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1.0 INTRODUCTION

TISA, the Time Independent Spectrum Acquisition program, acquires asynchron-
ous data from interfaced instruments, displays that data on the scope and
stores it on LINCtape. TISA is compatible with any instrument that transmits
X-Y data at rates that do not exceed 2 milliseconds/point and is capable of
acquiring data simultaneously from five instruments. The number of data
points that TISA can accept depends on the core size of the PDP-12A being
used; the maximum number is 512 points for a 4K machine, 4688 for an 8K

machine, and 29,184 for a 32K machine.

The external asynchronous instrument must be interfaced to the PDP-12 by
either two potentiometers or one shaft encoder and one potentiometer, such
that one input transmits X-axis data (independent variable), and the other
transmits Y-axis data (dependent variable). For a given instrument TISA
will generate the function Y=f(X). Thus, a typical application for TISA is

generating a series of absorption spectra from infra-red spectrophotometers.

Concepts and terminology peculiar to this manual are defined in the glossary

{(refer to section 11).

2.0 MINIMUM REQUIREMENTS

a. PDP-12A with 4K of corel and KW12A clock.
b. LAP6—DIAL2 (version 2) tape with the TISA program.

3.0 OPERATING PROCEDURE

3.1 Loading TISA

TISA is a "load and go" program and is called from tape by the DIAL command
-=LO TISA, units

where unit is the tape unit with the TISA tape. The initial starting address
is 4##1; the restart address is 4924.

To obtain correct results, the X-Y inputs for an interfaced instrument must
be connected as described in section 8.0, PIN ASSIGNMENTS.

1
For a data buffer of reasonable length, 8K of core is suggested.

2 .
LAP6~DIAL is hereafter referred to as DIAL.



3.2 Operating Modes

TISA has three modes of operation:

a. Setup mode - experiment parameters are defined
b. A/D mode - data is being acquired
c. Pause mode - no data is being acquired

When setup mode is terminated, TISA automatically enters pause mode and the
data buffer display is activated. Any of the available commands may be is-

sued at this time (refer to section 5.0).

3.3 Sense Switch g Options

Sense Switch g (SSW@) is used in all three operating modes.

In the setup mode, its settings and effects are:

Value Effect
J'} none
1 erase all previous parameter

input and initialize setup mode

Note that SSW@ is active during all of setup mode and that all user input
is ignored when SSW@=1. The only function of SSW@ during setup mode is

to allow the user to restart parameter input from the beginning if he dis-
covers an input error from which he cannot recover. During setup mode,
raising and lowering SSW@ performs the same function as the following re-

start procedure, which may also be used:

Raise and lower the STOP switch
Set the mode switch to LINC

. Depress the I/0 PRESET switch

. Depress the START 2¢ switch

& W

During pause and A/D modes, the SSW@ settings and effects are

Value Effect
B display data buffer
1 display HELP frame

Raising SSW@ during A/D mode has no effect on data acquisition.



3.4 Xnob Options

Knobs # and 4 provide flexibility for user control of the data buffer dis~

play.
Knob Movement Effect
KNOB g
Clockwise from Move window forward; the
center position farther away from center
position, the faster the
motion.
Counterclockwise Move window backward; the
from center position farther away from center
position, the faster the
motion.
Center position Freeze window.
KNOB 4
Clockwise Move cursor toward the

right side of the scope.
Counterclockwise Move cursor toward the
left side of the scope.

4.0 SETUP MODE

4.1 Using Setup Mode

Setup mode allows the user to define his particular experimental parameters,
such as number of instruments, sampling frequency, etc., by displaying a
series of scope messages. The user responds by typing the appropriate

characters on the keyboard.

In setup mode, all scope messages are presented using the QANDA subroutine:
the user must be familiar with the operating procedures of QANDA. Refer
to DEC-12-FISA-D for a detailed explanation of QANDA. The following ex-
pPlanation deals only with those conventions that are peculiar to TISA.

Setup mode is initialized by any of the following:

1. ILoading TISA from DIAL (refer to section 3.1)

2. Raising SSW@ during setup mode (refer to section 3.3)
3. Typing "S" during pause mode (refer to section 5.7)
4. Restarting at 42 (refer to sction 3.3)

When responding to any of the following messages, an unfilled blank is in-

terpreted as a zero; leading zeros are ignored. Thus, a response of 1 .



is identical to a response of ffl, _ _ _ is @@@@. Note that all messages
must be answered and terminated according to QANDA conventions except where
noted. TISA does not interrogate any user reply until a terminator is

typed.

4.2 Message 1

Initializing setup mode clears the data buffers (fills them with zZeros)

and displays the following message:

PARAMETER INPUT
DO

LINCTAPE
KEYBOARD

N

Be usre that SSW@=# now or all further keyboard input will be ignored.
TISA alerts the user that SSW@=1 by causing message 1 to flicker.

Type 1 to select option 1, LINCtape, or type 2 to select option 2, keyboard.

A response other than 1 or 2 and a terminator will redisplay the message.

Option 1 allows the user to recall from LINCtape a parameter list for a
given experiment that was previously saved using the WRITE command in the
HELP frame (refer to section 5.8). If option 1 is chosen, the following

message 1s displaved:

READ TBLK'_
UNIT _

Type the tape block and unit numbers that contain the desired parameter
list, followed by a terminator. Only octal values are legal; nonoctal
input will redisplay the read message. The user must know where his
parameter list is stored; TISA has no file handling capabilities. After
the tape block and unit have been specified, TISA tries to read in that
parameter list. If the reguested tape block contains a previously defined
parameter list, setup mode is terminated and pause mode is entered. If
the read message is redisplayed after TISA has read in the requested tape
block, an illegal TBLK, i.e., one that does not contain a parameter list,
has been specified. It is possible to request an illegal tape block that
will not be caught. Because TISA cannot check for all possible errors,
running TISA under such conditions could produce weird results. The user

is cautioned to know the location of a stored parameter list.



Option 2 requires parameter input from the keyboard and will advance to

message 2 for definition of each instrument.

4.3 Message 2

Message 2 requests information defining the parameters for a particular

instrument. The message has the following format:

INSTRUMENT K Is'
(1 = analog, 2 = encoded)

STARTING POINT=

TOTAL POINTS=

TISA will support up to five instruments, each of which must be defined
in message 2. In the above digplay, K is the number of the instrument
currently being defined and is always in the range g-4. For example, the

first instrument defined in message 2 would be displayed as:
INSTRUMENT g 1s!

Four error conditions described below may be detected and noted by TISa

when the values for message 2 are supplied.

All input to message 2 must be decimal; non-decimal input for any of the
four responses will redisplay message 2. If TISA first detects any of

the error conditions described below, the appropriate error message is
displayed. An error in defining an instrument has no effect on the para-
meter input for a previously defined instrument; thus, if instruments g
and 1 have been defined successfully but an error, such as non-decimal
input, occurs in defining instrument 2, message 2 is redisplayed for
instrument 2 and the parameter definitions for instruments f and 1 remain
unchanged. ©Note that if an error in the definition of instrument 1 is
detected by the user while defining instrument 2, it can be corrected only

by raising SSW@ and starting with message 1 again.
The only legal values for the first response in message 2 are 1 for an
analog instrument or 2 for an encoded instrument. Any other response

will redisplay message 2.

TISA will support a maximum of three encoded instruments. If an attempt

is made to define more than three instruments, the message

ERR ENC



is displayed and message 2 is redisplayed for the offending instrument when

the error message is terminated.

The response for STARTING POINT can be any decimal number up to five digits
long, i.e. $-99999, and is the value of the initial X coordinate in the
data buffer display routines (see DATA BUFFER DISPLAY, section 9.0).

TOTAL POINTS is the number of points that TISA will acquire and store in
its data buffers, as distinguished from a detected point as described in
SAMPLING FREQUENCY below.

The response for TOTAL POINTS for any instrument must be a number greater
than # and less than or equal to the number of points left in the data
buffer, which is the maximum number of points available minus the number
that has been allotted to previously defined instruments. The maximum
number of points available depends upon the amount of core in the system

configuration, according to tle following scheme:

AMOUNT OF MAXIMUM NUMBER OF
PDP-12 CORE DATA POINTS AVAILABLE
4K 512
8K 4698
12K 8784
16K 12884
20K 16896
24K 20992
28K 25088
32K 29184

Thus, if instruments @ and 1 are defined as having 6#8 and 1888 points,
respectively, for an 8K machine, the maximum number of points available
for instrument 2 is 46#8 minus 6048 for instrument g and 1g@g¢ for instru-
ment 1, or 3@f@F points for instrument 2.
If the user requests no points, the error message

ERR g PTS

is displayed.

If more points are requested than there are left, i.e. the capacity of

the data buffer is exceeded, the error message

ERR BUF FULL



is displayed.

Terminating either error message reinitializes message 2 for the offending

instrument.

The SAMPLING FREQUENCY determines the density or resolution of the spectrum.
The X axis input is considered as a pulse. For an analog device a pulse is
a one bit increment of an analog channel; for an encoded device a pulse is
an interrupt on one of the KW12A clock channels. A point is said to be de-
tected on the Y axis whenever TISA receives a pulse on the X axis. The ratio
of detected points to acquired points is defined as the SAMPLING FREQUENCY.
If the user defines TOTAL POINTS to be 18ff and the SAMPLING FREQUENCY to

be 5, TISA will detect 5@ points and every fifth detected point will be

an acquired point. SAMPLING FREQUENCIES of @ or 1 mean acquire every detec-
ted point, a SAMPLING FREQUENCY of 2 means acquire every second detected
point, etc.

The SAMPLING FREQUENCY must be a number from § to 1f. Requested sampling

frequencies outside of this range display the error message

ERR FREQ

Terminate this error message; message 2 is reinitialized.

4.4 Message 3

When an instrument's parameter definition has been successfully completed

in message 2, TISA displays the following message:

DO'_
1 MORE INSTRUMENTS
2 START

Type 1 to redisplay message 2 to define more instruments. TISA will
redisplay message 2 with the instrument identifier (the K of message 2)
incremented by one. Each instrument is defined in turn in this manner
until option 2 of message 3 is selected. Type 2 if all the instruments
in this experiment have been defined. Pause mode is entered immediately
after typing 2. Terminating message 3 with a response other than 1 or

2 is illegal and redisplays message 3.
If option 1 is selected,there are two possible error messages that may be
displayed. If the user attempts to define more than five instruments,

the error message

ERR INST



is displayed. If the user attempts to define additional instruments when
all the data storage has been allotted to previously defined instruments, the
following error message is displayed:

ERR BUF FULL

Terminate either error message display; message 3 is then redisplayed.

5.0 HELP FRAME AND KEYBOARD COMMANDS

When the user is in either pause or A/D mode and SSW@=1l, a HELP frame is
displayed that briefly summarizes all keyboard commands available to the

user in either of these modes. The HELP frame display is:

[ D DIAL

A/D MODE
CTRL/H HALT ALL INSTRUMENTS
HN HALT INSTRUMENT N
P POLARITY
F FREEZE

PAUSE MODE
GN GO INSTRUMENT N
S SETUP
W WRITE TAPE
C CATACAL
M MAGSPY
L LOADER
P POLARITY
F FREEZE

All commands are issued by typing the letter(s) and then their action is

implemented immediately.

5.1 DIAL

The D command is active in either mode and is used to restart DIAL. Refer
to the LAP6-DIAL Programmer's Reference Manual, DEC-12-SE2B-D.

5.2 Halt All Instruments

Typing CTRL/Hl when in A/D mode directs TISA to halt all instruments; data
acquisition is terminated on all instruments and TISA enters pause mode.
Whenever TISA enters pause mode, the message:

PAUSE MODE

is printed on the Teletype.

lCTRL/H is typed by pressing down the CTRL (control) key and simultaneously
typing H, in the same manner as using the SHIFT key.

8



5.3 Halt Instrument n

HN is a two character command that allows the user to halt a given instrument
(put it into pause mode) without affecting the mode status of the other
defined instruments. The first character of the command is H (for halt);

the second character,n, is a number in the range §-4 and defines the number
assigned to the instrument in message 2. Thus, the command H2 means halt in-
strument 2. Any number of intervening characters may be typed between H and
N, the numeric argument, without interfering with the execution of the command
HN, except for the character G. Thus, the command HAAA777BBB2 is identical
to the command H2 because the nine intervening characters are illegal and
ignored by TISA. The command H666PPP???2 directs TISA to halt instrument 2,
but it is not identical to the command H2 because it executes the polarity
command P (refer to section 5.4) three times before instrument 2 is halted.

An HN command is acknowledged by the following message printed on the Teletype:
HALT INSTRUMENT N

where N is the user supplied value fg-4. If the HN command is typed for an

instrument that has notbeen defined by the user or for an instrument that

is in pause mode, it is ignored.

5.4 Polarize Display

Typing P polarizes or inverts the entire data buffer display. For example:

BEFORE P AFTER P
COMMAND COMMAND

N\ /\/\

The P command does not destroy the integrity of the data in the data buffer
but merely inverts it before it is displayed on the scope. If the data
buffer is polarized when one P command has already been issued, the display
is restored to its normal form. If the P command causes the display to be

inverted, TISA responds with the Teletype message:
INVERTED

If the P command causes the display to be normalized, TISA outputs the

message:

NORMAL



The P command can be issued as often and whenever the user chooses.

5.5 Freeze

The F command directs TISA to freeze the moving window display (see DATA
BUFFER DISPLAY, section 9.0), thereby isolating the display on a given
portion of the data buffer. Typing F when the window is frozen directs TISA
to restart window motion. TISA acknowledges the F command and indicates the
action taken by typing FREEZE or MOTION, whichever is appropriate. The user

may issue the F command as often as he likes.
The P and F commands are active in both pause and A/D modes.

5.6 Go Instrument n

GN is a two character command issued in the same manner as HN (refer to
section 5.3), but performs the opposite function; GN puts an instrument

in A/D mode. Remember that arguments H and G cannot be intermixed in a
command. For example, typing H followed by G erases the first half of an
HN command and directs TISA to wait for the second argument of a GN command.
Thus, the commands HG2, HHHHHEHG2, and G2 are all identical. If instrument

N is in A/D mode, TISA will ignore the command GN.

When TISA initiates A/D mode for a given instrument, the message
GO INSTRUMENT N

is printed on the Teletype, where N is the instrument number @-4. Whenever

TISA enters A/D mode it outputs the following message on the Teletype:

A/D MODE

5.7 Setup Mode

Typing the key S causes TISA to enter setup mode so a new parameter list

can be input. The contents of the data buffer are not preserved.

5.8 Write

The W command outputs the data buffers to LINCtape. TISA acknowledges

this command by displaying the following message:

EXPERIMENT NAME

10



The user can name his experiment with any combination of up to eight charac-

ters; input acceptable to QANDA is legitimate here.

The Write command will generate 2+K TBLKs of output where X is the smallest
number of tape blocks needed to store the portion of the data defined by the
experiment. If the user had defined 1#ff@ points of the data buffer area,
then K is equal to four. The first two blocks contain the experiment name
and the parameter list for the experiment just completed; they contain no
data but enable the user to exercise the LINCtape input option during setup
mode (refer to section 4.2). The experiment name will appear in the begin-
ning of the first block of output exactly as it is typed in the name message

above. For example, if the first block of output is assigned the name

ABCD

then this block when viewed via MAGSPYl will appear as follows:

ABCD _ _ _ _
$8ASIWBE*9963RYSST&456%&T

After the name message, TISA displays the following Write message:

WRITE XYZ (OCT) TBLKS
FIRST TBLK= '
UNIT _

where XYZ is the number of octal tape blocks that will be output and is the
number 2+K described above. The user specifies in octal the starting TBLK
and unit number; a non-octal response redisplays the name message. If the
response to the Write message is legitimate, TISA commences to write the data
buffer plus the two header blocks. While writing, the display is maintained;
however, all commands are ignored until this operation is finished. When the
interrupt (ION) light comes on, the operation is finished. If this parameter
list just output is ever to be recalled, remember the first TBLK specified

in the Write message because it is this block that option 1 of message 1
(refer to section 4.2) requires. (This block number may also be determined
using the MAGSPY program.) Note that TISA considers TBLK 777 to be contigu-
ous to TBLK fg#fg. For example, if a request is made to write 28 TBLKs start-
ing at TBLK 778, the first 1§ TBLKs are written on 778~777 and the last 18
TBLKs on @-7. Data should not be output in this manner, however, because of
difficulties created for related software, such as MAGSPfE

lMAGSPY is a program used to examine data stored on LINCtape. Refer to
DEC-12-UZSA-D and section 5.10.

11



5.9 CATACAL

Typing C exits TISA and loads the program CATACAL which is very useful for
data manipulation. Refer to DEC-12-UW1lA-D for a description of CATACAL.

5.10 MAGSPY

Typing M exits TISA and loads the program MAGSPY.

The CATACAL and MAGSPY commands both assume that a DIAL-V2 tape (not
DIAL-MS) with the binary files CATACAL and MAGSPY are on unit #. 1If the
binary files are not present, the user will find himself in DIAL with
the NO message on the scope. If a DIAL-V2 tape is not on unit @, the

results are unpredictable.

5.11 Load

TISA can load an arbitrary program by issuing the command L. A DIAL V2
tape must be on unit f. The following load message is displayed:

LoAD'

UNIT _

Type at least one character for the program name in acceptable QANDA
characters and then type the unit where this program is located. No
error checking is done for the unit argument; thus, if the user requests
unit A, he gets unit l,etc. If the requested binary is a file on the
requested unit, TISA will load it. If the file does not exist, the user
will find himself in DIAL with the NO message on the scope.

5.12 Polarize

The P command in pause mode is identical to the P command, -Polarize, in
A/D mode (refer to section 5.4).

5.13 Freeze

The F command in pause mode is identical to the F command, Freeze, in A/D
mode (refer to section 5.5).

6.0 TELETYPE USAGE

TISA outputs messages to the Teletype to make the user aware of the

present action. The following set of messages are in TISA's repertoire:

12



HALT INSTRUMENT N (N=g-4)
GO INSTRUMENT N (N=g-4)
MOTION

FREEZE

NORMAL

INVERTED

PAUSE MODE

A/D MODE

HANDS OFF

A backlog of several messages may occur because the Teletype is a relatively
slow device for TISA's environment. TISA services legal keyboard commands
immediately; the message (s) appropriate to the command(s), however, is

typed afterward. If a command is issued while a message is being typed,

the command is executed immediately and the message(s) appropriate to the
command is put on TISA's backlog. TISA will never overload the Teletype

but the user may do so by leaning on the P key. 1In this case, the integrity
of the messages printed on the Teletype may be destroyed, but execution of the
keyboard commands is maintained. If the Teletype becomes too overloaded with

commands, the message HANDS OFF is printed.

7.0 DATA ACQUISITION

TISA has the ability to acquire data simultaneously from five instruments.
A given device must not transmit X axis data at rates that are faster than
2 milliseconds/point or data will be lost. If all instruments (maximum of 3)

are defined as encoded, the optimum rate obeys the following scheme:

NO. OF ENCODED OPTIMUM
INSTRUMENT RATE

1 500 us
1000 us
1500 us

For analog devices, a one bit increment in the X axis potentiometer indicates
to TISA that a point has been detected on the Y axis. For encoded devices,
an interrupt on a KW12A clock channel (X axis input) indicates a detected
point. The data that TISA acquires comes from the Y axis input. Each data
point represents a 1f bit A/D conversion on one of the Y axis analog inputs,
and is stored as a 1f bit single precision word. Each defined instrument is
assigned a sector of contiguous core locations in the data buffer area,
beginning at location 7#8f@ of PDP-8 field # and continuing to the last loca-
tion of the last PDP-8 field. The data sectors for each instrument are ad-
jacent to one another; there are no data gaps between instrument data sectors.
The data sector for instrument § always begins at the initial PDP-8 data
buffer location (#788#). For example, if the user defined TOTAL POINTS for



instruments &, 1, and 2 to be 512, 248¢, and 3 (lﬂﬂ¢,372ﬂ, 3 octal), res-
pectively, then the allocation in the data area for an 8K of core configura-
tion is:

DATA BUFFER ALLOCATION

INSTRUMENT FROM TO
2 g 7998 g 7777
1 1 pggg 1 3717
2 1 3728 1 3722

(1 3723 to 1 7777 is unused)

TISA starts acquiring data from an instrument upon receiving a Go command
(refer to section 5.6). No action is taken on an instrument until the
first pulse is received from the X axis. TISA does not require the data
to be input in a periodic or time dependent fashion; pulses can be days

or milliseconds apart.

TISA will acguire data from an instrument until any one of the following

conditions occurs:

1. the requested number (TOTAL POINTS) of points has
been acquired

2. the user halts the instrument from the keyboard

3. the X axis potentiometer (analog instruments only)
decreases 28 bits from its last value read

Conditions 1 and 3 represent internal instrument halts. If a halt message
is printed on the Teletype and the halt was not requested by the user from
the keyboard, then the instrument halt was internal. All three conditions
cease data acquisition for the given instrument and an appropriate message

is printed on the Teletype.

8.0 PIN ASSIGNMENTS

There is only one correct way to connect the X-Y inputs from an instrument
to the PDP-12, regardless of the particular system configuration. Let
instrument K be the Kth instrument defined during setup mode for X=#,1,2,3,4
and let NK be the number of analog instruments that were defined previous

to instrument K. The X~-Y inputs must then obey the following rules:

l. If instrument K is analog, its X axis input is connected
to analog channel 1@+K for K<4. If K=4, the input is con-
nected to analog channel 24.

Yrhe fifth channel requires the analog extension (channels 2@~27) which is

not standard PDP-12 hardware.
14



2. If instrument K is encoded, its X axis input is connected
to clock channel l+K—NK.

3. The Y axis input for instrument K is analog channel 14+K
for K<4l For K=4, the input is connected to analog chan-
nel 24.

Consider, for example, the following configuration:

CLOCK

ANALOG

INST o &

GENERAL CONFIGURATION

CLOCK

X AXIS J—

RN

1 . .
The fifth channel requires the analog extension (channels 2§-27) which is
not standard PDP-12 hardware.

15



ANALOG

10 14
—1 s INST £
11 15
e} 35 L —— INST 1
Y AXIS
12 16
X AXIS e a5 INST 2
13 17
—t L INST 3
28 24
—te e E— INST 4
INST INST TYPE NK X -AXIS Y AXIS
2 ANALOG Ji| ANCH 1¢ ANCH 14
1 ENCODED 1 CLOCK 1 ANCH 15
2 ANALOG 1 ANCH 12 ANCH 16
3 ENCODED 2 CLOCK 2 ANCH 17

9.0 DATA BUFFER DISPLAY

The data buffer display has the three following features:

l. A moving window display controlled by A/D Knob # and
the keyboard

2. A cursor superimposed on the data buffer display and
controlled by A/D Knob 4

3. X-Y decimal coordinate display of cursor position

The 1¢ bit values in the data buffer are scaled to 9 bits prior to display
to prevent scope "wrap-around."

9.1 Moving Window

Because the scope can display a maximum of 512 points at any one time and
the data buffer has a maximum capacity of 29,184 points, the moving window
display is used to view any 512 contiguous points of the data buffer, start-
ing at any given point, simply by rotating A/D Knob f. The moving window is
very similar to that used in MAGSPY. Consider the data buffer as a ring

le



located behind the VR12 scope, with the initial and terminal data points
being contiguous, that can be turned by a wheel, namely, A/D knob #: the scope
the window. (The phrase moving window is actually a misnomer because it

is the data buffer that moves.) When knob & is in its center position,

the display is stationary.

When A/D knob # is moved clockwise from the center position, the data
buffer (the ring) appears to move from right to left across the scope.

The velocity of the moving window increases with the clockwise movement

of A/D knob § from the center position. The exact opposite occurs for
counterclockwise movement of A/D knob @. The data buffer appears to be
moving from left to right across the scope. When the display is frozen
under the keyboard command F, knob £ has no effect. When TISA enters pause
mode for the first time (after being loaded from LINCtape), the display is

frozen and the leftmost scope point is the first point for instrument 2.

9.2 Cursor Display

A cursor is superimposed upon the data buffer display and can be positioned
over any of the 512 points in the display by rotating A/D knob 4 If knob

4 is moved to its furthermost counterclockwise (leftmost) position, the
cursor will be imposed on the leftmost point of the scope display. Similarly,
if knob 4 is positioned to its furthermost clockwise (rightmost) position,

the cursor will be imposed upon the rightmost scope data point. Interven-

ing knob positions will yield intervening cursor positions. The cursor ap-
pears on the scope as a vertical line ( | ) and normally "sits" on top of

the display point. However, for those cursor points that do not allow enough
room at the top of the scope for the cursor to sit comfortably, the cursor

is displayed beneath the cursor point as the following example shows.

CURSOR CURSOR
ABOVE BELOW

17



It should be noted that knob ¢ has no control over the position of the
cursor relative to the scope. If the window is frozen and the cursor is I
inches from the left side of the scope, the cursor will remain fixed at I
inches from the left of the scope if the window movement is started. The
relationship of the cursor to the data buffer, however, changes because

the data buffer is moving across the scope.

9.3 X-Y Coordinates

If the cursor is sitting on a defined portion of the data buffer, its X-Y
coordinate position is displayed on the scope in the following manner:

X=X1X2X3

Y=Y,Y, Y

Both X and Y are non-negative decimal integers; the range for X is g-
391829; the range for Y is @g-511. Leading zeros and the point @ggggg are
not displayed. If both the X and Y coordinates are @, the coordinates
are displayed as:

X=
Y=

If the cursor is positioned over an undefined portion of the data buffer,
the X-Y cocordinates are not displayed at all. The Y coordinate reads the
amplitude (height) of the cursor; the value § is the bottom of the scope
and the value 511 is the top of the scope.

The value of the X-coordinate depends upon the cursor's absolute position
within the data buffer and the starting points and sampling frequencies
assigned by the user during setup mode. FEach instrument was assigned a
sector of the data buffer after replying to TOTAL POINTS in message 2
(refer to section 4.3). When the STARTING POINT value was input, an
initial X coordinate to the first data point of the data sector for

that instrument was assigned.

Consider the case where the sampling frequency is 1, the STARTING POINT is
98#@ for instrument K, and the cursor is positioned over the initial data

point of the data sector for the instrument K. If the cursor is moved
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from left to right with the window frozen and the cursor at the far

left of the scope, the X coordinate will read successively:

9pgg, 948, ...., 9489, °g1g, ...., 9518, 9511

assuming TOTAL POINTS is greater than 511. Because the STARTING POINT
(initial X coordinate) is arbitrary and data sectors are adjacent to one
another in the data buffer, it is not unusual for the X coordinate to

jump as the cursor crosses data sectors. Suppose the user defined TOTAL
POINTS=1 for instruments f, 1, and 2 and STARTING POINTS=9gg#, 5, and 47311,
respectively. If the cursor is positioned over the first (and last) data
point for instrument g and moved from left to right, the X coordinate will

read respectively (and discontinuously):

9@ ,5,47311

As long as the cursor stays within a data sector and moves forward across
it via A/D Knob @ or 4 or both, the X coordinate will increase in value.
The difference between any two X coordinates within a data sector for a
given instrument is the SAMPLING FREQUENCY of that instrument. TIn the
same case, if the SAMPLING FREQUENCY is three, then the successive X co-

ordinate readings are:

9pes, O9PFE3, ..., 9827, 983¢, ...., 1g538, 14533

For a SAMPLING FREQUENCY of 1@, the readings are:

SpBY, 9BIY, ..., 9098, 91PF, ...., 14188, 14119

With a SAMPLING FREQUENCY of 1§, the data acquisition routines acquire 1
point for every 1lf detected and they are stored as successive data points
in the data buffer. This difference, therefore, is reflected in the X co-
ordinate display. There is no X-Y display over undefined areas of the data
buffer because there are no arguments (STARTING POINT, etc.) for the X~V
display routines to use. The X-Y coordinates are displayed on hardware
channel 1, and the data buffer is displayed on hardware channel 2. To

see both displays the channel select knob should be set to the position

1 & 2. In the event that the data buffer display and X-Y readout overlap,
they can be viewed separately by selecting the appropriate hardware scope

channel.



OVERLAP CONDITION

X=123

16.0 INSTRUMENT INTERFACE

TISA plots the incoming data from each of up to five instruments as a dependent
variable versus an independent variable. The dependent variable, for example

the intensity at a given frequency for an infra-red spectrophotometer, must be

an analog signal within the range of the analog-to-digital converter contained in

the particular PDP-12. The standard voltage range is -1 volt to +1 volt.

The independent variable may be a monotonically increasing voltage as shown in
figure 1 or a pulse train as shown in figure 2. Note that the fastest sampling
rate on any and all instruments is 2 milliseconds per point. The maximum slope
of an analog dependent variable can be found by the following formula:

. A X volts . 1
maximum slope = ~—~—ms""

103 samples 2 msec

where X = voltage range of particular analog-to-digital
converter system

For the encoded or pulsed dependent variable the input waveform need only pass
through the desired threshold whenever an analog sample is required. The

desired trigger level is set by the threshold knob on the KW12A input panel. The
threshold knob is not calibrated but the limits are approximately + 6 volts and
the potentiometer controlled by the threshold knob is approximately linear. The

slope control defined as shown in figure 2 is also on the KW12A input panel.
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The setup procedure for instrument N, where N = 0, 1, 2, 3, 4, is described in

section 8.0. The setup procedure details which input channels are to be used.

Typical analog independent variable sources are retransmitting pots or ramp

generators while pulsed sources are typically shaft encoders or oscillators.

Several examples of typical interfaces were tried in the PDP-12 engineéring
laboratory. A Perkin Elmer model 621 infrared spectrophotometer was interfaced
by placing a retransmitting pot on the pen drive gear and either a retransmitting
pot or an incremental shaft encoder on the main chart drive gear. In the case
of the Perkin Elmer instrument, the pickup devices were attached via extra

chart drive gears supplied with the instrument. The potentiometers were Bourns
34008 series devices. The incremental shaft encoder was a Data Technology model
#C25-100~40 with two one-hundred cycle/turn pulse outputs 90° out of phase!

The two outputs can be used to detect the direction of rotation and/or produce a
400 cycle/turn output. However, for this application, either of the outputs

alone was sufficient.

'The specification of these part numbers in this manual does not constitute
DIGITAL EQUIPMENT CORP. sanction or guarantee, but is intended as an aid for
the user.

22



11.0 CGLOSSARY

ACQUIRED POINT an acquired point is one that has been retrieved from
the Y axis of a defined instrument and stored in TISA's
data buffers (see also SAMPLING FREQUENCY and DETECTED

POINTS) .
A/D MODE
INSTRUMENT an instrument is said to be in A/D mode (running) when
TISA is accepting information from its X axis.
TISA TISA is said to be in A/D mode when at least one of
its defined instruments is in A/D mode.

ANALOG INSTRUMENT one of two types of instruments that may be interfaced
to TISA. An instrument is defined as analog if its X
axis input runs from a potentiometer to a PDP-12A ana-
log channel.

CURSOR a vertical line ( I ) superimposed upon the data buffer
display and controlled by A/D knob 4.

CURSOR POINT that point in the data buffer display upon which the
cursor is sitting.

DATA BUFFER the amount of core available on the PDP-12 that has been
reserved for acquiring points. The data buffer is a
function of core size and ranges from 512 to 29,184
words.

DATA POINT a signed 10 bit single precision A/D conversion or
woxrd.

DATA SECTOR a contiguous set of core locations in the data buffer
that has been assigned to a defined instrument. A
data sector can be anywhere in length from 1 to 29,184
core locations.

DEFINED DATA AREA the portion of the.data buffer that contains the data

sectors of all defined instruments.

DEFINED INSTRUMENT an instrument is defined if it has been assigned a set
of parameters during setup mode.

DETECTED POINT for a given instrument, a point on the Y axis is

detected if TISA has received a pulse from the cor-
responding X axis.
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ENCODED INSTRUMENT

HELP FRAME

INSTRUMENT

INSTRUMENT K

INTERNAL HALT

MDDE TNSTRUMENT

TISA

PARAMETER

PARAMETER LIST

PAUSE MODE
INSTRUMENT

TISA

PULSE

QANDA

SAMPLING FREQUENCY

SETUP MODE

SPECTRUM

sswg

one of two types of instruments that may be inter-

faced to TISA. An instrument is defined as encoded
if its X axis input runs from a shaft encoder to a

KW12A clock channel.

a message that can be displayed on the scope when TISA
is in either pause of A/D mode which briefly summarizes
the keyboard cormands that are available to the user.

interfaced to TISA for data acquisition. Instruments
are either analog or encoded, depending upon the man-
ner in which they are interfaced.

the Kth instrument defined during setup mode;
= £#,1,2,3,4.

an instrument in A/D mode that is halted by a means
other than by an HN or CTRL/H keyboard command is
said to have been internally halted.

the state of an instrument at any point in time or
the relationship that it bears to TISA is called its
mode. An instrument is either in A/D mode or pause
mode. Undefined instruments are in pause mode by
default.

the state of TISA's operation or its relationship
to the user at any given point in time is called
the mode. TISA has three modes: A/D, pause, and
setup.

a numeric value that is used to define an instrument,
e.g. TOTAL POINTS.

the set of all parameters for all defined instruments.

an instrument is in pause mode whenever TISA is not
accepting information from its X axis.

TISA is in pause mode whenever all of its defined
instruments are in pause mode.

X axis information transmitted by a defined instrument.
For an analog instrument, a pulse is a one bit increment
on the X axis potentiometer. For an encoded instrument,
it is an interrupt on one of the XKW12A clock channels.

a PDP-12 subroutine that facilitates question and
answer type of dialogue via the scope and keyboard.
(Refer to DEC-12-FISA-D. )

an instrument parameter that is the ratio of DETECTED
POINTS to ACQUIRED POINTS. SAMPLING FREQUENCY deter-
mines an acquired spectrum's resolution.

TISA is said to be in setup mode when the user is de-
fining his instruments (messages 1-3).

the sum total of an instrument's acquired points is
called the spectrum of that instrument.

Sense Switch #.
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STARTING POINT

TBLK

TOTAL POINTS

X AXIS

Y AXIS

an instrument parameter that defines the initial X
coordinate for the data buffer display of the first
data point of the instrument's data sector.

an abbreviation for LINCtape block.

an instrument parameter which equals the total number
of points that TISA will attempt to acgquire when the
instrument is in A/D mode. The length of an instru-
ment's data sector is equal to its TOTAL POINTS.

one of two of an instrument's inputs to TISA that are
required tc generate the instrument's spectrum. The
X axis input is the independent variable.

one of two of an instrument's inputs to TISA that

are required to generate the instrument's spectrum.
The Y axis input is the dependent variable.
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Appendix A
Internal Description

This appendix assumes that the reader is familiar with TISA's external

characteristics as described in sections 1 through 11 of this manual.

Al Interrupt Routines

A2 Data Acquisition Routines
A.3 Teletype Routines

A.4 Keyboard Routines

A.5 LINCtape Routines

A.7 Setup Routines

A.8 Memory Check Routine

A.9 Flow Charts

A.l0 Core Allocation






A.l INTERRUPT ROUTINES

The interrupt routines handle interrupts in both modes. In either mode, only
the following central processor registers are preserved: AC, LINK, PC, IF, and
DF. The entry and exit routines for P-mode and L-mode interrupts are different
but the interrupt dispatching is common to both. Interrupts remain off until
the routines exit. 1I.e., the interrupt routines can not be interrupted. An L-mode
interrupt goes to a routine INTL which saves the AC and LINK, sets up a LINKnode
jump at RTNJMP, aniLDF instruction at RTNLDF and an LIF instruction at RTNLIF,
and sets the interrupt mode switch (INTMOD) to 0. A P-mode interrupt saves the
AC, link and sets the interrupt mode switch to 7777, before going to interrupt
dispatch.

The interrupt dispatch routines always check three devices in the following
order: clock, keyboard, and Teletype. If the clock flag is set, the routine
dispatches a call to the routine TISA for data acquisition. If the keyboard
flag is up, a character is read in and stored in location KBDRUF. If the Tele-
type flag is up, it is cleared, then location ADMESS is checked to see if a
character needs to be typed (C(ADMESS)NE to 0 means type C(ADMESS)). If a
character needs to be typed, it is; the location ADMESS is advanced by one; and
the location TTYFLG is set to C(ADMESS) - non zero — to indicate that the
Teletype is busy. If no characters need to be typed, then TTYFLG is set to 0
to indicate that the Teletype is not busy. When all devices have been either
check or serviced, the AC and link are restored and the INTMOD switch is ISZed

to implement one of the two following exits:

P-MODE L-MODE
RMF LINC
ION DJR
JMP I O RTNLIF, O

RTNLDF, 0
I0B
ION

RTNJMP, O

A.,2 DATA ACQUISITION

When the data acquisition routines are called they check all five devices
(even if some devices are not defined or not selected) because it takes only
14.4 microseconds to determine that a device is not selected. The first task

of the data acquisition routines is to preserve the clock bits by executing:

CLSA
DCA STATUS



An analog device must be checked whenever there is a clock overflow, not

because the device is ready but because it might be ready. The only way to
determine a 1 bit increase of an X-axis analog channel is to read it periodically.
The clock is set to overflow and causes an interrupt on overflow once every

two milliseconds. BAnalog devices, therefore, are checked once every 2
milliseconds (optimum speed for analog devices under the worst circumstances).
An encoded device is checked whenever its clock channel causes an interrupt
indicating it is ready. ©Note that encoded devices can run at speeds much faster
than 2 milliseconds. For instance, TISA could handle one encoded device and
no others without loss of any data, if the rate of interrupt was faster than

1/2 millisecond/point. Because the optimum speed varies amonag all possible user
defined configurations, the upper limit in the user's manual is a worst possible
case restriction. There are only 4 bits in the clock status register that are

of interest to the data acquisition routines:
. Clock overflow, bit 0

1

2. Interrupt on channel 1, bit 6
3 Interrupt on channel 2, bit 8
4

. Interrupt on channel 3, bit 10

Each device has a select word associated to it whose function is to mask
out all status bits except the one that determines if the device is ready to be
checked. For example, the select word for an analog device is 4000. The
coding that determines if a device needs to be checked is identical for all

devices. For device K, the coding is:

TAD STATUS
AND SELDVK
SNA

JMP (I) NXTDV
DCA DVTYP
JMS T KINPUT

Devices are deselected by clearihg their select words. The select word for an
undefined device is always 0. Every device has a set of parameters associated
to it that are required for checking and servicing the device. If a device
needs to be checked, the subroutine INPUT is called; the parameters for the
device are directly beneath the call:



JIMS I KINPUT
100 XAXDVK
100 YAXDVK

EHIDVK, 0 /END OF LIST
JMP (I) NXTDV /CONTINUE RTN
. /HLT RTN
NXTDV, TAD STATUS

The INPUT routine retrieves the parameter list, checks the devices, and
returns. If the device is to be halted, input returns to the halt return;
otherwise it returns to the continue return. Each device is checked in an
identical manner; the last device checked returns to the interrupt dispatch

routines so that the keyboard and Teletype may also be checked.

After retrieving the parameter list, INPUT checks the high order bit of
DVITYP to determine if the device is analog or encoded. DVTYP = 4000 for analog
and O0XXX for encoded devices. If the device is analog, the routine ANALOG is
called to check for a 1 bit increment of the X axis. ANALOG samples the X axis
(NEWSAM) and compares the value read with OLDSAM, which holds the X axis A/D
value for the last detected point. If NEWSAM is greater than OLDSAM, a point
has been detected. At this juncture, NEWSAM replaces OLDSAM and ANALOG returns
in line (ANARTN) for further checking of the device. If ANALOG finds no increase,
NEWSAM is checked for a 20 bit decrease. If the X axis has dropped 20 bits,
ANALOG exits to the halt return; otherwise, it exits to the continue to next
device return. For encoded devices or analog devices that make it to ANARTN,
INPUT advances and checks the detected point counter. When this counter gces
to zero, a point is ready to be acquired; otherwise, INPUT exits to the continue
return:

ISZ I FREQ
JMP I INPUT

If the device is ready, INFUT resets the detected point counter, sets up
a 15 bit buffer address (CDF INST and 12 bit address), SAMs the Y axis, stores
away the value, and resets the field to 0 (CDF0). INPUT then compares the



current device address to the terminal device address to determine if all points
have been acguired and, if so, exits to the halt return. If the device is not
finished, INPUT increments the current address by 1 and exits to the continue
return. Returning to the halt return affects the values of 2 parameters

0 is put into SELDVK to deselect and the device number (0-4) is put into HSWITK
for subseguent use by the routine CHKSWI.

A.3 TELETYPE ROUTINES

The Teletype routines work in conjunction with a que stack capable of hold-
ing the addresses (of the first character of each message) of twenty messages.
Messages go on the que via the pointer QUEIN, and come off via the pointer
QUEOUT; QUECNT always holds the number of untyped messages on the que. The que
stack is ringed so that the address of message 20 is adjacent to the address
of message 1. FEach message consists of a string of 8 bit ASCII characters
followed by the message terminator 0000. The subroutine MESCHK takes messages
off the que, and the subroutine QUPUT puts them on the gue.

A.3.1 MESCHK

MESCHK first looks at QUECNT to see if it is zero. When QUECNT is zero,
there are no more messages waiting to be typed so MESCHK exits in this case.
Location ADMESS is the pointer to the current message being typed; once ADMESS
is initialized by MESCHK, it is controlled by the interrupt routines (see above).
If QUECNT is non-zero (message waiting), MESCHK looks at ADMESS (TAD I ADMESS).
If the AC is non-zero, a message is in progress and MESCHK exits. TIf the AC is
zero, MESCHK must verify that the last character of the message has been typed;
this is done by checking the location TTYFLG. If TTYFLG is non-zero, the TTY
is busy and MESCHK exits. If the TTYFLG is zero, MESCHK takes the next message
off the que:

TAD I QUEOUT
DCA ADMESS

QUEOUT is advanced to the next message; if it is at the end of the que, it is
reset to the start of the que. The QUECNT is decreased by 1 and the first
character of the message is typed to initiate the Teletype interrupt routines
that will finish the message. MESCHK then exits.

A.3.2 QupuT

When QUPUT is called, the address of the message is in the AC. QUPUT saves
the message in QSAVE and checks QUECNT to see if the que has room for only one
more message and, if so, the message in QSAVE is ignored and the busy message
(HANDS OFF) is put on the que instead. If QUPUT makes it by the busy message,
it checks to see if the que is full and, if so, QUPUT exits. TIf the gue is not



full, the message is put on the que via QUEIN; QUEIN is advanced to the next
location and QUECNT is incremented by 1l; QUPUT then exits.

A.4 KEYBOARD ROUTINES

All incoming characters are dispositioned by the subroutine KEYBRD. When
REYBRD is called it immediately checks location KBDBUF to see if the interrupt
routines have retrieved a character. If KBDBUF is zero, no character is walting
and KEYBRD exits. If KBDBUF is non zero, a character is waiting. The waiting
character is put into location CHAR which is part of the character look up table,
and KBDBUF is cleared (set to zero) so that the waiting character will be
dispositioned only once. KEYBRD next searches the character table. Each defined
character is assigned a consecutive pair of core locations. The first location
in the pair is the 8 bit ASCII code of the defined character, the second location

is JMP to a routine appropriate to the character. The last pair in the table is:

CHAR, 0
JMP I KEYBRD

The reason for this pair is to ensure that all keyboard characters will generate
a match in the table search routine. All undefined characters cause KEYBRD to
exit. Starting at the top of the table, KEYBRD compares each defined character
with the waiting character in location CHAR. The search routine ISZ's by the
jump instructions in the table location. JMP X is never compared with CHAR.
When a match is found at location A, KEYBRD executes the jump instruction at

location A+1 via:

TAD (LOC A+1)
DCA L+l
0 /JIMP INST

The following is an explanation of the various routines that are called from the

character table.

A.4.1 D Routine
This routine restarts DIAL with IOF and XOB clear by jumping to the following

bootstrap:
4015 LDF 3
4016 RCG I
4017 7300

A.4.2 CTRLH Routine
The function of this routine is to put TISA into Pause mode. Location
MODE determines whether TISA is in pause or A/D mode; 0 = pause, 7777 = A/D.



CTRLH first checks MODE; if it is zero, CTRLH exits (JMP I KEYBRD). If TISA is
in A/D mode, CTRLH sets MODE to 0, sends 0 to CLEN to disable all clock interrupts,
sets the select words for all devices to 0, puts the address of the pause mode

message in the AC, calls QUPUT, and then exits.

A.4.3 H Routine

The character H is the first in a two character command of the form
HN(N=0,4). The function of the H routine is to enable the N half of the command.
H does this by setting the word HSWIT to 7777. H also clears the go switch
GSWIT (sets it to 0) because there is another two character command GN.
HSWIT and GSWIT cannot be simultaneously enabled, i.e., TISA waits for either the
N half of G or the N half of H, but not both. After setting HSWIT and GSWIT,

H exits.

A.4.4 G Routine
G has the opposite effect of H; i.e., GSWIT is set to 7777 and HSWIT is
set to O.

A.4.5 P Routine

The function of the P routine is to complement the polarity word POLAR.
Depending upon the value of POLAR, the display routines do or do not complement
a data word before it is displayed. The logic employed is:

TAD (DATA WORD)
SRO I

POLAR, /7777 COMPLEMENTS
coM

After the polarity word is complemented, the P routine checks its value

and sends either the normal or inverted message to QUPUT, then exits.

A.4.6 F Routine
Window motion depends upon the value of one word, FREEZE. The logic in

the display routines is as follows:

SRO I
FREEZE,

JMP (FREEZE)

JMP  (MOTION)

The F routine dispositions the "F" command and the freeze word in a manner

exactly analogous to the P routine.



The function of the 8 routine is to initialize setup mode. If TISA is in
A/D mode, S exits; if not, then the interrupts are turned off and S jurps to the

setup routines at location SETUP.

A.4.8 W Routine
If TISA is in A/D mode, W exits. If TISA is in Pause mode, W calls the

LINCtape write routines (see LINCtape Routines, section A.5.3).

A.4.9 L Routine
If TISA is in A/D mode, the L routine exits; otherwise, L jumps to a

routine that displays the following QANDA message:

which allows the user to specify program name and unit. When the user terminates
the load message, the first character of the answer buffer is checked for 00;

00 means the user input no program name to QANDA and will redisplay the load
message. When the message is terminated, the routine KLOAD is called, whose
function is to transfer the QANDA answer buffer to DIAL'S monitor parameter

table (for a full discussion of the table see DIAL EDITOR V2 internal

description DEC-12«ZW7A-D) at locations E6+2 (2373) - E6+6 (2377).

The program name is first transferred, one half word at a time, to an intermediate
table (LODPTR). Eight characters must be transferred for the program name to
meet the requirements of the E6 table. Unused portions of a QANDA answer buffer
contain 00. Unused portions of the E6 table must contain 77. If the user

requested the program name ABCD, the two answer buffers would look as follows:

QANDA KLOAD
BUFFER BUFFER
ANSWER,74 01 /74A LODPTR, 01 02  /AB
02 03 /B C 03 04 /CD
04 00 /D - 77 77
00 00 /- - » 77 77
00 74 /-74 YYYY /UNIT
XX /UNIT

The KLOAD routine skips over the first QANDA 74 and terminates name transfer
when it uncovers the second 74. The response for unit in the QANDA answer
buffer is stripped to 3 bits and stored in the LODPTR table after the name.
60 (0) is unit 0 and 01 (&) is unit 1, etc. When the LODPTR table has been
set up, KLOAD puts LODPTR-1 into the AC and calls the routine LOADER.
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The function of the routine LOADER is to transfer the table whose address-1
is in the AC to the E6 table and call the DIAL loader. All program calls in
TISA to DIAL binary files realize that setting up the E6 table and calling the
DIAL LOADER is sufficient work to accomplish the task. LOADER turns off the
interrupts, clears the XOB and special functions, registers and reads the
Editor’'s grid table into LDFl in case the DIAL LOADER decides to display "NO".
The AC table is transferred to the E6 table and then the DIAL LOADER is read in
and started. The logic is highly similar to executing an LO command in the
DIAL EDITOR.

A.4.10 C and M Routines

The function of the C and M routines is to call the programs CATACAL and
MAGSPY, respectively. Both routines will execute a JMP I KEYBRD if TISA is in
A/D MODE. Otherwise, the address, CATPTR-1 or MAGPTR-1, is loaded into the
AC and the LOADER routine is called.

CATPTR, 0301 /CA MAGPTR, 1501 /MA
2401 /TA 0723 /GS
0301 /CA 2031 /PY
1477 /L 7777
0 JUNIT 0 /UNIT

C and M both require the programs to be on unit 0. C, M, and L all require
a DIAL V2 tape to be on unit 0. DIAL MS will not work because the MS LOADER is
logically different from the V2 LOADER.

A.4.11 NUM Routine

The function of the NUM routines is to interpret numeric characters. NUM
first strips the ASCII and stores the number in TEMP. NUM compares TEMP
with DEVNUM, the number of defined devices, to check for an undefined number,
exiting in such a case. If the number in TEMP is a defined device number,
NUM checks HSWIT for 7777. If HSWIT is set, NUM clears it and calls the HALT
routine. If HSWIT is not set, NUM checks GSWIT. If GSWIT is set, NUM clears

it and calls the GO routine; otherwise NUM exits.

A.4.12 HALT Routine

The HALT routine checks the device select word to see if the device is in
Pause mode and, if so, HALT exits. If the device is in A/D mode, HALT sets the
select word to 0 to deselect the device, calls the routine HLTMS to put the
Halt message on the Teletype que, and then exits.

A.4.13 GO Routine
The GO routine first checks the device select word to determine if the

device is in A/D mode and, if so, GO exits. If the device is in Pause mode, GO
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calls GOMS to put the go message on the que. With the aid of 4 tables and rela~-
tive to the device number in TEMP, the GO routine next initiates the device.

Device K has 2 tables associated to it: TIADK and TISTRK. TISTRK holds
the parameters that define the device, and TIADK holds the addresses within the
data acquisition rocutines of these parameters. To initiate a device, six parame-
ters must be set up within the acquisition routines: starting address (2 words),
select word, sampling frequency (variable), sampling frequency (fixed), and
initial X axis SAM. There are two other tables that are shared by all devices

VALTAB and ADRTAR:

VALTAB, TISTRO ADRTAB, TIADO
TISTRL TIAD1
TISTR2 TIAD2
TISTR3 TIAD3
TISTR4 TIAD4

Note that for device K - whose value is in TEMP - VALTAB+K, ADRTAB+K point

to TISTRK, TIADK respectively. The GO routine employs the above logic in
selecting the tables appropriate to device K. GO further sets up a SAM
instruction because analog devices require an initial X-axis SAM at location
OSDVK. GO then sets HSWITK to 7777 for the routine CHKSWI, turns the interrupts
off, and transfers the device parameters to the data acquisition routines. The
interrupts must be off during parameter transfer because it is possible to

get an interrupt from device J when device K is only partially initialized.

Such a circumstance could produce adverse results for device K. The interrupts
are off for 200 microseconds, which presents no problem for the data acquisition
routines. Once the device is initialized all clock interrupts are enabled and
MODE is checked. 1If TISA is in Pause mode, the A/D mode message 1is sent to the
que. GO then sets MODE to 7777,turns the interrupts back on, and exits.

A.5 LINCTAPE ROUTINES
There are six LINCtape routines that enable the user to either read a

parameter list from LINCtape or write his data buffers onto LINCtape.

A,5.1 READ Routine
If the user selects the LINCtape option during setup mode, TISA calls the
READ routine, which displays the QANDA message:

READ TBLK _
UNIT

When the message is terminated, READ sets a pointer to the QANDA answer buffer



and calls DORDC.

A.5.2 DORDC Routine

DORDC calls the routine TPARGS whose function is to translate a QANDA
message which holds LINCtape arguments. If TPARGS returns to P+1, the QANDA
input was illegal and DORDC implements the error exit, which is simply a recall
to the READ routine. If TPARGS returns to P+2, then location TBLK holds the
requested tape block; UNIT holds the low order unit bit i.e., UNIT=10 or 0;
and the XOB holds the high order unit bits. Using the arguments from TPARGS,
DORDC reads the requested TBLK into locations 7000-7377 (start of the data
buffer), executes an I/0 preset to clear all flags and the extended unit bits,
resets no pause, and transfers the parameter list at 7000-7377 to the setup
initialization table at 6000-6144. If the user requests a TBLK that does not
contain a legitimate paramater list, DORDC checks the only value in the table
that could be fatal to TISA and the user, to wit, the number of defined devices.
The function of setup mode is to fill the initialization table with the user's
parameters. As the user defines more instruments, more information is input to
this table. When setup mode is terminated, TISA takes the information from
the initialization table and distributes it to appropriate locations within the
program. The number of user defined devices is in the table and determines the
length of the table transfer. If the number of defined devices is greater than
the maximum number allowed, TISA will extend beyond the initialization table and
transfer arbitrary values to arbitrary locations; such a situation is quite
obviously fatal. If the number of defined devices is too large, DORDC executes
the error exit; otherwise, DORDC goes to the last leg of the setup routines
(QADUN+3), just as if input was from the keyboard.

A.5.3 WRIT Routine

WRIT first shuts off the interrupts so that the user cannot inhibit the
write sequence via the keyboard. WRIT then retrieves the number of blocks to
write from the initialization table (loc. BLKCNT) , translates it into DIAL codes,
and puts it into the text field of the QANDA write message. The following
message is then displayed:

WRITE XYZ (OCT) TBLKS
FIRST  TBLK = _
UNIT _

where XYY is the number described above. When the user terminates the message,
WRIT sets a pointer to the QANDA answer field and calls DOWRC.
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A.5.4 DOWRC

Like DORDC, DOWRC calls TPARGS; at the error return (P+1l) is a recall to
the routine WRIT. If there is no QANDA input error, DOWRC sets up the following
arguments for DOMTP: WRI I (U) to ARGHI, MBLK\TBLK to ARGLO; then calls DOMTP.
When DOMTP returns to DOWRC, the operation is finished and DOWRC turns the

interrupts on and hangs up in the idle loop.

A.5.5 TPARGS

The function of TPARGS is to retrieve the TBLK and UNIT arguments from a
QANDA answer field and to return to P+1 for input error and P+2 for no error.
To achieve this end, TPARGS enlists the aid of the more general QANDA numeric
decoder DIGCHK, a routine that is heavily exercised during setup mode. DIGCHK

has 3 returns:

JMS I KDIG /CALL
/NON DECIMAL CHAR RTN
/QANDA END OF QUES. FIELD RTN
/NORMAL RTN OCTAL NUM IN AC

TPARGS changes location UPLIM of DIGCHK to minus 10 (1's complement) so that
non-octal input will be illegal. TPARGS then calls DIGCHK, retrieving in this
manner one numeric argument at a time. If DIGCHK returns TPARGS to P+1, then
TPARGS returns to the calling program at P+1 (the TPARGS error return). The
arguments for TBLK are rolled and packed into location TBLK. DIGCHK is called
until it executes the end of field return at whicn point TPARGS calls DIGCHK
one more time for the UNIT argument. The low order unit bit is put into bit 8
of location UNIT and the two high order unit bits go to bits 10 and 11 of the
XOB. After the tape arguments have been set up, TPARGS restores UPLIM to its
regular value and returns to P+2. TPARGS always restores UPLIM before exiting,

error Or no error.

A.5.6 DOMTP

The function of DOMTP is to. execute a series of tape transfers as indicated
by a list of arguments. Currently, only DOWRC calls DOMTP, but DOMTP is general
enough in nature to read data as well as write it. The arguments for DOMTP are:

BLKCNT = - (the number to do)
ARGHI = a LINCtape instruction
ARGLO = initial MBLX\TBLK
LDFSTR = initial LDF

DOMTP first retrieves and sets up its arguments, then issues a tape instruction

and calls TPWAIT, which is simply a routine to hang in the idle loop until the
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tape operation is complete. When the tape is finished, DOMTP adds 1 to the
TBLK and 1 to the MBLK, then checks the MBLK to see if it advanced from 7 to O.
When the MBLK goes to 0, DOMTP resets it to 4 and adds 1 to the LDF instruction
at TPLDF. All tape transfers are done via the data field. DOMTP then iterates
the tape process, counting each step. When the operation is finished, DOMTP

stops the tape, clears the extended unit bits, and exits.

A.6 DISPLAY ROUTINES
The Display Routines present the user with one of two displays, depending

upon SSW0: Help Frame, or Data Buffer Display.

A.6.1 DSCHLP Routine

The DSCHLP Routine (help frame) is driven by 4 tables: (1) HLPTAB, which
contains the DIAL codes for all the characters displayed in the help frame plus
a number of control characters that are not displaved; (2) VCTAB, which is a
table of scope vertical coordinates and determines the vertical alignment of
the help frame; (3) HCTAB, which is a table of scope horizontal coordinates
and determines the horizontal alignment of the help frame; and (4) GRDTAB,
which is the QANDA table of grid patterns. The following codes in HLPTAB are the

control characters that direct DSCHLP to take certain actions:

Symbol Value Meaning

FULL 0600 Switch to full size characters
CR1 4300 End of a line; go to next line
ENDWD1 7700 End of help frame; exit

CHGHC 3600 Reset horizontal coordinate

The LINC data field is set to 2, where the GRID table is\located.

DSCHLP first sets up pointers to the tables and falls through to LNNXT.
ILNNXT puts the next vertical coordiaate in VCOORD, the next horizontal coordinate
in BETAl, and then checks the first character of the line to determine full or
half size characters. The link bit is set to 0 for half size characters and to
1 for full size characters. After setting character size, LNNXT goes to CHRNXT.
CHRNXT loads a character from HLPTAB and checks for the control characters,

CR1, ENDWD1l, and CHGHC. CR1l causes a jump to LNNXT, ENDWDl effects an exit,

and CHGHC causes the next value in HCTAB to be placed in BETAl. If CHRNXT finds
no control characters, it calls DSCCHR routine to DSC the character whose DIAL
code is in the AC.



A.6.2 DSCCHR Routine

DSCCHR finds an address in GRDTAB relative to the contents of the AC and
stores the address in GRDPTR (BETAl4). VCOORD is loaded into the AC and the
character is displayed. To make a horizontal gap between characters so they
won't look pressed together on the scope, 2 or 4 is added to BETAl. DSCCHR
checks the link bit which indicates character size. A gap of 2 is for half size

and 4 is for full size

A.6.3 Data Buffer Display

The Data Buffer Display is controlled by two knobs, 0 and 4. The high
order 9 bits of knob 4 determines cursor position; 9 bits will cover 512 points.
The A/D value 7400 is converted to -1, and the value 377 is converted to -1000.
The converted value is called the cursor count and is stored in location CURCNT.
Every time a point is displayed, CURCNT is ISZed. When CURCNT goes to zero,
the cursor is displayed. The high order 6 bits of knob 0 is added to the
initial scope address to find the address of the first point (leftmost scope
point) to be displayed. Suppose the knob value is 10 and the initial scope
address is 2000. The display routines display the data from 2010 to 3010 the
first time they are called; the second time the display is called, locations
2020 to 3020 are displayed, and so on. Varying the initial scope address in the
manner described above lends the appearance of motion to the display routines.
Positive knob values move the display from right to left; negative values, from
left to right.

When the Data Buffer Display is called, knob 4 is put into CURCNT,
XCORD (loc 2017) is set =-1000, and knob 0 is put into the AC. Next the FREEZE
location is checked. 1If the display is frozen, the display routine (GODIS) is
called immediately. If the display is not frozen, the routine SETMOT is called

to determine the initial scope address relative to knob 0.

A.6.3.1 SETMOT - The locations BUFHI,BUFLO hold the initial 15 bit scope
address that was used for the last call to the Data Buffer Display. The func-
tion of SETMOT is to update this address for each call. The routine further
must be capable of making the initial and terminal points of the buffer
contiguous. Suppose knob 0 has a value of 20 and BUFHI,BUFLO = 0001,7770 (8K of
core). Adding 20 to this address extends 10 locations beyond the size of the
data buffer, i.e., 0002,0010,. There is no field 2 on an 8K PDP-12. This effect
is called high end wrap around. For this case, SETMOT sets the initial address
to 10 locations past the initial data buffer address, 1.e., 0001,7010. Low end
wrap around is handled in analogous fashion. When SETMOT exits, the proper
address 1s in BUFHI,BUFLO. Note that all routines which must handle 15 bit



addresses treat the high order half as a PDP-8 field. An address at HI,LO is

referenced in the following manner:

TAD HI
CLL RTL
RAL
TAD CDFO
pca  .+1
0 /CORRECT CDF INST
TAD I LO /CORRECT ADDR

A.6.3.2 GODIS Routine - GODIS displays 512 consecutive data points, beginning
with the address BUFHI,BUFLO. BUFHI goes to CURCDF, BUFLO goes to BUFPTR. The
routine SETCDF sets the data field relative to CURCDF. The BETA register for
display is XCORD (2017) and runs from 7000 to 7777. Note that hardware channel 1
is selected. When CURCNT goes to zero CURDIS is called to display the cursor.

If BUFPTR goes to zero, a PDP-8 field boundary has been reached and FWDCDF is
called to set the next data field. FWDCDF also checks for high end wraparound.
BCNTR is set to -1000 when this location goes to zero, GODIS is finished,

XYGET is called to display the X,Y coordinates.

A.6.3.3 CURDIS - When CURDIS is called, the cursor Y coordinate is in the AC and
it is stored at location YCUR, not only for use by CURDIS but also for subsequent

use by the X,Y coordinate routines.

The contents of the data field are put into XCURHI and BUFPTR is put into
XCURLO. These two locations are the X coordinate and will be subseguently
accessed by the routine XYGET. YCUR is compared to MAXCUR; if YCUR is greater
than MAXCUR, ~1 is put into TEMPHI and the cursor is displayed below the spectrum.
Minus the length or the height of the cursor is in location CURLEN. The cursor
is displayed by putting YCUR into the AC, displaying it CURLEN times via a DIS
XCORD; prior to each DIS, TEMPHI is added to the AC.

A.6.3.4 XYGET Routines - The routines that determine the X,Y decimal

coordinates use a table called LIMVL whose format is:

LIMVLO, 0 /-starting address device 0 (LO ORD)
0 /-starting address device 0 (HI ORD)
0 ~sampling frequency device 0
0

/address of initial X-coordinate device 0

LIMVLK, 0 /-S.A. device K (LO ORD)
0 /~-S.A. device K (HI ORD)
0 /~sam.freq. device X

CDK /addr of X~COORD device K

0 /—first unused core

0

/location
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The first task of XYGET is to find the data sector that contains the address
XCURHI, XCURLO. This is done by adding the X coordinate to the starting addresses
in the LIMVL table, always saving the sum for step k~1l. If the sum for step k
becomes minus, then the X coordinate lies in between the starting addresses used
for steps k-1 and step k; and the sum for step k-1 is the address of the

X coordinate, relative to the data sector that contains the X coordinate.

Suppose that the data sector for device 0 is lOOO8 points and the X coordinate

is 07500. The starting address for device 0 is 0 7000; for device 1 it is 1 0000.
The X coordinate is the 500th point in the data sector for device 0. Subtracting
the starting address for device 0 yields a sum of +500 which is saved. Because
the result is positive, the process continues for device 1, yielding 07500-10000 =
=300, which is negative. The negative result means that the previous sum, step
k-1, i.e., 500, is the desired address. If the entire table is scanned without

a negative result, the X coordinate is in undefined data area and the XYGET
routines exit. The relative address is then multiplied by the sampling frequency;
this result is converted to a six digit BCD number. A routine to deflate by
decimal radii is used for the conversion. The BCD number is stored, one digit to
a word, at locations BCDVAL-BCDVAL+5. If the sampling frequency is 3, the value
to convert to BCD is 1700. The decimal value for 1700 is 960, which is stored

as:
BCDVAL,

0
0
0
11 /9
6 /6
0 /0

960 is a relative decimal value and must be added to the initial X coordinate
which is stored from low to high, starting at location BCDK:

BCDK, /UNITS
/TENS
/HUNDREDS
/THOUSANDS
/ 10 THOUSANDS

The number at BCDVAL is added as a BCD number to the number at BCDX. To obtain
the DIAL code for each digit, add 60 to the sum for each digit. The DIAL codes
are stored in the table DCODEX:

DCODEX, 3075 /X=
4300 /CR 100K
0000 /10K 1K
0000 /100 10
0043 /UNITS CR

A-15



These values will subsequently be displayed by the routine DSCXY.

After the table DCODEX has been set up for the X coordinate, the table
DCODEY must be set up for the Y coordinate. First, 400 is added to YCUR to
put it in the range 0-~511(0-777); YCUR is then converted to a BCD value and then
to DIAL codes, one digit at a time, and stored in the table DCODEY.

A.6.3.5 DSCXY Routine - DSCXY sets the ILDF to 2 to access the grid table; sets
half size characters, and sets the X,Y display coordinate for the top left of

the scope (0,400). The routine always displays X=, Y= but never displays
leading zeroes or the value 0000. The non~numeric chaéacters are separated from
the numeric characters by the carriage return code (43). Display of numeric
characters is inhibited until the first non-zero digit (DIAL code # 60) is
encountered. The characters are displayed by loading their codes into the AC

and calling the routine DSCCHR. When DSCXY is finished, the entire scope display
is complete. DSCXY exits to SCPRTN.

A.7 SETUP ROUTINES

The function of the Setup Routines is to decode QANDA responses and put
them into the initialization table which runs from location INISTR to LAST, or
to £fill the table from a specified block of LINCtape. OQANDA and calls to
QANDA are in segment 2. The Setup Routines start at location SETUP. For each
QANDA setup message, the refresh return contains the instruction JMP CHKSNS ;

CHKSNS, SNS 0
JMP QARFSH
SETUP, PDP

thus activating SSWO0 for all of Setup mode. The Setup Routines first call
the routine FRSTR (fresh start), which clears the data buffer and sets all
pointers to their initial values. Message 1 is then displayed. After message 1

comes either the READ message (see above) or message 2.

A.7.1 MESS2 Routine

MESS2 first calls the routine RESTR (restart a device), whose function is
to reset all pointers to their initial values for defining device K. The initial
values for device K are preserved throughout the entire definition of device K
so that if an error is made in input the routine RESTR will be able to reset
them.,

All values go into the table via the index pointer INIPTR. When message 2
is terminated, the QANDA answer buffer is decoded and put into the initialization

table. The first value is the device type. If the device is analog, the value
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ANAVAL (4000) is put in the table; if the device is encoded, a value from the
table ENCVAL is put into the initialization table. The next 3 values are the
STARTING POINT, TOTAL POINTS, and SAMPLING FREQUENCY. The routine DIGCHK is
used to convert the DIAL codes to digits. The routine DIGCHK expects that
BETAl4 (ANSPTR) is pointing to a QANDA answer field. When DIGCHK is called, it
retrieves one QANDA character. If the QANDA character is 00 {(a blank) it is
ignored and another character is retrieved. If the QANDA character is QANDA
end of question field (74,<) or QANDA end of answer buffer (34,\), DIGCHK exits
to P+2. If the character is decimal (codes 60~71), DIGCHK exits to P+3 with
the numeric value (0-11) in the AC. If the character is not decimal and not
either 74 or 34, DIGCHK exits to the error return P+1. All DIGCHK error returns

initialize the routine MESS2.

To setup the starting point, the routines DIGCHK and DSCL4 are alternately
called until the end of question field return. DSCL4 takes the contents of the
AC and rolls and packs them 4 bits each call into the double precision
accumulator (DAC). After the starting point has been put into the DAC, the
routine UPACK is called to take the BCD values out of the DAC and put them into

the initialization table.

After STARTING POINT has been set up, TOTAL POINTS is set up. For TOTAL
POINTS, the routines DIGCHK and MUL1l0 are alternately called until end of
guestion field. MUL1l0 does a decimal to octal conversion with the DAC and AC.
When TOTAL POINTS is in the DAC, the arguments appropriate to TOTAL POINTS are put
into the table, e.g., starting address device K, 2's complement of the starting
address, etc. The error conditions "no points" and "buffer full" are checked

for at this time.

Like TOTAL POINTS, SAMPLING FREQUENCY is retrieved by alternately calling
DIGCHK and MUL10. After the sampling frequency is in the DAC, the error
condition greater than 10 is checked for. If the sampling frequency is zero,
it is set to 1 before being input to the table. Sampling frequency terminates

definition of the device and message 3 is displayed.

A.7.2 MESS3 Routine

If the user requests more devices, the error conditions "no more devices
and "buffer full" are checked first, then the routine NXSTR (start next device)
is called, whose function is to set up all pointers for the definition of the
next device; MESS2 is then recalled. If the user requests to start, an I/0
preset is executed and the routine GBLK is called, whose function is to translate
the defined data area into (-) the number of TBLKS and store it at location
BLKCNT. After GBLK, the routine QADUN is called, whose function is to initialize
TISA.
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Associated to the initialization table is the table of addresses INIAD, which
tells where all the initial values are to go. Using INIAD, QADUN distributes
the initial values throughout TISA. The buffer preset and clock control
registers are set at this time. The TTYQUE is initialized; pause mode is
entered by setting the mode to A/D and putting the control H character into
KBDBUF. The interrupts are turned on and the IDLE routine is called.

The function of the IDLE routine is to keep TISA busy, when it is not
acquiring data, by calling four routines and exiting. The routines and the order
in which they are called are

1. ©SCOPE DISPLAY
2. KEYBRD
3. CHKSWI
4. MESCHK

A.8 MEMORY CHECK ROUTINE
The routine MEMCHK lies in the data area and is called once only (when
TISA is loaded from LINCtape). Its function is to determine the core limits
of the PDP-12 on which TISA is running. MEMCHK puts the largest PDP-8 field
in location MAXCDF and exits. This routine must be called for TISA to function

properly and is the primary reason why the starting address for TISA is 4001 and
the restart address is 4020.
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A.10 CORE ALLOCATION
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SET PTRS
TO TABLES

GODIS
SET VCOORD,

BETAT FOR NXTLN

i SET INITIAL
LOAD 1ST CHAR SCOPE ADDR
OF ALN AND CDF
SET COUNTER
N v FOR 512 PNTS

L SET HALF SIZE j L SET FULL SIZE ]
LOAD THE NEXT
DATA POINT

AND SCR 1
[ O0TO LINK TTO LINK

RELOAD 18T
CHAR

INVERT
SPECTRA
?

L COM AC
L LOAD NXT CHAR 1

I DIS 1 POINT I

DISPLAY
CURSOR
?

L CALL CURDIS 1

ADVANCE
CDF

I CALL FWDCDF j

BETA 1

[ CALL DSCCHR 1

44



SUB KNOB 0
FROM BUFLO

-1+ BUFH)
TO BUFHI

-MINADR + BUFLO
TO BUFLO

l MAXCDF TO BUFH!

ADD KNOB 0 TO
BUFHI, BUFLO

L MINCDF —+ BUFHI l

MINADR + BUFLO —
BUFLO

Cooer >

L ADD 1 TO CURCOF l

CURCDF

>
MAXCDF
?

MINADR - BUFPTR
MINCDF - CURCDF

CURCDF TO
DATA FIELD

B=13



DSC CHR

SET GRID TABLE
ADDR RELATIVE
TO AC

VCOORD TO AC

rrocers

L DSC 1 CHAR

ADD27TC
BETA1

ADD A4TO
BETA 1

EXIT

Lk

MULT DIFF
BY SAM FREQ

|

CONVERT RESULT 7O
8CD BY BADIX
DEFLATION

ADD BCD RESULT
TO INITIAL X COORD

CONVERT SUM TO
DIAL CODES STORE
AT DCODEX

l

L400 +YCURTO VCUR‘]

ICONVERT YCUR TO BCD]

CONVERT BCD RESULT
TO DIAL CODES
STORE AT DCODEY

CURDIS

L ACTO YCUR ]

DATA FIELD TO
XCURHI

BUFPTR TO
XCURLO

L 1TO TEMPHI j

DIsS
CURSOR
BELOW

SPECTRA
?

l -1 TO TEMPH! 1

L YCUR TO AC ]

I ADD TEMPH! TO AC ]

L DIS 1 POINT I

Dis
30 POINTS
?




XYGET

SET POINTER TO
LIMVL TABLE

SUB S. ADDR DEVICE K
FROM XCURHI, XCURLO

SAVE DIFF
DEVICE K

K=K+1 l

»” CHECKED
ALL DEFINED
DEVICES
?

B-15

DSCXY

SET HALF
SIZE CHARS

SETPTR TO
DCODEX

[ SET HC, VC 1

LOAD NEXT
CHAR

N

L CALL DSCCHR —I

—ﬁ{ LOAD NEXT CHAR 1

I LOAD NEXT CHAR '




CHKsSW!

SETUP
K=0 l
[ CALL FRSTR I
1
v HSWITK
7777
? I DSC MESS 1 l

I KTOTEMP J I CALL CHKSNS l

r CALL HLTMS J

[ 7777 TO HEWITK |

[ K = K+1 l

CHECKED

ALL DEFINED

DEVICES
?

Y

REFRESH
MESSAGE

EXIT

B~16



READ

y

DSC READ
MESS

CALL CHKSNS

—
S—

N QANDA

DONE
?

A

SETPTRTO
QANDA ANSWER

DORDC

FRSTR

) 0

ZERO OUT
DATA BUFFER

INIT ALL
SETUP PTRS
FOR DEVICE O

EXIT

;

MESS2

INITPTR S
FOR DEVICE K

S.ADDR LO INIT
S. ADDR Hi TABLE

—S.ADDR LO INITY
—S. ADDR Hi TABLE

l DSC MESS 2

! CALL CHK SNS ]

ANALOG
DEV
?

ENCODED
DEV
?

ANY
MORE

DSC ENC
ERR

ENCODERS
?

ANALOG
SELECT
TO AC

ENCODER SELECT
TO AC

CALL
CHKSNS

B-17

! ACTO TABLE l

l UP DEV COUNT !

AZLOP




I CALL DIGCHK

DONE
STARTING
POINT
?

PACK BCD VAL
IN AC IN DAC

]

TRANSFER STARTING
POINT FROM DAC TO
TABLE

L CALL DIGCHK ]

[ CALL MUL10 ]

B-18

AC - TEMPLO

2*DAC » DAC

SAVE 2*DAC

4*DAC » DAC
YIELDS 8"DAC

8*DAC + 2*DAC
TODAC

DAC + TEMPLO
TODAC

EXIT



DSC ERR
oPTS

CALL CHKSNS l

DONE

S. ADDR DEV K
+TOT PNTS
TODAC =

S. ADDR DEV K+1

l 2's COM OF DAC l

l DAC TO TABLE l

DAC -1 TO DAC
= END ADDR
DEV K

[ DAC TO TABLE l

DATA
BUFFER
EXCEEDED




777770
STATUS

L

L CALL MUL1D 1

ERRFUL
DSC ERR
FREQ
DSC ERR
BUF FULL
L CALL CHKSNS 1

L CALL CHKSNS 1

L 1TO FREQ 1

L ~FREQTO TASLE 1

@

B-20



= D

I DSC MESS 3 "

l CALL CHKSNS 1

I 1/0 PRESET ‘I
L GET BLKCNT j

CADUN

ANY
MORE
DEVICES

I DSC DEV ERR ‘l
L CALL CHKSNS —1

L CALL ERRFUL —]

SET PTRS FOR
DEVICE K+1

MESS3




DIGCHK

LOAD NEXT
QANDA CHAR

ST
A DECIMAL
DIGIT

RTN
P+3

~NUM DEFINED
DEVICES TO AC

-

l ACTO TABLE I

TRANSFER INIT
TABLE VALUES TO
TISA ROUTS AND
TABLES

START CLOCK

INIT TTYQUE

SET TISA TO
A/D MODE
7777 - MODE

210 (CTRLH) -
KBDBUF

ION

CALL IDLE

B~22



2000
peol
0B02
0003
004
025
2006
207
2010
2011
2012
2013
eg14
2015
2016
2917
2020
2021
vB22
2823
624
22>
026
0027
YR
2031
2232
2033
0e34
2035
2236
2037
YB4Q
2e41
2R 42
2043
0044
2045
PB46
2047
0050
2251
2052
PER
2us4
VL
2256
ges7
2060
ee61
2062
2063
2064
065
2066
2067
2270
2071
vp72
PU73
0074
RU75

=

ggo1
gode
BPB3
poda
poes
po1e
2211
pez2e

ge21

@a22

po23

224

PB2%

pO30

P31
2832
PB33
Vg3
2035

2036
237
041
o4z

P43
G044

5402
0239
Ve 0P
2000
LLL.
000D
2200
0000

0oge

P2

vopo

Booo

eeep

p2p0

egoR

0600

6201
booe
pepe
7000
pooe

LY
2330
0oB2
5443

2o
booe

#20

/TISA (TIME INDEPENDENT

/SPECTRUM ACQUISITION)

/MULTIPLE DEVICES INTERRUPT DRIVEN
/MOVING WINDOW DISPLAY

/CURSOR AND X=Y DECIMAL READ OUT
/USES QANDA FOR SET UP MODE
/SUPPBRTS UP TO 32K OF CORE

PMODE /INTERRUPT
#1 /DISPATCH
JMP T+l /P MODE
INTP
BETALl, @ /BETAS FOR LOAD
BETAZ, @ /ROUTS
BETA3, @
#10
INIPTR, @ /PTRS FOR TABLE
ADPTR, © /SETUP
/0F INITIAL VAL
%20
ADMESS, @ /MESSAGE PTR
/FOR TYPE OUT
/RQUTINES
KBDBUF, @ /HOLDS LAST
/KEYBOARD CHAR
TTYFLG, @ /HOLDS LAST
/TTY CHAR
/=0 IF NONE
QUEIN, 2 /PTR TO TTY QUE
/FQR IN COMING
/MESSAGES
QUEQUT, 2 /PTR FOR QUT
/GOING MESS
QUECNT, @ /HOLDS NUMBER
/0F UNTYPED
/MESSAGES IN
/TTY QUE
STATUS, @ /HOLDS CLOCK
/BITS FROM CLSA
oOVTIYP, @ /TELLS WHETHER
/A DEVICE IS
/ANALCG OR
/ENCODED

/4@8@2=ANALOG
/BXXX=ENCODED
/PTR TO INPUT
/ROUT

KINPUT, INPUT

CoFe, COF 2
MAXCDF, @
MINCDF ., COFMIN

MINADR: ADRMIN /BUFFER BQUNDS

YCUR, @ : /Y COORD
/OF CURSOR
DEVNUM, @ /<NUM OF DV
/AT RUN TIME
KDADD, DADD /CALL TO DBL
/PREC ADD
441 /L MODE
2 /INTERRUPT
JMP T, e1 /DISPATCH
INTL

DBLLO, B2 /DBL PREC



0076
eL77
0100
2101
0102
0103
2104
%105
0106
0107
¢110
g111
pL12
2113
p114
2115
2116
0117
g120
p121
p122
0123
9124
2125
2126
g127
0130
2131
2132
0133
9134
0135
9136
2137
2140
p141
2142
0143
p144
9145
0146
0147
9150
p151
2152
0153
7154
2155
9156
2157
p164
P61
0162
2163
2164
2165
0166
0167
2170
2171
@172
2173
2174

P45
poas6
gg47

go5e
73530
Bps52
Vs
grs54

2055
gy56
2057

BE60
g6l

Bo62

206 S

2064
2065

pe6é
gpé7
pe’e
ve71
Bo7e
ba73
po74
pB75
go76
pe77
@108
8101

p102
9103

0104
pLe5

2106
2107

w119

111

p200

peg9
Beop
oo

gupg
hewg
puee
vooe
pego

oReo
2060
o000

0000
7773

Q377

4466

300
2028

2000
oy
0unY
vego
Ly
7777
7777
7777
7777
7777
2266
3461

3587
vogn

2000
1833

6015
6143

6144

booe

3852

DBLHI,
ARGLO,
ARGHI,

TEMPLO
TEMPHI ,
CNTR,
BCNTR,
BUFPTR,

LIMPTR,
BCOPTR,
RADPTR,

CURCDF .
MAXDVN,

KCLEN,

KDIG,

KMUL12,
KIDLE,

SELDVS,
SELDVL,
SELDVZ,
SELDVS,
SELDV4,
HSWIT@,
HSWIT1,
HSWIT2,
HSWITS,
HSWIT4,
SELFPTR,
KHLTMS,

KGOMS,
MODE,

TEMP,
KQUPUT,

KIN],
KBLKCT,

KLAST,

AAAPD,

INTL,

LSS IR GV R o]

aoEem

=

@
DVNMAX

@377

DIGCHK

MUL1gZ
IDLE

amaaw

7777
7777
7777
7777
7777
SELDVE
HLTMS

GOMS
g

]
QUPUT

INISTRsl
BLKCNT

LAST
@

#2080
DCA ASAVE

/AC

/DBL PREC
/ARG
/ALSO =

/XCURLO» XCURHI
/CURSOR X COORD

/FOR MOVING
/WINDOW D]SP
/PTR TO ARGS
/FOR SR XYGET
/PTR 70 BCD VAL
/FOR SR XYGET
/PTR TO PWRS OF
/18 FOR OCTAL
/TO DECIMAL SR

2 =NUM OF DEV
/TISA WILL
/SUPPORT
/GOES T0 CLEN
/INT ON OVF
/CHAN 1,2,3
/CALL TO0 SR TO
/CHK QANDA ANS
/BUFER FQR
/NUMERIC INPUT
/CALL TO DECMAL
/70 OCT CVERT
/CALL TC 1DLE
/.00P
/DEVICE SELECT
/WORDS

/CAL SR TO PUT
/HALT MESS IN
/TTY QUE

/CALL GO MESS
/MODE WORD 0=
/PAUSE 7777=AN\D

/CALL SR TO PUT
/A MESS IN QUE
/TQP INIT TABLE
/PTR TO =NUM OF
/TBLKS IN BUF
ZENTRY OF INIT
/TABLE

/18T UNUSED PG
/8 CORE LOC

/L MODE INTRUPT



B17>
0176
gL77
0260
g2o1
p212
02083
g2e4
g2gs
p2ué
297
g210
pa11
212
p213
pel4
p215
216
2217
g2z
pz221
g222
9223
R224
p225
0226
9227
2230
p231
232
p233
p234
9235
v236
8237
8249
@241
p242
B243
p244
8245
b246
8247
2250
251
B2s2
2253
p254
2255
Be256
257
w26
P26l
p262
p263
pz264
g265
p266
0267
2271
p271
ba272
2273

2281
B2z
p203
0204
25
L2086
peev

p210
211
g212
213
p214

@215

p216
217
g2ee
p221
g2e2
223
p224
p2es
226
B227
g23v
g2s1
e 32
258

v234
2235
2236
8237

2240
241
g4z
2243
p244
0245
246
8247
2250
251
p252
8253
0254

9255

256
257
p2éa
p261
ga62
g263
B264
p265
pa66
p267

7010
$351
1840
8355
1354
8274
6141

2500
6234
1069
eeog
8242

vage

B350
1347
3271
1213
7912
7010
B350
1346
3270
5234
3352
7010
3551
7040

3345
6131
7410
5275

7500
6031
5245
6836
3p21
6041
5256
6042
1420
7450
5255
6046
2020

3022

1351
7004
1352
2345
5266
6244
6001
5400
6141
2006

INTP,

SERVE,

TIRTN,

CHKTTY,

INTOUT,

QUTL

RAR

DCA LSAVE
TAD 48
AND P1777
TAD P6OR2
DCA RTNJMP
LINC
LMODE

Iog

6234

STA 1

g

ROL 2

PDP

PMODE

AND P37
TAD ANLDF
DCA RTNLOF
TAD =6
RTR

RAR

AND P37
TAD ANLIF
OCA RTINLIF
JMP SERVE
OCA ASAVE
RAR

OCA LSAVE
CMA

DCA INTMOD
CLSK

SKP

JMP TISA

CLA CLL
KSF

JMP CHKTTY
KRB

DCA KBOBUF
TSF

JMP INTOUTY
TCF

TAD 1 ADMESS
SNA

JMP ,+3
TLS

ISZ ADMESS

DCA TTYFLG

TAD LSAVE
RAL

TAD ASAVE
ISZ INTMOD
JMP OUTL
RMF

10N

JMP T B
LINC

6

/MAKE LINC JMP

/SET UP LODF LIF

/FOR INTERRUPT
/RTN
/RIB
/SAVE 1B

/POSITION LODF
/B1TS

/POSITION LIF
/BITS

/SERVICE INTRUP

/P MODE INTRUP

/7777 FOR PMODE
/0008 FQR LMODE

/INTERRUPT
/CLOCK 7

/YES SERVICE
/DEVICES

/KEYBOARD ?
/YES GET CHAR
/TTY ?

/NO EXIT

/CLR FLAG
/NXT CHAR

/MORE TO TYPE *?

/NO

/SET PTR FOR
/NEXT CHAR
/SET TTY FLAG
/@ MEANS TTY
/NQT BUSY
/RTN FROM
/INTERRUPT

/P OR { MODE ?
/i MODE

/DJR



2274
8275
276
2277
@309
B381
0322
8303
P34
305
8306
387
2312
2311
312
9313
gs14
2315
2316
2317
0528
p321
p322
2323
P324
5325
p326
2327
2330
2331
0332
2333
2334
2335
336
8337
P340
8341
2342
2343
#3544
2345
2346
0347
2350
v351
P352
8353
2354
0385
2356
3357
0560
P361
P362
0363
2364
2365
8366
367
p378
2371
2372

g27¢
0271
g272
9273
p274

8275
2276
8277
2300
381
0302
7303
P304

2325
2306
@37

p310

B311

p3l1z

@313

g314
2315
2316

@317

p320
v321
p32z
w323
B324
2325
g326

2327
0530
8331
8332

2333

B334

2900
VLY
2500
6081
00po

6135
3026
1026
6066
7458
5321
3027
443g

2119
2114
poge

woge

eeag

ooee

0oea

pope
80P
5321

3066

3073
1926
2067
7450
5753
3027
4430

2111
2115
Peoas
poge

veon

popY

RTNLIF,
RTNLDF »

RTNJMP,

T1SA,

SFOVO,

KSFDV@,

HIDV®,

Lopve,

Qs0ve,

ELODVE,

EHIDVE,

HLTOVR,

DvVi,

SFDVYL,
KSFDVL,
HIOVL,

LODVL,

@
o
500
[ON
o

CLSA

DCA STATUS
TAD STATUS
AND SELDV®
SNA

JMP DV1

OCA DVTYP
JMS 1 KINPUT

182 XAXDVD
108 YAXDVE

JMP DV

DCA SELDVE

DCA HSHWITH
TAD STATUS
AND SELDV1
SNA

JMP T KDVZ
DCA DVTYP
JMS T KINPUT

1080 XAXDV1
188 YAXDVL
]
2

2

2

/108

/DATA
/ACQUISITION
/SERVICE
/DEVICES
/SAVE

/CLOCK BITS
JCHK DV
/SELECT WD DV
/READY 7

/NO GO TO DVi
/SAVE TYPE
/CALL INPUT
/PARAM LIST
/DEVICE #

/X AXIS SAM
/Y AXIS SAM
/SAM

/FREQ (VAR)
/SAM

/FREQ (FIXED)
/15 BIT BUFFER
/ADDR B9eB11
/0F HI ORD
/1S DATA FLD
/12 BIT ADOR
/WITHIN DATA
/FIELD

/0LD

/% AXIS SAM
/LAST

/DATA ADDR
/HERE TO
/CALL DV1
/HERE TO HLT
/DEVICE @

/@ DESELECTS
/A DEVICE
/SET HALT SWIT

/SELECT WD Dvi
/READY 7

/NO GO TO Dv2
/SAVE TYPE
/CALL INPUT
/PARAM LIST
/DEVICE 1

/X AXIS SAM

/Y AX1S SAM
/SAM

/FREQ (VAR)

/S AM

/FREQ {FIXED)
/1% BIT BUFFER
/ADDR B9-B11
/0F HI ORD

/18 DATA FLD
/12 BIT ADDR
/WITHIN DATA



6373
2374
8375
2376
2377
0400
2401
2492
2423
2424
2405
0496
8407
2410
p411
B412
2413
Za14
2415
2416
2417
2420
B421
g422
2423
2424
g425
0426
Ba27
2430
pa31
2432
2433
p43a
2435
8436
2437
0449
Ba41
B442
2443
g444
0445
2446
0447
2450
2451
0452
2453
V454
8455
2456
2457
0460
P46l
0462
2463
8464
246>
2466
g467
2470
2471

B335

P36
2337
2340

P34l

¢342
p343
£344
B345
2346
B347
B350
8351
8352
2359
2354
2355

g4gu
P41
pagz
g4ap3
pace
3485

p4agé
V47
palp

2411

pal2

p4al3

B4al4

415
pAL16
v4L17

0420

P42y
paze
Baz3
paza
p4aes
pazé
2427
p4a30

voee

beoe
Bege
2753

3067

7081
3074
5753
PUpe
2600
2647
2e37
2000
2000
2400
6200
1777

lg2e
beve
7450
5223
3027
4430

@1iz
v11e6
oY

eo e

gyl

ooe

weoa

Ly
LY.
5223

3078

7185
3075
1026
2Y71
7450
5246
3827
4430

0SDvVi,

ELODVL.
EHIDVL,

HLTDV1,

INTMOD,
ANLIF,
ANLDF,
P37,
LSAVE:
ASAVE,
Kbve,
PoC2R,
PL777.

bve,

SFOve,
KSFDvVZ,
HIDVZ,
LoDvVZ2,
0sSDVe,

ELODVZ,
EHIOVZ,

HLTOVZ2,

Dv3,

2

2
2
JMP 1 KDVZ

DCaA SELDVL

1AC

DCA HSWITL
JMP 1 KDV2
2

600

640

37

5}

g

pve

6000

1777

#4008

TAD STATUS
AND SELDV2
SNA

JMP DV3
PDCA DVTYP
JMS 1 KINPUT

188 XaXpve
10 YAXDVZ
@

2

]

JMP DV3

DCA SELDVZ2

CLL IAC RAL
DCA HSW]T2
TAD STATUS
AND SELDVS3
SNA

JMP DV 4

OCA DVTYP
JMS 1 KINPUT

/FIELD

/0LD

/X AXIS SAM
/LAST

/DATA ADDR
/HERE TO
/CaLL Ove
/HERE 70 HLT
/DEVICE 1

/0 DESELECTS
/A DEVICE
/SET HALT SWIT

/NXT DEVICE

/CHK DVe
/SELECT WD DVv2
/READY 7

/NC GO TO DV3
/SAVE TYPE
/Call INPUY
/PARAM LIST
/DEVICE 2

/X AX]S SAM
/Y AX1S SAM
/S AM

/FREQ (VAR)
/S AM

/FREQ (FIXED)
/1% BIT BUFFER
/ADDR B%-Bil
/0F Hl ORD
/18 DATA FLD
/12 BIT ADOR
/HITHIN DATA
/FIELD

/0LD

/X AXIS SAM
/LAST

/0ATA ADDR
/HERE TO
/CALL DV3
/HERE TO HLT
/OEVICE 2

/@ DESELECTS
/A DEVICE
/SET HALT SWIT

/SELECT WD DV3
/READY ?

/NO GO TO DEV4
/SAVE TYPE
/CALL INPUT



0472
0473
p474
0475
0476
8477
0500
8501
2502
2503
2504
2505
2506
507
0518
6511
8512
2513
514
2515
2516
8517
2520
6521
2522
2523
524
525
0526
527
2530
2531
8532
0533
8534
8535
2536
8537
2540
541
8542
0543
2544
8545
2546
0547
2550
8551
B552
2553
8554
8555
2256
8557
8560
2561
2562
6563
2564
2565
8566
0567
8570

2431
P42
2433

pa34

435

@436

gas7

G440
2441
D442

pa4a3

G444
7445
24456
Ba47
0459
2451
2452
B4a53

p4s4
@455
paseé

2457

2460

B461

B4a62

2463
0464
p46>

7466

p467
2470
@471
8472
ga73

0113
BLL7
Baoe

eooe

15401

00 oY

veon

woog
hpang
2246

3971

7125
3076
1026
2072
7450
5672
3027
4430

0128
2124
vaoge

veog

©vope

weoe

003

2000
2000
5672

3872

7187
3077
5672
8240
6002

SFRY3,
KSFDV3,
HIDV3,
LODV3,
0SDVs,

ELOBV3,
EHIDV3,

HLTDV3,

ove,

SFDV4,
KSFOV4,

HI1DV4,

LODV4,
0sove,

ELOOVA4,
EHIDVS,

HLTDV4,

EXIT,
Dy

188 XAXDV3
108 YAXDV3
2

@

@

JMP DV4

DCA SELDY3

STL 1AC RAL
DCA HSWIT3
TAD STATUS
AND SELDV4
SNA

JMP 1 EXIT
DCA DVTYP
JMS 1 KINPUT

188 XAxXDvV4
100 YAXDV4
4]

]

2

2

2

g

JMPO T EXIT
DCA SELDV4
CLi TAC RTL
DCA HSW]T4
JMP T EXIT
TIRTN

I0F

/PARAM LIST
/REVICE 3

/X AXIS SAM
£Y AXIS SAM
/EAM

/FREQ (VAR)
/S AM

/FREQ (FIXED)
/15 BIT BUFFER
/ADDR B9=B11
/0F HI ORD
/18 DATA FLD
/12 BIT ADDR
/WITHIN DATA
/FIELD

70L0

/X AXIS SAM
/LABT

/DATA ADDR
/HERE TO
/CALL DV4
/HERE TO HLT
/DEVICE 3

/8 DESELECTS
/A DEVICE
/3ET HALT SWIT

/SELECT WD DV4
/READY ?

/NO EXIT
/SAVE TYPE
/CALL INPYT
/PARAM LIST
/DEVICE 4

/X AX1S SAM
/Y AXIS SAM
/SAM

/FREQ (VAR)
/S AM

/FREQ (FIXED)
/15 BIT BUFFER
/ADDR B9eB11
/0F H1 ORD
/1S DATA FLD
/12 BIT ADDR
/HITHIN DATA
/FIELD

/0LD

/X AX]S SAM
/LAST

/DATA ADDR
/HERE T0
FEXIT

/HERE TO MWLY
/DEVICE 4

/@ DESELECTS
/A DEVICE
/SET HALT SWIT

/D KEY

fend



8571
2572
8573
2574
3575
2576
2577
2620
2601
2602
5603
0604
0605
6606
p6p7
3610
p611
2612
0613
0614
0615
5616
0617
2620
2621
0622
8623
0624
0625
0626
2627
2630
0631
2632
0633
B634
2635
0635
8637
2640
7641
2642
2643
0644
2645
B646
0647
2650
B651
2652
2653
2654
2655
2656
2657
2660
2661
2662
2663
B664
2665
0666
0667

B474

pa7>
2476
G477

goee
a5e1
#5802
253
p504
7505
2286
g587
pole

g511
512
B513
gs14
2515
2516
8517
p52@
8521
ps5ee
@523
p524
p525
p526
gs27
g53u
p531
25352
P33
g534
p535
8556

8537
2540
8541
2542
2543
6544
2545
6546

p600

v6p1
geg2
L6633
pega
peps
g6 76
B6n7
2610

b6l
pe12

6141

goaL
pepe
6815

1740
7040
3749
1749
7640
5312
1543
7410
1844

4505
5713
1283
1737
7040
3737
1737
7640
5324
1341
7410
1342
5311
1103
7640
5312
6002
5745
1193
7647
5312
5746

2040
2266
6613
6624
6635
6646
4023
4409

pE2D

1600
3303
2200
1690
5254
2200
1240
3335

2200
1240

Fe

KEYRTN,
ZX1T,

Fa

S,

W

KFREQ,
KPOL AR
MOTMS,

FRMS,

NORMS,
INVMS,
KSETUPR,
KWRIT.,

INPUT,

LINC

LMODE

AXQ

LIF 2

JMP DIAL
PMOODE

TAD | KPOLAR
CMA

DCA I KPOLAR
TAD | KPOLAR
S£ZA CLA

JMP #3

TAD NORMS
SKP

TAD INVMS

JMS 1 KQUPUT
JMP T et
OPKRTN

TAD 1 KFREO
CMA

DCA 1 KFREO
TAD I KFRED
SZA CLA

JMP  +3

TAD MOTMS
SKP

TAD FRMS
JMP KEYRTN
TAD MODE
SZA CLA

JMP 2XIT
10F

JMP 1 KSETUP
TAD MODE
SZA CLA

JMP EXIT
JMP 1 KWRIT

FREEZE
POLAR
MEMOT
MSFR
MSNOR
MSINV
SETUP
WRIT
#6000

g

TAD 1 INPUT
DCA SAMX
ISZ INPUT
TAD 1 INPUT
DCA SAMY
ISZ INPUT
TAD INPUT
DCA FREQ

[S2 INPUT
TAD INPUT

/START DIAL

/P KEY
/POLARITY WD
/FLIP SPECTRUM

/18 SPECTRUM
/INVERTED 7

/NO NORM MESS
/T0 QUE

/YES INVERT
/MESS TO QUE

/CROSS PAGE
/RTN

/F KEY

/COM FREEZE WD

/1S SPECTRUM
/FROZEN ?

/NQ MOTION
/MESS T0 QUE
/YES FREEZE
/MESS TO QUE
/S KEY

/PLUSE MODE ?
/N0 IGNORE S
/YES CALL QA
/SETUP ROUTS
/W KEY

/PAUSE MODE ?
/N0 IGNQRE W
/YES CALL
FWRITE ROUTS

/GET INPUT FROM
/DEVICE K

/GET PARAMETER
/LIST FROM CALL

/X AXIS SAM

/PTR TO
/SAMPLING FREQ
/LAST COUNT
/(VAR)

/RTR TO



8670
8671
2672
9673
p674
2675
2676
0677
p700
2701
2702
2703
2724
2785
27126
2707
2718
p711
9712
2713
8714
8715
2716
8717
0720
8721
8722
9723
8724
8725
2726
8727
2730
0741
2732
0733
2734
2735
2736
0737
2740
8741
8742
6743
8744
9745
2746
2747
8758
2751
2752
B753
2754
8755
2756
2757
2760
2761
2762
2763
8764
8765
2766

2613

pel14
2615
2616
Del7
620
pezi
po2e
B623
p624
p6es
g626
@627
pe3y
p631
pe32
P68

pes4
P65
2636
0637

pe4d

p641
g642
2643
0644
0645
2646
D647
2650
2651
0652
0653
2654
2655
0656

@657
peéY

veel
662
0663
pees
pe6s

2666
0667
2670
2671
0672
8673
2674
2675
2676
0677
0700
2701

3534

2209
1288
$331
22009
1208
3330
2200
1299
3327
2248
1699
3332
2280
1600
3833
2209

1827
7718
5392
2735

2600

1734
3735
1739
3336
1731
7104
7086
1831
3252
ogg
6141
02g9
ez
3736

6201
1332

1738
7640
2273
7004
1333

1731
7649
5273
22g0
5600
7101
1730
3730
7004
1731
3731
5600

ANARTN,

SAMY,

NFDVK,

DCA KFREQ

152
TAD
DCA
182
TAD
DCA
152
TAD
DCA
182
TaD
DCA
184
TAD
BCA
15%

TAD
SPA
SJMEP
I5%

JMP

TAD
DCA
TAD
DCA
TAD
CLi
RTL
TAD
DCA
2

LIN
]

2

pea

CoF
TAD

TAD
SEA
JMP
RAL
TAD

TAD
SEA
JMP
152
SMP
CLi
TAD
DCa
RAL
TAD
DCA
JMP

INPUT
INPUT
COFVAL
INPUT
INPUT
ADDR
INPUT
INFUT
OLDSaM
INPUT

I

INPUT

ENDLO
INPUT

1

INPUT

ENDHI
INPUT

DYTYP
CLA
ANALOG

7
*

I FREQ
INPUT

HOLD

!

COFVAL

RAL

CoFg
0?1l

I

g

HOLD

ENDLO

1

ADOR

CLA
NFDVHE

ENDHI

I

COFVAL

CLA
NFDYK
INFUT

1
&

INPUT

1AC

{
I

I
I
l

ADDR
ADDR

COFVAL
COFVAL
INPUT

/SaM FREQ
ZAFTXED)
/PTR TO
/BUFFER
/COF BITS
/PTR TO
/BUFFER
/ADDR

/PTR T0 OLDSAM

/PTR TO LAST
/DATA ADDR

/FIRST RTN IS
JJHMP TO DV Kel
A2ND 18 HLT DVK
FANALOG

/O0R ENCODED 7

/READY 70O SAH
/Y AX18 12

/NO GO TO

70V Ked
/RESET FREQG
/FOR NXT PASS

/BUFFER ADDR
/SETUP CDF

fCDF N

/8AM Y AXIS
/PDP

/PUT IN DATA
/BUFFER
/RESTORE FLD @
/DVK 18 FINI
FHHEN CURRENT
/AQOR

/{CDFVAL ,ADDR)

/3TERMINAL ADDR
FLENDHT
JENDLO)

/FINT DV K

/ADY CURRENT
/ADDR

/NORMAL RTN



3767
3778
G771
G772
3773
8774
8775
B776
2777
10082
1801
1g@2
1003
1204
1805
1496
1887
1918
1911
1912
1013
1214
121>
1616
1817
1020
121
1g22
1028
1824
10825
19825
1p27
1239
1031
10882
1933
1834
1035
1836
1237
1040
1741
1642
1243
lg44
1245
1246
1047
1059
1851
152
1053
1054
1855
1656
1857
1060
1861
1862
1063
1064
1865

g702
8703
2704
B705
2706
2707
2710
2711
9712
8713
0714
8715
8716

B717
8729
721
D722
B723%

g724
8725
g726
8727
g7 3@
8741
g732
8733
8734
2745
@736

igee
1021
10082
1883
1284
1885
1086
1807
i1
1211
1812
1013

1814
1815
1016
1817
1229

1921,
1822
1023
1024
1025
1026
1027
1039

1944

6141
woee
sep2
1326
3525
1727
7841
1325
7549
5320
1324
7719
2200

5600
7200
1325
8727
5237

pe2e
2608
10p0
vaoe
00 pp
pRPE
bepp
voeg
oo
voge
veoe

pLeo
10825
765¢
5600
1420
7640
5600
1822
7640
5600
1424
3020

1824
2024
1265
7640
5223

1264
3824
7240
1825
$@25
1428
2p2p
6046

3g22

ANALOG,
SAMX

CHGSAM,

MAXDRP,
NEWSAM,
PLOBG,
OLOSAM,
ADDR,
COFVAL
ENDLG
ENDHI,
KFREQ.,
FREQ,
HOLD,

MESCHK,

LINC

Z

2

TaD PLEOQ
DCA NEWSAM
TAD 1 OLDSAM
Cla

TAD NEWSAM
SMA SZA

JMP CHGSAM
TAD MAXDRP
SPA CLA

ISZ INRUT
JMP T INPUT
CLA

TAD NEWSAM
DCA I OLDSAM
JMP ANARTN

DRFMAX
g
1200

TAD QUECNT
SNA CLA

JMP 1 MESCHK
TAD 1 ADMESS
SZA CLA

JMP 1 MESCHK
TAD TTYFLG
SZA CLA

JMP T MESCHK
TAD 1 QUEQUT
DCA ADMESS

TAD QUEOUT
1SZ QUEOUT
TAD ENGQUE
SZA CLA
JMP 43

TAD STQUE
DCa QUEQUT
STA

TAD QUECNT
DCA QUECNT
TAD ] ADMESS
ISZ ADMESS
TLS

DCA TTYFLG

/SAM X AXIS
/PDP
/MAKE POS

/CHK FOR 1§ BIT
/INCREASE

/X AXIS READY ?

/YES

/CHK FOR

/T00 FAR ?

/YES ADV TO
FHALT RTN

/NQ GO TO DVKet
/UPDATE

/0LDSAM

/NOW CHK Y
FAX]S
FMAX X AX DROP

/TTY CHK
/1S QUE EMPTY 2

/YES XITY

/NQ IS A MESS
/IN PROCESS ?
/YES XIT

/NO IS A CHAR
/IN PROCESS ?
/YES XIT

/NQ NEXT MESS
/TQ BATTERS

/BOX
/ADV QUEOUT TO
/NEXT MESS

/IF AT END OF
/GUE ADV TO GO
/D0 NOT COLLECT
/8200

/BACK UF COUNT

/KICK OFF 187
/CHAR
/INTERRUPTS
/WILL CARRY THE
/BALL FROM HERE
/SET FLAG TTY
/18 BUSY



1066
1867
1879
1871
1872
1273
1874
1875
1876
1677
1100
1191
1182
1103
1104
1185
1106
1187
1110
1111
1412
11413
1114
1115
1116
1117
1128
1121
1122
1123
1124
1125
1126
1127
113@
1131
1132
1133
1134
1435
1136
1137
1149
1141
1142
1143
1144
1145
1146
1147
1158
1151
1152
1153
1154
1155
1156
1157
1160
1161
1162
1163
1164

1932

1833
1034
1035
1036
1037
1840

1841
1842
1043
1044
1045
1046
1847
1050
1851
1052
1853
1054
1955
1856
1857
1068
1061
1062

1063

1064
1065
1066
1067
1070
1871
1072
1973
1074
1875
1876
1077
1100

1181
1182
1183
1194
1185
11@6
1187
1410
1111
1112
1113
1114
1115
1116
1117
1120
1121
1122
1123

5600

2uge
3266
1025
1262
7452
5257

7700
5633
1266
3423
1023
1265
7640
5254
1264
3023
7419
2023
2p25
5633
7200
1263
5244
7755

6676

6373
1362
po0Y
0VeoY
1507
3266
1047
3302
1046
3303
1372
3301
6141

pags
baoe
2000
7163
pe1l
1828
legs
1290
1193
1560
708e
vasg
7124
pe11
3113
12p¢
1193
B459

7137

QURUT,

INMESS,

TBUSBY,

QUEMAX,
BUSYMS,
STQUE,
ENQUE,

OS AVE,
DOMTR,

MTRPLOPR,
TRLOF

TPINST,
TPHORD s

P7K,

JMP 1 MESCHK

2

DCA GSAVE

TAD QUECNT
TAD QUEMAX
SNA

JMP TBUSBY

SHA CLA

JMP 1 QUPUT
TAD QGSBAVE
DCA 1 QUEIN
TAD QUEIN
TaD ENQUE
SEA CLA

P v d

TAD BTQUE
DCA QUEIN
SKP

152 QUEIN
188 QUECHNT
JMP T QURUT
CLA

TAD BUSYME
JMP O TNMESS

STRAUE=ENDQUE

MEBUSY

STRAUE
~ENDQUE
@

8

TAD | KBLKOT

DCA GSAVE
TAD ARGH!
DCA TPINST
TAD ARGLO
DCA TPHWORD
TAD LDFSTR
DCA TRLDF
LINC

LMODE

g

o

g

JMP TPHALT
CLR

LDA 1

1081

L AM

TPWORD

BCL ¢

7000

AZE

JMP GOODY
CLR

ADD P7K
LAM

TPWORD

AZE

JMP BYMBLK

JINPUT MESBS

/70 QUE

/SAVE ADDR

JCHK FOR QUE
FEULL

/L BLOT LEFT 2
/YES INPUT BUSY
/MESS

AFULL 7

/YES INHIBIT MS
/ND INPUT MESS
/70 QUE

/18 QUEIN AT
/G0 7

AYES COLLECT
/5288

/ADY PTR
/ADY COUNT

JPUT BUSY
AMEBS IN GUE

/=MAX NUM OF
/MEBSHL

/ADDR OF BUSY
FMESS

/WRITE TAPE
/eNUM TO DO

/LDF N
JMTP INST
FMBLENTBLK

ALINK BIY
FADV TBLK, MBLK

/TBLK WRARP 7
SND

ALK

/BU MBLK

/END OF DF ¢
/NQ



1165
1166
1167
1178
1171
1172
1173
1174
1175
1176
1177
12080
1281
1282
1283
1244
1225
1z2e6
1287
1218
1211
1212
1213
1214
1215
1216
1217
1220
1221
1222
1223
1224
1225
1226
1227
1238
1231
1232
1433
1234
1235

1236

1237
1240
1241
1242
1243
1244
1245
1246
1247
1258
12%1
1252
1253
1254
1255
1256
1257
1260
1261
1262
1269

1124

1125
1126
1127
1150
1131
1142
1133
1134
1135
1136
1137

1140
1141
1142

1143
1144
1145
1146
1147
1150
1151
1152
1153
1154
1155
1156
1157
1168
1161

1162
1163

1164
1165

1166
1167
1179
1171

1172

1200
1201
1242
1223
1284
1285
1226
1287
1218
1211
1212
1213
1214
1215
1216

2472

7137
1008
1183
1628
4060
5183
3161
1129
2891
5101
gepe2

2266
5300
6141

1020
11p2
1560
7767
11280
8787
5152
poge
273
7163
pop4
102¢
PO1B
poo1
peg2

5667
pep2

4465
6141

p2pe
B416
7163
6080

0643

200
1821
7450
5608
3265
5021
1223
3224
1624
7041
1265
2224
7650
5220
2224

GoOoY,

BYMBLK,

TPHAIT,

LOFSTR,
KEYBRD,

OPKRTN.,

CHRLOP,

LZE |

JMP BYMBLK
LDA

TPWORD

BSE 1

apga

STC TPWORD
ADD TRLOF
ADA I

1

STC TPLOF
POP

PMODE

ISZ QSAVE
JMP MTPLOP
LINC

LMODE

LDA

TPINST

BCL I

7767

ADA ]

CHK

STC ,+1

2

278

JMP TRWAILIT
ESF

LDA I
EXTMTP

AXC

PDP

PMQODE

JMP I DOMTP
LMODE

POP

PMODE

JMS 1 KIDLE
LINC

LMODE

DJUR

STD

JMP TPWALT
JMP B
PMODE
FIRLDF
PAGE

2

TAD KBDBUF
SNA

JMP 1 KEYBRD

DCA CHAR

DCA KBDBUF
TAD CHRTAB
DCA CHRPTR

TAD 1 CHRPTR

Cla

TAD CHAR
ISZ CHRPTR
SNA CLA
JMP MATCH
ISZ CHRPTR

/MBLK WRAP
/ARQUND 7
/NO

/YES RESET
/MBLK

/ADV LOF

/DONE ?
/NO

/U BIT

/STOP TAPE

/AND CLR XOB
/U BITS

/KEYBOARD SR
/GOT A CHAR ?

/NO XIT

/SAVE

/CLR BUF

/START OF TABLE

/SEARCH FOR
/MATCH

/ADV PAST JMP

/ADV TO NXT CHR



1264
1265
1266
1267
1274
1271
1272
1273
1274
1275
1276
1277
1300
1301
1802
1303
1304
1325
1306
1387
1310
1311
1312
1313
1314
1315
1316
1317
1320
1321
1322
1323
1324
1325
1326
1327
1338
1331
1332
1333
1334
1335
1336
1337
1349
1341
1342
1343
1344
1345
1346
1347
1350
1351
1352
1353
1354
1355
1356
1357
1360
1364,
1362

1217
1228
1221
1222
1223
1224

1225
1226
1227
1238
1231
1232
1233
1234
1239
1236
1237
1248
1241
1242
1243
1244
1245
1246
1247
1258
1251
1252

1253
1254
125%
1256
1257
1264
1261
1262
1263
1264
1265
1266
1267
1278
1271
1272
1273

1274

1275
1276

1277

1384

5218
1624
3222
aeay
1225
2oag

2304
5671
9210
5274
83180
5311
2320
5667
2306
5670
2307
5315
9323
5672
9327
5673
2303
5342
2315
5347
2314
5354

Be6d
5321
pa261
5321
p262
5321
p263
5321
p264
5821
nepe
2602
Bo00
8514
2473
8526
w533

1193

7650
5600

3103

6134

JMF O CHRLOP

MATCOH, TaAD | CHRPTR FULOAD A UMP
nca el /SERVE YI1A
2 FJWMPOINST

CHRTAB, HBDTAR

CHARPTR, ¢

ZRKEYBOARD LOOKUP TABLE FORMAT 153
ZLOCA, ASCI!I CODE OF DEFINED CHAR
ALOCA#L, JMP TO ROUT FOR CHAR

/THE LOC CHAR I5 IN TABLE B0 IF NONE
JMATCH THE DEFAULT CASE 18 JMP ] KEYBRD

KBDTAB, 304 /D
JMP T KD /START DIAL
218 JUNTRLAH
JMEOOTRUH AHLT ALL DVS
310 /H
JMP M FHALT
322 /P
JMP T KP FPOLARITY
306 /¥
JMP L RF /FREEZE
387 /G
JMF G /GO
323 /5
JMP T KS /SETUPR
327 /Y
JMP 1KY FURITE TAPE
383 /G
JMP T FCALL CATACAL
315 /M
JHP M JUAMLL MAGSPY
314 AR
JMP L /CaLL LOADER

ANUMERIC ARGS
/FOR H AND 6

268 /8
JMFP O ONUM
261 /1
JHMPONUM
262
JMPONUM
263
JMPONUH
264
JUMPONUM
CHAR, 2 JDEFAULT CASBE
JMP 1 KEYBRD
KP P
K, F
KD D
KS, 3
KW W
CTRLH KEY
CTRLH, TAD MODE /70 FOR PAUSE
F27777 FOR AND
SNA CLA FPAUSE MODE 7
MP 1 KEYBHRD /YES 1GNORE
FCTRLH
DCA MODE /SET MQDE TO
JPAUBE
CLEN /DI8ABLE ALL
/CLOCK

/INTERRURTS



1363
1364
1365
13466
1367
1375
1571
1372
1373
1374
147>
1376
1377
1400
1401
1402
14083
1404
140>
1406
1407
1410
1411
1412
1413
1414
1415
1416
1417
1420
1421
1422
142
1424
1425
1426
1427
1439
1431
1432
1433
1434
1435
1436
1437
1440
1441
1442
1443
1444
1445
1446
1447
1458
1451
1452
1453
1454
1455
1456
1457
1460
1461

1521
1362
1323
1384
1385
13146
1587
1312

1311
1312
1313
1314
131%
1316
1317
1820
1321
1322
1323
1324
1325
1326
1327
1330
1381
1332
1333
1334
133>
1536
1337
1348
1341
1342
1343
1344
1345
1346
1347
1350
1351
135¢
1353
1354
1355
1356
1357
15860

1361
1362

1363
1364
1365
1366
1367
1378

3066
3067
3078
3871
3872
1363
4505
2600

7042
3364
3365
5600
7040
3365
5364
56 30
1265
0367
5104
1104
1036
7708
5600
1364
7650
5535
3364
5766
1365
7650
5600
3365
5778
1103
7640
5600
6141

7517

1193
7640
5600
6141
7522
1193
7640
5600
62@2
6141

0602
6454

6661

2229

peoo
l4guy
@17
1411

Ho

G,

NUM,

C»

My

Ly

HLTALL:.
HSWIT,
GSWIT,
KHALT,
PPL17,
KGO,

DCA SELDVE
DCA SELDVY
DCA SELDVZ
OCA SELDV3
OCA SELDVA4
TAD HLTALL
JMS 1 KQUPUT
JMPF 1 KEYBRD

CMA

DCA HWSWIT
DCA GSWIT
JMP 1 KEYBRD
CMA

DCA GSWT
DCA HSHIT
JMP 1 KEYBRD
TAD CHAR

AND PP1L7

DCA TEMP

TAD TEMP

TAD DEVNUM
SMA CLA

JMP I KEYBRD
TAD HSWIT
SNA CLA

JMP ,+3

DCA HSWIT
JMP T KHALT
TAD GSWIT
SNA CLA

JMP 1 KEYBROD
DCA GSWIT
JMP I KGO
TAD MQODE

SZA CLA

JMP T KEYBRD
LINC
6BBD+«CATA
TAD MODE

SZa CLA

JMP | KEYBRD
LINC

6000 +MAG

TAD MODE

SZA CLA

JMP 1 KEYBRO
10F

LINC

LMCDE

LIF 2

JMP LOAD
PMODE

ALLHLT

@

@

HALT

17

GO

/DESELECT
/ALL DEVICES

/PUT MESS
/IN QUE

/H AND G SET A
/SWITCH TO WAIY
/FOR A 2ND CHAR
/SET FOR 2ND
/H AND G CANNOT
/BOTH BE SET

/SET FOR 2ND

/NUM KEY
/STRIP ASCII

/CHK FOR
/UNDEF INED
/DEV NUM
/FILLEGAL XIT
/1S 2ND ARG
/FOR H 7

/NQ CHK G

/YES CLR SWIT
/G0 TO HALT SR
/18 1T G ?

/N0 XIT

/YES CLR SWITY
/GO TO GO SR
/C KEY

/PAUSE MODE ?
/NO IGNORE C
/YES LOAD
/CATACAL

/M KEY

/PAUSE MODE 7
/NO IGNORE M
/YES LOAD
/MAGSPY

/. KEY

/PAUSE MODE 7
/NO XIT

/YES GET PROG
/NAME TO BE
/.OADED

/HERE 70O HALT
/A DEVICE



1462
1463
1464
1465
1466
1467
1479
1471
1472
1473
1474
1475
1476
1477
1590
15081
1502
1503
1524
1505
1506
1587
1510
1511
1512
1513
1514
1515
1516
1517
1520
1521
1522
1523
1524
1525
1526
1527
1530
1531
1532
1533
1534
1535
1536
1537
1540
1541
1542
1543
1544
1545
1546
1547
1550
1551
1552
1553
1554
1555
1956
1557
1560

1409

14¢1

1492
1483
1404
1485

14006

1487
141¢
1411
1412
1413
1414
1415
1416

1417
1429
1421
1422
1423
14¢4
1425
1426
1427
1434
1441
1432
1433
1434
1435
1436

1437
1440
1441
1442
1449
1444
1445
1446
1447

1450

1451
1452
1453
1454
1455
1456
1457
1469

1194

1199

3306
1786
7650
57@5

3706

4531
5785
11024
liee
3396
17g6
7649
57¢5

45@2
1104
1387
3311
1710
3518
11p4
1312
3311
1711
3311
7146
11g4
7740
7187
1513

11024
3264
1104
1316
3ig4
7040
3504
1314
3104

60@2

1711
3306
1712
3706
2310
2311
2104
5251

HALT,

GO,

GOLQP,

PAGE
TAD

TAD

DCA
TAD
SNA
JMP

DCA

JHB
JMP
TAD
TAD
DCA
TAD
SZA
JMP

JMS
TAD
TAD
DCA
TAD
DCA
TAD
TAD
DCA
TAD
oca
CLL
TAD
SMA
CLL
TAD

TAD
DCA
TAD
TAD
DCA
CMA
DCA
TAD
pca

I0F

TAD
DCA
TAD
DCA
18%
[SZ
[SZ
JMP

TEMP

SELFPTR

ATEMP

I ATEMP
CLA

I KEYX]T

T ATEMP

I KHLTMS
I KEYXIT
TEMP
SELPTR
ATEMP

] ATEMP
CLA

I KEYXIT

I KGOMS
TEMP
TIVAL
FROM

I FROM
FROM
TEMP
TIADR
10

[ 70

T0

CMA RTL
TEMP
SZA CLA
IAC RTL
ASAM

TEMP
INISAM
TEMP
HLTPTR
TEMP

1 TEMP
M5
TEMP

170
ATEMP

] FROM
1 ATEMP
FROM

T0

TEMP
GOLOP

/HOLDS DV NUM
/70 BE HALTED
/PTR TO 18T
/SELECT WORD
/THEY OCCUR
/SEQUENTIALLY

/13 DEVICE
/HALTED 2
/YES IGNORE
/HALT COMMAND
/8 T@ SELECT
/WORD

JPUT HALT
/MESS IN QUE

/START A DEVICE
/GET ADDR OF
/SELECT WORD
/18 THE DV IN
/AND MODE ?
/YES IGNORE
/GO COMMAND
/PUT GO MESS
/IN QUE

/GET ADDR OF
/0V GO VALUES

/GET PTR TO
/WHERE THEY
/G0

/=3

/RELATIVE 70O
/SAM 10 ?

/7(4) NO SAM 28
/AC=SAM 12 OR
/SAM 14

/SETUP 1ST SAM

JCLR HLT SMWIT

/TRANSFER 5
/VALUES FROM
/TABLE
/INTERUPTS OFF
JUNTIL DV IS
/SELECTED
/GET AN ADDR
/SAVE

FGET A VALUE
/STORE

/ADY PTRS

/DONE 5 ?



1561
1562
15634
1564
1565
1566
1567
1578
1571
1572
1573
1574
1575
1576
1577
1688
1601
1602
16¢3
1604
1685
1686
1687
1610
1611
1612
1613
1614
1615
1616
1617
1620
1621
1622
1623
1624
1625
1626
1627
1630
1631
1632
1633
1634
1635
1636
1637
16489
1641
1642
1643
1644
1645
1646
1647
1658
1651
1652
1653
1654
1655
1656
1657

1461
1462
14695
1464
1465
1466
1467

1470
1471

1472
14738
1474
1475
1476
1477
1500
1501
1502
1503
1504
1505
1506
1507
1510
1511
1512
1513
1514
1515
1516

1517
1520
1521
i522
1523
1524
1545
1526
1527
1539
1531
1532
1583
1534
1535
1536
15487
1540
1541
1542
1543
1544
1545
1546
1547
1559
1551

1711
$306
6141
LY,
pep2
1315
3766

1g62
6134

7200
1103
7710
5300
1304
45p5
7240
3183
6001
57085
6712
1203
0000
6361
L
2200
6366
8110
7773
1000
BB73

1020
1575
7550
1020
1602
7550
0642
2263
5607
Bo64
2524
1324
V47p
ee17
1420
7400
7542
1363
7532
1324
1560
7770
1063
1828
1607
4pp4
6502

INISAM,

ADMS,
KEYXIT,
ATEMP,
TIVAL,
FROM,
T0,
TI1ADR,
ASAM,
M5,
PL1BOR,
HLTRTR,

CATA,

MAG,

KLQAD,

LODLOP,

GETU,

LOADER,

TAD I TO
DCA ATEMP
LINC

@

2

TAD PLiOGE
DCA ] ATEMP

TAD KCLEN
CLEN

CLA

TAD MODE
SPA CLA

JMP 43

TAD ADMS
JMS 1 KQUPUT
STA

DCA MQODE
ION

JMP T KEYXITY
MSAD

OPKRTN

1]

VALTAB

2

]

ADRTAB

p11@

-5

1029

HSWITB
LMODE

L0A
CATPTR=1
JMP LOADER
L0A ]
MAGPTRe=1
JMP LOADER
LOF 2

SET 1 BETAL
LODPTR=HBIT
SET 1 BETA2
ANSWER+2008
LDH 1 BETAZ
AZE I

COM

SHO I
QAEOLL

JMP GETU
STH | BETAL
JMP L ODLOP
LOH 1 BETAZ
BCL 1

7778

STA | BETAL
LDA I
LODOPTRe1
STC BETAZ
108

/GEY ADDR OF
/0LDSAM

/SAM X AXIS
/PpP

IMAK +

/STORE INITIAL
/SAM

/ENABLE ALL
/CLOCK
/INTERUPTS

/SET AND MODE
/0V IS READY

/SAM 1@

/LOAD CATACAL

/LOAD MAGSPY

/LOAD PRGM X
/GET NAME FROM
/QANDA ANS BUF

/FROM QA
/SET © T0 77

/END OF NAME
/YES GET UNIT
/T0 LOD TABLE

ZUNIT WD

/PUT PROG AND
ZUNIT IN E6
/TABLE FOR
/LOADER

/ARG IS IN AC



1662
1661
1662
1663
1664
1665
1666
1667
1678
1671
1672
1673
1674
1675
1676
1677
1708
1701
1722
1703
1734
1785
1726
17@7
1719
1711
1712
1713
1714
1715
1716
1717
1729
1721
1722
1723
1724
1725
1726
1727
1739
1731
1732
1733
1734
1735
1736
1737
1746
1741
1742
1743
1744
1745
1746
1747
1758
1751
1752
1753
1754
1755
1756

1552
1503
1554
1555
1556
1557
15682
1561
1564
1563
1564
1565
1566
1567
1578
1571
1572
1573
1574
157%
1576
1577
16006
16€1
1682
1683
1604
1625
1686
1617
1612
1611
1612
1613
1614

1615
1616
1617
1620

1621
1622
1623
1624
1625
1626
1627
1638
1631
1632
16353
1634
16355
1636

1637
1649
1641
1642

6002
pag1
oap4
2641
B720
4314
0p63
2372
pees
7772
1024
1263
B225
7564
p642
@728
4354
641
peg?2
6020
2321
2401
2391
1477
2020
1581
@723
2031
7777
Pogv
2008
pegn
veag
Deoe
peee

wagy
7200
1268
3661

3262
4443
5253
5232
1262
7106
7084
3262
5222
4463
5253
7208
7118
6141

1129
©waLe
2091
poge

CATPTR,

MAGPTR,

LODPTR,

TPARGS,

TPLOP,

DUNBLK.,

6082

AXD

ESF

LOF 1

ROC 1

4\314

SET [ BETAL
2372

SET I BETA3
w5
LOA
STA
XSK
JMP
LOF
RDC
4\354
LDF 1
LIF 2
JMP 20
P33l
2401
p301
1477

2

1501
2723
20831
7777

2

BETAZ2
BETAL
BETA3

et PN e s 3
i
(o}

2
2
@
2
@
P

MODE

@

CLA

TAD M1

DCA 1 KUPLIM

DCA TBLK
JMS 1 KDIG
JMP ANONO
JMP DUNBLK
TAD TBLK
RTL CLL
RAL

DCA TBLK
JMP TRPLOP
JMS I KDIG
JMP ANONO
CLA

CLL RAR
LINC

LMODE

ADA 1
EXTMTP

AXQO

POP

PMODE

/10F
/CLR X0B

/01AL GRD TAB

/E6 TABLE FOR
/L.OADER

/NAME AND UNIT
/TAKE 5 WORDS

/00NE 7
/NQ

/GET DIAL
/L.CABER

/G0 LOADER
/CA

/TA

/CA

/L 77
/UNTT

/MA

/GS

/PY

ZUNIT

/N

/A

/M

/E

JUNIT

/HERE TO SETUP
/READ WRITE SR
/GET MTP ARGS
/FROM GANDA
/SET DIGCHK
/T0 ACCEPT
/QCTAL INPUT
/ONLY

/CLR TBLK

/GET 4 DIGIT
/INPUT ERRQOR
/FIND TBLK
/UPDATE

/TBLK

/GET UNIT

/INPUT ERROR
/ONLY 1 ARG
/SET U BITS

ZEXT U BITS
/70 X0B

/NOW PUT [OW
/0RD U BIT



1757
1768
1761
1762
1763
1764
1765%
1766
1767
1778
1771
1772
1773
1774
1778
1776
1777
20008
2881
2002
2083
2004
2885
2006
2007
2010
2011
2012
28013
2014
2015
2016
2017
2028
2621
2022
2023
2024
2025
2826
2027
28030
2031
2882
2233
2P 34
2835
2836
2837
2040
2041
2042
2043
2044
204
2046
2047
2858
2051
2852
2053
2054
2055

=

1643
1644
1645
1646
1647
1652
1651
1652
1653
1654
1655
1656
1657
1660
1661
1662
1663

1664
166>
1666
1667
1678
1671
1672
1679
1674

1675
1676
1677
1728
1781
1742
1723
1724
1745
1726
1727
1718

1711
1712
1713
1714
171%
1716
1717
17209
1721
1722
1723
1724
1729
1726
1727
1738
1731
17382
1733
17354
1735

7206
78p6
3263
1262
7112
7018
3262
2215
7208
1257
3661
5615
7765
7767
4506
2003
pope

4215
5737
1262
1344
3277
1263
1341
3276
6141

B643
00pe
gogw
2416
7720
122¢
2820
poo4
1020
eo1e
2801
Pag2

7228
1342
3852
1349
3010
1234
3011
1411
3410
2852
53208
1510
7582
2737
7041
1061
7740
5737
4745
1511
5736

ANONG

MM1Z,
M18,
KUPLIM,
TBLK,
UNIT,

DORDC,

TPROC,
ROCHWD,

CLA RTL

RTL

DCA UNIT

TAD TBLK

RTR CLL

RAR

DCA TBLK

152 TPARGS
CLA

TAD MM12

DCA 1 KUPLIM
JMP 1 TPARGS
-13

e11

UPLIM

2

¢

JMS TPARGS
JMP 1 KRDERR
TAD TBLK

TAD RMBLK
DCA RDCWD
TAD UNIT

TAD ANRDC
DCA TPRDC
LINC

LMGDE

LDF 3

4

2

STD

JMP o"l

LOA ]

2@

ESF

LOA 1

EXTMTP

AXQ

PDP

PMODE

CLA

TAD RDLEN
DCA CNTR

TAD KFIRST
DCA INIPTR
TAD MINADR
DCA ADPTR
TAD I ADPTR
OCA I INIPTR
1SZ CNTR

JMP (=3

TAD 1 KLAST
SMA

JMP 1 KRDERR
ClA

TAD MAXDVN
SMA SZA CLA
JMP I KRDERR
JMS 1 KFRESH
TAD 1 KLAST
JMP T+

/IN BIT 8
/0F UNIT WORD

/P0S T0 ¢ BITS

/ADV PAST
/ERRQR RN
/FIX UP
/01GCHK

/=12 15 COM
/=10 1S COM

/HERE Y0 READ
/PARAM INPUT
/GET TBLK, UNIT
/INPUT ERROR

/RDC (U}
/MBLK\TBLK

/1/0 PRESET

/SET
/NQO PAUSE

/LENGTH OF INITY
/TABLE
/START OF TABLE

/INPUT STARTS
/BEG QF BUFFER

/DONE 7

/CHK FOR FATAL

/ERROR WRONG
/TBLK AND TOO
/MANY DEVS
/ILLEGAL TBLK
/CLR BUFFER
/=NUM OF DEVS
/G0 TO QADUN



2056
2057
2060
2061
2062
2063
2064
2265
2266
2067
2278
2071
2072
2073
2874
2075
2076
2877
2102
2101
2102
2103
2124
2165
2106
2187
21142
2111
2112
2113
2114
21185
2116
2117
212¢
2121
2122
2123
2124
2125
2126
2127
2138
2131
2132
2133
2134
2135
2136
2147
2149
2141
2142
2143
2144
2145
2146
2147
2159
2151
2152
2153
2154

1736
1787
1742
1741
1742
1743
1744
1745
1746
1747
1750
1751
1752

1754
1754
175%
1726
1757
1760
1761
1762
1763%
1764
1765

0217
ep2g

pp2l
gp2e
e@23

po24
0p25

guze

2027
20358
2031

bp3e
00353
Pe34

2235
po3é

33815
4343
6900
P700
7634
4009
6002
$280
4215
5764
1262
1343
346

1263
1362
3047
4763
6001
4465
5360
@726
1067
4400
2009

podw
Goawn

6141
2460
61452
2104
B341
Qg2

1366
7@41
6141

4351
@a77
6777

210
0344

KRDERR,
KFIRST,
ANRDC,
ROLEN,
WMBLK,
RMBLK,
KFRESH,
DOWRC,

AWRT,
KDOMTP,
KWRERR
AAASE,

STRRDE
READ=1
FIRST=1

798
FIRST=LAST-1
WRMBLK
ROMBLK

FRSTR

JMS TPARGS
JMP [ KWRERR
TAD TBLK

TAD WMBLK
DCA ARGLO

TAD UNIT
TAD AWRI
OCA ARGH]I
JMS I KDOMTP
10N

JMS 1 KIDLE
JMP L, =1

726

DOMTP

WRIT

@

/DISPLAY ROUTINES

/MOVING WINDOW,
/X~Y DECIMAL READ QUT

/HELP FRAME

XCORD
IDLE.

SCPFLD=202@0
LMODE
SEGMNT 1
#17

2

@

6141
SNS 1 @
JMP DSCHLP

SAM 4
SCR 1

POP
PMODE
TAD P4g1
ClA

LINC
LMODE

CURSOR

/ROUT

/GET TBLK, UNIT
/INPUT ERROR

/ARG1 FOR
/SR DOMTP

/ARG2 FOR
/DOMTP
/WRITE N BLKS

/WRI 1

/=SCPFLD/200@

/01S REGISTER
/1DLE LOOP
/SCOPE, KEYBRD
/TTY

/LINC

/1 OF 2 DISPS
/HELP FRAME
/DATA BUFFER
/CURSOR KNOB
/9 BITS COVERS
/ALL X VALUES
/MAKE +

/WHEN CURCNT
/GOES T0 @
/D1S CURSOR

STC CURCNT=SCPFLD

SET I XCORD
21000

SAM @
SCR 4

/INIT X COORD
/=1

/WINDOW KNOB
/HI ORD 6 BITS
/DET MOTION +
/1S FWD =18 BWD
/APPEARANCE OF
/MOTION 1S
/GIVEN BY
/VARYING THE
/INITIAL ADOR



215%
2196
2157
21648
2161
2léz
2163
2164
2165
2166
2167
2178
2171
2172
2173
2174
2175
2176
2177
2228
2201
2202
2283
2204
2285
2206
2287
2219
2211
£212
2218
2214
241%
2216
2217
2228
2221
2222
2223
2224
222%
2226
2227
223@
2231
2232
2233
2234
2235
2236
2237
2240
2241
2242
2243
2244
2245
2246
2247
2259
2251
2252
2253

2o 37
op4d

ae4l
poaz

2843
2244
2045
2046
2847
2059
2051

pase

pao s
pR54
@55
2056
2057
geew
gooél
pRe2
BB6s
2064
2265
ge6od
zoe7
Q078
271
geg72
2273
pe74
Qe7s
g276
@g77
e128
p1el
2102
plv3
pio4
2185
giee
217
pL1e
2111
@112
2113
2114
2115
2116
gi17
21208
g121
p122
g123
2124
2125
pLZ26

1o20
7777

6259
6200

4647
4651
4650
5620
1208
1289
3187

064z

2a77
5614
2076
1537
2075
1556
1836
4737
1035
4001
1337
1428
2680
6114
2011
2004
1317
2467
1337
1420
4300
6061
1428
7708
6163
1420
3600
6111
6732
6075
1835
401
6075
1220
0200
0e04
0217
2261
6075
0642
Bo11
B4
2166
4737

FREEZE,

SCPRTN,

KKEY,
KMES
KSKWI,

DSCRLP,

LNNXT,

CHRNXT,

SETHC,

SETFUL,

DSCXY.,

SRO 1
7777

/7777 MEANS
/FREEZE WINDOW

JMP GODIS=SCPFLD=1
JMP SETMOT=SCPFLD

PMODE

JMS
JMS
JMS
JMP ]

KEYBRD
MESCHK
CHKSWI
L. MODE

KKEY
KSWI
KMES
IDLE

Bt ot e

LOF 2

SET I MSPTR
HLPTAB=HBIT
SET I VCPTR
VCTAB=1

SET | HCPTR
HCTAB=1

LDA [ VCPTR
STC VCOORD
LBA | HCPTR
STC 1

LOH 1 MSPTR
SHD 1

FUuLl

JMP SETFUL
CLR
ESF
LOH
SKP
LOH I MSPTR

SHO 1

CR1

JMPOLNNXT

SHD !

ENDWD1

JMP SCPXIT

SHD 1

CHGHC

JMP SETHC

JMP DOSCCHR

JMP CHRNXT

LDA I HCPIR

STC 1

JMP CHRNXT

LDA 1

208

ESF

COM

ROL I 1

JMP CHRNXT

LOF 2

CLR

ESF

ADD P4@1=SCPFLD
STC VCOORD

MSPTR

/HERE WHEN
/SCOPE FINI
/KEYBOARD
/INTERNAL HLT
ITTY

/0SC HELP
/SEE HLPTAB
/FOR FORMAT
/GRID TABLE
/IN LDF 2

/TO DIAL
/ENCODED MESS
/TABLE OF
/VERT COORDS
/TABLE OF
/HORI# COORODS

/18T CHAR OF LN
/1S LN FULL
/S1ZE CHARS 1
/YES

/L=0 FOR HAF
/SET HAF SIZE
/RESTORE CHAR

/END OF [N ?
/YES

/END OF
/MESSAGE 7
/YES

/RESET

/HORIZ COORD ?
/YES

/SET FULL SIZE

/L=1 FOR FULL

/DSC: Xzewese
/ Y:a:-
/HALF SIZE



2254
2255
2256
2257
2260
2261
2262
2263
2264
2265
2266
2267
2278
2271
2272
2273
2274
2275
2276
2277
23908
2381
2502
2303
2304
235085
2506
2307
2318
23511
2312
2313
2314
2315
23516
2317
2320
2321
2322
2323
2324
2325
2326
2327
2330
23381
2332
2333
2334
23355
23836
2337
2540
2341
23542
2343
2344
2345
2346
2347
2358
2351
2352

p1e7
0130
2131
2132
2133
2134
2135
8136
@137
g14¢
2141
w142
P143
2144
2145
2146
g147
21>0
g151
pi1ve
#9153
p154
R1L5v
@156
157
0162
2161
prez
2163

2164
2165
2166

2249
2201
2202
2283
2204
22085
2206
2207
2218
2211
2212
2213
2214
2215
2216
2217
2220
2221
2222
2223
2224
2225
2226
2227
2230
2231
2232

Bv77
5526
187¢
7757
1149
w737
2861
wooe
1337
142¢
4308
6145
6732
6137
13837
1420
6000
6145
2467
1337
1420
4300
6131
1420
7784
6163
6732
6152
2292

7300
5243
p4ag1

0002
7100
7518
5224
1346
5346
7084
1347
3347
1347
7041
1232
7700
5251
1033
3347
1834
1346
3346
5251
1346
3346
7430
5233
7240
1347
3347

NXTLN,

INICHR,

NXTCHR,

SCPXIT,

P4ap1,

SETMOT,

BWDMOT,

SET [ MSPTR
DCODEX-HBIT
LDA ]

=20

ADM

VCOORD

SET 1 1
XYHC

LDH 1 MSPTR
SHD I

CR1

JMP .+ 3

JMP OSCCHR
JMP O INICHR
LDH I MSPTR
SHD 1

6020

JMP =3

SKP

LOH I MSPTR
SHD 1

CR1
JMPONXTLN
SHD 1
ENDWD1

JMP SCPXIT
JMP DSCCHR
JMP NXTCHR
PDP

PMODE

CLA CLL

JMP SCPRTN
401
#SCPFLD+220

CLL

SPA

JMP BWOMOT
TAD BUFLO
DCA BUFLO
RAL

TAD BUFHI
DCA BUFHI
TAD BUFHI
CIA

TAD MAXCDF
SMA CLA
JMP GODIS
TAD MINCDF
DCA BUFHI
TAD MINADR
TAD BUFLO
DCA BUFLO
JMP GODIS
TAD BUFLO
DCA BUFLO
SZL

JMP CHKADR
STA

TAD BUFHI
DCA BUFHI

/0TAL ENCODED
/MESS

/INIT CHARS

/EOL 7
/YES

/00 NOT DSC
/LEADING @8

JEOL 7
/YES

/END OF MESS ?
/YES

/RTN

/GET INIT BUF
/ADDR FOR DISP
/DELTA X IN AC
/PDP

/FWD OR BWD ?

/UPDATE 15 BIT
/ADDR

/CHK FOR HI
/END WRAP

/ ARQUND

/0K ?

/YES

/RESET LO END

/NEW ADDR IS
/REL TO MINADR

/BU ADDR

/UNDER FLOW ?
/NO

/YES BU CDF
/BITS
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2233
2234
2235
2256

2237
2240
2241
2242
2243
2244
2245

2246
2247
2250

2251
2252
2253
2254
2255
2256
2257
2260
2261
2262
2263

0264

0265
g266
pee7
pe7@
@271

2272

2278
2274
2275
2276
2277
2308
23d1
24p2

2383
2304
2365
2306
2587
2318
2311
2312
2313
2314
2315
2316
2317
2320

1633
7841
1847
7740

5251
1834
741
1846
7588
5251
5346

1232
3347
2oe2

7300
1346
3854
1347
3060
4329
1350
3053
72008
1454
6141

B341

1528
geee
2017
8177
gegz2

2351

7410
5752
2054
7410
5303
2053
5261
5753

7208
2060
1060
7841
1632
7708
5316
1834
3054
1833
3gee
4320
53p@
Dogo

CHKADR .

GODIS,

NXTPNT,

POLAR,

CURRTN,

FWDORTN.,

FWDCDF,

BYWRAP,

SETCDF .,

TAD
ClaA
TAD
SMA

JHMP
TAD
ClA
TAD
SMA
JMP
0CA

TAD
DCA
2

CLA
TAD
Dca
TAD
DCA
JMS
TAD
DCA
CLA
TAD
LINC
LMOD
SCR

SRO
2
COM
DIS
PDP
PMOD
[SZ

SKP
JMP
152
SKP
JMP
182
JMP
JMP

CLA
182
TAD
Cla
TAD
SMA
JMP
TAD
DCA
TAD
Dca
JMS
JMP
2

MINCDF

BUFHI
SZA CLA

G00IS
MINADR

BUFLO

GODIS
BUFLO

MAXCODF
BUFHI

CLL
BUFLO
BUFPTR
BUFHI
CURCODF
SETCODF
M1@80
BCNTR

[ BUFPTR

£
1

I

I XCORD

£
CURCNT

I KCUR
BUFPTR

FWDCODF
BCNTR
NXTPNT
I KXYGET

CURCDF
CURCDF

MAXCDF
CLA

BYWRAP
MINADR
BUFPTR
MINCDF
CURCODF
SETCOF
FWDRTN

/CDF BITS AT
/LOW END 7
/NG

/ADDR BITS
/0K 7

/YES

/CORRECT ADDR
/1S IN AC
/SET CDF BITS
/BWD WRAP
/SOMETIMES HERE
/IN LMODE (PDP)

/SET BUFPTR
/TO INIT ADDR
/SET CDF BITS

/SET DATA FLD
/SET FOR
/312 POINTS

/SCP MAX IS 9
/BITS

/7777 INVERTS
/SPECTRUM

/READY T0 DIS
/CURSOR
/NO

/CHNG FLDS ?
/NO

/512 PNTS 2
/NO

/YES GET
/X~Y COOQORDS
/ADV CDF

/HRAP AROUND ?
/NO

/SET CODF REL
/TO CURCDF



2452
2453
2454
2455
2456
2457
2460
2461
2462
2463
2464
2465
2466
2467
2470
2471
2472
2473
2474
2475
2476
2477
2508
2501
2082
2523
2504
2585
2506
2587
2514
2511
2512
2513
2514
2515
2516
2517
2528
2521
2b22
2523
2524
2525
2526
2527
2539
2531
2532
2533
2534
25355
2536
2537
2540
2541
2542
2543
2544
2545
2546
2547
2550

2821
2322
2329
2324
2325
2326
2327

2330
2381
2332
2333
2334
2335
2336
2337
2348
2341
2342
2549
2344
2345
2346
2347
2350
2351
2352
2353

2400
2401
2442
2403
2404
2485
2426
24087
2419
2411
2412
2413

2414
2415
2416

2417
2420
2421
2422
2423
2424
2425
2426

1660
7104
7806
1931
3326
Be9d
5720

veRa
7500
1244
1246
3344
7004
1245
1847
3045
71080
1245
7718
7020
5738
7200
geen
7200
veed
2700
2400

62p1
7200
1325
3855
7240
1036
3052
1455
5044
2855
1455
3045

4437
7430
5232

1244
3058
1845
3851
2055
2055
2055
2852

DADD,

BUFLO,
BUFHI,
Migea,
CURCNT,
KCUR,
KXYGET,

XYGET,

LIMLOP,

TAD CURCDF
RAL CLL
RTL

TAD COFQ
DCA . +1

JMP I SETCODF

2

CLA CLL
TAD DBLLO
TAD ARGLO
DCA OBLLO
RAL

TAD DBLHI
TAD ARGHI
DCA DBLHI
ClLL

TAD DBLHI
SPA CLA
CML

JMP T DADD
ADRMIN
COFMIN
=1020

@

CURDIS
XYGET
#SCPFLD+400

COF 2
CLA

TAD KLIM

DCA LIMPTR
STA

TAD DEVNUM
DCA CNTR

TAD 1 LIMPTR
DCA DBLLO
ISZ LIMPTR
TAD 1 LIMPTR
DCA DBLHI

JMS T KDADD
SZL
JMP FOUND

TAD DBLLO
DCA TEMPLO
TAD DBLHI

DCA TEMPHI
[SZ LIMPTR
ISZ LIMPTR
[SZ LIMPTR
ISZ CNTR

/DBL PREC ADD
/0F
/(DBLHI,DBLLO)
/CARGH1, ARGLO)
/ANSWER IN
/(DBLKI,DBLLO)
/L3 [F «+

/L=l IF =

/=XCURLO0

/3XCURH |

/FIND REL DEV
/ADDR IN BUFFER
/RESTORE FIELD
/HOLDS ADDR OF
/TABLE DEV INFO

/s NUM DV

/=ST ADDR

/FOR DV K

/ADDR TO DBLLO
/COF BITS

/70 DBLHI
/XCOORD IS IN

/ (ARGHI ,ARGLO)
/18 XCOORD GE
/ST ADDR DV K ?
/NO ADDR LIMITS
/HAVE BEEN DET
/SAVE DIFF FOR
/DV K 1T IS REL
/ADDR FOR DV K+*1

/ADV PTR TO
/NEXT ST
/ADDR
/SCANNED ALL



2551
2552
2953
2554
2555
2556
2557
2568
2561
2562
2563
2564
2565
2566
2567
2579
2571
2572
2573
2574
2575
2576
2577
2640
2601
2642
2683
2604
2635
2606
2647
2610
2611
2612
2613
2614
2615
2616
2617
2620
2621
2622
2623
2624
2625
2626
2627
26350
2631
2632
2633
2634
2635
2636
2637
2640
2641
2642
2643
2644
2645
2646
2647

2427
2430
2441

2482
2433

2434
2435
2436
24387
2440
2441
2442
2443
2444
2445
2446
2447

2450
2451
2452

2453
2454
2455
2456
2457
2460
2461
2462
2463
2464
2465
2466
2467

2470
2471
2472
2473
2474
2475
2476
2477
2528
2581
2542
2503
2584
2585
2586
2597
2510
2511
2512
2513
2514

5287
5631
2043

3244
3045

7346
1855
355
1455
3852
1851
3847
1858
3p46
4437
20852
5245

2855
1455
3055

1326
3856
1327
3057
1830
3052
1457
$B47
2057
1457
3B46
2057
3053

1044
3850
1045
5051
4437
2053
7420
5278
7240
1053
3456
2056
1050
8044
1851
3045
2052
5261
1044
3456
6141

FOUND.

DBLLOP,

DBLDEF,

JMP L IMLOP
JMP T o #l
SCPRTN

DCA DBLLO
DCA DBLHI

STA CLL RTL
TAD LIMPTR
DCA LIMPTR
TAD I LIMPTR
DCA CNTR
TAD TEMPHI
DCA ARGHI
TAD TEMPLO
DCA ARGLO
JMS 1 KDADD
I1SZ CNTR
JMP =2

ISZ LIMPTR
TAD I LIMPTR
DCA LIMPTR

TAD KBCD

DCA BCDPTR
TAD KRAD

DCA RADPTR
TAD NEGS

DCA CNTR

TAD I RADPTR
DCA ARGH]
1SZ RADPTR
TAD 1 RADPTR
OCA ARGLO
[SZ RADPTR
DCA BCNTR

TAD DBLLO
DCA TEMPLO
TAD DBLHKI
DCA TEMPHI
JMS I KDADD
ISZ BCNTR
SNL

JMP DBLDEF
STA

TAD BCNTR
DCA I BCOPTR
I1SZ BCDPTR
TAD TEMPLO
DCA OBLLD
TAD TEMPHI
DCA DBLHI
ISZ CNTR
JMP DBLLOP
TAD DBLLO
DCA I BCDPTR
LINC

/DEVICES ?

/NQ

/YES CURSOR IS
/IN VOID AREA
/D0 NOT DSC XeY
/ANSWER IS IN
/TEMPLO, TEMPHI
/CLR DBL AC
/BU PTR (=31
/T0 DEVICE
/SAM FREQ
/MULT ANSHWER
/BY SAM FREQ

/DONE 7

/NO

/YES REL OCTAL
/ADDR NOW IN
/DBL AC CVERT
/T0 BCD

/ADV TQ BCD
/ADDR FOR DV K
/(L0 TO HI}

/5 DIGITS
/ADDR OF BCD
/ANSHWER

/PTR TO
/DOECIMAL RADII

/=1B0K,=18, HI

/=108K,~10, LO

/COUNTS MULTS
/0F PWRS OF 1@
/SAVE LAST
/DEFLATE

/DEFLATE 1 TIME

/MINUS YET ?

/NO CONT
/CORRECT FOR
/0FF BY 1
/SAVE

/RESET TO
/LAST VAL

/DONE BOTH ?
/NO
/UNITS



2650
2651
2652
2653
2654
2655
2656
26927
2660
2661
2662
2663
2664
2665
2666
2667
2670
2671
2672
2673
2674
2675
2676
2677
2709
2701
27@2
2703
2704
2725
2726
2797
2710
2711
2712
2713
2714
2715
2716
2717
2720
2721
2722
2723
2724
2725
2726
2727
27390
2731
2732
2733
2734
2735
2736
2737
2749
2741
2742
2743
2744
2745
2746

2515
@516
2517

2520
2521
2522

25243
2924
2525
2526
2527
2539

2600
2601
2662
2603
2604
2605
2606
2607
2610

2611
2612

2613
2614
2615
2616
2617
2620
2621

po2e
p623
g624
8625
n62é
g627

2630
2631
2632
2633
2634
2635

p636
2637
B640
g641

ee77
1533
gee2

1338
3gs2
3853

5724
2600
6443
6435
6417
7773

7300
1053
1455
1456
3050
1050
1853
7500
3050

7204
3053

7049
1256
3856
2055
1259
1354
6141

1357
1020
3777
2017
4017
goae

2052
5200
1456
1853
1354
6141

1357
@a77
1535
0002

KLIM,
KBCD,
KRAD ,
NEG5,

BCDLOP,

LMODE

SET 1 XCORD
DCODEX+4
POP

PMODE

TAD NEG5
DCA CNTR
DCA BCNTR

JMP 1, +L
BCDL.OP
LIMVLD
BCDVAL
RADVAL
=5

#SCPFLD+60Q
CLA CLL

TAD BCNTR
TAD I LIMPTR
TAD 1 BCDPTR
DCA TEMPLO
TAD TEMPLO
TAD M12

SMA

DCA TEMPLO

RAL CLA
DCA BCNTR

CMA

TAD BCOPTR
DCA BCDPTR
ISZ LIMPTR
TAD TEMPLO
TAD PéD
LINC

LMODE

STH XCORD
LDA 1
«HBIT

ADD XCORD
STC XCORD
PDP

PMODE

152 CNTR
JMP BCDLOP
TAD 1 BCDPTR
TAD BCNTR
TAD P62
LINC

LMODE

STH XCORD
SET I XCORD
DCODEY=+1
POP

/SET PTR TO
/X=Y TABLE

/SET FOR 5
/80D ADDS

/HOL DS BCD
/CARRYS

/CONT NXT PAGE

/ADD ABSOLUTE
/DECIMAL VIA
/LIMPTR TO
/DECIMAL XCOORD
/VIA BCDPTR AND
/STORE FINAL
/RESULT IN

/X=Y TABLE

/CARRY=02,1
/8a11
/8=11
/B=23
/CHK CARRY

/CARRY ?

/YES CORRECT
/ANSER IS IN AC
/L=1 ON CARRY
/SET CARRY FOR
/NEXT BCD ADD
/RESET PTRS

/ANSHER*60
/=D1AL CODE

/STORE IN
/X=Y TABLE
/8U XCORD

/DONE ?

/NQ

/YES GET 100K
/DIGIT+CARRY

/NOW SET FOR
/Y VALUE



2747
2750
2751
2752
2753
2794
275%
2756
2757
27683
2761
2762
2763
2764
2765
2766
2767
2770
2771
2772
2778
2774
2775
2776
2777
3000
3001
Jgpe
3903
3004
3pes
3006
3607
3p1@
311
3g12
3013
5¢14
3p15
3916
3p17
3820
3g21
$@22
3p23
3ge24
3p25
3p26
3927
IB30
3831
3832
3033
3034
3835
30356
3037
3B47
3041
3p4z
3043
3044
3045

2642
2643
2644
264>
2646

2647
2650
2651
2652
2653
2654
2655
2656
2657
2660
2661
2662
2663
2664
2665

pes6
B667

2670
2671
2672
2673
2674
2675

pe76
pe77

2708
2781
2792

2783 .

2704
2785
2706
2707
2718
2711
2712

2713
2714
2715

2716
2717
2728
2721
2742
2723

8724
8725

7344
3452
1355
1035
SB35

1457
3046
8253
2057
10835
1046
2853
7508
5254
1457
8835
2957
1053
1857
6141

1377
pog2

7208
2052
5247
1835
1354
6141

1377
6122

$p35
6214
7118
7012
3047
1054
3046
7001
3051
1351
3852

1352
1235
7758

5321
7848
@51
1835
1251
6141

#8157
Bep2

YLOP,

CURDIS,

CURLOP.

PMODE

CLL STA RAL
DCA CNTR
TAD PP4D8
TAD YCUR
DCA YCUR

TAD [ RADPTR
DCA ARGLO
DCA BCNTR
152 RADPTR
TAD YCUR
TAD ARGLO
ISZ BCNTR
SMA

JMP <=3

TAD I RADPTR
DCA YCUR
ISZ RADPTR
TaD BCNTR
TAD P57
LINC

LMODE

STH 1 XCORD
POP

PMODE

CLA

1SZ CNTR
JMP YLOP
TAD YCUR
TAD P6D
LINC

LMODE

STH I XCORD
JMP DSCXY

PMODE

DCA YCUR
ROF

CLL RAR
RTR

DCA XCURHI
TAD BUFPTR
DCA XCURLO
IAC

DCA TEMPHI
TAD CURLEN
DCA CNTR

TAD MAXCUR
TAD YCUR
SPA SNA CLA

JMP CURLOP=1
CMA

DCA TEMPHI
TAD YCUR

TAD TEMPHI
LINC

LMODE

DIS XCORD
POP

PMODE

/00 188S, 18S
/Y BCD CVERT
/MAKE Y +

/Y 1S @=-777
/=108, =18

/1 DEFLATE
/BCD VALUE
/DONE 7

/NO

/+1p0@, +10
/RESET VALUVE

/0FF BY 1
/68-1

/D1AL CODE
/TO0 X-Y TABLE

/DONE ?
/NO
ZUNITS

/STORE
/THE TABLE
/1S FINALLY
/READY

/HERE TO

/DIS CURSOR
/Y COORD

/X COORD HI
/X COORD LO

/DELTA V +,=1
/CURSOR 1S VERT
/LN OF LENGTH
/=C{CURLEN)
/1F Y COORD
/T00 HI CURSOR
/1S DIS BELOW
/SPECTRUM

/700 HI SET
/DELTA V TO =1



3046
3847
3050
3051
3952
3953
3054
3055
3856
3057
3060
3061
3062
3063
3064
3065
3066
3067
3870
3871
3e72
3873
3074
3075
3076
3877
3100
3101
3102
3103
3104
3105
3106
3107
3110
3111
3112
3113
3114
3115
3116
3117
3120
5121
3122
3123
3124
3125
3126
3127
3138
3131
3132
3133
3134
3135
3136
3137
3140
3141
3142
3143
3144

2726
2727
2739
2731

p732
p733
g734
g73%
p736
g737
@740
B741
8742
8743
B744
@745
@746
@747
@75@

2751

2702

2753
2754
2755
2756
2757

3000
3991
3gg2
3023
3004
30085
3006
3027
3010
3gll
3glz2
3213
3914
3015
3p16
3017
3020
dpel
3g2e
3023
3p24
325
3226
3027
3030
3031
3g3e
3033
3034
335
3236

2052
5322
5731
2275

0244
1128
7330
4014
1120
2000
1774
1774
1920
ITE:
0452
2743
1140
0001
6200

7759

7431

7766
2060
gage
7774
pus7

0000
3050
4217
1044
3046
1045
3047
4217
4217
4437
3047
1050
3046
4437
5600
2000
7500
1044
7004
3044
1045
7004
3045
5617
0200
7200
1045
7040
3045
1044
7041

DSCCHR,

VCOORD,

P25

CURLEN,
MAXCUR,
Mi2.
P6@,
PPR4ga,
MM4,
P57,

MUL1D,

DSCL»

DClA,

ISZ CNTR
JMP CURLOP
JMP 1 el
CURRTN

LMODE

ROL 1

ADA 1
GRDTAB=1+2000
STC GROPTR
ADA 1

0

DSC 1 GROPTR
DSC I GROPTR
LDA I

2

LZE

ADD P2

ADM

1

JMP B

PMODE

KURLEN

«377=KURLEN

-12
60

400

=4

57

PAGE

8

DCA TEMPLO
JMS DSCL
TAD DBLLO
DCA ARGLO
TAD DBLHI
DCA ARGHI
JMS DSCL
JMS DSCL
JMS 1 KDADD
DCA ARGHI
TAD TEMPLO
OCA ARGLO
JMS 1 KDADD
JMP 1 MUL1D
¢

CLA CLL

TAD DBLLO
RAL

DCA DBLLO
TAD DBLHI
RAL

DCA DBLHI
JMP 1 DSCL
)

CLA

TAD DBLHI
CMA

OCA DBLHI
TAD DBLLO
CIA

/ZMULT BY 2
/ADDR IS REL
/T0 GRDTAB

/MAKE HOR1Z
/GAP BET CHARS
/2 FOR HALF
/4 FOR FULL

/==LENGTH OF
/CURSOR

/MAX Y COORD
/FOR CURSOR
/ABDVE SPECTRUM

/DAC#10+AC
/T0 DAC
/DAC#2

/SAVE

/YIELDS

/DAC*8
/+DAC#2=DAC#*10
/NOW ADD NEW
/VAL
/=DAC#»1@+AC

/RAL DAC =DACe2

/28 COMP QF DAC



3145
3146
3147
3158
3151
3152
3153
3154
3155
5156
3157
3168
3161
3162
3163
3164
3165
3166
3167
3178
3171
3172
3173
3174
3175
3176
3177
3200
3201
3202
3203
3204
3209
3206
3297
3210
3211
5212
3213
3214
3215
3216
3217
5220
3221
3222
3223
3224
3225
5226
3227
5230
3231
3282
3238
3234
3235
3236
3237
3240
3241
5242
3243

3837
s34l
3g41l
3342
3043
3pa4
3@45
3p4e
3047
sp=0
3051
3p52
3053
3854
38553
3go6
3857
3@68

3961,
3062
3063
3064
3065
3066
3067
3070
3071
3872
3873
3074
5875
3076
5@77
3100
3101
3192
8103
3104
3185
3106
3107
3110
3111
3112
3113
3114
3115
3116
3117
3120
3121
3122
3123
3124
5125
3126
3127
3130

7450
2045
3044
5630
4000
3050
4217
4217
4217
4217
1044
1059
3044
5643
LELY
7346
3050
5264

7812
7812
3044
1044
2306
3418
1044
2050
5261
7208
1045
0306
5410
1845
7012
7012
2326
3410
3044
3045
5655
6017
2ope
1330
$ep4
1036
3052
14p4
7518
5323
5104
4501
7040
3404
7200
2004
2052
5314
5707
6073

DSCL 4.

UPACK,

PCKLOP,

P17
CHKSHWI,

CHKLOP,

BYMLT,

HSWPTR,

SNA

1SZ DBLHI
pDCA DBLLO
JMP 1 DCIA
%]

DCA TEMRLO
JMS DSCL
JMS DSCL
JMS DSCL
JMS DSCL
TAD DBLLO
TAD TEMPLO
DCA DBLLO
JMP 1 DSCL4
2

STA CLL RTL
DCA TEMPLO
JMP 4

RTR
RTR

DCA DBLLO
TAD DBLLO
AND PL7

DCA 1 INIPTR
TAD DBLLO
1SZ TEMPLO
JMP PCKLOP
CLA

TAD DBLH!I
AND P17

DCA 1 INIPTR
TAD DBLHI
RTR

RTR

AND P17

DCA [ INIPTR
0CA DBLLO
OCA DBLHI
JMP 1 UPACK
17

e

TAD HSWPTR
DCA BETAZ2
TAD DEVNUM
DCA CNTR

TAD | BETA2
SPA

JMP BYHLT
DCA TEMP -
JMS I KHLTMS
CMA

DCA 1 BETA2
CLA

1SZ BETA2
1SZ CNTR

JMP CHKLOP
JMP 1 CHKSWI
HSWIT®

PAGE

/PACK BCD IN
/DAC =ROL 4 +AC
/MOVE 4 LEFT

/UNPACK DAC
/PUT IN INITAB
/5 VALS 3 IN
/0BLLO

/2 IN DBLHI
/NXT VAL

/TO LOW 4 BITS
/UPDATE

/1 VAL TQ TABLE

/DONE 7
/NO

/LAST VALS

/CLR DAC

/SEE IF TISA
/HAS HALTED
/ANY DEVS
/=NUM DEF INED

/TISA HALY ?
/NO

/R T MESS
/T0 QUE

/CLR SHIT

/FRESH START
/CLR BUFFER
/INIT ALL ARGS



3244
3245
3246
3247
3250
3251
3252
3253
3254
3255
3256
3257
3260
3261
3262
3263
3264
3265
3266
3267
3270
3271
3272
3273
3274
3275
3276
3277
3509
$301
3302
3383
3304
3305
3306
3397
3310
3311
3312
3313
3314
3315
3316
3317
3320
3321
3322
3323
3524
3325
3326
3327
3338
3331
3332
3333
3334
3335
3336
3337
3340
3341
3342

3269
3201
3202
3203
3204
3205
3206
3207
3210
3211
Jaie
3213
3214
3215
3216
3217
3220
3221
3222
3223
3224
3225
3226
3227
3230
3231
3232

3233
3234
3285

3236
3237
3240
3241
3242
3243
3244
3245
3246
3247
3250
3251
3252
3253
3254

3205
3256
3257
3260
3261
3262
3263
3264
3265
3266
3267
3279

2000
7200
1034
30946
1833
5060
4672
84456
2046
52087
2060
1060
7041
1832
7708
5206
6201
3053
1034
$274
1033
3275
116
3276
1277
3320
5600

0eae
7280
1853

3052
1274
3221
1275
3820
1276
3012
1300
$g22
3044
3245
1391
1952
3782
2633

go2p
7200
1852
3853
1@21
3274
1220
3275
1010
3276
1g22
3300

FRSTR,

CLRLOP,

RESTR,

NXSTR,

1G]

CLA
TAD
DCA
TAD
DCA
JMS
DCA
152
JMP
15%
TAD
ClA
TAD
SMA
JMP
CDF
DCA
TAD
DCA
TAD
DCA
TAD
DCA
TAD
DCA
JMP

CLA
TAD

DCA
TAD
DCA
TAD
DCA
TAD
DCA
TAD
DCA
DCA
DCA
TAD
TAD
DCA
JMP

CLA
TAD
DCA
TAD
DCA
TAD
DCA
TAD
DCA
TAD
DCA

MINADR
ARGLO
MINCODF
CURCDF
1 KSET
I ARGLO
ARGLO

1 =2
CURCDF
CURCDF

MAXCDF
CLA
CLRLOP
]

BCNTR
MINADR
LSSALD
MINCODF
LSSAHI
KINI
LSINI
KENC
LSENC

I FRSTR

BCNTR

CNTR
LSSALO
CURNLO
LSSAHI
CURNH]I
LSINI
INIPTR
LSENC
ENCPTR
0BLLO
DBLHI
P4D6D
CNTR

1 KTXT26
I RESTR

CNTR
BCNTR
CURNLO
L8SALO
CURNHI
LSSAHI
INIPTR
LSIN]
ENCPTR
LSENC

/PUT @S FROM
/MINCDFsMINADR
/70 MAXCDF,7777

/SET CDF

/A @ T0 BUFER
/DONE FIELD ?
/NO

/ADV FLD

/FINT 7
/NO

/RESET FLD
/DEV COUNT
/18T AVAIL
/8UF ADDR

/=5A DV @

/SA ENC TABLE

/INIT ARGS FOR
/CURRENT DEVICE

/=NUM OF
/DEFINED DVS
/SA CURN DV

/PTR TO INITAB
/CURN DV

/CURN DV NUM
/TO QA TXT FLD

/INIT ARGS NXT
/0V REVERSE OF
/RESTR



3843
3344
3345
3346
3347
3350
3351
3352
3353
3354
3355
3356
3357
3360
3361
3362
3363
3364
3365
3366
3367
3378
3371
$372
3373
3374
3375
3376
3377
3400
3401
3402
34038
s4g4
3405
8416
3407
3410
3411
3412
3413
3414
3415
3416
3417
5420
3421
3422
3423
3424
3425
3426
3427
3438
3431
5432
3433
3434
3435
5436
3437
344p
3441

3271
3272
3273
3274
3275
3276
3277
3300
3301
33p2
3383
3304
3325
5326
3387
3310
3311

3312
3313
3314
3315
3316
5317

3320
3321
3822
3323
3324
3325
3826
3327
3330
$331
3332
3333
3334
3335
3336
3387
3342
3341
3342
3343
3344
3345
3346
3347
3350
3351
3852
3353
3354
$355
3356
3357
3360
$361
3362
3363
3364

5655
2320
7757
2000
2000
2000
3306
0020
4860
4573
6144
7776
4100
2040
LEY
60p2
0000

7208
1852
7041
S036
1836
3518

1936
3052
1106
$010
1803
3211
1273
3853
1411
3104
1410
3504
2053
5330
2852
5326
1304
6133
7200
1385
6132
7200
3825
1367
3023
1367
3024
7040
3183
1366
321
3022
1365
5028
6801
4465
5363

KSET,

INTLEN,
LSSALO,
LSSAKI
LSINI,
KENC .,

LSENC,
r4gen,
KTXTZ26,
KADR,

CLKCNT,
CLKMOD,
ENCVAL

QADUN,

STRRDE.,

LOPL,

LoPZ,

JMP 1T NXSTR

SETCDF

INISTR=INIEND=Y

2

)

]

ENCVAL

2

4060

TXT2+6

INIAD=]

-2

4100

pp40 /ENABLE CHAN 1

ge1e /" "2

@ggg /" " 3

2 /MUST HAVE ¢
/HERE

CLA /DONE SETUP

TAD CNTR /NUM OF DEV

CIA

DCA DEVNUM

TAD DEVNUM

DCA I KLAST /VERY LAST
ZENTRY IN
/TABLE

TAD DEVNUM

BDCA CNTR /TRANSFER ALL

TAD KINI /INITIAL VALS

DCA INIPTR

TAD KADR

DCA ADPTR

TAD INILEN

DCA BCNTR

TAD | ADPTR /1 ADDR

DCA TEMP /SAVE

TAD I INIPTR /1 VAL

DCA [ TEMP /STORE

1SZ BCNTR /DONE A DEV 72

JMP LOP2 /NO

1SZ CNTR /0ONE ALL 7

JMP LOPY

TAD CLKCNT /SET CLOCK FOR

CLAB /2 MS COUNT

CLA /SET 1MS TICK

TAD CLKMOD /AND INTERRUPT

CLLR /0N OVERFLOW

CLA

DCA QUECNT /SET TTY QUE

TAD KSTRG /PTRS AND CNT

DCA QUEIN

TAD KSTRG

DCA QUEOUT

CMA

DCA MODE /SET A/D MODE

TAD K218 /PUT CNTRL H

DCA KBDBUF /IN KEYBRD BUF

DCA TTYFLG /SET TTY FOR

TAD KTTY /NOT BUSY

DCA ADMESS /N0 MESSAGES

10N /HANG IN IDLE

JMS 1 KIDLE /LO0OP TISA RILL

JMP sl /IMMEDTATELY



3442 3365 Q@22 KTTY, TTYFLG /SHITCH INTO

5443 3366 0218 K210, 210 /PAUSE MODE
3444 3367 6373 KSTRG, STRQUE

3445 PAGE

3446 3400 Q0gp P1DAC, 2 /ADD 1 7O DAC
3447 3491 7201 CLA TAC

3458 3402 3046 DCA ARGLO

3451 5403 3047 DCA ARGHI

3452 3404 4437 JMS 1 KDADD

3453 3405 5600 JMP 1 P4DAC

3454 3406 PoPR  LOHI, 2 /SA LO HI
3455 3497 1021 TAD CURNLO /TO TABLE
3456 3410 3410 DCA I INIPTR

3457 $411  1B20 TAD CURNHI

3460 3412 3410 DCA I INIPTR

S461 3413 1021 TAD CURNLO

3462 3414 3444 DCA DBLLO

3463 S$415 1020 TAD CURNHI

3464 3416 3045 DCA DBLHI

3465 3417 4627 JMS T KKDCIA /0Bl PREC CIA
3466 3420 1044 TAD 0BLLO /=SA LO HI
3467 3421 3411 DCA I INIPTR /T0 TABLE
3470 3422 1045 TAD DBLHI

3471 5423 S410 DCA I INIPTR

3472 3424 3044 DCA DBLLO

3473 3425 3845 DCA DBLHI

3474 3426 5606 JMP T LOHI

3475 3427 3030 KKDCIA, DCIA

3476 3430 0000 GBLK, 2 /DETERMINE
3477 /BUFER LEN
3500 /48 A FCN OF
3501 /TBLKS FOR
3502 /TAPE ROUTS
3503 3431 7200 CLA

304 3432 123 TAD QUEIN /=L,AST USED
5505 3433 3044 DCA OBLLO /CORE LOC
3506 3434 1024 TAD QUEQUT

3507 3435 3045 DCA OBLHI

3510 3436 1034 TAD MINADR

$511 3437 3046 DCA ARGLO

3912 3440 1033 TAD MINCDF

3513 3441 3047 DCA ARGH]

3914 3442 4437 JMS 1 KDADD /DAC NOW=se
3515 /707 CORE
3In16 /L,0CS USED
3517 3443 1260 TAD PLA40QD

3520 3444 3046 DCA ARGLD

3521 3445 3947 DCA ARGHI

3522 3446 3P53 DCA BCNTR

3523 3447 4437 JMS 1 KDADD /ADD 408
3IH24 34548 2053 1SZ2 BCNTR /COUNT TBLKS
$525 3451 7439 SZL, /DONE ?

3526 3452 5247 JHMP =3 /NO

$527 3453 7085 1AC RAL /2 BLKS OF HOR
3539 3454 1053 TAD BCNTR

3531 3455 T@41 CIA

3532 3456 3597 DCA 1 KBLKCT

3533 3457 56308 JMP 1 GBLK

3n34 3464 Q4p@ PLADD, 400

8535 3461 Q208 HLTMS, @ /PUT HILT MESS
3536 3462 1314 TAD AHLTMS /ADDR OF MESS
3537 3463 45@5 JMS 1 KQUPUT /INPUT MESS

3541 3464 4317 JMS NUMPUT /DEV NUM TO QUE



3941
3542
3544
3544
3545
3546
3547
$55¢
3551
3552
3553
3554
3555
3556
3557
3560
3561
3562
3563
3564
3565
3566
3567
$570
3571
3572
3573
8574
3575
3576
3577
3600
3601
3642
3603
3604
3605
3606
3607
8610
3611
$612
3613
3614
3615
3616
3617
3620
3621
8622
3623
3624
3625
3626
3627
3630
3631
3632
3633
5654
3635
$636
3637

346>
3466
3467
3470
3471
3472
3473
3474
3479
3476
3477
3508
35081
3h@e
3583
3504
3585
3506
3587
3510
3511
3512
3513
3514
3515
8516

3517
3529
3521
3s22
3523
3524
3525
3526

1527
1530
1531
1532
1533
1534
1535
1556
1537

1540
1541
1542
1543
1544
1545
1546
1547
1558
1551

1183
7700
5661
1036
3053
70848
1100
Se11
1411
7640
5661
20653
5275
1316
4535
3103
6134
5661
gepp
1315
4505
4317
5707
6527
6550
6661

neoop
1104
1326
3083
1493
4505
5717
6522

3875
4329
voewe
BO2e
2243
3175
4300
Boo0
7722

p34p
2249
pa2og
Bley
p149p
v12e
eaz20
7757
7737
7717

HLTLOP

GOMS,

AHLTMS.,
AGOMS,
HALTAL,

NUMPUT »

KNUM,

DCODEX,

DCUDEY.,

VCTAB,

TAD MODE
SMA CLA

JMP 1 HLTMS
TAD DEVNUM
DCA BCNTR
CMA

TAD SELPTR
DCA ADPTR
TAD 1 ADPIR
SZA CLA

JMP 1 HLTMS
1SZ BCNTR
JMP HLTLOP
TAD HALTAL
JMS 1 KQUPUT
DCA MODE
CLEN

JMP 1 HLTMS
2

TAD AGOMS
JMS 1 KQueuT
JMS NUMPUT
JMP [ GOMS
MSHLT

MSGO

ALLHLT

2

TAD TEMP

TAD KNUM

DCA BETAL
TAD 1 BETAL
JMS 1 KQUPUT
JMP 1 NUMPUT
NUMB

LMODE
3g75
CR1 00
vene
20082
2% CR
3175
CR1 2@
ggeo
ENDWDL

348
240
208
168
149
120
2¢

=20
=40
=60

/PAUSE MQODE ?
/YES

/CHK FOR PAUSE
/ALl SELECT
/WORDS MUST
/BE @

/DEV K HALTED 7
/NG EXIT

/CHKED ALL ?
/NQO

/PAUSE MODE
/INPUT MESS
/@=PAUSE

/CLR CLOCK

/PUT GO MESS

/INPUT MESS

/ADOR OF HLT MS
/ADDR OF GO MS

/ADDR OF PAUSE

/MODE MESS

/X=Y TABLE
/FOR DSC OF
/x:»-wv-

AT L L4

/X, =

FEGL, 108K
/18K, 1K
/10@, 10
/UNITS, EOL
/Yp =

/EQL . 188
/18, UNITS
/EOM

/TABLE OF VERT
/COORDS FOR
/HELP FRAME
/DISPLAY

/0 DIAL
/A/D MODE
/CTRL/H

/HN

/P

/F

/PAUSE MODE
/GN

/S

/W



36449
3641
3642
3643
3644
35645
3646
3647
3650
3651
3652
3653
3654
3655
36506
3657
3669
3661
3662
3663
3664
3665
3666
3667
S6708
3671
3672
3673
3674
3675
3676
3677
3700
5701
3782
3703
3724
3705
3786
3707
3710
3711
3712
3713
3714
$715
3716
3717
3721
3721
3722
3723
3724
3725
3726
3727
3738
3731
3732
3732
3732
3732
3733

1552
15538
1554
1555
1556

1557
1560
1561
1562
1563
1564
1565
1566
1567
1579
1571
1572
1573
1574
1575
1576
1577
1622
16901
1602
1603
1604
1625
1606
1607
1610
1611
1612
1613
1614

1615
1616
1617

1628

7677
7657
7637
/617
7577

0020
P26
0164
8354
8310
2454
0310
2454
2312
9454
2276
2454
0164
2554
0310
0454
v310
8454
2310
2454
03190
2454
0310
8454
2310
2454
8310
0454
8276
8454

26g4
3604
1101

1443

-108 /C

-129 /M

~140 /L

-160 /P

-200 /F

/TABLE OF HORIZ
/COORDS

HCTAB, 20 /D

260 /D1AL

164 /A/D

354 /MODE

310 /CTRL/H

454 /HALT ALL

310 /HN

454 /HLT INST

310 /P

454 /POLARITY

276 /F

454 /FREEZE

164 /PAUSE

354 /MODE

310 /GN

454 /G0

310 /S

454 /SETUP

310 /W

454 /WRITE

310 /C

454 /CATACAL

319 /M

454 /MAGSPY

310 /L

454 /LOADER

310 /P

454 /POLARITY

276 /F

454 /FREEZE

/0TAL ENCODED MESSAGE
/FORMAT 1S:

/D DIAL

/

/

/ A/D MODE

/

/ CTRL/H HALT ALL INSTRUMENTS
/ HN HALT INSTRUMENT N
/ P POLARITY

/ F FREEZE

/ ‘

/ PAUSE MODE

/ GN GO INSTRUMENT N

/ S SETUP

/ W WRITE TAPE

/ C CATACAL

/ M MAGSPY

/ L LOADER

/ P POLARITY

/ F FREEZE

HLPTAB, TEXT 9FD*DIAL



3733
3733
3733
3733
3733
3734
3734
3734
3734
3734
3734
3734
3734
3734
3734
3734
3734
3734
3734
3734
3735
3735
3735
3735
3735
3735
3735
3735
3735
3735
3735
3736
3736
3736
3736
3736
3736
3736
3737
3737
3737
3737
3737
3737
3748
3740
3740
3740
3740
3748
3740
3741
3741
3741
3741
3741
3741
3741
3741
3741
3741
3742
3742

1621
1622
1623
1624

1625
1626
1627
1638
1631
1632
1633
1634
1635
1636
1637
1640
1641
1642

1643
1644
1645
1646
1647
1652
1651
1652
1653
1654

1655
1656
1657
1660
1661
1662

1663
1664
1665
1666
1667

1670
1671
1672
1673
1674
1675

1676
1677
1760
1701
1702
1783
1724
1785
1706

1747
1710

p6p1
5704
5615
1784

0543
p324
2214
5718@
3618
2114
2449
8114
14448
1116
2324
2225
1585
1624

2343
1016
3618
0114
2440
1116
2324
2225
1585
1624

4016
4320
3620
1714
B122
1124

3143
4@2g6
3606
2285
2532

3543
b620
2125
2325
3615
17¢4

2543
8716
3687
1740
1116
2324
2225
1585
1624

4816
4323

FA/D+MODE

CTRL/HTHALT ALL INSTRUMENTS

HNtHALT INSTRUMENT N

PtPOLARITY

F+FREEZE

FPAUSE*MODE

GNtGO INSTRUMENT N



3742
3742
3742
3743
3743
3743
3743
3743
3743
3743
3743
3744
3744
3744
3744
3744
3744
3745
3745
3745
3745
3745
3746
3746
3746
3746
3746
3746
3747
3747
3747
3747
3747
3747
3750
3759
3750
3750
3750
3750
3751
3751
3751
3752
3758
3754
3755
5756
3757
$760
3761
3762
3763
3764
3765
3766
3767
3779
3771
3772
3773
3774
3775

1711
1712

1713
1714
1715
1716
1717
1728
1721

1722
1723
1724
1725
1726

1727
1738
1731
1732

1733
1734
1735
1736
1737

1749
1741
1742
1743
1744

1745
1746
1747
1758
1751

1752
1753

1754

2801
woue
Raa3
poB4
@eas
ears
paa7

9215
pe1é
ge17
0e2e
pegel
2022

3623
8524

2520
4327
3627
2211
2485
4924
2120

7543
8336
2301
2401
2301

1443
1536
1581
8723

2031
4314
3614
1791
2405

2243
2036
2017
1491
2211

2431
4340
P636
poeza
2585

3285
4377

“o00

1928
BeLy
peel
2797
Q27¢
neg3
7081

0643
2721
7308
6023
g440
7866

StSETUP

Wt*WRITE TAPE

CtCATACAL

MtMAGSPY

LtLOADER

P*POLARITY

FYFREEZE

%9
AAAST,

2

/QANDA AND SETUP ROUTINES

DIAL,

START,
CHKSNS,

SEGMNT 2
QAFLD=42082
#1

LDA 1
EXTMTP

A X0

CHK

278

LIF 3

JMP MEMCHK

#15
LDF 3

RCG 1

7300

JMP SETUP
SNS @

JMP QARFSH

/ONCE ONLY
/N0 PAUSE

/DETERMINE
/CORE SIZE
/RTN TO SETUP

/RESTART
/DIAL

/INIT SETUP
/0N SSW@=1



3776
3777
4000
4ga1
4pe2
4203
4pp4
4985
4986
4ge7
4010
4pi1
4912
4913
4p14
4915
4916
4817
ap20
4p21
4g22
4023
4p24
4025
4926
4p27
ap3e
4031
4232
4233
4834
4p35
4336
4g37
4040
ap41
4p42
4043
4p44
4p45
4046
4g47
4050
4g51
4952
4853
4954
4955
4056
4857
4060
4g61
4062
4963
4064
4065
4066
4967
4279
4p71
4072
4873
4874

gaz3

4024
4025

R@26
pez7
QB3
2031
g3
2B3s
6e34
geis
2036
ep37
go48
po4l
©woaz

4243
4244
445

geae
p@47
2B58
251
gose
2853
peo4é
2055
pgs6
pes7
2o6w
Epoél
poez
poes
ppes

4065
4066
4067
4p70
ag71
4p72

ge73
2e74
pR7>
4276
4077
41082
4101

4102
4183

4104
4105

SETUP,

MESS 1,

MESS2,

REMS2,

SETANA,

AL1CONT.,

A2L0P,

A2CONT,

PDP

PMODE

JMS ] KFRSTR
L INC

LMODE

JMP QAINIT
TXT1

ANSKWER

JMP CHKSNS
LDH
ANSWER+HBIT
SHD |

6100

JMP READ

SAE I

62

JMP MESSH
PDP

PMODE

JMS [ KRESTR
JMS I KLOHI
LINC

LMODE

JMP QAINIT
TXT2

ANSHER

JMP CHKSNS
SET I ANSPIR
ANSWER=+1

LDH
ANSHER+HBIT
SHD 1

6108

JMP SETANA
SAE ]

62

JMP REMSZ
PDP

FMODE

CLA

TAD I ENCPTR
SNA

JMP 1 KERENC
IS2 ENCPTR
JMP ALCONT
LLMODE
LDA 1
ANAVAL
POP
FPMODE
DCA 1 INIPTR
1S2 CNTR

JMS 1 KDIG

JMP MESS2Z
JMP AZCONT
JMS 1 KDSCL4

JMP  AZLOP
JMS I KUPACK

/INIT ALL
/DSC

/PARAM INPUT
/D0 -

/1 LINC TAPE
/2 KEYBOARD

/READ 7
/YES

/KEYBRD ?
/N0 ERROR

/INIT ARGS FOR
/DEV K

/08C

/INST K IS -
/(1=ANA, 23ENC)
/ST PNT esass
/70T PT veesa
/SAM FREQ ==

/CHK ANA OR
/ENC

/ANALOG 7
/YES

/ENCODED 7
/NO ERROR

/ANY MORE
/ENCODERS ?
/N0 ENC ERROR
/SET FOR NXT

/SELECT WD 7O
ZINIT TABLE
/UP OV CNT

/X COORD DV K
/GET 1 DIGIT
/FROM QA FLD
ZINPUT ERROR
/DONE QA FLD
/1 BCD VAL IS
/AC SCALE AND
/PACK IN DAC

/UNPACK AND PUT



4975
4076
4077
4100
4191
4102
4183
4104
4105
4106
4187
4110
4111
4112
4113
4114
4115
4116
4117
4120
4121
4122
4123
4124
4125
4126
4127
4130
4131
4132
4133
4134
4135
4136
4137
4149
4141
4142
4143
4144
4145
4146
4147
4150
4151
4152
4153
4154
4155
4156
4157
4160
4161
4162
4163
4164
4165
4166
4167
4179
4171
4172
4173

4106
4147
4112
4111

4112
4113
4114
4115
4116
4117
4120
4121
4122
4123
4124
4125
4126
4127
4130
4131
4132
4133
4134
4135
4136
4137
4140
4141
4142
4143
4144
4145
4146
4147
4150

4151
4152
4153
4154
4155

4156
4157
41680
4161
4162
4169
4164
4165
4166
4167
4170
4171
4172
4173
4174

4463
5243
5313
4464

5306
7200
1844
7648
5822
1045
7650
5779
1021
3046
1020
3047
4437
1044
3021
1245
3028
4771
1044
5410
1045
5410
1044
3023
1045
3024
4774
1044
3410
1045
3419

1032
3247
7040
3046
4437

74290
5762
4772
5243
4200
3200
3233
4303
3043
3055
4311
303
4317
3406
3490

A3LOP,

A3CONT,

NOTO,

KCONMS,
KFRSTR,
KRESTR,
KERENC,
KOSCL4,
KUPACK ,
KER@PT,
KDCIA,

KERFUL,
KLOHI,

KP1DAC,

JMS T KDIG
JMP MESSZ
JMP A3CONT
JMS 1 KMUL1Q

JMP A3LOP
CLA

TAD DBLLO
SZA CLA

JMP NOT®

TAD DBLHI
SNA CLA

JMP I KER@PT
TAD CURNLO
DCA ARGLO
TAD CURNHI
DCA ARGHI
JMS 1 KDADD
TAD DBLLO
DCA CURNLO
TAD DBLHI
DCA CURNHI
JMS 1 KDCIA
TAD DBLLO
DCA I INIPTR
TAD DBLHI
DCA 1 INIPTR
TAD DBLLO
DCA QUEIN
TAD DBLHI
DCA QUEOUT
JMS 1 KP1DAC
TAD DBLLO
DCA I INIPTR
TAD DBLHI
DCA I INIPTR

TAD MAXCOF
DCA ARGHI
CMA

DCA ARGLO
JMS 1 KDADD

SNL

JMP 1 KCONMS
JMS 1 KERFUL
JMP MESS2
CONMS2

FRSTR

RESTR

ERRENC

DSCL4

UPACK

ERREPT

DCIA

ERRFUL

LOHI

P1DAC
*QAFLD+200

/1IN TABLE
/TOTAL POINTS
/GET 1 DIGIT
/INPUT ERROR
/DONE QA FLD
/DECIMAL TO
/OCTAL CVERT
/ANSWER IN DAC

/CHK FOR
/NO POINTS

/ERR B8 PTS
/GET ST ADDR
/NXT DV

/=TO0T PTS+
/ST ADDR DV K

/SAVE NXT SA

/25 COM DAC

/=3A ADDR
/NEXT DEV

/SAVE FOR
/GBLK SR

/<END ADDR
/0EV K

/CHK FOR
/BUFFER FULL

/1F =-END ADR IS
/GT BUF LEN
/BUF 1S EXCEDED
/1S DAC = ?

/YES BUF ERROR



4174
4175
4176
4177
4200
4201
4282
4283
4204
4285
4286
4287
4210
4211
4212
4213
4214
4215
4216
4217
4220
4221
4222
4223
4224
4225
4226
4227
4239
4231
4232
4233
4234
4235
4236
4237
4240
4241
4242
4243
4244
4245
4246
4247
4259
4251
4252
4253
4254
4255
4256
4257
4260
4261
4262
4263
4264
4265
4266
4267
4279
4271
4272

4200
4201
4202
4203
4204
425
4206
4207
4210
4211
4212
4213
4214
4215
4216
4217
4220
4221
4222
4223
4224
4225
4226
4227
4230
4231
4232
4233
4234
4235
4236

2237
3240
g241
pz42
P243
p244
gzas
2246
6247
0250
p251
@252
0253

4254
4255
4256
4257
4260

4261
4262
4263
4264
4265
4266

4267

pere

1044
7640
5207
1245
7640
5207
7048
3pze
3044
4463
5700
5216
4464
5211
7208
1044
1391
7748
5827
1044
7450
7001
7841
3850
185¢
5418
1050
3419
1050
3410
6141

7013
2650
2524
6021
1300
4524
1420
6200
6270
1460
0061
6237
00D2

72088
152
1661
7658
5335

16826
77006
5266
4317
3236
4677

3700

120

CONMSZ,

OK2

A4,

A4CONT,

MESSS,

0K1,

ALLDUN,

TAD DBLLO
SZA CLA

JMP QK2

TAD DBLHI
SEA CLA

JMP (0OK2

CMA

ODCA STATUS
DCa DBLLO
JMS I KDIG
JMP I KMESS2
JMP A4CONT
JMS 1T KMULLE
JMP A4

CLA

TAD DBLLO
TAD NEGL2
SMA SZA CLA
JMP ERFREQ
TAD DBLLO
SNA

1AC

Cla

DCA TEMPLO
TAD TEMPLO
DCA I INIPTR
TAD TEMPLO
DCA 1 INIPTR
TAD TEMPLO
DCA ! INIPTR
LINC

LMODE

JMP QAINIT
TXT3

ANSHWER

JMP CHKSNS
LOH
ANSHER+HBIT
SHD 1

62080

JMP ALLDUN
SAE ]

61

JMP MESS3
POP

PMODE

CLA

TAD CNTR
TAD MAXDVN
SNA CLA

JMP ERRDEV

TAD STATUS
SMA CLA

JMP OK1

JMS ERRFUL
JMP MESS3-1
JHMS [ KNXSTR

JMP 1 KMESSE

LMODE
LDA ]

/SET BUFF FULL

/SHITCH
/7777=FULL

/1TSS FULL

/SAM FREQ

/1 DIGIT
/INPUT ERROR
/DONE QA FLD
/DEC TO ocCT

/CHK GT 18

/ERRQOR FREQ
/SET B=1

/= FREQ TO TAB

/DSC

/D0 -

/1 MORE INSTS
/2 START

/START 2
/YES

/MORE DVS 2
/N0 ERRQR

/CHK FOR NO
/MQRE DEVICES
/=NUM DEFINED
/=eNUM ALLOWED

/ERROR NGO MORE
/DEVICES

/CHK FOR NO
/MORE PTS

/NONE LEFT FOR
/NEXT DEV

/SET ARGS FOR
/DEVICE Kei
/D0 1T ALL
/OVER AGAIN



4273
4274
4275
4276
4277
4300
4301
4302
4303
4304
4305
4306
4307
4310
4311
4312
4313
4314
4315
4316
4317
4320
4321
4322
4323
4324
4325
4326
4327
4330
4331
4332
4333
4334
4335
4336
4337
4347
4341
4342
4543
4344
4345
4346
4347
4359
4351
4352
4353
4354
435%
4356
4357
4360
4361
4362
4363
4364
4365
4366
4367
4370
4371

@27
B272
P73

4274
4275
4276
4277
4320
4301
4382
4303

2304
@385
page
w3e7
g31¢
p311
2312
p31d
B314
2315
p316
BS1/
9320
p321
p322
8323
8324
P325

4326

0327
338
2331
2332
7333
354
B335
2336
B$37
3340
p341
2342
2343
344
7345
346
§347
p354@
B351
@352

4353
4354

440u
4401

4402
4493

poz2e
wga4
page

4792
5676
3312
$255
4p43
7766
3430
6141

7813
1026
pagw
6021
6046
6141
7013
2757
eoge
6021
&042
eree
6141
7013
B765
2280
6021
2092

5717

6141
7813
8774
peeo
6021
6042
6141
78013
1091
pege
6021
6237
6141
7813
2785
524
6021
0e74
po24
pag2

5754
1664

602
1287

7041
6141

KNXSTR,
KMESS2,
NEGL2,
KGBLK
ERRENC,

ERRGPT,

ERRF UL,

ERFREG,

FREE s

ERRDEV,

READ,

WRIT,

21

ESF

POP

FMODE

JMS 1T KGBLK
JMP T el
QADUN
NXSTR
MESS?2

=12

GBLK

LINC

LMODE

JMP O QAINIT
TXTi4

2
JMP CHKSNS
JMP REMS2
6141

JMP QAINIT
TXTLO

]

JMP CHKSNS
JMP MESS2e1
)

6141

JMP QAINTT
TXT11

g

JMP CHKSNS
poP

PMODE

JMP 1 ERRFUL
LMODE

6141

JMP QAINIT
TXT12

2

JMP CHKSNS
JMP MESS2e1
6141

JMP QAINIT
TXT13

)

JMP CHKSNS
JMP MESS3
6141

JMP QAINIT
TXTS

ANSWER

JMP CHKSNS
SET 1 ANSPTR
ANSWER

PDP

PMODE

JMP T, 41
DORDC

PAGE

10F

TAD 1 KBLKCT
ClA
LINC

/1IN0 PRESET

/GET BLK CNT

s08SC
/ERR ENC

/LINC
/0SC
/ERR @ PTS

/LINC
/08C
/ERR BUF FULL

/0sC
/ERR FREQ

/0S¢
/ERR DEV

/LINC
/0SC

/READ TBLK =we
ZUNIT =

/IGNORE KBRD
/DURING WRITE
/=NUM TO DO



4372
4373
4374
4375
4376
4377
4400
4401
4402
4493
4404
4405
44p6
4407
4412
4411
4412
4413
4414
4415
4416
4417
4429
4421
4422
4423
4424
4425
4426
4427
4430
4431
4432
4433
4434
4435
4436
4437
4440
4441
4442
4443
4444
4445
4446
4447
4458
4451
4452
4453
4454
4455
4456
4457
4460
4461
4462
4463
4464
4465
4466
4467
4478

p404
2485
Bage
p427
Bale
g4l
g412
BaLs
p4l14
gais
§a16
#4417
paze
g4az21
paze
g4azs
paz4
g4z5
pazeé
paz7
Ba3p
B431
g432
3433
8434
2435
2ase
B4a37
pa4p
Z4a41
paaz
7443
gas4
2445
pas4s6
B447
04-0
2451

4452
4453

2454
2455
2456
@as7?
2460
p46l
pase
pa6s
pac4
ga6o
466
pa67
2478
pazy
2472
3473
pa74
pavs
p4a7é
8477

4332
0a74
u723
2332
2306
1560
7770
2513
1374
1000
2332
8303
1560
7770
2513
1874
1000
2332
1560
7770
2513
1474
6643
7013
8672
2085
7066
1020
pO4P
1840
2005
7013
6728
p524
7066
6974
8524
pop2

5653
1746

7013
2747
p524
7066
1300
4524
2478
6454
gepe
7525
000D
6141
1334
1420
7408
6517
B4a7g
6478
1420
34p0

LOAD,

DIGCHK,

DLOOP,

LMODE

STC FREE

SET [ ANSPTR
TXT6E+3

ADD FREE

ROR 6

gCcL |

7770

ADD PL6D

STH 1 ANSPTR
LDA

FREE

ROR 3

BCL I

7770

ADD PL6E

STH I ANSPTR
LDA

FREE

BCL 1

7778

ADD PL6D

STH 1 ANSPTR
LDF 3

JMP QAINIT
TXT 4

ANS 420080
JMP QARFSH
LDA 1

4p

STH
ANS4+2008
JMP QAINIT
TXT6

ANSHKER

JMP QARFSH
SET ! ANSPTR
ANSWER

PDP

PMODE

JMP T %l
DOWRC

LMODE

JMP O QAINIT
TXT7

ANSWER

JMP QARFSH
L.OH
ANSWER<HBIT
AZE 1

JMP [L0OAD

LIF 8

JMP KLOAD

o

6141

LDH 1 ANSPTR
SHD 1

QAECLL

JMP EQLXIT=QAFLD

AZE ]

JMP DLOQP
SHD
GAEOML

/RUT TBLK

/NUM (3 DIGITS)
/IN QANDA TEXT
/AT TXT6+3,
FTHT6+4,

/FAND TXT6+¢5

/EXP NAME

AT T ™

/PATCH SPACE
/ARQUND NAME
/FOR MAGSPY

/DSC

/HRITE ==e
/TBLKS

/18T TBLK ===
FUNIT -

/08C
/lLOAD s=spemce
ZUNIT =

/CHK NUMERIC
JINPUT
/FROM QA FLO

/BLANK JNPUT 7
/YES IGNORE



4471
4472
4473
4474
4475
4476
4477
4500
4501
45p2
45903
4504
4545
4506
4507
4519
4511
4512
4513
4514
4515
4516
4517
4520
4021
4oz
49293
4oz 4
4025
4% ¢0
4o
400w
4201
4201
4595
42385
4238%
423
4035
4230
4D38¢
Gode
andz
4208
LN
£49380
IO
“doue
GLOw
S50
Lo
Gaus
o
LN
oo
LR-IOR
ERAVE
509 -
Soun
SRIVES
Su.
400
G40y

2500
2581
2502
p503
504

@sa@s
g506
psa7
@519
g51l
@512
513
z514

4515
4516
4517
4528
4521
452¢2
4523

Lozt
L5925
6026
g7
P3N 17
Losi
6o 8L
N
$oS4
w22
7R
4387/
LoD
LoHL
bohe
woa

U
Yomo
Lo%0

Lo4d
L2 IW
v ok
LoDe
PRI
w04

T
\S]
U

[ S S O OO A N
UV Lo

A ¥}

~ O

OO0 oV Y
©

AN IR (SN

4
L
P
S

wIO0
w2G/

6517
1128
7720
0451
6522

1129
7765
8471
6522
1314
1560
2060
20p2

2266
7410
pog2
2266
7410
P0@2
5666

vogd
8Bgw
2828
AR
Vb
vy
24 4d
iy
b
6o 24
vicz
oLllo
U224
o2l
4451
LOcy

evez4
4385
wa4i7

7404
490
Vi
L S
TN
Gy b
Widd

w243
wODL
4413
TN
ud;f
Vhce
w434
WOk
L0¢9
cdce

JHP EQLX1T=QAFLD

ADA |

w57

APO /DIGIT ?

JMP ERRX1T=QAFLD/NG ILLEGAL

/INPUT

~ADA 1
UPLIM, =12 /=10 OR =12

APQ 1 /DIGIT 7

JMP ERRX[T=QAFLD

LOH ANSPTR

BCL 1 /PUT DIGIT
PLED, 60 /IN AC

POP

PMODE

[S2 DIGCHK /P+3 1S NORMAL

SKFP
EOLXIT, 2 /PDP

[S5Z2 DIGCHK /P+2 1S EOL

SKP
ERRXIT, 2 /P+1 1S ERR

JMP T DIGCHK /RTN

LMODE
ANSWER, 2

Z

&

4

o

o

4

g

7

TXT1, TEXT ?FPARAMETER INPUT

FDO<L

F1 LINC TARE

F2 KEYBOARD\?



(AN
N RN

R

[N S S SN N
O O O

[
R T

<
4

)
w2L0
£4949
VWS L
LT/
23/ 4

elad

4043
G4
464w
26l
/20
16wl
L4117
Wilog
4Ube
/207
MEGPIN'
T
o4

2543
VI
<49l
‘cée
Ladd
Wl aw
Ckul
ekl
&7

/460
Gwkb
2wl
c4gl
1449
2017
1116
2423
7574

6543
wez3
6115
2014
il1e6
$/l4y
0bez?2
d02%
7274
234

Jou4a
w774

6iad
whbi
LD
ilée
oGy
bkl

TXT2,

TEXT ?FINSTRUMENT XY 1S<1

(1=ANALOG, Z2sENCODED)

FSTARTING POINT®<5

FTOTAL POINTS=<5

FSAMPLING FREQ=<2\?

TXT3,

TEXT 7FQpO<Y



4h 44
4544
4944
4544
4544
4545
4545
4545
4545
4545
4545
4545
4546
4546
4546
4546
4546
4546
4546
4546
4547
4547
4547
4547
4547
4550
4550
4550
4559
4559
4559
4%51
4551
4551
4551
4551
4551
4551
4552
4552
4552
4552
4552
4552
4552
4552
4552
4552
4552
4553
4553
4553
4553
4553
4553
4553
4553
4553
4554
4554
4554
4554
4554

wO oW
GOOL
wbo6d
663

p664
#6652
pe6oé
pe67
pe7@
p671

B672
pe73
p674
B675%
Be76
p677
8700

8781
p742
2703
8704

2785
8706
w787
8710
8711

2712
@713
p714
2715
B716
8717

@720
B721
8722
8723
@724
@725
p726é
@727
738
2731

@732
@733
2734

B735

p736
737
2740
2741

@742
2743
0744
@745
2746

ed 4
P
woYD
1024

2343
pé62
49023
2431
2224
$480

26@5
30208
2522
1115
2516
2449
1601

1585
4396
7470
34040

2622
9581
044
2402
1413

7463
4306
2516
1124
7461
3400

@627
2211
2405
4030
3132
4250
1793
2451
4024
0214

1323
4306
@611
2223
2440
2402
1413
7574

6343
p625
1611
2474
6134

F1 MORE INSTRUMENTS

F2 START\?

TXT4, TEXT ?FEXPERIMENT NAME

F<B8N\N?

TXT5, TEXT ?FREAD TBLKK3

FUNITCIN?

TXT6, TEXT ?FWRITE XYZ (0CT) TBLKS

FFIRST TBLK=<3



4554
4555
4555
4555
4555
4556
4556
4556
4556
4556
4556
4557
4557
4557
4557
4557
4557
4557
4560
4560
4560
4560
4568
4560
4560
4560
4561
4561
4561
4561
4561
4561
4562
4562
4562
4562
4562
4562
4563
4563
4563
4563
4563
4563
4564
5532
5b31
5532
5533
5534
5535
5536
5537
5548
5541
5542
5543
5544
5545
5546
5547
5558
5051

p747
p75¢
B753%

8752
B753
2754
8755
3756

2757
B768
p761
g762
B763
764

2765
B766
B767
2778
8771
B772
9773

p774
g77%
g776
2777
100¢

1081
1gee
1893
1884
1005

1006
12e7
1210
1811
1¢iz2

1761

ppol
pooe
poR3
poB4
41000
hpee
pue7
geLe
BO1L
poLe
Be13
ge14
geis

2614
1701
pa74

7043
8625
1611
2474
6134

g6@s
2222
a06p
4028
2423
5488

géps
2222
4082
2506
4286
2514
1434

0685
2222
4206
2205
2134

2605
2222
4211
1623
2434

gegs
2222
4005
1603
3400

gave

4040
4049
4040
4049
Loze
eege
beoe
booe
0oBY
4040
4048
4040
4049

FUNTTCINT

TXT7

TEXT ?FLOADCS

FUNITLIN?

TXTL1D,

TXT11,

TXT12,

TXT13,

TXT14,

AAASZ,

FIRST,

ANS4,

TEXT ?FERR @ PTS\?

TEXT PFERR BUF FULL\?

TEXT FFERR FREQ\?

TEXT ?FERR INST\?

TEXT 7FERR ENC\?

NOLISY

g

SEGMNT 3

1

4040 /SPACE FMT
448 /ARQUND NAME
4040 /FOR MAGSPY
404D

z JEXPERIMENT
9 /NAME

2

2

%

4248

4240

4040

4048

PMODE

ZINITIALIZATION TABLE FILLED BY



5552 /SETUP AND READ ROUTS

5553 /17 VALUES PER DEVICE 4 DEVICES
5554 6016 DUPL  IN]STR, 1 /SA LO
5555 6017 vBae 2 /SA HI
5556 6020 D023 3 /=8A L0
5557 6021 0024 4 /=5A HI
5H60 6022 QVES 5 /SELECT WORD
2561 6023 WvPBe 6 /X COORD 18
5562 6024 Q087 7 /185

5563 6025 08189 8 /108S

5564 6926 0@11 9 /10803
5565 6027 Peie 10 /180288
5566 6030 9011 11 /=3A LO NXT DV
567 6p31 vpie 12 /=8A HI NXT DV
5578 6032 0813 13 /=({EA LO,JEA HD)
5571 6033 D014 14 /

5572 6034  2¢15 15 /=8AM FREQ
5573 6035 ©@B16 16 /=8AM FREQ
5574 6036 @B17  INIEND, 17 /=8AM FREQ
5575 6037  BUBL i /DEVICE 1
5576 6049 veg2 2

5577 6041 DUB3 3

5600 6042 BROA 4

5601 6043 PBRD5 5

5602 6044 QCB6 6

5603 6045 00207 7

5604 6046 0210 8

5605 6047 @814 9

5606 6050 8910 10

5607 6051 @011 11

5610 6852 Bu12 12

5611 6853 @013 13

5612 6p54 QuUL4 14

5613 6855 9015 15

5614 6056 2016 16

5615 6057 po17 17

5616 6060 0ep1 1 /DEVICE 2
5617 6061 Bdp2 2

5628 6062 00R3 3

5621 6g63 0004 4

5622 6064 QOR5 5

5623 6065 BOR6 6

5624 6@66 Q2ea7 7

5625 6067 0010 8

5626 6070 8011 9

5627 6071 29109 12

5630 6072 9911 11

5631 6873 Br12 12

5632 6074 0913 13

5633 6075 0814 14

5634 6076 2015 15

5635 6077 @B16 16

5636 6100 0017 17

5637 6121 0001 1 /REVICE 3
5640 6102 090922 2

5641 6103 B2@3 3

5642 6104 Q04 4

5643 6105 49p5 5

5644 6106 Q2006 6

5645 6107 p0a7 7

5646 6110 02019 8

5647 6111 @011 9

5658 6112 0019 1e



5651
5652
5683
5654
5655
5656
5657
5668
5661
5662
5663
5664
5665
5666
5667
5670
5671
5672
5673
5674
5675
5676
5677
57086
5701
5782
5783
5704
5785
5706
57@7
5718
5711
5712
5713
5714
5715
5716
5717
5728
5721
5722
5723
5724
3728
5726
5727
5738
5731
5732
5733
5734
5735
5736
5737
5748
5741
5742
5743
5744
5745
5746
5747

6113
6114
6115
6116
6117
6129
6121
6122
6123
6124
6125
6126
6127
6130
6131
6132
61383
6134
6135
6136
6137
6140
6141
6142
6143
6144

6145
6146
6147
6150
6151
6152
6153
6154
6155
6156
6137
6160
6161
616¢
6163
6164
6165
6166
6167
6170
6171
6172
6173
6174
6175
6176
6177
62080
6201
6202
6283
6204
6245
6286
6207

2ei1
BB1L2
@13
ga14
Bp1s
ge16
2817
Gpal
voa@z
vegs
2p@4
6o25
Gpboe
gep?
se18e
voLl
boig
B211
g1
B2L3
Be14
Beg15
gg16
pa17
8ope
voon

6272
6273
6443
6444
6274
6471
6472
6473
6474
6475
6447
6450
BS14
8315
6275
6276
6445
6277
6300
6447
6450
6301
6476
6477
6500
6581
6502
6453
6454
2336
8337
6352
6303
6451
6304

BLKONT
LAST,

g

/DEVICE 4

/TABLE OF ADDR THAT TELL WHERE
/ZINIT VALS GO

INTAD:

TISTRZ
TISTR@#+1
LIMVLD
LIMVLZe1
TISTRO+2
BCDE@
BCDA+1
BCDB+2
BCD@«3
BCDB+4
LIMVLY
LIMVL1+1
ELODVE
EHIDVE
TISTRO+3
TISTRO+4
LIMYLD=+2
TISTRY
TISTR1#1
LIMVLL
LIMV{1el
TISTR1+2
BCDY
BCDi+1
BCD1+2
BCD1+3
BCD1+4
LIMVLZ
LIMVL2el
ELODVL
EHIDVY
TISTR1e3
TISTR1+4
LIMVLdi=2
TISTRZ

/DEVICE @

/DEVICE 1

/DEVICE 2



5750
5751
5752
5753
5754
5755
5756
5757
5760
5761
5762
5763
5764
5765
5766
5767
5772
5771
5772
5773
5774
5775
5776
5777
6807
6001
6002
6003
6024
6085
6006
6207
6012
6011
6812
6013
6014
6015
6016
6017
6020
6021
6022
6023
6024
6025
6026
6027
6030
6051
6932
6053
6034
6035
6836
6037
60490
6041
6042
6043
6044
6045
6046

6212
6211
6212
6213
6214
6215
6216
6217
6220
6221
6222
6223
6224
6225
6226
6227
6230
6231
6232
6233
6234
6235
6236
6237
62492
6241
6242
6243
6244
6245
6246
6247
6250
6251
6252
62523
6254
6255
6256
6257
6260
6261
6262
6263
6264
6265
6266
6267
6270
6271

6272
6273
6274
6275
6276
6277
6309
63081
6302
6303
6304

6305
6453
6454
6306
6503
6504
6505
6506
6507
6457
6460
2415
8416
6307
6310
6455
6511
6312
6457
6460
6313
6518
6511
6512
6513
6514
6463
6464
0440
2441
63514
6315
6461
6316
63517
6463
6464
6328
6515
6516
6517
6520
6521
6467
6470
0463
2464
6321
6322
6465

pea1
veaz
pogs
vaw4
Boas
gep1
ooz
(N
2uo4
2225
goe1

TISTRZ#*1
LIMYLZ
LIMV,2#1
TISTRE*2
BCDZ
BCD2+1
BCD2+2
BCD2+3
BCD2+4
LIMVL3
LIMVL3e1
£L00v2
EHIDVE
TISTR2+3
TISTR2+4
LIMY, 22
TISTR3
TISTR3+]
LIMVL3
LIMVL 31
TISTR3Is2
BCD3
BCD3=+1
BCD3+2
BCD3+3
BCD3+4
LIMYL4
LIMV 421
ELODVS
EHIDV3
TISTR3+3
TISTR3=»4
LIMYL32
TISTR4
TISTRA»]
LIMVL4
LIMVL4»1
TISTR4+2
BCD4
BCD4+1
BCD4=+2
BCD4+3
BCDA4=+4
LIMVLS
LIMVL5e1
£L.00V4
EHIDVA
TISTR4+3
TISTR4+4
LIMYyL4=2

/DEVICE 3

/DEVICE 4

/TABLE OF VALUES FOR GO ROUTS
/5 PER DEVICE

TISTR@,

1

N

3
4
5
TISTRL, 1
2
3
4
5
1

TISTR2,

/SALO
/SAHI
/SELECT WD
/=8AM FREQ
/=SAM FREQ
/DV1

/0ve



6F47 6385 QgU@g2 2

6458 6306 SBB3 3

6051 6307 6004 4

6052 6310 Q0Bs 5

6053 6511 @8g1 TISTR3, 1 /0V3
5054 6312 Q0g2 2

64855 6318  dpeg3 3

6056 4314 DUR4 4

8057 6315 BUES 5

5060 6316 0B@1L TISTR4, 1

6861 6317 @vg2 2

6062 6320 Q0B3 3

5063 6321 @0g4 4

6064 6322 BQUpS 5

6065 /TABLE OF ADDR FOR GO VALUES
6066 /6 PER DEVICE
6E67 6323 @31z TIADG, LODbvea
6878 65324 BS511 HIDVE
6071 652> Bueéd SELDVY
6072 6326 B3B7 SFOVE
6873 68527 05810 KSFDV®@
6074 6350 V313 0spvé
6075 6331 B334 TIADL, LODVI
6076 6382 WB333 ) HIDVY
6877 65385 BT SELDVL
6104 6354 DP331 SFDV1
6101 6335 0932 KSFOVY
6122 63356 B335 0SDVL
6103 6337 @413 TI1AD2., LODVZ
6184 6340 B412 HIDVeE
6185 6541 2078 SELDVE
6186 6342 241p SFpvVZ2
6107 6343 @411 KSFDV2
6110 6344 ©B414 ospve
6111 6345 D436 TIADS, LODV3
6112 6346 435 HIDVS
6113 6347 BU7L SELDOV3
6414 6350 K433 SFDV3
6115 6351 2434 KSFDV3
6116 63b2 W©B437 QSpva3
6117 63548 P46l TIAD4, LoDvV4
6120 6394 0460 HIDVA4
5121 6355  Pu7e SELDV4
6122 6326 D456 SFDVé
6423 6357 Q457 KSFDV4
6124 6360 D462 psSpv4
6125 /ADDR OF START OF EACH TABLE
6128 /FQOR GO ROUTS
6127 6361 6272 VALTAB; TISTR®
6130 6362 6277 TISTR1
6431 6363 6324 TISTR2
6132 6364 6311 TISTR3
&1 33 6365 6316 TISTR4
6134 6366 6323 ADRTAB, T!lADS
5135 5367 6331 TIAD]
6136 6370 6337 TIAD2
6137 6371 6345 TIAD3
5140 6372 6353 TIADSG
6141 /TTY QUE HOLDS 22 MESS ADDRS MAX
6142 6373 ©PBL  STRQUE, 1

64,43 6374 Qpo2 2

6144 6375 BOB3 3

6145 5376 P0p4 4

o



6146
6147
6150
6151
6152
6153
6154
6155
6156
6157
6160
6161
6162
6163
6164
6165
6166
6167
6178
6171
6172
6173
6174
6175
6176
6177
62002
6201
6202
6203
6204
6205
6206
6287
6219
6211
6212
6213
6214
6215
6216
6217
6229
6221
6222
6223
6224
6225
6226
6227
6230
6231
6232
6233
6234
6235
6236
6237
6242
6241
6242
6243
6244

6377
64009
6401
6402
6403
6404
6425
6406
6407
6410
6411
6412
6413
6414
6415
6416

6417
6420
6421
6422
6423
6424
6425
6426
6427
6430
6431
6432
6433
6434

6435
6436
6437
6440
6441
6442

6443
6444
6445
6446

6447
6450
6451
6452
6453
6454
6455
6456
6457
6460
6461

9095
2oge
gep7
2219
ge11
2010
2011
w012
2813
2014
@15
Ba1é
0e17
vB2e
P21
029

7747
4549
7775
4368
7777
60382
7777
7634
7777
7766
7634
@144
7766
o212

vooo
Beoo
Beog
oo
Ny
depe

0RO
00 98
0020
6471

200
vooo
pogR
6476
) 30)7
poan
0008
6503
goge
2080
0280

ENDQUE,
/TABLES

RADVAL,

BCOVAL»

LIMVLE,

LIMVLY,

LIMVLZ,

LIMVLS,

19
20

FOR SCCPE ROUTINES

7747
4549
7775
43640
7777
6030
7777
=144
7777
=12

=144
+144
-12

LSO IS ISR S

0
2
@
8Ccpy

(]
o
b

(SRR OR SRR oI SIS S
<3
fw
n

/PQWERS OF TEN
/FOR OCTAL TO
/DECIMAL
/CONVERSION
/100,000

/10,060
/1,000
/=100
/=10

/=100

/+190

/=10

/+18

/HOLDS BCD VAL
/0F X COORD
/128K

/10K

/1K

/104S

/188

JUNITS

/DEVICE INFQ
/TABLE FOR
/XYGET SETUP
/AT QANDA STAGE
/ST ADDR DV@
L0, HI

/= SAM FREQ Dv@
/ADDR OF BCD
/VAL FOR DEV g
/DYl ARGS

/Dv2 ARGS

/0V3 ARGS



6245
6246
6247
6250
6251
6252
6253
6254
6255
6256
6257
6260
6261
6262
6263
6264
6265
6266
6267
6270
6271
6272
6273
6274
6275
6276
6277
6302
6381
6382
6303
6304
6305
6386
6307
6318
6311
6312
6313
6314
6315
6316
6317
6320
6321
6322
6323
6324
6325
6326
6327
6330
6331
6332
6333
6334
6335
6336
6337
6349
6341
6342
6343

6462

6463
£464
6465
6466
6467
6470

6471
647¢
6473
6474
6475
6476
6477
6500
6501
6502
6523
6504
6585
6506
6507
6510
6511
6512
6513
6514
6515
6516
6517
6520
6521
6522
6523
6524
6525
6526

6527
653¢
6531
65582
6533
6534
6535
6536
6537
6540
6541
6542
6543
6544
6545
6546
6547
6550
6551
6552
6553

6510

pNG11Y)

2000
boes
6515
baea
gepe

peep
pooe
vega
olpe
2200
poee
boge
2eeo
gy
poge
BoowY
peeo
ooy
gopo
peor
eoge
202y
puoe
Boae
pope
0opo
20Re
eoew
2eep
P2YP
6567
6573
6577
66@3
6607

2310
231
8314
8324
B24p
2311
316
8323
324
8322
325
2315
235
B316
B324
P240
RL2Y
Bsa7
0317
p24@
@311

LIMVL4, @

LIMVLS, @
@

BCD2,

BCDL,

BCD2,

BCD3,

BCD4,

NUME ,
NUML,
NUMZ ,
NUM3,
NUM4 ,
/T1SA
MSHLT,

MSGO,

VI[N ®

2T I
nwmwvw
[ SIS

MS 4
MESSAGES
319
3p1
314
324
240
311
316
323
324
322
325
315
385
316
324
240

2

387
317
240
311

/0V4 ARGS

/18T UNUSED
/BUFFER CORE
/L0C COMES
/RIGHT AFT LAST
/USER DEFINED
/OEVICE
/HOLDS USER
/DEFINED INIT
/X VALUE

/5 DIGITS

/1 EACH DV
/UNITS

/TENS
/HUNDREDS
/THOUSANDS
/18 THOUS

/NUM TAGS
/MUST BE
/CONTIGUOUS

/H

/A

/L

/7
/SPACE
/1

/N

/S

Al

/R

/u

/M

/E

/N

/T
/SPACE
/EOM
/G

/0
/SPACE
/1



6344
6345
6346
6347
6350
6351
6352
6353
6354
6355
6356
6357
6360
6361
6362
6363
6364
6365
6366
6367
6379
6371
6372
6373
6374
6375
6376
6377
6490
6401
6402
6493
6404
6425
6406
6407
6410
6411
6412
6413
6414
6415
6416
6417
6420
6421
6422
6423
6424
6425
6426
6427
6430
6431
6432
6433
6434
6435
6436
6437
6440
6441
6442

6554
6555
6556
6557
6560
6561
6562
6563
6564
6565
6D 66
6567
65748
6571
6572
6573
6574
6575
6576
6577
6620
5601
6602
6603
6604
6605
6606
6687
6610
6611
6612
6613
6614
6615
6616
6617
6620
6621
6622
6623
6624
6625
6626
6627
6630
6631
6632
6633
6634
6635
6636
6637
6642
6641
6642
6643
6644
6645
6646
6647
6650
6651
6652

2316
6323
D324
D322
0325
8315
R30S
0316
2324
0249
YY)
v26g0
8215
B212
poge
B261
0215
p212
Leeo
pz262
B215
n2412
eeoe
2263
2215
212
poge
g264
P215
9212
2uoe
2315
2317
0324
311
8317
8316
0215
212
2000
8386
B322
8385
2305
8332
8395
2215
0212
poaw
8316
2317
p322
9315
B3p1
314
8215
@212
eope
0311
8316
P326
0385
@322

MS8@,

MS1,

MS2,

MS3,

MS4,

MSMQT,

MSFR,

MENOR,

MSINV,

316
323
324
322
325
315
305
316
324
240

260
215
212

261
215
212

262
215
212

263
215
212

264
215
212

315
317
324
311
317
316
215
212

306
J22
385
325
332
325
215
212

316

317
322
315
3g1
314
215
212
@

311
316
326
325
322

/T
/SPACE
/EOM

/1
/N
/N
/E
/R



6443
6444
6445
6446
6447
6450
6451
6452
6453
6454
6455
6456
6457
6460
6461
6462
6463
6464
6465
6466
6467
6470
6471
6472
6473
6474
6475
6476
6477
6500
6501
6502
6503
6504
6585
6526
6507
6518
6511
6512
6513
6514
6515
6516
6517
6528
6521
6522
6523
6524
6525
6526
6527
6530
6531
6532
6533
6534
6535
6536
6537
6540
6541

6653
6654
6655
6656
6657
6660
6661
6662
6663
6664
6665
6666
6667
6678
6671
6672
6673
6674
6675
6676
6677
6700
6701
6702
6703
6704
6785
6706
6787
6710
67113
6712
6713
6714
6715
6716
6717
6720
6721
6722
6723
6724
6725

10082

101
1882
18423
lprs
1045
106
ige7
1818
1811
1812
1218
1g14
1815
iplé
1917

B324
2305
25g4
215
Reiz
veoe
6328
23p1
n325
8323
B335
82403
8315
2317
R3p4
B3@s
215
212
2o
B310
p3@1
316
0324
8323
p240
B317
p3g6
2386
B215
212
Pueo
@381
257
B304
B240
B315
2317
6324
B3p5
215
212
pooo
ooz

geaa

pe4p
1028
2640
104¢
2000
1040
1813
008
12490
1813
poRo
1240
2000
lp0p0
2000

ALLHLT,

MSBUSY,

MSAD,

AAAS3,

P4,

MEMCHK

LOOP,

NLOF

324
385
304
215
212

2

320
31
325
323
3p5
240
315
317
304
385
215
212

510
381
316
3o 4
323
240
317
326
3p6
215
212

31
257
304
240
315
317
304
3p5
215
212

LMODE
«1000

LOF 2
LDA
LOF 2
STA
2003
STA
NLDF
ADD P4
STA
NLDF

—y

STA
2008
LDA
2000

Al
/E
/0

/H
/A
/N
/0
/S

/0
/F
/F

/A
/D

/M
/0

/E

/FIND OUT HONW
/MUCH EXT MEM
/PUT ANYTHING
/EXCEPT LOF K
/IN LDF 8

/SET LDF

/INST

/PUT LDF K
/Ka431g0gc|l34
/IN LOC NLDF

/PUT LDF K
/IN LDF K
/GET IT
/BACK



6542
6543
6544
6545
6946
6547
6559
6551
6552
6553
6554
68555
6556
6557
6560
6561
6562
6563
6564
6565
6566
6567
6570
6571
6572
6573
6574
6575
6576
6577
66082
6601
66032
6683
6604
6605
6606
6607
6610
6611
6612
6613
6614
6615
6616
6617
6620
6621
6622
6623
6624
6625
6626
6627
6630
6631
6632
6633
6634
6635
6636
6637
6640

1029
1921
1022
1823
1824
1825
1826
1027
1030
1231
1032
1833
1034
1235
1936

1837
1240
1941
1942
1043
1044
1845
1046

7047
7059
7951
7852
7853
7054
7855
7056

1440
1013
7835
0640
1440
2000
B467
7035
1460
2674
7010
3000
5013
1000
1013

1120
7137
n3g2
1129
7776
Q4749
P21l
@apge

6201
3032
1255
3656
5654
4023
4040
6209

DUN,

P4p4n,
K6K,

SAE

NLDF

JMP DUN
LOF @
SAE

2000

SKP

JMP DUN
SAE 1
.OF 34
JMP LOOP
ADD P4
STC NLOF
LDA

NLOF

ADA ]
=640

ROR 2

ADA 1

-1

AZE 1

CLR

PDP

PMODE

COF @

DCA MAXCDF
TAD P404g
DCA ] KéK
JMP T el
SETUP
4240

60082

/01D WE

/MAKE 1T 7
/NQ

/CHK FOR
/CONTROL LOGIC
7/ ONLY

/STILL OK

/4K ONLY

/CHK FOR

/HAX CORE

/D0 SOME MORE
/HWE HAVE 32K

/PUT FIRST NON
ZEXISTANT LDF
/IN AC

/=187 NON CDF

/FIXUP 62880

/DEFINITIONS FOR INPUT ROUTINES

/ANALOG

ADRMIN=7000
COFMIN=D
DRPMAX=20
WRMBLK=4000

FIRLDF=2643
ROMBLK=602D

ASSIGNMENTS FOR
/X AXIS
XAXDV@=10
XAXDV1sXAXDV@+1
XAXDV2EXAXDV1+1
XAXDY3=XAXDV2+1
XAXDV4=29

/Y AX1S
YAXDVD=14
YAXDV1aYAXDV@+1
YAXDV2RYAXDVL+1
YAXDY3=YAXDV2+1
YAXDV4 22 4

/18T BUF ADDR

/MAX X AX DRQOP
/18T MBLK FOR
/WRITE

/15T BUF LDF
/18T MBLK FOR
/READ

DEVICES

/DEFINITIONS FOR SCOPE ROUTINES

CHGHC=3600

CR=0g43
CR1=4300
ENDWD=@R77
ENDWD1=27708
FUL=®2006

/CHANGE HORIZ
/COORD

/EOL RH

/EOL LH

/END OF MESS
/END OF MESS
/FULL SI2 CHARS



6641
6642
6643
6644
6645
6646
6647
6650
6651
6652
6653
6654
6655
6656
6657
6660
6661
6662
6663
6664
6665
6666
6667
6670
6671
6672
6673
6674
6675
6676
6677

FULi=p6p@
GRDPTR=14

GROTAB=QAV

HBIT=40822
HCPTR=15

KURLEN==30

MSPTR=17

VCPTR=16

XCURH]I=ARGH]
XCURLO=ARGLO
XYHC=@

ANAVAL=4PD0
ANSPTR=14
CURNHI=ADMESS
CURNLO=KBDBUF
DVNMAX=ze5
ENCPTR=TTYFLG
EXTMTPR1D
QAEQL1=7420
GAEOM1=3420

/T1SA 15 APR 78

/PTR T0 GRID
/TABLE

/ADDR OF GRID
/TABLE

/PTR TO TABLE
/HOR1Z CQORDS
/= LENGTH OF
/CURSOR

/=X CORD

/PTR TO DIAL
/ENCODED MESS
/PTR TO TABLE
/VERT COORDS
/PAGE @

/PAGE O

/INIT HORIZ
/COORD FOR
/X=Y DISP

/DEFINITIONS FOR QANDA SETUP ROUTINES

/ANALOG SELECT

/PAGE @
/PAGE ©

/PAGE 8
/X0B CONSTANT



2903 ERRORS



AAARPD
AAASD
AAAST
AAASZ
AAAS3
ADOR
ADMESS
ADMS
ADPTR
ADRMIN
ADRTAB
AGOMS
AHLTMS
ALLDUN
ALLHLT
ANALDG
ANARTN
ANAVAL
ANLDF
ANLIF
WNONQ
NEEIRIN
ANSPTR
ANSHWER
ANS 4
ARGHI
ARGLO
ASAM
ASAVE

=

g1lii
1765
3754
5781
6725
8730
POz
1504
goll
7000
63656
3515
3514
4279
6661
782
0637
4099
@347
g346
1653
1741
2814
4524
6805
Qpe47
ge46
1213
8352



ATEMP
AWR]
ALCONT
A2CONT
A2L 0P
A3CONT
A3LOP
A4

A4 CONT
BcoLoP
BCDPTR
BCDVAL
BCD@
BCO1
BCD2
BCO3
BCD4
BCNTR
BETAL
BETAZ
BETA3
BLKCNT
BUF HI
BUFLO
BUFPTR
BUSYMS
BWDMOT
BYHLT
BYMBLK
BYWRAP
c

CATA
CATPTR
COFMIN
COFVAL
COFd
CHAR
CHGHC
CHGSAM
CHKADR
CHKL QP
CHKSNS
CHKSHWI
CHKTTY
CHRLOP
CHRNXT
CHRPTR
CHRTAB
CLKCNT
CLKMOD
CLRLOP
CNTR
CONMSZ
CR

CR1
CTRLH
CURCDF
CURCNT
CURDIS
CURLEN
CURLCP
CURNHI
CURNLO

1506
1762
4076
4195
4100
4118
4106
4211
4216
2600
2256
6435
6471
6476
6503
6518
6515
WEN
8093
0804
0005
6143
2347
2546
2054
1063
2224
3123
1187
2316
1342
1517
1576
0020
0731
2031
1265
3600
p720
2233
3114
4921
3107
@245
1210
2075
1224
12235
3304
3305
3206
0052
4209
2243
4308
1274
2060
2851
2700
2751
2722
2020
2p21



CURRTN
D

DADD
DBLDEF
DBLHI
DBLLO
DBLLOP
DCIA
DCODEX
DCODEY
DEVNUM
DIAL
DIGCHK
pLooP
DOMTP
DORDC
DOWRC
DRPMAX
DSCCHR
OSCHLP
DSCL
DScL4
DSCXY
DUN
DUNBLK
DVNMAX
DVTYP
DV
ov2
DV
ov4
EHIDVE
EHIDV1
EHIDV2
EHIDVS
EHIDV4
ELODVE
ELODVL
ELODVZ
ELODV3
ELODV4
ENCPTR
ENCVAL
ENDHI
ENDLO
ENDQUE
ENDWD
ENDWD1
ENQUE
EOLXIT
ERFREQ
ERRDEV
ERRENC
ERRFUL
ERRXIT
ERREPT
EXIT
EXTMTP
F'
FIRLDF
FIRST
FOUND
FREE

=

2275
473
2330
2470
pe4as
gu44
2461
3930
3527
3534
20356
4915
4466
447
1867
1664
1746
@e2¢
2732
2052
3017
3043
2122
7035
1682
7773
ge27
gs21
2400
pa23
72446
g315
0337
2416
p441
Ba64
314
2336
w415
2447
B463
gB22
3306
g733
p732
6416
2e77
77080
1065
4517
4327
4535
4383
4817
4522
4811
7472
pB1g
2514
2643
6001
2432
4332



FREE2E
FREQ
FRMS
FROM
FRSTR
FUL
FULL
FWDCOF
FWDRTN
G

GBLK
GETKBD
GETU
GO
GODIS
GOLOP
GOMS
¢00DY
GRDPTR
GRDTAB
GSWIT
H

HALT
HALTAL
HBIT
HCP TH
HCTAB
HIDVE
HIDV1
HIDV2
HIDV3
HIDV4
HLP TAB
HLTALL
HLTDVO
HLTDV1
HLTDV2
HLTOV3
HLTDV4
HLTLOP
HL TMS
HLTPTR
HOLD
HSWIT
HSWIT®
HSWIT1
HSWIT2
HSWIT3
HSWIT4
HSWPTR
1DLE
INIAD
INICHR
INTEND
INILEN
INIPTR
INISAM
INISTR
INMESS
INPUT
INTL
INTMOD
INTOUT

2043
0735
2542
1510
3200
gRoe6
26y
2383
2300
1315
3430
5534
1542
1411
2251
1451
3587
1124
2214
5331
1365
1311
1400
3516
4200
peoLs5
3557
P31l
2333
9412
Ba3s
ga6g
3615
1363
2317
@341
g42@
3443
pa6é
3475
3461
1516
2736
1364
ga73
2074
aa75
pB76
@a77
3130
2020
6145
2137
6036
3273
pa1Q
1464
6016
1244
8600
p2oa
2345
2256



INTPR gaie
INVMS  po44
KADR 3323
KECo 2526
KBOBUF gB21
KBOTAR 122%
KBLKCT 2187
KCLEN gpé2
KCONMS 4162
KCUR 2352

KD 1271
KDADD 6@37
KDCTA 4171

KDIG @263
KOOMTP 1763
KDSCL4 4166
KDV2 g353
KENC 3277
KERENC 4165
KERFUL 4172
KERDBPT 41782
KEYBRD 1200
KEYRTN @511
KEYXIT 1285
KF 1270
KFIRST 1741
KFREQ @537
KFREQ @734
KFRESH 1745
KFRSTR 4164
KGBLK 4382
KGO 1370
KGOMS @182
KHALT 1366
KHLTMS G121
KIOLE 2865
KINI BL26
KINPUT 22382
KKDCIA 3427
KKEY 2847
KLAST 9112
KLIM 2525
KLOAD 1525
KLOHI 4173
KMES 2058
KMESSZ 43020
KMULL1E 2064
KNUHM 3526
FRXSTR 4277
KP 1267
{3:0LAR 2540
KP1DAC 4174
KQUPUT 2105
KRJ 2527

KRDERE 1787
KRESTR 4164
KS 1272

KSET 1272
KSETUP 1545
KSFOVO 8510
KSFDVL1 £352
KSFDV2 p411
KSFOVS @454



KSFDV4 @gab7
KSTRQ 3367
KSWI 2051
KTTY 3565
KTXT26 33g2
KUPACK 4167
KUPLIM 1661
YURLEN 7750
KW 1273
KWRERR 1764
KWRIT @546
KXYGET 2453
K210 3366
K&K 7056
L 1394
LAST 6144
LDFSTR 1172
LIMLOP 2407
LIMPTR 2855
LIMYLE 6443
LIMVLL 6447
LIMVLZ 6453
LIMVL3 6457
LIMVLY 6463
LIMVLD 6467
LNNXT  2¢61
LOAD 4454
LOADER 195@
LODLOP 1532
LODPTR 1618
LODVE @312
LODV1 @334
LODV2 2413
LODVS 2436
LODV4 Q461
LOHI 3406
LooP 7019
LOP1 3526
LOP2 3350
LSAVE @851
LSENC 3300
LSINI 3276
LLSSAHI 3275
L.SSALO 3274
M 1347
MAG 1522
MAGPTR 1683
MATCH 1220
MAXCDF 2232
MAXCUR 2752
MAXDRP @724
MAXDVN 0061
MEMCHK 7001
MESCHK 1089
MESS1 4826
MESS2 4043
MESS3 4237
MINADR @034
MINCDF §233
MM12 1657
MM4 2756
MODE 2103
MOTMS @541



MSAD
MEBUSY
MSFR
MS G0
MEHLT
MSINY
MEMOT
MSNOR
MSFETR
MS@
M51
M52
MS3
MS4
MTPLOP
MULLE
M1
Migoe
M12

M5
NEGLZ
NEGS
NEWSAM
NFDVK
NLOF
NORMS
NOTH
NUM
NUMPUT
NUMB
NUM1
NUM2
NUM3I
NUM4
NXSTR
NXTCHR
NXTLN
NXTPNT
0K
oKz
OLDSAM
OPKRTHN
0s50VvVe
gsovi
gsopve
0sSDV3
gspové
ouTL

P
PCKLOP
pLioRZE
pPL42D
PL6&Y
POLAR
pEL7
PR4ZP
P10DAC
PLOZE
P17
L1777
P2

P37

P4

&8

6712
6676
6624
6550
6527
6646
6613
6635
Bo17
6567
6573
6577
6603
6607
1100
3200
1660
2350
2753
1514
4301
2530
8725
8673
7013
p543
4122
1321
3517
6522
6523
6524
6525
6526
3255
2152
2131
2261
4266
4207
9727
1203
8313
8335
B414
0437
0462
pz66
8520
3061
1515
3462
4513
2266
1367
2755
3400
8726
3106
2355
2743
8358
70090



Pagl
Pag 4y
P4g6d
PS7
P6d
P60ed
P7K
GAB
QACA
QACHAR
QACKLF
GACNTR
QAD
QADUN
QAE
QAEODLL
QAE OML
QAEXIT
QAF
QAFLD
QAG
QAH
QAl
QAINIT
Gad
DAK
QAKRB
QAL
QALEGL
QAM
QAN
BAQ
QAP
QAQ
FARFSH
GAT
QATLS
QATPE
QATSF
QATY
Qau
QAY
QAW
QAX
GAY
QAaZ
GsaAvE
QUECNT
QUEIN
GUEMAX
GUEQUT
QUPUT
RADPTR
RADVAL
RDCWOD
RDLEN
ROMBLK
READ
REMS2
RESTR
RMBLK
RTNJMP
RTNLDF

"

2166
7055
3301
2757
2754
6354
1113
5017
5030
5670
5634
5617
5041
3812
5063
7489
3400
5650
5531
4900
5075
5127
5144
5013
5151
5320
6036
5210
5610
5114
5236
5244
5255
5276
5066
5303
6846
5657
6041
5551
5521
5331
5525
5437
5425
5314
1066
2025
8023
1862
2024
1033
0257
6417
1677
1742
6000
4344
4046
3233
1744
0274
8271



RTYNLIF
5

SAMX
SAMY
SCPFLD
SCPRTN
SCPXIT
SELDVE
SELDVL
SELDV2
SELDVS
SELDV4
SELPTR
SERVE
SETANA
SETCOF
SETFUL
SETHC
SETMOT
SETUP
SFDVE
SFpV1
SFDV2
SFOVS
SFDV4
START
STATUS
STQUE
STRQUE
STRRDE
TBLK
TBUSY
TEMP
TEMPH]
TEMPLO
TIADR
TIADE
T1AD1
T1AD2
TIAD3
TIAD4
TIRTN
TISA
TISTRO
TISTRIL
TISTR2
TISTRS
TISTR4
TIVAL
T0
TPARGS
TRINST
TPLOF
TPLOP
TPROC
TPWALT
TPWORD
TTYFLG
TXT1
TXT10
TXT11
TXT12
TXT13

=

2270
526
g703
P65 4
2HB0
2043
2163
geace
gae7
EE70
2071
a@72
gi02
7234
4p73
2320
2114
2111
2209
4p24
2307
2331
p41p
gazs
g4%56
4028
2026
1064
6373
3315
1662
1057
pLo4
2051
pESY
1512
6323
6331
6357
6345
6353
geap
275
4272
6277
6304
6311
6346
1587
1511
1615
1182
1141
1622
1676
1163
1183
gg22
4535
4757
4765
4774
5g91



TXT14 5006
TXT2 4965
TXTS 4650
TXT4 4672
TXT> 4785
TXT6 4720
TXT7 4747
UNIT 1663
UPACK 3855
UPLIM 4526
VALTAB 6361
VCOORD 2737
VCPTR 2016
VCTAB 3540
W 8553
WMBLK 1743
WRIT 4400
WRMBLK 4008
XAXDVD @010
XAXDVL @011
XAXDV2 2012
XAXDV3 8013
XAXDV4 g029
XCORD 2017
XCURHI 2047
XCURLO 8046
XYGET 2400
XYHC 0000
YAXDVE 9014
YAXDV1 @815
YAXDV2 ©016
YAXDV3 8017
YAXDV4 g@24
YCUR  pB35
YLOP 2647
ZXIT @512



TISA
READER’S COMMENTS DEC=12«UW3A=D

Digital Equipment Corporation maintains a continuous effort to improve the quality and usefulness of its
publications. To do this effectively we need user feedback — your critical evaluation of this manual.

Please comment on this manual’s completeness, accuracy, organization, usability, and readability.

Did you find errors in this manual?

How can this manual be improved?

DEC also strives to keep its customers informed of current DEC software and publications. Thus, the following period-
ically distributed publications are available upon request. Please check the appropriate boxes for a current issue of the
publication(s) desired.

{3 Software Manual Update, a quarterly collection of revisions to current software manuals.

{0 Users Bookshelf, a bibliography of current software manuals.

{3 Program Library Price List, a list of currently available software programs and manuals.

Please describe your position.

Name Organization

Street Department

City State Zip or Country
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HOW TO OBTAIN SOFTWARE INFORMATION

Announceraonts tor new and revised software as well as programming notes, software problems. and documenta-
non corrections are published by Software Intormation Service i the following newsletters.

Digital Software News for the PDP-8 Family
Digital Software News tor the PDP-9/15 Family
PDP-6/PDP 10 Software Bulletin

F'hese newsletters contain information applicable to software available from Digital’s Program Library

Please complete the card below to place your name on the newsletter mailing list.

Questions or problems concerning DEC Software should be reported to the Software Specialist at your nearest DEC
regional or district sales office. In cases where no Software Specialist is available, please send a Software Trouble
Report torm with details of the problem to

Software Information Service
Digital Equipment Corporation
146 Main Street, Bldg. 3-5
Maynard. Massachusetts 01754

These forms which are available without charge from the Program Library, should be fully filled out and accompa-
mied by felervpe output as well as listings or tapes of the user program fo facilitate a complete investigation. An
answer will be sent to the individual and approprniate topics of general interest will be printed in the newsletter.

New and revised software and manuals, Software Trouble Report forms, and cumulative Software Manual Updates
are available trom the Program Library. When ordernng wmclude the document number and a brief description of
the program or manual requested. Revisions of programs and documents will be announced in the newsletters and
a price hist will be included twice yearly. Direct all inquiries and requests to:

Program Library

Digital Equipment Corporation
146 Main Street, Bldg. 3-5
Maynard. Massachusetts 01754

Digital Equipment Computer Users Society (DECUS) maintains a user Library and publishes a catalog of programs
as well as the DECUSCOPE magazine for its members and non-members who request it. For further information
please write to

DECUS

Digital Equipment Corporation
146 Main Street

Maynard. Massachusetts 01754

Send Digital's software newsletters to-

Name

Company Name

Address
(zip code)
My computer is a PDP-8/1 O PDP-8/L O
LINC-8 O PDP-12 [
ppPs (O PDP-15 (O Ple: if
PDP-10 () OTHER O case spectty

My system serial number is (if known)
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