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(54) Title: METHOD AND APPARATUS FOR CONFIGURING MULTIPLE AGENTS IN A COMPUTER SYSTEM L/

(57) Abstract

An apparatus (300) for con- &<
figuring multiple agents in a com-
puter system includes a first storage
device (315) for storing a set of con- sus
figuration values and a second stor-
age device (333) for capturing the
set of configuration values from the CONFIGURATION
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bus (302). These configuration val- = I S PWR_GD
ues are driven onto the bus (302) l I —

and retrieved from the bus (302) by 4
interface logic (310) within the ap- ;
paratus (300). The interface logic INITIALIZATION
(310) drives the configuration val- VALUES
ues onto the bus (302) when a regis- e

ter (336) within the apparatus (300) l

is activated. At system power-on,

the first storage device (315) de- i '
faults to a first set of values. These
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values are then driven onto the bus L
(302) and retrieved by each agent BUS ACE
(203 - 206) on the bus (302). This saoaE "
first set of values provides the sys- 300
tem with the necessary parameters . yoBus

to access and execute certain initial- ” 303
ization program(s). These initializa- < v

tion programs can modify the con-

figuration values stored in the first storage device (315). After the initialization program(s) modify the first storage device (315), they
activate a register (336) within the apparatus. This register (336) causes interface logic (310) to drive the values stored in the first storage
device (315) onto the system bus (302). Each agent (203-206) on the bus (302), including the apparatus (300), retrieves these values. The
apparatus (300) stores these values in a second storage device (333) and proceeds to operate according to the values in the second storage
device (333).




4. The apparatus as defined in claim1 wherein said interface logic + ™
drives said plurality of configuration values onto said bus when said first
register is witten to. 5. A met hod for sinultaneously configuring a =
plurality of agents in a conputer systemwith a first plurality of '
configuration values, wherein the conputer system i ncl udes a bus coupl ed
to the plurality of agents, said nethod conprising the steps of: (a)

driving a second plurality of configuration values onto said bus; (b)
accessing, according to the second plurality of configuration val ues, a
first storage device to determne said first plurality of configuration

val ues, wherein said first plurality of configuration values are different
that the second plurality of configuration values; (c) storing said first
plurality of configuration values in a second storage device; (d) driving
said first plurality of configuration values fromthe second storage device
onto said bus; (e) retrieving, by each of said plurality of agents

simul taneously, said first plurality of configuration values; and (f)
storing, by each of said plurality of agents sinultaneously said first
plurality of configuration values to sinultaneously define a plurality of
different operating paraneters for each of said plurality of agents.
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6. The nethod as defined in claim5 wherein said accessing ste
gonprises tWM@I¥BYEF7 of determining the nethod for accessing s §QQQ55

st orage devi ce based on said second plurality of configuratlon val ues. 7.
The nethod as defined in claim5 wherein said step (d) conprises the step
of activating a register causing said first plurality of configuration
values to be driven onto said bus. 8. The nethod as defined in claim?7
wherein said activating conprises the stepj-of witing to said register. 9.
A conputer system conprising: a flrst bus; a second bus; a first plurality
of agents coupl ) e qﬁQ't pl ed
to said second 0 TS
plurality of agents and one of g ‘ ~'ﬁ%ﬂof agents, wherein
said first agent includes, a first storage deV|ce whj ch stores a plurality
of configuration val ues, i nterface |l ogic for driving said plurality of
configuration val ues fronlsald first storage device onto said second bus

for retrievll and storage by ND OF THE INVENTI

Field of Invention

The present invention pertains to computer systems. More
10 particularly, this invention relates to jumperless configuration of multiple
agents within a computer system.

Background
Modern computer systems frequently include muitiple agents

15 coupled to a system bus. These agents may include such devices as
microprocessors, memory devices, input/output (1/O} devices, etc. in
order for the computer system to function properly, these agents must
operate together in performing their respective tasks.

One way of ensuring that the agents in a computer system

20 operate together is to establish a set of configuration values. These
configuration values generally include items which all agents must
agree on, such as error checking protocols. Thus, the agents in a
system function together properly when these configuration values are
the same for each agent in the system.

25 In addition to requiring agreement among the agents on the
configuration values, all agents should reach agreement at the same
time for certain configuration values. For example, one common
configuration value defines the error checking protocol for transfers over
the system bus; if agreement is not reached on this protocol then a

30 target agent would not be able to indicate to a source agent that an error
occurred. Furthermore, each agent shouid reach agreement on the
error checking protocol at the same time; if agreement is not reached at
the same time, then a period of time exists during which agents are



said second plurality of agents to configure a plurality of different
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controlling the nodification of said first storage device during operation

of said first agent,

configuration val ues,
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ystem powers-up, each agent has the appropriate configuration values (

and they are all set at the same time (i.e., at system power-up).

In order to change the configuration values for a particular agent

the user must change the setting of the jumper. Thus, to alter the

15 configuration values for all agents on the bus typically requires physical
manipulation of every jumper on every agent. Furthermore, the jumpers
typically must be changed while the system is turned off. Although it
may be physicaily possible to change jumpers while the system is
operating, such an action would not result in all values being changed

20 atthe same time. In addition, changing jumpers while the system is

' operating could cause unpredictable system behavior.

In addition, the use of jumpers increases the cost of the system in
two ways. First, the existence of pins and jumpers are an additional
material and manufacturing cost. Second, the manufacturer spends

25 time configuring the system (i.e., placing the jumpers), which adds to the
cost. Although this second cost may not exist if the end user rather than
the manufacturer configures the system, requmng such action by the
user increases user inconvenience.

As the performance of modern computer systems is continually

30 increasing, the uses for computer systems are also continually
expanding. Thus, it would be beneficial to provide a system which
could be easily modified to accommodate a wide variety of applications
and uses. In order to change uses, however, t_hé configuration values
stored in the system may need to be modified. Therefore, it would be

7
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storage neans onto said bus for retrieval and storage by eachﬁJ éﬁﬁ .
plurality oVO9BY3%nts in order to configure a plurality of S10HP
aperating paraneters in each of said plurality of agents; a nmeans for
controlling the nodifying of said first storage neans during operation of
sai d apparatus; a second storage device which stores said plurality of
configuration values after said neans for driving said plurality of
configuration values onto said bus drives-3aid plurality of configuration
val ues onto said bus, wherein the apparatus uses said plurality of
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present invention provides such a solution.



agents is a processor. 16. The apparatus as defined in claim1l, wherein
sai d i nt VPESBIMDBgic is also for asserting a reset signal RIGFB485ural ity
of agents, said reset signal indicating to each of said plurality of agents:
when to retrieve and store said plurality of configuration values. 17.

The nethod as defined in claim 5, wherein said retrieving step (e)

conpri ses each of said plurality of agents retrieving said first plurality

of configuration values in a sane clock gycle. 18. The net hod as
defined in claim5, further conprising the step of driving a reset signal
onto said bus concurrently wit g # | LT of configuration
val ues, and wherein each of erts retrieves and stores

said first pl ur al i Tiye presemt invantianicompriseses meibpd anidvappasatuisdor eset
signal . 19. coﬂ?@uﬁ)@trﬁml ﬁ@éq‘gwa@b,ﬁb@bgbg? teWler ei n sal d first agent is
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logic within the apparatus. The apparatus also includes a second
storage device for capturing the set of configuration values from the bus.
The interface logic drives the configuration values onto the bus when a

10 register within the apparatus is activated.

At system power-on, the first storage device defaults to a first set {
of values. These values are then driven onto the bus and captured by
each agent on the bus. This first set of values provides the system with
the necessary parameters to access and execute certain initialization

15 program(s). These initialization program(s) can modify the configuration
values stored in the first storage device and thereby set up the first
storage device with the desired configuration values for the system.

After the initialization program(s) modify the first storage device, a
register within the apparatus of the present invention is activated. This

20 register causes interface logic to drive the values stored in the first
storage device onto the system bus. Each agent on the bus, including
the apparatus of the present invention, captures these values. The
apparatus of the present invention stores these values in the second
storage device and proceeds to operate according to the values in the

25 second storage device.

Subsequent changes to the configuration values for the system
can be made during system operation by software. These changes are

- accomplished by modifying the values in the first storage device. Once
modification is complete, the software activates the appropriate register

30 within the apparatus, thereby causing all agents on the bus to capture
the new configuration values from the bus.
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DETAI LED DE¥P¥BFION In the fol | ow ng detail ed description rﬁfﬁ’ﬁ%ﬁg"g‘g

specific details are set forth in order to provide a thorough understandi ng
of the present 5 i nvention. However, it will be understood by those
skilled in the art that the present invention nmay be practiced w thout

t hese specifi.c details. In other instances, well known nethods, procedures,
conponents, and circuits have not been degsribed in detail so as not to
obscure aspects of the present invention. 1 Some portions of the
detail ed descriptions whi ERIEF bESCHIPTIORIORTHE DRAWINGSO! al gorithns and
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used by those dimitatisth inrthelfigudes ef theoaesompanying dirawingss in whiakclikevel y

convey the subspiigRedd irdiGite ﬁimﬁar &@%ﬂtg&%nﬁrﬁhiﬁﬁf Il'ed in the art. An
and generally,

algorithmig here, an concel ved To be a self-consistent
sequence ofSsteps | dHauity! sGoWsHSL pyeryievs of an exemepishepultinrecessese
requiring physicompurenspsteat e preservinlémiorjuantities. Usual Iy, though
not necessarily, th§§e ugnti ti es&éake the formof electri Eal r .magnetic
si gnal s capabl e of ég'ﬁ% D RHOC @g@maﬁk"fvwgéﬂ,emﬁ% Us Ct38r ed, and
ot herwi se nmani Eystaredf the presenpinveationpnveni ent at tines, principally for
reasons of commn USAGEre 4% a block diagram showing the apparatus of one
10 embodiment of the present invention;
Figure 4 shows a timing diagram for driving initial configuration
values in one embodiment of the present invention; and
Figure 5 is a flowchart showing the steps for updating agent
configuration values in one embodiment of the present invention.

15



refer to these signals as bits, values, elenents, synbols, characters,
terms, nwbess177pr the like. It should be borne in mnd, IrCPUSISP48EHat al

of these and simlar 2 5 terns are to be associated with the appropriate
physical quantities and are nerely convenient |abels applied to these
quantities. Unless specifically stated otherw se as apparent fromthe
follow ng discussions, it is appreciated that throughout t he present
invention, di scussi ons utiIizing terns %ych "processing” or "conputing"
or "calculating" or 30 "determ ning" o "dlsplaylng or the like, refer
to the action and processes of _a put e B O simlar electronic
conputi ng device, that nanlpul' all 2= N dat a represented as

physi cal (electronic) quantities within the conputer systenis registers and

Tenor i es i nt o ot he § foikiihg Hetaliet REHRIbA huiterBlSpBlicRRILLI °S VO
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communi cat i orother instances, well known methods, procedures, components and
circuits have not been described in detaul S0 as not to obscure aspects
of the present invention. -
10 Some portions of the detailed descriptions which follow are
presented in terms:of algorithms and symbolic representations of {
operations on data bits within a computer memory. These algorithmic
descriptions and representations are the means used by those skilled in
the data processing arts to most effectively convey the substance of their
15 work to others skilled in the art. An algorithm is here, and generally,

' conceived to be a self-consistent sequence of steps leading to a desired
result. The steps are those requiring physical manipulations of physical
quantities. Usually, though not necessarily, these quantities take the
form of electrical or magnetic signals capable of being stored,

20 transferred, combined, compared, and otherwise manipulated. It has
proven convenient at times, principally for reasons of common usage, to
refer to these signals as bits, values, elements, symbols, characters,
terms, numbers, or the like.

It should be borne in mind, however, that all of these and similar

25 terms are to be associated with the appropriate physical quantities and
are merely convenient labels applied to these quantities. Unless _
specifically stated otherwise as apparent from the following discussions,
it is appreciated that throughout the present invention, discussions
utilizing terms such as "processing” or "computing” or “calculating" or

30 “"determining" or "displaying" or the like, refer to the action and
processes of a computer system, or similar electronic computing device,

‘that manipulates and transforms data represented as physical
(electronic) quantities within the computer system's registers and
memories into other data similarly represented as physical quantities
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means 101 for comunicating i nformation between one or nore grocessors 102,
103, 104 anWOP8B8177Pr ocessor-nenory bus 101 i ncl udes addr ess, PHRUSISQ{86S
control buses. Processors 102 through 105 may include a small, extrenely
fast internal cache nenory, commonly 1 0 referred to as a |local (L1) cache
menory for tenporarily storing data and instructions on-chip. In addition,
a bigger, slower secondary (L2) cache nenory 106 can be coupled to a
processor, such as processor 105, for tenpprarily storing data and

i nstructions for use by processor 105. In one node, the present invention

i ncl udes Intel grehl fLc % HEHhOH ; 102 t hrough
105; however, t ﬁ@ﬁmfg@e‘%}%ﬁﬁ%égﬁw_my ﬁ‘?ﬁlagéé%%éréf)?ggﬁ%?%%égr opr ocessor
architecture, oinfammatian storage, tEANSNIgsIoA) orsdighlay 9evie8sssors. Processor 102,

103, hand 104 conpri sEiguraar shows aﬁfmﬁﬁ{ of anleRafpid niulhsresassorsi m lar to
104 corpri se. o BRI dystem o fog, Bt ifshion” ek ERBRBTskelm 10
addi ti on, prSocegenetally@dmprisesgh praceasay-membodeus oo otertamEUNNationr ent
a1 put /oot pul QD e RG RN BK Beip 8f R Rl Mo ed
wi th processor - REM®SSOr, 02,0403, J04-and 18P iRTgeassuyBemon, busi®im access
nmemory (RAM or imidtds addregs cdathcirbeontedli e IPfocessors! 102 threuged060 as a
el oY) Ot Pl & BB SeR hst IRMAT LGRS niéthoR), R6RARGHY 102

10 referred to as a local (L1) cache memory for temporarily storing data
and instructions on-chip. In addition, a bigger, slower secondary (L2)
cache memory 108 can be coupled to a processor, such as processor
105, for temporarily storing data and instructions for use by processor
105. In one mode, the present invention includes Intel® architecture

15 microprocessors as processors 102 through 105; however, the present
invention may utilize any type of microprocessor architecture, or any of a
host of digital signal processors.

Processor 102, 103, and 104 comprise a parallel processor, such
as a processor similar to or the same as processor 105. Alternatively,

20 processor 102, 103, or 104 comprise a co-processor, such as a digital
signal processor. In addition, processors 102 through 105 may include
processors of different types.

The processor-memory bus 101 provides system access to the
memory and input/output (I/O) subsystems. A memory controlier 122 is

25 coupled with processor-memory bus 101 for controiling access to a
random access memory (RAM) or other dynamic storage device 121
(commonly referred to as a main memory) for storing information and
instructions for processors 102 through 105. A mass data storage
device 125, such as a magnetic disk and disk drive, for storing

30 information and instructions, and a display device 123, such as &
cathode ray tube (CRT), liquid crystal display {(LCD), etc., for displaying
information to the computer user may be coupled to processor-memory
bus 101.



device 125, such as a magnetic di sk and dISk drive, for storing 3 0

i nf or mat i WR MW7 nst ructions, and a display device 123, s IRGT/USIS48661t hode
ray tube (CRT), liquid crystal di splay (LCD), etc., for displaying
information to the conmputer user nmay be coupled to processor-nenory bus
101. WO 95131777

PCTI US9S/ 048S6 -8- An input/output (1/0O bridge 124 may be coupled to .
processor-. nenory bus 101 and system | /&.bus 131 to provide a comuni cation
path or gateway for devices on either processor-rrermry bus 101 or 1/0 bus

131 to access or t
Essential ly, br| d %ﬁl ﬁlﬁ{:s':i%]hql/b?er mzzbrgﬁly'gd?ég%qe%%aﬁus 131 and
the processor™ O11gnd's % %bFﬁTBWV&ﬁ@§°mm%'ﬁﬂt'¢®n bet ween
peri pher al depatbem gatew fcn'cdm&esrors!eﬂhanproaéss&%ehiﬁy bli8Y1 d3corcipop! ed to

hode ray tube,
Taud 1 9 + s 151 1 fiochedd SRUIGHSIEF Uy heliann HebibeSorp e oilf Bus s |
i ncl udi ng? al Fresantal Y- "m Béisraxinterfaca betweean thecsysternd4d ibug 131f or mat i on
and command Sficege m‘ée*s:ﬁerhBﬁ{orﬁ%becﬁﬁ in the conputer system (e.g.,
processor 102) anol/(? bus 131 cg%mtfn?clzatgse mfg?méfofgn fbg{wggnntpregéﬂlmérg eursor
devices in the computer system. - Devices that may be-coupled to system
bus 131 include a display device 132, such as a cathode ray tube, liquid
10 crystal display, etc., an alphanumeric input device 133 including
alphanumeric and other keys, etc., for communicating information and {
command selections to other devices in the computer system (e.g.,
processor 102) and a cursor control device 134 for controlling cursor
movement. Moreover, a hard copy device 135, such as a plotter or
15 printer, for providing a visual representation of the computer images and
a mass storage device 136, such as a magnetic disk and disk drive, for
storing information and instructions may also be coupled to system bus
- 131. _
In addition, an I/O bus 142 may be coupled to processor-memory _
20 bus 201 via bridge 140. I/O bus 142 may be coupled to additional
peripheral devices, such as devices 132 through 136 coupled to system
I/O bus 131.
In one embodiment of the present invention I/O bus 146 is
coupled to system I/O bus 131 via bridge 145. 1/0 bus may be coupled
25 to additional peripheral devices, such as devices 132 through 136
coupled to system I/O bus 131. In one mode, /O bus 146 operates on a
different standard (e.g., EISA) than system IO bus 131 (e.g., PCl).
In certain implementations, it may not be required to provide a
display device for displaying information. Certain implementations of
30 the present invention may include additional processors or other
components. Additionally, certain implementations of the present
invention may not require nor include all of the above components. For
example, processors 102 through 104, display device 123, I/O bus 142,
or mass storage device 125 may not be coupled to processor-memory
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nass storage device 136, such as a magnetic disk and disk drive, for
storing information and instructions may al so be coupled to system bus 131.
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bus 131. In one ?Q) 13114@%6@%‘?%‘99‘%88“&#8’? Efﬁmgﬁyegﬂfai’@{

El SA) than systaddlt;bm llntsnrﬁejmplargemaﬁ’ﬂhs onlyna sengie.bos iexjsts wetht thei ons
may not be requhids é&rspf@’gﬂgu q'O%pln?é/mgﬁlVb&ﬂrél{érr 1@25%6 ﬁ:ﬂgrr‘élor”at'on

esen

addi tional Procd@¥ees 182 taraugh b’iﬁrﬁ@ﬁ@’#ﬂs‘o th@(ﬁ'rﬂglérb&ﬂs} Y, certal n
i mpl ement at | ons of 't AR @58 blobk edrah SRowirel af Bemplary Bus cgktere al | of

h 104, displ ay
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devi oo 123, 110MRETIofIRe sreSER n ko Biat, oT ok prese sivartigeah P K8 oo 1 o

processor - nenormultlprocessor computer systems having one or more clusters of

10

15

20

25

30

processors. Figure 2 shows two such clusters 201 and 202. Each of
these clusters are comprised of a number of agents. For example,
cluster 201 is comprised of four agents 203-206 and a cluster manager
207, which may include another cache memory (not shown), coupled to
bus 212. Agents 203-206 can include microprocessors, Co-processors,
digital signal processors, etc.; for example, agents 203 through 206 may

‘be the same as processor 105 shown in Figure 1. Cluster manager 207

and its cache are shared between these four agents 203-206. Each
cluster is coupled to a memory-system bus 208, which in one
embodiment is processor-memory bus 101 of Figure 1. These clusters
201-202 are coupled to various other components of the computer
system through a system interface 209. The system interface 209
includes an 1/ interface 210 for interfacing the computer system to the
outside world and a memory intertace 211 which provides access to a
main memory, such as a DRAM memory array. In one embodiment, I/O
interface 210 is bridge 124 of Figure 1, and memory interface 211 is
memory controlier 122 of Figure 1.

in one embodiment, each ciuster also includes a local memory
controller and/or a local I/O bridge. For example, cluster 201 may
include a local memory controller 265 coupled to processor bus 212.
Local memory controller 265 manages accesses to a RAM or other local
memory device 266 contained within cluster 201. Cluster 201 may also
include a local /O bridge 267 coupled to processor bus 212. Local /O
bridge 267 manages accesses to I/O devices within the cluster, such as
a display device 270 or mass storage device 271 coupled to local I/O
bus 268. In one mode, each cluster 201 and 202 includes a local O
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101. Furt M} T7 sone of the peripheral devices shown couPCBAISe504865st em

| /O bus 131 may be coupled to processor-nmenory bus 101; in addition, in .
sone inplenentations only a single bus exists with the processors 102

t hrough 105, nenory controller 122, and peripheral 5 devi ces 132 thraugh
136 coupled to the single bus. Figure 2 is a block diagram show ng an

exenpl ary bus cluster systemof the presggot invention. The present

i nvention can apply to nultiprocessor conputer systens having one or nore

of ‘10 theseoange FalRiedto® Idkaf VOIS whifh Rty Fefoterty BpVicta i .

cluster 201 3384 hﬁﬂugﬂel%shwmn Figures!.203- 206 and a cl uster rranager 207,
whi ch may incl ude @@ﬂ*ahﬁfm Sla ATt ARSHY of tﬁ@%re%‘ﬁ’t"m%nﬁdwm d;S F 212.
Agents 203- 20? £ Cb rocessors ﬁ___o processors, |ta si gnal
processors, elg la"‘ﬁfe taﬁﬁ\eea -cArapoRents:, aﬁﬁamer@lystfr@ ¥ the sane
as process5or 203 n!mommpnsﬁlfgueletﬁan four agentsireAdditondlly! cendin t s cache are
shared betwee ORI pI ed to a
menor y- systemn% ﬁ%éé s ,P}e%g @gaw'ﬁﬁhft‘%%ciééﬂﬁ mory bus 101
of Figure 1. mésenﬁm@hsrgomogn@re coupl ed to various other components
of the conputer 2 moﬁe’%hfﬁﬁdirhéﬁvéﬂh% r&b&bﬁt”’hb@ﬁt%ﬁ %ﬁsc%%utahe system

!s;tste;‘;natc ° tzggsyéig}ngdo‘?sﬁ&nrels/ ahd bk personal%ofmoputer syesrter%%I Yhesa® COMPULeEr

10 systems may be, for example, desktop or portable computer systems.

Figure 3 is a block diagram showing the apparatus of one {
embodiment of the present invention. A bridge 300 is shown
comprising configuration registers 305, bus interface 310, initialization
values 315, bridge ID 320, bridge logic 323 and bus interface 325.

15 Bridge 300 is coupled to processor bus 302 via interface 310 and /O
bus 303 via interface 325. Both bus 302 and bus 303 comprise an
address bus, data bus, and control bus, as is well-known in the art. In
one embodiment, bridge 300 is bridge 124 of Figure 1. In an altemate
embodiment, bridge 300 is I/O interface 210 of Figure 2.

20 In the discussion and examples to follow, the present invention is
described incorporated within a bus bridge. It should be readily
apparent to those skilled in the art, however, that the present invention
applies equally to any other agent coupled to the bus within the
computer system. In addition, in one mode of operation the present

25 invention comprises its own stand-alone device on the bus.

Bus interface 325 transfers address, data, and control signals
between I/O bus 303 and:bridge logic 323 in a conventional manner.
Similarly, bus interface 310 transfers address, data, and control signals

“between processor bus 302 and bridge logic 323 in a conventional

30 manner. Bridge logic 323 is the internal control logic for bridge 300.
Bridge logic 323 operates in a conventional manner to transfer requests
between processor bus 302 and I/0 bus 303.

Bus interface 310 also transfers address, data, and control
signals between processor bus 302 and configuration registers 305.
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outside world and a nmenory interface 211 which provides access to a nmain
memory, sucHO3¥PY7DRAM menory array. In one enbodi ment, |/ O PGREFISHIES210
is bridge 124 of Figure 1, and nenory interface 211 is 2 5 nenory
controller 122 of Figure 1. In one enbodi nent, each cluster also includes a
| ocal menory controller and/or a local 1/0O bridge. For exanple, cluster 201
may include a | ocal nenory controller 265 coupled to processor bus 212.
Local menory controller 265 manages accesggs to a RAM or other local 3 0
menory device 266 contained within cluster 201. Cluster 201 nmay al so

X ai n '
br dge. 267 ﬁéﬁ%&‘éﬁ*ﬂ%@?’@f‘?@@éﬁ@%ﬁ3%‘5%9'5 00K pd3r(an OERind .

di spl ay device 973"®Pusds welkknoneinithg ar apdthus will agt be dessrbed fiugthars 268.
In one node, each cl Configulitibnaedistérd 308 tomprise theaadevidds: a rdéet95/ 31777

o ohoral aou: s 5H08 ot o R b VAl e Fellor” 1
i npl ement at Pons333, and afsenfiguration ¥aluesDrivgn votResst (OMDRpregistet 888. al | of’
the above conpopesosid E@rnowmﬁteﬁlﬁh%hﬂﬁt&rnﬁﬁgﬂatf&h registér3B0B Yrd ONPr i S€
fewer than four agents AddL tiona , certarn ) )
disCussed as being registers, any other conventional storage devices
may be used. in one embodiment of the present invention, reset
register 330 is one bit of an 8-bit register, and both CSCV register 333
10 and CVDR register 336 are 16-bit registers.
CSCYV register 333 contains the set of configuration values used
by bridge 300 to define its own operation. For example, the In-Order .
Queue depth used by bridge 300 is determined by the configuration
values stored in CSCV register 333. in one mode, all agents coupled to
15 processor bus 302 contain a CSCV register 333, or its equivalent, with a
bus interface which retrieves the configuration values from the bus. As
-in bridge 300, the CSCV registers 333 in other agents are used by
those agents to define their own operation. Thus, by changing the
values in the CSCV registers 333 of all other agents in the system, the
20 configuration values for all agents are changed.
Table 1 shows the configuration values stored in CSCV register
333 in one embodiment of the present invention.

[able 1
25 it Eunction
15:14 Reserved
138 Output Tristate Enabled. This bit indicates whether the processors will tristate their

outputs. When this bit is set, the processors tristate their outputs. if this bit is not set,
then the processors do not tristate their outputs.
30 12111  Advanced Programmabile Interrupt Controlier (APIC) Cluster ID. These bits indicate the
APIC cluster ID for the processors coupled to the bus.
10 Report BINIT input. This bit indicates whether BINIT jogic is enabled. [f this bit is set,
then an agent asseris a BINIT# signal if it detacts a bus condition that prevents reliable



I mpl enentations of the present invention nmay include additional processors
or other ¥M¥HEM s. In one enbodi nent of the present inveRCTBISIS/ABES
conputer systenms of Figures 1 and 2 are personal conputer systens. These 1
0 systens may be, for exanple, desktop or portable conputer systens.
Figure 3 is a block diagram showi ng the apparatus of one enbodi nent of the-
present invention. A bridge 300 is shown conprising configuration registers
305, bus interface 310, initialization \{?%ues 315, bridge I D 320, bridge
logic 323 and bus interface 325. 1 5 Britdge 300 is coupled to processor
bus 302 via interfgce 310 and J /O hus 303 nterface 325. Both bus 302
and bus 303 conpri ?gtmgr']" A '?'('és,"ls""f)ﬂ%'? "°(5§‘Tt'éheﬂﬁ®,’9°&tﬁ8" E%?HST%F”HB? cenjaal j 5

wel | -known in the zagent gnarediearsenboditw®iNIT# dignaidge 300 is bridge 124 of :
Figure 1. In an al tRpIASERRERHRO0 G oicaldd Wil BEAR ofortl i shiblel! Wiiing 10 Of

Figure 2. 2 0 di scussi on an exan‘gw the present
i nvention is descrﬂﬂ&feﬁ'ﬁ?&%é‘ﬁ%l'éﬁs?ﬂ‘?mwaﬁe%w 'lﬂ‘?‘égeﬂ "“FGP"VSWUQI'P'(W be

readi |y apParent t owithéups Busprotdcdi @iblation. | AR btk hot sROWENeénts dnfidloud ABnddT €SENt

invention - applieg gt&hhy g any ot her agent coupled to the bus within
t he conput er system f96h, in one node of operation the present 25
i nvention conpi sedAddess WW@BMMQUM@EEBMT@@bondutahewbmara@us:iarWerface

325 transfers addr ggsringlding theﬁ@ﬂR&é?dﬁLlns‘)Jnabiédg ARk hn?ﬁ&é’\feg Ossbhidd dPHTackRs _and

bridge logic 323 in a conventlona manner. Si m us interrace 310
transfers address, ¥93%{dicalefnagaiess pirtysrgh Athis bitis not sel, then al agents on the b,

l 0 except for a central agent, ignore the assertion of an AERR# signal.

7 In-Order Queue Depth 1. This bit indicates the in-order queue depth for agents on the
bus. The in-order queue depth is the number of transactions which can be outstanding
on the pipelined processor bus. When this bit is set, the queue depth is one. If this bit is
not set, then the queus depth is eight.

15 & 1M Power-on Reset Vector. This bit indicates the proper reset vector on which the
processors begin execution after reset. When this bit is set, the reset vactor is
OFFFFOH (1Meg - 16). I this bit is not set, then the reset vecior is OFFFFFFFOH (4Gig -
16). '
5 - Functional Redundancy Checking (FRC) Mode Enable. When this bit is set, the system
20 operates in FRC mode. If this bit is not set, then the system does not operate in FRC
mode.
4:0 Reserved

CVDR register 336 is initially programmed at power-on with a set

25 of default configuration values. These default values are initialization
values 315. In one embodiment of the present invention, initialization
values 315 are a minimum set of configuration values necessary for the
system to function at a minimum level. By providing a minimum set of
values, the computer system is able to function properly, albeit perhaps

30 not at the optimal level for its intended use. However, once a minimal
set of values is established, the configuration registers can be re-
programmed with a new set of parameters, as described in more detail
below.



bet ween processor bus 302 and bridge logic 323 in a conventional 30
manner. BriW@&Y37c 323 is the internal control |ogic for bPFHYSISHYBES
Bridge | ogic 323 operates in a conventional manner to transfer requests
bet ween processor bus 302 and 1/0O bus 303 Bus interface 310 also transfers
address, data, and control signals between processor bus 302 and
configuration registers 305. WO 95/ 31777

PCT/ US95/ 04865 -11- The transferring of sygh signals between a bus and an
agent residing on the bus is well-known in the art and thus will not be

descri bed further. L gur at | reagist.er.s.. C | t iy ee devices: a

reset register 330, Cﬁ&g%ﬁ@&%ﬁ%ﬁ?éﬂ%"é}%&?%ﬁé%/;ﬁ&e e( CSCV) register
5 333, and a [redetemminedimtheasysiemDr Thatris ctherystam (CprRyponrfiguredde 336. |t
shoul d be not edpglygt-up! Wit paRictRa infidii2alich vAR@'sS L Piese3miahzgtidh valmesed as

erbodi ment of ¢ MEV e BIRRBPRIBRE 6 AN, 0l e YRSty of S95VPONQRR BRRness. an
8-bit register, suchlabdeinghaidwiregl stethadsystém) and CVDR register 336 are’
val ues used by by i dgetSo0NpRdilon Viuey 318 g8 ASE IR 16'CSCU egAG 388,
| n- Or der at power-on. Thus, both CSCV register 333 and CVDR register 336

contain the same set of values initially (i.e., initialization values 315). As

described in more detail below, these values may change during

10 system operation.
Table 2 shows the initialization values 315 and the

corresponding CVDR bits and functions in one embodiment of the

present invention. In locations where a bit is either set or not set, a 1"

indicates the bit is set and "0" indicates the bit is not set.

15
Iable 2
15:14 Reserved N/A
20 13 Output Tristate Enabled. 0
12:11 APIC Cluster ID. 00
10 Report BINIT input. 0
9 Report BERR input. 0
8 Address Bus Error Reporting using AERR#. 0
25 7 in-Order Queue Depth 1. ]
6 1M Power-on Resst Vector. 0
5 FRC Mode Enabie. ‘ 0
4:0 Reserved ' N/A
30 Bus interface 310 drives the values contained in CVDR register

336 onto processor bus 302 when reset register 330 is activated. In one
mode, these values are driven over the address bus of bus 302. In one
embodiment, reset register 330 is activated by being written to by
software. Activation of reset register 330 also causes bus interface 310



Queue depth used by bridge 300 is determ ned by the configuration val ues
stored | waeB17T2qgi ster 333. In one node, all agents couplPEA/SH5/04865
processor bus 302 contain a CSCV register 333, or its equivalent, with a .
bus interface which retrieves the configuration values fromthe bus. As in
bridge 300, the CSCV registers 333 in other agents are used by those agents
to define their own operation. Thus, by changing the values in the CSCVv -
regi sters 333 of all other agents in th4system the 2 0 configuration

val ues for all agents are changed. Tabl'ﬁ "1 shows the configuration val ues

. stored in CSCV reqi st 333 | e .enbodi nent of the present invention.
Table 1 2 5 togS§8na§M4l3Eg§§%ﬁgnq{@y@( Kg 302. In madenthest at e

Enabl ed. Thi PROC_IRESET# signaihés pant of tve pomtesibRerot bus/302.ri state their
o e or " Y PRCC SRS aBh8rE YaEb a0 Sh A GarO RS s o
12: 11 Advandeacesseyious3(f and causes thentto pedbrma resetCpperatioter | D. These
Report BN T L aaas Jads B0p° F#fﬁ#&gbagﬂéﬁﬁgﬁeﬁggﬁeﬁ%“ﬁﬁé cnabl ed. Tf
this bit is LM 'gl‘f?é‘ﬁ"a‘f?"é%%m’”hg'@gb‘t‘%aﬁ stegngA Qﬁﬁlu% IN® detects a bus
condi ti on t hasonfigarationsregisterds) equivalent to CSCV register 333. Each agent
then uses these new values in performing all subsequent transactions
on the bus. : - :
10 In addition to driving the values in CVDR register 336 onto bus
302, bus interface 310 also stores the values in CSCV register 333. {
This enables bridge 300 to update its own configuration values along
with all other agents on the bus. '
Figure 4 shows an example timing diagram for driving initial
15 configuration values in one embodiment of the present invention. In this
embodiment, I/O bus 303 operates on the well-known PCI standard. As
shown in Figure 3, a PWR_GD signal is input to CVDR register 336.
PWR_GDis a signal generated by the power supply of the computer
system. In one mode, the power supply asserts the PWR_GD signal
20 after all voltages within the power supply are stable for one millisecond.
As shown in Figure 4, the PWR_GD signal is input to bridge 300
asynchronously. 3
In one embodiment, bridge 300 resets the /O bus 303 by
asserting a PCI_RST# signal. In one mode, the PCI_RST# signal is
25 asserted whenever PWR_GD is detected deasserted. The PCI_RST#
signal remains asserted until one millisecond after PWR_GD is _
asserted. In this mode, all other agents on /O bus 303 reset themselves
when PCI_RST# transitions from zero to one. -
On the rising edge of PWR_GD bridge 300 captures its bridge ID,
30 which is bridge ID 320 in Figure 3. This is shown as Bridge ID In of
Figure 4. In one embodiment, bridge 300 maintains the same bridge ID
while the system is operating; that is, the PROC_RESET# signal does
not alter the bridge ID. The bridge ID is used to determine which bridge
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agents on the bus, except for a central agent, ignore the assertion of the
BINIT# signal. 9 Report BERR input. This bit indicates whether BERR#
reporting is enabled. Wien this bit is set a BERR# signal is asserted by an
agent which detects an unrecoverable error 5 w t hout a bus
protocol violation. If this bit is not set{s-then agents on the bus will not
assert a BERR# signal. 8 Address Bus Error Reporting using AERR#. This

bit indicates “@ﬁétﬁlérdr%%é%%nﬂghfétbbnr\%lgéé bﬁfb ﬂ‘% Bds I8 EB'R# signal is

enabl ed. When thi s i ndi cates an

i's
address parity 8??@? ing F“QIHP'? tPJ'i' g§Ss aﬁ(ﬂ‘sg"é?sedt'ﬁe’ﬂoﬁ Se%ag?ﬂ'g Won the bus, 1
0 except f Atsceorm ¢ rigingagpige of PWRI GL, irdtializationivatues 3th areERRH

signal. 7 f eq rder
queue depth for ensg C%?H’ég%?%&#}gng \Z?E ﬂgﬂu%%de shﬁro'vﬁleg nunber
of transactidons lﬁme@atertaa%\uttbttmoragprcnortﬁgurqiloaevalue%ltq)ﬂa‘&@@&n bus.
When this bit ipy§aop, Hggcwgegﬁpth is one. If this bit is not set, then

t he eue depth i1s e on, Reset Vec or hi s

bi t ?ﬁd?cat eg th:a prb%‘@? P‘é’iegé%ﬁﬁe’ﬁp 39{%&% resieds REGRSSoL ROE |
executiogl af?erwﬂhabe PR®EnRESETHsignak BBOCtHESEé'ﬂeS assetted i s CFFFFC]—I (1
Meg - 16 If t '

(4% g - 16). Q&r?cl'#?{)_.ﬁ nc%Y c%)g 'lesﬁbﬁ gg ?ﬁénéfﬁ%fmkgﬁ%g d; . \When
this bit |§%etThtJ$Lea%§EQ\em"26'QUfe4 PWR Glamaaser&d asymRareRusly i t hi s
bit is not set,CLRNahBPROE RESETS igabséiad i €LKB. fienéébodiment of

the present invention, PROC_RESET# is held asserted for one
millisecond.
The configuration values from CVDR register 336 are driven onto
15 processor bus 302 while PROC_RESET# is asserted. The bridge 300
asserts the configuration values after determining it is the "compatibility
bridge"; the compatibility bridge is the bridge responsible for configuring
the system, as described in more detail below. These values are shown
as Config Values In of Figure 4 and are retrieved by each agent on bus
20 302 on the rising edge of PROC_RESET#. Thus, after PROC_RESET#
is deasserted, all agents coupled to bus 302 contain the same
configuration values.
Figure 4 shows the driving of initial configuration values from
system power-on. Other resets may also be performed under certain
25 predetermined conditions after system power-on. For example, a
physical reset switch may be actuated by the system user. Under such
conditions, the PROC_RESET# signal is asserted upon actuation of the
reset switch, and the values in the CVDR register 336 are driven onto
the bus, as described above.
30 in one embodiment, the actuation of a physical reset switch
causes the initialization values 315 to be loaded into CVDR register
336. In an alternate mode, initialization values 315 are not loaded into
CVDR register 336. In this alternate mode, the configuration values




4:0 Reserved CVDR register 336 is initially progranmed at power-on with
a set 2 SVOISBYTTHef ault configuration val ues. These def aulRCHUIIFE4B6S o
initialization values 315. In one enbodi nent of the present invention,
initialization values 315 are a mnimum set of configuration val ues
necessary for the systemto function at a mninmumlevel. By providing a
m ni.-mum set of val ues, the conputer systemis able to function properly,
al beit perhaps 3 0 not at the optimhglevel for its intended-use.
However, once a mninmal set of values is established, the .configuration

regi sters can - .t w set of. par ters s . descri bed
o e et #ﬁﬁgﬁ'i Mwmfg%ﬁtﬁe time the reSet SWitd'is actuate% an
PCT/ US95/ 0486@riversontonbus808bodi nent, the initialization vaI ues 315 are

predetermned in t fheoﬁé/ %hﬂfﬂdnrﬁaﬁf of the ;Sr@@eﬁﬂflﬁ%ﬁﬁl%ﬁ thé %x FﬂHra% to

power-up with particular . initialization va tial1zation val ues
may be predet @gﬁ?% VW"Q’P@/tQ)Fes&t\ﬁ?Qiﬁte\/a?’lspeHQ this mﬂ'ﬁ SP manners, 5
such as béi ngPRﬂ@VRES&'ﬂ#%ugnamw%hﬂ Vallies imatd asserted a9 showndn 315 are

al so i nput tog@%’&gﬁ‘\g rﬁﬂali%?oﬁtvaﬁ%‘ge&g do nowgplaggttit?e (V\gﬁi\ésrs?g}e% er 333

and CVDR regi
in CVDR register 336; whatever configuration values are stored in

CVDR register 336 at the time the reset regxster 330 is written to are the
values which are driven onto the bus.

10 Thus, it can be seen that new configuration values can be stored
in the CVDR register 336 and subsequently driven onto the bus during a _('
reset. This reset is controlled by writing to reset register 330.

As shown in Figures 1 and 2, a computer system may comprise
more than one bus bridge. .In one embodiment, each bridge is identical

15 to bridge 300 of Figure 3. Thus, each bridge contains configuration
registers 305. In order for muitiple bridges to function properly in this
embodiment, only one bridge shouid be allowed to reset the processor
bus. Whether a bridge is allowed to reset the processor bus is
determined by the bridge ID 320.

20 In one embodiment, bridge 1D 320 is a two-bit vaiue which is
established at system power-on. Bridge ID 320 is determined by the
IO_GNT# and I0_REQ# signals, which are driven as Bridge ID In of
Figure 4. In one mode, the IO_GNT# and IO_REQ# signals are also
used by bridge 300 in arbitration for processor bus 302 after system -

.25 power-on. The IO_GNT# and I0_REQ# signals are fixed either high or
' low at power-on, thereby indicating either a one or a zero. This can be
done in any of a wide variety of conventional manners, such as by
utilizing pull—up/pull-down resistors or jumpers.
By fixing the proper |O_GNT# and 10_REQ# signals high or low

30 for each bridge it is seen that four unique bridge ID's can be generated.
It should be understood by those skilled in the art that any number of
unique bridge ID's can be provided given the proper number of input
signals.



contain the sane set of values initially (i.e., initialization values 315).
As descri beWO%¥3H87e detail bel ow, these val ues may change dBFTgoy04865
system operation. Table 2 shows the initialization values 315 and the
correspondi ng CVDR bits and functions in one enbodi nent of the present
invention. In |ocations where a bit is either set or not set, a "1"
indicates the bit is set and *0" indicates the bit is not set. 15 Table 2
Bi t Fungti on 17- JInitial Vaiue 15:14
Reser ved N A 20 13 Qut put

Tristate Enabl ed. Tge,\?qaqeanj is used to Qefe?mire which Bfidde o Hg.hgsie' D.

00 10 Report E . . ) )
Report BERR i np&¥idges is responsible for resetting the bys;dhe bridge respepgiblgsfopys

Error Reporti ngresettiag fRbis is termedl the “coripatibility bridge.n- Iy Queue Dept h
é' 5 FR&"M”‘EH&%BS’.“ bridge prealel}/lerl?gi\a%g that tﬁ%st%%dg\éevcvgﬁ Eg 0
Reser ved 5 particular bridge ID is the compatibility bidge3 18 one mode, Bwes interface
hon’reuer. | e SOPRRIAY AU 14 G BohEshR Oafihs 17 GRS Sprs, 207
over the addres@nfi&"briramihai) REQ#Asignal.
Upon receipt of the PWR_GD signal, each bridge begins
assertion of the PROC_RESET# signal, as shown in Figure 4. Thus,

10 when multiple bridges exist in the system, each one is asserting a
PROC_RESET# signal. Each bridge, however, is also receiving the
signals indicating its bridge ID. If a bridge determines it is the
compatibility bridge, it continues to assert the PROC_RESET# signal
and also drives-the values in its CVDR register 336 onto the bus, as

15 described above. However, if a bridge determines it is not the
compatibility bridge, then the bridge deasserts its PROC_RESET#
signal. These non-compatibility bridges do not drive the values in their
CVDR registers onto the bus. Rather, these bridges behave as any
other agent coupled to the bus; i.e., these bridges capture their

20 configuration values from the bus on the rising edge of PROC_RESET#.

it should be noted that the bridge ID for each bridge in a multiple
bridge system determines which bridge is the compatibility bridge.
Thus, the bridge ID only determines which bridge is responsible for
resetting the bus, and which bridge can drive its CVDR register onto the

25 bus. Which bridge performs these functions does not affect the system's
ability to modify configuration values in all agents by modifying the
CVDR register of the compatibility bridge.

in a multiple bridge system, the CVDR register 336 of the
compatibility bridge can be written to by other agents in the system (as

30 well as the compatibility bridge itself). in order to do so, an agent issues
a command which targets the compatibility bridge (by targeting the
compatibility bridge bridge ID). Since each bridge has a unique bridge
ID, and the bridge ID of the compatibility bridge is predetermined, other



enbodi ment, reset register 330 is activated by being witten to by

sof t war e WRESBIAT i on of reset register 330 al so causes busPGTRISN4REE 310
WO 95/ 31777 ' PCT/ US95/ 04865 - 14-
to-assert a PROC RESET# signal over bus 302. In one node, the PROCRESET#
signal is part of the control bus of bus 302. The PROCRESET# signal is
received by all agents coupled to processor bus 302 and causes themto
performa ."reset” operation, 5 includi n_qst_)ri dge 300. The reset operation

i ncludes retrieving the configuration values fromthe bus and storing these

agent  t hen us Baotikdhe SY6RP 3 Bropan idiueithg CyoR sagsteriE Sl Fancact i ons

on the bus. 1compatibility hridgeli ti on to driving the values in CVDR register
336 onto bus 302, Ntﬁob@ﬁ% aﬁe&wusaéﬁasﬁiunsﬁm té‘ﬁn\ﬂgbqésfoi'@a CV regi ster

333. Thi b te it f |
wth all ot habidgest & Mhtipl:bidae Systgt areioivAn,aboun. theshAcials Aedot; agr am
for drivirdg i meankto imi the sebpgwf ttie present imvention.o ThecBridgt IBeande the -
et v nvenbib@imiddl by B BMEVAiety 61 SentBRalRERABRS O the

wel | - known PCI"sta
The steps for updating configuration values atcording to one

embodiment of the present invention are shown in Figure 5. Initially, the
computer system is powered-on and initial configuration values are

10 driven onto the bus, step 510. This is done as shown above in Figure 4.

Given the initial configuration values, the agents on processor (
bus 302 have the necessary parameters to allow them to access the
system Basic Input Output System (BIOS), step 520. In-one mode, the
~ BIOS is stored in a peripheral device coupled to bus 303, such as a

15 mass storage device. Alternatively, the BIOS could be stored in a
device coupled to bus 302, such as a Read-Only Memory (ROM) or
other mass storage device coupled to bus 302.

Regardiless of the location of the BIOS, the initial configuration
values allow the agents on the bus to access the BIOS. The BIOS

20 generally contains a set of software programs which are executed by
the processor(s) on the bus at system startup, as is. well-known in the
art. In one embodiment, these BIOS programs modify the configuration
values of CVDR register 336 in bridge 300 of Figure 3, step 530.

Upon completion of modifying the values in CVDR register 336,

25 the BIOS programs perform a write to reset register 330, step 540. As
discussed above, this causes bus interface 310 to drive the values in
CVDR register 336 onto bus 302, step 550. The agentsoh the bus
subsequently retrieve and store these values and operate according to
them. , : o '

30 - The configuration values may be changed again during system
operation, as shown by step 560. If no further modifications are made,
then no further configuration values are driven onto the bus. However,
subsequent software programs could modify the configuration values in
the CVDR register, step 570. As discussed above, modifying the values



shown in Figure 3, a PANR GD signal is input to CVDR register 336. PARGD i s
a signal gevesssigw by the power supply of the conputer syst RETVPSEMRESpde,
the power supply asserts the PWRGD signal 20 after all voltages within the
power supply are stable for one mllisecond. As shown in Figure 4, the

PWR _GD signal is input to bridge 300 asynchronously. In one enbodi nent,
bridge 300 resets the I/0O bus 303 by asserting a PCl_RST# signal. In one
node, the PClI_RST# signal is 2 5 asserteggwhenever PWR GD is detected
deasserted. The PCI RST# signal remains asserted until one mllisecond after

t hormel ves wherinste KM, Boliet def el i apForuilon il 02 0e of
PWRGD bri dge 30system; inohsding bridge @90, LDl e reskt tagister 880 dgywritten3g0 i n
o Oine 300 o Ao B8R GUDRIR Tt 206 1Rl robdutter adar . |
i s, the PROC RESHOi-6sitgaaofnase wiles 4 resetiragistat capsingtBe fieWige D i s
used to det §r niguhfigiratiorPvaldes in CWMBR $8§idler 1336 to be driven onto the bus. o
Eg{ 3295/ 04865 - 15- QU dafichtish bf Sogf?gr{jrh 5% Fh12E AW LSt Rr kg bus in a
duration of system operation, as shown by step 560. Any time software
desires to modify the system configuration values, the CVDR register
can be modified and the vaiues driven onto the bus.
10 Thus, it can be seen that the configuration vailues used by each
agent in the system are updated at the same time through the use of the
reset register 330, CSCV register 333, and CVDR register 336. These
configuration values can be changed any number of times during
system operation by re-programming the proper registers; no physical
15 manipulation of jumpers or similar devices is required.
It should be noted that although the above description discusses
modifying and driving a set of configuration values, the present
invention is not limited to such values. It should be understood by those
skilied in the art that the present invention applies equally to any of a
20 wide variety of values which may be set in a computer system.
Whereas many alterations and modifications of the present
invention will be comprehended by a perso'n skilled in the art after
having read the foregoing description, it is to be understood that the
particular embodiments shown and described by way of illustration are
25 in no way intended to be considered limiting. Therefore, references to
details of particular embodiments are not intended to limit the scope of
the claims, which in themselves recite only those features regarded as
essential to the invention. '

30
Thus, a method and apparatus for configuring multiple agents in
a computer system has been described.



containing nultiple bridges, as discussed in nore detail below Al so on the
rising ee@IuI7PIAR GD, initialization values 315 are w i t tRET/USIS/GHBEY/

regi ster 333 and CVDR regi ster 336. This provides 5 CVDR register 336 with .,
t he proper configuration values to drive onto bus 302, described bel ow

Once PWR_GD i s—+eeeiveds—bri-€dge—300 resets processor bus 302: with the
PROCRESET# si gnal . ' asserted synchrono isly at the clock after
PWRGD tran5|t| Um] ne. 1 QoqThus, as shMIS SHEH | A% BEEN |PVWRGD
is asserted as K2, and ROCRESET# S asmpmglgmn ah.B. In

one enbodi nent of the present | nvent WSET# rs—iretd—=asserted-f or
one mllisecond. The configuration v om CVDR regi ster 336 are driven

onto 1 5 processor bus 302 while PROCRESET# is asserted. The bridge 300

asserts the I al ues after determnlnglt is the "compatibility
bridge"; the%ﬁ%?ﬁ??’??‘tﬁlﬁbrl dge is the bridge résponsible for configuring

t he system as described in nore detail below These values are shown as
Config Vabuestiln oAn Elpﬂal"aiu§ fonEorig nh(?trhum@a@dntgamfh agenof valuegs 20

e Ay o Rl ol S S R bR Lo
4 shows the drivin@)of amrstlstaragerﬂavgmwnstnnngasandset obvalggst em power - on.
QG her resets may gpj0 bptdiRideNbER ol BGing &id blof values onto said bus;
(c) asecond storage device for storing said set of values; and
10 (d)  afirst register for determining when said interface logic
drives said set of values onto said bus and when said second t
storage device stores said set of values.

2. ~ The apparatus as defined in claim 1 wherein said intertace logic

15 stores said set of values in said second storage device when driving
said set of values onto said bus, said apparatus using said set of values
to define operating parameters for said apparatus.

3. The apparatus as defined in claim 1 wherein said first storage
20 device and said second storage device comprise a second register and
a third register, respectively.

4, The apparatus as defined in claim 1 wherein said interface logic
drives said set of values onto said bus when said first register is written
25 to. '

5. A method for simultaneously configuring multiple agents with a
first set of values in a computer system having a bus, said method
comprising the steps of:

30 (@) driving a second set of values onto said bus
(b) accessing a first storage device to determine said first set
of values; '
(c) storing said first set of values in a second storage device;
and

misllslliiitliiilfﬂelelnlllﬁm




25 predetermined conditions after system power-on. For exa 883 si cal
reset svmt(WP?ﬁé‘-V 7He actuated by the system user. Under such ?’0 g t he
RROCRESET# si gnal- i s -asserted-upen actuation of the reset switch, and t he

val ues |n the CVEiiI"T E{er 336_are driven onto the bus, aspde cri bed

above. nt, the actuationof a phylsTHiglg
sw tch causes th vaI ues 315 to be | oaded ifto
336. In an alternate m)de | n| t i alizationgyal ues 315 are né s

CVDR register 336. In this alternate node, the configuration val ues

95/ 31777 /4.%5%95/ 04865 - 16-
stored in CVDR regi s{de}r ﬂ%vmg sﬂg ﬂrst set ?wéahr}%ssgptosvmgtac I's actuated are

driven onto bus 302. In one enbodi rrent of the present invention, the system
can al so be resgt byTHEiniéthed!as défffid incdlamt 6'wiefdin baid &dcessingostepent , t he

5 PROCRESET# si gnal al ues I n are. as t . Fi gure
4. The initial i‘i%!ﬁPBﬁe%ﬁ'l%ggpﬁ%eX%"WB{"gﬁé‘& wqqi@?e§?ﬁ€%n§?§¥ge‘fc#?n CVDR
regi ster 336; vstarageedevicafbagedain said\seicood sot of yalvegd i n CVDR regi ster 336
at the time the reset register 330 is witten to are the values which are

driven onto the_bus. . . .
: The method as defined in claim 5 wherein said step (d)

comprises the step of activating a register causing said first set of values
to be driven onto said bus.

10
8. The method as defined in claim 7 wherein said activating
comprises the step of writing to said register.

9. A method for simuitaneously providing multiple agents with a set
15 of values, said multiple agents being coupled to a bus in a computer
system, said method comprising:
(a) storing said set of values in a first storage device;
(b) activating a first register;
(c)  driving said set of values onto said bus in response to said
20 activating said first register;
(d) retrieving said set of values from said bus; and
(e) storing said set of values.

10. The method as defined in claim 9 wherein said activating step
25 comprises the step of performing a write operation to said first register.

11. A computer system comprising:
a first bus and a second bus;
a first plurality of agents coupled to said first bus;
30 a second plurality of agents coupled to said second bus; and
a first agent being one of said first plurality of agents and one of
said second plurality of agents, wherein said first agent includes,
a first storage device for storing a set of vaiues,
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10 Thus |t can be seen that new configuration val ues can stored
in the CWPYHdT st er 336 and subsequently driven onto theP &WS%@ a
reset. This reset is controlled by witing to reset register 330. As shown ,
in Figures 1 and 2, a conputer system may conprise nore than one bus

bridge. In one enb dge is identical 1 HAS BBEN lof
Figure 3. Thus, ﬂ“‘“ﬁlmumﬁml ‘g“Ls configuration re;?@%ﬁ?%@ﬂé p!n orlder
for nmultiple br | dges to fundti dn properpy.in this enbb.cu..me.n-

bri dge should be allowed to reset the processor bus. \Wether a bridge is

allowed to reset the prg f&r%%gggmoyangﬁge%ﬂg p\yakg;,ﬁ ﬁ{d ggg !1D320. 20

I n one enbodi nent, br| % est abl i shed at
syst em power - on. Y$,320 is determined by the 10 GNT# and 10 REQ¢

signal s, which are dflV@Beé@ncBBtdﬂﬂ@e device f@fsﬁn@égsaldlsei@fmeem t he

or Goessor bus 302 af ¢ it Sy adetOf gt Yiat fard RGO ecy” '

signal s abe fixed @i\tesesaldusghobvahes/oauo pamaﬂmld busant whenisaidt | ng ei t her
a one or a zero. {érﬂ? é@t Qé’s getvgf%m@rl ety of conventi onal
¢ Hg.o%‘{i?

manners, such as by ut| I|z dovvn resistors or junpers. By
fixing the proper | QG\T# and 10 REQ# S|gnals hi gh or low 3 0 for each

.bridge it is pmen Thetofpu istern dy detirrad ﬁaammbﬁ«hemnraaéez:bndlt shoul d

7 e o e, AP i i 5

for storing said set of values from said bus.
(

13. The computer system as defined in clai_m_"i 1, wherein a second

agent of said second plurality of agents includes logic for retrievin'g a

second set of values from a third agent of said first plurality of agents
15 according to said first set of values. '

14.  An apparatus for configuring multiple agents with a set of values
in a computer system having a bus, said appaf_at_us comprising:

(a) afirst means for storing said set of values;

20 (b) a means for driving said set of vajues onto said bus;

(c) a second means for storing said set of values after said
means for driving said set of values onto said bus drives said set of
values onto said bus; and

_ (d) a means for determining when said means for driving
25 drives said set of values onto said bus.

15. The apparatus as defined in claim 14, wherein said means for
driving further compnses means for storing said set of values in said
second means for storing. -

30 ' _
16. The apparatus as defined in claim 14, wherein said second
means for storing stores said set of values, said apparatus using said
set of values to define operating parameters for said apparatus.
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éignals. 1777
PCT/U895/01§§§5g§é§ The bridge IDis used to determ ne which %?“ﬁﬁ“ﬁ??
rul tiple bridges is Tesponsible-fer—fesetting the bus; the bridge

responsi ble for res terned the ' éonpatl

one enbodi nent, eac mm w mag ,ﬁ nes that the bridgg IT\’/‘{\ﬁ ERH% 9;%% BE
particul ar bridge ID+S% |ty bridge I n onedd ﬁ GED
conpatlblllty bridge IDis 1", conprisi23g a "0" fron1the 10_ONT# si gnal
and a "1" fromthe 10_REQ# S|gnal Upon recei pt of the PWRGD signal, each

bri dge begins asgertTag spipardtes RESHRTTH @amqh, wherdih Qe méaﬂs%fe 4.
Thus, 1 0 when

le bri Xi, st _in ach one i,s asserting
a PROCRESET# si gﬁ@}'@ dives Sﬁﬁjgf‘j& Yrjtes apto ?%’d§/‘§ Hé%é?(}r RO gnal s
indicating its @etesepningis writtantioi dge determines it is the conpatibility
bridge, it continues to assert the PROCRESET# signal and al so drives the
values in its CVDR register 336 onto the bus, as 1 5 described above.

However, if a bridge deternLnes____L§_DQLTLE$hConpat|b|||ty bridge, then
t he brldge deasserts its P ESET# S|gna ese non-conpatibility bridges

R i




CVDR registers onto the bus. Rather, these bridges behave as_an h
agent couplg&’%sgrf"ﬁe bus; i.e., these bridges capture their 5%5)65%’04%
configuration values fromthe bus. on the rising edge of PROCRESET#. It
shoul d be noted that the bridge ID for each bridge in a nultiple bridge
system det erm nes which bridge is the corrpéﬁ bility bridge. Thus, the
bridge ID only determ nes which bridge is responsible for resetting the
bus, and which bridge can drive its CVDR register onto the 2 5 bus. Wich
bridge perforns thege functions Bqfs not]affect the systems ability to

nodi fy configurati oﬁ\i al ueg ip\arl aggnt 4 by nodi fying the CVDR register of
the conpatibility brijggIﬂ n afpulti cgtu ge system the CVDR register
336 of the conpati bil tigbj_d,ge cah 6 ami n to by other agents in the
system(as 3 0 well asgghe compat bi5ﬁ3 D ge itself). In order to do
so, an agent issues a|®nmpnd|Wwi ch—argdt 5jdhe conpatibility bridge (by
targeting thg conpati by biidge bridge . Since each bridge has a
uni que bridge agc{-t—h-_\rori do i he[ilconpatibility bridge is
pr edet er mi ned, ot Her 2\ 9531 7Y
PCT/ US95/ 048p5%> per@ stin|the sydt cpn properly target the CVDR
regi ster 336|ogd byt [<isll (1Y brEd
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Al t hough s | f etails on establishing aBridge ID for each bridge in a
mul ti plge blro‘la@gs‘(gbgzﬁtem are gi ven above, '?hese dgt ails are no ’Usg ™ to
ltmt the scope of the present invention. The Bridge ID can be determ ned
in any of a wide variety of conventional manners. The steps for updating
configuration values according to one enbodi 2%t of the present invention
are shown in Figure 5. ‘Initially, the conputer systemis powered-on and
initial congi guration values are 1 0 driven onto the bus, step 510. This
is done as & above in Figure 4. Gven the initial configuration val ues,
t he agents omrProtessorAbus—302 haveth& necessary pdraneters to allow them
to access th ‘ but st em ( Bl OS)}, step 520. In one

mode, the BI eral, devi ce coupl ed/]go bus 303, such as
al5 nass st \Ffégf, the Bl OS goulld be stored in a
devi ce coupl ed _'@I-Onl y Menory (ROM) or ot her mass
st orage devi ddg bgam|jess Il o¢cation of the BICS,
the initial ¢o bw t hg age tﬁﬁo It h¢fbus to access the"
Bl CS. The BI gendral |y contains a set qf b prograns which are
execut ed by th dr(s) on the bus at syst tgp, as i s well-known
in the art. Iin @ne qdi mrent, these BIGS progl I fly the configuration
val ues of CVDR Eegi 336 in bridge 30@=—et~ti 3, s$tep 530. Upon
conpl etion off | ' t he val ues ip CVi cfegi ster 336){2 5 the BICS
pr ogr ans perf}cmﬂ-a—qui tig to reset rgg‘sten:ggw, step :54() As_a
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di scussed v, is causes bus interface 310 to drive the i.n..CVDR
W EE KEuiiSSadefles

regi ster bus 302, step 550. The agents on the bus s
retrieve and store these val ues and operate according to them 3 0
The configuration values may be changed again during system operation, as
shown by step 560. If no further nodifications are nmade, then no further
configuration values are driven onto th us. However, subsequent software
prograns could nodify the configuration lues in the CVDR register, step
570. As discussed above, nodifying the val ues WO 95/ 31777
PCT/ US95104865 -19- in the CVDR register does not alter the configuration
val ues for the system including bridge 300, until the reset register 330
is witten to. After nodifying CVDR regi ster 336, the software repeats
steps 540 and 550; i.e., the goftware wig to reset register 330, causing
the new 5 configuration val®s in CVDRE &ji ster 336 to be driven onto the
bus. This nodification of configuration ¥jl®es can continue for the
duration of system operation,aas shown b s®ep 560. Any tinme software
desires to nodjAy the systenlgonfiguratiq; yalues, the CVDR regig{er can be
IS)

nodi fi ed and t he¢ patoes—drrvemronto—the

h 4
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10 Thus, it can be seen that the configuration values_used by each
agent in th¥OXNSER are updated at the same time through t hePGEUSHYI4BE
rieset register 330, CSCV register 333, and CVDR regi ster 336. These
configuration values can be changed any nunber of tines during system
operation by re-programm ng the proper registers;
mani pul ati on of junpers or simlar devices is required.
t hat al t hough the above description di scygges nodi fying and driving a set
the present invention is
val ues. It should be understood by those skilled in the art that the
present invention applies equally to any of a 2 0 wde variety of val ues

of configuration val ues,

whi ch may be set

in a conputer

no physi cal

15

It should be noted

not limted to such

system \ther¢as mapy al teratijpns and

nodi fi cations of t
skilled in the art
under st ood t hat

te
€ par!

pr ¢sent
havi nd read the fofegoin
i cul ar {enbodi nents $hown

I dvention Wmll {be co

rehended Py a person
descripti
nd descri

n, it is to be
d by way of

illustration are[2 5 ip no way intended tofbe considered lijmting.

Therefore, ref Cgs tp dertartfs of paryicufar—er i nt ended
tolimt the scope df the clains, which|{in {hense|l ves reciteg only those
features regarde S esgential |to the ingpvention. [30 Thus, t hod and
apparatus for copfiguripg multijpl e agents ip a conputer sy n has been
descri bed.
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WO 95/ 31777 PCT/ US95/ 04865
CLAI MB WhatWP8581737Tned is: 5 1.  An apparatus for confi guR¢THESINOA®ES ) e
agents with a set of values in a conputer system which includes a bus, said
apparatus conprising: (a) a first storaggsdevice for storing said set of
values; (b) interface logic for driving said set of values onto said bus;
(c) a second stopage . d enfor storing said set of values; and 10

(d) a first regqi sterBIEGN detprm ning when said interface logic drives
said set of. val ued Ld’bus and when said second storage device
stores said set of val ueg. 2. Tigegapparatus as defined in claim1l wherein
said interface qu;dwéégi IWA spsaid set of values in said second storage

devi ce when dri v] Nngdiidh yal ues onto said bus; said apparatus using
said set of val upes ua,utenmeewpe ating paraneters for said apparatus. 3.
The apparatus as| def iONFOBUScl aifn 1 wherein said first storage 2 0 device

and said second 0 ise a second register and a third
regi ster, respecft é)arat us as defined in claim1 wherein
said interface |pgi Qc@ggggio§al set of values onto said bus when said

first register ip witten 25 tp.

4 530
BIOS CONFIGURATION
PROGRAM(S) RUN
WHICH MODIFY
CONFIGURATION
VALUES IN CVDR
REGISTER

WRITE TO
RESET REGISTER

¥ 550

DRIVE NEW
CONFIGURATION VALUES

CONFIGURATION \\YES
VALUES CHANGED,

]

MODIFY
CONFIGURATION
VALUES IN CVDR

REGISTER

CoD [

FIGURE 5




5. A met hod for _sinultaneously configuring multiple agents with a first
set of values in a conputer systemhaving a bus, said net

steps of: 3 O M"m a second set of val ues}¥ %m@ﬁ@mm
(b) accessing a ﬂ!ﬂgm%’g I@tl ce to determne said fifst set of

val ues; (c) stori’hg Ssat t of vaI ues in a second {st araEVdIB9Y cd;

and WO 95/ 31777

PCT/ US95/ 04869 a1ddg- (d) driving said first set of values onto sard bus.

6. The nethod as defined in claim5 wherein said accesgjng step

conprises the step of determning the nmethod for accessing said first 5
storage devi de badedapparswisdfos soofiahringt a plurgity efsagents in Fheommiterosysem

defined in c eif ing a
regi oter caudiy SR edHofiraTbbhich WHEREA 357 b Bl AELULE) 10
The nethod adusebupled to thecplariality7ofvigentsi and;whdreatSaldappatgtusmmpﬁs% the step

of writi ' s . . . . .
ting to sai % f'i’r(satgétséFa%Ea device which stores said plurality of configuration values;

interface logic for driving said plurality of configuration values from said
storage device onto said bus for retrieval and storage by each of the plurality of
agents in order to configure a plurality of different operating parameters in each of
said plurality of agents, and controlling the modification of said first storage device
during operation of said apparatus;

a second storage device for storing said plurality of configuration values
wherein the apparatus uses said plurality of configuration values stored in said
second storage device to define a plurality of operating parameters for the
apparatus; and

a first register for determining when said interface logic drives said plurality
of configuration values from said storage device onto said bus, and determining
when said second storage device stores said plurality of configuration values.

2. The apparatus as defined in claim 1 wherein said interface logic stores said
plurality of configuration values in said second storage device when driving said

plurality of configuration values onto said bus.

3. The apparatus as defined in claim 1 wherein said first storage device and
said second storage device comprise a second register and a third register,

respectively.

4, The apparatus as defined in claim 1 wherein said interface logic drives said

plurality of configuration values onto said bus when said first register is written to.

5. A method for simultaneously configuring a plurality of agents in a computer

system with a first plurality of configuration values, wherein the computer system

]
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9.-- A nmet hod for sinul taneousl y providing nmultiple agent J{EELACMM Sﬁ@ﬁ‘

of val ues, said ents belng coupled to a bus in A conput er
system said rret '](ﬂ "ﬂ ”H'y( storing said set of va ugsy N@vaqgt;;rr t
st orage devi ce; * a first gegister; (c) driving said set
of values onto said bus I n response to sard 2 0 act) v

first register; (d) retrieving said set of values from sgaid bus; and (e)

storing said; r?c%degfa l\ftgé %ﬁﬁ)!ed%‘the}hﬁal topggerfﬁ i H&%d' anﬂﬂrﬁlr@t@ne‘%se' n

sai d actlvatlng step conpri ep of perf ormng a wite
operation toofaid first regi ster. A conmputer systemconprising: a

first bus and a sc—ig)ond akN dgcol;\a&n{%%g{; F&ﬁ@é’gﬁattgg?é&ﬁrgﬁ%ogg&lbhg sai d

first bus; a se to sald second
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plurality of configuration values;
{c) storing said first plurality of configuration values in a second storage
device;
{d) driving said first plurality of configuration values from the second
storage device onto said bus;
{e) retrieving, by each of said plurality of agents simultaneously, said
first plurality of configuration values; and
{f) storing, by each of said plurality of agents simultaneously, said first
plurality of configuration values to simultaneously define a plurality of different

operating parameters for each of said plurality of agents.

6. The method as defined in claim 5 wherein said accessing step comprises
the step of determining the method for accessing said first storage device based

on said second plurality of configuration values.

7. The method as defined in claim 5 wherein said step {d) comprises the step
of activating a register causing said first plurality of configuration values to be

driven onto said bus.

8. The method as defined in claim 7 wherein said activating comprises the

step of writing to said register.

9. A computer system comprising:
a first bus;
a second bus;
a first plurality of agents coupled to said first bus;

a second plurality of agents coupled to said second bus; and
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second bus, a second storage device for storing said set of R@M@ frfah"qgl %{EET

fLrst register en said interface logic 5 drives

said set of val m m'lﬁliﬂa"@g ond bus” and when sai d secon St Qrapeyipey Ce
valwes

stores said set of we The conputer system as defijngd in claim 11,
wherein a second agent of said second plurality of agents ijnctugesathitd

storage device 1 0 for storing said set of values fromsaild bus. 13. The
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appar at us congpidesj ng: (a) a first neans for storing sai d set of val ues;
0 (b) a neans for_ drivin 0_sa

a second reans for storNHSf agﬁl'?f"%g?rs%f‘"%fﬂ%é 'ft§P$§8P{d]g%té?{§V?'8?s gPhl ng

said set of vidfistetdrags dbcd bitodid/ escondibils 6k rdﬁﬂ‘e%ﬁhbtﬁ&to@éﬁeobvsaa& bus;
and (d) a neans for determ ning when said neans, for dr.i V{l drives
said set of 8l secent pluality ofyadents to eanpfiours, & Rlufality ofdif eﬂ%ﬂ PREFENING m
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set of values in said
of said first storage device during operation of said first agent,

a second storage device which stores said plurality of configuration
values, wherein said first agent uses said plurality of configuration values stored in
said second storage device to define a plurality of operation parameters for said
first agent, and

a first register for determining when said interface logic drives said
plurality of configuration values from said first storage device onto said second
bus, and determining when said second storage device stores said plurality of
configuration values.

10. The computer system as defined in claim 9, wherein a second agent of said

second plurality of agents includes a third storage device for storing said plurality

of configuration values from said bus.

11. The computer system as defined in claim 9 wherein a second agent of said
second plurality of agents includes logic for retrieving a second plurality of
configuration values from a third agent of said first plurality of agents according to

said first plurality of configuration values.

12, An apparatus for configuring a plurality of agents in a computer system
with a plurality of configuration values, wherein the computer system includes a
bus coupled to the plurality of agents, said apparatus comprising:

a first storage device which stores said plurality of configuration values;

a means for driving said plurality of configuration values from said first

storage means onto said bus for retrieval and storage by each of the plurality of
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second neans for storing. 30 16. The apparatus as defined {nget a:“?'n’f{'ﬁ,
wherein said sec&d neans for StOI’I ng stores said set of values, said

appar at us usi ngl s to define; ioperating parape erk2 N6V 6974
apparatus. This laced , WO 95/31777
PCT/ US95/ 04865 - 23- 17 " Thse appar atus as defined in clain]14, wherein
said neans for driving drives said set of values onto said bus—wher—said

means for deta%Emsrﬂn rbgdé.rstovgoinhﬁﬁﬂ 4 Hurality of different operating parameters in each of

said plurality of agents;

a means for controlling the modifying of said first storage means during
operation of said apparatus;

a second storage device which stores said plurality of configuration values
after said means for driving said plurality of configuration values onto said bus
drives said plurality of configuration values onto said bus, wherein the apparatus
uses said plurality of configuration values stored in said second storage device to
define a plurality of operating parameters for the apparatus; and

a means for determining when said means for driving drives said plurality of
configuration values onto said bus and when said second storage device stores

said plurality of configuration values.

13. The apparatus as defined in claim 12, wherein said means for driving
further comprises means for storing said plurality of configuration values in said

second means for storing.

14.  The apparatus as defined in claim 12, wherein said means for driving drives
said plurality of configuration values onto said bus when said means for

determining is written to.

15. The apparatus as defined in claim 1, wherein each agent of said plurality of

agents is a processor.

16. The apparatus as defined in claim 1, wherein said interface logic is also for
asserting a reset signal to said plurality of agents, said reset signal indicating to
each of said plurality of agents when to retrieve and store said plurality of
configuration values.

17. The method as defined in claim 5, wherein said retrieving step (e}
comprises each of said plurality of agents retrieving said first plurality of

configuration values in a same clock cycle.
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18. The method as defined in claim 5, further comprising the step of driving a
reset signal onto said bus concurrently with said first plurality of configuration
values, and wherein each of said plurality of agents retrieves and stores said first

plurality of configuration values responsive to the reset signal.

19. The system as defined in claim 9, wherein said first agent is a bus bridge

and wherein each of said second plurality of agents is a microprocessor.

20. The system as defined in claim 9, wherein said interface logic is also for
driving a reset signal on said second bus, said reset signal indicating to each of
said second plurality of agents when to retrieve and store said plurality of

configuration values.
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