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FI ELD OF THE | NVENTI ON The present invention relates generally
to the field of high-perfornmance conput er systens; -particularly to
signaling protocols and operati onal requi renents associated with
buses for use with advanced m croprocessors, 10 BACKGROUND OF THE

| NVENTI ON The devel opment of ever nore advanced m croprocessors
and associ ated bus architectures continues at a rapid pace. For
exanple, Intel Corporation of Santd Clara, California, recently

I ntroduced their | a e t ':'E processor, the PentiumProTM at_a tinme when
t he mar ket demand f UTER SYSTEM PROVIDING A UNIVERSAL

ARCHITECTURE ADAPTIVE TO A VARIETY OF PROCESSOR
TYPES AND BUS PROTOCOLS

5 FIELD OF THE INVENTION
The present invention relates generally to the field of high-performance
computer systems; particdlarly to signaling protocols and operational

requirements associated with buses for use with advanced microprocessors,

10
BACKGROUND OF THE INVENTION

The development of ever more advanced microprocessors and
associated bus architectures continues. at a rapid pace. For example, Intel
Corporation of Santa Clara, California, recently introduced their latest

15 processor, the Pentium Pro™ at a time when the market demand for the
previous generation Pentium® processor was still expanding. The Pentium
ProT™ processor offers a great boost in performance over the previous
generation Pentium® processor and it introduces a new high-performance,
pipelined system bus architecture.

20 A dilemma arises for computer system developers who wish to design
systems based on the latest bus architecture, but who still wish to accommodate
processor designs based upon previous generation processors, or processors
having alternate bus architectures. For instance, many system designers would
like to design their computer systems so as to be compatible with Intel's new

25  Pentium Pro™ bus -- to take advantage of state-of-the-art features -- but who
still must meet the current market demand for compatibility with the Pentium®

processor architecture. This generally means that the system processor must



previ ous generation Pentium processor was still expanding. The Pentium
Pro[err] processor offers a great boost in performance over the previous
generation Pentium processor and it introduces a new hi gh-perfornmance,

pi pel i.ned system bus architecture. 20 A dilemma arises for
conput er system devel opers who wi sh to design systens based on the
| at est bus architecture, but who still w sh to acconmopdate processor

desi gns based upon previ ous generation processors, Or processors

having alternate bus architectures. For imstance, many system desi gners
woul d | i ke to design their conputer systens so as to be conpatible
with Intel' 3 ' S, o

State- of -t e e e B At drat Hraccarhdeh e in e Bk e fReture

mar ket dem%sﬁ{emﬁéiﬁéﬁihh@ﬂét dshg Pentium processor

architecture. I's generally nea at the system processor nust
2 Unfortunately, the bus signaling protocol of the Pentium Pro™ processor

differs significantly-from the bus signaling protocol of the Pentium® processor.
5 As a result, system developers have been left with the unsavory choice of either
maintaining comp.atibility with mainstream processor designs -- while foregoing
the advantages associated with a state-of-the-art bus architecture -- or,
designing their system in accordance with the signaling protocol of the
advanced bus architecture of the Pentium Pro™™ processor -- at the expense of
10 reduced market acceptability due to the broader customer base for Pentium®
processor-based systems. Therefore, what is needed, is a computer system
architecture which is adapted for use with a variety of processor types, with
each processor type potentially employing an alternate bus architecture.
As will be seen, the pi'esent invention overcomes the problems inherent
15  in the prior art by providing a universal computer architecture that includes a
processor subsystem (or module) coupled to a host through a standardized
computer bus interface. The invention offers compatibility with a wide variety of
processor types while obviating the need to modify basic system architecture.
The present invention advantageously allows a previous generation processor
20 (e.g., a Pentium® processor) to transfer information toffrom other agents
coupled to the high-performance (i.e., Pentium Pro™ processor) system bus in

a seamless manner.



have the sanme pinout and/or operate in accordance with the bus architecture
desi gned for the Pentium processor. Unfortunately, the bus
signaling protocol of the Pentium Pro[err] processor. differs
significantly fromthe bus signaling protocol of the Pentium processor. 5
As a result, system devel opers have been left with the unsavory choi ce of
ei t her mai-nt ai ning conpatibility with mainstream processor designs --
whi | e foregoing t he advantages associated with a state-of-the-art bus
architecture -- or, designing their systemin accordance with the
signaling protocol of the advanced3bus architecture of the Pentium
Pro[err] processor -- at the expense of 10 reduced market acceptability
due to the SURMMARYSOFTTHEAINVENTIONAtI um processor-based systens.
Therefore, what is needed, is a conputer system architecture which is
adapt ed for use Whépreseat irtentioh qoverss amivergalesompiteh architecti@ach
processor type potentially enploying an alternate bus architecture. :

As will be sopprising approsessorn subsysteom which inchudest aprogesisbeandianhasent 15
in the prior art by providing a universal conputer architecture that

i ncl udes a conversipRdevicerfos use ydtherhpst carppuies pystenpthad supparta@st t hr ough

a standardi zed . _ ) ] ] .
5 standardized system bus. A standardized bus interface provides connection

to the system bus and permits communication between the processor
subsystem and the host. The host includes components such as a host
processor, a main memory, periphery devices, etc. The processor within the
subsystem operates in accordance with a specific bus interface that differs
10 from the standardized bus interface of the host system. The bus conversion
device provides conversion between the standardized bus interface of the
host system and the specific bus interface of the processor.
In one embodiment, the processor subsystem is housed on a card that
may be plugged or inserted into a slot of the host computer system. The card
15 includes a processor that operates according to a specific signaling protocol,
which is different than the signaling protocol of the system bus. A bus
conversion device is coupled to the pins of the processor and the
standardized bus interface of the card, which connects to the system bus.
The bus conversion device converts the signaling protocol of the system bus
20 to the signaling protocol of the processor subsystem, and vice-versa.
The host computer system, which interfaces to the processor
subsystem, may support a variety of autonomous agénts. These autonomous
agents may comprise additional processors, various well-known devices

such as direct-memory access (DMA) devices, or other subsystems. These



conputer bus interface. The invention offers conpatibility with a w de

vari ety of processor types while obviating the need to nodify basic
system architecture. The present invention advantageously allows a
previ eus generation processor:” 20 (e.g., a Pentium processor) to transfer

i nformation to/from other agents coupl ed to the high-performance
(i.e., Pentium ProTM processor) system bus in a seanl ess nmanner.

3 SUMVARY OF THE | NVENTI ON The present invention covers a
uni versal conputer architecture cofpri sing a processor subsystem

whi ch includes a processor and a bus conversion device for use wth a

host conput ageatsst@hiunidate uitipohe amother vis apipalinid systeysb@irbose A
st andardi zed bus interface provides connection
implementation. Agents coupled to the pipelined bus are classified as either
symmetric agents or priority agents. The symmetric agents support a
distributed arbitration scheme according to a circular priority algorithm.

S The processor subsystem is classified as a symmetric agent on the
pipelined bus and requests ownership of the bus on behalf of the processor
in accordance with the circular priority algorithm. In a specific
implementation, é round-robin algorithm may be employed. In most cases,

priority agents may gain immediate ownership of the bus over any symmetric

10 agent by sending a priority request signal on the bus.



to the system bus and permts conmuni cati on between the processor
subsystem and the host. The host includes conponents such as a host

processor, a main nenory, periphery devices, etc. The processor within the
subsystem operates in accordance with a specific bus interface that differs

10 fromthe standardi zed bus interface of the host system The bus

conver si on devi ce provi des conversion between the standardi zed bus
interface of the host system and the specific bus interface of the
processor. I n one enbodi nent, the processor subsystemis
housed on a card that may be pluggsed or inserted into a slot of the

host conputer system The card 15 includes a processor that operates

accordi ng t BFAEFPESCRIFTON | OF THE OORAWINGS Which is different than

t he signaling protocol of the system bus. A bus conversion device is

coupl ed to the piTRS presbREINNERESS Wl bémﬁldbhﬁood mortfaiy fofh #esidetsled
interface of the card, which connects to the system bus. The bus

conver si on desériptiorowhizh follbive avichitem the aucohgsmying dtdwingsswhiohpus 20
the signaling protocol of the processor subsystem and vice-versa.

The host cohpwewer, sjeuldmotibé takemtoeliri ¢ inventior tp the specific embodiments
subsystem may sugport a variety of autononous agents. These autonomous
agents ry sbhown| but rathet awntor gxplanationrand yaderstandirg balynown devi ces

Figure 1 illustrates the pinout of the Pentium® processor.

Figure 2 is a high-level, block diagram of one embodiment of the

10 present invention.

Figure 3 shows an embodiment of the invention in a computer system

which includes multiple agents coupled via a high-performance bus.

15 Figure 4is a concepfual block diagram of one embodiment of the bus

conversion device shown in Figure 2.

Figure 5 illustrates one embodiment of the arbitration converter circuit
shown in Figure 4. |
20
Figure 6 is a block diagram of one embodiment of the outgoing request

converter circuit shown in Figure 4.

Figure 7 shows an embodiment of the bus lock converter illustrated in

25 Figure 4.

to



such as di rect-rrérmry access (DMA) devices, or other subsystens. These

4 agents comruni cate with one another via a pipelined systembus in
one ' i npl enentation. Agents coupled to the pipelined bus are
classified as either symretric agents or priority agents. The
symmetric agents support a distributed arbitrati on schene accordi ng
to a circular priority algorithm 5 The processor subsystemis
classified as a symetric agent on the _ pi pel i ned bus and requests
ownership of the bus on behalf of the processor in accordance with
the circular priority algorithm In a speific i npl ementation, a
round-robin algorithm may be enployed. In nost cases, priority-agents

may gai n i mmedi ate ownership of the bus over any symretric 10 agent by
sendi ng a pri ori tFigued B shows gimémbodinentsfsthe incoming request converter of

Figure 4.

5 Figure 9 is a block diagram of one embodiment of the cache coherency

control unit shown in Figure 4.

Figure 10 illustrates the bus request protocol conversion logic unit

utilized in one embodiment of the present invention.



5 BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention

wi Il be understood nore fully fromthe detailed descri ption which
foll ows and fromthe acconpanyi ng draw ngs, which, however, shoul d
not be taken to limt the invention to the specific enbodi nents 5 shown,
but rather are for explanation and understandi ng only. ' Fi gure
1 illustrates the pinout of the Pentium processor. Figure 2
is a high-level, block diagram of one enbodi nent of the 10 present

i nventi on. Fi gure 3 shows an enbodi ment of the invention in a
conput er system 7

DETAILED DESCRIPTION
A universal computer architecture is described. According to the

invention, a processor subsystem communicates with host computer system '
having an associated system bus architecture. The processor subsystem

5 includes a processor housed on a plug-in card along with a bus conversion
device that converts the signaling protocol of the processor to the signaling
protocol of the system bus. In the following description, numerous specific
details are set forth, such as agent types, logic blocks, signal connections, etc.,
in order to provide a thorough understanding of the present invention.

10  Practitioners having ordinary skill in the data processing arts will understand
that the invention may be practiced without many of these specific details. In
other instances, well-known signal timings, components, and circuits have not
been described in detail to avoid obscuring the invention.

Those skilled in the cbmputer arts will further appreciate that the

15 description that follows includes various terms which have specific, definite
meaning within the relevant field. For instance, the term “standardized bus
interface" is known by skilled practitioners to mean that the signal transmission
between an agent and a bus follows a commonly used signaling protocol that
applies throughout the system. Furthermore, the standardized bus interface -

20 does not necessarily refer to an industry standard of the type promoted by
various professional organizations. Rather, the interface may be selected
based on any one of a number of criteria. By way of example, an embodiment
of the present invention is disclosed in which the standardized bus interface is

based upon a high-performance bus architecture that provides backward



whi ch includes nultiple agents coupled via a hi gh-performance bus. 15
Figure 4 is a conceptual bl ock diagram of one enbodi nent of the bus

conversi on device shown in Figure 2. Figure 5 illustrates one
enbodi nent of the arbitration converter circuit shown in Figure 4.
20 _ Figure 6 is a block diagramof one enbodi ment of the
out goi ng request converter circuit shown in Figure 4.
Figure 7 shows an enbodi nent of the bus |ock converter illustrated in 25
Fi gure 4.

8

compatibility with prior processor generations. In other instances, the
standardized bus interface may be based upon a relatively simple bus
architecture to reduce cost or to support a higher volume market with reduced
component complexity. |

5 Figure 1 illustrates the signal interface of Intel's Pentium®
microprocessor. By way of background, a detailed explanation of the opefation
and functions of the signal shown in Figure 1, as well as the bus signaling
protocol associated with the Pentium® microprocessor, can be found in
numerous publications. For instance, the book entitled, “Pentium Processor

10  System Architecture, Second Edition*, by Don Anderson and Tom Shanley,
Addison-Wesley Publishing Company (1995) contains such a description.

Although the following discussion refers to the Pentium® microprocessor
in exemplary embodiments of the present invention, it should be understood
that there presently exist -- or will exist in the future -- other microprocessors that

15 employ alternate internal architectures while remaining pin¥compatible with the
Pentium® microprocessor. Similarly, other processors provide signals having
similar functions and have been designed with a different pinout, but which
maintain compatibility with the bus architecture defined for the Pentium®
microprocessor.

20 Therefore, reference to the Pentium® microprocessor in the present
application should be taken to include these equivalents. To put it another way,
the present invention is not limited to the Pentium® microprocessor; rather, the
invention may be practiced with any of a variety of data processing devices. In

addition, while the present invention is described in the context of a host system



6 Figure 8 shows an enbodi nent of the incom ng request
converter of Fi gure 4. 5 Figure 9 is a bl ock diagram of one
enbodi nent of the cache coherency control unit shown in Figure 4.
Figure 10 illustrates the bus request protocol conversion |ogic unit
utilized in one enbodi ment of the present invention.
7 DETAI LED DESCRI PTI ON A universal conputer architecture
i s described. According to the
9

based upon the Pentium ProT™ processor architecture, those skilled in the art

should understand that processors having different architectures may be readily

adapted to take advantage of the benefits offered by the present invention.

Referring now to Figure 2, there is shown a high-level, block diagram of

5 one embodiment of the present invention. In the embodiment of Figure 2, a
plurality of integra.ted circuit devices is mounted or housed on a printed circuit
board (PCB) card (or module) 200. Card 200 includes a processor 11 coupled
to one or more cache memories 12 along lines 17. Also included on card 200
is a i)us conversion device 15 that is connected with processor 11 via lines 18.

10  Bus conversion device 15, in turn, is connected to system bus 101. In the
described embodiment, system bus 101 comprises a high-performance
pipelined bus having a standardized bus interface.

Data, address and control lines 19, 13 and 16, respectively, may be
connected directly from procéssor 11 to system bus 101 (as shown), or

15 alternatively coupled through conversion device 15.

As will be described in more detail shortly, bus conversion device 15
functions to convert the bus signaling protocol and electrical characteristics
associated with processor 11 to the signal protocol and electrical characteristics
associated with system bus 101, and vice-versa. In this way, information may

20 be transferred between the processor and other agents coupled to system bus
101. (Note that signal lines 14 are intended to represent there may be other
inputs/output lines to processor 11 coupled to other devices included on card

200. For example, lines 14 may include clock input signals, operating potential

supply lines, connections to additional integrated circuits, etc.)



I nvention, a processor subsystem conmuni cates with host conputer system
havi ng an associ ated system bus architecture. The processor subsystem 5

i ncl udes a processor housed on a plug-in card along with a bus conversion
device that converts the signaling protocol of the processor to the

si gnal.i ng protocol of the systembus. In the follow ng description,
numer ous specific details are set forth, such as agent types, logic
bl ocks, signal connections, etc., in order to provide a thorough
under standi ng of the present invention. 10 Practitioners having ordinary
skill in the data processing arts will ufgerstand that the invention
may be practiced wi thout many of these specific details. In ot her

instances, well - kmget ﬁe% id @ u@ﬁpﬁ@?ﬁﬁésh&ﬁﬁ dil &mBbHIMEAVSF thet

been described in to avol curlng the 1 nvention.
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description that follows includes various terms which have specif .
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"standardi zed bus interface"” is known by skilled practitioners to
nean that theompgses atplpelmedsbushavmg arbatchitesture saghrds that designedffor thevs a
commonl y used signaling protocol that applies throughout the system

Fur t her ndr e, Pehtiumi B priogessaru Pioceesdreard 200 is illustrated as having a
plurality of interface terminals disposed along one edge. These terminals plug
into a mated connector 201 having a slot with a set of corresponding terminal
connections. For example, this configuration may represent a daughtercard
that connects to a motherboard via an available slot within the computer

10 system. This structure permits high-performance bus 101 to interface to a
number of processor cards, each of which may include any of a variety of
different processors.

As can be seen, processor card 200 comprises a processor (Pa) 11
coupled with cache memories 12a-12c, and also interconnected to bus 101 via

15 bus conversion device 15. Other deyices coupled to bus 101 include bus
master 205, direct memory access (DMA) device 202, I/O device(s) 207,
expansion devices 203 and a group of processors (Pg) organized into a cluster
206. By way of example, processors Pg may comprise Pentium ProTM
processors compatible with the bus architecture of pipelined bus 101. Thus, a

20 multiprocessor (MP) system is illustrated in the computer system of Figure 3.

For purposes of the following discussion, high-performance bus 101 may
be taken to designate the Pentium Pro™ processor bus of Intel Corporation.
The signaling protocol associated with the Pentium ProT™™ processor bus is set

forth in the publication, “Pentium ProT™ Processor Family Developer's Manual,



20 does not necessarily refer to an industry standard of the type pronoted

by vari ous professional organizations. Rather, the interface may be
sel ected based on any one of a nunmber of criteria. By way of exanple,
an enbodi nment of the present invention is disclosed in which the
standardi zed bus interface is- based upon a hi gh-performance bus
architecture that provides backward '

8 conpatibility with prior processor generations. |In other instances,
t he standardi zed bus interface may be based upon a relatively sinple
bus architecture to reduce cost oriio support a higher volume nmarket
wth reduced conponent conplexity. 5 Figure 1 illustrates

the signal Myl@hkareSpécifictinss (F896), which publication is available from Intel
Corporation by calling 1-800-879-4683, and which publication is herein
incorporated by reference. To better understand certain aspects of the preseht
invention, however, various attributes of the Pentium Pro™ processor bus will _
5 be discussed as they pertain to the invention.

To begin with, it should be understood that according to the bus
arbitration protocol of the Pentium ProT™™ processor bus, there are two classes
of bus agents: symmetric agents and priority agents. Symmetric agents support
fair, distributed arbitration using a round-robin (i.e., circular priority) algorithm.

10 Each symmetric agent has a unique agent identification (ID) that is assigned at
RESET; a rotating ID value that reflects the symmetric agent with the lowest
priority for the next arbitration event; and a symmetric ownership state indicator
that indicates either a "busy" or an "idle" state. In the embodiment of Figure 3,
for instance, processor card 200 appears as one of several symmetric agents

15 coupled to bus 101. |

In a typical system configuration, such as that shown in Figure 3,
symmetric agents may include devices such as processors Pg, organized
individually or into a cluster 206, bus master 205, and various expansion
devices 203, shown coupled to bus 101. In the computer system of Figure 3,

20 direct memory access (DMA) device 202 may function as a high priority agent
since it normally requires a direct path to memory. In other configurations, the
priority agent(s) may comprise a high priority arbiter that arbitrates on behalf of

multiple /O devices, as depicted by I/O block 207 in Figure 3.



m croprocessor. By way of background, a detailed explanation of the
operation and functions of the signal shown in Figure 1, as well as
t he bus signaling protocol associated with the Pentium

m croprocessor, can be found in nuner ous publications. For instance,
the book entitled, "Pentium Processor 10 System Architecture, Second
Edition", by Don Anderson and Tom Shanl ey, Addi son- Wesl ey Publ i shi ng
Conpany (1995) contains such a description. Al t hough the

foll owi ng discussion refers to the Pentiunferr] m croprocessor in
exenpl ary enbodi nrents of the present invention, it should be understood
that there presently exist -- or will exl2t in the future -- other
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these equival ents. To put it another way, t he present i nvention is

not |i m §ed HighdMsidtRy thatmany eyepheteie dwiiar, fmalyhgab owrtership of the bus from a
symmetric agent. Once the priority agent arbitrates for the bus, it prevents the
symmetric owner from entering into a new request phase unless the new
transaction is bart of an ongoing bus locked operation. Bus locked operations
are atomic operations which cannot be interrupted. An example of such a bus

10  operation is a read-modify-write cycle.

_With reference now to Figure 4, there is shown a conceptual block
diagram of one embodiment of the bus conversion device 15, previously shown
in Figures 2 & 3. Dashed lines 10 and 100 represent the bus signal interface
between converter 15 in both processor 11 and bus 101, respectively.

15 Practitioners in the art will understand that each of interfaces 10 and 100 may
include data and address latches, voltage translations circuits, signal
conversion logic, eic., as necessary for translating and converting the voltage
and logic levels associated with each of the respective bus interfaces.

In the case of bus interface 100, which interfaces to pipeline bus 101,

20 included therein is a interface unit in-order queue (I0Q) 70. The I0OQ 70 is a
standard logic block associated with the Pentium ProT™™ processor bus which
keeps track of the current state of bus 101. All bus agents maintain identical
10Q status to track every transaction that is issued to the bus. When a

transaction is issued to the bus, it is also entered in the I0Q of each agent.



I nvention may be practiced with any of a variety of data processing

devices. In addition, while the present invention is described in the
context of a host system

9 based upon the Pentium ProTM processor architecture, those skilled
in the art shoul d understand that processors having different
architectures may be readily adapted to take advantage of the
benefits offered by the present invention. Referring now to
Figure 2, there is shown a high-level, block diagram of 5 one enbodi nent
of the present invention. In the enboding_ of Figure 2, a plurality

of integrated circuit devices is munted 0r housed on a printed circuit
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outstanding on the bus simultaneously. Because transactions receive their
responses and data in the same order as they were issued, the transaction at
the top of I0Q 70 is the next transaction to enter the response and data phases.

5 After completion of the response phase, a transaction is removed from the |0Q.

The 10Q is also responsible for sending signals such as HIT#/HITM#, DRDY#,
DBSY#, as well as other bus protocol signals. The default depth of the I0Q is
eight; however, bus agents may configure |OQ 70 to a depth of one by
activation of pin A7# on RESET#.

10 Included within bus conversion device 15 is a bus arbitration converter
(BAC) 60 that converts the arbiter signals associated with the different bus
protocols. For example, BAC 60 allows processor 11 to gain control or
ownership over pipelined bus 101 by having its arbiter signals properly
converted to the bus protocdl associated with bus 101.

15 A detailed block diagram of bus arbiter converter 60 is illustrated in
Figure 5. Included within BAC 60 are agent identification (ID) determination
state machines 61, symmetrical owner determination state machine 62, halt
assertion logic 63, and bus request logic 64. It is appreciated that in the
symmetric arbitration scheme of system bus 101, each agent requesting access

20 to the bus must assert an appropriate request (BREQ#) signal. For example,
processor 11 may indicéte its intention to send a request to bus 101 by driving
the BREQ#t signal line in accordance with the bus protocol of processor 11.

The signals BREQ, LOCK#, and HLDA are input to processor 11 from

bus request logic 64. (Note that each signal that assumes a logic low state



is a bus con

version device 15 that is connected with processor 11 via lin

18. 10 Bus conversion device 15, in turn, is connected to system bus 101
In the descri bed- enmbodi nent, system bus 101 conprises a

hi gh- perf or mance pi pel i ned bus having a standardi zed bus interface.
Dat a, address and control lines 19, 13 and 16, respectively, may be
connected directly fromprocessor 1 1 to systembus 101 (as shown), or 1
alternatively coupl ed through conversion device 15. As w |
described in nore detail shortly, bus conversion device 15 function

to convert t
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inform bus request logic 64 that it needs to obtain ownership of bus 101 in order
to perform a bus'cycle. The HLDA signal is a hold acknowledge output
asserted by the processor 11 to inform other requesting devices that it no longer
owns the bus. Aécording to the bus protocol associated with processor 11,
HLDA is not asserted until all outstanding bus cycles (i.e., that have been
previously pipelined) have completed. The bus request logic 64 converts the
bus request signal generated by processor 11 into the BREQ#[0] signal
compatible with the bus request signal associated with the protocol of system
bus 101. |

In one embodiment, bus arbiter converter 60 gains ownership of bus 101
as a symmetric agent in accordance with the round-robin arbitration scheme
implemented on the Pentium Pro™ processor bus. In order to properly connect
to bus 101, each symmetric agent must be assigned a symmetric agent
identification (ID). This is the purpose of aéent ID determination finite state
machine 61. Upon power-on or reset, symmetrical agent ID determination state
machine 61 receives the BREQ#[3:0] signal lines so as to determine the agent
ID assignment of processor card 200. The agent ID information is provided to
the symmetrical owner determination state machine 62.

To gain ownership of system bus 101, the symmetric agent BREQ#{0]

signal is asserted and the symmetrical owner determination state machine 62

es

5
be
S



10 ~Wth reference nowto Figure 3, there is shown an

enbodi nent of the present invention in a conputer system which

i ncludes nultiple agents coupl ed to a high-performance bus 101. In

t he enbodi ment of Figure 3, bus 101 conprises a pipelined bus having
an architecture such as that de5|gned for the 5 Pentium Proferr]
processor. Processor card 200 is illustrated as having a plurality of

interface term nals di sposed al ong one edge. These term nals plug

into a mated connector 201 having a slot- with a set of correspondi ng

term nal connections. For exanple, @B s configuration may represent a
daught ercard that connects to a notherboard via an avail abl e sl ot

wi t hin the caxauines ttid stais oé the Bus so figurecoutrwher ominesstip ghay befabtaimedasbus
101 to interface to a nunber of processor cards, each of WhICh rray

i ncl ude any & symnmnetiieageof in accordande witk the puspe@tocolsof the Pentium Pro™

processor bus. The bus arbitration signals associated with system bus 101
include BREQ#[3:0], BPRI#, LOCK# (shown in Figure 7), and RESET#. The

5 BREQ#[3:0] bus_signals are connected to the symmetric agents -- including bus
conversion device 15 of processor card 200 -- in a rotating manner. This
arrangement initializes every symmetric agent with a unique Agent ID during
power-on or RESET. Bus request signals BREQ#[3:0] provide a mechanism by
which individual symmetric agents send and receive bus ownership requests to

10  arbitrate for ownership of a system bus 101.

The BPRI# signal is a priority request signal whereby a symmetric agent
receives bus ownership requests from a high priority bus agent. For example,
BPRI# may be asserted by a priority agent so that it can arbitrate for immediate
ownership of bus 101. The éymmetric agents coupled to bus 101 receive the

15 BPRI# signal as an indication that a priority agent is requesting ownership of
the bus.

Upon an arbitration event on bus 101, processor card 200 may become
a symmetric owner of the bus if it currently has the highest priority in the system.
A priority agent may subsequently request the bus and obtain ownership over

20 processor card 200. For example, I/O device 207 (see Figure 3) may obtain
ownership of the bus from daughtercard 200 by asserting BPRI#, unless, of
course, processor card 200 is performing an atomic transaction and has
asserted the LOCKi## signal. Processor card 200, of course, may be designated

a priority agent in an alternative embodiment.



As can be seen, processor card 200 conprises a processor (PA) 11

coupled with cache nenories 12a-12c, and also interconnected to bus 101 via
15 bus conversion device 15. O her devices coupled to bus 101 incl ude bus
master 205, direct nenory access (DVA) device 202, I/0O device(s) 207,
expansi on devi ces 203 and a group of processors (P[err]) organized into a

cluster 206. By way of exanple, processors Plerr] may conprise Pentium
“Pro[err] processors conpatible with the bus architecture of pipelined
bus 101. Thus, a 20 nultiprocessor (MP) systemis illustrated in the
conmput er system of Figure 3. 1&0r purposes of the follow ng

di scussi on, high-performance bus 101 may be taken to designate the

Pentium Pro[err] Holicassotiohisgiob3lisiceupledriparetiventhe BPRI# sigralsranadusng
protocol associated with the Pentium Pro[err] processor bus Is set

forth in. thel@ubhdgenecate HOLD andnAPIQILB rsignals oped $o précessby 1DeWhepdhe s
Manual BPRI# signal is asserted on the bus 101, this means that a high priority agent is
intervening to obtain ownership of the bus. In response to the BPRI# signal,
5 hold assertion logic 63 informs processor 11 not to issue any more requests.
Note that the AHOLD (address hold) signal causes processor 11 to
cease driving its address bus, so that the processor is unable to control bus
cycles. Therefore, driving the HOLD and AHOLD signals allows bus conversion
device 15 to operate with other symmetric agents on bus 101. This forces
10 processor 11 to not own ?he bus by default, whereas, in the bus architecture of
the Pentium® processor, the processor owns the bus by default. In a system
configuration with multiple processors or aQents, use of the HOLD and AHOLD
signals eliminates the possibility of two or more processors backing off each
other, thereby leading to a “live lock” situation.
15 Bus request logic 64 also generates the BOFF# signal input to processor
| 11 to cause processor 11 to immediately release control of the bus in the event
that a high priority agent requests ownership of the bus using the BPRI# signal.
After the BOFF# signal is removed, processor 11 restarts the entire bus cycle.
In an alternative embodiment, processor card 200 functions as a high
20 priority agent, instead of a symmetrical agent, in the computer system.
With reference now to Figures 4 & 6, bus conversion device 15 further
comprises outgoing request converter (ORC) 20 which converts requests
generated by the processor 11 to issue on system bus 101. In an exemplary

embodiment, once ownership of bus 101 has been obtained by the Pentium®



Vol ume 1: Specifications" (1996), which publication is available fromlntel
Corporation by calling 1-800-879-4683, and which publication is herein

i ncorporated by reference. To better understand certain aspects of the

pr esent i nvention, however, various attributes of the Pentium ProTM
processor bus wl| 5 be discussed as they pertain to the invention.

., To begin with, it should be understood that according to the bus
~arbitration protocol of the Pentium ProTM processor bus, there are two

: cl asses of bus agents: symretric agents and priority agents.
Symmetric agents support fair, distililbuted arbitration using a
~round-robin_(i.e., circular priority) algorithm 10 Each symetric agent
has a uni quepagessor, dhatoutgaing irequdstBncokaigsi rausisise traadlatd from tHeESiotocal
rotating ID value that reflects the symetric agent with the | owest
priority forotthe Remtiu @cpmcassm’rtodhemgnadmg mowpnheftmed’m\mn $hopMst at e

I ndi cat or that indicates either_a "bus r an "idle" state. In,the
enbodi ment oPracegaeebgs 101. Flmer.. ﬁh@t%@ﬂiwm rr@ngyﬁrlmﬁlﬂruemg@ typeleck as
one of several symretric_agents led to bus 101. a

typi cal syst Eaauesheyglar whespas mfcﬁea%um aPrOSREHR ‘?Ff?"ﬂe@df"@“ gnly one clock
ha vi dudt | yoBHe: ibrefoie, SR 2808 sy SR TerPraneTy SraueArTOUEadFans on
issued by processor 11 as well as converting to different request type pins from
the Pentium® to the Pentium Pro™ processor bus.
Outgoing request converter 20 includes request cycling finite state
machine 21, request encoders 22 and 23, and attribute encoder 26. The
10 request cycling state machine 21 receives a signal on line 66 from BAC 60
indicating that processor 11 has obtained ownership of bus 101. At this point,
processor 11 may assert its ADS# (address status) output signal to indicate a
valid address and bus cycle definition are present.
State machine 21 utilizes this information to generate control signals
15 coupled to multiplexer circuitry circuits 24 and 25 for the various réquest and
encoding changes so that the single cycle processor requests can be properly
sequenced as two separate clock cycles on system bus 101. The encoding for
the two request cycles is performed by blocks 22 and 23, which receive as
inputs the write/read (W/R#) signal, the memory or /O transaction (M/IO#) signal
20 and the bus cycle definition (CACHE#) signal from processor 11. The CACHE#
signal is asserted by the processor during cache write-back cycles, and also to
notify external memory that the processor wishes to perform a cache line-fill

using a burst bus cycle.



devi ces 203, shown coupled to bus 101. In the conputer system of Figure 3,
20 direct nenory access (DMA) device 202 may function as a high priority

agent since it normally requires a direct path to nmenory. In other
configurations, the priority agent(s) may conprise a high priority
arbiter that arbitrates on behal f of mul tiple I/O devices, as

depi ct.ed by 1/0 block 207 in Figure 3. :

12 : An arbitration event is the process by which a new symetric
bus owner is determ ned and changed. On every arbitration event, the
symmetric agent with the highest priority becones the symetric
owner. Note that the symetric ownepgi s not necessarily the overal

bus owner since a priority agent, having a 5 higher priority than any

symmetric owner, [RydditioR, AMIREE BhSoddr 2 Redeilesi therDAT# (data/cBdE)BighiaFto
agent. Once the priority agent arbitrates for the bus, 1t prevents the

symmetri c ovindicate tine eypecof read operationevquesiedst phase unl ess the new.

transaction is part of an ongoi ng bus | ocked operation. Bus | ocked

oper ati ons The encoded output signals produced by blocks 22 and 23 are input to
multiplexer 24. The output selected from multiplexer 24 is controlled by the

5 request cycling state machine 21, as shown in Figure 6. When an ADS#

signal is issued onto bus 101 by request cycling state machine 21, the various
request types from processor 11 are encoded during the first cycle by encoder
22. At this time, address signals provided by processor 11 are selected for
output onto the system bus address lines, A# [35:3}, via multiplexer 25. Basic

10 information about the request type is also placed onto the system bus 101 via
the REQ#{4:0] lines during the first cycle. Request encoder 22 may be
implemented using ordinary combinatorial fogic that converts the Pentium®
type pins into appropriate request-type signals on the Pentium ProT™™ processor
bus, according to one embodiment of the present invention.

15 During the second clock cycle, multiplexer 24 selects the Reqb[4:0]
output of encoder 23 for output onto the system bus 101. Also during the
second cycle, the address signal lines are utilized to send additional
information about the request type to the pipelined bus. This information
includes various attributes of the request type such as the byte enable signal

20 lines (BE#{7:0]); a split cycle (SCYC#) signal that notifies logic that the locked
transfer request is twice the number of bus cycles expected; the page write-
through (PWT) signal that specifies whether the L2 cache should use a write-
back or write-through policy for the line being written to; and the CACHE#



are atom c operations which cannot be interrupted. An exanple of such a bus

10 operation is a read-nodify-wite cycle. Wth reference now
to Figure 4, there is shown a conceptual bl ock di agram of one
enbodi nent of the bus conversion device 15, previously shown in

Figures 2 & 3. Dashed lines 10 and 100 represent the bus signal interface
bet ween converter 15 in both processor 11 and bus 101, respectively. 15
Practitioners in the art will understand that each of interfaces 10 and 100
may i ncl ude data and address | atches, voltage translations circuits,
si gnal conversion logic, etc., as nggessary for translating and
converting the voltage and | ogi c Ievels associ ated with each of the
respective bus i.n |nt rface 100,

whi ch i nt er (I (1 fEGNation, s.sef 4G et f ace
Eh i nt o (G i i ration frselgsted a5 el iipiEi e e Sifiredt fes,
unit in-or d%rytsﬁéf'ﬁlb%s({é@&mlﬂtlé@%ﬁ}Egdmingﬁhg secwﬂd cﬁ&@ndar d logic block

associ at ed process keeps track of

the current statgq Pé’tén?@&nﬂqﬂrét@ﬁ%fﬁ@gl?\fc@sd% Wdﬂﬁlsb&%c?ab’e R

status to track every transact

;ggztsam | ON defefrit & trahSattith (165, cddsinGitdd %erﬁﬂlétércﬁﬁ—dffbréé‘ﬁ OB 54 sReGi
5 include logic that de-asserts the DEN# signal line with each request issued on
bus 101. The DEN# signal is the defer-enable signal, and is driven on bus 101
on the second clock of the request phase on the EXF1#/Ab4# pin (i.e., bit 4 of
the second cycle address pins). This signaling logic, for example, may be
included in the ordinary combinatorial logic of state machine 21. De-asserting

10 DEN# with each outgoing request prevents any responding agent from
deferring a transaction.
| Address parity and request parity signals are also generated by blocks
27 and 28, respectively, onto bus 101 as part of an ocutgoing request.

Bus convérsion device 15 further includes a bus lock converter (BLC)

15 circuit 50 that enables the bus to be locked during atomic transactions; that is,
transactions over several clock cycles that cannot be interrupted. Although the
lock protocol for the Pentium® processor is similar to the lock signaling protocol

.implemented on the Pentium Pro™™ processor bus, exactly when a lock can be
asserted in relation to the respective bus protocols varies.

20 Figure 7 illustrates a bus lock converter comprising a lock conversion
finite state machine 51 that receives a LOCK# signal from processor 11, as well
as an input from ORC 20. In system bus 101, the LOCK# signal is a bi-

directional signal bused among all agents. According to the bus arbitration



13 The depth of 10Q 70 is the limt of how many in-order

transactions can be out st andi ng on the bus sinultaneously. Because
transactions receive their responses and data in the same order as
they were issued, the transaction at the top of 10Q 70 is the next
transaction to enter the response and data phases. 5 After conpletion of
the response phase, a transaction is renoved fromthe | QOQ - The 1OQ is

al so responsi bl e for sending signals such as H T#/ H TM¢, DRDY#,

DBSY#, as well as other bus protocol signals. The default depth of the 10Q
S ei ght; however, bus agents may 28nfi gure 1OQ 70 to a depth of one
by activation of pin A7# on RESET#. 10 - I ncl uded within bus
conver si on deetensl 0§ the Pentium RrdiMipracessorcagugentbus owner iBACRs$D1t t hat
converts 1N St fo dsting an indivisible bus locked operation. o o 1S

Shortly after processor 11 asserts its LOCK# signal, system bus 101
receives the translated LOCK# signal from the lock conversion state machine

S according to the signaling protocol of bus 101. State machine 51 basically
implements a variable delay -- waiting for signals such as ADS#, etc., to be
generated by ORC 20 before it asserts the corresponding LOCK# signal on bus
101. The LOCKi signal on bus 101 lasts through the series of atomic
transactions and then is deasserted after the transactions have been

10 completed. Again, the de-assertion is performed in accordance with the
appropriate signaling protocol of bus 101.

As can be seen in Figure 4, bus conversion device 15 also includes an
incoming request converter (IRC) 30 for converting signal requests on the
system bus into signals that can be input into processor 11. According to the

15 signaling protocol of the Pentium® processor, an extemal address strobe
(EADSH#) signal is asserted to tell the processor that a valid address is present
on its local address bus, and that this address can be snooped. When the
snoop is activated, the processor transfers the memory address from the bus to
the cache directories and a look-up takes place. But because the Pentium

20 ProT™ processor bus does not include an EADS# signal, or its equivalent, the
present invention implements the following scheme.

Since pipelined bus 101 is commonly a multi-agent system bus, an

ADS# signal on the bus indicates a request by one of the multiple agents. All

agents coupled to the bus simply observe these requests, and, depending upon



protocols. For exanple, BAC 60 allows processor 11 to gain control or
owner ship over pipelined bus 101 by having its arbiter signals properly”

converted to the bus protocol associated with bus 101. 15 - A

detail ed bl ock diagram of bus arbiter converter 60 is illustrated in
Figure 5. Included within BAC'60 are agent identification (ID)

det.erm nati on state machines 61, symretrical owner determ nation
state machine 62, halt assertion logic 63, and bus request |ogic 64.
It is appreciated that in the symetric arbitration schenme of system
bus 101, each agent requesting access 202lto the bus nust assert an
appropriate request (BREQH#) signal. For exanple, processor 11 nmay

i ndicate i ts{ eﬂ'@@ﬁ‘?ﬁ YPeo detarmine whwiheriit iscapnropiiate toysraropvbug 101, and t he

B ! e Y o B b ™ & 0F oC0L 0f BroFessor 1L
request logic 64 ALNNGH MFigiRe B, IRE'3D iidGhed Sé?\uiggosm%]gl ?gc;u%slt (c):\cl)vn\sntegstifn
logic block 31 that receives request signals REQ#{4:0] from system bus 101.

5 Logic block 31 al§o receives ADS# signal from bus 101, Incoming request
conversion logic 31 functions to determine if a request on bus 101 is snoopable
by processor 11. If the current transaction on system bus 101 is snoopable,
logic block 31 causes EADS# to be driven into the processor along with the
address information. Note that IRC logic block 31 controls tri-state buffers 33

10 and 34 to assert/de-assert the EADS# signal and the address pins of processor
11.

Incoming request conversion logic block 31 also generates the invalidate

(INV) signal to direct processor 11 to either leave the cache line valid, or to
mark it invalid in the case of a snoop hit. In the event that the cache line

15  contains valid data, the line is placed in a Shared cache coherency state. Note
that logic block 31 should make sure that the address hold (AHOLD) signal is
asserted so that processor 11 can properly snoop the address bus. This
insures that cache consistency is maintained.
| At this point it should be understood that the implementation of IRC 31

20 shown in Figure 8 assumes that system bus 101 has been de-pipelined for
purposes of signal convention. In alternative embodiments of the present
invention, it may be desirable to not de-pipeline bus 101. In such an

implementation, bus conversion device 15 would further include a queuing



14 when asserted is followed by the pound sign,
LOCK# signal is asserted | ow when processor 11 is perform ng an

t he
atonm c

out put asserted by processor 11 to 5 informbus request |ogic 64 that
needs to obtain ownership of bus 101 in order

#. By way of exanpl e,

transaction.) The BREQ signal is the bus request

The HLDA signal is a hold acknow edge out put asserted by the

processor

owns the bus. According to the bus protocol associated with processor 11,

11 to informother requesting devices that it no | onger

it

to performa bus cycle.

HLDA is not asserted until all outstandi ngﬁbus cycles (i.e., that have been

10 previously pipelined) have conpl et ed.

the bugeCREHRM 115AtaPGUIdSRMY A SfodPs 1 PreRes8sr 11 Wik pditRIiEN[ O]
si gnal conpati ble with the bus request signal associated with the
protocol of staflingeystem bda/$01.01. I n one enbodi nent, bus

arbiter converter

accordance with t Ao notedthablRO 3Hrinchudesisnoop doatrel logic which prevents 36-bit

10

15

20

requests on system bus 101 from being sent to the processor interface. For
example, the Per_\tium® processor is limited to 32-bit requests. Therefore, IRC
logic block 31 insures that requests which are greater than 32-bits are not
snooped by processor 11.

Figure 9 is a detailed diagram of the cache coherency control unit
(CCC) 40 shown in the bus com)ersion device 15 of Figure 3. The
embodiment of Figure 9 shows CCC 40 comprising snoop result conversion
state machine 41 coupled to dirty data buffer 42, which, in tum, drives the data

bus through tri-state buffers 43. Once IRC 31 has signaled to state machine 41

that a snoop has been driven into processor 11, a few clocks later the processor

provides signals to CCC 40 indicating that either a cache hit, a cache hit to a
dirty line, or a cache miss has occurred. This information is signaled via signal
lines HIT/HITM and ADS.

Snoop result conversion state machine 41 also communicates with the

input-order queue (I0Q) associated with bus 101. The 10Q monitors the system

bus and sends appropriate signals to the state machine and tristate buffer 43 so

that the data may be transterred to bus 101 in accordance with the signaling
protocol of bus 101. In one embodiment, IOQ comprises ordinary bus state
tracking logic. The bus state tracking logic simply presents state information at

the correct time via system bus 101.

0 gains ownership of bus 101 15 as a symmetric agent

e bus request logic 64 converts

in



I npl emented on the Pentium ProTM processor bus. In order to properly
connect to bus 101, each symmetric agent nust be assigned a symetric
agent identification (ID). This is the purpose of agent 1D

determ nation finite state machi ne 61. Upon power-on or reset,
symmetrical agent ID determ nation state 20 nmachine 61 receives the
BREQ#[ 3: 0] signal lines so as to determ ne the agent | D assi gnnent of
processor card 200. The agent ID information is provided to t he
symmetri cal owner determ nation state nachi ne 62. To gain
ownership of system bus 101, the symetrpg agent BREQH#[ O] signal is
asserted and the symmetrical owner determ nation state machi ne 62

15 exam nedntdm@ émbbdineént] I@QleeMprisds g phuralitytofwntiieowheresihigachmy be

obt ai ned as

entry translates to a current transaction on the pipelined bus. Each 10Q entry
tracks the state of the transaction as well. In this manner, all bus agents may '
keep track of each transaction as it flows through the pipeline on the bus. For

5 the presently described embodiment, the I0Q has a depth of “1" since the bus is
de-pipelined for conversion to processor 11.

State machine 41 also communicates some of the information from the

snoop event back to the bus tracking logic of system bus 101. In the event of a
hit to a clean line, or a cache miss, state machine 41 simply reports this status to

10 system bus 101 at the appropriate time. But if a hit occurs to a dirty line (i.e., the
processor asserts HITM signal), this situation requires special handling since
processor 11 is designed to immediately output dirty data.

When an ADS# signal is detected by state machine 41 following a snoop
hit, this means that dirty data will be immediately sent out by processor 11.

15 Since the signaling protocol of system bus 101 does not allow data to be
dumped in this manner, dirty data buffer 42 captures the data as it is output from
processor 11 so that it could be sent onto bus 101 at the appropriate time. This
process is, of course, under the contro! of snoop resullt conversion state
machine 41. The bus state tracking logic in the 10Q is also coupled to dirty data

20 buffer 42 in the implementation of Figure 9 since it has the information
indicating when dirty data may be sent on system bus 101 to complete the
transaction.

Alternatively, snoop result conversion state machine 41 may use the

BRDY# signal to throttle the data being output by processor 11. In this



a symmetric agent in accordance with the bus protocol of the Pentium ProTM
processor bus. The bus arbitration signals associated with system bus 101

i nclude BREQ#[ 3: 0], BPRI#, LOCK# (shown in Figure 7), and RESET#. The 5
BREQ#[ 3: 0] bus signals are connected to the symetric agents -- including
bus - conversi on device 15 of processor card 200 -- in a rotating
manner. This arrangenent initializes every synmmetric agent with a

uni que Agent 1D during power -on or RESET. Bus request signals
BREQ#[ 3: 0] provide a nechani sm by whi ch individual symretric agents
send and receive bus ownership requests 2o 10 arbitrate for ownership of
a system bus 101. The BPRI# signal is a priority request signal
.\Wwhereby a syiteatative iageementation, beffer 42 may bemlintinateidy andghe slata busriineshi gh
priority bus agent. For exanple, BPRI # may be asserted by a priority
agent so t hditom precassar Biltmay simply byntriestatedeby tri-state vevicen 43 hforribein@l.
The symmetric aPents coupled to bus 101 receive the 15 BPRI# signal as an
i ndi cati on wcRHPled tersystempbusytiit. Nete thal v this gmbgsiment, BRIPY# is used ke bus.
Upon an arbitration event on bus 101, processor card 200 nmay becone a
synmetric OMFaf@rthﬁhm%"?m?x adérespes deyiogfas aecapteh data prue y in the

system 5 Pentium® processor in response to a write. In other words, snoop result
conversion state machine 41 operates to allow data to be transferred directly to
syétem bus 101 by providing an appropriate handshake signal.
To reiterate, logic block 41 takes the snoop result from processor 11 and
passes it to the 10Q, which is incorporated in bus interface 101. in the event
10 that a HITM# signal is asserted by processor 11, snoop result conversion state
machine 41 waits u_ntil the next ADS# signal has been output by processor 11,
since that signals the beginning of the dirty data dump. |
Figure 10 illustrates the bus request protocol conversion logic unit 70,
which comprises ordinary state machine and combinatorial logic. As shown,
15 logic unit 70 includes bus protocol conversion finite state machine 72 and in-
order queue 71. State machine 71 performs required protocol signal
conversion between processor 11 and system bus 101. In-order queue 71 is
utilized to keep track of the state of both buses, on opposite sides of the
interface. 10Q 71 includes ordinary logic and register storage for holding bus
20 state information, as specified in éccordance with the protocol of system bus
101.
In addition to tracking the state of the signals shown on both sides of the
bus interface, logic unit 70 also provides necessary handshaking signals, e.g.,

data transfer handshaking. (Note that in certain instances, the bus signals on



A priority agent may subsequently request the bus and obtain ownership over
20 processor card 200. For exanple, I/0O device 207 (see Figure 3) may

obt ai n ownership of the bus from daughtercard 200 by asserting BPRI#, = .
unl ess, of course, processor card 200 is performng an atomc
transacti on and has asserted the LOCK# signal. Processor card 200, of
course, may be designated a priority agent in an alternative

enbodi ment . : 16

Hol d assertion logic 63 is coupled to receive the BPRI# signal from bus
101 and generate HOLD and AHOLD signals p®put to processor 11. Wen the
BPRI # signal is asserted on the bus 101, this neans that a high priority

SO tor ¢ < GRS SHSRVIGHATRES VGBI ol ANBLONE. rbP o BTRINIR 0
i ssue any NADS# eyl cdupled to processor 11 is a uni-directional address strobe signal.
The corresponding conversion is to the ADS# signal of system bus 101, which
is bi-directional in nature.)

b As can be seen, bus tracking logic unit 70 converts various signals
transmitted between system bus 101 and processor 11. Included within this
group is the address parity error signal AERR# in accordance with one
embodiment of the present invention. An agent detecting a parity error asserts
the AERR# signal during the error phase of the transaction. All bus agents

10 observe the AERR# and on the next clock abort the erroneous transaction by
removing the transaction from the in-order queue and canceling all remaining
phases associated with the transaction. The corresponding address parity
signal on the processor side of the interface is APCHK#. In the event of an
address parity error, procesSor 11 activates APCHK#.

15 Also included on the system bus side of the interface of logic unit 70 are
signals HIT#/HITM#. HIT# and HITM# are used to indicate that a line is valid or
invalid in the snooping agent, whether the line is in the modified (dirty) state in
the caching agent, or whether the snoop phase needs to be executed. The
HIT# and HITM# signals are used to maintain cache coherency at the system

20 level. As explained previously, when a snooping agent asserts HITM# the
agent assumes responsibility for writing back the modified line during the data
phase (an implicit write-back). The DEFER# signal is also driven in the snoop
phase. The DEFER# is deasserted to indicate that the transaction can be

guaranteed in-order completion. An agent asserting DEFER# ensures proper



Note that the AHOLD (address hol d) signal causes processor 11 to

cease driving its address bus, so that the processor is unable to control
bus cycles. Therefore, driving the HOLD and AHOLD signals allows bus
conver si on device 15 to operate with other symetric agents on bus
101. This forces 10 processor 11 to not own the bus by default, whereas,
i n the bus architecture of the Pentium processor, the processor owns
the bus by default. In a system configuration with nultiple
processors or agents, use of the HOLD and AHOLD signals elimnates
the possibility of two or nore processorsg backi ng off each ot her,
thereby leading to a "live [ock" situation. Bus request |ogic

15
64 al 50_gensemonal s helRiEaCHbARIm HPIDQIPI BY §6RERAING the anptdpfiflecause

processor 11 to Imedi ately rel ease control ent

that a hi ghrgspoiisel YTRE e8parReUaghal gto0s ot Al tharfaction &Bg;éjéfi&ga SPeopPR! #

si gnal . fter the BOFF# sighal 1s renoved, process restarts the

entire bus phabke.of the same transadticdnard IrRAutils the Sigials | NSWR:0]WINER BreYidear d
200 functioﬁs as a high 20 priority agent, instead of a Lsy;m*retrlsbzgf

agent, in tkeacodingstdascsibigetine required snoop rediiit.h Thefresponse agent i@ thegur es 4
& 6, bus conversion device 15 further conpri ses outgoi ng request
converte? (egent mEspansible fasrooenpletingtheeramsaction at gea tomobthelDQ I . (Feicessor
11 toiss uew?'irt]e ﬁx%%tsgcr:?ignuss, TlF?[r)LY# lisn agls?ertee;(deg?()lthaer yesponse agent to indicate that it is
ready to accept write or writeback data.
The data transfer signal group contains signals driven in the data phase -
and includes DBSY#/DRDY# (data bus busy and data ready). DRDY#

10  indicates that valid data is on the bus and must be latched. The data bus owner
asserts DRDY# for 'each clock in which valid data is to be transferred. DBSY# is
used to hold the bus before the first DRDY# and between DRDY# assertions for
a multiple clock data transfer. The snoop, response, and data phase signals
are all tracked via 10Q 71. .

15 Bus protocol conversion state machine 72 provides outputs to
processor 11 that include the next address input (NA#). The NA# input is
asserted by a device that requests that the next bus cycle be sent over the.
buses prior to the current cycle ending. The extemal right buffer empty
(EWBE#) signal is provided to processor 11 to ensure that memory

20  operations occur in order of execution (i.e., strong memory ordering). This
ensures that all buffered writes are completed by executing the next
instruction. As previously discussed, the BRDY# signal indicates that the

currently addressed device has presented valid data on the data bus pins in

response to a read, or that the currently addressed device has accepted data



enbodi nent, once ownership of bus 101 has been obtained by the Pentium

-17 processor, the outgoing request encodi ngs nmust be translated from
t he protocol of the Pentium processor to the signaling protocol of
the Pentium Pro[err] processor bus 101. Further, the Pentium Prof[err]
bus i nplenments a two-clock - request cycle, whereas the Pentium
procéssor operates with only bone clock 5 ‘cycle. Therefore, ORC 20 is
responsi bl e for properly sequencing requests i ssued by processor 11
as well as converting to different request type pins from t he Pentium
to the Pentium ProTM processor bus. Qut goi ng request converter
20 includes request cycling finite st at 27 machi ne 21, request encoders

22 and 23, pod AELLRULE IR T8Y5n2%0 & WFite. Similarly, KEN# is the cache

control signal indicating whether a location being read is within cacheable
address space. [f an address is not cacheable, the KEN# line is driven

inactive telling the processor not to perform a cache line-fill.



10 request cycling state machine 21 receives a signal on line 66 from BAC
60 I ndi cating that processor 11 has obtained ownership of bus 101. At
this point, processor 11 may assert its ADS# (address status) output
signal to indicate a val id address and bus cycle definition are
present. State machine 21 utilizes this information to
generate control signals 15 coupled to nultiplexer circuitry circuits 24
and 25 for the various request and encodi ng changes so that the
singl e cycle processor requests can be prgﬁerly _ sequenced as two
separate clock cycles on system bus 101 e encodi ng for t he tmo.

request cycl s perfornmed by bl ocks 22 and 23, which receive as
i nput s the w&M!’M-%ad (WR#) signal, the nmenory or I/O transaction (M 10#)

si gnal W]d t he bus cycl e defi nition (CACHE#) signal from processor 11.
The CACHE# rEmal is asserted by the processor during cache wite-back
cycles, and also to notify external nmenory that the processor w shes

[ b t bus cycle.
to perforlm a CaCh? . H nR Jo'nliputer system cor%anI g > y

a host processor;
a system bus that operates according to a standard signaling protocol
which is compatible with the host processor;
one or more agents coupled to the system bus;
a card coupled to the system bus, the card including:
a processor that operates according to a second signaling

protocol which differs from the first signaling protocol;

O 0 N N B W N

a bus conversion device coupled to the proceésor and to the

[
o

system bus that converts the first signaling protocol of the bus to the standard

ot
[y

signaling protocol, and vice-versa, so that information may be transferred

between the processor and the host processor.

p—
8]

I 2. The computer system of claim 1 wherein the card further
comprises:

a cache memory coupled to the processor; and

the one or more agents includes a memory device, wherein information

is transferred between the processor and the memory device via the bus

A W A WM

conversion device.

1 3. The computer system of claim 2 wherein the one or more agents

2 are classified as either symmetric agent(s) or priority agent(s), the symmetric

This Sheet Has Been R
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In addition, request encoder 22 receives the DJC# (data/code) signal to
I ndi cate the type of read operation requested. The encoded
out put signals produced by blocks 22 and 23 are input to mul ti pl exer
24. The output selected fromnultiplexer 24 is controlled by the 5
request cycling state machine 21, as shown in Figure 6. \WWen an ADS#
signal is issued onto bus 101 by request cycling state machine 21, the
vari ous request types from processor 11 are encoded during the first
cycl e by encoder 22. At this tine, address signals provided by
processor 11 are selected for out put onto the system bus address
lines, A# [35:3], via multiplexer 25. Ba&9c 10 information about the
request type is also placed onto the system bus 101 via t he REQH[ 4: 0]
| i nes duBi ngageints Suppdrtingdistribitegliedtitratiorodecordihgnteya bircular prioritypl enent ed
using ordinary conbinatorial |logic that converts the Pentium type
pins int# a@lgoithmte request-type signals on the Pentium Pro[err] _
processor bus, according to one enbodi nent of the present invention.
15 During the second clock cycle, nultiplexer 24 selects the
Reqb[ 4: 0]l : ] ) )
4, The computer system of claim 3 wherein the bus conversion

2 device is classified as one of the symmetric agent(s) on the system bus, the bus

3 conversion device including arbitration conversion logic that obtains ownership
4 of the system bus on behalf of the processor according to the circular priority
5

algorithm:.

1 5. The computer system of claim 3 wherein the bus conversion

2 device further comprises:

3 an outgoing request converter that converts requests from the processor
4 into the first and second request cycles on the system bus.

1 6. The computer system of claim 5 wherein the bus conversion

2 device further comprises:

3 an incoming request converter that identifies a transaction on the system
4 bus that is snoopable by the processor, the transaction being input by the

5 incoming request converter to the processor.

1 7. The computer system of claim 6 wherein the bus conversion

2  device further comprises: _

3 a cache coherency control unit that receives a signal from the processor
4 indicating either a cache hit, a cache hit to a modified line, or a cache miss, the

This Sheet Has Been Replaced

(LTI T

*

c

111> SHEET HAS BEEN
l REPLACED




out put of encoder 23 for output onto the systembus 101. Also during the
second cycle, the address signal lines are utilized to send additional
i nformati on about the request type to the pipelined bus. This information
includes various attributes of the request type such as the byte enable
signal- 20 lines (BE#[7:0]); a split cycle (SCYC#) signal that notifies

| ogic that the | ocked transfer request is tw ce the nunber of bus
cycl es expected; the page wite- through (PW) signal that specifies
whet her the L2 cache should use a wite- back or wite-through policy
for the line being witten to; and the CASEE#

19 signal. This information is selected as the output onto the

addr ess | fnegache coheréntit eohtkal unktWeify ré%ﬂddéi}eefbet'he?&cﬂégﬁif‘ﬂ) fHEmoah

cycl e. In a system configuration which includes a responding

agent cap@bl dinefby asserting/deasserting a ready signal that throttles dirty data from the

7 modified line output by the processor to the system bus.

1 8. The, corhputer system of claim 6 wherein the bus conversion
device further comprises:

a cache coherency control unit that receives a signal from the processor
indicating either a cache hit, a cache hit to a modified line, or a cache miss, the
cache coherency control unit including a buffer that stores dirty data responsive
to the cache hit to the modified line output from the processor, the dirty data

then being sent to the bus by the cache coherency control unit in accordance

N 3 A AW N

with the first signaling protocol.

1 9. The computer éystem of claim 1 wherein the bus conversion

2 device further comprises: .

3 a bus lock converter that converts a first lock signal generated by the
4  processor in conjunction with an atomic transaction into a second lock signal
5  provided on the system bus in accordance with the first signaling protocol.

1 10.  The computer system of claim 1 wherein the system bus

2 comprises a pipelined bus.

1 11. A computer system which comprises:
2 a host processor that operates according to a first signaling protocol;
R
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deferring a transaction (i.e., causing it to conplete- out-of-order) ORC 20
shoul d 5 include logic that de-asserts the DEN# signal line with each
request issued on bus 101. The DEN# signal is the defer-enable
signal, and is driven on bus 101 on the second cl ock of the request
phase on the EXF1 #/ Ab4# pin (i.e., bit 4 of t he second cycl e address
pins). This signaling |ogic, for exanple, may be I ncluded in the
ordinary conmbinatorial logic of state nmachine 21. De-asserting 10 DEN#

wi th each out going request prevents any respondi ng agent from

deferring a transaction. - Addaess parity and request parity
signals are al so generated by bl ocks ~ 27 and 28, respectively, onto

15 turtha | nol udtEHPENE R R g o by grenifeotur SrPABHE R ATAYCS

the bus t0 bg ﬁgﬁggr&%{: n9 atomc transactions; that is,
transacti ons

vera 'cl ock cycles that cannot be i nterrupted. Although

the Iock pr@fsﬂﬁq%avw atm&a?ﬁﬁéfwnmeeﬁﬁ@éudn% simlar to the |ock
signali ng pr ot ocol 'ement'ed on the Pentium Pro[err] processor bus,

exactly \ghen a | og K:aﬁﬁthél‘%nlugs into @SS16Y, e chrd Rieusig apluralityet s@aRopULRIDUS

pr ot ocol s vari es.

7 devices and having a plurality of interface terminals that correspond to the

8 terminal connections, the plurality of semiconductor devices including:

9 a processor having a plurality of pins that operates according to a

10 second signaling protocol which differs from the first signaling protocol of the

11  system bus;

12 a bus conversion device that converts the first signaling protocol of

13 the pipelined system bus into the second signaling protocol of the processor

14 and visa-versa, the bus conversion device having a first interface connected to

15 the interface terminals which is compatible with the first signaling protocol of the

16 system bus, and a second interface coupled to the pins of the processor which

17 is compatible with the second signaling protocol of the processor.

1 12. The computer system of claim 11 further comprising a plurality of

2 symmetric agents that arbitrate for ownership of the system bus using an

3  arbitration algorithm.

1 13. The computer system of claim 12 wherein the arbitration algorithm

2 comprises a round-robin algorithm.

I —————
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20 Figure 7 illustrates a bus |lock converter conprising a | ock

conver si on finite state machine 51 that receives a LOCK# signal from
processor 11, as well as an input fromORC 20. In system bus 101, the
LOCK# signal is a bi- directional signal bused anong all agents.
According to the bus arbitratien

20 - protocol of the Pentium ProTM processor, a current bus owner may
assert LOCK# to define an indivisible bus | ocked operati on.

Shortly after processor 11 asserts its LOCK# signal, system bus 101
receives the transl ated LOCK# si gnal fromthe | ock conversion state nmachine
5 according to the signaling protocol of 3%us 101. State machi ne 51

basi cal | | enents a vari abl e I iti.ng for nal s suchsas
ADo. etd. | 1o bk rth%Eﬂ@Perééyﬁwbﬁgc%" wherein e Gerd biefigns as a
corr ESDOQ"' ns?lmr%% agecm on the sys?em bus.

1 15. The computer system of claim 14 further comprising one or more

2  priority agents that can gain immediate ownership of the system bus from one of
3 the symmetric agents upon assertion of a priority request signal on the system

4 bus.

1 16. The computer system of claim 13 wherein the card functions as a
2  priority agent that can gain immediate ownership of the system bus from one of
3 the symmetric agents upon assertion of a priority request signal on the system

4 bus.

1 17. The computer éystem of claim 14 wherein each symmetric agent

2 has a unique agent identification (ID), and a rotating ID value that reflects which

3 symmetric agent has a lowest priority for a next arbitration event.

1 18. The computer system of claim 17 wherein the bus conversion
2 device further includes:

3 bus request logic that converts bus request signals of the processor to
4  bus request signal of the system bus in accordance with the first signaling

5 protocol;
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101. The LOCK# signal on bus 101 l|asts through the series of atomc
transactions and then is deasserted after the transactions have been 10
conpl eted. Again, the de-assertion is performed in accordance with the it
appropriate S|gnallng protocol of bus 101. As can be seen in
Figure 4, bus conversion device 15 al so includes an I ncom ng request
converter (IRC) 30 for converting signal requests on the system bus
into signals that can be input into processor 11. According to the 15
signaling protocol of the Pentium processor, an external address strobe
(EADS#) signal is asserted to tell the pB38cessor that a valid address is
pr esent on its | ocal address bus, and that this address can be
snooped. 6Men t hean agent D staleisachine caupled toltbe pusaeguest logierthatr s t he
menory address fromthe bus to the cache directories and a | ook-up
takes pl dce. dBgrminassars agentel Ptatithe husconversion Hepicede segporisestodd BE ST

I ncl ude an EADS# signal, or its equivalent, the present invention

i npl ements t PR tH Q)FY% RIMBUSchene. Si nce pi peI i ned bus 101 is
comonly a multi-a

ent system bu na
i ndi cate? a reque§% W“Q"téatﬁ!“?%ﬂ“@ “é’é’@?ﬂﬁ%to agentl %@@rﬁ‘@cﬁtﬂ?pl ed
to the bys s @Eﬁs?@ﬁ&és"t%éu@eﬁm HEohiER & ottt sBE8 e e &ystB bus and

11 determines when the processor has obtained ownership of the system bus;
12 hold assertion logic coupled to the symmetric owner state machine that
13 generates a hold signal input to the processor, the hold signal requesting the

14  processor to relinquish ownership of the system bus.

1 19. The computer system of claim 18 wherein the bus conversion
device further comprises:

an outgoing request converter that converts requests from the processor
into first and second request cycles on the system bus; and

an incoming request converter that identifies a transaction on the system

bus that is snoopable by the processor, the transaction being input by the input

S - N Y T L7 B

request converter to the processor.

1 20. The computer system of claim 19 wherein the bus conversion
device further comprises:

_ a cache coherency control unit that receives a signal from the processor
indicating a cache hit to a modified line, the cache coherency control unit being

responsive to the signal by throttling dirty data from the modified line output by

o WV, T - N VS I

the processor to the system bus.
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21 the request type, determ ne whether it is appropriate to snoop bus
101, and also what to do with the information. As shown
in Figure 8, |IRC 30 includes an incom ng request conversion | ogi c

bl ock 31 that receives request signals REQ#[4:0] fromsystembus 101. 5
‘Logi ¢’ bl ock 31 al so receives ADS# signal frombus 101. Incom ng request
conversion logic 31 functions to determne if a request on bus 101 is

snoopabl e by processor 11. If the current transaction on system bus
101 i s snoopabl e, | ogi ¢ bl ock 31 gguses EADS# to be driven into the
processor along with the address information. Note that I RC | ogic

bl ock 31 controls tri-state buffers 33 10 and 34 to assert/de-assert'the
EADS# signal and the address pins of processor

I ncomi ng y equest SenVeqRL s;ﬁlgl;?ﬂ&?:‘fuko@c?lﬁ@ﬁ?eave rﬂfh%sbﬁ EoMBfQ#ohdate

(1'NV) S|gnal to direct process 0 el e cache l'ine vali
or to 2 device further comprises a cache coherency control unit that receives a signal

from the processor indicating a cache hit to a modified line, the cache
coherency control unit also including a buffer that stores dirty data, the dirty data
being output from the modified line by the processor being stored in the buffer

and subsequently sent to the system bus by the cache coherency control unit in

~N Sy AW

accordance with the first signaling protocol.

1 22. The computer system of claim 21 wherein the bus conversion
device further comprises:
a bus lock converter that converts a first lock signal generated by the

processor in conjunction with an atomic transaction into a second lock signal

W A WN

provided on the system bus in accordance with the first signaling protocol.

—

23. The computer system of claim 9 wherein the outgoing request
converter comprises:

a request cycling state machine that generates a system bus address
strobe signal and control signals once the processor has gained ownership of
the system bus and has asserted a processor address strobe signal;

multiplexer circuitry having a plurality of inputs and outputs selected by
the control signals;

request encoding circuitry that converts various request-type signals from

O 0 NN N N

the processor to the system bus, the request-type circuitry being coupled to the

e
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mark it invalid in the case of a snoop hit. In the event that the cache
line 15 contains valid data, the line is placed in-a Shared cache

coherency state. Note that | ogic block 31 should make sure that the
address hold (AHOLD) signal is . asserted so that processor 11 can
properl.y snoop the address bus..”This i nsures that cache consistency is
mai nt ai ned. At this point it should be understood that the

i nplrenentation of IRC 31 20 shown in Figure 8 assunes that system bus 101
has been de- pi pelined for pur poses of signal convention. In
alternative enbodi ments of the present 35' invention, it may be desirable

to not de-pipeline bus 101. In such an i npl enmentati on, bus conversion

devi ce 1510wuhtliifiplexdcsirduis) ddeh %ét%?ﬂing %Ckf %t#eosé by the processor is

22 mechani smthat would send all
peri odi cally sequenceidchinté acdual &6 fedeiedOdn the system bus.

I
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Al so note that I RC 31 includes snoop control |ogic which prevents 36-bit
I nterface. For
requests. Therefore,
| RC | ogic block 31 insures that requests which are greater than
Figure 9 is a
(CCC 40 shown
enbodi nent of Figure
state machine 41

led to diGOMPUEER SNSTEM BROVIPING AjUN. A ITRETURE ;ADAPTIVE
fglrjgugh t?i - IST%Q!%% VARIETY OF; PROCESSOR %%?ﬁé%ggm?%@?ggiamchi ne Zi

requests on system bus 101 from being sent to the processor
5 exanple, the Pentium processor is limted to 32-bit

32-bits are not snooped by processor 11.
det ai |l ed di agram of the cache coherency control un
in the bus conversion device 15 of Figugg 3. The

9 shows CCC 40 conprising snoop result conversion

It
10

that a snoop has been driven i nTo processor 11, a few clocks later the
processor provi des signals to CCC 40 indicating that either a cache

hit, a cache ABSTRATT 10F AHEYDISCL.OSURE cache m ss has occurred. This

I nformation is signaled via signal

l'ines H T/H TM and ADS.

Snoop result conveAstamputenisgstent provididd saliniversainarchiteeties incluldes lae

I nput -order queue (10Q associated with bus 101. The I0OQ nonitors the
system piocessor canddzonmeptashlol aisysteimpus of 2 bosheomputer syatem.ndhand
tristate buffer 43 so 20 that the data may be transferred to bus 101 in
accor dance wi prpcessorcayddsiasigpted for insertion into a slot of the computer system and

5 houses a processor and a bus bridge conversion device. The processor

operates according to a signaling protocol which is different than the

signaling protocol of the computer system bus. The bus conversion device

converts the signaling protocol of the system bus to the signaling protocol of

the processor, and vice-versa. The bus conversion device includes logic for

10 bus arbitration conversion, bus lock conversion, and cache coherency

control. Logic is also included that converts incoming and outgoing requests

so that the card may properly transact with other agents coupled to the bus.

_\\
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pkotobgl of bus 101. In one enbodinent, |OQ conprises-ordinary bus state

tracking | ogic.
i nformati on at
23 _
wher ei n each

pi pel i ned bus.
well. In this manner, al

I n one enbodi nent,

Each 10Q entry
bus agents may
transaction as it flows through the pipeline on the bus.
presently descri bed enbodi nent,

The bus state tracking logic sinply presents state
the correct time via system bus 101.

| OQ conprises a plurality of entries

entry translates to a current transaction on the

tracks the state of the transaction as

de- pi pelined for conversion to processor 11
al so conmuni cates sone of the infornatugg fromthe
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snoop event back to the bus tracking |logic of systembus 101. In the event
of a , hit to a clean line, or a cache mss, state machine 41 sinply
reports this status to 10 systembus 101 at the appropriate tine. But if
a hit occurs to a dirty line (i.e., the processor asserts H TM
signal), this situation requires special handling since processor 11
is designed to inmmedi ately output dirty data. When an ADS#
signal is detected by state machine 41 foll owi ng a snoop hit, this
means that dirty data will be imediately sent out by processor 11. 15
Since the signaling protocol of system bus 101 does not allow data to be
dunped in this manner, dirty data buffer 42 captures the data as it is

out put from processor 11 so thaf7it could be sent onto bus 101 at the
appropriate tine. This process is, of course, under the control of
snoop result conversion state machi ne 41. The bus st tracki ng
logic in the 10Qis also coupled to dirty data 20_buffgr 42 in the |

i npl.enentatidn of Figuré 9 since it has the Tnformation — Tnidicating
when dirty ddra may be sent on system bus 101 to conplete the 1
transaction. 1 Al ternatively, srbop resultfconversionlstate

-machi ne 41 mdy use the 12 BRDY# signal fo°®thtoftl it data leing out put

by processor (11. In this -J :
{
11
CACHE |, N PROCESSOR |/ :
(L2) 7T (Pa) !
17 P {
X :
VANEEVAN :
|
i
' : 1B8L—19] 138 | s

BUS BRIDGE/ (—— DATA p
CONVERTER CNTL
% ADDRESS

[ e e —————

e s o v e o = = ——

SYSTEM BUS 101

= ==



24 f@alternative inplenmentation, buffer 42 may be elimnated, and the
data bus 1ines fromprocessor 11 may sinply by tri-stated by
tri-state devices 43 before being coupl ed to system bus 101. Note
that in this enbodi nent, BRDY# is used to indicate that the currently
addr essed device has accepted data fromthe 5 Pentium processor in
response to a wite. In other words, snoop result conversion state
machi ne 41 operates to allow data to be transferred directly to

system bus 101 by providing an appropriaggThandshake si gnal .

To reiterate, logic block 41 takes the shoop result from processor 11 and

passes it to the 10Q which is incorporated in bus interface 101. In the
event 10 that a HHTM# signal is aésertedknoﬁgocggﬁpr %}mcsnohp resul t

conversion state |~ 200
- CACHE || CACHE || CACHE
b A A
- / / /
15 7 ¥
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machi ne 41 waits until the next ADS# signal has been output by processor
11, since that signals the beginning of the dirty data dunp.

Figure 10 illustrates the bus request protocol conversion logic unit 70,
whi ch conprises ordinary state nmachine and conbinatorial |ogic.: As shown,
15 logic unit 70 includes bus protocol conversion finite state machine 72

and in- order queue 71. State machine 71 perfornms required protoco
si gnal conversi on between processor 11 and system bus 101. In-order
gueue 71 is utilized to keep track of the state of both buses, on
opposite sides of the interface. Jgﬁ}71 i ncl udes ordinary |ogic and
regi ster storage for holding bus 20 stdi'e information, as specified in
accordance with the protocol of system bus 101. In
addition to trdcking-the state of the si grets—sirpwn on both sides of the
bus interface,:logic unit 70 al so progdps pecessgary h%ndshaking si gnal s,
e.g., dat@ transfer handshaki ng. \I0t§l:t hal in cegrtain instances, the
bus signal s on; R g% ~ 1 -
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25 opposite sides of the interface have closely related functions.
For exanple, the ADS# signal coupled to -processor 11 is a

uni -di recti"onal address strobe signal. The correspondi ng conversion
is to the ADS# signal of system bus 101, which is bi-directional in
nat ure.) 5 As can be seen, bus tracking logic unit 70 converts
various signals transmtted between system bus 101 and processor 11.
Included within this group is the address parity error signal AERR#
in accordance with one enbodi ment ofs/zhe present “i nventi on. An agent
detecting a parity error asserts the AERR# signal during the error
phase of the .transaction. Al bus agents 10 observe the AERR# and on the
next clock abort thg erroneobfBOMBARnsacti on by remoying the
transaction fromthe i n-order gleue and canceling all égining i

phases associ at ed mﬂtr the tranpaction. The_correspondi ng addresp barity
signal on the processgr si de of tgg%interface i s APCHKFWV% - t he event -of an
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addr ess parity error, processor 11 activates APCHK#. 15 Al so
i ncl uded on the system bus side of the interface of logic unit 70 are
signals H T#/ H TM¢. H T# and H TM¢ are used to indicate that a line is

valid or : invalid in the snooping agent, whether the line is in the
nodified (dirty) state in t he caching agent,. or whether the snoop
phase needs to be executed. The H T# and H TM# signals are used to

mai ntai n cache coherency at the system 20 |evel. As expl ained previously,
when a snoopi ng agent asserts H TM¢ the 6/7 agent assunes responsibility

for witing back the nodified |ine during the data phase (an inplicit
write-back). 5@ DEFER# signal is also driven in the snoop 1 phase. The
DEFER# i s dea e\N.,'ed toe i jcate that the transaction can be!l A0
guar ant eed i n- orden conpl ¢tion. An agent asserting DEFER# enéﬁ;es pr oper
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26 - ' renoval of the transaction fromthe 10Q 71 by generating the
appropriate . .response. The response signal group of a transaction
occurs after a snoop phase of the same transaction and includes the
signals RS#[ 2: 0] which provide encodi ngs describing the required
snoop result. The response agent is the 5 agent responsible for
conpleting the transaction at the top of the 10Q 71. For wite
transactions, TRDY# is asserted by the response agent to indicate that it
IS ready to accept wite or mmiteba3ﬁ7data. The data
A.ransfer signal group contains signals driven in the data phase and
i ncl udes DBSY#/ DRDY# (data bus busy and data ready). DRDY# 10 i ndicates
that valid data is on the bus and nust be |atched. The data bus owner

asserts DRDY# for each dlpck—mwhichvatddata—s—tobe transferred.
DBSY# i s used to Q | d the bus before the first DRDY#iand between
DRDY# assertions for ! a nultiple clock data transfer| iThe snoop,
response, and data phase si Salid RNQrNWW$Jng§hEd vi fas 71. 15
Bus protocol conversion!state hregite—7z2—provt tput [ tto .
processor 11 that includg the nept addresg input (NA#). The NA# input’is
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asserted by a device that requests that the next bus cycle | S LA A e o T2 X
buses:prior to the current cycle ending. The external right bﬁé?kﬁ E@HﬂﬁySHEET
(EWBE#) signal is provided to processor 11 to ensure that ngry 26
operations occur in order of execution (i.e., strong nmenory ordq;hn?pf EQ?
ensures that all buffered wites are conpl eted by executing|the nex

I nstruction. As previously discussed, the BRDY# signal indigates that—the
currently addressed device has presenteg.valid data on the Hata bus pins in
response to a read, or that the currentTy addfessed device has acce [eu

dat.a COMPUTER SYSTEM PROVIDING A UNIVERSAL AR Rﬁw
processor i nTPe3pYARIETY QF,FROCESSAR ITHHES ANR\BUS, R cont roI
signal indicating whether a lo efn €ad 1S wihin cacheabl e

address space. If an address is not cacheable, the KEN# |line is driven
ABSTRACT OF THE DISCLOSURE ‘

A computer system providing a universal architecture includes a
processor card connected to a system bus of a host computer system. The
processor card is-adapted for insertion into a slot of the computer system and

5 houses a processor and a bus bridge conversion device. The processor
'oberates according to a signaling protocol wﬁich is different than the
signaling protocol of the computer system bus. The bus conversion device
converts the signaling protocol of the system bus to the signaling protocol of
the processor, and vice-versa. The bus conversion device includes logic for
10 bus arbitration conversion, bus lock conversion, and cache coherency
control. Logic is also included that converts incoming and outgoing requests

so that the card may properly transact with other agents coupled to the bus.

(Fig. 3)




I nactive telling the processor not to perform a cache line-fill.
- 28 - 1. A nultiprocessor conputer system conprising:} %ﬁP &EIIUDL
AAGEMENT SHEET !

processor; a system bus that operates according to
signaling protocol which is conpatible with the host procgsgor; j f

or nore agents coupled to the system bus, the one or nore genﬂs? bﬁgﬁpgﬁn
classified as either symmetric agent(s) or priority agent(g)Lan_the sys“f
bus; a card coupled to the systembus, the card functioning as a
symmetric agent on the system bus and |n5 ud| ng: an
addi ti onal processor that operates accordihg to a second signaling

1. A multiprocessor computer system comprising:

a host processor;

a system bus that operates according to a standard signaling protocol which is
compatible with the host processor;

one or more agents coupled to the system bus, the one or more agents being
classified as either symmetric agent(s) or priority agent(s) on the system bus;

a card coupled to the system bus, the card functioning as a symmetric agent on
the system bus and including:

an additional processor that operates according to a second signaling
protocol which differs from the standard signaling protocol;

a bus conversion device coupled to the additional processor and to the
system bus that converts the standard signaling protocol of the system bus to the
second signaling protocol, and vice-versa, so that information may be transferred
between the additional processor and the host processor, the bus conversion device
including arbitration conversion logic that obtains ownership of the system bus on

behalf of the additional processor according to a priority algorithm.

2. The multiprocessor computer system of claim 1 wherein the card further
comprises:
a cache memory coupled to the additional processor; and
the one or more agents includes a memory device, wherein information is
transferred between the additional processor and the memory device via the bus

conversion device.
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protocol which differs fromthe stangarddzlgnallrg pr ot ocol ;
a bus conversion device coupled to the additional proc

system bus that converts the standard signaling protoc )W#@E@F&?sé@mb S
to.the second signaling protocol, and vice-versa, so t |nfornat|0
be transferred between the additional processor and thermkﬂ D desgsof
the bus conversion device including arbitration conveysion_|logic that
obt ai ns ownership of the system bus on be f of the jadditional procCesspr
according to a prlorlt al gorithm 2. The nulti [_CO

system of cl aBm Themuliracesser eamputes system ofcqumzmrem the priarity
coupled to the additi nor.e agents

P bdas o & riarie BlooBitan dRs SHiite aoentsisubPoRBA P e b HaBn  ne

ddi t | ~a<< ce via the bus
gEP:_AICER/E 8 nu R{ tr%rﬁrchth‘? %W%g&ﬁﬁ}n

5. The multiprocessor computer system of claim 3 wherein the bus conversion
device further comprises:
an outgoing request converter that converts each request from the additional

processor into [the] first and second request cycles on the system bus.

6. The multiprocessor computer system of claim 5 wherein the bus conversion
device further comprises:
an incoming request converter that identifies a transaction on the system bus
that is snoopable by the additional processor, the transaction being input by the

incoming request converter to the additional processor.

7. The multiprocessor computer system of claim 6 wherein the bus conversion
device further comprises:

a cache coherency control unit that receives a signal from the additional
processor indicating either a cache hit, a caché hit to a modified line, or a cache miss,
the cache coherency control unit being responsive to the cache hit to the modified line
by asserting/de-asserting a ready signal that throttles dirty data from the modified line

output by the additional processor to the system bus.

8. The multiprocessor computer system of claim 6 wherein the bus conversion
device further comprises:
a cache coherency control unit that receives a signal from the additional

processor indicating either a cache hit, a cache hit to a modified line, or a cache miss,

_—
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- 29- 3. The mul tiprocessor conputer system of‘_ claim?2 wherein the
pri.oity algorithmis a circular priority algorithm jt nt s
supporting distributed arbitration according to the ngmf §ﬁ?€?

al gorithm 4. The multiprocessor conmputer system df fcl ai m 3 whereiln |t he
bus conversion device further conprises: an odt goi hd CEGuISB
converter that converts each request fromthe additidnal___processor. iintjo
[the] first and second request cycl es on t30e syst em Qus. 5 The

mul ti processor co stemof ei n t hd

Govi oo 1 ur i caganBPheeacy ottt niindligarRies dia StoTeR ATBr Galh rERRNSIE fo

h th
bl t 1 ongt e SaBAg ARt ?’Lbeﬂ’?é’ﬁ'%&@??’té‘ﬁfmo ﬁ’b”fe %Wﬁ%§5ﬁ°§eg$4{§mﬂy oY Hetfest
converter ttReh BRIt k@t bl B feS@iche coﬁerencg%nﬁbil Hithh RS RfAhcE WNhE"

system of claim5 wherein the bus conversion evice further conprises:
a cache colstamdery sigrdlinglprotoictl.t hat recei ves a signal fromthe additional

9. The multiprocessor computer system of claim 1 wherein the bus conversion
device further comprises:
a bus lock converter that converts a first lock signal generated by the additional
processor in conjunction with an atomic transaction into a second lock signal provided

on the system bus in accordance with the standard signaling protocol.

10. The mulfiprocessor computer system of claim 1 wherein the system bus

comprises a pipelined bus.

11. A multiprocessor computer system which comprises:

a host processor that operates according to a first signaling protocol;

a pipelined system bus having a bus architecture compatible with the first
signaling protocol;

a plurality of symmetric agents that arbitrate for ownership of the system bus
according to an arbitration algorithm;

a slot having a plurality of terminal connections;

a card that plugs into a slot and functions as a symmetric agent on the system
bus, the card housing a plurality of semiconductor devices and having a plurality of
interface terminals that correspond to the terminal connections, the plurality of

semiconductor devices including:

_— | A O A
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processor

i i i i . noch-H-ed—i-Re.i Or
| ndi cat i ng %'ntéb%{ tlo%aFSrocessér Hav';’lngcaa %tbralml tof E)lLr’tsothatU operates aqg@r&mg

i ndicating either a cache hit, a cache hit t podified |jne, or
a cache mss, the cache coher.ency control unit being r sﬁﬂmcmm g;J;ET
cache hit to the nodified line by asserting/de-assert} ng—a—~eady..sl gna
that throttles dirty data fromthe nodified |ine outppt ﬁ?r‘h& géjltl anal
processor to the system bus. 7. The nultiprocessor OTp t 'Sy

claimb5 wherein the bus conversion devigg3 further conpfi

cache coherency control unit that receiv ¢

pr ocessor

of

a signal fromthe addltlonal

a cache m ss,

the cache caggy Qé&\ﬁda%i’%ﬁaﬂlﬁb prStobol vATLR glf%gse gonlt?luthg 6Wrst aliﬁé g’rﬁ]&tﬁﬁ@' dfipe dat a

responsive to the cache
addi ti onal

to the no
mystepsbas;, the dirty data then being sent to the bus by the

cache coherency control unit in accordance with the standard signaling

pr ot ocol .

a bus conversion device that converts the first signaling protocol of the
pipelined system bus into the second signaling protocol of the additional processor
and visa-versa, the bus conversion device having a first interface connected to the
interface terminals which is compatible with the first signaling protocol of the system
bus, and a second interface coupled to the pins of the additional processor which is
compatible with the second signaling protocol of the processor, the bus conversion
device including arbitration conversion logic that obtains ownership of the system bus

on behalf of the additional processor according to the arbitration algorithm.

13. The multiprocessor computer system of claim 11 wherein the arbitration

algorithm comprises a round-robin algorithm.

15. The multiprocessor computer system of claim 11 further comprising one or
more priority agents that can gain immediate ownership of the system bus from one of

the symmetric agents upon assertion of a priority request signal on the system bus.

16. The multiprocessor computer system of claim 13 wherein the card [functions
as a priority agent that] can gain immediate ownership of the system bus from one of

the symmetric agents upon assertion of a priority request signal on the system bus.

17. The multiprocessor computer system of claim 11 wherein each symmetric
agent has a unique agent identification (ID), and a rotating ID value that reflects which

symmetric agent has a lowest priority for a next arbitration event.
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8. The nultiprocessor conputer system of claim1l wherein.the hus
conversion device further conprises: a bus | CRE[emgmgmf SHE@-F
converts a first |lock signal generated by the additiofal~{processor
conjunction with an atom c transaction into a second lfogk 1?g g]lg ér OVI ded
on the systembus in accordance with the standard si gpalli nﬁ pE

9. The nultiprocessor conputer systemof claim1l whereé+a—the-system bys

conprises a pipelined bus. 10. A mil 82 pr ocessor cprput er system whi ¢h
conpri ses: [ocessor er -
signaling prot gc he mu(?t?p robé SffOEcB@PPf?é%E’g\%&

archi tect ur? ﬁ&éfﬁﬂ&né?'.ﬁcm&éi the first signali ng prot ocol ; a

plurality of symmetric agents that arbitrate for ownership of the system
bus according tiusreqaest ibyistthatncorveas ibubfequest signal® oflthé aldditiongl processor

plurality of term nal connections; a card that plugs into a slot and
functions ato bussieaguest signaly ofthecsystera bug én ansdrdance: with tmarimrshsgsaht‘g; protocol;
plurality of sem conductor devices and having a plurality of
an agent ID state machine coupled to the bus request logic that determines an
agent ID for the bus conversion device in response to a RESET on the system bus;
a symmetric owner state machine coupled to the agent ID state machine, and
bus request logic, that monitors a current state of the system bus and determines when
the additional processor has obtained ownership of the system bus;
hold assertion logic coupled to the symmetric owner state machine that
generates a hold signal input to the additional processor, the hold signal requesting

the additional processor to relinquish ownership of the system bus.

19. The multiprocessor computer system of claim 18 wherein the bus conversion
device further comprises:
an outgoing request converter that converts each request from the additional
processor into first and second request cycles on the system bus; and
an incoming request converter that identifies a transaction on the system bus
that is snoopable by the additional processor, the transaction being input by the input

request converter to the additional processor.

20. The muitiprocessor computer system of claim 19 wherein the bus conversion
device further comprises:
a cache coherency control unit that receives a signal from the additional
processor indicating a cache hit to a modified line, the cache coherency control unit

being responsive to the signal by throttling dirty data from the modified line output by

YA

the additional processor to the system bus.
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interface termnals that correspond to the term nal connections, the

plurality of sem conductor devices including:

- 31 - an additional processor having | REPUABEMENT SHERTNE
that operates according to a second signaling protogcof—marech—differs from
the first signaling protocol of the system bus; AP ,g&%s
conversion device that converts the first signaling jprpt AC?O|M'5€E e
pi pelined systembus into the second signaling protdcor—of-the—additli onal
processor and visa-versa, the bus conversian devic

i nterface connected to the interface termnals whi
the first sigpalTHOMRIRIOSERs0PEorhPitep ¥ydta of Ritim FNWherehe R us edriver§ion
coupled to the pins of the additional processor which is conpatible with
t he secondieviognfalthagcemptisesod cache tehgemayessino) unihthab veceivesva signahfromdbiece

including arbitration conversion |logic that obtains ownership of the system
bus additional processor indicating a cache hit to a modified line, the cache coherency

having a first

control unit also including a buffer that stores dirty data, the dirty data being output
from the modified line by the additional processor being stored in the buffer and
subsequently sent to the system bus by the cache coherency control unit in

accordance with the first signaling protocol.

22. The multiprocessor computer system of claim 21 wherein the bus conversion
device further comprises:
a bus lock converter that converts a first lock signal generated by the additional
processor in conjunction with an atomic transaction into a second lock signal provided

on the system bus in accordance with the first signaling protocol.

23. The multiprocessor computer system of claim 9 wherein the outgoing request

converter comprises: |

a request cycling state machine that generates a system bus address strobe
signal and control signals once the additional processor has gained ownership of the
system bus and has asserted a processor address strobe signal;

multiplexer circuitry having a plurality of inputs and outputs selected by the
control signals;

request encoding circuitry that converts various request-type signals from the
additional processor to the system bus, the request-type circuitry being coupled to the

multiplexer circuitry such that a single cycle request by the additional processor is

sequenced into a dual cycle request on the system bus.
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on behal f of the additional processor according to the arbitration
al gorithm 10 11

The nul ti processor conputer system of claim 10 wherein the ETRITT :
al gorithm conprises a round-robin algorithm 12 The nu tﬂoéﬁ’ﬁ-(ﬁgé@g@f SHEET
conputer systemof claim 10 further conprising one or norefpfrority agents
that can gain inmedi ate ownership of the system bus fromong of { !LWJB 1898
symmetric agents upon assertion of a priority request signa n the system
bus. - 28 - 1T 13. The
mul ti processor conputer systemof claim 11l wherein the card|[functions as

W

a priority agenf inbitipfocssogcormputensystamnacomprisirgfyi p of the system bus from
one of the synmetric agents upon assertion of a priority request signal on
the system bus.a hogifprocesHioe nul ti processor conputer system of claim 10

wherein each symmetric agent has a uni que agent jdentifjcation (I1D), and a
rotating I D vaméy%tﬁ@tbqset%%e%r% gcoLdiRgniq Aista sigRglingPreioe which by i t y

for a next,atBifi8 Wik h VoY processor:

one or more agents coupled to the system bus, the one or more agents being
classified as either symmetric agent(s) or priority agent(s) on the system bus;

a card coupled to the system bus, the card functioning as a symmetric agent on
the system bus and including:

an additional processor that operates according to a second signaling

* protocol which differs from the standard signaling protocol;

a bus conversion device coupled to the additional processor and to the
system bus that converts the standard signaling protocol of the system bus to the
second signaling brotocol, and vice-versa, so that information may be transferred
between the additional processor and the host processor, the bus conversion device
including arbitration conversion logic that obtains ownership of the system bus on

behalf of the additional processor according to a priority algorithm.

2. The multiprocessor computer system of claim 1 wherein the card further
comprises:
a cache memory coupled to the additional processor; and
the one or more agents includes a memory device, wherein information is

transferred between the additional processor and the memory. device via the bus

LS
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- 32 - ) 16 15. The

mul ti processor conputer system of claim 16 wherein the bus [conversion
devi ce further includes: bus request logic that con eREELWEi‘HqSHEET
signals of the additional processor to bus request signal
bus in accordance with the first signaling protocol; n pgent ?Iﬁﬂ
state machi ne coupled to the bus request |ogic that determings aﬁ ‘h’éd tq
for the bus conversion device in response $p_a RESET on th YSTENThUS:

a symmetric owner state machine coupled to the agent |ID state nachine,

(.Ir LIIU D_yDL e

Q).

\J

and

bus request 3ogT'ée "M%ﬁfoﬁ%'iﬁq GP@P&@E@@@H{ OEQ‘Q'ETE dhersip tag
det erm nes. whe n processor obt ship..of. t he
syst em bud ircit rp"‘ﬂﬁY 8%%'@5?%8@’%‘? E'cd?gﬁﬂ sesdjpp§rt{|]1§ g&’%ﬁrﬁ@“%ﬁgr
state mac e nal input to the additional
processorhé{cla ﬁ@%‘%ﬂpﬁ; rﬁ%‘c?ﬁigq Pg"ﬂ;‘h?he addi tional processor to
relinqui sh ownership of the system bus

15 16. The nul ti processor conputer system of claim 15 wherein the bus
conversi on 48. The multiprocessor computer system of claim 3 wherein the bus conversion

device further comprises:

an outgoing request converter that converts each request from the additional
processor into [the] first and second request cycles on the system bus.

5@ The multiprocessor computer system of claim é’wherein the bus conversion
device further comprises:

an incomihg request converter that identifies a transaction on the system bus
that is snoopable by the additional processor, the transaction being input by the
incoming request converter to the additional processor.

5
67. The multiprocessor computer system of claim & wherein the bus conversion
device further comprises:

a cache coherency control unit that receives a signal from the additional
processor indicating either a cache hit, a cache hit to a modified line, or a cache miss,
the cache coherency control unit being responsive to the cache hit to the modified line
by asserting/de-asserting a ready signal that throttles dirty data from the modified line

output by the additional processor to the system bus.

5
18. The multiprocessor computer system of claim 8 wherein the bus conversion
device further comprises:
a cache coherency control unit that receives a signal from the additional

processor indicating either a cache hit, a cache hit to a modified line, or a cache miss,

A
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device further conprises: an out goi ng request conve;ter t hat
converts each request fromthe additional processor into fii p g

request cycles on the system bus; and an incomng r qﬁgﬁkﬁﬁﬁmﬁaﬁcggﬁET
that identifies a transaction on the systembus that is s ocpable by the
addi ti onal processor, the transaction being input by the ingpyt 1he@u§smgg
converter to the additional processor. :
16 17 The nul tiprocessor conputer sys8@&m of claim 16 erein the bus

nver si r | uni
Chat r ecer eBtnE SohiterdficofiEiiBiucing. o buf IBELTafES iAf 88 t

h [ sive
fo the o Sﬁgiédgﬁgt”ﬁ'r‘gi‘?? PRRITROHE GRPA TR the AALTSNAI pRocpesbl thE dH2RRg>

t he addi t ithealbeinigsasttothd bus be tisy sacHe éblﬁarency control unit in accordance with the

standard signaling protocol.

89. The multiprocessor computer system of claim 1 wherein the bus conversion
device further comprises:
a bus lock converter that converts a first lock signal generated by the additional
proceésor in conjunction with an atomic transaction into a second lock signal provided

on the system bus in accordance with the standard signaling protocol.

9100 The multiprocessor computer system of claim 1 wherein the system bus

comprises a pipelined bus.

10 yf A multiprocessor computer system which comprises:

a host processor that operates according to a first signaling protocol;

a pipelined system bus having a bus architecture compatible with the first
signaling protocol;

a plurality of symmetric agents that arbitrate for ownership of the system bus
according to an arbitration algorithm;

a slot having a plurality of terminal connections;

a card that plugs into a slot and functions as a symmetric agent on the system
bus, the card housing a plurality of semiconductor devices and having a plurality of
interface terminals that correspond to the terminal connections, the plurality of

semiconductor devices including:
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mul ti processor conputer system of claim 16 wherein the bus sL.00
device further conprises a cache coherency control unit th%t rigfiVQ§ a
signal fromthe addi ti onal processor indicating a cache jhit A8 &
| i ne, the cache coherency control unit also including a lbufFerthat
stores dirty data, the dirty data being,out put fromthe{nodified |line by
t he additional processor being stored in the buffer and sTbseguertly_sent

to the system bus by,theaans:EalesHing:S Py UF pins'that oA ERIANG G !

the first signaling pro _ _

18 19 dhesdBentli siriiRg PP6tocOMER LitfeYs trem 1Ak fiedtaiighaliBg \¥ietoebiosithe bus
conversion device further conprises: a bus Tock converter that
converts ayftensbus,ock signal generated by the additional processor in
conjunction with an atom c transaction into a second | ock signal provided
on the system bus i @ Ruscennyarsien deviee thet converts toe dliSionplipg prefeee!. of the
820 ot pPBbiioR SR Bls RS oS RNy SiofScB S ASLdeforia 5rS38s80} "0

and visa-versa, the bus conversion device having a first interface connected to the
interface terminals which is compatible with the first signaling protocol of the system
bus, and a second interface coupled to the pins of the additional processor which is
compatible with the second signaling protocol of the processor, the bus conversion
device including arbitration conversion logic that obtains ownership of the system bus

on behalf of the additional processor according to the arbitration algorithm.

10
11 ¥3. The multiprocessor computer system of claim ¥ wherein the arbitration

algorithm comprises a round-robin algorithm.

1218. The multiprocessor computer system of claim 1%? further comprising one or
more priority agents that can gain immediate ownership of the system bus from one of
the symmetric agents upon assertion of a priority request signal on the system bus.

11

1316. The multiprocessor computer system of claim 18 wherein the card [functions

as a priority agent that] can gain immediate ownership of the system bus from one of

the symmetric agents upon assertion of a priority request signal on the system bus.

1
1417. The multiprocessor computer system of claim TAD7 wherein each symmetric
agent has a unique agent identification (D), and a rotating ID value that reflects which

symmetric agent has a lowest priority for a next arbitration event.
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canverter conprises: a request cycling state nmachi hat_gener at es

a system bus address strobe signal and control signals on EREMQ Wil Ol
processor ‘has gai ned ownership of the systembus and has gass rfggmgm- §ﬁ€éT

processor address strobe signal; mul ti pl exer circuftfy havi nrg a
plurality of inputs and outputs selected by the control s|gpallst Alif 1393
request encoding circuitry that convertsg,various request-typé-sigrals fro
the additional processor to the system %us, t he nequest-type circuitry
bei ng coupl g 0Thé enulfiprobbsoR eemputdr@ysteny osdain Tathereimi (R e ..
request by The additional processor is  sequenced into a dual cycle request
on t he sysdevicé@gther includes:

-4

bus request logic that converts bus request signals of the additional processor
to bus request signals of the system bus in accordance with the first signaling protocol;

an agent ID state machine coupled to the bus request logic that determines an
agent ID for the bus conversion device in response to a RESET on the system bus;

a symmetric owner state machine coupled to the agent ID state machine, and
bus request logic, that monitors a current state of the system bus and determines When
the additional processor has obtained ownership of the system bus;

hold assertion logic coupled to the symmetric owner state machine that
generates a hold signal input to the additional processor, the hold signal requesting
the additional processor to relinquish ownership of the system bus.

1639. The multiprocessor computer system of claim % wherein the bus conversion
device further comprises:

an outgoing request converter that converts each request from the additional
processor into first and second request cycles on the system bus; and

an incoming request converter that identifies a transaction on the system bus
that is snoopable by the additional processor, the transaction being input by the input

request converter to the additional processor.

17 20. The multiprocessor computer system of claim %% wherein the bus conversion
device further comprises:

a cache coherency control unit that receives a signal from the additional
processor indicating a cache hit to a modified line, the cache coherency control unit

being responsive to the signal by throttling dirty data from the modified line output by
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16
_1_82/1. The multiprocessor computer system of claim 78 wherein the bus conversion

device further comprises a cache coherency control unit that receives a signal from the
additional processor indicating a cache hit to a modified line, the cache coherency
control unit also including a buffer that stores dirty data, the dirty data being output
from the modified line by the additional processor being stored in the buffer and
subsequently sent to the system bus by the cache coherency control unit in
accordance with the first signaling protocol.
18

19 227 The multiprocessor computer system of claim 21 wherein the bus conversion
device further comprises:

a bus lock converter that converts a first lock signal generated by the additional
processor in conjunction with an atomic transaction into a second lock signal provided

on the system bus in accordance with the first signaling protocol.

20.28. The multiprocessor computer system of claim 38 wherein the outgoing request
converter comprises:

a request cycling state machine that generates a system bus address strobe
signal and control signals once the additional processor has gained ownership of the
system bus and has asserted a processor address strobe signal;

muttiplexer circuitry having a plurality of inputs and outputs selected by the
control signals;

request encoding circuitry that converts various request-type signais from the
additional processor to the system bus, the request-type circuitry being coupled to the
multiplexer circuitry such that a single cycle request by the additional processor is

sequenced into a dual cycle request on the system bus.
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