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PREFACE

This manual describes the 1800 system adapter
features for the following IBM data processing input/
output units:

1053 Printer

1816 Printer-Keyboard

1054 Paper Tape Reader

1055 Paper Tape Punch

1442 Card Read Punch

1443 Printer

1627 Plotter

2401/2402 Magnetic Tape Units

Chapter 4 (Features), normally found in the
FETOM, does not apply to this manual.
Electromechanical and operational details of
the DP I/0O units are described in the manuals written
for each unit. These unit manuals are referenced

in the related chapters and listed, with form num-
bers, in the FE Bibliography - 1800 System, Order
No. SY26-0560.

Information that is necessary to the understand-
ing of this manual is in the IBM Field Engineering
Theory of Operation, 1800 Data Acquisition and
Control System, Processor-Controller (See FE
Bibliography -- 1800 System, Order No. SY26-0560. )
It contains a comprehensive introduction to the 1800
system and specific descriptions of the 1801 and
1802 Processor-Controllers, including channel
control.

The functional unit and operation descriptions
in this manual refer to diagrams contained in the
IBM Field Engineering Maintenance Diagrams
Manual, 1800 Data Acquisition and Control System
(see FE Bibliography -- 1800 System, Order No.
SY26-0560). *

Seventh Edition (July 1970)

This manual, Order No, SY26-3617-6, is a reprint of Order No. SY26-3617-5
and of Supplement SS27-0706.

Significant changes or additions to the specifications' contained in this
publication are continually being made. When using this publication in
connection with the operation of IBM equipment, check the latest FE
Publications Systems Sequence Listing, Order No. SY20-0070, for revisions
or contact the local IBM branch office.

The illustrations in this manual have a code number in the lower corner.
This is a publishing control number and is not related to the subject matter.

Copies of this and other IBM publications can be obtained through IBM Branch
Offices.

A form for reader’s comments is provided at the back of this publication, If the
form has been removed, send your comments to the address below.

This manual was prepared by the IBM Systems Development Division, Product
Publications, Department G24, San Jose, California 95114.

@ Copyright International Business Machines Corporation 1965

i (7/68)

*Manuals referred to in this publication that have a form number with a four
character prefix are identical in content to the same manual without the
initial prefix character. (e.g., SY26-xxxx is the same in content as Y26-xxxx.)
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PART 1 IBM 1816 PRINTER-KEYBOARD AND IBM 1053 PRINTER

CHAPTER 1 INTRODUCTION

'@ The 1816 (Figure 1-1) provides a console key-
board and console printer for the IBM 1800
System.

‘s The 1053 (Figure 1-2) provides additional out-
put typewriter printers for the IBM 1800 System.

-] For a detailed description of the printer me-
chanics, see IBM Field Engineering Theory of
Operation, I/O Printer (Modified IBM
SELECTRIC®), (see FE Bibliography -- 1800
System, Form Y26-0560, )

@ For a detailed description of the keyboard me-
chanics, see IBM Field Engineering Theory-
Maintenance, 1052-1053, (see FE Biblio-
graphy -- 1800 System, Form Y26-0560, )

The 1816 is a combination of an IBM 1052 Keyboard
and a 1053 Printer. The printer portion of the 1816
and the 1053 are therefore physically and functionally
the same. The printer description presented here
applies to both of these units.

A maximum of two 1816s and eight 1053s can
be attached to the 1800 system; however, no more
than a total of eight of these units in combination
can be attached.

All printers operate in the overlapped mode;
that is, each can print a different message at the

Figure 1-1, IBM 1816 Printer-Keyboard

Figure 1-2, IBM 1053 Printer

same time. The 1816 can be installed up to 50 feet
from the processor-controller (P-C). The 1053
can be installed up to 2000 feet from the P-C,

PRINTER FUNCTIONAL DESCRIPTION

e Maximum output rate of the printer is 14.8
characters per second.

e Data to be printed is transferred from core
storage to the typewriter by direct program
control.

e Data and control characters (space, tabulate,
etc.) are sent to the typewriter by means of the
write command.

Because control characters and data characters are
sent in the same manner, the message to be printed
contains a mixture of data characters and control
characters in the sequence necessary to provide out-
put in the desired format.

NOTE: The illustrations in this manual have a code number in the
lower corner. This is a publishing control number and is unrelated
to the subject matter.

1-1



The character format within a core storage word
to be transmitted to the typewriter printer is:

0 5 67 8 18

| TR [::};:.;‘:1?1' eth :;
I 7

v\l’v 6
0-5

Each word transmitted to the typewriter printer
contains one data character or one control character.

Control/Print
Upper/Lower Case
Character Code  *

KEYBOARD FUNCTIONAL DESCRIPTION

e The keyboard of the 1816 printer-keyboard is
similar to the keyboard of the IBM 1052.

e The keys are not connected to the printer; there-
fore, keyboard entries are not printed unless
the P-C is programmed to do so.

e Maximum input speed of the keyboard is 20
characters per second but is usually limited by
the speed of the operator.

o The keyboard operates under direct program
control.

e The keyboard emits an IBM~-card-coded charac-
ter for each operation of a key.

The character coding emitted by the keyboard is
shown in Figure 1-3. The character enters the P-C
left justified. Thus, bit 0 corresponds to IBM card
code 12, bit 1 to IBM card code 11, etc. Bits 12, 13,
and 14 have special significance and indicate end of
field, erase character, and erase field respectively.
(See description of these three keys.) Odd-bit parity
is generated to provide a data-transmission check on
the input data at the processor-controller B-register.

Keys and Lights

Keys with special functions are:

KBD REQ (Keyboard Request Interrupt): This key
initiates an interrupt in the P-C and turns off the
proceed light.

END FLD (End of Field): When a read command is
executed in response to this key, a word with only
bit 12 = 1 is placed in core storage. Analysis of this
word allows the program to determine that no further
characters are to be sent in this message.

1-2

ER CHR (Erase Character): When a read command
is executed in response to this key, a word with bit
13 = 1 is placed in core storage.

Analysis of this word allows the program to de-
termine that the last character received is to be re-
placed by the next character to be entered.

ER FLD (Erase Field): When a read command is
executed in response to this key, a word with bit

14 = 1 is placed in core storage. Analysis of this
word allows the program to determine that the
message being entered is to be deleted and replaced
by a corrected message.

REST KB (Restore Keyboard): This key allows the
operator to unlock the keyboard to release any key
that is locked down,

The following lights appear on the keyboard:

Proceed: This light comes on when the P-C has per-
formed the XIO (control) instruction. The keyboard
is unlocked when proceed is on. This light goes off
25 milliseconds after the key is pressed or when the
XIO (read) is executed.

Alpha: When on, this light indicates that keyboard
characters on the lower half of the keybutton will be
placed on the in bus for entry into the processor-
controller.

Numeric: When on, this light indicates that keyboard
characters on the upper half of the keybutton will be
placed on the in bus for entry into the processor-
controller,

ADAPTER FUNCTIONAL DESCRIPTION

e The 1816-1053 adapter provides a means of
attaching keyboard input and typewriter-printer
output to the 1800 system.

e The 1816-1053 adapter is contained on one SLT
board located in the 1801 or 1802 at location Al
of gate C. A second adapter (expander) can be
installed at B1 of gate D.

e Each 1816-1053 adapter accommodates four
1053s or one 1816 and three 1053s.

The adapter performs one or more of the following
functions for each I/O command sent to it:

1. Selects the specified printer or printer-keyboard.
2. Decodes the function to be performed.

)



Key  IBM Card Code l 0]1—[2|3|4|5T6|7|8|9|]0|HI]2,13']4|]5 Key  IBM Card Code o|1 2|3|415 6 7|8 9[10|n|12!13 14|15

. n,84 | |1 1 1 J m,1 TNE

/ 0,1 1 K m,2 | 1

0 0 1 L m,3 | |1 T

1 1 1 M 4 | | 7

2 2 1 N n,5 | | 1

3 3 1 o) M6 | |1 1

4 4 ) P n,7 | 1

5 5 1 Q e | 1 1

6 6 1 R N, | | 1

7 7 1 5 0,2 INE

8 8 1 T 0,3 1 1

9 9 1 v 0,4 1 ]

5 1,83 | |1 1 1 v 0,5 1 1

. (Period) 12,8,3 | 1 1 1 W 0,6 ] 7

. (Comma) 0,8,3 1 1 1 X 0,7 7 T

EOF None 1 Y 0,8 1 1

o None 1 z 0,9 1 1

IE*ED None 1 Space Blank |0]o0J0|0f0|0O]0|0O]O|0O]O|O]O|0OJO|O
¢ 12,8,2 |1 1 1

Z b8 ! < 12,8,4 |1 1 1

' (Apostrophe) 5,8 1 1 ] 12,8,7 |1 T

( 12,5,8 | 1 1 1 s =

) n,58 | |1 ! ! ! n,8,2 1 1 1

* 12,8,6 | ! Wt ; (Semi-colon) | 11,8,6 1 BRE

- Oosh) 1 ! - 1,8,7 1 1

A 121 |1 ! ~ % 0,8,4 1 1 1

8 122 |1 ! __(Underscore) | 0,8,5 1 1 1

c 12,3 |1 1 = 058 ] —1

d 124 |1 ! ? 0,8,7 1 3K

£ 12,5 |1 ! : (Colon) 8,2 ) 1

F 12,6 | 1 1 7 53 ‘ 1

G 12,7 | 1 1 o 54 | ]

H 12,8 |1 1 - 57 -

! 12,9 | 1 1 0-8-2 0,8,2 NRE 1

Figure 1-3. Keyboard Character Code
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3. Controls the mechanical motion of the printer
or keyboard.

4, Transfers a data or control word to or from the
processor-controller,

5. Indicates the status of the 1816, 1053, and the
adapter to the P-C.

6. [Initiates interrupts in the processor-controller
program when the 1816 or 1053 requires service.

The adapter circuits include a buffer register to
store the printer data word or printer control word
for the printer operations, The keyboard data and
control signals are stored in the keyboard contacts

until the adapter gates them to the processor-controller.

Indicators are provided for keyboard, printer,
and adapter status. Analysis of these indicators en-
ables the program to determine the functions to be
performed by the 1816 and 1053. A CE-mode circuit
enables the adapter to be placed in an on-line-service
mode.

1/O INTERFACE

o The 1816-1053 adapter connects to the 1801 or
1802 P-C channel control through the standard
I/0 channel interface.

e The 1816 printer-keyboard and 1053 printer con-
nect to the adapter through a unique interface.

Channel Interface

e AllI/O adapters in the 1800 system share a
standard interface that is described in the IBM
Field Engineering Theory of Operation (Manual
of Instruction), 1800 Data Acquisition and
Control System, Processor Controller. (see FE
Bibliography — 1800 System, Form Y26-0560.)

The I/0 channel interface consists of two sets of 60
signal and control lines. These lines connect to each

I/0 adapter in the 1800 system. Each adapter receives

all 60 lines, and exits all 60 lines to the next adapter
in sequence. If the 1816-1053 adapter is the last in
the sequence, the channel interface lines must be

jumpered through the remaining adapter positions
(dummy boards). The lines are then terminated at
the mixer panel (gate H).

The 1816-1053 adapter taps off and uses signals
from these lines:

Out-bus bits 0 through 9 and 11 through 15
(not bit 10)

In-bus bits 0 through 15

Parity bit for bits 0 through 7

Parity bit for bits 8 through 15

Poll interrupt level 0-13

Poll interrupt level 14-23

Time pulse A

Time pulse B

Time pulse C

CAR check or parity error

Storage protect violation

XIO data cycle

XIO control cycle

Reset

1/0 Device Interface

e The I/O device interface includes the signal
and data lines that connect the 1816-1053 adapter
to the keyboard and the printer.

The printer signals connect from the adapter board,
through a flat cable and a serpent connector, to the
P-C signal tailgate. The signals connect from the '
tailgate, through a serpent connector and signal
cable to Amp connectors at the printer.

The keyboard signals connect from the adapter,
through a flat cable, to the rear of the F gate. The
front side of the F gate facilitates the connection of
a special serpent connector that contains the inte-
grator circuits for the key-contact signals. From
this gate a flat cable connects the signals to the
signal tailgate. The signals connect from the tail-
gate, through a serpent connector and signal cable
to Amp connectors at the keyboard.

The 1816 keyboard interface lines and their
functions are listed in Figure 1-4. The 1053

printer lines and functions are listed in Figure 1-5.



Adapter

Line In/Out Function

dc Ground Out One line transmits dc ground to device.

Keyboard contact These twelve lines transmit the condition of bail contacts in the keyboard. A unique combination of these con-

0-9, 11, 12 In tactsare closed for each key depressed on the keyboard. This combination of contacts closed is sent to core
storage when the keyboard is read. Any contact closure causes a keyboard service request to be sent to the
processor-controller.

Keyboard End Field In This line causes a keyboard service request and causes a 12 bit to be placed in core storage in response to the
read command. Analysis of this word allows the program to determine that no further characters are to be sent
in this message .:

Kybd. Re-enter Char. | In This line causes a keyboard service request and enters a 13 bit in core storage in response to a read command.
Analysis of this word allows the program to determine that the last character received is to be replaced by the
next character to be entered.

Kybd. Re-enter Field | In This line causes a keyboard service request and enters a 14 bit in core storage in response to a read command.
Analysis of this word allows the program to determine that the message being entered Is to be deleted and
replaced by the corrected message .

Kybd. Restore Key In This line turns on the keyboard-restore magnet driver in the adapter and causes the keyboard to be restored .

Keyboard Space In This line causes a keyboard service request and enters a zero data word in core storage in response to a read
command .

Kybd. Interrupt Req. This line causes a keyboard interrupt request to the P-C and turns on the manual=status flip-flop. This informs

Key In the program that the operator wishes to enter a message on the keyboard.

Keyboard Ready In Indicates presence of +12 vdc in keyboard.

Kybd. Proceed Lamp | Out This line turns on the proceed lamp on the keyboard, indicating the adapter is ready to receive a keyboard
service request.

Kybd. Restore Mag . Out This line energizes the keyboard restore magnet and resets the keyboard.

Figure 1-4,

1816 Device Interface Lines



Adapter

Line In/Out Function

Ready In Indicates presence of d-c power and paper in place at the printer.

Carrier Return

Line Feed & Tab In Indicates when the printer is busy performing a line feed, tab , or carrier return. The rise of the line turns on
the printer-response flip~flop and the fall resets the printer-response flip-flop.

Printer Cam In Indicates the printer is taking a cam cycle. Line is active when cam contact 2, 5, or 7 is open due to printer
taking a cycle to perform an operation. Cam 2 is active on a print cycle. Cam 5 is active on a tab, space or
backspace. Cam 7 is active on a shift. The printer-response flip-flop is turned on when this line becomes active
and is turned off when the line becomes inactive .

Motor On In Indicates the motor is stopped. Forces shift required and starts a 35 millisecond single-shot if motor is stopped
when the adapter receives a command.

End of Line In Indicates the carrier is at the right hand margin. When next print cycle occurs, turns on last-col flip=flop,
causing a carrier return to take place.

Upper Case Out Picks a magnet in the printer, causing a shift to upper case and a shift cycle in the printer (Cam 7 cycles) if
the printer is not already at upper case.

Lower Case Out Picks a magnet in the printer, causing a shift to lower case and a shift cycle in the printer (Cam 7 cycles) if the
printer is not already at lower case .

Carrier Return Out Picks a magnet in the printer, causing the carrier to return to the left hand margin and a line feed.

Tab Out Picks a magnet in the printer, causing a tab cycle (Cam 5 cycles). The carrier advances to the right until it
reaches the position of the next tab stop.

Space Out Picks a magnet in the printer, causing the carrier to advance one print position to the right, (Cam 5 cycles) .

Drop Motor Relay Out Energizes motor-control time-delay relay. If energized continually for 2 minutes, the time delay relay picks and
holds as long as energized. When time delay relay picks, TDI1-1 N/C drops relay 6 which drops printer motor.
TD1-2 N/O informs the adapter that the motor is stopped with the motor-on line.

48 v Out Four lines are used to transmit 48 volts to the printer for magnet and relay power.

+12v Out 12 volts to the printer to power ready, end of line, carrier-return, line~feed, and tab status contacts .

d=-c Ground Out Two lines are used to transmit dc ground .

T2,T1, R1, R2A Out Picks magnets in the printer to control the positioning of the print ball and cause the printer to take a print cycle
(Cam 2 cycles). ,

Backspace Out Picks a magnet in the printer, causing the carrier to advance one print position to the left (Cam 5 cycles).

R2 Out Picks a magnet in the printer to control the positioning of the print ball and cause the printer to take a print
cycle (Cam 2 cycles) .

Red Out Picks a magnet in the printer, causing a shift of the ribbon mechanism so printing will take place on red portion
of ribbon.

R5 Qut Picks a magnet in the printer to control the positioning of the print ball and cause the printer to take a print
cycle (Cam 2 cycles) .

Black Out Picks a magnet in the printer, causing a shift of the ribbon mechanism so printing will take place on black
portion of ribbon.

Line Feed Out Picks a magnet in the printer to cause the platen to advance .

Aux. Out Picks a magnet in the printer to cause a print cycle to occur if the character to be printed is all zeros and does

not pick any other print=positioning magnet. The ball prints its home position character. The printer takes a
print cycle (Cam 2 cycles).

Figure 1-5. 1053 Device Interface Lines
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CHAPTER 2 FUNCTIONAL UNITS

e The interrelationship of the functional units de-
scribed in this section is shown in the 1800 System
Maintenance Diagram Manual (MDM) page EA
40160.

+ FUNCTION REGISTER

o One three-position register decodes the func-
tions for both the keyboard and the printer.

o Loaded from out-bus bits 5, 6, and 7 during
the XIO control cycle.

Bits 5,- 6, and 7 of the IOCC control word, placed ot
the out bus during the XIO control cycle, are the gal
inputs to the function register. The pulse that sets
the register, called function set, is activated by the
XIO-control-cycle line if the printer-keyboard area
or interrupt level is on the out bus and if there is nc
parity error indicated by the processor-controller
(P-C). The function register is reset at the end of
the XIO data cycle. The decoded output of the functi
register provides the following functions:

001 Write: This command sends the P-C word at
the core storage location specified by the IOCC ad-
dress word to the typewriter-printer. The word
sent to the typewriter-printer is either printed or
it causes a control operation to be performed.

010 Read: This command enters a single input char-
acter from the keyboard into the P-C core storage
location specified by the IOCC address word. This
command turns off the proceed status. It also turns
on the parity or storage-protect indicator if either
error is detected during the read operation.

011 Sense Interrupt: This command directs the printer
keyboard adapter to place its assigned interrupt-level-
status-word (ILSW) bit on the in bus if any of its inter-
rupt indicators are on. The ILSW is loaded into the
P-C accumulator for program analysis.

100 Control: This command restores the keyboard and
turns on the proceed lamp. The proceed lamp indi-
cates to the operator that the P-C is ready to receive
a keyboard character. The depression of a character
key will then cause a service interrupt.

coded by the function register.

111 Sense Device: This command causes the selected
printer or printer-keyboard to place its device status
word (DSW) on the in bus. The DSW is loaded into
the P-C accumulator for program analysis,

000 CE Mode: This special use command is not de-
It is decoded by the
CE mode circuit, to place the selected printer or
printer-keyboard in, or take it out of, the CE

mode,

CHARACTER SHIFT CIRCUITS

o Consists of a single flip-flop, named
'ishift required. "

© Controls the upper- and lowercase magnets
in the printer.

o Delays printihg to allow time for shifting.
o Controlled by bit 6 of the data word.

6 Refer to FEMDM page EA 60100 for
explanation of write operation with shift.

BUFFER REGISTER

e Eight flip-flops, loaded from out-bus bits 0
through 7.

e Loaded at T7 time of the XIO data cycle.

@ Six positions are dual purpose; their function
is determined by out-bus bit 7.

Reset by a single-shot after the print
operation has commenced.

If out-bus bit 7 = 1, specifying a control operation,
buffer-register position 7 is not turned on. The off
condition of position 7 gates the output of positions 0
through 6 to the printer control magnets. If out-bus
bit 7 = 0, specifying a print operation, buffer-
register position 7 is turned on. The on condition
of position-7 gates the output of positions 0 through
5 to the print magnets.
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CHAPTER 3 PRINCIPLES OF OPERATION Address: These 16 bits specify the core storage lo-
cation of the data word. It is used during the XIO
data cycle.

PRINTER OPERATIONS
Area: Bits 0 through 4 decode as 00001 to specify the
printer-keyboard adapter. r

e An execute I/O instruction places the control
word of the addressed I/O control command

(IOCC) on the out bus. Function: Bits 5, 6, and 7 decode as 001 to specify a

° Bits 5, 6, and 7 are loaded into and decoded by write function.

the printer-keyboard function register.
Modifier: Bits 11 through 14 select the printer.
Bit 14 addresses the first printer, bit 13 addresses
the second, bit 12 the third, and bit 11 the fourth. If
two or more printers are addressed, all those ad-
dressed will print the same data simultaneously.

o The printer performs any of the following
functions:
1. Control (carrier return, tabulate, etc.)
2. Shift and print
3. Print without a shift
4. Sense device

Data Word
° The write function, modified by bit 7 of the data
word, can initiate either a print or a control Data to be printed by the typewriter-printer is coded
operation. by the program into the typewriter code. Figure 1-6

shows the characters which can be printed by the

e The sense device function places the status of the standard print element for IBM 1800 typewriter-

printer indicators on the in bus.

printers.
Bit 6 of the data-character determines the
Write ' upper-case (UC) shift or lower-case (LC) shift
characters. The printer shifts automatically as
® Reads data word from core storage location spec- required for each data character.
ified by IOCC address word and places it on the A typewriter-printer write command is effec-
out bus. tively modified by bit 7 position of the output char-
acter word. If bit 7 = 1, the write command to the
e Data word is either printed or it is decoded to printer results in a control function. If bit 7 = 0,
' cause a printer control operation. the write command results in a print function.
The codes for typewriter-printer control func-
e The I/O operation diagrams for the write func- tions are shown in Figure 1-7.
tion are on MDM page EA 40111 and EA 40112.
Description
e The write operation objectives are shown for
each type of operation on MDM page EA 60100. E-1 Cycle: This cycle is referred to as the XIO con-
trol cycle. The effective address (EA), loaded into
¢ The timing diagrams for the write function are the accumulator during the I cycle, must be an even
on MDM page EA 60105, and EA 70100. address. This address, which is the location of the

IOCC, is loaded into the M register. The on output
line of the M register bit-15 flip-flop is activated.
This causes EA +1, the location of the IOCC control
IOCC — Write word, to be addressed. The control word, which
includes the area, function, and modifier bits, is

placed on the out bus.
01 234 56 78 9101121314150 1 23 4567 8 910112131415

The channel function register is loaded at T5 time

]ooom]qmi.‘_ Eoma . . .
v r—— B P ey — to perform I/O bus gating, etc. The function register-
.in the printer-keyboard adapter is loaded if the printer
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Figure 1-6. Data Character Coding (1816/1053)

area code is specified in the IOCC and if there is no
parity error signal from the processor-controller.
The decoded output of the function register is used
during the E-3 data cycle to specify the write func-
tion (Code 001).

Hexadecimal

Function Representation

——

0 | 23 4567 8 9101l 12131415

Carrier Return ILO lC) l0 :0.0 '0 'l 81
0
Tabulate ﬁnoooooy L 41
L1 L1 1 1 1t F I 3 Ve IS
01 2345678 910112131415
Spoce lo 10 l.l 10 IO 10 |O|] Lo foakioct 34 2]
01 23 456 78 9101112131415
Back Space IBJO.O.].O.O.()‘l: ' : ‘ 1
0 4 8 15
Shift toRed (0,00 01001 I
0 4 5
Shift o Black 0,0.0,0,0,1 0,1]° | 05
0 15
LineFeed (0000001 1 | o
Control Bit ———4

Figure 1-7, Control Characters (1816/1053)

E-2 Cycle: The M;5 bit output is no longer forced
active so that EA, which is the location of the ad-
dress word, is addressed. The address word is
therefore read from core storage and loaded into
the accumulator for use in the E-3 cycle.

E-3 Data Cycle: The address word of the IOCC,
loaded into the accumulator during the E-2 cycle,
addresses the data word which is placed on the out
bus. The XIO instruction execution is terminated
and the program continues with the next instruction.

Print and Control Execution: FEMDM pages EA
60100 through EA 60110 illustrate the following
printer operations:

e Print character with motor on/off.
e Print with shift.

e Print last column (EOL).

e Control operation.

e Color shift.
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KEYBOARD OPERATIONS ® When this interrupt is serviced, an XIO instruc-
tion with an IOCC specifying a read function is

@ Request key initiates an interrupt request and executed.

locks the keyboard. When the interrupt is
serviced, an XIO instruction with an IOCC
specifying a control function is executed,

e The read operation transfers the data word
(card-code character) from the keyboard con-
tacts to the processor-controller (P-C) core

o The control operation selects the keyboard, storage.

places it in the proceed status, unlocks the

keyboard, and turns on the proceed lamp. e The I/O operation diagram for the keyboard

control and read operations is on MDM page

e Operation of a character key places the card EA 40101.
code of that character into the keyboard contacts o The timing diagram for the control and read
and initiates another interrupt request. operations is on MDM page EA 70101.
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The keyboard operation, for the first character, re-
quires these four steps:

1. Keyboard Request. The operator presses the re-
quest key to signal the P-C that a character is to
be entered from the keyboard.

2. Control Command. The P-C signals the key-
board adapter that it is ready to accept the
character.

3. Character Key Operation. The operator presses
the character key and the keyboard adapter sig-
nals the P-C that the character is ready to be
placed on the in bus.

4. Read Command. The P-C executes a read oper-
ation to take the character and store it.

The operation for subsequent characters requires
steps 2 through 4.

Keyboard Request

e Initiated by operation of the keyboard request key.
@ Generates an interrupt request to the P-C.

e Locks the keyboard.

Operating the keyboard request key activates a 25-
millisecond keyboard-service-request single-shot.
The timing out of this single-shot turns on the manual-
status flip-flop which activates a second single-shot,
the output of which restores the keyboard. Manual-
status also conditions the typewriter interrupt-request
circuit that is activated when its assigned interrupt
level is polled by the P-C.

Control Command

e Initiated by an XIO instruction as a result of an
interrupt.

e Selects the keyboard, restores the keyboard, and
turns on the proceed lamp.

When the P-C satisfies all conditions to service the
interrupt initiated by the request key, a branch is
forced to a subroutine containing an XIO instruction
with an IOCC specifying the keyboard and a control
function.

IOCC Control

0 1 234 56 78 9101112131450 1 2 3 4567 8 9101112131415

N XXX X I XX &
Address Area  Function Modifier

24145

Address: Not used.

Area: Bits 0 through 4 decode as 00001 to select the
printer-keyboard area.

Function: Bits 5, 6, and 7 decode as 100 to cause
the keyboard to perform a control operation.

Modifier: Bits 11 through 14 decode to select the
specified printer or keyboard. Bit 14 must be a
one to select the keyboard.

Description

E-1 Control Cycle: The keyboard area code and
bit 14 of the IOCC turn on the select-keyboard flip-
flop. The control function is decoded by the func-
tion register.

E-2 Data Cycle: At T6 of this cycle, the 25 milli-
second restore single-shot is activated to energize
the keyboard restore magnet. The restore single-
shot also turns on the proceed flip-flop, the output of
which turns on the proceed lamp on the keyboard. The
proceed lamp signals the operator to press a charac-
ter key. The fall of the XIO data cycle line activates
the function reset line to reset the function register.

Character Key Operation

e Stores the character code in the keyboard
contacts.

o Initiates an interrupt request after a 25-milli-
second delay.

The operation of any keyboard contact activates the
keyboard-service-request line. Keyboard-service-
request activates a 25-millisecond single-shot. The
timing out of the single-shot resets the proceed flip-
flop and turns on the service-request flip-flop. The
output of the service-request flip-flop conditions the
typewriter interrupt-request circuit that is activated
when its level is polled by the P-C.

Read Command

e Initiated by an XIO instruction as a result of an
interrupt.

o Gates the character from the keyboard to the in
bus.

e Stores the character at the location specified
by the address portion of the IOCC.
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® Resets the proceed flip-flop.

e The I/0 operation diagram for the read opera-
tion is on MDM page EA 40101,

When the P-C satisfies all conditions to service the
keyboard interrupt, a branch is forced to a subrou-
tine containing an XIO instruction with an IOCC spe-
cifying keyboard and a read function.

IOCC Read

O I 23456 78 910101121314150 1 2 3 45 67 8 91011 12131415

[ 1 1 il 1 1 1 i1 1 1 L 1 1 1 1 OIOIOJOII &‘ [Ol ‘l: L lololollﬂ
Address Area  Function Modifier

Address: This 16-bit address word specifies the
core storage location into which the keyboard char-
acter is stored.

Area: Bits 0 through 4 decode as 00001 to select
the printer-keyboard area.

Function: Bits 5, 6, and 7 decode as 010 to cause
the keyboard to perform the read operation.

Modifier: Bits 11 through 14 decode to select the
specified printer or keyboard. Bit 14 must be a
one to select the keyboard.

Example: Bit 14 = 1 selects 1816 number 1
Bit 13 = 1 selects 1053 number 2

Description

E-1 Control Cycle: The on output line of the M reg-
ister bit-15 flip-flop is activated to address EA + 1
(odd). This address is the location of the control
word of the JIOCC. The control word is set into the
B register and placed on the out bus.

The keyboard area code and bit 14 of the IOCC
turn on the select-keyboard flip-flop. The area code
also activates the function-set line to load the func-
tion register with bits 5, 6, and 7.

E-2 Cycle: The decoded output of the function reg-
ister is used to specify the read function (Code 010).
The P-C drops the forced Mjs5-bit line, reads the
IOCC address word (at EA) and loads it into the ac-
cumulator to be used during the E-3 cycle to address
core storage.

E-3 Data Cycle: The select-keyboard and read-
function lines activate the keyboard-read-gate line

1-12

which gates the character from the keyboard con-
tacts to the in bus. The character is stored at the
core storage location specified by the IOCC address
word. The keyboard-read-gate also conditions parity
or storage-protect flip-flops to be turned on at T7

if either error is detected.

The fall of XIO-data-cycle activates the function-
reset line to reset the function register. The fall of
keyboard-read-gate resets the proceed flip-flop.

If additional characters are to be entered, the
program must execute another XIO control command
to return the keyboard to the proceed condition.

After the last character is entered, the end-of-
message key is operated to indicate to the program
that the subroutine need not be repeated.

1

PRINTER-KEYBOARD SENSE AND CE MODE
OPERATIONS

Sense Device

o Places the printer or printer-keyboard device
status word (DSW) on the in bus.

° The DSW is loaded into the P-C accumulator to
be analyzed by the program.

o If specified by bit 15 of the IOCC control word,
the sensed indicators are reset.

e The I/O operation diagram for the sense device
operation is on MDM page EA 40151.

The first printer and the keyboard are both selected
by the same modifier code. Therefore, the first
printer indicators and the keyboard indicators are
all placed on the in bus as one DSW. If any printer
other than the first printer is selected, the indica-
tors for that printer only will be placed on the in
bus as the DSW.

IOCC — Sense Device

Ol23456789!0II|2I3I4I50l23456789|0|l|2l3l4|5

!_1_;_( (WOU TUN: FUR. SOV IR SO TN 08 008 S8 TG SO0 1 iololonoulllnlll 2eoad 'io‘onolluol
Address Area  Function Modifier

Address: Not used.

Area: Control-word bits 0 through 4 decode as 00001
to select the printer-keyboard area.



Function: Bits 5, 6, and 7 decode as 111 to cause
the printer-keyboard to perform a sense device
operation.

Modifier: Bits 11 through 14 decodeto select the
specified printer: bit 14 selects the first printer and
the keyboard; bit 13 selects the second printer; bit 12,
the third printer; and bit 11, the fourth printer. If
" more than one printer is selected, the DSW indicates
a composite of all the selected printer conditions.

Bit 15 = 1 specifies that the indicators will be reset
" after they are sensed.

Device Status Word

BN E DO E I Y

Printer Service Response

Keyboard Service Response
Keyboard Request

Printer Busy

Printer Not Ready
Keyboard Not Ready
Storage Protect Violation

Keyboard Parity Error

NV 0 N oA NN~ O

Printer Parity Error
CE Busy
CE Not Ready

—_— —
w N

Bits associated with the keyboard are present only if
IOCC modifier bit-14 is a one. The assigned bits of
the DSW define the status of the following indicators:

Printer Service Response: This indicator indicates
that the printer has completed printing the data or
executing the control operation specified by the last
data word transmitted by the XIO (write) instruction.
This indicator is reset by the sense device operation
if the IOCC bit-15 is a one.

Keyboard Service Response: This indicator indicates
that one of the keyboard contacts has closed while the
proceed light was on and that a character is ready to
be transferred to the P-C. This indicator is reset by
the keyboard-DSW -reset line.

. Keyboard Request: This indicator indicates that the
keyboard request key has been operated. This indi-
cator is reset by the keyboard-DSW-reset line.

Printer Busy: When on, this indicator indicates that
the printer is in the process of printing a character
or executing a control and therefore should not be

given a write command. The printer-busy line is
active from the time data is sent to the printer until
the printer completes the specified operation.

Printer Not Ready: When off, this indicates that the
typewriter-printer is properly loaded with forms,
has dc power, and is not busy. It is necessary that
the program always determine that the not-ready
indicator is off before a write command is given. If
a write command is given while not-ready is on, loss
of information will probably occur. No indication is
given of this loss.

If not-ready is tested and found to be on, busy
should then be tested. If busy is off, operator inter-
vention is required. However, if not-ready is on and
busy is on, it indicates that the typewriter-printer has
not finished execution of the previous write command.

Keyboard Not Ready: This indicator, when on, indi-

cates that the keyboard is not physically ready (dc
power off, keyboard disconnected) or that the proceed
flip-flop is on. The proceed flip-flop is on from the
time that the XIO control command is decoded until
the keyboard-service-request interrupt is activated
(the interrupt is activated 25 milliseconds after the
character key is operated), or until a read command
is executed.

Storage Protect Violation: This indicator indicates

that when the keyboard is being read, a storage pro-
tect violation is detected in the P-C. It is reset by
the sense device operation if the IOCC bit-15 is a one.

Keyboard Parity Error: This indicator indicates that

when the keyboard is being read, a parity error is
detected in the P-C. It is reset by the sense device
operation if the IOCC bit-15 is a one.

Printer Parity: This indicator is turned on if the
P-C indicates that a parity error has been detected
in the last character transferred from the P-C. It is
reset by the sense device operation if the IOCC bit-15
is a one.

CE Busy: If the printer is in the CE mode (CE-mode
flip-flop on), this indicator replaces the busy indi-
cator (bit 4).

CE Not Ready: If the printer is in the CE mode, this
indicator replaces the not-ready indicator (bit 5).

Description

E-1 Control Cycle: The word at EA + 1 (IOCC control
word) is placed on the out bus. The area, function,
and modifier bits are decoded to select the DSW to be
placed on the in bus. The storage-use line (P-C line
to core storage) is deactivated because the data (DSW)
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to be transferred from the printer is not to be stored
in core storage.

If bit 15 of the control word is a one, the DSW-
reset flip-flop is turned on.

E-2 Data Cycle: A one is placed on the in bus in the
bit positions associated with the status indicators
that are on. The in bus is gated to the out bus during
this cycle. If the DSW-reset flip-flop is on (bit-15 in
E-1 cycle), the service-response and printer-parity
flip-flops are reset by their corresponding out-bus
bits.

The DSW is set into the B register, loaded into
the accumulator, and the operation is terminated.

Sense Interrupt

e The interrupt level status word (ILSW), with one
bit position representing the collective status of
the printer-keyboard interrupts, is transferred

to the processor-controller for program analysis.

e The I/0O operation diagram for printer-keyboard
sense interrupt is on MDM page EA 40151.

The sense-interrupt function causes the status of the
three interrupt indicators to be ORed and placed on
the in bus in the position assigned to the printer-key-
board. The three interrupt indicators are keyboard-
request, keyboard-service-response, and printer-
service-response.
The ILSW is loaded into the P-C accumulator to

enable the program to determine which area or de-

vice is requesting an interrupt on the associated level.

IOCC Sense Interrupt

011F

Function

Address: Not used.
Area: Not used.

Function: Code 011 specifies the sense interrupt
function.

Modifier: Bits 11 through 15, containing the ILSW
address, are placed on the out bus automatically by
the P-C during the XIO control cycle. These bits
are decoded to identify the interrupt level to which
the printer-keyboard is assigned.

Interrupt Level Status Word

The 16 bits of the ILSW indicate the interrupt status
of each I/ device or area that is assigned to the
interrupt level specified by the IOCC modifier.

Description

E-1 Control Cycle: The word at EA +1 (IOCC con-
trol word) is placed on the out bus. If modifier bits
11 through 15 decode as the interrupt level to which
the printer-keyboard adapter is assigned, the func-
tion and modifier bits are decoded to condition the
sense interrupt circuits.

E-2 Data Cycle: The ORed outputs of the three inter-
rupt indicators are gated to a single position on the
in bus. This bit position, together with bit positions
assigned to other I/O devices (areas) at this inter-
rupt level, make up the ILSW that is transferred to
the P-C.

CE Mode

e Turns on or off the CE-mode flip-flop.

When the CE-mode flip-flop is on, interrupt and de-
vice status indicators are modified to signal the pro-
gram that the specified printer or printer-keyboard
(one CE mode circuit) is in the CE mode., When in CE
mode, all printer-keyboard interrupts are on the CE
interrupt level rather than on the assigned interrupt
level.

IOCC CE Mode

0l2345678910Il|2|3|4150I23458789IOIII2I3M’5

+7Jo00 1] |

Address Area Funchon Modvfler

Address: Not used.

Area:  Control word bits 0 through 4 decode as 00001

to select the printer-keyboard area.

Function: Bits 5, 6, and 7 decode as 000 to turn on,
or off, the CE-mode flip-flop in the specified adapter.

Modifier: Bits 11 through 14 specify the printer-

keyboard or printer for which the CE-mode flip-flop

is to be turned on or off, Bit 15 = 1 conditions the
CE-mode flip-flop to be turned on; bit 15 = 0 condi-
tions it to be turned off.



Description ated. Function-set, gated by bits 5, 6, and 7 = 000
and out-bus bit 15 =1, turns on the CE-mode flip-

E-1 Control Cycle: The word at EA +1 (IOCC control flop. If out-bus bit-15 =0, function-set and bits 5,
word) is placed on the out bus. The area is decoded 6, and 7 = 000 turn off the CE-mode flip-flop.

if there is no parity-error signal from the P-C. At

time-pulse-B time, the function-set pulse is gener- E-2 Data Cycle: A dummy cycle.
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PART 2 IBM 1054 PAPER TAPE READER AND IBM 1055 PAPER TAPE PUNCH

CHAPTER 1 INTRODUCTION

The 1054 Paper Tape Reader (Figure 2-1) and
1055 Paper Tape Punch (Figure 2-2) provide

paper tape input/output for the IBM 1800 System.

One of each can be connected to the system.

READER-PUNCH FUNCTIONAL DESCRIPTION

e The 1054 and 1055 operate under direct program
control.

o The 1054 Paper Tape Reader reads one-inch,
eight-track, paper tape at a maximum rate of
14.8 columns per second (cps).

@ The 1055 Paper Tape Punch punches one-inch,
eight-track, paper tape at a maximum punching
rate of 14.8 cps.

o For additional 1054 and 1055 information, see
Field Engineering Theory of Operation, 1054
Paper Tape Reader, 1055 Paper Tape Punch

(See FE Bibliography — 1800 System, Order No.
SY26-0560. )

Data Coding

The 1054 Paper Tape Reader reads input data into
the processor-controller core storage as an image

of the holes in the tape. One paper-tape character
is read into each addressed core storage location.
Any code translation must be made by programming.

Figure 2-3 indicates the bits of the core storage
word and the corresponding holes in the paper tape
read by the 1054.

The 1055 Paper Tape Punch punches data as an
image of the data contained in the core storage
word on a character-to-character basis as shown
in Figure 2-3. ‘

Special data-character and control-character
(feed code, etc.) coding and recognition must be
handled by the stored program.

Initial Program Load

A special mode, called initial program load (IPL),
provides a means of reading a group of instructions
from an input unit, storing them beginning at the core
storage location specified by the I register (nor-
mally reset to 0000), and automatically branching
to 0000 to execute the program. In the 1800 system,
the 1054 Paper Tape Reader and the 1442 Card Read
Punch are both capable of initial program load.
Only one unit in a system can be wired for initial
program load. The first 1442, if attached, must be
the IPL device. If there is no 1442 in the system,
the paper tape reader is wired for IPL.

In initial-program-load mode, the 1054 reads
four 4-bit characters into a 16 position buffer and
sends the 16-bits to the processor-controller as one

Figure 2-1, IBM 1054 Paper Tape Reader

Figure 2-2, IBM 1055 Paper Tape Punch
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Figure 2-3, Word Format, Read Mode

word (Figure 2-4). The initial-program-load opera-
tion continues until a punch in tape-channel 5 is read.

ADAPTER FUNCTIONAL DESCRIPTION

® The 1054-1055 adapter provides a means of

attaching paper-tape input and/or output to the
1800 system.

e The 1054-1055 adapter is contained on one SLT
board located in the 1801 or 1802 at location Al
of gate D.

@ The adapter accomodates one 1054 paper tape
reader and one 1055 paper tape punch.

The adapter performs one or more.of the following
functions for each I/O command sent to it:
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1. Decodes the function to be performed.

2. Controls the mechanical motion of the reader or
punch.

3. Transfers data from the processor-controller to
the 1054.

4. Transfers data from the 1055 to the processor-
controller.

5. Indicates the status of the 1054, 1055, and the
adapter to the P-C.

6. Initiates interrupts in the processor-controller
program when the 1054 or 1055 requires service.

To implement these functions, the adapter cir-
cuits include a function register, a read buffer, and
a punch buffer. The adapter contains interrupt and
status indicators that the program can analyze to
determine the functions to be performed on the reader
or punch. The adapter also contains circuits that
enable the initial loading of a program from paper

Channel

ES

N W

End IPL Op.
i

Y Y
PR SR S I
0 1 234 5678 9101012131415
L I*—P-CWord

Figure 2-4. Word Format, IPL Mode
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tape. A CE-mode circuit enables the adapter to be
placed in an on-line-service mode.

I/O INTERFACE

@ The 1054-1055 adapter connects to the 1801 or
1802 P-C channel control through the standard
1/0 channel interface.

e The 1054 Paper Tape Reader and 1055 Paper
Tape Punch connect to the adapter through a
unique interface.

Channel Interface

® All 1/0 adapters in the 1800 system share a
standard interface that is described in the IBM
Field Engineering Theory of Operation (Manual
of Instruction), 1800 Data Acquisition and Con-
trol System, Processor-Controller (see FE
Bibliography — 1800 System, Form Y26-0560).

The I/0O channel interface consists of two sets of 60
signal and control lines. These lines connect to
each I/0 adapter in the 1800 system. Each adapter
receives all 60 lines, and exits all 60 lines to the
next adapter in sequence. If the 1054-1055 adapter
is the last in the sequence, the channel interface
lines must be jumpered through the remaining adapter
positions (dummy boards). The lines are then term-
inated at the mixer panel (gate H).

The 1054-1055 adapter taps off and uses signals
from these lines:

Out-bus bits 0 through 9 and 11 through 15
(not bit 10)

In-bus bits 0 through 15
Parity bit for bits 0 through 7
Parity bit for bits 8 through 15
Poll interrupt level 0-13

Poll interrupt level 14-23
IPL Mode

Time pulse A

Time pulse B

Time pulse C

CAR check or parity error
Storage protect violation

XIO data cycle

XIO control cycle

Reset

1/0 Device Interface

o The I/0 device interface includes the signal
and power lines that connect the paper tape
reader and paper tape punch to the 1054-1055
adapter and to the power supplies.

The 1054 and 1055 signals connect from the adapter
board, through flat cable to edge connectors EC15
through EC20. At the edge connectors, the reader
signals feed through resistors and the punch signals
feed through diodes. From the edge connectors,
the signals connect to twist connectors on the P-C
power tailgate. The twist connectors and cables
connect the signals and power to the 1054 and
1055.

The 1054 device interface lines and their func-
tions are listed in Figure 2-5. The 1055 device inter-
face lines and their functions are listed in Figure 2-6.



Adapter

Frame Ground

Line In/Out Function

Bit Rdr. These seven lines transmit the open or closed status of the read contacts, for paper tape channels 7 to 1, to the

A,B,C,8,4,2,1 In read buffer.

8th Ch. Sense Fwd. In This line transmits the open or closed status of the read contact, for paper tape channel 8, to the read buffer.

Reader Strobe In This timing signal defines the time in the reader cycle the pin sensors are reading the holes in the paper tape .

Reader Not Rdy. In This line transmits the presence of the tape at read station and tape tension status to the control adapter.

Reader Clutch Out This line energizes the reader feed clutch which, when tripped, permits the reader to take a mechanical cycle
to sense the tape channels and advance the tape.

48 vdc Out 48 volts dc to the reader for clutch power.

115 vde Out Two lines are used to transmit a-c power for the reader motor.

12 vdc Out 12 volts dc to power the reader ready status line, the pin sense contacts for the eight paper tape data channels,

and the reader strobe pin sense contact.

One line transmits frame ground to the reader.

Figure 2-5. 1054 Device Interface Lines
Adapter
Line In/Out Function
Punch Channel
1-8 Out These eight lines, when active, trip punch magnets in the device to punch holes in their respective paper tape

channels when the punch goes through its mechanical cycle.

Punch Ready In This line transmits the presence of paper tape at the punch station with punch head cover down and the status of
the paper tape feed tension switch to the control adapter.

Punch Clutch Out This line energizes the punch feed clutch which causes the punch to go through its mechanical cycle of punch-
ing the paper tape channels and advancing the paper tape.

+48 vdc Out 48 volts dc to power punch magnets and punch clutch magnet.

+12 vdc Out 12 volts dc to power the punch ready status contacts.

115 vac Out Two lines are used to transmit 115 for the punch drive motor.

d=-c Ground - Two lines transmit d-c ground to the punch.

Frame Ground - One line transmits frame ground to the punch.

Figure 2-6. 1055 Device Interface Lines

2-4



CHAPTER 2 FUNCTIONAL UNITS

¢ The interrelationship of the functional units
described in this section is shown in the 1800
Maintenance Diagram Manual (MDM) pages
ES 40101, ES 40102, and ES 40111.

FUNCTION REGISTER

e One three-position register decodes the functions
for both the paper tape reader and the paper tape
punch.

® Loaded from out-bus bits 5, 6, and 7 during the
XIO control cycle,

Bits 5, 6, and 7 of the IOCC control word, placed on
the out bus during the XIO control cycle, are the
gate inputs to the function register. The pulse that
sets the register, control-word, is activated by the
XIO-control-cycle line if the 1054/1055 area or
interrupt level is on the out bus.and if there is no
parity error indicated by the processor-controller -
(P-C). The function register is reset at the end of
the XIO data cycle. The decoded output of the func-
tion register provides the following functions:

001 Write: This command sends the P-C word at the
core storage location specified by the IOCC address
word to the paper tape punch,

010 Read: This command enters a single input
character from the paper tape reader into the P-C
core storage location specified by the IOCC address
word.

011 Sense Interrupt: This command directs the 1054/
1055 adapter to place its assigned interrupt-level-
status-word (ILSW) bit on the in bus if any of its
interrupt indicators are on. The ILSW is loaded

into the P-C accumulator for program analysis.

100 Control: This command is not decoded by the
function register. Bits 5, 6, 7, and 11 are de-
coded to cause the 1054 to read one character and
signal the P-C that the character is ready to be
transferred to the P-C.

111 Sense Device: This command transfers the 1054/
1055 device status word (DSW) to the P-C for pro-
gram analysis. The DSW indicates the status of

the 1054/1055 indicators,

000 CE Mode: This special-use command is not
decoded by the function register. It is decoded by
the CE-mode circuit, to place the paper tape reader
or punch in, or take it out of, the CE mode.

READ BUFFER

e Sixteen flip-flops, position 0 through 15 (Figure
2-T).

@ For a read operation, positions 0 through 7 are
loaded from the reader sense channels 1 through
8.

@ Initial program load (IPL) loads positions 0
through 15 from sense-channels 1 through 4 in

four intervals.

o Reset during the control operation that precedes
each read operation.

e Output is gated to the in bus, the parity genera-
tor, and the I/O monitor connectors.

Control Operation: The read buffer is reset when the

reader-clutch flip-flop is turned on during the con-
trol command E-1 cycle. The set-read-buffer pulse
that loads the buffer is generated by the reader-
strobe pulse. The reader-strobe pulse results from
the reader clutch cycle initiated by the control com-
mand.

Initial Program Load Operation: Positions 0 through

15 are loaded from sense-channels 1 through 4 under
control of the IPL counter. The buffer is reset at
the beginning of the IPL operation by the reader
strobe and IPL-counter-0. It is loaded by pulses
generated from the reader strobe.

IPL COUNTER

e Two flip-flops, IPL 0-1 and IPL 2-3, and four
AND circuits produce IPL counter-0 through -3
signals.

o  Stepped by binary inputs from the set-read-
buffer line.

The same pulse that sets the read buffer, activated
by 1054 timing pulses, steps this two-position binary
counter to provide gates for loading the read buffer.
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Figure 2.7, Read Buffer



PUNCH BUFFER

Eight flip~flops, 0 through 7.

® Loaded from out-bus bits 0 through 7 during the
XIO data cycle of a write operation.

e Reset by same pulse that sets it after a 30-
‘ millisecond delay.

e  Output goes directly to the 1055 punch circuits.

e Figure 2-8 shows the input and output scheme.

Out Bus Punch Buffer
Bit Position

0 8 Channel

1 B

2 A

3 C

4 8

5 4

6 2

7 1

Figure 2-8, Punch Buffer Loading
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CHAPTER 3 PRINCIPLES OF OPERATION

READER OPERATIONS

e Initiated by an XIO instruction with an IOCC
function of control.

° Control command loads the read buffer and then
moves paper tape one character position,

e  When the read buffer is loaded (approximately
15 ms), an interrupt request is sent to the
processor-controller (P-C).

° Branch is forced to an XIO with an IOCC function
of read.

e Read command transfers a character from the
read buffer to the core storage location speci-
fied by the IOCC address word.

e In initial-program-load mode, 16-bit words
(composed of four 4-bit tape characters) are
sent to the P-C to be used as instructions.

Control

e A control command must precede each read
command to perform the following functions:
1. Load tape image into read buffer,
2, Initiate an interrupt request.
3. Move tape one character position.

e The I/O operation diagram showing control
functions is on MDM page ES 40101.

e The timing diagram for the control function is
on MDM page ES 70141,

IOCC Control

O 1 2 34 56 78 9101121314150 1 2 3 45 67 8 910112131415
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Address Area  Function Modifier

Address: Not used.

Area: Bits 0 through 4 decode as 00011 to specify
the paper tape reader-punch.

Function: Bits 5, 6, and 7 decode as 100 to specify
a function of control.
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Modifier: Bit 11 must be a one to specify a start-
paper-tape-reader operation. No other modifier
positions are used.

Description

E-1 Cycle: An XIO instruction effective address (EA)
which has been loaded into the accumulator is an
even address. This address is transferred to the

M register and the on output line of the bit-15 flip-
flop is forced on to address EA + 1. The word at

EA + 1, which is the IOCC control word, is placed

on the out bus to load the function register in the

P-C channel-control circuits and in each I/O

adapter.

If the area bits in the control word decode as
00011, no parity error is indicated by the P-C, bit 11
is a one, and the reader is ready, bits 5, 6, and 7
decode as 100 to turn on the reader-clutch flip-flop
and reset the read buffer.

E-2 Cycle: This is a dummy cycle; all reader func-
tions have been initiated.

Reader Functions: When the reader clutch is ener-
gized, the cycle contact on the reader sensing assem-
bly emits the reader strobe, Reader strobe starts a

5 millisecond single-shot. When the single-shot times
out, the read buffer is set with the image of the tape
character, the clutch flip-flop is reset, and the reader-
response flip-flop is turned on to send an interrupt
request to the P-C. After the sensing pins are re-
tracted from the tape, the reader advances the tape.

Read

° Transfers one character from the read buffer to
the P-C core storage location specified by the
IOCC address word.

e The 1/O operation diagram is on MDM page
ES 40101.

IOCC Read

0 1 234 56 78 9 1011121314150 1 2 3 4 56 7 8 9101112131415
00011]010
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Address Area  Function Modifier

Address: These 16 bits specify the core storage lo-
cation into which the paper tape character is stored.

Area: Bits 0 through 4 decode as 00011 to specify the
paper tape reader-punch area.



Function: Bits 5, 6, and 7 decode as 010 to specify
the read function.

Modifier: Not used.
Description

E-1 Control Cycle: The IOCC control word at EA + 1
. is placed on the out bus. If the area bits decode as
00011 and no parity-error is indicated by the P-C,
out-bus bits 5, 6, and 7 are loaded into the function
» register. Function-register positions 5, 6, and 7
decode as 010 to specify a read function. No reader
action takes place in this cycle.

E-2 Cycle: No reader action. The P-C reads the
address word of the IOCC from core storage and
loads it into the P-C accumulator for use in the E-3
Cycle.

E-3 Data Cycle: XIO data cycle and read-function
gate the contents of the read buffer on the in bus.
The data word is transferred to the processor-
controller B register and stored in the core storage
location specified by the address word of the IOCC.

The operation is terminated and the P-C con-
tinues with the program. To read subsequent char-
acters from paper tape, another control command
and read command must be executed.

Initial Program Load Operation

o Reads paper-tape channels 1 through 4 in four
groups.

® Loads the read buffer with 4 four-bit groups
(16 bits).

° Transfers the contents of the read buffer as one
16-bit word to the P-C.

@ The timing diagram for IPL mode is on MDM
page ES 70101.

The purpose of the initial-program-load mode is to

read paper tape characters and send them to the P-C

in a format that enables their use as instructions.

The characters are read from tape channels 1 through
- 4 and loaded into read buffer positions 0 through 15

(Figure 2-5). The 16-bit word is gated onto the in

bus and stored in one core storage location. The

first 16-bit P-C word (four 4-bit tape characters)

is stored at core storage location 0000, the second

is stored at 0001, etc.

Reading in IPL mode continues until a punch in
channel 5 is detected. The P-C then automatically
branches to 0000 and begins executing the instruc-
tions.

Description

The IPL operation is initiated by the IPL-mode line
from the processor-controller (P-C). IPL mode is
activated by the program-load button on the program-
mer's console, The reader clutch is activated by
IPL mode (from P-C) and the reader being ready.
The reader-clutch flip-flop is not turned on,

The first reader strobe from the reader resets
the read buffer because IPL-counter-0 is active.
Reader strobe also activates a 5-millisecond single-
shot. The timing out of the single-shot generates
the set-read-buffer pulse. IPL-counter-0 gates the
sense-channel-1 through -4 signals into read buffer
positions 0 through 3. The same pulse that loads the
buffer turns on the IPL-counter-0 -1 flip-flop,
establishing the IPL-counter-1 condition.

The reader-clutch line remains active, causing
the reader to feed tape, sense the characters, and
generate the reader-strobe pulses. The second
reader-strobe pulse generates a set-read-buffer
pulse that, because IPL-counter-1 is active, gates
sense-channel-1 through -4 into buffer positions 4
through 7. Set-read buffer also turns off the IPL-
counter-0 -1 flip-flop. IPL-counter-0 -1 going off
turns on IPL-counter-2 -3 flip-flop, establishing the
IPL-counter-2 condition. The third reader-strobe
pulse generates a set-read-buffer pulse that, be-
cause IPL-counter-2 is active, gates sense-channel-
1 through -4 into buffer positions 8 through 11. The
same set-read-buffer pulse also steps the IPL coun-
ter.

IPL-counter-0 -1 flip-flop is turned on. Both
IPL-counter-0 -1 and IPL-counter-2 -3 being on
establish the IPL-counter-3 condition. The fourth
reader-strobe pulse generates a set-read-buffer
pulse that, because IPL-counter-3 is active, gates
sense-channel-1 through -4 into buffer positions 12
through 15.

The set-read-buffer and IPL-counter-3 combine
to turn on the interrupt-request-15 flip flop.
Interrupt-request-15 flip-flop activates in-bus bit 15 -
to signal the P-C that an IPL character is ready to
be transferred. IPL-request in the P-C turns on the
XIO-data-cycle flip-flop. XIO-data-cycle and IPL-
mode combine to gate the output of the read buffer to
the in bus. XIO-data-cycle resets the IPL-request-
15 flip-flop.

The set-read-buffer pulse also steps the IPL
counter to the IPL-counter-0 condition.



Delete Code: In IPL mode, a tape character with
holes in channels 1 through 7 (delete code) inhibits
the gating of the reader-strobe pulse; thus, no set-
read-buffer pulse is generated. The delete charac-
ter is not loaded into the buffer and the IPL counter
is not stepped.

End of IPL Operation: The IPL read operation con-
tinues until a hole in tape-channel-5 is sensed. The
sense-channel-5, IPL-mode, and not-delete-code
signals combine to activate in-bus bit 14 to signal
the P-C that all the IPL characters have been read.
These same three lines also combine to reset the
read buffer.

PUNCH OPERATIONS

e Each character to be punched requires an XIO
instruction with an IOCC specifying a write
function.

e Write command punches the character specified
by the IOCC address word and advances the
paper tape.

o After a delay to advance tape and reset circuits,
an interrupt request is initiated.

e The I/0 operation diagram for the write opera-
tion is on MDM page ES 40111,

e The timing diagram is on MDM page ES 70111.

Write

The addressing, punching, and tape advancing are
all accomplished by the write command. An XIO
instruction effective address (EA) is loaded into
the processor-controller (P-C) accumulator during
I cycles.

IOCC Write

01 234 56 78 9101121314150 1 23 4567 8 910112131415
T T T G S U S S TR W T 1 r0|0|0|]|l|0|0|]E; J

Address Area  Function

Address: These 16 bits specify the core storage
location of the data word. It is used during the
XIO data cycle.

Area: Bits 0 through 4 decode as 00011 to specify
the paper tape reader-punch area.
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Function: Bits 5, 6, and 7 decode as 001 to specify
a write function.

Modifier: Not used.

Description

E-1 Cycle: This cycle is referred to as the XIO
control cycle. The effective address (EA), loaded
into the accumulator during the I cycle, must be an
even address. This address, which is the location
of the IOCC, is loaded into the M register and the

on output of bit-15 flip-flop is activated. This
causes EA+1, the location of the control word, to be
addressed. The control word, which includes the
area, function and modifier bits, is placed on the out
bus.

The channel function-register is loaded at T5
time to perform I/0 bus gating, etc. The function
register in the paper-tape adapter is loaded if
area code 00011 is specified in the IOCC and if there
is no parity-error signal from the P-C. The de-
coded output of the function register is used during
the E-3 data cycle to specify the write function (Code
001).

E-2 Cycle: The bit-15 line is no longer forced active
so that EA, which is the location of the address word,
is addressed. The address word is therefore read
from core storage and loaded into the accumulator
for use in the E-3 Cycle.

E-3 Data Cycle: The address word of the IOCC,
loaded into the accumulator during E-2 Cycle, ad-
dresses the data word which is placed on the out
bus. Time pulse B (from P-C at T3 time), XIO
data cycle, and write-function AND to generate the
set-punch-buffer pulse. The set-punch-buffer pulse
gates out-bus bits 0 through 7 into the punch buffer.
The punch-buffer outputs connect to magnet drivers
to control the punch magnets directly.

Set-punch-buffer also turns on the punch-busy
flip-flop. Punch-busy gates the output of the
oscillator flip-flop to the complement input of the
punch-control-A flip-flop.

The operation of the clutch flip-flop, the reset
of the punch buffer, and the reset of the punch-busy
flip-flop ate all controlled by a timing ring con-
sisting of three binary-connected punch-control
flip-flops. The punch-control flip-flops are oper-
ated by a free-running oscillator gated by the punch-
busy flip-flop.

The second, punch-control-B, flip-flop going
on turns off the clutch flip-flop to advance the
paper tape. (The character just transferred has
been punched.)




The third, punch-control-C, flip-flop gates the
punch-buffer-reset pulse. It is generated the next
time punch-control-B goes on. The punch-control-C
flip-flop going off turns off the punch-busy flip-flop.
All three positions of the ring are now off.

The punch-busy flip-flop going off turns on the
punch-response flip-flop. When the processor-
controller polls the assigned interrupt level, the
assigned bit position of the in bus is activated. The
punch-response flip-flop also conditions the DSW
bit-3 position to indicate to the program, through
the sense device command, that the character has
been punched. Subsequent characters must be
transferred to the punch by another write command.

READER-PUNCH SENSE OPERATIONS
Sense Device

o DPlaces the paper tape reader-punch device
status word (DSW) on the in bus.

o The DSW is loaded into the P-C accumulator to
be analyzed by the program.

o If specified by bit 15 of the IOCC control word,
the sensed indicators are reset.

6 The paper tape reader-punch indicators are
shown on MDM pages ES 40101 and 40111,

IOCC Sense Device

01 23456 78 9101121314150 1 2 3 4567 8 9101112131415
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Address Area  Function Mcdifier

Address: Not used.

Area: Control-word bits 0 through 4 decode as 00011
to select the paper tape reader-punch area.

Function: Bits 5, 6, and 7 decode as 111 to cause
the reader-punch adapter to perform a sense device
operation.

Modifier: Bit 15=1 causes certain indicators to be
reset when they are sensed.

Device Status Word

I 2 34 56 78 9101112131415

I

Reader Any Error

Reader Response
Punch Parity Error
Punch Response
Reader Busy
Reader Not Ready
Punch Busy

Punch Not Ready

Reader Parity Error

VWO N oM AW N — O

Reader Storage Protect Violation
CE Reader Busy

CE Reader Not Ready

CE Punch Busy

CE Punch Not Ready

» 5 =3

The assigned bits of the device status word define
the status of the following indicators:

Reader Any Error: This indicator indicates that
when the adapter is transferring a tape character
to the P-C, either a parity error or a storage
protect violation is detected in the P-C.

Reader Response: This interrupt indicator is acti-
vated when the reader has completed the execution
of a control command. This indicator indicates to
the P-C that a character is available to be entered
into core storage. It is reset by the sense device
command if the IOCC control word bit 15 is a one.

Punch Parity Error: This indicator indicates that
when the punch buffer is being loaded, the P-C
detects a parity error. It is reset by the sense
device command if the IOCC control word bit 15 is

a one.

Punch Response: This interrupt indicator is turned
on when the punch has completed punching as directed
by the execution of a write command, and indicates
that the punch can accept the next command. 1t is
reset by the sense device command if the IOCC con-
trol word bit 15 is a one.

Reader Busy. This indicator is active as a result of
the reader-clutch flip-flop being on. It is on from the
time a control command (start paper tape reader) is
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given until data is available (approximately 15 ms).
Availability of data is signaled through issuance of a
reader-response interrupt.

Reader Not Ready: This indicator is on when the tape-
tension switch is open. This condition exists when

the paper tape is broken or not feeding freely. Manual
intervention is required to clear these conditions.

This indicator is also on if the reader is "busy.'" (See
Reader Busy indicator. )

Punch Busy: This indicator is on for the total time
the punch is mechanically engaged and punching a
character (68 ms). During this time the punch is not
able to accept another write command.

Punch Not Ready: This indicator is on when tape is
not feeding freely from the tape spool, when the tape-
pressure-roll holder is not down and holding the tape
against the feed wheel, or when tape is not present.
Manual intervention is required to clear these condi-
tions. The indicator is also on if the punch is "busy. "
(See Punch Busy indicator.)

This indicator should always be tested by the
program before a write command is given. If a
write command is given while this indicator is on,
loss of information will probably occur. No indica-
tion is given of this loss.

Reader Parity Error: This indicator indicates that
when the adapter is transferring a character to the
P-C, a parity error is detected in the P-C. This
indicator is reset by the sense device command if
the IOCC control word bit 15 is a one.

Reader Storage Protect Violation: This indicator
indicates that when a tape character is being trans-
ferred to the P-C, a storage protect violation is
detected in the P-C. It is reset by the sense device
command if the IOCC control word bit 15 is a one.

CE Reader Busy: If the paper tape adapter is in the
CE mode, this indicator replaces the busy indicator
(bit 4).

C-E Reader Not Ready: If the paper tape adapter is
in the CE mode, this indicator is activated along
with the reader-not-ready indicator (bit 5).

CE Punch Busy: If the paper tape adapter is in the
CE mode, this indicator replaces the punch-busy
indicator (bit 6).

CE Punch Not Ready: If the paper tape adapter is in
the CE mode, this indicator is activated along with
the punch-not-ready indicator (bit 7).

2-12

Description

E-1 Control Cycle: The word at EA + 1 (IOCC con-
trol word) is placed on the out bus. The area, func-
tion and modifier bits are decoded to select the DSW
to be placed on the in bus. The storage-use line
(P-C line to core storage) is deactivated because the
data (DSW) to be transferred from the adapter is not
to be stored in core storage.

If bit 15 of the control word is a one, the DSW-
reset flip-flop is turned on.

E-2 Data Cycle: A one is placed on the in bus in the
bit positions associated with the status indicators
that are on. The in bus is gated to the out bus during
this cycle. If the DSW- reset flip-flop is on (bit 15
in E-1 cycle), the reader-response, punch-response,
punch-parity, reader-parity, and reader-storage-
protect flip-flops are reset by their corresponding
out-bus bits.

The DSW is set into the B register, loaded into
the accumulator, and the operation is terminated.

Sense Interrupt

e The interrupt level status word (ILSW), with one
bit-position representing the collective status of
the paper tape interrupts, is transferred to the
processor-controller for program analysis.

The sense~interrupt function causes the status of the
two interrupt indicators to be ORed and placed on the
in bus in the position assigned to the paper tape
adapter. The two interrupt indicators are reader-
response and punch-response. The indicators are
described in the device status word description.

The ILSW is loaded into the P-C accumulator to
enable the program to determine which area or de-
vice is requesting an interrupt on the associated
level.

IOCC Sense Interrupt

01 23456 78 9100121314150 1234

Address Area

Function Modifier

Address: Not used.

Area: Not used.

Function: Code 011 specifies the sense interrupt
function.



Modifier: Bits 11 through 15, containing the ILSW
address, are placed on the out bus automatically by
the P-C during the XIO control cycle.

Interrupt Level Status Word

The 16 bits of the ILSW indicate the interrupt status

of each I/O device or area that is assigned to the
interrupt level specified by the IOCC modifier.

Description

E-1 Control Cycle: The word at EA + 1 (IOCC control

word) is placed on the out bus. If modifier bits 11
through 15 decode as the interrupt level to which the
paper tape adapter is assigned, the function and
modifier bits are decoded to condition the sense
interrupt circuits.

E-2 Data Cycle: The ORed outputs of the three
interrupt indicators are gated to a single position

on the in bus. This bit position, together with bit
positions assigned to other I/O devices (areas) at this
interrupt level, make up the ILSW that is transferred
to the P-C and loaded into the accumulator for pro-
gram analysis.

CE Mode
e Turns on, or off, the CE-mode flip-flop.

When the CE-mode flip-flop is on, interrupt and de-
vice status indicators are modified to signal the
program that the paper tape adapter is in the CE
mode. When in CE mode, the 1054 or 1055 interrupts
on the CE interrupt level rather than on the assigned
level.

IOCC CE Mode

O 1 234 56 78 9101121314150 1 23 4567 8 9101 12131415
‘00011[000E ||
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Address

Modifier

Area  Function

Address: Not used.

Area: Control Word bits 0 through 4 decode as 00001
to select the paper tape area.

Function: Bits 5, 6, and 7 decode as 000 to turn on,
or off, the CE-mode flip-flop in the adapter.

Modifier: Bit 15 = 1 conditions the CE-mode flip-
flop to be turned on; bit 15 = 0 conditions it to be
turned off.

Description

E-1 Control Cycle: The word at EA + 1 (IOCC control
word) is placed on the out bus. The area is decoded
if there is no parity error signal from the P-C. At
time-pulse-B time, the control word pulse is gen-
erated. The control-word pulse is gated by a decode
of bits 5, 6, and 7 as 000 and out-bus bit 15= 1 to
turn on the CE-mode flip-flop. If out-bus bit 15 =0
control-word and bits 5, 6, and 7 = 000 turn off the
CE-mode flip-flop.

E-2 Data Cycle: A dummy cycle.
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CHAPTER 1 INTRODUCTION

o  The 1442 Model 6 or 7 (Figure 3-1) provides
punched-card input and output for the 1800
system.

‘0 One 1442 can be attached if a 1054/1055 is in
the system. Otherwise, two 1442's can be
attached.

o  The 1442 connects to the processor-controller
through the data channel.

READ-PUNCH FUNCTIONAL DESCRIPTION

o Processes cards serially, column-by-column,
from a single hopper.

o  All cards first pass the read station, then pass
the punch station.

o Maximum machine speeds are:

Operation Model Speed
Read 6 300 cards per minute
7 400 cards per minute
Punch 6 80 columns per second
7 160 columns per second

o For a description of the 1442, see IBM Field
Engineering Theory of Operation, 1442 Models
6 and 7. (See FE Bibliography —1800 System,
Form Y26-0560.)

Maximum reading rates are attained only when suc-
cessive read-cycle commands arrive early enough to
re-energize the read clutch before the clutch latch
point is reached. To accomplish this, successive
read-cycle commands must arrive within 35 milli-
seconds (25 ms for the model 7) after the operation—

. complete interrupt is activated by the card read
punch. If a read-cycle command does not arrive
within this time, the maximum reading rate becomes

. 285 cards per minute (cpm) for model 6 and 375 cpm
for model 7.

Punching rates depend on the position of the card
when the last column is punched. The punching speed
ranges are

Model 6 -- 49 cpm to 255 cpm

Model 7 -- 90 cpm to 370 cpm

PART 3 IBM 1442 CARD READ PUNCH

The approximate time required to process a single
card is
Model 6 -- 12.5 ms + 12.5 ms per card-column
spaced or punched
Model 7 -- 6.25 ms + 6.25 ms per card-column
spaced or punched
The customer assigns the 1442 adapter to a data
channel according to the priority he wishes the card
read punch to have. Read and punch data is read
from and stored into a data table in core storage by
cycle steal cycles. For a description of data channel
operations see the IBM Field Engineering, Theory
of Operation, 1800 Data Acquisition and Control
System, Processor-Controller. (See FE Bib-
liography — 1800 System, Order No. SY26-0560).

Data Coding

© The card read punch reads in either card image
or packed mode and punches IBM card image only.

© Any code translation required must be done by the
stored program.

156708

Figure 3-1, IBM 1442 Card Read Punch
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Figure 3-2. Card-Image-Mode Read 3

Card Image Mode: The twelve rows (12-9) in a card
column correspond to the 0-11 bits respectively in
core storage (Figure 3-2).

Packed Mode: Rows 12-5 of the odd-numbered col-
umns are stored in core storage as bits 8-15. Rows
12-5 of the even-numbered columns are stored in
core storage as bits 0-7 (Figure 3-3).

Initial Program Load Mode: This is a special mode,
initiated by pressing the program-load key on the
processor-controller console. In the load mode, data

Even=Numbered Columns

enters core storage as in the packed mode to form the
load program.

Functional Keys

Start Key:

1. When initially loading the card read punch, press-
ing the start key causes the bottom card in the
hopper to move to the read station (run in).

2. After manually stopping the card read punch, or
when initiating a last card routine, the start key
restores the ready status.

( Odd-Numbered Columns
( R
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Figure 3-3, Packed-Mode Read
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from the ready status.

Stop Key: This key removes the card reaa punch

‘

Non-Process Runout key: This key is used to eject
cards from the serial path without processing them.
It also resets the error latches. This key is effec-
tive only if the hopper is empty.

Indicator Light

Power on Light: This light indicates that power is
supplied to the card read punch,

Check Light

Indicates that one of the eight error conditions exists.
These are displayed on the back-lighted panel of the
1442 and are listed below.

Data Overrun: Indicates that data was lost because
the channel failed to transfer the data to or from core

storage within the time the 1442 required service.

Read Registration Check: Indicates that a read error

has occurred due to incorrect registration of the card
or failure of the first and second reading of a column
to compare equally.

Punch Check: Indicates that a punching error has
been detected.

Hopper: Indicates that a card failed to pass properly

from the hopper to the read station.
Transport: Indicates a jam in the stacker,

Feed Check, Read Station: Indicates a card improp-
erly positioned at the read station.

Feed Check, Punch Station: Indicates a card im-

properly positioned at the punch station.

Feed Clutch: Indicates that a feed cycle was taken
that was not requested.

Chip Box Light: This light indicates that the punch
chip box is either full or has been removed. This
condition removes the 1442 from ready status.

Ready Light: This light indicates that the card read
punch is prepared to accept instructions from the
processor-controller. The following conditions are
required.

1. Power on.
2, Card properly registered at the read station.

3. Either cards in the hopper or card read punch in
the last-card routine.

4, Stacker not full,

Check light off,

6. Chip box light off.

o

ADAPTER FUNCTIONAL DESCRIPTION

e The 1442 adapter provides a means of attaching a
card read punch unit to the 1800 system.,

e The 1442 adapter is contained on one SLT board
located in the 1801 or 1802 at location B2 of gate C.

o The adapter accommodates one 1442 model 6or 7.

The 1442 adapter performs one or more of the follow-
ing functions for each I/O command sent to it:

1. Decodes the function to be performed.

2. Controls the mechanical motion of the card read
punch,

3. Transfers data from the P-C to the punch.

Transfers data from the reader to the P-C.

5. Indicates the status of the reader, punch, and
adapter to the processor-controller.

6. Initiates interrupt or cycle steal cycles in the
processor-controller program when the reader
or punch requires service,

>

The adapter contains all the circuits necessary to
perform these functions. For a read or punch opera-
tion, the basic data flow in the adapter is through the
data register. For a read in pack mode and for IPL
operations, the data flow is through the data register
and the pack register. Indicators for adapter and
reader-punch status, interrupt and cycle steal circuits
initial program loading, error checking, CE mode,
and control circuits are also part of the adapter,

1/O INTERFACE

o The 1442 adapter connects to the 1801 or 1802
P-C channel control through the standard I/O
channel interface,

e The 1442 card read punch connects to the adapter
through a unique interface,

Channel Interface

e  All I/0 adapters in the 1800 system share a
standard interface that is described in the IBM
Field Engineering Theory of Operation, 1800
Data Acquisition and Control System, Processor-
Controller. (See FE Bibliography — 1800 System,
Form Y26-0560.)




The 1I/0 channel interface consists of two sets of 60
signal and control lines. These lines connect to
each I/0 adapter in the 1800 system. Each adapter
receives all 60 lines and exits all 60 lines to the
next adapter in sequence. If the 1442 adapter is the
last in the sequence, the channel interface lines
must be jumpered through the remaining adapter
positions (dummy boards). The lines are then ter-
minated at the mixer panel (gate H).

The 1442 adapter taps off and uses signals
from these lines:

Out-bus bits 0 through 15
In-bus bits 0 through 15
Parity bit for bits 0 through 7
Parity bit for bits 8 through 15
IPL Mode

Poll Interrupt level 0-13

Poll Interrupt level 14-23

Use meter gate

Time pulse A

Time pulse B

Time pulse C

Cycle steal request F through K
Cycle steal acknowledge F through K
Cycle steal control] 1

Cycle steal control 2

CAR check or Parity error

Storage protect violation

XIO data cycle

XIO control cycle

Reset

1/0 Device Interface

@ The I/O device interface includes the signal
lines that connect the 1442 card read punch to
the 1442 adapter.

The 1442 signals connect from the adapter board,
through flat cable, to the processor-controller signal
tailgate. Two serpent connectors and signal cables
connect the interface lines to the 1442, These lines
and their functions are listed in Figure 3-4.



Adapter

Magnet A and B (2 lines)

Line In/Out . Function

Card Feed CB 1-4 In Signals the position of the card feeding mechanism at four different points.

(4 lines)

Punch CB 1 and 2 In Indicates to the adapter when to impulse the punch magnets and when to detect the punch echo pulses.

(2 lines)

Read SCA 12, 11, In Read data to the adapter.

and 0-9 (12 lines)

Read Emitter 1 In This signal occurs near the middle of each column during a feed or read cycle.

Incremental Drive In Signals the adapter when to impulse the incremental drive magnets

CB A and B (2 lines)

Punch Lamp Dark In Indicates a card is in between the read station and the punch station.

Punch Check Amp In Punch echo pulses which indicate which rows were punched in the previous column.

12,11, and 0-9(12 Lines)

Start Switch In Signals the adapter that the operator desires to place the 1442 in the ready status.

Stop Switch In Signals the adapter that the operator wants to stop the 1442 and remove it from the ready status.

NPRO Switch In When the NPRO key is depressed this line signals the adapter that the operator wants to remove the cards
from the 1442 feed path without processing them.

Hopper Empty Switch In Indicates the hopper contains no cards.

Stacker Jam Switch In Indicates a card jam in the stacker transport area.

Idle Relay Contact In Indicates that the idle relay is activated.

Punch Magnet 12, 11, Out Punch data to the 1442

and 0-9 (12 lines)

Ready Indicator Out Indicates the 1442 is ready to process cards.

Check Indicator Out Indicates an error condition exists that is further defined on the back-lighted panel.

Misfeed Indicator Out Indicates a card did not feed from the hopper during a card feed cycle.

Read Station Jam Out Indicates a card jam or faulty operation of the read station .

Indicator

Punch Station Jam Out Indicates a card jam at the punch station.

Indicator

Stacker Jam Indicator Out Indicates a card jam in the stacker transport area.

Feed Clutch Misfeed Out Indicates the card feed clutch made an unrequested cycle .

Indicator

Read Error Indicator Out Indicates that data read from a card column during the first sample time was not equal to the data read at the
second sample time .

Punch Error Indicator Out Indicates that the punch echo pulses were not equalto the data that was to be punched.

Data Overrun Out Indicates that data was lost because the channel failed to transfer data within the time the 1442 required
service.

Process Meter Out Activates the process meter relay which activates the process meter.

Stacker Select Magnet Out Activates stacker select magnet which selects a alternate stacker.

Idle Relay Out Activates the idle-relay driver when the 1442 is not busy.

Motor Relay Out Activates the motor relay, causing the 1442 drive motor to be activated.

Feed Clutch Relay Out Activates the card feed clutch magnet which advances all the cards in 1442 one station.

Incremental Drive Out Activates an incremental drive magnet which advances the card in the punch station one column.

N

Figure 3-4, 1442 Device Interface Lines



CHAPTER 2 FUNCTIONAL UNITS

o  The interrelationship of the functional units de-
scribed in this section is shown in the 1800
Maintenance Diagram Manual (MDM) page EN
20101.

FUNCTION REGISTER

o  One three-position register decodes the functions
for the card read punch.

o Loaded from out-bus bits 5, 6, and 7 during the
XIO control cycle.

Bits 5, 6, and 7 of the IOCC control word, placed on
the out bus during the XIO control cycle, are the

gate inputs to the function register. The pulse that
sets the register is activated by the XIO control cycle
line if the card read punch area or interrupt level is
on the out bus and if there is no CAR-check or parity-
error indicated by the processor-controller. The
function register is reset at the end of the XIO data
cycle. The decoded output of the function register
provides the following functions:

011 Sense Interrupt: This command directs the card
read punch adapter to place its assigned interrupt-
level-status-word (ILSW) bit on the in bus if any of
its interrupt indicators are on. The ILSW is loaded
into the P-C accumulator for program analysis.

100 Control: This command causes the card read
punch to perform either a feed cycle or a stacker
selection as specified by the IOCC control word modi-
fier.

101 Initialize Write: This command causes the data
in the core storage location specified by the IOCC
address word to be transferred to the card read punch
adapter and punched in the card.

110 Initialize Read: This command causes the 80-
column card image to enter core storage, through
cycle stealing, starting at the specified address.

111 Sense Device: This command causes the card
read punch adapter to place its device status word
(DSW) on the in bus. The DSW is loaded into the
processor-controller accumulator for program analy-
sis.

000 CE Mode: This special-use command is not de-
coded by the function register. It is decoded by the
CE-mode circuit to place the card read punch adapter
in, or take it out of, the CE mode.

DATA REGISTER

e Twelve flip-flops: position 12, 11, and 0 through
9.

° Loaded from one of three inputs for read, punch
data, and punch check.,

e Cleared for a read operation by the rise of each
read-emitter pulse.

e Cleared for a punch operation by the TR-2
register-complement flip-flop.

e  Output is gated to the punch magnets by the punch-
data gate.

o Output is gated to the in bus by cycle steal ac-
knowledge.

e Output is checked for a no-bit condition for both
read and punch operations.

e Initial program load (IPL) loads and clears the
data register via the read load-and-clear circuits.

e IPL mode gates the data-register and pack-
register outputs to in-bus bits 0-15.

During a read or IPL operation, the data-register
input is from the photo sense amplifiers. The input
is gated by XIO-read or IPL-mode and set by the
register-complement sample pulse. Output is to the
in-bus positions shown in Figure 3-5.

During a punch-write operation, input to the data
register is from out-bus bits 0 through 11. Bit 0 is

Data Reg . In Bus Bit
IPL IPL
Position Read Odd Col | Even Col
12 0 8 0
11 1 9 1
0 2 10 2
1 3 11 3
2 4 12 4
3 5 13 5
4 6 14 6
5 7 15 7
6 8
7 9
8 10
9 1

Figure 3-5, Data Register Output, Read and IPL Operation



loaded into data-register position 12; bit 1 into posi-
tion 11; etc., through bit 11 which is loaded into posi-
tion 9. This input is gated by a channel timing pulse.
Output is gated to the punch magnets by the punch-
data-gate flip-flop and turned on at T7 time of an XIO
data cycle.

During a punch-check operation, input is from
the punch-magnet-echo pulses, gated by the register-
complement sample pulse.

Register Complement

e Two flip-flops, TR1 and TR2, shown in MDM
EN 40121 and MDM EN 40131.

e During a read operation, TR1 is turned on by the
read emitter.

o During a punch operation, TR1 is turned on by
punch CB-1.

e TRI1 is turned off by a four-megacycle oscillator.

e TR2 is turned on by TR1 going off and is turned
off by the next pulse from the four-megacycle
oscillator.

e The output provides data-register reset for a
punch operation and gates the complementary
input for punch and read operations.

Read Operation: The turning-off of TR2, while the
read-SS1-gate single-shot is active, generates a
register-complement sample pulse to load the data
register. TR2 going off also turns on the cycle-steal-
request flip-flop to initiate a data transfer. After the
read-SS1-gate single-shot times out, the turning on

of TR2 generates another register-complement pulse
that, because the same read pulses are still active,
leaves all the data register flip-flops off. When TR2
is turned off by the oscillator pulse (read-SS1-gate
off), a set-read-error pulse is generated to test for
a data-register-equal-zero condition.

Initial Program Load or Pack Mode Operation: With
read-SS1-gate active, the turning off of TR2 gates
every odd column (conditioned by odd/even flip-flop)
to the pack register. TR2 going off also turns on the
cycle-steal-request flip-flop after every even column.

Punch Operation: TR2 going on generates the
register-complement pulse to gate the punch-echo
pulses into the data register for checking. The
turning-off of TR2 by the oscillator pulse generates
a data-register-reset pulse, a set-cycle-steal-
request pulse, and a punch-error sample pulse.

Punch Incremental Drive

e Two flip-flops, incremental-drive-A and -B.

e  Shown in MDM EN 40131.

e Controlled by card-feed position and punch CB's.
e Provides punch card-feed pulses.

e Controls the data-register-complement circuit.

The incremental-drive mechanism for the punch card-
feed requires two pulses for magnet energization. The
drive pulses are provided by two flip-flops that are
controlled by card-in-punch-station, XIO punch flip-
flop, and punch CB pulses. The output also controls
the turn-on of the TR1 flip-flop in the data-register-
complement circuit.



CHAPTER 3 PRINCIPLES OF OPERATION

e The 1442 read and punch operations are under
control of the 1800 data channel.

e Before a read or punch operation can begin, the
1442 must be placed in the ready condition (card

at read station).

Control Command

e Causes the card read punch to perform either a
feed cycle or a stacker select operation.

IOCC Control

0 I 2 34 56 7 8 9101112131450 1 23 4 5 67 8 9101 12131415

T I e
Address Area  Function Modifier

Address: Not used.

Area: Control word bits 0 through 4 decode as 00010
to select the first 1442 card read punch adapter.

Function: Bits 5, 6, and 7 decode as 100 to specify
a control command.

Modifier: Only bits 8 and 14 are used. Bit 8 =1

causes a stacker select operation. Bit 14 = 1 causes

a feed cycle operation
Description

E-1 Control Cycle: The IOCC control word is placed
on the out bus. If bits 0 through 4 decode as 00010
and if no CAR-check-or-parity-error is indicated
from the processor-controller, the set-function-
register pulse is generated. Set-function-register
loads out-bus bits 5, 6, and 7 into the function regis-
ter. The function register activates the control-
function line to the I/0 monitor interface connector.
This function register decode performs no other
function in the adapter.

Out-bus bits 5, 6, and 7 also decode as 100 to
condition the turn on of both the stacker-select and
the X10-feed flip-flops. If out-bus bit 8 = 1, the set-
function-register pulse turns on the stacker-select
flip-flop. If out-bus bit 14 = 1, the set-function-
register pulse turns on the XIO-feed flip-flop.

E-2 Data Cycle: Dummy cycle.

Feed Cycle: The XIO-feed flip-flop activates the busy
line which turns on the motor latch to start the drive
motor. The busy line starts an 850-millisecond time
delay to allow time for the motor to reach running
speed. If the feed-interlock latch is off, the timing
out of the time delay turns on the feed-clutch latch.
If a card is at the punch station (Figure 3-6), the
feed cycle moves it into the stacker. If a card is at
the read station, the feed cycle moves it to the punch
station with column-one under the punches. The feed
cycle also moves a card from the hopper to the read
station.

Stacker Select: During the E-1 control cycle, if out-
bus bit 8 = 1, the set-function-register pulse turns
on the stacker-select flip-flop. With stacker-select
on, the feed CB1-2 pulse turns on the stacker-magnet
flip-flop and at the same time turns stacker-select
off. The stacker-magnet flip-flop activates a line to
the 1442 to cause the card leaving the punch station
to be selected into the second stacker.

Initialize Write Command

e A cycle steal request is sent to the processor-
controller to request data transfer.

o The data at the core storage location specified by
the IOCC address word is transferred to the 1442
adapter by a cycle steal cycle.

o As the data is punched, it is checked and another
cycle steal request is initiated to get the data for
the next column.

o At the end of the punch data, the operation-
complete interrupt is initiated.

e The I/0O operation diagram for the punch opera-
tion is on MDM page EN 40131.

o The timing diagram for the punch operation is on
MDM page EN 70131.

IOCC Initialize Write Command

O | 2 34 56 78 91011121314150 1 23 4567 8 9101112131415
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Address Area  Function Modifier

Address: These 16 bits specify the core storage

location of the first word of the data table.
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Figure 3-6. Card Path

Area: Bits 0 through 4 decode as 00010 to select the
first 1442 adapter.

Function: Bits 5, 6, and 7 decode as 101 to specify
the initialize write function.

Modifier: Not used.
Description

E-1 Control Cycle: The processor-controller places
the IOCC control word on the out bus. If bits 0 through
4 decode as 00010 and there is no CAR-check-or-
parity-error indicated by the processor-controller,
the 1442 adapter loads its function register with out-
bus bits 5, 6, and 7. The function register decodes

as 101 to activate the initialize write function.

E-2 Data Cycle (Load CAR): The processor-controller
places the IOCC address word on the out bus.

Initialize write and XIOdata cycle AND to activate
. the set-address-register line. Set-address-register
activates the cycle-steal-acknowledge line to the
processor-controller and gates the address word into
the channel address register. The channel address
register addresses core storage for the cycle steal
cycles that follow.

The initialize-write function conditions the XIO-
punch flip-flop to be turned on at T7 time.

Reading
Station

Hopper
Card
Capacity
1200

Punch Cycle: XIO-punch activates the busy line which
starts the motor and initiates an 850-millisecond
delay to allow the motor to reach operating speed.
The feed clutch is then energized and a card is fed to
the punch station. When the card is in the punch sta-
tion, XIO-punch conditions the incremental-drive-A
and -B flip-flops. The incremental-drive flip-flops
are turned on by incremental-drive CB pulses to ener-
gize the incremental drive magnets.

Incremental-drive-A or -B, AND'ed with punch
CB-1, activate a one-millisecond CB-1 gate. This
gate turns on the register-complement-TR1 flip-flop.
When TR1 is turned off by a four-megacycle oscil-
lator, TR2 is turned on to generate the register-
complement pulse. This pulse normally gates the
punch-echo signals to the data register; however,
during this first cycle there will be no signals be-
cause the data transfer has not taken place.

When TR2 is turned off by the four-megacycle
oscillator, the set-cycle-steal-request sample pulse
is generated to gate the data register output to the
punch-error flip-flop and to turn on cycle steal re-
quest.

When the processor-controller services the cycle
steal request, it sends a cycle steal acknowledge to
the adapter. During the data cycle, the data to be
punched is loaded into the data register. At the end
of the cycle steal acknowledge, the data register out-
put is gated to the punch magnets. As each column
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is punched, punch echo signals are gated to the com-
plement input of the data register. All positions
should thereby be turned off.

The next time TR2 is turned off, the data regis-
ter is sampled for any positions being on, the regis-
ter is reset, and the cycle-steal-request flip-flop is
turned on to request the transfer of the data for the
next column. )

Punching continues until a bit-12 is received on
the out bus to turn on the last-punch flip-flop. Last-
punch resets the XIO-punch flip-flop and the operation-
complete flip-flop is turned on.

To eject a punched card to the stacker, the pro-
gram must execute a control (feed card), an initialize
read, or another initialize write command. These
commands advance all the cards in the serial path.

Last Card Sequence

e  When the hopper becomes empty during a feed
cycle, the card-read-punch-ready status is
deactivated.

The operator may continue processing cards by load-
ing more cards into the hopper and pressing the start
key or he may initiate a last-card sequence by press-
ing the start key without loading more cards in the
hopper. When the start key is pressed without cards
in the hopper but with a card in the read station, the
1442 adapter activates the ready condition and allows
two more feed cycles to be taken.

If the last-card sequence istobe entered, the pro-
gram determines this through the last card indicator
in the device status word. This indicator is turned
on after the last card has passed the read station,

Initialize Read Command — Card Iniage Mode

e Initiated by an initialize read command with bit
15 equal zero.

o The 1442 reads columns 1 through 80 in one
continuous motion of the card.

e Each column is read, placed in the data register,
and checked.

e As soon as the data register is loaded (one col-
umn), the adapter sends a cycle steal request to
theprocessor-controller to request a data transfer.

e The adapter sends an operation-complete inter-

rupt to the processor-controller after all 80
columns have been read.
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e The I/O operation diagram for the read opera-
tion is on MDM page EN 40121,

e The timing diagram is on MDM page EN 70121.

IOCC Initialize Read (Card Image Mode)

0 1 234 56 78 9101121314150 1 2 3 4567 8 9101112131415

Jooo ool T T
T “Avea Fonction | lM:)dlifier‘
24161

L
Address Area  Function

Address: These 16 bits specify the core storage

location of the first word of the data table.

Area: Bits 0 through 4 decode as 00010 to select the
first 1442 adapter.

Function: Bits 5, 6, and 7 decode as 110 to specify

an initialize read command.

Modifier: Bit 15 must be a zero to specify the card-
image mode of read operation. (Bit 15 = 1 would
specify the pack mode.)

Description

E-1 Control Cycle: The processor-controller places
the IOCC control word on the out bus. If bits 0 through
4 decode as 00010 and there is no CAR-check-or-
parity-error indicated by the processor-controller,
the 1442 adapter loads its function register from out-
bus bits 5, 6, and 7. The function register decodes

as 110 to activate the initialize read function.

E -2 Data Cycle (Load CAR): The IOCC address word
is placed on the out bus. Initialize read and XIO data
cycle AND to activate the set-address-register line.
Set-address-register activates the cycle-steal-
acknowledge line to the processor-controller and
gates the address word into the channel address reg-
ister (CAR). The channel address register addresses
core storage for the cycle steal cycles that follow.
The initialize-read-function line conditions the
X10O-read flip-flop to be turned on at T7 time.

Card Read Cycle: XIO-read activates the busy line
which starts the 1442 motor and initiates an 850-
millisecond delay to allow time for the motor to reach
operating speed. The feed clutch is then energized
and a card is fed to the read station,

XIO-read and a read-emitter pulse condition the
reset of the data register. This line also turns on
TR1 of the register complement circuit. TR2, turned
on when TR1 is turned off by a two-megacycle oscil-




lator, conditions the loading of the data register from
the read photo-sense amplifiers. The I/O operation
diagram for a control and read operation (MDM EN
40121) contains circuits and a timing chart that show
that when XIO-read is on, read emitter pulses (one

per column), through TR1 and TR2, initiate the follow-

ing four functions:

Resets the data register

Loads the data register

Turns on the cycle-steal-request flip-flop
Checks the data register output

L

Note that there is one data-register reset, two
complement-sample pulses, and two set read-sample
pulses for each emitter pulse or card column. The
first set-read-error pulse is not effective because
the read-SS-1-gate is active. The data register is
loaded with the card image by the first complement
sample pulse. The same pulse that loads the data
register, TR2 going off, turns on the cycle-steal-
request flip-flop. During the next 100 microseconds,
the data is gated onto the in bus by a cycle-steal-
acknowledge signal from the processor-controller.

When the read-SS1-gate drops, TR1 turns on and
is reset by the next oscillator pulse, turning on TR2.
TR2 going on generates a second register-complement
pulse. The same card column is being read; there-
fore, all positions of the data register should be
complemented to the off condition.

When TR2 is turned off by the next oscillator
pulse, the set-read-error pulse is generated, If
any data register flip-flops are on at this time, the
read-error flip-flop is turned on.

Cycle Steal Cycle: The cycle steal request, when
its priority level can be serviced, initiates a cycle
steal cycle. The processor-controller activates the
assigned cycle-steal-acknowledge line to the 1442
adapter. The cycle-steal-acknowledge line gates the
data register output onto in-bus positions 0 through
11.

The data word containing the card-column image
is stored in the core storage location addressed by
the channel address register. During this cycle
steal cycle the channel address register is advanced
one position to contain the core storage address of
the next data table position for the next data word
received from the 1442,

The data read from each card column is trans-
ferred to the processor-controller by cycle steal
cycles until column 80 is read. After column 80 is
read, the busy line is deactivated to turn on the
operation-complete flip-flop. Operation-complete
initiates an interrupt request to signal the program

that the card has been read. To read another card,
the program must execute another XIO instruction
referencing an IOCC with an initialize read function
specified.

Initialize Read Command - Pack Mode

e [Initiated by an initialize read command with con-
trol word bit-15 = 1.

o Rows 12 through 5 of odd-numbered columns are
read and loaded into the pack register for trans-
fer and into the data register for checking.

e Even-numbered columns are read and loaded
into the data register.

e Cycle steal request is sent to the processor-
controller after every even-numbered column is
read.

o Operation complete is turned on after column 80
is read. '

e The pack mode circuits are shown on the I/0
operation diagram, MDM page EN 40121.

The only difference between card-image mode and
pack mode is that pack mode must read two card
columns and load the data into registers to be gated
to the in bus as one data word before generating a
cycle steal request.

The pack-mode flip-flop, turned on by bit 15 of
the initialize read command, gates the binary input
of the odd/even ilip-flop. Odd/even is turned on by
the fall of the first-TR1 pulse and turned off by the
fall of the TR1 pulse for the next column (read SS-1
gate on).

Odd/even is therefore on during the reading time
of the odd-numbered columns. The on-output gates
the load-pack-register SPD; it is turned on by the
fall of the TR2 pulse, thereby loading the pack regis-
ter (eight flip-flops) with bits 12 through 5 of the odd-
numbered columns. The odd-numbered columns are
read and loaded into the data register at the same
time for checking purposes. Data register bits 6
through 9 are not gated to the in bus or the parity
generator during pack mode operation.

The even-numbered column data is read and
loaded into the data register only. The turn-on of
cycle steal request is gated by the off output of the
odd/even flip-flop and is turned on by the fall of the
TR2 pulse. A cycle steal request is thus generated
after every even-numbered column is read, resulting
in 40 cycle steal requests per card.
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Initial Program Load IPL)

e Reads, stores, and initiates a program.
o Reads each column as pack mode (Figure 3-3).

e  After the load-card is stored, beginning at the
core storage location specified by the I register
(normally reset to 0000), the P-C begins execu-
tion of the instruction at 0000.

o IPL circuits that are in the 1442 adapter are
shown on MDM page EN 40121.

® Processor-controller IPL circuits are shown on
MDM page CC 50103.

The following procedure starts the initial program
load operation.

1. Place the processor-controller mode switch in
the run or the single-instruction-with-cycle~
steal position.

2. Place the program deck in the 1442 hopper.

3. Press the processor-controller reset key.

4. Press the 1442 start key to cause a run-in cycle.

5. Press the processor-controller program-load
key.

The program-load key turns on the IPL-mode
flip-flop in the processor-controller, activating the -
IPL-mode line to the 1442 adapter. IPL-mode ORs

with XIO-read and XIO-feed to perform the same
functions that are performed by the initialize read,
pack mode, command.

IPL-mode also conditions the data-register-
output gating during the XIO data cycle. The output
is gated to the in-bus positions as shown in Figure
3-4.

An IPL column interrupt (in bus bit 15) is acti-
vated when each even column of the card is read.
This signals the P-C that the pack and read registers
are loaded and starts the P-C clock. The clock runs
for one cycle to transfer the pack and read register
contents to core storage.

When column 80 is transferred by the IPL col-
umn interrupt, in-bus bit 14 is also activated. Bit
14 turns off the IPI-mode flip-flop to modify the IPL
column interrupt sequence. This sequence causes
the P-C to transfer the pack and read register con-
tents, reset the I register to 0000, and run the clock
to execute the instruction loaded at 0000.
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Sense Interrupt

® Causes the operation-complete flip-flop, if on,
to place its assigned bit on the in bus as part of
the interrupt level status word (ILSW).

e ILSW is loaded into the processor-controller
accumulator for program analysis.

o The sense-interrupt gating of the operation-
complete indicator is shown on MDM pages
EN 40121 and EN 40131.

IOCC Sense Interrupt

01 234 56 78 9101121314150 1 2 3 4567 8 910U 12131415

RN D DI e

Address Area  Function Modifier

Address: Not used

Area: Not used (adapter is selected by the modifier
bits) .

Function: Code 011 specifies the sense interrupt
command.

Modifier: Bits 11 through 15 are placed on the out
bus automatically by the processor-controller during
the XIO control cycle. These bits are decoded to
identify the interrupt level to which the 1442 adapter
is assigned.

Interrupt Level Status Word

The 16 bits of the ILSW define the interrupt status of
all the-I/O adapters assigned to the specified inter-
rupt level. The 1442 adapter contains one interrupt
indicator, operation-complete. The customer assigns
the ILSW bitposition that represents the 1442 operation- :
complete.

Description

E-1 Control Cycle: The processor-controller places
the IOCC control word on the out bus. If the modifier
bits represent the interrupt level to which the 1442
adapter is assigned, the adapter decodes the function
code as 011 to specify the sense interrupt function.

E-2 Data Cycle: The sense interrupt function gates
the output of the operation-complete flip-flop into the
assigned in-bus position.




Sense Device

® Causes the adapter to place its device status
word (DSW) on the in bus.

e The DSW is loaded into the processor-controller
accumulator for program analysis.

e If specified by bit 15 of the IOCC control word,
certain sensed indicators are reset.

IOCC Sense Device

0 1 2 34 56 7 8 9101 12131450 1 2 3 4 5 67 8 91011 12131415

[ fo00 1 0[111] A
1 2 2 by 3 1 1 NS J00% TS TS 1 1 1 1 1 I a 1 1 I L, b3
Address Area  Function Modifier

Address: Not used.

Area: Control-word bits 0 through 4 decode as 00010
to select the first 1442 adapter.

Function: Bits 5, 6, and 7 decode as 111 to cause the
1442 adapter to perform a sense device function.

Modifier: Bit 15 = 1 causes certain indicators to be
reset when they are sensed.

Device Status Word

| 2 34 56 78 9101112131415

0
S0 R
2
3
4
5
6

Any Error
Last Card

Operation Complete
Parity

Storage Protect Violation
7 Feed Check, Read Station

12 CE Busy

13 CE Not Ready

14 Busy

15 Not Ready

Any Error: Indicates that one or more of the follow-
ing error conditions exist:

Parity Error.

Storage Protect Violation.

Feed Check, Read Station.

Data Overrun.

Read Registration Check.

Punch Check.

Hopper.

Transport.

Feed Check, Punch Station.
. Feed Clutch.

WO 00~ O U W

-t
=3

Last Card: This indicator shows that column 80 has
passed the read station and the hopper and read sta-
tion are empty.

Operation Complete: The operation-complete inter-
rupt occurs after a card has been read. It indicates
that column 80 of the card has passed the read station.
This interrupt occurs 20.6 ms after column 80 for
the model 6 and 15.4 ms after column 80 for the
model 7.

This interrupt also occurs after the last column
to be punched has been punched and checked, and the
punch drive stopped. This will occur 12.5 ms after
the last terminating write function for the model 6
and 6.25 ms after the last terminating write function
for the model 7.

The operation-complete interrupt also occurs
if a new XIO command is given before clutch pick-up
time (Feed CB-3) and one of the following feed errors
is detected: mis-feed, feed check punch station,
feed check read station, stacker jam.

Parity: Indicates that the processor-controller
detects a CAR check or parity error during an XIO-
read or XIO-punch data cycle, or, the 1442 parity-
check circuits detect a parity error in the data regis-
ter during a punch operation.

Storage Protect Violation: Indicates that an attempt
was made to enter card column data into a protected
(read only) core storage location.

Feed Check, Read Station: Indicates that a card is
improperly positioned at the read station.

CE Busy: Indicates that the 1442 is busy and is in the
CE mode.

CE Not Ready: Indicates that the 1442 is either not-
ready or busy, and, is in the CE mode.

Busy: The busy indicator indicates that a command
cannot be initiated because one is already in progress.

Not Ready: This indicator shows that the 1442 is not
ready, is busy, or is in CE mode. If not busy, man-
ual intervention is required to ensure that the follow-
ing conditions are met.

1. Power On.

2. Card registcred at read station (initially).

3. Cards arc in hopper or last-card sequence is in
progress.

4. Stacker not full.

5. Check light off.
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6. If the stop key has been pressed, the start key
must have been subsequently pressed.
7. Chip box not full or removed.

Description

E-1 Control Cycle: The processor-controller places
the IOCC control word on the out bus. The 1442
adapter decodes the area, function, and modifier
bits. If bit 15 = 1, the bit-15 flip-flop is turned on.

E-2 Data Cycle: The adapter places a one on the in
bus in the bit positions associated with the status
indicators that are on. The in bus is gated to the out
bus during this cycle. If the bit-15 flip-flop is on,
the operation-complete, parity-check and storage-
protect-violation flip-flops are reset by their corre-
sponding out-bus bits.

CE Mode

e Turns on, or off, the CE-mode flip-flop in the
adapter.

When the CE-mode flip-flop is on, interrupt and
device status indicators are modified to signal the
program that the 1442 adapter is in the CE mode.
When in CE mode, the 1442 interrupts on the CE
interrupt level rather than on the assigned level.
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IOCC CE Mode

0 I 2 3456 78 910121314150 1 2 3 4567 8 910112131415

E", BEYR S WSO T TR SO '1 Lovdeor, IO|O|O.1|0|0.O.Ol L lll( ;',« 4 ! J
Address Area  Function Modifier

Address: Not used.

Area: Control word bits 0 through 4 decode as 00010
to select the first 1442 adapter.

Function: Bits 5, 6, and 7 decode as 000 to turn on,
or off, the CE-mode flip-flop in the adapter.

Modifier: Bit 15 = 1 conditions the CE-mode flip-
flop to be turned on; bit 15 = 0 conditions it to be
turned off.

Description

E-1 Control Cycle: The word at EA + 1 (IOCC con-
trol word) is placed on the out bus. The area is
decoded if there is no parity error signal from the
P-C. At time-pulse-B time, the control-word pulse
is generated. The control-word pulse, gated by bits
5, 6, and 7 = 000 and out-bus bit 15 = 1, turns on the
CE-mode flip-flop. If out-bus bit 15 = 0, control-
word and bits 5, 6, and 7=000 turn off the CE-mode
flip-flop.

E-2 Data Cycle: A dummy cycle.



CHAPTER 1 INTRODUCTION

e The 1443 Printer (Figure 4-1) provides high-
speed on-line printing capabilities for the 1800
system.

® One 1443 Printer can be attached to the system.

e Printer is buffered and operates on a data
channel.

e Data to be printed must be edited and arranged
in core storage in the form to be printed.

e Data format in core storage is two characters
per word (Figure 4-2).

An initialize write command causes the data to be
transferred from core storage to the print buffer,
two characters at a time. The number of characters
transferred is determined by the word count (N). (A
word count of N will cause 2N characters to be trans-
ferred. The word count must not be greater than one
half the number of print positions.) Once the data is
transferred and the remaining positions of the print
buffer have been filled automatically with blanks, the
printer prints the line.

The total time demand from the processor-
controller during the loading of the buffer via the
data channel depends on the core storage cycle time.
The time is approximately 4 (N+1) microseconds
(usec) for 4 usec core storage, 2 (N+1) usec for
2-usec core storage.

PART 4 IBM 1443 PRINTER

Spacing and skipping of the carriage are under
direct program control. Control commands are used
to indicate the spacing or skipping desired before or
after printing the line. The control command can be
executed at any point in the program. All skip-
immediate and space-immediate controls are exe-
cuted by the printer when the control command has
been completed. Skip-after-print and space-after-
print controls are executed immediately after the
printing of the next line.

PRINTER FUNCTIONAL DESCRIPTION

e For a description of the 1443 Printer, see IBM
Field Engineering Theory of Operation, 1443
Printer. (See FE Bibliography — 1800 System,
Order No. SY26-0560.)

Printing Speeds

The 1443 takes approximately 2 milliseconds (ms) to
load its buffer. The actual line printing speed
depends upon the character set in use (Figure 4-3).

Print Positions

The standard printer has 120 print positions horizon-
tally spaced at 10 per inch. Vertical line spacing of

6 or 8 lines per inch is selected by a belt pulley adjust-
ment on the printer carriage.

Word 1| Word 2 | Word 3 | Word 4| Word 5| Word 6 | Word 7

Figure 4-2, Core Storage Word Format

Character Lines per Minute
Set 1443-1| 1443-2
13 430 600
39 190 300
52 150 240
63 120 200

Figure 4-3, Printing Speeds
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Bit
Bit

~—
11213|41516]17|8]910|A|BIC|D|E|F|G|H|I|J]|K|L|MINIO|P|Q|R|S|T|U|VIWIX]|Y]|Z] Character
2 10 B|B|B{B|B|B|B|B|B|B|B|B|B B|B|B|B
3 11 AlAAJA[AlA]A]A AlAJAJALAJAIATA
4 12 818}|8 818 8|8 8|8
5 13 41414 41414 4 4 414 4
6 14 212 212 2 212 2 2|2 2|2 2{2 2
7 1541 1 1 1 1 1 1 1 111 1 1 1 1 1 1
5 5 -—
+lal=|/lwlal# =] . {sle| C])|[«]]=fe|{!|>1:]|<l:12]|n|1]|n] Character
2 10 B BIB B|B B|B B|B B|B B|B
3 11{A[A AlAlA A AlA AlA AlA AlA
4 12 8/8|8|8[8|8(8]/8|8/8]|8 8|/8(8/88|8|8]|8|8]8(8
5 13 4lalalalalalala]a]a]a]a]a]a]4]4
6 14 2(2121212(2(2 2)12]|2|2]2]2]2]2
7 15 1 I0NE 1DE IHNEE

Figure 4-4, Character Coding

The 1443 option of 24 additional print positions is
available.

Character Codes and Typebar Arrangements

e IBM 1800: Figure 4-4 shows the character
coding required in the core storage for the
corresponding printer character.

e IBM 1443: The 52-character bar is standard
and is shipped with all machines; typebars with
13, 39, and 63 characters are available as addi-
tional typebars (Figure 4-5).

Forms

Continuous forms with marginal punching on both
sides must be used. For more detail on forms
specifications refer to IBM 1403 and 1443 Printers:
Form Design Considerations (Order No. GA24-3041).

Carriage

The carriage is tape controlled and advances the form
as directed by the program. The carriage control
characters and their meanings are shown in Figure
4-6.

The carriage control command can be used to
initiate an immediate or a delayed start for a line
space or forms skip. An immediate skip or immedi-
ate space is executed at the time the control command
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is given. A delayed skip or delayed space is executed
at the end of the next print cycle and supersedes the
automatic single space after print that is given if
there is no programmed carriage control.

The carriage can be single, double, or triple
spaced on an immediate or delayed basis. An imme-
diate skip or immediate space requires 45 ms for the
first line and 10 ms for each additional line. A de-
layed space or delayed skip of one or two lines is
executed as part of the 1443 print cycle. The third
line adds approximately 1 ms to the print time and
each additional line of a skip adds 10 ms. Sensing
a punch in the 9 or 12 tape channel during spacing,
sets indicators in the device status word that can be
entered into the P-C accumulator by a sense device
command.

The carriage is equipped with an adjustable paper
brake that also functions as an end-of-forms contact.
The distance between the platen and the typebar is
adjustable to permit optimum printing impressions
with forms of different thickness. The forms tractor
on the 1443 can be positioned to approximate locations
and locked to the guide. Final adjustment is accom-
plished with the lateral print vernier which is capable.
of moving each tractor a maximum of 1/2 inch.

Printer Keys and Lights

Power On: This light indicates that -
to the printer control circuits
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&|-11|/[A]J]2]s|B|K]|3|T 41U 5|V|[E [N|6 Ol 7| X 8 |Y|H|Ql9 |Z]! |R|0[%|O si@c it ole k1t T
B|B B BB B B|B B |B B (B B B|B B B BB B B|B BB BB
A AlA AlA AlA AlA AlA A AlA A A AlA A AlA AlA AlA AlA
8(8/8|8[8|8|8|8|8(8]8 8/8/8(8|8 8|8/8|8/8/8|8/8|8(8(|8]8
4141414414 |4(41414]141414(41414 41414141414 |4(4]4|4|4]41414 1414
2(2(2(12({2|2(2]2 2(212]2(2)|2]|2{2 2(2]2 2|2 2(2]2[2)2)2]2]2
1{rip T 1 1111 1111 IARERAL 11 i {111
3
PCC
T8 52 Reset
&|-{1]/|A]J[2|S|B[K|3|T|{C|L|4]U|DIM|5|VIE[N]&|W[F [O|7 [X|GIP [8 |Y|H|Q|? |Z]|I |[R]0 |%|D s @) ]) i
BB BB B BB BB B|B B|B B|B B|B BB B BB B
A AlA AlA AlA AlA AlA A AlA AlA AlA AlA A AlA A
8/8(8|8[8|8({8(8|8]8(8 8/8|8|8|8
4141414141414[4141414)414(4|4|4 414 |4
2(2|2]2]212(2|2 2 2(2)212)2|2 2122 2|2
T[]0 Ty T[] (1)1 {11 111 1
? |
Sync PCC
T8 39 Check Reset
; $|1]AJ|2[S|BIK[3|T|C|[L]4|U|D[M|5|VIE [N]6|W|F|O|7IX|G|P|8]Y]|H|Q|?[Z]! |[R]O
B|B| |B|B B|B BB BB B|B BB B|B B|B B|B
AlA A AlA A A A AlA AlA
818(8 818|8/8(8/8/8]|8]|8
41414 |4]14|4|4]|4|4]4(4|4(4|4]4]4
2(2)2 2|212(2|2(2|2]2 21212(2]2(2]|2|2 2
INERRRRERER T 1141 1)1
1 7
Sync PCC
T8 13 Check Reset
1(2]3]4(5[6|7]8]910].|*|-
B[B|B
A
8|8[8/8|8 \_ Indicates change in PCC
41414 (4 4 drive pattern
2|2 212 2|2
1 1 1 1 1 1

o

Sync PCC
Check Reset

Figure 4-5, Type Bars and Associated Bit Configurations
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Bit Bit
Immediate Skip to 234567 Skip after Print to 234567
Channel 1 000001 Channel 1 110001
Channel 2 000010 Channel 2 1170010
Channel 3 000011 Channel 3 110011
Channel 4 000100 Channel 4 110100
Channel 5 000101 Channel 5 110101
Channel 6 000110 Channel 6 110110
Channel 7 000111 Channel 7 110111
Channel 8 001000 Channel 8 111000
Channel 9 001001 Channel 9 111001
Channel 10 001010 Channel 10 111010
Channel 11 001011 Channel 11 111011
Channel 12 001100 Channel 12 111100
Immediate Space Space after Print
1 Space 100001 1 Space 010001
2 Spaces 100010 2 Spaces 0106010
3 Spaces 100011 3 Spaces 010011

Figure 4-6. Carriage Control Characters

Ready: This light indicates that the printer is ready
to accept instructions from the processor-controller.
The light is turned off by the stop key or carriage
stop key being pressed, or the printer running out

of forms.

Parity Check: This light is turned on by a parity
error being detected in the printer check circuits.
It is turned off by the processor-controller reset
key being pressed or by the printer check indicator
being program tested.

SYNC Check: This light is turned on by the type bar
being improperly synchronized. This check removes
the printer from the ready condition. Pressing the
printer reset key turns the light off.

End of Form: This light is turned on by the last form
passing the end-of-form switch lever. Printing con-
tinues until a hole is sensed in control tape channel 1.
This signal turns off the ready light. Pressing the
start key places the printer in the ready condition and
causes the remaining lines to be printed until the next
channel-1 hole is sensed.

Start: Pressing this key with power on, the type bar
motor on, and paper forms in position places the
printer in a ready condition.

Stop: Pressing this key removes the printer from the
ready condition.

Reset: Pressing this key causes all printer check
circuit indicators to be reset.

Ribbon Switch: When this switch is in the off position,
the type bar motor is off; however, ribbon and typebar
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control circuits are still active. In the typebar-
removal position, the typebar motor is off, the ribbon
and typebar control circuits are de-energized, and
the typebar can be removed. The switch is turned to
the on position for normal printer operation.

Carriage Restore: Pressing this key positions the
carriage at the next channel-1 punch of the control
tape. If the carriage clutch is disengaged, the form
does not move. When the clutch is engaged, the form
moves in synchronization with the control tape.

Carriage Space: Pressing this key causes the form
to advance one space.

Carriage Stop: Pressing this key stops carriage
operation and removes the printer from the ready
condition.

Carriage Clutch Knob: The carriage clutch is used to
control the carriage tape drive and the form feed
mechanism. When the carriage clutch knob is at the
neutral position, automatic form feeding cannot take
place.

ADAPTER FUNCTIONAL DESCRIPTION

e One adapter accommodates the attachment of the
1443 printer and/or the 1627 plotter to the 1800
system.

e The 1443-1627 adapter is contained on one SLT

board located in the 1801 or 1802 at location Bl
of gate C.

o The channel interface portion of the adapter is

common to both the 1443 and 1627 control; all
other circuits are unique.

The 1443 adapter circuits perform one or more of the
following functions for each I/O command sent to it:

1. Decodes the function to be performed.

2. Controls the printer carriage.

3. Transfers data from the processor-controller
to the 1443 print circuits.

4. Indicates the status of the printer and the adapter
to the processor-controller.

5. Initiates interrupts or cycle steal cycles when
the printer requires service.

Note: If the 1443 is busy or not ready, the XIO write
or control command will be ignored (handled as a
no-op).



The 1443 adapter contains two buffer registers,
a word counter, a function register, and control
circuits to implement the printer and carriage opera-
tions. Indicators for adapter and printer status,
error checking circuits, and CE mode circuits are
also part of the adapter.

I/0 INTERFACE
o The 1443-1627 adapter board connects to the
1801 or 1802 P-C channel control through the

standard I/0 channel interface.

o The 1443 printer connects to the adapter through
a unique interface.

Channel Interface

o All I/0 adapters in the 1800 system share a
standard interface that is described in the IBM
Field Engineering Theory of Operation, 1800
Data Acquisition and Control System, Processor-

Controller (See FE Bibliography — 1800 System,
Form Y26-0560. )

The I/O channel interface consists of two sets of 60
signal and control lines. These lines connect to each
I/0 adapter in the 1800 system. Each adapter re-
ceives all 60 lines, and exits all 60 lines to the next
adapter in sequence. If the 1443-1627 adapter is the
last in the sequence, the channel interface lines must
be jumpered through the remaining adapter positions
(dummy boards). The lines are then terminated at
the mixer panel (gate H).

The 1443 adapter taps off the signal lines that
are used by both the 1443 and 1627 adapter circuits
(System Diagram EJ pages). The 1443 adapter cir-
cuits use these lines:

Out-bus bits 0 through 7 and 9 through 15
(not bit 8)

In-bus bits 0 through 15 (depending on DSW and

ILSW assignment)

Parity bit for bits 0 through 7

Parity bit for bits 8 through 15

Poll interrupt level 0-13

Poll interrupt level 14-23

Use meter gate

Time pulse A

Time pulse B

Time pulse C

Cycle steal request F through K

Cycle steal acknowledge F through K

Cycle steal control 0, 1, and 2

CAR check or parity error

XIO data cycle

XIO control cycle

Reset

1/0 Device Interface

@ The I/O device interface includes the signal and
data lines that connect the 1443 adapter circuits
to the 1443 printer. The printer signals connect
from the adapter board, through flat cable and
serpent connectors, to the P-C signal tailgate.
The signals connect from the tailgate, through a
serpent connector and signal cable to the printer.

The 1443 device interface lines and their functions
are listed in Figure 4-7.
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Adapter

Line In/Out Function

Carriage or Printer In Indicates to the adapter that a line print cycle is in progress, or that the carriage is in motion. The end of

Busy, or Skip Suppress the carriage or printer busy or skip suppress condition turns off the busy FF and turns on the print complete FF.

Print Ready In Indicates to the adapter that the printer is ready to accept a print operation start.

Print Clock Control In Indicates to the adapter (by initiating another cycle steal request) that the 1443 buffer has received
the two output characters.

Print Check In Indicates to the adapter that a 1443 parity error or sync check has occurred. The parity check latch (1443)
can be reset by the sense-device command or by operating either the 1443 or P-C manual reset keys. The
sync check latch can be reset by the 1443 manual reset key only.

Process Release In Indicates to the adapter that the 1443 buffer is full.

Carriage Channel 9 In Indicates to the adapter (by turning on the channel-9 flip~flop that the printer carriage has detected a punch
in channel-9 of the carriage control tape. The adapter channel-9 flip~flop’ will be reset by detecting a
punch in channel-12 of the control tape.

Carriage Channel 12 In Indicates to the adapter (by turning on the channel-12 flip-flop that the printer carriage has detected a
punch in channel 12 of the carriage control tape. The adapter channel 12 flip=flop will be reset by
sensing a punch in channel 1 of the control tape.,

Carriage Channel 1 In This line is active only while the carriage is sensing a punch in channel 1 of the carriage control tape .

Process Bit Out Carries print data and carriage control bits.

CBAB8421 (7 lines)

Time 015-030 Ovut Resets carriage latches during a carriage control operation.

Time 060-090 Out Times the set of carriage latches during a carriage control operation. Times the turn-on of the clock control
trigger which starts the 1443 clock during a print operation.

Time 090-000 Out Times the reset of carriage latches to prevent a skip start when the carriage is already positioned at the
location (channel) to which the instruction directs it.

Time 105-000 Out Times the start of an immediate skip during a carriage control operation.

Carriage Control Out This gate allows timing pulses to reach carriage latches during a carriage control operation.

Print Instruction Out Gates time-060-090 pulse to turn on the clock control trigger which turns on the 1443 clock during a
buffer load operation. Sets 1443 meter~control latch.

Print Check Reset Out Resets the parity-check latch.

Inhibit Print Clock Out This line allows the printer clock to run two cycles to load the print buffer with the two print characters

Reset contained in each data word. This line also allows the printer to print blanks after the last print character
is transferred.

Space Suppress Out Turns on the 1443 space-supp latch at the beginning of a line print operation to suppress the automatic line
spacing that would normally follow the line print operation.

Meter On Out Indicates to the printer that the P-C process meter is running.

Reset SCM Out Turns on the inhibit-print-clock-reset flip-flop in the adapter, which shifts second print character of each
data word from the seven-bit-serial buffer to the seven-bit-print buffer.

End of Form Out Active when the last form passes the end-of-form switch. Printing continues until a hole is sensed in
carriage tape channel 1. This line activates the not-ready line in the adapter.

Figure 4-7. 1443 Device Interface Lines
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CHAPTER 2 FUNCTIONAL UNITS

e The interrelationship of the functional units
described in this section and those contained in
the 1443 printer are shown on MDM page EL
201 01,

FUNCTION REGISTER

o Consists of three flip-flops and four decoding
AND circuits.

o Loaded from out-bus bits 5, 6, and 7 during the
XIO control cycle.

Bits 5, 6 and 7 of the IOCC control word, placed on
the out bus during the XIO control cycle, are the
gate inputs to the function register. The pulse that
sets the register, function set, is activated by the
XIO-control-cycle line if the 1443 printer area or
interrupt level is on the out bus and if there is no
parity error indicated by the processor-controller.
The function register is reset at the end of the XIO
data cycle. The decoded output of the function regi-
ster provides the following functions:

011 Sense Interrupt: This command directs the
1443 adapter to place its assigned interrupt-level-
status-word (ILSW) bit on the in bus if any of its
interrupt indicators are on, The ILSW is loaded
into the P-C accumulator for program analysis.

100 Control: This command causes the 1443 car-
riage to perform a space or skip operation, The
carriage operation is specified by the IOCC address
word,

101 Initialize Write: This command transfers data
from the data table in core storage to the 1443
adapter for printing.

111 Sense Device: This command causes the 1443
printer adapter to place its device status word
(DSW) on the in bus, The DSW is loaded into the
P-C accumulator for program analysis.

000 CE Mode: This special use command is not

* decoded by the function register. It is decoded by
the CE-mode circuit to place the selected printer
in, or take it out of, the CE mode.

WORD COUNTER

o Consists of seven flip-flops arranged as a binary
counter and a counter-zero flip-flop,

o Loaded from out-bus bits 9 through 15 during the
first cycle steal cycle, \

o Loaded in 1's complement form (Figure 4-8).

o Counter-1 flip-flop is complemented and the
counter is advanced with each cycle steal
acknowledge (each data transfer),

o Reset at the beginning of the XIO data cycle.

The word counter is loaded with the complement of the
word count, Each data transfer (cycle steal acknowl-
edge) complements the counter-1 flip-flop. Counter 1
going off turns on, or off, counter 2; counter 2 going
off turns on, or off, counter 4; etc, until counter 64
going off turns on the counter-zero flip-flop.
Counter-zero turns on the transfer-complete flip-flop
to request a program interrupt,

Out Bus Positions 9 [10]11]12]13}14]15
Word Count 01010 1{01{0
Word Counter Positions 64 132|168 |4 [2 |1
1's Complement Word Count Tt jrjoji |1
(Data Transfer)
A
Cycle Steal Cycle 1 2 3 4 5 6

Load Word Count B
]

Step Word Counter

2 m
4 I 1
8 _1 L
16_F T
32 === =
I e T
0 ==

Figure 4-8. Word Count Register Load and Count
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SEVEN BIT SERIAL BUFFER

Loaded from out-bus bits 10 through 15 and the
parity-bit for bits-8 through 15 during the second
and subsequent cycle steal cycles,

Contents are the second characters of each set of
two characters to be printed.

Output is gated to the seven-bit print buffer after
the first of each set of two characters is sent to
the 1443 print buffer,

Reset by the 1443 cycle steal request.

SEVEN BIT PRINT BUFFER

4-8

Loaded twice for each data transfer: once from
out-bus bits 2 through 7 and the parity-bit for
bits 0 through 7 (first character) and once from
the seven-bit serial buffer (second character),

Output goes to the 1443 print buffer,

Reset by the 1443 cycle steal request.

Position C is turned on and all others are turned
off by the blank-buffer pulse when the word
counter reaches zero,

TIMING PULSE GENERATOR

o Generates pulses for the 1443 printer control
circuits,

® Consists of two flip-flops controlled by the 1443
control flip-flop and channel timing pulses.

e One AND circuit generates the time-060-090
pulse for the write operation.

The 1443 adapter must generate timing pulses to
synchronize the printer operation with the adapter
operations. These timing pulses are generated from
the channel timing pulses A, B, and C, and from the
various conditioning pulses in the adapter.

Figure 4-9 shows a simplified circuit and a
timing diagram for the generator as it is used during
a control operation, The write operation uses only
one pulse, generated by cycle steal acknowledge,
ANDed with channel timing pulses. The AND circuit
is ORed with the time-060-090 line as shown., Note
that the line names are those of the lines in the 1443
and do not indicate a time relationship.

The 015-030 pulse is issued to reset the 1443
carriage latches, The 060-090 pulse gates the output
of the seven-bit print-buffer into the 1443 print buffer
for a write operation and into the carriage latches for
a control operation. The 090-000 pulse interlocks the
carriage latch-reset circuits and the 105-000 pulse
starts a carriage skip if a skip is specified.



1443 Control

Control Function
A FF
A
EL121
— 060-000
XIO Data Cycle A FF
———H
. EL 431
Time Pulse A N ) ‘
. <1
Time Pulse B |l\l_|
Time Pulse C N} 105-000
A FF
. EL 431

<«—— XI0 Data Cycle - <— Printer Carriage Control Cycle ——)

1 2 3 4
Time Pulse A —n - I ...\ - ‘-

01 23 456701 23451670

Time Pulse 83 ~—0m@™ —m — o> +— - -

Time Pulse C — L d = d L ! —

1

1443 Control FF __¢

. e
Time 015-030

060-000 FF ! '

Time 060-090 ¢

Time 090-000 1

105-000 FF ——  —

Figure 4-9. Timing Pulse Generator

Time 015-030

Time 060-090

Time 090-000

Time 105-000

(7/68) 4-9



CHAPTER 3 PRINCIPLES OF OPERATION

e [Initiated by an execute I/0 (XIO) instruction that
references an I/0 control command (IOCC)
specifying an initialize write function.

o Operation continues under data channel control,
Initialize Write

e Causes data in the table at the location specified
by the address word of the IOCC to be trans-
mitted to the 1443 buffer,

e The I/O operation diagram for the initialize
write command is on MDM page EL 40131.

e The timing diagram is oh MDM page EL 70101,

The word count (N) defines the number of words in
the message (Figure 4-10). This results in 2N char-
acters being sent to the buffer (two characters per
word). After 2N characters have been sent to the
buffer, the remainder of the buffer is filled with
blanks and a 1443 print cycle is automatically taken.
The 1443 carriage will automatically take a line
space after printing a line unless the space-suppress
latch has been set by bit 15 of the control word.

IOCC Initialize Write

0 1 ? 34 56 78 9101121314150 1 234567 8 910112131415

A R I
Modifier

PR TR TR S WU SN ST SO S N S |

Address Area  Function

Note: If the printer is busy or not ready, the write
instruction will be treated as a no-op.

Address: These 16 bits specify the core storage
location of the first word of the data table shown as
TA (table address) in Figure 4-10.

Area: Bits 0 through 4 decode as 00110 to select the
1443 printer adapter.

Function: Bits 5, 6, and 7 decode as 101 to condition
the 1443 adapter circuits to perform one initialize-

write operation.

Modifier: Bit 15 controls the space after print
function.

Data Table

The first word of the data table (Figure 4-10), specified
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by the address word of the IOCC, contains the word
count (N). The word count specifies the number of
data words, each containing two print characters, that
are transferred to the 1443 adapter. The word-count
word and the data words are read from core storage
and placed on the out bus by cycle steal cycles. The
word count is loaded into the adapter word counter
which is stepped once for each data word transfer.
When the last data word is transferred, the word
counter is advanced to a zero count to signal the
program that all of the data table has been transferred.

Description

E-1 Control Cycle: The processor-controller places
the IOCC control word on the out bus. If the area
code is 00110 and there is no parity error indicated,
the area, function, and modifier bits are decoded by
the adapter. The initialize write function and XIO
data cycle turn on the 1443-write flip-flop.

E-2 Data Cycle: The data to be printed by the 1443 is
located in a data table in core storage. The IOCC
address word contains the address of the first word
of the data table. The processor-controller reads )
the IOCC address word from core storage (located at
EA) and places it on the out bus.

The initialize-write function activates the reset-
word-counter line that clears the word counter and
forces a cycle-steal-acknowledge and cycle-steal-con-
trol signals to the data channel. The cycle-steal-
acknowledge line is jumpered to the cycle steal level
to which the 1443 adapter is assigned. The combined
cycle steal acknowledge and control lines cause the
IOCC address word to be loaded into the channel ad-
dress register for this level. If a CAR check occurs
during the loading of the channel address register,
the 1443 adapter automatically discontinues the opera-
tion. The channel address register will address core
storage for the cycle steal cycles that follow. Near
the end of the data cycle, the load-word-count-cycle-
steal-request flip-flop is turned on to define the next
cycle. This flip-flop also turns on the attachment-
cycle-steal-request flip-flop. The attachment-

Word Count (N) <« TA

Character 1

Character 2 <« TA+1

- A2

Character 3 Character 4

Character 5 Character 6 < TAH3

L
¢

Character 2N-1 Character 2N <« TA+N

Figure 4-10. 1443 Data Table



cycle-steal-request line generates a cycle steal re-
quest to the data channel.

First Cycle Steal Cycle: When the processor-
controller can service the cycle steal request, the
channel address register that was loaded during the
data cycle addresses the first word (word-count) of
the data table. The processor-controller places this
word-count word on the out bus and sends a cycle
steal acknowledge to the adapter.

The fall of time-pulse-A, this time ANDed with
cycle steal acknowledge, activates the set-word-
counter line to gate the complement of the out-bus 9
through 15 bits into the word counter. If modifier bit
15 =1, the space suppress flip-flop is turned on.

The attachment-cycle-steal-request line re-
quests a second cycle steal cycle.

Second and Subsequent Cycle-Steal-Cycles: When the
processor-controller can service the cycle-steal-
request activated during the first cycle steal cycle,
it sends a cycle-steal-acknowledge to the adapter.
The channel address register was advanced one
address during the previous cycle steal cycle so that
it now addresses the second word of the data table
(first data word). The processor-controller places
this data word on the out bus.

The end of time-pulse-A turns off the attachment-
cycle-steal-request flip-flop during the 2nd cycle-
steal cycle. The attachment-cycle-steal-request
flip-flop going off allows the printer clock to start.
The printer clock is started when the adapter gen-
erates the'CS Ack X5, 6' (060-090) pulse.

The 'CS Ack X5,6"' pulse and time pulse C gen-
erate the set-print-buffer and step word counter
pulses. Set-print-buffer loads data-word bits 2
through 7 and the parity-bit for bit 0-7 into the seven-
bit-print buffer. The same pulse loads data-word
bits 10 through 15 and the parity-bit for bits 8-15
into the seven-bit-serial buffer. The output of the
seven-bit-print buffer is connected directly to the
1443.

Printer Clock Cycle: The seven-bit print word,
consisting of bits C, B, A, 8, 4, 2, and 1 is gated
into one position of the 1443 print buffer by a 1443
printer-clock pulse.

Four microseconds after the 1443 printer clock
starts, it generates the reset-SCM pulse. Reset
SCM turns on the inhibit-printer-clock-reset flip-
flop to allow the printer clock to run for two cycles.
The inhibit-printer-clock-reset flip-flop generates
the storage register to buffer register pulse to gate
the output of the seven-bit-storage register to the

seven-bit-print buffer. This transfer places the
second printer-word in the seven-bit print buffer and
activates the data bit lines to the 1443 printer.

The inhibit-printer-clock-reset line enables the
printer clock to run for another (second) cycle. The
printer generates another reset-SCM to turn off the
inhibit-printer-clock-reset flip-flop. The printer
clock gates the second print-word into the 1443 print
buffer. The printer-clock control trigger (1443) going
off turns on the 1443-cycle-steal-request flip-flop in
the adapter. The cycle steal request resets the seven-
bit-serial buffer and seven-bit-print buffer and ini- ’
tiates a request for another data word transfer.

Last Data Word: On the next cycle-steal cycle after
the last two characters (one data word) are transferred
from core storage, the word-counter-zero flip-flop

is turned on. The word-counter-zero flip-flop turns
on the blank-buffer flip-flop and the transfer-complete
flip-flop. Blank-buffer turns on the seven-bit-print-
buffer C-bit flip-flop and turns off all other positions.
The remainder of the 1443 print buffer is thereby
loaded with blanks (C-bit only).

The transfer-complete flip-flop output, when
conditioned by the poll-A or poll-B signal from the
processor-controller, signals the program that all
the data is transferred to the 1443 adapter.

Print Cycle: When the 1443 print buffer is completely
loaded, the 1443 automatically takes a print cycle. If
bit 15 of the IOCC control word is not a one, the space-
suppress flip-flop will not be on, and, the 1443 auto-
matically takes a line space after printing the line,

Control Command

e Initiates one of the following four carriage
operations:
Space Immediate
Space After
Skip Immediate
Skip After

e Space operations can be specified as 1, 2, or 3
spaces.

e  Skip operations can be specified to any carriage
tape channel (1 through 12).

o The carriage operation is decoded from the IOCC
address word bits 0 through 7.

e Must be given prior to the initialize write com-
mand associated with the same line of print and
while the printer-not-ready indicator is off.
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I0CC Control

0 1 234 56 78 9101 121314501 2 3 4567 8910112131415
B | EX ]

L 3 g
Address Area  Function

Modifier
e

Note: If the printer is busy or not ready the control
instruction will be treated as a no-op.

Address: Bits 0 through 7 specify the carriage
operation to be performed (Figure 4-6).

Area: Control word bits 0 through 4 decode as
00110 to select the 1443 adapter.

Function: Bits 5, 6, and 7-decode as 100 to specify
a control command,

Modifier: Not used.
Description

E-1 Control Cycle: The processor-controller
places the IOCC control word on the out bus. If bits
0 through 4 decode as 00110 and if no parity error
is indicated from the processor-controller, the
function-set line is activated. Function-set loads
bits 5, 6, and 7 into the function register. The
function register decoding circuits activate the
control-function line.

E-2 Data Cycle: The processor-controller places
the IOCC address word on the out bus. At the rise

of time-pulse-A, control-function generates a buffer-
reset pulse to clear the seven-bit-print buffer and
seven-bit-storage register. The fall of time-pulse-A
generates a set-print-buffer pulse to gate out-bus
bits 2 through 7 and the parity-bit for bits 0-7 into
the seven bit print buffer. Set-print-buffer also
gates out-bus bits 10 through 15 and the parity-bit
for bits 8-15 into the seven-bit-storage register as

a normal function; however, this information is not
used for the control operation. Control-function and
XIO data cycle turns on the 1443-control flip-flop.

Carriage Control Cycle: The 1443 timing pulse
generator (Figure 4-8), described in Section 2,
Functional Units, uses channel timing pulses from
the processor-controller to generate timing pulses
that the 1443 uses to control the carriage operation.
The 015-030 pulse resets the 1443 carriage latches.
Time 060-090 sets the carriage latches with the
output of the seven-bit-print buffer. The 090-000
pulse is used by the printer to reset the carriage
latches if a skip operation is called for and the car-
riage is at the specified line (punch in carriage tape
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channel). If print with space suppress has occurred
then the skip occurs, and the reset to the carriage
latches is blocked. Time 105-000 causes the carriage
operation to start if the control bits sent to the car-
riage latches specify an immediate operation.

Sense Interrupt

e Causes the 1443 adapter to activate its assigned
interrupt-level-status-word (ILSW) bit on the in
bus if either the transfer-complete or printer-
‘complete flip-flop is on.

e The ILSW is loaded into the processor-controller
accumulator for program analysis.

IOCC Sense Interrupt

0|23456789]0|IIZ|3I4|50|23456789|0IIIZI3I4I5

Pt ol L]

R AT :
Address Area  Function Modifier

Address: Not used.
Area: Not used,

Function: Control-word bits, 5, 6, and 7 specify
a sense-interrupt function in the adapter,

Modifier: Bits 11 through 15 are placed on the out
bus automatically by the processor-controller during
the XIO control cycle. These bits are decoded to
identify the interrupt level to which the 1443 adapter
is assigned.

Interrupt Levgl Status Word
The 16 bits of the ILSW define the interrupt status of
all the I/0 adapters assigned to the specified inter-
rupt level, The 1443 adapter contains two indicators
that can cause an interrupt, The status of these two
indicators are ORed and placed in the one assigned
position to indicate the interrupt status of the 1443
adapter,

Description

E-1 Control Cycle: The processor-controller places
the IOCC control word on the out bus. If modifier
bits 11 through 15 represent the interrupt level to
which the 1443 adapter is assigned, the adapter
decodes the function code as 011 to specify the
sense-interrupt function,

E-2 Data Cycle: The sense-interrupt function gates
the output of the transfer-complete flip-flop ORed



with the output of the printer-complete flip-flop into
the assigned in-bus position,

Sense Device

@ Causes the adapter to place its device status
word (DSW) onto the in bus.

‘e The DSW is loaded into the processor-controller
accumulator for program analysis,

e If specified by bit 15 of the IOCC control word,
certain sensed indicators are reset.

IOCC Sense Device

0 1 234 56 78 9101121314150 1 23 4567 8910112131415
00110

Address Area  Function Modifier

Address: Not used,

Area: Control-word bits 0 through 4 decode as
00110 to select the first 1443 printer adapter,

Function: Bits 5, 6, and 7 decode as 111 to cause
the 1443 adapter to perform a sense-device function,

Modifier: Bit 15=1 causes certain indicators to be
reset when they are sensed,

Device Status Word

0 | 23456 7 8 910112131415

|||1|.‘11‘1||||n

0  Transfer Complete

1 Error

2 Printer Complete

3 Channel 9

4 Channel 12

5 Channel 1

6 Parity

10 CE Carriage Busy

11 CE Printer Busy

12 CE Printer Not Ready
13 Carriage Busy

14 Printer Busy

15  Printer Not Ready

Transfer Complete: This interrupt occurs when the
word count (N) has been reduced to zero by the

channel controls, This indicates that 2N data char-
acters have been transmitted to the printer buffer.
Once this interrupt occurs, the P-C program can
start storing the next line of print into the data table.
This indicator is turned off by the sense device
command if bit 15=1,

Error: This indicator is turned on by a parity check
or sync check in the printer, or by a parity error
detected in the processor-controller during a data-
transfer cycle-steal-cycle. These errors can occur
randomly during the program execution because the
printer is buffered and data is transferred by cycle
steal cycles.

The execution of a sense-device command, with
IOCC control-word bit 15=1, resets the error indi-
cator if a printer parity error turned it on. If a
sync check turned it on, the sense-device operation
does not reset it.

The processor-controller reset turns off the
indicator if a printer parity check or a processor-
controller parity check turned it on, The 1443 reset
turns off the indicator if a 1443 parity error or sync
check turned it on,

Printer Complete: This interrupt occurs when the
printer has completed a print or control operation.

It signals that the next line of data can be transmitted
to the 1443 buffer. This indicator is turned off by
the sense-device command if bit 15 = 1.

Channel 9: This indicator is turned on when a
punched hole is detected in channel 9 of the carriage
control tape. This indicator is turned off when a
hole is detected in channel 12 of the carriage control
tape.

Channel 12: This indicator is tlf.rned on when a
punched hole is detected in channel 12 of the carriage
control tape. This indicator is'turned off when a
hole is detected in channel 1 of the carriage control
tape.

Channel 1: This indicator is on only while a punched
hole in channel 1 of the carriage control tape is
being sensed.

Parity: This indicator is turned on by a channel-
address-register (CAR) check or parity check in the
processor-controller during a cycle steal cycle.
sThis indicator is turned off by the sense-device
command if bit 15 = 1.
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CE Carriage Busy: This indicator indicates that

the 1443 attachment 'is in CE mode and the buffer is
loading, printing is in progress, or the carriage is
in motion. Sensing this indicator does not reset it.

CE Printer Busy: This indicator indicates that

the 1443 attachment is in CE mode and the buffer is
loading, printing is in progress, or the carriage is
in motion. Sensing this indicator does not reset it.

CE Printer Not Ready: This indicator indicates one
of the following conditions:

The 1443 attachment is in CE mode and CE
printer busy is on as indicated above.

The 1443 is physically unable to accept an
instruction.

The end-of-forms latch in the 1443 is on.

This indicator should be tested prior to execution of
an XIO control or initialize write command to the
1443 if the 1443 attachment is in CE mode.

Sensing this indicator does not reset it.

Carriage Busy: This indicator indicates that the
buffer is loading, printing is in process, or the
carriage is in motion. Sensing this indicator does
not reset it.

Printer Busy: This indicator indicates that the buffer
is loading, printing is in process, or the carriage is
in motion. Sensing this indicator does not reset it.

Printer Not Ready: This indicator indicates one of
the following conditions:

The printer-busy indicator is on, as defined
above.

The 1443 is physically unable to accept an
instruction.

The end-of-form latch is on.

The 1443 attachment is in CE mode.

Sensing this indicator does not reset it.

This indicator should be tested prior to execution of
an XIO control or initialize write command to the
1443.

Description

E-1 Control Cycle: The processor-controller places
the IOCC control word on the out bus, The 1443

adapter decodes the.area, function, and modifier bits.

If bit 15=1,the bit-15 flip-flop is turned on,
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E-2 Data Cycle: The adapter activates the position
of the in bus associated with the status indicators

that are on, The in-bus is gated to the out-bus during
this cycle. If the bit-15 flip-flop is on, any of the
following indicators that place a bit on the in-bus will
be reset by the corresponding position of the out-bus:

Transfer Complete
Error

Print Complete
Parity

[NVU

CE Mode

e Turns on,or off,the CE-mode flip-flop in the
adapter.

When the CE-mode flip-flop is on, interrupt and
device status indicators are modified to signal the
program that the 1443 adapter is in the CE mode.
When in CE mode, the 1443 interrupts on the CE
interrupt level rather than on the assigned level,

IOCC CE Mode

4 56 7 8 91011 121314150 | 2 3 45 6 7 8 9100 12131415

oqoorropoo o ]
Area  Function Modifier

Address: Not used.

Area: Control-word bits 0 through 4 decodes as
00110 to select the 1443 adapter.

Function: Bit 15=1 conditions the CE-mode flip-
flop to be turned on; bit 15=0 conditions it to be
turned off,

Description

E-1 Control Cycle: The word at EA + 1 (IOCC con-
trol word) is placed on the out bus, The area is
decoded if there is no parity error signal from the
P-C. At time-pulse-B time, the function-set pulse
is generated. The function-set pulse, gated by

bits 5, 6, and 7 = 000 and out-bus bit 15=1, turns
on the CE-mode flip-flop, If out-bus bit 15 is a zero
function-set and bits 5, 6, and 7 = 000 turn off the
CE-mode flip-flop.

E-2 Data Cycle: A dummy cycle,



CHAPTER 1 INTRODUCTION

e Models 1 (Figure 5-1) and 2 provide incremental
plotting capabilities for the 1800 system.

e One 1627 Plotter can be attached to the system.

e Produces output in the form of bar charts, flow
charts, engineering drawings, etc.

e Operates under direct program control.

PLOTTER FUNCTIONAL DESCRIPTION

e Data from the processor-controller core stor-
age is translated into 1627 actuating signals
and converted to incremental plotter movements.

e X-Y increment speed for Model 1 is 300 steps
per second; for Model 2, it is 200 steps per
second.

e Pen-status-change speed is 600 operations per
minute.

e Increment size is 1/100 inch.
e Plotting area for Model 1: 11 inches by 120 feet.

e DPlotting area for Model 2: 29-1/2 inches by
120 feet.

o For a detailed description of the plotter, see
IBM Field Engineering Theory-Maintenance,
1627 Plotter (sée FE Bibliography — 1800 System,
Form Y26-0560).

Figure 5-1, IBM 1627 Plotter

PART 5 IBM 1627 PLOTTER

The actual recording is produced by incremental
movement of the pen on the paper surface (y-axis)
and/or the paper under the pen (x-axis). The pen
is mounted in a carriage that travels horizontally
across the paper as viewed from the front of the
plotter. The vertical plotting motion is achieved by
rotation of the pin feed drum, which also acts as a
platen (Figure 5-2).

The drum and the pen carriage are bi-directional;
that is, the paper moves up or down and the pen
moves right or left. Control is also provided to
raise or lower the pen from or to the paper surface.
The pen remains in the raised or lowered position
until directed to change to the opposite status.

The drum and pen-carriage movements and the
pen status are controlled by digits transferred to
the 1627, Each output word is decoded into a di-
rectional signal which causes a 1/100-inch incre-
mental movement of the pen carriage (Figure 5-3)
and/or paper, or a raise-pen or a lower-pen move-
ment. The motion or action resulting from each
word in the output record is shown in Figure 5-4.

As shown in Figure 5-4, a valid combination of
bits 1 through 4 (1/4, 1/3, 2/4, 2/3) causes a diag-
onal line,

Opposing command-bit combinations (1/2 and
3/4) are invalid, and should not be used.

The time required for execution of raise-pen
and lower-pen commands is 100 milliseconds (ms).
The time to plot a point is approximately 5 ms

Plot Chart Paper Supply
+X Pen and Carriage Spool

e

v
.
-
.
.
.
.
'
é .
<
.
.

Y Axis :
Pen Motion Plot 2‘

=Y

Take=up Spool

Figure 5-2, Paper and Pen Motions
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a—1/100"

_/_'.(_

Start ~Finish

( assume pen in down status )

Figure 5-3. Plotter Result for One Horizontal (Y Axis) Movement

® ‘

ty
Op

625
Pen

B5 - Raise Pen
BO - Lower Pen

NOTE: The encircled numerical figures are the P=C word bit
positions that correspond to the indicated direction of plotting
movement as viewed from the front of the plotter. Normally,
graphs are plotted so that their horizontal axes are, in reality,
the X axis as shown above.

Figure 5-4. Output Record Control

(3. 3 ms for 300 steps/sec). In order to keep the
plotter operating at full speed, the next control
character must be sent to the plotter 0.5 ms after
the service-complete interrupt.

The timing circuits in the plotter control can be
adjusted by an IBM Customer Engineer to the correct
speed for either plotter model at installation time or
during service.

1627 Operating Controls

e Seven operating controls and one power-on
light are mounted on the front panels of the

1627 (Figures 5-5, 5-6).

e A description of the function of each control
follows:

Carriage Single Step /—\
Carriage Fast Run /—\

Power ON/OFF /\
Power ON Indicator /s.

Figure 5-5.

Left Console Controls

Drum
Single
Step

Drum
Fast
Run

- — > «— —>

ARER

Up
Pen
Down

ON

Chart
Drive

OFF

Figure 5-6.

Right Console Controls

\ Carriage
@ Single

Step

- —>

Carriage

@ Fast

Run

ON

Power

OFF

’\ Drum Single Step

—’\ Drum Fast Run
/\ Pen Up/Down

T Chart Drive ON/OFF



Power: This switch connects power from the 1800
to the 1627. There is no "power-on delay' involved
with the 1627 power switch; that is, the plotter can
operate as soon as the switch is turned on. A
power-on light, associated with this switch, indi-
cates when power is on.

Carriage Fast Run: This switch allows the pen
carriage to be stepped rapidly to the left or right
at the rate of 120 steps a second. The carriage-
fast-run switch is used to move the carriage to any
desired area of the graph.

Carriage Single Step: This switch allows the pen
carriage to be moved in single-step increments
(1/100-inch) either left or right. The carriage sin-
gle step switch permits the operator to accurately
align the carriage along the y-axis of the chart.

Drum Fast Run: This switch allows the drum to move
the paper rapidly up or down at the rate of 120 steps
a second. The drum-fast-run switch is used in con-
junction with the carriage fast run switch to position
the pen to any desired area of the graph.

Drum Single Step: This switch allows the drum to be
rotated in single-step increments (1/100-inch) in
either direction. The drum-single-step switch is
used in conjunction with the carriage-single-step
switch to permit the operator to accurately align the
pen on a point or fixed coordinate on the graph.

Pen: This switch provides a means for manually
raising the pen from the surface of the drum or
lowering the pen to the drum.

Chart Drive: This switch allows the front and rear
chart drives to be disabled. When recording on
single sheets of graph paper, the chart drive switch
should be in the off position. When recording on
roll-paper this switch should be in the on position.

Vernier Control: Large size chart paper may vary
in width due to high or low humidity; therefore a
vernier control is provided on the 1627, Model 2, to
vary the size of the pen carriage increments. In

this way, the pen traverse is adjusted to match the
printed scale of the chart paper. The vernier control
knob is located at the left end of the drum above the
switch panel. For work with non-scale paper, the
control should be centered at the zero position.

ADAPTER FUNCTIONAL DESCRIPTION

e One adapter accommodates the attachment of the
1627 plotter and/or the 1443 printer to the 1800
system.

e The 1443-1627 adapter is contained on one SLT
board located in the 1801 or 1802 at location Bl
of gate C.

e The channel interface portion of the adapter is
common to both the 1443 and 1627; all other
circuits are unique.

The 1627 adapter circuits perform one or more of the
following functions for each I/O command sent to it:

1. Decodes the function to be performed.

2. Controls the plotting according to the data words
received from the processor-controller.

3. Indicates the status of the plotter and the adapter
to the processor-controller.

4, Initiates interrupts in the processor-controller
program when the plotter requires service,

The 1627 adapter contains a function register, a
buffer register and control circuits to implement the
plotting of data. Indicators for plotter and adapter
status and CE mode circuits are also part of the
1627 adapter.

I/O INTERFACE

e The 1443-1627 adapter connects to the 1801 or
1802 P-C channel control through the standard
1/0 channel interface,

e The 1627 plotter connects to the adapter through
a unique interface.

Channel Interface

o All I/0 adapters in the 1800 system share a stand-
ard interface that is described in the IBM Field
Engineering Theory of Operation, 1800 Data
Acquisition and Control System, Processor-
Controller. (See FE Bibliography — 1800
System, Form Y26-0560.)

The I/0 channel interface consists of two sets of 60
signal and control lines. These lines connect to each
I/0 adapter in the 1800 system. Each adapter re-
ceives all 60 lines, and exits all 60 lines to the next
adapter in sequence. If the 1443-1627 adapter is the
last in the sequence, the channel interface lines must
be jumpered through the remaining adapter positions
(dummy boards). The lines are then terminated at
the mixer panel (gate H).

The 1443-1627 adapter taps off the signal lines
that are used by both the 1443 and 1627 circuits (Sys-
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tem Diagram EJ pages).
use these lines:

Out-bus bits 0 through 7 and 11 through 15

(not bits 8, 9, 10)
In-bus bits 0 through 15 depending on DSW and b
ILSW assignment

Poll interrupt level 0-13
Poll interrupt level 14-23
Time pulse A

Time pulse B

Time pulse C

The 1627 adapter circuits

XIO control cycle
Reset

1/0 Device Interface

CAR check or parity error

Storage protect violation
XIO data cycle

The I/0 device interface includes the signal
and power lines that connect the 1627 plotter
to the 1443-1627 adapter and to the power
supplies. The plotter signals connect from
the adapter board, through flat cable, to a
twist connector at the P-C power tailgate,
From the power tailgate, the signal and
power supply lines connect to the 1627 plotter.
These lines and their functions are listed in
Figure 5-7.

115 ac Common

Line ﬁd/ooplir Function

Drum Up Out Pen plots vertically, paper moves upward (+X) .
Drum Down Out Pen plots vertically, paper moves downward (-X) ..
Carriage Left Out Pen plots horizontally to the left (+Y).

Carrioge Right Out Pen plots horizontally to the right (-Y) .

Pen Up Out Raise pen from paper.

Pen Down Out Pen contacts paper.

Plotter Ready In Power is on and plotter drive is on.

115 vac Out Two lines are used to provide power to ploﬁer motor.

Tied to frame ground on plotter.

Figure 5-7. 1627 Device Interface Lines
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CHAPTER 2 FUNCTIONAL UNITS

@ The interrelationship of the functional units de-
scribed in this section is shown in the 1800 Main-
tenance Diagram Manual (MDM) page EK 40101.

FUNCTION REGISTER

® Consists of three flip-flops and three decoding
AND circuits.

o Loaded from out-bus bits 5, 6, and 7 during the
XIO control cycle.

Bits 5, 6, and 7 of the IOCC control word, placed on
the out bus during the XIO control cycle are the gate
inputs to the function register. The pulse that sets
the register, control-word, is activated by the XIO-
control-cycle line if the 1627 area or interrupt level
is on the out bus and if there is no parity error indi-
cated by the processor-controller (P-C). The func-
tion register is reset at the end of the XIO data cycle.
The decoded output of the function register provides
for the following functions:

001 Write: This command sends the P-C word at the
core storage location specified by the IOCC address
word to the 1627 plotter.

011 Sense Interrupt: This command directs the 1627
adapter to place its assigned interrupt-level-status
word (ILSW) bit on the in bus if the service-response
indicator is on. The ILSW is loaded into the P-C
accumulator for program analysis.

111 Sense Device: This command transfers the 1627
device status word (DSW) to the P-C for program
analysis. The DSW indicates the status of the 1627
indicators.

000 CE Mode: This special use command is not de-
coded by the function register. It is decoded by the

CE-mode circuit to place the plotter in, or take it
out of, the CE Mode.

PLOTTER CONTROL BUFFER

Consists of six flip-flops: drum-up, drum-
down, carriage-right, carriage-left, pen-
up, and pen-down.

Loaded from out-bus bits 0 through 5 at T6
time of the data cycle.

Output goes to plotter control circuits.

Single-shot circuits reset the buffer.

The out-bus bits turn on the buffer positions as
follows:

E: Control

Pen Down
Drum Down
Drum Up
Carriage Right
Carriage Left
Pen Up

QO W N O

The output of each flip-flop goes directly to a magnet
driver which connects to the 1627 control circuits.

When either the pen-up or pen-down flip-flop

turns on, the shift of the on output starts two 50-
millisecond single-shots in tandem. The busy line is
active for the combined 100 milliseconds. The timing-
out of the second single-shot resets the pen-up and
pen-down flip-flops.

Any of the other four buffer flip-flops, drum and

carriage controls, start two single-shots in tandem.
These single-shots are 1.9 milliseconds for the 1627
Model 1 or 2.9 milliseconds for the 1627 Model 2.
The timing-out of the second flip-flop resets these
four buffer flip-flops.



CHAPTER 3 PRINCIPLES OF OPERATION

e The 1627 plotter operates under direct-program-
control of the 1800 system.

e Each incremental movement of the pen or drum
requires an XIO instruction that references an
IOCC with a write function.

e The write command sends a data word to the
plotter adapter to control the plotter movements.

) The plotter adapter sends a service-response
interrupt to the processor-controller when the
plotter movement is complete.

e The I/O operation diagram for the plotter is on
MDM page EK 40101.

e The timing diagram is on MDM page EK 70111.
Write

e Initiated by an execute I/O (XIO) instruction
that references an I/0 control command (IOCC)
specifying a write function.

° Data word, at core storage location specified
by IOCC address word, specifies the plotter
operation.

IOCC Write

0 | 234 56 78 9101121314150 1 23 4567 8 9100112131415

|00101Eo1~-?y o]

PO TR TN WS SN K A T SN NS WA N S S 1 [ R L1 PRIE PR SRR S T |
Address Area  Function Modifier

Address: These 16 bits specify the core storage
location of the data. It is used during the XIO data
cycle (E-3).

Area: Bits 0 through 4 decode as 00101 to select
the 1627 plotter adapter.

Function: Bits 5, 6, and 7 are loaded into the
adapter function register during the XIO control
cycle (E-1). These bits decode as 001 to specify
the write function.

Modifier: Not used.
Description

E-1 Control Cycle: The processor-controller places
the IOCC control word on the out bus. If the area
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(bit 0 through 4) decodes as 00101 and if there is no
parity error indicated by the processor-controller,
bits 5, 6, and 7 are loaded into the function register.
The decoded output of the function register is used
during the E-3 data cycle.

E-2 Cycle: The processor-controller loads the
IOCC address word into the accumulator for use in
the E-3 data cycle.

E-3 Data Cycle: The processor-controller uses the
IOCC address word to address core storage. The
data word is read from core storage and placed on
the out bus.

At T6 time of this cycle, the set-buffer pulse is
generated to gate the data word bits from the out bus
(bits 0 through 5) into the buffer-register. The out-
put of each buffer register flip-flop goes directly to
a magnet driver that connects to the plotter control
circuits.

The on output of any of the drum or carriage
control flip-flops (drum-up, drum-down, carriage-
right, carriage-left) start a single-shot that acti-
vates the busy line. The timing-out of this single-
shot starts another single-shot that keeps the busy
line active. Both of these single-shots are 1.9 milli-
seconds for the 1627 Model 1 and are 2.9 millisec-
onds for the 1627 Model 2.

The timing-out of the second single-shot turns
on the response flip-flop. When the interrupt poll-
ing pulse for tne assigned interrupt level becomes
active, a service-response interrupt request is sent
to the processor-controller. This interrupt signals
to the program that the plotter write operation is
completed.

Similarly, when either the pen-up or pen-down
flip-flop is turned on, the on output starts a 50-milli-
second single-shot that activates the busy line. The
timing-out of this single-shot starts another 50-
millisecond single-shot that keeps the busy line
active. The timing out of this second single shot
turns on the response flip-flop.

Sense Interrupt

e DPlaces a bit on the in bus, as part of the inter-
rupt status word, if the response flip-flop is

on. The in-bus position is assigned by the
customer.

e The interrupt status word is loaded into the
processor-controller for program analysis.



IOCC Interrupt

01 234 56 78 9101121314150 1 2 3 4567 8 910112131415

RN SR CIR N .

Address Area  Function Modifier |

Address: Not used.

Area: Not used. The 1627 adapter is selected by
the modifier bits.

Function: Code 011 specifies the sense-interrupt
command.

Modifier: Bits 11 through 15 are placed on the out
bus automatically by the processor-controller dur-
ing the XIO control cycle. These bits are decoded
to identify the interrupt level to which the 1627
adapter is assigned.

Interrupt Level Status Word (ILSW)

The 16 bits of the ILSW define the interrupt status
of all the I/O adapters assigned to the interrupt
level specified by the IOCC modifier. The 1627
adapter contains one interrupt indicator, service
response. The customer assigns the ILSW bit posi-
tion that represents the 1627 service response.

Description

E-1 Data Cycle: The processor-controller places
the IOCC control word on the out bus. If the modi-
fier bits represent the interrupt level to which the
1627 adapter is assigned, the adapter decodes the
function code. A function code of 011 specifies the
sense-interrupt function.

E-2 Data Cycle: The sense-interrupt function gates
the output of the service-response flip-flop onto the
assigned in-bus position,

Sense Device

° Cé.uses the 1627 adapter to place its device
status word (DSW) onto the in bus.

e The processor-controller loads the DSW into the
accumulator for program analysis.

e If specified by bit 15 of the IOCC control word,
the service-response and parity indicators are
reset.

-

IOCC Sense Device

0I23456789IOIIIZI3I4I50I23456789|0II1213I415

PRI TR OO P
Address Area  Function Modifier

Address: Not used.

Area: Control word bits 0 through 4 decode as 00101
to select the 1627 adapter.

Function: Bits 5, 6, and 7 decode as 111 to cause the
1627 adapter to perform a sense-device function.

Modifier: Bit 15 =1 causes the response and parity
flip-flops to be reset when they are sensed.

Device Status Word

0 1 2 3 4 56 7 8 9101112131415

ll[l)):llljllll]

0  Service Response

1 Parity
12 CE Busy
13 CE Not Ready
14 Busy
15 Not Ready

Service Response: This interrupt indicator is
turned on when the 1627 has completed the opera-
tion specified by the last write command. This
indicator is reset by the sense-device command if
modifier bit 15 = 1.

Parity: Indicates that a parity error was detected
by the processor-controller when the plotter buffer
was being loaded. This indicator is reset by the
sense-device command if modifier bit 15 = 1.

CE Busy: If the plotter adapter is in the CE mode,
this indicator replaces the busy indicator (bit 14).

CE Not Ready: If the plotter adapter is in the CE
mode, this indicator replaces the not-ready indica-
tor (bit 15). :

Busy: This indicator is on from the time the plotter
buffer is loaded until enough time has elapsed to
allow the specified operation to be completed.

Not Ready: This indicator, when on, indicates that
the 1627 is not powered or otherwise ready, or the
adapter is in the CE mode.
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Description

E-1 Control Cycle: The processor-controller places
the IOCC control word on the out bus. The 1442
adapter decodes the area, function, and modifier
bits. If bit 15 = 1, the bit-15 flip-flop is turned on.

E-2 Data Cycle: The adapter places a one on the in
bus in the bit positions associated with the status
indicators that are on. The in bus is gated to the
out bus during this cycle. If the bit-15 flip-flop is
on, the service-response and parity flip-flops are
reset by their corresponding out-bus bit.

CE Mode

e Turns on,or off,the CE-mode flip-flop in the
adapter.

The CE-mode flip-flop, when on, causes inter-
rupt-and device status indicators to be modified
to signal the program that the 1627 adapter is in
CE mode.

When in CE mode, the 1627 interrupts on the
CE interrupt level rather than on the assigned
level.

5-8

I0CC CE Mode

0 | 2 34 56 78 9101112134150 1 23 4567 8 9101112131415

Address Area  Function Modifier

Address: Not used.

Area: Control-word bits 0 through 4 decode as 00101
to select the 1627 adapter.

Function: Bits 5, 6, and 7 decode as 000 to turn on,
or off, the CE-mode flip-flop in the adapter.

Modifier: Bit 15 = 1 conditions the CE-mode flip-
flop to be turned on; bit 15 = 0 conditions it to be
turned off.

Description

E-1 Control Cycle: The word at EA +1 (IOCC con-
trol word) is placed on the out bus. The area is
decoded if there is no parity error signal from the
P-C. At time-pulse-B time, the control-word pulse
is generated. The control-word pulse, gated by
bits 5, 6, and 7 = 000 and out-bus bit 15 =1, turns
on the CE-mode flip-flop. If output bit 15 =0,
control-word and bits 5, 6, and 7 = 000 turn off the
CE-mode flip-flop.

E-2 Data Cycle: A dummy cycle.



PART 6 IBM 2310 DISK STORAGE

The IBM 2310 Disk Storage enclosure houses the Unit are described in separate Field Engineering
single disk storage drives and the attachment cir- manuals. (See FE Bibliography - 1800 System,
cuitry needed to provide disk storage for the 1800 Form Y26-0560.)

System. The IBM 2310 and the Single Disk Storage

(Pages 6-2 through 6-19 deleted)
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CHAPTER 1 INTRODUCTION

e The tape control unit (TCU) for the 1800 system
is contained on four SLT boards in the 1802
Processor-Controller.

® The tape control unit provides for the connection
of IBM 2401 or 2402 Magnetic Tape Units via a
data channel.

FUNCTIONAL DESCRIPTION — TAPE UNITS

o These tape unit configurations are available:
1. One or two 2401 Model 1, 2, or 3 (30, 60,
or 90 kc single tape-unit).
2. One 2402 Model 1, 2, or 3 (30, 60, or 90
ke double tape-unit).

e Both the 2401 and 2402 are 9-track tape units.
A T7-track compatibility feature is available.

o IBM 2400 series tape units are described in IBM
Field Engineering Theory of Operation, 2401,
2402, 2403, 2404 Magnetic Tape Units, Models
1, 2, and 3. (See FE Bibliography — 1800
System, Form Y26-0560.)

The 2400 tape units use a two-gap, nine-track (eight
data tracks and one check track), read/write head.
The two-gap head allows automatic error checking of
the tape data while it is being written. The first gap
is used for writing and the second for reading. As an
optional feature, a seven-track head that allows the
2400 tape unit to read or write Binary Coded Decimal
(BCD) tape characters at densities of 200, 556, or
800 bits per inch is available. The seven-track fea-
ture also enables odd or even parity and two or three
byte format.

The 2400 tape units use the NonReturn to Zero
IBM (NRZI) method of recording data on tape. In
the NRZI system of recording information, tape is
continuously saturated in either the positive or
negative direction. A change in saturation polarity
is called a one, and no change is called a zero.

The 2400 tape units read or write tape in true
binary form. However, the 2400 tape units can
read or write binary coded decimal (BCD) data if
a T-track feature is installed.

PART 7 MAGNETIC TAPE CONTROL

FUNCTIONAL DESCRIPTION — TAPE
CONTROL UNIT

® The 1800 Tape Control Unit:

Selects the specified tape unit.

Decodes the function.

Initiates and controls tape motion.
Assembles data into the specified format.
Writes or reads tape data.

Initiates cycle steal cycles when needed.
Performs checks on data and on tape
control functions.

8. Corrects read errors in nine-track mode.

N oUW N

As with all 1800 DP I/0 adapters, the basic
functions of the tape control unit are to decode

the I/0 control command, initiate motion in the
selected I/O unit, provide a buffer for one data
word, and gate that data word to the in bus or from
the out bus.

Because of the relatively high speed of magnetic
tape units, the 1800 data channels are used; there-
fore, data transfer is accomplished bycycle stealing.
Figure 7-1 is a simplified data flow of the tape con-
trol unit. During a read operation, data is read from
magnetic tape, amplified by the final amplifiers and
accepted by the skew register hi-clip or lo-clip latch-
es. The hi-clip output is checked and corrected, then
loaded into the read-write (R/W) register. The data
is gated from the R/W register to the data register

P-C 9 Lo Clip TCU | Tape
! | Unit
|
- |
| [pore Wi |
l—-_—|—>- Register 2 Register }
e | (18 Pos) oo |
| - - :Wrife
| Heads (9)
|
I £ SKEW o
| rror egister ina |
| Corr- |- 9 Hi - Amps |Heads (9)
| ection Clip . (9 Pos) |
| 7Lo Clip),
|
!

Figure 7-1, Tape Control Unit Basic Data Flow
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in a byte format specified by the IOCC, then trans-
ferred to the P~C via the in bus.

During a write operation, data is transferred
from the P-C via the out bus to the data register,
gated to the R/W register in the specified byte for-
mat, and then gated to the tape unit to be written on
magnetic tape. The tape control unit also controls
these tape unit operations:

1. Backspace

2. Rewind

3. Rewind-unload

4. Write Tape Mark
5. Erase

All data flow and tape unit control is gated by the
TCU clocks and delay counters.

Initializing the TCU

e  All magnetic tape operations are initiated by the
execute input/output (XI0) instruction in the
processor-controller through a data channel
(cycle stealing).

Descriptions of the XIO instruction, control words, and
channel operations can be found in the IBM Field Engi-
neering Theory of Operation, 1800 Data Acquisition and
Control System, Processor-Controller, See FE Bib-
liography — 1800 System, Form Y26-0560.) The XIO
instruction causes two 16-bit control words to be
transmitted to the channel control. The first word
transmitted is the control word; it initializes the
tape control unit. The second word transmitted is a
data address word for the channel address register
(CAR) usedonly in initialize read and initialize write
operations. Figure 7-2 is a breakdown ofthe control
words used by the tape control unit. Bitpositions 0
through 4 (5bits) in the first word transmitted refer to an
area and designate one tape controlunit. Bits 5through
7 (3bits) refer to a function code,where 011 indicates the
sense ILSW function, 100 indicates the control function,
111 indicates the sense DSW function, 110 indicates the
data-channel initialize read function (with a 1 inbitposi-
tion14indicating a read-with-correction operation on
9-track formats), and 101 indicates the data channel
initialize write function. The modifier bits 8 through 15
are defined in Figure 7-2. Note that in Figure 7-2 den-
sity, parity,and bytes per word are used only by 7-
track tapes and are ignoredby 9-track tapes. °
Read-with-correction is used only by 9-tracktapes.
Read-while-correcting is ignored if the error occurs in
more then one track or if the tape is 7-track. The read-
with-correction operation corrects any number of
errors in any one track (up to one per character) during
reading. The normalread operationtransmits such
errors (uncorrected) into core storage,but correct
parity is assigned to eachbyte in the P-C word.

e Sense device command selects a tape unit if bit
11 = 0 andthe tape control unit is not busy.

e Select tape unit 0 if bit 10 = 0; select tape unit 1
if bit 10 = 1.

Selecting a Tape Unit

e A tape unit can be selected only by the sense
device command.

A tape unit stays selected until a sense device com-
mand selects the other tape unit (bit 10, Figure 7-2).
If an initialize read, initialize write, or control com-
mand specifies the unselected tape unit (modifier bit
10, a command-reject interrupt is initiated.

Data Formats

e Each P-C word consists of 16 data and 2 parity
bits.

e The tape control unit translates data words into
two 9-bit bytes, two 7-bit bytes, or three 7-bit
bytes for tape for tape format.

Figure 7-3 shows the three data-word formats avail-
able for tape. Each word transmitted to or from the
processor-controller consists of 16 bit positions (num-
bers 0 through 15) plus two parity bits labeled "P"
and ""V'. When writing or reading 9-track tape format
two bytes of 9bits each goto or from each word.

When writing or reading packed 7-track tape
format, three bytes goto or from each processor-
controller word. Each byte on magnetic tape consists
of six data bits (labeled B, A, 8, 4, 2, 1) and one parity
bit (labeled C) which is generated and checked in the
tape control unit.

The P and V bits always reflect 2-bytes-per-word
parity. The significance of P andVbits are always the
same on both 7-track and 9-track operations, except
that on 9-track and 7-track 2-bytes-per-word opera-
tions, PandV are the working parity bits on tape while
on 7-track 3-bytes-per-word operations, P andV bits
are carried as data on tape and an additional parity bit
(C)is generated for each such byte.

Parity

Nine-track operations are performed in odd parity
only. Seven-track mode may be written or read in odd
or even parity as specifiedby bit15 of the control word.
A "one''bit selects even parity; a ''zero' bit selects odd".
parity.

Tape Record Length

Minimum lengths are 12 bytes for a read operation
and 16 bytes for a write operation. This minimum
length is used by programs to aid in distinguishing
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level in the rightmost 5-bits before transferring the
information to the Tape Control Unit.

: Always program correct density for 7-track

: Program 800 BPI for 9-track and 200 BPI for 7-track

Figure 7-2. Control Words - 1800 Tape Control Unit
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9 Track |P0]234567|VB910”1213]4]5t PC Word
l\_/V\/

— T ———

Byte A Byte B

7 Track-3 Word
Byte A Byte B Byte C

7 Track-2 Word

Not Used lNof Used
—— N T ——
Byte A Byte B

Figure 7-3, Data Word Format

noise records from data records. There is normally
no check for noise unless there is a data check.
Device Status Word (DSW)

The sense device function selects atape drive if the tape
controlunitis notbusy. Otherwise the sense device

function simply presents the device status wordofapre-

viously selectedtape unit. Ifbit1l =0,the device status
word enters the accumulator. Indicators inthe DSW are
reset after being loaded into the accumulator only ifbit
15 of the sense DSW modifier is a one.

If bit 11 =1 in a sense-device control word, the
channel word count replaces the contents of the accu-
mulator inthe processor-controller. Word-counter
bit positions 0 and 1 =11, during a sense-word-count
operation, indicate the countis in one's complement.
Both bits being zero indicates atrue binary number.
Bitpositions 2 through 15 containthe word count. When
the tape record is longer than the programmed word
count, the countofthe extra P-C words is loaded into
the word-count register in true form. When the tape
record is shorter thanthe programmed word count, the
word-count register isthe one's complement of the
number of P-C words notread.

For example, assume atape record of 15P-C
words. Ifthe programmed word count is +6,the word-
count register is equal to +9 atthe end of the operation.
If the programmed word count is +18the word count
register is equalto -3 in one's complement (or -4 in
two's complement) atthe end of the operation.

If the programmed word count is +15, the word-
count register shows all zeros at the end of the opera-
tion, providing 15 words, or 14words plus one or two
bytes, were read.

The bit positions of the device status word reflect
indicators as follows:

Tape Word

l012345 678910111213 1415PV  PC Word
e

Tape Word

P&L234567V891011 12131415 PC Word

Tape Word

Bit Position Indicator

(Spare)

Tape Unit 1 Select

Command Reject

End of Table

Chain Stop

Storage Protect Violation Stop
Tape Data Error

Data Bus Out or P-C Parity Error
Data Overrun Error
Operation Complete

Tape CE Diagnostic Indicator
Wrong Length Record

12 At Load Point

13 Tape Indicator or Mark

14 Tape Busy or Rewind

15 Tape Busy or Not Ready

S ©W O~ WUhWNHEO

=
[

The absence of a command-reject indicator bit
indicates that the last command has been accepted
by the tape control unit.

Interrupts

e There is one interrupt level associated with the
tape control operation.

The following three indicators are set by interrupting

conditions. The indicator in turn raises the interrupt
request to the P-C.

Operation Complete Indicator: This indicator is set

at the completion of a write tape mark, initialize read,



initialize write, erase, or backspace operation. This
indicator is also set immediately after the initiation of
a rewind or rewind-unload when tape drive status
lines indicate that free running operation is under
way. This indicator is turned off by a sense DSW
operation. The operation complete indicator is set
upon recognition of an inter-record gap on an ini-
tialize read operation and therefore is set even if a
wrong length record (inconsistent with data-channel
word-count) is read. The operation complete indi-
cator is also set on an initialize read or initialize
write operation even if a chain stop, storage protect,
tape data, data-bus-out or P-C parity, data overrun,
or tape diagnostic error occurs. If a command is
rejected, that rejected command does not set the
operation complete indicator, although any previous
operation still in progress does set this indicator.

End of Table Indicator: This indicator is set, if
requested by the scan control bits, when the spec-
ified word count on a magnetic tape input/output
operation becomes equal to zero. The indicator is
turned off by a sense device command if bit 15 = 1.

Command Reject Indicator: This indicator comes on
if any one of the following conditions occurs:

1. Rejection of initialize write, initialize read,or
any control command issued to a busy or not
ready tape unit.

2. Rejection of initialize write, initialize read,
control, sense DSW, or sense ILSW command
due to P-C or out-bus parity error in an in-
itializing XIO control word cycle.

3. Rejection of an initialize write or initialize
read command due to P-C or out-bus parity
error when loading channel address register
(CAR) or when loading the word counter in the
TCU while initializing.

4. Rejection of initialize write, write tape mark,
or erase command issued to a file-protected
tape unit.

5. Rejection of backspace or rewind command at
load point. (Includes trying to backspace from
the beginning of first record into load point. )

6. Rejection of initialize read, initialize write,or
any control command issued to an unselected
tape unit. A tape unit canbe selected only by the

sense DSW operation and only if the TCU is not busy.

The indicator is reset by a sense DSW operation,
If a command is rejected, that rejected command will
not set the operation-complete indicator, although any
previous operation still in progress will set the op-
eration-complete indicator in the normal manner,

Indicators

e The following indicators are associated with
1800 tape control operation.

Tape Unit Select Indicator: Bit position 1 in the
device status word indicates which of two tape drives
is currently selected by the tape control unit.

Command Reject Indicator: This indicator is turned
on by the command-reject interrupting conditions
described in the preceding paragraphs on interrupts.

End of Table Indicator: This indicator is turned on
by the end-of-table interrupting condition as de-
scribed in the interrupt description,

Chain Stop Indicator: This indicator comes on if con-

dition 3 of command-reject indicator takes place while
chaining andnot while initializing. The initialize write
operation will terminate at this point and an operation-
complete interrupt will occur. Any transfer ofdata
for an initialize read operation willbe terminated al-
though the operation-complete interrupt will not occur
until an inter-record gap is encountered. This indi-
cator is reset by a sense device command if bit15=1.

Storage Protect Violation (SPV) Stop Indicator: This

indicator is set if an attempt is made to store data
(tape read operation) into a storage-protected location.
The transfer of data is terminated although the tape
proceeds to the inter-record gap. This indicator is
reset by a sense device command if bit 15 = 1.

Tape Data Error Indicator: This indicator is turned
on if any one of the following read or write checks is
detected:

1. R/W register vertical redundancy check (VRC)

error.

Write high-clip VRC error.

Write-no-echo error or read-lost-character.

Write skew error.

R/W longitudinal redundancy check register

(LRCR) error.

6. Read cyclic redundancy check register (CRCR)
error.

[ I S VUR V]

This indicator is reset by a sense device com-
mand if bit 15 = 1.

Data Bus-outor P-C Parity Error Indicator: This indi-

cator is turned on during cycle steal data transfer cycles
if a P-C parity error is detected on the out bus or in
bus, or if an out-bus parity error is detected in the
TCU. This indicator is reset by a sense device com-—
mand if bit 15 = 1.
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Data Overrun Indicator: This indicator is turned on
if a cycle steal acknowledge does not arrive in time
for a valid data transfer: This indicator is reset by
a sense DSW operation.

Operation Complete Indicator: This indicator is
turned on by interrupting conditions as described in
the interrupt description,

Tape CE Diagnostic Indicator: This indicator is
turned on if any one of the following tape control
checks is detected:

Read high-clip VRC error.
Read clock VRC error.
Write clock VRC error.
Delay counter VRC error.

)#W!.\')l-'

Wrong Length Record Indicator: This indicator is
turned on if the number of words of data upon mag-
netic tape in an initialize read operation is not iden-
tical to the word count in the processor-controller
or if a tape mark is encountered during an initialize
read operation. The indicator is turned on by
attempts to read either long or short records (as
compared to the processor-controller word count).
This indicator is also turned on if a record does not
contain byte multiples exactly matching the whole
total of P-C words. In this case, extra byte(s) are
added to fill up the last P-C word and this complete
word is transferred to core storage with the word
counter counting this last word. This indicator is
reset by a sense DSW operation.

At Load Point Indicator: This indicator is turned
on if the tape is physically at load point. The
indicator is reset only by tape motion that results
in the tape physically leaving load point. This

indicator is not turned off by a sense DSW operation.

Tape Indicator or Mark Indicator: This indicator is
turned on if a tape indicator is sensed during initial-
ize read, initialize write, write tape mark,

erase, or if a tape mark is read during an initialize
read operation. This indicator is not turned on by
tape marks encountered during any initialize write,
write tape mark, erase, or backspace operations.

This indicator will be reset by a sense DSW
operation only if a tape mark was sensed. To reset
the indicator if a tape indicator is sensed, it is
necessary to perform either a backspace rewind or
rewind-unload operation.

Sensing a tape mark always causes the wrong
length record indicator to be set. Sensing a tape
indicator does not stop the transfer of data and
therefore does not cause the wrong length record
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indicator to be set unless a short or long record
condition also exists.

Tape Busy or Rewind Indicator: This indicator is
on during initialize read, initialize write, write
tape mark, erase, and backspace operations. The
indicator will also be on during rewind and rewind-
unload operations after initialization of these opera-
tions, provided the rewinding tape unit is selected
and has not reached load point. This indicator is
not reset by a sense DSW operation.

Tape Busy or Not Ready Indicator: During initialize
read, initialize write, write tape mark, erase, and
backspace operations, the tape unit is considered

to be ready and busy. During rewind and rewind-
unload operations, the tape unit is considered to

be not ready and not busy. Accordingly, the tape-
channel-busy-or-not-ready indicator will be on
during all of the above listed operations. This
indicator will also be on if the tape unit is not physi-
cally ready. This indicator is not reset by a sense
DSW operation.

Error Correction

On every read operation in 9-track format, error
correction circuitry constantly monitors high-clip
VRC errors to determine the track in error. If the
track is found and the program requests a back-
space followed by a read-with-correct, all such
errors in the found track are corrected. On the
other hand, if the errors are in more than one track,
the read-with-correct commands are transformed
to the normal read operations.

The error correction circuitry automatically
checks for the correct programming sequence of
initialize read, backspace, read-with-correction,
backspace, read-with-correction, etc., on the same
tape record, and, if the program moves to a different
tape record, the error correction circuitry is reset
to start a new computation on the new record.

1/0 INTERFACE

e The tape control unit connects to the 1802 P-C
channel control through the standard 1/0
channel interface,

e The 2401 or 2402 Magnetic Tape Unit connects to
the tape control unit through a unique device
interface.



Channel Interface

o  All I/O adapters in the 1800 system share a
standard interface thatis described inthe IBM
Field Engineering Theory of Operation, 1800
Data Acquisition and Control System, Processor-

Controller. (See FE Bibliography — 1800 System,

Form Y26-0560.)

The I/0O channel interface consists of two sets of 60
signal and control lines. These lines connect to
each I/O adapter in the 1800 system. Each adapter
receives all 60 lines, and exits all 60 lines to the
next adapter in sequence. If the tape control unit is
the last in the sequence, the channel interface lines
must be terminated at the mixer panel (gate H). The
tape control unit taps off and uses signals from these
lines :

Out-bus bits 0 through 15
In-bus bits 0 through 15
Parity bit for bits 0 through 7
Parity bit for bits 8 through 15
Poll interrupt level 0-13

Poll interrupt level 14-23

Use meter gate

Time pulse A

Time pulse B

Time pulse C

Cycle steal request A through E

Cycle steal acknowledge A through E
Cycle steal control 0, 1, and 2

CAR check or Parity error

Storage protect violation

XIO data cycle

XIO control cycle

Reset

1/0 Device Interface

e The I/0 device interface includes the signal and
data lines that connect the tape control unit in the
1802 to the 2401 Magnetic Tape Unit.

The tape control signals connect the tape control unit,
through flat cable and serpent connectors, to the P-C
signal tailgate. The signals connect from the tailgate,
through a serpent connector and signal cable to a
200-position T/C connector at the 2401 or 2402,

The T/C connector, signal cables, and the pur-
pose of each signal line are described in the IBM
Field Engineering Theory of Operation, 2401, 2402,
2403, 2404 Magnetic Tape Units, Models 1, 2, and
3. (See FE Bibliography — 1800 System, Form
Y26-0560.) Each signal line has a ground shield
that connects to an adjacent pin in the serpent con-
nector at the 1802 and in the T/C connector at the
2401 or 2402. The signal lines and their functions
are listed in Figure 7-4.




Adapter

(2 lines)

Line In/Qut Function

Read Select 0 and 1 Out Gates data and control lines into and out of a selected tape unit. Since select lines are rotated in the signal

(2 lines) cable, each select line addresses a single tape unit.

Co Out Starts and stops tape movement in a selected tape unit.

Backward Out Determines direction of tape motion in a selected tape unit (forward = not backward), and turns off the tape
indicate light.

Set Read Out Puts a selected tape unit in read status to prevent writing from taking place.

Set Write Out Puts a selected tape unit in write status and allows writing to take place.

Rewind Out Initiates a rewind sequence and turns off the tape indicate light in a selected tape unit.

Metering Out Out Runs the meter of a tape unit whose start relay is picked, if the tape unit is loaded and away from load point,
or if the tape unit is unloaded and rewinding.

Write Pulse, Write LRCC{ Out These lines determine the bit pattern written by selected tape unit.

Gate, and Write Bus P,

0-7 (11 lines)

Rewind Unload Out Initiates a rewind sequence that unloads the tape from the vacuum columns and raises the upper read-write
head assembly upon reaching load point.

Read Bus P, 0-7 (9 lines)| In Lines carry the amplified output of a selected tape unit's read buses to the tape control.

Model 1,2,0r 3 (3 lines) | In Indicates operating speed of the selected tape unit to the tape control. The model line brought up by any
tape unit depends on its model number.

7 Track In Indicates that the selected tape unit has the 7-track feature installed.

Selected and Read Status| In Indicates that the selected tape unit is in read status. Write status is indicated when Model 1/Model 2/
Model 3 is active and selected and read status is inactive

Selected and at Load In Indicates that tape on the selected tape unit is positioned at load point.

Point

Write Echo In A write echo pulse is generated whenever one of the tape unit's write friggers flips to write a bit on tape .

Selected and Tape In Indicates that the tape-indicate trigger in the selected tape unit has not been turned on. Tape indicate is

Indicate OFF tumed on by sensing the end of tape marker. Tape indicate is tumed off by any backward operation, or by
unloading the tape unit.

Selected and NFP 1 In Indicates that a write enable ring'is installed in the file reel on a selected tape unit, so that writing can
take place. Absence of the write enable ring prevents the tape unit from being set to write status .

Backward Status In Indicates that the selected tape unit previously has completed a backward operation, or is in the process of
doing so.

Not Ready-0 and -1 In Indicates that a physically connected tape unit is not available for use (not mechanically ready) because its

start relay is not picked, or the tape unit is busy rewinding.

Figure 7-4. 2401/2402 Device Interface Lines



CHAPTER 2 FUNCTIONAL UNITS

Tape control functional units can be classed as data
flow, control, and checking units as follows:

Data Flow Control

read clock

write clock
delay counter
word counter
byte generator
function register

final amplifiers
skew registers
read/write register
data register

Checking

- longitudinal redundancy
check

cyclic redundancy
check

error pattern register

MDM GB20101 shows the relationship of these units.

READ CLOCK

e Three flip-flops with decoding circuits and a
single-shot provide the necessary outputs.

e Synchronized with incoming tape characters by
the read clock drive circuits.

e Drive pulses change the state of only one flip-
flop at a time, providing "cleaner" outputs.

e Runs for read operation, write operation (for
checking), and for backspace operation,

@ Completes one cycle per character.
e  Output is checked for vertical redundancy.

The read clock provides pulses to gate data flow
through the tape control unit (TCU). There is no way
of knowing just when characters will start being
read from tape; therefore, the clock is started by the
first bit that is read.

The read clock runs through one complete cycle
for each character of a record.

When not in operation, the clock flip-flops are
held disabled by the not-start-RC line (Figure 7-5).
After the start-RC line is activated, the drive pulses

begin stepping the flip-flops in a cyclic pattern; that is,
only one flip-flop changes state for each drive pulse.
The cyclic pattern permits fast operation with clearly
defined output pulses.

Read-clock (RC)-A flip-flop is turned on by the
first clock-drive pulse. The next drive pulse turns off
RC-A. WhenRC-Ais on, thefall of the first drive pulse
turns on RC-B; it is turned off by the fall of the clock-
drive pulse during the next RC-A time. RC-C is turned
onby the fall of the drive pulse when RC-A is off. The
output of thesethree flip-flops decodes to produce RC 0
+1, RC 2, RC 4, and RC 6. A single-shot, turned on
by the fall of RC 6, provides the RC 7 pulse.

Clock Reset: The read clock is reset after RC 7 time
for a read operation. During a write operation, the
reset at RC 7 is blocked by the skew gate and the clock
continues to step until RC 2 is turned on. The clock is
then reset by skew gate and RC 2.

Read Clock Drive

o Two oscillators, 1.0 mc and 1.4 mc, are gated
by the first-bit latch (Figure 7-6).

o Two flip-flops, 400 bits per inch (BPI) and 200
BPI, are stepped in a binary fashion by the
1.4 mc oscillator.

© One of three outputs (two oscillators and the
200-BPI flip-flop) is gated, by bit-density selec-
tion, to the model 1, 2, and 3 flip-flops,

@ One output of the three model flip-flops, is gated
by model selection, to the read clock as drive
pulses.

The read clock drive frequency is determined by two
factors: the density, measured in bits per inch (BPI),
and the tape unit model. The density for 9-track op-
eration is fixed at 800 BPI. If the 7-track feature is
being used, the density is specified by program
means as 800, 556, or 200 BPIL. If neither 556 BPI
nor 200 BPI is specified, the 800 BPI line is acti-
vated to gate the output of the 1.4 mc oscillator as
the basic frequency. The basic-frequency pulse
turns on and off the four model flip-flops (model 1,
model 2, model 3 Phase A, and model 3 phase B),
one output of which is gated by the model 1, 2, or 3
line. The model 1, 2, or 3 line is activated by the
selected tape unit.

For a specified density, the basic-frequency
must be divided to provide a different frequency
for each tape unit model. This frequency division
is accomplished by the circuit shown in Figure 7-
5. ' The model-3-phase-A flip-flop divides the basic
frequency by two. The rise of the basic-frequency



Read Clock Drive

Not Start RC

Read Clock Drive

Figure 7-5. Read Clock
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Figure 7-6. Read Clock Drive
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pulse turns on, and off, this flip-flop.

Another flip-flop (model 3 phase B) is used for
control only, It is turned on and off by the fall of
the basic-frequency pulse. The outputs of these
two model-3 flip-flops are out of phase with each
other, enabling the control of the model-2-frequency
flip-flop for a frequency one-third of the basic
frequency. The model-2-frequency flip-flop turns
on and off the model-1-frequency flip-flop producing
a frequency that is one-sixth of the basic frequency.

WRITE CLOCK
e Four flip-flops with decoding circuits provide

the following four clock-pulse outputs: write
clock (WC) 2, WC5, WC8+9, and WC14+15.

e Only one flip-flop is turned on or off at one
time.

o Runs when the write condition latch is on;
completes the last cycle after write condition

is turned off.

e Gates data to the various TCU circuits and to
the tape units.

o  Output is checked for vertical redundancy.

Write Clock Drive

e Two free-running oscillators, 1.0 mc and 1. 44
mec, generate the basic frequency for the write-
clock-drive circuits.

The bit-density and tape unit model determine the
write clock drive frequency with the same circuit
configuration used in the read-clock drive. The
basic drive frequency, called "usec pulse', is also
used as the delay-counter drive when in psec control.

The difference between the write-clock drive
and read-clock drive is due to the fact that the read
clock must be synchronized with the first bit re-
ceived from tape, while the write clock determines
the time at which writing takes place.

DELAY COUNTER (DC)
o Consists of nine binary-operated flip-flops,

DC-A through DC-J, providing 512 combinations
of outputs.

e  Only one flip-flop is turned on or off at one time.
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e Various outputs are gated to control the tape
operations.

e Outputs are checked for vertical redundancy.

The outputs of this counter are gated with the various
operations, tape unit models, and track formats to
provide time-interval pulses for tape-control func-
tions. During a read operation, read-delay (RD) and
read-disconnect-delay (RDD) pulses are generated
from the delay counter; during a write operation,
write-delay (WD) and write-disconnect-delay (WDD)
pulses are generated.

Delay Counter Drive

e Basic drive frequency is either millisecond or
microsecond based as required by the current
operation.

e Millisecond-mode basic-drive pulses are gen-
: erated by a 5 ke free-running oscillator.

e Microsecond-mode basic drive pulses are the
same pulses used by the write-clock-drive
circuits.

When tape control requires millisecond-based timing
pulses, the delay counter is driven by the msec-mode
circuits. The msec-mode basic frequency is gener-
ated by a 5 kc free-running oscillator and two binary-
operated flip-flops, 1.25 kc and 2.5 ke. If the se-
lected tape unit specifies model 1, the output of the
1.25 ke flip-flop is gated as the DC drive. If the
selected tape unit specifies model 2, the output of
the 2.5 ke flip-flop is used. If the selected tape unit
is a model 3, the 5 ke oscillator output is used as

the basic drive pulse.

When tape control requires microsecond-based
timing pulses, the delay counter is driven by usec-
pulse which is also used as the write clock drive.

It is conditioned by bit-density and model-frequency
by the same circuit configurations as described in
the read clock drive description.

WORD COUNTER

e Fourteen flip-flops arranged as a binary
counter.

e Loaded from out bus during first cycle steal
cycle.

e Loaded in one's complement form.



e Word counter is advanced during each data
transfer.

e End-of-data-table is indicated by word-count-
zero when all positions are on.

The word counter is reset (all flip-flops off) during
the E-1 cycle of the XIO instruction. It is loaded
from the out bus during the first cycle steal cycle.

Cycle Steal Load and Advance

P-C
B 0 o | o
Register|g - - ,

1
15

~

T

Load WD CT—=X

Word
Counter 1
wp cni2 ¢

First Cycle Steal Cycle

WDCTI 1 | 1 1 1 1 1 0
2 ,l

15

¢
77

Second Cycle Steal Cycle

7

Third Cycle Steal Cycle

| |
WD CT 1 1 1 1 1 1 i
2 ., |

A4

Figure 7-7. Word Counter Advance to Zero

The word count of the data to be transferred,
located in the first word of the data table, is loaded
into the word counter in one's complement form.

The word counter is advanced one count at T2
time of every cycle steal cycle by cycle steal ac-
knowledge. The on outputs of all positions are
ANDed to indicate word-count-zero. Figure 7-7
shows a word count of three being loaded in com-
plement form into the word counter and the counter
being advanced with each cycle steal cycle until all
positions are turned on.

Word Count =3

Advance
WD CT

| Advance

WDCT | 1
2 s

1 1 1 1 1 1 0
WD C
p | 15 i
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BYTE GENERATOR

The byte generator is a two position binary counter
that gates data bytes from the data register to the
read/write register on a write operation and from
the read/write register to the data register on a

It is controlled by read command
and write command timing and by 2-byte-per-word

read operation.

Two binary operated flip-flops, BT0 and BT1

(Figure 7-8).

Reset (both flip-flops off) at T5 of the XIO

control cycle (E-1) or by the first-check-char-

acter and byte A.

BTO is operated for either 2-bytes-per-word

or 3-bytes-per-word operations.

BT1 is operated only for 3-bytes-per-word

operations.

and 3-byte-per-word modes.

FUNCTION REGISTER

Ten flip-latches and decode circuits for the

following functions (Figure 7-9):

Not Delay Cmds
3 Bytes Per Wd

rewind initialize write
rewind-unload initialize read
write tape mark sense DSW
backspace sense word count
erase sense ILSW

e Loaded during the control word cycle of an XIO
instruction according to the function code (bits
5, 6, 7) and the modifier ( bits 11, 13, 14, 15).

Four function codes condition the circuits of the func-
tion register. Initialize-write and initialize-read de-
codes turn on the corresponding flip-latch conditioned
by R-W-C enable, Control decode conditions the five
control-function flip-latches, one of which is turned
on by a decode of modifier bits 13, 14, and 15,

The sense-DSW decode conditions the DSW-re-
member and the sense-word-count flip-latches.
Sense-word-count is turned on if modifier bit 11 =1.
The ILSW-remember flip-latch is turned on at T6
time of an XIO control word cycle if the assigned
interrupt level is decoded.

FINAL AMPLIFIERS

o Consist of nine identical circuits, for nine
tracks, bit P and bit 0 through 7.

Init Write Rem

Not Degate Byte Gen Rd

Not R-W Gate

Init Write Rem | A
Rst R/W Reg —J =

First Check Char

| A Byte A
— A Byte B
BT 0 BT 1
A FF FF | A Byte C
OR
L i
cCi2 GC112 —[a}—brep

Byte A [Alor
Delay Cmds -
BT O ! !
' i
1 ] 1
1
1 A S R A
] | |
Byte! A | B | C | D |

Figure 7-8. Byte Generator
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Control Enable

Rewind-Unload

56,7 (7]

Area and

X10 CWC
* Delay CMD
T6

R-W=C Enable

13,14,15

A0 L[

Rewind

Backspace

FL_

3,14, 54A8 FL
INIT Wr Re
el i
INIT Rd Rem
se7 AL P r

Area and

DSW Rem
X10 CWC DS';/IV Not Reject CMD —
5,6,7 :-IEna e A FL
e ||

SNS wd Ct

8i L
Reset Ind. i1l A
Bit 15 l! FL

ILSW Int Level ILSW
X10 CWC A Enable ILSW Rem_
T . FL
Bits 6, 7 Not Bit 5

Figure 7-9. Function Register

o Each final amplifier consists of these four
stages: a terminator, a rectifier and channel
separator, the peak detector (2), and the pulse
shaper and drivers (2 each), shown in Fig-
ure 7-10.

o Inputs are non-return to zero IBM (NRZI)
signals from the tape unit pre-amplifiers.

e Two outputs, high-clip and low-clip, for each
track provide positive pulses tothe skew registers.

o Positions 0and1 are not gated out if in seven-
track operation.

Final amplifiers accept pulses from the tape unit
and convert the pulses to high- and low-clip data.
The high- and low-clip outputs are used to set the
high- and low-clip skew registers.

The term ''clip' in this usage refers to a method
of establishing amplitude requirements for the input
pulses. To generate a high-clip output pulse the in-
put must be above a certain level. An input signal
below this level does not generate a high-clip output
but may still cause a low-clip output. If the signal
is lower than the requirement for low-clip output, no
output is generated. A high amplitude signal gen-
erates both high- and low-clip outputs.

The low-clip outputs are used only for seven-
track operation. Nine-track operation establishes
more critical requirements so only high amplitude
pulses are accepted from the tape unit.

Terminator: Input to the terminator is a positive
and negative NRZI signal. The output is two out-
of-phase signals from a center-tapped transformer.
The center tap is connected to low clip to control
the acceptance level of the circuit.

Rectifier and Channel Separator: This stage con-
sists of a rectifier circuit, the output of which is
connected to two emitter followers for output sig-
nal separation. Input to the rectifier circuit is the
terminator output transformer, the center tap of
which is connected to a potentiometer to provide
input-signal balancing. The low-clip and high-clip
emitter followers are both supplied by a -9v zener
supply. The high-clip circuit is biased by high clip
voltage to establish an acceptance level for signals
to be used by the high-clip circuits that follow.

Peak Detector: The peak detector stage is the first
of the two channels through which the separated
signals are passed. The stage consists of a detector
circuit and an amplifier.
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Signal from Hi=Cli
Tape Unit Terminator Rectifier pmm—td Peak
Pre=amp and Detector
Channel (Hi-Clip)
Separator| Lo-Clip
—
Lo-Clip
Voltage
=-9v
Zener Peak
Supply Detector
Hi-Clip (Lo-Clip)
Voltage

Pulse

Shaper

and |___Hi-Clip
Driver Signal
(HiClip)

Pulse

2:3"&' | Lo-Clip
Driver Signal
(LoClip) (7 Track Only)

Figure 7-10. Final Amplifier

Pulse Shaper and Driver: This stage consists of
identical circuits for both the low-clip and high-clip
channels. The circuits, including an integrator,
trigger, shaper, and driver, reject pulses below a
specified width and accept all others. The outputs
are positive pulses that are gated into the skew
registers.

SKEW REGISTER

e Consists of 16 flip-latches that accept bits as
they are read from tape, allowing for tape
skew.

e Nine high-bit latches, P and 0 through 7, store
the high-clip bits.

e Seven low-bit latches, P and 2 through 7, store
the low-clip bits.

e Both the high-bit and low-bit latches are turned
on unconditionally by the final-amplifier pulses.

e  High-bit latches are also turned on by the out-
puts of the error-pattern register (EPR) for
error correction.

e  All skew register latches are reset (turned off)
at the fall of read condition.

e The outputs of the high-bit latches go to the
error-correcting circuits, a vertical-redun-
dancy-check (VRC) circuit, the longitudinal-
redundancy-check register (LRCR), and to
the read/write register.
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e The outputs of the low-bit latches are gated to
the LRCR and R/W register if there is a high-
clip VRC and the unit is in seven-track mode.

Due to the electrical or mechanical skew of tape,
not all the bits of one character are necessarily
read at the same instant. The first bit read starts
the read clock; the character is not gated from the
skew register into the read-write register until
RC 7 time, allowing time for all bits of each char-
acter to be read.

During the end-read portion of an error correc-
tion cycle (nine-track only), the outputs of the EPR
are gated to the high-clip latches for exclusive OR
comparison with CRCR outputs to find the track in
error.

During the read-with-correction opera%ion, the
error pattern register outputs indicate the track in
error in reverse order, that is, error pattern
register P indicates track 7, error pattern register
0 indicates track 6, etc.

The low-clip latches are not used in nine-track
mode. If a tape signal is not at a level that is ac-
cepted by the high-clip circuits, a high-clip VRC
error is detected. The same character, if at a level
acceptable to low-clip circuits, will be in the low-
clip skew latches. In this case, the outputs of the
low-clip latches are gated to the read/write register.

READ/WRITE REGISTER (R/W)

e Consists of nine flip-latches; used for write and
read operations.

e Write operation: input from data register (from
P-C); output to write bus (to tape units).



e Read operation: input from skew register;
output to the data register (to P-C).

e Input from the data register varies with nine-
track and seven-track mode.

@  Output parity is unconditionally determined;
checking and generation of parity is deter-
mined by nine-track or seven-track mode and
by odd or even parity call.

DATA REGISTER

e Consists of 18 flip-latches; used for write
and read operations.

® Write operation: input is from the P-C via
the out bus; output is gated to the R/W reg-
ister in various formats depending on track
mode and bytes-per-word format (Figure 7-11).

e Read operation: input is from the R/W reg-
ister, gated in two or three bytes; output is
to the P-C via the in bus.

e Data register is reset (all latches turned off)
at T5 of each cycle in which it is used.

Data Reg From R-W Register (Read Op.) From
9 Track 7 Track Out-Bus
(2Bytes/Wd.Onlyy 2 Bytes/Wd. | 3 Bytes/Wd. |(Write Op)
Position I Position] Byte |Position] Byte | Position | Byte | Position
P P A P A [ D P
0 0 - 2 A 0
1 1 - 3 1
2 2 2 4 2
3 3 3 5 3
4 4 4 6 4
5 5 5 7 5
6 6 6 2 C 6
7 7 1 7 3 l! 7
\ P B P B 7 \
8 0 - 4 C 8
9 1 - 5 9
10 2 2 6 10
11 3 3 7 11
12 4 4 2 D 12
13 5 5 3 13
14 6 6 4 14
15 7 7 5 15

Figure 7-11, Data Register Input

LONGITUDINAL REDUNDANCY CHECK
REGISTER (LRCR)

o Consists of nine binary-operated flip-flops.

® Operated from high-bit or low-bit latches of
the skew register.

e Each flip-flop maintains an odd-even count of
the bits read from the corresponding tape unit
track.

® Output is checked at the end of each read or
write operation.

e LRCR is reset (all flip-flops turned off) during
the XIO control word cycle (E-1 Cycle).

All nine positions of the register are turned off be-
fore each data read or write cycle. As characters
are read from tape and loaded into the skew reg-
ister high-bit latches, each LRCR flip-flop will be
turned on with the first bit, off with the second,

on again with the third, etc., throughout the tape
record. The bit-count of each tape record, when
written, is always made even by the check char-
acter (second check character in 9-track mode);
therefore, all positions of the LRCR should be off
(even count) after being set by each bit of the record
including the check character(s).

All the outputs of the register are ORed to-
gether and at the end of the read operation (RDD
159-175) the OR circuit output is sampled. If any
LRCR flip-flop is on, the tape data error flip-latch
is turned on.

CYCLIC REDUNDANCY CHECK REGISTER (CRCR)

© Consists of nine flip-flops, each with a binary
input circuit (Figure 7-12).

e Input to each CRCR position is from the corre-
sponding R/W register position, conditioned
by the other CRCR positions.

° During a nine-track write operation, the CRCR
generates the first check character to be written
four spaces after the last data character.

e During a nine-track read operation, the CRCR
calculates a new cyclic redundancy check (CRC)
character to be exclusively ORed with the
original CRC character read from tape.
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Figure 7-12. Cyclic Redundancy Check Register
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As each character passes through the R/W reg-
ister it is gated by a shift pulse, into the CRCR
in a form determined by the previous CRCR com-
bination. The character in CRCR after each
shift is a combination of the R/W register char-
acter and the previous CRCR characters. If the
CRCR is blank, the first character is loaded un-
changed into the CRCR. When there are bits in
CRCR, the character from the R/W register is
modified as it is loaded into CRCR.

During write disconnect delay (WDD) 51-54
of a write operation the outputs of CRCR bit two
and four are written on tape in true form; all other
CRCR outputs are written in complement form.

During a read operation, another CRC character
is generated, the true form of which is exclusively
ORed with the original CRC character after it is
read from tape. The result should be the match
character (111010111); a CRCR error is indicated
if the result is not the match character. Section 3
contains an error correction example.

ERROR PATTERN REGISTER (EPR)

o Consists of nine flip-flops with binary input
circuits; similar to the cyclic redundancy
check register (Figure 7-13).

e  All positions have inputs from the preceding

EPR position and positions 2, 3, 4, and 5 are
exclusively ORed with the output of position 7
gated by the shift EPR pulse.

o EPR creates a high-clip VRC error pattern,

which in comparison with CRCR specifies the
track in error for error correction,

e Outputs are gated to the corresponding high-clip

latches of the skew register.

As in the CRCR, the condition of position 7 deter-
mines how positions P, 2, 3, 4, and 5 are affected
by the inputs. As a record is read, each vertically
redundant character conditions the turn-on of EPR-7.
If EPR 6 and 7 are off, position 7 is turned on by the
shift pulse. If EPR 6 and 7 are both on, position 7
is turned off by the shift pulse.

The binary inputs to all EPR positions are gated
by the shift EPR pulse (at RDD 167) during second-
check-character time to set a one into position P
for counting down to position 7. The position con-
taining this count at the end of the operation indicates
the track in error.
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CHAPTER 3 PRINCIPLES OF OPERATION

The operation of the tape control unit is described
in this section.

The operation of the magnetic tape units is de-
scribed in IBM Field Engineering Theory of
Operation, 2401, 2402, 2403 Magnetic Tape

Units Models 1, 2, and 3. (See FE Bibliography —
1800 System, Form Y26-0560.)

The descriptions refer to diagrams found in the
1800 Maintenance Diagram Manual, provided as
a system document.

Figure 7-14 is a block diagram ofthe circuits
used in the read and write operations.

READ OPERATION

The tape control unit determines if the operation
can be executed.

The tape control unit is conditioned for read
operation.

If the previous operation left the tape unit in back-
ward status execute a turnaround sequence.

Start read delay and turn on the go flip-latch to
start tape motion.

At the end of read delay, turn on read condi-
tion to look for data from tape.

Read and check the data.
unit through:

1. Final amplifiers

2. Skew register (high or low)
3. Read/write register

4. Data register

Gate data from the tape

Read the check characters when the end of data
is reached.

Stop tape motion and reset the control unit.

Objectives of the read operation are listed on
MDM GB40122.

The 1/0 operation diagram is on MDM GB40121,

Flow charts of the read operation begin on
MDM GB60121.

Timing charts for the read operation begin on
MDM GB70121.
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Control Word Cycle

E-1 cycle of the execute I/0 (XIO) instruction.

Transfers the control word of the I/O control
command to the out bus.

Area, function, and modifier bits are decoded by
the tape control unit.

If area is that assigned to tape control, turn on
delay-commands to allow time for the tape control:
unit to receive all the control data from the P-C.

Delay commands ANDed with initialize-read turn
on the initialize-read-remember flip-latch at

T6 time.

Initialize-read-remember activates the busy line.

Data Word Cycle (DWC)

E-2 cycle of XIO instruction.

Delay commands, initialize read remember, and
XIO-DWC activate the cycle-steal-acknowledge line'.

Cycle steal acknowledge conditions a line that
gates the address of the first word in the data
table to the specified channel address register
(CAR).

Send cycle steal request to the P-C.

First Cycle Steal Cycle

Load word counter and set scan-control circuits.
Word counter is loaded from bits 2 through 15.
Scan-control bits are bits 0 and 1.

The operation of the word counter is described
in the Functional Units section of this chapter.

Reset delay-commands.

The first word of the data table contains the word

count and scan control bits. (If the data table has been
chained, the word count and scan control bits are in the
second word.) The word count word is placed on the out
bus by the data channel. Positions 2 through 15 are
gated into the word counter by cycle steal acknowledge
(CSA) and the CSA control triggers (Figure 7-15).
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Figure 7-14, Tape Control Unit Block Diagram
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Time Pulse A FF
CSA A Tt ’
- A
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CSA Cntr Tr A Reset Data Register
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H FF A e = CS Control 1 (CPU)
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OR Init Rd CSC
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GB512—@ Rem GBAm (Gate Data Reg fo I-B) (chU)
- A Word Counter Cycle
Busy li GB511 I )
OR A Init Data Reg Reset
Dly Cmd GB511
Not Dly Cmds | y ~mes
Not Wd Ctr Zero A
and Rem Chain J— :
Not Wd CirCycle A Reset Wd Ctr and Scan Cirl Reg
T2(X2) B511
The timing chart on MDM page GB70123shows the &
operation of the CSA control triggers. A Load Wd Cir and Scan Ctrl Reg
T5(X5) GB511
Conditioning Functi
Tr0 | Trl unetion
ON | ON Load CAR ]
OFF | ON Check CAR A Reset Delay Cmds
ON | OFF Load Wd Ctr Té6(X6) ————{GB511
OFF | OFF Data Transfer e
Figure 7-15. Cycle Steal Acknowledge Control Triggers
Scan control consists of two flip-latches, which e After read-delay has allowed time for tape to
are end-of-table (EOT)-interrupt-remember and chain- reach speed, turn on read-condition,

remember. A zero-bit in bit position one turns on

the EOT-interrupt-remember flip-latch to cause an e Tape character is set into the skew register,

interrupt when the word count reaches zero. e The first bit of each tape character read from
A one-bit in position zero turns on the chain- tape turns on the first-bit latch,
remember flip-latch to re-initialize the tape control
unit when the word count reaches zero. Re-initializ- e  First-bit starts the read clock.
ing the tape control unit causes a new CAR address
to be loaded, and a new word count and scan control e At RC-7 time, start read-disconnect-delay (RDD)
setup for the next data table. to test for check-character time.

Read activates read-delay at the end of delay com-~

Cycle Steal Data Cycles mands. The read-delay line:
1. Sets the go flip-latch. The active go flip-latch
o  Fall of delay-commands activates read. output causes the selected tape unit to move
tape forward.
e  Check need for turnaround operation. 2. Conditions millisecond-delay-counter drive cir-
cuts. The delay counter advances in millisecond
e If no turnaround operation is required, set read- mode at a rate determined by the tape unit
status and start read-delay. designated to read the record. While read~delay

7-22



is active, tape on the selected tape unit ac-
celerates to proper operating speed. Because
the read head on the tape unit was positioned
either in an interrecord gap, or, in the gap
between load-point and the first tape record
when the operation began, characters do not
transfer to the tape control unit immediately
after tape movement begins.

If tape on the selected tape unit was not at load-point

when the read delay started, the read-condition flip-

latch turns on when the delay counter advances:

1. To 28, if a model 3 tape unit equipped with the
T-track feature is selected.

2. To 15, if a model 3 tape unit not equipped with
the 7-track feature is selected.

3. To 31, if a model 1 or 2, 7-track tape umit is
selected.

4. To 17, if a model 1 or 2, 9-track tape unit is
selected.

If tape on the selected tape unit is at load-point
when the read delay begins, the load-point delay
flip-latch is set, blocking the set path to the read-
condition flip-latch until the delay counter advances
to 160 for model 3 or to 103 for a model 1 or 2.
Regardless of the original position of tape on the
selected tape unit, read delays are shorter than
corresponding write delays to ensure that read
circuits are conditioned soon enough to read the first
character in the tape record.

The read-condition flip-latch blocks read delay,
which resets the delay counter. Read-condition also
activates the first-bit and read-clock circuits to look
for data from the tape unit. Between the times that
tape control sets the go and read-condition flip-
latches, tape accelerates to proper operating speed.

Accept Characters

Each input character from the tape unit enters

tape control final amplifiers. Final amplifiers con-
tain a separate track for each bit position. A final
amplifier track has two outputs, a high- and low-clip
output. Imput bits to corresponding final-amplifier
tracks must meet predetermined minimum amplitude
requirements to produce high- and low-clip outputs.
The high-clip output from each final-amplifier track
sets the corresponding high-clip skew-register flip-
latch; the low-clip output from each final-amplifier
track sets the corresponding low-clip skew-register
flip-latch. Theoretically, all bits in a character
should arrive at the input to the final amplifiers

simultaneously; however, all bits may not arrive at
exactly the same time. The first high-clip output
from any final-amplifier track sets the first-bit latch
to start the read clock.

Ttispossible to have a character in thelow-clip skew
register and nothing in the high-clip skew register
because of low amplitude pulses from the tape unit.

Read Clock Cycles

The output of the read clock at 7 time sets the
read-disconnect-delay (RDD) flip-latch. RDD
conditions microsecond-delay-counter drive cir-
cuits, and the delay counter steps in micro-
second mode at the rate determined by the tape unit
reading the record. If the next character from the
tape unit is not a check character, the read clock
outpht at RC 4 time resets the RDD flip-latch, stop-
ping the delay counter. The next tape character

must arrive at the tape control soon enough to start
the read clock before the delay counter advances to
36 or tape control will turn on the first check char-
acter- flip-latch and process the character as a check
character.

In 9-track operation, the high-clip skew register
is used for every character. The low-clip skew
register can be gated out only during 7-track opera-
tion. After RC-7 time, the read clock generates RC
Reset to:

1. Reset the first-character flip-latch (only at the
end of the first read clock cycle).

2. Reset the first-bit flip-latch, blocking drive
pulses to the read clock; the clock resets and
cannot start again until the next character from
the tape units sets the first-bit flip-latch.

3. Reset the high-and-low-clip skew registers.

Read Data Gating - Nine-Track, or Seven-Track
Two-Bytes.

The byte generator, a two position binary counter,
described in the Functional Units section, provides
the pulses that gate data in the specified byte format
from the R/W register to the data register. The
byte generator and its associated circuits are

shown on MDM GB40182; the timing chart is on MDM
GB70124.

The following circuit objectives relate to these
diagrams and assume an initial condition of both BT0
and BT1 off (byte A time), Figures 7-16 and 7-17
shows the data gating for nine-track and seven-track
two-byte read operations.
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Figure 7-16. Read Data Gating - Nine-Track

Reset R/W Register, At RC-7 time, R/W strobe
fires a 150-nsec single-shot, the output of which
resets the R/W register,

Gate Data to R/W Register (Byte A), The timing-
out of the 150-nsec single-shot pulse (reset R/W

R/W Register Data Register
Byte A ¢
- T
B \\ -
A — -
8 2
4 — 3
From Tapes 2 4
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] 6| TocCPU
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Figure 7-17. Read Data Gating - Seven-Track-Two-Byte
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register) fires a 300-nsec single-shot that gates the
tape character that is in the skew register into the
R/W register, If 7-track tape is being read, posi-
tions 0 and 1 will be reset and a parity bit generated
to produce bits C, B, A, 8, 4, 2, and 1.

Step Byte Generator. The timing-out of the 300~
nsec single-shot (R/W gate) turns on BTO to estab-
lish the byte B condition.

Gate Byte A to Data Register. The rise of byte B,
after any cycle steal acknowledge,fires a 350-nsec
single-shot to condition a line that gates R/W reg-
ister bits P through 7 to positions P through 7 of the
data register.

Parity Check R/W Register (Byte A). The timing-
out of the 350-nsec single-shot fires a 200-nsec
single-shot. The output pulse of this 200-nsec single-
shot (R/W check gate) conditions the R/W VRC error
circuit. If the R/W register has even parity and
9-track or 7-track-odd-parity is specified or vice-
versa for 7-track, a R/W VRC error is indicated.

Reset R/W Register. Same as for byte A.

Gate Data to R/W Register (Byte B). The timing-
out of the 150-nsec single-shot fires the 300-nsec
single-shot that activates a line (read gate). The
read gate line, in turn, gates the tape character
from the skew register into the R/W register. These
nine, or seven, bits make-up byte B.

Gate Byte B to Data Register. The 300-nsec single-
shot (R/W gate) pulse also activates a line that gates
this second tape character from the R/W register to
positions V and 8 through 15 of the data register.
Notice on the timing chart (GB 70124) that byte A is
gated to the data register at the beginning of byte B
time (by gate byte A) and byte B is gated to the data
register at the end of byte B time (by R/W gate).

Request Cycle Steal. During byte B time, if the
word count register does not equal zero, the 300-
nsec (R/W gate) pulse turns on the data cycle steal
request (CSR) flip-latch.

Step Byte Generator. The timing-out of this same
300-nsec single-shot turns off the BTO flip-flop.
BTO going off does not turn on BT1 because the 3
bytes per word line is not active. The byte gener-
ator is now at the byte-A condition for the next tape
character.




Parity Check R/W Register (Byte B). The timing-
out of the 300-nsec single-shot (R/W gate) also fires
another 200-nsec single-shot (R/W check gate). The
output pulse of this single-shot conditions the R/W
VRC error circuits.

Gate Data to the P-C (18-bit word). Cycle steal
acknowledge, from the P-C, gates the data register
output onto the in bus. At this time, byte A of the
next tape character may be in the R/W register.

Read Data Gating - Seven-Track, Three Bytes.

In seven-track, three-bytes-per-word format, the
byte generator is stepped through bytes A, B, CandD.
Byte B does not gate any data; therefore, only three
bytes of data form the word in the data register.
During the other three byte times - A, C, and D -
data is gated as in the two-byte format except for the
differences that are indicated in the following circuit
objectives. The circuits described are on MDM
GB40182 and the timing chart is on MDM GB70125.
Figure 7-18 shows the format of the data gating for
seven-track, three byte, read operation. Figure 7-19
shows the timing of the data gating for seven-track,
three bytes read.

Reset R/W Register: Same as two-byte format.

Gate Data to R/W Register: Same as two-byte format.

Step Byte Generator to Byte B. The fall of the 300-
nsec single-shot (R/W gate) turns on BTO0 to establish
the byte B condition. This is the same as for two-
byte format because the degate-byte-generator-read
line is inactive at this time.

Gate Byte A to the Data Register. The rise of byte
B, after any cycle steal acknowledge, fires a 350-nsec
single-shot. In three-byte format, this pulse condi-
tions a line called gate-byte-A-read-3-bytes-per-
word. This line does not gate R/W register outputs P
through 7 directly into the data register as in two-byte
format. As shown in Figure 7-9, data register
positions P, 6, and 7 are not loaded; positions 0
through 5 are loaded from R/W register positions

2 through 7. This selective loading is accomplished
by the gate-byte-A-read-3-bytes-per-word line.

Parity Check R/W Register (Byte A). Same as two-
byte format.

Step Byte Generator to Byte C. Three-bytes-per-
word enables the gate-byte-A pulse (350-nsec single-
shot) to de-activate the BTO input. The fall of gate-

byte-A then turns off BT0. Three-bytes-per-word
also enables the turn-on of BT1 and the byte gener-
ator is stepped to the byte C condition (BTO off,
BT1 on).

Reset R/W Register. Same as two-byte format.

Gate Data to R/W Register. Same as two-byte
format.

Gate Byte C to Data Register. During byte C, the
300-nsec single-shot (R/W gate) pulse activates a
line that gates R/W register positions 2 and 3 to
data register positions 6 and 7. This line also gates
positions 4, 5, 6, and 7 to data-register positions 8,
9, 10, and 11.

Step Byte Generator to Byte D. The timing-out of
the 300-nsec single-shot (R/W gate) turns on BTO0;
BT1 remains on, establishing the byte D condition.

R/W Register
Byte A
E3
0
1
2 Data Register
3
4
5 | a
Byte C ?
[PC] 2
From Tapes - 3
(Parity - 4
Checked to 6 5
Correspond 7 6 To CPU
to Call) g \7/ (Odd Parity)
10° 8
9
10
1
12
13
14
is ]

Figure 7-18. Read Data Gating - Seven-Track-Three-Byte
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Parity Check R/W Register (Byte C). Read-gate, a
line activated by the 300-nsec single-shot, ANDs
with byte-trigger-1 (BT1) to fire 200-nsec single-
shot (R/W check gate) to condition the R/W vertical
redundancy check (VRC) error circuits.

Reset R/W Register. Same as other bytes.

Gate Data to R/W Register. Same as other bytes.

Gate Byte D to Data Register. During byte D time,
the 300-nsec R/W gate single-shot pulse activates a
line that gates R/W register positions 6, 7, and 2
through 5 to Data register positions P, V, and 12
through 15, respectively.

Step Byte Generator to Byte A. The timing-out of
the 300-nsec single-shot (R/W gate) turns off BT0
which turns off BT1, establishing the byte A con-

dition for the next tape character.

Parity Check R/W Register (Byte D). Same as for
byte C.

Request Cycle Steal. The R/W gate pulse and byte D
turn on the data CSR flip-latch.

Gate Data to P-C. Cycle-steal-acknowledge, from
the P-C, gates the data register outputs onto the
in bus.

Cyclic Redundancy Check Character.

In 9-track operation, each data character is shifted
into the cyclic redundancy check register (CRCR)
from the R/W register. Because of the shift pattern
within the CRCR, a cyclic check character is devel-
oped. At the end of a record in read operation, the
cyclic redundancy check character (CRCC) should
match the CRCC generated when the record was
written. At the end of the record, the CRCC devel-
oped from the data characters is combined with the
CRCC read from tape. The result should be the match
pattern (111010111) in the CRCR.

If the record contains error characters, the
CRCR is used in conjunction with the error pattern
register (EPR) to analyze and, if possible, correct
the errors. For detailed information about the
actual error correction operation, see the description
of the error correction operation.

The process of analyzing an error condition
occurs between read disconnect delay (RDD)-159 and
RDD-222. If the errors are in one track only, the
tape control will turn on the found-track flip-latch.

Check Character Cycles

In a normal read clock cycle, tape control sets the
RDD flip-latch at read clock (RC)-7 time, allowing
the delay counter to advance in microsecond mode;
at RC-4 time of the following normal read clock cycle,
tape control resets the RDD flip-latch, stopping the
delay counter. Normal character spacing in the tape
record allows the tape unit to transfer at least one
bit in a character to tape control to start the read
clock and stop the delay counter before the counter
advances to 36 to set the first-check-character flip-
latch.

Because the check characters are spaced farther
from the last data character in the tape record than
normal character spacing, the delay counter advances
to 36 after tape control processes the last data char-
acter. RDD-36 sets the first-check-character flip-
latch, indicating the next character the tape unit
transfers is the first-check-character. The tape
record might have blank check-characters. If nobits
are received between RDD-36 and RDD-95, the CRC
character (9-track only) is assumed to be blank. In 7-
track operation the longitudinal redundancy check (LRC)
character shouldbe received between RDD-36 and
RDD-95.

At RDD-95 the second-check-character flip-latch
is turned on. In 9-track operation the second check
character is the LRC character. In 7-track operation
there is no second check character.

The tape control unit examines check-character
bits stored in the high-clip skew register for a parity
error. If a check-character parity error is detected
in the high-clip skew register during 7-track opera-
tion, the low-clip skew register is gated to the LRC
register and the R/W register. For other conditions
the high-clip skew register is gated out.

During second-check-character time, RDD-95 to
RDD-383, the skew registers cannot enter the R/W
register. The 9-track LRC character is gated to the
LRC register but not to the R/W register.

At RC reset time, the tape control unit resets the
first-bit flip-latch and the skew registers. Because
the LRC character is the last character the tape unit
transfers to tape control, the read clock does not run
again in the read operation.

CRCC Parity: The parity ofthe CRCC depends upon
the configuration ofthe record. Ifthe character-count
flip-flop is off (even count), the CRCC parity should be
odd. Check character parity error is indicated by
read-high-clip VRC (tape CE diagnostic indicator).



LRCC Parity: In nine track operation, the LRCC
parity is always odd. In seven-track operation, LRCC
parity depends upon the parity call and the character
count as follows:
Even parity call —always even parity LRCC
Odd parity call
even character count — even parity LRCC
odd character count — odd parity LRCC

Check character parity error is indicated by
read-high-clip VRC (tape CE diagnostic indicator).

End of Data Table

e If the scan-control latches so specify, end-
of-table (EOT) interrupt is activated when the
last data word is transferred.

e If chaining is specified by the scan control
latches, transfer of data to the next data table
is started without program control.

I the end-of-table-interrupt-remember latch is on,

word-count-equal-zero and cycle-steal-acknowledge
causes an interrupt request. Bit three of the device
status word (DSW) will indicate end of table when the
sense interrupt level command is executed.

If the chain-remember flip-latch is on, word-
count-equal-zero sends three cycle steal requests to
the P-C. The word that is placed on the out bus by
the cycle steal is the word that follows the last data
word in the data table and is the address of the first
word in the next data table. I the cycle-steal-
control-0 line is active and the cycle-steal-control-1
line is inactive (Figure 7-15), this address is loaded
into the specified channel address register (CAR).

The next cycle steal cycle places the first word
of the new table on the out bus. This first word con-
tains its own address. The cycle-steal-control-0
and -1 lines are activated to condition the CAR check
circuits. I the address on the out bus does not com-
pare equally with the contents of the specified CAR,
a CAR check is indicated. The CAR check logic is
shown on MDM CC30101.

The next wordin the new datatable contains the
word count and scan-control bits. Ifthis isthe lasttable
tobe chained, bitposition zero contains azero so that
the chain-remember flip-latch isnotturnedon andbit
position one contains a onetoturn on, or a zero toturn
off, the end-of-table-interrupt-remember flip-latch.

End Read Operation

o Read-disconnect-delay (RDD)flip-latch is turned
onatRC7. This places the delay counter in usec
mode.

e Delay counter is reset at each RC4 time (first
bit of next tape character starts read clock).

o After the last data character is read, the delay
counter will continue to advance.

e At RDD36, the go flip-latch is turned off and
first-check-character flip-latch is turned on.

e If 7-track, read LRC character and end opera-
tion at RDD383.

e If 9-track, read CRC character; at RDD96, 2nd
check~-character flip-latch is turned on and LRC
character is read; gate CRCR and EPR to locate
error track if any; end operation at RDD383.

First Character Tape Mark

The first character transferredto the tape control unit in
a read operation causes final-amplifier tracks to pro-
duce high-andlow-clip outputs that set corresponding
high- and low-clip skew register positions. The first
high-clip outputfrom any final-amplifier track sets the
first-bit flip-latch, causing the read clock to start.

The first-character flip-latch, set during the
data word cycle, is on during the first read-clock
cycle in the operation, allowing the read clock output

at RC-6 time to check the character in the high-clip
skew register for the tape mark bit configuration.

A tape mark in 9-track is composed of bits in
positions 3, 6, and 7 and no bits in P, 0,1, 2, 4, or 5.
A tape mark in 7-track is composed of bits in posi-
tions 4, 5, 6, and 7, and no bits in P, 2, or 3. Tracks
0 and 1 are not used in 7-track operation.

A true tape-mark record contains only atape mark
followed by a check character withthe same bit struc-
ture. The tape control unit holds the firstcharacter in
the R/W register until the next character is received.
The character spacing andbit configuration determine
whether the record is a tape mark or data.

If the character inthe high-clip skew register has
the bit configuration of atape mark, the tape control unit
turns onthe first-character-tape-mark flip-latch at
read clock 6time (Figure 7-20). The tape control must
now wait for the next character to see if the record is a
true tape mark. This checkis made bythe character-
after-tape-mark flip-latch, turned on by the first-
character-tape-mark and a read-clock-4 pulse (2nd
character).

If a third character is read, the record isnot a
true tape mark record. This possibility is checked by
a circuit that turns off both the first-character-tape-
mark and the character-after-tape-mark flip-latches
if a read-clock -0 +1 pulse is detected when the
character-after-tape-mark flip-latch is on.
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Figure 7-20. Tape Mark Recognition

In this case (third character read)the tape mark
indication is not placed on the in bus because the first-
character-tape-mark flip-latch is turned off before the
busy line drops.

At RC-7 time in the first read-clock cycle:

1. The tape control unit turns on the read-disconnect-
delay (RDD) flip-latch. RDD conditions micro-
second delay-counter-drive circuits, and the delay
counter steps inthe microsecond mode atthe rate
determined by the model of the tape unit reading
the record.

2. The tape control unit checks the character in the
high-clip skew register for a parity error. The
high-clip skew register possibly contains a char-
acter with the structure of a tape mark as the
result of an error. A BCD tape mark is always
an even parity character; an 8-bit code tape
mark is always an odd parity character.

At RC reset time, the tape control unit:

1. Resets the first-character flip-latch.

2. Resets the first-bit flip-latch, causing the read
clock to reset.

3. Resets the high- and low-clip skew registers.

Ifthe delay counter advances to 36 before the next
tape character produces a high-clip output from final
amplifiers, the tape controlunit sets the first-check-
character flip-latch. The tape mark character stored
in the R/W register on the previous read clock cycle
has also been transferred to the data register.

WRITE COMMAND OPERATION

o Determine if command can be executed.
o Condition tape control for write operation.

o If previous command was a backward operation
do a turnaround sequence.

e Start write delay and tape motion.

o Condition write andread circuits after write delay.
© Write and read-check the data record.

e Send end-of-table interrupt.

o  Start disconnect delay and write check character(s).

@ Stop tape motion and complete read-check of
record.

o Objectives of the write operation are listed on
MDM GB 401 22.

o The I/0 operation diagram for the write opera-
tion is on MDM GB 401 31.

o Flow charts of the write operation begin on
MDM GB 601 31.

o Timing charts for the write operation begin on
MDM GB 701 31.

Control Word Cycle

e E-1 cycle of the XIO instruction transfers the con-
trol word of the I/O control command to the out bus.

e Area, function, and modifier bits are decoded by
the tape control unit.

o If area is that assigned to the tape control unit,
delay-commands is turned on to allow time for
the tape control unit to receive all the control
data from the P-C.

e Delay-commands and initialize-write decode
turns on initialize-write-remember at T6.

e Initialize-write-remember activates fhe busy line.

Data Word Cycle (DWC)

e E-2 cycle of XIO instruction.
e Cycle steal acknowledge (CSA) is sent tothe P-C.

e Cycle steal acknowledge and CSA-control-trigger -
1 together gate the address word of the I/O con-
trol command into the specified channel address
register.
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e Two initial cycle steal requests are generated
to obtain word count and scan control bits (first
cycle steal cycle), and, the first data word
from the data table (second cycle steal cycle).

° Turn on the first-character flip-latch; to be
used in a later cycle.

First Cycle Steal Cycle

e Load the word counter and set the scan-control
circuits at T5 time.

e Word counter is loaded from bits 2 through 15.
® Scan-control bits are bits 0 and 1.

e The operation of the word counter is described
in the functional units section of this chapter.

® Reset delay commands.

e  Activate write op.

The first word of the data table contains the word
count and scan-control bits. (If the data table has
been chained, the word count and scan-control bits
are in the second word.) The word-count word is
placed on the out bus by the data channel. Positions
2 through 15 are gated into the word counter by cycle
steal acknowledge and the CSA control triggers.

Scan control consists of two flip-latches, end-of-

table (EOT)-interrupt-remember and chain-remember.

A zero-bit inbit position one turns on the EQT-inter-
rupt-remember flip-latch to cause an interrupt when
the word count reaches zero.

A one-bit in position zero turns on the chain-re-
member flip-latch to re-initialize the tape control
unit when the word count reaches zero. Re-initial-
izing the tape control unit causes a new CAR address
to be loaded, this CAR address to be checked, a new
word count and scan control setup for the next data
table, and the first data word to be sent to the tape
control unit.

Cycle Steal Data Cycles

e Load data register with the first data word
(18 bits).

e Advance the word counter.

While cycle steal acknowledge is still active, T2
advances the word counter and resets the data-CSR
(cycle steal request) flip-latch. The same circuits,
cycle steal acknowledge and CSA control, gate the
reset of the data register at T5 time. The out bus
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is gated to the data register at T6 of every cycle
except the first cycle steal cycle (word count cycle).
The first data word, placed on the out bus by the
data channel circuits, is loaded into the data register
at T6.

Write Delay and Tape Motion

® Check need for turnaround delay.
0 Activate write status in tape unit.
o Initiate write delay.

e Turn on the go flip-latch.

e Turn on read-condition flip-latch for read check-
ing while writing.

e Turn on write-condition flip-latch after write
delay has reached the specified delay.

If backward-memory-status is not active, turnaround
delay is not needed. A signal is sent to the tape unit
to activate write-status, the go flip-latch is turned on
to start tape motion, and a write delay is started.

Write-delay turns on the go flip-latch and acti-
vates millisecond (ms) mode. The delay counter
advances in ms mode at a frequency determined by
the tape unit model.

While write-delay is active, tape on the selected
tape unit accelerates to proper operating speed, but
the tape control unit does not transfer characters to
the tape unit.

If tape on the selected tape unit is not at load
point when the write-delay begins, the write-condition
flip-latch turns on when the delay counter advances to
31 if a model 1 or 2 tape unit is selected, or to 53 if
a model 3 tape unit is selected.

If tape on the selected tape unit is at load point
when the write-delay begins, the load-point-delay
flip-latch is turned on, blocking the set path to the
write-condition flip-latch until the delay counter
advances to 320. Because tape is not positioned at
the same spot with respect to the write head after
each load-rewind operation, the longer write delay
(when the load-point-delay flip-latch is set) causes
the tape unit to erase a section of tape approximately
3-3/4 inches long between load point and the first
character in the tape record. This erasure ensures
that all previously recorded data on tape are de-
stroyed before the new record is begun.



Write and Read Condition

e Write-condition turns on after the specified delay.

® Conditions the tape unit to write the data.

® Starts the write clock to control the data flow
through the tape control unit.

® Read-condition, turned on by write-condition,
enables the checking of data as it is written
on tapes.

The write-condition flip-latch drops write delay and
stops the delay counter to permit actual writing of
the tape record. However, between the time that the
go flip-latch is turned on to start tape movement and
the write-condition flip-latch is set, tape on the
selected tape unit reached proper operating speed.

In addition to ending the write delay, the write-
condition flip-latch,when on, further prepares the
tape control unit to perform the write operation by:

1. Setting the write-release flip-latch to allow write
triggers in the selected tape unit to turn on and
off as required to record characters on tape.

The write-release flip-latch is reset after the
tape control processes the last data character
in the record to the tape unit, causing all tape
unit write triggers in the on-state at that time to
switch to their off-state. In returning to their
reset conditions, write triggers write the longi-
tudinal redundancy check (LRC) character at the
end of the tape record. However, the resets to
the off-states are gated by an all-one-bit (special)
character that uses the same path as normal
data. This allows deskewing of the LRC char-
acter the same as for a data character.

2. Directly setting the read-condition flip-latch if
the load-point (LP)-delay flip-latch is on. If
loadpoint is not on, read-condition is set when
the delay counter advances to 17 or 32 during
the write delay. The on-state of the read-condi-
tion flip-latch conditions output gates for the final
amplifiers to allow the tape control to check
each character that the tape unit writes.

3. Starting the write clock. Write-clock outputs
establish timings that control data flow and
processing in the tape control unit. The write
clock cycles continuously as long as the write-
condition flip-latch is on.

Write Gating - Nine-Track, or Seven-Track
Two-Bytes

The byte generator, a two-position binary counter
described in the Functional Units section of this
chapter, provides the pulses that gate data in the
specified byte format from the data register to the
R/W register. The byte generator and its associated
circuits are shown on MDM GB40182; the timing
chart is on MDM GB70124.

The following circuit objectives relate to these
diagrams and assume an initial condition of both
BTO and BT1 off (byte-A time). The data word (18
bits) is on the out bus because a cycle steal request
was initiated. Figures 7-21 and 7-22 show the data
gating for nine-track and seven-track two-byte write
operations.

Load Data Register with P-C Data Word. At T6
time of the cycle during which the tape control unit
services the cycle steal request, the out bus is gated
to the data register.

Gate Byte A to the R/W Register. At T7 time, the
fall of cycle steal acknowledge fires a 350-nsec
single-shot. The output pulse of this single-shot

Data Register R/W Register
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Figure 7-21, Write Data Gating, Nine-Track
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Figure 7-22, Write Data Gating, Seven-Track Two-Byte

conditions a line that gates the output of data register
positions P and 0 through 7 (except for bits 0 and 1
which are lost in 7-track) into the R/W register.
Write-clock pulses 6 through 10 cause the tape unit
to write the R/W register output.

Parity Check R/W Register (Byte A). The timing out
of the 350-nsec single-shot fires a 200-nsec single-
shot. The output pulse of this single-shot activates
R/W vertical redundancy check (VRC) error if the
R/W register has even parity and 9-track or 7-track-
odd-parity is specified or vice-versa for 7-track.

Reset R/W Register. (Prepare to gate byte B into
R/W register.) At WC 14 time, byte A has been
written on tape. R/W strobe fires the 150-nsec
single-shot to reset the R/W register.

Step Byte Generator. The 150-nsec single-shot pulse
(reset R/W register) turns on the BT0 flip-flop; BT1
is still off. This establishes byte-B time.

Gate Byte B to the R/W Register. When the 150-nsec
single-shot times out, the 300-nsec single-shot (R/W

gate) conditions a line that gates the output of data
register positions V and 8 through 15 (except for bits
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8 and 9 which are lost in 7-track) to the R/W register.
Write clock pulses 6 through 10 cause the tape unit
to write the R/W register output.

Initiate a Cycle Steal Request. The 300-nsec single-
shot (R/W gate) turns on the data cycle steal request
flip-latch. If the word count is not zero, the P-C
places another data word on the out bus when it can
next service the magnetic-tape cycle-steal priority.

Parity Check the R/W Register (Byte B). The timing
out of the 300-nsec single-shot (R/W gate) during byte
B time fires another 200-nsec single-shot (R/W check
gate). The output pulse of this second single-shot
activates R/W VRC Error if the R/W register parity
is even and 9-track or 7-track-odd-parity is specified
or vice-versa for 7-track.

Data Gating - Seven-Track, Three Bytes - Write

In seven-track, three-bytes-per-word format, the byte
generator is stepped through bytes A, B, C, and D.
Byte B gates data to the R/W register for parity
checking only. During byte A, D, and D times, data is
gated as in the two-byte write operation except for the
differences indicated in the following circuit objectives.
The circuits described are an MDM GB40182 and the
timing chart is on MDM GB70125. Figure 7-23 shows
the format of the data gating for seven-track three-
byte, write operation. Figure 7-24 shows the timing of
the seven-track, three-byte, write operation.

Load Data Register with P C Data Word. Same as
two-byte format.

Gate Byte A to the R/W Register. Circuits, similar
to those that gate byte A in two-byte format, gate
data register positions P and 0 through 7 into the
R/W register in three-byte format. Bits P, 0, and
1 will be reset and a new parity bit generated before
the output is gated to the tape unit.

Parity Check R/W Register (Byte A). Same as two-
byte format.

Reset R/W Register Positions P, 0, and 1. When
the 200-nsec single-shot (R/W check gate) times out,
positions P, 0, and 1 of the R/W register are reset.
A parity bit, called C-bit, is generated based on the
6 remaining bits, 2-7.

Write Byte A. The seven-bits now assembled at the
R/W register output are called C, B, A, 8, 4, 2,
and 1. These data bits are gated to the tape unit by
write-clock pulses 6 through 10.
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Figure 7-23. Write Data Gating, Seven-Track Three-Byte

Reset R/W Register. Same as two-byte format.

Step Byte Generator. Same as two-byte format.

Gate Byte B to the R/W Register, The same circuits
that gate byte B in two-byte format gate data-register
positions V and 8 through 15 into the R/W register.
This data is parity checked but is not gated to the
tape unit.

Parity Check R/W Register (Byte B). Same as two-
byte format.

Reset R/W Register. The fall of the 200-nsec single-
shot pulse that conditions the parity check (R/W check

gate) during byte B time fires a 150-nsec single-shot
that resets the R/W register.

Step Byte Generator. The 150-nsec single-shot that
reset the R/W register also steps the byte generator.
BTO is turned off and the 3-bytes-per-word latch
conditions BT1 so that it is turned on. This estab-
lishes the byte-C condition.

Gate Byte C to R/W Register. When the 150-nsec
single-shot (reset R/W register) times out, a 300-
nsec single-shot fires. The output pulse of this
single-shot conditions a line that gates data-register
positions 6 through 11 (not V) to R/W-register posi-
tions 2 through 7.

Write Byte C. Byte C is not parity checked in the
R/W register because all of the data-register bits
have been checked during byte-A and -B. A parity
bit (C-bit) is generated according to the six bits in
the R/W register and these seven bits, C, B, A, 8,
4, 2, and 1 are gated to the tape unit.

Reset R/W Register. At write clock (WC)-14 time,
R/W strobe fires a 150-nsec single-shot to reset the
R/W register. This reset is the same for two-byte
format at byte-A time.

Step Byte Generator: The 150-nsec pulse (reset
R/W register) turns on BT0 and BT1 remains on.
This establishes the byte-D condition.

Gate Byte D to R/W Register: The timing-out of the
150-nsec single-shot (reset R/W register) fires a
300-nsec single-shot (R/W gate). This pulse condi-
tions a line that gates data register positions 12
through 15 to R/W register positions 2 through 5 and
data register positions P and V to R/W register
positions 6 and 7.

Initiate a Cycle Steal Request: During byte-D time,
the 300-nsec single-shot pulse (R/W gate) turns on
the data cycle steal request (CSR) flip-latch. If the
word count is not zero, the P-C places another data
word on the out bus when it can next service the
magnetic-tape cycle-steal priority.

Write Byte D. Same as byte C.

Reset R/W Register. Same as byte C.
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End of Data Table

e If the scan control latches so specify, and end-of-
table (EOT) interrupt is activated when the last
data word is transferred.

e If chaining is specified by the scan control
latches, transfer of data to the next data table is
started without program control.

If end-of-table-interrupt-remember latch is on, word-
count-equal-zero and cycle-steal-acknowledge cause
an interrupt request. Bitthree of the device status
word will indicate end of table when the sense-interrupt-
level command is executed.

If the chain-remember latch is on, word-count-
equal-zero sends three cycle steal requests to the
P-C. The word that is placed on the out bus by the
cycle steal is the word that follows the last data word
in the data table and is the address of the first word
in the next data table. Both cycle-steal-control
triggers 0 and 1, when on, cause this address to be
loaded into the specified channel address register.

The next cycle-steal-cycle places the first word
of the new table onthe out bus. This first word con~
tains its own address. The cycle-steal-control-0 and
-1lines are activated to condition the channel address
register (CAR) check circuits. Ifthe address on the
out bus doesnot compare equally withthe contents of
the specified CAR, a CAR checkis indicated. The CAR
check logic is shown on MDM CC30101.

The nextword inthe new datatable contains the
word count and scan-control bits. If thisisthe lastdata
table to be chained, bit position zero contains a zero so
that the chain-remember latch is notturned on. Bit
position one contains a one to turn on, or a zero to turn
off, the end-of-table-interrupt-remember latch.

Cyclic Redundancy Check Character

An additional error checking and correcting feature is
employed for nine-track operation only. As each char-
acter is gated intothe R/W register, the R/W register
outputs condition the cyclic-redundancy-check-register
(CRCR) inputs. The bits are gated intothe CRCR in a
patternthat creates a special check character. At the
end ofthe record, all positions except 2and 4 are
complemented and the resulting cyclic redundancy
check character (CRCC) is written ontape four
character-spaces after the last data character and four
character-spaces before the longitudinal redundancy
check character (LRCC). The longitudinal-redundancy-
check register (LRCR) considers the CRCC as a nor-
mal character when generating the LRCC. (See Error
Correction, this section.)

CRCC Parity: The parity of the CRCC depends upon
the configuration of the record. If the character-count
flip-flop is off (even count), the CRCC parity should
be odd. CRCC parity error is indicated by write-high-
clip VRC (tape data error).

LRCC Parity: In nine track operation, the LRCC parity
is always odd. In seven-track operation, LRCC parity
depends upon the parity call and the character count
as follows:
Even parity call — always even parity LRCC
Odd parity call
even character count — even parity LRCC
odd character count —odd parity LRCC

LRCC parity error is indicated by write-high-clip
VRC (tape data error).

End Write Operation

® When the word count reaches zero, if chain-
remember flip-latch is off and end-of-table-
interrupt-remember flip-latch is on, request
interrupt and turn onthe stop-command flip-latch.

e Stop-command turns offthe write-condition flip-
latch at WC 14 time.

e Continueto readtape characters under control of
read disconnect delay (RDD) as in read operation.

e If 9-track, gate CRCC, LRCC, and echo error,
write CRCC and LRCC, all under control of write
disconnect delay (WDD).

e If 7-track, write LRCC and gate echo error.

e Turn off the go flip-latch at one of the following
times:
1. If 7-track, model 3 —WDD10.
2. If 9-track, model 3 —WDD403.
3. If 7-or 9-track and not model 3 —RDD36.

e End of operation at RDD383.

TURNAROUND

e The turnaround flip-latch is turned on by read or
write op if backward-memory-status (from the
tape unit) is on, or by backspace if backward-
memory-status is off.

o Delays the start of a read delay, write delay, or
backward delay under millisecond control to

allow time to reverse the direction of tape motion.

After initial selection is complete, the designated
operation is begun by activating the operation line
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such as read-op or write-op. Any tape operation
requires conditioning of a beginning delay such as
read-delay or write-delay. Before any tape operation
can begin, the designated delay circuit must be con-
ditioned by not-turnaround.

Turnaround means the tape unit just completed
an operation moving tape in one direction and the
operation just beginning designates that tape be moved
in the opposite direction. Because the tape unit is
largely mechanical, it requires some time to reverse
its mechanical functions, such as the reel drives.
The amount of turnaround delay varies with the tape
unit model.

Backward Memory Status

The key line in the tape control unit that determines
whether a turnaround delay is necessary is the back-
ward-memory-status line brought up by backward
status from the tape unit. If the tape-unit backward-
trigger is on, indicating the preceeding operation
moved tape backward, backward-memory-status is
active in the tape control unit.

Any command that brings up read-op, designating
forward tape movement, will set the turnaround flip-
latch if backward-memory-status is active. Back-
space turns on the turnaround flip-latch if backward-
memory-status is not active.

Turnaround degates normal delay circuits and
gates millisecond mode to the delay counter which
advances to begin the delay sequence.

Erase Tape Forward

If the tape unit is in write status (not read status
from tape unit) and backward-op is designated, the
go flip-latch'is turned on at delay-counter-3 time.

Write-status indicates the last operation wrote a
record, wrote a tape mark (TM), or erased tape.

In the case of the record or tape mark, the erased
area after the last check character is short because

a new record was not written and a full, erased inter-
record gap does not exist. During a subsequent read
operation, old record information could be read dur-
ing read-disconnect-delay (RDD) time and cause im-
proper positioning of tape.

The condition just described is prevented by
simply erasing tape forward for a few milliseconds
to lengthen the '"clean' area after the last written
record or tape mark.

Tape Movement. With the go flip-latch on, go is sent
to the tape unit and the prolays begin moving tape with
the erase head energized. After the necessary tape
movement, the delay-counter output resets the go
flip-latch.
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Tape Unit Status Lines

When the delay counter advances to 96, delay-96-
turnaround (D 96 '1;A) sets the tape unit to the status
designated by the op line. One of the following occurs:

Read-op gates set-read-status to the tape unit, to
reset the R/W trigger and bring up read-status.
Set-read also resets the tape-unit backward
trigger to drop backward-memory-status to the
tape control unit.

2, Write-op gates set-write-status to the tape unit
to turn on the R/W trigger and activate write-
status. Set-write also resets the tape unit
backward trigger to drop backward-memory-
status to the tape control unit.

3. Backspace, gated by D-96-turnaround or rewind,
sets the backward flip-latch in the tape control
unit. This flip-latch,when on, sends backward
to the tape unit, to set the backward flip-latch
which:

a. Resets the R/W trigger to bring up read-
status.

b. Sends backward-memory-status back to the
tape control unit.

End Turnaround

After D 96 the delay counter advances to D 160 TA to
complete the turnaround-delay sequence by generating
delay-counter-reset, which:

1. Resets the delay counter. ‘
2. Resets the turnaround flip-latch to drop the delay-
counter drive (ms mode).

Not-turnaround now conditions the delay circuit
designated by the command and the new operation
proceeds.

ERROR CORRECTION

e Error correction technique employs a modified
cyclic code in conjunction with character parity
to correct error bursts of unlimited length in any
one of the nine tracks.

e Employed only on nine-track tape units.

e Errors involving more than one track within the
same record are detected but not corrected.

e Error correction is performed in the tape control
unit.



o As’a result of error correction, the tape record
contains a cyclic redundancy check character
(CRCC).

o During a correction read, characters are cor-
rected at the output of the high-clip skew register.

o  The correction is checked by computing a new
CRCC from the corrected data.

o The description of error correction for write
and read operations is on MDM GB 401 22.

o The I/O operation diagram for cyclic redundancy
check and error pattern register is on MDM GB
401 81.

Error correction is designed to correct almost any
pattern of erroneous bits as long as they are in the
same track within a record.

Error correction is based on the assumption that
the record was written correctly, and that defects
occurred after writing. No attempt is made to
correct bits on the tape. Only the information sent
to the data channel is corrected.

Cyclic Redundancy Check

To determine which track contains errors, two check
characters are written at the end of the record (in-
stead of only one as in former tape systems). The
added check character is called a cyclic redundancy
check (CRC) character; it is written after the data,
but before the usual longitudinal redundancy check
(LRC) character. The circuit that generates the
CRC character is based on a complex equation that
reduces the mathematical probability of an undetected
error almost to zero. The mathematical formula
used is involved and is of no use in troubleshooting.

The CRC character aids in error detection, but
its primary function is determining which track con-
tains the error. When a record is read, a new CRC
character is computed and compared with the CRC
character on the tape. If the record contains an
error, the erroneous CRC value is used to determine
the track in error.

Error Pattern

The CRC character by itself does not contain enough
information to find which track contains the error.
The error pattern register (EPR) supplies the missing
information. During reading the EPR keeps a record
of the R/W register redundancy errors in the form of
an error pattern. If there are no errors, the EPR
remains blank.

At the end of an error record, the error pattern
(saved in the high-clip skew register) is compared
with the CRCR. The error track is located by count-
ing the number of shifts needed to reach a "match
pattern." If all nine tracks have been tried unsuccess-
fully, shifting and comparing stop because no track in
error can be found. Failure to find the track in error
could be caused by read errors in more than one track
or electronic error in the circuits.

Write Operation

Data in the R/W register is shifted into the CRCR
once for each character written on tape. During each
shift, bits are shifted and exclusively ORed into the
next lower position, P to 0, 0 to 1 and etc. Bit-7
shifts to bit-P. No carries exist - just shifts. A
bit-7 forces an additional input to bit positions 2, 3,
4 and 5. This means three inputs to these bit positions.
The CRCR bits are written on tape four charac-
ters after normal data and four characters before
the LRC character, CRCR bits 2 and 4 are written
on tape in true form at WDD 51-54 and gated to the
write bus during WDD47-78 time. CRCR bits P, 0,
1, 3, 5, 6, and 7 are written at the same time, but
in complement form.
The LRC character includes the CRC character.
The error pattern register (EPR) is not used during
write.

Read Operation

Data is transferred to the CRCR during a read opera-
tion just as during a write operation. High-clip VRC
errors condition the EPR bit-7 to accept a bit on the
next shift pulse. While reading data, the only inputto
the EPR is to bit 7. During the next character shift
pulse, EPR-7, when on, forces additional inputs to
EPR positions 2, 3, 4 and 5 just as in the CRCR.

The tape-diagnostic-error flip-latch is also turned
on by high-clip VRC error.

After all data is read, the CRCR character on
tape is shifted into the CRC register. The CRC char-
acter from tape is in complement form except for
bits 2 and 4. The CRCR now has all bits on except
bits 2 and 4. This is "match pattern.'" If match
pattern does not exist, the tape-data-error flip-latch
is turned on.

Track in Error

The track in error is located as the tape is stopping,
if match pattern was not obtained. The EPR char-
acter is gated to the high-clip skew register and the
CRC character is gated to the comparing circuits at
the output of the high-clip skew register. The CRCR
is now shifted until all-data-zero indicates an equal
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comparison between the CRC character and the EPR
character (which remained in the high-clip skew reg-
ister). The R/W register contains no bits because
no read-gate is available at this time.

The EPR is used to count the number of shifts.
This will indicate the track in error. The EPR is
reset with bit-P on after its character is transferred
to the skew register. Each shift (both CRCR and
EPR) advances the bit to the next higher bit position.
(P to 0, etc.) After all shifts, the EPR is not reset
until a new record is read, or until this record is
read with a read-with-correction operation.

Correction

When the P-C executes the sense-DSW instruction to
check for errors, a one in bit position 6 of the DSW
indicates a tape data error. The program should
then branch to a backspace operation. After back-
spacing has been accomplished, a read-with-correc-
tion operation (bit-14 in the control word) causes
corrected data to be transferred to the R/W register
as follows:

1. EPR has not been reset; it therefore indicates
the track in error.

2. High-clip-skew data is VRC checked. Any error
is assumed to be in only one track, but any num-
ber of bits may be picked up or dropped in the
error track. The VRC indicates which charac-
ter is in error.

3. If no bits exist in the skew register for the
error track and if there is a skew-register-VRC
error, the selected output of the skew register
sets a bit in the R/W register. If there is a bit
in the skew register error track, it is prevented
from reaching the R/W register when a VRC
error exists.

Lost Character: If no bits exist in any one character,
this character is defined as a lost character. This
feature compensates for dropped single-bit characters
if the character is not the first or last character of a
tape record.

Detection of a lost character is accomplished by
checking for RC-0 between RDD 19 and RDD 36. This
condition indicates that a character is lost because
the character spacing is too short for a check char-
acter and too long for normal character spacing.

When a lost character is detected, the following
things are done tokeep the data being transferred inthe
proper core storage word andto update the check
circuits.

1. The byte generator is advanced.
2. The character-count flip~flop is complemented.
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CRCR and EPR are shifted.

Tape data error is indicated.

5. I/O monitor line, echo-error-or-lost-character,
is activated.

6. R-W strobe is generated.

S W

The remainder ofthe operation is the same as for
a normal character. The R-W register is blankbecause
the high skew register isnot gated out until RC~7.

The CRCR is effective during this read operation
and indicates a tape data error inthe normal manner.
The EPR is notused because it contains the error track
information.

If more than one track is in error (EPR 6and 7on),
the read-correct flip-latch is reset duringthe read-
delay time to change this operation to an ordinary
read operation. This cancels the effect of bit 14 in
the control word.

Error Correction Example

The example in Figures 7-25 through 7-28 shows the
operation of the CRCR and EPR during write, read,
and read-with-correction operations.

These four figures show each logical operation of
the registers separately for easy instructional pur-
poses. Figures 7-29 and 7-30 show the registers as
they actually appear during a similar operation.

Figure 7-20 shows the shift pattern and the char-
acter by character generation of the CRC character
as a five character data record is written on tape.
Figure 7-12 is a simplified diagram of the CRCR.
Note that after the last data character (character 5)
is written, the CRCR is shifted one more time. The
R/W register contains all zeros at this time. The
resulting final CRCR character is written on tape
following the last data character.

During the read operation for the same data
characters, a new CRC character is generated in the
CRCR. In the example in Figure 7-26, three read
errors occur: (1) a bit is picked up in track four
while reading character 3; (2) a bit is dropped in
track four while reading character 5; (3) a bit is
dropped in track four while reading the CRC char-
acter. These read errors result in a final CRCR
character that is different from the one on tape.

During this same read operation, the EPR
(Figure 7-13) is shifted for each data character
and for the CRC character, as shown in
Figure 7-27.

Because the CRC character generatedduring the
readoperation didnot compare equally with the tape CRC
character, the EPR is usedto locate the error track.
The ERP character is transferred to the skew register
andis compared withthe CRCRoutput. The CRCR is
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Result of error.

0

[0] Dropped bit while reading.

(1] Picked-up bit while reading.

Note: The exclusive OR(¥) of Pos. 7, shift, and load of CRCR are simultaneous and interacting; they are shown separately for
ease of understanding.

Figure 7-26. Generation of CRC Character During Read
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Figure 7-28. CRCR Shifting for Error Track Detection

shifted, as shown in Figure 7-28, until its output com-
pares withthe EPRoutput. Inthe example, after three
shifts (four compares)are made, the EPR character (in
the skew register)and the CRC character are equal.

7-40

ol
olo|]ojo

—

o| o] ©

—
—_
o
—
o

N|jo| | ] WIN]—

\ Not "Match Pattern"
Drop| Drop| Pick Compare to High Skew
Up Register, Look for
"All Data Zero"

Hi Clip VRC
A. CRCR Operation with Read Errors in Track 4

o,
N 5
8/ <
o [T LS
B3 </s (N -
& [/ T/ X/ X/ NS YE) &
&C/S/S/S/ ST /S SSP
PiOjo|O]1]|O|1]O]1 7
0o|ojojo}o 01 1 6
1{0{ofojofojt1to 1 5
2{ojofofrjof1 114
3(of(ojojr|1rji1jo 3
4(0f{0j0j1]1{0]0 2
5({0j0|0f1f1]0]1 1
6(0(0|0 111{0 0
710fof{1{0]1}0]1 P
* * + L—— Exclusive "OR" with CRCR
Hi Clip VRC to find "All Data Zero"
B. EPR Operation with Read Errors in Track 4

Figure 7-29. Error Correction Example

During this error-track-location operation, the
EPR counts the number of shifts (not shown in the
example) and thereby indicates the error track. The
error track in this example is track four.
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Figure 7-30. CRCR Operation With No Errors

CONTROL OPERATIONS

e The tape control unit can cause the tdpe unit to
perform any of the following five control
functions:

Backspace
Erase

Rewind
Rewind-unload
Write tape mark

e The objectives of backspace, erase, rewind, and
rewind-unload are on MDM GB 401 42.

o The I/O operation diagram for backspace, erase,
rewind, and rewihd-unload and some of the
pertinent tape unit circuits are on MDM GB
401 41. X

o The circuits that implement the write-tape-
mark function are on the Write I/ O-operation-
diagram, MDM GB 401 31.

Control Word Cycle

The control word cycle (E-1 cycle) is similar for all
control commands. If the area bits of the control

word are those assigned to tape control (01110), the
function and modifier bits are decoded. The control

B\ Generation of CRCC During Write

C. Generation of Match Pattern on a Read Op.

without errors.

function (100) enables the turning-on of the specified
control function flip-latch. The tape unit is selected
according to bit-10. Delay-commands isfturned on
to allow time for all the control information to be
received. Any one of the control function flip-flops
activates the busy line.

Backspace

e Specified by IOCC control word bit positions 13,
14, and 15 being 011.

e  Check for turnaround condition (backward mem-
ory off).

e  Start tape motion in backward direction.
e Condition circuits to read tape characters.
e Stop tape at the inter-record gap.

e  The timing chart for backspace is on MDM
GB 701 41.

Tape normally stops with the read head positioned
in the inter-record gap. The backspace operation
moves the tape backward one record to the preceding
inter-record gap. To accomplish this, backward,
go, and the read circuits are activated. When the
first character of the record (last one reading back-
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ward) is reached, tape motion is stopped with tape
positioned with the read head in the preceding inter-
record gap.

Circuit Description

The backspace flip-latch is turned on by an 011 de-
code of bits 13, 14, and 15 at T6 time. If the back-
ward-memory line is not active, the backward flip-
latch is off and is not turned on until D 96 TA is
activated. The tape control unit backward line turns
on the tape unit backward flip-latch and resets the
tape unit read/write flip-latch to the read condition.

If the tape unit is in the write status at the be-
ginning of the operation (turnaround condition), the
go flip-latch is turned on for a few milliseconds,
moving the tape forward in write status (Timing
Chart, MDM GB 701 41). This procedure erases
the tape farther into the gap to ensure a clean gap
following the check characters. When tape unit
status changes from write to read, a noise splash
is recorded on tape under the write heads. By mov-
ing the tape ahead, the weak noise splash is posi-
tioned farther from the last good record.

If the previous operation was a backspace, the
go flip-latch is turned on by the backward-delay line
which is activated by first-character. Other turn-on
times and the turn-off times of the go flip-latch are
determined by the tape unit model (see Timing Chart).

Backward-delay (backward read delay) is de-
activated at one ofthree different times depending
upon the tape unit model (see Timing Chart). The
fall of backward-delay turns on the read-condition
flip-latch.

The read clock is turned on by the first bit of
each character. Read clock (RC)-7 turns on read-
disconnect-delay (RDD) to run the delay counter
under millisecond control. RC-4 of the next char-
acter turns off RDD. After the first data character
of the record (last one reading backward) is read,
RDD 383 is eventually reached. RDD 383 turns on
the operation-complete-interrupt flip-latch to signal
the program and to reset the backspace circuits.

Erase
® Specified by 1/O control command (IOCC)

control word bit positions 13, 14, and
15 = 010.

® Check for turnaround condition (backward-
memory-status on).

° Condition write circuits.
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e Start tape motion in forward direction.

e Stop tape after approximately 3.5 inches are
erased.

The erase flip-latch, a function-register circuit,
activates the write op line. If turnaround is not
active, write-op activates write-delay to run the
delay counter under millisecond control. Write-
delay turns on the go flip-latch.

Not-backward-memory-status or D96 TA and
write-op activates the set-write-status line to turn
on the read-write flip-latch in the tape unit.

WD 320 turns off the first-character flip-latch
to turn on RDD. RDD 36 turns on the first-check-
character flip-latch which turns off the go flip-latch
to stop tape motion. RDD 383 turns on the operation-
complete-interrupt flip-latch to request a program
interrupt and reset the erase circuits.

Rewind or Rewind-Unload

o Rewind operation is specified by IOCC control
word bit positions 13, 14, and 15 = 100.

e Rewind-unload is specified by IOCC control word
modifier bits 13, 14, and 15 = 000.

e Rewind or rewind-unload signal is sent to the
tape unit.

e Tape control unit circuits are reset.

® Tape is moved backward to the load-point for
either rewind or rewind-unload; it is also un-
loaded for the rewind-unload operation.

e  The timing chart for rewind or rewind-unload is
on MDM GB 701 42.

The rewind or rewind-unload flip-latch (function reg-
ister circuits) activates a line that causes the tape
unit to perform the specified function. Rewind also
turns on the backward flip-latch which turns on the
tape unit backward flip-latch.

The busy line, activated by rewind or rewind-
unload, and a line from the tape unit indicating that it
is rewinding, activate RDD 383. RDD 383 resets the
rewind or rewind-unload circuits in the tape control
unit and turns on the operation-complete-interrupt
flip-latch to request a program interrupt.



Write Tape Mark

© Specified by IOCC control word bit positions 13,
14, and 15 = 001.

@  Check for turnaround condition (backward-
memory-status on).

‘@ Start tape motion in forward direction.
° Condition write and read circuits.

© Write the tape mark in seven-track or nine-
track code.

o Stop tape motion.
e Read-check the tape mark written on tape.

The write-tape-mark flip-latch activates the write
op line.

If the backward-memory-status line is active
from the tape unit, write-op turns on the turnaround
flip-latch. Turnaround prevents write-op from
activating write-delay and set-write-status until the
delay counter reaches 96. The delay counter is ac-
tivated in millisecond mode by the turnaround flip-
latch. When D96 is reached, write-op activates the
set-write-status line to set the read/write flip-latch
in the tape unit; this deactivates backward-memory-
status.

With backward-memory-status not active, write
op conditions write-delay. Write-delay turns on the
go flip-latch to start tape motion. At a delay time
determined by the tape unit model, write-delay turns
on the write-condition and read~condition flip-latches.
Write-condition starts the write clock.

The nine-track tape-mark consists of one-bits
in bit positions, 3, 6, and 7. The seven-track tape-
mark consists of one-bits in bit positions 4, 5, 6,
and 7 (BCD code 8, 4, 2, 1).

The write-tape-mark flip-latch output line acti-
vates R/W assembler bits 6 and 7. Write-tape-mark
ANDs with nine-track (not 7-track) to activate R/W
assembler bit 3. Write-tape-mark ANDs with seven-
track to activate R/W assembler bits 4 and 5. The
R/W assembler lines go directly to the write bus.
The tape mark character is written on tape at write-
clock-6 through -10 time.

At write-clock-8 time, write-tape-mark turns on
the stop-command flip-latch, which, at write-clock
14 time, turns off the write-condition flip-latch. As
write condition goes off, it activates write-disconnect-
delay to write the LRC character and turn off the
write-trigger-release flip-latch.

Read condition allows the first-bit of the tape
mark, as it is read from tape, to start the read
clock. The tape mark is checked for parity and is
loaded into the longitudinal redundancy check reg-
ister (LRCR). Read-clock-7 turns on read-disconnect-
delay (RDD) after write-delay and write-release have
been deactivated. RDD-36 turns on the first-check-
character flip-latch which turns off the go flip-latch.
The LRC character is read and loaded into the LRCR.
At RDD 159 time, the LRCR is checked; if any bit posi-
tion flip-flop is on, the tape-data-error isturned on.

RDD 383 turns on the operation-complete-inter-
rupt flip-latch to request a program interrupt and to-
reset the write-tape-mark circuits.

SENSE INTERRUPT LEVEL STATUS WORD (ILSW)

e Gates bits (assigned by customer) onto the in bus
to indicate to the program which, if any, of the
three interrupt condition indicators in the tape
control unit are active.

XIO Control Cycle (E-1)

e If interrupt level and function decode as speci~
fied, the ILSW-remember flip-latch is turned on.

If function 011 is decoded from out-bus bits 5-7 and
the interrupt level assigned to the tape control unit
is decoded from bits 11-15, the ILSW~enable line is
activated at T6. If out-bus bit 15 is not active, in-
dicating a sense ILSW function code, ILSW enable
turns on the ILSW-remember flip-latch.

XIO Data Cycle (E-2)

e Gate the assigned ILSW bit 0-15 to the in bus for
operation-complete~-interrupt, end-of-table-inter-
rupt,or command-reject if any of these are active.

SENSE DEVICE

@ IfIOCC controlwordbitll =0,the tape control unit
gates any of the previously described indicators
and conditions,thatare active,onto the in bus.

e Ifbitll =0 andthe tape controlunitis notbusy,bit
10 selects the tape unit. Bit10 =0 selects tape
unit 0, bit10 =1 selects tape unit 1.

e If bitll =1,the word countis gated onto the in bus.

e The DSW or word count (defined in Data Format
description) is loaded into the processor-
controller accumulator for program analysis.

e If IOCC control wordbit15=1 and bit1ll =0,this
command turns off the following indicators:

Chain stop
Storage protect violation stop
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Data bus out or P-C parity error
Data overrun

Wrong length record

Tape indicator or mark

(If turned on by a tape mark only)
Command reject

End of Table

Operation complete

CE Diagnostic Indicator

Tape Data Error

If out-bus bit 12 =1, the word count is set to

If out bus bits 0-4 decode as 01110, turn on the

* zero, causing an operation stop.
XIO Control Word Cycle (E-1)
.
DSW-remember flip-latch.
°
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If out bus bit 11 =1, turn on the sense-word-
counter flip-latch.

e If out-bus bit 12 =1, turn on the word-count-
zero-remember flip-latch.

e If out bus bit 15 =1, turn on the reset-indicator
flip-latch.

XIO Data Cycle (E-2)

e If the sense-word-count flip-latch is not on,
the DSW-remember flip-latch gates the specified °
indicator bits to the in bus.

e If both the sense-word-count flip-latch and the
DSW-remember flip-latch are on, gate the con-
tents of the word counter to the in bus.

® The reset-indicator flip-latch turns off the
previously listed indicators at T5.



The 2310 Disk Storage machine characteristics are

located in the Field Engineering Theory-Maintenance

Manual, IBM 2310 Disk Storage Models Al, A2, A3,
'C1, C2, C3. All other DP I/0 attachment features

are located in the 1801 or 1802 Processor-Controller.

APPENDIX A MACHINE CHARACTERISTICS

The Processor-Controller's machine characteristics
are located in the Field Engineering Theory of Oper-
ation Manual, IBM 1800 Data Acquisition and Control
System Processor-Controller. (See FE Bibliography

- 1800 System, Form Y26-0560.)
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All circuits that may be considered special circuits
are described in the Functional Units section for
,each feature.

APPENDIX B SPECIAL CIRCUITS




APPENDIX C I/O DEVICE ADDRESSING

The Area, Function, and Modifier codes listed below are required for 1800 I/O operations (x indicates an unused
bit position):

AREA FUN MODIFIER
. Console Data Entry Switches
Sense Device - switch data to A-reg. 00000 111 010xxXXX
Read - switch data to core. 00000 010 010xXXXX
Console Sense, Program Switches and CE Switches"
Sense Device - switch data to A-reg. 00000 111 011xxXxXXX
Read - switch data to core. 00000 010 011xxXXX
Console Interrupt
Sense Device - console DSW to A-reg; indicators
not reset 00000 111 110xxxx0
. - console DSW to A-reg; reset
indicators 00000 111 110xxxx1
Operations Monitor
Control - timer not reset 00000 100 111xxxx0
- reset timer 00000 . 100 111lxxxx1
Interval Timers
Control - timers started or stopped according

to bits 0-2 of IOCC Address word 00000 100 001xxXXXX
Interrupt Mask Register

Control - mask or unmask interrupt levels 0-13,
depending on IOCC Address word bit
positions 0-13. 00000 100 100xxxx0
- mask or unmask interrupt levels 14-23,
depending on IOCC Address word bit
positions 0-9. 00000 100 100xxxx1

Program Interrupt

Control - turn on interrupt levels 0-13, depend-
ing on IOCC Address word bit positions
0-13. 00000 100 101xxxx0
- turn on interrupt levels 14-23, depend-
ing on IOCC Address word bit positions
0-9. 00000 100 101xxxx1

ILSW
Sense 00000 011 00000000

NOTE: For Process Interrupt see Digital Input.



1053 Printer:

First four 1053's:
Write - individual 1053 specified by IOCC
modifier bits 11-14.

Sense Device - 1816/1053 DSWs to A-reg.
Individual 1053 specified by
IOCC bits 11-14; bit 15
determines reset of indicators.

Second four 1053's: Area code is 01111.

1816 Printer - Keyboard

Read - single character to core storage

Sense Device - 1816/1053 DSWs to Accumulator,
Individual 1053 specified by IOCC
bits 11-14; bit 15 determines
reset of indicators.

Control - places keyboard in Ready status.
1442 Card Read Punch

First 1442:
Initialize Read - card columns to core
storage.
Where P is Packed Mode.

Initialize Write - core storage to card
columns.

Control - IOCC bits 8 and 14 specify function.
Where Y is Stacker Select
F is Feed Cycle

Sense Device - DSW to Accumulator; bit 15
determines reset of indicators.

Second 1442: Area code is 10001.

1054 and 1055 Paper Tape

Read - one character from tape buffer to core
storage.

Write - core storage to tape.
Control - One character from tape to tape buffer.

Sense Device - DSW to Accumulator; bit 15
determines reset of indicator.

AREA

00001

00001

00001

00001
00001

00010

00010
00010

00010

00011
00011
00011

00011

FUN

001

111

010

111

100

110

101
100

111

010
001
100

111

MODIFIER

XXXYyyyx

XXXYyyyy

XxXXxxx0010

XXxXyyyyR
Xxxxx0010

XXXXXXXxP

XXXXXXXX

yxxxxx Fx

XXXXXXXR

XXXXXXXX
XXXXXXXX

XXXx1xxxX

XXXXXXXR



2310 Disk Storage Drive

First 2310:
Initialize Read-into-memory: yyy specify
disk sector.

Initializé Read-check

Initialize Write

Control - seek as specified by IOCC address
and modifier bit 13.

Sense Device - DSW to A-reg; bit 15 deter-
mines reset of indicators.

Second and Third 2310's require Area codes of
01000 and 01001, respectively.

1627 Plotter
Write - core storage to plotter.

Sense Device - DSW to A-reg; bit 15 deter-
mines reset of indicators

1443 Printer

Initialize Write - bit 15 is used for space
suppress.

Control - carriage control

Sense Device - DSW to A-reg; bit 15 deter-
mines reset of indicators.

Analog Input

Direct Program Control:

Write - Al point to ADC; Address word of
IOCC specifies the core-storage
location of the multiplexer address;
where E is External Sync.

L is 8-bit resolution
H is 14-bit resolution.

Read - ADC to core storage; Address word
of IOCC is core-storage location
specifying where the ADC reading
will be stored; where S is Sequential
Program mode.

AREA

00100
00100
00100

00100

00100

00101

00101

00110
00110

00110

01010

01010

FUN

110
110
101

100

111

001

111

101
100

111

001

010

MODIFIER

0XXXXYyYy
1XXXXyyy

XXXXXYYyYy
XXXXXXSX

XXXXXXXR

XXXXXXXX

XXXXXXXR

XXXXXXXYy

XXXXXXXX

XXXXXXXR

Exx LHxxx

SXXXXXXX



Sense Device - DSW to A-reg;
where C specifies Comparator
or Al status word.
R bit resets indicators.

Control (Blast Instruction)

Data Channel Control:
Initialize Read - ADC readings to core
storage; where T specifies
a two DC operation.

Initialize Write - Address from core storage
to multiplexer.

The AI Expander Area code is 10000.

Digital Input

Direct Program Control:
Read - DI or PI group to core storage;
Bits 9~15 are DI addresses 64;
through 1277( or PI addresses 23
through 257.

Sense Device - DSW, DI, or PISW to A-
register; Bits 11-15 are DSW
addresses 00 0 0 0 or
00001 (reset indicators),
PISW addresses 21 through
25109 or DI addresses 6410
through 1274.

Control (Blast Instruction)

Data Channel Control:
Initialize Read - where bits 8-10 specify the
read mode.

Digital and Analog Output

Direct Program Control:
Write - core storage to DAO device; where
bits 9-15 are device addresses 0
10
through 1274,.

Control - where bit 9 initiates simultaneous
transfer from buffer registers,
bit 8 initiates timing pulse for
Pulse Output, and bit 10 resets all
DAO controls (Blast Instruction).

Sense Device - DSW to A-reg; bit 15 deter-
mines reset of the indicators.

Data Channel Control:
Initialize Write - core storage to DAO regis-
ters. Bits 8-10 specify
write mode.

AREA

01010

01010

01010

01010

01011

01011
01011

01011

01100

01100

01100

01100

FUN

111

100

110

101

010

111
100

110

001

100

111

101

MODIFIER

CxxxxxxR

XXXXXXXX

ExTLHxxx

XXXXXXXX

xAAAAAAA

xBBBBBBB

XX1xXxxxXx

RRRxxxxX

xAAAAAAA

PBRXXXXX

XXXXXXXR

RRRxxxxX



System/360 Adapter

Initialize Write
Initialize Read
Sense Status

Sense Word Count

Control (Reset)
2401 or 2402 Magnetic Tape

Initialize Read - where bits 10-15 specify:
10 Address Tape Unit 0 or 1
11,12 Bit density for 7-track (ignored
for 9-track)
Bits 11 and 12 equal 00 for 800 BPI
Bits 11 and 12 equal 01 for 200 BPI
Bits 11 and 12 equal 10 for 556 BPI

13 "Packed-format'" for 7-track
(ignored for 9-track)

14 Read-while-correcting (ignored for
7-track)

15 Even parity for 7-track (ignored for
9-track)

Initialize Write - where modifier bits specify:

10 Address Tape Unit 0 or 1

11,12 Bit density for 7-track (ignored for
9-track)
Bits 11 and 12 equal 00 for 800 BPI
Bits 11 and 12 equal 01 for 200 BPI
Bits 11 and 12 equal 10 for 556 BPI

13 "Packed-format" for 7-track
(ignored for 9-track)

15 Even parity for 7-track (ignored
for 9-track)

Control - Bit 10 addresses the tape unit, bits
11-12 specify the bit density for 7-track
(11-12 ignhored for 9-track)

Rewind and unload
Write Tape mark
Erase

Backspace
Rewind

AREA

01101
01101
01101
01101
01101

01110
01110

01110
01110
01110

01110
01110

01110

01110
01110

01110
01110
01110

01110

01110

01110
01110
01110
01110
01110

101
110
111
111
100

110
110

110
110
110

110
110

110

101
101

101
101
101

101

101

100
100
100
100
100

MODIFIER

XXXXXXXX
XXXXXXXX
0XXXXXXX
IXXXXXXX

XXXXXXXX

XXxYYYYYY
xxTYYYYY

XxxYO0O0YYY
XxYO01YYY
XxxY10YYY

XxYYYFYY
XxxYYYYCY

xxYYYYYP

xxYYYYXY
xxTYYYXY

XxxYO00YXY
XxXxYO01YXY
xxY,10YXY

xxYYYFXY

XxxYYYYXP

xxTXX000
xxTDDO0O1
xxTDDO01O0
xxT01011
xxTXX100



Sense Device

Select tape Unit "T'" and Read DSW into
A-register (1)

Select tape unit "T", Read DSW into A-
register, and reset indicators (2)

Read Tape Channel word count into A-
register (3)

Operation Stop (free tape channel) with
bits T, Y, and R also performing
functions 1, 2, and 3 above

Meaning of symbols in 2401/2402 IOCC modifiers
above:

Symbol Meaning

HXHE YOO

Read-while-correcting
Density

Packed Format

Even Parity

DSW Reset

Tape Unit

Not Used

Variable

AREA

01110

01110

01110

01110

FUN

111

111

111

111

MODIFIER °

xxT00xx0
xxT00xx1

xxx10xxx

xxTY1xxR
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AREA FEATURE [} 1 2 3 4 5 6 7 8 9 10 n 12 13 14 15
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Console Interrupt Interrupt
Request
* - * |
Interval Timers Timer Timer Timer !
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Data Entry Switches [} 1 2 3 4 5 6 7 8 9 10 n 12 13 14 15
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* Printer keyboard * Printer Printer Keyboard | Storage Keyboor? Printer tce tCE
1816 Printer-Keyboard || Service Service Keyboard Busy Not Not Protect Parity | | Parity Bus: Not
1 Response Response Request Ready Ready Violation Error Error 4 Ready
15** * Printer Print Printer Printer + fce
1053 Printer Service B"" er Not Parity CE Not
Response usy Ready | Error Busy Ready
Feed Check ‘ t
2 ; L * Pari Storage t CE
17*+ | 1442 Card Read Punch Error C‘::r'd Operation E:!;’;:)’ Protect Reaé BCSs Not Busy RN:;d
Complete Violation |Station 4 Ready Y
* PT " PT PT PT PT PT PT PT fCE PT tCE PT tce pT tCE PT
1054/1055 Paper T, PTReader | * PT
3 pe dir/P N :per ope Any Reader Punch Punch Reader Reader Punch Punch Reader Reader Reader Reader Punch Punch
° une Error Service Parity Service Busy Not Busy Not Parity Storage Busy Not Rdy Busy Not Rdy
Request Error Request Ready Ready Error Protect
* Disk Disk ) ) Storage Write tCE t Sector Sector
4 2310 Disk Storage ;Ekny Operation | Not Busy f‘urnuge Eor' ty Protect EDG'G Select goiu Not §E Count Count
rror Complete | Ready (R/WorCtel)| O™¢ rror Error fror Error verrun Ready usy High Low
* t
. t CE
5 1627 Plotter Service [ gon o Not Busy Reud
Response 4 Ready 4
. * Chamnel | Channel | Channel fce e YCE Printer | . Pri Printer
é 1443 Printer Transfer Error Printer u;ne :n;e a;\ne Parity Carriage Printer Not 8 arriage B"""" Not
Complete Complete Busy Busy Ready usy usy Ready
> 0 0 > >
. DPC DPC Storage Parity Parity . * Cyc Steal DPC Any
Analog Input F["dl°' S$ Conv Rly Conv | Protect Control Data Overload g"e"ll.‘"’ S5,AMAR | Relay Error
10 able Compl Complet Viol Error Error onflict Busy Busy
16%* > - .
Comparator gigf‘ " ;”: ; . AMAR AMAR AMAR AMAR| | AMAR AMAR AMAR AMAR | AMAR AMAR AMAR
Qut o Qut o Overload | 5 MPX 512 256 128 64 32 16 8 4 2 1
imi imi
> >
. i Storage DI :
n Digital Input Parity p:,;:g, Scan Cornmund :ulisy
Erro Violation | Complete . | Reiect :
|
PISW -§ Process | pt Points ( Customer Assigned Groups) .
. . Pulse B . Data
Digital and Anal . D&A
12 ‘9! oot:lr;pu'nu °9 Parity Output Out Scan Command | Channel ;’/SAO
Error Timer Complete Reject Active -
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" Reject Stored Stored Check Violation | End Table
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Data B
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APPENDIX E MAINTENANCE DIAGRAM SYMBOLOGY (POSITIVE LOGIC)

In positive logic representation, signal levels are disregarded. The negator
(N block symbol) is used to invert logic, not level. Passive elements (such
as drivers and pulse shapers generally are not shown, since they contribute

nothing to the logic.

LOGICAL ELEMENTS

TIMING ELEMENTS

2,5ms
—_ A —4 OR }— SS p—
AND OR Single-Shot
10 ke
Exclusive-OR NOT Oscillator
(Negator)
PASSIVE ELEMENTS
XX Abbreviations
SPD
V = Voltage Amplifier
LD = Line Driver
Y — — ST }— ARDF ARDF —ARXX LT = Line Terminator
b MD = Magnet Driver
Sample-Pulse Schmitt Differential Single-Ended HD = Head Driver
Driver Trigger Amplifiers Amplifiers ID = Indicator Driver
STORAGE ELEMENTS
Name
—— . | Data —
— Indicator FF FL Control. PH
Designates A | Lamp -
Shift Input ™\ Multiples
OR { 8 }_OFF . — Clear —_—
AC123 <€¢—— ALD Page Flip-Flop Flip-Latch Polarity Hold
(Complement Input)
REGISTERS AND COUNTERS
Partial Full |
Transfer I Transfer
_a— Counter Advance
I 0\\ 3 \l Gate X +1 + For UP Count
((ZReur y - Indicator I - For DOWN Count
eset
—_—] Register Name — glear Counter
arr
0 AA123 15 - |, sc32zt 5
High Order / 12 15 High Order
ALD
Page Number Gate —X
Multiple Line Transfer On-Page Connectors Off-Page Connector

MISCELLANEOUS

Number

Parity Check on Data Flow of lines

(Use PG for Parity Generate)

) \ With Alphameric @

_\ Locations
) 3
Indicatable Bus \

B4 A3

in Bus
16 T
i _®\
\_ 2 With Line—of-Sight Arrows

Full=Time Pluggable or
Switchable 3

E-1



I/0 Device Addressing A-1
Device Status Words B-1

Maintenance Diagram Symbology C-1

MAGNETIC TAPE CONTROL

Backspace 7-41

Backward Memory Status 7-36

Byte Generator
description 7-14
read operation 7-23
write operation 7-31

Channel Interface 7-7
Chaining
chain-stop indicator 7-5
end-of-table indicator 7-5
read operation ~7-28
write operation 7-35

Check Characters

cyclic redundancy check 7-27,7-35

longitudinal check 7-28

lost character 7-38

parity 7-27, 7-356
Command Reject 7-5
Control Command 7-41

backspace 7-41

control word cycle 7-41

erase T-42

rewind 7-42

write tape mark 7-43
Cycle Steal Cycle

read operation 7-27

write operation 7-35
Cyclic Redundancy Check

character 7-27

read with correction 7-36

register 7-17

write operation 7-35

Data Flow, Basic T7-1
Data Format 7-2
Data Gating
read operation 7-23
write operation 7-31
Data Register
description 7-17
read operation 7-24
write operation 7-31
Data Overrun Indicator 7-6
Delay Counter
description 7-12
drive circuit 7-12
Device Interface 7-7
Device Status Word 7-2

End of Table
description 7-28, 7-35
indicator 7-5

End Read Operation 7-28

INDEX

End Turnaround 7-36
End Write Operation 7-35

Erase
control operation 7-42
turnaround 7-36

Error Correction
description 7-6
example 7=38

Error Pattern
error correction operation 7-37
register 7-18

Final Amplifier

description 7-14

read operation J-22
First Character Tape Mark 7-28
Function Register 7-14

Gating Data
read operation 7-23
write operation’ 7-31

1/0 Interface 7-6
channel interface 7-7
device interface 7-7

Interrupts
description 7-4
read operation 7-28
write operation 7-35

Longitudinal Redundancy Check
read operation 7-27
write operation 7-35
register 7-17

Lost Character 7-38

Operation Complete Indicator 7-4

Parity Check 7-27

CRCC 7-27, 7-35

description 7-2

LRCC 7-28, 7-35

read/write register 7-25, 7-27, 7-32, 7-33
Peak Detector 7-15
Pulse Shaper and Driver 7-16

Read Clock
description 7-9
drive circuit 7-9
read operation 7-23

Read (Initialize) Operation
chaining 7-28
check character cycles T7-27
control word cycle 7-20
data gating 7-23
data word cycle 7-20
end of table 7-28
end read operation 7-28
first character tape mark 7-28
read clock cycle 7-23
read conditions 7-23

Read with Correction



description 7-36

example 7-38

track in error 7-38
Read/Write Register 7-16
Rectifier and Channel Separator 7-15
Rewind 7-42
Rewind-Unload 7-42

Selection, Tape Unit 7-2
Sense Device Command 7-43

control word cycle 7-44
data word cycle 7-44
device status word 7-2
Sense Interrupt Command 7-43
control word cycle 7-43
data word cycle 7-43
Skew Gate 7-9
Skew Register 7-16
Storage Protect Violation Indicator 7-5

Tape at Load point Indicator 7-5
Tape Data Error Indicator 7-5
Tape Diagnostic Error Indicator 7-6
Tape Indicator 7-6
Tape Mark

recognition 7-28

writing 7-43
Tape Movement 7-36
Tape Record Length 7-2
Terminator 7-15
Track in Error . 7-37
Turnaround 7-35

Word Counter
description 7-12
sensing T7-4, 7-43
read operation 7-28
write operation 7-35
Write Clock
description 7-12
drive circuit 7-12
write operation 7-31
Write (Initialize) Operation 7-29
chaining 7-35
check characters 7-35
control word cycle 7-29
cycle steal cycles 7-30
data gating 7-31
data word cycle 7-30
end of table 7-35
end write 7-35
write and read condition 7-31
write delay 7-30
Write Tape Mark 7-43
Wrong Length Record Indicator 7-6

1054 PAPER TAPE READER AND
1055 PAPER TAPE PUNCH

Busy (see Reader Busy, Punch Busy)

CE Mode Command 2-12
E-1cycle 2-12
E-2 cycle 2-12
function decode 2-5
IoCcc 2-13

CE Punch Busy 2-12

X-2

CE Punch Not Ready 2-12
CE Reader Not Ready 2-12
Channel Interface 2-3
Control Command 2-8

E-1cycle 2-8

E-2 cycle 2-8

function decode 2-5

I0CcC 2-8

reader functions 2-8

Data Coding 2-1

Delete Code 2-10
Device Interface 2-3
Device Status Word 2-11

E-1 Cycle
CE mode 2-13
control 2-8
read 2-9
sense device 2-12
sense interrupt 2-12
write 2-10

E-2 Cycle
CE mode 2-13
control 2-8
read 2-9
sense device 2-12
sense interrupt 2-12
write 2-10

E-3 Cycle
read 2-9
write 2-10

End of IPL Operation 2-10

Function Register 2-5

I0CC
CE mode 2-13
control 2-8
read 2-8
sense device 2-11
sense interrupt 2-12
write 2-10
Initial Program Load 2-9
counter 2-5
description 2-9
read buffer operation 2-5
operation 2-9
Interrupt Level Status Word 2-13
1/0 Interface 2-3
channel interface 2-3
device interface 2-3
Indicators, Status 2-11
Interrupt
control operation 2-8
indicators 2-10
write operation 2-11

Punch Buffer 2-7

Punch Busy 2-12

Punch Not Ready 2-12
Punch Operation 2-10
Punch Parity Error 2-11
Punch Response 2-11

Read Command 2-8
E-I cycle 2-9



E-2 cycle 2-9
E-8 cycle 2-9
function decode 2-5
IoCcC 2-8
Read Buffer 2-5
read operation 2-8
IPL operation 2-9
Reader Any Error 2-11
Reader Busy 2-11
Reader Not Ready 2-12
Reader Operation 2-5
Reader Parity Error 2-12
Reader-Punch Sense Operations 2-11
Reader Response 2-11
Reader Storage Protect Violation 2-12

Sense Device Command 2-11
device status word 2-11
E-1cycle 2-11
E-2 cycle- 2-11
function decode 2-5
IoCC 2-13

Sense Interrupt Command 2-12
E-1cycle 2-13
E-2 cycle 2-13
function deecode 2-5
IoCC 2-13
interrupt level status word 2-13

Speed, Columns per Second 2-1

Write Command 2-10
E-1cycle 2-10
E-2 cycle 2-10
E-3 cycle 2-10
functional decode 2-5
IOCC 2-10

1442 CARD READ PUNCH

Any Error 3-13
Busy 3-13

CE Busy 3-13
CE Mode Command 3-14
E-1Cycle 3-14
E-2 Cycle 3-14
function decode 3-6
IoCC 3-14
CE Not Ready 3-13
Card Image Mode
data coding 3-1
initialize read command 3-10
Channel Interface 3-3
Check Light 3-3
Chip Box Light 3-3
Control Command 3-8
E-1cycle 3-8
E-2 cycle 3-8
feed cycle 3-8
function decode 3-6
IoCC 3-8
stacker select 3-8
Cycle Steal Cycle
initialize read command 3-11
initialize write command 3-8

Data Coding 3-1
Data Overrun
indicator light 3-3
device status word 3-13
Data Register 3-6
Device Interface 3-4
Device Status Word 3-13

E-1Cycle
CE mode 3-14
control 3-8
initialize read 3-10
initialize write 3-9
sense device 3-14
sense interrupt 3-12

E-2 Cycle
CE mode 3-14
control 3-8
initialize read 3-10
initialize write 3-9
sense device 3-14
sense interrupt 3-12

Feed Check
device status word 3-13
indicator lights 3-3
read station 3-13
Feed Clutch
control operation 3-8
device status word 3-13
indicator light 3-3
initialize read operation 3-10
initialize write operation 3-10
Feed Cycle 3-8
Function Register 3-6
Functional Keys 3-2

Hopper -
device status word 3-13
indicator light 3-3

IocC
CE mode 3-14
control 3-8
initialize read 3-10
initialize write 3-8
sense device 3-13
sense interrupt 3-12
1/0 Interface 3-3
channel interface 3-3
device interface 3-4

Indicator .
lights 3-3
status 3-14

Initial Program Load
introduction 3-1
register complement 3-7
theory of operation 3-12

Initialize Read Command
card image mode 3-10
card read cycle 3-10
cycle steal cycle 3-11
E-1 cycle 3-10
E-2 cycle 3-10
function decode 3-6
IoCC 3-10



pack mode 3-11

Initialize Write Command 3-8
cycle steal cycle 3-9
E-1cycle 3-9
E-2 cycle 3-9
function decode 3-6
IoCC 3-8
last card sequence 3-10
punch cycle 3-9

Interrupt Level Status Word 3-12

Last Card
device status word 3-13
sequence, initialize write 3-10

Non-Process Runout Key 3-3
Not Ready 3-13

Operation Complete
initialize read 3-11
initialize write 3-8
device status word 3-13

Packed Mode
data coding 3-1
initi/alize read 3-11
register complement 3-7
Parity, Device Status Word 3-13
Power On Light 3-3
Punch Check
device status word 3-13
initialize read 3-10
initialize write 3-9
Punch Cycle 3-9
Punch Incremental Drive 3-7

Read Registration Check
device status word 3-13
indicator light 3-3

Ready Light 3-3

Register Complement
description 3-7
initialize read 3-10
initialize write 3-9

Sense Device Command 3-13
device status word 3-13
E-1cycle 3-14
E-2 cycle 3-14
function decode 3-6
IOCC 3-13

Sense Interrupt Command 3-12
E-1cycle 3-12
E-2 cycle 3-12
function decode 3-6
interrupt level status word 3-12
IoCcC 3-12

Stacker Select 3-8

Start Key 3-2

Stop Key 3-3

Storage Protect Violation 3-13

Transport
device status word 3-13
indicator light 3-3

X-4 (7/68)

1443 PRINTER

Busy
CE carriage 4-14
CE printer 4-14
carriage 4-14
printer 4-14

CE Carriage Busy 4-14
CE Mode Command 4-14
E-1cycle 4-14
E-2 cycle 4-14
function decode 4-4
IOCC 4-14
CE Printer Busy 4-14
CE Printer Not Ready 4-14
Carriage
channels 1, 9, 12: 4-13
controls, manual (see keys)
description 4-1,4-2
operation  4-1,4-2
skip 4-1,4-2
space 4-1,4-2
tape 4-1,4-2
Carriage Busy 4-14
Carriage Control Cycle 4-12
Channel 1, 9, 12 (see Carriage)
Channel Interface 4-4
Character Codes 4-2
Control Command 4-11
carriage control cycle 4-12
E-1 cycle 4-12
E-2 cycle 4-12
IOCC 4-12

Cycle Steal Cycle (see Initialize Write Command)

Data Table 4-10
Data Word

description 4-1

last 4-11

transfer 4-11
Device Interface 4-5
Device Status Word 4-13

E-1 Cycle
CE mode 4-14
control 4-12
initialize write 4-10
sense device 4-14
sense interrupt 4-12
E-2 Cycle
CE mode 4-14
control 4-12
initialize write 4-10
sense device 4-10
sense interrupt 4-12
Error Indicator 4-13

First Cycle Steal Cycle 4-11
Forms

description 4-2

light 4-4
Function Register 4-7



I0CC
CE mode 4-14
control 4-12
initialize write 4-10
sense device 4-13
sense interrupt 4-12
1/O Interface 4-4
channel interface 4-4
device interface 4-5
Indicators, status 4-13
Initialize Write Command 4-10
cycle steal cycle, first 4-11
cycle steal cycle, second 4-11
data table 4-10
data word, last 4-11
data word, transfer 4-11
E-1 cycle 4-10
E-2 cycle 4-10
I0OCC 4-10
print cycle 4-11
printer clock cycle 4-11
printer clock control 4-11
timing pulses, printer 4-9
word count 4-10,4-11
Interrupt
printer complete 4-13
transfer complete 4-13

Keys

carriage restore 4-4
carriage space 4-4
carriage stop 4-4
reset 4-4

ribbon (switch) 4-4
start 4-4

stop 4-4

Lights
form 4-4
parity check 4-4
power on  4-2
ready 4-4
sync check 4-4

Parity Check Light 4-4
Power On Light 4-2
Print Cycle 4-11

Print Positions 4-1
Printer Busy 4-14
Printer Clock Cycle 4-11
Printer Complete 4-14
Printer Not Ready 4-14

Ready Light 4-4
Reset Keys 4-4
Ribbon Switch 4-4

Second Cycle Steal Cycle 4-11
Sense Device Command 4-13
device status word 4-13
E-1cycle 4-14
E-2 cycle 4-14
IOCC 4-13
Seven Bit Print Buffer
description 4-8
initialize write operation 4-11
control operation 4-12

Seven Bit Serial Buffer
description 4-8
initialize write operation 4-11
Sense Interrupt Command 4-12
E-1cycle 4-12
E-2 cycle 4-12
I0OCC 4-12
interrupt level status word 4-12
Start Key 4-4
Stop Key 4-4
Sync Check Light 4-4

Timing Pulses
generator 4-8
printer use 4-12
Transfer Complete
indicator 4-13
initialize write operation 4-11

Word Count
counter description 4-7
word 4-10
initialize write operation 4-11

1627 PLOTTER

Busy Indicator 5-7

CE Busy Indicator 5-7

CE Mode 5-8
E-1cycle 5-8
E-2cycle 5-8
function decode 5-5
IOCC 5-8

CE Not Ready Indicator 5-7

Carriage
description 5-3
manual controls 5-2

Channel Interface 5-3

Chart Drive 5-3

Data Word
description 5-1
transfer 5-6
Device Interface 5-3
Device Status Word 5-7
Drum
description 5-1
manual controls 5-3

E-1 Cycle
CE mode 5-8
sense device 5-8
sense interrupt 5-7
write 5-6
E-2 Cycle
CE mode 5-8
sense device 5-8
sense interrupt 5-7
E-2 Cycle
write 5-6
E-3 Cycle
write 5-6

Function Register 5-5

I0CC
CE mode 5-8

(7/68)



sense device 5-7
sense interrupt 5-7
write 5-6

1/0 Interface
channel interface 5-3
device interface 5-3

Indicators
power-on light 5-3
status 5-7
Interrupt

indicator 5-8
write operation 5-6
Interrupt Level Status Word 5-7

Pen
description 5-1
manual controls 5-3
write operation 5-6
Plotter Control Buffer
description 5-5
write operation 5-6
Power On Light 5-1

Sense Device Command 5-7
device status word 5-7
E-1cycle 5-8
E-2 cycle 5-8
function decode 5-5
I0CC 5-7

Sense Interrupt 5-6
E-1cycle 5-6
E-2 cycle 5-6
function decode 5-5
IOCC 5-7
interrupt level status word 5-5

Service Response
indicator 5-7 .
write operation 5-6

Vernier Control Knob 5-3

Write Command 5-6
data word transfer 5-6
E-1cycle 5-6
E-2 cycle 5-6
E-3 cycle 5-6
function decode 5-5
IoCC 5-6
interrupt 5-6
plotter control 5-6

1816 PRINTER-KEYBOARD AND 1053 PRINTER
Alpha Light 1-2

Buffer Register
description 1-7
write operation 1-9

Busy, Printer
indicator 1-13

CE Mode Command
E-1cycle 1-15
E-2 cycle 1-15

function decode 1-7
IoCC 1-14
CE Busy 1-13
CE Not Ready 1-13
Channel Interface 1-4
Character Keys
keyboard operation 1-10
control operation 1-11
Control Command
character key operation 1-11
E-1cycle 1-12
E-2 cycle 1-12
function decode 1-7
I0CC 1-11
interrupt 1-11
proceed lamp 1-11

Data Coding
keyboard 1-2
printer 1-1
Device Interface 1-4
Device Status Word 1-13

E-1 Cycle
CE mode 1-14
control 1-11
read 1-12
sense device 1-13
sense interrupt 1-14
write 1-8
E-2 Cycle
CE mode 1-15
control 1-11
read 1-12
sense device 1-14
sense interrupt 1-15
write 1-9
E-3 Cycle
read 1-12
write 1-9
End of Field Key 1-2
Erase Character Key 1-2
Erase Field Key 1-2

Function Register 1-7

I0CC
CE mode 1-14
control 1-11

sense device 1-12

sense interrupt 1-14

read 1-12

write 1-8
1/0 Interface 1-4

channel interface 1-4

device interface 1-4
Indicators, status 1-13
Interrupts

indicators 1-12

write operation 1-9

keyboard request operation 1-10

character key operation 1-11

Keyboard
description 1-2



operations 1-10

request 1-11

restore 1-12
Keyboard Request Key 1-2
Keyboard Manual Request 1-13

Keyboard Service Response 1-11,1-13

Keyboard Not Ready 1-13
Keyboard Parity Error 1-13
Keys
end of field 1-2
erase character 1-2
erase field 1-2
keyboard request 1-2
restore keyboard 1-2

Last Column, print 1-9
Lights
alpha 1-2
numeric 1-2
proceed 1-2

Print Operation 1-8
Printer Service Response
indicator 1-13
write operation 1-9

Read Command 1-11
data transfer 1-12
E-1 cycle 1-12
E-2 cycle 1-12
E-3 cycle 1-12
function decode 1-7
I0CC 1-12

Sense Device Command 1-12
device status word 1-13
E-1 cycle 1-13
E-2 cycle 1-14
function decode 1-7
I0CC 1-12

Sense Interrupt Command 1-14
E-1cycle 1-14
E-2 cycle 1-14
function decode 1-7
IOCC 1-14
interrupt level status word 1-14

Shift
circuits 1-7
write operation 1-9

Write Command 1-8
control operation 1-9
data transfer 1-9
data word 1-9
E-1 cycle 1-8
E-2 cycle 1-9
E-3 cycle 1-9
function decode 1-7
I0CC 1-8
last column 1-9
print execution 1-9
shift 1-9

2310 DISK STORAGE
Manual Reference 6-1

X-7
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