


































































































Figure 24. msm 1715 Digital Display Unit

The Plus and Minus lights reflect the absence or
presence of a flag over the digit transmitted to the
units position. All four digits must be addressed when-
ever the 1715 is operated, starting with the thousands
position and proceeding in sequence to the units posi-
tion. Addressing the thousands position places the unit
in unit response status; addressing the units position
removes the unit from response status. The four digits
are not displayed until the units position is addressed
and they remain displayed until the unit is reset by en-
tering another digit in the thousands position by the
program. Digits sent to the unit must not contain a
flag bit, with the exception of the digit sent to the units
position which uses the flag bit to represent the sign.

Check Light. Each digit sent to the display unit is
checked for parity. A parity error in any one digit turns
the Check light on, resets the four display positions to
blank, and turns on the sioc Output Error indicator.

Power On/Off Switch. This switch is used to control
electrical power to the unit. When power is on, either
the Plus or Minus light is on.

Display Lights. The display lights may be easily re-
placed from the front panel.

IBM 1717 Output Printer

The 1BM 1717 Output Printer is available for connec-
tion to the 1M 1710 Control System through the 1716
Output Printer Control and Power Units and the Serial
Input/Output Channel. It fills the need for output
information from the 1710 Control System to remote
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locations in the process where it is most vitally needed,
or to other locations such as the superintendent’s office.

Description

The 1M 1717 Output Printer is a modified model B
iBM electric typewriter. The standard machine has a
12-inch carriage, medium platen, and red and black
ribbon shift. The standard type is Manifold No. 10,
which prints ten characters to the inch. The standard
character set includes A-Z, 0-9, and the special characters

*“*‘*:,-/A

All alphabetic characters print as capitals and all print-
ing is done in the lower-case position, so that carriage
shifting is not required.

The power and control circuits for the Output
Printer are contained in the 1M 1716 Output Printer
Control and Power Units, which are mounted in two
standard relay rack drawers for installation in appro-
priate locations in the process. Protective housings are
available for the control and power units when relay
rack mounting is not feasible. Fuses and lights on the
front of the power unit can be easily replaced without
removing the cover. The printer is connected to the
control unit by an 8-foot cable which permits the
printer to be placed on a convenient table or desk. Out-
put Printers and control units can be disconnected for
oft-line servicing from the Serial Input/Output Chan-
nel without affecting the operation of other units on
the channel.



When it is desired to have the entire Output Printer
unit together as a compact device, the 1717 Output
Printer and the control units can be supplied in one
unit complete with table and protective housings. Fig-
ure 25 shows the printer and the control units on an
accessory table.

The table is also available with a protective cover
that fits over the printer.

Selective and special features for the output printer
are listed in Table 3.

Operation

Data and control codes (Table 4) are sent to the out-
put printer by a Write Numerical Output Channel or
Write Alphameric Output Channel instruction. The
printer accepts, stores, and prints the character trans-
mitted. When the operation is complete, the printer
emits a signal that turns on the Unit Response indicator
associated with it and initiates an interrupt. This in-
forms the 1620 Central Processing Unit that the unit is
ready to accept the next character.

The Output Printer prints in both the numerical and
alphameric modes at up to ten characters per second.
The actual rate is established by the manner in which
the 1620 program is written. All alphabetic, numerical,
and special characters are printed in the alphameric
mode; all digits and special characters (period, comma,
hyphen, and space) are printed in the numerical mode.
Negative digits 0 and 1 through 9 are printed as
— (hyphen) and ] through R in the numerical mode.

Printer Control

The controlling of the functions of the printer is ac-
complished by control codes sent to the printer by the
write instruction. These codes are listed in Table 4.
Each control code is composed of a leading record mark
character and a control character. Flag bits are not
allowed with control codes.

When the character transferred to 1opr (Input/Out-
put Data Register) is a record mark, the record mark is
not transmitted to the output unit; instead, the Output
Record Mark indicator and Alert indicator are turned

Figure 25. 18m 1717 Output Printer with 1716 Control Units
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Table 3. Output Printer, Basic, Selective, and Special Features

Feature Basis Description
Selective 16 inch, 10 char. per inch
Selective 16 inch, 12 char. per inch
Basic 12 inch, 10 char. per inch
Selective 12 inch, 12 char. per inch

Carriage Special 20 inch, 10 char. per inch
Special 20 inch, 12 chor. per inch
Special 24 inch, 10 char. per inch
Special 24 inch, 12 char. per inch
Special Automatic carriage
Basic Medium
Selective Hard

Platen Selective Soft
Special Pin feed
Basic Manifold No. 10

Type style Selective Manifold No. 12
Selective Pica Gothic

Vertical spacing Basic 6 lines per inch
Selective 8 lines per inch

Other Basic Red/black ribbon shift

Note: Selective features may be selected instead of comparable
basic features , Special features are available ot extra cost.

on and 10DR is conditioned to treat the next character
sent to it as a control character. The program should
provide for testing the Output Record Mark indicator.
If it is on, the proper control character can be immedi-
ately sent to 10pR by another write instruction.

Mode Shift Indicator. Control character 2 is not
transmitted to the output unit; instead, it causes the
Mode Shift indicator and Alert indicator to be turned

Table 4. Output Printer Control Codes

Control Code *
Alphameric Numerical Function
0+71 *1 Type numerical period
072 +2 Change mode
0173 +3 Type numerical comma
0+74 +4 Shift printer ribbon- to black
0+75 +5 Shiftprinter ribbon to red (Alert)
0476 +6 Tabulate printer carriage
0477 *7 Space printer carriage one position
0478 *+8 Retumn printer carriage and advance one line
0479 +9 Advance printing form to next form feed stop
0+0% +4+ End of message

*  Note that a control code is always a leading record mark

followed by a character to designate the function.
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on. The program must provide for testing the Mode
Shift indicator. If it is on, the next write command must
be in the mode (numerical or alphameric) that is the
opposite mode of the previous write instruction. Writ-~
ing continues in this mode until another mode shift
control character is sensed or until transmission is
completed.

End-of-Message Indicator. A record mark transferred
to 10DR as a control character causes the End-of-Message
and Alert indicators to be turned on. The program
must provide for testing the End-of-Message indicator.
If it is on, the proper end-of-message routine is initiated.
The EOM control character also removes the unit from
response status so.that it cannot initiate another in-
terrupt signal.

Error Indication

When a character with incorrect parity is received, it is
not printed or acted upon, but the error condition is
stored. When the next character — with the exception
of the leading record mark of a control code or control
character 2 —is received, it is ignored, and the sioc
Output Error indicator is turned on, an error interrupt
is initiated, and the Unit Response indicator is turned
on. When the sioc Output Error indicator is tested,
the error condition is reset and the Output Printer can
be addressed again. A second attempt can now be made
to send the erroneous character to the printer. If the
second transmission results in an error, the printer
control circuitry removes the error condition, causes
the printer to print an error symbol (A), and then
signals that the printer is ready for the next character.
An invalid character received by the output printer
causes the printer to space once, an interrupt to be
initiated, and a unit response indicator to be turned
on. If a color shift code is transmitted and the printer
is already operating in that particular color mode,
the printer spaces once.

Serial Input/Output Channel

The Serial Input/Output Channel (s10c) available
as a special feature provides a single connection to the
1710 for one to twenty input and output units. Because

some units require more than one address, 100 addresses
(00-99) are available.

Address Assignment
Up to twenty Process Operator Units, in any combina-
tion, can be attached to the 1711. However, the total



number of addresses cannot exceed 100. The addresses
(00-99) are assigned by the user.

Process Operator Number of Addresses
Units Required
1713 Manual Entry Unit 13
(7 maximum)
1714 Sense Switch Unit 4
(20 maximum)
1715 Digital Display Unit 4
(20 maximum)
1717 Output Printer 1

(20 maximum)

The following rules should be observed when making

the address assignments:

1. Unit response codes for all units must be consecu-
tive, beginning with 00 and ending with 19, if all
twenty units are involved.

2. All addresses assigned to all units must be con-
secutive, subject only to the provision of the next
rule.

3. The addresses assigned to any one unit must be
consecutive and must not go beyond the numbers
possible with one tens digit (e.g., 10-19, 20-29,
etc.), except for the 1713 where addresses assigned
must not exceed two tens digits.

This rule applies if there is a conflict with in-
structions in rule 2. For example, if the last ad-
dress used for any unit was 48 and the next ad-
dresses to be assigned were the 13 necessary for a
Manual Entry Unit, 49 through 61 could not be
assigned to the Manual Entry Unit because three
tens digits are involved. Instead, 49 would not be
used, and addresses 50 through 62 would be as-
signed. If enough devices are connected so that
all of the 100 available addresses are used, the
sequence of units in the addressing scheme may
have to be carefully arranged to prevent the
group of addresses for a Manual Entry Unit from
beginning with an address containing an 8 or 9
units digit.

SIOC Characteristics

Transmission to and from the control system is serial
by character. Operational speed of the attached units
depends on the capability of each unit and upon the
arrangement of the 1620 Data Processing Unit pro-
gram. The maximum transmission rate is 80 characters
per second, 12.5 milliseconds (ms) per character.
Although characters are transferred serially to and
from each unit, the relatively fast internal speed of
the computer as compared to the speeds of the individu-
al input/output units, and the design of the Serial In-
put/Output Channel permits the operation of the units

to be overlapped. From the standpoint of the pro-
grammer, the program is “looping” through a series
of input and output operations, but from the stand-
point of the process operator, data can be displayed,
read, and printed almost simultaneously.

The sioc cable is a single, multi-wire cable with a
connection for each input or output unit, as required.
Cable design permits an individual unit to be con-
nected or disconnected without disturbing the oper-
ation of remaining units on the cable. The cable can
be continuous with junctions for attached units or
branching cables for units in remote locations. The
maximum accumulated length of cable is 2,500 feet.

The Basic Interrupt, Input/Output Interrupts, and
Random Addressing special features are prerequisites
for the installation of the Serial Input/Output Chan-
nel.

Input /Output Data Register

The Input/Output Data Register (10pRr), a part of
the s1oc feature, is a single-character register that acts
as buffer storage for input data from an attached unit
and for output data from 1620 core storage. 10DR is 2
7-bit register with the following bit configuration:

X0C8421

The proper encoding and decoding of input/output
data is accomplished by the 1620 as each character is
transmitted between core storage and 10por. The bits for
each character are transmitted in parallel between 10prR
and the sioc unit and between 10pR and core storage.
Appendix D is a chart of 10pr character codes.

Output Operations

The selection of the output unit (1715 Digital Display
Units or 1717 Output Printer) and the transmittal of
data are accomplished by the Write Numerical Qutput
Channel (WNOC-88) or Write Alphameric Output
Channel (WAOC-89) instruction with a Q. digit of 5,
which identifies it as an sioc operation. Only one in-
struction is needed to completely transfer one character
from core storage to an output unit. The address of the
output unit is contained in Q,, and Q,,. The P part of
the instruction is the core storage address of the char-
acter transmitted. If alphameric data is being trans-
ferred, the P address must be an odd number, as in
normal output operation.

Upon execution of the output instruction, the 2-digit
code in Q,,-Q,, is sent to the Terminal Address Se-
lector (1Aas) which selects the proper unit. The char-
acter at the P address in core storage is encoded and
stored in 10DR. At this point, the 1620 and Tas are re-
leased for other programmed operations; s10Cc remains
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busy for 12.5 ms. Figure 26 illustrates the timing for
an operation using the Output Printer. The “printer
action time” represents the mechanical operations of
the printer, which can range from merely printing one
character to tabulating across the entire width of a
24-inch carriage. After the 12.5-ms interval that the
sioc is busy, the sioc Not Busy indicator is turned on,
thereby allowing another input or output operation
to take place during the “printer action time.”

If s1oc is addressed by an instruction while it is still
busy from a previous operation, the 1620 is interlocked
until the 12.5-ms s10¢ operation is complete before pro-
ceeding with the instruction.

When the output unit has completed the indicated
operation with the character transmitted from 10DR,
a signal is generated to turn on the Unit Response
indicator and to initiate an interrupt, which indicates
to the computer that the unit is in response status and
is ready for the next operation.

Input Operation

Transfer of data from an input unit to 1620 core stor-
age is accomplished by two instructions. The first in-
struction, Select Input Channel (SLIC-86), moves the
character to the 10pRr; and the second instruction, Read
Numer'ical Input Channel (RNIC-SE) or Read Alpha-
meric Input Channel (RAIC-87), moves the character
from the 10DR to core storage. The SLIC-86 instruction
must be followed by a RNIC-86 or RAIC-87 instruc-
tion, with no interceding sioc instructions, in order to
prevent loss of the character transferred to the 10DR
by the SLIC instruction.

SELECT INPUT CHANNEL

This instruction selects an address of an input unit and
causes the addressee to place its contents into the 10DR.
This instruction requires an operation code of 86 with
the Q,, and Q,, digits specifying an address of an input
unit. The Q; position requires a digit of 5. The P
address is not used.

1620 Write 200 psec
instruction __J I__(
Load IODR rl ( Printer Action Time
7 2.3 to 300 ms—-.‘
SIOC r——ﬂ——']
Channel Busy 12.5ms ( i

L7 L]

SI0C _—'—'L___J'—f
Not Busy Indicator

Figure 26. Output Printer Timing
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READ NUMERICAL INPUT CHANNEL OR

READ ALPHAMERIC INPUT CHANNEL

These two instructions operate similarly except that
one specifies numerical data and the other specifies
alphameric data. Either instruction will cause the con-
tents of 10DR to be read into core storage. The Q, posi-
tion requires a digit 5. The core storage location where
the input character will be stored is the P address.
Note that the Read Numerical instruction contains a
flag over the Op code to distinguish it from the Select
Input Channel instruction.

The squence of operations to transfer an alphameric
or numerical character from an input unit to core stor-
age is as follows:

1. The select instruction sends the input address to
TAS, which connects the addressed unit to sioc.
The computer and TAs are released for other pro-
gramming after 160 usec.

2. Data from the selected input unit is transferred
to 10DR. This transfer requires 10 ms.

3. At the end of 12.5 ms, the Data Ready interrupt
occurs and a read instruction transfers the data
from 10DR to core storage.

4. When the input unit is ready to transfer an-
other character to TODR, it initiates a Unit Re-
sponse interrupt and turns on the Unit Response
indicator, which remains on until the next select
instruction is given to begin the cycle again.

Transmission of data from the last character position

of the unit removes the input unit from response status.

Execution Times

The time required to transfer a character from core
storage to an output unit or from an input unit to core
storage depends upon the unit involved. Precise instruc-
tion times are provided elsewhere in the manual. The
times provided here are described from the standpoint
of the operation of these units by the process operator.

In operations using the Manual Entry and Sense
Switch input units, the speed of operation would be
limited only by the speed of the process operator in
entering data into the units. The data transfer time is
less than the time it takes the process operator to re-
move his finger from the Execute button.

In operations using the Digital Display Unit, four
data characters and a sign can be transferred to the unit
in less than a second; that is, in less time than it would
take the process operator to read the data or to read
the data and transcribe it on a log sheet.

The speed of the output printer is ten characters
per second, which means that the printing of a line of
output data would normally appear as a continuous
operation. Any time required to tabulate across the



carriage or to return the carriage can be overlapped
with other input or output operations.

As mentioned earlier, because of the design of the
sioc channel and the fast internal speed of the 1620,
the operation of many Process Operator Units could
be virtually simultaneous.

Interrupt Operation

The interrupt feature associated with the Process Oper-
ation Units allows the 1710 Control System to make
efficient use of various Process Operator Units and to
eliminate any waiting by the 1620 and Tas for an input
or output cycle to be completed. The Any sioc inter-
rupt is connected to indicator 45 and can be tested with
a Branch Indicator or Branch No Indicator instruc-
tion.

The Any sioc Interrupt indicator is turned on by the
stoc Output Error indicator, the Data Ready indicator
or any of the Unit Response indicators when the sioc
becomes not busy. All sioc interrupts of the mainline
program are initiated only by the Any sioc interrupt.

When in response status (that is, waiting and ready
to transmit or accept a character) each Process Oper-
ator Unit automatically initiates an interrupt (if sioc
is not busy) to signal the 1620 cpu that it is ready to
send or accept additional data. The manner in which
each unit is placed in response status was described in
the section concerning that particular unit. Response
status is removed by the transmission of the last charac-
ter of a field or an end-of-message code.

The Unit Response indicator of the originating unit

Table 5. stoc Branch Indicators

also turns on. The Unit Response indicator is identified
by a 60 in Qg - Q, and the unit response code for the
particular unit in Q,, - Q,;. The program can establish
an interrupt priority for input/output units by the
sequence in which the Unit Response indicators are
tested in the program.

In some programs, the user may desire to inhibit
SI0C interrupts in certain portions of the program. To
inhibit s1oc interrupts, that is, to selectively mask, the
program should test the Any sioc indicator with a
Branch Indicator or Branch No Indicator instruction
and then omit any read or write instructions (SLIC,
RNIC, RAIC, WNOC, WAOC) following the test. No
more s10C interrupts will occur until the program exe-
cutes an sioc read or write instruction (this could be
a pseudo instruction), thus freeing the sioc interrupt
to operate again.

Data Ready interrupts must be serviced prior to Unit
Response interrupts, since the data to be read is occupy-
ing IODR.

All s1oc interrupt signals are monitored by the sioc
to ensure that it is free to handle the transmission.
When the s1oc channel is available, the sitoc Not Busy
indicator is turned on and any interrupt signals from
the units are allowed to interrupt the program.

sioc interrupts that occur during an sioc busy condi-
tion must wait until s10¢ is not busy before interrupt-
ing the computer.

The functions of all sioc Branch indicators are
shown in Table 5.

Code

Q8-Q1n Indicator Turned on by Turned off by
45xx Any SIOC 6043, 6044, and 6070 through 6089 providing SIOC Not Busy (6046) is on Program test
6040 Output Record Mark Record mark transmitted to IODR by write instruction Program test
6041 End of Message Control code Record Mark transmitted to IODR by write instruction Program test
6042 Mode Shift Control code 2 sent to IODR by write instruction Program test
6043 SIOC Output Error * Parity error detected by output unit Program test
6044 Data Ready * Character sent to IODR from input unit by read instruction Program test
6045 Alert SIOC indicator 6040, 6041, 6042, 6043, or 6044 Indicators off
6046 SIOC Not Busy SIOC free to accept instruction or interrupt SIOC busy
6070 Unit Response* SIOC unit ready to transmit or receive data. (Q1g=Qq identifies individual Not ready

to unit: 70, No. 00; 71, No. 01; ... 89, No. 19.)
6089
* Interrupts
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Because of the asynchronous operation of the Proc-
ess Operator Units, the sioc Not Busy indicator (6046)
must be off before the other sioc indicators can be
tested by the program. The sioc Not Busy indicator
will always be off when an s1oc interrupt occurs.

SIOC Error Indications and Procedures

Data from sioc input units is given the normal parity
and invalid character check upon transfer from 10DR
to core storage. An invalid character will turn on the
Read Check, MBR-E, and MBR-0 indicators if the result-
ing character has incorrect parity.

Output data transmission and proper operation of
the unit are checked by each output unit. An invalid
output character with correct parity does not cause an
error condition. An invalid output character with cor-
rect parity will cause the output printer to space one
position.

Programming Process Operator Units
Programming is based upon a system which uses the
interrupt feature to branch to a control program for
the purpose of testing the sioc indicators and then
reading or writing data to the appropriate unit. After
servicing the interrupt, by transmitting a single char-
acter to or from an input/output unit, the control
program returns to the mainline program. In this
manner, sIOC operations are overlapped with other
processing operations, thus allowing more time in the
mainline program.

A typical programming example is shown in the
block diagram, Figure 27. This figure illustrates the
programming and associated testing of sioc indicators
required to operate two 1717 Output Printers, one 1713
Manual Entry Unit, or 1714 Sense Switch Unit, and
one 1715 Digital Display Unit attached to the 1710
Control System.

Note that each section of the program is designed
to handle addressing of units, addressing of data, initial-
izing unit response, etc., in a prescribed manner. The
manner in which this program treats these items fol-
lows.

Unit Addresses

With the exception of the printers, each unit has con-
secutive unit addresses. For example, the 1715 Digital
Display Unit may have addresses 21 through 24.

Unit Response Indicators

Unit Response indicator numbers 6070 through 6074
are assigned to the two Output Printers, the Manual
Entry Unit, the Sense Switch Unit, and the Digital
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Display Unit, in that order. These indicators are tested
by the program to determine which units require
servicing.

Initializing Unit Response Mode

An output unit is placed in the Unit Response mode
when a write instruction in the initializer step in the
mainline program transmits the first character of a
message to it. Subsequent write instructions are ex-
ecuted in the stoc control program until the unit is
removed from the Unit Response mode. The operator
places an input unit in Unit Response mode by de-
pressing the Execute button.

Input Data

The twelve digits read from the Manual Entry Unit
should be read into twelve consecutive positions of core
storage each time the unit is placed in the Unit Re-
sponse mode. Likewise, the four digits read from the
Sense Switch Unit should be read into four consecutive
positions of core storage each time the unit is placed
in the Unit Response mode.

Output Data ‘

1. Output Printer - A message to be typed may con-
sist of mixed-mode data, i.e., 2-position alpha-
meric characters can be mixed with I-position
numerical characters providing they are separated
by Change Mode Control Codes. The characters
which make up a message should be in adjacent
core storage positions although alphameric char-
acters must have odd-numbered addresses. The
typed output message

887
TEMP 000. 0

could take the following form in core storage.

18/887,+8+263,455457/0+7 2 7,0 001+ 1,04 #;

887 TEMP 000 0 Lendor
Return Message
Carriage Change Mode Numerical

Period
Space
Carriage

Note: The 1710 SPS-II language provides a spe-
cial statement, DMES - Define MESsage that aids
the programmer in constructing messages such as
that given above.

2. Digital Display Unit - The four digits to be sent
to the Digital Display Unit must occupy four ad-
jacent positions of core storage.



Block Diagram

Most steps in the block diagram are self-explanatory.
The following explanations are included for those
blocks that may require additional information:

To “Adjust Write Instruction (Modify Character
Address)”:

1. Add a constant 2 to the P part of the write instruc-
tion if in alphameric mode (O, of write instruc-
tion equal 9).

2. Add a constant 1 to the P part of the write instruc-
tion if in numerical mode (O, of write instruction
equals 8).

To “Adjust Write Instruction (Modify Operation
Code)’:

1. Change O, of the write instruction from 8 to 9 if
it is 8; or from 9 to 8 if it is 9.

To “Check Character Address”:

I. Perform a check to determine that the character
address in the P part of the write instruction is
odd when O, of the write instruction contains
a 9. This check is optional.

To “Restore Character Address and Mode for next

Message”:

1. Reset position O, and the P part of write instruc-
tion to that of the leftmost character position of
the next message.
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1710 Instructions

Instructions for the 1710 Control System described
here, have been arranged in groups according to func-
tional similarities. These consist of instruction for:

Selecting input signals and contacts
Operating contact points and set-point positioners
Interrupt routine instructions

Reading the contents of TAs and RTGC into core stor-
age.

Input/Output operations with the Process Oper-
ator Units

Branch Indicator instructions

Figure 28 is a summary of the instructions described
in this manual, and shows the function of and asso-
ciated special features for each instruction.

Appendix A contains a summary listing of the in-
structions in the 1710 Control System including all
basic and special feature instructions for the 1620. This
listing, in alphabetic sequence by instruction name,
contains the operation code, any operation code modi-
fiers, instruction times, and a Symbolic Programming
System (SPS) mnemonic. The Symbolic Programming
System for the 1710 Control System is described in the
publication 1BM 1620/1710 Symbolic Programming
System (Form C26-5600) .

Selecting Input Signals and Contacts
Select Address
Select apc Register
Select Contact Block
Select Manual Entry Switches

Select Address
SAor84withQ, of 1

Description. This instruction, provided with the
Random Addressing of TAs special feature, causes the
analog signal specified by the Q, - Q,, digits of the in-
struction to be read into the apc for conversion.

Execution Time. The computer is released after
160 psec. Conversion time requires 50 ms.
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Select ADC Register
SLAR or 86 with Q; of 2

Description. This instruction is provided with the
Random Addressing of TAs special feature and has two
functions (the numbers correspond to the circled
numbers in Figure 29):

1. The four digits in the Apc register which represent
the previously selected analog input signal are
transferred to the P address and to successively
higher-number core storage locations. The high-
order digit is automatically flagged. If the trans-
ferred digits represent a negative analog voltage,
the low-order digit is also flagged. Core storage
data that is replaced, including flag bits, is lost.
If the previously converted signal exceeded the
analog input range specified by the matching SMS
card in the 1712, four flag bits (negative zeros)
would be transferred to core storage.

2. Following transfer of the contents of the apc regis-
ter to core storage, the Q, - Q,, digits of the instruc-
tion are transferred to TAs and the analog input
signal specified by this address is converted to a
four-digit value (0000-9999) by the apc. The Mul-
tiplexer Busy indicator (29) is on during the
50 ms conversion time. If the Multiplex Complete
Interrupt indicator (40) is installed, an interrupt
will occur after conversion. Tas is busy for 12.5 ms
during this instruction, and any following instruc-
tion using TAs is. delayed until the 12.5 ms delay
time is complete.

Execution Time. The computer is free for opera-
tions that do not require the Multiplexer or Tas after
240 usec (time required to transfer the Apc register con-
tents to core storage) . TAs operations require 12.5 milli-
seconds; Apc operations require 50 milliseconds.

Select Contact Block

SLCB or 86 with Q; of 7

Description. This instruction is used to program the
special feature, High-Speed Contact Sense. Contact
sense points are terminated on contact sense terminal
blocks in the 1712. One terminal address is assigned for



. Associated R Machine Codes SPS
Instruction Name Special Features Function or | a7 Q9-Q11 Mnemonic
Select Address Random Addressing Select terminal address and begin 84 1 000-299 SA

conversion of signal ot the ad=
dressed point
Select ADC Register Random Addressing Transfer contents of ADC register 86 2 000-299 SLAR
to core storage. Set TAS register
to the Q9-Q 1 oddress and begin
conversion of newsignal.
Select Contact Block | High=Speed Contact The status of the terminal points 86 7 00-19 SLC8
Sense specified by the address in
Q9=Q 11 are transferred to core
storage .
Select Manual Entry Manual Entry Transfer contents of manual entry 86 8 Not used SLME
Switches switches to core storage.
Select Address and Contact Operate Select terminal address and close 84 2 000-299 SACO
Contact Operate the contact at the addressed point
Select Analog Output { Analog Output Select terminal oddress and provide| 84 3 000-299 SAOS
and Signal set=point positioning signal.
Mask Basic Interrupt Places program in noninterruptible 46 - Qg-Q9=00 | MK
mode - interrupts are detained until Q1iz=l
execution of an Unmask instruction
Unmask Basic Interrupt Removes program from noninterrupt=| 46 —_ Qg-Qg=00 UM
ible mode, if the noninterruptible Q11=0 K
mode exists as the result of a Mask
Branch Out Basic Interrupt Returns 1710 program from sub~ 47 - Qg-Qg=00 8O
routine back to main program Q=0
at same location where original
branch occurred.
Branch Out and Basic Interrupt Returns 1711 program from sub~ 47 - Qg-Q9=00
K X BOLD
Lood routine back to main program, Qys=l
but to the instruction specified
by the P address.
Select TAS Random Addressing Transfer address of terminal point 86 1 Not used SLTA
in TAS register to core storage.
Select Real=Time None Transfer contents of Real=Time 86 4 Not used SLTC
Clock clock to core storage
Select Input Channel | Serial Input/Output Selects address of an input unit 86 5 00-99 SLIC
Channel and causes contents of the unit
to be placed in IODR,
Read Numerical Serial Input/Output Transfers numerical character in 86 5 Not used RNIC
Input Channel Channel IODR to core storage location )
specified by P address.
Read Alphabetic Serial Input/Output Transfers alphabetic character 87 5 Not used RAIC
Input Channel Channel in IODR to core storage location
specified by P address.
Write Numerical Serial Input/Output Transfers numerical character from 88 5 00-99 WNOC
Ovutput Channel Channel core storage location specified by
P oddress to output unit specified
in Q9-Qj1.
Write Alphabetic Serial Input/Qutput Transfer alphabetic character 89 5 00-99 WAOC
Output Channel Channel from core storage location
specified by P oddress to
output unit specified in
Qe-Q1.
Branch Indicator None indicator specified by Qg-Qg 46 - - B
is interrogated. {f indicator
is on program branches to P
address.

Figure 28. Instruction Summary
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Figure 29. Select Apc Register Instruction Data Flow

a group of 20 terminal points. A total of 20 terminal
addresses is available if all 400 contact sense points are
installed. For the purposes of programming, the term-
inal block can be thought of as consisting of two parts
or halves with 200 terminal points (10 terminal ad-
dresses) on each half. Positions Q,, and Q,, of the in-
struction must specify one of the 20 terminal addresses.
When the instruction is executed, the 20 terminal
points at the terminal address specified in Q,, and
Q,1, and all of the terminal points for the remaining
higher-numbered terminal addresses (in that “half”
of the terminal block) are scanned and read into core
storage. The following chart lists the twenty terminal
addresses and the corresponding points that are scan-
ned. Note, for example, that a terminal address of 03
in Q,, and Q,, causes the program to scan and read into
core storage terminal points 60 through 199.

Terminal Points Terminal Points

Address Scanned Address Scanned
00 '000-199 10 200-399
01 020-199 11 220-399
02 040-199 12 240-399
03 060-199 13 260-399
04 080-199 14 280-399
05 100-199 15 300-399
06 120-199 16 320-399
07 140-199 17 340-399
08 160-199 18 360-399
09 180-199 19 380-399

For another example, the terminal address 10 causes
200 terminal points to be scanned and read into core
storage. The contact points that must be scanned most
frequently should be installed so that they are assigned
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to the highest-numbered terminal addresses on either
“half” of the contact sense terminal block.

As the contacts are scanned, the status of each one
is entered in core storage beginning at the location
specified by the P address of the instruction. The status
of the 20 contacts of each terminal address group is
stored in seven positions of core storage. (Flags bits
already existing in the seven core storage positions are
removed.) The status of the first two points is recorded
in the first of the seven position; the status of the re-
maining 18 points is stored in the second through
seventh positions as shown in the following diagram.

5/

T

Seven Positions of
Core Storage

20] l
21

22

g =

24

Terminal
Points
20-39




To accomplish this saving in scanning time and core
storage capacity, individual bits of the 6-bit binary-
coded-decimal (Bcp) configuration in each core storage
location are used to record the status of the terminal
point contacts. In the first location, the first contact is
assigned to the 2 bit and the second contact to the 1 bit.
In the second through seventh positions, the first of
the three contacts is assigned the 4 bit, the second con-
tact is represented by the 2 bit, and the third contact
by the 1 bit, as shown in the following diagram.

BCD Bits
C|l|Fl814]2]1

One Position of
Core Storage

Terminal 37

Points 38
37-39
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The corresponding bit is stored if a contact is closed;
the bit position is blank if the contact is open. For
example, if the first and third contacts are closed, the
core storage position assigned to the group of three
contacts contains a 4 bit and a 1 bit. Table 6 illustrates
this by showing the bit configuration for all possible
combinations of the three contacts when open and

Table 6. Bit Configuration of Closed Contacts

Termi;; I-(;t';ntucts BCD Bits of One Storage Position 1Character
T Core

37 138 139] C F 8 4 2 1 Storage
c* X 4
C X 2
C X 1
Cc C Cc X X 6
C cyJc X X 5
Cc C C X X 3
C C C X X X 7
( none closed ) C 0

* Contact Closed

closed. The column on the right contains the corre-
sponding numerical designation of the combination
of bits stored according to the standard BcD notation
for 6-bit data storage. A closed or open contact may be
recognized as such by the program 2 to 5 ms after it
opens or closes.

Table 7 shows the distribution of the 20 points of
a group over the seven core storage positions designated
by the P address. The figures in the table are the nu-
merical representations of the bits stored as a result of
the related contacts being closed. Note that the loca-
tion P, records the status of two terminal point con-
tacts, while each of the remaining six locations reflects
the conditions of three terminal point contacts. As an
example, if it is desired to test for contact 14 being
open and contacts 15 and 16 being closed, a 3 is com-
pared with the data in P,, because terminal point con-
tacts 15 and 16 are the second and third contacts in that
location.

By selecting the proper number to compare with the
data in a given core storage location, the status of each
contact can be determined. In addition, where program
logic and process operation dictate, any combination of
two or three contacts in the same location can be tested
with one instruction. For example, an emergency con-
dition may be indicated it one of three blowers in a
hazardous area is not operating. This can be deter-

Table 7. Digits for Identifying Open and Closed Contacts for one
Terminal Address of 20 Terminal Contacts

Teri:ztat;s I;)ofints Core Storage Positions
1t {2nd [ 3d | Py | Pp L P3Py | Ps | Ps | Py
C* 2 4 4 4 4 4 4
C 1 2 2 2 2 2 2
Cc i 1 1 1 1 1
C C 3 é [ ) ) 6 6
C C 5 5 5 5 5 5
C C 3 3 3 3 3 3
C C Cc 7 7 7 7 7 7

MM |2 "% " “e"s"nol"u"uz"‘lslnnnlf 7

Terminal Point Numbers Included in each
Core Storage Position

* Contact Closed
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mined in one operation by comparing a seven with the
data in the assigned core storage position.

After the first 20 terminal point contacts have been
scanned and entered in core storage, the terminal ad-
dress in Tas is advanced by one and the next 20 terminal
point contacts are scanned and entered into succeed-
ingly higher-numbered core storage positions. This
operation is continued until all addresses on one “half”
of the terminal block have been addressed, and the
status of their terminal points read into core storage.

The entire operation is performed by only one instruc-

tion. The second group begins with the P address + 7,
and so on. The highest-numbered core storage position
required for an instruction that scans the maximum
of 200 contacts is P + 69 (70 positions). The exact
range of addresses in core storage for any instruction is

P through P 4+ 7 (10 — Q,,) —1

where Q,, is the digit in that position of the instruction.

PROGRAM INSTRUCTION TIME

The elapsed time required for this instruction varies
according to the number of 20-point groups scanned.
It should be noted that the scanning time for each
terminal address is the same whether the entire 20
points are connected or not. The formula for comput-
ing the total time, in microseconds, for each program
instruction is as follows:

T =160+ 175 (10 — Q)
Q,, = digit in that position of instruction

A group of points must not be addressed more often
than once every 1.5 milliseconds.

Select Manual Entry Switches
SLME 86 or Q; of 8

Description. This instruction is used to program the
Manual Entry special feature. The seven digits in the
1711 Manual Entry switches are read into the P address
and into successively higher-numbered core storage lo-
cations. The high-order digit is flagged. Core storage
data that is replaced, including flag bits, is lost.

The Select Manual Entry Switches instruction may
be executed while the Multiplexer Busy indicator is on.
The Q; - Q,, digits of the instruction are not used.

Execution Time. T = 300

Operating Contact Points and
Set-Point Positioners

Select Address and Contact Operate
Select Analog Output and Signal
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Select Address and Contact Operate
SACO or 84 with Q, of 2

Description. This instruction is used to program the
special feature, Contact Operate. The contact in the
1712 whose terminal address is specified by the Q, - Q,,
positions of the instruction is closed for 50 ms. The
closed contact completes a circuit to a customer device
(motor, light, alarm, etc.) . The customer supplies the
voltage required to power the circuit.

Execution Time. The computer is released after
160 usec. The Multiplexer Busy indicator and the
selected multiplexing relay are activated for 50 ms.

Select Analog Output and Signal
SAOS or 84 with Q, of 3

Description. This instruction is used to program the
special feature, Analog Output, as follows:

1. A Select Analog Output and Signal instruction
that specifies the up or down address of each spp
(set-point positioner) to be adjusted is executed.

2. After selection of spp addresses, another Select
Analog Output and Signal instruction specifying
the slew or trim address is executed.

All Select Analog Output and Signal instructions,
including those for spp selection and slew or trim selec-
tion, must be executed while the Analog Output Setup
indicator (28) is on to ensure complete slew or trim
adjustments.

Execution Time. 160 usec are required to execute
this instruction. The computer is free to execute other
instructions after this time. The Multiplexer Busy in-
dicator is on for 3.75 ms, the time required to pick an
Analog Output latching relay. A complete Analog Out-
put cycle, which includes a selection of channels (.7
second) and slewing (2.5 seconds) or trimming (.5
second) , requires 3.6 seconds. At least two Select Ana-
log Output and Signal instructions are required dur-
ing the .7-second setup time — one or more instructions
for Analog Output channel selection and one for slew
or trim selection.

Interrupt Routine Instructions

Mask

Unmask

Branch Out

Branch Out and Load

These four instructions are used to control the com-

puter program when process or internal (1710) inter-
rupts occur. They enable the program to branch to
special routines in order to satisfy the interrupt con-
dition, and then return to the main program.



Mask
MK or 46 with Q-Q, of 00 and Q,, of 1

Description. This instruction, provided with the
Basic Interrupt special feature, is used to “‘mask” all
interrupts. Masked interrupts are not lost; they are
merely detained until the execution of an Unmask in-
struction. If the 1710 is in an interrupt subroutine
when the “unmask” occurs, the interrupts are further
detained until a Branch Out or Branch Out and Load
instruction is executed.

The Mask indicator (26) is turned on and off by the
Mask and Unmask instructions, respectively.

The P address, Q; and Q,, positions of the instruc-
tion, are not used.

Execution Time. T — 160.

Unmask

UMK or 46 with Qg-Q, of 00 and Q,, of 0

Description. This instruction, provided with the
Basic Interrupt special feature, is used to ‘““‘unmask” all
interrupts. It also places the 1710 in the interruptible
mode if the noninterruptible mode exists as a result of
a Mask instruction. The Unmask instruction operates
the same as a No Operation instruction when executed
without a preceding Mask instruction.

The Mask indicator (26), turned on by the execu-
tion of a Mask instruction, is turned off by the Unmask
instruction.

The P address, Q. and Q,, positions of the instruc-
tion, are not used.

Execution Time. T — 160.

Branch Out
BO or 47

Description. This instruction, provided with the
Basic Interrupt special feature, is normally used in the
interrupt subroutine to return the 1710 to the main
program. The effect of this instruction is to branch the
program out of the noninterruptible mode. Execution
of this instruction within an interrupt subroutine
causes the following:

1. The P address of the instruction is stored in IR-3.
This operation is necessary to restore IR-3 for use
when the next interrupt occurs. Therefore the P
address of this instruction is normally the address
of the interrupt identification routine.

2. The arithmetic indicators are restored to their
saved status, i.e, their on/off condition before the
interrupting condition was recognized.

3. The interruptible mode of operation is restored
if a Mask instruction is not in effect.

4. IR-1 is placed back in normal use (that is, it is
used to obtain the address of the next instruction
to be executed), and the computer returns to the
main program at the address that was saved in
IR-1.

[ofo] [o]

P Address

L/\/v
To IR-3

Lel7

In addition to the Op code and the P address, zeros
must be placed in Qg, Q,, and Q,;; Q, and Q,, are not
used.

Execution Time. T = 200.

Branch Out and Load
BOLD-47

Description. This instruction, provided with the
Basic Interrupt special feature, operates in the same
manner as the Branch Out instruction, except that the
P address is placed in IR-I and the address in IR-3 is
not disturbed. Thus, the instruction is used to return
the computer to the mainline program, but it does not
restore IR-3 to the address of the interrupt identifica-
tion routine. The computer does not branch to the ad-
dress saved when the interrupt occurred, but, instead,
the computer returns to the mainline program at some
other address. The address originally saved in IR-1
when the interrupt occurred is lost. The address in IR-3
is not affected, and f it is the address of the interrupt
identification routine it can be used by the next inter-
rupt.

P Address

e’
To IR-1

Lel7 lofo] |1}

In addition to the Op code and P address, zeros must
be placed in Qg and Q, and a one must be placed in Q,,;
Q; and Q,, are not used.

Execution Time. T = 200.

Reading the Contents of TAS
and RTC into Core Storage

Select TAS
Select Real-Time Clock

19



Select TAS
SLTA or 86 with Q, of 1

Description. This instruction, provided with the
Random Addressing special feature, is used to transfer
the three digits in the Tas register (000-299) to the P
address and to successively higher-numbered core stor-
age locations. The high-order digit is automatically
flagged in core storage. Data and flag bits in core stor-
age that have been replaced are lost. The contents of
the TAs register are not altered. The Qg - Q,, digits of
the instruction are not used.

Execution Time. T = 240.

Select Real-Time Clock
SLTC or 86 with Q, of 4

Description. This instruction, a basic feature of the
system, is used to transfer the contents of the RTC to core
storage. Storage begins at the P address and continues
through three successively higher-numbered locations.
The high-order digit is flagged. Core storage data that
is replaced, including flag bits, is lost.

This instruction may be executed while the multi-
plexer is busy. The Q, - Q,, digits of the instruction
are not used.

Execution Time. T = 240.

If the clock is advancing when the Select Real-Time
Clock instruction is executed, the computer may be
interlocked for up to 320 ms.

Input/Output Operations with the
1710 Process Operator Units
Select Input Channel
Read Numerical Input Channel
Read Alphabetic Input Channel
Write Numerical Output Channel
Write Alphabetic Output Channel

Select Input Channel
SLIC or 86 with Q, of 5

Description. This instruction, provided with the
Serial Input/Output Channel special feature, is used
to select the address of an input unit via TAs, which
places the character from the input unit into the
Input/Output Data Register (10pr). This instruction
must be followed by an sioc read instruction in order
to transfer the character from 10DR to core storage.

The P address is not used. The Q, position must
contain a 5. The Q,, and Q,, positions of the instruc-
tion are used to specify the input unit to be selected.

Execution Time. T = 160.
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Read Numerical Input Channel
RNIC or 86 with Q, of 5

Description. This instruction, provided with the
Serial Input/Output Channel special feature, is used
to transfer a character from 10DR to core storage in the
numerical mode.

The P address specifies the core storage address where
the character is to be placed. The Q; position must con-
tain a 5.

Execution Time. T = 190.

Read Alphameric Input Channel
RAIC or 87 with Q, of 5

Description. This instruction operates the same as
the Read Numerical Input Channel instruction, except
that data is placed in core storage in the alphameric
mode.

The P address must be an odd-numbered address.

Execution Time. T = 240.

Write Numerical Output Channel
WNOC or 88 with Q, of 5

Description. This instruction, provided with the
Serial Input/Output Channel special feature, is used
to select an output unit via TAs, and then to transfer a
character from core storage into 10pR and then out of
IODR to an output unit. The character is read out of
core storage in the numerical mode.

The P address is the core storage address of the char-
acter to be transmitted. The Q, position must contain
5. The output unit to be selected is specified by the Q,,
and Q,, positions of the instruction.

Execution Time. T = 200.

Write Alphameric Output Channel
WAOC or 89 with Q; of 5

Description. This instruction operates the same as
the Write Numerical Output Channel instruction ex-
cept that the character is read out of core storage in
the alphameric mode. The P address must be an odd-
numbered address.

Execution Time. T = 200.

Branch Instructions

Branch Indicator
BI-46
This is a standard 1620 cpu instruction. It is described

here to show both the 1620 and 1710 indicators that
can be tested.



Description. The indicator specified by Qg and Q,
of the instruction is interrogated and a branch to the
P address occurs if the indicator is on. Indicators are
always in one of two conditions, on or off. The status
of each indicator is dependent on process and/or con-
trol system conditions at the time of interrogation. The
Q. Qi and Q,; positions of the instruction are not
used.

Execution Time. 1f the branch occurs (indicator
on), T = 200. If the branch does not occur, T = 160.

Norte: If the 1710 indicators — 18, 19, 21-23, 27-29, 40-45,
and 48-b9 — are tested, the execution times for this in-
struction are changed to 290 if the branch occurs, and
to 150 if the branch does not occur.

Information concerning 1620 and 1710 indicators is
given in Table 8 and further explained, as follows.

Table 8. 1710 Indicators

Program Switches (01-04). The status of these four
indicators is determined by the on/off conditions of
their respective Program switches on the 1620 Console.

Read and Write Check (06 and 07). The Rd/Wr
Check indicators are turned on when erroneous data is
transferred to or from an I/0O device. Indicator 19 is
on when these indicators are on.

MAR Check (08). When a parity error or invalid ad-
dress occurs in MAR and the Parity Check switch on the
1620 console is set to PROGRAM, the MAR Check indicator
is turned on. Indicator 19 is on when this indicator
is on.

Last Card (09). This indicator is turned on whenever
the data from the last card is correctly transferred from
1622 input buffer storage to core storage.

Arithmetic (11,12, 13, and 14). The arithmetic indi-
cators — 11, 12, and 14 — are explained under ARITH-

Machine | Code Nome Light Turned on by Tumed off by Tumson | Initiates | goacial Feoture Prerequisite
indicator | Interrupt
01-04 | 1620 Program Switches 1-4 No | Operator (Program Switch on) Operator (Program Switch off) -
06 Reod Check Yes | 1/O input error BI, BNI o 1620 Reset key 19 x .
07 Write Check Yes | 1/O output error BI, BNI or 1620 Reset key 19 x .
08 MAR Check® Yes | Parity error or invalid oddress in MAR BI, BNI or 1620 Reset key 19 x -
09 Lost Cord (1622 Cord Read) Yes | Last card data transfer to Core Storage BI, BNI o 1620 Reset key .
n High-Positive (H/P) Yes | Arithmetic result positive and greater than zero Reset key 13 e
1620 12 Equol-Zero (E/Z) Yes | Arithmetic result of zero Reset key 13 "
13 H'PorE/Z No | Indicator 11 or 12 Indicators 11 and 12 Off .-
14 Overflow Check Yes | Acithmetic check BI, BNI or 1620 Reset key [
15 Exponent Check Yes | Exponent Overflow or Underflow BE, BNI or 1620 Reset key Automatic Floating Point
16 MBR-E Check Yes | Parity error in MBR-E BI, BNI o 1620 Reset key 19 x -
17 MBR-O Check Yes | Parity error in MBR-O Bi, BNI or 1620 Reset key 19 x -
2 Mask Yes | Mask instruction Unmask Instruction Basic Interrupt
18 Operator Entry Yes | Operator Entry key depression BI, BNI, 1711 or 1620 Rese! keys * Basic Interrupt
19 Any Check (1710) No | indicator 06,07,08,16,17,21,22, 23 or 39 on Indicators 06,07, 18, 16, 17,21,22, 23,36, 37 ond 38 off x Basic Interrupt
21 TAS Check Yes | Parity error or invalid Address in TAS BI, BNI, 171) or 1620 Reset keys 19 x Random Addressing
22 Function Register Check Yes | tnvalid Q7 digit BI, BNI, 1711 or 1620 Reset keys 19 x -
23 Analog Qutput Check Yes | Multiplexing relay failing 1o unlatch BI, BNI, 1711 or 1620 Reset keys 19 x Analog Output
27 CE Interrupt No | CE Switch On (CE Panel behind 1711 Covers) Bl or BNI x Basic Interrupt
28 Analog Qutput Setup No | Start of Analog Qutput cycle Slew or Trim instructions, or end of setup time (.7 seconds) Analog Output
29 Multiplexer Busy Yes | Instruction Using 1712 Multiplexer Multiplex Complete or1711 or 1620 Reset Keys o
40 Multiplex Complete No | Completion of Multiplexing (Initiates Interrupt) 81, BNI or Power-On Reset x Input/Output Interrupt
41 Anclog Output Setup Interrupt|  No Start of Analog Output cycle BE, BNI or Power-On Reset x Timed Interrupt
a3 One Minute Inferrupt No [ Advance of RTC hundreds—of-hour wheel BI, BNI or Power-On Reset x Timed Interrupt
44 One Hour laterrupt No | Advance of RTC hour wheel BI, BNI or Power-On Reset x Timed Interrupt
48-59 External Interrupts Neo Pracess disturbances Bl or BN x External Interrupt
70-89 | Process Branch No | Process conditions (closed contact) Process Conditions (open contact) Process Branch Indicator
71 45 Any SIOC Interrupt No | A SIOC Not Busy (6046) and any one of BI, BNI, EOM (End-of-Record Mark) or Power-On Reset M Input/Output Interrupt
three conditions:
1. A unit Response (6070-6089)
2. SIOC Output Error (6043)
3. Dato Ready (6044)
6040 | Output Record Mark No | Record Mark in IODR (I/O Data Register) BI, BNI or 1710 Reset # 6045 Hleld
6041 EOM (End of Message) No | #control code in |ODR during write operation BI, BNI or 1710 Reset 4 6045 SioC
6042 | Mode Shift No [ 2control code in IODR during write operation BI, BNI or 1710 Reset # 6045 SIO0C
6043 | SIOC Output Error No | Errordetected by output unit 81, BNI or Power-On Reset 6045,45 | x $S10C
6044 Data Ready No | Character waiting in IODR following a SLIC Instruction Bl, BNI or Power-On Reset 6045,45 | x S10C
6045 | Alert No | Indicator 6040, 6041, 6042, 6043, or 6044 on Indicators 6040, 6042, 4043, and 6044 off sloc
6046 | SIOC Not Busy No | SIOC available for instruction or interrupt SIOC Busy SI0C
6070 Unit Respor.se No SI0C 1/O unit ready to transmit or receive data Unit not ready or EOM 45 x S10C
through
6089
36 Address Check Yes | No sector address in Disk Storage to match address in OR=1 | Bi, BNI or 1620 Reset 39 x 1311 Disk Storage Drive
37 WIR/RBC Yes | Wrong Length Record or Read Back Check BI, BNI or 1620 Reset 39 x 1311 Disk Storage Drive
38 Cylinder Overflow Yes | Operation through last sector of cylinder BI, BNI or 1620 Reset 39 x 1311 Disk Storage Drive
1311 without sector count decrementation to 000
39 Any Disk Check No | Indicator 36, 37 or 38 on Indicators 36, 37 ond 38 off 19 x 1311 Disk Storoge Drive
42 Seek Complete No [ End of seek operation 81, BN or Power-On Reset x Input/Output Interrupt

* Standard feature of the system. The interrupt function of this indicator is available only with the Basic Interrupt special feature
** Included on Basic 1710 System.
+ 1711 Reset is caused by pressing 1711 Reset on by a Power- on reset
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METIG INSTRUCTIONS in the publication 1M 1620 Cen-
tral Processing Unit (Form A26-5706) . The single indi-
cator, High /Positive or Equal/Zero (13), provides the
means for interrogating both the High/Positive (11)
and Equal/Zero (12) indicators with one BI or BNI
instruction, no indicators are turned off by this instruc-
tion. The H/P or E/Z indicator is turned off only
when both the H/P (11) and E/Z (12) indicators are
off.

Exponent Check (15). (1620 Special Feature) . This
indicator is turned on by an exponent underflow or
overflow.

MBR-E and MBR-O (16 and 17). All data entering
and leaving core storage does so via the MBR registers.
Their associated indicators (16 and 17) are turned on
if a parity error occurs. Indicator 19 is on when these
indicators are on.

Operator Entry (18). This indicator is used with the
Manual Entry and Interrupt features for the manual
entry of data from the 1711 Operator’s Panel. It is
turned on when the operator presses the Operator Entry
key. If the Basic Interrupt feature is installed, an in-
terrupt has been initiated when this indicator is on.

Any Check (19). This indicator provides the means
for interrogating nine error conditions — 06, 07, 08,
16, 17, 21, 22, 23, and 39 — with a single Branch Indica-
tor or Branch No Indicator instruction, no indicators
are turned off by the instruction. Indicator 19 is turned
off only when all of the nine error conditions are off.
When this indicator is on, an interrupt has been ini-
tiated, if the Basic Interrupt feature is installed.

TAS Check (21). This indicator, provided with the
Random Addressing of Tas special feature is turned
on either by a parity error or an invalid terminal ad-
dress in TAs. If a 3 digit is erroneously inserted in the
hundreds position of Tas, no Tas Check will occur. In-
dicator 19 is on when this indicator is on.

Function Register Check (22). The Function Register
decodes all the Q. modifier digits. An invalid digit or
parity error in the Function Register turns on indicator
22. Indicator 19 is on when the indicator is on.

Analog Output Check (23). This indicator, provided
with the Analog Output special feature, is turned on if
an Analog Output multiplexing relay fails to unlatch.
This provides one of the fail-safe features of the 1710
Control System. Indicator 19 is on when the indicator
is on.

Mask (26). This indicator is turned on by a Mask
instruction and turned off by an Unmask instruction.
It can be tested to determine if the system is in the
interruptible mode (unmasked) or the noninterrupti-
ble mode (masked). This indicator is also turned on
when power is turned on or when the 1620 Reset key
is pressed.
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Customer Engineer Interrupt (27). This indicator
provides the 1BM Customer Engineer with a method of
transferring the 1710 from normal program operation
of the process to 1710 diagnostic programming. This
indicator is turned on by the CE Interrupt switch on
the Customer Engineer control panel. It is turned off
by program interrogation.

Analog Output Setup (28). This indicator is turned
on during the .7-second setup period in the analog
output cycle. It is turned off at the end of the setup
period or turned off by the execution of a slew or trim
instruction.

Multiplexer Busy (29). This indicator is turned on by
instructions that use the multiplexer — Analog Input,
Analog Output and Contact Operate. If an instruction
which uses the multiplexer is initiated when Multi-
plexer Busy is on, the computer waits until Multiplexer
Busy is turned off. Figures 30, 31, and 32 show some
relative timings for Multiplexer Busy, Multiplex Com-
plete, and process input/output functions.

Disk Storage Indicators (36-39, 42). These indicators
are used in conjunction with the 1311 Disk Storage
Drive.

36 Address Check

37 Wrong-Length Record /Read-Back Check
38 Cylinder Overflow

39 Any Disk Check

42 Seek Complete

These indicators are described in detail in the pub-
lication 18BM 7311 Disk Storage Drive (Form A26-5650) .

Multiplex Complete (40). This indicator is turned
on when the Multiplexer Busy indicator (29) is turned
oft. Multiplex Complete is turned off by interrogation
or by the execution of a new instruction using the mul-
tiplexer.

Analog Output Setup (41). This indicator is on dur-
ing the setup portion of the analog output cycle. It
is turned off by program interrogation or by execution
of a slew or trim operation.

One Minute (43). This indicator is turned on once
each minute of real-time. It is turned off by program
interrogation.

One Hour (44). This indicator is turned on once each
hour of real-time. It is turned off by program interroga-
tion.

Any SIOC (45). This indicator is used with the Serial
Input/Output Channel for the 1710 Process Operator
Units. This indicator is turned on when any of the
following indicators are turned on:

sioc¢ Output Error 6043
Data Ready 6044
Unit Response 6070

It is turned off by program interrogation.



External Interrupt (48-59). These twelve indicators
are available for immediate detection of process dis-
turbances. These are turned on by a contact closure in
the process. They are turned off by program interroga-
tion.

Output Record Mark (6040) This indicator is turned
on when a leading record mark (first character of a
control code) is transmitted from core storage to 10DR.
It is turned off by program interrogation.

End of Message (6041). This indicator is turned on
when a control code record mark is transmitted from
core storage to 10DR. It is turned off by program inter-
rogation.

Mode Shift (6042). This indicator is turned on when
a control code 2 is transmitted from core storage to
10pR. It is turned off by program interrogation.

SIOC Output Error (6043). This indicator is turned
on and an interrupt is initiated when a parity error is
detected by a Process Operator output unit. It is turned
off by program interrogation.

Data Ready (6044 ). This indicator is turned on and
an interrupt is initiated when a character has been sent
to 10DR from a Process Operator input unit. It is turned
off by program interrogation.

Alert (6045). This indicator is turned on when any
of the following indicators have been turned on:

Output Record Mark 6040
End of Message 6041
Mode Shift 6042
sioc Output Error 6043
Data Ready 6044

It is turned off only when all of the indicators listed
above are off.

Analog Input I‘-'IF— 160 psec

Instruction

1-Time I I 4
/Reod 4 Digits, 80 psec

E-Time =

TAS N A
{(—.

Multiplexer 3)
Busy (29) ___J 50 ms
Multiplex
Complete (40)

Multiplex Complete
Interrupt

110

Figure 30. Analog Input Interrupt Timing

Analog Output
Instruction

TAS ﬂ
Multiplexer [-——l f——l
Busy (29) 3.75ms

—’1 l<—160 psec
Il

(

K

Multiplex l —
Complete (40)

Multiplex Complete [ —

Interrupt

Figure 31. Analog Output Interrupt Timing

SIOC Not Busy (6046). This indicator is turned on
when the sioc channel is free to accept an instruction
or an interrupt. It is turned off when the sioc channel
is busy.

Unit Response (6070-6089). This indicator is turned
on and an interrupt is initiated when any Process Oper-
ator Unit is ready to transmit or receive data. It is
turned off when all Process Operator Units attached to
the system are in a not ready condition.

Process Branch (70-89). Twenty pBI's (Process Branch
Indicators) are available for program sensing of condi-
tions in the process area. These indicators are turned
on and off by the closing and opening, respectively, of
their contacts in the process.

{«—160 psec
Contact Operate _.1

Instruction

TAS ﬂ
Multiplexer —4F
Busy (29) _____.___.r 50 ms

Multiplex
Complete (40)

.
J———!

J———-I

Multiplex Complete
Interrupt

Figure 32. Contact Operate Interrupt Timing
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1711 Operator’s Panel

The 1711 Operator’s Panel (Figure 383) contains
switches, keys, lights, and indicators that are pertinent
to the operating condition of the 1711.

1711 Keys, Lights, and Switches

The operating switches, keys, and lights are shown in
Figure 34. There are two horizontal rows: switches and
keys are in the bottom row and lights are in the top
row. The switches and lights which complement each
other are explained together as follows:

Power On/Off Switch and Power On Light. When
the Power On/Oft switch is manually positioned ON,
pc power is applied to the 1711 (assuming 1620 power
ison) . The 1711, in turn, supplies pc power to the 1712.

ADC OUTPUT
G VE

THOUSANDS
E z

HUNDREDS
4 2

TENS
4 2

UNITS
4 2

FUNCTION PERFORMED

s & 2 i

INDICATORS

$10C TAS MPLEX
Y RESP  CHK  BUSY

Figure 33. 1711 Operator’s Panel
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The Power On light turns on as evidence that pc power
is applied. When the Power switch is positioned orF,
nc power is removed and the light turns off.

The performance of the Analog-to-Digital Converter
(apc) is reduced slightly during the first 15 minutes of
1711 operation.

Power Ready Light. This light turns on when both
the 1620 and 1711 Power switches are on.

Excessive temperatures in either the 1711 or 1620 will
cause the Power Ready light to turn off.

Thermal Light. If the internal temperature of the
1711 exceeds the range specified for reliable operation,
1711 pc power is lost and the Thermal light turns on.
The Power Ready light turns off at the same time. The
1711 can be operated under this condition, but Apc




accuracy may be impaired. When the internal temper-
ature drops within the specified range, the Thermal
light may be turned off by depression of the Reset key.
The Power On/Off switch must then be positioned off
and then on again to restore nc power to the 1711.
Clock On/Off Key and Clock On Light. Pressing the
Clock On/Off key causes the Real-Time Clock to start
or stop, depending on its status when the switch is press-
ed. For example, if the clock is operating and a clock
reset is required, the operator:
1. Presses the Clock On/Oft key, which turns off the
Clock On light and stops the clock.
2. Manually resets the clock by means of the three
clock-reset levers on the 1711 Operator’s Panel.

T ——

3. Presses the Clock On/Off key, and this time the
clock is re-started and the Clock On light turns on.

Reset Key. The Reset key has these functions:

1. Pressing the Reset key turns the Thermal light
off. The light can be turned off when the internal
temperature of the 1711 is within the range re-
quired for reliable operation.

2. Pressing the Reset key resets the TAs register, Func-
tion Register, 10DR, and the following 1711 indi-
cators: Operator Entry (18), Tas Check (21),
Function Register Check (22), Analog Output
Check (23), and Multiplexer Busy (29), and sioc
indicators 45, 6040-6044.

’: EMERTENC Y 0 0
i
PULL

|
.

POWER | cLock

READY ON
{

PO

Figure 34. 1711 Operating Switches, Keys, and Lights
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NotE: Pressing the 1620 Reset key produces the same
effect as pressing the 1711 Reset key.

Operator Entry Key. Pressing the Operator Entry key
turns on the Operator Entry indicator (18). The indi-
cator may be interrogated by Branch Indicator instruc-
tions to determine if an operator entry from the 1711
is required. If the indicator is on, the program branches
to a subroutine which reads the Manual Entry switches
(special feature) . If the Interrupt feature is installed,
pressing the Operator Entry key also initiates an inter-
rupt which causes a branch to an interrupt identifica-
tion subroutine.

Emergency Power Off Switch. Pulling the Emergency
Power Off switch drops pc power and turns off the
blower motors in the 1711 — this may cause damage to
electronic components. Once the switch is pulled a
Customer Engineer must be called to reset it so that
the Power On/Off switch may be used to restore nc
power to the 1711.

Register Indicators
The indicators on the 1711 Operator’s Panel are shown
in Figure 35.

Input Point Selected. The Bcp value of the terminal
address in Tas is displayed as shown in Figure 35.

ADC Output. The Bcp value of the converted signal
in the Apc register is displayed. The Negative light in-
dicates the conversion of a negative analog voltage.

Function Performed. The Q. modifier digit is dis-
played in Bcp form.

Program Indicators

Operator Entry. This light turns on and off in con-
junction with the on/off status of the Operator Entry
indicator (18).

SIOC RESP (Response). This light turns on when
any one of the 1710 Process Operator Units is in a re-
sponse status, indicating readiness to transmit or receive
data. It will also be turned on by the sioc Output Error
indicator (6043) or by the Data Ready indicator (6044).
When the s1oc is not busy, the same signal that turns on
the light will also turn on the Any sioc indicator (45)
to request an interrupt.

TAS Check. This light turns on and off in conjunc-
tion with the on/off status of the Tas Check indicator
(21).

M’PLEX (Multiplexer) Busy. This light turns on
and off in conjuction with the on/off status of the
Multiplexer Busy indicator (29).

AO (Analog Output) Check. This light turns on and
off in conjunction with the on/off status of the Analog
Output Check indicator (23).
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Figure 35. 1711 Register and Indicator Lights

FR (Function Register) Check. This light turns on if
there is an invalid digit or parity error in the Function
Register.

Flag Op. This light is on during operations involv-
ing the 1710 Process Operator Units when data is being
transferred from the Input/Output Data Register to
1620 core storage. This light is not on when data is
transferred from the 1/O unit to the Input/Output
Data Register.

Output Error. This light turns on with the sioc Out-
put Error indicator (6043) to indicate that a transmis-
sion error (parity error) has been detected by a 1710
Process Operator output unit. The indicator and light
are turned off by programmed interrogation of the indi-
cator or by pressing the 1711 Reset key.

IODR. This 7-bit Bcp display shows the contents of
the single-digit Input/Output Data Register.



Figure 36 is a block diagram of the 1BM 1710 Control
System. The diagram shows all 1710 Special Features
and the resulting data flow paths. The Function Regis-
ter in the 1711 decodes the Q. modifier digit. The select-
ed device sends data to core storage or controls the
process as follows:

Input Data

Data from the input selected by the Function Register
(TAS, RTC, ADC, s10c, High-Speed Contact Sense, or Man-
ual Entry switches) is sent to core storage. Although the
contents of TAs can be read into core storage, its prin-

System Data Flow

cipal function is to select terminal addresses as specified
by computer instructions.

Process Control Output

Controlling signals are not sent to the process directly
from core storage. The Analog Output feature provides
timed pulses to the set-point positioners in the process
area when programmed to do so. The Contact Operate
feature closes a Tas-selected multiplexing relay contact
in the 1712. The selected contact completes the circuit
to the customer’s device in the process area.

1715 Digital | | 1714 Sense |*{1713 Manual ‘7‘;2"::‘”' O‘Z":m
Display Unit Switch Unit Entry Unit Coitrol Printer
éu:or‘;vc.!i;: Actudion Thfrmotoup:es, Customer Customer Customer
et=roin . ow=Leve t + C t +
Positioners Annunciators Transducers Cortacts Conthcts cs PROCESS
3
A 4 A A A
Relay Matrix t}" Sill\z‘t:r'ii:n
A
1712 MTU
A
* Manval ;
ond Anclog
Switches npot
" (MES) (ADC)
NN
From TAS r 4 * Ianemﬁl Internal ZJJVE:::
ranc Interrupts
SIOC AO CO RTC ADC HSCS MES TAS Terminal Indicators
XRr4s X v pddress g
elector
T Data AS) | —pr——
unction , Parity
Register patity ta Check
9 | Validity
Y Check To SIOC
A
[ Arithmetic and Program Control I
y 4 3 7'y 3
Console 1620 CPU
Typewriter
Y 3 - T ¥ 1623'
*1311 Disk| | *1621 1624 Poy 1622 Card o
) per; ar Additional
*1710 Special Feature Srop:ge Poper Tape Tape Punch| [Read=Punch! onl-e =
Drive Reader Storage

Figure 36. Data Flow, 1710 System
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Interrupt and Process Branch Indicators

The Interrupt and Process Branch Indicators are not
assigned terminal addresses, nor are they connected to
the process via a standard or thermocouple terminal
block connection. They connect through smaller termi-
nal strips. An external (process) or internal (1710)
occurrence turns on its associated indicator (Interrupt
or Process Branch) . The indicator must be interrogated
by a Branch Indicator or Branch No Indicator instruc-

tion before any action can result.
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Parity Checking
The contents of Tas and the Function Register are
parity-checked for invalid characters and parity errors.
A parity error or invalid character in Tas will turn on
the Tas Check indicator (21), but with one exception:
the terminal addresses 300-399 will not cause a Tas
Check. A parity error or illegal character in the Func-
tion Register will turn on the Function Register Check
indicator (22).

Whenever either of these two indicators is turned on,
the program instruction is blocked so that an erroneous
operation will not occur.



Instruction Summary

Appendix A

. Operation . .
Instruction Operation Code SPS ) Instruction Time Notes
Code Modifier Mnemonic 1620 Model 1
Add 21 A 160+80Dp Basic Time If signs initially unlike and numerical value of
80 Dp recomp time Q data is greater than P data.
Add (1) 11 AM Same as Add
Branch 49 B 200
Branch and Transmit 27 BT 200+40DQ
Branch and Transmit (1) 17 BTM Same as above
*Branch and Transmit 07 BTFL 240+40L
Floating
Branch Back 42 BB 200
Branch Indicator 46 Bl 160 No Branch Add 90 ms to times when testing indicators 18-19,
200 Branch 21-23, 27-29, 40-45, 48-59.
Branch No Flog 44 BNF 200 No Branch
240 Branch
Branch No Indicator 47 BNI 160 No Branch
200 Branch
*Branch No Group Mark 55 BNG 200 No Branch
240 Branch
Branch No Record Mark 45 BNR 200 No Branch
240 Branch
Branch on Digit 43 BD 200 No Branch
240 Branch
**Branch Out 47 Q0 BO 200 Qg-Qq Must be 00
**Branch Cut and Load 47 Q] =1 BOLD 200 QB-Q9 Must be 00
*Check Disk 36 320+20, 000+2, 000S, Qg-Qg Must be 07
Q=] CDGN average time Check ‘one sector - with WLRC
Q: ]=3 CDN (S=Number of Sectors) Check one sector - no WLRC
Q] 153 CTGN Check full track - with WLRC
QI ]=7 CTN Check full Track - no WLRC
Clear Flag 33 CF 200
Compare 24 C 200+80 DZ-Unlike signs DZ = Number of positions compared untii a digit
160+80 DP-Like signs other than zero is detected in either field.
Compare (1) 14 CM Same as above
Control 34 K Depends on control function
and speed of /O Unit
*Divide 29 D 160+520DVQT+740Q T Avg Quotient = 4.5 Digits
*Divide (1) 19 DM Same as above Same as above
Dump Numeric 35 DN Depends on speed of /O
unit and number of char-
acters involved.
*Floating Add 01 FADD 400+100L Basic Time If signs initially unlike and numerical value
800L Recomp. Time of Q data is greater than P data.
*Floating Divide 09 FDIV 880+940L+520L2 Avg Quotient = 4.5 Digits
*Floating Multiply 03 FMUL I120+80L+168L2 L = Number of zero digits in multiplier.
*Floating Shift Left 05 FSL 200+40L+40L' L' = Number of digits mantissa is increased
by shift left.
*Floating Shift Right 08 FSR 200+40L
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Appendix A (cont.)

Instruction Summary

. Operation i i
. Operation pe SPS Instruction Time
Instruction Code Mf)::i(iieer Mnemonic 1620 Model 1 Notes
*Floating Subtract 02 Fsus 400+100L Basic Time If signs initially alike and numerical value
80L Recomp. Time of Q data is greater than P data.
Halt 48 H 160
*Load Dividend 28 LD 400+40D DN = Number of digits, including high-order
zeros in the dividend.
*Load Dividend (i) 18 LDM Same as above
**Mask 46 Q= MK 160 Qg-Qg Must be 00
*Move Flag 71 MF 240
Multiply 23 M 560+40DQ+168DPDQ
Multiply (1) 13 MM Same as above
No Operation 41 NOP 160
Read Alphameric 37 RA Card I/O 3.4 ms Time for other units depends upon speed of unit
all other: see Notes and number of characters involved.
"*Read Alphameric 87 Q7=5 RAIC 240
Input Channel
*Read Disk 36 320+20, 000+2, 000S Qg-Q9 Must be 07
Q11=0 RDGN Average Time Read one sector - with WSLRC
Q=2 RDN Read one sector ~ no WLRC
Q) =4 RTGN S = Number of Sectors Read Full Track - with WLRC
Q=6 RTN Read Full Track - no WLRC
Read Numerical 36 RN Card I/O: 3.4 ms Time for other units depends upon speed of unit and
All other: See notes number of characters involved.
**Read Numerical 8é Q7=5 RNIC 190
Input Channel
*Seek 34 Q) =1 SK 320 Instruction execution time only. Seek operation
requires max . 400 ms, average 250 ms.
**Select ADC Register 86 Q7 =2 SLAR 240 to Read Computer released 12.5 ms after time to read.
50,000 to convert
Select Address 84 Q7 =1 SA 160 to Select Computer released after time to select.
50,000 to convert
[**Select Address, 84 Qy = 2 SACO 160 to Select ' Same as above
Contact Operate 50,000 to close contact
[**Select Andlog 84 Q7 =3 SAOS 160 to Select Same as above
Qutput and Signal 3,750 to close circuit
**Select Contact Block 86 Q7 =7 SLCB 160+175 (10-Q ) Same as above
**Select Input Channel 86 Q7=5 SLIC 160
**Select Manual Entry 86 Q7 =8 SLME 300
Select Real-Time Clock 86 Qy= SLTC 240
**Select TAS 86 Q7 =1 SLTA 240
Set Flag 32 SF 200
Subtract 22 S 160+80DP Basic Time If signs initially alike and numerical value of
80 DP Recomp. Time Q data greater than P data.
Subtract (1) 12 SM Same as above Same as above
*Transfer Numerical Fill 73 TNF 160+40DP
*Transfer Numerical Strip 72 TNS 160+40DP
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Instruction Summary

DP = Number of digits, including high-order zeros,
DQ = Number of digits, including high-ordet zeros,
QT = Number of digits, including high-order zeros,
DV = Number of digits, including high-order zeros,
L = Number of digits in mantissa.

of Q.

in the quotient.
in the divisor,

N Operation
. Operation P SPS Instruction Time
Instruction Code Mg;;if?er Mnemonic 1620 Model 1 Notes
Transmit Digit 25 D 200
Transmit Digit (1) 15 DM 200
Transmit Field 26 TF 160+40DQ
Transmit Field (1) 16 TFM Same as above
*Transmit Floating 06 TFL 240+40L
Transmit Record 31 TR 160+40DQ
**Unmask 46 Q=0 UMK 160 Qg-Q9 Must be 00
Write Alphameric 39 WA Card 1/O: 3.4 ms Time for other units depends upon speed of unit and
All other: See notes number of characters involved.
[*Write Alphameric Output 89 Q7 =5 WAOC 200
Channel
*Write Disk 38 320+20, 000+2, 000S Qg-Qg Must be 07
Q=0 WDGN Average Time Write one sector - with WLRC
Q=2 WDN Write one sector ~ no WLRC
Q=4 WIGN Write full frack - with WLRC
Q=6 WTN (S = Number of Sectors) Write full track - no WLRC
Write Numerical 38 WN Card 1/O: 3.4 ms Time for other units depends upon speed of unit and
All other: See notes number of characters involved.
[**Write Numerical 88 Q7 =5 WNOC 200
Output Channel
Symbols and Definitions
in the field at P ()  =Immediate

ms  =Milliseconds

WLRC =Wrong Length Record Check
* =1620 Special Feature

**  =1710 Special Feature

1. Even though the P address is not used, it will be interpreted as an indirect
address if a flag exists in the units position of the P address and if the
special feature Indirect Addressing is installed on the system. If the P
address is used to store miscellaneous program data, this data should not
contain a flag bit in the units position,
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Appendix B

Summary of 1710 Features and Units

ADDITIONAL UNITS

1711. Data Converter

1712 Multiplexer and Terminal Unit
Model 1

1713 Manual Entry Unit

1714 Sense Switch Unit

1715 Digital Display Unit

1717 Qutput Printer

1621 Paper Tape Reader

1624 Paper Tape Punch

1622 Card Read-Punch

1623 Additional Core Storage

1311 Disk Storage Drive

BASIC FEATURES

Teminal Address Selector (TAS)
Analog-to-Digital Converter (ADC)
Real-Time Clock (RTC)

1710

CONTROL SYSTEM

TRy

DRI
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BASIC UNITS

1620 Central Processing Unit
Console Typewriter

SPECIAL FEATURES

Standard Terminal Block
Thermocouple Terminal Block
High-Speed Contact Sense
Contact Operate
Analog Output
Interrupt
Basic
Timed
Input/Output
Random Addressing
Process Branch Indicators
Manual Entry
(1711 Operator Panel)
Automatic Division
Automatic Floating Point Operations
Indirect Addressing
Additional Instructions
Transfer Numerical Strip
Transfer Numerical Fill

Move Record




Significance of P and Q Addresses

Appendix

C

op
Code Instruction P Address Q Address

01 Floating Add* Location of units position of Exponent Location of units position of Exponent of
of Augend and Result. Addend.

02 Floating Subract* Location of units position of Exponent Location of units position of Exponent of
of Minuend and Result. Subtrahend,

03 Floating Multiply* Location of Units position of Exponent Location of units position of Exponent of
of Multiplicand and Product. Multiplier.,

05 Floating Shift Left* Location of high-order position of Location of units position of field shifted.
resulting field.

06 Transmit Floating* Location of units position of Exponent Location of units position of Exponent of
of resulting field. field transmitted.

07 Branch and Transmit P=1: location of units position of field Location of units position of Exponent of

Floating* to which Q field.is transmitted. field transmitted,
P: location of next instruction executed.

08 Floating Shift Right* Location of units position of field shifted. Location of units position of resulting field.

09 Floating Divide * Location of units position of Exponent of Location of units position of Exponent of
Dividend and Quotient, Divisor,

11 Add (1) Location of units position of Augend and Q11 is units position of Addend.
Resulf.

21 Add Same as Code 11, Location of units position of Addend.

12 Subtract (1) Location of units position of Minuend Q11 is units position of Subtrahend.
and Result,

22 Subtract Same as Code 12, Location of units position of Subtrahend.

13 Multiply (1) Location of units position of Multiplicand. | Q1] is units position of Multiplier.

23 Multiply Same as Code 13, Location of units position of Multiplier.

14 Compare (1) Location of units position of field Q11 is units position of field compared
compared with Q field. with P field,

24 Compare Same as Code 14. Location of units position of field compared

with P field.

15 Transmit Digit (1) Location to which digit is transmitted. Q11 is digit transmitted.

25 Transmit Digit Same as Code 15, Location of digit transmitted.

16 Transmit Field (1) Location to which units position of field Q11 is units position of field transmitted.
is transmitted.

26 Transmit Field Same as Code 16. Location of units position of field transmitted.

17 Branch and Transmit (1) Same as Code 07, Q11 is units position of field transmitted.

27 Branch and Transmit Same as Code 07, Same as Code 26,

*

Special Feature - 1620

** Special Feature -~ 1710
(1) Immediate
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Appendix C (cont.)

Significance of P and Q Addresses
op
Code Instruction P Address Q Address
8 Load Dividend (1)* Location in Product Area to which units Q1] is units position of Dividend.
position of Dividend is transmitted.
28 Load Dividend* Same as Code 18, Location of units position of Dividend.
19 Divide (1)* Location in Product Area of units position Q1 is units position of Divisor,
of Divisor for first subtraction.
29 Divide* Same as Code 19, Location of units position of Divisor.
31 Transmit Record Location to which high=order position of Location of high~order position of record
record is transmitted. transmitted.
32 Set Flag Location at which flag is set. Not used.
33 Clear Flag Location at which flag is cleared. Not used,
34 Seek* Location of Disk Control Field Qg and Q9 specify disk storage (07)
Q11 specifies disk storage function
performed.
34 Control Not used. Qg and Qg specify I/O device. Q1)
specifies control function performed.
35 Dump Numerically Location of first character written, Qg and Qg specify output device.
36 Read Numerically Location where first character is stored Qg and Qg specify disk storage or input
or address of Disk Control Field. device. Q]| specifies function performed.
37 Read Alphamerically P~1: location where zone digit of first Qg and Qg specify input device.
character is stored,
P: location where numerical digit of
first character is stored,
38 Write Numerically Location of first character written or Qg and Qg specify output device or disk
address of Disk Control Field. storage. Q] specifies function performed,
39 Write Alphamerically P=1: location of zone digit of first Same as Code 35,
character written,
P: location of numerical digit of
first character written.
41 No OP Not used. Not used,
42 Branch Back Not used. Not used.
43 Branch on Digit Branch: location of next instruction Location tested for digit other than zero.
executed,
No Branch: not used.
44 Branch No Flag Same as Code 43, Location tested for flag bit.
45 Branch No Record Mark Same as Code 43, Location tested for Record Mark character.
46 Branch On Indicator Same as Code 43. Qg and Qg specify program switch or

indicator tested.
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Appendix C (cont.)

Significance of P and Q Addresses

oP .
Code Instruction P Address Q Address
46 Mask ** Not used. QgQe=00 Q=1
46 Unmask ** Not used QgQ9=00Qy};=0
47 Branch Out** Address to be placed in IR=3 QgQe=00 Q1=0
47 Branch Out and Load** Address to be placed in IR-1 QgQe=00 Q=1
47 Branch No Indicator Same as Code 43, Same as Code 46,
48 Halt Not used. Not used.
49 Branch Location of next instruction executed., Not used.
55 Branch No Group Mark* Not used. Location tested for Group Mark.
71 Move Flag* Location to which flag is moved. Location of flag to be moved,
72 Transfer Numerical Strip* | Location of units position of alphameric Location of units position of numerical field.
field.
73 Transfer Numerical Fill* Same as Code 72, Same as Code 72,
84 Select Address Not used. Q7=1; Q9~Q11 specify analog input oddress.
84 Select Address and Con- Not used. Q7z2; Q9~Q ] specify the process contact
tact Operate ** to be closed.
84 Select Analog Output Not used. Q7=3; Q9-Q specify the analog output
and Signal ** channel,
86 Select TAS** Location where high-order position of Qy=1; Qg-Qj are not used.
TAS is transferred.
86 Select ADC Register** Location where high-order position of Q7=2; Q9-Q11 specify analog input oddress.
ADC register is transferred.
86 Select Contact Block** Location where status of the first and Q7=7; Q10-Qq specify terminal oddress
second contacts scanned are stored, where scanning begins. Qg=Qg not used.
86 Select Real=Time Clock Location where high-order digit of RTC Q7=4; Qg-Q 11 not used.
is transferred.
86 Select Manual Entry Location where high=order digit of Q7=8; Qg-Q 11 not used,
Switches Manual Entry Switches is transferred,
86 Select Input Channel ** Not Used. Q7=35, Q19-Q) address of input unit,
86 Read Numerical Input Core storage location where first input Q7=5, Q1(~Q1] oddress of input unit or
Channel ** character will be stored, device. Qg-Q9 not used,
87 Read Alphameric Input Core storage location where first input Q7=5; Q10~Q ) oddress of input unit or
Channel ** character will be stored. device. Qg-Qg not used,
88 Write Numerical Output Core storage address of the character Q7=5; Qj0~Q oddress of unit or device.
Channel ** transmitted, Qg~Q9 not used.
89 Write Alphameric Output | Core storage address of the character Q7=5, Q19~Q) oddress of unit or device.
Channel ** transmitted, Qg-Qg not used.

* Special Feature = 1620
** Special Feature - 1710
(1) Immediate
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IODR Character Code Chart

The Following Invalid
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IODR Code Characters Cause Printer
Character (7-Bit BCD ) To Space
0 0 C
1 cC 8 4
2 2 8 4
3 C 2 X0 C 8 2
4 4 X0C 8 4
3 [ 4 X 0 8 4
6 C 4 2 X 8 2
7 4 2 X C 8 4
8 8 X 8 4 2
9 C 8 0 8 2
A X0 0 8 4
B X0 2 0C 8 4
C X0C 2 0C 8 4 2
D X 0 4
E X0C 4
F X0C 4 2
G X 0 4 2
H X 0 8
| X0C 8
Valid J X C
Characters K X C 2
L X 2
M X C 4
N X 4
O X 4 2
P X C 4 2
Q X C 8
R X 8
S 0 C 2
T 0 2
9 0 C 4
Y 0 )
W 0 7 2
X 0 C 4 2
Y 0 C 8
y4 0 8
+ X0CcC
. X0 8 2
- X
= 8 2
* X 8 4
/ 0 C
. 0 C 8 2
A X CcC 8 2
* cC 8 4
Space &
_Type Numerical Period (1) X 0 8 2
Change Mode (2) X 8 2
Type Numerical Comma (3) 0C 8 2
Control Shift to Black (4) 8 4 2
fp*:g:;':és Shift to Red (5) C 8 4 2
by #) Tabulate (6) X C 8 4 2
Space (7) 0 8 4 2
Return Carriage (8) X 0 8 4 2
Advance Form (9) X0C 8 4 2
End of Message (¥) X0C 8 4 2




Abbreviations and Acronyms

ADC Analog=to=Digital Converter
Al Analog Input

AO Analog Output

Cco Contact Operate

DRO Digit Read Out (value)
IODR  Input/Output Data Register
MES Manual Entry Switches

MTU Multiplexer and Terminal Unit
PBI Process Branch Indicator

RBT Resistance Bulb Thermometer
RTC Real-Time Clock

SMS Standard Modular System
SPP Set=Point Positioner

SIOC  Serial Input/Output Channel
TAS Terminal Address Selector
VR Reference Voitage Signal

Table Areas in Core Storage

Address Area
00000-00099 Console Area
00080-00099 Product Area
00100-00299 Multiply Table
00300-00399 Add Table

Bit Configuration of Decimal Digits

Bit Configuration
Digit

C F |8 4 2 1
0 X
| X
2 X
3 X X X
4 X
5 X X X
6 X X X
7 X X X
8 X
9 X X X

Appendix E

1620 Storage Register Functions

IR-1 Contains address of next instruction if machine is
stopped with Stop key or Halt instruction. Saves
return address when interrupt is serviced.

IR-2 Saves return address when BT and BTM instructions
are executed,

IR-3 Contains interrupt address — used in place of {R-1
during interrupt program operation

OR-1 Contains Q address after | cycle of an instruction,
In disk storage operations, used to store and control
disk sector address.

OR-2 Contains P address after | cycle of an instruction.
In disk storage operations, contains core storage
address where data from disk storage is written to
or read from.

OR-3 Retains address of low-order multiplier digit during
multiplication.

OR-4 Used to store and control the exponent address Eq
during automatic floating-point operations.

OR-5 Used to store and control the exponent address EP
during automatic floating-point operations,

PR-1 Saves return address when a Save key operation

occurs, Decremented for each new multiplier digit
during multiply.

PR-2 Decremented for each new muitiplicand digit
during multiply.

PR-3 Used to add partial product to each multiply cycle
result, In disk storage operations, used to store
and control number of sectors in operation.

MAR Addresses core storage.

MBR Receives digits entering or leaving core storage.

MDR Receives addressed digit entering or leaving core
storage.

Digit Stores partial product during multiplication,

or Contains Op code of instruction just executed if

machine is stopped with Stop key or Halt instruction,

CR-1 Used to store the algebraic difference between E
and E, for determination of decimal alignment
during automatic floating-point operations,

CR-1 is also used during floating=point operations
to count high~order zeros when normalizing— the
contents of CR-1 are subtracted from Ep.

Multiplier/Quotient Contains multiplier and quotient
digits during multiply and automatic
divide operations,

Digit and Branch Decodes Qg and Qg digits of BI, BNI,
and 1/O instructions.
Stores partial product digits during
multiply instructions.
Stores digits affecting MARS during
all | cycles.

IODR Stores character transferred during SIOC operations

67



Appendix F

Multiply and Add Tables

Multiply Table

Units Position of Address

1

0

0
0
0

0
0

0

5

5

0

5

High-Order
Positions of
Address

0010

0011

0012

0013

0014

0015

0016

0017

0018

0019

0020

0021

0022

0023

0024
0025

0026

0027

0028

0029

Add Table

Units Position of Address

N

(Ce]

-

a

(e]

(Lol

0

2
3
4

5
6

8

High=-Order

Positions of
Address

0030

0031

0032

0033

0034

0035

0036

0037

0038

0039
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Character Code Chart

ALPHAMERIC
MODE

NUMERICAL
MODE

Appendix G

Character Input Core Storage Output

Typewriter Tape Card Alpha Num Typewriter Tape Card
(Blank) (Space) C (Blank) C C (Space) C (Blank)
. (Period) . X0821 12,3,8 c |3 . X0821 12,3,8
) ) X0C84 12,4,8 c | 4 ) X0C84 12,4,8
+ + X0C 12 1§ ¢ + X0C 12
$ $ XC821 11,3,8 N $ xce21 | 11,3,8
* * X84 11,8, 4 1| 4 * X84 11,4,8
- (Hyphen) - X n 2 C - X n
/ / 0c1 0,1 2 |1 / oC1 0,1
, Comma) | , 0C821 0,3,8 2 |3 , 0cs2t 0,3,8
( ( 084 0,4,8 2 | 4 ( 084 0,4,8
= = 821 3,8 3|3 = 821 3,8
@ @ Cc84 4,8 3 4 @ c84 4,8
A=l A-l X0, 1-9 12,1-9 4 | 19 A-l X0,1-9 | 12,1-9
0 (=) (None) (None) 11,0 5 1¢ - (Hyphen) | X 11,0
J-R J-R X, 1-9 11,1-9 5 | 1-9 J-R X, 1-9 1M,1-9
1-9 (=) J-R X, 1-9 “1,1-9 5 | 1-9 J-R X, 1-9 11,1-9
$-Z 4 0,2-9 0,2-9 6 | 2-9 5-Z 0,2-9 0,2-9
0 0 0 Oor 12,0 7 | c 0 0 0
1-9 (+) 1-9 1-9 1-9 7 | 1-9 1-9 1-9 1-9
# *F 082 0,2,8 C | cs82 (Stop) EOL 0,2,8
(Blank) (Space) C (Blank) C 0 0 0
0 ) 0 0 0 C 0 0 0
0 () 0 X, X0C 13,0 F 0 X 1,0
1-9 (4) 1-9 1-9 1-9 1-9 1-9 1-9 1-9
1-9 (=) -9 X, 1-9 1,19 F,1-9 1-9 X, 1-9 1,1-9
* * 082 0,2,8 c82 (Stop, WN)| EOL(WN)| 0,2,8

1 ON) 082 (DN)

* =y X82 1,8,2 F82 * X82 11,8,2
E3 £ c8421 0,7,8 *C8421 E> C8423 0,7,8
* F cx08421 | 12,7,8 F8421 3 €x08421 | 12,7,8
Num
Blank t @ c84 4,8 cs4 @ C84 (Blank)

t For Card Format Use Only
* Recorded as 0, 8,4,2, 1 in disk storage

69



Index

Page

Abbreviations and Acronyms ... sl 67
P 12
Apc Conversion Scale ................. i 13
ADC Register ........... ... 13
Additional Units ............oiiiiiieriiinieainie s 15
Address assignment, SIOC ...........ciiiiiiiiiiiiie 36
Address Check indicator ....... e 52
Add Table ... e 68
Alert indicator ......... ... ..l 35, 53
Analog input .................... e 8, 11, 12
Analog output ................... e e 8, 11, 19
Fail-safe features of .............. ... ... .. ... ... L 24
LOGiC .. e 22
Programming .............ciiiiiiiiii 23
Timing ... i i e 23
Analog Output Check indicator ....................... 26, 52
Analog Output Setup indicator ........................... 52
Analog Output Setup interrupt ........................... 28
Analog Output Timer .................. ... ..., 23
Analog-to-Digital Converter (ADC) ........................ 12
Any Check indicator ..............c.oiiiiiiiiiiiiiii., 52
Any Check interrupt ............ ... .. il 26
Any Disk Check indicator .......................... ... .26
Any s1oc indicator ....... ... i e 52
Any SIOC INEITUPE ... .ottt 28
AO Check Tight ... i 56
Applications ........ ... . 5
Arithmetic indicators .................. . ...l 51
Basic Interrupt, feature ....... e e 26
Bibliography, 1710 ............ ... .. ... .. .. e 8
Bit configuration of decimal digits ........................ 67
Branch Indicator instruction .......................... 26, 50
Branch Out and Load instruction ..................... 25, 49
Branch Out instruction ..... e 25, 49
Cascade control (Figure13) ............................... 2]
CE (Customer Engineer) interrupt ....................... 26
Character code chart .................. ... ... ..o 69
Character code chart, TODR .............iuimiiiineneneninnn 66
Check light, 1715 ... oot 34
Clock On/Off key and light, 1711 ............ . 14
Closed-loop control .............. ... .o L. 5, 21
Contact sense terminal blocks ............................. 16
Contact operate .............. ..., 11, 18
Control codes, 1717 Output Printer ....................... 36
Core storage table areas .................. ... ... .. ...... 67
Customer Engineer Interrupt indicator .................... 52
Data collection and analysis .............................. 5
Data Converter Indicator lights ........................... 56
Data Converter, 1711 ........ ... ... .. ... . oo 8
Data flow ... e 9, 57
Data evaluation and operator guidance .................... 5
Data logging and conversion ................... ... ... ... 5
Data Ready indicator ................. ... ... . 53

70

Page

Data Ready interrupt ............oovueieiiiinnianeaeaain.. 32
Digital Display Unit, 1715 ... ... iiiiiiiia . 33
Disk storage indicators ..................o.oiiiiiiiiiin. 52
Display lights, 1715 ... ... 34
Emergency Power Off switch, 1711 ......................... 56
End-of-Message indicator .................... .. ....... 36, 53
End-of-Message switch, 1713 ........... ... ... ..ol 32
Enter light, 1713 ... ... .. .. . i 32
Error analysis logic (Figure 18) .......................... 27
Error indication, 1717 ... .o e 36
Execute button, 1714 .. ... . i 33
Execute light, 1714 ... ... . ... i 33
Exponent Check indicator ........... ... ... ... 52
External interrupt .......... ...l 26
External interrupt indicators ............. ... ... ... 53
Features and units, SUMMATY ...........ooiineiinnnenn.. 62
Flag Op light ......... . . s 56
FR Check light .......................... e 56
Function Register Check indicator ...................... 26, 52
High-speed contact sense .............c.co.vurvnnnnn 10, 11, 18
Indicator lights, 1711 .. ... . .o 56
INdicators, SIOC . ... ..ttt 39
Indicators, summary table .......... ... ... . oo 51
Address Check ........... it 52
ALETE oottt 35, 53
Analog Output Check ........... ... ... 26, 52
Analog OUtput SEtupP . ...t 52
Any Check ... ... .. 52
Any Disk ... 26
ANYSIOC ottt e 52
Arithmetic (11,12,13,and 14) ............ e 51
CE (Customer Engineer) .................oviviiienennne 52
DataReady .........oiiiiiiiiiiii it 53
End of Message (EOM) ..................oooiiiinn, 36, 53
Exponent Check ............. .. ... il 52
External Interrupt ...........c.iiiiiiiieiiaiiiiii i, 53
Function Register Check ............................ 26, 52
LastCard ..ot 51
MAR Check ... 26, 51
Mask ..o 52
MBR-ECheck ... 26, 52
MBR-O Check ...... .0ttt 26, 52
Mode Shift ....... ...t 36, 53
Multiplex Complete ................coiiiiiiioin... 18, 52
Multiplexer Busy ................. ... ... 13, 19, 27, 52
One HOUX ...t 52
One Minute ............o ittt 52
Operator Entry .................... e 52
(@ 2073510 T O5's ¢ o S ... 86
Output Record Mark ............ .. ... i, 53
Process Branch .................... ... ... ... 8, 11, 29, 53
Read Check ...........oiiiiiiiiii i 26, 51
SIOCNot Busy ... 53



SIOC QUtPUL EXTOT ..ot e
TAS Check ... ..ol
Unit RESPONSE .. ovvtt i eet i e 40,
WLR/RBG ...ttt
Write Check . ..vviiii it it et ee et 26,
Indicators, used with Any Check ...........................
Input/Output Data Register (IODR)
Input/output interrupts feature ............ ... ...
InStructions, Program ..........c.ooveeiueroneennnaaneeannns
Branch Indicator ............... ... ..ol 26,
Branch Outand Load ................. ... .. .. ... 25,
Branch Out ......... .. ... 25,
Mask
Read Alphameric Input Channel .................
Read Numerical Input Channel .................. 37, 38,
Select Apc Register ..................... ... c.... 13,29,
Select Address and Contact Operate .................. 19,
Select Address ............c it
Select Analog Outputand Signal .........................
Select Contact Block ..................coviiiiie.n. 18,
Select Input Channel ...................coooeen
Select Manual Entry Switches ........................ 29,
Select Real-Time Clock ...........coovviiiniiinnn.. 13,
SElECt TAS ..o\ttt i
Unmask ... e 25,
Write Alphameric Output Channel ............... 35, 37,
Write Numerical Output Channel .............
Instruction summary, Appendix A e
Instruction summary, 1710 (Figure 28) ....................
Internal interrupt ........ ... i
Interrupts ...... ... i
Analog Output Setup ............oviiiiiiiiiiiieiaa
Any Check ... ... e
ADNY SIOC ittt e e
CE (Customer Engineer) ................c.ccoivvinennn..
DataReady ........coiiniiiiiiiii e
External ... e
Multiplex Complete ............ ..o,
One HOUT ..ottt
One Minute ..ottt
Operator Entry ...... ... iiiiiiiiiiiiiiiaaaaa
Seek Complete ....... ..o iiiiiiiiiiii i
SIOCNOt BUSy ...
Unit Response .......... ... iiiiiiiiiiiinenennnann
Interrupt operation .................iiiiiiiiiiiiieeaaat,
Interrupt Operation, SIOC .. .........oiiiiireeetiinnnnrnnn.
Interrupt routine instructions .............................
IODR . .ottt et e e e
IODR character code chart ....................oiiiiii...
1I0DR lights ... ...
I/P branch indicator terminals ................ ... ... .....
IR-1

37, 38,

Last Card indicator . ...... ...ttt niiennienennennan

Manual Entry switches ............... ... il
Manual Entry Unit, 1713 .. ...... ... .o it
Manual Entry, 1711 ... ..
MAR Check indicator ............ccitiiinrneinnnnnnnn. 26,
Mask indicator ........ ...ttt i
Mask instruction
MBR-E Check indicator ............cciiiininiinenn... 26,
MBR-O Check indicator .................cviiunennn.. 26,

26

26

50
50
44
48

48

50

59

26

28

Page
Measuring thermocouple temperatures ..................... 16
Mode Shift indicator .......... ... .. il 36, 53
Mode switch, 1718 . ... i e e 32
M’Plex Busy light ...... ... ... ... i i 56
Multiplex Complete indicator .......................... 13, 52
Multiplex Complete intexrupt ................oveiiiaa... 27
Multiplexer and terminal unit (1712) ..................... 10
Multiplexer Busy indicator ..................... 13, 19, 27, 52
Multiply and add tables .................. ...l 68
Negative light .............. ... i 13
One Hour indicator ..............ciiiiiiiiiiiiiinnann.. 52
One Hour interrupt ....... ...t 28
One Minute indicator ............... .. oo, 52
One Minute interrupt ......... ... .. oiiiiiiiiiinnnannn, 28
Operator Entry indicator ............................. .... B2
Operator Entry interrupt ........... ..o, 26
Operator Entry key, 1711 ......... ... ... . ..., 56
Operator Entry light ...... ... .. .. ..o il 56
Operators Panel, 1711 ... ... ... .. ... .. iiiii.. 14, 54
Output Error indicator ........... ... ... il 36
Output Error light ........ ... i 56
Output printer features .................. ... ... . ... 36
Output Printer, 1717 ......... .. .. ... i 34
Output Record Mark .......... ... ..., 35
Output Record Mark indicator ............................ 53
P address, significance of ....... ... .. . il 63.
Parity checking .......... ... ... . i, 57
] 8, 11, 29, 53
Plus and Minus lights, 1715 .................. ... ... .. ... 34
Power On/Off switch, 1711 ... ... ... . ... .. .o iiiii.. 54
Power On/Off switch, 1718 ... ... ... ... ... ..., 32
Power On/Off switch, 1714 ... ... .. ... iiieieina.. 33
Power On/Off switch, 1715 . ... .. ... .. ... i, 34
Power Ready light, 1711 ....... ... ... ... .. ... ... .... 54
Process Branch Indicators ....................... 8, 11, 29, 53
Process Operator Units ................... e 8, 29
Process Operator Units, programming ...................... 40
Process optimization. ................ .. . i 5
Processstudy ..........cii i 5
Program instructions ............... ... ... ... .. 44
Program switches (1620 CPU) ............................ 51
Programming Process Operator Units ...................... 40
Programming Systems .................iiiiiiiiiiiieiia, 7
Programming thermocouple ...................... ... ... 16
Publications ......... ... .. ... i 4,7
Q Address, significance of ....... ... . ... il 63
Random Addressing of TAS ............... ... .. .. ..l 28
1 16
Read Alphameric Input Channel instruction ........ 50, 37, 38
Read Check indicator ........... ... ... iiiieiinnnnn. 26, 51
Read Numerical Input Channel instruction .......... 50, 37, 38
Real-Time Clock (RTC) ...............coiiiiiiiiion... 13
Reset key, 1711 . ... . . 55
Resistance Bulb Thermometer (RBT) ...................... 16
RTC o ettt et e ta et et e e 13

Seek Complete interrupt ...t
Select Apc Register instruction P |
Select Address and Contact Operate instruction ....:.... 19, 48




A26-5709-0

Page

Select Address instruction ...... e 13, 29, 44
Select Analog Output and Signal instruction ................ 48
Select Contact Block instruction . ............... [P 18, 44
Select Input Channel instruction ................... 30, 38, 50
Select Manual Entry Switches instruction ............... 29, 48
Select Real-Time Clock instruction .................... 13, 50
Select TAS INStrUCHtioN . .....cvvieveit e nnnennnnnn 14, 29, 50
Sense switches, 1714 ... . oottt it i 33
Sense Switch Unit, 1714 ........ e e e 32
Serial Input/Output Channel (S10G) ................... 29, 36
Set-Point Positioners (SPP) .......................ooii... 21
Signals, analog ............. ... i 12
Significance of P and Q addresses .......................... 63
SIOC Channel ........c..iiiiiiiii i iiiinennn, 29, 36
Address assignment ........... i il 36
Indicators ...t i 39
INEEXTUPL ..ottt ettt aiesaiireaaainaaaanas 39
stioc Not Busy indicator ..o, 53
sioc Not Busy interrupt............ e 33
sioc Output Error indicator ...t 53
stoc Response light ........... ... .. .. . il 56
Slew address ..........oiiiiiiii e 22
SMS Cards ... e e 7
Special features .............. ... il 15
)2 P 21
SPP AdJUStment ..............ooiiiiiiiitiiaiiiiie i 24
Standard terminal block ............ ... ..o e, 15
Storage register function ................ ...l 67
Summary of features and units ............... ... 0. 62
Summary of instructions, Appendix A ..................... 59
Systems Reference Library ..................... ..., 7

INBIVH

®
International Business Machines Corporation
Data Processing Division
112 East Post Road, White Plains, New York

Page
Table areas in cOre StOYage .............oiuienneenaniness. 67
P 14
TAS Check indicator ............ ... ..o il 26, 29, 52
TAs Check light ......... ... .. i 56
Terminal Address Selector (TAS) ............c.ovevininnnonn. 14
Terminal blocks ...... ... 15
Timed interrupts Feature ..............c..cioeneien.. R 26
Thermal light, 1711 ....... ... ... ... ... .. 54
Thermocouple temperatures ...............c.ccoeveieunnaan. 16
Thermocouple terminal block .................. ... .. ..., 16
Thermocouple programming ...................oiiiiii.a. 16
Trim address ........... ..ttt 22
Unmask inSEruction .. ........eeeeoeiineineinueennnens 25, 49
Unit Response indicator ................ooviina.... 40, 53
Unit Response interrupt .............ooiiviiiunnenninn.. 31
Unit Response mode .......... ... ciiiiiiiiieineaninnen.. 40
WLR/RBC indicator ..........c..coiviiiiiiiiiieninennen.. 52
Write Alphameric Output Channel instruction ...... 35, 37, 50
Write Check indicator .................. ... 26, 51

Write Numerical Output Channel instruction .... 32, 33, 37, 50

1711 Data CONVETLET ... vvt v setneereneraneeananeaeaneennns 8
1711 Data Converter features .............cevrueeeeannnnns. 12
1711 Operators Panel ...............coiiiiiiiin.., 14, 54
1712 Multiplexer and Terminal Unit ....................... 10
1713 Manual Entry Unit .......... .. .. i, 31
1714 Sense Switch Unit ....... ..t iiiinniieiinennnn.. 32
1715 Digital Display Unit ... iian., 33
1716 Output Printer Control and Power Units .............. 34
1717 Output Printer ............ioiiiiiiiiiiiiiiiinna... 34

0-6045-92V.

WISPUEPAULY  OLZL WaL

E3



