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Hl GH SPEED ACTI VE BUS . BACKGROUND OF THE

| NVENTI ON  wo'91/10195 A bus is-a group of signal |iPEEUSI¥PT6AMI ch
information is transferred from : any of several sources to any of
several destinations. A bus is typically a passive 5 device which

is part of backpl ane and is used to electrically connect a plurality of
nodul es or ci rcwt boar ds that are Hif§e$RESD ACRIWEOBUSat t ached to the

backpl ane. A bus is referred to as a passive device because the
| ogic or intelligence required t ACKGROUND OF THE INVENTION

A bus is a group of signal lines over which information is transferred from
- any of several sources 10 any of several destinations. A bus is typically a passive
5 device which is part of backplane and is used to electrically connect a plurality of
modulles or circuit boards that are inserted into or attached to the backplane. A
bus is referred to as a passive device because the logic or intelligence required to
operate the bus is not par of the bus. Instead the active ldgic which provides the
intelligence to make the bus function is contained in the modules which are
10 inserted into the backplane. Because the active logic is located in the modules
which plug into the bus and the specnfnc modules 10 be inserted into a particular
'bus are genarally unknown, many modules will contain duplncate circuits to
support the bus operation functions. Depending upon the modules inserted into
the bus, the circuits on all but one of the modules will be disabled because only
15 one circuit is required 1o control the operation of the bus function. In anothér type
of bus, the logic functions required 10 control the operation of the bus are
distributed among a plurality of modules which are “daisy-chained" together, each
module providing a p'onion'of the functionality. An example of a bus is referred to
as the Future Bus, IEEE Specification Number 896.1, 1987.
20
In order to increase the speed of a system, the speed of the bus as well as
the speed of the modules must be increased. Thus, as the processing speed of
the modules which plug into the bus increase, so does the need for ihcreasing the
speed of the bus. It follows that one problem evident in present busses is the
25 speed of mformatton transferred in the bus and the speed at which a bus

transachon is performed.

- A problem seen in present busses is the number of sig'rial lines required to
accommodate different types of signals and signal conditions. This adds 1o the
30 complexity and therefore the cost of the bus as well as add to the complexity and

~costs of the modules which plug into the bus. Thus, while some busses attempt to
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t oget her, each comans modul e providing a portion of the functionality.
An exanple of a bus is referred to as the Future Bus, |EEE
Spec’ifi cati.on Nunmber 896.1, 1987. 20 In order to
increase the speed of An esampRid! thisrotien afkseiwith Rdpbi fo éior ¥iidg. 3 error

the speed of the nodul es must be increased. Thus, as the processing speed
of t he SRBAGAUELN 8 ibus fopR warieteldeasnas sgh a5 inaccessitle inpeVotpet t he

need for increasi n@vit&€inaccessible memory or system failure. Many busses provide a single

error code which indicates that an error has occurred. No further information is
provided. In response 1o this error code, the processor halts its present
. 10 processing and attempts to determine the cause of the error. If the system has

crashed or failed, the processor has already halted and therefdre the cause of the

bus error is indeterminable.



speed of the hus. It follows that one problemevident in present busses is

the - %25 ‘speed of information transferred in the bus and the speed at
whi ch a bus transaction is perforned. A

probl em seen in present busses is the nunber of signal |ines | o]
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SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide a high_speed bus that is

practical to use in both a single processor and multiple processor environment.

It is an object of a present invention to provide a bus structure that is cost

effective, easy to implement and is system efficient.

It is further an object of the present invention to provide a bus structure
10 which provides for the determination and indication of bus errors which occur
such that additional processor time is not required 10 determine the source of the

error and actions may be taken in response 1o the error.

A high speed bus structure is provided which makes the bus effective and
15 practical to use for both single processor and multiple processor environments.
This is achieved by providing.an active bus wherein a number of logic functions
which control the operation of the bus are removed from the modules and are
centralized and incorporated into the bus. The amount of bus functionality
provided by the modules is minimized therefore decreasing the complexity and
20 computational overhead of the modules and traffic on the bus that are attributable

1o supporting the functionality to operate the bus.

Tﬁe number of bussed signal lines is minimized by multiplexing and by

eliminating the bussed lines relévant to the centralized bus functions. In place of

25 the bussed signal lines, dedicated signal lines connect the modules inserted into
the bus and the bus components providing the centralized logic functions. Thus
certain states or commands which were separate commands are now ihcorporated
into one of the basic bus commands or communicated through dedicated signal
lines which connect the centralized bus components and the modules.

30 Furthermore, ceriain signal lines not considered to be direcﬂy related to system
performance are eliminated and incorporated into a bus transaction.



conpl exity and costs of the nodul es whi ch pl ug into the bus. Thus, while
sone- busses attenpt to provide for nost signal conditions which may occur

by providi ng separate signal |lines for each condition, other busses sinply
do not provide for these signal conditions. ~An exglg%l_!e of this
probl.em ari sWO MKk espect to error coding. An error can USHMOI6RE bus

for a variety of reasons such as inaccessible input/output devices,
i naccessi bl e nenory or. systemfailure. Many busses provide a single error

code which indicates that an error has occuyred. No further information
I's provided. In response to this error code, the processor halts its
present processing and attenpts to determ ne the cause of. the error.  If

the system has crashed or failed, the processor has already halted and
t heref ore the cause  ofA busepritaso! &srpravided svhiereihcthe addresalaing data information éfnheexanpl e

descr | bed | n £p. FODIESEES Teskoes SR RERE pp eyl or aslef FBAIST ' °
: the receiving or slave module. During the transmission of the first plurality of
5 signals multiplexed, referred to as the address phase, the physical address of the
device and transaction specific information are transmitted. One or more
subsequent signal transmissions, referred to as the data r;hase. transfer the data

relative to the information transmitted during the address phass.

10 in addition, a means is provided which minimizes the decrease in bus |
speed caused by a single device controlling and preventing other devices access
10 the bus for an extended period of time. Furthermore, the bus structure provides
for the encoding of bus errors, thereby providing detailed error codes and
minimizing the amount of processor overhead required o determine and respond

15 1o error signals.
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BRIEF DESCRIPTION OF THE DRAWINGS

‘The objects, features and advantages of the present invention will be

R apparent from the following detailed description of the invention in which:

FiG. 1 is a block diagram illustration of the bus 6f the present

invention.

FIG. 2 illustrates the physical signals employed in the bus of the
10  present invention.

FIGS. 3a, 3b and 3c are timing diagrams which illustrate the -
electrical protocols associated with the signal lines employed in the preferred
embodiment of the present invention and Fig. 3c shows an exemplary hoiding

15 amplifier utilized in the preferred embodiment of.the present invention.

FIG. 4 illustrates the transaction specific bus information used
during the address phase in the bus of the present invention.

20 FIG. 5 illustrates the transaction type encoding employed in the bus
of the present invention.

FIG. 6 illustrates the transaction size encoding employed in the bus
of the present invention.
25
" FIG. 7 illustrates the transaction status enood‘ng used in the bus of
the present invennon.

F1GS.8a, 8b and 8¢ are-timing diagrams which illustrate the read
30 operations. '
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effect ive, easy to inplement and is systemefficient. It
ts furthér anf obj ect of the present invention to provide a bus structure
10 which provides for the determination and indication of bus errors which
occur such that additional processor time is not '

determ ne tiwo9puorws of the error and actions .myg’g‘g}qggﬁfe&ﬁ&?n
response to the error. A hi gh speed bus structure is
provided which makes the bus effective and 15 practical to use for both
singl e processor and nultiple processor envifronnents. . . This is

achi eved by providing an active bus wherein a nunber of |ogic functions

whi ch control the operation of the bus are renoved fromthe nodul es and are
centralized and incorporated into the bus. The anpbunt of bus functionality
provi ded by the nodul es i s FiG$i0ayibeghd $xcamfliming diagrareawhinly illusteate thepviitsi t y

and 20 conput atlonal over head of the nodules and traffic on the bus
that are attri but appealio to supporting the functionality to operate
the bus. - The nunber of bussed signal Ines is mnimzed by’
mul ti pl exi ng and by i m nat i ng t he bussed lines relevant to the
centralized busSfuncti ons Fllgs M%E%d APb tespectively are timing diagrams of the retry

and relinquish and retry operations.

FIGS.11a, 11b and 11c are timing diagrams which illustrate the

implementation of error codes as acknowiedgement of a bus operation.

10 _

FIGS.12a and 12b are timing diagrams which illustrate the use by
the arbiter of the MBB bussed signal line and MBR and MBG dedicated signal
lines.

15 FIG. 13 is a timing diagram which illustrates the coherent invalidate
operation.

FIGS.14a, 14b and 14c¢ are timing diagrams which respectively
illustrate the coherent read operation of shared data, the coherent read of owned
20 data from long-latency memory and the coherent read of owned data from fast

memory.

FIGS.15a and 15b are timing diagrams which respectively
jliustrate the coherent read and invalidate of shared data and the coherent read

25 and inveﬁdate of owned data operations.

FIG. 16 is a timing diagram which illustrates the coherent write and
invalidate operation.
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- An active bus is provided in which the logic required to provide and control
various bus functions are removed from the modules which are attached to the
5 bus. These bus functions are "meorporated into the bus as centralized

components accessible by the modules. This is illustrated in Fig. 1. The bus
structure of the present invention comprises bussed signal lines 10, centralized
components 20, and- dedicated signal lines 30. The bussed signal lines 10
related 10 those functions are eliminated and connections between the centralized

10 components 20 and the modules 40 are made through dedicated signal lines 30.
Furthermore, the number of different bus transactions which occur on the bussed
signal lines is minimized. As a result, the bus structure and bus operation are
simplified and the speed of the bus is increased for operation in both the single
processor and 'multiple processor environment.

15

In the following description for purposes of explanation, specific memory

sizes, bit arangements, numbers, data transfer rates, eic. are set forth in order to
provide a thorough understanding of the present invention. It will be apparent to
one skilled in the art, however, that the present invention may be practiced without

20 these specific details. In other instances, well known circuits and components are

- shown in'the block diagram form in order not to obscure the present invention

unnecessarily.

The preferred embodiment of the bus is designed to be used with CMOS
25 technology. As such, certain power specifications and timing protocols are
optimized to reduce bower consumption and work efficiently with CMOS devices.
It will be apparent to those skitied in the art that those specifications may be
changed without departing from the spirit o_f the pfesent invention.

30 - Throughout the following description, certain bus lines will be described as
being "active high” or “active low.” This terminology is used to indicate whether a
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transm ssions, referred to as the data phase, transfer the data
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§ consumption, it will be appreciated that changing the design of the bus to change

an active high line to active low is within the scope of the present invention.

Similarly, as is illustrated below, the preferred embodiment of the bus is
completely synchronous. All bus Signals change on the rising edge of the clock
10 pulses. The synchronous design is desirable because high data transfer rates
require high clock speeds, and it is easier to detect clock pulse edges at high
speeds. It will be appreciated that the use of the rising edge of the clock puises is
a matter of design choice and that the present invention could be made
completely synchronous with the falling edges of the clock pulses.
15 _

"~ Added flexibility is provided 1o the bus and the modules which plug into the
bus because the logic originally inserted into each of the modules is eliminated
fro'm the modules and a single centralized unit on the bus is provided which
contains the logic necessary 10 supply the functionality. Therefore, the modules

20 do not limit ho§v certain functions are implemented and the impiementation of
such functions may be changed without aflecting the modules. The centralized
components which perform and control certain functions may be easily changed
simply by modifying the logic of the centralized component which is part of the
bus.

25 :

Thé functions which are incorporated as centralized functions on the bus
are preferably those functions which are not easily implemented in a distributed
manner among the modules which are attached to the bus. Most preferably these
functions include, but are not limited to, arbitration, interrupt handling, system

30 reset and the system clock. '
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The obj.edt.s, features and advantages of the present invention as defined

by the clains will be apparent fromthe follow ng detail ed description of

t he - - i nvention in which: ' - FIG 1 is a block
diagram I 1| ?)rﬁ}lio% of the bus of the present | NVEQI/USY0/07657

FIG 2 Illustrates The physical signals enployed in -the bus of the: 10
present invention. : ' FIGS. 3a, 3b and 3c are timng
di agrans which ‘Illustrate the el ectrd cal protocols associated with
the signal lines enployed In the preferred enbodi nent of the
present invention and Fig. 3c shows an exenplary hol di ng 15 anplifier

utilized In the prefer ritPreyvigina cerifaiizegiiunctiens as £seifiizedmaSponetis incorporated

into the bus and connecting the centralized components to the modules via
dedicated lines, the bus oompie_xily and overhead are decreased. The |
centralized components are invisible to the bussed signal lines because they are
5 separately handled through dedicated signal lines. Thus the overhead, and
therefore decrease in bus speed, is decreased enabling the bus to work at high
speeds regardless of the compiéxity added to the bus due to a multiple processor

environment.

10 ~ Referring to Fig.2, the signals empioyed in the bus of the present inveniion
are described. Fig. 2 depicts the bus signals used in the preferred embodiment
which may be used with a 32 bit processor. As is illustrated by Fig. 2. the number
of bussed signal lines required for the bus is minimfzed. Bussed signals are '
limited to & 64 bit wide address/control/data signal lines, address strobe signal

15 line, data ready signal line, retry signal line, error indicator signal lines and
asynchronous error out signal line_. The signal lines, bus request signal line, bus
grant signal line, interrupt level signal lines and module identifier signal line have
been removed from the bussed signal lines and are dedicated lines between
each module and a corresponding centralized function. For example, the bus

20 grant and bus request signal lines are dedicated signal lines between each
moﬁule and the arbiter which is_ now a centralized function in a component which
is part of the bus. The interrupt level signal lines are dedicated signhal lines
between each module and the centralized component which handles interrupts.

25 The 1D signal lines are dedicated lines which connect the centralized
component which determines module ID's to each module. The module ID's may
be distributed by the centralized component according to the module's location on
the bus. Alternatively, the module ID may be hardwired to the ID signal lines; the
module ID determined according 1o the module's focation on the bus.



FIG 4 illustrates the transacti on specific bus information used

during thé address phase in the bus of the present invention. 20

FIG 5 illustrates the transaction type encoding enployed in the bus

of the present invention. - FIG 6 Illustrates the
transacti on wiors/wmodi ng enpl oyed in the bus of tPE/pPUYRI6E7

I nventi on. 25 FIG 7 Illustrates the transaction
status encodi ng used in the bus of t he present invention.

FIGS.8a, 8b and 8c are timing-diagrams whic¥ Illustrate the read 30

oper at i ons.
Each bus transaction consists of two phases. The address/control/data

lines contain different information duri'ng each phase. During the first phase,
referred to as the address phase, the address and transaction specific information
is transmitted on the bus and during the second phase, referred to as the data

5 phase, the data is transmitied. During the address phase, a portion of the 64 bit
wide address/control/data signal lines is used 1o transmit an address from the
master module (the module sending out the request) to the slave module (the
receiver of the request) the remaining unused bits consist of transaction specific
signals and status bits for the transaction. Preferably, during the address phase, a

10 36 bit address is transmitted from the master module 10 the slave module and the

remaining 28 bits of the addresslconlronala signal lines consist of transaction

specifics signals and status bits for the transaction.

The transaction specific bits provide specific information regarding thé bus
15 transaction which, in prior art devices, may be reflected aé a separate bus signal
lines. Though the bus of the present invention, there exis.ts a core set of bus
transactions which may encompass a broad variety of situations and transactions
on the bus through the use of the transaction specific bits that are transmitted
during the address phase.
20 .
in many prior art buses, the signal lines which make up the bus are digital
lines which can be driven to either a high level (1) or a low leve! (0). These signal
lines may be asserted by being driven active low by a module. When the line is to
be deasserted, the module ceases driving the line iow and pull-up resistors return
25 the line to its normally high state. The speed which the line is réturned fo its in-
active (hig_h) state is a function of the capacitance of the line and the value of the
pull-up resistance. Whenever a tri-statable signal is asserted, the module
containing the driver for that signal first pulls the signal low (asserted). After
asserting the signal, the driver.will drive the signal high (inactive) before tri-stating
30 (i.e. turning itself off). The signals lines are connected to passive pull-up resistors
which bring the signals to the inactive levels within a short time period. Because
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FI GS.9a, 9b and 9c are timng diagrams which illustrate the wite

oper at i ons. 9? FI GS. 10a and 10b respeaidivebsn/enss?
timng di agr‘é(f‘?lsg”df“, he retry and relinquish and retry

oper at i ons. FI GS. 11a, 11b and 1l1c are timng

di agrams which illustrate the i mpl ement ati on of error codes as

acknowl edgenent of a bus operation.

of the iow power DC specifications of CMOS devices it is not possible to provide
 active pull-up resistors which change the signals from the active 1o inactive levels

within a short time period.

5 The bus of the present invention is not limited to a particular protocol for
asserting and deasserting signal lines. However, in the préierred embodiment, a |
combination of pull-up resistors and holding amplifiers a;re connected to the
signal lines as biasing meané to maintian the signal line ddring those times the
signal line is not active, i.e., not driven by a driver. The pull-up resistors

10 connecled 10 the signals lines do not change the state of the signal from acli\)e to
inactive. The resistors merely maintain the signal at its inactive level. The signal
lines are driven both low and then high, thereby avoiding the pfoblem of floating
signals which is present in many prior art bus system. This is illustrated in the
timing diagram of Fig. 3a which shows a signal line driven at different times by two

15 different drivers. Attime Ty, the signal line is in an inactive state and is held high
by the pull-up resistor. At time Tz, the signal line is driveﬁ active low by a first
driver. Attime Tg, the signal line is driven active high by the first driver and time
Ts -Ty the driver is no longer driving the signal line and the signal line is held high
by the pull-up resistor. At time Tg, the signal line is driven active low by a second

20 driver and at time Tg the signal line is driven high by the second driver which then

' turns itself off leaving the signal line in @ high state as maintained by the pull-up
resistor. This protocol is described in co-pending u;s. Patent Application Serial
No. 07/387,227, filed July 28, 1989 which is a Divisional Application of U.S.
Patent Application Serial No. 07/313,250, filed Februaiy 21, 19888, assigned to the

25 Assignee of the present invention and is herein incorporated by reference.

Alternatively, a ho_lding amplifier is used in place of a pull-up resistor. The
holding aﬁ\pliﬁer functions as a low driver amplifier that remembers the previous
state of the line and tries to maintain that level with a high impedance. An

30 exerhplary holding amplifier is illustrated in Fig. 3c. The input signal is received
by the input buffer/amplifier which amplifies the signal to drive the signal on the



10 ' - FI GS. 12a and 12b are tim ng diagranms which .

i [l ustraté the use by . the arbiter of the MBB bussed signal |ine
and MBR and MBG dedlcated si gnal l i nes. 15

FIG 13 is a t| ng di agram which illustrates the coherent invalidate
operati on. o%1/idhes' 29" FI'GS. 14a, 14b and 14c af&T{Y$P0{f3657

di agrans whi ch respectively illustrate the coherent read
operation of shared data, the coherent read of owned 20 data from

| ong-1 atency menory and the coherent read of2owned data from fast

menory. FI GS. 15a and 15b are tim ng di agrans which

respectively the inpin| Buéri703d @an’émﬂe@ emww& aﬁcﬁ@ﬂls@[ﬁﬁu&' anelaﬂ aﬁnsamei 80
‘shared data and the coﬁerent read I nvai date of owned
operations. which has a high impedance and weak dnve capacity. The weak amplmer causes t
input to the imput butfer 70 1o be held to the last driven value until the input 1o the inj
buffer is driven to a different value by the input signal to the circuit. Similar to the pu
5 up resistors, the weak amplifier of the holding amplifier is easily over-ridden by sign
drivers (such as those in the modules) and does not affect signal timing or voltage
levels. This is illustrated by the timing diagram of Fig. 35. At time T4, the signal line
held low by the holding amplifier. At time T, the signal line is driven low by the first
driver. When the first driver becomes inactive, at time T4, the holding amplifier hold
10 the signal line in the low state. Attime T7, the second driver drives the signal line hi
and becomes inactive at time Tg, at which time the holding amplifier maintains the
signal line in the high state. Attime Tq1, the signal line is driven low by the second
driver and is maintained low at time T{z by the holding amplifier. Similarly, at time 1
the first driver becomes active and drives the signal line high and becomes inactive

_ 15 time T45 whereby the holding amplifier maintains the signal line in & high state.

Preferably the biasing means connected to each of the 64
address/control/data lines (MAD [63:0]) are holding amplifiers. This is preferred
because unlike control signal lines, the information on MAD [63:0] does not need

20 tobe asseried and deasserted to convey the information. Rather, the information
need only be present on the signal lines when contro! signals are asserted and
deasserted which indicate that the information is present . Thus, it is desirable to
use holding amplifiers because after signals are asseried on the MAD [0:63] iines,
the holding amplifier maintains those signals in tﬁat state until another driver

25 becomes acti\)e and drives the signal lines. Similarly, it is preferred that the MSH
signal line is connected to a low impedance pull-up resistor because of its
differing electrical characteristics provided because MSH can be simultaneously
driven by multiple drivers. The remaining signal lines may use either a pull-up
resistor or a holding amplifier as a biasing means depending upon the

30 implementation used.
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provided in Wﬁ’dzw e logic required to provide and control

various bus function are renoved fromthe nodul es which are attached to the
-5 Dbus. These [err] functions are incorporat®d into the bus as centralized
conponent s accessi ble by the nodules This is illustrated In Fig. 1. The bus
structure of the present invention conprises bussed signal |ines 10,
central i zed Rejersontefiss 400 tapspcipndpeicdpfoanainn (alsojrpfagedss.  The
bussed signal |ingg 10 ¢ -nniplexed signais®) is described. The first series of bits, that is bits 0
to 35, indicate the physical address of the component with respect 1o the current
transaction which is multiplexed on to the bussed signal lines. The next series of
'5  bits, 39 to 36, identity the transaction type of the bus transaction. Presently, in the
single processor environment, the two transactions available are read and write
as shown in Fig. 5. Four additional transaction types are employed for the
multiprocessor environment. These additional bus transactions, Coherent Read,
Coherent Invalidate, Coherent Read and Invalidate, and Coherent Write and

10 Invalidate, provide for multiple processor cache operations.

The next three transaction specific bits are referred to as the data size bits
which indicate the transaction data size information. The size field is encoded as
logarithm, base 2, of the number of data bytes transferred. For example, as

15 illustrated in the chan of Fig. 6, the transactions size may be a byle, a half-word, a
word, double word, or bursts of multiple bytes. 1t should be noted that for |
fransactions having a data size draater than 8 bytes more than one bus ready
(MRDY) signal will be needed. This is accomplished using' a feature referred to
as “wrapping”. In this process, the first address transmitted during the_address

20 phase defines the first physical address of the data {o be transferred. Data
‘transferred on subsequent acknowledgments will be determined by incrementing
address bits MAD [n:3] by a value of 1 where n = 3 for a size of 16 bytes, n = 4 for
a size of 32 bytes, n= 5 for a size of 64 bytes and n = 6 for a size of 128 bytes. As
the address is incremented, the MAD [n:3] field wil wrap around without

25 incrementing. MAD [35:n+1] remains unchanged for the entire transaction.

Status bit MAD [44], referred 10 as the cache transaction indicator, indicates
the current bus ransaction is cacheable in the system caches aftached to the
bussed signal lines. The lock indicator signal or status bit permits a component to

30 lock the bus and perform a number of indivisible transaclions. This may be used
- to lock a master module to a panidular slave module.



related to thgse functions are elimnated and connections between the
centraliZed ~ 10 conponents 20 and the nodul es 40 are made through

dedi cated signal |ines 30. Furt hernore, the nunmber of different
bus transacti ons which occur on the bussed . signal lines.is

m him zed. Aso@aimemdslt, the bus structure and bus operati oRCEfUS0/07657
si.nplified and the speed of the bus is increased for operation in both the
single. processor and mnultiple processor environment. 15

In the follow ng description for purposes ak explanation, specific nmenory
sizes, bit arrangenments, nunbers, data transfer rates, etc. are set forth
in order to provi de a thorough understanding of the present
invention. It will be apparent to one silled in the art, however
that the present invenTheobusiban rogdefocattiusdmtibator (NMBL) MAD [45]2i8 an athésoey Bibeci fi C

details within its sc of definition by the ended clajns, In :

ot her instances, mﬁsﬁg%vmméﬁ%WF%!"%?H‘*&EW&&?@E? éhaé? 8Fb5°ﬁ{ﬁ\'ﬁdﬁ n the bl ock
di agram form i n or gasaitidhs raiuaRSIGEE Bus tiensREtRAEITorden Weptbvideangxpasseasari | y.
The preferred enbodi nent of the bus is designed to be used with CMOS 25

technol ogy. As 8uchPoressdranabosh iereby pravidingaersss R addtignal Memey- prot ocol s are
optim zed to reduce power consunption and work efficiently with CMOS
devices. | it will be apparent to those skill'ed In the art that

t hose specifications nithe pupervisor access indi¢atardSUP WMAD 58] is asspred bnrjotasson t he

present invention, m%&lgﬁoiit%icq{%ftﬁﬁﬁ% 1%55&&\ requires pﬁvileg@@&%ﬂﬁeﬁgsglaﬂé@:

This is typically used during error recovery 1o determine whether the error

10 occurred during a user process or during a supervisor access. If the error
occurred during a user process, the error may typically be isolated from a system-
wide error by halting the user process. However, if the error occurs during

supervisor access, the system may be halted.

15 During the data phase, the address/control/data lines are used to transmit
the data relevant 10 the current bus transaction. The remaining physical signals
periorm the foliowing functions: MAS is the memory address strobe signal line. A '
signal is asserted on this line by the master module during the first cycle of the
bus transaction to inducatg that the current cycle of the bus transaction is the

20 address phase of the transaction. The MRDY, MRTY and MERR signal lines
respectively represent the bus ready transaction status bit the bus retry
transaction status bit, and the bus error transaction status bit.

The MRDY, MRTY and MERR signal lines indicate a three bit status of the
25 transaction currently on the bus providing up 1o a total of eight différent status, and
are typically asserted by the slave module in reéi:onse toa transaction request by
the master module. When MRDY is asserted by itself it indicates that valid data
has been transferred. Whenthe MRTY bit is asserted by itself, it indicates that the
slave component wants the master component to abort the current transaction
30 immediately and start over. When MERR is asserted by itself, it indicates that a
bus error or other system implementation specific error has occurred.



30 ) Thraughout the foll ovm ng descri pt ion, certain bus lines will be

described as being "acti.ve high" or "active low." This

term nol ogy is used to indicate vvhet her a WO 91/ 10195

- PCT/ US90/ 076545 91/10195 particul ar bus signal In questi on% USQJ/O%?» not ,
asserted and relevant to the bus : operation. It wll Dbeé apparen
however, that it is a matter of design choi ce whether a given bus
line is activ high or active low. Wiile the preferred enbodi ment has

been designed to nmaxim ze data transfer speedd and m nimze power 5
consunption, it will be appreciated that changing the design of the bus to
change an active hi gh line-to active |ow is possible.

. Simlarly, as is illustr teg e‘ t he referred_ enbodi rent of the bus is
conpl et el synchronous. 13 8‘?@&5?‘@6 ATRIR OFHIN N thp bus.re dug o 1M he

cl ock out because a module is inaccessible, a bus error or an uncorrectable error which
| occurred in the system. Typically, if an error occurs, a bus will activate the error
5 signal lir_\e indicating that an error occurred. However, a single error line does not
relay any information to the corﬁponent or device which has requested a
transaction through the bus regarding the type of error ivhich has occurred. if an
error signal is received, the processor has 1o take time out from its normal
processing duties 10 determine the cause of the error and perforfn an action in
10 response to the error. The bus of the present invention provides a plurality of
different error status using the transaction status bits on the bussed signal fines.
Thus, the transaction status bits provide information relevant not only to errors but
also valid bus transfers. By using the status bits error coding, the complexity and
overhead of the system is decreased and while the sophistication of the error

15 detection and correction algorithms are increased.

The transaction status and status bit organization of the preferred
embodiment is illustrated in Fig. 7 which shows the organization sequence of
MERR, MRDY and MRTY. When all three have values of one (i.e. inactive state)

20 the bus cycle was idle; when MRTY is in a low state the transaction status reflects
a relinquish and retry state; when MRDY is in a low stafé. a valid data transfer has
occurred; and when MERR is low by itself or in combination with MRDY or MRTY a
specific error has occurred such as bus srror, time out or an uncorrectable system
error. |

25

Referring back to physical signal summary of Fig. 2 the MBR physical signal
liha. bus request, is a dedicated line on which a signal is asserted by the master
device on the bus 1o gain access {0 ok ownership of the bus. MBG. bus grant, is a
dedicated signal line on which a signal may be asseried by a centralized arbiter

30 component, incorporated into the bus, when a particular master device is granted

. ownership of the bus. MBB, bus busy. is a bussed signa! line on which a signal is
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10 pul ses, ThéE synchronous design is desirable because high data transfer

rates-: require high clock speeds, and it is easier to detect clock
pul se edges at high speeds. It will be appreciated that use of
the using edge of the -clock pulses is . a matter of design choice and’
“that the presw@91/y®¥®nti on coul d be nmade conpl et el y REIMURI0SOMSST
with the falling edges of the clock pul ses. 15 Added

flexibility is provided to the bus-and the nodul es which plug into the
bus because the'logic originally inserted In6o each of the nodules is
el i m nat ed fromthe nodul es and a single centralized unit on the

bus is provided Wma%?ened an oulgﬁf&mﬁﬂ {Eﬁfhﬂgghgﬁé sa&%ﬁ]?r?:ﬁ '"é,bfgﬂ rﬁ? 'y the

functionaly. Therefore, 0 Nno
functions are i rrplamcacwtegithande birssis bugy! Artiemitatishing mfaccess the bus samples fhignct i ons

be chhanged wi th ff , dul Th i zed
Component s whi ch peRPE R SRR ROV oo BB 55 putn A cBriees B9 ch Mk asspgsig

changed S Ideby rdmasé@ldb bis a1 thd BB @Ghal idresdt hofhBNddvith icaf dodeggponent
which is part of_th The functions which are

i‘ncor por at ed as e'terﬂ"f Bis; fe‘d' I ig/1ba fe3at inpyt signalding. 4 signal is asserted en thisdine byd| v
those functions m'd@bnc@foﬂn&?&ﬁla Has We%ﬁté‘ﬂ? lsﬁisfs@ﬁo‘?:ﬂ a réﬁ)&a&ikﬁ%khﬂﬁ %ﬁzes all

manner anong t he nodul es which are attached to the st pre erab
t hese f uncevigessrepiding arithe bysito apredefined statm Agignalds asserted on the

ar bitration,interrypy Daggsr8or lirte), %sglnautput g’gnal.? have ?hnedsygtgr% psexgrtmesrgmgl rggelt('
' action which is system dependent. AERR, asynchronous error detect out signal, is
_' 10 a bus signal line on which a signal is asserted by a module to indicate thét an

asynchronous error was detecled. The dedicated IRL lines, interrupt request level,
are used by processor modules 10 transfer the interrupt request level 1o the .
centralized interrupt handler. The dedicated ID lines provide signals indicative of
the module identifier of the component connected to the bus. During the address

15 phése of a bus transaction, the code indicated by the ID lines is reproduced on the
multiplexed address/data/control lines. This provides the means for uniquely
identifying each module which is useful 1o distinguish processor modules in the
multiple processor environment. In particular it provides the means to identify the
source of a transaction which is imponan{ for the implementation of the relinquish

20 and retry function.

In the bus of the present invention, the bus transactions in a single processor
environment r;ave been limited to two transaction types: read and write. In a read
transaction, the master module, such as a processor, will read information from a

25 slave module, such as memory, and in a write transaction the master module will
_ write data to a slave module. The slave module in response to a request to read
_ and write will acknowledge the request by enabling the proper signal lines, MERR,
MRDY, MRTY which provides a three bit transactiori status code. This is illustrated
by the timing diagrams of Figs. 8a - 8¢ and 9a - 9¢ which show the timing diagrams
‘30 for word read and write transactions and read and wﬁte transactions in which the
data is transmitted in bursts.
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By providing centralized functions as central.ized conponents incorporated

into the bus and connecting the centralized conponents to t Vi a
dedi cat ed | iWOLI/1PHWE bus conpl exity and overhead are decreal'gs}‘gnéHgg]z{’f6§7 .

centralized conponents are invisible to the bussed signal |ines because
they are 5 separately handl ed through dedicated signal |ines. Thus
t he overhead, and t herefore decrease in bus speed, is decreased
enabling the bus to work at high - speeds regardl ess of the

conplexity added to the bus due to a multiple processor
envi ronment . . . o
The first transaction status that may be asserted by the slave module is the

idle state. The idle state occurs when there is no bus activity or when it is
necessary to assert wait states in between the address cycle and the data cycle,

5 or between consecutive data cycles.

Another transaction status which may be returned-over the MERR, MRDY
and MRTY signal lines is referred to as "relinquish and retry”. ‘A problem which
frequently occurs on the bus is that a single slow module will monopolize' the bus

10 for an extended period of timé; The problem worsens as the speed of the bus
increases because the overall speed of the bus is decreased by a factor
attributable to the amount of time modules have to wait to gain access to the bus.
This problem was addressed using a '.’rétry' function for a bus operatingin a
single processor environment by pending patent applications: 07/313/250 filed

15 February 21, 1889; 07/387,598, filed July 28, 1989; and 07/307,227 filed July 28,
1989 and is illustrated by the timing diagram of Fig. 10a.

The relinquish and retry acknowledgement of the present invention
. provides the means to limit the amount of time a module will monopolize the bus.
20 M a slave module receives a transaction request on the bus from a master module
and it cannot receive or transmit data immediately, it will capture the 1D of the
master module and transmit a relinquish and retry acknov_vledgament to the
masier module by asserting the code for a single bus cycle. This signal indicates
10 the master module that the slave module is not ready, and rather than
25 monopolize the bus whils waiting for the slave module to be ready, it should
release the bus immediately so that the bus can be rearbitrated and possibly used
by another master module that is waiting to use the bus. When the master module
reléases the bus, the corresponding transaction is suspended. The suspended
transaction must then wait until the master module again obtains ownérship of the
30 Dbus before the transaction can be completed. On a burst transaction, that is one
which involves multiple transaclions and multiple acknowledgements, is typically
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10 - Referring to Fig.2, the signals enployed in the bus of the
present { nvertion ' are described. Fig. 2 depicts the bus signals
used in the preferred enmbodi ment ~ which may be used with a 32 bit
~ processor. As is illustrated by Fig. 2, the number of bussed
sirgnal | inesyp9fjoresd for the bus is mininmzed. Bussed si giPSITEUSHHTEST
limited to a 64 bit wi de address/control/data signal |ines, address strobe
si gnal .15 line, data ready signal line, retry signal line, error
i ndi cator signal |ines and async@ronous error out signal line.
The signal |ines, bus request signal |ine, Bus grant signal 1ine,

interrupt |evel fLar '-gdg&aslh ' have

been renoved fromu?ﬂﬂo ‘%gge SI gn@Qﬂoﬁggﬂgﬁkt 'grh{;a %Z&Al at eahal rll{es bet ween

each nodul e and ammmpmldnn@wmnberaﬁsbm;ﬂorfmnditstda\atrﬁtsferemacmhe!,bet he bus
20 grant and bus request, si e n | i bet ween

each qﬁgéﬂﬂ]ef‘@] ea(f' e{l&?\s@hﬁéﬁ gg&ﬂgﬁ g acez'ﬁ? Ioglrsl °qggta’f unction

in a conponent Whl‘nih is 1o prevent the bneSk-qﬁartd refrarishission of eo'ﬁhguouslbled&ldswpdath ekwel
signal lines are dedicated shgnal l'i ne ween each nodul e and

the centralized cdwiRReAA ifuh MER- H‘%?ﬁﬁﬁ°é§"‘1"ﬁ?’@?’?‘u%t‘§° slave modulag»gnch issues Tne | p
signal fines are dedidhad R alnam@?ssgﬂanq@cmmetmhqsemr@mf&@d the

conmponent whi ch determ nes nod D's to each nodul e he nmodule 1D s may
be distributed by muliplexenaddipssicontraidalp dinese! thacmaster mepuleovhope transadiion is
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accordi ng to the natindwaédgmientortten dtre shyatmndubtmmpletes the transaction. If a master
10 module with an 1D other than that captured by the slave module should attempt to
access the slave module while the module is busy, it should simply be given a
relinquish and retry acknowledgment. The timing diagram for the relinquish an&

retry is illustrated in Fig. 10b.

15 Another acknowledgement sent by the slave module is the valid data
transfer acknowledgement which indicates that valid data has arrived on a read
cycle or the data has been accepted by the slave module and the writing master

module should stop sending the data.

20 Still another status code asserted during the acknowledgement cycle is the
retry which difiers from the relinquish and retry in that the master modu!e does not
relinquish the bus but simply retries to access the slave module.

As discussed earlier, there are three error code acknowledgement signals
25  which may be asserted. The first error code that may be asseried is a bus error,
| which typically indicates a size error but may'.also be used to indicate an error
which is system implementation dependent. The second error code that may be
asserted is the time out, typically generated after a predetermined number of
. cycles have lapsed without any acknowledgement. The third error code is an
'30 uncorrectable error code which is mainly used by the address memory controller
to inform the requesting controlier that during the process of accessing the data,
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10 Each bus transaction consists of two phases. The
address/control /data lines contain different inf ' i ng
each phase. W@91{{1%Bnhe first phase, referred to gg&tal gﬂggl rg‘{ass
phase, the address and transaction specific information S
transmtted on the bus and during the secondsphase, referred to as the data
5- phase, the data is transmtted. During the address phase, a portion of
the 64 bit wi de address/control/data signal lines is used to

transmit an addr esssoffeQdrtiohencorrectable erroritas besn entslintered((blgeparindertos). Saadi ng
out the request) to the sl ave nodul e &}-he, e .
implementation of the error codes is illustrated by the timing diagrams of Figs. 11a

-11c.

5 As discussed above, certain mechanisms or functions have been
incorporated into the bus as components which provide centralized functions.
These are correspondingly removed from the modules ;:vhich connect 10 the bus.
The corresponding bussed signal lines have been removed from the bused lines

| in order 1o simplify the physical structure of the bus, to decrease the amount of
10 information transmitied over the bussed signal lines and therefore increase the
speed of the bus. One mechanism removed from the modules is the bus
arbitration mechanism (the arbiter). By making the arbiter a centralized
component on the bus, the overhead of the modules and the amount of
communication traffic over the bussed signal lines is decreased. Furthermore, the
15 'exact algorithm used by the arbiter is system impiementation dependent, rather
than module dependent, thereby providing added flexibility to the bus |
configuration because the bus is not limiied to a specific implementation of an
“arbiter. The centralized arbiter uses the dedicated signal lines MBR, and MBG
and bussed signal line MBB to communicate with the modules connected 1o the
20 bus. This is illustrated by the timing cﬁaérams of Figs. 12a and 12b. _For example,
the master module will activate a MBB signal when the bus is busy. If the bus is
not busy, it is granted 1o a module and the arbiter will cause the MBG signal to be
set,

25 - Another function removed from the modules is the interrupt handler. The
interrupt handler uses dedicated signal fines, interrupt level signal line and
asynchronous error out signal line to communicate with the modules connected to
the bus. Similarly, itis préferred that the module 1D function and the sysierh clock
function are implemented in centralized components on the bus ahd are

30 connected 1o the modules via dedicated signal lines.
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recei ver of the request) the remaining unused bits consist of transaction "

specifict % -~ signals and status bits for the transaction.. Preferably,
during the address phas . TBESHeetiHagBedn Beplackds t ransmitied fr
mast er nodule to the sl ave rmdul e and

m t he
mn lul IL lur ‘emai ni ng 28 bits of
t he address/control/data signal [|iines. nsaction
speci fics si WOPHIMAY status bits for T ransact I'on. PCT/US90/07657

The transaction specific bits provide specific i nforrrat i on regardi ng t he
bus 15 transaction which, in prior art devices, may be reflected as a
separate bus signal . lines. Though ®he bus of the present

i nvention, there exists a core set of bus transacti ons whi ch may

enconpass a broad vari etAudiibndlisighak oPhe b@@ﬂm%ﬁ'igé\ﬁée's%ultn le processoron the
bus through the use of the tranrggctlon specific bits that ffreptransmtted

during the address swsems and a cache consistency protocol to keemcqma-mympnwm'e gachepuses,
the signal |ines whi u gnes whi ch
can be driven to eit u%lﬂ?m%@s 6" eveF‘Hﬁiﬂ@ﬁﬂh&ﬁ)‘g‘Lﬁ the'%"Lese si gnal
| i nes may be asserte(dntaptmmaugushdmnd:mmmaiamtowshgphatymwulmxs wiien the line -
is to e deas e he.nodul e, ceases..dri vin he |ine.l qw and
pul | -up resi'stOrg rMH?P ‘E"’%ﬁﬁmﬂﬂ‘é '?quﬁsd-tﬁ‘e'ﬁ"?“ﬁ‘lﬂ’ Hé?ls&?'t BAUT%8. The
speed which the |i newithhg Sdcbfidw strgctiré,Sasishown in Fig. 2, arethacmdmuay iohbEHpt at e
is a function of the ca C|tance of the |line and the val ue of the

pul | - up resistance. 3\ASHRIGSPlogk inficater ASH pignals iga The shased Biptketignat e ifrodul e

containing the drivejsed ffinfbfhhn édcgél@hatfé ind s s‘PIHJe{:SV\FhHEevSl'S%h blo@i("request
(asserted). After asserting the si driver will drive the

signal high (inacti\apeaseppthe Qus; ea;bgchﬁs;;or module mmedxately searches its cache
10 directory for the particular block of data. If a valid copy is found, the MSH

signal is asserted during the second or subsequent cycle after the address
cycle. This indicates to the caches that contain the line to update the status o
reflect a shared state. A signal on the MIH signal line is asserted by the owner
of a cache block during the second cycle after the address cycle to inform the
15 main memory that the current bus block read request should be ignored. This is
because the owner, not the memory, wfll be responsible for delivering the
cache data block. If the MIH signal is not asserted, the rﬁain mamory will be

responsible for defivering the data.

20 The bus provides for the option of eonnecﬁng virtual addressing caches
to the bus. In addition to the transaction bit_s transmitted during the address
phase of a transaction, as shown in Fig. 4, eight bits are provided for virtual
addressing of virtually indexed caches. The bits are used to overcome the
“virtual address aliasing” problem associated with large virtual caches by

25 insuring the same index into the virtual directory as well as the snooping
directory. The addrass bits ensure that direct mapped Qinual caches are
consistent regardless of aliasing. This is explained in copending patent
application, Serial No. , filed : | , ontitied

, which is herein
30 incorporated by reference. '
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30 (i.e. turning itsel f of f). The si gnals [i nes are connected to passi ve

pul | -up resigtors - which bring the signals to the inactive |evels
Wi thin a short tine period. Because WO 91/10195
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of the low power DC specifications of CMOS devices it is NopcPP8sH to
provi de WO9/I013% | e pul | -up resistors which change the si gﬁgdllgkﬁ om
the active to inactive levels within a short tine period.

5 The bus of the present inventionis not limted to a particular
protocol for asserting and deasserting signal |ines. However, in

the preferred enbodi nent, a ) )
: In the multi-processor environment, the same transaction type signals as

shown in Fig. 5 are used to define the operations in the muliiple processor
environment with respect to caches by setting the size equal to t_he block size.
Read operations of cachable data, are enabled by issuing the coherent read

5 operation. However, if no cachable data operations are involved the signal lines
are not set. As illustrated in Fig. §, the additional transaction types provided in the
multi-processor environment are coherent read, oohereﬁt invalidate, coherent

read and invalidate, and coherent write and invalidate.

10 The coherent invalidate 6peration, illustrated by the timing diagram of Fig.
13, is used when a cache is performing a write into shared data. Before the write
can actually be performed, all other system caches must have their local copies

invalidated by the coherent invalidate transaction.

15 The coherent read operation is a block read transaction that maintains
cache consistency. The participants in the transaction are the requesting cache,
the other caches which snoop and memory. There are three situations which
caches that snoop can experience:

a) For a snooping cache which does not have. a copy of the requested

20 block.' it simply ignores this transaction; '

b) For a snooping cache which does have a copy of the requested
block but does not own it, it simply asserts a signal on the MSH line;

c) For a snooping cache which owns thé requested block, it will assent
signals on both the MSH and MIH signals lines and will subsequently transmit the

25 requested data. |

As discﬁssed abové. the MIH signal is only asserted by a snooping cache
which owns the requested block. This signal affects three parties, the snooping
cache, the memory and the requesting cache. The signal tells the requesting

30 cache that it may have received stale data from memory and to ignore that data
and wait for correct data. The signal telis memory to stop sending data ‘



- conbi nat.ion of pul | -up. resistors and ho ers are connected to
t he T “signal lines as bi amithgsmaq\ange | nt ian the signal line

during those tinmes the : dactive, i.e., not.
driven by a driver. The pull-up res ﬂ,m connected to the signals
| nes do not change the state of | the t|veto

i nactive. Thevoswisesrs nerely i ntain the si gnal its i REBAUSYY/O0T6S c| |
The si gnal : lines are driven both | ow and then hi gh, thereby

avoi di ng the problem of floating : ignals which is present in
many prior art bus system This is illustrated in the ‘timng

di agram of Fig. 3a which shows a signal line driven at different tinmes by

two 15 di ftrﬁ&eﬂse:fngr méaaaﬁsmé iopﬁe%@dr{rh realy fat.&nalshtrweaws in an

i nactive state and 1s e pu up resistor. At tine
T[err], the signal chhatentireadchperation ofowned:dita fom jong-latencytmemory andthe  driver.

s " the. s I :
and time o0 ol Rgad o Blod i horFReCHicrian o befieh Whstrbch ride, "
signal line and thad4srg4al |ine is held high by the pull-up

resistor. At tirg: T[err], the signal line is driven active |ow by a second
20 driver and%at tinme T[err] the signal line is driven high by the second

driver which then The coherbat!rédd éri”dfiti?)ai"daﬂﬂc trans£A6h BEMBIAGS $Edhgaht lehdie 1N a
“high state as maintained by the pull - ~ resistor. This Brotocol

i s described in colfasrgtiomwith mm@ﬁYa"%blfﬁ@aﬂOmﬂ o3gler 1@ reduce the numbe

ggt gﬁz i[z)Zﬂ [ I::a!t ?gn%gté“rgﬁhv'e%ﬁﬁ%i@%tjghﬁ lth/d(?%#fﬂgruary éf(éﬁa%é% ;sgl Sned

to the 25 Aperiorming coherehtoeaisavibiite knowledge that tae)dntesd tesmeiediately
i ncor porat ed by1 efneo

t er nat.ivel a | di ng
anplifier is used I'n @Y@Eé’m& U£°E>ﬂ?‘?°"8?)°'r‘a'§ frgqsaélonfﬁ b bus.'a éaché wﬁt%rsﬁ’
provide the data and then invalidate its copy of the block. Timing diagrams for a
coherent read and invalidate of shared data and coherent read and invalidate of

owned dat_a operations are respectively illustrated in Figs. 15a and 15b. '

15 Similarly, the coherent write and invalidate transaction, illustrated by the
timing diagram of Fig. 16, contains a write transaction with a coherent invalidate
transaction, in order to reduce the number of coherent invalidate transactions
required. Upon detection of the transaction, each cache connected to the bus
invalidates its copies of the data and the memory is updated in correspondence

20  with the write.

While the invention has been described in conjunction with the preferred
embodiment, it is evident that numerous alternatives, modifications, varations and
uses will be apparent to those skilled in the ant in light of the foregoing description.

25 '



‘hol di ng arrpllfler functions as a | ow drlver arrpllfler m l‘ ul tﬂ
previous-* - state" of T‘hﬁﬁeétﬂasBmﬂenhwdes to nai Mllm“ﬂ ﬂ 'l th
a hi gh'inpedance. An. mmlng anplifief i |Tlustrated

in Fig. 3c. The input S|gnal i FM by the input
bufter/anplifier which anplifies e signal to drive the signal on the

WO 91/10195 wo 91/10195 _ PCT/US90/07657
PCT/ US90/ 07657 o - 12
the input buffer 70 is transmtted on the bus and is aI so input to a weak
anplifier 80 whi ch has a hi gh inpedance and weak drive capacity.
The weak anplifier causes t . input to the input buffer 70 to be

held to the last driven value until the_iﬁyb-@ﬂlio the in[err]

| 1. An active high speed bus to connect at least one processor module
and at least one device module, said bus, processor module and device module
5§ Dbeing iocated on the samae circuit board, said bus comprising:
a first plurality of bussed signal lines to connect the modules,
-comprising;
bussed signal lines for transmitting address information,
transaction specific information and data of a bus transaction, said
10 address and transaction specific information transmitted across the
| bussed sign'al lines .durihg a first time frame and said data being :
transmitted across the bus during a second time frame of the bus
transaction; '
said address specific information comprising the
15 address of the device to which the transaction specific
information is sent; o
- said transaction specific information comprising the
lbus transaction type and bus transaction data size, said bus
transaction type comprising read and write operations; |
20 a second plurality of bussed signal lines which transmits a muttiple-
bit code returned by the device module to the processor module indicative
of the status of the current bus transaction; _
a plurality of bus components which prdvide centralized logic
f_unctions to control the modules connected to the bus, comprising;
25 : : an arbiter to pedorrh arbitration of the modules which require
access to the bussed signal lines; _
an interrupt handler to handle interrupts issued by the
modules; .
a system reset function which resets the bus related status of
30 the modules connected to the bus; and |

a system clock function which provides clock signals to the



anpli.fier is easily over-ridden Been Replaced (r ver ose in
t he nodul es) and does not affect ﬂ",d' or vol tage | evel s.
This is illustrated by . the timn g 3b. At t| rr]l the
signal |ine WO he| d | ow by the hol di ng arrpl ifier. m '}65’ .
signal line is driven low by the first ~driver. _V\hen the first
driver becones inactive, at time T[err, the hol di ng anplifier holds 10
the signal line in the low state. At time T#4 the second driver drives the
signal |ine hi and becorres I nactive at tinme T[err], at which tine
the hol ding anplifier mai n;“?a&gs _signal line in the high state.
At time T[err], the signal TTne‘i's"driven |ow by the second driver
and is maintained. | ow aplutalityef dddicated sldnal lines dhxclgconn;d& pddhamodulsi toidlach | y, at

time [err] e first d ones nd.drives the signal
line high and becorres YrLemponen Wh'°’13'°‘"§?srﬁ§"ﬁ 4 ﬁ/ﬁ@% t he hol di ng

anplifier maintains the signal line in a high state.

Preferably the biasin rreans connected to each of th

addr ess/ contro/at a | i%es Tibigh speedpys %ﬁ@sﬁg’leﬂf"fféa"ﬁﬁpquﬂﬁ"@?@p“ﬂﬂ s is
preferred m%f wskwﬁgrrapmes Ghd sasgméac&.m%smpamg i nformation on
- MAD [63: 0] does not need be asserte deasserted to convey the
i nformation. Rather, the i hwagcmagmames to operate in ;\multiple plogesser gnviseumaNt.on t he
signal |ines when cont S serted

whi ch indicate that t hge""‘(?‘J s'ﬁ%a?%sscgﬁws"% asgrga“eﬁlfbléacﬂ%ncator S'Fnal gneggrgdlsr able to
use holding amplifier smbmoraummmeaignarlme qumtrei rauttipleasacker deyitenim & maltiphD [ 0: 63]
l i nes, t he -hol di amplifier I ntains those signals in that
state until ant?her dr?'&%ﬁ’ss e"ﬁ'@""meﬂ{eéaﬂgs active and drives the signal

lines. Simlarly, it is presiewasdctidnabedifitanidivtdtion futher comprising bus

buffer is driven to a dlfferernt—‘v—acl—ue—by——t—he-l_nput S|g
Sinilar to the pu Y up. reﬁis or s the weak anpl i fji Mﬂﬂl mﬂ“ (“u“g
as t

transaction types to perform read and write operations on cacheable data

which may reside in a cache.

15 -3 The high speed bus as described in claim 2, wherein said address
information comprises virtual address information to transfer data to and from

virtual cache davices.

4.  The high speed bus as described in claim 1, wherein said
20 transaction specific information compresses module identification information and

advisory information regarding the bus transaction.

5. The high speed bus as described in claim 1, wherein the plurality of
bus components further comprises 1D logic which assigns an 1D to each module-
25 connected to the bus.



-signal line is connected to a lowi rrpedance pul | -up F esi m
- differind elettrical characteri sl,l_cs.pr—ew—derd"bﬁ:'éh'se VS m ﬂgmm! m
S

si nult-aneousl y dri ven by mJI t lt@aseBQ{;ké{ﬁE@ The remai nt ngn
lines may use either a pull- : hee or’ a holding anplifier as
a bi asi ng neans dependi ng upon t he \“i\mthﬁ‘“t ation ‘used. WO
91/°10195 WO 91/10195 PCT/US90/07657 _
PCT/ US90/ 07657 13

Referring to Fig. 4. the transaction speC|f|c i nformation (aI so referred to
herein as "multiplexed signals") is describe® The first series of bits,

that is bts O to 35. indicate the physical address of the
conponent Wi th respect 0 tRgg figh &5ddl bus as described in claim 1, wherein the different
status returned comprise:

- status indicative that the bus is idle;
. status indicative that a valid data transfer occurred;
L] status indicative that a bus ermor occurred;
status indicative that a time out has occurred ;
status indicative that an uhcorrectable error has occurred; and
status that the processor module should relinquish the bus and
subsequently retry to gain access to the bus; and

10 . status indicative that a retry has occurred.

7. The .high speed bus as described in claim 1, wherein if the device
module is unable to complete the transaction within a predetermined period ot
time allotted for a bus transaction or needs to resolve a deadlock situation, a
15  status indicative that the processor module should relinquish the bus and
subsequently retry to gain access to the bus is returned to the processor module
from the <evice module during a third time frame, '
~ said bus further comprising means to provide the ID of the processor
. module o the device module; _

20 said processor module comprising means.'whereby. upon receipt of
the slatﬁs. the processor module relinquishes the bus, and subsequently
attempts to regain access to the bus;

said device module completing the transaction with the processor
| module when the processor module regains access to the bus and the _ ’

25 device module is able to complete the transaction and the processor
module ID matches the ID provided to the device module when the status
was returned; :
wherein the decrease in bus speed due 1o a module controlling the bus

whilp waiting for a responsa from a device moduie is minimized.

30



transaction which is nultlplexed on to the bussed srgnal bamt
series off, 5  bhits, to 36—identity the: transactrdﬂ'&iﬁm GU ﬁ:“%
transaction. Present]l Yy, | n t he sB elegéggéea processor

two transactions availabl e arB as shown in Fig. 5.
Four, addi ti ongjo diieact i on ty d for the C”EO’H”“"“
mul ti processor environnent. bus transaction erent

Read, Coherent | nvaI | dat e, Coherent Read and | nvalidate, and
Ooher'ent Wite and 10 Invalidate, provide_ for nultiple processor cache
oper ati ons. - The next three transaction specific bits are
referred to as the data size bits whi ch indicate the transaction

data size information. Bhe Thewgh ipabsibissasaireentod inasaim 7, wherein ahérdmd sthtDEn
base 2, of the nunber of ‘g?tér‘b tes transferred. For exanple, as 15

il lustrated in the ErgHpe rogessqrimodule sefinguishes ihe %‘-Isza@dﬁeﬁ?"%'@ a byte a
hal f-word, a proceSdrinod(ie With & diiereft lD%Eun?HSn?rroFof?ﬁe Hﬁglh ﬁé’
ata size greater

shoul d be noted that for transactions having a
than 8 bytes nore t#&pssohdeyics module,jf the device moduterRBiV)Ot Sompleth thei transsomeeded.

This is acconpligheginipb Q&gﬁd bro&dsSdr tndafilk e d;?agucg %odulf return%la@(%tus\m | ng In

this process, the first address transmitte he address
phase defines the fihaidhe peeprd pratessatanodsls shéuld hlhqdr&hahdm:sbadtsumqrﬁeﬂy ed.

Dat a tra r eguent acknow edgnments will be determ ned
by i ncrenenting né{ry{og%ﬂf%sgt&gﬁ%ﬂ{s’s MAD [n: 3] by a value of 1 where n =

3 for a size of 16 bytes, n = 4 for a size of 32 bytes, n =5 for
a size of 64 bytes and = far size of 128 bytes. As

y E' . @he t%gh speed Eus as described |¥1 claim 1 wherein signals on the

- 10 signal lines bus change synchronously with a rising edge of a clock signal

asserted by the system clock function.

10. The high speed bus as described in claim 1, said signal lines having
connected to it driving means, controllable by the module to drive the signal lines
15 to a predetermined state indicative of the status of the signal fine;
after the driving means is turned off, biasing means to maintain the

signal line in its present state.

11.  The high speed bus as described in claim 10 wherein the biasing
20 means comprises pull-up resistors.

12. - The high speed bus as described in claim 10 wherein said biasing
means comprises a holding amplifier.

25 ' 13. ‘l_’he high speed bus as described in claim 10 wherein the driving
means comprise the modules.

14.  The high speed bus as described in claim 10 wherein the biasing
means connected to the bussed signal lines for transmitting address information,

30 transaction specific information and data comprises holding amplifiers.



the address |s mcrerrented the MAD [n: 3] field wll

25 increrentihg. MAD [35 n+1I] remai ns unchanged for theﬁmumﬂmnlm m,
transacti on. ThﬁtsﬁéeUHastﬂe&Ml;)cehM] refefred tlo &s the+
cache transaction indicator, |ndmﬂﬂg gu lla the current bus
transaction is le in the ttachedtoth

bussed si gnal w&%ﬂsﬁ?ﬁhe | ock in m stat us bi te%%’i/HF%"é‘"&"’.
conmponent to 30 lock the bus and performa nunber of indivisible
transactions. This nmay be used ' ~ ‘to'lock a master nodule to a

particul ar sl ave nodul e. WO 91/ 1019527 :
PCT/ US90/ 07657 - 14

15. The high speed bus is described in claim 10 wherein the biasing

means connected to control signal lines comprises pull-up resistors.

16. A method for transferring data during a bus transaction in a
s con‘iputer system ambng modules selectively coupled 1o a bus, comprising the
steps of: '
trans:ﬁitting a bus request signal from a prdcessor module to an
arbiter module over a first dedicated signal line;
transmitting a bus grant signal from the arbiter module to the
10 processor module over a second dedicated signal l'ine;
qpplying an address and transaction type code to a first piurality of
bussed signal lines during a first time frame; |
applying data 1o the first plurality of bussed signal lines during a
second time frame;
15 applying a transaction status code to a second plurality of bussed

signal lines indicative of the status of completion of the bus transaction.

17. The methad of claim 16 wherein said bus further comprise a

dedicated clock signal line connected to each module.

20
18. The method of claim 17 wherein signals on the bus change
“synchronously with a rising edge of a clock signal asserted over the clock signal
line. '
25 19. The melhod of clasm 16 wherem 'said bus further comprises a clock

sugnal line and wherein said signals on the s:gnal lines change state
synchronously with a rising edge of a clock signal asserted over said clock signal

line.



The bus boot node/l ocal - I Cz is '
~asserted by processor modul es dmﬁlgg}gett}i;s address phase of algmmﬂmn” ‘I"IIII
transactions or during |ocal bus %Iorder to

expanded 5 addr ess durlng prOV|d|ng access to

addi tional ne Vi sor access SUP)
MAD [59] is agggf("ﬁm%y processor nndules to |nd|c%?grtﬂ%?k?ﬁe
transaction requires privileged or supervisor; access. This is
typically used during error recovery tggdeternine whether the error 10
occurred during a user process or during a supervisor access. If the error’
occurred during a user process, the-error may typically be isolated froma

system 200 dmmetmdmaiﬂaiewmemmdmm\tmmaasncdrmmer if the
error occurs during uper vi sor  access, the system nay be halted.

15 During the %%I‘t“a‘“?l??éfg%‘hafﬁéb%'al‘d&s/controI/data lines are used to -

transmt -t NRarGgihdicdtios Maba ValiiYatali@ndleroclitfedPus transaction. The
remai ni ng physical signals performthe follow ng functions: MAS

is the nenory addr essstaius ipgieative thatia bug efeer ogturred; signal is asserted on '~
this linegy the mastgh, [RGHliGe tHaf 4 Bfle biihal bicifredyC!l € OF the

status indicative that an uncorrectable error has occurred; and

status that the processor module should relinquish the bus and
subsequently retry to gain access to the bus; and
status indicative that a retry has occurred.
10



bus transagtion;to indicate that the current cycle of the bus transaction
Is the 20 address phase of the transaction. The MRDY, MRTY and MERR
signal I|ines respectively represent the bus ready transaction
status bit the bus retry tran§%pt|on status bit, and the bus
error transaction status bit. The NRDY MRTY and MERR
signal lines indicate a three bit status of the 25 transaction

currently on the bus providing up to a total of eight different status
are typically asserted by the slave rggiRacirn response to a transactlon

request by the master nodule. When MRDY is assép Bﬁ@@#ﬂmxd
I ndi cates that valid data has been transferred.
bit is asserted by itself, it indicates that the

wants the master corrponent t 0 abgicH $PrEDACTIERnBUS T ansactlon
I medi ately and start over. Wien MERR IS asserted by itself, it |nd|cates

that a bus error or other-systenlinplenentation specific error
has occurred.
A high speed bus structure comprlses an active bus wherein a number of Ioglc

functions which control the operation of the bus are removed from the modules (40}
_ and centrally incorporated into the bus. The amount of bus functionality provided by
the modules (40) is minimized, decreasing the complexity and computational overhead
of the modules (40) and traffic on the bus that are attributable to supporting the
functionality of the bus. The number of bussed signal lines {10) is minimized by
eliminating the bused iines relevant to the centralized bus functions and substituting
dedicated signal lines (30) to connect the modules {40} inserted into the bus
components {20} providing the centralized logic functions. Thus certain states or
commands which were separate commands are incorporated into the basic bus
commands or communicated through the dedicated signal lines {30} which connect

the centralized bus i_:ompon_e‘nts (20) and the modules {40).
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It has been found that nost errors occurrlng on the bus are due to a tine
out because a nodul'e is inaccessible, a bus error or an uncorrectable error

whi ¢h wosEI9S ed in the system Typically, if an er pefnR66/6¥eg87
bus will activate the error -5 signal line indicating that an error
occurred. However, a single error |ine does not: rel ay any
information to the conponent or device ch has requested a
transaction through the bus regarding {he type of error which has occurred.
If an error signal is received, the processor has to take tine
out fromits normnal processing duties to determne the cause of
the error and perforrn 10 response to th The bus
of the present inventlion provides plurality of di fferlent error
status using the trarsaction status bits on the bussed signal |ires¥=
Thus, the transactiorn status bits jprovide information relgevant ngt onIy to
errors but also valid bus transfers. By using the sftatus @ts
error coding, the cornpl pxity Jand over head § stem |m
decreased and whil e tlhef sophijstication of the efrer 3y Qdet eqt | and
correction algorithng afe indgreased. - Ej
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The transaction status and status bi't organization of the preferred

enbodi meAt iS illustrated in Fig. 7 which shows the organi zati on sequence
of - ) MERR, MRDY and MRTY. Wen all three have values of one (i.e

i nactive state) 20 the bus cycle was idle; when MRTY is in a |ow state
the transacti wpaeigss refl ects a relinquish and p@ytgoordrasre;
when MRDY is in a low state, a valid data transfer has occurred;
and when MERR is low by itself or in conbination with MRDY or MRTY a
specific error has occurred such as-?u;Tgrror,_tine out or an uncorrectable
system error. 25 -Referring back to physical
signal summary of Fig. 2 the MBR physical signal line, bus.
request, is a dedicated |line on which a signal is asserted by the naster
device on the bus to gain access to or ownership of the bus. MBG bus
grant, is a dedi cated signal line on which a signal may be
asserted by a centralized arbiter 30 conponent, incorporated into the
bus, when a particular master device is granted ~ownership of the
bus. MBB, bus busy, is a bussed signal line on which a signal is

FIG 2

SUBSTITUTE SHEET

PHYSICAL SIGNALS
SIGNAL SIGNAL LINE
NAME DESCRIPTION ourpur | INPUT | ryprp
Master/
Mbus Clock clock | Sigye dedicated
ek us Hloc buffer | jrbier - _
maDfs3:0] | Hatess/Control | Master/ | Master/ | pussed
MAS* Address Strobe Master S/ave bussed
uroy* | 9%fa ready Stave Master | bussed
MRTY * j gg”a A 9“’)’ Slave Master | p csed
MERR* Error indicator Slave Master | bussed
MBR* Bus Request Master Arbiter |dedicated
MBG * Bus grant Arbrter Master d_edl'cafed
MBB* Bus busy indicator| Master jyt”€Z7’ bussed
IRUI0] | interrupt Level | iHTPt | YR3LY |dedicated
10} 3:0] Module Identifier | System Module |dedicated
AERR* 2£:¢”:Z?us. Mbduh. ‘mfgzupf éussed
rsrour® | Module, reset Module Reset | dedicated |
RsTIN® | Module reget fecet | Master |dedicated
MSH* Shared(level 2) né%cher Moster | bussed
MIH* Inhibit ﬂbwﬂ‘Z) wils éﬁ%%; pussed
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asserted as an output during the entire bus transaction including | ocked
cycl es indicating that the bus is busy. A device wishing to access
the bus sanpl agobirieres signal to determ ne when it capcpRisdbd7dshe
bus. As soon as the currently accessing devi ce rel eases the bus and
the MBB signal is reset, another device can access 5 the bus. RSTIN s

t he reset input. signal line. A S|gnal3{§ sserted on this line by a
device to indicate that the systemis osgerforma reset action which
initializes all - devices residing on the bus to a predefined state.
A signal is asserted on the dedi cated RSTQUT |ine, reset output
signal, to have the system perform sone reset ' action which is

syst em dependent .- AERR, asynchronous error detect out signal, is 10 a
bus signal Iine on which a signal is asserted by a nodule to indicate that
an asynchronous error was detected. The dedicated IRL |ines,

i nterrupt request |evel, ane psed by ocessor nodules to transfer
the interrupt request level to the ngralized i nterrupt handl er.
The dedicated ID lines pro t-st rndkgat e of t he nodul e
identifier of the conponené%fon ect ed Q&i. During the address

N
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15 phase-of a bus transaction, the code indicated by the IDIines is

reproduceéd o't he mul ti pl exed address/data/control lines. This
provi-des the neans for uniquely i dentifying each nodul e which is
useful to distinguish processor nodules in the - mul ti pl e processor

environnent. WMOPAIScul ar it provides the means to identifHCHHEN/07657
source of a transaction which is inportant for the inplenentation of the
relinqui sh 20 and retry function. In the bus of the
present invention, the bus transacti éng ¥Bn a single processor

environment have been limted to two transaction types: read and wite. In

a read transaction, the master nodule, such as a processor, wll
read information froma 25 slave nodul e; such as nmenory, and in a wite
transaction the master nodule wl|l "wite data to a slave nodul e.
The sl ave nodule in response to a request to read and wite will
acknow edge the request—by_enabling. the proper signal.lines, MRR,
MRDY, MRTY which prjovides & hree bit transaction status} code. This is
illTustrated by |t he é%ning di agranms of Figs. 8a -{ 8c and 9a - 9c
whi ch show the tini|ng di agy 30 for word read and wite transactions
and read and wite frarsacti€dns in which the ©  datp is transmtted in
bur st s. § N
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The first ‘transaction stat us that may be assert ed by the slave nmodule is
the idle state. The idle state occurs when there is no bus .
activity or vWersL/1mgss necessary to assert wait StpiTPSsoe/brEt ween
t he "address cycle and the data cycle, - 5 or between consecutive data
cycl es. _ ~ Another transaction status which may be returned
over the MERR, MRDY and %( s1|§nal lines is referred to as
"relinquish and retry". A probl em whi A frequently occurs on the

bus is that a single slow nodule wll nonopolize the bus 10 for an
extended period of time. The probl em worsens as the speed of the bus

TRANSACTION TYPE
COHERENT WRITE AND INVALIDATE

COHERENT READ AND INVALIDATE
COHERENT READ

COHERENT INVALIDATE

RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED

READ
WRITE

S RN TR SN SR ST JU JUR

vPefo]

FIG. 6

TR U T TN N T T NN TN

TYPE[1] .

tt.tt\l\lﬂﬂttttﬂﬂﬂ\l

nvPef2]

TTXIXITTJI T NN NN

TYPE[3]
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i ncreases, because the overall speed of the bus is decreased by a-factor
attributable to the anount <“of tine nodul es have to wait to gain access to

the bus. - ~ This problem was addressed using a "retry" function for a-
bus operating in a si ngl e processor environnent by pendi ng patent
appl i cati ons: wiy$12ip39s250 fil ed 15 February 21, 1989; O0p¢BRohyBRs7 111 ed
July 28, 1989; and 07/307,227 filed July 28, 1989 and is
illustrated by the timng diagramof Fig. 1 Qa. The
relinquish and retry acknow edgenent 63,;§e present invention :
provides the nmeans to I[imt the anount "of “tine a nodule will nonopolize the
bus. 20 If a slave nodul e receives a transaction request on the bus
froma master nodul e and it cannot receive or transmt data
imediately, it will capture the ID of the. mast er nodul e and
transmt a relinquish and retry acknow edgenent to the mast er

nodul e by asserting the code for a single bus cyq}ﬁy hitzsignal i ndi cat es
to the master nodul e that the sl-ave nodul e is not# y,*and rat her than
25 nonopolize the bus while waiting for the slave nodule to be ready, it
shoul d . rel ease the bus immediately so that the bus can be

rearbitrated gn i bly by lanot he r e th IS
waiting to use %%?%Zs,. V\ﬁe}%ﬂz{e r’rﬁi[{gra]nodul e fM%iE%%(Ingégjes t hg bus,

the corresponding transaction 1S suspended. |[The suspended
transaction mjst ghen wait gntil the paster [nodul gg@gai n obtai ns owngrship

of the 30| bus before the transact,on cgn be c d, urs
transaction, tlhattis one & 2 mh%ch invoIves’%ngﬁ%igc%ﬁaﬁgﬁgtions and

—

mul ti pl e acknqw g¢dgenents, #s typicaldy WORD (4 BYTES)
L H H DOUBLEWORD (8 BYTES)
4 L L - 16-BYTE BURST
W L H 32-BYTE BURST
H H L 64—8YTE BURST
H H H 128—-8BYTE BURST

FIG. 7

MERR*  MRDY* MRTY* MEANING

H H H IDLE CYCLE

H H L ' RELINQUISH AND RETRY

H L H VALID DATA TRANSFER

H L L RESERVED

L H H ERROR1=> BUS ERROR

L H L ERROR2=> TIMEOUT

L L H ERROR3=> UNCORRECTABLE
L L L RETRY
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used to transfer multiple contlguous bl ocks of data, a reli nqui sh and retry
acknow edgenent can only be asserted on the first data transfer and cannot
be awoeadttiesi n the mddle of the transfer of the pidisdoRrésT
contlguous bl ocks of dat a. This is to prevent the break-up and
retransm ssion of contiguous blocks of data. It 5 is inportant in a
nul ti-processor environment for the 7I Yﬁ nmodul e whi ch issues t he
ielinquish and retry signal to capture the I D which is output through the
mul ti pl exed address/control/dala |ines of the master nodul e whose
transaction is bei ng postponed in order to know which naster
nodul e shoul d receive acknow edgnent when the sl ave nodul e

conpl etes the transactio | f ,a4 master
conp | SOy A MBS 4 5 6 ___7
ax | L1 LT LI L

l 1
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10 nmodule wth an | D ot" he"r fh'an that captured by the slave nodul e shoul d

attenpt td v access the slave nodule while the nodule is busy, it
shoul.d S|nply be given a relinquish and retry acknow edgnent. The
timng diagramfor the relinquish and retry is illustrated in Fig.
10b. 15wo0 91/10195Anot her acknow edgenent. sent by the s|BURUBMWATG6E | S
the*varid data transfer acknow edgenent which indicates that
val.id data has arrived on a read : cycle or the data has been
accepted by the slave nodul e and the gwitg ng naster modul e shoul d
stop sendi ng the data. 20 Still another status code asserted
during the acknow edgenent cycle is the retry which differs-from

the relinquish and retry in that the master nodul e does not-

relinquish the bus but sinply retries to access the slave nodul e.

As discussed earlier, there are three error code acknow edgenent signals

25 which may be asserted The first error code that may be asserted is a

bus error, whi i typlqgllj |Qdi%§te byt may also be
Q 1 S

used to Indlcate ancid r pr ysf e
dependent. The secqopfk P2 ! :
nu
edgengnt . Thﬁ# r
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out, typically >
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30 uncorrectable error code which i.s mainly used by the address nenory

controller ~ » to informthe requesting controller that during the
process of accessing the data WO 91/ 10195 _

PCT/ US90/ 07657 - 19 :
sonp sort of WAQWI8%t abl e error had been encountered (e. gPCFAISIDATESNT OF ) .
The I npl ementation of the error codes is ill ustrated by the
timng diagrans of Figs. 11 a - 1lc. 5 As

di scussed above, certain mechani snms @Iy fgincti ons have been
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incorporated into the bus as conponents mhlch provide centralized
functions¥ =~ * These: are correspondi ngly renoved fromthe nodul es

whi ch -connect to the bus. The correspondi ng bussed signal |ines
have been renoved fromthe bused |ines in order to sinplify the
physical strucwora/iofest he bus, to decrease the anmount of PCT}0s90/07657

i nformation transmtted over the bussed signal |ines and therefore increase
t he speed of the bus. One mechani smrenoved fromthe modul es is
the bus arbitration nechanhzﬁ} Bhe arbiter). By naking the _
arbiter a centralized conponent Yon the bus, the overhead of the
nodul es. and t he amount of communi cati on traffic over the bussed
signal lines is decreased. Furthernore, the. 15 exact al gori.thm used
by the arbiter is systeminpl enentati on dependent, rather t han
nodul e dependent, thereby providing added flexibility to the bus
configuration because the bus is not limted to a specific inplenentation
of an arbiter._ The centralized arbiter uses the dedicated signa
lines MBR, and NBG ! and2 5" é VBZ 1o 8 icate with
t he nodul es conn 20 Th HI | r.at-ed t he

timng di agrams Hﬁégf—E—WEZa_Ahd 125, For dﬂannLE’ [ T [ the master -

modul e wi | | agkb, _hm%a.l_lfmﬂn.' l s is
not busy, it us{ﬁ%gie th-a modulle an i 11'caude the MBG

signal to be  MROY+ skt l 25 rrenoved from
the nodul es is Wrgyent Lr chint Iliandl er {I'de handl er uses

dedi cat ed si gnal Lines, |nterfupt | eve 4&h44al i ne andl
asynchr onous erﬂ%@?ouff§T§ﬁ5T{T“T%TTT‘ﬂynnﬂmTﬁ?r€“irﬁ‘rh§'ﬁ$ﬂUT§
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t he bus.~Shnrla{ly, it is preferred that the.mdule ID function and the -

system cl ock function are inplenented in centralized conponents
on the bus -and are . 30 connected to the nodul es via dedi cated signal
| i nes. WD 91/ 10195

PCT/ US90/ 07657 - : B

Addi t1 onal si gn‘gpgl/&fmﬁhe bus structure provides for nultipl e"‘ﬁ(‘d??&é’g%"?
systens and a cache consi stency protocol to keep consistent nultiple caches
using the bus. Only the mninmal physical signals and types of t[err] bus
transactions are used thereby nmaintaidilng®he sinplicity of the bus while

5 providing the functionality required. The.additional physical signals

required with the second tier structure, as shown in Fig. 2, are
the nmenory inhibit (MH) and shared bl ock indicator (MsH)
signals line. The shared_p| @k _sizgnal _bi ne_i$ 4 5 useg to informall
caches that a line iGasHardd. [Wikndver a[repd [bT dck[Tegudst L
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appears on the bus, each'prOCessor:hﬁdUIe_Innédiately searches its cache
10 directory*for the particular block of data. If a valid copy is found,

the NBH - signal is asserted during the second or subsequent cycle
after the address cycle. This indicates to the caches that
contain the [i date the status to reflectpenﬁﬂg@@ﬂ§$tate

A sisgnal on tﬁggwpﬁngfgnal line is asserted by the owner

cache bl ock during the second cycle after the address cycle to |nforn1the
15 mai n nenory that the current bu? b gk read request shoul d be ignored.
This is because the owner); 2 {olO ¢ he menory, Wi ll be responsible
for delivering the cache data block. If the MH signal is not

asserted, the nain menory will be responsi bl e for delivering the
dat a.

ZF bu§ prOV|des for the optlon of .connegting

vi rt ual addre55| ﬂchqtt_ -U—Eié—bii;-kq aq o1—fgi.he
transaction bits ansm+<tted hurln&—rqe Ir e ha of a
transaction, as 0H8Wﬂ___'FTQ__aJ_E|gh; bitg are provi ded fot virtual
addreSS|ng of virtuallly I nllexed jcachep. Thd bitslare ysed tb overcone the

"virtual addré%ﬁY@JbeTT@f41@EZ£EhIaa oTratet W Targe vittuar caches by
2 5 insuring tuﬁaﬁqde indby intlo the

as s the
snoopi ng rect?ry fhe ad resslblts pnsur i rect napped
virtual caches QWWY*I & “"‘“+ —f-ggar-etpss—of—attaptny:
MERR * } ! l { ] | | - |
| 1 l | | Pt
MB8* ——T I | l I I L
| 1 t i t } i —
(ot A S N N S S
L 1 | |
| | | | |
MBGT* ‘ i i ; ; l ,
MBG2 * - ) t } i i | ]
{ | | | i | 1

! :
ERROR3 (UNCORRECTABLE)

FIG. Tlc

—
-l
—

R

o

G

N

o

L+,

N

[+ )
{g-m
' S

MAS*

— e vl mue foen oemel anen
PSSR Kl wad

n

.

e avn o e e e e ] e e e e e — e

| e e v ofen e gamn ofen

£
3
.
T.tJ:

X
o
N

»

T TR e s e L

i
I
-
-
|

I
{
{
1

U PN
x_.._._....._._-.-._

e e e = e e e e fe o —

SR Y R S S Iy A A e
s e o e — e e .

§
N
»
——

Y

|
MASTER #1 - MASTER 42
ARBITRATION FROM MASTER 1 TO MASTER 2

HG 123

SUBSTITUTE SHEE1



WO 91/ 10195 choe ' - — ST

~ PCT/ US90/ 07657 o : ' 21
In the multi-processor environnment, the same transaction type signal's as
shown in Fig. 5 are used to define the operations in the nultiple processor

envi ronment Wi iy s189PRCt to caches by setting the size equal pduédesorbdrock

si ze: - Read operations of cachable data, are enabled by issuing the
coherent read 5 operation. However, if no cachabl e data operations
are involved the signal lines 29 not set. As illustrated in Fig.

- 5. the additional transaction types 8r30w ed in the

mul ti-processor environment are coherent read, coherent invalidate,

coher ent _ rc‘iﬁ’d ard cqﬁereslt witegandg i nvalldéte
I Ry N
mo[ﬁoj ~EoR— @p——l—@—t@
1 |
MRDY*L i ] } ! } ! | N I ] J
N
ol N O N N T O N T A R
it T T O T B
MBB*{-———F LT o l"J—T-L 11
MBR1* T A I S I T T T
|= E }T 3 } _}i_i L : lL._T.J.__
- —t——t t - ——r——
werze— ol LT L R
MBG‘I*F""—lJ jI ] jl 1II ! 7T Tll I |
Moz} VO e
| oo A Y A P
i — L sl e ——— L
MASTER #1 MASTER #2 MASTER #1
ARBITRATION WITH MULTIPLE REQUESTS
0 7 3 4
x ML —1 [~ L L 1
I e I B
MAD[63:0] | L (ADRT_X ; o
' !
wrore | —
L 1 ] 1 I
iy | | | -:
ueRR 1 s :
. i { I | [
o — ———
BRIy ! 1 ; T
MBR2"E } H - :
MBG1* } ' } 1
MBG2+ 4 : }
I _
MSH* | - l T :
Mir* |— : ! . {

COHERENT INVALIDATE

FlG. 13

SUBSTITUTE SHEET



10 The coherent
di agram of ¥ Y. 13,
into sharéd data. Before the wite
ot her system caches mnust have their
t he ,coher ent

i nval i date operati on, |
Is used when a cache is performng a wite

| ocal

worgld/igdes e transaction. _ _
operation is a block read transaction that maintains

Cillustrated by the tining
can actually be perforned, al

copi es i nval i dat ed by

15 The COBéfmygo/ro%d
cache :

consi stency. The participants in the transaction are the requesting cache,
the ot’her caches which snoop and nenpg¥,1§here are three situations which

caches that snoop can experlence

whi ch does not have a copy of the requested
1

this transaction;
a copy of the reé%éét d

a) For a snooping cache
20 block, it sinply ignores
&\ wwbs have

| ires

asserts a signal #4%*t :
It

Wi

C

Lﬂ__rFUr‘IﬁﬂﬂﬂﬂﬂTm cache

whi ch owns th |
t he MsSH and NF%PSIQ a nd

W

I
I
d

C

request ed dat a. MRDY*

i
opi g cqche.

¥
asdert | n_both
subgeque . 25
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30 " cache that it may have received stal e data fron1nennry'and'to'ignore"'

that data®\ & and wait for correct data. The signal tells nenory to
stop sending data WO 91/ 10195 '

PCT/ US90/ 07657 ' _ ' 22

i mredi ately. HWdbi)ge94 agrams for the coherent read operati ogof 5haf&d
dat a, coherent read operation of owned data from | ong-latency
menory and t he coherent read of owned data fromfast nenory are
respectively illustrated in Figs. l4a - 14c. 5

The coherent read and i nvai | date trah3dcl®on combines a coherent read

transaction with a coherent invalidate transaction in order to reduce the
nunmber of coherent -invalidate transactions. This transaction is

| ssued by caches t hat arﬁ perform ng coherent reads with the
know edge that theys ; rateh$ 5 __6__ 7 8 9 10 11
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10° nodi ‘Ly-\t he data Upon - det ection of this transactlon on the bus a cache.
will firses - provide the data and then Invalidate its copy of t he
bl ock Ti m ng diagrans for. a : ‘coherent read and invalidate of shared
data and coherent read and invalidate of owned data operations are
respecti vel ywd dufoagsat ed- in Fi gs.” 15a and 15b. 15 pcT/USYOVI6ET | V.
thé coherent wite and invalidate transaction, illustrated by the
timng diagramof Fig. 16, contains a wite transaction with a coherent
i nval i dat e transacti on, in,@ d@ to reduce the nunmber of coherent”
I nval i date transactions req / d. Upon detection of the
transaction, each cache connected to the bus Invalidates its
copies of the data and the nenory is updated in correspondence 20 with
the wite. ' Wil e the invention has been described in
conjunction wth the ef rre ergpodidren I i 1 S,evigent jhat
numerousaltern@li;/si'vslq’w 9 % 5 4 r:ngmat;, 8 9 ;Ba _}vmllbe
apparent to thqggeski ' | ription
25 which lie within th
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-23: < 1. An active high speed bus system conpri sing: first
procesSor nodul e (40); plurality of device nodul es (40%
plurality of bussed signal lines (10) coupled to said fi rsﬁﬂ“‘_ﬁ O'ée?sér
nodul e (40) and said plurality of device nodules (40), wherein said

plurality of bussed signal lines (10) include: a first plurality of
signal lines-for transmtting address information in a first time frame and
data in-a second tine frane, a second plurality of signal.lines for

transmtting transaction specific information during said first time frane
and data during said second time frarre said transaction specific
|nforrrat|on I ncl udi ng i nformation

HIGH SPEED Aﬂ!VE BUS

Abstract

A high speed bus structure comprises an active wherein a number of logic functions
which control the operation of the bus are removed from the modules (40) and centrally
incorporated into the bus. The amount of bus functionality provided by the modules (40) is
minimized, decreasing the complexity and computational overhead of the modules {40) and
traffic-on the bus that are attributable to supporting the functionality of the bus. The number
of hussed signal lines (10) is minimized by eliminating the bused lines relevant to the
centralized bus functions and substituting dedicated signal lines (30) to connect the modules
(40) inserted into the bus an the bus components (20) providing the centralized logic
functions. Thus certain states or commands which were separate commands are

~ incorproated into the basic bus commands or communicated through the dedicated signal
- lines (30) wihch connect the centralized bus components (20) and the modules (40).

Figure 1

REPLACEMENT SHEET
29 reﬁrr' 1997




S :
indicating a type of bus transaction; athird plurality of Mzg b g
lines for transmtting information indicating a status of a "current
bus transacti on; a plurality of gbus conponents (20) separate and
distinct fromsaid first processor nodule and said plurality of device
nodul es for providing centralised |ogic functions, said conponents

I ncl udi ng: an arbiter conponent for arbitrating access to said

bussed si gnatompIeritysarid cesstal !ﬁdtﬁbbiﬁ&iufé?ﬂpﬁpﬂ.&h Ogngée?intt% oaed of
said plurality of (&&Vlce les with one of a Iuralt\éo edi cat ed
signal i nesb‘%/%t)) us, while.sepe, husses) akt oh@nProyide: 8% inesy

i nterruptingsidwalscorddbrishdusadtisi 98¢ oeoes. WA grovidingdt séparies
conmponent coy led%tiéﬁgéhﬁﬁfﬁ Sé?{cﬁe? ur |tlj:[% ofo‘_ige\g_ e n%??dﬁul eé v&é%g&@gf a
plurality of a i I %'ﬁ) ’ r t
for resetti rprewidepforathegeosigmalc camtiitizms sai d system reset conponent

coupl ed to each of said plurality of .device nodules with one of a plurality

of dedicated signal lines (30);
_ An example of this problem arises with respect to

error coding. An error can occur on the bus for a variety
of reasons such as inacceé'sible input/output devices,
inaccessible memory or sysj:en ‘failure. Many busses provide
a single error code which indicates that an error has
L occurred. No further information is provided. In
response to this error code, the processbr halts its
present processing and 'attempts to determine the cause of.
the error. If the system has 'crésh_ed or failed, the
processor has already halted and therefore the cause of the
bus error is indeterminable.

7

An example of a prior art arrangement of an
input/output bus for a . computer is described in
EP-A-0165600 (Convex Computer Corporation).

puep— v
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- 24 - WON/IMISsystem clock conponent for providing cl 8ET/USIYAZEST
fo said plurality of device nodules, said systemclock component coupl ed
to each of said plurality of device nodules with one of a plurality of

dedi cated signaL lines (30). 2.. The active high speed bus system as
provided in claim1 wherein said informtionSindicating a statizu of a

current bus transaction includes: information distinctly indicating that a
first type of error has occurr @&E SCR NLIOP AWOIGE | ndi cating
that a second type of error has occurred such that a pI urallty of error
codes are provided and system over head needed to determ ne and respond to

error st g.nal S;: 's decr erﬁg%%ject_s, features and advantages of the present invention as defined
by the claims will be apparent from the following detailed description of the

5 invention in which:

FIG. 1 is a block diagram lustration of the bus of the present
" invention. ' |

4

FI1G. 2 illustrates the physical signais émployed in the bus of the
10 present invention. '

FIGS. 38, 3b and 3¢ are timing diagrams which illustrate the
--electrical protocols associated with the signal ines employed in the preferred
embodiment of the present invention and Fig. 3c shows an exemplary holding
15 amplifier utilized in the preferred embodiment of the present invention.

o ' FIG. 4 illustrates the transaction specific bus information used
during the address phase in the bus of the present invention.

20 FIG. § lllustrates the transaction type encoding employed in the bus
of the present invention.

FiG. 6 illustrates the transaction size encoding empioyed in the bus
of the present invention. |
25
FIG. 7 illustrates the transaction status encoding ysed in the bus of

the present invention.

FIGS.8s, 8b and 8¢ are-timing diagrams which illustrate the read
30 operations.



3. " The active high speed. bus systemas provided in claim 1 wherein
said trnwO®£10198 specific information includes: access | RCAHBA/BTHST
asserted by a device nodule indicating that a current bus transaction
requires privileged access. 4. The active high speed bus system as
provided in claim1 further conprising cachg menory nmeans coupled to the
bus, and V\/nerel n said transaction specific information includes; cache
transaction "information asserted by a device m)dul e indicating that a
current bus transaction i S QRS NER DESCEiFTAN S TRNEENTIONENS. 5.

er conpri sing:

The active high speed bus system as provi ded Tnoclarm _
a second processor nodule (40) coupled to said plurality of bussed signal
|l i nes, and wherei-n, said plural I\qu of bussed signal |ines further

includes: a fourth M%ﬂb‘i}‘ isipravidachin which the: logic; requicad o pravide and caatrelon
pertaining to 3 il b ieSuREiia ¢ ferfioVed (RO HHE modules which are attached to the

5 bus. These i us functions are incorporated into the bus as centralized
components accessible by the modules. This is iliustrated in Fig. 1. The bus -

. structure of the presem invention comprises bussed signal lines 10, centralized

: | components 20, and dedicated signal lines 30. The bussed signal lines 10
related to those functions are eliminated and eonnechons between the centrarzed

10 components 20 and the modules 40 are made through dedicated signal ﬁnes 30.
Furthermors, the number of different bus transactions which occur on the bussed
signal-fines is minimized. As a result, the bus structure and bus operation are
simplified and the speed of the bus is increased for operation in both the single
processor and multiple proceésor environment.

15
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in the following _descripﬁon for purposes of explanation, specific memory
sizes, bit arangements, numbers, data transfer rates, etc. are set forth in order to
provide a thorough understanding of the present invention. it will be apparent to
“one skilled in the art, however, that the present invention may be practiced without
— 20 these specific details within its scope of definition by the appended claims. In

other instances, well known circuits and components are shown in the block
diagram form in order not to obscure the present invention unnece_ssarily.

The preferred embodiment of the bus is designed to be used with CMOS

25 technology. As such, certain power specifications and timing protocols are
optimized to reduce power consumption and work efficiently with"CMOS devices.
it will Ge apparent to those skilled in the art that those specifications may be
changed without departing from the present invention, which is defined by the
appended claims. |

30 _Throughout the following description, certain bus lines will be described as
being “active high" or “active low.” This terminology is used to indicate whether a



6. The active high speed bus systemas provided in claim1l wherein said

addr ess W n pertalnlng to a bus transaction conprisespgy
addr ess |nwm|9§n The active high speed bus system asﬁgﬂg\'ﬂ e7d

in claiml wherein Sald transactlon specific information includes
information identifying a bus master device nodule to a bus slave device
nodul e. 8. The active high speed bus s§stemas provided in claim1.
wherein said plurality of bus conponents (20) for providing centralized

| ogi ¢ function ning 10 s

L ogLC LUnCL L O pdrbElEPbuS Sl Aot ¥, 618 hb, SSERRY dHa feldvaRt i e vl
operation. It will be apparent, however, that it is a matter of design choice whether
a given bus line is activ' high or active low. - Whil - the preferred embodiment has
been.designed to maximize.dafa transfer speed and minimize powes.

5 consumption, it will be appreciated that changing the design of the bus to ohango
an active high line to active low is possible.

| SImilarly. as Is illustrated below, the preferred embodiment of the bus is
| - completely synchronous. All bus signals change on the rising edge of the clock
10 puises. The synchronous design is desirable because high data transfer rates
require high clock speeds, and it is easier to detect clock pulse edges at high
o speeds. lt will be appreciated that the uss of the rising edge of the clock pulses is
a-matter-of design choioeand tuat the present invention.could be made
oompletely synchronous with the falling edges of the clock pulses.
s
- Added flexibility is provided to the bus and the modules which plug into the
‘bus beoeuse the logic originally lnsened into each of the modules is eliminated
_trom the modules and a single oentrallzed unit on the bus is provided which
| oontalns the Jogic necessary to.supply the functionality Therefore, the modules
W 20 '_'do not Iimlt how certein funotlons ere’implemented and the implementation of
' such functions may be!_c,_ganged without affecting the modules. The centralized
components which perténn and control certain functions may bé easily changed
simply by moditying the loglc of the centraized companent which Is part of the
as N e e R o g
% v .. The functions which are incorporated as centralized functions on the bus
. are preferably those functions wnioh are not easily implemented in a distributed
-+ manner among the modules which are attached to the bus. Most preferably these
. tunetions include, but are not ﬁmitedto. arbntration. Interrupt handling, system

. 30 _resst and the system clock. .



devi ce nodul es, éai d I D logic conponent coupled to each of said plurality
of devic | with a dedicated signal line. : The '
speed bugwgg%gﬁfsas provided in claim1l wherein sai d i nfor mtwg% ng

a status of a current bus transaction includes information separately, and

di stinctly indicating that: - the bus is idle and avail abl e for use
by said plurality of device nodules for a bu® transaction; a valid
data transfer occurred froma bus naster device nodule to a bus sl ave

devi ce nodul e; rr r has occurred; a tine out has
occurred:; an ﬁﬁ%&h’?ﬁ'& 3 of-thehus staicture provides for multiple progessofast er

Gccess To the byt drd'dtalh bORupehcy BRRlr i Biep canpisient gl Kaches,
e gk o NS
sel ectively  transactions are used thereby maintaining the simplicity of the bus while
S  providing the functionality required. The additionél physical signals required
- _ with the second tier structure, as shown in Fig. 2, are the memory inhibit (MiH)
. and shared block indicator (MSH) signals line. The shared block signal line is
used to inform all caches that a line is shared. Whenever a read block request
appears on the bus, each processor module immediately searches its cache
10 directory for the particular biock of data. If a valid copy is found, the MSH
signal is asserted during the second or éubsequent cycle after the address
cycle. This indicates to the caches that contain the line to update the status to
reflect a shared state...A signal on the MIH signal fine is asserted by the owner
of a cache block durin_g the second cycle after the address cycle to inform the
15 main memory that the current bus block read request should be ignored. This is
 because the owner, not the memory, will be responsible fof dellveﬂng the
cache data block. if the MIH signal is not asserted, the main memory will be
responsible for delivering the data.

\J 20 The bus provides for the option of connecting viitual addressing caches
~ tothe bus. In addition to the transaction bits transmitted during the address

phase of a tran'saction. as shown in Fig. 4, eight bits are provided for virtual
addressing of yittually indexed caches. The bits are used to overcome the
“virtual address afiasing® problem associated with large virtual caches by

25 insuring the same index into the virtual directory as well as the snooping
directory. The address bits ensure thai direct mapped virtual c;ches are
consistent regardiess of énasing.



coupled to a bus and a centralized arbiter conponent, wherein said bus

i'ncl udes w@ign 210198 second and third . PCT/US90/07689 -
pluralities of bussed signal |ines (10), and each of said nodules is

selectively coupled to said arbiter conponent with at | east one dedi cated

signal line (30), said nethod conprising th@&2steps of: transmtting
a bus request signal fromsaid first nodule to said arbiter conponent over
a first dedicated signal |ine; transmtting a bus grant signal from

the arbiter conjmmedately midgua@ammuhemmaeaeapa%ﬁd%isﬁér'edéiagna' :
i ne; : coupling fromsaid first nodule to said second nodul e address

i nformation ovefoherent readaperation of owned data:from long-latency memory and the |
coherent read of owned data from fast memory are respectively Illustiated in Figs.
14a- 14, . L |

5 . - )

The coherent read and Invalidate transaction combines a cohérent read
transaction with a coherent invalidate transaction in order to reduce the number of
coherent invalidate transactions. This transaction is issued by caches that are -

) performing coherent reads with the knowledge that they intend to immediately
~ 10  modily the data. Upon detection of this transaction on the bus, a cache will first
' provide the data and then Invalidate its copy of the block. Timing diagrams for a
coherent read and invalidate of shared data and coherent read and invalidate of
owned data operations are respectively illustrated in Figs. 15a and 15b.

15 Similarly, the coherent write and invalidate transaction, illustrated by the
timing diagram of Fig. 16, contains a write transaction with a coherent invalidate
 transaction, in order to reduce the number of coherent invalidate transactions
required. Upon detection of the transaction, each cache connected to the bus
invalidates its copies of the défa and the memory Is updated in correspondence
_ 20 * with the write. | '

While the invention has been described in eéniunction with the preferred
embodiment, It is evident that numerous alternatives, modiﬁe_ations. variations and
uses will be apparent to those skilled in the ant in fight of the foregoing description

25 which lie within the scope of the appended claims.



'si gfnal lines during a first tine frﬁmwul"u IMHH!III ng fromsaid first
m)dul e to said second nodul e trans i nformati on,

i ncludi ng i nformation indicati ng a type of bus transaction, over a second
plurality of bussed signal lines duri ng-s@adSfirst tine frarre

coupling fromsaid first nodule to said second nodule data over said first
plurality of bussed signal |ines and sai nd plurality of bussed signal
lines during a second tine framne. 11. met hod for transferring
data froma first nodule to a second nodule in a conputer system as

rovided in ¢laim 10 t | ed
1I‘Orom sai'd fi ('ri'st mduwg’)&s%%%g% @é&g P’ggoéggeéé §°h§%grsgig Spalcio'tjs gf
bussed signal |ines fEinsterprotessior nodulien(d0)¢ation | nf or mat i on
identifying said fi R}:’&)QHL ¥ &f wﬁgg%gaglggdg The net hod -
r

for transferring dat omd first podul rmdule in a corrpu er

system as provided i@ cB]d-Fr'ﬁll%)tYmQFePHs% ﬁi%?s’ac’eiw spaf) f coupled to

information. gaid’ f£irst processor module (40) and said plurality of
device modules (40), wherein said plurality of bussed
v " signal lines (10) include: . :

a first plurality of signal lines for transmitting
address information in a first time frame and data _in a
second time frame; :

a second plurality of signal lines for transnitting _
transaction specific information during said first time
frame and data during said second time frame, said *
transaction specific information . including information
indicating a type of bus transaction; :

a third plurality of signal lines for transmitting
information indicating a status of a current bus
transaction; i |

" a plurality of bus components (20) separate and
distinct from said first processor module and said
plurality of device mcdu'les for providing centralised logic
functions, said components ‘including:

an arbiter component for arbitrating access to said
bussed signal lines, said centralised arbiter component
couple@ to each of said plurality of device modules with
one of a plurality of dedicated signal lines (30);

an interrupt handler component for selectively
interrupting the use of said bussed signal lines, said
interrupt handler component coupled to each of said
plurality of device modules with one of a p,l:xrality of
dedicated signal lines (30);

a system ‘reset cciu;o—n—ent for '"r'esetting said
plurality of device modules, said system reset component
coupled to each of said plurality of device mcdules with

one of a plurality of dedicated signal lines (30);



coupl ed.fromsaid first nodul e to e over said second
plurality of bussed signal |ines ﬂﬂlﬂ m"m jgﬂ!r access information
indicating that a bus action requires
privileged access. 13. The nmet hod for transferri ng data froma first
nodul e to a second nodule in a conputer-sygtem as provided in claim 10
wherein said conputer system further conprises virtually indexed nenory
cache neans, and said addr gss |nfor tion cou grom sai d f| rst nodul e
sai d second nodul e ofer 5% ‘g?urﬁ?'f‘??‘g‘?tbu

i ncl udes: signhalis mlobaﬁd pﬂ.ut'auil.t:tmy oof ﬂ.emicél npddles, i safdl system

addressi ng Ott:léékchSthHEh\:ycbﬂB%&dt'gerg&eﬁ ¥ 1314 plurality of device
modules with one of a plurality of dedicated signal. lines
(30).

‘2. = The active high speed bus system as provided in

- claim 1 wherein said information indicating a status of a

current bus transaction includes: information distinctly

indicating that a first {ype of -error has occurred, 'and

information distinctly indicating that a second type of

% error has occurred, such that a plurality of’ error codes

" are provided and system overhead needed to determine and

respond to error signals is decreased.

3. ' The active high speed.bus system as provided in

claim 1 wherein said "’ transaction specific inforxrmation

includes: access information. asserted by a device module

indicating- that a current bus transaction requires
privileged access.

4. The active high speed bus system as provided in
claim 1 further comprising cache memory means coupled to
the bus, and wherein said transaction specific information
includes; cache transaction information asserted by a
device module indicating that a current bus transaction is
cacheable in said cache memory means. |

QEd BFgNiAipghesclock.

to

5. The active high speed bus system as provided in

claim 1 further comprising:
' a second processor module (40) coupled to said
plurality of bussed signal lines, ‘and "
wherein, sa:.d plurality of bussed signal lines
. further includes: a fourth plurality of signal lines for
transmitting information pertaining to a multiple processor
environment.



means. 14. The r transferring data froma first nodule to a
second nodul e in a mt l Hu ﬂl provided in claim10 wherein said
conputer system furt cCon ry,_qﬁghg means, and said °

transaction specific information coupled ffomsaid first nodule to said
second nodul e_over said second plurality of bussed signal |ines further
i ncl udes: cacfie transdt® ofckiver naighn sperd abusy systemhasiaprovideaf ein

i's cacheabl e &Dasfi Al RHRESitACESi AL YURIress inf h '
transferring data _from.a_ f,irst nquLs hge seégna;ﬁgggﬁg;ﬁ?éfg%ﬁﬁﬂ?eF° a

system as pr obtdeFERRSACHLIAN FIPRF L8ass¥igtualhaddresshdinfomation ¢ he

step of: : coupling information indicating a status of the data

transfer fromsaid segond gnent.to said first conponent over a third-
plurality of blssed sﬁrgl%al g%ﬁgg Ry SRS séﬂﬁncﬁX??@mfﬁémaproYGded e

method for trehdimrringvheatein f remid ftrahsactibn t epeci®iend iHFU it foR
conput er syst g #3385 n¥tmation identifying a bus master device module
to a bus slave device module.

8. The " active high speed bus system as provided in

. claim 1 wherein said'plurality of bus components (20) for
' providing centralized logic functions further 'comprises an

U ID logic component for assigning ID's to said plurality of
device modules, said ID logic component coupled to each of

said plurality of device modules with a dedicated signal

line. .

9. The active high speed bus system as provided in
claim 1 wherein said information indicating a status of a
current bus transaction includes information separately,
and distinctly indicating that: _ .
the bus is idle and available for use by said
plurality of device modules for a bus transaction; '
a valiad data transfer occurred from a bus master
. device module to a bﬁs.slave device module;
\ _ a bus error has occurred;
' a time out has occurred;
an uncorrectable error has occurred;
a bus master device module should relinquish the
bus and subsequently retry to gain access to the bus, and
- a retry has occurred.

10. A method for transferring data from a first module
to a second module in a bus transaction in a computer
‘system comprising a plurality of modules (40) sclectively
coupled to a bus and a centralized arbiter component,
wherein said bus includes first, second and third



in cIa|m10 Weﬁrm’ﬁﬁfurther I ncl udes the step of : in the

event of a data m coupling error information indicatin a
type of error f \‘mm“ ‘“E“ J

28 -
M S second conpéneht to *sai'd flrst conmpoént over a third plurality of
bussed signal lines during said second tine frame.

pluralities of bussed signal lines (10), and each of said
modules is selectively coupled to said arbiter component
with at least one dedicated signal line (30), said method :
comprising the steps of: '

transmitting a bus request signal from said first
module to said arbiter component over a first dedicated
- signal line; : :

transmitting a bus. grant signal from the arbiter
component to said first module over a second dedicated
signal line; ; '

coupling from said first module to said- second
module address information over a first plurality of bussed
signal lines during a first time frame;

- coupling from said first module to said second
module transaction speciric information, in'oluding
information indicating a type .of bus transaction, over a
second plurality of bussed signal lines during said first
time frame; :
coupling from said first module to said second
module data over said first plurality of bussed signal
lines and said second plurality of bussed signal lines
‘during a second time frame. | o

‘11. ‘The  method for transferring data from a first

w module to a second module in a computer system as provided
in claim 10 wherein said transaction specific information
coupled from said first module to said second module over
said second plurality of bussed signal 1lines further
includes: jdentification information identifying said
first module to said second module.

12. The method - for trensterring data from a first‘
module to a second mocdule in a computer system as provided
in claim 10 wherein said transaction specific information
coupled from said first module to said second module over
said second plurality of bussed signal 1lines further
includes: access information indicating that a bus
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transaction requires privileged access.

- 27 -

13. The method for transferring data from a first
module to a second module in a computer system as provided
in claim 10 wherein said computer systém further comprises
virtually indexed memory cache means, and said address
information coupled from said first module to said second
module over said first plurality of bussed signal lines
includes: virtual address information, providing for
virtual addressing of said virtually indexed memory cache
‘means. -

14. The mnethod for  transferring data from a first
module to a second module in a computer system as provided
in claim 10 wherein said computer system further comprises
memory cache means, and said transaction specific
informatien coupled from said first module to said second
module over said second plurality of bussed signal lines
further includes: cache transaction information indicating
that the data transfer is cacheable in said memory cache
means.

15. The “method for transferring data from a first
module to a second module in a computer system as provided
in claim 10 wherein said method furthez." includes the step
of:

_ coupling information indicating a status of the
data transfer from said second component to said first
component over a third plurality of bussed signal 1lines
during said second tJ.me frame.

16. 2 The method . for transferring data frim a first
module to a second module in a computer system as provided
in claim 10 wherein said.method further includes the step

. of:

in the event of a data transfer error, coup;ing
error information indicating a type of error from said -
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second comf.nonent to said first component over a thira
plurality of bussed signal lines during said second time
frame.



