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INTRODUCTION 

This instruction mClnuai describes the basic data acquisition and display for the ND4410 
Single Parameter Data Acquisition and Display System. Each program is covered under 
a separate chapter with each chapter sub-d~vided into eight sections. The following 
programs are covered in this manua I. 

CHAPTER PROGRAM 

ND4410 Basic Physics Anal>'zer (41-1060) 

II ND812 Integer Interpreter (41-0017) 
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1-1. PROGRAM SUMMARY 

SECTION I 
INTRO[)UCTION 

1-2. The ND4410. Basic Physics AnalyzE~r Program (41-1060) defi nes the basic pushbutton and 
keyboard entry commands for the ND4410 Single Parameter Data Acquisition and Di splay 
System. The program is an independent program containing routines for the following 
data acquisition and display functions: 

a. Initicltion/termination of data (]cquisition in the Accumulator Mode o 

b. Selec:tion of preset analysis times. 

c. Selec:tion of memory groups for data storage and display. 

d. Selec:ti on of memory group widths. 

e. Full scale horizontal and vertical display expansion. 

f. Marker display and expansion of marker defined area to horizontal full scale o 

g. Sel ec:ti on of I ive or stati c Ii nec]r di spl ay or I ogari thm i c di spl ay • 

h. Selec:tion of the following parclmeters for displayo 

(1) Center pointer channel/content and marker channels (left-right) 

(2) Current group/total groups, current group width and counts full scale value 

(3) Elapsed and preset analysis time 

(4) ()ff (no parameters di splayed) 

i. X-V plot of the current status display and the current group. 
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1-3. Data Acquisition in the List Mode and additional operational commands are 
provided through the use of overlay programs. 

1-4. PROGRAM AREA 

1-5. The program occupies memory core location ,0,,0,0,0,08 through ,0,3,0,0,08. 

1-6. STARTING ADDRESS 

1-7. The starting address of the program is ,02,0,080 If the auto restart option is provided, 
the program will automatically restart at ,0,04,08. 

1-8. EQUIPMENT CONFIGURATION 

1-9. MINIMUM EQUIPMENT 

1-10. The minimum equipment required for proper operation of this system is: 

a. An ADC 

b. The ND4410 Function Control Module 

c. A 33ASR Teletype 

d • A d i sp I ay osc i II oscope 

eo The 4K, ND812 Computer 

1-11. The program will operate with either a 4K, 8K, 12K or 16K ND812 memory 
configuration, providing maximum data storage configuration of 1 K, 3K, 5K or 7K 
(24 bi ts), respectively. 

1-12. OPTIONAL EQUIPMENT 

1-13. An optional unit controlled by this program is an X-V plotter. 
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2-1. INTRODUCTION 

SECTION II 
PROGRAM [)ESCRIPTION 

2-2. This section is intended to be read in conjunction with the flow charts outlined 
in Secti on VII. 

2-3. The ND4410 Basic Physics Analyzer Program provides the basic function of analysis. 
It controls display, the clock, data acquisition, 12 of the 16 pushbuttons, and the 
erase pushbuttons. The program is divided into three sections (Figure 7-1): the background display 
section, the pushbutton and keyboard section and the ADC and low power section o The 
three sections are! separated by interrupt levels. The background display program has all 
interrup~s enabled. The pushbutton and keyboard routines have only the high level interrupts 
enabled (ADC, clock and low power). The ADC, clock and low power routines have no 
interrupts enabled. Thus, ADC data can he stored at any time, and the pushbutton calculations 
have precedent over background di spl ay. 

2-4. MAIN ROUTINES 

2-5. BACKGRC>UND DISPLAY ROUTINE 

2-6 0 The back~~round display routine (Figure 7-2) provides passive display of predetermined data. 
It is divided into three parts; the display of the data points, the display of the three 
markers, and the di splay of the status pararneterso 

2-7. The data may be displayed in eithelr the live or static mode. In live mode, the 
last ADC point ac:quired is displayed. In static mode, the program sets the starting address 
and the number of points to be displayed, .and displays them. The X-axis is adjusted such 
that the points to be displayed are evenly spaced over the entire horizontal face of the 
CRT. 

2-8. The markE~rs are displayed as vertical lines if they are within the limits of display. 
The two movable markers (left and right) mc:ay have any position in the display (or may be 
absent). They cannot cross, but they can be super-imposed. The third marker is always in 
the center of the di splay (or 1/2 point to IE~ft of center). 
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2-9 0 Status may be anyone of three parameters: current group number/total groups, 
group width and counts full scale value; clock values; and center marker location/value 
and left-right marker locations. 

2-10. The number of groups is equal to the memory size divided by the specified group 
width. Any remaining channels are assigned to group 10 Thus with the 4K ND812, the 
group width may vary from 1 to 1024. Wi th each additi onal 4K of memory, 2048 channels 
are added to the memory size o 

2-11. The counts full scale value may be from 1 to 224_1 in binary increments o The 
displayed value of 224_1 is -1 since the number system is 23 bits plus sign (see Chapter II). 
If these limits are exceeded, the program automatically switches to logarithmic display. 
The counts full scale value for logarithmic display will be displayed as zero. 

NOTE 

An automatic calculation of memory size is made during initialization and 
set into the program for future reference. 

2-12. The clock values are the initial time over the remaining time of acquisition. 
The initial clock time may be varied in integer centiseconds (0.01 second) 0 The time 
may be set to zero if infinity is desired. The remaining time, also in centiseconds, is 
displayed in increasing values from minus· to zero for preset time, and from zero on 
up for infinity. 

2-13. The center marker is displayed as a maximum four digit channel address followed 
by the value of the channel at that location o These numbers will vary as the display 
changes. The value is continually updated by the di splay program. The left and right 
marker locations are di splayed as maximum four digit channel addresses separated by a 
dash (-). 

2-14. The background display program continues the cycle of data display, marker 
display, and status di.splay until an external device interrupts the ~ycle. After the 
interrupt, control is transferred back to the background program and the display cycle 
is continued. 

2-15. ADC,CLOCK AND LOW POWER ROUTINES 

2-16. The ADC, clock, and low power routines (Figures 7-3, 7-6, and 7-4 respectively) 
are on the high level interrupt. They can interrupt any other program (except one another) 
for minimum processing time. The low power routine stops the computer 0 If the auto 
restart option is provided, the program is automatically started at 0040

8
, which is 

equivalent to manual starting at 02008• The ADC routine reads and processes ADC data. 
It routes the data to the specified data storage group and increments that memory location. 
It also ensures that data storage is not within the program portion of the memory. 
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2-17. The clock routine operates on intelrrupts from a 100 KHz clock. Time is 
measured in centiseconds (0.01 seconds). At each interrupt, the clock routine is 
entered. If acquisition is off, no action is taken except to clear the clock flag. If 
acquisition is onJ' the clock buffer is incremented by one and a test is made for 
completion o If the acquisition is completE~, then acquisition is turned off. At this time 
the clock status display buffer will indicat,e zero centiseconds. 

2-18. PUSHBUTTON AND KEYBOARD ROUTINES 

2-19. The middle level of interrupts are the pushbuttons, the erase buttons, the teletype 
(input and output) and the high speed reader and punch (Figure 7-5). Only one of these may be 
processed at a time, but they can be seque'ntial. Thus, if a teletype character and erase 
occur at the samE~ time, the teletype will be handled first, then the display will be erased. 
From the operatolr viewpoint both occur simul taneously. 

2-20 0 I/O DEVilCE ROUTINE 

2-21. The tele~fpe and high speed paper tape routines allow program continuation 
without waiting for the external device (Fi'gure 7-8). Only the TTY input/output routines are used 
in thi s program. The others are provided ff:>r use by overlayso 

2-22. In one of the foreground routines, the command for print is given and control is 
returned to the bClckground program. When the teletype is finished printing the character, 
an interrupt is ge,nerated. Through poll ing, it is found that the TTY print flag is set. 
This flag is then c:leared and control is returned to the program that generated the print 
command. This cdlows other operations while the teletype is printingo 

2-23. The TTY read routine, reads a key from the keyboard and transfers control to 
either the keyboolrd routine or the call ing foreground routine o In the keyboard routine, 
the key is compared in a table and if the overlay routine exists, control is transferred 
to that routine 0 Otherwi se the message ERROR wi II be typed and control wi II return to 
the background program. 

2-24. 1-16, ERASE PUSHBUTTON ROUTINES 

2-25. There are 16 front panel pushbuttons (Figure 7-7). In this program only 12 are used. 
The other four (pushbuttons 8, 14, 15 and '16) are for overlay programs and future expansion. 
In Section IV, eClch pushbutton is explained in detail, and in Section VI they are summarized. 

2-26. In general, if a pushbutton is depre'ssed, it sends an interrupt signal to the processor 0 

If the program is in the background section it is trapped to I ocati on one and 
proceeds to the pushbutton decode section. A table in the program listing lists the 
routines and where they are located in memory. The particular routine is performed, 
then control is returned to the background program. 
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2-27. SUBROUTINES 

2-28. The motion width and left and right marker subroutines have special hardware 
variable re-entry control. Thus, whi Ie the other pushbuttons act only once each time 
they are depressed, the motion, width, and left and right markers cause interrupts of 
variable speeds when they are held depressed. 

2-29. MOTION AND WIDTH SUBROUTINES 

2-30. The motion subroutine (Figure 7-9) increases or decreases the starting and ending addresses 
for display. This subroutine sets the expand flag o (Refer to description of groups routine, 
paragraph 2-44). 

2-31. The width subroutine increases or decreases the number of channels displayed. 
This expansion (or contraction) is fixed to the center marker such that the display acts 
like a "zoom" lens on a camera. This routine sets the expand flag. (Refer to description 
of groups routine, paragraph 2-44). 

2-32. LEFT AND RIGHT MARKER SUBROUTINES 

2-33. The left and right markers (Figure 7-10) may be moved from the left marker at 
the current group starting channel to the right marker at the current group ending channel. 

2-34. The right marker may be moved from the left marker to current group ending channel 0 

2-35. CFS SUBROUTINE 

2-36. The display CFS subroutine (Figure 7-11) increases or decreases the counts full 
scale value by a factor of two unti I a maximum value of 224_1 (Or -1) or a minimum 
value of 1 is reached. A further increase or decrease after the maximum or minimum 
value is reached causes a switch to logarithmic displayo 

2-37. PLOT SUBROUTINE 

2-38. The plot subroutine (Figure 7-12) plots the current status selected display parameter and the 
content of the channels displayed in the current group at the XY plotter o 

2-39. STATUS SUBROUTINE 

2-40. The status subroutine (Figure 7-13) changes the data displayed in the background section. 
It sets up the status for counts full scale, group width and groups, the clock, or the markers o 

2-41. DISPLAY SUBROUTINE 

2-42. The display subroutine (Figure 7-,14) either turns on the live display or the static display. 
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2-43 0 GROUPS SUBROUTI NE 

2-44. The groups subroutine (Figure 7-15) cycles through the possible groups and sets the 
starting address and wIdth so that the next (or first) group is displayed. If the expand flag 
is set, 'n-o advancce in the group number is made and the full "current" group is displayed. 

N<)TE 

The group width may be varied by the Group Set Command. 

2-45. EXPAND SUBROUTINE 

2-46. The expand subroutine (Figure 7-16) sets the expand flag, the value of the left 
marker into displclY start, and the left and right marker difference into display width. 

2-47. ACQUIRE SUBROUTINE 

2-48. The acquire subroutine (Figure 7-17) turns acquisition on and off. It also resets 
the time for data acquisition to the predetermined value. 

N()TE 

The predetermined value can be varied by the Clock Set Commando 

2-49. RETURN SUBR,OUTI NE 

2-50. The return subroutine (Figure 7-18) stops all input/output operations (teletype, 
plotter, cassette, etc.) except acquire, and returns control to the background display program. 

2-51. ERASE SUBROUTINE 

2-52. The erasce pushbuttons (Figure 7-19) are similar to the other pushbuttons, but they 
serve a special function. Both must be pre!ised simultaneously to cause a program interrupt. 
When the erase flag is set, the program will go to the erase routine. This subroutine erases 
the group being displayed and then returns to the background display routine. 
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SECTION III 
OPERATIONAL PROCEDURE 

3-1. INITIALI2~ATION PROCEDURE 

3-2. The following is a step-by-step procedure for loading and initializing the ND4410 
Basic Physics Analyzer Program (41-1060): 

a. Depress the STOP key at the ND812 Computer 0 

b. Place the START/FREE/STOP switch at the teletype in the FREE position o 

c. Load the ND4410 Basic Physics Analyzer Program (41-1060) tape into the 
teletype reader with the leader (8-level punches) over the read head 0 

d. Set the' START/FREE/STOP switch at START. 

e. SimultClneously depress the LOA[) AR and NEXT WORD keys at the computer. 
The teletype reade!r will now step through the leader and read the program into the ND812 
memory. Upon completion of read-in, the reader wi II stop automatically. When the 
reader stops, checlk J Register for zero. If non-zero, reload. 

NOTE 

Refer to th.e ND812 Binary Paper Tape and Cassette Loader Program 
(41-0005) lror loading procedures using a high speed paper tape reader 
or magneti4: tape cassette. 

f. Set the SWITCH REGISTER Switches at starting address (,0,,fj2,fj,08) and depress 
the LOAD AR Key,. 

g. Depress the START key. The program will cause the teletype to print ND4410, 
perform a carriage return and line feed, print PLOTTER? and wait for entry of an N or V 
to indicate whether or not an X-V plotter is to be used. 

h. If an X-V plotter is not used, type N. When N is typed, the program echoes 
NO, performs a cClrriage return and I ine feed, and types an asterisk (*). 
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i. If an X-V plotter is used, type Y. When Y is typed, the program will echo 
YES and supply a ~,m calibration voltage to the X-V plotter. 

j. Adjust the plotter Zero controls to place the pen at the desired ~,m point. 

k. Depress the SPACE bar at the teletype. This supplies a full scale X-V 
calibration voltage to the X-V plotter. 

I. Adjust the plotter Vernier controls to place the pen at the desired full scale 
X-V point. 

m. Depress the SPACE bar at the teletype again. This returns the calibration 
voltage to the ~,m point. Readjust the plotter Zero controls to place the pen at the 
desired ~,m point. 

n. Depress the SPACE bar at the teletype again. This returns the calibration 
voltage to the full scale X-V point. Readjust the plotter Vernier controls to place 
the pen at the desired full scale X-V point. 

o. Repeat Step m and n as often as necessary to attain satisfactory calibration. 
When satisfactory calibration is obtained, depress the RETURN key at the teletype. When 
the RETURN key is depressed, the program performs a carriage return and I ine feed, and 
types an asteri sk (*). 

p. When an asterisk (*) is typed either after Step h or after Step 0, call up 
the desi red routine from the monitor mode by depressing the appropriate pushbutton on the 
ND4410 Function Control Module or by typing the appropriate single letter mnemonic at 
the teletype keyboard. 

NOTE 

For those routines requiring stipulation of direction, position 
the Direction (~) Switch accordingly. 

3-3. X-V PLOTTER RECALIBRATION 

3-4. The X-V plotter can be recalibrated without re-initializing the entire ND4410 
System. This is accomplished by loading a short overlay program (41-1059) tape following 
the loading procedure outl ined in steps a through e (use 41-1059 tape in step c) of the 
initialization procedure (paragraph 3-1) and then performing the initialization and X-V 
plotter calibration procedures outlined in steps f,g, and i through p. Repeat this procedure 
each time recalibration of the X-V plotter is desired. 

NOTE 

To avoid destruction of data stored in the first 31 channels 
(memory core locations 4,0,0,08 - 4,0628) of the data storage 
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arE~a (41-1059 is loaded intol these locations), select 
a ~Jroup width such that group 1 (which contains the 
odd number of channel s remcJin ing) wi II be at least 
31 channels wide and refrain from using groups 1 for 
da'ta storage. A program listing for 41-1059 is provided 
on pages 8-60 through 8-63. 

3-5. RESTART PROCEDURE 

3-6. If it is nE~cessary to restart the pro~Jram, perform the following procedure. 

a. Depress the STOP key at the ND812 Computer. 

b. Set the SWITCH REGISTER switches at starting address ~,f12f1118) and depress 
the LOAD AR key. 

c. Depress the START key 0 On restart, the program wi II cause the tel etype to 
perform a carriage return and line feed and type an asteri sk (*). 

3-7. ACQUISITION MODE SELECTION 

3-8. The ND4410 Basic Physics AnalyzE!r Program (41-1060) permits the ADC service 
routine to monitor data acquisition in three different modes: Accumulator, DMA Increment 
and DMA List. The three different modes are selected by changing the content of a 
location in memory. The content of a location is changed as follows: 

a. Depress the STOP key at the ND812 Computer. 

b. Set the SWI TCH REGI STER switches to the octal memory location whose 
content is to be changed and depress the LC)AD AR key. 

c. Set the SWITCH REGISTER switches to the octal number of the change and lift 
the LOAD MR key. Thi s changes the content of the memory location specified in step b. 

d. Restclrt the program as describE!d for the Restart Procedure (paragraph 3-5). 

3-9. ACCUMULATOR MODE 

3-10. The ND4410 Basic Physics AnalyzE!r Program (41-1060) is initialized to the 
accumulator mode of acquisition, i.e. the accumulator mode is the mode of acquisition 
selected when 41-1060 is loaded into the ND812 Computer. This mode of acquisition is 
completely under software control. When the ADC interrupts the computer, indicating 
that the ADC has (In event for processing, all other interrupts are disabled and the program 
reads the channel number for the event. The program then checks the boundari es of the 
group in which thE! ADC is acquiring. If the event is outside the current group width 
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(which can happen when the ADC conversion gain is larger than the group size), the 
event is ignored, the ADC is reset and all interrupts are again enabled. If the event is 
within the boundaries of the current group, the program increments the 24-bit channel 
specified by the ADC, resets the ADC, and re-enables all interrupts. 

3-11. The time required to process an event in the Accumulator Mode is approximately 
90 microseconds. The main advantage of this mode is that the user has complete control 
over how many data channel s there are in the groups and where in memory the data wi II 
be stored. To select the Accumulator mode with acquisition in group 1 starting at location 
4,0,0,.08' field,0, the contents of locations,.0,2,0718 and ,0,2,.0728 are set to,0,.02,.08 and 
,.0,0,0,0B respectively, upon loading of the program. The content of locations,.0,2,.0718 
<,.0,02~a) sets the mode of acquisition to the Accumulator mode and the content of location 
,0,2,.0728 <,.0,.0,.0,.08) specifies data field ,.0. 

3-12. DMA INCREMENT MODE 

3-13. The DMA Increment M ode of acquisition is completely under hardware control with 
the exception that the memory field in which data is to be stored can be specified. When 
the ADC cycle steals with an event, the hardware increments the 24-bit channel specified 
by the ADC. For thi s mode, the number of channel s in the group is controlled by the hard­
ware and the ADC conversion gain switch. The standard starting channel for DMA Incre­
ment is location 4,.0,0,.08 in memory field,0. Therefore, if the conversion gain is larger than 
1024, the data acquired in channels above 1024 will wrap around and be added to the lower 
channels. This will cause errors in the data acquired. 

NOTE 

Although the DMA Increment acquisiti In starting data 
channel is at location 4,0,0,08 in memory field,0, it can 
be changed to any memory location with a wiring change. 
(Refer to the ND4410 Data Acquisition and Display System 
Hardware Instruction Manual (lM88-0428, Addendum 1) ). 

3-14. The main advantage of the DMA Increment Mode is acquisition time. The time 
to process an event in this mode is approximately 6 microseconds. The DMA Increment 
Mode can be enabled by changing the content of memory location ,0,2,071B to ,0,.04,08. If 
the starting data channel is to be location 4,0,008 of field 1 rather than fierCl,0, change the 
content of location ,0,2,072

8 
to 2,0,0,08 (4,0,0,08 for field 2, or 6,0,0,08 for field 3). The content 

of location ,0,2,0728 is initially set to ,0,0,008 to select memory fiefd,0 upon loading of the 
program. 

3-15. DMA LIST MODE 

3-16. The DMA List Mode, like the DMA Increment Mode is under hardware control. 
When the ADC cycle steals with an event, the hardware accepts the event's channel number 
and the ADC's tagword, and stores the data sequentially in memory. The number of events 
listed and the starting location of the list (from the end of the selected memory field) is 



determined by the cont'9nt of memory location .0,2.0738" For example, if a list count of 
18 is selected, the event would be stored in the last channel of the selected memory field. 
If 1.0.0.08 is selected as the list count, the list will start 512 (1.0.0.08) channels from the end 
of the selected memory field. 

3-17. When the last event's data is stored and the list is full, an interrupt is generated. 
To service the list interrupt and output the Ilist to an I/O device, the user must provide 
appropriate routine!s. At this time, Nuclear Data does not provide any software to support 
handling of the lisjr mode as each individual system requires different processing of the list. 
The DMA List Mode can be enabled by changing the content of location .0,2.0728 to.0.06.08. 
If the memory field for storage of the list is to be memory field 1 rather than fielo.0, change 
the content of loccltion .0,2.0728 to 2.0.0.08 (4J~¢.0 for field 2 or 6.0.0.08 for field 3). The 
content of location .0,2,0728 is initially set to.0~¢.08 to select memory field,0 upon loading 
of the program. If the size of the list is to be other than 1,0.0,08 (as it is initially set), 
change the conterH of location ~,2.0738 to the desired octal number. 
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SECTION IV 
OPERATOR OR USER CONTROL 

4-1. GENERAL INFORMATION 

4-2. The pushbutton selected (hardware entry) commands of the ND4410 Basic Physics 
Analyzer Program (41-1060) are executed by depressing the appropriate pushbutton at 
the ND4410 Function Control Module. The keyboard entry commands are executed by 
entering the appropriate single letter mnemonic at the teletype after an asterisk (*) has 
been typed by the~ program. For those commands which require stipulation of direction, 
the Direction (+-1 __ ) Switch is used. In the following description, the portion of the 
command to be typed at the teletype keyboard is underlined. All other information is 
provided by the program. 

4-3. HARDWA~RE ENTRY COMMANDS 

4-4. DIRECTIC~N ( .... ) SWITCH 

4-5. Determine!s the direction in which the display limit, marker, counts full scale or 
group will move when the selected pushbutt"on is depressed. 

4-6. MOTION PUSHBUTTON 

4-7. Holding the MOTION pushbutton d1epressed causes the display to move horizontally 
in the direction sHlected by the Direction ( .... ) Switch. The rate of movement is a 
function of the length of time the MOTION pushbutton is held depressed. However, a 
momentary depressi on wi lion I y move the di splay one channel. 

4-8. WIDTH PUSHBUTTON 

4-9. Holding the WI DTH pushbutton depressed, horizontally expands the di splay when 
the Direction switch is in the Left (+--) position or horizontally contracts the display 
when the Direction switch is in the Right (--+) position. Horizontal expansion increases 
the spacing betwe1en channels, causing the number of channels displayed to decrease, 
while horizontal contraction decreases the spacing between channels, causing the number 
of channels displo!yed to increase. The ratE~ of expansion or contraction is a function of 
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the length of time the WIDTH pushbutton is depressed. However, a momentary depression 
will only expand or contract the display by one channel. 

4-10,. MARK POS PUSH BUTTON 

4-11. Holding the MARK POS pushbutton depressed, causes the left and right markers 
(full scale vertical lines imposed upon the spectrum) to move in the direction specified by 
the Direction ( ...... ) Switch. The rate of movement is a function of the length of time the 
MARK POS pushbutton is held depressed. However, a momentary depression will only move 
the markers one channel. 

4-12. MARK SPAN PUSHBUTTON 

4-13. Holding the MARK SPAN pushbutton depressed, causes the right marker (a full 
scale vertical line imposed upon the spectrum) to move in the direction specified by the 
Direction ( ..... ) Switch increasing or decreasing the number of channels between the 
markers. The rate of movement is a function of the length of time the MARK SPAN 
pushbutton is held depressed. However, a momentary depression will only move the 
right marker one channel. 

4-14. CFS PUSHBUTTON 

4-15. Depressing the CFS pushbutton increases the counts full scale value by a factor of 
two when the Direction Switch is in the Right (--+-) position or decreases the counts full 
scale value by a factor of two when the Direction Switch is in the Left (+-) position. 
Each time the C FS pushbutton is depressed, the counts full scale value will be increased 
or decreased by a fa~tor of two until it becomes zero. The range of counts full scale 
values is from 1 to 2 4_1 in binary increments. Logarithmic display is selected by 
depressing the CFS pushbutton after the min imum counts full scale va lue (1) is reached with 
the Direction Switch in the Left (+-) position or after the maximum counts full scale 
value (224_1) is reached with the Direction Switch in the Right (-+) position. Display 
of the counts full scale value when selected by the STATUS pushbutton wi II appear as 
foil ows: /tJ, 1,3 ••• 83886/tJ7 ,-1 ,/tJ. The counts full scale value di splayed for 224_1 is 
-1. The counts full scale value displayed for logarithmic display is zero (jJ). 

4-16. PLOT PUSH BUTTON 

4-17. Depressing the PLOT pushbutton plots the current display (including the current 
STATUS selected display parameters and the content of the channels in the current group) 
at the X-V Plotter. The X-V plot operation can be terminated at any time by depressing 
the RETURN pushbutton. An asterisk (*) is typed at the teletype to indicate initiation 
and termination of the X-V plot operation. 

NOTE 

Calibration of the X-V plotter is described in Section 3 of this manual 
under OPERATIONAL PROCEDURE. When an X-V plotter is not used, 
depressing the PLOT pushbutton causes an asterisk (*) to be typed. 
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4-18. STATUS PUSHBUTTON 

4-19. Depressing the STATUS pushbutton sElquentially displays the following parameters: 
(1) Center pointer channel/content and left marker channel-right marker channel, with 
the channels relat:ive to the currently displayed group; (2) Current group number/total 
groups, current group width and counts full scale; (3) Remaining/elapsed and preset 
analysis time in centiseconds or (4) Off (no parameters displayed). After the last parameter, 
di splay reverts bac:k to the fi rst parameter. 

NOTE 

If (]' preset time other than zero (jJ) is entered using the 
Clock Set Command, remaining time is displayed in 
inc:reasIng values from minus (-) the preset time to zero 
(%). If zero (%) is entered for the preset time, then 
elclpsed time is displayed in increasing values from 
zero (0) to the maximum preset analysis time (8,388,607). 

4-20. DISPLAY PUSHBUTTON 

4-21. Depressing the DI SPLAY pushbutton cllternately selects I ive or static di splay. 
Static display presents the data to the displolY oscilloscope continually while live display 
presents the data to the display oscilloscope only when the corresponding channel has 
been addressed by the ADC. 

4-22. GROUPS PUSHBUTTON 

4-23. Depressing the GROUPS pushbutton sequentially selects the groups for data storage 
and display. The direction of selection is determined by the Direction (..-..) Switch. 
In the left (-4--) position, the next lower group is selected. After the first group, 
selection reverts to the last group. In the right ( --+) position, the next higher group is 
selected. After the last group, selection reverts back to the first group. Display of the 
current group, toto I groups and current group width can be selected using the STA TUS 
pushbutton. 

4-24. EXPAND PUSHBUTTON 

4-25. Depressing the EXPAND pushbutton E~xpands the display between the left and right 
markers to horizontal full scale. The display can be returned to normal by depre'ssing 
the GROUPS pushbutton. 

4-26. ACQUIRE PUSHBUTTON 

4-27. Depressing the ACQUIRE pushbutton alternately starts or stops data acquisit;on. 
Data acquisition st·ops automatically after the preset analysis time. The preset analysis 
time is entered using the Clock Set Command. If data acquisition is stopped prior to 
completion of the pres€!t analysis time, it can be re-started to continue for the remaining 
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time by first re-setting the preset time to the time remaining using the Clock Set Command 
and then re-starting data acquisition using the ACQUIRE pushbutton. The preset and 
remaining/elapsed analysis time can be displayed using the STATUS pushbutton. 

NOTE 

Since data storage occurs in the group displayed at the 
start of analysis, the GROUPS Pushbutton should be used 
to display the desired storage group prior to starting analysis. 

4-28. RETURN PUSHBUTTON 

4-29. Depressing the RETURN pushbutton re-initializes the program and returns to 
di splay. 

4-30. ERASE PUSH BUTTONS 

4-31. Simultaneously depressing the ERASE pushbuttons, clears the currently displayed 
group to zero. 

4-32. KEYBOARD ENTRY COMMANDS 

4-33. CLOCK SET COMMAND 

4-34. The following operation sets the preset analysis time at 1000 centiseconds (0.01 
seconds) • 

*CLOCK TIME: 1000 (SPACE) CENTISEC 

4-35. The Clock Set Command permits entering a §reset analysis time in centiseconds 
(0.01 second). Maximum preset ana Iysi s time is 22 - 1 centi seconds (83,886.07 seconds) . 
Entering 0 selects the maximum preset ana Iysi s time. Control of ana Iysi s on a I ive or 
clock time basis is selected by the LIVE TIME/CLOCK TIME switch on the ADC. The 
preset and remaining/elapsed analysis time in centiseconds can be displayed using the 
STA TUS pushbutton. 

4-36. The Clock Set Command is specified by typing C after an asterisk (*) is typed. After 
C is typed, the routine prints CLOCK TIME: and waits for an input number. Depressing the 
ALT MODE key causes the routine to echo the last time value entered. Otherwise a number 
from 0 to 223 - 1 (8,388,607) centiseconds may be entered. Entry of a number must be 
terminated by depressing the SPACE bar. 

4-37. GROUP SET COMMAND 

4-38. The following operation sets the group width at 256 channels. 
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*GROUP WIDTH: 25~ (SPACE) 

4-39. The Group Set Command enables en1"ering the number of channel s to be contained in 
each group. The ~group width can be any number from 1 to the maximum number of channels 
allocated for data storage (1024, 3072, 512'0, or 7168 channels for ND812 memory sizes 
of 4K, 8K, 12K or 16K respectively). If th,e group width selected is a number not equally 
divisable into the total number of channels (Jllocated for data storage, the group width of 
the first group will be equal to the remainder and the remaining group widths will be 
equal in size. For example: If 333 is selected as the group width with 1024 chonnels 
allocated for r:lata storage, the fi rst group would contain 25 channels (1024 - 3 x 333 = 25) 
and the remaining 3 groups would each contain 333 channels. 

4-40. The Group Set Command is specified by typing G after an asterisk (*) is typed. 
After G is typed, the routine prints GROUP WIDTH: and waits for entry of an input number. 
Depressing the ALT MODE key causes the routine to echo the last group width entered. 
Otherwise, any number from 1 to the maximum number of channels allocated for data 
storage, may be entered. Entry of the group width must be terminated by depressing the 
SPACE bar. 
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SECTION V 
ERROR DLAGNOSTICS 

5-1. ERROR IINDICATION 

5-20 Execution of an illegal operation will result in an error message being typed at the 
teletype. Table 5-1 lists the error messages and their causes. 

Table 5- 'I. Erro1r Indications 

ERRORM~E~SS~A~G~E~ ____ ~ ______ ~C_A~U~SE ___________________________ ~ 

ERROR: 99XXXX 
ERR OR: 62XXXX 
ERROR: 47XXXXX 
ERROR: 40XXXXX 

NOTE 

Depressing an unassigned pushbutton. 
Depressing an unassigned teletype key. 
Entering a clock time greater than seven digits. 
Entering a group width greater than the 
number of channel allocated for data 
storage. 

The least significant digits indicat.~d by XiS in Table 5-1 for the 
ERROR message may change depending upon what illegal operation was 
performed. However, the two most significant digits will be the same 
for the selme type of error. 
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SECTION VI 
COMMAN[) SUMMARY 

6-1. HARDWARE ENTRY COMMANDS 

6-2. The following summarizes the hardware entry commands described in Section IV. 

a. DIRECTION ( ...... ) SWITCH 

Stipullates direction of di splay, marker, counts full scale or group movement. 

b. MOTIION PUSHBUTTON 

Moves display horizontally in direction specified. 

CO WIDTH PUSHBUTTON 

Horiz.ontally expands/contracts, display. 

d. MARK POS PUSHBUTTON 

Moves markers in direction spe1cifiedo 

e. MARK SPAN PUSHBUTTON 

Moves right marker in direction specified, increasing or decreasing the number 
of ch4:lnnel s between the markers. 

f. C FS PUSH BUTTON 

Incre4:lses/decreases the counts full scale value in binary increments. Selects 
logarIthmic display after reaching the maximum/minimum counts full scale 
value. 

g. PLOT PUSHBUTTON 

Plots the current display parameters and group at the x-v plotter. 
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h. STA TUS PUSH BUTTON 

Sequentially displays: (1) center pointer channel/content and left-right 
marker channels; (2) current group number/total groups, current group width 
and counts full scale value; (3) remaining/elapsed and preset analysis time; 
or (4) Off (no parameters di splayed). 

i. DISPLAY PUSHBUTTON 

AI ternately selects I ive or static di splay. 

i. GROUPS PUSHBUTTON 

Sequentially selects groups for data storage and display in direction specified o 

k. EXPAND PUSHBUTTON 

Expands the marker defined display to horizontal full scale. 

I. ACQUIRE PUSHBUTTON 

Alternately starts or stops data acquisition. 

m. RETURN PUSHBUTTON 

Re-initializes the program and returns to display. 

n. ERASE PUSHBUTTONS 

Clears currently displayed group to zero. 

6-3. KEYBOARD ENTRY COMMANDS 

6-4. The following summarizes the keyboard entry commands depicted in Section IV. 

a. CLOCK SET COMMAND 

Permits entering a preset analysis time in centiseconds (0.01 second). Maximum 
analysis time is 223_1 centiseconds (83,886.07 seconds). Entering 0 selects 
the maximum analysis time. 

b. GROUP SET COMMAND 

Permits entering the number of channels per group. Group width can be any 
number from 1 to the maximum number of channels allocated for data storage o 
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SECTION VII 
FLOW CHARTS 

7-1. MAIN ROUTINE FLOW CHARTS 

7-2. Figures 7-1 through 7-8 depict the flow of the main program. 

7-3. SUBROUTINE FLOW CHARTS 

7-4. Figures 7-9 through 7-22 depict the flow of the individual subroutines. 
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Figure 7-1. Basic Physics Analyzer Program 
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Figure 7-2. Background Display Routine 
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Figure 7-3. ADC Routine 
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Figure 7-4. Low Power Routine 
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Figure 7-5. Pushbutton and Keyboard Routine 
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Figure 7-6. Clock Routine 
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Figure 7-7. 1-16, Erase Pushbuttons Routine 
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Figure 7-8. liC) Device Routine 
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Figure? -11. CFS Subroutine 
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Figure 7-12. Plot Subroutine 
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Figure 7 -13. Status Subroutine 
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Figure 7-14. Display Subroutine 
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Figure 7-15. Groups Subroutine 
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Figure 7-16. Expand Subroutine 
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Figure 7-17. A,cquire Subroutine 
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Figure 7 -18. Return Subroutine 
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Figure 7-19. Erase Subroutine 
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Figure 7-20 0 C lock Set Subroutine 
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Figure 7-21. Group Set Subroutine 
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SECTI()N VIII 
PROGRAIVI LISTING 

8-1. A listing of the ND4410 Basic Physics Analyzer Program (41-1060) as produced 
by Pass 3 of the ND812 BASC-12 General A.ssembler Program (41-0001) is provided on 
the following pagels. 
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IND41-106~-~1 ~AV~-2777 SA ~ 0.~2~0 
IND-441~ PARle SINGLE PA~A~ETER ANALVZER SYSTEM 
IVE'RSI0N A 

1 2(53) "'3/14172 
1 OF/MG 

IOEFT.~ITION~ 

RDSTAT • 05~6 

CLRCLK I: !1J612 
SETACQ • 2rn26 
READCW II 7527 
CLRADC Ii 7521 
DISRDV I: 7514 
LDLIST • ~532 
LDSPl.V I: 7506 
DSM.RI< • 7507 
OISPOF • 75~0 
OMDSQF • 2221 
[)MDSON • 2230 
D~WCSA • '21525 
CSWTCH • "611 
~TL.MP I: 0elA 
SKPL • 144'" 
PION • 1500 
PLOTXY • 7511 

IINTEGER PACKAGE DEFINITIONS 

IEXT • tiH?100 
lOUT • 3400 
ISUB • 40li.!~ 

lACO I: 4400 
ILOD I: 51?100 
ISTR c 5400 
INEG • 500Ci1 
IDIV • 6400 
IMUL • 7000 
INOP • 7400 
1M • QUBINT 
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IREAD DOURLE STATUS WQR~ 

ICLEAR CLOCK FLAG 
ITPANSFER Ace CQ~TPOL WQRO 
IRE~D DOUBLE Anc WORD 
ICLEAR SPECIFIFD ADC 
ISKIP IF DISPLAV READY 
ILO~D LIST REGISTER 
IDISPLAY X ~ND V COORDINATE' 
IDISPLAY MAr:(KER 
ITURN OFF nrSPLAV (ACr.) 
ITURN OFF DISPLAV (DMA) 
ITURN eN DISPLAY COMA) 
ILOAD DMA WORD COUNT ANO START 
ICLEAR S~ITCH FLAG 
ISET L~MP REGI~TfR 
ISKIP ON POWER Lnw 
IPowER INTE~RUPT c~ 
IPLOT XY, SET nSRDY FLAG WHEtlJ nc~'n: 

IEXIT 
lOUT PUT 
15l1BTRACTII1N 
IADDITION 
ILOAD 
IST(H~E 

INEGATE INTEGER Ae 
IOIVISION 
IMUL TIPLICATIO"l 
INO OPERATION 
IINTEGER PACKA~E ENTRY 



IINTEPPUPT ~OUTINE5 FOR 
I LOW POwER (HIGH) 
I T1"Y CLO~D 
I HSR-HSP CLOW) 
I STATUS CAl TO J REGISTER 
I TIME OUT ON EXTERNAL CLOCK 
I CLOCk AT 100 HZ eHIGH) 
I PUSH BUTTONS (INCLUDING ERASE' 
I ERASE 
I ~IRECTION: i-LEFT; 0-RIGHT 
I 2 EXTRA BITS 
I A BITS FOR BUTTON DECODE (NOT ERASE) 

[FIf~LD 0 
tFI!~LO ~ 

INON-VECTORED INTERRUPT LOCATION 

o 0001 0760 LOWIPR, STATS 
o 00e2 6272 JMP' LPC 

ITTV CHARACTER INPUT BUFFER 

21 00~3 1300 
(}I 0004 0000 

'" 
0005 ~'H?lIa 0 

0 (10~6 ~(lJ00 

'" 00~7 757~ 

ITTV t-iESSAGES 

0 0010 
0 0011 
21 012112 
0 001:3 
0 0014 

L'.l 001~ 

'" 02115 
0 0017 
0 02H~0 
0 0021 

o 0022 
VI 0023 
2) 0024 

5451 
£1353 
0054 
5U5~ 
4~75 

0043 
4~56 
6451 
63A!5 
437!5 

15257 
6~60 
007~ 

TTY (, 

CLS'~, 

TIM " 

CSEt: , 

GPW" 

1300 
G'I 00 (}I 
0000 
00P,Q) 
7~75 

5457 
4353 
0064 
5155 
,4575 

00A3 
4!556 
e4~1 
e34e 
437~ 
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IPC STORAGE ON INTEQRUPT 
IINTERRUPT SERVICE ~OUTINE 

ITTY BUfFER 

ICC)LOCI< TIME 

ITIME 

ICENTISEC 

ICGlROUP 



0 ",02!5 6751 WID, e75t IWIDTH 
0 0026 4464 4~e4 

0 0021 5075 ~0"~ 

21 0030 Ql04!5 ERRO~)(, 0"'45 IERROR 
0 0031 6262 e252 
0 0Pt~2 5762 5762 
0 0033 ~2'-10 EQ, 3200 ICOLON 
0 e034 7~7~ 7575 

0 003!5 7777 PCRLF, 7777 ICR-LF, CR-LF .. 
21 0038 12CJ!0 12P,12I 

" 00:57 7!5"~ "57~ 

IE1951 
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IAUTO RESTART VECTOR 

IREINITIALIZE 

ISPACE USED BV QVERLAYS 

ISPACE ReSE~vED 

*00eil 

ICASSETTE TRAP ROUTINE 

0 ~0bl 00r0 CTRA1P, 
0 C?!0fi2 0140 
0 P1063 01A1 
0 00~4 7061 
0 006~ f3f.'4 

"00,'1 

IDISK TRAP ROUTINE 

21 ~P!'l 
o 0072 
o 212173 

o 0074 
'" e075 
o 007e 
o 0077 
21 2!'1e", 

0000 
7053 
6302 

03~0 
e3e2 
e2~0 
0000 
CJl0~0 

lADe INTERRUPT 

0 e~ 1 pl1 000e 
21 0102 5~V1~ 
0 01e3 "'~HH" 
21 0104 01VJ0 
0 01(,!f5 1011 
21 ell~6 5515 
0 t?l107 1450 
0 011121 7527 
0 21111 1~H~2 

21 21112 6026 
0 0113 1341 
21 0114 4$4.12 

ADCSIT, 

l.PC, 
MORE:F, 
HP0, 
AOCJr, 
AOC~: , 

*10 J. 

PRoess 

ADC~" 

FOR CASSETTE ANO Olse TRAP INTERRUPTS 

0 
TWIO 
CCL.F 
)eeT IONX 
JMP, CTRAP 

PI 
xeT ION)( 
JMP' ADCST 

ICLEAR ALL CASSETTE FLAGS 

IENABLE INTE~RlIPTS 
IIG~ORE INTERRUPT 

IOISK T~AP AND ADC STATUS SAVE ~REA 
IENABLE INTERR"PT~ 
IRETURN 

LOWPC 
RETRN 
COMRET 
fZ! 

IPOINTER TO INTERRUPT PRrCESS ROUTINE 

o 

IPOINTER TO ADDITIONAL SKIP CHAIN ON LOW LEVEL 
IPOINTER TO INITIALIZATI~N ROUTINE 
IJ REG STORAGE ON AOC INTERRUPT 
IK REG STORAGE ON ADC INTERRUPT 

ROUTINE CHIGM) 

0 191 MICqo SECOND STORE 
STJ ADCJ ISTORE J 
TWSTK ISTORE I< 
AOCt( 
L.JST ISTORE STATUS 
STJ ADeST 
CLR 0 
READCW IREAO ADe WORD 
SIP K 
JMP Aoel IAL.T SET • EVENT NO GOOD -IGNORE 
SFTZ JK 1 IFORM INC INST FC'R ADC VALLIE 
AOJ GROUPZ 
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o e115 
v; 0116 
o 0117 
o e12~ 
21 (11121 
o "'1~2 
A ~123 
o el124 
o t;'l125 
o 0126 
o ~127 
o 013~ 
o C;1~1 
o 0132 
o [Il13~ 

21 01~4 
o 21135 
o ~1~6 
o r.l~7 
o ~!1.1~ 

o "'1"1 
o fl142 
o VJl"3 
o 01"4 
o P'145 
o 01A6 

5415 
3.4 e:5 
is?4 
4e4(!! 
1~7.4 

4435 
5.4",,6 
145~ 

23el 
403~ 
1451 
~~1~ 
~344 

4~~'" 
bOl~5 

3502 
?leA 
31('14 
1 d~0 
r5101 
01.?0 
51St 
10.e2 
5145 
1007 
5345 

Xli, 
ADORS, 

AOC 1, 

IONX, 

5TJ ADDRS 
SI'Z 0 CLR 0 
INC K 
SBJ MEMZC 
f\OTO JK 14 
ADJ GRCUPZ+l 
STj )(11 
SIZ 0 CLR 0 
SUBL t 
SBJ ME~ZC+l 
SNZ 0 CLR a 
JMP ADC1 
TWISZ F('I 
4~~0 

J~F AOC! 
ISZ AOORS 
)eeT )(11 
DSZ AOORS 
IDLe 
TWLDK 
AOe\( 
LOJ AOCST 
RFOV 
LDJ ADCJ 
IONN 
JMP_ ADCV. 

IHIGH SpEED READER INTERRUPT TEST 

o 0147 
o 015P1 
o 0151 
o 01!52 
'" 01~3 
o 01~4 
21 ~1!55 

o 01~6 
o 01~7 
21 ~~ 1 e0 
o 01161 
21 0162 
'" 0153 o 0164 
'" 1f'165 
o 015e 
o 01';7 
o 12'170 

71'124 
~353 

7422 
06~H' 
r?l3fi2 
7423 
6213 

4~00 

C!!344 
7776 
10344 
23C3 
0750 
"'433 
0434 
(11212 
2422 
r13e2 

HREADT, 

HREAO, 

GROUPZ, 

MEMZC, 

CONTL2, 
lOIS, 
IPRC, 
INITL, 
INITO, 
IP5UPF, 
INICOM, 

HIS 
JMP' MOREF 
HIR 
TWJMP 
RETRN 
HRF 
JMFl, INICOM 

~H~00 

TWIst F0 
777e 
TWISI F0 
TA81-1 
STATS 
SAVEL+7 
SAVEL+10 
NOCLAY 
PSUPPF 
RETRN 
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IADr}~ESS PORTlrN 
IFIELD C.,ANGE? 
IVE.S 

IINSTRUCTION + FIELD 

IGROUP OVERFLOW? 
IVES, DONT STO~E 

IINCREMENT PROPEP CHANNEL-(MOrIFIEn) 
I(MODIFIED) 
INO OVERFLOW 
IINC HIGH O~DEP - LOW OVERFLCwED 

IRESTORE K 

I~ESTORE 5TATU!=.. 

I~ESTORE J 
I(~ODIFIED) IONN OR 10NH 

IHS F?EAO FLAG? 
INO, GO TEST OVEPLAV INTERRUPTS 
IVES, CLEAR FLAG, READ CHAR 

ICLEAR FLAG, RFADCHAR, FETCH CHAR 
IRE TURN FROM INTERRUPT 

IINC INST FOR FIRST CHANNEL 
lIN CUR~ENT GRCUP 
IINC INST FOR lA5T CHANNEL+1 
lIN CURRENT GR~UF 
IPTR,TO VALID KYPO COMMAND CHARS 
IPTR,TO INITAL RTN TO BACKCQQUND 
IINITAL PTR TO PC I~ ~TACK 
IINITAL VALUE FO~ STACK PTR 
IUSED BV OVERLAY FOR INITALIZATION 
IPTR,Tn P~INT SUPPRESS INDICATOR 
IPTR,TO INTERRUPT RETUR~ RCiUTINE 



IHIGH SPe::EO PUNCH INTf~QUPT TEST 

0 0171 
121 ,~t' 2 
0 ~~ 173 
0 "174 
0 A173 
0 '~1i'6 
0 '~17 7 

IE2415 

7434 
6123 
7432 
el5e~ 
~3fi~ 

74~J 
fi3~7 

HIPUNT, HOS 
JMP HREAOT 
HOl 
TWJMP 

HIPUN, RETRN 
HLP 
JMP' INICOM 

8··7 

IHSPUNCrf FLAG? 
INO, GO TRY HS RFAOER 
/VES, CLEAR FLAG, LOAD aUFfEP 

ICLEA~ FLAG, LOAD 8UFFER, PU~CH CHAR 
/RETURN FROM INTFRRUPT 



IINITIALIZATION ROUTINE 

o 02e0 
o 0201 
21 02e'2 
" Q.J2~3 
o 02"'4 
'" 02~5 
I2J 0205 
o 0207 
" ~210 
121 0211 
" 0212 o 0213 
121 0214 
121 0215 
o 0216 
fZI 0217 
21 022121 
21 0221 
o 0222 
o 0223 
121 0224 
'" 022e 
" 022e 
"" 0227 
Itt 0230 
ra 023,1 
" 0232 
'" 0233 

21 02!4 

f5e42 
5114 
0540 
0413 
5121 
!5721 
1~10 
5720 
5524 
632~i 

1~00 
01540 
2403 
"'0~~ 
(1)421 
2 ~H'I9J 
e002 
6102 
5000 
2215 
5403 
1750 
e6fi0 
00('J0 
50.142 
0!54~ 
0~72 
6133 

210e 

COMRET, JPS~ LOPRNT 
LDJ INITL 
TWSTJ 
SAVEP 
LOJ lOIS 
STJ' IPRC 
CLFI J 
STJ' IPSUPF 
STJdD IECHOf 
JMP. INITO 

NOOLAY, PION 
TWJF'S 
UNPACK 
PCRLF 
JPS FCHAR 
SMJ' FIRST 
JMP • +2 
JMP .-2 
LOJ FIRST 
ADOL 15 
STJ DECODE 
CLR JK 0 
TWJPS' 

DECODE, 0 
LOJ OINST2 

OMOD, TWSTJ 
OINST 
.IMP COMRET 

IECHOF, ECHOF 

ITTV PRINTER INTERRUPT ROUTINE 

12) 0235 
12) 0236 
21 0237 
21 0240 
21 0241 
o 0242 
" 0243 
21 0244 

1004 
7414 
e146 
7411 
0e00 
4"'00,1 
741::5 
6354 

TYPET, IONH 
TOS 
JMP HIPUNT 
Toe 
TWJMP 

LOPRNT, MEMZ0 
Tep 
JMP, INICOM 

IFETCH CHAR ROUTINE 

IINITIALIZE-(I"FF) AFTER 1ST EXECUTION 
II~ITJALIZE STACK POINT~R 

ISET INTERRUPT QTN TO 8/G STATU5 

ICLEAR PRINT SUPPRESS INDICATOP 
ICLEAR ECHO OLD VALUE INDICAT~R 
IINITIALIZE OVFRLAY( , OR NOOP(NOCLAY' 
IINITIALIZE PO~ER LOW INTERqUPT 
IPRINT CR/LF * 

IGO WAIT FOR cnM~ANO CHAR 
IGOT IT, SEARCH COMMAND D!~ECTOPV 

IMATCH,FETCH P~INTE~ 
IMOVE IT TO ROUTYNE ADDRESS 
ILAY IT IN THE ROAD 

IRUN OVER ITl 
I(MODIFIED) POrNTER TO COMMANO ROUTINE 
IDISABLE PLOTTFR 

IREINITIALIZE 

IFLAG INDICATING INEC FORCEO TO ECHO 

lEN ABLE HIGH INT~RRUPT 
IPRINT FLAG? 
INO, GO TRY HIGH SPEED PUNCH 
IVES, CLEAR FLAG 
I RETURN TO CALL 
IRTN AOORESS,R~UTINE FOR TTY 
ICLEAR FLAG • TYPE CH~R 
IRETURN FROM INTE~RUPT 

/RETURN WITH 1 BIT STRIPPEO KEYBOARD COMMAND CHAR 
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o ~246 
o li'247 
o (7J2~e 
VI 02~t 
o 0252 
21 0253 
o 0254 
2) ~2~5 

~ 025" 
o 1f)l2~7 

6416 
1145 
1167 
(715'0 
2320 
6511 
5172 
5400 
531'14 
6312 

JPS LQREA[, 
SFTZ J ~ 
ROTC J , 
TWSTJ 

CHARXP, CHARX 
JPS LOPRNT 
L.OJ CONTL2 
STJ FIRST 
LDJ. CHARXP 
Jt-1P. FCHAP. 

IKEYBOAPO INTERRUPT TEST 

0 02f.i0 74r4 KYSOT, TIS 
III "261 6124 JMP TYPET 
()) 02e2 74rl12 TIR 
0 0263 fHSC!t0 TWJMP 

" 0264 V'3t'2 LOREAO, RETRN 
0 0265 c6315 JMP' INICOM 

IPLOT PUSHBUTTON ROUTINE 

o 02ee 
" 0251 
21 0270 

0000 
~010 
6137 

PLOT, 

/PLOT JI< ROUTINE 

" 21,.71 Pl00~ WAITP, 
21 21272 7506 OINST2, 
21 0273 7511 PINST, 
0 0274 7514 
0 027~ 6101 
0 0276 630e 

o 
LOJ JPSD 
JMP OMOD 

~ 
LOSPLY 
PLOTXY 
OISROV 
JMP .-1 
JMP' WAITP 

IRE T U R~! AFT ERe H A R R E c: E I V EO 
ISTIP QFF PARITY BIT 

'/SAVE CHAQ 

IECHO CHARACTE~ RAC~ 
IPTR TO VALID KEVBOARD COMMAND CHARS 

17 BIT CONTROL CHAR 
IEXIT 

IKEYBOARD FLAG? 
INO, GO TRY PRINTER FLAG 
/VES, REAO CHAR, CLEAR FL.AG 
IRETURN TO CALL 
IRE TURN ADDRESS OF ROUTINE 
I~ETURN FROM I ~!Tf~RUPT 

WANTING 

ISET FOR PLOT ~EYT DISPLAY PASS 
15ET UP PLOT Nl'T DISPL~V 

I(MODIFIED) IDLE IF NO F'LOTTER 
/WAIT UNTIL DONE 

IEXIT 

TTY 

0 0211 67Ae JPSO, JPS' • +PWA I TP'·C I NST IPLOT r~t"1 DISPLAY) INSTRUCTION 

IE2060 
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IIN'TEP'RL.lPT PPQCESS ROUTINE 

o ~3r'" 
o p3~1 
o t?l3"'2 
o 03r.~ 
o 03V4 
o ~301~ 
12) 03e6 
o 0307 
o ~j310 
12) 0311 
12) ((1312 
o 031'3 
21 ('!314 
e 12'31:5 
o 0316 
12) e31:? 
o 0320 
21 121321 
121 0322 
QJ 17'323 
o 032,4 
o 0325 
o 0326 
fZI 0327 
21 03:30 
12) 0331 
o 133:52 
o 1i1333 
12) 0334 
21 !2J335 
o 0336 
121 0337 
12) 121340 
12) 0341 
12) 0342 
2) 1713413 
o 0344 
o 034~ 
12) 03A6 
" 0347 
21 035121 
o 0351 
o 03~2 
o tfl353 
12) 0354 
121 0355 
o e355 
21 0357 

7514 
14A2 
75t?0 

>6476 
1374 
13""2 
1374 
1~11 

>52'7 
50~0 

'2f\e 
6"'011 
~025 
7~53 
1440 
1442 
0~"0 
14~H~ 

140'" 
074~ 
Plf506 
16fi2 
b262 
12"'4 
2064 
1501 
61e2 
1141 
15"2 
6254 
11 A 1 
15~2 
62~2 
1004 
~740 

121511 
13~4 
1351 
1505 
1610 
1410 
1602 
14~0 
12A3 
1364 
4440 
5403 
17b0 

LOWPC, 

MOREH, 

HRTN, 

NOCTe, 

IONHP, 

DISRDV 
SKIP 
DISPOF 
JPS SAVE 
ROTO JK 14 
LJKFRS 
~OTD Jt< 14 
LJST 
LDJ' IONXP 
LOJ FIRST 
LDJ, LIPR 
JMP .+1 
lDJ IONHP 
XCT ~le 
SKPl 
SI(IP 
STOP 
IOLE 
IDLE 
TWIO 
ROSTAT 
SIP K 
JMP_ LOFLO 
LKFJ 
A"JDF 
SNZ 
JMP 
SFTZ 
SIP 
JMP' 
SFTZ 
SIP 
JMP, 
IONH 
TWIO 

P~400 

J 
KVSOT 
J 1 
J 
ITMOUT 
J 1 
J 
ICLOCI( 

CSWTCH 
SFTZ JK 41 
ROTO JK 1 
!IZ J 
CLR K 
CLR FLAG 
SIP K 
SET FLAG 
SFTZ K :5 
ROTO JK 4 
AOJ POINTR 
STJ .+3 
CLR JK 0 
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IMARKER RUNNING? 

INO, BLANK SCOPE 
ISAVE THE FOLL~W!NG: J 
It< 
IR 
IS 
ISTATUS 
IOLD INTERRUPT STATE 
IFIRST 
IPROG~AM COUNTFR 
IEXIT FROM SAVF 
I~REP FOR Aoe TNT TO DO IONH NOT IONN 
ISTJ , IONXP 
IPOWER FAll? 

IYES 
IOVERlAYS CAN USE AS TWJMO TO TEST FOR 
IMORE HIGH LEVFL INTERRUPTS-MUST ~ESTOR~ 
ITAGGEO FOR OVERLAV RETU~~ 
IFETCH 4410 STATI'S 
ILIST MODE OVERFLOW? 
IVES, TURN OFF ACQUIRE 
ISAVE 440~ STATUS IN K 
IlOOK AT INTERRUPT FLA~S 
14400 INTERRUPT? 
INO, GO T~Y KYBO/RDER FLA~ 
IYES,NOW EVALUATF THE~ 
leTS INTERRUPT ? 
IYES 
INO 
144~0 CLOCK INTERRUPT? 
IYES 
INO, ENABLE INTE~RUPT HIGH 

ICLEAR SWITCH FLAG 
IMUST BE PUSHBuTTONS 
IMOVE ERASE BIT INTO J 
IERASE? 
IYES, CLR PUSH~UTTrN COOE 

IL/R eIT LEFT? 
IYES • FLAG IS DIRECTION t~OICATOR 
INOW GET PUSHBUTTON CODE 
IIF ERASE J NOw • 2~ 
IBUILD POINTE~ To PUSHBUTTO~ ROUTINE POI 



o 0;5f~ e!6FiO' IGO TO PUSH6UTTa~ ROUTINE 
21 e:~f1 el~rfV\ I(MODIFIED) POINTER TO PUS~8UTTr~ ROUT!! 

IINTEFi'Rl.IPT RETURN ROUTINE 

21 0~~62 10e3 RETRN, IOFF 

'" 
0363 141e CLF< FLAG IPRIME FL4G FOR PESTaQATIO~: 

21 0:Sf\4 14 ~~~ CLR 0 IPFIME OVERFLQ\AJ FOR RESTORATIO~4 

0 0365 6.4:31 JPS RSTR IRESTORE THE FI':'LLOWING: 
0 03ti6 !'I~12 STJ' LIPR IPROGRAM cnUNTER 
0 (')l~6' 54~0 STJ FI~ST IFIRST 
0 eJi'0 553,7 X16, STJ' ION),P IOLO INTE~RUPT STATE 
0 0.371 1002 RFOV ISTATUS 
0 0372 1 ?~' IS LKFJ IS 
0 e373 13Vl1 LRSFJK IR 
0 0374 1204 LKFJ IK 
2) 1Z375 f,0V:l JMP .+1 IEXIT FROt-4 RESTOF(E ROUTINE- J r\iESTOREt'1 
0 ~376 7211 XCT' IONXP ITURN ON 1NTER~UPT 
0 0~i77 ~H52 (~ TWJMP' IRETUR~j TO BACKGFtQUND 
0 04C'0 e0v.1 l L I PR I' LowIPR 

ISAVE~ REGISTERS Rou'r I NE 

0 ~;U' 1 0~00 SAVE, 21 
0 Pl4f'!2 5611 STJ' SAVEP IPUSH J REG IN STACK 
0 04'~3 3410 ISZ SAVEP IBUtw1P STACK POINTER 
0 0404 73~13 XCT' SAVE IGET NEXT REG TO SAVE O~ EXIT 
0 04"'~ 3504 !SZ SAVE IUPDATE POINTEp TO NEVT REG 
0 0dVte 61 ~)A JMP .-4 

0 0401 0145 ION)(I::t , IONX IPTR,TO INTERQlIPT RTN CMO 
0 041L1 2025 LOFLlj, AOOFF IPRT,TO ACQUIRE r-FF R("IUTINE 
0 0~11 P13:56 ITMOIJT, NOCTB lADe TI~E OUT 
0 0412 2011 ICLOCK, CLOCK IPTR, TO LIVE TI~E CLOCK SERVICF 
0 0413 04;34 SAVEl' • S4VEL+10 ISTACK POINTER 
0 0414 34~~ P3400. 342'0 
0 0415 2336 POIN'rR, TABLE IPTR,TO PUSHBUTTON TARLE 

/REs,rClRE REGISTERS I~OUTINE' 

21 04fe et fJI'10 RSTR" 0 

" 21417 ~1~4 OSZ SAVEP IDECREMENT STAcK POINTER 
0 0420 5305 L.CJ' SAVEP IPOP STACK TO J REG 
21 (?I421 73~3 XCT' RSTR IMOVE J REG Tr:I P~OPER REG O~ EXIT 
m 0422 3~04 lSZ RSTR IUPDATE PCINTEQ TO NEXT REG 
0 (21423 6104 JMP .-4 

IINTERRUPT REGISTER STACK FO~ L.OW LEVEL 

o 0424 00DZ SAVEL, 0 IJ 

8-11 



~ (ii4~5 ,,'!0"'~ 0 IK 
0 !"\A7f\ ~~ !II V (1! ~ IR 

'" 
~4~7 ,; !tH~ k' 0 IS 

0 04~VI VJ I~ I? v: 0 ISTATUS 
~ ~4:31 1~f.7 IONN I I a tJ)( 
I(} 0432 00~'0 ~ IFIRST 
0 t'l4~"'3 ~76r.ll STATS IPC 

/ I NTEF'Ru?T PEGISTER STACK FOR HIGH LEVEL 

0 ~434 vHiHl.e (') IJ 
0 ~4~5 (~0. e: O! 0'1 IK 
0 0436 0r;,V;CJI 

'" 
/R 

QJ ~437 t'il0?0 " IS 
0 ~4A0 0~~H'1 (i'! ISTATUS 

'" 
04..11 ~0~t3 0 IIONX 

0 r.442 0¥H10 0 IFlqST 
0 ~44J ~0rV'l t?' IFC 

/E271t12 
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ILOAD DOU~Lf INTEGER INTO J • K REGISTER ROUTINE 
I J POI N T S T t, I ~\I T E G E~ RON CAL L 

o ~444 ~~p~ GETW, 
o 044') 54'~4 

o (i)4.afi 52v"!3 
o '~4A7 34r? 
'" r 4 fi ~ t1 5 1 ~~ 
" (1 .a 5 1 ~) ~H I (7j GET ~:t , 

o ~4~2 63~:6 

'" STJ GET? 
LDJ- GETP 
ISZ GETP 
TWLDK 
17' 
JMP, GET\l: 

IDOUBLE TNT ADO OR SUBTRACT ROUTINE 
IIF OVERFLOW = @ ADO 
IIF OVERFLa~ • 1 SUBTRACT 
I~J • OR • ~(CALL+l) 
IRE'·U~N TO CALL+2 
IRE S U L TIN 1\ .J 

o ~A~3 
21 ~454 
21 ~A~5 
o 0456 
21 0457 
'" r:~4e0 
o ~461 
o '~4~2 
o 0463 
o 0454 
o '~A65 
o ~A66 
00467 
e ~A70 
o 0471 
flJ ",472 

121 "47~ 
o 0474 
o "47~ 
o '~4715 
o 0477 
121 ~5~0 

o "5~1 
o ~5P2 
o ,H503 
o 0~04 
o '~!505 
o '~5~5 
o '~~07 
21 ~510 
o (aSt1 

r!'d~e 

13" 1 
5302 
3503 
651:3 
1451 
50Vj5 
172~ 
15,14 
1455 
15~4 

1122 
1455 
16~4 

1224 
6317 

l"0r.0 
1505 
~~01 

1e~1 
631il4 
1204 
5017 
2314 
5415 
1 ~H~2 
6004 
:301' 
1341 
61~4 

1341 

ASTI~ , 

AOT'~ , 

LOG, 

LOG!)1, 

LOGlD2, 

(71 

LRSFJI< 
LOJ_ ASTw 
lSZ AST\li 
JPS GETw 
SNZ CLR 0 
JMF' ADTW 
rMP JK 
INC J 
SIl CLR 0 
INC I( 

AoR J 
SIZ CLR 0 
INC I( 

ADS K 
Ji't1PdD ASTW 

o 
SIZ 
JMP 
SNZ 
JMPdD 
LKFJ 
LOJ 
SUBL 
5TJ 
SIP 
JMP 
OS! 
SFTZ 
JMP 
SFTZ 

K 
LOGDl 
J 
LOG 

LOGTWO 
14 
LOGTWO 
K 
LOGD2 
LOGTWO 
JK 1 
LOGO! 
JK 1 
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ISAVE KJ 
IFETCH CALL.l 

IFETCH C(CALLf' 
ISUTRACT? 
INO, DO An 
IVfS,NEGATE KJ 

IBORROW? 
IVES 
IAoO LEAST 
ICARRV? 
/VE5 
IAOO MOST 

ILOG 2 CCNVEQSIO~ 
IMOST :: 01 
INO, DO ALL 
ILEAST = t'l1 
IEXIT, DATA II Ci! 
100 LEAST 

IDONE? 
IVES 



o 0512 
o k,513 
121 (;15'4 
o 0~15 
o t'1516 
r;'I rt1517 

5v.i~6 
1367 
1354 
223~ 
5402 
6324 

o (1.1520 0e1~r. 

2' e521 r133 
o 0~~2 e131 
o 0523 ftjfil~;1?, 

12) 17Ie>~4 ~271 

LOJ 
POlO 
SFT! 
AODL 
STJ 
JMP' 

l..OGTWO, 3~ 

TWK!5, 133 
)(111, )cl1 
DISCON, e 
P"4AITP, WAITP 

LOGTWO 
JK 7 
JK 14 
3e 
LOGTt.JO 
LOG I~XIT, K • LOG JK 

I~OINTER TO TWISZ INST~UrTIO~ TO LA~T C~A~NEl 
IDISPLAV TVPE, =0 LIVE, rTHERW!SE STATIC 
I POI NT E R TOP LOT R 0 UTI ~I E 

ILIVE DISPLAY ROUTINE 

~ 12!:525 
o t1525 
o 0527 
til 0530 
o ",531 
21 0532 
o OH533 
21 "':34 
21 0535 
121 0535 
21 0537 
o 05~0 
21 1Z!541 
o 0542 
21 ~5"3 
21 0504,4 
o 0545 
12' 054e 

5QJ52 
5450 
5105 
6564 
1374 
147;21 
65b0 
?'l~e 
t.3fiPl 
1351 
1303 
64~1 
3120 
6053 
5121 
5523 
~6(1~ 

l1750 

TWINKT, LDJ TEX2 
STJ TEXl 
LIjJ XI1I 

Xg, JPS GETw 
ROTO JK 14 
SET 0 
JPS ASTW 
GROlJPZ 

TWINK1, ~~TD JK 0 
ROTf) JK 1 
EXJRKS 
JP5 DSPLY 
DSZ TWl<5 
JMP LOSCON 
L.DJ Xl1I 
STJ TWK~ 
TWJMP 
STATS 

IDISPLAY ALL DATA POINTS 1 TIME ROUTINE 

IMODIFV DI~PLAY ~nUTINE • SO ONLY 1 F'O!N 

/FETCH ADr DATb CHANNEL AQ~RESS 

15fT SU8TPACT TNnlCATOR FOP A5TW 
ISUR ~DORESS OF 1ST CHANNEL IN GP~UP 

ICMOOIFIF.O) CF~ 
I(MODIFIED) 
IR=X AXIS, KJ=ADr.QESS 
IDISPLAY POINT 
140'" POINTS? 

IYES, DO STATLJ~ 

IJ-K PEGS HAVE POINTER TO 1ST CHANNEL TO DISPLAY 

121 054'7 
0" 05!50 
o ~551 
o 121!'52 
121 12t~53 
121 0e54 
o 2!~~~ 
o 21556 
o 0557 
o 05ts0 
o 0e561 
o e562 
o 0~~:5 

0.1121 r 0 
54~7 
1374 
21G'.l:5 
4464 
54'12 
1750 
0~14 
4000 
J501 
137AS 
1201 
71e~ 

DSPL Y , ~ 
STJ DISP52 
ROTI) JK 14 
ANOL :5 
ADJ DNORM 
STJ OISP51 
C:LR JK 0 

OISP51, TWLDI< F0 
DI5P52, 4000 

ISZ OISP52 
ROTO JK 14 
LSFI< 
)eeT OISP51 
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IADDRESS OF 1ST CHANNEL TO nISPLAV 
IISOLATE FIELD OF 1ST CHA~NEL 

IFORM T~LDK IN~TPUCTION 

ICMODIFIEO) - LOAD CHAN~EL LO~ 
ICMODIFIEn) 
ISTEP TO CHANNFL HIGH 
IJ • DATA LEAST 
IS • CLJRRENT DELTA )( 
IK • DATA MOST 



o 05154 
o 0~65 
P, ,j5f56 
o 0567 
" 0~7Q1 
III 0571 
o 0~72 
III 0~i'3 
o 0e74 
fa 0575 
o e~7B 
CJJ 0577 
o eSti'0 
o PSr.t 
o 06e2 
o ~e~}3 
o 06"'4 

21 0t505 
" 080t5 o 0607 
0. 0510 
o 0611 
o 0612 
m 061J 
o ~514 

1357 
13 ~ ~j 
155" 
112A 
441~ 
11~3 
7Sr.6 
1455 
1 ~H~ 4 
4411 
l1e'3 
1455 
6331 
3~22 
6124 
3~25 
6126 

e0e0 
~t'J~)4 

1512 
~0"'3 
~0e0 

0000 
15:33 
00"'0 

SFTZ1, 
SFTZ2, 

SFTZ 
SFTZ 
CLR 

JK 17 
JK 0 
J 0 

Ir~ODIFIEO' C~AV BE JP~ LOG1 
I(MODIFIED) ADJU~T FOR cnU~TS F-l'LL seAL 

TEX, 
DINST, 

J 
OELTA 

AOS 
ADJ 
EXJR 
L.OSPLV ICMOOIFIEOlOISPLAY POINT (JPSf F~AITP' 

IUPDATE DELTA ~ S1Z CLR 0 
INC J 
ADJ DELTA+l 

TEX1, 
TEX2, 

EXJR 
SIt 
JMP' 
ISZ 
JMP 
ISZ 
JMP 

OELTA, 0 
4 

MGCP, MGCLP-l 
MARKN, :3 
MO~TA, 2 

o 
OSPP, DSC 
PMTWO, " 

CLR 0 
OSPLV 
01SP52 
015P51 
DISP~l 
015P31 

I C MOD I FIE r, 8 V T WIN K T', R II N EXT '1 a R r G r ~t 
IX OVERFLOW? 
IVES - EXIT 
INO - STEP TO NEXT CHANNEL 

IOELTA VALUe: F('lR x ORIGIN FOR OATA ... Sl'PF.F-' l"rw 
ILOW 
IPOINTE~ TO LEFT, RIGHT, CENTER MAP~E~ FOTNTEQS 
INUMBER OF MARKERS 
ICENTER MARKER OATA VALUF 

IPOINTER TO DrS~LAV STARTING CHANNEL 
IOVERLAP INDICATOR 

IOATA DISPLAY - CB~CKGROUNO) 

r1J 0515 
o 061e 

\0 0617 
21 0620 
" 0e21 
rlI 0622 
o 0e2J 
" 0e;24 
" 0f525 
21 0626 
" rae27 
2) 0630 
o 06~1 
2) 0632 
o 0633 
121 0634 

IE3204 

5124 
5520 

45t74 
1511 

<61i'4 
l1r?'1 
!51t'1' 
1524 
5511 
4~13 

<7177 
1361 
6562 
5016 
2301 
5542 

LO'SCON, 

X1P1, 

L.DJ TEX 
STJ TEX1 
LDJ OISCON 
SNZ CI",R J 
JMP TWINI<T 
LRFJ 
LDJ PMTWO 
eMF INC J 
STJ PMTWO 
AOJ ospp 
XCT Xg 
ROTO JK 1 
JPS 'DSPL v 
LDJ MARt(,D 
SUBL 1 
STJ DINST 
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IRESTORE DISPLAV R(lUTINE 

ISTATIC DISPLAY? 
INO, LIVE D!SPLAV 
ISET X AXIS • ~ 1~ R REG 
ISET OLAP OR NOR~AL GROUP START CHNL 

IDISPLAV STARTtN~ CHANNEL 
IJPS GETW - GEl nOUBLE INTEGER 
/KJ • ABSOLUTE STAQTING ADDRESS 
INOW DISPLAV DATA 
IDISABLE PLOTTFR - ENABLE DISPLAY 



/MARKER CAL C U L It T 11') ~J AND DISj:)LAY 

0 0635 5 U?t5 LDJ MGCP IpnI~JTER TO LEFT, RIGHT, r: E 1'-' T F i-: iV. ,\PI(~Q P 

" e'e:!~ 54l"QI STJ FIRST 
0 0637 flI514 DNORM, TWLOI< F~ /Gf'T rENTE~ tJ,~RI<ER e4TA VtI.LI!f:, 

" 0640 C'!512 MOATA+l 
0 06Al 513~ LfjJ MeAT A 
0 OItS~2 7156 XCT SFTZl /AOJUST Fe COU~~T! FULL SCALE 
0 0543 7156 )leT SFTZ2 /VALUE IN K REr. 
0 ~e44 5134 LDJ ~ARKN ISET C('lIJ~!T OF ~ARKERS TO OUTpljT 
0 '-"645 5472 STJ MARKC 
PI 0646 >507f5 MA~I(S, LDJ OELTM 
21 ~e47 15t15 51Z J /MARKER OUTSIOF nISPL~.V? 

0 ~t55'" 7507 MARKO, eSMARK INO, DISPLAY ~1 JI F? Ii E R 
0 0651 7514 OISROY /wAIT FOR LAST MJlRKF.R 
0 ~e52 61el JMP .-1 
0 0ee3 ~2~PI LDJ. FIRST IJ • MGC FOINTFR 
0 0654 5403 STJ .+3 IFETCH MAwKER r,H~NNEL NUi~BFR p (1 r I,.: T E R 

0 06~5 1730 SET JK /MARKER CHANNEL Nur1AER -1 
21 06~6 7033 XCT Xl:3 /T~JJPS ASTW 
0 0t5~7 00(7.0 (0 

0 0e~0 1450 CLR 0 IMAPI<E"R CHANNEL ~t'.,t~~ER -1 
0 0661 ''''3'' )eeT )(13 ITWJPS ASTW 
0 Qlee2 1t540 GSC 
0 e5~3 e5!5~ X12, TWSTK /S~VE ABSI}LUTF M~~":ER CHAI\I~:F,:L ,hCnr.(t::·s~ 

0 0664 ('1742 MCH A~J+ 1 
m "'6e~ 54~4 STJ MCHAN 
121 05t56 ~051 OSZ MARKC 
(21 05f.7 6~2t?t JMP M~K1 /NG, BYPA5S OATA FETCH 
0 P.l670 1361 ROTQ JK 1 /YES,SET UP DATA FETCH 
21 f(le71 !5405 5TJ CM2 
0 0512 51:33 LDJ DNORM 
0 0613 1120 AJK J 
0 ((U574 5401 STJ eMl 
0 0575 0S14 CMi, TWLDt< F0 IFETCH OA'fA 

" 0676 0000 CM2, 0 
0 0677 1374 ROTD JK 14 
0 ~7(H?I 5567 STJ MOATA IANO SAVE IT 

'0 Pl7f11 3!503 ISZ CM2 

" 07~2 710~ )eeT eM1 
0 07V,3 0550 TWSTK 
121 07"".4 0612 MDATA+l 
0 0705 5033 LOJ t.1CHANP 
0 0706 7lei7 XCT X10 /FfTCH ASS t-'ARIlEJ:' CHNL JP5 GETltl 
121 07~7 3430 MRK1, lSI MARKC IRESTORE ~ E M A I ~.1 I ~.; G ~A~KE~~ cnUr·:T 
0 07121 1470 SET 0 
121 1?J711 0640 X13, TWJPS /SUBTRACT DISPLAY STARTING CHAt,Jt<EL 
0 0712 0453 ASTW 
0 0713 1533 CSC!, DSC 
0 (21714 ~42~ STJ MCHAN 
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0 ~715 7132 xeT X12 IMCHAN = MAt<.KE~ DISPLAY C H,. I" i~ E L 
0 0115 1502 SIP I( IMARKER INSIDE ~T5PLAV AREA? 
0 ~717 6 ~~ 11 JMP MRI(5 1~IO , KILL MARKF.~ 

Ii.') 07~QJ ~4 ~ 10 X8, TwLDK IMCH.A}J ." DELTA )( 

0 0721 C'l5P5 DELTA 
0 0722 1~~H1 MF'y 1M C 11 A ~J '* DELTA 

" ~723 1::5v3 EXJ~I<S 

0 0724 0550 TWSTK 
0 07~5 0744 DELTM 
0 ~726 0514 ONOFH11, TWLOI< F0 
0 0127 "'6015 DELTA+l 
0 ~730 5t1'l1? MRK~5, LOJ MCHAN+! 
0 ~1731, 18~1 SNZ K IOELTA » 40961 
0 ~732 6013 JMP MRK2 INO 
0 07;33 1515 512 eLF< J 1~1CHAN > 4~9f5? 

0 el7~4 e02tQ JMP MRK4 IVES, QUTSIDE nISr;)LAY 
0 0735 5~(114 LOJ MCHAN 
0 Pl736 6VJ1~ JMP MRKJ 

'" 
07~7 0~e~ MA~~'C , l?t IPOINTER TO NUt~F;E~ TO AE ~ISPLAVEQ 

0 07A0 0741 MCHA~NP , MCHAN 
0 P!741 0~H~0 MCHA~N, 0 IHIGH O~[)ER HALF OF NU~\BF~ TO 8E D!~PLAYEf) 

'" 
0742 r.l0~0 ~ 

0 ~743 061H3 MAFH~SP, MARKS IPOINTEF. T(1 ~ARKER PP.(')CE~~ING La~IP 

0 07A4 ~0t?10 DEL. '~M, 0 IX AXIS LOCATION OF MAs;,~KFR 

"" 
0745 712~ MRI<~!, XCT ",8 ILDK DELTA 

I2J 0746 1000 MRK~~ , MPY IMCHAN ." !jELT~+1) oq (!: .. EL T '" 
.., f'CHAN+1) 

121 21747 1303 EXJRKS 
0 ql7~0 4~"4 AOJ DEI-TM 
121 0751 1501 SNl, J /MARKER IJELTA. -= ~? 

0 21752 1504 INC J IVES,INC FO~ DrSPLAY 
121 0753 1fHH5 aIZ CI..R I< 0 lOUTS IDE DISPLAY? 
121 07~4 1750 MRICd, CI..R JK 0 IYES, KILL MARKEP 
0 01!5!5 ~!511 STJ DELTM 
121 075f5 3117 OSZ MARKC 13 DELTAS DONE? 
0 0757 6314 JMP, MARI<SP 11\10, DO ANOTHE'I:I 

IE195~ 
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/STATUS 

o 0760 
o (J,I761 
o 07F2 
o ~76J 
" (:11764 
o ~7t5 
o 0766 
o 0767 
o 0770 
o V.771 
~ 0772 
'" 0773 
o "774 
o t?l77' 
" 0776 
o VJ771 
o 1~~0 
o l~HJl 

'" 1002 
21 100~ 
o 1~04 
o 10VJ~ 
21 1005 
o 1~~7 
o 1019.1 
o 1011 
o 1012 
eI 1013 
o 1014 
21 1015 
C'l 10115 
21 1017 
o 1020 
" 1021 
21 112122 
21 1023 
o 12124 
21 1025 
o 1026 
21 1027 
o 1030 
o 1121~1 
21 10~2 
o 10:53 
o 1034 
o 1035 
Qt 1035 
o 1037 

51:161 
1501 
~25t'i 
5400 
1430 
1532 
54~4 
1~7~ 
4054 
5454 
~45~ 

>2377 
5446 
1510 
5200 
5540 
5:341 
554Q! 
1502 
1~601 
5412 
314R 
5347 
1455 
1524 
54~!7 

145~ 
3403 
7S00 
64:31 
C'l000 
15427 
0000 
1374 
6435 
";10 
1020 
51~7 
1715 
6113 
5167 
151f5 
Sr103 
2303 
6423 
5200 
6421 
6142 

STATS, 

SCOPCR, 

STATLP, 

CONVLP, 

STAOH, 

STAOL, 

LOJ 
SNZ 
JMP, 
STJ 
SET 

STATX 
J 
STATO 
FI~ST 

SET J 
STJ YORIG 
SET J a 
S8J C240 
STJ XORIG 
ADJ YOR1G 
SU~L 77 
5TJ VORIG 
eLf( K 
LDJ' FIRST 
5TJ MARKC 
LDJ. ~ARKC 
ST J MCHA~I 

SIF J 
eM"" J a 
51J STADH 
OSZ MARKC 
LDJ. MA~KC 
512 CLR 0 
CMP INC J 
5TJ STADL 
512 CLR 0 
!SI STADH 
OISPOF 
JPS DV8Y10 
o 
JP5 OVBY10 
o 
ROTO JK 141 
JPS STAOUT 
TWLDK 
STADL 
LDJ STAOH 
SIZ CLR JK 
JMP CONVLP 
LD"Y MCHAN 
SIN CLR J 
JMP .+3 
SUBL 3 
JPS STAOUT 
LDJ_ FI~ST 

\rps ST AOUT 
J"1P ST.TLP 
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I I ~; I T I A LIZ E 5 TAT I ,~ S € T I.~ P 
IBLANK? 
IV~S, S¥IP THF STATUS nrSPLAY 

lIND F(~R 1ST ~'l"Il;Ir; OF ~H4P !"'ATl:::j): 

IINITIALIZE y r~TGI~ - 7777 

100 A SCCPE CR LF 

ISET X ORJGIN = 75d~ 
15fT Y O~TGIN AT 337 LESS THA~ OLD 

IFETCH PO T I\1TEP Tro t:tjMAER 

I F ETC: H H I r; H H A I.. F n F N U ~-16 E ~ 

lAND NEGATE IF N~GATIVf 

1ST ORE HI(;H HAl r 
IF ETC H Lew HAL!=' ,. r:: ~IIHi a E r~ 

INEGATE IF NEG~TIVr 

ISTORE LOW HALF 

IACCOUNT FOR OVEPFL~W F~~M LO~ 

IOIVI~E HIGH Q~nFR 

IDIVIDE LOW ORrE~ 

ICONVEP5!CN CONE'? 
I~O • GET NEXT LnwEST DIGTT 
IYES, NOW I~SE~T SIGN 
INEGATIVE? 
INI1,FORGET 11 
IVES, I~JSfRT ~TNtIS 

IDISPLAV MINU~ STGN 
IGET SEPA~ATOP C~AQ 

IDISPLA.V CHAR 



'" 11040 
t!J ifiJAl 

C'!515 
2257 
7111 
~077 

024t'1 
00'1~ 

ST.'ro, 
STA'TX, 
VOP:IG, 
C77, 
C24!~, 
XQR'IG, 

LDSCON 
MR-1 
'717 
77 

/ POI N " E R Teo I S P L A V () A T A ~ 0 IJ T r ~; E 

o 1042 
I POI tJ T f. f:? T 0 S TAT U S r, R a tt P TOR E i) I 5 P L A 'y' F f" 
IV O~I~IN FOR OIS~LAV 

o 1043 
240 " 1044 

o 1045 21 IX ORIGIN FO~ OISPLAV 

/DIVIDE BY 1~ ROUTINE 
IDIVIDE CALL.1 BV DECIMAL 10 
IRESULT PUT IN CALL.! 
IRETURN TO CALL+2 
IK HAS HIGH ORDER ON ENTRV 

o 1046 
o 11047 
o 1050 
21 10~1 
o 11052 
21 10~3 
o 10~4 
o ~055 
21 1055 

00~0 

15~0 
2212 
t 101 
5:5 ~j 4 
1001 
570t) 
3507 
6310 

DVAY10, o 
CLR 
AOOL 
LRFJ 
LDJ. 
DIV 
STJ' 
ISZ 
Jr~p_ 

J 0 
12 

DVBV10 

DV8Vlr 
DVBY10 
DVBY10 

IDISPLAV CHAR IN J REGISTER ROUTINE 

o 1057 
21 1060 
o :l061 
o 1 VJ62 
I{) lff"63 
o 1064 
o t06~ 
o :L 066 
o 10t)1 
o 1070 
fa 1071 
21 :L072 
" :L073 
o 12174 
o 1075 
I{) 12176 
o :L 077 
o 11021 
o :L101 
o :l102 
o :l103 
o :l104 
21 110!5 
o :l106 

0000 
1500 
2220 
1501 
6323 

>2177 
2522. 

<6177 
1141 
4451 
~414 
50514 
54~5 
2233 
12~4 

1201 
0510 
1342 
5134 
1103 
5044 
51440 
5013 
3501 

STA10UT, 

NXTI"'RO, 

GWRID, 

"" DISPOF 
AODL 20 
SNZ J 
JMP' S'TATO 
ANDL 7' 
SMJ C71 
JMP SCOPCR 
SFTZ 01 J 
AOJ CTABLE 
STJ GWRO 
LDJ P!5 
STJ POINTe 
AOOL 33 
L.KFJ 
LSFK 
TWLDK 
YORIG 
LOJ XORIG 
EXJR 
LOJ P14 
STJ SITeNT 
LOJ TABL-32 
ISZ .-1 
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IT E ~ MIt,! AT 0 R? 

IYES - EXIT STATI'5 qOUTINE 

lEND LI"IE? 
lYE S , A 0 ,J IJ S T X V n RIG I t,1 S 
I~O - BUILD LOJ TNST TO GET C~A~ 

15 BITS PER R~w bLONr, x AXIS 

140- OFFSET ON V AXIS 

IOFFSET ON V AVlc IN ~ R!~ 

IX ORIGIN IN R RFG 
114 BITS IN EArH OF 2 wORDS OF MATPIV 

IFETCH MATRIX ~o~n (MODIFIEn) 
ISTEP TO ~ND ~AT~t~ ~ORD 



o 1107 
o 1110 
o 1111 
o 1112 
o 1113 
o 1114 
o 1115 
o 1116 
o 1117 
o 1120 
~ 1121 
o 1122 
" 1123 
" 1124 
" 1125 
o 1126 
o 1127 
o 11301 
o 1131 
o 1132 
o 1133 
o 1134 
o 1135 
o 1136 
o 1137 
o 1140 
ItJ 11.11 

11 i) 1 
4A~5 

1\~3 
7500 
1455 
7225 
2230 
:3~32 
t50~5 
5026 
5427 
!51~5 
1235 
1103 
3i~ 17 
6117 
1425 
6125 
2412 
1442 
6003 
1103 
721"'5 
51'7 1 
4173 
5573 
6362 

t\XTPNZ, ~OTD J 1 
AOJ P4{J1~~ 

E)'JR 
OISPOF 
~IZ CLR 0 
)(C1_ DINsrp 
AODL 30 
D 5 Z POI ~; T C; 
J!'1P CONT 
LDJ P5 
STJ POINTe 
LDJ XQRIG 
N5BS K 

CONT, EXJR 
ns! SITeNT 
JMP ~XTPNZ 
512 eMF 
JMP NXTWRD 
SMJ OTwO 
SKIP 
JMP ADVANC 
E)tJR 
xeT' DINSTP 

ADVANC, LOJ XQRIG 
SBJ C240 
STJ XORIC; 
JMP .. STAOUT 

IGfT N~XT MATPT~ POINT 

IMATRIX IN ~ ~~~. Y ORIGIN IN J ~ES 

IDISPLAY POINT IF ~ET 
ILDSPLY - DISPl.AY POINT 
IBIAS X ORIGI~ Fnp N~XT POI~T 
/ROW COMPLETE? 
INO 
IYES- RESTORE ~OQ 5 MORE POINTS 

/RESTORE ~ ORlbIN 
IBIAS Y OQIGIN F~Q NEXT Rn~ 
IX ORIGIN I~ Q PF~, MATRIX TN J Q~~ 

IWORO DEPLETED? 
INO- PROCESS NFXT POINT 
IANOTHER WORD LEFT IN MATRIX? 
IYES 
IWAS IT A 21 

INO 
IYES, FO~CE LA~T POI~T 

ILDSPLY • D1SPLAV POINT 
I~EORIGIN ~ ORrGTN 

IEXIT - AFTER 1 lHA~ 

121 1142 
o 1143 
121 1144 

0572 
0570 
0000 
4000 
0005 
0014 
~005 
5013 

OINSTP, 
OTWO, 
BITC~JT, 
P4000, 
P~, 
P14, 
POINTe, 
CTABL.E, 

OINST 
570 

IPOINTER TO DISPLAY POINT I~STRUCTI0N 

o 
12 WO~D COMPLEMENTED MATPTX WORD F0~ A ~ 
IBIT COUNT IN CHAQ MATpI~ PER WORO 

o 1145 
o 1146 

4~~0 

5 
14 o 1147 

\0 1150 
\0 1151 

S IBIT COUNT IN CHA~ MATPIY ON X AXIS 
LOJ .+1~ ISt<ELETO~ FOR LI)J INS" TO GET r'!~PLAV MA 
IMATRIX FOR CHAR 

IDISPLAY CHAR IM.AGES 
IROTATE EACH WORD 1 LEFT 
ITHEN EACH 5 BITS ACROSS )( AXIS 
lAND LAST(5TH) ROW HAS ONLY 4 BITS 
12 IS SPECIAL AND NEEDS BIT SET IN 
IMISSING BIT IN 5TH ROW 

o 1132 
o 11~3 
'" 1154 
o It!5~ 
o l1es 

4001 
340~ 
0000 
010212 
0104 

TABL, 4P,1et 
340"1 

"" 2 
104 

I. 

II 
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0 1157 21e4 21~4 

0 l1fi0 1643 1543 101 
0 llbl 4613 41513 
P.J 1162 043~ 43~ /1 
0 1163 6t1A~ e043 
0 11~4 76~2 7"02 /2 
0 1165 72(17 7207 

" 1166 76~2 7602 13 
0 1167 7017 7017 
0 1170 4214 4214 14 
0 1171 '5370 5:370 
21 1172 7641 7641 IS 
0 1173 7017 7017 
0 1174 5641 ~641 IS 
0 117~ 7213 7213 
0 1176 3704 37V!4 /7 
I{) 1177 2102 2102 
0 1200 5542 5642 18 
(') 12211 7213 7213 
0 12l'12 5542 ~542 19 
0 1203 7413 7413 

IE3692 
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I015PLAY PUSHE\UTTON ~OUTINE 

I?I 12C.t4 ~i0~H~ DISPLY, 1')1 

0 1205 5243 LDJ' OISCN IREVERSE DISPLAV TVPt IN(,Yt.ATr'f-;' 

""' 
1206 ,. ~20 eMF' J 

0 1207 2101 ANCl 1 
0 1210 5640 STJ' OlseN 
0 1211 1356 SFTZ JK U5 IMOVE TO STATlr: J 1\11') ~IT TO t< R E-; :j I T NI) 9 

171 1212 1530 SET J 

" 1213 5-i63 STJ ZSET 
0 1214 5035 LDJ LAMP IUPDATE LAMP 6IT~ TO ~F:.FLECT r~TS·PLAV 

0 1215 2173 ~.NDL 13 
0 1216 112~ AJK J IAOr) IN STATIC LA~P ~TT 

0 1217 5432 STJ LA~P 

0 1220 074", TWIO ISET L~. MP ~ ON r.p IjFF 

0 1221 el514 STLAt1P 
'-' 1222 ~5l10 TWt.DJ 15FT UF LTVE D!~PLAY 

0 1223 1664 GRClUPW 
12' 1224 05.10 TWLDK 
0 12~5 1665 GROUPW+l 
"-' 122t; 16,15. 51Z K It.OG CONY DQ~E' 
121 12?7 5005 JMP LOONE 
0 1230 1341 !'FTZ JK 1 INO 
0 12:51 3445 lSI ZSET 
121 1232 5104 JMP .-4 
0 1233 6105 JMP .-5 
fa 1234 1~1'5 LDONE, 5IZ CLR J I~EMA I~.!DER? 

0 1235 3041 DSZ ZSET IYES, ROU~!rl uF 
0 1236 504\'1 LDJ ZSET 
21 1231 1503 SIP SNZ J I>~I( G~QUP? 

I2J 1240 2214 AOOL 14 IVES 
121 1241 4420 AOJ ROTT IBUILD ROTATION 1N5T. 
0 1242 "'540 TWSTJ 
0 1243 053~ TWINKl 
0 1244 4032 SBJ Z5fT 
fa 1245 05401 TWSTJ 
12} 1246 0535 TWINt<1+1 
0 1247 6343 JMP' OISPLY 

0 1250 ~~23 OlseN, OISCON IPOINTER TO OISPLAY TYPE It,Jr')ICATcn 
I2J 1251 0007 LAMP, 1 ILAMPS TO BE SET ON 
121 1252 1255 CFSP, CFS IPOINTER TO COUNT~ FULL ~r:ALE 

121 1:253 0001 1 ICFS MINI~uM 

21 1254 0000 21 
0 1255 0012 CFS, 12 ICOUNTS FULL SCALE 
0 12~5 21000 0 
0 1257 0030 30 ICFS MAXIMUM 
121 12621 PI (H~0 ~ 

0 1261 1360 ROTT, ROTO JI< 121 I S I< E LET 0 ~l FOQ klOT,) Jt( 1t.:~ T 
0 1262 1340 SFTT, SFTZ JK 0 I 5K ELETO~' FI")~ ~~T7. Jj( I t\j$ T 
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21 1.263 
at 1264 
o 2,265 
21 t,2ee 
o 2,2e7 
" 1,27" 
21 1,271 
21 1,272 
21 1,273 
21 1,274 
21 1. 27 ~ 

6571 
0001 
000~ 

0~01 
0000 
2000 
0000 
217)00 
0C!100 
'3777 
0000 

JPSLOG, JPS .+LOG-SFTZl IrJ~S LnG) 
~MIN, 1 IMIN~MUM RANG~ OF LEFT MARKER 

" MGCl., 1 /LEFT ~ARKER CHANNEL NUMPEF? 
o 

MGC~, 200~ IRIGHT MARKE~ C~ANNEL NU~eER 

" MMAX, 2000 IMAXIMUM RANGE OF RIGHT MARKER 
21 

ZFULL, ~777 /COUNTS FULL SCALE 
o 

ICSF PUSHBUTTON ROUTINE 
ISET COU~TS FULL SCALE OR LOG OISPLAY 

o 1276 
o 1277 
(2) 1 ~P.!0 
'" 1301 
" 1302 
21 1303 
o 1304 
21 130~ 
21' 1305 
o 1307 
o 1310 
o 1311 
o 1312 
o 1~13 
o 1 ~14 
o 1S~,15 
o 1318 
21 1317 
o 1320 
21 1321 
21 1322 
21 1323 
o 1324 
21 1325 
21 132e 
21 1327 
o 1 3~ra 
21 1331 
21 1332 

21 1333 
III 1334 
21 133t5 
21 1338 
o 1337 

000r,JJ 
5125 
6457 
160e 
6031 
5128 
5!507 
2330 
1324 
2314 
150e 
13~4 
2214 
4531 
0540 
0565 
1374 
4e3~ 
05421 
0!564 
1710 
1341 
1504 
31321 
610! 
5533 
0550 
1275 
t3334 

ZSE,r, 

)(21" 

)(22" 

~ME~tG, 

5151 ZLOG" 
7120 
5152 
7118 
1710 

~ 
L.DJ CFSP 
JPS UPOWN 
SIZ K 
JMP ZI.OG 
l.OJ CFS 
STJ ZFULL+l 
SUSL 30 
CMP INC J 
SUBL 14 
SIN J 
SFTZ JK 14 
AOOL. 14 
AOJ SFTT 
TWSTJ 
SFTZ2 
ROTD JK 14 
AOJ SFTT 
TWSTJ 
SFTZl 
CLR Jt( 
SFTZ JK 1 
INC J 
oaz ZFUL.L+1 
JMP .-3 
STJ ZFUI..L 
TWSTK 
ZFULL.+1 
JMP' ZSET 

LDJ 
XCT 
LOJ 
XCT 
Cl.R 

SFTT 
)(21 
JPSL.OG 
)(22 
JI< 

10 • CFS c 25 
IAT LIMIT? 
IVES, SET LOG DISPLAY 
INO, SET UP DISPLAY S~IFTS 

ISTORE DISPLAY SHIFT NUM8EfII 2 

ISTORE DISPLAY SHIFT NUMBE~ 1 

INOW SET COUNT~ FULL SCALE 

IEXIT 

IPLACE JMP LOG IN OISPLAY R~UTI~E 
ITWSTJ SFTZ2 - N~OP SHIFT NUMBEF 2 
IJPS LOG INSTRUCTION 
ITWSTJ SFTZt - M~DIFY SHIFT NUMPE~ 1 



o 13 4 0 6111 JMP ZMF.RG 

IE1908 
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IMOVE LEFT AND RIGHT MARKERS UP OR ~OWN ROUTINE 

0 1341 k'l~H"~ MOVE:IT, 0 
0 1342 5544 5T .J ZSET 
0 1:343 14 t, 1 SNZ ICOlJt--!T DOWN? 
0 1344 22(12 ADOL 2 INO, MOVE RIGHT ONE FIRST 
PI 1345 6412 JPS UPDWN IYES, MOVE LEFT nNE 

'" 
1345 5150 LDJ ZSET 

0 1347 140~ ~IZ ICOUNT nOWN? 
0 1351l) 2202 ADDL 2 IYES, MOVE RIG~JT O~'E 

" 1351 1470 SET a ISF-CONCI PASS Fl A (: 
PI 1352 64P!5 JPS UPDWN 
Ci' 1353 6,~ 12 JMP, MQVEIT 

PI 1354 1521 DCHI, OCHANS 
0 1355 ~0ei0 STltJIES, 0 
e 1355 ~) l~ 10 peONIST, 10 ITIMER CONTROL Cr'lNSTANT 

ISTEP UP OR DOWN SlY 1 TO 8 ROUTI~JE 
IUP/OOWN BASED ON F'LAG 

0 13~7 ~~00 UPO~IN , 0 
0 13e0 5421 STJ NUM IPOINTE~ TO NLt~BFR 

0 13el 14£15 SlZ 
2) 1352 23(14 SUBL 4 IFLAG gET. GOlt-if; nOWN 
,0 1363 22\112 ADDL 2 IFLAG CLEAR- GnI~Ir, UP 
0 1364 5422 STJ LIMIT IPO!NTE~ TO LI~IT 

0 1365 5252 l.DJ- PTIME! 
12) '~,,366 1455 SIZ CLJ; a ISECOND PASS? 

" 1'367 ~112 LDJ SlIMES IYES, USE OLD TE~T 

0 1370 5513 STJ STIMES 
0 1371 1515 S!Z CLR .! IPUSHBUTTrlN 5 I ~IGl ~ STEP? 
f2I 1372 6004 JMP .+4 IVES, BYPASS t~uL T I PLE lJPOW~;S 

2) 1373 5317 LDJ' oeM I I"'J TIMES A FUNrTION OF nISPLY 1,,; Tr)TH 

f2I 1374 1153 ~OTO J 3 
0 1375 2107 ANOL 7 ISUT NO MCH~E THA~ 8 
IZI 1376 15ti'14 INC J 
2) 1377 >r547S STJ EXPAND ISET PASS COUNTErt 
0 14~0 05121 TWLOK IGET NUMBER - L"\ti 
0 1401 0000 NUM, (;I) 

fa 1402 3501 lSZ NUM ISTEP TO I-!IGH Io-IALF 
0 142!3 53212 l.OJf NUM IGET NUMBER - IoolIr-IooI 
0 14214 1301 LRSFJK /SAVE NUMBER IN C($ 

0 1405 P.l410 TWSBK 1ST ART LIMIT T~ST 

0 1406 ~000 LIMI'T, 0 
0 1407 3501 ISZ LIMIT 
21 1410 4302 SBJ_ LIMIT 
21 1411 3103 DSZ LI~IT IRESTORE Llt·1I'T P f\ r~: T E R 
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0 1412 1735 512 SET JK IAT LIMIT? 
0 2,413 1756 SIN CLR JK 0 INO, CL~ & SKIP to ~ CON" I T I a ~)I ALL v 
2' S.414 6335 JMP' UPD,JN IYES, EXIT JK c:ET 

0 1415 16?J4 INC K ISET KJ = + 1 
0 1415 1·1r,!5 SIZ IcourJT DOW ~~? 
121 1417 17~~ SET ..JK IYES, KJ = -1 
21 14201 1224 ADS K IADD LOW 
0 1421 1455 SIZ CLR a ICARRV7 
0 1422 15(114 INC J IVES 
0 1423 1122 ADR J IADO ~OST 

0 1424 5723 STJ~ NlIM I~NO STORE IT 
0 1425 1374 ROTD JK 14 
0 1426 3125 DSZ NUM IFETCH LEAST 
0 1427 5726 STJ_ NU~,1 lAND STORE IT 
0 114~0 3045 DSZ EXPAND ILAST PASS? 
0 1431 61~1 JMP NUM-l INO, DO ANOTHEw 
0 1432 5154 LOJ PCONST ISET UP TIMER FOQ CLOCK 
21 1433 (?I54~ TWSTJ 
0 1434 21~2 PTIME2 
21 1435 1750 CLR JK 0 
0 1436 0540 T~~STJ 

0 1437 2103 PTIMEI, PTIME 
121 :1440 6351 JHP_ UPOWN IJ::X!T JK • " 

IMARKER SPAN PUSHBUTTON ROUTINE 

21 :1441 0~00 MWIOTH, 0 
21 :1442 5052 LDJ MGCRP IMOVE RIGHT MAPKFR UP OR DO~H! 

'" 
:1443 6564 JPS UPDWN 

21 :1444 63~3 JMP, MWIDTH IEXIT 

/OISPLAY SPAN PUSHBUTTON ROUTINE 

0 '14A5 0000 OWIDTH, ~ 
0 1445 >507!5 LDJ OSCP IMOVE ClISPLAY ~T~~T CHANNEL LIP 
fZJ 1447 6'370 JP5 UPDWN 

'" 
1450 1420 CMP IRE VERSE DIRECTII"'NS 

2' 1451 1470 SET 0 ISET SECOt\JO PA~5 FLAG 

" 1432 5044 LDJ DEep IMOVE DISPLAY FNI'1 CHANNEL DOWN 

'" 
~14 53 <6~74 JPS UPOWN 

0 14~4 6471 JPS OISSET ISET DISPLAV PAR~METE~S 

'" 
:14!55 3467 lSI GROUPF 15ET EXPAND FL~G 

0 1456 6311 JMP. DWIDTH IEXIT 
21 '1457 5102 JMP .-2 lOOPS, GRnUPF rtVF'RF'LOW 

IMARKER POS PUSHBUTTON ROUTINE 

0 1460 00~0 MMOVE, e 

" 1451 !5~32 LOJ MGCLP IMOVE LEFT + Ryr;I--lT i'1ARKERS ~J P OR OC~JN 

" 1462 0540 )(57, TWJPS 
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o 1463 1341 
o 1464 63r4 

MOVEIT 
JMP' MMOVE 

IDISPLAY pas PUSHBUTTON ROUTINE 

o 1465 
o 1466 
o 1467 
o 14710 
o 1471 
(2) 1472 
o 1473 
o 1474 

00~\0 

142~ 
5~54 

7106 
6454 
3452 
5J~5 
51C12 

OMOVE, o 
CM? 
LDJ 
XCT 
JPS 
lSI 
JMP, 
JMP 

DSCP 
X57 

OISSET 
GRQUPF 
DMOVE 
.-2 

ICHANGE DISPLAV STARTING CHANNEL 
IRE V E R S r: hJ 0 F? MAL F lH JeT ION t) F U P (., ~ :\{ 
IMOVE STA~T AtJn ~ND DISPLAY C~.t,PI~~IELS 

IJPS MOVEIT 
ISET UP ~EW DI~PlAV PARAMETERS 
15f.T E){P,ANO FLbG 
IEXIT 
lOOPS, GRQUPF ~v~gFLOW 

I~XPAND PUSHBUTTON ROUTINE 

o 1475 
o 1476 
o 1477 
" 1 !5rt0 
(2) 1501 
o 15'-'2 
o 15('13 
o 1504 
o l~VlS 

" 15"'6 o 1~07 
(2) 151'" 
" 1511 
o 1512 

" 1513 o 1 ~14 
" 1315 
o 1516 
o 1517 
o 1520 
o 1521 
o 1522 
o 1~23 
o 1524 
" 1525 o 1525 
21 1527 
o 1530 
o 1!5~1 
(2) 1532 
21 1533 
o 1534 
" 1535 

w('l~~ 

7'15121 
5214 
4620 
4040 
5431 
521t 
4514 
4~34 

5427 
0I?Jta0 
6435 
3433 
6315 

1265 
1270 
152~ 
1535 
0505 
1640 
1777 
0000 
0000 
3776 
1~00 
0000 
2000 
00021 
2C'J00 
0000 
20021 
0000 
3777 

EXPAINO, 0 

MGCL,P, 
MGCf;!P, 
MGCC:? , 
OECFI, 
OEL,'AP, 
GSCFI, 
OCH~\NS, 

OPNTS, 

MGCC: , 

OLse:, 

DMIN, 

OSC " 

DEC " 

XCT X51 
ILOO' MGCLP 
IAOO' GSCP 
ISUB INl 
ISTR CSC 
ILOO' MGCRP 
IAOD' GSCP 
ISUB IN1 
ISTR DEC 
IEXT 
JPS OISSET 
lSZ GROUPF 
JMP' EXPAND 

IJPS 1M 
ILEFT MARKER C~A~~EL NU~BER 
IADD/~ OF 1ST CHANNEL IN CU~PF.:t-iT r;ROLIP 

INEW DISPLAY STA~TING CHANN~L ACD/2 
/RIGHT CHANNEL MARKER NUMRtR 
I ADD 12 0 F 1 S T r H~ ,..J N ELI I\l r.: I : R REt·; T ~ p au p 

INEW DISPLAY ENOTNG CHANNEL A00/~ 

ISET DISPLAV P,RAMETERS 
ISET EXPAND FLtaG 
IEXIT 

MGCL 
MGCR 
MGCC 
DEC 
DELTA 
GSC 
1777 
o 

IPOINTER TO LEFT MAPK~P CHANNEL NUMSER 
IPOINTER TO RIGHT MA~~FR CHANNEL NU~BE~ 
IPOINTER TO CENTER MARkER CHANNEL ~JtJMB£~ 
IPOINTER TO DISPLAV ENnING CHANNEL 

o 
3776 
1000 
o 
2000 
o 
20Ci!0 
o 
201t'0 
PI 
3777 

IX AXIS DELTA VALUE 
IPOINTER TO ADDRESS/2 rF 1ST CHANNEL IN 
INUMBER OF CHANNELS TO DrSPLAV -1 

IIFUDGE TO GET X AXIS ~ElTA FnR DATA 

ICENTER MARKER CHANNEL NlIMBEP. 

IOVERLAY INDICATOR 

I ADDRESS/2 OF 1 ST CHAN~'EL I ~ rURRE~iT GP(')IIP 

/0 I S P L A v S TAR T I ~~ G C HAN ~.I E LAD D R E $ S 12 

IDISPLAY ENDING CHANNEI_ A~nRESS/2 
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0 1536 0()1~H~ (ill 

f2I 1537 3777 OMAX, ~777 /ADI')RESS/2 OF LAST C H A "I ~~F L IN CUf~RF"-JT (.R~lIP 

'" 
1540 ~0~1i! 

'" " 1541 e Q1~" 1 IN1, 1 IINTEGER 1 
21 1542 00~e 0 
0 1543 1533 OSCP, OSC /POINTER TO DISPLAY STA~TING CHANNE:-L 

" 1544 0000 GROUPF, ~ IEXPAND FLAG 

ISET UP DISPLAV PARAMETERS ROUTINE 

0 1545 ~0e', DISSET, 0 
0 1546 064t' X51, TWJPS 
0 1547 2441 1M 
0 1.5~0 5113 ILOD DEC 
2' 1551 4115 ISUB DSC 
0 1~52 ~531 ISTR DCHANS /NUMBER OF OISPLAY CHANNELS -1 
0 15~3 4467 lADO IN2 
0 1554 6466 IOIV IN2 

" 1555 4522 lAOO OSC 
21 15~5 4",(0)2 ISUB GSC 
0 15~7 5532 ISTR MGCC ICENTER MARKER GJ:;l('I.lp CHNL 
0 1560 5135 ILoa OPNTS 
0 1561 654'" IOIV DC HANS 
0 15f12 7060 IMIJL IN2 
0 1563 5'44 ISTR. DELTA? IDELTA X FOR nY$PLAV 
0 1!564 0000 IEXT 
0 1565 5320 "TMP, OISSET IEXIT 

IE3Q21 
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IGROUP SET PUSHBUTTON ROUTINE 

o 1,566 
PJ 1,567 
~ 1,570 
o 1571 
o 1572 
o 1.~73 
o 1574 
2' 1.575 
17.1 1 ~76 
" 1577 
o 16r.~ 

'" 16fr- 1 
o 1602 
21 1603 
" 1604 
o 1612!5 
o 1506 
" 1507 
o 1610 
21 1511 
o 1.612 
2) 1.613 
fa 1.614 
" t.e15 
o 1,616 
o 1617 
o 1 B2P.1 
o 1(521 
121 1522 
o 1 B23 
" 1624 
'" le25 
o 1626 
o 1627 
(21 1630 
o 1531 
" 1532 
12) 16~3 

" 1634 
" 1 e;'5 
'" 1636 
" lf537 

" 1640 
21 1641 
21 1642 
" 1643 
o 1844 

e.; tHi)~' 
5123 
1354 
5325 
5455 
1615 
6""20 
5~5!5 
C16AQl 
1357 
506~ 
1631 
60"'5 
1514 
1405 
5055 
5452 
5440 
5041 
30136 
2202 
3437 
71A6 
5235 
5446 
eS3(5 
7027 
4~43 
444A 
4421 
5414 

c5574 
5573 
4435 
4167 

<5574 
5~73 
5170 
5612 
00'10 
6571 
6351 

200m 
0000 
0002 
0000 
2000 

GROlJP, 

GRC()NT, 

REL[), 

Q! 
LDJ GROUPF 
SFTZ JK 14 
STJ GROUPF 
STJ GROUPD+1 
SlZ eLR K 
JMP ~ELD 

LDJ G"OPSP 
TWJPS 
UPDWN 
LDJ GRoupr; 
SNZ SET K 
JMP GRCONT 
CLR INC J 
51Z 
LOJ GROLIPN 
STJ GROUPS 
STJ GROUPO 
L.OJ GRP1WP 
DSZ GROUPD 
ADDL 2 
STJ GRPWP 
xeT )(51 
ILOD' GRPWP 
ISTR GROU~W 
ISTR. MMAXI 
IMUL GROUPO 
lSU6 GROUPW 
lADO GROP1W 
IADD IN200~ 
ISTR GSC 
ISTR DHIN 
ISTR csc 
IADO GROUP~J 
lSLlB IN1 
ISTR DEC 
ISTR OM AX 
ILOD DSCP 
ISTR_ OlSPI 
lEXT 
JPS OISSET 
JMP' GROUP 

ISET EXPAND FLAG 
ISAVE fXPANO FlA~ TN K, eLF J 
ICLEAR E~PAND FLtG 

IWAS E'XPA.ND ON? 
IYES, GO RESTO~E OrSPLAY 
INO, SET./- ONf GROUP 

IPICt< UP NEW GPOIIP 
lupnWN HIT A LIMIT? 

IYES, SET TO GPOIIP1 
IWAS IT COUNT UP? 
IYES SET TO LA5T GROUP 
ISET NE~J GROUP 
IGROUPO = GQ,QUPS - 1 
IFETCH POINTER T~ GROUP 1 ~tDTH 
IGROUP 11 
15ET POINTE~ Tn Nn~MAL wIDTH 

I JPS I ~l . 
IGET CURRENT GpOUP lfJ I DTH 
15ET GROUP WIDTH 
ISET LIMIT ON ~ARKER 
ICURRENT GROUP NUMPER .. 1 
IADJUST FOR WIF.'FH~ 1ST GRnUp 517r: 

ISTEP PAST 441~ TNSTRUCTIONS 
ISET UP GROUP ~T~RT CHANNFL 
ISET UP LOWER POIINDS FOR CHANNEL 
ISET DISPLAY STAPT CHANNEL 

15ET DISPLAY E~O CHANNEL 
15 E T U PUP PER Fl Cl U N () S FOR C HAN f\j F L 

ICLEAR OVERLAP QFFSET 

ISET UP OISPLAV PAPAM~T~RS 
IEXIT 

GSC " 200~ IAODRESS/2 OF 1ST CHAN~JEl IN CURRENT G..;ICUO 

'" I N2 " ~ 

'" lN2Q'00, 2000 

IINTEGER 2 

Il~JTEGER 20~0 



o 1645 
o 1646 
o 11541 
2' j,650.1 
o 1651 
o 1552 
o 1653 
o 1554 
o 1655 
21 1656 
o 16~7 
o 156c;, 
o 1661 
o 1662 
'" 1563 
21 1664 
(') 166~ 
o 1666 
o 16e7 
o 167~ 
o 1671 
o 1672 
o le73 
o 1674 
21 1615 

Q.l ~ ~1 ~ 

0513 
eliHi1 0 
(1'1 ~v; QI 
1561'; 
1666 
1060 
1670 
1272 
00~11 
r0Ct{! 
0001 
t'l000 
0001 
00~0 
2e00 
00~0 
20Qi~ 
0~r,0 

2~00 
0000 
00£i\0 
00e0 
0~~0 
0544 

DISPI, 
GROUPD, 

GR P1WP, 
l,RPWP, 
GROPSP, 
GROPWP, 
M~AXI, 

I I 1 , 

GROUPS, 

GROUPN, 

GROUPW, 

GROP1W, 

GROPNW, 

'" [)SPp 

"" o 
GROP1W 
GROP1W 
GROUPS 
GROPNW 
MMAX 
1 
til 
1 
o 
1 
o 
20~0 
P! 
2000 
o 
2000 

'" 

ICURRENT GROUP NUMBER ·1 

IPOINTER TO GPQUP 1 wlnT~ 
IPOINTER TO CURRENT G~rup ~IGTH 
IPOINTER TO CURRENT GR(1UP NUt-iRER 
IPOINTER TO NORMAL GROUP 11IOTH 
IPOINTER TO MAXIMUM RANGF OF MARKe~5 
II~TEGER 1 

ICURRENT GROUP NUMBER 

INUMBER OF GROUPS 

ICURRENT GROUP WInTH 

IGROUP 1 wIOTH 

I~ORMAL GROUP WIDTH (2 - N) 

GROUPT, 0 IGROUP SIZE ENTERED ON G~OUP SET COMMA~r 
Ii.' 

STF, ~ ISKELETON FOR TWSTJ INST~UCTlnN 
TWSTJ F0 

/GROUP SET COMMAND ROUTINE 

o 1676 
" le77 
2) 1700 
21 1701 
" 1702 
o 1703 
21 17e4 
o 17~5 
fa 1706 
21 17e7 
" 1110 
21 1711 
21 1712 
21 1713 
21 1714 
o 1715 
21 1715 
o 1717 
o 1720 
QJ 1721 
21 1722 
21 172:3 

00~0 
0540 
1544 
06421 
2403 
0022 
7103 
0025 
0540 
2140 
1572 

e7l'S 
~034 
6521 
00fl0 
16V;1 
1!5e 1 
6631 
e53t5 
7110 
5130 
5533 

GWSET, 

X56, 

)(54, 

o 
TWSTJ 
GROUPF 
TWJPS 
UNP4CI< 
GPW 
xeT )(56 
WIO 
TWJPS 
INEC 
GROUPT 
)(CT RELO 
ILOO MEMSIZ 
IOIV GROUPT 
IEXT 
SNZ 
s~z 
JPSI 
STJ 
XCT 
ILOD 
ISTR 

I< 
J 
GERR 
GROUPN 
)(54 
GROUPT 
GROPNW 
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ICLEAR EXPAND FL~G 

IPRINT GRf')tJP 

IJPS UNPACK - PRINT wrOTH 

IINPUT OR ECHO G~nup WIDTH 

IJPS 1M 

IEXIT WIT~ N GROUPS !N J 
IGROUP WIDTH ToO SM_LL1 
/GROUP WIDTH Tna LAqGE? 
IERROR, ONE OF THE 4S0VE 
ISTORE NUMRF~ ('IF ~RatiPS 

IJP5 It-'; 
ILOAD NORMAL G~OUF' wIDTH 
1ST 0 R E ~~ 0 R ~1 A L r: P r. u P ~ leT H 



0 1724 e:5~)5 ISTR GPQP1W 1ST ORE GPlio.lPl y,' I ( .. T r~ - JUST ! ~: c.t.~~ C; t:. ,,~ f 

0 1725 7143 TMUL GROllPt-.! IMULT Py ~I i) • IjF r.. R:i iJ PC; 

0 1726 5557 ISTR GROUPO ITEr.,p STOPE 
0 1727 5t~ 17 !LOD ~E~SIZ IGET ~IZE f)F r,~~!")t·o t 

" 1730 41ti1 ISUB GROUFn 
0 2.731 Ii: ~~ n (II IEXT 
0 1732 1 ~H'i 1 SNZ J ICI"IANNFLS R f MAT ~J T ~.; r; 1 
(1 1733 6CH15 JMP WEXIT INC 
0 1734 35B2 ISZ GROUP~! IVES, 1 MOf.<E GQOl.'P I I'; "rOT AL 
(21 1735 5547 STJ GR(,Pl~' ISTORE GROUP 1 SI1.E 

'" 
17~6 0.55(/1 TWSTK 

'" 
1737 1(;67 GRCP1W+1 

0 1740 51!j6 WEXI:T, LOJ GROUPN IF('IRCE UPPE~ LIMyT I ~I {;ROIJP~ 

0 1741 55tl1 STJ GROUPS 
0 1742 141 , .. CLR FLAG 
0 1743 ~f'''0. TWJPS ISTE:P T~ 1ST GG'Oi.1P + I~\'ITI AL17L f~ Q f: l! P I 
12' 1744 1555 GROUP 
0 1745 fi'541 JMF" r,WSET IEXIT 

0 1746 P'0V'-fi1 MEMSiIZ, 0 12~~~,60~~,12~00,1~~00 - NIIMBER OF r)GUhl E I ~~ T ~ 

"" 
1747 \7j~";('JI e 

0 175~ 2120 GERR~, UNU5El'" IPOINTER TO ERROR MF.~S5AGF ;;:OUTI~f. 

121 1751 1664 GROP'W I , GROUFW IPOINTER TO CU~r.tENT GRrup ~IIOTH 

121 1752 erorp, ERASEC, ~i ICOUNT OF NUMBER OF CHtNt..tELS TO f.RA~F 

0 1753 rQ!r(~ ~ 
0 17~4 li'~"'0 TWIZ:, ~ ISKELETON FOP TWISZ INCI;T~UCTlaN 

2' 1755 03.14 TWlSZ F0 

IERASE PUSHPUTTON ROUTINE 

0 1755 (f1 ~ ~~ rn ERAS,ER, 

'" 
1757 7145 X55, 

0 176tJt 53C7 
0 1751 6~1il~ 
121 1762 551'" 
121 1763 52~4 
0 1764 72Z4 
0 1765 4571 
0 1766 ",111012' 

'" 
17157 540~ 

0 1770 (J'550 
0 1771 1773 
121 1772 1~1£A 

" 1773 0544 ERASEt, 
0 1774 401r0 

" 1775 35~1 
121 1776 71~3 
0 1777 35tt13 
0 2000 14~2 

0 212!01 3505 

0 
XCT X~4 

ILOO' GROPW! 
INEG 
ISTR ERASEr:: 
ILOOdD GSCI 
JMUL' IN2I 
IAOO STF 
IE~T 
STJ ERASE1+1 
TWSTI< 
ERASE1 
CLR J 
TWSTJ F0 
4000 
lSZ ERASE1.t 
XCT ERASE1 
lSZ ERASE1+1 
SKIP 
lSZ ERASE1 

IJPS I~ 
ICrUNT OF CHAN~EL~ TO ERASE 

I ADD RES 5 0 F 1 S T r: HAN 1·4 E L TOE ~ A S F 

I B U I L D T w 5 T J t~· ~ T 

I(MnDIFIEn) E~6SF CHANNEL - LO~ 

IERASE r.HANNEL - Hl~H 
ISTEP Tr ~~XT rHANNEL 



21 2~H12 
f7I 2~Ql3 
o 2004 
" 2005 
o 20~6 

/E36R2 

35j~ 

611 ~ 
3531 
5112 
~330 

lSZ ERASEC 
J~~ ERASEl 
lSZ F.:RASEC+\ 
JMF' ERASEl 
JMP' EPASER 
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/MORE CHANNELS LF~T TO ERASE? 
IYES 

/YES 
INO • fXIT 



I 

0 20r7 164C'1 GSeI, GSC IPOINTER TO ADDRESS/2 roF 1ST CH.'NNEL 
0 2P.J 1, 0 1642 IN2I, IN2 IPOINTER TO I NTE(JEQ 2 

0 2~11 074'2\ CLOCK, TIAIIO ICLEAR CLOCK FLA~ 

0 2012 ~6l.2 CLRCLK 
0 2"'13 30.67 OSZ PTIME2 IPUSH8UTTON/PL~TTER T! rlER 
0 2014 6C-H"!3 J~P .+3 
0 2015 3(116R DSZ PTI~1E 
{21 2016 1 iH'V,1 IDLE 
0 2017 5(.'1f'6 LDJ ACQCO~ 

0 2020 1515 srz CLR J IAGUIRING? 
0 2021 3457 ISZ CLQCl<l IYES, INC elOCt< 
0 2022 6263 JMP, IRT~N 

0 2"'23 ~45F; lSI CLOCK1+1 
0 2~24 6261 JMP_ IRTRN 
0 2025 1510 ACOFF, eLF< J IALSO LIST OVERFLOW SERV .. STOP ,lICrJlltRE 
0 2026 54.47 STJ ACQCO~i 

0 20~7 6~32 JMP AQEXIT ISET ACQUIRE O~J rq OFF 

IACQUIRE PUSHBUTTON ~OUTlNE 

{21 2"'30 C'l0r0 AGlUlRE, 0 
{21 2031 5C?!44 LDJ ACQCOM IREVERSF. ACQUI~E INDICATOR 

"" 
2032 1~~0 CMP J 

0 20~3 2036 ANDF AQMOOE lINT ~ODE.2t?1, TNr=4Ql, OMA LISTs50 
(21 2~:34 544:11 STJ ACQCOM 
0 2035 1501 SNZ J IAQUIRf OFF? 
0 2036 6023 JMF AQEXIT IVES, BVPASS SFT UP 
121 2037 4433 AOJ AQFLD INO, ~11ERGE OMA FJELD FOR Arc COMMAND 
21 2040 5435 STJ ACQCOM 
0 2041 7162 XS~, XCT X55 IJPS I r-i 
21 2042 5034 ILOD TIME ISET UP PRESET T!ME 
0 20A3 60t?(}I INEG 
IZI 2044 !5434 ISTR CLOCKt 
0 20A5 5336 ILO'" GSCI ISET UP AnC SE~VICE 

21 2046 7336 IMUL- IN21 

'" 2047 4~73 IADD TWIZ 
0 205l'1 5634 ISTR. GROPZK ISTORE TWYSZ FnR 1ST CHANNEL r tJ 
21 2051 5216 ILOl)' DMAXI 

" 20152 7342 IMUL' IN21 
0 2053 <4577 lAOO TWlZ 
21 2054 5614 ISTR' MEHZCI ISTORE TWISZ FrR LAST C H A Nr,jf~L 
0 2055 0000 lEXT 
0 2056 50115 LOJ LISTC 
a 2057 07.40 TWIO ISET UP LIST M('InF CH A ~I CNT. 
21 20621 0632 LDLIST 
fa 20el 5213 AQEXIT, JMPdD OLYEXT IPRQVISION FOR r)VERLAV SE~vICE 

0 2062 5013 LDJ ACQCO~ 

21 2063 1354 SFTZ JK 14 
21 2064 0740 TWIO ITURN AQUIRE O~J /rFF 
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0 2~f,5 2~26 SET&\CQ 
0 2e66 6336 JMp~ AQUI~E /EXIT 

1£1 20~7 1537 O~AXI, OMAX I PO I ~!Te:R TO ADORE'S5/2 r.F L~,t;T C ~ A N ~i r: L 
e 207~ 0tf.Q! MEMZCI, MEMZC IPOINTER TO TWlSZ FaR LA~T CHANNEL 
0 2071 ,,-at'~ AGiMOCE, 0020 I~ODE OF ADe ACQUI~E t!9I=TNT, APi:II'!C. 6f'>=LIST 

'" 
2~'72 ~ 0 ~1 iJ AQFLD, P, /FIELD OF Anc AC:QUIRIN~ 

0 2~73 1~00 LISTC, 1~00 ILIST MODE DUMMY COUNT 
C?I 2074 20ti2 OLYEXT, AGlEXIT+l IOVERLAY I~'~DIC~T(lR OF SOME TyPE 
0 2075 tJl~vi0 AcaCOM, e. /.4CQUIRING INDICATOR 
0 2076 0000 TIME, (71 IPRESET TIME Tn ACQUIRF" Fa~ 

e 2077 Ql ~ ~~ '" 0 
0 2100 r2'0'~ ~ CLOCK1, 0 INEGATIVE NUMBER OF TICKS TO ACfJUIRE: FOR 
(2) 21('11 0~~11.i' 0 
0 21~2 01 QI 0 PTIME2, 1~C 
0 21~3 I.') 21 CA ~ PTIME, et 
0 21v.4 015e GROPZK, GROUP! IPOINTEQ TO iWISZ FOR 1ST CHANNEL 
0 21~5 0362 IRTRN, R£TqN 
0 21~6 0000 ECHOF, 0 IECHO OLO VALUE INDICATOR 

IE1629 
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ICLOCK SET COMMAND ROUTINE 

12) 21~7 

o ~!110 
o ~~111 
" ~!112 
21 21',~ 
o ~!114 
o ~~115 
IZl 2115 

QHH~O\ CLSI~T, 

7"'40 
~~1~ 
6426 
2076 
7034 
(H? 15 
6301 

ff.1 
)leT XQ0 
CLSM 
.JPS INEC 
TIME 
XCT X90 
CSEC 
JMP, eLSET 

IJP5 UNPACK • TYPE CLOCK TI~E 

IINPUT DR ECHO LA~T TIME 

IJPS UNPACK • TYF~ CENISEC 

IEXIT 

IERROF MESSAGE ROUTINE 

o 2111 
o ~~1~0 
o 2121 
" 2122 
12' ~~123 
o 2124 
o ~!125 
" 2126 
" 2127 

0i.1e.C'iI 
'10~1~ 
7e;27 
tH?J30 
351~ 
6414 
2117 
G164l'1 
0227 

NUSED1, 0 IDOUBLE INT INPUT FRO~ TTV 
UNUSED, ~ 

XCT XQ0 IJPS UNPACK - PRTNT ERROR: 
E~ROR)( 

ISZ ECHOF 
JPS INEC IECHO ER~OR Nu~aF~ 
NUSEOl 
TWJPS IRESTART 

DEC(lOF', DECODE 

IPRINT OLD NUMBER 

o 2130 
21 2131 
" 21~2 
" 21:53 o ~~134 
o 2135 
o 21315 
o 21:51 

7167 
5273 
34e'0 
~000 
1~14 
00Q13 
55~0 
6201 

ALTt1, xeT X53 
ILOI)' INECl 
lOUT 
IEXT 
XCT X90 
TTY 
STJ ECHOF 
JMP' ,I NEe 

IJPS 1M 
IFETCH OLD NUMPE~ 
ICONVERT TO OUTP~T FO~MAT 

ITWJPS UNPACK - P~INT NUM~E~ 

ICLEAR ECHO OLr VALUE INOICATQ~ 

IINPUT VALUE POINTED TO BY CALL+l OP ECHO OLD VALUE IF ALTM0DE E~TEREG 
IRETURN TO CALL+2 

" 2140 
(2J 2141 
o 2142 
o 2143 
o 2144 
o 2~145 
o 2146 
o 2147 
o 2~le0 
13 2151 
o 21e2 
" 21~3 
o 2~le4 

0000 
5301 
5462 
~5e3 
le10 
2537 
1A42 
Btl1 
0640 
2403 
0033 
~H534 
e~34 

INEC: , 

I NEC:R , 

o 
LOJ' 
STJ 
ISZ 
CLR 
SMJ 
SKIP 

INEC 
INECl 
INEC 
J 
ECHOF 

JMP ALT~ 
TWJPS 
UNPACK 
EQ 
STJ NUSEDl 
STJ UNUSED 

8-35 

IPOINTER TO INPUT VARIABLE LOCAi!~~ 
ISTEP TO PETURN ADDQESS 
IECHO OLD VALUF 

IN(I 
IYES 
ITYPE COLON 

ICLEAR STORAGE F('I~ INPUT NLJI>.18ER 



0 2155 5452 STJ SIGNl ICLEAP. SIGN OF I~PL~T NUf'.~8FP 

21 2155 2210 AonL 10 ISEVEt--1 OIt;ITS ~A"i 

0 2157 5451 51J CtlfT R 
0 2161?\ 3447 ISZ SIGNl 11 IF POSt 2 JF ~:EG 

0 2161 0540 X91, TWJPS IPETCH CHAR 
21 2162 fl2A5 FCHAR 
21 2163 2453 SMJ t-1INUS IMINUS CHAR? 
0 2164 61~4 JMP .-4 /YES .. I~CREMENT ~IGNl 

0 2165 1442 SKIP l"Ie 
0 21t56 7tr5 LOCP2, xeT X91 IJPS FCHAr:;: 

" 2167 1450 CLR a 1ST ART TEST FOR ~U~IEP Ie CH,A~- Nl:"" E PIC? 
12) 2170 2372 51J6L 72 
0 2171 1441 SNZ 0 
121 2172 6016 JMP T5fC 1"10 .. TF.ST FOR SPECIAL CHAF<'ACTEJ; 
0 217~ 2212 AOOL 12 
0 2174 1455 SIZ CLQ a 
0 217e 6013 JMP T5TC IN('I. GO TEST FrR SPECIAL CH.4kS 

" 2176 5427 STJ TEMP~ IYES, CONVERT f'\IGIT 
21 2177 7147 X72, XeT ALTM IJPS 1M 
21 22'~0 5101 ILOD NUSEDl /MULT OLD BY 1~ 

0 2201 7030 IMUL C10 
21 2202 4423 IADO TEMP3 IANO ACD NEW 
21 2203 5564 ISTR NUSEOl ITEMPORARV TOTAL NUMBER 
12' 22~4 0000 IEXT 
0 2205 3023 OSZ CNTR ISEVEN DIGITS nO~IE? 

0 2206 61?0 Jt.1P LOOP2 INO, GO DO ANOTHER 
21 2207 6567 JPS UNUSED 
0 2210 ~4~5 TSTC, SMJ RUBOUT IRUBOUT CHAR? 
0 2211 5145 JMP INECR IVES,RESTART F"RMING NUMBER 
0 2212 2422 SMJ ESC IE~CAPE OR ALT~QDE? 

0 2213 6163 JMP ALTM IYES, GO E'CHQ f')Ln NUMBER 
0 2214 12417 SMJ ALT 
0 2215 ,.6165 JMP ALTM IVES, GO ECHO t"Lr- NUMBER 
0 2216 i3011 DSZ SIGN1 INO,SIGN NEGAT1VE'.? 
0 2217 'ee20 JPSdD NEGACI INEGATE INTEGE~ AC 
0 22221 ,7121 )eeT )(72 IJPS 1M 
0 2221 5503 ISTR' INECl ISTORE NEW NUM~E~ 

0 2222 ~0'10 IEXT IJ,t( HAVE INPUT NUMBER 
0 2223 5363 JMP, INEC 

0 2224 0000 INEC1, OJ IPOINTER TO VARIABLE TO RE INPUT 
0 222S 00~0 TEMP3, 0 ITEMP STORAGE FOR LAST OFCIMAL OIGIT E f~T E QED 
0 222e 00V,0 0 

" 2227 0000 SIGN1, 0 ISIGN OF INPUT NUMI3E~, 1 IF POSITIVE, 2 IF NEr,AT 

" 2230 0000 CNTR, ~ IDIGIT COUNTER FOR TTV NlIM8ER INPlJT 
0 22:51 0~12 C 111'1 , 12 IDOUBLE INTEGER DECIMAL 10! 

" 2232 00"'0 0 
21 22:53 01~3 ALT, 103 I AL T~10DE MASK, 175-72 
0 2234 7753 ESC, 775:3 IESCAPE MASI(, 33-50 
0 2235 0105 RUBOUT, 1"'5 /RUBOUT MASK, 177-72 
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o 2236 00~5 MINUS, 5~ 17 6 I T A 5 C I I FOR ~1 I N U 5 8 T r; t" 
o 22~7 255~ NEGACI, NEGAC 1 P ('I ! N T E R T 0 ~ EGA T f. r N T F' G F R 4\ cell ~~ II L A TOP R r I; T I 1\, r:: 

/STATUS PUSHBUTTON ROUTINE 

o 2240 
21 2a 4 1 
o 22.:12 
o 2~43 
o 2244 
o 2245 
21 2246 
o 2247 
o 225Q1 
o 22e51 

eH'.H~0 

34V'l1 
5011 
0540 
1~41 
15V15 
63~'5 
50.V'3 
~~'16 
6311 

STA"US, 121 
ISZ STATU1 

STA"Ul, LDJ .... 11 
TWSTJ 
ST~TX 
SIZ J 
JMP~ STATUS 
LDJ LDF 
STJ ~TATUl 

JMP' STATUS 

ILIST OF' POINTERS 1'0 STATl'S GROUPS 

o 2252 
o 22~3 
21 225£1 
(') ~255 
o 22~5 
12) 22~7 

5010 
2257 
22e;7 
2277 
0~00 

0000 

LOF, LOJ .+10 
M~·1 

IFLL-1 
CLOK-l 

" ~ 

ISTEP TO NEXT ~TATl.!~ r;poup !"OTt;TfR 
ISTORE NEW STA"fL'~. Gh'rup POlh.lTF~' 

ILIST END? 
INO - f~ X I T 
IYES, RESET TO RF~INNtNG rF LT~T 

IEXIT 

IPROVISION FOR OVERLAV STATUS 
/ZE~Q TERMINAT~R Tr STACK 

/STATUS GROUPS - 2~ ADDEO TO ASCII CHARACTEPS 

o 2260 
f2} 22~1 
21 2262 
121 2263 
21 22tS4 
o 2265 
at 2266 
t2t 2267 

o 2270 
at 2271 
o 2272 
21 2273 
121 2274 
f2} 227~ 
121 2275 
o 2277 

fa 2300 
21 23~1 
o 2302 
121 230:3 

0612 
ee77 
1!525 
V'057 
1271 
~07~ 
1267 
7760 

1663 
0077 
1551 
0057 
16Se 
0057 
1275 
77~~ 

21C?11 
0057 
2077 
7760 

MR, 

ZFL.L, 

CLOK, 

MDATA+l 
77 
MGCC+l 
57 
MGCR+l 
7~ 
MGCL+l 
7760 

GROUPN+l 
77 
GROUPS+1 
57 
GROUPW+l 
~7 
ZFULL.+1 
7760 

CLOCK1+1 
~7 
TIME+l 
7760 

8-,37 

ICENTER MARKE~ DATA 
I / 
ICENTE~ MARKER CHNL 
ICR-LF 
IRIGHT MARKER CHNL 

I -ILEFT MAPKER C~NL 

ITERMINATOR 

INO OF GROUPS 
I I 
/ CUR R E ~.i T r; R n u P 
ICR-LF 
IGROUP wIDTH 
/CR-LF 
/COUNTS FULL SCALE 
ITERMINAll"lR 

IELAPSED TIME 
ICR-LF 
IPRESET TIMF: 
ITERMINATf."R 



lE3259 
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IKEYBOARD CO~MAND DIRECTORV 

o 23~4 
o 2305 
o 23v-6 
o 23V7 
o 2310 
o 2311 
o 231~ 
o 231~ 
21 2314 
o 2315 
" 231e o 2317 
o 2320 

(}Ile:! 
01Q'i7 
00C0 
0~rr1 

r.00~ 

e"r.~ 
"~000 
0~QI~ 

'10?C'! 
",cHH~' 
0~0et 

[H'" 0 
~0~10 

T AS 1, 

CHARX, 

1"'3 
107 
o 
O'l 

o 
o 
eJ 
C" 
OJ 

o 
VI 
o 
liI 

ICLOCK SET 
IGROUP SET 
ISTORE (1061) 
IPF'INT Cl~61' 
IEXTRA 
IINTEGRATE (1~~1) 
IDIFFERENTIATE Cl~61) 
IEXTRA 
IEXTRA 
IEXTRA 
IEXTRA 
IEXTRA 
lEND OF TABLE • CHARACTEP INPl.lT 

IKEYB~ARD ROUTINE DIRECTORV 

" 2321 o 2322 
OJ 2323 
o 2324 
" 2325 
" 2326 
o 2327 
o 233t?! 
" 2331 o 2332 
o 23~3 
21 2334 
o 2:~3!5 

21~7 
1675 
2120 
2120! 
:?120 
2122' 
2120 
2120 
212'" 
2120 
2120 
21~0 
2120 

eLSET ICLnCK SET COMMAND ROUT!~~ 
GW5ET IGROUP SET COMMAND ROUTI~E 

UNUSED 
UNUSEO 
UNUSED 
UNUSED 
Ut..JUSEO 
UNUSED 
UNUSED 
UNUSED 
UNUSED 
UNUSED 
UNUSED ICAN NOT BE C~ANGED - TA~EN I~ CHA~ACTEP 
INOT FOUND 

IPUSHBUTTON ROUTINE TABLE 

o 2~~5 
o 2~337 
" 2~3A0 
o 2J41 
o 2~342 
o 2343 
PI 2~4A 
o 2345 
o 2~J46 
(2) 231017 
o 23~0 
o 2351 
o 23~2 
o 2353 

1465 
144!5 
1460 
1441 
1276 
0266 
2240 
2120 
1204 
156e 
1475 
2030 
0227 
2120 

T ABL.E, DMOVE 
OWIDTH 
MMOVE 
MWIDTH 
ZSET 
PLOT 
STATUS 
UNUSED 
DISPl.Y 
GROUP 
EXPAND 
AQUIRE 
OECOOE 
UNUSED 

I 0 
I 1 
I 2 
I 3 
I ., 
I 5 
I 6 
I ., 
I 8 
I 9 
11O! 
111 
11~ 
11:5 

4 

8 

12 

8··39 

FRONT FAf'..lEL 
PUSH~UTTaNS 

1~ 14 

3 

7 

1 1 

15 



e 2354 
o 23~5 
o 2356 

2120 
212'" 
17~fo; 

UNUSE" 
UNUSED 
ERASER 

114 
11~ 
116 
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0 23~7 00V21 Pt<TEMP, ~ 
PI 2360 ~0~i0 POINT, ~ 

/PRINT 1 CHARACTER ROUTINE 

0 2361 0(iJ~~~ CHRQUT, 0 
0 2362 >2177 ANDL 77 
0 2363 2443 SMJ P75 
PI 2364 t500~ JMP CLRJ 
0 236~ 244·2 SMJ p" 
0 2366 60~5 JMP CRLOUT 
0 2367 443R AOJ P240 

"" 
2370 501Ql JMP XQUT 

0 2371 1~10 CLRJ, CL~ J 
0 2372 6211 JMP' UNPACI< 

IPRINT C~-CP-LF ROUTINE 

o 2373 
o 2374 
o 2375 
21 2376 
121 2377 
21 24e0 
21 2401 
o 2402 

512131 
70f'4 
!'S027 
70e2 
5024 
0640 
0262 
6321 

CRLOUT, LDJ P21e 
XCT XOUT 
L.DJ P2t5 
XCT )COUT 
LDJ P212 

XOUT, TWJPS 
LOPRNT 
JMP-.. CHROUT 

/TEMPORY C~AP ~T(1~AGE BEFORE p"" J~" T 
IMESSAGE POINTFR Fn~ TTY r:lUTPUT 

IISOLATE Ct1ARArT~p 

ITERMINATOR ? 
IYES 
lEND LINE ? 
IYES ... OUTPUT rR-LF 
ICO~VERT TO ,ASCI! 
IPRINT CHARACTF~ 
IINITlflLIZE J FEr; J= r'! Ol~ F=':TU~~' 

IEXIT - END OF MF.~SAGF.: 

ICR 
ITWJPS LCPPNT 
ICR 
ITWJPS LCPRNT 
ILF 
I P P I ~J T C H A RAe T F. R 

IRETUR~ F~R NExT CHARACTE~ 

I PRINT MESSAGE UNTIL TERMINATOR (75) ON TTY RGUTINE 
ICALL + 1 IS POINTER TO MESSAGE 
IRETURN TO CALL • 2 WITH J.0 

o 24~3 
21 24e4 
o 240' 

·1lI 2406 
121 2407 
o 2410 
21 2411 
" 2412 o 2413 
o 2414 
o 2415 
o 2416 
21 2417 
21 24P0 
o 2421 

00('10 
5301 
15525 
3503 
1e14 
2412 
6120 
5332 
5534 
J534 
1166 
6535 
5140 
65~7 
B1e!7 

UNPA,CK, ~ 

I..DJ' UNPACK 
STJ POINT 
lSZ UNPACK 
CLR INC J 
SMJ PSUPPF 
JMP CLRJ 

NXTPNT, LOJ' POINT 
STJ PKTEMP 
ISZ POINT 
ROTO 06 J 
Jj:)5 CHROUT 
LOJ PKTEMP 
JPS CHROUT 
JMP NXTPNT 

8-,41 

ILOCATION OF M~S~AGE 
ITO POINTER 

IPRI~·JT SUPPRE5~? 
IYES, CLEAR J AN~ EXIT 
IGET 2 CHARACTFR~ 
ISTORE 2NO CHAPArTER 
ISTEP TO NEXT , CHARACTERS 
I~OSITION 1ST CH'~ACTER 
IOUTPUT 1ST CHARACTE~ 
IGET 2ND CHA~ACTF.R 
IOUTPUT 2ND CH6QACTER 
IPROCESS NEXT , CYAqACTERS 



0 24~2 ~~fr':~ PSUPPF, ? IPRINT SUPP~ES~ JF =1 
0 242~ "''-12 P212, 212 ILF 
0 2424 021!'\ P21~, 215 leR 
0 242!5 ~240 1'240, 24r:1 IS PACE 
0 2426 t-1~7!1i 1'15, 73 ITEQ.t-11NAT!j~ 

0 2427 0071 P71, 77 ICR-LF INOtCATr.~ 

IE21JtS 
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IDOUBLE INTEGER PAC'" AGE - QUBINT OR I ~l 

0 ,,43'1 2442 NCPX 174"10 
121 2·'31 2~77 [~L ~1L T 11C'!00 

'" 2 4'32 26~~2 DL~IV 164~0 

121 24~3 25C7 ACNEG IR(i'~0 

121 2434 2516 DLSTOR 154"'~ 
0 243~ 2~11 OLLOAD 15cHH1 
21 2436 2523 FLAOD 144~0 
0 2437 2~35 FLSIJB 14Q\00 
0 2440 2107 SDF>J:?NT 1340c;, 

121 2,&41 0000 DUeINT, 0 IINTEGER F'ACK4r;E 
0 2442 5301 NOPX/, LDJfl QUBINT 
121 2;143 1164 ROTO J 4 IFETCH INST 
0 2444 12~4 LI<FJ ISAVE EVE P V T H I ~l G 
21 244~ 2117 ANDL 17 IRETAIN INST CrtDF 
121 2445 1!5\?!!5 SIZ J IlEXT? 
0 2447 23eS SURL e INO 
21 24~0 4432 ADJ TABLEX IBUILD GO TO FnI~JTER 

0 2451 ~430 STJ TEMP)C 
0 2452 1374 EXJK IRESTORE EVERVTHTNG 
21 24~J 1550 CLR Ii 0 
121 2454 1351 ROTO JK 1 /MOVE INDIRECT BIT TO K 
0 2455 le502 SIP J IRELATIVE SIT fwtI"!U5? 
121 24156 1470 SET a IYES, o RF.ME~1F3ER~ 
21 2457 1167 ROTI') J 7 /NOW MOVE I~' RF.LA'!'IVE AO(jc:?E~S 

121 24~0 >2177 ANDL 77 
0 2461 1455 5IZ CLR 0 IRELATIVE MINU~? 

flJ 2452 1524 CMP INC J IYES, NEGATE RF.LATIVE ~DDRE~S 

0 24fiJ 4322 AOJ DUBINT ICQMPUTE AS'; AI')D~ESS 

0 2454 ~433 STJ ADRS 
21 2465 5232 LOJ- ADRS INOW FETCH OPE~A~'D 
0 24f.6 1615 SIZ CLR K IINDIRECT? 
0 2~l67 6103 JMP .-3 IVES, GO FETCH RFAL OPERANr. 
0 2470 e413 STJ LORD1 
0 2471 3426 lSZ ADRS 
IZJ 2472 522~ l.OJ4D ADRS 
0 2473 5411 5TJ HORDt 
0 2474 J~33 ISZ DUBINT 
21 2475 l?I51~ TWI,.DI< 
121 247e 2~0e HORD 
21 2477 5006 LDJ LORD 
0 2500 1410 eLR FLAG 
21 2~01 6340 TEMP)( , JMP, DUBINT 

'" 
2502 6340 TAaLE~)(, JMP' QUBINT+1 IUSED TO BUILD pr!t'JTE~ TO O?EP AT I at; ~(jLJ' 



0 2503 till000 LORDI, '" 0 2S~4 0000 HOR"1, ~ 

'" 
25e~ 0~~0 LORD, P 

" 2eC6 00(1101 HORD, ~ 

0 2~V.7 6441 ACNEG, JPS NEGAC 
PI 2510 6145 Jf'4P OUBINT+l 

0 2511 51.~'5 DLLOAo, LDJ LORDI 
0 2512 55~r; STJ l.ORD 
0 2513 51 ~l7 LDJ HOR01 
0 2514 55~15 STJ HORD 
0 2515 5153 JMP DUBINT+l 

" 2516 ~550 OLSTOR, TWSTK 
0 2517 OJ0I00 ADRS, It'! 

" 2520 3101 OSZ AORS 

" 2521 !57V2 STJ411 AORS 
0 2522 616~ JMP DUBINT+l 

0 2523 1450 FLAOD, CLR 0 

" 2524 S11' LOIoT LORD 
0 2525 4522 AOJ LORD1 
0 2526 5521 STJ I.ORO 
21 ~~27 ~121 LDJ HORO 
0 2!530 1455 Sll o CLR 0 
0 2~~1 1!504 INC J 
0 2532 4526 ADJ HOR01 
0 2533 5525 )t2, 5TJ HORo 

" 2~34 5172 )(14, JMF' OUBINT+l 

0 2535 eA~2 FLSUB, JPS NEGOP 

" 2536 6113 JMP FLAOO 

0 2537 21000 NEGOP, 
'" " 2540 1550 CLR J 0 

" 2541 4136 SBJ LORDi 
21 2542 ~!537 STJ LORDI 
0 2543 151~ aIZ CLR J 
0 2~44 2301 SUBL 1 
0 2545 4141 SSJ HORD1 
21 2546 5542 STJ HORDt 
21 2547 6310 JMP411 NEGOP 

121 2~~0 00~0 NEGAC, 0 
0 2551 1550 CI.R J 0 
12) 2·5~2 4145 S6J l.ORD 
0 2553 ~54e STJ LORD 
12) 2~54 151!5 SIZ CLR J 
12) 2~~5 2301 SUBL 1 
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12) 2555 41 e\~ SBJ HORO 
0 ~~57 5~51 5TJ HORO 
0 2~60 ~31~ JMP, NEGAC 

0 25~1 et~11I0 SIGN, 0 
0 2'562 151~ CLR J 
01 2'563 5448 STJ SlGNSW 
0 2564 !526~ LDJ' HORD81 
0 2565 15~~ SIN J 
OJ 2566 6003 JMP .+:3 
0 2567 'H530 Xl, JPS NEGOP 
0 2570 3441 lSZ SIGNSW 
0 2~71 5270 LOJ' HORDA1 
0 2572 1~0~ SIN J 
0 2573 6003 JMP .+3 
OJ 2~74 6524 JPS NEGAC 
0 2575 3434 lSZ SIGNSW 
0 2516 6315 ",'MP, SIGN 

121 2577 6516 OLML. T , JPS SIGN 

'" 
2600 S2e7 LDJ' LORDAt 

0 2801 7016 )tCT X30 ILOt< LORI) 
12) 2B~2 le0P1 MPy 
0 2e~3 1302 LJI<FRS 
12) 2604 0550 TWSTK 
12) 2605 2561 SIGN /TEMPORARY 
0 2.606 0510 TWLOt< 
12) 2607 25~~ LORCIA1, LORD 
12) 2e10 5701 STJ' LORDAl 
12) 2e11 5240 LOJ' HORD81 
12) 21512 10e0 MI'V 
0 26.13 13~2 LJKFRS 
12) 2614 4!5~3 ADJ SIGN 
0 21515 !5534 STJ SIGN 
QJ 21515 5243 LDJ' HORDA1 
0 2617 ~510 )(30, TWLDK 
121 2620 2303 LORCIB 1 , LORDl 
0 2621 1000 MPY 
121 2622 1302 LJKFRS 
12) 2623 4542 AOJ SIGN 
0 2524 563'5 STJ' HORO.l 
0 2e25 3004 MDE)(:IT, D5Z SIGNSW 
0 2e2e 7172 XCT Xt~ IJMP DUBINT+l 

" 2e27 e~~7 )(4, JPS NEGAC 
121 2e30 .717.4 X7, xeT X14 IJMP DUBI~JT+t 

o 2e31 0000 SIGNSW, 0 

0 26:52 1750 OLO]:V, CL~ J~ 0 
0 2833 13Wl L~SFJI( 
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0 263t1 "451 STJ F.~RnRI 

'-" 2635 2331 SU~L 31 
12) 2535 5450 STJ DIVCT~ 
12) 2e~7 6 -;.~~ JPS SIGN 
0 2e4~ 7151 )(CT Xi IJPS NEG(}P 
12) 2641 7122 XCT X30 ILDK LC'RDl 
12) 2642 1715 SIZ CL.R JK 
121 2643 1552 SIP CLR J 0 
121 2644 6037 JMF' ERROR 
12) 2B45 4725 OIVLP, ADJ' LORDS1 
121 264~ 1455 SIZ o CLR 0 
0 26.17 15~4 INC I( 

0 2550 045I?J TWADK 
12) 2e51 250A HORDS1, HORD1 
0 2652 145(1 CLR 0 
12) 2653 150~ SIP K 
III 2654 ,;~~~ JMP .+J 
21 25~!5 1470 CLR eM!' 0 
12) 26~~ 1301 I .. RSF JK 
12) 26~7 53521 xe, LOJ' LORDA1 
~ 2660 ~51e TWLDK 
12) 2~Hj 1 25e.e HORDA1, HORD 
12) 2e~2 1502 SIP I( 

0 2663 142121 CMF FLAG 
21 2ee4 1:541 SFTZ JK 1 
12) 2e~)l5 145e SIZ o CLR 0 
0 2e66 1504 INC J 
12) 2f5~7 el760 STJ. LORDA1 
0 2670 0550 TWSTK 
12) 2671 2506 HORD 
12) 2(572 1302 LJKFRS 
0 2613 3413 ISZ OIVCTR 
12) 2e74 6002 JMP .+2 
12) 26'S 51~0 JMP MOEXIT IFINISHED 50 E~IT 

0 2676 1341 SFTZ JK 1 
12) 267' 141' SIZ CLR FLAG 
12) 2700 1504 INC J 
0 27~1 1301 LRSFJK 
0 2'~2 (5135 JMP OIVLP 

0 2103 ~402 ERROR, lSZ ERROR1 
0 211;'14 71~4 X5, XCT X7 IJMP DUBINT+l 

121 2'0~ 0"'00 ERROR1, 
'" 121 2106 0000 CIVCTR, 21 

IE2t524 
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IINTEGE~ PAr:KAGE OUTPUT 

0 :27e'7 ~~"f 5 SDPRNT, LDJ TTYP 
'-" :27'eI 5461 STJ TEMP1 
0 :2711 5330 LDJ. HO~DAt 
L?J :2712 5505 STJ ERRO~1 IRf.ME~F.=,ER SIGN 

" 2113 15k'12 STP J ISIGN ~iEGATIVE? 

0 2714 ,,65 XCT )(4 IJPS NEGAC 
0 2'1~ 54~7 STJ SOH IJ • HORO 
0 271f5 71:57 XCT X6 ILDJ LORD 
a 2717 5407 STJ SOL 
0 2720 1710 CLR JK 

" :2721 2307 SUBL 7 ISET UP Fr'lR , ",Ir.-YTS 
0 2722 15514 STJ DIVCT~ 
0 2723 6414 SDLII' , JPS RY11"J10V IDIVIDE H OROER 8Y t~ 
0 2724 C000 SOH, 0 
0 2725 fli412 JPS '3Y10DV /DIVIDE L ORDER ~v 1 vl 
0 2726 etHH~ SOL. 0 

" ~~727 1374 ROTC JK 14 
0 273", 6417 JPS SDOUT IREMAINOEQ TO ~TATUS BUFFER 
0 2731 5105 LOJ SOH 
0 :!732 171~ SIZ CLR JK ICONVERSION OOt-.lE? 
0 27~3 6110 JMP SDLP 

" ~~7:54 5037 LCJ N20 IYES, FILL REMA I ~!OE~ WITH PLANkS 
0 273!5 6412 JPS SCOUT 
21 2736 f'102 J ~1P .-2 

0 ~!737 @~00 8Y1(~DV, e IDIVIDE CALL·! Bv 1.(')1 

0 ~!7 40 5f})32 LOJ P12 
21 2741 11 Ii' 1 LRFJ 
e 2742 ~3e.~ LOJ' f\Y10DV 
I2J ~~7 43 10~1 DIV 
0 2744 570~ STJ4I BV10DV 

" 2745 35~H5 lSZ BY100V 
0 2746 5307 JMP' BV100V 

21 2747 0000 SDOUT, ~ ISTORE J IN TTy ~IJFFER 

0 2750 222'" AODL 20 

" 2751 11 ~ 1 L~FJ 

0 2752 4517 ADJ' TEMP1 
('1 27~3 1425 SIZ eMP 
e 2754 60~3 JMP .+3 

" 2755 1103 ~XJ~ 
0 2706 3013 OSZ TEMP1 
0 27e7 1166 ROTC J e 
21 27tH~ ~511 STJ' TEMPI 
21 2761 3553 lSZ . OIVCTR IBUFFER FULL? 
0 2762 e313 JMP, SOOUT INO, PRnCEED l~ t TH C"r..JVE~SIa'J 
121 21e3 5155 LOJ ERROR1 IBUFFER FULL, .... IOW INSERT SI";N 
0 27t54 151~ SIN CL.R J ISIGN NEGATIVE? 
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21 2765 231~ SU6L 15 I ~~O, INSERT BLANK 
21 2766 23v13 SUBL 3 
0 2767 5~2Vl JPS SDOUT 
0 2770 7164 )eeT X5 IJMP DL'~lNT+l 

21 2771 ~Cil00 TEMP1, 0 
21 2772 0012 P12, 12 
0 2773 776'" N20, -2~ 

'" 
2774 00~7 TTYP, TTY+.! ILAST LOCATION pnINTER FIXEDl 

IE1019 
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.4~'Z10 

IINITIALIZE ?OUTI~!E - ONCE ONLY CODE 
IAREA BECOMES P.A~T OF DATA RUFFER AFTER EXIT 
ITVPES INITIAL t-lESSiAGE N04410 
IOETERMINFS MEMORy SIZe: 

0 40~C'J (1i~'Ij~ MEMZ0, Ii.' 
0 4001 ~16A~ TWJPS ITVPE ND4410· 
0 40C2 2403 UNPACK 
(21 40(1:,3 4071 BGNING 
0 401?l4 ~~7~ LOJ IDL IREPLACE CALL TO THIS ROUTINE wITH Ir'lFF 
0 4L'1r~ 0540 TWSTJ 
0 40"'6 02(~~ C Ot1RET 
0 4~H:'7 50~3 LOJ PI ILOAD LAST LOCATI':1N as: .' , 4 FIELDS 
0 4010 Vl544 TWSTJ F~ 

fa 4011 7777 7777 
0 4012 5l1'161 LDJ P2 
0 4e13 ~0l54!S TWSTJ F1 
0 4014 7777 7771 
0 4P.15 ~251 LDJ 1'3 

" 4015 Pl545 TI'JSTJ F2 
0 4017 7777 7717 
0 402~ 5055 LOJ P4 

" 4021 (JI541 TWSTJ F3 
0 4022 7777 7171 

" ~02~ 1610 CLR K ITEST LAST LOCATTrlN OF 4 FIELDS 
I?J l024 ill !5lil 4 TWLDJ F" 
121 025 7777 .,777 

" 4026 2444 8MJ P1 
0 4027 le04 INC K 
121 403~' e~(l.!5 TWLDJ Fl 

'" 40~1 7777 7.,'7 
0 4032 2441 SMJ P2 
A 4033 lee4 INC K 

" 4034 ()l~ee TWLDJ F2 
fa 4!035 '7.,7 ''''7 

" AS036 24:36 SMJ P3 
0 40~7 lSe4 INC K 
0 4040 O'5fr7 TWLDJ FJ 
0 404111 7777 7177 
0 ~0A2 21133 SMJ PAS 
0 41343 15~4 INC K 
12) ~QlA4 1374 ROTD JK 14 IMOVE COUNT OF FJELOS TO J RECISTFR 
12) 4045 23"'1 SUBL 1 IFIELn COU~!T II ~,1,2,3 

21 40A6 1141 SFTl J 1 INO. BLOCI(~ OF 1 I( CHNLS=CNtJ. F!ELDSX?+ 
0 4104., 22~1 ADDL 1 IF OR ALL FIELD'" FOP. PROGR4r. MAI'\F. IDLE 
0 4050 05 .. 0 TWSTJ lAND CHANr,E IN"iH"11, TO I~40~~ VALUE 
0 4051 1562 GRQUPN INUMBER OF 1K nOuRLEINT BLCICK S 

" 4052 1810 CI.R K 
0 40e3 Pl550 TWSTK 



0 4054 1663 GRQUPN+l 
0 40~~ "'~5!i' TWSrK 
0 4055 155~ ~ROtJPI)+l 

0 4,,'157 1372 ROTD JK 12 
0 4",(15~ 0!55~ TWSTK 12~~~-6~0~-120~~-16~0~ 

~ 41061 1,747 MEMSIl+l 
0 4062 0~40 TW$TJ 
121 4~t3 1746 ME~SJZ 

0 ;$064 1510- eLR J 
0 42165 ~154~ TWSTJ 
0 4066 1647 GROUPD 

'" 
A0f.;1 064r-J TWJPS IINITIALIZE DISPLAY PARAMETE:RS 

21 4070 1204 OI5~LY 

0 4071 6P114 JMP PLT I I ~J I T I A LIZ E PL('tTTER 

0 4072 ~H~01 Pi, 1 
0 4073 ~0C2 P2, 2 
0 4074 Pl0C3 P3, :3 
0 4075 ~QJ~4 P4, 4 
12) 4Ci17e 10v'!3 lOL, JOFF 

ITTV OUTPUT MESSAGE 

0 407' 7177 BGNING, 7777 
0 4100 5644 5e44 
12) 4101 0""24 0024 
0 41P:2 2421 2421 
0 4103 2077 20" 
21 4104 7775 "'5 

IINITIALIZE PLOTTER ROUTINE 

" 4105 0640 PLT, TWJPS ITYPE PLOTTER? 

" 41L?J6 24"3 UNPACK 
12) 41P17 4145 PLTR 

" 4110 0640 TWJPS IGET OPERATOR FE~PONSE 

" 4111 0245 FCHAR 
21 4112 2445 SMJ PN IN? 
0 4113 6024 JMP NOPL IYES 
a 4114 2444 SMJ py IV? 
0 4115 fi002 Jt'1P PLT1 IYES 
0 4116 el11 JMP PLT INOT Y OR N SO AGAIN 
0 4117 7112 PL T 1, XCT PLT ITYPE YES 
12) 412" 4152 ES 
It' 4121 1730 CLR CMP Jt< 

" 4122 1442 SKIP 
a 4123 13212 PLOOP, LJKFRS IPLOT ALT~RNATF MAXS AND I't1INS 

" 4124 1720 CMP JI( 
0 4125 13el LRSFJt< 
0 412e 0"A0 TWJPS 
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0 14127 0271 WAITF' IPLOT + DTSPLAV 
0 4130 7 4'~ 4 TIS IWAIT FOR TTY T NP!IT CHAR 
0 4131 6101 JMP .-1 
0 41:32 74t?'3 TRF IRE QUEST ANOTHF=R C"'IAR 

'" 
41:33 2426 SMJ SP ISPACE TYPED? 

0 41:34 6111 JMP PLOOP IYE~ .. PL.aT AG A It-,· 
0 4135 064~ MEM!RET" TWJPS INO .. REINITIAL 17E' 
0 413R 0227 DECODE 
0 4137 7132 NOPI!. , XCT FlLT IJP~ UNPACK 
0 4140 4154 PNQ 
0 4141 5VJ'.5 LDJ IDLEP 
0 4142 l/I54fi1 TWSTJ 
0 4143 0273 PINST 
0 4144 f)1~7 JMP MEMRET IEXIT 

0 4145 5~54 PLTR, 6054 IPLOTTF"R? 
21 ,414e 5764 57e4 
0 4147 6445 6445 
21 1415P.1 ~237 5231 
0 4151 (A075 "07~ 

0 .4152 4~63 ES, 4563 ICV)ES 
121 .41 ~3 7775 7775 
0 4154 5777 PNQ, ~"7" I(N)O 
0 415e 7575 7~7~ 

0 4156 1400 IDLEP, IDLE IIDLE INSTP.UCTION FOR MonIFICATION 
0 4157 "'116 PN, 115 IASCI:[ N 
0 4160 Ql131 PY, 131 IASCI:[ V 
0 4161 0241(1 SP, 240 IASCI'I SPACE 

IE191~ 
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SE 41':;4 
ACNEG = 2507 
ACQcn~ • ;2Ci75 
ADcel • "'1~1 
ADel ;I 1i1141i'1 
AOCJ • 0~77 
Aoel< • 0100 
ADCST I: 007\ 
ADDRS • l?!132 
AORS • 2517 
AOTw • 0466 
AOVANC = 113R 
ALT II 2233 
ALTM • 21~(I! 

AQEXIT II 2051 
AQFLO • 2(!;72 
AQMODE • 212',11 
AQOFF • 2025 
AC1LJIRE • 2~3~ 
ASTW • 0453 
BGNING • 4077 
SITeNT • 1144 
BY100V • 2737 
C10 • 2231 
C240 II lQ'44 
C77 • 1043 
CFS • 1255 
CFSP II 1252 
CHARX • 232rJl 
CHARXP • ('1252 
CHROUT • 2351 
C:LOCI< • 2011 
CLOCKl • 2100 
CLOK • "30~ 
CLRADC • 7521 
C:LRCLt< • 0612 
CLRJ • 2311 
CL.S~T • 2107 
CLSM • 0~10 
CM1 • 0~75 
C:M2 • 0616 
CNTR • 2230 
COMRET • V'200 
CONT • 1124 
(:ONTL2 • 01e2 
CONVL.P • 1014 
CRL.OUT • 2373 
CSEC • ~~le 
CSWTCH • 0611 
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CTARLF. ;: 1151 
CTRA1P ;: 0~51 
OCHANS • 15~1 
OCHI: • 1354 
DEC • 1535 
DECODE • C'l227 
DECCIDP • 2127 
DEep c 1 [) 1 ~ 
OEL l' A • il6~5 
OEL'T'AP • 1517 
OEL'T'M • 0744 
DINST • l'I572 
DINST2 • 0272 
OINSTP • 1142 
OISC:N I: 12f5~ 
OISC:CN • 0523 
OISP~l • 0~5f5 
DISP52 • 13557 
DISPI • t64B 
DISPLY • 121214 
DISPOF • 7500 
DISPDV • 7514 
OISSET I: 1545 
OIVC:TR • 2706 
OIVL,P • 2645 
OLDIV • 26~2 
DLLOAD • 2511 
OLML, T • 2577 
DLS1'OR • 2516 
DMAX • 1537 
DMAXI • 2067 
DMOSOF • 2221 
DMDSON • 2230 
DMI~I • 1531 
OMOO • QJ231 
DMOVE • 1465 
DMWC:SA • 0626 
DNORM • 0637 
DNORMt • 0725 
DPNTS • 1523 
OSC • 1533 
DSCI: • 0713 
DSCP • 1543 
DSMARK • 7507 
DSPL,Y • ~5.47 
DSPP • ~~13 
DTWO • 1143 
DUBI:NT • 2441 
DVB'f10 • 104t; 
DWIOTt-f • 1445 
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ECHOF := 2t~6 

EQ • ~~~ 33 
ERASE1 • 1773 
ERASEC • 1752 
ERASEr: II 1756 
ERPOR • ~7~3 
ERROR1 II 2705 
ERRORX II ~r,3~ 

ES • 4152 
ESC • 22~~4 
EXPAND • 1475 
FCHAR • 0245 
FLAOD II 2~23 
FLSUB • 2535 
GERR • 175~ 
GETP • 0451 
GETW • 121444 
GPW • 0022 
GRCONT II 1607 
GROP1W II 1665 
GROPNw • 167CA 
GROPSP • 1653 
GROPWI • 1751 
GROPWP II 1654 
GROPZK • 21014 
GROUP • 15G6 
GROUPO II 1547 
GROUPF • 1f544 
GROUPt-.~ II 1562 
GROUPS • 1650 
GROUPT II 1572 
GROUPW • 16f54 
GROUPZ • 0156 
GRP1WP • 1551 
GRPWP • 1652 
GSC • 1640 
GSeI • 2007 
Gsep • 1520 
GWRO • 1105 
GWSET • 1676 
HIPUN • P.l1'!5 
HIPUNT • 0171 
HORD • 2505 
HORD1 • 2504 
HORDAl • 2651 
HORDBl • 2651 
HP0 • 0075 
~IREAD • 0153 
HREADT II 0147 
HRTN • 0323 
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lAD£) • 4400 
IeLaeK II 0412 
lOIS II ~lfi:3 

IOIV II 6400 
IOL • 4076 
IDLE:P :I 4156 
IECHOF II 1'.1234 
lEXT' • Ok~ ~1lI 

III • 1655 
ILOD • 5000 
1M II QUBINT 
IMUL, • 1e(:J)0 
IN1 • 1541 
IN2 II 1642 
IN2~~PI • 1644 
IN21 • 2~10 
INEC • 214€ 
INEC:l II 2224 
I NEC:R II 2144 
INEG • 6000" 
INIC:OM • 0170 
INIT'L • t.'J165 
INI'T'O II 015'5 
INOP • 7400 
IONHP • 0:.5A11 
IONX • 0145 
IONXP • ~4017 
IOU" • 3400 
IPRC: • 0164 
IPSUPF II 0167 
IRT~N • 2105 
ISTR • 5400 
lsue II 400Q! 
ITMOUT • 0411 
JPSD • '~277 
JPSLOG :I 1263 
KYSeT II 02~0 
l.AMP • 1251 
L.OF • 2252 
LDLI:ST • 0632 
LDONE • 12~A 
l.DStON • 061e 
l.OSPLY • 7~0e 
L.IMI:T • 1406 
LIPR • 0400 
LIS"C II 2073 
LOFL,O • ~41t'1 
LOG II 0473 
L.OGCll • ~504 
L.OG02 • t!J511 
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IL,OGTWO II 052t'l 
LOOP2 II! 2166 
LOPRNT II 0242 
LORD II 2505 
LORD1 • 2503 
IL.OROA 1 • 26~' 
lOROB1 • 2620 
LOREAO • 0264 
LOWIPR :I 0e01 
LO\¥PC II 0300 
LPC • 0C14 
MARKC II 0737 
MAr:lKO • ~65Ql 
MARKN • et610 
MARKS II 0646 
MARKSF' II 0743 
MCHAN II "'741 
MCHAN? II 074~ 
MOATA II 0511 
MDEXIT II 2625 
MEMRET II 41:55 
MEMSIZ II 1146 
MEMZ~ • 400'" 
MEMZC II 01~PI 
MEMZCI • 207l'1 
MGCC II 1525 
MGCCf' II 1~le 
MGCL • 12tH5 
MGCLP • 1513 
MGCP • "1507 
MGCR II 121t'1 
MGCRP II 1514 
MINUS II 2236 
MMAX • 1272 
MMAXI • 16~5 
MMIN • 1264 
MMOVe: • 1460 
MOREF • 0075 
MOREH II 0321 
MOVEIT II 1341 
MR II 2260 
MRl<l • 0701 
MRK2 • 0745 
MRK3 • 0745 
MRK4 II 07e4 
MRKe II 0730 
MWIOTH • 1441 
N20 • 2773 
NEGAC • 2550 
NEGACI II 2237 
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NEGnp • 2537 
NOCTS :I 0336 
NOOLAY • 91212 
NOPL • 4137 
NOPX • 2442 
NUM • 14"1 
NUSEDl • 2117 
NXTPNT I; 2412 
NXTPNZ • 1107 
NXTwRO • 1103 
OL.se • 1527 
OLVEXT • 2074 
Pl • 4072 
P12 II 2772 
P14 • 1147 
P2 • 4073 
P212. II 2423 
P215, • 2424 
P240 • 242~ 
P:5 • 4074 
P3400 • 0414 
P4 • 4~75 
P4000 • 1145 
P!5 • 1145 
P7e • 2425 
P77 • 2427 
PCONST • 1:356 
PCRL,F • 0~35 
PINST II 0213 
PION • le0~ 
PKTEMF • 23~7 
PLOOF • 4123 
PL.Ol' • 02ee 
PL01')(V • 7511 
PL.T • 4105 
PLTl • 4117 
PLTR • 4145 
PMTWO • 0614 
PN • 4157 
PNO • 4154 
POINT • 2360 
POINTe • 1150 
POINTR • 041!s 
PSUPPF • 2422 
PTIME • ~103 
PTIME2 • 2102 
PTIMEI • 1437 
PW.l:TP • 0524 py • 4160 
RDS1'AT • 0606 
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REAOCW • 7527 
RELD • 1614 
RETRN • ~3~2 
ROTT • 1261 
RSTR • "416 
RUBOUT • ~23~ 
SAVE I: 04('11 
SAVEL • 1'1.424 
SAVEP :I "413 
SCOPCR I: 0767 
SOH • 2724 
SOL • 2725 
SOLP • 2723 
SDOUT • 2747 
SOPRNT • 2707 
SETACQ • 2026 
SFT,. • 1252 
5FTZl • 0564 
SFTZ2 • 0565 
SIGN • 2551 
SIGN1 • 2227 
5IGNSW • 2631 
SI<PL • 1.440 
SP I: 4161 
STACH • 1016 
STADL. • 1020 
~~TAOUT • 1057 
STATLP • 0775 
STATO • 1040 
!iTATS • 0760 
STATU1 • 2242 
STATUS • 2240 
STATX • 1~41 
STF • 1674 
STIMES • 135~ 
STLAMP • 0614 
TABl • 2:304 
TABL • 11~2 
T ABL.E • 2336 
TABL-EX • 2eQ)2 
TEMPl • 2771 
TEMP3 • 222~ 
TEMP)( • 2501 
TEX • 0~71 
TEXt • 0~1e 
TEX2 • 0!577 
TIM • 0012 
TIME • 2(J176 
,rSTC • 2210 
TTY • 00103 
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TTYP II 2774 
TWINKl • 0535 
TWINKT :; 0525 
TW I:Z II 1754 
TWK5 II 0521 
TYPET II 023~ 
UNPACK • 2403 
UNUSED • 2120 
UPOWN • 1357 
WAITP II (1271 
WEXIT II 1740 
WID • 0el25 
Xl • 2567 
X1P! • 0627 
)(11 • 0131 
)(111 II 0522 
)(12 • 0663 
)(13 • 0711 
)(14 • 2534 
X16 • 0370 
)(2 • 2533 
)(21 • 1~14 
X22 II 1320 
)(321 • 2617 
)(4 • 2627 
)(5 • 2712!4 
)(51 II 1546 
XS3 • 2041 
)(~4 • 1711 
)(~5 • 1757 
)(~6 • 1701 
)(57 • 14e2 
)(6 • 2657 
)(7 • 263Q1 
)(72 • 2177 
)(8 • 0720 
)(0 • 0530 
)(90 • 2150 
)(91 • 2161 
)(ORIG • 1045 
)CaUT • 241210 
YORIG • 1042 
ZFLI ... • 2270 
ZFUl.L • 1274 
ZLOG • 1333 
ZMEf~G • 1327 
ZSE'r • 1275 
ER 0000 
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IN041.1~59-~~ S.A •• N.A. A~~~-4~62 
IOVE~LAV FOw N041-1fr"60-e0 ALLOWS PLOTTEP P.ECALIB:;'I\T!C~' (X-y plotter) 
IVERSION A 

12 6/7/72 

IMG 

020r. 6642 

0424 fll000 
0425 0000 
0426 0"'00 
0427 0000 
043~ 1?J~!2I0 
0431 le'07 
0,432 00~0 
0"33 01e0 

0,434 Cd000 
2143~ 0000 
21,436 21002' 
0437 0000 
0440 012100 
0t4041 0000 
0,442 0000 
0443 0e0e! 

·LOPRNT 

*SAVEP 

.SAVEL 

*4000 

JPS' LOPRNT 

MEMZ?J 

SAVEL+10 

o 
o 
o 
o 
~ 

IONN 
o 
STATS 

121 

21 
o 
21 

'" o 
121 

o 

ISETS UP ADDQESS ~O~ FIPS! TI~E JP~ 

/REINITI~LIZES STACK 

INOTE ••• USES GROIJP 1 CHNLS 1-32 FOR CALIBRATE P.OlITr.~.IE 
IINITIALIZE ROUTINE - ONCE ONLY CODE 
IAREA BECOMES PART OF DATA BUFFER AFTER EXIT 

40121121 
4121211 
4002 

MEMZ0Z, 0 
LOJ IOLZ 
TWSTJ 

1 REF' LAC E C A. L L TOT H T S ~ Ii U T r "I F' .J 1 : l: I r ~ F 
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400:~ 020~ C:OMRET 
4004 0e40 PLTZ, TWJPS lTV?E PI .. OTTER? 
40215 2403 UNF'ACI< 
400f5 4044 PLTRZ 
40121' 0540 TWJPS lGET OPERATOR PEPr"lNr~~ 

4010 0245 FCHAR 
4011 244t5 SMJ PNZ IN? 
412112 e024 JMP NOPLZ IVES 
4013 244e SMJ pvZ IV? 
4014 ep02 JMP PLT1Z lYES 
4015 6111 JMP PLTZ INOT Y OR N SO REASK 
4016 7112 PLT1Z, XCT PLTZ ITYPE YES 
401 " 4(21e2 ESZ 
4020 173P! CLR CMF' JI( 
412121 1442 SKIP 
4022 1~02 PLOOPZ, LJKF~S IPLOT ALTERNATE M,X~ ANn ~I~S 
4023 17221 eMF' JK 
4024 1~01 LRSFJK 
402!5 0640 TWJPS 
42126 0271 WAITP IPLOT + DISPLAV 
4027 7404 TIS lWAIT FOR TTY INF'I'T CHAR 
4213" 8101 JMP .-1 
4031 74213 TRF IREQUEST ANOTHER CHAQ 
4032 2427 SMJ SPZ ISPACE TY~ED1 
403! el11 JMP PLOOPZ IYES .. PLOT AGAI~ 
4034 0640 MEMREZ" TWJPS INO .. REINITIALIlF 
403f5 0227 DECODE 
412136 7132 NOPLZ, XCT PLTZ l J P 5 lJ N PAC K 
41213' 40e4 PNOZ 
404'~ Set! LOJ IDLEPZ 
404ll 0!540 TWSTJ 
4042 0273 PINST 
404:S e107 JMP MEMREZ 

412144 "77 Pl.TRZ, 7'7' lPI.OTTER? 
~04e e~H54 8054 
404e S7e4 e164 
42141 e44~ 844e 
42150 t5237 t5237 
40~1 0075 007e; 

.052 4e63 ESZ, 4~63 lCY)ES 
4053 777~ 7"'J 
42154 'J777 PNOZ, e.,77 l(N)O 
4059 7e75 7575 

4056 140m IOL.EPZ" tOLE IIOL.E INSTRUCTION FOR MnDJr:TC~\TliiN 

4121151 21116 PNZ , 11e IASCII N 
40eca 0131 PVZ, 131 IASCII Y 
~eei 0240 sPz, 24" IASCII SPACE 
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4062 1~03 IOLZ, IQFF 

IE1A13 
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SE 4260 
ESZ • 4052 
IOLEPZ • 40~6 
IOL.Z • 4062 
MEMREZ • 4€'34 
MEMZ0Z • 4000 
NOPLZ • 4036 
Pl.OQPZ • 4022 
PL.T1Z • 401ts 
PLTRZ • 4044 
PL.TZ • 4~04 
PNOZ • 40~4 
PNZ • 4057 
PYZ • 4~e0 
SPZ • 4061 
ER 0000 
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1-1. PROGRAIVI SUMMARY 

SECTION I 
INTRODUCTION 

1-2. The Integer Interpreter Program (41-0017) is an integral part of ND4410 Basic 
Physics Analyzer Program (41-1060). It contains programmable subroutines that provide 
fast double preci sion addi ti on, subtraction, mu I tipl ication, divi si on, and I/O routines. 

1-3. PROGRArVi AREA 

1-4. Not applic:able!. 

1-5. STARTING ADDRESS 

1-6. The subroutines are called by softwolre commands from the Basic Physics Analyzer 
Program (41- 1060) • 

1-7. EQUIPMENT CONFIGURATION 

1-8 0 Refer to Chapter 1, Paragraph 1-8, equipment configuration. 





2-1. INTRODUCTION 

SECTION II 
PROGRAM [)ESCRIPTION 

2-2. This section is intended to be read in conjunction with the flow charts outlined 
in Section VII. 

2-3. This program contains a two-word (24 bit) integer accumulator and a two-word 
operand holding regi ster that make up an intricate section of the instruction interpreter. 
The interpreter U~ies a format modeled after the standard MRl's i.e., a 4-bit instruction 
code, an indirect bit, a direction bit, and 6 address bits. 

2-4. INTEGER INTERPRETER 

2-5. The interpreter (Figure 7-1) is entelred by a JPS 1M. The effective address is 
determined and the operand is deposited in the operand holding register. Note that a 
zero instruction will exit the interpreter. The instruction code is then decoded and the 
program will branch to the indicated routine. A load or store routine is basically a 
utility in that they load the integer accumulator with a 5000 instruction or store the 
contents of the integer accumulator with ,a 5400 instruction. 

2-6. ADDITIOIN ROUTINE, SUBTRACTION ROUTINE, AND MULTIPLICATION ROUTINE 

2-7. The add rc)utine (Figure 7-3) performs a double precision addition of the operand to 
the integer accumulator with the results left in the integer accumulator. The subtraction 
routine (Figure 7·-4) is accomplished by negating the operand and adding the negative 
operand to the int'eger accumulator. The multiplication routine (Figure 7-5) checks the 
sign of the operand and integer accumulator to ascertain that it is positive, and multiplies 
the high order 12 bits of the operand by the! low order 12 bits of the integer accumulator 
(hardware multipl:y). Next the high order '12 bits of the integer accumulator are multiplied 
by the low order 112 bits of the operand. Finally the high order 12 bits of the integer 
accumulator are multiplied by the low order 12 bits of the operand. The si gn of the 
product is correctled and the product is left in the integer accumulator. Note that only 
the low order 24 bi ts are generated (23 datcJ bi ts and 1 si gn bi t) • 

2··1 



2-8. DIVISION ROUTINE 

2-9. The division routine (Figure 7-6) is a process of 23 subtractions and integer 
accumulator left shifts. The operand is the divisor, the integer accumulator the integer 
dividend, and the quotient is shifted into the integer accumulator from the right. Only 
integer numbers are considered in the quotient. Division by zero causes the division 
routine to be bypassed 0 
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SECTION III 
OPERATIONAL PROCEDURE 

3-1 0 NOT APPLICABLE 

3-1 





SECTION IV 
OPERATOR OR USER CONTROL 

4-1. GENERAL INFORMATION 

4-2. In the following sample program the interpreter is entered with a two-word JPS, 
A is loaded into the integer accumulator, B added to it, multiplied by C and stored in 
D. The interpreter is then exited and the program stops. Table 4-1 lists the status of 
HORD and lORD (the integer accumulator) for each routine in the sample routine. 

4~~,0 
4,0,01 
4,0,02 
4,0,03 
4,0,04 
4,0,05 
4,0,06 
4,0,07 
4,01,0 
4,011 
4,012 
4,013 
4,014 
4,015 
4,016 
4,017 

N()TE 

The minus (-) key must be depressed when inputting a negative numbero 

STEP 

HOR 0 

ILORD 

lWJPS 
1M 
IlOD 
IADD 
IMlT 
ISTR 
IEXT 
STOP 
A,,0 

2 
B, ,0 

4 
C,~ 

6 
D, ,0 

,0 

A 
B 
C 
D 

(1) 
(2) 
(3) 
(4) 

Table 4-1. HaRD and lORD Status 

1 2 3 

,0 ,0 ~ 

2 6 44 
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SECTION V 
ERROR DIAGNOSTICS 

5-1. ERROR IINDICATION 

5-2. A division by zero causes the contE!nts of location ERROR 1 to be incremented by 
one (initially set to f1) and the division routine is bypassed 0 
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SECTION VI 
COMMANDI SUMMARY 

6-1. Table 6-1 desc,ribes the instructions of the Integer Interpreter. 

Table 6-1. Integer Int1erpreter Instructi ons 

INSTRUCTION CODE 

0000 

3400 

4000 

4400 

5000 

----r-------"---r---------'--'---------'." 
INSTRUCTl()N 

IEXT 

lOUT 

ISUB 

IADD 

IlOD 

6··1 

DESCRIPTION 

This instruction exits the interpreter 
mode. 

This instruction causes a JPS to the 
output routine. It converts the 
number in the integer accumulator I 
the form is a sign and seven digits. 
The contents of the integer accumulator 
are destroyed. This number can 
range from -8388608 to +8388607 • 
The converted number is stored in 
the output buffer starting at location 
TTY. 

This instruction causes a double 
precision subtraction of the operand 
from the integer accumulator. 
The results are left in the integer 
accumulator. 

This instruction causes a double 
prec i si on add i ti on of the operand 
to the integer accumulator 0 The 
results are left in the integer 
accumu I ator. 

This instruction loads the operand 
into the integer accumulator. 



Table 6-1. Integer Interpreter Instructions (Cont'd) 
-~- ----

INSTRUCTION CODE INSTRUCTION DESCRIPTION 
--

5400 ISTR This instruction stores the integer 
accumulator in the effective addresso 
The contents of the integer accum-
u I ator are I eft intact. 

6000 INEG Negates integer accumulator. 

6400 IDIV Th i s instructi on causes the integer 
accumulator to be divided by the 
contents of the effective address. 
The quotient is left in the integer 
accumulator. The remainder is in 
core locations 743 and 7440 
Division by zero causes location 
745 to be set I 0 and the division 
is bypassed 0 

7000 IMUL Th is instructi on causes the integer 
accumulator to be multiplied by the 
contents of the effective addresso 
Note that only the low order 24 
bi ts are generated 0 

I 
I 

i 
7400 INOP Dummy routine. I 

I 
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SECTION VII 
FLOW CHARTS 

7-1 0 Figures 7-·1 through 7-8 depict the flow of the integer package routines. 
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Pick Up ./ 

Instruction .......... 

Increment 
Test Return ADD. /' YES 

and Exit 
.......... Exit 

NO 

\1 

Calculate 
and Fetch 
Operand 

Determine OP 
Code & JPS to 
Routine 

Fi gure 7-1. I nteger Interpreter 
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Determine 
Sign of 
Numb'9r 

I/" 
........ 

EVide by 10 

Store 
Remainder In 
Output Buffer 

<Est NO 
Digit? 

Insert sign in 
output buffer 

Fi II remai n i ng 
buffer with 
blanks 

Ret~ 

Figure 7-2. ()utput Routine 
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NO 

Add low 
order words 

Increment 
High Order 
Word 

Add High 
Order Words 

( Return) 

Figure 7-3. Addi tion Routine 

Negate 
Operand 

Use 
Addition 
Routine 

Figure 7-4. Subtraction Routine 
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Chan~~e ACC 
& Operand 
To P()si tive 

Multiply 
Low ()rders 

Mult. High 
Order Operand 
By Low Order 
ACC 

Mult. High 
Order ACC 
By Low Order 
Ou,":. ~ud 

Correct 
Product 
Sign 

~turn 

Figure 7-5. Multiplication Routine 
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Set Error 
& Return 

YES 

NO 

Set ACC =+ 
Set Opere = -

Set Loop 
Counter 

Subtract 
Opere From 
ACC. 

Set Bit in 
Quotient 

Sh ift Dividend 
and Quotient 

Change ACC 
"':I.--~~-I To Proper 

Sign 

Figure 7-6. Division Routine 

( Return ) 
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NegatEg' 
Integer 
Accumulator 

G,_tu_rn_~ 

Figure 7-8. Dummy Routine 

~t,_u_rn_..-

Figure 7-7. "legate Routine 
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SECTION VIII 
PROGRAM LISTING 

8-1. Ref~r to Chapter 1, Section VIII (41-1060 listing). 
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NUCLEAR DATA INC. 

Nuclear Data Inc. 
P. O. Box 451 
100 West Golf Road 
Palatine, Illinois 60067 
Tel: (312) 529-4600 

Nuclear Data Inc. 
103 Pincushion Road 
Framingham, Massachusetts 01701 
Tel: (617) 899-4927 

Nuclear Data Inc. 
P. O. Box 2192 
14278 Wicks Boulevard 
San Leandro, California 94577 
Tel: (415) 483-9200 

Nuclear Data Inc. 
2335 Brannen Road, S.E. 

"Atlanta, Georgia 30316 
Tel: (404) 241-3220 

Nuclear Data, GmbH 
Mainzerlandstrasse 29 
6 Frankfurt/M, Germany 
Tel: 2311 44 

Nuclear Data Inc. (U.K.) 
Hose I ndustrial Estate 
Gores End Road 
Bourne End, Bucks., England 
Tel: 22733 

Nuclear Data (Ireland) Ltd. 
Kinsale Road, Ballycurreen 
P. O. Box #23 
Gork, Ireland 
Tel: 22137 

Nuclear Data (Scandinavia) 
Division of Selektronik A/S 
Hammervej 3 
2970 H~rsholm, Denmark 
Tel: (01) 863000 
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