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FOREWORD

This SAE Aerospace Information Report (AIR) was developed as a supplement to SAE AS4710 Pi-Bus
standard. The handbook provides an overview of the Pi-Bus, rationale, and example use. The
handbook was prepared under the direction of:

John Meyer Chairman, AS-2 Committee
Boeing Defense Group
27310 126th Place, SE
Kent, WA 98031
(206) 657-8935

Chuck Roark Chairman, AS-2C Subcommittee
Chairman, AS-2C1 Pi-Bus Working Group
Texas Instruments Defense Systems & Electronics Group
6550 Chase Oaks Boulevard, MS 8420
Plano, TX 75023

This document i a handbook to aid in the use of the Pi-Bus. SAE-AS4710 documentsq the Pi-Bus
standard, while this document provides information that is intended to help the Pi-Bus gdeveloper and/or
user in using the|Pi-Bus. Major emphasis is placed on including'an overview of the Pi-Bus, a
paragraph by paragraph rationale of SAE AS4710, and example uses of the Pi-Bus.
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1.

1.1

SCOPE:

This section defines the scope of the document, provides a brief history of the Pi-Bus, discusses
key features of the Pi-Bus, and provides an overview of the operation of the Pi-Bus.

This document is a handbook intended to accompany AS4710 Pi-Bus standard. The purpose of
this document is to provide information to aid users of the Pi-Bus, whether they be implementors of
Pi-Bus controllers, architects of systems considering using the Pi-Bus, or programmers who must
develop applications in a system which uses the Pi-Bus as the backplane communications bus.
This document also provides rationale for many of the Pi-Bus requirements as defined in AS4710
and a discussion of potential enhancements that are being considered for the Pi-Bus.

The foilowing is{a mapping of major sections in this document for particuiar audienges:

Overview of Pi-Bus and its capabilities: Section 1

Pi-Bus ratiopale: Sections 3, 4, and 5

information for IC designers: Sections 3, 4,5, 8, and 9

Information for system designers/architects: Sections 1, 6, 7, and 9
Information for software designer: Sections 1, 6, and 7

cQao0 o

The following is|a synopsis of the history of the Pi-Bus.

History of the [Pi-Bus:

The Pi-Bus became an SAE standard on 10 May1993. The history of the Pi-Bug and its path
towards standardization is interesting in that the'Pi-Bus was first defined in a spegification
developed for|the Very High Speed Integrated Circuit (VHSIC) program, maturing of the
specification hecame possible due to several implementations and interoperability studies,
studies were then performed to increase the performance of the Pi-Bus, and finafly industry
standardizatign occurred. The remainder of this paragraph provides a brief synopsis of this

history.

In 1985, IBM,|Honeywell, and TRW developed the Pi-Bus specification as part of the VHSIC
program. lts purpose was to provide a highly reliable muiltidrop backplane bus tg support the
communicatign betweén loosely coupled modules via message passing. The VHSIC Pi-Bus
specification definedthe Pi-Bus by describing its physical layer and data link layegr. Westinghouse
developed the first-{not completely compliant) Pi-Bus implementation in 1987 as part of the
Wright Laboratory VAMP program. This implementation was important in that itg device-side
interface, which is not specified in the Pi-Bus specification, was used as the baseline for device-
side interfaces for many future Pi-Bus implementations. By coincidence in 1987, the original
JIAWG platforms (A-12, ATF DEM/VAL, and LH DEM/VAL) all used the Pi-Bus as their
backplane communication bus. Because of this commonality, the Pi-Bus became the standard
JIAWG backplane intermodule communications bus. IBM, Tl and Unisys were the primary Pi-Bus
vendors for the JIAWG programs. In early 1988, through discussions within the SAE Pi-Bus
Working Group and simulations performed under the Zycad-Air Force Demonstration of Avionic
Module Exchangeability via Simulation (DAMES) program, it became apparent that the three
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1.1

12

1.2.1

(Continued):

implementations were not completely interoperable. McDonnell Douglas Aircraft initiated a series
of Pi-Bus interoperability working group meetings between IBM, Tl and Unisys in the summer of
1988. The purpose of these meetings was to clarify and complete the VHSIC Phase 2 Pi-Bus
Specification to insure that post 1991 Pi-Bus implementations provided by different vendors
would be interoperable on the JIAWG platforms. These meetings were eventually followed by
formation of the JIAWG Pi-Bus Working Group, which was the group within the JIAWG
responsible for producing a JIAWG Pi-Bus Specification. The JIAWG Pi-Bus Working Group
officially began meeting in April 1989. Also in 1989, the Navy awarded a contract to IBM to look at
performance enhancements for the Pi-Bus. One of these, a more efficient type of message
called a datagram, was included in AS4710. Also, in this timeframe, DELCO was awarded a
contract to develop a 32-bit Pi-Bus for the F-22 program.

. This group developed a revised version of the VHSIC Pi-Bus Specification called
i-Bus Specification. The updates included specification ambiguity cleanup, detailed

ber from each service and the chairman of the SAE Pi-Bus Working Group. The
purpose of the Advisory Board is to provide a formal communication mechanism between the
DoD and SAE for guidance on revisions of AS4710, handbooks, and user group activities.

Pi-Bus Key Features:

This section|provides a brief discussion of Pi-Bus key features. The view of these features is that
of the user. |This section is organized as follows:

Section [1.3.1,discusses general capabilities of the Pi-Bus.

Section [1.3:2-describes Pi-Bus message passing features.

Section 1.3.3 provides an overview of a typical Pi-Bus software interface.
Section 1.3.4 lists several programming paradigms using the Pi-Bus.

pcpow

General Capabilities: As noted in Figure 1, the Pi-Bus can be either a 16-bit or 32-bit parallel
backplane bus. The Pi-Bus is a loosely coupled, message passing bus. Up to 32 modules can
communicate over a single Pi-Bus. A 16-bit Pi-Bus is error detecting (ED), while a 32-bit Pi-Bus
is error correcting (EC). [Note this is a change from the VHSIC Pi-Bus Specification in which a
16 or 32-bit Pi-Bus could be either error detecting or error correcting.] The Pi-Bus uses a
synchronous clock which is specified to run at a maximum of 12.5 MHz.
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PI-BUS
MODULE 0 MODULE 1 eee MODULE 31
* SAE AS-4710 STANDARD

o TYRICALLY-AN-AVIONICS BACKRLANE BUS

¢ (16 OR 32-BIT PARALLEL BACKPLANE BUS

* LOOSELY COUPLED, MESSAGE PASSING BUS

* SUPPORTS COMMUNICATION BETWEEN AMAXIMUM OF 32 MODULES
FNHERENT FAULT TOLERANCE SUPPORTIVE FEATURES

¢ CONTAINS FEATURES WHICH SIMPLIFES SOFTWARE INTERFACE

FIGURE 1 - Brief Overview of Pi-Bus

1.2.1 (Continued)

The module connection to the Pi-Bus’is a dot-or connection to negatively defined signals.
Therefore, any module can assert a logical one. A logical zero is present only |f no module is
asserting a pne. Generally, allmodules are constantly presenting signals to the Pi-Bus.
However, they are generally logical zeroes.

A Pi-Bus cah be in onelof two operational states, active or inactive. It is in the jnactive state
when no mgdule is asserting signals, i.e., no message activity. The Pi-Bus is ip the active state
when one of more modules are asserting signals, i.e., there is a vie or message activity.

i and-e n-in-igdre 2. The
Master portlon ofa BIU can obtam control of the PI-BUS and mmate messages The Slave
portion responds to Pi-Bus messages addressed to it. There are two types of modules,
Master/Slave modules and Slave Only modules. Only the Master/Slave modules can initiate
bus messages. Both module types can respond to messages. The Master portion can initiate
a message which addresses its companion Slave portion.
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FIGURE 2 - High Level View of Pi-Bus

(Continuedy):

The Pi-Bus fis an open systems standard which hasseveral features which are peneficial for
avionics computers. Some of these include the following:

fault tolerance support

backplape mission time distribution source
optimized message passing

real-time¢ programming support

logical {ave identifiers and labels

either centralized or distriblted initialization
security|support s

simplified software interface.

S@me oo

The following subparagraphs describe each of these items in further detail.

Fault Tolgrance'Support: One of the most distinctive features of the Pi-Bus i£ its support for
fault tolerance. This section discusses how the Pi-Bus supports fault tolerang¢e.

The Pi-Bus is inherently supportive of module level fault containment since it is a loosely
coupled, message passing bus. This is in contrast to the poor fault containment provided by
the typical tightly coupled buses which access memory a word (or byte or muitiple bytes) at a
time, such as VME or Futurebus+. This follows due to Pi-Bus features such as hardware
supported intermodule communication containment boundaries, an error management
protocol which supports detection and isolation of contaminated memory, the ability for
software to control access to its memory, and explicit software control of intermodule
communication.
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1.2.1.1

(Continued):

The Pi-Bus provides detection of 100% of single line faults on both data and control lines. In
addition, the 32-bit Pi-Bus provides single line error correction on both data and control lines.
This is in contrast to most buses which either provide no error detection or if they do, it
typically applies only to the data lines.

For a single backplane which desires to support fault tolerance, either a single 32-bit error
correcting Pi-Bus is used or dual 16-bit error detecting Pi-Buses are used. The F-22 CIP
uses a 32-bit error correcting Pi-Bus. In the 16-bit case, typically one bus is used as a
primary, while the second Pi-Bus is used as a redundant backup in case of failure of the
primary. Such is the case for the ATF YF-22 Demonstration/Validation Mission Display
Processo in-Missi ; i ment System,
Comanche Helicopter, and F-15 Computer upgrade. For the 16-bit case, typically a single Pi-
Bus Interface Unit (PlU) is used with two sets of transceivers since the typical failure is
expected {n the connector pins instead of the electrical circuitry. The PIU is commanded by
software tp select one of the two. In the 32-bit case, only one bus is typicallyjused. Such is
the case with the F-22.

in order td minimize the chance of a single module "bringing down" a Pi-Bus, |there is no
centralized control -- the protocol uses a distributed Vie for gaining Mastership of the bus. In
addition, there is an absolute tenure time-out to bound-a master's tenure. If 4 PIU or its
transceiveEs are faulted on a module, the module saftware may disable trans¢eivers to
remove the PIU from one or both buses. In addition, if a TM-Bus is used in the system (as is
suggested in AS4710), then a module's transceivers may be disabled from off module via a
TM-Bus command.

The Pi-Bup requires a central, synchronous clock. In order to prevent the clock from being a
single point of failure, many implementations implement dual clocks. Use of a synchronous
clock allows the latching of bus signals after the "wire-or-glitch" which causes| problems in
other busgs that use BTL levels. The synchronous protocol also allows the use of simulation
to prove the validity of a design while an asynchronous design can never be gompletely
proven.

The Pi-Bus is compact - it has a relatively simple protocol, small number of ﬂins, and typically
is a single|chip implementation. This implies the typical Pi-Bus implementatign is robust.

Finally, the Pi-Bus supports hardware acknowledgments not only on singlecast messages but
also on m&ﬁrasﬂbmadcaﬁmessages—fmmﬂrarbwshrquickerdewﬁnination of the

success of a message, but reduces bus traffic by not requiring software to transfer
acknowledgments to the sender. This allows operating system software to implement a retry
protocol without requiring either application interaction or acknowledgment messages being
sent on the bus. The hardware acknowledgments also provide additional information which
can be used for fault detection/isolation or determinations such as a slave or slave's label was
busy when a message transfer was attempted. (What is meant by slave label is discussed in
1.4.1.5))
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1.2.1.2 Backplane Mission Time Distribution: Consistent time distribution is a common problem for

1.2.1.3

distributed systems. The Pi-Bus provides hardware support for system time distribution. A
PIU implements a 48-bit system timer register with a 1 MHz clock (i.e., with 1 microsecond
resolution). A bus interface message is used for transferring system time values directly

between the system timer registers of the Master and Slave(s) When one module transmlts
system time to another module, the system timers are to be synchronized within 12.5%4/(Pi-
Bus clock frequency) microseconds. Thus, if a 12.5 MHz Pi-Bus is being used, at the end of
distributing system time, the system time of the Master and Slaves are guaranteed to be
synchronized within 4 microseconds.

The following are example uses of system time distribution.

a. lfitis important for applications executing on modules within a backplane to be
synchronized with system time outside of the backplane, the following method has been
used. A module within the backplane (e.g., High Speed Data Bus(HSDB) or 1553B

system time to other modules on the backplane. Depending on the accuyiracy required, the
spegial module may require hardware support for loading the Pi-Bus sygtem timer upon
recejving a mission time update from its external source.

b. If applications within a backplane only need to be synchronized among themselves, i.e.,
not with applications external from the backplane, then there are two general approaches
for system time distribution:
(1) A master time module can be chosen which periodically distributes jts system time to

he other modules in the backplane. Protocols can be chosen for changing the

aster time module. For example, this might occur if unacceptable |variations are

een in its time distribution.

(2) A master time module can be chosen whose system timer is periodjcally read by all
modules. Protocols can be chosen for changing the master time mpdule.

Optimized Message) Passing: The Pi-Bus was designed with message passing as a basic
requirement. Because of this, the Pi-Bus includes an optimized message passing protocol

which sypportsfault tolerance and real-time programming. Some of these optimized message
passing features are:

low overhead message passing protocol
message priorities

variable length tenure

message suspend/resume

several types of messages.

caouTe


https://saenorm.com/api/?name=6e2dd23fa0bb2678bcf1df5c29041778

SAE

AIR4903A Page 9 of 133

1.2.1.3

(Continued):

A PIU is a direct memory access (DMA) device which allows Pi-Bus transfers to occur without
causing a scalar processor to stall in either the Master or Slave(s) modules. This not only
increases performance but also makes data processor execution more deterministic. This is
in contrast to processors using a tightly coupled bus in which the data processor either acts
as the DMA controller or is stalled on read accesses to memory.

The typical PIU supports the sending of "chained" messages so that a Master may use a
single command to invoke the PIU to transfer a set of messages without requiring additional
processor interaction during the transfer of the message(s). In addition, Slave processors are
not involved with a message transfer while it is in progress -- Slaves may be notified of the

arrival ofja message by an interrupt with information about the message queued for
OS/application examination. Figure 3 provides a pictorial summary of this djscussion for label

addressed block message transfers. Reference 1.2.1.5, 1.2.3.2, 1.2.4.3'and 4.2 for a

discussign of label addressing.

PHBUS BLOCK LABEL MESSAGE TRANSFER
E ms"m E E L ME SI.AVE E
' PR [ P |~ MNTERRU '
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FIGURE 3 - Typical Label Block Message Transfer
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1.2.1.4

1.2.1.5

Real-Time Programming Support: Special provisions were included in the Pi-Bus to support
real-time programming based on paradigms such as variations of the Rate Monotonic
algorithm and priority based algorithms. The basic requirements for supporting such
paradigms is the inclusion of message priorities and the ability to pre-empt a lower priority
message by a higher priority message. The Pi-Bus includes message priorities and the ability
to suspend/resume messages.

A message priority consists of two components: a 5 bit module ID (MID) and a 7 bit logical
priority. During a Vie sequence, the message priority is made up of the concatenation of the
logical priority and MID. The use of the MID allows for a deterministic, unique selection of a
Master during a Vie sequence. The logical priority alone is used for determining whether a
message should be allowed to be pended. The logical priority | ed by an application to
denote the importance of a message. Typically, if the application software designates two
messages in different modules as having the same logical priority, it considers them to have
the same priority regardiess of what hardware module the software is,on. In|particular, if a
messagel|is currently being transferred, it will not be suspended because an¢ther module with
a more urgent MID desires to transfer a message of the same logical priori

There are two timers associated with a PIU used in the message suspension protocol. These
timers are software configurable. These timers are Vie Interval A Register and Vie Interval B
Register,|which are 16 and 8 bit registers, respectively, expressed in bus cygles. The timers
are used fto provide a maximum time bound, expressed in bus cycles, for denoting when a
higher priority message may begin being transferred on the bus. The first timer is used to
denote the amount of time a Master may continue to send messages once af request has
been made for it to relinquish the bus due to:@nother module wishing to send a higher priority
message| If the Master has not completed sending a message (chain) by the time Vie
Interval A Register expires, the Master must relinquish the bus by suspending the current
message|by the time Vie Interval B -Register expires or it will be aborted. Software configures
the Vie Interval A and Vie Interval B Registers appropriately to guarantee deterministic
message|deliveries of critical messages for its application.

Logical Sjave ldentifiers and Labels: Within a message a Slave is denoted by a slave
identifier [ID). As depicted in Figure 4, the Slave IDs are of three types: 32 physical IDs
denoted by the MIDs, broadcast ID, and 223 logical IDs. The MID can be used to identify a
Slave forja message when there is a single Slave and the Master knows the |physical ID of the
Slave. The broadcast ID is used to send a message to all modules on a bagkplane. Logical
IDs are ug ed to “Ioglcally denote one or more Slaves for message transmission. A PIU can
be configh Ram : ge-or-via-on-module software
commands to respond to any number of the 223 Ioglcal IDs A Master is not required to know
the physical address of a Slave module or how many modules with which it is communicating
if logical IDs are used. Logical IDs are suggested for ease of reconfiguring software. For
example, if physical IDs were being used and an application which was originally allocated to
one module was moved to a different module, software within the Master would require
modification to support this change. On the other hand, if logical IDs were used, no change
would be required in software.
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1.2.1.5 (Continued):

Block Messages which use label addressing were included in AS4710 to extend the concept
of logical IDs to a greater number and to provide Slave controlled access to Slave memory.
(For a discussion of Block Messages, see 1.2.2.1.) A label extends the logical ID in the
following way. Suppose a label block message is sent to a module, using either logical or
physical IDs. If the corresponding label in the Slave module is not activated, then the Slave
module ceases participation in the bus sequence -- just as if the module was addressed by a
logical ID not activated for the module. If the corresponding label in the module is activated
(and not busy), the message transfer occurs.

PI-BUS

MODULE 0 MODULE 1 ee MODULE 31

» MODULE MAY BE DIRECTLY ADDRESSED BY MASTER BY USING A
PHYSICAL MODULE ID -0..31.

o 'ALL MODULES MAY BE SIMULTANEOUSLY ADDRESSED BY USING
BROADCAST ID -32

* MODULES MAY SELECTIVELY ENABLE ONE OR MORE LOGICAL IDs -
32.. 255 LOGICALIDs ARE USEFUL FOR RECONFIGURING SOFTWARE
ROM ONE MODULE TO ANOTHER WITHOUT REQUIRING CHANGES IN
FTWARE AT THE MASTER

OGICAL IDs ARE ALSO.USEFUL FOR SENDING MULTICAST MESSAGES -
ESSAGES WHICHMAY HAVE MORE THAN ONE DESTINATION, BUT NOT

NECESSARILY ALL MODULES AS A DESTINATION.

¢ MASTER PLACES THE MODULE ID (PHYSICAL, BROADCAST, OR LOGICAL)
FOR THE DESTINATION(s) IN THE MESSAGE HEADER.

FIGURE 4 - Addressing a Module

The use of labels allows the Slave to designate the physical address in Slave memory to
either read or write the message. Therefore, changes in Slave memory allocation do not
affect software executing in a Master, since the Master is not required to know the physical
address. In addition, if direct memory addressed messages are not used, this allows a Slave
to protect its memory from arbitrary access from off module. Most current PIU
implementations allow direct memory addressed messages to be disabled.
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1.2.1.6

1.2.1.7

1.2.1.8

Centralized and Distributed Initialization: AS4710 defines the Pi-Bus data link registers.
These registers specify configuration parameters for a PIU. For example, the Vie interval A
and B timers and logical IDs registered for a module are defined in the data link register set.
The bus interface message allows a centralized approach to Pi-Bus initialization. This is
accomplished by allowing a single module within a backplane to initialize the data link
registers for all modules within the backplane by using bus interface messages. A
decentralized approach is also allowed by having a module initialize its data link registers by
sending a bus interface message to itself or by providing a device-side interface to the data
link registers. It is generally felt that distributed initialization is preferred for modules which
are capable of Master/Slave operation (and thus typically have a processor on the module),
while centralized control should only be used for initializing modules with Slave only
capabilities (and thus typically do not have a processor on the module). Allowing distributed
initialization for Master/Slave capable modules avoids potential synchronizatipn problems,
avoids problems due to the loss of the control module, and allows initialization to occur in
parallel.

Security Support: Most PIU implementations contain several features which support data
security.

As noted jn 1.2.1.5, label block messages allow a module to'restrict access tp its memory. it
is suggested that except for possibly accessing Slave only modules, direct addressed block
messages not be used. Most PIU implementations provide the capability to disable the
acceptance of direct addressed block messages, preventing application software from either
accidentally or maliciously accessing a module's memory directly.

In most cuyirrent implementations, a label table entry includes an entry which states the
maximum buffer size allowed for a message sent/received from that label. ir} addition, the
label allowed and maximum-event label allowed may be specified {o further reduce
the access to a Slave module. These features help limit external access to g module's

The block message and datagram message are allowed to have an extended header -- six
additional| 16-bit words of ‘@pplication dependent information that is passed wijth the message.
This information could contain information which could be used to support segurity.

Simplified Software Interface: An important feature supported by current PlUs is the device-
side interface simplifies the software interface to the Pi-Bus. These features|include data
structureg used for transmitting messages and receiving messages, a robustj error reporting
interface, and the decoupling of the Pi-Bus and software in the sense that a PIU requires little
interaction with software to perform message transactions. Section 1.2.3 discusses several of
the key software interface features provided in most PIU implementations.
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1.2.2

1.2.2.1

1.2.2.2

Message Passing Features: The Pi-Bus supports several types of messages. These include:

a.
b.
c.
d.

Block Messages, including both direct and label addressing
Parameter Write, including both logical and event filter

Bus Interface, including both data link register access and system timer
Datagram Messages, including logical addressing only

In addition, Block Messages and Datagram Messages support transfers using either short or
extended headers. This section provides a synopsis on the use of these message types.

Block Messages: A block message may transfer between 1 and 65 536 contiguous words of
physical memory. (The word size is 16-bits for a 16-bit Pi-Bus and 32-bits for a 32-bit Pi-

Bus.) Ab
Slave to th
the potent
However,
module is
which wou

at the exp(ration of the appropriate Vie Interval B Register.

Two mode
addressinq
address a
address a
using dire
containing

Labe!l add
This is the

Parametel

)e Master. A write will transfer data from the Master to one or mor
al size of block messages, block messages are suspendableas ng
a module may be configured to not allow the suspension of block
configured not to support the suspension of block messages, then
Id have been otherwise suspended during a suspend@equence wo

p. Direct addressing is interpreted by the PiU‘on the Slave module
module's memory as though the address were a physical address,
module's memory as though it were a logical address. Sending bl
a data processor as discussed in1.2.1.5.

ressing, as discussed in 1.3:1.5, supports logical addressing of a sl
generally accepted addressing approach suggested for block mes

Write Messages. The typical Pi-Bus message sequence includes

sequence
Slave(s), i

ock message may be either a read or a write. A read will transfer jiata from a

Slaves. Due to

ted in 1.2.1.4.

essages. Ifa
message

uld be aborted

s of addressing are allowed in block messages: direct addressing and label

Some PlUs
while others
)¢k messages

ct addressing is not generally suggested for communicating with other modules

ve module.
ages.

a header

followed by a data-sequence. The header sequence is used to ide
entify the type of message to be sent, and to communicate mess

ntify the
ge type specific

information (if there is)any), such as label for block label messages and datagram messages,
to the Slave(s). If there is data associated with the message, the data is ther transferred
during the|data sequence. The Parameter Write message is an optimized message in the
sense that the entire message is transferred during the header sequence, i.e|, all data
associated with the message is included in the message header.

There are two types of parameter write messages: logical and event filter. The logical
parameter write message allows for the transfer of three 16-bit words to a Slave. Upon
reception by a Slave, the message header, which includes the three data words, is queued for
access by the Slave processor. In order for application software to make use of the data, a
subset of the data must contain information used by application code to denote what the data
is and possibly who it is for. In contrast, the label used in a biock message using label
addressing can be used to denote this information.
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1.2.2.2 (Continued):

The event filter parameter write message provides an efficient mechanism for the signaling of
the occurrence of up to 16 events. This can be used to implement synchronization primitives
such as the signal of a barrier. An overview of the event filter parameter write is presented in
Figure 5. An event filter parameter write message contains (1) a label which denotes one of a
possible 4096 different event labels and (2) event flags which denote between 1 and 16
events. There is an event label table on a Slave module indexed by the iabel contained in the
event filter parameter write messages. Each event label table entry contains a 16-bit event
mask which denotes the event set associated with the label. Each event label table entry also
contains a 16-bit event flags word which is OR'ed with the event flags entry of a parameter
write message using a label associated with the label table entry. The event flag word shows

how many different events within the event set have occurred. When aii t'ne;{events as

defined by the event mask have occurred, the Slave is signaled. This signaling occurs by
queuing gn event report which contains among other things the label associgted with the

event and interrupting the Slave processor.

EVENT FILTER
P WRITE EVENT TABLE
HEADER

HwA Oled

HWE: EVENT FLAGS 1

HWOO: LABEL > | DENTRAG |~ evenr
_~{" BLOCK

HWOC1: RESERVED EVENT MASK

rOIONN.932

CLEAR EVENT FLAG AND EVENT MASK, AND
REPORT TO SLAVE IF EACH BIT SET IN EVENT
MASK IS SET N EVENT FLAG.

FIGURE 5 - Event Filter Parameter Write

The event filter parameter write message eliminates the need for the processor to be
interrupted more than once and software processing required to denote the occurrence of a
set of events. If an event set contained N events and the event filter mechanism was not
used, then at least N interrupts (and more if some events were repeated before the entire set
of events had occurred) would be required along with software processing to determine the

entire event set had occurred.
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1.2.2.3 Bus Interface Messages: There are two types of Bus Interface Messages: data link register
access and system time distribution. The Bus Interface Message which accesses the data
link register space of a Slave is used to either read or write a Slave's data link register space.

1.2.2.4

1.2.2.5

1.2.3

This was discussed in 1.2.1.6.

The Bus Interface Message used for system time distribution is used for transferring the

system time value within one PIU to another. This was discussed in 1.2.1.2.

Datagram Messages: There are two types of datagram messages: nonacknowledged
datagram and acknowledged datagram. Nonacknowledged messages are intended for a

send and forget type system where no message acknowledgment from the sl

ave(s) is

needed. Acknowledge datagram messages are used in place of block messages when

header acknowledge information is not needed, but a data acknowledge is.
messages are multicast.

Il datagram

Both datagram messages provide higher potentia! throughput than block mesgsages.

Because the header acknowledge has been removed, selected slaves can b
data while| processing the label information. If any label problems are detecte

gin buffering
d, the slave

disconnects from the message and flushes it's data buffer. t:ail label checks|pass, then

memory transfer from the slave data buffer to the modulememory can begin.
label checks can be done in parallel with the Pi-Bus data transfer, datagrams

Because the
can have a

much higher throughput than block messages. The amount of throughput improvement is

greatly dependent on PIU design. The slave must-hiave a data buffer large e
of the Pi-Bus data that comes into the slave, while the label checks are being
desirable {o have a Slave DMA throughput that is greater than the Pi-Bus dat;

Short and
block and

Extended Headers: Messages:are typically sent using short heade
datagram messages may. also be sent using extended headers. TI
headers cpntain a short header plus an additional six 16-bit words which are
dependent. One use of extended headers is to pass operating system speci
related to the message without\requiring a second message transfer. For ex
message ¢ealt with file I/0, the extended header could include specific inforn|
file operatjon in the same message which transfers file data.

nough to hold all
performed. ltis
q rate.

rs. However,
he extended

c information
mple, if a
jJation about the

{pplication

Software Interface: . One of the key characteristics of all current PIU implement

ations is they all

examples of the types of software interface features included in existing implementations. The
features discussed are categorized into Master and Slave interfaces. Figure 6 depicts the two
most significant data structures used by software to communicate with a PIU. The details given
are typical of several interfaces.

provide simplified Software interfaces for Pi-Bus transfers and PIU control. Th’i]tdsection gives
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MASTER | SLAVE
CHAIN CONTROL BLOCK s {CCBs) LABEL TABLE
me
CIRLEMS | BFAH
DATABUFFERPTR  —P
cc8 1
PI-BUS HEADER CONTROL BEFS
WoRDS BUFFER POINIER| _ LABEL ENTRY
WXSZE | A
/ CIRLETS | BFRH
DATA BUFFER PTR >
coe2
\ PHBUS HEADER
WORDS
ass -
PIOPL-983

FIGURE 6 - Example Master-and Slave Data Structures
1.2.3.1 Master Sgftware Interfaces:

1.2.3.1.1 Chain Gontrol Blocks: The basic structure used for controlling a PIU as a Master is the
chain cgntrol block (CCB). (Reference Figure 6). The typical CCB denotes|a Pi-Bus
message to be sent by thissmodule. CCBs may be chained together to allow multiple CCBs
to be infoked by a single command from a processor. CCBs in a chain arg executed
sequentijally. As will be noted below, in the typical implementation the sepdrate CCBs in a
CCB chain are notrequired to be contiguous in memory.

normal ¢hains and priority chains. Typically, a normal chain is commanded to a PIU.
Howevelr, if software determines it needs to transmit higher priority messages while a
normal chain is executing, a priority chain may be invoked which will suspend the current
chain so that the priority chain can be processed.

In sevefl implementations, two types of CCB chains may be invoked simultaneously:

A processor may also command the PIU to abort a chain that is currently executing .
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1.2.3.1.1

1.2.3.1.2

1.2.3.2 Slave Software Interfaces:

1.2.3.2.1

1.2.3.2.1.1

(Contin

ued):

A CCB contains control flags used for specifying actions to be performed. Some of these
actions include whether the CCB is a NOP (no operation is to be taken for the CCB),
whether the CCB is the last in the chain (in which case an end of chain report will be posted
and the Master processor interrupted), and whether the CCB is a jump CCB (in which case
the CCB denotes the location of the next CCB to execute). A jump CCB aliows the CCBs
comprising a CCB chain not to be contiguous. If the CCB control flags do not designate the
CCB as a NOP or jump CCB, the CCB contains the message headers for a Pi-Bus
message to transfer and if appropriate a location in memory for reading the data for
message writes or for writing the data for message reads.

Master
Bus M4
cause
The tyg
a. Inf
he

b. For

Interrupt Interface: For typical implementations, an interrupt is gerjerated to a Pi-
ster due to the completion of a CCB chain, the completion of a’'CCB "marked" to

n interrupt on completion, and the occurrence of an error.

ical implementation also includes a data structure or set'of data structures which
contains information used by software on a Master. Examples of this information include:

rmation on the CCB that was last executing, such-as the CCB add
der acknowledge words and received data acknowledge words (wh

ess, received
ere appropriate).

interrupts generated due to errors, information is provided describipg the errors.

c. Inf

mesgsage was a multicast, whether the message was a write, if the he
worgds are valid, if the data acknowledge words are valid, whether ther
response error (i.e., no Slavesresponded), and whether any Master P

det

There i

allow software to determine the cause of the interrupt.

Label T|
table (r

rmation on the status of the message such as the Pi-Bus message

cted.

5 typically a PIU register which is accessed upon the occurrence of

able: The basic data structure used for Slave processing is the big
pference Figure 6) and the event filter label table (reference Figure

type, whether the

der acknowledge
was a no

-Bus errors were

an interrupt to

ck message label
5.) These tables

define the_Slave interface to label addressed biock messages and event filter parameter

write messages, respectively.

Block Message Label Table: Label block messages provide the most robust type of Pi-
Bus message. Not only does the label logically denote the address where to read/write
the message but it is also used as an index into a table whose entries allow various
paradigms to be used on a Slave for controlling block messages addressed to that label.
For example in some implementations, a label entry can denote whether double buffering
or single buffering is to be used and whether an interrupt should be generated after the
message is received.
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1.2.3.2.1.1

(Continued):

AS4710 allows for 64K labels. Typical implementations restrict the number of labels. A
label table is contiguous in Slave memory and the maximum number of labels is software
configurable. In some implementations there is also a minimum label designator. If a
label addressed message, whose label is greater than the maximum label size allowed by
a module, is attempted, the Slave module will not participate in the message transfer.
The use of the maximum (and minimum) label designator(s) allows for conservation of
memory since a label table of only the size bounded by these designators is needed.

For several implementations, a label table entry contains a set of control flags, buffer
addresses, and a maximum label buffer size allowed. The control flags are typically used

[ 7o We I=} %} anhal 1o anahian 1t A Inklhatl 1o Autony N AANAYA thn Poittar A R an~nnacard [if
W Ul \llv o G IGUUI 2 il lﬂUIUU, I javei v vuoy, ‘V WUCHIVEIC U1V WULITE WV WV AV Wwoovvu \ll

the implementation supports multipie buffers per label), denote the suspend status of a
label (i.e., whether a message that was being sent to the label is currently suspended),
and tg denote whether an interrupt is to occur upon completion. of-a transfer to the label.
The maximum label buffer size is used to ensure that the label’addressed message does
not repd/write more data than the Slave intends. If a label addressed message attempts
write more data than the maximum label buffer size for the Slave's module label,
the mpdule will not participate in the transfer.

For some implementations, there is a single Test'& Set Register associated with the PIU
used as a semaphore for shared memory access to the label table. This |is required since
the PirBus and software may be attempting to-access label table entries simultaneously.

1.2.3.2.1.2 Event|Filter Label Table: The event filter label table is discussed in 1.2.2(2.

1.2.3.2.2 Slave Interrupt Interface: Interrupts'can be generated to a Pi-Bus Slave for several

(SRL) b
be notif

words

ing full, and due to receiving a message which indicates that the processor should
ed.

reasonTgfor example, due to the occurrence of an error, due to the Slave Receive List

An SRL entry contains information regarding a received message. This information typically
includes the header words received, the transmitted header acknowledge word 0 and data
acknowl|edge word 0, the bus priority during the message transfer, Slave detected Pi-Bus
errors, :Fd acode stating the reason for the SRL entry and the validity of the stored header

d acknowledge words.

Upon the occurrence of an interrupt, the processor looks at a PIU interrupt cause register(s)
to determine if the interrupt was due to an SRL entry being posted, SRL being full, or some
other reason.
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1.2.3.2.3 Control/Configuration Registers: In order to allow a module to configure itself to accept only

the types of messages desired by an application, the typical PIU contains a Slave
configuration register(s). This register denotes whether a Slave will accept direct addressed
block message reads, direct addressed block message writes, label addressed block
message reads, label addressed block message writes, parameter write event filter, and
parameter write logical. In addition, it also allows the Slave to denote whether it supports
suspension of message reads or suspension of message writes.

A typical use of this register would be to disallow direct memory block message access to a
module for reasons as discussed in 1.3.1.5.

1.2.4 Programming Paradigms: There are many programming paradigms which the Pi-Bus supports.

1.2.41

1.24.2

1243

This sectign discusses several of these.

Push/Pull Paradigms: Since Pi-Bus block messages can either read data from a Slave or
Write data to a Slave, both push and pull mechanisms can be efficiently supported. A push
mechanism is a protocol in which the creator of the data "pushes®/i.e., sends, the data to
users of the data. In contrast a pull mechanism is a protocol in which the ugers of the data
"pull", i.e|, retrieve, the data only when they want to use it A{pull protocol can be implemented
with Pi-Bus reads. A pull protocol can also be implemented with the user sgnding a request
message to the creator of the data, followed by the creator sending the requested data. The
second pull approach requires more Pi-Bus traffic than the first approach.

Direct Memory Addressing: The Pi-Bus allows direct addressed block mesgages. As noted
in 1.2.1.§ and 1.2.1.7, direct memory addressing is not considered a safe mechanism for
accessing Slave memory. Therefore, modules should have the capability to| disallow their
receptior} as a Slave of direct addressedblock messages. However, a system can use direct
addressed block messages to treat the memory within modules resident on p backplane as a
global memory space. In this caSe; a global memory address would consist of a two part
address Ln the form (MID, module local address), where MID denotes the mpdule ID of the
module in which the memory:being addressed is resident.

NOTE: Logical IDs could be used in place of MiDs if appropriate logical ID assignments to
modules were made.)

One commonvuse of direct addressing is to use it during startup for downlogding, reading
health rerrults, etc. and then having modules disable direct addressing durﬂg normal
operation.

Label Addressing: As noted in the discussion of block label messages in 1.2.1.5 and
1.2.3.2.1.1 label addressing allows

a. Logical addressing - the Master does not need to know the number or the physical
address (i.e., either the module IDs or physical memory address) of the Slaves.

b. The Slave can control access to its memory if label addressing is used.

c. Single buffering or double buffering schemes as well as circular queues can be used.
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1.2.4.3 (Continued):

d. Label block messages can either cause or not cause an interrupt at the Slave on arrival -
thus, blocking, polling, and application defined synchronous schemes (e.g., time based)
are supported.

When label addressing is used, the application software must have some means to associate
the message with the appropriate application. One paradigm is to use the label to denote
what the message is or who the destination of the message is. Another paradigm (which may
be combined with the previous one) is to embed data within the message to provide the
desired information.

The eventfitteralsouses{eve e AsTioted 2.2-2, theeventfilterallows an
efficient implementation of a barner protocol ifitis des:red that a Slave should be signaled
on the ocgurrence of n different events occurring (at least once), the event filter implements
this in hardware. This reduces the number of processor interrupts and software processing to
implement a barrier synchronization protocol.

1.2.4.4 Multicast: Multicast can be efficiently used for sending the same message tq multiple Slaves.
Multicasts messages are acknowledged messages for ali-but unacknowledged datagrams. A
typical use of multicast messages are periodic health messages exchanged between modules
within a backplane. Care must be taken when considering the use of multicast since the
software protocol required for error recovery can be‘complicated when a subsget of the Slaves
successfully received a transfer.

1.2.4.5 Logical Versus Physical Memory: Some PIUs treat module memory as physical memory --
they do not view memory logically as the(processor does. This is common far systems in
which caghes are used. If data to be transferred is to originate or end up in gached memory,
the followjng types of protocols mustbe considered:

a. On sending, the data must either be copied to non-cached memory or (if write through
cachep are not being used) flushed into physical memory.

b. On regception, the. data must be copied from the incoming buffer to its fingl memory
destingtion or the.cache must be invalidated (without flushing to physical memory) prior to
the use of the-data.

A typical protocol used in such systems is (1) copy data to be sent lnto an OS$ buffer prior to
transfer and afte ompletes, copy data from an OS buffer which received the

data into an application buffer

If cached memory is not being used or if all I/O is accessed in non-cached memory, then this
discussion can be ignored.
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1.2.4.6

1.2.4.7

1.2.4.8

1.2.5

Extensibility: The Pi-Bus allows up to 32 modules on the same backplane. Often systems
are designed with additional slots for growth modules. The use of logical IDs and labels
allows for additional modules (and software) to be added possibly without affecting software

arda i H A inal INa and iIalhala ara 110ad mbtrarnra
in existing modules. The point being made here is if logical IDs and labels are used, software

can be reconfigured to execute on different modules without modifications to software.
Serious consideration should be given to using logical IDs and labels when designing a
system.

Consistent Mission Time: As noted in 1.2.1.2, the Pi-Bus provides hardware support for
consistent system time distribution within the backplane.

Application Access Versus OS Access to the PIU: One of the major issues to consider when
designing the software for a system using Pi-Bus is what access is going to-be allowed to a
PIU.

A common approach is to assume that an operating system (OS) exists between the
application software and the Pi-Bus. From the application programmer's intetface point of
view, he ig not aware of the type of bus being used. Only the OS directly int
PIU. The DS accepts requests to send and receive messages from the appli
Applications typically pass the data or a pointer to the data’to the OS for send operations.

The OS takes care of building CCBs and handles the CCB complete interrupt, unblocking the
caller, if the send was a blocking operation. Typically for receive operations, a received
message generates an interrupt which is handled by the OS. The OS either passes back a
pointer to an OS allocated buffer containing the data or returns the data into a buffer allocated
by the applications.

knowledge of the PIU. The following@re two alternatives to consider - but note the OS
always handles direct interactions(with the PIU, i.e., fields all PIU interrupts and initiates all
commands to the PIU.

Other approaches provide a mixture of using an OS and allowing application1 some

a. For send processing, the-applications build CCB chains and passes them|to the OS for
sendinp.

b. For regeiving messages, the applications interact directly with the label taple. It is up to
the application to change label table entries - not the OS. If an interrupt i§ generated due
to the arrival'of a message, the OS simply passes the label and message|size (and
maybei the remainder of the message report) to the application.

Summary: This section discussed the use of a Pi-Bus from the software/programmer’s point-of-
view. The Pi-Bus and Pi-Bus controliers provide a very robust intermodule communication bus
which supports fault tolerance, provides a backplane mission time distribution source, provides
optimized message passing, supports modern day real-time programming techniques, includes
logical slave identifiers and labels, supports either centralized or distributed initialization,
includes data security supportive features, and provide an simplified software interface.
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1.3

1.3.1

Pi-Bus Operation Overview:

This sections provides an overview of Pi-Bus message control and a typical implementation's
data flow
Pi-Bus Message Control: Once a module obtains control of the bus, it becomes the bus Master
and starts its bus tenure. The Master sources the Cycle Type signals of the Pi-Bus as shown in
Figure 7. The state machine in the Master drives these signals. The message proceeds
through the following states:

HO (Header O Word)

H  (Other Header Words)

A  (Header Acknowiedge, if required by the message)
D (Data, if required by the message)

A  (Data Acknowledge, if required by the message).

®cooop

The Slave(s) synchronizes its own state machine with the HO cycle of the Pi-Bus. It then
checks the|sequence of the Cycle Type signals to verify that the message is proceeding
correctly.

Both the Master and Slave can source data for the Data signals. The Master starts by placing
the header|words on the Data signals. This specifies the following:

Participating Slave(s)

Message Type

Directign of Data Transfer

Data Buffer

Amount of Data to be Transferred

ceoop

The Slave fesponds to the header by asserting the Header Acknowledge(s) on the Data
signals. This provides error data and participating Slave identification to the Master. The
Master will|abort the message’if the header and header acknowledge portion ¢f the message
do not complete correctly. -The header acknowledge is followed by the Master (for a transmit
message) or the Slave (for a receive message) asserting data on the Data sigpals.

The Slave sources the Acknowledge Set signals. These lines are used to inform the Master of
the Slave's|participation in the message. The following can be indicated:

a. NS (Not Selected)
b. RCG (Recognized)
c. ACK (Acknowledge)
d. NAK (Negative Acknowledge)

The Master monitors these signals to insure that they follow the proper protocol.
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1.3.1

(Continued):

Either the Master or Slave can source the Wait signals. These signals are used to insert
Non-Transfer (NT) cycles on the Pi-Bus. The cycle after the assertion of the Wait is the NT
cycle. The delayed effect is required because of the pipeline type design of the Pi-Bus. This
NT cycle technique is used to cause a pause in the message to permit the Master or Slave time
to perform tasks such as:

Fetch or Store Data

Check Label Tables

Allow checking for Aborts after the End of a Message
Store Interrupt Reports

Updating Label Tables

Calculation of Resume Control Words

g. Fetching the Next Bus Message Control Block.

~pQOOTp

The proper use of the Wait signals is one of the most difficult tasks'in the impjementation of a
BIU. This subject will be covered in detail later.

The Bus Flequest lines can be sourced by any Master/Slave'module. It is used to indicate that
a module has a message to transmit which has a priority.which is higher than|the current bus
priority. The Master must follow the specified rules concerning suspending and aborting to
relinquish Mastership of the bus.

Cycle Type (HO, H, Ack, Data)

Master Slave
Data (Header, Acknowledge, Data)

— o

- Ack Set (Recognize, Ack, NAK)

= Wait >
t

e Bus Reques

AlR4903-93-2

FIGURE 7 - Buses Used for Pi-Bus Messages
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1.3.2 Pi-Bus Implementation: A typical implementation of the data flow for a BIU is shown in

Figure 8. The basic principal is that all data, control and redundancy bits are loaded into an
Output Register to be asserted onto the Pi-Bus for a complete cycle. They are asserted onto

the Pi-Bus during the same cycle that they are in the Output Register. The signals are received

into an input Register at the end of the bus cycle. Once the data and controls are loaded in the
Input Register, they are checked and decoded during the next cycle. Data is then transferred to
a final destination or End Register.

Pi-Bus

Par

Datat———o- Gen =
Par

l_)— 2 —» | Out I Out ——-—~ Gen
M Mux Reg m T

" . - o In End

Datp n m Reg Reg

Select —— )

Lioad Enable — Load Enable

"AIR4903-93-3

FIGURE 8 - Data and Control Flow for a Pi-Bus

The implementation of a synchronous data flow such as this resembles a pipeline as shown in
Figure 9. This shows that a Slave destination register is loaded with data which was selected
three cycles earlier by the Master Output Mux:

Data n DO D1 D2 D3
Out Reg n DO D1 D2
Pl-Bus n DO D1 D2
in Reg n n Do D1
End Reg n n n DO

AlR4903-93-4

FIGURE 9 - Data and Control Fiow for a Pi-Bus

The "pipeline” concept helps explain the Pi-Bus requirement of having a Slave assert NAK on
the bus two cycles after an error is detected. The following sequence illustrates why asserting
NAK in two cycles following an error is as fast as it can be accomplished in the natural flow of

the protocol:

Cycle 1 Error occurs on a signal bus of the Pi-Bus
Cycle 2 Slave latches bus signals in the Input Register, detects the error and forms a NAK.

Cycle 3 Slave loads the NAK into the Output Register and asserts it on the Pi-Bus
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2.

2.1

2.2

3.1

3.2 Line Definitionl\s:

REFERENCES:

The following publications form a part of this specification to the extent specified herein. The latest

iscsue of SAE nublications shall nnnly The al nnnlmnhla issue of other nublications shall be the issue
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in effect on the date of the purchase order. In the event of conflict between the text of this
specification and references cited herein, the text of this specification takes precedence. Nothing
in this specification, however, supersedes applicable laws and regulations unless a specific
exemption has been obtained.

SAE Publications:

Available from SAE, 400 Commonwealith Drive, Warrendale, PA 15096-0001.

AS4710 Pi-Bus Standard, May 1993
Other Publications:
[IBM1] Avionics Pi-Bus Study - CDRL A004 Pi-Bus Error Class Fedsibility Report, IBM, April 1990

[NAT1]*High-Performance Bus Interface Designer's Guide", Number 550095, National
Semiconductor, 1991

[VHSIC] VHSIC Phase2 Interoperatability Standards Pi-Bus Specification, Version 2.2, IBM,
Honeywell, TRW, 1988

PI-BUS PHYSICAL LAYER RATIONALE:
This section prgvides rationale for Pi-Bus physical layer requirements. The paragraph numbers in
this section map in a one-to-one fashion to the paragraphs in Section 3 of AS4710. For some
paragraphs, ratjonale is not applicable and is so noted. In some cases, the working group has
been unable to [determine the rationale beyond it being included in [VHSIC].

Introduction:

Rationale: Not applicable since no requirements specified.

Rationale: Not applicable since no requirements specified.

3.2.1 Nomenclature:

Rationale: Arbitrary
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3.2.2 Bused Signal Lines:
A. Pi-Bus lines shall be implemented as wired-or lines.
Rationale: Chosen as a proven mechanism to combine signals from multiple modules.

B. Symbols posted on signal lines shall be valid symbols except during diagnostic operations,
invalid symbols are aliowed as specified in 4.3.9.5.

Rationale: Rationale not required.

C. Pi-Bus modules shali provide a command path independent of Pi-Bus which provides a way

to force-all-Pi-Bus-signais-to-bereleased-by-the-module:

Rationale: | This is required for fault tolerance and diagnostic support. This requirement implies
the requirement for a test and maintenance bus such as the VHSIC TM-Bus.

3.2.2.1 Data Line Group (D//DC):
A. Datalline groups.

Rational¢: Bi-directional lines used for transfer of header, data, and acknowledge information
between |bus Master and Slave(s). Also, used to resolve priority during vie.

3.2.2.1.1 Data Lines - Type 16:

A. 16-bit data lines.

Rationale: 16-bit Pi-Bus arbitrarily chosen as minimal Pi-Bus transfer size| Choice was
influen¢ed by the assumption.that MIL-STD-1750A, standard military 16-bit processor,
would be initial module pracessor.

3.2.2.1.2 Data Lines - Type 32:
A. 32-bjit Pi-Bus:

Rationale: Growth option for Pi-Bus which supports higher transfer rate. This allows

simpler medule desngn for 32 bit processors that only access memory in 32-bit words. In
those ng a 16-bit Pi-

Bus can result in the need for a 16-bit memory access when an odd number of words are
sent, or if a suspend occurs on an odd word boundary.
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3.2.2.1.3 Error Protection for the Data Line Group:
A. Even parity for error detection.
Rationale: Even parity chosen since this gives valid parity even when the bus is idle.

B. Duplication and triplication for multisourced signals for error detection and correction,
respectively.

Rationale: Duplication and triplication are proven approaches for fault detection and
correction, respectively. The following text, based on material from {IBM1], provides
rationale for the 32-bit detection and correction of multiple errors.

Detectipn and Correction of Multiple Errors: The error correction codes chpsen for the SAE
Pi-Bus |has the capability of correcting at least one error and will detect any double bit error.
The cofe, however, is designed to detect all triple bit errors. Thecode is ¢apable of
detecting some percentage of triple bit errors as uncorrectable errors. There are a total of
9880 ppssible triple errors with the SAE error correction codé. This code will detect 6776 of
these grrors for a detection percentage of 68.6%.

in an effort to maintain the advantages of a single-etror-correct, double-error-detect,
package-error-detect code while keeping to an 8 transceiver design, a new EC code was
developed specifically for the Pi-Bus application-by C. L. Chen and J. R. Burns of IBM. It
has been modified so that all 40 bits of the code may be wired on 8 transceivers without any
loss in the ability to detect a transceiver fail.

The original Pi-Bus ECC as developed by C. L. Chen was to put four data|bits and one
check bit on each transceiver. However, due to the requirements of allowjng message
transfer between 16-bit and 32-bit modules on the Pi-Bus, two problems emerged:

a. Only three extra lines-are left available on transceivers 5-8 for error correction; an EC
code with one check bit per transceiver could not be implemented.

b. Atleast 29 linés_-need to be used on transceivers 1-4; without a modification to the EC
code, only 27 lines would be used.

Therefore,'Modified Pi-Bus EC code was designed to correct all single bit lerrors and detect
all double bit errors. In addition, Modified Pi-Bus EC code will detect any error combination
on a single transceiver - up to six errors on any of the eight transceivers. All of the
transceivers will protect four data bits; four of the transceivers will protect 1 check bit, two
will protect 2 check bits, and two will protect no check bits.
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3.2.2.1.3

(Continued):

The parity check matrix for Modified Pi-Bus error correction code is shown in Figure 10.
This code requires eight 12-bit XOR trees to encode each check bit and eight 13-bit XOR
trees to decode each syndrome bit. Additional logic is required to determine that an error
has occurred, find if the error is correctable, fix the error if it is correctable, and notify the
device if the error is not correctable. A total of 40 bits is required to implement Modified Pi-
Bus ECC. For the error correction properties of this code to work correctly when an entire
transceiver module fails, the wiring to the 8 Pi-Bus transceivers must be done as illustrated
in the check bit matrix, Figure 10. The 'Tx' reference across the top of Figure 10 indicates
what transceiver package the data or check bits are wired to on the module. The check bits
are included in the matrix to show that they must be wired to different transceivers. A

summary-of-the-error-codes-is-given-inFigure-11-

CH.BIT31{30{29 2B C7 S 26 ps|24 icelca|zs 2

he |18 117 ke c2]15]14 13 h2{14]1o]sisi? e s lalce|3]2] 1|0 o

¥
3
]

o jon | o

N o

b X XX XX X X] XX X{X{ X

All| bits marked with X in a horizontal row are XORed to generate each of the eight check bits.

Transceivers 1-2 protect 4 data bits and 2 check bits.

Transceivers 34, 7-8 protect 4-data bits and 1 check bit.
TransceiEcrs 5-6 protect 4 data bits and no check bits.

Figure 10 - Modified Pi-Bus ECC Check Bit Matrix

The equations-for-the-datachecklines-would-be

P( DC<7>, D<31,30,25,24,23,19,15,14,9,8,7,3> ) =0
P( DC<6>, D<29,28,27,26,22,18,13,12,11,10,6,2> ) =0
P( DC<5>, D<29,28,27,26,21,17,15,14,9,8,5,1> ) =0
P( DC<4>, D<31,30,25,24,20,16,13,12,11,10,4,0> ) =0
P( DC<3>,D<31,27,23,22,17,16,15,11,7,6,1,0> ) =0

P( DC<2>,D<30,26,21,20,19,18,14,10,5,4,32> ) =0

P( DC<1>,D<29,25,23,22,17,16,13,9,5,4,3,2> ) =0

P( DC<0>,D<28,24,21,20,19,18,12,8,7,6,1,0> ) =0
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single double error | triple error | transceiver time to time to bits in cell sze
efror correction/ correction/ | failure fixa indentify | code-# | of
detection efror efror
Original
VHSIC error Yes Detect 403% No 201nS | 247ns | 39bts | 697
correction detected cells
code
Error
;‘:::?;’; - Yes Detect 68.6% Detect 203ns | 249ns | dopts | 682
detected (up to 6) 8 tians. cells
SAE Pi-Bus

FIGURE 11 - Error Correcting Codes - Sumimary

3.2.2.1.3 (Continyed):

Bit Grouping for Error Detection and Error Correction

The maip concern in grouping the data, control, and check bits on the transceivers is

There aZF many possible ways to group the Pi-Bus signal lines onto the Pi-Bus transceivers.
maximizing the error correction and-error detection capabilities of the bus. [This is done by:

a. Groyping the data and data.check bits as specified in the previous text,|so that the
failure of a transceiverwill'be corrected (Product ECC) or detected ((40,32), Modified Pi-
Bus rodes).

b. Groyp the control bits so that no more than one line of any control field js wired to a
single transceiver. A failure of one transceiver will then result in a corrgctable control
field|error

In additipn; the bits need to be grouped so that a Dual 16-bit ED module can operate on the
same bus as a 32 EC module. Therefore, the 29 1/O required to implement 16-bit error
detection data transfers must all be placed on transceivers 5-8. (The extra lines needed to
implement 32-bit error correction data transfers may be placed on transceivers 1-4.) This
also means that at least 29 1/O lines must be utilized on transceivers 1-4, so that the dual
16-bit bus can be placed entirely on transceivers 1-4.

One such bit grouping is described below in Figure 12 . The bit grouping in Figure 12 is set
up so that it will work with Modified Pi-Bus error correction code.. If any single transceiver
fails, the data bit errors will be detected and the control bit errors will be corrected.
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3.2.2.1.3 (Continued):

The VHSIC Pi-Bus 7-bit modified Hamming code can have the data and data check bits

group ined on the Pi-Bus transceivers in anv order. The bit nrnnnmn in anrn 12 will aleo

N wpr o W AW A ERT IRV s 1y Wi AR S22 4 g T VI SRIw W

work if 7-bit modified Hamming code is implemented.

This bit grouping design assumes that eight 8-bit transceivers are available for use. A total
of 60 transceiver lines is used to allow 16-bit error detection and 32-bit error correction
message transfer on the module. Four transceiver lines are unassigned with this bit
grouping; these lines could be used for new logic added at a later date or for further fauit
tolerance measures such as bit sparing.

——}——data 31) —] . data(15)
—_——dsa (29) S data (13)
—_—tdata (28) data (12)
aede——daia check (7) SR o | “s)
—temaiitia check (5 e acknowiedge
— et (5) sl type check (0)
— e emmmdsemneiytay requeest (1)
—l—data (27) —__daa (11)

Trantr—tf——daia (26) Transsafe———iiats (10)

o data (25 feiata (9)
:——dm&‘t; A E—y

] e——f——daia check (6) e _acknowledge set (2)
e —data check (4) e i¥cle type (2)
——cknoW]edge set (4) il request (0)

— 1 data(23) ——]——data (7)

T | ———data (22) Trante—p—data (6)
3_...___dm$21; Frdmslata (5)
i1 (20 ddiata (4)

e data check (3) ——f_data check (1)
cycletype check (2) —————ackniOWledge set (1)

—_— D50 eyl type (1)

= ——data (19) ——f—data (3)

Trarss——dota (18) T raR e eeedidld (2)

Armafeiai2 (17) St data (1)

data (16) data (0)
—deeedata check (2 —a_Madwlc:d(O) o
g GYEle type check (1) acknowledge set
——{——bus request (2) ——t—icie type (0)
At (2) s mme e £ ()

FIGURE 12 - Bit Grouping Scheme for Modified Pi-Bus ECC - Also Works for 7-Bit
Modified Hamming Code
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3.2.2.1.3.1 Class ED Operation:
Rationale: Not applicable since no requirements specified.
3.2.2.1.3.1.1 Single Source:
A. Even parity for Data Line Group.
Rationale: Even parity chosen since this gives valid parity even when the bus is idle.

3.2.2.1.3.1.1.1 Type 16:

it errors when

3.22.1.3.1.1.2

Rationale: It was felt that a system would prefer to.-have a single 32-bit EC instead of

two 32-bit ED Pi-Buses due to difference in number of lines and due tp seamiess error

cofrection capability. Also, it was felt that there would not be a market for 32-bit ED

Pi-Bus. Therefore, to reduce the number of options, 32-bit ED is not allowed.
3.2.2.1.3.1.2 Muitiple Source:

Rationale: No rationale required.
3.2.2.1.3.2 Class EC Operation:
Rationale: Not applicable since no requirements specified.

3.2.2.1.3.2.1 Sing|e Source:

Rationale: Not.applicable since no requirements specified.

3.2.2.1.3.2.1.1 Type 16:

A: 16-EC-notaiowed
. 1 AliVWUOAL.

Rationale: it was felt that there was not a market for 16-bit EC Pi-Bus. The opinion
was anyone wanting to implement complexity of error correction would implement a
32-bit Pi-Bus. Therefore, to limit the number of Pi-bus options, 16-bit EC Pi-Bus is not
allowed.
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3.2.2.1.3.2.1.2 Type 32 Nonmixed Mode:
A: Simultaneous 16-ED and 32-EC not allowed.
Rationale: Full mixed mode operation requires an additional signal line. Many
application require either 16ED or 32-EC operation but not simultaneously. This mode
allows an optimized implementation with one less signal line than required in a mixed
mode implementation.

3.2.2.1.3.2.1.3 Type 32 Mixed Mode:

A: Simultaneous 16-ED and 32-EC allowed.

Rationale: Included to support inclusion of modules developed for, 16-ED systems into
-EC systems.

3.2.2.1.3.2.2 Mulliple Sources:
Ratipnale: Rationale not required.
3.2.2.2 Cycle Type Line Group (CT//CTC):

Rationale; Cycle Type lines are used to indicate current Pi-Bus cycle and the CTC lines are
used for grror detection/correction of the CT lines.

3.2.2.2.1 Class ED:

Rationale: The formula presented detects single bit errors in the Cycle Type line group
when uging even parity.

3.2.2.2.2 Class ELC:

Rational’e: The formula.presented detects and corrects single bit errors in fhe Cycle Type
line group.

3.2.2.3 Acknowledge Line Set (AS):

Rationale} AAS lines are used by Slaves or contenders to indicate synchronization or indicate
uncorrectable detectederrors:

3.2.2.3.1 Class ED:
Rationale: Duplication is a proven approach for detection of single bit errors.
3.22.3. ClassEC:

Rationale: Triplication is a proven approach for correction of single bit errors.


https://saenorm.com/api/?name=6e2dd23fa0bb2678bcf1df5c29041778

SAE AIR4903A Page 33 of 133

3.2.2.4 Wait (W) Lines:

Rationale: Wait lines are used by Master/Slaves to obtain additional non-transfer cycles.
This is necessary when the PIU must “delay” the Pi-Bus to perform its operations.

3.2.2.4.1 Class ED:
Rationale: Duplication is proven approach for detection of single bit errors.
3.2.2.4.2 Class EC:

Rationale: Triplication is proven approach for correction of single bit errors.

3.2.2.5 Bus Request (BR) Lines:
Rationale] The BR lines are used to request that the current bus Master relepse the bus.
3.2.2.5.1 Class ED:
Rationale: Duplication is proven approach for detection of-single bit errors.
3.2.2.5.2 Class EC:
Rationale: Triplication is proven approach to correction of single bit errors.
3.2.2.6 Data Format (DF) Line:

Rationale] The DF lines are used to indicate the message type during mixed mode 32-bit
operation.| This allows the determination of whether a message is of type 16 or 32.

3.2.2.6.1 Class ED:

Rationale: Since modules of type 16 can only send/receive messages of type 16, they
cannot gource the DF lines.

3.2.2.6.2 Class EC:

Rationale:Z“Since nonmixed mode modules only source type 32 messages,|it cannot source
the DF lines.

3.2.2.6.3 Class EC Mixed Mode:

Rationale: Only class EC-mixed modules can source the DF lines. This is required for
correct mixed-mode operation.
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3.2.3

3.2.4

3.2.4.1

3.2.4.2

3.2.5 32-Bit EC/Qual 16-Bit ED interoperability:

3.2.6

3.3 Electrical Requirements.
The following is an overview taken from [NAT1].

a.

Signal Drive Partitioning:

Rationale: [Rationale not provided.

Bus Clock:
Rationale: Clock is required since Pi-Bus is a synchronous bus.
Module Identification (MID):

Rationale: MID provides unique module identification on the backplane.

Module Identification (MID) Lines:

Rationale: Five bits are needed to represent 32 modules.

Moduie Identification Parity (MIP) Line:

Rationale: MIP line is provided to detect single bit module ID errors.

Rationale: By proper PIU and module design, a 32-bit EC module can be capible of
communication as a 32-bit module or as a dual 16-bit ED module, with no incr
1/O pins.

ase in module

Pi-Bus History: Through the:70s and 80s the typical backplane was driven by standard TTL
logic parts with tristateable outputs such as 54/74XX240 and 245. For designh purposes these
buses were modeled as [umped capacitances and transmission line effects were ignored
because the bus data rates were generally not fast enough to require designers to be
concerned with transmission line effects of the backplane. With the lower bys speeds there
was suffigient bus setting time for reflections to dampen, and the signals to stabilize close
enough tg steady state to avoid problems. If a bus was heavily loaded and gttempts were
made to nun_the bus faster than 10 MHz, errors in data were frequently seen|due to line
reflections causing line voltage levels to transition through the threshold more than once for a
single transition of the buffer input. As backplane densities increased, loading from the
transceivers became so great that this increased the problem of driving the bus quickly and
error free.
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3.3 (Continued):

f.

Precision Threshold: In order to handle the smaller output swing on the bus, it is necessary
to use a more precise threshold circuit on the bus receiver input. Figure 17a is a typical TTL
input buffer. The threshold set by this type of circuit varies considerably with temperature,
and typically ranges from about 1V at high temperatures to about 1.8V at low temperatures.
Such movement could not be tolerated with a bus swing which could be as small as from

1.15 to 1.9 V. The circuit shown in Figure 17b is used on Pi-Bus transceivers to set a more
precise threshold. A voltage reference with a very small Vo and temperature dependence is
placed on the chip to establish a precision threshold for the Pi-Bus to BIU Input buffer. By
using a differential pair with one of the pair controlied by the reference voltage, the threshold
can be maintained within a 150 mV window centered at 1.52 V.

Output Ramps and Noise Immunity: Ramped outputs have been touted as‘the solution to

problems|of bus reflections and crosstalk. The amount of ramp time put.into|rise and fall

times is directly related to the propagation delays of a transceiver, so.longer famps require

longer delay times. An important question to ask is how much of aramp bU)E what degree of
/

decreased bus setting time. Many TTL parts have peak rampsof about 2 V/ns. This rate of
inly seems to increase bus setting times. The Pi-Bus transceiver will have a typical

ramp rate of about 0.5 V/ns.

to ignore small excursions above or below threshold without affecting the data being
transmitted to the BIU. However the greater the'amount of noise immunity, the greater the
propagation delay on the path from the bus to the BIU. The Pi-Bus transceiver offers a
compromjse between noise immunity and prop delays with typically 4 ns of pulsewidth
protection measured at 1.5 V for a 1 to 2.V input.

Having spme amount of noise rejection on the bus receiver input allows the %us buffer input

INTERNAL
[~ SIGNAL

INTERNAL
INPUT [o24 REFERENCE
vOLTAGE

INPUT, INTERNAL
SIGNAL

-T-L Q10 jI:

a. Typical TTL Input b. Pl Bus Receiver input

FIGURE 17 - Pi-Bus Driver input
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3.3 (Continued):

h. Bipolar Versus CMOS BICMOS Technology: A full bipolar transceiver could be built to

provide excellent performance in most areas with the exception of power consumption in both

the active and inactive modes. A pure CMOS part could be designed with a much lower ICC ,
but it would have the foliowing drawbacks. it would be slower than a bipolar part, no Schottky
diode would be availabie to construct a low capacitance output with limited swing, and stable

CMOS voitage references which have a reasonable silicon area are non-existent, so setting a
precise input voltage threshold would be difficult.

By making judicious use of bipolar and CMOS circuits where each is appropriate, it was

possible t -

maintain

i. Example

e full features which make Pi-Bus a clean and quiet bus to run.

Pi-Bus Transceiver.: Some BTL transceivers feature a nominal 1 V|

and yet

signal swing for

low power consumption, with receivers having precise thresholds for. maximum noise

immunity,
combine tp aliow higher bus-data-transfer rates and improved overall system
also eliminate performance-degrading settling-time delays.

3.3.1 Backplane

Rationale:

3.3.1.1 Bus Sign3l! Line Characteristic impedance:
Rationale] See rationale in 3.3. Additionally, reference text within 3.3.1.1 of
3.3.1.1.1 Example Bus Analysis:

Rationa];a: Not applicable since no requirements are specified - this merely
definitio

3.3.1.1.2 Analysis:

Rationale: Not applicable since no requirements are specified - this merely
examplg analysis.

Requirements:

Not applicable since no requirements are specified.

s for an example.

and drivers with low power capacitance to minimize bus loading. These features

reliability. They

AS4710.

provides

provides an

3.3.1.2 Bus Signal Line Termination:

Rationale: See rationale in 3.3.

3.3.1.3 Bus Signal Line Resistance:

Rationale: See rationale in 3.3.
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3.3.1.4 Module Identification Line Resistance:
Rationale: Rationale not provided.
3.3.1.5 Bus Clock Requirements:
Rationale: Not applicable since no requirements are specified.
3.3.1.5.1 Voltage Levels:
Rationale: Refer to 3.3. for derivation.

3.3.1.5.2 Risea ime:

3.3.1.5.3 Duty Cycle:

Rationale: Rationale not provided.
3.3.2 Module Requirements:
Rationale: [Not applicable since no requirements arespecified.
3.3.2.1 Bus Clock Requirements:
Rationale: Rationaie not provided.
3.3.2.1.1 DC Requirements:
Rationale: Referto 3.3.
3.3.2.1.1.1 Input Characteristics:
Rationale: Referto 3.3.

3.3.2.1.1.2 Input |[nductance:

RatiormaterReferto 3:3:
3.3.2.1.1.3 Bus Clock Current:

Rationale: Refer to 3.3.
3.3.2.1.1.4 High-Level input Voltage:

Rationale: Referto 3.3.
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3.3.2.1.1.5 Low-Level Input Voltage:
Rationale: Refer to 3.3.
3.3.2.1.2 AC Requirements:
Rationale: Refer to 3.3.
3.3.2.2 Signal line requirements.

Rationale: Not applicable, since no requirements are specified.

3.3.2.2.1 DC Requirements:

Rationaje: Referto 3.3.
3.3.2.2.1.1 Input Capacitance:
Rationale: Refer to 3.3.
3.3.2.2.1.2 Input |nductance:
Rationale: Refer to 3.3.
3.3.2.2.1.3 Leakage current.
Rationale: Refer to 3.3.
3.3.2.2.1.4 Low-Level Sink Current:
Rationale: Refer to 3.3.
3.3.2.2.1.5 High-llevel Output Voltage:
Rationale: Referto 3.3.

3.3.2.2.1.6 Low-Lievel Qutput Voltage:

RationaterReferto3:3:
3.3.2.2.1.7 High-Level Input Voltage:

Rationale: Referto 3.3.
3.3.2.2.1.8 Low-Level Input Voltage:

Rationale: Refer to 3.3.
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3.3.2.2.2 AC Requirements:
Rationale: Not applicable since no requirements are specified.
3.3.2.2.2.1 Signal Line Inputs:

Rationale: Not applicable since no requirements are specified. - it just refers to the figure
illustrating timing relationships specified in subparagraphs.

3.3.2.2.2.1.1 Setup Time:

Rationale: Referto 3.3.

3.3.22.2.1.2 Hol

Rat

4-Time:

onale: Refer to 3.3.

3.3.2.2.2.1.3 Noise Rejection:

Rat

3.3.2.2.2.2 Signg

onale: Referto 3.3.

I Line Outputs:

Ratiohale: Refer to 3.3.

3.3.2.22.2.1 Pro

Rat

pagation Delay:

onale: Referto 3.3.

3.3.2.2.2.2.2 Risé and Fall Time:

Rat
3.3.2.3 MID and

Rationalg

onale: Refer to-3.3.
MIP Lines:

: Rationale not provided.

4. PI-BUS DATA

LINK LAYER RATIONALE:

This section provides rationale for Pi-Bus data link layer requirements. The paragraph numbers in
this section map in a one-to-one fashion to the paragraphs in Section 3 of AS4710. in some cases
rationale is not applicable and is so noted. In some cases, the working group has been unable to

determine the rationale beyond it being included in VHSIC Phase 2.

4.1 Introduction:

Rationale: Not applicable since no requirements specified.
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4.2 General Requirements:

Rationale: Not applicable since no requirements specified.

4.2.1

4.2.2

4.2.2.1

4.2.2.2

4.2.2.3

4.22.4

4.2.2.5

4.2.2.6

4.2.2.7

4228

42.2.9

idle:

Introduction:
Rationale: Rationale not provided.
Protocol State Transitions:

Rationale: Rationale not provided.

Rationale

Vie:

Rationale; Rationale not provided.

Header:
Rationale
Header A
Rationale
Data:
Rationale
Suspend:

Rationale

cknowledge:

Data Acknowiedge:

Rationale
Abort:

Rationale

Rationale not provided.

Rationale not provided.

Rationale not provided.

Rationale not provided.

Rationale(not provided.

—Rationale-not-provided:

: Rationale not provided.

Tenure Limitations:

Rationale: Not applicable since no requirements specified.
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4.2.2.9.1 Bus Request to Vie Interval:
Rationale: Rationale not provided.
4.2.2.9.2 Absolute Tenure Limit:

Rationale: Included to preclude master device errors from precluding bus lock out.
Functions as a watchdog timer.

423 Generic Message:

Rationale: Not applicable - paragraph contains rationale.

4.2.3.1 Generic IJ/Iessage Sequence:
Rationalg: Not applicable - paragraph contains rationale.
4.2.3.1.1 Normal|Operations:
Rationgle: Not applicable - paragraph contains rationale.

4.2.3.1.1.1 Header.

Rationale: Not applicable - paragraph contains rationale.
4.2.3.1.1.2 Header Acknowledge:

Rationale: Not applicable - paragraph contains rationale.
42.3.1.1.3 Data:

Rationale: Not applicable - paragraph contains rationale.
4.2.3.1.1.4 Data Acknowledge:

Rationale: Not-applicable - paragraph contains rationale.

423.1.2 Operatifns Under Exception Conditions:

Rationale: Not applicabfe since no requirements are specified.
423.1.2.1 Suspend:

Rationale: Rationale not provided.
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4.2.3.1.2.2 Uncorrectable Line Errors:
Rationale: Rationale not provided.
4.2.3.2 Generic Header Information:
4.2.3.2.1 Header Word A:
Rationale: Rationale not provided.
4.2.3.2.1.1 Slave ID Field:
Rationale:—Rationale-notprovided:
42.3.2.1.2 Format (F) Field:

Rationale: Rationale not provided.

4.2.3.2.1.2.1 Type 16 ED:

Ratipnale: Rationale not provided.
423.2.1.2.2 Type 32 EC Nonmixed Mode:

Ratipnale: Rationale not provided.
4.2.3.2.1.2.3 Type 32 EC Mixed Mode:

Ratipnale: Rationale not provided.
4.2.3.2.1.3 Message Type (MSG TYPE):

A: Inglusion of Block Messages.

ale: BlockdMessages were included since it is basic message type|used to transfer
application data-between modules over the Pi-Bus. Both extended and npnextended
header block messages are required. Nonextended headers were requirgd since they are
more efficient in cases where extended headers are not needed Extend pd headers were

- require port-associating-ope g security
information with the message W|thout thls mformatlon bemg requnred to be embedded in
the message data.

Label addressing is required since it supports a logical messaging mode which does not
require the Master to know the buffer location in Slave memory and, thus, allows the
Slave to have control/protection over its own memory as far as placement of received
messages is concerned. Also, the label is treated as an extension to the Slave ID field. In
many applications, it was noticed that 32 physical, one broadcast, and 223 logical Slave

IDs was insufficient.
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423.2.1.3 (Continued):

423214

The direct addressing mode was defined to support "dumb” modules, i.e., modules

without a processor. The address is as specified by the Slave module, (i.e., itis the

Slave's memory map). Itis intended that this mode not be used in smart modules in
support of security concepts.

Both new message and resume message AT codes are supported for label and direct
messages in support of Pi-Bus suspend sequences.

B: Inclusion of Parameter Write Messages.

Ratignale: The parameter write message type was included to allow an gfficient message
in whiich there were 1-3 words of data, all included in the Pi-Bus message header. Only a
logical AT code was included since this was all that was required injJIAWG systems.

C: Ekclusion of Tenure Pass.
Ratignale: Tenure Pass was not included since it wasnot required for JJAWG systems.
Iin pafticular, the JIAWG Pi-Bus backplane is used forloosely coupled mpdules, and
passing tenure between modules via tenure pass implies that the modules are tightly
coupled.

D: Inclusion of Bus Interface Messages.
Ratignale: Bus Interface Messages were included to allow the data link fregisters to be
odified from another module‘and to allow system time to be distrithuted over the Pi-
Bus. | The data link access requirement is not absolutely required for *smart" modules

ing up "dumb” modules.

E: Inclusion of Datagram Messages

Ratignale: Datagram messages were included to create a higher throughput message
type than provided by Biock messages. By removing the header acknowledge cycles, the
potential Slaves in a message can perform label processing in parallel with data transfers.

AccessType (AT) Field:

Rationale: Rationale not provided.
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423.3 Header and Data Sequence Acknowledge:
A: Acknowledge sequences.
Rationale: The acknowledge sequences of both the header and data provide two types of
error indications to the Master device:
a. Pi-Bus errors (line, sequence, etc.)
b. Device errors (device interface line errors, busy, etc.)
Therefore they can give the Master device complete knowledge regarding the successful or
unsuccessful completion of a message.
B: Separate header and data acknowledge sequences.
Rationale: The header and data acknowledge sequences are separate tq give the Master
device)|visibility into which part of the sequence did not successfully complete. This is
important since responses to errors in header and data are often different, For example,
most line errors occurring in the header result in abort since the message|control data has
been corrupted. This eliminates the need to proceed with a potentially lorjg data sequence
that may be invalid. However, some applications may work through errors that occur during
the data sequence.
4.2.3.3.1 Single Slave Acknowledge:
Rationale: Rationale same as 4.2.3.3.
4.2.3.3.1.1 Slave Module Identification (MID) Field:
Ratignale: Can be used.as.diagnostic and also allows Master to identify slave in case
logical addressing is used.
4.2.3.3.1.2 Acknowledge Word Type (AWT) Field:
A: States that for exception situations where Slave ceases to participate in the bus
sequence-after header ACK completion, the AWT field is set to 00.
Ratignale: AWT = 00 represents message complete. This statement wias added since
this situation was implied but not expilicitly called out in the VHSIC Pi-Bus Spec. except for
data line errors during header (Reference Table 5-35, p.5-88)
4.2.3.3.1.3 Errors Field:

Description: AS4710 states that the defined format for command error refers only to
command format.

Rationale: Rationale not provided.
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4.2.3.3.1.4 Busy (B) Field:

Description: States if Slave is busy during header sequence, the Slave shall cease to
participate in bus sequence after header ACK completion and the AWT field shall be set
to 00 as defined in 4.2.3.3.1.2.

Rationale: If a Slave knows it is busy, there is no reason for it to continue in the bus
transter. In VHSIC Pi-Bus specification it sets AWT as if not busy but does not require the
Master to abort. Having the message complete (and thus setting AWT = 00) was deemed
more consistent with the way error conditions are treated.

4.2.3.3.1.5 Suspend (S) Field:

Descnliption: States that during header sequence in which an error or Busy is detected by
a Slaye and the Slave will cease to participate after header ACK, the 'S" pit is set to one
in hegder ACK word.
Rationale: There is no reason to allow a message to be suspended and resumed to a
Slave|who detects errors or is busy. This will also help prfevent such a Slave from
corrupting a multicast message transfer during a suspénd/resume sequence.
4.2.3.3.2 Multiple Slave Acknowledge:
Rationaje: Not applicable since no requirements are applicable.
4.2.3.3.2.1 Nondatagram:

A: Muitiple Slave acknowledge symbols.

Rationale: During HA1 - HA4,-the acknowledge symbols should be assefted by all
selected Slaves (uniess a module has ceased being a Slave due to a spgcific condition
from the error tables) to indicate to the Master device which Slaves are participating in a
givenmessage. During DA1 - DA4, oniy modules which completed withgut error should
ster device can
of data.

423322

4.3 Detailed Requirements:
Rationale: Not applicable since no requirements are specified.
4.3.1 Introduction:

Rationale: Not applicable since no requirements are specified.


https://saenorm.com/api/?name=6e2dd23fa0bb2678bcf1df5c29041778

SAE

AIR4903A

Page 46 of 133

4.3.2 Bus State Definitions:

4.3.3

Rationale: Rationale not provided.

Bus Mastership:

Description: Defines protocol governing bus Mastership.

Rationale: Only a single module may be a Master at any time. The bus Mastership protocol
defines a protocol for ensuring that at most a single module is a Master and for allowing
suspension of a current block transfer by a module attempting to send a message with a more
urgent logical priority.

4.3.3.1 Vie Sequlnce:

43.3.1.1 16-Bita

4.3.3.1.2 Mixed M

Descriptiqn: The paragraph on pages 5-29 of the VHSIC Pi-Bus Spec. was

that "whej
sequence
module".

Rationale
active ang

Rationa

 a module loses contention and quits driving the bus for'the remai
" is meant that "the Slave ceases to be a contender bat does remai

This rewording uses better terminology and-makes clear that the
still follows the vie sequence.

nd 32-Bit Nonmixed Mode Vie:

e: Rationale not provided.

ode Vie:

A. Vie_Mode_EC bit needed.

Rationa
perform
there ar
detectio
during tl

tlarified to state
der of the vie
an active

module is still

e: The Vie_Mode_EC bit is specified to determine what type of Vi

he Vie,

4.3.3.2 Tenure Pass'Message:

4.3.3.3

sequence to

Basically, it telt the BIU whether there are any Type 16 ED modules on the bus. If
e any, the Vie must be performed using error detection only. If some modules used
n while others used correction, multiple Masters could result when error occurred

Description: States tenure pass shall not be implemented.

Rationale: Reference rationale paragraph 4.2.3.2.1.3.C. Causes command error since
Tenure Pass is an illegal message type in JIAWG systems.

Bus Request:

Rationale: Rationale not provided.
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4.3.4 Message Sequences:
Rationale: Not applicable since no requirements are specified.
4.3.4.1 Parameter Write Message Sequence:

Description: Defines parameter write header words and states that a Slave shall have a
mechanism to access the transferred data.

Rationale: Parameter write message was included to allow an optimized message passing
mechanism (as compared to block message) when less than or equal to three 16-bit words
need to be transferred. The optlmlzatlon occurs by this type of message not having a data
sequence.—The-headerword o-defined perthe Pi-B pac-except-that HWCO and HWC1
are allowed to contain data. ThlS follows since no address mdlcator is needed for a logical
parameter write - the Slave BIU is responsible for saving the data and making it accessible to
the Slave

4.3.4.1.1 Logical[Type:
Rationaje: Optimized block message in case data is three words or less.
4.3.4.1.2 Event Fiter Type:
| A: Event Filter Parameter Write Message.

Rationaje: This message type was included as an efficient mechanism of a barrier
synchragnization protocol. Two example-applications of Event Filter include|the following.
(1) It canh be used to aid synchronization of a system's startup sequence. In a loosely
coupled system, each module will-take a slightly different time period to get through its start
up seqyence. In addition, it cannot be assumed that each module will eveny come up.
Typically, there are a couple.of points in the startup sequence to which it is|desirable that all
module$ progress prior to all modules proceeding to the next phase. It is desirable that a
system come up as fast as possible, but it must be guaranteed that all modules have
enough|time to complete their startup. The solution to this is an event filte message for
each startup phase.~When all modules have hit that phase point and have|sent their part of
the event filter message, all will proceed automatically. To handle the dead module case,
the TM-Bus Master has a timer going so that if the system gets stuck at an|event point, he
will timg out’and handle the fallure condition. However thls timer can have a long time-out
value to-be-sure-the-module-is-really-dead-because-its-use-is-not the-normal case. Thisis
the typical "barrier" application. (2) The second example is the distribution of external 1/0
data (say MIL-STD-1553) to a system consisting of several backplanes, referred to as a
cluster. For example, a system might have two different 1553 modules distributing data
from four 1553 busses. For some systems it is desirable that calculations for a specific I/O
cycle to proceed on all the cluster modules only when all 1553 data has been distributed
from all 1553 channels. One approach would be to have an interrupt on each distribution
message arriving at each module, and use some logic to figure out when they're all there.
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3.3 (Continued):

With today's higher bus data rates it has become imperative that the transmission line

characteristics of the backplane be accounted for in backplane analysis. By doingsc it

becomes apparent that there may be better ways to drive backplanes than with traditional
TTL family logic. To solve some of the inherent problems with running densely loaded buses,
the Pi-Bus structure was developed. Pi-Bus was developed by IBM, Unisys and TRW for the
VHSIC 2.2 Interoperability program.

b. Transmission Line Physics: Several problems must be overcome to run a faster, more
heavily loaded bus. When the bus propagation delay plus setting time decreases below about
100 ns the backplane must be considered as a transmission line. If the backpliane is densely
populated| the problem of running it at high data rates is exacerbated.

Z, is the ¢haracteristic impedance of the backplane, and is calculatedfrom the physical
characteristics of the backplane. From Figure 13, a simple model of‘a transmission line, the

following equation may be written:
Z,=[R+jwl)/ (G + jwc)]"? (Eq.1)

For highef frequency, the R and G terms become insignificant due to the increases in the o
terms,

w = 2nf, where f is‘frequency (Eq.2)

and the equation simplifies to:

Z,=(L/C)"? (Eq.3)
where:
L = is in units of inductance per unit length
C = is in units of capacitance per unit length
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FIGURE 13 Simple Transmission Line Model

3.3 (Continued):

c. Effects of|Capacitive Loading on Bus: Values for Zp can be calculated from the physics of
the backplane construction. For a typical Pi-Bus epoxy-glass backplane the yalue for Zg is
about 65W. The basic equation describing the impedance of a loaded bus ig:

Z,-Z,/(1%C,/C)"? (Eq.4)
where:

C1 = is the additional load added to the bus by modules, connectors and cpnnector
mounting vias

So as the|capacitive load.of the modules increases, the impedance of the bus decreases. As
the impedance of the bus decreases, the current required to drive the bus between state
changes in a given time period increases (1 = V/Z). The equation for the propagation delay
of a signal on an unloaded transmission line is:

Toe =1L /C)" (Eq.5)

where:
1 = length of the bus.
For a loaded bus:

Tpy = Too(1+ C, / C)*2 (Eq.6)
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3.3 (Continued):

describes propagation delay on a transmission line. From the equation for the loaded bus, it
is obvious that as the capacitive loading of the bus increases, the propagation delay for a
given length of bus increases. As this time increases bus setting time increases, and hence
affects how fast the bus may be operated. So a bus transceiver, which had low capacitive
loading, would improve bus operation in several ways. A low capacitive transceiver would
raise the value of Z1, and hence the drive current requirements for a given performance
would be reduced, the propagation delay for a given length of backplane would be reduced,

and any bus settling time required would also be reduced.

d. Output VQH Swing: The standard TTL swing for an output is from 0.2 V to Vce - two diodes
" (for CMOS OV to Vgg ). For a bipolar device, this swing could be as much-as from

0.2to 4.1 V. The smaller this swing between high and low, the less charge which must be
moved in any given time to effect a change of state. So from the standpoint of power usage,
smaller in this case would be better.

Pi-Bus was developed to address both of these conclusions in a - manner simijar to Future
Bus. The pus side outputs are open Schottkys, and the bus is terminated on both ends by a
resistor to|a voltage source with limits of 1.9 to 2.1 V (Figure 14). The resistdrs used to
terminate the bus may be from 30 to 40 Q. By terminating the bus in this way, (Zp matches a
40 Q termjnation with no loads on the bus, but including loading from raw bagkplane pius vias

and mating connectors, and a 30 Q. termination matches a fully loaded Pi-Bus backplane) the
bus is somewhat tuned to the Z1 of the bus so that refiections can be minimized. By

terminating the bus to a maximum of 2.1 V,the maximum voltage swing on the bus will
perform VoL minimum spec of 0.4 V to the maximum 2.1 V. Thus the voltage swing for the

Pi-Bus transceiver would be 1.7 V versus the 3.9 V for a standard bipolar transceiver.

£
oy

\\n
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o —— g h—
] - TRARGCEIVERS ~I0e

FIGURE 14 - Output Vou Swing
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3.3 (Continued):

e. Output Capacitance of Transceiver: In order to decrease the capacitive loading of each
transceiver, Schottky diode outputs are used, and are reverse biased when not active low.
The Pi-Bus driver output is shown in Figure 15(a). When the output is in a high state both the
output Schottky diode and the collector-substrate diode of Q1 are reverse biased. By reverse
biasing both the Schottky diode junction and the collector-substrate junction, parasitic
capacitive loading of the bus driving output can be greatly decreased. The following equation
gives an approximation of the impact reverse biasing has upon junction capacitance:

C,=Cyy /(14 V,/ V)

(Eq.7)

where:

Cp= eEuaIs the capacitance of the diode junction under unbiased conditig

Vy =€
V, =is
0

uals the reverse biased voltage of the diode junction
the built-in zero bias potential across a diode junctioni.and would {
7V

ns

be on the order of

So, by reverse biasing the cathode of both D1 and Q1, their parasitic capacitive loading on

the bus is decreased. If the bus were at 2.0 V and VcC was at5 V, C,, wou
by a factor of 2.1. Then of course, C1 and C2 are(n series, so their total ca
be decrepsed according to the following equation:

The capacitance of C3 (from D3) is basically negligible in comparison to C1

approxim)

C; =Cp +[(CHC, £C3)]1/(C, + C, + Cy)

ately 0.5% the area Q1. The package capacitance (Cp) may vary

Ild be decreased
pacitance would
(Eq.8)

because it is
from 0.3pF to

capacitive loading on each bus pin would be the base-collector and base e
of Q7 (Figure 17(b)), which_connects to the anode of D1. For a typical TTL part (Figure 16),
the capacitive loading of the output would be primarily C5 because C6 is in s$eries with C7 and
el combination of C8 and C9. For Q4 and Q5 being about the same size devices,
the capacitive loading of the TTL circuit would be several times larger than that of the

1.5pF, dEpending upon the package and the pin location on the packages.

the paral

Schottky

terminated circuit.

The other
itter capacitance
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FIGURE 15 - Pi-Bus Driver Output
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FIGURE 16 - Capacitance Loading
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4.3.4.1.2 (Continued):

4.3.4.2

4.3.4.2.1

However, if distribution messages from a single 1553 module are placed in a Pi-Bus chain
ending in an event filter message, all modules can know that all the data sent via the chain
has been distributed with only one interrupt, on the event filter message itself. This is more
of a duty cycle saving application, but it still is acting like a barrier.

B: Event Filter Label size is restricted to 12-bits.

Rationale: Figure 12, page 60, of AS4710 shows there are 12-bits of label for the event
filter type. This restriction was arbitrarily chosen to be in agreement with the PIU that first
implemented event filter. There is no technical reason to disallow the event filter label
being 16-bits.

Block Message - Short Header (SH) Sequence:

of a module to accept a particular message block message type is as defingd in the module
specification.

DescriptiFn: States that both label and direct block messages are’supported, and the ability
Rationale: See 4.2.3.2.1.3.A.
Label Addressing:

A: Defjnition of the header words for a block message short header using label addressing.

le: The Header words are defined in the same way all the JJAWG|DEM/VAL
vendors define them. In order forthe BlUs to know how many words are being
sent/received, one of the header,words must contain the count of the words to be
transfefred. HWB is required by Pi-Bus standard. Note that if the message is suspended,
when if is resumed, HWB contains the number of words of data remaining to be transferred.
One of|the header words-aiso needs to contain the label to be sent. HWCO was arbitrarily
chosen for this. In order to support suspend messages, when a suspended message is
resumed, a countmust be included in the headers to signify how many wards had already
been transferred.) Since this field was necessary, it was noted that this fie|d is really an
offset gnd could also be used as such for the message when initially sent{ HWC1 was
arbitrarjly énhosen for this field.

B: What label means.

Rationale: The label definition is based on the various JIAWG DEM/VAL label definitions.
A label is logically an extension of the Pi-Bus Slave ID. Thus, if the label is not available,
then the Slave drops off the bus, without resulting in an error. The maximum buffer size is
included to support software debug and'security. Since a label is a way the Slave can
specify where to place the incoming data without the Master having to know this, the
location to place the data must be associated with the label.
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4.3.4.2.2 Direct Addressing:
Description: Defines block message-short header direct addressing message headers.
Rationale: See 4.2.3.2.1.3.A.

4.3.4.3 Block Message - Extended Header Sequence:

Description: States that both label and direct block messages with extended headers are
supported. -

Rationale: See 4.2.3.2.1.3.A.

4.3.4.3.1 Label Addressing:
Descripgtion: Defines block-message extended header label addressing message headers.
Rationale: Same as rationale in 4.3.4.2.1.
4.3.4.3.2 Direct Addressing:
Description: Defines block-message extended header direct addressing message headers.
Rationgle: See 4.2.3.2.1.3.A.
4.3.4.4 Bus Interface Message Sequence:
Descriptipn: Defines header words for.Bus Interface Messages, states particulars about data
link Bus Ihterface Messages, and states particulars about system time Bus Interface

Messages.

Rationald:

A: The rationale for continuing after writes attempted to Reserved or write protected data link
registers during a bus interface message and reporting an error to the Master is to lessen
chip complexity. Allowing modification of the registers agrees with the way b%ck messages
are treated in that if an error occurs during a block message, memory may bg modified even
though thermessage was not completed successfully.

B: The Pi-Bus system timer was added to provide a backplane synchronized global time
capability. Including this capability would save including additional signal lines (e.g., a
discrete) to support such a capability. The rationale for a 48 bit instead of a 32 bit Pi-Bus
system timer with a 1 usec resolution was based on a survey of real-time software experts.
All surveyed said that the clock should be at ieast 48 bits to avoid complications in software
having to deal with roll-over. A one microsecond tick was chosen since it was the same
granularity as time being distributed over the JIAWG High Speed Data Bus.
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4.3.4.4.1 Data Link Layer Registers:

Rationale: Provided to allow initialization and control over a portion of the Pi-Bus hardware.
Refer to0 4.3.7.

4.3.4.4.2 System Timer:
Rationale: Refer to 4.3.7.4.
4.3.4.5 Datagram Message - Short Header Sequence:

Rationale: See 4.2.3.2.1.3.E.

4.3.4.5.1 Nonacknowledge:

Rationale: This sequence eliminates both header and data acknowledge tq provide a true
datagram service. This is the most efficient message transfer sequence.

4.3.4.5.2 Acknowledge:
Rationale: This sequence eliminates head acknowledge while still providing an
acknowledge of message completion. This is the most efficient block message transfer
sequenge when a message completion acknowledgment is required.

4.3.4.6 Datagram Message - Extended Header Message Sequence:

Rationale] Rationale not provided.

4.3.4.6.1 Nonacknowledge:

Rationale: Same as 4.3.4.5.1 for extended header messages.

4.3.4.6.2 Acknowledge:

Rationale: Same-as 4.3.4.5.2 for extended header messages.

4.3.5 Exception Sequences:
Rationale: Lvmmim&rsmmmmwmwfmﬁ ;Si i ifred:

4.3.5.1 Suspend:

A: Support suspend as either a Master or Slave.

Rationale: The Pi-Bus is intended to be used in real time applications. The ability to establish
and meet task deadlines require that messages are suspendable. In order to suspend a
message, both the Master and Slave must support the suspend operation.
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4.3.5.1

(Continued):
B: Modules may elect to specify messages as not suspendable as either a Master or Slave.

Rationale: There may be messages whose data must always be transmitted together. It may
be the case that if part of the data is delayed, it must all be recalculated. These messages
must be aborted instead of suspended. The Master or Slave must be capable of identifying
these messages and preventing their suspension.

C: A suspend sequence shall not be started prior to the expiration of Vie Timer A.

Rationale: Several studles have shown that in real tlme avionic systems the majority of the
Pi-Bus traffic-wil-be-composed-of sho ontaining-sho ages—1t is expected that
most of these chains can complete their operatlon before the Vie Timer A,éxpires. Allowing
the chain(to complete is the most efficient use of the Pi-Bus and, since.the timer has not
expired, there is no danger of missing a deadline.

The only requirement in real time operation is to meet the deadiines. There i$ no benefit in
exceeding them. Since the scheduling must consider the worst case bus access condition of
both Vie Interval Timers A and B timing out, the full bus time’should be utilized in an attempt
to complegte the chain and save the time required by the suspend and resumg operation.

D: Suspend if data remaining is equal or greater than 8 words.

Rationalg: The suspend operation requires more than just the suspend sequyence on the Pi-
Bus. The Master or Slave must calculate the Resume Control Words and may be required to
store infoymation relative to the suspend©peration in main store (for example, Slave label
table updpated). Both these and perhaps other operations require time, non-transfer cycles. If
the overhead of the suspend operation is greater than the data remaining in the message, the
Pi-Bus ut{lization would be better served by completing the message than suspending. While
the actuaj number of cycles required will depend upon the actual implementdtion of the
Master and Slave involved it will be greater than three, and likely even greater than eight.
Thus raisjng the remaining count requirement from three to eight increases the performance
of the Pi-Bus.

E: Do not resume if error detected.

Rationale: (When an error occurs, a typlcal error recovery procedure include$ retransmission.
Themes BgUe E aliowWweg 1o CO g€ (O PE e Mastertoobtai the
acknowledge word from the Slave to identify the error. The error type may be a factor in the
error recovery procedure. The suspend sequence causes the Master to obtain the
acknowledge word. The message can be ended at this stage and error recovery procedures
initiated.
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4.3.5.1.1

Single Slave Suspend:

A: Short header, short resume.

Rationale: A Block Message, Short Header, is a basic Pi-Bus message type. This
message can be either multicast or singlecast. The Resume Control Words had to be
defined for the multicast case since the Master must form them and all Slaves must use
them. Once they were defined for the multicast case, is reasonable to use the same
definition for the singlecast case.

B: Short header label Addressing Suspend.

Rationale: ifyi origh ‘ ‘ number-of-wore ansferred from that label

the HWB of the resumed message to allow the remaining words to be trangmitted. Since
this is the data specified for a multicast operation, it is reasonable to also use itin a
singlecast operation.

C: Short header direct Addressing Suspend.

Rationale: Specifying the next data address in'the Resume Control Words|provides all of
the necgssary data to continue or resume a message that was suspended.| The count of
number of words remaining to be transferred must be determined by the Master. This
remaining count is then provided in the(HWB of the resumed message to ajlow the
remaining words to be transmitted. ‘Since this is the data specified for a myiticast operation,
it is reagonable to also use it in a'singlecast operation.

D: Extended header, extended resume.

Rationale: A Block Message, Extended Header, is a basic Pi-Bus message type. This
messagge can be either multicast or singlecast. The Resume Control Words needed to be
defined for the multicast case since the Master must form them and all Slayes must use
them. Qnce they were defined for the multicast case, is reasonable to use|the same
definition for the singlecast case. :
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4.3.5.1.1 (Continued):

- during this message, a suspension will not be attempted when Vie A Interv

Rationale: The last two Resume Control Words are defined the same as the short header

Resume Control Words. This provides the reauired data for resuming a suspended

e Con Words. ovices ired gata tor resum a suspengead
> P o4

message. The count of the number of words remaining to be transferred is calculated from
the original transfer count and the actual transferred count from the Resume Control Words
by the Master. This remaining count is then provided in the HWB of the resumed message
to allow the remaining words to be transmitted. The first six Resume Control Words are the
corresponding words from the message header. These six words will be provided to the
Slave's host at the completion of the message regardless of whether or not the message
was suspended. Since this is the data specified for a multicast operation, it is reasonable to
also use it in a singlecast operation.

F: Extended header direct Addressing Suspend.

Rationale: The last two Resume Control Words are defined the same as the short header
Resume Control Words. This provides the required data for resuming a sugpended

. The count of number of words remaining to be transferred must|be determined
by the Master. This remaining count is then provided in thecHWB of the re};Jmed message

to allow|the remaining words to be transmitted. The firsP six Resume Contrpl Words are the
corresponding words from the message header. These six words will be provided to the
Slave's host at the completion of the message regardiess of whether or nof the message
was suspended. Since this is the data specified for a multicast operation, it is reasonable to
also use it in a singlecast operation.

G: Extgnded header, short resume treated as unsuspendable.

The Resume Control Words for an extended header suspend have already|been defined for
the JIAWG platforms. A Slave must follow those definitions to be suspendable. The

in the header acknowledge word is allowed but if a Bus RequestIs asserted
| Timer expires.
The message will be aborted if Vie B Interval Timer expires.

H: Short header, extended resume treated as unsuspendabie.

The Resume-Control Words for a short header suspend have already been defined for the
JIAWG platforms. A Slave must follow those definitions to be suspendable, The response
in the hgader acknowledge word is allowed but if a Bus Request is asserted during this
message, a suspension will not be attempted when Vie A Interval Timer expires. The
message will be aborted if Vie B Interval Timer expires.

4.3.5.1.2 Multiple Slave Suspend:

A: Short header, short resume.


https://saenorm.com/api/?name=6e2dd23fa0bb2678bcf1df5c29041778

SAE AIR4903A Page 59 of 133

4.3.5.1.2 (Continued):

Rationale: A Block Message, Short Header, is a basic Pi-Bus message type. The Resume
Control Words must be defined for the multicast case since the Master must form them and
all Slaves must use them. If they are not defined, various modules wouid not be
interoperable.

B: Short header label Addressing Suspend.

Rationale: Specifying the original label and the number of words transferred from that label
buffer in the Resume Control Words provides all of the necessary data to continue or
resume a message that was suspended. The count of the number of words remaining to be
transfefred is calculated from the original transfer count and the actual transferred count
from the Resume Control Words by the Master. This remaining count.is then provided in
the HWB of the resumed message to allow the remaining words to be transmitted.

C: Shart header direct Addressing Suspend.

Rationgle: Specifying the next data address in the Resume Control Words provides all of
the nedessary data to continue or resume a message that was suspended. The count of
number of words remaining to be transferred must be determined by the Master. This
remain{ng count is then provided in the HWB of the resumed message to allow the
remaining words to be transmitted. ~

D: Extended header, extended resume.

Rationale: A Block Message, Extended Header, is a basic Pi-Bus message type. The

Resum Control Words must be defined for the multicast case since the Master must form
them and all Slaves must use them. If they are not defined, various modules would not be
interoperable.

E: Extended header label’Addressing Suspend.

be transmmed The first six Resume ControIWords are the correspondlng words from the
message header. These six words will be provided to the Slave's host at the completion of
the message regardless of whether or not the message was suspended.

F: Extended header direct Addressing Suspend.
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4.3.5.1.2 (Continued):

Rationale: The last two Resume Control Words are defined the same as the short header
Resume Control Words. This provides the required data for resuming a suspended
message. The count of number of words remaining to be transferred must be determined
by the Master. This remaining count is then provided in the HWB of the resumed message
to allow the remaining words to be transmitted. The first six Resume Control Words are the
corresponding words from the message header. These six words will be provided to the
Slave's host at the completion of the message regardless of whether or not the message
was suspended.

G: Extended header, short resume not possible.

The Re}ume Control Words for an extended header have already been deJined. It required
the extended resume.

H: Shoft header, extended resume not possible.

The Resume Control Words for a short header have already been defined. | It requires the
short resume.

4.3.5.1.3 Resuming Suspended Messages:
A: BiU Master goes idle after suspend sequence.
Rationaje: Going idle after a suspend sequence allows vieing for a new master.
B: Revie to resume a suspended message.

Rationale: A module must reacquire Mastership of the Pi-Bus before it caninitiate or
resume [any messages. Theonly procedure permitted for this is the vie sequence.

4.3.5.1.4 Using Suspend with Vie Intervals A and B.
A: Suspend using Vie Interval Timers A and B.

Rationaje: See rationale for 4.3.5.1.
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4.3.5.2 Abort:

4.3.6 Wait:

4.3.6.1

A. Wait allgwed.

A: ACK response to an Abort.

Rationale: The Abort sequence, as described in AS4710 requires Slaves to assert ACK on
the AB2 cycle of the Abort sequence. However if there are no Slaves at the time of the Abort,
either no modules had been addressed or all addressed modules cease participation in the
message before the Abort, no ACK will be asserted. There are occurrences where the
Master will perform an abort and no Slaves were selected. This results in NS on the AS lines
during the third cycle of abort. This is not considered an AS sequence error because this is
normal operation.

Rationale: Allows Master or Slave to control the data transfer rate.onPi-Bus td accommodate
slow or temLorarily busy devices.

Rules for Asserting Wait.

A1: Slavg may assert Wait on last acknowledge cycle.

Rationale] The final status on the current message is not available to the bus interface unit of
the Slave [ill two cycles after the last acknowledge cycle. This provides the I\Iaster time to
issue an gbort following the acknowledge. ‘A Master may allow a message to complete
following the detection of an error in order-to obtain the acknowledge words for analysis. It
will then igsue the abort to notify the Slave to disregard the message.

A2: Wait rule one

Rationale] "Wait may normally be asserted by a Bus Interface only if that module is
scheduled to be a bus Master or Slave on the next transfer cycle. However, the current bus
Master may assert Wait if the bus will be placed in the Idle state following the Wait induced
non-transfer cycle(s) provided the vie interval requirement in not violated."

This rule gstablishes that only those modules involved with a message are permitted to assert
a Wait. The’Master is permitted to assert a Wait on any cycle of the message. The following
are typical times when a Master might assert a Wait:

HAn: While the initial data is being fetched for a receive message.

D: During the Data cycles if the memory interface cannot keep up with the message data
rate.

DZ: While final data is being stored for a transmit message.

DAn: Allow for checking for a late NAK, storing an interrupt report and fetching the control
block for the next message.
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4.3.6.1 (Continued):

The Master is allowed to assert Wait on the last Acknowledge cycle of the message because
ne n a it th i o
u\d A d A4 4 '~

it will either continue the Pi-Bus activity with ancther mess

on the next transfer cycle.

The Slave is also permitted to assert a Wait on any cycle of the message. The following are
typical times when a Slave might assert a Wait:

HAZ: To permit a label entry fetch and check.

HAn: While the initial data is being fetched for a transmit message.

D: During the Data cycles if the memory interface cannot keep up with the message data
rate.

DZ: While final data is being stored for a receive message.

DAn: Allpw for checking for a late Abort, updating a label table entry and stgring an interrupt

Note that|normally a BIU might not be considered to be scheduled as a Slave on any cycle
following the last Acknowledge cycle of the message. However, a Slave may be required to
monitor the Pi-Bus for several cycles following the message'to check for a late Abort

sequencg initiated by the Master. If such an Abort is detected, the previous message must be
ignored. [This means that the label table entry for that message cannot be changed and
interrupt teports cannot be stored until a number.of-cycles after the end of tr} message. In
this sense, the BIU is stili a Slave and must assert Wait on the last Acknowlgdge cycle of a
message|to hold off the next Pi-Bus message until it is finished with the first message. Note
that the Wait does not hold off or effect an-Abort sequence.

A3: Wait|rule two
Rationale: “A Bus Interface shall not assert Wait on HO or H1 cycle.”
This rule requires the Master to transmit the HO, H1 and HZ or the HO, H1 and H2 sequences

without a|nontransfer cycle. Since the HZ or H2 cycle is the earliest cycle that a Wait can be
asserted,|the following cycle (the HA or H3 cycle) is the first cycle that can b¢ delayed.

A Bus Interface cannot be a Slave until it decodes its address in the HWA which it received
on the HQ cycle! A module Bus interface cannot assert a Wait on HO or H1 to gain time to
determing whether or not it is being selected by the HWA.

A4: Wait rule three

Rationale: "A Bus Interface shall not assert Wait on a particular cycle (N), if on the second
previous cycle (N-2) the module did not assert Wait, but Wait was asserted on that cycle. If
the Bus Interface does assert Wait on cycle N and Wait was not asserted by any other
module on cycle N-1, the Bus Interface shall assert Wait for an even number of contiguous
cycles.”
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4.3.6.1

(Continued):

Wait rule three makes it possible for a Bus Interface to assert a Wait on any desired Pi-Bus
transfer cycle. The first part of the rule does not permit a Bus Interface to assert a Wait on
cycle N if it did not previously assert a Wait on cycle N-2 and a Wait had been asserted by
another Bus Interface. The "N-2" Wait rule is illustrated in Figure 18. The figure shows a Bus
Interface which requires a Wait to be asserted on word D5 to delay the transfer of word D6.
This time may be required to fill or empty a data buffer before continuing. If a second Bus
Interface asserts two Waits starting on word D3 to delay word D4, then D5 will be delayed by
two cycles. The "N-2" rule inhibits the first Bus Interface from asserting a Wait until cycie 6.
This is exactly when it is needed to delay word D6. In summary, the "N-2" rule allows
different Bus Interfaces to delay two words on the Pi-Bus which are separated by one word.

Bus lnterace requires a delay after word D5.

Cycle 1 2 3 6 7 8
Pl-BusData | D2 | D3 [ D4 | D5 | NT | NT
Pl-Bus Wait N N N Y Y Y
BIU Waif N N | N Y Y Y
Other BIU Wait| N N [ N N N N

“N-2” rule prevents Wait till cycle 6 which causes correctly placed delay,

D4 delayed of other BIU —-!

DS not delayed
D6 delayed by BIU

Cycle 1 2 3 4 5 6 7 8 9
Pi-Bus Data D2 D3 | NT [“NT | D4 D5 NT | NT D6
Pl-Bus Wait N Y Y. N N Y Y N N
BIU Wait N N N N N N N N N
Other BIU Wait| N Y Y N N Y Y N N

AlR4903-93-5

FIGURE 18 - "N-2" Wait Rule

The second part of Wait rule three requires the Bus Interface to check for a Wait on the cycle
before it asserted a Wait. Because of the pipeline effect of the Pi-Bus, this check is too late
to impact the assertion of the Wait. However, if a Wait was asserted on the previous cycle
(and not by this Bus Interface) then the Wait must be de-asserted for one cycle. The Wait
can be attempted again on the next cycle. The "N-1" rule is illustrated in Figure 19. The first
Bus Interface needs to assert a Wait on word D4 to delay word D5 for two cycles. However, a
second Bus Interface may assert Wait on word D3 (cycle 2) to delay word D4 for four cycles.
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4.3.6.1

(Continued):

The first Bus Interface will assert a Wait on cycle 3 while it is checking the Wait lines from
cycle 2. It will determine that a second Bus Interface asserted a Wait on that cycle and will
remove its Wait on cycle 4. Since it still needs the Wait on word D4 and the "N-2" rule is met,
the first Bus Interface can again assert Wait on cycle 5. The results of checking Wait for
cycle 4 again requires that the first Bus Interface removes the Wait on cycle 6. The assertion
of Wait on cycle 7 is finally successful and word D5 is delayed by two cycles. Thus the “N-1"
Wait ruie allows different Bus Interfaces to delay consecutive words on the Pi-Bus.

The third part of Wait rule three, an even number of Waits must be asserted, is required for
the "N-1* rule to be successful in permlttmg consecutwe words to be delayed. If an odd

number
Wait on
D4. Inst

/e example (no
Wait on word
been delayed, not

Bus Interface requires a delay after word D4.

D4 delayed of other BIU

DS delayed by BiU

Cycle 1 2 3 6 7 8

Pl-Bus|Data D2 D3 | D4 NT NT D5

Pl-Bus|Wait N N Y Y N N

BIU Wait N N Y Y N N

Other BIU Wait| N N N N N N

“N-1” ryle prevents Wait till cycle 7 which causes correctly placed delay.
Cycle 1 2 3 4 5 6 7 8 9
Pl-Bus|Data D2 D3 NT | NT | NT | NT D4 | NT NT
PI-Bus|Wait N Y Y Y Y N Y Y N
BIU Wait N N Y N Y N Y Y N
Other BIU Wait{ 'N Y Y Y Y N N N N

|

FIGURE 19 - "N-1" Wait Rule

AIR4903-93-6
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4.3.6.2 Effects of Wait:
A. Abort during Wait.
Rationale: The Abort sequence must be altered for Abort to keep Master and Slave(s) in
sync and to end a possibly hung message. Any cycle on which the Abort cycle type appears
can be interpreted as a transfer cycle regardiess of the state of Wait.

4.3.6.2.1 Line Groups During Nontransfer Cycles:..

4.3.6.2.1.1 Data line group during non-transfer cycles.

A: Onlly valid symbols shall be posted on the Data line group.
Rationale: A valid symbol is any value with correct parity or EC code:” The Data lines will
be chacked for valid parity or EC code during the non-transfer cycles. An|invalid symbol
cause$ an uncorrectable or correctable Data line error to be detected. This will result in
the termination of the message with an Abort.
4.3.6.2.1.2 Cycle [Type Group During Nontransfer Cycles:

A: Only valid symbols shall be posted on the Cycle Type group.

lines will be checked for valid parity or EC.code during the non-transfer cycles. An invaiid
symbqgl causes an uncorrectable or correctable Cycle Type line error to be detected. This
will result in the termination of the message with an Abort.

Rationale: A valid symbol is any value with correct parity or EC code. Tr;f Cycle Type

B. Master asserts valid symbols during NT cycles.

Ratiorfale: The Master miodule must source valid (no line errors) symbolg on the CT lines
during|NT cycles since line error checking is still active.

4.3.6.2.1.3 AS Grpup During Nontransfer Cycles:

A. Assert valid symbols during NT cycles.

Rationalé: The Slave module(s) must source valid (no line errors) symbols on the AS
lines during NT cycles since line error checking is still active.

4.3.6.2.1.4 Wait Lines During Nontranster Cycles:
A. Asserting Wait during NT cycles is done the same as during Transfer cycles.

Rationale: Waits cause NT cycles. Therefore, waits during NT cycles are treated no
differently than waits during Transfer cycles.
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4.3.6.2.1.5 Bus Request Lines During Nontransfer Cycles.
B. Master asserts valid symbols during NT cycles.

Rationale: The Master module must source valid (no line errors) symbols on the BR lines
during NT cycles since line error checking is still active.

4.3.7 Data Link and System Time Facilities:
A: A Master and Slave shall implement all Data Link Facilities.

Rationale: Interoperability is the goal of the standard. Requiring all modules to implement all
Data Link Hacilities forces interoperability at this level.

4.3.7.1 Data link [register address space.
Rationalg: Rationale not provided.
4.3.7.2 Register Protection:

A: The BIU shall support write protection.

Master mpdule approach. This Master module controls the general task utilization of the
other modules. In this approach, the Mastermodule would need access to the Data Link
Facilities [of all of the modules to control the'system.

Rationale: A Pi-Bus system can be configured inone of two basic ways. Thf first utilizes a

The second approach is a distributed control. In this approach, each modulg would manage
its own Data Link Facilities and write protect them so that another module could not change
them.

4.3.7.3 Registers:
A: Data with line error'not transferred.
Rationalg: The Data Link Layer registers are implemented in hardware and their contents
immediately effeéct the operation of the Bus Interface Unit. While a Bus Interface Message

which writes these registers does intentionally change them, the change shopid only take
place if the data is received by the BIU without error.
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4.3.7.3.1 Reserved Register - Address 0:
A: Why this register was changed from Multicast Acknowledge Register in VHSIC Pi-Bus
Specification to a reserved register in AS4710.
Rationale: This register was called the Multicast Acknowledge Register in the VHSIC Pi-
Bus Specification. The Multicast Acknowledge Register stores error information on
multicast messages for which this module was a Slave. In order for the current bus Master
to access this information, it must send a Bus Interface message to the module requesting
it. This may require host intervention to set up the message. However, this register will be
overwritten by the next multicast message addressed to the module. Therefore this register
is only useful under very controlled conditions. Because of this, this register was not
considered-useful-and-was-netincludedinr AS47FHO————

4.3.7.3.2 Contro! Register - Address 1:
A: Permanently write protected.
Rationale: It is not considered safe to allow reset of a Pi-Bus controlier thrqugh the
backplahe communication bus (i.e., Pi-Bus). A module should perform the [reset of the Pi-
Bus controller(s) itself or through a reset command via & test and maintenapce bus (e.g.,
TMBus)| Also, there is no way to report results through the Pi-Bus if reset is unsuccessful
since the bus controller would be off line in this case. Therefore, this register was
permanently write protected, which basically made the register Reserved.

4.3.7.3.3 Module Capabilities Register - Address 2;
Rationalle: Provides standard location to query capabilities of a module.

4.3.7.3.4 \Vie intefqval A Register - Address.3:
A. Use pf this register discussed in 4.3.3.3 and 4.3.5.1.4

4.3.7.3.5 Vie Inteqval B Register - Address 4:
A. Use of this.register discussed in 4.3.3.3 and 4.3.5.1.4

4.3.7.3.6 Vie Priority Register - Address 5.
A. Use of this register discussed in 4.3.3.3.

4.3.7.3.7 Reserved Registers - Addresses 6 to 32:

Rationale: Reserved registers provided for future growth and placement chosen to keep

contiguous with other control registers.


https://saenorm.com/api/?name=6e2dd23fa0bb2678bcf1df5c29041778

SAE

AIR4903A

Page 68 of 133

4.3.7.3.8 Logical Slave ID Registers - Addresses 33 to 255.

A: All Logical Slave ID registers shall be provided.

Rationale: Interoperability is the goal of the standard. Requiring all modules to implement
all of the Logical Slave ID registers forces interoperability at this level. This is already a

small number of logical addresses for many systems, where a minimum of 223 logical IDs
are required.

4.3.7.4 System Time:

4.3.8

A: 48-bit, 1 MHz timer.

Rationalef Many systems have a need to distribute time accurately. Time czln be distributed
between facks or boxes with a fiber optic high speed data bus. However, all
within a rack or box also need access to the same reference time. -By placin

the Data Link Layer of the Pi-Bus and providing a Bus Interface message for|

this time i
every 8.9

available to all modules. The overflow from a 48-bit{_ 1 MHz timer

would re<1uce the time between overflows to 1.19 hours. With this short of a

would ne

B: AT co

d to maintain a count of the overflows.

e = 100.

Rationalef AS4710 defines AT codes of 100through 110 as available for im
defined reggisters. The System Timer is an‘implementation defined register
implementation is now required.

C: Sync

Rationalef The Pi-Bus system-timer was included for deterministic global tim

ronized within 4 microseconds for a 12.5 MHz Pi-Bus.

Specifying the synchronization between the System Timers to within 4 micro
12.5 MHZ Pi-Bus) provides all modules with the same time with a reasonablg amount of
accuracy. The 4 microseconds allows time to synchronize the source System Timer with the
Pi-Bus clacks, trarismit it, and resynchronize to the destination System Timef for loading. This
time doegd force the design to read the source System Timer when the Pi-Bug message is
active on the'bus and ready for data.

of the modules
j a timer within
distributing it,
only occurs

years. This should be sufficient for most missions. <Limiting the tinjer to 32-bits

time, the device

lementation
hose

b distribution.
econds (for a

Initialization:

A: Capabile of Built-In-Test:

Rationale: All modules must be capable of determining their health after powering up and
before going on line. Part of the checking is the testing of the Pi-Bus interface logic. Since the
module can test itself upon power up, it should be capable of performing self-test upon

command.
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4.3.8 (Continued):
B: Pi-Bus Transceivers Disabled While in BIT:

Rationale: Several modules may be performing test at the same time or while the Pi-Bus is
active. The transceivers of the modules being tested must be disabled to prevent interference
with other bus activity.

4.3.9 Error Detection, Recovery and Diagnostics:

Detection and Correction of Multiple Errors: The error correction codes chosen for the SAE Pi-
Bus have the capabmty of correctlng at least one error and wnll detect any double bit error. The
code howeye Ree eapable of detecting
some percntage of tnple bit errors as uncorrectable errors Below is a list-of @ach code
studied and its ability to detect triple errors.

a. There afe a total of 9880 possible triple errors with the SAE error.correction code. This
code wi|l detect 6776 of these errors for a detection percentage.of 68.6%.

In an effort o maintain the advantages of a single-error-correct, double-error-detect and
package-erfor-detect code, while keeping to an eight transceiver design, a new EC code was
developed specifically for the Pi-Bus applications by C:L..> Chen and J.R. Burng of IBM. It has
been modified so that all 40 bits of the code may be wired on eight transceivers, without any
loss in the 3gbility to detect a transceiver fail.

The original Pi-Bus EC code, as developed by C.L. Chen, was to put four data |bits and one
check bit on each transceiver. However, due to the requirements of allowing message transfer
between 16rbit and 32-bit modules on the Pi-bus, two problems emerged.

a. Only three extra lines are left available on transceivers 5-8 for error correctjon; an EC code
with ong check bit per transceiver could not be implemented.

b. Atleast|29 lines need to.be used on transceivers 1-4; without a modification to the EC code,
only 27 |ines would-be used.

Therefore, Modified-Pi-Bus EC code was designed to correct all single bit errofs and detect all
double bit efrors.{In addition, Modified Pi-Bus EC code will detect any error combination on a
single transeiver - - up to six errors on any of the eight transceivers. AII of the ransceivers will
protect four protect two
check bits and two wnll protect no check bits.

4.3.9.1 Correctable Line Errors:

Rationale: Rationale not provided.
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4.3.9.2

4.3.9.3

4.3.9.3.1

Uncorrectable Line Errors:

A: Adding HAO-1 to the bottom entry of table 5-35.

Rationale: An error on cycle HAO-1 will not be detected in time to be reported in the Header
Acknowledge Word. It will be reported in the Data Acknowledge Word if there is one in the

sequence.

B: Wait Line Error.

Rationale: The Wait function is in integral part of the message sequence. If it is not detected
properly by all modules in the message, the modules wnll not be in sync. Therefore a NAK is

asserted
likely cause a violation in the even number of Wait cycle rule and result in a
erefore, a Wait Line Error causes a NAK and is interpreted as.nc V|
{ A Master detecting a Wait Line Error will abort the message.

C: AS Sequence error during Vie.

An AS segquence error on vie is either a Recognize or an ACK on VO or VZ0
following|VZ0 The most likely cause of this is the detecting module started th
one cyclg too late or the only contending module posted a ACK instead of a
either case, the sequence is incorrect and the Slaves set Master unknown to
participatjng in a message with the winning module.
D: Parityl checking during Vie sequence.
Rationalg:
on the de

and invalid signal pairs on lines not from the winner of each vie cycle are irr
considered correctable. Likewise, the parity bit can be ignored.

The vie sequence is unique.in that while several modules may st

Sequence Errors:
A: Becoming not selected.

Rationalg: There are conditions under which a Slave cannot participate in a

ta bus, only those bit asserted by the final vie winner are meaning Jll

t would most
Wait Sequence
Vait being

or an ACK

e vie sequence
Recognize. In
prevent

art asserting bits
Line errors
levant and are

message. The

Slave is then requured to become not selected If the occurs ina message in
addressed-Stav . Aas sill-e 5

Cycle Type Sequence Errors:

A: Check bus sequence against expected sequence.

which the only
\ce error.

Rationale: By checking that the bus Cycle Types stay within the allowed sequence (as
defined by HWA), synchronization between Master and Slave modules is maintained.
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4.3.9.3.2 Acknowledge Set, Wait and Bus Request Sequence Errors:

A: Odd

number of Waits.

Rationale: An even number of Wait cycles is specified in AS4710 and is required for correct
operation. The detection of a odd number of Wait cycles, except when caused by the start
of an Abort sequence, is a serious error which should cause the assertion of a NAK.

4.3.9.4 Semantic Errors:

4.3.8.4.1

4.3.9.4.2

4.3.9.5

4.3.9.5.1

4.3.9.5.2

Rationale: Not applicable since no requirements are specified.

Header

A: Cease being Slaves.

Rationa
conditio

Header

Rationa
Diagnostig
Rationale

On-Line

Rationale: Rationale not provided.

Off-Line|

A: Parameter Write‘'message in internal loopback.

Sermantic Errors:

e: AS4710 allows modules to cease being Slaves in response to unspecified

hs. The standard defines those conditions.
and Data Acknowledge Semantic Errors:
e: Rationale not provided.
CS:
Not applicable since no requirements are specified.

Testing.

Testing:

Rationa

e: Internal loopback is a powerful technique for testing the Pi-Bus

nterface without

requiring signals to be asserted onto the Pi-Bus. A minimum requirement for a module is to

have the¢ capability of transmitting and receiving the simplest message type

Write) in this mode.

4.3.9.6 Error Handling:

A: Error Table Defined Responses:

(Parameter

Rationale: Interoperability is the goal of the standard. Modules must have a common

approach to handling error condition in order to achieve interoperability and interchangeability.
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4.3.9.6 (Continued):

4.3.9.6.1

B: Programmable control for Master abort.

Rationale: A Master module needs to continue the message sequence following a Slave
detected error (indicated by a NAK) to obtain the Acknowledge Word. The Acknowledge
Word defines the error and may be used to determine the correct error handling procedure.
After the Acknowledge Word is received, the Master can due one of two things. First, it could
initiate an Abort sequence to indicate to all Slaves that the preceding message must be
discarded. This approach is taken if the system design requires all Slaves to have the same
data from this message. Second, it could proceed with the next message. This would allow
those Slaves which correctly received the message to use it. Those Slaves which did not

ition for the

ader and header

ince the
n transferring

cannot be
or handling
the next

correctly

Master must be specified by its host.
Deviatipns from Scheduled Sequence:
A: Errgr during header or header acknowledge.
Rationale: The basic philosophy of the standards is that'if the message he
acknowledge are not correct, the message should be.aborted. The Acknowledge Word will
provide| any available data for determining the error-handling procedure. {
message cannot be completed correctly, Pi-Bus bandwidth is not wasted
data for a message which cannot be successful:
B: Ling or sequence error.
Rationale: A line or sequence errorlis a catastrophic failure. The messag
completed successfully. The Master has all of the data necessary for an
procedure. The Pi-Bus is best served by aborting this message and allow
message to proceed.
C: Local condition
Rationale: The design of any module will have local conditions which will

succes

ot permit the

parity errors;{memory protect violations, memory accessing errors, etc. Under these

conditi
of the

ns; cleanly terminating the message with a Abort sequence both n

ful completion of a Bus message. Examples of these conditions \Aitwld be memory

tifies the Slave

D: Abort after message.
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4.3.9.6.1 (Continued):

Rationale: An Abort sequence is utilized by the Master to specify that the current (previous)

m Awrldadra \WWared ie
message must not be used. The abort may not be issued till after the Acknowledge Word is

received. The Slave must wait for this late abort before completing its processing of the
message. A specific time must be defined. The standard requires that if a late abort is
issued, the first cycle of the abort must be on the Pi-Bus on or before five cycles following
the last acknowledge cycle. The Slave must assert six cycles of Wait, starting with the last
acknowledge cycle, to allow time to detect the abort.

E: Tenure Pass or undefined message type.

ﬁationaie: The standard does not permit the use of Tenure Pass or undefined message

types. A Master must not initiate these sequences. Instead, an error is regorted to the host
and the Pi-Bus is released.

4.3.9.6.2 Slave Response to Exception Conditions:

A: Errorin header.

Rationale: The basic philosophy of standards is that if.the message headef is not correct,
the Slave should not continue in the message sequence. The error will be feported in the
Acknowledge word and cause the assertion of alNAK. The header Acknowledge Word will
provide any available data for determining the\error handling procedure. Since the
message cannot be completed correctly, the Slave module assets are not wasted on a
message which cannot be successful.

B: Erron other than cycle sequence error.
Rationale: Errors detected during the data cycles are posted in the Acknon'ledge Word and
cause the assertion of a NAK. The Slave continues with the message seqyence to allow

the Master to obtain the-Acknowiedge Word.

C: Cycle type sequence error.

sequende are-in sync. A cycle type sequence error indicates that the Slave no longer is in
sync with the bus and cannot correctly continue with the message. Therefare, it asserts a
NAK and ceases participation as a Slave.

Rationaclf: The cycle type signals are used to insure that the message seqluience and Slave
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4.3.9.6.3 Slave Cease Sequence Participation:
A: Cease participation without signaling an error.

Rationale: The logical address space of the Pi-Bus (223 logical addresses) is not sufficient
for most systems. A label mode of Block Messages was developed to overcome this short
coming. The label, in the header, is treated as an extension of the logical Slave ID. If a
module is not enabled for a specific label, it should not participate in the message.
Signaling an error would not allow the message to successfully complete with those
modules which were enabled for the label.

4.3.9.6.4 BIU Response to Errors:

Rationgle: Rationale not provided.
5. ERROR TABLE RATIONALE:
5.1 Table 1 Megsage Type Format Errors (Slave Mode Operation):
Error 1.1 HWA Received, bus priority unknown.
BIU Action:

Indicate Recognize during Header

* |If Datagram Message

NAK on or before HZ+2

Indicate Not Selected by HZ+2
* Else

NAK on or before HAO

Report Command Error in Header Acknowledge Word

Indicatg Not Selected afteriHeader Acknowledge

Rationale: Indicates Slave is out of sync with protocol and cannot be trusted for proper operation.
Error 1.2 BIU "Busy'.

BIU Action:

Indicate Recognize during Header

* |f Datagram Message
NAK on or before HZ+2
Indicate Not Selected by HZ+2

* Else
NAK on or before HAO
Report Busy in Acknowledge Word
Indicate Not Selected after Header Acknowledge
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5.1 (Continued):
Rationale: Slave will drop off since it cannot participate due to being busy.
Error 1.3 Broadcast and single Slave message type.
BIU Action:

* Indicate Recognize during Header
* If Datagram Message
NAK on or before HZ+2
Indicate Not Selected by HZ+2
* Else
NAK on or before HAO
Report Command Error in Acknowledge Word use Single
Slave Acknowledge
Indicate Not Selected after Header Acknowledge

Rationale: Protocol error detected.
Error 1.4 Format Bit Error.
BIU Action:

* NAK on HO+2
* Indicate Not Selected

Rationale: Slave cannot respond to message with improper format.
Error 1.5 AT/MT Not Implemented.

BiU Action:

For Datagram Message see Error Table 3.1 and 3A.1 else
* NAK on or Before HAO

* Report Resource Not Present in Acknowiedge Word

* Indicate Recognize during Header

* Indicate Nob Selected after Header Acknowledge

Rationale: Slave cannot respond to message with improper AT/MT.
Error 1.6 Abort during Header.
BIU Action:

* Respond with Acknowledge on cycle AB2
* Respond Not Selected on cycle AB3
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5.1 (Continued):
Rationale: Allows Slave to gracefully drop off when Master aborts.
5.2 Table2 Block Message Format and Device Errors (Slave Mode Operation):
Error 2.1 AT = 4,5,6,7 or AT=0,1,2,3 (if module does not support).
BIU Action:
NAK on or before HAO
* Report Resource Not Present in Acknowledge Word

indicate uot Recognized during Header
Indicate Not Selected after Header Acknowledge

*

Rationale: See rationale for error 1.5.
Error 2.2 Device Error On Data Source.
BIU Action:
Assert NAK as soon as possible, but prior to Data Acknowledge
Report Device Error in Acknowledge word

Indicate Hecognize during message
Notify device of error

* % % %

Rationale: A message is only successful if-data is transferred between two or more modules. If
a Slave cannot correctly store data in the device memory, the message is not successful. The
assertion of a NAK notifies the Master that the message cannot be successfully|completed.
There is no ¢xact timing relationship between the time data is on the Pi-Bus and when a memory
store is attempted. Therefore there is no exact timing restrains on when the NAK must be
asserted other than before the Data Acknowledge word. This restrain also allows the error to be
reported as a Device Error.tothe Master in the acknowledge word. Indicating Recognized after
the error allows the message to continue and allows for the reading of the Data Acknowledge
word by the Master.. Since this error is the result of either a device hardware failure or device
software control failure, the error must be reported to the device.

Error 2.3 evice Error On Data Fetch.

BIU Action:

Assert NAK after Header Acknowledge sequence
Report Device Error in Acknowledge word
Indicate Recognize during message

Notify device of error

* % % *
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5.2 (Continued):

Rationale: If a Slave cannot correctly fetch data from the device memory, the message cannot
bhe successfuil. Any time erroneous data is planp_rl on the bus hy a Slave, a NAK must be

e S ww e e ey IR Vee W8S o L= = T AL L= g Lo

asserted to indicate an error in the message. The memory error may have been encountered
before the Data cycles due to early data fetching during the header or header acknowledge
cycles. However the NAK must be asserted after the header acknowledge and the error reported
in the data acknowledge word. Indicating Recognized after the error allows the message to
continue and allows for the reading of the Data Acknowledge word by the Master. Since this
error is the result of either a device hardware failure or device software contro! failure, the error
must be reported to the device.

Error 2.4 Suspend Sequence When Not Suspendabie.

BIU Action:

* Assert NAK in two cycles

* Report Sgquence Error in Acknowledge word
* Return ingeterminate resume control words
* Notify device of error

Rationale: Hven if a Slave cannot correctly suspend the.message, the proper protocol
(sequence) ¢an be followed to allow the Master access’the Data Acknowledge word. The NAK
will indicate an error and cause the Master to disregard the resume control wordgs. Since the
resume control words will be disregarded, they can be indeterminate data but must be valid
symbols. The Sequence Error in the Data Acknowledge will explain the reason of the NAK to the
Master. Since this error occurs during the data transter, the device is notified.

Error 2.5 ort During Data.

BIU Action:

* Respond with Ack on cycle AB2
* Respond with Not Selected on cycle AB3
* Notify device of error

Rationale: A Mastér can initiate an Abort sequence at any time due to conditions it detects on the
Pi-Bus or dug 10 its own internal conditions. The Slave must always correctly foliow the Abort
sequence. Since this error occurs during the data transfer, the device is notified.
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5.3 Table 2A Block Message Header Format and Device Errors (Slave Mode Operation for Label
Biock Messages):

BIU Action:

* Discontinue bus sequence
* Indicate Not Selected

Rationale: Allows Slave to gracefully exit sequence.

Error 2A.2 evice Error on Labei Tabie Access.
BIU Action:

NAK on o1 before HAO

Report Device Error in Header Acknowledge Word
Indicate Recognize during Header

Indicate Npt Selected after Header Acknowledge
Notify Dewviice of Error

* % % % %

Rationale: Allows Slave to gracefully exit sequence and'to notify Slave device of Slave error.
Error 2A.3 Label Not Active.
BIU Action:

* Discontinue Bus Sequence
* Indicate Npt Selected

Rationale: Allows Slave to gracefully exit sequence.
Error 2A.4 Resume and Label not suspended.

BIU Action:

NAK on o1 béfore HAO

Report Command Error in Acknowledge Word
Indicate Recognize during Header

Indicate Not Selected after Header Acknowledge

* % % »

Rationale: Allows Slave to gracefully exit sequence.
Error 2A.5 HWB + HWC1 > buffer size.

BiU Action:


https://saenorm.com/api/?name=6e2dd23fa0bb2678bcf1df5c29041778

SAE

AIR4903A

Page 79 of 133

5.3 (Continued):

5.4

NAK on or

* * * =

Ranort Recource Naot Pragant in Acknowled
e
Heport mesource INOt Fresent in AcknhowieQ

Indicate Recognize during Header
Indicate Not Selected after Header Acknowledge

before HAO

Rationale: Allows Slave to gracefully exit sequence.

Error 2A.6 Device or Label Busy is Active.

BIU Action:

NAK on or

Indicate R
Indicate N
Stop mem

* % % % »

before HAO

Report Busy in Acknowledge Word

Bcognize during Header
pt Selected after Header Acknowledge
Dry accesses

Rationale: Allows Slave to gracefully exit sequence.

Table 3 Ack
Operation):

Error 3.1 AT
BIU Action:
* NAK on or
* Indicate R

* Inhibit mer]
* Report Re

nowledge Datagram Message (AT = 4-7) Format and Device Error

[ = 6,7 or AT = 4,5 (if the module does not support).

before DO

bcognized

hory accesses

source Not Present in Data Acknowledge Word

Rationale: Allows Slave to gracefully exit sequence.

Error 3.2 Label Outof Range.

BIU Action:

* Discontinu

e Bus Sequence

* Indicate Not Selected

Rationale: Al

lows Slave to gracefully exit sequence.

Error 3.3 Device Error on Label Table Access.

BIU Action:

Slave Mode
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5.4 (Continued):

NAK

Indicate Recognized

Inhibit memory accesses

Report Device Error in Data Acknowledge Word

Notify Device of Error

* * % * *

Rationale: Allows Slave to gracefully exit sequence and to notify Slave device of Slave error.

Error 3.4 Label Not Active.

BiU Action:

* Discontingie Bus Sequence
* Indicate Not Selected

Rationale: Allows Slave to gracefully exit sequence.
Error 3.5 Rpsume and Label not Suspended Access.
BIU Action:
NAK
Indicate Hecognized

Inhibit memory accesses
Report Cgmmand Error in Data Acknowledge Word

* * * *»

Rationale: Allows Slave to gracefully exit sequence.
Error 3.6 HWB + HWC1 > Buffer Size.
BIU Action:

Discontinye Bus Sequence
* Indicate Not Selected

Rationale: Afllows Slave to gracefully exit sequence.

Error 3.7 Device or Label Busy.
BIU Action:

NAK

Indicate Recognized

Inhibit memory accesses

Report Busy in Data Acknowledge Word

* % % *
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5.4

5.5

(Continued):

Rationale: Allows Slave to gracefully exit sequence.

Error 3.8 Device Error on Data Store.

BIU Action:

NAK before DAO

Indicate Recognized during message

Inhibit memory accesses

Report Device Error in Data Acknowledge Word

% % % #

Rationale: Allows Slave to gracefully exit sequence and to notify Slave device of

Error 3.9 Suspend Sequence When Message Had an Error.

BIU Action:

* NAK in twqg
* Report Seq

* Flag label rs being "unsuspended”

Rationale: Al
Error 3.10 A

BIU Action:

* Respond with ACK on cycle AB2

* Respond N
* Notify Dev

Rationale: Aljows Slave to gracefully exit sequence and to notify Slave device of

received.

Notify Devjce of Error

) cycles
quence Error in Data Acknowledge Word

ows Slave to gracefully exit sequence.

bort During Data.

lot Selected oncycle AB3
ce of Error

Table 3A Nd

in-Acknowledge Datagram Message (AT = 0-3) Format and Device

Mode Operation):

Error 3A.1 AT = 2,3 or AT = 0,1 (if the module does not support).

BIU Action:

* NAKn two cycles
* Indicate Not Selected

Slave error.

incomplete data

Error (Slave
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5.5 (Continued):

Rationale: Aliows Slave to gracefully exit sequence.

Error 3A.2 Label Out of Range.

BIU Action:

* Discontinu

e Bus Sequence

* Indicate Not Selected

Rationale: Allows Slave to gracefully exit sequence.

Error 3A.3 Device Error on Label Table Access.

BIU Action:

* NAK

* Indicate N
* Notify De

Rationale: A

t Selected
ice of Error

lows Slave to gracefully exit sequence andto notify Slave device o

Error 3A.4 Label Not Active.

BIU Action:

* Discontiny

e Bus Sequence

* Indicate Npt Selected

Rationale: A
Error 3A.5

BIU Action:

lows Slave to gracefully exit sequence.

Resume and Label not Suspended Access.

* NAK

* Indicate Npt'Selected

Rationale: Allows Slave to gracefully exit sequence.

Error 3A.6 HWB + HWC1 > Buffer Size.

BIU Action:

* NAK

* [ndicate Not Selected

Slave error.
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5.5 (Continued):

Rationale: Allows Slave to gracefully exit sequence.

4

Error 3A.7 Device or Label Busy.

BIU Action:

* NAK

* Indicate Not Selected

Rationale: Allows Slave to gracefully exit sequence.

Error 3A.8 Device Error on Data Store.

BIU Action:

* NAK if before Dn+2

* Indicate Recognized during message

* Notify Dev|

Rationale: Allows Slave to gracefully exit sequence and to notify Slave device of

ce of Error

Slave error.

Error 3A.9 Puspend Sequence when message had an error which requires notjfication to the

device.

BiU Action:

* NAK in twg cycles
* Flag label as being “unsuspended"

Rationale: Allows Slave to gracefully exit sequence.

Error 3A.10

BIU Action:

* Respond v

Abort During Data.

Vith) ACK on cycle AB2

* Respond Not Selected on cycle AB3

* Notify Device of Error

Rationale: Allows Slave to gracefully exit sequence and to notify Slave device of incomplete

data.
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5.6 Table 4 Parameter Write Message Format Errors (Slave Mode Operation):

5.7

Error 4.1 AT = 2 through 6 or AT = O (if the module does not support).
BIU Action:

NAK on or before HAO
* Report Resource Not Present in Header Acknowledge word.
* Indicate Recognized during header.

Rationale: A JIAWG common module Slave is required to support an AT code of 1. Since the
other codes are not required, they are not allowed. The NAK on the third header cycle notifies
the bus M‘asr,}:er of an error which wili not permit the message to compiete succe%sfuiiy. The Siave

indicates Regognized during the header to permit the Master access to the Header Acknowledge

word containing the Resource Not Present error. Since this error was a format problem by the

Master and data was not transferred, the Slave device is not notified.
Error4.2 Al Code=7.

BlIU Action:

* Assert NAK on or before HAO
* Report Cgmmand Error in Header Acknowledge word
* Indicate Hecognized during header

Rationale: AS4710 reserves the use of an AT-code of 7 for future needs. It requires Slaves to
respond to itjwith a Command Error. The NAK on the third header cycle notifies|{the bus Master
of an error which will not permit the message to complete successfully. The Slaye indicates
Recognized during the header to permit the Master access to the Header Acknowledge word
containing the Command Error. Since this error was a format problem by the Master and data
was not transgferred, the Slave device is not notified.

Table 5 Bus interface Message Format Errors (Slave Mode Operation):
Error 5.1A [AT = 4 and'Address Not 0 or Count Not 3.

BIU Action:

Assert NAK on or before HAO

Report Resource Not Present in Header Acknowledge word.
Indicate Recognized during Header.

indicate Not Selected after Header Acknowiedge.

* % * %
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5.7 (Continued):

Rationale: A Bus Interface message with an AT Code of 4 can only access the System Timer.

The System Timer is the only register in the address space specified by an AT Code of 4. The

register address of the timer is zero. The timer contains three words. The message must either
read or write ail three words. A partial access of the System Timer contents is not permitted.
Hence a message accessing the System which does not contain a register address of zero or a
word count of three is rejected by the Slave with a NAK on or before the header acknowledge
word. The Slave indicates Recognized during the header so the Master can obtain the header
acknowledge word containing the Resource Not Present error Message Complete indication.
The Slave drops off of the message sequence following the header acknowledge by indicating
Not Selected. Since this error was a format problem by the Master and data was not transferred,
the Slave de\ﬁce is not notified.

Error5.1B AT =5 or 6, or AT = 4 (if the module does not support).

BIU Action:

* Assert NAK on or before HAO

* Report Resource Not Present Header Acknowledge word
* Indicate Recognized during Header

* Indicate Npt Selected after Header Acknowledge

Rationale: Data Link Layer address spaces which would be accessed by an AT [Code of 5 or 6
are not defined for JIAWG applications. Hence @ message accessing these address spaces is
rejected by the Slave with a NAK on or before the header acknowledge word. The Slave
indicates Reqgognized during the header so'the Master can obtain the header acknowiedge word
containing the Resource Not Present error and Message Complete indication. The Slave drops
off of the megsage sequence following the header acknowledge by indicating Nqt Selected.
Since this errpr was a format problem by the Master and data was not transferregd, the Slave
device is not potified.

Error5.2 AT=1,2,30r7.
BIU Action:
NAK on or before HAO

Report Command Error in Header Acknowledge word

Indicate Recognized during Header
Indicate Not Selected after Header Acknowledge

* * * *

Rationale: Bus interface Message AT Codes of 1, 2, 3 or 7 are reserved by AS4710. A message
attempted to access these AT codes is rejected by the Slave with a NAK on the third cycle of the
message. The Slave indicates Recognized during the header so the Master can obtain the
header acknowledge word containing the Command Error and Message Complete indication.

The Slave drops off of the message sequence following the header acknowledge by indicating
Not Selected. Since this error was a format problem by the Master and data was not transferred,

the Slave device is not notified.
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5.7 (Continued):

Error 5.3 Addressed Register Write Protected.
BIU Action:

* NAK on or before DAO
* Report Protect Error in Data Acknowledge Word.
* Continue Bus Sequence.

Rationale: A NAK is asserted two cycles after data addressed to a write protected register is on
the bus. Non-transfer cycles may cause the NAK to be asserted early or for more than one cycle.
This indicatﬁts to the Master that the message cannot be successfuily completefl. The contents of

the addressied write protected register is unchanged. This error does not effect the remaining
portion of the message. Any writes to non-protected registers are carriedout. [The Slave
continues tq indicates Recognized during the message so the Master can finish the message and
obtain the header acknowledge word containing the Protect Error.

Error 5.4 Reserved Addressed Register.
BIU Action:
* NAK on ¢r before DAO

* Report Resource Not Present in Data Acknowledge word.
* Continue| the bus sequence.

Rationale: A Slave asserts a NAK in response to a message attempting to access a non-
implemented register. During a write message, the NAK is asserted two cycles| after write data
addressed tp a non-implemented register is on the bus. During a read messagg, the NAK is
asserted on{the same cycle that the data from the non-implemented register shpuld be on the
bus. Non-transfer cycles may.cause the NAK to be asserted early or for more than one cycle.
The data on| the bus from a-non-implemented register is indeterminate but consists of valid
symbols. The NAK indicates to the Master that the message cannot be successfully completed.
This error dpes not efféct the remaining portion of the message. Any further transfers with
implemented registers)are carried out. The Slave continues to indicates Recoghized during the
message sd the Master can finish the message and obtain the header acknowledge word
containing the Resource Not Present error.

Error 5.5 Abort During Data.
BIU Action:

* Respond with Ack during AB2.
* Respond with Not Selected on cycle AB3.

Rationale: A Master can initiate an Abort sequence at any time due to conditions it detects on the
Pi-Bus or due to its own internal conditions. The Slave must always correctly follow the Abort

sequence.
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5.8 Table 6 Reserved Message Type Format Errors (MT = 0,2,10) (Slave Mode Operation):
Error 6A.1 All AT Codes.
BIU Action:
* Assert NAK on HO+2
* Indicate Not Selected
Rationale: Allows Slave to gracefully exit sequence.
5.9 Table 7 Vie Sequence Pi-Bus Errors (All Modules):

Error 7.1 Dlta Line Error.
BIU Action:

* If an uncorrectable line error
Assert IﬂlAK in two cycles
Set bus|priority unknown
If contender, notify device of error
If eventlial vie winner, release bus
* Else Ignore

Rationale: Npn-Master participants of a bus sequence always assert a NAK in two cycles in
response to g Data Line error. Since the Data Lines are used to establish the Bys Priority and
there was an [error with those lines, the Bus‘Priority is set to unknown. [f this mogdule is the
eventual winner of the vie sequence, it must release the bus following the vie or after an abort
following the first HO and report the efror to allowed the failing module to be identified and
isolated.

Error 7.2 Uncorrectable Cycle-Type Line Error.

BiU Action:

Set Bus| Priority unknown
If eventualvie winner, notify device of error and
release bus

* Assert NASI in two.cycles

Rationale: Non-Master participants of a bus sequence always assert a NAK in two cycles in
response to a Cycle Type Line error. Since the Cycle Type Lines are used to control the Vie
sequence and there was an error with those lines, the Bus Priority is set to unknown. If this
module is the eventual winner of the vie sequence, it must release the bus following the vie or
after an abort following the first HO and report the error to allowed the failing module to be
identified and isolated.
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5.9 (Continued):

Error 7.3 Uncorrectable Acknowledge Set Line Error.

BIU Action:

* Set Bus Priority unknown
If eventual vie winner, notify device of error and
release bus

Rationale: Since the Acknowledge Set lines are not directly used to control the Vie sequence, a
NAK is not asserted. However these lines are used by the modules participatin

in the Vie
nerefore an error in these signals causes the modules to set the BL?E Priority

sequence. T
unknown. If this module is the eventual winner of the vie sequence, it must release the bus
following the|vie or after an abort following the first HO.
Error 7.4 Uncorrectable Wait Line Error.
BIU Action:
* eventuj vie winner, notify device of error and release bus
* Otherwisg ignore.
Rationale: Since the Wait Lines are not used to control the Vie sequence or to set the Bus
Priority, an efror with them during the Vie sequence does not cause a NAK. [f this module is the
eventual winper of the vie sequence, it must release the bus following the vie or gfter an abort
following the|first HO.
Error 7.5 Upcorrectable Bus Request Line Error.
BIU Action:

If eventual vie winner, notify device of error and release bus
* Otherwisg ignore.
Rationale: Since the Bus Request Lines are not used to control the Vie sequence or to set the
Bus Priority, gn error with them during the Vie sequence does not cause a NAK.| if this module is
the eventual winner of the vie sequence, it must release the bus following the vig or after an abort
following the first HO.

Error 7.6 Cycle Type Sequence Error.

BIU Action:

* Assert NAK in two cycles.
* Set Bus Priority unknown
* If eventual vie winner, notify device of error and release bus
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5.9 (Continued):

Rationale: Non-Master participants of a bus sequence always assert a NAK in two cycles in
response to a Cycle Type sequence error. Since the Cycle Type Lines are used to control the
Vie sequence and there was an error with those lines, the Bus Priority is set to unknown. |If this
module is the eventual winner of the vie sequence, it must release the bus following the vie or

after an abort

following the first HO.

Error 7.7 Acknowledge Set Sequence Error.

BIU Action:
* Set Bus Prjority unknown
* If eventual|vie winner, notify device of error and

release pus
Rationale: Sihce the Acknowledge Set lines are not directly used to control the Vie sequence, a
NAK is not asserted. However these lines are used by the modules participating|in the Vie
sequence. Therefore an error in these signals causes the modules to set the Bug Priority
unknown. If this module is the eventual winner of the vie sequence, it must release the bus
following the vie or after an abort following the first HO.
Error 7.8 Wait Line Sequence.
BIU Action:
* If eventual|vie winner, notify device of errorand release bus
* Otherwise fgnore
Rationale: Since the Wait Lines are not used to control the Vie sequence or to sgt the Bus
Priority, an erfor with them during.the Vie sequence does not cause a NAK. If this module is the
eventual winner of the vie sequence, it must release the bus following the vie or after an abort
following the first HO.
Error 7.9 Bus Request)Sequence Error.
BIU Action:
* If eventual vie winner, notity device of error and release bus
* Otherwise Ignore

Rationale: Since the Bus Request Lines are not used to control the Vie sequence or to set the

Bus Priority, an error with them during the Vie sequence does not cause a NAK. If this module is
the eventual winner of the vie sequence, it must release the bus following the vie or after an abort
following the first HO.


https://saenorm.com/api/?name=6e2dd23fa0bb2678bcf1df5c29041778

SAE

AIR4903A

Page 90 of 133

5.9

5.10

(Continued):
Error 7.10
BiU Action:

*

Ignore.

NAK Detection.

Rationale: Since only a Master uses the reception of a NAK symbol to control bus operation and
there is no Master during a Vie sequence, the NAK is ignored. However, the NAK will be useful
for bus monitors.

Error 7.11
BIU Action:

* lgnore.

Rationale: Ignore since error is corrected.

Table 8 HO
Error 8.1 U

BIU Action:

Pi-Bus Errors (Slave Mode Operation):

Incorrectable Data Line Error.

* Remain g non-participant

Rationale:
received co
Slave, the e
Error8.2 \
BIU Action:

* Remain a

module must receive HWA correctly before becoming a Slave. A
rectly in the presence of a Data Line error. Since the module did n¢
rror is not reported to:the device.

Incorrectabie Cycle Type Line Error.

nonsparticipant

HWA cannot be
bt become a

Rationale: A module must receive HWA correctly before becoming a Slave. A HWA cannot be
received correctly in the presence of a Cycle Type Line error. Since the module did not become
a Slave, the error is not reported to the device.

Error 8.3 Uncorrectable Acknowledge Set Line Error.

BIU Action:
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5.10 (Continued):

* Continue bus sequence

. . .
Report Uncorrectable Line Error in Header Acknowled

Rationale: A module can receive HWA correctly and become a Slave in the presence of an
Acknowledge Set line error. However, the error must be reported in the Header Acknowledge
word. Since the message can be completed correctly, a NAK is not asserted and the device is

not notified of the error.

Error 8.4 Uncorrectable Wait Line Error.

BIU Action:

Continue pus sequence
* Report Uncorrectable Line Error in Header Acknowledge Word

Rationale: Since a Wait is not accepted on an HO cycle, a module_ can receive
and become| a Slave in the presence of a Wait line error. However, the error m
the Header Acknowledge word. Since the message can beccompleted correctly
asserted and the device is not notified of the error.

Error 8.5 Uncorrectable Bus Request Line Error.

BIU Action:

* Continue pus sequence
* Report Uncorrectable Line Error in Header Acknowledge Word

HWA correctly
Ust be reported in
, a NAK is not

Request line error. However, thie'error must be reported in the Header Acknowledge word.

Rationale: A module can receive HWA correctly and become a Slave in the prlsence of an Bus

Since the méssage can be completed correctly, a NAK is not asserted and the
notified of the error.

Error 8.6 QCycle Type Sequence Error.

BIU Action:

evice is not

* Remain a non-participant

Rationale: A module must receive HWA correctly before becoming a Slave. A

HWA cannot be

received correctly in the presence of a Cycle Type sequence error. Since the module did not

become a Slave, the error is not reported to the device.
Error 8.7 Acknowledge Set Sequence Error.

BIU Action:
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5.10 (Continued):
* Continue bus sequence
* Report Sequence Error in Header Acknowledge Word

5.11

Rationale: A module can receive HWA correctly and become a Slave in the presence of an
Acknowledge Set sequence error. However, the error must be reported in the Header

Acknowledge word. Since the message can be completed correctly, a NAK is not asserted and
the device is not notified of the error.

Error 8.8 Wait Line Sequence.

BIU Action:

* Continue
* ReportS

Rationale: !

bus sequence
pquence Error in Header Acknowledge Word

Bince a Wait is not accepted on an HO cycle, a module can receive

reported in
NAK is not

and becom1

Error 8.9 N
BIU Action:
* Ignore

Rationale: ¢
Slaves igno

Error 8.10
BIU Action:

* Continue
* Report C

a Slave in the presence of a Wait sequence error. ‘However, the ¢
sserted and the device is not notified of the error.

NAK Detection.

Dnly a Master uses the reception of a NAK symbol to control bus of
re the NAK.

Correctable Line Error.

sequence
prréctable Line Error in Header Acknowledge Word

HWA correctly
rror must be

he Header Acknowledge word. Since the message can be completed correctly, a

eration. The

Rationale: Continue since error corrected and report to support diagnostics.

Table 9 H1 through HAn Pi-Bus Errors (Slave Mode Operation):

Error 9.1A

BIU Action:

Uncorrectable Data Line Error, H1 through Hn.
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5.11 (Continued):

* |f Datagram Message

Agsert NAK in two cycles
* Else

Assert NAK in two cycles

Report Uncorrectable Line Error in Header Acknowledge Word
* Indicate Not Selected after Header Acknowiedge.

Rationale: The NAK is asserted to notify the Master of an error which prevents the message
from completing correctly. The error is reported in the Header Acknowledge word. Since the
Slave could not correctly receive the header, it drops off the bus (indicates Not Selected) after
the header acknowledge. Since the message has not transferred data, the devic¢e is not notified.

Error 9.1B |Uncorrectable Data Line Error, HZ through HAn.

BIU Action:

* Assert NAK in two cycles

* If Non-Acknowledge Datagram
Ignore

* Else
Report Uncorrectable Line Error in Acknowledge Word

Rationale: Allows Slave to gracefully exit sequence.

Error 9.2 Upcorrectable Cycle Type Line Error.

BIU Action:

* Assert NAK in two cycles.
* If Datagr:
Indicate[Not Selectedafter HZ
* Else
Report Uncorrectable Line Error in Acknowledge Word
* If prior to HZ: become not selected after Header Acknowledge

Rationale: The NAK is asserted to notify the Master of an error which prevents the message
from completing correctly. The error is reported in the Header Acknowledge word. Since the
Slave could not correctly receive the header, it drops off the bus (indicates Not Selected) after
the header acknowledge. Since the message has not transferred data, the device is not notified.

Error 9.3 Uncorrectable Acknowledge Set Line Error.

BIU Action:
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5.11 (Continued):

* If Non-Acknowledge Datagram

ignore
E-4
* Else

Report Uncorrectable Line Error in Acknowledge Word.

Rationale: Since an Acknowledge Set line error does not prevent the Slave from successfully
completing the message, a NAK is not asserted and the device is not notified. The error is
reported in the Header Acknowledge word.

Error 9.4 Uncorrectable Wait Line Error.

BIU Action:

* Assert NA

* If Non-Ac
ignore

* Else
Report

Rationale: T

\K in two cycles
knowledge Datagram

Uncorrectable Line Error in Acknowledge Word:

'he NAK is asserted to notify the Master of an’error which prevents

the message

Slave could

ot correctly receive the header, it drops off the bus (indicates Not

elected) after

from compl}:ng correctly. The error is reported in the‘Header Acknowledge W}rd. Since the

the header
Error9.5 U
BIU Action:
* |f Non-Ac
Ignore
* Else
Report

Rationale: §
completing t

cknowledge. Since the message has not transferred data, the devi

ncorrectable Bus Request Line Error.

knowledge Datagram

ncorrectable Line Error in Acknowledge Word.

ince @' Bus Request line error does not prevent the Slave from suct
he message, a NAK is not asserted and the device is not notified.

e is not notified.

cessfully
['he error is

reported in t

he’Header Acknowledge word.

Error 9.6 Cycle Type Sequence Error.

BIU Action:

* Assert NAK in two cycles
* Discontinue bus sequence
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5.11 (Continued):

Rationale: The NAK is asserted to notify the Master of an error which prevents the message

fram anmnlating aarrantiy Tha Qlava aannat aantinna with a Cunla Tuna eamiIanara arrnr "
WU LUNipiSliny LOLTCLUy. 1010 Gidve CaniniOl COMUNIUC wiui d wylie 1 YPT STQuTiiCo SITOT.

discontinues the bus sequence by indicating Not Selected. Since the message has not
transferred data, the device is not notified.

Error 9.7 Acknowledge Set Sequence Error.
BIU Action:
* If Non-Acknowledge Datagram

Ignore

* Else
Report Sequence Error in Acknowledge Word

Rationale: Since an Acknowledge Set sequence error does not prevent the Slaye from
successfully|completing the message, a NAK is not asserted and the device is not notified. The
error is repofted in the Header Acknowledge word.

Error 9.8 Wait Sequence Error.
BIU Action:

* Assert NAK in two cycles

* If Non-Acknowledged Datagram
Ignore

* Else
Report $equence Error in Acknowledge Word.

Rationale: Receiving an odd number of Wait cycles is a Wait sequence Error. The NAK is
asserted to rjotify the Master-of-an error which prevents the message from completing correctly.
The error is reported in the.Header Acknowledge word. Since the Slave could not correctly
receive the header, it drops off the bus (indicates Not Selected) after the header acknowledge.
Since the message has not transferred data, the device is not notified.

Error 9.9 Nr\K Detection.

BIU Action:
* lgnore.

Rationale Only a Master uses the reception of a NAK symbol to control bus operation. The
Slaves ignore the NAK.

Error 8.10 Correctable Line Error.
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5.11 (Continued):

5.12

BIU Action:

* Continue Sequence
* If Non-Acknowledge Datagram Message

Ignore
* Else

Report Correctable Line Error in Acknowledge Word

Rationale:

Continue since corrected and report in support of diagnostics.

Table 10 [

oo 40N 4
[=tRACI RN RS PR

BIU Action

»*

DO through DAN Pi-Bus Errors (Slave Mode Operation):

Assert N
If not N

»

AK in two cycles
n-Acknowledge Datagram

Report Uncorrectable Line Error in Acknowledge Word

»*

»

Notify d

Rationale:

Continue¢ Data transfer if before DZ

vice of error

from completing correctly. A Data line error does not prevent the Slave from ¢

message.
transfer, th

Error 10.2

BIU Actionj
* Assert N
If not N@

Repor
*  Continug

»*

The error is reported in the Data Acknowiedge word. Since the errq
e error is reported to the device.

Uncorrectable Cycle Type Line Error.

AK in twocycles

n-Acknowledge Datagram

Uncorrectable Line Error in Acknowledge Word
2 Data‘transfer if before DZ

»

The NAK is asserted to notify the-Master of an error which prevents the message

pntinuing with the
br effects the data

Notify device of error

Rationale: The NAK is asserted to notify the Master of an error which prevents the message
from completing correctly. A Cycle type line error does not prevent the Slave from continuing
with the message. The error is reported in the Data Acknowledge word. Since the error effects
the data transfer, the error is reported to the device.

Error 10.3

Uncorrectable Acknowledge Set Line Error.
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5.12 (Continued):

BIU Action:

* If not Non-Acknowledge Datagram
Report Uncorrectable Line Error in Acknowledge Word.
* Continue Data transfer if before DZ

Rationale: Since an Acknowledge Set line error does not prevent the Siave from successfully
completing the message, a NAK is not asserted and the device is not notified. The error is
reported in the Data Acknowledge word.

Error 10.4 {
BIU Action:
* Assert NA

* |f not Non
Report |

incorrectabte vvait Line rror.

K in two cycles
rAcknowledge Datagram
Uncorrectable Line Error in Acknowledge Word

* Continue
* Notify de

Rationale:

from completing correctly. The error is reported in the Data Acknowledge word.

continues p
is reported tg

Error 10.5
BIU Action:
* If not Non

Report {
* Continue ¢

Data transfer if before DZ
ice of error

e NAK is asserted to notify the Master.of‘an error which prevents

the message
The Slave

icipating in the bus sequence. Since the error effects the data transfer, the error

the device.

Incorrectable Bus RequestLine Error.

Acknowledge Datagram
Incorrectabletline Error in Acknowledge Word
jata transfer

completing the message, a NAK is not asserted and the device is not notified. T

Rationale: Sjnce a'Bus Request line error does not prevent the Slave from sucq
reported in t:Ie Data Acknowledge word.

ressfully
he error is

Error 10.6 Cycle Type Sequence Error.

BiU Action:

Indicate N

* % % %

Assert NAK in two cycles

ot Selected after NAK

Discontinue data transfer
Notify device of error
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5.12 (Continued):

Rationale: The NAK is asserted to notify the Master of an error which prevents the message

from completing correctly. The Slave cannot continue with a Cycle Type sequence error. It

discontinues the bus sequence by indicating Not Selected. Since the error effects the data
transfer, the error is reported to the device.

Error 10.7 Acknowledge Set Sequence Error.
BIU Action:

* Report Sequence Error in Acknowledge Word

Rationale: Since an Acknowledge Set sequence error does not prevent the Siaye from
successfully|completing the message, a NAK is not asserted and the device’is njot notified. The
error is reported in the Data Acknowledge word.

Error 10.8 Wait Sequence Error.
BIU Action:

* Assert NAK in two cycles
* |f not Non-Acknowledge Datagram
Report Sequence Error in Acknowledge Word
Continue data transfer in before DZ
Notify device of error

»

»

Rationale: Receiving an odd number of Wait cycles is a Wait sequence Error. The NAK is
asserted to notify the Master of an error which prevents the message from completing correctly.
The error is teported in the Data Acknowledge word. The Slave continues to participate in the
bus sequenge. Since the erroreffects the data transfer, the error is reported to the device.
Error 10.9 NAK Detection,
BIU Action:

* lIgnore

Rationale: Only a Master uses the reception of a NAK symbol to control bus operation. The
Slaves ignore the NAK.

Error 10.10 Correctable Line Error.

BIU Action:
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5.12

5.13

(Continued):

* Continue Sequence

*
If Non-Acknowledge Datagram Message

Ignore
* Else

Report Correctable Line Error in Acknowledge Word

Rationale: Continue since error corrected and report error in support of diagnostics.

Error Table 11 HO through HZ Errors (Master Mode):

Error 11.1A
BIU Action:

* Terminate

* Notify deviice of error

Uncorrectabie Data or Acknowiedge Line Error.

message with an abort by HAn+5

Rationale: Master aborts potentially bad transfer and notifies'Master device in support of

diagnostics.
Error 11.1B
BIU Action:

* Terminatd

* Notify deviice of error

Rationale: M
diagnostics.

Error 11.1C
BIU Action:

* Terminatsg

Uncorrectable Wait or Bus Request Line‘Error.

message with an abort by HAn+5

laster aborts potentially bad transfer and notifies Master device in gupport of

Uncorrectable Cycle Type Line Error.

message with an abort by HAn+5

* Notify device'of error

Rationale: Master aborts potentially bad transfer and notifies Master device in support of

diagnostics.

Error 11.2 Cycle Type Sequence Error.

BIU Action:
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5.13 (Continued):

* Terminate message with an abort in two cycles
* Notify device of error

Rationale: Master aborts potentially bad transfer and notifies Master device in support of
diagnostics.

Error 11.3A Acknowledge Set Sequence Error.

BIU Action:

P
LR b ol

* Terminat
* Notify device of error

Rationale:
diagnostics.

aster aborts potentially bad transfer and notifies Master device in support of

Error 11.3B | Wait Sequence Error.
BIU Action:

* Terminat¢ message with an abort by HAn+5
* Notify deyice of error

Rationale: Master aborts potentially bad transter and notifies Master device in gupport of
diagnostics.

Error 11.4A | NAK detected Single Slave.
BIU Action:

* Terminat¢ message with'an abort by HAn+5
* Notify deyice of error

Rationale: Master.aborts since there are no other listeners.

Error 11.4B | NAK detected Multicast or Broadcast.

BiU Action:


https://saenorm.com/api/?name=6e2dd23fa0bb2678bcf1df5c29041778

AIR4903A

Page 101 of 133

5.13 (Continued):

* If not Abort_On_Error_Mode:
Notify Device of error after message sequence

* Else

If a Non-Acknowledge Datagram

ignore
Else

Terminate message with an abort by HAn+5
Notify device of error

Rationale: Not applicable for non-acknowledge datagram since NAK cannot be generated..

Othearwice al

Abort_On_E
Error 11.5
BIU Action:
* Terminat
* Notify de
* Enter Idle

Rationale: O

fror_Mode is set.

Vie Interval B Exceeded.

message with an abort in two cycles
ice of error
State

efined Vie Interval B operation.

Error 11.6 Absolute Tenure Time-out.

BlU Action:

* Terminateg

message with an abort so that the fourth cycle of

the Mas

er's tenure

the abo\}t shall occur on or before the 2**24+8 cycle of

* Notify de
* Enter idle

Rationale: D

Error 11.7 (

ice of error
State

efined*Absolute Tenure Time-out operation.

Correctable Line Error.

[rave notify Mactar davice in cunnort of diaanostice and aborf onlv i
PvayS T1I0UTY ViSO LOVILCT 1 SUppPLI OF LIQGiiLouis Qi QLU Uiy«

BIU Action:

* Continue Sequence

Rationale: Continue since error is corrected.

Error Table 12HAOQ through HAn Errors or HAO through HAn+2 for Parameter Writes (Master

Mode).
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5.14 Error 12.1A Uncorrectable Data or Acknowledge Line Error:
BiU Action:

* Terminate message with an abort by HAn+5
* Notify device of error

Rationale: Master aborts potentially bad transfer and notifies Master device in support of
diagnostics.

Error 12.1B Uncorrectable Wait or Bus Request Line Error.

BIU Action:

* Terminate message with an abort by HAn+5
* Notify device of error

Rationale: Master aborts potentially bad transfer and notifies Master device in upport of
diagnostics.

Error 12.1C | Uncorrectable Cycle Type Line Error.
BIU Action:

* Terminate message with an abort by HAn+5
* Notify device of error

Rationale: Master aborts potentially bad transfer and notifies Master device in support of
diagnostics.

Error 12.2 |Cycle Type Sequence Error.
BIU Action:

* Terminate message with an abort in two cycles
* Notify device of error

Rationale: Master aborts potentially bad transfer and notifies Master device in support of
diagnostics.

Error 12.3A Acknowledge Set Sequence Error.
BIU Action:

* Terminate message with an abort by HAn+5
* Notify device of error
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5.14 (Continued):

Rationale: Master aborts potentially bad transfer and notifies Master device in support of

Aiaannetine
uluul NIILIWT .

Error 12.3B Wait Sequence Error.
BIU Action:

* Terminate message with an abort by HAn+5
* Notify device of error

Rationale: Master aborts potentially bad transfer and notifies Master device in-support of
diagnostics.

Error 12.4A | NAK Detected Single Slave.
BIU Action:

* Terminateg message with an abort by HAn+5
* Notify devijce of error

Rationale: Master aborts since there are no other listeners.
Error 12.4B | NAK Detected Multicast or Broadcast.
BIU Action:

* If not Abort_On_Error_Mode:
Notify Dgvice of error after message sequence
* |f Abort_Qn_Error_Mode:
Terminate message with an abort by HAn+5
Notify device of error

Rationale: h’zt applicable for non-acknowledge datagram since NAK cannot be|generated..
Otherwise alwaysnotify Master device in support of diagnostics and abort only if
Abort_On_EfroriMode is set.

Error 12.5A Header Acknowledge Semantic Error, Single Slave.

BiU Action:

* Terminate message with an abort by HAn+5
* Notify device of error

Rationale: Master aborts since there are no other listeners.
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5.14 (Continued):
Error 12.5B Header Acknowledge Semantic Error, Multicast or Broadcast.
BIU Action:

* If not Abort_On_Error_Mode:
Notify Device of error after message sequence
* |f Abort_On_Error_Mode:
Terminate message with an abort by HAn+5
Notify device of error

Rationale: Netify-Ma
is set, abort fransfer.

Error 12.6A | Header Acknowledge Error or Busy, Single Slave.
BIU Action:

* Terminate message with an abort by HAn+5
* Notify device of error

Rationale: Master aborts since there are no other listeners.
Error 12.6B | Header Acknowledge Error or Busy, Multicast or Broadcast.

BIU Action:

* If not Abort_On_Error_Mode:
Notify Device of error after message sequence
* If Abort_On_Error_Mode:
Termingte message with @n-abort by HAn+5
Notify device of error

Rationale: Notify Masterdevice of error in support of diagnostics and if Abort_Qn_Error_Mode
is set, abort fransfer.

Error 12.7 VieInterval B Exceeded.

BIU Action:

* Terminate message with an abort in two cycles
* Notify device of error

* Enter ldle State

Rationale: Defined Vie Interval B operation.
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5.14 (Continued):

5.16

Error 12.8 Absolute Tenure Time-out.

BIU Action:

* Terminate message with an abort so that the fourth cycle
of the abort shall occur on or before the 2**24+8 cycle
of the Master's tenure

Notify device of error

* Enter Iidle

State

Rationale:
Error 12.9 (
BIU Action:
* Continue
Rationale: C
Error Table 1
Error 13.1A
BIU Action:

* Terminate

Jetined Absolute Tenure Time-out operation.

Correctable Line Error.

Sequence
ontinued since error corrected.
3 Do through Dz Errors (Master Mode):

Uncorrectable Data, Wait, Acknowledge Set or Bus Request, Line

message with an abort by DAn=5

* Notify dewvice of error

Rationale: Master aborts potentially bad transfer and notifies Master device in g

diagnostics.
Error 13.1B

BIU Action:

Uncorréctable Cycle Type Line Error.

* Terminate message with an abort by DAn=5
* Notify device of error

Error.

upport of

Rationale: Master aborts potentially bad transfer and notifies Master device in support of

diagnostics.

Error 13.2 Cycle Type Sequence Error.

BIU Action:
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5.15 (Continued):

* Terminate message with an abort by DAn=5
* Notify device of error

Rationale: Master aborts potentially bad transfer and notifies Master device in support of
diagnostics.

Error 13.3 Acknowledge Set Sequence Error (NS or ACK).

BIU Action:

* Terminat¢ message with an abort by DAn=5
* Notify device of error

Rationale: Master aborts potentially bad transfer and notifies Master device in support of
diagnostics.

Error 13.4 Wait Sequence Error.
BIU Action:

* Terminate message with an abort by DAn+5
* Notify device of error

Rationale: Master aborts potentially bad transfer and notifies Master device in support of
diagnostics.

Error 13.5 INAK Detected During Data.

BIU Action:

* If not a Non-Acknowledged Datagram and

* If Abort_On_Error_Maode or Single Cast:
Termingte message with an abort by DAn+5
Notify device-of error

* If not Abort_On.Error_Mode:
Notify device of error after message sequence

Rationale: Not applicable for non-acknowledge datagram since NAK cannot be generated..
Otherwise aiways notify Master device in support of diagnostics and abort only if
Abort_On_Error_Mode or if a single cast (since there would be no remaining listener) is set.
Error 13.6 Vie Interval B Exceeded.

BIU Action:
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