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PREFACE

This manual contains information about the Input/Output controls
of the System/360 Mcdel 30. A knowledge of the IBM 2030 Pro-
cessing Unit is assumed. Information pertaining to the 2030
Processing Unit is contained in a companion Field Engineering
manual, 2030 Processing Unit, Form Y24-3360. Maintenance infor-
mation is contained in the Field Engineering Maintenance Manual,
2030 Processing Unit, Form ¥24-3390.

Fifth Edition (November 1966)

This edition, Y24-3362-1 contains minor changes to, but does not
obsolete the previous edition, ¥Y24-3362-0. Changed text is marked
with a vertical line in the margin; changed figures are marked
with a large bullet to the left of the figure title.

Copies of this and other IBM publications can be obtained through
IBM Branch Offices. This manual has been prepared by the IBM
Systems Development Division, Product Publications, Department
171, P.O. Box 6, Endicott, New York 13760. Address comments
concerning the manual tc this address.

(© International Business Machines Corporation 1965
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INPUT/QUTPUT CONTROL

SECTION 1. COMPREHENSIVE INTRODUCTION

° The IBM 2030 communicates with I/0 devices through Channels.

® The Channel is a physical part of the CPU, but functionally

separate.

° The Channels are connected to, and communicate with, the I/O

control units via a standard interface.

s Each I/0 device attached to a channel must have an associat-—

ed control unit.

The transfer of information between the
2030 processing unit and an I/0 device is
by I/0 control circuits and micro prograns.
These control circuits and micro programs,
together, are called channels. Existing
channel circuitry is located in the CPU,
but in actual operation, the channels are
completely separate units.

A channel is connected to an I/0 control
unit by a cable containing 34 signal lines.
The 34 signal lines, and the sequence in
which they become active and inactive,
constitute the standard interface. By
using a standard set of lines and signal
sequences, the same I/0 control units and
devices can be used on most models of
System/360.

When an I/0 device is attached to the
IBM 2030, a control unit must be used. The

I/O Devices
’Curd

Control Units

Single
Unit

Punch

Multi-
Unit

Single
Unit

Printer

Figure 1-1. CPU to I/0 Device Data Path

control unit can be separate from, or con-
tained within the I/0 device. Each device
could have its own control unit, or several
devices can be controlled by one control
unit. The control unit acts as a buffer
and compensates for a difference in the
rate of flow of data, or the time of occur-
rence of events, when transferring informa-
tion between the 2030 and an I/0 device.
Figure 1-1 shows the concept of data flow
between the CPU and I/0 devices.

The channel itself can have many I/0
devices physically connected to it but only
one I/0 device can be operational with the
channel at any one time. To ensure that
only one control unit and device is select-~
ed, each is given a unique address. This
address is assigned by the customer and
wired on an address card by the CE at the
time of installation.

Central Processing Unit]

Channel
(Up to 3)

Section 1 1-1




CHANNELS

e The IBM 2030 has two basic types of channels:

1. Multiplexor

2. Selector (one or two)

® A console subchannel is also available for the 1050 attachment.

The two channel types used by the 2030
perform the same function. They differ
however, in the method by which they obtain
their objectives:

1. The multiplexor channel is basical-
ly a microprogram routine. It can
sustain operations with several I/0
devices at a time on a time shared
basis.

2. The selector channel is a high-
speed channel. It coperates with

CHANNEL INSTRUCTIONS

one I1/0 device until a complete
data record has been transferred.
It does not use microprogram
routines to accomplish data trans-
fers.

The console subchannel coperates only
with the 1050 attachment. It uses the
microprogram routines of the multiplexor
channel to accomplish many of its func-
tions. The circuits for the consocle are
also located in the 2030 frame.

° The CPU uses four instructions to communicate with a channel:

Start I/0
Test I1/0

Halt I/0

Test Channel

The start I/0 instruction is used by the
CPU to initiate all I/0 operations. Test
I/0 is the CPU's means’ of obtaining infor-
mation regarding the status of a particular
I/0 control unit and device. The halt I/O
instruction is issued by the CPU to discon-
nect a particular I/0 control unit and
device from the channel. The test channel
instruction involves only a channel and the
CPU. It is used to determine the status of
the channel.

These four instructions specify only the
address of the channel, I/0 control unit,
and device. For the test I/0, halt I/O,
and test channel instructions, this is
sufficient. The channel must, however,
obtain operating information to execute a
start I/C instruction.
mation from a channel address word (CAW) at
location 72 (hex 48) and a channel command
word (CCW), located in CPU main storage.
The CAW consists of:

1. A storage protection key for the I/0
operation.

1-2

It gets this infor-

2. A command address, designating the —
location in main storage where the
associated first CCW is located.

The CCW consists of:

1. The specific command to be executed by
the I/0 unit.

2. A data address that specifies the area
of core storage to be used for the data
transfers.

3. A count that specifies the number of —
data transfers, in the form of bytes,
that are to be made.

4. Five flag bits that may extend or medi- -
fy the basic command.

A separate CCW is necessary for each
command the channel is to perform. For
example, a read, write, rewind instruction
to a tape drive is actually three separate
commands and therefore would require three
separate CCW's to execute the commands.



I/0 INSTRUCTIONS

® The start I/0O instruction selects the channel,

and device.

° The channel, control unit,
cally by the standard interface.

control unit,

and device are connected electri-

® After executing the instruction, the control unit presents

ending status and causes an interrupt.

When the CPU issues a start I/0 instruction
to a channel, the channel selects the I/0
device and control unit by executing an
initial selection sequence.

The channel issues the I/0 command to
the contrel unit during the initial selec-
tion sequence, and electrically connects
the control unit to the interface. The
control unit decodes the command and raises
control lines to the I/0 device.

A control unit that is electrically
connected to the channel can operate in
either burst mode, or data interleave
(byte) mode. When operating in burst mode,
the control unit remains electrically con-
nected to the channel after initial selec-
tion, until a complete data record has been
transmitted. When operating in byte mode,
the control unit disconnects from the chan-
nel after initial selection and between
each data byte. When a control unit is
connected to a selector channel, it always
operates in burst mode. This is because a
selector channel is a high speed channel
that operates with one I/0 device at a
time.

When a control unit is connected to a
multiplexor channel, it operates in either
burst or byte mode, depending on the design
of the control unit. Normal data transfer
from the I/0 unit to the multiplexor chan-
nel is in byte mode. The control unit may
force burst mode operation. Normally, the
low speed control units operate in byte
mode and high speed units in burst mode.
Intermediate speed units have a switch that
can be set to either byte or burst mode.
The selector channel overrides the switch
setting and forces burst mode. When the
channel is operating in byte mode, it may
service several I/0 units on a time-shared
basis. It must disconnect from one I/0O
device before it can operate with another
device. This means that the control unit
must initiate a selection sequence each
time it regquires service from the channel.

When a channel and control unit have
transferred the number of bytes required by

the I/0 command, the control unit sends its
channel-end and device-end status to the
channel. These may be sent together or
separately, depending on the control unit.

The control unit always sends channel-
end status to the channel at the end of the
data transfer portion of a command.
Channel-end may be alcne or accompanied by
other status bits. Device-end is sent when
the control unit is in a position to accept
another command.

When a channel receives ending status,
it may either accept the status or it may
command the control unit to hold (stack)
the status. Once the channel responds to
channel-end status with either an accep-
tance response or a stack response, the
control unit disconnects from the channel.
Figure 1-2 illustrates a basic selector
channel data transfer.

When a channel accepts the control units
device end status, it will either obtain
new operating information (a new CCW), or
initiate on I/0 interrupt of the current
program.

If the channel must obtain a new CCW
because of the presence of the command
chaining bit in the CCW, it must wait until
it receives device-end status from the I/O
device control unit.

An I/C interrupt causes the status of
the interrupting channel and I/0 unit to be
placed in the channel status word (CSW) and
the execution of the I/0 interrupt program
to begin.

Note: The CPU can begin the execution of
an I/0 interrupt only after it has
completed the execution of the instruc-
tion it is currently executing when it
receives the interrupt.

Refer to Figure 1-3 for a flowchart of
the four channel and I/C instructions.
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Channel, Physically Con-
nected to Control Unit,
Wants to Send Deta and
Punch a Card.

Chnl Sends Adr-Out J | CU Decodes Address

i
1‘, and Sel-Out, | and Waits for Sel-Out
Chnl | t
: |
No Answer Are You Yes i CU Raises Op~In.
| There Chnl Cancels Adr-Out.

CU Sends Address.

Can

Control Unit YC\:; D;J FS_orne
Off Line or 0]24 ° Chnl Sends Cmd-Out.
Power Off e

CU drops Adr-in and
Sends Zeroc Status.

Can
You Punch
Some Cards
For Me

Last Unit On Line
Sends Select-In.

Chnl

I'm Already Working.
(CU Sends Busy Status) .

Thanks a Lot, 1'm Ready .
(Service-Out to CU)

Channel Concels Ad-
dress-Qut and Drops OfF,

I'm Ready Too, Send Me
Something. (CU Sends
Service=In).

CU Sends Status

B

| Just Con't, (To Deter—
mine Regson, a Sense Cmd

is Sent.)
i

Chnl Sends Service- | . S—

Data. i ere It Is, Star
Cuband Bota 4 Punching.

Ccu
Is
R e Any More Mo

CU and Device
Present Ending
Status.

{Sewice—ln and Service- Coming

Out Exchange

.

You Keep Sending It
and I'll Keep Punching

CK, I'm Going to Clean
Up and Go Home

Figure 1-2. Basic Selector Channel Operation
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Part 3

CPU Issues 1/O In-
struction to Channel

i Halt 1/0

(Test Chnl)

Channel and CPU Execute
Command.

Channel Executes Halt
1/O Interface Sequence

L

Part 3

Figure 1-3.

Start=
or Test-1/O
Instruction

Channel Begins Selection
of Unit Specified by 1/O

Instruction

Start 1/O

Start-
or Test-1/0

Test /0

Channel Obtains a CCW
from Core Storage

/O Command
Data Address
Count Flags

Channel Sends Zero Com-
mand to /O Unit

CPU Proceeds with
Next Instruction

Part 2

Channel Issues Command
to 1/O Device Control Uni

1]

Control Unit Sends Status
to Channel

Control Unit
Decodes Command

Conirol Unit Sends
Status to Channel

I/0 Instructions (Part 1 of 3)

Channel Accepts Status
and Stores It In the CSW

Control Unit Disconnects
from the Channel

Section 1
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Part 1

Burst
Mode or
Selector

Chnl.

Yes

Control Unit Discon-
nects from Interface.

 —

CPU Continues with
Other Instructions.

1
|
I
|
!

Execute the
Command.

Do
/O Device

Require
Service

Yes

Initiate a Selection
Sequence (Connect
to Interface).

Data
Transfer Yes

Data
Transfer
Complete

Complete

Send Data To, or
Receive Data from
Channel.

Figure 1-3.

1-6

Transmit Status
to Channel .

Part 3

I/0 Instructions {(Part 2 of 3)



Part 2

Does Chonnel
Accept Status

This Chnl.-End Stafus.
MPX Chnl Always Stacks
Device-End Status.

Does Channe|
Execute Stack
Sequence

Control Unit Disconnects
From Interface But Holds
Status. f

Control Unit Disconnects
From The Interface.

Selector
Channel

Yes
- T Unit Status Held in
Does CPU Unit Starus and ! Channel .
Allow Control Address Placed in } Unit Address is in
Unit to Send Interrupt Buffer | Local Store .
= ]
i
f Channel Requests
Does CPU Control Unit Captures Interrupt !
Issue Interface and Sends L
Test 1/Q Status.
Does CPU
Execute
Interrupt
CSW Stored
Part 1
{51
P4
Part 1
Figure 1-3. I/O Instructions (Part 3 of 3}
INPUT/OUTPUT INSTRUCTION FORMAT
° The four I/0 instructions have the SI format in a 32 bit
word.
The I1/0 instruction format is as follows:
" 1 = - ) lows:
|0 7|8 15])16 19120 31| 10011100 (9C) Start I/0
| Op. Code| Ignored | Bl | D1 10011101 (9D) Test 1I/0
L L L L -4 10011110 (9E) Halt I/0
B1+D1=I/0 Channel and Device Address 10011111 (9F) Test channel
BITS 0-7: BAn eight-bit field giving the BITS 8 - 15: These eight bits are not used

operation code of the instruction as fol-

and are ignored.

Section 1
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BITS 16 — 19: A four-bit field which
designates a 32-bit general purpose reg-
ister in local storage. A zero in the Bl
field is used to indicate the absence of a
base register component, and a value of
zero is used in forming the address regard-
less of the contents of general register
zero.

BITS 20 - 31: A 12-bit field which holds a
literal value known as the displacement.

The contents of the general purpose
register designated by Bl is added to the
value of Di. This forms the channel and
unit address. In the resulting 32-bit
summary:

I/0 CONTROL WORDS

BITS 21 - 23:

Bits 0-20: Ignored

These three bits for channel

address are assigned as follows:

000 - Multiplexor Channel

001 - 010 Selector Channels 1 & 2 (011-110,
Selector Channels 3-6, are
invalid on the 2030)

14 -~ Unused

BITS 24 - 31: These eight bits define the
unit number to a maximum of 256 units, each
unit having a unique address.

° Four control words are common to I/0 op=arations:

1. Channel Address Word (CAW)
2. Channel Command Word (CCW)
3. Channel Status Word (CSW)

L., I/0 New and 0ld Program Status Words

COMMAND ADDRESS WORD (CAW)

Start I/0 Only

(PSW)

= The CAW is a 32-bit word located in main storage 72 - 75

(48-4B hex).

° It provides the address of the first Channel-Command Word

(CCW) to be used in the I/0 operation.

s It provides the I/O protection key to be used in the I/0

operation.

° It is automatically read out when the instruction start I/O

is given.

The CAW is a 32-bit word stored in the
fixed location 72-75 in main memory. The
CAW is loaded into the channel by the
instruction start I/0 and specifies the

address of the first control word. The CAW
has the following format:

& I T

3|4 7|8 31

e s e

T

|0

| I/0 Protection Key| Zeros |CCW Address
L A 1

BITS 0 - 3: A four-bit I/O protection key
which is compared with the four-bit storage
key obtained from the storage-protect stack
when a main storage location is addressed.

1-8

If the protection key and the storage key
do not compare, the protection key is not
zero, and the operation is INPUT, the
address is violating a protected area.
This causes the channel to generate an I/O
interrupt, with the protection-check indi-
cated in the channel-status of the asso-
ciated CSW.

BITS 4 — 7=
Zeros.

This four-bit field must be

BITS B - 31: A 24-bit field which defines
the address of the first control word used
in the I/0 operation. The CCW specified in
this address must not be a Transfer-in-
Channel command.



CHANNEL COMMAND WORD (CCW)

° The CCW is a 64-bit word located in a main-storage area

designated by the program.

° It contains control information specifying:

1. Type of operation (command code).

2. Main storage area to be used {data address and byte

count) .

3. Action to be taken upon completion of operation (Flags).

e Accessed only during the start I/0 microprogram when
initiating the I/0 operation or chaining from one CCW to

ancther.

s Used as a basis to form the unit-control word (for multi-

plexor channel only).

The address contained in the CAW is the
address in main storage of the first CCW to
be used in an I/0 operation. This CCW is a
64-bit word and specifies the operation to
be performed. Because the CCW must be
located on a double word boundary, the
three low-order bits of its address must be
Zeros.

The information contained in the CCW
defines:

1. The operation to be performed.

2. The main-storage area to be used.

3. The action to be taken upon completion
of the operation.

The format of a CCW is:

] T T 1
10 7|8 31132 36|
| Command | Data | Flags

| Code | Address | |
L L L ]
] T T b
137 39|40 47|48 63]
| Zeros | Ignored | Count |
L L L J
BITS 0 - 7: Command Code. These eight

bits specify one of the following six chan-
nel commands:

1. Read Backward

2. Write

3. Read

4. Control

5. Sense

6. Transfer-in-Channel

Each of the six commands, with the
exception of Transfer-in- Channel (TIC),
initiates the I/O operation. The TIC com-
mand CCW contains the address of another
CCW in bits 8 - 31. The remaining bits (32
- 63) are ignored.

Figure 1-4 shows the CCW command code
format. Bits marked x and M have the sig-
nificance:

X = ignored
m = modifier

BIT

r T 1
| Command [0 1 234 56 7]
I 1 4
r I A
proommrmec s + 1
|Invalid Ix x xx 000 0]
L 4 ,{
] 1

| Sense ImmmmO 1 0 0]
; 1 1
|Transfer in channel [x x xx 1 0 0 0}
F T 1
|Read Backward jmmmm131 O Q]
1 4

: 1 i
|Write [mmmmmmOo 1]
I 4 |
I T 4
|Read [mmmmmm1 0]
b + —
|Control [mmmmmm1l 1}
L i ]

Figure 1-4 Command Code.

The modifier bits of the command code
specify to the I/O unit the detail condi-
tions under which the operation is to be
executed. It covers such conditions as
recording-density, parity, and byte size.
The meaning of the modifier bits depends on
the type of I/0 device.

BITS 8 -~ 31: Data Address. These 24 bits
specify the location of an eight-bit byte
in main storage. It is the first location
referred to in the area defined by the CCW.
The location is the starting address from
which data is to be fetched or the starting
address of the locations where data is to
be stored.

BITS 32 - 36: Flags. Five flag bits modi-
fy the basic CCW command :

Section 1 1-9




1. Bit 32, Chain Data CD. This bit speci-
fies chain data addresses. It allows a
channel to obtain the data address and
count from the next CCW after the CCW
in which it appears has been fully
executed.

2. Bit 33, Chain Command (CC). This bit
specifies chain command. It allows the
channel to obtain and execute the next
CCW if the CCW in which it appears is
successfully executed.

3. Bit 34, Suppress Length Indication
(SLI). This bit allows the channel to
ignore incorrect length indications
when an I/0 device signals the end of
an operation before the number of bytes
specified by the CCW count have been
transferred, or vice versa.

4. Bit 35, Skip. This bit allows the

channel to bypass storing input infor-
mation in main storage.

CHANNEL STATUS WORD (CSW)

5. Bit 36, Program Controlled Interrupt
(PCI). This forces the channel to
attempt an interrupt of the majocr pro-
gram. It is used by programmers to
force an interrupt to the major program
during the execution of a chain of
CCW's. It allows the CPU to find out
how the operation is going, and to
initiate other action if the conditions
warrant it.

BITS 37 - 39: These three bits must be
zero. If they do not contain zeros, the
operation is terminated with a program
error indication.

BITS 40 - 47: These eight bits are not
used and are ignored.

BITS 48 — 63: Count. This 16-bit field
defines the number of byte storage loca-
tions in the area defined by the CCW. The
count in conjunction with the data address
specifies the complete storage area used by
the current CCW.

. ® The CSW is a 64-bit word located at main-storage word loca-

tion 64 (40).

° It describes the status of the I/0 operation just completed.

® It identifies the I/0O protection key, the last CCW address
used plus eight, the residual count, and channel and unit

status at end time.

° It is stored in main-storage location 64 at the completiocn
of an I/0 operation when the I/0O interruption (for that

operation) 1is taken.

° During the initiation of an I/0 instruction, the status
portion of the CSW may be stored in main-storage storage 68

and 69
rejected,

When the I/0 operation sequence is complet-
ed at the unit an interruption to the CPU
program is generated. The interruption
informs the program that the operation
initiated by the start I/O instruction has
been completed. The CPU, in accepting the
interruption, also stores, in a fixed memo-
ry ldcation, a channel-status word. This
64-bit channel status word refers to the
unit and operation that has just terminated
and describes the results obtained with the
status conditions prevailing. The CSW is
formed in the process of an interruption
and it is stored upon interruption at the
fixed location 64 in main storage. It is
available at this location (for interpreta-
tion by the program) until a new CSW is

(44 and 45 hex) due to the I/0 instruction being
or if an immediate operation has been performed.

stored.

r T T 1
10 34 718 31|
| Protection | 0000 | Command Address |
| Key I | I
bosresmo e e ooy il 1
i T 1
{32 47|48 63|
| Status | Count |
L 1

1. Bits 0 - 3: Protection Key. This four-
bit key is the same as the protection
key described previously under Command
Address Word (CAW).
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2. Bits 4-7:

3. Bits 8-31: Command Address.
Identifies the last CCW address used
plus eight.

4, Bits 32-47: Status. This area defines
the conditions in the I/0O device and
channel that caused the storing of the
CS%W.

PROGRAM STATUS WORD (PSW)

These four bits must be zero.

Bits 32-39 indicate the conditions
detected by the I/0 unit or its con-
trol unit and are sent via the interface
in a status byte.

Bits u40-047 indicate the conditions
detected by the channel.

5. Bits 48-63: Count. This area contains
the residual count for the last CCW
used.

° Four PSW's are associated with input/output operations:

1. Current PSW
2. Initial Program Load PSW
3. I/0 old PSW
4. I/0 new PSW.

The bit positions in a PSW which are util-
ized in an I/0 operation are listed with
their function:

Bits 0-7: System mask
Bit 0 Multiplexor Channel Mask
Bit 1 Selector Channel 1 Mask
Bit 2 Selector Channel 2 Mask

Bits 3-7 are not used.

Bits 16-31: Interruption Code (I/0 0ld
PSW)
Bits 34-35: Condition Code (cCC)

The system mask bits 0, 1, and 2 provide
the facility to prevent all I/0 interrup-
tions occurring when the appropriate bit is
zero. This gives the possibility of pre-
venting I/0 interrupts from one channel
while allowing I/0 interrupts on another
channel.

The 16 bits which form the interruption
code (PSW 16-31) are stored in the I/O old
PSW in main storage 56 when an I/0 inter-—
ruption is accepted by the CPU. The inter-
ruption code in this case contains the
channel and unit address which caused the
interrupt. The channel and unit address
occupy PSW bit positions 21 - 31. PSW bits
16 - 20 are made zero. Because only the
channel and unit causing the interrupt are

identified in the interruption code, the
program must now refer to the status field
of the CSW to determine the cause of the
interrupt.

The condition code is set after the
initiation of an I/0 instruction and
informs the program if the I/0 instruction
was successfully started or if it was
rejected. The I/0 instruction could be
rejected because the channel or unit were
unavailable or busy. The condition-code
settings for each of the four I/0 instruc-
tions are:

r T p = T a
I I | I I I
l Y | 1 I 2 13 |
; + ; i s}
|Halt | not |halted |stopped|not |
|I/0 |working | | | oper. |
3 e S 1 1 ]
|Start |avail- |CSW | busy |not |
|T/0 |able | stored | | oper. |
T S e P SRS,
|Test | not | CSW |working|not |
|Channel|working |ready | |oper. |
L A | 1] TS, 2 1 _’
1] T 1 b T

|Test |avail- |[CSW |working|not |
| I/C |able | stored | |oper. |
L 1 | L L. J
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The meanings of the condition codes are:

1. Available Unit and channel availa-
ble

2. Busy Unit or channel busy

3. CSW ready Channel status word .
ready for test or inter-
ruption

4., CSW stored Channel status word -
stored

5. Halted Data transmission

stopped. Unit in halt- —
reset mode

6. Not oper Unit or channel not
operational =
7. Not working Unit or channel not
working
8. Stopped Data transmission
stopped
9. Working Unit or channel working -

The condition code also may be changed
by LOAD PSW, SET SYSTEM MASK, and by an
interrupt.

Current PSW

° The fields of the current PSW are scattered throughout local
storage and CPU-registers

The current PSW fields and locations are: 4. Instruction Length Code (ILC): Located

in the four low-order bits of local
storage Ki4. o

1. System Mask: Located in local storage
K24. It is also in CPU latches.

5. Condition Code (CC): Located in four

2. Storage Protect Key: Located in four high-order bits of local storage K27. —
high-order bits of local storage loca-
tion K25 and Q-register. This is the 6. PSW bit: Located at bit-1 of local
storage protect key for CPU operation. storage location Kbu.
It is not the same as the I/0 storage =
protect key in the CAW. 7. Instruction Counter (IC): Located in
local storage locations K17 and K18
3. AMWP: Located in the four low-order when the PSW bit is on. It is in the
bits of local storage location K25. IJ-registers when the PSW bit is off. =



Initial Program Load (IPL) PSW

170

The IPL PSW is loaded from the first input record on IPL
operations.

After the first three records have entered the CPU, the IPL
PSW enters local storage as the current PSW.

NEW PSW

Located at main storage location 120 (hex 78).

The I/0C new PSW enters local storage on I/0 interrupts as
the current PSW.

0ld PSW

1/0

Located at main storage location 536 (hex 38).

The current PSW is lcaded into the I/0 01ld PSW location
during I/0 interrupts.

UNIT CONTROL WORD (UCW)

The UCW is actually a subchannel of the multiplexor channel.

Refer to subchannels under the multiplexor channel function-
al units for a description of the UCW.

Section 1
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FUNCTIONAL UNITS

LOCAL STORAGE

® The contents of the CPU data flow registers are stored in
local storage when a channel microprogram routine is being

executed.

° Two local storage positions serve as the multiplexor channel

interrupt buffer.

® Local storage also contains the K-addressable byte posi-

tions.

A channel breaks into the CPU microprogram
at various times. For this reason the
channel's microprogram must store the con-
tents of the CPU data-flow registers in
local storage. This allows the channel
microprogram to use the CPU data-flow reg-
isters. When the channel is finished with
the the CPU data—-flow registers, they are
restored to their original state from the
information that was stored in local stor—
age.

Local storage also serves as storage for
other channel operating information. This
information is stored in the K-addressable
byte locations. The K-addressable byte
locations also contain some of the current
PSW.

The K-addressable byte utilization is as
follows:

1. KO (hex 88) is the Interrupt Buffer
(IB) for the address of a MPX channel
I/0 unit that is reguesting an inter-
rupt.

K1 (hex 89) stores
during MPX channel
K2 (hex 8A4) stores
during MPX channel
K3 (hex 8B) is the

the T-register
cperations.

the R-register
operations.
interrupt buffer

for the status of a MPX channel I/0
unit that is requesting an interrupt.
K4 (hex BC) contains the current PSW

instruction length
the four low-order
as the PSW bit.

counter (ILC) in
bits. Bit 1 serves

The instruction coun-

ter (IC) is in local storage at K17

and K18

when the PSW bit is on.

K5 (hex 8D) holds the unit address of

the I/0
channel 1.
K6 (hex
address
address.

unit operating on selector

8E) holds the high-order
of selector channel 1 next-CCW

10.
11,
12.

13.

14.

15
16.

o 7 2

18.
19.
20.
21.

22.
23.

26.

27.

K7 (hex 8F) holds the low-order of
selector channel 1 next-CCW address.
K8 (hex 98) serves as temporary stor-
age for the unit address of a unit on
the MPX channel.

K9 (hex 99) is used by the console
subchannel to store unit status.

K 10 (hex 9A) through K15 (hex 9E) is
CPU working storage.

K16 (hex AB) is instruction counter
unavailable.

K17 (hex A9) holds the high-order byte
of the instruction counter when it
must be stored in local storage.

K18 (hex AA) holds the low-order byte
of the Instruction Counter (IC) when
it must be stored in local storage.
K19 {(hex AB) is not assigned.

K20 (hex AC) stores the R-register
during selector channel microprogram
routines.

K21 (hex AD) contains the addresses of
an 1/0 unit operating on selector
channel 2.

K22 (hex AE) holds selector channel 2
next-CCW address high-order byte.

K23 (hex AF) holds selector channel 2
next-CCW address low-order byte.

K24 (hex B8) contains the current PSW
system mask.

K25 (hex B9) contains the current PSW
storage protect key and AMWP.

K26 (hex BA) is not assigned

K27 (hex BB) contains the current PSW
condition register and program mask.
K28 (hex BC) is not assigned.

K29 (hex BD) stores the S-register
during selector channel microprogram
operations.

K30 (hex BE) stores the U-register
during selector channel microprogram
operations.

K31 (hex BF) stores the V-register
during selector channel microprogram
operations.



THEORY OF OPERATION

e The I/0 instruction I-cycles are named 5I format I-cycles.

e After reading out the instruction the CPU reads out the

channel address word (CAW).

o The channel microprogram reads out the CCW and begins its

execution.

° When the execution of the CCW is complete the channel either
obtains new operating information or attempts to interrupt

the CPU program.

® An I/0 interrupt loads the CSW with the required informa-

tion.

Before issuing an I/0 instruction, the CPU
program loads the CAW with the address of
the CCW to be-.executed, and loads the CCW
with the required information. Also the
CPU must be in the supervisory state before
issuing any I/O instructions. These are
privileged instructions that may be issued
in the supervisory state only, or a program
error results.

During I/0 I-cycles the instruction
reads out normally. The instruction code
enters the G-register. The B-field and
D-field specify the channel and device
address. The channel address enters the
U-register, the device address enters the
V-register. When this is complete, the CPU
reads out the CAW. The storage protect key
enters the high order of the U-register and
the CCW address enters the IJ-registers.
During the read out of the CAW, the PSW is
interrogated to determine if the CPU is in
the supervisory state, and the CCW address
is checked to ensure that it is on a double
word boundary.

When the CAW has been read out, the
channel microprogram program reads out the
CCW, the channel selects the desired I/0
device and issues a command. The I/0
device responds with status. After this is
accomplished, the channel microprogram
analyzes the status byte received from the
I/0 device during initial selection, and
sets the PSW condition code. The channel
microprogram then branches to CPU I-cycles.

In the case of a start I/0 instruction
that has been successfully started, the
channel continues to operate with the I/0

device either on a time-share basis with
other I/0 devices and the CPU or constantly
with the I/0 device until the entire record
specified by the CCW count is transferred.
This depends on the channel and I/0 device
whose address the start I/0 instruction
specifies. In most case the CPU begins the
execution of the next instruction. The
channel and CPU operate concurrently on a
time-share basis. It is possible for the
CPU to be executing a program while all
three channels are operating concurrently,
all on a time-share basis.

When an I/0 device has completed the
execution of a CCW, it sends an end signal
to the channel. The channel in turn either
obtains new operating information or
attempts to generate an interrupt to the
CPU program. The CCW flag bits determine
if the channel is to obtain new operating
information. The current PSW system mask
determines whether or not a particular
channel can generate an interrupt.

When the CPU executes an interrupt, it
does so at the end of the execution of its
current instruction. An I-O0 interrupt
consists of:

1. Storing the current PSW at the I/0 old
PSW.

2. Loading the CSW with the required
information.

3. Loading the I/0O new PSW into the cur-
rent PSW locations in local storage and
corresponding registers. The CPU now
executes the I/0 program defined by the
I/0 new PSW.
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SECTION 2. I/O INTERFACE

° The IBM System/360 I/0 interface provides a uniform method
of attaching I/0 equipment to the System/360.

° This interface consists of 34 data and control lines.

° Up to eight input/output control units may be attached to

one System/360 channel.

e Most control units can accommodate one input/output device
although some can accommodate more than one device.

The input/output interface provides a uni-
form method of attaching input/output (I/0)
control units to IBM System/360 channels.
The interface can accommodate up to eight
control units with addressing capabilities
for up to 256 I/0 devices. This means that
some control units can control a single I/0
device and some can control a number of I/0
devices.

The interface, consisting of 34 lines,
establishes requirements for signal trans-
fers between control units and the servic-
ing channel. Therefore, interface lines
provide a common information format and
signal seguence for all input/output devi-
ces. Figure 2-1 categorizes interface
lines according to their general functions.

Except for signals that establish prior-
ity among control units, all interface
signals are sent over a common bus. Any
interface signals that the channel gener-
ates is available to all control units,
although only one control unit may be ser-—
viced by the channel at any given time.

After a control unit is selected, it
remains logically connected to the channel
until it transmits or receives the required
information or until the channel signals
the control unit to disconnect.

The rise and fall of signals transmitted
over the interface are interlocked with the
cerresponding responses. This interlocking
makes the interface applicable to a wide
variety of circuits and data rates, and
permits the connection of control units of
different circuit speeds and data rates.

Each control unit contains an address
card that designates its interface address;
no two control units on the same interface
can have jdentical addresses. To begin an
I/0 operation, the channel must transmit
the address of the desired unit. During
the selection sequence, the selected con-

trol unit must identify itself by transmit-
ting its address to the channel.

A similar identification procedure is
necessary if the control unit initiates the
signal sequence: the control unit must
identify itself by transmitting its address
before it can indicate the purpose of the
sequence.

Inbound Tags (3 Lines)

Address-In
Status-In
Service=In

Bus-Out (9 Lines)

Bus=OQut Bit Positions
P,0,1,2,3,4,5,6,7

Bus-In (9 Lines)

Bus-In Bit Positions
P,0,1,2,3,4,5,6,7

Qutbound Tags (3 Lines)

Address=Qut
Command-Qut
Service=Out

Conirol
Unit

Channel

Scan Controls (4 Lines)

Select-Out
Hold=Out
Select-In
Request=In

Interlocks (2 Lines)

Operational 0 yt ————

~¢—— Operational-In
) :::>
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Special Conirels (4 Lines

Suppress-Out

Clock-Out

Metering-Qut,
—~—— Metering-In

Figure 2-1. Interface Lines




Interface adapter circuits located in
each contrel unit must:

1. Convert interface-line sequences and

coded commands to control lines neces-—
sary to operate the contreol unit. In

INTERFACE LINES

turn, the control unit controls the
desired I/0 device.

2. Establish communication between the —
control circuits in the unit and the
interface.

L Interface lines are divided into five types:

Bus lines

Scan controls
Tag lines
Interlock lines
Special controls

Figure 2-2 shows channel and control unit
connections to the interface. Observe that
the select lines (select-out and select-in)
connect serially through each control unit
for the purpose of establishing priority,
other lines connect in parallel.

Priority is assigned to the different
control units on the channel during instal-

CPU Channel

lation. The customer establishes priority o
of control units by evaluating the type of
channel involved, the data rates of the

control units to be attached, and the type

of operations to be performed. The highest -
priority control unit can receive the most
service from the channel, whereas the low-—

est priority control unit receives the

least service from the channel.

Control Unit 1 Conitrol Unit 2 Control Unit 3 Terminator -
{ L
C N N T A AT
T D Lines R R Lines R T
C N S N T N T )
T R Lines D D Lines D T
o T I o
Select Select
Out Out -
A Logic Logic Logic Logic +
4o —-0—1—4 0 -0~
]Selecf Select
n In

Highest Priority

E——Receiver @——Driver

Interface Connections

- - Terminator

Figure 2-2.

2=2

Lowest Priority

Second Highest
Priority



SCAN CONTROLS (FIGURE 2-3).

Select-out, hold-out, and select-in are controlled by the
channel.

° Request-in is controlled by the control unit.

The scan controls are independent of processing unit non-I/0
operations.

° The purpose of the scan controls is to establish initial

communication between the channel and attached control
units.

° The scan controls establish contact between the channel and
. the control units on a priority basis.

Operational =In to Channel

Address=In to Channel

Select-Qut and

Hold-Out (Not) Service-Out
Op~=in
C.U.W h | A
= My t
ants Channe " A D * A | Valid Address
B e on Bus=In
(Not) Select-Out
—_ 3 (Not) Command-Out B
End-of-Signal Address—ln_| b1 on Bus-In
Sequence

Lowest Priority C.U.

Propagate Select=In to Channel

—_ Select-Out and Hold-Out _

C.U. does not want Channel A I

. Propagate Select-Out to Next C.U.

(Not) Lowest Priority C.U.

* Time delay duration dependent upon control unit.

__ ®Figure 2-3. Scan Controls
The primary objective of scanning is to

The sequence in which select-out and
establish a connection with a control unit.

hold-out is presented to the control units

During initial selection any control unit
that receives select-out and hold-out at
the same time compares its address to the
one on bus-out. An equal compare is the
first part of any selection segquence.
Scanning, then, is the process of present-
ing select-out and hold-out in an estab-
lished sequence until a control unit in-
dicates that its address compares egqual.

is called priority. The first control unit
to compare-equal blocks the select-out line
to the next control unit in line. To
further define priority, the first control
unit that can receive select-out has the
highest priority, the last, the lowest. 1In
reality, there are two ways to establish
priority. The method presented here is the
simplest and is used primarily for clarity.
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Term.

CPU Out Printer

Channel
Interface

=
Select
Legic

Interface Physical Connection

Term.
CPU Bt Tape Drive Printer Reader out Punch
Channel | | E ng In i’ gm
Interface B A8 @ 33| @
Electrical Equivalent
(= i I el 1 P ot e oo SR i
T ! P! I 1 ]| Term.
1 ; : 1
CPU L our Tape Drive : !_ Bl Printer : Il___ Out Reader | C‘-Out Punch
~ ~ | ~ | e ~
1 I I 1 i 1
v I v ! Y ]
i & e R - g o I I TT 1 i T
Channel | . i‘-j% e | - & a e d & _E’% I— | ! _g_’g)
Interface | — — — — — ? ERANQ, s - ) L 25|® "Tas @
Select - In Added (Dotted Wire)
-t T 1% =sliii——— 1
' 1 : 1 |Term.
. . 1
CPU :_ Out Tape Drive | I._ Out : Printer ; Ot Punch
o l “a ; - i
1 1 ¥ ; |
i 1 ' i 1
Select = Qut 7 5. ! o 5 o I ] I 5 o
Channel - R oo g | —— o s
Interface | Select=In | In y— ERANO "r+132 @] In 25\ @
Select - In Wired Te Change Priority
Figure 2-4. Select-In, Select-Out Priority Control
For this example, consider four control assume that the desired order of priority
units positioned by the customer in this is:
sequence:
1. Tape Drive (highest priority)
1. Reader (closest to the processing unit) 2. Printer
2. 'Printer 3. Reader
3. Punch 4., Punch (lowest priority)
4. Tape Drive (farthest from the process- To establish this priority, the CE must
ing unit) connect the tape drive to the system inter-—
face first, then connect the tape drive to
For the system to operate efficiently, the printer, the printer to the reader, and
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_ priority,

the reader to the punch. The output of the
punch is connected to a terminator.

Disregarding, then, the physical loca-
tion of the units, they are electrically
coupled in the desired priority segquence.
That is, the first control unit to receive
select-out is the tape drive. If this unit
compares addresses and finds them equal, it
connects to the interface. Select-out is
prevented from reaching the other control
units by the selection logic. This pre-
vents two or more units from connecting to
the interface at the same time. If the
unit compares addresses and finds them
unequal, it propagates the select-out sig-
nal to the next control unit in line. This
indicates that the highest priority unit
does not require service and others are
free to use the interface.

To complete the process of establishing
each unit must be jumper wired
internally for "high-priority."” This term
means that each control unit, as it
receives select-out, attempts to compare
addresses. This wiring also causes select-—
out to be passed along ta the next control
unit if the addresses compare unequal.

Using the same cabling sequence, this

priority can be altered by Jjumper wiring a
control unit internally for a condition

SELECT-0OUT

called low priority. Low-priority jumper
wiring essentially shorts out the select-
out signal directly to the next control
unit and picks up the selection pulse on
its return path to the processing unit.
This return line is called select-in for
physical identification only.
Electrically, it is the select-out line on
its return path to the processing unit.
Thus, if any one of the four units in the
example is wired for "low priority"™ its
priority would change to the last in the
series. Figure 2-4 shows the printer
altered from the number 2 position to the
number 4 position simply by changing the
jumper wiring from high-priority to low-
priority.

Considering only one unit wired for low
priority, these are the possibilities:

Unit
Unit
Unit
Unit

(Tape Drive) highest or lowest
(Printer) 2nd highest or lowest
(Reader) 3rd highest or lowest
(Punch) no change

£ wro

Except for the first unit, altering two or
more control units offers unlimited
priority arrangements. The first unit can
only be first or last, not 2 or 3.

° The select-out line connects each control unit in series.

° Control unit priority is determined by the order that the
select—-out: line goes through the control unit logic.

The select-out line provides the scan loop
that allows the channel to interrogate each
control unit in priority sequence.

When an I/0 control unit receives the
select-out signal, it must either raise its
operational-in line in response to it
(request service) or immediately propagate
the select-out signal to the next control
unit in the series. Once a control unit
has propagated select-out, it cannot raise
its operational-in line until the next
incoming select-out line to the contrel
unit rises.

The channel must hold select-out active
until it receives a signal on either the
select-in or the address-in line. When
select-out is transferred to the control

unit with the lowest priority, the control
unit either: ‘

1. raises its operational-in line, and
later, its address-in line, initiating
a signal sequence with the channel, or

2. propagates the incoming select-cut to
the channel (select-in).

If a control unit conditions
operational-in when the incoming select-out
is active, it does not transfer select-out
to the next control unit (or select-in to
the channel). By conditioning operational-
in, the control unit interrupts the
channel's scan locp. Then, the control
unit transmits an address byte on bus-in
lines and conditions address-in.
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The control unit must hold operational-
in active until communication with the
channel is complete. The channel can drop
select-out after receiving address-in, or
can hold select-out active through the
complete I/0 operation. In no case can the
control unit cancel operational-in before
the channel drops select-out.

SELECT-IN

° Select—in is the select-out line's return path to the

channel.

° The select-in signal notifies the channel that no control

unit has decoded the address sent out.

The control unit provides an option of
connecting its selection logic in series on
either the select-out or select-in line
(see Figure 2-2). Descending-order priori-
ty from the channel can be established omn
the select-out line, and the remaining
control units can maintain the descending-
order priority tec the channel on the
select-in logic. For clarity, assume that
the selection logic is connected to the
select-out line.

REQUEST-IN

Select-in is a line from the lowest
priority controcl unit to the channel. It
is the outgoing select-out line of that
control unit and provides a return path to
the channel for the select-out signal. The
definition of the select-in line is the
same as that of a select-out line coming
from any control unit.

s Request-in allows a control unit to indicate to the channel

that it needs service.

® At the channel, request-in initiates the polling sequence.

B control unit conditions the request-in
line to indicate that it will initiate a
signal sequence when select-out polls that
unit again. The channel need not condition
select-out to scan the attached control
units until the request-in line indicates
that a control unit requires servicing.
This operation allows the control unit with
the highest priority to receive attention
in a minimum amount of time after the
request-in line is conditioned. To illus-
trate the function of reguest-in, consider
the following example.

2-6

Assume that the highest interface prior-
ity is assigned to the I/0 device with
highest data rate and that the device with
the slowest data rate has the lowest prior-
ity. The unit with the lowest priority can
wait longest for service; so, each time
that the request-in line is conditioned,
that unit is the last to be polled.

Because the I/0 device with the highest
priority can wait the least period of time
for service, each request-in indication
causes that unit to be polled first.



HOLD-0UT

e The hold-out signal controls the effect of select-out.

ing operation.

The channel conditions the hold-out line to
all control units in parallel to allow
select-out to perform its function in a
control unit. The hold-out line allows the
channel to cancel the effects of select-out
at each control unit at the same time. If
the channel is holding select-out active

This signal allows additional channel control over the poll-

and cancels hold-out, no contrecl unit can
make use of select-out. A unit can only
propagate the incoming select-out to the
next unit. Therefore, the channel can
interrupt the polling seguence and cause
select-out to fall in all units in the
shortest possible time.
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BUS LINES

® The bus lines carry information between the channel and all

attached control units.

° There are nine bus-in lines and nine bus-cut lines.

° The basic unit of information in the System/360, the 8-bit
byte, may be transmitted over the bus lines.

° A parity bit is added to the 8-bit byte when necessary to

maintain odd parity.

{Not) Operational-In

Address Valid on Bus-Qut

Command Valid on Bus-Out

Data Valid on Bus-Out

(Not) Select-In
Address-Out
(Not) Status=In a2
Data on Bus=Out Lines
Command-Out
Data on Bus=Out Lines A
Address=In
Service=In
Service-Out A
Data on Bus-Out Lines
(Not) Service-Out
100 ns
Address-In |
Status=In oR i (Net) Command-Out
Service-In Data on Bus-In

Address, Status, or Daia
Byte Valid on Bus=In

Figure 2-5. Bus Lines

Information is transmitted over the inter-
face from the channel to a control unit on
bus-out, and from a control unit %o the
channel on bus-in. Figure 2-5 shows the
different conditions necessary to have
information on bus-in and bus-out at the
correct time. Bus-in and bus-out each
contain eight information lines and one
line for odd parity. Thus the basic unit
of information in the System/360, the 8-bit

byte, can be transmitted over the inter-
face.

Information on the in and the out bus is
arranged so that bit position 7 on a bus
always carries the lowest order bit within
an 8-bit byte. The highest-order bit is in

2-8

position 0, and intervening bits are in
descending order from position 1 to posi-
tion 6. -

When a byte transmitted over the inter-
face consists of fewer than eight bits, the
bits must be placed in the highest-numbered
bit positicns of the bus (low area). Any
unused lines of the bus must include the
low-numbered positions of the bus. Thus,
if a paper tape reader reads 5-channel
tape, bus-in positions 0, 1, and 2 are
always zero. The parity bit of any byte
must appear in the parity position (P).

The byte formed by the nine bits must
always contain odd parity.



BUS-0OUT

s Bus-out transfers information from the channel to a control

unit.

° The information can be either data, control, or address

information.

® Tag lines identify the bus-out data.

® Bus-out consists of eight data lines and one parity line.

The nine bus-out lines transfer information
from the channel to control units. The
channel conditions an out- bound tag line
to identify the type of data transmitted on
bus-out lines. For example, when the
address-out tag and bus-out lines are
active concurrently, the information on the
bus—-out lines designates an address.

Tag lines control the period during
which bus-out lines contain valid informa-

BUS-IN

tion. When the address of an I/0 device is
transferred, the information on bus-out
lines is valid from the rise of address-out
to the rise of one of the following:
operational-in, select-in, or status-in.
When information other than an address is
transferred, signals on bus-cut lines are
valid from the rise of the identifying
outbound tag to the fall of the responding
inbound tag.

® Bus—-in transfers information from a control unit to the

channel.

° Bus-in information can be either data, addresses, or con-

trols.

° Inbound tag lines identify the information on bus-in.

® Bus—-in consists of eight data lines and

The nine bus-in lines transfer information
from the selected control unit to the chan-
nel. The control unit conditions an
inbound tag line to identify the type of
information transmitted on bus-in lines.
For example, when the status-in tag and
bus-in lines are active concurrently, the
bus-in lines contain a status byte.

Tag lines control the period during
which bus-in lines contain valid informa-
tion. Signals on bus-in lines are consid-
ered valid from 100 nanoseconds after the
rise of the identifying inbound tag to the
rise of the responding outbound tag.

The primary objective of scanning is to
establish a connection with a control unit.
Any control unit that receives select-out
and hold-out at the same time compares its
address to the one on bus-out. An equal

one parity line.

° Select-out, hold-out, and select-in are
controlled by the channel.

® Request—in is controlled by the control
unit.

e The scan controls are independent of

processing unit non-I/0 operations.

° The purpose of the scan controls is to
establish initial communication between
the channel and attached control units.

° The scan controls establish contact
between the channel and the control
units on a priority basis.

compare is the first part of any selection
sequence. Scanning, then, is the process
of presenting select-out and hold-out in an
established sequence until a control unit
indicates that its address compares equal.
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OUTBOUND TAG LINES

° There are three outbound tag lines:

1. Address—-Qut
2. Command-Out

3. Service-Out

® These lines control the basic communication between the

channel and a control

unit.

L] No two of these lines can be active at the same time.

Each of the outbound tag lines has a basic

purpose:
Address—-0Out The data
lines is
Command-0Out The data
lines is
Service-Qut Responds

from the

on the bus-out
an address.

on the bus-out
a2 command.

to data received
contrel unit on a

read operation, and indi-
cates data being sent to
the control unit on a
write operation.

ADDRESS-0UT

These signals have a positive sequence
depending on the operation involved. Exam-—
ple: Initial selection share-cycle, ending
procedure. It is as much the segquence that
governs the operation as the exact name or
purpose of the line. These sequences must
be thoroughly understood to become com-
pletely familiar with the operation of the
interface.

° The basic function of address-out is to indicate to a con-
trol unit that the information on bus-out is an address.

° Address-out can alsc be activated at the same time as
select-out to disconnect a selected control unit from the

interface.

The channel transmits a signal over the
address-out line (Figure 2-6) to indicate

either of two conditions:

1. Address—out initiates

selection of an

I/0 device causing all attached control
units to attempt to decode the address

on the bus-out lines.

control unit address is different, only

Because each

one unit can decode the address. If

the contreol unit that

recognizes the

address is not busy, it must respond by
conditioning operational-in when
select-out is conditioned to the con-

trol unit.

Address—out precedes the rise of
select-out by 400 nanoseconds. The
channel must hold address-out active

until it receives operational-in,
select-in, or status-in. Select-in
indicates that no control unit decoded
the address. This occurs when the
specified control unit is off-line.
Status—in indicates that the designated
control unit is busy and cannot be
interrupted to execute another opera-
tion. The channel responds to the
status-in reply by cancelling select-
out. It then waits for status-in to
fall, and cancels address-out.

2. Address-out causes a control unit to
disconnect from the interface. The
channel:

2. Conditions the select-out line,



b. Receives operational-in from a

control unit,

c. Conditions the address—-out line (or
allows address—-out to remain

active), then after 250 ns,

d. Cancels select-out and holds

Address-Out

trol unit allows operational- in to
fall.

The control unit must cancel operational-in

within 6 microseconds after receiving the

interface disconnect indication.

operation proceeds to the normal end,

no data is transferred across the inter-
address-out active until the con- face.

Disconnect from Interface®

{Not) Select=-Qut
Cperational-in

Select-Out**

Operational-In

Address=In

Control Unit A
Decodes Address

(Not) Address—-Qut***

Address=-Out

Decode Address on Bus-Out

Data on Bus-Out

* Confrol Unit must drop op-in within 6 psec.
** Select-out rises a minimum of 400 ns after address-out
*** Rise of Op-in causes address-out to fall .

Figure 2-6. BAddress-Out
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COMMAND-OUT

° The basic function of command-out is to indicate toc a con-
trol unit that the information on bus-cut is a command.

° Command-out also is used to indicate "proceed" at the end of

initial selection.

° In response to status-in command-out signals a control unit

to "stack" its status.

° In response to service-in, command-out indicates "stop".

Command-Qut

| Decode Command Byte

A hd A on Bus-Out
Address=In
Initial Selection Sequence -

Proceed
A
N

Service=In Stop

A

Command-Qut

Status=In

Stack Status

Command-Out

Figure 2-7. Command-Out

The channel conditions the command-out line
(Figure 2-7) to respond to a signal on an
inbound tag line. During the initial sel-
ection sequence, the channel activates
command-out to reply to address-in, indi-
cating that a command byte is on the bus-
out lines. This command byte specifies the
I/C operation to be performed. Only at
this point in the initial selection
sequence does command-out cause the select-
ed control unit to decode the byte on bus-
out lines. After the initial selection
sequence, the command-out response to
address—-in means proceed.

A command-out response to service-in
means "stop", and causes the control unit
to terminate the operation and reset.
Whether during the initial selection
sequence or at the end of the operation,
the command-out reply to status-in causes
the selected control unit to "stack"™ (hold)
the status data. The control unit can
present the stacked status only if
suppress-out and address-out are down when
select-out rises at the control unit.



SERVICE-OUT

° The basic function of service-out is to indicate to a con-
trol unit that data has been received or is being sent.

e Service-out responds to service-in on read or write opera-
tions and to status-in during a status sequence.

Service-In

Channel Has Data Byte on Bus-Out

Service-Out

A or Received Byte on Bus-In; Proceed

Not Suppress Cut End the
Operatio
A S
N
A s
Chained
u A Operation
Status-In A— pe
A
lick Initiate the Operation
A
Initial Selection

Figure 2-8. Service-Out

Service-out is a line from the channel to
all attached control units and is used to
signal the selected device in recognition
of a signal on the service-in or status-in
line (Figure 2-8). A signal on the
service-out line indicates to the selected
device that the channel has accepted the
information on bus-in or has provided on
bus-out the data requested by service-in.

When service-out is sent in response to
service-in during read, read-backwards, or
sense operations, or to status-in, the
service-out signal must rise after the
channel ac¢cepts the information on bus-in.
In these cases, the rise of service-out
indicates that the information on bus-in
has been received.

When service-out is sent in response to
service-in during a write or control opera-
tion, the rise of service-out indicates
that the channel has provided the requested
information on bus-out. In this case, the
signal must rise after the information is
placed on the bus. Service-out must stay
up until the fall of the associated
service-in or status-in signal. Service-
out cannot be up concurrently with any
other out-tag.

A service-out response to status-in
while suppress-out is up indicates to the
control unit that the coperation is being

chained. See Suppress-Out for further
details. The status is accepted by the
channel.
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INBOUND TAG LINES

® There are three inbound tag lines:

Address-In
Status-In
Service-1In

° These lines control the basic communication between a

control unit and the channel

] No two of these lines can be active at the same time.

Each of these lines has a single basic
purpose:
Address—1In The data on the bus-in
lines is an address.
Status-In The data on the bus-in
lines is status informa-
tion.
Service-In The information the bus-in
lines is data on a read
operation. On a write
operation, this line indi-
cates that the control

ADDRESS-IN

unit is ready to receive
data. N

The control unit uses the inbound tag
lines to respond to signal sequence devel-
oped by the channel. For example, during
an initial selection seqguence the channel
activates address-cut. The control unit
that is selected responds with address-in.
The channel then sends command-out. When
the control unit receives the command, it
sends status-in. The channel responds with
service-out. when the control unit is
ready to send or receive data, it activates
service-in.

° Address-in identifies the information on the bus-in lines as

a control unit address.

® When the channel identifies the control unit,

with command-out.

Address=In

it responds

Decode Address Byte on Bus-In

Operational-In

Figure 2-9. Address-In

Address—-in is a line from all attached
control units to the channel (Figure 2-9).
It is ured to signal the channel that the
address of an I/0 unit is on bus-in. The
channel responds to address-in with
command-out.

During the initial selection sequence,
the channel checks the address received
against the address initially sent out. If
they are equal, the operation can proceed.
If not, the channel branches to an error
routine.

2-14

During data transfer cycles, the channel
identifies the contrcl unit when address-in
is received. The channel can then select
the correct information to proceed with
data transfer.

Address—-in remains active until the rise
of command-out. It must then fall in order -
that command-out can fall.



STATUS-IN

° Status-in identifies the information on *he bus-in lines as
— a status byte.

° The line must remain active until the channel responds.

Address-Out
Busy Sequence
A
e Status=In
Decode Status Byte on Bus=In
— Operational-=In &

Figure 2-10. Status-In

A control unit activates the status—-in line 1. Service-out, indicating that the chan-

to indicate to the channel that a status nel accepted the status.
- byte is on the bus-in lines (Figure A-10).
The status byte has a fixed format and

contains bits describing the current status 2. Command-out, indicating that the chan-

at the control unit. nel has stacked the status.

If status-in is the contrel unit's reply

Status-in must remain up until the chan- to address—out during initial selection, it
nel responds with: must remaln up until select-out falls.
SERVICE-IN

° On a read operation, service-in indicates that data is ready
on the bus—-in lines.

® On a write operation, service-in indicates that the control
unit is ready to receive data.

— ° This line remains active until the rise of either command-
out or service-out.

- Output Operation Reguest that Channel Transmit

Operational-In

T A a Data Byte on Bus-Out
Service=In

Request that Channel Accept

A the Dato Byte on Bus=In
. Input Operation
®Figure 2-11. Service-In
A control unit activates the service-in on the bus-in lines (read, read
line (Figure 2-11) to: backward, and sense operations).
1. Signal the channel that a data byte is 2. Request that the channel transmit
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data byte on the bus-out lines (write
or control operations).

The channel responds to service-in with:

INTERLOCK LINES

° There are two interlock lines:

Operational-in
Operational-out

1. Service-out, when data is accepted or

transmitted.

2. Command-out, to stop data transfers and

end the operation.

° These lines permit only one control unit at a time to com-

municate with the channel.

The interlock lines provide additional
control of the interface. They are used to
gate other signals, reset all control units
and signal the channel that a unit is
selected.

OPERATIONAL-QOUT

° 211 outbound lines are controlled by operational-out.

° To reset all the control units, the channel drops

operational-out and suppress—-out.

Operational-out originates at the channel
when the processing unit is power-on-reset.
It stays up as long as the channel is oper-
able. The operational-out line enables all
control units on the interface to communi-
cate with the channel (providing the cor-
rect signal sequences are maintained). If
operational-out is down, all interface
signals become ineffective.

The fall of operational-out resets con-
trol units on the interface either selec-

tively or concurrently, depending on the
status of suppress-out, a special control
line (Figure 2-12). If the channel drops
operational-out while a control unit is
operating on the interface, the control
unit is reset. If the channel wishes to
reset all control units on the interface,
the suppress-out and operational-out lines
are both dropped (for a period of at least
6 microseconds to ensure a complete reset).



6 i
(Not) Suppress-Qut i

A D
(Not) Operational-Out

Figure 2-12. Operational-oOut

OPERATIONAL-IN

Reset all On-Line
Control Units

e Operational-in signals the channel that a device is select-

ed.

° When select-out falls and the signal seguence is completed,

operational-in is dropped.

To initiate an interface signal sequence, a
control unit conditions operational-in when
the incoming select-out line is up. At the
same time, the control unit blocks select-
out from reaching the next control unit.

No other control unit can connect to the
interface while operational-in is up.

When operational-in is raised for a
particular signal seguence, it stays up
until all regquired information is
transmitted between the channel and the
device. Operational-in drops at the same
time as the transfer of the last byte of
information, if select-out is down.

Signals on bus-in and on the inbound tag
lines are significant only when
operational-in is up, except in the case of
the control-unit-busy selection sequence.
Wwhen operational-in is down, the channel
disregards any signal on these lines. How-
ever, most control units are interlocked so
that no signals are placed on any inbound
lines when operational-in is down. This is
necessary to prevent erroneous indications
to the channel when another control unit
first raises its operational-in line.
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SPECIAL CONTROLS

CLOCEK-0OUT

° Clock-out designates when a control unit is allowed to

change to CE mode.

° Clock-out indicates that the processing unit is not in a

halt or wait condition.

A control unit can switch to CE mode only
when the System-360 processing unit is
halted or waiting. The clock-out line
indicates that the processing unit is not
halted or not waiting, and could address
any control unit. Therefore, a control
unit is prevented from changing in or out

{Not) CPU in Wait Condition

OR
(Not) CPU in Halt Condition

of CE mode unless the clock-out line is
down. The clock-out line prevents the
setting of the CE mode latch by the CE key
switch. Clock-out is raised by the channel
when the conditions are as shown in Figure
2-13.

Clock=-Out

(Not) CE CPU Meter Recording Time

Figure 2-13. Clock-0Out

METERING-OUT

time.

The channel raises the metering-out line to

all control units whenever the processing
unit customer usage-meter is recording
time. Metering-out causes customer usage-
meters to register time in each control

unit that is not in the disabled state (CE

mode) .

Metering-out enables the control unit usage-meters to record



METERING-IN

® Metering-in indicates to the channel that the control unit

is recording time.

A control unit transmits metering-in to the

channel when the customer meter on the
control unit is recording time. Metering-
in causes the customer meter that records
use of the processing unit to accumulate

time even though the processing unit may be

in the halt or wait condition.

SUPPRESS-0UT

° The suppress-out line has these functions:

Suppress status
Suppress data transfer
Chain command control
Selective reset.

Control Unit has Assembled Status Data

Select-Out

Execute Cycle to Transmit

(Not) Suppress-Qut

| [

A | Status Byte to Channel

Block Service-
A In to Channel

Suppress-Ou

A OR
Previously Stacked _’—'
Status | I N

Service-In
Service-Out Shas A
- i

A D

Suppress-Out (Not) |-

Suppress-Out

Cheined Operation

Service-Out A
Status-In

Suppress-Out
(Not) Operational-Out
Operational-In

Selective Reset

Figure 2-14. Suppress-0Out

The suppress-out line (Figure 2-14)
connects the channel to each control unit.
Suppress-out is used alone or with an out-
bound tag line to provide the following
special functions.

SUPPRESS STATUS: When a control unit ends
an IL/0 operation, it transmits a status
byte on bus-in lines and conditions the
Status-in tag line to the channel. The
status byte indicates whether errors were
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encountered in performing the operation and
signals the channel that the operation is
complete. A channel may respond to status-
in with command-out, causing the control
unit to stack the status data.

When select-out rises at a control unit
holding stacked status data, that control
unit will not capture the interface to
present the status byte if suppress-out is
active. The channel must condition
suppress-out at least 250 nanoseconds
before the control unit receives select-out
to ensure that the stacked status data is
not transmitted. The rise of suppress-out
after a control unit begins a status cycle
does not interfere with the transmission of
the status byte. If a control unit condi-
tions regquest-in to offer status data, and
suppress-out rises before the control unit
receives select-out, suppress-out drops
request-in,

SUPPRESS DATA TRANSFER: For noncyclic
I/0 devices (buffered I/0 devices, not
applicable to tape) that can wait for data
transfers without indicating an overrun

condition, suppress-out blocks service-in.
The channel must condition suppress-out at
least 250 nanoseconds before the previous
service-out tag drops to ensure that the
subsequent request for data or offer of
data will be suppressed.

CHAIN COMMAND CONTROL: To indicate a
chained command, the channel conditions
suppress—-out after the selected control
unit begins the cycle to transfer the
status byte and before the channel responds
to status-in with service-out. The active
state of the suppress-ocut line and the
service-out response to status-in combine
to hold selection of the control unit and
the I/0 device. The next command from the
channel must be directed to that control
unit and I/0 device.

SELECTIVE RESET: If the channel conditions
suppress-out at least 250 microseconds
before allowing operaticnal-cut to fall and
holds suppress-out active until 250 nano-
seconds after operational-out rises again,
only the I/0 device presently operating

on the interface is reset.



INITIAL SELECTION SEQUENCE

° During the initial selection sequence, the channel selects a
control unit and specifies the operation to be performed.

e This sequence is the same for all control units and opera-

tions.

The interface signal sequence in which the
channel selects a control unit and I/0
device and specifies an operation to be
performed is called the initial selection
sequence (Figure 2-15). Regardless of the
unit selected or the operation designated,
the signal seguence in the initial selec-
tion is standard.

1 Operational ~Out t
2 Address-Out
4
3 Select-Qut *** I l** “
4 Operational-In 3 1 5] e
5 Address—In 2 J:—l
6 Command=Out* 5 l_l 7 l--'-|
£ Status-In l—-l
8 Service=Out* . r"'l

* A multiplex channel will respond to status—in with either

command-out or service-out. Normally, a selector channel
will respond to status-in with only service-out.
** Depending on the channel controlling the operation, select-out
might drop during the initial selection sequence or remain
active affer the sequence is complete. Operational=in cannot
drop until select-out is inactive.

*#*% Select-Out and Hold-Out up together.

Figure 2-15. Initial Selection Seguence

The channel begins the initial selection
sequence by transmitting an address byte on
the bus-out lines and raising address-out.
The address byte selects the unit to exe-
cute the operation. Each control unit
attached to the interface attempts to
decode the address, but, because all inter-
face addresses are different, only one unit
can interpret the coded byte.

When select-out is active at the control
unit that successfully decodes the address
byte, that control unit conditions either:

1. Status-in, indicating that the selected
unit is busy and cannot execute another
operation, or

2. Operational-in, indicating that the
designated unit will complete the ini-
tial selection seguence. However, the
operational-in response to address-out
does not commit the control unit or the
channel to perform an operation.

If no control unit decodes the address
byte (specified control unit is off-line;
the address byte is invalid, etc.), the
control unit with the lowest priority pro-
pagates select-in to the channel when its
incoming select-out is conditioned. The
select-in or status-in reply to address-out
causes the channel to cancel address-out
and terminate the selection seguence.

When operational-in causes the channel
to cancel address—-out, the selected control
unit transmits an address byte on bus-in
lines and conditions the address-in line.
The channel compares this address to the
address it placed on the bus-out lines to
ensure that the right device has answered.

After checking the address, the channel
responds to address-in by transmitting a
command byte and conditioning command-out
to the control unit. The command byte
designates one of seven operations (read,
read backward, write, control, sense, test
I/0, or no-op), and establishes conditions
to control execution of the operation.

The control unit must then drop address-
in, and after command-out falls, the
control unit places its status information
on bus-in and raises status-in. If the I/0
device is available, the status byte is
zero. If the channel accepts this status
byte, it responds with service-out. This
signal completes the initial selection
seguence.

When a control unit that does not have
operational-in up requires service, it
raises its request-in line to the channel.
The next time select-out rises at any con-
trol unit requiring service and no I/O
selection is being attempted by the channel
(address-out down), the control unit places
the address of the device on bus-in. It
then signals on both the address-in and the
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operational-in lines, and removes the
request-in signal.

When the channel recognizes the address,
a command-out signal is sent to the control

DATA TRANSFER

unit, indicating proceed. After address-in
drops, the channel responds by dropping the
command-out signal. The remainder of the
sequence is the same as a channel-initiated
initial selection seguence.

L] A control unit can send data to, or regquest data from the
channel.
e Service-in and service-out are the controlling tag lines.

Data transfer may be reguested by a control
unit after a selection sequence. To trans-—
mit to the channel, the control unit places
a data byte on bus-in and raises service-
in. The tag and the data on bus-in must be
held until an outbound tag is raised in
response. To request data from the

END OPERATION

channel, service-in is raised. The channel
places the data on bus—-cut and signals with
service-out. The channel maintains the
validity of bus-out until service-in falls.
When service-in falls, the channel responds
by dropping service-out.

e An operation is completed when the control unit and device

present ending status to the channel.

° The channel acknowledges receipt of the status byte with

service—-out or command-out.

When any I/0 operation, except test-I/0 and
nc-op, has proceeded to its normal end, the
control unit assembles and transmits a
second status byte to the channel. The
meaning and format of this status byte are
identical to the purpose and format of the
status byte transmitted during the initial
selection sequence.

To acknowledge receipt of the status
byte, the channel conditions either
service-out or command-out. Service-out
indicates that the channel has accepted the
status data and resets the operation.
Command-out causes the control unit to
stack the status byte.

If the channel conditions suppress-out
250 nanoseconds before select-out rises at
the control unit holding stacked status
data, the control unit does not transmit
the status byte again until suppress-out
drops. When the channel cancels suppress-
out, and select-out to the unit is active,
the control unit sends its address, and
re-transmits the status byte to the
channel.

If the channel does not condition
suppress—out before select-out rises at the
control unit holding stacked status data,
the control unit initiates another cycle to
transmit the status byte again.
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COMPREHENSIVE INTRODUCTION

SECTION 3. MULTIPLEXOR CHANNEL

° The IBM 2030 multiplexor channel shares data-flow registers

with the CPU.

° The multiplexor channel consists mainly of microprogram

routines.

° The multiplexor channel can sustain operations with several
I/0 devices at once on a data interleaving basis.

® The basic IBM 2030 multiplexor channel has 32 subchannels.

The IBM 2030 multiplexor channel is basi-
cally a microprogram that uses the CPU
data-flow registers to perform the multi-
plexor channel functions (Figure 3-1). The
I/0 instructions issued to the multiplexor
channel (Start I/0, Test I/0, Halt I-/0, and
Test Channel) are all executed by the chan-
nel microprogram.

The multiplexor channel may operate in
either one of two modes, BURST or BYTE
mode. In burst mode, the channel selects
and operates with one I/O device, only,
until the entire CCW or chain of CCW's is
executed. 1In byte or data interleave mode,
the channel selects and operates with a
device until one, two or four bytes have
been transferred. The channel has no con-
trol over its mode of operation, nor in the
case of byte mode, does it determine the
number of bytes to be transferred on each
selection of an I/0 device. Both of these
conditions are determined by the I/0 device
involved.

The basic IBM 2030 multiplexor channel
operates under control of 32 subchannels.
The subchannels maintain the operating
information for each CCW being executed by
the channel.

Upon the initiation of an I/0 operation
by the CPU, the channel microprogram reads
out the Channel Address Word (CAW).
Besides reading out the CAW, this routine
also checks the PSW to insure that it spe-
cifies supervisory state.

If the PSW does not specify supervisory
state, a program interrupt occurs. If the
PSW is in supervisory state, the channel
begins the execution of the instruction.

When executing either a test channel, a
halt I/0, or test I/0 instruction, the
channel executes the entire instruction

before returning the CPU to I-cycles. When

executing a start I/0 instruction the chan-
nel allows the CPU to return to I-cycles
before the execution is complete, but only
after the selected I/0D control unit and
device have disconnected from the channel
as in the case of byte-mode devices.

Whenever the CPU returns to executing
other instructions, the operating informa-
tion for a selected device is stored in the
subchannel. When the device requires ser-
vice, the channel breaks into the current
microprogram routine, stores the CPU data
flow register information in local storage,
obtains the operating information from the
subchannel, and operates with the device
until it disconnects from the channel.

When the I/0O control unit disconnects from
the channel, the channel updates the sub-

channel information, and allows the CPU to
continue the execution of the current-EBSW

instruction.

When the entire CCW seguence specified
by the start I/0 instruction has been com-
pleted, the channel interrupts the current
PSW instruction sequence if allowed to do
sco by the current PSW system mask. The
channel then stores the required informa-
tion in the Channel Status Word (CSW).
After the CSW has been generated, the I/0O
new PSW takes the place of the current PSH.
The CPU now executes the I/O new PSW
instruction segquence.

The I/0 program will normally prevent
other I/0 interrupts by masking them off
with the system mask. It will normally
interrogate the CSW and execute some type
of error routine if the CSW indicates the
instruction was not executed correctly.
Otherwise, the I/0 program will normally
allow the CPU to begin the execution of any
pending I/0 instructions and then return
the CPU to processing the PSW instruction
sequence that was discontinued by the I/0
interrupt.

Section 3 3-1
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DATA FLOW

® All data between the MPX channel and CPU main storage must

pass through the R-register.

° The UV-registers maintain the data address

° The ILD-registers maintain the count.

Because the MPX channel uses the CPU reg-
isters to accomplish its objectives, the
MPX data flow is quite similar to normal
CPU data flow.

On input operations the channel receives
data on bus-in. The MPX channel micropro-
gram puts the bus-in information into the
R-register by specifying the R-register as
the destination and bus-in as the A-
register entry. The data goes through the
A-register and Arithmetic Logic Unit (ALU).
Any parity errors are corrected in the ALU,
{ and a channel control check is set if
running in process mode. If running in

FUNCTIONAL UNITS

SUB CHANNELS

stop mode, an A-register error is set. The
data enters the R-register from the ALU.

It is then stored in main storage by a
store cycle.

On output operations data is read out of
main storage into the R-register. From the
R-register the data (control data or record
data) enters the bus-out register which
conditions the bus out lines directly.

During both input and output operations,
the UV-registers maintain the data address
while the LD-register maintains the count.

° Operating information necessary to sustain a single I/O

operation is contained in a subchannel.

° The MPX channel may have up to 224 subcaannels.

° A MPX channel subchannel is a double word called a Unit

Controlled Word (UCW).

° UCW's are stored in MPX storage.

e A UCW is initially generated by the microprogram from the

CAW and CCW information.

The high speed of the IBM 2030 CPU and the
slow speed of many I/0O devices makes it
desirable to have a channel that can
operate several I/0 devices at a time. The
multiplexor channel fulfills this require-
ment. By having many subchannels, each of
which contains a current record of one I/0
operation, the multiplexor channel is able
to read or write from several low-speed I1/0
devices at a time. When an I/0 device
reguests service, the multiplexor channel
selects the subchannel associated with that
I/0 device and services the I/0 device
under control of the subchannel. The IBM
2030 has 32 subchannels as a standard fea-
ture and may have up to 224 subchannels as
optional features.

The first 8 subchannels can be either
single or shared subchannels. The remain-

ing subchannels are all single. A shared
subchannel can be used by more than one 1/0
device. Shared subchannels are normally
used by multiunit control units, such as
tape or disk drives which control several
I/0 devices. When several I/O devices
share a subchannel, only one of the I/0
devices can operate at any given time.

A subchannel contains the necessary
information that is needed to sustain chan-
nel operation with a particular I/0O device.
Unit Control Words (UCW) serve as the MPX
channel subchannels.

A basic IBM 2030 has 32 UCW's stored in
a portion of auxiliary storage called MPX
storage. The UCW's remain in MPX storage
when not being used for channel operation.
They are fetched from the MPX storage when

Section 3 3-3
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UNIT CONTRCL WORD

ucw
000 007 010 011 100 101 110 n
T T
Chenrel OPd- o Deta Next CCW
an oun
A Add
Status Flags | High ! Low High - High M ow

Channe| Status Byte

0 - Count Zero (1050 Only) 0

1 - Channel Control Check 1

2 - Interface Control Check 2 -

3 - First Status Received Coded ex- 3 - skip
planation
be low .

4 - (No Name) 4

5 - Incorrect Length 5 = Active

6 - Program Check 6 - Output (Write)

7 - Protection Check 7

Handling Data; Expecting Data.
Device Instructed to Stop; Expecting Status.
Status Stacked at Centrol Unit.
Status Is in Interrupt Buffer (IB).

— =0 O|w
— o —ol~

® Figure 3-2. Unit Control Format

needed, and placed in the CPU registers.
After they have been used and updated, they
are restored intoc the MPX storage.

Figure 3-2 shows the UCW format. The
initial UCW is generated in the CPU reg-
isters during E-phase of a start I/0
instruction. The address of the first CCW
is fetched from the CAW. Adding 8 to this
address generates the next CCW address,
which becomes part of the UCW.

The data address and count are fetched
from the first CCW and placed in the UCW.
Because the 2030 storage address is a maxi-
mum of 16 bits long, only 2 bytes are need-
ed in the UCW for the data address. The
same holds true for the next CCW address.

The op-and-flag byte in the UCW is now
generated from the CCW command byte and
flag byte. The 5 flags are transferred
intact. The command is compressed to two
necessary bits: bit-6 indicating input when
0, and output when 1, and bit-7 indicating
increment or decrement data address. Bit-5
is the active bit for the UCW, and is set
during a start I/0 and reset by the store
CSW portion of an I/0 interrupt or test I/O
instruction.

Op. and Flags Byfe

- Chain Date Address (CDA)
- Command Chaining (CC)
Suppress Length Indication (SLI)

- Program Controlled Interrupt (PCI)

- Decrement Data Address

The status byte contains information
necessary to generate the CSW. It is kept
current during an I/0 operation, and with
some interchange of bits, becomes the chan-
nel status byte in the CSW. Bits-3 and-u
are not used in the CSW. One is replaced
by the PCI flag, and the other is unused in
the CSW. Bits 3 and 4 have meaning only
when the active bit (5) is on.

Bit-3 only indicates the device status
byte has been gueued in the device.

Bit-4 alone indicates that status-in,
not service- in, should be sent by the I/O
device next. If not, it is an error.

When bit-3 and bit-4 are on together, a
Channel End (CHE) type of unit status (UCW
is active) has been stored in the IB and
the multiplexor-interrupt latch turned on.

Both bits 3 and 4 off (0), indicate the
channel is expecting data and has not yet
come to the end of the specified count.

All other positions in the status and
op-and-flags bytes have the same meaning as
they do in the CCW flags byte and the CSW
channel-status byte.



MPX STORAGE (SUBCHANNEL STORAGE)

° 32 double words used to store unit control words.

° Each double word, or UCW, is associated with a control unit
or device attached to the multiplexor - channel interface.

® The UCW address is developed from the I/0 device address by

microprogramming.

° The XH and XL latches in the FB register are used to dis-
tinguish between the local storage and one of the MPX stor-

age locations.

® UCW 31 is assigned to the console subchannel.

e Figure 3-3 shows UCW address development.

MPX storage is a 256-byte portion of auxil-
iary core storage. It holds 32 double
words called Unit Control Words (UCW).

UCW's 0 through 7 are used by multidev-
ice control units. These eight UCW's are
called shared subchannels, and multi unit
control units, which use these UCW's, must
have a device address which contains a bit
in position 0. Each of these shared sub-
channel UCW's can be shared by up to 16 I/0

SINGLE SUBCHANNEL

XXH XH XL
[o]afo]

6 1 2 3 4 5 & 7
lofol [ 1] 1] x]x][x] T-Register

Address of Byte, Within UCW,
Determined By the Micro-program.

SHARED SUBCHANNEL
0 1 2 3 4 5 6 7
L lofolifofr[ro]
[

Mult

V-Register

Not Used to Determine
UCW Address.

XXH XH XL

0 1 2 3 4 5 & 7
| 0 l 1 | 0 l 1 \ 0 | X l X | X 1 T-Register
[ —

Address of Byte, Within
UCW, Determined by
Miecro-program.

Set to Zero.

Figure 3-3.

devices. The limitation is due to address-

ing.

Single subchannel UCW's are called for
by I/0 devices which do not have a bit in
position 0 of their address. There are 24
single subchannel UCW's in the basic MPX
storage with up to 88 single subchannel
UCW's possible. Any of the first 8 sub-
channels, not used by multi-unit control
units, may be used by a single unit control
unit.

Conversion of I/0 Device Address to MPX Storage Address

Section 3 3-5




UCW address 31 is reserved for use by
the console subchannel. When this address
is detected during a start I/0, a branch is
taken to the console subchannel channel
microprogram.

The address of each UCW is developed
from the I/0 device address. The develop-
ment is done by microprogramming.

The I/0 device address is stored in the
V-register during I-cycles. The bits in
the V-register are then transferred to the
T-register, and the XXH,XH, and XL latches.
This is done in one of two ways, as deter-
mined by position 0 of the V-register.

If position 0 is a zero, a single sub-
channel channel conversion is made. On a
machine egquipped with 224 UCW's, a multi-
control unit must use each device
seperately. The XXH latch is set by posi-
tion zero. Position one is transferred to
the XH latch; position two is transferred
to the XL latch. These latches determine
which of the three MPX storage areas will
be used. If XH and XL are both off, one of
the first 32 UCW's will be addressed. The
two optional MPX storage areas are
addressed by either XH only or XL only
being on. This also means that a device
address with 011 in bit positions 0, 1, and
2 would be invalid because this would cause

MPX CHANNEL MICROPROGRAM

local storage to be addressed. Validity
checking is done by the microprogram.

Next, the 3-bit of the V-register is
transferred to the 4-bit position of the
T-register. Then, the 4-, 5—-, 6—, and
7-bits are transferred to the 0-, 1-, 2-,
and 3-bit positions of the T-register. Now
one out of a possible 244 UCW's has been
selected. Bits-5, -6, and -7 of the T-
register are now set to a constant by the
microprogram, thus the T- register contains
the address of one byte of the proper UCW.

A shared subchannel UCW is indicated
when position 0 of the V-register is 1. In
this case positions 1, 2, and 3 in the
V-register are transferred to positions 1,
2, and 3 in the T-register. The XXH, XH,
and XL latches are turned off (set to 0)
and positions 0 and 4 of the T-register are
set to 0. Positions 4, 5, 6, and 7 of the
V-register are not used.

Again, bits-5, -6, and-7 of the T-
register are set to address one of the 8
bytes in the UCW selected.

Device addresses 00 through 1F and 80
through FF are valid on a basic Model 30.
By adding two more MPX storage areas,
device addresses 20 through 5F are also
valid.

® The MPX channel microprogram performs all the MPX channel

functions.

° The MPX microprogram may be entered from four different

sources:

1. The I/0 instructions.
2. The store CSW routine.
3. MPX share reguests.

4. IPL.

° The MPX microprogram has exits for:

1. Selector channel I/0 instructions.
2. Console subchannel instructions.
3. Return to the CPU microprogram.

4., Load PSW.

All multiplexor-channel operations are
performed under control of the channels
microprogram. The CPU may enter the MPX
channel microprogram by means of a normal
microprogram branch, as on start I/0
instructions, or the CPU may be forced into
the MPX channel microprogram by the MPX
stacking latch as on MPX share-cycles.

3-6

The four entries to the microprogram
point out the four basic uses of the micro-
program. The four I/0 instructions: Start
I1/0, Test I1/0, Halt I/0 and Test channel
enter the channel program from I-cycles.
Start I/0 uses the majority of micro steps,
while the test-channel instruction uses
very few.



A forced branch to the second entry
point, is caused by a multiplexor share-
from some I/0 device. This entry consists
of the store CPU register routine, plus
several other routines, which perform the
share operation.

A forced entry into the MPX channel
microprogram is accomplished when a share-
request sets the WX-registers to the
address of a channel microprogram word. To
be able to return the CPU to its present
operating state, the address in the WX-
registers is stored in the MPX channel read
only back up address register (ROBAR). The
branching conditions of the last addressed
CPU micro program word are also stored in
the MPX channel. These are stored in the
buffer restore latches.

The third entry is used when an I/0
interrupt causes a store old PSW, store
CSW, load new PSW, operation. The store
CSW portion of the I/0 interrupt is
performed by the multiplexor channel micro-
program, if the multiplexor channel caused
the interrupt.

The fourth entry is another forced
branch caused by the initial program load
(IPL) key in the console. The routine
entered by this branch sets up a dummy CCW
and start I/0 to cause IPL.

The MPX channel exits are:

I/0 INTERFACE CONTROL

1. WwWhen the program is entered from I-
cycles, the channel address is tested.
A selector channel address causes a
branch to the selector channel
microprogram.

2. If the device address on a basic
machine calls for UCW 31, a branch to
the console subchannel microprogram is
taken.

3. At the end of either a store CSW or an
IPL operation, the program branches to
the load PSW routine.

4. An I/O instruction for the multiplexor
channel will return the CPU to I-cycles
on completion.

5. A microprogram trap, caused by a share-
reguest, returns the CPU to the micro
word that was interrupted by the trap
if no other share requests are pending.

Several new microprogram statements are
introduced by the multiplexor channel.
These instructions control the FA and FB
registers, gate data through the channel,
and allow the microprogram to branch on
multiplexor channel signals.

Data passes from bus-in to the FI-bus,
and from the MPX bus-cut register to bus
out. The FT-bus is a group of signals from
the interface and channel, put together to
form a byte that can read onto the A-bus
for testing.

The status bus is made up of signals
used to control microprogram branching.

° Out-bound lines are controlled by latchss in the FA and FB

registers.

° In-bound lines are sensed by the microprogram or used to

reset latches in the FA register.

Some of the latches in the FA and FB
registers are used to control the outbound
interface lines. Microprogramming sets
these latches, and either the inbound
interface lines or microprogramming can
reset the latches.

The inbound lines are either sensed
directly by the microprogram, or mixed
together first, and then sensed.

Sectiocn 3 3-7




FA-REGISTER

® The FA-register is comprised of five latches (Figure 3-4).

® It controls the tag—out and bus-out interface lines.

® It controls polling.

The FA-register latches are turned on by
microwords that specify FA in the CS field.
The value of the CK- field selects a speci-
fic FA-register latch or latches.

The five FA-register latches are:

1. Command-start latch
23 Service-out latch

3. Command-out latch

L. Address-out latch

5z Bus—-dut—-control latch

COMMAND-START: This latch turns on when a
microword CS—field specifies FA. The
command-start latch is controlled by the
parity-bit position of the CK-field. When
it is 1, the latch turns on. When it is 0,
the latch turns off.

When the command start latch is on it
prevents the MPX-channel from polling
(selecting) any unit that is reguesting
service from the MPX channel . This
includes the console subchannel. It does
this by holding the FT3-bit MPX Share Reg
line at a negative level. It also prevents
the MPX stacking latch from turning on by
holding the MPX Share Reg line at a posi-
tive level.

SERVICE-OUT: This latch activates the
service-out tag line. It is turned on when
a microword specifies FA in the CS-field
and CK = 1 or 9 (CK SAL bit-3). It is
turned on alone when CK = 1. It is turned
on with the bus-out control latch when

CK = 9.

The MPX channel microprogram turns on
the service-out latch in response to either
service—-in or status-in. Once the service-
out latch turns on, it remains on until the
inbound tag line (either service-in or
status-in) falls.

COMMAND-OUT: This latch activates the
command-out tag line when it is on. It is

turned on by a microword that specifies FA
in the CS-field and CK = 2, or 10. (CK SAL
2 bit). When CK = 2, it is turned on
alone. When CK= =10, it is turned on with
the bus-out control latch. The command-cut
latch is turned on by the MPX channel
microprogram in response to either address-
in, service-in, or status-in. It turns off
when the initiating inbound tag-line falls.

ADDRESS-0UT: This latch controls the
address- out tag line. It is turned on teo
activate address—-out.

The address—out latch is turned on by a
microword that specifies FA in the CS field
and CK = 4 or 12 (CK SAL bit 1). It may be
turned on alone (CK = 4) or with the bus-
out control latch (CK = 12). It is reset
by the microword that specifies FA in the
Cs field when the CK SAL 1 bit is off (0).

BUS OUT CONTROL: This latch turns on when
the microword CS-field specifies FA and the
value of CK is 8, 9, 10, or 12 (CK SAL bit
0). The bus- out control latch allows the
contents of the R-register to enter the
bus-out register . The bus-out register,
in turn, conditions the standard interface
bus-out lines.

The bus-out control latch is always
turned on with a tag-out control latch
(CK = 9, 10 or 12). It remains on until
the associated tag-out latch turns off.

The bus-out register latches remain on
until the next time the bus-out control
latch is turned on at which time any bus-
out register latches that are not
conditioned to turn on by the R-register
contents turn off at T1 time.

Once the R-register contents enter the
bus-out register, the R-register is availa-
ble for other functions.



Form Y24-3362-1, Page modified by FES ¥24-0055, 9/67

FA Name CK Field Reason/
Decode (FA —=K) Use
Command CK-P Prevents MPX
Start P=1,o0on Chan. From Polling
Latch P =0, Off (Selecting) any unit
Requesting Service
From MPX Channel
(Including Console)
(CK SAL Bit 3)
Service - Qut CK=10r9 Activates Service
Latch Turned on Alone Out Tag Line, in
When CK = L. Turns Response to Either
on with Bus = Qut Service = inor
CTRL Latch When Status - in.
CK =9,
Command CK SAL 2 Bit Activates Command
Out When CK =2, turns Cut Tag Line in
Latch Cn Alene. When Response o Either
CK =10 (A), Turns Address=in, service=in,
on With Bus-Out or Status - in.
CTRL Latch. Turns off when
initiating Tag - Line Falls.
Address CK SAL Bit 1 Acfivates Address
Out When CK =4, turns Qut Tag Line.
Latch on alone. When
CK =12, Turns on
With Bus - Out
CTRL Latch.
Resets With (FA=K)
Field When
CK SAL 1 Bit is off.
Bus - Out CK SAL Bit O Allows Contents of
Control Turns on with Tag-Out R. Reg. to enfer Bus-
CTR: Latch (CK =8,9, QOut Reg.
10, 12)

@rigure 3-4.

FA Register

Section 3
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FB-REGISTER

° The FB-register is comprised of 11 polarity hold latches

(Figure 3-3).

® The FB-register latches are turned on or off by a microword
that specifies FB as the CS—-field destination.

® The CK-field selects a specific FB-register latch or group

of latches.

The FB-register controls the operational-
out and suppress-out interface lines. It
also contains the I/0 and external mask
latches associated with the current PSW and
the XH and XL latches associated with
auxiliary storage.

The FB-register is a group of pelarity
hold latches. These latches turn on or off
when a microword specifies FB as the CS
field destination. The eleven FB-register
latches are:

1. Multiplexor channel interrupt latch.
2. Operational-out control latch
3. Suppress-control latch
L. Multiplexor operation latch
5. Multiplexor channel mask
6. Selector channel 1 mask
7. Selector channel 2 mask
9. XXH-latch
10. XH-latch
11. XL-latch

MPX CHANNEL INTERRUPT: This latch is
turned by the MPX channel to indicate that
the MPX interrupt buffer (IB) is full.
This means that an I/O0 interrupt is pend-
ing.

The MPX channel interrupt latch turns on
when a microword CS field specifies FB and
CK = 12 and parity bit on (CK SAL bits 0, 1
and parity). It turns off when CS is FB,
CK = 12, and CK parity bit is off.

OPERATIONAL-OUT CONTROL LATCH: This latch
(FA051) controls the operational-out inter-
face line in conjunction with a 6 usec
single-shot It is turned on by a microword
that specifies FB in the CS field when

CK = 5, 1 (CK SAL bits 1, 3 and P). It is
turned off by a microword that specifies FB
in the Cs-field when CK=5, (parity bit
off).

The 6 usec single-shot is activated by
the microprogram to cause operational-out
to fall during a system reset, recycle
reset or power-on reset.

SUPPRESS CONTROL LATCH: This latch is
under microprogram control as one of the
controls for the suppress-out line. It is
turned on by the MPX channel to indicate
the channel is command chaining or to cause
a selective reset.

3-10

The suppress-control latch is turned on
by a microword that specifies FB in the
CS-field when CK = 10, 1(CK SAL bits 0, 1
and P). It is turned off by a microword
that specifies FB in the CS-field when
CK = 10, 0 (parity bit off).

MULTIPLEXOR OPERATICON ILATCH: This latch
defines that portion of a MPX share-reguest
cycle when the CPU registers are being used
for channel functions. It is controlled by
microprogram. It is turned on after the
CPU has been stored and turned off before
the CPU is restored.

The multiplexor-operation latch is used
to tell when to specify channel errors and
when to specify CPU errors. All errors
that occur when the latch is on are charged
to the multiplexor channel.

The multiplexor-operation latch is
turned on by a microword that specifies FB
as the CS-field destination with CK = 6, 1
(CK SAL bits 1, 2 and P). It is turned off
when CS destination is FB and CK=6,0.

I/0 AND EXTERNAL-MASK LATCHES: The
multiplexor-channel mask, selector-channel
1 mask, selector-channel 2 and external-
mask latches are conditioned to set to the
contents of the current PSW system mask.

The PSW system mask byte is transferred
into four FB-register latches during PSW
load. Here they provide active control of
I/0 and external interrupts. Bits 0, 1, 2,
and 7 of the R-register are used to set the
mask latches, after the system mask has
been read into the R-register. The
microword that sets the PSW system mask
from the R-register into the FB-register
specifies FB as the CS field destination
and CK = 3, 1 (CK SAL bits 2, 3 and P). A
microword to reset these latches specifies
FB in the CS-field with CK = 3, 0 (parity
bit off).

XH, XL, AND XXH AUXILIARY STORAGE ADDRESS
IATCHES: These latches are used by micro-

program routines tc address one of the 7
MPX storage areas.

The XXH, XH and XL latches are condi-
tioned by the S- register contents, as well
as a microword that specifies FB as the
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Cs-field destination when CK = 9, 1 (CK SAL
bits 0, 3 and P). XXH turns on when the
S-register-0 latch is on. XH turns on when
the S-register-1 latch is on. XL turns on
when the S-register-2 latch is on. These
latches are reset by a microword with FB in
the CS-field, and CK = 9, 0 is selected.

When XXH, XH, and XL are all off, the first
32 UCW's of MPX storage are selected.

The use of the XXH latch is optional and
is used for auxiliary storage addressing on
systems that reguire more than 96 UCW's.

FB Name CK Field Reason
Decode (CS = FB) Use
MFX CK SALS MPX Interrupt
Channel 0,1, P (on) Buffer (IB is Full.)
Interrupt 0, 1, P (Off) {1/O Int. Pending)
Operational CK SALS Controls OP-Out
Qut Centrol 1,3,P (Off) Interface Line With
Latch 1,3,P (on) 6 usec S.5.
Suppress CK SALS Controls On State
Control 0, 2, P (on) of Suppress - Out.
Latch 0, 2, P (Off) Indicates Channel is
chaining commands or
to cause selective Reset.
Multiplexor CK SALS Defines when to
Operation 1,2,P (on) Specify Channel Errors
Latch 1,2,P (Off) and when to specify CPU Errors.
(On = Channel Errors, OFff =
CPU Errors)
(1/O and External | CK SALS Provides Active
Mask Latches) 2,3,P (on) Control of 1/C and
2,3,P (on) External Interrupts.
MPX Bits 0, 1, 2, and 7 of
SX1 R-Register cre used to
SX2 | Set the Mask Latches.
External
AXH Letch CK SALS S Register O on
0,3,P (on) (optional) used when addressing
0,3,P (Off) more than 26 UCW's
XH Latch | CK SALS S Register 1 on
0,3,P (on) Used to Address
0,3,P (Off) One of 7 MPX Stor Areas
XL Latch CK SALS S Register 2 on.
0,3,P (on) Used to Address One
0,3,P (Off of 7 MPX Stor. Areas
When XXH, XH, & XL are all off, the first 32 UCW's
are addressed,

@Figure 3-5.

FB Register
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POLL CONTRCL

® The initial-selection sequence uses the command-start and
start-select-out latches to control selsct-out.

® Automatic response to Reguest In uses the Select Out Reguest

and Select Out Interlock latches.

The multiplexor channel automatically polls
the multiplexor channel interface in
response to request—-in, if both the
command-start and select-out interlock
latches are off. Select-out is sent over
the interface to the unit that sent
request—-in. When this unit receives
select-out, it sends back address-in and
operational-in.

ADR-I and OP-I turn on the select-out-
interlock latch, which then resets the
select-request latch, and select-out is
dropped. Another request—in will not be
detected until select-out-interlock is
reset. Select-out interlock is reset when
the control unit that has captured the
interface drops operational-in.

Request-in can now be responded toc, as
long as command-start is coff.

The initial selection sequence brings up
Select-Out as follows: When the
microprogram has arrived at the point in an
I/0 instruction where it needs the inter-
face, it captures the polling circuits by
turning on the command- start latch.

Turning on the command-start latch pre-
vents a reguest-in signal from turning on
the select-request latch, and also prevents

the multiplexor share-reguest signal from
being generated.

OPERATIONAL INTERLOCK
® Synchreonizes Op-I signal to CPU timing.

° Reset every Tl time.

The start-select-out latch generates the
Sel-0 signal during initial selection.
This latch is turned on when both Adr-0 and
Bus-0 are generated. When the address-out
and bus-control latches turn on, their
outputs are ANDed to turn on the start-
select-out latch.

This latch has three resets. Adr-I will
reset the latch. Also, if Adr-0 is down,
the Sel-I or status-reset signal will reset
it; status reset is a combination of STA-I,
not CMD-O0 and not SRV-0, or Recycle reset.

Circuit timing prevents a conflict
between request-in and the turn on of
command-start. If request-in comes up
during the micro step before the word that
turns on command-start, a forced ROS branch
prevents execution of the microword that
turns on command-start until after the
share-regquest operation.

If Reg-I rises during the micro step
that turns on the command-start latch, the
command-start latch is allowed to turn on.
The latch clamps off the Reg-I signal
before it can turn on the select-out
request latch or set the MPX share-request
stacking latch. Reg-I will not be honored
until command-start is turned off.

e Used in development of SVI and STI direct branch signals for

the status bus.

The operational-interlock latch is turned
on at T2 time if the Op-I interface line is
up. It is reset every Tl time. Its output
is used tc force up SVI and STI direct-
branch signals when Op-I is down. Refer to

Direct Branch Signals for development of
SVI and STI signals.
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FT-BUS

® There is no parity bit.

The MPX channel uses 5> of the bus lines.

The FT-bus is made of eight selected
signals put together to form a byte of
information, with no parity, which can be
gated onto the A-bus for testing by the MPX
channel microprogram . Two micro steps are
needed to test signals on the FT-bus. The
first step masks the FT-bus for the signal
to be tested. The second step branches on
the results of the first step.

Five of the eight FT-bus signals come
from the MPX channel circuits. The eight
signals which make up the FT-bus are:

FT-0 Suppress-cut (diagnostic use only)

DIRECT-BRANCH SIGNALS

Eight selected signals which can be gated to the A-bus.

e g Hold-in latch (direct data
channel)

FT-2 Multiplexor-operation latch

FT-3 Multiplexor-share-request signal
(provided command start is off).

FT-4 Initial-program-load latch (CPU).

FT-5 Select-in interface signal

FT-6 Select-out (for diagnostic use)

FT=1 Multiplexor channel interrupt

latch

The multiplexor share request signal is
a combination of request-in and not command
start.

° Direct branching is done on 5 MPX channel signals where

speed is a factor.

° Two of the signals SVI and STI, are devaloped by the channel
to provide the high-speed-data loop, with a high speed entry

and exit.

Five signals from the MPX channel are sent
to the CPU status bus for direct branch
control of microprogramming. These signals
are sent to the status bus rather than the
FT-bus because direct branching is faster.

The signal names are:

OPI (operational-in interface signal)
AT (address-in interface signal)

SVI (service-in signal}
STI (status-in signal)
INT (interrupt signal)

SVI and STI are signals developed by MPX
channel circuits for use by the high-speed-
data loop.

The status-in (STI), service-in (SVI)
branch indicates these conditions:

STI SVI

1 1 Op-in is down.

0 1 Service-in and Op-in are up (No
SRV-0O or CMD-O0)

1 0 Status-in and Op-in are up (No
SRV-0 or CMD-O)

0 0 None of the above, usually Op-in

up and neither service-in or
status-in are up.

‘The INT signal is brought up by the MPX
channel if the multiplexor channel inter-
rupt latch is on and the multiplexor-mask
latch if off. This signals the CPU that a
multiplexor channel I/0 interrupt should be
taken.
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FI-BUS

° FI in a microword is the designation for bus-in.

FWX-REGISTER (ROBAR)

° Stores the contents of the WX-register register (ROAR) dur-

ing MPX share cycles.
° FW is a six-position register,

° FX is a nine-position register,

The FWX-registers store the contents of the
WX-registers when the CPU microprogram is
interrupted by the multiplexor channel.
This is when the channel is operating in
data interleave mode and an I/0 unit
requires service. The channel is in data-
mode when it is operating concurrently with
the CPU program on a time-shared basis.

The contents of the WX-registers are
gated into the FWX-registers by the MPX

LOAD LATCH

e Turned on by lcad key.

parity and 3 through 7.

parity and 0 through 7.

Share Pulse. This pulse occurs when an I/0
unit requests service on the MPX channel
and no higher priority for ROS control
exists.

The last microword of the MPX channel
routine must gate the FWX-register contents
into the WX-registers so the CPU program
can continue from the point it was discon-
tinued.

° Forces trap to IPL microprogram when a trap of higher prior-

ity does not exist.

e Turned off by C -> LOAD microstatement when I/0 phase of IPL

is completed without errors.

° Turns on load lamp on console to indicate IPL.

e Holds suppress-out on for the duration of

The load latch turns on and causes a load
request to be sent to the priority stacking
latches when the console load key is

released. Two latches, which eliminate
switch noise, control the turn on of the
load latch.

Because the load key also causes a sys-
tem reset, the load request is not honored
until after the system-reset request has
been honored and a system reset executed.

Then the load reguest is honored, and a
trap to the IPL microprogram is taken.

its state.

When the I/0 portion of the IPL micro-
program has been completed with no errors,
the 2030 executes a micro step containing
C -> LOAD in the CK field. This causes the
load latch to turn off. The IPL is now
complete except for loading the IPL-PSW
from main storage address 0000 into the
current PSW, which sets up the initial
machine conditions and branches the macro-
program to the first instruction.

The IPL latch has an indicator on the
console which indicates if the IPL I/O
cperation has been successfully completed
or not.



START I/0(I/0O-COMMANDS)

THEORY OF OPERATION

° The IBM 2030 issues all operating commands to its channels
and I/0 units with a start I/0 instruction.

. The channel and I/0 unit addresses are designated by the

start I/0 instruction.

The start I/0 instruction is an SI-format
instruction. The four- B-field of the
start I/0 instruction contains the high-
order address of a general purpose register
(LOCAL STORAGE). The D-field of the
instruction contains a displacement. When
the B-field of the start I/0 instruction is
zero, the D-field enters the U- and V-
registers as the channel address and the
unit address, respectively. (four high-
order bits enter the low order of the
U-register). When the B-field is not zero,
the contents of the general purpose
register, referenced by the B-field, adds
to the contents of the D-field. The result
appears in the D-field and enters the U-and
V-registers as the channel and unit
addresses, respectively.

When the CPU recognizes an instruction
as an I/0 instruction, it branches the
microprogram to the I/0 routine. (QC001)
This routine reads the Channel Address
word. (CAW) and checks the problem - state
bit in the current PSW. It initiates a
program interrupt if the bit is on ; I/0
instructions are privileged instructions
and may be issued in the supervisory state
only.

When the start I/0 instruction is not
being executed as the result of an execute
instruction, the microprogram stores the
contents of the IJ-registers in two K-
addressable byte locations in local
storage. These are K17(A%9) and K18 (AA).
The microprogram turns on the PSW bit, bit
1 of XK4(8C), to indicate that the instruc-
tion counter is stored in local storage and
not in the IJ-registers.

If start I/0 is being executed as a
result of an execute instruction, the IJ-
registers are already stored in local
storage and is therefore not stored by the
microprogram.

Whether or not the I/0 instruction is
being executed as a result of an execute
instruction, the microprogram reads out the
CAW.

On start I/0 instructions the entire CAW
reads out:

1. The CCW address enters the IJ reg-
isters.

2. The microprogram checks the CCW address
to insure that it is on the correct
boundary (multiple of 8), and that the
high order is zero.

3. The microprcgram places the memory
protect tag in the high order of the
U-register if the memory- protect fea-
ture is present in the CPU.

4. The microprogram checks the first CAW
byte to insure that it is zero if
memory-protect is not installed in the
CPU or that the four low-order bits are
zero if memory-protect is installed in
the CPU.

When this is accomplished, the micropro-
gram initiates a program interrupt if any
errors occurred.

Assume that no errors have occurred, the
microprogram resets the multiplexcor channel
XXH, XH, and XL latches and branches to the
start I/0 routine associated with the chan-
nel addressed by the start I/0 instruction,
in this case, the multiplexor channel start
I/0 routine (QCO001).

The multiplexor channel start I/0 rou-
tine reads out the CCW under microprogram
program control. It checks the command
byte for a Transfer-In-Channel (TIC) com-
mand before reading the rest of the CCW.
Af ter determining that the data address of
the CCW is wvalid, the count is not zero,
and the three low-order bits of the flag
byte are zero. The microprogram sets the
PSW condition code to zero loads the UCW
associated with the unit address with the
required information and selects the I/0
unit. 2

The UCW address is determined by the
address of the I/O0 control unit and device
which is in the V-register. If bit zero of
the V-register is on, it indicates that the
control unit to be selected controls multi-
ple 1/0 devices. Multiple-unit control
units operate with one device at a time and
always use one of the first 8 UCW locations
for a subchannel.
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Because the basic IBM 2030 has 32 UCW's,
the unit address is checked to determine
that it does not exceed a value of 31. If
the address is exactly 31, it indicates
that the console is being reguested. See
section 5 for a description of 1050 cpera-
tions.

Assume the unit address is valid and is
not the address of the console. The micro
program tests the interrupt buffer status.
If the status is zero, the microprogram
resets the interrupt latch.

The micro program now starts the initial
selection of the I/0 control unit and
device. It sets the unit address in the
R-register and turns on the address-out
latch with the instruction FA= K12, 1.

This instruction also turns on the bus-out
control latch. Thus, the address of the
desired unit is placed on the standard
interface. The addressed control unit
responds to address-out with either status-
in or operational-in. Status—in, in this
case, indicates that the control unit is
busy. Assume the control unit is not busy
and responds with operational-in.

The rise of operational-in allows the
microprogram to reset the address-out
latch.

After the channel drops address-out, the
control unit places the address of the
selected I/0 device on bus-in and raises
address-in. The channel compares the
address sent to the address received in
return and initiates an address mismatch
error if they are not identical.

Assume the addresses match, The channel

microprogram places the CCW command byte in
the R-register, and turns on the command-

MULTIPLEXOR SHARE-CYCLE

e A multiplexor share-cycle:

1. Stores the contents of the CPU registers in local stor-

age.. :

out latch and bus-out control latch.
resets address-in at the control unit.
When address—in falls, the channel
microprogram reads out the CCW count and >
high-order data address, placing them in

the D, L, and U registers for later use.

This

The control unit next presents its sta-
tus to the channel. When the channel
microprogram recognizes the rise of status-
in it tests the status. -

If the status is 0, as it is if the
control and I/0 device are in a position to
execute a CCW, the microprogram loads the
UCW with the CCW command and next-CCW
address. The microprogram now responds to
status-in with service-out (FA = K1, 1).
The microprogram now sets the UCW channel
status to 0 and places the memory-protect
key in the Q-register. It also turns on
the H-register—-6 latch, which prevents —
maltiplexor share-reguest traps. (The
command-start latch also performs this same
function by clamping off any requests from
other control units).

When Op-in falls at the channel, it
signals the CPU by activating both the
service-in and status-in direct branching =
conditions. When the microprogram recog-
nizes this condition, it loads the UCW with
the count and data address. The micropro-
gram also places the multiplexor protect
key in the Q-register, resets the multi-
plexor operational latch, resets the
H-register-6 latch, and returns the program
to I-cycles.

The CPU now proceeds with program execu-
tion, while the multiplexor channel, the
selected I/0 control unit, and device exe-
cute the CCW command.

2. Connects the requesting I/0 unit to the interface.

3. Loads the unit's UCW into the CPU data-flow registers.

4. Controls the transfer of information between an I/0 unit

and the channel.

° Figure 3-6 shows the MPX share-cycle concept.
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1/0O Control Unit
Activates Request=In

Assume
1. No MPX Share

The Channel Allows the :
——— —: Cycle Mask
I
|
{

Centrol Unit to Raise
Operational=In by Acti-
vating Select=Out.

The Channel Requests
ROS Control .

Wait for 2030 to Take
Multiplexor (MPX)
Trap.

Mask OFff (Prevent)
Anymore MPX ROS
Requests. (Turn Hé ON).

I

Store CPU Register
Confents in Local
Storage .

2. Command Start
Is Off.

Wait for Requesting
Unit to Present Address—
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Load Reguesting Units
UCW Into the CPU
Registers.

If Neither Status=In or
Service=In are Up and
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"Both" Leg Out.

Both D Stafus=In.or Neither (Wait)
Service=In. A
Service~In
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Fmtus—ln Only. Status- [ Service=In Only. Ser-
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Execute Status Routine. Execute Data Loop.
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Any
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Restore the CPU Register
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ditions.

Any
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Channel Requesting
Service

No

Reset MPX Share
Cycle Mask

Retumn to Original
Microprogram Routine .

@Figure 3-6. MPX Share Cycle; General Logic Flow

Activate Select-Out.
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To send information to the channel or
receive information from the channel, an
I/0 control unit initiates multiplexor
share-request cycles. A multiplexor share
cycle consists of breaking into the present
microprogram routine, executing the multi-
plexor share-request microprogram routine,
and returning to the original microprogram
routine.

An I/0 unit activates its request-in
line to initiate share-reguest cycles.
Request-in activates the FT bus-3 line,
multiplexor share-request. This turns on
the select-out-request latch, activating
select-out. It also turns on the multi-
plexor channel stacking latch in the CPU.
This forces the microprogram to branch to
the multiplexor channel microprogram (trap)
at the end of the next CPU cycle that has
no ROS write instructions pending
(allow-write latch off). Also, to branch
to the multiplexor channel trap, no higher
priority stacking latches may be On and the
H-register-6 latch must be Off.

Assume that these requirements are met.
The IBM 2030 starts executing the

MULTIPLEXOR CHANNEL ROS REQUEST

multiplexor trap. The trap stores the
contents of the CPU data-flow registers in
local storage, loads the I/0O units UCW into
the CPU registers, and connects the I/0
unit to the standard interface (turns on
operational-in). The multiplexor trap also
contains a data loop which controls the
transmission of information between an I/O
device and multiplexor channel.

Once an I/0 unit captures the interface,
it may hold it for the transmission of one
byte of information, several bytes, or for
a complete record. As long as an I/0 unit
keeps its operational-in line active, it
has control of the interface and is thus
connected to the channel. The multiplexor
channel stays in its data loop as long as
an I/0 unit keeps its operational-in
active.

When the I/0 unit deactivates
operational-in, the IBM 2030 resumes execu-
tion of the microprogram routine that was
discontinued by the multiplexor share-
request.

° The multiplexor (MPX) channel requests ROS control when it

receives reguest-in.

° The CPU allows the MPX channel to take ROS control following
a cycle which has no write cycles pending and when there are
no higher-priority regquests for ROS control.

° The MPX channel stores the ROAR in ROBAR

before it assumes ROS control.

(FWX-register)

° The MPX channel stores the X6 and X7 branch conditions in

its X6 and X7 buffer latches.

When the channel receives request-in from a
control unit, it generates a reguest for
ROS control. This reguest turns on the MPX
channel stacking latch at T3 time if the
allow-write latch is off and there are no
higher-priority requests for ROS control.

When the MPX channel stacking latch
tarns on; it:

1. Stores the Read-Only Address Register
(ROAR) contents in the MPX channel
ROBAR (FWX-register).

2. Conditions the X-register to set to the
address of the first ROS word of the
MPX channel microprogram routine
(address 010 in hexadecimal).

3. Stores the X6 and X7 branch conditions
in their respective MPX channel buffer
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latches on the next CPU cycle.
4. Prevents the set of the control
register on the next cycle.

Normally, a ROS word is actually execut-
ed (control register set) one CPU cycle
after it is addressed. When the first MPX
channel microprogram word is addressed, the
control register is prevented from setting
by the any-priority-pulse. This creates an
inactive cycle as far as the execution of a
microprogram word is concerned. You might
also notice that the W-register is not set
to a particular address. The W-register is
allowed to reset to zero at its normal set
time (T1), and the W-register parity latch
is turned on by the any- priority-pulse.



Although the any-priority-pulse becomes
active for a second time, it does not per-
form any function because it is turned off
at T3 time by the H-6 latch which is turned
on by the first MPX channel microprogram
word.

The X6 and X7 branch conditions are

stored in buffer latches because the branch
conditions of the last major microprogram

MULTIPLEXOR TRAP

word may be dynamic conditions, such as the
Z-bus-zero. These conditions would not be
present when this microword is executed
which is upon the resumption of the major
microprogram. Therefore, the X6 and X7
branch conditions are stored in the MPX
channel X6 and X7 buffer latches and are
gated to the X-bus when the major micropro-
gram is resumed.

° Turns on H-register-6 latch, masking off the initiation of
any further multiplexor share traps from other I/0 units.

e Allows the I/O unit to connect to the interface.

° Stores the contents of the CPU data-flow registers in local

storage.

° Loads the UCW operating information into CPU registers:

1. Count into L-and D-registers.
2. Data address into UV-registers.
3. Op and flags into G-register.

s Services the I/0 unit.

° Updates the UCW.

e Turns off the H-register-6 latch.

° Restores the CPU data-flow registers to their original

value.

° Restarts the microprogram at the point it was discontinued.

e See Figure 3-7.

The first microword of the multiplexor trap
turns on the H-register-6 latch. This
prevents the request-in signals on the
multiplexor channel from initiating any
multiplexor share-regquest traps until the
H-register-6 latch turns off. This also
allows break-in by higher priority trap
routines.

The multiplexor trap now stores the
contents of the CPU data-flow registers in
local storage.

When the I/0 control unit receives
select-out, it activates its operational-in
line, places its address and the address of
the I/0 device on bus-in, and activates
address-in. When the microprogram detects
the rise of address-in, it stores the unit
address in local storage and determines
from the unit address the address of the
associated UCW.

The microprogram now proceeds to load
the CPU data-flow registers with the UCW
operating information. The microprogram:

1. Ioads the G-register with the UCW op-
and-flag byte.

2. Sets the O-register with the
multiplexor memory-protect tag.

3. Loads the L and D-registers with the
UCW count.

4. Loads the U and V-registers with the
UCW data address.

After the I/0 unit deactivates address-
in as a result of command-out, it activates
service-in. If the I/0 unit is executing
an input CCW it will also place information
on bus-in at this time.
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® Figure 3-7.
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1

Turn On Command-Out
and Command Start
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Service-In and No CCW Flags (Part 1 of 3)
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@ Figure 3-7.
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Figure 3-7.
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When the microprogram detects the rise
of service-in, it reads out the core
Storage position referenced by the UCW data
address, places the information in the
R-register, and decrements the low-order
count (U-register) by one. The micropro-
gram now determines if the skip flag is on
and acts accordingly. (refer to Multiplex-
or CCW Flag Operations for skip.)

Assume that skip is not specified by the
UCW flag. The microprogram determines if
the operation is input or output. For
input operations the microprogram loads the
R-register with bus-in information, writes
this information into the core-storage
position referenced by the UCW data
address, and activates service-out.
operation is an output operation, the
microprogram turns on the service-out and
bus-out latches. The bus-out latch loads
the bus-out register with the R-register
information. Thus, a byte has been trans-
ferred between the CPU and the I/0 unit.

If the

The microprogram now updates the data
address. It modifies the data address -1
for read-backward operations, and +1 for
all other operations.

The microprogram now samples the
operational-in, service-in and status-in
lines. As long as operational-in remains
active, the I/0 unit remains connected to
the interface and to the channel. Because
the CPU actually becomes the multiplexor
channel for multiplexor operations, it must
continue functioning as a multiplexor chan-
nel until operational-in falls.

When the I/0 unit holds the channel for
transmissions of multiple bytes of data the
microprogram executes only the data-loop
portion of the multiplexor trap. This



consists of either sending or receiving
information as specified by the UCW Op
byte, and updating the count and data
addresses which are in the LD and UV-
registers, respectively.

An I/0 control unit may keep its
operational-in line active for one byte,
several bytes, or for the entire record
specified by the UCW count. If
operational-in remains active, service
cycles must occur at a specified rate, or
an interface check will occur after a time-
out seguence.

To follow this description, assume the
I/0 unit has requested service several
times and now deactivates its operational-
in line. When operational-in falls, it
forces both the service-in and status-in
branching conditions (not interface
signals). This signals the microprogram to
update the unit control word in MPX storage
with the updated count and data-address
from the LD- and UV-registers,
respectively. It also sets the Q-register
with the original storage-protect key.

When this is accomplished; command-start
turns off to allow further share-requests
before the microprogram restores the CPU
registers to their original value.

ORIGINAL MICROPRCGRAM RESUMPTION
° The ROBAR 'enters the RCAR.

° The H-register-6 (H6) latch turns off.

The multiplexor microprogram tests the
FT bus for the rise of request-in before
returning the CPU to the execution of the
original microprogram . If the micropro-
gram determines that request-in is active
during the test for request-in, select-out
and hold-out are activated if command-start
is off and the microprogram tests for the
rise of address-in. When address-in
becomes active, the microprogram reads out
the UCW associated with the I/0 unit that
is sending the request-in signal and exe-
cutes the data loop. In this case, the
microprogram did not have to store the
CPU-registers in local storage, because
this information was already in local stor-
age from the previous reguest-in.

When a microprogram determines that it
has honored all outstanding regquest-in and
service-in signals on the multiplexor chan-
nel, it turns off the H-register-6 latch
and gates the back-up read- only address
register (ROBAR; FWX-register) into the
ROAR. This allows the 2030 to return to
the execution of the microprogram that was
discontinued by the multiplexor share-
request.

° The X-6 and X-7 buffer latches condition the X-bus X-6 and

X-7 lines.

To return the CPU to its original micropro-
gram after a multiplexor ROS trap, the
multiplexor ROS trap has, as its last
instruction, an instruction to transfer the
contents of the FWX register to the WX
register. The last multiplexor trap ROS
word also turns off H6.

During T3 time of the ROS word that
specifies WX=FWX, the SALS become effec-
tive. The SAL outputs allow the FWX reg-
ister contents to condition the W-and X-
buses.

At Tl time of the next CPU cycle, the
W-and X-bus conditions set into their
respective registers. This addresses the
last original program ROS word addressed,

before the execution of the multiplexor ROS
trap. Remember that although this ROS word
was addressed, its execution was prevented
because the CD- registers did not set.
During this same CPU cycle, the CD-
registers for the last ROS word of the
multiplexor ROS trap are set, thereby
executing the microprogram instruction.

At T4 time of this cycle, the ROAR res-
tore buffer latch turns on. This latch
gates the X-6 and X-7 buffer latches
(helding branch condition) onto the X-bus 6
and 7 lines. The executing of the original
microprogram is now at the point at which
the multiplexor-share-request discontinued
dit
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ENDING PROCEDURE

® A control unit may present three types of ending status:

l.Channel-end; data-transfer complete.

2.Device-end; CCW-execution is complete.

3.Control unit—-end; control unit was busy but is now free.

° When a channel receives ending status, it may obtain a new

CCW or cause an interrupt.

e To cause an interrupt, the channel puts the unit address and
status in the interrupt buffer and turns on the interrupt

latch.

° If the interrupt buffer is full, the channel queues (stacks)

the status if not command chaining.

e The channel always queues device-end status when not command

chaining.

° See Figure 3-8.

An I/0 control unit signals the channel
when it has executed the data transfer
portion of a CCW command. It also signals
the channel when the selected I/0 device
has fully executed the CCW command. These
two signals are channel-end (bus-in bit U4)
and device-end (bus-in bit 3). Channel-end
and device-end are status conditions and
are, therefore, identified as such by the
status-in tag line.

Channel-end and device-end status may
occur in the same status byte or in separ-
ate status bytes. This depends on the CCW
command and the I/0 unit invelved.

Besides these two types of ending sta-
tus, a control unit may also present con-
trol unit-end status. It does this when it
becomes free after it has been busy to a
new command, or when it finds unusual sta-
tus after presenting its previous status.

A control unit may present ending status
three different ways:

1. During initial selection.

2. Immediately following a data cycle.
(This is the case for devices that hold
operational-in up until an entire
record is transmitted.)

3. By raising request in and raising
“‘status-in after address-in falls.

Ending status may appear alone in a status
byte or it may be accompanied by some other
status such as unit-check status or status-
modifier status.

When the channel receives ending status,
it may either request the CPU to interrupt
the current instruction sequence and store
the required information in the Channel
Status Word (CSW) or it may obtain a new
CCW and start its execution. This depends
on the UCW flag bits, and the type of
status the channel receives. For example,
when a UCW op—-and-flag byte contains the
command chaining bit, the UCW status is
status—-next or zero, and status-in is not
unit-check, unit-exception, control unit-
end, or busy status, the channel obtains a

new CCW. This is explained in CCW Flag
Operations.
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To follow this description, assume the
channel receives request—-in. The control
unit presents status-in in response to
command-out with no bits on bus-out
{(proceed). When the channel receives
request—in, it stores the CPU-registers in
local storage, polls (selects) the unit,
and loads the units UCW into the CPU reg-
isters. The control unit now presents
status-in.

When the multiplexor microprogram recog-
nizes the rise of status—-in, it tests the
G-register to determine if the G3 and G6
latches are on. These conditions are set
in the UCW op-and-flag byte during the
multiplexor share cycle in which the count
reduces to zero. Assume both G3 and G6 are
on. The microprogram reads out the UCW
status byte and begins to assemble a new
status byte in the V-register. The micro-—
program next reads out the UCW Op-and-flag
byte and turns on 52 if the UCW is active.
The micreprogram now reads out the unit
address from local storage K8 (hex 98) and
places it in the U-register. The micropro-
gram now tests the FT-bus to determine if
the multiplexor channel interrupt latch is
on (IB full). If the IB is full, the
microprogram activates command out. If the
IB is full and the UCW is active the chan-
nel must determine if the IB contains the
channel-end status of the device now pre-
senting status. If this condition does
exist the channel microprogram turns Sé omn.
S6 on indicates device end type of status.

When Cp-in falls in response to command-
out, the channel microprogram updates the
UCW and restores the CPU registers. If S6
is on when Op-in falls the channel does not
update the UCW. When a control unit
receives command- out, it queues (holds the
status in its status register) and deacti-
vates operaticnal-in.

Assume the IB is not full. In this case
the microprogram places the unit's address
in the IB (X0). When this is accomplished,
the microprogram branches on S2 on (UCW
active). If the UCW is active, it means
that the status now being presented is the
first status received from the I/0 unit for
the command seguence it is presently exe-
cuting. 1In this case the microprogram
places the status in the IB (X3) and acti-
vates service out. When operational-in
falls, the microprogram restores the UCW
using the contents of the V-register for
the UCW status byte.

When S2 is off (UCW not active), it
means that the unit is presenting status a
second time, normally device-end status.

In this case the microprogram sets the IB
status (K3) to 0 and, having turned on the
IB-full latch, activates command out. This
stacks the status at the control unit.

This is necessary to prevent multiple data
path control units that are connected to
two channels from starting an operation on
a2 second channel while the control unit has
an interrupt waiting in the multiplexor
channel. When operational-in falls, as a
result of command out, the microprogram
restores the CPU registers to their origi-
nal state. Remember that if a UCW is not
active when the channel receives status-in,
the same I/0 unit has presented status one
time previously; therefore the UCW was
updated as a result of the previous status-
in and does not have to be updated a second
time.

The last microword of the multiplexor
trap contains an instruction that turns off
the H-register-6 (H6) latch and allows the
read-only back-up address-register contents
to enter the read-only address register.
This branches the microprogram to the point
it was discontinued by the regquest-in.



I/0 INTERRUPT

° The multiplexor channel sets up an interrupt when it
receives ending status, and command chaining is not speci-
fied by the UCW.

® To set up an interrupt, the multiplexor channel turns on its
interrupt latch.

e At the end of the current PSW- the CPU honors the multiplex-
or channel-interrupt.

° The I/0 interrupt microprogram routine:

1. Stores the current PSW in the I/0 old PSW location.
2. Generates the CSW.

3. Loads the I/0 new PSW into the currsnt PSW locations in
local storage.

4. Frees the UCW by resetting the ACTIVE bit

e The CPU executes the I/0 program under control of the I/O

new PSW.
The multiplexor channel initiates an I/0 multiplexor channel interrupt latch. The
interrupt when it receives ending status CPU executes the I/0 interrupt at the end
from a control unit, and the UCW op-and- of the current E-phase if I/0 interrupts
flag byte bit 1 is off (not command are not masked.
chaining). It does this by turning on the

INTERRUPT REQUEST
Problem-Program

I
o | )
JSei’ Up KO=MPX Interrupt Buffer Un. Addr.
;-L‘ k:nd K3=MPX Interrupt Buffer Un. Status
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« 2
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Figure 3-9. I/0 Interrupt Concepts
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An I/0 interrupt causes the CPU to:

1. Discontinue the execution of the
program being executed under control of
the current PSW.

2. Store information in the CSW.

3. Load the I/O new PSW from main storage
location 120 (hex 78) into the current
PSW locations.

4. Execute the new I/0 PSW program.

The CPU cannot honor an interrupt-request
until it has completed the execution of the
current instruction. Also, the current PSW
system-mask bit that corresponds to the
channel requesting the interrupt, must be
on.

PSW STORE

When the CPU has completed the execute
phase of the current instruction, the CPU
interrupt circuits honor the multiplexor
channel interrupt. The interrupt micropro-
gram stores the current PSW in the I/0 old
PSW location (main-storage position 56),
loads the channel status word (CSW, main—
storage location 64) with the required
information, and loads the I/0 new PSW into
local storage and CPU registers as the
current PSW. After this is accomplished,
the CPU returns to I-cycles and starts the
execution of the program controlled by the
contents of the I/0 new PSW. At some later
time, the program must load the I/0 old PSW
into the current PSW, to return to the
original program. Figure 3-9 shows the
general concept of an I/0 interrupt.

e The PSW store microprogram stores the current PSW in the I/0O

old PSW location.

The last E-cycle ROS word of each
instruction branches the microprogram to
the interrupt microprogram routine if an
interrupt exists {(interrupt latch on).

The first ROS word of the interrupt
routine has the instruction Test Interrupt
with both X6 and X7 branch indicators set
to 1. This instruction is a test to deter-
mine the source of the interrupt:

1. External or timer interrupts prevent
both the X6 and X7 branches (X6 = 0,
X7 = 0);

2. Selector channel 1 interrupt prevents
the X7 branch (X6 = 1, X7 = 0).

3. Selector channel 2 interrupt prevents
the X6 branch (X6 = 0, X7 = 1).

L. Multiplexor channel allows both X6 and
X7 branches (X6 = 1, X7 = 1).

Assume there is a multiplexor channel
interrupt. The microprogram now reads out
the unit address from local storage, places
it in the L-register, and sets the U-
register to the address of the multiplexor
channel. After the S4 latch is turned on
to indicate an I/0 interrupt, the
microprogram Stores the current PSW in the
1/0 cld PSW location (main-storage location
56, address 38).

The interrupt code is the first item
stored in the I/0 old PSW. Because this is
an I/0 interrupt, the addresses of the
channel and I/C unit, causing the inter-
rupt, are stored as the interrupt code.

The microprogram next reads out the
storage-protect key and system mask and
stores them in their respective positions
in the I/0 o©ld PSW.

The Instruction Length Code (ILC) condi-
tion code (CC), and program mask are not
contained in one byte in the current PSW.
Therefore, the microprogram must determine
what the ILC is by testing the two high-
order bits (0 and 1) of the G-register
which contains the op code of the last
executed instruction. The microprogram
also decodes the four-position condition
register (local storage K27) into two bits.

After this is accomplished, the
microprogram assembles the program mask,
condition code, and instruction length code
into one byte and stores this byte in the
I/0 old PSW. The current PSW is now fully
stored in the I/0 old PSW location. The
microprogram now stores the required infor-
mation in the CSW, located at main-storage
location 64 (hex 40).



CSW STCRE

° The CSW store microprogram is part of the test I/0 execute

cycle.

® The G-3 latch being on identifies this routine as a part of

an interrupt routine.

The first microprogram word of this routine
turns on the G-register 3 and 7 latches.
The G-register-7 latch makes the I/0 inter-
rupt appear as a test I/0 instruction. The
microprogram determines the difference
between a true test I/O instruction and a
I/0 interrupt by branching on the G3 latch
which is on for interrupts.

The first objective of this routine is
to determine if the UCW associated with the
unit reguesting the interrupt is active.
The microprogram determines the address of
the units UCW by testing the V-register

which contains the unit address. After
setting the T-register and the XXH, XH, and
XL latches, the microprogram reads out the
units UCW op-and-flag byte and tests it for
the active bit On. If the UCW active bit
is on, the unit's first status is in the
interrupt buffer. 1In all probability, this
status will be channel-end status either
alone or with other status.

If the UCW active bit is off, the unit
has presented status a second time. In all
probability, this status will be device-end
status, either alone or with other status.

From PSW Store
Routine .,

Set G-Register to:
00010001. (G3 and G7
ON).

Determine Units UCW
Address.

Turn On Commana Start
Latch.

Read Out Units Status
From Interrupt Buffer

(K3 CPU) Into D-
Register.

l Reset Command S,zrt. |

]

Assemble CSW Channel
Status Byte In the U-
Register,

Put UCW Next CCW
Address Into CSW Next
CCW Location.

Put UCW Count Into
CSW Residual Count
Location.

CSW Store; UCW Active

FA=KO, 1

i e

Figure 3-10.
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| | ACTIVE.
)
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Load New PSW and
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UCW ACTIVE

° When the UCW is active, the CSW store microprogram:

1. Assembles a CSW channel-status byte.

2. ©Loads the CSW location with the required information.

3. Resets the multiplexor-interrupt latch.

® The unit status is obtained from the interrupt buffer.

° Figure 3-10 shows the CSW store routine when the UCW is

active.

Bit | Op-and-Flag Byte UCW-5tatus Byte

0 Chain Data Address (CDA) Count Zero { 1050 Only)

1 Chain Command (CC) Channel Control Check

2 Suppress Length Indication (SLI) Interface Control

3 SKIP First Status Received

4 Program Controlled Interrupt (PCI) Bit Not Named

5 Active Incorrect Length
6 Output Program Check
7 Decrement Data Address Protection Check

Figure 3-11. UCW Status

When the interrupt microprogram determines
that the UCW is active, it reads out the
unit status from the interrupt buffer
(local storage K3) and puts it in the D-
register. The microprogram next assembles
the CSW channel status byte in the U-
register. It does this by combining parts
of the UCW op-and-flag and channel-status
bytes. Figure 3-11 shows the format of the
UCW op-and-flag byte, and the UCW channel
status byte.

The CSW store routine now loads the CSW
location with its required information:

1. The high order of the next CCW address
is set to zero and the two low-order
bytes set with the UCW next CCW
address.

34
? 00 - Handling Data; Expect data
5 01 - Device Told to Stop; Expect Status

10 = Interrupt Stacked
11 - Interrupt In IB

2. The residual count positions set to the
value of the UCW count.

3. The memory-protect-tag pcsition sets to
the contents of the Q-register.

4. The channel-status position sets to the
contents of the U-register.

5. The unit-status position sets to the
contents of the D-register.

When this is accomplished, the microprogram
sets the UCW op-and-flag byte to zero,
turns off the multiplexor-interrupt latch,
and proceeds to load the I/0 new PSW into
the current PSW.



UCW NOT ACTIVE

° An I/0 units UCW is not active when the I/0 unit initiates a

second interrupt for a CCW.

e The multiplexor channel executes a test I/0 seguence with

the I/0 unit to obtain the units status.

® The CSW store routine sets the entire C3W to zerc and then
stores the unit's status in the unit status position of the

CSW.

When a control unit initiates two inter-
rupts during the execution of a CCW, the
UCW will not be active for the second
interrupt. This is because the UCW op-and-
flag byte is set to zero during the first
interrupt. For example, suppose a control
unit initiated an interrupt by presenting
channel-end status alone. When the CPU
executes this interrupt, it sets the UCW to
inactive. Therefore, when the CPU executes
an interrupt initiated by device-end status
from the control unit, the UCW is inactive.

Because the multiplexor channel always
stacks the status from a control unit whose
UCW is not active and because it does not
store the units status in the interrupt
buffer, the CSW store routine selects the
unit to obtain its status.

Figure 3-12 shows the general sequence
of events for the CSW store routine when
the UCW is not active.

After the microprogram captures polling
on the multiplexor channel by turning on
the command-start latch, it reads out the
address of the unit that requested the
interrupt from the interrupt buffer. The
microprogram puts the address on bus—out
and activates address-out. Address-out
activates select-out. The I/0 unit decodes
the address on bus—out and activates
operational-in.

The multiplexor channel and the I/0 unit
continue the initial selection sequence
with the channel issuing a command-out that
is zero. The control unit decodes this as
a test I/0.

When the channel receives status-in
during this initial selection sequence, the
CSW store routine puts the status in the
D-register and activates the multiplexor
channel service-out line.

When the CSW store routine determines
that the I/0 control unit has disconnected
from the channel by deactivating
operational-in, it allows the channel to
resume polling.

After setting the IJ-register to the
address of the CSW, the CSW store routine
sets the R-register to zero and stores the
R-register at every position in the CSW.
This sets the entire CSW to zero.

The CSW store routine addresses the unit
status position of the CSW a second time
and stores the contents of the D-register
{unit status) in this position. Tais com-
pletes the CSW store portion of the I/0
interrupt execution.
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NEW PSW_LOAD

° The I/0 new PSW loads into the current PSW local storage

locations.

At the same time the I/0C new PSW loads into
local storage certain latches associated
with the PSW turn on.

1. The mask latches turn on when the
system mask reads out of the I/0 new
PSW and into local storage (K24).

2. The malfunction-suppress latch turns on
if the machine- check mask-bit is 0
(off).

3. The ASCII latch turns on if ASCII is
designated by the I/0 new PSW.

4. The C-register sets with the informa-
tion in the PSW protect key area.

CCW_ FLAG OPERATIONS

° Five CCW flags modify the CCW operation.

The CCW contains five flag bits. These
bits and their locations in the CCW are:

1. Dbit 32-CD ; chain data address.

2. bit 33-CC; chain command.

3. bit 34--SLI; suppress length indica-
tion.

4. bit 35-SKIP;

5. bkit 36-PCI:

skip data.
program control interrupt.

With the exception of the CC-bit and SLI
independently of each other. The CC-bit
and SLI bit do not take effect if the CD
-bit is on.

The time, in relation to the CCW execu-
tion, that a flag bit takes effect varies
as follows:

1. The CD -bit takes effect when the count
reduces to zero.

The instruction address enters the IJ-
registers and does not enter the local
storage. The two-bit new PSW CC decodes
into four bits and enters the condition
register (local storage K27). If, during
this load new PSW routine, the microprogram
determines that the high order of the
instruction address is not 0, it stores
this byte at local storage K1l6. It also
turns on the S-register two latch if the
low-order byte of the instruction address
is not an even numbered address (position 7
of that J-register is on.

When this PSW is fully loaded, the
microprogram branches to I-cycles, and
starts the execution of the I/0 program.

2. The CC-bit takes effect when a control
unit sends device-end status and no
error conditions exists in the channel
or device.

3. The SLI-bit takes effect to cause the
channel to ignore any wrong length
records. This allows command chaining
to occur despite any mismatch of speci-
fied record length vs actual record
length.

4. The SKIP-bit takes effect during the
execution of a CCW.

5. The PCI-bit takes effect after its
associated CCW is loaded into the CPU
registers and the UCW.
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CHAIN DATA ADDRESS (CD)

e The CD bit takes effect when the count reduces to zero.

° It allows the channel to fetch the count,

flag byte from the next CCW.

data address, and

® CD allows the channel to gather information from storage
positions that are not adjacent or to place input informa-
tion into storage locations that are not adjacent.

When the chain-data flag bit of the ccw

is on, it is an indication to the channel
to fetch the count, data address, and flag
byte from the next CCW when the count in
the UCW is reduced to zero. This permits
the channel to use core storage locations
that are not adjacent positions, in the
execution of a CCW. This linking together
of data address is called data chaining.

Data chaining is controlled by the
G-register-0 latch. This latch turns on
when the UCW loads into the CPU registers
and the UCW op-and-flag CD bit is on.

During any data loop cycle in which the
working count has been reduced to zero, a
test is made by the data loop microprogram
to determine if the CD flag is on (G0=1).
If this condition exists, the {(CD routine
is entered for the purpose of obtaining
replacements for the working count, data
address and flags from the next CCW.

This microprogram routine reads out the
next CCW-address from the UCW and places it
in the IJ-registers. The CD microprogram
uses the IJ-registers to read out portions
of the next CCW. The microprogram checks
the command byte of the next CCW. If it is
a transfer-in-channel command, the micro-
program adds eight to the transfer-in-
channel command address and begins to read
out the next CCW.

Assume the CCW command is not a

transfer-in-channel command. In this case,
the microprogram:

COMMAND CHAINING

1. Reads the CCW count into the LD-
register.

2. Reads the CCW data address intc the
UV-registers.

3. Reads the CCW flag byte into the high
positions (0-4) of the G-register.

4. Determines the next CCW address and
stores it in the UCW.

The CPU registers now contain new
multiplexor channel operating information.
The microprogram returns to the data loop
entry STI, SVI branch.If operational-in is
inactive, the microprogram begins to store
the UCW and restore the CPU as it does when
operational-in falls at the end of a normal
multiplexor share cycle.

If operational-in is still active at the
end of the CD routine, the microprogram
waits for operational-in to fall or
service-in or status-in to rise. When one
of these conditions occurs, the micropro-
gram branches to the associated routine.

A program check occurs during the CD
routine if the new CCW count is zero. the
data address is invalid, the three low-
order bits of the flag byte are not zero,
or the next CCW-address is zero (memory
wrap) . -

® Command chaining allows the channel to execute several
commands on an I/0 device with one start I/0 instruction. -

° Command chaining is specified by the CCA4 chain data address
flag bit off and the command chaining flag bit On.

® When the channel successfully executes a CCW without errors
and receives its associated device-end status, the channel

reads out the next CCW and begins its execution.

® The presence of status-modifier status along with device-end
status requires the channel to bypass the next CCW in favor

of the CCW following it.
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® The channel suspends polling while command chaining.

e The channel activates suppress out while command chaining.

The multiplexor channel may execute a
series of CCW's that apply to one particu-
lar control unit and device. When the
execution of one CCW is complete, the chan-
nel reads out the next CCW in ascending
order and begins its execution. This link-
ing together of CCW's is called command

chaining.

Command chaining is controlled by the
CCW flag byte. Command-chaining is speci-
fied when CCW flag byte chain-data- address
bit (CD ; bit 0) is off and the chain com-
mand bit (CcC; bit 1) is on. This condition
turns on the UCW command- chaining bit when
the channel generates the UCW associated
with the CCW. The UCW command chaining bit
is bit 1 of the UCW op-and-flag byte, and
is held in G1.

Figure 3-13 shows the format of the a
UCW. Notice that the last two bytes of a
UCW contain the address of the next CCW.
This information is put into the UCW by the
channel microprogram at the start of every
CCW execution.

When the channel successfully executes a
CCW that has specified command chaining,
the channel reads out the next CCW and
begins its execution.

If the channel does not successfully
execute a CCW that has specified command

UNIT CONTROL WORD

chaining, it ignores the command chaining
specification. That is, it sets up an
interrupt if the multiplexor interrupt
latch is off (IB empty) or stacks the sta-
tus at the control unit if the IB is full.

Another alternative that may occur is
the channel may be reguired to bypass the
next CCW and execute the CCW following it.
This condition occurs when the channel
receives status-modifier status along with
device-end status and command chaining is
specified by the UCW.

The channel does not read out and begin
the execution of the next CCW until it
receives device-end status from the I/0
device. If the channel receives channel-
end alone, it responds to the I/0 unit with
service-out along with suppress-out. The
channel waits for device—-end status before
beginning the command chaining routine.

When the channel receives device-end
status and begins to read out the next CCW,
it activates suppress-out. This is the
channel's indication to an I/0 device that
it is command chaining. The channel also
suspends polling while it is obtaining a
new CCW.

Figure 3-14 shows the general logic flow
of the command- chaining sequence.

ucw
000 001 010 011 100 101 110 111
Cp. | i :
Chennel :d ¢ ! Data Next CCW
SHeifus a . ount Address Address
Flags High | Low High ' Low High ! Low
Channel Status Byte Op. and Flags Byte
0 - Count Zero (1050 Only) 0 - Chain Data Address (CDA)
1 - Channel Control Check 1 = Cemmand Chaining (CC)
2 - Interface Control Check 2 - Suppress Length Indication (SLI)
3 - First Status Received Coded ex- 3 - Skip
planation
be low .,
4 - (No Name) 4 - Program Controlled Interrupt (PCI)
5 - Incorrect Length 5 - Active
46 - Program Check & - Output (Write)
7 - Protection Check 7 = Decrement Data Address

Handling Data; Expecting Data.
Device Instructed to Stop; Expecting Status.
Status Stacked at Control Unit.
Status Is in Interrupt Buffer (IB).

=]
— o — o~

® Figure 3-13. Unit Control Word Format
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Figure 3-14.
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Figure 3-14.

Reset Suppress-Out
Control Latch.

l

Turn Off Command
Start Latch.

Update UCW Count and
Data Address.

Restore CPU Storage
Protect Tag.

Turn Off MPX Op-
Latch.

Any MPX-
Share Re-
quests

Same As for First CCW, ’ ‘

Restore CPU Registers.
I.4,G,U,V,LD,S,T.

No

Restore R-Register. Turn
Off H6. Restore WX~
Registers.

CPU Returns to Execution

Of Criginal Micro-
Program.

Command Chaining Sequence (Part 2 of 2)

Any MPX-
Share Re-
quests

Yes

1

( Return fo Data Loop )
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SUPPRESS LENGTH INDICATION (SLI)

° The SLI-bit allows the channel to ignores incorrect length
conditions that occur when a unit whose UCW count is Not
zero activates status-in.

e The SLI bit is effective only if the CD -bit is off.

® Figure 3-15 shows how the SLI-bit functions.

The SLI-bit is bit-2 of a CCW flag byte. the channel and the I/0 units' UCW count is
When the channel generates a UCW from the Not zero, the incorrect length bit of the
CCW information, bit-2 of the UCW op-and- UCW channel-status byte turns on. This
flag byte becomes the SLI-bit. SLI is held condition is subsequently placed in the

in the G-register 2 latch (G2) during CSW, and prevents command chaining from
subsequent channel operations. occurring if CC is specified.

The SLI-bit is effective only if the UCW
CD -bit (bit-0 of the op-and-flag byte) is When a UCW has its SLI-bit on, this
off. condition is suppressed. The channel
responds to the status in with service-out

To understand the function of the SLI- and initiates an interrupt if not command-
bit, first consider the channel's operation chaining, or it begins the command-chaining
when the SLI-bit is off. In this case, sequence if the CC-bit of the UCW op-and-
when an I/0 device presents status-in to flag bit is on.

1/O Unit Presents End-
ing Stafus.

[
i1 No CDA and Count Is
P " Zero.

-

Are G3 and
Gé Latches
both ON

No Yes

No Command
Chaining
Bit ON

Is SLI Bit ON (G2) Good Channel

and Unit
Status

| Turn On UCW Status ] .

Incorrect-Length Bit Obtain a New CCW
Turn On UCW Status (Bit 5) and Begin lts Execution.
Incorrect=Length Bit
(Bit 5)

Execute Normal Status
Routine.

Figure 3-15. SLI-Bit Functions




SKIP
° The SKIP-bit is effective only on input operations.

° The SKIP-bit does not become a part of the UCW op-and-flag
byte for output operations.

° It is effective during the CCW-execution.
® It suppresses the transfer of information to storage.

° The SKIP-bit allows the channel to stors specific input
records in CPU storage.

° Figure 3-16 shows how the SKIP-bit modifies an input
operation.

The SKIP-bit, bit-3 of the CCW flag byte
and UCW op-and-flag byte allows the channel
to receive data form a unit but not store
the data in CPU storage.

When the channel receives service-in and
the SKIP- bit is on (G-register 3 latch
on), the channel does function normally
except for the data loop. Instead of exe-
cuting the data loop, the channel updates
the count and responds with service-out.
This continues until the count is exhausted
at which time the normal status seguence
takes place.

1/O Unit Presents Ser—
vice=In Cn an Input
Operation.

FA=KI, 1

Skip Bit ON  (G3)

l Normal Date Loop. l LActEvcfe Service=Out. I—— -

L Update Count. I

Normal Channel Opera-
tion Resumes.

Figure 3-16. Skip-Bit Functions
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PROGRAM CONTROLLED INTERRUPT (PCI)

° The PCI-bit allows the program to initiate an interrupt.

e The PCI-bit sets up an I/0 interrupt wh2n the interrupt

latch is off (IE empty).

° When the CPU executes an interrupt initiated by the PCI-
bit, the PCI-bit becomes part of the channel-status byte

that is stored in the CSW.

The program-controlled interrupt bit is
bit-4% of the CCW flag byte. It also
becomes bit-4 in the UCW op-and-flag byte
that is generated from the CCW. The PCI
bit in a CCW initiates an on-the-fly inter-
rupt without, in any other way, effecting
the channel operation. It may be used by
the program to initiate an interrupt at any
point in a chain of CCW's to determine how
the operation is progressing. For example,
the multiplexor channel may be executing a
chain of ten CCW's. Normally no interrupts
will occur until after the tenth CCW is
executed. By the use of the PCI-bit, the
program can force an interrupt at any point
in the chain to determine the status of the
operations up to that point.

The PCI-bit takes effect two times:
1. It takes effect during the execution of
the CCW in which it occurs, (Figure
3~17)s

2. It takes effect during the CSW store
routine of an I-O interrupt. In this

case the PCI-bit does not initiate any
action but becomes bit-0 of the
channel-status byte that is stored in
the CSW. Remember the main purpose of
an I/0 interrupt is to generate the
CSW. The CSW is then interrogated by
the I/0 program and action is taken
according to the conditions found in
the CSW.

When the CPU executes an interrupt ini-
tiated by the multiplexor channel, it
resets the PCI-bit in the UCW associated
with the unit that initiated the interrupt.
This occurs whether or not the interrupt
was caused by the PCI-bit.

During the course of chaining (CC or
Cb), the PCI-bit is propagated to the new
UCW if it is present in the UCW just com-
pleted. This will be the case when the CPU
has not executed the PCI-initiated inter-
rupt, or the PCI-bit has been unable to
initiate an interrupt. The latter condi-
tion occurs when a burst mode device is
operating on the multiplexor channel.
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Figure 3-17. PCI-Bit Operation
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START I/0 TRANSFER-IN-CHANNEL (TIC) COMMAND

° The TIC command does not involve any I/C device operation.

® The channel obtains the CCW referenced by the TIC CCW data

address.

° A TIC CCW cannot be the first CCW in a chain.

° Two TIC CCW's in succession cause a program check.
g

The transfer-in-channel (TIC) command is

a command to the channel and does not
inveolve any I/0 device operation. It is a
command to the channel to obtain and exe-
cute the CCW whose high order byte location
is referenced by the TIC CCW data address.

The TIC.command is used only in a chain
of commands and may not be the first com—
mand of the chain. Also two TIC commands
in succession cause a program check.

The TIC command is used mainly in con-
junction with the search command.

For example, look at the following chain
of CCW's.

CCW1l, Search

CCW2,TIC (data address is address of CCWi)

INITIAT, PROGRAM LOAD (IPL)

CCW3, Write

CCW1l is a search. If the search is not
successful, CCW2 causes CCW1l to be executed
again. This loop will continue until the o
search is successful. When this happens,

the I/0 device presents status-modifier

status along with channel-end status. This
allows the channel to bypass the TIC CCW —
and execute the write CCW.

Command Chaining to a TIC command begins
the same way as for any other CCW command.
When the TIC command is recognized during
the CCW check sequence its data address is
placed in the I J registers. The channel
now reads out the CCW addressed by the I J
- registers and executes a normal CCW
check, CCW load operation.

° The purpose of IPL is to initiate processing after power is
turned on or when the contents of storaje are unsuitable for

further processing.

® IPL is started by selecting an input device and pushing the

Load button.

The IPL procedure resembles a start—-I/0
instruction in which the selected I/0O
device and a zero-protection-key is speci-
fied. The CCW for this instruction has a
read command, zero data address, a byte
count of 24, the command-chain flag on, the
SLI flag on, and a command address of zero.

The IPL routine reads new information
into the first three double words of stor-
age. The remainder of the IPL program can

be placed in any desired location of stor-
age.

The IPL procedure is started by select-
ing a channel with console switch G and an
input device with the HJ connecting switch-
es and pushing the Load button. This caus-
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es a system reset; turns on the Load light,
and initiates a read operation from the
selected input device.

The system reset stops the CPU and sus-
pends all instruction processing, interrup-
tions, and timer updating. It also resets -
all channels and on-line control units and
I/0 devices. The contents of the General
and Floating-Point registers remain
unchanged.

Following the system reset, the selected
input device starts reading. The first 24
bytes read enter storage locations 0 to 23. -
Storage-protection and possible incorrect-
length errors are ignored. The double-word
read into location eight is used as the CCW
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for the next input command. When chaining
is specified in this CCW, the operation
proceeds with the CCW in location 16. The
double word at location O becomes the IPL
PSW.

After the input operation is completed,
the channel and device address is stored in
the IPL PSW interrupt code (bits 21 to 31
of the first double word in storage). Bits
16 to 20 are zeros, and bits 0 to 15 remain
unchanged. The CPU then fetches the IPL
PSW from location zero as a new PSW and
changes from the stopped to the operating
state. Operation proceeds under control of
the new PSW and the Load light turns off.
If the I/0 operations and PSW loading are
not satisfactory, the CPU stops and the
Load light remains on. The MPX channel’s
exXecution of the IPL routine is the same as
it®'s execution of a start I/0 routine with
the exception of the initial set up and the
ending procedure.

When the load key is pressed, it causes
a system reset. When the load key is
released the load-key latch (EC 041) turns
on. The output of the load-key latch turms
on the load-indicator latch (RKC 051). The
output of this latch turns on the load-
request stacking latch (KM 062). If no
higher priority stacking latches are on,
the load-request stacking latch generates
an IPL pulse which in turn forces the first
micro word address of the IPL routine (002)
into the ROSAR (WX-registers).

The IPL routine first generates a CCW
and places it in main storage locations
0-7. A read command is placed in byte 0, a
count of 24 (hexadecimal 18) enters byte 7,
and the CC and SLI flags enter byte 4.

Also during this routine the channel and
unit address enter the U and V-register
from the HJ switches respectively and all
of the H-registers latches with the

exception of the H6 latch (MPX hold) are
turned on to prevent any but MPX traps.

The channel now reads out this CCW from
storage locations 0-7, and checks it for
validity the same as for a start I/0
instruction. When this is complete the
channel microprogram loads the CCW into the
CPU data flow register while selecting the
unit specified by the HJ-switches. From
this point the channel and I/0 device oper-
ate normally until the unit deactivates
operational-in.

When op-in falls, the channel exits from
the data loop and updates the UCW as for a
start I/0. When this is complete the chan-
nel micro program does not attempt to res-
tore the CPU as for a start I/0 but enters
lthe IPL wait loop, microprogram word 682.
IPL MPX share reqguests are handled by the
channel in the same way as for start I/0
operations. When the selected device pre-
sents status-in, the channel tests the
status for device-end or channel-end sta-
tus. Any other status results in an IPL
stop, microprocgram word 6FF. When the
status is good (channel-end or device-end)
the channel resets the IPL latch and H-
registers latches. When Op-in falls, the
channel stores the unit and channel address
into the interrupt ccde location of the IPL
PSW (main storage byte locations 3 and 4.
When this is complete, the channel loads
the IPL PSW into the current PSW locations,
after which the CPU begins executing
instructions under control of the IPL PSW.

If for some reason, a device other than
the device specified by the HJ switches
presents status, the channel issues
command-out. This response stacks the
status at the control unit. The 2030
enters the IPL wait loop until the next MPX
share regquest.
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TEST 1/0

° The object of a test I/0 imstruction is to store a CSW.

° It does not require a CCW.

e The supervisor program issues test I/0 instructions to
obtain status from I/0 devices when the channel interrupts

are masked off by the PSW system mask.

The supervisor program issues the test

I/0 instruction to obtain the status of a
particular I/0 device. The main use of the
test I/0 instruction is to obtain the sta—
tus of I/0 devices when channel interrupts
are masked off by the PSW system mask.

The test I/0 instruction has the same
format as a start I/0 instruction and its
execution is begun in the same manner as
the start I/0 instruction. After the CAW
has been read out the channel differenti-
ates between a start I/0 and test I/0 and
begins the test I/0 routine.

In order to execute a test I/0 instruc-
tion, the channel first determines if the
UCW associated with the specified device is
ACTIVE or AVAILABLE. It does this by read-
ing out the UCW op-and-flag byte and test-
ing its active bit

UCW AVAILABLE: When the UCW is not active
it means that either the I/0 device
involved has status stacked or the I/0
device is free to perform other operations.

When the UCW is available (ACTIVE bit
off) the channel must execute an initial
selection sequence with the I/0 device
involved and issue zero command. When the
device responds to command-out with status-
in, the channel tests the status for a zero
lcondition. If the status is zero the
channel sets PSW condition code 0 and
returns to I-cycles. When the status is
not zero, the channel puts the status in
the D-register and activates service-out.
After the I/0 device deactivates
operational-in, the channel sets the entire
CSW to zero, addresses the CSW unit-status
byte location a second time and places the
unit status, now in the D-register, into
this byte location. When this is complete
the channel sets PSW condition code 1 and
returns the CPU to I-cycles.

When the channel receives status—-in in
response to address-out (control unit
busy), it puts the status in the D-register
and activates service out. When status-in
falls, the channel sets the CSW to zero and
then sets the CSW unit status byte with the
D-register contents (status-in). When this
is complete the channel sets PSW condition
code 1 and returns the CPU to I-cycles.

3-44

UCW ACTIVE: When the UCW is active it

means one of three things:

1. The subchannel (UCW) is busy either
with the specified device or another
device.

2. The subchannel has an interrupt condi-
tion waiting in the interrupt buffer.
This may be an interrupt from the spec-
ified I/0 device or another I/O device.

3. Status is stacked at the I/0 device.

When the UCW is ACTIVE, the channel reads
out the UCW op-and-flag byte and tests it
to determine if bit 3 is on or off. When
bit 3 is off it indicates that the speci-
fied device has not presented status and is
therefore working. In this case the chan-
nel sets PSW condition code 2 and returns
the CPU to I-cycles.

If bit 3 is on, indicating a device
associated with the UCW has presented sta-
tus, the channel reads out the UCW hi-order
data address and compares this address with
address in the V-register I/0 control-unit-
and device address). An equal comparison
means that the device specified by the test
I/0 instruction has presented status.

Note: During status-in MPX share-cycles,
the address of the unit presenting status
is placed in the UCW data address.

This comparison is necessary because a UCW
may be associated with more than one I/O
device and the channel might have received
status from another device associated with
the same UCW as the I/0 device specified by
the test I/0 instruction. If this is so,
the channel sets condition code 2 in the
PSW (subchannel working) and returns the
CPU to I-cycles.

Assume bit 3 of the UCW op-and-flag byte
is on, and the address in the UCW data
address is the address of the I/0 device
specified by the test I/0 instruction. In
this case the channel must find out where
the status is. The status may be in the
interrupt buffer or it may be stacked at
the I/0 control unit.

When the status is in the IB, the
channel puts the status in the D-register
and generates the CSW from the UCW and the
unit status that is now in the D-register.
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After storing the CSW, the channel turns
off the MPX interrupt latch (in FB-regq),
sets the UCW op-and-flag byte to zeroc and
returns the CPU to I-cycles.

When the status is not in the IB, the
channel executes an initial selection
sequence with the I/0 device specified by
the test I/0 instruction. When the I/0
device presents status to the channel in

HALT TI/0

response to Command-out the channel exe-
cutes the CSW store routine, storing a full
CSW:

1. protect key

2. Next CCW address

3. Unit status

4. Channel status
After storing the CSW the channel sets the
PSW condition code to 1 and returns the CPU
to I-cycles.

° The halt I/0 instruction discontinues operation between a

particular I/0 device and the channel.

° The channel executes the halt I/C instruction before return-

ing the CPU to I/cycles

° The halt I/0 instruction does not require a CCH.

e The channel issues a halt I/O

(stop) to an I/0 device by

activating the address-out tag line while the device has its
operational-in active, and select-out is down.

The halt I/0 instruction is issued by the
supervisor program to discontinue operation
between a particular I/0 device and the
channel. Response of I/0 devices to a halt
I/0 instruction varies from one device to
another and is covered in the Field Engi-
neering manual of instruction for that
device.

The channel begins the execution of a
halt I/0 instruction in the same manner as
the start I/0 instruction. That is, the
PSW is checked to insure that the CPU is in
supervisory state, and part of the CAW is
read out. This occurs before the channel
makes the test to determine which I/O
instruction is being issued to the chanmnel.

When the channel recognizes the halt I/0
| instruction, it discontinues reading out
the CAW and branches to its microprogram
routine that develops a UCW address from
the I/0 contrel unit and device address.
The channel now reads out the UCW op-and-
flag byte to determine if the UCW is
active.

UCW ACTIVE. When the UCW active bit is on,
it indicates that the CPU has not executed
an interrupt (stored a CSW) initiated by
the I/0 device associated with the UCW.
Therefore, the channel must read out the
UCW status byte and test bits 3 and 4 to
determine if the I/0 device has an inter—
rupt waiting in the interrupt buffer. This
is the case when both bits 3 and 4 of the
UCW status byte are on.

When an I/0 device has an interrupt
waiting in the interrupt buffer, it is not
operating with the channel. Therefore, the
channel does not execute the halt I/0
interface sequence, instead the channel
sets the PSW condition code to zero and
returns the CPU to I/cycles.

When the I/0 device does not have an

interrupt waiting, the channel selects

the device, and activates address-out
after the I/0 device has activated
cperational-in and address-in. Address-out
and operational-in both active at the same
time while select-out is down at the I/0
device means halt I/0 (STOP).

The halt I/O interface sequence is:

1. Channel activates address-out and bus-

out.

2. Channel activates select-out and hold-
out.

3. The I/0O device activates operational-
in.

4. The channel deactivates address-out.

5. The channel deactivates select-out.

6. The I/0 device activates address-in.

7. The channel activates address—-out.

8. The I/0 device deactivates operational-
in and address-in.

9. The channel deactivates address-out.

When the interface segquence is complete,
the channel turns off the UCW op-and-flag
byte CC and CD bits, and sets the UCW
status byte to 10001000 (88).
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The channel now sets the UCW. op—and-flag
byte to zero, sets the PSW condition code
to 1, and returns the CPU to I/cycles

UCW NOT ACTIVE: .The halt I/O routine for
an available UCW is the same as for an
active UCW with this exception: The channel
does not have to test the UCW status byte
for bits 3 and 4 On (interrupt waiting in
IB). This is because, for a UCW to become
available, the I/0 device must have had an
interrupt executed by the CPU and, there-
fore, cannot have an interrupt waiting in
the I.B.

TEST CHANNEL

When the channel finds the UCW availa-
ble, it executes the halt I/0 interface
sequence, sets the UCW status to 10001000
(88) , stores all zeros in the CSW, sets the
PSW condition code to 1, and returns the
CPU to I-cycles.

The channel does not set the UCW op-and-
flag byte to zero for an available UCW,
because it is already zero.

° Executed to determine the status of a particular channel.

® Sets a condition-code in the PSW.

° The condition—code set indicates the status of the addressed

channel.

The test-channel command determines the
status of a particular channel. It is
executed only with the CPU in the monitor
state and has no effect on the channel.
The test-channel command sets a condition-
code in the PSW that indicates the current
state of the addressed channel.

The test-channel operation begins like a
start-1/0; however, when the addressed
channel is selected, a microprogram branch

occurs to the test-channel routine. In
this routine the channel is checked for a
busy status or an interrupt condition, and
a condition code is set.

Condition codes for the test-channel
instruction are:

Code 0 - Channel available.
Code 1 - Interrupt condition in
channel,



MPX ERRORS

e The MPX channel can present four types of errors

1. Channel-control check (ccC)
2. Interface-control check (ICC)
3. Memory-protection check (MPC)
4. Program check (PC)

s The Error routine:
1. Logs the error for CCC and ICC errors.
2. Clears the interface

~ ERROR HANDLING

to the CPU:

3. Gets a CSW stored with the error information

When an error occurs that is chargeable to
the MPX channel, the channel makes every
attempt to disconnect the I/0 device from
the interface and store either a partial
CSW or a full CSW. In some cases an error
occurs before a unit becomes connected to 24
the interface. In this case, the channel
must merely store the CSW. The time at
which a CSW is stored depends on when the
error occurs. In some cases the CSW is
stored by the MPX error routine, but in
other cases the MPX error routine creates a
condition that makes the I1/0 device ini-
tiate an interrupt, which is handled in a
normal manner.

The MPX error routine must also log the
error when a channel-control or interface
control check occurs. The MPX log area is
bytes 129, 130, 131 of main storage
(hexadecimal addresses 81, 82, and 83).
The MPX error routine stores the following
information in the log locations.

1. Byte location 129: The MPX error rou-
tine loads byte 129 with either the
contents of the machine check register
or the contents of the L-register which
is the catalog number. The contents of
the machine-check register enter byte
129 when the MPX error routine is
entered from the machine -check trap
(channel-control checks). The contents 3
of the L-register (catalog number)
enter byte 129 on interface control
checks. The catalog number is formed

in the L-register whenever a program,
or interface control check occurs. It
indicates where the error occurred (at
what microprogram word).

Byte 130: Byte 130 is the indicator
byte. The four high-order bits serve
as a counter of the number of errors
logged by the MPX error routine. It is
updated each time an error is logged.
Bit 4 is turned on by the first error.
It indicates that at least one error
has occurred. When the MPX error rou-
tine stores the catalog number in byte
129, it turns bit 5 on. When bit 5 is
off the contents of the machine check
register is in byte 129. Bits 6 and 7
together inform you of when Op-in
becomes inactive. When an error occurs
when op-in is down, the MPX error rou-
tine sets both bits 6 and 7 off. When
op-in falls only after the MPX error
routines executes a halt I/0 sequence,
the error routine sets bit 6 and 7 on.
If op-in falls only after a selective
reset by the MPX error routine, the
error routine sets bit 6 on bit 7 off.
When op-in doesn't fall after all
efforts of the MPX error routine to
disconnect the I/0 device, the error
routine sets both bits 6 and 7 on.

Byte 131: Whenever the MPX error rou-
tine logs an error it stores the
address of the I/0 contrel unit and
device in byte location 131.

Section 3 3-47




ERRORS WHICH ARE NOT PROGRAM CHECKS

° These errors are:
1. Channel-control checks
2. Interface—control checks
3. Protection checks

® For these errors the MPX error -routine:

1. Logs the error (no logout on protection checks).
2. Clears the interface when possible and creates an inter-—

rupt.

Channel-contxrol checks, interface control
checks and protection checks are all han-
dled in a similar manner by the MPX error
routine. The basic difference between
these three checks is their cause.

CHANNEL CONTROL CHECKS: When the MPX error
routine is entered from the machine check
trap a channel control check has occurred.
These are the same type of errors detected
by the CPU for CPU errors but when the H-6
latch is on, the MC trap branches to the
MPX error routine. A channel control-check
causes the contents of the machine check
register and not the catalog number to be
stored at byte 129 (81).

MPX ERROR ROUTINE

° Stores the unit address at byte 131(83)

° Stores the L-register contents at byte 129(81).

INTERFACE CONTROL CHECKS: These errors are
detected by microprogramming only. Aan
interface control check indicates an inval-
id response, slow response Or no response
from an I/0 device to a tag-out signal. A
catalog number is stored at byte 129 (81)
for interface control check.

PROTECTION CHECKS: These errors indicate
that an address outside of the protect key
area has entered the MC-register. These
errors are detected by errcor checking cir-
cuits only and cause a catalog number of
11131 1111 to be stored at byte 122 (81).

This is

either a catalog number or the contents of the machine-check

(MC) register.

e Updates the high-order of the indicator byte,

° Sets bit 4 of the indicator byte on.

byte 130(82).

e Sets bit 5 of the indicator byte on if the catalog number is

stored at byte 129 (81).

° Attempts to clear the interface

] Either stores the CSW channel and unit status or creates an

interrupt.

After logding bytes 131, and 129, the MPX

error routine sets up the L and S register
to log byte 130 (bits 0-5). Before doing

so, however, the Error routine attempts to
clear the interface.

If op-in is down to begin with, the MPX
error routine sets both bits 6 and 7 of the
indicator byte OFF. Otherwise, the error
routine executes the halt I/0 interface
sequence (activates address-out). If op-in
falls as a result of this, the error rou-
tine sets indicator byte bit 6 off and bit

3-48

7 on. If op-in does not fall, the error
routine activates suppress-out and deacti-
vates op-out (selective reset). If op-in
falls as a result of this, the error rou-
tine sets indicator byte bit 6 on and bit 7
off. If op-in still doesn't fall the error
routine sets indicator byte bit 6 and bit 7
both on.

When the interface is OK (op-in was down
to begin with or fell as a result of the
halt I/0 seguence) and the MPX operations
latch is on, the error routine stores the
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error condition in the UCW status byte from
the U-register, and sets the UCW op-and-
flag byte skip, output and active bits on.
This causes the channel to respond to the
next service vice-in associated with the
UCW, with command out: This means stop and
causes the I/0 device to present status,
initiating an interrupt. After storing the
UCW op-and-flag byte the error routine
branches to the normal CPU restore routine.

When op-in does not fall in response to
the halt I/0O interface sequence, the
interface is not OK. In this case, the
error routine determines if the error
occurred during the first ccWw. If so, it
stores the CSW, storing the status only.

When op-in does not fall in response to
the halt I/0 interface sequence and the
error occurs on the secend or later CCW,
the error routine test the interrupt buf-
fer. If the IB is full the error routine
branches the CPU back to the machine check
trap. If the IB is not full, the error
routine stores the I/0 device address in

[the IB, sets the IB status byte to 00010000

(Busy) , and turns on the MPX interrupt
Yatch. When this is accomplished the error
routines sets the UCW status byte with the
error code and sets the UCW op-and-flag
byte skip, active and output bits on.

LOGOUT PROCEDURES: Information to the CE
and programmer, about errors that occur
within the channel, is provided by a logout
of error oriented data. The logout area
for the multiplexor channel is main storage
bytes 128, 129, and 130 (81, 82, 83).
Interface and channel control checks are
the only errors that cause logout.

In addition to error logout, the con-
trols of the system take steps necessary to
set up information:to be stored in the CSW,
through immediate or interrupt means. They
also attempt to free the interface of an
offending unit (force op-in down). If the
interface is not free, an interface discon-
nect is attempted to remove the unit. If
this does not work, a selective reset is
given. When this fails, no further action
is taken and manual intervention is neces-
sary.

Following lcgout and interface reset, an
attempt is made to store a CSW immediately
if the error is during start I/0 interrupt
or a programmed test-I/0. If this is pos-
sible, regular processing is resumed.

Some situations exist in handling inter-
face and channel control checks making it
impossible to guarantee notification of the
error through the CSW storage mechanism.
This ungueable interrupt situation forces a
CPU machine check trap if machine checks
are allowed (PSW Bit 13=1).

If machine checks are not allowed:

1. Entry to the CPU machine check trap is
prevented.

2. The error condition is recorded in the
machine check register.

3. The system continues to function under
existing control conditions.

When, by programming, the machine check
trap is allowed, a CPU machine check trap
occurs.

On an intermittent error, detecting a
machine check causes a hardware forced
microprogram trap to the machine check
control program. This routine determines
which system element was using the data
flow at the time the error occurred. Con-
treol passes from this routine to the error
microprogram for the system element indi-
cated (CPU, multiplexor, or selector
channel). Error traps are not allowed for
the time necessary to clear error condi-
tions and perform the logout. The machine
check register is recorded as soon as pos-
sible in the routine, and the first-error
latch is set on. Any errors detected from
this time until the error routine is com—
pleted, stop the system. At the end of the
error routine, the first-error latch is
reset. Microprogram recovery, with a rea-
sonable amount of information supplied
concerning the nature and extent of the
malfunction, is possible if the time
between errors is more than the length of
time for the error routine.

For more information on machine checking
and error logging, refer to Chapter 2 in
the FE Maintenance Manual, form 225-3390.

CHANNEL CONTROL CHECKS (FIGURE 3-18): Any
machine check trap identified as a channel
error is a channel control check. A chan-
nel control check causes the contents of
the machine check register to be stored at
byte 129 (81). This is the only source of
channel control check errors in the multi-
plex channel. These errors use the same
checking circuits as the CPU hardware, but
when the H-6 latch is on, the machine check
trap branches to the multiplexor check
routine. This check routine takes the
following action:

1. An interlock latch sets to prevent
further traps until the microprogram
progresses for enough to be useful.

2. The H-register indicator latches are
inspected to determine if the error
occurred under CPU, selector channel,
or multiplexor channel control.

3. A branch is then taken to further han-
dle these conditions.
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Multiplexor

Multiplex Chonnel Inter-
face Disconnect If Re-
quired

Set First Error Latch On

Log-Out Machine Check
Register, Indicator Byte,
and Unit Address

Machine Check
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Check
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Source

H7=1

Selector

CPU
CPU Routine ) Gelecfor Chennel Routine )

Check
MPX Operation

Figure 3-18.

Interface Was Selective
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|
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MPX Operation Latch Set
(Interface Reset CK, In
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Set IB Status Busy ond
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Set MPX Interrupt Latch.
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1

Reset First Error Lotch
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Channel Control Check

Ungueuveable Interrupt
Machine Check Trap

Allowed
I_

Enter CPU Machine
Check Trap Routine

In Start 1/O Execute

Store CSW Channel
Status and Channel
Conftrol Check

l

Set Condition Code 1
{Unit Status Has No
Meaning)

Set UCW Active Bit Off,
Reset First Error and Pre—

vent Further Interrupts
(Set H6 On)

( Return to | Cycles )




If machine check traps are not allowed (PSW
0) no trap will occur even though
one of the machine check latches is set on,

Bit 13 =

and operation will continue.

INTERFACE CONTRCL CHECKS

3-19):

(FIGURE

These errors are detected by micro-
programming only and are caused by an
excessive time lapse in an expected inter-

MPX Channel
Detects ICC

Condition General
Catalog No.

Reset Interface Hang
Up Condition If Required

I

Set First Error
Latch On

Log-Out Cataleg Num-
ber, Indicaror Byte,
Bad Unit, Address

Check
MPX Operation
Latch and H7

long.

face signalling sequence.
timeouts are microprogram count loops,

approximately 128 or 236 control cycles
The timeouts check for excessive
delay in interface response.

These sequence

Each data

sequence (service-in, service-out) is timed

out to approximately 30 seconds.
delay time allows for tape gaps that can
exist as a result of tape programming.

This

to ICC

Set UCW Status

Unqueuecble Interrupt

Condition

rupt Letch

Set MPX Inter-

Set Active Bit On, Stop
Unit On Any Request

Machine

No (Bt 1370) _~Theck Traps Allowed

(PSW Bif 13)

Reset UCW Active
(CSW Short Store,
Set Condition Code 1)

Interfoce Was Sslective
Reset With MPX Opera-
tion Latch On

MPX Operation Latch On
(Interface Reset OK, In
MPX Share)

Return to
I1-Cycles

Figure 3-19.

Set UCW Status
to ICC

Interface Control Check

Yes | (Bit 13=1)

CPU Machine
Check Trap

Set "A" Register
Check In Machine
Check Register

-

Reset First
Error Latch

ROS Restore to
Interrupted Program
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Interface control checks are stored in
the CSW formed at the end of a start I/0
execute cycle, or as a result of an I/0
interrupt. A catalog number is stored at
byte 129 (81) for interface control checks.

PROTECTION CHECKS (FIGURE 3-20): A protec-
tion check occurs when the key assigned to
a subchannel does not match the protection
key assigned to a section of main storage
into which data is to be stored. A protec-
tion check ends the operation on the sub-
channel, stores the CSW channel status, and
sets the protection check bit. If the
error is detected before completion of the
start I/0 instruction, the CSW is "short
stored"” and condition code 1 is set. If
the error is detected after completion of
the start I/0 instruction, an I/0 interrupt
is taken and the CSW is stored. The CSW
unit status has no meaning in this
instance.

PROGRAM CHECKS

° Program checks are caused by:
1. Invalid CAW
2. Invalid CCW
3. Memory wrap

MPX Protection
Check

Prevent Change of
Main Storage Data

I

Clear Unit From In-
terface |f Required

I

Load UCW Status
Byte With PTC Bit

|

Set Up For Stop of
Unit on Next Inter-
face Response

Determing
Return Path
by State
of HZ

Retumn to
| Cycles

Figure 3-20.

Refumn to
ROS Restore

Protection Check

s Program checks are detected by microprojramming and by error

checking circuits

® The MPX error routine does not log program check errors.

Program checks (Figure 3-21) are not logged
by the MPX error routine and for the most
part the interface is already clear. Two
types of program checks require the MPX
error routine to clear the interface,
invalid address or memory wrap during MPX
channel operations. In these two causes
the error routine tries to clear the inter-
face as for channel control, interface

control and protect checks, and gets a CSW
stored in the same way.

~_When other program checks occur during
initial set-up of an I1/0 instruction, the

error routine stores the channel status in
the CSW, sets condition code 1 and returns
the CPU to I-cycles.

If a program check occurs during command
chaining , the MPX error routine executes a
test I/0 sequence with the I/0 device
involved and issues a command out when the
device activates status-in. This allows
the device to initiate an interrupt.
Besides this the error routine sets the UCW
status with the program check bit, and sets
the UCW op and flag bits 3, 5, and & on.
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® Figure 3-21. Program Check

( Return to | Cycles )
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COMPREHENSIVE INTRODUCTION

SECTICON 4. SELECTOR CHANNELS

e IBM 2030 may have a maximum of 2 selector channels.

e Selector channels take one memory cycle

(2.0 microseconds

M2, 1.5 microseconds M2-I) of CPU time to handle each byte

of I/0 data.

® Each selector channel has associated registers that contain

I/0 operating information, such as:

1. Count

2. Data Address
3. Command

4. Flags

5. Channel Status
6. Protect Key

° Priority assignment, with all channels requesting service,

guarantees:

1. Selector channel 1, 50% of the time.
25% of the time.
3. Multiplexor channel, 25% of the time.

2. Selector channel 2,

NOTE:

Model M2 has a 2.0 microsecond memory cycle and Model

M2-I has a 1.5 microsecond memory cycle.

The IBM 2030 may have up to two selector
channels. & selector channel is a high-
speed channel that takes one memory cycle
of CPU time to handle each byte of data and
does not disturb the contents of the CPU
registers. It contains registers that hold
the Channel Command Word (CCW) for the
entire data transfer portion of an I1/0
operation. The selector channel also
contains a clock to provide timing during a
selector share cycle.

Figure 4-1 shows the general data flow
of a selector channel. When the selector
channel is addressed by a start 1I/0 com-
mand, its registers are Joaded with the
operating information of the CCW, under
microprogram control. After a selector
channel has initially selected the correct
I/0 control unit, also under microprogram
control, it waits for a service-in from
that control unit while the CPU is process-
ing other information. When the selector
channel receives a service-in from the
control unit, a service-out is returned
immediately if:

1. On an output operation, the GR register
is full and a data byte can be sent.

2. ©On an input operation, the GR register
is empty and ready to receive data.

If a service-in is received while GR is
empty for an output operation or full for
an input operation, the selector channel:

1. Waits for the present storage cycle to
be completed.

2. Assumes control of core storage.

3. Handles the data.

4. Updates the count and data address.

5. Responds with a service out.

6. Returns storage control to the CPU

Priority assignment for storage cycles
or ROS cycles (multiplexor channel) is such
that selector channel 1 has priority fifty
percent of the time; selector channel 2 has
priority twenty-five of the time: and the
multiplexor channel has priority twenty-
five percent of the time. This priority
takes effect only when all three channels
are requesting storage cycles at the same
time. Any time a channel does not use a
cycle, the cycle may be used by the other
channels according to their priorities.

Any cycles not used by the I/0 channels are
utilized by the CPU.

When any channel requests a storage
cycle, it has priority over the CPU, and
will be honored as soon as the CPU finishes
the current cycle. Selector share cycles,
which are storage cycles, can interrupt a
multiplexor channel that is using ROS
cycles to handle data. Once a storage
cycle has been started, other regquests will
not be honored until the storage cycle is
complete.

All registers associated with selector
channel 1 are identified by a prefix G.
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All registers associated solely with selec-
tor channel 2 are identified by a prefix H.
For example, the GR register is the data
register of selector channel 1, and the HR
register is the data register for selector
channel 2. A single micro program is used
for both selector channels. The micro
program always uses the G prefix. The
controls are gated to selector channel 1 if
SX-1 gate is on, and to selector channel 2
if SX-2 gate is on.

Because selector channel 1 and selector
channel 2 are identical in operation,
except for the register used, the following
descriptions are for selector channel 1.
Apply the descriptions to selector channel
2 by mentally inserting a prefix H, where
there is prefix G in the description.
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Figure 4-1. Selector Channel 1 Data Flow
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FUNCTIONAL-UNITS

GA REGISTER (TAG LINE CONTROL)

e Controls out-bound tag lines.

° Controls the gating of information to out-bound bus lines.

® Sets under microprogram control during initial selection
segquence, and under hardware control during data handling

seguence.

° Sets outbound tag response to in-bound tag line.

The GA register 1s a four-position register
that controls the out-bound tag lines and
the out-bound bus lines. These latches
turn on under microprogram control or in
response to an in-bound tag line, or combi-
nations of both.

The microprogram turns on the GA reg-
ister latches under control of the C3

field. The C3 field must be GA=K (Gate CK
field bits to GA register) where the value
of the CK field may be from 0 to 15 with or
without the parity bit.

Figure u4-2 shows the four GA register
latches and the conditions that turn them
on.

LATCH NAME AND PURPOSE TURN ON CONDITIONS

RESETS

Bus-out control; gate the GO Ty
register to Bus—out.

CK Sal 0 bit.

vice out.

Gate K to GA, and PI,

2. Qutput operation, GR full, 2. Gate K to GA, and Pl and
and service-in and not ser-

“ |. Not service-in, not status-
in, and not address-out.

CPU Tl.
3. Machine reset.

Address Out; raise the
oddress—out tag line.

bit, and CPU T2 pulse.

Gate K to GA, and P1, CK Sal 1 Ths

Gate K to GA, and P1, CPU

T1, and not halt 1/0.

2. Net poll=control, not Op-in,
and not Halt 1/0.

3. Cp-in, select-out, and not
Halt 1/0.

4. Machine reset.

Command Qut; raise the 1.
command-out fag line.

mode.

Gate K to GA, dnd P1, CK 1
Sal2 bit and CPU T2 pulse.
2. Service-in, status stop con- 2. Not address-in, not service-
dition, and not check stop

. Gate K to GA, end P1, and
CPU TI.

in, and not status=in.
3. Machine resef.

Service Qut; raise the Tz
service-out tag line. Sal 3 bit.

command chaining .

bus-in to GR.

Gate K to GA, and P1, CK 1
2. Channel-end alone and

3. Service signal and not set

. Gate K to GA, and P1, and
CPU T1.
2. Not address—in, not service-
in, and not status-in.
3. Machine reset.

Figure 4-2. GA Register



GB CONTROLS

° Turned on under microprogram control.

° CS field is GB = K.

The GB controls are 16 general-purpose
controls which provide a variety of func-
tions in the selector channel.

The microprogram turns on the GB con-
trols under control of the CS field. The
CS field must be GB = K, where K is equi-
valent teo the value of the CK field. The
value of the CK field (K) can be 0 to 15,

with or without the parity bit (P). The
P-bit is used as an additional control bit.
The CK field, when used for these controls,
can be odd or even parity since this field
is not individually parity checked.

Figure 4-3 shows the GB controls and the
purpose of each.

CK FIELD
GB NAME DECODE* REASON
0. Set Program Check KO Zero Count Except for TIC, Memory Wrap, Three Low
Order Flag Bits Not Zero, First CCW is a TIC, Two
TIC's in Succession, CCW Not on Word Boundaries,
or Invalid Command.
1. SX2 Selection KT*(0 or 1) 0=5X1, 1=5X2
- Operational -Out Reset K2
3 Reset PC1 K3
4. Set Selector [nterrupt K4
5. Set Channel Control Check| K5 A Machine Check Trap when H-Register 5
Latch is On Indicates Hardware Failure
during selector channel chaining or inter-
rupt routine.
6. Set GR to Zero Ké
i Not Used K7
8. Count Ready-Not Zero K8
9. Channel Reset K9*(Qor 1) 0 = Reset Everything Except Poll Control.
1 = Reset Everything Including Poll Centrol.
10. Suppress-Out K10*(0or 1) 0 = Reset, 1 = Set
11; Poll Confrol K11 0 = Reset, 1 = Set
12 Reset Select-Out K12
13. Set Channel Busy K13
14, Set Halt I/O Latch K14
15. Set Interface Control K15 Address Mismatch, No Response, Time Out,
Check Unit Busy on Chaining.

*(0 or 1) Refers to the CK Field Parity Bit.

@Figure 4-3. GB Controls
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GC_AND GD REGISTERS

® Both are nine-position registers.

° They keep a count of the data transfers.

® They are initialy set to the value of the CCW count.

° They are decremented every selector channel 1 share cycle.

° They always set from the GU and GV registers.

These nine-position registers (See Figure
4-1) maintain a count of data transfers
during the I/0 operation on selector chan-
nel 1. The GC register maintains a high-
order count, while the GD register
maintains the low-order count.

The GC and GD registers set to the value
of the CCW count during the CCW loading
sequence. They actually set from the value
of the GU and GV registers, through which
the count must pass before entering the GC
and GD registers.

GE REGISTER (CHANNEL STATUS)

During selector share-read cycles
(data-transfer cycles between main storage
and selector channel), the GC and GD '
registers contents are gated into the modi-
fier, modified minus one, then set into the
GU and GV registers

During T1 time of selector share write
cycles, this modified count is transferred
from the GUV registers to the GCD reg-
isters.

° Set by error conditions during channel operation.

e Reads out under microprogram control.

e Controls premature ending of I/0 operations when errors are

detected.

The GE register contains six latches which
are set by error conditions which occur
when loading the channel with the CCW, or
by error conditions during a channel opera-
tion.

1. Incorrect length
2. Program check

3. Protection check
4. Channel data check

5. Channel control check

GF REGISTER (FLAG REGISTER)

° Five-position register.

6. Interface control check

Program controlled interrupt (PCI) is
inserted on the GE bus from the GF reg-
ister.

The GE register and the PCI flag bit is
read out on the GE bus to the GJ assembler
when channel status is being stored in the
CSW. The latches in the GE register detect
errors associated with channel operation
and provide premature ending of 1I/0 opera-
tions as required, when errors are detect-
ed.

° Set when the CS field of a microprogram instruction is GF = GR

® Set with CCW flag information.
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This five-position register (See Figure
4-1) sets with the CCW flag information
during the CCW loading sequence under
microprogram control. The five flag bits
are:

1. Chained data (CD), bit 0.
2. Chained command (CC), bit 1.

3. Suppress length indication (SLI),
bit 2.

GG_(COMMAND) REGISTER

° Set under microprogram contrel, CS is GG

4. skip, bit 3.

5. Program control interruption (PCI),
bit 4.

_The flag byte of the CCW enters the GF
register when the CS field of a micropro-

lgram instruction is GF = GR.

= GR.

° Four latches will set to the four low order bits of the CCW

command code.

° The four latches are decoded into control lines:

1. Read backward.
2. Input.

3. Output.

This four-position register sets with the
four low-order bits on the CCW command code
which specified the commands:

1. Read
2. Write

3. Sense
4. Control

5. Read backward

GH_CONTROLS
® Turned on under microprogram control.

° CS field is GH=K.

It sets under microprogram control; the
CS field of the microprogram instruction is
GG = GR.

The output of the GG register latches is
decoded to furnish control signals:

1. Read backward.
2. Input.

3. Output.

e General purpose controls used for diagnostic microprograms,
and for various channel micro-program controls.

GH=K provides 16 possible controls (GK
field equals 0 through 15) used for diag-
nostic purposes and for micro program con-
trol of the channel. See Figure 4-4. The
GH controls are additional general-purpose
controls similar to the GB controls.
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GH NAME REASON

0 SX1-5SX2 Machine Reset Used by diagnostics only
1 Set Diagnostic Mode and Used by diagnostics only
Tog Control

2 Reset Diagnostic Tag Control |  Used by dicgnostics only

4 Channel Switch Used to Switch Microprogram Centrol
to Cther Channel

7 Set Chain Detect Used During a PCI Interrupt

11 Set Count Ready-Zero Used by Diognostics Only

12 Set Select-Out

13 Chain Reset Used to Reset Various Latches and Set
Poll Control When Starting a Chain
Operation

Note: 3,5,6,8,9,10,14 and 15 Bits Not Used.

Figure 4-4. GH Controls

GI BUS
® Nine bus lines.

e Connects bus-in to the GR register

L] Connects bus-in to the channel-control circuits.

The GI bus is a set of nine lines connect- with the status-in line to provide control
ing bus-in to the GR register and the unit and device status for the channel.
channel-control circuits. Entry to the GR

register is under microprogram control (CS

field is GR=GI), or in the case of data A parity check is made on bus-in to
transfer, under hardware control. Entries determine if address and status information
to the channel control circuits are ANDed from the control unit has valid parity.

GJ BUS

e A nine-position bus that provides access to the A-register.

e Information is put on the bus under microprogram control.

The GJ bus is a nine-position bus receiving All information is placed on the GJ bus
information from both selector-channel 1 under microprogram control, as specified by
and selector-channel 2. It provides an the CK field in the microword which names
additional access to the A-register for GJ as the A-register source.

information from the selector channels.
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GJ ASSEMBLER (SELECTOR CHANNEL 1)

° A nine-position assembler accepting inputs from the follow—

ing sources under micropreogram control:
GC register

GD register

GE bus

GK register

GO register (diagnostic)

Channel tags (diagnostic)

Channel controls (diagnostic)

® Provides an input to the GJ bus for information transferred
between selector channel 1 and the A-rejister.

The GJ assembler is a nine-position gate to
the GJ bus for the following information
(specified by the CK field) when the micro-
program names GJ as the A-register source:

K1l is GJ = GC
K2 is GJ = GD
K3 is GJ = GK

GK REGISTER (MEMORY PROTECT KEY)

® Set by microprogram; CS is GK = GR.

° Loaded from CAW (Loc 48 hex).

K4 is GJ

GE

K6 is GJ = Controls (diagnostic)

]

K7 is GJ Tags (diagnostic)

K8 is GJ

GO (diagnostic)

The output of the GJ assembler (the GJ
bus) provides one of the inputs to the
A-register

° Cutput compared against the storage key read out when it is
addressed by the data-address during a selector-share input

cycle.

The GK register is a five-position memory-
protect register. It is set under
microprogram control from the GR register,
when the CS field of a microprogram
instruction is GK = GR.

The memory-protect register (GK) is
optional on the IBM 2030. When the memory-
protect feature is installed on the 2030,

selector channel 1 will contain the GK
register. The output of the GK register
compares to the storage key of main storage
that is addressed by the data address
during a selector-share-input cycle. If
the keys are not equal, and the protect key
(GK) is not zero, the location in memory is
not changed, and a protection-check is
indicated in the subsequent I/C interrupt.
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GO_REGISTER

e A nine-position register used as a buffer register for bus-

out information.

® Input to GO register is from GR register.

® Frees GR for other operations during information transfer on

bus-out.

e Sets during address—out, command-out, or service-out.

The GO register is a nine-position register
used to supplement the GR register during
information transfers on bus-out.

Normally, any information in the GR reg-
ister feeds through the GO register latches
to the bus-out control gate, however, when
the address-out, command-out, Or service-—
out tag is raised by the selector channel,
the information contained in the GR
register is latched up in the GO register.
This releases the GR register for other
selector-channel operations for the time
period required to send a command, an

GR REGISTER (DATA REGISTER)

® Nine-position register.

address, or a data byte to an I/0 control
unit or device and receive a reply. During
output data cycles, when service-out latch-
es up the data byte in the GO register, a
share-request is generated to pre-fetch the
next data byte from storage and place it in
the GR register thus enabling faster chan-
nel data rates. Similarly, during data
chaining, while the last data byte is held
in the GO register, the GR register is used
to read out the chained CCW and load it
into the channel.

° Intermediate storage for information transferred between

selector channel 1 and main storage.
° May be set by:

1. Main storage output.

2. Microprogram.

3. Bus-in information.
The GR register (See Figure 4-1) is a nine-
position register that is similar to the
R-register. It is intermediate storage for
2ll information transferred between
selector channel 1 and main storage.

Like the R-register, the GR-register

latches may be turned on by several condi-
tions:

1. Whenever main storage is addressed and
GR is specified, or during Selector
Channel data cycles.

2. From the I/0 interface bus—-in lines.

3. By microprogram, set GR to zero.



GR, GS, AND GT BUSES

° Three buses for address, status, error, and control informa-
tion to the A-register.

] GR bus: interface address and status.

® GS bus: status and contreol conditions.

e GT bus: in-bound tags and control information.

The GR, GS, and GT buses provide a function All entries to the A-register from these

similar to the GJ bus, whereby the micro-

program is used to test for information
concerning the interface and the selector

channels.

Figure 4-5 shows several buses

and the functions provided.

Direct Input fo A Register

Bit GS Bus GT Bus
P None None
O GR Full Select In
1 Chain Defect Service=in Not Service-Out
2 Not Used Poll Control or Halt [/O Stop
3 Interrupt Condition Channel Busy
4 CcD Address In
5 1=Chnl 1, 0=Chnl 2 Status In
6 Not Used SX1 Interrupt Latch
7 Chain Request Op-In
Input to GJ Assembler
Bit GE Bus Diagnostic Controls Bus Diagnostic Tags Bus T
P None None None
O PCI Count Ready, Mot Zero Input
1 Incorrect Length SLI Flag Suppress Out
2 Program Check Qutput SX1 ROS Request
3 Protection Check Count Ready, Zero Address Out
4 Channel Data Check Not Used Command Out
5 Channel Control Check CC Flag Service Out
6 Interface Control Check Read Backward Bus-Out Control
7 Not Used Skip Flag Operational Cut

® Figure 4-5,

Buses

buses are under microprogram control.
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GU _AND GV REGISTERS

° Both are nine-position registers.

° They maintain the data address.

These registers hold the address during
selector channel 1 operations. GU contains
the high-order address and GV the low
order. A count also enters these reg-
isters, momentarily, during the initial
loading of the CCW into the channel reg-
isters, and during selector- share cycles,
after it is decremented by the modifier.

The GU and GV register latches are set

selector share cycles (data transfer
between the selector channel and main
storage) the GU and GV register contents
enter the MN register to address main stor-
age. During the write portion of the
selector-share cycle, the contents of MN is
modified and set into the GU and GV reg-
isters.

from the output of the modifier. During

GW, GX REGISTERS

@ Two registers combined to serve as a back-up ROAR to store
contents of WX registers during a selector-channel ROS
request.

° Stores location of last microprogram word addressed.

° Used during CC chaining, CD chaining, or selector- channel

interrupts.

The GW and GX registers contain fifteen
latches (combined) and are used as tempora-
ry storage for the ROS address in the WX
registers. When the selector channel makes
a request for ROS control and breaks into
the CPU microprogram routine, the location
of the last microprogram word addressed is
put into the GWX registers. When the
selector-channel operation requiring ROS is
completed, the contents of GWX are returned
to the WX registers under microprogram
control (gate GWX to WX). The CPU program
now starts at the location (address) where
the interruption occurred.

A selector channel ROS regquest is ini-
tiated when:

1. The CC (command chaining) flag bit is
on and the end of present operation has
been reached with no errors or unusual
conditions.

2. The CD (data chaining) flag bit is on
and the count has gone to zerc for the
present Operation, and no errors have
been detected in the channel.

3. A selector-channel interrupt
occurs.

These are the only times when the GWX
registers are used as the back-up ROAR.



MODIFIER

° Modifies +1, -1, or 0.

° Count always modifies -1 during the read portion of a

selector-share cycle.

e Modification is always 0 on initial loading of the CCW

° The modifier output parity is determined independently from
the modifier data output providing a check on modifier oper-

ation.

° It may modify the data address +1 or -1 during the write
portion of a selector-share cycle (+1 for a read operation,

-1 for a read-backward operation).

Information sent through the modifier is
modified +1, -1, or 0. The modifier is
shared by both selector channels (see Fig-—
ure 4-1). It receives information from:

1. The GC and GD registers; selector chan-
nel 1 (count).

2. The HC and HD registers;
nel 2 (count)

selector chan-

3. The MN register; both selector channels
(data address).

4., The GR register; selector channel 1
(loading of the CCW).

5. The HR register; selector channel 2
(loading of the CCW.

During initial loading of the CCW into
selector-channel 1, the modifier accepts
information from the GR register and pro-
vides an unmodified output to the GU and GV
registers.

During selector-share read cycles, the
modifier receives the count and modifies it
by -1. This output then enters the GU and
GV registers.

During selector-share write cycles, the
modifier receives the data address from the
MN register and modifies it +1 or -1
according to the command the selector chan-
nel is executing. During the early part of
this cycle, the modified count is trans-
ferred from the GU and GV registers into
the GC and GD registers. Near the end of
this cycle, the modifier output (data
address) then enters the GU and GV reg-
isters.

The input to the low order of the modi-
fier is labelled the GHQ input. The high

order is the GHP input. The low-order
output is GHZ, and the high-order is GHY.

Note that the modifier output parity
bits are developed independent of the
results of the data modification. Similar-
ly, the high order carry-in is developed
independent of the results of the low order
modification. This provides a means of
checking the modifier and also reduces the
time required for results to propagate
through the modifier.

Exclusive OR's control the modifier
outputs (GHY and GHZ). A GHY or GHZ bit is
on when the exclusive-OR output is minus.
This occurs when the inputs are both of the
same level (both plus or both minus). See
Figure 4-6.

The carry-in line of the low-order modi-
fier circuit becomes plus whenever either
+1 or -1 modification is required. The
high-order carry-in line becomes plus when
there is a carry from the low order of the
modifier; the GHQ (low-order) input has all
8 bits on for a +1 modification and all
bits off for a -1 modification.

Each bit has an AND-OR-Inverter (AOI)
associated with it. This AOI may furnish a
carry to the next succeeding position. A
carry is indicated by a minus from the
AOI's for the odd bits, and by a plus from
the A0I's for the even bits.

An exclusive-OR's output will be minus
when its input is either:

1. GHQ = 1 and no carry entry.

2. GHQ = 0 and a carry entry.
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Figure 4-6. +0, +1 Modification



Circuit Objectives

Assume a read command and a selector-read
cycle with a count of seven in the GC - GD
registers.

1. Turn on -1 modification GHPQ
Selector Read Cycle

2. Activate reverse GHQ Parity
Mod-1
GHQ 7-bit

3. Generate GHZ Parity
Reverse GHQ Parity
Not GHQ P-bit

4. Generate GHQ carry-in.
Mod-1

5. Decondition GHZ 7-bit.

Carry-In
GHQ 7-bit

CLOCK (SELECTOR CHANNEL)

6. Condition GHZ 6-bit.
No carry from bit 7 (GHQ 7-bit
with-1 mod prevents a carry)
GHQ 6-bit

7. Condition GHZ 5-bit.
No carry from bit 6
GHQ 5 bit

8. GHZ bits 4, 3, 2, 1,
conditioned.
No Carry

No GHO 4, 3, 2, 1,

and 0 are not

or 0 bits

9. GHY bits 0 through 7 are not condi-
tioned
No GHQ carry-out

No GHP bits 0 through 7

® Four latches advanced in sequence by a 2 megacycle oscilla-
tor (M2) or a 2.667 megacycle oscillator (M2-I).

° Latch outputs provide basic clock pulses P1, P2, P3,

and P4.

) Basic pulses ANDed to furnish selector timings T1, T2, T3,

and T4.

° Clock runs only during selector read/write cycles.

The clock used to develop timing pulses

for selector channel operation is a four-
stage latch ring (Figure 4-7.). A 2
megacycle oscillator (M2) or a 2.667 mega-—
cycle oscillator (M2-I) supplies the input
pulses to the ring. This is the same
oscillator that drives the CPU clock. The
clock latch outputs are four 500 nanosecond
{(M2), or 375 nanosecond (M2-I), basic puls-
es designated selector P1, P2, P3, and PL.
These four pulses are then ANDed together
to provide the four 250 nanosecond (M2) or
187.5 nanosecond (M2-I) timing pulses
designated selector T1, T2, T3, and Ti.
These T-pulses are used to time all selec-
tor channel read/write operations.

The four latches comprising the clock
ring are coupled so that clock-1l on, gates
on clock-2 and gates off clock-4 (see Fig-
ure 4-7). Clock-2 on, gates on clock 3 and
gates off clock 1. When clock-4 comes on,
it gates clock-1 con and clock-3 off. Each
latch, in conjunction with the oscillator
pulses, turns on and off in sequence. This
seguence is repeated until the clock is
stopped.

The timing relationship between the
clock P-pulses and the selector T-pulses is
shown in Figure 4-8. ©Note that an overlap
of the P-pulses is necessary to satisfy the
AND conditions which develop the T-pulses
(Figure 4-7).

The selector clock runs only during
selector read/write cycles. At this time
the CPU clock is stopped long encugh to
complete the information transfers to or
from the selector channels. At the comple-
tion of selector read/write cycles, the CPU
clock is restarted.

The selector clock is started normally
by an SXl-or SX2- share-reguest (Figure
4-9). The share request, (not) allow-
write, and T3 pulse turn on the selector
share-cycle latch. With this latch on, the
selector-share-hold latch is turned on
stopping the CPU clock and starting the
selector clock. The selector clock runs
for two cycles (read and write) and stops
if there are no other share-requests. The
selector clock continues to run if another
share-request is received before the end of
T3 time of the selector write cycle.
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Selector Share Hold Latch
(Not) Sel P3 Latch

Sel P4 Latch

(Not) Delayed Osc

Sel P1
T A Sel T1

Sel P4

Machine Reset

(Not) Delayed Osc

Delayed Osc
(Not) Sel P4 Latch

Sel P2

T A Sel T2
Sel P1

Machine Reset

Osc

(Not) Sel P1 Latch
(Not) Delayed Osc

Clock 3

i ? Sel P3 W

A Sel T3

Sel P2
Machine Resef

(Not) Delayed Osc

Delayed Osc A
(Not) Sel P2 Latch

Clock 4

Sel P4
Machine Reset

A Sel T4

Sel P3

Osc
Sel P1 Latch

Figure 4-7. Selector Clock
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Figure 4-8. Selector Clock Timings
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8 | SX1 R/W Control Latch

9 | SX1 Write Cycle Latch

Figure 4-9. Selector Clock Start and Stop Seguence
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THECRY OF OPERATION

START I/O; COMMANDS TO CONTROL UNITS.

° A selector channel start I/O0 instruction has five phases:

1. Read and load the channel address word (CAW).

2. Selects a channel.

3. Loads the CCW into channel registers and selects an I/0

control unit and device.
4. Executes the CCW command.

5. End the operation.

During I-cycles of a start I/0 instruction,
the control unit and device address enter
the V-register. The channel address enters
the U-register. Because this is a
description of selector channel 1 start I/O
operation, the contents of the U-register
is 00000001.

A selector channel start I/0 instruction
is initialized under microprogram control.
When the 2030 recognizes an instruction as
a start I/0 instruction during I-cycles, it
branches the microprogram to the I/0 rou-
tine. This routine reads out the CAW and
then branches to the selector channel
microprogram routine, which reads the CCW
out of core storage and loads it into sel-
ector channel registers. This microprogram
routine also controls the initial selection

READ AND LOAD CHANNEL ADDRESS WORD (CAW)

° The same microprogram routine reads out
plexor and selector channel operations.

° Check for monitor state.
® Check validity of CCW address.

° Place CCW address in IJ register.

sequence of a control unit and device.
After completing the initial selection
sequence, the microprogram returns to I-
cycles of the next instruction, while the
selector channel, the selected control
unit, and device execute the CCW command
overlapped with CPU processing. Whenever
the control unit requires service from the
channel, it raises service-in. The channel
stops the CPU clock, honors the request for
service using its own clock and registers,
and restarts the CPU clock.

When the channel has transferred a
complete record between the IBM 2030 and an
I/0 device, the control unit presents end-
ing status to the channel. This generates
an I/0 interrupt unless the CCW specifies
command chaining.

the caWw for multi-

° Store CAW memory protect key in GK register.

The CAW is one word located in main
storage at location 72(48Hex). It reads
ocout of storage under microprogram control.
This microprogram is common to multiplexor
channel operations and selector-channel
operations. Besides reading out the CAW,
this routine also tests the current PSW to
be sure the 2030 is in monitor state. This
is necessary because a start I/O instruc-
tion is privileged and must be issued only
in monitor state.
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The microprogram routine reads out the
current PSW monitor bit from local storage.
If the 2030 is not in monitor state, the
microprogram branches to an error routine.

The microprogram now stores the contents
of the instruction counter (IJ register) in
local storage and places the address of CAW
byte 4 (4B Hex) in the T-register. When a
start I/0 instruction is being executed,
the instruction counter has previously been



stored by the Execute instruction. When
memory is addressed from the T-register,
the low order of the CCW address reads out
of storage and into the J-register and is
checked to see that the CCW is on a double
word boundary (3 low-order bits are 0).
The T-register decrements by one each cycle
and reads out the remainder of the CAW.
Byte 3 enters the I-register. In the IBM
2030, byte 2 is checked for all bits zero
because storage size does not permit

CHANNEL SELECTION

° Test for valid channel address.
e Turn on selector channel 1 gate.
° Turn on poll control.

° Store unit address in local storage.

° Store next CCW address in local storage.

e Set protect-key in GK register.

This phase of the selector-channel
microprogram determines which selector-
channel registers to load by examining the
channel address in the three low order bits
of the U-register. If this address is not
valid for the IBM 2030, the microprogram
sets the current PSW condition code to
three and returns to I-cycles. If the
channel address is valid, the microprogram
turns on a selector-channel gate. This is
2 description of selector-channel 1 start
I/0 operation; therefore,
selector-channel-1 (SX1) gate is turned on
by the statement GB=K1,0. With SX1 gate
on, any subsequent micro-words affecting
selector channels will be directed to
selector chamnel 1. This allows selector
channel 1 registers (G prefix) to be loaded
by the microprogram.

The microprogram now tests the GT lines
to determine if the addressed channel is
busy. If it is busy, the microprogram sets
the current PSW condition code to two and
returns to I-cycles.

Assuming the channel address is wvalid
and the addressed channel is not busy, the
microprogram attempts to capture polling,
that is, not to honor any request-in sig-
nals. If polling is not captured within
768 microseconds (M2) or 576 microseconds
(M2-I), a time-out error occurs. Poll
control cannot be turned on if there is a
select-out or an operational-in. After

addresses greater than two bytes. The four
low order bits of byte 1 (memory protect
byte) are checked for zero bits.

When the CAW read out is complete, the
microprogram reads out the command byte of
the CCW and branches to either the
selector-channel fetch-CCW microprogram
routine or the multiplexor-channel fetch-
CCW microprogram routine.

setting on poll control, the microprogram
stores the V-register (unit address) in
local storage for later use in a command
chaining and setting the interrupt code of
I/0 PSW. When selector-channel 1 is the
addressed channel, this local storage posi-
tion is addressed by the statement K3CPU.
It is K21CPU for selector channel 2.

The microprogram also stores the address
of the next CCW in local storage for later
use in command or data chaining and CSW
store. The statements for storing this
address in selector-channel 1 local storage
is K6CPU and K7CPU. They are K22CPU and
K23CPU for selector-channel 2.

If a 2030 has the memory-protect feature
the storage protection key of the CAW is
stored in the GK register. When any CCW in
the start I/0 chain is an input CCW, the
storage protection key (GK) is compared
with the storage key that is read out with
each data storage cycle. If they are not
equal and the memory protect key is not
zero, the location in storage is not
changed, and a protection-check is indicat-
ed in the subsequent I/0 interrupt.

NOTE: The microprogram documents specify
locations K5, K6, and K7. If SX2
gate is on, the controls automat-—
ically address locations K21, K22,

and K23.
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INITIAL SELECTION AND CCW LOAD

° Check for a valid TIC on a TIC command (if the first CCW is

a TIC, a program check occurs).
® Check for a valid command (not zero).

° Check for a valid count (not zero).

® Load the CCW count into the GCD registers.

° Check for a valid flag byte (three low order bits zero).

® Place the flag byte intoc the GF register.

° Select the I/0 control unit and device.
® Place the command into the GG register.

e Send command-out.

® Load the data address into the GUV registers.

This phase of the microprogram routine
performs two major functions:

1. It loads the CCW information into the
channel registers.

2. It selects an I/0 control unit and
device.

The CCW reads out of main storage into
the GR register. The flag byte reads into
the GR register and then into the GF reg-
ister. The count reads out, enters the GR
register and then the GUV registers momen-—
tarily. The microprogram now reads out the
unit address from local storage and places
it into the GR register. The count in the
GUV registers enters the GCD registers. At
P1 time of the next cycle, bus-ocut control
is raised gating the contents of the GR
register to the bus-out interface lines.
During this same cycle, the unit address is
placed into the R-register for comparing
with the address from the device. At T2
time of this cycle, the address-out latch
is turned on. This sets the GO register
latches with the contents of the GR reg-
ister. At T2 time of the next microword,
the select-out latch is turned on, raising
the hold-out tag line.

While doing this, the microprogram tests
the count to insure that it is not zero,
even on operations that do not require a
data transfer. It also checks the validity
of the CCW address (high order byte must be
00) and tests the flag byte to insure that
this three low order bits are zero. If
either the command is invalid, the count is
not zero, the data-address is invalid, or
the three low order bits of the flag byte
are not zero, the microprogram branches to
an error routine (set program check).
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When the control unit raises
operational-in, the address-out latch
resets, dropping address-out. The control
unit- waits for address-out to fall at its
input, raises address—in, and places its
address and the address of the selected
device on bus-in. When the channel
receives address-in, the microprogram plac-
es the bus-in information into the GR-
register. The microprogram then compares
the R-register contents to the GR-register
contents. If they do not match, an
incorrect control unit or device has been
selected and a mismatch error occurs
(interface-check latch is turned on
GB=K15).

If there were no errors, the CCW command
byte now reads out of storage into the GR
register and is gated to bus-out. Also at
this time, the low order four bits of the
cocmmand byte are placed into the GG
register. The microprogram then turns on
the GA register command-out latch, raising
command-out. When the control unit resets
address—in,; the channel command-out latch
is reset. While this is taking place, the
microprogram places the data address into
the GUV registers and tests for status—-in
from the control unit.

Next, the microprogram tests for zero
status and turns on the service-out latch;
raising service-out. If the status is
zero, the microprogram sets the count-
ready-not-zero latch and the current PSW
condition code to zero, and returns to
I-cycles of the problem program while the
selector channel executes the CCW command.



SELECTOR SHARE CYCLE

° Stops the CPU clock and takes cone storage cycle.

® Controlled only by selector—-channel clock and registers; it
does not inveolve any microprogram routines.

° Does not disturb the contents of any CPU registers.

A selector-share cycle is 2 microseconds
(M2) or 1.5 microseconds (M2-I) long. It
consists of a 1.0 microsecond (M2) or a .75
microsecond (M2-I) read cycle and write
cycle. A selector- share cycle is
performed under control of the selector
channel clock and registers with no micro-
programming involved.

Input Selector—-Share Cycle

° Read, Read Backward and Sense commands.

° Contreol unit places information on bus-in

service-in.

For input, a selector share cycle is
initiated by the rise of service-in, which
signals the arrival of a byte of data. For
output, a byte of data is pre-fetched from
storage and placed into the GR register
providing the count is ready and not zero,
and the GR register is free to accept the
data.

and raises

s The information enters the GR-register if the GR-register is

not in use.

° After the information has entered the GR register, the sel-

ector channel raises service-out.

e The seleztor channel stops the CPU clock and starts the
selector clock at the end of the current microword or, if a
storage cycle is in process, at the end of that read/write

or read/compute/write cycle.

e Selector channel stores the input information, and updates

the count and data address.

] Selector channel stops selector clock and starts CPU clock.

Figure 4-10 shows the timing seguence of
an input selector-share cycle. To follow
this timing chart, assume that the GR-full
latch is off when service-in rises. This
indicates that the information on bus-in
may enter the GR register immediately.

The rise of the service-in and not
service-out line activates the
S¥l-share-request line and the set bus-in
to GR pulse. After a delay of 123
nanoseconds, the GR-full latch turns on,
and service out is sent to the I/0 device
to indicate that a byte of data has been
accepted. The SXl-share-request line
ramains on until a selector-share-cycle is
initiated. It is an indication that the
channel will assume control of core storage
at the end of the present read/write or
read/compute/write seguence.

At T3 time of the CPU write or unmasked
cycle the selector-share-cycle latch turns
on providing positive indication that the
channel will assume control of core storage
at the end of the write cycle. At T4 time
of the same cycle, the selector-share-hold
latch turns on. This latch stops the CPU
clock at the end of T4 time and starts the
selector clock.

With the selector-share-cycle latch on,
the GUV registers (data-address) are gated
to the MN registers and at selector T1
time, this address is set into the MN reg-
isters. Also at selector T1 time, the
SXl-read-cycle latch turns on indicating a
selector read cycle,, and a selector read-
call is generated and sent to main storage.
The s5X1 read cycle gates the GCD registers
(count) to the GHP and GHQ buses (modifier
entry) .
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SIGNAL NAME

CPU R-Cycle CPU W=Cycle

Sel. R-Cycle Sel. W-Cycle

TH T2 Ter¥e | T [ w2 1e )14

Ti T2 13|14 [T1[T2]13] 14 |

1 | Service-In

2 | Gate Bus-In te GR

16
] 1

3 | Set Bus-In to GR

]
|
|
|

4 | SX1 Shaore Request . l | | j s
r____—__J__W | r———————i——w
5 | Allow Write Latch | | |
I | |
6 | GR Full Latch l | | ‘]8
— |
|
7 | Service Out ! I |
|
8 | Gate GUV Into MN 9I—|| 16 :
| —
9 | Share Cycle Latch i | | ]4

10 | Selector Share Hold Latch

-

11 | CPU Clock

12 | Selector Clock

13 | sX1 R-Cycle Latch

14 | GHP & GHQ = GCD (Count)

15 | GUV = GHY & GHZ

16 | SX1 R/W Control Latch

19 [ GHP & GHQ = MN

= F
17 | Count Ready and Not Zero Latch I |
.| 2
18 | SX1 W-Cycle Latch 16
i8

20 | GCD =GUV (Count)

21 | GUV = GHY & GHZ (Data Address)

22 | Count Ready and Zero

Figure 4-10.

Input Selector

Share Cycle




During the read cycle, the modifier
subtracts one from the count and places
this modified count on the GHY and GHZ
buses. At T4 time of the selector read
cycle this modified count is placed into
the GUV registers. At the same time, the
decremented count is tested for a zero
value. If it is zero, the
count-ready-and-not-zero latch is reset.

At T3 time of the read cycle, the SX1
read-write control latch turns on. The
purpose of this latch is to eliminate
timing conditions during the transition
from a selector read cycle to a selector
write cycle. The latch is reset at T3 time
of the write cycle.

The AND condition of SX1 read-write
control latch and Tl time provides the
reset for the SXl-read-cycle latch and the
set for the SXl-write-cycle latch. This
condition also sets the contents of the GUV
registers (modified count) into the GCD
registers.

The SX1l-write-cycle latch, when on,
gates the contents of MN (data-address) to
the GHP and GHQ buses. The modifier then
updates the data-address either +1 or -1
(-1 for a read-backward operation). At T4
time of the write cycle, the modified data-
address is set into the GUV registers. If
at this time the new count is zero, the
count-ready-zero latch is turned on.

If service-in rises before the end of T3
time of the write cycle, the selector-
share-hold latch remains on and the
selector channel proceeds with another
share cycle. If service-in does not rise
before the end of T3 time, the selector-
share-hold latch turns off at T4 time and
the CPU clock restarts at the end of
selector T4 time.

Circuit Objectives

1. Initiate a selector-share cycle.

a. A control unit raises service-in to
indicate a request for service.

b. Store bus-in information in GR reg-
ister.

(1) Generate the gate bus-in to GR
line. Input, count ready and not
zero, not poll control, and SX1 R/W
control.

(2) Generate the set bus-in to GR line

(a) Service-in not service-out del-
ayed

(b) Not Selector Channel 1 write
cycle

(c) GR-full latch off
(d) Input
(e) Count ready not zero.

(3) Place Bus-in information into GR
register.

(a) Bus-in information
(b) Gate bus-in to GR
(c) Set bus-in to GR
c. Raise service-out
(1) Generate service signal

(a) Set bus-in to GR delayed 125
nanoseconds.

(2) Turn on GR-full latch
{a) Input
{b) Service signal
(3) Turn on service-out latch
(a) Service signal
(b) (Not) set bus-in to GR

d. Generate selector channel 1 (SX 1)
share reguest

(1) Service-in not service-out, not
Halt-I/0, and count ready not zero
(This generates SX1 share-request
until GR-full comes on and service-
out is given).

(2) Input operation, GR full, and count
ready not zero (This holds SX1
share-request on after service out
is given).

(3) Output operation, GR not full,
count ready not zero. This holds
SX1 share-reg on after service out
is given).
2. Request a selector-share cycle

a. Stop CPU clock at the end of a write
or unmasked cycle and start the
selector-share cycle.

(1) Turn on selector-share-cycle latch
(2) SX1 share request
(b) Not selector channel 2 (SX2)

share reguest or not SX1 write
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cycle (this is part of the prior-
ity control. Assume the lines
are not active).

(c) Allow-write latch off (turned off
at CPU write T2 time).

(d) Selector-share count-3 latch off
or not Hé (part of priority

control)

(e) CPU T3, Sel T3, or not oscillator
pulse (in case CPU clock is off)

(2) Turn on selector-share-hold latch
(a) Selector-share-cycle latch on

(b) CPU T4, Sel T4, or oscillator
pulse (in case CPU clock is off).

(3) Turn off CPU clock

(a) Selector-share-cycle latch (on)
pulls down the clock-start line.

(b) CPU clock continues to the end of
CPU T4 time then stops

(4) Turn on selector channel clock

(a) Selector-share-hold latch and not
osc. pulse turns on Sel-Pl latch

3. Execute selector-share read cycle.
a. Turn on read-cycle latch
(1) SXl-share-cycle latch on
(2) Sel T1 Time

(3) S5Xl-read/write (R/W) control latch
off

b. Address core storage

(1) Generate gate GUV to MN
{(a) Selector-share-cycle latch on
(3) SXl-read/write
(b) SX¥1 R/W control latch off

(2) Generate Set GUV to MN
(a) Selector T1 time
(b) SX1 R/W control off

e Decrement Count

(1) Gate GC and GD registers to the GHP

and GHQ buses

(a) GC, GD register output

(b) Selector-1 read cycle latch on.

d. Generate selector read-call

(1) SX1 R/W control latch off

(2) SX2 R/W control latch off

(3) Sel T1 time
e. Generate selector auxiliary read cell

(1) SX1 R/W control latch off

(2) SX2 R/W control latch off

(3) Sel T2 time
f. Turn on SX1 R/W control latch

(1) SX1 read cycle latch on

(2) Sel T3 time

g. Place decremented count into GUV
registers

(1) GHY and GHZ buses (modifier output)
(2) Selector read cycle
(3) Sel T4 time

h. If Count is decremented to zero turn
off count ready and not zero latch

(1) SX1 read cycle
(2) GHYZ zero (count equals zero)
(3) Sel T4 time
i. Turn on channel control check latch
if modifier parity check or carry-out
check is detected during the selector
read cycle.
(1) SX1 modifier check
(a) Modifier parity even, or mismatch
between CHQ carry-out and GHZ
carry-out
(b) Sel read cycle
(c) Sel T4 time

(2) Turn on channel control latch if
even parity in M or N register

(a) MN register parity check

(b) T3 time of selector read cycle
j. If a channel control check was

detected, reset count ready and not

zero latch (This latch normally stays
on for the complete data transfer).



k. Status stop condition
(1) Channel control check
(2) Interface control check
(3) Channel data check
(4) Protection check
(5) Program check
4. Execute selector write cycle
a. Turn on SX1 write cycle latch
(1) sX1 R/W control latch on
(2) Sel T1 time
b. Place count into GCD registers
(1) Generate GC and GD sets
(a) Sel T1 time
(b) SX1 R/W control
(2) Place count into GCD registers
(a) GC and CD sets
(b) GUV outputs
c. Update data-address

(1) Gate MN register to the GHP and GHQ
buses

(a) MN register outputs
(b) SX1 write cycle
d. Generate selector write-call
(1) SX1 R/W contrel latch on
(2) Sel T1 time
e. Generate auxiliary write-call
(1) sX1 R/W control latch on

(2) Sel T2 time

£

g

h.

i.

J.

k)

Reset GR-full latch
(1) Input
(2) SX1 write cycle
(3) Sel T2 time
Turn on count ready and zerc latch
(1) Count ready and not zero latch off
(2) SX1 write cycle
(3) Sel T4 time
(4) Not status stop condition
Reset selector-share-cycle latch
(1) Not SX-1 share reguest
(2) Sel T3 time
(3) Allow write latch off
Reset selector-share-hold latch
(1) Sel T4 time
(2) selector 1 share cycle latch off
(3) Selector 2 share cycle latch off
Plage updated data-address in GUV
registers
(1) GHY and GHZ bus information
(modifier output)
(2) GU and GV sets
(a) sSX1 write cycle
(b) Sel T4 time
Stop selector clock and start CPU

clock
(1) Selector-share-hold latch off

(2) Clocks-start line up.
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Output Selector-Share Cvcle

e Write and control commands.

° A share-request is initiated by the GR-full latch off;
information in the GR-register has been transmitted to an

I/0 control unit.

e Selector channel initiates a selector- snare cycle upon com-

pletion of initial selection.

° When service-in rises:

1. The bus-out control latch turns on to gate the GO-

register to bus-out.

2. Service-out rises

(after a delay of 125 ns).

3. Service-out latches up the GO register and frees GR for

another byte of data.
4. GR-full latch turns off.

® When the GR-full latch is off:

1. A selector share-request is generated and the CPU clock

stops.
R/W or R/C/W sequence is complete.

2. Data address enters the MN register,

call is sent to memory.

3. Data from memory enters GR register,

The selector clock starts when the present CPU

and selector read

and if service-out

is reset, the data feeds from GR into the GO register.

4. Modifier updates the count and data address.

5. The selector clock stops and CPU clock starts.

° Figure 4-11 shows output selector-share cycle timing.

For output operations, the selector

channel attempts to have a byte waiting in
the GR and GO registers (same byte in both
registers) before a control unit raises
service-in calling for that byte. Because
of this requirement to look ahead, the
selector channel initiates a selector-share
cycle immediately following the initial
selection of a control unit.

When the selected control unit raises
service-in, requesting a byte of
information, the channel turns on the bus-

out control latch which gates the GO-
register information to bus-out. After a
delay of 125 nanoseconds, the channel
resets the GR-full latch and raises
service-out. This identifies the informa-
tion on bus-out as data (either record data
or control data). Service-out also allows
the GO-register latches to latch, holding
the data on bus—-out until service-out
falls. This allows the channel to reset
the GR-register and load it with new data
while maintaining data on bus-out.
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When the GR-full latch is coff, and the
count ready and not zero latch is on, it
initiates a selector-share request. A
selector share-request may also be initiat-
ed by service-in not service-out, count
ready and not zero, and not halt I/0. The
GR—-full latch turns off at the same time
the channel raises service-out. If the
GR—-full latch turns off before the end cof
T3 time of either a CPU write cycle, an
unmasked cycle, or a selector-share write
cycle, the selector-share cycle begins at
the end of T4 time.

A selector-share cycle consists of a one
microsecond read cycle (R-cycle) and a one
microsecond write cycle (W-cycle). For
M2-I, the read and write cycles are .75
microseconds long.

During the R-cycle, the data address
enters the MN register, addressing core
storage. The information in the core-
storage position addressed enters the GR-
register (does not become stable until
W-cycle). Alsoc during the R-cycle, the
count enters the modifier, is decremented
by one, and enters the data-address
registers (GUV).

During the W-cycle, the count enters the
count registers (GCD) from the data-address
registers while the data address enters the
modifier from the MN register. The data
address is modified by plus one. Also,
during a selector-share W-cycle, the GR
information regenerates the addressed core-—
storage position. At the end of the W-
cycle the updated data—address enters the
data—address registers (GUV) from the
modifier. The 2030 returns to CPU cycles
at the end of a selector-write cycle unless
either selector-channel 1 or 2 has a
request for service by the end of selector
write cycle T3 time.

Circuit_ Objectives

1. Load GR-register with the first output
byte.

a. Stop CPU clock and start selector
clock

(1) Generate SX1 share-request
(a) Output operation
(b) GR-full latch off
(c) Count-ready—-not zero latch on
(turned on by GB=K8,1 of start

I/0 microprogram routine).

(2) Turn on selector-1 share-cycle
latch

(a) Allow write latch off (turns off
at T2 time of a write cycle).

(b) Not SX2 share-regquest, or not SX1
write cycle

(c) CPU T3 time
(d) sX1 share-request.

(3) Turn on selector-share-hold latch
(a) Selector 1 share-cycle latch on
(b) CPU T4 time.

(4) Stop CPU Clock
(a) Selector-share-cycle latch on

prevents the CPU clock from
starting another cycle.

(5) Start Selector Clock
(a) Selector-share-hold latch on.
(b) Oscillator pulse.

b. Place data—address in MN-register.

(1) Generate Gate—-GUV-to-MN Register
{(a) Selector 1 share cycle latch on
(b) SX1 R/W control latch off

(2) Generate MN register set pulse
(a) Sel T1 time
(b) SX-1 R/W control latch off

c. Execute selector share read cycle.

(1) Turn on SX-1 R-cycle latch

(a) SX-1 share cycle latch on.
(b} SX-1 R/W control latch off.
(c) Selector T1 time.

(2) Modify count by minus one.
(a) Generate - 1 MOD GHPQ

SX1 read cycle

(b) Place count (GCD register) on GHP
and GHQ buses (modifier input).

GCD register output
SX-1 R—-cycle latch on
(3) Turn on SX-1 R/W control latch

(a) SX-1 R-cycle latch on



(b) Selector T3 time.
(4) Place storage data in GR register
(a) Generate gate detectors to GR
line.
Qutput operation

S¥X-1 R/W control latch on

(b) Place storage data in GR reg-
ister.

Storage data out
Gate detectors to GR
(Memory) data ready
(53} Place count in GUV-registers.
(a) Generate set—-GV and set-GU lines
Selector T4 time
SX1 read cycle
d. Execute selector share write cycle.
(1) Turn on SX¥-1 W-cycle latch.
(a) SX-1 R/W control latch on
(b) Selector Tl time
(2) Turn off SX-1 R-cycle latch
(a) Selector T1 time
(b) S¥X-1 R/W control latch on

(3) Place count (GUV registers) in GCD
registers.

(a) Generate GC and GD set lines.
SX-1 R/W control latch on
Selector T1 time

{b) Place GUV-register in GCD reg-
ister

GUV-register output
GC and GD set lines

(4) Modify data address plus one
(assume a wyrite CCW).

(a) Generate + 1 Mod GHPQ line
5X1 write cycle

Not SX1 read backward

(b) Place MN register on GHP and GHQ
buses (modifier input buses).

MN register outputs
SX1 write cycle
(5) Regenerate core storage.
(a) Turn on store-GR latch
5X1 R/W control
Sel T1 time

(6} Place modifier output in GUV-
register.

(a) GHY and GHZ buses (modifier
output)

(b) Selector T4 time
(c) SX-1 write cycle

(7) Turn off R/W control latch
{a) SX-1 W-cycle latch on
(b) Selector T3 time

(8) Turn off W/cycle latch.
(a) SX-1 R/W control latch off
(b) Not selector P3 time

e. Stop selector clock and start CPU
clock

(1) Reset selector-share-hold latch
(a) Selector T4 time
(b) Selector 1 share-cycle latch off
(turned off at selector W-cycle
T3 time.
(c) Selector 2 share-cycle latch off
(2) Selector clock stops and CPU clock
starts at the end of selector w-
cycle T4 time.
2. Honor a request for service.
a. Service-in rises.
b. Generate SX1 share request
(1) Service—-in not service-out
(2) Count-ready-not-zero latch on
(3) Not halt I/0 instruction
c. Place GO-register contents on bus-

out.
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(1) Turn on bus-out control latch
(a) Halt I/0 stop latch off
(b) Output operation
(e¢) GR-full latch on
(d) Service-in not service out
(e) Not SX1 status stop condition
(2) Place GO-register on bus-—out.
(a) GO-register output
(b) Bus—out control latch on
d. Raise Service out.

(1) Generate service signal

(a) Bus-out control latch delayed 125
nanoseconds

(2) Turn on service-out latch

Channel Share Priority

(a) Not Set bus-in to GR

(b) Service signal
(3) Turn off GR-full latch

(a) Output operation

(b) Service signal
(4) Hold SX1 share reguest line.

(a) GR-full latch off

(b) Output operation

(c) Count-ready-not zero latch on
(5) Set GO-register latches

(a) Service-oOut

Note: The GR-register contents may

now be changed with no effect on
bus-out.

e Determines which channel can originate a share cycle.

° With all channels requesting service, priority circuits

allow:
Selector channel 1, 50% of the time.

Selector channel 2, 25% of the time.

The multiplexor channel 25% of the time.

The priority assignment of the channels
is fixed by circuit design and can not be
changed. Selector-channel 1 has the
highest priority followed by selector-
channel 2, then the multiplexor channel.

With all channels requesting service,
selector-channel 1 assumes control and
turns on the SX1 share-cycle cycle latch
(Figure 4-12). Selector-channel 1 is
prevented from taking two share cycles if
the SX2 share-request line is active.

The counting circuit in Figure 4-12
determines multiplexor channel priority.

With all channels requesting service, three
selector-channel cycles may be taken before
the multiplexor channel obtains priority
for a R/W, a R/C/W, or an unmasked micro-
program cycle.

The priority circuits are effective only
when more than one channel requests ser-
vice. 1In all instances where only one
channel requests a storage cycle, it has
priority over the CPU and the request is
honored at the end of the CPU write or
unmasked cycle.



Not $X2 Share Request

S$X1 Share Request

Not MPX Priority

Not SX1 Write Cycle

Sel T3

CPU T3

Clocks Off

OR

Not Sel Conv. Osc.

Not Allow Write

SX1 Write Cycle

S$X2 Write Cycle

Sel T4

OR

PH Sel. Priority

Selector Channel Priority

FL

L
e L) — FL

Sel T3

Sel T2

CPU TI

Machine Reset

Multiplex Share Request Hold

CR

Multiplex Share Request

OR

MPX Priority*

Figure 4-12. Priority

Multiplex Channel Priority

*Prevent Set of SX1 or SX2
Share Cycle Latch

Section 4 4-31




CCW ENDING PROCEDURE

e The ending procedure is initiated by ending status presented

by a control unit.

° Ending status may initiate a reguast for a new CCW or a

request for an interrupt

A control unit may present ending status to
the channel:

1. during initial selection.

2. when the number of bytes specified by
the CCW count have been transferred or
when the device cannot send or accept
more data (channel-end status).

3. when an I/0 device has completed the
execution of a CCW, and is ready to
accept a new command (device-end
status).

During initial selection, a control unit
may present channel-end and device-end
status to the channel to indicate a command
that requires no data transfer.

A control unit presents channel-end
status to the channel when the number of
bytes specified by the CCW count have been
transferred, or when it cannot send or
accept any more data. A control unit may
also present device-end status at this
time. This is the case when the I/0 device
is in a position to accept a new command.
Tape units and file-control units are good
examples of I/0 devices that keep pace with
the data transferred on the interface.

A control unit may present device-end
status to the channel when a selected
device completes the execution of a CCW at
some time after the control unit has pre-
sented channel-end status to the channel.
For example, a buffered device in an output
operation presents channel-end status when
the data transfer is complete, operates on
the data in the buffer, and presents
device-end to the channel when the CCW
execution is complete.

(a new CCW if command chaining).

The channels respond to status-in in
different ways, depending on whether the
command-chaining bit of the CCW is on or
off. If the CCW specifies command chain-
ing, the channel initiates a request for
the ROS chaining microprogram routine.
This routine loads the next CCW into the
channel registers and goes through an ini-
tial selection sequence after which the
interrupted microprogram is restarted at
the point where 1t was discontinued.

When the channel receives ending status,
and the CCW does not specify command chain-
ing, the channel activates
interrupt-ROS-request. This causes a trap
to a selector channel microprogram which
turns on the S¥X-1 interrupt latch in the
channel. It accepts the device status if
the channel-busy latch is on, or stacks the
status back to the control unit if the
channel busy latch is off. Now, if the
current PSW has the I/0 interrupt mask-bit
for this channel set to one, the channel
calls for an I/0 interrupt. When the CPU
honors this requests for an interrupt, it
stores the current PSW (presently in local
storage in the 0l1d-I/0-PSW location, loads
the Channel Status Word (CSW) with the
required information, and loads the PSW
from the I/O-new-PSW location into the
current PSW location in local storage.

When the channel receives ending status,
and the CCW specifies command chaining, the
channel proceeds with the chaining only if
no errors have been detected to this point
in the operation. If any check latches are
on, the channel generates
interrupt-ROS-request as described earlier.

Refer to CCW Flag Operations for a
description of command chaining.




I/0 INTERRUPT

e The selector channel initiates an interrupt when it receives
ending status, and command chaining is not specified by the

CCH.

° To initiate an interrupt, the selector channel must first
turn on its interrupt latch under microprogram control. It

breaks into (traps) the microprogram to do this.

(A micro-

program address is forced by hardware into the WX registers)

e At the end of the current PSW E-phase, the CPU honors the

selector-channel interrupt.

° The I/0 interrupt microprogram routine:

1. Stores the current PSW in the I/0 old PSW location.

2. Generates the channel status word (CSW).

3. Loads the I/0 new PSW into the currzsnt PSW locations in

local storage

@ The CPU executes the I/0 interrupt program under control of

the I/0 new PSW.

The selector channel initiates an I/0
interrupt when it receives ending status
from a control unit, and the GF-register
CC-latch is off (not command chaining).

An I/0 interrupt is a discontinuance of
the program {(instruction segquence) con-
trolled by the current PSW, and the execu-
tion of a new program seguence, which is
under control of a new PSW. In this case,
the new PSW is the I/0 new PSW located at
main storage position 120 (78 Hex). The
CPU cannot honor an interrupt request until
it has completed the execution of the cur-
rent instruction (G-register). Also, the
current PSW system mask bit that corres-
pends to the channel requesting the inter-
rupt, must be on.

To initiate an interrupt, the selector
channel must turn on its interrupt latch.
It does this under microprogram control.
Therefore, it must obtain ROS control and
break into (trap) the current microprogram.
A break in the microprogram can occur at
the end of any CPU cycle if no write cycles
are pending {(the allow-write latch off).

When the selector-channel interrupt trap
microprogram routine is complete (remember

this routine only turns on the selector
channel interrupt latch and accepts or
stacks the device status), the microprogram
restarts at the point it was discontinued
by the selector channels request for ROS
control. (The contents of GW GX is gated
to the WX registers)

When the CPU has completed the execute
phase of the current instruction
(G-register), it honors the selector-
channel interrupt provided the system mask
bit for the channel is on. It does this by
storing the current PSW (located in local
storage in the I/0 old PSW location (main
storage position 56 or 38 Hex), loading the
channel status word (CSW, main storage
location 64 or 40 Hex) with the required
information, and loading the I/0 new PSW
into local storage as the current PSW.
After this is accomplished, the CPU returns
to I-cycles and starts the execution of the
program controlled by the current PSW,
which is in this case the I/0 new PSW. At
some later time, the program must load the
I/0 o0ld PSW into local storage as the
current PSW, to return to the original
program. Figure 4-13 shows the general
concept of an I/0 interrupt.
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Selector Channel Requests. Interrupt Rom Control Program Tests for Interrupt

Last -
Current Program | ! ‘ B | E | E % E i E I E E-Cycle.g y ] B I E | : ] E‘]
A A
Current PSW: AA
1/0O New PSW. BB
1/0 Old PSW cc
L Selector Channel
Interrupt Trap (H5)
' Turn-On-Selector
Channel'lnterrupt Latch
. |Store Current PSW in 5| Generate - Load 1/O New PSW > ED,:;::::feodpsby | Load Current PSW
1/0 Old PSW CSW Into Current PSW /O New PSW from [/O Old PSW
Current PSW AAA BBE AAA
1/O New PSW BBB BEB BBB
1/0 Old PSW AAA AAA AAA

Figure 4-13. 1I/0 Interrupt Concept



Selector Channel Interrupt ROS Reguest

s The selector channel requests ROS control when it receives
ending-status and the CCW does not specify commznd chaining.

° The CPU allows the selector channel to take ROS control
following a cycle which has no write cycles pending and when
there are no higher priority requests for ROS control.

e The selector channel stores the ROAR in its back-up ROAR
(GWX-register) before it assumes ROS control.

e The selector channel stores the X6 and X7 branch conditions

in its X6 and X7 buffer latches.

To initiate an I/0 interrupt, the
selector channel must first turn on the
selector-channel-interrupt latch. This is
accomplished by the
selector-channel-interrupt microprogram
routine {(interrupt trap).

When the channel receives ending status
from a control unit, and the GF-register CC
latch is off, it generates a request for
ROS control. This reguest turns on the
selector channel stacking latch at T3 time
if the allow-write latch is off and there
are no higher priority reguests for ROS
control.

When the selector channel stacking latch
turns on, it:

1. Stores the read-only address register
(ROAR) contents in the selector channel
back-up ROAR (GWX-register).

2. Conditions the X-register to set to the
address of the first ROS word of the
selector-channel-interrupt microprogram
routine.

3. Stores the X6 and X7 branch conditions
in their respective selector—-channel
buffer latches on the next CPU cycle.

4. Prevents the set of the control
register on the next cycle (dead
cycle).

Figure 4-14 shows the timing sequence of
the transition period from the current
microprogram routine to the selector chan-
nel microprogram routine. Notice that the
ROS address of the last microprogram word
addressed, not the next microprogram word
address, is stored in GWX. Normally, a ROS
word is executed (control register set) one
CPU cycle after it is addressed. When the
first selector-channel-interrupt micropro-
gram word is addressed, the control reg-
ister is prevented from setting by the
any-priority pulse. This creates an inac-
tive cycle as far as the execution of a
microprogram word. The WX-register is
conditioned to set to the address of the
first ROS word of the selector channel
interrupt microprogram routine. The W-
register is allowed to reset to zero at its
normal set time (T1l) and the W-register
parity latch is turned on by the any-
priority-pulse. The X-register four bit is
conditi ned to turn on.

The Xt and X7 branch conditions are
stored in buffer latches because the branch
conditions of the last major microprogram
word may be dynamic conditions, such as the
Z-bus-zero. These conditions would not be
present when this microprogram is executed
which is upon the resumption of the major
microprogram. Therefore, the Xé and X7
branch conditions are stored in the
selector channel X6 and X7 buffer latches
and are gated to the X-bus when the major
microprogram is resumed.
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Major ROM Dead Cycle Sel. ROM Sel. ROM
NO., SIGNAL NAME
T T2 T3 T4 T1 T2 T3 T4 TT T2 T3 T4 T1T T2 13 T4
| |
1 Status In { | | |
| | |
2 Status In Delay IJ [ | | O
‘ | {
3 Device Interrupt Condition | | |
| | |
4 SX1 Interrupt ROS Request 2,3 1 | | |
[ | |
5 Allow Write Latch \ t ‘
: L | l
6 Selector ROS Request l | | |
| | |
¥ Selector Stack Latch 6| | | |
B | |
8 Selector Chain Pulse | | I | |
| | ‘
9 Any Priority Pulse 8| | _l ‘ l
— | |
10 Force 4 on X Register Bus | } ‘ | \
| I L
11 Set Backup ROAR 8 | |
| | |
12 Set X Register | l
1 | l
13 | CROS Go Pulse \ | \
| | |
14 Backup Set X6 and X7 8] | |
| - | \
18 Normal Entry 7 | ¢ | {
I [ I
16 | SX1 Gate \ | 72
[ | |
17 | H5 Latch \ | i 2
| | |
18 Priority Latch | 21| { | I
| | |
19 | SAL's Good T [ 7 [ |
! \
20 | Control Register Good I W
' - \
21 Any Priority Laich ¢ | l ? |
I \ |
22 Selector 1 Trap 4,8 | 1 |

Figure 4-14.
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Circuit Objectives

1. Control unit presents ending status

a. Status—-in
b. Bus=in bit 4 (channel-end)
€. Bus-in bit 5 (device-end)

2. Turn off count ready and not zero
latch.

a. Status-in, not service-out delayed
375 ns

(1) Not poll control
(2) Not set count ready
(3) Not share-request
(4) Not R/W control
3. Generate selector channel ROS reguest
a. Generate device-interrupt-condition
(1) Status-in
(2) Channel-end
(3) Not CC
b. Generate interrupt condition
(1) Status-in
(2) Device-interrupt conditicn
C. Generate SX1 interrupt ROS regquest

(1) Status-in, not service-out delayed
375 nanoseconds

(2) SX1 interrupt latch off.
(3) Interrupt condition.
(4) Halt I/0 stop latch off.
(3) Hé6 off (MPX CHANNEL NOT WORKING)
d. Generate selector-ROS-regquest
SX1 interrupt ROS reguest.
4. Assume ROS Control
a. Turn on selector-chain-regquest latch
(1) Selector ROS request
(2) Not H-register-5 bit

(3) Not suppress A reg. check latch

(4) Not allow write latch

(5) T3 pulse
b. Generate selector chain pulse (KM081)
(1) H-register-5 latch off
(2) Selector chain request latch on
(3) Priority latch off
(4) No higher priority latches on
€. Generate any-priority pulse
(1) Selector-chain pulse
d. Place address of first
selector-channel-interrupt microword
on ¥X-bus and W-bus (ROS address 008).
(1) Condition X-bus U4 line
(a) Selector-chain pulse
(b) Any-priority pulse
(2) Condition W-bus parity bit line
(a) Any-priority-pulse
(b) Not gate-switches—-to-WX latch
(c) Not 1401 mede
e. Place ROAR into Back-up ROAR

(1) Set X-register contents into GX
register

(a) X-register output
(b) Selector-chain pulse
{c) T4 pulse

(2) Set W-register contents into GW
register

{(a) W-register output
(b) Selector-chain pulse
(c) T4 pulse

f. W-and-X-buses set into the WX
register at Tl time. This addresses
the first selector-channel-interrupt
ROS word which is an instruction to
turn on the H-register-5 latch.

g. Turn on the any-priority latch

(1) Any-priority pulse

(2) T1 time

Section 4 4-37




h. Turn on selector-channel 1 trap latch

(1) Selector-chain pulse

(2) SX1 interrupt ROS request

(3) Not CC ROS request.

() CPU T2 time

Note: This latch will stay in its pre-
sent state until the next selector
channel ROS request.

i. Set selector channel X6 and X7 buffer

latches
(1) X6 data
(2) X7 data

(3) Selector-chain pulse

(4) T1 time

j. Turn on priority latch

Selector Channel Interrupt Trap Microprogram

tation of status—-in or address-in

It checks the status during IPL.

It stores the unit address for address-in.

Figure 4-15 is a flow chart of the
selector-channel-interrupt microprogram
(trap) routine. The selector channel
requests the CPU to execute this micropro-
gram routine for one of two reasons:

1. The channel has received status—in from
a control unit (not initial status).
2. The channel has received a reguest for

selection from a control unit
(request-in, select-cut, address—-in).

In both cases, the microprogram turns on
the H-register-5 latch which identifies the
microprogram as one associated with the
selector channel. The H-register-5 latch
also prevents the other selector channel or
the multiplexor channel from obtaining ROS
control while it is on The microprogram
also resets the select-out latch when it is
being executed for either reason. When the
H-register-5 latch turns on, it generates
the selector-channel gate for the selector
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This trap is executed as a result of a control

(1) Any-priority latch on.

(2) T3 time

k. Deactivate selector-chain pulse and

any-priority pulse.

(1) Priority latch on

1. Turn off priority latch

(1) Not any-priority pulse
(2) T3 time

(3) H-register is Z-bus destination

Note: This is two CPU cycles later than
step K. (one cycle after the
selector channel interrupt micro-
program calls the H-register as

the Z-bus destination).
The execution of the selector-

channel-interrupt microprogram has
begun.

units presen-

(not initial selection).

It turns on the interrupt latch for status-in and not IPL.

channel reguesting the execution of this
microprogram (SX1 gate or SX2 gate).

When the selector-channel-interrupt trap
microprogram is being executed as a result
of a control unit's presentation of status-
in, and the CCW execution was not a result
of initial program load (IPL)the
microprogram:

1. Accepts the status from the control
unit if the channel is busy, and stacks
it if the channel is not busy.

2. Turns on the selector-interrupt latch
associated with the selector channel
making the ROS reguest. s
3. Turns off the H-register-5 latch.
4. Allows the CPU to resume the execution

of the original microprogram.

Request-in cannot turn on the select-out
latch as long as the interrupt latch



remains on. Therefore, select-out remains 1. Places the unit status into the R-
inactive, and status-in remains active register.

until the CPU stores the CSW at which time

the interrupt latch is turned off by a

microprogram word specifying channel-reset. 2. Check channel status.

When the selector-interrupt trap micro- 3. Turns cff the H-register-3 latch.
program is being executed as a result of
status-in, and the CCW was executed as a

result of IPL, the microprogram: 4. Returns to the IPL operation.

Tumn On H Register
Lateh Store R Register

Reset Select Out Latch

Address
tn

Place Unit
— Place Status

K5 CPU iGnRG:Rg[egisrer

Chonnel
Busy

Turn On 1/O
Interrupt Latch

Turn On.
Command-Out
Lotch GA=K2

Turn On 1/ Interrupt
Latch GB =K4, 1
Service Out

1

Continve
IPL Routine

Restore R
Register
Restore ROAR

Refurn to
Qriginal
icroprogram

Figure 4-15. Selector Channel Interrupt Trap Flow Chart
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Original Microprogram Resumption

° The backup ROAR enters the ROAR (The GWX registers are

transferred to the WX registers).

e The H—-register-5 latch turns off.

° The X-6 and X-7 buffer latches condition the X-bus X-6 and
X-7 lines (The interrupted microprogram dynamic branching

conditions).

To return the CPU to its original micropro-
gram after a selector ROS trap, the selec-
tor ROS trap microprogram has as its last
instruction an instruction to transfer the
contents of the GWX register to the WX
register. The last selector trap ROS word
also turns off the H-register-5 latch.

The last ROS word of the selector trap
microprogram specifies WX=FWX. Because the
H-register-5 latch is on, the FWX portion
of the instruction is decoded as GWX. The
SAL output for this instruci:ion becomes
good prior to Tl time of the last word, and
gates the GWX register contents to the W
and X buses.

At T1 time of the last word, the W-and
X-bus conditions set into their respective

I/C INTERRUPT EXECUTION

] Store current PSW in I/0 old PSW location.

registers. This addresses the last origi-
nal program ROS-word addressed before the
execution of the selector interrupt ROS
trap. Remember that although this ROS word
was addressed, its execution was prevented
because the control-register did not set.
During the same CPU cycle the control-
register sets for the last ROS word of the
selector ROS trap thereby executing the
microprogram instruction.

At T4 of this cycle, the ROAR-restore-
buffer latch turns on. This latch gates
the X-6 and X-7 buffer latches (holding
branch condition) onto the X-bus 6 and 7
lines. The execution of the original
microprogram is now at the point at which
the selector ROS trap discontinued it.

° Store required information in CSW location.

° Load new I/0 PSW into local storage, making it the current

PSW

The last E-cycle ROS word of each instruc-
tion branches the microprogram to the
interrupt microprogram routine if an inter-
rupt exists.

The first ROS word of the interrupt
routine has the instruction: Test Interrupt
with both X6 and X7 branch indicators set
to 1. This instruction is a test to deter-
mine the source of the interrupt:

1. External or timer interrupts prevent
both the X6 and X7 branches (X6=0,
X7=0).

2. Selector-channel 1 interrupt prevents
the X7 branch (X6 = 1, X7 = 0).

3. Selector-channel 2 interrupt prevents
the X6 branch (X6 = 0, X7 = 1).
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4. Multiplexor channel allows both X6 and
X7 branches (X6 = 1, X7 = 1).

Assuming a selector-channel 1 interrupt,
the microprogram branches to ROS word 112.
The microprogram turns on the associated
gate (SX-1 or SX-2) and reads out the unit
address from local storage, places it in
the L-register, and sets the U-register to
the address of selector-channel 1. After
turning on the S4 latch to indicate a
selector-channel interrupt, and setting the
Q-register to zero to deactivate memory
protect, the microprogram stores the cur-
rent PSW in the I/O 0ld PSW location
(main-storage location 36, Hex address 38).

The interrupt code is the first item
stored in the I/C old PSW. Because this is
an I/0 interrupt, the addresses of the
channel and I/C unit causing the interrupt,
are stored as the interrupt code. The



microprogram next reads out the storage
protect key and system mask and stores them
in their respective positions in the I/0
old PSW. The microprogram then takes the
current instruction counter and stores it
in the low order two bytes of the I/0 old
PSW.

The instruction length code (ILC),
condition code (CC), and program mask are
not contained in one byte in the current
PSW. Therefore, the microprogram must
determine what the ILC is by testing the
two high-order bits (0 and 1) of the G-
register waich contains the command code of
the last executed instruction. Both the
current condition register, and the program
mask are located in local storage (K27CPU).
The microprogram also reads these out and
decodes the four-position condition
register into two bits. After this is
accomplished, the microprogram assembles
the program mask, condition code, and
instruction length code into one byte and
stores this byte in the I/0 old PSW. The
current PSW is now fully stored in the I/O
©ld PSW location. The microprogram now
stores the reguired information in the
channel status word (CSW), located at main
storage location 64, Hex address 40.

The CSW store portion of the I/0O inter-
rupt begins on CAS page Q0. The first ROS
word of this phase, turns on the G-register
G3 and G7 latches. This makes the I/0
interrupt appear as a test I/0 instruction.
The micropreogram determines the difference
between a true test I/0 instruction and an
I/0 interrupt by the condition of the S&4
latch, which is on for I/0 interrupts.
After branching on the Si4 latch, the micro-
program determines which selector channel
has initiated the interrupt, and turns on
the associated gate (SX1 or SX2). When
this is accomplished, the microprogram
stores the reguired information in the CSW:

1. Count from the GCD registers.

2. Memory protect key from the GK reg-
ister.

CCW_FLAG OPERATIONS

® Five CCW flags modify the CCW operation.

The CCW contains five flag bits. These
bits and their locations in the CCW are:

1. bit 32-—-CD; chain data address.

2. bit 33--CC; chain command.

3. DUnit status from the GR-register if the
channel is busy, or from the device if
the channel is not busy.

4. Channel status from the GE register.

5. Next CCW address from local storage.

When the CCW is stored, the microprogram
resets the channel that initiated the
interrupt. The microprogram now starts
loading the I/C new PSW into local storage
as the current PSW (CAS page D3).

At the same time the I/0 new PSW loads
into local storage, certain latches asso-
ciated with the PSW turn on:

1. The mask latches turn on when the sys-
tem mask reads out of the I/0 new PSW
and into local storage (K24).

2. The malfunction-suppress latch turns on
if the machine-check mask-bit is 0
(O EE) s

3. The ASCII latch turns on if ASCII is
designated by the I/0 new PSW.

4. The Q-register sets with the informa-
tion in the PSW protect key area.

The instruction address enters the IJ-
registers and does not enter local storage.
The two-bit new PSW CC decodes into four
bits and enters the condition register (K27
CPU). If, during this load new PSW
routine, the microprogram determines that
the high order of the instruction address
is not 0, it stores this byte at K16 CPU.
It also turns on the S-register-two latch
if the low-order byte of the instruction
address is not an even numbered address
(position 7 of the J register is ON).

When this PSW is fully loaded, the
microprogram branches to I-cycles, and
starts the execution of the I/0 interrupt
program.

3. Dbit 34--SLI; suppress length indication

4. Dbit 35--SKIP; skip data.

5. Dbit 36--PCI; program control interrupt.
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The flag bits function independently of

each other except that the CC and SLI flags

do not take effect if the CD flag is on.

The time, in relation to the CCW execu-
tion, that a flag bit takes effect, varies
as follows:

1. The CD bit takes effect when the count
reduces to zero.

2. The CC-bit takes effect when a control

unit sends ending status and the CD bit

is off.

3. The SLI bit takes effect any time dur-

CD FLAG BIT

ing the operation an incorrect length
situation arises; that is, the control
unit sends status-in and the count is
not zero, or it sends an additional
service-in after the count has reached
Zero.

4. The SKIP-bit takes effect during the
execution of a CCW specifying input S
(read, read backward, or sense).

5. The PCI-bit takes effect after its
associated CCW is loaded into the sel-
ector channel registers, and the system
mask allows I/0 interrupts.

® The CD-bit takes effect when the count in the GCD registers

reduces to zero.

® It allows the selector channel to fetch the count,
address, and flag byte from the next CCH.

data

° CD allows the selector channel to gather output information
from the storage positions that are not adjacent or to place
input information into storage locations that are not adja-

cent.

Input Record

100 101 | 102

CCW 1
Ccw 2
CCw 3

Read Operation

Figure L-16. Data Address Chaining (CD)

When the chain-data flag bit of the cCW

is on, it is an instruction to the channel
to fetch the count, data address, and flag
byte from the next CCW when the count in
the count register is reduced to zero.
This permits the channel to use core-
storage locations that are not adjacent in
the execution of a command (two or more
chained CCW-s). This linking together of
data addresses is called chaining data
addresses. Figure 4-16 illustrates the
principles of chaining data addresses.

300 [ 301] 202 303304

Count =3, Data Address 100
Count =2, Data Address 200
Count =5, Data Address 300

Chaining data addresses is controlled by
the CD latch of the GF-register. This
latch turns on whenever the CCW loads into
the selector channel registers and the
CD-bit of the CCW is on (in a logical one
state) . =

During the selector share cycle in which
the count becomes zero, the count-ready-
zero latch turns on. This latch on,
together with the CD latch, generates a
selector chain ROS regquest. This is a
request for the CPU to trap into the cur-



rent microprogram routine and execute the
selector chain microprogram routine.

The selector chain microprogram routine
stores the contents of the R-, S-, V-, and
U-registers into local storage and reads
out the next CCW address from local stor-
age. It then reads out the next CCW from
storage and loads the count into the count
registers (GCD), the CCW flags into the
selector-channel flag register (GF), and
loads the CCW data address into the selec-
tor channel data address registers (GUV).
It also determines the next CCW address and
places it in local storage. After this new
CCW information is loaded into the selector
channel registers, the microprogram res-
tores the R-, S-, V- and U-registers to
their original state, and the microprogram
continues at the point where it was discon-
tinued by the selector chain ROS request.

A program check occurs if any part of

the CCW (command code, data address, flag,
or count) is invalid.

Circuit Obijectives

Assume the CD-latch in the GF-register
turned on when the CCW was entered into
selector channel registers. This specifies
that data chaining will take place when the
CCW count goes to zero, if no channel
checks have been detected.

1. Recognize a count of zero.

a. Count reduces toc 0 on selector share
read cycle.

b. Count-ready-not-zero latch resets
(1) Sel TU time
(2) sX1 read cycle
(3) GHY & GHZ = Zero (modifier output)
c. Count-ready-zero latch turns on
(1) SX1 write cycle
(2) Selector T4 time
(3) Count-ready-not-zero latch off
(4) Not status-stop condition
2. Reguest a selector ROS trap.
2. Generate Selector ROS REQUEST
(1) Generate CD chain request.
(a) CD-latch on

(b) Count-ready-not-zero latch on

(c) GR-full latch off
(2) Generate SX1 chain ROS Reguest
(a) CD chain regquest
{3) Generate selector ROS request
(a) SX1 chain ROS Request
3. Execute Selector chain microprogram.
a. Turn on H-register 5 latch.

b. Store contents of CPU registers R, S,
U, and V.

k20 CPU
(1) Store R-register in local storage
(2) Turn off latches that were on due
to previous operations and turn on
poll control
(2) GH=K13 (chain-reset)
(3) Store S-register in local storage
(a2) K29 CPU
(b) R=S
(4) store V-register in local storage
(a) K31 CPU
(b) R=V
(5) Store U-register in local storage
{a) K30 CPU
(b) R=U
c. Update next-CCW-address.
(1) Read out low-order of next CCW-
address
(a) K7 CPU
(2) Increment it by 8 and replace in
K7 of local storage. Load low
order address in V-register.
(a) RC=R+KBL
(3) Read out high order of next CCW-
address
(a) Ké CPU
(4) Update high order of next CCW
address and replace in K6 of local
storage. Load high order address
in U-register.
(a) RC=R+C (this adds 1 if an address

carry occurred when the low order
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d.

of the next CCW address was
updated?}

Fetch next CCW.

(1) Read out op byte and check for a
Assume

transfer-in-channel (TIC).
it is not

(2) Read out flag byte

(3) Place flag byte in GF register
(a) GF=GR

(4) Read out low—order count

(5) Place low-order count in GV-
register.

(a) GV=GR
(6) Read out high-order count

(7) Place high-order count in GU
register.

(a) GU=GR
(8) Place count in GCD registers
(a) GCD=GUV

(9) Read out low order of CCW data
address into the GV-register

(a) GV=GR

(10)Read out high-order of CCW data
address into the GU-register

{a) GU=GR

e.

£

(11)Turn on count ready and not zero
latch

(a) GB=K8, 1
Restore CPU registers.
(1) Restore U-register
(a) K30 CPU
(b) U=R
(2) Restore V-register
(a) K31 CPU
(b) V=R
(3) Restore S-register
(a) K29CPU
(b) S=R
(4) Restore R-register
(a) K20 CPU

Restart microprogram at the point
where it was discontinued.

(1) Restore ROAR
{a) WX=FWX
(2) Turn H> off
{(a) H=H-K4L
Note: The FWX part of the
instruction is decoded as GWX

when the H-register-3 latch is
on.



COMMAND CHAINING (CHANNEL-END AND DEVICE-END)

° The CC flag bit allows the selector channel, control unit,
and I/0 device to execute several CCW's with one start I/0

instruction.
one in the first CCW.

The CCW command byte may be different than the

e When the control unit presents device-end status, the chan-

nel reguests ROS control.

° The selector channel ROS request breaks into the current
microprogram routine after any pending w#rite cycles.

° After storing CPU register information, the selector channel
reads out a new CCW, and executes a unit selection sequence.

® After completion of the load CCW and unit selection micro-
program routine, the microprogram restores the contents of
the CPU-registers and restarts the currant microprogram

where it was discontinued.

° An I/0 interrupt is not taken until the last CCW has been
completed, unless a channel check or device check is detect-

ed. In this case,
is taken.

When the CC-bit of a CCW is on, and the CD
bit is off, the channel executes the CCW
and fetches the next CCW. This is accom-
plished under microprogram control.

The channel requests ROS control after
it has received channel-end and device-end
status from the control unit and the device
that executed the CCW. This request for
ROS control enters the stacking latches at
T3 time (When the CPU cycles can be
interrupted), that is if no write cycles
are pending. The stacking latches deter-
mine the priority of ROS regquests.

If no higher priority stacking latches
turn on when the selector ROS request
stacking latch turns on, the CPU stores the
read-only-address-register (ROAR) in the
backup ROAR and signals the channel that it
will honor its request for ROS control.
When the channel receives this signal, it
provides a signal to the CPU that loads the
ROAR with the address of the first word of
the selector channel chaining microprogram
routine.

The first word of the selector-channel
chaining microprogram routine, turns on the
H-register-3 latch. This latch prevents
the CPU from honoring a ROS-control request
from the other selector channel or the
multiplexor channel until it turns off. It
also turns on the decode gate (SX1 or SX2)
for the channel that reguested ROS control
(selector-channel 1 or 2). After a chain-
reset, the microprogram stores the contents
of the R-,S-, V-, and U-registers in local
storage. It also reads out the next CCW
address from local storage, updates it by
eight or sixteen, and places the updated

chaining is suppressad and an interrupt

next CCW address in local storage. The
microprogram now starts a unit selection,
then loads the selector channel registers
with the CCW information and finishes the
unit selection. The microprogram now
checks for another selector channel chain-
request. If a request is waiting, the
chain routine is entered without restoring
the CPU registers.

When this is complete, the microprogram
branches to a routine that restores the U-,
V-, S-, and R-registers to their original
state. It also restores the ROAR with the
address in the backup ROAR, and turns off
the H-register-35 latch.

The microprogram now continues at the
point where it was discontinued by the
selector channel ROS request.

Circuit Objectives

1. Control unit presents ending-status to
the channel.

a. Status-in
b. Bus-in 4-bit (Channel-end)
c. Bus-in 5-bit (Device-—end)

2. Regquest read only storage (ROS)
control.

a. Generate CC gate
(1) ¢C latch of GF-register on

(2) status-in delayed
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(3) Not interrupt condition

(4) CD latch of GF-register off
(3) Halt I/0 stop latch off

b. Turn on suppress-out latch (raise
suppress out).

(1) CC chain request
This is the channel's indication

to the selected contrcl unit that
it is chaining.

Note:

c. Generate CC-chain request
(1) cc-gate
(2) Bus—-in 5-bit (device-end)
(3) Not service-out

d. Turn off select-out latch
(1> CC chain request

e. Turn on poll control latch
(1> GH=K13 (chain-reset)

f. Generate SX1 chain ROS reguest
(1) Chain regquest
(1) SXl-chain-ROS-reqguest

3. Address first word of selector chain
microprogram routine

a. Turn on selector chain request stack
latch

(1) Selector ROS regquest
(2) H-register-35 latch off

(3) Allow write latch off (No writes
pending).

(4) CPU T3 time

b. Generate Selector chain pulse (T3
time)

(1) Selector-chain-request stack latch
on

(2) No higher priority stack latch on
(3YH-register-5 latch off

C. Generate any-priority pulse at T3
time

(1) selector-chain-request stack latch
on

d.

Force X-bus 4 line

(1) Selector chain pulse

(2) Any-priority pulse
WX-register (ROAR) contents in GWX
register (Back up ROAR) and X6, X7
branches enter buffer latches.

(1) Selector chain pulse

(2) CPU T4 time

Turn on Selector CC ROS request
latch.

(1) SX-1 chain ROS request, Not SX-1
interrupt ROS request, and Not SX-2
interrupt ROS reguest.

(2) 8X-1 chain ROS reguest, Selector
chain pulse, and CPU T4 time.

Force X—bus 6 and 7 lines
(1) Selector CC ROS request latch on
(2) Selector (SX)-chain-pulse —
(3) Any-priority pulse
Generate X-register set
(1) Not inhibit ROAR set

(2 CPU T1 time

Set X-register with address of first
word of the selector chain micropro- -
gram routine.

(1) ¥X-bus

(2) X-register set
Turn on selector 1 trap latch
(1) Selector chain pulse
(2) Selector-CC-ROS-request latch on
(3) SX1 chain ROS request
{4) CPU T2 time

Turn off Selector-CC ROS request
latch

(1) Not SX-1 chain ROS reguest
Turn on priority latch

(1) Any-priority latch on (selector
chain latch is on).

(2) T3 time E



m. Decondition selector chain pulse.
(1) Priority latch on

4. Execute selector chain microprogram
routine.

a., The channel trap word 00B is now
present in the ROS SALs and control
register. This word issues an
instruction to turn on the
H-register-5 bit. H = HS$KUL

(1) Turn on H-register-3 bit
(a) Z-bus 5 bit

(b) Microprogram CD field combination
in control register 0101 (Hex 5)

(c) CPU T4 time
b. Generate SX1 gate
(1) Selector 1 trap latch on
(2)H-register 5 latch on

c. Store CPU registers R,S,U, and V in
local storage.

(1) Store R-register
K20 CPU

(2) Place status in GR register
GR=GI

(3) Store S-register
K29 CPU

(4) Turn off latches which may be on
due to previous CCW
KH=K13
(5) Turn on service-out latch
GA=K1
(6) Store V-register
K31 CPU
(7) Store U-register
K30 CPU

d. Update next CCW address

(1) Read out low order of next CCW
address.

K7 CPU

(2) Add 8 or 16 to low-order of next
CCW address and replace in K7 CPU

(3) Read out high-order of next CCW
address.

(4) Add 1 to high-order of next CCW
address if low-order forced an
address carry and replace in Ké CPU

(5) Check that the control unit dropped
off the interface

k. Fetch next CCW ; select unit. Some
of this is the same routine that
loaded the first CCW into the selec—
tor channel registers and initially
selected a control unit and I/0
device. The unit selecticon is start-—
ed before the next CCW is fetched.

Note: The suppress-out latch turns off
during this routine.

f. Restore CPU.
(1) Restore U-register.

K30 CPU
U =R

{(2) Restore V-register.

K31 CPU
vV =R

(3) Restore S-register.

K29 CPU
8 =R

(4) Restore R-register.

K20 CPU
Write

g. Continue microprogram at the point it
was discontinued.

(1) Turn off H-register-5 latch.
H=H - K4L
(2) Place back-up ROAR (GWX) in ROAR.

WX = FWX
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COMMAND CHAINING (CHANNEL-END AND DEVICE-END SEPARATELY)

e Channel responds with suppress-out, then after a delay of

375 nanoseconds, service out.

° When device-end status arrives at the channel,

2 selector-channel ROS request.

it initiates

e Select-out remains active until reset by the selector-chain

microprogram.

When the GF-register command chaining latch
is on and a control unit presents channel-
end to the channel, the channel respcnds
with suppress-out and after a 375
nancseccnd delay, service-out. The channel
does not reguest ROS control at this time
and select-out remains active. The
suppress-out latch being on at this time
indicates to the control unit that the
channel is chaining commands.

SLI (SUPPRESS LENGTH INDICATION) FLAG BIT

When the I/0 device completes the execu-
tion of the CCW, the control unit presents
device-end status to the channel. When the
channel receives the device-end status it
generates CC chain-regquest. From this
point, the operation is the same as for
selector channel chaining, when the =
channel-end and device-end are presented
together to the channel.

° Prevents indication of an incorrect length condition.

° Effective cnly when CD flag is off.

The SLI flag bit (bit-34 of the CCW),
when on, prevents the turn-on of the
incorrect-length latch. This bit is effec-
tive only if the CD flag bit is off in the
same CCW. The SLI bit is used in all CCWs
except those in which the cocunt agrees
exactly with the number of service-in sig-
nals expected from the control unit for
that operation.

SKIP FLAG BIT

Length check must always be suppressed
for devices in which block length is not
defined. For example, when writing on
magnetic tape, the amount of data written
is controlled only by the count in the CCW.
Every operation terminated under count
control causes an incorrect length indica-
tion, unless suppressed by the SLI flag.

® Suppresses transfer of information to storage.

e Takes effect during execution of the CCW.

® Used for Read, Read Backward, or Sense Operations.

The SKIP flag bit is turned on to suppress
the transfer of information to CPU storage
during read, read backward, or sense opera-
tions. This flag bit is effective only for
the CCW having the bit on. In this way,
data can be selectively stored in the CPU.

The SKIP flag affects only the handling
of information by the channel. The opera-
tion of the control unit and device pro-
ceeds normally and all data is transmitted
to the channel. The channel updates the
count but does not place the data into main
storage.

In the case of command chaining or data-
address chaining, normal operation resumes
if the skip-flag in the new CCW is not on.

No checking for invalid or protected
data addresses takes place during skipping,
except that the initial data address in the
CCW cannot exceed the largest address of
the system.




PROGRAM CONTROLLED INTERRUPT (PCI)

s The PCI-bit in a CCW causes an I/0 interrupt during the

execution of an I/0 operation.

s The PCI-bit can be in the first, or any other CCW in a

chained routine.

e The program-controlled interrupt sets channel-status bits in

the CSW.

The PCI flag bit, when on, causes an 1/0
interrupt at some time during the execution
of an I/0 operation (if the I/0 interrupt
is not masked off). This flag bit can be
in the first or any other CCW in a chain of
CCW's. When the PCI-bit is detected, the
channel attempts an interrupt as soon as
possible after fetching the CCW by bringing
up the selector channel interrupt line to
the CPU. This indicates the normal inter-
rupt procedure as described under I/0

Interrupts.

When the interrupt occurs, a new CSW is
stored, and the PCI-bit (GE bit 0) and any
other existing chamnel-status bits are set
in the CSW. The presence of the PCI-bit in
the CsSW reflects the progress of the opera-
tion at the time the CSW is stored. 1In
this way, the status of the channel can be
determined while a chained operation is
being executed. The PCI-bit has no effect
on the actual execution of the operation.

When the PCI-bit is presented by an
interrupt before the operation is complet-
ed, the channel-end and device-end bits in
the CSW will be off. If the channel
detects data errors in the operation, the
channel-data-check bit is on and is set

into channel status when the CSW is stored.
The condition is not reset, however, and is
indicated again at the end of the opera-
tiohs

Presence of the channel-end and device-
end bits with the PCI-bit indicates that
the operation is ended. The CSW in this
case has its regular format with the PCI-
bit added.

If chaining occurs before the PCI
interrupt takes place, the PCI indication
is carried over to the new CCW. This
occurs on both data—-address and command
chaining, and in either case the condition

is propagated through a transfer-in-channel
command.

PCI conditions are not accumulated. If
a CCW containing the PCI-flag is fetched,
before the interrupt because of a previous
PCcI-flag takes place, only one interrupt is
taken.

The status of the PCI flag-bit is
inspected in all CCW's except those speci-
fying a transfer-in-channel. In a CCW
specifying transfer-in-channel, the setting
of the PCI flag is ignored.
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TRANSFER IN CHANNEL (TIC)

® Causes the channel to fetch the next CCWA from the location
specified by the data-address field of the CCW.

° Provides chaining between nonadjacent CCW's.

® Can occur in both data-chaining and command chaining.

When a CCW containing the TIC reads
out, and the TIC-command is recognized
(Figure 4-17) it causes the channel to
read out a new CCW from the location
specified by the data-address field and
perform the operation in the new CCW.

The TIC-command does not initiate an I/0O
operation at the channel or the I/0 device.
The transfer—in-channel command provides
chaining between nonadjacent CCW®'s.

The first CCW in a chain of CCW's cannot
specify transfer-in-channel. When this
condition is. detected during the execution
of the start-I/0 instruction, no I/0 opera-
tion is initiated and a CSW is stored with
a program-check indication. Similarly, a
CCW specifying a TIC cannot be fetched from
a location specified by a preceding
transfer-in-channel. When two successive
transfer-in-channel commands are detected,
a program-check is again indicated. If
this condition is detected during data-
chaining, the I/0 device is signalled to
end the operation.

To address a CCW on integral boundaries
for double words, a CCW specifying a
transfer-in-channel must contain zeros in
bit positions 29, 30, and 31. When this
restriction is violated, or if an invalid
address is encountered, a program check is
indicated. Either of these errors, detect-
ed during data—-chaining, end the operation
at the device. During command chaining,
they cause an I/O interrupt.

In a CCW containing a TIC, bit positions
0 to 3 and 32 through 63 are ignored.

[
1
| -

From Start | /O
CDor CC

1

( Fetch CCW Rou-‘ine)

Read Cut Op Byte
and 001 Byte

Read Out Flag Byte

Start TIC Program
Routine.

Read Out New CCW
Address.

Store Next CCW Ad-
dress.

on Word Bound and
Less Than 64 K

Figure 4-17.

TIC Routine

{ Program Check




TEST 1I/0

® A programmed request for channel and control unit status.

° Requires an initial selection segquence only.

° Control unit status is checked and a condition code is set

in the PSW.

During I-cycles, the CPU recognizes the
instruction as a test I/0 and performs
three functions:

1. Stores the control unit address in the
V-register.

2. Stores the channel address in the U-
register.

3. Branches to the I/0 microprogram
routine.

The address in the U-register determines
to which selector-channel the test-I/0
command is directed. Assume selector—
channel 1 is specified. SX1 gate is turned
on by the statement GB=K1,0. The
microprogram also tests the GT lines to
determine if the addressed channel is busy

Test |/0 1-Cycles.

l Test Channel Status.

r No Channel Busy

i

bet Poll Control Latch,

I Mo

Store Unit Address

Read Qut Unit
Address

Raise Addres—-Qut
ond Select-Out

Address-In

Status=In

Address=In
or Status-In

Unit Busy

Qut Reset Select-Qut

\ Raise Command l

Figure 4-18.

Indicates Control .

N W

Test I/0 (Part 1 of 2)

Set Condition Code 2,
Return to I-Cycles

In some cases the CSW is also stored.

(Figure 4-18). If the channel is busy and
the interrupt latch is off, the program
sets the current PSW condition code to two
and returns to I-cycles.

With the interrupt latch on, however,
the control-unit address is read out and
compared to the address of the :functioning
contrel unit. An address mis-match causes
condition code two to set in the current
PSW, and the program returns to I-cycles.
This indicates that the channel is busy
with another control unit. Therefore, the
device associated with the test I/0 cannot
be selected on the interface

If the addresses match, the microprogram
branches to the CSW store routine and sets
condition code one.

Yes

-

Read Out Unit Address
Check for Address
Match.

Address Mafch.

L CSW Store Routine. —‘

Set Condition Code 1,

Return to
I-Cycles

‘ Set Condition Code 2

Return to
1 Cycles
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Status In

Address |n es |

Reset Select-Out Reset Select-Out

I [

Raise Service-Qut

Raise Service=-Out

Store
Unit Status

Store Channel Status
Reset Channel

I

Set Condition Code 1

Operational=In

and Status=In
Down

L Reset Channel GB=K?9

Set Condition Code 0
( Return to |-Cycles )

Test I/0 (Part 2 of 2)

Figure 4-18.

If the channel is not busy when the GT
lines are tested, the microprogram sets the
poll-control latch to capture polling. The
microprogram then stores the control unit
address in local storage position K35 and
does a channel reset excluding poll con—
trol. It then reads out the address to the
GR-register, raises the address-out and
select-out out tag lines, and waits for a
reply from the control unit. If the reply
from the control unit is status-in
(indicating control unit busy), the micro-
program branches to a store-status routine.
With the address-in in reply (addresses
match), the channel raises the command-out
line and sends the test-I/0 command to the
control unit (no bits on bus-out).

The control unit replies to command-out
with the status-in tag line and places any
existing status bits on the bus-in lines.
The channel resets select-out, responds to
service-out, and checks the incoming status
for the presence of status bits.

4-52

C Return to |-Cycles )

If the status byte on bus-in contained
no bits, the channel:

1. Sets condition zero in the PSW.
2. Returns to I-cycles.

If the status byte contained any status
bits, the channel:

1. Stores the control unit status in the
CSW.

2. Zeros the CSW.

3. Stores the channel status in the CSW.

4. Resets the channel.

5. Sets condition code 1 in the PSW.

6. Returns to I-cycles.

For more detailed information,
cuit objectives,
tions.

and cir-
refer to Start I/0 sec-



HALT 17D

@ Ixecuted when address-out is up, select-out is down, and

operational-in up.

s Causes the I/0 device operating with the channel to stop

data transfers and drop operational-in.

s Causes an addressed I/0 device to stop processing data and
Yo

zZget.

The halt I/0 instruction is issued by the
channel to cause:

1. The contrel unit currently on the chan-
nel to disconnect from the interface.

2. A control unit that is not connected to
the interface to stop.

Execution of the halt-I/0 instruction,
by the channel, is through a sequence of
signals rather than a command sent to the
I/C device. The microprogram routine used
depends on the channel-busy status, there-
fore, each is discussed separately.

On entering the halt-I/0 microprogram
routine, the channel is tested for busy
status (Figure 4-19). If the channel is
busy (an I/C device is on the interface
with op-in up) the halt I/0 latch is turned
on. Following this, the select-out line is
reset, and address-out is raised.

The operating I/0 device receiving this
signal sequence must drop its operational-

in line, disconnect from the interface and
reset. With the fall of the op-in line,
the microprogram then turmns on the SX1
interrupt latch requesting an interrupt,
sets condition code two in the PSW, and
returns to I-cycles.

If the channel was not busy when tested,
the halt-I/0 instruction follows a
different routine. 1In this case, the I/O
device in guestion is not on the interface
and dces not have its operational-in line
up. However, the device must be reset.

The microprogram routine followed is the
same as for the start-I/0 routine and a
normal initial-selection sequence takes
place. Once the device is selected, the
halt-I/0 latch turns on and the same signal
sequence is used causing the selected
device to drop op-in, disconnect, and
reset. Condition code one is set , and the
CSW status bytes are set to zero.

Refer to the Start-I/0 section for more
detailed information and circuit object-
ives.
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Yes

Set Condition Code O
Return to | Cycles

Interrupt
Latch
Cn

Chonnel

Halt 1/O

Channel Busy

Turn On Halt
1/O Latch

Poll
Control

On

No

Raise Address-Qut

Reset Select-Out

Operational =
In Dewn

Busy

No

Set Poll
Control

Poll
Control

No

Reset Select-Out

Unit Address on Bus-Out

Raise Address-Out

Address~=In

Address~In or

Check for
Address Match

Set 5X1
Interrupt Latch

Store CSW

Turn On Halt
1/0 Latch

Set Condition Code 2

Set Condition Code 1

C Return to [-Cycles )

Figure 4-19. Halt I/0

Status-In
Status=In !

( Control Unit Busy ]




TEST CHANNEL

e Executed to determine the status of a particular channel.

° Sets a condition-code in the PSW.

® The condition-code set indicates the status of the addressed

channel.

The test-channel command determines the
status of a particular channel. It is
executed only when the CPU is in the moni-
tor state and has no effect on the channel.
The test-channel command sets a condition-
code in the PSW that indicates the current
state of the addressed channel.

The test-channel operation begins as a
normal start-I/0; however, when the
addressed channel is selected, a micropro-
gram branch occurs to the test-channel
routine. In this routine {Figure 4-20),
the channel is checked for a busy status or

( Test Channel Operation )

Channe| Cperational

Interrupt Laich On

an interrupt condition and a condition code
is set.

Condition codes for the test-channel
instruction are:

Ccde 0 — Channel available.

Code 1 - Interrupt condition in chan-
nel.

Code 2 - Channel working.

Code 3 - Channel not operational.

Set Condition Code 3.
Channel Not Opera-

tional.

Channel Busy

Set Condition Code 1.
Interrupt Condition in
Channel.

Set Condition Code 2. Set Condition Code 0.
Channel Working Channel Available.

@Figure 4-20. Test Channel
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INITIAT, PROGRAM 1LOAD (IPL)

° Initiates processing after power is turned on or a new pro-

gram is desired in storage.

° Started by selecting an input device and pushing the Load

button.

The IPL procedure is provided to initiate
processing after a power-on condition, or
when the contents of storage is not suita-
ble for further processing.

The IPL procedure resembles a start-I/0
instruction in which the selected I/0
device and a zero-protection-key is speci-
fied. The CCW for this instruction has a
read command, zero data address, a byte
count of 24, the command-chain flag on, the
SLI flag on, and a command address of zero.
This CCW is forced by microprogram.

The IPL reads new information into the
first six words of storage. The remainder
of the IPL program can be placed in any
desired location of storage.

The IPL procedure is started by select-
ing an input device with the load-unit
switches and pushing the Load button. This
causes a system reset, turns on the Load
light, and initiates a read operation from
the selected input device. When command
chaining is completed, the CPU starts oper-
ating and the Load light turns off.

The system reset stops the CPU and sus-
pends all instruction processing, interrup-
tions, and timer updating. It also resets
all channels and on-line control units and
I/0 devices. The contents of the general
and floating-point registers normally
remain unchanged.

After system reset, the selected input
device starts reading. The first 24 bytes
read are placed in storage locations 0 to
23 (IPL PSW, IPL CCW 1, IPL CCW 2).
Storage-protection and possible incorrect-
length errors are ignored. The double-worc
read into location eight is used as the CCW
for the next input command. When chaining
is specified in this CCW, the operation
proceeds with the CCW in location 16.

After the input operation is completed,
the channel and device address is stored in
bits 21 to 31 of the first word in storage.
Bits 16 to 20 are zeros and bits 0 to 13
remain unchanged. The CPU then fetches the
double-word in lcocation zerc as a new P3W
and changes from the stopped to the
operating state. Operation proceeds under
control of the new PSW. If the I/0 opera-
tions and PSW lcading are not satisfactory,
the CPU stops and the Load light remains
on.

The microprogram for the' IPL routine is
shown in Figure #-21. The start of the IPL
routine is similar to the normal start-1/0
routine and is not duplicated on this
chart. During the ending procedure, the
RCS interrupt trap microprogram branches
out into the IPL program to check the unit
and channel status prior to the execution
of the Load-PSW routine.
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Status-In.

4-0055, 9/67

ROS Interrupt Trap Rou=
. tine, Reset Select-Qut.

Address-In.

Address=In or Status-In

Put Unit Status Into GR
Register.

Store Unit Address.
Send Command-Out.

No

|

C Restore ROAR, )

LSer 1/O Interrupt Latch. l

\ Cancel Select-Out. —|

( Restore ROAR. ) 1

Check Channel Status.

Yes

\; Send Service-Out. ‘

No

Channe| Status Zero

1

& IPL Stop Word )

Device End is not Tested

Status-In, SX1 or
SX2 Interrupt Latches
and Operational-

In Down

—_— — —— = ===

Device Status
is 0

Reset Channnel

Channel-End or

No

Device-End

@ Figure 4-21. 1Initial Program Load (Part

1 of 2)
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( Load PSW Routine, )

beud Out System Masﬂ

Store in Location
K24 CPU.

uead Out Protect Key.—|

Store in Location
K25 CPU.

Read Out Condition
Register and Mask .
Encode Condition Reg.

I

Store Both in Location

K27 CPU.

Figure 4-21.

Invalid Address

Reset PSW Bit (PSW
Bit 57).

Machine
Check or In-
valid Address

Machine Check

Machine Check Trap
Reutine .

Store [nstruction Counter
in IJ or K16 CPU.

Running

or Running State

Return to |-Cycles .>

Initial Program Load (Part 2 of 2)

Instruction

Counter in Yes (Causes Invalid Address)

K16 CPU

Wait

C Set Wait Latch. )




ERRCR DETECTION

® During channel operation, the interface,

the channel, and

the CPU are checked for errors.

° Detected errors set channel status bits in the CSW.

° The operation is either suppressed, halted, or completed
depending on the type and location of the error.

During normal selector-channel operation,
the channel is connected on one side to the
processor and on the other to an I/0 con-
It must then be able
to detect errors that occur in the channel
or in the CPU.

trol unit or device.

itself, on the interface,

All errors detected by the channel dur-
ing operation with the interface or the CPU

CSW is stored.

and their causes.

set channel-status bits in the CSW when the
The action taken by the
channel when an error is detected depends
on the operation being performed and the
type of error encountered.

The chart in Figure 4-22 lists the
errors that are detectable by the channel

Error Indication Cause of Error

Reason
a

Action Token

Incorrect Length | 1. Leng record on Input or Qutput.

2. Short record on Input or Qutput.

5Ll flag off and CCW count reduced to zero and service=in is
received.

SLI flag off and I/O device ends the operation before CCW
count reaches zero or a halt 1/O is signaled by the channel .

Sets channel status bit 1.
Ends operation on detection.

Program Check Memory Wrap (Invalid data address)
Invalid Count.

Invalid Memory Protect Key

Invalid Format.

Invalid Command.

Invelid CCW Address,

oAWK

Overflow from modifier, or M register contains address greater
than memory size during a share cycle.

Not a TIC and CCW count is zero.

Key bit positions not zero in unprotected machines.

Three low order flag bits in CCW not zero.

Command not acceptable to 1/O device or channel .

CCW address not on valid boundaries.

Ends operation on detection
and sets bit 2 in channel
status.

Protection Check | 1. Protect key mismatch.

Memory protect keys do not match and protect key is not zero.
(An attempt to place data into a protected location).

Ends operation on detection;
Sets channel status bit 3,

2. GHYZ Parity (During share cycle for
other than data).

3. GR register parity (CPU store cycle
or BUS IN to GR).

4. A-register parity (GR or valid GJ
bytes to A reg).

5. Any mochine check (during SEL ROS
Request Mode).

6. Storoge key parity (during input
share cycle).

Parity errors detected at GR register output when handling
CCW, CSW, chaining, etc.
Parity errors detected at A register (Under ROS control).

CPU hardware checks (usuclly detected as a parity error), while
Selector Channel is using ROS (H5 on).

Memory Protect stack parity check (Q-Lo Register) during selec-
tion input share cycles when protection key is not zero.

Channel Data 1. GR perity check on data (SX1 Parity error on data byte in GR register from interface or storoge. Sets channel status bit 4,

Check suppresses chaining and ends
operation when current CCW
is finished.

Channel Control | 1. MN register parity (during share Parity errors on CCW or data addresses, or contents of CCW. Ends operation on detection

Check cycle). Parity errors detected at modifier output. and sets bit 5 in channel

status.

Interface Control | 1.
Check

Bus-in parity check (Address or
Status)

Address mismatch

Time out

No response

Unit busy on chaining.

(SIS

Parity error detected on unit address or status byte transfer from
bus=in to GR.

Address from device and address sent on bus-out do not match.

Response to an outbound teg not received within time limit.

Select-in is received in response to address-out and select—out.

Control Unit responds with the busy bit during status=in.

Sets bit & in channel status
and ends the operation on
detection.

Figure 4-22.

Selector Channel Errors
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MEMORY PROTECT

SPECIAL FEATURES

° Provides protection for the contents of specified areas of

storage.

® Achieved by identifying blocks of storage with a storage

key,

and comparing this key against the protect key.

° Detection of a mismatch results in a protection interrup-

tion.

The memory-protect feature is provided to
protect the contents of certain areas of
storage from destruction due to the storing
of erroneous information while executing a
program. To achieve protection, blocks of
storage are assigned a storage key which is
compared against the protect key. For I/0
operation, the protect key supplied in the
CAW is used. Other operations affecting
memory use the protect key supplied in the
PSW. If the keys do not match during an
input share cycle, a protection-check is
set and the operation is terminated.

In the selector channels, the memory
protect key is obtained from bits 0 to 3 in
the CAW, and is carried in the GK-register

when the I/0 operation is started. It is
stored in bits 0 to 3 of the CSW when an
I/0 interrupt occurs.

A protection mismatch during channel
operation terminates the coperation in such
a way as to leave the protected storage
location unchanged. The mismatch is indi-
cated in the CSW which is stored as a
result of the operation. This can only
occur on an input operation.

When the memory-protect feature is not
installed on the system, the protection key
in the CAW and in the PSW must be zeros or
a program check error is generated.



COMPREHENSIVE INTRODUCTION

SECTION 5. CONSCLE CHANNEL

© The 1050 console attachment will provids a basic keyboard
and printer for the operator-to-program communications.

° The system (Figure 5-1) consists of:

1. 1051 Conscle Attachment (located in 2030).

2. 2030 to 1051 Interface (connecting cable).

3. CPU Attachment {(in 1051).

4. 1050 System (1031 and associated I/3 eguipment).

2030 1052
Keyboard

i

1050 Micro Programs
1
Y

1051 1052

Printer

Write
Reader = 1
1051 CPU
Attachment Attachment
Read |
| Punch =1

Figure 5-1. 2030-1050 Console System Units

OPERATION

An important link in any type of compu-
ter operation is communications between the
program and the operator. The 1050 with
the 2030 provides this link. Some uses of
this communications link are:

1. Error message printout.
2. Instructions to the operator.

3. Program-controlled changes to data or
program.

4. Job logging.

Input to the 2030 can be from a keyboard
(1052) and output at the 1050 can be a
printer (1052). Thus, with a 1051 and a
1052, the operator has a device that pro-
vides the equipment needed tc communicate
with the 2030.

° Operation of the 1050 is similar to a device on the multi-

plexor (MPX) channel.

e Operation to the 2030 is through the native interface.

e The 1050 home loop is used to send or receive data to or

from the 2030.

The 1050 is programmed and operates

similar to an equivalent device on the
multiplexor channel. Some controls used in
the MPX channel are used when operating the
1050. These controls interlock the MPX
channel and alter the CPU to channel opera-
tion. The microprogram for the 1050 is
similar to the MPX channel program in theo-
ry. However, because the actual hardware
used in the attachment differs from the

channel, a unique microprogram is used to
handle data flow.

The attachment of the 1030 to the CPU is
on the native interface. This term means
that all the controls and connecting lines
to adapt the 1050 are lccated in the 2030,
or are native to it.

When the 1050 system is attached to the
2030 as a console, the 1030 must have the
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CPU Attachment special feature. This
attachment allows contrcocl of the 1050 home-
loop for data handling to and from the
1050. It also makes use of the reader-1
and punch-1 interfaces in the 1051.
Reader-1 is used to receive data from the
CPU and punch-1 is used to send data to the
CPl.

PTT CODE/S8

(PERFORATED TAPE AND TRANSMISSION)

° Data sent to and from the 1050 will be in the PTT Code/8.

The 1050 system operates with the PTET/8
code. Translation to and from this code
is handled in the 2030-1051 attachment.
The PTET/B code is made up of the standard

standard code is shifted (upper case or
lower case) to give more possible code
combinations. Figure 5-2 shows both the
upper-case and lower-case designations of

BCD bits, B, A, 8, 4, 2, and 1. The C-bit the PTET/8 characters used for console
is used to maintain odd parity. This operation to the 2030.
BCD BITS A B BA B B A
Space @ = & Space - +
1 1 7 i a = ? J A
2 2 5 k b & S K B
21 3 t l & H T L €
4 4 u m d u M D
4 1 5 v n e % v N E
4 2 b w o f ' W o F
4 21 7 x p g P X P G
8 8 ¥ q h * Y Q H
8 1 ? z r i ( Z R |
8 2 0 )
8 21 # / $ ! | ! —
8 4 PUNCH | BYPASS | RE PUNCH PUNCH [ BYPASS [ RESTORE | PUNCH
ON STORE | OFF ON OFF
8 4 1 READER | LINE NEW HORIZ READER | LINE NEW HCRIZ
STOP FEED LINE TAB STOP FEED LINE TAB
UPPER EOB BKSP LOWER UPPER EOB BKSP LOWER
8 4 2 CASE CASE CASE CASE
SHIFT SHIFT SHIFT SHIFT
8 4 2 1 EOT PREFIX | IDLE DELETE EOT PREFIX | IDLE DELETE
LOWER CASE UPPER CASE

Figure 5-2. PTT Code /8
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EXTENDED BINARY-CODED DECIMAL INTERCHANGE (EBCDI)

e Data from the 1030 will be stored in thz2 2030 using the

EBCDI code.

The EBCDI code is used to store data or
send data to the 1050. Translation is
necessary to convert the PTTC/8 to EBCDI,
and EBCDI to PTTC/8. The EBCDI code in the
2030 makes the PTTC/8 characters compatible

Bit Positions Within Byte

with the 8-bit code used by the CPU. Fig-
ure 5-3 shows the EBCDI code and the bit
structure of the PTTC/8 characters as they
would be stored in the CPU as a byte.

23 b1

4567 Gir 0l N 10 1 | [oo 010]10 71j l00 01]070 HI I00 01”10 nl

S —

0000| NUL BLK| & | - o

0001 "4 a | i . [ 1

0010 b | k| s B|k|s|2

0011 e | 1] 4 ¢ | L] F)|3

oroo[PSH | BES e lBvpass| PCH d|m|u D|M|uU|4

T ANEERANEE
LOWER UPPER

o10[case |Bksp [eoB | case i|les|w Flo|w|e
SHIFT SHIFT

0111 [DELETE| IDLE  |PREFIX | EOT Tmr clep|x|7

1000 Wl &y Hlal|lY|s

1001 T2 BEAFAK

1010 ¢ 1!

1011 s .|

1100 < |+ ||@

1101 (1) |—|

1110 R

nn O e [

Figure 5-3. EBCDI Code
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CODE TRANSLATION

° 93 code combinations are translated on input to 2030.

s 105 code combinations are translated on output to 1050.

Input Translation PTTC/8 to EBCDI

The PTTC/8 Code Characters that will be
translated on input are:

26 Special Characters

1 Space or blank

4 Contrel codes: New Line, Tab, Line Feed,

26 Upper Case Alpha: A-Z and Backspace
26 Lower Case Alpha: a-z Figure 5-4 shows the character code and
the characters that are entered into the
10 Numerics: 0-9 2030 storage.
BCD BITS A B BA B BA
Space @ - & Space ¢ —_ +
1 1 7 i o i ? J A
9 2 s k b 4 s K B
2 1 3 t 1 c ; i L c
4 4 u m d U M D
4 1 5 v n e % v E
4 2 6 w o f ‘ W o} F
4 21 7 X p g - 5 G
8 8 v q h * Y Q H
8 1 ? # r i ( F R |
8 2 0 )
8 21 # . $ " I I —
g 4 PUNCH | BYPASS | RE PUNCH PUNCH | BYPASS | RESTORE | PUNCH _
ON STORE | OFF ON O
8 4 1 READER | LINE NEW HORIZ READER | LINE NEW HORIZ
STOP FEED LINE TAB STOP FEED LINE TAB
UPPER EOB BKSP LOWER UPPER EOB BKSP LOWER
8 4 2 CASE CASE CASE CASE
SHIFT SHIFT SHIFT SHIFT
8 4 2 1 EQOT PREFIX | IDLE DELETE EQT PREFIX | IDLE DELETE
LOWER CASE UPPER CASE

Figure 5-4.

5-4
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Output Translation-EBCDI to PTTC/B

The EBCDI code characters used with the

1050 are:

26 Upper Case Alpha: A-Z

26 Lower Case Alpha: a-z

10 Numerics: 0-9

Bit Positions Within Byte

26 Special Characters
1 Space or blank
16 1050 Control Codes
Figure 53-5 shows all the code characters

that will translate to PTTC/8 during output
to the 1050.

23 0]

‘ T ~%0- — 01 00— 1 |
FERT iy 01 10 1 0 01 10 11 00 01 10 11 00 o 10 1
0000 | NUL BLK| & | - 0
0001 / a | i Al 1
0010 b| k| s B|K|S|2
0011 c | 1]t clL|T|3
0100 (PDCFE N ke [BYPASS ?Jcr:' d | m|u D|M|U|4
A e 1Bk 1L

LOWER UPPER
OT10|CASE |BKSP |EOB | CASE flo|w Flo|w]|é

SHIFT SHIFT
0111 [DELETE| IDLE  [PREFIX |EOT a | p| x G| P|X|7
1000 hlgly HiQ|Y]|e
1001 I I PRz |9
1010 ¢ | ! r
1011 s || #

1100 <|=+|%|®@
1101 Cl1y)|—1-
1110 + I =T
111 [ B B I AR

Figure 5-5. EBCDI Code to PTT Code/8 Translation
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IBM

1051, MODEL N1

A 1050 system with home-loop only operation.

Reader-1 and punch-1 attachments combine to provide a data
interface with the 2030.

Model N1 can operate on-line to the CPU or off-line with
standard 1050 I/0 eguipment.

Home Error Correction is the only home-loop optional feature
that will not work with the 2030.

The 1030 Model N1 is a stand-alone ration shown and with the
device using the 1050 home-loop operation home-component-recognition feature, the
only. It has no line-loop capabilities 2030 program can:

(sending or receiving data to or from

remote 1050 terminals).

Reader-1 and

punch-1 attachments are reserved for use by

the

system configuration.

2030. Figure 3-6 shows the maximum 1. Select and read from a 1054 or 1056
With the configu- reader.
1054 1055
Or Cr
1056 1057/58
b
Reader-2 Punch-2
Reader - 1
K
E
Y
cPU B I(()e:boord
Att. o 1052
A
R
D
Punch - 1
Printer=1 Printer-2
1052 1053

Model 1051
2030 Attachment
Fig

8=86

& Manual Switch

ure 5-6. Maximum 1050 N1 System Configuraticn



2. Accept an operator initiated input from

the keyboard, 1034,

3. Accept an operator initiated split

or 1056 reader.

input alternately from keyboard and
from a 1054 or 1056 reader during a
single read command.

4. Selects any one,

three outputs.

or a combination of

5. Change output devices when desired by

control characters in the data stream.

6. Change ribbon color by control
characters in the data stream.

7. Change line-feed spacing by control
characters in the data stream.

All optional features available to the
1050 home loop will work with the 2030
except home error correction. See Figure
5-7 for the features available and on-line
or off-line functions.

1051 1051 FUNCTIONAL
1050 HOME LOOP FEATURES Model Model o UHE BASIC PREREQUISITES
N1 ] 1O 2080 OFF LINE FOR 2030 ATTATCHMENT
2nd Printer Attachment yes yes yes yes
1st Reader Attachment yes yes yes no yes
2nd Reader Attachment yes yes yes yes
Ist Punch Attachment yes yes yes no yes
2nd Punch Attachment yes yes yes yes
CPU Attachment yes yes yes no yes
Home Component Recognition yes yes yes yes
Auto Fill Character Generation yes yes yes yes
Auto Ribbon Shift yes yes yes yes
Selective Line Feed yes yes yes yes
Home Error Correction yes yes no yes
Switch Unit yes yes yes yes Needed only if a 1052
is not part of system
Extended Graphics yes yes yes yes Yes - only if card
equipment is attached.

Figure 5-7. 1050 Home Loop Features

Section 5 5-7




Keys, lights, and Switches

® Punch-1 switch becomes CPU connect switch.

e Reguest XKey and Proceed Light used for operator initiated
input to CPU. Figures 5-8A and 5-8B show the 1050 N1 key-
board and switch panel. The switches, keys and lights that

pertain to CPU operation are circled.

/ B\ A'-\
8 PRINTER 1| PRINTER 2| KEYEOARD READER 7 TFO PUNCH 2 AUTD FILL| FUNCH | SYSTEM EOL SINGLE CY] ROR STOF
| i on| an| ON|  NORMAL| PROGRAM| MANUAL o] STOP|
OFF| oFf] OFF OFF OFF DUk AUTO OFF

o 5 1o 15 20 25 0 kL] 40 45 S0 55 &0 &5

1IIII|IH\rlllllllll|IIIIli]llIlllliIIH’IIIII‘HIIIIIII|HIF|IIIJ]IHI|FIIIEII'\I!HII‘II[\lIH!‘Illllrlllrllrllrll'\lllll]]llTllllll

70 75 20 85 §0 95 0 s 110 115 120 125 130

HOME READER

START
RESET
e HOME
BYPASS RESTORE

OWER
ROR Fen
PREFIX CANCEL  STOR

PUNCH FPUNCH
DELETE FEED

al

T

e ﬂ
— E“DDDQDDDDDWD 4

1/\
BACK LINE
SPACE FEED PROCEED

R

w!

L

SWDDEDDHDWDWWW

Figure 5-8. Keyboard and Switch Panel for 10532 N1 (Part 1 of 2)

CPU SWITCH: With the CPU attachment fea-
ture, the punch-1 switch becomes the CPU

connect switch. In the CPU On position,

the 1050 is on—-line to the 2030. In the

CPU Off position, the 1050 is off-line to
the 2030.

REQUEST KEY: The operator presses this key
when data is to be sent to the 2030.

PROCEED LIGHT: When on, this light signi-
fies that a request has been granted and
data can be sent.

All other keys, lights and switches
retain their same function as described in
the 1050 SRL Manual, Form A24-3020.



A
PRINTER KEYBOARDﬂPU
cw

oN anN ON

8 B\B

OFF CFF OFF

lHIl]H\I‘HIIlIHI Hlllllll‘HHlHTIlHHlIIHlH I[|III|IIII|I]I lllllll[ll|HIIlIHI}IH|‘HIIIImlIIII“IIII}IHIIll\llirll]
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 9D ®5  q00 05 10 1S 120 125 120

—

POWER
D

BYPASS RESTORE PREFIX CANCEL sTap
LINE \
FEED G(EED [of
>\_<

BACK
SPACE

ALTH
CODING

T
i ) :
S ~
IO T=T

REQUEST

=]

SHIFT

Figure 5-8.

IBM 1050,

The 1050 Model 1,
line loops, can operate:

Keyboard and Switch Panel for 1052 Ni (Part 2 of 2)

MODEL 1
A 1050 system with both home-and line-loop operation.

Reader-1 and punch-1 attachments combinz to provide a data
interface with the 2030.

Model 1 can operate on-line to the CPU with the home loop,
and with other 1050 terminals using the line loop.

Home-error correction is the only home-lcop optional feature
that will not operate with the 2030.

having both home and This flexibility of operation provides a
unigue console function. The information
from the line loop can be assembled in
punched cards or paper tape and then sent

to the 2030 on the home loop.

Home loop to 2030 only.

Home loop off-line only.

Home loop off-line and line loop to
other terminals provided the same I/0
device is not needed for both loops.

Home loop on-line and line loop to
other terminals if the same I/0 devices
are not needed for both loops.

As in the N1, the reader-1 and punch-1
attachments are reserved for CPU use. Fig-
ure 5-5 shows the home-loop options and
their functions for the Model 1.

Figure 5-9 shows the maximum system
configuration for the Model 1.
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1054 1055

Or Or
1056 1057/58
Reader-2 Punch=2

\\ e %m

\\\\\\\\\\ ==

Punch=1
Printer=-2 Printer-1 Keyboard
Keyboard
1053 1052 On
1052 ® Manual Switch

Figure 5-9. Maximum 1050 Model 2 Systems Configuration

KEYS, LIGHTS, AND SWITCHES

° Punch-1 Switch becomes CPU Connect Switch.

» Attend-Unattend switch must be in the Attend position.

® Request key and proceed light are used for operator initiat-

ed input.

Figure 5-10 shows the switches that
pertain to CPU operation with the 1050
Model 1.

5-10
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N

SET

SYSTEM
ATTEND

LUNATTEND

MASTER

§

PRINTER 1
N REC

PRIMTER 2
REC

KEYBOARD
SEND

sen senD
REC] REC o

OFF HOME HOME HOME

READER 2
SEND

OFF

HOME

TP

o

QFF|

PUNCH 2
KEC

OfF

HOME

STOF COLE] AUTO FILL
SENSE oN

B

PUNCH
HORMAL

SYSTEM €05 SYSTEM

MANUAL an

g

TEST SINGLE CY[ROR STOP

PROGRAM

OFF CFF BKSP! ouR

AUTO| DIAL DISC GFF

1@ 15 20 25 30 35 4D a5 A0 55 40 b
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75 B0 85 S0 $5 106 05 1o M5 120 175 190

HOME READER

ey START |

BYPASS  RISTORE EDA

REC

POVIER
ALARM

RDR
PREFIX CANCIL __ STOR

PUNCH
DELETE

PUNCH
FECD

HOME
ALTN
CAbING

READER

SKIP CORRECT

READER
START
LiNE

LINE
RESET

SHIFT

OO = E
S 0 O I
3

PROCEER

RETURH REQUEST

GATA

RESEND
CHECK

DFDDDHD

JDLHL&J

Figure 5-10. 1050 Model 1 Switch Panel

CPUO SWITCH: The punch-1 switch becomes the
CPU connect switch with the CPU attachment
feature. In the On position the 1050 is
on—line to the 2030. In the Off position,
the 1050 is off-line to the 2030.

ATTEND-UNATTEND SWITCH: must be in the
Attend position, because there is no way to
turn on motor control in the 1050 using the
home locp.

CPU ATTACHMENT IN 1031 (M1+N1)

° Contains the controls needed to allow CPU

home loop.

Several basic controls are needed to have
the 1050 function on-line and have the
operation under control of the CPU. The
circuitry necessary is contained on two
double SMS cards in the 1031. These cir-
cuits will allow:

The request key and proceed light serve
the same function as in the Model N1. All
other keys, lights and switches maintain
their function as described in the 1050 SRL
Manual .

The reader-1 switch is removed with the
CPU attachment feature because the CPU has
the reader-1 interface connected, and no
other I/0 device can operate on it.

operation of the

1. CPU reset of the home loop.
2. Control of keyboard restore.
3. Comntrol of the

home-component-recognition latches for
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punch-1, reader—-1, reader-2, and
printer-1 without a prefix operation.

4. The turn-on and turn-off of the home-
reader start latch.

5. Control of the reader-2 hold line.
6. Downshift and carrier-return operations

when needed at the beginning or end of
a print cperation.

IEM 2030 TO 1051 INTERFACE

7. Preventing home-error-correction
circuits from functicning when on-line.

Besides controlling the 1051, the cir-
cuitry in the attachment feature activates
many contrel lines to the CPU. An explana-
tion of these and other connecting lines to
the CPU is covered in Functional Units.

° The cable connecting the 2030 to the 1051 is called the

interface.
s Contains four basic sectiocns:
1. Read (Punch-1 Attachment)
2. Write (Reader-1 Attachment)

3. Controls to and from the 1051.

4. Voltage lines and EPO (Emergency Power Off).

Read ({(Punch-1 Attachment)

The read bus between the 2030 and the 1051
is used to send data from the 1050 to the
2030. The punch-1 attachment in the 1051
is used for this purpose. It contains the
7 bit lines and controls necessary to send
data to the CPU.

WRITE (READER-1 ATTACHMENT)

The write bus portion of the interface is
used to send data from the 2030 to the
1050. One means of input to the 1050 is
the reader-1 attachment. The CPU will use
this attachment when sending data to the
1050. In fact, the 2030 looks like a read-
er to the 1051 controls.

CONTROLS

Many lines are necessary on the interface

to send controls to and from the 1051. =
Basically, in write mode, these controls

are used to prevent the 2030 from running
faster than the 1051. BAlso, during read

mode, the 1051 is interlocked to prevent it
from running faster than the 2030 program.

VOLTAGES AND EPO

Voltages are exchanged between the two

units on the interface. The EPO lines

prevent the 1051 from powering up if the

2030 is in an EPO condition. A swicch in =
the 1051 allows operation of the 1050 off-

line when the CPU is in EPO.



IBM 1051 ATTACHMENT IN 2030 (FIGURE 5-11)

° The attachment is located in the 2030 and contains:

1. R/W Clock

2. R/W Register

3. Controls out-Ta
4. Controls In-TT
5. R/W Translators
6. R/W Controls

7. Share—-Request Controls

R/W CLOCK

The clock runs in both read and write
operations. During the read operation, the
clock basically serves to time just when
the CPU will accept data from the 1050.
Also, the clock cycles once for each read
cycle.

During the write operation, the clock
starts at the beginning and runs until the
write command is completed. The clock also
serves as a timer, limiting the CPU to the
speed of the 1050 I/0 equipment.

R/W REGISTER

A set of latches that store characters
temporarily during input or output opera-
tions.

CONTROLS OUT-TA

A set of 8 lines that control operations
from the microprogram. The mnemonic desig-
nation of these control out lines is TA.

Controls In-TT

A set of 8 lines the microprogram or hard-
ware can use to test or know the status of
the 1050 and/or the attachment. Such
things as intervention required will be
sampled from this contrecl area.

R/W TRANSLATORS

This is a series of circuits that will
translate from EBCDI to PT&T/8 and from
PTET/8 to EBCDI.

R/W_CONTROLS

A set of controls that analyze the contents
of the TA register and establish read, read
inquiry, write, etc. They are used to
control the clock speed and data flow.

SHARE-REQUEST CONTROLS

These controls are activated when any con-
dition in the attachment signifies that a
mi croprogrammed share-request should take
place.
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| 4 |
CE Data | Write |
OR LEBCDL | Tronsiate | PT & T 101050
fT&TFromTOSD Rewid " To ”
Zhu S BCDL Or PET Start Clock Recd | OR
\é\‘;;‘ie @ @ Start Clock Write R/W
| | Clock
| Read - I
| PT& T, | Translate A
= 1o A LA Busl
EBCDI
1050 Data In|
' (Th)
PT& T, | Parity To Data Check TT7
71 Check
|
> OR ‘ Reader Start Latch
CE Data W/ A TA ]Q Recder 2 On
" 7 Micro Share Request
Gate 1050 Tags Out Control [51 Proceed
(TA) Out ] Ring Alarm 25 ms To 1051
Register 7] Carrier Return and Line Feed 80 ms
2] Attention Reset
=] 1050 Reset
Output Select and Ready — 5 ;
1N OR |Interven |Intervention Required
Recder 2 Ready ~l Fion (TT5)
1050 Operational % Requires Micro Share Request Request In
- Detection Write Share Request 1050 Op In To
Read Shere Request ghcre T % Redjiast CPU
Ready Share Request Ceques;r —
Intervention Required [PRESIS
Atftention
b e
Cancel Decode 0 Tl 8
Reader 2 Ready 5 TT 76
End decode 7 Conftol 1
1050 Operaticnal =~ In | a
Home Reader Start % Gate 1050 Tags |n' A A& Bus
Infervention Required — mm
5
Request Key ]
Data Check =
Write Share Request
Reader 1 Clutch .
DEHEST § e e . Generate Shift Character
TA -] Read Reader2 1y Write ‘g;:fml Reader-1 Strobe
Punch - 1 Cluich N Start Clock-Write
TA-0 Reader Start Latch
OR Run
TA-1 Reader-2 On A | Read l
Write Latch N
Punch-1 Home
Punch-1 Clutch Read Read Share Request
A | Read Inqui Control [Start Clock-
TA-1 Reader-2 On == arel [otack Glack-Rend
TA-3 Proceed

Figure 5-11i. 1051 Attachment in 2030



COMMANDS TO THE 1050

° Interrogation of Start I/0 CCW Command Byte can initiate

these basic commands:
1. Read
2. Read Inguiry
3. Write
4. Sense

5. Control
READ

A read operation is defined as a macropro-—
gram initiated read instruction to the
1051. )Jthe microprogram checks for
reader-2 and will select the reader, set up
controls, and start the attachment clock.

READ INQUIRY

A read inguiry command is normally issued
in response to a reguest—in operation from
the 1051. It can be an operator- initiated
command, and the microprogram will allow an
input from the 1052 keyboard, or reader-2
if the operator so desires, provided the
selected device is set to the home posi-
tion.

WRITE

A write command is initiated by the macro—
program start I/0. The microprogram con-

trols the data flow and checks for any
output device at the 1050 being selected
and ready.

SENSE

A command issued to the attachment to test
the condition of the attachment and the
1051. A byte is assembled and stored in
MPX storage, address 04 before issuing the
command. The sense operation stores this
byte in main storage for further interroga-
tion.

CONTRCL

This is command-immediate operation that
can be used as a control function. One
example is the alarm operation. This com-
mand rings an alarm for 2 seconds to alert
the operator.
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DATA FLOW

® CPU Read Operation is defined as receiving data at the 2030
from the 1030.

° CPU Write Operation is defined as sending data from the 2030
to the 1050.

Figure 5-12 shows the basic data flow path Figure 5-13 shows the basic data flow
for a CPU write operation. Data from the path for a CPU read operation. The input
Z-bus in the CPU enters the 10531 through at the 1051 is reader-2. Input could also
the reader-1 attachment and prints on be originated at the keyboard. Note that
printer—-1 (1052). This data cculd have the punch-1 attachment is used to send
been printed on printer-2 or punched on information to the 2030 and on the A-bus to
punch-2 if the 1050 had these options and storage.

they were selected to the home loop.

. Qut
2030 | l Controls 1050
TA To
l I 1050
i | Reader-2 Keyboard
1054 or On
| | 1056 1052
Translater | |
i EBCDI Reader-1
e B : R/AW To | T Interfoce
Z Buss8+P > Data > PR 6+ P . Home Loop -
— _ Reg. i =i 1 .
ALS S SR N Eranstator : [ | =
ABuss 8+P|PT+T K < 6+P -
I\IT To :
Punch-1
EBCDI Ii { Interface
| | Printer-1 Printer-2 Punch 2
| | 1055 or
= | | 1052 1053 1057/8
Tags
/ y ! | Conirol
g+p 1 To
| | 2030
I |

Figure 5-12. Write Data Flow
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FUNCTIONAI. UNITS

IBM 1051 ATTACHMENT CLOCK

e Read and write operations are controllei in the attachment by

clock timings.

® The clock is oscillator driven.

° The oscillator is clamped off when the clock is stopped.

° One clock cycle results in four timed outputs: w, x%, y, and z.

The attachment clock is oscillator driven
and consists of three basic sections
(Figure 5-14):

1. Oscillator and start-stop controls.
2. Drive triggers and read-write controls.

3. Output section of four timed pulses.

5-18

1. Oscillator and 2. Drive Triggers and Read or 3. O-ui‘puT Section, Four
Start - Stop Controls Write Drive Controls Timed Outputs - W, X,Y,Z
h-1 Cluich I = I W Time
Peh-1 Cluteh l Rand Al !
Rd or Rd Ing ‘ 1 C4 A ]
Not Rd Clock Intlk \ Thel On 1 el
OR | : OR ¥ e
| i
Rdr-1 Clutch A | Write A | | -
it ime
e | TR-2 _Off |
Cl A
| I c2
| | —FL ——
| |
| l Y Time
On ¥ On
osc l TR-1 TR-2 | | | A —
| — FF — - — FF — || a
— S (—
‘ OFff F— Off — |
* Set Rides
Rgse?.’er ' i I TR-2 On| A L l —_—
1
Write
| | [or "
i I C4
Not OSC ' ] =k, ==
[s]
Not TR-1 . ’ TR-1 Off | A | ] I
ca | Read | €8 |
} I Reset On
Figure 5-14. Attachment Clock

The oscillator in the clock is always
clamped off when the clock is stopped.
When the clamp is removed, the output
shifts. When the clamp is applied again
during a normal operation, it is always
applied when the oscillator line is "down"
where it remains until unclamped, when the
cycle starts all over again.



CLOCK OPERATION DURING WRITE MODE

e The clock is started at the beginning of a write coperaticn
and turned off after all data transfers are complete.

° The cycle speed of the clock is limited to the speed of the

1050 output device (67.5 ms).

1. Oscillator and 2. Drive Triggers and Read or 3. Qutpur Section, Four
Start = Stop Controls Write Drive Controls Timed Quiputs = W, X, Y, Z
Peh-1 Clutch o) | | : W Time
0a A [ Read A I
or Rd Ing e T =
: il TR-1 On ¢4 A 1
Not Rd Clock Intlk - | Cl
. OR | o B, sl
Rdr-1 Clutch A ! Write A
| Write il X Time
TR-2 _Off
CI A
cz
Y Time
n |
Clock On 2> On
Sert osc TR-1 TR-2 || A
— FL—— — FF — — FF — ) =
S, -
OFf ¥ . ot Off — Offf—
* Set over Rides — i
eset. TR-2 On
I—_——- T Z Timie
Write
OR A ]
——
c4
Not O5C Y = B =y
Not TR-1 TR=1.OFF [ A |
C4 Read c3
0 = i Reset On

Figure 5-15. Attachment Clock-Write Mode

During a CPU write operation to the 1050,
the character repetition rate must be con—
trolled. The output devices at the 1050
operate at a speed of 14.8 characters per
second or approximately 67.35 milliseconds
per character. The attachment clock pro-
vides the control to give a character repe-
tition rate of 68 milliseconds during write
mode.

Circuit Obijectives

Figure 5-15 shows write controls. The
controls shown start the oscillator.
oscillator drives TR-1 which in turn,

The

drives TR-2. In write mode, TR-2 pulses
are used to step the control latches (C1,
C2, C3, and C4) and also provide the w, x,
Y., and z clock times. The flipping of TR-2
is timed by the oscillator and TR-1 so that
each complete clock cycle results in 68 ms
(17 ms per stage).

When TR-2 is on, it supplies a drive
pulse to C2 and C4. When TR-2 is off, a
drive pulse is available to Cl1 and C3. The
actual stepping and timing controls to the
clock are shown in the timing chart (Figure
5-16).
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Circuit Description 6. Each shift of the TR-2 line will
advance the control latches one step
1. The idle conditions of the clock are: and provide a clock-output pulse.
a. Oscillator clamped at the off level
7. Once started, the clock runs continu-
b. TR-1 off ously unless the reader-1 clutch line
drops. Reader-1 clutch can drop under
c. TR-2 on two conditions:
d. C4 On
a. End of the write operation.
e. Clock Start Off
b. A carrier return, line feed, or
2. Reader-1 clutch line is made active by tabulate operation in the 1050.
the write command if the 1050 is on-
line and ready. 8. The clock will stop with the idle con-—
ditions:
3. Clock start turns on with:
a. Clock Start Off
a. Write
b. Oscillator clamped off
b. Reader-1 clutch
c. TR=1 off
4. C1 turns on with Clock Start.
d: TE-2 en
S. W-time is available with Clock Start,
not TR-2, not C3, and C4 on. e. C4 on
RDR-1 Clutch |
1 Clock Start | |2-3-8-0
2 Oscillator nonnonnaOnannaonnonnnAnNanNAans
3 TR 000000000000
4 TR-2 (O S50 N (S O S
5 1-7-84| ¢l |46 = o
& 4-5-8[ c2 Ja-7 2 | (2 |
7 6-5-4| c3 |84 c3 c3

Figure 5-16.

C4

C4

wlx]ylz[wlx]v]zfw[x[v]z]

L 68 ms ‘|l 68

ms ! 68 ms ‘!

Attachment Clock-Write Mode Timing Chart



CLOCK OPERATION DURING READ MODE

° Data originating at the 1050 controls the cycle speed of the

attachment.

° Clock is used to set data into the R/W register and initiate

a read-share reguest.

° Clock runs at a cycle rate of 34 ms.

° Each character sent from the 1050 allows

one cycle and stop.

During a CPU read or read-inguiry opera-
tion, data is sent from the 1050, and the
character-repetition rate is controlled by
the 1050. The clock is used to set the
character into the R/W register and ini-
tiate a read share request to the CPU. The
clock runs at a repetition rate of 34 mil-
liseconds and runs one cycle for each char-
acter sent.

Circuit Ob-djectives

The basic read controls are shown in Figure
5-17. The oscillator starts under read
control and punch-1 clutch from the 1050.
The oscillator drives TR-1 and supplies the
drive pulses to the control latches (C1,
Cc2, €3, and C4). It also provides the
timed w, X, y, and z clock times. TR-1
flips every 8.5 milliseconds resulting in a
clock cycle of 34 milliseconds. When TR-1
is on, a drive pulse is available to the C1
and C3 control latches. When TR-1 is off,
a drive pulse is available at the C2 and C4
control latches. Figure 5-18 shows the
actual timing and stepping controls.

Circuit Description

1. The idle conditions of the clock are:

a. oscillator clamped at the off
level.

the clock to run

b. TR-1 OFF

c. TR-2 on
d. C4 onm
e. Clock start off.

Punch-=1 clutch is activated from the
1050 at the time a character is ready
to be sent.

Clock start turned on by punch-1 clutch
and read or read-inguiry operation and
not read clock interlock.

Cl turns on with oscillator start.

The clock steps one stage with each
flip of TR-1.

At Y time, the read-clock-interlock
latch is turned on to allow stopping
the clock at the end of Z-time. Read-
clock interlock falls with punch-1
clutch.

Clock start drops with not oscillator,
not TR-1, and C4 on.

The clock is now stopped until the rise
of punch-1 clutch from the 1050 for the
next character.

Section 5 5-21




|| Pch-1 Clutch
| Rd or Rd Ing

| Not Rd Cloek Intlk | -

Clock
Start b

Off
* Note

* Set over Rides
esetf.

Not OSC

| Not TR-1
C4

Figure 5-17. Attachment Clock-Read Mode
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1 Peh =1 Cluteh

2 Read Clock Intlk M v[ | Frv_ad . 1
3 Clock Start 12 la-5-9 [ | ] ]

4 Ossillator naan annn n0nn nnn
5 TR-1 10 11 .1
6 3-8.9-5[ C115-7 1] [cr]
7 5-6-9[c2 |58 [cz] = [c2]

8 7-5-8[C3 ]9-5 [c3] [ [cs ]

9 5-6|8-6-5 C4 || cs | | cs | ] 4
10 wix]v[z] wix[v[z]

!-. 67.5ms L 67.5 ms l 67.5 m54-t

Figure 5-18. Attachment Clock-Read Mode Timing Chart

1
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CONTROLS IN-TT

® A set of eight lines used in the microprogram to test the

status of the attachment and the 1050.

° Assembled as a byte on the A-bus with the ROS order, Gate

1050 Tags In.

Proceed A

B Bit Caneel
Not Home Reader Start Decode
C Bit Band C

Bits

Note: TT is not a register,
but a set of 8 lines that
can be gated to the A - Bus.

Read Share Request A
EOT
OR
EOB
Reader 2 Not Ready T
OR Reader - 1 Home A Cancel 0_
1050 Not Oper. A CPU Connected (From 1050) Reader - 2 Ready : W
Not Read Share [ T End
Request . 3 2
Read Required 1050 Operational =
Not Read Share Request | O st 1050 Home Siort 4 A Bus
Read Inquiry A R Intervention Required 5
| — At H
1050 Not Oper Fh il &
Data Check =
Not Write Share Request
A P J
Not Restore Gate 1050 Tags In
1050 Not Oper = Gure
Qutput Not Select R t K Attention
and Ready i il S P
Parity
Check
Circuits

Figure 5-19. Controls In-TT

To operate properly, the microprogram must
be able to test conditions within the
adapter and in the 1050. Eight lines
designated mnemonically as TT provide this
control. At any time the program needs the
status of these lines, a ROS order, Gate
1050 Tags In, will assemble a byte on the
A-bus with a destination specified in the
program. Further interrogation of this
byte will follow in the microprogram.

The eight lines have been designated
(Figure 5-19):

5-24

TTO

TTA

TT2

= Cancel: This line is active on a
read-inquiry operation if the character
decode is B-bit and C-bit (cancel char-
acter from 1050).

= Reader 2 Ready: This line comes from
the 1050 on the interface and signi-
fies the reader is on the home loop
and the paper contacts are satisfied.

= End: This line is activated on a read
operation if the character decode is
EOB or EOT from the 1030. The ready-



share interrupt also sets this line
to indicate device end.

TT3 = 1050 Operational: This line is the
AND condition of reader-1 home and
CPU connected interface lines from
the 1050.

TT4 = Home Start: This line is activated
when the home-reader-start latch is
on in the 1030.

TT5 = Intervention Required: Three
conditions can activate this line:

1. Read Operation-reader-2 not ready
or 1050 not operational.

CONTROLS OUT-TA

2. Read Inguiry Operation-1050 not
operational.

3. Write Operation-1030 not opera-
tional or Output not Select and
Ready.

TTé6 = Attention: This is activated by a
request from the 1050.

TT7 = Data Check: This is activated on a
read operation from the parity-check
circuits in the attachment.

® A set of eight lines is used to control the 1051 attachment

during I/0 cycles.

® Byte is assembled, it is put on the Z-bus and set into TA by

the ROS order Gate 1050 Tags Out.

During any operation with the 1030 or the
1051 attachment, controls must be available
to perform the operation; the unit must be
told what to do. The TA register performs
this function. It consists of eight lines,
each representing a control or command to
the 1051 attachment.

Each bit-line of the Z-bus is gated to
the 1051 attachment with the ROS
order: gate 1050 tags out. Figure 5-20
shows the TA register and the Z-bus input.
If the zerc bit line has a bit, it sets the
latch called home reader start. The rest
of the Z-bus lines set latches or condition
lines with the presence of bits on the
Z-bus lines.

let's briefly discuss each line and its
purpose.

TRO-Home Reader Start turns on the home-
reader- start latch in the 1051 if the
1050 reader 1 home line is active and
the TA proceed latch is off.

TAl-Reader 2 On drops the Reader—-2 hold
line if no other condition is
attempting to hold it up.

TAZ2-Micro Share-Request causes a share-
request cycle in the CPU and allows the
1050 attachment program to take a share
cycle.

TA REGISTER =
Z-Buss 0-Bit
Home Reader Start e
Z-Buss 1-Bit Reader2 On -
e Micro Share Req —
£oBues 3-Bit Proceed Latch f—
: To the
Z-Buss 4-Bit Ring Alarm 1051
25 ms ss and the
Z-Buss 5-Bit Coarr Retn and Line Feed attachment
80 ms ss
Z-Buss 6-Bit
Attention Reset —
= 7-Bi
Z-Buss Bit 1050 Reset -
Gate 1050 Tags Out el Gate J

Figure 5-20. Controls Out-TA

TA3-Proceed unlocks the 1052 keyboard and
lights the proceed light if the
attachment is not in a read-share-
request cycle.

TAL-Ring Alarm a 25 ms single-shot pulse to
ring the alarm if the system is
equipped with the feature.

TAS-Carrier Return and Line Feed sends an
80 ms pulse to the 1052 printers to
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return the carrier and cause a line TA7-1050 Reset allows a reset to be sent to
feed. the 1051 to reset the home loop if the
1050 is selected to the CPU.
TA6—-Attention Reset resets the attention
latch.

READ-WRITE REGISTER

° A set of eight latches; 8 bit-positions each representing a
bit when on and no-bit when off.

® Used both in receiving PTET/8 code or sending EBCDI code
before translation.

Each position of the R/W (Read or Write) Regikion
register represents a specific bit, depend- \\\P\ R/W REGISTER
ing on the operation being performed. Data | READ | WRITE
can be handled either during a read opera- ! .
tion or a write operation. Figure 5-21 B | Mevused | Shit
shows the register positions and their use 1| ¢ it I 1 Biy
during each mode of operation. |
2 | BBit : 2 Bit

The latches used in the R/W register are 3 | A Bit : 3 Bit
not reset by a common reset line. Any time !
the R/W register set line is made active, 4 | 8Bit | 48t
the latch for each bit position assumes the :
logic on the bit line input. For example, 5 | 4Bit | 5 Bit
if the bit 0O-line has a bit when the set t
line is made active, the latch assumes the & | 2 Bit E 6 Bir
state of containing a 0-bit. If the bit !
0-line does not contain a bit the next time 7 |18t t 7B
the set line is active, the latch assumes Read or Read Ing i
the status of containing no 0-bit. This Punch - 1 Clutch A READ GATE
register, therefore, will always have some- W Time
thing in it, and will be allowed to change
state only when the set line is made g Spie (930 bus Dot
active. ) T 3 Time A WRITE GATE

Figure 5-21. Read/Write Register



SHARE—-REQUEST CONTRCLS-POLL CONTROL

° Will capture polling if the 1030 has reguested service.

° Uses MPX channel SEL-O and SEL-I pulses to capture polling

when necessary.

° Will force CPU to channel mode and prevent the MPX channel

from running until reguest cycle is over.

The share-request controls are used only
when the attachment circuits call for a MPX
channel share cycle. The controls will be
active when any one of these conditions is
satisfied:

1. TA micro share-request latch is on.

2. Reqguest key operation, not run mode,
and not TA micro share-regquest latch
on.

3. Read share-request.

4. Write share-request.

5. Intervention reguired.

6. Ready Share-request

The control circuits are used to inter-
lock the MPX channel polling circuits.

Because the attachment is physically in the
CPU, install it first or last on the chan-

POLL CONTROL--START I/0--1050 INSTALLED FIRST

nel poll lines select out (Sel-0) or select
in (Sel-I). If the 1030 attachment is
installed first, Sel-0O is sent through it
before going to-the MPX channel. If the
1050 is installed last, the Sel-I line is
sent through it before returning to the MPX
channel poll controls.

Let's consider polling with start I/0
and reguest cycles.

The 1050 is not polled during a start
I/0 cperation. The microprogram recognizes
the address as the address of the 1050.
This causes an exit from normal start I/O
into the 1050 microprogram . During the
1050 start I/0, controls will be set up to
cause share-request cycles; the start I/0
routine is ended. Even though the 1050
does not require the Sel-O0 and Sel-I lines
during a start I/0, it must be able to
handle them the same as any unit on the
multiplexor channel during a start I/0 to
any unit actually on the MPX channel.

° Sel-0 is generated by the start-select-out latch through

microprogramming.

® Polling pulse bypasses 10531 attachment controls.

The start I-O0 instruction turns on the
start-select-out latch in the multiplexor
or channel poll circuits (Figure 5-22).
The Sel-0 pulse is sent to the channel,
delayed by each unit, and eventually sent

back to the CPU as Sel-I. Here, it is
determined that the 1050 is first on the
channel and the Sel-I pulse will function
as in a multiplexor channel operation and
turn off the start-select-out latch.
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Start SEL-0

 Micro Program

Start 1/O

1050 Installed First

Poll Control--Start I/0 to MPX Channel with 1030 Installed First



POLL CONTROL--START I/O 1050 INSTALLED LAST

e Sel-0 is generated by the start-select-out latch through

microprogramming.

® Sel-I is directed through the 1051 attachment circuits and
then to turn off the start-select-out latch.

The start-select-out latch is again turned
on by the microprogram (Figure 5-23). The
Sel-0 pulse is sent to the channel and is
delayed by each control unit as a test is
made to see if that unit can capture the
Sel-0 pulse. If no unit captures the Sel-0
line, the pulse returns to the MPX channel
circuits as Sel-1I.

An attempt to turn off start-select-out
is made, but because the 1050 is installed

POLL CONTROL--1050 REQUEST KEY OPERATION

e Request key causes a-share-request.

last, the Sel-I is routed through the 1051
attachment share-request controls. Here
the Sel-0 detect latch is turned on, and,
after a short delay, the Sel-0 delay latch
is turned on. The original Sel-I line is
now called 1050 Sel-I and will now enter
the multiplexor controls and turn off the
start-select-out latch.

° Sel-0 is generated to the 1051 attachment by the select-

request latch.

° 1051 attachment captures polling by stopping the Sel-0

pulse.

° Attachment circuits bring up 1050 operational-in and T-

request.

When the operator presses the request key
on the 1050, the attention latch is set in
the 1051 attachment (Figure 5-24). If the
channel is not polling at this time, the
prepare-to-share latch is turned on. The
same line activates 1050 reg-in. The sel-
req latch is turned on in the MPX channel
controls if the MPX channel is not busy
with another device. The sel-out pulse to
the 1051 attachment is generated when the
select-request latch turns on. This pulse
turns on the sel-out detect latch in the
1051 attachment, and at the same time the
1050 op—in latch is able to turn on because
the prepare-to-share latch is on from the
original reguest.

The 1050 Op-in latch does three things:

1. Prevents the turn-on of the Sel-0 delay
latch which captures the polling
sequence.

2. Sends 1050 Op—-in to the MPX controls,
clamps the select-request latch off,
and drops Sel-0. This prevents turning
on the select-request latch until the
1050 Op-in line falls.

3. BSends T-request in to be used in the
microprogram. At this time the micro-
program will branch to the 1050 routine
and further control will be by the
microprogram. The share- request con-
trols simply allowed a share cycle to
be initiated and the 1050 to capture
the polling sequence.
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IBM 1051 TO 2030 INTERFACE

° Paddle connector C03
CPU.

° Paddle connector A03
operation.

(Punch-1) is used for the input to the

(Reader-1) is used for the CPU output

@ Paddle connector D06 is used to route the control lines to
and from the CPU.

° EPO (Emergency Power Off)
sequence.

° Cable will enter the 2030 at 01FAl.

2030 1051
4 0 Volts Bit Punch-1 (6 bits +P) Punch 1
~12V Punch-1 Paper Contact Interface
Paddl
0OV Punch Clutch Cuonneecfor
- 3 Volis co3
-L CPU Home Reader-2 Held
-L CPU Proceed
~-L CPU Reset
~L CPU Shift Restore
=L CPU Printer CR - LF (16 ms)
-12 Punch 1 Home Switch
-L CPU Home Reader Start CPU
Attatchment
-12 CPU Home Reader Stop Feature
Signal Ground Paddle
+12 Reader 1 Home Switch ggigecfor
]COSO | -12 Home Reader Start Latch
RIELE -L Qutput Select
Aitatchment Gl SRR P el
-L Home Reader-2 Ready
+12 CPU Connected
+12 Request
+ E Bit Reader (6 bits + P) > Reader 1
+E Reader Strobe (16 ms) Interface
Paddle
0 Volts Reader Clutch e
-3 Volts AO3
+24 Volts
Emergency
Refurn Power Off
Circuit
+12 Volts
Voltage
=12 Volts Bus
Connector

Figure 5-25.

2030 To 1050 Interface

controls the 1050 power-on

The cable connecting the 1051 to the CPU
will be referred to as the interface.

This cable can be broken down into 4 basic
sections (Figure 3-23):

1. Data to the CPU (Punch-1)

2. Data from the CPU (Reader-1)

3. Controls from 1051 to CPU, controls
from CPU to 1051,

4. Voltage interchange and EPO.

Let's take each of the basic sections
and explain the lines and their purpose.



READ (PUNCH 1) INTERFACE, FIGURE 5-26

This section of the interface controls the
data from the 1051 to the CPU. Input in
the 1051 can be elther a keyboard or a
reader.

2030 1051

< 0 Volts Bit Punch-1 (6 bits +P) Punch 1
-12V Punch-1 Paper Contact Interface
Paddle |
0V Punch Clutch Connector ||
- 3 Volts co3 |
-L CPU Home Reader-2 Hold
-L CPU Proceed
-L CPU Reset
-L CPU Shift Restore
—L CPU Printer CR ~ LF (16.ms)
-12 Punch 1 Home Switch
-LCPUH Reader Start chy
Shilahes Attatchment
=12 CPU Home Reader Stop Eoctle
___ Signal Ground Paddle
+12 Reader 1 Home Switch gglzecror
1050 -12 Home Reader Start Latch
Console -L Qutput Select & Ready
Attatchment

-L Home Reader-2 Ready

+12 CPU Connected
+12 Request

T E Bif Reader. (GBTLD) > Reader 1

-+E Reader Strobe (16 ms) lotereie.
L Paddle
0 Volts Reader Cluich Connector
-3 Volts ACS
+24 Nolts
Emergency
Return Power OFff
Circuit
+12 Wolts
Voltage
=12 Volts Bus
~ Connector

Figure 5-26. Read (PCH-1) Interface

0 Volts Bit Punch-1 (6 bits plus P)

These lines are reed-relay controlled in
the 1051. If the character being sent has
an A bit, the reed-relay controlling the
A-bit line will transfer, indicating an

A-bit on the interface. The common of all
the bit relays is fed by -3 volts from the
2030 tec the 1051 (Figure 5-27). The actual
level of the interface signal is -3 volts
for a bit and +6 volts for a no-bit condi-
tion.

1051 | Interface
|
; RR L
: -3V A Bit Punch 1 (OW A Bit Punch-1)
A |
|
== |
| -3V From CPU
[
|
RR '
| ~
!} =3V 1 Bit Punch 1 (OV 1 Bit Punch-1)
A
I
A \
|

Figure 5-27. Read Relay Control

of PCH Bit Lines

-12V Punch-1 Paper Contact

This line is merely a return of -12 v to
the 1051 through the interface. It satis-
fies the punch-clutch circuits and also
indicates that the cable at the 1051 is
properly installed.

0 Volts Punch Clutch

This line is reed-relay controlled in the
same manner as the data-bit lines. It
serves as a strobe signal to the CPU that a
character is on the interface. The voltage
levels on the interface are -3v on and +6 v
off.

WRITE (READER 1) INTERFACE, FIGURE 5-28

Data sent from the CPU during a write oper-
ation will enter the 1051 home lcop on this
section of the interface. Once the data is
on the home loop, any output device select-

ed and ready will print or punch the infor-
mation.
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B T e T

\1’ 0 Volts Bit Punch-1 (& bits + P)

Punch T
=12V Punch-1 Peper Contact Interface
- - - Paddle
0V Punch Clutch oo
- 3 Volts co3
-L CPU Home Reader-Z Hold
=L CPU Proceed
=L CPU Reset
—L CPU Shift Restore
-L CPU Printar CR = LF (16 ms)
-12 Punch 1 Home Switch 24
-L CPU Home Reader Start [ T
- nent
=12 CPU Home Reader Stecp, Fealure
Signal Ground zﬁdﬂ‘.é
- = ennector
+12 Reader 1 Home Switch DOb
253 ] =12 Home Reader Start Letch
poone -L Output Select & Ready
|| Attatchment Siput oot et

-L Home Reader-Z Ready

+]12 CPU Connected
+12 Request

+ E Bit Reader (6 bits + P) > Reader 1
+E Reader Strobe (16 ms) Interface

Paddle
0 Volts Reader Clutch Connector
-3 Volts AQO3
TROAVGIE T T
Emergency
Returr: Power Off
Circuit
+12 Wolts
Voltage
~12 Volts Bus
qunecror

Figure 5-28. Write (RDR-1) Interface

0 Volts Reader Clutch

This line is a signal to the CPU that the
reader-control circuits in the 1051 are
satisfied. If the 1031 home loop is per-
forming a function, such as CR-LF, reader
clutch will be blocked, and the CPU will
wait until the 1051 activates the read-
clutch line again. The level of this line
is -3v on and +6v off, and is controlled by
a reed-relay the same as punch clutch.

+E Reader Strobe (Figure 5-29)

The CPU activates this line when it has a
character to send to the 1051. The home

timer in the 1051 is started by this timed
pulse to initiate a cycle in the 1051. A
reed-relay in the CPU switches +12v from
the 1051 back to the 1051 as a +E for on
and -E for off.

2030 1051

Allow Strobe
Z - Time ‘
Write Latch |

A Write Strobe RR

Reader Strobe

Figure 5-29. Reader Strobe

+E Bit Reader (6 bits + P)

These lines are reed-relay controlled in
the CPU the same as reader strobe. The
duration of the pulse on the interface is
longer than for reader strobe. Once the
1051 home timer is started, the character
is handled as a normal 1030 reader cycle.

CONTROLS FROM THE 2030 TC THE 1051 (FIGURE
5-30)

This section of the interface is used to
send control lines to the 1031. The
operation of the home loop on-line depends
on these lines functioning properly.

-L CPU Home Reader-2 Hold (Fiqure 5-31)

When on (-L), this line prevents reader-2
from reading. It can be gated to the 1050
if the 1051 is operational and the reader-1
home line is active. Reader-2 hold will be
on whenever the 1050 adapter in the CPU is
in write mode. With the adapter in read
mode, the line will be off until read
share-reguest turns on. At this time the
adapter has the character stored in the R/W
register, waiting until the CPU can accept
the data, and the reader-2 hold line will
turn on to stop the reader at the 1050.

At the time the CPU writes the character
in storage, reader-2 hold is turned off and
the reader is allowed to send the next
character to the CPU. (Figure 5-32) Using
the reader-2 hold in this manner prevents
the 1050 from running ahead of the CPU
(sometimes referred to as overrun).

[



-L CPU Home Reader-2 Hold

-L CPU Proceed

~L CPU Reset

—-L CPU Shift Restore

-L CPU Printer CR - LF (16 ms)

-12 Punch 1 Home Switch

-L CPU Home Reader Start

-12 CPU Home Reader Stop

Figure 5-30.

Controls from CPU to 1051
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2030

Write Latch

OR

Reader = 1 Home
1050 Operational

Reader - 2 Hold

1051

CPU Connected A |Reader -2 Hold

Read Share Request or Not Reader 2 On

(TA-1) Reader-2 On A
TT-2 End

Figure 5-31. Reader 2 Hold

Reader Cycles I

Punch Clutch

]
1

Character on Interface

1
|

{

Reader - 2 Hold

—— |

Character in Read Register _I

~

| [

Read Share Request l

Write Character in CPU

~

Note:

Sk
This delay can vary, depending on the CPU program. RDR-2 hold will b

stop the mechanical reading until the CPU allows the character to be accepted.

Figure 5-32. Reader-2 Hold Timing Chart

-1. CPU Proceed (Figure 5-33)

When off, this line causes the keyboard on
the 1052 to become locked if it is selected
on the home loop, if the 1050 is on-line
and the home loop is selected. The 1052

2030

(TA-3) Proceed Latch A CPU Proceed

keyboard unlocks and the proceed light
comes on when the proceed line is on (-L).
The CPU proceed line is controlled during
read-inquiry mode by read share-reguest to
provide data overrun protection when enter-
ing from the keyboard.

1051
Proceed Light

Not Read Share Request

Figure 5-33. CPU Proceed

il




2030 1051

(TA-7) 1050 Reset Latch A 1050 Reset OR |Home Reset Ext.
Z- Time A
Write

OR
Read
Read Intlk. | A
Punch Clutch |

Figure 5-34. 1050 Reset

—-L CPU Reset (Figure 5-34)

When on, this line resets the home loop on
the N1:

1. &At Z-time of a clock cycle in write
mode.

2. At not-punch clutch time and read-clock
interlock during read mode.

The preceding conditions force up the
home-reset line in the 1051.

If the home-component recognition fea-
ture is installed in the 1051 and the 1050
home loop is on line to the 2030, CPU
reset:

1. Resets Punch-2, Printer-1, and

Printer-2, home- component-recognition
latches.

2. Does Not Reset Reader 1, Punch 1, and
Reader 2. The
home-component-recognition latches are
always force selected by the 1051 for
on-line operation.

—-L Restore (Figure 5-33)

When on, this line forces all 1050 printers
to shift to lower case if the printer(s)
are switched to the home loop. Another
function of this line is to force the
printer-1 home-component-recognition latch
on if the 1051 has the
home-component-recognition feature.

2030 1051
OR | Home Select Printer = 1 Ext.
Run 55
Restore A OR | Printer=1 Downshift Ext.
16 ms Printer - 1 Home Switch
A OR |Printer - 2 Downshift Ext.
Printer - 2 Home Switch

Figure 5-35. Restore
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2030 1051
Tag Out 5Set CR & LF| ssS Printer - 1 Home Switch A OR | Printer - 1 CR and LF Ext.
CR and LF Pulse (80 ms)
80 ms
A OR |Printer = 2 CR and LF Ext.
Printer - 2 Home Switch
Figure 5-36. Carrier Return and Line Feed
=L CR and LF_ (80 ms Pulse) Figure 5-36 reed-relay will be picked when the adapter
is in a read operation. With the punch-1
When on, this line forces a printer switch utilized for CPU operation, this
carrier-return and line-feed function to line activates the punch-1 home switch line
all 1050 printers if the printer(s) are to allow home-loop operation of punch-1

switched to the home loop.

Internal 1051 circuits.

circuitry will drep the reader-clutch line
to the CPU while performing a CR-LF func- —-L CPU_Home Reader Start (Figqure 5-38)

tion.

When on, this line holds the home-reader-

-12 Punch 1 Home Sw (Figure 5-37) start latch in the 1051 in the On status.

When the CPU is in write mode to the 1050,

-12 volts from the 1051 is switched in the this line turns on the home-reader-start
Mod 30 adapter via a reed-relay point. The latch automatically.

2030

Read OR

1051

— o150 CPU Switch-Cn

Punch - 1 Home Switch

Read Inquiry

Figure 5-37. PCH-1 Home Switch



2030 1051

Reader i Bt B
- ome Reader o>ta

Reasie—] Hyie A Home Reader Start i::ﬁh

(Not) Proceed Latch c

(TA-O) Home Recder Start

Figure 5-38. Home Reader Start

=12 CPU Home Reader Stop (Figqure 5-39) 3. The attend-unattend switch is in the
attend position (1050 Mod 1 only).

-12 volts from the 1051 is switched via a
reed-relay in the CPU. This line turns the
1051 home-reader—-start latch off if the
reader-1 switch is set to the Home position
and any time the attachment is not in run
mode.

2030 1051
Home Reader
Start
On
Reader=1 Home| A Home Reader Stop FL
(Not) Run —L
] Off
Figure 5-39. Home Reader Stop
BA L ]
+12 Reader 1 Home Switch
! 4 -12 Home Reader Start Latch
(5:0}\:'3'1)201’.8 FROM THE 1051 TO THE 2030 (FIGURE [ orela ~L Output Select & Reody
: o, -L Home Reader-2 Ready
These lines are used to send controls to +12 CPU Connected
the CPU and are generated by the 1051. +12 Request
+12 Reader 1 Home

The reader—1 switch is removed from the
1050 when the CPU attachment is installed.
Therefore, the CPU connect switch activates
this line when on line to the CPU.

+12 CPU Connected (Figure 5-41)

This line is controlled by a reed-relay at
the 1051. When on, this line indicates:

1. The CPU connect switch is in the On
position.

2. The +12, -12, and +48 voltages are Figure $-40. C o
available im the 105%. g ontrols from 10531 to CPU
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1051 2030

. RR
CPU Connect Switch 5 Reader 1 Home 5 1050 Operational
48V CPU Connected
Attend Switch +12 - N
Mod 1 Only
Figure 5-41. CPU Connected
With these conditions, the attachment —L QCutput Select and Ready (Figure 5-44)
uses reader-1 home line with this line to
indicate the 1050 is operational. This line will be active under these condi-

tions:

-L Home Reader Start Latch (Figure 5-42)

1. Without Home Component Recognition

When on, this line indicates the home- Feature. The line will be active if
reader-start latch is on in the 1051. It one or more output devices are switched
allows the CPU to identify a keyboard or to the home loop and their paper inter-
reader-2 entry during a read inquiry locks are satisfied.

operation by testing TT-4 position.

2. With Home Component Recognition. The
program-dup switch is in the dup posi-

Haia Readas 1 00] 2030 tion as in 1. The program—dup switch
Stait is in the program position. The line
Home Reader Start Latch TT-4 Home Start will be active if one or more output
devices are switched to the home loop,
T paper interlocks are satisfied, and
their home-component-recognition latch
is on.

Figure 5-42. Home Reader Start

-1 Home Reader-2 Ready (Figure 5-43)

When on, this line indicates that reader-2
has been switched to the home loop and its
paper interlock has been satisfied. The
TT-1 line is activated by this line.

1057 2030
Reader 2
Reader - 2 Home A | Ready L1
Reader-2
Reader - 2 Paper Contact Ready

Figure 5-43. Reader-2 Ready



Program Switch To Dup e

OR
Home Printer - 1 Control

Printer = T Paper Contact

Printer - 1 Home Switch

OR

Program Switch To Dup OR

Home Printer = 2 Control

Home Output Device Ready

2030

(output S&R)

Printer - 2 Paper Contact

Printer = 2 Home Switch

Program Switch To Dup ORr

Home Punch - 2 Control

Punch - 2 Paper Contact

Punch - 2 Home Switch

Figure 5-44. Output Select and Ready

+12 Request

When on, this line indicates that the oper-
ator has pressed the reguest key and wishes
to send data to the CPU via the 1050. The

attention latch will be set by this opera-

tiomn.

Figure 5-45 shows controls that inter-—
lock within the 1050 CPU attachment only.

EPO (EMERGENCY POWER OFF) AND DC VOLTAGE
EXCHANGE
The EPO interlock provides (Figure 5-46):

1. Normal 1050 off-line operation with
normal CPU power-off condition.

2. Controls to prevent the 1050 operation
when the CPU is in EPO condition.

3. Operation of the 1050 off lime when the
CPU is in EPO if a CE is present to
make the necessary change (flip the
1050 switch to off-line).

The 24 volts dc, +12, and -12 volts
enter the interface via separate connectors
and cable.

The EPO cable plugs into the 10651 end
panel (Figure 53-47). Also mounted on this
panel is the power control switch for
on-line/off-line mode, and the HD-1 relay
used for EPO.
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CPU Selected (PCH - 1)

Home Select Punch = 1 Ext.

+ 48

These interlocks are all in the 1051 and are
not part of the CPU Interface.

Figure 5-45. CPU Attachment Interlocks

—0—

OR

Reader - 1 Paper Contact

(Not)Feed Key w

(Not)Delete Key

(Not)Correct Key

OR

Stops
Home Error
Correction
5 Feature
When

On Line

to 2030,

/

Home Select Reader - 1 Ext.

OR

Home Select Reader-2 Ext.

1051

Mainline Switch

CPU

2030

A v—:“'D—]——O"\_
2 5

CPU

This Circuit opened
during EPO condition.

1051
Power

Supplies

24 V EPO Line

b

24 Volts

HD =1
Relay

® Figure 5-46. EPO Circuit
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F1 F2
LINE
Q O CONTROL
O
OFF

INTER MACHINE POWER

® Figure 5-47. 1051 Fuse and EPO Panel

PARITY CHECKING

° Data is parity-checked during read operations only.

e PTTC/8 bits are checked for odd parity.
e Parity checking is blocked during:

1. Cancel decode

2. Write latch on

3. Not run condition.

The PTTC/8 bits are always parity-checked
within the data parity-check circuits. 1In
order for the parity-check circuits to
activate TT-7 (data check) the bit-count
has to be even and the attachment has to be
in run mode, not TT-O (cancel decode), and

not write latch on. There is not any latch
to remember the data check; therefore it is
up to the microprogram to test the TT lines
and sample the data- check line each data-
transfer cycle.
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PARITY BIT GENERATORS

° The PT&T/8 C-bit is generated to maintain odd count.

° The EBCDI P-bit is generated to maintain odd count.

It would be rather difficult and very
expensive to maintain the PTET/8 C-bit and
the EBCDI P-bit through normal translation.
Therefore, the odd-bit parity needed for
both codes is generated by exclusive OR
circuits that count the bits in the R/W-reg
and insert a parity bit when needed.



MICROPROGRAMS

START I/0 MICROPROGRAM

THEORY OF OPERATION

e The 1050 has a fixed multiplexor channel UCW address of 31.

° The 1050 unit status byte is stored in the local storage

location K-9 (hexadecimal address 99)

° Commands that can be executed via the start I/0 are:

Read inguiry

Read Reader-2

Write

Write with Auto New Line
Control No-op

Sense

Control Alarm

° The 1050 start I/0 shares much of the mmltiplexor channel

microprogramming.

Consider the start I/0 operation and its
application with the 1050 attachment.
Because the 1050 console application is an
I/0 operation, the CPU should function as a
channel when sending to or receiving from
the 1050. 2Although not actually part of
the multiplexor channel, the attachment
circuits simulate a multiplexor channel.
Enough contrels are activated to force the
CPU to channel mode. The multiplexor chan-
nel start I/0 microprogram is shared with
the 1050. This microprogram is used until
it is determined that the unit to be
selected is the 10530. The program knows
this by the unit address. The 1050 has a
fixed address of 31, and once this is det-
ermined, the start I/0 routine breaks out
into the 1050 routine.

When the 1050 routine is finished, the
restore CPU and other steps will again be
shared with the multiplexor channel pro-
grams. One significant fact that should be
covered: The 1050 microprogram during start
I/0 does not make use of the polling cir-
cuits to cause selection. The fact that
the UCW address is 31 cause as a 1050
break-out. Then the command-start latch
coming on prevents any request cycles being
generated by the multiplexor channel.

1050 UCW Format

The byte format of the 1050 UCW is the same
as the multiplexor channel. However, the
bit representation of the channel status
byte and the flag and ops byte are differ-
ent

r 25 & i T 1
|Channel | Oop. | Count |
|Status | and | ] |
| | Flags |High | Low |
| ISt 1 L d
LB T T I 1
| Data | Next CCW

| Address | Address |
| High | Low |High | Low |
L 1 1 i A

Bit position of UCW status

- Wrong length record
- Program check
- Protect check

0 - Zero count

1 - Channel control check
2 - DNot used

3% - X

4* - Y

5

3

7

* bits 3 and 4 are used together
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Interrupt in unit
Interrupt in buffer

[l
=0

Bits 3 and 4 of the UCW status byte are
used differently than in a standard start
I/0. If bit-3 is set, an interrupt is in
the unit. If both are set, an interrupt is
in the buffer.

UCW OPS AND FLAGS

Bit Position

0 — Chain data
1 - Command chaining
2 — SLI
3 - Store ACR (Write), Skip (Read)
L - PCI
5 - Active
6 - Bits 6 and 7
{ of the CCW
T = command byte

The Bit-3 position of the ops and flag
byte is used to store an automatic carriage
return at the end of a write operation, as
well as skip flag during read. The CCW
command byte bits 6 and 7 will be stored in
bits 6 and 7 of the ops and flags byte to
indicate what the operation was when the
UCW is used during share cycles.

Unit Status

The unit status byte is stored in the K
addressable portion of local storage. Its
mnemonic designation is K9, and the actual
hexadecimal address is 99. Listed are the
bit position, its name, and the purpose of
the bit when set to a "1."

0 = Attention. This bit represents a
request issued to the CPU from the
1050, and that the read-inquiry opera-
tion should be started.

1 = Device End Search. This bit is on when
the CPU has reached a zero-count during
a read operation, and the 1050 still
has not sent an EOB or EOT. This
allows the 1030 to keep running until
the EOB or EOT is sensed. No data
transfers are taken during this time.

2 = Interrupt Stacked. This bit is set
when any interrupt condition (device
end, channel end, etc.) is sensed and
the IB is full.

3 = Busy. Unit is busy.

4L = Channel End. The end conditions caused
by the CPU or microprogramming set this
bit (zero-count).

5 = Device End. These end conditions by
the 1050 set this bit: EOB, EOT or

5-46

cancel. A ready- cycle will also set
device end.
6 - Unit Check. Error in unit.
7 - Unit Exception. Cancel character

sensed during a read inguiry operation
sets this bit.

NOTE: Bits 1 and 2 are for 1050 micropro-
gram usage only. They will never be
presented to the CSW as such.

1050 Commands

The 1050 commands are represented by a
single byte. The bit utilization for each
command is shown in Figure 5-48. The
microprogram branches on these command bits
and assembles a byte on the A-bus with the
micro order: Gate 1050 tags out. This
instruction sets the correct TA register
latches to perform the operations dictated
by the command.

CCW Command Byte

COMMAND 0 1 2 3 4 5 6 7
Read Inquiry 0 0 0 0 1 0 1 0
Read Reader 2 0 0 0 0 0 0 1 0
Write 0 0 0 0 0 0 0 1
Write with ACR 0 0 0 0 1 0 0 1
No Operation 0 0 0 0 0 0 1 1
Sense 0 0 0 0 0 1 0 0
Control Alarm 0 0 0 0 1 0 1 1

Figure 5-48. 10530 Command Byte Configu-

ration

READ INQUIRY: This operation is normally
started at the 1030 by the operator press-
ing the regquest key which, in turn, ini-
tiates an attention interrupt. A read-
inquiry command, via a start I/C, initiates
a series of events that eventually unlock
the keyboard and light the proceed light.
Input can be split between the keyboard and
reader-2.

READ READER-2: This command attempts to
read from reader -2 through programming.
No request key operation is necessary.

WRITE: This command can be used to send
information to the 1050.



WRITE WITH ACR/LF (AUTOMATIC CARRIER
RETURN/LINE FEED): This command is the
same as write, except that at the end of
the operation an automatic carrier return
is sent to all printers selected. The ACR
is stored in bit 3 of the UCW ops and flags
byte.

SENSE: A command that forces a share-
request cycle and tests the status of the

sense byte. The sense byte is stored in
LOCAL STORAGE at O4.

CONTROL ALARM: A command that sets TA-4 to
cause an alarm to sound. This command can

Read Start I/O-Example

° Branch to 1050 routine on UCW address 31.
° Test for:

Busy

Valid command

1050 Operational

Reader-2 Select and Ready

Set TA Register 0 and 1 Positions
Return to I cycles.

Refer to Figure 5-49. Let us take a
read-start I/0 operation through the flow
chart to get familiar with its use.

The multiplexor channel start I/0 will
perform all the steps listed in the first
large box on the chart. A check is made
during these steps to find out if the UCW
(subchannel) is active or not. If it is,
the 1050 routine will not be entered, and
condition code 2 will be set in the PSW.
If the UCW is not active, the program will
turn on command start and branch on S0 = 0
for a start I/0. The 1050 routine is now
entered at 1 on the flow chart.

The following sequence will be used for
no errors and 1050 units ready (assume no
command chaining):

*# Unit status Not Busy

* Command high Order Zeros

* Command Valid

follow a write command to alert the
operator that a message is waiting for him
to read. It could also alert the operator
that some device at the 1050 is not ready.
The alarm feature can also be used by any
other program to alert the operator for any
reason.

CONTROL NO-OP: This command performs no
usable function with the 1050 but is recog-
nized as a legitimate command by its bit
structure.

Read or Write Command

* 1050 Is operational
Read operation
Reader-2 operation

* Reader-2 select and ready
Set TA 0 and TAl.
Turn on busy in unit status
Not from CC
Return to I-cycles.

The branch steps indicated by an aster-
isk would all result in setting some status
and then re-entering the multiplexor chan-
nel routine at 2 had there been an error.
This would result in setting condition code

1 in the program status word and then
return to I-cycles.

Section 5 5-47




MPX Channel Starr 1/D

Tout: Exocute ‘7

Moniter Made
CAW Farmat

Turn on MPX Hold
Read Gut Unit Status

cow 1/

CEW Count Flags
CMD Zem

Data Addrews

unn\\

Statuz

Interrupt
Stacked
On

Build UCW Address

Active: Set Condition Command

code 2 High Order
Retum to | All Zoraz Reset Unit Stotus
Cyela: Turn off Micro
Foreo
MNat Active:
CMD Stert On

T = Address of UCW

©95 and Flag: Set Uit Status

Candition code O in 0. Mask
See Text 1) = Addr of CMD Byie VT OFF Interupt
Stacked

in Sense Byte

Vs Sef

Unit Cheak Set Unit )
Busy, Inrrp Stkd Check
St TA-2 Unil Status

Micro Share Request tj\—J

Sel Cond Code |
Turn OFF CMD Start
and MPX Hold

Farm CSW Stotus
Update Unit Status

Update UCW Sratus
cturn fo =Cyeles

Sct TA-4

Ring Alarm
Set TA-0
Horme Readar Starl
Set Modifi
a1 Modificr - B
Sat TA-1 Rer2 Sol & Rely .
On and TA-3 Sot latvta Req
Pracaad in Senw Rea
Sel
TA=D Hm Rdr St el i
TA=1 Rdi=2 Gn
Sets TunOnCME |
D.E., Buy & Start Set Unit
Resel Sense Intrd Stk in Add in R
Reg Unit Stetu:
To MPX Chnl N
Chain Exir
Sel Suzy Routtne Qi
fs\ in Unil
5 / Status

Store New UCW
OFS5 & Flegs
Reset Status
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Figure 5-48. Start I/0O




SHARE-REQUEST MICROPROGRAM

e A microprogram routine used to control data transfer and

status updating.

e The share-reguest microprogram will be 2ntered by any one of

the following:

1. Micro share-request
2. Intervention regquired
3. Read share-request

4. Write share-reguest
5. Ready share-reguest

6. Attention

After the routines of a microprogram ini-
tiating a start I/C operation, the share
routine will control all data transfers and
check and build status bytes as conditiocons
change during the operation.

The six ways to interrupt the micropro-
gram and activate the share routines fol-
low. Each is used for a different purpose.

Micro Share-Request — TA-2. This interrupt
is caused by the previous micro program
routine setting TA-2 on. This will
force a micro share-reguest cycle.

This operation is used following a
sense operation start I/0 to get the
sense byte on the A-channel and to keep
the share-cycles going when a device
end is stacked.

Intervention Required. This interrupt
causes a share-request cycle to update
the status bytes and return to I-
cycles.

HALT I/C MICROPROGRAM

Read Share-Request. This interrupt is used
to send data from the 1031 to the 2030.

Write Share-Request. This interrupt is

used to enter the share routine to send
data to the 1031.

Ready Share-Reguest. This interrupt causes

Attention.

a share-cycle when the 1031 is made
ready after an intervention required or
a power off situation. It forces an
end operation and clears out the status
to enable the program to start again.

This interrupt causes a share-
cycle to form a CSW with the attention
bit on. The attention bit can be
interrupted and if the macroprogram
wishes, a read inquiry can be initiated
though a start I/0.

e Microprogram routine used to stop an I/0 device.

° Halt, active, and interrupt-stacked or halt and available

will result in condition code 0 being s=t.

e Halt and active result in condition Code 1 being set, CD and
CC in the UCW flag ops being turned off and zero count in

the UCW status turned on.

If for some reason the program wishes to
stop an I/0 device, the hali I/0 instruc-—
tion can be used. During the microprogram
routine, the UCW is read out and the status
of the I/C device is determined. The flow
chart (Figure 5-50) shows the halt I/0

routine. The unit can be in one of three
conditions at the time the halt I/0 was
issued:

1. Available or not active
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2. Active and interrupt-stacked

3. Active

The I/0 device being available or active
and interrupt-stacked results in a condi-
tion code 0 being set and a return to I-
cycles. Condition code 0 can be set
because the 1050 is either doing nothing or
has finished and has attempted to interrupt
but the interrupt was stacked. A halt I/O
under these conditions does nothing because
data transfer to the unit was stopped any-
how.

The 1050°s being active when the halt
I/0 was issued results in stopping or halt-
ing the I/0 operation. The UCW ops and
flags byte CD and CC bits are reset, and
zero count in the UCW status is turned on.
Condition code 1 in the PSW is also set to
alert the system that something went wrong
with the last command.

Form UCW Status MEM Protect
UCW OPS & Flags in D.

Halt MHalt & Active

& Active lntrp STKD or
[Halt + Available

CMD Start On ISet Cond Code ¢

Halt |Return to

& Active || Cycles

S0=1
T=Add UCW OPS &Flags -———
D=UCW OPS & Flags

Turn Off CDA
and CC in OPS & Flags

Read UCW OPS
and Flags

Store Modified OPS and Flags.

Turn on ZeroCNTin UCW Status.
Reset All Other UCW Stetus

Set Cond Code 1
Form CSW Status All Zeros.

Return to | = Cycles

Figure 5-50. Halt I/0O



TEST I/0 MICROPROGRAM

° A microprogram routine used to test the status of an I/O

device.

° Unit status 0 results in condition code 0 being set.

° Unit status non zero results in condition code 1 being set.

° Condition codes stored means:

Available
CSW stored
Channel or subchannel busy.

o

0
1
2

A test I/0 command serves two functions:
to test the unit status of any device and
to be able to clear an interrupt in the
buffer if a device is still active.

Figure 5-51 shows a logic flow of the
test I/0 to the 1050 attachment. If the
attachment is active and no interrupt con-
ditions are present, condition code 2 is
set which indicates the unit is busy. Any
interrupt condition can be acted upon and
condition code 1 set, which indicates that
a CSW has been stored.

If the unit 1is not active, the unit
status is checked for a zero condition. If
it is zero, a test is made for any pending
interrupts, and if there are none, condi-
tion code 0 is set and the unit is availa-
ble. Had the unit status been other than
zero or a pending interrupt waiting, condi-
tion code 1 would be set indicating that
the CSW had been stored.

Section 5 5-51




Attention
Device End, or
Ready Interrupt
Pending

Set Cond. Code 0

Channel End Qued.

Unit Status O

Present Cond. To CS5W and
Set Cond. Code 1

Intrp

Qued ot
Device

Clear the Interrupt
Set Cendition Code 1

Set Cond. Code 2

Figure 5=51.

=52

Test I/0

( Return to | Cycles




I/0 INTERRUPT MICRO PROGRAM

° Interrupt conditions are checked at the end of E-phase of
any instruction.

® Routine is used to update the CSW, to store the current PSW
in the old I/0 PSW location, and load naw I/0O PSW into cur-

rent PSW.
The I/0 interrupt microprogram reads out The I/0 interrupt routine is entered at
the unit status byte, updates the CSW, and the end of any E-phase if the interrupt
stores the PSW for that operation as the latch is on. The 1050 turns the interrupt
0ld PSW. As soon as these operations are latch on as a result of ending the previous
performed, a return teo I-cycles is taken. cperation or an attention or ready opera-
See Figure 5-52 for a flow chart. tion.

WRITE OPERATION
WRITE MICROPROGRAMS
e Conditions checked during a write-start I/O are:

1. Unit Not Busy

2. Valid Command

3. 1050 Operaticnal

4. Write with ACR/LF Operation

e Conditions checked Guring write share-raquest cycles are:

1. Unit Busy

2. Intervention Required
3. PCI

4. Write operation

5. Zero Count

e Status routine is entered by one of the following to end the
operation:

1. Any Error Sensed
2. Zero Count

Write Start I1I/0

The primary objective of the write-start
I/0 is to set the attachment circuits to
write mode and run condition. Once this is
accomplished, the start I/0 routine can be
considered finished.

The flowchart in Figure 5-53 shows the
path that a normal start I/0 follows to
initiate a write operation. Once it has
been determined that a write operation is
to be started, TA-0 is set, which is HM RDR
start. This sets the attachment to write
mode and starts the clock. The attachment
operation is covered in Write Operation To
1051.

The next microprogram now handles the
data transfer and is called the Share-
Request Microprogram.
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MPX Channel Micro Program

Form UCW ADDR And Chk for 1050

Test UCW Flags and OPS for Active:
I

i |

|

I

CMD Start On Read IB Status

No l Yes

| Reset Intrp
Latch
Form CSW
Branch on 1050| .
Tomn OFff Turn Off Active
Intrp Latch | Load PSW

| Return to
| | Cycles AD

T=UCW OPS & Flags Address
o= D=0 S0=1 52,51,53=0
R=Unit Address

Load Unit Status
in D

Turn OFF
Micro Force
Share REQ

Reset Unit
Status Register

to O
o T=UCW OPS + Flags Addr
D = Unit Status

u=0

1=0

Turn off CMD
Start 53=1

Form Partial
CsSw

Go To Form
PSW

Return to | Cycles AQ

Figure 5-52. 1I/0 Interrupt
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Build UCW Address

Active: Set Condition Cammand
code 2 High Order
Retum to | All Zeroz
Cyele: L

Not Activor
CMD Start On
T = Address of UCW
OPS and Flag:
Cendirion code 0
10 = Addr of CHD Byte

Turn OFf CMD 5t

and MPX Hold
Return to
I=Cycles AD

Figure 5-53. Start 1/0
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Write Share-Reguest

® Started by attachment sending in 1050 Reguest In

e Each data cycle increases the data-address and decrease the

data-count.

2 Normal end operation started by the data-count reaching

ZEXo.

The 1050 reguest-in line is recognized by
the multiplexor channel controls. When the
trap is allowed, the 1050 share-request
routine will be entered. Refer to Figure
5-54 for the following sequence of events.

Let's assume that the following data is
sent to the 1051:

ABC* *indicates CR character.
de

When entering the share-request routine,
the following conditions are set:

Count in ID will be B
Data address in UV

FIRST SHARE-REQUEST CYCLE:

1. Unit status busy (Arrow 1). This bit
in the unit status indicates that the
operation is a read, write, oOr sense.

2. Intervention regquired (Arrow 2). This
test is made early in the program to
determine if the 1050 and the
attachment are still operational. The
test is made omn TT-5.

3. Device end search (Arrow 3). If for
some reason this bit is on in the unit
status, the read share-regquest routine
will be entered. WNormally, this bit
should not come on for a write opera-
tion.

4. Zero count {(Arrow 4). This test will
be made each time the share-reguest
routine is executed during a write
operation. This cycle, the no-path

will be taken, because it is a test on
the data count.

5. The character is now written out to the
attachment with a micro order: gate
1050 bus out. This is when the charac-
ter is gated to the attachment read-
write register.

6. The next two blocks will update the
data address and decrease the count by
1. The count will now be 7 in ID.

SECOND THROUGH EIGHTH SHARE-REQUEST CYCLES:
These will be the same as the first. At
the end of the eight cycle, however, the
zero-count bit in the UCW status is set
(Bit 0).

NINTH SHARE-REQUEST CYCIE: This is the
same until the branch at arrow 4 is
reached. Here, the zero-count bit is found
on, and the yes path is taken. We know
that all of out data has been transferred,
so our next objective is to stop the
attachment clock and go ocut of write mode.
The ROS order: gate 1050 tags out and the
bus containing 0000 0001 turn off Home
reader start latch and reset the 1050.

Also, a CR/LF operation would be ini-
tiated if bit 3 of UCW ops and flags is on.
This will stop the attachment and reset the
write latch. The microprogram now enters
the status routine or end operation. The
conditions set going into the status rou-
tine are device end (DE) and channel end
(CH E) which are set as a result of the
zero—-count branch.
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Write Status Check and Restore (End Operation)

e Entered from the write routine by zerc-count conditions.

° Will update all status and set-interrupt conditions and

return to CPU microprogram.

The unit status byte has the device-end and
channel-end bits set (bits 4 and 5) when
exiting from the last write share-request
cycle. See Figure 53-553 for the flow chart
of this operation.

Let's go through with the end operation
and then discuss other ways of ending.
Follow this seguence:

1. Not chained data

2. Not command chaining

3. Device-end was set upon entering rou-
tine.

4. Interrupt latch is off

5. Channel-end was set

6. Update status

7. Branch to MPX routine

8. Test for another share-request waiting

At arrow 1 the CC branch is tested. Had
the CC-bit in the UCW ops and flags been
set (bit 1), this branch would be taken.
Tests would be made for not-error, not-
attention, and device-end. This would put
the microprogram in a CC-loop to start the
next operation without waiting for the

auto-interrupt routine and the normal I-
cycle start I/0. The CC-operation simply
reads out the next CCW and enters the start
I-0 routine from CC.

The branch at arrow 2 is testing to see
if the status routine was entered as the
result of a channel-end by itself by
testing for device-end, unit check, or
attention. If none of these conditions
exist, assume the entry was from a channel-
end cperation.

At arrow 3 the interrupt latch is
tested. If it is on, the next test is for
channel-end only. Again, the write opera-
tion sets device-end and channel-end so the
TA register will be set with TaA-2 ({(micro
force) on. The interrupt conditions set up
in the UCW status bits 3 and 4 will be 10.
Recall that this signifies the interrupt is
in the unit, and because device-end is
active, keeps forcing share-requests until
it is found that the interrupt latch is
off. Now the program can perform a normal
end.



Tum on

Interrupt
Latch

Set Unit
Address in
18 (K0)

Interrupt
Latch On

Set UCW Status
Bit 4 (Status
Next)

New Unit Status in |
Old Unit Status in R
OPS & Flags in G

Updated UCW Status

in J.

Set Up

UCW Status
Up Date UCW
Restore

Bronch to

Share Routine

Share

Reg
Waiting

Branch to
CPU Micro Pro.
(Back-Up Romar)

Figure 5-55. Write Status Check and Restore
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DESCRIPTION

° The 1050 must have these conditions established:

1. CPU Connect Switch (PCH-1) to CPU On.

2. Printer 1 set to home loop and paper contacts satisfied.
3. Program switch to dup if the program-control feature is

installed (for this example only).
4. Power on.

5. Attend-unattend switch to attend position on Mod 1 only.

® Start I/0 routine sets Home—Reader—-Start TA-0 position.

® Write condition and Reader-1 clutch starts the attachment

clock.

® Clock runs at 68 ms per cycle.

® Clock W-time initiates write share-request cycles.

® Share routine sets R-W register with the character to be

written.

e TE latch on allows strobe to 1051.

° Character is accepted and printed at the 1050.

A write operation to the 1050 is a transfer
of data from the 2030 to the 1051. Recall
that the 2030 uses the reader-1 and punch-1
interfaces at the 1051. 1In this case, the
objective of the write operation will be to
simulate to the 1051 circuits that a read
operation should be performed on reader-1,
and then allow the 1031 home loop to trans-—
fer the data to an output device, in this
case, printer 1. The attachment circuits
in the 2030 must activate lines on the
interface that will cause this operation of
reader-1, and also hold the character repe-
tition rate to the speed of the 1051 (14.8
characters/second) .

Let's consider the setup of the 1050
system first. The following switch set-
tings and conditions must be present in the
1051 and on the interface to perform a
write operation. Both mcdels of the 1050
are considered.

1. PCH-1 sSwitch (CPU-connect Sw). This
switch must be in the CPU-On position.
It activates the interface line CPU
Connected in both the Mod I and NI and

also generates the interface line
reader-1 home switch. The line 1050
operational (TT-3) is developed in the
2030 attachment (Figure 5-41).

2. Printer-l1 Switch. Must be set to the
home loop and ready (paper in the forms
feed, paper-control mode). This acti-
vates the interface line Home-output
device ready.

3. Program Switch (with program control
only). For this example, set to the
dup position, because there will not be
any prefix characters used.

4. Attend-Unattend Switch (Mod 1 only).
Must be in the attend position.

When the three microprograms were
explained, it became apparent that any
operation can be broken into three distinct
operations: starting, data transfers, and
ending. The start I/0 microprogram sets up
conditions to start; the share-reguest
microprogram controls the data transfers,
and the status microprogram controls the
ending operation.
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Figure 5-56 shows the relationship of
these three microprograms, the attachment
circuits, and 1051 operation. Let's go
through the figure cnce to see how the
logic of the write operation works. The
circled numbers on the figure refer to the
following numbered steps:

1. Start the I/0 microprogram. The only
real tie here between the program and
the attachment hardware is the micro
order: gate 1050 tags out. The rest of
the microprogram routine is explained
in the write-start I/0 microprogram.
For the write operation, the TA reg-
ister 0 position is set with the com-
mand: gate 1050 tags cut. This, in
turn, turns on the write latch.

2. The home-reader start latch activates
the reader-1 clutch line in the 1051
and returns this signal to the attach-
ment.

3. The reader-1 clutch line and write
latch starts the attachment clock in
write mode. At W—time, a write share-
reguest is initiated. The attachment
share-request controls, and select-out
pulse, activates 1050 op-in and
captures polling.

4. Share-request microprogram again tests
the 1050 and attachment for status and
end conditions. If status is good and
not-end condition, a micro order: gate
1050 bus out, initiates the actual data
transfer cycle. The character is set
in the R/W register, the TE latch is
turned on, and write share-request is
turned off.

5. The character is first analyzed to see
if a shift cycle is necessary, and, if
so, the R/W register is not gated to
the 1051, but instead, the shift char-
acter is sent. At clock Z-time, the
reader-1 strobe line is activated, and
the shift character is translated and
sent to the 1051 home register. The
1050 operation of shifting the printer
follows. The turn-off of write share-
reguest at W-time is blocked by TE
latch still on.

6. The next Z-time the R/W register is

5-62

gated to the 1031, reader-1 strobe sets

the character to be printed in the 1051

home register, and the normal 1051

print cycle to the 1052 follows. -

7. An attempt is made to turn off clock
start at Z-time. However, if the set
conditions are still available, the
clock continues to run. =

8. If the home-reader start latch had been
turned off, this block would branch to
a stop which means that the attachment
clock has stopped, and all operations
end until the clock is instructed to
start again.

9. If, during the share-reguest
microprogram, the status of the 1050
was found to be bad, or zero-count had
been reached on the previous transfer,
this status routine would have been -
entered and, besides updating status
byte 1, the micro order: gate 1050 tags
out would have reset home-reader start
and stopped the attachment.

For a more relative timing relationship,
Figure 5-57 is a representative timing
chart of the attachment hardware and clock
cycles. The line names followed by an
asterisk are microprogram-controlled.

One more consideration to the write
operation: interlocking the CPU while the
printer is performing a carrier return,
line feed, or tabulate operation. These
three functions can take longer than one
clock cycle in the attachment, so the read-
er 1 clutch line will be controlled by -
interlocks from the printer.

For example, using Figure 5-56, assume
the last character sent to the 1051 was a ~
carrier return. The block at reference 7
resets the clock-start latch and goes to
reference 8. The reader start latch is
still on, but at reference 2, the reader
clutch line will be down until the function
is complete; therefore, the attachment
clock stops until this line becomes active
again and turns on the clock start latch.
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Figure 5-60. Read RDR-2 Status




Figure 5-61. End Conditions Read RDR-2
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PREFIX OPERATION TO 1051

® Prefix character blocks sending UC shift or LC shift charac-

ters as the component-select character.

With the home-component-recognition feature
installed in the 1051, the prefix character
could be used in the data stream to acti-
vate component-selection circuits in the
1051. An example of this would be:

ABC*2*5DEF
* = Prefix character

This message started in upper case.
When the first prefix character is sent,
the printer is still in upper case. The
prefix character is sent, and then the
component select numeral (2). The 2 is a
lower-case character and would normally try

READ READER-2 OPERATION

READ READER-2 MICROPROGRAMS
® Sequence of microprogram are:
1. Start I/0 (Read reader-2)

2. Read share-reguests
3. Status check and restore

to force a shift character first, before
sending the 2. Recall that when the 1050
recognizes a prefix operation by receiving
the prefix character, the next character is
the component-select.

Had the forced-shift character been sent
before sending the 2, the component-select
circuits would not function properly.
Therefore, anytime the prefix character is
sent to the 1050, the next character will
always be sent, regardless of UC or LC, and
any automatic-generation shift characters
will be blocked.

° Conditions checked for during read start I/O are:

1. ©Unit not busy

2. Valid Command

3. 1050 operational

L. Read operation (RDR-2)
5. RDR-2 select and ready

° Conditions checked for during read shars-request cycles are:

1. Unit busy
2. Intervention required
3. Device-end search

L. PcCI
5. Read operation
6. End

7. Zero count
8. Cancel

9. Data check
10. Skip

® Status check and restore cycle will be a2ntered by:

1. Intervention required
2. EOB or EOT character (End)
3. Zero-Count conditions

Section 5




Start I/0

The start I/0 microprogram makes the
standard checks of unit busy, valid com-
mand, 1050 operational, read reader-2 and
reader 2 select and ready. The start I/0
sets the reader-2 On latch and home-reader
start latch in the TA-register (TA-1 and
TA-0) This activates the run controls in
the attachment and signals to the 1051 to
start the reader. The attachment clock is
set up to run in read mode, or 34 ms per w,
X, ¥, and z-cycle. See Figure 5-538 for the
flow chart of this operation.

Read Share-Reguest

Each time a character is read at the read-
er, a read share-reguest cycle is needed to
transfer the data from the 1051 to the 2030

DESCRIPTION

2 Initiated by start I/0 microprogram.

storage unit. Each data transfer, the
microprogram is checking for status and
conditions as shown in Figures 3-39 and
5-60. The decode of EOB or EOT characters
initiates the end operation and forces a
branch to the status check and restore
microprogram.

Status Check and Restore

This microprogram is entered any time the
operation is to be terminated. This entry
can be from many of the decision blocks on
the flow charts. Many variations are pos-
sible. The best way to follow any combina-
tion is to use the flow charts, keeping
track of status and other conditions as
decision blocks are reached. The represen-—
tative flow chart is shown in Figures 3-61
and 5-62.

° Reader 2 at 1050 sends the data to the ZPU.

° Operation normally ended by the reader sending EOB or EOT

characters.

° 1050 switch settings to perform a read reader-2 are:

5 S CPU connect On
2. Reader-2 switch to Home.

3. Program—dup switch is set to dup if the program-control

feature is installed.

4. Attend-unattend switch to attend (Mod 1 only).

With the proper switch settings at the
1031, the microprogram can start the opera-
tion with a start I/0. During this micro-
program, the command is sent to the attach-
ment with the order: gate 1050 tags out.

To initiate the read reader-2 command, the
TA register positions 0 and 1 are set. The
sequence of events that follow is shown in
Figure 5-63.
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1. TA register reader-2 on and home
reader-start latches are turned on.
This activates the interface lines to
start reader-2 at the 1050.

2. Reader strobe starts the 1031 home
timer, which develops the interface
line punch-1 clutch, and gates the
punch-1 bus to the 2030.

3. The attachment clock will start. At
W-time the R/W register is set with the
PTET/8 character and be tested to see
if the character should be stored. If
not, a further check is made to see if
it is a UC or LC shift character. If
it 1is, the translate UC latch is set or
reset accordingly.

4. At Y clock time, the read clock-
interlock latch is turned on to stop
the clock. Also, if the character
decode is such that a store cycle is
needed, the read share-regquest latch is
turned on, and reader-2 hold made
active.

5. At not-Y clock time, the 1050 regquest-
in line is made active. When the
channel controls can allow the trap,
Sel-0 is sent cut. The attachment
share-request controls capture the
poll, send operational-in, and T-
request in. The 1050 share
microprogram routine is now entered.

The share microprogram checks status and
end conditions, and with no end conditions
causes the character to be stored. When
the exit from this program is performed,
the read share-request latch is reset,
allowing the reader-2 hold line to drop and
keep the reader running. The reader senses
the next character, starts the 1031 home
timer, and the sequence is repeated. Even-
tually, the data—count reaches zero, and
the next cycle should be the EOB or EOT
character from the reader. This causes a
normal end.

Figure 5-64% shows a timing chart of the
reader-1 operation giving relative timings.

End Operation (Zero-Count and EOB or EOT)

With zero-count bit in the UCW status byte
and a character decode causing END (TT-2)
condition, the status check and restore
microprogram is entered to end the opera-
tion. The TA-register is reset, and the
attachment drops run mode. The micropro-
gram uses ROBAR and returns to the program
that was running when the share-request
trap was taken.

End Operation (Zero—-Count Only)

When reading from the reader, each block of
data is separated by the EOB or EOT charac-

FIRST CYCLE SECOND CYCLE THIRD CYCLE —>
Press Shift Key - Send UC Press letter A Key. Hold Keyhoard Press EOB Key~ send EOB
Character to 2030 = do restored until the CPU stores the character-end the
SIGNAL NAME Losic not Store = Set UC Latch charocter operation.
1 Gate 1050 Tags Qut PF 041 H | | |_i
2 Read RDR-2 Leteh and l ! !
Home RDR Start Latch PF 041 1 1 : | ! I ! I
| | i
3 RDR-2 Hold Line PF 041 2 | | 12 2 122 j
Mechanical Contact [ ‘ |
4 RDR Strobe 1050 1051 Closure in 1054 =g | | ] | |
| | |
5 1050 Home Timer 1051 [ ] a ‘ [ | |
| \
& 1050 Date Lines (PCH-1) 1051 }5\ Ucshift (842) |5 [ A @AN | l EOB (A B42) |
7 Punch Clutech PF 011 | s || [ | | |
\
\ | \
8 Clock Start Latch PF 021 | i | |
I f |
5 Clock Timing PE 021 \ wix[¥lz] | wix[v]z \ WX Y]z |
J — — * |
10 RD Clock Intlk Latch PF 291 ; ¥ [ { !
IRd Share Request [ | |
11 RD Share Req Lch PF 281 iblocked by UC | vy [ ‘I 13 r—l |
i decode during | |
12 RD Share Req PF 281 , fhis eycle ék | 1. ¥ IRk M
I ] s T 3 T
Micro Micro
13 Gote 1050 Bus into A Buss PF 341 ‘| | ?“5"’"‘§H Frogram l
[ [ [
14 Translate UC Latch PF 291 le-x | | | l
| | |
15 Read/Write Reg PE 1T | 6-W |  UC Shift Char. | Letter A 1l EOB Character

Figure 5-64. Read RDR-2 Timing Chart



ters. Paper-tape transmission can be of
any number of characters, dictated only by
when the operator punches in the EOB or EOT
characters.

Suppose the record we are transmitting
is fifty characters long and the 51st char-
acter is EOB. The data-count set up by the
CCW is 45 characters. Therefore, the zero-
cocunt condition will L-» sensed after
storing the 45th character, because the
count is reduced by one each time a charac-
ter is stored. It would not work too well
if we stoppec the reader now, because 5
characters are left until the EOB is read.
This would make the next record very short

READ INQUIRY OPERATION

READ INQUIRY MICROPROGRAMS
° Sequence of microprograms is:

1. Share-request (attention)
2. Start I/0 (Read Inquiry)

3. Read share-requests
4. Status restore (end operation)

° Conditions checked for during read inquiry start I/0 are :

1. Unit not busy

2. Valid command

3. 1050 operational

L. Read Inquiry operation

(data transfers)

(5 characters); then End would be sensed
and the reader stopped. This is incorrect
operation.

Some means must be provided to keep the
reader running until EOB or EOT is read.
When zero-count and not-End is sensed,
channel-end and device-end search are set
in the unit status. Channel-end indicates
the CPU should not store any more charac-
ters, and device-end search keeps the read-
er running loocking for EOB or EOT. When
the EOB or EOT character is read, End along
with zero-count, ends the operation in the
normal manner.

° Conditions checked for during read-inguiry share-request

cycles are:

1. Unit busy
2. Intervention required
3. Device end search

4. PCI

5. Read operation
6. End

7. Zero Count

8. Cancel
9. Data Check
10. Skip

s Status restore routine is entered by
1. Intervention required
2. EOB or EOT character (End)

3. Cancel character
4. Zero-count conditions

Attention Share-Request

The primary objective of the attention
share-request cycle is to alert the 2030
programs that a reguest has been initiated
from the keyboard. The CSW will be updated
with the attention bit set on. Also, dur-

ing the status restore, the I/0 interrupt
condition will be set on, which will nor-
mally cause a check of the CSW and initiate
the start I/0 that is associated with the
read ingquiry. Figures 5-65 and 5-66 show
the share-request and status-restore flow
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charts and the path this operation will
take.

Read Inguiry Start I/0

The start I/0 microprogram makes the stand-
ard checks of unit busy, valid command,
1050 operational, and the actual command
checking--in this case, a read inguiry.
Again, the start I-0 sets a latch in the
TA-register. The latch or latches set
activate the attachment circuits.

During read inguiry, the primary object-
ive at this time is to signal the operator
at the 1050 that the request has been
honored. This is done by setting TA-3
(Proceed) and TA-1 (RDR-2 on). This lights
the proceed light in the 1050 and sets the
attachment to read-inguiry mode. This ends
the start I/0 as far as the attachment
circuits are concerned. See Figure 5-67
for the flow path of the read-inquiry start
I-0.

Read Inguiry Share Requests

Each time a character is sent from the
1050, a read-inguiry share-request is need-
ed to transfer the data to the 2030. For
each character transferred, the program is
checking the status and conditions as shown
in Figures 5-68 and 5-69. The decode of
EOB, EOT, or cancel characters can initiate
the status-restore or end operation. Of
course, if the 1030 should lose its opera-
tional status, the operation ends also.

Read Inguiry Status Check and Restore

This microprogram is entered any time time
the operation is to be terminated. This
can be from many of the decision blocks on
the flow charts. The possible variation of
conditions are many. The best way to fol-
low any combinations is to keep track of
the conditions and use the flow charts for
decisions. The representative flow chart
is shown in Figures 5-62 and 5-70.



UCw Op in J

Figure 5-65. Attention Share-Request
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Figure 5-66. RAttention Status Check and Restore



Build UCW Addros:

Active: Set Conditian
2

Turn OFF CMD St
and MPX Hold

Section 5 5-77




CPU Store
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MPX Op Leh On
Unit Status in G

Figure 5-68. Read Inguiry Share-Request
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Figure 5-69. Read Inquiry
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Description

° Initiated by pressing the request key at the 1050.

° Acknowledge when the proceed light turns on at the 1050.

e Data entered by normal keyboard operation at the 1030.

e Operation normally ended by sending EOB, EOT, or cancel

character from 1050.

Initiating the Operation

° 1030 switch settings to perform a read inquiry are:

1. CPU Connect—-0On
2. FKeyboard switch to Home.

3. Program-dup switch to dap if program-control feature is

installed.
4. Power on.

With the proper switch settings at the
1051, the operator can press the regquest
key. This starts a series of events as
shown in Figure 5-71. The sequence i3s:

1. Set attention latch.
2. Send 1050 share reguest to channel.
3. Reguest granted-reset attention

4. BStart I/0 with test status and send

1050 tags out: TA-3 and TA-6.

5. Proceed line to 1050 is active.

6. Proceed light on indicates to the
operator that the reguest has been
granted.

Data Transfer (Figure 5-71)

When the proceed light indicates the
request has been granted, the operator can
start sending data via the keyboard on the
1052. Each time a key is pressed, a char-—
acter is sent to the attachment via the
interface. This data transfer uses the
punch-1 interface and the operation looks
like a keyboard to punch operation at the
1050. The punch-1 clutch line to the
attachment signals that a character is
available on the interface and starts the
clock. The sequence of the operation once
the clock starts is:

1. At W-clock time, set the read-write
register.

2. Test to see 1f the character is one
that will be stored or ignored.

3. 1If the character is not to be stored, =a
check for LC or UC shift character is
made. A shift character sets or resets

5. Attend/unattend switch to attend (Mod 1 only).

the translate upper case latch at X-
clock time. This latch is used in the
read translator for proper EBCDI
translation.

4. At Y-clocx time, the read-clock-
interlock latch is turned on. This
stops the clock after one cycle. 2also
at ¥Y-time, if the character is to be
stored, the read share-reguest latch is
tarned on.

5. Read share-regquest drops the proceed
line to the 1051, and when Y-time
falls, it sends in the line 1050
reguest—in.

6. When the 1030 request is granted, the
MPX share-reguest trap is taken in the
microprogram. Sel-0 is sent to the
1050 attachment and operational-in is
sent back from the attachment. During
the share routine, status and end con-
ditions (EOB, EOT, or Cancel) are test-
ed. The next test is for zero-count,
if zero-count has been reached, the
character is not stored.

7. Read share-request is reset in the
attachment by microprogramming (FB =
KXX.0) and proceed is allowed to be
active to the 1051 again. If punch-1
clutch has ended, the clock is able to
rva as read-clock-interlock is reset.
The next character can now be sent.

Figure 5-72 shows a timing chart of
read-inquiry data cycles. The rest of the
data cycles are a repetition of the
sequence just explained. Lets go on and
see how the operator can end the read-
inquiry operation.
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MICRO PROGRAMS ATTACHMENT CIRCUITS 1050 OPERATION
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Walt
Request
| Granted
Share Request Program end Stotus Restore. Ser Up 1/C.
Interrupt with Attentian Bit On in CSW. Will Reset Attention
This will Cavse @ Check of the CSW and Attention will [~~~ Leh & 1050
Cauze a Stert [/O.
J, TurnOnROR - 2 On Leh
T Tura On Proceed Leh
Set Read Ing Mode
Start 1/Q U Program Proceed
cocoe
Selectz 1050 Rowrine
Peh-1 Cluich

Light Proceed Light
Unlock Kayboard

Clock Stert Latch an Clock
Run: W,X,Y,Z, =34 ms

Read/Write Reg Set

Sot TA-1 Operator Deprevies
it = o Koy th Send 4
Set Condition Code ‘ Gore 1050 Togs Our [ ——is ooyt

! !

L Return to | Cyeles |

Iz
Character UC
Shift, LC Shift, Pch
On, Pch QFf, Bypess, Restore,
ldle, Reader Stop

Prefix or Delete

Home Timer Develops
Peh = 1 Clutch.

1050 RD Share Request

The Tranzlate UC Larch

15 vaad with the Read

Transletor for Propar

EBCDI Code

Y| Tum Gn Reod Clack
Intlk ond Reod
Share Request

Set X late UC Lotch L*v - *—-— Reset Xlate UC Latch

Read Shere Request
Draps Praceed
Locks KBD

Sand 1050 Req to
* MPX Ch.

Block Read Sh
Request

Reed Clack
Intlk On

- i

Wait
Virite Characler in Cere Req ° I TS
Granted Mo o
| Clurch
Reset Rd Sh Requast Rezet Read Clack Intlk =
Restare fo CPU e will Allow Clk to Run
Bockup ROAR
i Reset Rood Sh Request

Latch Activate Prozecd

To Status Res S
| o Statuz Restore Procoed and Unlock KBD.
Lyf - < and Unlock K30

Statuz Restore

During thiz Routine the TA —I
Register will be Reset end

the Proceed Leh will be Tumned

OFf. Thiz will Brop Proceod in

the 1051 and Stop the Attochment.

Ratumn to Micro Program = Use Backup ROAR

Figure 5-71. Read Inquiry Operation
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End Conditions

The operator can press the alternate coding
key and the 53 (EOB), 6 (EOT) or 0 (Cancel)
keys, and the character sent to the
attachment causes an end operation.

1. EOB or ECT. These characters cause a
normal end and activate the TT-2 line
(End). The microprogram now branches
to the end routine or status check and
restore. See Figure 5-63 for the
beginning of the routine. The proper
operation would result in EOB or EOT
being sent with zero-count in the UCW
status byte. The status restore flow
chart, Figure 5-62, sets the end condi-
tions in status bytes and returns to
the back-up ROAR for return to the
previous microprogram.

READY SHARE-REQUEST OPERATION

2. CANCEL. This character causes an end
operation with the T{-0 position
active. The result of this end opera-
tion is to cause device- end, channel-
end, and unit-exception to be set in
the unit-status byte and an I/0
interrupt condition established.

Split Entry

It is possible to split the entry on a read
inguiry between the keyboard and reader-2
at the 1050. Once the entry from keyboard
is finished, the operator can switch the
reader-2 to home loop. Press the reader-
start key, and the rest of the inguiry
simalates a normal read reader-2 coperation
until reader stop code is sensed or the
reader-stop key is pressed. At this time
the control returns to the keyboard.

® Zny time the 1050 is made operational, a share-reguest is

initiated.

° Channel-end and device-end conditions are set during the

share routine.

® The CPU is alerted to the fact the 1050 is now operational.

The 1050 operational line is testing for two things:

1. The CPU Connect Switch is on and the 1051 power is on.

2. RDR-1 home line is active.

With these conditions, the 1050 is
considered to be operational and the TT-3
line will so indicate this. If, for some
reason, the 1050 were toc become not opera-—
tional for a period of time, it would be
very nice if we could somehow alert the CPU
that the 1050 were operational again. This
is the purpose for the ready share-request
operation.

Figure 5-73 is a flow chart of the ready
share cycle. 2As long as the 1050 is opera-
tional, the sequence is never entered and
no action occurs. However, if the TT-3
line were to indicate not operational, the
latch called not operational is turned on.
Next, a test is made. Was the attachment

in read or write mode?. If it were in read
or write mode the intervention required
routine would be satisfied before the ready
share-request routine is entered.

Finally, the 1050 is made operational
again, and this turrs on the ready share
latch. If the Intervention required indi-
catocr were on, it would be reset, and dur-
irg the share-request routine, end condi-
tions TT-2 will be activated. This causes
this share routine to appear as a normal-
end operation. Status is set to cause
channel-end, device-end, and I/0 interrupt
conditions. This, in turn, allows checking
and updating of the CSW.
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SENSE OPERATION

° Start I/0 forces a micro share-request.

° Share-request cycle reads out the sense-register conditions
and stores in the area designated by data address.

° Attachment circuits are not activated.

° Operation is terminated with channel-end, device-end and

interrupt conditions.

A sense operation is generally used
following a command that could not be exe-
cuted or following some unusual conditions
that occurred. Most I/0 devices will
assemble sense information on the bus-in
lines like data cycles. The 1050 attach-
ment does not have the facility to assemble
data bytes as sense information. The cycle
is used to interrogate the sense byte
stored in the CPU local storage position 04
(hexadecimal). The sense byte is read out
of local storage and stored in the location
of main storage specified -by the data
address of the CCW. This byte of informa-
tion is now available in main storage; so
further macroprogram interrogation can be
performed.

The sense byte bit positions and their
uses are:

Bit 0 Command Reject: &n invalid command
was directed to the 1050 console during
the previous start I/0 command or
attempt to command chain.

Bit 1 - Intervention Required: The last
operation could not be executed or
completed because of a condition
requiring some type of intervention at
the 1050. These conditions are:

1. 1050 power off.
2. CPU Connect Switch off.

3. Reader 1 Switch off.
only)

(1051 Mod 1

CHAINED DATA OPERATION

4. Attachment in CE mode.

5. Output not Select and Ready (write
command) .

6. Reader 2 not Select and Ready (read
reader-2 command)

7. Attend/unattend switch in Unattend
position (1051 Model 1 only).

Bit 2 Bus out check: Device or control
unit has sensed invalid parity charac-
ter. This position dces not apply to
1050 because bus-out checking is not
done in the attachment or 1050 home
loop.

Bit 3 - Equipment Check: Detection of
equipment malfunction during last oper-
ation. Again, this does not apply to
the 1050, because all the equipment
malfunctions are recognized by inter-
vention required.

Bit 4 - Data Check: Data error detected
during a read operation exclusive of
bus-out check errors. The 1030 sets
this position with a read operation and
TT-7 position active which is data-
check.

Bit 5 - Overrun: Does not apply to the 1050
because the interface functions with
overrun protection.

Bits 6-7; Not used.

° Allows transfer of units of data from or to different areas

of storage.

° Ops and flags in new CCW are ignored except for transfer in

channel.
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The chained data operation with the 1050 is
the same as any other I/0 device. It
allows the utilization of different areas
of main storage for the data transfers
using different CCW's for each area of main
Storage to be used. The ops and flags for
each new CCW are ignored unless transfer in
channel is set. Figure 5-74 shows an exam—
ple of a chained data-write operation.

Note that the output record was assembled
from many different locations in main stor-
age.

Main Storage

713
L~ This is
942
2024
An Example I
3964
Of Data
ccw #1 ccw #2 ccw #3 ccw #4
This 1s An Example Of Data Chaining

Output Message

Figure 5-74. Data Chaining

COMMAND CHAINING OPERATION

The chained data routine is entered
during the share routines and only when
zero-count is reached. If the chained
data-bit is set in the current CCW, the
chained data routine is entered, (a new CCWH
fetched with a new data address and count
number). This is repeated until the
chained data flag is absent in the CCW.

Now a normal end occurs along with the I/O
interrupt conditions.

° Command can be chained without waiting for I/0 interrupt.

® Allows command chaining of operations such as read, write,

and sense without an I/0 Interrupt.

Command chaining with the 1050 is the

same as any other I/0 device. It allows
the changing of the actual command without
ending and going through the I/0 interrupt
routine. The loading of the new CCW is
treated much in the same manner as a share
routine, and the seguence of specific com
mands continues.

The sequence of command chaining can be
broken by conditions such as unit check,

unit exception, or incorrect length. In
this case, the operation will be terminated
by I/0 interrupt conditions, and the next
CCW will not be fetched. An example of the
use of command chaining could be:

1. Read data from reader 2.

2. Write new data to printer 2.

These two commands can be executed from

one start I/0 operation.
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COMMAND CHAINING WITH COMMAND IMMEDIATE

° Used to initiate subseguent commands without waiting for an

interrupt status and macro programming.

MACHINE START [/O
From I-Cycles

R

Start
/0

Program

Control
Immediate
Command

Yes

Yes

Request

To CPU
Restore
Routine

To I=Cycles

Figure 5-75.

This function, as it applies to the 10350
microprograms, is rather unique. The
problem is with the command-immediate type
operations. Refer to Figure 5-49. all
decision blocks marked with an asterisk
refer to a command-chain operation. Figure
5-75 is a flow chart of the start I/0 and
share-request microprograms.

Three conditions to consider when
command-chaining ares:

1. Control Alarm (command immediate)
Read/Write (normal command)

2. Read/Write
Control Alarm

3. Read/Write

Contrcl Alarm

Read/Write

The problem with a command- operation
and command-immediate operations is that

5-88

Share Request
Trap l

Share
Program

No

To CPU
Restore
Routine

Command Chaining--Command Immediate

the microprogram must know where to return
to, I-cycles or CPU restore routine
(ROBAR) .

Example 1:

Control Alarm
Read Operation

The control alarm is a command-immediate
operation, and to perform it, the share-
reguest routine is not entered. Upon
exiting from start I/0, the read operation
is chained. Therefore, the start I/0 is
re-entered, and the read operation set up.
This entry to start I/0 is treated like a
share-regquest and, when exiting from the
start I/0 this time, a return to I-cycles
is performed.

Example 2:

Read Operation
Control Alarm



In this example, the command immediate
follows the read operation. When the read
operation start I/0 is exited, the return
will be to I-cycles. During the data
transfers the share-reguest operation is
performed, with T-request being set each
time. Finally device-end and channel-end
are sensed, and the status restore is

entered. Because the command-immediate is
chained, the restore routine causes an
entry to 1050 start I/0 with T-request set.
The command-immediate is executed. Now the
return should be to ROBAR microprogram
instead of to I-cycles because the T-
request is active.

Section 5 5-89




POWER SUPPLY AND INTERLOCKS

° With normal CPU power off, the 1050 pow=zr-on condition is
under control of the 1050 mainline switch.

® With the CPU in EPC condition, the 1050 can power up only if
the on-line/cff-line power switch is in the off-line
position (Figure 5-46).

Because the 1050 can operate off-line now manual intervention is required to
without the CPU, a normal power-off condi- bring power up at the 1050. The

tion at the CPU does not affect the 1050. on—-linesoff-line power switch in the 1051
Power can be turned off or on, independent must be turned to the off-1line position.
of the CPU, by the mainline switch at the However if the EPO condition at the CPU is
1050. The, sequencing of the 1050 is not corrected, and the EPO relay again picks,
under control of the CPU. power drops at the 1051, and the switch

must be returned to the on—-line position.
If something causes the CPU to activate

an EPO (Emergéncy Power Off) conditionm, These are the only power-supply

power drops at the 1050. The EPO line sequencing interlocks between the 1050 and
drops the EPO relay (HD1) in the 1051, and the 2030.



CONTROI ALARM OPERATION

® A normal start I/O0 command that sets TA-4 causing an alarm
signal.

° Channel-end and device-end conditions are set along with
condition code 1 and return directly to I-cycles.

e Audible alarm in the 2030 rings for 2 saconds for each exe-
cution of this command.

This special feature gives the system.a action occurs, and the start I/0 is termi-
method of alerting the operator that some- nated with channel-end device-end, and
thing is wrong somewhere in the system. condition code 1 set with a return to I-

Its purpose is primarily to give an audible cycles.
alarm to alert the operator. No other
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SHARED I/0O PANEL

s The shared portable CE Panel is used for CE mode of

operation.

® 1050 commands and functions can be initiated by setting Ta

Register.

® Condition of 1030 and attachment is indicated by displaying

T

° Write data and control characters can be set and are dis-

played both before and after translation.

° Read data and control characters are displayed both before

and after translation.

® In run mode, the CE panel provides dynamic display of con-

trols and data.

See Figure 5-76 for the overlay mask used
with the shared CE panel for 1050 usage.

SWITCHES

DATA ENTRY: Used with the rotary switch to
control Tags Out and Bus Out.

DATA ENTER: Used with data entry to gate
Tags Out and act as a single cycle bus out
in write mode. In read mode, it simulates
single cycle handling of a share reguest
for the character that is read.

LAMP TEST: Test that all indicators are
voperational.
CE. RESET: CR'ed with machine reset to

become Reset Attachment. Resets Clock
Start latch and sets the clock triggers so
they are conditioned for a start. Also
resets other latches in the attachment
circuitry.

START AND STOP: Have no function when
shared CE panel is used with 1050 attach-
ment.

ROTARY SWITCH: Must be off when connecting
or disconnecting the shared CE panel. The
three active positions are:

1. Gate Tags Out. Simulates microprogram
contrel of outbound tags. Used in
conjunction with the Data Entry and
Data Enter switches to set up a read or
write run condition and perform other
Tag functions.

2. Gate Bus Out. In this position during
write share requests. Used with data-
entry and either data enter for single
cycle, or run for continuous operation.

3. Gate Bus-In. In this position during
read share-requests. Used with either
data-enter for single cycle, or run for
continuous operation.

CE SELECT OUT SWITCH: With any pending
attachment share request will bring up 1050
Cp In.

CE EXIT MPX SHARE: Simulates the
microprogram exit from a share routine and
drops 1050 Op In.

Data Enter Mode Switches

CE SWITCH: With the CE switch on, the
microprogram control of the 1050 can be
simulated independent of CPU. CPU can be
operating and the attachment will propagate
select-out and ignore polling. With the CE
switch off, the panel monitors 1050 console
operation under CPU control in run or
single-cycle mode. Also, by setting up run
and micro share-request, the multiplexor
channel polls the attachment.

LINE SWITCH: Has no function with basic
home loop 1030 console.

RUN SWITCH: Simulates continuous share-
for read or write modes. This switch must
be off when the rotary switch is in gate-
tags-out position.
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INDICATORS

TA Qutbound Tags

Set up with rotary at the gate-tags-out,
data-entry switches, and the data-enter
switch.

Pos 0:Home reader start pulls on the 1050
start latch.

Pos 1:Allow reader-2 drops the hold on the
second reader.

Pos 2:Micro share-request simulates a
stacked share-request at unit.

Pos 3:Proceed unlocks typewriter keyboard
for a read-inguiry.

Pos 4:Alarm (feature) if present alarm
sounds

Pos 5:Carriage return line feed causes
CRLF, independent of the EOL contact.

Pos 6:Attention-reset simulates taking
attention share-reguest and resetting
of the latch.

Pos 7:1050 reset simulates the end of a
read or write operation and deselects
any 1050 components that are selected.
When starting an I/0 operation from the
processor, an automatic restore selects
printer 1.

TT Inbound Tags

Sample pertinent conditions from 1050 sta-
tically.

Pos 0: Cancel indicates the cancel key on
keyboard was pressed.

Pos 1l:Reader-2 select and-ready indicates
the unit is ready to receive a read
command.

Pos 2:End can be obtained in several ways:

1. On the keyboard input, pressing the
EOT or EOB key.

2. On the card input, an EOB or EOT
character punched in a column or
the trailing edge of the card.

3. On the paper—-tape input, an EOB or
EOT punched in the paper tape.

Pos 3 (1050 Operational): - 1050 veltages
present and CPU switch on.

Pos 4(Home Reader Start): Indicates the
1050 start latch is on.

Pos 5: Intervention-required: Operator

5-94

intervention is required to operate the
system.

Pos 6(Attention): Results from the request
key on the 1052 being pressed.

Pos 7 (Data Check): PTTC data from 1050 was
received as even parity.

Data Register

Data register is common for both read and
write.

1. Read. Data entering the data register
is PTTC data coming from the 1050.
This data is translated to EBCDIC
before being gated to the CPU.
(Indicators directly below the data
register display this translation.)

2. Write. Data entering the register is
EBCDIC data coming from CPU. This data
is translated to PTTC befgre being
gated to the 1050. (Indicators direct-
ly to the left of the data register
display this translatiomn.)

Punch 1 Clutch

This indicates that a character has been
read by the 1030 and is waiting in its home
register. The attachment clock must be
started at 34 ms cycle rate, the character
must be set in the data register, and tran-
slated to EBCDIC. The attachment must now
attempt to secure polling, cause a share-
reguest, and store the character in the
data field of storage. If this is not
accomplished, a hold is put on the reader
to prevent it from taking another cycle
until a share-request has handled the
character in the data register.

Translate UC

This indicates that the PTTC to EBCDIC
translator should be translating the char-
acter in the data register as an upper case
character. No share-regquest is taken when
shifting from one case to another.

Read 1 Clutch

This is brought up from 10530 on write oper-—
ation to start attachment-clock at 67.5 ms
cycle rate. Attachment-clock runs continu-
ously during write operation, A share-
request is attempted during the cycle. If
it is not honored, no strobe will be sent
to the 1050, its home timer will not run,
and no clutch will be released.

Write Up Case

This indicates the EBCDIC character in the
data register is a PTTC upper case
character. When the characters change from



one case to another, the shift character is
strobed to the 1050 during one cycle, and
the PTTC character is strobed to the 1050
during the second cycle. No share is
requested until the PTTC character is
strobed to the 1050.

Output Select and Ready

This indicates an output device on the 1050
is ready to receive data from the 1050.

Reader 1 Home

On a 1050 N1 and M1, CPU-connect should
pull on reader-1 home.

1050 OP IN

This indicates the 1050 op-in line is
active as a result of being polled with a
share-reguest waiting.

1050 Req In

This indicates that the 1050 request-in
line is active in the attachment circuits.
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REVIEW QUESTICNS

COMPREHENSIVE INTRODUCTION

1.

10.

il.

The 1050 console system will consist
of four major units:

a.

b.

Ca

d.

The 1050 conscle system operates with
the 2030 on the interface.

The code transmitted to and from the

1051 is Perforated Tape and Transmis-
sion (PT&T). It is translated to and
from __ in the 2030 attachment.

The PTET character composed of the BA
842 bits (will/will not) be translated
and stored in the CPU.

The EBCDI character represented by the
byte 00110101 (will/will not) be tran—
slated and sent to the 1051.

Draw a data flow of a write operation
to the 1052 printer. Start from R-
register in the CPU to the printer in
the 1050.

Draw a data flow of a read operation
from the keyboard to the R-register.

The 1050 N1 differs from the 1050 Mod
1 in that 4

The only 1050 home loop feature that
will not function on line to the 2030
is .

The ____eor
CPU and the 1050
four parts:

a.

cable connecting the
can be broken into

Commands to the
five categories:

1050 can be listed in

REVIEW QUESTIONS-1051 ATTACHMENT CLOCK

1.

The attachment clock is driven by an
oscillator and one clock cycle results
in the timed outputs of ’

i ;, and »

When in write mode, the clock will run
(continuously/intermittently) and each
complete cycle is ms long.

List the On or Off condition of the
following clock controls when the
clock is stopped:

Oscillator start

TR=1

TR-2

Oscillator

c2

Cy

When in read mode, the clock will run
{continuously/intermittently) and each
complete cycle is ms long.

When in write mode, the clock can be
stopped when the 1052 printer is
performing a carrier return by the
line _ .

REVIEW QUESTIONS-—-CONTROL IN-TT

1.

The TT lines {controls in) are used in
the microprogram to

A ROS word contains the statement, TT
KL->Z. (K = 2). This is checking for

The TT-5 line is active. This will
indicate to the microprogram that

The fact that end conditions have been
sensed during a read operation is
signified by TT &

TT0 can be set only if read ingquiry is
active and the character decode is
bits.

REVIEW QUESTIONS--CONTROLS OUT-TA

1.

2.

The TA lines ({(controls out) are used
in the microprogram to

A ROS word contains the statement, 0 +



KH->TA. (K = 12).
being initiated is _

The operation

The attachment is in write mode (TA-0
on). The microprogram gates TA out
with this byte on the Z bus-00000101.
What three actions will result?

TA-6, if on, will perform what
function? s

Could the
11010000,
the 10650?

combination of bits,
be a legitimate command to
Why?

REVIEW QUESTIONS——-SHARE-REQUEST CONTROLS

1.

The 1050 attachment {does/does not)
need polling circuits during a start
I/0. Why?

The 1050 is installed first on the
channel poll lines. A start I/0 is
performed to the MPX channel. The
SEL-I pulse must be handled by the
1050 attachment circuits. True/False.

Refer to Figure 23. The prepare to
share latch will not reset. Will the
MPX channel poll lines function pro-
perly during a start I/0? Why?

When 1050 request—-in is sent to the
channel controls, the request is
granted immediately. (True/False)
Why?

Why does the 1050 have to be installed
first or last in the channel poll
lines? &

REVIEW QUESTIONS--1051-2030 INTERFACE

1.

2.

The cable connecting the CPU and the
1051 is called the 5

The write portion of the interface
will attach to the circuits
in the 1051.

The read portion of the interface will
attach to the circuits in the
1051.

Refer to Figure 5-533. When and for
how long will the restore line be
active? %

What major function does the reader-2

hold line serve during a read opera-
tion (see Figure 5-31 and 5-32)7?

-

Why is the punch-1 home-switch line
necessary in the interface?

REVIEW QUESTIONS——MICROPROGRAMS

y

25

10.

11.

12.

13

14.

The unit address of the 1050 developed
during a start I/0 is a

The hexadecimal address of the UCW
status byte for the 1050 is
in MPX storage.

The 1050 unit status is stored in the
K addressable byte in local storage
designated as %

During write mode, bit-three of the
UCW ops and flag byte is set on indi-
cating 3

Zero—count conditions set bit
of the UCW status and bit of
the unit status bytes.

A read inguiry command has to be ini-
tiated by a request operation.
(True/False) Why?

The microprogram will start
any operation.

Data transfers are handled by the
microprogram.

End conditions and status setting are
handled during the
and

’ r

The mi croprogram is used to
stop a device by macroprogram instruc-
tion.

The Test I/0 microprogram can be used
to test the status of the share reguest

status path or to .

The I/0 Interrupt microprogram updates
the , Store the , and
load the .

During a start I/O, the unit is found
to be busy. What status or conditions
will be set (see Figure 49)? Assume no
CC. .

There are six ways to trap and cause a
share-regquest cycle from the 1050
attachment:

a.
b.
C.
d.
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e.
f.

15. During a start I/C, the command byte
was 00100010. This will result in
(correct operation/error termination).
Why? -

16. A halt I/0 command is issued to the
1050. The unit is found to be active
with interrupt stacked. What condition
code is set? N

REVIEW QUESTIONS--WRITE OPERATION

1. The start I/0 for a write operation
sets TA ___ _ position(s) and the
attachment assumes write mode.

2. Each time the write-share request
microprogram is executed, the data
address will be _ and the count
will be __ .

3. A write operation is normally ended
when the _ reaches -

4. During write mode, the attachment
clock will be started when
and are active.

5. Will the attachment clock stop during
a write operation? Explain.

6. During a write operation, the follow-
ing message was sent:
E
LOAD TAPE DRIVE 2 0 WITH TAPE 29.
B
The data count was 29 when the operation
started. What printed?

7. The following message is sent to the
1052 printer: This is a test. The
total characters sent to the printer
are .

8. During a write operation, the PT&T/8
BA 21 bits gated to the 1052 and will
cause a data check. (True/False)

9. The ________ latch indicates that a

share-request has been granted and the

character is in the R/W register.

This
to be

10. The UCW status byte is 10000000.
will cause and
set in the unit-status byte.

REVIEW QUESTIONS READ READER-2 OPERATION

1. The start I/0 for a read reader-2
operation sets TA position(s)
and the attachment assumes read mode.

2. A read operation is normally ended by
L conditions or count.
3. During read mode, the attachment clock
will be started when and
_ _ are active and will run one
cycle.

4. The latch that stops the clock after
one cycle for each character in read
mode is the latch.

5. During read operations, the 1050 home
timer is started by

6. During a read operation, the message
read was:
E
ABCD*EFGH O
B
The message stored in the CPU would be

*=Punch on character

7. During a read reader-2, the message in
the paper tape is:
E

ABCDEFGHIJKLM O
T
The data count when starting is 6.
a. What is read into core?
b. What is read from the reader?

E
8. The record ABCDEF O was read from
reader-2. T

The parity was bad on the character C (the
C-bit was dropped). What was read
into storage during the operation?

REVIEW QUESTIONS—-—-READ INQUIRY OPERATION

1. During the start I/0 microprogram for
read inguiry, the TA __
position(s) will be set and the
attachment is set to read-inquiry
mode.

2. What indication does the operator
receive that indicates a read-inquiry
operation has been started?

3. Does the proceed light turn off during
a keyboard operation? .

4. What function other than lighting the
proceed light does the proceed line
serve? ‘

5. The cancel character (BC bits)
wills/will not set data check,

-



10.

What conditions and status will be set
with cancel decode? .

Can a read-inquiry entry be split
between keyboard and reader-2 and back
to keyboard? -

Refer to question 7. What would be
punched in the tape for reader-2 to
allow reading from keyboard again?

-

Will the operation end if zero-count
is sensed during a keyboard read, or
will the program keep looking for end
conditions? 3

How does the program know that read-
inquiry data is coming from reader-27?

REVIEW QUESTIONS--READY-SHARE-REQUEST

OPERATION.
1. A ready-share cycle will be taken any
time the 1050 %
2. During the ready-share cycle, the TT-
line is forced on to set
and &
3. The purpose of the ready-share

operation is to -

REVIEW QUESTIONS--SENSE OPERATION

1.

The only function of the start I/0
during a sense command is to

During a sense cperation share-reguest
cycle, the sense byte will be read
from in 3

The sense byte will be stored in a
location specified by the of
the UCW.

Bit-0 of the sense byte would be set
to a 1 if -

Bit-4 of the sense byte is data check.
It will be set on by a data error
during a and not by

errors.

REVIEW QUESTIONS——-COMMAND CHAINING WITH

C.I.

1.

When command chaining a read command
with a write command, the return to
programming after execution of the
write command will be to

2.

A command-immediate is executed via
start I/0 and is command chained with
a read command. The return after
execution of the read start I/0 will
be to "

A read-start I/0 is executed. The
read command is chained with a C.I.
The return after execution of the C.I.
start I/0 will be to

REVIEW QUESTIONS--I/0 TESTER

1.

The I/0 tester (can/cannot) be used
for both CE mode and on-line opera-
tion.

Describe the function of the data-
enter switch for:

a. Read mode .
b. Write mode a

The start and stop switches on the I/0
tester will control cycling of the
1050. ({(TruesFalse)

The rotary switch must be on/off when
connecting or disconnecting the I/0
tester.

The CE select-out switch when
activated, will activate 1050 op-in if

With the I/0 tester in CE mode,
channel polling is stopped.
True/False

the

REVIEW QUESTICON ANSWERS

COMPREHENSIVE INTRODUCTION

1.

7

8.

a. 1050 system b.
interface c.
2030 4.

1050 to 2030
1050 attachment in
CPU attachment in 1051.
native
EBCDI

will not

Will

The 1050 NI is a home-loop only device
and has no line-locp capabilities.
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9.

10.

11.

Home error correction

Interface a. zread b. write c.

control d. EPO

a. read b.read inguiry c.
write d4d. sense e. control.

1051 ATTACHMENT CLOCK

y 8

We X, ¥, Z
Continuously, 68

a.off b.
off f£. on

off c. on d. off e.

34

Reader/clutch

CONTROLS IN-TT

Test the status of the 1050 or 1051
attachment through programming

Attention
Intervention is reguired at the 1050
2

BC

CONTROLS OUT-TA

1.

2

3.

4.

5.

Set run conditions or initiate opera-
tions to the 1050 system.

Read reader-2.

a. Reset of write mode in the attach-
ment.

b. Carrier return and line feed of all
printers selected.

c. Reset of the 1050 home loop.

Reset the attention latch.

No. A read and read ingquiry is being
attempted at the same time.

SHARE—REQUEST CONTROLS

1.

Does not. The unit address is fixed
at 1F (31) and the microprogram
branches on this fact.

False. With the 1050 installed first,
the sel-0 pulse generated by the
start-select-out latch will go direct-
ly to the channel and, if Sel-I
returns, it goes to the start-select-
out and resets it.
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3

4.

5.

No. The Sel-I pulse turns on the 1030
op-in latch, preventing the Sel-I from
returning to the channel circuits.

False. If any MPX channel unit has
op-in status, the 1050 must wait for
the request.

It is physically located in the CPU
and has to be polled first or last due
to cable limitations.

1051-2030 INTERFACE

1.

2.

3.

4.

5

Interface.
Reader 1.
Punch 1.

Any time run mode is made active.
25 ms.

For

Prevents the 1050 from running faster
than the CPU can handle data
(overrun).

Activates the punch- home-switch lines in

the 1051 to activate the punch-1 home-
loop circuits. The CPU connect switch
used to be punch-l1 and now serves a
different function.

MICROPROGRAM
1. 1F (Hexadecimal) or 31.
2. F8
3. K9
4. Auto new line (ACR) at the end of the
write operation.
5. 0 and &4
6. False. The request key merely alerts
the CPU that attention status is set.
The read inquiry is still macroprogram
controlled and can be issued any time.
7. Start I/0.
8. Share-reguest.
9. Status, check, restore.
10. Halt Ir/o.
11. Clear an interrupt when in supervisor
state.
12. CSW, current I/0 PSW, new I/0 PSW.
13. Condition code 1.



14.

15.

l6.

a. Micro share-request

b. Read share-request

c. Write share-request

d. Ready share-request

e. Attention

f. Intervention required.

Will set
unit check condition

High order not all zeros.
command reject,
code 1.

Condition code zero.

WRITE OPERATION

1.
2.
3.

4)

T

Zero (0)

Incremented; decremented.

Count:, zero.

Reader/clutch, write latch.

Yes, any time reader/clutch line
drops. This can be from a carrier—
return, tabulate, or line-feed
function.

LOAD TAPE DRIVE 2 WITH TAPE. The EOB
will not print nor end the operation
during write.

#*T*¥his is a test.

*=Lower case
shift character. :

#*=Upper case shift character.

8.

9.

10.

False. Data is not error checked
during write mode.

T B

D.E., CH.E. Zero-count is indicated

which will set device-end and channel-

end.

READER 2 OPERATION
Zero, one.
End, zero.

Punch clutch, read or read inquiry.
Read interlock.

Mechanical action at the 1050, by the
reader running.

ABCDEFGH

a. ABCDEF
E
b. ABCDEFGHIJKLM O
3

ABCDEF. The data-check condition was

10.

sensed and stored in the unit status
as unit check and the sense byte was
set with equipment check.

INQUIRY OPERATION
1, 3

Proceed light turns on if the keyboard
switch is set at home position.

Yes, any time the read-share request
or punch clutch line is active and the
keyboard select switch is set at the
home position.

Unlocks the keyboard when active if
the keyboard select switch is set at
the home position.

Will not. Decode blocks data check.

Device End, Channel End and Unit
exception.

Yes.
Reader stop character.
It will end the operation.

Reader-start latch interface line to
the CPU. (TT-4)

READY SHARE-REQUEST OPERATION

1=

2

Is made operational after such trouble
is power off, intervention required,
etc.
2: DE:; £Ch.BE

Set conditions to alert the CPU the

1050 is now ready; then set I/0 inter-
rupt.

SENSE OPERATION

1.

Initiate a micro share-request opera-
tion.

04,local storage.

A command had been rejected previous-
ly.

Data address.

Read operation, but out (write).

COMMAND CHAINING WITH C.I.

1s

Because the write command was shared
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with a share-request cycle, the return
would be to FWX (ROBAR).

2. I-cycles. The attachment was never
activated in the C.I. start I/O0, and
the start I/0 routine is never left.

3. FWX-(ROBER). The command immediate
was entered from share-request; there-—
fore the return is to microprogram-
ming, not I-cycles.

I/0 TESTER

1. Can

5-102

a. single-cycle handling of a share-
request
b. single-cycle bus cut.

False. They serve no function with
the 1050.
Off.

The attachment has a share-request
pending.

False.



INTRODUCTION

SECTION 6. DIRECT CONTROL FEATURE

® The direct control feature allows one byte of information to
be transmitted to or read from a direct control interface.

L] The direct control feature attaches a CPU to a CPU or a CPU

to an 1/0 device.

L] The write direct instruction (84) immediately places the

data in storage on the bus-out lines.

s The read direct instruction (83) causes the computer to wait
until the data on the bus-in lines is valid before it is

entered into storage.

® Both instructions use the SI format.

The Direct-Control feature in System/360
provides a meahs of communicating between
two CPU's, or between a CPU and external
devices (8 max.) It is intended primarily
for transmission of control information. A
CPU communicates by using the
external-interruption mechanism and the
instruction Write Direct or Read Direct.
Information and control signals are
exchanged over the direct-control interface
lines (Figure 6-1 and 6-2).

The op-code 84 is a direct control write
command, and the op-code B3 is a direct
control read command. Both op-codes use
the SI format, and are priveleged instruc-
tions.

WRITE DIRECT

The Write Direct instruction is used to
place information on the Dir-Out (Direct
Control Bus-0Out) lines, and Read Direct is
used to take information from the Dir-In
(Direct Control Bus-In) lines. The Write
Direct instruction causes a byte of infor-
mation (8 bits) to be placed as static
signals on the Dir-Out lines. These sig-
nals may be changed by repeating Write
Direct instructions or they may be allowed
to remain an indefinite period. No parity
is presented with these 8 bits of control
information. The instruction Write Direct
also causes the eight bits, contained in
bit positions 8-15 of the instruction, to
be sent out as eight timing pulses on the
Timing Signal Bus—-Out lines (Sig-Out). At
the same time, a ninth and similar pulse is
sent out on the Write—-Out line. The leai-
ing edge of these timing pulses coincides
with the leading edge of the Write-Out
pulse, and the Write-oOut pulse overlaps the
change of the signal on the Dir-oOut lines.

The timing signals and the Write-Out
signal are normally used to alert equipment
to which data is to be sent. When communi-
cating with another CPU, the timing pulses
are used to cause an external-signal inter-
ruption at the receiving CPU and the Write-
Out pulse is used to insure the validity of
the control information.

READ DIRECT

The Read Direct instruction causes the
information appearing on the eight Dir-In
lines to be placed as eight bits in
storage, provided the Hold-In signal is
absent. Information on the Dir-In lines
may not be valid while the Bold-In signal
is active. ©No parity is available with the
control information, but a parity bit is
generated as the data is placed in storage.

Direct-Control Bus-Qut 0 ) Direct-Control Bus-In 0

8 Lines
Direct-Control Bus-In 7

ITTATIL

Direct-Control Bus-Out 7 t

TITTTT

Write-Out Hold=In

Read-Out Read=In

Timing=Signal Bus=Out 0 ) Externa!~Signal Bus=In 0
8 Lines

External-Signal Bus=In 7

TTIT
[TTEIn

cPUT Timing-Signal Bus-Out 7 t

Cpu2

Direct-Control Bus-In 0 ] Direct-Control Bus-Out 0
8 Lines

Direct=Control Bus~Out 7

TITTTT
L

Direct-Control Bus=In 7 t

Hold-In Write-Out

Read-Out

Read-In

Timing=-Signal Bus=Out 0
Y 8 Lines
{ Tirntng:Signal Bus-But 7

External-Signal Bus=In 0 )

Tt

E  External-Signal Bus-In 7
|

Figure 6-1. Direct Control Interface, CPU

to CPU
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Prior to accepting the control informa-
tion, the instruction Read Direct causes
the eight bits in positions 8-15 of the
instruction, to be sent out as eight timing
pulses on the Timing-Signal Bus-Out lines
(Sig-Out). At the same time, a ninth and
similar pulse is sent out on the Read-Out
line. The leading edges of the timing
pulses and the Read-Out pulse must coin-
cide.

The function of the Hold-In signal is to
prevent (or hold up) the Read operation
while information on the Dir-In lines is
changing and therefore invalid. When com—
municating between CPU's, the Write-Out
pulse of the sending CPU is received as the
Hold-In signal at the receiving CPU and
thereby prevents the reading of invalid
information by the receiving CPU.

Devices connected to the CPU respond to
the CPU's Read Out signal by dropping the
Hold-In line. Since Hold-In overlaps the
period when information is changing on the
Dir-In lines, time is allowed to complete a
data sending operation should the external
device have one in progress.

The external interruption provides a
means by which the CPU responds to signals
from another CPU or from external eguip-
ment. These signal pulses appear on six
External-Signal Bus-In lines--Sig-In-2
through Sig-In-7. When they occur they are
stored until honored by the CPU. The
source of the signal is identified by the
interruption code in bit positions 26-31 of
the old PSW (Program Status Word).

T*TTTTTTTTTT -I.. -~ T T T T W— P S
Ext. Ext. Ext. Ext.
Dev. Dev. Dev. Dev.
@] X o X
Cu-0 CuU-7
Direct Control Bus ) Out-0 | T
E 8 Lines
E Direct Control Bus Qut-7 E‘
Write=Out El
Read=Out ‘E\
Timing Signal Bus ) Out-0 |T
8 Lines
Timing Signal Bus Out-7 [T
CPU | _ Direct Control Bus ) -0 |T
8 Lines
Direct Control Bus In=7 T
Hold=In E]
Read=In T
External Signal Bus ) In-0 T
8 Lines
External Signal Bus S In-7 T

Figure 6-2. CPU to External Device
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DIRECT CONTROL_ BUS-OUT

The Direct Control Bus-0Out is a set of
eight lines from a CPU to the external
equipment. The external equipment could be
another CPU, in which case Direct Control
Bus-Out is connected to Direct Control
Bus-In of the other CPU.

Data on the Direct Control Bus-Out are
placed only during the execution of the
instruction Write Direct. The data on the
lines represent the byte at the location
designated by the operand address of the
last Write Direct instruction. The data
placed on the Direct Control Bus-Out remain
valid until intentionally changed, as for
example, at the execution of the next Write
Direct. The Write-Out pulses overlap chan-
ges on the Direct Control Bus-Out by 100
nsec, i.e., data are considered valid for
at least 100 nsec before the fall of the
Write—-Out pulse below its up-level and
until at least 100 nsec after the rise of
the Write-oOut pulse to its up-level.

WRITE OUT

Write Out is a line from the CPU to exter-
nal equipment. The external equipment
could be another CPU, in which case the
Write-Out line is connected to the Hold-In
line of the other CPU.

The function of the Write-Out line is to
signal the external equipment when the CPU
is placing data on the Dir-Out lines, and
to indicate the data is therefore presently
invalid. The down—-level of Write-Out indi-
cates the data on the Dir-Out lines in
valid.

READ OUT

Read Out is a line that connects the CPU to
the external eguipment. The external
equipment could be another CPU, in which
case the Read-Out line is terminated, but
serves no function.

The purpose of the Read-Out line is to
provide a means of signaling the external
equipment that a Read Direct is being exe-
cuted and that the external eguipment must
provide valid data on the Direct Control
Bus-In, as indicated by the down level of
the Hold-In signal.

The leading edge of the Read-Out signal
must coincide with the leading edge of the
pulses on the Timing-Signal Bus-Out.

DEFINITIONS OF INTERFACE LINES

TIMING-SIGNAL BUS-OUT

Timing-Signal Bus-Out is a set of eight
lines from the CPU to the external equip-
ment. The external eguipment could be
another CPU, in which case the Timing-
Signal Bus-Out is connected to the
External-Signal Bus-In of the other CPU.
The Sig-Out- 0 and Sig-Out-1 lines are
terminated, and serve no purpose.

During a Read Direct or a Write Direct
the eight bits contained in the instruc-
tion, positions 8-15, are sent out as eight
timing pulses on these bus lines. The
Timing Pulses have a duration of 500nsec to
1000nsec. The leading edge of the timing
pulses coincides with the leading edge of
the Write-Out or the Read-Out signal.

When the Timing-Signal Bus-Out is con-
nected to External-Signal Bus-In of another
CPU, the timing pulses on position 2 to
position 7 cause an external-signal inter-
ruption at the receiving CPU.

DIRECT-CONTROL BUS—-IN

The Direct Control Bus-In is a set of eight
lines from the external eguipment to the
CPU. The external equipment could be
another CPU; in this case the Direct Con-
trol Bus-In connects to the Direct Control
Bus-Out of the other CPU.

The data appearing on the Direct Control
Bus-In are read by the CPU only during the
execution of Read Direct. The data are
stored in the location designated by the
operand address of Read Direct instruction.
The reading of the Direct Control Bus-In by
the CPU is performed only when the Direct-
Control Bus-In is valid and after the Read-
Out pulse occurs. The data is valid on the
bus until Hold-In is active.

HOLD-IN

Hold-In is a line from the external
equipment to the CPU. The external equip-
ment could be another CPU, in which case
the Hold-In line is connected to the Write-
Out line of the other CPU. The purpose of
the Hold-In signal is to prevent the CPU
from reading the data from the Direct-
Control Bus-In until such data is valid.

The Hcold signal is active for at least

100 nsec on either side of any signal
change on Direct-Control Bus-In.
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After the Read-Out pusle is generated,
during the execution of the Read Direct,
the CPU tests for not Hold-In condition to
read the Direct Control Bus—In.

Since the CPU will "hang—up" waiting for
not Hold-In condition, the external equip-
ment maintains the Hold-In inactive for at
least 500 nsec after the termination of
every Read-Out pulse.

The Hold-In signal can occur at any

time; it does not have to be synchronized
with the Read-Out pulse.

READ-IN
Read In provides no function except as a

termination for the Read Out line.

EXTERNAL-SIGNAL BUS-IN

External-Signal Bus-In is a set of eight
lines from the external equipment to the
CPU. The external equipment could be
another CPU, in which case the External-
Signal Bus—-In connects to the Timing-Signal
Bus-Out of the other CPU. The Sig-Out-0
and Sig-Out-1 provide termination and serve
no other function.

The External-Signal pulses have a
minimum active duration of 500 nsec and a
maximum active duration of 1000 nsec. The
External-Signal has a minimum inactive
duration of at least 500 nsec.

APPLICATION

The External-Signal pulse may occur at
any time and has no relation to the timing
of other signals on the Direct Control
interface.

The purpose of the External-Signals bus
is to provide a path to the
external-interruption mechanism of the CPU.
The external interruption can occur only
when system mask bit 7 is a one and after
the current instruction is completed. The
interruption causes the old PSW to be
stored at location 24 and a new PSW to be
fetched from location 88. .

A total of six signal lines comprise the
External-Signal Bus-In. (Sig-In-2 through
Sig-In-7). As a result of an external
interruption the external signals are
placed in bit locations 26 to 31 of the old
PSW.

An external signal reguest may occur at
any time. The requests are pending until
honored by the CPU. All pending requests
are presented simultaneously when an exter-
nal interruption occurs. Each request is
presented only once. When several regquests
from one source are made before the inter-
ruption is taken, only one interruption
occurs.

The Sig-In-0 and Sig-In-1 provide no
function except as a termination of the
Sig-out-0 and Sig-Out-1 lines from another
CPU.

L The CPU can initiate a read or write command over the direct

control interface.

® One byte of. information is transferred for each read or

write command.

Two situations below are used to illustrate
the sequence of operation for the direct
control feature. For illustration purpos-
es, two CPU's are assumed to be attached by
the direct control interface. It should be
noted at this time that the second CPU
could also be a control unit for any
machine (IBM or Non-IBM) the customer
desires to attach to the direct control
interface.

Situation A:

CPU #1 desires to send a byte of
information to CPU #2.

1. CPU #1 executes a write direct (84)
instruction. The I2 field of the
instruction is placed on timing-signal

Bus-0Out 0-7. The character in the
storage location designated by the Bl
and D1 field of the instruction is read
out and placed on direct-control Bus-
Oout Out 0-7 JE-reg).

2. CPU #2 receives the timing signals on
External-Signal Bus-In 0-7. Receiving
the timing signals causes CPU #2 to
take an interrupt. CPU #2 tests the
interruption code in the old PSW and
determines the cause of the interrupt.
CPU #2 now executes a read direct (85)
instruction and reads into storage the
character present on direct control
Bus-In. The storage address is
determinéd by the B1+D1 address in the
Read Direct (85) instruction. CPU #2
also transmits the I2 field of the rezid



direct instruction back to CPU #1 on
timing signal Bus-Out 0-7.

3. CPU #1 receives the signal on External-
Signal Bus-In and an interrupt occurs.
CPU #1 tests the interrupt and
determines that CPU #2 received the
character CPU #1 transmitted. CPU #1
is now able to execute another write
direct instruction if necessary.

Situation B

CPU #1 is interrupted by the direct
control because CPU #2 desires to send
CPU #1 a byte of information.

1. CPU #1 receives a signal on external-
signal Bus-In 0-7. This signal causes
CPU #1 to take an interrupt.
Interrogation of the old PSW determines

DATA FLOW

° The L REG handles timing-signal Bus-out.

° The JE register handles data.

Both read direct and write direct use the
SI format. During I-cycles, the operation
of these op-codes is the same. That is,
the op-code 84 (Write direct) or 85 (Read
Direct) is placed in the G-register, the I2
field is placed in the L-register, and the
base and displacement addresses select the
main storage position to be used.

The micro program executes both
instructions. The first step, for either
operation, reads out the storage position
selected by the instruction. If the
instruction is a write direct, the next
step places the data in the D-register and
returns it to storage. The following step
gates the D-register to the JE-register,
gates the L-register to the timing signal
out lines, and turns on the write out-
signal. At this point, 17 signal lines are
controlled to the interface, i.e.

8 direct control bus out lines,
representing the data byte in main
storage.

8 timing signal bus out lines, rep-
resenting the data in the I2 portion
of the instruction, and

1l write out line.

The data byte is a static signal that
remains on the bus out lines until another

that a character is being sent to CPU
#1 on the direct control interface.

2. CPU #1 executes a read direct (85)
instruction stores the character pre-
sent on direct-control Bus-in into
storage. The location in storage for
that character is determined by the Bl
and D1 field of the instruction. CPU
#1 also transmits the I2 field of the
instruction out on timing-signal Bus-
Out to CPU #2. These timing signals
notify CPU #2 that CPU #1 received the
character on Direct-Control Bus-in.

Multiple devices can be attached to the
direct control interface. When multiple
devices are attached to the direct control
interface, the timing-signal Bus-out bit
configurations will normally be used to
select the I/0 device desired.

write instruction is executed. The others
are pulses with 500-1000 usec time dura-
tion.

The last step in a write direct opera-
tion resets the L-register and advances the
system to the next I-cycles program.

If the instruction is a read direct, the
step following the read out of main storage
turns on the read out signal and gates the
L-register to the timing signal bus out
lines. At the same time, the FT 1-bit is
set to zero to ensure the validity of the
following test.

The program then goes into a test loop
to wait for a signal from the attached
control unit or computer that the data on
the direct control bus-in lines is ready to
be read. The hold-in signal controls this
operation. The control unit, on receiving
a read-out signal from the computer, places
data on the bus-in lines. The control unit
then drops the hold-in line to indicate
that the read data is ready.

Dropping the heold-in line sets the FT
1-bit to a one. When this is tested during
the next test loop, the data on the bus-in
lines is entered into storage and the read
direct instruction is completed.
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Figure 6-3.

1 (Read)

( RDD or WRD )

R. O. Storage

G70or 1

0 (Write)

Gate L-Register to
Timing Out (750nsec)

Reset FT 1-Bit to Zero

Turn On Read Out
Signal (750nsec)

1

Place Data in the
D-Register

Return Data to Storage

]

Gate D-Register to DC
Bus Out (Static Signal)

L " i
. When hold-in drops, the Gate L~Register to
Test FT 1-Bit : FT 1-Bit is set fo a one. Timing Out (750nsec)
|
;;c;;:: 'le;s-l? Data to Turn Cn Write Qut
-Register in Signal (750
Complement Form SR
Not 0

FT 1-Bit 0

Invert R-Register
and Store

I

Reset L~Register

Return to [-Cycles
Program

Direct Control Data Flow




SECTION 7. APPENDIX

CHANNEL MICROPROGRAM CHARACTERISTICS

Figures 7-1 through 7-15 are provided to
aid you in following microprograms.

MEM. (4) ' CCW Address
Op(8) | lgnored (8) | B (4) D) PROT. oooclaoooooooo (24)

1/O Instruction

Start 1/0 9C 10011100
Test |/O 9D 10011101
Halt1/0O 9E 10011110
Test Channel 9F 10011111

Figure 7-1. 1I/0 Instructions Figure 7-4. CAW (Location 72; Address
Hex 48)
Channel Device
Unused Ignored Address Address
(8 (13) (3) (8)

Figure 7-2. Result Of Indexing IO Instru
ction (Contents of B+D)

Command Data Address Flags 000 Ignored Count
Code
00000000

(8) (24) (5) (3) (8) (16)
Command Code Flags
01234567 Bit 0-CD
*#+%0000 Invalid 1-CC
mmmmQ100 Sense 2-SLI
**%%1000 TIC 3-SKIP
mmmm1100 Read Backward 4-PClI
mmmmmmO1 Write
mmmmmm10 Read
mmmmmm] 1 Control
*-Bit Ignored
m-Modifier Bit

Figure 7-3. CCW
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Figure 7-5.

1-Status Modifier
2-Control Unit End
3-Busy

4-Channel End
5-Device End
6-Unit Check
7-Unit Exception

CSW (location 64;

Address Hex 40)

UNIT CONTROL WORD

Mem 0000 Next CCW Address Status Residual Count
Prot (24) Unit Channel
Tag
4) (8) (8) (16}
Unit Status Channel Status
Q-Attention 0=PClI

1 -Incorrect Length
2-Program Check
3-Protection Check
4-Channel Data Check
5-Chennel Control Check
6-Interface Control Check
7-Chaining Check

ucw
000 001 010 011 100 101 110 i
l Data Next CCW
Channel | Op.and Count Address Address
Status Flags High | Low High Low High Low

Channel Status Byte

0-Not Used (Channel Data Check)
1-Channel Control Check
2-Interface Control Check
3-First Status Received,Coded ex~

4=(No Name)
5-lIncorrect Length
6-Program Check
7=Protection Check

— — O O|lw

— O — Oy

Figure 7-6.

0-Chqin Data Address (CDA)
1-Command Chaining (CC)

2-Suppress Length Indication (SLI)

3=Skip
planation
below.
4-Program Controlled Interrupt (PCI)
5-Active
é=Output (Write)/Input (Read or Sense)
7-Decrement/Increment Data Address
Hendling Data; Expecting Dota. )
Device Instructed to Stop; Expecting Status. | Valid Only When

Status Stacked at Control Unit.

Status Is in Interrupt Buffer (1B).

Unit Control Word Format

Active B_it Is (l

3 718 11 |12 15| 16 31132 33|34 35| 36 39 | 40 63
System Key AMWP Interruption ILC Program Instruction
Mask Code Mask Address
Figure 7-7. PSW
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Form Y24-3362-1, Page modified by FES Y24-0055, 9/67

Purpose

Location Address Length
0 00000000 (00)| Double Word
8 00001000 (08)| Double Word
16 00010000 (10}| Double Word
24 00011000 (18)| Double Word
32 00100000 (20)| Double Word
40 00101000 (28)| Double Word
48 00110000 (30)| Double Werd
56 00111000 {38)| Double Word
64 01000000 (40)| Double Word
72 01001000 (48)| Word
76 01011100 (5C) Word
80 01010000 (50)| Word

84 01010100 (54)| Word

88 01011000 (58)| Double Word

96 01100000 (60)| Double Word
104 01101000 (68)| Double Word
112 01110000 (70}| Double Word
120 01111000 (78)| Double Word
128 10000000 (80)

129-131 10000001-10000011(81-83)
133-135 10000101-10000111(85-87)
137-13% 10001001 -10001011(89-88)

Initial pregrem Looding PSW
Initial pregram Loading CCWI1
Initial program Loading CCW2
External old PSW

Supervisor call old PSW
Program old PSW

Machine check old PSW
Input/output old PSW
Channel status word

Channel address word

Unused

Timer

Unused

External new PSW

Supervisor call new PSW
Program new PSW

Machine Check
Input/Qutput new PSW

CPU Machine Check Register
Multiplexor Log-Out Area
Selector 1 Log-Out Area
Selector 2 Log-Out Area

Figure 7-8. Permanent Storage Assignments

Value of Name of latch
CK field Set by CK parity bit on
Reset by CK parity bit off
5 Cperational =out Control
6 MPX Operation Latch
10 Suppress Control Latch
12 MPX Channel Interrupt Latch
| Value of Name of latch
CK field
3 PSW System Mask Latches

These four latches are set
from the contents of the
R-register when the CS field
specifies FB and the CK-field
value is 3. The CK-field
parity bit does not affect a
set or resef of the latches.

reset of the latches.

9 XXH, XH and XL Latches
These latches are set by the
contents of the S-register
when the CS field specifies
FB and the CK-field value is
9. The CK~field parity bit
does not affect a set or

® Figure 7-9. FB Register (MPX Channel)

CK Field
Value Bit Name of Latch
8 0 Bus=out Control
4 1 Address Out
2 2 Command Qut
1 3 Service Out
P Command Start

Note: (May appear as a combination of Bits fo
cause multiple functions)

® Figure 7-10.

FA Register (MPX Channel)
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CK Field
Bit | Active Condition Indicated Decode Name
0 Suppress out (Diagnostic Use Only) KO Set Program Check
1 Hold-in Latch (Direct Control
Feature) K1 {(Oor1)* SX1 or SX2 Selection
Z MPX Operation Latch ‘
3 MPX Share Request K2 Operational-Out Reset
4 IPL
5 | Selectin K3 Reset PCI
6 Select out (Diagnostic Use Only)
7 | MPX Channel Interrupt Latch K4 Set Selector Interrupt Set
K5 Set Ch | Contrel Check
Figure 7-11. FT Bus (MPX Channel) o renne e e
Ké Set GR to Zero
K7 Not Used
7 K8 Set Count Ready - Not Zero
OPI-Operational in
Al-Address in K9 (Oor 1)* Channel Reset
SVI -Service in See explanation
STI -Status in below K10 (O or 1)* Suppress-Cut
INT=Interrupt
K11 (Qor 1)* Poll tr
Status=in Service-in branch it
STI svi K12 Reset Select-Out
1 1 Op inisdown.
0 1 Service inand Op inare K13 Set Channel Busy
active.
1 0  Stotus in and Op in are K14 Set Halt 1/O Latch
active.
0 0 Noneof the above. Usually K15 Set Interface Control Check
Op-=in is active and neither

service in or status in is
active.

Figure 7-12. MPX Channel Direct Branching

Signals
CK Field Name of Latch
Valve | Bit
8 0 Bus-out Control
4 1 Address Out
2 2 Command Qut
1 3 Service Out

Figure 7-13. GA Register

* (0 or 1) Refers to the CK Field Parity Bit.

Figure 7-14.

GB Controls (Selector Channel)



Direct Input to A Regi ster

Bit GS Bus GT Bus
P None None
O GR Full Select In
1 Chain Detect Service-in Not Service~Out
2 Not Used Poll Control or Halt 1/O Stop
3 Interrupt Condition Channel Busy
4 CcD Address In
5 1=Chnl 1, 0=Chnl 2‘ Status In
6 Not Used SX1 or SX2 Interrupt Latch
7 Chain Request Op-In
Input to GJ Assembler
Bit GE Bus Diagnostic Controls Bus Diagnostic Tags Bus
P None Nene None
o PCI Count Ready, Not Zero Input
1 Incorrect Length SLI Flag Suppres Out
2 Program Check Outpur SX1 ROS Request
3 Protection Check Count Ready, Zero Address Out
4 Channel Data Check Not Used Command Qut
5 Channel Control Check CC Flag Service Qut
6 Interface Control Check Read Backward Bus=Out Control
7 Not Used

Skip Flag

Operational Qut

Figure 7-15.

Selector Channel
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0 Volts Bit Punch 1 5-33

0 Volts Punch Clutch 5-33

0 Volts Reader Clutch 5-34
1051-2030 Interface 5-32

2030 to 1051 Interface 5=12
1050 Commands 5-46

1050 End Operation 5-58

1050 Model 1 5-9

1050 Op In  5-95

1050 Reg In 5=95

1050 UCW Format 5-45

1051 Attachment Clock 5-18
1051 Attachment in 2030 5-13
1051 Model N1 5-6

+12 CPU Connected 5-39

+12 Reader 1 Home 5—39

+12 Request 5-41

+E Bit Reader 5-34

+E Reader Strobe 5-34

—-12 CPU Home Reader Stop 5-39
—-12 Punch 1 Home Switch 5-38
-12V Punch -1 Paper Contact 5=33
-L CPU Home Reader-2 Hold 5-34
-L CPU Home Reader Start 5-38
-L CPU Proceed 5-36

-L CPU Reset 5=37

-L CR and LF 5-38

-L Home Reader-2 Ready 5-40

-L Home Reader Start Latch 5-40
-L Output Select and Ready 5-40
-L Restore S5=37

Address-In 2-14

Address-0ut 2-10

2Address—-0Out Latch 3-8

AMWP 1-12

Attend-Unattend Switch 5-11; 5=60
Attention 5-49

Attention Share-Request 5-73

Bus-In 2-9

Bus Lines 2-8
Bus-0ut 2=9

Bus Out Check 5-86
Bus Out Control 3-8

CAW 1-8

CCw i

CCW Ending Procedure 4-32

CCW Flag Operations 3-33, 4-41
CD Flag Bit  4-42

CE Exit MPX Share Switch 5~-92
CE Reset Switch 5-92

CE Select Out Switch 5=92
Chain Command Control 2=20
Chain Data Address 3-34

Chained Data Operation 5-86
Channel Command Word 1-°
Channel Control Checks 3-50
Channel Instructions 1=2

Channels 1-2
Channel Selection 4-19

INDEX

Channel Share Priority 4-30
Channel Status Word 1-10
Clock Operation During Read Mode 5-21
Clock Operation During Write Mode 5i=1:9
Clock-0Out 2-18
Clock (Selector Channel) 4-15
Code Translation 5-4
Command Address Word 1-8
Command Chaining 3-34, 4-45, 4-48
Command Chaining Operation 5-87
Command Chaining with Command
Immediate 5-88
Command-0ut 2=12
Command-0Out Latch 3-8
Command Reject 5-86
Command-Start Latch 3-8
Commands to the 1050 5~15
Condition Code 1-12
Control 5=15
Control Alarm 5-47
Control Alarm Operation 5-91
Control No-Op 5-47
Controls 5=12
Contrcls from the 1051 to the 2030 5-39
Controls from the 2030 to the 1051 5-34
Controls In-TT 5=13, 5-24
Contrcols Out-TA b=13; 5~25
Console Channel Operation 5-1
CPU Attachment in 1051 5-11
CPU Switch 5-8, 5-11
CswW 1-10
CSW Store 3~29
Current PSW 1=12

Data Check 5-86

Data Enter Mode Switches 5-92
Data Enter Switch 5-92

Data Entry Switch 5-92

Data Flow 3-3, 5-16, 6-5
Data Register 5-94

Data Transfer 2-22, 5-81
Direct-Branch Signals 3-13
Direct-Control Bus-In 6-3
Direct Control Bus-Out 6-3

EBCDI 5=3
Emergency Power Off 5-41
End Conditions 5-84
Ending Procedure 3-24
End Operation 2-22
End Operation (Zero-Count and EOB
or EOQOT) 5-72
End Operation (Zero-Count Only) 5=72
EPO and DC Voltage Exchange 5-41
Eguipment Check 5-86
Error Detection 4-59
Errors Which are not Program Checks 3-48
Extended Binary-Coded Decimal
Interchange 5-3
External Mask Latch 3-10
External-Signal Bus-In 6—4




FA-Register 3-8

FB-Register 3-1.0

FI-Bus 3-14

First Share-Request Cycle 5-56
FT-Bus =13

FWX-Register 3-14

GA Register (Tag Line Control) 4-4
GB Controls 4-5
GC and GD Registers 4-6

GE Register 4-6
GF Register 4-6
GG Register 4-7
GH Controls 4-7

GI Bus 4-8

GJ Assembler 4-9

GJ Bus 4-8

GK Register 4-9

GO Register 4-10

GR, GS, and GT Busses 4-11
GR Register 4-10

GU and GV Registers 4-12
GW, GX Registers 4-12

Halt I/0 3-45, 4-53

Halt I/O Microprogram 5-49
Hold-In 6-3

Hold-Out 2-7

Inbound Tag Lines 2-14

Initial Program Load 3-42, 4-56
Initial Program Load (IPL) PSW 1-13
Initial Selection Sequence 2-21
Initial Selection and CCW Load 4-20
Input/Output Control 1-1
Input/Output Instruction Format 1-7
Input Selector Share Cycle 4-21

Input Translation PTTC/8 to EBCDI 5-4

Instruction Counter 1-12
Instruction Length Code 1=12
Interface Control Checks 3=h1
Interface Lines 2=-2

Interlock Lines 2-16
Intervention Reguired 5-49, 5-86
IPL 4-56

I/0 and External-Mask Latches 3-10
I/0 Commands F=1h

I/0 Control Words 1-8

I/0 Instructions 1-3

I/0 Interface Control 3=7

I/0 Interrupt 3-27, 4-33

I/0 Interrupt Execution 4-40

I/0 Interrupt Microprogram 5-53
I/0 New PSW 1-13

I/0 0ld PSW  1-13

Keys, Lights and Switches (1050,
Model 1) 5-10

Keys, Lights and Switches (1050,
Model N1) 5-8

Lamp Test Switch 5-92
Line Switch 5=92

Load Latch 3-14

Local Storage 1-14
Logout Procedures 3-49

Memory Protect 4-60

Metering-In 2=19

Metering-Out 2-18

Microprograms 5-45

Micro Share-Request 5-49
Modifier 4-13

MPX Channel Interrupt Latch =10
MPX Channel Mask Latch 3-10

MPX Channel Micro Program 3-6
MPX Error Routine 3-48
MPX Errors 3-47

MPX Microprogram Entry 3=
MPX Microprogram Exits 3=
MPX Storage 3-5

6
6

Multiplexor Channel ROS Request 3-18

Multiplexor Operation Latch 3=10
Multiplexor Share-Cycle 3-16
Multiplexor Trap 3-19

Native Interface 5=1
New PSW Load 3-33
Ninth Share Request Cycle 5-56

Operational-In 2=17

Operational Interlock 3-12
Operational-Out 2-16
Operational-Out Control Latch 3=10

Original Microprogram Resumption S~

4-40
Outbound Tag Lines 2110
Output Select and Ready 5-85
Output Selector Share Cycle 4-26

Output Translation - EBCDI to PTTC/8
Overrun 5-86

Parity Bit Generators 5-44
Parity Checking 5-43

Pch-1 Switch 5-60

PCI Flag Bit 4-49

23;

5-5

Perforated Tape and Transmission 52

Poll Control 3~12, 5-27

Poll Control - 1050 Regquest Key
Operation 5=29

Poll Control - Start I/0 - 1050
Installed First 8=27

Poll Control - Start I/0 = 1050
Installed Last 5-29

Power Supply and Interlocks 5-90

Prefix Operation to 1051 5-69

Printer-1 Switch 5-60

Proceed Light 5-8

Program Checks 3~52

Program Controlled Interrupt 3-40,

Program Status Word A=l

Program Switch 5-60

Protection Checks 3-52

PSW 1-11

PSW Bit 1-12

PSW Store 3-28

PTT Code/8 5-2

Punch-1 Attachment 5-12

Punch 1 Cluteh 5-94

Punch 1 Interface 5~-33

Read 5-12, 5-=15
Read 1 Clutch 5-94

4-49
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Read and Load Channel Address Word
Read Direct 6-1

Reader 1 Attachment
Reader 1 Home 5=95
Reader 1 Interface

Read-In 6-4
Read Inguiry
Read Ingquiry
Read Inguiry
Read Ingquiry

5=-12
5=33

5-15, 5-46
Microprograms
Operation 5-73
Share Requests
Read Inguiry Start I/0 5-74
Read Inguiry Status Check and Restore
Read Interface 5=33
Read Out 6-3
Read Reader-2 5-46
Read Reader-2 Microprograms 5-69
Read Reader-2 Operation 5-69
Read Share—-Request 5-49, 5-70
Read Start I/0 - Example 5-47
Read-Write Register 5-26
Ready Share Reguest 5-49
Ready Share-Reguest Operation

5=73

5-74

5-84

Request-In 2=6
Request Key 5-8
ROBAR 3-14

Rotary Switch 5=02
Run Switch 5=92

R/W Clock 5=-13

R/W Controls 5=13
R/W Register 5=-13
R/W Translators 5=13
Scan Controls 2-3

Second Through Eighth Share-Request
Cycle 5-56
Select-In 2-6

Selective Reset 2=-20

Selector Channel 1 Mask Latch 3-10

Selector Channel 2 Mask Latch 3-10

Selector Channel Interrupt ROS
Request 4-35

Selector Channel Interrupt Trap
Microprogram 4-38

Selector Share Cycle 4-21

Select-Qut  2-5

Sense 5=158 , 5=47

Sense Operation 5-86

Service-In 2-15

Service-Out 2=13

Service-Out Latch 3-8

Share-Reguest Contrecls 5-13,; 5-27

Share-Request Microprogram 5-49

Skip  3-39

SKIP Flag Bit 4-48

4-18

5-74

SLI Flag Bit 4-48
Special Controls
Split Entry 5-84
Start and Stop Switch
Start I/0 3-15, 5-=70
Start I/0; Commands to Control Units
Start I/0 Microprogram 5-45
Start I/0 Transfer-in-Channel
Command 3-42
Status Check and Restore
Status-In 2-15
Storage Protect Key
Sub Channels 3=3
Subchannel Storage 3-5
Suppress Control Latch =10
Suppress Data Transfer 2=-20
Suppress Length Indication
Suppress-Out 2=19
Suppress Status 2=19
System Mask 1-12

2718

5-92

5-70

112

3-38

TA Outbound Tags
Test Channel 3-46
Test I/0 3-44, 4-51
Test I/0 Microprogram
TEE 3-42, 4-50
Timing-Signal Bus-Out
Transfer In Channel
Translate UC 5-94

TT Inbound Tags 5-94

5-94

5=51

6-3
4-50

Ucw I=l3, '3=3
UCW Active 3-30,
UCW Not Active
UCW Ops and Flags
Unit Control Word
Unit Status 5-46

3-44, 3-45
3-31, 3-46
5-46

1=13, 3=3

Voltages and EPO 5=12
Write
Write
Write
Write
Write
Write
Write
Write
Write
Write
Write

5-12,
Direct 6-1
Interface 5=33
Microprograms
Operation 5=53
Out 6-3
Share-Request
Start I/0 5=-53
Status Check and Restore
Up Case 5-94
with ACR/LF

5-15, 5-46

5-53

5-49, 5-56

5-58
5-47

XL Latch

XH Latch
XXH Latch

3=1.0
3-10
3-10
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