




















































































































































































































































































































































































































































































































































































































































































































































































































































































































Many of the test circuits associated with the SIMUL
1/0 switch was previously described under “Attention
Pushbutton” and “Simulate Interface Register and
Control Logic”. This paragraph describes the SIMUL 1/0
switch and associated logic operation for a simulated start
1/O routine. The description is based primarily upon
positive logic Diagram 8-8. Diagram 8-9 shows the timing
for a simulated interface operation initiated by a simulated
Start I/O instruction. Timing is shown for the initial
selection routine and for service-in/service-out exchange for
a read-type or write-type data transfer. For ease of
identification, timing bars shown for signals generated by
normal channel operating logic and test logic associated
with the SIMUL I/O switch are different.

The on position of the SIMUL I/O switch (Diagram
8-8) is activated (receives a ground level) when the AUTO/
TEST switch is in TEST. With the SIMUL I/O switch on,
the ‘simulate I/O switch’ signal is OR’ed to raise the
‘simulate interface’ signal. This signal enables the associated
test logic shown on Diagram 8-8. In addition, the
‘simulate interface’ signal: (1) enables generation of the
‘simulate unit free’ signal at the ‘simulate interface register
and control’ logic (Diagram 8-7); (2) inhibits the I/O inter-
face ‘select in’, ‘service in’, ‘operational in’, ‘status in’, and
‘address in’ signals from entering the channel; (3) inhibits
the internally generated ‘select out’ and ‘address out’
signals from reaching the I/O interface and raises the
‘operational out’ signal to the I/O interface; (4) inhibits
generation of the ‘incorrect length’ signal (residual count
operations are not performed during simulate interface
operations); (5) enables the ‘manual set bits’ gates so that
the channel can simulate read byte transfers, unit address
bytes, and status bytes from the control unit; and (6) pre-
vents the channel from gating a ‘stop command’ byte (all
zeros) to the I/O interface during a sequence 5 routine.
routine.

For a start I/O operation, the ‘simulate start 1/0’ latch
is turned on. (Refer to “START I/O Pushbutton”.) When
the “start I/O’ initial selection routine reaches the point
where the channel turns on the ‘address out’ latch (‘not
operational in’ signal and clock signal T4 active), the
‘address out latch’ signal causes the test logic to generate
an ‘address out delayed’ signal. This signal prevents
generation of the ‘simulate select in’ signal and, later in the
sequence, enables turn-on of the ‘simulate operational in’
signal. The ‘address out delayed’ signal (Diagram 8-8) is
generated as follows. The ‘address out latch’ signal triggers
a 250-ns singleshot. The output of the singleshot turns on
the ‘address out delayed’ latch and inhibits an AND to
prevent the ‘address out delayed’ signal from activating.
When the 250-ns singleshot signal times out, the ‘address out
delayed’ signal activates and remains active until the ‘address
out latch’ signal falls.
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When the channel turns on its ‘select out’ latch (at T7
clock time), the test logic 150-ns select out delayed single-
shot is triggered (Diagram 8-8). After 150-ns, the ‘select
out delayed’ signal is activated; this signal is AND’ed with
the ‘address out delayed’ signal to turn on the ‘simulate
operational in’ latch, With the ‘simulate operational in’
signal active, the reset to the ‘simulate address in’ latch is
removed, and the ‘not PIT request’, ‘setup, not operational
in’, and ‘simulate operational in’ signals are AND’ed to
turn on the ‘simulate address in’ latch. At the ‘manual
set bits’ gates (Diagram 8-7), this causes the unit address on
the bus-out lines to be gated to the bus-in latches.

As during a normal start I/O selection routine, the
channel obtains a valid CCW, turns on the ‘CCW valid’
latch and channel clock and, subsequently, turns on the
‘command out’ latch. At the ‘simulate I/O switch’ logic
(Diagram 8-8), the ‘command out’ and ‘simulate address in’
signals are AND’ed to turn on the ‘prepare status in’ latch.
The output of this latch is AND’ed with the ‘simulate
operational in’ signal to activate the ‘prepare for status in’
signal. With this signal active, the test logic is conditioned
to simulate generation of the ‘status in’ signal later in the
simulated I/O device selection routine.

The ‘command out’ signal also triggers a 250-ns ‘com-
mand out delayed’ singleshot. When the 250-ns singleshot
times out, the ‘command out delayed’ signal turns off the
‘simulate address in’ latch to degate the simulated unit
address from the bus-in latches and drop the internal
‘address in’ signal.

When the channel deactivates the ‘command out’ signal,
the ‘command out delayed’ signal drops. As a result, the
‘not command out delayed’, ‘not simulate address in’,

‘not simulate service in’, and ‘prepare for status in’ signals
are AND’ed to turn on the ‘simulate status in’ latch. The
output of this latch activates the internal ‘status in’ signal
and gates a status byte of all zeros with correct parity
through the ‘manual set bits’ logic to the bus-in latches.

Following activation of the ‘status in’ signal, the channel
turns on the ‘sequence 1’ latch and clock, then latches the
all-zeros status byte into the bus-in latches (as during normal
operation). At T2 clock time the channel turns on the
‘sequence 2’ latch. If a write operation is to be performed,
the channel fetches two data doublewords (if specified by
the count) before attempting to clear the simulated initial
status byte. If a read command is indicated, the channel
proceeds to clear the simulated initial status byte after the
‘sequence 2’ latch is turned on. In either case, the channel
clears the initial status byte by turning on the ‘service out’
latch. In the test logic (Diagram 8-8), the ‘service out latch’
signal triggers a 150-ns ‘service out delayed’ singleshot. The
singleshot signal turns on the ‘service out delayed’ latch.
When the singleshot times out, the ‘not singleshot’, ‘service
out delayed latch’, ‘simulate interface’, and ‘not status in



end’ signals are AND’ed to activate the ‘service out delayed’
signal.

The ‘service out delayed’ signal resets the ‘simulate
status in’ latch. This causes the internal ‘status in’ signal
to deactivate and degates the ‘manual set bits’ gates to
remove the all-zeros status byte to the bus-in latches. In
addition, the ‘service out delayed’ signal is AND’ed with the
‘simulate operational in’ signal to trigger a 250-ns singleshot.
The singleshot output turns on the ‘response delay’ latch
and prevents turn-on of the ‘simulate service in’ latch.

When the 250-ns singleshot times out, the ‘not single-
shot’, ‘response delay latch’, ‘sequence 2°, and ‘read or write’
signals are AND’ed to turn on the ‘simulate service in’
latch. The resulting ‘simulate service in’ signal turns off the
‘response delay’ latch and raises the internal ‘service in’
signal. In turn, the ‘service in’ signal turns on the ‘service
out’ latch. If a write operation is specified, the ‘simulate
service in’ signal enables a data byte to be gated from the
B-register (via the bus-out latches) into the simulate inter-
face register. For a read operation, the ‘service out latch’
signal latches a data byte (gated from the simulate interface
register) into the bus-in latches. As during normal read
operations, the data byte is subsequently gated into a B-
register byte location.

To continue the read or write operation, the ‘service out
latch’ signal again generates the ‘service out delayed’ signal
as previously described. The ‘service out delayed’ signal
turns off the ‘simulate service in’ latch, causing the internal
‘service in’ signal to deactivate and, in turn, causing the
‘service out’ latch to turn off. The ‘service out delayed’
signal is also AND’ed with the ‘operational in’ signal to
trigger the 250-ns singleshot, which turns on the ‘response
delay’ latch.

Assuming that further byte transfers are to be simulated,
the ‘simulate service in’ latch is again turned on as previously
described and the ‘service in/service out’ exchange is again
simulated.

For a read operation, turn-on of the ‘BC=CTB’ latch,
(with the ‘CDA latch’ off) indicates that the last byte of the
start I/O operation has been read into the B-register. For
this condition, the ‘BC=CTB latch’, ‘read’, and ‘not CDA
latch’ signals are AND’ed by the test logic to prevent turn-on
of the ‘simulate service in’ latch. The output of this AND
is also AND’ed with the ‘response delay latch’, ‘read’, ‘not
250-ns singleshot’, and ‘sequence 2’ signals to turn on the
‘simulate status in’ latch. (See Diagram 8-8). At this point
in the simulated start I/O operation, the channel enters a
sequence-5 ending routine. Turn-on of the ‘simulate status
in’ latch during the sequence 5 routine causes the channel
to simulate receipt of a device-end status byte. (See
“Simulate Interface Register and Control Logic.”)

During the sequence 5 routine, the channel operating
logic performs a simulated I/O interface disconnect opera-
tion. During the disconnect operation, the channel turns
off the operating logic ‘select out’ latch. This causes the

test logic ‘select out delay’ latch to turn off and, con-
sequently, the gated ‘select out delayed’ signal to be
deactivated. The ‘not select out delay’ level turns off the
test logic ‘simulate operational in’ latch. In turn, the ‘not
simulate operational in’ signal, turns off the ‘simulate
status in’ latch to complete the simulated start I/O opera-
tion.

- For a write operation, the ‘simulate service in’ latch is
turned on by the ‘service out laich’ signal (as previously
described) after the last byte has been gated to the B-
register. The ‘simulate service in’ signal activates the
internal ‘service in’ signal. With the ‘sequence 5’ latch on,
the channel internal ‘command out’ signal is activated to
simulate sending a stop command byte to the I/O interface.
In the simulate I/O test logic (Diagram 8-8), the ‘command
out’ signal is AND’ed with the ‘simulate service in’ signal
to turn on the ‘prepare status in’ latch. The ‘prepare status
in latch’ signal is then AND’ed with the ‘operational in’
signal. In the meantime, the ‘command out delayed
signal is generated as previously described, and turns off
the ‘simulate service in’ latch. This deactivates the internal
‘service in’ signal which, in turn, causes the ‘command out’
and ‘command out delayed’ signals to deactivate.

To simulate the device-end status byte, the ‘prepare
status in’, ‘not simulate service in’, ‘not simulate address in’,
and ‘not command out delayed’ signals are AND’ed to
turn on the ‘simulate status in’ latch. From this point,
the completion of the I/O interface disconnect operation
is as described for the read operation.

If the channel enters a sequence 5 routine upon
detecting a check condition, the channel simulates the
device-end status byte and performs a simulated I/O inter-
face disconnect operation as described for the write oper-
ation.

UNIT ADDRESS Switches

e Nine UNIT ADDRESS switches (0 through 7 plus P)
active in test mode.

e ‘Simulate CPU’ signal gates values in unit address
switches to channel ‘unit address bus bit’ lines; inhibits
CPU interface ‘unit address bus out’ bits.

o Switches used for simulated start I/O and test I/O
operations.

The nine UNIT ADDRESS switches (Figure 6-1), active
only in test mode, enables the channel to simulate the

unit address byte normally received from the CPU interface
‘unit address bus out’ lines.

The logic one (down) positions of the UNIT ADDRESS
switches are activated by +3V dc when the AUTO/TEST
switch is in TEST. The TEST position also activates
the ‘simulate CPU’ level. This level enables the AND’s
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receiving the ‘unit address switch O through 7 and parity’
levels. At the same time, the ‘simulate CPU’ level inhibits
the AND’s receiving the ‘unit address bus out’ bits from

the CPU interface. Thus, the values in the UNIT ADDRESS
switches are present on the channel internal ‘unit address
bus bit 0 through bit 7 and parity’ lines at all times when
the channel is in test mode.

The UNIT ADDRESS switches provide the unit address
bits for simulated start I/O and test I/O operations, If
the channel is not simulating I/O interface operations, the
switches should be set for the address of an I/O device
attached to the channel; otherwise an incorrect-selection
condition will result.

When the channel is simulating I/O interface operations,
the UNIT ADDRESS switches may be set for any value.
For both simulate and not simulate interface operations,
correct parity should be set into the switches. If not, a
bus-out parity check condition will result in a channel
control check condition.

Test Indicators Switch

e TEST IND switch is active for both test and auto
modes.

o When switch is on, all CE panel indicators (except the
A REGISTER 0-63 and B REGISTER 0-63 indicators)
should light.

The TEST IND (test indicators) switch, shown in Figure
6-1, is used to test all CE panel indicators except the A
REGISTER and B REGISTER bit indicators. The parity
indicators (PO-P7) for both registers are checked when the
TEST IND switch is on. The TEST IND switch is active
for both auto-mode and test-mode operations.

The on (down) position of the TEST IND switch
(Figure 6-3) receives +6V dc when the channel is in either

From Polling

Indicator Polling Interrupt

auto-mode or test-mode operation. When the switch is on,
the ‘indicator test” level is activated and OR’ed through all
applicable indicator drivers to light the CE panel indicators.
Figure 6-3 shows the OR indicator driver for the test panel
P IRPT (polling interrupt) indicator as well as the indicator.
During channel operations, the P IRPT indicator normally
lights when the ‘polling interrupt’ latch is on. With the
‘indicator test’ level active, the lamp should light; other-
wise the indicator or indicator driver may be defective.

The ‘indicator test’ signal turns on the other CE panel
indicators in the manner described for the P IRPT indicator.
Except when testing the indicators, the TEST IND switch
should be off to allow the indicators to show the progress
of channel operations.

CE PANEL TEST INDICATORS

The CE panel indicators present a visual indication of the
channel’s operating condition and are for use primarily

as a troubleshooting aide. Each indicator lights when the
function indicated by the indicator is active in the channel.
When the TEST IND switch is on, all indicators light
except the A REGISTER bit 0-63 and B REGISTER bit 0-
63 indicators.

Each indicator has an associated indicator driver con-
figuration which receives an ‘operating signal’ input.
Figure 6-4 shows three logic configurations of indicator
drivers used to drive the CE panel indicators. The type 1
configuration is used for A REGISTER and B REGISTER
bit 0-63 indicators, where only the operating bit signal
drives the indicator. The type 2 configuration is used
primarily for the DATA ADDRESS, SIMULATE 1/O
REGISTER, BUS IN STATUS, and UNIT ADDRESS
indicators. The type 3 configuration is used for the
remaining indicators. Note that both the type 2 and type
3 configurations have the ‘indicator test’ signal as an input
as well as the operating logic output. The CE panel indica-
tors are described in the following paragraphs.

P IRPT

@

Interrupt Y Polling Interrupt
Latch
Up OR ID
©0X5123 Indicator Test

ATITI

+6V de _Down _&Tesr inp

=

To Indicator Drivers For
All Indicators Except
L B AREGISTER 0 through 63

and B REGISTER 0 through

63 indicators.

Figure 6-3. Test Indicator Switch
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B. Type 2 Indicator Logic

Operating Signal
OR
Indicator Test ID

C. Type 3 Indicator Logic

Figure 6-4. Indicator Drivers Logic

PROTECTION KEY Indicators

PROTECTION KEY indicators P-and 0-3 (Figure 6-1)
display the storage protection key contained in the storage
protect register. Although the storage protect register
(ALD RP111) consists of 9 latches (0-7 plus parity), the
storage protection key consists only of bits 0-3 plus the
parity bit. For a valid storage protection key, bits 4-7
must be all zeros. Therefore, only the storage protection
key bits are displayed on the CE panel PROTECTION
KEY indicators. The storage protect key is obtained from
the CAW and entered into the storage protect register
when a start I/O operation is initiated.

All PROTECTION KEY indicators should light when
the TEST IND switch is on.

COMMAND ADDRESS Indicators

COMMAND ADDRESS indicators 0-20 plus PO, P1, and
P2 (Figure 6-1) display the contents of the channel
command address register. The command address register
(ALD’s RC111-RC115) is used during start I/O operations
and contains the storage address plus eight bytes (one
doubleword) of the CCW currently in the channel. The
register contents are used to fetch a new CCW if chaining
is specified by the current CCW. If chaining is specified,
the COMMAND ADDRESS indicators “ripple” as the
channel updates the command address for each CCW
fetched from storage.

All COMMAND ADDRESS indicators should light when
the TEST IND switch is turned on.

BUS IN STATUS Indicators

The BUS IN STATUS indicators (Figure 6-1) display the
contents of the bus-in latches (ALD’s UB111 - UB115).
Address byte, data byte, and status byte transfers through
the bus-out latches are displayed on the BUS IN STATUS
indicators. At the end of an operation, the ending status
byte is displayed and the panel labels correspond to the
status bits. Indicator labels are P (parity bit). ATTN
(attention bit), MOD (modifier bit), CUE (‘control unit
end’ bit), BUSY (control unit busy bit), CH E (‘channel
end’ bit), DEV E (‘device end’ bit), U CHK (‘unit check’
bit), and U EXC (‘unit exception’ bit).

All BUS IN STATUS indicators should light when the
TEST IND switch is turned on.

CHANNEL STATUS CHECKS Indicators

The CHANNEL STATUS CHECKS indicators (Figure

6-1) display channel check conditions detected as a result
of channel operations. The individual indicators are as
follows: PCI (program-controlled interrupt), IL (incorrect
length), PROG (program check), DATA (data check),
CTL (channel control check), I CTL (interface control
check), CHAIN (‘chain’ check). All CHANNEL STATUS
CHECKS indicators should light when the IND TEST
switch is on. The principle of each indicator is described
separately in the following paragraphs.

Program-Controlled Interrupt Indicator

The PCI (program-controlled interrupt) indicator lights
when the ‘PCI status’ latch is on (ALD EN115). The PCI
condition is not a true channel-check condition. The
‘PCI status’ latch is turned on as a result of an active PCI
flag in the flag register; this causes the channel to send an
‘interrupt request’ signal to the CPU interface as soon as
channel operations permit. Until the program-controlled
interrupt is cleared, the PCI indicator remains lit.

Incorrect Length Indicator

The IL (incorrect length) indicator lights when the IL latch
(ALD CK111) is on. This latch is turned on when an
operation ends and the number of bytes specified by the
count register value do not agree with the number of bytes
actually transferred. The IL indicator remains on until the
residual count is computed, the interrupt routine is com-
pleted, and a ‘machine or setup’ reset is generated.
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Program Indicator

The PROG (program) indicator lights when the channel
detects a programming error during a channel operation.
(ALD CK113). Programming errors may be detected as the
result of an improperly formatted CAW or CCW, a TIC
command in the first CCW of a start I/O operation, two
consecutive CCW’s with TIC commands during chaining
‘operations, an ‘invalid address check’ signal received via

the BCU interface, and a polling-interrupt-request sequence
resulting in an unsuccessful device-selection attempt.

Protéct Indicator

The PROT (protect) indicator lights when the channel
accesses main storage and sends an incorrect storage pro-
tect key to the ‘storage protection key’ lines (CK113). In
main storage the storage protect key from the channel is
compared with a key present in main storage. If the two
keys do not compare, the channel receives a ‘storage pro-
tection check’ signal via the BCU interface. This signal sets
the channel ‘storage protect check’ latch, causing the PROT
indicator to light. (A ‘storage protect key’ of all zeros allows
access to any storage area; no key comparison is performed
in main storage and no ‘storage protect check’ signal should
be generated.)

DATA Indicator

The DATA indicator lights when the channel detects a
parity error in the data transferred during a channel
operation and turns on the ‘channel data check’ latch
(ALD CK115). The channel data check condition is
detected as a result of: (1) a data parity check condition
detected by main storage as a result of the channel accessing
main storage; (2) an SBI parity check condition detected
when the channel is performing a store operation; (3) a
bus-in parity check condition detected in a data byte at
the bus-in latches; (4) a bus-out parity check condition
detected in a data byte at the bus-out latches.

Control Indicator

The CTL (control) indicator lights when the channel
detects a check condition affecting channel controls and
turns on the ‘channel control check’ latch (ALD CK115).
This latch may be turned on by: (1) detection of a ‘bus
out parity check’ during a unit address byte or command
byte transfer through the bus-out latches; (2) an adder
parity check condition detected during a data address,
command address, or count adder operation; (3) a storage
address check or storage protect register parity check con-
dition detected when the channel accesses main storage;
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(4) a byte count parity check condition detected when the
byte count is advanced; (5) a flag register parity check
condition, detected when the count register contents and
DAB are added during CCW setup operations; or (6) a
storage data check condition detected in main storage
during a CCW fetch.

Interface Control Indicator

The I CTL (interface control) indicator lights when an
invalid signal or invalid signal sequence is detected at

the I/O interface to turn on the ‘interface control check’
latch (ALD CK115). This latch can be turned on by:

(1) a no-response (‘service in’ signal rises) condition when
the channel attempts to select a device; (2) a bus-in control
parity check condition detected as a result of a ‘data in
bus parity’ check strobed by the ‘service out SS’ signal;
(3) selection of an incorrect I/O device by the channel and
detected when the two unit addresses do not compare
during the selection routine; (4) the I/O device selection
routine not being completed within the 100 ns time
allowed; and (5) the channel ‘operational in’ latch and
‘select out’ latch being on, but the ‘operational in’ signal
from the I/O interface falling.

CHAIN Indicator

The CHAIN indicator lights when an I/O device presents
the channel with data faster than the channel can handle
it (ALD CK115). This may occur during a read-not chain
operation when the ‘last word trigger’ is on and count
register bits 21-23 equal 0, or during read CDA operations
when the DAB in the chained CCW is not compatible with
the number of bytes already received by the channel while
the CCW was being fetched.

Note: Recall that the simulate (I/O) interface register
simulates I/O device transfers at the maximum transfer
capability of the channel. Thus, when chaining data during
simulate I/O operations, a chaining check (overrun) occurs
if the chained CCW is programmed on byte boundaries or
if the specified count is less than five.

COUNT Indjcators

COUNT indicators P1 and 8—15 and the CT7 indicator
(Figure 6-1) display the contents of the count register
(ALD RE111-RE115). This register (except the count 7
position) is loaded from a CCW during a start I/O initial
setup routine. Note that indicators P1 and 8—15 are
located at positions B19—B36 on the CE panel while
indicator CT7 (count 7) is located at position F27. The



count 7 indicator lights when a DAB plus count operation
(during start I/O setup operations) results in a carryout
from high-order position 8 of the normal 16-position
count field. The CT7 position of the register does not
receive a gated bit during the count-from-CCW bit gating.

After the DAB plus count operation is performed, the
COUNT indicators “ripple” as the count register is
updated during data doubleword transfer operations.
After the start I/O operation is complete, the COUNT
indicators indicate either (1) a count register content of all
zeros with correct parity if a normal ending occurred, or
(2) a residual count in the count register if the number of
bytes specified by the count are not actually transferred.
All COUNT indicators should light when the TEST IND
switch is on.

MARK-B Indicators

MARK-B indicators P and 0—7 (Figure 6-1) display the
contents of the mark-B register (ALD’s RM115—RM117).
For read operations, each position of the mark-B register
is set, position by position, as the register is loaded byte
by byte. For store operations, the mark-B register contents
are transferred into the mark-A register and sent to the
BCU to indicate which byte positions in the doubleword
are to be placed in main storage.

On write CDA operations, the channel transfers the
five low-order count bits to the mark-B register while the
new CCW is being fetched. In this case, the mark-B
register assumes the function of the count register. All
MARKS-B indicators should light when the TEST IND
switch is on.

COMMAND REGISTER Indicators

COMMAND REGISTER indicators P and 0-7 display

the contents of the command register (ALD’s RG111-
RG113). The command is gated into the command

register during a start I/O operation from the CCW. If the
channel is performing chain command operations, the
indicators will “ripple” as each new command is entered
into the command register from the chained CCW.
Otherwise, the register contents remain the same throughout
the start I/O operation. All COMMAND REGISTER
indicators should light when the TEST IND switch is on.

FLAG REGISTER Indicators

FLAG REGISTER indicators P, CD, CC, SLI, SKIP, and
PCI (Figure 6-1) display the flag positions of the flag
register (ALD RF111). The flag register (nine positions)
contents are obtained from the CCW during a start I/O

operation. Since the three low-order bits of the flag
register should be zeros and are used only for parity
checking, these positions are not displayed on indicators.
The P indicator lights when the flag register parity bit is
active, the CD indicator when the chain data flag is

active, the CC indicator when the chain command flag is
active, the SLI flag when the suppress-incorrect-length
flag is active, the SKIP indicator when the skip flag is
active, and the PCI indicator when the program-controlled-
interrupt flag is active. These flags determine channel
operations to be performed during or after completion of
channel operations specified by the CCW from which the
flags were obtained. For example, an active CD flag
specifies that a new CCW is to be fetched to continue data
transfers controlled by the channel because of the current
CCW. The CC flag specifies that a new CCW with possibly
a different command be obtained by the channel when the
command specified by the current CCW is completed.

(If both the CD and CC flags are active, the CD flag has
precedence.) The SLI flag prevents the channel from
recognizing that all data bytes specified by the count have
not been transferred, and is useful when the data count
versus device record is known to be incompatible, or where
an incorrect length is of no importance to the program.
The skip flag causes the channel (during read-type opera-
tions) to skip a block of data specified by the CCW and is
usually used in conjunction with chaining operation; in
actuality, the skipped data is transferred from the control
unit to the channel, but the data is not stored in main
storage. The PCI flag causes the channel to attempt an
interrupt request, depending upon the channel operation
in progress. All FLAG REGISTER indicators should light
when the TEST IND switch is on.

CHANNEL ADDRESS Indicators

CHAN ADR indicators 21, 22, and 23 (Figure 6-1) display
the channel address wired into the channel logic (ALD
RU115) in binary form. The address indicators will
always show the same address unless the channel address
is rewired. The channel address bits are available to the
SBI for logout operations.

UNIT ADDRESS Indicators

UNIT ADDRESS indicators P and 0—7 (Figure 6-1) display
the contents of the unit address register. An address is
entered into the unit address register as the result of a

start I/O or test I/O instruction, or as the result of unit
address from a control unit attempting a pelling interrupt
sequence. All UNIT ADDRESS indicators should light
when the TEST IND switch is on. '
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DATA ADDRESS Indicators

DATA ADDRESS indicators 0—23, PO, P1, and P2

(Figure 6-1) display the contents of the data address
register (ALD RU115). For a start I/O operation the

data address of the first CCW is gated into the data address
register from the CAW. When the first CCW is fetched, the
beginning main storage address location at which the
channel will access data doublewords during read-type or
write-type operations is gated into the register. As data
doublewords are transferred throughout the read-type or
write-{ype operations, the DATA ADDRESS indicators
“ripple”™ as the data address register is updated. All DATA
ADDRESS register indicators should light when the TEST
IND switch is on.

SIMULATE 1/O REGISTER Indicators

SIMULATE 1O REGISTER indicators P and 0-7 (Figure
16-1) tisplay the contents of the simulate 1/O interface
register (ALD’s R$111-R8113). This register contains

‘the last byte transferred by the.channel .during a test-mode
simulate interface write operation. The register contents
are changed only during a test-mode write-type operation;
the register contents are not affected by channel reset
‘operations.except as a result of entry of a new data byte
into the register. All SIMULATE 1/O REGISTER
indicators should light when the TEST IND switch is on.

A-Register Full Indicator

The A FUL (A-register full) indicator (Figure 6-1) lights
when the ‘A-register full’ latch (ALD LT121) is turned on.
The latch is turned on during a write-type operation when
a data doubleword is gated from the SBO into the A-
register; for read-type operations, the latch is turned on
when the channel transfers a doubleword from the B-
register to the A-register. The A FUL indicator should
light when the TEST IND switch is on.

B-Register Full Indicator

The B FUL (B-register full) indicator (Figure 6-1) lights
when the ‘B-register full’ latch (ALD LT121) turns on.

This latch is turned on during a write-type operation when
the channel transfers the A-register contents into the B-
register; on read-type operations, the latch is turned on when
the channel assembles a complete doubleword in the B-
egister or enters the last byte of the read-type operation
into the B-register. The B FUL indicator should light when
the TEST IND switch is.on.
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CC Indicator

The CC (chain command) indicator (Figure 6-1) lights
when the ‘chain command’ latch {ALD LT113) is turned
on when the channel is chaining to fetch the next CCW.
The latch is turned on only if no errors are detected during
operations specified by the current CCW. The CC indicator
lights when the TEST IND switch is on.

SEQUENCE Indicators

SEQUENCE indicators 1—35 (Figure 6-1) light when their
respective sequence latch turns on. All SEQUENCE
indicators should light when the TEST IND switch is on.

The SEQUENCE 1 indicator lights {ALD EQ111) after
the initial status byte is obtained from a control unit for a
channel operation during which read-type or write-type
data is to be transferred. The indicator turns off when
the initial status byte is cleared.

The SEQUENCE 2 indicator lights (EQ111) while the
channel is controlling data transfers. The latch is turned on
before the start of read-type or write-type transfers and

‘turned off after the transfers are completed.

The SEQUENCE 3 indicator (ALD EQ111) lights when
the.channel is updating the count register while storing or
fetching a-data doubleword. For a write CDA -operation,
the SEQUENCE 3 indicator lights before the channel
fetches the first data doubleword ef the next CCW; in this
case, the ‘sequence 3’ fatch is turned.on to-enable turn-on
of the ‘last word’ trigger, and an update-count operation .is
not performed.

The SEQUENCE 4 indicator'(ALD EQ113) lights when
the channel is updating the contents of the data address
register as a result of storing or fetching a data doubleword.

The SEQUENCE 5 indicator (ALD EQ113) lights when
(1) the channel is ending an operation and entering an
interrupt routine to store the CSW, or (2) while the channel
is continuing a chain command operation by fetching a new
CCW, disconnecting the control-unit from the I/O interface,
and reselecting the I/O device.

CCW Valid Indicator

The CCWV (CCW valid) indicator (ALD LT115) lights
when the ‘CCW valid’ latch is turned on. This latch is
turned on when a properly formatted CCW is in the channe
The channel may obtain a valid CCW from main storage or
the SBO switches as a.result of a start I/O operation, or
may force a valid CCW during IPL or FLT operations.

The CCWV indicator should light when the TEST IND
switch is on.



Read Indicator

The RD (read) indicator (Figure 6-1) lights when the
channel decodes a read command (ALD LT113) in the
command register (bit 5 or 6 active) with a valid CCW in
the channel. The read command specifies that the channel
is to control the transfer of data from an I/O device to
storage. The RD indicator should light when the TEST
IND switch is on.

Write Indicator

The WR (write) indicator (Figure 6-1) lights when the
channel decodes a write command (ALD LT113) in the
command register (bit 7 active) with a valid CCW in the
channel. The write command specifies that the channel
is to control the transfer of data from an I/O device to
storage. The WR indicator should light when the TEST
IND switch is on.

Setup Indicator

The SU (setup) indicator (Figure 6-1) lights when the
‘setup’ latch (ALD CS113) is turned on. This latch is
turned on during channel selection of an I/O device and

fetching of the CCW for a start I/O and chain command
operation. In addition, the latch is turned on for device

selection during IPL, FLT, and test I/O and halt 1/O
operations. The SU indicator should light when the TEST
IND switch is on.

Transfer in Channel Indicator

The T I CH (transfer in channel) indicator (Figure 6-1)
lights when the TIC latch (CX111) is turned on. This latch
is turned on under two different circumstances. Duringa
start I/O operation, the latch is turned on during a CAW
fetch so that the data address received in the CAW may be
used to branch to the first CCW of the operation. The
second case is when the channel is performing start I/O
chaining operations and receives a CCW with a TIC com-
mand in the command field. In this case, the channel uses
the data address from the CCW with the TIC command to
branch to a new chain of CCW’s. The T I CH indicator
should light when the TEST IND switch is on.

TIC Cyecle Indicator

The T CY (TIC cycle) indicator (Figure 6-1) lights when the
“TIC cycle’ latch (ALD CX111) is turned on. This latch
is on while the channel is actually fetching the CCW

specified by the CAW or CCW TIC. The T CY indicator
should light when the TEST IND switch is on.

Polling Interrupt Indicator

The P IRPT (polling interrupt) indicator (Figure 6-1)
lights when the ‘polling interrupt’ latch (AT111) is turned
on. This latch is turned on after a control unit with an
outstanding status condition tries to present that status
to the channel. The latch remains on until the requested
interrupt has been honored or until a new instruction has
been received at the channel. The P IRPT indicator
should light when the TEST IND switch is on.

Chain Data Indicator

The CD (chain data) indicator lights when the ‘chain data’
latch (ALD LT111) is on. This latch is on when the channel
is fetching the next CCW in the chain while using the CCW
already in the channel to complete the data-handling
specified by that CCW. The latch is turned off when the
new CCW is available at the channel. The CD indicator
should light when the TEST IND switch is on.

BYTE COUNT Indicators

BYTE COUNT indicators LS WD, = CT, = ZRT, R=ZR,
P, 4, 2, and 1 (Figure 6-1) show the byte count register
values and the overall progress of byte and doubleword
transfers. The indicators are described in separate
paragraphs below.

Last Word Indicator

The LS WD indicator lights when the ‘last word’ trigger is
turned on (ALD LT113). This trigger is turned on during
channel data transfer operations when the count register is
decremented to a value of one doubleword or less. The
trigger may be turned on during a start HO setup routine
if the initial ‘count plus DAB’ operation results in a count
of one doubleword or less. The ‘last word’ trigger enables
the channel logic to detect the transfer of the last data
bytes. The LS WD imdicator should light when the TEST
IND switch is turmed on.

Equal Count Indicator

The = CT {equal count) indicator lights: when the ‘byte
count equals count B’ trigger turns on. (ALD'LT123); This
trigger turns on wherr the byte count latches and the
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three low-order bits of the counter are equal and indicates
that the last data byte has been transferred. The trigger
turns off after the channel enters a sequence-5 ending
routine. The = CT indicator should light when the TEST
IND switch is turned on.

Zero Trigger Indicator

The = ZR T (zero trigger) indicator lights when the ‘byte
count latch equals zero’ trigger is turned on. This trigger
(ALD LT123) is turned on when the B-register is filled or
emptied by a byte gated into or out of the register. The
= ZR T indicator should light when the TEST IND switch
is turned on.

Register Equals Zero Indicator

The R = ZR indicator lights when the ‘byte count register
equals zero’ trigger is turned on. This trigger (ALD LT121)
is turned on during a read or write operation and indicates
that the channel is beginning to assemble or disassemble

a new doubleword in the B-register; i.e., a doubleword
boundary has been crossed during data transfer operations.
The R = ZR indicator should light when the TEST IND
switch is on.

BYTE COUNT P, 4, 2, 1, Indicators

BYTE COUNT P, 4, 2, 1 indicators display the binary
contents of the byte count register. The register (ALD’s
SC111-SC113) values specify the B-register byte location
for byte transfer into or from the register. During transfer
operations, the P, 4, 2, and 1 indicators “ripple” as the
byte count is changed for each byte transfer. These
indicators should light when the TEST IND switch is on.

Clock Indicators

CLOCK indicators TO—T7 (Figure 6-1) correspond to the
clock signals produced by the channel clock. Each
indicator lights as the corresponding clock signal is
activated and remains on until the clock is turned off.
The CLOCK indicators should light when the TEST IND
switch is on.

I/O INTERFACE CONTROL LINES Indicators

The I/O INTERFACE CONTROL LINES indicators
(OPIN, OP O, ADR O, SEL O, SVC O, COM O, ADR IN,
STA IN), shown in Figure 6-1, light when the associated
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I/O interface signals are active. All these indicators
should light when the TEST IND switch is on.

The OP IN (operational-in) indicator (ALD CC111)
lights when an I/O unit is selected by the channel and
raises its ‘operational in’ signal.

The OP O (operational out) indicator (ALD CC121)
lights when the ‘operational out’ signal from the channel
is active. This signal is active at all times when the channel
is operable except when an I/O interface reset operation is
performed. (This may be due to system reset or channel
reset caused by a operation initiated at the channel.)

The ADR O (address out) indicator (ALD LT111) lights
when the channel activates the ‘address out’ signal to the
control units; this signal indicates that a unit address byte
is on the bus-out lines for decoding by the control units.

The SEL O (select out) indicator (ALD CC121) lights
when the channel activates the ‘select out’ signal to the
1/O device. This signal is activated when the channel is
performing polling operations and is ready to accept
outstanding status from a control unit, or because the
channel has selected a specific I/O device. In the first
case, the SEL O indicator may be turned on and off
(select-out and select-in sequence) but may appear to be
lit continuously. In the second case, the indicator will be
turned off only if the selection attempt is unsuccessful.

If not turned off, the indicator should glow continuously
and appear brighter than when the channel is polling,

The SVC O (service out) indicator (ALD CC117) lights
when the channel activates the ‘service out’ signal to the
1/0 interface. This signal is activated when the channel
accepts a status byte or data byte from the bus-in lines.
The channel also activates the ‘service out’ signal when
providing a data byte to the bus-out lines in response to a

‘service in’ signal from the I/O interface.

The COM O (command out) indicator (ALD CC117)
lights when the channel places a command byte on the
bus-out lines and raises the ‘command out’ signal. The
channel raises the ‘command out’ signal in response to an
‘address in’, ‘status in’, or ‘service in’ signal (depending on
the progress of the operation) from the control unit.

The ADR IN (address-in) indicator (ALD CC111)
lights when the ‘address in’ signal from the 1/O interface
is activated. This signal is activated when the control unit
places the unit address byte of a selected I/O device on the
bus-in lines.

The STA IN (status-in) indicator (ALD CC111) lights
when the ‘status in’ signal from the I/O interface is
activated. This signal is activated when the control unit
places a status byte on the bus-in lines.

CCW Fetch Indicator

The CCWF indicator (Figure 6-1) lights when the ‘CCW
fetch’ latch (ALD LT115) is turned on. This latch is



turned on each time the channel fetches a CAW or CCW.
CAW and CCW fetches are made during initial setup opera-

tions; CCW fetches are also made during chaining opera-
tions, The CCWF indicator should light when the TEST
IND switch is on.

No Selection Indicator

The NO SEL indicator (Figure 6-1) lights when the ‘no
selection’ latch is turned on (ALD CC125). This latch is
turned on when the channel attempts to select an I/O
device and not control unit responds to the attempted
selection. The NO SEL indicator should light when the
TEST IND switch is on.

Hait 1/O Indicator

The H I/O (halt 1/0) indicator (Figure 6-1) lights when the
‘CPU halt I/O’ and “CPU select channe!’ signals (ALD HT111)
are active at the channel, or the ‘simulate halt I/O’ signal

is active. In either case, the channel halts any operation in

progress at the earliest possible time. The H I/O indicator
should light when the TEST IND switch is on.

Test I/O Indicator

The T I/O indicator (Figure 6-1) lights when the ‘test /O’
latch (ALD CT111) is on. This latch may be turned on by:
(1) the ‘test I/O’ and “CPU select channel’ signals from the
CPU interface; (2) by the ‘polling interrupt extended’
signal when the channel attempts to reselect an I/O device
to complete a polling interrupt routine; or (3) by the
‘simulate test I/O’ signal when the channel is in test mode.
The T /O indicator should light when the TEST IND
switch is on.

Start I/O Indicator

The S I/O indicator (Figure 6-1) lights when the ‘start I/O’
latch (ALD CS111) is turned on, This latch is turned on
by: (1) ‘CPU start-I/O’ and “CPU select channel’ signals
from the CPU interface; (2) by the ‘time clock step’ signal
from the CPU interface when the channel is in the test
mode; or (3) by the ‘simulate start I/O’ signal when the
channel is in the test mode. The S I/O indicator should
light when the TEST IND switch is on.

Storage Check Indicator

The S CHK indicator (Figure 6-1) is turned on when the
‘storage check’ latch (ALD CK115) is turned on. This

latch is turned on when the storage unit detects a storage
address check or storage data check condition and activates
the corresponding signals to the channel. The S CHK
indicator should light when the TEST IND switch is on.

Initial IDA Indicator (2860B Ver 001—CIDA Feature)

The initial IDA indicator (INIT IDA) lights when the chan-
nel receives a CCW with bit 37 = 1. The INIT IDA latch

is reset after the first IDALW fetch is made (ALD DA111).
The INIT IDA indicator lights when the test indicator
(TEST IND) switch is on.

2k IDA Indicator (2860B Ver 001—CIDA Feature)

The 2k IDA indicator lights when the channel detects a 2k-
byte boundary crossing. This latch (ALD DA111) is reset
after the IDALW is fetched. The 2k IDA indicator lights
when the test indicator (TEST IND) switch is on.

Auxiliary Storage Request Indicator

The ASR (auxiliary storage request) indicator (Figure 6-1)
lights when the LCS (large capacity storage) latch is turned
on. This latch (ALD CC116) is turned on when the channel
requests a storage cycle from an LCS unit. The ASR latch
and indicator turn off when the storage request is honored
(“LCS advance pulse’ signal is received by the channel).

The ASR indicator should light when the TEST IND switch
is on,

Interrupt Indicator

The IRPT (interrupt) indicator (Figure 6-1) lights when the
‘interrupt’ latch is turned on. This latch (ALD EN115) is
turned on when an interrupt condition (other than a polling
interrupt) is in the channel. The latch and indicator turn
off when the interrupt condition is accepted or otherwise
cleared. The IRPT indicator should light when the TEST
IND switch is on.

Storage Cycle Indicator

The ST CY indicator (Figure 6-1) lights when the “storage
cycle’ latch is turned on. This latch (ALD MA115) turns

on when the channel activates the ‘storage request’ signal

to the BCU interface (by turning on the ‘storage request’

or ‘interrupt storage request’ latch). The latch and indicator
remain on until the storage request has been honored

(“late advance pulse’ signal is generated). The ST CY
indicator should light when the TEST IND switch is on.
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Retain Storage Indicator

The RET S indicator (Figure 6-1) turns on when the

‘retain storage’ latch is turned on. This latch (ALD LT115)
turns on to prevent turn-off of the ‘storage request” and
‘storage cycle’ latches during two storage requests of both
read and write ‘chain data’ operations. Although, internally,
the ‘retain storage’ signal prevents turn-off of these latches,
the ‘storage request’ signal to the BCU interface is dropped
during the ‘data request’ signal from the BCU interface.

Note: For 2860 Selector Channels used with the System/
360, Model 91, the ‘data request’ signal is generated
internally by delaying the ‘BCU response’ signal approxi-
mately 150 ns.

Program Load INIT Indicator

The PROG LD INIT indicator (Figure 6-1) lights when

the channel IPL latch is on. This latch (ALD LP111)is
turned on when the channel begins an IPL (initial program
load) operation, and remains on until the CPU assumes
control of the new program just loaded from external
storage. The PROG LD INIT indicator should light when
the TEST IND switch is on.

Program Load FLT Indicator

The PROG LD FLT (program load FLT) indicator

(Figure 6-1) lights when the channel ‘FLT mode’ latch

is turned on. This latch (ALD LP113) is turned on at the
beginning of an FLT operation and remains on as long as
the channel is operating in the FLT mode. The PROG LD

FLT indicator should light when the TEST IND switch is on.

Diagnostic Indicator

The DIAG indicator (Figure 6-1) lights when the ‘diagnostic
simulate interface’ latch is turned on. This latch (ALD
CC113) is on when the channel is in: auto mode and the
channel is under diagnostic control of the CPU maintenance
control word (MCW). The latch is turned on by AND’ing
the ‘diagnostic select channel’ and ‘setup’ signals and
remains on until both signals are deactivated. The DIAG
indicator should light when the TEST IND switch is

turned on.

Mark-A Indicaters

MARK-A indicators P and 0-7 (Figure. 6-1) display the
contents of the mark-A register. This register (ALD’s
RM111 through RM113),is leaded from the mark-B
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register at the same time the contents of the B-register are
transferred to the A-register on a store operation. Active
mark bits indicate which bytes of the doubleword in the
A-register are to be stored. All MARK-A indicators should
light when the TEST IND switch is on.

A-REGISTER Indicators

A-REGISTER indicators 0—63 and PO—P7 (Figure 6-1)
display the contents of the A-register. This register (ALD’s
RA111—-RA137) is a buffer register between the channel
B-register and main storage during data doubleword transfer
operations. At the end of an operation, the A-register
normally contains the last data doubleword stored in
storage (for a store operation) or the last data doubleword
fetched from storage (for a fetch operation). Only the
A-REGISTER PO—P7 indicators should light when the
TEST IND switch is on.

B-REGISTER Indicators

B-REGISTER indicators 0—63 and PO—P7 (Figare 6-1)
display the contents of the B-register. This register

(ALD’s RB111—RB137) is used to assemble or disassemble
data doublewords transferred between the channet and
control unit on read-type or write-type operations,
respectively. On a read-type operation, the channel
assembles a doubleword in the B-register on a byte-by-byte
basis; on a write-type operation, the channel disassembles
the doubleword on the same basis. Only the B-REGISTER
P0—P7 indicators light when the TEST IND switch is on.

POWER CONTROL PANEL

The power control panel (Figure 6-5) controls and
indicators affect all channels installed within a frame.

The operating principles of the power controls and
indicators are described in Chapter 5. The following
paragraphs describe the function of these switches and
indicators and the metering logic operating principles
associated with the customer usage meter and the ENABLE/
DISABLE switch.

LOCAL/REMOTE Switch

The LOCAL/REMOTE switch (Figure 6-5) determines
whether power-on sequencing and marginal checking can
be performed at the channel power control panel (LOCAL
position or at the system console (REMOTE position).



POWER ON Pushbutton

The POWER ON pushbution { Figure 6-5) is active only
when the LOCAL/REMOTE switch is set to LOCAL.
Depressing the POWER ON pushbutten causes the chanmel
to bring up power to all self-contained channel power
supplies as well as to all attached control umits that are not
off-line. The POWER ON pushbutton is back-lighted by
indicators that light when the power-on sequence is com-
plete at the channel frame. Depressing the POWER ON
pushbutton when the LOCAL/REMOTE switch is set to
REMOTE has no effect.

POWER OFF Pushbutton

The POWER OFF pushbutton (Figure 6-5) s active with
the LOCAL/REMOTE switch set to either position.

2860 FETOM
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Figure 6-5. 2860 Power Control Panel

Depressing the POWER OFF switch causes the channel
frame to drop power internally, as well as at all attached
control units that are on-line. Since switching transients
due to power-off sequencing affect system operation, the
POWER OFF switch should be pressed only in an
emergency unless processor operation is stopped.

THERMAL RESET Pushbutton

The THERMAL RESET pushbutton (Figure 6-5) resets

a thermal condition which caused a channel frame to drop
power. If a thermal switch opens in one of the channel
gates or in the channel frame power section, power cannot
be restored until the THERMAL RESET pushbutton is
depressed.

THERMAL Indicator

The THERMAL (Figure 6-5) lights when channel frame
power drops because of a thermal fault. No indication is
given as to which thermal switch opened.

CB Indicator

The CB indicator (Figure 6-5) lights when channel frame
power drops because of a tripped circuit breaker (CB).
Power cannot be restored until the tripped CB is located
and manually reset.

Marginal Voltage Test Jacks

The +6M jacks (+ and -), shown in Figure 6-5, serve to
monitor the +6M Vdc marginal voltage at the 2860 without
having to open the 2860 covers and gates.

VOLTAGE CONTROL Switch

The VOLTAGE CONTROL switch (Figure 6-5) raises or
lowers the +6M Vdc marginal voltage when the LOCAL/
REMOTE switch is set to LOCAL. Positioning the
VOLTAGE CONTROL switch to RAISE causes the
marginal voltage to rise above its nominal +6V dc.
Positioning the switch to LOWER causes the voltage to
drop. An external voltmeter must be plugged into the
+6M marginal voltage test jacks as a monitor; the marginal
check limits of +5V dc and +7V dc must not be exceeded.

Metering Switch, Indicator and Associated Logic

o Channel metering logic interlocked with system
metering.

o Channel metering state cannot change until CPU enters
halt, wait, or check-stop state. (‘Clock out’ signal from
CPU interface drops.)

e ENABLE/DISABLE switch must be set to ENABLE,
AUTO/TEST switch to AUTO, ‘metering out’ signal
from CPU interface active, and channel metering logic
enabled for channel usage meter to run.

® ‘Metering out’ signal to I/O interface permits control
unit or I/O device meters to run if meter-enabled.

® ‘Metering in’ signal from I/O device is active when con-
trol unit meter is running; if channel is meter-enabled,
‘metering out’ signal to CPU is active, holding ‘metering
in’ signal from CPU interface active.

e Channel ‘metering sync’ latch must be on for channel
to be meter-enabled.

e With ENABLE/DISABLE switch to DISABLE or AUTO/
TEST switch to TEST and both the ‘channel working’
and I/O interface ‘metering in’ signal inactive, the fall
of ‘clock out’ inhibits channel-metering logic.
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The channel frame metering logic consists of the ENABLE/
DISABLE switch, the I/O INTF DSBLD indicator, and the
associated metering logic. The channel metering logic
circuits are logically interlocked with the CPU and control
units metering logic so that the metering state of the
channel frame and associated control units can be changed
only if the CPU is in a halt, wait, or check-stop state.

Figure 6-6 shows the system metering logic interlocking
the CPU, channel, and control units. The ‘clock out’ signal
to the channels (and control units via the channel) must be
inactive for the channel or control unit metering state to
change: e.g., if the channel ENABLE/DISABLE switch is
set to DISABLE or the AUTO/TEST switch to TEST, the
‘clock out’ signal must drop before the channel metering
logic can stop the channel usage meter. With the usage
meter not running, the ENABLE/DISABLE switch set to
ENABLE, and the AUTO/TEST switch to AUTO, the
‘clock stop’ signal must drop before the channel metering
logic can run the channel] usage meter.

The channel also receives a ‘metering out’ signal via
the CPU interface, This signal is active when the ‘CPU
clock out’ signal is active or the ‘metering in’ signal from
the channel is active. If the channel is meter-enabled, the
active ‘metering out’ signal enables the channel clock to
run, and also supplies a multiplex ‘metering out’ signal to
the control units. An active ‘metering out’ signal enables
the control unit or I/O device meter to run, providing the
unit or device metering logic is meter-enabled.

If an attached control units meter is running, the con-
trol unit activates the ‘metering in’ signal to the channel
via the I/O interface. If the channel is meter-enabled
(‘metering sync’ latch set to activate ‘not block program
control’ signal), the I/O interface ‘metering in’ signal
activates the ‘metering in’ signal to the CPU interface. (If
the channel is meter-enabled, the ‘channel working’ signal

To Other
Channels

also activates the ‘metering in’ signal.) In the CPU, this
signal is effectively OR’ed to run the CPU customer meter
and activate the ‘metering out’ signal independent of the
‘clock out’ signal. In turn, the ‘metering out’ signal causes
the channel and control unit (or I/O device) meter to
continue running, even though the ‘clock out’ signal may
drop.

In summary, if the channel usage meter is running, the
‘metering out’ signal from the CPU interface is active; this
also permits the meter in any meter-enabled attached con-
trol unit or IO device to run. An active ‘metering in’
signal from a control unit to a meter-enabled channel
frame keeps the channel and CPU meters running; i.e., the
‘metering in’ signal to the CPU is activated to maintain an
active ‘metering out’ signal back to the channel. When the
‘metering out’ signal from the CPU interface drops (or the
‘channel working’ signal drops), the channel meter and the
attached control unit (or I/O device) meters will be turned
off when the ‘clock out’ signal drops to reset the channels
‘metering sync’ latch (assuming the channel frame
ENABLE/DISABLE switch is set to DISABLE, or the
channel AUTO/TEST switch is set to TEST). To again run
the channel and associated control unit meters: (1) the
two switches must be set to ENABLE and AUTO (respec-
tively); (2) the ‘clock out’ signal must drop to turn on the
channel metering sync’ latch; (3) the ‘metering out’ signal
from the CPU interface must again be activated.

Diagram 8-12, FEMDM, shows the channel frame
metering logic, ENABLE/DISABLE switch, and I/O INTF
DSBLD indicator in positive logic form. Assume that the
‘metering sync’ latch is on and the ‘metering out’ signal
from the CPU interface is active. The ‘not block program
control’ signal and ‘metering out’ (“CPU clock running’)
signals are AND’ed with the ‘not sync reset’ signal to
activate the I/O interface ‘metering out’ signal. The active
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‘metering out’ signal is routed to the control units via the
1/0 interface and also runs the channel usage meter (‘run
clock’ signal) on the channel power panel. With the ‘not
block program control’ and ‘run internal clock multiplex’
(‘run clock’) signal active, the IO INTF DSBLD indicator
is off.

Assume that, subsequently, either the ENABLE/
DISABLE switch is set to DISABLE or the AUTO/TEST
switch is set to TEST. This deactivates one input to the
‘metering sync’ latch reset OR and activates one input to the
‘sync reset’” AND. When both the channel ‘channel working’
signal and the ‘metering in’ signal from the I/O interface
drop, the ‘metering in’ (‘intermediate unit run CPU clock’)
to the CPU interface is disabled; with this signal disabled,

a second input to the ‘sync reset’” AND is enabled. When the
channel enters the halt, wait, or check stop state, the ‘clock
out’ (“on clock stopped’) signal from the CPU interface
deactivates to completely enable the ‘sync reset” AND. The
‘sync reset’ output inhibits the ‘metering out” AND to
deactivate the second input te ‘metering sync’ latch reset
OR. With the OR completely disabled, the ‘metering sync’
latch is reset to produce a ‘block pregram control’ signal.
This signal inhibits the ‘metering in’ and ‘metering out’
AND’s, preventing the channel usage meter and attached

I/O device meters from running. In addition, the ‘block
program controf signal activates the ‘simulate CPU’ signal,
which inhibits the CPU interface input and output signals
to and from the channel. Under these conditions, the
channel is off-line for system operation.

Note: When the CPU is stopped, entry of any one channel
of the 2860 Model 2 or 3 into the test mode (AUTO/TEST
switch to TEST) causes the I/ INTF DSBLD indicator to

light. This is not a malfunction.

To change the chanmel metering state to a run condition:
(1) the AUTO/TEST switch must be set to AUTO and the
ENABLE/DISABLE switch to ENABLE to remove the reset
level from the ‘metering sync® latch; and (2) the ‘clock out’
signal must fall (‘on clock stopped’ signal) to turn on the
‘metering sync” latel. This produces the ‘not block program
control’ signal which enables one input te the ‘metering in’
and ‘metering out’ AND’s. With the ‘not sync reset’ signal
enabling a second input to the ‘metering out’ AND, an
active ‘metering out’ signal from the CPU interface satisifies
the AND to run the channel clock and enable the control
units or I/O devices clock to run as previously described.
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SECTION 2. MAINTENANCE FEATURES

This section describes the function and eperation -of all
channel maintenance operations, including logout, error
checking conditions, diagnestics, channel status byte, and
control unit status byte. Each operation or facility is
described separately; where feasible, FEMDM diagrams are
referenced.

LOGOUT OPERATIONS

o Logout operation stores three doublewords in main
storage when the channel detects a machine-check con-
dition.

o Doublewords stored at addresses 304, 312, and 320
(decimal).

e Channel operating status at time of machine-check
detection not altered by logout operation.

o CPU is not released for other operations during logout
operations.

The channel logout logic enables the channel to store three
doublewords in main storage when the channel detects a
machine-check condition during auto-mode operation. Each
doubleword contains information pertinent to the condition
of the channel at the time the machine-check condition is
detected. During the logout sequence, the three double-
words are stored at main storage addresses 304, 312, and
320 (decimal) where they may be later accessed by the
CPU for recording on a printout device, if so programmed.
The printout may then be used as a maintenance aid in
determining the error that caused the machine-check condi-
tion.

For a logout sequence to begin during auto-mode opera-
tion, the machine-check condition must be detected while
the channel is engaged in a start I/O or test 1/O operation.
During logout sequence the channel operating status at the
time the machine-check condition was detected is not
altered, and the CPU is not released for other operations.
When logout sequence is completed, the channel ends the
operations in the normal manner; i.e., performs a sequence
5 routine followed by an interrupt routine to store the
CSW, send:the appropriate condition code and unit address
to the CPU, and release the CPU.

Diagrams 8-13 through 8-15, FEMDM, are, respectively,
a simplified flowchart, detailed flowchart, and positive
logic diagram of the logout control logic. In the following
paragraphs, the logout sequence is described at the
simplified and then at the detailed levels. The simplified
description is based upon Diagram 8-13; the detailed
description upon Diagrams 8-14 and 8-15.
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Simplified Logout Operations

o Start 1/0 or test 1O operation is in progress; interface
control check or channel control check condition is
detected.

e ‘Machine check’ signal is activated.

e LOG ONMACH:CHK switch on, AUTO/TEST switch
to AUTO, block-stop conditions not present; ‘stop’
signal activates to stop channel operations.

o “Interrupt request’ signal raised to CPU interface.

o Store log word 1 operation:

1. ‘Log T’ trigger turns on; ‘log’ trigger turns on.

2. ‘SAB gates enabled for-address 304 (decimal): mark-
A register bits enabled; storage protect parity bit
enabled.

3. Log word 1 bits gated to SBI gating logic.

4. ‘Storage request’ signal activated to BCU interface.

5. ‘BCU response’ signal gates address, marks, storage
protect key, and “store’ signal to BCU interface.

6. ‘BCU data request’ signal gates log word 1 bits to SBI
gating logic.

7. ‘BCU advancepulse’ signal received.

e Store log word 2 operation:
1. ‘Log 2’ trigger turns on; ‘log 1° trigger turns off.
2. SAB gates enabled for address 312.
3. Log word 2 bits gated to SBI gating logic.
4. Remainder of store log word 2 operation same as with
store log word 1 operation.

e Store log word 3-operation:
1. ‘Log 3’ trigger turns on; ‘log 2’ trigger turns off.
2. SAB gates enabled for-address 320 (decimal).
3. Log word 3 bits-gated to SBI gating logic.
4. Remainder of store log word 3 operation same as
store log word 1 operation.

e End-logout operation:
1. ‘Log 3’ trigger turns off; ‘log stop’ latch turns on.
2. ‘Stop’ signal drops; ‘interrupt request’ signal drops.
3. Channel operations resume; sequence 5 routine
entered followed by interrupt routine.

Assume that the channel is engaged in a start I/O or test
1/O operation (Diagram 8-13) and that it detects an inter-
face control check or channel control check condition.
Either check condition activates the channel ‘machine
check’ signal. (See Table 6-1 for error conditions which
raise the ‘machine check’ line.) With the LOG ON MACH



Table 6-1 Machine Check Conditions Causing Logout

Predicted parity and:
actual parity of up-
dated byte counter do
not agree.

2. Byte counter

Control byte on bus-
out lines has wrong

3. Bus-out parity

parity.

4. Flag parity Flag register parity
is wrong.

5, CCW. parity Main storage detects

parity error in CCW-
being fetched by
channel.

Main storage detects
parity error in address

o on SAB, in mark bits, or
in storage protect key.

6. Storage address

Channel detects parity
error. in storage pro-
tection key obtained
from storage during
CAW fetch.

7. Storage
protection parity

Channef Control Check tnterface Contral Check

Check Cause Check i Cause

1. Adder Predicted parity and 1. Bus-in Status or address byte
actual adder output parity on: bus-in lines has
parity do not agree WrORg parity.
during command address,
data address, or count 2, Address Address of 1/O device
update operatiarn. compare selected by channel does

nat agree with address
specified by unit address
register contents.

Control unit did not res-
pond to “address out’
signal. during reselec-
tion sequence for a
chain command:
operation,

3. No respanse

Channel did not activate
‘release’ signal within
100.05 ms of

receipt of ‘select channel’
signal (IPL-FLT excluded).

4. Channel
time-out

‘Operational in’ signal from
control unit drops before
channel drops ‘select out’
signal.

5. Incorrect 1/O
Interface

CHK switch on, the AUTO/TEST switch to AUTO, and no
block-stop conditions present in.the channel, the channel
activates the ‘stop’ signal. (Block-stop conditions which
prevent entry into the logout sequence are: (1) ‘FLT

mode’ signal active; (2) active ‘CPU interrupt response’
signal for other than the logout sequence in the channel;
and (3) the channel ‘interrupt’ or ‘PCI’ latch on.) Following
activation of the ‘stop’ signal, the channel raises the
‘interrupt request’ signal to the CPU interface, and enters
the store log word 1 routine.

During the store log word 1 routine (Diagram 8-13), the
channel ‘log 1’ trigger is turned on, followed by turn-on of
the ‘log’ trigger. Together, the ‘log 1’ and ‘log trigger’
signals enable the SAB gates required to produce address
304. The ‘log trigger’ signal also activates all mark-A register
bits and forces the ‘storage protect parity’ bit. The SAB
bits, mark-A register bits, and ‘storage protect parity’ bit
are gated to the appropriate BCU interface lines when the

channel receives the ‘BCU response’ signal later in the
sequence. Log word 1 information is gated to the SBI
gating logic by the ‘log 1’ signal and is gated to the SBI
lines when the channel receives the ‘BCU data request’
signal later in the sequence. For the contents.of log word 1,
refer to Table 6-2.

After the ‘log 1° trigger is turned on, the channel raises
the ‘storage request’ signal to the BCU interface. When
the ‘BCU response’ signal is received, address 304, all mark
bits, the ‘store’ signal, and a storage protect key of all
zeros are gated to storage on the appropriate BCU interface
lines. When the ‘BCU data request’ signal is received (or in
the case of the Model 91, generated by the channel), log
word 1 is gated to the SBI lines for storage at address 304
(decimal). Receipt by the channel of the ‘BCU advance
pulse’ signal indicates that log word 1 has been stored; the
‘BCU advance pulse’ signal is delayed in the channel, then
used to start the store log word 2 operations.
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Table 6-2 Log Words Content

Log Word 1 Log Word 2 Log Word 3
SBi ssl SB81
Log Bits Lines {og Bits Lines Log Bits Lines
1. Storage protect 0-3 1. Mark-B register 0-7 1. ‘A-reg, full’ 0
register bits 0-3 bits 0-7 latch
2. All zeros 4-7 2. Command register 8-15 2, ‘B-reg full’ 1
bits 0-7 tatch
3. Command address 8-31 3. Flag register 16-20 3. ‘Chain command’ 2
register bits'0-20 bits 0-4 latch
4, Bus-in latches 32-39 4. Channel address 21-23 4. ‘Sequence 1 37
bits 0-7 tits (wired, 3 bits) through ‘sequence
5’ triggers
6. ‘Channel status’ 40 - 47 5. Unit address 24- 31 5. ‘CCW valid' 8
latch bits (8) register bits 0-7 trigger
6. Count register 48 - 63 6. Dataaddress 32-55 6. 'Read’ signal 9
bits 8-23 register bits 0-23
7. Simulate interface 56 - 63 7.  ‘Write’ signal 10
register bits 0-7
8. ‘Setup’ latch 11
9. ‘TIC’ latch 12
10. ‘TICcycle’ 13
trigger
11.  ‘Polling interrupt 14
request’ latch
12. ‘Chain data 15
address’ latch
13. ‘Last word’ 16
trigger
14. ‘BC equals CTB’ 17
trigger
15. ‘BCL equals 18
zero latch
16. ‘BCR equals zero’ 19
latch
17. BCRP, 4,21 20-23
bits
18. Clock latches 24-31
TO-T7
19. ‘Operational in’ 32
signal
20. ‘Address out’ latch 34
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Table 6-2. Log Words Content (Cont)

Log Word 1 Log Word 2 Log Word 3
SBI SBi SBI
Log Bits Lines Log Bits Lines Log Bits Lines
21. ‘Select out’ latch 35

22. ‘Service out’ latch 36

23. ‘Command out’ latch | 37

24, ‘Start 1/0O’ latch 38
25, ‘Halt 1/O channel 39
busy’ latch

26. ‘CPU storage check 45
on log’ latch

27.  Storage protect reg 48
P-bit

28. Command address 49 - 51
reg PO, P1 and P2

bits

29. Bus-in latches 52
parity bit

30. Countreg PO, P1 53 -55
and P2 bits

31.  Unit address reg 56
parity bit

32, Data address reg 57 - 59

PO, P1 and P2 bits

33,  Mark-B reg parity 60
bit
34. Command reg 61
parity bit
35.  Flag reg parity 62
bit

36. Simulate interface 63
reg parity bit

The store log word 2 operations (Diagram 8-13) begin
when the delayed ‘BCU advance pulse’ signal turns on the
‘log 2’ trigger and the ‘log 2’ signal turns off the ‘log I’
trigger. The sequence for the store log word 2 operations
is the same as that for the store log word 1 operation with
two exceptions: (1) the ‘log 2’ and ‘log trigger’ signals
enable the SAB gates required to produce address 312
(decimal) and (2) the ‘log 2’ signal gates log word 2 infor-
mation to the SBI gates. (For the contents of log word 2,
refer to Table 6-2.) Receipt by the channel of the ‘BCU

advance pulse’ signal indicates the log word 2 has been
stored; the ‘BCU advance pulse’ signal is delayed in the
channel, then used to start the store log word 3 operations.
The store log word 3 operations (Diagram 8-13) begin
when the delayed ‘BCU advance pulse’ signal turns on the
‘log 3’ trigger, and the ‘log 3’ signals turns off the ‘log 2’
trigger. The sequence for the store log word 3 operations
is the same as that for the store log word 1 operation with
two exceptions: (1) the ‘log 3’ and ‘log trigger’ signals
enable the SAB gates required to produce address 320
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(decimal); and (2) the ‘log 3’ signal gates ‘log word 3’ infor-
mation to the SBI gates. (For the contents of log word 3,
refer to Table 6-2.) Receipt by the channel of the ‘BCU
advance pulse’ signal indicates that log word 3 has been
stored; the ‘BCU advance pulse’ signal is delayed in the
channel, then used to begin the end-logout operation.

The end-logout operation begins when the delayed
‘BCU advance pulse’ signal turns off the ‘log 3’ trigger, and
the ‘not log 3’ signal turns on the ‘log stop’ latch. With the
‘log stop’ latch on, the ‘stop’ signal is degated, the ‘interrupt
request’ signal to the CPU interface is dropped, and the
channel ‘sequence 5’ latch is turned on (if not already on).

With the ‘stop’ signal inactive, channel operations resume
to end the operation because of the machine check con-
dition which originally initiated the logout operations.

The actual channel operations performed during the
sequence S routine depend upon the condition of the
channel at the time the machine check condition was
detected.

When the sequence S operations are complete, the
channel enters an interrupt routine. During this routine,
the channel activates the ‘interrupt request’ signal to the
CPU interface. Upon receipt of an ‘interrupt response’
signal, the channel stores the CSW at main storage address
64 (decimal) and sends the proper condition code and the
unit address register contents to the CPU interface. Upon
completion of the CSW store operation, the channel
deactivates the ‘interrupt request’ signal and resumes polling
operations; i.e., the channel is prepared to perform other
1/O operations.

Detailed Logout Operations

Detailed logout operations are shown in flowchart form in
Diagram 8-14. Diagram 8-15 shows the logout control
logic in positive logic form. For simplicity, the routines
performed during logout operation are described separately
in the following paragraphs.

Logout on Machine Check

o LOG ON MACH CHK switch on, AUTO/TEST switch
to AUTO, ‘channel control check’ or ‘interface control
check’ detected; ‘machine check’ signal activated.

e ‘Interface control check’ signal turns on ‘suppress out’
latch and causes 6-usec ‘interface reset’ signal; attached
I/O devices are reset.

Assume that: (1) the LOG ON MACH CHK switch is on
(Diagram 8-3); (2) the ‘start I/O’ latch or ‘test I/O’ latch

is on (Diagram 8-15); and (3) an interface control check or
channel control check condition has been detected by the
channel (Diagram 8-14).
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An interface control check condition turns on the
channel ‘interface control check’ latch. The active output
of the latch then raises the channel ‘machine check’ signal
and also triggers a 300-ns singleshot to produce an ‘interface
control check SS’ signal. The ‘interface control check SS’
signal turns on the ‘suppress out’ latch. The resulting
‘suppress out’ signal is sent to the I/O interface to halt
operations in buffered I/O devices, and prevents generation
of the ‘machine reset’ signal within the channel. When the
‘interface control check SS’ signal falls, the channel
generates a 6-uséc ‘interface reset’ signal; this causes the
‘operational out’ signal to the I/O interface to fall and, thus,
causes the attached control units to perform a reset opera-
tion.

A detected channel control check condition (Diagram
8-14) turns on the ‘channel control check’ latch. The
active output of this latch activates the ‘machine check’
signal.

Stop Channel Operations, Activate Interrupt Request Signal

e If LOG ON MACH CHK switch is off, logout operation
is not performed; normal sequence 5 ends operation
due to ‘machine check’ signal.

e LOG ON MACH CHK switch on and AUTO/TEST to
TEST; channel operations stop and no logout performed.

o LOG ON MACH CHK switch on and AUTO/TEST switch
to AUTO; ‘machine check’ signal raises ‘stop’ signal
(assuming to block-stop conditions are present).

e ‘Stop’ signal is on, ‘log wait interrupt’ latch turns on,
‘interrupt request’ signal activated; channel clock
prevented from stepping, turning on or turning off.

e Initiation of channel operations other than logout are
inhibited.

® ‘Storage request’ latch must be off before log operations
can begin.

If the LOG ON MACH CHK switch is off, a logout opera-
tion is not performed. Instead, the channel enters a normal
sequence 5 routine. In this case, an ‘interrupt request’
signal is sent to the CPU interface to store the CSW and
present the proper condition code and unit address register
contents to the CPU interface.

If the LOG ON MACH CHK switch is on and the AUTO/
TEST switch is in TEST, the ‘machine check’ signal raises
the ‘stop’ signal, halting channel operations, However, since
the channel is in the test mode, the logout operation is not
performed and the channel remains stopped until reset. If
the AUTO/TEST switch is in AUTO and no block-stop



conditions are present in the channel, the channel ‘stop’
signal is activated. Block-stop conditions are those con-
ditions which prevent channel operations from stopping
upon detection of a machine check condition, and include:
(1) FLT mode operation, (2) an active ‘CPU interrupt
response’ signal in channel at the time the machine check
condition is detected, (3) the channel has an interrupt
pending {“interrupt’ latch is on), or (4) a program-con-
trolled interrupt is in the channel (PCI latch on).

With the “stop’ signal active, block-stop conditions which
may be received by the channel after the ‘stop’ signal is
activated are inhibited. In addition, the ‘stop’ signal
performs the following functions: (1) inhibits generation of
the ‘interface reset’ and ‘machine reset’ signals to prevent
a change in channel status; (2) turns on the ‘log wait
interrupt’ latch to activate the ‘interrupt request’ signal
to the CPU interface; (3) prevents the channel clock from
stopping, turning on, or turning off, depending upon clock
status at the time of the machine-check condition was
detected. (If the clock is stepping, the ‘stop’ signal may or
may not prevent the clock from generating the next clock
timing signal; this depends upon the time factor involved
in activating the ‘stop’ signal as well as the time elapsed
since generation of the current clock signal.); and (4) latches
the ‘service out’ or ‘command out’ latch if either of these
signals is active at the time the ‘stop’ signal is activated.

Turn-on of the ‘log wait interrupt’ latch (Diagram 8-15),
in addition to activating the ‘interrupt request’ signal:

(1) inhibits gating of the unit address register contents to
the CPU interface ‘unit address bus out’ lines; (2) prevents
initiaition of channel operations should a “start 1/O’; “test
1/, or ‘halt I/O’ signal be received by the channels; and
(3) prevents generation of a “CPU release’ signal to the CPU
interface. The ‘log wait interrupt’ latch remains on until
logout operation is complete.

If the channel is engaged in accessing storage when the
‘stop’ signal is activated (the ‘storage request’ latch is on),
the logout operation cannot proceed until the storage cycle
is complete (Diagram 8-14). If the ‘storage request’ latch
is off, the ‘stop gated’ signal is activated and the channel
begins the store log word 1 operation.

Store Log Word 1

® ‘Stop gated” signal plus ‘start 10 latch’, ‘test I/O latch’,
or ‘interrupt response’ signal turns on ‘log 1’ latch.

® ‘Log 1’ signal enables SAB P2, 18, and 19 gates, and
gates log word 1 bit to SB1 gating logic.

o ‘Interrupt storage request’ latch turns on; ‘storage request’
signal to BCU interface rises.

e ‘On log’ trigger turns on:
1. Inhibits ‘Z address’ latch turn-on.
2. Inhibits ‘storage data check’ and ‘storage address
check’ signals.
3. Activates all mark-A register bits.
4. Activates ‘force storage protect parity’ signal.
5. Enables SAB PO and 15 gates.

o Channel receives ‘BCU response’ signal; address 304,
mark bits, storage protect key, and ‘store’ signal gated
to BCU interface.

o Channel receives ‘BCU data request’ signal; log word 1
bits gated to SBI lines.

e Channel receives ‘accept’ signal; ‘accept’ latch turns on;
‘interrupt storage request’ latch turns off.

@ Channel receives ‘BCU advance pulse’ signal.

The store log word 1 operations (Diagram 8-14) begin
immediately after the ‘stop gated’ signal is activated if the
‘test I/O’ or ‘start I/O’ latches are on. If neither of these
latches is on, the channel awaits receipt of the ‘interrupt
response’ signal from the CPU interface before continuing
the store log word 1 operation. When the ‘start IO, ‘test
1/O’, or ‘interrupt response’ signal turns on the ‘log 1’
latch, the resulting ‘log 1’ signal enables the SAB P2, 18,
and 19 gates; these enabled gates form a portion of address
304 (decimal) at which log word 1 is to be stored. The
‘log 1’ signal also gates the log word 1 contents to the SBI
gating logic and triggers a 110-ns singleshot to produce a
signal which turns on the ‘interrupt storage request’ latch.
With this latch on, the ‘storage request’ signal to the BCU
interface is activated. The ‘log 1’ signal also activates the
‘log 1 or log 2’ signal which turns on the ‘log’ trigger. The
‘on log’ output of the ‘log’ trigger performs the following
functions: (1) inhibits turn on of the ‘Z address’ latch to
prevent address 64 from being gated to the SAB; (2) inhibits
the ‘storage data check’ and ‘storage address check’ signals
(from the BCU interface) in the channel to prevent the
channel from recognizing these conditions should they
occur; (3) activates all mark-A register bits so that all bytes
of the log words will be stored; (4) activates the ‘force
storage protect parity’ signal so that a storage protect key of
all zeros with correct parity can be gated to storage; and
(5) enables the SAB PO and 15 gates to form the remainder
of address 304 (these gates remain enabled for all three log
words to form a portion of addresses 304, 312, and 320.)
When the channel receives the ‘BCU response’ signal,
enabled SAB gates PO, P2, 15, 18, and 19 are gated, and
address 304 is placed on the BCU interface SAB lines. In
addition, the mark-A register bits are gated to the mark lines,
a storage protect key of all zeros with correct parity to the
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storage protection lines and the ‘store’ signal is activated.
When the channel receives the ‘BCU data request’ signal,
the log word 1 bits are gated to the BCU interface SBI lines
for placement in main storage.

The channel then awaits the ‘accept’ signal from the
BCU interface, indicating that the storage cycle has began.
The ‘accept’ signal turns on the ‘accept’ latch, and turns off
the ‘interrupt storage request’ latch to deactivate the BCU
interface ‘storage request’ signal, The channel subsequently
receives the ‘BCU advance pulse” signal, indicating that log
word 1 has been stored. With the receipt of the ‘BCU
advance pulse’ signal, the store log word 1 operation is
complete.

Store Log Word 2
o ‘Late advance pulse’ signal turns on ‘log 2’ trigger.
o ‘Log 1’ trigger turns off.

e ‘Log 2’ signal gates log word 2 bits to SBI gating logic,
enables SAB 20 gate, and turns on ‘interrupt storage
request’ latch; ‘storage request’ signal rises.

o ‘Log 1 or 2’ signal enables SAB 18 and 19 gates.

o Channel receives ‘BCU response’ signal:
1. Address 312 (decimal) gated to SAB.
2. Mark bits, all-zeros storage protect key, and ‘store’
signal are gated to BCU interface.

o Channel receives ‘BCU data request’ signal; log word 2
bits gated to SBI lines.

o Remainder of operation identical to store log word 1
operation.

The store log word 2 operations begin when the ‘late
advance pulse’ signal (delayed from the ‘BCU advance pulse’
signal) turns on the ‘log 2’ trigger and turns off the ‘accept’
latch. The ‘log 2’ signal turns off the ‘log 1” trigger to degate
the log word 1 bits from the SBI gating logic and disable the
SAB P2 gate. The ‘log 2’ signal gates the log word 2 bits
(Table 6-2) to the SBI gating logic, raises the ‘log 1 or 2’
signal to enable the SAB 18 and 19 gates, and enables the
SAB 20 gate. The ‘log 2’ signal is also OR’ed to turn on the
‘interrupt storage request’ latch. As in store log word 1
operation, the channel receives a ‘BCU response’ signal. This
signal gates address 312 (decimal) to the SAB lines, activates
the ‘address valid’, and gates the mark bits, storage protect
key, and ‘store’ signal to the BCU interface. Subsequently
the ‘BCU data request’ signal gates the log word 2 bits to the
SBI for storage in main storage. The remainder of the store
log word 2 operation is as described for the store log word 1
operation.
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Store Log Word 3
e ‘Advance pulse’ signal turns on ‘log 3’ trigger.
e ‘Log 2’ trigger turns off.

e ‘Log 3’ signal enables SAB 17 gate and gates log word
1 bits to SBI gating logic.

e ‘Interrupt storage request’ latch turns on; ‘storage
request’ signal to BCU interface rises.

e Channel receives ‘BCU response’ signal:
1. Address 320 (decimal) gated to SAB,
2. Mark bits, all-zeros storage protect key, and ‘store’
signal gated to BCU interface.

o Channel receives ‘BCU data request’ signal; log word 2
bits gated to SBI lines.

e Remainder of operation identical to store log word 1
operation.

The store log word 3 operation (Diagram 8-14) begins when
the ‘advance pulse’ signal (delayed from the ‘BCU advance
pulse’ signal) turns on the ‘log 3’ trigger and turns off the
‘accept’ latch. The ‘log 3’ signal then turns off the ‘log 2
trigger to disable the SAB 18, 19, and 20 gates and degate
the log word 2 bits from the SBI gating logic. In addition,
the “log 3’ signal: (1) is OR’ed to turn on the ‘interrupt
storage request’ latch, thus raising the ‘storage request’
signal to the BCU interface; (2) gates the log word 3 bits
(Table 6-2) to the SBI gating logic; and (3) enables the
SAB 17 gate.

When the channel receives the ‘BCU response” signal,
address 320 decimal is gated to the SAB lines, the mark bits
are gated to the mark lines, the storage protect key is gated
to the storage protection lines, and the “store’ signal is gated
to the store line. ‘

Subsequently, the ‘BCU data request’ signal gates log
word 3 to the SBI lines for storage in main storage. The
remainder of the store log word 3 operation is as described
for log word 1 operation.

End Logout

® ‘Raw advance SS’ signal turns off ‘accept’ latch and
‘log 3’ trigger.

e ‘Storage cycle complete’ signal turns on ‘log stop’ latch.

e ‘Log’ trigger turmns off.



- @ ‘Stop’ signal drops.
® ‘Sequence 5’ latch turns on (if not already on).
e ‘Interrupt status’ signal activates.
e ‘Interrupt’ latch turns on.

e Channel resumes operations to end operation in
progress when machine check condition is detected.

@ Sequence 5 routine followed by interrupt routine to
store CSW and send condition code, unit address, and
‘release’ signal to CPU interface.

e Channel polling; ready to perform new 1/O operation.

The end-logout operations begin when the ‘raw advance
SS’ signal (delayed from the BCU advance pulse’ signal)
turns off the ‘accept’ latch and the ‘log 3’ trigger. The
channel then activates the ‘storage cycle complete’ signal
(delayed from the ‘BCU advance pulse’ signal) to turn on
the ‘log stop’ latch. The resulting ‘degate stop’ signal
turns off the ‘log’ trigger, deactivating the SAB PO and 15
gates, the mark-A register bits, and the ‘force storage
protect parity’ signal. In addition, the ‘degate stop’ signal
causes the ‘stop’ signal to deactivate, allowing the channel
to resume operations to end the operation that was in
progress when the machine check condition was detected.
The “degate stop’ signal is also supplied to the ‘sequence 5’
latch to turn this latch on if the latch is off, and activates
the ‘interrupt status’ signal.

The ‘interrupt status’ signal turns off the ‘chain
command’ latch (if on) and inhibits the ‘suppress out fast’
and ‘on jump command sequence 5 signal. In addition, the
‘interrupt status’ signal enables activation of the ‘turn on
interrupt end’ signal which turns on the ‘interrupt’ latch.
With the channel ‘sequence 5’ latch on, operations during
the sequence 5 routine depend upon the operating con-
dition of the channel at the time the machine check con-
dition was detected. When the sequence 5 routine is
complete, the channel enters the interrupt routine. Upon
receipt of an ‘interrupt response’ signal from the CPU
interface, the channel stores the CSW at main storage
location 64, and sends the appropriate condition code to
the CPU interface along with the unit address register
contents. With the CSW stored, the channel resumes polling
operations and is ready to perform further I/O operations.

CHANNEL DIAGNOSTICS

o CPU diagnose instructions control channel diagnostic
operations.

o Diagnose instructions:
1. Allow channel to store bytes with incorrect parity
in main storage.
2. Check the channel parity checking logic.

® MCW bits 0-2 (with 7 on) select specific channel for
diagnostic operations (‘diagnose select channel’ signal).

o MCW bit 3 activates ‘reverse byte count parity’ signal.
o MCW bit 4 activates ‘reverse byte count parity’ signal.

o MCW bit 5 activates ‘block storage data check’ signal.

Channel diagnostic operations are controlled by the CPU
diagnose instructions in those System/360 models having
diagnostic capabilities. Diagnostic control signals from the
CPU interface control the channel diagnostic operations.
The channel diagnostic control signals perfrom two
functions: (1) allow the channel to store bytes in main
storage with incorrect parity, and (2) test the channel parity
checking logic.

Figure 6-7 illustrates CPU diagnostic control of the
channel. The CPU diagnose instruction performs dynamic
tests on the selector channel by activating bits in the
maintenance control word (MCW) register and by issuing
start I/O instructions to perform specific channel opera-
tions. The MCW bits in the register can be activated or
changed only by the diagnose instruction. Diagnostic lines
to the channel are under direct control of the MCW. Once
a diagnostic control line becomes active, the line remains
active until another diagnose instruction is executed to
change the MCW bits.

The diagnostic lines from the CPU to the channel
(Figure 6-7), the MCW derivation of each, and the function
performed by each in the channel are as follows. One of
six simplex ‘diagnose select channel” signals is activated to
select a specific channel. The specific ‘diagnose select
channel’ line activated is determined by the bit values of
MCW bits 0~2; MCW bit 7 must be active for the CPU to
decode MCW bits 0-2. In the channel, the ‘diagnose select
channe!’ line gates other diagnostic control signals into the
channel, inhibits access to the control units on the I/O
interface, and enables the simulate I/O test logic. With the
simulate I/O test logic enabled, start I/O operations initiated
by the diagnose instruction use the simulate interface register
and simulate 1O test logic to perform the diagnostic opera-
tions.

The multiplex ‘reverse data parity’ signal is activated
when MCW bit 3 is active. In the channel, the ‘reverse
data parity’ signal reverses the parity bit from the inter-
face control register during read operations and inhibits
the bus-in parity checking logic.
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Figure 6-7. Channel/CPU Diagnostic Control

The ‘reverse byte count parity’ signal is active when
MCW bit 4 is active. In the channel, the ‘reverse byte

count parity’ signal reverses the byte-count parity bit
during byte count update operations. When update is

complete, the byte counter contains even (incorrect) parity.

MCW bits 3 and 5 must be off for the ‘reverse byte count’
signal to perform the above functions.

The ‘block storage data check’ signal is active when
MCW bit 5 is active. In the channel, the ‘block storage
data check’ signal inhibits the ‘SBI parity check’ logic and
the ‘storage data check’ signal from main storage. This
permits the channel to store bytes from the A-register with
incorrect parity into main storage during read operations.

If the ‘reverse data parity’, ‘block storage data check’
and ‘reverse byté count parity’ signals are active simulta-
neously, channel adder parity checks are inhibited during
a command address, data address, or count update opera-
tion, and the byte count parity is not affected by the
‘reverse byte count parity’ line. Usually, this situation is
used during the diagnose instruction when a CCW is fetched
by the channel with bad parity in the data address field;
the bad parity data address is then updated and used to
access main storage. In this case, the channel should
receive a ‘storage address check’ signal which turns on the
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‘channel control check’ latch to indicate storage detection
of the forced error.

Diagnose instruction operations and the results of the
operation are printed out for use by the CE as a mainte-
nance aid in determining whether the expected results of the
operation were obtained. If the results are not as expected,
the printout should aid the CE in isolating malfunctions to
specific areas of the channel, CPU, or main storage.
Channel tests performed by the diagnose instruction are
described in the following paragraphs. Diagram 8-15,
FEMDM is referenced throughout the discussion.

Enable Diagnose Operations

o ‘Diagnose select channel’ signal enables channel to
perform diagnostic operations.

e ‘Diagnose simulate interface’ latch turns on to enable
simulate I/O test logic and disable I/O interface.

o ‘Diagnose select channel’ signal is deactivated when
diagnostic operations are complete.



Channel diagnostic operations are enabled by an active
‘diagnose select channel’ signal (Diagram 8-15) from the
CPU interface. This signal is AND’ed with the ‘not simulate
CPU’ level (channel is on-line to the CPU). The “‘diagnose
select channel” AND output enables the AND’s receiving
the ‘block storage check’, ‘reverse data parity’, and
‘reverse byte count parity’ lines. In addition, the AND’ed
‘diagnose select channel’ signal is further AND’ed with the
‘setup’ and ‘not operational in’ or ‘status in’ signals to turn
on the ‘diagnose simulate interface’ latch. The ‘diagnose
simulate interface’ signal is OR’ed to activate the ‘simulate
interface’ signal. The latter activates the simulate I/O test
logic and inhibits I/O interface input and output signals.
This permits the channel to use the simulate interface
register to perform I/O operations without access to the
attached control units. For a description of the simulate
interface register and associated test logic operations, refer
to Section 1 of this chapter. When the diagnostic opera-
tions are complete, the ‘diagnose select channel’ line is
dropped, and the ‘diagnose simulate interface’ latch is turned
off.

Channel Diagnostic Operations

Operations performed by the channel under diagnostic
control are described separately below. For details of the
diagnose instruction implementation and diagnose instruc-
tion variations not described in the following paragraphs,
refer to the appropriate programming document for the
System/360 Model in question.

Store Incorrect Parity Bytes
o ‘Start I/O’ instruction specifies write operation.

o Correct parity bytes transferred to simulate interface
register.

® ‘Block storage data check’ and ‘reverse data parity’
signals activated.

e Start I/O instruction specifies write operation.

e Parity from simulate interface register is reversed;
bus-in parity check disabled.

e SBI parity checks disabled; A-register bits gated to SBI;
‘storage data check’ signal blocked in channel.

o Incorrect parity bytes are stored in storage.

Incorrect parity bytes are loaded into main storage by the
channel under diagnostic control to test error-detection

capabilities of main storage and the CPU. Under diagnostic
control, the channel is instructed by a Start I/O instruc-
tion to perform a write operation. During the write opera-
tion, correct parity bytes are transferred into the simulate
interface register, and the last byte written is retained by
the register. The ‘block storage data check’ and ‘reverse
data parity’ signals are then activated (Diagram 8-16), and
the channel is instructed (via a Start /O instruction) to
perform a read operation.

The ‘reverse data parity’ signal is applied to the output
logic associated with the simulate interface register and
reverses the parity bit from the register each time a byte
is transferred to the bus-in lines. To prevent the channel
bus-in parity checking logic from detecting incorrect
parity during the transfer, the ‘reverse data parity’ signal
inhibits the bus-in parity checking logic. During the read
operations, bytes are assembled in the B-register and
transferred to the A-register as during a normal read opera-
tion.

The ‘block storage data check’ signal performs three
principal functions: (1) inhibits channel recognition of
an SBI parity check condition which would normally be
detected to turn on the ‘channel data check’ latch when
incorrect parity bytes are gated from the A-register to the
SBI logic; (2) enables gating of the A-register parity bits
to the SBI lines for storage, rather than the parity bits
generated by the SBI parity generating logic; and
(3) prevents the ‘storage data check’ signal, generated when
main storage detects the incorrect parity bytes, from
setting the ‘channel data check’ latch. With the channel
logic conditioned by the ‘block storage data check’ and
‘reverse data parity’ signals as described, the channel can
store incorrect parity bytes without interrupting channel
operations because of a detected parity check error.

Storage Protection Parity Check Test

® ‘Block storage data check’ signal blocks ‘storage data
request’ signal in channel.

e Start I/O instruction causes CAW fetch with incorrect
parity in storage protect key.

e Key bits gated to storage protect register; register
parity check logic detects parity error.

@ ‘Channel control check’ latch is set.

The channel storage protect register parity-checking logic
can be tested under diagnostic instruction control. To
perform the test, the channel receives an active ‘block
storage data check’ signal and a Start I/O instruction.
The CAW fetched by the channel for the start I/O opera-
tion contains a storage protect key with incorrect parity.
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Since main storage will activate the ‘storage data check’
line when the incorrect parity CAW is fetched, the ‘block
storage data check’ signal (Diagram 8-15) prevents the
‘storage data check’ signal from turning on the ‘channel
control check’ latch. When the storage protect key is
gated into the storage protect register, the register
storage protection parity check logic detects the incorrect
parity and turns on the ‘channel control check’ latch.
This causes the channel to enter a sequence S routine
followed by an interrupt routine to store the CSW. The
‘channel control check’ bit should be on in the CSW.

Flag Register Parity Check Test

o ‘Block storage data check’ signal blocks ‘storage data
check’ signal in channel.

e Start I/O instruction causes CCW fetch with incorrect
parity in flag field.

o Flag bits gated to flag registers; when sampled,
register parity check logic detects incorrect parity.

@ ‘Channel control check’ latch is turned on.

The channel flag register parity-checking logic can be
tested under diagnostic instruction control. To perform
the test, the channel receives an active ‘block storage data
check’ signal and a Start I/O instruction. The CCW
fetched by the channel for the start I/O operation contains
a flag field with incorrect parity. Since main storage will
activate the ‘storage data check’ signal when the incorrect
parity CCW is fetched, the ‘block storage data check’
signal (Diagram 8-15) prevents the ‘storage data check’
signal from turning on the ‘storage data check’ latch.
When the flag bits are gated into the flag register and
later sampled, the incorrect parity is detected, and the
‘channel control check’ latch is turned on. The channel
enters a sequence 5 routine followed by an interrupt
routine to store the CSW,

Adder Parity Check Test

e ‘Block storage data check’ signal blocks ‘storage data
check’ signal at channel.

e Start I/O instruction causes CCW fetch with incorrect
parity in count or data address field.

@ When count or data address is updated, adder parity
checking logic detects parity error.

o ‘Channel control check’ latch is turned on.
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e Three Start I/O instructions are necessary to examine
each eight-bit adder group separately.

The channel adder parity-checking logic can be tested
under diagnostic instruction control. To perform the test,
the channel receives an active ‘block storage data check’
signal and a Start I/O instruction. The CCW fetched by the
channel for the start I/O operation contains incorrect
parity in the count or data address field. Since main
storage will activate the ‘storage data check’ signal when
the incorrect parity CCW is fetched, the ‘block storage data
check’ signal (Diagram 8-15) prevents the ‘storage data
check’ signal from turning on the ‘channel control check’
latch. When the count or data address is updated by the
adder, the adder parity checking circuits detect the
incorrect parity and turn on the ‘channel control check’
latch. The channel then enters a sequence 5 routine
followed by an interrupt routine to store the CSW with

the ‘channel control check’ bit on in the channel status
byte. Since the adder parity-check logic examines three
8-bit groups individually, three separate Start I/O instruc-
tions are required if each byte is to be tested individually.

Bus-Out Parity Check Test

e ‘Block storage data check’ signal blocks ‘storage data
check’ signal in channel.

e Start I/O instruction causes write operation with
incorrect parity in bytes.

e Bus-out parity checking logic detects incorrect parity
as bytes are transferred through bus-out latches.

@ ‘Channel data check’ latch turned on.

The channel bus-out parity checking logic can be tested
under diagnostic instruction control. To perform the

test, the channel receives an active ‘block storage data
check’ signal and a Start I/O instruction specifying a write
operation. At least the last data byte of the write opera-
tion must contain incorrect parity. Since main storage will
activiate the ‘storage data check’ signal when incorrect data
parity is detected, the ‘block storage data check’ signal
(Diagram 8-15) prevents the ‘storage data check’ signal
from turning on the ‘channel data check’ latch. During

the write operation, the bus-out parity checking logic should
detect the incorrect parity and turn on the ‘channel data
check’ latch. Upon completion of the write operation, the
channel enters a sequence 5 routine, followed by an
interrupt routine to store the CSW with the ‘channel data
check’ bit on. The simulate interface register should also
contain a byte with incorrect parity.



Bus-In Parity Check Test

@ ‘Block storage data check’ signal blocks ‘storage data
check’ signal and ‘SBI parity check’ signal at channel.

e Start I/O instruction causes write operation with bad
parity bytes; last bad parity byte retained by simulate
interface register.

e Start I/O instruction causes read operation; bus-in parity
checking logic should detect incorrect parity in byte
from simulate interface register.

e ‘Channel data check’ latch is turned on.

The channel bus-in parity checking logic can be tested
under diagnostic instruction control. To perform the test,
the channel receives an active ‘block storage data check’
signal and a Start I/O instruction specifying a write opera-
tion. Data bytes received from main storage must have
incorrect parity. Since main storage will activate the
‘storage data check’ signal when incorrect data parity is
detected, the ‘block storage data check’ signal (Diagram
8-15) prevents the ‘storage data check’ signal from turning
on the ‘channel data check’ latch. Since the write opera-
tion is followed by a Start IO instruction specifying a
read operation, the ‘block storage data check’ signal also
prevents the ‘SBI parity check’ signal from turning on the
‘channel data check’ latch. During the read operation,
the incorrect parity byte in the simulate interface register
is transferred through the bus-in latches; the bus-in parity
checking logic should detect the incorrect parity and turn
on the ‘channel data check’ latch. At the end of the read
operation, the channel enters the sequence 5 routine
followed by an interrupt routine to store the CSW with
the ‘channel data check’ bit on.

Storage Bus-In Parity Check Test

e Start I/O instruction causes write operation with
correct parity bytes; last byte retained by simulate
interface register. .

® ‘Reverse data parity’ signal reverses parity bit in byte

from simulate interface register and inhibits bus-in
parity checking logic.

o Start I/O instruction causes read operation.

@ SBI parity-checking logic detects parity error as byte
is stored.

e The eight SBI parity checking circuits can be individually

tested by eight Start I/O instructions specifying read
operation, specifying count of 1 byte, and varying
three low-order data address register bits (DAB) to
specify a different byte each time.

@ ‘Channel data check’ latch turns on for each of the

eight read operations.

The channel storage bus-in (SBI) parity checking logic can
be tested under diagnostic instruction control. To perform
the test, the channel receives a Start I/O instruction
specifying a write operation. Data fetched from storage
must have correct parity, and the last byte written is

stored in the simulate interface register. The channel then
receives an active ‘reverse data parity’ signal (Diagram 8-15)
and a Start I/O instruction, causing a CCW to be fetched
which specifies a read operation and a count field of one
byte. During the read operation, the ‘reverse data parity’
signal reverses the parity bit of the byte transferred to the
B-register and inhibits the bus-in parity checking logic.
When the byte is transferred to the A-register and gated to
the SBI, the SBI parity-checking logic detects the incorrect
parity and generates an SBI parity check signal to turn on
the ‘channel data check’ latch. The channel then enters a
sequence 5 routine followed by an interrupt rotuine to
store the CSW with the ‘channel data check’ bit on. Since
there are eight SBI bytes, the parity-checking logic for each
byte can be tested by repeating the described start I/O

read operation eight times; this is accomplished by specifying
a count of one and varying the three low-order bits (DAB)
of the data address register to specify individual bytes 0—7.
For each start 1/O operation, only one byte with incorrect
parity is tested; further, a different byte is tested for each
operation.

Storage Address Check Test
® ‘Reverse data parity’, ‘block storage data check’, and
‘reverse byte count parity’ signals inhibit adder parity

checks.

@ ‘Start I/O’ signal causes CCW fetch with incorrect parity
data address.

o Channel updates data address; incorrect parity
maintained.

o Data address register contents gated to SAB on storage

access.
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e Storage detects address parity error; sends channel
‘storage address check’ signal.

o ‘Channel control check’ latch is turned on.

The diagnose instruction may be used to test the address
parity checking circuits in main storage. To perform this
test, the channel receives the ‘reverse data parity’, ‘block
storage data check’, and ‘reverse byte count parity’
signals. In addition, the channel receives a Start I/O
instruction, causing the channel to fetch a CCW with
incorrect parity in the data address field. The three active
diagnostic signals (Diagram 8-15) are AND’ed to inhibit
the ‘adder parity check’ signal; this allows the channel to
update and gate the data address to main storage without
the ‘channel control check’ latch being turned on by a
detected adder parity check condition. (With the ‘adder
parity check’ signal inhibited, the ‘reverse byte count
parity’ signal is inhibited from reversing the byte count
parity bit.) When address parity checking logic in main
storage detects the incorrect parity, the ‘storage address
check’ signal to the channel is activated and the ‘channel
control check’ latch is turned on. The channel then enters
a sequence 5 routine, followed by an interrupt routine

to store the CSW with the ‘channel control check’ bit on.

Byte Count Parity Check Test

@ Start I/O instruction causes CCW fetch specifying read
or write operation.

e ‘Reverse byte count parity’ signal causes incorrect byte
count parity to be generated.

@ Byte count parity-checking logic detects parity error.
@ ‘Channel control check’ latch is turned on.

The channel byte count parity-checking logic can be
tested under diagnostic instruction control. To perform

the test, the channel receives a Start I/O instruction, causing

the channel to fetch a properly formatted CCW specifying
a read or write operation. The channel then receives an
active ‘reverse byte correct parity’ signal (Diagram 8-15),
which causes even (incorrect) byte counter parity to be
generated during the change-byte-count operation. The
byte count parity-check logic should detect the parity
error and turn on the ‘channel control check’ latch. The
channel then enters a sequence 5 routine, followed by an
interrupt routine to store the CSW with the ‘channel con-
trol check’ bit on.

6-52 (5/68)

ERROR-CHECKING CONDITIONS

e Seven check conditions detected by channel:
. channel control check

. interface control check

. channel data check

. storage protect check

. chain check

program check

. unit check

NO AW

e For initial selection routine, channel control check,
interface control check, program check, and unit check
conditions can be detected:

1. LOG ON MACH CHK switch on, auto mode, and
channel control check or interface control check
condition cause logout, then CSW store, CC code,
unit address, and ‘release’ signal to CPU interface.

2. LOG ON MACH CHK switch off, auto mode, and
any of the four check conditions cause CSW store,
and CC1 and ‘release’ signal to CPU interface.

e For channel operation, any of the seven check con-
ditions can be detected:

1. LOG ON MACH CHK switch on, auto mode, and
channel control check cause ‘interrupt request’
signal to activate, followed by logout operations,
then CSW store and CC, unit address, and ‘release’
signal to CPU interface.

2. LOG ON MACH CHK switch off, auto mode, and
any of the seven check conditions (except data
check) activate ‘interrupt request’ signal to CPU
interface; when ‘interrupt response’ signal is received,
CSW is stored, and ‘release’ signal is sent to CPU
interface.

e Data check condition allows read or write operation to
complete, but breaks command chaining if indicated.

Channel check conditions identify the operational area in
which an error is detected during a channel operation. In
most cases, the detected check condition immediately
terminates the operation in progress. The channel detects
seven different check conditions: (1) channel control
check, which in general is activated when the channel
detects an error within the channels control logic; (2) inter-
face control check, which is activated when an invalid I/O
interface signal or sequence is detected; (3) channel data
check, which is activated as a result of a data parity error
during channel controlled data transfers; (4) storage protect
check, which is activated by a storage protect key mismatch
in main storage (channel may have sent an improper storage



protect key to storage for the storage location being
accessed); (5) chain check, which is activated during read
or read chain data operations when the I/O device presents
data faster than the channel can handle it; (6) program
check, which is activated when the channel detects a pro-
gramming error during channel operations; and (7) unit
check, which originates in the I/O device or control unit
and is presented to the channel in the control unit status
byte.

Channel operations upon detection of a check con-
dition are shown in simplified form in Figure 6-8.
Operations performed depend upon whether the channel
is performing an initial selection routine or has com-
pleted the routine and is engaged in an operation. If the
channel is performing an initial selection routine, only
four check conditions are possible: channel control check,
interface control check, program control check, and unit
check. If a channel control check or interface control
check condition is detected with the LOG ON MACH CHK
switch on (channel in auto-mode operation), channel
operations are stopped to reflect the channel conditions at
the time the check condition was detected. Since the CPU
has not yet been released by the channel, the channel
immediately enters a logout operation to store three log
words in main storage. (See “Logout Operation.”) Upon
completion of the logout operation, the channel stores the
CSW at storage location 64 and sends a condition code,
unit address, and ‘release’ signal to the CPU.

Assume the LOG ON MACH CHK switch is off, and a
channel control check, interface control check, program
check, or unit check condition is detected during the
initial selection routine. Since the channel has not yet
released the CPU, the channel immediately enters a
sequence to store the two CSW bytes at main storage
location 64. Following the store CSW sequence, the
channel sends condition code 1 to the CPU interface,
followed by a ‘release’ signal.

If the channel has completed the initial selection
routine and is engaged in a channel operation, any of the
seven check conditions (Figure 6-8) can occur. If a channel
control check or interface control check condition is
detected with the LOG ON MACH CHK switch on (channel
in auto-mode operation), channel operations are stopped,
an ‘interrupt request’ signal is sent to the CPU interface,
and the channel performs a logout operation. (See
“Logout Operation”.) Following the logout operation, the
channel stores the CSW at address location 64, and sends the
appropriate condition code, unit address, and ‘release’
signal to the CPU interface.

Assume that the LOG ON MACH CHK switch is off,
and the channel is in auto mode and performing an
operation. Excepting the data check condition, detection
of any check condition causes the channel to immediately
end the operation in progress. - The channel ends the
operation by entering a sequence 5 routine, activating the

‘interrupt request’ signal to the CPU interface, and waiting
for an “interrupt response’ signal from the CPU interface.
If a data check condition is detected during a read or
write operation, the operation continues to completion,
and the data check bit is active when the CSW is stored
during normal ending operations. If a chain command
operation is indicated when the data check condition is
detected, command-chaining operations are terminated at
the end of the read or write operation in which the data
check condition was detected.

Each of the check conditions is described separately
in the following paragraphs, with appropriate reference to
FEMDM diagrams.

Channel Control Check

e Turn-on of ‘channel control check’ latch activates
channel ‘machine check’ signal.

@ Logout operation performed if LOG ON MACH CHK
switch is on and channel is in auto mode.

o ‘Channel control check’ latch turned on by:

. Flag register parity check

. Storage protect register parity check

. Byte count parity check

. Bus-out parity check on command or address byte
. Adder parity check

. Storage address check

. Storage data check on a CAW or CCW fetch

N b W=

® ‘Machine check’ signal prevents turn-off of channel
clock (if on), prevents turn-on of ‘sequence 1’ latch,
resets ‘IPL sync’ latch (if on), and activates ‘command
reject or control check’ signal.

e ‘Command reject or control check’ signal inhibits and
enables channel signals to allow channel to perform
logout operation (if performed) and terminate current
channel operation.

e ‘Channel control check’ signal applied to SBI gate bit
45 for log word 1 storage (if performed) and CSW
storage.

® When CSW is stored during initial selection routine,
condition code 1, unit address, and ‘release’ signal are
sent to CPU interface; otherwise only ‘release’ signal is
sent.

The channel control check condition is detected as a
result of channel control parity errors (Diagram 2-1).
Detection of the check condition turns on the ‘channel
control check’ latch; in turn, the ‘channel control check’
signal raises the channel ‘machine check’ signal. Together,
the ‘machine check’ and ‘channel control check’ signals
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cause the channel to terminate the operation in progress.
Depending upon the positions of the LOG ON MACH
CHK and the AUTQO/TEST switches, the channel may or
may not perform a logout operation before performing the
normal sequence-5 ending routine.

Error conditions which turn on the ‘channel control
check’ latch are: (1) a flag register parity check; (2) a
storage protect register parity check; (3) a byte count
parity check; (4) a bus-out parity check with an address
or command byte on the bus-out lines; (5) an adder
parity check; (6) a storage address check detected by
storage as a result of bad parity in the address sent by the
channel; and (7) a storage data check detected by storage
during a CAW or CCW fetch operation. Diagram 2-1
illustrates the logic and signals which generate each of the
seven conditions which will turn on the ‘channel control
check’ latch. Note that detection of a storage address
check or storage data check condition also turns on the
‘storage check’ latch, (Refer to “Channel Data Check.”)

Assume that the ‘channel control check’ latch is turned
on and the channel is in auto mode. The ‘machine check’
signals enables the stop logic associated with the LOG ON
MACH CHK switch. If the switch is on, and no block-stop
conditions are present in the channel, the channel performs
a logout operation. (Refer to “Logout Operation.””) If
the switch is off, no logout operation is performed. In
addition, the ‘machine check’ signal: (1) inhibits the ‘read
or write and status in’ signal to prevent turn-off of the
channel clock and turn-on of the ‘sequence 1 latch;

(2) resets the ‘IPL sync’ trigger if on during an IPL opera-
tion; and (3) activates the ‘command reject or control
check’ signal. The ‘command reject or control check’

signal inhibits and activates channel signals associated with
the termination of the operation in progress when the
‘channel control check’ signal was detected. For details of
the functions performed by the ‘command reject or control
check’ signal, refer to Diagram 2-1. Exact signals enabled

or disabled depend upon the point in an operation at which
the ‘channel control check’ signal is detected. In general,
the ‘command reject or control check’ signal permits the
channel to end the operation in progress by entering a
sequence S routine followed by an interrupt routine to store
the CSW in main storage and send a ‘release’ signal to the
CPU interface. If the check condition is detected during the
initial selection routine, condition code 1 and the unit
address are also sent to the CPU interface.

The output of the ‘channel control check’ latch also
activates the ‘command reject or control check’ signal.
(This is redundant to activation of the signal by the ‘machine
check’ signal.) In addition, the ‘channel control check’
signal is applied to SBI gate bit 45 for storage in main
storage location 304 during store log word 1 operations (if
performed) or main storage location 64 during the CSW
store operation. The ‘channel control check’ signal also
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inhibits generation of the ‘gate SBO to A-register write’
signal to prevent gating of a data doubleword, if previously
requested, from storage into the A-register.

Interface Control Check

@ Turn-on of ‘interface control check’ latch activates
‘machine check’ signal.

o Logout operation performed if LOG ON MACH CHK
switch is on and channel is in auto mode.

@ ‘Interface control check’ latch turned on by:

1. Incorrect selection (wrong I/O device selected).

2. No response (device not reselected during chain
command operation).

3. Bus-in control parity check (parity error in address
or status byte on bus-in lines).

4, ‘Release’ signal not generated within 100.05 ms after
receipt of ‘CPU select channel’ signal.

5. ‘Operational in’ signal from control unit drops
before channel drops ‘select out’ signal. (Control
unit becomes unavailable while operating with
channel.)

@ ‘Machine check’ signal performs same functions as
when ‘channel control check’ signal is detected.

o ‘Interface control check’ signal applied to SBI gate bit
46 for log word 1 storage (if performed) and CSW
storage.

The interface control check condition is detected when an
error is detected during a sequence or operation involving
the I/O interface (Diagram 2-1, FEDM). Detection of the
check condition turns on the ‘interface control check’
latch; in turn, the ‘interface control check’ signal raises the
channel ‘machine check’ signal. Together, the ‘machine
check’ and ‘interface control check’ signals cause the
channel to terminate the operation in progress. Depending
upon the positions of the LOG ON MACH CHK and
AUTO/TEST switches, the channel may or may not perform
a logout operation before performing the normal sequence
5 ending routine.

Error conditions which turn on the ‘interface control

check’ latch are as follows (Diagram 2-1):

1. An incorrect selection condition which occurs during
an initial selection routine or chain command operation
when the unit address byte received from the I/O inter-
face does not match the unit address register contents.

2. A no-response condition which occurs during chain
command operations when the attempt to reselect the
I/O device is unsuccessful (‘select in’ signal activates).
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3. During an initial selection sequence, when the channel
does not send a ‘release’ signal to the CPU interface
within 100.05 ms after receipt of the ‘CPU select
channel’ signal. (Time delay times out; this check con-
dition is blocked for IPL and FLT operations.)

4. The channel detects a bus-in parity check with an address
or status byte on the bus-in lines.

5. The ‘operational in’ signal from the control unit drops
before the channel turns off the ‘select out’ latch.

In condition 5 above, the control unit becomes
unavailable for operation while performing an operation
with the channel; thus, the ‘interface control check’ latch
is turned on. Note that (Diagram 2-1), when the ‘opera-
tional in’ and ‘select out’ signals are active, the ‘remember
operational in’ latch is turned on. Should the ‘operational
in’ signal drop, the ‘remember operational in’ latch remains
on and inhibits the ‘select in’ logic within the channel.

This prevents the ‘select in’ signal, presented to the channel
as a result of the ‘operational in’ signal dropping, from
turning off the ‘select out’ latch. This allows the channel
time to set the ‘interface control check’ latch. The ‘inter-
face control check’ signal activates the ‘machine check’
signal, which in turn, performs the functions described in
“Channel Control Check” to terminate the operation in
progress. In addition, the ‘interface control check’ signal:
(1) turns off the ‘select out’ latch, if on; (2) inhibits
activation of the ‘turn-on select out setup’ signal to
prevent turn-on of the ‘select out’ latch; (3) enables turn-off
of the ‘service out end’ latch, if on; and (4) is presented to
SBI gate bit 46 for storage at address location 304 during

a logout operation (if performed) or for storage at address
location 64 during the CSW store operation.

Channel Data Check

o Channel data check condition allows read or write
operation to complete, but stops chain command opera-
tion if ‘chain command’ flag is active.

e In test mode with LOG ON MACH CHK switch on,
channel data check condition stops channel operations;
no logout operation is performed.

o ‘Channel data check’ latch turned on by:

1. SBI parity check when bad parity data is stored.

2. Bus-in data check when bad parity data byte is on
bus-in lines.

3. Bus-out data check when bad parity data byte is on
bus-out lines.

4, Storage data check when storage detects bad parity
in data stored or fetched by channel.

® ‘Storage check’ latch turned on by ‘storage data check’
or storage address check’ signals: latch output is available
at SBI gate 45 for storage in log word 3 of logout opera-
tion.

e ‘Channel data check’ signal prevents turn-on of ‘chain
command’ latch and enables turn-on of ‘interrupt end’
latch,

o ‘Channel data check’ signal applied to SBI channel
status gate bit 44 for CSW store.

A channel data check condition is detected as a result of a
data parity error detected while the channel is transferring
data (Diagram 2-2). Detection of a data check condition
turns on the ‘channel data check’ latch. During auto-mode
operations, turn-on of the ‘channel data check’ latch does
not interfere with the read or write operation in progress.
However, if a chain command operation is indicated
following the read or write operation, the ‘channel data
check’ signal inhibits the chain command operation.

Thus, a channel data check condition allows the read or
write operation (including chain data operations) to
continue to completion; at the end of the operation, the
‘channel data check’ bit is stored in the CSW. During
test-mode operations, detection of a channel data check
conditjon stops channel operations when the condition is
detected if the LOG ON MACH CHK switch is on. (Refer
to “Log on Machine Check Switch and Stop Control.”)

A logout operation is not performed and the channel
remains stopped until reset. If the LOG ON MACH CHK
switch is off, a detected channel data check condition
affects the channel in the manner described for auto-mode
operations.

Check conditions which turn on the ‘channel data check’
latch (Diagram 2-2) are: (1) an SBI parity check condition
detected when A-register data is gated to the SBI lines during
a read operation; (2) a bus-in data check condition when a
data byte with bad parity is on the bus-in lines; (3) a bus-
out data check condition detected when a data byte with
bad parity is on the bus-in lines; and (4) a storage data check
condition detected in main storage when data stored or
fetched by the channel has a parity error. The storage data
check condition, in addition to turning on the ‘channel
data check’ latch, also turns on the ‘storage check’ latch
(Diagram 2-2). This latch is also turned on by the ‘storage
address or storage data check’ signal that turns on the
‘channel control check’ latch. The output of the ‘storage
check’ latch is applied to SBI gate bit 45 for storage in
storage location 320 (decimal) during a store log word 3
sequence of a logout operation.

When the ‘channel data check’ latch is turned on, the
resulting latch output performs the following functions.
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If the channel is in test mode and the LOG ON MACH CHK
switch is on, the ‘channel data check’ signal enables
activation of the ‘stop’ signal. With the ‘stop’ signal active,
channel operations are stopped to reflect the condition of
the channel at the time the channel data check condition
was detected. If the LOG ON MACH CHK switch is off,
or the channel is in the auto mode, the ‘storage data check’
signal will not activate the ‘stop’ signal.

The ‘channel data check’ signal also activates the
‘interrupt status’ signal to prevent turn-on of the ‘chain
command’ latch if the chain command flag in the flag
register is active. This prevents a chain command operation
from being performed, and allows the read or write opera-
tion, during which the channel data check condition was
detected, to be terminated in the normal manner.
Activation of the ‘turn on interrupt end’ signal when the
‘sequence 5 latch is turned on is also enabled by the
‘channel data check’ signal. For the CSW store operation
performed when the read or write operation ends, the
‘channel data check’ signal is applied to SBI channel status
gate bit 44,

Storage Protect Check

@ Storage protect check detected in main storage when
storage protect key from channel does not match key
in main storage.

e Key mismatch causes storage to send ‘protect address
check’ signal to channel.

e Channel ‘storage protect check’ latch turns on.

e ‘Command reject or control check’ signal is activated
to terminate operation and cause CSW to be stored.

e ‘Storage protect check’ signal is applied to SBI channel
status gate bit 43 for storage in CSW.

The storage protect check condition is detected when the
channel accesses main storage and the storage protect key
sent by the channel does not match the accessed storage
protect key in main storage. (This check condition is
possible only when the channel is accessing a storage unit
which has the storage protection feature installed.) The
key in main storage is accessed from storage by specified
bits of the address on the SAB. If the two keys do not
match, the channel has attempted to access a protected
area of storage, and main storage activates the ‘protect
address check’ signal. (If the channel sends a master
storage protect key of all zeros with correct parity, no key
matching is performed and the ‘protect address check’
signal remains inactive.)

When the channel receives a ‘protect address check’
signal (Diagram 2-3), the ‘raw advance pulse’ signal
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(delayed from the ‘BCU advance pulse’ signal) AND’s to
turn on the ‘storage protect check’ latch. The latch output
is OR’ed to activate the ‘command reject’ signal. In turn,
the ‘command reject’ signal activates the ‘command reject
or control check’ signal (Diagram 2-1). This signal activates
and inhibits specific channel logic, causing the channel to
enter a sequence 5 routine followed by an interrupt routine
to store the CSW and send a ‘release’ signal to the CPU.
The ‘storage protect check’ signal (Diagram 2-3) is applied
to SBI channel status gate bit 43 for storage as part of the
CSW.

Chain Check

e ‘Chain check’ latch is turned on when control unit
supplies channel with data during read or read CDA
operations faster than channel can handle it.

e ‘Chain check’ condition during read operation results
when BC-equals-CTB condition cannot be detected on
last word data assembly.

@ During read CDA operations, chain check condition
results when channel is fetching new CCW and:

1. Channel has double-gated at least one doubleword
and DAB in new CCW specifies byte boundaries.

2. B-register contains more bytes than count in new
CCW specifies (count less than eight bytes; BC
greater than CTB).

3. A-register contains eight bytes, and count in new CCW
is less than eight.

4. A-register contains eight bytes; B-register contains
more bytes than count in new CCW specifies (count
less than 16 bytes; BC greater than CTB).

5. A- and B-registers are full and new CCW is not
established in channel.

6. A-register contains eight bytes, and DAB in new CCW
is not on doubleword boundaries.

7. A-register empty; B-register contains more than three
and less than eight bytes; DAB in new CCW is not on
doubleword boundaries.

¢ Turn-on of ‘chain check’ latch terminates operation;
causes sequence 5 routine and CSW store.

@ ‘Chain check’ signal stored in CSW via SBI gate bit 47.

A chain check condition is detected during a read or read
chain data (CDA) operation when the control unit supplies
data to the channel faster than the channel can handle it.
Detection of a chain check condition results in termination
of the operation in progress and storage of the CSW with
the ‘chain check’ bit on. Any detected chain check con-
dition results in turn-on of the ‘chain check’ latch
(Diagram 2-4).



For the read operation (not CDA), a chain check con-
dition results when the ‘last word’ trigger is on, the byte
count latches equal zero, and count register bits 21
through 23 'do not equal zero. This means that the last
doubleword is being gated into the B-register, that the last
byte position of the B-register contains a data byte, and
that the CTB in the count register is greater than the byte
count. (Recall that the BC-equals-CTB condition is
required to determine the last B-register byte position of
the read operation.) Since the B-register is not capable of
accepting further data bytes and the ‘last word’ signal
prevents the channel from assembling another doubleword,
the BC-equals-CTB condition cannot be detected. Thusa
chain check condition exists, and the ‘chain check’ latch
is turned on to indicate that the channel cannot handle the
data from the I/O device.

For read CDA operations, some conditions can occur
which cause a chain check condition. Recall that, for a
portion of a read CDA operation, the channel may be
receiving data from a control unit without control by a
CCW,; during this portion of the operation, the channel
is also fetching a CCW which will specify control of any
data bytes received by the channel. For the following
description of read CDA chain check conditions, refer
to Diagram 2-4 unless otherwise specified.

Assume that the ‘byte count register equals zero’
trigger is on. This means that the B-register and the three
low-order bits in the data address field of the new CCW
must specify either singleword or doubleword boundaries
(‘read DAB 4 or read backward DAB 3’ or ‘read DAB 0 or
read backward DAB 7’ signals, respectively). If single
or doubleword boundaries are not specified, the ‘read CDA
overrun’ signal is activated, OR’ed, then AND’ed to activate
the ‘turn on chain check’ signal. This signal turns on the
‘chain check’ latch.

Another chain check condition results when the new
CCW contains a count of less than one word (eight bytes)
and the byte count is greater than count B (CTB). Recall
that CTB is the result of adding the DAB to the low-order
count bits. Since only one store operation is specified,
and the B-register already contains more bytes than

specified by the CTB value, a BC-equal-CTB condition

(required to determine the location of the last byte of a
read operation) cannot be obtained. Thus, a chain check

condition results and the ‘turn on chain check’ signal is
activated to turn on the ‘chain check’ latch.

Assume that the channel has received eight bytes which
have already been transferred into the A-register. Further,
assume that the new CCW specifies a count of less than
one word (eight bytes). This means that the channel has
already accepted more bytes than the count has specified;
thus a chain check condition exists. The ‘turn on chain
check’ signal is activated to turn on the ‘chain check’ latch.

Assume that the channel has accepted eight bytes which

have been transferred to the A-register and that a number
of other bytes have been gated into the B-register. Further,
assume that the new CCW specifies a count of less than two
words (16 bytes) and that the byte count is greater than
CTB. Although two transfers to storage may be specified,
the second transfer would consist of less than eight bytes.
Since the number of bytes gated into the B-register (byte
count) is greater than CTB, the BC-equals-CTB condition
cannot be obtained. Thus, a chain check condition results
and the ‘turn on chain check’ signal is activated to turn on

the ‘chain check’ latch.
Assume that the channel has gated eight bytes into the

A-register (‘A-register full’ and ‘read CDA sequence 3
reset’ latches on) and is gating a byte into the last position
of the B-register. Further, assume that the channel has not
received a valid CCW and that the CDA latch is still on.
Since both the A- and B-registers are full and a valid CCW
has not been established in the channel, a chain check con-
dition exists and the ‘turn on chain check’ signal is
activated to turn on the ‘chain check’ latch.

Assume that the channel has received at least eight
bytes from the control unit and that eight bytes have been
transferred to the A-register. Further, assume that the DAB
received in the new CCW is not on doubleword boundaries
(‘Read DAB 0 or read backward DAB 7 signal inactive.)
Since a doubleword is in the A-register and the DAB does
not specify doubleword boundaries, storage of the eight
A-register bytes would be meaningless. Thus, a chain check
condition exists, and the ‘overrun’ signal (Diagram 24) is
activated to turn on the ‘chain check’ latch.

Assume that the channel has received at least three but
no more than eight bytes from the control unit (‘byte count
register equals 4’ signal) and that the DAB in the new CCW
is not on doubleword boundaries (‘not read DAB O or read
backward DAB 7°). This means that the channel has
ceased doublegating operations, and that the number of
bytes received by the channel has exceeded singleword
boundaries; i.e., the DAB must specify doubleword
boundaries for the channel to handle the data already
received. Since the DAB is not on doubleword boundaries,
a chain check condition exists and the ‘overrun’ signal is
activated to turn on the ‘chain check’ latch,

With the ‘chain check’ latch on, the ‘command reject’
signal (Diagram 2-3) is activated. In turn, the ‘command
reject’ signal activates the ‘command reject or control
check’ signal (Diagram 2-1), to inhibit and activate
specified controls in the channel. With the ‘command reject
or control check’ signal active, the channel enters a sequence
5 routine and sends an ‘interrupt request’ signal to the
CPU interface. When the channel receives an ‘interrupt
response’ signal, an interrupt routine is performed to store
the CSW. The output of the ‘chain check’ latch (Diagram
2-4) is also sent to SBI channel status gate bit 47 for storage
at location 64 when the CSW is stored.

2860 FETOM (5/68) 6-59



Program Check

o ‘Program check’ latch is turned on when channel
detects programming error.

e ‘Storage invalid address’ signal activates ‘program
check’ signal when channel attempts to address a non-
existent storage location.

e Two consecutive CCWs with TIC commands turn on
‘program check’ latch.

e A non-TIC CCW with bits 37—39 not equal to zero,
or count field bits 48—63 equal to zero, turns on
‘program check’ latch.

o A CAW with bits 4—7 or 29-31 not equal to zero
turns on ‘program check’ latch.

e A TIC CCW with data address field bits 29-31 not
equal to zero (not doubleword boundaries) turns on
‘program check’ latch.,

® A CCW obtained during an initial selection routine
with command register bits 4-7 equal to zero is an
invalid operation and turns on ‘program check’ latch.

o Unsuccessful selection of an I/O device during a
polling interrupt sequence turns on ‘program check’
latch,

® Active ‘program check’ signal:
1. Activates ‘command reject or control check’ signal
to initiate sequence 5 routine and store CSW.
2. Inhibits “CCW valid and no errors’ and ‘gate A to
SBI signals.
3. Is applied to SBI channel status gate bit 42 for CSW
store.

A program check condition is detected when the channel
detects a programming error during a channel operation.
Detection of a program check condition results in
termination of the operation in progress and storage of the
CSW with the ‘program check’ bit on. Any detected pro-
gram check condition turns on the ‘program check’ latch -
(Diagram 2-5). Program check conditions are detected as
the result of the following program error conditions.
Assume the channel is accessing main storage to store
or fetch a doubleword and gates an invalid address to the
SAB. The address may be invalid if the storage location
specified by the address does not exist in the system. When
the invalid address is detected (in the BCU for System/360
Models 60, 65, 67-1, 75, and 85, in the Channel Controller
for the Model 67-2, and in the PSCE for the Model 91), the
channel receives a ‘storage invalid address’ signal. This

6-60 (5/68)

signal is AND’ed (Diagram 2-5) with the ‘CCW valid’ and
‘raw advance pulse’ signals to turn on the ‘storage invalid
address’ latch. The output of this latch is OR’ed to activate
the ‘program check’ signal. An active ‘incorrect length’
signal during a write operation or a ‘machine or setup reset’
signal turns off the ‘storage invalid address’ latch or
prevents the latch from latching; however, the ‘storage
invalid address’ output is still active for the duration of the
‘raw advance pulse’ signal.

An invalid address may also be detected when the
channel is fetching a CCW. If an invalid address is gated to
the SAB, the channel receives the ‘storage invalid address’
signal which is AND’ed with the ‘CCW fetch gated check’
and ‘raw advance pulse’ signals (Diagram 2-5) to turn on
the ‘program check’ latch. The latch output is then OR’ed
to activate the ‘program check’ signal.

A program check condition exists when two consecutive
CCW’s contain a Transfer in Channel (TIC) command.

Two consecutive TIC operations are illegal. In the channel
this condition is detected by AND’ing the ‘TIC cycle

trigger’ signal (activated when the first TIC command is
detected) with the ‘turn on TIC latch’ signal (activated
when the second TIC command is detected). AND’ing these
two signals turns on the ‘program check’ latch to activate
the ‘program check’ signal.

A program check condition exists when a non-TIC
CCW is fetched and bits 37-39 are not all zeros and bits
48—63 (count field bits) are equal to zero. A logic 1 in
bits 37—39 or a count of zero constitutes an improperly
programmed CCW. In the channel, the above bits are
gated by the ‘gate CCW error’ signal (Diagram 2-5) If an
error is detected, the condition is AND’ed enabling the
‘late advance pulse’ and ‘not TIC’ signals to activate the
‘non-TIC CCW error’ signal, which turns on the ‘program
check’ latch.

On a CAW fetch operation, a program check condition
exists if CAW bits 4—7 or 29—31 are not equal to zero.
Bits 4—7, though not part of the storage protect key, are
gated to the storage protect register and must be all zeros
or a program violation exists, Bits 29—31 are part of the
data address field used to fetch the CCW. Since CCW’s
are fetched only on doubleword boundaries, bits 29-31
must be all zeros (specifying a doubleword boundary
address) or a program violation exists. In the channel,
the CAW bits in question are gated by the ‘turn on TIC’
signal (activated for the CCW fetch operation that follows).
If the bits are not all zeros, the ‘CAW error’ signal is
activated to turn on the ‘program check’ latch.

When a CCW with a legal TIC command is obtained by
the channel, data address field bits 29—31 must equal zero
to specify doubleword boundaries for the CCW fetch opera-
tion that follows, If not, a program check condition exists.
In the channel, SBO bits 29-31 are gated by the ‘TIC
operation’ signal. If the bits are not all zeros, the ‘TIC
CCW error’ signal is activated to turn on the ‘program check’
latch.



When the channel obtains a CCW during the initial
selection routine, command register bits 4—7 must not be
all zeros. These bits specify the channel operation to be
performed, and thus must be other than all zeros for the
channel to initiate an operation. If these bits are all
zeros, the ‘invalid operation’ signal is activated and AND’ed
with the ‘CCW valid’, ‘setup’, and ‘storage cycle complete’
signals (Diagram 2-5) to turn on the ‘program check’ latch.

A program check condition also results when the channel
performs a polling interrupt sequence and is unable to

select an I/O device. During the polling interrupt sequence,
the channel sends the unit address byte, ‘address out’ signal,
and the ‘select out’ signal to the I/O interface. If an I/O
device is not selected, the channel receives a ‘select in’
signal. In the channel this signal is AND’ed with the ‘PIT
extended,” ‘setup’, ‘not operational in or status in’ and

‘not command reject or control check’ signals (Diagram
2-5) to turn on the ‘program check’ latch. The ‘program
check’ latch is reset when a ‘write CDA wrong length
record’ or ‘machine or setup reset’ signal is generated.

With the ‘program check’ signal active, the ‘command
reject’ signal (Diagram 2-3) is activated. In turn, the
‘command reject’ signal activates the ‘command reject
or control check’ signal (Diagram 2-1) to inhibit and
activate specified controls in the channel. With the
‘command reject or control check’ signal active, the channel
enters a sequence 5 routine and sends an ‘interrupt request’
signal to the CPU interface. When the channel receives an
‘interrupt response’ signal, an interrupt routine is per-
formed to store the CSW.

The ‘program check’ signal also inhibits generation of
the ‘CCW valid and no errors’ signal. This prevents:

(1) turn-on of the clock; (2) an address comparison (per-
formed during I/O device selection); (3) generation of the
‘no selection gated’ signal which normally activates
condition code 3; and (4) the ‘write CDA store data fetch’
signal which normally turns on the ‘storage request’ latch.
These four functions (or signals) are inhibited to prevent
the possibility of the indicated operations from occurring
after detection of the program check condition.

In addition, the ‘gate A to SBI’ signal is inhibited by the
‘program check’ signal to prevent gating of data to the SBI
if the channel had previously requested a store operation.
The ‘program check’ signal is applied to SBI channel status
gate bit 42 and is stored as part of the CSW.

Unit Check

o Unit check condition detected by control unit; pre-
sented to channel with status byte (bus-in bit 6 active).

o Initial selection routine detection of unit check causes:
CSW store and operation termination; condition code 1
and ‘release’ signal sent to CPU.

o Normal operation detection of unit check results in
normal sequence 5 operation; CSW is stored and
‘release’ signal sent to CPU. Chain command opera-
tions are terminated, if chain command flag active.

e Polling interrupt sequence clears device-end status
byte when unit check condition is detected after
channel-end status byte is received by channel,

1. Device-end byte stacked back to control unit.

2. Channel forces test I/O routine.

3. Unit address register contents sent to ‘unit address
bus in’ lines.

4. CSW stored at address 64; ‘release’ signal sent to
CPU interface.

Unit check conditions are detected by the control unit and
presented to the channel in the control unit status byte
with bus-in bit 6 active. In the control unit, the cause of
the unit check condition is entered in the “sense” infor-
mation. The channel may be affected by the unit check
condition during an initial selection routine, during normal
channel read-type or write-type operations, or upon normal
completion of an operation when the channel receives a
status byte with the channel-end bit active and the device-
end bit inactive. In the last case, the unit check condition
is detected after the channel-end status byte is presented to
the channel; the unit check condition is then presented to
the channel during a polling interrupt sequence.

If a unit check condition is detected during the initial
selection sequence, the channel receives a ‘status in’ signal
in response to the ‘address out’ signal, and only the
“‘unit check’ bit in the status byte is active. In the channel,
the ‘address out’ and ‘status in’ signals are AND’ed (ALD
CC111) to turn on the ‘sequence 5’ latch. The ‘unit check’
bit activates the ‘interrupt status’ signal (ALD CK121),
enabling turn-on of the ‘sequence interrupt end’ latch.

The channel then proceeds to store the CSW and send
condition code 1 and a ‘release’ signal to the CPU.

If the unit check condition is detected during normal
operation, the channel receives a “status in’ signal with the
‘unit check’, ‘channel end’, and possibly the ‘device end’
bit active. In this case, the channel enters a normal
sequence 5 routine and the ‘interrupt status’ signal is
activated by the active ‘unit check’ bit (bus-in bit 6), With
the ‘interrupt status’ signal active, ‘chain command’ opera-
tions are inhibited if the chain command flag is active.
During the sequence 5 routine, the channel sends an
‘interrupt request’ signal to the CPU interface, and, upon
receipt of the ‘interrupt response’ signal, stores the CSW
at address location 64 and sends a ‘release’ signal to the
CPU interface.

Assume the channel receives a status byte with only the
‘channel end’ bit active, and that a unit check condition is
detected in the control unit prior to presenting the status
byte with the device end bit active. When the device end
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status byte is presented, the channel performs a polling
interrupt sequence. During the sequence, the channel
stacks the status back to the control unit, then forces a
test I/O routine to clear the polling interrupt. During the
test I/O routine, the status byte is obtained from the con-
trol unit. The channel then sends an ‘interrupt response’
signal, and gates the unit address register contents to the
‘unit address bus in’ lines; in addition, the channel stores
the CSW (“device end’ bit on) at address location 64 and
sends a ‘release’ signal to the CPU interface.

CSW STATUS BYTES

Bytes comprising the channel status word (CSW) are
assembled in the channel and stored in main stonage
location 64 at the end of each channel operation. If a
logout operation is performed, the CSW is stored in main
storage location 304 and then, after the logout operation
is complete, is stored in main storage location 64. The
CSW bytes are assembled in the channel to provide pro-
gram information describing the condition of the channel
at the end of an operation; the CSW is stored regardless
of whether the operation is completed, or is prematurely
terminated due to a detected error. Once stored, the
CSW is available until altered by storage of another CSW
or until cleared under program control.

The CSW assembled in the channel (Diagram 2-6,
FEMDM) consists of the contents of the flag register, the
contents of the command address register, the unit status
byte, the channel status byte, and the contents of the

count register. Each is described separately in the following

paragraphs; the descriptions are based upon Diagram 2-6.

Storage Protect Register Byte

e Storage protection key byte consists of storage protect
register bits 0-3 plus zeros in SBI bit positions 4-7.

e Storage protect key originally obtained from CAW
fetched by channel.,

o Parity for storage protection key byte generated by
SBI parity generator after byte is gated by ‘gate
command address register to SBI’ signal.

o ‘BCU response’ signal gates byte to SBI 0-7 plus PO lines.

The storage protect register byte consists of the storage
protection key from bits positions 0-3 and all zeros in
byte positions 4-7. The storage protect register contains
the storage protection key obtained when the CAW was
fetched by the channel during a start I/O initial selection
routine. When the CSW is stored, the storage protect
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register bits are gated to SBI lines 0-3 by the ‘gate command
address register to SBI” signal (Diagram 2-6). Parity for the
storage protect key byte is generated by the SBI parity
generator. Upon receipt of the ‘BCU response’ signal,
supplied to the channel as a result of a storage request to
store the CSW, the storage protect key byte is gated to

SBI positions 0-7 plus PO.

Command Address Register Bytes

o .CSW command address field bytes consist of command
address register bits 0-20 to SBI 8-28 lines and zeros
to SBI 29-31 lines.

o Command address field usually contains storage address
eight bytes higher than last CCW used by channel.

o Parity for the three command address field bytes are
generated by SBI parity generator after bytes are gated
by ‘gate command address register to SBI” signal.

e ‘BCU response’ signal gates byte to SBI 8-31 plus P1,
P2, and P3 lines.

The three command address field bytes (Diagram 2-6), are
assembled in the channel by gating command address
register bits 0-20 to SBI bit positions 8-28 and logic zeros
(doubleword boundaries) to SBI positions 29—31. The
command address register normally contains a command
address eight bytes higher than the last (or current) CCW
used by the channel. However, if the channel detects an
error during a CAW fetch or during a CCW fetch before the
register is updated, the address value may be zero or the
address of the current CCW.

For a store log 1 or CSW store operation, the command
address field bytes are gated through the SBI gates by the
‘gate command address register to SBI” signal. The SBI
parity generating logic generates SBI parity bits P1, P2,
and P3 for the command address field. Upon receipt of the
‘BCU response’ signal (for the store log 1 or CSW store
operation), the command address field bytes (bits 8-31
plus P1, P2, and P3) are gated to the SBI lines for storage.

Unit Status Byte

e Status byte from control unit (via bus-in latches) com-
prises fifth byte of CSW; byte is referred to as unit
status byte.

e For store logword 1 or CSW store operations, bus-in
bits 0-7 are gated through SBI bit gates 32-39 by ‘gate
control unit to SBY’ signal,



® P4 parity bit generated by SBI parity generator logic.

e ‘BCU response’ signal gates ‘unit status byte to SBI
lines’ for storage.

e Unit status bytes are designated ‘attention’, ‘status
modifier’, ‘control unit end’, ‘busy’, ‘channel end’,
“‘device end’, ‘unit check’, and ‘unit exception’.

The status bits received from the control unit via the
channels bus-in latches (Diagram 2-6), comprise the fifth
byte of the CSW, and are referred to as the unit status
byte. Bits of this byte provide status information per-
taining to the control unit or I/O device with which

the channel is operating. When the CSW is stored, during
a store logword 1 or CSW store operation, the unit status
byte (bus-in bits 0-7) is gated to SBI bit gates 32-39 by
the ‘gate control unit status to SBI’ signal. After gating,
the SBI parity generator generates the parity bit (SBI P4)
for the unit status byte. Subsequently, the ‘BCU
response’ signal gates the unit status byte to SBI lines
32-39 and P4 for storage.

In addition to providing information for the CSW store,
certain bits of the ‘unit status’ byte affect channel opera-
tions in progress. A description of each of the eight unit
status bits and their significance to channel operations are
presented separately in the following paragraphs. Unit
status bits 0-7 are respectively designated ‘attention’,
‘status modifier’, ‘control unit end’, ‘busy’, ‘channel end’,
‘device end’, ‘unit check’; and ‘unit exception’,

Attention Bit

The ‘attention’ signal (bus-in bit 0) is generated by the
I/O device when an asynchronous indication occurs in the
I/O device. Presentation of the ‘attention’ signal to the
channel is under control of the I/O device and is normally
not presented to the channel until operations in progress at
the control unit and 1/O device are complete. The ‘at-
tention’ signal may or may not be presented in the status
byte with the ‘device end’ signal. Depending upon the I/O
device, the ‘attention’ signal may or may not suppress
command chaining operations.

When the unit status byte with the ‘attention’ bit
active is presented to the channel, the channel either stacks
the status byte back to the control unit or requests an
interrupt to store the CSW, depending upon the operating
status of the channel at the time the status byte is presented.
When the status byte with the active ‘attention’ bit is
stored, it occupies bit position 32 of the CSW.

Status Modifier Bit

e ‘Status modifier’ and ‘busy’ bits cause control-unit-
busy sequence; detected during start I/O or test I/O
initial selection routine, control-unit-busy causes CSW
store operation.

o ‘Status modifier’ and ‘device end’ bits active during
chain command operation causes channel to jump one
CCW in the sequence and fetch a CCW from a storage
location eight bits higher; if chaining is not involved,
CSW is stored.

e ‘Status modifier’ alone indicates I/O device cannot
respond to Test I/O command; CSW is stored.

The ‘status modifier’ bit (bus-in bit 1) is supplied by the
control unit in three different situations: (1) with the
‘busy’ bit active; (2) with the ‘device end’ bit active, and
(3) with only the ‘status modifier’ bit active. When received
in the unit status byte with the ‘busy’ bit active, a control-
unit-busy condition exists. This occurs when the channel
performs a start I/O or test I/O initial selection routine to
a busy I/O device. When this occurs, the control unit
responds to the ‘address out’ signal from the channel with
a ‘status in’ signal; in addition the control unit places the
unit status byte with the ‘status modifier’ and ‘busy’ bits
active on the bus-in lines. With both the ‘address out’ and
‘status in’ signals active, the channel enters a sequence 5
routine, followed by an interrupt routine to store the CSW
containing the ‘status modifier’ bit (CSW position 33) and
‘busy’ bit (CSW position 35).

When the ‘status modifier’ bit is received with the
‘device end’ bit during a chain command operation (Figure
6-9), the channel performs a jump command address
sequence. During the chain command sequence 5 routine,
the channel updates the command address register contents
by the equivalent of eight bytes, then uses the updated
address to fetch the next CCW. In other words, the next
CCW is not fetched from a sequential address location, but
from a location eight bytes higher. If a chain.command
operation is not in progress when both the ‘status modifier
and ‘device end’ bits are received, the jump operation is
not performed and the bits are stored with the CSW as
during a normal ending sequence.

If the ‘status modifier’ bit is supplied alone, the I/O
device cannot provide a status response to a Test I/O
command. In this case, the channel stores the. ‘status
modifier’ bit on the CSW.
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Figure 6-9. Device End and Status Modifier, Chain Command

Control Unit End Bit

The control unit sends the ‘control unit end’ bit (bus-in
bit 2) in the unit status byte to indicate that a control unit
is now free for use by the program. The ‘control unit

end’ bit is sent by the control unit only if the control unit
has responded to a previous command with a control-unit-
busy condition. (Refer to “Busy Bit.””) The ‘control

unit end’ bit, when received in the unit status byte by the
channel, causes an interrupt and is stored in bit position 34
of the CSW. The unit status byte containing this bit may
be stacked back to the control unit by the channel and
cleared by a polling interrupt sequence.

Busy Bit

The ‘busy’ bit (bus-in bit 3), when accompanied by the
‘status modifier’ bit, is interpreted by the channel as a
control-unit-busy condition. (Refer to “Status Modifier
Bit.”) The ‘busy’ bit, unaccompanied by a ‘status
modifier’ bit, indicates that the I/O device cannot accept
a new command either because it is performing a previously
initiated operation or because it contains an interrupt
condition. The ‘busy’ bit is off in any CSW that is formed
by the Test I/O instruction unless a previously initiated
I/0 operation is being performed. When stored, the ‘busy’
bit occupies position 35 in the CSW.

Channel End Bit
The ‘channel end’ bit (bus-in bit 4) is sent to the channel

in the unit status byte when the portion of an I/O opera-
tion involving transfer of data or control information
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between the I/O device and the channel is completed.
When the channel receives the unit status byte with the
‘channel end’ bit, an interrupt is requested to store the
CSW at main storage location 64. The ‘channel-end’ bit
is stored in the CSW in bit position 36 and indicates to
the program that the channel is now free to perform
another operation.

Device End Bit

A control unit sends a unit status byte with the ‘device
end’ (bus-in bit 5) active to the channel when the I/O
device completes all device operations associated with an
I/O operation. If the ‘chain command’ bit in the flag
register is active, the ‘device end’ bit causes the channel to
perform a chain command operation. Unless the ‘channel
end’ and ‘device end’ bits are presented to the channel
simultaneously, the unit status byte containing the ‘device
end’ bit is stacked back to the control unit and cleared
with a polling interrupt routine. If both the ‘channel end’
and ‘device end’ bits are presented to the channel together
(assuming the chain command flag is inactive), status is
not stacked, and the channel requests an interrupt to store
the CSW as during a normal ending sequence. The ‘device
end’ bit is stored in position 37 of the CSW. A control unit
with a stacked ‘device end’ bit does not make a control
unit “busy” to a new instruction with a different I/O
device address.

Unit Check Bit

The control unit sends a ‘unit check’ bit (bus-in bit 6)
when the I/O device or control unit detects an unusual
condition which can be reflected by the sense bits in the
control unit or device. The “unit check’ bit can be stacked



back to the control unit and cleared with a polling interrupt
sequence; if the ‘unit check’ bit is accompanied by the
‘channel end’ and/or ‘device end’ bits, channel operations
end, even though a chain data or chain command flag may
be active in the flag register. The ‘unit check’ bit is stored
in CSW bit position 38.

Unit Exception Bit

The ‘unit exception’ bit (bus-in bit 7) is presented to the
channel when an I/O device detects a condition that
usually does not occur. The ‘unit exception’ bit has only
one meaning for a specific command performed by a
specific I/O device. If the unit-exception condition is
detected during an initial selection sequence, the ‘unit
exception’ bit is sent to the channel in the initial status
byte; the channel terminates the operation and stores the
CSW with the ‘unit exception’ bit in position 39 of the
CSW. If the unit-exception condition is detected while the
I/0 device is performing an operation, the ‘unit exception’
bit may be accompanied by the ‘channel end’, ‘control
unit end’, or ‘device end’ bit, depending upon when the
condition is detected. Thus, the channel may perform

a normal interrupt routine to store the CSW or stack

the unit status byte back to the control unit by a polling
interrupt sequence, depending upon the operating status
of the channel at the time.

Channel Status Byte

e Channel status byte reflects channel conditions at end
of operation.

o Eight channel status byte bits gated to SBI gate bit
positions 40-47 by ‘gate channel status to SBI’ signal.

e SBI parity generating logic generates SBI parity bit PS5
for channel status byte.

e ‘BCU response’ signal for store log word 1 or store
CSW operation gates channel status byte to SBI lines
for storage.

The channel status byte (Diagram 2-6) comprises the
sixth byte of the CSW. Bits of this byte provide infor-
mation to indicate channel conditions at the end of the
preceding channel operation. When the CSW is stored
during a store log word 1 or CSW store operation, the
channel status byte is gated to SBI bit gates 40-47 by the
‘gate channel status to SBI’ signal. After gating, the SBI
parity generator generates the parity bit (SBI P5) for the
channel status byte. Subsequently, the ‘BCU response’

signal gates the unit status byte to SBI lines 4047 and P5
for storage.

The eight channel status bits are described separately
in the following paragraphs. These bits (SBI lines 40-47)
are: ‘program controlled interrupt status’, ‘incorrect
length’, ‘program check’, ‘storage protect check’, ‘channel
data check’, ‘channel control check’, ‘interface control
check’, and ‘chain check’.

Program Controlled Interrupt Status Bit

The ‘program controlled interrupt status’ bit (CSW posi-
tion 40) is active when the ‘program controlled interrupt
status’ latch is turned on (Diagram 2-6). This latch is
turned on after the channel fetches a CCW with the PCI
flag active. The interrupt routine initiated by the active
PCI flag is performed as soon as possible after the CCW is
fetched; however, the interrupt routine may be delayed
an unpredictable time if channel interrupts are masked

in the CPU or if other system activity prevents performance
of the routine. Although detection of the PCI flag causes
the channel to request an interrupt, the current I/O opera-
tion in progress is not disrupted. (The current I/O opera-
tion may be temporarily delayed when the requested
interrupt results in storage of the CSW; however, the delay
will result only if the CSW store operation conflicts with a
store or fetch operation during the current I/O operation.)
When the PCI interrupt request is honored, the CSW
reflects the status of the channel at the time the CSW is
stored. The ‘program controlled interrupt status’ (PCI
status) bit is stored in position 40 of the CSW.

Incorrect Length Bit

The incorrect length (IL) condition (wrong length record
condition) is detected by the channel any time the data-
byte block length on the I/O device and the count received
in the CCW do not agree. For example, if the CCW count
for a read operation from a tape unit is 100 bytes and the
data-byte block length on the tape unit is only 50 bytes,
the operation ends with the IL latch on after 50 bytes are
read and an inter-block gap is reached. The suppress
incorrect length (SLI) flag in the flag register must be off
to allow presentation of the IL condition to the program
except on a chain-data operation. (The IL condition is
presented to the program by calculating a residual count,
placing this count in the count registers, and storing the
count register contents as part of the CSW.) Detection of
the IL condition suppresses chain command operations
(if applicable) and causes the channel to request an
interrupt to store the CSW. The IL bit is stored in CSW
bit position 41 (Diagram 2-6).
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Program Check Bit

The ‘program check’ bit is stored in bit position 42 of

the CSW (Diagram 2-6). For a description of the conditions
causing a program check condition and channel opera-

tions that subsequently result, refer to “Program Check”.

Storage Protection Check Bit

The ‘storage protection check’ bit is stored in bit position
43 of the CSW (Diagram 2-6). For a description of the
condition causing a storage protect check condition and
channel operations that subsequently result, refer to
“Storage Protect Check™.

Channel Data Check Bit

The ‘channel data check’ bit is stored in bit position 44 of
the CSW (Diagram 2-6). For a description of the con-
ditions causing a channel data check condition and channel
operations that subsequently result, refer to “Channel
Data Check™.

Channel Control Check Bit

The ‘channel control check’ bit is stored in bit position 45
of the CSW (Diagram 2-6). For a description of the con-
ditions causing a channel control check condition and
channel operations that subsequently result, refer to
“Channel Control Check”.

Interface Control Check Bit

The “interface control check’ bit is stored in bit position

46 of the CSW (Diagram 2-6). For a description of the
conditions causing an interface control check condition and
channel operations that subsequently result, refer to
“Interface Control Check™.
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Chain Check Bit

The ‘chain check’ bit is stored in bit position 47 of the
CSW (Diagram 2-6). For a description of the conditions
causing a chain check condition and channel operations
that subsequently result, refer to “Chain Check”.

Count Register Bytes

o Count register bits 8-23 gated through SBI gate bits
48-63 by ‘gate count register to SBI’ signal.

@ SBI parity generator logic generates parity bits P6
and P7 for the two count field bytes.

e ‘BCU response’ signal for store log word 1 or CSW
store operation gates count field bits 48-63 plus P6
and P7 to SBI lines for storage.

Count register bits 8-23 comprise the two remaining bytes
of the CSW (Diagram 2-6, FEDM). Depending upon the
conditions under which the channel operation was ter-
minated, the count register contents may or may not be
meaningful. For example, if the operation is terminated
normally without error conditions, the count should be
zero. If an incorrect length condition was detected, the
count could reflect the residual count (providing the SLI
flag is off). If an operation is terminated due to a detected
error, the count is an indication of the operation’s progress
before the error was detected.

Count register bits 8-23 are gated to SBI gates 48-63,
respectively, by the ‘gate count register to SBI’ signal.
After gating, the SBI parity generator logic generates parity
bits P6 and P7 for the two count field bytes. When the
‘BCU response’ signal (for a store log word 1 or CSW store
operation) is received by the channel count field, bits 48-63
plus P6 and P7 are gated to the SBI lines for storage.



Appendix A. Unit Characteristics

Data Transfer Rate .

Power

Primary power options: 60 + 1 Hz, 208/230V +10 to -8%, 3-phase 4-wire delta.
50 + 1 Hz, 195/220/235V +10 to -8%, 3-phase 4-wire delta.
50 + 1 Hz, 380/408V +10 to -8%, 3-phase 5-wire wye.

Power Input

Model 1 3.05 KVA
Model 2 3.65 KVA
Model 3 4,25 KVA

Convenience Outlets:

60 Hz machines - two pair per frame, 115V ac output, 20 ampere physical rating, convenience power
fused at 10 amperes in the primary of the step-down transformer.

50 Hz machines - two pair per frame, 220V ac output, 15 ampere physical rating, convenience power fused at 5 amperes
in the load side of the auto-transformer.

Cooling

Environmental Limits

Temperature
Rel Humidity
Max. Altitude

Frame Size and Weight (Based on Model 3)

Width Length

Power Factor Service Rating Heat Dissipation

0.7 (min) 15 amperes 8,200 BTU/hour
0.7 {(min) 15 amperes 10,000 BTU/hour
0.7 (min) 15 amperes 11,600 BTU/hour

.1.3 megabytes/second {maximum)

.Forced room air; blower fans on each installed channel gate and
frame power section.

Not Operating Operating
50 - 1100F 60 - 90°F
8-80% 8 - 80%

7,000 ft 7,000 ft

With covers 32.25 in. 73.50 in.
Without covers 29 in. 60 in.

Height Volume Floor area Weight
70.75in. 89 ft3 15.1 2 2000 Ibs
70 in. 70 3 12.1 f12 1800 Ibs

Figure A-1. 2860 Unit Characteristics
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Appendix B. Special Circuits

There are no special circuits for the 2860 Selector Channel.
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Appendix C. ALD Contents By Prefix

Figure C-1 provides alphabetic access to general areas of the
2860 automated logic diagrams. This figure is primarily

a CE aid to recall.

MA Storage Controls
AS  1/0 and CPU Interfaces MB Storage Bus
AT  Polling Interrupt MT Metering
BA  Prefix ID Register (Feature) RA, RB Register A, Register B
CcC Interface Lines RC Command Address Register
CE  Manual Controls RD Data Address Register
CK  Status RE Count Register
CL  Clock RF Flag Register
CR Read RG Command Register
CS Setup RM Mark Registers
CT Testl/O RP Storage Protect Register
CW  Write RS Simulate 1/O
CX  Channel Transfer RU Unit Address Register
DU Data Address Update RW Register Ingate Powering
EN Interrupt SA Adder
EQ Sequences SC Byte Counter
ER  Reset uB Unit Data Bus (In and Out)
FN  Model 91 WA 1/O Interface Lines

WC Processor Interface Lines
HT Halt1/O XR, XS, Indicators, Switches,

XV, XW Wiring, Board Cables
LG Log Controls YD Power (YA in early models)
LP IPL and FLT 2z Socket Lists
LT  Triggers

Figure C-1. 2860 ALD Contents by Prefix
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A- to B-Register:
Write 3-23
Write CDA  3-35, 3-37, 3-41, 3-42
AC Power:
S0Hz 5-5
60 Hz 5-3
Accept Data  1-12
Accept Status  1-12
Adder 2-29, 6-50
Address Compare 3-8
Address Compare, Initial:
Test I/O 3-71, 3-73
Unit Address Register 2-1, 2-4
Address Compare, 1/0:
Chain Command, IPL 3-90, 3-108
Halt1/O 3-68
IPL Initial Selection 3-88, 3-96
Simulate I/O Interface 6-10
Test I/O0  3-71, 3-76, 3-77
Unit Address Register 2-1, 2-4
Address Prefixing 4-1
Attention Status, Test Mode 6-15
Auto-Mode Operation 6-2, 6-6, 6-17

B- to A-Register:
IPLCCW1 3-101
IPLCCW 2 3-102
IPL PSW 3-99
Read 3-15
Read CDA  3-46, 3-49, 3-55, 3-58
BCU Interface Lines 1-7, 4-14
Bootstrap, IPL  3-91, 3-109
Buffers, FLT 3-113, 3-115, 3-117, 3-119
Bus-In Latches 2-57
Buses:
BusIn 2-57
Bus Out 2-54
Marks 2-65
Marks, Halt /O  3-68
Marks, IPL Ending 3-92, 3-111
Marks, Logout 6-40, 6-45, 6-46
Marks, Test I/O  3-73, 3-79, 6-12
Storage Address 2-6
Storage Protect 2-17
Bus-Out Latches 2-55 (Fig. 2-25), 6-51
Byte Count Encoding:
Read 2-43
Read Backward 2-40, 2-44
Read CDA 2-44
Write 2-43
Byte Count Equals CTB  2-27
Byte Count Latches 2-38
Byte Count Register 2-38
Byte Count Updating, Read 3-14
Byte Counter 2-35 (Fig. 2-15), 6-53

CAW Fetch:
Diagnostics 6-50
Initial Selection 3-4

INDEX

Program Check 6-60
Test Mode 6-8, 6-20
CCwW:
Command Codes 1-17
Defined 1-16
Storage Area 1-17
CCW Fetch:
Diagnostics 6-51, 6-52
Initial Selection 3-5
Program Check 6-60
Read CDA 3-50, 3-60
Test Mode 6-8, 6-20, 6-21
Write CDA  3-31, 3-40
CCW Setup:
Read CDA 3-48, 3-57
Write CDA  3-33, 3-41
CCW Zeros Check:
Initial Selection 2-14, 3-5
Read CDA 3-51, 3-60
Write CDA  3-31, 3-40
CE Panel:
Auto-Mode Operation 6-2, 6-6, 6-17
Indicators Test 6-2, 6-28
Logout 6-2, 6-17
Operation 6-1
Switches 6-6
Test Indicators 6-28 - 6-36
Test Mode 6-3, 6-6
Chain Check:
Channel Status Byte 6-66
Conditions 6-58
Read CDA 3-51, 3-53, 3-62
Chaining CCW’s  1-14
Chain Command:
FLT 3-115,3-117,3-118, 3-119
IPL 3-82, 3-85, 3-86, 3-90, 3-104
IPLCCW1 3-90
Jumps 6-63
Operations 1-14, 1-29
Chain Command, IPL:
Address Compare, I/0  3-90, 3-108
Channel Control Check 3-106, 3-108
Command Address Register 3-106
Control Unit Busy 3-106
DAB Plus Count  3-91, 3-108
DAB to Byte Counter 3-91, 3-108
Device Selection 3-90, 3-105
Interface Control Check 3-108
1/0 Interface Disconnect 3-90, 3-105
IPLCCW1 3-90, 3-104, 3-106
IPLCCW2 392
No Selection 3-106
Program Check 3-107
Sequence 2 3-106, 3-109
Sequence 5 3-104
Setup Reset 3-106
Status 3-104, 3-109
Stop Command 3-104
Storage Protect 3-90
Transfer in Channel 3-107
Update Command Address 3-91
Zeros Tests  3-90, 3-107
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Chain Data:
FLT 3-115
Operation 1-14, 1-28

Channel Address:
IPL Ending 3-86, 3-93, 3-110
Operation 2-50
Word 1-15
Channel Busy:
Halt I/O 3-66
Test Channel 3-80, 3-82
Test I/O  3-71, 3-72
Channel Control Check:
Chain Command, IPL  3-106, 3-108
Channel Status Byte 6-66
Conditions 6-53
Diagnostics  6-48, 6-50, 6-52
Initial Selection 3-8
IPL Initial Selection 3-96
Logout 6-40, 6-44
Polling Interrupt  3-123
Test /O 3-75, 3-79
Channel Data Check:
Channel Status Byte 6-66
Conditions 6-57
Diagnostics 6-51
IPL PSW 3-98
Test Mode 6-17
Channel Forced Address, FLT 3-116, 3-118
Channel Forced CCW, FLT 3-115
Channel Free, Halt I/O  3-67
Channel Indirect Data Address (CIDA) Feature 4-17
Channel Not Available:
Test Channel  3-80, 3-81
Test I/O  3-72
Channel Status:
Byte 6-65
Chain Check 6-66
Channel Control Check 6-66
Channel Data Check  6-66
Incorrect Length  6-65
Interface Control Check 6-66
Program Check 6-66
Program Controlled Interrupt 6-65
Storage Protection Check 6-66
Channel Status Word 1-17
Channel-to-Channel Adapter 4-9 (Fig. 4-9)
Checks:
Chain Check 3-51, 3-62, 6-58
Channel Control Check 6-53
Channel Data Check 6-57
Interface Control Check 6-54
Logout 6-52
Program Check 2-18, 3-5, 6-60
Program Check (CIDA) 4-17,4-19
Protect Address Check 6-58
Storage Address Check 6-54, 6-57
Storage Data Check 6-54, 6-57
Storage Invalid Address 6-60
Storage Protect Check 2-17, 6-58
Unit Check 6-61
Circuit Breakers, Power 5-9
Clock Testing 6-21
Coding 5-2
Command Address Incrementing 2-33
Command Address Register:
Chain Command, IPL 3-106
CSW Byte 6-62
Incrementing 3-107

X2 (3/73)

IPL Forced CCW  3-85, 3-86, 3-88, 3-95
Operation 2-34

Command Chaining 1-12
Command Operation:
Control 1-13
Read 1-13, 1-14, 3-10
Read Backward 1-13, 1-14, 3-10
Read CDA 343
Sense 1-13, 3-10
Write 1-13
Write CDA  3-26
Command Register 2-18
Condition Codes:
Code 0 1-15, 1-25
Codel 1-15,1-25
Code 2 1-15,1-25
Code 3 1-15,1-25
Generation 1-21
HaltI/O 3-64, 3-67, 3-69, 3-70
Initial Selection 3-3
Start I/O  1-23 (Fig. 1-8)
Test Channel 3-80
Test I/O  3-70, 3-72, 3-73, 3-78
Control Command 1-27
Control Unit Access, Test Mode 6-6, 6-8
Control Unit Busy:
Chain Command, IPL.  3:106
Initial Selection 1-13
1/O Sequence 1-13
IPL Initial Selection 3-96
TestI/O 3-71, 3-76
Unit Status Byte 6-63
Controls:
CE Panel 6-1, 6-28
Marginal Checking 5-2, 6-37
Power 5-2, 6-36
Count Decoding 2-28
Count Decrementing 2-32
Count Register:
Block Diagram 2-25
CSW Byte 6-62
CTB 2-26
Count Bits 2-26
Counter 2-37
Decoding 2-28
Decrementing 2-26
FLT Operation 2-27
IPL Forced CCW  3-85, 3-86, 3-88, 3-95
IPL Operation 2-27
Read Operation 2-27
Resets 2-27
SBI Gating 2-28
Write 2-27
Write CDA  2-28
Convenience Outlets, Power 5-2
CPU Interface:
Signals 1-3, 1-5, 1-6, 4-1
Test Mode 6-6, 6-7
CSW Format 1-18 (Fig. 1-6), 6-62
CSW Store:
Channel Status Byte 6-65
Command Address Byte 6-62
Count Register Byte 6-66
Halt /O 3-68
Logout 6-44, 6-47
Polling Interrupt  3-121, 3-123, 3-124
Read 3-19
Storage Protect Byte 6-62



Test Mode 6-11
Unit Status Byte 6-62
CTB 2-26, 2-27
CTB to Mark-B, Write CDA  3-28, 3-30, 3-38

DAB 2-19
DAB, Mark-B  2-61
DAB Parity 2-20, 3-108
DAB Plus Count:
Chain Command, IPL  3-91, 3-108
Operation 2-27, 2-31, 3-9
Read CDA  3-53, 3-63
Write CDA  3-33, 3-38, 3-42
DAB Reset 2-20, 3-53, 3-63, 3-108
DAB to Byte Counter:
Chain Command, IPL  3-91, 3-108
Read CDA  3-53, 3-60, 3-63
Write CDA  3-33, 342
Data Address Decrementing 2-31
Data Address Incrementing 2-30
Data Address Register:
Block Diagram 2-19

Channel Control Check 6-48, 6-50, 6-52
Channel Data Check 6-51

Flag Register Parity 6-50

Initiation 6-48

Interface Diagnostic Lines 1-6, 6-47
Operation 6-47

Parity Checking 6-47

Read 6-49, 6-51, 6-52

Reverse Byte Counter Parity 1-6, 6-47
Reverse Data Parity 1-6, 6-47, 6-49, 6-51
SBI Parity 6-51

Simulate Interface Register 6-25, 6-49, 6-51
Simulate I/O Interface 6-22, 6-23, 6-49
Storage Address Check 6-51

Storage Protect Parity Check 6-49

Store Incorrect Parity 6-49

Write 6-49, 6-50, 6-51, 6-52

Doublegating:

Mark-B  3-51, 3-61
Read Backward CDA 3-61
Read CDA 3-44, 3-49, 3-51, 3-58, 3-61

Emergency Power Off 5-15
CCW Fetch 2-20 Ending Operations 1-31
CIDA Feature 4-19 Error Checks 6-53

DAB 2-20 Error Detection, FLT 3-117
DAB Parity 2-20, 3-63

DAB Reset 2-20

Decrementing 2-21

Incrementing 2-21 Features:

IPL Forced CCW  3-85, 3-86, 3-88, 3-95 Address Prefixing  4-1
Latches 2-21, 2-22 Channel Indirect Data Address 4-17

Read (Store) 2-20 Channel-to-Channel Adapter 4-9
Test Mode Load 6-14, 6-21 High-Speed Direct Access Storage Priority 4-5
Write (Fetch) 2-20 Fetch:

Data Handling: CAW 2-13, 2-20, 3-2, 3-4

CAW Fetch  2-20

IPLCCW1 3-89, 3-99, 3-101 CCW, Non-TIC  2-13, 2-20, 3-2, 3-5

IPL CCW 2 3-89, 3-101, 3-102 Data 2-20

IPL PSW 3-88, 3-98 IPLCCW1 3-92,3-106

Read 3-14 IPLCCW2 3-92

Read CDA 3-46, 3-48, 3-51, 3-53, 3-54, 3-57, 3-61 Manual, Test Mode 6-5, 6-8, 6-13, 6-19, 6-21
Write 3-24 SBO Switches 2-13

Storage Bus Out 2-12

TICCCW 2-13

Write 3-20, 3-22, 3-23

Write CDA  3-27, 3-29, 3-31, 3-32, 3-34, 3-36, 3-39, 341
Flag Register 2-22, 6-51

Write CDA  3-30, 3-32, 3-34, 3-36, 340, 3-41
Data Ready 1-12
Decrementing:

Count 2-32

Count, Read CDA 3-47, 3-56

Count, Write  3-25 Flags:

Count, Write CDA  3-30, 3-38
Data Address, Read Backward CDA  3-47
Count, IPL PSW 3-88
Delay, IPL Initial Selection 3-94
Device Selection:
Chain Command, IPL  3-90, 3-105
Halt I/O 3-68
IPL Initial Selection 3-88, 3-94, 3-95
Simulate I/O Interface 6-6, 6-9, 6-10, 6-23, 6-25
Test1/O 3-71, 3-74
Diagnostics:
Adder Parity Check 6-51
Block Storage Data Check 1-6, 6-47, 6-49, 6-51
Bus-In Operation 2-59, 6-49
Bus-In Parity 6-51
Bus-Out Parity 6-51
Byte Counter Parity 2-41, 6-48, 6-53
CAW Fetch 6-50
CCW Fetch 6-51, 6-52

Chain Command 2-23, 2-24

Chain Data  2-23, 2-24

IPL Forced CCW 3-85, 3-86, 3-88, 3-95
Program Controlled Interrupt 2-23, 2-24
Skip 2-23, 2-24

Suppress Incorrect Length  2-23, 2-24

FLT:

Buffer1 3-113, 3-115, 3-117, 3-119
Buffer 2 3-113, 3-115, 3-117, 3-119
Chain Command 3-115, 3-117, 3-118, 3-119
Chain Data 3-115

Channel Forced Address 3-116, 3-118
Channel Forced CCW  3-115

Count Register Operation 2-27

Error Detection 3-117

Incorrect Length 3-118

Initial Selection 3-115, 3-116
Inter-Record Gap 3-116, 3-118
Interface Signals 1-6
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1/O Disconnect 3-116
IPL Control 3-113, 3-116
Operation  3-112, 3-114 (Fig. 3-9)
Record 1  3-112, 3-117
Record 2 3-112, 3-117
Retrys 3-116, 3-118
Sequence 5 3-116, 3-118, 3-119
Setup Reset 3-120
Start 3-118, 3-119
Stop 3-118, 3-119
Tests 3-112, 3-115
Transfer in Channel 3-112, 3-115, 3-117, 3-119
Unit Check 3-115, 3-118

Forced CCW, IPL  3-82, 3-85, 3-86

Halt 1/O:
Address Compare, /0 3-68
Channel Busy 3-66
Channel Free 3-67
Command 1-5
Condition Codes 3-64, 3-67, 3-69, 3-70
CSW  3-68, 3-70
Device Selection 3-68
Incorrect Length  3-66
Incorrect Selection  3-68
Initial Selection 3-67
Interface Control Check 3-69
Interrupt 3-64, 3-68
1/O Disconnect 3-69
Mark Register 3-68
No Selection 3-64, 3-67
Operation 1-30, 3-65 (Fig. 3-4)
Polling 3-68, 3-70
Pseudo-Accept Interrupt  3-68, 3-70
Sequence 2 3-66
Sequence 5 3-66, 3-68
Storage Protect 3-68
Store CSW  3-68, 3-70
Test Mode 6-5, 6-9
Unit Address 3-67
Z-Address 3-68, 3-70
High-Speed Direct Access Storage Priority 4-5

Incorrect Length:
Channel Status Byte 6-65
FLT 3118
Halt /O 3-66
IPL Ending 3-110
Operation 2-33

Address Compare, /O 2-1, 3-8
Bus-In Address Gating  2-58
Channel Control Check 3-8
Command Byte Transfer 3-8
Control Unit Busy 6-63

DAB Plus Count  3-9 (Fig. 3-2)
FLT 3-115, 3-116

Halt /O  3-67

1/O Address Out Byte 2-56
1/O Command Byte Gating 2-56
1/0 Device Selection 3-7, 3-8
IPL 3-86, 3-93

No Selection 3-8

Operation 3-1

Polling 3-3

Polling Interrupt 3-121, 3-122
Read CDA  3-45, 3-53

Start /O 3-3

Start 1/O, Test Mode 6-24, 6-26
TestI/O 3-71, 3-74

Transfer in Channel 3-5

Write 3-22

Write CDA  3-28, 3-34

Input Power 5-1
Interface Control Check:

Chain Command, IPL 3-108
Channel Status Byte 6-66
Conditions 6-54

Halt1/O 3-69

IPL Initial Selection 3-96, 3-97
Logout 6-40, 6-44

Test [/O 3-76, 3-77, 3-79

Interface Lines 1-4 (Fig. 1-3)
Inter-Record Gap, FLT 3-116, 3-118
Interrupts:

Defined 1-14

HaltI/O 3-64, 3-68

IPL Initial Selection 3-93
Logout 6-40, 6-44, 6-47
Operation 1-31

Polting 3-120, 3-122

Priority 1-33

Program Controlled Interrupt 1-33
Read 3-18

Read CDA 3-53

Test Channel 3-80, 3-82
TestI/O 3-71, 3-73, 3-75, 3-79
Test Mode 6-5, 6-9, 6-11, 6-15
Write 3-25

Read 3-18

Incorrect Selection, Halt /O 3-68
Incrementing:

Command Address 2-33, 3-107

Interrupt Priority 1-33

Interrupt Request  1-5

Invalid Address Check, IPL  3-112
1/O Device Selection 3-7, 3-8

1/0O Disconnect:

Count, Read 3-17

Count Register 2-26

Data Address 2-19, 2-30

Data Address, Read 3-17

Data Address, Read CDA  3-47, 3-56

Data Address, Write 3-23

Data Address, Write CDA  3-30, 3-34, 3-35
Indirect Data Address (IDA) 4-17
Indirect Data Address List IDAL) 4-17
Indirect Data Address List Word (IDALW) 4-17
Initial Power Status Sequencing 5-11
Initial Program Load 1-5
Initial Selection:

Address Compare, Initial 2-1, 3-8

X4 (373

Chain Command, IPL  3-90, 3-105
FLT 3-116

Halt1/O 3-69

IPL Ending 3-92, 3-111

IPL Initial Selection 3-94

Polling Interrupt  3-120, 3-122
Sequences 1-12

Simulate 1/O Interface 6-9, 6-27
Test Mode 6-9

I/O Instructions:

Halt1/O 1-13, 1-15, 3-63
Start I/O 1-13, 1-15, 3-1
Test Channel 1-13, 1-15, 3-79
Test1/O 1-13, 1-15, 3-70



1/O Interface Lines 1-9, 1-10, 1-11, 4-5
I/O Interface Lines, Simulate I/O  6-25
I/0O Interface Reset:
IPL Initial Selection 3-86, 3-88, 3-94
Logout 6-44
Model 91 4-15
Test1/0 3-76
Test Mode 6-14, 6-18
I/O Interrupts  1-32
1/O Sequences:
Accept Data  1-12
Accept Status  1-12
Command Chaining 1-12
Control Unit Busy 1-13
Data Ready 1-12
Interface Disconnect 1-12
Proceed 1-11
Selective Reset 1-12
Stack Status 1-11
Stop 1-11 .
Suppress Data  1-12
Suppress Status  1-12
IPL:
Bootstrap 3-91, 3-109
Chain Command  3-82, 3-86, 3-90, 3-104
Initial Selection 3-86, 3-93
IPL Ending 3-83, 3-86, 3-92, 3-109
Loader Routine 3-82, 3-86, 3-98
Operation 3-82, 3-84 (Fig. 3-6)
Program Load 3-82
Transfer in Channel 3-83, 3-86, 3-90, 3-92, 3-109
IPL CCW 1:
B- to A-Register 3-101
Chain Command, IPL  3-90, 3-104, 3-106
Data Handling 3-89, 3-99, 3-101
Fetch 3-92, 3-106
IPL Loader 3-82, 3-86, 3-101 — 3-104
Read 3-86, 3-108, 3-109
Sequence 3 3-101
Sequence 4 3-102
Store 3-89, 3-101
Update Count 3-89, 3-101
Update Data Address 3-89, 3-102
IPL CCW 2:
B- to A-Register 3-102
Chain Command, IPL  3-92
Data Handling 3-89, 3-101, 3-102
IPL Loader 3-82, 3-86, 3-102, 3-103, 3-104
Sequence 3 3-89, 3-101, 3-102, 3-103
Store 3-89, 3-103
Update Data Address 3-89, 3-103
IPL, Count Register Operation 2-27
IPL Ending:
Channel Address 3-86, 3-93, 3-110
Incorrect Length  3-110
Invalid Address Check 3-112
I/O Disconnect 3-111
IPL 3-83, 3-86, 3-92, 3-109
Marks Bus  3-92, 3-111
Polling 3-112
Sequence 5 3-92, 3-110, 3-112
Status 3-110
Storage Protect 3-93, 3-111
Storage Protect Check 3-112
Store 3-111
Unit Address 3-86, 3-93, 3-110

IPL/FLT Control 3-113, 3-116

IPL Forced CCW:
Command Address Register 3-85, 3-86, 3-88, 3-95
Count Register 3-85, 3-86, 3-88, 3-95
Data Address Register 3-85, 3-86, 3-88, 3-95
Flags 3-8S, 3-86, 3-88, 3-95
Read 3-85, 3-86, 3-88, 3-95
Storage Protect 3-95

IPL Initial Selection:
Address Compare, /0 3-88, 3-96
Channel Control Check 3-96
Control Unit Busy 3-96
Delay 3-94
Device Selection 3-88, 3-94, 3-95
Interface Control Check 3-96, 3-97
Interrupts 3-93
1/O Disconnect 3-94
I/O Interface Reset 3-86, 3-88, 3-94
Machine Reset  3-95
No Selection 3-96
Read 3-96
Sequence 1 3-97
Sequence 2 3-97
Start IPL  3-93
Storage Protect 3-88
Unit Address 3-86, 3-88

IPL Loader:
Forced CCW 3-82, 3-85
IPLCCW1 3-82,3-86, 3-101 - 3-104
IPL CCW 2 3-82, 3-86, 3-102, 3-103
IPL PSW 3-82, 3-86, 3-98 - 3-101
Operation 3-82, 3-86, 3-98
Read 3-91
Sequence 5 3-89, 3-91, 3-102
Stop Command 3-89, 3-90, 3-103
Storage Addresses 3-82

IPL Program Load 3-82

IPL PSW:
B- to A-Register 3-99
Channel Data Check 3-98
Data Handling 3-88, 3-98
IPL Loader 3-82, 3-86, 3-98 — 3-101
Mark-B Register 3-98
Sequence 3 3-89, 3-99
Sequence 4 3-89, 3-100
Store 3-89, 3-99
Update Count 3-89, 3-100
Update Data Address 3-89, 3-100

Jump Command 2-25, 2-59, 6-63

Local/Remote Power 6-36

Log Ending 6-44, 6-47

Log Words Content  6-42

Logout:
CE Panel Controls 6-2, 6-17, 6-44
Channel Control Check 6-40, 6-44
CSW Store 6-44, 6-47
Ending 6-44, 647
Error Conditions 6-53
Initiation 6-18, 6-40, 6-44
Interface Control Check 6-40, 6-44
Interrupts  6-40, 6-44, 6-47
I/O Interface Reset 6-44
Log Stop 6-41, 6-44
Log Words Content 6-42
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Machine Check 6-40, 6-41, 6-44
Mark-A Register 6-45

Marks Bus  6-40, 6-45, 6-46
Operation 6-18, 6-40.— 6-46
Polling Interrupt  3-123

SBI Gating 2-51

Sequence 5  6-40, 6-44, 6-47

Storage Addresses 6-41, 6-45, 6-46
Storage Protect 2-18, 6-40, 6-45, 6-46

Store Logword 1  6-40, 6-45
Store Logword 2 6-40, 6-43, 6-46
Store Logword 3  6-40, 6-43, 6-46
Test 1/0  3-71, 3-73, 3-76, 3-79
Unit Address 6-40, 6-47

Log Stop, Logout 6-41, 6-44

Log Stop, Test Mode 6-17

Machine Check:
Logout 6-40, 6-41, 6-44
Test Mode 6-18
Machine Reset:
IPL Initial Selection 3-95
Model 91 4-15
Test Mode 6-14, 6-18
Manual Fetch, A-Register 2-50
Manual Store, A-Register 2-50
Marginal Checking:
Assembly 5-2, 5-4 (Fig. 5-2)
Controls 5-2, 6-37
Operation 5-15, 6-37
Mark-A Register 2-65, 6-45
Mark-B Register:
CTB to Mark-B  3-28, 3-30, 3-38
Doublegating 3-51, 3-61
IPL PSW 3-98
Mark Bits 2-61
Operation 2-60 (Fig. 2-27)
Parity 2-63
Read CDA 3-47, 3-49, 3-55, 3-58
Reset 2-62
Write CDA Encoder 2-64
Mark-B to Mark-A, Read 3-15
Metering 1-5, 1-6, 1-11, 6-37

Metering Logic, Auto/Test Modes 6-7, 6-37

Model 85 Modifications 4-13

Model 91 Modifications 4-10, 4-11 (Fig, 4-8)

Models 1-1
Multiplex Lines 1-3 (Fig, 1-2)

No Selection:
Chain Command, IPL  3-106
Halt1/O 3-64, 3-67
Initial Selection 3-8
IPL Initial Selection 3-96
Test /O 3-71, 3-73, 3-75

Operation:
CE Panel 6-1
Chain Command 1-14, 1-29
Chain Data 1-14, 1-28
Channel Address 2-50
Command Address Register 2-34
DAB Plus Count  2-27, 2-31, 3-9
Diagnostics  6-47
FLT 3-112, 3-114
Halt /O  1-30, 3-65
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Incorrect Length  2-33
Initial Selection 3-1
Interrupts  1-31
IPL 3-82, 3-84
IPL Loader 3-82, 3-86, 3-98
Logout 6-18, 6-40
Marginal Checking 5-15, 6-37
Mark-B Register 2-60
Polling 1-15, 1-21, 1-23
Polling Interrupt  3-120
Read 1-25, 3-10
Read Backward 1-26
Storage Bus Qut 2-12
Test Channel 1-5, 1-31, 3-79, 3-81
Test1/O 1-5, 1-30, 3-70
Test Mode 1-34
Transfer in Channel 1-14, 1-28
Write 1-26, 3-19
Write CDA  3-26
Overcurrent Protection, Power  5-8, 5-14
Overrun:
Read 3-15
Read CDA 3-61
Overvoltage Protection, Power 5-9, 5-14

Parity Check:
Bus-In Status  2-59, 3-59
Bus Out  2-57
Byte Counter 2-41
Check Conditions 2-66, 6-53
Data Store  3-16
Diagnostic Checking 6-47
Initial Selection 3-7
Mark-B Register 2-63
SBI, Read CDA 3-59
Storage Protect 2-16

Parity Logic 2-66

Polling:
HaltI/O 3-68, 3-70
Interrupts  3-120, 3-122
IPL Ending 3-112
Operation 1-15, 1-21, 3-3
Test1/O 3-71, 3-74, 3-76, 3-78, 3-79
Test Mode 6-9
Polling Interrupt:
Chain Check 6-60
Channel Control Check 3-123
CSW Store  3-121, 3-123, 3-124
Initial Selection 3-121, 3-122
1/O Disconnect  3-120, 3-122
Logout 3-123
Operation 3-120, 3-121 (Fig. 3-10)
Setup Reset 3-122
Simulate Unit Address 6-23, 6-24
Stack Status 3-120, 3-122
Stop Command 3-120, 3-122
Test1/0  3-74, 3-79
Test Mode 6-11, 6-15

Power:
Circuit Breakers 5-9
Controls 5-2
Convenience Qutlets 5-2
Input Power 5-1
Marginal Checking 5-2, 5-15
Overcurrent Protection 5-8, 5-14
Overvoltage Protection 5-9, 5-14



Power-Off Sequence 5-14
Sequencing, Control Unit Interface 5-6
Sequencing, CPU Interface 5-5
Sequencing Switch  5-2, §5-3 (Fig. 5-1)
Thermal Protection 5-9, 5-14
Undervoltage Protection  5-9, 5-14
Power Control Panel:
Controls and Indicators  6-36
Local/Remote 6-36
Marginal Checking 6-37
Metering 6-37
Power On/Off 6-36
Thermal Reset and Indicator 6-37
Power Distribution:
AC Power, 50 Hz 5-5
AC Power, 60 Hz 5-3
DC Power 5-5
Power Indicators 6-36
Power On/Off 6-36
Power-On Sequencing 5-12
Power Sequencing:
Control and Interface 5-6, 5-10
CPU Interface 5-5, 5-10
Initial Status 5-11
Power Off, EPO 5-15
Power Off, Normal 5-14
Power Off, Overcurrent 5-14
Power Off, Thermal 5-14
Power Off, Undervoltage 5-14
Power On  5-12
Power Supplies:
Regulators 5-1
Relay Power Supply 5-2
Proceed Command:
1/0 Sequences 1-11
Test /O 3-77
Program Check:
Chain Command, IPL.  3-107
Channel Status Byte 6-66
Conditions 6-60
Program Controlled Interrupt 1-14, 1-32, 1-33, 4-7, 6-65
Protect Address Check 6-58
Pseudo Accept Interrupt:
Halt1/O 3-68, 3-70
Test 1/O  3-73, 3-74, 3-78, 3-79

Read:
A-Register Operation 2-49
B- to A-Register 3-15
Bus-In Gating 2-58
Byte Count Encoding 2-43
Byte Counter Updating 3-14
Chain Check 6-59
Data Handling 3-14
Data Store  3-16
Decoding 3-9
Diagnostics 6-49, 6-51, 6-52
Incorrect Length 3-18
Initial Selection 3-14
Interrupt 3-18
IPLCCW1 3-86, 3-108, 3-109
IPL Forced CCW  3-85, 3-86, 3-88, 3-95
IPL Initial Selection 3-96
IPL Loader 391
Mark-B to Mark-A 3-15
Operation 1-25, 3-10

Overrun  3-15
Sequence §  3-17
Simulate I/O Interface 6-6, 6-9, 6-22, 6-25, 6-26
Stop Command 3-18
Timing 3-19
Update Count 3-17
Read Backward:
Byte Count Encoding 2-44
Byte Counter Operation 2-18
DAB and Data Address 3-9
Operation 1-26
Read Backward CDA:
Data Address Decrementing 3-47
Doublegating 3-61
Read CDA:
B- to A-Register 3-46, 3-49, 3-55, 3-58
Byte Count Encoding 2-44
CCW Fetch 3-50, 3-60
CCW Fetch Setup  3-48, 3-57
CCW Zeros Check 3-51, 3-60
Chain Check 3-51, 3-53, 3-62, 6-59
DAB Plus Count  3-53, 3-63
DAB to Byte Counter 3-53, 3-60, 3-63
Data Handling  3-46, 3-48, 3-51, 3-53, 3-54, 3-57, 3-61
Doublegating 3-44, 3-49, 3-58, 3-61
Initial Selection 3-45, 3-53
Interrupts  3-53
Mark-B  3-47, 3-49, 3-55, 3-58
Overrun  3-61
Retain Storage 3-50, 3-58, 3-59
Sequence 1  3-46, 3-54
Sequence 2 3-46, 3-54
Sequence 3  3-46, 3-49, 3-55, 3-56, 3-58, 3-63
Sequence 4 3-47, 3-52, 3-53, 3-56, 3-62
Sequence 5 3-53
Simulate I/O Interface 6-22
Skip Operation 3-58
Storage Protect 3-47, 3-49, 3-55, 3-59
Store Data 3-47, 3-49, 3-55, 3-57, 3-58, 3-63
Suppress Out  3-57, 3-61
Transfer in Channel 3-51, 3-60
Update Command Address 3-52, 3-60
Update Count 3-47, 3-56
Update Data Address 3-47, 3-56
Read Chain Data 3-43
Read, Count Register Operation 2-27
Records, FLT 3-113 (Fig. 3-8), 3-117
Registers:
A-Register 2-48
B-Register 2-48
Command 2-18
Command Address 2-34
Count 2-25
Data Address 2-19
Flag 2-22
Mark-A 2-65
Mark-B  2-60
Storage Protect 2-15 (Fig. 2-11)
Unit Address 2-1 (Fig. 2-1)
Regulators, Power 5-1
Relay Power Supply 5-2
Reset, Test Mode 6-14
Residual Count Calculation 2-33, 3-110
Retain Storage:
Read CDA 3-50, 3-58, 3-59
Write CDA  3-30, 3-32, 3-38, 3-39
Retrys, FLT 3-116, 3-118
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SBI, Data Address Register 2-21 Diagnostics 6-22, 6-23

SBI Gating 2-51, 6-51 . Initial Selection 6-24, 6-26
Selective Reset 1-12 1/0 Disconnect  6-9, 6-27
Sense Operation 1-27 1/0O Interface Lines 6-26
Sequence 1: Polling Interrupt Unit Address 6-23, 6-24
Defined 1-20 Read 6-6, 6-9, 6-22, 6-25, 6-26
Initial Selection 3-8 Read CDA 6-22
IPL Initial Selection 3-97 Sequence 1 6-26
Read CDA 3-46, 3-54 Sequence 2  6-26
Simulate I/O Interface 6-26 Sequence 5 6-26, 6-27
Write  3-20, 3-23 Simulate Interface Register 6-6, 6-9, 6-22, 6-24
Write CDA  3-28, 3-34 Start /O  6-26
Sequence 2: Status 6-24, 6-26
Chain Command, IPL  3-106, 3-109 Stop Command  6-27
Defined 1-20 Test Mode 6-5, 6-8, 6-15
Halt1/O 3-66 Unit Address Simulation 6-23
IPL Initial Selection 3-97 Write  6-6, 6-9, 6-22, 6-25, 6-26
Read 3-14 Simulate Storage, Test Mode 6-5, 6-11, 6-12, 6-19, 6-21
Read CDA 3-46, 3-54 Skipping Operation 1-30, 3-58
Simulate I/O Interface 6-26 Stack Status:
Write 3-20 1/0 Sequence 1-11
Write CDA  3-28, 3-34 Polling Interrupt  1-11, 3-20, 3-22
Sequence 3: Test Mode, Simulate 6-17
Defined 1-20 Start FLT 3-118, 3-119
IPLCCW1 3-101 Start 1/O:
IPLCCW 2 3-89, 3-103 Initial Selection Routine 3-1
IPL PSW 3-89, 3-99 Operation 1-3, 1-22, 3-1
Read 3-17 Simulate I/O Interface 6-26
Read CDA  3-46, 3-49, 3-55, 3-56, 3-58, 3-63 Test Mode  6-5, 6-8, 6-20, 6-23, 6-26
Write 3-25 . Test Mode, Auto Restart 6-18
Write CDA  3-28, 3-30, 3-32, 3-33, 3-37, 341, 3-42 Start IPL, Initial Selection 3-93
Sequence 4: Status:
Defined 1-20 Chain Command, IPL  3-104, 3-109
IPLCCW1 3-102 IPL Ending 3-110
IPL PSW 3-89, 3-100 Simulate I/O Interface 6-24, 6-26
Manual Store, Test Mode 6-12, 6-13 Test Mode 6-10, 6-11, 6-15
Read 3-17 Status Bytes 2-59
Read CDA  3-47, 3-52, 3-53, 3-56, 3-62 Stop Command:
Write  3-20, 3-23, 3-25 Byte 2-54, 2-55 (Fig. 2-26), 2-57
Write CDA  3-33, 3-35, 3-38 Chain Command, IPL  3-104
Sequence 5: I/O Sequences 1-11
Chain Command, IPL 3-104 IPL Loader 3-89, 3-90, 3-103, 3-104
Defined 1-20, 1-31 Polling Interrupt  3-120, 3-122
FLT 3-116, 3-118, 3-119 Read 3-18
Halt1/O 3-66, 3-68 Simulate I/O Interface 6-27
IPL Ending 3-92, 3-110, 3-112 TestI/O 3-75
IPL Loader 3-89, 3-91, 3-102 Stop FLT 3-118, 3-119
Logout 6-40, 6-44, 6-47 Storage Access, Test Mode 6-5, 6-12, 6-13, 6-20
Read 3-17 Storage Address Bus:
Read CDA 3-53 Block Diagram 2-8 (Fig. 2-5)
Simulate 1/O Interface 6-24, 6-26, 6-27 CAW Address 2-9
Test I/O  3-75, 3-76, 3-77, 3-78, 3-79 Command Address 2-10
Write 3-26 CSW (Z) Address 2-11
Sequencing 1-20 Data Address 2-9
Sequencing Switch, Power 5-2 Storage Address Check 6-51, 6-54, 6-57
Setup Reset: Storage Addresses:
Chain Command, IPL  3-106 CAW 29, 2-10, 2-20
FLT 3-120 CCW 2-10
Polling Interrupt  3-122 Command 2-10
Simplex Lines 1-3 (Fig. 1-2) CcsSw  2-11
Simulate Device Selection 6-9, 6-10 Data 2-9,2-20
Simulate Interface Register 6-6, 6-8, 6-9, 6-22, 6-24 IPL Loader 3-82
Simulate I/O Interface: Logout 6-40, 6-45, 6-46
Address Compare  6-10 Storage Bus Out:
Bus-In Latches 2-57, 2-59 Operation  2-12
Device Selection 6-6, 6-9, 6-10, 6-23, 6-25 Test Mode 6-21
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Storage Channel 4-10
Storage Data Check 6-54, 6-57
Storage Invalid Address Check 6-60
Storage Protect:
Chain Command, IPL 3-90
Check Conditions 6-58
CSW 2-18, 6-62
Diagnostics 6-49
HaltI/O 3-68
IPL Ending 3-93, 3-111
IPL Forced CCW  3-95
IPL Initial Selection 3-88
Key Ingating 2-17
Logout 2-18, 6-40, 6-45, 6-46
Master Key 2-16
Parity Checking 2-16
Read CDA 3-47, 3-49, 3-55, 3-59
Register 2-15
Storage Protect Key 2-16
Test1/0 3-73, 3-79
Test Mode 6-12
Storage Protect Check:
Channel Status Byte 2-17, 6-66
IPL Ending 3-112
Storage Protect Key Bus 2-17
Store:
CSW, Halt /O 3-68, 3-70
CSW, Read  3-19
CSW, Test /O 3-71, 3-73, 3-75, 3-76, 3-77, 3-718
Diagnostics, Incorrect Parity 6-49
IPLCCW1 3-89, 3-101
IPLCCW 2 3-89, 3-103
IPL Ending 3-111
IPL PSW 3-89, 3-99
Logword 1 6-40, 6-45
Logword 2 6-40, 6-43, 6-46
Logword 3 6-40, 6-43, 6-46
Manual, Test Mode 6-5, 6-8, 6-11, 6-19, 6-21
SBI Gating 2-51
Store Data:
Read 3-16
Read CDA  3-47, 3-49, 3-55, 3-57, 3-58, 3-59, 3-63
Suppress Data 1-12
Suppress Out:
Read CDA 3-57, 3-61
Test /O 3-77, 3-79
Suppress Status  1-12
Switches, CE Panel 6-6
System Configurations 1-1, 1-2
System Reset 1-5

Test CE Panel Indicators 6-2, 6-28
Test Channel:
Channel Busy 3-80, 3-82
Channel Not Available 3-80, 3-81
Condition Codes 3-80, 3-81, 3-82
Interrupt  3-80, 3-82
Operation 1-5, 1-31, 3-79, 3-81 (Fig. 3-5)
Test Entry  6-7
Test Indicators, CE Panel 6-28 — 6-36
Test 1/O:
Address Compare, Initial 3-71, 3-73
Address Compare, I/O  3-71, 3-76, 3-77
Channel Busy 3-71, 3-72
Channel Control Check 3-75, 3-79

Channel Not Available 3-72

Condition Codes 3-71, 3-72, 3-73, 3-78, 3-79
Control Unit Busy 3-71, 3-74, 3-76

Device Selection 3-71, 3-74

Initial Selection 3-71, 3-74

Interface Control Check 3-76, 3-77, 3-79
Interrupts  3-71, 3-73, 3-75, 3-79

1/0O Interface Reset 3-76

Logout 3-71, 3-73, 3-76, 3-79

No Selection 3-71, 3-73, 3-75

Operation 1-5, 1-30, 3-70

Polling 3-71, 3-74, 3-76, 3-78, 3-79

Polling Interrupt  3-74, 3-79

Proceed Command 3-77

Pseudo Accept Interrupt  3-73, 3-74, 3-78, 3-79
Sequence 5 3-75, 3-76, 3-77, 3-78, 3-79
Stop Command 3-75

Storage Protect 3-73, 3-79

Store CSW  3-71, 3-73, 3-75, 3-76, 3-77, 3-78
Suppress Out  3-77, 3-79

Z-Address 3-13, 3-79

Tests, FLT 3-112, 3-115
Test Mode:

A-Register Operation 2-50

Attention Status 6-15

CAW 6-8,6-20

CCW 6-8, 6-20, 6-21

CE Panel 6-2 (Fig. 6-1), 6-6

Channel Data Check 6-17

Clock Testing 6-21

Control Unit Access 6-6, 6-8

CPU Interface 6-6, 6-7

CSW Store  6-11

Entry Conditions 6-7

Halt /O 6-5, 6-9

Interrupt  6-5, 6-9, 6-11, 6-15

1/O Disconnect 6-9

1/O Interface Reset 6-18

Load Data Address 6-14, 6-21

Log Stop 6-17

Machine Check 6-18

Machine Reset 6-18

Manual Fetch 6-5, 6-8, 6-13, 6-19, 6-21
Manual Store  6-5, 6-8, 6-11, 6-19, 6-21
Marks Bus 6-11

Operations 1-34

Polling 6-9

Polling Interrupt  6-11, 6-15

Reset 6-14

Sequence 4 6-12, 6-13

Simulate Device Selection 6-9, 6-10
Simulate I/O Interface 6-5, 6-8, 6-15
Simulate Stack Status 6-17

Simulate Storage 6-5, 6-11, 6-12, 6-13, 6-19, 6-21
Start I/O  6-5, 6-8, 6-20, 6-23, 6-26
Start I/O, Auto Restart 6-18

Status 6-10, 6-11, 6-15

Storage Access 6-5, 6-12, 6-13, 6-20
Storage Bus Out 6-21

Storage Protect 6-12

TestI/O  6-5, 6-10, 6-11, 6-23

Unit Address 6-5, 6-8, 6-10, 6-23, 6-27
Unit Address Switches 2-50

Thermal Protection, Power 5-9, 5-14, 6-37
TIC CCW Zeros Test 2-14
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Timeout Clock 3-88, 3-93
Timing:
Clock 2-5
Defined 1-20
Read 3-19
Transfer in Channel:
Chain Command, IPL  3-107
FLT 3-112,3-115, 3-117, 3-119
Initial Selection 3-5
IPL  3-83, 3-86, 3-90, 3-92, 3-109
Operation 1-14, 1-28
Program Check 6-60
Read CDA 3-51, 3-60
Write CDA  3-31, 3-40

Undervoltage Protection, Power 5-9, 5-14
Unit Address:
Bus Out  2-50
Comparison 2-4
Halt I/0  3-67
Ingating 2-2, 2-4
IPL Ending 3-86, 3-93
IPL Initial Selection 3-86, 3-88
Logout 6-40, 6-47
Outgating 2-2, 2-4
Register 2-1, 2-4
Switches 2-3
Test Mode 6-5, 6-8, 6-10, 6-23, 6-27
Unit Address Bus In  1-1, 2-2
Unit Address Bus Out  1-3, 2-50
Unit Address I/O Simulation 6-23
Unit Characteristics A-1
Unit Check:
Conditions 6-61
FLT 3-115, 3-118
Unit Status Byte 6-62
Update Command Address:
Chain Command, IPL  3-91
Read CDA 3-52, 3-60
Write CDA  3-35, 3-38, 3-42
Update Count:
IPLCCW1 3-89, 3-101
IPL PSW 3-89, 3-100
Read 3-17
Read CDA 3-47, 3-56
Write 3-25
Write CDA.  3-30, 3-38
Update Data Address:
IPLCCW1 3-89, 3-102
IPL CCW 2 3-89, 3-103
IPL PSW 3-89, 3-100
Read 3-7
Read CDA 347, 3-56
Write 3-25
Write CDA  3-30, 3-34, 3-35
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Write:
A- to B-Register 3-23
Bus-Out Gating 2-56
Byte Count Encoding 2-43
Data Handling 3-24
Decoding 3-9
Diagnostics  6-49, 6-50, 6-51, 6-52
Fetch Data  3-20, 3-22, 3-23
Initial Selection 3-22
Interrupt 3-25
Operation 1-26, 3-19
Sequence 1 3-23
Sequence 3 3-25
Sequence 4  3-20, 3-23, 3-25
Sequence §  3-2§

Simulate I/O Interface 6-6, 6-9, 6-22, 6-25, 6-26

Update Count  3-25
Update Data Address 3-25

Wiite CDA:
A- to B-Register  3-35, 3-37, 341, 3-42
CCW Fetch 3-31, 3-40
CCW Setup  3-33, 3-41
CCW Zeros Check  3-31, 3-40
Clear Initial Status 3-36
Count Register Operation 2-28
DAB Plus Count  3-33, 3-38, 3-42
DAB to Byte Counter 3-33, 3-42

Data Handling  3-30, 3-32, 3-34, 3-36, 3-40, 3-41
Fetch Data 3-27, 3-29, 3-31, 3-32, 3-34, 3-36, 3-39, 3-41

Initial CCW Count 8 or Less 3-35
Initial Selection 3-28, 3-34

Mark-B Operation 2-64

Operation 3-26

Retain Storage 3-30, 3-32, 3-38, 3-39
Sequence 1  3-28, 3-34

Sequence 2 3-28, 3-34

Sequence 3  3-28, 3-30, 3-32, 3-33, 3-37, 341, 342

Sequence 4  3-33, 3-35, 3-38
Transfer in Channel 3-31, 3-40

Update Command Address 3-33, 3-38, 3-42

Update Count 3-30, 3-38
Update Data Address 3-30, 3-34, 3-35
Write, Count Register Operation 2-27

Z-Address:
Halt /O 3-68, 3-70
Test1/O  3-73, 3-79
Zeros Tests:
CAW Fetch 2-14, 34
CCW Fetch 2-14, 3-5
Chain Command, IPL  3-90, 3-107
Program Check 6-60
TIC CCW Fetch 2-14
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