





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Iﬂte[ iLBXT™ EXECUTION BUS

Mechanical Implementation

Because the iLBX bus uses the P2 connector of the
MULTIBUS form factor, the iLBX bus ‘“shares” a
MULTIBUS chassis with the MULTIBUS backplane
system bus in the system design. The iLBX mechani-
cal specifications are synonymous with the MULTI-
BUS specifications for board-to-board spacing,
board thickness, component lead length, and com-
ponent height above the board. The iLBX bus inter-
connection can use either flexible ribbon cable or a
rigid backplane. The iLBX bus interconnect maxi-
mum length is limited to 10 cm (approximately 4
inches); that is sufficient to span 5 card slots across
two connected chassis. Figure 2 shows an iLBX bus
cable assembly.

280215-3

Figure 2. Typical ILBX™ Bus
Interface Cable Assembly

Electrical Characteristics
DC SPECIFICATIONS

SPECIFICATIONS

Word Size
Data: 8 and 16-bit

Memory Addressing
24-bits—16 megabyte—direct access

Bus Bandwidth

9.5 megabytes/sec: 8-bit
19 megabytes/sec: 16-bit

Table 2

Signal Driver }:;’":_'23‘;:"’: Min Driver Requirements Max Receiver Requirements

Name Type AtMaster | Hign LoadCap. | High Low | Load Cap.
DB15-0 | TRI-STATE | 10KQ 0.6 mA 9mA 75 pF 0.15mA 2mA 18 pF
TPAR* TRI-STATE | 10 KQ 0.6 mA 9mA 75 pF 0.15mA 2mA 18 pF
AB23-0 | TRI-STATE | None 04mA | 20mA 120 pF 0.10mA 5mA 30 pF
R/W TRI-STATE | None 0.2mA 8 mA 75 pF 0.05 mA 2mA 18 pF
BHEN TRI-STATE | None 02mA | 8mA 75 pF 0.05 mA 2mA 18 pF
LOCK* TRI-STATE | None 0.2mA 8 mA 75 pF 0.05 mA 2mA 18 pF
SMRQ* TTL 10KQ 0.05mA | 2mA 20 pF 0.05 mA 2mA 18 pF
SMACK* | TTL None 0.05mA | 2mA 20 pF 0.05mA 2mA 18 pF
TASTB* | TRI-STATE | 10KQ 0.2mA 9mA 75 pF 0.05 mA 2mA 18 pF
tDSTB* | TRI-STATE | 10 KQ 0.2mA 9mA 75 pF 0.05 mA 2mA 18 pF
ACK* Open Coll. | 330 Q N.A. 20 mA 45 pF '0.05 mA 2mA 18 pF

TAt slave, additional series RC termination to GND (100 Q, 10 pF).
21-17
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BUS TIMING

MULTIBUS" INIT%

SMACK % !2;2;72;2222%

SMRQ %

(-

PRIMARY MASTER
TRI-STATE DRIVERS

SECONDARY MASTER
TRI-STATE DRIVERS
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Figure 3. iLBX™ Bus Granting Timing Chart

16-Bit Transfer Timing
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Figure 4. Write Data-to-Memory
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BUS TIMING (Continued)

16-Bit Transfer Timing (Continued)
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Figure 5. Read Data-From-Memory
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Physical Characteristics

intel
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Figure 6. ILBXT™ Bus Standard Printed Circuit Board Outline
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Cables and Connectors
Table 3. Cable and Receptacle Vendors

Environmental Characteristics

OPERATING

Temperature: 0°C to 60°C

Relative Humidity: 0% to 85%; non-condensing

Reference Manuals

210883-002—MULTIBUS Architecture Reference
Book

iLBXT™ Bus Compatible Cable
Vendor Vendor Part No. | Conductors
T &B Ansley | 171-60 60
T &B Ansley | 173-60 60
3M 3365/60 60
3M 3306/60 60
Berg 76164-060 60
Belden 928060 60
Spectrastrip | 455-240-60 60
iLBX™ Bus Compatible Receptacles
Vendor Vendor Part No. Pins
Kelam RF30-2803-5 60
T & B Ansley | A3020 60
(609-6025 Modified)
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m |EEE P959 Industry Standard 1/0 m Low-Cost “Vehicle” to Incorporaté the
Expansion Bus » Latest VLSI Technology into iSBC®-

m Provides On-Board Expansion of Based Systems ‘
System Resources m Provides Increased Functional .

m Small iISBX™ MULTIMODULE™ Boards Capability and High Performance
Plug Directly into iSBC® Boards m Supported by a Complete Line of

_ o iSBC® Base Boards and iSBX™

. ?:’::s‘::fg:;‘;?;me 8- and 16-Bit Data MULTIMODULE™ Boards, Providing
. - Analog and Digital 1/0, High-Speed

m Part of Intel’s Total System Math, Serial and Parallel 1/0, Video

Architecture: MULTIBUS®, iLBXTM, ' Graphics, and Peripheral Controllers
MULTICHANNEL™, and iSBX™ . ‘

The iSBX™ |/0 Expansion Bus is one of a family of standard bus structures resident within Intel’s total system
architecture. The iSBX bus is a modular, 1/0 expansion bus capable of increasing a single board computer’s
functional capability and overall performance by providing a structure to attach small iISBX MULTIMODULE™
boards to iISBC® base boards. It provides for rapid incorporation of new VLSI into iSBC MULTIBUS® systems,
reducing the threat of system obsolescence. The iSBX bus offers users new economics in design by allowing
both system size and system cost to be kept at minimum. As a result, the system design achieves maximum
on-board performance while allowing the MULTIBUS interface to be used for other system activities. The iSBX
bus enables users to add-on ‘capability to a system as the application demands it by providing off-the-shelf
standard MULTIMODULE boards in the areas of graphics controllers, advanced mathematics functions, paral-
lel and serial 1/0, disk and tape peripheral controllers, and magnetic bubble memory. A full line of MULTIBUS
boards and iSBX MULTIMODULE boards are available from Intel and other third party sources in the industry.

280255-1

Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent
licenses are implied. Information contained herein supersedes previously published specifications on these devices from Intel. November 1986
© Intel Corporation, 1986 21.22 o Order Number: 280255-001
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FUNCTIONAL DESCRIPTION

Bus Elements

The iSBX™ MULTIMODULE™™ system is made up
of two basic elements: base boards and iISBX MUL-
TIMODULE boards. In an iSBX system, the role of
the base board is simple. It decodes 1/0 addresses
and generates the chip selects for the iISBX MULTI-
MODULE boards.

The iSBX bus supports two classes of base boards,
those with direct memory access (DMA) support and
those without. Base boards with DMA support have
DMA controllers that work in conjunction with an
iSBX MULTIMODULE board (with DMA capability) to
perform direct 1/0 to memory or memory to I/0 op-
erations. Base boards without DMA support use a
subset of the iSBX bus and simply do not use the
DMA feature of the iISBX MULTIMODULE board.

The iSBX MULTIMODULE boards are small, special-
ized, 1/0 mapped boards which plug into base
boards. The iSBX boards connect to the iSBX bus
connector and convert iSBX bus signals to a defined
170 interface.

Bus Interface/Signal Line Descriptions

The iSBX bus interface can be grouped into six func-
tional classes: control lines, address and chip select
lines, data lines, interrupt lines, option lines, and

power lines. The iSBX bus provides nine .control
lines that define the communications protocol be-
tween base board and iSBX MULTIMODULE
boards. These control lines are used to manage the
general operation of the bus by specifying the type
of transfer, the coordination of the transfer, and the
overall state of the transfer between devices. The
five address and chip select signal lines are used in
conjunction with the command lines to establish the
170 port address being accessed, effectively select-
ing the proper iISBX MULTIMODULE. The data lines
on the iSBX bus can number 8 or 16, and are used
to transmit or receive information to or from the iSBX
MULTIMODULE ports. Two interrupt lines are pro-
vided to make interrupt requests possible from the
iSBX board to the base board. Two option lines are
reserved on the bus for unique user requirements,
while several power lines provide +5 and *12 volts
to the iSBX boards.

Bus Pin Assignments

The iSBX bus uses widely available, reliable connec-
tors that are available in 18/36 pin for 8-bit devices
and 22/44 pin for 16-bit devices. The male iSBX
connector is attached to the iSBX MULTIMODULE
board and the female iSBX connector is attached to
the base board. Figure 2 shows the dimensions and
pin numbering of the 18/36 pin iSBX connector,
while Figure 3 does the same for the 22/44 pin iSBX
connector. A unique scheme allows the 16-bit fe-
male connector to support 8 or 16-bit male MULTI-
MODULE boards. Table 1 lists the signal/pin assign-
ments for the bus.

REMOTE CONTROL MODULES

BITBUS™

\J \J uumcmnn%
¥
e,
isBX "™
FONTON M\ e 4, K>
a4 ‘q,’ *q’» ‘b," "%, '00"@, RO *s"q,
A S %57, ’e‘,q’ Q
. 8¢, N Cogty, ONI*
“ sy a
N ey MULTIBUS*

iLex™

280255-2

Figure 1. MULTIBUS® System Architecture
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Table 1. iISBX™ Signal/Pin Assignments

Pin(1) Mnemonic Description Pin(1) Mnemonic Description
43 | MD8 MDATA Bit 8 44 MD9 MDATA Bit 9
41 MDA MDATA Bit A 42 MDB MDATA Bit F
39 MDC MDATA Bit C 40 MDD MDATA BitD
37 MDE MDATA Bit E 38 MDF MDATA Bit F
35 GND Signal Gnd 36 +5V +5V
33 MDO MDATA Bit 0 34 MDRQT M DMA Request
31. MD1 MDATA Bit 1 32 MDACK/ M DMA Acknowledge
29 MD2 MDATA Bit 2 30 OPTO Option 0 -
27 MD3 MDATA Bit 3 28 OPT 1 Option 1
25 MD4 MDATA Bit 4 26 TDMA Terminate DMA
23 MD5 MDATA Bit5 24 ‘ Reserved
21 MD6 MDATA Bit 6 22 MCS0/ M Chip Select 0
19 MD7 MDATABIt 7 20 MCS/1 M Chip Select 1
17 GND Signal Gnd 18 . +5V +5V \
15 I0RD/ 1/0 Read Cmd 16 MWAIT/ M Wait
13 - IOWRT/ 1/0 Write Cmd 14 MINTRO M Interrupt 0
11 MAO M Address 0 12 MINTR1 M Interrupt 1
9 . MA1 M Address 1 10 Reserved
7 . MA2 M Address 2 8 MPST/ iSBX Multimodule
Board Present
5 RESET Reset 6 MCLK M Clock
3 GND Signal Gnd 4 | +5V +5V
1 +12V +12V 2 —12V —12V
NOTES:

1. Pins 37-44 are used only on 8/16-bit systems.
2. All undefined pins are reserved for future use.

Bus Operation Protocol

COMMAND OPERATION

The iSBX bus supports two types of transfer opera-
tions between iSBX elements: I/0 Read and 1/0
Write. . An iSBX board can respond to these 1/0
transfers using either full speed mode or extended
mode.

For a full speed 1/0 Read (Figure 4) the base board
generates a valid /0 address and a valid chip select
for the iISBX MULTIMODULE board. After setup, the
base board activates the 1/0 Read line causing the
iSBX board to generate valid data from the ad-
dressed 1/0 port. The base board then reads the
data and removes the read command, address, and

chip select. The full speed I/0 Write (Figure 5) oper-
ation is similar to the 1/0 Read except that the base
board generates valid data on the lines and keeps
the write command line active for the specified hold
time.

The extended Read operation (Figure 6) is used by
iSBX MULTIMODULE boards that aren’t configured
to meet full speed specifications. It's operation is
similar to full speed mode, but must use a wait signal
. to ensure proper data transfer. The base board be-
gins the operation by generating a valid 1/0 address
and chip select. After setup, the base board acti-
vates the Read line causing the iSBX board to gen-
erate a Wait signal. This causes the CPU on the
base board to go into a wait state. When the iSBX
board has placed valid Read data on the data lines,
the. MULTIMODULE board will remove the Wait sig-
nal and release the base board CPU to read the data
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and deactivate the command, address, and chip se-
lect. The extended Write operation (Figure 7) is simi-
lar to the extended Read except that the Wait signal
is generated after the base board places valid Write
data on the data lines. The iSBX board removes the
Wait signal when the write pulse width requirements
are satisfied, and the base board can then remove
the write command after the hold time is met.

DMA OPERATION
An iSBX MULTIMODULE system can support DMA

the base board. The CPU processes the interrupt
and executes the interrupt service routine. The inter-
rupt service routine signals the iSBX MULTIMOD-
ULE board to remove the interrupt, and then returns
control to the main line program when the service
routine is completed.

Please refer to the Intel iSBX Bus Specification for
more detailed information on its operation and im-
plementation.

when the base board has a DMA controller and the SPECIFICATIONS
iSBX MULTIMODULE board can. support DMA :

mode. Burst mode DMA s fully supported, but for :

clarity and simplicity, only a single DMA transfer for Word Size

an 8-bit base board is discussed. Data: 8, 16-bit

A DMA cycle (Figure 8) is initiated by the iSBX board
when it activates the DMA request line going to the
DMA controller on the base board. When the DMA

Power Supply Specifications

controller gains control of the base board bus, it ac- Table 3.

knowledges back to the iSBX board and activates

an 1/0 or Memory Read. The DMA controller then Mlnirll;um Ngn:lt:al Maxlr':aum Maxlmt:n:
activates an 1/0 or Memory Write respectively. The (voits) (volts) (volts) (current)
iSBIX boarcli remove? the DfM/: re[?uist dtllrin% the +4.75 +5.0 +5.25 3.0A
cycle to allow completion of the DMA cycle. Once

the write operation is complete, the DMA controller 114 t12 +126 1.0A

is free to deactivate the write and read command —126 —12 —11.4 1.0A
lines after a data hold time. GND 3.0A
INTERRUPT OPERATION NOTE:

The iSBX MULTIMODULE board on the iSBX bus
can support interrupt operations over its interrupt
lines. The iSBX board initiates an interrupt by acti-
vating one of its two interrupt lines which connect to

*Per iSBX MULTIMODULE board mounted on base board.

Port Assignments ‘
Table 2. iSBX™ MULTIMODULET™ Base Board Port Assignments
16-Bit Base 16-Bit Base
ISBXT:u?“%r::ector Si:'elgt B osa.rBd“A%?r: ss Board Address Board Address
(8-bit mode) (16-bit mode)
iSBX1 MCSo0/ FO-F7 0AO0-0AF 0A0,2,4,6,8,
MCS1/ F8-FF 0B0-0BF ACE =~
0A1,3,5,7,9,
B,D,F
iSBX2 MCSo0/ C0-C7 080-08F 080,2,4,6,8
MCS1/ C8-CF 090-09F ACE
081,3,5,7,9,
B,D,F
iSBX3 MCSo0/ B0-B7 060-06F 060,2,4,6,8
MCs1/ B8-BF 060-06F ACE
061,3,5,7,9,
B,D,F
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DC Specifications | -
.. Table 4. iSBXT™ MULTIMO|

DULET™ Board I/0 DC Specifications

. . : ~ Output! ;
Bus Signal Type2 loL Max - @Volts lon Max @ Volts Co (Min)
Name Drive —~Min(mA) | (VoLMax) | —Min(zA) | (Vou Min) (pf)
MDO-MDF | TRI. 16 05 - —200 24 130
MINTRO-1 TTL 20 05 =100 24 40
MDRQT TTL 1.6 0.5 -50 2.4 40
MWAIT/ TTL 16 0.5 —50 2.4 40
OPT1-2 TTL 1.6 0.5 —50 24 40
MPST/ TTL Note3 ’
Input! I
Bus Signal Type2 IjL Max @‘(I‘:';Irs?x hi Max @2",':"‘[3", CiMax
Name Recelver (mA) Test Cond. (wA) Test Cond. (pf) )
- MDO-MDF TRI. —05 0.4 70 2.4 40
MAO-MA2 TTL —05 0.4 70 24 40
MCS0/-MCS1/ TTL -40 0.4 100 24 40
MRESET TTL -2 0.4 100 24 40
' MDACK/ TTL -1.0 0.4 100 24 40
:gcv% y TTL -1.0 0.4 100 2.4 40
MCLK TTL -20 0.4 100 24 40
OPT1-OPT2 - TTL -20 0.4 100 2.4 40
NOTES:

1. Per iSBX MULTIMODULE 1/0 board.

2. TTL = standard totem pole output.

TRI = Three-state.

3. iISBX MULTIMODULE board must connect this signal to ground.

21-26
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Connectors (Continued)

intel
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Figure 3. 22/44 Pin iISBX™ Connector
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Bus Timing Diagrams

SOURCE SIGNAL

BASE BD MAO-MA2 VALIO ADDRESS Y

BASE 8D MCs/

T\ A

BASE BD 10RD/

V [

280255-5

iSBXx 8D MDO-MD7

Figure 4. iSBX™ MULTIMODULE™ Read, Full Speed

SOURCE SIGNAL

BASE BD  MAO-MA2 ) { VALID ADDRESS X

BASE BD MCs/

I

L
\7L /\}_—_ .

BASE BD IOWRT/

BASE BD  MDO-MOF o { ~ VALID DATA
' 280255-6
Figure 5. iISBX™ MULTIMODULE™ Board Write, Full Speed
SOURCE SIGNAL
BASE BD MAO-MA2 l ™ VALID ADDRESS y

BASE 8D mcs/

iSBX BD MDO-MDF { VALID DATA

BASE BD IORD/

280255-7

Figure 6. iSBX™ MULTIMODULE™ Board Extended Read
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| SOURCE SIGNAL

BASE BD  MAO-MA2 X N VALID ADDRESS ) {

BASE BD  MCS/ i / —
I =

iSBX BD MWAIT/ C\ [ QO

BASE BD  IOWRT/ 7\

BASE BD MDO-MDF —-——-—( e \ VALID DATA ).__

280255-8

Figure 7. iSBC® MULTIMODULETMl Board Extended Write

SOURCE SIGNAL

. e
4 T
isax 80 MDRQT _.f_-‘

BASE BD MDACK/ —_— ,_\

.

BASE BD 1ORD/

~
RSN

BASE BD MEM WRITE/ J,

/SBX BD  MDO-MDF { X isex vauD AEAD DATA

280255-9

Figure 8. iISBX™ MULTIMODULE™ Board DMA Cycle
(iISBX™ MULTIMODULE™ to Base Board Memory)
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Board Outlines

are:  .xxp.01, »oxp00S.

All dimensions are in inches and unless otherwise specified tolerances

.06 R
4 PLACES 370
|e———1.50—— 21:0
2.050
2.50 REF
l l
{ RAEERN
7300 ‘
2 B .156 DIA.
PIN 1 REF 1 PLACE
LOCATION 280255-10
COMPONENT SIDE
Figure 9. iSBX™ Board Outline
All dimensions are in inches and unless otherwise specified tolerances
are:  .xxp.01, xxxp005.
7.50 -
- 5.100
20 - 2.20 > |- 3.800
1.300
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2.50 ReF
l |
+
Z

PIN 1
LOCATION

—Za L_aoo 1156 DIA.
REF

3 PLACES

280255-11
COMPONENT SIDE

Figure 10. Double Wide iSBX™ Board Outline

Environmental Characteristics

Operating Temperature: 0°C to 55°C
Humidity: 90% maximum relative; non-condensing

Reference Manuals

210883-002—MULTIBUS Architecture Reference
Book
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i e
) MULTIBUS® i
iLBX™ || LOCAL BUS EXTENSION

m High Bus Bandwidth— : m Primary and Secondary Bus Master
—48 Megabytes/sec Exchange Capabilities

m 64 Megabyte (26-bit) Addressing m Supports up to 6 iLBX™ || Compatible

m 8-, 16, 24-, and 32-bit Data Transfers Device Per Bus

m Reliable Synchronous Clocking up to " :ip:lmed Protocol for Highest
12 Megahertz erformance

m Burst Transfers up to 64 Kilobytes Per m Optional Parity Protection for Address
Transfer and Data

The iLBX™ |l Local Bus Extension is one of the family of standard bus structures resident within Intel’s
MULTIBUS® I Bus Architecture. The iLBX Il bus is a dedicated execution bus capable of significantly increas-
ing system performance by removing most processor execution activity from the main iPSB™ Parallel System
Bus. It extends the processor board’s on-board local bus to off-board resources. Acting in conjunction with the
processor board, the iLBX 1l resources form a multiple board “virtual single board computer”. The iLBX Il bus
preserves advantages in performance and architecture of on-board local memory, while allowing memory
configurations larger than those possible on a single board.

280376-1

MULTIBUS® Il Physical Diagram

Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent
licenses are implied. Information contained herein supersedes previously published specifications on these devices from Intel. October 1986
© Intel Corporation, 1986 22.1 Order Number: 280376-001
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MULTIBUS® 1l LOCAL BUS EXTENSION

FUNCTIONAL DESCRIPTION

Architectural Overview

The iLBX Il bus is an architectural solution for sup-
porting large amounts of off-board memory with the
same performance advantage enjoyed by on-board
memory (see Figure 1). It allows the CPU board se-
lection to be decoupled from the on-board memory
requirement and still maximizes the processor’s per-
formance potential. It eliminates the processor’s
need to access its off-board memory resources
solely over the iPSB system bus. In most systems,
the processor is the only master on the iLBX Il bus,
so no time is required to arbitrate for the bus. This
means the processor sees significantly lower memo-
ry latency than is possible if it were accessing mem-
ory over the multiple master system bus. Lower
memory latency translates to higher individual proc-
essor performance. .

In inclusion of the iLBX Il bus in the architecture
means not just higher single processor performance
but higher system performance as well. The move-
ment of execution traffic from the system bus to the
iLBX 1l execution bus makes that much additional
system bus bandwidth available to other system re-
sources such as processors not using an execution
bus or I/0 devices.

For those applications which require a high band-
width local path to 1/0, such as an intelligent disk
controller local to a particular processor, the iLBX Il
bus supports one additional bus master. This archi-
tectural enhancement allows a processor to “own”
an intelligent 1/0 controller. All data transfers be-
tween these two modules (the processor and the
controller) can occur over the low latency iLBX Il bus
path without distributing activity on the system bus.

Structural Features

OVERVIEW

The iLBX Il bus uses a non-multiplexed, processor
independent structure supporting 8-, 16-, and 32-bit
processors. It supports 8-, 16-, 24-, and 32-bit data
transfers over a 26-bit (64 megabyte) addressing
range with a maximum bandwidth of 48 megabytes/
sec. .

All events performed on the bus are synchronous to
a reference bus clock. This is not a fixed frequency
clock as in the iPSB bus; the iLBX Il bus clock runs
at the basic processor bus frequency. In other
words, a processor whose bus interface runs at 8
megahertz would drive the iLBX Il bus at that fre-
quency. This characteristic helps match the iLBX I
bus timing to that of the processor transfer rate for
best performance. The maximum iLBX II bus clock
frequency is 12 megahertz. (Be careful not to con-
fuse a processor’s clock input frequency with its ba-
sic bus frequency. Many processors internally divide
down their clock input by 2, 3, or 4 to obtain the
basic bus frequency. It is this basic bus frequency
which defines their transfer rate and which drives
the iLBX Il bus clock.)

NON-MULTIPLEXED STRUCTURED

The iLBX |l bus structure is non-multiplexed in order
to simplify the interface and obtain maximum per-
formance. The separate address, data, and control
paths allow overlapped operation. This overlapping,
called pipelining, means that data from a previous
operation can be overlapped with the address and
command information of the current operation. This
characteristic substantially improves bus utilization
for those processor-memory subsystems which sup-

" port the feature.

ISBX™ BUS (10MBps)
isBC® isBC® MEMORY iSBC® ISBC®
BOARD BOARD BOARD BOARD BOARD
T H T
‘ iLBX™ il BUS
(48MBps) ]-[ T
IPSB (40MBps)
- 1SSB (2Mbpe) o

280376-2

Figure 1. MULTIBUS® Il Bus Architecture

22-2



intel

MULTIBUS® IlI LOCAL BUS EXTENSION

INTERCONNECT ADDRESS SPACE

The iLBX Il bus supports the slot-addressing con-
cept of the interconnect address space found in the
iPSB bus. Including this facility in the iLBX Il bus
allows the system to identify and configure iLBX Il
bus boards even though they may not contain a
iPSB bus port. (Please refer to the iPSB bus data
sheet for additional information on the interconnect
address space.)

DUAL BUS MASTER

In order to support a wide range of system configu-
rations, the iLBX Il bus defines support for two bus
masters. One master is called the Primary master;
the other is known. as the Secondary master. The
Primary master normally “owns” the bus and does
not have to spend any time arbitrating for access
rights. The Secondary master must ask the Primary
master for access rights. The Primary releases the
bus at the first opportune time. This hierarchical
structure ensures that the Primary master enjoys
good memory latency while at the same time gives
the Secondary the opportunity to access memory
when it needs to.

The iLBX Il bus also includes a dedicated interrupt
line to facilitate signalling between the two masters
for commands and status, and between the memory
boards and the Primary master for things such as
non-recoverable memory errors.

BUS CYCLE OVERVIEW

Like the iPSB bus, the iLBX Il bus protocol consists
of three types of bus cycles: arbitration, transfer, and
exception.

ARBITRATION CYCLE

The arbitration cycle ensures that one and only one
requesting agent is allowed access to the bus at any
given time. When a requesting agent determines the
need for a bus operation, it enters the arbitration
cycle. For either requesting agent, this cycle lasts
until it acquires the right to use the bus. In configura-
tions with only a primary requesting agent, no time is
spent for this cycle; the agent always has rights to
the bus. In configurations where there are both a
primary and secondary agent, the primary agent has
to arbitrate for the bus only when the bus is busy
under the secondary agent’s control. Figure 2 illus-
trates the arbitration cycle.

TRANSFER CYCLE

The transfer cycle is the event where the request
(address and command) and reply (data) information
is exchanged between the bus agents. Like the iPSB
bus, it consists of a request and a reply phase. Dur-
ing block transfers, the termination of the transfer
cycle is controlled by the requesting agent. in non-
block transfer cycles, the cycle's termination is im-
plicitly recognized by both agents. Figure 3 shows a
transfer cycle example.

s T\

BUSACK

PRIMARY
TRANSFER CYCLE

PRIMARY

' SECONDARY
TRANSFER CYCLE TRANSFER CYCLE
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Figure 2. ILBX™ |l Bus Arbitration Example



intel

MULTIBUS® Il LOCAL BUS EXTENSION
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Figure 3. iLBX™™ |l Transfer Cycle

EXCEPTION CYCLE

Exception’ cycles allow the bus agents to signal any
detected error or exceptional condition which might
arise during a transfer cycle. Typical exceptions are
uncorrectable ECC errors, parity errors, or physical
boundary overflows.

Signal Groups

OVERVIEW

There are five categories of signals used in the
iLBX Il bus: address/command, data transfer, ac-
cess control/status, bus control/status, and miscel-
laneous. An asterisk following the signal name or
group indicates that the signal or group use their low
electrical state as the active state.

ADDRESS/COMMAND

The requesting agent uses this group of signals to
transfer address and command information to-the
potential replying agents during the request phase of
a transfer cycle. This signal group consists of the
non-multiplexed address lines, XA25 through XA00
(Extension bus address), the.command specification
lines, XC3 through XCO (Extension bus command),
and an associated parity line, XAPAR (Extension
bus address/command parity).

The XA25 through XAOQO lines define the starting
physical byte address. The command specification
lines select the address space (memory.or intercon-
nect), data width (1, 2, 3, or 4 bytes), and whether
the operation is a read or write cycle. The command
encodings for XC3 through XCO are shown in Figure 4.

XC3* xc2* | xc1t | xco*
Address Access Width
.Space Type _Specification
Memory Read 1 byte

2 bytes
3 bytes
Interconnect Write 4 bytes

Figure 4. iLBX™ [i Command Encoding

Parity for the address/command group is not re-
quired. The bus does allow for a single parity bit
covering the address and command lines as a com-
pliance level. The iLBX Il bus environment is much
different than that of the iPSB system bus. It extends
only a short distance (6 card slots maximum) and
employs lower switching currents. This more restric-
tive environment reduces the need for data integrity
protection in all but the larger systems.

DATA TRANSFER GROUP

This signal category consists of the 32 bi-directional
data lines and their optional parity line. XD31
through XDO (Extension bus data) transfer the read
or write data between the requesting and replying
agents. Each byte in the iLBX Il bus memory is
mapped to one of the four byte locations of the XD
lines. This technique is commonly referred to as
“byte lanes” and is illustrated in Figure 5.

Like with the address/command group, the XDPAR
(Extension bus data parity) line is optional.

e S O
{3l
/—»‘-l——° 0
B
e G
\—/-la BF

328IT
REQUESTING
AGENT

B=AN 8 BIT BUFFER
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Figure 5. iLBX™ || Data Bus Alignment
Interface Requirements
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ACCESS CONTROL/STATUS GROUP

This signal category consists of 5 lines which deter-
mine the start of an access request, its execution,
and finally, its termination.

The XACCREQ* (Extension bus access request)
signal indicates that the address/command informa-
tion is valid during the current and next bus clock
cycles. It signals the presence of the request phase
of the transfer cycle. Replying agents which require
more time to decode the command information can
extend XACCREQ* using the XWAIT* handshake
line.

The XWAIT* (Extension bus wait) signal has a two-
fold meaning in the access protocol: it can extend
the duration of the request phase and it serves as a
“not ready” replier indication during the reply phase.
If asserted in the first clock cycle of the request
phase, it extends the phase, otherwise, it will signal
“not ready” during the reply phase.

In many system configurations the iLBX Il bus mem-
ory boards are dual-ported to both the iLBX Il and
iPSB buses. This requires a mutual exclusion facility
when implementing semaphores and other data
structures in this shared memory. The XLOCK*
(Extension bus lock) signal allows the iLBX Il bus
requesting agents to lock out the other port while
performing indivisible accesses to shared structures.

To perform block transfers on the iLBX Il bus, the
requesting agent asserts the XBTCTL* (Extension
bus block transfer control) signal. This line informs
the replying agents that two or more data transfer
periods will accompany a single request phase.
XBTCTL* is de-asserted by the requesting agent to
signal the end of the block transfer.

BUS CONTROL/STATUS GROUP

The signals in this group control the passing of bus
ownership between the primary and secondary re-
questing agents. When the bus is in use, they also
indicate which agent is in control.

The XBUSREQ* (Extension bus request) signal is
driven by the secondary requesting agent to acquire
the bus from the primary agent. Only the primary
requesting agent receives this signal. When the pri-
mary detects that the secondary is requesting the
bus, it replies with the XBUSACK* (Extension bus
acknowledge) signal to inform the secondary that
the bus is now his. This bus exchange occurs at the
discretion of the primary.

The secondary owns the bus after asserting XBUS-
REQ* and receiving XBUSACK* active. The primary
can request that the bus be returned at any time by
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removing XBUSACK*. The secondary must return
the bus at the earliest time; typically when it com-
pletes its current transfer cycle.

MISCELLANEOUS CONTROL GROUP

The XRESET* (Extension bus reset) is driven by the
primary requesting agent to locally initialize its
iLBX Il bus environment. It is typically asserted after
the agent receives a reset indication on the iPSB
system bus.

The XINT* (Extension bus interrupt) allows the sec-
ondary requesting agent and any ‘of the replying
agents to signal the primary requesting agent for in-
ter-module communication. Since the secondary
agent is usually performing tasks on behalf of the
primary agent, this interrupt line removes the need
for the primary to continuously poll the secondary for
completion of its tasks.

The XID2* through XIDO* (Extension bus identify)
lines are hardwired lines on the backplane to allow
any iLBX |l bus board to determine. its position on
the bus. They encode the interconnect space least
significant three bits of the slot ID field. (See the
iPSB bus data sheet for an explanation of the inter-
connect address space.)

The final line is the XBCLK*  (Extension bus clock)
line. It provides the reference timing signal for the
synchronous bus operations. It is driven by the pri-
mary requesting agent at its processor bus frequen-
cy.

The iLBX Il bus also defines additional + 5 volt and
ground pins.

Bus Protocol

In the MULTIBUS I specification, both timing dia-
grams and state-flow diagrams describe the iLBX Il
bus protocol. The state-flow diagrams present the
lowest level and most rigorous definition while the
timing diagrams help conceptual understanding. For
the purposes of this data sheet, only the timing dia-
gram description is used. The following sections use
Figure 6 as an example of the protocol.

ARBITRATION CYCLE

With only two potential requesting agents contend-
ing for access rights to the bus, the arbitration cycle
is very simple. The figure illustrates the secondary
requesting agent requesting the bus from the pri-
mary and then running a simple transfer cycle. The
secondary requesting agent makes its request by
asserting XBUSREQ*. The primary gives up the bus
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by returning XBUSACK* active. In this example, the
secondary uses the bus for only a single transfer
cycle so it de-asserts XBUSREQ* when complete.
The primary agent responds by withdrawing
XBUSACK?* to indicate it now owns the bus.

TRANSFER CYCLE

Like in the iPSB bus, the transfer cycle proceeds as
a request phase and a reply phase. The requesting
agent (either the primary or the secondary depend-
ing upon who currently owns the bus) informs the
potential replying agents of the request phase by
driving valid information on the address/command
signal group and asserting XACCREQ®*. The request
phase normally lasts two clock cycles although the
replying agents have the opportunity to extend the
phase as long as necessary by asserting XWAIT*
during the first clock period of the phase. The phase
is extended as long as XWAIT* is active. In the ex-
ample, the request phase is extended one additional
clock. : : '

The reply phase begins when XWAIT* is de-assert-
ed. At this point, the meaning of XWAIT* changes to
become a “not ready” indication from the selected
replying agent. In the example, the replying agent
requires one additional clock period to supply the
data so XWAIT* is asserted for one clock. The reply
phase terminates on the same clock that data is val-
id. .

EXCEPTION CYCLE

If transfer integrity checking is implemented on the
iLBX Il bus, errors are signalied on-the clock foliow-
ing the last valid information period. In example, er-
rors detected on the address/command lines during
the request phase are signalled on the clock follow-
ing the removal of valid request information. The
same applies to errors detected on the data lines
during the reply phase.

Mechanical

The iLBX Il bus is defined on the P2 connector of
two-connector MULTIBUS |l boards. Since the iLBX
Il bus environment is local to a particular processor
board, the iLBX Il bus backplane does not extend
the entire length of the iPSB:bus backplane. This
allows for multiple iLBX Il bus environments in a giv-
en system.

The pin assignment for the iLBX Il bus on P2 is
shown in iLBX Il specification section in the
MULTIBUS |l Bus Architecture Specification Hand-
book. .

Please refer to Intel's MULTIBUS Il Bus Architecture
Specification Handbook for more detailed informa-
tion.

| ¢ ARBITRATION TRANSFER .
cYCLE CYCLE >
XBUSREQ* / :
XBUSACK* \ }——REQUEST PHASE—>>] /
XA(25-0) / \
Xc-0) - {Req2 REQ2 REQ2)

/1

XACCREQ* \
/ REPLY PHASE _
XWAIT* \_‘ / \_Q /
XD(31-0) ) DATA?I\
XAERR® <z N N
XoEnR: -{ xaenr- X xpznl)-
EXCEPTION »’
il cYeLE -
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Figure 6. ILBX ™ Transfer Cycle Example

22-6



intel

MULTIBUS® II
iPSB PARALLEL SYSTEM BUS

m Very High Bandwidth
— 40 Megabytes/Sec Using Burst
Transfers
— 20 Megabytes/Sec with Single
Cycles

m 4 Gigabyte (32-bit) Addressing

m 8-, 16-, 24-, and 32-bit Data Transfers
over a 32-bit Path

m Pin-Efficient Multiplexed Structure

m Reliable Synchronous Clocking at 10
Megahertz with Full Handshaking for
Data

Distributed Arbitration with Up to 20
Bus Masters

Full Parity Protection for Data Transfer
Integrity

Message Passing Facility for
Intermodule Communication

Geographic Addressing Facility for
Software Indentification and
Configuration of Boards

Industry Standard Eurocard Form
Factors—233 mm X 220 mm and
100 mm X 220 mm

The MULTIBUS I|I iPSB Parallel System Bus is the foundation of the MULTIBUS Il Bus Architecture. It is a
general-purpose, processor independent structure which fully supports 8-, 16-, and 32-bit microprocessors.
This very high bandwidth structure is defined on a single 96-pin IEC 603-2 (DIN) connector. All data movement
functions required in a microcomputer system are defined including such advanced functions as an integrated
message passing protocol and a geographic addressing facility which allows software to address a board by
its slot position for software-based board identification and configuration. -

280387-1
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Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent

licenses are implied. Information contained herein supersedes previously published specifications on these devices from Intel.

© Intel Corporation, 1986

October 1986
Order Number: 280387-001



intel

MULTIBUS® Il SYSTEM BUS

FUNCTIONAL DESCRIPTION

Architectural Overview

The MULTIBUS Il iPSB Parallel. System Bus is the
foundation of the MULTIBUS I bus architecture (see
Figure 1). As a system bus, it is a very high band-
width (40 megabytes/sec) bus optimized for inter-
module communication; however, it also defines the
complete set of basic bus functions required in a
microcomputer system: memory accesses for exe-
cution of data, accesses to 1/0 for control of 1/0
functions, plus intermodule signalling. These basic
functions are supplemented with additional functions
supporting geographic (by slot) addressing and an
integral message passing protocol.

Geographical addressing allows addressing of indi-
vidual boards via their physical position in the back-
plane. Software can determine what boards are be-
ing used and configure itself appropriately. Software
also can configure the hardware characteristics of
the board (e.g., the starting address of a memory
board). This can substantially reduce or even elimi-
nate hardware jumper options and DIP switches for
board configuration. Geographical addressing is a
function of the interconnect address space.

MULTIBUS II’s integral message passing protocol
defines a standard and uniform way for modules to
communicate over either the iPSB or iSSB buses.
Integrating the protocol at the bus structure level
lets the designer provide hardware support to in-
crease system inter-module communication per-
formance and opens the door for VLSI solutions.
Standardizing the interface ensures a uniform soft-
ware interface so that users can take advantage of
new advances in technology without having to re-
write software.

Structural Features

OVERVIEW

The iPSB bus structure is a processor-independent
general-purpose bus designed to support 8-, 16-,
and 32-bit processors. It is designed to operate at a
maximum bandwidth of 40 megabytes/sec while us-
ing off-the-shelf components.

Special attention has been given to how the bus
+structure, both electrically and mechanically, im-
pacts system reliability. Synchronous sampling of all
bus signal lines assures good immunity from cross-
talk and noise. Full byte parity generation and
checking protects all transfers on the bus to ensure
that any bus error is detected. Signal quality on the
bus is excellent due to the large number of inter-
laced ground lines. Mechanically, the iPSB bus is
defined on a two-piece 96-pin IEC 603-2 connector
to ensure good connector reliability.

MULTIPLEXING

The iPSB bus is highly multiplexed. The 32-bit ad-
dress and data paths are multiplexed and the eight
system control lines have different uses depending
upon the phase of the transfer cycle. The six arbitra-
tion lines also serve dual purposes between system
initialization and normal operation.

This multiplexed structure has several benefits. The
entire 32-bit iPSB bus is defined on a single connec-
tor. This allows a full 32-bit iPSB bus interface on
even the smaller, single connector, form factor
board and opens the possibility of low cost 32-bit
systems. Multiplexing also reduces by half the num-
ber of high current drivers required for the interface

iSBX™ BUS (10MBps)
isBc® iSBC® MEMORY iSBC® iISBC®
BOARD BOARD BOARD BOARD BOARD
—J T —J g |
IiLBX™ 1l BUS
(48MBps)
IPSB (40MBps) ‘>
- ISSB (2MBps) o
280387-2

Figure 1. MULTIBUS® Il Bus Architecture
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which significantly reduces a board’s current require-
ments. The routing of signal lines between the bus
interface and connector is simplified.

ERRORS

The iPSB bus defines a complete set of bus error
reporting mechanisms. Serious errors, such as a
parity error or the failure of a module to complete the
data handshake, are flagged on unique bus signal
lines and are seen by all modules on the bus. These
errors induce a recovery time in which the bus is
allowed to stabilize before further transfer cycles
may begin.

The iPSB bus also provides mechanisms for signal-
ing less serious operational errors. Operational er-
rors, such as attempting to perform a 32-bit access
to a 8-bit device or writing to read-only memory, are
signaled as agent errors. These errors may induce
retry operations by an intelligent bus interface or
may be passed to the on-board processor as errors.

INTERCONNECT ADDRESS SPACE

The ability to address a board by its physical position
in the backplane is also supported in the iPSB bus.
This facility allows board manufacturers to code
such items as their vendor number, board type,
board revision number, and serial number on the
board. This information is available to the system
software. This facility is defined in the iPSB bus in-
terconnet address space.

Aside from this read-only information, the intercon-
nect space allows write operations to support board
configuration and diagnostics under software con-
trol. This facility can help reduce or eliminate hard-
ware-based jumper options and DIP switches.

INTERRUPTS

The iPSB bus supports up to 255 distinct interrupt
sources and 255 interrupt destinations. Rather than
the user of the traditional method of dedicated inter-
rupt signal lines on the bus, the iPSB bus defines a
special bus cycle to convey interrupt information.
This special bus cycle (actually part of the message
passing protocol discussed below) redefines the
meaning of the address; instead of a byte location in
memory for example, 16 of the 32 lines encode 8
bits for the source module generating the interrupt
and 8 bits for the destination module to service the
interrupt.
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This technique overcomes the significant problem of
interrupt configuration found in traditional buses.
Dedicated lines usually imply that only one particular
destination can service one particular interrupt
source. If an interrupt source wishes to target some
interrupts to one destination and some to a different
destination, separate bus interrupt lines are required
for each destination. This can quickly consume all
dedicated interrupt lines in even a moderate size
system.

Using interrupt bus cycles with embedded source
and destination module addressing removes the
need for dedicated interrupt lines at the same time it
allows any interrupt source to signal any interrupt
destination.

MESSAGE PASSING

With the trend in microcomputer systems toward
multiprocessing, it is important to provide the facili-
ties and mechanisms to lend support for inter-mod-
ule communication. The iPSB bus includes such
mechanisms and defines the protocol for greatly en-
hanced performance in inter-module communica-
tion. This protocol is called MULTIBUS II Message
Passing.

Most multiprocessor systems use either a “‘pass by
reference” or a “pass by value” protocol for inter-
module communication. In the “pass by reference”
case, the two modules share a common memory re-
source and pass pointers or tokens to extend ad-
dressability of a desired data structure to the other
module. In “pass by value”, the modules exchange
a copy of the desired data structure. Each of these
protocols has a set of advantages and disadvan-
tages associated with performance, data security,
extendability to additional modules, and ease of use.

MULTIBUS |l Message Passing takes the best of
both methods and lends hardware support. Mes-
sage passing uses a hardware “pass by value” inter-
face that gives the performance of a “pass by refer-
ence” system. It replaces the software module used
by the “pass by value” method with a specialized
message passing interface. The processor “passes
by reference” the reference to the data structure to
the message passing co-processor interface. This
interface communicates with the destination mod-
ule’s message passing interface to transfer the data
without processor intervention. This data transfer is
performed in the message address space. This is
illustrated in Figure 2. (In many ways, it is helpful to
think of the two communication message passing
interfaces as a distributed, smart, DMA controller.)
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'NOTES:

1. CPU A Requests Transfer of Object (Pass by Reference).

2. Data Movement is Negotiated; Data Movement is Independent of Either Processor.
3. Processor B Assigns Memory for Object and is Signaled of Object Availability.

Figure 2. MULTIBUS® |l Message Passing
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There are several significant benefits to this ap-
proach. First of all, the message passing interfaces
can take advantage of the full capabilities of the bus
(i.e., 32-bit data and burst transfer) independent of
the type or nature of the controlling processor. Even
8-bit processor or I/0 boards can take full advan-
tage of the bus. This means significantly higher inter-
module communication performance over a com-
pletely software-base method. Another benefit is the
elimination of any shared memory. Dual-ported
memory structures are no longer needed nor are
global memory boards. The other primary benefit is
that MULTIBUS |l message passing presents a uni-
form software interface for all modules. Modules can
be replaced with new modules containing newer
technology (e.g., moving from a single density to a
double density disk controller) without any software
changes required in the controlling module. This
makes it easy for users to integrate new technology
without the problem of completely rewriting the driv-
er software.

CENTRAL SERVICES MODULE

The iPSB bus specification defines the central sys-
tem functions as the Central Services Module
(CSM). The minimal set of functions are: clock gen-
eration, power-down and reset, time-out, and assign-
ment of slot IDs. Collecting these functions in a sin-
gle module improves overall board area utilization,
since the functions are not duplicated on every
board and then only used on one. The system de-
signer is free to implement the CSM on a separate
board or to include the functions as just one of sev-
eral modules on another board.

Bus Cycle Overview

The iPSB bus defines three types of bus cycles: arbi-
tration, transfer, and exception cycles. Each cycle is
made up of one or more phases. Figure 3 illustrates
the relationship among these cycles and phases.
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ARBITRATION CYCLE

The arbitration cycle is made up of a resolution
phase and an acquisition phase. The resolution
phase is the time-period in which all requesting
agents collectively arbitrate for access rights to the
bus. Depending on the arbitration algorithm, the
agents decide among themselves which of them is
going to control the bus after the current bus owner
is done. This arbitration method is referred to as
self-selecting since the agents decide ownership
among themselves.

The agent that wins the arbitration and obtains ac-
cess rights to the bus begins the acquisition phase;
that agent becomes the bus owner. This agent be-
gins its transfer cycle and holds the arbitration logic
in the resolution phase (resolving for the next ac-
cess rights) until the transfer cycle is completed.

TRANSFER CYCLE

Starting the transfer cycle is the request phase. In
this phase, the bus owner (requesting agent) places
address and command information on the bus. This
information defines the replying agent(s), the type of
operation, and the type of address space. The re-
quest phase lasts one bus clock cycle.

The reply phase starts immediately after the request
phase, during this phase, the requesting and reply-
ing agents engage in a handshake that synchronizes
the data transfer sequence. The reply phase can
contain one or more data cycles. The final data
transfer is signaled by the requesting agent. During
this final transfer, the requesting agent releases
ownership of the bus allowing the new bus owner to
use the bus immediately. Note how the transfer cy-
cle overlaps the resolution phase of the arbitration
cycle to minimize bus dead time.
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EXCEPTION CYCLE

If an agent detects an error during a transfer cycle, it
immediately begins an exception cycle. The excep-
tion cycle terminates any arbitration cycles and
transfer cycles in progress. The exception cycle
starts with the signal phase in which the detecting
agent activates one of the exception lines. This noti-
fies all agents of the problem causing them to termi-
nate any arbitration or transfer cycles. Next the re-
covery phase begins. During this phase, all agents
idle; this allows the bus a fixed amount of idle-time to
stabilize before resuming normal operation.

Signal Groups

OVERVIEW

The iPSB bus contains five groups of signals, Figure
4, over which the requesting and replying agents can
enact the protocol. An asterisk following the signal
name indicates that the particular signal or group of
signals are active when at their electrical low.

ARBITRATION GROUP

The arbitration signals on the iPSB bus determine
which agent gains exclusive access to the bus
(which agent is the bus owner). All requesting
agents that require access to the bus resources
must arbitrate for use of the bus. On being granted
bus ownership, an agent begins using the address/
data lines to perform a transfer cycle. There are sev-
en signals in the arbitration group: BREQ* and
ARB5* through ARBO*.

BREQ* (Bus Request) is an OR-tied signaly which is
bused on the backplane. All agents that require ac-
cess to the bus assert the BREQ* signal.

A particular agent’s arbitration ID number is coded
on lines ARB4* through ARBO* (Arbitration). An
agent requiring use of the iPSB bus asserts BREQ*
and drives its arbitration ID onto the OR-tied ARB
lines. The ARB5* line selects one of two arbitration
algorithms: fairness or high priority.

(A CENTRAL CONTROL SIGNAL GROUP CENTRAL CONTROL SIGNAL GROUP N )
N it ft it 1t N
(_ARBITRATION CYCLE SIGNAL GROUP ARBITRATION CYCLE SIGNAL GROUP
PS8 4 e[l 1ot el 19e A ,PSB
"g;‘:.l!-é'ﬁ‘-( ADDRESS/DATA BUS SIGNAL GROUP ADDRESS/DATA BUS SIGNAL GROUP ) ng&!-éﬁ'-
s RS2 R eIt e N oS
( EXCEPTION CYCLE SIGNAL GROUP i EXCEPTION CYCLE SIGNAL GROUP_ )
A el [IIee el e \
(_SYSTEM CONTROL SIGNAL GROUP SYSTEM CONTROL SIGNALGROUP_ )
M 3 4 i 2 M
> y y 2 29294 < RO 2\
REPLYING REPLYING REQUESTING REQUESTING
AGENT AGENT AGENT AGENT
280387-5

Figure 4. iPSB Bus Signal Groups
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Table 1. System Control Definition

. Function
Signal
Request Phase Reply Phase
SCo Request Phase Request Phase
SC1 Lock Lock
SC2 Data Width 0 End-of-Cycle
SC3 Data Width 1 Requesting Agent Ready
SC4 Address Space 0 Replying Agent Ready
SC5 Address Space 1 Agent Error 0
SCé Read/Write Agent Error 1
SC7 Reserved Agent Error 2
SC8 Parity (SC7-4) Parity (SC7-4)
SC9 Parity (SC3-0) Parity (SC3-0)

ADDRESS/DATA BUS GROUP

This signal group contains the lines used to transfer
the address and data information plus their respec-
tive byte parity lines. The AD31* through ADO* (Ad-
dress/Data) lines are multiplexed and serve a dual
purpose depending upon the phase of the transfer
cycle.

During the request phase, they contain the address
for the ensuing transfer. This address refers to the
. byte location for memory and 1/0 spaces, a pro-
cessing agent module in message space, and a
board slot location in interconnect space. The re-
questing agent drives these lines during the request
phase.

During the reply phase, they contain either eight, six-
teen, twenty-four, or thirty-two bits of data. They are
driven by the requesting agent for write transfers
and by the replying agent for read transfers.

The PAR3* through PARO* (Parity) lines are the
byte parity lines associated with the respective bytes
of the AD lines. They form even parity with their re-
spective address/data byte.

SYSTEM CONTROL SIGNAL

The transfer signal group consists of ten signals,
SC9* through SCO( (System Control). Agents use
these signals to define commands or to report
status, depending on the phase of the transfer cycle.

During the request phase, the requesting agent
drives SC9* through SCO*. The SC lines provide
command information to the replying agent(s). Dur-
ing the reply phase, the requesting agent drives
SC9* and SC3* through SCO* with its handshake
and additional control information. The replying
agent drives the remainder with its handshake and
status. Table 1 lists the request and reply phase
functions for this group.

EXCEPTION SIGNAL GROUP

The iPBS bus provides a group of two signals for
passing indications of exception errors to all agents:
BUSERR* (Bus Error), and TIMOUT* (Time-out).

An agent activates BUSERR* to indicate its detec-
tion of a data integrity problem during a transfer. Par-
ity errors on the AD or SC lines are typical of errors
signaled on BUSERR. Any agent detecting such er-
rors must signal BUSERR* and all agents must re-
ceive BUSERR*.

TIMOUT* is signaled by the CSM whenever it de-
tects the failure of a module to complete a hand-
shake. TIMOUT* is received by all agents on the
bus.

CENTRAL CONTROL GROUP

The system control group provides status concern-
ing the operating state of the entire iPSB bus envi-
ronment. It consists of seven signals plus the power
and ground lines.

The RST* (Reset) signal is a system-level initializa-
tion signal sent to all agents by the CSM.

The RSTNC* (Reset Not Complete) signal is an OR-
tied line driven by any agent whose internal initializa-
tion sequence is longer than that provided by the
RST* signal itself. Due to its OR-tying, RSTNC* re-
mains active until every agent has completed its ini-
tialization sequence. Agents cannot perform bus
transfer cycles untii RSTNC* is inactive.

The CSM provides a DCLOW (DC Power Low) sig-
nal to all agents as a warning of an imminent loss of
DC power. DCLOW is typically generated from a sig-
nal supplied by the system power supply on the loss
of AC power. Any agent needing to preserve state
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information in battery backed-up resources should
do so upon receiving an active DCLOW.

" Accompanying DCLOW for power-down sequencing
is the PROT* (Protect) signal. The CSM drives
PROT* active a short time after it activates DCLOW
to inform all bus interfaces to |gnore any transitions
on the bus as power is lost.

The BCLK* (Bus Clock) and CCLK* (Constant
Clock) signals are supplied by the CSM to all agents.
Agents use the BCLK to drive the arbitration and
timing state machines on the iPSB bus. The active
going edge of BCLK* provides all system timing ref-
erences. The CCLK* is an auxiliary clock at twice
the frequency of BCLK.

"An agent user its LACHn* (ID Latch) signal to save
the slot ID it receives from the CSM at reset time via
the ARB4* through ARBO* lines. The ID latch signal
is called LACHNn* where the “n” is the card slot to
which the ID is assigned. At each card slot, the
LACHnR* signal is connected to the AD line of the
same number. As an example, card slot 7 has a
LACH7* signal that is connected to AD7*.

When RST* is active, the CSM sends successive
slot ID’s (0 through 19) on the ARB4* through
ARBO* lines while activating the corresponding AD
line. Agents know when the ARB lines contain the
correct slot number when they see their LACHnN* line
go active.

POWER

System power supplied in the iPSB connector in-
cludes +5 volts, +12 volts, —12 volts, and facilities
for + 5 volt battery back-up. Also defined are numer-
ous ground lines some of which are interlaced
throughout the connector.

iPSB Bus Protocol

OVERVIEW

In the MULTIBUS |l specification, both timing dia-
grams and state-flow diagrams describe the iPSB
bus protocol. The state-flow diagrams present the
lowest-level and most rigorous definition while the
timing diagrams help conceptual understanding. For

the purposes of this data book, only the timing dia-
gram description is used.

ARBITRATION CYCLE

An agent that wishes to transfer data on the iPSB
bus must begin by performing an arbitration cycle.
The cycle performs two functions: first, it gives all
agents the opportunity to be granted access to the
bus, and second, it eliminates the possibility of more
than one agent trying to transfer data on the bus at
any one instant. In the case where more than one
agent requests access to the bus at the same in-
stant, the arbitration cycle grants access to the
agents based upon one of two arbitration algorithms:
normal or high priority.

Normal priority mode provides “fairness” or “no
starvation”, which means each agent has an equal
opportunity to grant access to the bus. For example,
assume all agents request the bus at the same in-
stant. In the normal priority mode, each agent is
granted the bus, one by one, until all requests have
been serviced. If an already serviced agent desires
to use the bus again before all of the original agents
are serviced, it will wait until all of original requesting
agents have their request granted. This “round-rob-

’ granting of access ensures that any agent re-
questmg the bus will eventually get it.

The high priority mode allows an agent with high pri-
ority to force its way into the arbitration and be grant-
ed the bus before agents with lesser priority. This
means that a high priority agent gets access to the
bus quickly; however, it can also consume so much
of the bus that agents with less priority never gain
access; they will “starve”.

At reset, the CSM supplies each agent with its slot
ID and its arbitration ID. An agent making a normal
priority request activates BREQ*, holds ARB5* inac-
tive, and drives its arbitration ID onto ARB4* through
ARBO*. If the ARB lines hold its ID after a specified
time (3 bus clocks), this agent won the arbitration
and can use the bus once any ongoing transfer com-
pletes. However, if the ARB lines do not match its ID
(after all, other agents might be also requesting the
bus and driving the ARB lines), another agent won
the arbitration. The losing agent removes its ID and
waits for the next resolution phase before trying
again.
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An agent makes a high priority request by activating
BREQ?*, holding ARB5* active (ARB5* selects the
arbitration mode), and driving its arbitration ID onto
the ARB lines. The high priority algorithm requires
that when a high priority request enters during an
arbitration cycle, the request immediately enters the
next resolution phase rather than waiting for the next
bus request cycle as do normal priority requests.
ARB5* being active causes the other requesting
agents to remove their requests guaranteeing the
high priority agent access to the bus before any

simultaneous normal priority requests. When more
than one agent simultaneously makes a high priority
request, the agent with the higher priority (lower nu-
merical value) arbitration ID will go first. Figure 5 il-
lustrates' the logic required to implement the iPSB
bus arbitration. With either priority mode, once an
agent owns the bus, it can perform any number of
transfer cycles until force off by arbitration. This
characteristic of the arbitration algorithms is called
“bus parking’’.
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Figure 5. iPSB Bus Arbitration Cycle
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TRANSFER CYCLE

Transfer cycles consist of two phases: request and
reply. For illustration, an example of an access read
cycle is shown in Figure 6. During the request phase,
the bus owner (requesting agent) uses the transfer
cycle signal group (SC lines) to notify the replying
agent of the address space (memory, 1/0, intercon-
nect, or message), the data width (8-, 16-, 24- or 32-
bit), and whether the cycle is read or write. The AD
lines contain the desired address for the selected
address space. Replying agents know the SC lines
contain this request: information by the requesting
agent activating SC0* (Request Phase). The request

phase lasts one clock cycle. All potential replying
agents use the request phase to determine whether
they contain the addressed resource.

The reply phase starts immediately following the re-
quest phase. During this phase the agent with the
addressed resource (replying agent) and the re-
questing agent exchange data and status. Both the
requesting and replying agent must agree that the
data on the AD lines and the status on the appropri-
ate SC lines are valid via the RQRDY (Requesting
agent read—SC3*) and RPRDY (Replying agent
read— SC4*) handshake lines. Either agent can

BUS CLOCK | I

| | | | |
VALID , , . VALID
| | | | |
SCO * I | REQUEST I ! ! ! REPLY PHASE [
| | | |
SCi* I’ NOT L(:)CKED I ‘ : IT NOT L(;)CKED ; '
| | | |
SC2» 16-BIT EOC
| I ] ] 2 I
} | wpl.n | | REQUES‘:(N)_‘—
SC3» | 16-IBIT . | | READX |
| I ] | REPLIER
SCax | 1o WAIT WAIT WAIT READY |
| | | [ |
SC5% | 1o I [ I NO ERROR I
| | | | | | |
SCé# ! READ | ] I NO ERROR I
| | | | | | |
T
SCT* ! ! ! ! ! - NO ERROR !
| | | | | | |
[ } t t |
SC8# : PARITY | | | PARITY |
é ! e - s e !
SC9* | PARITY I | | PARITY |
I | I | | | |
EoC
HANDSHAKE
280387-7

Figure 6. Transfer Cycle Example
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hold off the transfer by deactivating its ready line.
This handshaking supports any speed requesting or
replying agent.

The transfer cycle is complete when the requesting
agent signals the last data transfer via the End-Of-
Cycle (EOC—SC2*). The last bus clock cycle of the
transfer is when EOC, RQRDY, and RPRDY are all
active simultaneously.

The replying agent has the opportunity to tell the
requesting agent if it does not support the requested
operation via the agent error (SC5* SC6*, and
SC7*) lines. These lines encode five types of errors:
width violation, continuation error, data error, illegal
operation, and negative acknowledgement of a mes-
sage. Trying to extract 32-bits of data from an 8-bit
peripheral is an example of a data width violation.
Continuation errors occur when attempting sequen-
tial access from an agent which does not support
them or running off the ending address of a memory
board. Writing to a read-only memory is an example
of an illegal operation. A parity or ECC error in a
memory board is an example of a data error. A reply-
ing agent signals a negative acknowledgement to a
message transfer cycle if its destination queue is full
(the source most perform source queuing). The
transfer cycle is terminated by the requesting agent
when it detects that the replier is signalling an agent
error. If the bus interface is intelligent, it might retry
the operation with a different type that the replying
agent can support. Other aspects of transfer cycle
include the ability of a requesting agent to LOCK the
bus via the SC1* line. SC1* is a non-multiplexed sig-
nal which inhibits alternate ports of any multi-ported
resource being addressed. By locking the bus, the
requesting agent can guarantee itself exclusive ac-
cess to a multi-ported bus resource and retains bus
ownership for more than one transfer cycle.

As noted in the figure, in addition to parity protection
on the address/data lines, the SC lines are also pro-
tected by parity. The requesting agent is responsible
for the SC parity bits (SC8* and SC9*) during the
request phase (it drives all SC lines). The reply
phase requires two parity bits: one for those lines
driven by the requesting agent and one for those
driven by the replier. This ensures all aspects of the
transfer cycle have parity protection.

EXCEPTION CYCLE

The exception cycle is an error reporting mecha-
nism. An agent or the CSM initiates an exception

cycle as a result of sensing an exception. If no ex-
ception occurs, no exception cycles occur.

The exception cycle has two purposes in the proto-
col: first, it provides systematic termination of activity
on the iPSB bus and second, it provides a stabiliza-
tion time before allowing agents to resume opera-
tion. These two purposes correspond directly to the
two phases of the exception cycle: the signal and
recovery phases.

The signal phase begins when an agent or a module
senses an exception and activates one of the bus
error lines. One receiving a bus error, all agents ter-
minate any transfer or arbitration cycles in progress.
The net effect of the signal phase is to terminate all
bus activity. The signal phase continues until the er-
ror-detecting module deactivates the bus error line.

The recovery phase begins after the bus error line
becomes inactive. The recovery phase is a fixed-du-
ration delay (in terms of bus clock cycles) that allows
time for the iPSB bus signals to settle before starting
more transfer cycles.

There are two types of bus exceptions supported by
the iPSB bus: timeout and bus error. The CSM moni-
tors the bus to ensure that all data handshakes com-
plete. If for some reason the handshake hangs and
exceeds a maximum time limit, the CSM activates
the TIMOUT* (Time Out) bus exception line to begin
the exception cycle.

An agent sends a bus error exception whenever it
determines that the information on the address/data
(AD) or the transfer control (SC) lines is in error.
Once an error is detected, the agent activates the
BUSERR* (Bus Error) signal line to begin the excep-
tion cycle.

Mechanical

The MULTIBUS Il boards, board accessories, and
backplanes conform to mechanical standards de-
fined by the International Electromechanical Com-
mission (IEC); these standards are commonly re-
ferred to as the Eurocard mechanical standards.
This mechanical system offers modular board sizes
as defined in standard IEC-297-3 and reliable two-
piece connectors as defined in IEC-603-2.
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FORM FACTOR

The MULTIBUS |I 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 Il 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 Il 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 |EC 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.
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Figure 7. MULTIBUS®II Board Sizes
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Figure 8. MULTIBUS®II Connectors
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The pin assignment for the iPSB bus on P1 is shown Please refer to Intel’'s MULTIBUS |l Bus Architecture
in Table 2. . ) Specification Handbook for more detailed informa-

tion.

Table 2. iPSB Bus Pin Assignments

Connector Pin Number Row A RowB RowC
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 Voits ARBO*
27 SCo* Scs* SC7*
28 SCe6* 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*; line contains a second CCLK* signal in systems that have more than 12

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 reserved for the Serial System Bus.
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iSSB SERIAL SYSTEM BUS

m Logical Equivalent to the iPSB Bus m Physical Distribution up to 10 Meters
Message Space m Deterministic Access Protocol

B 2 Megabits/sec Serlal Data Rate m Based Upon CSMA/CD (Carrier Sense
m Multi-Master Capability up to 32 Nodes Multiple Access with Collision
Detection)

The iSSB Serial System Bus is a simple, low cost alternative to the iPSB Parallel System Bus message
address space. The message passing interface is identical for both buses; this allows easy migration from one
bus to the other with no software changes. The iSSB bus serves as a low-cost replacement for the iPSB bus in
applications where cost reduction is required and serves as a complement to the iPSB bus where an alterna-
tive bus path is needed for interface control, diagnostics, or redundancy changes.

280055-1

MULTIBUS® Il Physical Diagram
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FUNCTIONAL DESCRIPTION

Architectural Overview

The trend toward a more functional VLSI has driven
the cost-functionality vector to allow system design-
ers to pack more and more functionality on a given
size board while maintaining approximately constant
cost. The iSSB Serial System Bus lets VLSI drive the
cost-functionality vector in the other direction; dra-
matically reduce the cost while maintaining roughly
constant functionality. It accomplishes this by reduc-
ing the interconnect cost and allowing physical
distribution of modules. .

REDUCED INTERCONNECT COST

Most systems today use a parallel interface to inter-
connect boards within the system. Frequently the
cost to provide this interconnect is a significant per-
centage of the total system cost. Connectors, back-
planes and interface logic are all part of this inter-
connect cost.

The iSSB Serial System Bus dramatically reduces
the interconnect cost by replacing the parallel inter-
face’s multiple-line connector and backplane with a
simple twisted-pair interface using telephone-type
connectors. It also reduces the interface logic to a
single VLSI component as opposed to the multiple
components required in a parallel interface.

PHYSICAL DISTRIBUTION
Being tied to a backplane or bulky ribbon cable limits

the system designer’'s mechanical flexibility in con-
structing-a system from multiple modules. The iSSB

bus frees him of théée restrictions by letting him
physically distribute the system modules up to 10
meters apart. .

Structural Features

PHYSICAL CHARACTERISTICS

The iSSB bus consists of a maximum of 32 nodes
which can be distributed over a maximum of 10 me-
ters of cable. The nodes may be distributed along an
external cable segment or clustered into backplanes
as shown in Figure 2. Each backplane may contain
up to 20 nodes, the maximum number of cardslots in
a iPSB bus backplane.

Clustered systems use repeaters as a connection
between backplanes and the iSSB bus cable. The
repeaters isolate the cable from the excessive ca-
pacitive load on the backplane.

ACCESS PROTOCOL.

The iSSB bus employs an access protocol called
Carrier-Sense-Multiple-Access with collision detec-
tion (CSMA/CD). The CSMA/DC protocol allows
agents to transmit data whenever they are ready.

In CSMA/CD operation, an agent with data to trans-
mit looks at the iSSB bus for traffic before beginning
a transmission. If the bus is not idle, the agents wait
until the line becomes idle and until an interframe
space has passed. After both events, the agent be-
gins transmission of the message.

ISBX™ BUS (10MBps)
isBc® isBC® MEMORY isBC® isBC®
BOARD BOARD BOARD BOARD BOARD
TJ T LE ?.TI - T
iLBX™ I BUS
(48MBps)
IPSB (40MBps) j>
- 1SSB (2Mbps) o
280055-2

Figure 1. MULTIBUS® Il Bus Architecture
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BACKPLANE SEGMENT
* 20 NODES
¢ 0.5 METERS

iISSB BUS TECHNOLOGY

EXTERNAL CABLE SEGMENT
* 30 DROPS

* 10 METERS

32 NODES MAXIMUM

280055-3

Figure 2. Typical iSSB Bus System Configurations

It is possible for more than one agent to initiate a
transmission at the same time; in that case, a colli-
sion occurs on the bus. The protocol handles colli-
sions on the iSSB bus via a deterministic collision
resolution algorithm that uses time slotting.

The deterministic collision algorithm guarantees a
time slot during which each agent can transmit with-
out interference from other agents. The resolution
guarantees fair access to all agents. This type of
collision resolution provides a real-time response
that allows agents to resolve collisions in a finite
time period.

ERROR CONTROL

The iSSB bus uses a 16-bit CRC (Cyclic Redundan-
cy Check) in order to provide error detection. Used
in conjunction with an intelligent interface, this al-
lows the iSSB to look as reliable as the iPSB bus
even though it is up to 10 meters long.

PHYSICAL INTERFACE

The physical iSSB bus interface consists of two sig-
nal lines (the SDA and SDB lines) that are included
as part of the iPSB bus backplane design and may
be extended via a 2-wire cable that connects to a
repeater, typically located on the CSM. Agents en-
code data on the complementary, open-collector
signal lines as shown in Table 1.

Table 1. iISSB Bus Signal Line Encoding

SDA Line SDB Line Line Condition
0 0 Collision
0 1 Logic 0
1 0 Logic 1
1 1 Idle

The portion of the signal lines within the backplane
is designed to operate in a high-noise environment
such as a heavily loaded backplane. Cable exten-
sions to the iSSB bus must adhere to normal trans-
mission line requirements.

To further improve reliability, the bus interface in-
cludes receivers that sample the data and filter out
noise which may be coupled from the surrounding
environment.

Please refer to Intel’s MULTIBUS® |l Bus Architec-
ture Specification Handbook for more detailed infor-
mation.
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MESSAGE PASSING
COPROCESSOR
(MPC)

¢ Full function, single chip interface to
iPSB bus

¢ Implements full message passing
protocol on iPSB bus

¢ Offloads local CPU from managing
iPSB bus arbitration, transfer and
exception cycles

o Compatible with Bus Arbiter/Controller
(BAC) and Message Interrupt Controller
(MIC) interface designs

¢ Maximizes performance on iPSB bus

_and local on-board bus

¢ Simplifies highly functional interconnect
space implementations for both local
bus and iPSB bus s

® Processor independent interface to
iPSB bus

¢ Supports co-existence of dual port and
message passing architectures

4l LOCAL BUS INTERFACE

INTERCONNECT
BUS SPACE

INTERNAL LOCAL BUS

INTERNAL iPSB BUS

’ DUAL PORT MEMORY
CONTROL INTERFACE

© INTEL CORPORATION, 1986

iPSB BUS INTERFACE

Order Number: 280267-001
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The single-chip Message Passing
Coprocessor is a highly integrated
CMOS device implementing the full
message passing protocol as well as the
full functions (arbitration, transfer and
exception cycle protocols) of the iPSB
bus interface control as defined in the
MULTIBUS®II Bus Architecture
Specification Handbook (order
number: 146077-C). ’

FUNCTIONAL DESCRIPTION

Introduction

The MULTIBUS II Message Passing
Coprocessor (MPC) provides a high
integration interface solution for the
iPSB bus of the MULTIBUS 1II bus
architecture. This device integrates the
logic to supply a full bus interface solu-
tion that includes support for message
passing and interconnect spaces, as well
as, memory and I/O references on the
iPSB bus. In addition, the MPC compo-
nent is designed to simplify implementa-
tion of dual port memory functions for
those designs which will co-exist with
message passing.

The MPC is a functional superset of the
Bus Arbiter Controller (BAC) and Mes-
sage Interrupt Controller (MIC) imple-
mentation described in Intel’s Application
Note, AP-256 — ‘‘MULTIBUS II Inter-
facing Using the BAC and MIC Compo-
nents’’ (order number: 280132-001).

Maximize iPSB Bus and
Local On-Board Bus
Performance

The message address space in the
MULTIBUS II bus architecture has been
defined to provide a high performance |
interprocessor communication mechanism
for multiple processor systems. One of
the key functions of the MPC component
is to support the message space interface
by offloading the local on-board CPU
from interprocessor communication
tasks, resulting in a decoupling of the
local bus activities from the iPSB bus
activities. This decoupling eliminates an
interface bottleneck present in traditional
dual port architectures. The interface
bottleneck is a result of dual port archi-
tecture requiring a tight coupling between
a processor and some shared memory
resource.

The advantages gained from using the
MPC component to decouple these re-
sources are as follows. First, resources
on the local processor buses and parallel
system bus are not held in wait states
while arbitration for other resources

are occuring. Second, each transfer can
occur at the full bandwidth of the assoc-
iated bus. The benefit is increased overall
system performance resulting from pro-
cessors being able to process other tasks
in parallel with message transfers being
handled by the MPC component
(parallelism).

Arbitration, Transfer and
Exception Cycle Protocol
Support

The Message Passing Coprocessor com-
ponent implements the full arbitration
cycle, transfer cycle and exception cycle
protocols required to interface to the iPSB
bus. Arbitration is supported for both
normal fairness mode and high priority
mode.

The MPC component performs the hand-
shake protocols necessary to successfully
complete iPSB transfer operations. Trans-
fer operations include access to memory,
1/0, message and interconnect address
spaces on the iPSB bus. During the
transfer cycle, this device generates and
checks parity on the System Control lines
(SC) and on the Address/Data lines (AD).
In addition, the MPC component recog-
nizes agent errors and bus exceptions
and reports these occurances to the

local CPU for recovery action.

INTERFACE DESCRIPTION

This section describes each interface
noted in the block diagram on front page.
These interfaces include the local bus,
the iPSB bus, the interconnect bus and
dual port memory. :

The Local Bus Interface

The local bus interface is used to pro-
vide a processor independent path from
the on-board CPU to the iPSB bus. This
interface supports direct references
(memory, I/O and interconnect address
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spaces) to the iPSB bus, references to
local on-board interconnect space and
the full protocol for unsolicited and
solicited message operations to/from the
on-board CPU. Within the MPC compo-
nent, local bus interface support consists
of three logical interfaces: register, ref-
erence and DMA. The register interface
is used for message operations and access
to interconnect address registers on-
board. These operations are completed
fully asynchronous to the bus clock or
interconnect bus operations. The refer-
ence interface is used to access resources
asynchronous to the CPU (local intercon-
nect space and memory, I/O and inter-
connect address spaces on the iPSB bus).

The DMA interface is used to transfer
data for solicited message operations.
This interface is designed to allow either
two cycle or single cycle transfers. Sin-
gle cycle transfers allow direct transfer
of data between the MPC component and
memory. To achieve higher performance
via single cycle transfers, the DMA
interface is optimized for aligned data
structures, however, operation on arbi-
trary byte strings is also supported.

iPSB Bus Interface

The iPSB bus interface implements a full
32-bit interface to the iPSB bus. This
implementation includes arbitration,
requestor control, replier control and
error handling functions. As a requestor,
the MPC component supports references
to memory, I/0, and interconnect spaces,
as well as ge packet tr ission
As a replier the MPC component sup-
ports interconnect space and message
packet reception. In addition, this inter-
face provides significant management
services for external dual port memory.

These services include: address recogni-
tion, iPSB bus replier handshake, agent
error checking and bus parity generation
and checking. Although this device han-
dles the majority of errors, the dual port
memory controller is still responsible for
generation and check of memory data
parity (not bus parity).




Interconnect Bus Support

Simply stated, the interconnect address
space provides a physical addressing
mechanism (rather than logical) for soft-
ware initialization and configuration of
system parameters (reduces jumper con-
figuration) and system level diagnostics.
The interconnect bus provides a simple
8-bit path between the MPC component
and a user defined design for the imple-
mentation of interconnect space. All ref-
erences to interconnect space (either from
the local bus or the iPSB bus) are routed
through this path for service. In addition,
this interconnect bus can be used for
non-reference related activities such as
diagnostics. An example of a highly
functional interconnect space implemen-
tation is evidenced by the microcontroller
implementation of Intel’s iSBC®.286/100.
Further details of this implementation
are available in the iSBC 286/100 Hard-

Dual Port Memory Support

Although the MULTIBUS II Bus Archi-
tecture has defined the message address
space for optimized performance of in-
terprocessor communication, more tradi-
tional designs can use dual port memory
implemenitations. The iPSB bus interface
has been defined to allow co-existence
of dual port memory and message pass-
ing architectures, however, it should be
noted that the iPSB bus interface is opti-
mized for message passing architectures.
The MPC component is designed to sup-
port this coexistence. (See Figure 2).
This device can be configured to recog-
nize a range of addresses in memory
space and act as an iPSB bus replier
when a match is detected. When an
address is detected, the MPC component
signals the external dual port memory
controller of the request. While the MPC
component provides an error detection

Single Board Computer
Configuration

The Message Passing Coprocessor com-
ponent provides a processor independent
iPSB bus interface solution for intelli-
gent SBC boards. Examples include CPU
boards, intelligent peripheral controllers,
file servers, intelligent data communica-
tions controllers and graphics/image pro-
cessors. This component, like the BAC
and MIC components, is optimized for
bus master or intelligent slave designs.
Figure 2 below represents a typical CPU-
based SBC board. Using the MPC com-
ponent reduces overall board real estate
required for the iPSB bus interface. This
component actively improves system reli-
ability by performing the error checking
and reporting protocols defined in the
iPSB bus interface specification.

using the MPC Component with Dual Port Memory
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Component Packaging
The MPC is packaged in a 149-pin PGA package. The mechanical details of this package are shown in the figure below.
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Figure 3. MPC Package Dimensions
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MULTIBUS® I
TECHNICAL
SERIES:

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.

Enhancing System
Performance with the
MULTIBUS® 11
Architecture

by Steve Cooper
MULTIBUS® Architecture Specialist

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
1/0 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
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Figure 1. Functional Partitioning is the Distribution of CPU,
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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 each 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 1/O environment. '

The MULTIBUS 1I 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 onl)f 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 asynchronous handshakes (Figure 2). Burst

TRADITIONAL ASYNCHRONOUS HANDSHAKE
| Aporess__}
COMMAND [ COMMAND _}
patA b—o{  oata1___}—+t—{ oataz __}——{  oatas _ }—
STOBE ==\
e [ N =
FOUR EDGE TRANSITIONS
ARE REQUIRED IN SEQUENCE
FOR EACH DATA TRANSFER
IPSB SYNCHRONOUS HANDSHAKE
ADDRESS DATA 1 DATA2 DATA3 DATA 4
TA — — } { — —
. ACTIVE (LOW) INDICATES
1 BOARD HAS
comman (——| comm| PROVIDED VALID DATA
READY / DURING TiME WINDOW
I = p. ACTIVE (LOW) INDICATES
REPLIER READY \ = THE REPLYING BOARD HAS
] / 1 ACCEPTED DATA DURING
b/ TIME WINDOW
END OF BLOCK ACTIVE (LOW) INDICATES
LAST DATA IN BLOCK
TRANSFER
CENTRAL CLOCK —I l l I
TWO CLOCK EDGE TRANSITIONS REQUIRED
SIGNAL VALID TIME WINDOWS FOR EACH DATA TRANSFER

Figure 2. iPSB Synchronous Handshake Compared to Asynchronous 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 propagatmn 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 wrmng 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
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iSBC" 386/100
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. DMA LOADS MPC (MESSAGE PASSING COPROCESSOR) >
MPC CREATES 32.BYTE PACKETS TO SEND OVER THE IPSB. MPC ON-CHIP
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MORE DATA BEING LOADED.
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Figure 3. A Message Passing Example ..



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 message-
passing logic on Board B.

While the message passing logic on Board B is unloading
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 I multlprocessmg capabilities and speci-
fically from hardwar: isted First, all
single-cycle memory/IO transfers can be desxgned 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.



MULTIBUS® IT
TECHNICAL
SERIES:

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 II features resolve specific reliability pro-
blems while enhancing overall system reliability:

Synchronous Timing

Bus Parity

Protocol Error Handling

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 1I architecture addresses this problem by
using synchronous sampling of all signal lines. Both the
MULTIBUS II Parallel System Bus (iPSB) and the Local
Buis 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

‘The following are trademarks of Intel Corporation: MULTIBUS, iSBC.
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Increasing System
Reliability with the
MULTIBUS® I
Architecture

by Bill Clemow ‘
MULTIBUS® Architecture Specialist

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 maximum of 20 loads spaced over 16.8
inches.

] |
BUS
CLOCK | |

| 4ons  30ns 30ns!

WINDOW

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

The bus propagation interval accounts for 25ns of signal
transit time and Sns 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.

‘ORDER NUMBER: 280720-001



The receiver interval consists of a 30ns receiver setup
time plus 5ns 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 II 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

MEMORY
LoGIC —

LTI ——

PARITY BIT STORED WITH
DATA TO PROTECT DATA
WHILE STORED

MEMORY LOGIC CHECKS/
ADDS PARITY WHEN

W/PARITY

BUS INTERFACE

OR STORED

BUS INTERFACE ADDS/CHECKS
PARITY FOR EACH TRANSFER
ON BUS

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 receiver 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,
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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/0, 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 II 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:
1/0 CONNECTORS

LEDS
SWITCHES
TEST POINTS

“U"” SHAPED FRONT
PANEL CHASSIS GROUND

LABELING

Figure 4. MULTIBUS® II 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 II 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 II 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.
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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 integration and
single-board computer design:

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

® Reduced inventory costs

System Configuration Simpliﬁed

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.

Geographic Addressing
in the MULTIBUS® II
Architecture

by Mark Budzinski
MULTIBUS?® II Applications Engineer
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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 j 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.

ORDER NUMBER: 280716-001



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 proceduré 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 can look at all the
boards in the system, examine BIST results, 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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CPUBOARD BEGIN INTEGRATE
———| sysTEM [—»f PENTEY Ll " aist
TEST RESULTS
YEs TesTmems |PASS| DRIVE lpass
CONFIGURE INTERRUPT PROMPT
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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 thrdugh a GAN (Global Area Network) card.
Thus, modem communication to a serial port in a system
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

22-39

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 " L Global | Local Default Value
N:?nber Register Description Format Access | Access [312 310 320 340
Header Record

0 (00H) | Vendor ID, Low Byte Binary R/O R/O 01H O0tH O01H O01H
1 (01H) | Vendor ID, High Byte Binary R/O R/IO O0OH O00H O00H - OOH
2 (02H) | Board ID, character 1 ASCII R/O R/O 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 R/O | 4DH 4DH 4DH 4DH
5 (05H) | Board ID, character 4 ASCII R/O RO | 2FH 2FH 2FH 2FH
6 (06H) | Board ID, character 5 ASClI R/O R/IO 33H 33H 33H 33H
7 (07H) | Board ID, character 6 ASCII R/O R/O 31H 31H. 32H 34H
8 (08H) | Board ID, character 7 ASCII R/O R/O 32H 30H 30H 30H
9 (09H) | Board ID, character 8 ASClI R/O R/IO O0OH O00H O00H OOH
10 (OAH) | Board ID, character 9 ASCII R/O R/IO O0OH O00H O00H OOH
11 (0BH) | Board ID, character 10 ASCII R/O R/O 00OH O0H O00H 00H
12 (OCH) | Intel Reserved BCD + R/IO R/IO 1 t t 1
13 (ODH) | Intel Reserved BCD + R/IO R/O T t 1 1
14 (OEH) | Intel Reserved BCD + R/O R/O 1 1 1 1
15 (OFH) | Intel Reserved BCD + R/IO R/O t 1 1 1
16 (10H) | Hardware Test Revision # BCD + RO | RO T 1 T 1
17 (11H) | Class ID Binary R/O R/O 13H 13H 13H 13H
18 (12H) | RFU Binary R/O R/O 0O0OH O00H O00H OOH
19 (13H) | RFU Binary R/O R/O O0OH O00H 00H OOH
'20 (14H) | RFU Binary R/O RIO 00H O00H O0H OOH
21 (15H) | RFU Binary R/IO R/O 00H O00H O00H 00H
22 (16H) | RFU Binary R/O R/IO 00H O00H O00H O0OH
23 (17H) | RFU Binary R/O RIO 00H O00H O00H OOH
24 (18H) | General Status Binary R/O R/O 00H O0H O00H O0OH
25 (19H) | General Control Binary R/W R/W 00H 00OH O00H O00H
26 (1AH) | BIST-SUPPORT-LEVEL tt Binary R/IO RW 01H O01H O01H O1H
27 (1BH) | BIST-DATA-IN Binary RW R/W OOH O00H 00H OOH
28 (1CH) | BIST-DATA-OUT tt Binary R/O R/IW 00H O00H O00H O0OH
29 (1DH) | BIST-SLAVE-STATUS tt Binary R/IO R/W 0O0OH O00H O00H O0OH
30 (1EH) | BIST-MASTER-SLAVE Binary RW R/W 20H 20H 20H 20H
31 (1FH) | BIST-TEST-ID tt Binary R/IO RW 0OOH O00H O00H OOH
Protection Record
32 (20H) | Protection Record Type Binary | RIO | RO | OBH O0BH O0BH OBH
33 (21H) | Record Length Binary R/O R/IO 02H ©02H 02H O02H
34 (22H) | Protection Level Register Binary R/O RW 00H O00H O00H O00H
35 (23H) | Reserved for Future Use Binary R/O R/O 00H O00H O00H O0OH
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APPENDIX 1. MEMORY BOARD INTERCONNECT SPACE LAYOUT (Con’t)

Register : . Global | Local Default Value
N:?nber Register Description Format Access | Access [ 312 310 320 340
Memory Record
36 (24H) | Memory Record Type Binary R/O R/IO 0tH O1H O1H O01H
37 (25H) | Record Length Binary R/O R/O 05H O05H 05H O5H
38 (26H) | Memory Size — 1 low byte Binary R/IO R/IO 07H OFH 1FH 3FH
39 (27H) | Memory Size — 1 high byte Binary R/IO R/O 00OH O00H O00H OOH
40 (28H) | Memory Control Register Binary R/W R/W 0iH O01H O0iH O01H
41 (29H) | Memory Status Register Binary R/O R/O AlH A1H A1H AtH
42 (2AH) | Reserved for Future Use Binary R/IO R/O 00OH OOH O00H OOH
iPSB Control Board
43 (2BH) ' iPSB Control Record Type Binary R/O R/IO 06H ©06H 06H 06H
44 (2CH) | Record Length Binary R/IO R/O 06H O06H 06H 06H
45 (2DH) | iPSB Slot ID Binary R/O R/O FFH FFH FFH FFH
46 (2EH) | iPSB Arbitration ID Binary RW RW 00H O00H O00H OOH
47 (2FH) | iPSB Error Register Binary RW RW 00H O0OH O00H OOH
48 (30H) | iPSB Control/Status Register Binary RIW R/W 00H O00H O0OH OOH
49 (31H) | iPSB Diagnostic Register Binary R/W R/W O0OH O0OH O00H O0OH
50 (32H) | Reserved for Future Use Binary R/O R/O 00H O00H O0H OOH
iPSB Memory Record
51 (33H) | iPSB Memory Record Type Binary R/O R/O 02H '02H 02H 02H
52 (34H) | Record Length Binary R/IO R/O 05H 05H 05H 05H
53 (35H) | iPSB Start Address low byte Binary R/W R/W FFH FFH FFH FFH
54 (36H) | iPSB Start Address high byte Binary R/W R/W FFH FFH FFH FFH
55 (37H) | iPSB End Address low byte Binary RW RW 00H O00H 00H OOH
56 (38H) | iPSB End Address high byte Binary RW RW O0OH 00H 00H O0OH
57 (39H) | Reserved for Future Use Binary R/O R/O OOH O00H O00H OOH
iLBX™ Il Memory Board

58 (3AH) | iLBX Il Memory Record Type Binary R/IO R/IO 03H O03H 03H O3H
59 (3BH) | Record Length Binary R/O R/O 07H O07H O07H O7H
60 (3CH) | iLBX Il Start Address low byte Binary RW RW FFH FFH FFH FFH
61 (3DH) | iLBX Il Start Address high byte Binary RW RW 03H O03H 03H O03H
62 (3EH) | iLBX Il End Address low byte Binary RW RW O0OH O00H O00H O00H
63 (3FH) | iLBX Il End Address high byte Binary RW RW 00H O00H 00H OOH
64 (40H) | iLBX Il Clock Frequency Binary RW R/W DCH DCH DCH DCH
65 (41H) | iLBX Il Slot ID Binary R/IO R/IO 00H O00H O0H OOH
66 (42H) | Reserved for Future Use Binary R/O R/IO 00H O00H O00H OOH
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APPENDIX 1. MEMORY BOARD INTERCONNECT SPACE LAYOUT (Con’t)

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

Note: 1 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.

11 The BIST_DATA__OUT and the BIST__SLAVE__STATUS registers are R/W reglsters locally.
However, the Test Handler that resides on the iSBC® MEM/3XX board does not allow off-board

wntes to these registers.

11t BCD + has the same encoding as a normal BCD signal except that OFH denotes a null, and the

remaining unused encodings are reserved.

1111 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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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-

Message Passing in the
MULTIBUS® 11
Architecture

by Bill Clemow
MULTIBUS® Architecture Specialist

tional buses have not addressed this communication need
with the idea of improving system performance and
reducing complexity.

The MULTIBUS® I 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). :

-

Figure 1A. Transparent Multiprocessing all the same CPUs

FUNCTIONAL MODULE

[

o

BUS

LOCAL

—

SYSTEM BUS

Figure 1B. Heterogenous Mix of Processors-Different Processors Selected to Satisfy Different Aspects of an Application

The following are trademarks of Intel Corporation: MULTIBUS, iSBC.
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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/O, 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 NXN 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

DISK CONTROLLER

MPC
WVF

MPC
WF

MULTIBUS" Il PARALLEL SYSTEM BUS

FILE TRANSFER MESSAGES

1. FILE REQUEST
2. BUFFER REQUEST
3 BUFFER GRANT
4.
DATA
o

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.

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. anure 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 324 byte message- packer oniy 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 Jong 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 imipact
message passing has on system performance. Note that dur-
ing the disk file request and tran'sfer, 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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/One fmal point :

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

Dbytes 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 occurnng

it-is lmporwnt 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 capablhty

Summary

The original design goals, for message passing were to
provide a performance }t;vnhancemen‘t and make it.easier

to implement multiprocessing systems. The achievement
of these goals have resulted in the following benefits: mes-
sage passing has-solvéd the’'NXN 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.
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| INSITE™
USER’S PROGRAM LIBRARY

® Program Library Catalog Offering
Hundreds of Programs

® 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 Submittals. 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
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s Free Membership to Software Support
Standard Contract Customers

® Free Membership to Warranty Customers

a CP/M 80, ISIS II, 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.AR.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
Seidlstrasse 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

® Membership Information

— Library members have available a variety of programs, Insite catalogs, updates and special
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 prograrln submittal.
® Ordering Programs

— Library membership required.

— Refer to the Insite catalog to determine program needs and order numbers.

— Program order forms should be sent to the local library (sample form provided 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 local Insite library with questions on program orders or technical assistance in pro-
gram selection.

® Program submittals follow these guidelines:
— Write in a language capable of compilation/assembly currently supported by Intel.
— Furnish a well documented source code and listing.
— Provide a link and locate (or equivalent) listing.
— Assure validity by inclusion of a demonstration program.
— Complete éubmittal 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

Program Order Form

P.O. NO. # - AMOUNT ENCLOSED $

ADDRESS: (please print) Membership Information

NAME COMPANY
STREET : PHONE NO.
CcITY STATE
PLEASE CHECK: []ISIS QOcem [JiNDX OirRMX
' 0O Double Density [ Double Density
O Single Density [ Single Density [ Listing
OiPDS ~OiPbs
" ORDER'NO. ' TITLE
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INSITE™ USER’S PROGRAM LIBRARY

Membership Form

| WISH TO BECOME A MEMBER OF INSITE. ENCLOSED 1IS:
[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 K.K.

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.A.R.L. Intel Semiconductor GmbH Intel Corporation (U.K.) Ltd.
5 Place de la Balance Seidistrasse 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

The following are trademarks of Intel Corporation and its affiliates and may be used only to identify Intel products: AEDIT, BITBUS, BXP, COMMputer,
CREDIT, Data Pipeline, Genius, i, ', IATC, IICE, ICE, iCS, iDBP, iDIS, iLBX, im, iMDDX, iMMX, Insite, Intel, intgl, intglBOS, Intelevision, intgligent
Identifier, intgligent Programming, Intellec, Intellink, iOSP, iPDS, iRMX, iSBC, iSBX, iSDM, iSXM, KEPROM, Library Manager, MCS, Megachassis,
MICROMAINFRAME, MULTIBUS, MULTICHANNEL, MULTIMODULE, OpenNET, Plug-A-Bubble, PROMPT, Promware, QueX, QUEST, Ripplemode, RMX/
80, RUPI, Seamless, SLD, UPI, and the gombination of ICE, iCS, iRMX, iSBC, iSBX, or MCS and a numerical suffix. Intel Corporation assumes no
responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other patent licenses are implied. © INTEL
CORPORATION, 1985. All rights reserved.
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iRUG 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 quarterly international newsletters; synopsis of software
problem reports (SPRs) submitted by members; opportunity to present papers and conduct workshops; invita-
tions to seminars devoted to the use of Intel products.

The user’s library, maintained 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.

Programs in the library are available through diskette exchange.

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 SIG offers two features,
message facilities and an online conference facility. 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 online conference facility allows users to hold
scheduled meetings on any topic. Whatever information a member types at his/her terminal will be displayed
at all terminals logged into the conference facility.

““The Human Interface’ is iRUG’s monthly newsletter. It serves as a supplement to chapter meetings by pro-
viding: library listings, information on the latest releases of products running on the iRMX Operating System;
officer messages; member SPRs; release and update plans for the iRMX Operating System; and member articles.

If you are interested in becoming a member of iRUG or desire further information, contact the Intel iRUG Coordinator,
Catherine R. Moon .
5200 N.E. Elam Young Parkway
Hillsboro, OR 97124
Mailstop HF2-60
(503) 640-7038
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iMBX 100/110/120/130
MULTIBUS® EXCHANGE

HARDWARE SUBSCRIPTION SERVICE

m Customized Monthly Update Packages = Available for MULTIBUS® |,
Contains: MULTIBUS II, 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

— Ancillary 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 circuitry other than circuitry embodied in an Intel product. No other circuit patent
licenses are implied. Information contained herein sup: des previously published specifications on these devices from Intel.

©ilntel Corporation, 1985

. SEPTEMBER 1985
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intel

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
and/or 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 (iIMBX 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.

237 210276-002
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UNITED STATES

Intel Corporation
3065 Bowers Avenue
Santa Clara, CA 95051

JAPAN

Intel Japan K.K.
5—6 Tokodai Toyosato-machi
Tsukuba-gun, Ibaraki-ken 300-26

Japan
FRANCE

Intel Paris

1 Rue Edison, BP 303

78054 Saint-Quentin en Yvelines
France

UNITED KINGDOM

Intel Corporation (U.K.) Ltd.
Piper’s Way

Swindon

Wiltshire, England SN3 1R]

WEST GERMANY

Intel Semiconductor GmbH
Seidlstrasse 27

D-8000 Munchen 2

West Germany

HONG KONG

Intel Semiconductor Ltd.
1701 Connaught Centre
1 Connaught Road
Hong Kong
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