








THE 1443 N1 PRINTER

The standard 1443 N1 printer has a set of 52 characters with a 120 position
printing line. The maximum printing rate is 240 lines per minute. Like
the 1442 N1 card punch, the 1443 N1 printer has a built-in control unit and
is usually attached to a multiplexor channel.

Unlike the 1442 N1, the 1443 N1 printer has a buffer storage. The buffer
storage is large enough to store 120 characters of EBCDIC data. However.
only bits 2-7 of the EBCDIC byte are stored. This is okay for alphameric
data since bits 0-1 are all the same anyway. The numeric bits of special
characters do not use any numbers in the range of 0-9. So if the four
numeric bits of a byte are in the range of 10-15, a special character will
be printed.

What is the maximum length record that can be printed on a standard 1443
N1 with one write command ?

120: Each write com-
mand will cause one
line to print.

Records longer than 120 characters can be printed on successive lines by
use of the flag in the CCW.

chain command

Data sent to the 1443 N1 printer must be in the format.

EBCDIC

Is the channel tied up for the entire printing operation ?

No; Because the
printer contains a
buffer storage.

When will the channel be free on print operation?

Once the data record
has been stored in the
1443 N1 buffer.

What is the name of the signal that says the channel is free?

Channel End

What is the name of the signal that will indicate when the print cycle has
ended ?

Device End; If car-
riage movement is
involved, device end
won't be sent until
the carriage stops.

The standard 1443 N1 can accept the following commands:

1. Write - A line is printed

2. Control - For carriage operations
3. Sense - A sense byte is read into main storage
NOTE: A 1443 N1 can also accept a read command. This is only used

for diagnostic purposes, however.
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If bits 6, 7 of the command byte are 01, a write command is specified.
If no other bits are set, the 1443 N1 will print one line and there will be
no movement of the printer carriage. There is no automatic spacing.
Depending on bits 0-4 of the write command byte, the 1443 N1 can he
directed to print and do one of the following:

1. No spacing or skipping.
2. Space 1, 2, 3 lines after printing.
3. Skip to carriage channel 1-12 after printing.

The write command is broken down as follows:

0 0000 X01 - No spacing, no skipping
(i 0001 X01 - Space one line
0 0011 X01 - Space three lines
i OOfl X01 - Skip to one
1 1100 X01 - Skip to twelve
[
Skip if 1 Amount to Print a
Space or Line
Skip

Given a 1443 N1 printer and the following CCW:

09 000800 00 00 0078

How many characters will print?

What carriage movement will occur if any ?

When will the channel end signal be sent to the channel?
When will the device end signal be sent to the channel ?

aoop

pooe

120 characters (hex 78)

A single space will occur after the print cycle.

After the printer buffer has been loaded with 120 characters.
After the carriage has completed its single space.
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Given a 1443 N1 printer and the following:

CAW
4} 0 00OF00
ccwi
0 9 000800 80 oo 0o3c
ccw 2
1 1 00083¢C 40 00 003c
ccw 3
1 9 000878 00 00 0078
a. How many lines will be printed?
b. State what carriage movements will occur as a result of the CCW's.
cC. How many I/0O interrupts might occur as a result of the above CCW's ?

d. Show the resulting CSW for the first I/O interrupt, assuming trouble-
free operation.

Two (CCWI1 and CCW2 are chaining data)

A single space will occur after the first line of print.

A triple space will occur after the second line of print.

The command byte in CCW2 is ignored because of data chaining.
Two; One might occur after the buffer has been loaded by CCW3
for the second line of print. When the triple space has finished,
another I/0 interrupt might occur. The I/O interrupts depend on
the system mask in CPU's PSW.

Assuming that the first interrupt (channel end) is allowed, the
CSW would look like this:

4 ¢} OOOF 18 0800 0000
——— e ——

.

LAST ccw
USED PLUS 8

CHANNEL END BIT

PROTECTION
KEY FROM RESIDUAL
CAW COUNT
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The status byte of a 1443 N1 is broken down as follows:

ATTENTION — ¢

32 39

) 000X X XXX Z

NOT USED

STATUS MODIFIER —
NOT USED

CONTROL. UNIT END —
NOT USED

l l UNIT EXCEPTION—
CARRIAGE TAPE

HOLES 9 OR 12
WERE SENSED.

UNIT CHECK — AN ERROR
WAS DETECTED OR THE
CARRIAGE RAN OUT OF

FORMS.

BUSY ¢

CHANNEL END — NORMALLY

DEVICE END— MECHANICAL MOVEMENT

RECEIVED AFTER PRINT < HAS ENDED. NORMALLY, THIS IS SENT

BUFFER IS L.LOADED.

AFTER THE END OF THE CARRIAGE
MOVEMENT. IF THE CARRIAGE WAS
NOT COMMANDED TO MOVE, DEVICE
END WILL BE SENT AT THE END OF
THE PRINT CYCLE.

Besides the write command, the 1443 N1 can also do the control and sense
commands. The control command is used to obtain carriage operation

without printing. This

0001
0010
0011
0001

|

1100
——
Amount
of space
or skip

.2
2

H
Lr}

2.
H*c\{._..<.___,_. o oo

is shown as follows:

X11 - Single space
X11 - Double space
X11 - Triple space
Xil - Skip to 1
X11 - Skip to 12
N~

Control

Command

Once the control command has been accepted, channel end will be sent to
the channel and carriage movement will begin. When the carriage move-
ment has finished, device end will be sent.
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Given the following CCW's and a 1443 N1:

CCW1 1100080040000078
CCW2 1B00000040000001
CCW3 0100080000000078

How many lines will print?
How many spaces are after line #17?
How many spaces are after line #2?
When will channel end be sent ?

peoe

e. When will device end be sent?

a. Two
b. Five; Two after the print cycle and three more because of the control command.
c. None
d. After the printer buffer has been filled as a result of CCW3.
e. After the print cycle resulting from CCW3,
The sense command is usually given to a 1443 N1 as a result of detecting
either unit check or unit exception in the CSW., The sense command is
used to read into main storage from the 1443 N1 one byte of sense data.
This byte will give further information as to what caused the unit check or
unit exception., The sense command byte is XXXX0100. The byte of sense
data placed in main storage by the sense command would have this meaning:
Bit 0 Command reject (the 1443 N1 received a command byte
that it couldn't accept such as read backward).
Bit 1 Not ready because of such things as (1) out of forms, or
(2) cover interlock not made.
Bit2 Bus Out Check - parity error on the standard interface.
Bit 3 Equipment Check ~ error detected within the printer.
Bit 4 & 5 Typebar selection (either 52, 13, 39 or 63 character set)
Bit 6 Nine hole sensed in carriage tape during last write or
control command,
Bit 7 Twelve hole sensed in carriage tape during last write or
control command.
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By inspecting the sense data byte, the CPU program can determine what
caused the unit check or unit exception in the CSW. The CPU program can
then take appropriate action.

For example:

After the I/0 interrupt, the CPU program inspects the CSW and finds
the unit exception bit is set. It would then issue a "start I/0" in-
struction for a sense command. The sense command would bring

a sense byte into storage. X bit 7 of the sense byte is set to 1, it
would mean that the 12 hole in the carriage tape had been sensed.
CPU could then issue a "start I/O" instruction to cause an overflow
(skip to 1) with a control command.

You should now be familiar with the operations of the 2400 series
magnetic tape units, the 1442 N1 read-punch and the 1443 N1 printer.
Let's now take a look at the standard interface.
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System/360 Input/Output Operations

Section I:
Section II:
@® Section III:
Section IV:
Section V:
Section VI:

Section VII:

SECTION III

Introduction to 1/0 Operation
I/0O Devices

Standard Interface

I/0 Instructions

Channel Error Conditions
Initial Program Load Procedure
Analyzing I/O Programs

LEARNING OBJECTIVES

At the end of this section you should be able to do the following:

1. Explain the meaning of the following terms:

Initial selection

Data handling sequence
Channel ending sequence

2, State the difference between the bus in lines and the bus out lines.

3. State the function of the tag lines.

4, State how I/0 device priority is established.



Standard Interface

The set of communication lines between the channel and the control units
has been referred to as the Standard Interface. The standard interface is
also known as the System/360 I/O Interface., Each channel in a System/360
has its own I/0O interface lines.

The I/0 interface from a channel can accommodate a maximum of eight
control units, This is due to the electrical considerations of the cabling
involved. Through the eight control units, a maximum of 256 1/O devices
can be addressed, This is the limit of the 8 bit address for an I/0 device.
Of course, the actual number of I/O devices on a channel may be quite less
depending on the control units and I/0 devices involved. For instance, if
eight tape control units are on a channel, a maximum of 64 tape units can
be accommodated. This is because each tape control unit can only
accommodate eight magnefic tape units.

The I/0 interface provides a uniform method of connecting I/0O control
units to the System/860 channels. The I/O interface consists of 34 lines
which provide for:

1. Transfer of a byte from the control unit to the channel
(9 lines).

2, Transfer of a byte from the channel to the control unit
(9 lines).

3. Signals to and from the channel to identify whether the byte
on the interface is an I/O unit address or a command, data, or

status byte. (6 lines)

4, Controls for selecting a specific control unit and interlocking
to the channel. (7 lines)

5, Special controls such as metering lines. (3 lines)
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The following is a list of the I/O interface lines:

BUS OUT
(Channel to 1/0)

BUS IN
(1/0 to channel)

TAGS
(For identifying
the byte on the bus)

SELECTION
CONTROLS

METERING
CONTROLS

NAME OF LINE

Bus Out Position P
Bus Out Position 0
Bus Out Position 1
Bus Out Position 2
Bus Out Position 3
Bus Out Position 4
Bus Out Position 5
Bus Out Position 6
Bus Out Position 7

Bus In Position P
Bus In Position 0
Bus In Position 1
Bus In Position 2
Bus In Position 3
Bus In Position 4
Bus In Position 5
Bus In Position 6
Bus In Position 7

Address Out
Address In
Command Out
Status In
Service In
Service Out

Operational Out
Operational In
Hold Out

Select Out
Select In
Suppress Out
Request In

Metering Out
Metering In
Clock Out

ABBREVIATIONS

Bus Out P
Bus Out 0
Bus Out 1
Bus Out 2
Bus Out 3
Bus Out 4
Bus Out 5
Bus Out 6
Bus Out 7

BusIn P
Bus In 0
BusIn 1
Bus In 2
Bus In 3
Bus In 4
BusIn 5
Bus In 6
Bus In 7

Adr-Out
Adr-In
Cmd-Out
Sta-In
Srv-In
Srv-Out

Op-Out
Op-In
H1ld-Out
Sel-Out
Sel~In
Sup-Out
Req-~In

Mtr-Out
Mtr-In
Clk-Out

All 1/0 interface lines are identified as either in or out lines, This is
with reference to the channel,

Lines going to the channel from the 1/O control units are identified as

(in/out) lines.
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in Lines going from the channel to the control units are identified as
(in/out) lines.

out Page 121is a tear-out page. Remove it from this book and use it as
reference material for the rest of the book.

When the channel wishes to send a byte to one of the control units, it
would put it on the (bus in/bus out) lines (refer to the
illustration on tear-out page 121).

bus out The purpose of the six lines known as tags is to identify the byte on the
bus, When the channel places the address of an I/0O unit on the bus out,
it would identify it by raising (activate) the tag line known as o

address out Whenever the channel wishes to send a command to an I/O unit, it would
put the command byte on the lines.
bus out With the command on the bus out lines, the channel would then raise the
tag line,
command out Whenever the channel is servicing an I/0 unit by putting a data byte on the
bus out, it would raise the tag line,
service out The channel can place any one of the following bytes on the bus out lines,

Indicate the name of the line that the channel would bring up to identify
each particular byte on the bus out lines,

Byte Tag
1, Address of I/0 Unit
2. Command Byte
3. Data Byte
1. Address Out The I/O control unit can also put three types of bytes on its bus (the bus
2. Command Out in lines), They are:

3. Service Out
1. Its address
2, Its status byte
3. Data bytes
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The 1442 N1 read-punch has read a column and wishes to send a character

to the channel, The 1442 N1 would put the byte on the lines.

bus in When the data byte is on the bus in lines, the 1442 N1 would raise the
line.

service in At the end of channel transmission, a 1442 N1 would send a status byte to

the channel. To do this, the 1442 N1 would put the status byte on the

lines and raise .

bus in Occasionally an 1/0 device needs to identify itself to the channel. The
status in 1/0 device would put its address on the lines and raise
bus in Indicate the name of the line, an I/O control unit would bring up to identify
address in each of the following on the bus in lines,

Byte Tag

1. Address of I/0 unit
2. Data Byte
3. Status Byte

1. Address In
2. Service In
3. Status In

Whenever a byte is taken off a bus by the channel or control unit, the
receiving unit will then respond with an appropriate signal. For instance,
during a read operation, the control unit will place the data byte on the

bus in lines and signal service in, When the channel has taken the data byte
and put it in one of its registers, it will signal back with service out.

There is a common meaning to all signals or signal sequences on the 1/0
interface. For this reason, any I/O device that is designed to generate

and receive these signals may be connected to the System/360 1/0O
interface, With the exception of the select out and select in lines, the I/0
interface lines feed all control units in parallel, However, only one control
unit will respond to the channel signals, This is because of a selection
sequence which we will be describing,
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Refer to the illustration on tear-out page 121. The illustration shows
that the select signal originates at the channel. It progresses serially
through all control units and returns to the channel, A control unit

may either send the signal directly to the next control unit or it may take
it through some logic before passing it on.

The select signal may be stopped by a control unit's logic so that it isn't
propagated to the next unit. As a result, each control unit has a definite
priority on the interface, The illustration shows that the control unit 2
has the lowest priority because the select signal goes through its logic
last, Whether a control unit initially passes on the select signal or
takes it through its logic depends on how its interface cabling is initially
installed. As a result, the priority of a control unit on the interface is
not dependent on its physical proximity to the channel.

Priority on the interface isn't foo important on a selector channel.
However, it is important on a multiplexor channel because of the time
sharing 1/0 operations. It is customary to assign the highest priority
to those I/O units with the faster character rates, The units with the
slower character rates can wait longer to be serviced.

For any complete channel operation, there are at least three sequences
of interface operation, They are:

1. Initial Selection Sequence (as a result of a "start I/0"
instruction).

2, Data Handling Sequence (to transmit data bytes over the
interface).

3. Channel Ending Sequence (to send status bytes containing
channel end),

If device end wasn't sent during the channel ending sequence, there
will be a fourth sequence later on for the status byte with device end,
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INITIAL SELECTION

There are many variations of these sequences depending on conditions
within the channel and control units. There are also a number of "what
if's" that could be covered but won't be. On the next few pages, we will
briefly describe these sequences as they usually occur., We will assume
that we are operating with a 2400 series magnetic tape unit on a selector
channel., No other I/O units are in operation and all earlier I/0O inter-
rupts have been taken care of. Here is the program:

LA 1, 2048(0,0)
ST 1, 72(0,0)
SIO 384(0), 0

2048 —02000F 0000000005
3840 —F1F2F3F4F5

selector channel What is the unit address of the magnetic tape unit being used?

#1

10000000 (or if you What protection key will be used by selector channel #1 for this

wish to express the operation? .

UA in hex, it would

be 80).

Zero Are we going to do a read, write, sense or control command? Choose
one,

read o _Tlgre—_ w;ﬁ t;ga:ir-xcorrect lggt; irEic;tic_n—l i;l—th: C-S—W—\-mia“ss—t‘haa—}; B
record is exactly data characters long.

five Assuming normal trouble-free completion of the operation, write the

CSW that will be stored in location 0064 on the I/O interrupt,
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T EEEEE—————— e I
00 000808 ocC 00 0000 ‘

e e —————————__ e ——— e e e it e e

{ { { { Y

FROM LAST CCW USED CHANNEL NO RESIDUAL COUMT
CAW + 8 END & UNUSUAL

DEVICE CHANNE L

END CONDITIONS

For this tape read operation, there will be three general sequences of
operation on the I/0 interface of selector channel 1, The selector
channel of course will be operating in burst mode only. That is,

once selected the magnetic tape unit will remain interlocked with
selector channel 1 until the end of the read operation. Let's take a
look at the three sequences of operation, starting with initial selection,

The initial selection sequence will occur during the execution of the
"start I/O" instruction. CPU will not disconnect and go on to the next
instruction until this sequence is over. Basically, two things happen on
the 1/0 interface during the initial selection sequence:

1. The channel sends the command byte to the 1/0 control
unit,

2, The I/0O control unit sends back a status byte to the
channel,

The reason for sending the status byte is to see if the command can be
initiated. If the status byte contains all zeroes, the command is
initiated and the condition code in CPU's PSW is set to zero. If the
command cannot be initiated, the condition code is set to one, two or
three depending on the bits in the status byte. In either case, CPU
disconnects after the condition code is set and continues on to the next
instruction,

The instruction following a ''start I/O" should usually be a "b

[ c "

"branch on
condition"

Before looking at the I/0O interface's initial selection sequence, let's
examine a flow chart of the "'start I/0" instruction and see where the
initial selection sequence fits in the overall picture. Fill in the
blanks and study the flowchart on tear-out page 122. (Answers are in
the following frame.)
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main storage
unit, channel
channel

channel
command, status
condition code

The following "branch on condition' instruction is executed after a "start
I/0" instruction, What would it mean if the branch were successful ?
Refer to your Principles of Operation manual, if necessary.

BCR 17,6

The I/O operation
has not been started
for some reason.

The following shows the significance of the condition code after a "start
I/0" instruction.

Condition Code

0 - Operation started; everything okay.

1 - A CSW will be stored containing the device status byte
from the initial selection sequence as well as a
channel status byte.

2 - Operation not started because the channel or sub-
channel was busy. That is, the channel is execu-
ting an operation initiated by a previous "'start I/O"
instruction or has a pending interrupt condition.

3 -  Operation not started because the addressed I/0
unit either (1) is not in the system configuration,
or (2) is in CE test mode (off line).

It is possible for an I/O interrupt to occur during the fetching of any
instruction. Suppose for instance, that an I/O operation on selector
channel 2 is completed during the execution of a "start I/0" instruction
with selector channel 1.

If the ''start I/O" instruction had resulted in setting condition code 1,
information would have been stored in the CSW at location 0064, Instruc-
tions will be used to examine the CSW and prepare to handle the ""other than
OK'" status of the I/O device.

During this examination and handling of the CSW it is possible that an I/0
interrupt might occur due to the completion of the I/O operation on
selector channel 2, A new CSW would then be stored and destroy the
previous information concerning the "start I/O'" instruction. This is
undesirable. To avoid this, it is always best to mask off I/O interrupts
prior to executing a "'start I/O" instruction. The program flow chart
would probably look like the following chart.
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SET PSW
SYSTEM MASK PREVENTS
TO ALL ALL 1/0O
ZZROES INTERRUPTS
LOAD CAW
INTO 0072
IF STATUS BYTE
SETS A CONDITION CORE ¢ " 1. SEND COMMAND TO
OF 1 (\STATUS NOT OK), START 1/0 1/0
STATUS INFORMATION INSTRUCTION 2. 1/0 SENDS STATUS
WILL BE STORED IN TO CHANNEL
THE CSW.

CHANNEL BUSY CONDITION MESSAGE
CODE To
0 OPERATOR
IF AN 1/0
INTERRUPT
WAS ALLOWED
STATUS OK EXAM INE ESR?ﬁgU:HI s
SET SYSTEM CSW AND e
MASK TO PROCEED ME .
ALL ONES ACCORDINGLY TNEORMATION
IN THE CSW
'L WOULD BE
LOST -

1/0 OPERATION

HAS BEEN STARTED,

CONTINUE WITH
PROGRAM

WORK WITH INFOR—
MATION IN CSW —
WHEN FINISHED WITH
CSW, SET SYSTEM
MASK TO ALL ONES
AND ALLOW 1 /0O
INTERRUPTS

We will now examine the general flow of signals on the 1/0 interface for

an initial selection sequence.

You may refer to the flow chart of the

initial selection on tear-out page 122 and the cable on page 121 to see

where this sequence fits in.

Name two functions accomplished by the initial selection sequence:

10

2.
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1. Channel sends
command byte to
1/0 control unit.

2, 1/0 control unit
sends its status
byte to the channel,

The following is a generalized flow chart of the initial selection sequence:

CHANNEL
SELECTS
THE 1/0

UNIT

CHANNEL SENDS
COMMAND BYTE
TO 1/0 UNIT

1/0 UNIT SENDS
ITS STATUS BYTE
TO THE CHANNEL

l OPERATIONAL OUT |

CHANNEL. PLACES
UNIT ADDRESS TYTE
ON BUS OUT

l

[ ADDRESS OUT ]

|

[ HOLD OUT l

[ SELECT OUT J

|

THE 1/0 UNIT WHOSE
ADDRESS IS ON THE
BUS OUT REPLYS
WITH OPERATIONAL
IN.

THIS LINE IS NOR—
MALLY ACTIVE.

~

THIS LINE ALERTS ALL
1 /0 CONTROL UNITS TO
EXAMINE THE ADDRESS.
THIS LINE PROCEEDS
SERIALLY THROUGH THE
CONTROL UNITS UNTIL

STOPPED BY THE AD—
DRESSED 1/0 UNIT

)

N

THIS LINE GATES THE
SELECT OUT LINE.

THE 1/0 UNIT IS NOW
INTERLOCKED WITH THE
CHANNEL.

ALY,

THE 1/0 UNIT NOwW
PLACES ITS ADD~-
RESS ON BUS IN AND
RAISES ADDRESS IN.

|

CHANNEL PLACES
COMMAND BYTE
FROM 1ST CCW

ON BUS OUT

=

CHANNEL RAISES
COMMAND OUT

THIS ALLOWS THE
CHANNEL TO COMPARE THE
ADDRESSES ON BUS IN AND
BUS OUT TO MAKE SURE
JHAT THEY ARE THE SAME

(%

1 /0 UNIT CAN NOW TAKE
THE COMMAND BYTE -

\_/

l

1/0 UNIT SENDS
ITS STATUS BYTE
ON BUS IN

1/0 UNIT RAISES
STATUS IN

l

CHANNEL REPLYS
WITH SERVICE OUT

|

THE STATUS BYTE INDI=~
CATES ABILITY ©F THE 1/0
UNIT TO PO THE COMMAND.

NE

ACCEPTED BY THE

SERVICE OUT TELLS

THE 1/0 UNIT THAT ITS

—| STATUS BYTE HAS BEEN
CHANNEL

N/

END OF INITIAL
SELECTION SEQUENCE

CONDITION CODE IN THE
PSW IS NOW SET.

N
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The following sequence chart will show the cause and effect of the signals
that are generated during the initial selection sequence,

—
OPERATIONAL OUT 4&—}\

REQUEST IN 44 -
5
HOLD OUT yR—
i
SELECT OUT 2—
SELECT IN 4 4
ADDRESS OUT iy [_75_ —
A is
OPERATIONAL IN —— £~
[ l}_

ADDRESS IN e

COMMAND OUT 4 / "

STATUS IN 4 / h_ﬁ___”_

SERVICE IN _— / \ #

SERVICE OUT f— / M
l

BUS IN (9 LlNES) (VALID)

If; _—4’—.
! ADDRESS COMMAND
BUS ouT (9 LINES) vauon y é—*‘]« ey .

SUPPRESS OUT : " —

l_— INITIAL SELECTION —————l

Notice the line and arrows show the cause and effect sequence of the
signal, Note also that the select out, hold out, and operational in lines
remain up after this sequence. This is because we are using a selector
channel which can only operate in burst mode., These lines remaining up
keep the channel and I/0 unit interlocked.

How does the channel select an I/O device?

By placing its unit How does a selected I/0 device reply to its selection?
address byte on the
bus out and signal-
ing address out to
all the control
units.

By placing its unit address byte on the bus in and replying with address in, Note: The address
that is placed on bus in is not the same physical address as on bus out, Instead, it comes from the
address that is wired into the I/0O unit, Of course, the two addresses should be equal.
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How does the channel tell the I/0 device what operation to do?

It places the
command byte on
bus out and signals
command out,

What does the 1I/0 device do after it receives the command byte ?

The I/0 device puts
its status byte on
bus in and signals
status in.

What does the channel do with the status byte ?

DATA HANDLING SEQUENCE

It uses it to set
the condition code,
Also, it will put

in the CSW at
location 0064 if the
condition code is
set to 1,

Since we are using a selector channel which operates in burst mode, the
channel and I/0 units remain tied together after the initial selection
sequence, Which interface lines are used to interlock the channel and
I/0 unit? (Refer to preceding illustration.)

Select out, and
hold out from the
channel and oper-
ational in from the
1/0 unit,

The data handling sequence during burst mode consists of placing a byte
on either bus in (read) or bus out (write). The I/O unit commences a
data handling sequence by signalling service in. The sequence is
terminated when the channel signals service out.
will show the data handling sequence for both input and output operations

on a channel that is operating in burst mode.
INPUT OUTPUT

(1/0 UNIT READING) (1/0 UNIT WRITING)

The following flow charts

1/0 UNIT PLACES
A DATA BYTE ON
BUS IN

I WANT

A BYTE' 1/0 UNIT RAISES

SERVICE IN

I |

CHANNEL PLACES

HERE'S A 1/0 UNIT RAISES
BYTE! SERVICE IN BYTE ON BUS
ouT
CHANNEL TAKES CHANNEL RAISES
i GoT 1Tt BYTE AND RAISES SERVICE OUT
SERVICE OUT
NOTE: For channels operating in multiplex mode, the I/0 device

would have to be re-selected for each data handling sequence.
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On an input operation, how does an I/0 device notify the channel that it
has a data byte to be stored?

By placing the
byte on bus in and
signalling service
in,

How long would the previous data byte remain on bus in?

Until the channel says
it has the byte by
signalling service
out,

On an output operation how does the channel know that it should place a
data byte on bus out?

The I/0 unit will
signal service in,

How many times will the data handling sequence be repeated during an
operation?

CHANNEL ENDING SEQUENCE

Once for each
data byte.

The next I/O interface sequence is the one in which the channel operation
is terminated. The prime function of the channel ending sequence is to
supply the I/O device's status byte to the channel.

On an output operation, the channel ending sequence is initiated because
the count from the CCW was reduced to zero.

On an input operation, there are three possible ending situations:

1, Count field is equal to the number of data bytes in the
input record.

2. Count field is greater than the number of data bytes.

3. Count field is less than the number of data bytes,
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For our purposes we will take the case of the data bytes being equal to the
count field, The following flow charts will show the channel ending sequence

for both input and output operations.

AFTER THE LAST

—

INPUT

DATA HANDLING

SEQUENCE

1/0 UNIT PLACE
ITS STATUS
BYTE ON BUS IN

—

OUTPUT

S

1 /0 UNIT RAISES
SERVICE IN

I WANT
ANOTHER
BYTE!

CHANNEL REPLYS
WITH COMMAND

)
[

1/0 UNIT PLACES
ITS STATUS
BYTE ON BUS IN

THERE ARE
NO MORE
BYTES! sTOP

1/0 UNIT RAISES
STATUS IN

DELAY UNTIL 1/0 UNIT HAS
ITS STATUS INFORMATION.

CHANNEL. ACCEPTS
STATUS BYTE AND
RAISES SERVICE
ouT

1/0 UNIT RAISES
STATUS IN

IF, FOR ANY REASON,
THE STATUS BYTE
CANNOT BE ACCEPTED,
THE CHANNEL WILL
REPLY WITH COMMAND
ouT.

CHANNEL. ACCEPTS
STATUS BYTE AND
RAISES SERVICE
ouT
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On an output operation, how does the channel tell the 1/O unit to
stop?

After the last data byte has been transferred, the count from the CCW is reduced to zero. The
next time the I/O unit says service in, the channel will tell it to stop by replying with command

out,

On an input operation, how does the I/0 unit notify the channel that it
has finished transmitting data bytes? (That is, the number of data bytes
equals the CCWs count field.)

The I/0O unit comes
in with its status
byte and signals
status in.

What is the purpose of sending a status byte during the channel ending
sequence ?

This status byte
will be placed in
the CSW on the
pending I/0
interrupt.

What bit would you always expect to see in the status byte received
during this sequence ?

Channel end;
Other bits may
also be present
such as device
end,

If device end is not in the channel ending status byte, the I/O unit will
send another status byte later on that will contain device end.

The interlock between the channel and the I/O unit is dropped after the
channel ending sequence. To submit device end at a later time, the
I/0 unit will have to initiate a selection sequence, It does this by
putting its address on bus in and raising address in.
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Systemn/360 Input/Output Operations

Section I: Introduction to I/0 Operation
Section II: 1/0 Devices
Section IH: ‘Standard Interface

® Section IV: I/0 Instructions
Section V: Channel Error Conditions
Section VI: Initial Program Load Procedure

Section VII: Analyzing I/O Programs

SECTION 1V LEARNING OBJECTIVES

At the end of this section, you should be able to do the following:
1,  State the names of the four I/0 instructions,

2., State the functions of the "start I/0" and '"test I/O" instructions.
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I/0 Instructions

The ''start I/O" instruction is used to initiate a channel command for an
input or putput operation. There are also three other instructions for
I/0 operations. They are:

Test 1/0
Test Channel
Halt I/0

Like the "start I/O" instruction, these other I/O instructions are
privileged operations. That is, the four I/O instructions will be executed
only when the system is in the (supervisor/problem) state.

supervisor If an I/0 instruction is fetched while the system is in the problem state,
a ' will result.

program interrupt The CPU initiates a channel operation by use ofa " "
instruction.

"start 1I/0" The CPU knows whether or not the channel operation was initiated by
interrogating the in the PSW,

condition code Normally the channel operation is overlapped with CPU processing. How

then does CPU know when the channel operation has been completed?

By an I/O ' Describe briefly what happens on an I/O interrupt?
interrupt.,

The channel's CSW is stored in location 0064 and the PSWs are switched. That is, the current
PSW is stored as the I/0 'old" PSW, The I/O "new" PSW is then brought out and becomes the
"current' PSW, All of this is done automatically by the system and does not require any instruction: .
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How many I/O "new' PSWs are there?

one

How many channels can cause an I/O interrupt?

seven; There is
one multiplexor
channel and six
selector channels
that are possible,

How can CPU prevent an I/0 interrupt?

By setting the
system mask in the
PSW to all zeroes.
This will mask

I/0 interrupts from
any of the channels,

How can CPU allow I/0 interrupts selectively by channel?

By setting the
appropriate bit(s)
in the system mask,

PSW

01 00O0OO0CO0CO /SYSTEM MASK
o) 7

The above system mask will only allow I/O interrupts from

selector channel 1

I/O operations can be occurring simultaneously on all of the channels of a
given System/360. As a result, it is possible that more than one oper-
ation may end at the same time and want to interrupt CPU. Since there is
only one I/0 interrupt, the hardware must have an assigned priority in
the case of simultaneous requests for an interrupt. The assignment of
priority among channel requests is based on the type of channel. The
priority of selector channels is based on their addresses, with selector
channel 1 having the highest priority. The priority of the multiplexor
channel will depend on which model of System/360 is involved.
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As was shown earlier, this assigned priority can be changed by the CPU
program. This is done by selectively setting the PSWs system mask to
allow an interrupt by the desired channel.

To allow the program to select which I/O device on a channel has top
priority, the "test I/O' instruction can be used. This instruction uses
the SI format and is shown below,

oD 12 B1 D1

N ————N T ———

IGNORED LOW ORDER 11 BITS OF
GENERATED ADDRESS MAKES
UP THE CHANNEL AND UNIT
TEST 1I/0 ADDRESSES.

The "test I/O" instruction does not use a CAW or CCW. Its function
is to test the status of an I/O device and set the condition code
accordingly. The resulting condition code is as follows:

0 Available

1 CSW was stored and contains status information
concerning the I/0 device.

2 The channel or sub-channel is busy.

3 The addressed I/O unit is not operational.

Simple processing applications may have only one program state.
That is, the CPU would always be in the supervisor state and no
instructions would be executed in the problem state. There would
not be a supervisor program . The entire program would be a
problem program but would operate in a supervisor state.

When the System/360 is programmed in this manner (CPU always in
supervisor state) the following occurs;

1, No I/0O interrupts occur. They are prevented by setting the
system mask in the PSW to all zeros.

2. I/0 operations and processing are not overlapped.

a. The CPU will have to wait until the I/O operation
is completed.

b. The "test I/O" instruction is used to cause the CPU
to wait for the completion of the 1/O operation.

The following frames and flowchart illustrate one of the uses of the
"test I/0" instruction.
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1/0 Instructions

The "test I/O" instruction is to be used to store the CSW rather than allow-
ing the I/0 interrupt to do it. The following flow chart will show how the
"test I/0" instruction could be used to hold up processing until the I/0
operation is finished. Upon completion of the I/O operation, the CSW is
then stored without an interrupt. The CSW can then be examined by the
CPU program to see if the operation was completed without any unusual
conditions.

ENTIRE PROGRAM
IS IN SUPERVISOR
STATE

Y

PROCESSING
INSTRUCTIONS

Y

ISSUE START 1/0

OPERATION 1/0 DEVICE IS
STARTED OKAY OPERATING

ﬁ

ISSUE TEST 1/0
CPU 1S WAITING
1/0 BUSY

/ 1/0 DEVICE
COMPLETES ITS
\\OPERATmN

CSW HAS BEEN
STORED CLEARING 1/0 INTERRUPT
THE INTERRUPT DOES NOT OCCUR

CONDITION

'

CPU PROGRAM CONTINUES




Read the description of the "test I/O" instruction in the Input/Output
Operations section of your Principles of Operation manual.

Another 1/0 instruction is '"test channel". This instruction is used to
test only the condition of the channel. It does not clear any pending
interrupts. It can be used along with the "branch on condition
instruction to operate as a '"branch on channel busy' instruction. The
following flow chart will illustrate one use of this instruction.

TEST
CHANNEL

|

CHANNEL 1S

AVAILABLE
NOTE ¢ IF THE CHANNEL IS
BUSY, GO BACK TO
PROBLEM PROGRAM

OR DO AN 1 /0O
ROUTINE ON ANOTHER TO START 1/0 ROUTINE

CHANNEL..

Read the description of the ''test channel" instruction in the Input/Output
Operations section of your Principles of Operation manual.

The fourth and final I/0O instruction is ""halt I/O.' This instruction is
used to terminate an I/O operation earlier than normal, This would
then allow an operation of higher priority to get started. Read the
following areas of your Principle of Operation manual.

Halt 1/0
Termination of Input/Output Operations
(approximately 5 pages)
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Systemn/360 Input/Qutput Operations

Section I: Introduction to I/O Operation
Section II: 1/0 Devices
Section III: Standard Interface
Section IV: 1/0 Instructions

® Section V: Channel Error Conditions
Section VI: Initial Program Load Procedure

Section VII: Analyzing I/O Programs

SECTION V LEARNING OBJECTIVES

At the end of this section, when given a list of the CSWs channel status
bytes bits, you should be able to state the function of each bit,
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Channel Error Conditions

We concluded our discussion of the channel status word earlier in this
manual without touching on the subject of channel detected errors. As
you know, two of the bytes in the CSW are status bytes. One status byte
is for the I/0 device and one is for the channel. (Refer to tearout page
120, We covered the bits of the I/O device's status byte. They are as
follows:

Bit 32 Attention

Bit 33 Status Modifier
Bit 34 Control Unit End
Bit 35 Busy

Bit 36 Channel End

Bit 37 Device End

Bit 38 Unit Check

Bit 39 Unit Exception

Bits 40-47 of the CSW make up the status byte for the channel. The
channel's status byte is used mostly for depicting types of channel errors
as shown below.

Bit 40 Programmed Control Interrupt (PCI)
Bit 41 Incorrect Length

Bit 42 Program Check

Bit 43 Protection Check

Bit 44 Channel Data Check

Bit 45 Channel Control Check

Bit 46 Interface Control Check

Bit 47 Chaining Check

PROGRAMMED CONTROLLED INTERRUPT (PCI)

You should already be familiar with the function of bit 40 and 41. Bit 40
is the PCI bit. It will be set in the CSW when an I/O interrupt is taken
because of the PCI ina CCW.

flag bit (Bit 36 of
the CCW)

You may want to review the programmed controlled interrupt at this
time, by reading its description in the Input/Output Operations section
of your Principles of Operation manual.
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INCORRECT LENGTH

Bit 41 of the CSW is used to indicate incorrect length. This bit will
usually be set if the number of bytes read does not agree with the
field in the CCW.

count

If a CCW with a count field of 90 is used to read an IBM card, the incorrect
length bit in the CSW (will/will not) be set.

will

The setting of the incorrect length bit in the CSW can be prevented if the
flag in the CCW is set.

SILI

If a CCW with a count field of 24 and a SILI flag is used to read an IBM card,
incorrect length bit in the CSW (will/will not) be set.

will not

If on an output operation, the I/O device asks for another byte after the
count has been reduced to zero, the incorrect length bit will be set. When
you were introduced to the channel ending sequence earlier in this manual,
you saw that this was the usual sequence for an output operation. That is,
an I/0 device such as a tape unit would ask the channel for another byte.
The channel would then tell it to stop.

It would be (normal/not normal) for the incorrect length bit to
set in the CSW after a tape write operation.

normal

Although it would be normal for the incorrect length bit to be set after a
tape write operation, it would not be desirable. Therefore, the CCW for
a tape write operation would usually have the flag bit set.

SILI

The remaining bits of the channel's status byte are used to indicate errors
detected by the channel. Errors detected by the I/O device set the
bit in the device's status byte.
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PROGRAM CHE CK-CAW

unit check

Bit 42 of the CSW is used to indicate a program check that is detected
by the channel, Most of the program checks have to do with incorrect
setting up of the CAWs and CCWs.

Label the fields of the CAW.

KEY| O COMMAND ADDRESS

Bits 0-3 of the CAW become the protection key for the channel operation.
This key can be any number from 0 to 15, However, if the storage
protection feature is not installed, this key must be zero. If not, the
program check bit in the will be set.

CSW (or the
channel's status
byte in the CSW)

Whenever the CAW has been shown in this book, bits 4-7 have been zero.
If these bits are anything but zero, the
will be set.

program check bit
in the CSW

Name two items that can set the program check bit in the channel's
status byte,

1,
20

1. The CAW has a non-zero protection key and the system does not have the storage protection

feature.

2. Bits 4-7 of the CAW are not zero.

Bits 8-31 of the CAW are the address of the first CCW to be used for a
channel operation, Since the CCW is a doubleword, this address must
be divisible by .
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eight

If the command address in the CAW is not divisible by eight, the
will be set.

program check bit
in the channel's
status byte

Besides being divisible by eight, the command address must be a valid one
for the particular system., If the command address in the CAW is 16000
and the system has an 8K main storage, the
will be set.

program check bit
(bit 42) in the
channel's status

hyte

Name four items in the CAW that can cause the program check bit in the
CSW to be set to 1.

1.

1. A non-zero protection key on a system without the storage protection feature. Note: This
feature is standard equipment on models 50-70.

2. Bits 4-7 of the CAW are non-zero. There is no outstanding reason why these bits must be
zero. However, this now allows these bits to be used at a later date for expansion with-
out having to rewrite programs.

3. The command address in the CAW must be divisible by 8,

4, The command address in the CAW must be an available address,
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If any of the program checks are detected in the CAW, the I/0O
operation is not started. Instead, the CSW is stored (with the program
check bit set to 1) and the condition code is set to 01,

START i/0

CONDITION CSW HAS BEEN [ ___ 3 ONE OF THE THINGS TO CHEC}

CODE STORED IN THE CSW IS THE PROGRAM
CHECK BIT.
OPERATION
STARTED.
EVERYTHING
IS OKAY.

PROGRAM CHECK - CCW

The CCW must also be correctly set up or channel program checks will
be detected. The CCW is a doubleword., Label its fields.

COMMAND
CODE

DATA ADDRESS FLAGS IGNORED COUNT

The program check bit in the CSW can be set as a result of an invalid
command byte, If bits 4-7 of the command byte are set to zero, the
command is invalid, The six I/O commands all have at least one of
these bits set to 1. Which of the following hexadecimal command bytes
are invalid. (Circle one or more.)

41
78
90
02
53
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90 If the command byte of the 1st CCW specifies a transfer in channel (TIC),
it is considered a channel program check. A program check is also
detected when two successive transfer in channels are encountered during
chaining operations,

Name three checks that are made on the command byte.

1, Invalid Command; Bits 4~7 are zero.
2. 1st CCW specifies a TIC.

3. Two successive TICs during chaining operations.

Bits 8-31 of the CCW are the data address. If this address is not avail~
able on the system, a channel program check is detected.,

If the data address in a CCW is 10,000 and the system has an 8K main

storage unit, the bit in the CSW will be set.
program check The data address in the CCW for a TIC command is the address of the
next CCW, As such, this address must be divisible by _ .
eight Name two checks made on the data address in a CCW:
1.
2,

1. The data address must be an available main storage address.

2. The data address in a TIC command must be divisible by eight,
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Bits 32-39 of the CCW make up the flag byte. At the present time, only
bits 32-36 are used for flag bits. However, to allow for future expansion,
bits 37-39 must be zero or the program check bit in the channel's

byte will be set,

status Bits 40-47 of the CCW are ignored and no check is made on them. Bits
48-63 make up the count field. The count field contains the number of
bytes in the data area. As such, this field must not be .

Zero If the count field in a CCW is zero, a channel program check is detected.
This will result in setting the program check bit in the CSW. However,
if the command is a transfer in channel (TIC), no check is made on the
flag or count fields.

PROTECTION CHECK

So far we have examined three bits of the channel's status byte. The next
bit to examine is bit 43, which is used to indicate protection violations
by the channel.

40 47

XX XX XX XX csw

l l——P' PROTECTION CHECK

PCI PROGRAM CHECK

INCORRECT LENGTH

Anytime data is stored in main storage, the storage key for that block
of 2048 bytes must match the protection key. The protection key for
CPU operation is contained inthe __

PSW The protection key for channel operation is part of the information in
the UCW, This protection key comes from bits 0-3 of the orignial
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CAW If the protection key is zero, it does not have to match the storage key.
A protection key of zero can be considered a '"master key'., If the
channel's protection key is not zero, it must match the storage key or the
bit in the CSW will be set.

CHANNEL DATA CHECK - CHANNEL CONTROL CHECK

protection check Parity errors during channel operation are handled in one of two ways
depending on the model of System/360. In those models in which common
circuitry is shared, a parity error may result in a normal machine check
interruption just like any other CPU parity error. If the channel parity
error does not result in a machine check interruption, it will then be
indicated in the channel's status byte.

Bit 44 of the CSW is used to indicate parity errors on data bytes,

If the parity error occurs on a CCW, a data address, or a command
address, bit 45 is set,

40 47

g00001000 gCSW

What would the above channel status byte indicate ?

A parity error was detected in one of the data bytes., This includes parity errors detected on data
bytes in main storage and I/O interface.

40 47

S00000100 csw

What would the above channel status byte indicate ?
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INTERFACE CONTROL CHECK

A parity error on Bit 46 of the CSW is used to indicate an interface control check. It is
a CCW or an address. usually a result of some malfunction on the part of the I/O device.

One of the possible interface control checks is detected during the initial
selection sequence, If the address of the I/O unit that responds to the
channel is not the right one, the channel will detect it as an interface
control check and set bit 46 in the CSW,

CHAINING CHECK

Bit 47 is used for a chaining check indication, This bit is set when the
input data rate is too fast and the channel cannot keep up with it.

Read the description of Channel Status Conditions in the Input/Output
Operations section of your Principles of Operation manual.
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SECTION VI

Introduction to I/0 Operation
I/0 Devices

Standard Interface

I/0 Instructions

Channel Error Conditions
Initial Program Load Procedure
Analyzing I/O Programs

LEARNING OBJECTIVES

At the end of this section, you should be able to do the following:

1. State why the IPL is necessary.

2, State the function of the Load-Unit switches and the Load Key.,
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Initial Program Load Procedure

You have come a long way so far in studying Input/Output operations.
You have studied the I/0 instructions, CAWs, CCWs, and CSWs. You
have learned about status bytes and channel errors. You have been
introduced to the operations of some I/O devices and the I/0O interface.
In earlier books, you learned all about the PSW and CPU programming,
There is, however, one last step to take, That step is getting the
entire program to start. In other words, how do you get the initial
instructions of any program whether it is a supervisor or a problem
program into main storage.

There is a common procedure in all models of System/360 for initially
loading in a program. It is known as the initial program load procedure
or IPL for short.

The basic function of the IPL is to read in 24 bytes of data from an 1/O
device.

On the system control panel there will be three rotary switches known as

Load-Unit. These switches are used to set up the unit address of the

1/0 device to be used for the initial program load. The rotary switches
are hexadecimal switches,

If the switches are set up to read 08F, what channel is being used for the
IPL procedure ?

The multiplexor
channel

0
y

000

Multiplexor

F

'

1111

Unit Address
Channel

Because the high-order bit of the preceding unit address is set to 1,
this indicates a shared sub-channel is being used for the unit control
word (UCW),

UCW # will be used. (If necessary, refer back to the Introduction
to I/O Operations section for the answer.)
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UCW #0 The next step in the IPL procedure after selecting the I/O device in the
Load-Unit switches is to press the load key. This will cause the first 24
bytes of a record from the input device to be read into main storage
starting at location 0000. No "start I/O'" instruction, CAW, or CCW is
needed for this phase of the IPL procedure.

In effect, however, the setting of the Load-Unit switches "simulates'' the
eleven low-order bits of the storage address generated during a "start I/0"
instruction,

The pressing of the load key "'simulates' the following:

1. A CAW with a protection key of 0.

2. A CCW with a read command, a data address at 0000, a count
field of 24, and flag bits for commanding chaining and
suppressing incorrect length indication. The following flow
chart will illustrate what happens automatically (without
additional programming) as a result of the IPL procedures.

THE 1PL PROCEDURE

OPERATOR MANUALLY
SELECTS 1/0 DEVICE WITH
THE LOAD—UNIT SWITCHES

OPERATOR
PRESSES THE
LOAD KEY
Y
THE FIRST 24 BYTES FROM | _ DURING THIS PERIOD
THE 1/0 RECORD ARE READ
1 LOCATION 0000-0023 OF TIME, THE CPU 1S
NTO LOCA - . STILL IN A STOP STATE.

If a card reader is being used for the IPL procedure, what happens to the
information in columns 25-807?

It is not placed in Since the IPL procedure simulates command chaining, we obviously need a

main storage and of CCW for the second 1/0 operation. The eight bytes that were read into

course, is ignored. locations 0008-0015 are used for the 2nd CCW, If the 2nd CCW also specifies
chaining (either command or data), the bytes read into locations 0016-0023
are used for the third CCW,

The 1/0 operation that occurs after the first 24 bytes have been read into
main storage will, of course, depend on the contents of the IPL bytes.
They would probably be part of a common load program which can read
in a supervisor program or any program desired.
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The total number of I/O operations that are performed before the IPL

procedure is ended, may vary., This will depend on the common load

program that is used and the format of incoming programs. However,

since the initial read eperation simulates command chaining, at least
1/0 operations will be performed.

two

Of the 24 bytes initially read into locations 0000-0023, we used locations
0008-0015 (and possibly 0016-0023) as CCWs for chained operations. Wha
do we use locations 0000-0007 for? They are used as the PSW to be used
after the IPL procedure is ended, Also, there is no I/O interrupt as a
result of the IPL procedure.

The following flow chart illustrates the complete IPL procedure. Fill in
the blanks.

SET UPL -u
SWITCHES AND PRESS
KEY.

Y

1ST 24 BYTES FROM
SELECTED 1/0 DEVICE
ARE READ INTO LOCATIONS
THROUGH

Y

COMMAND CHAIN TO
THE DATA READ INTO
LOCATIONS 0008 — 0015,

Y

REST OF 1PL. PROCEDURE
DEPENDS ON THE INFORMATION
READ INTO MAIN STORAGE .

Y

LAST CHAINED 1/0 OPERA—
TION HAS BEEN COMPLETED.

Y

THE NORMAL /0 INTERRUPT CON—
DITION AT THIS POINT IS

Y

THE INFORMATION IN LOCA—
TIONS 0000 — 0007 IS PLACED
IN THE __

Y

CPU IS STARTED.

Load~Unit, Load
0000,0023
ignored, PSW

Read the description of Initial Program Load in the System Control
Panel section of your Principles of Operation manual.
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SECTION VII

Introduction to I/O Operation
I/0 Devices

Standard Interface

I/0 Instructions

Channel Error Conditions
Initial Program Load Procedure
Analyzing 1I/O Programs

LEARNING OBJECTIVES

At the end of this section, when given a simple I/0 program which
contains an input, output and wait state routine and is written in the
supervisor state, you should be able to draw a flow chart of the program
and explain how each instruction applies to the program.
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Analyzing I/0 Programs

Notice: This section of the input/output operations is very important.

Your ability to learn the System/360 and ultimately, to service the system .
will depend on your understanding of the following material. The material
will require a good deal of effort and concentration. Dont' expect it to be
easy. Use the Principles of Operation manual for reference and/or

review whenever you are not sure of the details of an input/output operatic 1.

Remember, now is the time and here is the place to learn.

PROGRAM #1

Given the following program and associated PSW and CSWs punched into
one IBM card as follows: (Do not attempt to analyze the program at
this time.)

COLUMNS

1-2 BALR 1,0

3-6 LA 0,3840(0,0)

7-10 ST 0,0072(0, 0)
11-14 SIO 64 (0),0
15-18 BC 7,50 (0,1)
19-22 TIO 128(0), 0
23-26 BC 2,16 (0,1)
27-30 LA 0,3840 (0, 0)
31-34 ST 0,0072 (0, 0)
35-38 SIO 519(0), 0
39-42 BC 7,50 (0, 1)
43-46 TIO 519(0), 0
47-50 BC 2,40 (0,1)
51-52 BCR 15,1
53-56 MVI 1,2
57-60 LPSW 0,0

61-68 CCW——>02000F1000000050
69-76 CCW———— 01000F1000000050

Program #1 is punched into a standard IBM card. The IPL procedure wil
be used to read this program into the system. The PSW to be used by
this program is as follows:

In hex » 00 00 00 00 00 00 08 00

To use the IPL procedure, we need two IBM cards. Program #1
will be in the second card.

The first card will contain the PSW to be used by Program #1
(columns 1-8) as well as two CCWs to bring in the program
card (columns 9-24),

Columns 1-60 of the Program #1 card are to be read into location
2048; columns 61-76 into location 3840.
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Write in hex the data that must be punched into columns 1-24 of the 1st
card used in our IPL procedure.

Columns 1-8
Columns 9-16
Columns 17-24

Columns 1-8 0000000000000800
Columns 9-16 020008008000003C
Columns 17~-24 00000F 0000000010

Columns 1-8 of the first IPL card contain the PSW that will be used at the
end of the IPL procedure. Of course this should be the PSW for our
program,

Columns 9-16 contain the command to read columns 1-60 of our program
card (the second IPL card) into locations 2048-2107. The data chain flag
bit is set, As a result, columns 17-24 are used for another CCW,

Columns 17-24 contain the data address and count to read columns 61-76
of our program card (the second IPL card) into locations 3840-3855,

The following flow chart will illustrate the IPL action. Fill in the blanks.

IPL PROCEDURE FOR PROGRAM #1

SET UP LOAD—UNIT SWITCHES AND PRESS
LOAD KEY.

COLUMNS 1-~24 OF CARD#__ ARE READ INTO
LOCATIONS 0000~-0023. THE COMMAND
CHAINING FLAG IS ON.

Y

LOCATION 0008 1S USED AS THE NEXT CCW
FOR OUR CHAINED COMMAND OPERATION. IT
AUSES COLUMNS ___ THROUGH__OF CARD# ___
THE PROGRAM CARD) TO BE READ INTO
LOCATION 2048 — 2107. THE DATA CHAIN—-
ING FLAG IS ON.

LOCATION 0016 IS USED AS A CCW FOR
READING COLUMNS____THROUGH

OF A CARD#_._ \THE PROGRAM CARD) INTO
LOCATIONS 3840 — 3855. NO CHAINING
FLAGS ARE ON.

AFTER CARD 2 HAS BEEN READ, THE
CONTENTS OF LOCATION 0Q00—0007 (FROM
COLUMNS 1—-8 OF CARD #1) ARE AUTOMATI—
CALLY LOADED AS THE__ _AND THE

IS STARTED.
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1 Now that we have been able to read our program into the system, we

1, 60 are in a position to analyze it., First, let's analyze the PSW,

2

61, 76 PSW for Program #1———— 00 00 00 00 00 00 08 00

2 Y
/ Instruction

PSW System Mask Addres

CPU Protection Key s

AMWP Field

No Will the program operate in supervisor state or in problem state ?

Supervisor State Will any areas of main storage be protected from our program ?

No Will the program be able to handle any program check or machine check
interrupts ?

No; The program is written to operate without a seperate control or supervise type program.
For sake of simplicity, the program is very limited, and is in the supervisor state,

Program #1 is listed on tear-out page 123. Tear out the page and use
Program #1 for the following frames.

Take a few minutes to analyze Program #1. You may find it helpful to
flow chart the program. Assume that a 1442 N1 read-punch unit is
being used for input and a tape unit for output.

When you feel that you are ready, after analyzing Program #1, answer
the following question:

Program #1 will do which of the following: (Circle one.)

a. 80 character card records will be duplicated on tape. Data
errors will be ignored.

b. 80 character card records will be duplicated on tape. Data
errors will put the system in wait state,

C. One 80 character card record will be read and duplicated on
tape. The system will then go into wait state,

d. One 80 character card record will be read. No tape record
will be written and the system will go into wait state,

e. I am "snowed. "
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a. If you chose "a.'", go to Program #2, If you chese answers b., c., or d.,
take a look at the following flow chart. Then see if you can arrive at the
correct answer, If you still can't see the right answer, continue on below.

If you chose answer "e.', continue on with the following step by step
analysis.

FLOW CHART OF PROGRAM# 1

LOAD BASE ADDRESS
INTO REG 1

|

LOAD CAW FOR
INPUT CCW
I START 1/0 ]
PUT
CONDITION SYSTEM IN
CODE WAIT
STATE
USE TEST 1/0 TO WAIT
FOR END OF 1/0 AND
CLEAR INTERRUPT
CONDITIONS .
LOAD CAW FOR
OUTPUT CCW
L START 1/0 I
PUT
CONDITION L2 31 sYSTEM IN
CODE WAIT
STATE
WAIT FOR END OF 1/0
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What is placed in general register 1 as a result of the first instruction?

Bits 32-63 of the Why doesn't a branch occur on the first instruction?

PSW,

Because the R2 Show (in hex) the contents of general register #0 as a result of the
field is zero, second instruction,

00000F 00 What is the purpose of the second and third instructions ?

To place the address After the "start I/O" instruction, a "branch on condition" is given. When
of the 1st CCW in will the branch not be taken?
the CAW location,

A protection key of

zero is also placed

in the CAW,

Whenever the What is the purpose of the '""test I/0" followed by "branch on condition" ?
operation is
started okay and
the condition code
is set to zero.

As long as the input operation is being executed, the program will branch back to the '"test I/0",
This allows us to wait until the input operation has finished.

The output routine is similar to the input routine. The output tape unit
is on what channel?

Selector channel What channel was the input card reader on?

#2.,

The multiplexor The BCR instruction at the end of the output routine is an unconditional
channel. branch, How does the system know where to branch to?
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The "branch to'' address is in general register 1, This will cause the program to branch back to
the beginning of the input routine,

After the IPL procedure and the program is started, what is the contents
of locations 0000-0007 ?

0000000000000800 What will be the contents (in binary) of location 0001 after the "move
immediate'" instruction is executed?

00000010 What happens after the '"load PSW" instruction is executed?

The new PSW will put the system in the wait state, As a result, the system will stop fetching
instructions,

Normally, an I/O or external interrupt will take the system out of the wait state. In our case how-
ever, these interrupts are masked off. The IPL procedure can be used, however, to bring in
another PSW and get the CPU started again,

PROGRAM #2

You are going to be asked to flow chart a program, The program will run
in the supervisor state and allow all interrupts, Assuming that the program
will begin at location 2048, write (in hex) the PSW that should be used at

the end of an IPL procedure., The protection key will be zero.

FF 04 0000 OF 000800
_T_——» Program begins at location 2048
Allows all program check interrupts

Allows machine check interrupts

Allows I/0 and external interrupts
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The program should do the following:

1,

Read in one card from a 1442 N1 on the multiplexor channel,
The hexadecimal unit address is 08. Use location 3840-3847 as the
input CCW and locations 3848-3927 as the input area.

Put the system in wait state and depend on the 1/0 interrupt to
get started again,

Check the channel status word, Mask off I/0 interrupts and put
the system in wait state if any of the following bits are set.

a, Unit Check

b. Unit Exception

c. Any Channel Status Bit

The input record is in binary data format, Add positions 1-4
(Field A) of the input record and positions 11-14 (Field B). Change
the result to EBCDIC ("convert to decimal' and "unpack"),

Print only the results on a 1443 N1 printer on selector channel 1,
The unit address is 0A (in hex), Use location 4096 for the output
CCW and locations 4120-4127 as the output area. Print the result
without spacing, By command chaining, use a control command to
double space and then print the results a second time, Use
locations 4096-4119 for the output CCWs,

Put the system in wait state and depend on the I/0 interrupt to get
started again,

The 1/0 interrupt should come after the printer buffer has been
filled for the second time, Mask off the I/O interrupts and put the
system in wait state, This is the end of the program.

Write (in hex) the input CCW at location 3840 and output CCWs at location

4096, Refer back to the description of the I/0 devices if necessary to
show the command bytes.
3840
4096
4104
4112
3840 02000¥ 0800000050
4096 0100101840000008
4104 1300000040000001
4112 0100101800000008

Use the lower part of tear-out page 123 to draw a flow chart for the
program, Then check it against the answer on the following flow chart.
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|

L.OAD ]

BASE REGISTER

L SET UP CAW 1
Y

CARD
READ
ROUTINE

START 1/0

READ A CARD ]

L

SET UP 1/0 ‘]
NEW_PSW

PUT SYSTEM
IN WAIT STATE
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2ND 1/0
INTERRUPT
; + 1ST
1/0
INTER—
MASK 1/0 RUPT
INTERRUPTS
AND PUT
SYSTEM IN
EXCEPTION OR WAIT STATE
CHECK
I LOAD FIELD A 1
ADD A+ B PROCESS
ROUTINE
CONVERT RESULT
TO DECIMAL AND
THEN UNPACK IT.
LLOAD CAW
START 1/0 PRINT
{ # PRINT
CHANGE 1/0 NEW DOUBLE ROUT INE
PSW TO MASK 1/0 SPAGE
INTERRUPTS &
WAIT STATE *
PUT SYSTEM PRINT
IN WAIT STATE




Your flow chart should be similar to the one shown on the previous page.
Once you have resolved any differences, analyze the symbolic program

on tear-out page 124. It should match the flow chart, You will
probably have to use your Principles of Operation manual for reference on
some of the instructions used in the program,

Assume that the IPL procedure is used to bring in the program, As a
result, the initial PSW will also be in locations 0000-0007,

I hope you did not have too much difficulty in analyzing the preceding
program, If you did, you should consider contacting someone who is
familiar with the material and can help you overcome any obstacle,

This concludes your study of System/360 Input/Output operations,

Do you need a review? If you think that you may require a review of
areas of this book, do the following:

Read the learning objectives at the beginning of each section,

You should review only those areas where you think that you cannot do
what the objective indicates.

After doing the following items, you will be finished with the System/360
Introductory Programming Course,

1, Fill out the Course Evaluation Sheet (located in the back
of this book).

2. Ask the person that is administering this course for the
Final Examination,
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PROBLEM
PROGRAM

INSTRUCTION
INSTRUCTION
1"

1" "
1" "
SUPERVISOR CALL "

INSTRUCTION

1
1"
1"

INSTRUCTION

SUPERVISOR 1/0
PROGRAM COMMANDS
ccw
ccw
INSTRUCTION ccw

cCcw
ccw
ccw
START 1/0 ccw

INSTRUCTION
"
"

LOAD PSW

SIMPLIFIED PROGRAM OF AN 1/0 OPERATION

I START | /o !

BUMP STORAGE
ucw
ucw
ucw
A
ucw
ucw
ucw
MULTIPLEXOR
ADDRESSES CHANNEL & UNIT CH REG ¥ L DR
‘;__l SELECTOR 1
>
l CAW CH REG 1
ccw g
2 |
ccw ‘: CH REG _l
CCwW N
g — E | 3 |4
L CH REG .]
——> cow coMMAaND | s
ADDR
PROPER COM~— ccw 4 >
MAND CH REG l
ccw
t 5 ——
CH REG |
STATUS — -~
cswW CH REG 16

* MULTIPLEXOR CH REGISTERS
MAY ACTUALLY BE HARDWARE
REGISTERS THAT ARE LOCATED
IN THE CPU.

SIMPLIFIED DIAGRAM OF THE CONTROL OF AN 1/0 OPERATION



1 /0 INSTRUCTION

N

OP CODE B Dy
NN
) 78 1516 19 20 31
MNEMONIC = SIO0 XXXX),X
CAW (CHANNEL ADDRESS WORD)
KEY |0000 COMMAND ADDRESS
0 34 78 31
CCW {(CHANNEL COMMAND WORD)
COMMAND DATA ADDRESS FLAGS | 000 NIGNORED COUNT
(o] 78 3132 3637 3940 47 48 63
FLAG BIT DESIGNATION FLAG BIT DESIGNATION
32 CHAIN DATA 35 SKIP
33  CHAIN COMMAND 36 PROGRAMMED CONTROL
34  SUPPRESS INCORRECT INTERRUPT
LENGTH INDICATION
UCW (UNIT CONTROL WORD)
THE MAKE—UP OF THIS WORD
VARIES WITH THE DIFFERENT
MODELS OF THE SYSTEM/360
CSW (CHANNEL STATUS WORD)
KEY |0000 COMMAND ADDRESS STATUS COUNT
0 34 78 3132 47 48 63
/ \\
/7 N
7’ AY
/ \
S DEVICE CHANNEL g
32 39 40 47

BIT DESIGNATION BIT DESIGNATION
32 ATTENTION 40 PROGRAM—CONTROLLED INTERRUPTION
33  STATUS MODIFIER 41 INCORRECT LENGTH
34  CONTROL UNIT END 42 PROGRAM CHECK
35 BUSY 43 PROTECTION CHECK
36  CHANNEL END 44  CHANNEL DATA CHECK
37  DEVICE END 45  CHANNEL CONTROL CHECK
38  UNIT CHECK 46 INTERFACE CONTROL CHECK
39  UNIT EXCEPTION 47  CHAINING CHECK

FORMATS OF 1/0 CONTROL. WORDS

]20 Tear out ' ;




STANDARD INTERFACE CABLE

SYSTEM /360
CHANNEL A 1442 N1
Bus ouT (9 LINES)
BUS IN (9 LINES)
3 [ SERVICE OUT
SERVICE IN ) ,
? 7
. W ,ADDRESS OUT
7 Z T
ADDRESS IN PR
? T
. %  COMMAND OUT .
A R 4 L E
STATUS IN ) B =
{ f ]
0
=
, ,OPERATIONAL OUT z
OPERATIONAL IN | o o
— 1 r
SELECT OUT
— Zun § c
SELECT IN L E9
7 0 ©r
A ‘jE , HOLD out
1 50 f >
|, WY  suPPRESS ouT
— 1 -
REQUEST IN p .
7 4
METERING CONTROLS (3 LINES)
STANDARD INTERFACE LINES
SYSTEM /360
CHANNEL
CONTROL CONTROL. CONTROL.
UNIT 1 UNIT 2 UNIT 3
ouTt | | ‘
f——T 07 {LoGIC LOGIC [ LoGiIC [~
SELECT
SIGNAL
JUMPER JUMPER JUMPER
IN

CONTROL. UNIT PRIORITY

Tear ot




C

1/0 OPERATION
IS STARTED AND
c

IN PSW IS SET TO O

INITIAL SELECTION

YES

CPU iS IN
SUPERVISOR
STATE

Y

~ FETCH
"START 1/0"
INSTRUCTION
FROM M

Y

USE "START 1/0"
INSTRUCTION
AND GENERATE
ADDRESS OF

U__ANDC

Y

CAW FROM 0072
IS SENT TO

Y

FIRST CCW IS
SENT TO

CCW SPECIFIES:
1. COMMAND

2. DATA ADDRESS
3. COUNT

4. FLAGS

Y

INITIAL
SELECTION
SEQUENCE

STATUS
BYTE ALL
ZEROS ?

1

BITS 21-3 1 OF "START 1/0'
INSTRUCTION ARE USED

o)
\_/

CAW SPECIFIES:
1. PROTECTION KEY
FOR CHANNEL.

2. ADDRESS OF 1ST CCW

(f\

AN,

1. CHANNEL SENDS

C BYTE TO 1/0
2. I/0 SENDS BACK ITS
S BYTE

\_/

SET CONDITION
CODE IN PSW TO
1,2, OR 3 DEPEND—
II NG ON STATUS BITS

[

. _END OF
START 1/0
INSTRUCTION

NEXT INSTRUCTION
WOULD PROBABLY BE A
"BRANCH ON CONDITION
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PROGRAM #1

Initial PSW

Location 2048

Input
Routine

Output
Routine

Wait State
Routine

Location 3840

0000000000000800
BALR 1,0
LA 0,3840(0. 0)
ST 0,0072(0.0)
SIO 128(0), 0
BC 7,50(0. 1)
TIO 128(0), 0
BC 2,16(0. 1)
LA 0,3848(0, 0)
ST 0.0072(0.0)
SIO 519(0), 0
BC 7.50(0. 1)
TIO 519(0). 0
BC 2.40(0. 1)
BCR 15.1
MVI 1(0), 2
LPSW 0,0

02000F 1000000050

01000F 1000000050

Load base address
into Reg 1

Load CAW

Start Input Operation
Branch to Wait State

Wait Loop Until End Of
I/0 Operation

Unconditional Branch

to input routine
Turn to Wait State bit
Put system in Wait State

Input CCW
Output CCW

Tear out 12 1



PROGRAM #2

Initial PSW FF0400000F000800

0000-0007 FF0400000F000800

3840-3847 02000F0800000050

3848-3927 Input Area

4096-4103 0100101840000008

4104-4111 1300000040000001

4112-4119 0100101800000008

4120-4127 Output Area (8 bytes of EBCDIC)

2048 BALR 1,0 Load Base Register

LA 0,3840 (0, 0) Set up Input CAW

ST 0,0072 (0, 0)

SIO 8,0 Unit #8 on Multiplexor

MVC 0120(8), 0000 (0)

LA 0,0034(1)

ST 0,0124 (0, 0) Set up I/O New PSW

Ol 0001, 2 Put System in Wait State

LPSW 0000

T™ 0069, 255 Check channel status byte

BC 7,0050(1) Not Zero?

™™ 0068, 3 Unit Exception or Check

BC 8,0058(1) No?

NI 0000, 0 Mask I/0O interrupts

LPSW 0000 And put system in Wait
State

L 2,1798(1) Load Field A

A 2,1808(1) AddA + B

CVD 2,2070(1) Store and Convert re-
sult to Packed Decimal

UNPK 20708, 1), 2070(8, 1)

LA 0,2046 (1) Set up Output CAW

ST 0,0072 (0, 0)

SIO 266,0 Unit #10 on Selector
Channel 1

NI 0120, 0 Set up I/0O New PSW
for Mask and Wait State

Ol 0121,2

LPSW 0000 Put System in Wait

State
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Book 5 System/360 Input/Output Operations Student Course Evaluation

You can make this course and all future courses more useful by answering the questions on
both sides of this sheet and giving us your comments.

Do you feel that you have an adequate understanding of the learning objectives that are listed
at the beginning of the following sections ?

Section I: Introduction to I/O Operation Yes [_] no (]
Section II:  I/O Devices Yes [ No []
Section III: Standard Interface Yes ] No []
Section IV: I/O Instructions Yes L] No [
Section V:  Channel Error Conditions Yes [_J No

Section VI: Initial Program Load Procedure Yes [ Ino

Section VII: Analyzing I/O Programs Yes [ No []

List any technical errors you found in this book.

Comments

Please complete the information block on the opposite side. Thank you for your cooperation.
For form R23-2959-1



Field Engineering Education - Student Course Evaluation IBM

Student Name Man Number | B/O Number | Area Number

Student:

Please review this evaluation with the person administering the course; then remove it from
the book and send to the FE Education Center via IBM mail.

Were you given a copy of this text to write in and keep? . . . . . . . .. Yesl____l No |:|
How many hours per day were scheduled for this course?

Were you interrupted during this time? . . . . . . . .. ... ... ... YesD No [:I
How many hours were needed to complete this course ?

Did you require assistance during this course? . . . . . .. ... .. .. Yes[:] No [:]

(If your answer is yes, explain in the comments section)

Indicate your understanding of the total course. ExcellentD Good D Fair[:| Poor D

Reviewed by:

To be completed by course administrator Date

Reviewed by:

To be completed by FE Education Planning Date

IBM Corporation

FE Education Planning
Department 911

South Road

Poughkeepsie, N. Y. 12602
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