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MULTIBUS® Il SYSTEM BUS

FORM FACTOR

The MULTIBUS Ii specification calls out two modular
board form factors: 233 X 220 mm and 100 X
200 mm (see Figure 7). The iPSB bus and iLBX Il
bus portions of the MULTIBUS |l system architecture
are always defined on the P1 and P2 connectors
respectively. However, the user can optionally de-
fine the use of the.P2 connector if the iLBX Il bus is
not supported. (The iSSB bus is additionally defined
on the P1 connector.)

Connector

MULTIBUS i boards and backplanes use two-piece,
96-pin connectors for both the iPSB bus and iLBX Il
bus. The right-angle connectors on the printed board
are |IEC standard 603-2-IEC-C096-M; the receptacle
connectors on the backplane are IEC standard 6-03-
2-IEC-C096-F (Figure 8). This connector family is
noted for its reliability, availability, and low cost.

+.000

.~ 661t >
+0,0
(220,000 -03 ) 109
e—
"I @76)
‘ |
9.187 *0%0
o COMPONENT SIDE
(233,35 -0’3 )
5.468
’ (138,89)
3.500
(88,9)
A 210
(5,55)

280387-10

Figure 7. MULTIBUS®II Board Sizes
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Figure 8. MULTIBUS®II Connectors
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Inl'e[ MULTIBUS® I SYSTEM BUS

The pin assignment for the iPSB bus on P1 is shown Please refer to Intel’s MULTIBUS Il Bus Architecture
in Table 2. Specification Handbook for more detailed informa-
tion.

Table 2. iPSB Bus Pin Assignments

Connector Pin Number Row A Row B "Row C

1 0 Volts -PROT* 0 Volts

2 +5 Volts DCLOW* +5 Volts
3 +12 Volts + 5 Battery +12 Volts
4 (Note 2) SDA (Note 3) BCLK*

5 TIMOUT* SDB (Note 3) 0 Volts

6 (Note 1) LACHn 0 Volts CCLK*

7 ADO* AD1* 0 Volts

8 AD2* 0 Volts AD3*

9 AD4* AD5* AD6*

10 AD7* +5 Volts PARO*

11 AD8* AD9* . AD10*

12 AD11* +5 Volts AD12*
13 AD13* AD14* AD15*
14 PAR1* 0 Volts AD16*

15 AD17* AD18* AD19*
16 AD20* 0 Volts AD21*

17 AD22* AD23* PARO2*
18 AD24* 0 Volts AD25*

19 AD26* AD27* AD28*
20 AD29* 0 Volts AD30*
21 AD31* Reserved PAR3*
22 +5 Volts +5 Volts Reserved
23 BUSREQ* RST* BUSERR*
24 ARB5* +5 Volts ARB4*
25 ARB3* RSTNC* ARB2*
26 ARB1* 0 Volts ARBO*
27 SC9* SCs* SC7*

28 SC6* 0 Volts SC5*

29 SC4* SC3* SC2*

30 —12 Volts + 5 Battery —12 Volts
31 +5 Volts SC1* +5 Volts
32 0 Volts SCo* 0 Volts

NOTES:

1. LACHn* for all agents but the one driving CCLK

cardslots.

2. 0 Volts for all agents but the one driving BCLK*; line contains a second BCLK* signal in systems that have more than 12

cardslots.

3. Signal lines SDA and SDB are resewed for the Serial System Bus.

19-20
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82389
MESSAGE PASSING COPROCESSOR
A MULTIBUS® Il BUS INTERFACE CONTROLLER

m Highly Integrated VLSI Device

— Single-Chip Interface for the Parallel
System Bus (IEEE 1296)

— Interrupt Handling/Bus Arbitration .
Functions

- Dual-Buffer Input and Output DMA
Capabilities

— Nine 32-Byte High Speed FIFOs

m Multiple Interface Support
— Complete Protocol Support of the
PSB Bus (Message Passing)
— Processor Independent Interface
(8, 16, or 32-Bit CPU)
— Low-Cost 8-Bit Microcontroller
Interface

m High Performance Coprocessing

Functions

— Offloads CPU for Communication
and Bus Interfacing

— 40 Megabytes/Sec Burst Transfer
Speed

— Optimized for Real-Time Response
(Max. 900 ns for 32-Byte Interrupt
Packet)

m Compatible with Bus Arbiter Controller
(BAC) and Message Interrupt Controller
(MIC) Interface Designs

m CMOS Technology _
m 149 Pin PGA Package (15 x 15 Grid)

— Dual-Port Memory Interface

The MPC 82389 is a highly integrated VLSI device that maximizes the performance of a Multibus® Il based
multiprocessor system. It integrates the functions of bus arbitration, packetizing data for transmit, error han-
dling and interrupt control. Because of these integrated functions the host CPU can be offloaded to utilize the
maximum bus performance and subsequently increase the system throughput. The MPC 82389 also supports
geographic addressing by providing access to the local interconnect registers for reference and control.

The MPC 82389 is designed to interface with an 8, 16, or 32-bit processor and the Parallel System Bus .
performance is not affected by the CPU buswidth or its bandwidth. The data on the Parallel System Bus is
burst transferred at the maximum bus speed of 40 Megabytes/second regardless of CPU bus performance.
Such performance is possible due to decoupling of the CPU from the Parallel System Bus.

' MULTIPROCESSOR ARCHITECTURE

LOCAL
CPU RESOURGES PROCESSOR | | PROCESSOR| | PROCESSOR
LocAL BYS LOCAL LOCAL LOCAL
BUS BUS BUS
MPC : MPC MPC MPC
PROCESSOR ‘
CIRCUIT BOARD
< PARALLEL SYSTEM BUS >
‘ 2901451

Figure 1-1

October 1987
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MPC 82389 INTRODUCTION

1.1 MPC Functional Overview

1.2  Major Operations of the MPC

1.3 Message Passing Protocol

1.4 Compatibility with BAC/MIC Interface Designs

MPC 82389 INTERFACES

2.1 ' Local Bus (Host)

2.2 PSBBus

2.3 Interconnect Bus

2.4 Dual-Port Memory Interface

2.5 Basic Implementation of the MPC

2.6 Implementation with Dual-Port Memory

MPC 82389 INTERPROCESSOR COMMUNICATION

3.1 Communication Protcol
3.1.1  Unsolicited Message Passing
3.1.2. Solicited Message Passing
3.2 Bus Bandwidth
MPC 82389 PIN DESCRIPTION

4.1 PSB Signals -

4.2 Dual-Port Memory Signals
4.3 - Local Bus Signals

4.4 Interconnect Bus Signals
4.5 Power and Ground Signals

MPC 82389 MECHANICAL DATA
5.1  Pin Assignment

MPC 82389 ELECTRICAL DATA
REFERENCE DOCUMENTS
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1.0 MPC 82389 INTRODUCTION

The Message Passing coprocessor 82389 is a highly
integrated CMOS VLS| device to interconnect intelli-
gent boards in a MULTIBUS Il system environment.
The parallel system bus of the MBIl architecture def-
inition however allows existence of intelligent and
non-intelligent boards in the system.

This section of the data sheet describes the device
in general including the definition of message pass-
ing protocol and the subsequent sections will con-
tain the detailed features of the device. Please refer
to the MPC User's Manual for more details.

1.1 MPC 82389 Functional Overview

The MPC 82389 is a Bus Interface Controller de-
signed to offload the host CPU for- interprocessor
communication on the PSB network, and it's primary
function is to support the communication protocol
standard defined for the PSB bus (message pass-
ing). The device provides both the physical and data
link support. By standardizing the signal interface
(physical), it allows multiple vendors to offer stan-
dard add-on products for the user and at the same
time it reduces costly overheads for the suppliers.
The data link protocol is completely handled by the
MPC 82389 including packetization after receiving
data from the local interface, bus arbitration, burst
transfer and error detection without the CPU inter-
vention. )

The PSB bus standard is defined for easy access
and sharing of resources in a distributed processing
environment. The MPC 82389 complements this
standard by providing an optimized interface for the
PSB bus usage at its maximum bandwidth.

The MPC 82389 also features three édditional inter-
faces for use on a processor board.

Local Bus Interface for Host independent CPU.
The CPU can be 8, 16 or 32 bits wide.

Interconnect Bus for interfacing to a low-cost mi-
crocontroller. The interconnect bus has a local ad-
dress space which can be accessed by other agents
on the PSB bus via the MPC.

Dual-Port Memory Interface to support an alterna-
tive communication approach which may coexist
with the message passing method.

1.2 Major Operations of the MPC
82389

— Support of both unsolicited and solicited mes-
sage transfers. This interprocessor communica-
tion protocol allows an intelligent agent on the
PSB bus to communicate to another without any
CPU intervention and at rates approaching the
PSB bus bandwidth.

— Support of single cycle accesses by the host
processor to memory and I/0 locations resident
on the PSB bus. Bus architecture, parity genera-
tion and error detection is completely handled by
the MPC 82389 coprocessor.

— Support of accesses to local interconnect space
by both the host processor and other agents on
the PSB bus.

— Support of accesses by the host processor to
interconnect location assigned to other PSB bus
agents.

— Support of accesses to local, dual-port memory
by other agents on the PSB bus.

1.3 Message Passing Protocol |

The Multibus 1l architecture defines the data transfer
protocol between agents on the PSB bus as Mes-

~sage Passing.

Message Passing allows the PSB agents to transfer
variable amounts of data at rates approaching the
maximum bus speed. The MPC 82389 fully supports
the standardized data link protocol designed for the
PSB and the entire handshaking between agents on
the PSB bus is handled by the MPC 82389 without

- the CPU intervention.

There are two types of messages that can be trans-
mitted from one PSB agent to another: Unsolicited
Messages and Solicited Messages.

Unsolicited Messages—An unsolicited message is
an intelligent interrupt also called virtual interrupt.
This unsolicited message, as the name implies, is an
asynchronous event to notify the receiving agent to
prepare for the receipt of Solicited Messages. The
message is in the form of a packet and it consists of
information about the interrupt. By providing such in-
telligence the receiving agent's CPU do not have to
poll for information, thus resulting in minimal latency.

Solicited Messages—The solicited messages are
the actual data that are transmitted from one MPC to
another. The data is once again broken into packets
and these packets are transferred using the negotia-
tion (handshaking) process which are synchronized
by the MPC 82389 coprocessors.
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ibili i Register to support host widths of 8, 16 or 32 bits.

14 ﬁ::g:.?aaégj ;gzzl‘g:‘tg BAC/MIC Thg MIC suppg?ts a host Yvic.lth of 8 bits (?nly. Both
' implementations present similar software interfaces

The Bus Arbiter Controller (BAC) and Message In-  for the sending and receiving of interrupts. For de-
terrupt Contoller (MIC) were the first support compo- tails about the initialization procedures and interrupt
nents for the Parallel System Bus. The BAC imple-  Protocols, please refer to the MPC Users’s Manual

mented the full arbitration, requestor, and replier ~ Part Number: 176526.

functions of the PSB. The MIC supported the trans- N R

mit and receiving of minimum size unsolicited (inter--  The MPC offers capabilities and performance far su-

rupt) messages. ) perior to the BAC/MIC implementation. Using the
: MPC, interrupt handling at the host interface can be

To ensure future compatibility with the MPC 82389 ~ improved by over an order of magnitude. Whereas

implementation, the BAC/MIC architecture was put  the MIC can handle only minimum 4-byte interrupts,

on a module called the docket for direct incorpora-  the MPC enables up to 28 bytes of data to be sent

tion onto the base-board. The PSB implementations ~ and received along with each interrupt. Further, the

for the MPC and the BAC/MIC docket are compati- MPC has dedicated support for DMA based sohcnted

ble in all respects. These implementations may co- message transfer.

exist on the PSB bus of the same system. For the

host and microcontroller interfaces, compatibility is . .

maintained for message and interconnect space op- 2.0 MPC 82389 INTERFACES

tions. Itis, thus, possible to replace the BAC/MIC ,- '
docket with thé MPO at litlle impact to the board  The MPC 82389 features 4 interfaces: the local GPU

design. j bus for processor interface, the interconnect bus for

8-bit microcontroller interface, the Parallel System
Software initialization of the operating parameters ~ BUS interface and the dual-port memory interface.
for the MIC is possible through the Configuration

LOCAL BUS INTERFACE

INTERCONNECT
SPACE BUS

%

DUAL PORT MEMORY
CONTROL . INTERFACE

IPSB BUS INTERFACE
290145-2

Figure 2-1. MPC Bus Interfaces
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2.1 Local Bus

The local bus of the MPC 82389 is used to interface
to a host processor. The CPU can be 8, 16, or 32
bits wide and the interface is processor indepen-
dent.

The local bus interface supports direct references to
memory, I/0 and interconnect address space on the
PSB bus. It also supports references to local inter-
connect space and the full message passing proto-
col. The entire local bus interface can be catego-
rized into three sub-interfaces: register, reference
and DMA.

2.1.1 REGISTER INTERFACE

The MPC 82389 local bus register interface is used
for message operations and access to the intercon-
nect space. These operations are asynchronous to
the bus clock or interconnect bus operation.

2.1.2 REFERENCE INTERFACE

The MPC 82389 local bus reference interface sup-
ports direct references to memory, 1/0 and intercon-
nect address space on the PSB bus. Memory and I/
O references are initiated by the CPU to the MPC.
The MPC responds by putting the CPU on hold while
arbitrating for PSB bus access. The CPU is held in
WAIT state until the operation is complete or a bus
exception occurs on the PSB bus. The reference in-
terface supports both read and write to the registers.
The local interconnect address space is differentiat-
ed from the interconnect address on the PSB bus by
the bit pattern stored in the slot address register of
the MPC.

2.1.3 DMA INTERFACE

The DMA interface transfers data between local
memory and the MPC 82389 during solicited mes-
sage operations. The MPC provides both the input
and output channels to the PSB bus. The number of
transfers to or from the MPC is determined by the
maximum size of the packet buffer (32-byte) or com-
pletion of the solicited transfer, whichever is less.

The DMA interface is designed to operate on either
a read or write command to allow two-cycle opera-
tion or fly-by transfers. For two-cycle operation, the
DMA uses a read operation to fetch data from the
MPC and a write to put data into the MPC. Con-
versely, a fly-by read or write operation occurs corre-
spondingly to memory write or read operation.

The DMA interface to the MPC performs best with
aligned transfers. However, for compatibility with ex-
isting software, the MPC supports operations of arbi-
trary byte strings.

2.2 Parallel System Bus

fhe MPC 82389 provides a full 32-bit interface to
the PSB bus and participates in arbitration, reque-
stor control, replier control and error handling.

2.2.1 ARBITRATION

The MPC 82389 initials PSB bus access arbitration
upon request generated inside the MPC. This re-
quest could be the result of a synchronized PSB bus
reference request (memory, |/0 or interconnect) or
a message packet transmit request from the CPU.
The PSB bus arbitration specification can be re-
ferred in the document, MPC User's Manual, Part
Number: 176526.

2.2.3 REPLIER CONTROL

The MPC 82389 as a replier supports interconnect
space reference and message reception. It gets into
replier mode when a match is detected between the
assigned slot ID and the address on the PSB bus.
The interface space microcontroller is alerted of the
replier mode condition. The address comparison is
disabled when the MPC is the bus owner.

The MPC allows interconnect space to be locked
from the PSB bus. This inhibits local bus interface
access requests.

2.2.4 ERROR HANDLING

The MPC 82389 monitors errors generated during
the transfer operation. It provides error checking on
incoming interconnect references that match the
slot ID. If an exception occurs on the PSB bus while
an interconnect operation is in progress, the MPC
provides for a graceful recovery.

2.3 Interconnect Bus

The Interconnect bus of the MPC 82389 has a sim-
ple 8-bit interface. A low-cost microcontroller can be
interfaced to perform board configuration at startup
and other tasks like local diagnostics.

The Interconnect space of an agent has a 512-byte
register range. Within this space the microcontroller
can store the local operating and configuration pa-
rameters associated with the agent. For example lo-
cal diagnostics can be executed out of the micro-
controller and the results posted in the Interconnect
space. IEEE 1296 specifications require the first rec-
ord in the Interconnect space to contain the board
ID and Intel recommends other record types. Refer
to Interconnect Interface Specification, Part Num-
ber: 149299.
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The MPC 82389 provides the path to access the
local Interconnect space. The references supported
are: : .

1. CPU local bus to the local Interconnect space

2. CPU local bus to the Interconnect space of anoth-
er agent on the PSB bus

3. From the PSB bus to the local Interconnect space

The local Interconnect accesses are identified as
slot IDs 24-31 and the Interconnect accesses on
the PSB bus are mapped as slot IDs 0-23.

The MPC participates in PSB bus handshake proto-
col, parity generation and checking and agent error
generation for local Interconnect accesses from the
PSB bus.

The Interconnect microcontroller is the master de-
vice on the bus and all other devnces including the
MPC are slaves.

2.4 Dual-Port Memory Interface

The MPC 82389 supports the dual-port memory in-
terface for those designs that must coexist with the
memory passing architecture.

The dual-port services supported are: Address rec-
ognition, PSB bus replier handshake, error checking,
and bus parity generation and checking. A useful re-
covery mechanism is provided by the MPC should a
bus exception error occur while a dual-port memory
access is in progress. Although the MPC 82389 pro-
vides bus parity check it is the responsibility of the
memory controller to generate and check data pari-

ty.

2.5 Basic Implementation with the
“MPC 82389

Figure 2-2 shows a basic implementation of the
MPC 82389. Included in this implementation is the
interconnect interface to a microcontroller, the CPU
interface and the PSB bus interface.

Address Buffer for Memory
and |/0 references to PSB

Bus. This Buffer is not
necessary if Agent suj nl
Dual-Port Communication.

.| 7aF2a0

ODREQ

(\[ (-4
]IEFADN. RSTNC#
N . .
PN INTERCONNECT BUSERRS -
CONTROLLER sREQ* 1PSB Bus
Ead B
‘4—1 Signals.
ARB <5.0> % )
] Local Data Bus
-
\|ADDRESS H0sELE
DECODE [————»
EEm——
—
Local Address
<5.2>
__( LOCK#*
[’ 1 BE<3e>w
cPU Interrupt | MINT IPSB Bus
g INTERRUPT EINT mpc
i s CONTROL
<] e
1 WAIT
STATE
CONTROL
RESET <BSTY
LacHn (UcHne
8BCLK uA(s;;su PLTUR
DMA TIMOUT TIMOUT *
CONTROL | _Width Contro aus RO - ocLows
AW CONTROL WR# PROTH
ODACK * >
IDACK #* >

1DREQ

&
——l RESET [ |*
CONTROL
Logic

290145-3

Figure 2-2. MPC Implementation to Support References
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2.6 Implementation with Dual-Port Memory Interface

Figure 2-3 shows the logic required to implement dual-port operations.

3 :: Divect P58 Bus Signals (lee Figure 42 )
R ¥
wea.
<18> Dahx 1
oo
[ “Sufiered Conrol [or el (E— |
Locel Dets Bus — —Sftored Control Signele_ [ V—
Tocel Address < 83> (REET, LACH, BCh TOUD |

1938 Bus (See Figurs 63
MPC (“Buftered Parily < 14> & and Bufiered Sysiom Conirel < 9.8> © ()
Figue 42

BE<318>e
. -
Buffersd AddressiDats < 310> ¢ (See Figure 42

Butfersd System Coniral < £2, 39> ¢

T 171

il e
N -

ITTT0 0

il

290145-4

Figure 2-3. The MPC Implemented with Dual-Port Memory
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3.0 MPC 82389 INTERPROCESSOR
COMMUNICATION

A MULTIBUS Il system can have up to 20 boards in
the slot backplane. Slot zero must have a Central
Services Module (CSM) which provides bus initializa-
tion and clocking. The remaining 19 slots can have a
mix of intelligent and non-intelligent boards. The in-
telligent boards will typically communicate over the
high speed PSB bus. Any processor based board
may contain an MPC 82389 for high speed commu-
nication and the MPC is designed to support the sys-
tem performance and the data transfer speed of the
PSB bus. The MPC has an optimized PSB bus inter-
face.

Message Passing over the PSB bus is completely
handled by the MPC 82389 coprocessor without
CPU intervention. The messages (data) are packe-
tized in blocks of 32 bytes and burst transferred over
the PSB bus.

The decoupling is achieved by using very high speed
FIFOs of the MPC 82389. Nine 32-byte FIFOs are
used in the MPC 82389. Five of these FIFOs are
used for setting up the unsolicited messages (inter-
rupts). One is used for output set up and the other
four for input set up of up to four unsolicited mes-
sages. For data transmission (solicited messages)
over the PSB, the MPC 82389 has two dedicated
solicited output and input channels. With each chan-

 nel, dual 32-byte FIFOs are used to pipeline data

during output and input operation.

TLOCAL BUS
— E =
T
INTERRUPT INTERRUPT SOLICITED SOLICITED
out IN out

, * PSB

290145-5

Figure 3-1. The MPC Uses Nine 32 Byte FIFOs to Couple the Local and System Buses
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3.1 Communication Protocol

Any device with an interface to the PSB bus is
termed as an agent. The agents communicate over
the PSB bus and they completely offload the CPU
for other tasks. Each agent is assigned an 8-bit ad-
dress for identification.

The mechanism used for interprocessor communi-
cation over the PSB entails a standardized data link
protocol, and a dedicated address space. The infor-
mation which is packetized is transmitted to a dedi-
cated address space instead of the target memory.
This addressing scheme serves to decouple the
CPU from the PSB bus. Packetization serves to limit
the time an agent has an access over the bus, thus
protecting against hogging of the bus by agents
which require transmitting a large amount of data.

The data link protocol called message passing in-
cludes two kinds of messages: unsolicited and solic-
ited.

3.1.1 UNSOLICITED MESSAGE

Unsolicited message is an intelligent interrupt. It is a
virtual interrupt for the receiving agent and includes

all the information required to service the interrupt. It
takes only 900 ns to send an unsolicited message
over the PSB bus, and since the receiving agent’s
processor does not have to poll for servicing the
interrupt, this mechanism is fast and efficient.

The unsolicited message is sent as a packet consist-
ing of up to 32 bytes, as shown in Figure 3-2. The
address field is 8 bits long. Up to 255 agents can be
addressed uniquely while one address is used for
broadcast function.

The general format for unsolicited messages varies
depending on the CPU bus width. There are other
variations depending on whether the CPU is receiv-
ing or transmitting the message and the type of un-
solicited message.

Unsolicited messages are asynchronous in nature.
These unsolicited messages are used to set up so-
licited messages and contain Control and Command
information.

An unsolicited message consisting of 32 bytes takes
a maximum of 900 ns to transmit. The unsolicited
message packet without the optional 28-byte data
will take only 200 ns to transmit.

AD<31...24> | AD<23...16> | AD<15...8>

AD<7...0>

SOURCE
ADDRESS

DESTINATION
ADDRESS

00

t 7]=Nort usep
| §= AVAILABLE FOR
OPTIONAL DATA

290145-6

Figure 3-2. General Interrupt Message on the PSB
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AD<31..24> AD<23..16> AD<15..8> AD<7..0>
Source Add. Dest. Add.
Byte 1 Byte 0
ID Type
Byte 3 Byte 2
Data, Byte 7 Data, Byte 6 Data, Byte 5 Data, Byte 4
Data, Byte 11 Data, Byte 10 Data, Byte 9 Data, Byte 8
Data, Byte 15 Data, Byte 14 Data, Byte 13 Data, Byte 12
Data, Byte 19 Data, Byte 18 ) Data, Byte 17 Data, Byte 16
Data, Byte 23 Data, Byte 22 Data, Byte 21 Data, Byte 20
Data, Byte 27 Data, Byte 26 Data, Byte 25 Data, Byte 24
Data, Byte 31 Data, Byte 30 Data, Byte 29 Data, Byte 28
Data, Byte 35 Data, Byte 34 Data, Byte 33 Data, Byte 32
Solic. only Solic. only Solic. only Solic. only -

Figure 3-3. General Message Packet Format on the PSB Bus

3.1.2 SOLICITED MESSAGE

Solicited message consists of the actual data to be
transferred from one agent to another over the PSB
bus. The data is packetized in blocks of 32 bytes for
transfer. Up to 16 Megabytes of data may be trans-
ferred in a single solicited message.

The transfer of data is negotiated between the trans-
mitting and receiving agents via unsolicited mes-
sages. By using the acknowledge response method
through the unsolicited messages, the agents com-
plete the transfer of data.

A solicited message contains one or more data
packets. The packetization of solicited messages is
handled by the MPC. The padding of header infor-
mation at the transmitting end and the stripping of
this information out of the packet is solely the MPC

responsibility. The local CPU simply fills or empties
the FIFO over the local bus. The MPC also handles
the last packet fillers to maintain the 32-byte data
packet format. If necessary, during output the bytes
are padded and during input the padded bytes are
stripped by the MPC.

For programming details consult MPC User’s Manu-
al, Part Number: 176526.

3.2 Bus Bandwidth

The advantages of decoupling the buses can be
summarized in Figure 3-4. The effective speed per-
formance numbers are also listed. The first advan-
tage is that no resource is held in wait states while
arbitration for another resource is occurring. The
second advantage is that each transfer can occur at
the full bandwidth of the associated bus.

CPU MEMORY

CPU MEMORY

PSB BUS
INTERFACE

[

PSB BUS
INTERFACE

¢ =

20 MBYTES/SEC SINGLE CYCLE
40 MBYTES /SEC BURST
32 MBYTES/SEC FOR MESSAGES
(32 BYTES IN 10 CLOCKS)

290145-7

Figure 3-4. Message Passing Performance Example
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4.0 MPC 82389 PIN DESCRIPTION

The MPC 82389 is packaged in a 149 pin package. The signals for the device are functionally divided by their
associated interfaces as shown in Figure 4-1.
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Figure 4-1. MPC Functional Blocks
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4.1 PSB Bus Signals

This section describes each of the PSB bus signals .

that interface with the MPC. For complete descrip-
tions of these signals, see the MULTIBUS ! Archi-
tecture Specification, Part Number: 146077.

The PSB bus signals interfaced by the MPC 82389
fall into five groups, depending on function:

o Arbitration Operation Signal Group
¢ Address/Data Bus Signal Group

¢ System Control Signal Group

¢ Central Control Signal Group

¢ Exception Operation Signal Group

Unless otherwise stated, all PSB bus signals are
synchronous to the bus clock.

4.1.1 ARBITRATION OPERATION SIGNAL
GROUP

The MPC 82389 interfaces directly with the Arbitra-
tion Operation Signal Group of the PSB bus. These
are all high-current drive, open-collector signals. Be-
low is a description of each signal.

BREQ (Bus Request)

BREQ is a bidirectional open- collector signal that
connects directly to the PSB bus. As an input to the
MPC, it indicates that agents are awaiting access to
the bus. In fair access mode, this inhibits the MPC
from activating its own request. As an output, the
MPC asserts BREQ to request access to the PSB
bus.

ARB<5..0> (Arbitration)

ARB<S5. .0> are the arbitration signals for the PSB
bus. At the MPC interface, these are bidirectional,
open-collector signals that connect directly to the
PSB bus. ARB<5..0> are used during normal oper-
ation to identify the mode and arbitration priority of
an agent during an arbitration cycle to facilitate the
arbitration process. During system initialization
(while reset is active), the Central Services Module
(CSM) drives these signals to initialize slot and arbi-
tration IDs.

4.1.2 ADDRESS/DATA BUS SIGNAL GROUP

This signal group includes a 32-bit multiplexed ad-
dress/data path that interfaces to the PSB address/
data bus. The MPC also includes the byte parity S|g-
nals present on the PSB bus BPAR<3..0>. All sig-
nals in this group interface with the PSB bus through
bus tranceivers. For the MPC, this signal group also
includes signals to control these bus transceivers
(ADDIR and REFADR). These signals are described
next.

BAD<31..0> (Buffered Address/Data)
BAD<31..0> are the 32 buffered, multiplexed ad-
dress/data signals that are bidirectional and provide
the interface to the PSB address/data bus. At the
MPC, these lines should be connected to the equiv-
alent PSB bus AD signals using 74F245 or equiva-
lent transceivers.

BPAR<3..0> (Buffered Parity)

BPAR are four our signals that provide parity for the 4
bytes of the BAD bus. These bidirectional lines con-
nect to the PSB bus PAR<3..0> signals through a
74F245 or equivalent transceiver. These signals are
used to receive byte parity for incoming operations
and to drive byte parity for outgoing operations.

ADDIR (Address/Data Direction)

ADDIR is an output that provides direction control
over the transceivers driving and receiving
BAD<31..0> and BPAR<3..0>. In the high state,
this signal causes.the transceivers to place ad-
dress/data information along with parity onto the
PSB bus. In the low state, this signal causes ad-
dress/data information and parity to be received

-from the PSB bus.

REFADR (Reference Address Enable)

REFADR is an output used to enable external ad-
dress buffers. Asserting this signal places address
information from the local ‘bus onto BAD. The ad-
dress path enabled by this signal is used for memory -
and 1/0 references to the PSB bus and is not used
during message passing or for references to inter-
connect space on the PSB bus.

4.1.3 SYSTEM CONTROL SIGNAL GROUP

The MPC provides signals that are used to interface
to the System Control Signal Group of the PSB bus.
These signals are described next.

BSC<9..0> (Buffered System Control)
BSC<9..0> is a group of ten bidirectional signals
that interface to the System Control Signal Group of
the PSB bus through 74F245 or equivalent trans-
ceivers. Direction control of the transceivers is pro-
vided by SCDIR<1, 0> (discussed next). Agents on
the PSB bus use the System Control Signal Group to
define commands or report status, depending on the
phase of the operation. See the MULTIBUS Il Archi-
tecture Specification for more information on these
signals.

SCDIR<1, 0> (System Control Direction)

SCDIR<1, 0> are output signals that provide direc-
tion control of the 74F245 transceivers driving and
receiving BSC<9..0>. SCDIRO provides control for
BSC<9, 3..0>, while SCDIR1 provides control for

19-32



intel

82389

ADVANGE INFORMATION

BSC<8..4>. When either signal is high, the corre-
sponding five bits of the BSC signal group are driven
onto the PSB bus. When either signal is low, the
corresponding five bits on the PSB bus are driven
onto the BSC signal group.

4.1.4 CENTRAL CONTROL SIGNAL GROUP

The MPC provides several signals that interface di-
rectly or through transceivers to the Central Control
signal group of the PSB bus. These signals are de-
scribed next.

BBCLK (Buffered Bus Clock)

BBCLK is buffered from the PSB bus BCLK signal.
This signal should be connected to BCLK using a
74AS1804 or.equivalent inverting buffer. This clock
is used for all synchronous internal MPC timing.

LACHnR (Latch n)

LACHn is an input signal used during initialization of
slot and arbitration IDs (where “n” is the slot num-
ber). When the RESET signal is active, LACHn as-
serted indicates to an agent that a slot or arbitration
ID is available and should be latched. LACHn is an

active high input and should be connected to the -

LACHn signal on the PSB bus with a 74AS1804 or
equivalent inverting buffer.

RESET

RESET is an input that, when asserted, places the
MPC in a known state. Only the parts of the MPC
involved with initialization of slot and arbitration IDs
remain unaffected. RESET is an_active high input
and should be connected to the RST signal on the
PSB bus with a 74AS1804 or equivalent inverting
buffer.

Reset Condition
Table 4-1 summarizes the states of the signals while
the RESET signal is active.

Table 4-1. Signal State During Reset
Reset State

Signal

BREQ, ARB<5..0>
BAD<31..0>
ADDIR

REFADR
BSC<9..0>
SCDIR<1,0>
BUSERR Z
RSTNC

SEL

D<31..0>
WAIT

MINT, EINT
ODREQ, IDREQ

FEFINICrTOrNICNN

NOTES:

H — Electrical High State
L — Electrical Low State
Z -— High Impedence

RSTNC (Reset Not Complete)

RSTNC is a bidirectional, open-collector signal with
high-current drive. It connects directly to the PSB
bus. As an input, RSTNC inhibits the MPC from initi-
ating PSB bus operations. As an output, the MPC
asserts RSTNC to prevent PSB bus operation until
the agent is finished with initialization. The MPC as-
serts RSTNC whenever the RST signal is asserted
by the Central Services Module (CSM). After the
CSM deasserts RST and initialization of the local
agent is complete, the interconnect microcontroller
writes to a register within the MPC. The MPC then
deasserts RSTNC.

4.1.5 EXCEPTION OPERATION SIGNAL GROUP

The MPC interfaces with both signals of the Excep-
tion Operation Signal Group (part of the PSB bus),
as described below.

BUSERR (Bus Error)

BUSERR is a bidirectional, open-collector signal
with high-current drive. It connects directly to the
PSB bus. As an input, the MPC uses this signal to
detect bus errors signaled by other agents. As an
output, the MPC uses BUSERR to indicate parity er-
rors detected on either the BAD or BSC signals and
to indicate handshake protocol violations detected
on the BSC signals.

TIMOUT (Time-Out)

TIMOUT is an input from the PSB bus used to detect
a time-out condition signaled by the CSM. TIMOUT
is an active high input to the MPC and must be con-
nected to the TIMOUT signal of the PSB bus
through a 74AS1804 or equivalent inverter buffer.
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4.2 Dual-Port Memory Control Signals

The MPC provides the following signals to support
dual-port memory.

SEL (Select)

The MPC asserts SEL to indicate that a dual-port
memory access is in progress. The assertion of SEL
initiates the dual-port operation and during memory
reads, can be used to enable the dual-port data buff-
ers onto the BAD bus. When the MPC completes the
PSB bus handshake on the PSB bus, or if the MPC
detects an exception, it deasserts SEL.

COM (Complete)
COM is an input to the MPC. The dual-port memory
controller asserts COM to indicate it is ready to com-

plete dual-port access. COM is assumed to be syn-

chronous to the bus clock. The MPC asserts the
Replier Ready (SC4) signal on the PSB bus on the
bus clock after the memory controller has asserted
COM. The memory controller cannot deassert COM
until the end-of-transfer (EOT) handshake is com-
plete on the PSB bus. This requires that the memory
controller monitor the PSB bus for the EOT hand-
shake.

ERR (Error)

ERR is asserted by the dual-port memory controller
to signal a memory data parity error. ERR must be
stable (high or low) whenever COM is asserted. The
MPC responds to this signal by completing the repli-
er handshake on the PSB bus using a “data error”
agent error code. This 3|gnal may be asynchronous
to the bus clock since it is qualified by the COM
signal.

4.3 Local Bus Signals

The MPC provides five signal groups that together
interface to the CPU’s local bus. These local bus
signal groups are:

® data

® address and select

e transfer control

¢ interrupt

e DMA control

All local bus signals are assumed to be asynchro-
nous to the bus clock.

4.3.1 DATA BUS

The local data bus' (D<31..0>) is a bidirectional-

group of signals that transfers data between the
host CPU, DMA controller, or memory and the MPC.
Although this is a 32-bit interface, the MPC provides

control to. allow operation with processors using 8-,
16-, or 32-bit data buses.

Not all processors use the same byte order when
performing multiple data byte operations. For exam-
ple, for a 16-bit write to memory, one processor may
carry the least-significant byte on local bus bits
D<7.0> and the most-significant byte on bits
D<15..8>, while another processor may carry the
least-significant byte on bits D<15..8> and the
most-significant byte on bits D<7..0>. For a given
agent, be sure to implement the processor interface
to maintain consistent byte addressability with all

- other agents in the system.

4.3.2 ADDRESS AND SELECT SIGNALS

The address and status signals identify all MPC op-
erations over the local bus.

A<5..2> (Address)

The address inputs select MPC registers for mes-
sage and interconnect space operations. A1 and A0
are omitted to provide a consistent register address
for all data bus width options. These signals are

. qualified by commands in the MPC (for example, RD

or WR, defined in section 4.1.3.3). To the MPC, the
state of A<5..2> must be stable within the specified
setup and hold window. The address values defined
by A<5..2>, and required to access MPC registers,
are provided in, “Programming the Host Interface”
of the MPC User’s Manual, Part Number: 176526.

BE<3..0> (Byte Enable)

These input signals identify valid bytes for memory
and 1/0 reference operations and also provide data
path control for register and DMA operations. The
assertion of a byte enable signal validates a particu-
lar byte on the data bus. Signals BE<3..0> corre-
spond to data bytes 3 through O on the data bus
(where byte 3 is D<31..24>). Only combinations
supported by the PSB bus specification are valid.
Valid combinations are summarized in Table 4-2.
Values not shown in the table are illegal and will
result in unpredictable operation. These signals are
qualified by commands (for example, RD or WR) in
the MPC and must be stable within the specified set-
up and hold window.

Operation with 32-bit local buses requires that all
byte enable and data signals are used. For 16-bit
local buses, BE2 and BE33 are deasserted, BE1 and
BEZ2 are used to indicate which of the two bytes will
contain valid data, and only D<15..0> are used. For
8-bit local bus operations, BE3 is asserted, BE2 is
deasserted, and BE1 and BEO are used to select
which byte of the PSB bus will carry the valid data
byte. This mode uses only D<7..0> (on the local
bus). Note that during all read operations, the MPC
drives D<31..0>.
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Table 4-2. Valid Byte Enable Combinations

Local Bus PSB BusT

=— | == | === | === | D31- | D23- | D15- | D7- | AD31- | AD23- | AD15- | AD7-

BE3 | BE2 | BE1 | BEO \ o4 | D16 | D8 | Do | AD24 | AD16 | AD8 | ADO
L L L L V3 V2 Vi Vo V3 V2 Vi VO
L L L H V3 v2 "2l X V3 V2 V1 X
H L L L X V2 Vi Vo X V2 \"al VO
L L H H V3 Vi X X X X V3 V2
H L L H X V2 Vi X X V2 \"A| X
H H L L X X Vi Vo X X \"Al Vo'
L H H H V3 X X X X X V3 X
H L H H X V2 X X X X X V2
H H L H X X Vi X X X \"Al X
H H H L X - X X o) X X X Vo
L H L H X X X Vo X X Vo X
L H H L X X X Vo X X X \"[o]

NOTES:

L — Electrical low state (active)

" H — Electrical high state (inactive)
Vx — Valid data bytes
x — Active bytes with undefined data

T — For this PSB bus, these combinations apply to reference operations, not message space operations

MEMSEL (Memory Select)

This MPC input signal, when asserted, indicates to
the MPC that the current operation is a memory ref-
erence to_the PSB bus. It is qualified by the assertion
of RD or WR (defined in section 4.3:3). The state of
MEMSEL be must stable within the defined set-up
and hold window. Additionally, for MEMSEL to be
valid, the signals IOSEL, REGSEL, IDACK, and
ODACK must not be active during the same setup
and hold window. (IDACK and ODACK are defined
later in section 4.3.5.)

IOSEL (170 Select)

This input signal, when asserted, indicates to the
MPC that the current operation is an 1/0 reference
to the PSB bus. It is qualified by the assertion of RD
or WR ‘(defined .in section 4.3.3). The state of
IOSEL must be stable within the defined setup and
hold window. Additionally, for IOSEL to be valid, the
signals MEMSEL, REGSEL, IDACK, and ODACK
must not be active during the same setup and hold
window. (IDACK and ODACK are defined later in
section 4.3.5.)

REGSEL (Register Select)

This input signal, when asserted, identifies an opera-
tion as an MPC-register access. The host CPU as-
serts REGSEL to set up the MPC for message or
interconnect space operations and these are
mapped as register operations. REGSEL is qualified
by the assertion of RD or WR (defined in section
4.3.3). The state of REGSEL must be stable within
the defined setup and hold window. Addition-

ally, for REGSEL to be valid, the signals MEMSEL,
I0SEL, IDACK, and ODACK must not be active dur-
ing the same setup and hold window. (IDACK and
ODACK are defined later in section 4.3.5).

LOCK

This input signal allows back-to-back operations to
be performed on the PSB bus or to local intercon-
nect space. When LOCK is asserted, any resource
accessed by the operation (PSB bus or local inter-
connect space) is locked until LOCK is deasserted.

4.3.3 TRANSFER CONTROL SIGNALS

Transfer control to the MPC over the local bus is
provided by two command signals (Read and Write)
and a wait signal. This handshake provides fully in-
terlocked (two-sided handshake) operation.

RD (Read) :

This input signal, when asserted, generally initiates a
read operation. The CPU asserts RD to initiate read
operations of MPC registers. The CPU also asserts
RD to initiate read operations of 1/0 and memory
locations present on the PSB bus. The DMA control-
ler asserts RD to qualify DMA cycles. In this last
case, the MPC does not interpret RD as an indicator
of the data transfer direction, but only to qualify the
DMA acknowledge signal (see definitions for
ODACK and IDACK). RD must transition cleanly,
since it is used to latch other signals that define the
parameters of the operation.

19-35



intef

82389

ADVANGE INFORMATION

WR (Write)

This input signal, when asserted, generally initiates a
write operation. The CPU asserts WR to initiate write
operations of MPC registers. The CPU also asserts
WR to initiate write operations of I/0 and memory
locations present on the PSB bus. The DMA control-
ler asserts WR to qualify DMA cycles. In this last
case, the MPC does not interpret WR as an indicator
of the data transfer direction, but only to qualify the
DMA acknowledge signal (see definitions for
ODACK and IDACK). WR must transition cleanly,
since it is used to qualify other signals that define
the parameters of the operation.

WAIT

WAIT is an MPC output signal used to delay (or sus-
pend) a local bus operation during an access to an
asynchronous resource via the MPC. The MPC as-
serts WAIT to the local CPU for memory, 1/0, and
interconnect accesses to the PSB bus; and for local
interconnect accesses. WAIT, when asserted, al-
lows time for the accessed resource to become
available. The MPC asserts WAIT after the CPU has
asserted the command signal (RD or WR). On the
PSB bus, the MPC deasserts WAIT after either the
PSB bus EOT handshake or an exception has oc-
curred. For accesses to local interconnect space,
the MPC deasserts WAIT after the interconnect op-
eration is complete.

4.3.4 INTERRUPT SIGNALS

Interrupt signals are used to inform the host CPU
that the MPC requires service. The MPC provides
two signals: one for message operations and one for
reference errors.

MINT (Message Interrupt)

The MPC asserts this output signal for all message-
related signaling to the host CPU. This includes the
arrival of an unsolicited message, an available trans-
mit FIFO buffer, the completion of a solicited trans-
fer, and an error on message transfer.

EINT (Error Interrupt)

The MPC asserts this output signal to the CPU to
indicate errors related to memory, 1/0, or intercon-
nect space operations (i.e., all except message op-
erations). Internal registers in the MPC provide de-
tails of the error via interconnect space.

4.3.5 DMA CONTROL SIGNALS

The MPC provides several DMA control signals to
support an external DMA controller. A DMA control-
ler is required to support solicited message opera-
tions.

ODREQ (Output Channel DMA Request)

ODREQ is an output signal the MPC asserts to en-
able DMA transfer of data to the MPC (i.e., output to
the PSB bus). This signal behaves as a normal DMA
request line. For a solicited message output opera-
tion, the MPC asserts ODREQ when a solicited out-
put packet buffer is empty and as long as the MPC is
in the transfer phase (the Buffer Request unsolicited
message has been sent). The DMA controller re-
sponds by performing DMA transfers to the MPC for
transfer to the receiving agent.

IDREQ (Input Channel DMA Request)

The MPC asserts this output signal to enable DMA
transfer of data from the MPC (i.e., input from the
PSB bus). This signal behaves as a normal DMA
request line. For a solicited message input opera-
tion, the MPC asserts IDREQ after a solicited input
packet buffer is full and as long as the MPC is in the
transfer phase. The DMA controller responds by
performing DMA transfer from the MPC. IDREQ re-
mains asserted until the packet is transferred to
memory.

ODACK (Output Channel DMA Acknowledge)
ODACK is an input signal asserted by the DMA con-
troller in response to the assertion of ODREQ by the
MPC. The DMA controller asserts ODACK to set up
the MPC for the DMA transfer from local memory (or
the controller) to the MPC. The assertion of ODACK
is qualified by the assertion of RD or WR by the
MPC. The direction of data transfer with respect to
the MPC is controlled by the request signal (IDREQ
or ODREQ) and the acknowledge signal (IDACK or
ODACK). The command signal (RD or WR) only
qualifies the acknowledge signal (IDACK or
ODACK). The state of ODACK must be stable within
the defined setup and hold window. Additionally, for
ODACK to be valid, the signals MEMSEL, IOSEL,
REGSEL, and IDACK must not be active during the
same setup and hold window.

IDACK (Input Channel DMA Acknowledge)

IDACK is an input signal asserted by the DMA con-
troller in response to the assertion of IDREQ by the
MPC. The DMA controller asserts IDACK to set up
the MPC for the DMA transfer from the MPC to the
DMA controller (or local memory). The assertion of
IDACK is qualified by the assertion of RD or WR by
the DMA controller. The direction of data transfer
with respect to the MPC is controlled by the request
signal (IDREQ or ODREQ) and the acknowledge sig-
nal (IDACK or ODACK). The command signal (RD or
WR) only qualifies the acknowledge signal. The
state of IDACK must be stable within the de-
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fined setup and hold window. Additionally, for IDACK
to be valid, the signals MEMSEL, IOSEL, REGSEL,
and ODACK must not be active during the same set-
up and hold window.

4.4 Interconnect Bus Signals

The interconnect bus signals provide a simple inter-
face to a microcontroller for implementation of inter-
connect space. All interconnect bus signals are
asynchronous to the bus clock and to the local bus
signals.

IAD<7..0> (Interconnect Address/Data)
IAD<7..0> is an 8-bit, bidirectional, multiplexed ad-
dress and data bus intended to interface directly to a
microcontroller. In addition to the MPC, other inter-
connect registers can be connected to this bus.

IREQ (Interconnect Request)

The MPC asserts this output signal when an inter-
connect operation has been requested from either
the local bus or the PSB bus. The MPC deasserts
IREQ after the microcontroller has written to the In-
terconnect Reference Arbitration register.

IAST (Interconnect Address Strobe)

IAST is an input signal from the microcontroller and,
when asserted, indicates that a valid address is on
the interconnect bus. IAST may be directly connect-
ed to the ALE (Address Latch Enable or equivalent)
output of most microcontrollers. IAST must provide
clean transitions.

IRD (Interconnect Bus Read)

IRD is an input signal. The microcontroller asserts
IRD to perform a read operation to one of the MPC
interconnect interface registers. IRD ‘must provide
clean transitions. When IRD is asserted in conjunc-
tion with the IWR signal, all MPC outputs are dis-
abled.

IWR (Interconnect Write)
IWR is an input signal. The microcontroller asserts
IWR to perform a write operation to.one of the MPC
interconnect interface registers. IWR must provide
clean transitions. When IWR is asserted in conjunc-
tion with the 1RD signal, all MPC outputs are dis-
abled.

4.5 Power and Ground Signals

The MPC requires supply voltage and ground con-
nections at the pin numbers listed below.

Vee Ground
D4 J3
M4 N4
N8 N6
M12 N9
D12 N11
c7 N13
: K13
F13
C12
D8
Cs5
C3

5.0 MPC‘82389 MECHANICAL DATA

The MPC 82389 is packaged in a 149 lead pin grid
array. The square package has a 15 x 15 grid layout
with the outer 3 rows used along each edge.

5.1 Pin Assignment

The MPC 82389 pinout as viewed from the top side
of the component is shown in Figure 5-1. When
viewed from the pin side, the component pin layout
is shown in Figure 5-2.

To reduce possible noise problems on the board,
Vcc and Vgg must be connected to multiple sup-
plies. The board should be laid out with Vgc and
Ground planes for power distribution and the com-
ponents Vg and Vgg must be connected to the ap-
propriate power plane.
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Figure 5-1. MPC 82389 Pinout—View from Top Side
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Figure 5-2. MPC 82389 Pinout—View from Pin Side
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Table 5-1

Signal and. Signaland . Signal and

Characteristic Pin # Characteristic Pin # Characteristic Pin #
Vee D4 REFADR (o] N7 | IAST | E14
A5 I B1 ADDIR o) Q6 IRD I D15
A4 | c2 BPAR3 110 P9 WR 1 ci5
A3 1 D2 BAD31 - 170 Q11 | "1AD7 1/0 A15 -
A2 | D3 BAD30 1/0 P11 | IAD6 1/0 . B15
BE3 1 C1 BAD29 1/0 Q12 IAD5 110 B14
BE2 1 D1 BAD28 110 P12 IAD4 1/0 Ci5
BET 1 E2 BAD27 170 N12 1AD3 170 c13
BEO | E3 BAD26 110 Q13 IAD2 - 110 D14
1OSEL 1 F3 BAD25 1/0 P13 IAD1 1/0 D13
MEMSEL | F2 BAD24 1/0 Q14 1ADO 110 E13
REGSEL | E1 BAD23 1/0 P14 Vee D12
TDACK 1 G2 BAD22 1/0 Q15 Vss c12
ODACK | G3 BAD21 1/0 P15 D31 /0 A14
IDREQ 0 F1 BAD20 1/0 N15 D30 1/0 A13
ODREQ Ne] G1 BAD19 170 N14 D29 110 B13
WR 1 H2 BAD18 1/0 M15 D28 110 A12
RD ] H1 BAD17 170 M14 D27 110 B12
WAIT o) H3 BAD16 170 M13 D26 1/0 - AN
Vss J3 BAD15 1/0 Qi4 D25 110 B11
MINT (o] a BAD14 170 L14 D24 1/0 c1
EINT 0 K1 BAD13 1/0 L13 D23 170 - A10
LOCK | J2 BAD12 170 K15 D22 1/0 B10
ERR 0 K2 BADT1 1/0 K14 D21 1/0 c10
SEL 0 L1 BAD10 110 J15 D20 1/0 A9
COM 1 K3 BADS 110 J14 D19 110 | ‘B9
BSC9 170 N1 BAD8 1710 J13 D18 170 (o]
BSCs 1/0 Qa1 BAD7 110 H15 D17 110 | A8
BSC7 170 P2 BAD6 110 H14 D16 1/0 B8
BSCé 170 P1 BAD5 1/0 H13 D15 1/0 cs
BSC5 1/0 N3 BAD4 1/0 G15 D14 1/0 A7
BSC4 1/0 M3 BAD3 1/0 G4 D13 170 - B7
BSC3 1/0 M2 BAD2 1/10". G13 D12 170 A6
BSC2 1/0 M1 BAD1 1/0 .. F15 D11 1/0 B6
BSCi 1/0 L3 . BADO .. |.  I/O’ F14 D10 170 Cé
BSCO 110 L2 BPAR2 1/0 Q10 D9 /0 A5
SCDIR1 0 Q2 BPART - 170 P10 D8 : 110 B5
SCDIRO o] N2 ‘BPARO ‘170 N10 D7 170 A5
Vee : . M4 Veo N8 . D6 170 B4
Vss ’ N4 ‘Vss N9 D5 1/0 C4
ARB5 1/0,0C A15  Vss N11 D4 110 A3
ARB4 1/0,0C 'P5 Ve ] M1z D3’ 170 B3
ARB3 1/0,0C P4 1 vss : | N13 D2’ 110 A2
ARB2 1/0,0C Q4 Vss F13 D1 1/0 B2
ARB1 1/0,0C P3 Vss K13 DO 1/0 A1
ARBO 1/0,0C Q3 BBCLK | Qs Vee (074
Vss N6 LACHn I P8 Vss D8
BREQ "1/0,0C P6 RESET ] Q9 Vss C5
TIMOUT 0 Q7 RSTNC 1/0,0C Q5 BUSERR 1/0,0C P7
TREQ [¢] E15 Vss C3

NOTES:
| = Input signal

O = Output signal
1/0 = Input or output signal
OC = Open-collector signal
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6.0 MPC ELECTRICAL DATA

FOR DC/AC SPECIFICATIONS, PLEASE CONSULT THE
LATEST REVISION OF THE DATA SHEET. CALL YOUR
NEAREST INTEL DISTRIBUTOR OR THE INTEL SALES OFFICE.

7.0 REFERENCE DOCUMENTS
Part Number Title Description

176526 MPC User's Manual

146077 MULTIBUS® |l Architecture Specifi-
cations

149299 Interconnect Interface Specifications

149300 MULTIBUS® Il MPC External Prod-
uct Specifications

149247 MULTIBUS® [l Transport Protocol
Specifications
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ENHANCING SYSTEM PERFORMANCE WITH
THE MULTIBUS® Il ARCHITECTURE

Although the MULTIBUS®II architecture can accommo-
date systems with a wide range of performance, systems
that take advantage of its multiprocessing capabilities can
achieve new performance levels while maintaining reason-
able price/performance ratios. Today, multiprocessing pro-
vides an easy path to increased functionality and processing
power largely because of the availability of inexpensive
memory and CPUs. -

The low cost of high-performance microprocessors and

" RAM chips has drastically altered the cost dynamics of
systems design. The material cost of a CPU and its mem-
ory are typically a small portion of the total system cost,
in sharp contrast to mini and mainframe computers where
the cost of the CPU and memory is the majority of system
cost. The decreased cost factor means today’s designer can
optimize a system’s price/performance by dedicating a
CPU to each function in the system.

This product brief will discuss the MULTIBUS II multi-
processing capabilities and their user benefits. The capa-
bilities include:

® A high-speed local environment
¢ An efficient burst transfer capability

® A hardware-based message passing facility

Higher Performance Through
Multiprocessing

The key to high performance in multiprocessing systems is
allowing all of the processors to run concurrently in their
own private environments. For this to occur, each func-
tional module must contain its own CPU, memory and
I/0 resources. It also means that the system bus is pri-
marily used for passing commands and data between
modules.

A system using this approach might consist of a host pro-
cessing board and intelligent disk controller, a terminal
concentrator and LAN controller boards (Figure 1). Each

a—————>p
Y
~————————————— FUNCTIONAL MODULES &E&g YY) &%&
HOST PROCESSOR DISK CONTRQLLER .AN CONTROLLER  TERM.CONCENTRATOR|
o cPU Vo cPU o cPU o

LOCAL BUS| LOCAL BUS | LOCAL BUS |
u MEM MEM

LOCAL BUS| |
MEM

—

]

<

Figure 1. Functional Partitioning is the Distribution of CPU,
Memory & 1/0 Resources to Support Different Functions in a System

The following are trademarks of Intel Corporation: MULTIBUS, iSBC.
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functional module would contain the resources required to
perform its assigned function. Further, each module would
operate over its own private local bus which is decoupled

from the system bus. This enables the modules to operate

concurrently with cach other and leaves the system bus open
for communication between the intelligent modules.

High-Speed Local Environment Optimizes
On-Board Resources

In multiprocessing systems, performance is optimized
when all execution code and data is accessed in a local
environment. The most important performance factors in
a local environment are the CPU clock speed, the number
of CPU clocks per instruction, the CPU instruction set,
and the number of memory wait states. While the CPU
choice dictates the CPU performance factors, the bus
architecture can assist in providing a good CPU-memory
and I/O environment. ’

The MULTIBUS II architecture provides a high-speed local

environment through its moderate size board form factor

and a local memory bus extension. The MULTIBUS II
board form factor is the Eurocard Standard 233mm by
220mm (9.1"%9.0"), chosen because it allows most func-
tional modules to completely fit on one board. This factor
is critical to system performance because on-board
resources can be optimized to run at their full potential
without impacting the system bus. A smaller board size
would force a particular function onto multiple boards
with a resulting decrease in performance.

Burst Transfers

A key development to optimizing the iPSB bus for multi-
processor communications is the high-speed burst transfer
capability. Since address information is transferred over
the bus only once for the entire burst, performance is
greatly enhanced.

The synchronous handshake capabilities of the iPSB
bus nearly double the speed of burst transfers compared
to traditional 'asynch;'onous handshakes (Figure 2). Burst

TRADITIONAL ASYNCHRONOUS HANDSHAKE

| aooress__}
COMMAND COMMAND

DATA DATA 1 —

DATA2 _ |—f—TI DATA3 —

STOBE

FOUR EDGE TRANSITIONS
ARE REQUIRED IN SEQUENCE
FOR EACH DATA TRANSFER
IPSB SYNCHRONOUS HANDSHAKE
ADDRESS DATA 1 DATA 2 DATA3 DATA 4
ADDRESS/DATA }——] — }—
ACTIVE (LOW) INDICATES
1 REQUESTING BOARD HAS
commanp —— comm o] PROVIDED VALID DATA
OR READY / DURING TIME WINDOW
ACTIVE (LOW) INDICATES
REPLIER READY Z | THE REPLYING BOARD HAS
| ACCEPTED DATA DURING
P7 TIME WINDOW
END OF BLOCK ACTIVE (LOW) INDICATES
LAST DATA IN BLOCK
CENTRAL CLOCK —J < ——J ]
TWO CLOCK EDGE TRANSITIONS REQUIRED
SIGNAL VALID TIME WINDOWS FOR EACH DATA TRANSFER

Figure 2. iPSB Synchronous Handshake Compared to Asynchrohous Handshake
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transfers allow boards to transfer blocks of data over -

the iPSB bus at speeds up to 40 Mbytes/s. This speed
approaches the limit of what can be expected from TTL
technology when propagation across a 20-slot backplane
is required. : . :

In the iPSB bus, a burst transfer consists of one address
clock followed by multiple data transfers. The receiving
board takes care of actual memory location placement
(ie., auto-increments the memory address, as necessary).”
The actual speed of the burst transfer will depend on the

abilities of the communicating boards. For example, burst

transfers from an intelligent board to dual-port memory
will typically be only marginally faster than single-cycle
writes, due to the long access times from the system bus
side of dual-port memory boards.

To achieve the true performance benefits of burst trans-
fers, each board needs. the ability to send and receive small
bursts at the full bandwidth of the system bus. This can be
accomplished by, bus interface logic containing high-speed
buffers and the ability to format and send 32-bit-wide data
bursts.

In the MULTIBUS II architecture, the interface bus logic
to the iPSB is defined with burst capability in a message-
passing scheme. This ensures that boards developed by

various manufacturers will all be able to communicate
compatibly at tremendous speeds.

Message passing, as defined in the MULTIBUS II proto-
col, allows modules to communicate directly. In other
words, one module sends a message (data) over the iPSB
bus to the address of another module. This differs from
the normal CPU functions of reading or writing only
from memory or I/O, ‘

Since conventional CPUs do not contain facilities to per-

form direct CPU-to-CPU communication, additional hard-

ware logic is required. The hardware can be thought of as
a coprocessor to the primary CPU, e.g., a coprocessor that
adds the function of direct module-to-module communica-
tion at speeds many times that which the primary CPU
could perform. The coprocessor logic for message pass-
ing resides in the bus interface.

An example best illustrates how message passing works
(Figure 3). Assume Board A wants to send 1 Kbyte of
data to Board B. First, the CPU on Board A would instruct
its message passing unit to send 1 Kbyte of data (with the
assistance of a DMA device), beginning at a particular
location in local memory, to Board B. Next, the message
passing coprocessor on Board A takes over so the CPU

ISBC"* 386/100

1SBC™ 386/100

iPSB

1. DMA LOADS MPC

. BUS UTILIZATION* 1. LOCAL BUS 11
2. iPSB
3. LOCAL BUS #2

PASSING

2. MPC CREATES 32-BYTE PACKETS TO SEND OVER THE IPSB. MPC ON-CHIP
DOUBLE 32-BYTE BUFFERING LETS IT BE SENDING SIMULTANEOUSLY WITH
MORE DATA BEING LOADED.

3. DMA UNLOADS MPC. DOUBLE RECEIVE BUFFERS LET THE MPC BE
RECEIVING SIMULTANEOUSLY WITH DATA BEING LOADED.

1 KBYTE =928

- * NOTE: TRANSFER TIMES ARE BASED ON ISBC* 386/100 BOARD PERFORMANCE

o Figure 3. A Message Passing Example
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can perform other processing. At this point, the DMA
device loads the data into the message passing coprocessor
on Board A. Once enough data has been loaded (typically
32 bytes), the coprocessor arbitrates for the bus and sends
the first packet of data as a burst transfer to the mcssage-
passing logic on Board B.

While the message passing logic on Board B is unloadmg
the first packet out of its high-speed buffers into local RAM,
the message-passing logic on Board A is reading the next
piece of data into its high-speed buffers. Meanwhile, the
system bus is free of traffic and available for another pair
of boards to communicate over.

The message-passing logic on Board A continues to build
and send small packets of data to Board B’s message-pass-
ing logic, and Board B continues to unload this data into
its local memory until the entire 1 Kbyte has been trans-
ferred. At the completion of the transfer, the message-
passing logic on both boards interrupts their respective
CPUs to notify them that the transfer is complete.
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Summary

Five important performance benefits result from the
MULTIBUS II multiprocessing capabilities and speci-
fically from hardware-assisted message passing. First, all
single-cycle memory/IO transfers can be designed to occur
in local CPU environments. These environments are opti-
mized for single-cycle transfers over their local memory
buses and usually run at few or no wait states, compared
to substantial wait state delays over a system bus.

Second, transfers over the iPSB bus can be done as burst
transfers between message-passing logic containing high-
speed buffers, thereby transferring data at the maximum
bus data rate. Third, the iPSB bus is not in use between
data packets and is available for other traffic. Fourth,
each CPU does not need direct access into the other
board’s local environment. That is, no dual port memory
(which is slower than single port memory) is required.
And fifth, each CPU is available to process other tasks
while the data transfer is occurring.




INCREASING SYSTEM RELIABILITY WITH THE
MULTIBUS® Il BUS ARCHITECTURE

System reliability is more than just mechanical factors
like Eurocard and DIN connectors. It involves many
design factors often overlooked in traditional buses. The
MULTIBUS®II bus architecture addresses the problem of
system reliability not only from a mechanical point of
view, but from protocol and electrical factors as well.
This product brief will discuss how the following
MULTIBUS 1I features resolve specific reliability pro-
blems while enhancing overall system reliability:"

® Synchronous Timing

® Bus Parity

¢ Protocol Error Ming
® Bus Timeout

® Power Sequencing

® Eurocard/DIN Connectors
* Front Panel Design

® Backplane Design

INCREASING ELECTRICAL RELIABILITY

Synchronous Timing for Enhanced Noise
Immunity

Traditional buses, such as MULTIBUS I and VME, are
based on asynchronous timing where the edges or transi-
tions of the bus-control signals cause the bus to perform
its functions. Unfortunately, edge-sensitive timing is sus-
ceptible to external disturbances and noise. If noise causes a
signal to look as though it made a transition, the transition
is misinterpreted and a failure results.

The MULTIBUS II architecture addresses this problem by
using synchronous sampling of all signal lines. Both the
‘MULTIBUS 1I Paralle]l System Bus (iPSB) and the Local
Bus Extension iLBX™ II bus) employ synchronous sam-
pling for enhanced noise immunity. The iPSB serves as a
good example of the benefits of synchronous sampling.

In the iPSB bus, all signals (address, data, control, and
arbitration) are driven and sampled with respect to a 10
MHz bus clock. The 10 MHz clock breaks the bus activity

into 100ns increments with signals sampled at the end of
each period. This method avoids looking at the signal
while transitions caused by reflections and crosstalk are
occurring. Therefore, signals are vulnerable only during
the small sampling window.

Figure 1 shows the iPSB timing with the 100ns period
divided into three intervals: driver timing, bus propaga-
tion, and receiver timing. The 40ns driver timing interval
takes into account driver logic delays and the capacitive
loading for a maxnmum of 20 loads spaced over 16.8
inches.

BUS
CLOCK | |

I 40ns

WINDOW

Figure 1. iPSB Timing, Showing Synchronous Sample
Driving Stable Data Window

The bus propagation interval accounts for 25ns of signal
transit time and 5ns of potential clock skew. A signal travel-
ing on the backplane creates reflections on itself and cross-
talk on other signals. The signal transit time allows the
signal to propagate down and back on the backplane. It
also allows time for crosstalk to subside. This guarantees
that the signals have stabilized in spite of distance and
interference from other signals.
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The receiver interval consists of a-30ns receiver setup
time plus Sns’of hold time which extends into the next
cycle. This interval is the time the signal is stable prior to
sampling on the falling edge of the clock.

Thus, the MULTIBUS 1I parallel bus timing creates a
65ns interval (driver timing plus bus propagation) when
the bus is completely immune to noise or external distur-
bances. That means during 65% of the time interval, noise
causing a transition or level change is simply ignored. It
is only during the 35ns receiver setup and hold interval
that the bus timing is vulnerable to noise. During this inter-
val, however, the bus contains parity protection (to be
discussed in another section).

Comparable Performance at Higher
Speeds

A common complaint about synchronous buses is that fixed
time increments limit performance compared to asynchro-
nous buses. This may be true at slower bus clock speeds.
However, at 10 MHz the differences diminish. If both an
asynchronous and a synchronous bus use similar TTL tech-
nology for the bus drivers and receivers over the same
backplane length, they possess roughly the same bus tim-
ing. In other words, the driver timing, bus propagation,
and receiver intervals of both buses will be approximately
the same with nearly equal performance. However, as
we’ve seen, a synchronous bus offers a significant
improvement in system reliability that easily justifies

its use. :

Guaranteed Electrical Compatibility

Synchronous sampling also has a less obvious benefit —
guaranteed electrical compatibility among boards. The
100ns timing of the iPSB is based upon a worst-case
environment of 20 boards over a backplane length of
16.8 inches (0.8 inch separation). All derating for loading,
voltage margin, and skew is included. Thus, any number
of boards, up to 20, are guaranteed to work together.

Electrical compatibility is much harder to achieve in
asynchronous buses. Because they are edge-sensitive,
asynchronous boards are naturally susceptible to changes
in signal edge rates and timing. When the number of boards
in a system change, edge rates and timing also change, in
some cases adversely affecting system reliability.

The synchronous nature of the bus moves the point of
synchronization to the local bus of each board. When two
asynchronous CPUs communicate, synchronization between
them occurs between each CPU and its interface. This pro-
vides a better electrical environment for dealing with
reliability problems caused by metastability.

Bus Parity Versus Memory Parity

At this point, it is important to distinguish between BUS
parity and MEMORY parity. (See Figure 2.) Both allow
the detection of errors. Memory parity protects data while
it is resident on a memory board. Bus parity, on the other
hand, protects address, control, and data while in transit
on the bus. In a sense, one complements the other in relia-
ble systems. In both cases, it is possible to handle errors
via retry or other mechanisms.

MEMORY
DATA BYTE

[IITTTITIP]

PARITY BIT STORED WITH
DATA TO PROTECT DATA
WHILE STORED

MEMORY LOGIC CHECKS/
ADDS PARITY WHEN
OR

BUS INTERFACE
W/PARITY

l___*

BUS INTERFACE ADDS/CHECKS
PARITY FOR EACH TRANSFER
ONBUS

ADDRESS
DATA CONTROL. } WITH PARITY

Figure 2. Parity Protects Address Data and Control from Errors which could be Incurred on the iPSB Bus
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Bus parity in the MULTIBUS II architecture provides
another level of electrical reliability by protecting the bus
from noise and external disturbances during the receiver
timing interval. It also protects the bus from failed inter-
face components.

On the iPSB bus, the board driving the bus generates bus
parity. Address and data lines use byte parity, while con-
trol lines use nibble (4-bit). parity. All receiving boards
check parity during the réceiver timing sampling interval.
If an error is detected, the BUS ERROR line is activated.
This stops activity on the bus and puts the bus into a pre-
defined known state.

At this point, the system designer has a number of options:
retry the transfer, swap in a hot spare, log the error, ignore
it, or shut down the system gracefully. Which option he
chooses depends on his specific system requirements.
Basically, the protocol gives him the opportunity to
evaluate the situation and take appropriate action.

PROTOCOL RELIABILITY

Board-to-Board Error Indications

Not all errors occur because of noise or component failure.
Sometimes they occur when one board asks another to do

something it is not capable of doing. Although traditional

buses typically ignore these kinds of errors, they can cause
system failure just as noise can. The MULTIBUS II archi-
tecture offers a solution.

In the iPSB bus protocol, when one board cannot perform
the request, it simply informs the requesting board and al-
lows it to attempt a retry. Five types of error indications
are supported: data, transfer width, continuation, not-
understood, and negative acknowledge.

A data error indicates that the replying board has detected
an error with the requested data, for example a memory
parity error. Data transfer errors occur when the replying
board does not support the requested data width. For
example, the requesting board might ask for a 32-bit
transfer from an 8-bit device. After the replying board indi-
cates the error has occurred, the requesting board can retry
the transfer with an 8-bit width.

Although the iPSB bus protocol allows for burst transfers
(multiple data cycles following one address cycle), not all
boards need to support this capability. If a requesting board
attempts a burst transfer with a board which does not sup-
port bursts, the replying board will return a continuation
error. The requesting board can recover by simply retrying
with the necessary address cycles.

Trying to write to a read-only memory board is a good
example of a transfer-not-understood error. This type of
error occurs when the replying board does not support the
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requested operation. As with other board-to-board errors,
the requesting board many retry with-another request.

The last kind of error, called a negative acknowledge
error, occurs during a message transfer when resources
are not available in the receiving board. This is used for
flow control in the MULTIBUS II message passing pro-,
tocol, a queue-based data movement protocol. Negative
acknowledge errors instruct the requesting board to retry
the operation at a later time, giving the replying board
time to process the data in its queue. '

Bus Timeout

Another protocol reliability feature in the MULTIBUS II
architecture is the BUS TIMEOUT monitor in the Central
Services Module (CSM). If a bus transfer fails to complete
within a specified time (e.g., a failed board), the CSM,
which monitors all bus activity, activates the BUS TIME-
OUT line. This stops all bus activity and places the bus in
a predefined known state for recovery. At this point, the
error is logged and normal bus activity can resume. As an
added feature, designers may define their own timeout
error handling policy. )

POWER SEQUENCING

The iPSB bus protocol also contains a mechanism for
orderly handling of power-up and power-down sequenc-
ing. For normal power on/off and unexpected power fail-
ures, timing of the RESET, DCLOW, and PROTect signals .
coordinate- the sequencing. The combination of the RESET
and DCLOW lines signal whether the power-up operation
is a warm or cold start of the system.

Once the system is running, the DCLOW signal (driven
by the CSM) is used to indicate imminent loss of DC
power (Figure 3). At this time, the system has a predeter-
mined time to save state information. After that interval,

| SysTem
STOPS

TIME FOR SYSTEM TO SAVE
STATUS, DATA BEFORE
TOTAL POWER LOSS

" Figure 3. Power Failure Control Lines



the CSM activates the PROTect line which prevents tran-
sitions on bus lines from affecting the system during
power loss.

MECHANICAL RELIABILITY

The MULTIBUS II mechanical specification is based upon
the Eurocard form factor and DIN connectors. However,
unlike traditional bus architectures, it goes beyond these
mechanical standards with a front panel design that helps
the system designer solve EMI (Electro-Magnetic Inter-
ference) and ESD (Electro-Static Discharge) problems.

Eurocard and DIN Connectors

The Eurocard family of mechanical specifications is noted
for its high reliability in rugged and industrial environ-
ments. The MULTIBUS II specification calls out the two-
connector 233mm by 220mm and single-connector 100mm
by 220mm size boards. The two connector board contains
almost the same board area as the 6.75 by 12 inch MULTI-
BUS I board. That is, it is large enough to allow the imple-
mentation of single-board computers with I/O, CPU, and
memory onboard, even for 32-bit CPUs.

The DIN 41612 (also known as IEC.603.2) connectors are
96-pin two-piece connectors where each pin consists of a
blade mating with two contact points on each side of the

blade. This connector approach offers advantages over the
board-edge style connectors. Among them are tighter
dimensional tolerances, reduced sensitivity to vibration,
improved protection from environmental contaminants, and
a larger number of cycles for insertion and removal.

FRONT PANEL SYSTEM

The MULTIBUS II front panel system (Figure 4), while
dimensionally compatible with standard Eurocard front
panels, offers several important advantages.

(Note that while this front panel technology is different from normal
Eurocard practice, the dimensioning is such that MULTIBUS Il boards
fit in any standard Eurocard packaging.)
Standard Eurocard front panels make it difficult to comply
with EMI and ESD regulations without the use of additional
shielding. Adjacent front panels form small, narrow slits
between boards which function like a slot antenna at some
frequencies. Through these narrow slits, EMI can enter or
exit the system and additional shielding is usually required.

To solve this problem, the MULTIBUS II front panel is
U-shaped. From an EMI point-of-view, this makes the
front panel electrically thicker. While the size of the slit
between adjacent boards is the same as the standard Euro-
card front panel, the electrically thicker front panel atten-
uates EMI which satisfies FCC EMI regulations and
protects the system from external EMI.

SCREW
RETAINER (2)

CARD
EJECTOR (2)

DIN
CONNECTORS

SPACE FOR:

“U"’ SHAPED FRONT
PANEL CHASSIS GROUND

LABELING

1/0 CONNECTORS

SWITCHES

TEST POINTS

Figure 4. MULTIBUS® I Front Panel System
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The U-shaped front panel also adds structural rigidity to
the board and has captive retaining screws for securing
the board to the system. Shielded I/O connectors located
through the front panel eliminate the need for intermediary
cables and connectors. In addition, the front panel is at
chassis ground for protection against static discharge.

BACKPLANE DESIGN

Designed for reliability, the iPSB bus backplane consists
of six layers — three signal layers sandwiched between
three power and ground planes (Figure 5). The power and

" SIGNAL LAYER
"] (CONNECTOR SIDE)

GROUND PLANE #1

INTERNAL SIGNAL LAYER

POWER PLANE

GROUND PLANE #2

SIGNAL LAYER SOLDER SIDE

Figure 5. Backplane Design
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ground planes provide for good power distribution. More-
over, since they are in between each signal layer, they
reduce the opportunity for crosstalk due to coupling
between the signal layers.

On each signal layer, signal lines are laid out identically
to minimize signal skew across the backplane. To control
reflections, each signal line is passively terminated.

Both power and ground connections are evenly distributed
across the connectors with 9 pins allocated for *+5 volts
and 15 for ground providing ample current and good
ground return paths. .

SUMMARY

Because the MULTIBUS 1I architecture addresses the pro-
blems of electrical, protocol and mechanical reliability, it

is superior to traditional buses.in achieving overall system
reliability. Besides the mechanical reliability of its Euro-

_card form factor, DIN connectors, and backplane design,

the MULTIBUS 1II electrical protocol. is highly immune to
noise and external disturbances because of its synchronous
sampling and bus parity. In addition, the agent error capa-
bility catches common operational errors. Other operational
concerns such as bus time-out and power sequencing are
fully specified.



GEOGRAPHIC ADDRESSING IN THE
MULTIBUS® || ARCHITECTURE

Although microcomputer board designers and system
integrators have different sets of requirements for build-
ing their products, some degree of overlap exists. Board
designers are concerned about factors like function and
life cycle costs, testing procedures, development time, and
manufacturing costs. System integrators need fast turn-
around as well, but they are also faced with the challenge
of trying to customize a single board design by configur-
ing it slightly differently for each application. Like the
board designer, system integrators are also concerned
with testing procedures and inventory costs.

The MULTIBUS®II architecture satisfies the requirements
of both board and system designers by defining a unique
address space called interconnect space which provides
geographic addressing. The following discussion will
center on the advantages that interconnect space and geo-
graphical addressing bring to system mtegrauon and
single-board computer design:

e Easy system configuration
® Improved board testing productivity
o Efficient system testing

® Reduced inventory costs

System Configuration Siniplified

In traditional bus architectures, system configuration is
typically an arduous and complex process. The configur-
able features of boards are selected manually with jumper
stakes connected by wirewrap, a jumper plug or DIP
switches. With complex boards, the number of jumper
stakes often exceeds 150 and can exceed 300. Getting

the jumpers correctly connected is rarely accomplished
the first time.

Interconnect space greatly simplifies system configuration
through geographic addressing (Figure 1). Critically impor-
tant is the system’s ability to identify which boards are
installed in each slot. This allows two identical boards to
be uniquely addressed and configured separately. Each
board is identified through one or more data bytes accessed
through interconnect space addresses. For example, the
manufacturer, the board name, the board type, and other
parameters are accessible in each board’s interconnect
space. Further information (e.g. memory size, memory
protection) that is available in each board’s interconnect
space categorizes the exact configuration.

The following are trademarks of Intel Corporation: MULTIBUS, iSBC.
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Figure 1. Board Configuration Using Interconnect Space.

Since system software can write the board parameters
over the Parallel System Bus (iPSB bus), jumper stakes
are virtually eliminated. If jumpers are required, as in
switching from RS 232 to RS 422 drivers for example,
software can still read the jumpers to verify they were
installed correctly.

Another benefit of auto-configuration, is that only one
version of the host operating system is needed to run
several configurations of the system. For example, if a
particular communications board is installed, the operating
system detects the board and properly configures it into
the system. Moreover, the slot picked to install the new
board is irrelevant because arbitration priority and inter-
rupt control are configured independent of the slot in
which the board resides.

In addition, a level of fault-tolerant systems can be built
using geographic addressing. Redundant hot spare boards
can be installed into the system, but not configured by the
operating system until needed. Thus, in the normal oper-
ating mode, the redundant boards are not active on the
backplane. If a board fails, the operating system can
isolate the board from the bus, and then configure in the
new board. Again, human intervention is not needed to
complete the swap.



More Productive Board Testing

Besides simplifying system configuration, interconnect
space supports registers for Built-in-Self-Tests (BISTs).
Diagnostic software resides on each board (in a PROM)
enabling an independent processor to execute the code.
That is, a secondary microcontroller and/or the primary
CPU can execute board level tests and store the results in
interconnect registers. The results can be accessed by any
other board in the system and displayed on each board’s
front panel LED.

Geographic addressing also makes board testing proce-
dures more productive. This is because one general-
purpose test suite is all that is required to test many dif-
ferent boards. The test software goes out on the iPSB bus,
identifies each board, and reads the results of the BIST for
each board. It can then report to the test engineer which
board failed what test. Additionally, because the same test
-program executes for all boards, boards can be mixed and
matched on a single backplane.

Test procedure productivity also improves because several
configurations of a particular board can be tested in the
same general test suite. Since stake pin jumpers are mini-
mized, the test software can actually reconfigure a board
several times during the same test. For example, a 1 Mbyte
memory board can be tested in an entire 16 Mbyte address -
range. Moreover, because human intervention is not
required, tests execute more smoothly.

More Efficient System Testing

Once individual boards have passed board-level tests, they
still must be tested in the systems environment. System-
level testing becomes significantly more efficient because
of geographic addressing. For example, just one System
Confidence Test (SCT) could potentially exist for all
MULTIBUS II systems. The SCT canlgok at all the
boards in the system, examine BIST resuls, and execute
system test software based on the BISTs. In fact, detailed
results, including configuration parameters, can be dis-
played on a console (Figure 2).
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Figure 2. System Confidence Test (SCT) Flow Diagram.

System integrators in particular can capitalize on the
advantages of MULTIBUS II system testing. Typically,
many configurations of a base system are available from a
system vendor. The system integrator only needs one sys-
tem test program (much like the board vendor described
above needs only one general-purpose test suite) to test
all of his different systems.

Another benefit of geographic addressing is remote diag-
nostics. Since interconnect registers are accessible over
the iPSB bus to any board, a remote terminal can address
the registers through a GAN (Global Area Network) card.

" Thus, modem communication to a serial port in a system
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gives the system designer a more versatile test
environment.



Lower Inventory Costs

Geographic addressing aids the industrial engineer in
managing board inventories. Since board vendors typi-
cally stock a few configurations of each basic board,
jumpering boards is necessary for each individual con-
figuration. In the MULTIBUS II architecture, however,
different board configurations look the same so separate
bins of board inventory are not necessary. Thus, the cost
and effort required for inventory management can be
dramatically reduced.

The system builder stocks boards in the incoming parts
warehouse. Like the board vendor above, he can now
stock all the boards in the same bin, also reducing his
inventory efforts. Then when the system engineers integrate
their system, software configures the board to the needs of
the application. Because jumpering is reduced, there is less
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confusion regarding which configuration is standard from
the vendor, or which configuration is appropriate for the
application.

Summary

Geographic addressing offers many important benefits to
single-board computer designers and system integrators
alike. All configuration parameters are stored in intercon-
nect registers that sit on each board. Because the registers
are accessible over the iPSB bus, a single operating system
can configure the system without operator intervention.
Both board and system level testing procedures are
improved, as only one general test suite is needed.
Finally, inventories are managed more efficiently because
there are less board configurations not requiring separate
bins.



- APPENDIX 1. MEMORY BOARD INTERCONNECT SPACE LAYOUT

Register Global | Local Default Value
N u?nb or Register Description Format Access | Access [ 312 310 320 340
Header Record
0 (00H) | Vendor ID, Low Byte . Binary R/O R/IO 01H O01H 01H O1H
1 (01H) | Vendor ID, High Byte Binary R/IO R/O OOH O00H O00H OOH
2 (02H) | Board ID, character 1 ASCII R/IO R/IO 4DH 4DH 4DH 4DH
3 (03H) | Board ID, character 2 ASCII R/O R/O 45H 45H 45H 45H
4 (04H) | Board ID, character 3 ASCII R/O - RIO 4DH 4DH 4DH 4DH
5 (05H) | Board ID, character 4 ASCII R/O RO | 2FH 2FH 2FH 2FH
6 (06H) | Board ID, character 5 ASCII R/O R/O 33H 33H 33H 33H
7 (07H) | Board ID, character 6 ASCII R/O R/IO 31H 31H 32H 34H
8 (08H) | Board ID, character 7 ASCII R/O R/IO 32H 30H 30H 30H
9 (09H) | Board ID, character 8 ASCII R/O R/O 00H O00H O0H OOH
10 (OAH) | Board ID, character 9 ASCII R/O R/O 00H O00H O00H OOH
11 (0BH) | Board ID, character 10 ASCII R/O R/O 00H 'O00H O00H OOH
12 (OCH) | Intel Reserved BCD + R/O R/O t 1 t 1
13 (ODH) | Intel Reserved BCD + R/O R/O t T 1 t
14 (OEH) | Intel Reserved BCD + R/O R/O | T t 1 1
15 (OFH) | Intel Reserved BCD + R/O R/O 1 1 1 1
16 (10H) | Hardware Test Revision # BCD + R/O R/O 1 1 1 t
17 (11H) | Class ID Binary R/O R/O 13H 13H 13H 13H
18 (12H) | RFU Binary R/O R/IO 00OH O00H O00H OOH
19 (13H) | RFU Binary R/IO R/IO 0O0OH O00H OOH OOH
20 (14H) | RFU Binary R/IO R/IO 00OH O00H OOH O00H
21 (15H) | RFU Binary R/O R/IO 00H O00H O0H OOH
22 (16H) | RFU Binary R/IO R/IO O00H OOH O0H OOH
23 (17H) | RFU Binary R/O R/IO 00H O00H O00H O0OH
24 (18H) | General Status Binary R/O R/O 0O0H O00H .O00H OOH
25 (19H) | General Control Binary R/W R/W OOH 00H O00H OOH
26 (1AH) | BIST-SUPPORT-LEVEL tt Binary R/IO RW 01H O0t1H O01H O1H
27 (1BH) | BIST-DATA-IN Binary RW RW OOH O00H O00H O0H
28 (1CH) | BIST-DATA-OUT tt Binary R/O RW OOH O00H O00H OOH
29 (1DH) | BIST-SLAVE-STATUS 11 Binary R/IO RW O0H . 0OH O00H OOH
30 (1EH) | BIST-MASTER-SLAVE Binary RW RW 20H 20H 20H 20H
31 (1FH) | BIST-TEST-ID t1 Binary R/IO RW OOH OOH O00H O00H
Protection Record
32 (20H) | Protection Record Type Binary R/IO R/O OBH OBH OBH OBH
33 (21H) | Record Length Binary R/IO R/O 02H 02H 02H O2H
34 (22H) | Protection Level Register Binary R/IO RW 0O0OH O00H O00H OOH
35 (23H) | Reserved for Future Use Binary R/O R/O 00H O00H O00H OOH
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APPENDIX 1. MEMORY BOARD INTERCONNECT SPACE LAYOUT (Con'’t)

Default Value

Register Global Local
Nurgnber Register Description Format Access | Access [ 312 310 320 340
_ Memory Record

36 (24H) | Memory Record Type Binary R/O R/O 01H O01H O01H O01H
37 (25H) | Record Length Binary R/O R/O 05H O05H O05H O05H
38 (26H) | Memory Size — 1 low byte Binary R/O R/O 07H- OFH 1FH 3FH
39 (27H) | Memory Size — 1 high byte Binary R/O R/O 0O0OH O00H O00H O00H
40 (28H) | Memory Control Register Binary | .R/W R/W 0O1H O01H O01H O01H
41 (29H) | Memory Status Register Binary R/O R/O AlH A1H A1H AtlH
42 (2AH) | Reserved for Future Use Binary R/O R/IO O0OH O00H OO0OH O00H
_ iPSB Control Board

43 (2BH) | iPSB Control Record Type Binary R/O R/O 0O6H O06H O06H 06H
44 (2CH) | Record Length Binary R/O R/O 0O6H O06H O06H 06H
45 (2DH) | iPSB Slot ID Binary R/O R/IO FFH FFH FFH FFH
46 (2EH) | iPSB Arbitration ID Binary RW RW 0O0H O00H O00H OOH
47 (2FH) | iPSB Error Register Binary RW R/W OOH O00H OOH O0OH
48 (30H) | iPSB Control/Status Register Binary R/W RW OOH O00H O00H 00H
49 (31H)-| iPSB Diagnostic Register Binary RW RW OOH O00H O0H O0OH
50 (32H) | Reserved for Future Use Binary R/O R/O 00OH O00H OO0H OOH

iPSB Memory Record
51 (33H) | iPSB Memory Record Type Binary R/O R/O 02H 02H O02H 02H
52 (34H) | Record Length Binary R/O R/O 05H O05H O05H O05H
53 (35H) | iPSB Start Address low byte Binary RW RW FFH FFH -FFH - FFH
54 (36H) | iPSB Start Address high byte Binary RW RW FFH FFH FFH FFH
55 (37H) | iPSB End Address low byte Binary RW RW 00OH O00H O00H O00H
56 (38H) | iPSB End Address high byte Binary RW RW OOH O00H O00H 00H
57 (39H) | Reserved for Future Use Binary R/O R/O 0O0OH O00H O00H OO0H
iLBX™ Il Memory Board

58 (3AH) | iLBX Il Memory Record Type Binary R/O R/O 03H O03H O03H O03H
59 (3BH) | Record Length Binary R/O R/O 07H 07H O07H O7H
60 (3CH) | iLBX Il Start Address low byte Binary- | R/W RW FFH FFH FFH FFH
61 (3DH) | iLBX Il Start Address high byte Binary RW RW .| 03H O03H O03H O03H
62 (3EH) | iLBX Il End Address low byte Binary RW RW 00H O00H O0H O00H
63 (3FH) | iLBX Il End Address high byte Binary RW RW 00H O00H O00H O00H
64 (40H) | iLBX Il Clock Frequency Binary RW AW DCH DCH DCH DCH
65 (41H) | iLBX Il Siot ID Binary R/O R/O 00H O00H O0O0H O0OH
66 (42H) | Reserved for Future Use Binary R/O O0OH O00H OO0H O00H

R/O
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APPENDIX 1. MEMORY BOARD INTERCONNECT SPACE LAYOUT (Con't)

Register Global | Local Default Value
Number Register Description Format Access | Access [ 312 310 320 340
b
Memory Parity Record
67 (43H) | Memory Parity Record Type Binary R/IO R/O 04H O04H O04H 04H
68 (44H) | Record Length Binary R/O R/O O8H O08H 08H 08H
69 (45H) | Parity Control Register Binary R/W R/W 03H O03H O03H O03H
70 (46H) | Parity Status Register Binary R/O R/O 00OH O00H = 00H O0OH
71 (47H) | Bank Status Register Binary R/O R/O 00H O00H O00H O0H
72 (48H) | Error Offset byte 0 Binary R/O R/IO 00H O00H O00H O00H
73 (49H) | Error Offset byte 1 Binary R/O RIO | 0OH O00H ©OH OOH
74 (4AH) | Error Offset byte 2 Binary R/O R/IO | 0OH O00H 00H OO0H
75 (4BH) | Error Offset byte 3 Binary R/O R/IO O0OH O0OH O00H O00H
76 (4CH) | Reserved for Future Use Binary R/IO R/IO 0OOH O00OH O00H 00H
Cache Memory Board
77 (4DH) | Cache Memory Record Type Binary R/IO R/IO 05H O05H O05H O05H
78 (4EH) | Record Length Binary R/IO R/IO 05H 05H 05H° OSH
79 (4FH) | Cache Size — 1 low byte Binary R/IO R/IO iFH 1FH 1FH ° 1FH
80 (50H) | Cache Size — 1 high byte Binary R/IO R/IO 00H O00H O00H 00H
81 (51H) | Cache Entry Size— 1 Binary R/IO R/O 03H O03H O03H 03H
82 (52H) | Cache Control Register Binary RW RW 0O0OH O0OH O00H OOH
83 (53H) | Reserved for Future Use Binary R/O R/IO O00H °~ O0H, O00H OOH
End of Template Record
84 (54H) | EOT Record Type | Binary | R/IO [ R/O ] FFH FFH FFH FFH

Note:

t These registers are defined for Intel’s use. The values in these registers are dependent upon
the revision of the board and are subject to change.

1t The BIST_DATA_OUT and the BIST__SLAVE__STATUS registers are R/W registers locally.
However, the Test Handler that resides on the iISEC® MEM/3XX board does not allow off-board

writes to these registers.

1ttt BCD + has the same encoding as a normal BCD signal except that OFH denotes a null, and the
remaining unused encodings are reserved.

111t The registers indicated with the italicized type are the nine registers that must be programmed

before the board can operate in a system. Refer to the Configuration Sequence section for

more information.

R/O = READ/ONLY
R/W = READ/WRITE

DEFAULT VALUE = POWER UP DEFAULT
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MESSAGE PASSING IN THE MULTIBUS® Il ARCHITECTURE

The demand for increased functionality and processing
power in microcomputer systems is growing faster than
single-processor solutions can satisfy. Multiprocessing,
which allocates individual microprocessors to different
functions within a system, has proven to be a viable solu-
tion, largely because of the advent of inexpensive memory
and CPUs. Today, multiprocessing is highly evident in
computers where microprocessors are found not only on
general-purpose CPU boards, but on intelligent disk con-
troller boards, communication boards, and other special-
ized boards.

To build multiprocessor computer systems, a designer
selects a set of boards that solves his application require-
ments. The system bus is the vehicle for connecting the
boards together and the medium through which intelligent
boards communicate. Unfortunately, until now, conven-
tional buses have not addressed this communication need

with the idea of improving system performance and
reducing complexity.

The MULTIBUS®II architecture employs an innovative
mechanism called message passing to improve perform-
ance and simplify the implementation of multiprocessing
computer systems. This product brief will discuss message
passing and the benefits it brings to system design.

Functional Partitioning and
Microprocessor Communications

There are two general types of multiprocessing: one that
employs transparent multiprocessing in a tightly coupled
system architecture and another that uses a heterogeneous
mix of processors in a loosely coupled architecture
(Figure 1). ' '
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Figure 1B. Heterogenous Mix of Processors-Different Processors Selected to Satisfy Different Aspects of an Application
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A functionally partitioned system is characterized by the
use of a separate CPU and memory on a board with an
optimized local environment. Other boards communicate
via an interface which is independent of the implementa-
tion of the board. Therefore, future enhancements in the
functional module can be easily-integrated without rede-
signing the entire system. Also, since I/0, CPU, and
memory technology evolve at different rates, a func-
tionally partitioned system can be upgraded as technology
allows, so the system integrator’s products stay on the
technological treadmill.

Key to the success of a functionally partitioned system is
the mechanism for communication between the various
functions. The MULTIBUS II message-passing feature
was designed to resolve the problems of communication in
multiprocessing systems by providing a unique approach
to intermodule interrupts and data movement. In addition,
the MULTIBUS II solution can be implemented in a single
coprocessor device that augments the CPU, providing a
cost-effective solution as well.

Solving the N x N Interrupt Problem

In traditional systems, interrupts are propagated via dis-
crete interrupt lines. To get n processors to signal one’
another unambiguously, the bus needs nX (n—1) interrupt
lines (this phenomenon is called the N XN problem).
Since existing buses usually provide 7 or 8 interrupt lines,
multiple sources of interrupts are assigned to a line, and
the interrupted processor must poll to determine the
source.

In contrast, the MULTIBUS II architecture uses message
passing in a virtual interrupt scheme to resolve NXN

problems as well as to facilitate the more complex feature
of intertask communications required for a multitasking
operating system. A virtual interrupt is a message that
contains a destination and a source address and two bytes
of qualifying information (Figure 2). In addition, up to 28
bytes of user data can be included in the interrupt. The
entire message is sent as one packet on the system bus at
the 40-megabyte-per-second maximum bus rate.

When the entire process of interrupt signaling is evaluated,
including the software involved, sending a virtual interrupt
with user data can be faster than-an interrupt line approach.

Data Sharing

Traditionally, processors share data on a bus through a
common memory area. This memory area is either globally
available or a dual-port into one of the processors’ local
memories. There are several performance issues with
these approaches.

First, it is necessary for one or both of the processors to
use the system bus to reach the memory. When a processor
uses the bus, it typically incurs an arbitration delay and the
possibility of having to wait for other bus users to complete
their activities.

In a dual-port approach, only one processor incurs the
bus delay: However, the local processor performance is
adversely affected by two factors. The first is the dual-
port control logic. The second is contention from the pro-
cessor accessing the local memory through the dual-port
from the system bus.
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Figure 2. Message Format-Virtual Interrupt is First Two Transfers with Optional Data
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In the MULTIBUS II architecture, the mechanism for -
moving data from one board to another is built into the
MULTIBUS II bus interface hardware. The component
which supports the requirements of message passing is
referred to as the message passing coprocessor (MPC). A
pair of MPC devices, one on each communicating intelli-
gent board, moves the data from one board to another.
Figure 3 shows a typical message-passing system with

a host CPU and a disk controller using MPC devices to
communicate.

For systems where the data to be shared is small and infre-
quently accessed, the performance impact may be trivial.
However, as shared data needs increase, the CPUs pay a
noticeable penalty. At this point, the system bus can also
become a bottleneck. When systems software is required

to coordinate and communicate the location of the shared

memory, performance can further degrade. Finally, shared
memory designs are also wasteful of bus bandwidth, com-
plicated to debug, and are not easily extensible to beyond

a single pair of communicating CPUs.

The MULTIBUS® Il Solution

The ideal shared data system would have one CPU signal
to another that it has data to share, followed by it becoming
available to the second processor within its local memory.
An example might be a disk system with a program or a
set of data that a second processor spends a large portion
of its time accessing. Getting the program or data quickly
into the local memory of the second CPU is the key to
achieving a performance improvement.

HOST

MPC |
VE_

DISK CONTROLLER |

MPC
\IF

=

MULTIBUS" Il PARALLEL SYSTEM BUS

FILE TRANSFER MESSAGES
FILE REQUEST

9

2 BUFFER REQUEST

BUFFER GRANT

4.

Figure 3. File Transfer Using Messages

In this example, the following is the sequence of events
that occurs when the host desires a file:

1. The host requests the file using an interrupt message
that uses the data field to describe the file.

2. The disk controller responds back to the host after -
retrieving the file with a request for memory.

3. The data is then arranged into 32-byte packets, and.
each packet is transmitted over the bus until all the
data is at the host. The transfer is then complete.
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The packets that are communicating and moving data
between the MPC devices are transferring data at maxi-
mum bus bandwidths — 40 megabytes per second or 100ns
per 32 bits. This constitutes a significant performance
improvement, over traditional global memory and
dual-port memory transfers.

By comparing this rate of data movement with today’s

VLSI devices, 40 megabytes/second is about five times as
fast as the fastest microprocessor devices. The MPC per-
forms a speed-matching function between the bus and the
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Figure 4. Message Passing Coprocessor Dataflow

local microprocessor environment. Between the system
bus and the local bus, first-in first-out memories perform
the speed matching.: Figure 4 shows the data flow in an
MPC device. :

Data messages are broken into 32-byte packets because of
the speed difference between the bus and the data rate that
can be supported on a board. Since even the fastest micro-
processor DMA devices cannot keep pace with these data
rates, and real-time performance is affected if the packets
are too large, it is advantageous to break a large data
movement into small pieces and let the bus interface
reconnect the pieces.

A 32-byte message packet orly takes one microsecond of

bus time (2-cycle header plus 8 cycles data X 100 ns/cycle). ‘

This allows other boards to use the bus between the packets
that make up a large data movement. Also, the system bus
is not tied up for long periods of time when large data
movements occur. For real-time applications, interrupts
may be sent without having to wait for a long data transfer
to complete. . '

Examining the Performance Benefits

A closer look at the example in Figure 3 shows the impact
message passing has on system performance. Note that dur-
ing the disk file request and transfer, neither CPU has to
access the bus. The interrupt-like messages that request
and set up the transfer as well as the transfer itself all
occur through the MPC. When the MPC sends a message,
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message, it is packetized and moved at 40 megabytes per
second over the iPSB bus. As a result, any bus overhead
is paid only once per interrupt message or once per 32
bytes of the data transfer.

In addition, the CPUs never pay a penalty for arbitration
or contention on the bus, nor does either CPU incur any
performance penalties associated with dual port memory
operation. The wait states that a CPU would traditionally
incur are either greatly reduced or eliminated. Further-
more, if the boards in our example have a local DMA
device, the CPUs are free to perform other tasks while the
transfer is occurring.

One final point — it is important to understand that the
MULTIBUS II architecture also supports the traditional
methods of communication such as dual-port and global
memories. Message passing is an incremental capability.

Summary

The original design goals for message passing were to
provide a performance enhancement and make it easier
to implement multiprocessing systems. The achievement
of these goals have resulted in the following benefits: mes-
sage passing has solved the N XN interrupt problem; it has
provided a high-performance solution to functionally parti-
tioned systems; and finally, MULTIBUS II message pass-
ing can be implemented in a single-chip solution, thereby
providing a cost-effective answer for today’s system
design. : -



. REDUCING BOARD AND SYSTEM COSTS WITH
THE MULTIBUS® Il ARCHITECTURE

Reducing board and system costs was a primary develop-
ment goal of the MULTIBUS®II bus architecture. The
effort to achieve that goal resulted in a number of impor-
tant architectural features that directly and indirectly con-
tribute to lower board and system costs. This architectural
brief explores the following aspects of the MULTIBUS II
bus architecture and discusses how each has contributed to
reaching that goal: )

- — VLSI Bus Interface
— Geographic Addressing
— Front Panel Design
— Modular Board Sizes
— iSSB System Serial Bus

— Message Passing Interface

VLSI BUS INTERFACE

Generally, board-level products consist of two parts: a bus
interface and on-board functions. Although silicon technol-
ogy advances (VLSI) hjstorically have greatly improved
the number of on-board functions, the same cannot be
said of VLSI’s impact on the bus interface.

The MULTIBUS I CPU board history is a good example.
In 1975, the first board — the iSBC® 80/10 board — con-
tained a 2-MHz 8080 processor, 1 kbytes of RAM, up to
4 kbytes of EPROM, one serial and 48 parallel I/O ports.
Today, the iSBC 286/12 board contains an 8-MHz 80286
processor, 1 Mbyte of RAM, up to 512 kbytes of EPROM,
two serial ports, and a configurable parallel port. Overall,
that is a 16X improvement in CPU, 1000X improvement
for memory, and 2X improvement for I/O.

On the other hand, bus interfaces have not benefited from
VLSI advances. Using the same MULTIBUS I example,
the original iSBC 80/10 board used approximately 20
devices for the interface; the current iSBC 286/12 uses
about 35 devices. Thus, the board area required for the
interface has remained about the same, as has the bus
interface cost. Technology has had little impact...until
now.

The MULTIBUS II bus architecture has been defined

to let the bus interface derive the same benefit from
advances in silicon technology as board functions. Figure 1
illustrates the expected cost reduction of the MULTIBUS II
bus interface over time.
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‘Figure 1. Cost Versus Time Graph



Achieving this improvement will be through a continuous
process of integrating more and more of the bus interface
into VLSI as technology allows. For a full-capability in-
terface today, as shown in Figure 2, the interface requires
about 22 devices: two gate arrays (the Bus Arbiter/Con-
troller [BAC], and the Message Interrupt Controller .
[MIC]), plus about 20 programmable logic arrays and
transceivers. In small quantities, the piece-part cost of
these 22 devices is approximately $130.
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+ NEW
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Figure 2. Interface Migration Diagram

The next step is the integration of all but the transceivers
into a single VLSI device. This lowers the cost to about
$100. The final step in the evolution of MULTIBUS II
interface is a complete single-chip integration of all bus
components, reducing the cost to about $65.

This cost reduction is made possible by the synchronous,
multiplexed structure of MULTIBUS II’s Parallel System
Bus (iPSB). The iPSB requires only 62 lines (address,
data, and control) to implement the entire 32-bit bus. In
addition to noise immunity, the synchronous protocol
allows the bus operation to be completely and unam-
biguously defined via state diagrams. The state diagram
definition is compatible with today’s CAD/CAE design
methodologies, making both the device and board
designers’ jobs faster and easier.

It’s important to note that in all three phases of the above
evolution to a single-chip device, the bus interface imple-
ments advanced features of the bus: parity protection on
the address, data, and control signals; operational error
detection; distributed arbitration; and virtual interrupts.
(These features are discussed elsewhere in this technical
series.)

A critical factor in making a single-chip bus interface
solution for a 32-bit bus is the number of signal lines.
In the MULTIBUS II architecture, the total number of
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required device pins for the local bus, the system bus, and
additional control is approximately 150 pins. It is possible
to build a single-chip interface using today’s silicon and
packaging technologies. A non-multiplexed bus structure,
on the other hand, would have pushed the device pin count
into an area requiring specialized component packaging
technology. i ‘

Materials cost is not the only area where cost savings
result. Reducing the bus interface to a single-chip device
obviously lowers the total board area required by the inter-
face. This benefit gives the designer two choices: putting
more functions on the board, thereby lowering the system
cost per function; or reducing the individual board cost by
keeping the number of functions the same.

Driving the bus interface to a single-chip device directly
lowers board material cost and improves a system’s cost-
per-function ratio. Another feature, geographic addressing,
reduces costs after the board is built.

GEOGRAPHIC ADDRESSING

Most every board user has encountered the problems of
deciding which configuration jumpers to use and having to
track down a misplaced or missing jumper. Geographic
addressing helps solve these problems as well as making a
board easier to use, debug, test, and service.

Geographic addressing is the ability to address a specific
board by its slot number. When the special configuration/
diagnostic registers on each board have been properly
defined, system software can assume the tasks of identi-
fying, configuring, and testing individual boards.

As a minimum, geographic addressing reduces or elimi-
nates jumpers and DIP switches, thereby saving labor and
dramatically reducing configuration errors. The MULTIBUS
11 iSBC MEM/312 memory board, a dual-ported cache-
based board, is a good example. It contains no jumpers,
yet options such as starting and ending addresses for each
of the ports are software-configurable. (The closest equi-
valent MULTIBUS I memory board contains over 100
jumpers.)

Sometimes, it is difficult to eliminate jumpers, as when
switching serial ports from RS232 to RS422 drivers. In
such cases, geographic addressing still helps since soft-
ware can read the jumper positions to verify they were
installed correctly.

With software controlling the board configuration, only
one version of the operating system is necessary. The oper-
ating system can automatically configure the system regard-
less of where the boards are inserted. After reset, software
reads the identity of the board in each slot, configures it
appropriately, and then loads the corresponding operating
system drivers. In an environment where systems are cus-
tomized for individual customers, this ability can dramati-
cally reduce system-generation costs.



Geographical addressing also simplifies spares manage-
ment. Within many companies, the same basic board is’
used in multiple applications, each requiring a different
configuration. With traditional buses, this creates a spares
stocking problem since either the basic board is stocked and
then configured as needed, or each individual configura-
tion is stocked separately. With MULTIBUS II boards,
only the basic board needs to be stocked since the system
software of each application configures each board appro-
priately.

Geographic addressing also reduces diagnostic costs. On
each of Intel’s MULTIBUS II boards, special diagnostic

" registers and an on-board microcontroller are included for
running Built-In-Self-Tests (BISTs). With geographic
addressing, software can trigger each board’s BIST (con-
trolled by the microcontroller) and read the test results.
The results are also reflected on a front-panel LED for
quick serviceability.

Since the diagnostic capability is run by software, even
remote diagnostics are simplified. The system configura-
tion can be observed remotely, BISTSs run, and failures -
identified. Because special configuration is usually not
required, replacement is easy. For systems requiring a
level of fault tolerance, the failed board can be isolated
from the bus (again by using geographic addressing), and,
if desired, a hot spare (an existing board installed in the
system and waiting to be used as a replacement) config-
ured into the system. Thus, the software configuration
and diagnostic capabilities can easily reduce service
costs by eliminating service calls.

FRONT PANEL

Typically, Eurocard front panels consist of a thin, flat
metal plate thru which I/O connectors are fitted. Placing
boards side-by-side in a card cage creates narrow slots
between the panels which are difficult to shield effectively
to meet FCC electromagnetic interference (EMI) regula-
tions. With such configurations, additional electrical
shielding is usually required.

To solve this problem, the MULTIBUS II architecture
employs a U-shaped front panel (Figure 3). From the
EMI point-of-view, this makes the front panel electrically
thicker. When boards are placed side-by-side, these elec-
trically thicker panels attenuate both incoming and outgoing
radio frequency energy. In most systems, this eliminates
the need for additional shielding, which in turn reduces
system costs.

In addition, the MULTIBUS II front panel design employs
shielded D-type connectors. With this design, external
cables can be attached directly to the front panel, thereby
lowering cabling costs by eliminating intervening ribbon
cable connections.

MODULAR BOARD SIZES

The MULTIBUS II specification allows both single and
double connector sized boards. Boards designed for either
size are compatible since the full 32-bit bus is defined on
a single connector. This capability improves the modularity
of the system: boards can be sized to meet the number of
functions required.

PIN

SCREW
RETAINER (2)

CARD
EJECTOR (2)

CONNECTORS

SPACE FOR:
1/0 CONNECTORS

“‘U"” SHAPED
FRONT PANEL

LABELING

LEDS
SWITCHES
TEST POINTS

Figure 3. MULTIBUS®II Board with Integral Front Panel
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For example, dumb I/O boards can use the single con-
nector size, while intelligent boards will typically use the
double connector size. Because users can choose exactly
the functions they need in their systems, the system’s
cost-per-function is improved considerably.

THE iSSB (SERIAL SYSTEM BUS)

Future MULTIBUS II architectures will contain a special
serial bus (the iSSB Serial System Bus) that will be com-
patible with the iPSB bus. The iSSB promises significant
system-level cost reductions through physical distribution, -
a low-cost bus interface, and an inexpensive interconnect.

The iSSB bus is specified to operate at 2 Mbits/sec over a
10 meter twisted-pair cable. This physical distribution can
simplify mechanical packaging and eliminate expensive
controller boards. Figure 4 shows how a total parallel

bus system solution might migrate to a serial connection.
Notice that this migration eliminates the controller board.
And, since the programmatic user interface (message
passing) is compatible in both cases, the migration
requires no change to the user software.

The bus interface cost for the iSSB is, of course, much
less than for a parallel bus. On the bus side, only two
lines are required. With a single-chip interface, this

pc | S
S
vF_|8 Ss8
iSSB
LOW COST SERIAL
PS8 INTERCONNECT OF

SYSTEM FUNCTIONS

Figure 4. Parallel-to-Serial Migration Diagram

reduces the device’s pin count, a major factor of device
cost. In addition, because a twisted-pair cable is far less
expensive than a 6-layer backplane with 96-pin connectors,
the iSSB bus interconnect cost is also reduced.

FUNCTIONAL PARTITIONING AND THE
MESSAGE PASSING INTERFACE

The MULTIBUS II message passing interface encourages
system designers to functionally partition their systems.
Functional partitioning reduces development costs because
it creates a structured programming, procedural-level inter-
face in hardware.
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In a functionally. partitioned system, communication
between boards is typically defined at a level approaching
that of high-level languages..Rather than interfacing at the
bit and byte level, functional partitioning encourages proce-
dural interfaces using such abstractions as files and
messages.

With the interface defined at a level approaching a high-
level language, the designer of one board is isolated from
implementations used on other boards. If technology,
competitive factors, or errors force a designer to alter his
board, the changes are isolated from the remainder of the
system, thereby minimizing the cost of implemernting
those changes.

A high-level interface also allows easier upgrades because
the implementation is free to change and improve. In the
file system example shown in Figure 5, the interface is on
a file basis and boards for floppy disk, winchester disk,
SMD, or tape are interchangeable.

\
cPy o cpy o

= | =

N

MESSAGES:

L

Figure 5. Host to Host Functions
Communicating in Standardized Messages

SUMMARY
The MULTIBUS 1I architecture was defined to take advan-

. tage of technological advances to reduce a system’s life-

cycle costs. First, VLSI technology helps reduce the
material cost for the bus interface through a single-chip
interface. Second, geographic addressing contributes to
significant savings for system generation costs, diagnos-
tics, spares management, and service. Third, the front
panel design reduces cabling costs and makes it easier to
meet EMI regulations, while the modular board sizes
improve cost-per-function ratio. In the future, the iSSB

. bus will provide system level cost reductions through

physical distribution, a low-cost bus interface and an inex-
pensive interconnect. Finally, functional partitioning
reduces development costs through a standardized, high-
level interface that provides an easy upgrade path.
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INSITE™
USER’S PROGRAM LIBRARY

® Program Library Catalog Offering
Hundreds of Programs

m Diskettes and Listings Available for Library
Programs

® New Program Updates Sent During Sub-
scription Period

®  Accepted Program Submittals Entitle You
to a Free Membership or Free Program
Package

Membership. Membership in Insite Library is
available on an annual basis. Intel customers
may become members through an accepted
program contribution or paid membership fee.

Program Submiittals. The Insite Library is
built on program submittals contributed by
users. Customers are encouraged to submit
their programs. (Details and forms are available
through the Insite Library.) For each accepted
program, submittors will receive membership
with Insite for one year or a free program pack-
age.

Program Library Service. Diskettes, or
Source Listings are available for every program
in Insite Library. Membership is required to pur-
chase programs.

Insite™ Program Library Catalog. Each
member will be sent the Program Library Cata-
log consisting of an abstract for each program
indicating the function of the routine, required
hardware and software, and memory require-
ments. '

Insite offices are worldwide, with five loca-
tions to serve you:

NORTH AMERICA

intel Corporation

2402 W. Beardsley Road

Phoenix, Arizona 85027

ATTN: Insite User's Program Library
Telephone: 602-869-3686

20-1

8 Free Membership to Software Support

Standard Contract Customers

Free Membership to Warranty Customers

s CP/M 80, ISIS Il, iINDX, and iRMX 86™
Operating Systems Supported

® Programs for 8048, 8041, 8051, 8052HB,
8080/8085, 8086/8088, 80286 Processors

THE ORIENT

Intel Japan K.K.

5-6 Tohkohdai, Toyosato-cho,
Tsukuba-gun, Ibaraki, 300-26, Japan
ATTN: Insite User's Program Library
Telephone: 029747:8511

EUROPE

Intel Corporation S.A.R.L.

5 Place de la Balance

Silic 223

94528 Rungis Cedex, France
ATTN: Insite User's Program Library
Telephone: 0687-22-21

Intel Semiconductor GmbH
Seidistrasse 27

8000 Muenchen 2

West Germany

ATTN: Insite User's Program Library
Telephone: 089-5389-1

Intel Corporation (U.K.) Ltd.

Pipers Way

Swindon SN3 LRJ

Wiltshire, England .

ATTN: Insite User’'s Program Library
Telephone: 0793-488-388

For more information call your local Intel

Sales Office or the Phoenix Insite User’s Pro-
gram Library location.

intel



INSITE™ USER’S PROGRAM LIBRARY

o Membership Ihformation

— Library members have available a variety of ‘programs, Insite catalogs, updates and specral
discount offers.”

— Annual membership forms may be sent to the local library (see sample form and location list
on back page). _

—_ Membership fee to be cqvered by check, Purchase Order, or accepted program eubmittel.
® Ordering Programs

— Library membership required.

— Refer to the Insite catalog to determine lprogram needs and order numbers

— Program order forms should be sent to the local hbrary (sample form provrded on the follow-
ing page).

— Telephone orders are accepted, with verbal Purchase Order numbers expediting delivery
— Program orders are filled within two days, delivery within a week..

.* Call the Iocal Insite library with questions on program orders or technical assrstance in pro-
gram selection. :

® Program submittals follow these guidelines:
— Write in a language capable of compilation/assembly currently eupported by Intel.
— Furnish a well documenred source code and listing. | |
— Provide a link and locate (or equivalent) listing.
— Assure validity by inclusion of a-demonstration prcgram.
— Complete submittal form, available. in the catalog.

* Upon the program’s technical acceptance to the library, submitter may choose up to three
FREE programs (up to $300 value) or a FREE annual membership.
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INSITE™ USER’S PROGRAM LIBRARY

Membership Form

| WISH TO BECOME A MEMBER OF INSITE. ENCLOSED IS:
[J CHECK/MONEY ORDER
[JPURCHASE ORDER
[JPROGRAM SUBMITTAL

MEMBER NAME:
COMPANY:
ADDRESS:-

TELEPHONE:

REFER TO THE INSITE PRICE LIST FOR ANNUAL MEMBERSHIP FEE.

RETURN COMPLETED FORM TO THE NEAREST INSITE OFFICE:

NORTH AMERICA THE ORIENT

Intel Corporation - , Intel Japan KK.

2402 W. Beardsley Road 5-6 Tohkohdai, Toyosato-cho,
Phoenix, Arizona 85027 Tsukuba-gun, Ibaraki, 300-26, Japan
ATTN: Insite User's Program Library ~ ATTN: Insite User's Program Library
Telephone: 602-869-3686 Telephone: 029747-8511

EUROPE

Intel Corporation S.AR.L. Intel Semiconductor GmbH Intel Corporation (U.K.) Ltd.

5 Place de la Balance Seidlstrasse 27 Pipers Way :

Silic 223 8000 Muenchen 2 Swindon SN3 LRJ

94528 Rungis Cedex, France West Germany " Wiltshire, England

ATTN: Insite User's Program Library ATTN: Insite User's Program Library ATTN: Insite User's Program Library
Telephone: 0687-22-21 " Telephone: 089-5389-1 - Telephone: 0793-488-388
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INSITE™ USER’S PROGRAM LIBRARY

Program Order Form

P.O. NO. # AMOUNT ENCLOSED $

ADDRESS: (please print) Membership Information

NAME COMPANY

STREET PHONE NO.

CITYy STATE

PLEASE CHECK: []ISIS acem [JiNDX O iRMX
O Double Density O Double Density
0O Single Density 0O Single Density [Oisting
aiPDS aiPDS
ORDER NO. TITLE
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iIRUG DESCRIPTION

iRUG is the Intel iRMX® User’s Group. It is a non-profit group chartered to establish a forum for users of the
iRMX Operating System and to promote and encourage development of iRMX based software.

iRUG membership is for licensed iRMX Operating System users and their employees. Benefits of membership
include: access to the user’s library of iRMX software tools and utilities; membership in local and international
chapters; access to the group bulletin board; receipt of bimonthly international newsletters; synopsis of software
problem reports (SPRs) submitted by members; opportunity to present papers and conduct workshops;
invitations to seminars devoted to the use of Intel products.

The user’s library, maihtained by iRUG, contains software programs written and submitted by members and Intel
employees. Programs available range from file or directory manipulation commands and terminal attribute
selection utilities to dynamic logon, background job facilities and basic communication utilities.

Local and international iRUG chapters provide a forum for members to meet other iRMX Operating System
users in an informal setting. At local meetings and the annual international seminar, members can discuss their
ideas, share their experiences and techniques, and give feedback to Intel for future improvements and features
of the iRMX Operating System. The meetings also showcase new products offered by Intel and other
developments in iRMX based software supplied by other companies. '

iRUG sponsors a Special Interest Group (SIG) on the CompuServe Information Service. The message facility
(bulletin board) allows members to leave and receive messages from other members. These might include
problems and solutions regarding the iRMX Operating System or new techniques to be shared.

“The Human Interface” is iRUG’s bimonthly international newsletter. It serves as a supplement to chapter
meetings by providing: library listings, information on the latest releases of products running on the iRMX
Operating System; officer messages; member SPRs; vendor aids; release and update plans for the iRMX
Operating System; and technical articles from the members.

For Information Contact:

Catherine Moon
iRUG Coordinator
5200 N.E. Elam Young Parkway
Mailstop HF3-54
Hillsboro, OR 97124
(5083) 696-7038
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intel
iMBX 100/110/120/130
MULTIBUS® EXCHANGE

HARDWARE SUBSCRIPTION SERVICE

= Customized Monthly Update Packages a Available for MULTIBUS? |,
Contalns. MULTIBUS I, MULTIMODULE™,

— Product Histories providing current and BITBUS™ Products
information on functional changes
to Intel products and improvements @ Available for SYP 310
potentially affecting customer
applicaitons

— Anclllary Notes clarifying and
correcting documentation and
keeping customers informed of
product changes/enhancements

— Revised Hardware Reference
" Manuals and Schematics

Intel’'s MULTIBUS EXCHANGE Hardware Subscription Service is a monthly publication that supports Intel
manufactured board and system products. iMBX consists of twelve update packages (sent at the end of each
month) containing valuable information that keeps subscribers informed of any changes and/or improvements
made to their Intel products. This service allows subscribers to track product changes and, by evaluating or
implementing them, to better utilize their Intel products and avoid any potential problems.

Intel Corporation assumes no responsibility for the use of any cifcultry other than cifcuh embodied in an Intel product. No other circuit patent
licenses are implied. Information contained herein sup oatlons on these devices from Intel.

©Intel Corporation, 1985 SEPTEMBER 1985
. : - 20-6 Order Number: 210276-002
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IMBX 100/110/120/130

SUBSCRIPTIONS

MULTIBUS® EXCHANGE customers may subscribe
for any combination of over 70 Intel products sup-
ported by iMBX. The initial subscription package con-
tains a complete Product History from production
release and a notebook in which to file future updates.
In addition, iMBX customers receive monthly update
packages containing Product Histories, which are writ-
ten summaries of Engineering Change Orders, and
Ancillary notes, which are articles that relate documen-
tation corrections and document suggested changes
andfor enhancements to Intel products. The iMBX
customers will receive an update package each month
even if no change occurred to their subscription
products. .

ADDITIONAL MATERIALS

Also included in iMBX monthly update packages are
announcements, Dear Customer letters, revised
schematics, and new copies of revised Hardware
Reference Manuals for the products for which they
have subscribed.

ORDERING iMBX

Orders for the MULTIBUS EXCHANGE are a combi-
nation of a base order (iMBX 100), plus an order for
each product for which they would like to subscribe.
MULTIBUS boards, chassis, and backplanes are or-
dered as iMBX 110, MULTIMODULE and BITBUS
boards are ordered as iMBX 120, and the System
310 as iMBX 130. ‘
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[ In-depth exposure and
practical “hands-on”
experience with Intel
products

] Quick and effective
Microcomputer, Systems,
Local Area Network and
End-User training

[TJ Quality training and
. instructional materials
including slide/video pre-
sentations and reference
manuals )

CUSTOMER TRAINING

[T] Available at 14 interna-
tional Intel Training
Center locations, orat
customer sites for

. on-site project teams

Hands-On Training Reduces
Your Development Time

Intel's comprehensive training
workshops are 1- to 10-day
training sessions where a lim-
ited number of individuals
receive detailed technical
training and attend hands-on
laboratory sessions that teach
them to design with Intel
products.

The workshops are a
proven fast and efficient way to
provide training to new design
team members who otherwise
would spend weeks of self-
study to attain optimum pro-
ductivity. The workshops are
an excellent way to get engi-
neers up to speed quickly.

Courses Cover All
Aspects of Systems, Design
And Implementation

A variety of courses is offered
regularly. The courses include:

Microprocessor/Micro-
controller Workshops

80386 Programming Using
ASM 386; 80386 System
Software; 80386 Hardware
Design; 80286 Micro-
processors; 8086, 8088,
80186, 80188 Microprocessors
Base Architecture; 8086,
8088, 80186, 80188 Advanced
Microprocessors (including
8087); Introduction to Micro-
processors, MCS™-80/85
Microprocessors; I2ICE User's
Workshop; MCS™-51 Micro-
controllers; MCS™-96 16-bit
Microcontroller and Bitbus.

Operating Systems and Pro-
gramming Workshops

PL/M Programming; iRMX®
86 Operating System Part 1;
iRMX 86 Operating System
Part 2; iRMX 286 Operating
System; iRMX Application and
Debug; Fundamentals of

- XENIX*; XENIX Shell Pro-

gramming; XENIX System
Administration; Introduction to
C Programming; System
Programming in C for XENIX
and iDIS.
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Local Area Networking
Workshops .

LAN Overview; Map-NET; iNA
960; LAN Applications/iRMX-
NET and LAN Applications/
XENIX-NET.

End-User Workshops

Office Automation/Introduc-
tion; Office Automation/
Advanced; System Adminis-
tration 1; System Adminis-
tration 2; and Network Admin-
istration 1 (Local Area Net-
works and OpenNET™).



Training Locations And
Dates

Workshops are offered nearly
every week at Intel Training
Centers. A Customer Training
Workshop Catalog that details
scheduled dates and loca-
tions of specific workshops is
distributed twice a year. You
may obtain your catalog from
Intel's Literature Department,
your nearest Intel Sales Office,
or by calling your local Intel
Training Center.

Workshop Options

Customer Site Workshops
Training workshops may also
be held at your site. Allinstruc-
tional materials and laboratory
equipment are brought in by
Intel, together with a qualified
. Intetinstructor to conduct the
session.
Customer-Site Workshops
offer the following benefits:
= Intensive, personalized
training focused on your
staff
= Adjustments to the
courses/sessions to fit the
backgrounds and needs
of the participants
= Improved learning atmos-
phere as a result of co-
workers training together
and receiving quality, uni-
form instruction
= Convenience, because
the class can be sched-
uled according to your
needs.
= Cost-effectiveness,
because more personnel
can be trained at a lower
cost per person.

Custom Workshops

Should you require a more
customized workshop to meet
a special need or fit a specific
product line, we will tailor a
program that will do the job for
you efficiently and effectively.
Such workshops may be con-
ducted either in one of Intel's
Training Centers or on-site at
your facility.

*XENIX is a trademark of Microsoft
Corporation.

Intel's Introduction to Micro-
processors course is available
in a self-paced instruction kit
(as well as in publicly held
classes).

Workshop Tuition

Standard Tuition

This basic package fee
includes course notebook, lit-
erature and materials (such as
the SDK-85 kit for the Introduc-
tion to Microprocessors
Workshop).

Group Rate Tuition

When an organization enrolls
three or more individuals in the
same workshop (held on the
same date in the same location)
the company becomes eligible
for a special group rate and

a savings on the overall cost of
tuition. To receive the discount,
three individuals must attend
the class:

Enroliment Information

Callthe Intel Training Center
nearest you between
8:30-12:00 and 1:00-4:30.
Since enrollment is limited,
registration 4-8 weeks in
advance is recommended.

A confirmation letter will be
issued upon registration,
which guarantees enrollment.

Worldwide Training Centers

Boston

Three Carlisle Road
First Floor

Westford, MA 01866
(617) 6921000

Chicago

300 N. Martingale Road
Suité 300

Schaumburg, IL 60173
(312) 310-5700

Los Angeles

Call Santa Clara

(408) 9701700

Santa Clara

2700 San Tomas Expressway
Santa Clara, CA 95051
(408) 9701700

TWX 910-379-5082
Washington, D.C. Area
7833 Walker Drive
Fourth Floor
Greenbelt, MD 20770
(301) 220-3380

TWX 910-997-0428
Copenhagen

Glentevej 61—3rd Floor
DK-2400 Copenhagen
(01) 198033 .

" Telex 19567
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Hong Kong

1701-3 Connaught Centre

1 Connaught Road, Central

5-2153117

Telex 60410 ITLHK HX

Milan

Milanofiori Palazzo E/3

20090 Assago, Milan, Italy

39-2-82-44-071

Munich

Nymphenburger Strass /il

8000 Muenchen 2, West
Germany

(089) 5389-0

Telex 523177

Osaka

Ryokuchi-Eki Building

2-44, Terauchi

Toyonaka-shi, Osaka, Japan

03-437-6611

Paris

" 1 Rue Edison

B.P.303

78504 St. Quentin-en-Yvelines
Paris, France

30-57-7000

Telex 270475

Rotterdam

Marten Meesweg 93

3068 Av Rotterdam

The Netherlands

(10) 212377

Telex 22283

Stockholm

Dalvagen 24 .
S-171 36 Solna, Sweden
(468) 734-01-00

Swindon

UnitsF&G

Dorcan Complex

Faraday Road

Swindon, Wiltshire, England
793-696-000

Telex 44447

Tel Aviv

Atidim Industrial Park

Neve Sharet, Dvora Havevia
Tel Aviv 61430

3-491099

Tokyo
Matsuoka-Tamura-cho Bldg.
2210, 5-chome, Shinbashi
Minato-ku, Tokyo, 105 Japan
03-437-6611

Toronto

Call Boston

(617) 692-1000

Telex (710) 343-6333



[ Comprehensive software
support to address your

. most frequent questions -

[] Two levels of support:
Standard Service or
Basic Service

[ Updates ensure that you

have the latest

released version of Intel
software, manuals

and documentation for all
covered products as

they are released

(] Users kept up to date
with regularly published
software data :

Most Commonly Requested
Support Services

For An Easy-To-Budget
Monthly Charge '
STANDARD SERVICE

TIP SERVICE
UPDATES
SUBSCRIPTIONS

BASIC SERVICE
UPDATES
SUBSCRIPTIONS

Intel's Software Support Ser-
vice provides updates, man-
uals and documentation for
covered products as released;
Intel's; COMMENTS technical
newsletter; product-specific
technical reports; written

responses to customer inquir- -

ies under our Software Prob-
lem Reporting (SPR) Service;
and access to TIP Service
phone support.”

Packaged in a convenient
“environment” form, the Stan-
dard and Basic Software Con-
tracts cover all supported
software products that runin a
particular environment.

Additional software prod-
ucts purchased at a later date

- which runin the covered envi-

ronment may be added at no
extra charge by simply regis- .
tering the'product.

A basic monthly fee is set for
the first system covered. All
additional systems are
covered at a reduced rate per
system. You are entitled to

. updates and subscriptions

equivalent to the total number
of systems covered under the
contract. :

Standard level service
includes TIP support, for two
callers for each system cov-
ered under the contract.

Contracts have a minimum
one-year term and continue in
force until cancelled with 30
days’ written notice.
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SOFTWARE SUPPORT

SERVICE

(] Direct telephone access
to Intel’s trained
Software Support staff to
help isolate and resolve
problems

TIP Service Provides
Telephone Access To Trained
Software Engineers

TIP Service is a product-
specific telephone information
service designed to address
time-critical product inquiries
by providing direct access to
Intel's trained Software Engi-
neering staff. This direct
response mechanism aids in
obtaining maximum utilization
of-your Intel software products.
TIP Service provides a timely
response to those time-critical
product questions that could
not be answered by the prod-
uct documentation, the Soft-
ware Problem Reporting
Service or the regularly pub-
lished Technical Reports.

The two designated callers
will have, by phone, direct
access to Intel's trained Soft-
ware Engineering staff within
Intel’s Central Customer Sup-
port Center during riormal
working hours (7:00 a.m. to

" 6:00 p.m. MST).

When you call TIP Service,

the receptionist will initiate a
- numbered Incident Report

and provide you with this
assigned number for future
reference. At this point, you will
be able to speak with a mem-
ber.of Intel's Software Engi-
neering staff. If one is not
immediately available, the call
will be returned within
two hours.



Any new symptom, problem
or work-around identified by
you or the Software Engineer
is added to the Software Prob-
lem Report (SPR) Service for
future reference and incor-
porated into the appropriate
Troubleshooting Guide.

Upon conclusion of the
incident, the Incident Report
is closed and permanently
logged and filed.

Software Engineers Help
Isolate And Solve Problems

Intel's Software Engineering
staff is a group specifically
established to provide the fol-
lowing services to users of
Intel software and system
products:
= Centralized access to
Intel’s engineering and
support resources
n The latest technical infor-
mation on Intel defined
and documented product
problems and deficien-
cies, and their associated
work-arounds, temporary
fixes, patches or other
solutions
» Technical assistance in
isolating the cause or
source of a suspected
product problem
s A central Software Problem
Reporting (SPR) Service

Updates Ensure That
You Have The Latest Released
Version Of Any Intel Software

Under the terms of the con-
tract, Intel will provide man-
uals, documentation, diskettes
or other media of your choice
for all covered updates as they
are released.

When you obtain contrac-
tual coverage for your Intel
software products, you must
designate a primary and a
secondary person for Intel to
contact. Intel will send a soft-
ware registration packet that
will allow Intel to verify that the
software to be supported is at
the current release level. Intel
will then record the returned
information and assemble and
mail any required updates,
manuals and supporting docu-
mentation to the designated
contact. )

Subscription Service
Keeps You Up-To-Date And
Up-To-Speed

Intel's Subscription Service is
an efficient communications
mechanism intended to pro-
vide you with the latest Intel
software and system product
data, as well as information
regarding product and docu-
mentation inconsistencies.
Itis also amechanismto -
enable you to report sus-
pected product problems
to Intel's engineering

‘organization.

Subscription Service includes:
» ;COMMENTS—atech-
nical bulletin which con-
tains operational tips,
programming techniques
and other technical
information.
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w Troubleshooting Guides—
technical information
regarding current soft-
ware problems, interim
programming solutions
and application articles.
Published periodically, by
product or product family.
Software Problem Report-
ing (SPR) Service is a writ-
ten communications
vehicle for you to use to
inquire about or to report
suspected product prob-
lems, or to suggest prod-
uctimprovements. All
Software Problem Reports
(SPRs) are reviewed by a
member of the Software
Support Staff, and are
answered in writing as
quickly and completely as
possible.

Ordering Information

Software support contracts
are placed in effect by com-
pleting an Intel System Service
Agreement. Eligible contract
environments are listed in the
current Intel price book.

Contact your local Intel
Sales or Service Office to sign
up for support.



] Engineering Services
from highly trained and
experienced Systems
Engineers

Systems Engineering
Services

Intel provides Field Systems
Engineering Services to meet
your needs in any phase of
your development or support
effort. Our Systems Engineers
(SEs) have extensive industry
experience and they are
highly trained on Intel’s latest
technology. Additionally, our
SEs have easy access to
Intel’s vast technology and
factory resources to help
guide your effort or to quickly
resolve a problem. Because
your workload and resource

(] Direct access to Intel’s
current technology, engi-
neering resources
and product information

requirements vary, we have
established a large and grow-
ing organization of Systems
Engineers so that we will have
an SE available where and
when you need one. The ser-
viceis very flexible. You can
engage an SE by the hour,
week or month. Also, you can
engage an SE on a retainer
basis to be available to you
throughout your development
effort.

Systems Engineering
Services Can Help You In
Many Ways...

We Can Save You Time

We have anticipated your
need to maximize the use of
your staff to complete your
development effort. That is
why we provide industry expe-

rienced and highly trained SEs

to assist you with the integra-
tion of Intel's technology with
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SYSTEMS ENGINEERING

SERVICE

1 Quick help to complete
applications based on
Intel products

your product. Because our
SEs are constantly working
with new products on different
projects, Intel SEs have many
years of experience rather
than a year's experience many
times. This diverse industry
experience enables them to
understand and solve applica-
tion problems rapidly.
YoucanuseanSEina
variety of ways, ranging from
assistance in using a new
product, developing an appli-
cation, personalized training,
customizing or tailoring an Intel
product to providing technical
and management consulting.



Systems Engineers are well
versed in technical areas
such as microcommunica-
tions, real-time applications,
embedded microcontrollers
and network services.

Access to Intel Technology
and Factory Resources
Intel SEs are equipped with
our latest chips, boards,
boxes, systems, software and
tools so they can work at your
facilities or at our local office.
Plus, the SEs are comple-
mented by other field SEs, fac-
tory support and development
resources. These additional
resources can lower your

- project cost and ensure com-
patibility with future Intel proj-
ects. So when you engage an
SE you don't just get an indi-
vidual—you get a whole team.

Quality Commitment

The quality of your completed
effortis just asimportant to us
asitis to you. As amember
of your team we are committed
to adhering strictly to your
quality standards.
For those customers who

_ look to Intel to set the quality
standard, we have adopted
the IEEE Software Engineer-
ing Standards. Intel has broad-
ened the IEEE outline and
used itto develop a System
Quality Assurance Plan. The
plan covers design, documen-

Systems Engineering Services

System Software Languages Hardware Applications Systems

RMX® PLM Components Reattime Engineering

UNIX*/XENIX** C Microprocessors Communications ~ Services

DOS ASSEMBLER Microcontrollers  Office Automation  Software

iNA PASCAL Peripherals Factory Automation Development

FORTRAN Boards System Integration
Processor Military Custom products
Communication  Financial - Consulting
o Troubleshooting
Systems Network Design

Realtime Project
Multi-user Management

tation, testing, peer reviews,
coding and other essential
components of a quality
assurance plan. In addition,
we have developed an
Engagement Management
Standard, which ensures you
proper and timely information
during the SE engagement.

The Intel Team Is Ready
To Help

You know your application
needs. Our field and factory
teams know our products
and have diverse applications
experience using them. Work-
ing together we can achieve
an effective and timely solution.
Unlike other alternatives for
additional system engineering
resources, Intel’'s Systems
Engineers share your commit-
ment to make the decision to
use Intel products a good deci-

0 TIME

sion. Our SEs are commiitted
to help you get a successful
product to market in the least
possible time.

Examples Of
What We Have Done

Microcommunications

= Design and implementa-
tion at all levels of
integration of the ISO/OSI
Seven-layer model

» Fault-tolerant, distributed
realtime microcomputer
network design and
implementation

= Migrate 9600 baud ASCII/
ASYNC to 10 megabit/sec
Ethernet '

= Provide file transfer
capability between VAXt
and iRMX with remote job
execution on iRMX sys-
tem under VAX control -

= PortiNAto customer's
custom board

Microcontrollers
= Embedded 16-bit micro-
controller for automotive
applications
—Engine control
—Chassis control
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Custom INTEL Products

s Communications firmware
to optimize performance
and for modem control

= Diagnostics and boot
PROMS

= Graphics firmware
customization

Office Automation

= Design 100+ nodeEthernet
Microcomputer network

= Design and develop custo-
mer specific network utilities

= Needs analysis and rec-
ommendations on effi-
cient and effective use of
microcomputers and ISV
software packages

Real-Time Applications
= Blood analyzer control
and test system -
= Conveyor control system
= Remote monitoring
system

Ordering Information

Your local Field Sales Engineer
or the Regional SE Manager
can discuss a Systems Engi-
neer Service which is most
appropriate to your needs.
They can also provide infor-
mation on Terms and Condi-
tions including price
information.

* Registered Trademark of AT&T
** Registered Trademark of
Microsoft Corp.
+ Registered Trademark of
Digital Equipment Corp.



{1 Backed by a 15-year
service organization

[0 Comprehensive hard-

ware support options that

include all necessary
parts, labor and installa-
tion of engineering
changes

'Comprehensive Hardware
Support Options

Intel’'s Customer Support
Operation is an International

_ Organization with the exper-
tise and resources to provide
on-site service on a world-
wide basis.

Intel's Standard Hardware
Maintenance Service is
designed to keep your system
running at maximum effi-

ciency. Intel provides remedial -
maintenance, preventive main-

tenance and.parts replace-
ment, or exchange for a fixed

[ Personalized attention
from your Intel Customer
Engineer

amount. The contractincludes
all parts and labor during the
contract hours selected at
your site.

Maintenance charges are
based on individual contracts,
subject to applicable zoning
policies and optional parts and
coverage. Itis recommended
that all interconnected prod-
ucts be included in the mainte-
nance agreement. Extended
Service coverage and installa-
tion are also available.

Intel utilizes a sophisticated
Central Dispatch System that
promptly dispatches person-
nel, monitors call progress and
tracks each piece of equip-
ment you have under contract.
During emergency calls you
are protected by the automatic
problem escalation system.
Central dispatch closely
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HARDWARE MAINTENANCE

SERVICE

] Extended coverage
options to provide you
support up to seven days
per week and twenty-
four hours per day

[] Preferential, priority dis-
patch of your Customer
Engineer to your site

s
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monitors the situation and will
escalate problemstothe -
appropriate management and
technical people. The system
maintains a complete history
file on each piece of equip-
ment under contract. This
assures you that the equip-
ment will be maintained at the
highest level with engineering
change orders and appropri-
ate spares stocked locally.



Preventive Maintenance
Avoids Problems

Intel's Preventive Mainte-
nance (PM) programs are
designed toincrease your sys-
tem availability by identifying
potential problems before a
malfunction occurs. Your
assigned Customer Engineer
not only performs the preven-
tive maintenance specified by
Intel or the original manufac-
turer, but also will augment the
service with personal experi-
ence with your products and
applications. The PM services
include reviewing performance,
history of the equipment,
executing the diagnostics to
identify potential problems,
making any necessary elec-
tronic and mechanical adjust-
ments and replacing any worn
or defective parts as required.

“Remedial Maintenance
Receives Priority

If unscheduled maintenance
becomes necessary, the
assigned Customer Engineer
will be on-site within the con-
tracted response time. The
Customer Engineer will call the
same day of your request for
service to discuss the symptoms
observed, ensuringthatall
logistical items are available to
resolve the problem. Verifica-
tion of the equipment being
back in service will be accom-
plished by executing diag-
nostics. The Customer Engineer
will then update the device
history file with the corrective
action taken.

Engineering Changes
Installed At No Extra Cost

Assuring you of the latest engi-
neering improvementsis a
standard feature of Intel Stan-
dard Hardware Maintenance
Service. The changes ensure
not only that the equipment
operates at the highest stan- -
dards but has continued com-
patibility with Intel supplied
software and replacement
parts. Engineering changes

Service Specifications And
Options

Term
Maintenance agreements are

written for a minimum of a one-

year term and continue month
to month thereafter until can-
celled by either party with 30
days’ notice.

Standard billing is monthly
but flexible options are
available.

Period of Coverage
9/5—9 continuous hours

between the hours of 7:00 a.m.

to 6:00 p.m., Monday through
Friday, excluding local Intel
holidays.

16/5—16 continuous hours

between the hours of 7:00 a.m.

to 12:00 Midnight, Monday
through Friday, excluding local
Intel holidays. :
24/5—24 hour coverage com-
mencing 7:00 a.m., Monday
through 7:00 a.m. Saturday,
excluding local Intel holidays.

24/7—24 hours coverage,
7 days a week, excluding local
Intel holidays.

Maintenance Price Grid:

9/5 16/5 24/5 24/7
Standard 11% 130% 150%

Maintenance Service
Response Time/Cost Grid

The time/cost grid for mainte-
nance agreement coverage
lists the available response
time within service zones. As
equipment location moves
farther in distance from the ser-
vice center, response times
are extended and contract cov-
erage cost increases by the
percentage quoted below the
response time. For response
time of less than 8 hours or dis-
tance greater than 150 miles,
contact your local Field
Service Office.

Parts )
Maintenance parts required
for on-site service will be
furnished by Intel on an ex-
change basis; replaced parts
become the property of Intel.

areinstalled during a pre- Ordering Information
ventive or remedial mainte- Contact your local Intel Field
nance call. Sales or Service Office.
Class 0-50 mi - 51-100 mi 101-150 mi Comments
Standard 8-hr 16-hr 24-hr On-site
response response response
100% 125% 150%
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NETWORK SERVICES

N One-stop shopping for your network
E Complete physical and logical
network design
W Network installation management
B Network user and administrator training
& Worldwide service and support

B One-stop Shopping

As part of the commitment to meet your total net-
working needs, Intel offers a full set of services to
provide you with convenient one-stop shopping for
all your networking requirements. This provides a
single point of responsibility for installation of your
network and frees your resources to concentrate on
your specific applications.

& Complete Network Design

Today’s networking products are powerful and extremely
flexible. The return they can provide on your investment
via increased productivity and reduced costs can be very
substantial. However, in order to obtain both maximum
equipment utilization and user productivity, they need
to be custom configured to your specific organizational
and usage requirements. Whether installing your first net-
work or adding to an existing one, Intel’s Networking
Specialist can perform this design service for you.

Physical Network Design: When planning and designing
the physical layout of a network, issues such as type of
building, local fire and building codes, adherence to
various specifications (e.g., Ethernet, IEEE, R5232) must
be taken into consideration. Intel's Physical Network
Design Service can provide this for you. In addition to
the most efficient cable routing and recommendation of
the most reliable components, a complete bill of materials
and cost information for the physical network is produced.

Logical Network Design: Because every organization is
unique and has its own set of requirements, the network
that serves it must be logically designed and configured
to meet these requirements. Just as there is no generic
data base design, there is no generic network design.
Issues such as the most efficient use of file and print
servers, host communication servers, network security,
and system and network administration must be taken
into consideration. An Intel Networking Specialist will
interview your users to understand their requirements and

©Intel Corporation, 1987

then logically design the network to meet those require-
ments. This Logical Network Design Service produces the
software “blueprint” to be used by the network installers
and ensures immediate use of your network upon
completion of its installation.

B Network Installation Management

Once the physical and logical design of your network
has been completed ‘and agreed upon, the imple-
mentation phase begins. An Intel team will manage the
installation of the physical network, set up and install
all nodes, and install and configure all software according
to the logical design “blueprint” produced as a result
of the Logical Network Design Service. Before the instal-
lation team leaves, they will ensure that your network
is fully operational.

& Network User and Administrator Training

Just as the design of the network is critical to its max-
imum utilization and productivity so is the proper
training of your users. Intel's Customer Training provides
a comprehensive selection of courses for both your
end users and network administrators. By training your
staff in parallel with network installation, they will be
in a position to start using the network immediately
upon its installation.

Mainframe
Site =]
OpenNET™ Microcomputer
‘[‘ OpenNET™
=}
Department Service Network #1
Department Service Network #2

June 1987
Order Number: 270309-02
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& Worldwide Service and Support

Because a network can be equated to a large multiuser
mainframe, ensuring maximum network uptime, opera-
tional efficiency and timely repair is extremely
important. Intel’s Customer Service provides a full range
of network maintenance services that can be tailored to
meet your specific needs. Among these are Software
Support which includes free updates to all Software, and
Hardware Maintenance of all system nodes, PCs and
attached peripherals as well as the network “backbone”
" cable, transceivers, transceiver cables, connectors and
repeaters. In the event of network problems, Intel’s
Customer Service personnel are equipped with pro-
prietary software diagnostic tools which help to locate and
analyze any problems quickly. These same tools can also
be used to conduct a periodic performance “tune up” of
your network. Options as to level of service, response time
and hours of coverage are also available.

Over 865 trained professionals in 80 service locations
are dedicated to providing you with top quality, world
class service.

& Custom Network Management Services

If you have a large network installation, Intel’s team of
Network Specialists can put together a custom proposal
that will provide a wide range of Network Management
Services to meet your specific needs. These include, but
are not limited to, the following:

® Network administration :

¢ Coordination and administration of customer
user groups

® On-site first level support

* Node relocation management

¢ Consulting and application development
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