BASED C) BYTE:
/% LATCH LSD*/
BITS04 (0) =MASK (0) ;CALL CHNSUSOUT;
BITS$O04 (0) =FALSE; CALL CHN$4S$QUT;
/*INPUT LSD AND RIGHT JUSTIFY */
R1{6)=SHR(INPUT (4) ,4);
R2(6) =SHR (INPUT (5) ,4):
R3(6) =SHR (INPUT(6) ,4);
/* SET THE COUNTER DISPLAY COUNTER*/
BIT$04 (1) =MASK (1) ; CALL CHNS4S0UT;
BITS$O4 (1) =FALSE; CALL CHNS4$0UT;
/* THIS LOOP READS THE SIX DIGITS FROM THE COUNTERS*/
DO I=0 T0 5;
/*LATCH THE DIGIT */
BITSO4 (0) =MASK (0) ;CALL CHNS43OOT;
BIT$04 (C)=FALSE ;CALL CHNSUS$OUT;
/*INPUT DIGIT AND STRIP OFF LSD*/
R1(I)=NOT(INPUT(4)) AND 15;
R2(I)=NOT (INPUT(5)) AND 15;
R3(I) =NOT (INPUT (6)) AND 15;
/*STROBE THE SCAN INPUT HAS TO BE SLOW FOFP THE CMOS*/
BIT$04 (2) =MASK (2) ;CALL CHNS$4SOUT;
CALL DELAY$1MS;
BIT#$04 (2) =FALSE; CALL CHNS$4$0UT;
CALL DELAYSINS;
END;
/* PUT $-0 ON THE END OF EACH NUMBER FOR THE HATH PACK*/
R1(7)=ISI_IOI;R2(7)=lsl_!°l;R3(7)='$l_|0l:
END READSACCUN;

DECLARE FLOS$MSG DATA (' FLOW RATE OUT OF RANGE ');
FLOWSCHECK: PROCEDURE:
IF (INPUT(RWLM3HEAD) AND MASK(3))=0 THEN
DO
CALL DETSHEAD$OUT; /*STOP POMP*/
CALL DETNSG;
CALL PRIKTSTRING (.FLO$MSG,LENGTH (FLOSMSG))
CALL ERROR;
END;
END FLOWSCHECK;
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TESTSACSPOWER: PROCEDURE;
DECLARE PWRMSG DATA(' POWER PAIL',CR,LF); (
PAILTST=FALSE;

IEO(INPUT(RHLHSHEAD) AND MASK(6)) =0 THEN
L
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TESTSAC$POWER: PROCEDURE;
DECLARE PWRMSG DATA (* POWER PAIL',CR,LF);
FPAILTST=FALSE;
IFP (INPUT(RWLMSHEAD) AND MASK(6)) =0 THEN
DO;
CALL DETMSG;
CALL PRINTSTRING (. PNRMSG, LENGTH(PWRESG)) : /* POWER PAILURE*/
FAILTST = TRUE;
ERD;
END TESTSACSPOWER ;

SAMPLE: PROCEDURE;
/* SAMPLE PROCEDURE TAKES SAMPLE PROM AEAD
HEAD SCHOULD BE SELECTED BEFORE CALL*/
/* MAKE SURE THE POWER IS ON SO THAT THINGS WILL RUN%*/
CALL TEST$ACSPOWER;IF PAILTST THEN CALL ERROR;
/* TOP OUT THE PAPER BEPORE YOU START TO WORK*/
/% CHECK POR ZERO POSITION*/
IF (INPUT (RWLMSHEAD) AND MASK(7)) = FALSE THEN CALL PAPADV;
CALL PAPADV; CALL PAPADV;
/* CLEAR OUT PAPER */
TIMERSSECS=0;/% SET REAL TIME TO ZERO*/
/% TAKE BACKGROUND CQUNT FROM 1 SEC TO 121 SECH/
TSTART=1;TSTOP=121;CALL COUNT;
/* READ IN BACKGROODND COUNT*/
CALL READSACCUM (.B0,.B1,.B2);
/% SET TO START PUMP IN OUTPUT VECTOR*/
BITS$07 (5)=TRUE;BIT$0Q7(6) =TRUE;
/* WAIT TILL TIME TO START PUMP*/
DO WHILE (TIMER$SECS<122) ;END;
/% START PUMP*/
CALL DETSHEAD$OUT ;BITS$07 (6) =PALSE;
/*TEST PLOW RATE AT 200 SEC*/
DO WHILE (TIMERSSECS<200): END3
CALL FLOWSCHECK;
/* LET PUMP RUN FOR 2 NIN#/
DO WHILE (TIMERSSECS<242): END;
/* STOP pPUMP*/
CALL DETSHEADSOUT;
/* MOVE SAMPLE UNDER HEAD*/
CALL PAPADV;
/*SET UP TO COUNT SAMPLE#®/
TSTART=256; TSTOP=376;CALL COUNT;
/*READ DATA FOR SAMPLE*/
CALL READSACCUM(.DQ,,D1,.D2);
/*WHEN CALIBRATING JUMP BACK TO CALIBRATE PROCEDURE*/
IF CAL$STEST=TRUE THEN GOTO FINISH;
/* DO MATH AND PRINT IT OUT*/
CALL CAL; CALL PRINTSREPORT;
/* GO ON HOME NOW ALL IS DONE*/
FINISH: ;
END SAMPLE;
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REMOTE WORKING LEVEL MONITOR CONTROL PROGRAM PAGE

CYCLE: PROCEDURE;
CALSTEST=FALSE; /*NORMAL RUN*/
/* WAIT TILL TIME TO START*/
DO WHILE (SMINKMMINS OR SHRS<>HRS) ;END;
/*ONCE IN INTERRUPT ONLY WAY OUT */
TT=FALSE;
DO WHILE NOT(IT) ;/*MAKE A STATMENT AFTER TEST*/
/* CLEAR MIN AND HRS TIMER*/
TIMERSMINS=0; TIMER$HRS=0;
/*HEAD 0 SELECT»/
TIF HEAD(Q0) THEN
DO;
BIT$07 (0) =FALSE; SELDET=0G;CALL DETSHEADSOUT;CALL SAMPLE;
DO WHILE (TIMERSMINS<O07H);END;
END;
IF HEAD(1) THEN
DO;
BITS$07(0) =TRUE;SELDET=1;CALL DETSHEADSOUT;CALL SAMPLE;S
END;
DO WHILE NOT (TIMERSMINS=TINM AND TIMERSHRS=TIH) ;END;
TT=(YRS>=YS AND MONS>=MNS AND DAYS>=DS AND RRS>=HS AND MINS>=M5);
END;
END CYCLE; /* THATS ALL THERE IS*/
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MAIN: PROCEDURE;/* THE ONE THAT STARTS IT OFF#*/
CALL TYPEDATE;CALL PRINTSTRING(.DATEOK,LENGTH(DATEOK))
/*1IF DATE OK THEN JUST TURN ON CLOCK BLS® CHANGE DATE*/
/*PRINT DATE AND SEE IF IT IS OK*/
CALL TYINOUT;IF N='N* THEN CALL CHANGEDATET;
ELSE DO;OUTPUT (OFBH) =03 ENABLE;CALL CRLF;{END;
DO SELDET=0 TO 1; /*ASK FOR EACH HEAD*/
CALL PRINTSTRING(.WISH,LENGTH(WISH)) ;CALL DETMSG;
CALL PRINTSTRING (.WISH2,LENSTH(WISH2)); CALL TYINOODT:;
IF N='¥* THEN HEAD(SELDET) =TRUE:
ELSE HEAD(SELDET) =FALSE;
CALL CRLF;
END;
TIT=TRUE; DO WHILE (IIT=TEUE);
CALL CRLF; CALL PRINTSTRING(.TQH,LENGTH (TQH)):
CALL PACKBCD;TIH=M;
CALL PRINTSTRING (. TQM,LENGTH(TOM));
CALL PACKBCD; TIM=M;
CALL CRLF; IT ((TIH<1 AND TIM<14H) OR TIM>S9M ) THEY
IIT=TRUE;
ELSE TIT=FALSE;
IF TIT THEN CALL PRINTSTRING (.SHO®T,LENGTH(SHORT)) ;
END;
CALL PRINTSTRING(.SIM,LENGTH(STM)) sCALL PACV¥.BCD;
SHRS=M;CALL PRINTSTRING(.STMM,LERGTH (STMM)) ;CALL PACKBCD;
SMIN=M;
CALL CRLF;
CALL PRINTSTRING{.STOPTIME,LENGTH{STQTIHEZ)):
CALL PRINTSTRING (.SETYEAR,LENGTH(SETYFAR)});
CALL PACKBCD; YS=M;
CALL PRINTSTRING(.SETMON,LENGTH (SETHON)) ;
CALL PACKBCD; MNS=M;
CALL PRINTSTRING (.SETDAY,LENGTH(SETDAY)) -
CALL PACKBCD; DS=M;
CALL PRINTSTRING(.SETHR,LENGTH (SETHR)) :
CALL PACKBCD; HS=M;
CALL PRINTSTRING (.SETMIN,LENGTH(SETYIN));
CALL PACKBCD; MS=M;
CALL CRLF;
CALL CYCLE;
END MAIN;

DECLARE LST DATA(CR,LF,'ILLEGAL CHAR PLEASE REENTER',
CR,LF) ;
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DECLARE SELECTSHEAD DATA(CR,LF,*SELECT HEAD 1 OR 2-');

SELSHEAL:PROCEDURE; /% SETS UP EEAD BITS FROM INPUT DAT!*/

CALL PRINTSTRING (.SELECTSHEAD,LENGTH (SELECTSHEAD));
CALL TYINOUT;CALL CRLF;
N=N-'0%;IF N=0 THEN GOTO EXIT;IF N>2 THEN GOTO EXIT;
IF N=1 THEN DO;
SELDET=0;BIT$07(0) =FALSE; END;
ELSE DO;
SELDET=1;BIT$07 (0) =TRUE ; END;
GOTO FINISH;
DECLARE NPOSS DATA (CR,LF,'NOT POSSTBLEY') ;
EXIT:CALL PRINTSTRING (. NPOSS, LENGTH (NPOSS)) ;
GOTO LOOP:
FINISH:;
END SEL$HEAD:

RSTARTSACCUM: PROCEDURE; /*RESTARTS ACCUM AFTER READ */
BITSO4 (3) =MASK (3) ; BITSO04 (4)=MASK (4) 3
CALL CHNS4SOUT;
END RSTARTSACCOUM;

/*THIS PROCEDURE PRINTS THE CALIBRATION DATA*/
PRINTSCALDATA:PROCEDURE;

DECLARE CALSHEAD DATA (' MINUTE COUNT',CR,LF,LF);

CALL PRINTSTRING (.HEAD1+3,20) ;CALL PRINTBCD (CALSTIME);
CALL PRINTSTRIKG (. CALSHEAD, LENGTH (CALSHEAD)) ;

CALL PRINTSREPORT;

END PRINTCALDATA;

/*THIS PROCEDURE ADJUSTS THE 2 MIN BACKGROUND FOR
THE CALIBRATION RUN REQUIREMENTS */
NET$BKG: PROCEDURE;
CALL CAL;
DECLARE MLP1 DATA(2,0FEH,5,0,0,2uH)
DECLARE MLP2 DATA(1,5,0FEH,0,0,2uH)
DECLARE MLP3 DATA(1,7,0FEH,5,0,24H) ;
DECLARE MLP4 DATA (1,0FEH,0,0,0,20H)
PO I=0 TO 23
CALL INP(.MLP1+M*6) ;CALL MUL(.FB+I*4) ;CALL STR (. FB+I*l);
END;
CAIL NET$COUNT;
END NETS$BKG;

CAL$SUB:PROCEDURE; /*SUBROUTINE FOR CALIBRATE PROCEDURE*/
CAIL CCOUNT; CALL READSACCUM (.DO,.D7,.D2); CALL RSTAPTSACCUM;

/* CALCULATE AND PRINT*/
CALL NET$BKG; CALL PRINTSCALLCATA;
END CALSSUB;
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CALIBRATE: PROCEDURE;
DECLARE(N1,82) BYTE;
DO N1=1 TO 2

IF W1 =1 THEN DO; SELDET=0; BIT$07(0)=FALSE; FND;
ELSE DO; SELDET=1; BIT$07(0)=TRUE;END;
DO N2=C TO 9;
CUTPUT (OFBH) =0; ENABLE; /*BE SURE CLOCK IS RUNNING*/
CALSTEST=TRUE;
CALL SAMPLE; /*TAKE A NORMAL RUN*/
CALL RSTARTSACCUN;
/* DO MATH AND PRINT IT OQUT*/

CALL CAL; CALL PRINTSREPORT;
CAL$TESI1=TRUE;CALSTEST2=TRUE;

/% SET UP TO GET 5MIN DATA*/
CALSTIME=05K;
TSTOP=556; M=C; CALL CAL$5UB;
/*SET UP TQO GET 30 MIN DATA */
CALSTIME=30H;
TSTCP=2056; m=1; CALL CAL$SUB;
/*SET UP FOR 35 MIN DATA*/
CALSTIME=35H;
TSTOP=2356; M=2;:; CALL CALSUBR;
/* SET UP TC DO KUSNETZ METHOD*/
M=3:
CALSTINE=39H;

CAL$TEST1=FALSE;

CALSTEST = FALSE; TSTART=2596;TSTOP=2716;

CALL CAL$SUB;

CRLETEST2=FALSE;

IF INPUT (TTYBUF)AND 7FH=1BH THEN GOTO FINICH;
END; /*END OF INNER LOOP-10 CAL PUNS*/
END; /*END OF OUTER LOOP ~-BOTH HEADS*/

FINISH:; /*ESCAPE ROUTE*/

EWD CALIBRATE;

/*CONTROLS CALIBRATION CYCLE*/
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PAGE 18

SOWRCESCHECK: PROCEDURE; /*ALLOVS CALIBPATION WITH SOURCES */

DECLARE SCHK DATA (* SOURCE CHECK MCDE %);
DECLAPE SELSSOURGER DATA(CR,LF,'SELECT MODE A-B-C ~-*):
DECLARE I BYTE;

START:CALL SELSHEAD;CALL DETSHFADSOUT;

CALL TESTSACSPOWER;

IF FAILTST=TRUE THEN GOTO LOOP;

CALL PRINTSTRING(.SEL$SOURCE,LENGTH(SELESOUERCE)) ;
CALL TYINOUT;CALL CRLF;
/* CHECK ALLOWABLE VALUES OF INPUT*/
IF N<'A' THEN GOTO EXIT;IF N>'C*' THEN GOTO EXIT;

/*CHECK MODE AND SET UP OUTPUT PORTS*/

IP ¥='C* THEN BIT$07(7)=TRUE; :
ELSE BIT$07 (7)=FALSE;CALL DETSHEADSOUT;

/*TAKE A TWHO MINUTE COUNT*/
OUTPUT (OFBH) =0; ERABLE; /*BE SURF CLOCK IS PUNNING*/
TIMER$SECS=0;TSTART=1;TSTOP=121;CALL COMNT:/*GET DATA*/

/* READ COUNT AND STORE*/

CALL READSACCUM(.DO,.D1,.D2):
/*2ERO UNSELECTED DATA AREAS*/
DO CASE N-'AY;
DO;: /* CASE 0,N=A,ZERO (B+C) AND Ct'*/
DO I=0 TO 63
D1(I)=0:;D2(I)=0;END;
END;
DO; /* CASE 1,N=B, ZERKO A ARD C'*/
DO I=0 TO 63
DO (I)=0:;D2(I)=0:END;
END;
DO; /*CASE 2,N=C, ZERO A ANL (B+C)*/
DO I=0 TO 6:
DO(I)=0;D1(I)=0;END;
END:
END; /*END CASE*/
/* ZERO BACKGROUND DATA AREA*/
DO I=0 TO 23;B0(I)=0;END;

BO (7)=24H;B1(7)=24H;B2(7) =24H; /*PLACE § FOR MATH PACK DELIMITER*/

/* PERFORM MATH AND PRINT IT QUT*/

CALL PRINTSTRING (.HEAD1+43,20);
CALL PRIRTISTRING (.SCHK,LENGTH (SCHK)) ;
CALL PRINTSTRING(.N, 1)

CALL CAL:;CALL PRINTSREPORT;

GO TO START;
EXIT:;
DECLARE PRNTEND DATA(CR,LF,'END ');
CALL PRINTSTRING(.PRNTEND,LENGTH (PRNTEND)) ;
CALL PRINTSTFING(.SCHK,LENGTH(SCHK)) ;CALL CRLF;

END SOURCESCHECK;
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RLT$FACTOR:PROCEDURE;
DO M=1 TO 2 H
CALL SELSHEAD;
CALL PRINTSTRING (. ALTHSG,LENGTH (ALTHSG))
CALL IMPSLINE(.ALTSCORSFACTOR);
DO I=0 TO CNT;ALTS$CORSFACTOR(I) =ALT$CORSFACTOR(I)~30H;END;
ALTSCORSFACTOR (13)=24H;
IF SELDET=0 TiiEN
DO I=0 TO 13; ALTFACTOR?T (I)=ALTSCORSFACTOR(T) FuD;
ELSE
DO I=0 TO 13;ALTFACTOR2(I\=ALTSCORSFACTOR(I); FND:
END;
END ALTSFACTOR;

7% MALN %/
/* THE MAIN PROGEAM LOOP CALLS THE REQUIFED PROCEDUFES#/
DECLARE SIGNOW DATA (* REMOTE WORKING LEVEL MONITOP VERSICN!',
* 11 0u4-26-77',CR,LF);
RESET:
OUTPUT (RHLMSHEAD) =FALSE; /*RESET HEAD*/
DO T=0 TO S5 ;YRS (I)=0;END; /*RTSET DATE AND ITME TO 0%/
CALSTEST=FALSE; /#BE SURE NGT IN CAL MODE*/
CALSTEST1=FALSE; CALSTEST2=FALSE;
/*RESET ALTITUDE CORECTION FACTOR TO 1.0%/
DO I=0 TO 12;ALTFACTOR1(I)=0;ALTFACTOR2 (I) =0;END;
ALTPACTORY (0) =1;ALTFACTOR1 (1) =26H;
ALTFACTOR2 (0} =1;ALTFACTOR2{ 1) =24H;
CKT=1; SELDET=0;
START: CALL CRLF;
CALL PRINTSTRING (. SIGNON, LEKGTE(STGNON));
CALL TYPEDATE;
PO I=0 TO 7;BIT$07(I)=O;BITSOQ(I)50: END; /*CLEAR CONTRCL VEICTOR*/
LCOP: CALL PRIKTPRONPT; /* INPUT CHAR FROM TTY,ECHO, BRANCY*/
OUTPUT (OFBH) =03 ENABLE;
CALL TYINOUT:
/*PROCESS TYPED COMMAND INTO NUMBPER AND EXECUTFx/
IF (N:=(N-40H)) > 19
THEN GOTO MESSAGE;
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/* THIS SECTION SELECTS THE BRANCH SELECTED PY THE KBED*/
DO CASE N;
GOTO MESSAGE; /* CASE 0 %/
CALL ALTSFACTOR; /*CHAR A%/
GOTO MESSAGE; /* CHAR=B */
CALL CALIBRATE; /*CHAR C*/
CALL CHANGEDATE; /*CHAR = D*/
CAIL CAL:; /* CHAR = E*/
CALL TYPEDATE; /% CHAR = F¥/
CALL MAIN; /*CHAR = G */
CALL SELSHEAD; /*CHAF H*/
GOTO MESSAGE; /% CHAR = I/
CALL PAPADV; /*CHAR = J%/
GOTO MESSAGE; /* CHAR=K */
GOTO MESSAGE; /* CHAK=L */
GO TO 3800H;/*CHAR =M,RETURN TO MCNTTOR*/
GOTO MESSAGE; /* CHAR=N */
GOTO MESSAGE; /* CHAR=0 */
CALL PRINTSREPORT; /% CHAR =P%/
pC:
CALL READ$SACCUM(.BO,.B1,.B2) ;CALL READACCUH (.DO,.D1,.D2);
END;  /%CHAR Q#%/
GOTO RESET; /% CHAR =R */
CALL SOURCESCHECK; /*CHAR=S*/

END;
GOTC LOOP;
MESSAGE: CALL PRINTSTRING(.1ST,LEN3TH(LST))
GOTO LOOP;
EOF;
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€ce000210 SYSIN TI4 P casecosssrsacsoassecsssevensCUADH
€0000211 SYSTN © SETYFAReceavrncovesnnnnn A LYY T
) 00000212 SYSIN SPTMON. « eaeonsaconaecsasoneeassss 050FH
€0000213 SYSIH Sl STTDAY.eceanntercncenoersnnnsnns C51BH
00000214 SYSTN SETHR . e vvecanncscassnsessssaseees(527H
) 00000215 SYSIN SETMTN.eeeaeroevossnanrana veeae.05330
0000216 SYSIN CHANGEDATE. aane PR LT 1
00000217 SYSIN 3 BFSTART eeeonvnceocseansennasnses(59DH
) 0€000218 SYSIN e " TIMEKEEPER.«snonan B 1
C0000219 SYSIN DAYMAX . e unvesesneosancersrnanssnns CEAFH
00000220 SYSIN DETMS G e s enorannecannsseneeness NESHN
) €0000221 SYSIN COMMS G e eeenceaccosoans ...0h57H
©0000222 SYSIN . DETHPADOUT . e vueesnncannes ...0675H
00000223 SYSIN . S, veueee 21880
) 00000224 SYSTN CHNUOUT. e uvenenvnssossooonosoeseRABH
0Cc000225 SYSIN I..... eresserescssseacssensesases2URH
00000226 SYSIN RYLRPASESOLENDOID:. ceoeaeecessessss COEEH
) 00000227 SYSIN SOLMSG. e seenvocecevanseoonnennnn CH6R9H
00000228 SYSTN PAPADV.veecesecnansancassnnascees 073040
00000229 SYSIN BULEPS s eenerecovncnncnsnenes ...218CH
) 00000230 SYSIN FINTSHu v eeueusnnannaasassansesss COUBH
€6000221 SYSTN NOPAPER. cesvsonnceononoevnnnenan ¢7378
f"0r02ﬂ2 SYSTN ) FXTPAADVANCE,
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00000230 SYSIN rl“l:nll'IIIII{.-'..-"-II.--;l-uu;uu
! cG000221 SYSTN NOPAPER. ceaso veesssseasasesCT73TH

e s CT51H
renrnz32 SYSTN FXTPAADVANCE.
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VARIABLE LOCATION IN RAM

€£000233 SYSIN THIT. iiverensnrerennasnanasrnns 0BEOH

0000234 SYSTN L

0000235 SYSTN o L ik

0000236 SYSTN L L Xk T
€0CC0237 SYSTIN LOC. iienesrancssoesonnnossovnsas2B50H !
€0£00238 SYSIN BTL. e teeeenenonnnencensansennss 0BBIN i
00600235 SYSIN LOC.vuesunsnasosnssonnancneennss. 21520

00000240 SYSIN LIVeuuerassenosassasenvannasess 08BBH

0000241 SYSIK L0 e tisrernneeenrannnasnsanenss 21500

CCCO0242 SYSIN IODusvurensonsnsonesnenoonnnsess  0A9SH

0000243 SYSIN T0C e tiserennsnsesesnassesensns 21568

000072644 SYSIN T .

0000245 SYSIN I0C. e etuennaennseeunnnsesensns 2580

CCOCO2u6 SYSTN TNPeicerannesronnnnansenconnoses 0BRGH

©C000247 SYSTN 10C. . cisoasuvrossenannanossasnaes2 DRl

¢n000248 SYSIN O P T . suenncssseennasesecnan- ..08R3H

00000249 SYSTN LOC. e uureanannrnsnnns ..215¢4

00000250 SYSTW INSTRevunnnnnonn. ..CEBDY

0000251 SYSIN Pleviiiieneniaannns e 215ER

00000252 SYSTN N S L

0000253 SYSIN TEMP. ttteuiannasnensnsnonesnrsa 21628

00000254 SYSIN BSMBuuusneennnennnraennonnnsnnsa 21327

0000255 SYSIN FSUB.uuvernnosoorennnasoanonessa21900

00000256 SYSTN L S L

£0C00257 SYSIN BLTCONFuuannenernannsnsononnnsns. 21909

0000258 SYSTN Fleenernnnruonarsossosanannaens 27900

0000259 SYSTN FBuverunernnnrossonssnonannnesss 2180

€0C00260 SYSIN FCON . ineeteovescsnanvennsneesaa21CIH

€CC00261 SYSTH NETCOUNT:eevuvannsannnnnnennss..08D0H

£0000262 SYSIN CAL....... N X L

00080263 SYSIH Y S8

00000264 SYSIN TTeeenananoenrenenannns ceeeree..2770H

0000265 SYSIN A PPN oL L

00000266 SYSIN Leeeveernnnennnn. ceeereseseaee. DCEDH

6C000267 SYSIN HEAD1........
0000268 SYSIN CLevuvirennns
00000269 SYSTH CHeverinnns
€C0C0270 SYSIN BLTMSG. teerinennnnans .CTUsH
C0000271 SYSIN PRINTPEPOFT..ovvuunans CDROH
0000272 SYSIN Teee i Ceereneenas 217 3n
CCCO0N273 SYSIW CALPRINTveeeeeesvoennnssoveneas  CFBRR
C0000274 SYSIN CHOUNT . . seesvnnsans BRI I seeas 100FY
0000275 SYSTN CALLOGR. euervnnsnnn I L
€0000276 SYSIN TSeweinsnns .o

£6000277 SYSIK STARTTIY....
CCOC0278 SYSTN PFADACCTN. c v e wecnnnssnnnan eeesas1MARDH
0000279 SYSTM Bavenernnenns e ... 21F6H
0000020 SYSIN Barvnnrrnreennactnniernann, cee..2778Y
0600281 SYSIN Crvnreeinannenesovenrsanans
€0000282 SYSTN T e venarsccenanves .o
0000283 SYSIN FLO¥SGa v vrvevuneernnsnnnns ceve 11RTH
00000284 SYSTIN FLOYCHECK. .4 o0 vvs ceee
00000285 SYSIN TESTACPOVER. vz et vsvrensancereea 11728
00000286 SYSTN P¥RMSG...0sv . ceeesasan ceenasas, TIFEYE
€0000287 SYSIN CRMPLE..ccasasesvsasscrnaneneones ¥219H
00000288 SYSI¥ FINTSHuueoenunransaosnenoonnonss 12E7H
00000289 SYSIN CYCLE..uvrrnson B Al
00000290 SYSTN S ET ¥ £
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P1M COMPILER ASSEMBLY LANGUAGE OUTPMT

00000324 SYSIN Q00NH JamMp 9DpH 05H

COCO0325 SYSIN CO38H JINP ATH 058

00000326 SYSIN C100H LXY SP FFH 23H JMp 2uy 18H

60000327 SYSIN C106H O1H 02H O4H O8H 10H 20H UCH BOH FFH 07w

£0000329 SYSIN C1108 COH OOH OOH OO0H 00H O0H OCH OCH OCH CA¥ NDH 709 COH COY N19 249
00000330 SYSIN 2974 U4U4H 41H SUH 45H 20H 43H UFH S52H 528 U45Y 43 SUY 20H 280 S9H 2°¥H
00000331 SYSIN 02A0H LEH 29H 23FH

€0000332 SYSIN C2A3H ulH 4FH 20H S9H UFH S55H 20H S7H 41H 4PY SUH 29y

¢c000333 SYSIN C2AFH 20H 52H 55H 4EH 28H S59H 2FH UFH 294 379

00000338 SYSIR 02B9F 49H UEH SOH SS5H S4H 20H SUH 49H LDI USW 279 =4W 4FY 208 S3H S4H
00000335 SYSIN ¢2C9v 4FH SOH

00000336 SYSIN C2CBH 45H 4FH S0H 45H 52H 20H SUF 49H UDHW 4SH 20F 494 4FH 549 a5y LOF
00000337 SYST¥ C2DBH 56H 41H 4CH 20H 42H uS5H S5uH S57H U45H US5K uTH 209 534 414 0DH SCH
€0000338 SYSIN 02°84% 4CH 45H S3H 20H u48H UFH SSH S2H S3B 20w

CC000339% SYSIN 02FSH 20H 4DH 49H 4EH 2DH

€0000340 SYSIN 02FMH ODH OAH SUH u9B u4DH 4SH 204 5uY UFH UFH 2°~H 534 U8H uFY S2H Sul
00000341 SYSTN 030AH 20H ULH S55H S53H 54H 20H 42H 459 2CH I*Y 3I1H 348 20H DY 4°H u~RH
C00003u2 SISIN C374H S3H ODH OAH

€00003u43 SYSTN C31DH 45H 4EH S4H USH 52H 20H S5uUH 8OH 40H 454 2°F S4W 4FF 2NPH S3w Syv
€00003u4 SYSTN C320H 41H 528 S4H 20H u8H 4TH SSF S2H 2DH

C0000345 SYSIN C336H 20H 2CH uDH u9H UEH 2DH

c0000346 SYSIN €33CH LXI H 3rH 214 MOV MC TN afu AMA T B"™Y AL Y
€0000347 SYSIN 03454 QOH Jz YoH 034 TXI H 0y 211 MCY Av Qn"
c00003u8 SYSIN C3u%H 01H MOV AM SUR I ODH JNZ T2H nay INE MOV wl
C0000349 SYSIN 0357H 00H MOV AT 08H LEXT 8§ 3%E4 ?1v SR wm JC 72H
00000350 SYSIN 0360H 03H MOV AI FAH MOV BT NCH 40T CR DCP € INZ R6H
00000351 SYSIN C369H 03H DCR A JNZ 658 n3yg TNR W Jw7 SRY n3n
0000352 SYSIN €3724 RET IN 00H ANR T 014 s"R T ~rH J7 R
00000353 SYSIN C378H 03H IN 01H RET CALL 739 nay ANA T 7%H
00000358 SYSTR C3RUH LXI H CFH 20H MOV MA MOV CM CALL 3ITH fag TPT
€0000355 SYSIN C38DH CALL 7FH C3H LXI H CFH 209 wNY M FET 1AT ¥
00000356 SYSIN C396H 40H 21 MOV MC INX H YOV MB MOV LT 3FH MOV MT " @
C0000357 SYSIK C39FH CALL 8DH 034 INP B MOV LI 413 MOV M3 SR T nDY
00000358 SYSIN C338H J2 C1H 03H MOV 1T 3FH MOW C® ¥MAY RT (0H g
00€00259 SYSIN C3B1¥ uCH 21H DAD B XCHG LXI H 473 21H MOy CM MOV rC
C0000360 SYSTN C382AH STAX D MOV LI 3FH INR M J%P ary Rk L may 17 IFW
00C0N361 SYSTN £3C38 MOV CM MCV BI 00H LHLD ang 214 DAD R XCHA MOY AT
00000362 SYSIN C3CCH 24H sSuB I 30H STAX D %OV <7 CAw CALL cH nap «
00N00362 SYSIN 03D5H RET MOV CT ODH CALL 3CY N3 uny 71 fpw CalL *
C00C0368 SYSIN FIDEF 3CH 03H RET CALL D6 Ny Moy CT 22H CAL!
C0C00365 SYSIN f3°TH 3CH G3H RET CALT TFY L] TXT 4 CFHW 2°F
00000366 SYSIN 03F0H MOV AM SUB I  30H INR L MCV MA CATL ToH 034 1LY¥T o
00000367 SYSIN C3F9H DOH 20H MOV AM ADD A ADD A ADM 4 ADD A DCP L MOV Ch
0000C3¢8 SYSIN Cyn2p MOV AM SUB I  30H ADCD C INR L MOV 43 m®T IYT ¥ uuy
rO000369 SYSIN C43BH 21H MOV MC INX H MOV MB ™oV LI 474 YOV 4F INT 1T MOV uT
€000037C SYSTN Cu1uH 90H LXI H 47H 21¥F MOV CM IC® C 9oV 4C IND T Snp v
00070371 SYSIN Cu1DdH Jc 33H QuH MOV CF ¥CV BI ONY Larn uuw 214
0000372 SYSIN Cu2fH DAD B MOV AM MOV CA CALL CH 0y LYT H U48/w 21R
00000373 SYSIK CuU2F¥ INR M JNZ 154 ouN RET 1LXT W 4Qy 211 MOV 4C
C0000374 SYSTN Cu38H MOV CI OQuH MOV AM ORA A FRAR pce £ Jgwz 3FH "up
€C00C375 SYSIN Cuu1H ADD I 3CH MOV CA CAlLL 3CH AAw . INT v bay el
CC000376 SYSTIN C44AH MOV AM ANM I OFH ADD I 37H MOV C2 CALT cH n3w
€C000377 SYSTN 2u53F RET Jmp 718 o4y

€0000378 SYSIN Cus7H ODH OAH C7H OTH 2AH 2AH 2CH 204 45H 27H 52H 209 520 2(Y UFH oCH
00000379 SYSIN Cu67F S2H 20H 2CH 2AH 2AH O7H O7H ODH Npw Niw

0C000380 SYSIN Qu71H LXI B S57H 0u4H MOV ET AY CALL  N9H CuH 1¥I 5P
00000381 SYSIN fU7A¥ FFH 23H JHP 931 1A% nI MNY AT MAH MOV BI
€0000382 SYSIN Cu83H OCH MOV CB DCR C JNZ 8&H cuy JINZ ayp

PLM COMPILER ASSEMBLY LANGUAGE OUTPOT

neCE A



VUVUUJIOD Y IEDLIN

€0000382 SYSIN

Q0000383 SYSIN

) 00000384 SYSIK
. £C000385 SYSIN
00000386 SYSTN

) 00000387 SYSIN
- 0000388 SYSIN
€C0CQ389 SYSIN

} 0000039C SYSIN
€00C0321 SYSIN

00000392 SYSIN

y 00000393 SYSIN
0000¢ 398 SYSIN

00000395 SYSIF

) 00000396 SYSIN
0000397 SYSIN

€0000398 SYSIR

) 00000399 SYSIN
0000400 SYSIN

% £00CCO401T SYSIN
R £00004C2 SYSIN
GC000403 SYSIN

0C000404 SYSTN

) 00000405 SYSIN
C0000u406 SYSIN

0000407 SYSIN

3 0Co00u08 SYSIN
’ 0000409 SYSIN
60000410 SYSIN

) 00C0041% SYSIN
00000412 SYSIN

c00D0413 SYSIN

} c0000414 SYSIN
00600415 SYSTN

€0600416 SYSIN

) €0000417 SYSIN
€0000418 SYSIN

0000419 SYSIN

] C0C00420 SYSIN
00000421 SYSIN

00000422 SYSIN

) ¢0000423 SYSIN
€0000424 SYSIN

00000425 SYSIN

) 0000426 SYSIN
00000427 SYSIN

00000428 SYSIN

} 00000429 SYSIN
0000043C SYSIN

00000431 SYST¥

} 00000432 SYSIN
00000433 SYSTN

0000C434 SYSIN

) - C0000435 SYSIN
00000436 SYSIN

00000437 SYSTN

) 00000438 SYSIN
00000439 SYSIN
00000440 SYSTN

= o [ Lo

C4IAE FIH 23H JMp 934 14 Jubg MNT AT E,é
C483R OCH MOV CB DCR C JNZ Bey cuy PR A INZ
PLM COMPILER ASSEMBLY LANGUAGE OUTPUT
OuUBCH OuH BI RET DI MoV AI 37y MOv BT MCH
C495H DCR C JNZ 95H ouy DCR A Jgw7 aun QuR
CUIER RET Jue BBH 0un
C4A2H ODH OAR 54H 4PH 44B U1TH SOF 20H 49H 53% 29H
OUADH 20H 20H Su4H 48H 45H 20H Sul UOH UDH USH 2NH uaqw S3m 2y
C4BBH LXI B A2H 0uH MOV FI OBH CALL nen cuvw
QUCuUH MOV LI C9% NOov CM CAlLL 3un cuy MOV CT 2FH
04cnNH 3CH 03H LXI H CaH 2CH MOw CY CALL 3w
CuD6R MOV CI 2FH CALL 3cH 038R LXT 4 C8H 2CH
O4DFH CALL 34R 04H LXT B ADH nyn MNY °T rEH
Cur8H 09H ouH DCR H MOV LTI CBH 80V Ccv Catt kKLY |
04" 18 MOV CI 3AH CALL 3CH Q38 1I¥T # cny 2rY
CuF2H CALL 344 0u4H CALL DEH 03w RFT
0501E ODH OAR 45K 4FH S4H 45H S2F 2CH S9W 459 41H 527 2p¥
C50FH 20H 45F UFK 54H 45H 52H 2CH 4DH U4FH U4TH SuB 484 2DH
051BH 20H 45H UEH SUH 45H S2H 2MB U4H 81% S8H 2PR 2pw
0S27H 20H 45H UEH 54 45H S52H 2CF 4BH U4FW SSH 524 2nw
0S33H 208 45H 4EH SuUH 45H S2H 2CH 4DH U9H UFH =51 Suy 45v 2r¢
0S541" DY LXT B O1H 05H MOV BT NDY CALL Cog
CSuAH CALL EAH 03H MOV CM MOV LI Caw MOT MC LYT B
£553° 0SH MOV EXI ODH CALL D9H noy CALL FRY
CS55CH MOV CM MOV LI CO9H MOV MC LYI B 1BH 05E MOV FIT
G565F CALL 09H OuH CALL EAH 03m MOV C™ MOV LT
0S6EH MOV MC LXI B 27H 059 MOV RI 0CY CALY o9u
0577H CALL EAH 03H MOV CM MOV LT CRH MOV 4¥C IXI P
05508 O05H MOV EX 0OEH CALL 098 nun CiLt Pay
(5894 MOV CM MOV LI CCH MOV ¥C CALL new n3R LYXT &
05928 20H MOV MY OOH XRA A OUT FBH FT CALL
CR9RH O4R RET PUSH H PUSH D PUSH R PTSH B LXI SP FFV
Q0SAUF JMP 93R 1AH PUSH F PUSH D PUSH B PNMSH A J™P
0SADH 0SH
0S5AFH 00H 31H 28H 31H 30H 31H 3CH 318 31H 37%H A0H 00H COfw ACH
05PREH 31H 30F 21H
05C1H LELD B8H 204 INX B SHLD rBY 2ny I¥YT 4§
CSCAR 20H MOV AM ORA M MOV ™A MOV CHM TH® C° 4OV 3C DA
NSP3Y SUB I 60H JNZ 4BR 06H MNy MY NCY MOV AM
0SDCH MOV MA MOV LI B5H MOY CM TNR C MNY 2C MARZ MOT w8
05758 60R JNZ F7H os#H MOV MI C74 MOv 1T CDH
CS5EFH ORA M MOV MA MOV LI B6H MOV €+ TND € MOV AC DA
CSF7H MOV LI CCH MOV AM ORA ¥ MOV MA %OV C¥ INR C MOV AC
C6N0H MOV MA SUB I A0OH JINZ 4BH rew MOV MI CrW
06098 MOV AM ORA ¥ MOV MA MOV C* THNR C 4OV AC MA) NOV 4
CE12H 24H JNZ 4BH 06H MOV MI frm DCR 1 MOV Am
061BH MOV MA MOV CM INR C MOV AC DAA MO" MA DCR T %OV "M
C6248 O00H I¥I H AEH 054 DAD D ®OV CA MOV aM SUB C
£62DH 4BH 06H LXI H CaH 20H wovV YT 019 ¥OV AN
C636H MOV MA DCR L MOV CM INR C MOV AT DRA MOV wp SR T
C63FF JINZ 4Ry 06H DCR L MOV CM IN® C MOV AC D23
0648H INR L MOV NI 01H XRA » oOOT TRH pne 3 PCP B
C651H POP H EI RET JMP 62H new
0657H 20H u44H USH SUH 45H 43H SUH UFH 52H 208 2nR
0662H LXI B S7H G6H MOY *I CBH CALL NOR NUH
066BY MOV LI B2H MOV AM ADD I 31H *0V CA CALL 3CH
067ud RET LXI B 49H 208 MOV MI C°H TNR % TNR L
C67D¥ O0O0H MOV AI O7H LXI H 4an 21 sp M JC
0686H 06H MoV 'CM MOV Bl 0OH DCR H DAD B MOV BM LXT P
068FH 21H MOV EM MOV DI 00W LXT H 06H aan DAD D
0698 MOV AM ANA C LXI H 49H 20H ARL M MOV MM INR ¥
SN Lot . N et teed e -
Emz» E;ms L&mm E-mu :;mu :;Mﬂ :;;u Eumm [a__ ————
MY | e r - fr - - :r - ’—— P {,
e - . SN S S,

wov BI
ayp

MOVY CB

bpCcP H
CAIL
Cup
Lol A el ]
CALY
CuB
¥QV C™

cuy
~FR
£2n
“cH
CAH
Cur
3H
23p
CoH
aFE
23r
C1H

Cow 00w

cry
MOV ™2
NPA ™
SR T
MOV AM
MOV wh
DA
DCR L
|y T
OPA ¥
%0V D
are
OFA W
13R
MOV B
POP D

DCR H
03
MOV MT
ASP
upw
MOV CA
INR L

—e

| S

Lo =




L L

L

00000441
00000442
00000443
€00004ub
00000445
00000446
00000447
00000448
€0000449
0000045C
00000451
00000452
0000453
€0000454
00000455
00000456
00000457
¢0000458
co000us59
¢0000us6C
€0000u4€1
co000u62
€0000463
0Goo0u6Y
00000u€S
00000466
€0000u467?
00Cco0uce
00000469
€0000ru70
c0C00u71
€0090472
06000473
co000u74
00000475
00000476
¢0000u477
00000478
€0000479
00000480
0Cce00u8
00000u82
00000483
0000048y
©0000485
€0o00uB6
€0000u87
00000488
€0000499
oocoouse
©C000u491
€0000u92
00000493
00000490
00000495
G0000496
C0000497
€oCoou9s

SYSTIN
SYSIN
SYSIN
SYSTN
SYSIN
SYSTIN
SYSIN
SYSTIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIR
SYSTIN
SYSIN
SYSIN
SYSTN
SYSIN
SYSIN
SYSIN
SYSTIN
SYSIN
SYSIN
SYSTW
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSTN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSTN
SYSTN
SYSTN
SYSIN
SYSTH
SYSIN
EYSTIN
SYSIN
SYSTN
SYSIN
SYSTN
SYSTIN
SYSIN
SYSIN
SYSIN
SISIN
SYSIN
SYSIN
SYSTIN
SYSIN
SYSTN
SYSIH

CCLO0499 SYSTN

ARARAR AN aas

.

L.

L

Fo

P

r.
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:_“ t
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DIM CONPILER ASSEMBLY LANGUAGE OnTPpuT

06A1H
CHARY
06BH
CH/BCH
C6CAH
C6CEH
06n7H
C6EON
0679H
06F9H
O06FTH
0708H
C711H
C71AH
07224
C72CH
n735y
07370
C747H
c751H
0761R
Q76RH
07714
077aH
C783H
Q78CH
Q95p
C79EH
C727H
C7BCH
07B9H
07C2H
07CBH
NIDUY
C70ODH
0TPRY
C7EFH
n7rgy
C8C1H
CerpH
0f13y
©81CH
0R/25H
CA2EH
c837H
csultn
caugy
852w
085BH
CBAUH
0ARDH
CR75M
C87TH
ogrey
0A91H
CA9AH
CAa3H
CBACH

PIM COMPILER ASSEMBLY LANGUAGE OWTPNT

08BSR 214

INR 4 JNZ TEHR Q6H
RET LXI B 49H 20%
MOV MI OCH MOV AI C7H
DFH C6H MOV CN MOV BT
MOV AM LXI H 4BH 211
018 DAD D MOV .CA MOV AN
MOV MA INR H MOV LI 4BH
MOV LI 49H MOV AN OUT
20H 53H 4FH 4CH US5H UEH U4FH
4CH 45H 41H S3H 4S5H 44H
LXIH BMW 20H yov MI
4aH DRD B MOV MI O00H
LXI D OfH 00H LXI K
ANR C SUBI OOH JNZ
LXI B E9H 06H MoV FI
MOV LT B1H MOV HI FFH
68y Q74

20H U6H WIH UCH SUH uSH 524
58H 48H 414 SSH 53F SyR U=y
20H 46H 49H 4CH SUH uSE S2B
45H 52H S2H UFH 52H ODH CB&H
LXI H B1H 294 “ov MT
4AH DAD B PUSH H LXT B
DAD B MOV AM POP H MOV ™A
218 MOV AM STB I OO0H
4cH MOV NI OGH INY ¥
0uH LXI H acCH 211

Jc 3BH [43:):4 MoV AT
INR L MOV CR MOV AB SBC ™
00H DCR H MOV LTI 4AW
00H LXT H 4aH 2CH
06w CALL TFH duwm
PUSH H LXI B O03H 104
POP H MOV MA CALL 75H
NTH LXI D 078 [
NOV AM ABA C MOV EA PUSH D
014 DAD B MOV AM POP T
MOV AI 64H LXI H uce
00r SBC ¥ SBC A ANA C
07H IXT D OQUH JOF
MOV AM ANA C SUB I Q0N
06H LXI B 37H 374
DCR H MOV LI B1in 10V *I
NOV CM INR L MOV BY LXT 8
214 Jup 92H 27H
07H MOV FI 178 CaLl
MOV MI FFH LXI B 24y
MOV MI COCH LXTI B )54
MOV MI COH CALL 750
FFH Ccz 54y ouu
LXT H U4FdH 21H 10V MC
RET LYI H SOH 214
318 RET LXI H 524
ECH 314 RET LXT H
Jiupe F1H 314 RET
MOV ¥B JHup DDH 314
INX 4 MOV MB JNP D3H
MOV MC INX H MOV MB JUP

DCR
MOV
AT
oow
mov
ANA
TNR
04
494

OCH
CALL
o6n
334
161
CALT

204
4uy
204

nox
QuH
CALL
JINZ
mov
suR
Fuy
JNC
DAD
DAD
LX1
LXI
06H
1% 8¢
LXT
SUR
218
BRC
LA
JNZ
mov
FFY
C1H
CALL
09
00|
0CH
neH
RFT
INY
MoV
21H
S4H
LXT
RET
314
PeH

L.

078
4gw
JaC

DAD
ney
CRA
TCR
N6l
52W

nov
[aleldi]
»Ov
CER
BCR
Jmp

208

usH

Mov T

fp
BH
wov
Mov
<BC
Snp
Nan
N3H
T€H
DaD
MoV
™

wov
NEH
wov
rov
TN

wey
Sup
cun
DCP
ucw
51y
BR1B
nap
TAD
<R
FET
31y
FTH
amnp
MoV
£330
oy
21R
SCH

[Ae—

TA

TA
LD ¢

B

uc

IXT H

T t
R S
H DCR L MOV AMm ConT
MT NOW TR H MoV LT
4 48Y 21R sng
DCR H MOV 1T S2%
EM MOV DI ANR IXT H
C 1XT H uoH 20w
M JNeg RS Y Cew
RE™ Juo FFH
44H 201 UVH UFH SUF 2N{
LXT R A8F ory
LY} NeH ™
nqu DAD N MOV C3
nw TALL 5uy
CaLL now cuy
54N nuy RE™
53H S5¥ 8Af 5IH uCH ROy
ODH raH
41H 44" 564 U41R 4v9 4349
IYT™ » Nuwm [l
rnyg LXT ¥ CFH
ren NAH IXT W
3IRW nay INe B
NT orH MOV AT 7EH
M TINR T MOV CR MOV BB
MOV BT (1W £7T L
R74 oy vt =
B MOV w7 FPH L¥T F
B MOT MT QR CALt
B 034 ann INE L
H O6&H 219 DAD R
CELL gcR cow
| I 01y jal Bal
B 07w nry ¥r ®
B g I NMH |EC A
eNR M TYR T uovy Ta
INC 20y Ry
H "6f% nw rap D
27K nau Crll
FI 1pv CALL co9y
amun uey nag
nnp DAap B gHIn
a4K neH 1Yr ®
nyu nCR ¥ vew 77
TYT 9 UAwW 2°u
LYT 9 4rv 20v
wAT LT Q1H MAY v
JuMo 2°H 32w
H %NV MR JMP E2W
mC TNY B MOV MR J¥P
MOV M TYX @ MOV MR
218 MAY MC TEY P
B CS6H 214 MOV MC
LYT 4 5ay 21H
RF™ LXI ¢ Spw
ERid Ly LYI B
Fou 31u RET

MOV MC IRX H MOV HME WP

PFRIT N



P1M COMPILER ASSEMBLY LANGUAGE OUTENT

CCCCO499 SYSTN 08BSH 21H MOV MC INX H MOV WP JwmP Fey ERL FET IXT H
009C050C SYSIW CBRTH SEH 214 MOV HC INX H MOV B TNP I, MOV MEF INX H MOV ™D
@OC20501 SYSIR 0B8C7H MOV LI SEH MOV CM INF L 'MOY B¥ CATL A9H nay IXI v
QCre0502 SYSIN 08DOH 60H 214 MOV CM INFR T MOV BE CALI 9Fw CRH PET
€COC0503 SYSIN 08D9F LXI H CEH 204 MOV ~T OO0H MOV AT 02F 1¥I 4 CFEH
QQONACEQL SYSIN CB72F 20H syB K Jac 9BH 094 TXT 2 A0H 214 MOV 1T
CoC00505 SYSIN ORERH 46H BCV MC INR L MOV MR MOV ®I Nuy My ™t OCH IXI H
GOQ00506 SYSIN 0arul CEH 20H MOV CH MOV AT QOW Jve 174 coy MOV AC
COoC0N507 SYSIN CBFDH SUB E MOV AB SBC D JP [1:1:) nay NNV 3B KOV IC XCHA
€00005C8 SYSIN CQC6R MOV BH MOV CL LXI H 00H oy XCHAR MOV 3B OF2 C RZ
€00CO5C9 SYSIN COCFH XCHG MOV AB RAR MOV BA MOV AC P®AFR MOV CA JNC 1AH
c0CO051C SYSIN 09184 G9H DAD D XCHG DD B JMP ncw naow CAL: FCH
€0c°0511 SYSIW 09214 08H LXI B 4e6H 20H MOV CM TNR I, 4OV B¥™ XCFG DAD ®
00C60512 SYSIN C92AH SHLD 92H 218 LXI & ICH cng "D B SHL® QuUR
€QCC0513 SYSIN C9238 218 LXT B 9DH 21% LXI 4 4uW 2"H MOV MC TNR T
COCON514 SYSIN C93CF MOV MB MOV EI O4H Mov p1 OCH i¥T 7 CFH 2nw MOV M
€cCCns515 SYSIN Cou5® MOY BT 00H CALL rcH 0B8R LXT B ugn 20F POV C¥
0CoC0516 SYSIN f9uTH INR L MOV BM XCHG DAD B SHLD a8y 219 IXT H our
€0CC0517 SYSIN C957H 21H MOV CM INR L MOV BM CALL oRH ey IXT ¥ 92w
CCC20518 SYSIN COENE 21H MOV CM INR L MOV BM CRALL TTn nan 1¥T 8 96R
€C20CS19 SYSIN 09A9F 21H MOV CH INR L MOV BM CALY OFH n|w IXT 8 SAH
00CC0520 SYSINW C972H 20H LXI H 428 204 MOV MC TNE L MOV MB ™0V FT ODW
€CC0CI521 SYSIN C97RH MOV DI OCH LXI B CFH 208 MO0V C¥ NNV AT (0H CALI
CorCD522 SYSIN C9BUE FCH G8H LXT H 42H 2m »OV CM TNR L MOV R™ YCER
00CC0523 SYSIN C99DF DAD B XCHR MOV CE MOV BL CALL R3E ore LXT B CFH
CCC00524 SYSIN 0996H 20H INR M JNZ DEH 084 PFT Catl 69H ARH
CCCCO525 SYSIN C90FH LXI H FIH 21H MOV MI OCH *0v AT QmW IXI 4 FI¥
£GCIC526 SYSIN C9A9H 21H sup M JC OFH OAH uNY FT 10y MCY DT FCH
CCCC0527 SYSIW COR1H IXI H F1H 214 MOV CM MOV BT NNH CaLL FCH a1
€0CC0528 SYSTIN C9BRH LXI B 109 1A} XCHG DAD B YXCH=R LXI T 4ty 200
G0000529 SYSIV CO9C3H MOV ME INR 1 MOV WD LXT H B2H 201 MOV TM mCV DI COR
€0000530 SYSIN C9CCH MOV CI COH MOV BI 00H CALL FCH naw LYT § uQp
€20C0531 SYSIN CapS® 20H MOV CM INR L MOV BM YCHG DRD B XCHS IXT B CTH
G8C00532 SYSIN CIDEH 21H LXI H 3CH 20w MOV MC TWR L MOV MB TNR 1 MQV »F
00990533 SYSIN COF7H INR L MOV MD MOV EI O4H . MOV DT Ony LYI H F1H 21m
€0700534 SYSIN QOF2E MOV CM MCV BI 00H CALL FCYy DRE L¥T ¥ 3CH 20H
€C0N0535 SYSIN cor9y MOV CM INR L MOV BM XCHG DAD B XCHAR LYT ¥ 3FH 208
CCCCO536 SYSIN CAD2R MOV CM IKR L MOV BM CALL BDH nay LXT ® T8 27n
C0C00537 SYSIN CAOBH INR M JNZ AuH 09w DCR ¥ MOV 1T RB2W MOV pw STR 7
CCC2CO538 SYSIW C21uk OCH JNZ buH 0AH INR H OV 1T ¥1H4 MOV MT DNOH
CC200539 SYSIN CAIDH MOV AT OLH LXI H F1H 218 sTe M ge SDH ~AH
C0C00S40 SYSIN CA26F MOV CM MOV BI O0OH DCR H MOV LI naw PAD B PRMSH ¥ LXI H
C0CO0541 SYSIN OA2FH F1H 24 MOV C¥ %oV BRI 0OH MOV LT 23H DAD B MQV am
CCCO0542 SYSIN OA?QH POP H MOV MR LXI H F1H 21H THR 4 JwZ 1DH CAH
00000543 SYSIN Caulp JHP 6DH OBH IN® B MOV 1T FAIF nOV %I OCH MOV AT
CC2CNS544 SYSIN CAuAH ODH LXIT H F1H 21n SUB 4 JcC 6DH 02y ROV C¥M
0CCCO545 SYSIN CA53H MOV BT (O0OH DCR H MOV LI Doy nan R PTISH H LXT H F1P
COCO05u46 SYSIN CASCH 21H MOV CM MOV BI 00H OV LT 39% DAD ¥ MOV a¥ ©O0P F
€J000547 SYSIN CA65H MOV MA LXI B FIR 21u TNR M JNZ ugy OAH LXI ®»
COCC0548 SYSTR CA6EH D9H 20H LXI D 99H 218 CALL BDH 08F LXT ®
00C00549 SYSIN . CA77H F1H 218 MOV MI 00H MOV AT OSF I¥I W FIH 21W
CCN00550 SYSIN OAB0B SUB ¥ JC D6H Oan IXYI B 814 208 DCF B MOV 1T
CCCCO551 SYSIW CARSH 3RH MOV MC INR L MOV MR MOV FI "8w My DI O0F IXI H
00C00552 SYSIN 0A92H FIH 211 MOV C° MOV RI OOH CalL FCH naH IXI v
€G000553 SYSIN CASEH 3AH 208 MOV CM INR® 1 MOV BM XCFGQ DAaD B XCHS 1XI B
00000554 SYSIN CARLE AOH 211 LXI # 36R 204 MOV ™C TNR L MOV MB TWNP 1
€0000555 SYSIN CAADH MOV ME INR L MOV MD MOV FI 04N MOV DT 0OCH LXT H F1H
€r500556 SYSIN CABEH 21H MOV CM MOV BI 00H CALL FCH 94 ILXT B 36F
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00000557
00000558
00000559
00000560
00000561
00000562
00000563
00000564
00000565
00000566
€0000567
00000568
00000569
00000570
€0c00571
€0000572
00000573
00000574
€0000575
00000576
00000577
00000578
00000579
00000580
00000581
00000582
00000583
00000584
00000585
00000586
0000587
00000588
0000589
06000590
00000591
00000592
00000593
0000594
€C000595
€0000596
0000597
€C000598
00€C0599
0000060¢
00000601
00000602
06000603
0000604
00000605
00000606
00000607
€0000608
0000609
00noce10
00000611
00000612
00000613
00000614

SYSIN
SYSIRK
SYSTN
SYSIN
SYSIN
SYSIN
SYSTN
SYSINW
SYSIN
SISIN
SYSIN
SYSTN
SISTH
SYSTN
SYSTN
SYSIW
SYSIN
SYSIN
SYSIN
SYSIN
SYSTN
SYSIN
SYSTIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SISIN
SYSIN
SYSIN
SYSTN
SYSIN
SYSIN
SYSIN
SYSTN
SYSIN
SYSIN
SYSTIN
SYSIN
SYSTHN
SYSIN
SYSIN
SYSTN
SYSIN
SYSIN
SYSIN
SYSTN
SYSIN
SYSIN

SYSTN

SYSIN

SYSIN

SYSIN

SYSTIN

-

€0000615 SYSIN
00000616 SYSTIN
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PIM COMPILER BSSEMELY LANGUAGE OUTPNUT

OABFH
CacsH
CAD1H
OADAH
OAE3H
0\ECH
OAFSH
CAFEH
CBO7H
0B10H
OB19H
nB27w
0B2BH
CR3UF
0B3DH
CRLOH
CBUFH
CRGBH
ORS1H
CRAAH
NB73H
CBTcH
0B8SH
0BSEH
QB97H
ORANH
ORA9H
0BB2H
CBBBRH
CRCUH
CBCDH
0BD6 H
OBDPH
OBE®H
CBF1H
OBFAH
CCNh3H
0COCH
0CcOoDy
0C1DH
oc2pe
fC3InH
ccupy
ccson
O0CADH
cCc7nH
0CR1E
ocotn
OCAtH
CCB1H
occte
0CD 1R
O0CE1H
OCF1H
OCFCH
¢oocH
cpicH
OD2CH

20H
20H
21H
Hov
SUB
LX1
OBH
EAH
MOV
Cc1H
mov
mov
0CH
MoV
LXI
Hov
MOV
nov
INR
08H
30H
P24
30H
MOV
Mov
ang
MOV
00H
INR
Mov
oy
6DH
B81H
INR
Mov
Mov
B3H
RET
571
20H
20H
52H
20H
204
20H
5CH
ODH
20H
2AH
0AH
20H
524
52H
52H
20H
S3H
208
GuH

HR

HB
ET

BY

LC
3]
BI

BD
Al

MA

cH
cH

CH
cH

4FH
208
20H
41H
20H
20H
20H
43H
OAH
20H
2AB
2CH
20
G1H
41H
'R ]
20H
418
208
20H

MOV CM INR L
MOV CN INR L
INR M JKZ
F2H MoV NI
Jc OcH
F1H 21H
LXI H F1H
O AH LXI B
DAD D XCHG
214 LXT H
DAD D IXCHG
OCH MOV DI
CALL FCH
XCHG DAD B
62H 21H
MOV HB DAD D
MOV ET OCH
QCH CALL
MOV BM XCHG
JMe F6H
MOV MC INR L
21H MOV CH
204 MOV CH
CALL 95H
08H I¥I H
ADH 0BH
JMP 97H
NCV LC MOV HB
MOV HD MOV EI
MOV EBI COH
INRE 1L #0Y BM
08H Jmp
08H LXI 8
MOV MB MOV EI
MOV BI (9H
INE L MOV BM
08H LXI H
S2% 4BH 49H
2CH 208 204
29H 2CH 20H
44H u9H SSH
20H 20H 20H
2048 20%w 20H
204 20H 20H
2FH ucCH
CAH 20H 204
20H 20H 20H
2ZRH 208 52H
204 2CH 20H
207 20H 20H
448 49H 55H
4uB u9H S5H
QuH 49H S55H
20H ZOH 20H
4DH SO0H 4CH
ZOH 20R 20H
434 oFH 55H

MOV EM XCHG DAD R
MOV BM CALL BDH
7BH NAH CALL
ooH MOV Al 03W
ocn DCR L MOw M
sy M JcC 6EH
218 MOV AM ADD T
9DH 21H woy ®
MOV CF MOV RD CALL
F1d 218 mOV E
LXI H  3uH 20w
0oH LXI H F2W
osw LXT H  3uyn
XCHG MOV CE %OV R
LXT F FIH 21w
XCHG LXI H 32H
¥0v DI OCH LYXT H
FcH ney LYY 9
DAD B XCHG mov C
0AH LXI B 62H
MOV MB MOV EI QCw
10V BT 00H CALL
INR L MOV %% YCHG
o8 LXI H FIn
FiH 214 sUB ™
LXT H F18 21w
0BH IXI B 62F
DAD I XCHG Xy »
OoCH MoV DI °°W
CALL FCH 08H
XCHG DAD B YCun
A3H 0BH LYI ®»
E6H 208 LXT H
0DH MOV DI O°H
CALL FCH f8R
XcHes DAD B XCHAT
F2H 21H TNR M
UEH 47H 20H U4CH 459
20H 208 208 524 41§
20H 2CEF 204 204 204
4DH 20H 42H 2CH 20H
204 20H 20H 52H 41H
2CH 208 20H 20H 2"H
20H SOF 43H 2FH U4CH
208 20H 20H 20 20H
20H 20H 20H 20H 20H
208 578 208 4CH 204
20H 20H 20H 204 279
20H 20H 27H 20F 20H
4DH 20H 41H 20H 20H°
4DH 20H 28H 428 2m¢
4DH 20H 434 27H 27H
279H 20H 20H 20H 279
45H 2CH 43A uUFH SSH
20H 2CBH 42H 411 434
4EH S48 53H 2CH 27H

PLM COMPTLER ASSEMBLY LANGUAGE OUTPUT

OD3CH 20H 43H 4FH SSH

CNURH ANK AL uce anme

4EH 54H S53H ODH OAH

XCHS
aay
DIH
LAT H
T OCH
0BH
ouw

¥ mMNV DT

95H

M MNY nY
MOV ME

214
208
N CALL

Ay ©w

2na
F2H
328

P WAy RN

218

nv oI

ey
DAD B
214
Jr

L A |
21%
2%y
LXT R
LXT ®
MOY C
9an
2CH
Y ¢
LXTI A
%oV C
JN7.

S6H 4SH
44y gaw
27H 208
27°H 29H
U4y 4QH
2NH 20H
27H 509

208 209
200 299
UDH N
20H 2°H
20w 204
209 20y
437 294

?0H 27
4vH SuH
4BH 478
208 27

LXT
X1
08H
F2H
MOV
JNP
Mov
[VId:]
O0RH
0O0H
INR
Mov
MoV
81H
Ny
MoV
218
20H
CaL
DC®
0NH
nAg
XCH
MOV
DRH
ADD
Mov
208
F2H
2FH
nov
214
Pl
F2H
2CH
MoV
DEH

4ce
c5H
AN
20H
55H
20H
43H

20H
2NH
2hH
20H
20H
20H
20F

20F
53H
52H
20H

AT

L 1Y

c™
cn

T

MFP

L
H

G
MT

BD

BD

209
upy
204
204
4Dy
20w
2%H

20H
20%
2nH
2CH
2CH
208
204

208
204
uFH
4EH

384
F1H
INR
214
ney
0
Jup
mov
XTI
nOY
Mov
mov
THF
1)
CoH
TNR
mMov
Mov
Q\'-‘H
wov
v
1XT
Moy
fup
©BH
oun
ey
Kov
211
208
CAlLll
CALL
"ov
278
20H
CAIl
g\

20w
208
20H
294
20R
20w
uce

20H
20H
2AH
20m
2Cw
20H
20H

204
2CH
S8H

459

1c

1c
Lo
BI

cm
c™

1T

CF

uE

n“C

?r\u
(R
204
20w
438
20w
2nu

20y
20F
aDH
208
20\
2CH
20H

20m
20H
4FH
549



€0000615
00000616
00000617
00000618
00000619
00000626
00000621
00000622
00000623
€0000624
€0000625
0000626
€0000627
00000628
€0000629
0000063C
€0000631
©0000632
€0000633
06000634
00000635
©0000636
¢0000637
00000638
00000639
0000064C
00000641
00000642
00000643
C00006uy
00000645
000006u6
cococ6u7
00000648
€0000649
¢C000650
60000651
00000652
00000652
00000654
00000655
000C0656
00000657
00000658
00000659
0000066¢C
00000661
00000662
00000663
00000664
00000665
£0000666
€0000667
0C000668
00700669
0000067¢
00200671
€0000672

SYSIN
SYSIN
SYSIN
SYSIN
SYSTN
SYSIN
SYSIN
SYSIN
SYSTN
SISIN
SYZIN
SYSIH
SYSIN
SYSIN
SYSIN
SYSTN
SYISIW
SYSTK
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSTN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SISIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIR
SYSIK
SYSIN
SYSIN
SYSTIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSTN
SYSIN

Koo 3
E:::t—a ¥

P1M COMPTLER ASSEMBLY LANGUAGE OQUTDPU™

0D3CH 20K 43H 4FH 554 4EH 54H 53H ODH
CD4SH ODH OAH U5H uEH SuH uSH S2H 208
CD55F 20H 43H 4FH 52H 52H 45H 43H SUH
CD6SH uUPH 52F 3DH 20H
OD69H LT H F3Y 214 B8OV MI OOH
CD72H 21H SUB M JC 95K ODPH
NDTBH MOV LI 814 DAD B DPUSH B 1LY
ODPBUH OO0H DCR H MOV LI 81H DAD
OPSBDH MOV MR ILXI H F3H 21H THR
CD96H O0H MOV AI 26H LXT H F3H
CD9FH ODH MOV CM MOV BI 00H DCR
ODABH LXI H F3Y 214 BOV CF MOV
CpPR1H DAD B MOV AM ADD I 3CH POP
CDBAH INR M JNZ 978 opH MoV
0DC3H J2 BBH OEH MOV LI F3H
ODCrH LXI H F3H 21H SUR M JC
ODDSH 00H DCR H KOV LI E6%8 DAD
CPDEH MOV CM MOV BI 0CH DCR 4 ™ov
ODE7H 30H POP H° MOV MA LXT H F3H
0DFOB ODH LXI B 81H ocH . mMuv
CDFAH CALL 54H 06§ CALL DHH
0B02H LXI B 08H 00H LXT H U45H
C™BH MOV BD MOV EI 1BH CALL 094
OB14H 0OH LXI H 3FH 21K mov
OE1DH SGB 4 JC 3AH OEW =0V
DE268 DIH DAD B MOV AM ADD T 3CH
QE2FH MOV CM CALL 3CH 03H LYI
CE3IBH 15H OEH CALL D6H 038
CE41H F3H 21H MOV MI 0O0H MOV
OEUAY SUB H JC B2H OEH 1oV
CE538 F3H 21H MOV CM MOV BRI OOH
0ESCH ODH ¢ocH XCHG DAD B XCHS
CF65H CALL 094 OuR LXI R F6H
CE6EH MOV MC INR L MOV MB MOV FI ODH
OF77H 21H ¥OV ¢ MOV BI 00H CALL
CEBOH 20H MOV CM INR L MOV BF XCHG
OERGH MOV EI ODH CALL 09H oun
OE928 LXI H F3H 21H 4OV CM MOV
CE9BH LXI B 6DH OCH XCHG DAD
OERUH OSH CALL 09H CuRm CALL
OEADH 214 INR M JNZ 45H OEH
0EB6H D6H 038 CALL D6H 038
CEFFH 49 CALL O09H ouu nov
CECBH 02H LXI H F3H 21H SUB
CED1H 10H MOV DI O00H LXT H F3H
CFDAM CALL FCH 08H LXT B D1H
NEP3H MOV CE MOV BD MOV EI 10% CALL
CEECH 20H DCR H MOV LI 28H Mov
OEFSH MOV DI 0O0H LXI H PF3H 214
NEFEH FCH 08H LXT H 28H 204
OFO7H DAD B XCHG LXI B 18H 00H
C¥10H MOV BD MOV EI 07H CALL J9H
OP19H LXI H 81H OCH DAD B XCHS
w228 CALL 09H 04N LXI R 818
OF2BH MOV MC IRR L KOV MB MOV EI 06H
CP34H 21H MOV CM MOV BI 00H CALL
OF3DH 20 MOV CM IKR L MOV BE XCHG
OFO6H MOV EI 07H CALL o9 04l
TSP a - [ N - 3 ee ¥ R
L’-“J E—7{gm L-m,-r:,n L:‘:J ﬁ(_.;':! i’x;.
r— [ 3 . - .
N A AU G I S

ord

418 4CH SUH o9 SLP 55§ ulUH uSH

U0H 4FH 4FY 277 u6H UTH u3IH SyF
MOv AT 2%H IXT H F3m
0V CY Moy 2T O°H DCR H

H *i4 21y w0V CM WOV BT

B MOV AM ADD I  3CH pPOP ®

M INZ 6TH oDH nov w1
21w sTe ¥ JC BFE

7 %OV LT 5aw PAD R pfiey §

BI 2CF DCR ¥ MOV LI S5AF

H WOV Ma LYT A F3y 21F

LI 21m NOY AV S8 I FFH
MOV MT O0NH “ov AI 373R
F14 ghlil vOy C¥ MOV BY

B PUSY y IYT ¥ T¥3R 214

LI FRA DAD B MOV AM ADD T
219 THT % JNZ cry

EI 500 CALL = "oy Y]
038 cary 9r e nuy
(8] DAD 3  XCHG MOV CE
Aug q07 LI T3H MOV %T

CM DCE C MOV AC %OV LT P23

Cr WOV B’T 0nB DCR H MOV LT
LXT H CPY 264 MOV w3

B TR 214 TINR M N2
CALL  DEW n3g 1XI R

AT N3m LXT 9 F3H 21

RI 184 MAY T COH 1YY §
CALL  FCRm nay 1XI B
MOV CF¥ MOV ®D WOV ET 18H
20 DCR & MOV 1T 2AW
MOV NY 0°H LXY » Fap
FCH nay LXI R 2AH
DAD B XCHG uOV CE MOV BD
MOy RI C=g MO¥ DT QoY

BT Ny CALL ¥CH nen

B YCHG 40V CT MOV BD MOV FT
PEH 03w LYY B F3H
CRLL il ~3H CALI
1XT B PCH rCH mov FT

LI F13H MOV wT Arg MOV AT

N Jc aaw oFH MOV BT
211 MOV " MOV BRI OCH
ncH XCH? ™AD R YCHE
ray 0ug LXI & R1H

MC TNR L %OV 4P ™OV FT 08F
WOV M WAV AT 0Ny CALL
MOV C% TNP L MOV BM XCHG
XCHG ™D B XCHG MOV CF
nug 1YT 7 Q3H oo
MOV CE %NV RD WOV FI 10H
20y DCR P MmOV LI 26F
MOV DT ONF L1XI B F3H
FCH nag 1T W 26R
DAD R XCHG 4OV CF MOV BD
IXT B 03n orw 1XI B
3 ) e [ T r
. o = [ i
. R S

L

[

L



—

————

PLM CONPILER ASSEMBLY LANGUAGE NUTPUT

¢ : > - h
i S S L

00000673 SYSIN QFuPH 81N ocH
00000674 SYSIN OF58H O09H ouy
00000675 SYSIN OF6tH INR L MOV MB
00000676 SYSIN CPAAH MOV CM MOV BI
00000677 SYSIN 0®T3IH NMOV CN INR L
00000678 SYSTN OF7CH ODH CALL
00000679 SYSIN 0F8SF 21R INR M
00000680 SYSIN CPBEH D6K 03n
$0000681 SYSTIN 0F97H LXI H F3H
00000682 SYSIN OFAQH QO0H DCR H
00000683 SYSIN GFA9H MOV CM MOV BI
00000684 SYSIN OF82H 30H pPOP H
00000685 SYSTIN CFBBR OFH MOV MI
00000686 SYSIN CFCUH JC ESH
00000687 SYSIN OFCDF DAD 8 PUSH H
00000688 SYSIN OFDEH MOV LI SAH
€0000689 SYSIN OFDFH F3H 214
07000690 SYSIN NFFBH 33H LXI B
000C0691 SYSIN CFF1¥ MOV BI 00H
€0000692 SYSIN CFPAH 218 Moy CH
00000693 SYSTN 1003# SUB I 3CH
00000694 SYSIN 100CHE E7H OFH
00000695 SYSTN 1015%9 Jz 63H
00000696 SYSTN 101EH DAD B MOV NI

.- 00000697 SYSIN 1C27H DAD B MOV MI
00000698 SYSIN 1030H MOV LI 52§
00000699 SYSIN 10398 01H DAD B
00000700 SYSTW 10428 524 208
€0000701 SYSI& 1C4BE O01H DAD B
00000702 SYSIN 10S4H INR L MOV BN
00000703 SYSIN 105pH 3C 508
00000704 SYSTN 1066H LXI H 52H
00000705 SYSIN 1C6FH 20H Hov CH
00000706 SYSIN 10788 MOV 4B EI
000C0707 SYSIN 10810 SUB M INR L
00000708 SYSIN 108AH ABH O6H
00000709 SYSIN 1093E INR L MOV ME
00000710 SYSIW 109CcH S52H 2CH
€0000711 SYSI¥V 10ASH 00H CALL
00C00712 SYSIN 1CATF 21H DED B
€0000713 SYSIN 10B7H RAR DCPR E
00000714 SYSIN 1ot Jor LHLD
00000715 SYSIN 10C9H MOV FI O4H
00000716 SYSIN 10n28 MOV MR LXI B
00000717 SYSIN 10DBH IN C6H
€0000718 SYSIW 10%0f EOH 0l
00000719 SYSIN 10EPH LXI H 064
0000072¢ SYSIW 10F6H 05H MOV LI
€0000721 SYSIN 10FFH INR § MOV LI
00000722 SYSIN 11M88 21H SNB M
00000723 SYSTN 1114 LXI H 52H
00000724 SYSIN T11AH MOV MI 00H
00000725 SYSIN 1123% 4ov BI OCH
00000726 SYSIN 112CH CMa ANA I
00000727 SYSIN 113S5H 00H LHLD
00000728 SYSIN 113EH ANA T OFH
00000729 SYSIN 11474 LHLD Fal
00C0073C SYSIN 11504 OFH STAX D

DAD
LX1
Hov
00H
nov
094
JNZ
LXI
21H
MoV
008
MOV
03e
OFH
LXI
DAD
INR
F3H
Dce
MoV
pPOP
RET
108
ooH
00H
DAD
Mov
DAD
Mov
MoV
108
20H
INR
DCR
¥ov
RET
TNX
MoV
ABH
XCHG
JNZ
F8H
orA
06H
PUSH
POP
011
52H
FCH
Jc
294
CALL
LHLD
OFH
F8H
STAX
214
LXI

B
B
EI

BM

LI

MA

= - -]

AY

AM

LI

ch

uc

A

D
H

D

B

XCHG
SAH
Op®
CalL
XCHG
0un
c74
F3H
SUB ™
81H
DCR H
LXI H
MOV AI
HOV CM
T3
10V AN
JNZ
211
¥OV LI
ood
MOV M
LXI H
LXT B
LXT P
CALL

MOV MC

STAX D
214
LXI
DAD B
024

N0V CF
204
MCY DT
FCH
DD B
CALL
CERH
211

Jc

DAD R
¥OV LY
F3H
26H
MOV BT
214
sUB I
REH
sSNB ™
E6H
DC® H
LXI ¥
20H
n3d
Qur
ABH
LXT B
HOV MA

f 1XI B

MOV M3
SR M
ABH
NOV M
INR H
TN® L
SBC ¥
Fay
LXI =
ABH
TXI B
QuH
108

. PR
L‘:[:ar—l kb =g
R
MOV BN MOV FI
DCPR W MOV T
ony 1YY ¥4
ORH LXI w»
YCRG MOV CF
DEH n3n
CALL DhHP
MOV wT any
ACH 0OFH
POSH H LXT H
a1y DAD R
214 NP 4
IXT H P38
ony DCR H
MCY CW MOV BT
ELL POP W
OF% NOV wT
Jc orw
TAD B PISH H
MOvY LT THR
F3IH 21H
21% MOV AN
row DCR B
nnp LXT o
06w LYT 8
N3y onyg
IYI B Quw
ouH 06y
LYT 9 BRA
TNR I MOV CA
CFRYy LT w
o0y Y
MOV LT 4R
MOV B84 NCR H
Jc 6rg
24 MOV “C
CRH o1y
06l MOV I
neR ong
PUSH D MNV PIY
POP H MOV YA
XCHS3 ™
JINZ CrRH
FrH 214
OC) A RAR
524 20y
POP H MOV M)
onw CALL
MOV AT NSH
I1XT 8 nan
ABRH 0RR
INR H MOV 1I
DAD B XCHG
FCH 21H
YCHG w
2n MOV CM
w 0R9q
IXT ¥ S52H

w0y
204
P3d
2u8
¥OYL.BD
LXT H
£3H
mOV Al
Uov CcM
F3d
MOV AM
ane
21H
MOV LT
ory
OV wA
00y
"y
IXT &
DD ™
INR ™
SR T
mov 1
521
03
IXI §
00H
IXI R
204
MOV a8
oup
111 ®
MOV mC
MoV LI
10H
INX F
¥ov C
528
LHID
ooy
LXT B
0% H
108
DAD B
DCR E
THX H
CALL
ABH
IXI
e
MoV 1LY
FCH

N

MOV Y
0SH
MOV BI
cm
208

CALL
Mov
21H
208
nov
F3H
CALL
2FH
"ov
218
sna
9%E
SUB
SAP
DCP
LXY
Nov
Hov
Fan
nov
JNZ
PFH
52w
20H
00R
06H
X1
“6H
HOV
SBC
<TH
BPH
THX
r6H
CALL
MoV
LYY
MoV
Fé6H
CRA
06H
eusy
popP

ne.

FY

’T

AT
cH

1

Am

"g

NI

0
"

XCRHG

JN?2

PASE §

ABH
n6n
FCH
MoV
2
q0v
Ouw
moy
cH2
00H
ARA
DAD

cw

cr

RI

1
'y

I I

(R



VUULUU 3G DYSIN

€0000731 SYSIN

) €0000732 SYSTN
00000733 SYSIN

00C00734 SYSIN

) 00000735 SYSIN
00000736 SYSIN

00000737 SYSIN

1 00000738 SYSIN
00000739 SYSIN

C0C007u0 SYSIN

) 00000741 SYSIN
C00007u2 SYSIN

00000783 SYSIN

) £0000744 SYSIN
00000745 SYSIN

©C000746 SYSIN

) 00000787 SYSIN
€0000748 SYSIN

£0000749 SYSIN

) 6000075C SYSIN
00000751 SYSIN

00000752 SYSTN

) 00000753 SYSIN
00000758 SYSIN

00000755 SYSIN

) 00000756 SYSIN
00000757 SYSIK

€C000758 SYSIN

) C000C759 SYSIN
0000C760 SYSIN

©0000761 SYSIK

) 00000762 SYSIN
00000763 SYSIN

00000764 SYSIN

) 00000765 SYSIN
€0000766 SYSIN

00000767 SYSIN

) 00000768 SYSTN
00000769 SYSIN

c0000770 SYSIN

) 0000771 SYSIN
00000772 SYSTN

£0000773 SYSIN

) €0000774 SYSIN
€00C0775 SYSIN

€0000776 SYSIN

) £0000777 SYSIN
00000778 SYSIN

€0000779 SYSIN

) 00000780 SYSTN
00000781 SYSIN

00000782 SYSIN

) 00000783 SYSTF
00000784 SYST.

00000785 SYSIN

) 00000786 SYSIN
00000787 SYSIN
00000788 SYSIN

1150H OFH

STAX D LXI B 028 008 1y oenm

PLM COMPILER ASSEMBLY LANGUAGE ONTPUT

11598
11628
116BH
117480
11708
11868
119FH
1198H
112180
17
11878
11BFH
11C8H
11018
11DAH
11F38
11ESH
11F28
11FBH
12048
1200H
12168
12178
122880
12318
12328
12038
128cH
1255H
1258 H
12674
127CH
12798
12828
128BH
12941
129DH
12260
12aFH
12888
12c18
12CAH
120380
120cH
12E5H
12EER
12F7H
13008
13098
13128
131BH
13208
1328
13368
1337
13u8H
13518
1350

r

PUSH
POP
o2n
]3]
04H
XCHG
LHLD
STAX
MOV
20H
46H
IN
"oV
7580
18H
F2H
20H
LXI
00H
({4}
1141
MOV
NOV
00y
ooH
07d
D4H
INX
INR
LXI
LXI
LXI
MOV
Jc
INR
MOV
12H
MOV
12H
MoV
wov
Mev
ASH
SUB
69H
BCH
Mov
SBC
008
13H
BEH
00H
198
2FH
138
018
20H
B6H

B

— (S

H LXT B 02H 00H

H MOV Ma CALL ABH
oon MOV LI 52H
CALL 7FH oud
118 LXI B O7H
BOV AI 24RH SU®R I
F8H 27H DAD B

D LXT B 07H [110):4

AT 24H SUB I 30H

46H uCH UFP S7H 20 S2H

20H S2H 41H 4EH 47H U4SE
074 LYI D O03H

CA MOV AM ANA C SUB T
06H CALL SuH
CALL 098 ou4w
11H

508 4FPH STH 458 52H 2CH

H BIH 20H MOV »I
LXI H 06H 01w
JRNZ 184 128
MOV EI ODH CALL

MI FFH RET CALL

AM RRC cC SuH
LXTI H O06H 014
cz 348 074
MOV LI B8H MOV MI
¥OV NI 014 INX ¥

H MOV MI OOH CALL

H MOV LI F6H MOV NMC

D 918 20H CALL

H UAH 20H DAD B

H UAB 204 DAD B

AM INR L MOV BM SUB I

768 1218 CALL

L DAD B MOV MI QOH

BM SUB I C8H MOV CA
CALL BFH 118

BM SUB I F2H MOV CA
CALL 75H oew

MI 00H INX B MOV MT

Ml 01g CALL Qrd

LT F6H MOV MC INX H
208 CALL 8D¥

I FFH Jz E7H
OpH RET LXI H
20R MOV AM MOV LT

LI BDH MOV CA MOV AN

AL OEA C RRC Jc
LXI H D18 208
MOV LT BSH MOV NI
MOV AM RRC JNC
MOV LI B2H MOV MI
124 LXI H BSH
138 MOV LI BEH
LXI H UuAH 20H
CALL 75H o6H
MOV AM MOV LI BAW
MOV CA MOV AM MOV LT

B Bod M

-

LXI H 06H ng DAD B
C5H CALL 7°n0 oun
DAD B MOV I 2CH CALL
INR W w0V 1I FCH INR W™
0CH LHLD Y6 H 27H

308 STAY D LXT R 07H
XCH3 M0Y RI 24P SR T
LHLD FAH 218 DAD B
STAY D wFT

419 SUF 454 27K 4v¥y °SH Suw
20H

ool IXT B NRp C1R
0% JINZ B1H 119
ned LYT 9 A7H 118
CALL Suu ouy RFT
U6H 41H 4OH 4CH "D QAW

org ™ bR IXT n
DAD D MOV CR MOV 1M ANA C
CALL 5un L1 ] X7 ®
09H cuy DCP H MOV LT
E2H 114 LYT ¥ B1H
ouH ™ n7H LXT p
DAD D NNV C3 YOV M ANA C
CALL 34y 078 CALL
00H INX H MOV I OCH
HOV MT "CH INRF L MOV 4T
OFH 1°H 1LYT 8 B81H
INX H MOV w® LXT ® 89Y
BNH 1CH TYTI B OSH
MOV ™T FFH LXT » 06H
MOV MI FPH LYT H BS8H
7AH MOV CA W0V AR SBC I
754 06" LXI 8 068
LXI H PRAw 204 MOV AM
MOV AB SBC T 0ng Jc

LXI H PRBH 2nm MoV 2y
MOV AB SBC I 7nH Jc
CALL Wy NTH MOV IT
01H TNR L M2V ™I 78H
108 1¥T R 9oy 204
MOV MR LYT ®»  A1H 20H
108 IXT 4 1°H 214
1214 CALL 9cH nog
1FH 2R MNY MI 0"H
cCH SUR M ADD I FFH
MOV LI CBW STRP M ADD T
EDH 124 MOV LI D1H
MOV AM CMA RWC JNC
004 TNR L MOV MI 0"H
384 138 MOV 1T 4ARH
com CALL 75y 06H
208 MOV AM STR T 074
INX H MOV A% RPC JNC
MOV NI Frw MOV 1I B2H
CALL 19H 128 LXI H
SUB M SOUB T O01H SBC A
BBH SUR M SUB T O01H

B B B

] AWA T
"XT ¥ 624 208  DAD P

MOV 2N
IXT 8
ABH
JN?Z
DAD ®
208
3CF
XCHG

20H u¥m

NAD D
CALl
MOV TI
JHP

NEH
SNe T
F&H
B1H
20H
07R
S"B T
348
MOV LI
T9H
2CH
208
ocH
COoH
208
00H
ecH
INF L
8FH
INFR L
AW
DUH
INX H
TRR W
LYT D
MOV AM
CALL
LXT B
SBC 2
F¥H
HOV T
L1
MOV LT
MOV NI
Call
Jc

4FH
MOV MI
B&H
nevy LY
SBC %

=i

-

-



.

00100789
00000790
00000791
00000792
00000793
00000794
00000795
L 00000796
00000797
00000728
00000799
00000800
00000801
00000802
00000803
07000800
00000805
00000806
00000807
60000808
00000809
00000810
00000811
00000812
00000813
00000814
00000815
00000816
€000C817
00000818
£0000819
00000820
00000821
00000822
00000823
00000824
€0000825
€0000826
00006827
c0000828
£0000829
00000830
£0000831
00000832
00000833
00000831
00000835
00060836
00000837
00000838
€0000839
00000840
06000841
00000842
00000843
00000844
00000845
00000846

SYSTN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIW
sye”

5Ys.

SYSIN
SYSTN
SYSIN
SYSTIH
SYSIK
SYSIN
SYsSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSTN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSTN
SYSTN
SYSTH
SYSTN
SYSIN
SYSIN
SYSTIN
SYSIN
SISTY
SYSIK
SYSIN
SYSIN
SYSIW
SYSIN
SYSIN
SYSTN
SYSTW
SYSTH
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
SYSIN

(e
st §

B B B

13630
136CH
13751
137EH
13878
13908
1399%
1324
13ABH
13BU4R
13BDH
13C6éH
13CFH
13088
13E1H
13FAR
13F3H
13FCH
1405¥
1UNEH
14178
1820H
14294
14321
143IBH
14uuy
14408
14564
145FR
1468H
A4T1H
14740
1483H
148CH
14954
14974
14A7YH
14801
14894
14C2H
14csH
upay
14DDE
14E6H
V4SFPH
14784
15C1H
1505H
15154
15241
153uH
15394
12428
15484
15548
15504
1566H
156 FH

o,

ANA C
INR H
NOV CA
DCR H
SBC A
MOV LI
NOV EA
DCR H
9FH
oun
[}
138
L2H
SUB M
CALL
MOV EI
CFH
B2H
JHP
BEH
20H
IXI H
CALL
09H
LXI B
EAH
LXI H
591
ANA C
718
M0V 13
LXI 8
20H
OuH
36H
03H
B9H
0SH
MOV CM
ODH
MOV LI
09H
HOV MC
CALL
33%
034
CALL

B

B B

PIM COMPILER ASSEMBLY LANGUAGE OUTPUT

cHA
nov
nov

oV

cra

1DH
nov

Kov

oul
CALL
awz

XEA
208
Jc

091
OAH
20y
Moy
128
DAD
IR

B7H
D6H
04l
FSH
038
BBY
108
MOV
143

B7H
FaH
148

CALL
03K
1oy

02y
Mov
INE

CALL
184
cuy
LXI

FAH
05y
Hey

F 88

LI
AN
LI

AN
LI

A

*w

EA

CcY

ET
H

cH

RRC
1AH
INR
CAH
ANA
SO0B
INR
DY
LXI
TFH
CTH
ouT
MOV
1CH
Cul
CALL
nov
MoV
14H
MOV
INZ
208
C3H
CALL
021
wov
204
XRA
nov
uov
MOV
C2H
LXI
Ean
MoV
mov
®ov
CDH
“ov
034
#ov
CALL
278
03y
MOV
IND
12H

mXxMm =

o

NI

AN
BI

Ml

cH

AI
LI
MI

EI
LI
EI
LI

MC

ET
H

Jc

sUB ™
MOV LT
MOV FA
Dce H
SBC &
¥OV LI
HOV W)
904
03H
13H
PBH
00w
4%
CALlL
094
SUB T
00y
Mov 11
00w
D3H
MOV BN
LXI B
EAH
NOvV FI
Mov 11
MOV M
DC® L
594
B7H
004
MOV FI
1DH
03n
o064
BCH
12+
CALL
1AH
04y
LXI B
EAH
05%
MOV CH
OFH
MoV LI
RET

ODH ORH U9H 4CH UCH 45H 47H
4CH 454 1% 538 YS5H 20H S28B
ODH 0AH 5% u45E U4CH U5H 43H
H 2°H 32H 2DH

4PH 52
1XT B
7FH
SsUB T
02H
15H
Jue
MOV MI

204
03d
3CH
SURB
uay
TH
FFY

LT

154
CALL
"oV
ac
B2H
158
Jup

Ma

®OV F¥I
DeH
SUBR T
82n
MOV ¥I
MOV LI
90y

i

— —

4FH
SBC A
1BH
MOV AN
Hov LY
CHA
1EH
Jnp
024
LXT H
CALL
EI

MOV AT
LXI 8
Sup
04t
59
wov LI
B2
CaLL
134
s 1
CRH
038
058
BAR
[of . 1: 3 §
MoV Ci
SUB M
MOV MI
MOV A™
23d
03
MOV CH
CALL
MOV NC
CALL
094
MOV MC
CALL
187
03H
MOV FI
INR H
CALL
1EH

B

135
cua
STUR
THN® H
coen
ANA ©
sUm Y
nay
vov EI
CFH
u18
CALL
r1y
A3H
ney
caLL
N7
rou
wOw CH
DAR
MOV LT
Feu
~28
MOV M
caLy,
LIS AR o
n1g
“oV Y
SBC 2
FFH
°RC
CALL
"0y wT
oY LT
ooy
CALL
nayg
[adi8 4
1YT R
PAY
05H
MOV CH¥
rcy
MOV LI
OQH
MOV ¢

z

e 1
:&ﬁi)

oV 11
BCR W
SBC A
NOV T
nov ca
oCcR H
SBC A
138
138
208
0sg
n6H
1XI W
028
LYT B
Tvy
0ag
DAD R
wny BI
09y
B7H
aNg
wav BT
MOV LI
0°H
caLyL
MoV Al
sie I
ovp T
Jup
INC
N9y
10§
ADE
ouy
DAR
fyy
ciLL
NEH
’\1“
Yy FI
IHR H
CALL
1DH
oy
caLy

b

C8H
MOV LT
CHMA
1CH
MOV AM
MOV LI
(o 2}
RET
CALL
MOV AW
Jwp
03H
B2¥
wov ¥I
AFH
38
144
MOV ™I
con
IXT ®
MOV *I
8% H
2rH
BBH
(W]
D6H
FFH
188
RRC
I5H
204
CuH
CALL
wov MC
CALL
n3n
X1 ®
FAH
(1]
MOV C%
ocH
MoV 11
t9H
wOV MC
CALL
TEH

014 4CH 278 434 4AH A1H S2H
854 BSH LEY SUW 84S S2H OPY
S44 20H LRH USH 418 4uf 20H

154
o3d
ocy
15H
0ng
B28
154

PLM COMPILER ASSEMELY LANGUAGE 0OUTPUT

CALL
LXI H
3z

MOV CM
MOV T
MOV MT

nam
CFH
829
oCce ©
uAw
C1H

oun
204
154
J¥7
MOV MI
uNY LI

SRR RPN SR S 1

MOV AN
coH
AWA
sue
INR
CCH
RWA E
CALI
rag
STE T
CFH
IXI ®
208
"CH
n2H
LXI ¥
“av I
Fre
%oV 11
R2H
TFH
1uH
CALI
MOV NC
CALY
r3n
Jc

SRC 2
JNC
144
10y
JHP
caop
1¥T B
TAH
LXI ®©
Lol B 21
n3g
MoV FT
THP H
CALL
1CH
nan
LXT B
AR
f3p

- &0

208 SoOR
oAt
319 20K

TALY
MOV aM
MOV PRI
634
oecn
4AH

¥

)



. PIM COMPILER ASSEMBLY LANGUAGE OUTPUT

) )

A\
00000847 SYSIN 1574H ODH OAH 4EH UFH S4H 20H S0H UFH 538 S3IFH 4° 7 827 UCHF u5H
00000848 SYSIN 1582H LXI B 74H 15H ¥OV FI 0Py CALL 09H NUH 1xI sv b} )
00000849 SYSTN 158BH FFH 23H JMP CY9H 1AY RE™ IYI p N34 cow
00000850 SYSIN 1594H LXI H 52H 20H DAD R DUgm g LYT™ ™ NI [11s) ;] LXI ¥
0000085% SYSIN 159DH 06H 0 DAD B HOV A¥ POP H MOV “A IXT ®» QuRn cou 3} \
00000852 SYSTN 1526H LXI H S2H 20H DAD R DNMSE B LXT © nNuR o0nH LXT #
00000853 SYSIN 15AFH 06H c1d DAD B MOV AM PCT H *OV M2 CALL ARH neH
00000858 SYSTN 1588H RET JMP CCH 154 )
€0000855 SYSTN 15BCH 20H 4DE 498 4EH 55H SuH 45F 209 u3" u®Y S€R 4BY S8F ODY CAY NAW
00000856 SYSIN 15CCH LXI B 03H 00H LXT H 21u ko] NAD B XCHG MOV CF
c0000857 SYSIN 15D5H MOV BD MOV EI 1TUH CALL 7oA Uy MV 1T 229 MOV CM ) ) )
0000858 SYSIN 1SDEH CALL 3uH QuH LXT B RBCW 1Ru ¥ Y ¥ 108 CALY :
00000859 SYSIN 15F7H 09H 0ul CALL  69H L9 RE™ CALL  9CH rgy
00000860 SYSIN 1SFNR JNP 0BH 1580 ) )
Q0600861 SYSTN 15F3H 02H FEF COSH 0CH OCH 2uH
00000862 SYSTY 15F9H O1H O05H FEH OOH OOH 2u4RH
00000863 SYSIN 1S5FFH 01H O7H FEH 0SH 001 2uB ) N
00000864 SYSIN 16057 01H FEH OOH QO0H OQH 24y
00000865 SYSIN 160BRH DCR H MOV LTI CEH MOY MI OQH MOV AT O2H LXI H CFH
00000866 SYSIN 16148 208 SUB B JC 8lH 169 ®OY °T NRY ®0oV DI OCH y ! )
60000867 SYSIN 161DH 1XT H DOH 20H MOV CM OV BI CODH CALL FCH rRy , .
00000868 SYSIN 16268 LXI B F3H 15H XCHG DAD B TYrCHAG 10V CE MOV BD CAMLL s
£0000869 SYSIN 162FH A9H 08H LXI B3 A9H 218 IXT W 22H 208 MOV MC | )
G0C 00870 SYSIN 1638H INR L MOV MB MOV EI 0O4H MOV DI ONPH IXI ¥ CEF 20y
60000871 SYSIN 1641H MOV CM MOV BI O00H CALL FCY L1 IXT H 22K 200
00000872 SYSTN 164AH MOV CM INR L MOV BM XCHG DPRD B  XCHS %OV CE WNY RD CaAll ) ]
G0C00873 SYSIN 16530 81H 081 LXI B A9H 219 LXT 4 2°H 20H MOV MC
00000874 SYSTN 165CH INR L MOV MB MOV ET QO4H “ov DI NNR XTI H CEH 20w
00000875 SYSTIN 16658 MOV CM MOV BI 00H CALL FCu ney LYI 0 2%W 208 ) ]
00000876 SYSIN 166EH MOV CM INR L MOV BM XCHG DAD B XCRR 40V CF MOV BD CALL
00000877 SYSIN 16774 9FH osH LXI H CEH 274 THR M J¥7 1"H 16R
00000878 SYSTN 168°H CALL D9H osd RET CALL OFH 1°H ILXT ® 9oy ) )
CO0C0879 SYSIN 16898 20H INR H MOV LI F6H MOV MC INXY 9 MNV ¥B LXT P A1H .
000C088C SYSIN 16920 20H LXI D A9H 20H CALL RDH 1°R CALL a1f
0CC00881 SYSIN 169BH 15H CALL EDH 1549 CALL ROY 15\ RTT IXI ® | ]
c0000882 SYSIN 16A8% FDH 214 MOV MI O01H MOV Al N2H IXT 7 FDH 21H
00000883 SYSIN 16ADH SUB M JC 6CH 170 MOV CM DC® 7 JVZ Cc2% 16F
00000884 SYSIN 16B6H DCR H MOV LI B2H MoV ¥1 004 MOV LT U4aH MOV M1 ONPu Y }
¢NnO0088S SYSIN 16RFH JHP CBH 16H DCR R ~OV LI Rm2Y MOV MTI 01H MOV LT i ’
00000886 SYSIN 16C8H u4aH MOV MI FFH INF H ™OV LT FVR MO7 MI 0°H OV AT |
00000887 SYSIN 16D1H 09H LXI B FEH 21H st v JT f78 174 XPA & } = [}
00000888 SYSIN 16DAH QUT FpH EI M0V 1I 179 KOV MI FrY CALL 1oy
00000889 SYSIN 16F3H 12H CALL 91H 15H CTALY ace Qom CALL h9H i
0000089C SYSIN 16ECH ODH MOV LI 20H MOV ®I FFH INR T %OV *T PFH TNFP L ) i 1
€0000891 SYSIN 16FSH MOV MI C5H DCR i MOV LI D6EH MOV ™T 2CTH INY R MOV MT ;
00C00892 SYSIN 16FER 028 ¥0V LI DOH MOV ™I C"R CATL AUH 168 MOV LI
00000893 SYSIN 1707H 228 MOV MI 30H DCF H MOV LI DARW MNAY MT ORH INX F ) )
00000894 SYSIN 1710H MOV MI 08H MOV LI DOH ®OV NI 014 TALL BUH 16H
00000895 SYSIN 1719H MOV LI 22H MOV MI 35H DC? H MOV LT DRu MOV MI 3UH
00000696 SYSIN 1722R INX H MOV MI 098 MOV LI DOY MOV MT N2H CALl RUH LI )
00000897 SYSIN 172BH 168 DCR H MOV LI DOH ¥CV w1 CO3H ITN®R H MOV LTI 22¥
00000898 SYSIN 1734H MOV MI 39H MOV LI 20%W MOV 4TI Onsg DCP L MOV MT O0OF ;
00000899 SYSIN 173DH DCR H MOV LI D4H MOV MI 2UuH INY H MOV ¥T CAH INF L } )
C0000900 SYSIN 1746H MOV MI 9CH INX H MOV MI QAW CATL aug 164 #OV LT
00000901 SYSIN 178FH 21K MOV MI OOH IV L)) MOV CA MOV AT 7FH SUR T
00000902 SYSIN 1758H 1BH SUB I O01H SBC AR ANA € FR®C Jc 6CH 178 ) )
00000903 SYSIN 176 TH MOV LI FEA INR M JNZ DTH 168 DrR T TIN® M JNZ
00000904 SYSIN 176AH A8H 16H RET JMP 99H 17H ) )
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€0000905
00000906
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00000908
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€0€00911
00000912
00000913
00000914
00000915
00000916
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000003818
00000919
00000920
00000921
€0000922
00000923
00000924
00000925
00000926
€0000927
00000928
00000929
00000930
00000931
00000932
00000933
60000934
00000935
00000936
00000937
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00000939
00000940
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00000947
00000948
00000949
00000950
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00000952
0000093
00000954
00000955
00000956
00000957
00000958
00000959
0000096C
00000961
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SYSIN
SYSTN
SYSIN
SYSIN
SYSIN
SYSTN
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SYSIN
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SYSIN
SYSIN
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SYSTN
SYSIN
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SYSIN
SYSIN
SYSIN
SYSIN
SYSIN
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SYSTH
SYSIN
SYSIN
SYSIN
syYsiw
SYSIN
SYSIN
SYSIN
SYSTN
SYSIN
SYSIN
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SYSIN
SYSTN
SYSIN
SYSIN
SYSIN
SYSIN
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SYSIN
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PIM COMPILER ASSEMBLY LANGUAGE QUTPUT

17700
17808
1783H
1793H
17994
17a28
17ABH
178484
17BDH
17C6R
17CFH
17D8H
178 1H
17EAH
17F3H
17FCH
1805H
180TH
181 7H
182C4H
1829H
1932F
183RH
18u4wn
184DH
1856H
185FH
1868H
18714
187a8
1883R
188CH
18958
TR9EH
182 7H
18F0H
18BUH
18BAR
18c3d
18CCH
18D5H
18DEH
18E7H
1RF0H
1879H
190 2H
19nBH
19148
191DH
1901EH
19241
19200
19368
193°Q
1948H
19518
195AH
19634

53H 4FH S5H 52K 43H USH 20H 438
458 20H 20H
ODH OAH S3H u45H 4CH USH u43F SUuH
2DH 42H 2DH L3H 20H 20H

CALL
X1
LXI
MoV
D6H
18H
50B
4AH
00H
X®A
MOV
INR
LXI
LXI
LXT
J'—‘\
068
Mmov
FFH
MoV
Jnp
06H
MOV
FFH
HOV
Jmp
068
MoV
FFH
MoV
Jnp
INX
23H
LXT
214
Mov
JNZ
DAD
DAD
DAD
DAD
LXT
CFH
09H
194
CDH
LXI
704
03H
LXI
15H
LXI
MOV
398

39H 15H CALL

H BR1H 20H MOV AN

SP FFH 234 Jup

EI 164 CALL 09w
03H LXI H CFH
198 MOV AT 434

I 83y Nz DFR
DAD B MOV NI FFH
MOV LI uAH DAD B

A 0UT FBH EI

NI 00H MOV LI DuH

L MOV MI 79H INY H

B 99H 20H IN® 8

B R1H 20H LXT D

H CFH 20H dov am
AAH 180 LXT H
LiI H FFH 218

BI 004 DCR H MOV LI
218 MOV CM MOV BT

NI 00H LXI H FFH
BAH 186 LXI H
LXI H FFH 211

BT OOH DCK H MOV IT
21H MOV CM MOV BT

MI 00H LXI H FFH
BAH 184 LXI H
LXI H FFH 299

BI 00H DCR H MOV LI
218 MOV CM MOV BI

HT 00H LXI H FEH

" BRA 18H DED H

H WOV DM XCHG  PCHL

18H SOH 18H 7DH 18H

H FFH 218 MOV MT
SUB N JC D&H

LI 81H DAD B MOV MT
BFH 18H LXT B

B MOV NI 24H LXT B

B MOV MI 24H LXI B

B MOV MT 24H LXT ®

B XCHG MOV CE MOV ED

B 7CH 17H dov FI
204 MOV EI O1H
CALL  69H ooy

OAH 4SH 4EH 4dH 20H

B 1EH 198 MOV EI
174 MOV ET 13H
RET LXI H DOH

¥ pOH 20H SUB W
LXI B 45H 0DH

B D9H 20H CALL

MI OOH LXI H 3FH

¥ Jc 83H 194

750
suUB
coy
OuH
200
snB
174
Jwp
MOV
Mov
80V
nov
"oV
A9H
suB
FFd
svB
A1H
00H
214
PFH
S0B
99H
oo
214
TFH
SUR
994
00H
214
LXI

cod
18H
00H
0
N1y
N
03u
Mov
134
CALL
JMp

o064
CALL
208
Jc
mov
95R
214

MOV CM

e

4RF BS% 439 4RW 20R UDH UFH 4uP

2CH 4DH 4PA LUH U4SR 20 208 41H

NT
LI
MI
MI

+
+

E1

I

PLM CONPYIER ASSEMBLY LANGUAGE OUTPUT

reY
FFH
TAH
CRLY
L 1ak)
Jc
1XI
L]
004
RARW
¢y
non
Ry
209
414
21w
JC
™aAn
rce
INR
214
ac
TAD
DCR
TNR
211
ac
DAD
haledd
TNR
BU4q

wov
wov
1XT
ﬂf\q
’\I\'.‘
neOH
(WA
1w
CALY
noy
o9y

CRlLL
N9y
MoV
TEH
244
N3Y

am

B

XL

o w

£ X W

AT
C“

MT

CALL
Jn?
LYT »
1vH
SR v
188
Ll
178
CALL
MA Y MT
INY o
CALL
ey ucC
CALL
MOV LA
“ovV T
RAR
MOV MY
MOV LI
hL L4
MOV MI
RAH
MOV MI
MOV 1T
JNZ
v NT
RAR
MOV wT
MOV 1T
ez
198

17y

wAy RmT
FTH
DCr
X1
X1
LYI
CALL
NoH
f\uH
174

LT

nop
NuH
oy
10y
CALL
IXT o

MDYV aYv DC® H
MOV BT OCH

¥2H
B1H
A3l
03y
414
19H
ortH
LXI R
75H
CNH
MOV MT
CFH
INX P
8DH
MOV HT
nny
184
ocH
A9H
28H
oecH
188
0NH
A9H
55H
0rH
18H
00H
Ay
82u
DAD R

LXI H
OrH
214
MOV 1T
a9H
91y
814
09H
OuH
CALY
Jue

CuH
CALL
MOV Al
ChLI
09H
CER
MOV IT
¥ov 11

119
178
174
CALY
Jc
mov
rov
h']ﬂ
nEH
INY
0CH
108
MOV
100
req
MOV
Mov
Lx1
DAD
181
MOV
Mov
X7
DAD
18%
-ov
nov
LXI
DAD
18H
FOV

FFH
DCR
TR
R1H
2CH
20w
r\cq
nug
IXT
QCH
o4n

1.3T
r6H
028
9
s3]
20H
CFH
n9H

AY
LI

"B

AT
cn

AT
(o, ]

AT
Ccw

EM

r
[
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00000962 SYSIN JY4p3" [JUD B un s R

,‘l\ N )
PLIN CONPILIZR ASSEMBLY LANGUAGE OUTPUT ¢ -

00000963 SYSIN 196CH DAD B PUSH 4 LXI H CEH 204 MOV CH MOV BRI QOH MOV LT ; )
00000964 SYSIN 1975K D9H DAD F MOV AM SUB I 30W POP § MOV *A 1LXI H CEH
0000096 SYISIN 197FH 20H INR M JNZ 5CH 194 LXI ? ODH 0NH MOV LT
00000966 SYSIN 1987H D9H DAD B MOV MI 248 LXT ¥ B2H 208 KOV AM SUB T ) )
00000967 SYSIN 199K 00H JNZ BPH 198 MOV LI C®RH 4NV M1 OTH MOV a1 .
00000968 'SYSIN 19998 QDH LXI # CEH 204 sSuB M JcC B7H 104 MOV CM ’
00000469 SYSIN 19A2H %OV BI OOCH INR H MOV LI 23R DAD B OySH H LXT H CER ! )
00000970 SYSIN 19ABHR 20H WOV C¥ MoV Bl 00H MOV 1T Dpow DAD B MOV AM POP H :
€0000971 SYSIN 19540 MOV MA LXI H CEH 20H TNR M aN7? 9RH 104 IMP
00000972 SYSIN 19RDPH E7H 198 MOV LI CEH #OV MI Cny MOV AT PDH ILXT H Y
' €0000973 SYSTIN 19C6H CEH 208 SUB M JC F7H 19K MOV CM MOV RI NOH
00000974 SYSIN 19CFE IRR H MOV LI 30H DAD B PUSH H IXT H CRFH 208 MOV C¥%
00000975 SYSIN 19DRF MOV BI OCH MOV LI D9H DAD B MOV AY OO0 Y MOV MA IXI H )
0000097€ SYSIN 19714 CEH 20H INR M JNZ C3H 19w L¥I 9 DCH 20H
00000977 SYSIN 199A4 INBR M JNZ 30H 198 /eT
00000978 SYSIN 19FFH S52H uS5H 4DH 4FH S4H 45H 2CH 57H 4FH 52H U4BH UOH 4FH 47H 20F uCp '
) ©N000979 SYSIN 19FFF 45H S56H 45H 4CH 20H 4DH 4FE 4FH 494 SuF LR S29 200 S6H 4SP 52§ ‘
00000980 SYSIN 1A9F% S3H 49H UFH 4FEH 20H 20H 2CE 31H 314 20° 20H 309 3uH 2DH 32H 36H
00000981 SYSIN 131FY 2DH 37H 374 ODH OAR )
) 00000982 SYSIN 1A24¥ YRA A ©UT 07H LXI H CFH ny MOV ¥T OfrH MOV AT
00000923 SYSIN 1R2DE 05K LXI B CEH 2¢% sgs M JC uug 12H MOV CM
00000984 SYSIN 1A36H ¥OV BI 00C% MOV LT C8H DAD B MOV MT 07H LXT B CFH a . »
} 00000985 SYSIN 183%E 20% INR ¥ JNZ 2CH 1AH TYR 9 MOV IT 1FH MOY MY . :
00000986 SYSIN 12488 00H INR L MOV MI OOH INR L NO® MT ONR DCR H MOV 1T
00000987 SYSIW . 12518 CEH MOV MI 00H MOV AT OCH LXT H CEW 208 508 ¥ : )
4 00000988 SYSIN 1ASAH JC 79H 1AH MOV CM %OV BI C"H INP 4 MOV 1T 238
00000989 SYSIN ’ 12634 DAD B MOV MI OOH LXT ¥ CEH 20H MOV CM MOV RT QONH )
0000099C SYSIN 1A6CH INR H MOV LI 30H DAD B MOV MI CNR LYT 4 CEH 20¥ )
! 00000991 SYSIW 124758 INR ¥ JNZ SuH TAH TNR H MOV LT 23H MOV MI 01H
00000992 SYSIN 1R7ER IRX B MOV U1 24H LXT ¥ 30% 214 M0y MI Q1H INX H
00000993 SYSIN 1A87H MOV MI 24H LXI H 3FH 218 MOV MT 01H DCPF H MOV LI )
’ 00000994 SYSIN 12908 B2H MOV MI O0OH CALL D6H Ny LYT R FEFH 10F
C0000995 SYSIN 1399F MOV EI 35H CALL 094 0uH caLt 9FH 0un IXI ¥
00000996 SYSIN 1MA2H CERH 208 MGY NI 00F MOV AI C7H LYT B CEH 2CH : )
’ 00000997 SYSIN 1AABHE SUB M JC c9H 1AH MOV CM MOV BRI ONH HOV LI UuAW
00000998 SYSTN 1AR4H DAD B MOV MI 00H LXT H CFH 20m MOV €M MOV RY MOH
€0000999 SYSIN 1ABDH MOV LI 52H DAD B MOV MT QO LXT H CFP 2NH THNR ™ )
) CC001000 SYSIN 13C68B JNZ A6H 1AH CALL E1H n3we X A onT FRP
00001001 SYSIN 1ACFH EI CALL 7FE 03w LXI ¥ CFH 20W MOV a™ SUB T :
00001002 SYSIN 1ADE8H 40H MOV M2 MOV CA MOV PI 13H <R C JC 9FH 18R | . )
) 00001003 SYSIN 13E1H LHLD CFH 204 MOV ¥I CO0H hL A 62H 18H ame
00001004 SYSIN 12EAYH 9FH 1BH CALL 38% 194 ame 9CH 1BH JMp
00001005 SYSIN 1AF2H 9FH 18R CALL A3Y 16H Jup 9CH 184 CALI ) )
) 00001006 SYSIN 1AFCE 41H 05H Jup 9cH 1BH CALL 9CH noy Juo
00001007 SYSIN 1BOSE 9CH 1BH CALL 9FH OuH ase 9CH 1BH CARLL ‘
J0001008 SYSIN 1BOEH AAH 134 JMP 9CH 1BH CcALL jaw 158 JNP ‘ )
! 00001009 SYSIN 1B178 9CH 184 JuP 9FH® 1BH CALL 3uH 07H JMP :
0000101C SYSIN 1B20H 9CH 18H JHP 9FH 1BH Jwp 9rH 1BY JHP
00301011 SYSIN 1B29H J0H 38H Jnp 9CH 1BH J™p aPH 1RH Jme )
! 00001012 SYSIN 1B32H 9FH 1BH CALL 69 OpH hLAS acH 1RrH IXI ®»
00001013 SYSIN 1P3RH 81H 20H LXI H F6H 218 MOV MC INX ¥ MOV MR IXT B
00001014 SYSIN 1BUUH 89H 20H LXI D 91y 20H CALL 8nH 108 1¥YI B : )
' 00001015 SYSIN 1B4DH 99H 20H LXI 4 Fé8 214 MOV MC INX A MOV KB LYI B :
00001616 SYSIN 1BS6H A1TH 208 LXI D A9H 20H CaLL ANH 10H Jmp :
’ 00001017 SYSIN 1B5FB 9CH 1BH Jnp 2uH 1AR CALL 6DH 170 Jup - )
00001018 SYSIN 1B68H 9CH 184 DAD H LXI B 7u4H 15 L] DAD R MOV EY INX ®
00001019 SYSIN 1B71H MOV DM XCHG  PCHL
} 00001020 SYSIN 1R744 ES9H 1AH ECH 1AH F2H 1AH ¥*SH 1AH FBH 1AW N1H 1RY O07F 1BH ODH 1BH )
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00001021
¢Q001022
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€0001025

SYSIN
SYSTN
SYSIN
SYSIN
SYSIN
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1 REM RWLM CALIBRATION PROGRAM

2 REM ARGONNE NATIGNAL LAR@BRATORY ELECTR@NICS DIVISION
20 PRINT *RWLMCAL.BAS Vo2.1'": GOSURB 4000

30 FBR I=0 TO 8

35 READ C(I),COCI)

40 NEXT I

50 DATA +.92683851+9186375,05-3.196779,0,2.506266

51 DATA =.B79403,51.701921,-11126065~18.620853,2.752840516.756924
52 DATA «049957,-3.6592397,5,4.232080,12:8967765-251541,-10.308247

100
110
120
130
140
150
160
170
180
190
200
210
250
260
270
280
299
300
301

302
305
307
310
312
320
330
335
336
340
345
350
355
360
370
490
500

S5=A5+C5:53=A3+C3:S52=A2+C?2
T1=A5-VO*C5:T2=(1+V0)I*CS5:T3=C1+V0)*C3:T4=A-V0*C
TS=¢1+V0)>)*C

F@R 0=0 TO 6 ST1EP 3
F1¢as3)=(CC*T1+CCA+1)*T2+C(A+2)*%T3)/(E1%V)
F2¢Q/3)=CCOCQY*S5+COCR+1)%S3+COCQ+2)*S2)/ (E1%V)
NEXT @
WI=C13.68%F1C0)+7.68%x(F1(1)+F1¢(2)))/130000
W2=C13.68%F2(0)+7.68%x(F2(1)+F2¢(2)))/130000
W3=K1/CE1%2%V*150)

IF SO0=1 THEN GOSUB 2000:G@TQ 250

INPUT "ER.EC PLEASE';E2,E3

G@sSUB 3000
P1=.227261%F0(1)/2.22:P2=.025864%F0(2)/2.22:P3=.035185%F0(3)/2.22

P4=C13.68%F0C1)+7.68%(F0(2)+F0(3)))/7130000
FI9=WC1)%A+W(2)%RB3+W(3)%C

PRINT:PRINT:PRINT:PRINT

PRINT * RWLM CALIBRATTI®@N ":PRINT
PRINT:PRINT:PRINT AS:PRINT DS$,P$ .
PRINTSPRINT *FNA="3F1¢0)s,"FNB="3F1(1),,"FNC="3F1(2):PRINT
PRINT:PRINT °'FNA2='3F2(0),,"FNB2="3F2(1),"'"FNC2="F2(2)
PRINT:PRINT"™WL1="3W1,"WLKUS="3W3,"ER="3E2,"EC="E3
PRINT:PRINT"WL2=""3W2

PRINT :PRINTRN-DAUGHTER COEFFICIENTS FOR IWL-MEMORY"

FOR I=1 TO 3: FER J=1 TO 3

PRINTP(I5J)» ¢tNEXTJ:PRINT:NEXT 1

PRINT:PRINT"RN-DAUGHTER (RWLM) IN ATOMS"

PRINT FO(1),F0(2),F0(3)

PRINT ¢ PRINT'RN~-DAUGHTER (RWLM) IN PCI/ZL"

PRINT P1,P2,P3

PRINT:PRINT:PRINT"WL FROM IWLM (DIRECT AND FROM RN-DAUGHTERS)"
PRINT P4,F9

PRINTSPRINTePRINT"WL COFFICIENTS FOR IWLM-MEM@RY'

PRINT WC1),W(2),W(3)

PRINT:PRINT:PRINT:PRINT:PRINT

PRINT"NORMAL STOP AT LINE 500':STOP

2000 X1=C«127907%F2¢0)+.236138%xF2(1)) %V

010 K CadBOBONAFL LM 1 ATHITARFPCEY H1 e DPHAIVNIRFDP (D) )V
020 X3=Co 981 T22%F €0+ 1 05062B4F2( 1)) %V

2030 X4=(«010200%F2C0)+.028418%F2C1)+311%F2¢2))*V
2040 Q9=X1%X2~X3%xX4

2050 Y1=(«385895%F2¢0)++478116%F2C1)+1:256959%F2(2))*V*01
2060 Y2=(«0102%F2C0)+.028418%F2(1)+311%F2(2))*V*0Q2
2070 Q8=Y1-Y2:E2=08/09

2080 Z1=(«127907%F2C0)+.236138%F2(1))%V*G@2

2090 Z2=(.981722%F2C0)+1+.050628%F2(1))%*V*Q1

2100 E3=(Z1-22)/09

211C RETURN
3000 A1€1)=.580386*%E1%ViA2(13=+036204%E24V++.001584%E3%V

anio

A2(2)=+098134%E2%V+.006941%E3%V3A2(3)=+131%E3%VeA3(1)=.001584%E1%V
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3020
3030
3040
3050
3060
3065
3070
3080
3090
3100
3105
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
4000
4001
4010
4020
4021
4030
4040
a0n50
4055
4057
460
4070
4080
4050
4100
4110
4120
4130
4140
4150
460
4999
5000
BK

A3¢

B4=

Ci¢

cac

Ca2¢

ca¢

C3¢

C3¢

C3¢

PC1.
PC1.
PCl.
FO(!
P(C2.
Pc2.
FO(:
PC3.
P(3.
Wl
W2
W3
RETL
INPL
As='
IF b
IF F
IF F
INPL
INPL
INPL
INPL
INPU
INPU
INPU
INPLU
INPU
INPU
INPU
INPU
INPU
INPU
INPU
INPU
RETU
END
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3020
3030
3040
3050
3060
3065
3070
3080
3090
3100
3105
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
4000
4001
4010
4020
4021
4030
4040
4050
4055
4057
4060
4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4999
5000
15124

A3(2)=.006541*E1*V:A3¢3)=. 131*E1*V
Ba=A1(1)*(A2(2)*%A3(3)~A3(2)*A2(3))
ClC1)=CA2(2)%A3(3)~A2(3)*A3(2))/B4
C2(1)=(A2(3)*A3(1)-A2(1)*A3(3))/B4
C2(2)=(A1C¢1)*A3(3))/R4
C2¢3)=~(A1C1)>*A2(3))/B4
C3(1)=C(A2(¢1)*A3(2)-A2(2)*A3(1))/B4
C3(2)=~-(A1(1)*A3(2))/B4
C3¢3)=CA1(1)I*A2(2))/B4
P(1,1)=C1¢1)*.22726172.22

PC1,2)=0

P(153)=-PC1,1)%VO:F0OC1)=C1C1)%*T4
FO(2)=C2¢1)*T4+C2¢2)*B3+C2(3)*T5S

P(2:1)=C2C1 )%+, 025864/2.22:P(2,2)=C2(2)%.025864/2.22
P(2:3)=(C2¢(3)*%(1+V0)-C2(1)*V0)*. 025864/2.22
FOC3)=C3C1)*T4+C3¢2)*B3+C3(3)*T5
P(3,1)=C3(1)*+035185/72.22:P(3,2)=C3(2)%+N35185/2.22
PC(3,3)=C¢C3¢3)*x(1+V0)~C3(1)*V0)*.035185/72.22
WC1)=(13:.68%C1(1)+7.68%x(C2(1)X+C3(1))>/130000
W(2)=7.68%(C2(2)+C3(2))/130000
WC3)=(T7+68*x(1+VDI*X(C2(¢(3)+C3(3)))/130000~V0O*xW(1)
RETURN

INPUT ""CALCULATE @R INPUT KB,EC (C/I)'; BS
AS=""DATE PLACE"

IF NOT(RS$=""1'" @R B&f="C") THEN 4000

IF B$="1'"" THEN 50=0

IF B&="'C'" THEN 50=1}

INPUT 'DATE,PLACE' ; DF,P$

INPUT "FLOWRATE (LITERS/MIN)";V

INPUT “EFFICIENCY BF ALPHA DETECTOR"™; E1
INPUT 'OVLAP*; VO

INPUT “TOTAL
INPUT "TOGTAL
INPUT “TOTAL
INPUT "TOTAL
INPUT “TOTAL
INPUT "TOTAL
INPUT "T@TAL
INPUT ""T@TAL
INPUT ''TOTAL
INPUT "TOTAL
INPUT "“TOTAL
INPUT "*TOTAL
RETURN

END

BETA COUNTS FROM RAB AND RAC DURING S MINUTES":O1
BETA COUNTS FROM RARB AND RAC DURING 30 MINUTES"3@2

ALPHA COUNTS
ALPHA COUNTS
ALPHA COUNTS
ALPHA COUNTS
ALPHA COUNTS
ALPHA COUNTS
ALPHA COUNTS

IN
IN
IN
IN
N
IN
IN

RAA CHANNEL DURING 30 MINUTES''3A3
RAA CHANNEL DURING 35 MINUTES';A2
RAC* CHANNEL DURING 35 MINUTES":C2
RAA CHANNEL DURING 5 MINUTES';AS
RAC’ CHANNEL DURING 5 MINUTES'3CS
RAC' CHANNEL DURING 30 MINUTES'; C3
RAA CHANNEL DURING 2 MINUTES':

BETA COUNTS FRGM RABR AND RAC DURING 2 MINUTES'; R3
ALPHA COUNTS IN RAC' CHANNEL DURING 2 MINUTES";C
ALPHA COUNTS FRGM 39-41 MINUTES":K1



TABLE OF DEFINITIONS OF SYMBOLS IN CALIBRATION

PROGRAM

A. Constants and Data Inputs

Vv =
V0 =

W il
L}

Q=
Q2 =
C =
c5 =
c3 =
c2 =
El =
Kl =

Flowrate (liters/min)
Overlap of RaC' counts
RaA counts (2 min)

RaA counts (5 min)

RaA counts (30 min)
RaA counts (35 min)
Ra(B+C) counts (2 min)
Ra(B+C) counts (5 min)
Ra(B+C) counts (30 min)
RaC' count (2 min)

RaC' count (5 min)

RaC' count (30 min)
RaC' count (35 min)
Alpha efficiency (EA)
2-min Kusnetz count from (39 to 41 min)

B. Calculated Variables

E2
E3
F1(0)
F1(1)
F1(2)

F2(0)
F2(1)
F2(2)

Wl

Wz

w3

= RaB beta efficiency

= RaC beta efficiency _

= FNA atoms/liter of RaA

= FNB atoms/liter of RaB *
= FNC atoms/liter of RaC

= FNA2 atoms/liter of RaA
= FNB2 atoms/liter of RaB ek
= FNC2 atoms/liter of RaC

= WL; (WL calculated from Rn-daughters derived by

spectroscopic method)

= WLz (WL calculated from Rn-daughters derived by

total-alpha method)"
= WLKUS (WL calculated by the Kusnetz method)

*Calculated by alpha-spectroscopic method.
**Calculated by total-alpha method.
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P(1,1), P(1,2) P(1,3)
P(2,1), P(2,2) P(2,3)
P(3,1), P(3,2) P(3,3)

FO(1), FO(2), FO(3)

P1, P2, P3

F9

P4

W(1), W(2), W(3)

Rn~-daughter coefficients
for RWLM memory RaA,
RaB, RaC coefficients

Rn-daughters (A, B, 7) in
atoms/liter calculated

from previous coefficient

Rn-daughters (A, B, C) in
pCi/liter calculated from

previous coefficient

WL calculated directly
from derived WL
coefficients

WL calcuﬁ%ted from the Rn-
daughtérs, FO's

WL coefficients for

. RWLM memory
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PROGRAM TO CAL PHYSICAL CONSTANTS FOR RWLM

R.T.WITEK/M.K.MCGEE
4-FEB-77

DOUBLE PRECISION AS(3).DELAY,TD.T,TD2(4).ANSWER(4,.3,3),8(9}
DOUBLE PRECISION DB(9).DA.DB,DC.DH,DJ.DG.DF.DE
gegngaPRECISIDN FLAM(3).R3(3).C(3).AI(3).C5(3),A(3).AL(3).D(3)
ACCEPT 2.T.TD2(1)

AB(1) = 0.0

AB(2) = 0.0

fAB(3) = 8.8

FLAM(1) = 9,2272614

FLAM(2) = 0.8258637

FLAM(3) = 0.8351851

NUM=3

N=1

TD2(23=5

TD2(3)=38

TD2 (4)=35

DJ 70 1I=1.4

bo 78 JJ3=1.3

DO 98 I=1.3

C(I)=n.0

C(JI)=1.8

TD=TD2(II)

CALL BTMNEQ(NUM.FLAM.AB.C.T.AS.AI)
DO 188 I=1.3

CS(I) = 0.0

DELAY = 13.0-60.0

CALL BTMMNEG(NUM.FLAM.AS.CS.DELAY.AL,AI)
CALL BTMNER{(3.FLAM.AL.CS.TD.AR.AI)
L0 70 I=1.3

ANSWER(II.JJ. I)=AI(I)

CONTINUE

P06 II = 1.4

TYPE 208.TD2(1I)

D06 JT =1,3

TYPE 7. (ANSLER(IT,JJ.I),.I=1,3)

K=0

DO 18 JJ=1.3

K=K+1

B(K)=ANSWER(2,JJ.1)

CONTINUE

DD 11 II=2.3

DO 11 JJ=1.3

K=K-+1

B(K)~ANSWER(II.JJ.3)

CONTINUE

SPECTROSCOPIC DETERM & INVERTED MAT
TYPE 308.N

TYPE B.(B(K).K=1,9)
D(1)=B(5)%B(9)-B(6)*B(B)
D(2)=3(3)%B(B3-B(2)*B(9)
D(3)=B(2)4B(6)-B(3)#B(5)
D(4)=B(6)4B(7)-B(434B(9)
D(5)=B(1)#B(9)-B(3)*B(?7)
D(6)=B(3)*B(4)-B(1I%B(6)
D(?)I=B(4)*B(83-B(5)4B(7)
D(B)=B{2)%B(73-B(1)%B(B)
P(8)=B(13%B(5)-B(2)4B(4)

DA=B (1 3%((B(5)*B{9))~(B(8)*B(6)))
DB=B (4% (B(2)*B(S))-(B(8)%B(3)))
DC=B (7 3% (B(2)*B{6))-(B(5)*B(33))
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DE=DA-DB+DC

DO 17 K=1.9

D(K)=D(K)~DE

CONTINUE

TYPE 429

TYPE 8, (D(K),.K=1,.9)

NeN+1

K=9

III=1

DO 13 .I=2,4

DD 13 JJ=1.3

K=K+1

IF (K.EQ.1) GO TO 55

IF (K.EQ.4) GO TO S5

IF (K.EQ.7) GO TO 55
B(K)=ANSWER(II,JJ.3)

CONTINJE

TOTAL ALPHA DETERM & INVERTED MAT
TYPE 388.N

DD 14 K=1.9

L=K-1

TYPE 5.L.B(K)

CONTINUE
DA(1)=B(5)%B(9)-B(6)*%B(8)
DB{(2)=B(3)%B(8)-B(2)*B(9)
DA(3)=B(2)3B(6)-B(3)*B(5)
DA(4)=B(6)*B(?)-B(4)%B(9)
DB(5)=B(1)%B(3)-B(3)%B(7)
DO(6)=3(3)xB(4)-B(i)4B(6)
DB(7)=B(4)%B(B)-B(534B(7)
DB(B)=B(2)%B(?)-B(1)%B(B)
DB(9)=R(1)%B(5)-B(2)%B(4)
DF=B(1)%((B(5)*B(3})-(B(B)X*B(6)))
DG=B(4)%((B(2)%B(3))-(B(8)*B(3)))
DH=B (7 )%k ((B(2)%B(6))-(B(S5)*B(3)))
DJ=DF-DG+DH

DO 18 K=1.9

DA(KI)=DB(K)/BY

CONT 0{UE

TYPE 788

TYPE 8. (DA(K).K=1.9)

TYPE 568

TYPE 7. ANSWER(1,1.1),1=1.3)
TYPE 7, (ANSWER(1.2,2),ANSWER(1.2.3).AMNSLER(1,3,.3))
TYPE 7.(ANSWER(1,J3.3).37=1,3)
K=0

K=K+1

TYPE 688

TYPE 4.K. (ANSWER(2.JT.21,JJ3=1.2)
Ko +1

TYPE 3.K. (ANSUER(3.JJ.3).JJ=1.3)
K=K+1

TYPE 4.K. (ANSWER(3.J37.2),J3=1,2)
K=K+1

EI;E 3.K. (ANSWER (2. JT.3),.JJ=1.3)

DO 28 II=3.2.-1

K=K+

TYPE 15.K. (ANSWER(II.JJ.3).JJT=1.3)
CONTINUE

K=8

DO 38 II=2,3

K=K+1

TYPE 16.K, (ANSWER(II.JJ.2).JJ=1.2)

CONTINUE

G0 TO €8

FORMAT(1X, °X”,11,.’'= *,E16.18,.°, *,E16.i8>
FORMAT(1X, *¥”.I1, "= *,2(E16.18.", "),E16.id
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S50
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380

408
7088

Se9
688

55

68
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168
10

FORMAT(LX, *v¥’,I1.°= *,2(E16.18.*, "),E16.18)
FORMAT(1X,°2°,11,’= *,E16.10.°, *.E16.10)

FORMAT(1X. "AB(". 11, °)=",1X,E16.10)

FORMAT(1X,~ INPUT VARIABLES *)

FORMAT(/71X.F4.08, > MINUTE COUNTING TIME VALUES’/)

FORMAT(/71X,. *INVERSE MATRIX DATA FOR F*,I1,° CONVERSION®/)
FORMAT(1X. (3(E20.10,2X)))

FORMAT( /71X, “SPECTROSCOPIC INVERTED MATRIX’/)

FORMAT(/71X,. “TOTAL ALPHA INVERTED MATRIX"/)

FORMAT (71X, *DAUGHTEP COEFFICIENTSw0ok2 MINUTE COUNTING TIME “/)
FORMAT(/714, “BETA COEFFICIENTS##0x5830 MINUTE COUMTING TIME °/)
FORMAT(2F10.2)

FORMAT(1X.3(E16.10.2X))

ITI=TIT+1

B(K)=(ANSWER(II.JT, 33 )+ (ANSWER(III, 1.1))

GO TO 13

CALL PETER2(ANSWER.DA.D)

END

IWMAL .FORT THIS WAS A SEP PROG THAT IS MERGED
SUBROUTINE PETERZ2(ANSWER.DB.D)

DOUBLE PRECISION ANSWER(4.3.3),.D8(9).D(9>
DOUBLE PRECISION P(3,3).FM(3).W(3)

TYPE 18

FORMAT(® INPUT PLEASE...")

ACCEPT 1. SWITCH

IF (SUITCH .EQ. 2.8) GOTO %6@

FORMAT(F3.1)

ACCEPT 11.V.ER.OVLAP.3CS,BC39,A38,A35.C35
TYPE 208.V.EA,OVLAP.BCS.BC30.A36.A35,C35
FORMAT(1X.FS.2,1X.F5.3,1X.F4.2,1X,.5(F8.1,1X))
FORMAT(BF26.5)

TYPE 13

FORMAT(* COUNTS PLEASE...")

ACCEPT 14. AS5.CS.C38.R.BC.C.CKUs
FORMAT(?F135.5)

TYPE 210.A5.C5.C38.A.BC.C.CKUS
FORMAT(1X.7(F10 2,1X))

S5=A5+L5

S30=A30+C30

§35=C35+A35

TAS = A5 - OVLAP*CS

TCS5 = (1. + OVLAP)*CS

TC30 = (1. + OVLAP)*C38

TA = A-OVLAPHC

TC = (1 + GVLAP) % C

FNA = (D(1)%TAS)/(EA%Y)

FNA2 = (DB(1)%55+D0(2)%530+DB (3 ):x535)/(EA%V)
FNB = (D(4)XTAS+D(S)IKTCS+D (6)%TC3B)/ (EANV)
FNB2 = (DB(4)*S5+DB(S5)%S530+D8(6)%535)7(EAXY)
FNC = (D(7)*TAS+DP(BIXTCS+D(S)IXKTCIA)/ (ER*V)
FNC2 = (DB(7 3¥55+DD(8>%530+D8 (9)*535)/(EA%Y)
W1 = (13.6B%FNA+7.6B8%(FNB+FNC)).~1300008.

W2 = (13.68%NAZ2+7 .68k (FNB2+FNC2)),1280080.
WLKUS = CKUS/(EA%2.%V%150.,)
IF(SWITCH.EQ.1.83 GO TO 99

CALL BETEFF (V.FNA2.FNB2,.FNC2.BC5,BC30.EB.EC.ANSWER?
GO TO 88

TYPE 3

FORMAT(" EB.EC PLEASE.....")

RCCEPT 2. EB.EC

FORMAT(2F10.5>
CALL MATINV(ER.EB.EC. V. OVLAP., TA, TC.BC. P, FM, L, ANSUER)

PA = 227261 % FM(1),2.22
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71
17
72
18
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19
74
20
980

PB = .825864 % FM(2)/2.22

PC = .8351B5 x FM(3)/2.22

PUL = (13.68%M(1) +7. 68*(Fﬂ(2)+FM(3)3)/1aBBBG
FIWL = WLC(1)¥A + WL(2) % BC + WL(3) *. C

TYPE 15, FMNA.FNB,.FNC .-

TYPE 22. FNA2.FNB2,FMC2 :

FORMAT(* FNA2=".FB.1," FNB2=",FB.1,’ FFEZ= .F8.1)
FORMAT(® FNA=".FB.1," FN8=",F8.1," FNC=",FB.1)

TYPE 71 .. WL1,ULKUS.EB,EC

FORMATC(” WL1=",F10.6, "WLKUS=",F18.6," EB=",FB.4." EC=",12.4)
TYPE 21, W2

FORMAT(® WL2=",F5.2)

TYPE 71

FORMAT(” RN-DAUGHTER COEFFICIENTS FOR IWLM-MEMORY”)
TYPE 17, ((P(I.K).K=1,3),I=1,3)
FORMAT(3(1X.F9.6,2X))

TYPE 72

FORMAT(” RN-DAUGHTERSCIWLM) IN ATOMS AND PCI/LITER’)
TYPE 18, (FM(I),I=1.3).PA,.PB.PC
FORMAT(1X.3(D15.9.2X),.3(F?7.3.2X))

TYPE 73

FORMAT(” W FROM IWLM(DIRECT AMND FROM RN-DAUGHTERS) )
TYPE 19,PUL.FILL

FORMAT(1X,2(F5.2.2K))

TYPE 74

FORMAT(” WL COEFFICENTS FOR IWLM-MEMORY’)

TYPE 20, (WL(I),I=1,.3)

FORMAT(1X,3(D20.13,2X))

GO TO 189

RETURN

END

MATRINV.FORT

SUBROUTINE MATINV(EA.EB.EC.V.OVLAP.TA,TC.BC.P.FM.LL.N)
DOUBLE PRECISIOM R(4,3.3),.P(3.3),FM(3).WL(3)
Al1=A(1,1, 10¥EARXY

A12=.08

A13=.0

A21=A(1,1,2)kEBHV+R (1,1, 3)KECKY
A22=A(1,2,2)KEBX*V+A(1.2. 3 KECKY
A23=A(1,3,3)HECHY

A31=A(1.1,3)*EAKY

A32=A(1,2,3 KEAKY

A33=A (1,3, 3)EAXY

BD=A11%(A22:kA33~-A32%A23)
C11=(AZ22%A33~AR23%A32)/BD
C21=(A23%A31-A21%*A3Z)BD

C22=(A11*A33)BD

C23=-(A11%A23)/BD

C31=(R21%A32-A22%A31)/ED

C32=-(Al1xn32),8D

C33=(A11%A22)/BD

P(1,1)=C11%,227261-2.22

P(1.2)=,8

P(1.3)=-P(1, 1)%0VLAP

FM{1)=C11%TH

FM(2)=C21%TA+C22%BCHE234TE
P(2.1)=C21%,625864-2.22
P(2,2)=C22%.825864-2.22
P(2,3)=(C23%(1,+0VLAP)-C21%QYLAP )%, 825864/2, 22
FF(3)=C31%TA+C324BC+C33*#TC
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P(3.1)=C31%.8351852.22

P(3,2)=C32%.0835185-2,22
P(3.3)=(C33*(1+0VLAP)~-C31%0VLAP)*.035185-2. 22

WL (1)=(13.68%C11+7.68%(C21+C31)) 130000,

WL (2)=7,68%(C224L32)130800.
WL(3)=(7.68%(1.+0VLAP)*(C23+C33))/130008. ~OVLAPHL (1)
RETURN

END

BETEFF SUB

SUBROUTINE BETEFF (V.FNA,FMNB.FNC,.BCS.BC30.EB.EC.A)
DOUBLE PRECISIDN A(4.3,3)
X1=(A(2,1,2)%FNA+A(2, 2, 2 )kFNB IRV
X2=(A(3,1,3¥FNA+A (3.2, 3)%FNB+A (3.3, 3 3KFNC 3::¥
H3=(A(3,1.2)%FNA+A (3. 2. 2)#FNBI%RV
Ka=(A(2,1,3)KFNA+AL2,2. 3)HFNBHI(2, 3, 3 VHFNC )Y

DET = ¥1:kX2-X3%X4

Yi = (A3, 1,.3)FNA+AC3. 2, 3IKFNBHAI(E, 3, 3 )AFME LuVAELS
Y2=(A(2.1,3)FNA+AL2. 2. 3)IXFNBHAL2. 3. 3)4FNC )ivubCao
DETB=Y1-Y2

EB=DETB/DET

Z1=(A(2.1,2)%FNA+A(2, 2.2 )%FNB ) *Y+BL30

22=(R(3, 1., 2)xFNA+A (3,2, 2)%FNB ) *V4BCS

DETC=21-22

EC=DETC/DET

RETURN

END

BTMNEG SUBROUTINE

SUBROUTINE BTMNER (NUM.FLAM.AB.C.T.A.AT)

DOUBLE PRECISION FLAM(3).AB(35.C(3),.A(3),AI(E).T
DOUBLE PRECISION ANK

DD 1 I=1,NUM

AI(I) ~ 0.9

A(l) = 8.0

CONTINUE

DO 40 N1 = 1.8NUuM

DD 38 K = N1i,NUM

DD 280 N = N1.K

ANK = AB(M1)AFLAMIN) Z/FLAM(NL)~C(N1)

DD 18 I = N1.K

IF (I-N) 9.18.9

ANK = ANKAFLAMCI)/(FLAMCI) ~FLAMCH))

CONTINUE

AI(K) = ALCK) + ANK%(1.8 - DEXP(-FLAM(NIAT) ) FLAM
AK) = AK) + ANICRDEXP (~FLAM(N)%T)

AICK) = AICK) + CCN1) » T
ALK) = A(K) + C(HL)
CONTINUE

RETURH

END
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