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INTRODUCTION

This instruction manual 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-divided into eight sections. The following

programs are covered in this manual,

CHAPTER PROGRAM
| ND4410 Basic Physics Analyzer (41-1060)

1l ND812 Integer Interpreter (41-0017)
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SECTION |
INTRODUCTION

1-1. PROGRAM SUMMARY
1-2,  The ND4410 Basic Physics Analyzer Program (41-1060) defines the basic pushbution and
keyboard entry commands for the ND4410 Single Parameter Data Acquisition and Display
System. The program is an independent program containing routines for the following
data acquisition and display functions:
a. Initiation/termination of data acquisition in the Accumulator Mode,
b. Selection of preset analysis times.
c. Selection of memory groups for data storage and display.
d. Selection 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,
g. Selection of live or static linear display or logarithmic display.
h. Selection of the following parameters for display.
(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) Off (no parameters displayed)

i. X-Y 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 ﬂ,ﬂﬂﬂﬁs through @, 3000g.

1-6. STARTING ADDRESS
1-7.  The starting address of the program |sﬂ2ﬂﬂ8° If the auto restart option is provided,
the program will automatically restart at g@4fg.
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 display oscilloscope

e. 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 1K, 3K, 5K or 7K
(24 bits), respectively.

1-12, OPTIONAL EQUIPMENT

1-13. An optional unit controlled by this program is an X-Y plotter,



SECTION Il
PROGRAM DESCRIPTION

2-1. INTRODUCTION

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

three sections are separated by interrupt levels. The background display program has all

interrupts 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 be stored at any time, and the pushbutton calculations
have precedent over background display.

2-4. MAIN ROUTINES

2-5, BACKGROUND DISPLAY ROUTINE

2-6, The background 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 display of the status parameters,

2-7. The data may be displayed in either the live or static mode. In live mode, the
last ADC point acquired 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 markers are displayed as vertical lines if they are within the limits of display.
The two movable markers (left and right) may 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 display (or 1/2 point to left of center).



2-9,  Status may be any one 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 1. Thus with the 4K ND812, the
group width may vary from 1 to 1024, With each additional 4K of memory, 2048 channels
are added to the memory size,

2-11. The counts full scale value may be from 1 to 2241 in binary increments, The
displayed value of 2%*-1 is -1 since the number system is 23 bits plus sign (see Chapter Il),
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), 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, These numbers will vary as the display
changes. The value is confinually updated by the display program. The left and right
marker locations are displayed 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 display until an external device interrupts the cycle, 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, If the auto
restart option is provided, the program is automatically started at 0040,, which is
equivalent to manual starting at 0200,. 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,



2-17. The clock routine operates on interrupts 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 on, the clock buffer is incremented by one and a test is made for
completion, If the acquisition is complete, then acquisition is turned off, At this time
the clock status display buffer will indicate 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 sequential. 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 operator viewpoint both occur simultaneously.

2-20, 1/0O DEVICE ROUTINE

2-21, The teletype and high speed paper tape routines allow program continuation
without waiting for the external device (Figure 7-8). Only the TTY input/output routines are used
in this program, The others are provided for use by overlays.

2-22, In one of the foreground routines, the command for print is given and control is
returned to the background program. When the teletype is finished printing the character,
an interrupt is generated. Through polling, it is found that the TTY print flag is set.

This flag is then cleared and control is returned to the program that generated the print
command, This allows other operations while the teletype is printing.

2-23, The TTY read routine, reads a key from the keyboard and transfers control to
either the keyboard routine or the calling foreground routine, In the keyboard routine,
the key is compared in a table and if the overlay routine exists, control is transferred
to that routine, Otherwise the message ERROR will be typed and control will 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, each pushbutton is explained in detail, and in Section VI they are summarized.

2-26, In general, if a pushbutton is depressed, it sends an interrupt signal to the processor.
If the program is in the background section it is trapped to location 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, while 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. (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-].0) 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.

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 until a maximum value of 24%~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 display,

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,

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.

2-41, DISPLAY SUBROUTINE

2-42. The display subroutine (Figure 7-14) either turns on the live display or the static display.



2-43, GROUPS SUBROUTINE

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, 'no advance in the group number is made and the full "current” group is displayed.

NOTE
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 display 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.

NOTE
The predetermined value can be varied by the Clock Set Command,

2-49, RETURN SUBROUTINE

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 erase pushbuttons (Figure 7-19) are similar to the other pushbuttons, but they
serve a special function, Both must be pressed 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,






SECTION It
OPERATIONAL PROCEDURE

3-1. INITIALIZATION 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,
b. Place the START/FREE/STOP switch at the teletype in the FREE position,

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.

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

e. Simultaneously depress the LOAD AR and NEXT WORD keys at the computer.
The teletype reader will now step through the leader and read the program into the ND812
memory, Upon completion of read~in, the reader will stop automatically. When the
reader stops, check J Register for zero, If non-zero, reload.

NOTE

Refer to the ND812 Binary Paper Tape and Cassette Loader Program
(41-0005) for loading procedures using a high speed paper tape reader
or magnetic tape cassette.

f. Set the SWITCH REGISTER Switches at starting address (8, 0200g) 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 Y

to indicate whether or not an X-Y plotter is to be used,

h. If an X-Y plotter is not used, type N. When N is typed, the prograom echoes
NO, performs a carriage return and line feed, and types an asterisk (*),
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i. Ifan X=Y plotter is used, type Y. When Y is typed, the program will echo
YES and supply a (@, 0) calibration voltage to the X-Y plotter.

i. Adjust the plotter Zero controls to place the pen at the desired (@, ) point.

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

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

m. Depress the SPACE bar at the teletype again. This returns the calibration
voltage to the (@, 0) point. Readjust the plotter Zero controls to place the pen at the
desired (@, ) point.

n. Depress the SPACE bar at the teletype again. This returns the calibration
voltage to the full scale X-Y point. Readjust the plotter Vernier controls to place
the pen at the desired full scale X-Y 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 line feed, and
types an asterisk (*).

p. When an asterisk (*) is typed either after Step h or after Step o, call up
the desired 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-YPLOTTER RECALIBRATION

3-4, The X-Y 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 outlined 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-Y
plotter calibration procedures outlined in steps f,g, and i through p. Repeat this procedure
each time recalibration of the X~Y plotter is desired.

NOTE

To avoid destruction of data stored in the first 31 channels
(memory core locations 480g - 4062g) of the data storage
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area (41-1059 is loaded into these locations), select

a group width such that group 1 (which contains the
odd number of channels remaining) will be at least

31 channels wide and refrain from using groups 1 for
data storage. A program listing for 41-1059 is provided
on pages 8-60 through 8=63.

3-6. RESTART PROCEDURE

3-6. If it is necessary to restart the program, perform the following procedure.
a. Depress the STOP key at the ND812 Computer.

b. Set the SWITCH REGISTER switches at starting address (ﬂ,ﬁZﬂﬂs) and depress
the LOAD AR key.

c. Depress the START key. On restart, the program will cause the teletype to
perform a carriage return and line feed and type an asterisk (*).

3-7. ACQUISITION MODE SELECTION

3-8. The ND4410 Basic Physics Analyzer 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 SWITCH REGISTER switches to the octal memory location whose
content is to be changed and depress the LOAD AR key.

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

d. Restart the program as described for the Restart Procedure (paragraph 3-5).
3-9. ACCUMULATOR MODE

3-10.  The ND4410 Basic Physics Analyzer 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 an event for processing, all other interrupts are disabled and the program
reads the channel number for the event. The program then checks the boundaries of the
group in which the ADC is acquiring. [f 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 channels there are in the groups and where in memory the data will

be stored. To select the Accumulator mode with acquisition in group 1 starting at location
4000, field 8, the contents of locations §,2071g and ﬂ,2j25728 are set to f02@g and

P0@@q respectively, upon loading of the program. The content of locations @, 2071g
(ﬂﬂZ}? ) sets the mode of acquisition to the Accumulator mode and the content of location

g,20728 (ﬂﬂﬂﬂ@ specifies data field 4.

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 this mode, the number of channels 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 4ﬂﬂﬂ8 in memory field #. 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 acquisition starting data
channel is at location 4}6!5258 in memory field §, it can
be changed to any memory location with a wiring change.
(Refer to the ND4410 Data Acquisition and Display System
Hardware Instruction Manual (IM88-0428, 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 @,2071, to ﬁﬂ4ﬂ8. If
the starting data channel is to be location 40@@,, of field 1 rather than Fiel%l g, change the
content of location @, 2}25728 to 2000y (4808g for field 2, or 600, for field 3). The content
of location 4, 2}25728 is initially set to g@ddg to select memory Fie?d @ 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
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determined by the content of memory location §,2073,. For example, if a list count of

lg is selected, the event would be stored in the last channel of the selected memory field.
If 1000g is selected as the list count, the list will start 512 (Wﬂﬂs) 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 list to an 1/O device, the user must provide
appropriate routines. At this time, Nuclear Data does not provide any software to support
handling of the list mode as each individual system requires different processing of the list.
The DMA List Mode can be enabled by changing the content of location f, 2ﬂ728 to gd6gg.
If the memory field for storage of the list is to be memory field 1 rather than field g, change
the content of location 4, 2ﬂ728 to Zﬂﬂﬂ (44908, for field 2 or 6,0ﬁﬂ for field 3). The
content of location @, 2}5728 is initially set to ﬂﬁﬂﬂs to select memory field @ upon loading
of the program. If the size of the list is to be other than Wﬁﬂ (as it is initially set),
change the content of location f, 2}25738 to the desired octal number






SECTION 1V
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 (¢) 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 progrom,

4-3. HARDWARE ENTRY COMMANDS
4-4, DIRECTION (¢) SWITCH

4-5, Determines the direction in which the display limit, marker, counts full scale or
group will move when the selected pushbutton is depressed.

4-6., MOTION PUSHBUTTON

4-7. Holding the MOTION pushbutton depressed causes the display to move horizontally
in the direction selected 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 depression will only move the display one channel.

4-8., WIDTH PUSHBUTTON

4-9. Holding the WIDTH pushbutton depressed, horizontally expands the display when
the Direction switch is in the Left (4—) position or horizontally contracts the display
when the Direction switch is in the Right (——) position. Horizontal expansion increases
the spacing between channels, causing the number of channels displayed to decrease,
while horizontal contraction decreases the spacing between channels, causing the number
of channels displayed 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 PUSHBUTTON

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 (—p) 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 CFS pushbutton is depressed, the counts full scale value will be increased
or decreased by a fagtor of two until it becomes zero, The range of counts full scale
values is from 1 to 244-1 in binary increments, Logarithmic display is selected by
depressing the CFS pushbutton after the minimum counts full scale value (1) is reached with
the Direction Switch in the Left (¢—) position or after the maximum counts full scale
value (22 -1) is reached with the Direction Switch in the Right (—) position. Display
of the counts full scale value when selected by the STATUS pushbutton will appeor as
follows: ©,1,3. . .8388607,-1,8. The counts full scale value displayed for 2 24_1 s
-1. The counts full scale value displayed for logarithmic display is zero (0).

4-16, PLOT PUSHBUTTON

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-Y Plotter. The X-Y 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-Y plot operation,

NOTE
Calibration of the X-Y plotter is described in Section 3 of this manual

under OPERATIONAL PROCEDURE, When an X-Y 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 sequentially displays the following parameters:
(1) Center pointer channel/content and left marker channel-right marker channel, with

the channels relative 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,
display reverts back to the first parameter. :

NOTE

If a preset time other than zero () is entered using the
Clock Set Command, remaining time is displayed in
increasing values from minus (<) the preset time to zero
(@). If zero (@) is entered for the preset time, then
elopsed time is displayed in increasing values from

zero (@) to the maximum preset analysis time (8,388, 607).

4-20. DISPLAY PUSHBUTTON

4-21. Depressing the DISPLAY pushbutton alternately selects live or static display.
Static display presents the data to the disploy 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 (@— ) 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, total groups and current group width can be selected using the STATUS
pushbutton,

4-24. EXPAND PUSHBUTTON

4-25. Depressing the EXPAND pushbutton expands the display between the left and right
markers to horizontal full scale. The display can be returmed to nomal by depressing

the GROUPS pushbutton.

4-26. ACQUIRE PUSHBUTTON

4-27. Depressing the ACQUIRE pushbutton alternately starts or stops data acquisition,
Data acquisition stops 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 preset 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
display.

4-30. ERASE PUSHBUTTONS

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 gresef analysis time in centiseconds
(0.01 second). Maximum preset analysis time is 223 _ | centiseconds (83,886.07 seconds).
Entering O selects the maximum preset analysis time. Control of analysis on a live 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
STATUS 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: 256 (SPACE)

4-39. The Group Set Command enables entering the number of channels 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, 5120, or 7168 channels for ND812 memory sizes

of 4K, 8K, 12K or 16K respectively). If the group width selected is a number not equally
divisable into the total number of channels allocated 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 channels
allocated for data storage, the first 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,






SECTION V
ERROR DIAGNOSTICS

5-1. ERROR INDICATION

5-2, 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 5-1,

Error Indications

ERROR MESSAGE

CAUSE

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

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.

NOTE

The least significant digits indicated by X's 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 same type of error,
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6-1.

6-2,

SECTION VI
COMMAND SUMMARY

HARDWARE ENTRY COMMANDS
The following summarizes the hardware entry commands described in Section lVi.
a. DIRECTION («) SWITCH
Stipulates direction of display, marker, counts full scale or group movement.
b, MOTION PUSHBUTTON
Moves display horizontally in direction specified.
c. WIDTH PUSHBUTTON
Horizontally expands/contracts display.
d. MARK POS PUSHBUTTON
Moves markers in direction specified,
e. MARK SPAN PUSHBUTTON

Moves right marker in direction specified, increasing or decreasing the number
of channels between the markers.

f. CFS PUSHBUTTON
Increases/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-Y plotter.
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h. STATUS PUSHBUTTON
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 displayed).
i. DISPLAY PUSHBUTTON
Alternately selects live or static display.
i. GROUPS PUSHBUTTON
Sequentially selects groups for data storage and display in direction specified.
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.

KEYBOARD ENTRY COMMANDS

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 2231 centiseconds (83,886,07 seconds). Entering O 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.



SECTION VIl
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 Kéybooird Routine
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Figure 7-6. Clock Routine




Decode
Pushbutton

Go to
Subroutines
1-17

®

F SUBROUTINE

S*OGD\IC%U'I-QCDM—-

il ] omd
NO O A WN —

MOTION
WIDTH

MARK POS
MARK SPAN
CFS

PLOT

STATUS

TOTAL (41-1061)
DISPLAY
GROUPS
EXPAND
ACQUIRE
RETURN

PRINT (41-1061)
INTEG/DIFF (41-1061)
SPARE

ERASE

Figure 7=7. 1-=16, Erase Pushbuttons Routine
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Figure 7-8,
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Figure 7-9. Motion and Width Subroutines
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Figure 7-10. Left and Right Marker Subroutines
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Figure 7-11. CFS Subroutine
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Figure 7-12, Plot Subroutine

<:7

Get Mext
Pointer
s Re=Initialize
Table at YES Pointers
End To First
s In List
NO

( Return )
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. Acquire 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, Clock Set Subroutine
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Figure 7-21, Group Set Subroutine
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Figure 7-22. Error Subroutine
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SECTION VIl
PROGRAM 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 Assembler Program (41-0001) is provided on
the following pages.
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/NDALl=106min AT 2=w2777 SA = 2,226
/ND=441p PASTC SINGLE PARAMETER ANALYZER SYSTEM
/VERSION A

/ 2(853) ®3/14/72
/ NF /MG

/DEFINITIONS

RDSTAT = 0876 /READ DOURLE STATUS WORD
CLRCLK = 1612 /CLEAR CLNCK FLAG

SETACQR s 2426 /TPANSFER aDC CONTROL WAORN
READCW = 7527 /READ LOURLE AnC WNRD

CLRADC = 7521 /CLEAR SPECIFIeD ADRC

DISRDY = 7514 /SKIP 1F DISPLAY REALY

LDLIST = 7632 /LOAD LIST REGISTER

LDSPLY = 7586 /DISPLAY X AND Y COGRDINATES
DSMARK = 7587 /DISPLAY MARKER

DISPCF = 7500 /TURN OFF DISPLAY (ACFT)

DMDSOF = 2221 /TURNM OFF DISPLAY (DMA)

DMDSON = 2230 /TURN CN  DISPLAY (DMA)

DMWCSA = 0626 /LCAD DMA WORD COUNT AND START
CSWTCH = 92611 /CLEAR SWITCH FLAG

STLAMP = 7614 /SET LAMP REGISTFR

SKPL E 1440 /SKIP ON POWER LOW

PION t 1520 /POWER IMNTERRUPT ONM

PLOTXY =3 7511} /PLOT XY, SET NSROY FLAG WHEN NCNE

/INTEGER FACKAGE DEFINITICONS

IEXT E AReN JEXIT

I0UT & 3400 /0UTPUT

ISUB L J-17, 1727 /SUBTRACTINN

IACD T 4400 /ADCITION

IL0D F 5nA2¢ /LOAD

ISTR s 5400 /STORE

INEG 8 6400 /REGATE INTEGER aC
IDIV s 6400 /DIVISION

IMUL s 740@ /JMULTIPLICATION
INOP g 74002 /NG CPERATION

IM & DUBINTY /INTEGER PACKARE ENTRY



/INTEPRULUPY FOUTINES FOR

/ LOW POWER (HIGH)

/ TTY (LOW)

/ HSR=HSP (LOW)

/ STATUS (B) YO J REGISTER

NN NNNNNN N

TIME QUT ON EXTERNAL CLOCK

CLOCK AT 143 HZ (HIGH)

PUSH BUTTONS (INCLUDING ERASE)

ERASE

DIRECTIONS 1sLEFT; @sRIGHT

2 EXTRA BITS

4 BITS FOR BUTTON DECODE (NOT ERASE)

(FIELD @
(FIELD 92

w031

/NON=VECTORED INTERRUPT LOCATICN

@
0

eenl
aoe2

0762 LOWIPR, STATS /PC STORAGE ON INTERRUPT
6272 JMPe LPC /INTERRUPT SERVICE ROUTINE

/TTY CHARACTER INPUT BUFFER

e
2
a
2

pae3
nev4a
@oes
nowe
naez

/TTY ME

9N S S0 8

a9

Bo1Q
#atl
eai2
ee13
noi4

peiLs
woeis
pesLz
neen
pe2t

ne22
pa23
pR24

1300 TTY, 1300 /TTY BUFFER
enen reea
neee 7ege
puea eeen
7578 7575
SSAGES
5457 CLSM, 5457 /(CILOCK TIME
4353 4353
264 TIM, PB64 /TIME
5155 5155
4575 4575
o043 CSEC, 2A43 /CENTISEC
4356 4556
6451 64%1
6345 6345
4375 4375
6257 GPW, 6257 / (G)ROUP
6560 6560
ea7s Q75



/

ous S0 w e

e0R25
pRes
vea27?

2230
20314
pnAd2
aa833
2834

pPA3s
peds
Pe37

1951

6751
4464
5075

72245
6262
5762
3200
7575

7777
i2e0
7575

WID,

ERRORX,

EQ,

PCRLF,

6751
4464
5e75

pA4s
6262
5762
3200
7575

7777
12ra
7575

8-4

/WIDTH

/ERROR

/COLON

/CR=LF, CR=LF



/AUTO RESTART VECTOR

? ee4ag

€236

/SPACE USED

/SPACE RESEKVED

/CASSETTE TRAP ROUTINE

naeLy
nRe2
ne63
geeE4
ee6S5

888998

eueR
r749
n14}
7e61
€304

w0061

CTRAP,

wAA71

/DISK TRAP KOUTINE

oA71
eaz2
ea73

ee74
2275
eeze
eaz7
eiee

[ SRR R [ R

/ADC INTERRUPT

eiet
aie2
pled
wind
2105
e1e6
nie7
vito
w141
112
w113
wil4

S9SN

anen
72353
6342

a3e0
2362
e2ee
aeee
nQen

page
55043
AshA
nLae
1011
5515
1450
7527
1602
6026
1341
4442

ADCST,

LPC,
MOREF ,
HPQ,
ADCY,
ADCK,

w10}
PROCSS
ADCa,

JMP® HPEZ

BY OVERLAYS

/REINITIALIZE

FOR CASSETTE AND DISC TRAP INTERRUPTS

A

TWIO /CLEAR ALL CASSETTE FLAGS

CCLF

XCT JONX /ENABLE INTERRUPTS

JMPe CTRAP /IGNORE INTERRUPTY

g /DISK TRAP AND ADC STATUS SAVE AREA
XCT IONX /ENABLE INTERRUPTS

JMPe ADCST /RETURN

LOWPC /POINTER TC INTERRUPT PROCESS ROUTINE

RETRN /PCINTER TO ADDITIONAL SkIP CHAIN ON LCW LEVEL
COMRET /POINTER TO INITIALIZATINN ROUTINE

e /J REG STORAGE ON ADC INTERRUPRT

¢ /K REG STORAGE ON ADC INTERRUPT

ROUTINE (HIGH)

2

STJ ADCJ
TWSTK
ADCK

LJST

8TJ ADCST
CLR O
READCW
SIP K

JMP ADCH
SFTZ JK 1
ADJ GROUPZ

/91 MICRO SECOND STORE
/STORE J
/STORE K

/STORE STATUS

/READ ADC WORD

/ALT SET « EVENT NO GOOD =IGNCRE
/FORM INC INST FOR ADC VALUE



/

0S99 S 9

SS9

2113
2116
@117
elea
n121
r122
n123
a124
nies
0126
#127
¢13¢
g1t
w132
n133
w1d4
2135
#2136
#1137
@14e
n141
n142
@143
P144
n145
0146

5415
1485
16¢4
4040
1374
4435
54p8
1455
23¢1
4033
1451
il
344
AANA
60015
3502
71C4
3174
1400
7510
p1en
5151
1062
5145
1207
6345

X111,
ADDRS,

ARC1,

IONX,

8TJ ADDRS
§1Z Q0 CLR O
INC K

8B8J MEMZC
ROTD JK 14
ADJ GRCUPZ+{
§Tu X111

§1Z 0 CLR O
SuBL 1

$8J MEMZIC+1
SNZ 0 CLR O
JMP  ADCI
TWISZ F@
4700

JMF ADC1H

I1SZ ADDRS
XCT %11

D8Z ADDRS
IDLE

TWLDK

ADCK

LDJ ADCST
RFOV

LDJ ADCJ
IONN

JMPe ADCP

IGH SPEED READER INTERRUPT TEST

0147
n1sA
A151
e152
2153
N1%4
0155

R1%6
n1d7
2160
n1614
a162
163
p164
M163
m166
0167
ni7@

7424
€353
7422
n66n
n362
7423
6213

4709
0344
7776
p344
23es
a7€02
M433
2434
n212
2422
n3E2

HREADT,

HREAD,

GROUPZ,
MEMZC,

CONTL2,
IDIS,
IPRC,
INITL,
INITG,
IPSUPF,
INICOM,

HIS

JMP® MOREF
HIR

TWJIMP

RETRN

HRF

JMPe INICOM

4220
TWISZ F2
7776
TWISZ FOQ
TAB1=1
STATS
SAVEL+7?7
SAVEL+10
NOGCLAY
PSUPPF
RETRN

/ADDRESS PORTINN
/FIELD CHANGE?
/YES

/INSTRUCTION + FIELD

/GROUP QVERFLOW?

/YES, DONT STORE

/INCREMENT PROPEF CHANNEL=(MODIFIEN)
/(MODIFIED)

/NO OVERFLOW

/INC HIGH ORDEP « LOW OVERFLCWED

/RESTORE K
/RESTORE STATUS

/RESTORE J
/(MODIFIED) IONN OR IOGNH

/H8 READ FLAG?
/N0, GO TEST OVERLAY INTERRUPTS
/YES, CLEAR FLAG, READR CHAF

/CLEAR FLAG, RFANCHAR, FETCH CHAR

/RETURN FROM INTERRUPT

/INC IMST FOR FIRST CHANNEL

/IN CURRENT GRoUP

/INC INST FOR LAST CHANNEL+1

/IN CURRENT GROUP

/PTR,TQ VALID XYBD COMMAND CHARS
/PTR,TO INITAL RTN TO BACKCRQUND
/INITAL PTR TO PC IN B8TACK
/INITAL VALUE FORP STACK PTK
/USED BY OVERLAY FOR INITALIZATICON
/BTR,T0 PRINT SUPPRESS INDICATOR
/PTR,TO INTERRUPT RETURN ROUTINE



/

H

@ a1714
2 a72
G n173
2 2174
@ a175
2 0176
@ ni1?7

/E2415%

7434
6123
7432
P60
n3B2
7433
3n7

HIPUNT,

HIPUN,

IGH SPEED PUNCH INTERRUPT TEST

HOS

JMP  HREADT
HOL

TWJIMP

RETRN

HLP

JMPe INICOM

/HSPUNCH FLAG?
/N0, GO TRY HS RFADER
/YES, CLEAR FLAG, LOCAD BUFFEP

/CLEAR FLAG, LOAD BRUFFER, PUMCH
/RETURN FROM INTERRUPT

CHAR



/INITIALIZATION ROUTINE

@ @2me 6642 COMRET,
o ¢2¢1 5114

B 202 @540

? 72r3 0413

B n20d4 5121

P e2n5 5721

@ p206 1510

@ 0207 5720

@ p2i0 5624

© m211 6323

@ n212 1508 NOOLAY,
@ 0213 @640

@ p214 2403

@ p215 PO3S

P M216 6427

0 9217 2600

@ p22e 6002

0 221 6102

@ 222 5000

@ p223 2215

@ 0224 5403

@ @225 1750

@ 9226 0660

@ 0227 022@ DECODE,
P v23n Hod2

@ 8231 ©#%49 DMOD,

8 0232 9572

P 233 6133

@ 8234 2126 IECHOF,
/TTY PRINTER INTERRUPT
® 9235 18@4 TYPET,
® 0236 7414

@ p237 6146

B 0240 7411

? 0241 0c6€2Q :

@ 8242 4ABA LOPRNT,
0 0243 7413

® n244 6354
/FETCH CHAR ROUTINE

v2200

JPSe LOPRNT
LDJ INITL
TWSTJ

SAVEP

LNy IDIS
$STJe IPRC
CLrR J

STJe IPSUPF
5TJe IECHOF
JMPe INITO
PION

TWJPS
UNPACK
PCRLF
JPS
SMJe
JMP
JMP
LoJ
ADDL
§TJ OECODE
CLR Jk 0
TWJIPS®

Loy
TWSTJ
DINST
JMP

FCHAR
FIRST
*2
=2
FIRST
15

=

DINSTZ

COMRET
ECHOF
ROUTINE

IONH
TOS
JMP
TOC
TWJIMP
MEMZO
TCP
JMPe INICOM

HIPUNT

/INITIALIZE=(CIOFF) AFTER 18T EXECUTION
/INITYALIZE STACKk POINTER

/SET INTERRUPT RTN TO B/G STATLS

/CLEAR PRINT SULPPRESS INDICATCR

/CLEAR ECHO OLD VALUE INDICATOR
/INITIALIZE OVFRLAY( ) OR NOOP(NOOLAY)
/INITIALIZE POWER LOW INTERRUPT

/PRINT CR/LF w

/G0 WAIT FOR COMMAND CHAR
/GOT IT, SEARCH COMMAND RIRECTNRY

/MATCH,FETCH POINTER
/MOVE IT TO ROUTINE ADDRESS
/LAY IT IN THE ROAD

/RUN OVER IT|
/(MODIFIED) POINTER TO COMMAND ROUTINE
/DISABLE PLOTTFR

/REINITIALIZE
/FLAG INDICATING INEC FORCED TO ECHO

/ENABLE HIGH INTFRRUPT
/PRINT FLAG?

/NO, GO TRY HIGH SPEED PUNCH
/YES, CLEAR FLAG

/ RETURN TO CALL

/RTN ADDRESS,RCOUTINE FOR TTY
/CLEAR FLAG = TYPE CHAR
/RETURN FROM IMTERRUPTY

/RETURN WITH 7 BIT STRIPPED KEYBOARD COMMAND CHAR

@ @245

aeeo

FCHAR,

2



f 0246
0 na24yz
2 nete
” velb1
® eeb52
@ 9253
@ peb4
@ p255
" b6
” n257
K

/

2 02€n
2 ne6y
@ p2c2
2 263
2 0264
@ A265

641F
1145
1167
N340
232y
6311
5172
5400
53n4
6312

7404
6124
7402
neun
n3IE2
<6375

CHARXP,

KYBDT,

LOREAD,

JPS LOREAD
SFTZ J %
ROTD J 7
TWSTJ

CHARX

JPS LOPRNT
LDJ CONTLZ
§TJ FIRST
LDJe CHARXP
JMPe FCHAR

EYBOAPD INTERRUPT TEST

TIS

JMP  TYPRET
TIR

TWIMP

RETRN

JMPe INICOM

/PLOT PUSHBUTTON ROUTINE

@ 02€6
@ 267
? 22709

/PLOT JK

P271
p272
2273
na74
ee75s
276

eI eN

? 8277
/E2060

eeee PLOT,
Sl

6137

ROUTINE

PEER  WAITP,
76506 DINST2,
7511 PINST,
7314

611

6305

6746 JPSD,

4

LoJ JPSD
JMP  DMOD
@

LDSPLY
PLOTXY
DISRDY

JMP 3!
JMPe WAITP

/RETU
/STIP

"/SAVE

/ECHO
/PTR

/7 BI
/EXIT

/KEYB
/NO,

/YES,
/RETU
/RETU
/RETU

/8ET
/SET

/ (MOD
JWALIT

/EXIT

JPS® +PWAITP=DINST

8-9

RM AFTER CcHAR RECEIVED
OFF PARITY BIT

CHAR

CHARACTER RACK
TO VALID KEYBOARD CCMMAND CHARS

T CONTROL CHAR

OARD FLAG?

GO TRY PRINTER FLAG

READ CHAR, CLEAR FLAG

RN TO CALL

RN ADDRESS OF ROUTINE WANTING TTY
RN FROM INTERRUPT

FOR PLOT NE¥T DISPLAY PASS

UP PLOT NCT DISPLAY

IFIED) IDLE IF NO PLOTTER

UNTIL DONE

/PLOT (NO DISPLAY) INSTRUCTION



/INTEFRUPT PFOCESS ROUTINE

@ a3 7514 LOWPC, DISRDY /MARKER RUNNING?

e n3r1 1442 SKIP

2 p3pr2 7509 DISPQOF /NO, BLANK SCOPE

@ 2373 >6476 JPS SAVE /SAVE THE FOLLOWING: J

@ B3r4 1374 ROTD JK 14 /X

¢ m3ns  13n2 LJKFRS /R

® 93c6 1374 ROTD JK 14 /8

@ P307 1011 LJST /STATUS

? v3le »5277 LDJe IONXP /0LD INTERRUPT STATE

@ 2311 50200 LDJ FIRST /FIRST

@ #312 5266 LDJe LIPR /PROGRAM COUNTER

@ 2313 6201 JMP 41 JEXIT FROM SAVF

@ 2314 5025 LDJ IONHP /PREP FOR ADC TNT TO DO IOKH NOT IONN
e 2315 7053 XCT X116 /STJ € I0NXP

@ 2316 1442 SKPL /POWER FATL?

@ 2317 1442 SKIP

@ 232n @A0P STOP /YES

2 p321 142 MOREH, IDLE /JOVERLAYS CAN USE AS TWJMP TO TEST FAR
@ 0322 1400 I0LE /MORE HIGH LEVEL INTERRUPTS=MUST RESTORE
@ P323 ©748 HRTN,  TWIQ /TAGGED FOR OVERLAY RETURN

?@ 0324 0N6R6 RDSTAT JFETCH 4410 STATUS

? #3255 1662 SIP K /LIST MODE OVERFLOW?

@ 2326 6262 JMP8 LOFLO /YES, TURN OFF ACQUIRE

@ r327 1274 LKFJ /SAVE 4409 STATUS IN K

@ 2330 2064 ANDF P3400 /LOOK AT INTERRUPT FLAGS

@ 2331 1501 SNZ J /44208 INTERRUPT?

® 2332 6152 JMP  KYBDY /NC, GO TRY KYRD/RDER FLAS

? 333 114} SFTZ J /YES,NOW EVALUATF THEM

@ p334 1502 sip J /CTB INTERRUPT ?

? B335 6254 JMPe ITMOUT /YES

@ 2335 1141 NOCTB, S8FTZ J 1 /NO

@ 7337 1502 SIP J /440@ CLOCK INTERRUPT?

@ 2340 6252 JMPe ICLOCK /YES

@ @341 1804 TIONHP, IONH /NO, ENABLE INTERRUPT HIGH

@ 2342 1740 TWIO

0 P343 p611 CSWTCH JCLEAR SWITCH FLAG

P 2344 1344 SFTZ JK 4 /MUST BE PUSHBUTTONS

? 2345 1361 ROTD JK 1 /MOVE ERASE BIT TNTO J

@ 0345 1505 s12 J /ERASE?

@ p347 1610 CLR K /YES, CLR PUSHRUTTON CODE

@ 9351 1410 CLR FLAG

@ 0351 1672 SIP K /L/R BIT LEFT?

® 2352 1430 SET FLAG /YES = FLAG IS DIRECTION INDICATOR
@ @353 1243 SFTZ K 3 /NOW GET PUSHBUTTON CODE

@ 9354 1364 ROTD JK 4 /IF ERASE J NOW = 22

@ 2355 4440 ADJ POINTR /BUILD POINTER Tn PUSHBUTTON RQUTINE POI
@ 2356 5403 STJ  .+3

2 0357 17%@ CLR JK O



LI ge
gaee

TWJPS®
?

@ niEn
2 e3€1

/INTERRUPT FETURN ROUTINE

@ 9362 12¢3 RETRN, IOFF

@ a363 1442 CLR FLAG

2 R3IE4 1452 CLR O

? 2365 6431 JPS RSTR

A pIEE KAL2 $TJe LIPR

D AJE7  54¢0 8TJ FIRST

2 2379 5617 X116, STJe IONXP

¢ a371 19062 RFOV

B o372 12¢4 LKFJ

2 2373 1341 LRSFJK

A pd74 1274 LKFJ

@ 2375 62€1 JMP  +}

? 376 7211 XCTe IONXP

@ r377 @820 TWJIMP®

2 pd4ee ¢oey LIPR, LOWIPR
/SAVE REGISTERS ROUTINE

P 241 0APR2 SAVE, (]

2 e4pr2 5611 STJ® SAVEP

@ eded 3412 1SZ SAVEP

2 r4¢4 7303 XCTe SAVE

@ 0405 3304 182 SAVE

@ p4C6 6104 JMP =4

2 pag? p14% IONXP, IONYX

P p4lp 2025 LOFLO, AGOFF

2 2411 2336 ITMOUT, NOCTB

® w412 211 ICLOCK, CLOCK

? 2413 2434 SAVER, SAVEL+12

0 pdal4a  3d4py  P34g0@, 340

D 9415 2338 POINTR, TABLE
/RESTCRE REGISTERS ROUTINE

? #4316 @Al® RSTR, o

g g417 3164 DSZ SAVEP

@ pdze 5305 LDJe SAVEP

7 nd21 7323 XCTe RSTR

P @422 3IBC4 ISZ RSTR

2 p423 6114 JMP L, =4

/INTERRUPT REGISTER STACK FOR LOW LEVEL

@ 0424 QQAC2 SAVEL, @

ROUTINE
PUSHBUTTON ROUTI!

/G0 TO PUSHBUTTOMS
/(MODIFIEP) POINTER TC

/PRIME FLAG FOR RESTORATIOM
/PREIME OVERFLOW FOR RESTORATION
/RESTORE THE FOLLOWING?
/PROGRAM COUNTER

/FIRST

/0LD INTERRUPT STATE

/STATUS

/8

/R

/K

/EXIT FROM RESTORE ROUTINE= J RESTORED
/TURN ON TNTERRUPT

/RETURN TO BACKGROUND

/PUSH J REG IN STACK

/BUMP STACK POINTER

/GET NEXT REG TO SAVE QOR EXIT
/UPDATE POINTER T0O NEXT REG

/PTR,TO INTERRUPT RTN CMD
/PRT,TO ACQUIRE CFF RMUTINE

/ADE TIME OUT

/PTR, T9 LIVE TIME CLOCK SERVICF
/STACK POINTER

/PTR,TC PUSHBUTTON TARLE

/DECREMENT S8TACK POINTER

/POP S8TACK TO J REG

/MOVE J REG TN PROPER REG OR EXIT
/UPDATE PCINTE®R TO NEXT REG

/J



n4es
Maz R
pac7
2450
n431
n432
ndn3

S99

WARR
A
Lany
LAr 2
1ee7
e3en
p76n

VeI

IONN
)
STATS

/K

/R

/8
/STATUS
/IONYX
/FIRST
/PC

/INTEFRUPT FEGISTER STACK FOR HIGH LEVEL

7434
na3s
2436
n437
#daq
g4d1
r442
P44

SeaeYYaAWn

/E2702

#are
RO
nAGe
rpea
aapn
naEe
gaee
nage

VIS

/J

/K

/R

/S8
/8TATUS
/IGNX
/FIRST
/FC



/LOAD DOUKLE INTEGER INTO J + K REGISTER ROUTINE
/J POINTS T4 INTEGER ON CALL

g pddda 0open GETYW, @

P P44% K44 8STJ GETP
D W446 BRI LOJe GETP
Q@ 1447 3402 187 GETP
? rAaSA 1510 TWLDK

¢ ®4by waLed  GETR, @

P n4af2 E3L6 JMP® GETW

/DOLBLE INT ADD OR SUBTRACT ROUTINE
/IF OVERFLOW = 2 ADD

/IF OVERFLOW = | SUBTRACT

/KJ + OR = 6(CALL+*1)

/RETURN TO CALL+2

/RESULT IN hJ

b Pas3 PACB  ASTHW, 7

0 vwddd4 13061 LRSFJIK /SAVE KJ

@ 485 53E2 LDJe ASTH /FETCH CALL+!

P p456 3513 I18Z ASTW

P nd4t7 6513 JPS GETW /FETCH C(CALL®Y

@ na6p 1451 SN2 CLR O /SUTRACT?

@ Q461 6208 JMP  ADTW /NO, DO AD

® 462 1720 tMP JK /YES,NEGATE K.J

P n463 1504 INC J

B P464 1455 §17 CLR O /BORROW?

D n4E5 16074 INC K /YES

B RrAG6 1122 ADTW, ADR J /ADD LEAST

P 0467 1453 $1z CLR O /CARRY?

2 P47 1674 INC K /YES

2 p471 1224 ADS K /ADD MOST

B n4a72 6317 JMFPe ASTHW

@ n473 afee  LOG, 2 /LOG 2 CONVERSTON

P pava 16g5 8§17 K /MOST = @7

@ P475 6207 JMP  LOGD1 /NO, DO ALL
"D n4a76 15061 SNZ J /LEAST = 0%

2 9477 6304 JMPe LOG /EXIT, DATA = ¢

g n5¢ge 1264 LKFJ /DG LEAST

P n5¢ctL So017 LDJ LOGTWO

P o5r2 2314 SUBL 14

2 Q%503 5415 STJ LOGTWO

@ a5p4 1602 LOGDL, SIP K /DONE?

2 0525 6004 JMP  LOGD2 /YES

2 7506 3IpL12 DSZ LOGTWC

o nSe7 134} SFTZ JK |

B @510 61¢4 JMP  LOGDY

e 511 1341 L0OGD2, SFTZ JK 1

8-13



8 8312 56ch LDJ LOGTHGC
2 0513 1367 ROTD JK 7
P r%14 1354 SFTZ JK 14
2 ¢545 223n ADDL 3@
? a516 542 STJ LOGTWC
A w517 6324 JMPe LOG JEXIT, K =& LOG Jx
e adze eal® LOGTWO, 3¢
@ 2521 @133 THKS, 133
® @%e2 @151 X1iiI, X11 /POINTER TO TWISZ INSTRUCTION TQ LAST CHANNEL
2 9523 w6Ag2 DISCON, € /DISPLAY TYPE, =0 LIVE, OTHERWISE STATIC
@ #324 271 PYAITP, WAITP /POINTER TO PLOT RQUTINME
/LIVE DISPLAY ROUTINE
? 2325 5@52 TWINKT, LDJ TEXZ /MONDIFY DISPLAY ENUTINE « SO OMLY { POIN
@ w526 B4%50 STJ TEXI
@ 2527 5165 LbJ X111l
@ @530 6564 X9, JPS GETW /FETCH ADC DATA CHANMEL ADDRESS
P 8531 1374 ROTD JK 14
@ 0532 1472 SET 0O /SET SUBTRACT TNDICATOR FAOF ASTH
P n533 6560 JPS ASTW /S5UB ADDRESS OF 18T CHANNEL IN GROUP
@ 2534 2156 GROUPZ
2 n533 13600 TWINKi, ROTD JK @ /(MODIFIED) CFSs
@ 2536 1361 ROTD JK /(MODIFIED)
® 2537 1363 EXJRKS /RsX AXIS, KJsADDRESS
P p34n 6497 JPS DSPLY /DISFLAY POINT
? 2541 3120 DSZ TWKS /7402 POINTS?
P 0542 6053 JMP  LDSCON
2 2543 5121 L0J X111l /YES, DO STATUS
P 2544 5523 STJ THKS
@ 2545 ¢6ua TWJIMP
2 9546 (760 STATS

/DISPLAY ALL DATA POINTS 1 TIME ROUTINE
/J=K REGS HAVE POINTER TO 1ST CHANNEL TO DISPLAY

- @ p547 Q@e@ DSPLY, 0
2 e5%2 5407 $STJ DISPj2 /ADDRESS DOF 18T CHANNEL TN NISPLAY
0 n551 1374 ROTD JK 14 /ISOLATE FIELD OF 18T CHANKNEL
@ 2352 2123 ANDL 3
- @ PA853 4464 ADJ DNORM /FORM TWLDOK INSTRUCTION
2 2554 5Sap2 §TJ DISPS5!
¢ 2555 17592 CLR JK O
¢ 2556 @514 DISPS1, TWLDK F@ /(MODIFIED) = LOAD CHANNEL LOW
¢ 2557 4p00 DISPS52, 4000 /(MOCIFIED)
@ n56p 3501 182 DISP32 /STEP TO CHANNFL HIGH
@ 7561 1374 ROTD JK 14 /J ®= DATA LEAST
@ 562 1201 LSFK /8 = CURRENT DELTA X
@ 2563 71e5 XCT DISPS51 /K = DATA MOST



n364
@565
#866
noeE7
a%70
n571
8872
0573
2574
0575
2376
0577
péra
~6RY
n6¢e
6663
p6n4

605
06026
nen7
6l
n611
@612
n613
ne14

/

0615
P616
n617
nE20
p621
p622
neey
p624
625
p626
0627
2630
P631
n632
P633
P634

/E3204

1357
1346
1550
1124
4415
1123
7506
1455
15¢4
4411
1123
1455
6331
3822
124
3525
6126

eaen
nAC4
1512
eoe3
naze
geen
1533
eane

ATA DISPLAY

5124
5822
<5174
1511
<6174
1121
51@7
1524
55114
- 4313
<7177
1361
6562
5016
23n
LLY-P)

SFTZ21, SFTZ JK 17
SFTZ2, SFTZ JK @
CLrR J O
ADS J
ADJ DELTA
TEX, EXJR
DINST, LDSPLY
8§12 CLR O
INC J
ADJ DELTA+1
TEX1, EXJR
TEX2, 8§17 CLR O
' - JMPe DSPLY
ISZ DISP52
JMP DISPS51
1872 DISPSy
JMP  DISP31
DELTA, @
4 /LOW
MGCP, MGCLP=}
MARKN, 3
MDATA, @
e
DSPP, D§C
PMTWO, ©

= (BACKGROUND)

LDSCON,

xie,

LDJ
§TJ
LoJ
SNZ
JMP
LRFJ
LOJ
CMP
STJ
ADJ
XCT
ROTD
JPS
LoJ
SUBL
8TJ

JeMODIFIEN) (MaY BE JPS LNG)Y
/(MODIFTIED) ACJUST FOR COUNTS FULL SCAL

/(MODIFIERIDISPLAY POINT (JP3€ FWAITR)
/UPDATE DELTA X

/(MODIFIEDR BY TWINKT), R=NEXT ¥ CRIGIM
/X QVERFLOW? ,

/YES = EXIT

/NO = STEP TO NEXT CHANNEL

/DELTA VALUE FDOR X ORIGIN FOR DATA=SUFER | MW

/POINTER TO LEFT, RIGHTY, CENTER MARKER FORTNTERS
/NUMBER OF MARKERS
/CENTER MARKER DATA VALUF

/POINTER TO DISPLAY STARTING CHANNEL
/OVERLAP INDICATOR

TEX
TEX!
DISCON
CLR J
TWINKT

PMTWO
INC J
PMTWQ
DSPP

X9

JK 1

DSPLY

MARKD
1
DINST

/RESTORE DISPLAY ROUTINE

/STATIC DISPLAY?

/NG, LIVE DISPLAY

/SET X AXIS a o IN R REG

/SET OLAP QR NORMAL GRQUP ETART CHML

/DISPLAY STARTINR CHANNEL

/JPS GETW = GET NOUBLE INTEGER
/KJ = ABSOLUTE STARTIMG ADUDRESS
/NOW DISPLAY DaAT)

/DISABLE PLOTYFR ~ ENABLE DISPLAY



/MARKER

P635
Pe3IA
€637
n64
n64y
n6a2
n64a3
2644
ne4s
B646
n6A47
nesne
nESY
nes2
a653
2654
peSs
66
n6s7
g6€a
e6E1L
n6c62
g6e3
2664
n665
RE6EG
as67
n670
n671
p672
n673
n674
B675
p676
0677
az70a
n7e14
p702
a7e3
n7e4
e’es
a7e6
e87¢7
@719
2711
e712
713
0714

5126
5400
73514
ngi2
5139
7156
7156
5134
5472
>»5076
1505
7507
7514
i1
5260
5403
17302
7033
cove
1450
7039
1642
£559
p742
54354
30351
6722
1361
5405
5133
1122
5401
g514
i F]
1374
5567
3503
71258
@550
ne12
E233
7157
3430
14702
ne4Q
2453
1533
5425

CALCULATINN AND DISPLAY

NNORM,

MARKS ,

MARKD,

Xi2,

CML,
cM2,

MRK1,
X138,
DscI,

LCJ MGCP
STJ FIRST
TWLDK F@
MDATA+]
LDJ MDATA
XCT SFTZ4
XCT SFTZ2
LDJ MARKN
$TJ MARKC
LDJ DELTM
s$12 J
DSMARK
DISRODY

JMP l-l
LDJe FIRET
STJ  ++3
SET JK
XCT ¥13

@

CLR 0O

XCT X139
GSC

TWETK
MCHANS ]
STJ MCHAN
DSZ MARKC
JMP  MRK{
ROTD JK 1
8TJ CM2
LDJ DNQRM
AJK J

8Td  CM1
TWLDK F@

2

ROTD JK 14
S§STJ MDATA
I§Z CM2
XCT €M1
TWSTK
MDATA+1
.LOJ MCHANP
XCT ¥x1@
ISZ MARKC
SET O
TWJIPS

ASTW

psC

STJ MCHANM

/POIMNTER TO LEFT, RIGHT, CEMNTFHK

/GET CENTER MARKER LATA VALVE

/ADJUST FO COUNTS FuULL SCALF
/VALUE IN K REf
/SET COUNTY NOF MARKERS TO OUTPUT

/MARKER OUTSICF NnISPLAY?Z
/NO, DISPLAY MARKER
/WAIT FOR LAST MARKER

/J = MGG POINTFR

/FETCH MARKER CHANNEL NUMBER POTHNTER
/MARKER CHANNEL NUMRER =i

/THIPS ASTH

/MARKER CHANNEL NUMRER =1
/THIPS ASTW

/SAVE ABSNLUTF MARKER CHANNEL ADDRESS

/NU, BYPASS DATA FETCH
/YES,SET UP DATA FETCH

/FETCH DATA

/ZAND SAVE IT

/JFETCH ARS MARWKEP ([CHhL JPS GETw
/RESTORE REMAIMNING MARKERS COUNT

/SURTRACT DISPLAY STARTING CHANKEL

MARKER P



w715
n716
n717
nzen
p721
¢722
n723
0724
0725
n726
nr27
n73a
w731
n732
w733
@734
8735
n736

n737
@740
#7414
@742
P743
n744

@745
@746
0747
a750
#6751
w752
@753
@754
09755
@756
@757

VNS S SaNaesa VSV

/EL196@

7132
1602
6J11
“iia
nees
10402
13143
2550
p744
314
1]
5012
1601
6013
1515
6020
5N d
6019

2200
n741
pare
nane
n646
"0

7125
1020
1303
A504
1521
1504
1658
1752
5511
3117
6314

X8,

DNORMY,

MRKS,

MARKC,
MCHANP,
MCHAN,

MARKSP,
DELTM,

MRK2,
MRK?3,

MRK",

XCT  Xi2 /MCHAM = MARKESR RISPLAY CHANNEL
SIP K /MARKER INSIDE NTISPLAY AREA?
JMP  MRKS5 /NG, KILL MARKFR

TWl.DK /MCHAN % DELTA X

CELTA ‘

MPY /MCHAN % DELTA

EXJRKS

TWETK

DELTM

TWLDK FQ

DELTA+!

LDJ MCHAN#1

SNZ K /DELTA » 4009567

JMP  MRKZ2 /NO

812 CLR J /MCHAN > 47967

JMP  MRK4 /YES, QUTSIDE nIsPLAY

LDJ MCHAN

JMP  MRK3

o /POINTER TO NUMBER TO RE NISPLAYED
MCHAN

] /HIGH ORDER HALF OF NUMBFP TU BE DISPLAYED
»

MARKS /POINTERP TO MARKER PROCESSING LONP

(4 /X AXIS LNCATION OF MARKFR

XCT X8 /LDK  DELTA

MPY /MCHAN » DELTA+1Y 0OR (LELTA « HCHAKN+1)
EXJRKS

ADJ DELTM

SNZ J /MARKER NELTA = 7?2

INC J /YES,INC FOR DISPLAY

812 CLR K O /OUTSIDE DISPLAY?

CLR JK O /YES, KILL MARKER

STJ DELTM

DSZ MARKC /3 DELTAS [LOMNE?

JMPe MARKSJP

8-17

/NG, DO ANQTHE®



/STATUS

n76g
7761
@762
n763
P764
27€5
B766
p767
n770
n771
n772
w773
0774
n778s
n7786
w277
1209
fee
1202
1203
10¢4
1005
1206
1e07
16192
1211
1212
1813
1214
1215
12186
1017
1m20
1021
1g@22
1023
1024
1025
1926
1027
1030
1831
1932
1033
1034
1035
1036
1837

5A6 1
18m1
6236
54022
1432
1532
5454
1570
4954
5454
4480
»2377
5446
1514
5200
55492
53414
5540
1562
1562
5412
3146
5347
1458
1524
5407
1455
3403
75009
6431
v o)
5427
v
1374
6435
8519
132a
5107
1715
6113
5167
1516
6003
2303
6423
5202
6421
6142

AND DISPLAY ROUTINE =

CALCULATION
STATS, LDJ 8TATX
SNZ J
JMPe STATO
STJ FIRST
SET
SET J
STJ YORIG
SCOPCR, SET J O
s8J C24¢
$TJ XORIG
ADJ YORTG
SUBL 77
§TJ VYORIG
STATLP, CLR K
LDJe FIRST
§TJ MARKC
LDJ® MARKC
STJ MCHAM
sIF J
CMP J O
§TJ STADH
DSZ MARKC
LOJe MARKC
812 CLR O
CMP  INC J
8TJ STACL
§IzZz CLR D
ISZ STADH
CONVLP, DISPOF
JPS DvBY1o
STADH, 2
JPS DvBYie
STADL, @
ROTD JK 14
JPS STAOUT
TWLDK
STADL
LDJ STADH
$IZ CLR JK
JMP  CONVLP
LDJ MCHAN
SIN CLR J
JMP .43
suBL 3
JPS STAOUT
LDJe FIRST
JPS  STAOUT
JMP  STATLP

/INITIALLZ
/BLANK?
/YES, SVIFP

(BACKEROLNE)

E STATHS SETLP

THE STATUS

DISPLAY

JIND FGR 13T WNRM OF CHAR “aTETX

JINITTALIZ
/D0 A 8CCP

/8ET X ORT

/SET Y OKTGIN 8T 337 LESS THAN

E Y PRTIGIN
£ CR LF

RIN & 7544

/JFETCH POTNTER Tr KUMRER

/FETCH HIGH HALF OF NUMBER

/AND NEGATE IF NFGATIVE

/STORE HIG

H HALF

/FETCH LGW MALFE rF NUMBER

/NEGATE IF

/STORE LOW

NEGATIVF

HALF

- 7777

CLo

/ACCOUNT FOR COVERFLNW FROM | Ow

/0IVIDE HI

/DIVIDE LO

/DISPLAY N

/CONVERSTIOD
IND =« GET

/YES, NOW

/NEGATIVE?
/NN ,FOKRGET
/YES, THEFE
/DISPLAY M
/GET SEPAR
/DISPLAY C

GH GPDFR

W ORMER

EXT 1.01

N DOMNE?

ay

-

4 v
3

FEMAINIER

QRDER GIGIT(FFHAINDERT

NEXT LAWwEST DRIGTT

INSERT SIGN

1T
RT MINUDIS
INUS STGN
ATOP CHAR
HAR



A 1040 261% STATO, LDSCON /POINYER TC OISPLAY DATA RPCUTIMNE

¥ 1041 2237 STATX, MR=) /POINTER TO STATUS GROUP TO BE DISPLAYFD
@ 1942 7777 YORIG, 7777 /Y ORIGIN FOR DISPLAY

@ iv43 an77 C77, 7?

0 19244 Q249 (€242, 240

A 1?45 @202 XORIG, @ /X ORIGIN FOR DISPLAY

/DIVIDE BY 12 ROUTINE
/DIVIDE CALL+1 BY DECIMAL 1@
/RESULT PUT IN CALL+t
/RETURN TO CALL+2

/K HAS HIGH ORDER ON ENTRY

@ 1946 en¥2 DVBYiLQ, @
Q 1047 1550 CLR J O
@ 1052 2212 ADDL 12
2 {281 1191 LRFJ
@ 1052 5364 LDJe DvBY1Q
2 {253 12914 DIV
P 1054 5706 STJe DVRY1R
e 1055 357 18Z ODyBY1R
@ 1056 6310 JMPe DVBY1D
/DISPLAY CHAR IN J REGISTER ROUTINE
@ 1957 oa2@ STAOUT, 2
2 1062 757@ DISPOF
@ 12461 2220 ADDL 29 /TERMINATOR?
M 1962 1301 SNZ J
2 {63 6323 JMPe STATO /YES = EXIY STATHS ROUTINE
@ 1264 »2177 ANDL 77
P 1065 2522 SMJ  C77 /END LINE?
@ 1066 <6177 JMP  SCOPCR /YES, ADJUST XY NRIGINS
2 1967 1141 SFTZ @1 J /NO « BUILD LDJ INST TO GET CHAF
0 1270 4464 ADJ CTABLE
9 1071 5414 STJ GWRD
@ 1872 5054 LDJ PS5 /5 RITS PER RNw BLONG X AXIS
@ 1073 5455 STJ POINTC
@ 1074 2233 ADDL 33 /4= OFFSET ON Y AXIS
@ 1075 1204 LKFJ
P 1076 12@1} LSFK /0FFSET ON Y AXxIe IN 8 RER
@ 1877 08510 TWLDK
0 iiea 1242 YORIG
0 1191 5134 LDJ XORIG :
e J1e2 1t11@3 EXJR /X ORIGIN IN R RFG
@ 1163 5044 NXTWRD, LDJ P14 /14 BITS IN EaAcH OF 2 wORDS OF MATRIX
2 1104 5440 STJ BITCNT
@ 1185 5013 GWRD, LDJ TABL=32 /FETCH MATRIX wORPN (MODIFIEN)
@ 11e6 3501 182 .= /STEP TQ 2ND MATRIX “ORD



@ 1127 11861 NXTPNZ, ROTD J 1} /GET NEXT MATPTX POINT

A 111 4433 ADJ  Paungn

¢ $111 1163 EYJR /JMATRIX IN R Ref, ¥ ORIGIN TN J RESG
2 1112 7508 NISPOF

? 1113 1455 SIZ CLR O /DISPLAY POINT IF 3ET

@ 1114 7226 XCTe DINSTP /LUSPLY = DISPLAY RPOINT

g 1115 2230 ADDL 30 /BIAS X ORIGIN FNR NEXT POTNT
1116 332 D8z POINTYC /ROW COMPLETE?

#1117 60295 JMP CONT /NO

B 1129 5326 LdJ PSS /YES» RESTOARE FOw & MNRE POINTS
" 1121 5427 STJ POINTC

@ 1122 5155 LDJ XORIG /RESTORE ¥ ORIGIN

P 1123 1235 N8BS K /BIAS Y ORIGIN FNR NEXT ROW

? 1124 1103 CONT, EXJR /%X ORIGIN IN R PFR[, MATRIX TN J RFR
B 1125 3217 N8Z BITCNT /WORD CEFLETED?

@ 1126 6117 JMP  NXTPNZ /NO= PROCFESS NFXT FOINT

@ 1127 1425 S1Z CMP /ANDTHER WORD LEFT IN MATRIX?

P 1130 61295 JMP  NXTWRD /YES

1131 2412 SMJ  DTWO /WAS IT A 27

B 1132 1442 SKIP

B 1133 6013 JMP  ADVANC /NO

2 1134 1123 EXJR /YES, FORCE LAST POINT

B 1135 7275 XCTe DINSTP /LDSPLY = DISPLAY POINTY

2 1136 5171 ADVANC, LDJ XORIG /REQRIGIN ¥ ORIGTIN

B 1137 4173 8SBJ C24¢0

@ 1140 5573 S§TJ XORIG

@ 1141 6362 JMPe STAOUT JEXIT = AFTER { CHAR

1142 ©572 DINSTP, DINST /POIMNTER TO DISPLAY POINTY INSTRUCTION

)

@ 1143 @572 DTWO, S7@ /2 WORD COMPLEMENTED MATRTX WORD F(OR & 2

@ 1144 @dP@ BITCNT, O /BIT COUNT IN CHAR MATPIY PER WORD

@ 1145 430@ Pagge, 4900

P 1146 0205 PS5, 5

@ 1147 @@14 P14, 14

@ 1150 @295 POINTC, S /BIT COUNT IN CHAR MATRIY ON X AXTS

@ 1151 5013 CTABLE, LDJ .+13 /SKELETON FOR LDJ INST TO GET NISPLAY MA

/MATRIX FOR CHAR

/DISPLAY CHAR IMAGES

/ROTATE EACH WORD | LEFT

/THEN EACH 5 BITS ACROSS X AXIS
/AND LAST(S5TH) ROW HAS ONLY 4 BITS
/2 I8 SPECIAL AND NEEDS BIT SET IN
/MISSING BIT IN 5TH ROMW

0 1152 4991 TABL, 4anay 1
2 1153 3407 3400

P 1154 ©naeQ e /e
n 1155 nree2 2

2 1156 @104 104 //
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1157
1160
11614
1162
1163
1164
1165
1166
1167
1170
1171
1172
1173
1174
1175
1176
1177
12292
1201
1202
1203

SISV ICIIIIICNS

/E3692

2124
1543
4613
7430
6143
7602
7207
7602
7017
4214

5370

7641
7917
5641
7213
3704
2102
5642
7213
5642
7413

2104
1643
4613
430

6043
7602
7207
7602
7917
4214
537@
7641
7047
5641
7213
A704
2102
5642
7213
5642
7413

/7
/1
/2
/3
/4
/5
/6
/7
/8
/9
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/DISPLAY

S90S PSS TNENNIIIINCIITAINIIS I EIRI

1204
1265
1206
1207
1210
1211
1212
1213
1214
1215
1216
1217
1220
1221
1222
1223
1224
1225
1226
1227

1230

1231
1232
1233
1234
1235
1236
1237
1240
1241
1242
1243
1244
1245
1246
1247

1259
1254
12%2
1253
1254
1285
1256
1287
1260
1261
1262

FUSHRUTTON ROUTINE

w29
5243
1522
2101
5649
1356
15302
5463
5035
2173
1129
5432
@747
#5614
n3un
1664
7510
1665

16015 .

6025
1341
3445
6104
6105
1515
3a4l
5242
1523
2214
4420
P540
253%
4032
n540
a536
6343

n3I23
eaa7
1255
aoe1
pane
ea12
eage
Po3a
na0R
13602
13402

DISPLY,

LDONE,

DISCN,
LAMP,
CFSsP,

CFS,

ROTT,
SFTT,

]

LDJe
CMP
ANDL
STJe
SFTZ
SET
STJ
LDJ
ANDL
AJK
STJ
TWIO
STLAM
TWLDJ
GROUP
TWLDK
GROUP
512
JMP
SFT2
152
IMP
JME
$12Z
DSZ
LDJ
SIP
ADDL
ADJ
TWSTJ
TWINK
$BJ
TWSTJ
TWINK

JMPe DISPLY

DISCO
7
CFS
1

2

12

a

30

2
ROTD
SFTZ

DISCN
J
1
DISCN
JK 16
J
ZSET
LAMP
73
J
LAMP

-3
W

Wetl

K
LDONE
JK 1
ZSET
=4
=3
CLR J
ZSET
ZSET
SN2 J
14
ROTT

i
ZSET

i+}

/REVERSE DISPLAY TYPRE INDICATCH

/JMOVE TN STATIEC N0 BIT T0O HRES LIT KO 9

JUPDATE LAMD BIT® TQ REFLECT DTSRI AY
/ZADD IN STATIC LAMP BIT
/SET LAMPS ON PR OFF

/SET UF LTVE DTISPLAY

/L0G CCNV DONE?

/NO

/REMATINDER?
/YES, ROUNMD UP

/>2K GROUP?
/YES
/BUILD ROTATION TNST,

N /POINTER TO DISPLAY TYPE INNICATOR
/LAMPS TO BE SET ON
/POINTER TO COUNTS FULIL &CALE
/CFS MINIMUM

/COUNTS FULL SCALE

/CF8 MAXIMUM

JK @
JK @

/SKELETON FQR ROTD Jr THST
/SKELETONM FNR SFTZ JK INST



[SRCRESRSRCSRCRC RSB SRS RS

/CSF PUSHBUTTON ROUTINE

1263
1264
1265
1266
1267
1270
1271
1272
1273
1274
1275

6571
Pea1
poan
aael
waae
2029
eaoa
2000
anan
3777
egoo

JPSLOG,

MMIN,
MGCL.,
MGCR,
MMAX,
ZFULL,

JPS L+LOG=SFTZ{

/tJPS  LnG)

1 /MINIMUM RANGF OF LEFT MARKER
e ,

1 /LEFT MARKER CHANNEL MUMBER

a

2000 /RIGHT MARKER CHANNEL NUMBER

@

2000 /MAXIMUM RANGE OF RIGHT MARKER

@

3777 /COUNTS FULL SCALE

2

/8ET COUNTS FULL SCALE OR LOG DISPLAY

SV NSNS

28088

1276
1277
1300
1301
1322
1303
1324
1303

1306

1307
1310
1311
1312
1313
1314
1345
1316
1317
1320
1321
1322
1323
1324
1325
1326
1327
1330
1331

1332

1333
1334
1333
1336
1337

gaen
5125
6457
1605
6231
5126
5507
2330
1524
2314
1506
1354
2214
4531
2540
2565
1374
4535
0540
2564
1712
1341
1504
3130
6103
5533
0550
1275
6334

5151
7129
5152
7116
1710

Z8ET,

x21 [

X22,

ZMERG,

4

ZL0G,

@

LDJ CFSP
JPS UPDWN
8Iz K

JMP  ZLOG
LDOJ CFS
8STJ ZFULL+!
SUBL 30
CMP  INC J
SUBL 14
SIN J
SFTZ JK 14
ADDL 14
ADJ S8FTT
TWSTJ
SFTZ22

ROTD JK 14
ADJ SFTT
TWSTJ
§FTZ4

CLR JK
SFTZ JK 1
INC J

DSZ ZFULL+1
JHP -"3
$TJ ZFULL
TWSTK
ZFULL+Y
JMPe ZSET

LDJ SFTT
XCT X21
LOJ JPSLOG
XCT Xx22
CLR JK

8-23

/8 <« CFS < 25

/AT LIMIT?

/YES, SET LOG DISPLAY

/NO, SET UP DISPLAY SHIFTS

/STORE DISPLAY SHIFT MUMBEFR 2

/STORE DISPLAY SHIFT NUMBER |
/NOW SET COUNTS FULL SCALE

/JEXIT

/PLACE JMP LOG IN DISPLAY RAOUTIME
/TW8TJ SFTZ2 = NnOP SHIFT NUMBEF 2
/JPS LOG INSTRUCTION

/TWSTJ SFTZ1 = MnDIFY SHIFT NUMBER 1



@ 1349 6111 JMP  7MERG

/E1908
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/MOVE LEFT AND RIGHT MARKERS UP 0OR DOWN ROUTINE

2093

/STEP Up
/UP/DOWN

1341
1342
1343
1344
1345
1346
1347
1352
1351
1352
1353

1354
1335
1356

1357
1360
1361
1362
1363

- 1364

1365
1366
1367
1370
1371
1372
1373
1374
1375
1376
1377
1400
1401
1402
1423
1404
1405
1406
1407
1410
1411

ga09
5544
1401
2212
6412
5160
1425
2202
1472
6405
6312

1521
Rag0
G312

oR

PABA
5421
1405
2304
g2u2
5422
5252
14565
5112
5513
1515
6004
5317
1163
2147
1574
5476
25109
paeR
3501
5302
1301
7410
rRQo
3501
4302
3103

MOVEIT,

DCHI,
STIMES,
PCONST,

DOWN BY 1
BASED QN FLAG

UPDWN,

NUM,

LIMIT,

2

STJ ZSET
SNZ

ADDL 2

JPS UPDWN
L0J ZSET
s8Iz

ADDL 2

SET O

JPS UPCWKN
JMPe MOVEIT
DCHANS

)

19

TQ 8 ROUTIME
4

STJ NUM
SI7

SuBL 4

ADDL 2

STJ LIMIY
LDJe PTIMEL
SIZ CLR 0
LDJ STIMES
8§TJ STIMES
81Z CLR
JMP .4
LOJe DCHI
ROTD J 3
ANDL 7

INC J

STJ EXPAND
TWLOK

n

I8Z NUM
LDJe NUM
LRSFJK
TWSBK

%

I8Z LIMIT
SBJe LIMIT
DSZ LIMIT

JCOUNT DOWMN2
/NO, MOVE RIGHT ONE FIRST
/YES, MOVE LEFT ONE

/COUNT DOWN?
/YES, MOVE RIGHT ONE
/SECOND PASS FL AR

/TIMER CCNTROL CONSTANT

/POINTER TO NUMBER

/FLAG SET= GOING DOWN
/FLAG CLEAR= GNING P
/PCINTER TO LIMIT

/SECOND FASS?
/YES, USE OLD TEsT

/PUSHRUTTON SINGLFE STEP?
/YES, BYPASS MINLTIPLE UPDWMS
/N TIMES A FUNCTION QF DISFLY INTH

/BUT NO MORE THAN 8

/SET PASS COUNTER
/GET NUMBER = | Nw

/STEP TO HIGH WALF
/GET NUMBFR w WIfH
/SAVE NUMBER IN RS

/START LIMIT TFST

8-25

/RESTORE LIMIT PRINTER



1412
1413
1414
1415
1416
1417
1420
1421
1422
1423
1424
1425
1426
1427
1430
1431
1432
1433
1434
1435
1436
1437
1440

X DN IINCNITI [NV

/MARKER
1441
1442
1443
1444

/DISPLAY
1445
1446
1447
1450
14514
14582
1453
1454
1455
1456
1457

[CR-RCRoRBoRoISBORS RS RS o o889

/MARKER

@ 1460
@ 1464
@ 1462

1735
1756
6333
1624
1465
1720
12724
1455
1574
1122
5723
1374
3125
5726
3045
6131
5154
7540
2102
1759
2549
2103
6351

SPAN

o Ro]
5052
6564
6303

SPAN

pape
»5075
657
1424
1479
5044
<6574
6471
3467
6311
6122

POS
aane

5232
0640

§IZ SET JK

SIN CLR JK O

JMPe UPDWN

INC K

517

SET JK

ADS K

$I1Z CLR O

INC J

ADR J

STJe NUM

ROTD JK 14

DSZ NUM

STJe NUM

DSZ EXPAND

JMP  NUM=1

LDJ PCONST

TWSTJ

PTIME?2

CLR JK O

TWETJ
PTIMEI, PTIME

JMPe UPDWN

PUSHBUTTON ROUTINE

MWIDTH, A
LDJ MGCRP
JPS UPDWN
JMP® MWIDTH
PUSHBUTTON ROUTINE
DWIDTH, @
~ LDJ DSCP
JPS UPDWN
CMP
SET 0
LDJ DECP
JPS UPDWN
JPS DISSET
I8Z GROUPF
JMP® DKIDTH
JMP =2

PUSHBUTTON RQUTINE

MMOVE, @
LOJ MGCLP
X57, TWIPS

8-26

/AT LIMIT?

/NO, CLR 3 SKIP UNCONDITIOMALLY

/YES, EXIT JK RET
/SET KJ =2 + 1
/COUNT DOWN?
/YES, KJ = =]
ZADD LOW

/CARRY?

/YES

/ADD MOST

/AND STOQRE IT

/FETCH LEAST

/AND STQORE IT
/LAST FASES?

/NO, DO ANOTHER
/SET UP TIMER FOR

/EXIT JK = 2

cLack

/MOVE RIGHY MARKFR P CR DOWNM

/JEXIT

/MOVE CISPLAY 8TaRT CHANNEL UP

/REVERSE DIRECTINN
/SET SECOND PASS F
/MOVE DISPLAY FMP

/SET DISPLAY PARaM
/SET EXPAND FLAG
JEXIT

/00PS, GROUPF NVFR

/MOVE LEFT + RIGHTY

8
LAG

CHANNEL DOWN

ETERS

FLOW

MARKERS

JP QR DDUWN



@ 1463 1341 MOVEIT
@ 1464 6304 JHMPe® MMOVE

/DISPLAY POS PUSHBUTTON ROUTINE

@ 1465 @oe2 DMOVE, @ /CHANGE DISPLAY STARTTING CHANMEL
D 1466 1422 CMP /REVERSE NORMAL FUMNCTION OF LPDWA
@ 1467 5954 LDJ DSCP /MOVE START AND FND DISPLAY CHANMELS
@ 1470 7106 XCT X§7 /JPS MOVEIT
@ 1471 6454 JPS DISSET /SET IP NEW DISPLAY PARAMETERS
@ 1472 3452 182 GROUPF /SET EXPAND FLAG
A 1473 630K JMFe DMOVE /EXIT
@ 1474 6102 JMP w2 /00PS, GROUPF AVERFLOW
JEXPAND PUSHBUTTON ROUTINE
1475 08B  EXPAND, @
1476 7950 XCT X51 /JPS 1M
1477 5214 ILODe MGCLP /LEFT MARKER CHANNEL NUMBER
1529 4620 IADDe GSCP /ADD/2 OF 18T CHANNEL IN CUREENT GBROUP
1501 4249 IsuBs INi
1502 5431 ISTR DSC /NEW DISPLAY STARTING CHANNEL ACG/2
1503 5211 TLODeé MGCRP /RIGHT CHANNEL MARKER NUMBER
1504 4614 IADDe GSCP /ADD/2 OF 18T CcHANNEL IN CUHRREMT GROUP
1505 4034 ISuUB INt
1306 5427 ISTR DEC /NEW DISPLAY ENDING CHANNEL ADRD/Z
1507 o0u0 IEXT
1518 6435 JPS DISSEY /SET DISPLAY PARAMETERS
1511 3433 182 GROUPF /SET EXPAND FLAG
1512 6315 JMPe EXPAND /EXIT

1513 1266 MGCLP, MGCL /POINTER TO LEFT MARKERP CHANNEL NUMBER
1514 1272 MGCRP, MGCR /POINTER TO RIGHT MARKFR CHANNEL NUMBEWR
1518 1525 MGCCP, MGCC /POINTER TO CENTER MARKER CHANNEL NUMBEEK

1516 1535 DECP, DEC /POINTER TO DISPLAY ENRING CHANNEL

1517 e6@5 DELTAP, DELTA /X AXIS DELTA VALUE

15290 1649 GSCP, GSC /POINTER 70 ADDRESS/2 CF 1ST CHANNEL TN
1521 1777 DCHANS, 1777 /NUMBER OF CHANNELS TOQ DTSPLAY =i

1522 oaee @

1523 o@oe@ DPNTS, @ ‘ //FUDGE TO GET X AXIS PEILTA FOR DATA
18524 3776 3776

1525 11aea MGCC, 1300 /CENTER MARKER CHANNEL NUMBER

1526 oaooQ 2

1527 20080 OLSC, 2000 /0VERLAY INDICATOR

1530 eoee a

1531 2m2p DMIN, 2en9 /ADDRESS/2 OF 1ST CHANNEL IN CURRENT GRGUP
1532 opeeo '

QSIS VNI

1533 2@ee@ DSC, 2000 /DISPLAY STARTING CHANMEL ADDRESS/2
1534 @200 7
1535 3777 DEC, 3777 /DISPLAY ENDING CHANNEL ANDDRESS/2
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1536 2762 "

A

@ 1537 3777 DMAX, 3777 /ADDRESS/2 OF LAST CHANNFEFL IN CURRENT (CROUP
A 1540 eaen e

? 1541 ©arl  INI, { /INTEGER 1

2 1542 @uue @

P 1543 1533 DSCP, 0scC /POINTER TC DISPLAY STARTIHG CHANNEL
@ 1544 @@G@ GROQUPF, @ /EXPAND FLAG

/SET UP DISPLAY PARAMETERS ROUTINE

@ 1545 @ov® DISSET, @

@ 1546 @640 X51, TWJIPS

@ 1547 244} ™

P 1553 5113 ILOD DEC

@ 1551 4116 IsSuB DSC

P 15%2 5531 ISTR DCHANS /NUMBER OF NDISPLAY CHAMNELS =1
2 1533 4467 TADD INZ

@ 1554 6466 IDIV IN2

@ 1555 4522 IADD DSC

@ 1556 4262 ISUB GSC

@ 1557 5632 ISTR MGCC /CENTER MARKER GROUP CHNL,

P 1568 5135 ILGD DPNTS

@ 1561 654n IDIV DCHANS

B 1562 7060 IMUL IN2

P 1563 5744 ISTR® DELTAP /DELTA X FOQR DISPLAY

@ 1564 oo TEXT

? 1565 6329 JMPe® DISSET /EXIT
/E3921
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/GROUP SET FUSHBUTTON ROUTINE

? 1566 ¢oar  GROUP, @

n 1567 5123 LDJ GROUPF /SET EXPAND FLAG

A 1572 1354 SFTZ JK 14 /SAVE EXPAND FLAR TN K, CLR J

n 1571 5525 §TJ GROLPF /CLEAR EXPAND FL2G

¢ 1572 5456 STJ GRQUPD+1

@ 1573 1615 SIZ CLR K /WAS EXPAND ON?

@ 1574 6720 JMP  RELD /YES, GO RESTOFE DTSPLAY

@ 1575 5058 LDJ GROPSP /NO, SET+/= ONF GRCUP

® 1576 #6409 TWJPS

@ 1577 1357 UPDWN

@ 16 5060 LDJ GROUPS /PICK UP NEW GROLP

P 1671 1631 SNZ SET K JUPDWN HIT A LIMIT?

B 1602 6005 JMP  GRCONT

@ 1603 1514 CLR INC J /YES, SET TO GROUPY

@ 1604 1405 512 /WAS IT COUNT 'P?

? 1605 5055 LDJ GROUPN /YES SET T0O LLAST GROUP

@ 166 5452 $TJ GROUPS /SET NEW GROUP

M 1607 5440 GRCONT, STJ GROUPD /GROUPD = GROUPS « 1

2 1619 594 LDJ GRPIWP /FETCH POINTER Tr GROUP | WIDTH
@ 1611 3INM36 DSZ GROUPD /GROUP 17

M 1612 2202 ADDL 2 /SET POINTER Th NNRMAL WIDTH

2 1613 5437 8TJ GRPWP

@ 1614 7146 RELD, XCT X561 /JP8 IM

@ 1615 5235 ILOD® GRPWP /GET CURRENT GrROUP WIDTH

@ 1616 5446 ISTR GROUPW /SET GROUP WIDTH

A 1617 BAI6 ISTR® MMAYXI /8ET LIMIT ON MARKER

@ 1620 7027 IMUL GROUPD /CURRENY GROUP NUMRER =i

B 1621 47243 ISUB GROUPW /ADJUST FOR WIFRr 1ST GROUP SIZFE
@ 1622 4444 IADD GROP1W

P 1623 4421 IADD IN20pQGQ /STEP PAST 441¢ TNSTRUCTINNS

O 1624 5414 ISTR GSC /SET UP GROUP START CHANKNFL

P 1625 <5574 ISTR DMIN /SET UP LOWER RMOIINDS FOR CHANNEL
@ 1626 5573 ISTR DS&C /SET DISPLAY START CHANNEL

@ 1627 4435 IADD GROUPH

@ 1638 4167 ISuUB INt

@ 1631 <5574 ISTR DEC /SET DISPLAY END CHANNEL

® 1632 5573 ISTR DMAX /SET UP UPPER RQUNDS FDR CHANNEL
@ 1633 51709 ILOD DSCP

P 1634 5612 ISTRe DISPI /CLEAR OVERLAP QFFSET

@ 1635 peone IEXT

P 1636 6571 JPS DISSET /SET UP DISPLAY PARAMETERS

@ 1637 6351 JMP@® GROUP /EXIT :

2 164 20022 GSC, 2000 /ADDRESS/2 OF 18T CHANNEL IN CURRENT GRQUP
@ 1641 @a00Q )

@ 1642 @202 IN2, 2 /INTEGER 2

@ 1643 @0RQ o

@ 1644 200G IN20QQ, 2000 /INTEGER 2p7@
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SOSSSSAISARSNNINVIIR[IVOR

1645
1646
1647
16852
16514
1652
1653
1654
1655
1656
1657
§660
1661
1662
1663
1664
1665
1666
1667
1670
1671
1672
1673
1674
1675

pave
f513
eReY
f2ua
16645
1666
1660
1672
1272
eaul
eaen
eacl
nora
et
raed
2ee2
nane
2aua
eece
2000
L)
eara
geco
A
p844

DISPI,
GROUPD,

GRPLWP,
GRPWP,
GROPSP,
GROPWPR,
MMAXI,
114,
GROUPS,
GROUPN,
GROUPW,
GROP1W,
GROPNW,
GROUPT,

STF,

[y

DSPP

9

)
GROP1IW
GROP1W
GROUPS
GROPNW
MMAX

nGo

Q
Q
=

=
b
=

@
TWSTJ FQ

/GROUP SET COMMAND ROUTINE

I[NNI U ®

1676
1677
1720
1701
1702
1703
1724
1725
1706
i7e?
1710
1711
1712
1713
1714
1715
1716
1717
172@
i721
1722
1723

eang
0540
1544
n64g
2403
pn22
7103
pres
p64Q
2140
1672
<7175
5034
6521
Zare
16714
1501
6631
5536
7110
5130
5533

GWSET,

X56,

X54,

o
TWSTJ
GROUPF
TWJIPS
UNPACK
GPUW

XCT

WID

TWJPS
INEC
GROUPT

XCT REL
ILOD MEM
IDIV
IEXT
SNZ K

SNZ J

JPSe GER
$TJ GRO
XCT XS54
ILOD
ISTR

X56

GRO

/CURRENT
/POINTER
/POINTER
/POINTER
/POINTER
/POINTER
/INTEGER
/CURRENT
/NUMBER
/CURRENT
/GROUP 1

/NORMAL

/GROUP SIZE ENTERED ON GRNOUP SET COMMAND

GROUP NUMBER «1

TO GROUP 1 WInNTH

TO CURRENT GRAUP NILTH
T0 CUKRRENT GROUP NUMPER
TO NORMAL GROUP WINDTH
TO MAXIMUM RAMGF OF MARKEFRS
1

GROUP NUMBER
OF GROUPS

GROLP WINTH

WIOTH
GROUP WIDTH (2 = N)

/SKELETON FOR TWSTJ INSTRUCTION

D
$12

GROUPT

R
UPN

GROUPT

PNW
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/CLEAR EXPAND FLAG

/PRINT GRNUP

/JPS UNPACK = PRINT WIGTH

/INPUT OR ECHO GROUP WIDRTH

/JPS 1M

ZEXIT WITH N GROUPS TN J
/GROUP WIDTH ToO SMALL?
/GROLP WIDTH TR0 LARGE?
/ERROR, ONE OF THE ABQVE
/STORE NUMBFR 0F GROUPS
/JFS 1M

/LOAD NORMAL GFROUP WIDTH
/STORE NORMAL GRrUP WILTH



/

1724
1725
1726
1727
1730
1734
1732
1733
1734
1735
1736
1737
1740
1741
1742
1743
1744
1745

1748
1747
1750
1751
1752
1753
1754
1755

E556
7143
5387
5a17
41614
FaAnp
1561
6ees
3562
5547
7550
1667
5146
5361
141@
PeaAn
1566
€347

PRre
nAka
2129
1864
coen
creq
Aol
B34

WEXIT,

MEMSIZ,
GERR,

GROPWI,
ERASEC,

TWIZ,

ISTR GPOPLW JSTORE GROUPY wInTr = JUST TN LASF SAME
ITMUL GROLIPN JMULT EY MY, NF GRAIUFS

ISTR GROUFRD /TEMP STORE

ILDD MEMSIZ /GET SIZE 0OF GrOre 1

ISUB GROUPD

TEXT

SNz ) JCHANNFLLS REMATMNING?

JMP  WEXIT /NC

187 GROLPN /YES, § MORE GQRQUP TIH TOTAL

8TJ GROPIW /S8TORE GRNOUP 1 S1ZE

TWSTK

GROPLW+]

LDJ GROULPN /FORCE UPPER LTMIT IN SROUPS

STJ GROUPS

CLR FLAG

TWJIPS /STEP TR 1ST GROUP + INITTIALYIZE Rnllp I
GROUP

JMP® GWSET JEXTTY

1] /2020,6000,12000,1803@ = NUMBER GF NGUBLE INTS
@

UNUSED /POINTER TO ERROR MESSAGF FOUTINE

GROUPW /POINTER TO CURRENT GRruUP wIDTH

@ /CCUNT QF NUMBER QF CHaNNELS TO ERASE

e

7] /SKELETON FOP TWISZ INSTeUCTION

TWISZ F@2

RASE PUSHEUTTON ROUTINE

1756
1757
1760
1764
1762
1763
1764
1765
1766
1767
1770
1771
1772
1773
1774
1775
1776
1777
k000
20e1

AREaA
7146
53¢7
6nGe
5512
5224
7224
4571
taep
5405
n55@
1773
151m
n544
anen
35t
7103
3513
1442
3I5m6

ERASER,
X55,

ERASE1,

[

XCT X54
ILODe GROPWI
INEG

ISTR ERASEC
ILODe GSCI
IMULe IN2T
1ADD STF
IEXT
§TJ
TWETK
ERASE!

CLR J

TUSTJ F@
4200

ISZ ERASE1+1
XCT ERASE1
ISZ ERASE1+}
SKIP

ISZ ERASE!

ERASEI+1
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/JPS IM
/COUNT OF CHANMEL S TO ERASE

/ADDRESS OF 18T CHANNEL TO ERASE

/BUILD TWSTJ TmST

/(MODIFIEN) ERASF CHANNEL = LOw

/JERASE CHANNEL = H]GH
/STEP TO MNEXT CHANNEL



2002
2eed
2004
2aF¢%S
2206

(S SRS SRS

/E3682

3537
611G
3531
6112
633

ISZ ERASEC
JMP ERASE1
ISZ FRASEC+1
JMP ERASE]
JMP® ERASER
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/MORE CHANNELS LEFT TN ERASE?
/YES

/YES
/NC = EXIT



=23

SISO

/ACQUIRE

2007
2210

2211
2212
2013
2014
2715
2216
2017
2020
2021
2022
2023
2024
2028
2026
2027

2030
2031
2032
2033
2734
2035
2036
2037
2049
2041
2042
2p43
2n44
2045
2046
2047
20502
2051
2n52
2053
2054
2055
2056
2087
2060
2061
2062
2063
2064

164 GSCI, GSC /POINTER TO ADRRESS/2 0F 1ST CHANNEL
1642 IN21I, IN2 /POINTER TO INTEGER 2

@743 CLOCK, TWIo /CLEAR CLOCK FLAR

0612 CLRCLK

367 DSZ PTIMEZ2 /PUSHBUTTON/PLNTTER TIMER

6003 JMP L3

ANER DSZ PTIME

1400 IDLE

5066 LDJ ACQCOM

1513 $12 CLR J JAGUIRING?

3457 1SZ cLOCK1 /YES, INC CLOCK

6263 JMP® IRTRN

3456 187 CLOCKi+1

6261 JMPe IRTRN

1512 AQOFF, CLR J /ALSO LIST OVERFILOW SERV=~STOP ACNITRE
5447 STS ACGCOM

632 JMP  AQEXIT /SET ACQUIRE ONM PR OFF
PUSHBUTTON ROUTINMNE

PRE?  AQUIRE, © :

5044 LDJ ACGCOM /REVERSF ACQUIRE INDICATOR
1520 CMP J

2036 ANDF AQMODE /INT MODE=2@, INC=40, DMA |IST=60
5441 STJ ACOCOM

1501 SNZ J /AQUIRE OFF?

6023 JMP  AGEXIT /YES, BYPASS SFT UP

4433 ADJ AQFLD /NC, MERGE DMA FTELD FOR ADC COMMAND
5435 STJ ACQCOM

7162 X353, XCT X558 /JPS IM

5034 ILOD TIME /SET UP PRESET TIME

sore INEG

5434 ISTR CLOCK1

5336 ILODe GSCIY /SET UP ANC SEPRVICE

7336 IMUL® IN2I

4373 IADD TuwIZ

5634 ISTRe GROPZK /STORE TWISZ FPAR 1ST CHANNEL TN
5216 ILON® DMAXTI

7342 IMULe IN2I
<4577 1ADD TWIZ

5614 ISTR® MEMZCI /STORE TWISZ FNR LLAST CHANNEL
200 IEXT

5158 LOJ LISTC

@u74ae TWIO /SET UP LIST MODF CHAN CNT,
n632 LOLIST

6213 AQGEXIT, JMPe OLYEXT /PROVISION FOR NVERLAY SERVICE
5213 LDJ ACQCOM

1354 8FTZ JK 14

N749 TWIO /TURN AQUIRE QN/NFF
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@ 204€H 2026 SETACG

@ 2066 F3I36 JMPe AQUIRE /EXIT

@ 2067 1537 DMAXI, DMAX /POINTER TO ADPDRESS/2 0F LAST CHANNEL

@ 2072 @163 MEMICI, MEMZC /POINTER TO Tw1SZ FOR [ AST CHANNEL

? 2071 #a2¢2 AQMOGE, 602@ /MCDE OF ADC ACRUIRE 2es3TNT, 42=INC, 60=IST
P 2072 oep@ AQFLD, @ /FIELD OF ADC ACQUIRING

@ 2073 (aed LISTC, 1200 /LIST MODE DUMMY COUNT

@ 2074 2262 OLYEXT, AQGEXIT+1 /OVERLAY INDICATOR OF SCOME TYPE
@ 2075 wiaug ACQCOM, @ /ACQUIRING INDICATOR

@ 2976 o00ve TIME, @ /PRESET TIME TO ACQUIRF FOR

e 2277 eoen 4]

e 21ep 22312 CLOCKY, @ /NEGATIVE NUMBER OF TICKS TO ACAUIRE FOR
@ 2101 aa¢e n

@ 2112 ©1¢2 PTIME2, 1ecC

2 2103 a2re PTIME, @

@ 2164 156 GROPZK, GRCUPZ /POINTER TQ TWISZ FOR 18T CHANNEL

@ 2125 @362 IRTRN, RETRN

" 2106 Q2w® ECHOF, @ /ECHQ OLD VALUE INDICATOR

/E1629
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/CLOCK SET COMMANER ROUTINE

2 2127 @aem CLSET, @

2 21190 7249 XCT x99 /JFS UNPACK = TYPE CLOCK TIME
@ 2111 eae CLSM

@ 2112 6426 JPS§ INEC /INRUT OR ECHO LAST TIME

2 2113 2076 TIME

0 2114 7034 XCT X9 /JPS UNPACK = TYFE CENISEC

@ 2115 @e1s CSEC

@ 2116 63e7 JuMpPe CLSET JEXIT

/ERROR MESSAGE RQUTINE

@ 2117 ©¢aem NUSED1, @ /DOUBLE INT INPUT FROM TTY
@ 2120 922 UNUSED, @
P 2121 7027 XCT X992 /JPS UNPACK = PRINT ERROR:
g 2122 7337 ERRORX
P 2123 3518 ISZ ECHOF
@ 2124 6414 JPS INEC /ECHO ERFOR NUMBER
@ 2125 2117 NUSED1!
@ 2126 @64n TWJIPS /RESTART
@ 2127 0227 DECODP, DECODE
/PRINT oLD MUMBER
@ 2132 7167 ALTM, XCT XxX53 /JPS TIM
@ 2131 5273 ILoONe INECH /FETCH OLD NUMPER
@ 2132 3420 IouT /CONVERT TO OQUTPUT FORMAT
@ 2133 ¢06e IEXT
@ 2134 7014 XCT X902 /THIPS UNPACK =« PRINT NUMRER
@ 2135 a0 TTY
? 2136 553n 8TJ ECHOF /CLEAR ECHO OLP VALUE INDICATCK
e 2137 62¢1 JMPe INEC

/INPUT VALUE POINTED TO BY CALL+1 OR ECHO OLD VALUE IF ALTMODE ENTERED
/RETURN TO CALL#*2

@ 214p e0¢® INEC, )

@ 2141 35301 LDJe INEC

0 2142 5462 §TJ INECH /POINTER TO INPUT VARTIABLE LOCATION
@ 2143 35¢3 I8Z INEC /STEP TO RETURN AD[RESS

M 2144 1519 INECR, CLR J /ECHO QLD VALUF

@ 2145 2537 SMJ  ECHOF

@ 2146 1442 SKIP /NO

@ 2147 6117  JMP ALTM /YES

@ 21580 @649 X90, TWIPS /TYPE COLON

@ 2151 2403 UNPACK

@ 2152 02033 EQ

2 2153 5534 STJ NUSED] /CLEAR STORAGE FOR INPUT NUMBEK
2 2154 5334 §TJ UNUSED
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2155
2156
2157
R1€n
2161
2162
2163
2164
R163
2166
21€7
2172
2171
2172
2173
2174
2175
2176
2177
22¢n
2281
gae2
2203
2204
22065
2206
2217
2210
2211
2212
2213
2214
2215
2216
2217
2220
2221
2222
2223

2224
2225
2226
2227
2237
2231
2232
2233
2234
2235

5452
2219
54E1
3447
064
n245
2453
6164
1442
7105
1450
2372
1441
6016
2212
1455
6213
5427
7147
5161
7830
4423
5564
eaen
3p23
6120
6567
2425
65145
2422
6163
2417

6165
‘1011t
‘6620
7121

5603
naee
6363

eego
pACY
22¢Q
Qeea
eane
8212
20v0e
2163
7753
2105

X914,

L.oCP2,

X72,

T8TC,

INECY,
TEMP3,

SIGNY,
CNTR,
cio,

ALT,
ESC,
RUBOUT,

STJ
AQMRL
§TJ
182

TWJRS
FCHAR

SMJ
JMP
SKIP
XCT
CLR
syUBL
SNZ
JMP
ADDL
81z
JMP
§TJ
XCT
ILOD
IMUL
IADD
ISTR
IEXT
D§2Z
JMP
JPS
SMJ
JMP
SMJ
JMP
SMJ
JMP
D8Z
JPSe
XCT

SIGHY
1¢
CNTR
SIGNI

MINUS
o4

X91

0

72

0

TSTC
12

CLR 0O
TSTC
TEMP3
ALTM
NUSED1
Cio
TEMP3
NUSED1

CNTR
LogP2
UNUSED
RUBOQUT
INECR
ESC
ALTM
ALT
ALTM
SIGNY
NEGACI
X72

ISTRe® INECH

TIEXT
JMPe

@

@

e

@

]
12
@
1@3

7753
125

INEC

/CLEAR SIGN OF INPULT NUMBEF
/SEVEN DIGITS MAY

/1 IF POS, 2 IF NEG
/FETCH CHAR

/MINUS CHAR?

/YES= INCREMENT RIGNI

/NG

/JPS FCHAR

/START TEST FOR NUMERIC CHAR= NUMERIC?

/NO = TEST FOR SPECTAL CHARACTEFR

/NO, GO TEST FoR SPECIAL CHAKS
/YES, CONVERT NIGIT
/JPS IM

/JMULT QLD BY 10

/AND ACD NEW
/TEMPORARY TOTAL NUMBER

/SEVEN DIGITS NPONE?
/NO, GO DO ANCTHER

/RUBQUT CHAR?

/YES,RESTART FNRMING NUMBEFR
/ESCAPE COR ALTMODE?

/YES, GO ECHO oLP NUMBER

/YES, GO ECHO oLPr NUMBER
/NO,SIGN NEGATTVE?
/NEGATE INTEGER AC

/JPS IM

/8TORE NEW NUMRER

/J,K HAVE INPUT NUMBER

/POINTER TO VARIABLE To RE INPUT
/TEMP STORAGE FOR LAST DFCIMAL DIGIT ENTERED

/SIGN OF INPUT NUMBER, 1

IF POSITIVE, 2 IF NEGAT

/DIGIT COUNTER FCOR TTY NUMBER INPUT
/DCUBLE INTEGER DECIMAL 17

/ALTMODE MASK,
/ESCAPE MASK,
/RUBOUT MASK,

175=72
33=60
177-72



]
@

2236
2217

/STATUS

/

(SIS S R [ o OO DR

2240
2241
2242
2243
2244
2245
2246
2247
eebn
2251

IS8T OF

22%2
2253
2254
2255
2256
2257

/STATUS

09 S0 aeas AN =

2260
2261
2262
2263
2264
2265
2266
2267

2270
2271
2272
2273
2274
2275
2276
e277

23¢9
23¢1
k32
2303

AREs
2350

MINLIS,
NEGACTI,

58 /7 BIT ASCII FGR MINUS 8TGHL
NEGAC /POINTER TO NEGATE INTEFGFR ACCUMULATOR RCUTIAF

PUSHBUTTON ROUTINE

@are
3404
S011
2549
1241
1505
6306
SA0Y
5306
6311

STATUS,
STATUY,

@

ISZ STATU1L
LOJ .+11d
TWSTJ

STATX

§1Z J

JMPe STATUS
LDJ LOF
STJ 8TATUL
JMP® STATUS

POINTERS TO STATUS GROUPS

s010
2257
2267
2277
aeen
agen

LDF,

LDJ  .+12
MRw= 1
ZFLL=1
CLOK=1

7]

a

/STERP TO NEXT STATUS GROQUP POTHTER
/STORE NEW STAYUS GRCUP POINTEF

/LIST END?
/NGO = EXIT
/YES, RESET TQ BFGINNING NF LTST

JEXIT

/PROVISION FOR OVERLAY STATYS
/ZERC TERMINATRR Tr STACK

GROUPS = 2 ADDED TO ASCII CHARACTERS

w612
eaz7
1526
eas7
1271
2a7s
1267
7769

1663
eaz7
1661
aas7
1665
2057
1275
7769

2121
2857
2077
77602

MR,

ZFLL,

CLOK,

MDATA+1
77
MGCC+1
57
MGCR+1
75
MGCL+1Y
7760

GROUPN«+{
77
GROUPS+]
57
GROUPW+1
57
ZFULL+1
7760

CLOCK1+1
57
TIME+{
77602

/CENTER MARKER DATA
/ /

/CENTER MARKER CHNL
/CR=_F

/RIGHT MARKER CHNL
/ =

/LEFT MARKER CHNL
/TERMINATOR

/MO OF GROUPS

/7 /7

/CURREMT GRNAUP
/CR=LF

/GROUP WIDTH
/CR=|F

/COUNTS FULL SCALF
/TERMINATOR

JELAPSED TIME
/CR=LF
/PRESET TIMFE
/TERMINATOR



/E3258
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/KEYBOARD COMMAND DIRECTORY

R 2324 Q123 TABY, 103 /CLOCK SET

@ 23e5 o107 107 /GROUP S8ET

n23¢r6 QLD @ /STORE (1@61)

@ 23¢7 eara ) /PPINT (1061)

@ 23ig r3ew @ /EXTRA

P 2311 eeen ? /INTEGRATE (1261)

@ 2312 ¢oua @ /DIFFERENTIATE (1m61)

2 2313 9peq . /EXTRA

@ 2314 @are A /EXTRA

@ 2315 Mova 2 /EXTRA

? 2316 o¢nea 'y /EXTRA

P 2317 @e0e 2 /EXTRA

@ 232¢ waen CHARX, @ /END QF TABLE = CHARACTERP INPUT

/KEYBCARD ROUTINE DIRECTORY

@ 2321 zie7 CLSET /CLOCK SET COMMAND RQUTINE

@ 2322 1676 GWEET /GROUP SET COMMAND RQUTINE

® 2323 2120 UNUSED

@ 2324 2122 UNUSED

P 2325 2120 UNUSED

@ 2326 2122 UNUSED

? 2327 2120 UNUSED

@ 233 2120 UNUSED

2 2331 2120 UNUSED

@ 2332 2120 LINUSED

@ 2333 2120 UNUSED

@ 2334 217@ UNUSED

@ 2335 2120 UNLISED /CAN NOT BE CHANGED = TAKEN IF CHARACTER
/NCT FOUND

/PUSHEUTTON RQUTINE TABLE

@ 2336 1465 TABLE, OMOVE / @

B 2337 1443 DWIDTH / 1

0 23400 1460 MMOVE / 2 FROMY PANEL

@ 2341 144} MWIDTH / 3 PUSHRUTTONS

P 2342 1276 Z8ET / 4

@ 2343 1266 PLOT /5 0 1 ? 3
@ 2344 2240 STATUS / 6

P 2345 2124 UNUSED / 7 4 5 6 7
@ 2346 1204 DISPLY / 8

@ 2347 15686 GROUP / 9 8 9 10 11
P 2350 1475 EXPAND /10

P 2351 2p3n AQUIRE /11 12 13 14 15
P 2352 @227 CECODE /12

A 2353 2120 UNUSED /13 16 16
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2 23%4 212@ UNUSED /14
P 2355 2122 UNUSED /15
@ 2356 1776 ERASER /16

8-40



@ 2357 0©0ard PKTEMP, @ /TEMPCRY CHAR STNRAGE BEFORE FwIANT
® 2360 @aed  POINT, 2 /MESSAGE POINTER FOR TTY OUTPLT

/PRINT | CHARACTER ROUTINE

9 2361 0o#y CHROUT, @

@ 2362 »2177 ANDL 77 /ISCLATE CHARACTER

@ 2363 2443 SMJ P75 /TERMINATRR ?

P 2364 60CS JMP  CLRJ /YES

@ 2365 2442 SMJ P77 /END LINE ?

@ 2366 KRGS JMP  CRLOUT /YES = OUTPUT rR=LF

@ 2367 4436 ADJ P24 /CONVERT TO ASCI?

P 2370 601@ JMP  XOUT /PRINT CHARACTFR

2 2371 181@ CLRJ, CLF J /JINITIALIZE J REG J= 0 ON FETURM
@ 2372 6211 JMPe® UNPACK JEXIT = END OF MESSAGE
/PRINT CR~CP=LF ROUTINE

@ 2373 E@31 CRLOUT, LDJ P215 /CR

@ 2374 7004 XCT XoUuT /TWJIPS LCPRNT

0 2375 58@e?7 LDJ  P215 /CR

@ 2376 7¢eee XCT XOouT /TWIPS LCPRNT

@ 2377 5@24 LDy P212 /LF

2 24003 @647 XOUT, TWJIPS /PRIMT CHARACTFER

@ 2401 @242 LOPRNT

P 2402 6321 JMPe CHROUT /RETURN FOR NEXT CHARACTER

/ PRINT MESSAGE UNTIL TERMINATOR (75) ON TTY RGUTINE
/JCALL + 1 IS POINTER TO MESSAGE
/RETURN TO CALL + 2 WITH Ja=g

@ 2403 0BP@ UNPACK, 2

@ 2424 5361 LDJe UNPACK /LOCATION OF MFSSAGE

@ 2405 5525 STJ POINT /TO POINTER

@ 2476 35@3 ISZ UNPACK

B 2407 13514 CLR INC J

P 2419 24142 SMJ PSUPPF /PRINT SUPPRESS?

0 2411 6120 JMP CLRJ /YES, CLEAR J ANP EXIT

@ 2412 5332 NXTPNT, LDJe POINT /GET 2 CHARACTERS

@ 2413 5534 STJ PKTEMP /8TNORE 2ND CHAPACTER

P 2414 3534 ISZ POINT /STEP TO NEXT 2 CHARACTERS
@ 2415 11€6 ROTD 96 J /POSTTION 1ST CHARACTER

@ 2416 6535 JRS CHROUT /OUTPUT 1ST CHARACTER

Q 2417 5149 LOJ PKTEMP /GET 2ND CHARACTER

@ 2429 6517 JPS CHROUT /0UTPUT 2ND CHARACTER

@ 2421 61@7 JMP  NXTPNT /PROCESS NEXT 2 CHARACTERS
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P 2422 2P PSUPPF, o /PRINT SUPPRESS JTF =1
@ 2423 7212 P212, 212 /LF

P 2424 215 P215, 215 /CR

@ 2425 9240 P2492, 240 /SPACE

@ 2426 wa7% P7S, 75 /TERMINATAOR

@ 2427 @277 P77, 77 /CR«LF INDICATPR
/E213¢8
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/DOUBLE

] SS9 3808908889 IITSSINSINNIS SIS0

2430%
2431
2432
2433
2434
2435
2436
2437
2440

244
2442
2443
2444
2445
2446
2447
2450
2451
2452
2483
2454
2458
2456
24857
2460
2461
2462
2463
24€4
2465
24€6
2467
2470
2471
2472
2473
2474
2475
2476
2477
2500
2501

2ya2

INTEGER PACKAGE = DUBINT OR IM

2442 NCPX

2%77 DLMLT

2632 pDLDIV

28c7 ACMNEG

25186 DLETOR

2511 DLLOAD

2523 FLADD

2535 FLSUB

2707 SDPRNT

toee DUBIMT, @

53¢1 NOPX, LDJe DUBINT
1164 ROTD J 4
12¢4 LKFJ

2117 ANDL 17
1525 sI1Z J

2306 SURL 6

4432 ADJ TABLEX
5430 STJ TEMPX
1374 EXJK

1659 CLR K O
1361 ROTD JK 1
1502 sIP J

147 ¢ SET O

1167 ROTD J 7
2177 ANDL 77
1455 S§1Z CLR O
1524 CMP INC J
4522 ADJ DUBINTY
5433 STJ ADRS
5232 1.0OJ® ADRS
1615 812 CLR K
5413 STJ LORD!
3426 182 ADRS
5225 LDJe ADRS
5411 §TJ HORD!
3533 ISZ DUBINT
n51a TWILDK

2506 HORD

5906 LDJ LORD
1419 CLR FLAG
6349 TEMPX, JMPe DUBINT
6340 TABLEX, JMPe DUBINT+|
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/740¢
/7022
/6400
/600D
/5400
/5020
/74427
/74020
/73400

/INTEGER PACKAGE

/FETCH INST

/SAVE EVERYTHING
/RETAIN INST CPDF
/TEXT?

/NO

/BUTLD GO TO POINTER

/RESTORE EVERYTHING

/MOVE INDIRECY BIT TO K
/RELATIVE BIT MINUS?

/YES, 0 REMEMBERS

/NOW MOVE IM RFLATIVE ADDRESS

/RELATIVE MINUS?
/YES, NEGATE RFLATIVE ADDRESS
/COMPUTE ABS ADDRESS

/NOW FETCH QPERAND
/INDIRECT?
/YES, GO FETCH RFAL CPERAND

/USED TC BUILD PRINTER TO OPERPATIOH

ROLT



VIR VSS9 " e w

S esS oS eSS sas

o898 s

25¢3
25¢4
2%¢5
25¢6

25e7
2510

2511
2512
2513
2514
2515

2516
2517
252n
25214
2522

2323
2524
2525
2526
2827
2530
2331
2332
2533
2534

2535
2536

2537
2549
2544
2542
2543
2544
2545
2546
2547

2550
2551
2552
2553
2554
2355

nARD
Bworae
aoea
eenn

6441
6146

5106
5505
5107
5306
6153

a350
ANLae
3101
S7ez
6160

1450
3117
4522
5521
5121
1458
1504
4326
5525
6172

5402
6113

2029
1550
4136
3537
1515
2304
4141
5542
6310

poce
1550
4145
5546
1515
2301

LORDY,
HORD1,
LORD,
HORD,

ACNEG,

DLLOAD,

DLSTOR,
ADRS,

FLADD,

Y2,
X14,
FLSUB,

NEGOP,

NEGAC,

'y

7

@

2

JPS NEGAC
JMP  DUBINT+)
LDJ LORD1
STJ LORD
LDJ HORD1
5TJ HORD
JMP DUBIMNT+!
TWSTK

@

D8Z ADRS
STJe ADRS
JMP  DUBINT+{
CLR O

LOJ  LORD
ADJ LORD1
§TJ LORD
LDJ HORD
8IZ 0 CLR Q
INC J

ADJ HORDt
STJ HORD
JMP  DUBINT+1}
JPS NEGOP
JMP  FLADD

Q

CLR J 0

SBJ LORD1
§TJ LORD1
8IZ CLR J
SUBL 1

SBJ HORD1
8§TJ HORD1
JMP® NEGOP

2

CLR J O

S8J LORD

§TJ LORD
§IZ CLR J
SUBL 1
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288

SS9 NID

SS90 NSRS

[\

2556
#3557
2560

25€1
2562
2563
2564
2565
2566
2567
2570
2571
2572
2573
2574
2575
2576

2577
26m9
2601
26012
26e3
2624
2605
2626
2607
2610
2611
2612
2613
2614
2615
2616
2617
2620
2621
2622
2623
2624
2625
2626
627
2630

2631

2632
2633

4180
55851
310

@een
1512
5446
5265
1506
6203
6530
3441
52790
1508
6003
6524
3434
6315

6516
527
7016
1een
1302
7550
2561
2510
250%
5701
5240
10C0
1302
a533
5534
5243
n519
2503
1229
1302
4542
56385
3np4a
7172
6557
<7174

goen

1752
1361

SIGN,

X1,

DLMLT,

LORDAY,

X3@,
LORDBY,

MDEXIT,

X4,
X7,

SIGNSW,
DLDIV,

SBJ HORD
STJ HORD
JMPe NEGAC
2

CLR J

8TJ SIGNSK
L.DJe HORDB]
SIN J

JMP . +3

JPS NEGOP
187 SIGNSW

LDJe HORDAL
EIN J

JMP o +3

JPS NEGAC
ISZ SIGNSW
JMPe SIGN

JPS SIGN

LDJe LORDAY

XCT
MPY
LJKFRS
TWASTK

SIGN

TWLDK

LORD

STJe LORDAY
LDJe HORDARY
MPY

X32

LJKFRS
ADJ  SIGN
8TJ SIGN

LDJe HORDAY
TWLDK

LORD1

MPY

LJKFRS

ADJ SIGN
STJe HORDAY
DSZ SIGNSW
XCT X114
JP8 NEGAC
XCT  X14

o

CLF JK O
LRSFJK
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/LDK LORD

/TEMPORARY

/JMP DUBINT+1

/JMP DURIMT4 Y



2634
2635
2636
2637
2647
2641
2642
2643
2644
2645
2646
2647
26502
26581
2652
2653
2654
2655
2656
2657
2669
2661
2662
2663
2664
2665
2666
2667
2670
2671
2672
2673
2674
2675
2676
2677
2700
2771
2702

S80S9 INNCENN IR

27¢3
2704

2705
2706

[~ (=N

/E2524

5451
2331
£452
AREK
7151
7122
1715
1552
6237
4725
1455
1624
w450
254
14530
16292
LR
14709
1321
5351
n&iQ
2506
1622
14289
1341
1455
1524
5760
a5502
2526
1302
3413
6002
6152
1341
1415
1564
1301
6135

J402
7154

nee
neeo

DIVLP,

HORDBY,

X6,

HORDAL,

ERROR,
X5,

ERRORY,
DIVCTR,

STJ ERROR1
SURL 31

§TJ DIVCTR
JPS SIGN

¥CT X1\

XCT X30

$IZ CLR JK
SIP CLR J O
JMP ERROR
ADJe LORDB1
§IZ O CLR O
INC K

TWADK

HORD!

CLR 0

SIP K

JMP L +3

CLR CMP O
I.LRSFJK

LDJe LORDAY
TWLDK

HORD

SIP K

CMP FLAG
SFTZ JK 1
$IZ Q0 CLR O
INC J

§STJe LORDAL
TWSTK

HORD

LJIJKFRS

I8Z DIVCTR
JMP 42

JMP  MDEXIY
SFTZ JK 1
SIZ CLR FLAG
INC J

LRSFJK

JMP DIVLP
182 ERROR1
XCT X7

Q

2
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/JPS NEGOP
/LDK LORDY

/FINISHED SO ExIY

/JMP DUBINT+!



/INTEGER PACKAGE OUTPUT

P 27¢7 5AFS  SDPRNT, LDJ TTYP

B R71p 5461 STJ TEMPY

@ 2711 5332 LDJe HORDA1

@ 2712 5503 STJ ERROR1 /REMEMRER SIGN

@ 2713 15@¢2 STP J /SIGN NEGATIVE®

@ 2714 7165 XCT X4 /JPS NEGAC

@ 2715 5427 $TJ SDH /J = HORD

@ 2716 71%7 XCT X6 /LDJ LORD

@ 2717 5487 STJ 8SOL

@ 2722 {71¢ CLR JK

P 2721 2307 suBL 7 /SET UP FOR 7 DIGITS

@ 2722 %5514 STJ DIVCTR

B 2723 6414 S8DLP, JPS ByYtnDv /DIVIDE H QORDER RBRY 17
@ 2724 0oee  SDH, a

P 2725 6412 JPS Byieny /DIVIDE L ORDER RY 14
@ 2726 coaee  SDL. 0

P 2727 1374 ROTD JK 14

P 2738 €417 JPS SDOUT /REMAINDER TO &TATUS BUFFER
@ 2731 5185 LDJ SDH

P 2732 17158 §17 CLR JK /CONVERSION DONE”

B 2733 6110 JMP  SDLP

P 2734 5pa7 LGJ N22 /YES, FILL REMAINDER WITH RLANKS
2 2735 6412 JPS SDOUT

@ 2736 ARlpR JMRP w2

P 2737 e@npe BYL@DV, @ /DIVIDE CALL+1 By 12

@ 2740 5032 L0J P12

@ 2741 110y LRFJ

Q@ 2742 5303 LDJe RYiGDV

P 2743 1001 Dlv

@ 2744 5705 8TJe BY1ADV

@ 2745 3516 IsZ Byiedv

B 2746 6307 JMPe BYioDvV

B 2747 coea SDOUT, © /STORE J IN TTY RUFFER
B 275p 2220 ADDL 2@

@ 2751 1104 LRFJ

@ 2752 4617 ADJe TEMP1

@ 2753 1425 S$IZ CMP

@ 2754 60063 JMP L +3

@ 275% 1123 EX.JR

@ 2756 3013 DSZ TEMPI

@ 2757 1166 ROTD J 8

P 2760 5611 5§TJe TEMP1

@ 2761 3553 I$Z DIVCTR /BUFFER FULL?

@ 2762 6313 JMP® SDOUT /NO, PRNCEED WITH COANVERSION
? 2763 5156 .NJ ERRORI /BUFFER FULL, MOW INSERT SIAN
P 2764 1516 SIN CLR J /8IGN NEGATIVE?
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27¢5
2766
2767
2770

2771
2772
2773
2774

2309 A9

/E1D18

2315
2363
6523
7164

napo
naLa
776n
RAC7

TEMPY,
Pi2,
MN2],
TTYP,

SUBL 1§
SUBL 3

JPS SDouT
XCT X5

o

12

-20

TTY+4
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/NC, INSERT BLANK

/IMP DUBINT+1

/LAST LOCATION PNINTER FIXED!



/INITIALIZE

/DETERMINFS
AQPe  aanag
400y  ©v649
4RC2 2463
420y Aa77
ane4 5072
AR08 2543
ARPGE  p2p2
497e7  5pP63
4010 n3544
4211 7777
4812 5461
AC13 545
ag14 7777
ar1s 5257
4016 01546
4817 7777
an2@ 5055
4021 @547
4022 7777
4023 1612

ne4 adn4
025 7777
4026 2444
4027 16¢4
4830 5¢8
4031 7777
4132 244\
an3y 18¢4
4334 n8C6
4935 7777
4036 2436
4937 16¢4
4349 n507
494y 7777
4942 2433
4043 16¢4
an44 1374
4345 2371}
4246 1141
4247 2261
4250 0540
4251 1662
4252 1610
4A53 (550

«4090

ROUTINE « ONCE ONLY CODE
/AREA BECOMES PART OF DATA BUFFER AFTER EXIT
/TYPES INITIAL MESSAGE ND4410
MEMORY SIZE

MEMZ@,

?

TWIRS
UNPACK
BGNING
LhJ IDL
TWSTJ
COMRET
L0J P1
TWSTJ Fo
7777

L.DJ P2
TW8TJ Fi
7777

L0J P3
THSTJ F2
7777

LOJ P4
TUSTJ F3
7777

CLR K
TWLDJ F@o
7777

SMJ P1
INC K
TWLDJ F1
7777

SMJ P2
INC K
TWLDJ F2
7777

SMJ P3
INC K
TWLDJ F3
7777

SMJ P4
INC K

ROTD JK 14

suBL 1
§SFT2 J
AODL 1
TWSTJ
GROUPN
CLR K
TWETK

8-49

/TYPE ND4410w

/REPLACE CALL TG THIS ROUTINE WITH IOFF

/LOAD LAST LOCATIAN 0F 4 FIELDS

/TEST LAST LOCATTION OF 4 FIELDS

/MOVE COUNT OF FTIELDS TN J RECISTFR
/FIELD COUNT = 7,1,2,3

/NO, BLOCKS QF 1 & CHNLS=(NO, FIELDSX2+
/FOR ALL FIELDe FOR PROGRAM MARE INDLE
/AND CHANGE IN22p7 TO IN4A22 VALUE

/NUMBER QOF 1K POQURLEINT BLOCKS



A 40%4 1663 GROUPN+1

D 4AQ5% @550 TWSTK

#4256 16307 GROUPD+1

2 4r57 1372 ROTD JK 12

o 4673 @530 TWSTK /2QAR=6R0= 1200016207
N 4061 1747 MEMSTIZ+1

P 4062 @549 TWSTJ

@ 4%€3 1746 MEMSTIZ

Q0 4064 1516 CLR J

P 4265 ©540 TWSTJ

QO AR6e 1647 GROUPD

@ AQF7 (649 TWJIPS JINITIALIZE DISPLAY PARAMETERS
? 40790 1204 DISPLY

? 4071 6014 JMP  PLT /ZIMITIALIZE PLOTTER

® 4072 @qgel P4, 1

P 40873 nrue2 P2, 2

B 4274 @23 P3, 3

P 4875 @cr4 P4, 4

2 40876 14¢3 IDL, 10FF

/TTY DUTPUT MESSAGE

@ 4077 7777 BGNING, 7777
P 410¢ 5644 3644
P 41p1 0A24 no24
@ 4102 2421 2421
0 4103 2077 2077
@ 4104 7775 7775

JINITIALIZE PLOTTER ROUTINE

B 4195 0642 PLT, TWJIPS /TYPE PLOTTER?
@ 4186 24€3 UNPACK

@ 4167 4145 PLTR

© 4118 06640 TWJPS /GET OPERATOR RESPONSE

0 4111 0245 FCHAR

@ 4112 2445 8MJ PN IN?

@ 4113 6024 JMP  NOPL /YES

@ 4114 2444 SMJ  PY /Y72

e 4115 6002 JMP  PLTY /YES

@ 4116 6111 JMP  PLT JNOT Y OR N §0 AGAIN

@ 4117 7112 PLTL,  XCT PLT /TYPE YES |

B 4120 4152 ES

P 4121 1730 CLR CMP JK

@ 4122 1442 SK1P

@ 4123 1322 PLOOP, LJKFRS /PLOT ALTERNATE MAXS AND MINS
0 4124 1720 CMP  JK

® 4125 1301 LRSFJK

0 4126 @640 TWIPS
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~

RSB e R 09I IS

m S99 8

4127
4130
4131
4132
4133
4134
4135
4136
4137
4140
4141
4142
4143
4144

4145
4146
4147
4150
41514

4152
4153
4154
4155

4156
4157
4160
4161

2271
7404
L0
7423
24286
6111
n647
na27
7132
4154
5418
nS40
2273
GL1G7

6254
5764
6445
6237
»a7s

4563
7775
5777
7575

14002
”116
n1314
R240

MEMRET,

NOPL,

PLTR,

ES,

PNO,

IDLEP,
PN,
PY,
8P,

WAITP
TIS

JMP . .=
TRF

SMJ 5P
JMP  PLOC
TWJIPS
DECODE
XCT PLT
PNQ

oP

L0J IDLEP

TWSTJ
PINST

JMP  MEMRET

6054
5764
6445
6237
na7zs

4563
7775
5777
7575

IDLE
116
131
240

/IDLE 1IN
/ASCII N
/ASCIT Y
/ASCIT §

8-51

/PLOT + DISPLAY
/WATT FOF TTY TMPRIT CHAR

/REQUEST ANOTHFR CHAR
/SPACE TYPED?

/YES = PLOT AGalIw

/NDO = REINITIALIZE

/JPS UNPACK

/EXIT

/PLOTTER?

/(Y)ES
/(N)O

STRUCTION FOR MORIFICATION

PACE



SE 4164
ACNEG
ACQCcoM
ADCH
ADCY
ADCJ
ADCK
ADCST
ADDRS
ADRS
ADTW
ADVANC
ALY
ALTM
AQEXTIT
AQFLD
AQMODE
AQOFF
AQUIRE
ASTHW
BGNING
BITOMT
BY1@DV
cia
ge4an
¢77
CFS
GCFSP
CHARX
CHARXP
CHROUT
CLOCK
CLOCKY
CLOK
CLRADC
CLRCLK
CLRJ
CLSET
CLSM
CMi
CM2
CNTR
LOMRET
CONT
CONTL?2
CONVLP
CRLOUT
CSEC
CSWTCH

2597
275
21,
A14n
aez7
aLag
nG71
?132
2517
P46e6
1136
2233
2130
2061
2€72
2071
2028
2732
2453
ae77
1144
2737
2231
1244
1643
12558
1252
2320
7282
2361
2011
2120
2320
7521
2612
2371
2107
2n1e
2675
n676
2230
n29g
1124
2162
1214
2373
2015
2611
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CTARLE
CTRAP
DCHANS
DCHI
DEC
DECODE
DECCOP
DECP
DELTA
DELTAF
DELTM
DINST
DINST2
DINSTF
DISCN
DISCON
DISPS1
DISPS2
DISPI
DISPLY
DISFOF
DISRDY
DISSET
DIVCTR
DIVLP
DLDIV
DLLOAD
DLMLT
DLSTOR
DMAX
DMAX1I
DMDSQF
DMDSON
DMIN
DMOD
DMOVE
DMWCSA
DNORM
DNORM1
DPNTS
DSC
DSCI

- DSCFP

. DSMARK
DSPLY
DSPF
DTWO
DUBINT
bveyie
DWIDTH

1151
P06y
1521
1354
1535
0227
2127
1016
2605
1517
Q744
nE72
2272
1142
1250
2523
nus6
a5%57
1646
1204
7500
7514
1545
2706
2645
2632
2511
2577
2516
1537
2067
2221
2230
1531
2231
1465
2626
2637
0726
1523
1533
@713
1543
75@7
A547
n613
1143
2441
1046
1445
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ECHOF
EQ
ERASE!1
ERASEC
ERASEF
ERPOR
ERRORY
ERRORX
ES

ESC
EXPANE
FCHAR
FLADD
FLSUB
GERR
GETP
GETW
GPW
GRCONT
GROF1W
GROPNMW
GROPSP
GROPWI
GROPWP
GROPZK
GROUP
GROUPD
GROUPF
GROUPN
GROUPS
GROUPT
GROUPHW
GROUPZ
GRP1WP
GRPUWP
GSC
GSCI
GSCP
GWRD
GWSET
HIPUN
HIPUNT
HORD
HORD1
HORDA1Y
HORDB1
HP@
HREAD
HREADT
HRTN

21076
¢33
1773
1752
1756
2703
2765
2032
4152
2234
1475
2245
2523
2535
1750
2451
Q444
@22
16@7
1666
1670
16353
1751
1654
2174
1566
1647
1544
1662
1660
1672
1664
2156
1651
1652
16409
2007
1520
1105
1676
n175
2171
2506
2504
2661
2651
eer7s
2133
B147
2323
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IADD
ICLOCK
IDIS
IDIvV
IDL
IDLEP
IECHOF
IEXT
IIY
ILOD
IM
IMUL
INY
IN2
IN2BAR
IN2I
INEC
INEC!
INECR
INEG
INICOM
INITL
INITD
INGP
IONKHP
IONX
IONXP
I0UTY
IPRC
IPSUPF
IRTRN
ISTR
ISUB
ITMOUT
JPSD
JPSLOG
KYEDT
LAMP
LOF
LOLIST
LOONE
LDSCON
LDSPLY
LIMIT
LIPR
LISTC
LOFLO
LOG
LOGD1
LoGD2

4420
ha1e
2163
640
aR76
4156
HeJa
auae
1656
5002
DUBINT
7000
1541
1642
1644
2010
214¢
2224
2144
6000 -
ai7e
n165
A166
7420
N34
R145
ANz
3400
n164
167
2105
542p
4p0e
2411
nazz
1263
neén
12%1
2252
n632
1234
A6185
7506
1406
2400
2873
3410
Paz73
AS04
7511
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LOGTHWO
LOOP2
LOFPRNT
LOROD
LORD1Y
LORDA1Y
LORDB1
LOREAD
LOWIPR
LOWPC
LPC
MARKC
MARKD
MARKN
MARKS
MARKSP
MCHAN
MCHANP
MDATA
MDEXIT
MEMRET
MEMSIZ
MEMZ®
MEMZC
MEMZCI
MGCC
MGCCP
MGCL
MGCLP
MGCP
MGCR
MGCRP
MINUS
MMAX
MMAXI
MMIN
MMOVE
MOREF
MOREH
MOVEIT
MR
MRK 1
MRK2
MRK3
MRK 4
MRKS
MWIDTH
N2@
NEGAC
NEGACI

ns529
2166
2242
2805
2523
2607
2629
ne64
eeel
2390
ge74
2737
n635@
2616
2646
2743
n741
07492
2611
2625
4135
1746
4009
AL6n
”2870
1525
15158
1266
1513
nenz
1270
1514
2236
1272
1655
1264
1460
en7s
2321
1341
22602
azaz
745
0746
2754
2730
1441
k773
2550
2237
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NEGOP
NOCTR
NOOL AY
NOPL
NOPX
NUM
NUSED1
NXTPNT
NXTPNZ
NXTWRD
OLSC
OLYEXT
P

P12
P14

P2
pPa212
P215
P240

RDSTAT

2537
GA36
7212

4137

2442
1401
2117
2412
11e7
1103
1527
207 4
4072
2772
1147
4873
2423
2424
2425
4074
A414
475
1145
1146
2426
2427
1356
2C35
2273
15an
2357
4123
0266
7511
4105
4117
4145
2614
4157
4154
2360
11502
415
2422
2103
2102
1437
n524
4160
26036
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READCW
RELD
RETRN
ROTT
RSTR
RUBOUT
SAVE
SAVEL
SAVEP
$SCOPCR
5DH
SOL
SOLP
SDOUT
SOPRNT
SETACG
SFYY
SFTZ1
§FT22
SIGN
SIGNL
SIGNSH
SKPL
SP
STADH
STADL
STAOQUT
STATLF
STATO
STATS
STATUL
STATUS
STATX
STF
STIMES
STLAMP
TAB1
TABL
TABLE
TABLEX
TEMPL
TEMPJ
TEMPX
TEX
TEX{
TEX2
TIM
TIME
T8TC
TTY

7527
1614
2362
1261
Pa16
2235
B4ny
ma2a
2413
2767
2724
2728
2723
2747
2707
2026
1262
2564
2565
2561
2227
2631
1447
4161
1616
1020
1257
@775
1240
2760
2242
2242
124}
1674
1355
0614
2304
1152
2336
2522
2771
2225
2501
2571
0576
8577
20812
2076
2210
2003
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TTYP
TWINK]Y
TWINKT
TWIZ
TWKS
TYPET
UNPACK
UNUSED
UPDWN
WAITP
WEXIT
WID

X1

X110
X11
X111
xie
X413
X14
X16

X2

X21
X22
X30

X4

X5

x51
X533
x54
 §-1.]
X56
xX57

X6

X7

X72

X8

X9

X900
X91
XORIG
XouT
YORIG
IFLI.
ZFULL
ZL06G
ZMERG
ZSET
ER 0200

2774
Av3s
2528
1754
2%21
2235
2403
2120
1357
na71
17409
anes
2567
peE27
2131
0522
P6E63
2711
2534
2370
2833
1314
1322
2617

2627

2704
1546
2041
1711
1757
1704
1462
2657
263a
2177
2720
2539
2150
21614
1245
2400
1042
2”270
1274
1333
1327
1276
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/NDA1=10250=-C0 S,A, B N_4, AP m4BH2

JOVERLAY FOR NDA1=1P62=00 ALLOWS PLOTTER PECALIRFRATION (X-Y plotter)

/VERSION A

/2 6/7/772

/MG
*220

e208¢ 6642 JPSe |LLOQPRNT /FIRST TImF SENLS TO AL Th,
w| OPRNT

0242 4000 MEMZ2 /SETS UP ADDRESS FOF FIPST TIME JPS
*SAVEP

0413 0434 SAVEL+10Q /RESTORES STACK PAINTER
*SAVEL

Pp424 Q@QQ 2 /REINITIALIZES 3TACK

425 @eag@ (4]

0426 onRQ 2

427 QApQ2Q 2

0430 0p20Q n

P431 1po7 TQONN

@432 0Qpf@ 2

2433 @76@ STATS

434 oageQ ("]

2435 oqp2Q 2

436 ogeae ]

2437 Q@@o@ ]

442 0oopQ 7]

2441 @apeo @

@442 oQpa@o 2

443 qeo@ ?
*4000

/NOTE www USES GROUP 1 CHNLS {«32 FOR CALIBRATE PROUTTWE
ROUTINE = ONCE ONLY CODE
/AREA BECOMES PART OF DATA BUFFER AFTER EXIT

/INITIALIZE

40029
4001
4002

Qa0
5e61
2540

MEMZaZ,

@
LDJ IDLZ
TWSTJ

/REPLACE CALL TO THIS RAUTTINF JTTU

8-60

INEF



4203 2200 COMRET

A0Q4 Q640 PLTZ, TWIPS /JTYPE PILLOTTER?

4005 2403 UNPACK

4006 4944 PLTRZ

4007 @640 TWJIPS /GET OPERATOR PEPNNAF
4210 @245 FCHAR

4011 2446 SMJ PNZ IN?

40412 6024 JMP  NOPLZ /YES

4013 2445 SMJ  PYZ /Y%

4914 6pn2 JMP  PLT1Z /YES

4215 6111 JMP  PLTZ /NOT Y DR N 80 REA3K
4016 7412 PLT1Z, XCT PLTZ /TYPE YES

4017 4p52 ESZ

4020 $73n CLR CMP JK

4024 1442 SKIP

4022 1302 PLOOPZ, LJKFRS /JPLOT ALTERNATE MaXS AWND MINS
4023 1720 CMP JK

4024 1301 LRSFJK

4025 0640 TWIPS

4026 0271 WAITP /PLOT + DISPLAY

4027 7404 TS /WAIT FOR TTY INPI:T CHAR
40300 6101 JMP L=}

4031 7403 TRF /REQUEST ANOTHER CHAR
4032 2427 SMJ  §P2 /8PACE TYPED?
4033 6111 JMP  PLOQPZ /YES = PLOT AGAIN
4234 pP640 MEMREZ, TWJIPS /NQ » REINITIALIZF
4235 0227 DECODE

4036 7132 NOPLZ, XCT PLTZ - /JPS UNPACK

4037 4054 PNOZ

4040 So016 LDJ IDLEPZ

4041 0540 TWSTJ

4042 0273 PINST

4043 64107 JMP  MEMREZ

40944 7777 PLTRZ, 7777 /PLOTTER?

4045 6034 6054

4046 5764 5764

4047 6445 6445

4050 62%7 6237

4034 Q075 a07s

4052 45683 EST, 4563 /(Y)ES

4053 7775 7775

4084 5777 PNQZ, 5777 /(N)Q

4058 75875 7575

4056 1402 IDLEPZ, IDLE /ZIDLE INSTRUCTION FOR MODIFTCATINN
4057 @116 PNZ, 116 /ASCII N

40600 Q131 PYZ, 131 /ASCII v

4061 0240 SPZ, 240 /ASCII SPACE
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4p62 1703 IDLZ, I0FF

/E1413
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SE 4260
ESZ
IDLEPZ
I0LZ
MEMRE?Z
MEMZ@Z
NOPLZ
PLOOPZ
PLT1Z
PLTRZ
PLTZ
PNOZ
PNZ

PYZ

SP2

ER @209

4052
4056
4062
4034
40009
4036
4022
4216
4044
4004
40354
an57
406@
4261
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SECTION |
INTRODUCTION

1-1. PROGRAM SUMMARY

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 precision addition, subtraction, multiplication, division, and 1/0O routines,

1-3. PROGRAM AREA

1-4, Not applicable.
1-6. STARTING ADDRESS

1-6, The subroutines are called by software commands from the Basic Physics Analyzer
Program (41-1060),

1-7. EQUIPMENT CONFIGURATION

1-8.  Refer to Chapter 1, Paragraph 1-8, equipment configuration.
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SECTION II
PROGRAM DESCRIPTION

2-1. INTRODUCTION

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 register that make up an intricate section of the instruction interpreter,
The interpreter uses a format modeled after the standard MRI'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 entered by a JPS IM, 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, ADDITION ROUTINE, SUBTRACTION ROUTINE, AND MULTIPLICATION ROUTINE

2-7. The add routine (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 integer 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 multiply). Next the high order 12 bits of the integer accumulator are multiplied
by the low order 12 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 sign of the
product is corrected and the product is left in the integer accumulator, Note that only
the low order 24 bits are generated (23 data bits and 1 sign bit).
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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,
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SECTION It
OPERATIONAL PROCEDURE

3-1. 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.,

NOTE

The minus (=) key must be depressed when inputting a negative number,

4000 0640 TWJPS

4901 p4g0 IM

4002 5006 ILOD A Q)

4003 4407 IADD B (2)

4004 7810 IMLT C (3)

A5 5411 ISTR D (4)

4606 00 IEXT

AQ@7 2000 STOP

AP Jolyujd A B

4911 2002 2

4012 200 B, 8

4AP13 oo4 4

4014 /44 C, B

4415 26 6

4916 000 D, #

4017 s i

Table 4-1, HORD and LORD Status

STEP 1 2 3 4
HORD i ¢ i g
LORD 2 6 44 44
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SECTION V
ERROR DIAGNOSTICS

5-1. ERROR INDICATION

5-2, A division by zero causes the contents of location ERROR1 to be incremented by
one (initially set to ) and the division routine is bypassed.
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SECTION VI
COMMAND SUMMARY

6-1, Table 6-1 describes the instructions of the Integer Interpreter,

Table 6=1. Integer Interpreter Instructions

INSTRUCTION CODE INSTRUCTION DESCRIPTION
0000 IEXT This instruction exits the interpreter
mode.
3400 10UT This instruction causes a JPS to the

output routine, |t converts the

number in the integer accumulator,

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.

4000 ISUB This instruction causes a double
precision subtraction of the operand
from the integer accumulator,

The results are left in the integer
accumulator,

4400 IADD This instruction causes a double
precision addition of the operand
to the integer accumulator, The
results are left in the integer
accumulator,

5000 ILOD This instruction loads the operand
into the integer accumulator,
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Table 6-1, Integer Interpreter Instructions (Cont'd)

INSTRUCTION CODE

INSTRUCTION

DESCRIPTION

5400

6000

6400

7000

7400

ISTR

INEG

IDIV

IMUL

INOP

This instruction stores the integer

accumulator in the effective address.,

The contents of the integer accum-
vlator are left intact,

Negates integer accumulator,

This instruction 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 744,
Division by zero causes location
745 to be set # 0 and the division
is bypassed,

This instruction causes the integer
accumulator to be multiplied by the
contents of the effective address,
Note that only the low order 24
bits are generated,

Dummy routine.




SECTION Vii
FLOW CHARTS

7-1, i’igures 7-1 through 7-8 depict the flow of the integer package routines,
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Pick Up

Instruction
Increment
Return ADD, | YES
and Exit
NO
Calculate
and Fetch
Operand

Determine OP
Code & JPS to
Routine

Figure 7=1. Integer Interpreter



Determine
Sign of
Number

Divide by 10

Store
Remainder In
Output Buffer

Last NO
Digit?

| YES

Insert sign in
output buffer

Fill remaining
buffer with
blanks

‘ Return )

Figure 7-2. Qutput Routine
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Add low
order words

Overflow

Increment

High Order

Word

Add High
Order Words

( Return ’

Figure 7-3., Addition Routine

Negate
Operand

Use
Addition

Routine

( Return )

Figure 7-4. Subtraction Routine



Change ACC
& Operand

To Positive

Multiply
Low Orders

Mult. High
Order Operand
By Low Order
ACC

Mult. High
Order ACC
By Low Order

Operand

Correct
Product
Sign

( Return )

Figure 7=5. Multiplication Routine
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Set ACC =+
Set Oper, = -

Set Error
& Return

Set Loop
Counter

Subtract
Oper. From
ACC.

YES

Set Bit in
Quotient

Shift Dividend
and Quotient

Change ACC
NO Loop YE To Proper
Done Sign

( Return )

Figure 7=6. Division Routine
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Negate
Integer
Accumulator

1 Return }

Figure 7-8, Dummy Routine

Idle

( Return ’

Figure 7-7. Negate Routine



SECTION VIl
PROGRAM LISTING

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

Muclear Data Inc.
P.O. Box 451

100 West Golf Road
Palatine, Illinois 60067
Tel: (312) 529-4600

Muclear Data Inc.

103 Pincushion Road
Framingham, Massachusetts 01701
Tel: (617) 899-4927

Nuclear Data Inc.

P. 0. 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

€ Frankfurt/M, Germany
Tel: 231144

Nuclear Data In¢c. (U.K.)
Rose Industrial Estate

Cores End Road

Bourne End, Bucks., England
Tel: 22733

Nuclear Data (lreland) Ltd.
Kinsale Road, Ballycurreen
P. O. Box #23

Cork, Ireland

Tel: 22137

Nuclear Data (Scandinavia)
Division of Selektronik A/S
Hammervej 3

2970 Hersholm, Denmark
Tel: (01) 86 30 00
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