IBM 1401 Serial Input/Output Attachment


Serial Input/Output Attachment 

Genera/Information 

The Serial Input/Output (I/O) Attachment allows connection of one external device to the IBM 1401 system. The device can be a data transmission control, an input/output converter, or another data processing system. The data handling speed can vary from very low speeds up to speeds approaching the 1401 character rate (11.5 us/char). At lower speeds the operation is normally controlled on a character-by-character basis. At higher speeds the control is by record. 

Because of the variation in operation from one attachment to another, the exact system of operation cannot be detailed. Signals and interlocks are developed for any external condition. These lines are taken to the I/O connector, where they are cross-connected within the attachment plug (inter-face plugging) to activate the features desired. Operation controls and data transfer are similar to those for a tape operation. Additional controls are provided for communication between the attachment and the system. The I/O adapter contains registers, clocking, and controls that function similar to the Tape Adapter Unit (TAU). 

The serial I/O feature shares the unit control circuits with the tape feature. The controls are switched to the I/O feature by a character change in the instruction. The unit select, read, and write circuits are set in the normal manner. Only one feature can be used at a time. The controls can be alternated, however, to service the normal complement of tape units. 

Machine Language 

Data is transferred to and from the I/O Adapter in Binary Coded Decimal (BCD) notation. The redundancy check in the I/O adapter may be either odd or even under control of the interface plugging. The redundancy checks within the 1401 remain odd-bit count. Word-marks are only considered on a Load operation. Conversion is normally made from the system word-mark to the word separator for the I/O adapter. Provisions are also made, through interface plugging, to enter word-marks directly on a load operation. 

Transfer is parallel by bit, serial by character. Either forward or reverse scan is available by interface plugging. If other codes or transmitting systems are required by the external device, the I/O adapter provides the translation and buffering. 

Data Flow 

The data flow can only be positively described within the 1401 processing unit. For a transmission (write) operation, the flow is from core storage to the B-register with normal regeneration. From the B-register data is read through the tape I/O control to adjust the redundancy check if required. The data is then gated out through the I/O attachment connector to the buffering register in the I/O adapter. 

The data is picked up for a receive (read) operation at the I/O adapter buffer register and sent to the system through the I/O attachment connector. The data passes through the tape I/O controls, where the redundancy check is adjusted if required, to set the A-register. During the next B-cycle, the view data in the A-register enters core storage to replace existing data. B-register word-marks are retained for a Move operation and dropped for a Load operation. 

Serial Input/Output Instructions 

Five operation codes are used to control the I/O attachment. The basic Move (M) and Load (L) operations are used to control read and write in the same manner as for tapes. The Unit Control (U) code is used to provide two major control signals for the I/O attachment. The Select Stacker (K) code is used to send secondary controls or conditions to the I/O attachment, while the operation is in progress. Additional modifier characters are used with the Branch 

(B) code to allow testing for conditions and signals sent to the system by the I/O attachment. M(%Xl) (BBB) d -MOVE I/O ATTACHMENT 

The M (Move) operation is used to send or receive data to/from the I/O attachment without reference to word-marks. The B-field word-marks are retained in core storage. The normal (AAA) address is used to indicate the I/O attachment. The % sign designates tape I/O control and the X indicates the I/O attachment. The character assigned to the X-position is dependent on other feature assignments, and is controlled by interface plugging. The units position is always the digit-I, because this is the only control setup for I/O control. The d-character of R or W designates a read (receive) or write (transmit) operation respectively. 

The write operation starts by transferring the (BBB) address from core storage to the I/O adapter. The address is modified by –l or +1 depending on the interface plugging. The operation may stop after one character has been transferred, if the single character transfer line is ON. Otherwise the operation continues until a group-mark with a word-mark is sensed as the B-field character. The group-mark is not transmitted, but is used to force a disconnect signal to the I/O adapter. 

The read operation starts by transferring the first I/O character to the (BBB) address in core storage. The address is modified by –l or +1 depending on the interface plugging. The operation may end with a single character transfer if the I/O indicates. If a continuous record is being transferred, the operation continues until either a group-mark with word-mark is read from the B-field, or an end of transmission is signaled from the I/O adapter. The end-of-transmission signal forces a group-mark into the following position of the B-field in core storage. 

Operations calling for single character transfer require reservicing at intervals. The operation must be reinitiated for each transfer. The B-address of the original instruction must be updated either by an index operation or an arithmetic process. The remaining time may be used for other programming. 

L (%Xl) (BBB) d -LOAD I/O ATTACHMENT 
The L (Load) operation is used to send or receive data to/from the I/O attachment with word-marks. A word-mark in core storage transmits as a word separator character (A 841). The word separator positioning is correct only with a +1 modifier progression. If the reverse progression is required, the positioning must be controlled within the I/O adapter. 

The breakdown of the (AAA) address and the d character are the same as for the M-operation. The data How and control differs only in the handling of the word-mark. Both the word separator and the character are written from one storage location. On a read operation the word separator is first stored, and then replaced, by the next character with a word-mark. The start and end of record controls are identical to the M-operation. 

U (%Xl) d -UNIT CONTROL 
The U (Unit Control) operation code is used to establish major controls for engaging or conditioning the I/O attachment. The (AAA) is used to designate that the I/O attachment is to be controlled. The same 

(%Xl) used in the Move and Load instructions determines the selection. The X-character becomes that assigned to the I/O attachment by interface plugging. 

No (BBB) address is used, since data is not being transferred. The d-character designates the control to be set as follows: 

D-character Control 
E I/O Unit-I Control provides a signal to the I/O Attachment to engage, receive, etc. 
D I/O Unit-2 Control provides a signal to the I/O Attachment to disengage, transmit, etc. 

K D -I/O SELECT CONTROL 

The basic Select Stacker (K) code is used with additional modifiers to provide I/O select controls. The d characters are assigned as follows: 

d-character Control 

A I/O I-Select provides a signal line to the I/O attachment. By interface plugging this signal can be retained until the I/O Transfer 2 is brought up by the I/O Adapter. 

B I/O 2-Select through I/O I4-Select respectively through provide pulse signal lines to the I/O attachment. N These signals are of about 6 us duration. 

B (III) d TEST AND BRANCH 

The Test and Branch (B) operation is identical to the basic system tests. The I/O controls are provided with eight I/O transfer lines to receive status conditions from the I/O attachment. These are eight new d-character modifiers assigned as follows: 

D-character Test 

1 I/O Transfer-is normally used to indicate an error condition in the I/O attachment. A latch is provided by interface plugging to retain the signal when a test is made the latch is reset and a reset signal is sent to the I/O adapter. 
2 I/O Transfer 2 resets the latch used to retain the I/O Select-I line. It may be used for any transfer signal, if the reset feature is not used. 
3 I/O Transfer 3 is normally used to indicate that the I/O attachment is ready for a read operation. A latch is provided by interface plugging to retain the signal. The latch is reset with the rise of I/O Read Call. 
4 I/O Transfer 4 is normally used to indicate that the I/O Attachment is ready for a write operation. A latch is provided by interface plugging to retain the signal. The latch is reset with the rise of I/O Write Call. 
5 I/O Transfer 5 resets the latch used to retain the I/O disconnect line. It may be used for any transfer signal, if the reset feature is not used. 
6 I/O Transfer 6 has no normal assignment. 
7 I/O Transfer 7 has no normal assignment. 
8 I/O Transfer 8 has no normal assignment. 
I/O LOAD CONTROL 

When the 1401 has stopped, a load operation can be forced from the I/O Attachment. This signal sets the DELTA PROCESS and DELTA B-CYCLE latches ON and all other cycle latches OFF. Simultaneously, it forces latches and conditions to indicate the instruction L (%Xl) (001) R. The transfer of data proceeds in the normal manner. Data starts entry at address 001 and continues with a +1 modifier. The operation continues until the I/O attachment signals an end-of-record or end-of-transmission. B-field group-marks are ignored. A new group-mark is written at the end of the transmission. Following the transmission, an instruction is forced starting with address 001. The processing continues in this subroutine until stopped. 

I/O Attachment Connections 

The I/O attachment is connected to the system through a 200 pin pluggable connector. It is intended to accept anyone of several types of I/O attachments. Signal lines are provided to cover all contingencies. The control lines fall into three groups. 
· One group consists of signals being sent from the 1401 to the I/O attachment, and they are classed as output lines. 
· A second group consists of signals from the I/O attachment to the 1401, and they are classed input lines. These two groups are shielded lines using a line driver and terminator combination. 
· The third group is used for interface plugging. These lines are at logic levels and cannot be carried through the cable. They are intended to control features needed with one attachment but not with another. By connecting these on the interface of the plug, attachments can be interchanged as required. 

Output Lines 

Each of the output lines from the I/O control is powered by line drivers for normal twisted pair or coax line with a C-Level. If the lines are not used, they are left open. 

Select I/O Attachment
	+U SELECT I-O ATTH IN 
	73.11.31.2
	02DT-022


This signal is available on any operation during which the SELECT I/O ATTACHMENT latch is set. It is used to indicate that the 1401 is ready to execute an I/O operation. 

I/O Attachment Read Call:
	-C*I-O ATT READ CALL
	73.11.11.2
	02TD-123/124


This signal is available when both the I/O ATTACHMENT and READ CALL latches are set. It indicates a read operation has been programmed. 

I/O Attachment Write Call: 
	-C*I-O ATT WRITE CALL
	73.11.11.2
	02TD-121/122


This signal is available when both the I/O ATTACHMENT latch and the WRITE 

CALL signal are on. It indicates a write operation has been programmed. 

I/O Output Lines (1-2-4-8-A-B-C):
	-C*I-O OUTPUT 1
	73.12.11.2
	02DT-186/187

	-C*I-O OUTPUT 2
	73.12.11.2
	02DT-188/189

	-C*I-O OUTPUT 4
	73.12.11.2
	02DT-190/191

	-C*I-O OUTPUT 8
	73.12.11.2
	02DT-192/193

	-C*I-O OUTPUT A
	73.12.11.2
	02DT-194/195

	-C*I-O OUTPUT B
	73.12.11.2
	02DT-196/197

	-C*I-O OUTPUT C
	73.12.11.2
	02DT-198/199


These seven lines feed data from the 1401 to the I/O attachment. The data comes from the B-register when the service response trigger is set. 

I/O Unit Control 1 and I/O Unit Control 2: 
	-C*I-O UNIT 1 CONTROL
	73.11.71.2
	02DT-164/165

	-C*I-O UNIT 2 CONTROL
	73.11.71.2
	02DT-166/167


These two signals are identical except for instruction decode. They result from E-and D-modifiers with the Unit Control (U) operation respectively. Their use in the I/O attachment varies. In general they produce the interlock or engaging conditions for the read and write operations. The signal is sent out prior to the actual data transfer. In some cases the #2 signal is used after data transfer for disengaging the I/O attachment. 

I/O Select Lines (1 through 14):
	-C*I-O 1 SELECT
	73.11.61.2
	02TD-142/141

	-C*I-O 2 SELECT
	73.11.61.2
	02TD-144/143

	-C*I-O 3 SELECT
	73.11.61.2
	02TD-146/145

	-C*I-O 4 SELECT
	73.11.61.2
	02TD-148/147

	-C*I-O 5 SELECT
	73.11.61.2
	02TD-150/149

	-C*I-O 6 SELECT
	73.11.61.2
	02TD-152/151

	-C*I-O 7 SELECT
	73.11.61.2
	02TD-154/153

	-C*I-O 8 SELECT
	73.11.61.2
	02TD-140/155

	-C*I-O 9 SELECT
	73.11.61.2
	02TD-138/139

	-C*I-O 10 SELECT
	73.11.71.2
	02TD-156/157

	-C*I-O 11 SELECT
	73.11.71.2
	02TD-158/159

	-C*I-O 12 SELECT
	73.11.71.2
	02TD-160/161

	-C*I-O 13 SELECT
	73.11.71.2
	02TD-162/163

	-C*I-O 14 SELECT
	73.11.71.2
	02TD-130/131


This group of lines is used to send conditions or control signals to the I/O attachment. They are developed from the modifier of the Stacker Select (K) operation code. They supply a 6 us pulse for control. The # 1 position has provisions for a DC latch output by interface plugging. The latch is reset by the I/O Transfer 2 input. 

Service Response: 
	-C*SERVICE RESPONSE
	73.11.71.2
	02TD-119/118


This signal is sent to the I/O attachment to indicate that the 1401 is in operation to process data. The signal rises during the 1401 B-cycle. Its fall time depends on the mode of I/O operation. Interface plugging allows control from either the rise or fall of the service request input line. For continuous transfer, the service response trigger need not be reset until the next request for a character transfer. The service response gated with write call controls the read-out to the I/O attachment. 

I/O Disconnect: 
	+U-I-O-DISC-OUT-1
	73.11.51.2
	02TD-014

	+U-I-O-DISC-OUT-2
	73.11.51.2
	02TD-015


Signals the I/O attachment that a group-mark has been sensed in the B-field. The 1401 ends its operation and starts the next instruction. It indicates the end of record to the I/O attachment on a write operation. On a read operation, it indicates that the remainder of the transmission is not being stored. 

I/O Process Check: 
	-C*I-O PROCESS CHECK
	73.11.31.2
	02TD-095/105


Signals the I/O attachment that the 1401 has detected an error. It can be used in the I/O attachment to show an invalid transmission. The 1401 stops at the end of the operation and requires a START RESET. 

Reset Transfer Error Latch: 
	-C*RESET TRANS ERR LAT
	73.11.41.2
	02TD-110/120


Provides a means of resetting the I/O ATTACHMENT ERROR latch. The signal occurs when a test and branch operation is made on I/O Transfer 1. If the latch is used in the 1401, it is reset also. 

	-C*1401 RESET
	73.11.31.2
	02TD-084/085


1401 Reset: Provides the I/O attachment with a reset line to manually reset error conditions or latches which may have been left. Interface plugging allows selection of either a positive or negative swing from an in-phase or inverted start-reset signal. 

	-C*1401 IS STOPPED
	73.12.21.2
	02TD-059/060


1401 is stopped: Provides the indication to the I/O attachment that the 1401 has stopped and is not testing for I/O conditions. The I/O attachment may then force an I/O Load operation to start the 1401 on a sub-routine. 

	-C*TIME (000-030
	73.11.31.2
	02TD-101/102

	-C*TIME (030-060
	73.11.31.2
	02TD-103/104

	-C*TIME (060-090) 
	73.12.21.2
	02TD-128/129

	-C*TIME (090 000):
	73.11.71.2
	02TD-126/127


Clock Timings (000-030) (030-060) (060-090) (090 000): The four basic 1401 clock pulses are made avail able to the I/O attachments to allow synchronizing controls during transfer.

Input Lines 

Each of the input lines to the I/O control is terminated for normal twisted pair or coax line with a C-Level. If the lines are not used, they are left open. 

	-C* SERVICE REQUEST
	73.11.11.2
	02TD-113/114


Service Request: Sets the service request trigger to start the 1401 clock if in either read or write operation. Starting the clock causes the 1401 to read in or read out. The input signal may be either a pulse or a DC level. 

	-C* I/O SELECTING UNIT
	73.11.11.2
	02TD-132/133


I/O Selecting Unit: Serves as a gate on the service request trigger. When OFF, the service request line is not recognized. 

	-C* I/O Input Lines (WM)
	73.1121.2.
	02TD-170/185

	-C* I/O Input Lines (1)
	73.1121.2.
	02TD-172/171

	-C* I/O Input Lines (2)
	73.1121.2.
	02TD-174/173

	-C* I/O Input Lines (4)
	73.1121.2.
	02TD-176/175

	-C* I/O Input Lines (8)
	73.1121.2.
	02TD-178/177

	-C* I/O Input Lines (A)
	73.1121.2.
	02TD-180/179

	-C* I/O Input Lines (B)
	73.1121.2.
	02TD-182/181

	-C* I/O Input Lines (C)
	73.1121.2.
	02TD-184/183


I/O Input Lines (8-4-2-1-A-B-C-WM): These eight lines feed data into the 1401 on a read operation. The data is entered into the A-register when the clock is running and the I/O read call is up. 

	-C*END OF TRANS
	73.11.11.2
	02TD-091/092


End of Transmission: This line serves to terminate a read or write operation in the 1401. It is brought up following the service response signal for the last character. It must be up for at least 12 us for a read operation and at least 18 us for write operation. 

	-C* SINGLE CHARACTER TRANS
	73.11.31.2
	02TD-082/083


Single Character Transmission: When operating at low character rates, the 1401 can be returned to its regular program. Holding this line in its plus level forces an I-E Change after one character has been transferred. On a Load operation, with word-marks, the transmission is held for two cycles to accommodate the word separator. 
	-C* I/O READDRESS?????????????????
	73.11..
	02TD-


I/O Readdress: This signal forces the READDRESS latch to cause the next transfer to occur at the same storage address. It can be used by the I/O attachment to control word-mark entry or in self-correcting error controls. 

	-C I/O Transfer Lines (1 ):
	73.11.41.2
	02TD-086/087

	-C I/O Transfer Lines (2 ):
	73.11.41.2
	02TD-088/089

	-C I/O Transfer Lines (3 ):
	73.11.41.2
	02TD-090/100

	-C I/O Transfer Lines (4 ):
	73.11.41.2
	02TD-097/096

	-C I/O Transfer Lines (5 ):
	73.11.51.2
	02TD-099/098

	-C I/O Transfer Lines (6 ):
	73.11.51.2
	02TD-106/107

	-C I/O Transfer Lines (7 ):
	73.11.51.2
	02TD-108/109

	-C I/O Transfer Lines (8 ):
	73.11.51.2
	02TD-117/116


I/O Transfer Lines (1 through 8): These are signals from the I/O attachment indicating conditions. Their prime function is to allow the 1401 to Test and Branch if the condition has been reached. The first five of these lines have tentative condition assignments under control of the interface plugging. If they are not required for this purpose, one or all can be used for another purpose. 

A. Error 

	A. Error
	
	02TD-


A. Ready to Read 

	A. Ready to Read 
	
	02TD-


A. Ready to Write 

	A. Ready to Write 
	
	02TD-


A. Reset I/O Select 1 

	A. Reset I/O Select 1
	
	02TD-


A-Reg 1 not 2 

	+U- A-Reg 1 not 2
	35.16.61.2
	02TD-035


A-Reg 12 

	A-Reg 12
	
	02TD-


A-Reg 2 not 1 

	A-Reg 2 not 1
	
	02TD-


A-Reg 4 not 8 

	+U- A-Reg 4 not 8 
	35.16.61.2
	02TD-034


A-Reg 8 not 4 

	
	
	02TD-


A-Reg A not B 

	
	
	02TD-


A-Reg AB 

	
	
	02TD-


A-Reg B not A 

A-Reg not 12 

	A-Reg not 21
	35.16.61.2
	02TD-016


A-Reg not 84 

	
	
	02TD-


A-Reg Select 1 

	
	
	02TD-


A-Reg Select 2 

	
	
	02TD-


A-Reg Select 3 

B. End of Record 

B. End of Record 

I/O Transfer 1

I/O Transfer 2 

I/O Transfer 3 

I/O Transfer 4 

These signals are plugged to assign an alphabetic character to the I/O attachment. The three inputs gate the set of the I/O ATTACHMENT latch. 

Set Error Latch Out-Set Error Latch In 
Set Read Latch Out-Set Read Latch In 
Set Write Latch Out-Set Write Latch In 
These three pairs of signals function in the same manner. They provide the latch back for a logic latch and thus extend the basic signal. The original signals come from the I/O Transfer 1, 3, and 4 lines respectively. 

Select-l Out -Select-1 In: The out terminal of this pair is the 1/0-1 select line before powering. The inline is the collector output of a logic latch. Coupling the two extends the output until the latchback is broken by a signal on the I/O Transfer 2 line. 

I/O Transfer 5 A. Reset I/O Disconnect 
I/O Transfer 8 A. Force Odd Redundancy 2 

I/O Load: This line can be used by the I/O attachment, when the 1401 is stopped without an error condition, to initiate a load operation. The following signals are developed to start the operation without an instruction cycle. 

A. Delta Process latch set 
B. Op decode forced to L (Load) 
C. Unit Select latch set 
D. I/O Attachment latch set 
E. Generate address 001 
F. Read Call latch set 
G. Select TU 1 latch set 
H. Set Delta B-Cycle latch 
I    I/O Error Light: This signal is supplied by the I/O attachment when its ERROR latch is set. The external input/output indicator lamp is lighted on the console. 

Interface Lines 

The interface lines are treated in pairs or groups as they are normally associated for control. When a feature is not needed, it is left unplugged. In a few cases the +6 volt line may be used for continuous control, but this may result in forcing the same condition for a tape operation. The problem of other than normal pluggings is of no consequence with standard I/O attachments. 

I/O DISCONNECT OUT 1 

I/O DISCONNECT IN 

I/O DISCONNECT OUT 2 

This group of terminals allows the selection of a 6 us pulse on #1 or a latch output on #2 to feed the I/O disconnect output line. The latch is reset by the I/O Transfer 5 line. 

START RESET OUT 
START RESET IN 
NOT START RESET OUT 
This group of terminals allows the 1401 reset line to have either a positive or a negative swing to feed the I/O attachment. 

SERVICE REQUEST OUT 1 
SERVICE REQUEST IN 1 
SERVICE REQUEST OUT 2 
These signals are used to control the reset of the service response trigger. Service Request Out-1 is a feed through of the service request input, while #2 is the inverted output. Number 1 is used when the input is a short pulse and #2 when the input remains ON for the duration of the transfer. 

I/O TRANSFER 1 
I/O TRANSFER 2 I/O TRANSFER EOR
+6 VOLTS 

These signals are used to select the end-of-record control from the I/O attachment. I/O Transfer 1 and 2 are feed-through of the input signals. If neither line is used the EOR must be connected to +6 volts. 

FORCE ODD REDUNDANCY 1 
FORCE ODD REDUNDANCY 
FORCE ODD REDUNDANCY 2 
These signals are used to force an odd-bit redundancy check during an I/O operation. With no connection the output is checked for even-bit count. Force-Odd Redundancy- 1 forces the odd check on all transfers. The Force-Odd-Redundancy-2 comes from the I/O attachment over the I/O Transfer 8 line. 

Inhibit Word-Mark 1 -Inhibit Word-Mark: When these terminals are connected, the I/O attachment can enter the word-mark bit directly on a Load operation. 

Not I/O Read Call -Not I/O Read Call: These terminals are connected to allow read-in from low order to high-order (-1 modifier). The resulting signal prevents the normal +1 modifier. 

Set Readdress Latch 1 -Set Readdress Latch: These terminals are connected when the I/O Attachment re quires multiple access to a core storage position. Control is affected through the I/O readdress input. 

Reset A-Reg Error 1 -Reset A-Reg Error: Connecting these two terminals causes the A-REGISTER CHECK latch to be reset if the I/O attachment already has detected the error. 

Select I/O Out -Select I/O In: These two lines are normally connected to serve as an interlock. They control the set of the SELECT I/O Attachment latch. If the line were not brought through the plug, the latch would set continuously with the plug removed. 

I/O Write Call out -I/O Write Call In: These terminals are normally connected for a write operation. They cause a B-cycle to follow the instruction to fill the B-register with the first character to be transferred. 

I/0 Error Conditions 

Like the tape system, errors are divided into two groups. One group involves the error checks within the basic system. The second group is those sensed in the external area. The method of error correction for an I/O attachment varies, depending on a number of factors. Two major items are involved; one being the possibility of a recycle operation, and the second is the communication problem. The latter includes long distance transmissions. 

Processing Unit Errors 

Data transfer errors within the basic system are detected in the normal manner. Being an I/O operation, the system is not stopped until a 1-E Change. Errors resulting from operation decode or addressing causes the system to stop immediately. Both types of errors develop the process-check signal, which is available to the I/O attachment. 

The processing unit errors affect the operation in different ways depending on the mode of I/O operation. At the higher transmission speeds, the system remains in operation for the full record. Except in the case where the storage area is too small, the transmission error is considered after the record is complete. At the slower transmission speeds when only a single character is transferred, the system stops before the transmission is complete. These special conditions require controls within the I/O attachment to stop the transmission and/or the device. 

I/O Attachment Errors 
Errors within the attachment or its associated adapter may set a single latch, or they may use several. The I/O Transfer-l is reserved for data transmission errors. When RESET A-REGISTER ERROR is connected on the interface, the character entering on a read operation does not set a PROCESS CHECK. Under this condition it may be possible for the attachment to recycle and transmit the corrected character. Use of the I/O readdress line causes the same storage address to hold for another cycle. Errors resulting from other than data transmission usually require different correction routines. These can be detected by using separate I/O transfer lines for each condition. At the end of the transmission a series of test and branch instructions are used to determine the next steps to be taken. The instruction manual on the I/O attachment being used discusses the methods of error analysis. 
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