




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1000 - No Interrupt From Scanner: This condition applies to SDLC Tlines
only. Once reception has started, an NCP type buffer must be filled within 6
seconds. This error indicates that the scanner has stopped transfer of the
received data to the CCU, or that the receive text timer timed out before the
current buffer was filled.

1001 - Command Rejected: This condition may occur for three different
reasons:

1. The command was issued on the wrong interface of the line (transmit
instead of receive, or vice-versa).

2. The command is of the "Transmit" or "Receive" type, and the line had not
been previously enabled.

3. The command could not be accepted in the current state of the line.

1010 - Trace Already Active: This condition occurs if a scanner internal
trace (SIT) is already running for this line.

1011 - Scanner Error Reporting Path Check: This condition occurs if a the
scanner cannot complete an operation initiated by the scanner microcode,
because of an error that cannot be reported.

1100 - Invalid Level 2 Interrupt: This condition occurs if the scanner
requested an unexpected level 2 interrupt for this interface.

1101 - Modem Already in Test Mode: This condition occurs if the interface
is already in the Modem Test mode and a modem test is requested.

4, Initial Status = 111 (Hardware Error)

FSF Meaning

0001 | CTS dropped during command/modem retrain

0011 | RLSD failed to drop on Disable command (not used
by NCP)

0111 | DSR dropped during command

1001 | CTS failed to come up/X.21 DCE not ready

1010 | DSR failed to come up

1011 | No cable installed

1100 | DSR and/or CTS failed to drop (on Disable and
Transmit Data commands on half dupliex lines
without duplex facilities

1110 | Autocall check

Notes:

1. For NCP operations, the line is set to the disable state.

2. For NCP operations on duplex lines, the command on the failed interface is
ended; the LCS indicates the cause of the error, and a level 2 interrupt
is raised to the CCU. The command on the other interface is cleared; no
ending status is set, and no interrupt is raised to the CCU.

3. For EP operations, the line is set to the No-Op state.

4. After a hardware error, the only commands accepted for that line are
"Enable", "Monitor Incoming Call", or "Dial" (if autocall interface).
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0001 - CTS dropped during command: This condition occurs if Clear To Send
failed during the transmission.

0011 - RLSD failed to drop (on Disable command): This condition occurs if
Receive Line Signal Detector failed to drop during a disable command.

0111 - DSR dropped during command: This condition occurs if Data Set
Ready failed during the command.

1001 - CTS failed to come up: This condition occurs if Clear To Send failed
to rise after Request To Send was set.

1001 - X.21 DCE not ready: During enabling of a leased X.21 line, the DCE
was found to be not ready.

1010 - DSR failed to come up: This condition occurs if Data Set Ready failed
to rise after Data Terminal Ready was set.

1011 - No cable installed: This condition occurs if there is no cable
connected to the modem.

1100 - DSR and/or CTS failed to drop: This condition occurs only for
Disable and Transmit Data commands on half duplex lines without duplex
facilities. It indicates that Data Set Ready and/or Clear To Send failed to
fall after Data Terminal Ready was turned off. 1110 - Autocall check: This
condition indicates that the autocall unit was unable to accept a dial
operation because PWI was down when starting to dial, or COS was received
before all dial digits were sent. The status of the interface leads is
available to the control program in the status area.

Leading Graphics Flag

The leading graphics flag is used only for NCP BSC Receive and NCP BSC Con: .1
commands. It indicates that a non-control character was the first character
received. For the "Hardware Error" status configuration, the scanner
automatically sets the leading graphics flag to zero. For the "Special”
status, the leading graphics flag indicates the result of the DTE Clear or DCE
C%ear; flag off indicates a successful clear, and flag on an unsuccessful
clear.

Wrap Testing

Wrap testing loops the data (or modem control leads) from the transmit
interface back into the receive interface. The transmitted and received
signals are then compared. This allows the detection of errors in the
transmission path to the modem.

Wrap testing is for a specified line and is initiated from the MOSS. Before
issuing the wrap, the line must be deactivated from the host for leased lines;
switched Tines must be disabled.

When the MOSS receives a wrap request from the MOSS operator, it raises a
Mailbox In Wrap Test Initialize Request to obtain the line characteristics
from the control program. The MOSS then uses the data provided by the MOSS
operator to create a Mailbox In Start Wrap Request to the control program. If
the MOSS operator has not provided any data, the MOSS constructs the request
from information in its own storage.

For BSC wrapping (NCP and EP) the scanner hardware cannot handle the SYN
insert timer on the transmit interface and the SYN detection timer on the
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receive interface at the same time. Therefore, during wrap, only the SYN
insert timer on the transmit interface runs.

Wrapping is started by the Wrap command, and stopped by a Reset-N or Reset-D
command. The line must first have been initialized correctly by means of a
Set Mode command.

The wrap may be set up at the LIC, at the modem cable, or at the modem. Two
types of wrap are possible:

* Data wrap. The data is wrapped back from the transmit to the receive
interface.

e (Control lead wrap. The modem control leads are wrapped back from the
transmit to the receive interface.

SDLC Data Wrap

The following sequence of commands should be used:

1. Wrap on the transmit interface, specifying "data" and "LIC" or "external'.
This also forces the T1ine to the duplex mode.

2. SDLC Receive on the receive interface.

3. SDLC Transmit on the transmit interface. Modifier bits 4 (Compare
Address) and 6 (Turn Line Around) must both be off. The XAl, XA2, XC1,
and XC2 of the SDLC Transmit parameter area are used by the command; the
number of address and control fields must be specified in the normal way
using modifier bits 2 and 3.

4. Repeat steps two and three as often as required.

5. End the wrap with a Reset-D or a Reset-N command.

NCP BSC Data Wrap

The following sequence of commands should be used:

1. Wrap on the transmit interface, specifying "data" and "LIC" or "external".
2. NCP BSC Receive on the receive interface.

3. NCP BSC Transmit on the transmit interface. Modifier bits 6 (Turn Line
Around) and 7 (Acknowledgment Expected) must both be off.

4. Repeat steps two and three as often as required.

5. End the wrap with a Reset-D or a Reset-N command.

Notes:

1. Line control characters are not provided in the buffer chain.

2. The transmit control byte is the first character provided by the MOSS in
the buffer chain. It must not be transmitted, rather it must be passed to

the scanner in the parameter zone of the PSA.

3. ITB/EIB mode is not supported when in wrap mode.
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EP BSC Data Wrap

The following sequence of commands should be used:

1. Wrap on the transmit interface, specifying "data" and "LIC" or "external".

2. EP BSC Receive on the receive interface.

3. EP BSC Transmit Initial on the transmit interface.

4. EP BSC Transmit Data on the transmit interface. If modifier bit 5 (Data
Chain) is set to zero, the scanner does not turn the line around.

5. If there is only one buffer, repeat steps two through four as often as
required, then end the wrap with a Reset-D or a Reset-N command. If there
is more than one buffer, continue as follows:

€. EP BSC Receive Continue on the receive interface

7. EP BSC Transmit Data on the transmit interface.

8. Repeat steps 6 and 7 as often as required.

9. End the wrap with a Reset-D or a Reset-N command.

Notes:

1. Line control characters must be provided by the MOSS in the buffer chain
to the control program. They are returned to the control program as
received by the scanner, with the exception of SYN, DLE-SYN, and inserted
DLEs.

2. The transmit control byte is the first character provided by the MOSS in
the buffer chain. It must not be transmitted, rather it must be passed to
the scanner in the parameter zone of the PSA.

3. If the transmit control byte specifies transparent wrap, the last buffer
of the pattern must be sent as second transparent write. Transparent ITB
is not supported; non transparent ITB is supported.

4. If no ending character is provided, or if is not recognized, the Flush

command must be used to recover from the wrap test.

Character Mode Data Wrap.

The following sequence of commands should be used:

1.
2.

Wrap on the transmit interface, specifying "data" and "LIC" or "external.

Write ICW on the receive interface with PCF state X'7' (Receive) for
start/stop operation, or X'5' (Monitor for Phase) for BSC operation. In
the case of BSC, the PCF state will change automatically to X'7' when
synchronization occurs. PCF state X'O' must be used to stop reception
when an EOM character is recognized, or the count is exhausted.

Write ICW on the transmit interface with PCF state X'9' (Transmit Data).

Note: 1In the case of external wrap test only, the first byte should be
transmitted using PCF state X'8' (Transmit Initial). This is not
mandatory, but if PCF state X'8' is not used, the first Write command with
PCF state X'9' must supply both the PDF and the SDF.
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PCF state X'D' must be used to stop transmission. This state, in wrap
mode, only ends the transmission and returns the PCF state to X'O'
(No-Op). A level 2 interrupt request is raised, and the interface is left
without an outstanding command. The wrap test, however, remains in force.

4. Repeat steps two and three until all the characters in the buffer chain
have been transmitted and received. '

5. Repeat as often as required with a new buffer chain.

6. End the wrap with a Reset-D or a Reset-N command.

Notes:

1. Line control characters must be provided by the MOSS in the buffer chain
to the control program. They are returned to the control program as
received by the scanner. CRC and/or LRC checking should not be done.

2. Leading pad and synchronization characters must be included by the MOSS in
the buffer chain.

3. For start/stop and character mode BSC lines, the control program must not

send the first character in the buffer chain, but must use it instead to
define the EOM character that must be used to complete reception.

Control Lead Wrap.

The ohe-byte test patterns are stored as a sequence of bytes in NCP buffers or
data areas. The scanner alternatively presents one modem-out pattern and then
reads it in as a modem-in pattern until the entire buffer chain or data area
has been exhausted. The operation is completely automatic; no Write or Read
commands are required.

The following sequence of commands should be used:

1.

WraP test on the transmit interface, specifying "control lead" and "LICY
or "external"

Repeat as often as required with a new buffer chain.

End the wrap test with a Reset-D or a Reset-N command.
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Timeout Values Used

Many different timeout values are used for the different line protocols; some

are fixed, and some are set by the Set Mode command.

Timeouts for SDLC

Type of timeout

Vaiue

Enable timeout
Disable timeout
Reply timeout
Receive text timeout
Monitor rise of CTS
Monitor fall of CTS
Modem retrain

Set Mode value
Set Mode value
Set Mode value
Set Mode value
Same as enable
3 seconds

Same as enable

Timeouts for NCP BSC

Type of timeout

Value

Enable timeout
Disable timeout
Reply timeout
Monitor rise of CTS

Set Mode value
Set Mode value
Set Mode value
Same as enable

Monitor fall of CTS 3 seconds
Modem retrain Same as enable
Ensure SYNs received during text 3 seconds
Ensure no more than 3 seconds of SYNs 3 seconds
SYN insertion during transmission 1 second
Timeouts for EP BSC

Type of timeout Value

Enable timeout Fixed (see

Disable timeout

Reply timeout (no control character received
on a Receive command or after polling)

Monitor rise of CTS

Monitor fall of CTS

Monitor fall of CTS on 2nd transparent write
Ensure SYNs received during text

Ensure no more than 3 seconds of SYNs

Enable Cmd)
Fixed and set
mode values

3 seconds

25.6 seconds*
3 seconds
1 second
3 seconds
3 seconds

* two or one seconds if raised at enable time.
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Timeouts for Character Mode

Type of timeout © Value

Enable timeout Set Mode (NCP)
Fixed (EP)

Disable timeout Set Mode (NCP)
Fixed (EP)

Timeouts for Autocall Interface

Type of timeout Value
Dial timeout (NCP) Set Mode value
Dial timeout (EP) 51.2 seconds

Scanner Program/Hardware Checks causing a Level 1 Interrupt

In addition to the program and hardware errors reported in the command status
via Tevel 2 interrupts (as described under the heading "Ending Status" for
each command), the CCU may be notified that a program check or a hardware
check has occurred via a CCU level 1 interrupt request. To obtain information
about the check, the control program must issue a Get Error Status
instruction, which transfers a two-byte error status to the CCU. The control
program must also reset the check and the interrupt, and perform any necessary
recovery actions. The following conditions may cause a level 1 program or
hardware check:

1. CCU/scanner problems:
e IOH/IOHI op-code not supported.

. IOH/IOHI rejected because there is an outstanding command for that
interface. For example, a second Transmit command has been sent while
a Transmit command is already outstanding.

Note: Certain conditions do not cause a program check; the command
is simply rejected by setting "command rejected" in the status area.
For example, a Transmit Continue command has been issued without a
previous Transmit command.

. IOH/ICHI rejected because a Set Mode command has not yet been received
for that interface.

2. Scanner Problems:

* Scanner internal errors are usually detected as parity checks, but in
some cases, the scanner detects program errors during its own
processing.

e Some hardware errors may occur only when handling a given line
interface. For example, a parity check may occur when accessing a
hardware register associated with a particular line interface. In
this case, the error status contains the five-bit line interface
address in addition to information identifying the type of error.
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3. Abnormal conditions detected during I/0 operations on the CCU to scanner
bus. These errors may be detected by the CCU or by the scanner. Errors
are related to CCU storage and address checks, invalid sequences, and
invalid or timed out IOH/IOHI instructions.

If the check is related to a particular line interface, the scanner freezes
operations on the 1line interface in error, creates the error status, raises a
level 1 interrupt, and waits for the control program to get the error status
with a Get Error Status instruction. The scanner continues to operate all
other line interfaces normally.

If the check is not related to a specific line, a scanner hardstop occurs.

The scannher freezes all line interface operations, creates the error status,
raises a level 1 interrupt, and waits for the control program to get the error
status; IOH/IOHI instructions other than Get Error Status are ignored. All
communications on the lines attached to this scanner are blocked. When the
CCU has obtained the error status, the scanner informs the MOSS that an error
has occurred and ignores all furthnr IOH/IOHTI instructions, except those

SANTpE Y viivoo

coming from the MOSS (bit 12 of the second halfword of the instruction is a
one to indicate that the instruction comes from the MOSS). The MOSS may then
use Display and Dump commands to collect further information about the error.
Note: To return to the operational state, it is necessary to re-IPL the
scanner.

Error Status Bytes

The error status is two bytes long, and contains the following information:

¢ Type of IOH/IOHI check.

* Type of scanner check.

. Type of CCU/scanner bus check.

. The five-bit line interface address, if the error is associated with a
specific line address.

Note: These 16 bits indicate hardware errors and are used by maintenance
personnel for fault isolation. Refer to maintenance documentation for full
details.
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CHAPTER 6. TOKEN-RING SUBSYSTEM

The Token-Ring Subsystem (TRSS) provides the controller with physical access
to a token-ring. The structure and components of the Token-Ring Subsystem are
described in detail in the 3720/3721 Introduction Manual, GA33-0060. The TRSS
does not perform any Data Link Control (DLC) or higher level networking
functions, it is simply a data transport between the controller and the ring.
The TRSS will attempt to deliver all data that the controller requests it to
deliver, and will pass to the controller all user data it receives. This
chapter describes those functions of the TRSS that are accessible for
programming. These are the functions of the Token-Ring Multiplexor (TRM) part
of the TRSS.

Communication between the TRM and the controller is provided by:

* Interrupts

* MMIO instructions to read/write information from/to the TRM RAM and
registers without direct CCU control

o TRM commands that transfer user data frames between the controller and the
ring using Direct Memory Access (DMA).

Two types of frame are handled by the TRM:
* User frames, also called 'frame format 1'.

* Medium Access Control (MAC) frames that are handled at the physical
transmission level.

This chapter describes the format and handling of user frames, but some types
of MAC frame report errors and ring problems in the status reports of some TRM
commands.

This chapter is organized in the following way:

¢ Section 1 contains basic information about the TRM.

o Section 2 describes the procedure necessary to initialize the TRM.

e Section 3 describes the MMIO instructions.

. Section 4 describes the TRM commands.

Read all sections of this chapter before you use any commands as both MMIO
instructions and TRM commands are used together.
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SECTION 1. BASIC INFORMATION

The TRSS acts as a data transfer device between the controller and the ring.
Data is transferred in the form of frames and under the control of TRM
commands issued by the program in CCU.

The Token - Free and Captured

The token controls the transmission and, partially, the reception of frames.
No frame can be transmitted to the frame without a token. When the ring is in
operation, a "free" token is transmitted around the ring. If a station on the
ring wants to transmit a frame, it waits until a free token arrives then
"captures" it. A bit is changed in the token to show that it is busy, the
station appends the frame to the token, and both are transmitted to the
destinatjon station. Each station between the source and destination receives
the frame, regenerates it, and transmits it onto the ring.

When the frame arrives at the destination, the receiving station copies the
frame, changes a bit in the trailer to confirm reception, and transmits the
frame back to the source station. The source changes a bit in the token to
show that it is free again, strips the frame from the token, and transmits the
free token back onto the ring for another station to capture it. Control of
the token is, however, transparent to the user and is not discussed further in
this manual.

Token Format

The token is part of the frame header, described below, and consists of:

1. A starting delimiter field (one byte).

2. A Physical Control Field 0 (PCFO) (one byte).

3. An ending delimiter (one byte).

Bit 3 of the PCFO field is used to indicate whether the token is "free" or
"captured". The PCFO field is described in detail below under "Frame
Structure".

Frame Structure

A 'frame' is the unit of transmission on the IBM Token-Ring Network. It
includes delimiters, control characters, user data, and frame checking
characters. It consists of three components:

1. A frame header

2. The user data

3. A frame check (CRC) field.
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Its structure is as follows:

Header
Field Size

PCFO | PCF1 2 bytes

To address 6 bytes

From address 6 bytes

Routing Field 18 bytes maximum
User data

Data user defined length
Frame CRC

Frame CRC 4 bytes

The content of these fields is described below.

PCFO (PHYSICAL CONTROL FIELD 0): Tre content of PCFO is:

Bit Meaning
0 Access priority
1 Access priority
2 Access priority
3 Token indicator
4 to 7 | Reserved

The bits of PCFO have the following significance:

Bits 0 to 2 - Access priority: these bits select the Access priority for the
frame. This value (0-3) must be less than or equal to the Authorized Access
Priority for the station.

Bit 3 - Token indicator: when on, this bit indicates that this is a busy
token attached to a frame, that is, a captured token. When off, this bit
indicates a free token.

Bits 4 to 7 - Reserved: these bits will be reset to '0000' by the TRM.

PCF1 (PHYSICAL CONTROL FIELD 1): This field is transmitted as specfied by the
controlier.

TO ADDRESS: This field specifies the destination of the transmitted frame.
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FROM ADDRESS: This field specifies the source of the frame. The TRM stores
the Node Address for this controller into the six bytes of the From Address
field with the exception of byte 0, bit 0.

ROUTING FIELD: This must be included if bit 0 of the From Address field is
one.

DATA: The data field is the user specified data from the controller.

FRAME CRC: Each frame is terminated by Cyclic Redundancy Check characters and

a frame delimiter. These are appended automatically by the TRM.

TRM Direct Memory Access

There is one Direct Memory Access (DMA) channel for a TRM that performs

transfers in one direction at a time between the TRM and the controller. The

TRM acts as bus master in all DMA transfers.

The TRM can operate in one of two DMA modes, Cycle or Burst. 1In Cycle Mode,

the TRM will release the bus after every memory access. In Burst Mode, after

the TRM is master of the bus, the TRM will remain master until:

* A parity error is detected from TRM RAM.

¢ A parity error is detected from controller RAM.

e An error occurs on the system bus.

e The system bus is released.

. No more data is to be transferred. The maximum amount of data that can be
transferred in each burst is set in the In1t1a11zat1on Parameters,
described in Section 2.

Addresses provided to the TRM by the controller are fullwords. The high order

byte is ignored to provide 24-bit addressing.

TRM Buffers

The TRM has 1792 bytes of RAM available for a buffer pool of sixteen 112-byte

buffers. The first 8 bytes of each buffer are reserved for a buffer header and

a frame will occupy as many buffers as are required to hold it, up to the

maximum space available. Examples are given below of buffer space required for

two different frame sizes.

1. The frame size that will exactly occupy six 112-byte buffers is:

Buffer headers 48 bytes (6 x 8 bytes)

Frame header - 32 bytes
Data field - 588 bytes
Frame CRC - 4 bytes

672 bytes (6 x 112-byte buffers)
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2. The frame size that will exactly occupy three 112-byte buffers is:

Buffer headers 24 bytes (3 x 8 bytes)

Frame header - 32 bytes
Data field - 276 bytes
Frame CRC - 4 bytes

336 bytes (3 x 112-byte buffers)

The format of the buffer header is:

Content Size

Backward Pointer | 2 Bytes

Forward Pointer 2 Bytes

Buffer Status 2 Bytes

Data Length 2 Bytes

Backward pointer: this is the address of the previous buffer in the chain,
if there is one, or all zeros if this is the first buffer.

Forward pointer: this is the address of the next buffer in the chain, if
there is one, or all zeros if this is the last.

Buffe.: status: this gives the current status of the buffer. There is one
status halfword for a transmit buffer and another for a receive buffer. The
significance of the bits for a transmit buffer status is:

Bit Meaning

0 In use
1 to 6 | Ignored

7 End of frame
8 to 15| Model PCFE

Bit O - In use: when on, this buffer is in use.
Bits 1 to 6 - Ignored: these bits are ignored.

Bit 7 - End of frame: when on, this buffer is the last one in a frame. When
off, this buffer is an intermediate buffer in a frame.

Bits & to 15 - Model PCFE: this is a model Physical Control Field Extension
byte and is only valid if bit 7, End of frame, is set to '1l'.
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The significance of the bits for a receive buffer is:

Bit Meaning

0 In use
1 to 6 | Ignored

7 End of frame
8 to 15| Ignored

Bit O - In use: when on, this buffer is in use.
Bits 1 to 6 - Ignored: these bits are ignored.

Bit 7 - End of frame: when on, this buffer is the last one of a frame. This
bit is initially reset to '0' in a receive buffer.

Bits 8 to 15 - Ignored: these bits are ignored.
Data length: this gives the length of the data that occupies this buffer.

The sixteen buffers are used for both reception of frames from the ring and
transmission of frames to the ring. When the controller requests a frame
transmission, buffers are allocated from the buffer pool one at a time until
the frame has been transferred to the TRM. A maximum number of buffers can be
specified in the TRM command OPEN. Transmission requires three or more buffers
and at least two buffers must be available for frame reception.

The TRM can process a maximum of two transmit frames at one time. One could
be queued for transmission while the other is being transferred from the
controller, or both could be queued for transmission at the same time.
However, the total number of buffers used cannot exceed the transmit buffer
count specified in the OPEN command. If it does, then the transmission will be
terminated with an error status set.

Additional RAM can be added to the TRM to increase the number of buffers
available and, if required, the buffer size. The amount of additional RAM
installed is specified with the 'External RAM' parameter of the OPEN command.
The buffer size can also be changed with the OPEN command. Refer to the OPEN
command description for details of these parameters and limitations of buffer
characteristics.

Interrupt Mechanism

TRM to Controller Interrupts

The TRM will interrupt the controller when the status of the TRM, ring, or an
unfinished command changes. The controller can read the TRM interrupt register
with an MMIO instruction to discover the cause of an interrupt. The controller
must reset the interrupt with another MMIO instruction. An MMIO instruction
can be used to stop an interrupt from being generated.

Interrupts are provided to the controller by the TRM in an 8-bit interrupt
vector. The controller can specify seven values for the interrupt vector to
distinguish between different interrupts. If more than one TRM is connected to
the controller each TRM can have a different interrupt vector set for it.
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Controller to TRM Interrupts

The TRM can be interrupted by writing to the TRM Interrupt Register. When the
TRM can respond to the interrupt, it will read the Interrupt Register, service
the request, and reset the interrupt.

TRM Check Interrupt

This interrupt is generated when the TRM detects an unrecoverable hardware or
software error. The SSB is not altered and the TRM will be closed and waitng
for TRM reset interrupt from the controller (MMIO Write Interrupt, Bit 1 set
to '1'). The Open command will have to be issued again, if it is required,
after reset. The reason for the error can be found reading 8 bytes from TRM
RAM starting X'O5EQ'. Use MMIO Write Address instruction to write the address
into the TRM Address Register, then MMIO Read Data Autoincrement instructions
to read the 8 bytes to the controller. These bytes contain:

Address Meaning
X'05E0' | TRM Check
X'05E2' | Parameter 0
X'05E4' | Parameter 1
X'05E6' | Parameter 3

The contents of these addresses are described below.

TRM CHECK
The bits of TRM Check have the following significance:

Bit Meaning

MMIO parity error

DMA abort - read

DMA abort - write
I11egal operation code
Parity error

Parity error - EXT
Parity error - SIF
Parity error - PH
Parity error - RECV
Parity error - XMIT
Ring underrun

Ring overrun

Invalid interrupt
Invalid error interrupt
Invalid XOP

Program check

= e e e
OPWNFROWONOYULTRWNFO

Bit 0 - MMIO parity check: when on, the TRM has detected a parity error in
data transferred from the controiler during an MMIO instruction. Parameters 0
- 2 should be ignored.
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Bit 1 - DMA abort - read: when on, the TRM has aborted a DMA transfer from
the controller. This could be caused by:

. Parity errors in excess of the Parity Abort Threshold set during TRM
Initialization (Byte 12, DMA Abort Thresholds of the Intialization
Parameters), see Page 6-14. Parameter 0 will contain X'0001'.

* Bus errors in excess of the Bus Error Abort Threshold set during TRM
Initialization (Byte 12, DMA Abort Thresholds of the Intialization
Parameters), see Page 6-14. Parameter 0 will contain X'0002'.

e The TRM has waited more than 10 seconds (DMA timeout) for a DMA transfer
to complete, with or without errors. Parameter 0 will contain X'0000'.
DMA timeout can be disabled by setting Bit 9 of the Open command Parameter
List (Disable DMA Timeout) to 'l', see Page 6-32.

Parameters 1 and 2 will contain the failing controller address, plus or minus

sy hiskAns
SITA WwyLesS.

Bit 2 DMA abort - write: when on, the TRM has aborted a transfer to the
Eontro]1er. Parameters 0 - 2 will contain the same as for Bit 1, DMA Abort -
ead.

Bit 3 - lllegal operation code: when on, the TRM has detected an illegal
operation code. Parameters 0 - 2 will contain a copy of the contents of TRM
registers R13, R14, R15.

Bit 4 - Parity error: when on, the TRM processor has detected a local bus
parity error. Parameters 0 - 2 will contain a copy of the contents of TRM
registers R13, R14, R15.

Bit 5 - Parity error - external master: when on, the TRM has detected a local
bus parity error. Parameters 0 - 2 will contain a copy of the contents of TRM
registers R13, R14, R15.

Bit 6 - Parity error - system interface (SIF) master: when on, the TRM
processor has detected a local bus parity error. Parameters 0 - 2 will
contain a copy of the contents of TRM registers R13, R14, RI15.

Bit 7 - Parity error - PH master: when on, the TRM has detected a local bus
parity error. Parameters 0 - 2 will contain a copy of the contents of TRM
registers R13, R14, R15.

Bit 8 - Parity error - ring transmit: when on, the TRM processor has detected
a local bus parity error while transmitting to the ring. Parameters 0 - 2
will contain a copy of the contents of TRM registers RI13, R14, R15.

Bit 9 - Parity error - ring receive: when on, the TRM has detected a Tocal
bus parity error while receiving from the ring. Parameters 0 - 2 will contain
a copy of the contents of TRM registers R13, R14, R15.

Bit 10 - Ring underrun: when on, the TRM has detected an underrun on the
ring, that is, the data is arriving out of synchronization with the TRM's
clocking, and pulses are arriving later than they should. Parameters 0 - 2
should be ignored.

Bit 11 - Ring overrun: when on, the TRM has detected an overrun on the ring,
that is, the data is arriving out of synchronization with the TRM's clocking,
and pulses are arriving earlier than they should. Parameters 0 - 2 should be
ignored.
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Bit 12 - Invalid interrupt: when on, an unrecognised interrupt has been
generated. Parameters 0 - 2 will contain a copy of the contents of TRM
registers R13, R14, R15.

Bit 13 - Invalid error interrupt: when on, an unrecognised error interrupt
has been generated. Parameters 0 - 2 will contain a copy of the contents of
TRM registers R13, R14, R15.

Bit 14 - Invalid XOP: when on, an unrecognized XOP request has been
generated. Parameters 0 - 2 will contain a copy of the contents of TRM
registers R13, R14, R15.

Bit 15 - Program check: when on, a software error has been detected by the
TRM. Parameter O will contain the abend code, and Parameter 1 will contain
the address at which the error occurred.

PARAMETER 0, 1, 2. These bytes contain will contain a copy of TRM registers
R13, R14, R15, depending on the error that has occurred, see the error
descriptions above.

MMIO Instruction Set

MMIO instructions are used to transfer data and addresses and set interrupts
between the controller and the TRM. This can be done with the following set of
instructions:

e Write interrupt

e Read interrupt

e Write data

* Read data

* Write data autoincrement

* Read data autoincrement

* Write address

e Read address

Each of these instructions is described in detail in Section 3.

TRM Commands

TRM commands are used to transfer frames between the controller and the ring,
and for address, status and error handling. This can be done with the
following set of commands:

e QOpen

* Transmit

e Transmit Halt

¢ Receive

e Set Group Address
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* Set Functional Address
* Read Error Log

¢ Read TRM

e IMPL Enable

Each of these commands is described in detail in Section 4.

System Command Block

Commands are passed to the TRM for execution in the form of a System Command
Block (SCB). It is of a formatted 6-byte block containing the command code
and, optionally, the address of command parameters or buffers. The command is
only executed after an MMIO Write Interrupt is executed with bit 3 set to '1'
in its parameter halfword. The address of the SCR in the controller's storage
is passed to the TRM in the Initialization Parameters during TRM
init};&ization described in Section 2 of this chapter. There is only one SCB
per .

Some commands use less than the six bytes but the TRM always reads the full
six bytes. Its structure is:

SCB Address Content
+0 Command
+2 Address
+4 Address

ﬁ:nqﬂaxd halfword: this contains the command code, in hexadecimal, given to
the .

Address: this contains, depending on the command, a pointer to command
parameters or buffer queues. The address must be a fullword, the high-order
byte being ignored by the TRM. The address field for some commands contains
parameters, and other commands require only the command halfword. However,
this field must always be present regardless of what it contains.

System Status Block

The System Status Block (SSB) provides the controller with the status of the
ring, reasons for command reject, and the status of commands issued to the
TRM. Note that it does not provide the status of frames, this is provided in
the CSTAT field of the TRM commands, Transmit and Receive. The address of the
SSB in the controiler's storage is passed to the TRM in the Initialization
Para¥sﬁers during TRM Initialization, see Section 2. There is only one SSB
per .

The format of the SSB is:

SSB Address Content
+0 Command
+2 Status 1
+4 Status 2
+6 Status 3
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Command: wused by the TRM to identify the status type. The value in this
field can be:

Value Status Type

X'0001' | Ring status (described in detail below)

X'0002' Command reject status

X'0003' | The status of a TRM command passed by the

to controller for execution. The value equals the
X'000cC! cgmmagggcode whose status is being reported in
this .

Status 0,1,2: this is the status of the command. Its significance is given in
the description of each command.

When the status has been processed by the program in the controller, issue an
MMIO Wriv: Interrupt with halfword value X'A0OO' (Interrupt TRM, bit O , and
SSB Clea ., bit 2, set to '1l') to reset the TRM-to-controlier interrupt, and to
inform the TRM that the SSB is available for additional status posting.

Ring Status

The SSB will be loaded with the status of the ring when any status condition
changes. The ring status contained in the SSB is always the last reported
status. The status could change, however, faster than the controller could
respond to a previous Ring Status interrupt.

The SSB will be Toaded with Ring Status as follows:

SSB Address Content
+0 X'0001"
+2 Ring Status

The bits of Ring Status have the following significance:

Bit Meaning

Signal loss

Hard error

Soft error

Transmit beacon

Lobe wire fault

Auto-removal ervror 1

Reserved

Remove received

Counter overflow

Single station
10 Ring recovery

11 to 15| Reserved

WOONOUTTAHRWNRFO

Bit O - Signal loss: when on, the receive signal is no longer present on the
ring.
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Bit 1 - Hard error: when on, the TRM is transmitting or receiving beacon
frames to/from the ring.

?it 2 - Soft error: when on, the TRM has transmitted a Soft Error Report MAC
rame.

Bﬂt 3 - Transmit beacon: when on, the TRM is transmitting beacon frames to
the ring.

Bit 4 - Lobe wire fault: when on, the TRM has detected an open or short
circuit in the lobe data path. The TRM will be closed and put in the same
state as that after initialization. The Open command will have to be issued
again.

Bit 5 - Auto-removal error 1: when on, the TRM has detected an internal
hardware error following the Beacon Auto-removal process and has removed the
controller from the ring. The TRM will be closed and put in the same state as
that after initialization. The Open command will have to be issued again.

Bit 6 - Reserved: this bit will be reset to '0'.

Bit 7 - Remove received: when on, the TRM has received a Remove MAC frame.
The TRM will be closed and put in the same state as that after initialization.
The Open command will have to be issued again.

Bit 8 - Counter overflow: when on, an attached product counter has been
incremented from 254 to 255.

Bit 9 - Single station: when on, this controller is the only station on the
ring. This bit will be reset to '0' when another station signals its presence
on the ring.

Bit 10 - Ring Recovery: when on, there is an error on the ring and recovery
is taking place. This bit will be reset to '0' when the ring is usable again.

Bits 11 to 15 - Reserved: these bits will be reset to '0'.
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SECTION 2. TRM INITIALIZATION PROCEDURE

The TRM must be initialized before it can be used, and after TRM Reset has
occurred. The procedure is given below. Initialization parameters must be
given during this procedure and are specified following this procedure. Each
gf the MgIO instructions used in this procedure are described in detail in
ection 3.

Initialization Procedure

The initialization procedure is:

1.

Execute the MMIO Read Interrupt instruction, described on Page 6-23,
repeatedly until the Initialize, Test, and Error bits of the Read Interrupt
Initialization halfword are as follows:

a. If Initialize='1', Test='0', and Error='0', proceed to step 2 below.
Bits 12 to 15 will be reset to '0000'.

b. If Test='l', and Error='1', the Bring-up diagnostics have detected an
unrecovgrable hardware error. Bits 12 to 15 define the error that
occurred.

c. If neither of the above occurs within 3 seconds of TRM Reset, there is
a hardware error. Reset the TRM and retry the initialization. If this
condition persists after three retries there is a hardware error that
needs the attention of a hardware service representative.

Set the TRM Address Register to X'0200' using the MMIO Write Address
instruction.

Load the Initialization Parameters using MMIO Write Data Autoincrement
instructions. You can check that the parameters have been correctly loaded
gy getting the TRM Address Register back to X'0200' and reading the first
2 bytes.

Execute an MMIO Write Interrupt instruction (Execute) with the halfword
set to X'9080' to interrupt the TRM. The SCB is not used.

Execute MMIO Read Interrupt instructions repeatedly until the Initialize,

- Test, and Error bits of the Initialization halfword are as follows:

a. If Initialize='0', Test='0', and Error='0', then initialization has
completed without error. Bits 12 to 15 will be reset to '0000'. The
SCB should contain X'OOOOC1E2D48B' and the SSB should contain
X'FFFFD1D7C5D9C3D4" .

b. If Error='l', the initialization has failed. Bits 12 to 15 will define
the reason for failure. The initialization procedure must be
restarted from TRM Reset.

c. If neither of the above occurs within 3 seconds of TRM Reset, there is
a hardware error. Reset the TRM and retry the initialization. If this
condition persists after three retries there is a hardware error that
needs the attention of a hardware service representative.

Chapter 6. Token-Ring Subsystem

6-13



Initialization Parameters
The Initialization Parameters consist of 22 bytes of information that must be

passed to the TRM using MMIO Write Data Autoincrement instructions. All 22
bytes must be passed.

Initjalization Parameters

Byte Meaning

0 Initialization options
2 Command | Transmit
4 Receive | Ring

6 SCB Clear | TRM Check
8 Receive burst size

10 Transmit burst size
12 DMA abort thresholds
14 SCB address
16 SCB address
18 SSB address
20 SSB address

Initialization Options

The bits of the Initialization Options have the following significance:

Bit Meaning

1

Parity enable
Parity enable

Burst SCB/SSB

Burst 1ist

Burst list status
Burst receive data
Burst transmit data
8 to 15| Reserved

~Nogpwrnor o

Bit 0 - Reserved: this bit must always be set to '1'.

Bits 1 and 2 - Parity enable: these bits should be set to '11' if the
controller bus provides odd parity. Parity checking is then performed on both
DMA and MMIO transfers from the controller to the TRM. If parity checking is
not required, then these bits should be reset to '00'.
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Bit 3 - Burst SCB/SSB: when set to '1', the TRM will transfer the SCB from
the controller and the SSB to the controller in DMA Burst Mode. The burst
sizes are:

. 6 bytes for SCB read.

¢ 2 bytes for clear of SCB command.

o 8 bytes for SSB write.

When reset to '0', transfers are in Cycle Mode.

The parameters for the Read TRM instruction will be transferred to the TRM in
the same mode as that specified for the SCB.

Bit 4 - Burst list: when set to '1', the TRM will transfer Transmit and
Receive lists from the controller in DMA Burst Mode. The burst size will be
less than or equal to 26, as specified in List Size of the Open Parameters.
When reset to '0', the lists will be transferred in Cycle Mode.

Bit 5 - Burst list status: when set to '1', the TRM will transfer List Status
data to the controller in DMA Burst Mode. The burst sizes are:

o 2 bytes for Transmit CSTAT.
. 4 bytes for-Receive CSTAT and Frame Size.
When reset to '0', the List Status will be transferred in Cycle Mode.

Bit 6 - Burst receive data: when set to 'l', the TRM will transfer to the
controller in DMA Burst Mode:

J Received data.
. Data returned by the TRM command Read TRM.
. Data returned by the TRM command Read Error Log.

The burst size is specified in Receive Burst Size in bytes 8 and 9 of the
Initialization Parameters.

When reset to '0', data will be transferred in Cycle Mode.

Bit 7 - Burst transmit data: when set to '1', the TRM will transfer from the
controllier in burst mode:

e Transmit data.
¢ Open Parameters for the Open TRM command.
When reset to '0', data will be transmitted in Cycle Mode.

Bits 8 to 15 - Reserved: these bits must be reset to '0'.

Command Status Vector
This byte should contain the interrupt vector that the TRM will send to the

controller when the SSB is updated with the command status and command reject
status of all TRM commands except Transmit and Receive.
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Transmit Command Status Vector

This byte should contain the interrupt vector value that the TRM will send to
the controller when the SSB is updated with Transmit command status.

Receive Command Status Vector

This byte should contain the interrupt vector value that the TRM will send to
the controller when the SSB is updated with Receive command status.

Ring Status Vector

This byte contains the interrupt vector value that the TRM will send to the
controller when the SSB is updated with Ring status.

SCB Clear Vector

This byte should contain the interrupt vector value that the TRM will send to
the controller when the SCB interrupt is generated.

TRM Check Vector

This byte should contain the interrupt vector value that the TRM will send to
the controller when the TRM check interrupt is generated.

Receive Burst Size

This halfword should contain the count of the maximum number of bytes that the
TRM will transfer to the controller in DMA Burst Mode for each transfer., If
the count is specified as zero, the TRM will set the burst size to the amount
of data to be transferred. This parameter is ignored if bit 6 of
Initialization Options, Burst Receive Data above, is set to '0'. The count
must be an even value.

Transmit Burst Size

This halfword should contain the count of the maximum number of bytes that the
TRM will transfer from the controller in DMA Burst Mode for each transfer. If
the count is specified as zero, the TRM will set the burst size to the amount
of data to be transferred. This parameter is ignored if bit 7 of
Initialization Options, Burst Transmit Buffer above is set to '0'. The count
must be an even vaiue.

DMA Abort Thresholds

This halfword should contain the count of the number of times the TRM is to
retry a DMA operation if it is terminated with Bus Error or Parity error. The
high-order byte (bits 0 to 7; contains a count for bus errors, and the
low-order byte (bits 8 to 15) contains a count for parity errors. If the

count is 'l' then failed operations will not be retried. Both counts must be
non-zero.
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SCB Address

This fullword should contain the address in the controlier's RAM of the System
Command Block.

SSB Address

This fullword should contain the address in the controller's RAM of the System
Status Block.

Chapter 6. Token-Ring Subsystem 6-17



SECTION 3. MMIO INSTRUCTIONS

MMIO instructions are executed by using the IOH or IOHI instructions described
on Page 2-41. A halfword containing the MMIO instruction, in bits 8 to 11
inclusive, must be written into a specified CCU register before execution of
the IOH/IOHI instruction. Bit 15 of the halfword indicates the direction of
EES ?M{g operation, whether it is output from the CCU (=0), or input to the

Any data, or an address, that is to be transferred to the TRM by an MMIO
instruction must be present in a CCU register specified in the IOH/IOHI
instruction. Any data, or an address, that is to be transferred from the TRM
will be written into a register specified in the IOH/IOHI instruction.

MMIO instructions available are:

MMTQ Bite
Bits

Instruction to 11
0

2 (0
<t

- o — o = (an) — o o -

Write data

Read data

Write data autoincrement

Read data autoincrement

Write address

mlmlolojo| o o

==l OOl -] = O

Read address

—

Write interrupt

DX > | X x| X X X | X
X >} X X | X | X ) X

Read interrupt 1

where X X is the number of the TRM that is to execute the MMIO operation:

X X | TRM
00 0
01 1
10 2
11 3

A1l MMIO transfers are in halfwords. Each instruction is described in detail
in the following paragraphs with the instruction code for the IOH/ICHI
halfword given in this form:

X X X X | X
0 7 8 11 12 14 15

(For bits 0 to 7, and 12 to 14, refer to the description of the IOH/IOHI
instruction on Page 2-41).
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Write Interrupt

This instruction transfers a halfword to the TRM interrupt register and is
used to interrupt the TRM and reset the TRM-to-controller interrupt.

The instruction code is:

|1 1 X X| | O
0 7 8 11 12 14 15

(For bits 0 to 7, and 12 to 14, refer to the description of the IOH/IOHI
instruction on Page 2-41).

The format of the halfword to be transferred is:

Bit Meaning

Interrupt TRM

TRM reset

SSB clear

Execute TRM command

SCB request

Receive continue

Receive valid

Transmit valid

Reset controlier interrupt
9 to 15| Reserved

O~ WNRO

Bit 0 - Interrupt TRM: when on, the TRM will be interrupted. When off, it
has no effect. Bits 2 to 8 specify the interrupt requested but are examined
only when the TRM has been interrupted. A '0' value for any of these bits has
no effect, only a 'l' is serviced. Any or all interrupt requests can be
issued at any time.

Bit T - TRM reset: setting this bit to 'l' with bits 2 to 7 also set to '1l'
will force the TRM to reset. After reset, the TRM should be re-initialized
according to the instructions in "TRM Initialization" in Section 2. TRM Reset
will also result in the execution of diagnostics.

Bit 2 - SSB clear: when set, it indicates to the TRM that the SSB is
available for the TRM to post additional status information. SSB Clear should
be used with Interrupt TRM when clearing a TRM-to-controller interrupt.

Bit 3 - Execute: setting this bit will cause the TRM to execute a TRM
command specified in the SCB. A1l parameters, addresses, or Tists, associated
with the TRM command must have been prepared before this instruction is
executed.

Bit 4 - SCB request: setting this bit will cause the TRM to interrupt the
controlier when the SCB is available for another command. The TRM will return
an SCB Clear interrupt code which can be read by the MMIO Read Interrupt
instruction.

For Transmit and Receive TRM commands this will occur when the first Transmit
or Receive List is read into the TRM. For other commands, the interrupt will
be generated after the command has completed and the SSB has been updated.
The SSB is not altered when the SSB Clear interrupt is generated.
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When the interrupt is recognized, the controller should examine the Command
halfword of the SSB. If it is zero, the SSB is free for use. If it is not
zero, an Execute interrupt was issued or the SCB was altered in preparation
for an Execute subsequent to the SCB request.

Programming Note:

If SCB Request is desired, it is recommended that either the SCB Request be
issued coincident with Execute or that the SCB alteration and Execute be
performed only in response to SSB Clear.

Bit 5 - Receive continue: when set, it indicates to the TRM that buffers have
been added to the Receive List chain.

Bit 6 - Receive valid: when set, it indicates to the TRM that the condition
that caused a suspension of Receive List processing has been rectified. This
interrupt is used when the TRM command Receive has had its List Valid bit

Abmmmad Laam 1AL 2. 111
Cnangeda 17om v (%] 1.

Bit 7 - Transmit valid: when set, it indicates to the TRM that the condition
that caused suspension of Transmit List processing has been rectified. This
interrupt is used when the TRM command Transmit has had its List Valid bit
changed from '0' to '1'.

Bit 8 - Reset controller interrupt: when '0', it resets the TRM-to-controller
interrupt. A value of '1l' has no effect. Bit 0, Interrupt TRM, and bit 2, SSB
Clear, must always be set to 'l' when this bit is reset to '0'.

Bits 9 to 15 - Reserved: these bits are ignored by the TRM but nevertheless
must always be sent.
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Read interrupt (Normal)

This instruction is used to read the TRM interrupt register and should be
executed after every TRM-to-controlier interrupt if interrupt vectors are not
used. The content of the interrupt register is written into a CCU register
specified in the IOH/IOHI instruction.

The instruction code is:

1 1 X X| | 1
0 7 8 11 12 14 15

(For bits 0 to 7, and 12 to 14, refer to the description of the IOH/IOHI
instruction on Page 2-41).

The TRM transfers a halfword as follows:

Bit ‘ Meaning

0 TRM interrupt

1 TRM reset

2 SSB clear

3 Execute

4 SCB request
5 Receive continue

6 Receive valid

7 Transmit valid

8 Interrupt controller

9 to 11| Reserved

12 Interrupt code O
13 Interrupt code 1
14 Interrupt code 2
15 Reserved

Bit 0 - TRM interrupt: when on, there is a current controlier-to-TRM
interrupt outstanding. When off, there is no interrupt ocutstanding.

Bits 1 to 7: these bits show the state of the interrupt requests that were
issued by Write Interrupt instruction.

Bit 8 - Interrupt controlier: when on, the TRM-to-controller interrupt request

has been set. This bit is reset when the interrupt request has been reset by
the controller,

Bits 9 to 11 - Reserved: these bits will be reset to '0'.

Bits 12 to 14 - Interrupt code: these bits define the reason for the
TRM-to-controller interrupt. The lower the code value, the higher is the
interrupt priority. The bits are presented serially by priority if multiple
interrupts are pending. If bit 8 is '0' then no interrupt is pending and bits
12 to 14 should be ignored.
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The interrupt codes have the following value:

Code Meaning

000 TRM check

001 IMPL force

010 Ring status

011 SCB clear

100 Command status

101 Receive status

110 Transmit status

000 - TRM check: the TRM has encountered an unrecoverable hardware or
software error.

001 - IMPL force: the TRM has received an IMPL Force MAC frame and an
IMPL Enable command has been issued.

010 - Ring status: the SSB has been updated with a Ring status.

011 - SCB clear: this code will be set when, following an SCB Request
interrupt, the SCB is clear.

100 - Command status: the SSB command status has been updated. This does

not apply to commands Receive or Transmit.

101 - Receive status: the SSB has been updated with Receive Command
status.

110 - Transmit Status: the SSB has bee'i updated with Transmit Command
status.

Bit 15 - Reserved: this bit will be reset to '0'.
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Read Interrupt (Initialization)
This has the same operation as Read Interrupt (Normal) except that it returns

a different halfword. This halfword is returned only during the initialization
phase.

The bits of the initialization halfword have the following significance:

Bit Meaning
0 to 8 | Ignored
9 Initialization
10 Test
11 Error
12 Error code 0
13 Error code 1
14 Error code 2
15 Error code 3

Bits 0 to 8 - Ignored: these bits should be ignored, they have no
significance for initialization.

Bit 9 - Initialization: when on, the TRM bring-up diagnostics have completed
and the TRM is starting the initialization sequence. This will be reset when
initialization has completed or there has been an error.

Bit 10 - Test: when on, the bring-up diagnostics have started following TRM
reset. This bit is reset when bit 9, In‘tialization, is set to '1'.

Bit 11 - Error: when on, then either the bring-up diagnostics have detected
an error, or an error has occurred during initialization. Bits 12 to 15 define
the error.

Bits 12 to 15 - Error code: this is a 4-bit code that defines the error that
occurred. If bit 10, Test, is set to 'l', then this code applies to the
Bring-up diagnostics. If bit 10 is '0', then this code applies to the
initialization phase.

Bring-up Error Codes:

Code Meaning

0000 Initial test error

0001 ROS CRC error

0010 RAM error

0011 Instruction test error

0100 | XOP test error, interrupt test error
0101 PH hardware error

0110 | SIF register error
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Initialization Error Codes:

Code Meaning

0001 | Invalid parameter length
0010 | Invalid options

0011 Invalid receive burst size
0100 Invalid transmit burst size
0101 Invalid DMA abort thresholds
0110 Invalid SCB address

0111 Invalid SSB address

1000 | MMIO parity error

1001 DMA timeout

1010 | DMA parity error

1011 DMA bus error

1100 | DMA parity error

1101 TRM check

0001 - Invalid parameter iength: 22 bytes were not passed for the
Initialization Parameters.

0010 - Invalid options: 1in the initialization parameters, Tranfer Mode is
not '1',Ior the Parity Enable bits are not equal, or the Reserved bits are
not all '0'.

0011 - Invalid receive burst size: Receive burst size is odd.
0100 - Invalid transmit burst size: Transmit burst size is odd.

0101 - Invalid DMA abort thresholds: either the Bus error or Parity error
count is zero.

0110 - Invalid SCB address: the SCB address is odd.
0111 - Invalid SSB address: the SSB address is odd.

1000 - MMIO parity error: .a parity error was detected during a controller
MMIO Write operation.

1001 - DMA timeout: a test DMA transfer took more than 10 seconds to
comp]ete.

1010 - DMA parity error: a parity error was detected in a test DMA
transfer from the controller and the transfer was tried, unsuccessfully,
the number of times specified in the DMA Abort Thresholds of the
Initialization Parameters.

1011 - DMA bus error: the controller has detected a bus error during a
test DMA transfer and the transfer was tried, unsuccessfully, the number of
times specified in the DMA Abort Thresholds of the Initjalization
Parameters.

1100 - DMA data error: the initialize DMA test has failed because of a
data compare error.

1107 - TRM check: the TRM has detected an unrecoverable hardware error.
The error can be read from TRM RAM, see Page 6-7.
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Read Data

This instruction is used to read a halfword from the TRM from a location
previously loaded in the TRM Address Register by an MMIO Write Address
instruction.

The instruction code is:

|0 0 X X| | 1
0 7 8 11 12 14 15

(For bits 0 to 7, and 12 to 14, refer to the description of the IOH/IOHI
instruction on Page 2-41).

The halfword will be written into the register specified in the IOH/IOHI
instruction.

After the TRM has been initialized, many TRM RAM locations can be accessed by
MMIO Read instructions. The parameters and their addresses are described in
Read TRM Command. Only the contents of RAM addresses X'0000' to X'O7FF' can
be read with MMIO Read Data instruction.

Read Data Autoincrement

This instruction is the same as Read Data except that the Address Register is
automatically incremented so that the next location can be read.

The instruction code is:

|0 1 X X| | 1
0 7 8 11 12 14 15

(For bits 0 to 7, and 12 to 14, refer to the description of the IOH/IOHI
instruction on Page 2-41).
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Write Data

This instruction writes a halfword from the controller to the TRM. The TRM
address is specified by loading the TRM Address Register with an MMIO Write
Address ihstruction.

The Write Data instruction is ignored after the TRM has been initialized as
described in the TRM Initialization procedure in Section 2.

The instruction code is:

10 0 X X| | 0
0 7 8 11 12 14 15

(For bits 0 to 7, and 12 to 14, refer to the description of the IOH/IOHI
instruction on Page 2-41).

Write Data Autoincrement

This instruction is the same as Write Data except that the Address Register is
automatically incremented so that the next location can be written.

The instruction code is:

10 1 X X| | 0
0 7 8 1112 14 15

(For bits 0 to 7, and 12 to 14, refer to the description of the IOH/IOHI
instruction on Page 2-41).
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Read Address

This instruction reads the TRM Address Register and places the content into
the register specified in the IOH/IOHI instruction.

The instruction code is:

1 0 X X| |1
0 7 8 11 12 14 15

(For bits 0 to 7, and 12 to 14, refer to the description of the IOH/IOHI
instruction on Page 2-41).

Write Address

This instruction is used to load an address into the TRM Address Register for
the Write Tata, Write Data Autoincrement, Read Data, and Read Data

Autoincre :nt instructions.

The instruction code is:

1 0 X X| | 0
0 7 8 11 12 14 15

(For bits 0 to 7, and 12 to 14, refer to the description of the IOH/IOHI
instruction on Page 2-41).

The TRM Address Register is 16 bits, but only bits 5 to 14 can be set or reset
by the controller. A1l 16 bits can be read.

Note:
* Bits 0 to 4, and bit 15 are set by the TRM.
e Bit 15 will always be '0'

. During initialization, bits 0 to 4 will be '00001'. After initialization,
bits 0 to 4 will be '00000'.

 After TRM Check interrupt, bits 0 to 4 will be '00000'.

e When bits 0 to 4 are '00000', an MMIO read of TRM RAM will be restricted
to addresses X'0000' to X'07FF'.
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SECTION 4. TRM COMMANDS

The following commands can be issued from the controller:

Command Code
Open X'0003"
Transmit X'0004'
Transmit Halt X'0005'
Receive X'0006'
Close X'0007'
Set Group Address X'0008!
Set Functional Address | X'0009'
Read Error Log X'000A'
Read TRM X'oo0B'
IMPL Enable X'ooocC!'

A TRM command is executed as follows:

1. Prepare any

data areas, load addresses, or construct Transmit/Receive

Lists as appropriate to the TRM command.

2. The command

code and any addresses must be written into the SCB.

3. An MMIO Write Interrupt instruction must be executed with Bit 3 (Execute)

set to '1'.

4. Status information relevant to the command will be written into the SSB
following the execution, successful or otherwise, or rejection, of the

command.

Command Rejection

If a command code other than those listed above is issued, or an individual
command error is detected, the SSB will contain the reason for rejection.

SSB Address Content
+0 Xt0002!
+2 Reject Reason
+4 Invalid Command

Reject reason:

this is a 2-byte field whose bits define the reject.
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The bits of Reject Reason have the following significance:

Bit Meaning
0 I11egal command
1 Address error
2 TRM open
3 TRM closed
4 Same command
5 to 15| Reserved

Bit OCE Illegal command: when on, an illegal command code has been put into
the SCB.

Bit 1 - Address error: when on, an address supplied in the SCB is odd.

Bit 2 - TRM open: when on, a command was issued that can only be executed
when the TRM is closed.

Bit 3 - TRM closed: when on, a command was issued that can only be executed
when the TRM is open.

Bit 4 - Same command: when on, a command has been issued that is currently
being executed.

Bits 5 to 15 - Reserved: these bits will always be reset to '0'.

Invalid command: this is the code of the command that was rejected.
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Open (X'0003")

The Open command must be used before any communication can begin. During the
processing of this command the TRM will be enabled to receive frames. The TRM
will also suspend all processing of interrupt requests, except Reset, from the
time the Open is issued until successful completion. A Receive command must
be issued immediately after the Open command has completed successfully. To
change any options in a current Open command, a Close command must be issued
followed by another Open with the new options. The Open command will be
rejected with command reject status set in the SSB if the TRM is already open.

System Command Block

The SCB for an Open command is:

SCB Address Content
+0 X'0003!
+2 Address
+4 Address

X'0003': is the Open command code.

Address: 1is a fullword pointer to the Open Parameter list in controller
storage.

Open Parameter List

Byte Meaning

0 Open options
2 Node address
4 Node address
6 Node address
8 Group address

10 Group address

12 Functional address

14 Functional address

16 Receive list size

18 Transmit list size

20 Buffer size

22 External RAM start address

24 Transmit buffer minimum count
26 Transmit buffer maximum count
28 Product identifier address

30 Product identifier address
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OPEN OPTIONS: The bits of the Open options bytes have the following
significance:

Bit Meaning

Wrap interface
Disable hard error
Disable soft error
Pass TRM MAC frames
Pass Attention MAC frame
Pad routing field
Frame hold

Contender

Pass Beacon MAC frame
Disable DMA timeout
10 to 1 Not used

OONOOUITR_RLWNEO

Bit 0 - Wrap Interface: when this bit is on, all user data transmitted to the
ring will be re-input to the TRM as if it was received data. The data is
transmitted on the lobe from the attached controller to the wiring
concentrator. This can be used for system interface testing, system interface
DMA testing, or Tobe media testing. A Close command must be issued to
terminate Wrap mode.

Bit 1 - Disable Hard Error: when this bit is on, the ring status Hard Error
and Transmit Beacon interrupts will not be generated. The bits in ring status
will always be set.

Bit 2 - Disable Soft Error: whkz2n this bit is on, the ring status Soft Error
interrupts will not be generated. The bits in ring status will always be set.

Bit 3 - Pass TRM MAC frames: wher on, MAC frames will be passed to the
controller as if they were normal data frames. When off, the TRM will respond
negatively to all unsupported TRM class MAC frames.

Bit 4 - Pass Attention MAC frames: when on, all Attention MAC frames that
are not equal to the last Attention MAC frame will be passed to the controller
as norT?1 receive data. When off, no Attention MAC frames are passed to the
controller.

Bit 5 - Pad routing field: When on, the TRM will pad the routing field of the
received frame to 18 bytes. If no routing field is present in the received
frame, then the entire field will be padded to 18 bytes. If the current
buffer's data count is less than 32 bytes the frame will be passed as if this
bit was not on.

Bit 6 - Frame hold: when on, the TRM will wait for receive frame compietion
before the frame is passed to the controller.

Bit 7 - Contender: when on, the TRM will participate in Monitor Contention
if it has an option to do so.

Bit 8 - Pass Beacon MAC Frame: when on, the TRM will pass Beacon MAC
frames to the controller. After passing the Beacon MAC frame, the next Beacon
MAC frame will be passed only if the source address or the Beacon type
changes.

Bit 9 - D\igable DMA timeout: when this bit is on, the DMA timeout will be
ignored. \\\
\\\
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Bits 10 to 15: these bits are not used.

NODE ADDRESS: This 6-byte parameter is set to the TRM's node address on the
ring. If this addresss is all zeros, the TRM will use the Burned~in-address
(BIA) read from the BIA PROM. When the node address is not zero the following
checks are made:

1. Byte 0, bits 0 and 1 must equal X'o1'.
2. Byte 2, bit 0 must equal X'0'.

If the BIA is used, the TRM will check that the first halfword is equal to
é;éFFF‘. If all these checks fail the TRM will set 'Node Address Error' in the

GROUP ADDRESS: This fullword parameter is used to set a Group Address and
allows the TRM to receive frames that are sent to either the Node Address with
Address Modifier, or the Group Address. Group Address can be any value and
bit 0 is ignored by the TRM. If a Group Address is not required, this
parameter must be set to X'00000000'.

FUNCTIONAL ADDRESS: This fullword parameter is used to set a Functional
Address and allows the TRM to receive frames that are sent to the Node Address
with Address Modifier, the Group Address, or the Functional Address. Bits O
and 31 are ignored by the TRM. If a Functional Address is not required, this
parameter must be set to X'00000000'.

RECEIVE LIST SIZE: This halfword decimal parameter is used to limit the
number of bytes that the TRM will read of the Receive List from the
controller. This parameter must be 0, 14, 20, or 26. If set to zero, the TRM
will use the devault value 26.

TRANSMIT LIST SIZE: This halfword decimal parameter is used to 1imit the
number of bytes that the TRM will read of the Transmit List from the
controller. This parameter must be 0, 14, 20, 26. If set to zero, the TRM will
use the default value 26.

BUFFER SIZE: This halfword parameter sets the buffer size in the TRM. The
size specified for the buffer must be exactly divisible by 8. The Buffer Size
must be greater than or equal to X'60' (=96 decimal) and the three low-order
bits must be X'000'. If set to zero, the TRM will use the default value X'70'
(=112 decimal). If the buffer pool is 1792 bytes, that is, no external RAM is
installed, it is recommended that:

o Buffer Size is set to 112.
. Transmit Buffer Count is set to 6.
* The maximum data length is restricted to 588 bytes.

EXTERNAL RAM START ADDRESS: This halfword parameter must be used to define
the start address of external RAM for use as transmit and/or receive buffers,
if any is installed, or set to zero if there is none. When external RAM is
used, the external RAM addresses must be within the range X'2000' to X'C000'.
The external RAM start address must be on an 8-byte boundary minus two bytes
(bits 13 and 14 are X'11'). 1If internal TRM RAM is not to be used for
transmit/receive buffers, then bit 15 must be set to one.

EXTERNAL RAM END ADDRESS: This halfword parameter defines the highest address

in the external RAM. If the External RAM Start Address parameter is zero, then
this end address will be ignored.
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TRANSMIT BUFFER MINIMUM COUNT: This 1-byte parameter defines the number of
TRM buffers to be reserved as transmit buffers. Note that the buffers will
never be used as receive buffers. If zero, no buffers will be allocated for
transmit operations. This parameter must be less than or equal to the Transmit
Maximum Buffer Count parameter described in the next paragraph.

TRANSMIT BUFFER MAXIMUM COUNT: This l-byte parameter defines the maximum
number of TRM buffers to be reserved as transmit buffers. This parameter must
be less than or equal to the total number of buffers minus two so that there
are always at least two buffers available for receive buffers. When this
parameter is set to zero, the TRM will use a default value of 6.

The Transmit Buffer Count and the Buffer Size parameter are used to calculate
the maximum frame size that the TRM can transmit.

PRODUCT ID ADDRESS: This fullword parameter contains the address of the
controller's Product ID. Eighteen bytes are read from the address specified.
System Status Block

When the Open command completes the SSB will contain the foliowing:

SSB Address Content

+0 X'0003'
+2 Open Completion

The bits of Open Completion have the following significance:

Bit Meaning

0 TRM open

1 Node address error
2 List size error

3 Buffer size error
4 External RAM error
5 Transmit count error
6 Open error

7 Zero

8 Open phase CO

9 Open phase C1

10 Open phase C2

11 Open phase C3

12 Open error CO
13 Open error Cl
14 Open error C2
15 Open error C3

Bit 0 - TRM open: when on, the Open command has completed successfully and
all other bits will be zero.

Bit T - Node address error: when on, an errer has been found in the Node
Address parameter of the Open command coptions, or the BIA if the Node Address
parameter was zero.

Bit 2 - List size error: when on, either the Receive 1ist or Transmit list
size was equal to 0, 14, 20, or 26 decimal.
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Bit 3 - Buffer size error: when on, the buffer size was specified as one of
the following:

* Negative

* Not greater than or equal to X'60' (96 decimal)
e The three low order bits are not '000'

* There are not at least two buffers.

Bit 4 - External RAM error: when on, one of the following errors has
occurred:

e The start address specified is not within the range X'2000' to X'C000'.
* The address is not properly aligned.
* An error has been detected in the RAM that does not cause a parity error.

Bit 5 - Transmit buffer count error: when on, the number of buffers minus
the Transmit Buffer Count is not greater than or equal to two.

Bit 6 - Open error: when on, an error has been detected during processing of
the Open command. Bits 8 to 15, described below specify the reason.

Bit 7 - Reserved: This bit will be reset to zero.

Bits 8 to 11 - Open phase: these bits indicate the phase during which an
error, defined by bits 12 to 15, was detected:

Code Meaning

0001 Lobe media test
0010 | Physical insertion
0011 | Address verification
0100 | Rol11 call poll

0101 | Request parameters

Bits 12 to 15 - Open error code: these bits are set if a ring-related error
occurred during processing of the Open command:

Code Meaning

0001 Function failure
0010 | Signal loss

0011 | Wire fault

0100 Frequency error
0101 Timeout

0110 | Ring failure

0111 | Ring beaconing

1000 | Duplicate node address
1001 | Request parameters
1010 Remove received
1011 IMPL force received
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Transmit (X'0004")

The Transmit command is used to transmit frames to other nodes on the ring.
The command will be rejected with command reject status set in the SSB if:

* The TRM is not open.

* There is already a Transmit command being executed.

¢ The address passed in the SCB is not halfword aligned.

The address of user data in controller storage is passed to the TRM by the
controller in the form of a Transmit List. This list contains the address and
length of user data that are to comprise the frame to be transmitted. More
than one data address can be stated in the Tist, thus creating a chain of user
data for transmission in one frame. Note that one Transmit List chain can
only be used to transmit one frame, but several Transmit Lists can be used to
transmit a single frame.

System Command Block

The SCB for a Transmit command is:

SCB Address Content
+0 X'0004"
+2 Address
+4 Address

X'0004': is the Transmit command code.

Address: is a fullword pointer to the Transmit List chain. The address must
be halfword aligned.
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Transmit List Chain

Byte Meaning

0 Forward pointer
2 Forward pointer
4 Transmit CSTAT
6 Frame size

8 1 | Data count
10 Data address

12 Data address

14 1 | Data count
16 Data address

18 Data address

20 0 | Data count
22 Data address
24 Data address

FORWARD POINTER This is an even fullword address to the next Transmit List in
the chain. When this address is odd then this Transmit List is the last in
the chain. The TRM will continue to read Transmit Lists until it reaches one
that contains an odd address forward pointer. It will then wait until the
last frame is transmitted onto the ring. If the controller updates the forward
pointer before the last frame is transmitted, then the TRM will continue. When
the last frame has been transmitted, the Transmit command will complete and
another must be issued for the next transmission. The controller must update
the forward pointer from the most significant to the least significant byte to
ensure that the address is valid before changing it from an odd to an even
address. Whole frames should be added to the chain, not lists that define
partial frames. Transmit Lists must be halfword aligned, the TRM will not
alter this parameter.

Programming Notes:

The controller can create a chain comprising a fixed number of Transmit Lists,
set the Forward Pointer of the Tast 1ist to the address of the first list,
then manipulate the List Valid bit of the Transmit CSTAT request to initiate
transmission.

When the TRM reads a Start of Frame 1ist with the List Valid bit reset to '0',
it will suspend processing until a Transmit Valid interrupt request js issued
by the controller, see MMIO Write Interrupt instruction. The controller is not
informed of this suspension. The Transmit Valid interrupt must be issued when
changing one or more List Valid bits from '0' to 'l' when the list is on the
Transmit chain.

The Transmit Valid interrupt can be issued at any time and the TRM will ignore
the interrupt if it is not waiting for a List Valid bit transition.
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If the fixed-Transmit-chain technique is used and more than one list is used
to transmit a single frame, then lists that do not have Start of Frame set to
'1' should have their List Valid bit reset to '0'. Since the TRM does not
alter the CSTAT for lists that are not Start of Frame, revalidation of the
Start of Frame 1ist would also release the remaining frame 1ists if the List
Valid bits were initially set to '1'.

FRAME SIZE: This is the total number of bytes to be transmitted including the
header for this frame but excluding the frame check and delimiter bytes. This
parameter is only valid for a Transmit List that has Start of Frame set to 'l'
in its Transmit CSTAT. However, Frame Size must be included in all Transmit
Lists. This parameter is not aitered by the TRM.

DATA COUNT: This is the number of bytes to be transmitted from the data
address defined in the next parameter, Data Address. There can be a maximum
of three Data Count/Data Address parameter pairs for any Transmit List. Bit O
of Data Count must be set to:

e '1' to indicate there is a following Data Count/Data Address pair.

e '0' to indicate that this Data Count/Data Address is the last pair in this
Transmit List.

The sum of all Data Count parameters in all Transmit Lists used for a frame
must equal the Frame Size parameter. Data Count can be an odd or even
quantity. The TRM will not alter this parameter.

DATA ADDRESS: This is the address of the data to be transmitted, and can be
odd or even. The TRM will not alter this parameter.

Note:

If the TRM is to read data from an even controller address to an odd TRM RAM
address (due to an odd Data Count for example), it will transfer a single byte
and transfer the remaining data starting at the next odd controller address.

TRANSMIT CSTAT: This is a command status halfword that is set up by the
controller when the Transmit List is created and overwritten by the TRM with a
completion status when the Transmit Command has completed.

Tr?nsmit CSTAT Request: The controller must set the bits of this parameter as
follows:

Bit Meaning
0 List valid
1 Frame complete
2 Start of frame
3 End of Frame
4 Frame interrupt
5 to 15| Reserved

The bits of the Transmit List CSTAT request have the following significance:

Bit O - List Valid: the TRM will wait until this bit is set to 'l' before
processing this Transmit List. The controller must issue a Transmit Valid
interrupt request when it changes the List Valid bit from '0' to 'l'. This bit
is ignored unless this List is an anticipated Start of Frame, that is, it
follows an End of Frame or is the first List of this command.
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Bit 1 - Frame complete: this bit should alway be reset to '0' for a CSTAT
request.

Bit 2 - Start of Frame: this bit must be set to '1' if this Transmit List is
the first of the frame to be transmitted.

Bit 3 - End of Frame: this bit must be set to 'l' if the Transmit List is
the last for the frame to be transmitted.

Bit 4 - Frame Interrupt: if this bit is set to 'l' then the TRM will
interrupt when this frame has been transmitted rather than wait until all
frames in the chain have been transmitted. This bit is onliy valid if Start of
Frame has been set to 'l1' in this Transmit List.

Bits 5 to 15 - Reserved: these bits are ignored.

Transmit CSTAT Completion: The TRM will return status information to the
CSTAT in the Transmit List that contains Start of Frame = '1' when the frame
has been transmitted. This status information is relevant to this frame only.
(Status information for the Transmit command is returned into the SSB on
completion of the command). The CSTAT in the following Transmit Lists for the
frame will not be altered.

The CSTAT for completion is:

Bit Meaning

List Valid

Frame complete
Start of frame
End of frame *
Frame interrupt *
Transmit error
Reserved *
Reserved *

PCFE O gARIg
PCFE 1 (FCI
PCFE 2

PCFE 3

PCFE 4 EARI%
PCFE 5

Zero

Zero

3 b et ped b e
PR WNRFREOOWONOUTRERWNEO

* These bits (3, 4, 6, and 7) will be the same as they were in the CSTAT
request.

The significance of the changed bits is as follows:

Bit O - List Valid: this bit will be reset to '0O'.

Bit 1 - Frame Complete: this bit will be set to '1'.

Bit 2 - Start of Frame: this bit will be '1'.

Bit 5 - Transmit Error: this bit will be set if there has been a frame

transmit or strip process error.

Bits 8 to 15 - Stripped PCFE: these bits contain a copy of the PCFE byte
returned when the transmitted frame has been stripped off the ring. (When Bit
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5, Transmit Error is set to 'l' ignore the PCFE bits). Bits 13 and 14 will be
reset to '0'.

System Status Block

When the Transmit command completes, the SSB will contain the following:

SSB Address Content
+0 X'0004"
+2 Transmit Completion
+4 List address
+6 List address

TRANSMIT COMPLETION: The two bytes of transmit completion report the status
of the completed frame:

Bit Meaning

0 Command complete

1 Frame complete

2 List error

3 to7 Reserved

8 Frame size

9 Transmit threshoid
10 Odd address

11 Start of frame

12 Unauthorized priority
13 Unauthorized MAC
14 Zero

15 Zero

The bits of Transmit Completion have the following significance:
Bit 0 - Command complete: when on, this bit indicates:

* The command has completed and the List Address field of the same SSB
contains the address of the last Transmit List processed.

. The command was terminated by a Transmit Halt command and no frames have
been transmitted. In this case the List Address will contain X'00000000'.

Note that Command Complete and Frame Complete (described below) will not be
set at the same time.

Bit T - Frame Complete: when on, a frame has been transmitted and Frame
Interrupt (bit 4 of the CSTAT request) was set.

Since frames on the Transmit Chain can be transmitted faster than the
controller can respond to interrupts and faster than the TRM can cause the
interrupts, the Frame Complete interrupt can report the completion of more
than one frame at a time. If lists with Frame Interrupt set are mixed with
1ists that do not have this set, then Frame Complete can include both types of
frame.

List Address in the same SSB will contain the address of the last Transmit
List of the last frame that was transmitted.
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Bit 2 - List error: when on, there has been an error in one of the 1lists that
comprise a frame. Bits 8 to 13 define the error. List Address in the same SSB
contains the address of the list that starts the frame in which the error
occurred. This bit will not be set until all other transmit status bits have
been posted. The CSTATs of error lists will not be altered by the TRM.

Neither Command Complete nor Frame Complete will be set if List Error has been
set.

The Transmit command will be terminated and the controller must issue another
Transmit command to continue transmission.

Bits 3 to 7 Reserved: these bits will be reset to '0'.
Bit 8 - Frame size: when on, this bit indicates either:

¢ The Frame Size parameter in the Transmit List does not equal the sum of
the Data Counts in all the Transmit Lists of the frame, or

* The Frame Size is less than the required header plus one byte of data.

Bit 9 - Transmit threshold: when on, a Frame Size has exceeded the Buffer
Count specified in the Open command.

Bit 10 - Odd address: when on, a forward pointer with an odd address was
found in a Transmit List that was not an end of frame.

Bit 11 - Start of frame: when on, Start of Frame was set for a Transmit List

that is not an anticipated Start of Frame, or it was not set on an anticipated
Start of Frame.

Bit 12 - Unauthorized access priority: when on, the requested access rriority
has not been authorized.

Bit 13 - Unauthorized MAC frame: when on, it indicates that the controller
tried to send a MAC frame and one of the following errors was set:

¢ The TRM 1is not authorized to send a MAC frame with the specified source
class.

. The MAC frame has a source class of O.
e The MAC frame PCF ATTN field is greater than 1.
Bits 14 and 15 - Reserved: these bits will be reset to '0'.
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Transmit Halt (X'0005")

This command is used to interrupt the proccessing of a Transmit List chain.

When this command is executed, the TRM will terminate the transmit chain as
soon as possible. Any frames queued will be purged and the Transmit command
terminated with the Command Complete bit set in the Transmit command's SSB.
%f a Tgansmit command is not being executed, then Transmit Halt will be
gnored.

System Command Block

The SCB for a Transmit Halt Command is:

SCB Address Content

+0 X'0005"
+2 Ignored
+4 Ignored

X'0005": is the Transmit Halt command.

Ignored: this fullword is read by the TRM but is ignored for command
execution.

System Status Block

There is no SSB for Transmit Halt command.
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Receive (X'0006')

This command is used to receive frames from other nodes on the ring. Receive
command is normallly issued once only after an Open command because received
data is added dynamically, that is when it arrives, to a Receive List chain.
If you have had to Close then Open again to change Open options, you will have
to issue another Receive command. The Receive command will be rejected with
Command Reject status set in the SSB when:

e The TRM has not been opened with an Open command,

¢ There is already a Receive command executing, or

* The address passed in the SCB is not halfword aligned.

The data portion of the received frame is transferred to the controller as
received from the ring. The frame check and delimiter bytes are not
transferred.

The controller must create a chained Receive List and pass the first address
in the SCB of the Receive command. A single Receive List cannot be used to
receive more than on frame, but several Receive Lists can be used to receive a
single frame.

Rerouting Received Data

If you want to reroute a received frame, or part of a frame, according to the
content of a frame header, you can do this as follows:

1. Set the Frame Hold bit in the Open command optiors to 'l'.

2. Create a Receive List that has an odd Forward Pointer and one Data
Count/Data Address pair sufficient to hold the desired header.

3. The TRM will use the list and interrupt with Receive Suspended set in the
Receive command SSB, leaving the CSTAT unchanged. (If the entire frame is
less than or equal to the Data Count, a Frame Complete interrupt will be
set if this has been requested in the Receive command CSTAT request).

4. After Receive Suspended has been set, the controller can examine the
frame's header and determine the frame's new destination. Frame Size will
not be updated by the TRM and is not valid.

5. Create additional lists to receive the data followed by another header
list with an odd Forward Pointer.

6. Issue a Receive Continue interrupt request.

7. When the frame has been transferred, a Frame Complete interrupt will occur
if this has been requested.

8. Create a Transmit List chajin for the received frame and transmit it with
the Transmit Command.
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System Command Block

The SCB for a Receive command is:

SCB Address Content
+0 X'0006"
+2 Address
+4 Address

X'0006": is the Receijve command code.

Address: 1is a fullword pointer to the Receive List chain. The address must
be halfword aligned.

Receive List Chain

Byte Meaning

0 Forward pointer
Forward pointer

4 Receive CSTAT

6 Frame size

8 1 | Data count

10 Data address

12 Data address

14 1 | Data count

16 Data address

18 Data address

20 0 | Data count

22 Data address

24 Data address

FORWARD POINTER: This is a fullword pointer to the next Receive List in the
chain. When this address is odd then this is the last Receive List in the
chain. The TRM will write a received frame into the address, or addresses if
more than one is given, specified in the Receive List then check the Forward
Pointer. If it is odd, the TRM will interrupt the controller with a request
to place additional lists on the chain. The Receive command will not be
terminated. The TRM will wait for a Receive Continue interrupt request to
resume the receive operation, see MMIO instruction 'Write Interrupt'. The
controller must update the Forward Pointer from the most significant to least
significant byte to ensure that the address is valid before changing to an
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even address. Receive Lists must be halfword aligned, the TRM will not alter
this parameter.

Programming Notes:

The controller can create a chain comprising a fixed number of Receive Lists,
set the Forward Pointer of the last list to the address of the first list,
then manipulate the List Valid bit of the Receive CSTAT request to initiate
reception.

When the TRM reads a 1ist with the List Valid bit reset to '0', it will
suspend processing until a Receive Valid interrupt request is issued by the
controllier, see MMIO instruction 'Write Interrupt'. The controller is not
informed of this suspension. The Receive Valid interrupt must be issued when
changing one or more List Valid bits from '0' to '1' when the list is on the
Receive chain.

The Receive Valid interrupt can be issued at any time and the TRM will ignore
the interrupt it 1t 1s not waiting fTor a List Valid bit transition.

If the fixed-Receive-chain technique is used and more than one list is used to
receive a single frame, caution must be used when validating the 1ists. Since
the TRM does not alter the CSTAT for lists that are not Start of Frame or End
of frame, revalidation of the Start of Frame T1ist would also reiease the lists
that are for the middle of the frame.

FRAME SIZE: This is the total number of bytes in the received frame. The TRM
will store this count in the Receive List that starts a new frame. Frame Size
is not altered by the TRM uniess the 1ist starts a new frame. Frame Size
gnc1udes the header and data field but excludes the frame check and delimiter
ytes.

DATA COUNT: This is the number of bytes that can be stored at the address
given in the Data Address parameter specified next. There can be a maximum of
threebData Count/Data Address pairs for any Receive List. Bit 0 of Data Count
must be:

. '1' to indicate there is a following Data Count/Data Address pair.

. '0' to indicate that this Data Count/Data Address is the last in this
Receive List.

A Data Count of O is allowed. Data Count can be odd or even. The TRM will not
alter this parameter.

If the Pad Routing Field is specified in the Open options, then the first Data
Count in a Receive List used to receive the start of a frame must be at least

32 so that the full header can be received. If the Data Count is less than 32

in this case then Pad Routing Field will be void.

DATA ADDRESS: This is the address for the received data. Data Address can be
odd or even. The TRM will not alter this parameter.

Note:

If the TRM is to write data to an even controller address (due to an odd Data

Count for example), it will transfer a single byte then transfer the remaining
data at the next odd controller address. Thus it takes two transfer operations
to transfer the data.
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RECEIVE CSTAT: This is the command status halfword that is set up by the
controller when the Receive List is created and overwritten by the TRM to
report frame completion.

§ec$ive CSTAT Request: The controller must set the bits of this parameter as
ollows:

Bit Meaning

List Valid
Frame Complete
Start of frame
End of frame
Frame interrupt
Interframe wait
6 to 15! Reserved

NP wrnh—Oo

Bit 0 - List Valid: the TRM will wait for this bit to be '1' before placing
data in the current Receive List. The controller must issue a Receive Valid
interrupt request when changing List Valid bits from '0' to '1'. This bit is
examined in every Receive List.

Bit 1 - Frame complete: this bit should always be reset to '0' for a CSTAT
request.

Bit 2 - Start of frame: this bit should always be reset to '0' for a CSTAT
request.

Bit 3 - End of frame: this bit should always be reset to '0' for a CSTAT
request.

Bit 4 - Frame interrupt: this bit must be set to '1' if you want the TRM to
interrupt when a frame has been received. This bit is ignored for a list that
does not start a frame.

Bit 5 - Interframe wait: this bit must be set to 'l' if you want the TRM to
interrupt when a frame has been received and you want the TRM to go into a
Receive Suspend state. Receiving will not continue until the controller issues
a Receive Continue interrupt request. The next 1ist to be processed is the one
addressed by the forward pointer of the last 1ist with the End of frame bit
set to 'l'. The Receive Completion bit of the SSB will report Frame Complete.
When Interframe Wait bit is set, then Frame Interrupt bit will be ignored.
Interframe Wait is ignored for a list that does not start a frame.

Bits 6 to 15 - Reserved: these bits are ignored.
Receive CSTAT Completion: When a frame has been transferred to the

controlier, the CSTATs for the lists that start and end a frame are updated by
the TRM with status information about the frame. The CSTAT for compietion is:
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Bit Meaning

0 List Valid

1 Frame complete
2 Start of frame
3 End of frame
o)

8

9

4 to 7 Reserved
PCFE O EARI;
PCFE 1 (FCI
10 PCFE 2
11 PCFE 3
12 PCFE 4 gARI;
13 PCFE 5 (FCI

14 Address Match O
15 Address Match 1

The significance of these bits is as foiiows:

Bit 0 - List Valid: this bit will be reset to '0'.

Bit 1 - Frame complete: this bit will be set to '1'.

Bit 2 - Start of frame: when on, this Receive List is the start of frame.
Bit 3 - End of frame: when on, this Receive List is the end of frame.

Bits 4 to 7 - Reserved: these bits will be reset to '0'.

Bits 8 to 13 - Receiver! PCFE: when Start of frame is reset to '0', these
bits will also be reset. When Start of frame is set to 'l', these bits will
contain the high order six bits of the received PCFE.

Bits 14 and 15 - Address match: when Start of frame is reset to '0', these
bits will also be reset. When Start of frame is set to 'l', these bits will

indicate the reason that the To-Address field in the frame header was matched
by the TRM.

The Address Match codes are:

Code Match Reason

00 Node address match

01 Group address match

10 Functional address match

11 Other reason

(for example broadcast frame)
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System Status Block

SSB Addresé Content
+0 X'0006'
+2 Receive completion
+4 List address
+6 List address

RECEIVE COMPLETION The two bytes of Receive Completion report the status of
the completed frame, as shown in the following table:

Bit Meaning
0 Frame complete
1 Receive suspended
2 to 15| Reserved

The bits of Receive completion have the following significance:

Bit O - Frame complete: when on, a frame has been received and the Frame
Interrupt bit of CSTAT has been set to 'l'. Since frames can be received and
transferred to the controller faster than the controller can respond to the
interrupts and/or faster than the TRM can cause the interrupts, the Frame
Complete interrupt can report the completion of more than one frame.

List Address of the SSB will contain the address of the last Receive List of
the last frame transferred to the controller.

If Tists with Frame Interrupt set are mixed with lists that do not, then Frame
Complete can include both types of frame.

This bit will not be set with Receive Suspended.

Bit 1 - Receive suspended: when on, the TRM has detected an odd address in
the Forward Pointer of a Receive List. List Address will contain the address
of the 1ist that has an odd Forward Pointer. The controller must update the
Forward Pointer and issue a Receive Continue interrupt request, using the MMIO
Write Interrupt instruction, to continue.

Receive Suspended will not be set with Frame Complete.

Programming Note:

The Receive Continue interrupt request, see MMIO instruction 'Write
Interrupt', can be issued at anytime but the TRM will ignore the interrupt if
it is not waiting for a Forward Pointer transition from odd to even.

Bits 2 to 15 - Reserved: these bits will be reset to 'Q'.
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Close (X'0007)

This command is used to end communication with the ring, or to stop the Open
Wrap command. A1l frames in the TRM at the time this command is issued will be
purged.

System Command Block

The SCB for a Close command is:

SCB Address Con{ent
+0 X'0007'
+2 Ignored
+4 Ignored

X'0007': s the Close command code.

Ignored: this fullword is reset by the TRM but is ignored for command
execution.

System Status Block

When the command completes, the SSB will contain the following:

SSB Address Content
+0 X'0007'
+2 Close completion

The bits of Close Completion have the following significance:

Bit Meaning

0 - TRM closed
1 to 15| Reserved

Bit 0 - TRM closed: when on, the Close command has completed and the TRM is
closed for further operation. An Open command will have to be issued if
operation is to continue.

Bits 1 to 15 - Reserved: these bits will be reset to '0'.
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Set Group Address (X'0008')
This command is used to change the group address of the TRM after an Open

command has been executed. The command will be rejected with Command Reject
status if the TRM is not open.

System Command Block

The SCB for command is:

SCB Address Content
+0 X'0008'
+2 Group address
+4 Group address

X'0008': is the Set Group Address command code.

Group address: this is a fullword parameter giving the new group address
for the TRM. Bit 0 of this address is ignored.

System Status Block

When the Set Group Address command completes, the SSB will contain the
following:

SSB Address Content
+0 X'0008'
+2 Set Group completion

The bits of Set Group complietion have the following significance:

Bit Meaning

0 Command complete
1 to 15| Reserved

Bit 0 - Command complete: when on, the Set Group Address command has
completed.

Bits 1 to 15 - Reserved: these bits will be reset to '0'.
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Set Functional Address (X'0009')

This command is used to change the functional address of the TRM after an Open
command has been executed. The command will be rejected with Command Reject
status if the TRM is not open.

System Command Block

The SCB for the Set Functional Address command is:

SCB Address Content
+0 X'0009!'
+2 Functional address
+4 Functional address

X'0009': is the Set Functional Address command code.

Functional address: this is a fullword parameter giving the new functional
address for the TRM. Bit 0 of this address is ignored.

System Status Block

When the Set Functional Address command completes, the SSB will contain the
following:

SSB Address Content
+0 X'0009!
+2 Set Functional Address
completion

The bits of Set Functional Address completion have the following significance:

Bit Meaning

0 Command compliete
1 to 15| Reserved

Bit 0 - Command complete: when on, the Set Functional Address command has
completed.

Bits 1 to 15 - Reserved: these bits will be reset to '0'.
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Read Error Log (X'000A')

The Read Error Log command is used to read and reset the TRM Error Log. After

command completion, the Error Log will be all zeros.

Each byte of the Error

Log contains a count of the number of times that each error has occurred.

System Command Block

The SCB for command is:

is the Read Error Log command code.

is the address the l4-byte error log will be written to.

SCB Address Content
+0 X'000A"
+2 Address
+4 Address
X'000A':
Address:
TRM Error Log
The Error Log is as follows:
Byte Error
0 Line error
1 Internal error
2 Burst error
3 ARI/FCI error
4 Abort delimiter
5 Reserved
6 Lost frame
7 ‘Receive congestion
8 Frame copied error
9 Frequency error
10 Token error
11 Reserved
12 DMA bus error
13 DMA parity error

Bytes 0 to 11 are isolating/non-isolating error counters, bytes 12 and 13 are
DMA controller errors.
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System Status Block

When the Read Error Log command completes, the SSB will contain the following:

SSB Address Content
+0 - X'000A"
+2 Error Log completion

The bits of Error Log completion have the following significance:

Bit Meaning

~

0 Command compiete
1 to 15| Reserved

Bit 0 - Command complete: when on, the Read Error Log command has
completed.

Bits 1 to 15 - Reserved: these bits are reset to '0'.
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Read TRM (X'000B")

The Read TRM command is used to transfer the contents of TRM storage to the
controller.

System Command Block

The SCB for command is:

SCB Address Content
+0 X'000B'
+2 Address
+4 Address

X'000B': s the Read TRM command code.

Address: is a fullword pointer to the controller storage area that is to
receive the contents of TRM storage. Before the command is ¢ 2:cuted this
controller area must contain the parameters specified in Rea:.. TRM Buffer
below. The TRM will take these parameters and write the desired contents into
this area, overwriting the command parameters.

Read TRM Buffer

The buffer transferred to the controller has the following structure:

Byte Meaning
0 Data count
2 Data address
4 Data
to area
n

DATA COUNT: This halfword parameter specifies the number of bytes to be read
from the TRM.

DATA ADDRESS: This halfword contains the address of the data in the TRM to be
read. Bit 15 is reset by the TRM to '0'. The address specified is not
checked for valid extents; if the address is outside the 1imits of installed
storage, a TRM Check error may occur.

TRM Storage

Storage locations are defined by five halfword base pointers. These pointers
must be read after initialization has compieted with no errors. The base
pointers start at location X'OAOQ'. The pointers are read using the MMIO Read
TRM or DMA Read TRM commands. After the pointers have been read, parameters
associated with the pointers must be read using the DMA Read TRM command. The
TRM will prevent the MMIO Read Data command from reading storage below the
address X'0800'.
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The pointers and their associated parameters are shown below:

X'200' - pointer tc BIA

X'202' - pointer to microcode

X'204' - pointer to TRM addresses, as follows:

Offset | Length Content
0 6 TRM node address
6 4 TRM group address
10 4 TRM functional address

X'206' - pointer to TRM parameters, as follows:

Offset | Length Content
0 4 TRM physical address
4 6 Upstream node address
10 4 Upstream physical address
14 6 Last poll address
20 2 Authorized environment
22 2 Transmit access priority
24 2 Source class authorization
26 2 Last attention code
28 6 Last source address
34 2 Last beacon type
36 2 Last major vector
38 2 Ring status
40 2 Soft error timer value
42 2 Front end error counter
44 2 Reserved
46 2 Monitor error code
48 2 Beacon transmit type
50 2 Beacon receive type
52 2 Frame correlator save
54 6 Beaconing station NUAN
60 4 Reserved
64 4 Beaconing station
physical address

X'208' - pointer to MAC buffer.

System Status Block

When the command completes, the SSB will contain the following:

SSB Address Content
+0 X'000B'
+2 Read Completion
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The bits of Read completion have the following significance:

Bit Meaning

0 Command complete
1 to 15| Reserved .

Bit 0 - Command complete: when on, the command has completed and the
required TRM data has been transferred to the controlier.

Bits 1 to 15 - Reserved: these bits will be reset to '0'.
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IMPL Enable (X'000C")

This command is used to enable the TRM to process an IMPL Force MAC frame. If
this is received after the command has been issued, then:

1. The TRM will be closed.

2. A data byte will be written to a specified location.

3. The controller will be interrupted with a specified interrupt vector.
The TRM will then be in the same state as after initialization so the Open
command will have to be reissued. IMPL Enable command will have to be

reissued if it is required.

If this command has not been issued then this frame will be rejected.

System Command Block
The SCB for IMPL Enable command is:

SCB Address Content
+0 X'oooc!
+2 Data | Vector
+4 System address

X'000C': 1is the - PL Enable command code.

Data: this byte will be written to the controller at the address specified
by System Address.

Vector: this byte specifies the interrupt vector to be used when the IMPL
Force interrupt code is generated. When both Data and Vector are X'00', the
IMPL Force procedure will be disabled.

System address: the Data byte will be written to the controller location
specified by this parameter. The high-order byte of the address must be X'00'.
The maximum value allowed for this parameter is 64k. If System Address is
X'0000', the data will not be written.

System Status Block

When the command completes, the SSB will contain the following:

SSB Address Content
+0 X'000C!
+2 IMPL Completion
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The bits of IMPL Completion have the following significance:

Bit Meaning
0 Command complete
1 to 15 Reserved

Bit 0 - Command complete:

Bit 1 to 15 - Reserved:

when on, the IMPL command has completed.

these bits will be reset to '0’.
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APPENDIX A. CCU EXTERNAL REGISTERS

Input/Output X'00' through X'27' (General Registers)

The bit assignments of these registers are, in general, not fixed, but vary
with the use of the register. There is however one exception: the first
register of each group always contains the address of the next sequential
instruction in that interrupt level. Note that these registers are
implemented in hardware in the 3725, but mapped into local storage in the
3720/21. Their use, however, is the same for both controllers.

Input/Output X'28" through X'2F' (Reserved)

The 8 registers addressed by these instructions are reserved.

input/Output X'30" through X'35" (Cycle Steal Address Registers)

Register | Channel adapter

X'30"
X'31!
X'32
X'33!
X'34'
X'35"

[e2 RS2 IN S RUNE AR

Input/Output X'36' through X'3E' (Pointer Registers)
input/Output X'3F' (Communication Scanner CS Address)
Input/Output X'40’ through X'43' (interrupt Start Address)
input/Output X'44' (Byte Operations Base Register)
Input/Output X'45" (Halfword Operations Base Register)
input/Output X'46' (Fullword Operations Base Register)
Input/Output X'48" (IOH Address Substitution Register)
input/Output X'49' through X'4F' (Reserved)

Input/Output X'50" through X'S5F' (Programmable Registers)
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Input/Output X'60' through X'67' (Reserved)

Input X'68" (Zero Register)
Input/Output X'69' through X'6F' (Reserved)

Input X'70' (Storage Size Installed)

Byte | Bit | Meaning
0 0 gFor 3725 only. For 3720/3721 see be]ow;
% % For 3725 only. For 3720/3721 see below
o | 3 | 2048k
4 1024 K
5 512 K
6 256 K
7 Storage not a multiple of 256K
1 0-7 | 0
3720/3721:
Byte O
Bits Meaning
01

0o A1l cards 512k
01 Reserved
10 Reserved
11 Reserved

Output X'70" (Hardstop)

Input X'71" (Operator Address/Data Entry Register)

Byte | Bit | Meaning

X 2-7 | Operator address/data register byte X, bits 2-7

0 0-7 | Operator address/data register byte 0, bits 0-7

1 0-7 | Operator address/data register byte 1, bits 0-7
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Output X'71" (Display Register 1)

Byte | Bit | Meaning

X 2-7 | Display register 1 byte X, bits 2-7

0 0-7 | Display register 1 byte 0, bits 0-7

1 0-7 | Display register 1 byte 1, bits 0-7
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Input X'72' (Operator Display/Function Select Control)

Byte | Bit | Meaning

Function select 8
Function select 9
Function select 10
Function select 11 gstorage address)
Function select 12 (register address)
Function select 13
Function select 14
Function select 15

Function select 16
Function select 1
Function select 2
Function select 3
Function select 4
Function select 5
Function select 6
Function select 7

NoOYOT R wh—kOo NOUTPRWN O

Output X'72' (Display Register 2)

Byte | Bit | Meaning

X 2-7 | Display register 2 byte X, bits 2-7

0 0-7 | Display register 2 byte 0, bits 0-7

1 0-7 | Display register 2 byte 1, bits 0-7

Input X'73' (Insert Storage Protect/Address Exception Key)

Byte | Bit | Meaning
0

T
~4

(not used)

not used
not used
not used
not used
not used
Key Bit 0
Key Bit 1
Key Bit 2

NOYOUOT PR WO
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Output X'73" (Set Storage Protect/Address Exception Key)

Byte

Bit

Meaning

Storage key address bi
Storage key address bit
Storage key address bit
Storage key address bit
Storage key address bit

Storage key address bit

Storage key address bit
Storage key address bit
Storage key address bit
Storage key address bit 9/user key address bit O
Stora - key address bit 10/user key address bit 1
User ..:y address bit 2
User key address bit 3
User key address bit 4

00~ O PP WwN—O

NOYUT R W~ O ~NounpwhnFk O NOYOTV R WN

(not used)

Enable storage protect/address exception
Key type bit 0

Key type bit 1

Modify key value

Key bit O

Key bit 1

Key bit 2

Input X'74' (Lagging Address Register)

Input X'75 (CCW for AIO Operations)

Byte | Bit | Meaning

0 CCW Bit 5 (0 = CA AIO, 1 = scanner AIO)
1 CCW Bit 11 (pointer no./scanner address bit O
2 CCW Bit 12 (pointer no./scanner address bit 1

0 3 CCW Bit 13 (pointer no./scanner address bit 2
4 CCW Bit 14 (pointer no./scanner address bit 3
5 not used
6 not used
7 not used

1 0-7 | (not used)
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input X'76' (Adapter Level 1 Interrupt Requests)

Byte | Bit | Meaning

Addressing exception during I/0 operations
Storage protection check during I/0 operations
Invalid CCW during I/0 operations

(not used)

Time out condition

Bus in parity check

Adapter initiated operation

MOSS initiated operation

NOOITBRWNRO

—
O
1
~

(not used)

Output X'76' (Miscellaneous Control 1)

Byte | Bit | Meaning

Reset errors detected during I/0 operations
§not used;
not used
Control program to MOSS request
Control program to MOSS response
not used
not used
not used

NoOYUO PR WNO

-
Q
1
~J

(not used)
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Input X'77' (Adapter Levels 2 and 3 Interrupt Requests)

Byte

Bit

Meaning

(not used)
Scanner level 2 interrupt
not used)

not used

not used

not used

not used

not used

NOoOYOMTHwhNR— O NOYOUIT WO

Level 3 channel adapter interrupt
not used
not used
not used
not used
not used
(not used
not used

Output X'77" (Miscellaneous Control 2)

Byte | Bit | Meaning

0 Reset IPL Tevel 1 interrupt
1 Reset CCU hardware checks
2 Reset MOSS panel interrupt request level 3

0 3 Reset MOSS diagnostic interrupt request level 3
4 Reset MOSS service interrupt request level 4
5 Reset MOSS service interrupt response level 4
6 (not used)
7 Reset program controlled interrupt level 2
0 Reset MOSS inoperative level 1 interrupt
1 Reset interval timer level 3 interrupt
2 Reset program controlled interrupt level 3

1 3 Reset MOSS diagnostic interrupt request level 2
4 Reset address compare level 1 interrupt
5 Reset software checks
6 Reset program controlled interrupt level 4
7 Reset supervisor call level 4 interrupt
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Output X'78' (Force ALU Checks)

Input X'79" (Utility)

Byte | Bit | Meaning
0 (not used)
1 Probe condition satisfied
2 Probe address compare received
0 3 not used
4 not used
5 not used
6 Program level 5 C latch
7 Program level 5 Z latch
0 Program level 2 interrupted by level 1
1 Program level 3 interrupted by level 1
2 Program level 4 interrupted by level 1
1 3 Program level 5 interrupted by level 1
4 not used
5 not used
6 not used
7 not used

Output X'79" (Utility)

Byte | Bit | Meaning

gnot usedg

not used

Set programmed IPL request

(not used)

Remote power off

Inhibit program level 5C, 5Z replace
Set program level 5 C latch

Set program level 5 Z latch

énot usedg

not used

Set AIO stop mode

Reset AIO stop mode

Set bypass CCU check stop mode
Reset bypass CCU check stop mode
Scope sync pulse 1
Scope sync pulse 2

~NoO TR WO NOYOT B WN-—O
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Input X'7A" (High Resolution Timer/Utilization Counter)

Byte

Bit

Meaning

Timer
Timer
Timer
Timer
Timer
Timer

Bit
Bit
Bit
Bit
Bit
Bit

Timer
Timer
Timer
Timer
Timer
Timer
Timer
Timer

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

NeRo ol NKe)} (S0~ ROCEANY o e

NOGTPWN—O NOUTR_RWNR—O NoOOT RN

Timer
Timer
Timer
Timer
Timer
Timer
Timer
Timer

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

Appendix A.

CCU External Registers

A-9



Output X'7A' (High Resolution Timer/Utilization Counter Control)

Byte | Bit | Meaning

Timer/counter (1 = reset timer/enable count)
High/low resolution (1 = low resolution)
Timer/utilization counter (0 = timer)

not used

not used

not used

not used

not used

1 0-7 | (not used)

NOYOTPRARWNO

Input X'7B’' (Branch Trace Address Pointer)

Byte Bit | Meaning

X 2-6 | Branch trace address pointer byte X, bits 2-7

0 0-7 | Branch trace address pointer byte 0, bits 0-7

1 0-7 | Branch trace address pointer byte 1, bits 0-7
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Output X'7B' (Set PCl Level 2)

input X'7C' (Branch Trace Buffer Count)

Byte | Bit | Meaning

Branch trace buffer
Branch trace buffer
Branch trace buffer
Branch trace buffer
Branch trace buffer
Branch trace buffer
Branch trace buffer
Branch trace buffer

count
count
count
count
count
count
count
count

bit
bit
bit
bit
bit
bit
bit
bit

Branch trace buffer
Branch trace buffer
Branch trace buffer
Branch trace buffer
Branch trace buffer
not used

not used

not used

NOUT PR WO Noswh—O

count
count
count
count
count

bit
bit
bit 10
bit 11
bit 12

W 0o NOYOTPRWN—O

Output X'7C' (Set PCIl Level 3)

Iinput X'7D" (CCU Hardware Check

Output X'7D' (Set PCI! Level 4)

Register)
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Input X'7E' (CCU Level 1 Interrupt Requests)

Byte | Bit | Meaning

0 MOSS inoperative

1 CCU hardware error summary

2 (not used)
0 3 Level 5 I/0 error

4 Invalid operation

5 Adapter level 1 interrupt request

6 (not used)

7 CCU level 1 interrupts during I/0 summary

0 Address compare level 1 interrupt

1 Addressing exception on instruction fetch

2 Storage protect exception on instruction fetch
1 3 Addressing exception on program execution

4 Storage protect exception on program execution

5 (not used)

6 IPL Tevel 1 interrupt

7 (not used)

Output X'7E' (Set Program Interrupt Mask Bits)

Byte | Bit | Meaning
0

0
~

(not used)

(not used)
Mask adapter program level 1 requests
Mask program level 2 requests
Mask program level 3 requests
Mask program level 4 requests
Mask program level 5 execution
gnot used)
not used)

SNOGITBHEWN-FO
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Input X'7F" (CCU L2, 3, or 4 Interrupt Requests)

Byte | Bit | Meaning
0 Program controlled interrupt (PCI) level 2
1 MOSS diagnostic interrupt request level 2
2 MOSS diagnostic interrupt request level 3
0 3 MOSS service interrupt request level 4
4 MOSS service interrupt response level 4
5 (not used)
6 CE/operator interrupt request level 3
7 Program controlied interrupt (PCI) level 4
0 not used
1 not used
2 not used
1 3 not used
4 not used
5 Interval timer interrupt request level 3
6 Program controlled interrupt (PCI) level 3
7 Supervisor call level 4

Output X'7F' (Reset Program Interrupt Mask Bits)

Byte

Bit

Meaning

0

7
~

(not used)

~NoOYOTPWNRO

(not used)
Unmask adapter program level 1 requests
Unmask program level 2 requests
Unmask program level 3 requests
Unmask program level 4 requests
Unmask program level 5 execution
gnot usedg
not used
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APPENDIX B. CA INPUT/OUTPUT INSTRUCTION SUMMARY CHARTS

In the 3725, the registers are implemented in hardware. In the 372021, these
registers are mapped into local storage. Their use, however is the same for
both controllers.

Hardware Status Byte Register

Bit | Meaning

Attention

Status Modifier
Control Unit End
Busy

Channel End
Device End

Unit Check

Unit Exception

NoOoOTPRLWNRrRO

Input X'0' (Initial Selection Control Register)

Byte | Bit | Meaning

Initial selection interrupt
Interface disconnect

Selective reset

Channel bus out check
Emulation subchannel operation
Stacked initial status

Status byte cleared

System reset

NOYOT PR WO

-
(]
i
~

(not used)

Output X'0' (Reset Initial Selection)

input X'1" (initial Selection Address and Command Register)

Byte | Bit | Meaning

0 0-7 | Address byte bit 0-7 (initial selection address)

1 0-7 | I/0 cmnd byte bit 0-7 (initial selection cmnd)
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Output X'1" (Initial Selection Address and Command Register)

Byte | Bit | Meaning

0 0-7 | Address byte bit 0-7 (initial selection address)

1 0-7 | I/0 cmnd byte bit 0-7 (initial selection cmnd)

input X'2" (Data/Status Control Register)

Byte | Bit | Meaning

Outbound data transfer sequence

Inbound data transfer sequence

Status transfer sequence

NCP subchannel if 0; EP subchannel if 1
Channel end presented

Channel stop/interface disconnect
Suppress out monitor interrupt

Program requested interrupt

Channel bus out check
Selective reset

Suppress out

Stacked ending status
Priority outbound service
Residual byte count bit 5
Residual byte count bit 6
Residual byte count bit 7

NOYUT R W O ~NON B WN - O

Output X'2' (Data/Status Control Register)

Byte | Bit | Meaning

Set/reset outbound data transfer sequence {Note)
Set/reset inbound data transfer sequence (Note)
Set/reset status transfer sequence (Note)
Set/reset ESC operation (Note)

Set/reset PIO mode (Note)

Reset initial selection interrupt

Reset data/status interrupt

(not used)

Set monitor for circle B
(not used)

Set monitor for 2848 ETX
Set suppressible status
Priority outbound service
Request byte count bit 5
Request byte count bit 6
Request byte count bit 7

~Noyor WO NSO wnoE— O

Note: Set = 1; reset = 0.
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Input/Output X'3' (ESC Address and Status Byte Register)

Byte | Bit | Meaning

0 0-7 | Address byte bits 0-7 (data/status transfer)
0 ESC status byte bit 0 (attention)
1 ESC status byte bit 1 (status modifier)
2 ESC status byte bit 2 (control unit end)

1 3 ESC status byte bit 3 (Busy)
4 ESC status byte bit 4 (channel end)
5 ESC status byte bit 5 (device end;
6 ESC status byte bit 6 (unit check
7 ESC status byte bit 7 (unit exception)

input/Output X'4" and X'5' (Data Buffer Registers)

Register X'4' (Data Buffer Bytes 1 and 2 or 5 and 6)

Byte | Bit | Meaning
0 0-7 | Data buffer byte 1 or 5 bits 0-7
1 0-7 | Data buffer byte 2 or 6 bits 0-7

Register X'5' (Data Buffer Bytes 3 and 4 or 7 and 8)

Byte | Bit | Meaning
0 0-7 | Data buffer byte 3 or 7 bits 0-7
1 0-7 | Data buffer byte 4 or 8 bits 0-7

Appendix B.
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Input X'6' (NSC Status/Control Register)

Byte | Bit | Meaning

0 Channel adapter switched to interface B
1 Channel adapter switched to interface A
2 not used
0 3 not used
4 not used
5 not used
6 not used
7 not used
0 NSC status byte bit 0 (attention)
1 NSC status byte bit 1 (status modifier)
2 NSC status byte bit 2 (control unit end)
1 3 NSC status byte bit 3 (Busy) )
4 NSC status byte bit 4 (channel end)
5 NSC status byte bit 5 (device endg
6 NSC status byte bit 6 (unit check
7 NSC status byte bit 7 (unit exception)

Output X'6' (NSC Status/Control Register)

Byte | Bit | Meaning

Set NSC status byte bit
Set NSC status byte bit
Set NSC status byte bit
Set NSC status byte bit

channel end)
device end;
unit check
unit exception)

0 Set force A busy

1 Set force B busy

2 Force error
0 3 Diagnostic storage mode (set = 1; reset = 0)

4 (not used)

5 Check the checkers

6 A/B data buffer diagnostic mode

7 Reset to neutral state

0 Set NSC status byte bit attention)

1 Set NSC status byte bit status modifier)

2 Set NSC status byte bit control unit end)
1 2 Set NSC status byte bit busy)

5

6

7

NOGTTPRWNERO
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Input X'7' (Channel Adapter Condition Register)

Byte | Bit | Meaning

0 CA5 enabled
1 (not used)
2 CA6 enabled

0 3 ﬁnot used;
4 not used
5 NSC address active
6 PIO mode
7 (not used)
0 CAl interface A enabled
1 CAl interface B enabled
2 CA2 interface A enabled

1 3 CA2 interface B enabled
4 CA3 interface A enabled
5 CA3 interface B enabled
6 CA4 interface A enabled
7 CA4 interface B enabled

: Output X'7' (Channel Adapter Control Register)

Byte | Bit | Meaning
0 Enable auto-select cannot be on at
1 Disable auto-select the same time
2 Select CA addressed by bits 4-6
0 3 Execute output on CA addressed by bits 4-6
4 Channel address bit O
5 Channel address bit 1) CA address 1-6
6 Channel address bit 2
7 Channel adapter reset
0 Set suppress out monitor
1 Set program requested interrupt
2 Reset channel adapter interrupt level 1 checks
1 3 Reset system reset/NSC address active
4 Set allow channel interface enable (A and B)
5 Set ESC operational
6 Set ESC command free ,
7 Set allow channel interface disable (A and B)
Note: Bits 4 and 7 cannot be active at the same time.
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Input/Output X'B' (ESC Test 1/0 Address and Status Register)

Byte | Bit | Meaning

0 0~7 | ESC TIO address byte bits 0-7

ESC TIO status byte bit
ESC TIO status byte bit
ESC TIO status byte bit
ESC TIO status byte bit
ESC TIO status byte bit
ESC TIO status byte bit
ESC TIO status byte bit
ESC TIO status byte bit

attention)

status modifier)
control unit end)
Busy)

channel end)
device endg

unit check

unit exception)

NOYOT P WO
NoorpPpwhh—k O

Input X'C' (Cycle Steal Mode Control Register)

Byte | Bit | Meaning

0 SYN monitor latch

1 DLE temporary latch

2 USASCII monitor control latch
0 3 EBCDIC monitor control latch

4 not used

5 not used

6 not used

7 not used
1 0-7 | Residual byte count bits 0-7

Output X'C' (Cycle Steal Mode Control Register)

Byte | Bit | Meaning

0 SYN monitor control latch (Note)

1 DLE remember control latch (Note)

2 USASCII monitor control latch (Note)
0 3 EBCDIC monitor control latch (Note)

4 not used

5 not used

6 not used

7 not used
1 0-7 | Residual byte count bits 0-7

Note: 1 = set; 0 = reset
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Input X'D' (Channel Adapter Level 1 interrupt Check Register)

Byte

Bit

Meaning

PIO bus parity error

Internal bus parity error

CCU interconnect card check
(not used)

Channel interface card check
Address compare error

Initiate service latch ungated
(not used)

NoOYUO AR WNR O NOYOT PR WNO

Output exception check

PIO halt remember latch

Cycle steal halt remember latch
Bus in check interface A

Ground fault error

Bus in check interface B
Driver/receiver card check I/F A
Driver/receiver card check I/F B

Input X'E' (Channel Adapter Level 1 Interrupt Requests)

Byte | Bit | Meaning
0 Channel adapter 5 level 1 interrupt request
1 (not used)
2 Channel adapter 6 level 1 interrupt request
0 3 Channel adapter (any) level 1 interrupt request
4 Channel address bit O
5 Channel address bit 1) CA address 1-6
6 Channel address bit 2
7 (not used)
0 Channel adapter 1 Tevel 1 interrupt request
1 (not used)
2 Channel adapter 2 level 1 interrupt request
1 3 (not used)
4 Channel adapter 3 level 1 interrupt request
5 (not used)
6 Channel adapter 4 level 1 interrupt request
7 (not used)
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Input X'F’ (Channel Adapter Level 3 interrupt Requests)

Byte | Bit | Meaning

(not used)

Two processor switch installed

Selected CA initial selection L3 request
Selected CA data/status L3 request pending
Channel address bit O

Channel address bit 1) CA address 1-6
Channel address bit 2

(not used)

NOUNMPBRWNHO

[
o
1
~

(not used)
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APPENDIX C. COMMUNICATION SCANNER COMMANDS

Grouped by Function

Common Commands:

- Command Hex
Set Mode X'o1!
Enable X'o2!
Disable X'03!
Monitor Incoming Call X'04'
Dial X'05'
Change X'06'
Wrap S| Xx'o7!
Raise DTR X'o8!
Flush Data X'09'
Reset-D X'0B'
Reset-N xtoc!
Halt X'FO!'
Halt Immediate X'F1!

NCP Commands:

Command Hex
SDLC Transmit Control X'10!
SDLC Transmit Data X'11!
SDLC Transmit Continue X'1p!
SDLC Receive Monitor Xt12!
SODLC Receive X'13!
SDLC Receive Continue X'14!
X.21 Call Request X'15"
X.21 Monitor Incoming Call | X'l6'
X.21 Clear Request X'17!
NCP BSC Control X'18!'
NCP BSC Transmit X'19!
NCP BSC Transmit Continue X'1A!
NCP BSC Receive X'1B!'
NCP BSC Receive Continue Xtic!
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EP Commands:

Command Hex
EP BSC Transmit Initial X'20'
EP BSC Transmit SYN X'21!
EP BSC Transmit Data X'22!
EP BSC Poll X'23!
EP BSC Receive X'24!
EP BSC Receijve Continue X'25!
EP BSC Prepare X'26'
EP BSC Monitor for Phase X'27!
EP BSC Address Prepare X'28'
EP BSC Search X'29!'

Character Mode Commands:

Command Hex
Write ICW (1-byte transfer) X'40'
Start-Stop Transfer (4-byte burst) | X'41'
Read ICW X'F2!

Miscellaneous Commands:

Command Hex
IBM 386X/58xx Test X'2B!
Trace X'2C!
Stop Trace X'2p!
Line wrap X'2E!
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COMMANDS

IN NUMERICAL ORDER

Hex

Command

1|

D DK DL DL DK DK DK D K DK DK DK DK DK DL DL DL DL DK DL DK DK DK B DK D 5K DK DK DL DL B B DK DL DL DK DK D DL DK > DX >
‘E"ﬂﬂ-&-&NNNNNNI\)I\)NNr\)l\)l\)r\)l—ll—-w—u—u—-awr--n-u—u—n—u-—u—lF—IOOOOOOOOOOO
(ep]

Set Mode

Enable

Disable

Monitor Incoming Call
Dial

Change

Wrap

Raise DTR

Flush Data

Reset-D

Reset=-N

SDLC Transmit Control
SDLC Transmit Data

SDLC Receive Monitor
SDLC Receive

SDLC Receive Continue
X.21 Call Request

X.21 Monitor Incoming Call
X.21 Clear Request

NCP BSC Control

NCP BSC Transmit

NCP BSC Transmit Continue
NCP BSC Receive

NCP BSC Receive Continue
SDLEC Transmit Continue
EP BSC Transmit Initial
EP BSC Transmit SYN

EP BSC Transmit Data

EP BSC Pol1

EP BSC Receive

EP BSC Receive Continue
EP BSC Prepare

EP BSC Monitor for Phase
EP BSC Address Prepare
EP BSC Search

IBM 386X/58XX Test
Trace

Stop Trace

Line Wrap

Write ICW

Start/Stop Transfer
Halt

Halt Immediate

Read ICW
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APPENDIX D. MOSS COMMANDS

MAILBOX OUT COMMANDS

-Mailbox In commands always have the high order command bit off. The
hexadec1ma1 va]ues of these commands are therefore always in the range X'Ox'
through X'7x!'

Command Hex
Transfer Path Information Unit Out Command (SNA Only) X'06'
Box Error Records Command X'o7!
Buffers Now Available Command X'08'
Wrap Test Results Command X'09'
Time/Date Valid Command X'oc!
Control Program Parameters Command X'23!
Request Hardware Configuration Data File Command X'24!
Control Program Initialization Complete Command X'25"'
Control Program Loaded Command X'41'
Ro11l In Saved Storage For Dump Command X'42'

Mailbox In Commands (MOSS to CCU)

Mailbox In commands always have the high order ccmmand bit on. The
hexadecimal va]ues of these commands are therefore always in the range X'8x'
through X'Fx'

Command Hex
Transfer Path Information Unit In Command (SNA Only) X'86'
Wrap Test Request Command X'89!
Connect Scanner Command X'8D'
Request Buffer Command X'8E'
Free Buffer Command X'8F'
MOSS Offline Command X'90!
MOSS Online Command X'91'
Control Program Parameters Saved Command X'A3!
Configuration Data File Information Available Command X'A4!
Scanner IML Complete to Load/Dump Command X'C1!
Ro11 In Complete to Load/Dump Command x'ca!
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APPENDIX E.

REDRIVE LOGIC

The redrive logic is logically situated between the internal logic and the
channel adapters or communication scanners. The individual redrives are
addressed by the Primary Redrive Address (PRA) and Secondary Redrive Address
(SRA) fields contained in register R2 of an IOH instruction, or in the second
halfword of an IOHI instruction. The chart below and Figure E-1 on page E-2
for the adapter associated with each redrive and the PRA/SRA bit structure
required to address the redrives.

All 3725 configurations except 3725 Model 2

PRA (Byte | SRA (Byte
0 bits) 1 bits)
516 ] 7! 4| 5] 6 | Controlled Adapters
0]l 0] 0| 0| 0| 01} Channel Adapter 1 and Line Attachment Base 1
0] 0] 0| 0| 0| 1] Channel Adapter 2 and Line Attachment Base 2
001 0}0]| 1] 0] Line Attachment Base 3
00|00 1 1 Channel Adapters 3, 4, 5, and 6
00| 1]0] 0] 0} Frame Redrive for LABs 4 through 8
ojo0(1}0}11}]1 Line Attachment Base 4
0011 110 0} Line Attachment Base 5
0/ 0111011 Line Attachment Base 6
010 1 1 10 Line Attachment Base 7
00111 1] Line Attachment Base 8
where:
PRA = primary redrive address
SRA = secondary redrive address

3725 Model 2 only

PRA (Byte | SRA (Byte
0 bits) 1 bits)
516 |71 4] 5] 6 | Controlled Adapters
0] 0|00} 0] 0| Channel Adapters 1/2 and Line Attachment Base
00|00 | 0 | 1 | Channel Adapters 3/4 and Line Attachment Base
where:
PRA = primary redrive address

SRA

secondary redrive address

Appendix E. Redrive Logic
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3720/3721

PRA (Byte | SRA (Byte
0 bits) 1 bits)

516 | 7] 4] 5| 6 | Controlled Adapters

0] 0|0} 0)})0 | 0| 3720 Models 1 and 2 gBasic frame)

0| 0|0 00| 1] 3721 Models 1 and 2 (Expansion frame)
0| 0|0} 07| 1] 1] 3720 Model 1 and Channel Adapters 1/2

PRA = primary redrive address
SRA = secondary redrive address

The following diagrams should make this clear:

All Configurations except Model 2 Mode! 2 Only

Int I B o
ccu nternal us E.E RDV o
s 1 0 1 3
CA-1 =
o ROV B o1 ROV | LAB®
o o] LAB4 = 1 a4
CcA2 b CAs
¢ RDV © YRV p| ROV | LAB6
e 3-6
0 1] LAB2 = o 3 1 5
{ rov | LAB3 | | ROV | LAB7
0o 2 x 1 6
{ ROV | LABS

l L— Secondary Redrive Address
Primary Redrive Address

Figure E-1. 3725 Redrive Logic
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|RDV,

- 3721-1/2

(Expansion
0 3 pgrame)
Channel RDV
Adapter eg— ] 3
Board 0 1
RDV
PUC 1
0 0
L S

Y
3720-1/2 {(Basic Frame)

| Figure E-2. 3720/3721 Redrive Logic
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REDRIVE IOH/IOHI INSTRUCTIONS

The redrive IOH/IOHI instructions are used to transfer the contents of one of
the general registers to a selected redrive register or vice versa. There are
two types of redrive input/cutput instruction:

* Adapter Input/Output (IOH)

¢ Adapter Input/Output Immediate (IOHI)

They are used as follows:

Adapter Input/Output (IOH)

This dinstruction transfers the contents of the register specified by R1 to the
redrive logic, or places information coming from the redrive logic into the
wamictan ena~nifFiaAd ke D1 Thmn vvadiadiin addiaaea Llem mmm S L Lo e e

regisiey speiiacel oY na. e rearive audress, une command, dina tne airreccion

of data movement are all specified by the contents of R2.

0 | R2 | 0] R1 /0 1 6 1 0 0 0 O
0 1 3 4 5 7 8 15

R2 must be loaded as follows:

oj1 o 0 oOo|P P PJC C C C|S S s]I/
Group Address PRA Command SRA

0 1 4 5 7 8 11 12 14 15

Bits 1 through 4 contain the group address (always 1 0 0 0)
Bits 5 through 7 contain the primary redrive address (PRA)
Bits 8 through 11 indicate the redrive command

Bits 12 through 14 contain the secondary redrive address (SRA)
I1/0 = input/output bit: O = output, 1 = input
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Adapter Input/Output Immediate
This instruction transfers the contents of the register specified by R to the
redrive logic, or places information coming from the redrive logic into the
register specified by R. The redrive address, the command, and the direction
of data movement are all specified by the contents of the second halfword.
First halfword

0 0 0 0 0| R /¢ 1 1 1 6 0 0 O

0 4 5 7 8 15

Second halfword

cj1 0 o o0}P P P}pC C C C}S S S|I/O
Group Address PRA Command SRA

0 1 4 5 7 8 11 12 14 15

Bits 1 through 4 contain the group address (always 1 0 0 0)
Bits 4 through 7 contain the primary redrive address (PRA)
Bits 8 through 11 indicate the redrive command

Bits 12 through 14 contain the secondary redrive address (SRA)
1/0 = input/output bit: O = output, 1 = input
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REDRIVE COMMANDS - DETAILED BIT STRUCTURE

The high order bit of the redrive command indicates whether the command is
broadcast (high order bit = 0) or addressed to a particular redrive address.

Command Input X'0" (Poll)

The high order bit of the command is always off, indicating a broadcast
command. The register addressed by the instruction is loaded from the redrive
logic and contains the redrive address and the event that set the redrive
level 1 interrupt. If more than one redrive has a level 1 interrupt pending,
multiple Input X'O's must be executed, since the redrive logically closer to
the CCU on the internal bus presents its poll data first. The bits of the
register have the following meaning:

o
—
s

Byte Meaning

1

Enable/disable (enable = 0, disable = 1)
PRA Bit 4

PRA Bit 2

PRA Bit 1

SRA Bit 4

SRA Bit 2

SRA Bit 1

In Bus Parity Error

QOut Bus Parity Error

Out Bus Tag Check

In Bus Tag Check

Halt Remember

Secondary Select Out
Secondary Cycle Steal Grant
Command Reject

~NOYUOT PR WNRO ~NOYOTPBRWNERO

The bits of byte 0 have the foliowing meaning:

Byte 0, Bit 1 - Enable/disable: this bit, if off, indicates that the redrive
address in byte 0, bits 2 through 7 is enabled; if on, it indicates that the
redrive address is disabled.

Byte 0, Bits 2 through 4 - Prikary Redrive Address (PRA).
Byte 0, Bits 5 through 7 - Secondary Redrive Address (SRA).

Redrive Error Register: Byte 1 is collectively called the Redrive Error
Register. Its bits have the following meaning:

Byte 1, Bit 0 - In Bus Parity Error: this bit, if on, indicates that a
parity error has occurred on the In Bus between the adapter and the redrive
logic.

Byte 1, Bit 1 - Out Bus Parity Error: this bit, if on, indicates that a
?arjty error has occurred on the Out Bus between the adapter and the redrive
ogic.

Byte 1, Bit 2 - Out Bus Tag Check: this bit, if on, indicates that a tag

check (incorrect sequence of tags) has occurred on the Out Bus between the
adapter and the redrive logic.
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Byte 1, Bit 3 - In Bus Tag Check: this bit, if on, indicates that a tag
check (incorrect sequence of tags) has occurred on the In Bus between the
adapter and the redrive logic.

Byte 1, Bit 4 - Halt Remember: this bit, if on, indicates that the redrive

10918 has been selected, but a Halt signal was received before the operation
ended.

Byte 1, Bit 5 - Secondary Select Out: this bit, if off, indicates that the
Select Out tag was propagated to the next redrive address; if on, it indicates
that the tag was not propagated.

Note: The bit is set when the select out tag is sent to the adapter
controlled by the redrive logic, and 1is reset automatically if the tag is
propagated to the next redrive logic.

Byte 1, Bit 6 - Secondary Cycle Steal Grant: this bit is set when the
secondary cycle steal grant signal is sent to the adapter controlled by the
redrive logic, and is reset automatically by:

* The next cycle steal operation if the redrive logic propagates the cycle
steal grant signal to the next redrive address.

* The next PIO operation on the bus.

Byte 1, Bit 7 - Command Reject: this bit, if on, indicates that an invalid
command was sent to the the addressed redrive logic.

Appendix E. Redrive Logic

E-7



Command Output X'0" or X'8 (Write Error Register)

This command is used to set the redrive logic error register for diagnostic

purposes. The high order bit of the command may be off, indicating a
broadcasted command, or on if the command is addressed to a specified redrive
logic. The error register(s) of the redrive logic(s) addressed by the

instruction is loaded from the specified register. Byte 1 is not used. If
the command is broadcast, all redrive logic error registers are set. The bits
of the register have the following meaning:

Byte | Bit | Meaning

In Bus Parity Error
Qut Bus Parity Error
Out Bus Tag Check
In Bus Tag Check

Hazlt Remember
Secondary Select Out
Secondary Cycle Steal Grant

Command Reject

1 0/7 | (not used)

NOYUO B WwhN— O

Redrive Error Register: Byte 0 1is collectively called the Redrive Errnr
Register. For a detailed description of 1its bits, see under the 'Pc
command above. :
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Command Input X'1" or X'9' (Read Error Register)

The high order bit of the command may be off, indicating a broadcast command,
or on if the command is addressed to a specified redrive Togic. The register
addressed by the instruction is loaded from the redrive logic and contains the
redrive address and the event that set the redrive level 1 interrupt. If the
command is broadcast, and more than one redrive has a level 1 interrupt
pending, the redrive logically closer to the CCU on the internal bus presents
its error register data first. Additional Input X'l' or X'9' instructions
must be executed 1if more than one redrive has a level 1 interrupt pending.
The bits of the register have the following meaning:

Byte Bit | Meaning

1

Enable/disable (enable = 0, disable = 1)
PRA Bit 4

PRA Bit 2

PRA Bit 1

SRA Bit 4

SRA Bit 2

SRA Bit 1

In Bus Parity Error

Qut Bus Parity Error

Out Bus Tag Check

In Bus Tag Check

Halt Remember

Secondary Select Out
Secondary Cycle Steal Grant
Command Reject

NOOC PR WN—O NOUOTRWNRO

Redrive Error Register: For a detailed description of the bits of this
command, see under 'Command Input X'O' (Poll) on page E-6.

Command Output X'1" or X'9' (Disable Drivers)

This command is wused to inhibit the inputs of the dependant adapter(s) and
dependant redrive Tlogics (if any) from the bus. It is, however, still
possible to send information to the dependant logics, and to send and receive
information from the redrive logic itself. The high order bit of the command
may be off, indicating a broadcast command, or on if the command is addressed
to a specified redrive logic. As this is a command that performs a function,
the contents of the register addressed by the command are ignored.

Command Output X'2' or X'A' (Enable Drivers)

This command is used to enable the addressed redrive logic and the adapter(s)
and redrive logics dependant on it. The high order bit of the command may be
off, indicating a broadcast command, or on if the command is addressed to a
specified redrive logic. As this is a command that performs a function, the
contents of the register addressed by the command are ignored.
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Command Output X'5' or X'C' (Reset)

This command is used to reset all latches of the addressed redrive logic(s),
except the enable/disable latch. The high order bit of the command may be
off, indicating a broadcast command, or on if the command is addressed to a
specified redrive ‘logic. As this is a command that performs a function, the
contents of the register addressed by the command are jgnored.

.
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APPENDIX F. INITIAL PROGRAM LOAD (IPL)

The initial program load (IPL) mechanism controls the loading of the control
program into the controlier. Loading takes place via one of the ports defined
in the IPL port table, using either a channel adapter (channel-attached
controller) or a transmission line and one of the communication scanners
(1ink-attached controller).

Initial program load is performed under the following conditions:

* When the system is first powered up.

* When power is lost and an auto-start occurs.

* When processing cannot continue because of a controller error condition.

* When the channel adapter decodes a 'Write IPL' command from the host.

SEQUENCE OF IPL
IPL takes place in several phases:

. Phase 0: load the MOSS.

* Phase 1: initialize and test the CCU.

* Phase 2: load the Controller Loader Dump Program (CLDP).

* Phase 3: load the communication scanners.

¢ Phase 4: load and/or initialize the control program.

Note: For a channel-attached controller, phases 3 and 4 take place

simaltaneously; for a link-attached controller, phase 4 cannot take place
until phase 3 (load the communication scanners) has been completed.

Phase 0: Load the MOSS

This phase Tloads the MOSS from the MOSS diskette, executes a series of
internal tests, and initializes the MOSS. The hexadecimal display indicates 3
digits from X'FOO' through X'FEO while the MOSS is bein9 loaded and
initialized; at the end of this phase, the indicators show X'FEF'.

Apart from the changing digits on the hexadecimal display, this phase is
invisible to the user, except in the case of a power on sequence. In this
case,lthe MOSS General Menu is displayed and the MOSS status indicates 'MOSS
ALONE'.

Note: Phase 0 only takes place after a 'cold start', that is, under the
following conditions:

¢ At power on time.
o After and auto restart.

e If the START switch is pressed at the control panel.

Appendix F. Initial Program Load (IPL)
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Phase 1: Initialize and Test the CCU

During this phase, the MOSS initializes the CCU, as follows:

e The CCU latches are initialized.

e The local storage registers are set to all zeros.

¢ The main storage is set to all zeros with good parity (power on IPL only).

* The ;torage protect/address exception mechanism is disabled (power on IPL
only).

* The channel adapter registers are initialized with good parity (power on
IPL only).

. The CCU and internal bus are tested.
. The communication scanners are tested.

The hexadecimal display indicates the 3 digits X'FF1l' during phase 1; at the
end of this phase, the indicators show X'FF2'.

Apart from the changing digits on the hexadecimal display, and the changing
CCU status on the MOSS Machine Status Area, this phase is also invisible to
the user.

Phase 2: Load the Controller Loader Dump Program (CLDP).

During this phase, the following events take place:

* The CLDP loader program and the IPL Ports table are loaded into the CCU
from the MOSS diskette.

* Control is passed to the CLDP.
While the MOSS is entering IPL Phase 2, the CLDP does the following:
e Enables the channel adapters (channel attached controllers only).

Note: Until the channel adapters are enabled, they do not reply to
initial selection, but simply propagate Select Out to the next device.

e Signals to the hosts that IPL is required:
— Channel-attached controller:
an asynchronous Device End/Unit Check (DE/UC) status is sent to all
hosts to signal that control program loading may begin.
~ Link-attached controller: the CLDP program must wait for the
communication scanners to be loaded and initialized before it can
communicate with the host(s).
— Monitors the IPL ports.
At the end of this phase, the indicators show X'FF3', and the message
ENABLED PORTS CA xxxxxx L NNNNNNNN

is displayed on the operator console.
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where:

XXXXXX is a pattern of mixed 'Y' and 'N' characters to indicate the enabled
(Y) or disabled (N) state of channel adapters 1 through 6.

Note: The 'L NNNNNNNN' pattern indicates that all the Link IPL ports are
disabled at this point in time.

Phase 3: Load the Communication Scanners.

During this phase, the following events take place:

e A1l scanners are loaded and initialized in paraliel.

e The MOSS monitors the scanner loading process, and sends to the CLDP a
1ist of the scanners that have been successfully initialized.

Note: Control program loading starts here for link-attached controllers.
At the end of this phase, the indicators show X'FF4', and the message
ENABLED PORTS CA xxxxxx L yyyyyyyy
is displayed on the operator console.

where:

XXXXXX is a pattern of mixed 'Y' and 'N' characters to indicate the enabled
(Y) or disabled (N) state of channel adapters 1 through 6.

yyyyyyyy is a pattern of mixed 'Y' and 'N' characters to indicate the enabled
(Y) or disabled (N) state of Link IPL ports 1 through 8.

Phase 4: Load and/or Initialize the Control Program.

For a channel-attached controlier, control program loading may take place
simultaneously with phase 3; in this case, phase 4 1is Tlimited to the
initialization of the control program already loaded. For a link-attached
controller, control program loading cannot take place until phase 3 (load the
communication scanners) has been completed.

Channel-Attached Controller Loading
During this step, the following events take place:

1. The host sends a Write IPL (X'05') command to the channel adapter to
inform the CCU that the host is ready to send the control program modules.
No data is actually sent via this command. The channel adapter replies
with an initial status of Channel End alone; this allows the channel to
disconnect immediately. This is necessary, because the controller may not
be ready at this time (for example, after a restart, when it must be
reinitialized).

2. At the same time that the channel adapter sends channel end to the host in
reply to Write IPL, it raises a level 3 interrupt to the CCU, and informs
the MOSS by hardware. If necessary, the MOSS initializes the CCU, and
loads it with the CLDP.
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3. When the CLDP 1is ready, it sends a Device End status to the host (this
Device End may be immediate in the case of normal power on, or delayed in
the case of a restart, for example). At this point, the hexadecimal
indicators display X'FF5', and the message:

CA IPL DETECTED ON CA x

is displayed on the operator console, followed a little later by a second
message:

LOAD IN PROGRESS ON CA x
where:
x is the number of the channel adapter 1 through 6.

Note: Channel End and Device End never occur in the same status in reply
to a Write IPL command.

4. At this point, the host transfers the control program load module from the
host to the CCU, using the normal Write (X'01') command for each block of
text. The CLDP reads each block of text, and answers each with a Channel
End/Device End status.

5. On the last block of text, the host sends a Write Break (X'09') command to
the CLDP, followed by a final Write (X'0l') command containing the control
program entry point; this causes the CLDP to signal to the MOSS that the
control program is loaded, and to transfer control to the control program.
At this point, the hexadecimal indicators display X'FF7', and the message

CONTROL PROGRAM LOADED
is displayed on the operator console.

6. Under the control of the control program, CCU software initialization
takes place. In particular, the CCU receives the CDF parameters from the
MOSS, and the MOSS receives the Control Program Initialization Table
(CPIT) from the CCU.

7. When CCU initialization is complete, the hexadecimal indicators display
X'000' and the message

IPL COMPLETE
is displayed on the operator console; the controller is ready.

Note: If an error is detected during the IPL, the hexadecimal indicators
display X'FFE', and the message

IPL COMPLETE + ERRORS

is displayed on the operator console.
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Link-Attached Controller Loading

At the end of phase 3, the scanners are ready to transmit and receive data.
The FF4 indication appears on the hexadecimal display, and the message:

ENABLED PORTS CA xxxxxx L yyyyyyyy

is displayed, where yyyyyyyy indicates those lines that are designated as IPL
ports.

The transfer of the control program now takes place via one of the designated
IPL ports. A serjes of indications on the hexadecimal display and on the
operator console allows the operator to follow the operation.

1. When one of the hosts is ready to send the load modules to the controller,
the hexadecimal indicators display X'FF6', and the message:

LINK IPL DETECTED ON L xxx

is displayed on the operator console, followed a little later by a second
message:

LOAD IN PROGRESS ON L xxx
where: ‘
xxx is the address of the 1link from 0 through 255.

2.. The host now transfers the control program load module from the host to
the controller via a channel-attached 3725, 37XX, or 3705 using the SDLC
protocol under the control of the CLDP.

3. When the last block of data has been loaded into the controller, the
hexadecimal indicators display X'FF7', and the message

CONTROL PROGRAM LOADED
is displayed on the operator console.

4. Under the control of the control program, CCU software initialization
takes place. In particular, the CCU receives the CDF parameters from the

MOSS, and the MOSS receives the Control Program Initialization Table
(CPIT) from the CCU.

5. When CCU initialization 1is complete, the hexadecimal indicators display
X'000' and the message

IPL COMPLETE
is displayed on the operator console; the controller is ready.

Note: If an error is detected during the IPL, the hexadecimal indicators
top display X'FFE', and the message

IPL COMPLETE + ERRORS

is displayed on the operator console.
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APPENDIX G. BRANCH TRACE

Branch Trace Intreduction

Branch trace is intended as a general debugging tool for the control program.
It records, in the branch trace table, the addresses where branches are taken
during CCU instruction execution. Interrupts and returns from interrupts via
the EXIT instruction are considered as branches for branch trace operations.

Notes:

1. &Bgsrange of addresses to be traced may be selected by the user via the

2. The interrupt levels to be traced may also be selected by the user.

Branch Trace Table

The branch trace table consists of a series of eight-byte entries, one for
each branch. The following information is recorded in the table:

* The 'come from' program level.

e The 'come from' instruction address.
* The 'go to' program level.

e The 'go to' instruction address.

The information actually recorded varies slightly depending on the type of
branch. The following table should make this clear:

Trace table entry byte

0 1 2 3 4 5 6 7

Come Go

from to
Type of branch level Come from address |level Go to address
True branch CPL Instruction address | CPL Branch address

IAR modification CPL |Instruction address | CPL New IAR (Reg 0)

Program interrupt 01d |Address of last inst| New |Address of 1lst inst.
Tevel |executed in old lev.|level |executed in new lev.

EXIT instruction Level Address of EXIT New |Address of 1lst inst.
EXIT'd instruction level |executed in new lev.

Where:
CPL = current program level

The ‘come from' and 'go to' levels are encoded as follows:
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Level Hex value

X'o1!
X'o2'
X'03'
X'04'
X'05'

TP WA

Setting up the Branch Trace

The branch trace is set up from the operator console via the MOSS. The user
must pass to the MOSS the address of a suitable buffer area, and an initial
buffer count (in multiples of eight bytes), for the branch trace table
(alternatively, these two parameters may be set by the control program, if on
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e Range of addresses to be traced.
. Interrupt levels to be traced.

* Whether or not branch trace wrapping is required. If wrapping is allowed,
when the branch trace table is full, the following entries overwrite the
earlier entries in the buffer, which are therefore lost.

* Whether or not stop on address is simultaneously required.

Note: The combination of branch trace wrap and stop on address may be used
to record the last 'n' branch traces before the stop on address occurred,
where n is equal to or less than the number of entries reserved for the branch
trace table.

After this initial setting up, the operation is totally transparent to the
user.

Programming Notes:

1. When branch tracing 1is in operation, some degradation of instruction
execution time occurs.

2. The address of the branch trace table, as received from the MOSS is
available to the control program via the Input X'7B' instruction.

3. The branch trace buffer count, as received from the MOSS is available to
the control program via the Input X'7C' instruction.

4. To avoid filling the branch trace table with unwanted timer interrupt
traces, the code traced should not include any level 3 code associated
with the servicing of timer interrupts.

5. Local storage register X'18' (the IAR of Tlevel 3) should be set to a
storage address outside of the range of the storage block being traced.
Register X'18' must only be set to this value while the CCU is in the
'Wait' state.

6. If no control program is resident in CCU storage, the address and the
maximum number of entries must be fixed by the user when he calls the
function from the MOSS. If a control program is resident, the address and
the count may be set up by the program, and passed to the MOSS. However,
the user may still modify these two parameters via the MOSS.
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INDEX

A/B data buffer diagnostic mode 4-28
access priority, TRM 6-3
adapter input/output 4-9
for redrive E-4
adapter input/output immediate 4-10
for redrive E-5
adapter input/output immediate
instruction 2-42
adapter input/output instruction 2-41
adapter level 1 interrupt request 3-34
adapter levels 2 and 3 interrupt
requests 3-22
adapter-initiated operation 4-25
for channel adapter 4-3
adapter, channel 1-16
add character register instruction 2-17
add halfword register instruction 2-17
add instructions 2-16
add register immediate instruction 2-16
add register instruction 2-16
address
frame 5-3
interrupt start 3-8
LAB 5-2
line attachment base 5-2
line attachment group 237203 5-3
line attachment group (3725) 5-2
line interface 5-2, 5-3
address compare error 4-38
address compare level 1 interrupt 3-34
address exception key 3-14, 3-15
address protection key, setting up 3-43
address stop G-2
address, TRM
functional 6-32, 6-50
group 6-32, 6-49
matching codes 6-46
node 6-33
register 6-25, 6-27
addressing exception on instruction
fetch 3-34
addressing exception on program
execution 3-35
addressing exception protection 1-4

addressing storage 1-2

addressing, channel adapter 4-11

AIO 4-9, 4-25

AIO operations, CCW 3-19

all zero initial status 4-53

AND character register instruction 2-33
AND halfword register instruction 2-32
AND instructions 2-31

AND register immediate instruction 2-31
AND register dinstruction 2-32

any initial status on test I/0

(ESC) 4-54
any initial status on test I/0
(NSC) 4-54

auto-selection mechanism 4-12

background program level 1-10
base register
fullword operations 3-8
halfword operations 3-8
base register, byte operations 3-8
BIA, TRM 6-32, 6-54
bit 4-15
A/B data buffer diagnostic mode 4-28
adapter level 1 interrupt
request 3-34
address compare error 4-38
address compare level 1
interrupt 3-34
addressing exception on instruction
fetch 3-34
addressing exception on program
execution 3-35
bit, interface disconnect 4-14
bit, request byte count 4-22
bus in check interface A 4-39
bus in check interface B 4-39
CCU hardware error summary 3-34
CCU interconnection card check 4-38
CCU Tevel 1 interrupts during I/0
summary 3-34
CE/operator interrupt request level
3 3-37
channel adapter address 4-41, 4-44
channel adapter level 1 interrupt
request 4-41
channel adapter reset 4-32
channel adapter selection 4-32
cRanze;6adapter switched to interface
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cganze;6adapter switched to interface
channel bus out check 4-14, 4-19
channel end presented 4-18
channel interface card check 4-38
channel stop/interface
disconnect 4-18
check the checkers 4-28
control program to MOSS request 3-21
control program to MOSS
response 3-21
cycle steal halt remember 4-39
diagnostic storage mode 4-28
disable auto-seiection 4-31
DLE3gemember control latch 4-35,
4_
driver/receiver card check interface
A 4-39
driver/receiver card check interface
B 4-39
Egcggc monitor control latch 4-35,
egulgtion subchannel operation 4-14,
enable auto-selection 4-31
enable storage protect/address
exception 3-15
enable/disable timer/counter 3-30
ending status stacked 4-19
ESC operation 4-14, 4-18
execute output on CA addressed by
bits 4 through 6 4-31
force error 4-27
ground fault error 4-39
high/low resolution 3-30
inbound data transfer sequence 4-17
inhibit program level 5 C and Z
latches replacement 3-27
initial selection interrupt 4-13
initial status byte stacked 4-14
initiate service latch ungated 4-39
interface A/B enabled 4-30
internal bus parity error 4-38
interval timer interrupt request
level 3 3-38
invalid operation 3-34
IPL Tevel 1 interrupt 3-35
level 3 channel adapter
interrupt 3-22
level 5 I/0 error 3-34
modify key value 3-16
MOSS diagnostic interrupt request
level 2 3-37
MOSS diagnostic interrupt request
level 3 3-37
MOSS inoperative 3-34
MOSS service interrupt request Jlevel
4 3-37
MOSS service interrupt response level
4 3-37
NSC address active 4-29
NSC status byte 4-26

outbound data transfer sequence 4-17

output exception check 4-39

PCI level 2 3-37

PCI level 3 3-38

PCI level 4 3-38

PIO bus parity error 4-38

PIO halt remember 4-39

PIO mode 4-29

priority outbound service 4-19, 4-22

program controlled interrupt level
2 3-37

program controlled interrupt level
3 3-38

program controlled interrupt level
4 3-38

program level 2 interrupted by
program level 1 3-25

program level 3 interrupted by
program level 1 3-25

program level 4 interrupted by
program level 1 3-25

program level 5 C latch 3-25

program level 5 interrupted by
program level 1 3-25

program level 5 Z latch 3-25

program requested interrupt 4-19

remote power off 3-27

request byte count 4-36

reset address compare level 1
interrupt 3-23

reset AIO stop mode 3-27

reset bypass CCU check stop

mode 3-28

reset CCU hardware checks 3-23

reset channel adapter interrupt level
1 checks 4-33

reset data/status interrupt 4-21

reset errors detected during

1/0 3-21

reset initial selection

interrupt 4-21

reset interval timer level 3
interrupt 3-23

reset IPL level 1 interrupt 3-23

reset MOSS diagnostic interrupt
request level 2 3-23

reset MOSS diagnostic interrupt
request level 3 3-23

reset MOSS inoperative level 1
interrupt 3-23

reset MOSS panel interrupt request
level 3 3-23

reset MOSS service interrupt request
level 4 3-23

reset MOSS service interrupt response
level 4 3-23

reset program controlled interrupt
level 2 3-23

reset program controlled interrupt
Tlevel 3 3-23

reset program controlled interrupt
level 4 3-24
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reset program errors 3-24
reset service level 4 interrupt 3-24
reset system reset/NSC address
active 4-33
reset to neutral state 4-28
residual byte count 4-35
residual byte count (PIO) 4-19
scanner level 2 interrupt 3-22
scope sync pulse 1 3-28
scope sync pulse 2 3-28
select channel adapter addressed by
bits 4 through 6 4-31
selected CA initial selection L3
interrupt request 4-43
selected channel adapter data/status
L3 interrupt 4-43
selective reset 4-14, 4-19
set AIO stop mode 3-27
set allow channel interface
disable 4-33
set allow channel interface
enable 4-33
set bypass CCU check stop mode
set ESC command free 4-33
set ESC operational 4-33
set force A busy 4-27
set force B busy 4-27
set monitor for circle B 4-22
set monitor for 2848 ETX 4-22
set NSC status byte 4-28
set program level & C latch 3-27
set program level 5 Z latch 3-27
set program requested interrupt 4-32
set programmed IPL request: 3-27
set suppress out monitor 4-32
set suppressible status 4-22
set/reset ESC operation 4-21
set/reset inbound data transfer

3-28

sequence 4-20
set/reset outbound data transfer
sequence 4-20

set/reset PIO mode 4-21
set/reset status transfer
sequence 4-20

status byte cleared 4-15
status transfer sequence 4-18
storage not a multiple of 256K 3-9
storage protect exception on
instruction fetch 3-35
storage protect exception
execution 3-35
supervisor call level 4 3-38
suppress out 4-19

suppress out monitor interrupt 4-18

SVC level 4 3-38

SYN monitor control latch 4-36

SYN monitor Tatch 4-35
system reset 4-15

timer/utilization counter

on program

3-30

two-processor switch installed 4-43

USASCII monitor control latch 4-
4-36
bits
buffer status, TRM 6-5
check interrupt, TRM 6-7
close complietion, TRM 6-48
initialization interrupt bits,
TRM  6-23
initialization options, TRM 6-14
open command, TRM 6-34
open completion, TRM 6-33
open options, TRM 6-31
PCFO bits, TRM 6-3
PCF1, TRM 6-3
receive compietion, TRM 6-47
receive CSTAT, TRM 6-45
ring status, TRM 6-11
transmit completion, TRM 6-39
transmit CSTAT completion, TRM 6
transmit CSTAT, TRM 6-37
TRM command reject 6-28
TRM interrupt register 6-19, 6-2
boundaries, storage 1-3
box error records command D-1
branch and 1ink instruction 2-36
branch and 1ink register
instruction 2-36
branch instruction 2-34
branch on bit instruction 2-36
branch on C latch instruction
branch on count instruction
branch on Z latch instruction
branch operations 2-34,
branch trace G-1
branch trace address pointer
register 3-31
branch trace buffer count register
branch trace setting G-2
branch trace table G-1
branch trace wrapping G-2
bring-up error, TRM 6-23
BSC control character recognition
BSC monitoring for SYN characters 4
BSC normal text mode operation 4-62
BSC transparent text mode
operation 4-62
buffer format, NCP 5-6
buffer format, 270X emulation
buffer status bits, TRM 6-5
buffers b5-6
buffers now available command D-1
buffers, TRM 6-4, 6-32, 6-33, 6-34
burned-in-address, TRM 6-32, 6-54
bus in check interface A 4-39
bus in check interface B 4-39
bypass CCU check stop 3-46
bypass MOSS interrupt 3-46
byte operations base register

2-35
2-35
2-34

5-6

3-8

Index

35,

-38

1

3-32

4-62

-63
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C latch 1-8
CA 1-16

cCU 1-5, 3-1
CCU check stop,

CCU diagnostic facilities

3-46
3-46

bypass

CCU error handling 3-39

CCU external registers
CCU general registers

ccu
CCU
ccu
Ccu

CCU 3-6

3-2
1-5

hardware check register 3-33
hardware error summary 3-34
hardware errors
input/output instructions

3-39
3-6

CCU interconnection card check 4-38

CCU Tevel 1 1interrupt requests

3-34

channel adapter interrupt request
handling 4-45

channel adapter interrupt requests

channel adapter IOH/IOHI
instructions 4-9

channel adapter IOH/IOHI instructions,
detailed bit structure 4-13

channel adapter level 1 interrupt check
register 4-38

channel adapter level 1 interrupt
request 4-41

channel adapter level 3 interrupt
requests 4-43

4-7

CCU level 1 interrupt requests on I/0
operations 3-20

CCU level 1 interrupts during I/0
summary 3-34

CCU L2 interrupt requests 3-37
CCU L3 interrupt requests 3-37
CCU L4 interrupt requests 3-37
CCU program errors 3-39

CCU register input instruction 2-39
CCU register output instruction 2-40
CCU registers 1-5, 3-1

CCU special topics 3-40

CCU work registers 3-2

CCW for AIO operations 3-19
CE/operator interrupt request level

channel adapter modes of operation 4-2
channel adapter program-initiated
operation 4-3

channel adapter programming -
considerations 4-45

channel adapter ready state 4-4
channel adapter reset 4-32

channel adapter selection bits 4-32

channel adapter
auto-selection
chanriel adapter
program 4-11
channel adapter
channel adapter
state 4-4

channel adapter
A 4-26

channel adapter
B 4-26

channel adapter,

selection by the
mechanism 4-12
selection by the control

states 4-3
status transfer

switched to interface
switched to interface

adapter-initiated

3 3-37
central control
change command
channel adapter
channel adapter
channel adapter
channel adapter
channel adapter

flow 4-2
channel adapter
channel adapter
channel adapter

pointers 3-7
channel adapter

methods 4-3
channel adapter
channel adapter

unit 1-5, 3-1
5-27, C-1

1-16, 4-1
address 4-41, 4-44
addressing 4-11
basic information 4-2
basic operation and data

condition register 4-29
control register 4-31
cycle steal address

data transfer

data transfer state 4-4

data/status level 3

interrupt request 4-7, 4-47

channel adapter
channel adapter
channel adapter

device addresses 4-5
disabled state 4-4
initial selection Tevel

3 interrupt request 4-7, 4-46
channel adapter initial selection

sequences

channel adapter
state 4-4

channel adapter

4-48

initial selection

input/output 4-9

operation 4-3
channel adapter, special topics 4-62
channel bus out check 4-14, 4-19
channel commands 4-48
channel end presented 4-18
channel end/device end initial status to
I/0 no-op 4-54

channel I/0 no-op 4-49
channel initial status 4-52
channel interface allegiance

duration 4-57

channel interface card check 4-38
channel non-standard commands 4-51
channel read 4-49

channel sense 4-50

channel sense ID 4-51

channel stop/interface disconnect 4-18
channel write 4-49

channel write break 4-50

channel write IPL 4-50

character mode commands 5-113
character mode start/stop transfer
command 5-130

character mode write ICW command 5-113
character mode, BSC operation 5-122
character mode, start/stop

operation 5-117

check interrupt bits, TRM 6-7

check interrupt, TRM 6-7
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check the checkers 4-28

close command, TRM 6-48

command
change 5-27
character mode start/stop
transfer 5-130
command, reset-D 5-40
dial 5-35
disable 5-33
enable 5-29
EP BSC address prepare 5-109
EP BSC monitor for phase 5-108
EP BSC poll 5-101
EP BSC prepare 5-107
EP BSC receive 5-103
EP BSC receive continue 5-105
EP BSC search 5-111
EP BSC transmit data 5-98
EP BSC transmit initial 5-95
EP BSC transmit SYN 5-97
flush data 5-39
halt 5-46
halt immediate 5-53
modems test request 5-139
monitor incoming call 5-37
NCP BSC control 5-84
NCP BSC receive 5-91
NCP BSC receive continue 5-93
NCP BSC transmit 5-86
NCP BSC transmit continue 5-89
raise data terminal ready b5-44
read ICW 5-138
reset-N 5-42
SDLC receive 5-72
SDLC receive continue 5-75
SDLC receive monitor 5-70
SDLC transmit continue 5-67
SDLC transmit control 5-59
SDLC transmit data 5-63
set mode 5-18
stop trace 5-148
trace 5-143
wrap 5-149
write ICW 5-113
X.21 call request 5-77
X.21 DTE clear request 5-81
X.21 monitor incoming call 5-79

command operation modes, communication

scanner 5-15

commands
channel 4-48
character mode 5-113
communication scanner 5-13, C-1
non-standard 4-51

communication controller
structure 1-1

communication scanner 1-16, 5-1
command operation modes 5-15
hardware checks causing level 1

interrupt 5-167

instructions 5-7
interrupts 5-1

program checks causing level 1
interrupt 5-167
cngunication scann:.” commands 5-13,
communication scanner commands in
numerical order C-3
communication scanner cycle steal
address pointer 3-7
communication scanner special
topics 5-152
compare character register
instruction 2-23
compare halfword register
instruction 2-23
compare instructions 2-22
compare register immediate
instruction 2-22
compare register instruction 2-22
condition latches 1-8
configuration data file information
available command D-1
connect scanner command D-1
contention, TRM 6-31
contents of LAR after an unusual
condition 3-17
contingent allegiance, TPS 4-57
control character recognition, BSC 4-62
control program initialization complete
command D=1
control program loaded command D-1
control program paramet2rs command D-1
control program parameters saved
command D=1
control program to MOSS, request 3-21
control program to MOSS response 3-21
controlling the channel adapter 4-3
CSTAT, TRM 6-36, 6-37, 6-40, 6-42
cycle steal address pointer, channel
adapter 3-7
cycle steal address pointer,
communication scanner 3-7
cycle steal halt remember 4-39

cyc%g steal mode control register 4-35,
4-

data areas 5-6

data buffer registers 4-24

data entry register 3-10

data transfer state, channel
adapter 4-4

data/status control register 4-17, 4-20
data/status level 3 interrupt request,
channel adapter 4-7

data/status transfer device

addresses 4-6

detailed bit structure of channel
adapter IOH/IOHI instructions 4-13
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detailed bit structure of bring-up error codes, TRM 6-23

instructions 2-5 DMA, TRM 6-24
device addresses for data/status initialization error codes, TRM 6-24
transfer 4-6 open command, TRM 6-34
device addresses for initial RAM, TRM 6-34

selection 4-5 transmit list, TRM 6-40
device addresses, channel adapter 4-5 transmit, TRM 6-38
diagnostic facilities, CCU 3-46 TRM error log 6-51
diagnostic storage mode 4-28 error handling, CCU 3-39
dial command 5-35 error status bytes 5-168
direct memory access, TRM 6-4 ESC address and status byte
disable auto-selection 4-31 register 4-23
disable command 5-33, C-1 ESC initial status 4-53
disable drivers, redrive command E-9 ESC operation 4-14, 4-18
disabled state, channel adapter 4-4 ESC test 1/0 address and status
display register 1 3-10 register 4-34
display register 2 3-13 execute output on CA addressed by bits 4
DLE remember control latch 4-35, 4-36 through € 4-31
DMA burst size, TRM 6 16 6-24 execute TRM command 6-19
DMA errors, TRM  6-24 exit instruction 2-38
DMA, TRM 6-4
driver/receiver card check interface

A 4-39
dgivzrggeceiver card check interface F
duration of channel interface

allegiance 4-57 FCS 5-83

final control sequence 5-83

final status field 5-158
fixed-transmit-chain, TRM 6-37

E filush data command 5-39, C-1
force ALU checks instruction 3-24
force CCU checks 3-47

EBCDIC monitor control latch 4-35, 4-36 force error 4-27

effect of halt immediate command 5-55 format of instructions 2-1
effect of selective reset on TPS 4-61 frame address 5-3
effect of system reset on TPS 4-60 frame complete, TRM 6-38, 6-39, 6-40,
effects of the halt command 5-48 6-42, 6-45, 6-46, 6-47
emulation considerations, 270X 4-63 frame hold, TRM 6-31, 6-42
emulation subchannel operation 4-14, frame interrupt, TRM 6-38, 6-39, 6-45
4-18 frame size, TRM 6-40, 6-44
enable auto-selection 4-31 frame structure, TRM 6-2
enable command 5-29, C-1 frame, interframe wait, TRM 6-45
enable storage protect/address free buffer command D-1
exception 3-15 FSF 5-158
enable/disable timer/counter 3-30 fullword operations base register 3-8
ending status stacked 4-19 function select control register 3-11
EE gSC address prepare command 5-109,
Eg gSC monitor for phase command 5-108,
- G
EP BSC poll command 5-101, C-2

EP BSC prepare command 5-107, C-2

EP BSC receive command 5-103, C-2 general registers 3-3
EP BSC receive continue command 5-105, genera] registers X'00' through
C-2 Xt27t  3-7
EP BSC search command 5-111, C-2 general registers, CCU 1-5
EP BSC transmit data command 5-98, C-2 get error status instruction 5-12
EP BSC transmit initial command 5-95, get line identification
C-2 instruction 5-10
EP BSC transmit SYN command 5-97, C-2 ground fault error 4-39
error
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input/output
H channel adapter 4-9
input/output instructions 2-39
insert address exception key 3-14
insert character instruction 2-11
insert storage protect key 3-14
instantaneous allegiance, TPS 4-56
instruction 2-13
adapter input/output 2-41
adapter input/output immediate

halfword operations base register 3-8
halt command 5-46, C-1
effects of 5-48
halt immediate command 5-53, C-1
effects of 5-55

hardstop instruction 3-9 2-42

hardware errors, CCU 3-39 add character register 2-17
high resolution timer 3-29, 3-30 add halfword register 2-17
high/low resolution 3-30 add register 2-16
high/low resolution timer 3-44 add register immediate 2-16
AND character register 2-33
AND halfword register 2-32
AND register 2-32
I AND register immediate 2-31
branch 2-34

branch and link 2-36

IAR 3-2 branch and link register 2-36
IBM 326X test command C-2 branch on bit 2-36

ICS 5-82 branch on C latch 2-35

ICW 5-113 branch on count 2-35

read command 5-14, 5-138
write command 5-14, 5-113
IMPL enable command, TRM 6-56

branch on Z latch 2-34
CCU register input 2-39
CCU register output 2-40

IMPL, TRM 6-22 compare character register 2-23
implicit allegiance, TPS 4-56 compare halfword register 2-23
in mailbox 1-17 compare register 2-22

inbound data transfer sequence 4-17 compare register immediate 2-22
inhibit channel adapter level 1 exit 2-38

interrupt 3-46 force ALU checks 3-24

inhibit communication scanner level 1 get error status 5-]12

interrupt 3-46 get line identification 5-10

inhibit program level 5 C and Z latches
replacement 3-27
initial control sequence 5-82

insert character 2-11
insert character and count 2-11
insert character and count

initial program load F-1 instruction 2-11
initial selection address and command load 2-9
register 4-16 load address 2-12

initial selection
initial selection
initial selection
initial selection
request 4-46
initial selection
request, channel
initial selection
initial selection
adapter 4-4
initial status

ESC 4-53

NSC 4-52
initial status byt
initial status fie
initial status sta

control register 4-13
device addresses 4-5
interrupt 4-13

Tevel 3 interrupt

Tevel 3 interrupt
adapter 4-7
sequences 4-48
state, channel

e stacked 4-14
1d 5-157
cked 4-53

load character register 2-7
load character register with
offset 2-8

ioad halfword 2-10
load halfword register 2-6
load halfword register with

~offset 2-8

load register 2-6
load register immediate 2-5
load register with offset 2-7

OR character register 2-29
OR halfword register 2-29
OR register 2-28

OR register immediate 2-28

reset program interrupt mask
bits 3-39

initialization error codes, TRM 6-24
initialization options, TRM 6-14
initialization Parameters, TRM 6-14
initializing TRM 6-13

initiate serwice latch ungated 4-39

set Tine vector table high/low 5-11
set LVT high/iow 5-11

set program interrupt mask bits 3-36
start line 5-7

start line initial 5-9
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store 2-13

store character 2-14

store character and count 2-15

store halfword 2-14

store instructions 2-13

subtract character register 2-21

subtract halfword register 2-20

subtract register 2-20

subtract register immediate 2-19

test register under mask 2-24

XOR character register 2-26

XOR halfword register 2-26

XOR register 2-25

XOR register immediate 2-25
instruction address register 3-2
instruction format 2-1
instruction set 2-1

Snedwniirtrdinan ent+t hyuy +una Af
Ttiaovit UL v i vit A N \l‘yrl‘. wvi
instruction 2-3
instruction set detailed bit
structure 2-5
~instruction set summary 2-2
instruction types 2-3
instruction, hardstop 3-9
instructions

communication scanner 5-7
interface A/B enabled 4-30
interface control word 5-113
interface disconnect 4-14
interframe wait, TRM 6-45
internal bus parity error 4-38
interrupt

communication scanner 5-1
interrupt program levels 1-10
interrupt request

channel adapter data/status level

3 4-47

initial selection level 3 4-46
interrupt request handling, channel
adapter 4-45
interrupt requests

adapter levels 2 and 3 3-22

CCU level 1 3-34

CCU levels, 2, 3, and 4 3-37

channel adapter 4-7
interrupt requests on I/0 operations,
CCU level 1 3-20
interrupt start addresses 3-8
interrupt TRM 6-19
interrupt, TRM

check 6-7
check bits 6-7
codes 6-21

controller-to-TRM 6-7, 6-21

register 6-19, 6-21

TRM~to-controller 6-6, 6-21
interrupts 1-11

interval timer interrupt request level

3 3-38
interval timer, 100-millisecond 3-46

invalid operation 3-34
IOH address substitution register 3-8
IOH/IOHI instructions
for channel adapter 4-9
for redrive E-4
IOHI 4-10
IPL F-1
IPL level 1 interrupt 3-35
IPL sequence F-1
ISF 5-157

LAB address 5-2
Tamaina addvecce vonictor =17
18gYy iy SuUITSS oy isver YLy
LAR  3-17
LAR contents after an unusual
condition 3-17
latch
C 1-8
condition 1-8
Z 1-8
LCD 5-114
LCS 5-157
leading graphics flag 5-162
level 3 channel adapter interrupt 3-22
level 5 I/0 error 3-34
1ine addressing 5-2, 5-3
line attachment base address 5-2
line attachment group (3720) 5-3
1line attachment group address
(3725) 5-2
1ine communication status byte 5-157
line control definer 5-114
line interface address 5-2, 5-3
1ine vector table 5-4
line vector table starting address 5-5
line wrap command C-2
1ist valid, TRM 6-20, 6-36, 6-37, 6-38,
6-45, 6-46
toad address instruction 2-12
load character register instruction 2-7
load character register with offset
instruction 2-8
load halfword instruction 2-10
load halfword register instruction 2-6
load halfword register with offset
instruction 2-8
load instruction 2-9
load instructions 2-5
Joad register immediate instruction 2-5
load register instruction 2-6
load register with offset
instruction 2-7
lTocal storage map 3-5
LVT 5-4
LVT starting address 5-5
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mailbox 1-17

mailbox in commands D-1

mailbox out commands D-1
maintenance and operator subsystem 1-17
manual partitioning mode. 4-55

map, local storage 3-5

measurement of time 3-44
miscellaneous control 1 register 3-21
miscellaneous control 2 register 3-23
miscellaneous status fields 5-154
MMIO instruction set, TRM 6-9, 6-18
modem control fields 5-152

modem~in field 5-152

modem-out field 5-153

modems test request command 5-139
modify key value 3-16
monitor incoming call command 5-37
MOSS 1-17
MOSS commands D-1
MgSS3d;§gnost1c interrupt request level
MgSS3d;;gnostic interrupt request level
MOSS inoperative 3-34
MOSS interrupt, bypass 3-46
MOSS offline command D-1
MOSS online command D-1
MOSS service interrupt request level

4 3-37
MOSS service interrupt response level

4 3-37
multiplexor, token-ring 1-16

NCP BSC control command 5-84, C-1

NCP BSC receive command 5-91, C-1

NEP BSC receive continue command 5-93,

-1

NCP BSC transmit command 5-86, C-1

NCP BSC transmit continue command 5-89,
-1

NCP buffer format 5-6

node address, TRM 6-32

non-standard commands 4-51

NSC address active 4-29

NSC initial status 4-52

NSC status byte 4-26

NSC status/control register 4-26, 4-27

open, TRM

command 6-30

command errors 6-34

completion bits 6-33
operation register 3-1
operator address register 3-10
operator display register 3-11
OR character register instruction 2-29
OR halfword register instruction 2-29
OR instructions 2-28
OR register immediate instruction 2-28
OR register instruction 2-28
out mailbox 1-17
outbound data transfer sequence 4-17
output enable drivers, redrive
command E-9
output exception check 4-39
output write error register, redrive
command E-8

P

pad routing field, TRM 6-31
parallel data field 5-114
parameter area 5-4
parameter/status area 5-4
PCFO, TRM 6-3
PCF1, TRM 6-3
PCI level 2 3-37
PCI level 3 3-38
PCI level 4 3-38
PDF 5-114
PIO 4-3, 4-24
PIO bus parity error 4-38
PIO halt remember 4-39
PIO mode 4-29
poll, redrive command E-6
priority outbound service 4-19, 4-22
program controlled interrupt Tevel
2 3-37
program controlled interrupt level
3 3-38
program controlled interrupt level
4 3-38
program errors, CCU 3-39
program level 2 interrupted by program
level 1 3-25
program level 3 interrupted by program
level 1 3-25
program level 4 interrupted by program
level 1 3-25
program level 5 C latch 3-25
program level 5 interrupted by program
level 1 3-25
program level 5 Z latch 3-25
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program level, background 1-10
program levels 1-8
interrupt 1-10
program requested interrupt 4-19
program-initiated operation 4-24
for channel adapter 4-3
programmable registers 3-8
programming considerations, channel
adapter 4-45
PSA 5-4

raise data terminal ready command 5-44

wmaden NTD ~AAamman ~_1

[~ 3 g 1 = DTR bUmeHd AV §
RAM, TRM 6-32, 6-34
read error register, redrive
command E-9
read ICW command 5-14, 5-138, (-2
read-only key, setting up 3-44
read-only storage protection 1-4
read, TRM
address, MMIO instruction 6-27
data autoincrement, MMIO
instruction 6-25
data, MMIO instruction 6-25
error log command, TRM 6-51
interrupt, MMIO instruction 6-21
TRM command 6-53
ready state, channel adapter 4-4
receive, TRM
command, TRM 6-42
continue 6-20, 6-42, 6-43
CSTAT 6-44
list 6-20, 6-32, 6-33, 6-42, 6-43
suspended 6-42, 6-47
valid 6-20, 6-44
redrive adapter input/output E-4
redrive adapter input/output
immediate E-b5
redrive command disable drivers E-9
redrive command output enable
drivers E-9
redrive command output write error
register E-8
redrive command poll E-6
redrive command read error register E-9
redrive command reset E-10
redrive commands - detailed bit
structure E-6
redrive IOH/IOHI instructions E-4
redrive logic E-1
register
branch trace address pointer 3-31
branch trace buffer count 3-32
CCU external 3-2
CCU hardware check 3-33
data entry 3-10
display 3-10, 3-13

function select control 3-11
general 3-3

instruction address 3-2

IOH address substitution 3-8
lagging address 3-17
miscellaneous control 1 3-21
miscellaneous control 2 3-23
operation 3-1

operator address 3-10
operator display 3-11
programmable 3-8

storage address 3-1

storage size installed 3-9
TRM address 6-25, 6-27

TRM interrupt 6-19, 6-21
utility 3-25, 3-27

work 3-2

mAamS ot oaa
T I

CSI)LC >
CCu  1-5, 3-1
general 1-5
remote power off 3-27
request byte count 4-22, 4-36
request hardware configuration data file
command D-1
reserved storage areas b5-4
reset address compare level 1
interrupt 3-23
reset AIO stop mode 3-27
reset bypass CCU check stop mode 3-28
reset CCU hardware checks 3-23
reset channel adapter interrupt level 1
checks 4-33
reset data/status interrupt 4-21
reset errors detected during I/0 3-21
reset initial selection 4-15
reset initial selection interrupt 4-21
reset interval timer level 3
interrupt 3-23
reset IPL Tevel 1 interrupt 3-23
reset MOSS diagnostic interrupt request
level 2 3-23
reset MOSS diagnostic interrupt request
level 3 3-23
reset MOSS inoperative level 1
interrupt 3-23
rgse§ ggSS panel interrupt request level
reset MOSS service interrupt request
level 4 3-23
reset MOSS service interrupt response
jevel 4 3-23
reset program controlled interrupt level
2 3-23
rgset program controlled interrupt level
3-23
reset program controlled interrupt level
4 3-24
reset program errors 3-24
reset program interrupt mask bits
instruction 3-39
reset redrive command E-10
reset service level 4 interrupt 3-24
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reset system reset/NSC address
active 4-33
reset to neutral state 4-28
reset-D command 5-40, C-1
reset~N command 5-42, C-1
reset, TRM 6-19
residual byte count 4-35
residual byte count (PIO) 4-19
ring status bits, TRM 6-11
ring status, TRM 6-11, 6-16, 6-22, 6-31
roll in complete to load/dump
command D-1
roll in saved storage for dump
command D-1

SAR  3-1
scanner 5-1
scanner IML complete to load/dump
command D-1
scanner level 2 interrupt 3-22
scanner, communication 1-16
SCB clear, TRM 6-16
SCB request, TRM 6-19
SCF 5-154
scope sync pulse 1 3-28
scope sync pulse 2 3-28
SDF 5-114
SDLC receive command 5-72, C-1
SDLC receive continue command 5-75, C-1
SDLC receive monitor command 5-70, C-1
SgLE transmit continue command 5-67,
SDLC transmit control command 5-59, C-1
SDLC transmit data command 5-63, C-1
secondary status field 5-155
select channel adapter addressed by bits
4 through 6 4-31
selected CA initial selection L3
interrupt request 4-43
selected channel adapter data/status L3
interrupt 4-43
selective reset 4-14, 4-19
sequence of IPL F-1
serial data field 5-114
SES 5-155
set address exception key 3-15
set AIO stop mode 3-27
set allow channel interface
disable 4-33
set allow channel interface enable 4-33
set bypass CCU check stop mode 3-28
set ESC command free 4-33
set ESC operational 4-33
set force A busy 4-27
set force B busy 4-27
set functional address command,
TRM  6-50

set 1ine vector table high/Tow
instruction 5-11

set LVT high/low instruction 5-11
set mode command 5-18, C-1

set monitor for circle B 4-22

set monitor for 2848 ETX 4-22

set NSC status byte 4-28

set PCI level 2 3-31

set PCI level 3 3-32

set PCI level 4 3-33

set program interrupt mask bits
instruction 3-36

set program level 5 C latch 3-27
set program level 5 Z latch 3-27
set program requested interrupt 4-32
set programmed IPL request: 3-27
set storage protect key 3-15

set suppress out monitor 4-32

set suppressible status 4-22
set/reset ESC operation 4-21
set/reset inbound data transfer
sequence 4-20

set/reset outbound data transfer
sequence 4-20

set/reset PIO mode 4-21

set/reset status transfer sequence 4-20
setting up the address protection
key 3-43

setting up the branch trace G-2
setting up the read-only key 3-44
setting up the storage key 3-42
setting up the user protect key 3-40
simultaneous initial selection and
data/status interrupts 4-47
special topics, CCU 3-40

special topics, channel adapter 4-62
special topics, communication
scanner 5-152

SSB clear, TRM 6-19

stacked initial status 4-53

start line initial instruction 5-9
start line instruction 5-7
start/stop transfer command (-2
starting address, line vector table 5-5
starting address, LVT 5-5

states of a channel adapter plus
TPS 4-56

status area 5-4

status byte cieared 4-15

status control field 5-154

status presentation, TPS 4-57
status transfer sequence 4-18
status transfer state, channel
adapter 4-4

stop on address G-2

stop trace command 5-148, C-2

storage 1-2

storage address register 3-1

storage addressing 1-2

storage boundaries 1-3

storage key, setting up 3-42

storage not a multiple of 256K 3-9
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storage protect exception on instruction
fetch 3-35
storage protect exception on program
execution 3-35
storage protect key 3-14, 3-15
storage protection 1-3, 3-40
addressing exception 1-4
by user protection key 1-3
read-only 1-4
storage size installed register 3-9
store character and count
instruction 2-15
store character instruction 2-14
store halfword instruction 2-14
store instruction 2-13
store instructions instruction 2-13
structure of the communication
controller 1-1
subtract character register
instruction 2-21
subtract halfword register
instruction 2-20
subtract instructions 2-19
subtract register immediate
instruction 2-19
subtract register instruction 2-20
summary of instruction set 2-2
supervisor call Tevel 4 3-38
suppress out 4-19
suppress out monitor interrupt 4-18
SVC Tevel 4 3-38
SYN monitor control latch 4-36
SYN monitor latch 4-35
system command block, TRM 6-10, 6-17,
6-22, 6-24
system reset 4-15
system status block, TRM 6-10, 6-16,
6-17, 6-19, 6-22, 6-24, 6-42

T

test 1/0 4-48
test register under mask
instruction 2-24
time measurement 3-44
time/date valid command D-1
timeout values 5-166
timer 3-29, 3-30, 3-44
timer/utilization counter 3-30
TIO 4-48
token format 6-2
token indicator, TRM 6-3
token-ring multiplexor 1-16
TPS 4-55
contingent allegiance 4-57
effect of selective reset 4-61
effect of system reset 4-60
implicit allegiance 4-56

instantaneous allegiance 4-56
status presentation 4-57
tagged status presentation 4-58
types of allegiance 4-56
untagged asynchronous status
presentation 4-58
TPS neutral state 4-56
TPS switched state 4-56
trace command 5-143, C-2
transfer path information unit in
command D-1
transfer path information unit out
command D-1
transmit control byte 5-82
transmit CSTAT completion, TRM 6-38
transmit, TRM
command 6-35
CSTAT 6-37, 6-38
error 6-38
halt command 6-41
list 6-20, 6-32, 6-33, 6-36, 6-37,
6-38, 6-39, 6-40, 6-42
valid 6-20
TRM check interrupt 6-7
TRM command set 6-9, 6-28
two-channel switch support,
2702/2703 4-63
two-processor switch 4-55
two-processor switch installed 4-43
types of allegiance of TPS 4-56

unit check initial status 4-54
USAgCII monitor control latch 4-35,
4-36

utility register 3-25, 3-27
utilization counter 3-29, 3-30, 3-45

work registers, CCU 3-2

wrap command 5-149, C-1

wrap interface, TRM 6-31

wrap test request command D-1

wrap test results command D-1

wrap testing 5-162

write ICW command 5-14, 5-113, C-2
character mode write ICW 5-113

write, TRM
address, MMIO instruction 6-27
data autoincrement, MMIO

instruction 6-26

data, MMIO instruction 6-26
interrupt, MMIO instruction 6-19
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X.21 call request command 5-77, C-1
X.21 clear request command C-1

X.21 DTE clear request command 5-81
X.21 monitor incoming call

command 5-79, C-1

XOR character register instruction 2-26
XOR halfword register instruction 2-26
XOR instructions 2-25

XOR register immediate instruction 2-25

XOR register instruction 2-25

Z
Z latch 1-8
Numerics

100-millisecond interval timer 3-46
270X emulation buffer format 5-6

270X emulation considerations 4-63
2702/2703 two-channel switch
support 4-63
3
Index
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