









































































































































































































































SKIP REMAINDER OF RECORD! EOM 136188
The tape unit currently on the channel is instructed to skip
the remainder of the record being read.

WRITING ON MAGNETIC TAPE

Once a tape unit is ready and the file protect ring is on the
tape reel, that is, the file protect test is false, a write op-
eration can be initiated. The tape will start and remain in
motion until the termination signal from the buffer is re-
ceived. Thetape control unit will then write the remaining
characters of the record and the longitudinal check charac-
ter. When the check character is read by the read-after-
write head, the tape will signal the channel that gap has
been reached. If no further write instruction is received
within 1 millisecond, the tape is stopped and disconnected.

An end-of-file character should be written (or a segment of
tape erased) after a series of records have been written, if
the user wishes to backspace or rewind and then expects to
return at some later time to record additional information
at the end of the previous series of records. This practice
provides positive identification of the end of a record and
facilitates return to a specific location on the tape. If this
method is not used, there is a possibility that the tape will
not subsequently stop in the same location at the end of the
series of records as it did when the last record was written.
This would leave a segment of tape in the gap which has
not been written and may cause erroneous operation when
the tape is read.

tNofe: This instruction applies only to 41.7-kc and 96-kc
magnetic tape systems.

Erase Procedures

In addition to writing under program control, magnetic tape
can also be erased under program control. Tape may be
erased by addressing it with an erase unit address. When a
tape is addressed with an erase unit address, it operates as
though it were in a write mode, except that no information
is recorded. The program or interlace supplies the count of
the number of words to be erased.

This type of erase is useful for the correction of a write error.
When a write error occurs, an ERASE TAPE IN REVERSE is
given to start the tape inreverse. Then the same count, used to
write the recordoriginally, isloaded to control the erase. This
procedure ensures that the tape always returns to the beginning
of the erroneouse record, even if abad spot on the tape might
appearasagap. Therecord may now berewritten. If the write
still produces an error, therecord is erased backwards and then
an erase forward, using the same count, bypasses the section of
tape where the difficulty occurred. The record may now bere-
written on a new section of tape.

Long Gap. The erase procedure is used to produce 3.75
inches of blank tape between the load point and the first

record and between a record and the end-of-file mark. This
is accomplished by erasing 150 words at 200 bpi density, 417
words at 556 bpi density, or 600 words at 800 bpi density.

End of File. Writing an end-of-file record is accomplished
by the following sequence:
1. Erase a long gap.

2. Load the channel interlace with a word count of 1 and
the address of a word containing the value 170000008.

3. Issue a 1-character/word, BCD write tape instruction.

Magnetic tape gather-write example:

and channel W with interlace.

This program writes one record on magnetic tape. The data written in the record are gathered from three non-contiguous
areas of memory. The program is written as a closed subroutine that uses the zero-word-count interrupt, magnetic tape 1,

This program is written to clarify programming for magnetic tapes. Extra programming is not included to save the con-
tents of the A register or the index register for the main program.

A scatter-read operation can be performed with an almost identical program. The difference is the exchange of the read
instruction with the write instruction and the deletion of the file-protect test.

This assembler directive saves a location for the subroutine entry.

This pair of instructions clears location COUNT for use later as a switch,

This instruction tests magnetic tape 1 on channel W for being ready.

This instruction branches two locations ahead. This instruction is executed if the

Location  Instruction  Address Comments
GWMT ZRO
CLA
STA COUNT
SKS 104118
BRU *+2
magnetic tape is ready.
BRU *.2

This instruction branches back to the tape ready test.

{continued)
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31B

BRM

FAST

This instruction tests whether the file protect ring is present on the tape reel. If
so, the next instruction is skipped and the following one is executed.

This instruction branches and marks to an assumed routine to call the operator and

instruct him to insert file protect ring on magnetic tape 1.

These three instructions place the marked subroutine entry location plus one into

This instruction branches around location FAST.

This assembler directive saves a location for entry to the multiple write area of

This instruction loads the index register with the contents of location COUNT,
This is used in picking up the proper input/output control instructions.

These two instructions determine when the write operation is complete.
This instruction is executed if the write operation is complete. When it is, lo-

cation COUNT contains the value 6 and the active interrupt leve! 31B is cleared.

This instruction (executed if the write operation is not complete) alerts the inter-
lace in channel W for subsequent loading, connects magnetic tape 1 to channel
W, specifies BCD transfer mode, and starts the tape moving. The 4 characters/
word mode is specified.

This instruction executes the EOM located in address A modified by the contents
of the index register. This process is repeated for the output words in A+2 and in
A+4; then, the test in location FAST+3 causes a final branch back to the main

This instruction transmits the word count and starting address to the channel.
This pair of instructions adds 2 to the contents of location COUNT.
This instruction branches back to the main program.

This EOM specifies output function 11 (IOSP) and arms the zero-word-count inter-

The word in location A+l specifies that 100 words will be output from memory be-
ginning in location 2000B.

This EOM specifies output function 11 (IOSP) and arms the zero-word-count inter-
The word in location A+3 specifies 200 words from memory beginning in location

This EOM specifies output function 00 (IORD) and arms the zero-word-count in-

The word in location A+5 specifies 100 words for memory beginning in location
3000B. Upon completion of the output of this subrecord, the channel disconnects.

Location Instruction  Address Comments
SKS 140118
BRM OPER
LDA GWMT l
STA FAST R
MIN FAST location FAST,
BRU FAST+1
FAST ZRO
the subroutine.
LDX COUNT
LDA OKAY
SKG COUNT
BRI FAST
EOM 426518
EXU A, 2
program.
POT A+1,2
MIN COUNT
MIN COUNT
BRI FAST
A EOM 156008
rupt level.
A+l DATA 62020008
A+2 EOM 156008
rupt level.
A+3 DATA 144025008
25008B.
A+4 EOM 150008
terrupt level.
A+5 DATA 6203000B
OKAY DATA 6

This is the value used in the completion tests,

The main program is processed while the output is being performed by the channel. When output is completed, the chan-
nel transmits the zero-word-count signal to interrupt level 31B.

This instruction branches and marks to location FAST.
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Magnetic Tape Write Erase Instructions

The magnetic tape write instructions to follow are coded for
channel W without interlace, using tape unit n in the 4-
characters/word mode. EOM or EOD instructions to the
tape units specify start-without-leader since the tape unit
generates gap on all write operations automatically. Thus,
it is not necessary for the starting EOM to call for leader.
A leader instruction should never be included in a magnetic
tape program, because an attempt to generate leader may
cause an erroneous operation,

WRITE TAPE IN BINARY EOM 365nB
Tape unit n is started in a binary write mode.

WRITE TAPE IN DECIMAL (BCD) EOM 265nB
Tape unit n is started in a BCD write mode.

ERASE TAPE FORWARD EOM 367nB
Tape unit n is started in an erase mode.

ERASE TAPE IN REVERSE EOM 767nB

Tape unit n is started in reverse in an erase mode.

RAPID-ACCESS DATA (RAD) FILE

The XDSRAD file consists of a controller and one to four
devices, with each device containing either one or two
logical storage units. The logical storage units are avail-
able in two sizes: 524,288 characters (6 bits per character)
or 1,048,576 characters. Thus, the maximum capacity per
RAD controller is 8,388,608 characters.

Each logical storage unit contains 64 bands (32 bands for a
524,288-character unit), eachband contains 64 sectors, and
each sector contains 256 characters (64 words). Thus, each
band contains 16,384 characters (4096 words). Areas of the
RAD storage are thus addressed by specifying the particular
unit, band, and sector. Each particular band is read/
recorded with a separate set of read/write heads, thereby
eliminating the mechanical complexity and positioning time
characteristic of movable arm disc files.

Due to the data organization of the bands, reading/recording

of é6-bit characters must be done in multiples of two charac-
ters (12 bits), which is what the controller requires. This
means that to the controller, a 24-bit word appears as two
12-bit characters. This is the reason for selecting the 2
character/word mode of the EOD when programming the
RAD file.

The minimum data unit that can be written on the RAD is a
sector (64 words) and all transmission must begin on a sector
boundary. If the interlace word count controlling a write
operation is not an integer multiple of 64, the remainder

of the last sector will be written as zeros (erased). The
number of words transmitted to memory for a read operation
is specified by the interlace word count,

iy performed by
o be transferred.

Sector address incrementing is automatica

i
the controller when more thanonesectorist

Unless inhibited by the ALERT RAD AND INHIBIT INCRE-
MENT instruction, the band number will also be incremented
after the last sector in each band (if transmission crosses a
band boundary). Addressing is continuous only within a
logical unit (not continuous from unit to unit). Thus, ifa
million characters of storage are set up as two . 5-million-
character logical units, it is not possible to increment
automatically across the logical unit boundary.

FILE PROTECTION

RAD units contain a provision for manual write protection.

A group of toggle switches selectively inhibit writing on
band groups associated with each switch, There are a total
of eight switches for each logical unit, with each switch
controlling eight bands (32,768 words of storage). The write-
protect switches can be tested, under program control, by
executing the RAD FILE PROTECT TEST (see below).

RAD FILE TESTS

The RAD file tests to follow are coded for RAD file 1 on
direct-access communication channel E,

RAD CONTROLLER READY TEST
{Skip if controller ready)

SKS 50026B

If the RAD controller is ready when the ready test is exe-
cuted, the computer skips the next instruction in sequence
and executes the following instruction. If the RAD control-
ler is not ready, the computer executes the next instruction
in sequence (does not skip). The controller will respond
with a not ready indication if:

1. The RAD file power is below safe read/write limits,

2, The controller has been addressed by a READ RAD or a
WRITE RAD instruction, but the RAD controller has not
yet begun to read/write, or

3. The read/write circuitry is currently in use,

This ready test should be made before each alert EOD instruc-
tion that initiates a read or a write operation.

RAD FILE PROTECT TEST
(Skip if RAD file not protected)

The RAD file band addressed by the preceding POT instruc-
tion is tested for being write protected. If the address band
is not write protected (i.e., the write-protect switch for the
band is off), the computer skips the next instruction in se-
quence and executes the following instruction. If the ad-
dressed band is write protected, the computer executes the
next instruction in sequence (does not skip). The controller
responds with a protected indication when the write-protect
switch for the addressed band is on, even if the band is un-
implemented (in the case of a . 5-million-character storage
unit).

SKS 530268

RAD CONTROLLER ERROR TEST
(Skip if no RAD controller error)

SKS 51026B

Te L DA . 11 H 1 [ 4 L et P Y
1T The RAD confroiler error 1naicaior Is nor ser, The compurei

skips the next instruction in sequence and executes the
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following instruction. The computer executes the next in-
struction in sequence (does not skip) if the RAD controller
error indicator is set, as the result of one or more of the
following conditions:

1. The controller has detected a device fault (malfunction).

2. A write operation has been attempted for a band that is
write protected.

Note: For the above error conditions, the RAD controller
automatically disconnects from the channel (clears
the channel unit address register). Thus, the chan-
nel returns to the inactive condition. However, the
interlace registers are not affected and they contain
the word count and memory address that existed at
the time of the error. Sincetheinterlace word count
is not decremented after the channel isdisconnected,
the zero~word-count signal is not transmitted to the
interrupt system; however, the channel transmitsthe
end-of-record interrupt signal (if the interrupt level
is armed) when the channel is disconnected.

3. The RAD controller was not in a ready condition when
the instruction ALERT RAD or the instruction ALERT
RAD AND INHIBIT INCREMENT was executed. In
this case, only the RAD controller error indicator is
set (the channel is not disconnected and the current
operation is not affected).

RAD FILE INSTRUCTIONS

The RAD file instructions to follow are coded for RAD file
number 1 on direct-access communication channel E,

ALERT RAD EOD 10026B

This instruction alerts the RAD file to receive the word to
be transmitted by the POT instruction that immediately fol-
lows. The word transmitted by the POT instruction is assumed
to be in the following format:

000 Unit Band Sector
0 ' ' 8'9 11"12 ' 17718 ¥ 23

If the designated unit/band address is not existent in the
RAD file, an erroneous operation occurs when data trans-
fer is attempted. No errorindicator isset for this condition.

The optimum time for execution of the POT instruction is
when the current sector address is 1 less than the sector
address in the word to be transmitted; otherwise, the com-
puter must wait for the beginning of the addressed sector
to be available for a read/write operation. The EOD to
alert the RAD file should be preceded by a RAD controller
ready test to insure that the RAD file is ready when the
EOD is executed; otherwise, an error condition occurs.

ALERT RAD AND INHIBIT INCREMENT EOD 110268

This instruction performs all the functions of the ALERT RAD
instruction. In addition, this instruction inhibits the RAD
controller from incrementing the current band address. This
allows the program to begin a read/write operation in the
middle of a band, read/write to the end of the band (sector
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64), and continue the read/write operation at sector O of
the same band. The restrictions that apply to ALERT RAD
also apply to this instruction.

ALERT TO STORE SECTOR EOD 1n226B

This instruction alerts unit n (where 0=n<7) of the RAD file
to transmit its current sector address to the computer. This
instruction must be followed immediately by a PIN instruc-
tion, which stores the sector address in the effective loca-
tion as follows:

000000 Sector

17°18 ’ 23

-+
-
5
e

L]

0

READ RAD FILE EOD 2226B

This instruction connects the RAD file to the channel and
initializes the channel to assemble 2 characters/word (12
bits per character).

Execution of the EOD instruction also resets the RAD con-
troller error indicator (unless the RAD controller is not ready
when the EOD is executed).

WRITE RAD FILE EOD 2266B

This instruction connects the RAD file to the channel and
initializes the channe! to transmit 2 characters/word (12
bits per character).

Execution of the EOD instruction also resets the RAD con-

troller error indicator (unless the RAD controller isnotready
when the EOD is executed).

ERROR CONDITIONS

RAD Controller Error Conditions

The conditions that cause the RAD controller to set its error

indicator, which is independent from the channel errorindi-
cator, are listed in the description of the RAD controller
error test. The RAD controller error indicator is reset when-
ever a READ RAD or WRITE RAD instruction is executed (un-
less the RAD file isnotready when the instruction is executed;
in which case, the RAD controller error indicator is set).

Channel Error Conditions

For a write operation, the channel error indicator will only
be set if a data overrun (rate error) exists. This condition
occurs if the channel is not prepared to transmit the next
character when requested by the controller.

For read operations, three distinct conditions will set the
channel error.

1. A data overrun (rate error) occurs if the channel is not
prepared toreceive the next character from the coupler.

2. The channel error indicator is set if the channel detects
a parity error in the input character.

3. The channel error indicator is set if the controller de-
tects a parity error in the check character at the end
of a sector.



The channel error indicator is reset whenever a READ RAD
or a WRITE RAD instruction is executed.

Recovery Procedure

Disregarding critical applications, it is recommended that
no more than three attempts be made to read or write a por-
tion of the file.

PROGRAMMING CONSIDERATIONS

Immediate Access

The rotational latency (35 milliseconds maximum) of the
RAD file can be minimized when large blocks of data are
transferred between the computer and the RAD file. This
type of large block transfer is frequently encountered in
applications such as time sharing and very large simulation
problems employing program "overlay" techniques.

A combination of hardware provisions and programming
techniques is used to minimize rotational latency. The cur-
rent sector address of each unit is continually maintained
in the controller. As the bands revolve, successive sector
addresses are noted and counted, as a 6-bit number in the
range 00B through 77B. The current sector address of any
unit can be read by the computer's program at any time by
an EOD-PIN sequence. Thus, the program can compute
the optimum starting point for a data transfer, as illustrated
in the following example:

Assume the program is to transfer 10000B (4096) words from
core memory location 5720B through 157178 onto sector lo-
cations 42008 through 42778 (band 428, all sectors). Assume
that the current sector address is 43B. These steps occur:

1. The program tests for controller ready with an SKS in-
struction,

2. The program executes an EOD-PIN sequence. The cur-
rent sector address (43B) is thus read into the computer.

3. Two is added to the sector address, making it 45B. This
insures that one sector time is available to the program
before reading or writing occurs. (The unit could be
very near the end of sector 43B when the sector ad-
dress is read; hence, the unit would be into sector 44B
before a read or write could be initiated — therefore
imposing a full rotational delay.)

4, The program sets up two 1/O file operations.

a. The first causes core locations 12420B through
15717B to be written onto sectors 4245B through
42778,

b. The second causes core locations 5720B through
124178 to be written onto sectors 4200B through
42448,

In this example, 4096 words are transferred in about 35
milliseconds. If normal programming had been used (with

the entire record started at sector zero), the operation would
have taken almost 50 milliseconds, due to the latency en-
countered while the unit rotated from sector 44 to sector 00.
Thus, the immediate access capability of the RAD file re-
duced the transfer time by about 30 percent.

Use of the Channel Interrupt Levels. Care should be exer-
cised when using the zero-word-count interrupt level and
the channel zero count test, because the controller may dis-
connect (before zero count) for any of the reasons listed in
the description of the RAD controller error test.

The occurrence of an end-of-record interrupt signal (or a
skip as the result of a channel active test) is not necessarily
synonymous with the controller becoming ready. If the inter-
lace word count is modulo 64, the controller on output must
(after zero count) write the last data characters and the check
character before indicating that it is ready. If the interlace
word count is not modulo 64, the coupler will be busy after
the end-of-record signal is transmitted and until trailing zero
characters and the check character are written (or until the
end of the current sector is reached and the check character
is verified for reading).

Use of the "Sector Start" Interrupt Level. As an optional
feature, the RAD file controller can inform the program, via
one of the special systems interrupt levels, that a specific
unit is about to reach the beginning of a specific sector.
The procedure for using this feature is outlined in the fol-
lowing steps.

1. The program (or I/O routine) enables the interrupt sys-
tem. If the optional arming feature is present, the pro-
gram must also arm the interrupt level assigned to this
function. (The assignment of special systems interrupt
levels is unique to each computer system, asdetermined
by the customer.) The program must also load the inter-
rupt location with the appropriate BRM instruction,

2. The program sets up the 1/O operation, which includes
executing the necessary ready tests, the alert controller
EOD and subsequent POT, file protect test, and the
EOD and POT instructions that alert and load the chan-
nel interlace. The read/write instruction is not exe-
cuted at this time.

3. The program branches out of the I/O set-up and con-
tinues with its other processing.

4. When the addressed RAD unit has rotated to the point
where 28 microseconds (approximately 16 computer
cycles) remain before the addressed sector reaches the
read/write heads, the RAD controller transmits an in-
terrupt signal to the special systems interrupt level.

5. The BRM instruction in the interrupt location branches
and marks to an interrupt-servicing routine that con-
tains the read/write instruction. The interrupt-servicing
routine then branches back to the main program (which
may again be interrupted, via the channel zero-word-
count or end-of-record interrupt levels, for error check-
ing and for setting an operation-completed switch).
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RAD output example

This program writes a record of 64 words (from core memory locations 10008 through 1077B) onto RAD file 1, storage
unit 0, band 1, sectors 0 through 77B (64). The program is written as a subroutine that uses channel E without interrupts.

Location Instruction  Address Comments
WRAD ZRO This assembler directive saves alocation for the subroutine entry.
SKS 540008 This instruction tests channel E for being active. If channel E is active, the

computer executes the next instruction in sequence; otherwise, it skips the next
instruction and executes the following instruction,

BRU * -1 This instruction branches back to the channel active test.

SKS 500268 This instruction tests RAD controller 1 for being ready. If the controller is not
ready, the computer executes the next instruction in sequence; otherwise, the
computer skips the next instruction and executes the following one.

BRU *-1 This instruction branches back to the controller ready test.

EOD 50026B This instruction alerts the RAD controller to receive the unit, band, and sector
address for the data transfer.

POT ADDR This instruction transmits the unit, band, and sector address to the RAD controller.

SKS 530268 This instruction tests the RAD controller to determine whether the band address

just transmitted is write protected. If the band address is write protected, the
computer executes the next instruction in sequence; otherwise, the computer
skips the next instruction and executes the following one.

BRM PROTECT This instruction branches and marks to an assumed routine to handle the error
condition caused by an attempt to write on a protected band.

EOD 500008 This instruction alerts the channel E interlace.

EOD 142008 This instruction specifies output function 01 (IOSD) and disarms the zero-word-
count and end-of-record interrupt levels.

POT OUTPUT  This instruction transmits the word count and starting address to the channel.

EOD 022668 This instruction connects the RAD controller to the channel, resets the RAD

controller error indicator, specifies the forward, no leader, decimal,
2 characters/word operating mode, and starts the data transfer.

SKS 500268 This instruction tests the RAD controller forbeing ready. The controller becomes
ready when the output operation is completed.
BRU *-1 This instruction branches back to the RAD controller ready test,
SKS 510268 This instruction tests for RAD controller error.
BRU ERROR This instruction is executed if a RAD controller error condition has occurred.
SKS 510008 This instruction tests for channel E error.
BRU RETRY This instruction branches to a routine that attempts to recover from the error.,
BRR WRAD This instruction returns to the main program,
ERROR SKS 530268 This instruction determines whether the error condition was caused by a device
malfunction or by an attempt to write on a protected band.
BRU PROTECT This instruction is executed if the error was because of an attempt to write on a
protected band.
BRU OPER This instruction branches to an assumed routine that notifies the operator of the
device malfunction,
BRR WRAD This instruction returns control to the main program.
ADDR DATA 1008 The word in location ADDR designates unit 0, band 1, sector 0 of the RAD file,
OUTPUT DATA 40010008 The word in location OUTPUT specifies a count of 64 words and a starting

address of 10008,
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ASYNCHRONOUS COMMUNICATIONS
INTERFACE EQUIPMENT

The asynchronous communications interface equipment (CTE)
permits the transfer of 11-unit, 10-character/second tele-
type information between the computer and up to 64 Data-
Phone data sets. The CTE-10 controller interfaces between
the computer POT and PIN connectors and up to 16 CTE-11
interface units. Each CTE-11 interfaces with four Data-
Phone data sets. The system is expandable by the addition
of a CTE-12 controller extender, which allows the addition
of 16 more CTE-11 units (for a total of 128 channels).

The interface equipment uses four interrupt levels. An op-
tional end-of-message detector uses a fifth interrupt level.
Each interface channel has a transmit and a receive charac-
ter buffer, which perform all necessary serial-to-parallel
and parallel-to-serial operations and provide the necessary
control timing. The transmit buffers are self-contained, re-
sulting in true asynchronous operation, and each transmit
buffer shifts independently of the others., Flags are associ-
ated with each transmit and receive buffer to indicate when
a character has been transmitted or received. Two additional
flags are used to indicate a change in status of the carrier-
detect signal from the Data-Phone data set. The flags are
continuously scanned by ascanning unit within the interface
controller. Upon encountering a "raised" flag, the scanner
stops and issues an interrupt signal unique to the flag. At
this time the scanner register contains the 7-bit channel ad-
dress for the raised flag. The scanner is subsequently re-
started when the computer reads this address by an EOM-PIN
sequence.

A program option is provided to suppress scanning of a parti-
cular transmit buffer flag, thus prohibiting an interrupt at
the completion of the transmit operation. Also, a special
configuration of the SKS instruction is provided for testing
for transmit buffer ready, for data set ready, and for carrier
present. Any Data-Phone data set can be activated or de-
activated under computer control.

CTE INSTRUCTIONS

SELECT CTE INTERFACE EOM 777778, 2
This EOM instruction selects the asynchronous communica-
tions interface; that is, it causes the interface controller to
be connected to the direct parallel input/output lines of the
computer. The interface remains connected until a POT or
PIN instruction is executed.

OUTPUT CHARACTER AND SET CTE INTERRUPT CONTROL

When a POT instruction follows the select interface EOM,
the effective word of the POT instruction is transmitted to
the interface controller. The effective word is assumed to
have the following format

Character .!NI D : Channel
e L 1
0 ) T 7891011 T23

Bit(s) Function

0-7 The character to be transmitted on the channel spe-
cified by bits 17-23.

8(NT)  If this bit is a 1, the character in bit position 0-7
is not to be transferred to the transmit buffer; if
this bit is a 0, the character is to be transferred
to the transmit buffer.

AI) If this bit is a 1, a transmitinterrupt signal isissued
when the transmission is completed; if this bit isa0,
no such interrupt signal is issued.

10(D) If this bit is a 1, the data set is to be deactivated;
if this bit is a 0, the data set is to remain (or be-
come) active.

11-16  Ignored

17-23  The address of the channel on which the character
is to be transmitted.

READ CTE CHANNEL ADDRESS AND DATA
When a PIN instruction follows the select interface EOM,

the effective location contains the following information
after the PIN instruction is executed:

Character % 00000000 Channel
{ } —+ } 4 -+
0 789 1617 23
Bits Significance
0-7 The received character (when responding to a re-

ceive interrupt signal) or zeros (when responding
to any other interrupt signal).

8(DO) This bit is a 1 if a data overrun (rate error) has oc-
curred; otherwise, this bit isa 0. A data overrun
occurs when the computer fails to remove the re-
ceived character from the receive buffer (with a
PIN instruction) before the following character be-
gins to arrive.

9-16 Bits 9 through 16 are always zeros,

17-23  The address of the channel causing the interrupt
condition.

This instruction must be executed as part of the response to
a CTE interrupt condition; otherwise, an erroneous operation
may occur.

TEST CTE CHANNEL

2 40 7 1N g |(>: RD Channel
0 23 ) 89 11121314151617 j 23

This configuration of the SKS instruction is used to test the
transmit buffer and the data set. The test and channel are
defermined by bits 14 through 23 of the SKS instruction as
shown on the following page

ng page.
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Bit(s) Function (if the corresponding bit is a 1)

14(BE)  Test for transmit buffer empty
15(CP) Test for carrier present in the data set
16(DR)  Test for data set ready

17-23  The address of the channel to be tested

Bits 14-16 can be combined to test more than one function
(with a single instruction). If all the test functions selected
by bits 14-16 are satisfied, the computer skips the next in-
struction in sequence and executes the following instruction;
otherwise, the computer executes the next instruction in
sequence.

CTE OPERATIONS

When the START button on the CPU control panel is pressed,
all data sets are deactivated. The START button must be
held depressed for several seconds to allow the data sets to

release the telephonelines and for the carrier to disappear;

otherwise, carrier-present interrupts may occur. After the

program has activated the desired channels, the correspond-
ing data sets will go to the active mode to await an incom-
ing call.  Upon receipt of a call, the carrier-on interrupt

signal for that channel will be issued. Thereafter, the inter-
face controller will issue a receive interrupt signal each

time the scanner encounters a raised receive flag (indicat-

ing that a character is in the receive buffer).

If the receive character is an end-of-message character, a
different interrupt can be issued. This featureisahardware
option. If this feature is not present, the end-of-message
character is treated the same as any other character.

After transmitting characters, the interface controller will
issue a transmit interrupt signal each time a raised transmit
flag is encountered, assuming that the transmit buffer is

clear and the interrupt specification (POT instruction) re-
quested an interrupt at the completion of transmission. The
interface controller will also issue a carrier-on or carrier-
off interrupt signal whenever the scanner encounters a data
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set whose carrier has changed from one state (on or off) to
the other.

CTE INTERRUPTS

Whenresponding to any CTE interrupt condition, the interrupt-
servicing routine must perform an EOM-PIN sequence to de-
termine the address of the channel causing the interrupt.
When transmitting a character at an arbitrary time (i.e., not
in response to an interrupt), the EOM-POT sequence should
be preceded by a transmit buffer empty test to assure that
the transmit buffer is not busy. Alternatively, the transmit
interrupt for that channel could be enabled (with bit 8 of
the word transmitted by the POT instruction equal to a 1).

In the latter instance, the transmit interrupt signal will oc-
cur if (or when) the transmit buffer is empty. If a character
is transmitted to a particular channel before it becomes ready,
the preceding character (still being shifted out) will be de-
stroyed.

When a particular channel isdeactivated, it should not bereac-
tivated until after the carrier-off interrupt signal for that
channel isissued. At this time, the data set has released the
telephone line and the channel can be reactivated, if de-
sired, to await another call. Upon receipt of a call, the
carrier-on interrupt signal will be issued. If the remote sta-
tion should hang up, the carrier-off interrupt will be issued.

The scanner is halted every time that a raised receive flag,
transmit-buffer-empty flag, carrier-on flag, or carrier-off
flag is encountered. The scanner remains halted until the
flag is cleared by the execution of the EOM-PIN sequence.
During the time that the scanner isstopped, an interrupt signal
corresponding to the type of flag encountered will be sentto
the CPU. If more than one raised flag is encountered by the
scanner, only the one of highest priority will result in an in-
terrupt. The others will be ignored until the scanner has
completed scanning all other channels. The receive flag will
be given highest priority, followed by the transmit flag, the
carrier-on flag, and the carrier-off flag.

For worst-case timing considerations, only one flag per chan~
nel is processed per scan cycle, and the longest interrupt-
servicing routine determines the worst-case scan cycle time.
A data overrun may occur if the scan cycle time exceedsap-
proximately 27 milliseconds (15,400 computer cycles).



APPENDIX A CONVERSION TABLES
XDS 940 INTERNAL, ASCHI, TELETYPE, LINE PRINTER, AND CARD CODES

INT ASCII TTY LP CARDS INT ASCII TTY LP CARDS
00 40 40 100 @ v 78
01 41 ! ! -0 41 101 A A +1
02 42 " ' 84 42 102 B B +2
03 43 # ES +78 43 103 c C +3
04 44 $ $ -38 44 104 D D +4
05 45 % ~ 085 45 105 E E +5
06 46 & A -78 46 106 F F +6
07 47 ' ' 84 47 107 G G +7
10 50 ( ( 048 50 110 H H +8
n 51 ) ) +48 51 M I I +9
12 52 * * -48 52 112 J J -1
13 53 + + + 53 113 K K -2
14 54 , , 038 54 114 L L -3
15 55 - - - 55 115 M M -4
16 56 . ) +38 56 116 N N -5
17 57 / / o1 57 1RV o) o) -6
20 60 0 0 0 60 120 P P -7
21 61 1 1 ] 61 121 Q Q -8
22 62 2 2 2 62 122 R R -9
23 63 3 3 3 63 123 S S 02
24 64 4 4 4 64 124 T T 03
25 65 5 5 5 65 125 U U 04
26 66 6 6 6 66 126 v v 05
27 67 7 7 7 67 127 w W 06
30 70 8 8 8 70 130 X X 07
31 71 9 9 9 71 131 Y Y 08
32 72 : : 58 72 132 Z y4 09
33 73 ; ; -68 73 133 C C +58
34 74 < < +68 74 134 \ \ 068
35 75 = = 38 75 135 3 ] -58
36 76 > > 68 76 136 t + 082
37 77 ? ? +0 77 137 - # 087
SPECIAL CODES
INTERNAL ASCIH CONTROL FUNCTION

141 1 A SOM

142 2 B EOA

143 3 C EOM

144 4 D EOT

145 5 E WRU

146 6 F RU

147 7 G BELL

151 1 I TAB

152 12 J LINE FEED

153 13 K VT

154 14 L FORM

155 15 M RETURN

161 21 Q X - ON

162 22 R TAPE

163 23 S X - OFF

164 24 T TAPE

165 25 U ESCAPE

166 26 v SPACE

167 27 w

170 30 X

71 3i Y

172 2 z
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2‘

W N

16
32
64
128

256
512
1 024
048

[\

4 096
8192
16 384
32 768

65 536
131 072
262 144
524 288

1 048
2097
4194
8 388

576
152
304
608

16 777
33 554
67 108
134 217

216
432
864
728

268 435
536 870
1. 073 741
2147 483

456
912
824
648

4 294 967
8 589 934
17 179 869
34 359 738

296
592
184
368

68 719 476
137 438 953
274 877 906
549 755 813

736
472
944
888

1 099 511 627 776
2199 023 255 552
4 398 046 511 104
8 796 093 022 208

17 592 186 044 416
35184 372 088 832
70 368 744 177 664
140 737 488 355 328

281 474 976 710 656
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W~ O

~N OO

10
11

12
13
14
15

16
17
18
19

20
21
22
23

24
25
26
27

28
29
30
31

32
33
34
35

36
37
38
39

40
41
42
43

44
45
46
47

48

[= NNl

[=2= NN

oo oo o000

[l e e i)

TABLE OF POWERS OF TWO

062
031

.015

007

003

. 001

000
000

000

. 000
. 000

000

000
000
000
000

. 000
. 000

000
000

. 000

000

. 000
. 000

. 000

000
000
000

. 000
. 000
. 000
. 000

000

. 000

000
000

. 000

000

. 000

000

. 000

000

. 000
. 000

. 000

5
25
625
812

906
953

5

25
125

976 562 5

488

244
122
061
030

015
007
003
001

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000

281

140
070
035
517

258
629
814
907

953
476
238
119

059
029
014
007

003
001
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000
000
000
000

000

25

625
312
156
578

789
394
697
348

674
837
418
209

604
802
901
450

725
862
931
465

232
116
058
029

014
007
003
001

000
000
000
000

000
000
000
000

000

5
25
125

062 5
531 25
265 625
6328125

316 406 25

158 203 125
579 101 562
289 550 781

644 775 390
322 387 695
161 193 847
580 596 923

290 298 461
645 149 230
322 574 615
661 287 307

830 643 653
415 321 826
207 660 913
103 830 456

551 915 228
275 957 614
637 978 807
818 989 403

909 494 701
454 747 350
227 373 675
113 686 837

056 843 418
028 421 709
014 210 854
007 105 427

003 552 713

5
25

625
3125
656 25
828 125

914 062 5
957 031 25
478 515 625
739 257 812 5

869 628 906 25
934 814 453 125
467 407 226 562 5
733 703 613 281 25

366 851 806 640 625
183 425 903 320 312 5
091 712 951 660 156 25
545 856 475 830 078 125

772 928 237 915 039 062 5
886 464 118 957 519 531 25
443 232 059 478 759 765 625
721 616 029 739 379 882812 5

860 808 014 869 689 941 406 25
430 404 007 434 844 970 703 125
715 202 003 717 422 485 351 562 5
357 601 001 858 711 242 675 781 25

678 800 500 929 355 621 337 890 625



0000 0000
to to
Q777 0511
{Qctal) | (Decimal)
Octal Decimal
10000 - 4096
20000 - 8192

30000 - 12288
40000 - 16384
50000 - 20480
60000 - 24576
70000 - 28672

1900 | 0512
to to
1777 1023
{Octal) | (Decimal)

OCTAL - DECIMAL INTEGER CONVERSION TABLE
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
0000 {0000 0001 0002 0003 0004 0005 0006 0007 0400 | 0256 0257 0258 0259 0260 0261 0262 0263
0010 {0008 0009 0010 0011 0012 0013 0014 0015 0410|0264 0265 0266 0267 0268 0269 0270 0271
0020 |0016 0017 0018 0019 0020 0021 0022 0023 04200272 0273 0274 0275 0276 0277 0278 0279
0030 {0024 0025 0026 0027 0028 0029 0030 0031 04300280 0281 0282 0283 0284 0285 0286 0287
0040 |0032 0033 0034 0035 0036 0037 0038 0039 0440 (0288 0289 0290 0291 0232 0293 0294 0295
0050 |0040 0041 0042 0043 0044 0045 0046 0047 04500296 0297 0298 0299 0300 0301 0302 0303
0060 {0048 0049 0050 0051 0052 0053 0054 0055 0460|0304 0305 0306 0307 0308 0309 0310 0311
0070 [0056 0057 0058 0059 0060 0061 0062 0063 0470|0312 0313 0314 0315 0316 0317 0318 0319
0100|0064 0065 0066 0067 0068 0069 0070 0071 0500 {0320 0321 0322 0323 0324 0325 0326 0327
0110 {0072 0073 0074 0075 0076 0077 0078 0079 0510 {0328 0329 0330 0331 0332 0333 0334 0335
0120|0080 0081 0082 0083 0084 0085 0086 0087 0520 {0336 0337 0338 0339 0340 0341 0342 0343
0130|0088 0089 0090 0091 0092 0093 0094 0095 0530 {0344 0345 0346 0347 0348 0349 0350 0351
01400096 0097 0098 0099 0100 0101 0102 010% 0540|0352 0353 0354 0355 0356 0357 0358 0359
0150 {0104 0105 0106 0107 0108 0109 0110 0111 0550 {0360 0361 0362 0363 0364 0365 0366 0367
01600112 0113 0114 0115 0116 0117 0118 0119 0560|0368 0369 0370 0371 0372 0373 0374 0375
0170 (0120 0121 0122 0123 0124 0125 0126 0127 0570|0376 0377 0378 0379 0380 0381 0382 0383
02000128 0129 0130 0131 0132 0133 0134 0135 0600 {0384 0385 0386 0387 0388 0389 0390 0391
02100136 0137 0138 0139 0140 0141 0142 0143 0610 {0392 0393 0394 0395 0396 0397 0398 0399
0220 (0144 0145 0146 0147 0148 0149 0150 0151 0620 /0400 0401 0402 0403 (404 0405 0406 0407
0230{0152 0153 0154 0155 0156 0157 0158 0159 0630 {0408 0409 0410 0411 0412 0413 0414 0415
0240|0160 0161 0162 0163 0164 0165 0166 0167 0640|0416 0417 0418 0419 0420 0421 0422 0423
0250 {0168 0169 0170 0171 0172 0173 0174 0175 0650|0424 0425 0426 0427 0428 0429 0430 0431
02600176 0177 0178 0179 0180 0181 0182 0183 0660 (0432 0433 0434 0435 0436 0437 0438 0439
0270 {0184 0185 0186 0187 0188 0189 0190 0191 0670|0440 0441 0442 0443 0444 0445 0446 0447
0300|0192 0193 0194 0195 0196 0197 0198 0199 0700 ! 0448 0449 0450 0451 0452 0453 0454 0455
0310|0200 0201 0202 0203 0204 0205 0206 0207 0710|0456 0457 0458 0459 0460 0461 0462 0463
0320|0208 0209 0210 0211 0212 0213 0214 0215 0720 | 0464 0465 0466 0467 0468 0469 0470 0471
03300216 0217 0218 0219 0220 0221 0222 0223 0730|0472 0473 0474 0475 0476 0477 0478 0479
0340 {0224 0225 0226 0227 0228 0229 0230 0231 0740|0480 0481 0482 0483 0484 0485 0486 0487
0350|0232 0233 0234 0235 0236 0237 0238 0239 0750|0488 0489 0490 0491 0492 0493 0494 0495
03600240 0241 0242 0243 0244 0245 0246 0247 0760|0496 0497 0498 0499 0500 0501 0502 0503
037010248 0249 0250 0251 0252 0253 0254 0255 0770] 0504 0505 0506 0507 0508 0509 0510 0511
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
1000|0512 0513 0514 0515 0516 0517 0518 0519 1400 {0768 0769 0770 0771 0772 0773 0774 0775
10100520 0521 0522 0523 0524 0525 0526 0527 1410{0776 0777 0778 0779 0780 0781 0782 0783
1020|0528 0529 0530 0531 0532 0533 0534 0535 1420 [0784 0785 0786 0787 0788 0789 0790 0791
1030{ 0536 0537 0538 0539 0540 0541 0542 0543 1430 /0792 0793 0794 0795 0796 0797 0798 0799
1040|0544 0545 0546 0547 0548 0549 0550 0551 1440|0800 0801 0802 0803 0804 0805 0808 0807
1050|0552 0553 0554 0555 0556 0557 0558 0559 1450|0808 0809 0810 0811 0812 0813 0814 0815
1060|0560 0561 0562 0563 0564 0565 0566 0567 1460|0816 0817 0818 0819 0820 0821 0822 0823
1070|0568 0569 0570 0571 0572 0573 0574 0575 1470|0824 0825 0826 0827 0828 0829 0830 0831
1100|0576 0577 0578 0579 0580 0581 0582 0583 1500|0832 0833 0834 0835 0836 0837 0838 0839
1110] 0584 0585 0586 0587 0588 0589 0590 0591 1510 /0840 0841 0842 0843 0844 0845 0846 0847
112010592 0593 0594 0595 0596 0597 0598 0599 1520} 0848 0849 0850 0851 0852 0853 0854 0855
11300600 0601 0602 0603 0604 0605 0606 0607 1530|0856 0857 0858 0859 0860 0861 0862 0863
1140|0608 0609 0610 0611 0612 0613 0614 0615 1540 | 0864 0865 0866 0867 0868 0869 0870 0871
1150|0616 0617 0618 0619 0620 0621 0622 0623 1550/ 0872 0873 0874 0875 0876 0877 0878 0879
1160|0624 0625 0626 0627 0628 0629 0630 0631 1560 | 0880 0881 0882 0883 0884 0885 0886 0887
1170|0632 0633 0634 0635 0636 0637 0638 0639 157010888 0883 0890 0891 0892 0893 0894 0895
1200|0640 0641 0642 0643 0644 0645 0646 0647 1600 [0896 0897 0898 0833 0900 0901 0902 0903
1210 {0648 0649 0650 0651 0652 0653 0654 0655 1610 [0904 0905 0906 0907 0908 0909 0910 0911
1220|0656 0657 0658 0659 0660 0661 0662 0663 1620|0912 0913 0914 0915 0916 0917 0918 0919
1230|0664 0665 0666 0667 0668 0669 0670 0671 1630|0920 0921 0922 0923 0924 0925 0926 0927
1240|0672 0673 0674 0675 0676 0677 0678 0679 1640 {0928 0929 0930 0931 0932 0933 0934 0935
1250|0680 0681 0682 0683 0684 0685 0686 0687 1650 {0936 0937 0938 0939 0940 0941 0942 0943
1260 (0688 0689 0690 0691 0692 0693 0694 0695 1660 |0944 0945 0946 0947 0948 0949 0950 0951
12700696 0697 0698 0699 0700 0701 0702 0703 1670|0952 0953 0954 0955 0956 0957 0958 0959
1300|0704 0705 0706 0707 0708 0709 0710 0711 1700 |0960 0961 0962 0963 0964 0965 0966 0967
1310|0712 0718 0714 0715 0716 0717 0718 0719 1710 (0968 0969 0970 0971 0972 0973 0974 0975
1320(0720 0721 0722 0723 0724 0725 0726 0727 1720 (0976 0977 0978 0979 0980 0981 0982 0983
1330 {0728 0729 0730 0731 0732 0733 0734 0735 1730 {0984 0985 0986 0987 0988 0989 0990 0991
1340|0736 0737 0738 0739 0740 0741 0742 0743 1740|0992 0993 0994 0995 0996 0997 0998 0999
1350|0744 0745 0746 0747 0748 0749 0750 0751 1750 1000 1001 1002 1003 1004 1005 1006 1007
1360|0752 0753 0754 0755 0756 0757 0758 0759 17601008 1009 1010 1011 1012 1013 1014 1015
1370|0760 0761 0762 0763 0764 0765 0766 0767 1770 (1016 1017 1018 1019 1020 1021 1022 1023
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L] L]
Octal-Decimal Integer Conversion Table
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
2000 {1024 1025 1026 1027 1028 1029 1030 1031 24001280 1281 1282 1283 1284 1285 1286 1287
20101032 1033 1034 1035 1036 1037 1038 1039 24101288 1289 1290 1291 1292 1293 1294 1295
2020 {1040 1041 1042 1043 1044 1045 1046 1047 2420}1296 1297 1298 1299 1300 1301 1302 1303
20301048 1049 1050 1051 1052 1053 1054 1055 243011304 1305 1306 1307 1308 1309 1310 1311
2040|1056 1057 1058 1059 1060 1061 1062 1063 2440|1312 1313 1314 1315 1316 1317 1318 1319
2050{1064 1065 1066 1067 1068 1069 1070 1071 2450|1320 1321 1322 1323 1324 1325 1326 1327
2060 {1072 1073 1074 1075 1076 1077 1078 1079 24601328 1329 1330 1331 1332 1333 1334 1335
207041080 1081 1082 1083 1084 1085 1086 1087 2470} 1336 1337 1338 1339 1340 1341 1342 1343
2100{1088 1089 1090 1091 1092 1093 1094 1095 25001344 1345 1346 1347 1348 1349 1350 1351
2110 {1096 1097 1098 1099 1100 1101 1102 1103 251011352 1353 1354 1355 1356 1357 1358 1359
2120{1104 1105 1106 1107 1108 1109 1110 1111 252011360 1361 1362 1363 1364 1365 1366 1367
213041112 1113 1114 1115 1116 1117 1118 1119 2530|1368 1369 1370 1371 1372 1373 1374 1375
2140411120 1121 1122 1123 1124 1125 1126 1127 2540{1376 1377 1378 1379 1380 1381 1382 1383
215071128 1129 1130 1131 1132 1133 1134 1135 25501384 1385 1386 1387 1388 1389 1390 1391
2160{1136 1137 1138 1139 1140 1141 1142 1143 2560|1392 1393 1394 1395 1396 1397 1398 1399
2170|1144 1145 1146 1147 1148 1149 1150 1151 2570|1400 1401 1402 1403 1404 1405 1406 1407
22001152 1153 1154 1155 1156 1157 1158 1159 2600] 1408 1409 1410 1411 1412 1413 1414 1415
2210{1160 1161 1162 1163 1164 1165 1166 1167 26101416 1417 1418 1419 1420 1421 1422 1423
222011168 1169 1170 1171 1172 1173 1174 1175 2620|1424 1425 1426 1427 1428 1429 1430 1431
2230|1176 1177 1178 1179 1180 1181 1182 1183 2630]1432 1433 1434 1435 1436 1437 1438 1439
2240({1184 1185 1186 1187 1188 1189 1190 1191 26401440 1441 1442 1443 1444 1445 1446 1447
225011192 1193 1194 1195 1196 1197 1198 1199 2650 | 1448 1449 1450 1451 1452 1453 1454 1455
2260)1200 1201 1202 1203 1204 1205 1206 1207 2660|1456 1457 1458 1459 1460 1461 1462 1463
227001208 1209 1210 1211 1212 1213 1214 1215 26701464 1465 1466 1467 1468 1469 1470 1471
2300|1216 1217 1218 1219 1220 1221 1222 1223 2700|1472 1473 1474 1475 1476 1477 1478 1479
2310|1224 1225 1226 1227 1228 1229 1230 1231 27101480 1481 1482 1483 1484 1485 1486 1487
232011232 1233 1234 1235 1236 1237 1238 1239 2720{ 1488 1489 1490 1491 1492 1493 1494 1495
233011240 1241 1242 1243 1244 1245 1246 1247 2730|1496 1497 1498 1499 1500 1501 1502 1503
234011248 1249 1250 1251 1252 1253 1254 1255 2740|1504 1505 1506 1507 1508 1509 1510 1511
2350 {1256 1257 1258 1259 1260 1261 1262 1263 275041512 1513 1514 1515 1516 1517 1518 1519
23601264 1265 1266 1267 1268 1269 1270 1271 27601520 1521 1522 1523 1524 1525 1526 1527
23701272 1273 1274 1275 1276 1277 1278 1279 2770] 1528 1529 1530 1531 1532 1533 1534 1535
[
0 1 2 3 4 5 6 i 0 1 2 3 4 5 6 K
3000 {1536 1537 1538 1539 1540 1541 1542 1543 3400|1792 1793 1794 1795 1796 1797 1798 1799
3010|1544 1545 1546 1547 1548 1549 1550 1551 3410|1800 1801 1802 1803 1804 1805 1806 1807
3020|1552 1553 1554 1555 1556 1557 1558 1559 3420{1808 1809 1810 1811 1812 1813 1814 1815
3030 [ 1560 1561 1562 1563 1564 1565 1566 1567 3430|1816 1817 1818 1819 1820 1821 1822 1823
3040 {1568 1569 1570 1571 1572 1573 1574 1575 34401824 1825 1826 1827 1828 1829 1830 1831
3050|1576 1577 1578 1579 1580 1581 1582 1583 345071832 1833 1834 1835 1836 1837 1838 1839
30601584 1585 1586 1587 1588 1589 1590 1591 3460|1840 1841 1842 1843 1844 1845 1846 1847
3070|1592 1593 1594 1595 1596 1597 1598 1599 3470|1848 1849 1850 1851 1852 1853 1854 1855
3100|1600 1601 1602 1603 1604 1605 1606 1607 35001856 1857 1858 1859 1860 1861 1862 1863
3110(1608 1609 1610 1611 1612 1613 1614 1615 351011864 1865 1866 1867 1868 1869 1870 1871
31201616 1617 1618 1619 1620 1621 1622 1623 3520|1872 1873 1874 1875 1876 1877 1878 1879
3130|1624 1625 1626 1627 1628 1629 1630 1631 3530|1880 1881 1882 1883 1884 1885 1886 1887
3140|1632 1633 1634 1635 1636 1637 1638 1639 3540|1888 1889 18390 1891 1892 1893 1894 1895
315011640 1641 1642 1643 1644 1645 16:6 1647 35501896 1897 1898 1899 1900 1901 1902 1903
3160|1648 1649 1650 1651 1652 1653 1€04 1655 35601904 1905 1906 1907 1908 1909 1910 1911
317011656 1657 1658 1659 1660 1661 1662 1663 35701912 1913 1914 1915 1916 1917 1918 1919
3200 {1664 1665 1666 1667 1668 1669 1670 1671 3600(1920 1921 1922 1923 1924 1925 1926 1927
32101672 1673 1674 1675 1676 1677 1678 1679 36101928 1929 1930 1931 1932 1933 1934 1935
322011680 1681 1682 1683 1684 1685 1686 1687 362011936 1937 1938 1939 1940 1941 1942 1943
3230|1688 1689 1690 1691 1692 1693 1694 1695 363011944 1945 1946 1947 1948 1949 1950 1951
3240 (1696 1697 1698 1699 1700 1701 1702 1703 3640 ,1952 1953 1954 1935 1956 1957 1958 1959
3250 {1704 1705 1706 1707 1708 1709 1710 1711 36501960 1961 1962 1963 1964 1965 1966 1967
326011712 1713 1714 1715 1716 1717 1718 1719 36601968 1969 1970 1971 1972 1973 1974 1975
32701720 1721 1722 1723 1724 1725 1726 1727 3670:1976 1977 1978 1979 1980 1981 1982 1983
3300 ;1728 1729 1730 1731 1732 1733 1734 1735 3700[]984 1985 1986 1987 1988 1989 1990 1991
33101736 1737 1738 1739 1740 1741 1742 1743 37101992 1993 1994 1995 1996 1997 1998 1999
3320|1744 1745 1746 1747 1748 1749 1750 1751 372012000 2001 2002 2003 2004 2005 2006 2007
333011752 1753 1754 1755 1756 1757 1758 17359 3730|2008 2009 2010 2011 2012 2013 2014 2015
3340|1760 1761 1762 1763 1764 1765 1766 1767 3740{2016 2017 2018 2019 2020 2021 2022 2023
33501768 1769 1770 1771 1772 1773 1774 1775 375012024 2025 2026 2027 2028 2029 2030 2031
33601776 1777 1778 1779 1780 1781 1782 1783 3760|2032 2033 2034 2035 2036 2037 2038 2039
3370 (1784 1785 1786 1787 1788 1789 1790 1791 37702040 2041 2042 2043 2044 2045 2046 2047
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2000 1024
to to
2777 1535

(Octal) (Decimal)

Octal Decimal

10000 - 4096
20000 - 8192
30000 - 12288
40000 - 16384
50000 - 20480
60000 - 24576
70000 - 28672

3000 1536
to to
3777 2047

(Octal) (Decimal)



4000 2048
fo to
4777 2559
{Octal) | (Decimal?
Octal Decimal
10000 - 4096
20000 - 8192

30000 - 12288
40000 - 16384
50000 - 20480
60000 - 24576
70000 - 28672

5000 2560
to to
5777 3071
(Octol) | (Decimal)

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
4000{ 2048 2049 2050 2051 2052 2053 2054 2055 4400{ 2304 2305 2306 2307 2308 2309 2310 2311
4010| 2056 2057 2058 2059 2060 2061 2062 2063 4410] 2312 2313 2314 2315 2316 2317 2318 2319
4020{ 2064 2065 2066 2067 2068 2069 2070 2071 44202320 2321 2322 2323 2324 2325 2326 2327
4030] 2072 2073 2074 2075 2076 2077 2078 2079 4430] 2328 2329 2330 2331 2332 2333 2334 2335
4040} 2080 2081 2082 2083 2084 2085 2086 2087 44402336 2337 2338 2339 2340 2341 2342 2M3
4050 2088 2089 2090 2091 2092 2093 2094 2095 4450|2344 2345 2346 2347 2348 2349 2350 2351
4060| 2096 2097 2098 2099 2100 2101 2102 2103 4460] 2352 2353 2354 2355 2356 2357 2358 2359
4070| 2104 2105 2106 2107 2108 2109 2110 2111 44701 2360 2361 2362 2363 2364 2365 2366 2367
4100( 2112 2113 2114 2115 2116 2117 2118 2119 4500|2368 2369 2370 2371 2372 2373 2374 2375
4110] 2120 2121 2122 2123 2124 2125 2126 2127 4510|2376 2377 2378 2379 2380 2381 2382 2383
4120{ 2128 2129 2130 2131 2132 2133 2134 2135 4520|2384 2385 2386 2387 2388 2389 2390 2391
4130 2136 2137 2138 2139 2140 2141 2142 2143 4530|2392 2393 2394 2395 2396 2397 2398 2399
4140| 2144 2145 2146 2147 2148 2149 2150 2151 4540|2400 2401 2402 2403 2404 2405 2406 2407
4150} 2152 2153 2154 2155 2156 2157 2158 2159 4550|2408 2409 2410 2411 2412 2413 2414 2415
4160} 2160 2161 2162 2163 2164 2165 2166 2167 4560]2416 2417 2418 2419 2420 2421 2422 2423
4170( 2168 2169 2170 2171 2172 2173 2174 2175 4570|2424 2425 2426 2427 2428 2429 2430 2431
4200{ 2176 2177 2178 2179 2180 2181 2182 2183 4600 | 2432 2433 2434 2435 2436 2437 2438 2439
4210] 2184 2185 2186 2187 2188 2189 2190 2191 4610|2440 2441 2442 2443 2444 2445 2446 2447
4220 2192 2193 2194 2195 2196 2197 2198 2199 4620|2448 2449 2450 2451 2452 2453 2454 2455
4230{ 2200 2201 2202 2203 2204 2205 2206 2207 4630|2456 2457 2458 2459 2460 2461 2462 2463
4240! 2208 2209 2210 2211 2212 2213 2214 2215 4640|2464 2465 2466 2467 2468 2469 2470 2471
4250] 2216 2217 2218 2219 2220 2221 2222 2223 465012472 2473 2474 2475 2476 2477 2478 2479
4260| 2224 2225 2226 2227 2228 2229 2230 2231 4660|2480 2481 2482 2483 2484 2485 2486 2487
4270| 2232 2233 2234 2235 2236 2237 2238 2239 4670{2488 2489 2490 2491 2492 2493 2494 2495
4300|2240 2241 2242 2243 2244 2245 2246 2247 4700 | 2496 2497 2498 2499 2500 2501 2502 2503
4310] 2248 2249 2250 2251 2252 2253 2254 2255 47102504 2505 2506 2507 2508 2509 2510 2511
432012256 2257 2258 2253 2260 2261 2262 2263 4720|2512 2513 2514 2515 2516 2517 2518 2519
4330] 2264 2265 2266 2267 2268 2269 2270 2271 47302520 2521 2522 2523 2524 2525 2526 2527
4340|2272 2273 2274 2275 2276 2277 2278 2279 47402528 2529 2530 2531 2532 2533 2534 2535
4350|2280 2281 2282 2283 2284 2285 2286 2287 4750|2536 2537 2538 2539 2540 2541 2542 2543
4360|2288 2289 2290 2291 2292 2293 2294 2295 476012544 2545 2546 2547 2548 2549 2550 2551
437012296 2297 2298 2299 2300 2301 2302 2303 477012552 2553 2554 2555 2556 2557 2558 2559
0 1 2 3 4 S 6 7 0 1 2 3 4q 5 6 7
5000|2560 2561 2562 2563 2564 2565 2566 2567 54002816 2817 2818 2819 2820 2821 2822 2823
5010|2568 2569 2570 2571 2572 2573 2574 2575 54102824 2825 2826 2827 2828 2829 2830 2831
5020|2576 2577 2578 2579 2580 2581 2582 2583 5420|2832 2833 2834 2835 2836 2837 2838 2839
5030 [ 2584 2585 2586 2587 2588 2589 2590 2591 54302840 2841 2842 2843 2844 2845 2846 2847
50402592 2593 2594 2595 2596 2597 2598 2599 544012848 2849 2850 2851 2852 2853 2854 2855
5050|2600 2601 2602 2603 2504 2605 2606 2607 5450 | 2856 2857 2858 2859 2860 2861 2862 2863
5060 | 2608 2609 2610 2611 2612 2613 2614 2615 5460|2864 2865 2866 2867 2868 2869 2870 2871
5070|2616 2617 2618 2619 2620 2621 2622 2623 5470|2872 2873 2874 2875 2876 2877 2878 287Y
5100 | 2624 2625 2626 2627 2628 2629 2630 2631 5500 (2880 2881 2882 2883 2884 2885 2886 2887
5110 {2632 2633 2634 2635 2636 2637 2638 2639 5510 | 2888 2889 2890 2891 2892 2893 2894 2895
5120|2640 2641 2642 2643 2644 2645 2646 2647 5520|2896 2897 2898 2899 2900 2901 2902 2903
5130|2648 2649 2650 2651 2652 2653 2654 2655 5530|2904 2905 2906 2907 2908 2909 2910 2911
5140|2656 2657 2658 2659 2660 2661 2662 2663 554012912 2913 2914 2915 2916 2917 2918 2919
5150 | 2664 2665 2666 2667 2668 2669 2670 267! 5550|2920 2921 2922 2923 2924 2925 2926 2927
5160|2672 2673 2674 2675 2676 2677 2678 2679 5560 {2928 2929 2930 2931 2932 2933 2934 2935
5170|2680 2681 2682 2683 2684 2685 2686 2687 557012936 2937 2938 2939 2940 2941 2942 2943
5200|2688 2689 2690 2691 2692 2693 2694 2695 5600 | 2944 2945 2946 2947 2948 2949 2950 2951
5210 [2696 2697 2698 2699 2700 2701 2702 2703 561012952 2953 2954 2955 2956 2957 2958 2959
52202704 2705 2706 2707 2708 2709 2710 271l 5620 {2960 2961 2962 2963 2964 2965 2966 2967
523012712 2713 2714 2715 2716 2717 2718 2719 5630 | 2968 2969 2970 2971 2972 2973 2974 2975
524012720 2721 2722 2723 2724 2725 2726 2727 564012576 2977 2978 2979 2980 2981 2982 2983
525012728 2729 2730 2731 2732 2733 2734 2735 5650 |2584 2985 2986 2987 2988 2989 2990 2991
52602736 2737 2738 2739 2740 2741 2742 2743 5660 (2992 2993 2994 2995 2996 2997 2998 2999
5270|2744 2745 2746 2747 2748 2749 2750 2751 5670 | 3000 3001 3002 3003 3004 3005 3006 3007
5300 12752 2753 2754 2755 2756 2757 2758 2759 5700|3008 3009 3010 3011 3012 3013 3014 3015
5310 /2760 2761 2762 2763 2764 2765 2766 2767 571013016 3017 3018 3019 3020 3021 3022 3023
5320|2768 2769 2770 2771 2772 2773 2774 2775 57203024 3025 3026 3027 3028 3029 3030 3031
5330|2776 2777 2778 2779 2780 2781 2782 2783 57303032 3033 3034 3035 3036 3037 3038 3039
5340|2784 2785 2786 2787 2788 2789 2790 2791 57403040 3041 3042 3043 3044 3045 3046 3047
5350|2792 2793 2794 2795 2796 2797 2798 2799 5750|3048 3049 3050 3051 3052 3053 3054 3055
5360 | 2800 2801 2802 2803 2804 2805 2806 2807 57603056 3057 3058 3059 3060 3061 3062 3063
537012808 2809 2810 2811 2812 2813 2814 2815 57703064 3065 3066 3067 3068 3069 3070 3071
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Ll L]
Octal-Decimal Integer Conversion Table
0 1 2 3 4 5 6 7 4] 1 2 3 4 5 6 1
6000 {3072 3073 3074 3079 3076 3077 3078 3079 64001 3328 3329 3330 3331 3332 3333 3334 3335
60103080 3081 3082 3083 3084 3085 3086 3087 6410| 3336 3337 3338 3339 3340 3341 3342 3343
6020 {3088 3089 3090 3091 3092 3093 3094 3095 6420| 3344 3345 3346 3347 3348 3349 3350 3351
6030 {3096 3097 3098 3099 3100 3101 3102 3103 6430| 3352 3353 3354 3355 3356 3357 3358 3359
60403104 3105 3106 3107 3108 3109 3110 3111 6440| 3360 3361 3362 3363 3364 3365 3366 3367
60503112 3113 3114 3115 3116 3117 3118 3119 6450| 3368 3369 3370 3371 3372 3373 3374 3375
60603120 3121 3122 3123 3124 3125 3126 3127 6460| 3376 3377 3378 3379 3380 3381 3382 3383
60703128 3129 3130 3131 3132 3133 3134 3135 6470] 3384 3385 3386 3387 3388 3389 3390 3391
6100 {3136 3137 3138 3139 3140 3141 3142 3143 6500 3392 3393 3394 3395 3396 3397 3398 3399
61103144 3145 3146 3147 3148 3149 3150 3151 6510! 3400 3401 3402 3403 3404 3405 3406 3407
6120 {3152 3153 3154 3155 3156 3157 3158 3159 6520| 3408 3409 3410 3411 3412 3413 3414 3415
61303160 3161 3162 3163 3164 3165 3166 3167 6530| 3416 3417 3418 3419 3420 3421 3422 3423
6140 3168 3169 3170 3171 3172 3173 3174 3175 6540| 3424 3425 3426 3427 3428 3429 3430 3431
6150 (3176 3177 3178 3179 3180 3181 3182 3183 6550| 3432 3433 3434 3435 34326 3437 3438 3439
61603184 3185 3186 3187 3188 3189 3190 3191 6560 3440 3441 3442 3443 3444 3445 3446 3447
6170|3192 3193 3194 3195 3196 3197 3198 3199 6570| 3448 3449 3450 3451 3452 3453 3454 3455
6200 {3200 3201 3202 3203 3204 3205 3206 3207 6600 | 3456 3457 3458 3459 3460 3461 3462 3463
[6210 {3208 3209 3210 3211 3212 3213 3214 3215 6610 | 3464 3465 3466 3467 3468 3469 3470 3471
6220 13216 3217 3218 3219 3220 3221 3222 3223 6620| 3472 3473 3474 3475 3476 3477 3478 3479
6230 13224 3225 3226 3227 3228 3229 3230 3231 6630 | 3480 3481 3482 3483 3484 3485 3486 3487
6240 ({3232 3233 3234 3235 3236 3237 3238 3239 6640| 3488 3489 3490 3491 3492 3493 3494 3495
6250 13240 3241 3242 3243 3244 3245 3246 3247 6650| 3496 3497 3498 3499 3500 3501 3502 3503
6260 {3248 3249 3250 3251 3252 3253 3254 3255 6660| 3504 3505 3506 3507 3508 3509 3510 3511
6270 {3256 3257 3258 3259 3260 3261 3262 3263 6670 3512 3513 3514 3515 3516 3517 3518 3519
6300 (3264 3265 3266 3267 3268 3269 3270 3271 6700 3520 3521 3522 3523 3524 3525 3526 3527
6310 |3272 3273 3274 3275 3276 3277 3278 3279 6710|3528 3529 3530 3531 3532 3533 3534 3535
6320 {3280 3281 3282 3283 3284 3285 3286 3287 6720( 3536 3537 3538 3539 3540 3541 3542 3543
6330 (3288 3289 3290 3291 3292 3293 3294 3295 6730| 3544 3545 3546 3547 3548 3549 3550 3551
6340 {3296 3297 3298 3299 3300 3301 3302 3303 6740( 3552 3553 3554 3555 3556 3557 3558 3559
6350 {3304 3305 3306 3307 3308 3309 3310 3311 6750( 3560 3561 3562 3563 3564 3565 3566 3567
6360 {3312 3313 3314 3315 3316 3317 3318 3319 6760( 3568 3569 3570 3571 3572 3573 3574 3575
6370 13320 3321 3322 3323 3324 3325 3326 3327 6770 3576 3577 3578 3579 3580 3581 3582 3583
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
7000 3584 3585 3586 3587 3588 3589 3590 3591 7400 3840 3841 3842 3843 3844 3845 3846 3847
7010| 3592 3593 3594 3595 3596 3597 3598 3599 74101( 3848 3849 3850 3851 3852 3853 3854 3855
7020| 3600 3601 3602 3603 3604 3605 3606 3607 74201 3856 3857 3858 3859 3860 3861 3862 3863
7030| 3608 3609 3610 3611 3612 3613 3614 3615 7430} 3864 3865 3866 3867 3868 3869 3870 3871
7040| 3616 3617 3618 3619 3620 3621 3622 3623 7440| 3872 3873 3874 3875 3876 3877 3878 3879
705Q| 3624 3625 3626 3627 3628 3629 3630 3631 7450| 3880 3881 3882 3883 3884 3885 3886 3887
7060) 3632 3633 3634 3635 3636 3637 3638 3639 7460| 3888 3889 3890 3891 3892 3893 3894 3895
7070| 3640 3641 3642 3643 3644 3645 3646 3647 7470| 3896 3897 3898 3899 3900 3901 3902 3903
7100/ 3648 3649 3650 3651 3652 3653 3654 3655 7500 | 3904 3905 3906 3907 3908 3909 3910 3911
7110| 3656 3657 3658 3659 3660 3661 3662 3663 7510(3912 3913 3914 3915 3916 3917 3918 3919
7120] 3664 3665 3666 3667 3668 3669 3670 3671 7520 (3920 3921 3922 3923 3924 3925 3926 3927
7130| 3672 3673 3674 3675 3676 3677 3678 3679 75303928 3929 3930 3931 3932 3933 3934 3935
7140| 3680 3681 3682 3683 3684 3685 3686 3687 7540|3936 3937 3938 3939 3940 3941 3942 3943
7150| 3688 3689 3690 3691 3692 3693 3694 3695 7550 | 3944 3945 3946 3947 3948 3949 3950 3951
7160| 3696 3697 3698 3699 3700 3701 3702 3703 7560|3952 3953 3954 3955 3956 3957 3958 3959
7170| 3704 3705 3706 3707 3708 3709 3710 3711 75703960 3961 3962 3963 3964 3965 3966 3967
7200|3712 3713 3714 3715 3716 3717 3718 3719 7600 {3968 3969 3970 3971 3972 3973 3974 3975
7210{ 3720 3721 3722 3723 3724 3725 3726 3727 7610|3976 3977 3978 3979 3980 3981 3982 3983
7220{ 3728 3729 3730 3731 3732 3733 3734 3735 7620 | 3984 3985 3986 3987 3988 3989 3990 3991
7230( 3736 3737 3738 3739 3740 3741 3742 3743 7630|3992 3993 3994 3995 3996 3997 3998 3999
7240( 3744 3745 3746 3747 3748 3749 3750 3751 76404000 4001 4002 4003 4004 4005 4006 4007
7250| 3752 3753 3754 3755 3756 3757 3758 3759 7650]4008 4009 4010 4011 4012 4013 4014 4015
7260 3760 3761 3762 3763 3764 3765 3766 3767 7660|4016 4017 4018 4019 4020 4021 4022 4023
7270| 3768 3769 3770 3771 3772 3773 3774 3715 7670|4024 4025 4026 4027 4028 4029 4030 4031
7300|3776 3777 3778 3779 3780 3781 3782 3783 7700 {4032 4033 4034 4035 4036 4037 4038 4039
731013784 3785 3786 3787 3788 3789 3790 3791 7710|4040 4041 4042 4043 4044 4045 4046 4047
73203792 3793 3794 3795 3796 3797 3798 3799 7720 {4048 4049 4050 4051 4052 4053 4054 4055
7330 2800 3801 3802 3803 3804 3805 3806 3807 7730 {4056 4057 4058 4059 4060 4061 4062 4063
7340( 3808 3809 3810 3811 3812 3813 3814 3815 7740 [ 4064 4065 4066 4067 4068 4069 4070 4071
7353|3816 3817 3818 3819 3820 3821 3822 3823 775014072 4073 4074 4075 4076 4077 4078 4079
7360|3824 3825 3826 3827 3828 3829 3830 3831 7760|4080 4081 4082 4083 4084 4085 4086 4087
7370] 3832 3833 3834 3835 3836 3837 3838 3839 777014088 4089 4090 4091 4092 4093 4094 4095
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OCTAL - DECIMAL FRACTION CONVERSION TABLE

| OCTAL DEC. OCTAL DEC, OCTAL DEC. OCTAL DEC,
.000 .000000 . 100 . 125000 .200 . 250000 .300 .375000
.001 .001953 .101 . 126953 .201 .251953 .301 .376953
.002 .003906 .102 . 128906 .202 . 253906 .302 .378906
. 003 .005859 .103 . 130859 .203 . 255859 .303 . 380859
. 004 .007812 . 104 . 132812 .204 .257812 .304 .382812
. 005 . 009765 . 105 . 134765 .205 . 259765 .305 . 384765
. 006 .011718 .106 . 136718 . 206 .261718 .306 .386718
.007 .013671 . 107 . 138671 .207 .263671 .307 .388671
.010 . 015625 .110 . 140625 .210 . 265625 .310 .390625
.011 .017578 111 . 142578 .211 .267578 .311 .392578
.012 .019531 .112 . 144531 .212 . 269531 .312 .394531
.013 . 021484 .113 . 146484 .213 .271484 .313 . 396484
.014 . 023437 .114 . 148437 214 . 273437 .314 .398437
.015 . 025390 115 . 150390 .215 . 275390 .315 . 400390
.016 .027343 .116 . 152343 .216 . 277343 .316 . 402343
.017 . 029296 117 . 154296 .217 . 279296 .317 .404296
.020 . 031250 .120 . 156250 .220 . 281250 .320 .406250
.021 . 033203 .121 . 158203 .221 .283203 .321 .408203
. 022 . 035156 . 122 . 160156 . 222 . 285156 .322 .410156
.023 . 037109 .123 . 162109 .223 .287109 .323 .412109
.024 . 039062 124 . 164062 .224 . 289062 .324 . 414062
.025 .041015 .125 . 166015 .225 . 291015 .325 .416015
.026 . 042968 . 126 . 167968 .226 .292968 .326 .417968
.027 . 044921 . 127 . 169921 . 227 . 294921 .327 .419921
.030 .046875 .130 . 171875 .230 . 296875 .330 .421875
.031 . 048828 . 131 . 173828 .231 . 298828 .331 .42382¢
. 032 . 050781 . 132 . 175781 .232 .300781 .332 .426781
.033 . 052734 .133 . 177734 .233 .302734 .333 .427734
.034 . 054687 . 134 . 179687 .234 . 304687 .334 .429687
.035 . 056640 . 135 . 181640 .235 . 306640 .335 .431640
.036 . 058593 . 136 . 183593 .236 .308593 .336 .433593
.037 . 060546 . 137 . 185546 .237 . 310546 .337 .435546
. 040 . 062500 . 140 . 187500 .240 . 312500 .340 .437500
.041 . 064453 . 141 . 189453 . 241 .314453 .341 .439453
. 042 .066406 . 142 . 191406 .242 .316406 . 342 .441406
. 043 . 068359 . 143 . 193359 .243 .318359 L343 . 443359
. 044 .070312 . 144 . 195312 .244 .320312 .344 . 445312
. 045 . 072265 . 145 . 197265 .245 . 322265 .345 .447265
.046 .074218 . 146 . 199218 .246 .324218 . 346 .449218
. 047 .076171 . 147 .201171 . 247 .326171 .347 .451171
.050 . 078125 . 150 .203125 .250 .328125 .350 .453125
.051 . 080078 . 151 .205078 .251 .330078 . 351 . 455078
.052 . 082031 .152 .207031 .252 . 332031 .352 .457031
.053 .083984 .153 .208984 .253 . 333984 .353 . 458984
. 054 . 085937 . 154 .210937 .254 . 335937 . 354 . 460937
. 055 . 087890 . 155 . 212890 .255 . 337890 .355 .462890
. 056 . 089843 . 156 .214843 .256 . 339843 .356 .464843
. 057 .091796 . 157 .216796 .257 . 341796 .357 .466796
.060 .093750 . 160 .218750 .260 4343750 .360 .468750
. 061 . 095703 .161 . 220703 . 261 . 345703 .361 .470703
. 062 . 097656 . 162 . 222656 . 262 . 347656 .362 .472656
. 063 . 099609 .163 . 224609 .263 . 349609 .363 .474609
.064 .101562 .164 .226562 . 264 .351562 . 364 .476562
. 065 . 103515 .165 . 228515 .265 .353515 . 365 .478515
. 066 . 105468 . 166 .230468 .266 . 355468 . 366 .480468
. 067 .107421 . 167 .232421 .267 .357421 .367 .482421
.070 . 109375 . 170 .234375 . 270 .359375 .370 .484375
. 071 . 111328 171 .236328 .27 .361328 .371 .486328
.072 . 113281 .172 . 238281 . 272 . 363281 .372 .488281
. 073 . 115234 . 173 . 240234 .273 . 365234 .373 .490234
.074 . 117187 174 .242187 .274 .367187 .374 .492187
.075 . 119140 175 . 244140 .275 .369140 .375 .494140
.076 . 121093 . 176 . 246093 . 276 .371093 .376 .496093
077 . 123046 177 . 248046 L2177 . 373046 .377 .498046
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Octal-Decimal

Fraction Conversion Table

OCTAL DEC. OCTAL DEC. OCTAL DEC. OCTAL DEC,

. 000000 . 000000 .000100 . 000244 . 000200 . 000488 . 0003 .000732
.000001 .000003 .000101 . 000247 . 000201 . 000492 . 000301 .000736
.000002 . 000007 .000102 .000251 . 000202 .000495 . 000302 .000740
. 000003 . 000011 .000103 . 000255 . 000203 . 000499 .000303 .000743
. 000004 . 000015 .000104 . 000259 . 000204 . 000503 . 000304 .000747
. 000005 . 000013 .000105 . 000263 . 000205 . 000507 . 000305 .000751
. 000006 . 000022 . 000106 . 000267 . 000206 .000511 .000306 . 000755
. 000007 . 000026 .000107 . 000270 . 000207 . 000514 .000307 . 000759
.000010 . 000030 , 000110 .000274 .000210 . 000518 .000310 .000762
.000011 . 000034 .000111 . 000278 .000211 . 000522 . 000311 .000766
. 000012 .000038 .000112 .000282 .000212 . 000526 .000312 .000770
.000013 . 000041 .000113 .000286 .000213 .000530 .000313 .000774
.000014 . 000045 .000114 .000289 . 000214 . 000534 .000314 ,000778
.000015 . 000049 .000115 .000293 . 000215 . 000537 .000315 .000782
.000016 . 000053 .000116 .000297 . 000216 . 000541 .000316 .000785
.000017 . 000057 .000117 . 000301 . 000217 . 000545 . 000317 .000789
. 000020 . 000061 .000120 .000305 . 000220 . 000549 . 000320 .000793
. 000021 . 000064 .000121 .000308 . 000221 . 000553 .000321 .000797
. 000022 . 000068 .000122 .000312 . 000222 . 000556 . 000322 .000801
.000023 .000072 .000123 .000316 . 000223 . 000560 . 000323 .000805
. 000024 . 000076 .000124 .000320 . 000224 . 000564 .000324 .000808
. 000025 . 000080 .000125 .000324 . 000225 . 000568 .000325 .000812
. 000026 . 000083 .000126 . 000328 . 000226 . 000572 . 000326 . 000816
.000027 . 000087 .000127 .000331 . 000227 . 000576 . 000327 .000820
.000030 .000091 .000130 .000335 . 000230 . 000579 . 000330 . 000823
. 000031 . 000095 .000131 . 000339 . 000231 . 000583 .000331 . 000827
.000032 .000099 .000132 .000343 . 000232 . 000587 . 000332 .000831
.000033 .000102 .000133 .000347 . 000233 . 000591 .000333 .000835
. 000034 . 000106 .000134 . 000350 . 000234 . 000595 . 000334 . 000839
. 000035 .000110 .000135 . 000354 . 000235 . 000598 . 000335 .000843
.000036 .000114 .000136 .000358 . 000236 .000602 .000336 .000846
.000037 .000118 .000137 .000362 . 000237 . 000606 . 000337 . 000850
.000040 .000122 .000140 .000366 . 000240 .000610 . 000340 .000854
.000041 .000125 . 000141 .000370 . 000241 . 000614 . 000341 . 000858
.000042 .000129 .000142 .000373 . 000242 .000617 . 000342 . 000862
.000043 .000133 . 000143 .000377 . 000243 .000621 . 000343 . 000865
. 000044 .000137 .000144 . 000381 . 000244 . 000625 . 000344 .000869
. 000045 ,000141 .000145 . 000385 . 000245 . 000629 . 000345 .000873
. 000046 . 000144 .000146 .000389 . 000246 .000633 . 000346 . 000877
. 000047 .000148 . 000147 . 000392 . 000247 . 000637 . 000347 .000881
.000050 . 000152 .000150 .000396 . 000250 . 000640 . 000350 .000885
. 000051 . 000156 .000151 . 000400 . 000251 . 000644 .000351 .000888
. 000052 .000160 . 000152 . 000404 . 000252 . 000648 .000352 . 000892
. 000053 . 000164 .000153 . 000408 . 000253 . 000652 ,000353 . 000896
.000054 .000167 .000154 .000411 . 000254 . 000656 . 000354 . 000900
. 000055 .000171 .000155 . 000415 . 000255 .000659 . 000355 . 000904
.000056 . 000175 . 000156 . 000419 . 000256 .000663 . 000356 .000907
.000057 .000179 .000157 .000423 . 000257 . 000667 .000357 . 000911
.000060 .000183 .000160 . 000427 . 000260 , 000671 .000360 .000915
.000061 .000186 .000161 .000431 . 000261 . 000675 .000361 . 000919
.000062 .000190 .000162 . 000434 . 000262 .000679 .000362 .000923
.000063 . 000194 .000163 .000438 . 000263 . 000682 . 000363 .000926
.000064 .000198 ,000164 . 000442 . 000264 .000686 . 000364 .000930
. 000065 . 000202 .000165 . 000446 . 000265 .000690 .000365 . 000934
. 000066 . 000205 .000166 .000450 . 000266 . 000694 .000366 . 000938
. 000067 . 000209 .000167 .000453 . 000267 . 000698 . 000367 . 000942
.000070 . 000213 .000170 . 000457 . 000270 .000701 . 000370 . 000946
. 000071 .000217 .000171 .000461 .000271 . 000705 .000371 .000949
.000072 . 000221 .000172 . 000465 . 000272 . 000709 .000372 .000953
. 000073 . 000225 .000173 . 000469 .000273 .000713 .000373 . 000957
.000074 . 000228 .000174 .000473 .000274 . 000717 .000374 . 000961
. 000075 . 000232 .000175 . 000476 . 000275 .000720 . 000375 . 000965
.000076 . 000236 .000176 . 000480 . 000276 . 000724 . 000376 . 000968
. 000077 . 000240 .000177 .000484 . 000277 . 000728 .000377 . 000972
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Octal-Decimal Fraction Conversion Table

OCTAL DEC. OCTAL DEC. OCTAL DEC. OCTAL DEC. )
.000400 .000976 .000500 .001220 . 000600 .001464 . 000700 .001708
. 000401 .000980 .000501 .001224 .000601 .001468 .000701 .001712
. 000402 . 000984 .000502 .001228 . 000602 .001472 . 000702 .001716
.000403 .000988 .000503 .001232 . 000603 .001476 .000703 .001720
. 000404 . 000991 .000504 .001235 .000604 .001480 .000704 .001724
. 000405 . 000995 .000505 .001239 . 000605 .001483 . 000705 .001728
. 000406 . 000999 . 000506 .001243 . 000606 .001487 . 000706 .001731
. 000407 .001003 .000507 .001247 .000607 .001491 . 000707 ,001735
. 000410 .001007 . 000510 .001251 .000610 .001495 .000710 .001739
.000411 .001010 .000511 .001255 . 000611 .001499 .000711 .001743
.000412 .001014 .000512 .001258 . 000612 .001502 .000712 ,001747
.000413 .001018 .000513 .001262 . 000613 .001506 .000713 .001750
.000414 .001022 .000514 . 001266 .000614 .001510 .000714 .001754
. 000415 .001026 .000515 . 001270 . 000615 .001514 . 000715 .001758
.000416 .001029 . 000516 .001274 .000616 .001518 .000716 .001762
.000417 .001033 .000517 .001277 .000617 . 001522 .000717 .001766
. 000420 .001037 .000520 .001281 . 000620 .001525 .000720 .001770
.000421 .001041 .000521 .001285 . 000621 .001529 . 000721 .001773
. 000422 . 001045 .000522 .001289 . 000622 . 001533 . 000722 . 001777
.000423 .001049 .000523 .001293 . 000623 . 001537 .000723 .001781
.000424 ,001052 .000524 .001296 . 000624 . 001541 .000724 .001785
.000425 .001056 .000525 .001300 . 000625 .001544 . 000725 .001749
.000426 .001060 .000526 .001304 . 000626 . 001548 .000726 .001792
. 000427 .001064 .000527 .001308 .000627 .001552 .000727 .001796
. 000430 .001068 .000530 .001312 .000630 . 001556 . 000730 .001800
.000431 .001071 .000531 .001316 . 000631 .001560 , 000731 .001804
.000432 .001075 .000532 .001319 . 000632 . 001564 .000732 .001808
.000433 .001079 .000533 .001323 .000633 .001567 .000733 .001811
.000434 .001083 .000534 .001327 . 000634 .001571 .000734 .001815
. 000435 .001087 .000535 .001331 .000635 . 001575 .000735 .001819
.000436 .001091 . 000536 .001335 . 000636 . 001579 .000736 .001823
. 000437 .001094 .000537 .001338 . 000637 .001583 .000737 . 001827
. 000440 .001098 .000540 .001342 . 000640 .001586 . 000740 .001831
.000441 .001102 .000541 .001346 . 000641 .001590 ,000741 .001834
. 000442 .001106 .000542 .001350 . 000642 . 001594 .000742 .001838
. 000443 .001110 .000543 .001354 . 000643 .001598 . 000743 ,001842
.000444 .001113 .000544 .001358 .000644 .001602 .000744 .001846
. 000445 .001117 .000545 .001361 . 000645 .001605 .000745 .001850
.000446 .001121 .000546 .001365 . 000646 .001609 .000746 .001853
. 000447 ,001125 . 000547 .001369 . 000647 . 001613 . 000747 .001857
.000450 .001129 .000550 .001373 . 000650 .001617 .000750 .001861
.000451 .001132 .000551 .001377 .000651 .001621 .000751 .001865
.000452 .001136 .000552 .001380 . 000652 .001625 .000752 .001869
.000453 .001140 .000553 .001384 . 000653 .001628 .000753 .001873
.000454 .001144 .000554 .001388 . 000654 .001632 .000754 .001876
. 000455 .001148 .000555 .001392 . 000655 .001636 .000755 .001880
. 000456 .001152 . 000556 .001396 . 000656 . 001640 . 000756 .001884
. 000457 . 001155 .000557 .001399 . 000657 .001644 .000757 .001888
.000460 .001159 .000560 .001403 .000660 .001647 .000760 .001892
.000461 .001163 . 000561 . 001407 . 000661 .001651 .000761 .001895
.000462 . 001167 .000562 .001411 . 000662 .001655 .000762 .001899
.000463 .001171 .000563 .001415 . 000663 .001659 .000763 .001903
. 000464 .001174 .000564 .001419 . 000664 .001663 .000764 .001907
. 000465 .001178 .000565 .001422 . 000665 .001667 .000765 .001911
. 000466 .001182 .000566 .001426 .000666 ,001670 ,000766 .001914
.000467 .001186 .000567 . 001430 .000667 .001674 .000767 ,001918
.000470 .001190 . 000570 .001434 . 000670 .001678 .000770 ,001922
.000471 .001194 .000571 .001438 . 000671 .001682 .000771 .001926
.000472 .001197 .000572 . 001441 . 000672 .001686 .000772 .001930
. 000473 .001201 .000573 .001445 .000673 .001689 .000773 .001934
.000474 .001205 .000574 .001449 . 000674 .001693 .000774 .001937
. 000475 . 001209 .000575 .001453 . 000675 .001697 .000775 . 001941
.000476 .001213 . 000576 . 001457 . 000676 .001701 .000776 .001945
. 000477 .001216 . 000577 .001461 . 000677 .001705 .000777 . 001949
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APPENDIX B. TWO'S COMPLEMENT ARITHMETIC

XDS computer systems hold negative numbers in memory in
binary two's complement form. The two's complement of a
binary number is formed by adding one to the one's
complement (logical inverse) of the number. This con-
vention allows the sign of a number to be used as an
integral part of the number in all arithmetic operations
and obviates the need for keeping track of a detached sign
with computer logic.

In XDS systems, the sign bit is in the first bit position to
the left of the most significant magnitude bit. Thus, if
an XDS computer word was only 6 bits long instead of 24,
some common decimal values would be represented in
binary format as follows:

Decimal Octal Complement Binary
Number Equivalent Plus 1 Equivalent
3 03 - 000 011
2 02 - 000 010
1 01 - 000 001
0 00 - 000 000
-1 (=)ol 77 [RRIRALR!
-2 (-)02 76 111110
-3 (-)o3 75 111 101
31 37 - o1
=31 (-)37 41 100 001

This table suggests the following algorithms:

1. To find the binary, two's complement of a negative
decimal number:

a. Find the octal equivalent of the absolute of
the number.

b. Form the complement and add one.
c. Express as a binary number.

The result is the binary, two's complement equivalent.
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2. To find the decimal equivalent of a binary two's
complement number:

a. Express as an octal number.

b. Subtract one and form the complement.

c. Find the decimal equivalent.

The negative of the result is the decimal equivalent.
The following examples show how two's complement num-

bers automatically yield the correct result when used
arithmetically in the computer:

Decimal Binary

Number Equivalent

+20 010 100

-03 111 101

+17 1010 001 = 21g= 1739
lost carry

Note that the carry out of the most significant (sign bit)
position is lost. Nevertheless, the value remaining is the
correct answer.

Decimal Binary

Number Equivalent

-32 100 000

+24 011 000

-8 111 000=(-)]08=-8]o

When performing additions or subtractions in the computer,
carries out of the sign bit do not always signify a true
overflow condition or cause the OVERFLOW indicator to
be set. In an addition, it is impossible to produce an
overflow if the signs of the operands are unlike. The
computer sets the OVERFLOW indicator in an addition
only when the signs of the two operands are the same
but the sign of the result is opposite. In a subtraction,
which in the computer is accomplished by forming the
two's complement of the subtrahend and then adding to
the minuend, the test for overflow is similar to that for
addition. That is, overflow occurs when both numbers
have the same sign after the subtrahend has been com-
plemented but the sign of the result is opposite.



Mnemonic

ABC
ADC
ADD
ADM
AIR
ALCW
ASCW
BAC
BPT1
BPT2
BPT3
BPT4
BRI
BRM
BRR
BRU
BRX
CAB
CATW
CAX
CBA
CBX
CETW
CITW
CLA
CLB
CLAB
CLEAR
CLX
CNA
CXA
CXB
CZTW
DIR
DIV
DISW
EAX
EIR
EOD
EOM
EOR
ETR
EXU
HLT
IDT
IET
LCY
LDA
LDB
LDE
LDX
LRSH
LSH
MIN
MIW
MRG
MUL

APPENDIX C INSTRUCTION LIST

Code

0 46 00005

57

55

63
0 02 20020
0 02 50000
0 02 12000
0 46 00012
0 40 20400
0 40 20200
0 40 20100
0 40 20040

11

43

51

01

41
0 46 00004
0 40 14000
0 46 00400
0 46 00010
0 46 00020
0 40 11000
0 40 10400
0 46 00001
0 46 00002
0 46 00003
2 46 00003
2 46 00000
0 46 01000
0 46 00200
0 46 00040
0 40 12000
0 02 20004

65
0 02 00000

77
0 02 20002

06

02

17

14

23

00
0 40 20002
0 40 20004
0 67 20xxx

76

75
0 46 00140

71
0 66 24xxx
0 67 00xxx

61

12

16

64

Name

Copy A into B, Clear A
Add with Carry

Add

Add to Memory

Arm Interrupts

Alert Channel W

Alert to Store Address in Channel W
Copy B into A, Clear B
Test Breakpoint 1

Test Breakpoint 2

Test Breakpoint 3

Test Breakpoint 4

Branch and Return from Interrupt Routine
Mark Place and Branch
Return Branch

Branch Unconditionally
Increment Index and Branch
Copy A into B

Channel W Active Test
Copy A into Index

Copy B into A

Copy B info Index

Channel W Error Test
Channel W Interrecord Test
Clear A

Clear B

Clear AB

Clear A, B, and Index
Clear Index

Copy Negative into A
Copy Index into A

Copy Index into B

Channel W Zero Count Test
Disable Interrupt System
Divide

Disconnect Channel W
Copy Effective Address into Index
Enable Interrupt System
Energize Output D
Energize Output M
Exclusive OR

Extract

Execute

Halt

Interrupt Disabled Test
Interrupt Enabled Test

Left Cycle AB

Load A

Load B

Load Exponent

Load Index

Logical Right Shift AB

Left Shift AB

Memory Increment

Memory into W Buffer
Merge

Multiply

Page

24
20
20
20
13
37
38
24
30
30
30
30
26
25
26
25
25
23
44
24
24
24
44
44
23
23
23
23
23
25
24
24
44
13
22
38
20
13
36
36
23
22
30
30
13
13
29
19
19
25
19
29
29
21
47
22

21
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Mnemonic

NOD
NOP
OoT0
OovT
PIN
POT
RCY
REO
ROV
RSH
SKA
SKB
SKD
SKE
SKG
SKM
SKN
SKR
SKS
STA
STB
STE
STX
SUB
SUC
TOPW
WIM
XAB
XEE
XMA
XXA
XXB

Appendix C

Code

0 67 10xxx
20
0 22 00100
0 22 00101
33
31
0 66 20xxx
022 00010
0 22 00001
0 66 00xxx
72
52
74
50
73
70
53
60
40
35
36
0 46 00122
37
54
56
0 02 14000
32
0 46 00014
0 46 00160
62
0 46 00600
0 46 00060

Name

Normalize and Decrement Index
No Operation

Overflow Test Only

Overflow Test and Reset

Parallel Input

Parallel Output

Right Cycle AB

Record Exponent Overflow

Reset Overflow Indicator

Right Shift AB

Skip if Memory and A do not Compare Ones
Skip if Memory and B do not Compare Ones
Difference Exponents and Skip
Skip if A Equals Memory

Skip if A Greater than Memory
Skip if A Equals Memory on B Mask
Skip if Memory Negative

Reduce Memory, Skip if Negative
Skip if Signal not Set

Store A

Store B

Store Exponent

Store Index

Subtract

Subtract with Carry

Terminate Output on Channel W
W Buffer into Memory

Exchange A and B

Exchange Exponents

Exchange Memory and A
Exchange Index and A

Exchange Index and B

Page

29
30
31
31
37
37
29
31
3
29
27
28
28
27
27
27
28
28
36
19
19
24
19
21
21
38
47
24
25
20
24
24



APPENDIX D 930 COMPATIBILITY

The 'XDS 940 central processor is an extension of the XDS
930. This appendix describes the difference between the
operation of the 930 and the operation of the 940 in each
of its three modes.

NORMAL MODE

When the 940 is started in the normal manner by pushing the
START button on the control panel, it automatically enters
the normal mode. In this mode, the 940 is almost complete-
ly compatible with all 930 software. There are four differ-
ences between the 940, operating in the normal mode, and
the 930; however, none of these differences affect the op-
eration of the standard 930 software. These differences are:

1. A new instruction, designated by the mnemonic BRI and
utilizing operation code 11 (which is an undefined op-
eration code in the 930), has been added and is opera-
tive in the normal mode and the monitor mode. The
description of this instruction appears in Section 3,
"Branch Instructions".

2. A new instruction utilizing operation code 22 (which is
an undefined operation code in the 930) has also been
added and is operative in all 940 modes. This instruc-
tion performs four functions, as given by the following
mnemonics and internal octal configurations:

Mnemonic 940 Configuration 930 Configuration
OovT 0 22 00101 0 40 20001

REO 0 22 00010 0 02 20010

ROV 0 22 00001 0 02 20001

OoTO 0 22 00100 none

The first three functions are identical to the standard
930 instructions with the same mnemonics. The 930
configurations of these instructions are operative; thus,
there are two different methods for invoking these
functions with the 940 while in the normal or monitor
modes. The OTO instruction is described in Section 3,
"Overflow Instructions".

3. A new configuration of the EOM instruction has
been added to the 940 so that it can effect a
program-controlled transition from the normal mode
to the monitor mode. The octal configuration of
this EOM is 0 02 22000 (see Section 2, "Mode-
changing Capability.

4. The interlace word for the Data Multiplexing Sys-
tem is structured differently from that of a standard
930 (the count field only contains eight bits, per-
mitting a maximum record size of 256 words). This
is necessary so that the data address field can contain
16 bits and permit addressing of the full 64K-word
940 memory. (See Section 4, "Data Multiplexing
System'.)

MONITOR AND USER MODES

In addition to the differences between the 930 and 940 op-

erating in the normal mode, several operations are effective
in both monitor and user modes that are not effective in the
normal mode; they include the following:

1. An EXECUTE instruction (or a long chain of EXECUTEs)
is aborted in response to an interrupt request. This as-
sures that the acknowledgement of an interrupt request
is not excessively delayed because of a long chain or
possibly an infinite loop of EXECUTE instructions. This
process is effected by terminating the EXECUTE instruc-
tion and acknowledging the highest priority interrupt
request. The P register contains the address of the ter-
minated instruction; thus, the normal interrupt routine
exit will return to the interrupted instruction, which will
be restarted. Similarly, the execution of an instruction
involving indirect addressing is interrupted when an in-
terrupt request occurs during the indirect addressing
phase of the execution. An interrupt request is also
acknowledged at the completion of a BRX instruction
that calls for a branch. In this case, the P counter
contains the location specified by the branch.

2. A memory mapping technique that provides for dynamic
relocation of programs, for fragmentation of memory,
and for two modes of memory protection is included
in the 940 (see Section 2, "Memory Access Con-
trol").

3. The interrupt-clearing function of the BRU instruction
(when coded for indirect addressing) is inhibited.

MONITOR MODE

In addition to the above listed differences between the 930
and the 940 operating in the user and monitor modes, there
are several other differences unique to the monitor mode.
These additional differences are:

1. The execution of an instruction in which the content of
bit position O (the sign bit) is a 1 causes address map-
ping through the user map to apply for that instruction.
Mapping through the user map will also apply to any in-
struction for which the sign bit is a 1 in any word
fetched during the determination of an effective ad-
dress. More precisely, mapping through the user map
becomes effective when a sign bit of 1 is detected, and
the computer will remain in this mode for the duration
of the current instruction. Thus, if the sign bit isa 1
in a word fetched during indirect addressing, all further
memory references made by this instruction will be
mapped through the user memory map.

2. The 940 contains a partially implemented monitor map.
The monitor map is described in Section 2, "Memory
Access Control .

3. The return address associated with the BRM, BRR, and
POP instructions is different in the monitor mode
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to allow return to the calling or interrupted program
irrespective of the mode in which the computer was
operating at the time of the call or interruption. The
differences are:

a. The overflow indicator is stored in bit position 2
rather than in the sign bit position.

b. The sign bit is set to 1 if the return address is to
be mapped through the user map; otherwise, the
sign bit is set to 0. An example of the former is
the occurrence of an interrupt or SYSPOP when
the computer is in the user mode.

4. Inadditiontoperforming all its normal-mode operations,
the execution of an EAX instruction in the monitor
mode will cause bit position O of the index register to
be set to 1 if the effective address is mapped through
the user map. [f the effective address is not mapped
through the user map, bit position 0 of the index regis-
ter is reset to 0.

5. A special monitor-to-user transition trap function has
been incorporated. This trap may be enabled by a pro-
gram operating in the monitor mode with a specific
configuration of the EOM instruction described below,
and is automatically disabled whenever it is invoked.
It is also disabled whenever any other trap is invoked.
If this trap is enabled, the 940 will trap to location
44B whenever a switch from the monitor mode to the
user mode is attempted (see Section 2, "Trap System").

6. Special configurations of the EOM instruction have
been incorporated so that the monitor-mode program
may be entered and so that it may control its environ-
ment. These EOMs have the following octal config-
urations and perform the following functions:

Configuration  Function

0 02 20400 Clear and select RL1 for loading

0 02 21000 Clear and select RL2 for loading

0 02 21400 Clear and select RL4 for loading

0 02 22000 Perform the transition from normal to
monitor mode

0 02 22400 Enable the monitor-to-user transition

trap.

All these configurations of the EOM instruction may
also be executed in the normal mode. In the first
three cases, the EOM must be followed by a POT in-
struction that loads the memory map register (RL1, RL2,
or RL4) with the appropriate word from memory (see
Section 2, "Memory Address Control").
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USER MODE

In addition to the above listed differences between the 930
and the 940 operating in the user and monitor modes, there
are three characteristics unique to the user mode. These
characteristics are:

1. In the user mode, memory mapping through the user
memory map is always effective (see Section 2, "Mem-
ory Access Control ").

2. A set of instructions (referred to as "privileged" instruc-
tions) is prohibited in the user mode. The set of privi-
leged instructions includes the following:

a. all input/output instructions (including EOM, EOD,
and SKS)

b. HALT (HLT) and BRANCH AND RETURN FROM
INTERRUPT ROUTINE (BRI)

c. all undefined operation codes

Any attempt to execute a privileged instruction while
the computer is in the user mode results in a trap to
location 40g (see Section 2, "Trap System").

3. In the user mode, the execution of a Programmed Oper-
ator (POP) instruction withbit0=0 and bit 2=1 causes a
transfer to the user-mapped location designated by bits
2 through 8 with the link word being stored in user-
mapped location 0. Insofar as the program is con-
cerned, this operation is identical to that performed
by the 930. However, the execution of a POP instruc-
tion with bit 0=1 and bit 2=1 causes a transfer to the
absolute (nonmapped) location designated by bits 2
through 8 with the link word being stored in absolute
location 0. In addition, this latter case causes a tran-
sition from the user mode to the monitor mode and causes
the sign bit position of absolute location O to be set to
1, indicating that the return address is to be user mapped.
This form of POP instruction is designated as SYSPOP,
since it makes the system programmed operators directly
available to the user-mode program without requiring
the monitor-mode program to intervene.

SUMMARY

The XDS 940 is basically an augmented XDS 930 with very
few changes to the 930 subset. With the exception of the
improved interrupt routine exit and the alternate overflow
indicator instructions, all instruction differences are associ~
ated with the new features; namely, the computer modes
and the memory address mechanism. However, numerous
logic changes to the 930 subset exist, although they are not
discernible by the programmer.



A

Address Modification, 10
Arithmetic Instructions, 20
Arm/Disarm, 12

Branch Instructions, 25
Breakpoint Instructions, 31

C

Card
Format, 60
Input/Output, 60
Punch, 63
Reader, 60
Central Processor Registers, 5
Channel, Communication, 33
Character Codes, 81
Clock Interrupts, Real-time, 15
Compatibility (930), 93
Compatible Mode
Input/Output, 38
Terminal Functions, 15, 38
Communication Channel
Direct Access, 34
Description, 33
EOM/EOD, 36, 37, 41, 42
Input/Qutput, 32
Instructions, 37, 42
Interrupt Designations, 14
Memory Access Priority, 47
Registers, 33, 34

Control
Instructions, 30
Panel, 52

Data Multiplexing System, 48
Direct Memory Access System, 32
Direct Parallel 1/O Instructions, 37
Disable, 12

Disarm, 12

Displays, 52

E

Extended Mode
Input/Output, 38
Terminal Functions, 15, 39

F

Format
Card, 60
Fixed-Point Data, 7
Magnetic Tape, 69
Paper Tape, 57
Word, 6, 7

INDEX

Hardware Hang-up Prevention, 11

Indexing, 10
Indirect Addressing, 10
Input/Output

Card, 60

Communication Channel, 32
EOM/EOD, 41

Instructions, 16, 36, 37, 48
Magnetic Tape, 69

Modes, 38

of a Record and Disconnect, 39
of a Record and Proceed, 39, 40
Paper Tape, 57

Single Bit, 48

Typewriter, 56

until Signal then Disconnect, 39, 43
until Signal then Proceed, 39, 44

Instructions

Arithmetic, 20
Branch, 25
Breakpoint, 30
Control, 30
Load/Store, 19
Logical, 22
Memory Extension, 31
Overflow, 31
Register Change, 23
Shift, 28

Test and Skip, 27

Interrupt

L

Arm/Enable Response, 12
End-of-Record, 14
End-of-Transmission, 14
End-of-Word, 14
Priority, 11

Real-time Clock, 15
Single Instruction, 12
Subroutine, 12
Zero-Word-Count, 14

Line Printer, 65

Load/Store Instructions, 19
Locations, Trap, 16, 17, 18
Logical Instructions, 22

Magnetic Tape

Format, 69
Input/Output, 69
Reading, 72
Unit Controls, 72
Unit Tests, 70

\A/..?l.f.- ~ 77
rening, 79

Index
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Memory Real-time Clock Interrupts, 15

Access Control, 7 Register Change Instructions, 23
Direct Access, 32 Registers,

Extension System, 7 Central Processor, 6

Map, 5, 8, 9 Direct Access Channel, 33
Protection, 8, 17 Time-multiplexed Channel, 34

Word Formats, 5, 6, 7
Mode Changing, 10
Modification, Address, 10 s
Monitor Memory Map, 9

Monitor-to-user Transition, 10, 17 Shift Instructions, 28

N Single-8it Input/Output, 48
Single-Instruction Interrupt, 12
Non-interruptable Instructions, 12 Single-Word Transfer, 14, 47
Normalize, 29 Standard SKS Instructions, 44
Store Instructions, 19, 20
0 Switches, Control Panel, 52
Off-line Printing, 68 System Programmed Operators, 5, 18

Operating Modes, 5
Output (see Input/Output)

Overflow Indicator, 7, 31 T

P Tape Format
Peripheral Equipment, 56-80 g/\agnet|5c7, 69
Power Fail-Safe System, 15 apets

Test and Skip Instructions, 13, 28-30, 36, 44

Printer, Line, 65 Trap System, 16

Privileged Instructions, 17
Programmed Operators, 17, 18
Protection, Memory, 8, 17

Printing, Off-line, 68 u

Priority Assignment, Interrupt, 11

Priority, Channel Memory Access, 47 Unauthorized Memory Access, 16
Punch, Card, 65 User Memory Map, 8

Punch, Paper Tape, 60

Reader, Card, 60
Reader, Paper Tape, 57 Word Format, 5
Reading Magnetic Tape, 72 Writing Magnetic Tape, 73
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Code

00

01

02
0 02 00000
0 02 12000

0 02 14000
0 02 20001
0 02 20002
0 02 20004
0 02 20010
0 02 20020
0 02 20400
0 02 21000
0 02 21400
0 02 22000

0 02 22400

0 02 50000
06

0 06 200SR
10
n

12

13

14

16

17

20
0 22 00001
0 22 00010
0 22 00100
0 22 00101

23

30

32

33

35

36

37

40
0 40 10400
0 40 11000
0 40 12000
0 40 14000
0 40 20001
0 40 20002
0 40 20004
0 40 20040
0 40 20100
0 40 20200

Mnemonic

HLT
BRU
EOM
DISW
ASCW

TOPW

EIR
DIR

AIR

ALCW
EOD

MIY
BRI

MIW
POT
ETR
MRG
EOR
NOP
ROV
REO
o10
ovr
EXU
YIM
WIM
PIN
STA
STB
STX
SKs
cITw
CETW
CZTwW
CATW

DT
IET
BPT4
BPT3
BPT2

XDS 940 OPERATION CODES

Name

Halt

Branch Unconditionally

Energize Output M

Disconnect Channel W

Alert to Store Address in
Channel W

Terminate Output on Channel W

Reset Overflow Indicator

Enable Interrupt System

Disable Interrupt System

Record Exponent Overflow

Arm Interrupts

Clear and Select RL1 for Loading

Clear and Select RL2 for Loading

Clear and Select RL4 for Loading

Perform Transition to Monitor
Mode

Enable the Monitor-to-User-
Transition Trap

Alert Channel W

Energize Output to Direct Access
Channel

Set Extension Register

Memory into Y Buffer

Branch and Return from Interrupt
Routine

Memory into W Buffer

Parallel Output

Extract

Merge

Exclusive OR

No Operation

Reset Overflow Indicator

Record Exponent Overflow

Overflow Indicator Test Only

Overflow Indicator Test and Reset

Execute

Y Buffer into Memory

W Buffer into Memory

Parallel Input

Store A

Store B

Store Index

Skip if Signal not Set

Channel W Interrecord Test

Channel W Error Test

Channel W Zero Count Test

Channel W Active Test

Overflow Indicator Test and Reset

Interrupt Disabled Test

Interrupt Enabled Test

Test Breakpoint 4

Test Breakpoint 3

Test Breakpoint 2

Page

30
25
36
38

38
38
31
13
13
31
13

Code

0 40 20400
0 40 40007

41

43
0 46 00001
0 46 00002
0 46 00003
0 46 00004
0 46 00005
0 46 00010
0 46 00012
0 46 00014
0 46 00020
0 46 00040
0 46 00060
0 46 00122
0 46 00140
0 46 00160
0 46 00200
0 46 00400
0 46 01000
2 46 00000
2 46 00003

50

51

52

53
54
55
56
57
60

61

62

63

64

65
0 66 00xxx
0 66 20xxx
0 66 24xxx
0 67 00xxx
0 67 10xxx
0 67 20xxx

70

7

72

73
74
75
76
77

Mnemonic

BPTI

BRX
BRM
CLA
CLB
CLR
CAB
ABC
CBA
BAC
XAB
CBX
CXB
XXB
STE
LDE
XEE
CXA
CAX
CNA
CLX
CLEAR
SKE
BRR
SKB

SKN
SuUB
ADD
suc
ADC
SKR

MIN

ADM
MUL
DIv
RSH
RCY
LRSH
LSH
NOD
LCY
SKM
LDX
SKA

SKG
SKD
LD8

LDA
EAX

Name

Test Breokpoint 1

Extension Register Test

Increment Index and Branch

Mark Place and Branch

Clear A

Clear B

Clear AB

Copy A into B

Copy A into B, Clear A

Copy B into A

Copy B into A, Clear B

Exchange A ond B

Copy B into Index

Copy Index into B

Exchange Index and B

Store Exponent

Load Exponent

Exchange Exponents

Copy Index into A

Copy A into Index

Copy Negative into A

Clear Index

Clear A, B, and Index

Skip if A Equals Memory

Return Branch

Skip if B and Memory do not
Compare Ones

Skip if Memory Negative

Subtract

Add

Subtract with Carry

Add with Carry

Reduce Memory, Skip if
Negative

Memory Increment

Exchange Memory and A

Add to Memory

Multiply

Divide

Right Shift AB

Right Cycle AB

Logical Right Shift AB

Left Shift AB

Normalize and Decrement Index

Left Cycle AB

Skip if A Equals Memory on B Mask

Load Index

Skip if A and Memory do not
Compare Ones

Skip if A Greater than Memory

Difference Exponents and Skip

Load B

Load A

Copy Effective Address into Index



XDS

EASTERN TECHNOLOGY
CENTER

12150 Parklawn Drive
Rockville, Maryland 20852
(301) 933-5900

PRINTED CIRCUITS DEPT.
600 East Bonita Avenue
Pomona, Calif. 91767

(714) 624-8011

TECHNICAL TRAINING
5250 West Century Blvd.
Los Angeles, Calif. 90045
(213) 772-4511

INTERNATIONAL

MANUFACTURING SUBSIDIARY
Scientific Data Systems Israel, Ltd.

P.O. Box 5101

Haifa, Israel
04-530253, 04-64589
Telex 922 4474

SALES OFFICES
Western Region

Building Arts Bldg.
Suite G100

5045 N. 12th St.
Phoenix, Arizona 85014
(602) 264-9324

1360 So. Anaheim Blvd.
Anaheim, Calif. 92805
(714) 774-0461

*5250 West Century Bivd.
Los Angeles, Calif. 90045
(213) 772-4511

Vista Del Lago Office Center
122 Saratoga Avenue

Santa Clara, Calif.95050
(408) 246-8330

Wells Fargo Building
Suite 500

21535 Hawthorne Blvd.
Torrance, Calif. 90503
(213) 542-5561

*Regional Headquarters

3333 South Bannock
Suite 400

Englewood, Colo. 80110
(303) 761-2645

320 Ward Avenue
Honolulu, Hawaii 96814
(808) 531-8257

Fountain Professional Bldg.
9004 Menaul Bivd., N.E.
Albuquerque, N.M. 87112
(505) 298-7683

El Paso Natural Gas Bldg.
Suite 201

315 E. 2nd South Street
Salt Lake City, Utah 84111
(801) 322-0501

400 Building

Suite 415

400 108th Avenue N.E.
Bellevue, Wash. 98004
(206) 454-3991

Midwestern Region

*2720 Des Plaines Avenue

Des Plaines, lllinois 60018
(312) 824-8147

Clausen Bldg., Suite 310
16000 W. Nine Mile Road
Southfield, Michigan 48075
(313) 353-7360

4410 Woodson Road
Suite 111

St. Louis, Missouri 63134
(314) 423-6200

One Erieview Plaza
13th Floor

Cleveland, Ohio 44114
(216) 522-1850

Seven Parkway Center
Suite 238

Pittsburgh, Pa. 15220
(412) 921-3640

Southern Region

State National Bank Bldg.
Suite 620

200 W. Court Square
Huntsville, Alabama 35801
(205) 539-5131

Orlando Executive Center
1080 Woodcock Road
Orlando, Florida 32803
(305) 841-6371

2964 Peachtree Road, N.W.
Suite 350

Atlanta, Georgia 30305
(404) 261-5323

Jefferson Bank Bldg.
Suite 720

3525 N. Causeway Blvd.
Metairie, Louisiana 70002
(504) 837-1515

4920 S. Lewis Avenue
Suite 103

Tulsa, Oklahoma 74105
(918) 743-7753

8383 Stemmons Freeway
Suite 233

Dallas, Texas 75247
(214) 637-4340

*2300 West Loop South

Suite 150
Houston, Texas 77027
(713) 623-0510

Eastern Region

10227 Wincopin Circle
Suite 716

Columbia, Maryland 21043
(301) 730-4900

20 Walnut Street

Wellesley Hills, Mass. 02181

(617) 237-2300

Brearley Office Building
190 Moore Street
Hackensack, N. J. 07601
(201) 489-0100

The Fortune Building

280 North Central Avenue
Hartsdale, New York 10530
(914) 948-2929

*1301 Avenue of the Americas

New York City, N.Y. 10019
(212) 765-1230

673 Panorama Trail West
Rochester, New York 14625
(716) 586-1500

P.O. Box 168

535 Pennsylvania Ave.

Ft. Washington Industrial Park
Ft. Washington, Pa. 19034
(215) 643-4250

Kogerama Building
Suite 212

No. 1 Tidewater
Executive Center
Norfolk, Virginia 23502
(703) 497-6811

Washington (D.C.) Operations
*2351 Research Bivd.

Rockville, Maryland 20850
(301) 948-8190

Canada

864 Lady Ellen Place
Ottawa 3, Ontario
(613) 722-8387

1009 7th Avenue, S.W.
Calgary 2, Alberta
(403) 265-8134

280 Belfield Road
Rexdale 605, Ontario
(416) 677-8422

1901 North Service Road
Trans Canada Highway
Dorval, P.Q.

(514) 683-3755

400 Building. Suite 415, 400 108th Avenue, N.E. / Bellevue, Washington 98004 / (206) 454-3991 / TWX: 910-443-2440

A/S Nordisk Elektronik

Copenhagen V

INTERNATIONAL OFFICES
& REPRESENTATIVES

European/African Headquarters

Scientific Data Systems
I.L.I. House, Olympic Way
Wembley Park (London)
Middlesex, England

(01) 903-2511, Telex 27992

Sweden

Nordisk Elektronik AB
Stureplan 3
Stockholm 7

(08) 24 83 40

Denmark

Danasvej 2

EVA 8285/EVA 8238

Norway
Nordisk Elektronik (Norge) A/S

Middelthunsgt. 27
Oslo 3
(2) 60 25 90

France

Compagnie Internationale
pour I'lInformatique, C.L.I.
66, Route de Versailles
78-Louveciennes
Yvelines

951 86 00 (Paris area)

Israel

Elbit Computers Ltd.
Subsidiary of Elron
Electronic Industries Ltd.
88 Hagiborim Street
Haifa

6 4613

90 06 40C
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