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interfacing with the various sensors and communications devices supported by the service
processor. The main board and the real world interface board are connected with a ribbon
cable.

15.4 Floppy Interface

The Service Processor Module provides an interface to a 5-1/4" floppy disk drive. This
device is used for system level diagnostics.

15.5 Interrupt Dispatcher

The interrupt dispatcher provides a centralized distribution point for assigning I/O
interrupts to the Processing Modules. The interrupt dispatcher collects interrupts from
throughout the system and redistributes them to Processing Modules. The intent of the
interrupt dispatcher is to closely emulate interrupt handling characteristics of the single
processor model in a peer processing system.

The interrupt dispatcher queues interrupts by priority level. The queue entry is the 32 bit

interrupt information vector associated with each CSS interrupt. Interrupts are assigned in
the order of priority to processing modules in a round robin manner.
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16. 1/0 Module

16.1 1/0O Module Description

The /O module (IOM) attaches to the system bus and provides the communication path
between the system bus and the link bus to an I/O subsystem.

A system may have up to four YO Modules each connecting through a separate /O Link
(IOL) to a separate /O Adaptor.

16.2 1/0 Communications

The /O Module provides the communication path between the system bus and the link
bus to an I/O subsystem. A separate I/O Module and I/O Link is required for each /O
subsystem.

The IOM provides buffering for commands and responses at the connection to both the

system and the IOL. The buffering is required to smooth the flow over the buses and for
interfacing the 50 nS 64 bit wide system bus to the 100 nS 32 bit wide link bus.
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17. /O Link Bus

17.1 Y/O Link Bus Description

The link bus is the point to point communication link between between an /O module and
an 1/O adapter. The bus is synchronous with a clock rate half that of the system bus. The
" design clock rate is 10 MHz. The "data" path is 32 bits wide. Maximum bandwidth is 20
MB per second when writing to the system bus and 35.6 MB per second when reading
from the system bus.

The operation of the link bus is somewhat similar to that of the system bus. It supports
the same commands, responses and data sizes. Each port can transmit to the other port or
itself. Each transmission consists of a source port address, a destination port address, a
transmission type and 4 bytes of "data". The transmission type determines what "data"
contains.

Each port (I/O module, I/O adapter) tells the other how many buffers it has available for
READ or MODIFY commands and how buffers it has available for WRITE commands.
When a command is sent from one port to the other, the appropriate available buffer
count maintained at the sending port for the receiving port is decremented. When an
input buffer in one port becomes available, the other port is told to increment the
appropriate free buffer count. These counts provide flow control on the bus. Separate
counts for READ or MODIFY and WRITE commands permit optimizing the interleaving
of commands for maximum data rate with a minimum number of buffers.

An arbiter located on the I/O module controls access to the link bus. The YO module has
the higher priority for use of the bus. The arbiter grants the I/O module a time slot on the
bus when ever the module wants to send a response or send a command to an available
command buffer. The arbiter grants the IO adapter all time slots not granted to the O
module.

Each transmission is checked for errors. The source field, destination field, type field and
each byte of data is protected with a parity check bit. Transmissions that are received with
correct parity and valid type field are indicated by asserting ACK on the bus during the
second time slot after the transmission. Transmissions that are received with one or more
detected errors are indicated by asserting NACK on the bus during the second time slot.
Unreceived transmissions are indicated by the lack of either ACK or NACK being
asserted. Only the destination port asserts ACK or NACK for a transmission.

When a link bus transmission fails, retry is permitted, but not required. If retry is

attempted, the port that issued the COMMAND resulting in the failed transmission
restarts the COMMAND.
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17.2 I0L Commands
The I/O Link Commands are as follows.

1. READ({1, 2, 3, 4, 8, 16 or 32 bytes]

The operand of a READ command for 4 bytes or less must not cross a long word
boundary. The operand of a READ command for more than 4 bytes must be quad
word aligned and must not cross a 4 kilobyte page boundary.

2. WRITE[1, 2, 3 or 4 bytes]

The operand of a WRITE command must not cross a long word boundary. The
WRITE data must be aligned for a 4 byte memory port.

3. MODIFY (1, 2, 3 or 4 bytes]
The MODIFY command is the first portion of a read/modify/write operation. It
reads the operand and locks the slot to other read/modify/write operations. The

operation is completed with a regular WRITE command that writes the operand and
unlocks the slot.

The operand of a MODIFY command must not cross a long word boundary.

17.3 IOL Responses
The VO Link Responses are as follows.

1. READ DATA

The response to a READ command is the requested data aligned for an 8 byte wide
memory. A request for more than 8 bytes requires more than one RESPONSE.

2. ERROR DATA

The response to a READ command encountering an uncorrectable read error is the
requested data as read or after correction has been attempted and aligned for a 8
byte wide memory.

ERROR [size = 0]
A READ command that is somehow recognized as having failed to read anything is

acknowledged by returning the ERROR response. The data field of the response is
undefined.
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17.4 Transmission Format

The format of the TRANSMISSION TYPE is as follows.

[3 bit type field] [3 bit size field]

0 Illegal 0 O bytes
1 READ 1 1 byte
2 WRITE 2 2 bytes
3 MODIFY 3 3 bytes
4 READ DATA 4 4 bytes
5 ERROR DATA 5 8 bytes
6 ERROR 6 16 bytes
7 Illegal 7 32 bytes

17.5 1/0 Link Signals

The 1/O Link signals are as follows.

1. Destination Slot Address [CSS bus slot 3:0][I/O bus slot 4:0]
2. Destination Parity
3. Source Slot Address [CSS bus slot 3:0][I/O bus slot 4:0]
4. Source Parity
S. Transmission Type [5:0]
6. Type Parity
7. Transmission Data [0:31]
8. Data Parity [0:3]
9. ACTIVE
10. ACK
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12.
13.
14.
15.
- 16.
17.
18.
19.

20.
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NACK

CSS Bus Clock

/O Link Bus Clock |

Free Buffer Count Control [6 signals)
Reset

Module Alive

Adapter Alive

Adapter Burst

Adapter Grant

System Power Fail
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18. A1000 /O Adaptor

18.1 A1000 IOA Description

The A1000 IO adaptor connects an I/O subsystem of A1000 I/O cards in an IO
backplane to an /O module plugged into the system bus. The I/O adaptor connects to its
I’/O module via two ribbon cables called the I/O link for transferring data to the /O
module and subsequently to the system bus. The A1000 I/O controllers connect to the I/O
adaptor through the ICB and DTB busses for control and character data transfers and
block data transfers respectively.

Functionally the I/O adaptor provides three major capabilities:

1. Individual data transfers between the system bus and the I/O cards through the ICB
bus.

2. Interrupt generation to system bus processors on request from the I/O cards via the
ICB bus.

3. Block DMA transfers between system bus memory and I/O cards through the DTB
for four independent DMA channels.

The IOA logic consists of three major sections; the link interface, ICB interface, and the
DMA interface.

18.1.1 10A Link Interface Overview

The link interface connects the /O adapter to the /O module monitoring the link for
commands and data bound for the I/O adapter, and arbitrating access for on board
resources to send commands and data to the I/O module.

18.1.2 IOA ICB Interface Overview

The ICB interface receives commands from the link interface to generate read/write cycles
on the ICB bus, and monitors the interrupt requests from the I/O cards sending interrupt
request messages to the link interface.

18.1.3 10A DMA Interface Overview

The four DMA channels are operated by the I/O cards through the DTB bus to perform
block data transfers between the DTB bus and the link interface.
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18.1.4 1/O Link Bus Interface

The 1/O link bus interface controls I/O adaptor transfers to the /O module. Access to the
link bus by block transfer control, and the ICB interface is arbitrated by the link bus
interface. The link bus interface hardware consists of registers to buffer commands from
the I/O adapter to the /O module, and from the I’O module to the /O adapter, steering
and control logic to monitor the link bus for commands and responses directed to the I/O
adapter from the IO module, and to control I/O adapter acquisition of the link bus and
issuing commands to the I/O module, and pipeline, synchronization registers and bus
drivers.

18.2 TOA ICB Interface

The ICB interface controls data transfers between the ICB and the link for subsequent
transfer to a processor module. The ICB interface monitors the link bus for cycles
addressing I/O and generates cycle(s) on the ICB. For reads from the ICB a response
message is sent back on the link bus containing the data read from the I/O controller. The
ICB interface hardware consists of buffers to drive the request information on the ICB,
registers to store the received data for read cycles and steering and control logic to control
link bus data transfers and ICB cycle timing generation.

18.2.1 ICB Error Handling

For read errors from the ICB an error or error data response is returned. For reads or
writes an interrupt request is sent to the I/O module with a slot number of 19. A status
register mapped into local /O space for the I/O adaptor indicates whether the error was a
ICB bus timeout, or ICB bus error. An: ICB error latch mapped into local I/O space
stores the ICB address that generated the error, the link cycle type and the system bus slot
that requested the operation in error. An error overrun bit is set if subsequent requests
are issued to the ICB interface from the I/O module. The cycles requested will be
performed, but information on any subsequent error is lost.

18.3 10A DMA Channels

The DMA channels control block data transfers between the DTB and the link bus for
subsequent transfer to system bus memory modules. The four major subsections of the
DMA channels are DTB interface, block transfer control, and FIFO data buffer.

18.3.1 DTB Interface

The DTB interface controls I/O controller data transfers to the I/O adaptor. Access to the
DTB by the /O controllers and the block transfer control is arbitrated by the DTB
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interface. The DTB interface hardware consists of two sets of register files and latches one
for inbound and one for outbound DTB data, drivers and receivers, channel control logic
that maintains state information for each channel, and steering and control logic to direct
traffic from the DTB to block transfer control and the FIFO buffer and to control DTB
data and control transfers.

18.3.2 Block Transfer Control

Block transfer control sequences block data transfers providing address generation, transfer
length control, and channel data transfer control between the FIFO and the DTB and link
‘busses. Block transfer control hardware consists of register file and update paths for system
bus address, DTB and link transfer counts, and steering and control logic for channel
transfer control.

18.3.3 FIFO Data Buffer

Because of the intermittent nature of instantaneous transfer rates on the system bus, and
the lack of buffering on the A1000 EDT controller, the link bus interface and the DTB
interface transfer data into a first-in-first-out (FIFO) data buffer for each DMA channel.
FIFO data buffer hardware consists of an 8K by 32 bit RAM array which is divided into 4
partitions for the DMA channels, 2 register files and update paths to maintain pointers
and counts for DMA FIFO channels.

18.3.4 DMA Channel Setup

A DMA channel is programmed by an IO controller to perform a block transfer into
physical address space. The /O controller sends two 32 bit words on the DTB to the DMA
channel specifying the following:

1. Bits 00-31 of start address of data transfer in physical address space
2. transfer length, write, controller DTB ID, system bus memory module slot address

18.3.5 DMA Channel Error Handling

When an error is encountered by a DMA channel as a result of a main memory
uncorrectable error or a I/O module error on read transfer the current block transfer for
that channel is aborted, and an interrupt is sent to the I/O controller over the DTB. The
controller determines the error reason from the DMA status word. In the event of a
NACK from the YO module all DMA channels are reset. The I/O controller must
provide a time out on DMA transfers and reset the DMA channel, in the event of a /O
module, or memory module failure to respond to a command from a DMA channel.
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18.3.6 DMA Channel Reset

A DMA channel is reset by a /O adapter board reset, or a channel reset from an /O
controller. The channel active status, its FIFO channel and channel data registers are

cleared.
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19. Glossary

e CBA

CSS Bus Arbiter
e Centronics

An industry standard parallel printer interface
e CSS

Computational Subsystem
e DP/IF

Dual Port interface board, an interface to 4 SMD devices and a QIC interface
o DTB

Data Transfer Bus (an Arete 1000 I/O bus)
e EDAC

Error Detection and Correction
e EDT

‘Enhanced Disk/Tape controller
e EGC

Enhanced General Purpose Communications controller
e ESMD

Enhanced SMD, a performance enhanced version of SMD capable of 2.4 Mb per
Second transfer rates.

e FPU

Floating Point Unit
e FRU

Field Replaceable Unit
e GB '

Gigabyte (2**30 bytes)
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o GC

General Purpose Communications controller
e GCITF

General Purpose Communication interface board, an interface to 8 serial ports and 1
parallel port.

e HSDT

High Speed Disk Tape controller
e ICB

Interprocessor Communications Bus (an A1000 I/O bus)
o IEC

International Electrotechnical Commission (an international safety agency)
e I/O

_ Input/Output
e IOA

1O Adaptor
e IOCP

Input/Output Control Processor
e JOL

I/O Link, an internal System 3000 I/O bus
e IOM

/O Module
e 10SS

Input Output Subsystem
e MAC

Multibus Adaptor Card, an Arete 1000 I/O card that adapts the ICB to the IEEE-796
bus.

e MB
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Megabyte (2**20 bytes)
® MHz

MegaHertz (million cycles per second)
* MMU

Memory Management Unit
e Multibus

An industry standard 16 bit microcomputer bus (also referred to as IEEE-796)

e 9T/IF Nine track interface board, an interface to 2 SMD devices and a Pertec
interface.

enS

nanosecond (one billionth of a second)
e Pertec

An industry standard interface to half inch 9 track tape devices
e QIC

An industry standard interface to quarter inch tape devices
e SMD

Storage Module Device, an industry standard interface to fixed disk magnetic storage
devices

e TUV

German safety and emissions testing organization
e UL

Underwriters Labs (safety agency)

e uS

microsecond (one millionth of a second)
e VDE

German safety and emissions standards organization
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