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ABSTRACT 

The purpose of this thesis was to develop a control system to 

uniformly feed a material of variable consistency into a chemical process, 

To develop this system, the author used parts of the existing weighing 

system and added a microcomputer to correct for inaccurate weighing. 

The development of the control system progressed in three stages. 

In the first stage, the author made use of the existing scale logic and 

did not optimize the design because of time constraints placed on the 

project. In the second and third stages, methods were developed to 

optimize the microcomputer system's performance. Of these two stages, 

only the third has been debugged and tested on a prototype system. 

In this thesis, the author explains in detail the revisions made 

in each stage of the project. The explanation includes descriptions of 

the hardware used, the microcomputer programs, and advantages and disad 

vantages of each stage. 
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CHAPTER I 

INTRODUCTION 

Background Information 

The original scale system in this thesis was installed in early 

1976. The system is used to feed a non-uniform bulk material into a 

chemical process. The original system incorporated standard analog 

electronics to control material weights. After the system was operated 

for a period of months, it became evident that the mechanical part of 

the scales was not able to weigh material consistently. In other words, 

one scale cycle might have ten percent more material than the setpoint, 

and the next cycle might have five percent less. When this happened, 

problems involving product quality were encountered downstream in the 

chemical process. In the original electronic control, there was no 

ability to correct for inaccurate weights, so a modification was required 

to correct this problem. After investigating the scale logic, it was 

decided that a microcomputer could be installed to accomplish the correc 

tion needed. In August of 1977, a project was initiated to design, 

install, and check out a microcomputer control system to correct this 

problem. 

This thesis discusses in chronological order the developments and 

improvements which resulted in the proposed scale system. 

Chapter Content 

The second chapter contains a description of the original scale 

system's functions. It includes sketches showing the mechanical, as 
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well as electronic, portions of the scale. Last, it tells the deficien 

cies of this system. 

The third chapter explains the original installation of a micro 

computer to improve the weighing characteristics of the scale system. 

It describes the microcomputer system and individual electronic boards 

within it. The chapter explains the revisions made to the existing 

operator controls and new controls installed. It contains connection 

diagrams and block diagrams which show how the system is put together. 

Finally, it explains the improvements, as well as remaining deficiencies, 

in this system. 

The fourth chapter explains how the second microcomputer installa 

tion affects the scale operation. A block diagram furnishes information 

on how devices are attached to the microcomputer. The chapter reveals 

the advantages of going to this method. 

The fifth chapter describes the addition of a teletype-writer 

(TTY) input-output. It explains the system operation and has a pin-out 

connection diagram of the system. It explains why this is the best 

design for improved system operation. 

The sixth chapter discusses the software considerations and imple 

mentations. 

The seventh chapter explains hardware considerations. 

The eighth chapter gives a summary and conclusions. It lists 

other additions to the microcomputer system which could be beneficial. 



CHAPTER II 

THE ORIGINAL INSTALLATION 

Hardware Overview 

Each weighing system'-^^ consists of two scale systems. Each of 

these scale systems consists of a bulk material supply bin, feed rolls, 

feed gates, dump gates, and electronic weight controls. For the 

remainder of the thesis, only one scale system will be discussed, 

because both are identical in operation. 

Description of Mechanical Hardware 

Figure 1 shows a simplified sketch of the mechanical portion of 

the system. Within the system, each device has a specific function to 

perform. The bulk material supply bin supplies material to the feed 

rolls. Operating at variable speed, the feed rolls pull material from 

the bottom of the supply bin and feed it onto the scale dump gates. 

After the scale has reached the desired weight of material, the feed 

rolls stop, and the feed gates close. The feed gates are used to prevent 

material from falling through the spaces between the rolls onto the dump 

gates. The scale dump gates supply material to the chemical process 

when opened and allow the material to be weighed when closed. A more 

detailed discussion of the original scale operation is presented in the 

remainder of this chapter. 



Material Feed Bin 

Feed Rollsboood 
Feed Gates 

Pivot Point 
Load 

Dump GatesCell 

Chemical 

Process 

Figure 1. Diagram of Mechanical Equipment in Scale System 
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Description of Electrical Controls 

The electrical controls consist of panel-mounted operator's con 

trols such as pushbuttons, potentiometers, a timer, and indicators. 

Non-operator controls consist of a load cell for sensing scale weight 

and electronic comparing circuits which turn on and off scale rolls, 

feed gates, and dump gates. A block diagram of these controls is shown 

in Figure 2. 

The cycle timer and setpoint potentiometer are by far the most 

critical controls. The cycle timer, adjustable from 0-60 seconds, sets 

the length of time between the start of the present cycle and the start 

of the next scale cycle. The setpoint potentiometer produces a 0-10 VDC 

signal which is fed into the electronic controls. The setpoint weight 

adjustment varies from 0-200 pounds, which corresponds to the voltage 

signal it outputs. From the cycle time and setpoint, one can calculate 

the feed rate of the scale as follows: 

Feed Rate = [Setpoint x 60 seconds] ̂  Cycle Time 
(pounds/minute) (pounds) (seconds) 

The materials-in-suspension (MIS) potentiometer and the bulk/ 

dribble selector (BBS) potentiometer control roll speed and gate closures. 

Both of the potentiometers use the voltage from the setpoint potentiometer 

to produce a voltage signal equal to 0-100 percent of the setpoint vol 

tage. Each of these signals is input into the negative side of separate 

voltage comparators. The positive lead of the comparators is connected 

to the voltage from the load cell which indicates the weight. The BBS 

comparator is used to switch from bulk to dribble speed. The MIS com 

parator is used to close the feed gates and turn off the feed rolls. 
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Several devices have operations that are self-explanatory. The 

power on/off switch connects power to the scale controls. The weight 

indicator indicates the amount of material on the scales in pounds. The 

indicator lights indicate such things as when the power is on, dribble 

speed, bulk speed, and when the scale is discharging. There are also 

dribble speed and bulk speed potentiometers which control the roll speed 

of the variable speed drive. These miscellaneous controls will only be 

mentioned at this time and not discussed in detail because they are not 

germane to the thesis. 

System Operation 

When the power is turned on, the scale cycle timer resets to 

45 seconds and starts timing down to zero. When the timer resets, the 

feed gates of the scale open, and the feed rolls begin feeding material 

onto the scale dump gates at the bulk speed. When the BDS comparator 

senses that the weight is equal to the BDS setpoint, the feed rolls 

change to the dribble speed. When the MIS comparator senses that the 

weight is equal to the MIS setpoint, the feed rolls stop, and the feed 

gates close. The scale remains in this state until the cycle timer 

times out. When the timer times out, the scale dump gates open, feeding 

the material into the chemical process. After the material is dumped, 

the dump gates close, the cycle timer resets, and the scale cycle repeats, 

System Deficiencies 

Several deficiencies exist in this system. First, the feed rate 

of the feed rolls is inconsistent. This causes overfilling and under 

filling of the scales because the MIS control assumes a constant feed 
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rate of material. Second, if there is an overfill or an underfill, the 

scale has no way to correct for this inaccuracy. 

Correction of these problems could be accomplished in one of two 

ways. One way would be to make the feeding mechanism feed more consis 

tently. This method was tried by changing feed roll sizes, and the 

results were not successful. The second method would be to install a 

control that would adjust for weight inaccuracies. The design and in 

stallation of this method is discussed in the following chapters. 

Three requirements had to met while installing this system. First, 

it must correct the problem with weight fluctuations. Second, it must be 

installed so that the old system can be used as a back-up. Finally, it 

must be installed and operational as quickly as possible. 



CHAPTER III 

ORIGINAL MICROCOMPUTER INSTALLATION 

Reason for Microcomputer 

The new system would need to be able to accept analog inputs, 

accept digital inputs, turn on and off digital devices, do mathematical 

computations, and store computed values. All of these functions can be 

obtained by using a microcomputer with various interface devices. Also, 

by using a microcomputer, most revisions to design can be accomplished 

through programming instead of wiring changes. 

A microcomputer can provide the adjustment for incorrect weight 

by using one of two methods. In the first method, the microcomputer 

adjusts the setpoint of the next cycle to correct for the weight inac 

curacy of the present cycle. In the second method, the microcomputer 

adjusts the cycle time of the existing cycle to maintain the correct 

feed rate, i.e., pounds of material per unit time. The latter method is 

used because it corrects the problem during the present cycle instead of 

the next cycle. The remainder of Chapter III describes the original 

microcomputer system, revisions to existing controls, additional controls, 

and results obtained. 

System Configuration 

The microcomputer system needs six digital inputs, eight digital 

outputs, and four analog inputs, each with a range of 0-10 VDC. Also, 

the microcomputer needs EPROM storage capacity for non-volatile program 
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storage and RAM storage for variables. The microcomputer boards used 

were chosen because of their availability and prior experience with them. 

The chosen microcomputer system consists of an 8080A-based microcomputer 

[21with an ADAC Model 735-SBC analog-to-digital converter board. These 

units meet all the requirements described earlier. A pin-out connection 

diagram of this system is shown in Figure 3. 

[31The microcomputer consists of an SBC-655 system chassis and an 

TM[31 TM
SBC 80/10A single board microcomputer. Features of the SBC 80/10A 

microcomputer which are necessary for the scale system include an 8080A 

CPU, a 2.048-megahertz system clock, 1 K bytes of RAM, sockets for 8 K 

bytes of EPROM using 2716 EPROM's, two 8255 programmable peripheral 

TMinterfaces, sockets for I/O line drivers or terminators, and MULTIBUS 

control logic. A block diagram of this board is found in Figure 4. A 

schematic diagram can be found in the first five pages of Appendix A. 

For a more detailed description of the board and its operation, refer 

[31
to the board's hardware reference manual. 

The ADAC 735-SBC analog-to-digital board used in the scales' 

microcomputer system employs the successive approximation method to con 

vert an analog signal within the range of 0-10 VDC to a 12-bit binary 

code with the corresponding range of O-OFFF hexadecimal. This board 

accepts up to 32 fully differential inputs. It has a relative accuracy 

of + 1 bit and a sampling rate of 35,000 channels per second. The board 

surpasses the resolution and accuracy needed to obtain a scale cycle 

error of less than +0.5 pounds for a 0-200 pound range. A block diagram 

of an analog-to-digital board is shown in Figure 5. A pin-out connection 

diagram can be found in Appendix A. For a more detailed description of 
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Scale A Setpoint- J4-9 J1 25 Scale A On/Off 
(Setpoint Pot.) 10 
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Alarm 

Scale A Weight- J4-11 J1 21 Scale A Low-Weight 
(Load Cell) 12 
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Malfunction 
Alarm 

Scale B Setpoint- J4-21 Jl-29 -»• Scale B On/Off 
(Setpoint Pot.) 22 

Jl-17 Scale B High-Weight 
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(Load Cell) 
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Microcomputer 

Figure 3. Pin-Out Connections to External Controls of Original Microcom 
puter Installation* 

*Notes: 1. All odd-numbered terminals are for positive side of 
input or output. 

2. J1 connector is for digital input/output TTL logic. 
J4 connector is for analog input (0-10 VDC) . 

3. All digital outputs are negative true logic. (OV out 
means output turned on.) All digital inputs are 
negative true logic. (OV in means input present.) 
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a V 
PROVISION fOR 
CUSTOMER SUPPLIED B/U INPUTSTftTuiw 

EXTERNAL ¥B'16 INPUTSCURRENT LOOR 
STOP/START VOLTAGE TO 

RESISTORS CURRENT 

CONVERTERINPUT PROTECTION PACER VOLTAGE TOINPUT PROTECTION 
EXTERNAL CURRENT 

CONVERTER 

_Li jj AANALOG INPUTr I I MULTIPLEXER 
MULTIPLEXER PLUG IN EXPANDER 

PROGRAMMABLE 
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LAR I 
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Figure 5. Block Diagram of Analog-to-Digital Board* 

*Note: This diagram is of an A/D board similar in design to the 
ADAC 735-SBC. 

Source: Intel System Data Catalog, August 1978. 
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the board's function and operation, refer to the board's instruction 

manual.1 [2] 

The microcomputer system as installed adds several operator con 

trols and modifies one existing control. The added controls include a 

microcomputer power on/off selector switch, a scale on/off microcomputer 

selector switch, a scale restart pushbutton, a high-weight alarm light, 

a low-weight alarm light, and a scale malfunction alarm light. The 

existing panel-mounted scale cycle timer requires a different setting 

when operated in the computer mode versus the non-computer mode. 

The microcomputer power selector switch applies 110-VAC, 60-hertz, 

single-phase power to the microcomputer system when in the "on" position. 

The scale microcomputer selector switch puts the scale in the microcom 

puter mode when in the "on" position. When depressed and released, the 

scale restart pushbutton sets the scale timer count equal to the system 

timer count and starts the next scale cycle. The alarms indicate specific 

alarm conditions in the scale system. 

All of these controls are duplicated for each scale, with the 

exception of the microcomputer power on/off selector switch, since both 

scales are operated from the same microcomputer. The functions of these 

controls are explained further in the remainder of this chapter. 

System Operation 

When the scale on/off microcomputer selector switch is in the 

"off" position, the scale operates as discussed in Chapter II. The 

panel—mounted cycle timer should be set so that the time from one cycle 

start to the next is equal to 45 seconds. When the switch is in the 

"on" position, the scale cycle timer is set at 30 seconds and controls 
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the time in which the scale rolls can complete feeding the material onto 

the dump gates. When the cycle timer times out, it sends a discharge 

signal to the microcomputer through a digital input. 

When the discharge signal is received, the microcomputer inputs 

the weight setpoint value and weight received value through the analog-

to-digital interface. After receiving these signals, the microcomputer 

resets the scale alarms and turns off the scale cycle timer, which allows 

the dump gate to open and the material to feed into the continuous pro 

cess. Next, the microcomputer calculates the time needed for the present 

cycle using the following formula: 

Time = [Weight Received Setpoint) x 450 
(tenths of seconds) 

The 450 value in this formula is the normal cycle time in tenths of 

seconds if the correct weight is received. 

Once this calculation is made, the microcomputer checks for alarm 

conditions. If the calculated time is less than 40 seconds, a low-weight 

alarm is turned on. If the calculated time is greater than 50 seconds, 

a high-weight alarm is turned on. If the calculated time is greater than 

90 seconds, a malfunction alarm is turned on, and a value of 45 seconds 

is substituted for the calculated time. 

After the alarm checks are completed, the microcomputer adds the 

calculated time to the present cycle's start time. This value tells 

the microcomputer when the scale starts the next cycle. Once the time 

is reached by the microcomputer program, the scale cycle timer is 

energized, and the next cycle begins. The feed rolls and feed gates 

are controlled exactly as described in Chapter II. 
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The microcomputer program has some other features. The timing is 

done by the loop-count method. Each loop through the program equals 

approximately one-tenth of one second. When the loop is completed, the 

system timer increments its count. Another feature is a subtraction 

routine which prevents the timers from overrunning their 16-bit memory 

storage. When the system timer count reaches ECOO hexadecimal, the 

microcomputer subtracts C400 hexadecimal from the value of the system 

timer count and each scale timer count. 

The microcomputer program operates both scale systems simultane 

ously. A structure chart is found in Appendix B, and a program listing 

is in Appendix C. 

Results and Necessary Improvements 

After gathering data, the author verified that the accuracy of 

the feed rate of the scale was calculated to be two-tenths of a pound 

per cycle. As a direct result of the improved accuracy, the microcomputer 

reduced product waste and improved product quality to where its installa 

tion cost was saved within the first two months of operation. Even with 

these improvements, there were still some control modifications which 

could and should be made. 

One improvement was that the loop-count method could be removed 

by using an interrupt from a 10-hertz clock pulse to increment the system 

timer count. Also, a separate system timer count could be kept for each 

scale. This would remove the necessity of the subtraction routine to 

avoid storage register overflow. Finally, by having the microcomputer 

calculate when the rolls should be turned on or off, the microcomputer 
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could run the scales without the cycle timer interface. The following 

two chapters discuss ways to accomplish these and other revisions. 



CHAPTER IV 

THE FIRST REVISION TO THE MICROCOMPUTER 

Options Available 

When entering this portion of the design stage, the author came 

to a crossroads. The microcomputer could continue to receive its set-

point through a potentiometer or could use a TTY to input values. There 

were advantages to each of these methods which are discussed later. For 

this reason, the author designed both methods. This chapter deals with 

continuing the use of potentiometers for input. The next chapter 

explains in detail the capabilities of using a TTY for input and output. 

System Configuration 

For this revision, the microcomputer system needs two digital 

inputs, 14 digital outputs, four analog inputs, a clock circuit for 

interrupt input, and EPROM program storage and RAM variable storage. 

All the above devices are similar to the ones used on the system in 

Chapter III except the clock circuit. This clock circuit consists of a 

10-hertz crystal oscillator and a single shot tied directly to the 

Interrupt 0 line on the microcomputer. For a pin-out diagram of the 

clock circuit, see Figure 6. For a pin-out diagram of the microcomputer 

system, see Figure 7. 

The operator controls for the new system remain the same with the 

following exceptions. First, the restart pushbutton for each scale is 

removed, and this function is incorporated in the scale on/off micro 

computer selector switch. By turning the selector switch to the "off" 

18 
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Figure 6. Pin-Out Diagram of Clock Input* 

*Notes: 1 Minimum length of Interrupt Routine = 228 clock 
cycles X 488 ns/clock cycle = 111 ysec. 

2. Range of Interrupt pulse width = 3 ys to 111 ys. 
3. Pulse Width = t^ (sec) = ReXT_^EXT 2 = 2.2 kj^ x 

10 pf X In 2 = 15.25 ysec at Q(l). 
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Scale A Setpoint 
(Setpoint Pot.) 

Scale A Weight 

(Load Cell) 

Scale B Setpoint 

(Setpoint Pot.) 
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10-Hz Clock 

Scale A On/Off 
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J4-9 Jl-7 
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J4-11 Jl-3 

12 
Jl-1 

J4-13 Jl-9 

14 
Jl-11 

J4-15 Jl-13 

16 

Jl-25 

Jl-29 

Jl-49 Jl-19 

50 
Jl-17 
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Jl-43 
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44 
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40 

SBC-80/10A 

Single-Board Computer 

System 80/10A 
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Low-Weight Alarm 

Malfunction Alarm 
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Scale B: 

On/Off 

High-Weight Alarm 

-^Low-Weight Alarm 

-^Malfunction Alarm 

Slow Roll Speed
LarmIf.

->■ Bulk Speed 

Dribble Speed 

-Supply Power 
(110-VAC, 60-Hz, l-({)) 

Figure 7. Pin-Out Connections to External Controls on First Revision of 
Microcomputer Installation* 

*Notes: 1. All odd-numbered terminals are for positive of input 
or output. Even-numbered terminals are for digital 
or analog ground. 

2. J1 connector is for digital I/O (5-VDC TTL). J4 con 
nector is for analog inputs (0-10 VDC). 

3. All digital outputs are negative true. (OV out means 
output turned on.) All digital inputs are negative 
true. (OV in means input present.) 
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position and then to the "on" position, the operator causes the micro 

computer to sense a restart signal. Second, the panel-mounted cycle 

timer no longer controls the scale in the microcomputer mode. Last, the 

MIS potentiometer and BDS potentiometer are not used. Instead, these 

potentiometer settings are programmed into the microcomputer system as 

constants and can only be changed by reprogramming. 

System Operation 

In this microcomputer system, only the load cell input, setpoint 

potentiometer, and the scale feed roll speed controls remain from the 

original scale system. Upon starting the cycle, the microcomputer opens 

the feed gates and turns on the bulk speed of the feed rolls. When the 

weight of material reaches 70 percent of the setpoint, the bulk speed 

turns off, and the dribble speed turns on. When the weight equals 90 

percent of the setpoint, the dribble speed turns off, and the scale feed 

gates close. 

Next, the microcomputer waits five seconds to allow the scale 

weight to settle out. After the delay, the microcomputer inputs the 

weight and setpoint values through the analog-to-digital interface. 

After this, the scale dump gates open and discharge the material into 

the chemical process. The microcomputer calculates the time needed for 

the amount of weight received as follows: 

Time = [Weight Received t Setpoint] x 450 
(tenths of seconds) 

This equation is the same used in the original microcomputer system. 
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Once this calculation is completed, the microcomputer compares 

the calculated value with the stored alarm values and energizes the alarms 

if necessary. If the malfunction alarm is set, the microcomputer replaces 

the calculated time with 450. After running the alarm check, the micro 

computer compares the calculated time with the scale clock time. When 

the scale clock becomes greater than or equal to the calculated time, 

a new cycle is started. At this time, the scale clock time is set to 

zero. 

The scale clock time is generated through the use of an interrupt 

routine. A 10-hertz clock pulse is input into the INTR 0 line of the 

microcomputer. A low signal on this line gives a Restart 7 command to 

the microcomputer, which causes the interrupt routine at memory location 

038H to be executed. This routine increments the scale clock time and 

checks to see if the scale should be started. 

The microcomputer operates both scales simultaneously. All con 

trol devices are typical for each scale, so an explanation of one scale's 

operation is sufficient. A flow chart can be found in Appendix B, and a 

program listing can be found in Appendix C. 

Possible Results and Improvements 

If installed, this system would be easier to troubleshoot than 

the original system because there is less interfacing with existing 

logic. Since it does not require a discharge signal, the microcomputer 

program would eliminate the need for the panel-mounted scale cycle timer. 

This would avoid possible operator error of failure to reset the time, 

as can happen in the system described in Chapter III. The installation 
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would be easier and less expensive than the TTY revision discussed in 

the next chapter, since most of the components are already installed. 

Even with these advantages, there were still some improvements to 

the system which the author felt were necessary. A print-out of the 

alarms would help the operator during a system upset. It could give a 

valuable record of what had happened. The addition of the capability to 

input values such as the BDS setting, the MIS setting, and the cycle time 

would return more control to the operator. Last, if the setpoint value 

of the scale could be input in digital form, no analog calibration of 

the setpoint signal would be required, resulting in a more accurate and 

reliable setting. All of these revisions are accomplished by adding a 

TTY interface to the system. This addition is discussed in the following 

chapter. 



CHAPTER V 

SECOND REVISION TO THE MICROCOMPUTER 

System Configuration 

The second revision consists of adding a serial communications 

interface to transmit data between a TTY and the microcomputer. The 

microcomputer system needs two digital inputs, eight digital outputs, a 

clock circuit for interrupt input, a 20-mA current loop serial interface, 

EPROM program storage, and RAM variable storage. A programmable communi 

cations interface is available on the SBC 80/10A board using an 8251 

Universal Synchronous/Asynchronous Receiver/Transmitter (USART).''^^ All 

the remaining requirements are similar to those used on the system in 

Chapter IV. Figure 8 shows a pin-out diagram of this system. 

System Operation 

The addition of the TTY enables the operator to modify the set-

point, MIS setting, EDS setting, or cycle time at any time while the 

system is running. To modify a value, the operator first chooses the 

scale by hitting a "Control A" for scale A or a "Control B" for scale B. 

The microcomputer acknowledges receipt of this by sending to the TTY 

the message "Scale '(A or B)' Chosen." After this message is received, 

the operator chooses what operation is needed. Table 1 shows what input 

is required for a given operation. 

After this selection is made, the microcomputer sends a message 

telling the chosen constant's present value and asks if the operator 

24 
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Scale A Weight 
(Load Cell) 

Scale B Weight 

(Load Cell) 

ADAC 735-SBC-

Analog-to-Digital 
Board 

10-Hz Clock 

Scale A On/Off 
and Restart 

Scale B On/Off 
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Figure 8. Pin-Out Connections to External Controls on Second Revision 
of Microcomputer Installation* 

*Notes: 1. All odd-numbered terminals (except J3) are for posi 
tive of input or output. Even-numbered terminals 
(except J4) are for digital or analog ground. 

2. J1 connector is for digital I/O (5-VDC TTL). J3 con 
nector is for serial I/O (20-mA current loop). J4 
connector is for analog inputs (0-10 VDC). 

3. All digital outputs are negative true. (Grounded 
output means output on.) All digital inputs are nega 
tive true. (Grounded input means input present.) 
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TABLE 1 

KEY COMMANDS FOR TTY 

Key Input ASCII Operation Wanted 

Control E 05H MIS Input 

Control D 04H BDS Input 

Control T 14H Cycle Time Input 

Control S 13H Setpoint Input 

Control A OIH Scale A Chosen 

Control B 02H Scale B Chosen 

Control L OCH List Constants 

Control H 08H List Alarms 

Control Z lAH Calibration Check 

Note: A scale must be selected before an 

operation can be initialized. 

wants to change it. A "No (N)" answer causes the microcomputer to 

answer with "Goodbye" and return to the main program. A "Yes (Y)" re 

sponse causes the microcomputer to request the new value of the constant. 

After the operator enters the new value, the microcomputer echoes the 

value entered and asks if it is correct. If the operator responds with 

"N," the microcomputer requests that the new value be entered again. If 

the operator answers "Y," the entered value is stored for calculations. 

At this time, the microcomputer calculates and stores the new 

value of the constant. If this were a setpoint change, new values for 

the MIS constant and the EDS constant are calculated and stored. If 
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this were a cycle time change, new values for the alarm times are calcu 

lated and stored. After the calculations are complete, the microcomputer 

lists the constant values of the scale chosen and returns to the main 

program. 

If after choosing the scale the operator hits a "Control L," the 

microcomputer lists on the TTY the present value of the constants of the 

scale chosen. If the alarm horn has been energized, the operator can 

check alarm outputs by hitting "Control H." If a calibration check is 

needed, the operator or maintenance person can press "Control Z." When 

this is done, the microcomputer will output to the TTY the present value 

of the analog-to-digital input of the scale chosen. 

The roll speed control and alarm check routines are similar to 

those used in the first revision. One difference is instead of turning 

on individual lights for each alarm, this revision energizes a horn if 

any alarm is recognized. The operator then acknowledges the horn and 

checks which alarm is present. This input from the TTY causes the micro 

computer to list on the TTY the scale alarms and values of each alarm. 

When the scale is turned off, the slow roll alarm energizes to warn the 

operator that this has been done. 

Advantages 

By having this communications capability, the operator can keep 

better track of the system operation. At any time during the operation, 

the operator can find out if there has been an alarm, how bad it was, 

and what the present constant values are. Not only does the operator 

get an indication, he also gets a hard-copy record of the degree of the 
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alarm. Also, there is no setpoint potentiometer calibration to check. 

Finally, the maintenance personnel can check the calibration of the A/D 

board while the system is in full operation. 



CHAPTER VI 

SOFTWARE CONSIDERATIONS 

The programming of the microcomputer was accomplished by using a 

microcomputer development system'' to assemble or compile the 8080 

machine code from higher level languages. The program of the original 

[81
computer installation was written in assembly language and assembled 

to machine code. Calculations were accomplished by using an assembly 

[91 . . . . 
language floating-point math package. Both revisions were written in 

FORT//80, a FORTRAN for the 8080 microprocessor, and compiled into 

machine code using the FORT//80 compiler of the development system. 

By doing this project in several steps, the author found that the 

use of a higher level language such as FORTRAN is beneficial if the 

memory capacity is available. By being more readable, it is easier to 

revise by others not familiar with the original design. Although this 

is true, it takes 8 K of memory to store the object code of the second 

microcomputer revision and only 2 K of memory to store the object code 

of the original microcomputer installation. The additional memory cost 

of the second revision is negligible. 

The original assembly language program has been installed and 

working in two weight systems since February 1978. The first revision, 

which is written in FORT//80, has not been debugged because a decision 

was made to go to the second revision before this was installed. The 

second revision, which is written in FORT//80, has been debugged using 

the in-circuit emulator and is now operating on a prototype only. 

29 
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Even without the actual installation into the scale system, one can see 

that this system is superior to the original installation because of 

reasons cited in Chapter V. 



CHAPTER VII 

HARDWARE CONSIDERATIONS 

The digital inputs for the microcomputer system are negative-true. 

Each input is interfaced through a pull-up resistor. When the input is 

present, the signal is grounded through the contacts of the input device. 

With this in mind, all input contacts are connected between a J1 terminal 

and digital ground. 

The digital outputs for the microcomputer system are negative-true. 

This is made possible by using an SN 7438 quad 2-input NAND buffer with 

open collector outputs for the interface chip. Solid-state relays which 

can be energized by 5 VDC at less than 48 mA are connected between the 

J1 connector and a 5-VDC supply. When the output is energized, the relay 

is grounded through the 7438, thus turning the relay on. These relays 

are used to isolate external voltages from microcomputer system voltages. 

Throughout the thesis, all references to actual connections of 

wiring between the scale system and the microcomputer were omitted. This 

was done because information about these connections would add little to 

the explanation of scale operation. All external wiring connections 

were done with relay interfacing. 

There are several microcomputer systems and analog-to-digital 

interfaces available which meet the hardware requirements of this system. 

The author does not want to imply that the hardware used is the only way 

to obtain the necessary results, but it is a good alternative. The 

hardware discussed previously was chosen because of availability, pro 

gramming facilities, and the author's familiarity with it. 
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CHAPTER VIII 

SUMMARY AND CONCLUSION 

The original purpose of the project was to find a means to correct 

for inaccurate weighing in the scale system. The original microcomputer 

installation accomplished this. By comparing data obtained prior to the 

installation with data observed after the installation, it was evident 

that the modification had reduced product waste and aided in improving 

the product quality. 

With this in mind, the author felt the need to design a scale 

system that would omit all the existing interfaces with the old scale 

electronics and improve the operator's controls. This effort resulted 

in the second revision to the microcomputer system. In this system, the 

operator has the ability to get printed records of control variables, 

not only receive alarms, but discern the magnitude, and change variables 

without depending on calibration accuracy of the original scale system. 

Even though the author ended his design effort at this point, 

there are still some possible improvements which could be tried. One is 

the addition of an automatic tare subroutine which would correct for 

material build-up on the scale. Also, weight totalizing for inventory 

records could be accomplished with a small program change. Finally, the 

addition of automatic roll speed control could be investigated. 
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APPENDIX B 

In this appendix, the author attempted to use structure charts to 

describe the flow of the programs. The original microcomputer program 

could be done with ease, since there were few, if any, jumps in the pro 

gram. On the other hand, in the first and second revisions, the structure 

charts got very awkward due to frequent jumps in the programs. For this 

reason, the author described these programs in the form of flow charts. 
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INITIALIZE A/D BOARD 

INITIALIZE STACK POINTER 

INITIALIZE PARALLEL I/O 

ADJFAC = 450 

FLAG5 = 0 

FLAG6 = 0 

FLAGA = 1 

FLAGB = 1 

TURN ON SCALES 

TURN OFF ALARMS 

COUNT = 0 

TIME5 = 0 

TIME6 = 0 

START: INCREMENT COUNT 

IS COUNT = ECOCR 

? NOYES 

COUNT = COUNT - C400H 

TIME5 = TIME5 - C400H 

TIME6 = TIME6 - C400H 

IS SCALE A RESTART PB PRESSED 

? NOYES 

TIME = COUNT 

TURN OFF ALARMS 

FLAGA = 0 

Figure B-1. Structure Chart for Original Microcomputer Installation 
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IS SCALE B RESTART PR PRESSED 

? .——YES NO 

TIME6 = COUNT 

TURN OFF ALARMS 

FLAGB = 0 

IS FLAGA # 0 

?YES NO 

\IS TIME5 < COUNT 

YES NO 

TURN ON 

SCALE A 

FLAGS = 0 

FLAGA = 1 

IS FLAGB f 0 

YES ? NO 

"\IS TIME6 < COUNT 

YES NO 

TURN ON 

SCALE B 

FLAG6 = 0 

FLAGB = 1 

Figure B-1. (Continued) 
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IS FLAGS ̂  0 

YES NO• — 

N. IS DISCHARGE SIGNAL 

FOR SCALE A 

call CALC5 

IS FLAG6 5^ 0 

YES NO 

IS DISCHARGE SIGNAL 

FOR SCALE B 

YES NO 

CALL CALC6 

'' r 

DELAY LOOP 0.1 SECOND 

GO TO START 

Figure B-1. (Continued) 
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CALC 5 

INPUT WEIGHT SCALE A 

INPUT SETPOINT SCALE A 

TURN OFF SCALE A 

RESET SCALE A ALARMS 

CALC = (WEIGHT/SETPOINT) x 450 

IS CALC < 400 

YES \ ? NO 

TURN ON 
IS CALC < 500 

SCALE A 

LOW ALARM YES ? NO 

CALC = 400 
TURN ON SCALE A 

HIGH ALARM 

\IS CALC > 900/^ 

YES NO 

TURN ON 

SCALE A 

MALFUNCTION 

ALARM 

CALC = 450 

TIME5 = TIME5 + CALC 

FLAC5 = 1 

FLACA = 0 

RETURN 

Figure B-1. (Continued) 
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CALC 6 

INPUT WEIGHT SCALE B 

INPUT SETPOINT SCALE B 

TURN OFF SCALE B 

RESET SCALE B ALARMS 

CALC = (WEICHT/SETPOINT) x 450 

\TS CALC < 400 

YES ? NO 

TURN ON 
IS CALC < 500 

SCALE B 

LOW ALARM YES 9 NO 

CALC = 400 
TURN ON SCALE B 

RICH ALARM 

IS CALC 900 

YES NO 

TURN ON 

SCALE B 

MALFUNCTION 

ALARM 

CALC = 450 

TIME6 = TIME6 + CALC 

FLAC6 = 1 

FLACB = 0 

RETURN 

Figure B-1. (Continued) 
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STARTc 3 

Figure B-2. Flow Chart 

DISABLE INTERRUPTS 

INITIALIZE 

PARALLEL I/O 

INITIALIZE 

ANALOG INPUTS 

INITIALIZE 

VARIABLES 

ENABLE 

INTERRUPTS 

IS 

N0R0LL5 

MO 

YES 

IS 

COUNTS < 300 

? 

NO 

YES 

for First Revision 

■0 

00 
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TURN ON SCALE A 

ROLL SPEED ALARM 

IS 

INPUT(228) AND OIH 

YES 

NO 

IS 

RESTARTS » 0 
7 YES 

NO 

COUNTS » 0 
TIMES - 0 

RESTARTS - Q 

IS 

ENDCOMPS i 0 

YES 

NO 

INPUT WTS, STPS 

IS 

WTS STPS 

YES 

NO 

2A I 2B I 2C IB 

Figure B-2. (Continued) 
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O 000© 

TURN ON BULK SPEED 7 
1 

TURN OFF BULK SPEED 
TURN ON DRIBBLE SPEED 

IS 

WT5 STP5 

YES 

NO 

/ TURN OFF DRIBBLE SPEED 

ENDCALC5 - COUNTS + 50 

ENDC0MP5 - I 

IS 
ENDCALC5 > COUNT 5—^ 

•) YES 

NO 

SYST5 - 1 

ENDC0MP5 =■ 0 
N0R0LL5 - 1 

/ INPUT WT5, STP5 

0©6 
Figure B-2. (Continued) 
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0 ©© 

TURN OFF SCALE A 

TIMES - (WT5/STP5) * 450 

► 

IS ^ 
TIMES > 400 

7 NO 

/TURN ON LOW-
WEIGHT ALARM 

IS 
TIMES < SOO 

YES 

NO 

/ TURN ON HIGH-WEIGHT ALARM 

IS 

TIMES < 900 
7 YES 

NO 

/ TURN ON MALFUNCTION ALARM 

000 

Figure B-2. (Continued) 
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©00 

TIMES - 450 

SYST5 - 0 

RESTARTS - 1 

IS 

N0R0LL6 

NO 

YES 

IS 

NO 

YES 

/ 
/ 

TURN ON SCALE B 
ROLL SPEED ALARM 

/ 
/ 

IS 

INPUT(228) AND lOH - 0 
- 7 

NO 

YES 

© 

Figure B-2. (Continued) 
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0 

IS 

restarts - 0 

YES 

NO 

COUNTS - 0 

TLMES =■ 0 
restarts » 0 

/ 

IS 
ENDC0MP6 ^ 0 

NO 

INPUT WT6, STP6 

YES 

/ 

IS 
WT6 STP6 

NO 

TURN ON BULK SPEED 

YES 

TURN OFF BULK SPEED 
TURN ON DRIBBLE SPEED 

0 00 

Figure B-2. (Continued) 
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0© 
IS 

IC H— WT6 - 0.9 * STP6 < 0 
^YES 7 

N'O 

TURN OFF DRIBBLE SPEED 

ENDCALC6 - COUNTS + 50 
ENDC0MP6 - 1 

IS 
IC ENDCALC6 > COUNT 

YES 

NO 

> 

SYST6 =■ 1 
ENDC0MP6 - 0 
N0R0LL6 - 1 

INPUT WT6, STP6z 7 

z TURN OFF SCALE B 

TIME6 - (WT6/STP6) * 450 

0 

Figure B-2. (Continued) 



�

57 

0 

IS 

TIMES > 400 

NO 

YES 
TURN ON LOW-

WEIGHT ALARM 

IS 

TIMES < 500 
7 YES 

NO 

TURN ON HIGH-WEIGHT ALARM 

IS 

TDIES < 900 
7 YES 

NO 

/ TURN ON MALFUNCTION ALARM 

TIMES - 450 

' 

SYSTS - 0 

0 
©■ 

Figure B-2. (Continued) 
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5A 

RESTARTS - 1 

<3 
c END 

INTERRUPT 7 

COUNTS - COUNTS + 1 
COUNTS - COUNTS + 1 

IS 

SYST5 < 0 
7 

NO 

YES 

IS 

COUNTS < TIMES 
7 

YES 

NO 

COUNTS - 0 

NOROLLS - 0 

Z 
TURN ON SCALE A 

TURN OFF ALARMS 

0 

Figure B-2. (Continued) 
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SYST5 - 1 

IS 

SYST6 < 0 
7 

YES 

IS 

COUNTS < TIMES 
7 

NO 

COUNTS - 0 

NOROLLS - 0 

NO 

YES 

L TURN ON SCALE B 

TURN OFF ALARMS 7 

SYSTS - 1 

ENABLE INTERRUPTS 

c RETURN 3 

Figure B-2. (Continued) 
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STARTING ADDRESS - OOH 

A/D MEMORY LOCATIONS 
ADCM - 0F718H 

ADCC - 0F719H 

ADCD - 0F71AH 

0F71BH 

MAXIMUM LOCATION OF RAM 

IS 03FFH 

SET UP GLOBAL VARIABLES 

STARTING ADDRESS FOR 

GENERATED CODE"40H 

Figure B-3. Flow Chart for Second Revision 
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INTERRUPT 7 

SCNTA - SCNTA + 1 

SCNTB - SCNTB + I 

I 1 

IS 

NOROLLA ̂  0 
7 YES 

NO 

IS 

SRAA # 0 

YES 

NO 

IS 

SCNTA < ROLLA 
7 YES 

NO 

ALARMA - ALARMA.OR.OIH 

TURN ON HORN 7 
SRAA - 1 

Figure B-3. (Continued) 
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IS 

SYSTA > 0 

YES 

NO 

IS ^ 

SCNTA < TIMEA 
t 

NO 

YES 

SCNTA - 0 

NOROLLA » 0 

/ TURN ON SCALE A 

SYSTA - 1 

IS 

NOROLLB 

YES 

NO 

IS 

SRAB 

NO 

YES 

Figure B-3. (Continued) 
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^ IS ^ 

SCNTB < ROLLB 

7 YES 

NO 

ALASMB - ALARMS.OR.OIH 

^ TURN ON HORN ^ 

SRAB - 1 

IS 

SYSTB 

YES 

NO 

IS 

SCNTB < TIMEB 
9 YES 

NO 

SCNTB - 0 

NOROLLB - 0 

TURN ON SCALE Bz 7 
0 

Figure B-3. (Continued) 
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0 

SYSTB - 1 

RETURNc J 

c END 

Figure B-3. (Continued) 
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SUBROUTINE ARUN 

PUSH REGS AND PSW 

IS 

SCALE SWITCH OFT 10 
7 ^ YES 

NO 

IS 

RESTARTA•0 
7 YES 

NO 

ENDCOMA - 0 

SCNTA - 0 

TIMES - 0 

RESTARTA - 0 

SYSTA - 0 

NOROLLA - 1 

IS 

NOROLLA - 1 lOA 
7 YES 

NO 

IS 

ENDCOMA ̂  0 
7 YES 

NO 

Figure B-3. (Continued) 
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0 

INPUT WTA 

/

IS 

WTIA BDIA 

NO 

TURN ON BULK SPEED 

YES 

lOA 

IS 

WTIA > MISIA 
T 

NO 

TURN OFF BULK SPEED 

TURN ON DRIBBLE SPEED 

YES 

lOA 

0 

Figure B-3. (Continued) 



 

67 

0 
TURN OFF DRIBBLE SPEED 

CLOSE FEED GATESL 7 

ENDCALCA - SCNTA +50 

ENDCOMA - 1 

IS 
ENDCALCA > SCNTA lOA 
^ 7 ^ 

NO 

SYSTA - 1 

ENDCOMA =■ 0 
NOROLLA - 1 

INPUT WTA 7 
TURN OFF SCALE A 
OPEN DUMP GATES 

0 

Figure B-3. (Continued) 



68 

TIMEA - (WTA/STPA) * COUNTA 

IS 

TIMEA > LOA 

7 NO 

YES 

SET LOW-WEIGHT ALARM 

BIT IN ALARMA 

IS 

TIMEA HIA 

YES 

NO 

SET HIGH-WEIGHT ALARM 

BIT IN ALARMA 

IS 

TIMEA < HIHIA 
YES 

NO 

SET MALEUNCTION ALARM 

BIT IN ALARMA 

Figure B-3. (Continued) 



 

69 

TIMEA - 450 

IS 

ALARMA » 0 
? YES 

NO 

j TURN ON ALARM HORN j 

SYSTA - 0 

RESTARTA - 1 

SYSTA - I 

POP REGS AND PSW 

c RETURN 3 

c END 3 

Figure B-3. (Continued) 
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SUBROUTINE BRUN 

Note: Subroutine BRUN is the same as ARUN except with scale B 
I/O and constants. 

Figure B-3. (Continued) 



 

 

71 

SUBROUTINE GOUT 

PUSH PSW 

WRITE READY BIT • 1 
— 1 ^ YES 

NO 

CALL ARUN 

CALL BRUN 

DUMMY - CHARACTER 

TO BE OUTPUT 

OUTPUT DUMMY TO TTY 

POI PSW 

' 

^ RETURN ^ 

END ^ 

Figure B-3. (Continued) 
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72 

SUBROUTINE CINP 

PUSH B 

IS 

CARRY BIT SET 
^ 7 . 

NO 

READ READY BIT - 1 
7 

NO 

CALL ARUN 

YES 

YES 

CALL COUT 

CALL BRUN 

INPUT CHARACTER FROM TTY 

POP B 

RETURN 

END 

Figure B-3. (Continued) 



73 

SUBROUTINE INITIALIZE 

' 

DISABLE INTERRUPTS 

SET UP PARALLEL I/O 

SET UP ANALOG INPUTS 

INITIALIZE CONSTANTS 

SET UP SERIAL I/O 

ENABLE INTERRUPTS 

c RETURN ) 

c END J 

Figure B-3. (Continued) 



74 

SUBROUTINE PRLIST 

' 

OUTPUT PRESENT VALUES 

OF CONSTANTS FOR CHOSEN 

SCALE TO TTY 

RETURNc 3 

c END 

Figure B-3. (Continued) 



75 

SUBROUTINE CHOOSE 

READ CHAR FROM TTY 

SCALE A CHOSEN 

7 NO 

YES 

SCALE - "A' 

WRITE ON TTY 

SCALE A CHOSEN" 

RETURN ) 

SCALE B CHOSEN 

7 NO 

YES 

SCALE - "B 

WRITE ON TTY 

SCALE B CHOSEN" 

15 

Figure B-3. (Continued) 
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C RETURN 

ENDc 3 

Figure B-3. (Continued) 



 

 

77 

SUBROUTINE CALIBRATE 

IS 

SCALE A CHOSEN 

^ ? YES 

NO 

/ INPUT WTA 

IS ^ 

SCALE B CHOSEN 
^ 7 

NO 

YES 

INPUT WTB 7 

WRITE 

ANALOG input 

RETURN 

END ) 

Figure B-3. (Continued) 



 

78 

SUBROUTINE WHAT 

^ HAS —-

SCALE BEEN CHOSEN 

YES 

NO 

IS 

MIS CONSTANT CHOSEN 
7 

YES 

NO 

WHICH - CHARACTER INPUT 

OUTPUT MESSAGE FOR SCALE 

CHOSEN TO TTY: 

"THE PRESENT VALUE IS %. 
DO YOU WANT TO CHANGE IT?" 

SKIPWHAT - 1 

RETURNc 

0 

Figure B-3. (Continued) 



 

79 

0 

IS 

BD CONSTANT CHOSEN 
7 NO 

YES 

WHICH - CHARACTER INPUT 

OUTPUT MESSAGE FOR SCALE 

CHOSEN TO TTY: 

"THE PRESENT VALUE IS %. 
DO YOU WANT TO CHANGE IT?" 

SKIPWHAT - 1 

RETURNc 3 

^ IS — 

CYCLE TIME 

CONSTANT CHOSEN 
NO

7 

YES 

WHICH - CHARACTER INPUT 

Figure B-3. (Continued) 
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0 

OUTPUT MESSAGE FOR SCALE 

CHOSEN TO TTY: 

"THE PRESENT VALUE IS 
TENTHS OF A SECOND. 

DO YOU WANT TO CHANGE IT?" 

SKIPWHAT - 1 

RETURNc 3 

IS 

STP CONSTANT CHOSEN 

NO 

YES 

WHICH - CHARACTER INPUT 

OUTPUT MESSAGE FOR SCALE 

CHOSEN TO TTY: 

"THE PRESENT VALUE IS LBS. 
DO YOU WANT TO CHANGE IT?" 

SKIPWHAT - I 

Figure B-3. (Continued) 
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20 

( RETURN ) 

IS 

LIST CONSTANT CHOSEN 
•> ^ 

YES 

NO 

CALL PRLIST 

SCALE - 0 

c RETURN ) 

IS 

CALIBRATION CHOSEN 
^ 7 

YES 

NO 

CALIBRATE 
7 

YES 

/ 
CALL CALIBRATE 

NO 

GOODBYE' / 

21 ISA 

Figure B-3. (Continued) 
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21 0 
SCALE'0 

RETURNc 

ENTER COMMAND AGAIN."L

RETURNc 

ENDc 

J 

3 

Figure B-3. (Continued) 
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SUBROUTINE YN 

IS CHIN - N 
9 

YES 

SKIPWHAT - 0 

SCALE - 0 

WHICH - 0 

z "GOODBYE" 

c RETURN 

IS CHIN - Y 
9 YES 

NO 

/ "ANSWER AGAIN, PLEASE. 

RETURN ) 

WHAT IS NEW VALUE?" 7 
23 

Figure B-3. (Continued) 
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SKIPYN - 1 

< r 

RETURNC ) 

ENDc 3 

Figure B-3. (Continued) 
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SUBROUTINE FACTOR 

RENEW 

t' 

- NEWVAL 

^ IS ^ 

SCALE A CHOSEN 

YES 

NO 

IS 

MIS CHOSEN 

? 

YES 

NO 

MISIA - (RENEW/IOO.O) * STPA 
MA - NEWVAL 

c RETURN 

IS 

BD CHOSEN 
7 

YES 

NO 

BDIA - (RENEW/IOO.O) * 
BA - NEWVAL 

STPA 

25 

Figure B-3. (Continued) 
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25 00 

RETURNc 3 

IS 

CYCLE TIME CHOSEN 

NO 

YES 

COUNTA NEWVAL 

LOA - 0.9 * RENEW 

HIA - 1.1 * RENEW 

HIHIA"2 0 * RENEW 

CA"NEWVAL 

RETURNc 

IS 

STP CHOSEN 
7 NO 

YES 

STPA - (RENEW/200.0) * 4093.0 
MISA - MA 

MISIA - (MISA/100.0) * STPA 
BDA =■ BA 

BDIA - (BDA/100.0) * STPA 
SA » NEWVAL 

26 0 

Figure B-3. (Continued) 
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26 25B 

RETURN ) 

IS 

MIS CHOSEN 

7 NO 

YES 

MISIB - (RENEW/100.0) * STPB 
MB - NEWVAL 

RETURNc 

IS 

BD CHOSEN 
7 NO 

YES 

BDIB - (RENEW/100.0) * STPB 
BB - NEWVAL 

RETURN( ) 

27 

Figure B-3. (Continued) 
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27 

IS 

CYCLE TIME CHOSEN 
^ t ^ NO 

YES 

COUNTB - NEWVAL 

LOB = 0.9 * RENEW 

HIB - l.I * RENEW 

HIHIB - 2.0 * RENEW 

CB - NEWVAL 

RETURNc 

IS 

STP CHOSEN 

NO 

YES 

STPB - (RENEW/200.0) * 4095.0 
MISB - MB 

MISIB - (MISB/100.0) * STPB 

BDB » BB 

BDIB - (BDB/100.0) * STPB 
SB - NEWVAL 

RETURNc J 

ENDC 3 

Figure B-3. (Continued) 
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SUBROUTINE VALIN 

INPUT NEW VALUE FROM TTY 7 

"NEW VALUE IS 

IS THIS CORRECT? 

IS — 

TTY INPUT - Y 
7 NO 

YES 

CALL FACTOR 

RETURN 

REENTER NEW VALUE, PLEASE." 

RETURN ) 

END ) 

Figure B-3. (Continued) 
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( START 

CALL INITIALIZE 

CALL ARUN 

CALL BRUN 

IS 

READ READY BIT - I 

NO 

YES 

HA-S 

SCALE BEEN CHOSEN 
■> YES 

NO 

CALL CHOOSE 

IS 
SKIPWHAT f 0 

? YES 

NO 

CALL WHAT 

Figure B-3. (Continued) 
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30 

IS 

SKIPYN / 0 
T YES 

NO 

CALL YN 

CALL VALIN 

CALL PRLIST 

IBLANK - 0 

OBLANK - 0 

SKIPWHAT - 0 

SKIPYN » 0 

CHIN - 0 

SCALE - 0 

WHICH = 0 

LETTER - 0 

NEWVAL - 0 

RETURNc 3 

c STOP 3 

c END J 

Figure B-3. (Continued) 
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ASM80 :F1:E5ULK.80 

ISIS-II 8080/8085 MACKO ASSthBLEF:» 03.0 MODULE 

LOC OBJ LINE SOURCE STATEMENT 

1 ORIGINAt. JNSTAI.LATION 
r* BULK«80 WEIGHT CONTROL ON f>LALfc" SYSTEM 

3 author: eoerette eldriuge 
4 date: 8/6//9 

5 description: this program takes analog INKUfS.FPDM E/ISTIMG 

6 scale logic using an abac analog to DIGITAL INIERPACE 
7 AND CALCULATES THE CYCLE TIME NEEDED FOR THE WEIGHT RfCElOc'D. 

8 THE SCALE IS RESTARTED AT THE END OF THIS CYCLE. LOW UlElGHr, 
9 HIGH UEIGHVp and MALFUNCTION ALARMS ARE FURNISHED. 
10 LOW AND HIGH TIME CALCULATIONS ARE PREVENTED BY AUTUNATIC 

11 RESTART ROUTINES. 

12 TWO SCAt.ES ARE OPERATED BY THIS PROGRAM. 

13 REVISIONS TO program: 

14 8-5-81 REVISED OUrPUTS TO AGREE WITH FIELD INSl A!.LATION 
1j 8-10-81 CHANGED ANALOG INPUTS FOP SCALE B AND TIMING 

16 LOOP COUNT TO 5000. 

17 8-12-81 ADDED MINIMUM CYCLE TIME TO CALC ROUTINLS 

18 PARAl.LEL (I/O) E4»E5(INPUrS)AND E6(0UTPUTS) 

19 E4-PIT O-DISCHARGE SCALE A 

20 BIT 1=DISCHAR0E SCALE B 

21 BIT 2=RESTART SCALE A 
"yy BIT 3«RESTART SCALE B 
23 BIT 4 TO 7 NOT USED 

24 E5-N0NE USED 

25 E6-BIT 0=SET» SCALE A ON 

26 1-SETf SCALE B ON 

27 2-NOr SET» SCALE A HIGH AI.ARM 

28 3=N0T SE'r > SCALE B HIGH AI.ARM 

29 4s^N0T SET» SCALE A LOW AI.ARM 

30 5«N0T SETf SCAL.E A MALFUNCTION ALARM 

31 ^-NOT SETf SCALE B LOW ALARM 

32 7=N0T SET» SCALE B MALFUNCTION ALARM 

33 JANALOG INPUTS 

34 ^CHANNEL OOH- SETPDINl FOR SCALE 

35 > 01H= WEIGHT FOR SCALE A 

36 i 06H= SETPOINT FOR SCALE 

37 f 07Ha WEIGHT FOR SCALE B 

00E4 38 NAMIN EOU 0E4H 

00E6 39 NAMOUT EQU 0E6H 

F718 40 ADCM EOU 0F718H 

F719 41 ADCC EOU 0F719H 

F71A 42 ADCD EUU 0F7iAH 

0000 43 ORG OH 

0000 2119F7 44 LXI H»ADCC ;LD A/D control PFG MLM LOC into HIL PEG 

0003 3618 45 MVI Mr018H fMOVE COffTPOL WORD INTO ABOVE LDCATiON 

0005 31FD3F 46 LXI SP»3FFDH JINITIALIZE SiACK POINTER 10 MEf. LOC v3rrDH 

0008 3E92 47 MVI A»092H fSET UP INRUT AND OUTPUT PORT Ai9 

OOOA D3E7 48 OUT 0E7H 

49 ?INITIALIZING FUNCTIONS 

OOOC 11C201 50 ADFAC: LXI D 01C2H J L.D ADJUSTING FACTOR INiO DSR REG (450) 

OOOF CDBE03 51 CALL FLOT 

0012 210C3C 52 LXI HfADJFAC fLD ADJUSTINO KAClOP MKM. LOC. INTO Hit 

0015 71 53 MOV M»C »MOVt FLOATING POINT VALUE I^'fO MLM LUC. 
0016 23 54 INX H 

Figure C-1. Program Listing of Original Microcomputer Installation 
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55

60

65

70

75

80

85

90

95

100

105

94 

SJS-II 8080/808t. MACRO ASSEMBLER» 03.0 module page 2 

LOG OBJ LINE SOURCE STATEMENt 

0017 73 MOO MjE flNOERT Dt" REG IN ORDEP TO USE LHi.D OCOMM. 
0018 23 56 INX H 

0019 72 57 MOO M»D 

OOIA 21213C 58 LXI H»FLAG5 ilNiriALIZt TLAGS FOR SKIP DISHARGE CHFO 
00ID 3600 59 MOI MrOOH 

OOIF 23 INX H 

0020 3600 61 MOI MfOOH 

0022 23 62 INX H ;SET TO FLAG TO SKIP CYCLE TIME LHECK 

0023 3601 63 MOI M,01H 

0025 23 64 INX H 

0026 3601 MOI MfOlH 

0028 C32B00 66 JMP STR56 JJUMK TO SIATEMENI TO START SCALE TlnFRS 

002D 3EFF 67 STR56I MOI AfOFFH 

002D D3E6 68 our NAMOUT fOUT PORT 1 TO ENERGIZE TIMERS 
002F 21253C 69 LXI H»OUfPUr 

0032 77 MOO M»A 

0033 C33600 71 JMP INCTO !JUMP TO INiriALIZE COUNT SEQUENCE 

0036 210000 72 INCTO: LXI HfOOOOH »INITIALIZE SYSTEM COUNT TO 0 

0039 22153C 73 shld count »STORE COUNT IN MEh LOC 
003C 22173C 74 SHLD TIME5 ilNITIALIZE SCALE. A TIME 
003F 22193C SHL D TIME6 !INITIAIIZE SCALE B TIME 
0042 2A153C 76 stcnt; LHI.D COUNI ?LD HL RF.G WITH LAST COUNI 
0045 23 77 INX H UNCKEMENT COUN-T 
0046 3EEC 78 MOI AfOECH SCHECK IF COUNT EOUALS ECOO 
0048 DC 79 CMP H 

0049 C26600 JNZ STOCT !JUMP our OE LOOP IE NOT EUUAL 
004G 06C4 81 MOI BrOC4H fSUBTRACT C400 FROM COUNT 

004E 7C 82 MOO A»H 

004F 90 83 SUB B 

0050 67 84 MOO H»A 

0051 22153C SHLD COUNT fSTORE NEW COUNT 

0054 21183C 86 LXI H»TIME5+01H JSUBTRACI C400 FROM TIMES 

0057 7E 87 . MOO A»M 

0058 90 88 SUB B 
0059 77 89 MOO M»A 

005A 211A3C LXI HfTIME6+01H 
005D 7E 91 MOO A>M 

005E 90 92 SUB B 

005F 77 93 MOO M»A 

0060 2A153C 94 LHLD COUNT 

0063 C36900 JMP STNAT 

0066 22153C 96 stoct: shld count 

0069 EB 97 stnat: XCHG »M00£ COUNT TO DE REG 

006A DBE4 98 IN NAMIN fCHECK SCALE A FOR RESTART SIGNAL 

006C E604 99 ANI 04H 

006E CA8DOO JZ RSTS6 ilF RESTART SIGNAL NOT PRESENi CHECK. B 
0071 DBE4 101 STNAT2J: IN NAMIN 

0073 E604 102 ANI 04H 

0075 C27100 103 JNZ SfNAT2 

0078 CDE902 104 CALL DELAY 

007B 2A153C LHI.D COUNT ;LD Ml REG WITH PRESELT COUNT 

007E 22173C 106 SHLD TIMES ?CHANGE TIME A TO PREStNf cuUNl 

0081 21253C 107 LXI H»OUTPUT ?F:EStr AI.APM HITS FOP SCALE A 

0084 7E 108 MOO AfM 

0085 F634 109 ORI 34H 

Figure C-1. (Continued) 
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SIS-II 8080/808ti MAORO ASSEMBLERf 03.0 module rage 3 

LOG OBJ LINE SOURCE STATEMENT 

0087 77 no MOO M»A 
0088 21233C 111 LXI H.FLAOrt ;reset skir cycle time check flag 
0088 3600 112 MOI M»0 

008D DBE4 113 RSTS6: IN NAMIN rCHECK A 
008F E608 114 ANI 08H 
0091 CABOOO 115 JZ CH5 

0094 DBE4 116 RSTS62:! IN NAMIN 
0096 E608 117 ANI 08H 

0098 C29400 118 JN2 RSTS62 
009B CriE902 119 CALL DELAY 
009E 2A153C 120 LHl.D COUNT 

OOAl 22193C 121 SHl.D TiHE6 rCHANGE A TO RREStNl COUNT 
00A4 21253C 122 LXI H»OUTPUT rRF.SET AI.ARM BITS FOR SCALE. B 
00A7 7E 123 MOO A»M 

00A8 F6C8 124 Okl 0C8H 

OOAA 77 125 MOO Mr A 
OOAB 21243C 126 LXI HrFLAGB rRRSET SKIR CVCLF TIME CHKCt FLAG 
OOAE 3600 127 MOI MrO 

OOBO 21233C 128 CH5: LXI HrFLAGA 

00B3 7E 129 MOO ArM 

00B4 E601 130 ANI OIH 

00B6 C2E000 131 JN/. CH6 

00B9 2A173C 132 LHLD T1ME5 rLD HL REG WITH TIME A 
OOBC 7A 133 MOO ArD 

OOBH BC 134 OMR H 

OOBE DAEOOO 135 JO 0H6 rIF TIME5<=C0UNIr TURN ON A 

OOCl C2C900 136 JNZ 0H5A 

00C4 7B 137 MOO ArE 

00C5 BD 138 OMR L 

00C6 DAFOOO 139 JO CH6 

00C9 21253C 140 oh5a: LXI HfOUlRUr rSET BIT TU TURN UN SCALE A 
COCO 7E 141 MOO ArM 

OOCD F601 142 ORI OIH 

OOCF 77 143 MOO MrA 

OODO 212130 144 LXI HrFLAGS rRFSET SKIR DISCHARGE CHECK FtAG 
<)0D3 3600 145 MOI MrOOH fTO 0 FOR SCALE A 

00D5 2A153C 146 LHlD COUNT ;SET BEGINNING COUN1 OF" SCAl.t A CYCLE 
OOD8 22173C 147 SHl.D TIMF.5 

OOUB 21233C 148 LXI HrFLAGA ;SE"f SKIR COUNT CHECK FLAG FUR 
CODE 3601 149 MOI MrOlH rSCALE A 

OOFO 212430 150 0H6: LXI HrFLAGB 

OOE3 7E 151 MOO ArM 

00E4 E601 152 ANI OIH 

00E6 021001 153 JNZ OUTTR 

00E9 2A193C 154 LHLD TrME6 iCHECK TIME B TO SEE IK 
OOEC 7A 155 MOO ArD rTlMER ENERGIZE READY 
oocn BO 156 OMR H 

OOEE DA1001 157 JO OUTTR 

OOFl 02F900 158 JNZ CH6A 

00F4 7B 159 MOO ArE 

OOFS BD 160 OMR L 

00F6 DAlOOl 161 JO OUTTR 

00F9 212230 162 ch6a: LXI H.FLAG6 IRESET SKIR DISCHARGE CHECK FLAG 
OOFC 3600 163 MOI MrOOH 

OOFE 212530 164 LXI HrUUTRUI rSET BIT TO TURN ON SCALE B 

Figure C-1. (Continued) 
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170

175

180

185

190

195

200

205

210

215

96 

ISIS-II 8080/e08i MftCKO ASSEMBlfTR, V3.0 module EAGC 

LOC OBJ LINE 

0101 7E 

0102 F602 166 

0104 77 167 

0105 2A153C 168 

0108 221930 169 

01OB 21243C 

OlOE 3601 171 

0110 212530 172 outtr: 

0113 7E 173 

0114 ri3E6 174 

0116 C31901 176 

0119 212130 177 niscs: 
one 7E 178 

OllD E601 179 

OllF 022001 

0122 DBE4 181 

0124 E601 182 

0126 CA2C01 183 

0129 0115901 184 

012C 212230 HISC6: 
012F 7E 186 

0130 E601 187 

0132 023F01 188 

0135 DBE4 189 

0137 E602 
0139 CA3F01 191 

0130 0D2102 192 

013F 218813 193 timi.p: 

0142 2B 194 HN7: 

0143 06FF 

0145 78 196 

0146 05 197 

0147 05 198 

0148 A4 199 

0149 024201 

014C 211 201 LNZ: 
014D 06FF 202 
014F 78 203 

0150 05 204 

0151 05 

0152 A5 206 

0153 024001 207 

0156 034200 208 
0159 2118F7 209 CALC5: 

0150 3601 

015E 2119F7 211 CHKAl: 

0161 7E 212 

0162 E680 213 

0164 0A5E01 214 

0167 2A1AF7 

0160 EB 216 

016B CDBE03 217 

016E 211230 218 

0171 71 219 

SOURCE. STATEML^fr 

MOO A»M 

ORI 02H 

MOV M*A 

lhld count 
SHI.D T1ME6 

LXI H»FLAGB 

MVI M»01H 

LXI H»OU(PUr 

MOU Afh 

OUT NANOUf 

JMR DISCS 

LXI H»FLAG5 

MOO A»M 

ANI OIH 

JN/ riISC6 

IN NAMIN 

ANI OIH 

jz riisc6 

CALL 0ALC5 

LXI H»FLA66 

MOU A»M 

ANI OIH 

JNZ TIMLR 

IN NAMIN 

ANI 02H 

JZ TIMLP 

CALL CALC6 

LXI HfSOOO 

DCX H 

MOI BfOFFH 

MOU ArB 

DOR B 

DCR B 

ANA H 

JNZ HNZ 

DCR L 
MVI BfOFFH 

MOV A»B 

DCR B 

DCR B 

ANA L 

JNZ LNZ 

JMP STCNT 

LXI HfADCM 

MVI MfOlH 
LXI H»ADCC 

MOV A»M 

ANI 080H 

JZ CHKAl 

LHLD ADCD 

XCHG 

CALL FLOl 

LXI HfUI'5 

MOV MfC 

(SET BEGINffING COUNT OK SCALE b 
(CYCLE 

(SET SKIK COUNT CHECK KLAG FOA 
(SCALE B 

(OUrF'UT TU F'OKT 1 TURNS ON IIMEPS 
(IF RECfUIREIi FOR A AND/Ok S 

(CHECK TO SEE IF SKIP FLAG IS SET 

(CHECK 10 SEE IF A HAS PISCHAPOED 

(IF NO SIGNALf CHECK S 

(CALCULATE NEW TIME IF SIGNAL PRESENr 
(CHECK TO SEE IF SKIP FLAG IS SET 

(JUMP TO BEGINNING OF COUNT 

(CHECK INPUl TO SEE IF 
(B HAS DISCHARGEP 

(CALCULATE NEW TIME 
(TIMING LOOP LU HL WITH SOOO 

(APPROX .1 SEC 

(AFVER TIMING LOOP JUMP TO STAR! CUIINTING 
(CAU. A/P 1 TO CALCULATE WEIGHT FOR A 

(CHECK A/D 1 TO SEE IF DONE 

(LD A/D WEIGHT INTO REG HL 

(LP WEIGH! MEM LUC INTO HSL PEG 

(MOVE FLOATING POINT OALOE 10 MEM LOC 

Figure C-1. (Continueci) 
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isrs-ii eoeo/sost. MACRO ASSEMBLER, 03.0 MOliUUC h'AGt" 

LOC OfJ LINE SOURCE STATEMLK'f 

0172 23 INX H 
0173 73 221 MOO M.E (INVt'RT DE REGS TO BE AWE T(J USE 
0174 23 '!>'!>'> INX H (LHLn COMflANri 
0175 72 223 MOO M»0 
0176 C37901 224 JMR JNSP5 fJUMR TO IMRUT SETROINT SUBROUrlNE 
0179 2118r7 INSF5: LXI HfAOCM (CALL A/n 0 TO CALCULATE SETROINT 
017C 3600 226 MUX M,OOH 
017E 2119F7 227 CHKAO: LXI HfAOCC (CHECK TU SEE IF A/O 0 IS HONE 
0181 7E 228 MOO A»M 
0182 E680 ANI 080H 
0184 CA7E01 J2 CHKAO 
0187 2A1AF7 231 LHl.O ADCO (LB A/B SETROINI IN REG Hl 
018A Eh 232 XCHG 
018B CII8E03 233 CALL FLOT 
018E 210F3C 234 LXI HfSTFS (LP SETROINT MFM LOC INTO HL RrG 
0191 71 MOO M»C (MOVE FLOATING RUTNT VAI.VE TO MEM LOC 
0192 23 236 INX H 
0193 73 237 MOO M»E (INVERT PE REG TO ENABLE U3L OF 
0194 23 238 INX H (LHLP COMMANO 
0195 72 239 MOO M»0 
0196 C39901 JMP OFTMS (JUMR TO PIVIPE FOR TIME SUBBlOUTlNE 
0199 21253C 241 OFTMS: LXI H»OUTFUr (LP HL REG KITH TIMER OUTRUI MEM 
019C 7E 242 MOO AfM 
019D F634 243 ORI 34H (RESETS ALA ONLY 
019F E6FE 244 ANI OFEH 
OlAl D3E6 OUf NAMOUr 
01A3 77 246 MOO M»A (AFFECT NO. 6 
01A4 21123C 247 LXI H»Uf5 (LP ADPR OF HIGH BYTE OF WEIGHT IN HL 
01A7 46 248 MOO B,M (MOVE MEM CONTENTS TO REG B 
01A8 2A133C 249 LHLO WT5+01H (MOVE LOWER TWO BYTES 
OlAB CriE003 CALL FOIO (PIVIPE WEIGH! BY SETROINT 
OlAE 210C3C 251 LXI H»ArUJ-AC (LP HL OF HIGH BYTE OF APJUSTING EACTUR 
OlPl 46 252 MOO B»M (MOVE CON TEN IS TO B REU 
01P2 2A0ri3C 253 LHLO AOJFAC+OIH (MOVE LOWER BYTES TU HL REG 
01P5 Cri5804 254 CALL FMPY (MULTIRLIES W/S TIMES APJUSTING FACI OR 
0188 Cr»9203 CALL FIXX (CHANGE VALVE TO EIYYEP NUMBER 
OIPB 219001 256 wols: LXI H»400 (CHECK FOR LOW ALARM 
018E 7C 257 MOO AfH 
OIPF BA 258 CMP 0 
OICO DADAOl 259 JC U016 
01C3 C2CB01 JN/I U015A 
01C6 70 261 MOO AfL 
01C7 Bh 262 CMK E 
01C8 OAOAOl 263 JC U016 
OICB 21253C 264 U015A: LXI HrOUTPUT (IF <=400. TURN ON LOW ALARM 
01CE 7E MOO A,M 
OICF E6EF 266 ANI OEFH 
01III D3E6 267 OUT NAMOUr 
01D3 77 268 MOO MfA 
0104 119001 269 LXI 0»400 \ 40 SFCONPS(SET CALC TIME -
0107 C30F02 JMP K018 
OlOA 21F401 271 1U016: LXI H»500 j(CHECK FOR HIGH ALARM 
0100 7C 272 MOO AfH 
OlOE OA 273 CMP 0 
OlOF OAFAOl 274 JC UU16A 

Figure C-1. (Continued) 
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ISIS-II 8080/808ti MACRO ASSEMBLER* 03.0 

LOG O&J 

01E2 C20F02 
01E5 7U 

01E6 8B 

01E7 D20F02 
OlEA 212ti3C 
01ED 7E 

OlEE E6F8 

OlFO D3E6 

01F2 77 

01F3 218403 
01F6 7C 

01F7 BA 

01F8 IIA0302 
OlFB C20F02 
OlFE 7D 

OlFF BB 

0200 ri20F02 

0203 21253C 

0206 7E 

0207 E6DF 

0209 B3E6 

020B 77 

020C 110201 

020F 2Ai73C 
0212 19 

0213 22173C 

0216 21213C 
0219 3601 

021B 21233C 

021E 3600 
0220 09 

0221 2118F7 

0224 3607 

0226 2119F7 

0229 7E 

022A E680 
0220 CA2602 
022F 2A1AF7 

0232 EB 

0233 CDBE03 

0236 211B3C 

0239 71 

023A 23 

023B 73 

0230 23 

02311 72 

023E 034102 

0241 2118F7 
0244 3606 

0246 2119F7 

0249 7E 

024A E680 

0240 CA4602 

024F 2A1AF7 

Figure C-1. 

LINK 

276 

277 

278 

279 ui>i6a: 

o 
281 

282 h 

283 

284 W1117: 

286 

287 

288 

289 

291 

29"^ UD17A: 

293 

294 

296 

297 

298 

299 will8; 

301 

302 uih&a: 

303 

304 

306 

307 

308 

309 CHKA3: 

311 

312 

313 

314 

316 

317 

318 

319 

321 

322 

323 INSP6: 
324 

0HKA2: 

326 

327 

328 

329 

SOURCE STATEKf 

JN'7 urn8 

MOO AtL 

CMP E 

JNC UD18 
LXI HfOurpur 

MOO A»M 

ANI OFBH 

OUT NAMOUT 

MOO Mf A 

LXI H*900 
MOO A*H 

OMR D 

JO 1ULI17A 

JN/ UD18 

MOO A»L 

OMR E 

JNC UD18 

LXI H»OUTPUT 

MOO A»M 

ANI ODFH 

OUT NAMOUr 

MOO M>A 

LXI D»450 

LHLD TIMES 

DAB D 

SHLD TIMES 
LXI H»FLAG5 
MOI M»01H 

LXI HfFLAGA 
MOI M»OOH 

RET 

LXI HtADCM 

MOI M»07H 

LXI HfADOC 

MOO A»M 

ANI 080H 

J2 CHKA3 

LHLIi1 ADCli 

XCHG 

CALL FLOl 

LXI H»UI6 

MOO M»C 

INX H 

MOO M»E 

INX H 

MOO M*D 

JMP ]NSP6 

LXI H»ADOM 

MOI M»06H 

LXI HfADOC 

MOO AfM 

ANI 030H 

J2 CHKA2 

LHLD ADOD 

(Continued) 

module K'age 

flF >=500. TUftM CM HIGH ALARM 

iCHECK FOR MALFUNCIION<HI-MI) 

;IF >=900. TURN ON MALFUNCTION 
(ALARM 

(RESET TIME5 TO 450 
(SET TIMES EClUAI. TO DE 

(RESET SNIP FLAGS 

(SAME AS CALC5 EXCEPT FOR D 
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ISIS-II 8080/8085 MACKO ASSEH8LER. 08,0 MOUUlE PAGE 

LOC OBJ LINE SOURCE STATEMENT 

0252 EB XCHG 

0253 CDBE03 331 CALL FLOr 
0256 211E3C 332 LXI H»STF'6 
0259 71 333 MOO M»C 
025A 23 334 INX H 
025B 73 MOO M»E 
025C 23 336 INX H 
02511 72 337 MOO M»0 
025E C36102 338 JMN 0FTM6 
0261 21253C 339 0FTM6: LXI H»OUTPUT 
0264 7E MOO A»M 

0265 F6C8 341 OR! 0C8H (TURN OPK 8 ALARMS 
0267 E6FD 342 ANI OFDH (TURN OPf 8 OMI.Y 
0269 D3E6 343 OUT NAMOUT 
026B 77 344 MOO MfA 
026C 211B3C LXI H»I>II6 (L.ri ADDR OF HIGH HY IE OF UtlGHI If,' Hi 
026F 46 346 MOO BfM (Moot MEM CONIENIS TO REG 8 
0270 2A1C3C 347 LHI.O Ur6+01H (MOOE LOWER TWO 8YTES 
0273 CriE003 348 CALL FDIO (IiIOIUE WEIGHT BY SFTPOINT 
0276 210C3C 349 LXI HfAOJFAC (LD HI. OF HIGH 8YTE OF AUJUSriMG FACTOR 
0279 46 MOO B^M (MOOE CONVEMTS TO 8 REG 
027A 2A0H3C 351 LHl.D ABJFAC+OIH (Moot LOWER BYTES TO HI REG 
0270 CD5804 352 CALL FMPY (MULTIPLIES W/S TIMES ADJOSUNG FACTOR 
0280 009203 353 CALL FIXX (CHANGE OALOE TO FIXXEIl NUMPER 
0283 219001 354 W019: LXI Hf400 (CHECK FOR LOU ALARM 
0286 7C MOO AfH 

0287 BA 356 CMP D 
0288 EIAA202 357 JO WD20 
028P C29302 358 JN7 W1)19A 
0288 711 359 MOO AfL 
028F BB CMP E 
0290 IIAA202 361 JC UB20 
0293 21253C 362 U019A: LXI HfOurpur (IF :>400f turn ON LOW ALARM 
0296 7E 363 MOO A»M 

0297 E6BF 364 ANI OBFH 

0299 It3E6 OUT NAMOUT 
029B 77 366 MOO K>A 
029C 119001 367 LXI D»400 (SET CALL TIME = AO SECONHS 
029F C3D702 368 JMP WD22 
02A2 21F401 369 uii2o: LXI H»500 (CHECK FOR HIGH ALARM 
02A5 7C MOO A»H 
02A6 BA 371 CMP D 
02A7 OAB202 372 JC U1I20A 
02AA 020702 373 JN>^ W£i22 

02AD 70 374 MOO A»L 

02AE BB CMP E 
02AF 020702 376 JNC Wri22 

02B2 21253C 377 WD20A: LXI HfOUTPUT (IF >=500, lURN ON HIGH ALARM 
02E<5 7E 378 MOO A»M 
02B6 E6F7 379 ANI 0F7H 

02B8 03E6 OUT NAMOUr 
02E<A 77 381 MOO M.A 
02&B 216403 332 W021: LXI H»900 (CHECK FOR MALFUNCTION.HI-HI 1 
02BE 70 383 MOO A»H 

02BF BA 384 CMP D 

Figure C-1. (Continued) 



390

400

410

420

430

100 

TSIS-II G080/8085 MACRO A3SEMPLER» V3.0 MODULE PAGE 

LOC ODJ LINE 50UPCE STATEMENT 

02C0 DACD02 

02C3 C2D702 

02C6 7D 

02C7 BB 

02C8 D2D702 

02CB 21253C 

02CE 7E 

02CF E67F 

02111 D3E6 

02D3 77 

02D4 11C201 

02D7 2A193C 

02DA 19 

02DB 22193C 

02DE 21223C 

02E1 3601 

02E3 21243C 

02E6 3600 

02E8 C9 

02E9 06FF 

02EB 05 

02EC 00 

02ED C2EB0: 

02FO 09 

02F1 CDD603 

02r4 CDF005 

02F7 87 

02F3 EB 

02F9 7«? 

02FA 48 

OlFB 47 

02FC C3 

Ol'FD CDFOOO 

0300 87 

0301 CAr:j.)2 

0304 E5 

0305 21015C 

0303 79 

385 JC UD21A 

386 JNZ ULI22 

387 MOV A»L 

383 CMP E 

389 JNC UII22 

ULI21A: LXI HrOUTPUT rIF >=900f TURN ON MALFUNCTION 
391 fALARM 

392 MOO A»M 

393 ANI 07rH 

394 our NAMOUT 

395 MOV M»A 

396 LXI D»450 5RESET TIMES TO 450 
397 WD22: LHI.D TIMK6 JSET TIMES EQUAL TO DE 
398 DAD D 

399 SHLD TIMr6 

UD22AJ LXI H»FLAG6 JRESET SKIP FLAGS 
401 MOI M»OtH 

402 LXI H»FLAGB 

403 MVI M.OOH 

404 RET 

405 

406 

407 

408 delay: MVI BfOFFH 

409 DEL2: DCR B 

NOP 

411 JNZ del: 

412 RET 

413 

414 

415 

416 JFLOATING POINT ROUTINE FSUBJ THIS ROUTINE SETS UP THK PARAMETERS TO PASS 
417 JTO FADD UHICH RESULTS IN SUBTRACTION OK A NUMBER IN C-D-E FROM A 
418 ^NUMBER IN B-H-L. IT MUST BE LOADED INTO MEMORY IMMEDIATELY PRECEEDING 
419 JFADD. 

fsub: call fneg jnfgate c-o-e 

421 ;floating point routine fadd: this routine adds a floating point 
422 fNUMBER in C-D-E TO A FLOATING POINT NUMBER IN B-H-L AND RETURNS WITH 
423 5 THE RESULT IN C-D-E. IT SHOUI.D DE LOADED INTO MEMORY IMMFDIATELY 
424 JFOLLOUING FSUB. 

425 fadd: CALL ZRO fCHKCK FOR ZERO C-D-E 

426 ADD A 

427 FAOO: XC!hG 

428 MOU A»C 5EXCHANGE C AND B 

429 MOy C.B 

MOV B»A 

431 PZ JZERO IMPLIES ONE NUMBER WAS 'ERO, 
432 iRESULT IN C-fi-E 

433 CALL RO ;CHECH NEXT VhLUE '.B-H-l.) 
4^4 ADD A 

4 '.r.i -7 FhOO iZERO VMPL rC D -H L WAS 7EPS 

436 JRFUiM.r K')f C-D -E 

437 PUSH M 

438 L.<r H.p 

4 H.r 

Figure C-1. (Continued) 
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ISIS-II 8080/80et. MACKO ASSEMBLER, V'3.0 MODULE RAGE 

LOC 08J LINE SOMKCE STATEMENT 

030® 77 HOO M»A iKESEROE EXPONENT 
030A E67F 441 AN! 7FH ;mask sign riT 
030C 4F 442 MOV C»A 

030Ii 2h 443 OCX H 
030E 78 444 MOO A»8 
030F 77 MOO M»A 

0310 E67F 446 ANl 7FH 

0312 47 447 MOO 6>A 

0313 89 448 CMP C !MATCH EXPONENTS IF NOT EQUAL 
0314 CA4303 449 J3 FA03 »IK Z EQU 1. EXPONENTS EQUAL• CONTINUE 
0317 IIA2703 JC FAOl 5CARRY EOU 1 IMPLIES C 
031A 41 451 MOO 8»C. ;C :;Bf SWITCH TO MAKE 8X 
031& 4F 452 MOO C;»A 

031C C5 453 PUSH 8 

031D 46 454 MOO 8»M 

031E 23 INX H 

031F 4E 456 MOO CrM 

0320 70 457 MOO M»8 

0321 28 458 UCX H 

0322 71 459 MOO MfC 

0323 Cl POP 8 

0324 El 461 POP H 

0325 E8 462 XCHG iSWITCH MANTISSAF. 
0326 E5 463 PUSH H 

0327 El 464 FAOl: POP H 
0328 78 MOO Ar8 

0329 3C 466 FA02: INK A >INCREASE EXPONENl 8Y i» NUMHb'P 8Y 2X 
032A 47 467 MOO 8>A 

032B 37 468 src IZERO CARRY 
032C 3F 469 CMC 

032H 7C MOO A»H 

032E IF 471 RAP- JDIOIPE HIGH MANTISSA BY 2 
032F 67 472 MOO HfA 

0330 7Ii 473 MOO A»L 
0331 IF 474 RAP- IDIOUiE LOW MANTISSA 8Y 2 
0332 6F MOO LfA 

0333 AF 476 XKA A iCLEAR A ID SET UP FOR ROUNHUFF 
0334 17 477 RAl. ^DROPPED BIT FROM CARRY INTO LS8 OF A 
0335 32023C 478 STA S3 

0338 78 479 MOO Af8 
0339 89 CMP C lEXPONENTS MATCHED? 
03iA C22903 481 JN2 FA02 ilF Z EQU li NO RETURN AND INCREMENT 
0330 3A023C 482 LIiA S3 
0340 85 483 ADD L ?ROUNDOFF 

0341 6F 484 MOO L»A 

0342 E5 PUSH H 

0343 El 486 FA03: POP H SEXPONENTS NOW MATCHED^ CHECK SIGN OF 
487 »NUMBER 

0344 3A013C 488 LDA S2 

0347 E680 489 ANI 80H (MASK ALL BUT SIGN BIT 

0349 4F MOO C»A !STORE SIGN 

034A 3A003C 491 LTiA SI 
034D 81 492 ADD C 

034E F27E03 493 JP FAIO ilF THE ANSWER IS +» SIGN SAML» CUNTINUl" 
0351 7A 494 FA04: MOO AfD ?SIGH DIFFERENT, WHICH IS LARGER? 

Figure C-1. (Continued) 
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ISIS-II 8080/B08S MACkO ASStMHLER> Vi.O MOliULE F-AGE 

LOC 08J LINF SOUKOE STATEMFWr 

0352 PC CMf H 
0353 CA7303 496 JZ FA09 
0356 ItA5E03 497 JC FA06 

498 
0359 Eh 499 FA05: XOHG 
035A 79 MOV A>C 
035P C36103 501 JHP FA07 
035E 79 502 FA06: MOV A»0 
035r C680 503 Am &0H 
0361 80 504 FA07: ADI' B 
0362 4F MOO C*A 
0363 37 506 STC 
0364 3F 507 CMC 
0365 7B 508 MOO AfE 
0366 2F 509 OMA 
0367 5F MOO E*A 
0368 7A 511 MOO A>P 
0369 2F 512 OMA 
036A 57 513 MOO P»A 
036B 13 514 INX P 
036C 19 DAP D 
036D CB 516 XOHG 
Oi6E 0610 517 FA08: HOI BrlOH 
0370 C3C003 518 JMP FLl 

519 

0373 78 FA09! MOO ArE 
0374 BD 521 CMP L 
0375 CA8C03 522 J2 FAll 

523 
0378 DA5803 524 JC FA06 
037B C35903 JMP FA05 
037E 79 526 FAIO: MOO AfC 
037F 80 527 APP H 
0380 4F 528 MOO 0*A 
0381 19 529 PAP P 
0382 EB XOHG 
0383 BO 531 RHC 
0384 00 532 INR 0 
0385 7A 533 MOO AfP 
0386 IF 534 RAR 
0387 57 MOO PrA 
0388 7B 536 MOO A»E 
0389 IF 537 RAR 
038A 5F 538 MOO E»A 
038B 09 539 RET 
038C 0E40 FAii: MOI C»40H 
038E 110000 541 LXI PfOOOOH 
0391 09 542 RF_T 

543 (FLOATING POlNl ROUTINE 

iEC.'UAL. COHFAkL E ANli L 
»C EGU 1 IMi'LIES H ri, COMF LIMtr.'I C-Ii-L ANn 
•ITS SIGN 

SWITCH NUnSEE'S 

ISET TOTAL EXfONENT 
ttXHONENr IN C 

iCOMHLIMENr SMALLER (NOW IN CHE> 

(RESULT IN C-H-L. IGNORE OOERELOU 
(RESULT Iff C-Ii-E 

(GO TO LETT JUSTIEY ROUTINE IN FLOT 
(ROUTINE 

(Ii.H SAME, COMRARE E and L 

(EQUAL MAGNITUOE, OPROSITE SIGN. 
(RESULT ZERO 

(SIGN SAME, SET expone:nt 

(ADD MANTISSAE 

(CARRY NOT SET, RETURN 
(CARRY SET, INCREMENT tXKONENT 
(LEFT JUSTIFY 

(ANSWER ZERO, RETURN 
(SET ZERO ANSWER 

FIXX! THIS ROUriNF CONOERTS A FLOATING EOIEM 
544 (NUMHER IN C-Ii-E TO A 16 BIT UNSIGNED FIXED POINT NUMBER IN D-L. 

(FRACTIONS ARE TRUNCATED. UPON RETURN, THE STATE Of THE A REGISTER, 
546 (WHEN DOUKLED, INHICATES THE CONDITION OF THE FIX. A PRUfER TEST 
547 (ROUTINE WOULD CONSIST 
548 

549 CALL FIXX (CALL FIX ROUTINE 

Figure C-1. (Continued) 
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rsis-n 8080/8085 MACRO ASSEMBLERf 03.0 
mohule page 11 

LOC 08J L1 SOUftCK STATEMPWr 

Anil A IDOUliLE A 
JZ OK >IF RESULT ZKFv'ti, FIX PERFORMLTi OK 

5Z2 Jrt UN ilF NEGATIUE. IT TRIE8 TO FIX A NFGATIUE 
553 »NUMBER 
554 Jf 8P ilF PLUS. IT TRIED TO FIX A NUMBER > OK 

ECU 
12(16) 

556 !CANNOT BE HANPLED IN 16 BITS)
0393 AF 557 nxx: XKA A 
0393 67 558 H0<«' H»A 
0394 6F 559 HOV LtA 
0395 81 APP C 
0396 FAB303 561 Jh FX2 fIF MINUS, fault TO RESULT 
0399 C640 562 API 40H 
0398 F2B603 563 JP FX3 !IF +. THE NUMBER 16 A FRACTION. RESULT 

564 i ZERO 
039E E63F AMI 3FH .MASK THE 2 MSBS OF THE EXPONENT 
03A0 FEll 566 CPI IIH 
03A2 828803 567 JNC FX4 (0VERL0A8E8 IF >16 
()3A5 4F 566 MOV C»A 
03A6 C8E005 569 FXIJ CALL PROf IKOTATE D-E 
0:<A9 C8E905 CAI.I. HK'OT (ROTATE H-L FROM 8-E 
03AC 08 571 DOR C 
03Ati C2A603 572 Jtil FXl 
0380 AF 573 XRA A (CLEAR A IMPLIES RESULT SOUND 
0381 E8 574 XCHG (RESULT IN 8-E 
0382 C9 RFl 
0383 3E40 576 FX2: HV'I AfAOH (UHEN 80U8LE8. result MINUS. IMPLIES 

577 (MINUS FIX ATT
0385 C9 578 RET 
0386 110000 FX3: LXI D.OOOOH 
0389 7A 

579 (RESULT ZERO 
MOO A.8 

038A C9 581 RET 
0388 3E01 582 FX4; MVI A.OIH (OVERFLOW. + A WHEN DOUBLED 
0388 C9 583 RET 

584 routine conoerts an unsigned, is bit(NUMBER IN 8-E TO A FLOATING POINT NUMBER AND RETURNS WITH THE RESULT 
586 

587 I C<EXP)-8-E. THE UNSIGNED NUMBER. UPON FLOATING. IS 
^ POSITIVE VALUE. IF A NEGATIVE VALUE IS DESIRED. THE588 .NEGATE ROUTINE FNEG SHOULD BE CALLED UPON RETTRN. 

038E 0E50 589 FLQT: MVI C.50H (C EOU EXPONENT OF +16 
0300 C8F405 FLli CALL ZRDE (SEE IF 8 SOU E-0 
03C3 87 591 ADD A 
03C4 CA8303 592 JZ FL3 
03C7 AF 593 FL2: XRA A 
03C8 82 594 ADD 8 
0309 3E00 MVI A.OOH (ZERO A TO INDICATE A PROPER RETURN 
03C8 F8 596 RM 
03CC C8E005 597 CALL DROT (ROTATE 8-E 
03CF 08 598 DCR C (DECREASE EXPONENT BY I 
0380 C3C703 599 JMP FL2 (SEt IF LEFT JUSTIFIED YET 
0383 OE40 FL3: MVI C.40H (RESULT ZERO. SET PROPER EXPONENT 
0385 C9 601 RET 

602 (FLOATING POINT ((OUTIHE FNEG: THIS ROUTINE NEGATES A FLOATING POINT 
603 exponent is in c. if c-d-e has a value of zero? 
604 •NO OPERATION IS PERFORMED. 

Figure C-1. (Continued) 
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SIS-II 8080/8085 MACRO ASSEMPLERf ".'3.0 mopule pace 12 

LOC 08J LINE SOURCE STATEMENV 

03D6 CPF005 FNEC: CALL ZRO (CHECK FOR ZERO VALUE 
0ZV9 87 606 ADD A 
03DA C8 607 R7 (IF C-P-E IB ZtTKOf NO NEGATION PERFOK-MEP 
03118 3E80 608 FNi: MUI A>eOH 
03DD 81 609 ADD C (COMPLIMENT SIGN PIT 
03DE 4F MOU C:*A 
03DF C9 611 RET 

612 jfloating point routine Fiuv: THIS ROUTINE PIVIUES A Fl.OATING POINT 
613 INUM8ER IN iP-H-L BY A KLClATlNG POINT NUMbtK IN C-D-E BY THE NONPESTORINC 
614 »METHOli AND RETURNS WITH THE RESULT IN C-U-E. IP A lUVISICN PY ZERO IS 

JATTEMPTED» THE ROUTINE RETURNS WITH A M" IN THE A REGISTER.' 
616 1 OTHERWISE* THE RETURN IS MAUE WI1H A ZERO A REGISTER. 

03E0 CPF005 617 FDIVJ CALL ZRO (CHECK FOR DIVISION PY ZERO 
03E3 87 618 Anil A 
03E4 3E01 619 MUI ArOlH 

0Zt6 C8 KZ 
03E7 E5 621 FPOO: PUSH H 

03E8 21033C 622 LXI HfS4 

03E8 AF 623 XKA A (ZERO SI AND SS 
03EC 77 624 MOU M»A 

03EII 23 INX H 

03EE 77 626 MOU M*A 
03Er 23 627 INX H 

03F0 3611 628 MUI MtllH (17 IN ME 
03F2 23 629 INX H 

03F3 3601 MUl MfOlH (FIRST POINTER IN MH 
03F5 23 631 INX H 

03F6 78 632 HOU A*8 

03F7 91 633 SUB C (DIVIDE EXPONENTS 
03F8 C641 634 API 41H (SET OFFSET 
03FA E67F ANl 7FH (MASK SIGN PIT 
03FC 77 636 MOU M*A (STORE IN ML 
03FII 79 637 MOV A>C 

03FE E680 638 ANI eoH (MASK THE REST 
0400 4F 639 MOV C*A 

0401 78 KDU A f8 

0402 E680 641 ANI eoH (SET UP SIGN 
0404 81 642 ADD c 

0405 86 643 ADD M 

0406 77 644 HOU M»A 
0407 AF XKA A 

0408 47 646 MOV 8>A 

0409 4F 647 MOV C»A 
040A El 648 POP H 

0408 89 649 FDOi: CMP C 
040C 37 STC 

04OP C21104 651 JNZ FD02 (NOT ZERO IMPLIES SIGNS DIFFERENT. 
652 (Q(N> EOU 0 

0410 3F 653 CMC 
0411 3F 654 FII02: CMC (CARRY CONTAINS THE CURRENT OUOTIENI BIT 
0412 E5 PUSH H 

0413 21033C 656 LXI H*S4 

0416 7E 657 MOU A*M 

0417 17 658 RAL 

0418 77 659 MOV M> A 

Figure C-1. (Continued) 
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LOG OBJ LINE SOURCE SIATEMENT 

0419 23 IN3( h 
041A 7E 661 MOV A»M 

041£i 17 662 RAL 
041C 77 663 MOV M»A 
04111 23 664 INX H 

041E 35 DOR M 
041F CA4804 666 J2 FD06 iUHEN ZERO* DONEf SIGN BIT IN CARRY 
0422 23 667 INX H 

0423 35 668 DOR M 

0424 El 669 POP H 

0425 CA2B04 JZ FD03 ;ZERO IMPLIES FIRST PASS 
0428 29 671 DAD H (DOUBLE DIVIDENT OR REMAINDER 
0429 17 672 RAL 

042A 47 673 MOV B*A 

042B 3A033C 674 FD03: LDA 34 

042E E601 ANI OIH (MASK ALL BUT MORE RECENT 0 BIT 
0430 87 676 ADD A 

0431 CA3F04 677 JZ FD04 (0(N) EOU 0 IMPLIES GO ADD 2R AND Y 
0434 7Ii 678 MOV A»L ;Q(N) EQU 1 IMPLIES SUBTRACT Y FROM 2R 
0435 93 679 SUB E 
0436 6F MOV L*A 

0437 70 681 MOV A»H 

0438 9A 682 SBB D 
0439 67 683 MOV H»A 

043A 78 684 MOV AfB 

043B 99 SBB C 

0430 C34204 686 JMP FDOS 

043F 19 687 Fti04: DAD D iRF.SULT IN H-L 
0440 78 668 MOV AfB 

0441 89 689 ADC 0 

0442 E601 FDOS: ANI OIH (MASK ALL BUT SIGN 
0444 47 691 MOV BfA 

0445 C30B04 692 JMP FDOi 

0448 El 693 Fri06: POP H (CLEAR THE STACK 
0449 210730 694 LXI HfML 

044C 4E MOV CfM 

044D 2B 696 DCX H 

044E 2B 697 DCX H 

044F 2B 698 DOX H 

0450 56 699 MOV DfM (QUOTIENT LSB IN E 
0451 2B DCX H 

0452 5E 701 MOV EfM (QUOTIENT MSB IND 

0453 0610 702 MVI BflOH (BEGIN TO LEFT JUSTIFY 
0455 C3C003 703 JMP FLl (LEFT JUSTIFY IN FlOT ROUTINE 

704 »FLOATIK'G POINT ROUTINK FMPY: this ROUTINE MULTIPLIES A FLOATING 
JPOINT NUMBER IN B-H-L BY A FLOATING POINT NUMBER IN C-D-E 

706 JAND RETURNS WITH THE RESULT IN C-D-E. IT DOES NOT CHECK FOR 
707 ?EXFONFNriAL OVERFLOW. 

0458 78 708 fmry: MOV AfB (STORF ONE multiplier 
0459 320530 709 STA ME 

045C 70 MOV A.H 

045D 320630 711 STA MH 

0460 70 712 MOV AfL 

0461 320730 713 STA ML 

0464 21003C 714 LXI HfSl (ADDRESS OF SI 

Figure C-1. (Continued) 
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LOC OBJ LINE SDUfi:CE STATEMENT 

0467 AF XRA A 
0468 77 716 MOO M,A 
0469 77 717 MOV M»A 
046A 23 718 INX H 
046B 77 719 MOO M»A 
046C 23 INX H 
046ri 77 721 MOO M»A 
046E 23 INX H 
046F 77 723 MOO M»A 

0470 23 724 INX H 
0471 77 MOO M»A 
0472 23 726 INX H 
0473 7E 727 MOO A»M 
0474 E680 728 ANI 80H 
0476 47 729 MOO BfA 
0477 7E MOO AfM 
0478 81 731 ADD C 
0479 C640 732 AOI 40H 
047B E67F 733 ANI 7FH 
047rr 77 734 MOO M»A 
047E 79 MOO AfC 
047F E680 736 ANI BOH 
0481 80 737 ADIi B 
0482 86 738 Arm M 
0483 77 739 MOO M»A 
0484 23 INX H 
0485 23 741 INX H 
0486 46 742 MOO B»M 
0487 0EO8 743 HOI C»08H 
0489 210000 744 LXI H»0000H 
048C 37 STC 
048II 3F 746 CMC 
048E C39704 747 JMP FM2 
0491 CDE005 748 FMl: CALL BROT 
0494 CDE905 749 CALL HROT 
0497 78 Fh2: MOO A»B 
0498 IF 751 RAR 
0499 47 752 MOO BfA 
049A D2B104 753 JNC FM3 
04911 C5 754 PUSH B 
049E 01003C LXI BfSl 
04A1 OA 756 LDAX B 
04A2 83 757 ADD E 
04A3 02 758 STAX B 
04A4 03 759 INX B 
04A5 OA LDAX B 
04A6 8A 761 ADC D 
04A7 02 762 STAX B 
04A8 03 763 INX B 
04A9 OA 764 LDAX B 

04AA 8D ADC L 
04AB 02 766 STAX B 
04AC 03 767 INX B 
04AD OA 768 LDAX B 

04AE 8C 769 ADC H 

Figure C-1. (Continued) 

module page 14 

iZERO S1-S5 

(S1-S4 TEMPORARY SUM STORAGE 

iS5 IS FINISH POINtER 

(BRING IN EXPONENI OF MULTIPl.IER 
(MASK ALI. BUT SIGN BIT 

(MULTIPLY EXPONENTS. SET SIGN 
(SET OFFSET 

(MASK SIGN 

(MASK ALL BUT SIGN BIT 
(SET SIGN IN EXPONENT 

(RESULT IN ME 

(LSB MULTIPLIER IN B 

(DECREMENTER ECU 8 
(ZERO H-L 

(ROTATE D-E PAIR 

(ROTATE H-L FROM D-E 

(ADDEND NOW IN H-L-D-E 

(CURRENT MULTIPLIER IN CARRY 

(BIT ZERO. DONT ADD 

(STORE B-C 

(81 ADDRESS IN B-C 

(SUM 
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rSIS-II 8080/8085 MACKO ASSCMHLEft* <.'3.0 
MOIiULE PAGt 

LIWF SOURCE STATEMFKTLOC OBJ 

04AF 02 

0480 C1 

0481 08 

0482 C29104 

0485 01043C 
0488 OA 

0489 38 
048A CAC904 

0488 3C 

048E 3C 
048F 02 

04C0 03 

04C1 03 
04C2 OA 

04C3 47 

04C4 0E08 

04C6 C39104 

04C9 21053C 
04CC 7E 

04Cri 28 

04CE 28 

04CF 46 

0480 28 
0481 4E 

0482 28 

0483 56 

0484 28 

0485 se 

0486 60 

0487 69 

0488 4F 

0489 0610 

0488 AF 

048C 84 

0488 FAEE04 

O4E0 CDE005 

0483 C8E905 
04£6 08 

04E7 05 

04C8 C28804 
04E8 C38C03 

04EE E8 

04eF C9 

Figure C-1. 

STAX B 
771 POP h 

772 FM3: DCR C 

773 JNi: FMl 
774 LXI hfSZ 

LDAX F 
776 OCR A 
777 JZ Frt4 

778 INK A 

779 INR A 

STAX 6 
781 INX P 

782 INX P 
783 LOAX P 
784 MOO hffit 

MVl C»08H 
786 JMP FMl 

787 FM4: LXI H»ME 
788 MOO AiM 
789 OCX H 

OCX H 
791 MOO P»M 
792 OCX H 
793 MOO C»M 

794 OCX H 

MOO 0»M 

796 OCX H 
797 MOO E>M 

798 MOO HfP 

799 MOO L»C 

MOO C»A 
801 MOT PflOH 

802 fh: XK'A A 

803 AOO H 
804 JM FM6 

CALL DROT 
806 CALL HROT 
807 OCR C 
808 OCR 0 
809 JNZ FM5 

JMP FAll 

811 

812 FM6: XCH6 
813 RET 
814 (FLOATING POINT ROUTINE 

(FLOATING POINT NUMBER 
816 (PCD NUMBER IN C-D-E. 
817 ( 

818 ( REGISTER 
819 

C 

821 D 

822 E 
823 

JALL SUMnfTO IN (NSP)S4-S3-S2-S1 
^RESTORE P-C 

(FINISH MULTIPLIER 
»S5 ADDRESS IN P-C 

(2 EQU 1 IMPLIES ALL DONE* LEfT JUSTIFV 

fStr S5 TO INDICATE LAST PASS COMPLETE 

(MH TO A 

(Mri TO P* MULTIPLY PY HIGH WORD 
(RESTORE POINTER TO C 
(FINISH multiplication. MSP MULTIPLIER 
(SUM NOW IN S4-S1 

(S4 ADDRESS 
(S4 IN P 

1S3 IN C 

IS2 IN D 

(SI IN E 

(EXPONENT IN C 

(IF MINUS* LEFT JUSTIKIEDr CONTINUE 
(ROTATE D-E 
(ROTATE H-L 

(REDUCE EXPONENI 

(RESULT ZERO* RETURN PY WAY OF ZERO 
(ANSWER 

(RESULT IN C-D-E 

FBCD: THIS ROUTINE CONOERTS A 
IN C-D-t TO A FLOATING POINT 
IT RETURNS WIT THE REGISTERS ASSIGNED AS FOLLOWS: 

PIT 

7 6 5 4 3 2 1 0 
SN SE EH FH EL EL EL EL 
X4 X4 X4 X4 X3 X3 X3 X3 
X2 X2 y.2 X2 XI XI XI XI 

824 (WHERE SN IS THE SIGN OF THE NUMBER (0 IMPLIE'S PLUS)i 
SE IS 

(Continued) 
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LOC 

04F0 

04F1 

04F3 

04F4 

04F6 

04F9 

04FA 

04FC 

04FD 

04FF 

0500 

0503 

0506 

0508 

0509 

050C 

050F 

0511 

0512 

0515 

0517 

0519 

051A 

0510 

0520 

0521 

0524 

0527 

0529 

052A 

0520 

0530 

0532 

0533 

0536 

0538 

053A 

053C 

053F 

0542 

0543 

0546 

0549 

0b4C 

054D 

0550 F1 

0551 E5 

0552 E5 

0553 4F 

OBJ 

79 

E680 

F5 

3E03 

32083C 

79 

E67F 

4F 

3E4E 

B9 

0A1505 

C22705 

3E9C 

BA 

DA1505 

C24905 

3E3C 

BB 

D24905 

063II 

26CC 

60 

CD5804 

3A083C 

3C 

32083C 
C3FD04 

3E4A 

B9 

DA4905 

C23605 

3EF9 

BA 

DA4905 

0644 

26A0 

2t00 

005804 

3A083C 

30 

32083C 

032705 

006F05 

AF 

008005 

LINE SOURCE STATEMENT 

*THE SIGN^OK THE EXPONENT* LH IS THE TUO BIT BOO UPPER LXPONENT I'lLIT. 
826 iEL exponent OIGir* ANO X4 and XI IS THE BCD MANTISSA 
827 *AS x«>:xx. 

828 i 

829 FBCO MOO A»C 

ANI 80H *MASK ALL BUT SIGN 
831 PUSH PSW 

832 MUI A*03H *3 IMPLIES EXPONENT OF 10(3) 
833 STA MX 

834 MOV A*C 

ANI 7FH ?MASK SIGN 
836 MOU C*A 

837 FBI: MUI A»4EH 
838 CMP C 

839 JC FB2 iC IMPLIES 4E<KEG C* DIUIDE BY 10 
JN7 FB3 iN/. IMPLIES THE NUMBER MAY BP TOO 

841 5SMALL* CHECK 
842 MVI A*9CH 

843 CMP 0 
844 JC FB2 *0 IMPLIES 9C<REG D» DIUIDE BY 10 

JN/ FB4 iNZ IMPLIES D<9C* NUMBER OK 
846 MUX A*3CH 

847 CMP E 

848 JNC FB4 iNC IMPLIES 3C> OR EOU REG E* NUMBFR OK 
849 FB2: MUX B»30H *LOAD 0.1 

MUX H»00CH 

851 MOO L»H 

852 CALL FMPY ;X 0.1 
853 LDA MX 

854 XNR A 

STA MX »INCREMENT EXPONENT POINTER 
856 JMP FBI 

857 FB3: MUX A*4AH 

858 CMP 0 

859 JO FB4 JC IMPLIES 4A<REG C» NUMBER IS OK 
JN/ FB3A JN2 IMPLIES REG C < 4AH* MUlT 

861 MUX A»0F9H 
862 CMP 0 

863 JO FB4 JC IMPLIES Fy<RE& D» NUMBER IS OK 
864 FB3A: MUX B*44H JLOAD 10 

MUX HtOAOH 

866 MUX L»OOH 

867 CALL FMPY JX 10 
868 LOA MX 

869 DOR A 

STA MX JDECREMENT EXPONENT 
871 JMP FB3 

872 FB4: OAl.L TROT JNOTATE D-E TO H-L 
873 XRA A 

874 CALL BOD JCUNUERT H-L TO BCD* RETURN MITH BCD 
JIN H-L 

876 POP PSW JRESTORE ♦ SIGN TO A 
877 PUSH H JSAUE BCD 

878 PUSH H JSAUe BCD 

879 MOU 0*A JPUT SIGN OF NUMBER IN C 

Figure C-1. (Continued) 
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ISIS-II 8080/808S MACRO ASSEMtLERr 03.0 
MODULE PAGE 17 

LOG OBJ LINE SOURCE STATEMENT 

0554 3A083C SSO LDA MX 
0557 47 881 MOV BfA 
0558 AF 882 XRA A 
0559 80 883 ADD B 
055A F26705 884 JP FB5 (p IMPLIES EXPONENT IS + 
055D 2F 885 OMA 
055E 3C 886 INR A (CHANGE MINUS EXPONprNI TO 2S 

887 jCOMPLIMENT
055F 67 888 MOV H.A 
0560 3E40 889 MVI A,40H 
0562 81 890 ADD 0 
0563 4F 891 MOV O.A (SET SIGN OF EXPONENT EOU -
0564 C36805 892 JMP FB6 
0567 67 893 FB5; MOV H.A 
0568 3E07 894 FB6: MVI A.07H (SIGN OK ♦ AND EXPONENT IN 0. EXPONENr 

895 (IN H 
056A CD8005 896 CALL BOD (RETURN WIIH EXPONENT BOD AND ALL 

897 (SIGNS IN 0 
0S6D D1 898 POP D (RESTORE BCD MANTISSA TO D-E 
056E 09 899 REI 

900 (SUBROUTINE TROTITHIS SUBROUTINE ROTATES D-E AND H-L UNIIL THE 
901 (NUMERIOAI. EXPONENT IS REDUCED TO ZERO. 

056F 210000 902 trot: LXI H.OOOOH 
0572 CDE005 903 TRTl: CALL DROT 
0575 CDE905 904 CALL HROT 
0578 on 905 DOR 0 
0579 3E40 906 MVI A.40H 
057B F9 907 CMP 0 
0570 08 908 RZ 
057D 037205 909 JMP TRTl 

910 (SUBROUTINE BOD: THIS SUBROUTINE CONVERTS A BINARY NUMBER IN 
911 (H-L TO A BCD NUMBER IN H-L. IF IT IS ENlERED WIIH THE A REGISTER 

;EQUAL^T0^ZER0,JIT CONVERTS THE NUMBERICAL HANIISSA IN H-L. IF THE 
913 CONVERTS THE NUMERIOAI. EXPONENT IN H. 

OS80 F5 914 Fcn: PUSH PSW 
0581 110000 915 LXI DfOOOOH 
0584 EF 916 XCHG 
0585 87 917 ADli A 
0586 CA9205 918 JZ FCl (Z IMPLIES MANTISSA TO BE CONVERTED 
0589 0606 919 MUX Ff06H 
058F 7A 920 MOU A»D 
058C 17 921 RAL 
058D 17 922 RAI. 
058e 57 923 MOV rifA 
058F C39405 924 JMP FC2 
0592 0610 925 Bci: •MVI F»10H 
0594 CDE005 926 FC2: CALL Ffv'OT 
0597 CFE905 927 CALL HROT 
059A 05 928 nCR F 
059B CAri905 929 JZ FC6 
059E 7D 930 MOV A,L (CHECK FIRST DECADE 
059F E60F 931 AHI OF H 
05A1 FE05 932 CPI 05H 
05A3 DAAE05 933 JC FC3 (C IMPLIES DECADE <5. SKIP 
05A6 3E03 934 MVI A»03H 

Figure C-1. (Continued) 
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ISIS-II 8080/8085 MACRO ASSEMBLER. 03. MOHUl.E PAGE 18 

LOC OBJ 

0SA8 85 

05A9 6F 

3E00 

05AC 8C 

05AD 67 

OSAE 7B 

05AF E6F0 
05B1 FE50 

05B3 DABE05 

05B6 3E30 

0SB8 85 

05B9 6F 

05BA 3EOO 
05BC 8C 

OSBB 67 

05BE 7C 

05BF E60F 

05C1 FE05 

05C3 IIACA05 
05C6 3E03 

05C8 84 

05C9 67 

05CA 7C 

05CB E6F0 

05CD FE50 
05CF EIA9405 

05112 3E30 

0SII4 84 

05U5 67 

05D6 C39405 
05B9 F1 

05BA 87 

05BB C8 

OSDC 79 

05DD 85 

05BE 4F 

05DF C9 

05E0 37 

05E1 3F 

05E2 7B 

05E3 17 

0SE4 5F 

05E5 7A 

05E6 17 

05E7 57 

05E8 C9 

05F9 7D 

05EA 17 

05EB 6F 

05EC 7C 

05EII 17 

LINF SOUKCE STATEMEi 

Ann L 

936 hOV L»A 

937 MVI AfOOH 

938 ADC H 
939 HfA 

BC3: MOV A»L 1CHECK SECCINO HECAHE 
941 ANI OFOH 
942 CPI 50H 

943 JC BC4 fC IMPLIES DECAHE <b. SKIP 
944 MVI A»30H 

ADD L 
946 MOV L»A 

947 HOI ArOOH 
948 ADC H 
949 MOV H»A 

BC4: MOV AfH (CHECK THIRD ntCADE 
951 ANI OFH 

95^ CPI 05H 

953 JC DCS (C IMPLIES DECADE <5. SKIP 
954 MJI A»03H 

ADD H 

956 MOV HfA 
957 BC5: MOV AfH (CHECK FOURTH DECADE 
958 ANI OFOH 

959 CPI 50H 

JC BC2 (C IMPLIES DECADE <5. SKIP 
961 MVI Af30H 

962 ADD H 
963 MOV HfA 

964 JMP BC2 

BC6: POP PSW 
966 ADD A 

967 RZ (Z IMPLIES MANTISSA. RETURN UITH DCD 
968 (IN H-L 
969 MOV AfC 

ADD L 

971 MOV CfA 

972 RET 

973 JSUBROuriNE brot: thisTHIS SUDROUTINE ROTATES THE Ii-E REGISTER PAIR LEFT 
974 DROTJ SIC 

CMC 

976 MOV AfE 

977 RAL 
978 MOV EfA 

979 MOV AfD 

RAL 

981 MOV DfA 

982 RET 

983 (SUeROUTINE HROTI THIS SUDRGUTINE ROTATES THE H-L REGISTER PAIR 
984 (LEFT. PUTTING T( E CARRY INTO THE LSD OF L 

hrot: MOV AfL 

986 RAL 

987 MOV LfA 

988 MOV AfH 

989 RAL 

Figure C-1. (Continued) 
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ISIS-II 8080/8085 MACRO ASSEMBLER* V3.0 MODULE RAGE 19 

LOG OBJ LINK SOURCE STATEMENT 

05EE 67 990 MOU H»A 
05EF C9 991 RET 

992 •SUBROUTINES ZRO AND ZRDE: THESE SUBROUTINES CHECK FUR A 
993 •ZERO VALUE FOR A FLOATING POINT NUMBER IN C~D~E (ZRO> OR 
994 JZERO D-E ONLY <ZRDE)« IK THE RESULT WAS 2ER0» THE F>:FTUR^^ 
995 »IS MADE WITH A ZERO A REGISTER. OTHERUISEt A EOU 40H UPON RETUkN. 

05F0 3E40 996 ZRO: MVI Ar40H 
05F2 B9 997 CMP C FCHECK FOR EXPONENT CCiRRESPONniNG TO 
05F3 CO 998 RNZ FNZ IMPLIES NUMBER IS NOT ZFRO 
05F4 7B 999 zrpe: MOV AfE FTES7 D-E 
05F5 82 1000 Ann n 
05F6 DAFE05 1001 JO ZRl ?C EQU 1 IMPLIES NUMBER IS NOT 0 
05F9 C2FE05 1002 JNZ ZRl »NZ IMPLIES NUMBER IS NOl ZERO 
05FC AF 1003 XRA A 
05FD C9 1004 RET FRKSULl WAS ZEROf RETURN WITH ZERO A 
05FE 3E40 1005 ZRl i MVI A»40H 

0600 C9 1006 RET FRESULT NOT ZERO» RETURN WUH A EOU 40H 
1007 

1008 

1009 

1010 

1011 FRAM AREA HERE 
3C00 1012 0R6 

3C00 00 1013 Si: DB 0 oO 
o

3C01 00 1014 S2: DB o0 
3C02 00 1015 S3: DB 0 

o 

3C03 00 1016 S4: DB o 0 
3C04 00 1017 S5: DB 0 
3C05 00 1018 me: DB 0 

3006 00 1019 mh: DB 0 

3C07 00 1020 Mi.: DB 0 
3C08 00 1021 Mx: DB 0 

1022 F 

1023 F 

3009 00 1024 opstr: DB 0 

3C0A 0000 1025 hi.str: DU 0 

1026 F 

1027 F 

3000 00 1028 AnjFAc: DB 
3C0D 00 

3C0E 00 

300F 00 1029 sTPs: DB 

3010 00 

3011 00 

3012 00 1030 WT5: DB OfOfO 

3013 00 

3014 00 

3015 00 1031 count: DB 

3016 00 

3017 00 1032 times: DB OrO 

3018 00 

3019 00 1033 TIME6: DB 

3C1A 00 

3C1B 00 1034 ur6: DB OrOfO 
3010 00 

Figure C-1. (Continued) 
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UTI FORT//80 COrtF'ILER 'JZ.ZC F'AGE COOi 

0000 C TITLE:REI.'1.'^TM 

0000 C AUTHOR:eoerette M. ELDRIOGE 

0000 c DATE:6-5-81 
0000 c THIS PROGRAM OF'ERATES TWO SOALE STSTEMG SIMULTANEOUSLV• 
0000 c IT 13 URITTEH FOR AN SEC 80/10A STNGlE EOARri COMPUTER. 
0000 c THE A/D BOARD USED IS AN ADAC 73S--SEC 
0000 c IT ADJUSTS THE CYCLE TIME OF EACH SCALE ACCORDING 
0000 c TO UHAT WEIGHT WAS RECEIVED. ALSO. IT TURNS ON ALARMS 
0000 c FOR EXCESSIVE WEIGHT INACCURACIES AND SLOW ROLL EPEFDS-
0000 c ****SET START ADDRESS OF CODE**** 

0000 c COMPILER(1)=00H 

0000 c ****INITIALIZE THE A/D CONVERTER BOARD 
0000 c ADCM = OH STP5 SCALE A SETPOINT 
0000 c ADCM = IH WT5 SCALE A WEIGHT 

0000 c ADCM = 2K STP6 SCALE B SETPOINT 
0000 c ADCM = 3H WT6 SCALE E WEIGHT 

0000 c ADCC = OlSH CONTROL FORMAT 
0000 c ADCD IS DATA LOCATION 
0000 COMPILER!3)=0F718H 
0000 INTEGER*! ADCM 

0000 C0MPILER(3)=0F719H 
0000 INTEGER*! ADCC 

0000 C0MPILER(3)=0F7!BH 
0000 INTEGER*2 ADCD 
0000 c ****SET TOP ADDRESS OF RAM MEMORY**** 

0000 C0MPILERC3)=03FFFH 

0000 c ****DECLAF;E VARIABLES USED**** 

0000 INTEGER*! 3YST? » ENDC0M5•PURTB.NCPOLL 5■RESTARTS 
0000 INTEGER*2 COUNTS.TIMES•ENDCALCS 
0000 REAL*4 WT5.STP5 
0000 INTEGER*! 3YST6.ENDC0M4.PORTC.N0P0LL4•RESTART 6 
0000 •INTEGER*2 COUNTS.TIME6.ENDCALC6 
0000 REAL*4 WT6jSTP6 
0000 INTEGER*! PORTA 
0000 C0MPILER(2)=040H 
0040 c ****INTERRUPT SERVICE ROUTINE**** 
0040 c THIS ROUTINE INCREMENTS COUNT. RESETS COUNT TO LOWER 
0040 c ZERO TO avoid OVERFLOW. AND CHECKS TO SEE IF SCALE 
0040 c IS READY TO BE STARTED. 
0040 INTERRUPT 7 
0040 C0UNT5=C0UNT5+! 
004A C0UNT4=C0UNT6+! 
0054 !0 IFCSYSTS) !!.!!.20 
0058 !! IF(C0UNT5.LT.TIMES) GO TO 20 
006C C0UNT5=0 
0072 N0P0LL5=0 
O077 PORTB=((PORTE.OR.01!H).AND.OIFH) 
007E OUTPUT;228)=PORTB 
008! SYST5=! 
0085 20 IF(SYST6) 2!.2!.30 
0089 2! IF(C0UNT6.LT.TIMF6) GO TO 30 
009D C0UNT6=0 

Figure C-2. Program Listing for First Revision 

https://2!.2!.30
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UTI rORT//SO COhPILER V3.'<C F'AGr! C'OOZ 

OOA3 N0RCLL6=0 
00A8 P0R1C=< '.PORTC.CR. ^ND.CIFM) 
OOAF OUTPUT(230)=PORTC 
00B2 SYST6=1 

OOB6 30 ENABLE 

00B7 RETURN 

OOBD END 

PROGRAM STORAGE= 0132 

VARIABLE STORAGE= 0000 

SYMBOL TAE;LE 

00B6 30 

008E 21 

0085 20 

005E 11 

0054 10 

Figure C-2. (Continued) 

https://PORTC.CR
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UTI 30 COMPILER y3.3C PAGE 0003 

OOBD OF VSTEM PROGRAM OARIABLES**** 
OOBD C0UNT5^ SCAlE A ■STARTS WEIGHING WHEN COUNTG-CDUNT 
OOBP COUNT(£.= SCALE B START'S UEIGHXNG WHEN CCUNTS^COLT^T 
OOBD ENriCALC5= START CALCULATION OF NEXT COUNTS WHEN -COUNT 
OOED en'dcalc6= start CALCULATION OF NEXT C0UNT6 WHEN =COUNT 
OOBD EMDC0M5= 1 WHEN SCALE A HAS REACHED SETPOINT 
OOBD ENDC0M6= 1 WHEN SCALE B HAS REACHED SETPOINT 
OOBD N0R0LL5= 1 WHEN SCALE A IS WAITING FOR NEXT START 
OOBD N0R0LL6= 1 WHEN SCALE B IS WAITING FOR NEXT START 
OOBD PORTA= INPUT PORT 228 STORAGE FOR BOTH SCALES 
OOBD PORTB= OUTPUT PORT 229 STORAGE FOR SCALE A 
OOBD PORTC= OUTPUT PORT 230 STORAGE FOR SCALE B 
OOBD RESTART5= 1 CAUSES C0UNT5=C0UNT WHEN SCALE TURNEB ON 
OOBD RESTART6= 1 CAUSES C0UNT6=C0UNT WHEN SCALE I: TURNED ON 
OOBD STP5= OALUE OF SETPOINT FOR SCALE A 
OOBD STP6= value of SET-'OINT for SCALE B 
OOBD SYSTS= 1 WHEN PROGRAM CALCULATING NEW COUN TS 
OOBD SYST6= 1 WHEN PROGRAM CALCULATING NEW C0UNT6 
OOBD TIME5= CALCULATED TIME NEEDED fqr WEIGHT RECEIVED SCALE 
OOBD TIME6= CALCULATED TIME NEEDED FOR WEIGHT RECEIVED SCA,.E 
OOBD WT5= VALUE OF WEIGHT ON SCALE A 
OOBD WT6= VALUE OF WEIGHT ON SCALE B 
OOBD ****PARALLEL input/output 
OOBD PORT 228 INPUT BIT ♦ 0 = SC ALE A CN/CFF SWITCH 
OOBD 1 = NOT USED 
OOBD 2= NOT USED 
OOBD 3= NOT USED 
OOBD •4 = SCALE B ON/OFF SWITCH 
OOBD 5= NOT USED 
OOBD 6 = NOT USED. 
OOBD 7= NOT USED 
OOBD PORT 22'? OUTPUT BIT ♦ 0= SCALE A ON/OFF OR RFSTART 
OOBD 1 = SCALE A HI WEIGHT ALARM 
OOBD o — SCALE A LO WEIGHT ALARM 
OOBD 3= SCALE A MALFUNCTION Al ARM 
OOBD 4= SCALE A ROLLS TOO SLOW 
OOBD 5= SCALE A BULK SPEED 
OOBD 6= SCALE A DRIBBLE SPEED 
OOBD 7= NOT USED 
OOBD PORT 230 OUTPUT BIT ♦ (SAME AS PORT 229 EXCEPT FOR B> 
OOBD 

OOBD 

OOBD C****INITIALIZE CONSTANTS**** 
OOBD DISABLE 
OCBE OUTPUT(231)=090H 
00C2 ADCC=01SH 
00C7 COUNTS^O 
00CD C0UNT6=0 
OODO TIME5=0 
00D3 TIME6=0 
00D6 RESTART5=0 
OODB RESTART6=0 

Figure C-2. (Continued) 
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UTI F0RT/'/50 COMF'ILFR U3.3C FACE OOOA 

OODF PORTA=0 

OOE3 P0RTB=0 

00E7 P0RTC=0 

OOEB ENDC0M5--0 

OOEF ENDC0f16=0 

OOF3 SYSTS=0 

00F7 SYST6=0 

OOFB OUTPUT(229)=0 

OOFF OUTPUT(230)=0 

0103 ENABLE 

0104 C 

0104 C 

0104 C IF CYCLE TOO LONG; OUTPUT ROLLS 00 SLOW AI.ARK 

0104 40 IF(C0UNT5.lt.300)GO TO 45 

0110 PORTB=(PORTB.AND.OEFH) 
0118 0UTPUT(229)=P0RTB 

OllB C IF SCALE TURNEB OFF SET RESTARTS AND CHECK R 
OllD 45 IF(RE3TART5.EQ.0)G0 TO 46 
0125 C0UNT5=0 

012B TINE5=0 

012E RESTART5=0 

0133 N0R0LL5=1 

0136 ENDC0iT5=0 

013A PORTB=(PORTB.AND.0lEH) 

013F SYST5=0 

0143 46 IF(N0R0LL5.NE.0>G0 TO 410 

014B C IF ENBC0M5 SET. SKIP ROLL SPEED CHECK 
014B 47 IF(ENDC0M5.NF,0)G0 TO 100 

0153 C INPUT WEIGHT 

0153 ADCH=1H 

0158 50 CONTINUE 

0158 IF((ABCC.ANB.BOH).EC).0)G0 TO 50 

0162 55 UT5=AIiCD 

016C C INPUT SETPOINT 

016C ADCM=OH 

0172 60 CONTINUE 

0172 IF((ADCC.AND.SOH).EQ.0)G0 TO 60 

017C 65 STP5=ABCD 

0136 IF(WT5-0.7*STP5)70»80,S0 

0192 C TURN ON BULK 

0192 70 P0RTB=<P0RTB.0R.020H) 

019B OUTPUT!229)=PORTB 

01A2 GO TO 410 

01A5 C TURN OFF BULK AND TURN ON DRIBBLE 

01A5 80 PORTB=((PORTB.OR.040H).AND.ODFH' 

OlAF OUTPUT(229)=PORTB 

01B4 IF(WT5-0.9♦STP5)410.90.90 
01C3 C TURN OFF DRIBBLE AND RESET WEIGHT ALARMS 
01C3 90 PORTB=((PORTB.AND.OlFH) .OR.OEH) 
OlDO 0UTPUT(229)=P0RTB 
01D5 C SET UP DELAY FOR CALCULATIONS 
01D5 ENDCALC5=C0UNT5+50 

Figure C-2. (Continued) 
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OlDF C SET flag to skip roll SF'EEB checks 
OlDF ENriC0h5=l 

01E4 c CHECK IF time: for CALCULATIONS 
01E4 100 IF(ENDCALCS.GT.COUNTS)GO TO 410 
01F2 c 

01F2 c 

01F2 c THIS ROUTINE CAI.CULATES CYCLE TIME 
01F2 c ANB SETS WEIGHT AlARMS 
01F2 105 ENriCOM5=0 
01F7 NDR0LL.5=1 

OlFB c INF'LIT WEIGHT 

OlFB ADCM=1H 

0200 110 CONTINUE 
0200 IF( ,ADCC.ANIi.80H).E0.0;G0 TO 110 
020A 120 WT5=ADCri 
0214 c INPUT SETPOINT 

0214 AriCM=OH 

021A 130 CONTINUE 
021A IF((ADCC.ANO,80H).EO.0)G0 TO 130 
0224 140 STP5=AIiCD 

022E c TURN OFF SCALE A 
022E POF;TB=(PORTB.AND.OFEH > 
0237 OUTPUTS229)=FORTB 
d23C c CALCULATE THE TIME 
023C TIME5=((WT5/STP5)*450.0) 
024E c IF LESS THAN 40 SECONDSf SET LOW ALARM 
024E IF<TIME5.GT.400)G0 TO 150 
02541 PORTB=(PORTB.AND.OFBH > 
0262 OUTPUT!229)=PORTB 
0267 GO TO 170 
026A c IF MORE THAN 50 SECONDS, SET HIGH AlARM 
026A 150 IF(TIME5.LT.500)G0 TO 170 
0276 PORTB=(PORTB.AND.OFDH) 
027E OUTPUT!229)=PORTB 
0283 c IF MORE THAN 90 SECONDS, SET MALFUNCTION 
0283 c AND SET TIME5=450 
0283 IF!TIME5.LT.900)G0 TO 170 
028F POPTB=!PORTE.AND,0F7H) 
0297 OUTPUT!229)=PORTB 
029C TIME5=450 

02A2 170 SYST5=0 

02A7 GO TO 410 

02AA c SET RESTARTS IF SCALE TURNED OFF 
02AA 400 RESTART5=1 

02AF SYST5=1 
02B3 c 

02B3 c 

02B3 Q 

02B3 c SCALE B CHECK 
02B3 c IF CYCLE TOO LONG, TURN ON ROLLS TOO SLOW 
02B3 410 IF!COUNT6.LT.30O)G0 TO 415 
02BF PORTC=!PORTC.AND.OEFH) 

Figure C-2. (Continued) 
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UTI F0RT//80 COhPILER: PAGE 000o> 

02C7 OUTPUT(230)=PORTC 
02CC C IF SCALE B OFF, SET RESTARTS AND CHECK SCALE 
02CC 415 IF'(rNPUT<223).AND.OIOH).E3.0)G0 TO 580 
02D5 IF>RESTARTS.EQ.O)GO TO 416 
02DD TIME6=0 

02E3 C0UNT6=0 

02E6 RESTART6=0 

02EB PORTC=(PORTO.AND.OlEH) 
02F1 SYST6=0 
02F5 416 IF(N0R0LL6.NE.0)G0 TO 40 

C IF ENDCGM6 SET. SiaP ROLL SPEED CHECK 
02FD 417 IF(ENDC0M6.HE.0)G0 TO 490 
0305 C INPUT WEIGHT 

0305 ADCh=3H 

030A 420 CONTINUE 

030A IF((ADCC.AND.SOH).EO.O^GO TO 420 
0314 430 WT6=AriCD 

031E C INPUT SETPOINT 

03IE 440 CONTINUE 

031F IF((ADCC.AND.SOH).EQ.0)G0 TO 440 
0329 450 STP6=ADCD 
0333 IF(WT6-0.7!KSTP6)460r470,470 
033F C TURN ON BULK 

033F 460 P0RTC=<PORTC.0R.20H) 
034A 0UTPUT(230>=P0RTC 

034F GO TO 40 

0352 C TURN OFF BULK AND TURN ON DRIBBLE 
0352 A-'O PORTC=((P0RTC.0R.40H).AND.ODFH) 

035C OUTPUT(230)=PORTC 

0361 IF(WT6-0.9*STP6)40,480,430 
0370 C TURN OFF DRIBBLE AND WEIGHT ALARMS 
0370 480 PORTC=((PORTC.AND.OIFH).OR.OEH> 
037D OUTPUT(230>=PORTC 
0382 C SET UP DELAY FOR CALCULATIONS 

0382 ENDCALC6=C0UNT6+50 

038C C SET FLAG TO SKIP ROLL SPEED CHECK 

038C ENDC0M6=1 

0391 490 IF(ENDCALC6.GT,C0UNT6)G0 TO 40 

039F C THIS ROUTINE CALCULATES TIME NEEDED 
039F C SETS ALARMS 

039F 500 ENriC0M6=0 

03A,> N0R0LL6=1 

03A8 C INPUT WEIGHT 

03A8 ADCM=3H 

03AD 510 CONTINUE 

03AD IF((ADCC.AND.SOH).EQ.0)G0 TO 510 

03B7 520 WT6=ADCD 

0301 C INPUT SETPOINT 

03C1 530 CONTINUE • 

03C2 IF(^ADCC.AND.SOH),EQ.O)GO TO 530 

03CC 540 STP6=ADCD 

03D6 C TURN OFF SCALE B 

Figure C-2. (Continued) 
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03D6 RORTC=:RCRTC.AMTi.OFDH) 
03DF OUTPUT(230)=RORTC 
C3E4 C CALCULATE TIME6 
03E4 TIME6=((WT6/STP6)*450.0) 
03F6 C CHECK FOR WEIGHT ALARMS 
03F6 IF<TIME6.GT.400)G0 TO 550 
0402 C IF TIME6 LESS THAN 40 SECONDS* TURN ON LOW A' ARM 
0402 PORTC=<PORTC.AND.OFBH) 
040A OUTPUT(230)=PORTC 
040F GO TO 570 

0412 IF(TIME6.LT.500)60 TO 570 
041E C IF TIMES MORE THAN 50 SECONDS. TURN ON HIGH ALARM 
041E PORTC=(PORTO.AND.OFDH) 
0426 OUTPUT(230)=PORTC 
042E! 560 IF(TIME6.LT.900)00 TO 570 
0437 C IF TIME6 MORE THAN 90 SECONDS. TURN ON MAI FUNCTION Al APn 
0437 C AND SET TIME6=450 

0437 PORTC= < PORTC.AND.0F7H) 
043F OUTPUT(230)=PORTC 
0444 TIME6=450 

044A 570 SYST6=0 

044F GO TO 40 

0452 580 RESTART6=1 

0457 SYST6=1 
045Ei GO TO 40 

045E STOP 

0461 END 

PROGRAM STORAGE= 0932 

UARIABLE 3TDRA6E= 0000 

TOTAL PROGRAM 3T0RAGE= 2789 

TOTAL VARIABLE STORAGE= 0043 

SYMBOL TABLE 

042B 560 

044A 570 

0412 550 

03CC 540 

03C2 530 

03B7 520 

03AD 510 

Figure C-2. (Continued) 
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039F 

0373 

0352 

0342 

0329 

031F 

0314 

030A 

0391 

02FD 

02F5 

0452 

02CC 

02AA 

02A2 

026A 

OPIA 

0224 

021A 

020A 

0200 

01F2 

OlCi 

0B16 

01A5 

0195 

0B12 

017C 

0172 

0162 

0158 

01F4 

014P 

0283 

0143 

01in 

0104 

3FD9 

3FnA 

3FDE 

3FE2 

3FE4 

3FE6 

3FE3 

:3FE9 

3FEA 

3FEB 

3FEC 

3FEn 

3FF1 

3FF5 

3FF7 

500 

480 

470 

460 

450 

440 

430 

420 

490 

417 

416 

530 

415 

400 

170 

150 

450.: 

140 

130 

120 

110 

105 

90 

0.9 

30 

70 

0.7 

65 

60 

55 

50 

100 

47 

410 

46 

45 

40 

RORTA 

STP6 

WT6 

ENDCALCc 

TIME6 

C0UNT6 

RESTARTS 

N0R0LL6 

PORTC 

ENIiCOflo 

SyST6 

STR5 

UTS 

ENHCALCS 

TIMES 

Figure C-2. (Continued) 
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IJTI l-ORT.'/S.) ' On'^'lLCP' V7..3C PAGF 00O9 

3rF9 COUNTS 
3FFIi RESTARTS 

3FFC NOROLLS 
3FFri PORTB 

3FFE ENnCOriS 

3FFF SYST5 
F71A ADCD 

F719 ADCC 

F718 ADCM 

04F6 FLOAT DEBUG 

Figure C-2. (Continued) 
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l.rn FORT//SO COMPILER V3.3C PAGE 0001 

0000 C title: RE02.FTN 
■0000 C author: EUERFTTE h. ELDRIDGE 
0000 c hate: 6-5-Sl 
0000 c LAST REVISION DATE: 7-13-81 
OOCO revision: remove divide by six in INTERRUPT ROUTINE 
0000 
OOOO THIS PROGRAM OPERATES TWO BATCH SCALES. THE 
0000 OPERATOR INTERFACE WITH THE- MICROCOMPUTER 
0000 CONSISTS OF THE FOLLOWING; 
0000 (li TTY THIS DEVICE IS USED TO CHANGE CONSTANTSf 
0000 SUCH AS SETPOINTS. CYCLE TIME, ROLL SPEED 
0000 c SETPOINT(BDB) .AND ROLL STOP SETPOINT<MIS). 
0000 c IT ALSO INDICATES ALARM MESSAGES AND CONSTANT 
0000 c VALUES ON REOUEST, 
0000 c CM ALARM HORN ONE FOR EACH SCALE. THIS DEVICE 
OOOC c NOTIFIES WHEN AN Al. ARM HAS BEEN SENSED. 
0000 c (3> SCALE ON/OFF SWITCH ONE FOR EACH SCALE. WHEN 
0000 c IN THE 'ON' POSITION. THIS DEVICE PUTS THE 
0000 c (4) POWER ON/OFF SWITCH THIS DEVICE TURNS POWER 
0000 c ON THE MICROCOMPUTER. 
0000 c 
0000 c SUBROUTINES AND INTERRUPTS 
0000 c INTERRUPT 7: CLOCK INPUT 
0000 c cout: output to tty 
0000 c cinp: input from tty 
0000 c initialize: initializes i/o and constants 
0000 c arun: run scale a 
0000 c brun: run scale b 
0000 c choose: find which scale is chosen 
0000 c prlist: list value of constants on tty 
0000 c YN! CHECK IF CONSTANT IS NECESSARY 
0000 c valin: get new value from tty 
0000 c factor: compute new constant vai.ue 
0000 c what: decides what function to do 
0000 c horna: alarms for scale a 
0000 c hornb: alarms for scale b 
0000 c calibrate: writes value scale's a/d to tty 
0000 c 
0000 c TTY input COMMANDS 
0000 c KEY pressed ASCII VALUE FUNCTION 
0000 control e 05H MIS INPUT 
OOOO control d 04H BBS INPUT 
0000 control t 14H CYCLE TIME INPUT 
OOOO CONTROL S 13H SETPOINT INPUT 
OOOO CONTROL OIH SCALE A CHOSEN 
OOOO CONTROL 02H SCALE B CHOSEN 
OOOO CONTROL OCH LIST CONSTANTS 
OOOO CONTROL 08H LIST ALARMS 
OOOO CONTROL lAH CALIBRATE 
OOOO 

OOOO SET STARTING ADDRESS OF EPROM 
OOOO C0MPILER(1)=00H 

Figure C-3. Program Listing for Second Revision 
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UTI FOI 

0006 c 

0006 C 

0006 

0006 

0006 

0006 

0006 c 

0006 c 

0006 

0006 c 

0006 c 

0006 c 

0006 c 

0006 c 

0006 c 

0006 c 

0006 c 

0006 c 

0006 c 

0006 

0006 c 

0006 c 

0006 c 

0006 c 

0006 c 

0006 c 

0006 c 

0006 c 

0006 

0006 

0006 

0006 

0006 c 

0006 c 

0006 c 

0006 c 

0006 c 

0006 c 

0006 c 

0006 c 

0006 c 

0006 c 

0006 c 

0006 c 

0006 c 

0006 c 

0006 c 

0006 c 

0006 r 

0006 c 

0006 c 

0006 c 

COhULEFi' .3C F'AGe: 0002 

INITIALIZE THE A/D BOARD MEMORY MAPPED LOCATION 
C0MPILER<3)=0F719H 

INTEGER*! ADCC-ADCM 

C0MPILER<3)=0F71BH 

INTEGERtZ ADCD 

SET LAST ADDRESS OF RAM 

C0MPILER(3)=O3FFFH 

DECLARE GLOBAL VARIABLES 

MISCELLANEOUS VARIABLES 

EXPLANATION OF VARIABLES 

IBLANK-<N0T USED)=1,UILL CAUSE TTY IN TO SKIP SCALE RUN 
OBLANK-(NOT USED)=1> WILL CAUSE TTY OUT TO SKIP SCALE RUN 

CHIN(1)-CHARACTER INPUT FROM TTY 

SCALE-SCALE REQUESTED FROM TTY 

UHICH-FUNCTION OR CONSTANT REQUESTED FROM TTY 
SKIPUHAT-JF=1, CONSTANT HAS BEEN CHOSEN» SKIP SUB WHAT 

SKrPYN-IF=l, YES HAS BEEN RECEIVED. SKIP SUB YN 

STAT-STATUS FROM TTY PORT 

PORTA-PARALLEL INPUT PORT STORAGE 

DUMMY-CHARACTER TO DE OUTPUT ON TTY 

CO-STORES LOCATION OF TTY OUTPUT ROUTINE COUT 
CI-STORES LOCATION OF TTY INPUT ROUTINE CINP 
NEWVAL-NEU CONSTANT VALUE 

LETTER-VALUE OF CONSTANT OUTPUT IN WRITE STATEMENT 
RENEU-FLOATING POINT VALUE OF NEWVAL 

INTEGER*! IBLANK.OBLANK.CHIN(!).SCALE 

INTEGER*! WHICH.SKIPWHAT.SKIPYN.STAT.PORTA 

INTEGER*? DUMMY.CO.CI.NEWVAL.LETTER 

REAL*4 RENEW 

VARIABLE DESCRIPTION FOR EACH SCAI.E ARE SIMILAR. 

REPLACE * WITH SCALE LETTER CA' OR'B") 

SYST*-IF =!.SKIP START CHECK 

NOROLL*-IF =!. SKIP ROLL SPEED CHFCK 

PORTB-PARALLEL OUTPUT FOR SCALE A 

PORTC-PARALLEL OUTPUT FOR SCALE B 

SRA*-IF =!,SKIP SLOW ROLL CHECK 

ALARM*-STORAGE WHICH TELLS ALARMS DETECTED 
RESTART*-IF =!,RESTART IS NEEDED 

ENDCOM*-COMPARISON FOR ROLL SPEED COMPLETED 
M*-INTEGER STORAGE FOR MIS CONSTANT 

B*-INTEGER STORAGE FOR BDS CONSTANT 

TIME*-CYCLE TIME CALCULATED 

SCNT*-SYSTEM COUNT 

ENDCALCT-UHEN NEW CALCULATION FOR SCALE CAN BEGIN 

C*-INTEGER STORAGE FOR CYCLE TIME CONSTANT 
S*-INTEGER STORAGE FOR SETPOINT 

WT*-REAL VALUE OF WEIGHT RECEIVED 

WTI*-INTEGER VALUE OF WEIGHT RECEIVED 
BD*-REAL STORAGE OF BDS CONSTANT 

Figure C-3. (Continued) 
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!jri FORT,-/so COhPILER V3.3C 
PAGE 0003 

noOK. C 

0006 c 

0006 n-

0006 Q 

00C6 c 

0006 c 

0006 c 

0006 

0006 C 

0006 c 

0006 

0006 

0006 

0006 

0C06 

OOOo c 

0006 

0006 

0006 

0006 

0006 

0006 c 

0006 c 

O006 

0040 C 

0040 c 

0040 c 

0040 c 

0040 c 

0040 

0040 

004A 

0054 c 

0054 

005C 

0064 

0072 c 

0072 

007A 

0082 

0087 

008C 

0094 

009C 

OOAA 

00B2 

OOBA 

OOBF 

00C4 

OOCQ 

OODC 

00E2 

MIS!tc-REAL STORAGE OF MIS CONSTANT 
BriI*-INTFGER STORAGE OF BDS COMPARISON AMOUNT 
MISIK-INTEGER STORAGE OF MIS COMPARISON AMOUNT 
COUNT*-real storage of CYCLE TIME CONSTANT 
STP*-REAL STORAGE OF SETPOINT 
LO*-LOW ALARM SETPOINT 
KI*-urGH ALARM SETPOINT 

HJKI*-hALFUNCTIDN ALARM SETPOINT 
ROLL*-ROLL SPEED ALARM SETPOINT 
THESE VARIABLES ARE FOR SCALE A 
INTEGER^l SYSTA.NOROLLA » PORTB > SRAA > ALARMA 
INTEGER*1 RESTARTA,ENDCOMA•MA r BA 
INTEGER*2 TIMFAiSCNTA>ENDCALCA>CA>SA,MISIAtBDIA»UTIA 
INTEGER*2 LOA.HIAiHIHIA»ROLLA 
REAL*A UTA,BDA.MISA.COUNTA.STPA 
THESE VARIABLES ARE FOR SCALE B 
INTEGER*! SYSTB.NOROLLB.PORTC.SRAB.ALARMS 
INIEGERYl RESTARTS,ENDCOMB.MB.BB 
INTEGER*2 TIMFB» SCNTB r ENDCALCB t CB» SB j MISIB•B[iIB.WTIB 
INTEGER*2 LOB.HIB.HIHIB.ROLLB 
REAL*4 WTB»BDBiMISB»COUNTB,STPB 

SET STARTING ADDRESS FOR PROGRAM CODE 
C0MPILER(2)=040H 
INTEF.'RUPT SERVICE ROUTINE! THIS ROUTINE 
increments SYSTEM COUNT FOR EACH SCALE 
'SCNTA AND SCNTB). IT ALSO STARTS NEXT 
SCALE CYCLE AND RESETS SCALE COUNTS TO 0. 
IT IS INITIALIZED BY A LOW PULSE ON PIN Jl-49. 
INTERRUPT 7 

SCNTA=SCNTA+i' 
SCNTI-;=3CNTB+1 

CHECK FOP SLOW ROLL SPEED 
IF(NOROLLA.NE.O)GO TO 5 
IFLSRAA.NE.OGO TO 5 

IF':SCNTA.LT.ROLLA)GO TO 5 
SET ALARM BIT AND TURN ON HORN 

ALARMA=ALARMA.0R.01H 
PORTB=PORTB.OR.02H 

OUTPUT!229)=PORTB 
SRAA=1 

IF<.NOROLLB.NE.O>GO TO 10 
IF(SRAB.NE.O!GO TO 10 
IF(SCNTB.LT.ROLLB)GO TO 10 
ALARMB=ALARMB.0R.01H 
PORTC=PORTC.OR.02H 

OUTPUT(230)=PORTC 
SRAB=1 

10 TF(SYSTA)11,11,20 
11 IFCSCNTA.LT.TIMEA)60 TO 20 

SCNTA=0 

N0R0LLA=0 

Figure C-3. (Continued) 

https://RESTARTS,ENDCOMB.MB.BB
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UTI f-0RT//80 COriF'ILER V3.3C 
F'AGE 0004 

00E7 C TURN ON SCALE A 
POF\'TP=(F'ORTB.OR.OIH) 

<H>EC output(229>=PORTF 
fOEF SYSTA=1 
OOF3 20 IF<3YSTB)21.21,30 
00F7 21 IF(3CNTB.LT.TIrtEB>G0 TO 30 
<>10B SCNTB=0 

•^111 NCR0LLB=0 
■^11" C TURN ON SCALE B 

PORTC= (PORTC . OR . OIH ) 
OUTPUT (230 )=PORTC

01IE SYSTB=1 
0122 30 ENABLE 
0123 RETURN 
012<^ END 

PR03F;A.", 3T0RA6E= 0240 

VARIABLE STORAGE- 0000 

SYOBUL TABLE 

0122 30 
OOFD 21 
00F3 20 
OOCE 11 
O0C4 10 
008C 5 
0054 1 

Figure C-3. (Continued) 
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.•!!J fort//so compiler 'v'3.3C PAGE 0005 

0109 C 

0129 SUBROUTINE APUN 
0129 INLINE/0C5H,0D5H»0E5H.0F5H/ 
01211 C IF SCALE A TURNED OFF. SET RESTAPT=1, 
012D C SYSTA=1. AND RETURN 

'>1211 300 IF((INPUT(228).AND.OIH).EQ,0)G0 TO 490 
0136 IF(RESTARTA.EG.O)GO TO 346 
013E ENDC0MA=0 

0143 SCNTA=0 
0149 t:mea=o 

014C RESTARTA=0 

0J51 N0R0LLA=1 

0155 SYSTA=0 
C15C 346 IF(MOROLLA.NE.O)GO TO 495 

'■l/.O C IF FEED COMPLETE. SKIP ROLL RUN PART 
Oli'O IF (ENDCOMA.Nt.O)GO TO 400 
0160 C INPUT WEIGHT OF A 
0163 ADCM=1 
016D 350 CONTINUE 
016D IF.: (ADCC. AND.80H) .EQ.O)GO TO 350 
0177 WTIA=AriCD 
017D C IF WTIA<BDIAf TURN ON BULK 
017D IF(UTIA-BDIA)370»330»380 
018C 370 PORTB=PORTB.OR,20H 
0197 0UTfi'LiT(229)=P0RTE 
019C GO "0 495 
019F C IF UTIA/MISIA, turn ON DRIBBLE AND TURN OFF BULK 
019F 330 IF(UTIA-MISIA)385.390.390 
OlAE 385 P0RTB=(P0RTB.0R.40H).AND.ODFH 
OlEB 0UTPUT(22?)=P0RTB 
OICO GO TO 495 
C1C3 390 PORTB=PORTB.AND.OIFH 
OICD OUTPUT(229)=PORTB 
01 DO C SET UP 5 SECOND DELAY BEFORE CALCULATIONS 
OlDO ENDCAI.CA=SCNTA+50 
OlDA ENDC0MA=1 
OlDF C CHECK IF TIME TO CALCULATE 
OlDF 400 IF(ENDCALCA.GT.SCNTA)GO TO 495 
OlED C THIS PORTION CALCULATES TIME NEEDED AND SETS 
01 ED C ALARMS 
OlED SYSTA=1 
01F2 ENDC0MA=0 
OIF.;. N0RCLLA=1 
OlFA C INPUT WEIGHT VALUE 
OlFA ADCM=1 
OlFF 410 CONTINUE 
OlFF IF((ADCC.AND.80H).EQ.O)GO TO 410 
0209 IJTA=ADCD 
0213 C TURN OFF SCALE A TO ALLOW IT TO DUMP 
0213 PORTB=PORTB.AND.OFEH 
021C OUTPUT(229)=PORTB 
0221 C CALCULATE THE TIME NEEDED 

Figure C-3. (Continued) 
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IJTI r0RT//30 COhPILER l-'3.3;C F-AGE 0006 

•0921 TIMEA=f(UTA/STPA)*COUNTA> 
0233 C CHECK FOR ALARMS 

0233 IFCTIMEA.LT.LOA)A!, ARMA=AI ARMA,DR.02H 
0249 IF(TIMEA.G1.HIA)ALAR;1A=ALARMA.OR.04H 

025F IF''TIMEA.LT.HIrlIA)GO TO 470 
02611 ALARMA=ALARMA.OR.03H 
0275 TIMEA^CA 

027E 470 IF(ALARMA.EQ.OGO TO 480 
C283 PORTB=PORTB.OR.02H 
023B OUTPUT(229)=PORTB 
0290 480 SYSTA=0 

0295 GO TO 495 
0298 490 PORTB=PORTB.ANIi.02H 
02AO OUTPUT(229)=PORTB 
02A5 NOROLLA=0 

02AA RE3TARTA=1 

02AE CYSTA=1 

02B2 495 (MLIME/0F1H,0E1H,0D1H.0C1H/ 
02B6 RETURN 

021:7 END 

PROGRAM STORAGE= 0398 

VARIABLE STORAGE= 0000 

SYMBOL TABLE 

0290 480 

027B 470 

OlFF 410 

01C3 390 

OlBl 385 

019F 380 

018F 370 

016D 350 

OlDF 400 

02B2 495 

0158 346 

0298 490 

012D 300 

Figure C-3. (Continued) 
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UTI F0RT//80 COMPILER V3.3C PAGE 0007 

02Ei7 C 

0287 C 

02H7 SUBROUTINE BRUN 
02EI7 INLIN'E/CC5Hf0D5H.0E5H.0F5H' 
02EIP C IF SCALE B TURNED OFF. SET RESTARTB ANB SYSTE; 
02t<B C TO 1 AND RETURN 

02EIB 600 IF((INPUT(228).AND.lOH).EQ.OH)GO TO 790 
02C4 IFa?ESTARTB.EQ.O)Gn TO 646 
02CC ENDC0MB=0 

02111 SCNTH=0 

02117 TIMEB=0 

OODA RESTARTB=0 
02PF N0R0LLB=1 

02E3 SVSTB=0 

02E6 C IF WAITING FOR SCALE START, RETURN 
02E6 646 IF(N0R0LLB.NE.0)G0 to 795 
02EE C IF PEED COMPLETE, SiaP SCALE FEED PART 
02EE IF(ENDCOME,NF.O)GO TO 700 
02Fi. c INPUT WEIGHT FOR B 

02F6 ADCM=3 

02FB 650 CONTINUE 
02FB IF((Ai:iCC.AND,80H).EQ.O)GO TO 650 
0305 UTIB=ADCD 

030B c IF WTIB<BDIB, TURN ON BULK 
030B IF(UTIB-BDIB>670,680,680 
031A 670 PORTC=PORTC.OR.20H 
0325 OUTPUT(230)=PORTC 
032A GO TO 795 

032D c IF WTIBCMISIB, TURN ON DRIBBLE AND TURN OFF BULK 
032D 680 IF(UTIB-MISIB)685,690,690 
033C 685 PORTC=((P0RTC.0R.40H).AND.ODFH) 
0349 OUTPUT(230)=PORTC 
034E GO TO 795 

0351 c IF UTIB> OR =MISIB, TURN OFF DRIBBLE 
0351 690 PORTC=PORTC.AND.01FH 
0359 OUTPUT!230)=PORTC 
035E c SET UP 5 SECOND TIME DELAY BEFORE CALCULATIONS 
035E ENDCALCB=SCNTB+50 
0368 ENDC0MB=1 
03611 c IS IT READY FOR CALCULATIONS 
0360 700 IF(ENDCALCB.GT.SCNTB)GO TO 795 
037B c THIS PORTION CALCULATES TIME NEEDED AND ■qr TS 
037B c ALARMS 
0370 Sy<:TB=l 
0380 ENDC0MB=0 
0384 N0R0LLB=1 
0388 c INPUT WEIGHT OF B 
0388 ADCM=3 
0S3D 710 CONTINUE 
033D IF((ADCC.AND.80H).EQ.O)GO TO 710 
0397 WTB=ADCD 
03A1 c TURN OFF SCALE B TO ALLOW DISCHARGE 

Figure C-3. (Continued) 
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DTI F0FVT//30 COMPILEF' V3.3C PAGE 0008 

03A1 PORTC=PORTC.AfJ0.OFEH 
03AA OUTPUT(230)=PORTC 
03AF C CALCULATE TIME REQUIRE0 
03AF TIME;0=( c WT0/STP0)*COUNTB) 
03C1 c CHECK FOP ALARMS 

C3C1 IF(TIMEB.LT,LOB>ALARM0=ALARMB.OR.O2H 
0307 IF(TIMEB.GT.HIB)ALARMB=ALARMS.OR.04H 
O3E0 IF(TIMEE.LT,HIHIB)GO TO 770 
03FB ALARMB=ALARMB.OR.08H 
0403 TIMEB=CB 

0409 770 IF(ALARMB.EQ.OGO TO 780 
0411 PCiRTC--P0RTC.0R.02H 
041? OUTPUT(230>=PORTC 
0412 780 SY3TB=0 

0423 GO TO 795 

0426 7^0 PORTC'-PORTC.AND.02H 
042E OUTPUT':230>=PORTC 
0433 N0R0LLe=0 

0438 RESTARTB=1 

043C SYST0=1 

0440 795 IHLINE/OF1H.OE1H,O01HfOClH/ 
0444 RETURN 

0445 EN0 

PROGRAM STORAGE= 0398 

oariahle storage= oooo 

GYMSOL TABLE 

041E 730 

0409 770 

033D 710 

0351 690 

033F 685 

0320 680 

0310 670 

02FB 650 

0360 700 

0440 795 

C2E6 646 

0426 790 

0200 600 

Figure C-3. (Continued) 

https://IF(TIMEB.GT.HIB)ALARMB=ALARMS.OR
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^JTI F0RT//80 COMPILER V3.3C 
PAGE 000? 

0445 

0445 

0445 SUBROUTINE COUT 
0445 THIS ROUTINE TAKES UARIABLE LOCATED IN THE 
0445 C REGISTER AND PLACES IT TO THE TTY. IF THE 
0445 STATUS BIT IS NOT SET THE ROUTINE WILL CALL 
0445 THE SCALE RUN PROGRAMS WHILE WAITING. 
0445 CONTENTS OF A AND C REGISTER IS DESTROYED. 
0445 

0445 100 INLINE/0F5H/ 

(M46 110 IF( CINPUTCOEDH).AND.OIH).NE.OGO TO 120 
044r IF(0BLANK.N£.0)G0 TO 115 
0457 CALL ARUN 
045A CALL BRUN 
04511 115 GO TO 110 
0460 120 INLINE/79H.32H.ADDRESS(DUMMY)/ 
0464 OUTPUT(:0ECH1=DUMMY 
0469 INLINE/OFIH/ 
046A RETURN 

046E; END 

PROGRAM STORAGE= 0038 

OARIABLE STORAGE= 0000 

SYMBOL TABLE 

;:45D 115 

0460 120 

0446 110 

0445 100 

Figure C-3. (Continued) 
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IJTI F0RT//80 COMPILER '-'3.3C 
PAGE 0010 

046B C 

046B SUBROUTINE CINP 
046B C THIS ROUTINE TAKES KFYPRFSSED FROM TTY AND 
046B c INPUTS INTO BUFFER IF CARRD. CONTENTS OF 
046B c A REGISTER DESTROYEH. 

046B 125 INLINF/0C5H/ 
046C IF(CARRYOFF)GO TO 130 
046F CALL COUT 
0472 GO TO 145 
0475 130 IF((INPUT(OEDH).AND.02H).NE.O)GO TO 140 
047E IF(IBLANK.NE.0>60 TO 135 
0486 CALL ARUN 
0489 CALL BRUN 

04SC 135 GO TO 130 

048F 140 INLINE/0BEH.0ECH,0E6Ht07FH/ 
0493 145 INLINE/OCIH/ 
0494 RETURN 

0495 END 

PROGRAM ST0RA6E= 0042 

yARIAHLE STORAGE-' 0000 

SYMBOL TABLE 

0A3C 135 

04OF 140 

0493 145 

0475 130 

C46E 125 

Figure C-3. (Continued) 
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IJTI FORT//go COMPILER y3.3C 
PAGE 0011 

0495 

0495 

0495 SUBROUTINE INITIALIZE 
0495 THIS ROUTINE INITIALIZES ALL THE PARALLEL 
0495 I/0» ANALOG I/0> SERIAL I/0» AND SYSTEM CONSTANTS. 
0495 

0495 200 DISABLE 

0496 INITIALIZE SERIAL PORT 
0496 20 MA CURRENT LOOP» 300 BAUDi PARITY OfFr 
0496 ♦ OF BITS=8» tOF STOP BITS=1 
0496 0UTPUT(0EDH)=0CFH 
049A OUTPUTtoeDH)=025H 
049E INLINE/21HrADDRESS(COUT>f22H,ADDRESS(CO)/ 
04A4 INLINE/21H»ADDRESS(CINP),22H»ADDRESS(CI)/ 
04AA INITIALIZE PARALLEL I/O PORTS 
04AA PORT 0E4H INPUT BIT ♦0 = SCALE A ON/OFF OR RESTART 
04AA (228) 1 = NOT USED 
04AA 2 = NOT USED 
04AA 3 = NOT USED 
04AA 4 = SCALE B ON/OFF OR RESTART 
04AA 5 » NOT USED 
04AA 6 = NOT USED 
04AA 7 » NOT USED 
04AA SCALE A 

PORT 0E5H04AA OUTPUT BIT ♦0 = SCALE A ON/OFF 
04AA (229) 1 = ALARM HORN 
04AA SCALE B 2 » NOT USED 
04AA PORT 0E6H 3 = NOT USED 
04AA (230) 4 = NOT USED 
04AA 5 = BULK SPEED 
04AA 6 = DRIBBLE SPEED 
04AA 7 = NOT USED 
04AA 

04AA 0UTPUT(231)=090H 
04AE 0UTPUT(229)=0 
04EI2 0UTPUT(230)=0 
04B6 

04B6 initialize A/D 
04B6 THIS INITIALIZES BOARD SO THAT WHEN! 
04B6 ADCM=1, THEN ADCD=WEIGHT OF SCALE A 
04B6 ADCM=3. THEN ADCD=UEIGHT OF SCALE B 
04B6 

04B6 ADCC=018H 
04BP 

04BB INITIALIZE CONSTANTS 
04BB DUMMY=0 

04C1 IBLANK=0 

04C6 0BLANK=0 
04C9 STAT=0 

04cri SKIPWHAT=0 
04D1 SKIPYN=0 
04D4 CHIN(1)=0 

Figure C-3. (Continued) 
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l.'TI FOPT/,•'SO COMPILER 03 

04lie SCALE=0 

O-U'iB UHICH=0 

OABE LETTER=0 
04E4 ?JEU0AL=0 
04E7 MA=90 

04EC BA=70 
04EF CA=450 

04F5 SA=0 

04FP SCNTA=0 
04FE C0UNTA=450.0 
0508 TIMEA=0 

050F SYSTA=0 

0514 NCR0LLA=0 

0517 RESTARTA=0 

051B ENPC0MA=0 

05IE SRAA=0 

0522 P0RTB=0 

0525 ALARMA=0 

0529 EHriCALCA=0 
052F MISA=0.0 

0539 BDA=0.0 
0540 STPA=0.1 

0547 HISIA=0 

054E BDIA=0 

0551 L0A=400 

0557 HIA=500 

055C HIHIA=900 

0562 R0LLA=300 

0563 MB=90 

056B BB=70 

0570 CB=450 

0576 SB=0 

057C SCNTB=0 

057F COUNTB=450.0 
0589 SYSTB=0 

058F N0R0LLB=0 

0592 RESTARTB=0 

0596 ENDC0HB=0 

0599 SRAB=0 

C59D P0RTC=0 

05A0 ALARMB=0 

05A4 E»DCALCB=0 
05A A MISB=0.0 

'05B4 BDB=0.0 

05BB STPB=0.1 

05C2 MISIB=0 
05C9 BBIB=0 

05CC LCiB=400 

05D2 HIB=500 
05117 HIHIB=900 

OSBB RDLLB=300 
05E3 ENABLE 

Figure C-3. (Continued) 

page: 0012 
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l.iri Ff.iF;T//:-;C COMPILER 03.30 PAGE 0013 

OCIE'I RETURN 

00E5 END 

PROGRAM STORAGE= 0336 

UARIADLE STORAGE= 0000 

SYMBOL TABLE 

1A70 0.1 

lAiC 0.0 

1.A68 450.0 

04P5 300 

Figure C-3. (Continued) 
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!..in rpRr/'so comf'Iler v3.3C PAGE 0014 

05E5 C 

0GC5 C 

03EG SUFROLITINE PRI.IST 
05EJ c OUTPUTS VALUES OF CONSTANTS FOR :CALE CHOSEN 
05E5 TO TTY 

05E5 1200 IF(SCALE.EQ.041H)LETTER=MA 
05F7 IF(3CALE.EQ.042H)L£TTER=MB 
0609 UPITECCOr1220>LETTER 
0617 1220 format(' MATERIAL-IN-SUSPENSION = 'Z.') 
0617 IF<SCALE.EQ.041H)LETTER=PA 
0629 IF(SCALE.EQ.042H)LETTER=BD 
063B WRITE(C0.1230)LETTER 
0649 1230 FORhAT < '' BULK/DRIBBLE = ',12. 
0649 IF(SCALE.E0.041H)LETTER=CA 
0657 IF(SCALE.EQ.042H)LETTER=CB 
<;665 WRITE(CO.1240)LETTER 
0673 1240 FCRMAT('CYCLE TIME = ',13 TENTHS OF SECOND: 
0673 IF(SCALE.EQ.041H)LETTER=SA 
06S1 IF(SCALE.EQ.042H)LETTER=SB 
068F WRITE^(0•1250)LETTER 
06911 1250 FORMAT('SETPOINT = ',13,' POUNDS. 
06911 RETURN 

069E END 

PROGRAM 3T0RACE= 0324 

VARIABLE STOPAGE= 0000 

SYMBOL TABLE 

05t:5 1200 

Figure C-3. (Continued) 
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■)69E C 
069E C 
069E SUBROUTINE HORNA 
06^E C THIS ROUTINE OUTPUTS ALARMS FOR SCAI.E A 
069E c ALARMA BIT ♦ 0 = 1, SLOU ROLL SPEED 
069E c 1 = 1, LOU UEIGHT 
069E c 2= 1, HIGH UEIGHT 
069E c -■ = 1 , MALFUNCTION 
069E 1300 IF(AI.ARMA.NE.0)6O TO 1304 
0c:.A6 URITE(CO.1301) 
06AE 1301 FORMAT(' NO ALARMS') 
06Al 60 TO 1340 
06B1 1304 IF((ALARMA.ANB.OIH).EQ.O)GO TO 1310 
06 BB URITE(C0,1305) 
06C3 1305 FORMAT! ' POLL SPEED TOO SLOU. ') 
06C3 1310 IF( (ALARMA.AND.02H).EQ.O)GO TO 1320 
06CD l..ETTER= (lJTA/4095 . 0 ) *200 . 0 
C6riF 
06Eri 
OAED 

1315 
1320 

WRJTE(CO,1315)LETTER
FORMATS ' LOU UEIGHT = ',13, ' LBS . ' )
IF( ! AI.ARMA. AND.04H > .EQ. 0)G0 TO 1330 

06F7 LETTER=(WTA/4095.0)*200.0 
0709 
0717 
0717 

1325 
1330 

URITE(C0,1325)LETTER 
FORMAT!' HIGH UEIGHT = ',13 ,' LBS.')
IF!!ALARMA.AND.OSH),EQ.O)GO TO 1340 

0721 URITE!CO,1335) 
0729 1335 FORMAT! - SCALE MALFUNCTION. ' ) 
C729 1340 PORTP=PORTB.AND.OFDH 
0731 OUTPUT!229)=PORTB 
0736 SRAA=0 
073B ALARi'pA = 0 
0 73E RETURN 
073F END 

F-ROGRAM STORAGE= 0288 

VhRIAHLE ST0RAGE= 0000 

SYMBOL TABLE 

:)717 1330 
1B2E 200.0 
TB2A 4095.C 
06ED 1320 
00C3 1310 
0729 1340 
06B1 1304 
Oi.9E 1300 

Figure C-3. (Continued) 
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073F 

073F c 

073F 8LIBPDUTINE HORNB 
073F '? THIS FlOUTIiJF OUTPUTS ALARMS FOR SCALE B TO 
073F c ALARMS BIT 1- 0= 1. ROLLS TOO SLOW 
073F c 1 = 1> LOU UEIGHT 
073F c 2= 1, HIGH WEIGHT 
073F c 3= 1, MALFUNCTION 
073F 1400 IF(ALARMB.NE.OIGO TO 1404 
0747 WRITEICQ,1401) 
074F 1401 FORMAT.;' NO ALARMS') 
074F GO TO 1440 
0752 140-> IF( CALARMB.AND.OIH).EQ.OGO TO 1410 
0:'5C WRITE(C0,1405) 
■:v64 1405 FORMAT) ' ROLL SREED TOO SLOW. ') 
07 64 1410 IF ■: ) ALARMF;. aNFi . 02H . EO . 0 ) GO TO 14 20 
076E LETTEF;= ( WTB/4095 . 0 ) *200 . 0 
0730 WRITE(CO,1415)LETTER 
073E 1415 FORMAT; -' LOW WEIGHT = ',13,' LBS. ') 
078E 1420 IF((ALARMB.AND.04H) .EQ.0)GC TO 1430 
0798 LETTER=(UTB/4095.0)*200.0 
07AA WRITE (CO, 1425:, LETTER 
07E;8 14 25 FORMAT(' HIGH WEIGHT = ',13,' LB;S.') 
0758 1430 if;(ALARMB.AND.OSH).EG.0)GO TO 1440 
07C2 WRITE<CO,1435) 
07CA 1435 format;' scale malfunction') 
07CA 1440 F0RTC=R0RTC.AND.OFDH 
0 7D? OUTPUT!230)=P0RTC 
07D7 3RAB=0 
CO'DC alarmb=o 
07riF RETURN 
07E0 END 

F-ROGFAM ST0RAGE= 0287 

VARIADLE STOF<AGE= 0000 

GYMEDL TPiULE 

07f(8 1430 
07SE 1420 
0764 1410 
•)7Ch 1440 
075? 1404 
07:-r 1400 

Figure C-3. (Continued) 
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07E0 C 
07E0 C 

07E0 
07E0 c 

07E0 C 
C7E0 1000 
07F3 r 

07F3 
07rc 
07FF 1005 
OOOD 1010 
080 D 1015 
080E 1020 
0817 

081A 
03 ID 
081E 1025 
0826 1030 
0826 
0829 

SUEROLITIWE CHOOSE 
THIS RCUTINE DECIDES THE SCALE UHICH WAS 
WAS REQUESTED FROM THE TTY 
REAIKCI . ERr;=1025)3TRING(CHIN» 1)
IF CHARACTER IS CONTROL A. SCALE A CHOSEN 
IF(CHIN' 1).NF.01H)60 TO 1020 
SCALE=41H 
WRITE(COr1010)SCALE 
FORMATS * SCALE '>A1»' CHOSEN. ') 
RETURN 
IF(CHIN(1).NE.02H)G0 TO 1015 
SCALE=042H 
GO TO 1005 
RETURN 
WRITE(CO.1030)
FORMATC INCORRECT ENTRY. ENTER AGAIN. ') 
GO TO 1000 
END 

PROGRAM STORAGE= 0137 

VARIADLE 3T0RAGE= 0000 

SYMBOL TABLE 

C80D 1015 
;;7Fr 1005 
OOOE 1020 
OGIE 1025 
07E0 1000 

Figure C-3. (Continued) 
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oo9 c 

CS29 c 

OS29 SUBROUTINE CALIBRATE 
0329 c THIS ROUTINE INPUTS THF PRESENT UAl.UE OF CHOSEN 
0829 c SCALE'SANALOG INPUT AND WRITES IT TO TTY. 
0829 100 IF(SCALE.EQ.42H)G0 TO 120 
0831 IF(SCALE.NE.41H>G0 TO 150 
0839 AIiCM=l 

0S3E lie CONTINUE 
083E IF((ABCC.ANB.SOH).EQ.OIGO TO 110 
0349 GO TO 140 

034B 120 AriCM=3 

OSSO 130 CONTINUE 

O8S0 IF('[ABCC.AND.SOH).EQ.O)GO TO 130 
085A 140 LETTER=AriCD 

GoO WRITE(CO,145)LETTER 
OSSE 145 FORMAT( - ANALOG INPUT= ',15) 
oesE 150 RETURN 

ossr END 

PROGRAM STORAeE= 0093 

OARIABLF 8'rORAGE= 0000 

TYMtiOL T«I:LE 

0P50 130 

035A 14(: 

033E 110 

0£16E ISO 

0041; 120 

0829 100 

Figure C-3. (Continued) 
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OGf.F C 

036F C 

036F subroutine what 
ogaf THIS ROUTINE DECIDES WHAT FUNCTION THE OPERATOR 
CS6F c HAS REOUESTED FROM THE TTY 
036F 1025 IF 1 SCALE.EQ.O.GO TO 1198 
0877 C CHECK FOR MIS 
0877 1026 REaD(CI.ERR=10961STRING(CHIN,1) 
088A 1030 IF(CHIN(1).NE.05H)G0 TO 1050 
0893; WHICH=CHIN<1) 
0897 IF(SCALE.EQ.41H)LETTER=MA 
03A3 IF(SCALE.EQ,42H)LETTER=MFi 
081;A 1035 UPITE(CCf1040)LETTER 
08C8 1040 FORMATC -' THE PRESENT UALUE IS '■ > 12.'%. './.
0888 . ' DO rOU WANT TO CHANGE IT? ') 
OSCS GO TO 1095 
08C8 C CHECK FOR BUS 
08 C8 1050 IFlCHINd) .NE.04H)G0 TO 1060 
08D4 UHICH=CHIN(1> 
0888 IF(SCALE.EQ.41H)LETTER=BA 
0SE9 IF(SCALE.E0.42H)LETTER=BB
08F8 GO TO 1035 
08FE C CHECK FOR CYCLE TIME 
03FE 1 060 IF(CHINll :• .NF.14H)G0 TO 1080 
0°07 WHICH=CHIN(1) 
0908 IF(SCALE.EQ.41H)LETTER=CA 
0918 IF < SCALE.EQ.42H > LETTER=CB 
0926 10.65 WRITE(CD.1070)LETTER 
007.4 1 070 FCRMATC THE PRESENT VALUE IS 13. ' TENTHS '. 
093.4 . 'OF SECONDS.'./.' DO YOU WANT TO CHANGE IT? ')
0934 GO TO 1095 
0937 C CHECK FOR SETPOINT 
0937 1080 IF(CHIN(1).NE.13H)G0 TO 1100 
0940 WHICH=CHIN(1) 
0944 IF(SCALE.EQ.41H)LETTER=SA 
0951 IF(SCALE.EQ.42H)LETTER=SB
095F 1085 WRITE(CO.1090) LETTER 
096 D 1090 FOPMAT( ' THE PRESENT VALUE IS '. 13.' POUNDS. './. 
09611 . ' DO YOU WANT TO CHANGE IT? ') 
07611 1095 SKIPWHAT=1 
0972 RETURN 
0973 1 096 WRITE(CO.1097) 
0978 1097 FORMATC INCORRECT ENTRY. ENTER AGAIN. ')
097E: GO TO 1026 
0978 C CHECK FOR LIST 
09 78 1 IOC IF(CHIN(1).NF.0CH)G0 TO 1110 
0987 CALL PRI.IST 
098A 3CALE=0 
09SF RETURN 
0990 c THIS ROUTINE OUTPUTS AI.ARMS 
C990 1110 IF(CHIN(1).NE.08H)G0 TO 1130 
0999 IF(SCALE.NE.42H)G0 TO 1120 

Figure C-3. (Continued) 
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OPAO CALL HDRNB 

OPA3 SCALE=0 

09A8 RETURN 

OPA9 1120 IF(SCALE.NE.41H)G0 TO 1130 
OPBl CALL HORNA 

09B4 SCALE=0 

09B9 RETURN 

09BA C CHECK FOR REQUEST TO CALIBRATE. 
09BA 1130- -IF(CHIN(1).NE.01AH)G0 TO 1195 
09C3 URITE(CD»1135) 
09CB 1135 FORMAT(' DO YOU UANT TO CHECK CALIBRATION?'3 
09CB 1336 REAB(CI,ERR=1140)STRING(CHINt1) 
09BE IF(CHIN(1 :■ .EQ.4EH)G0 TO 1150 
09E7 IF(CIIIN : 1 ) . NE, 59H)G0 TO 1140 
09EB CALL CALIBRATE 
09F0 GO TO 1160 
09F3 1140 URITE(C0.1145> 
09FB 1 145 FORMATC INCORRECT ENTRY. ANSWER AGAIN. ' ) 
09FB GO TO 1136 
09FE 1150 WRITE(CO>1155) 
OA06 1155 FORMATC GOODBYE.') 
0A06 1160 SCALE=0 
OAOB RETURN 
OAOC 1195 WRITE(C0.1196) 
0A14 1196 FORMATC ENTER COMMAND AGAIN, PLEASE. ') 
0Ai4 1193 RETURN 
0A15 END 

PROGRAM SrORAGE= 0806 

VARIABLE STORAGE= 0000 

SYMBOL TABLE 

OA06 1160 
09FE 13 50 
0"F3 13 40 
09f:B 1136 
OAOC 1195 
C9A9 1120 
09BA 1130 
0990 1110 
()9SF 1085 
097E 1100 
0926 1065 
0937 1080 
08FE 1060 

096D 1095 
08BA 1035 

Figure C-3. (Continued) 
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08Cr: 1050 

0S8A 1030 

0<?73 109i 

:)077 102o 

OA34 1198 

08flF 1025 

Figure C-3. (Continued) 
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0A15 C 

0A15 C 

OAlG SUERDUTINE YN 

0A15 C THIS ROUTINE CHECKS ANSWER OF QUESTION. 
0A15 2000 REAIKCI•ERR=^20E.5)STRING<CHIN.1) 
0A28 IF(CHIN(1 > .,NE,04EH)GD TO 2020 
0A31 SKIPWHAT=0 

0A35 S0AlE=0 

OA39 WHICH=0 

0A3C WRITE(C0,2010) 

0A44 2010 FORMAT( '■ GOODHYE.') 
AA44 RETURN 
0A45 2020 IFfCHIN(l) .EQ.059H)G0 TO 2040 
0A4E WRITE(C0.2030) 
0A56 2030 FORMAK' ANSWER AGAINi PLEASE. ' '' 
0A56 RETURN 
OA57 2040 URITE(C0.2050) 
()A5F 2050 FORMAT(' ENTER NEW UALUE OF CONSTANT. ') 
0A5F 2060 SKIP't'N=l 
0A64 RETURN 
0A65 
0A6I.I 

2065 
2066 

WRITE(CO.2066) 
FORMATC INCORRECT ENTRY. ENTER AGAIN. ') 

0A6D GO TO 2000 
OA70 END 

PROGRAM STORAGE= 0210 

VAPIADLE STORAGE^ 0000 

SYMBOL TABLE 

0A5F 2060 
0A57 2040 
0A45 2020 
0A65 2065 
0A15 2000 

Figure C-3. (Continued) 
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OFi-0 

0Fi20 

OA70 SUBROUTINE FACTOR 

0A70 THIS ROUTINE COMRUTES THE NEW VAIJJE 

0A70 4000 renew=newi;al 

0A7A IF(SCALE.EQ.42H)G0 TO 4050 

0AC3 IF(SCALE.NE.4IH)RETURN 

0A6<' IF<WMICH.NE.05H)G0 TO 4010 

0A91 NISIA=':RENEW/100.0)*STRA 

0AA2 MA^NEUVAL 

0AA9 RETURN 

OAAA 4010 IF(WHICFI.NE.04H)G0 TO 4020 

'^AE:2 BBIA=(RENEW/100.0)*STRA 

0AC4 BA=NEWUAL 

OACA RETURN 

OACB 4020 TFCWHICH.NE.14H>G0 TO 4030 

0AD3 COUNTA=RENEW 

OADD LOA^O.votRCNEW 

UAE3 HIA=1.10*RFNEW 

(JAF6 HIHTA=2.04:RENEW 

0B04 R0LLA=0.75*RENEW 

0B12 CA=NEUUAL 

OEUS RETURN 

0Eh1'7 4030 IF(WHICF1.NE.13H)G0 TO 4040 

0E:21 STPA= C RENEW/200.0)■♦:4095 . 0 
0B33 r1I SA = HA 

0B42 «ISIA=(MISA/100.0)*STPA 
OEiSl BBA=^BA 
OB5F BE IA"(PDA/100.0)*STRA 
0B6E SA=NEUUAL 
0B74 4040 RETURN ■ 
0B~5 4050 IF(WHICH.NE.05H)G0 TO 4060 
0B7rt MISIB=<RENEU/100.0)*STPB 
0B8F MB=NEWOAL 
0B95 RETURN 
0B96 4060 IF<WHICH.NE.04H)G0 TO 4070 
0B9E BDIB=(RENEW/100.0)*STPB 
OBSO BB=NEWUAL 
0BB6 RETURN 
0BE7 4 070 IF(WHICH.NE.14H)G0 TO 4080 
CEBF COUNTB=RENEU 
0EiC9 L0B=0.9*RENEW 
0BB4 HIB=1.1*:RENEW 
0BE2 HIHIB=2.0*RENEU 
OBFO R0L.LB==0.75*RENEW 
OBFE CB=NEUUAL 
0C04 RETURN 
OC05 4080 IF(WHICH.NE.13H)60 TO 4090 
OCOB STPB='RENEU/200.0)*4095.0 
OCIF MISB=HB 

0C2E MISIB=(MISB/100.0)*STRB 
0C3ri BDB=BB 

Figure C-3. (Continued) 
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oc4r: nilIn=(nnn/ioo.o > *stpb 
0C5A Sn=NElJVAL 

OC60 4090 RETURN 

0C61 END 

PROGRAM £TORAGE= 0497 

VARIABLE .£TORAGE= -0000 

SYMBOL TABLE 

0C60 4090 

1E6A 1.1 

1E66 0.9 

0C05 4080 

OBB? 4070 

0B96 4060 

0B74 4040 

1E62 0.75 

iE5E 2.0 

1E5A 1.10 

1E56 0.90 

OBI9 4030 

OACB 4020 

1E52 100.0 

oaaa 4010 

OB75 4050 

0A70 4000 

Figure C-3. (Continued) 
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0061 c 

0C61 0 

0061 SUBROUTINE UALIN 
0061 0 THIS RDUiINE GETS NEW UALUt OP CONSTANT 
0061 3000 READf01fERR=3050)NEUVAL 
0072 3005 WRITE(C0.3010)NEWVAL 
OOSO 3010 FORMATS' NEW UALUE IS '>I5j'. IS THIS CORRECT? 
0080 3011 REAIKCI>ERR=3060)STRING<CHIN» 1) 
0093 IF(CHIN(1).NE.59H)G0 TO 3030 
0090 CALL FACTOR 
0C9F RETURN 

OCAO 3030 WRITE(CO.3040) 
OCAS ZOAO formatc reenter new value., please. ■') 
00A8 GO TO 3000 
OCAB 3050 WRITE(00.3055) 
(>CB3 3055 FOR.MATf INCORRECT ENTRY. ENTER AGAIN. ' ) 
0CE3 GO TO 3000 
0CB6 3060 WRITE(00.3065) 
OCBE 3065 FORMATC INCORRECT ENTRY. ENTER AGAIN. ' ) 
00 BE GO TO 3011 
0001 END 

PROGRAM STDRA6E= 0253 

VhRIAHLE ST0RAGE= 0000 

SYMBOL TABLE 

OCAO 3030 
0086 3060 
0C80 3011 
0072 3005 
OCAB 3050 
0C61 3000 

Figure C-3. (Continued) 
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OCCl C 

OCCl C 

OCCl C MAIN F'ROGRAM 
OCCl 5000 CALL INITIALIZE 
0CC4 5010 CALL ARUN 

0CC7 CALL RRUN 
OCCA STAT=(INPUT(OEDH).AND.02H) 
OCDl IF(STAT.EQ.0)G0 TO 5010 
OCIiP IF(SCAI,E.NE.0)G0 TO 5050 
OCEl CALL CHOOSE 

0CE4 GO TO 5010 
0CE7 5050 IP(5KIPIJHAT.NF.0>G0 TO 5100 
OCEF CALL WHAT 

0CF2 GO TO 5010 

0CF5 5100 IFCSKIPYN.NE.O^GO TO 5200 
OC-D CALL YN 

0000 GO TO 5010 

0003 5200 CALL OALIN 
0006 CALL PRLIST 
0009 IBLANK=0 

OOOE 0BLANK=0 
0011 SKIPWHAT=0 

0015 SKIPYN=0 

0013 CHIN(1)=0 
OOlC SCALE=0 

OOIF WHICH=0 

0022 LETTER-0 
0023 NEU0AL=0 

0020 GO TO 5010 

0D2E STOP 

0031 ENO 

PROGRAM ST0RA6E= 0112 

OARIAOLE STORAGE= 0000 

TOTAL PROGRAM STaRAGE= 7396 

TOTAL VARIABLE STORAGE= 0274 

SYMBOL TABLE 

Figure C-3. (Continued) 
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0003 

0CF5 

0CE7 

Of;C4 

OCCl 

0C61 

1E£)A 

1E66 

IE62 

1E5E 

1E5A 

1E56 

1E52 

0A70 

0A15 

0S6F 

0329 

O7E0 

073F 

1B2E 

102A 

069E 

05E5 

1A70 

IMC 

1A68 

0495 

046B 

0445 

02B7 

0129 

3F7F 

3F83 

3F87 

3F8B 

3F3F 

3F93 

3F95 

3F97 

3F99 

3F9B 

3F9D 

3r9F 

,7FA1 

3FA3 

3FA5 

3FA7 

3FA9 

3FAB 

3FAC 

3FAri 

3FAE 

5200 

5100 

5050 

5010 

5000 

OALIW 

1.1 

9 

75 

0 

10 

90 

100.0 

FACTOR 

YW 

UHAT 

CALIBRATE 

CHOOSE 

HORNB 

200.0 

4095.0 

HORNA 

PRLIST 

0.1 

0.0 

450.0 

INITIALIZE 
CINP 

COUT 

BRUN 

ARUN 

STPB 

COUNTB 

MISB 

BDB 

UTB 

ROLLB 

HIHIB 

HIB 

LOB 

WTIB 

BBIB 

MISIB 

SB 

CB 

ENDCALCB 

SCNTB 

TIMEB 

BB 

MB 

ENBCOMB 

RESTARTB 

Figure C-3. (Continued) 
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;3FAF 

3FE:0 

3FP1 

3rE;2 

::'FE:3 

:5FB-1 

3FP3 

3f BC 

:5FC0 

;3FC4 

zFce 

"FCA 

3FCC 

;3FCE 

.rrno 

3Fri2 

:5Fri4 

3FD6 

3rris 

3FIIA 

3FDC 

3rtiE 

3FE0 

3FE1 

3FE2 

3FE3 

3FE4 

3FE5 

3FE6 

3rE7 

3FE8 

3FE9 

3FEri 

3FEF 

3FF1 

3FF3 

3FF5 

3FF7 

3FF8 

3FF? 

3FFA 

3FFB 

3FFC 

jFFD 

3FrE 

3FFF 

F71A 

F71S 

F719 

11?D 

ALARMB 

SRAB 

PORTC 

NOROLLB 

SYSTB 

STPA 

CO'JNTA 

MISA 

BDA 

UTA 

ROLLA 

HIHIA 

HIA 

LOA 

UTIA 

BBIA 

MISIA 

SA 

LA 

ENDCALCA 

SCNTA 

TIMEA 

BA 

HA 

ENDCOHA 

RESTARTA 

ALARHA 

SRAA 

PORTB 

f^OROLLA 

SYSTA 

RENEW 

LETTER 

NEWVAL 

CI 

CO 

DUMHY 

PORTA 

STAT 

SKIPYN 

SKIPUHAT 

WHICH 

SCALE 

CHIN 

OBLAHK 

IBLANK 

ADCD 

ADCM 

ADCC 

FLOAT DEBUG 

Figure C-3. (Continued) 
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