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(57) Abstract

A computer system (.l"b(')')'having a processor (10, 12) with a type input pin (22, 24) that indicates whether the processor (10, 12) is -
coupled as an OEM processor (10) in a single processor or a dual processor computer system. The processor includes an upgrade processor
(12) in the dual processor computer system. The processor includes an upgrade/OEM output pin coupled to transfer an upgrade/OEM signal

over a system bus (16) if-the type input pin (22, 24) indicates the

OEM processor (10). The upgrade/OEM signal indicates whether the

OEM processor (10) or the upgrade processor (12) is a bus owner of the system bus (16).




to a system bus that provides conmunication to a variety of
In such a conputer system

fetches an.instruction streamfroma nenory subsystem over
bus and executes each

15 devi ces..

typically
the system

stream Such a ¢entral

data structures in the nenory

t he central

instruction

processi ng unit

in the instruction
processing unit typically maintains a set of
subsystem and perforns input/.output:

accesses to the input/output 20 ‘devi ces over the system bus.

Such a prior single processor systemwusually inplenents an

mechani sm f or har dwar e exceptions in the

For. exanpl e,

typically causes a systeminterrupt to the central
WD 96/ 00976 .

handl i ng exter nal

an i nput/out put device controller

PCT/ US95/ 07308

attenpted to an input/output device that

suspended state. The'system i nterrupt

-2 -

is in a powered down or
indicates to the central
unit that the input/output device requires exception handling. Typically,

access
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‘t he syst agpbgdgeng upt directs control of the central procesgrigkosgidost 0 an
. 5 interrupt routine that restores power to the powered down or suspended

input/output device. Thereafter, the tntral pracessing unit reissues the
-1 nput/out put access to the input/output device and continues nornm

execution. 10 O her prior conputer systens may provide nultiple
central processing units to inprove instruction execution performnce.
Each ~ central processing unit in such a systemis typically coupled to
a system bus t hat provides communication to a nenory subsystem and a
set of i nput /out put devices. Such a nultiprocessor systemusually
yields 15 inproved instruction execution performance in conparison to a
system having a single central processing unit because the instruction
execution functions are shared anong nultiple central processing
units. : guch a nultiprocessor conputer systemtypically

provides 20 nechani s for sharing the external nmenory subsystem and t he

i nput/ out put devi'ces coupled to tThe syStembus anong the nul fiple

central processiﬁg units. For exanple, s§Gk a prior multiprocessor system
usual Iy inplenmentls a bus arbitrati on nechdgni smthat enabl es each central
processing unit tjo request and obtain ac¢gss to the system bus. 125 WO
96/ 00976 PCT/ WS95/ 07308
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“Such a pry i processor system al so usual ly inpl enent '
i nt errup"tw%% ajr716|t sm for handling hardware exceptions in t%gq‘&;gggﬁos In |

such a nmultiprocessor system an accegg over the system bus that causes an
- exception may originate fromany of the nultiple central processing units
5 coupled to the system bus. An input/output device controller in such a
systemtypically directs a systeminterrupt to the central processing unit
that originated the access that caused the exception.
Typically, an input/output device controller in such a system 10 nonitors
t he system bus and records ownershi p changes of the system bus bet ween
the multiple central processing units. Such an input/output devi ce
controller accordingly directs the systeminterrupt to the central
processing unit that owned the system bus during the access that caused
the exception. Unfortunately, such a prior systemrequires the 15
i npl enentation of relative conpl ex externat\Nhardware in the
i nput/ out put device 6onQJQ£%§r to nmonitor sysyem bus ownership. Such
conpl ex hardware nechani"ymsfusual |y increase %&he cost of such prior
conput er systens. 20 I n addition, ch mechani sns are inpractica
for a conputer sys@?nL hat i s upgradabl roma single processor
.systemto a multiple E| glocessor system such an upgradabl e system a
har dwar e nmechani sm ' :fog-nnnitoring bus ownership and directing system
interrupts would nqf &| be used if only one central processing unit is
installed in the sygstem |
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-4- Mor eover, the addition of such hardware to the §v§ﬁ§%? uréng
.upgr ade woul d require extensive h3f/glware nodification to the system

- WD 96/ 00976 o PCT/ US95/ 07308
- 5- SUVMARY AND OBJECTS OF THE | NVENTI ON

One object of the present invention is to provide an indication of

system bus ownership in an upgradabl e nultiprocessor conmputer system 5
Anot her object of the present invention is to indicate bus owner ship
bet ween an OEM process and ap4pgr ade. processor—L.n an upgr adabl e
conput er systergy er obj ¢ct of [the piesent] invention is to
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with an upeye@ed76éEM out put pin that indicates bus ownershi p~batikRE5s an
* CEM processor and an upgrade processor in an upgradabl e conputer

system 15

‘system
the processor,
si gnal over the system bus.

the invention are provided by a

processor having a type input pin that
is coupled as an CEM processor a single
conputer systemor as an upgrade processor
conput er system The processor includes an 25
coupled to transfer an upgrade/ CEM si gnal

PCT/ US95/ 07308

A further object- 8f4the present

Issue System
Management
Interrupt To
OEM Processor

<D

invention is provide a

wherein the CEM processor is determned by a type input pin of
and wherein the OEM processor drives the upgrade/ OEM

20 These and ot her objects of
conput er system conprising a
i ndi cat es whet her the processor
processor or a dual processor
in the dual processor
upgr ade/ CEM out put pin
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a syste e type input pin indicat es t he OEM processor. The
otrrgrtoazr

:upgr ade/ i ndi cat es whet her the CEM processor or tBI/US9EPTNR
processor is a bus owner of the system bus. S The conputer system
further conprises a device controller coupled " to sanple the

upgr ade/ CEM si gnal to determ ne whether the CEM :  processor or the
upgrade processor is the bus owner of the system bus. The devi ce

controller is coupled to transfer an |nterrupt to the CEM processor
I f the upgrade/ BROLESS A vk 3 BUS €) , 4
owner - of the system bus during an access over the s stem bus that causes
an exception. The delVE&RABRAE gULY » Ve P ALNMerrupt to
the upgrade processor if t he upgrade/ CEM Si gnal i ndi cat es that the
upgrade processor-is the bus owner of the system bus during the access
over the system bus that causeg O her

obj ects, features and advantages bn Wi | | be

apparent fromighe a Iﬂﬁ&l B&s and fromt he det ailed
descripti oné)t h%t fogmgﬂ%q. - :

The present invention pertains to the field of computer systems.

More particularly, this invention relates to a processor for an upgradable

.mulnprocessor computer system that prowdes an external indication of

system bus ownership.

2. BACKQBQLIN.D.

| Prior conventiona_l computer systems typically include a single

_ central processing unit. Typically, such a central processing unit is coupled

toa syst_em bus that provides communication to a variety of input/output
15 deytces': .In such a computer system, the central processing unit typically

fetclftes_an instniction stream from a memory subsystem over the system

‘bus and _e>__<.ec_utes _each instruction in the instruction stream. Such a central

processing unit typically maintains a set of data structures in the memory

subsystem and performs mput/ output accesses to the input/output

20 dev1ces over the system bus

Such a pnor single processor system usually 1mplements an
mterrupt mechamsm for handlmg external hardware exceptions in the
. system. For example, an mput/ output dev1ce controller in such a system

25 typically causes a system mterrupt to the central processmg umt if an



WO 96/ 00976 | .

PCT/ US95 76 -7- '

BRI EF DE 78N OF THE DRAWNGS - The pr esen®CTABSARH i s
illustrated by way of exanple and not2 - limtation in the figures of the =
acconpanyi ng drawi ngs in which |ike 5 references indicate simlar

el enments, and in which: Figure 1 illustrates a conputer system
for one enbodi ment which conprises a pair of processors, a nenory

subsystem a di splay device, a. di sk _subsystem -and a devi ce power
control ciracgess isagtempted to an inpuyyputput device thatds in apewveregdodows onne

enbodi nent whi ch. COMY.J Ses .a processor. gore, an, interrupt control
Cirouit, o HERAPeRASECEaR: The SYRtem FiprTupt indifates 9 fae ChRial Reorestingy ¢

T ultr ot ccut gBR g inbRis/ovipu; A& Gl BiBpioh TRl PRRACIYE, (e
system bus gy s&efen%éﬁﬁbt“@ﬂé&g %ontrol of the central processing unit to an '
5 interrupt routine that restores power to the powered down or suspended
input/output device. Thereafter, the central :pro'cessin'g.unit reissues the
input/output access to the inpuf/ output device and continues normal

execution.

10 Other prior computer sysfems may provide multiple central
processing units to improve instruction execution performance. Each
central processing unit in such a system is typically coupled to a system bus
that provides communication to a2 memory subsyétem and a set of
input/output devices. Such a muitiprocessor system .u'sually yields

15 improved S.nstructiéh execution performance in corriparison to a system
having a sirgle central processing unit because the instruction execution

functions are shared among multiple central processing units.

Such a multi;ﬁrocessbr coinputer systeni typically provides
20 mechanisms for sharing the external memory Subsystent_ and the |
input/output devices coupled to the system bus among the multiple
central processing units. For exax'nple; such a prior multiprocessor system
usually implements a bus arbitration mechanism that enables each central

processing 1i:iit to requesf and obtain access to the system bus.



processors faor one enbodi nent; ' Fi gure 4 shows a flow di agram
that ill uO%08%6t he processing of an 20 input/output acceBSTHSLHO7B08 '

system bus by the device power contrqlg _ .circuit for one enbodi nent.

YWO 96/ 00976 _ _ .

PCT/ US95/ 07308 : - 8-

DETAI LED DESCRI PTI ON Figure 1 illustrates a conputer system
100 for one enbodi nent. . The conputer system 100 conprises a pair of
processors 10 andSuéh agpriér mesltipyosessey systent alsoausliadlyl bpplemente ang, a di sk
subsystem 19, and a .device power control circuit 20. The input/output
devi ces of t Hyerrupt mechanismafog yhansllingobarshmne exceptionsdndhe systemystdam 14,

t he di spl ay devj ce 18, and the di sk subsystem 19. The_processors 10

and 12 suclh A mnIRracessen system, R AGCssh QYR e systam husthat caitgesiaty

system 100 exception may originate from any of the multiple central processing units

5 coupled to the system bus. An input/output device controller in such a
system typically directs a system interrupt to the central processing unit

- that originated the access that caused the exception.

Typically, an input/output device controller in such a system

10 monitors the system bus and records ownership changes of the system bus
between the multiple central procéssing units. Such an inpixt/ output |
device controller accordingly directs the system interrupt to the central
processing unit that owned the system bus during the access that caused
the exception. Unfortunately, such a prior system requires the

15 implementation of relatively complex external hardware in the
input/output device controller to monitor system bus ownership. Such
complex hardware mechanisms usually increase the cost of such prior

computer systems.

20 In addition, such mechanisms are impractical for a computer
system that is upgradable from a single processor system to a multiple
processor systefn. In such an upgradable system, a hardware mechanism
for monitoring bus ownership and directing system interrupts would not

be used if only one central processing unit is installed in the system.



10 over a system bus 16. The devi ce power control circuit 20

provi des woxsiooms power node functions for the displ aycﬂg§§§@3 8 and
t he di sk subsystem 19. The device power control circurt 20 selects a
power on state, a power off state, andl a set 15 of sleep node states for
t he di splay device 18 and the di sk subsystem 19 via a set of -power
control signals 25. ' The device power control circuit 20
nonitors accesses to the display device 18 and the di sk subsystem 19

G ok subsyLoarer et ad el s RRf hartark o iE ToREN Bl LBE-A 07 17

Processor 1 2voulafrdifitie xBAuTe 16ABMAE modificafioh td ine’sighs the disk

subsystem 19 to a power

e state an i nput/ out put
access to the disk subsystem 19 is not detected for a pr edet er m ned
time interval. The device power control circuit 20 powers 25 down the disk
subsystem 19 in order to reduce electrical current denmands WO 96/ 00976

PCT/ US95/ 07308 ) . - 9-



on a batter §not shown) for the conputer system 100. The devi ce power
-control cMAWOPI0 perfornms a sinilar function for the di sPCEFSHEBee 18.
The processor 10 is substantially simjar to the processor 12. The 5
processors 10 and 12 each function in either an original equi pnent

manuf acture (OEM processor node or an upgrade processor node. The OEM
or upgrade processor node for each processor 10 and 12 is det er m ned
by a voltage input at a corresponding CPU TYPE pin. A low vol tage on a
CPU_TYPE pin 22 of the preosdsAaRy A RIECTS DRTHEISVESIION10 10 to function
in the OEM processor node. A high voltage |evel on a CPU_TYPE pin 24
of the processor 12 causes the processor 12 to function in .  the upgrade
processor node. ' The processors 10 and 12 each contain an

i nternal i nterrupOnembjectt ofothecpresaneinvensionsis torprovideandodiqasione®is i n t he
processors 10 and 12 communi cate receive external interrupt requests
via an i nt er SYRieMpRs pymership igran npgrdablempuliiprgcessae C@mpé%tﬁ'gﬁﬂt rrupt
requests o the processors 10 and 12 i ndude system nanagenent

interrupts (SMs). The devi ce power . control circuit 20 issues a system

managenent interrypt over,the interr 20 nportion of stembus 16 to
I ndi cate that a: dé&oéﬁert? gﬁ?f ﬂ};&pf)écé%h'; Pévcfr&on 54 ME%E bZ%scess by the
processor 10 ' t ' i,n a
over ed of { SerdipHagEen GRM BrifshiPind M hhrade prol@etF iyl §
each cont ai .”uﬁgrddﬂb?é @aﬂn?y{& g};gt@,ht ace 25 circuit that enables

ver the s

conmmuni cati on stem-bus 16. The internal

10 Another object of the present invention is to provide a processor
with an upgrade/OEM output pin that indicates bus ownership between
-an OEM processor and an upgrade processor in an upgradable computer

system.

15 A further object of the present invention is provide a system
w_hefein the OEM processor is determined by a type input pin of the
processor, and wherein the OEM processor drives the upgrade/OEM signal

over the system bus.

20 * These and other objects of the invention are provided by a
computer system comprising a processor having a type input pin that
indicates whether the processor is coupled as an OEM processor a single
processor or a dual processor computer system or as an upgrade processor
in the dual processor computer system. The processor includes an

25 - -upgrade/' OEM output pin coupled to transfer an upgrade/OEM signal over
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interfa%séﬁ%mts in the processors 10 and 12 i npl enent Pa('"’:t)"ljjssg5107:;Bhl
arbitration mechani smfor coordi natidg ownership of the system bus 16.

The arbitration mechani sm enabl es each of the processors 10 and 12 to
request ownership of the systembus to obtain ownership over the system 5
bus and to thereafter relinquish control of the system bus 16.

The OEM processor ,10 drjves an upqr.ade/;OEM si g ver the syst em bus
16. The up@r%&é?@ﬁ\‘ﬂssl?ﬁh%ilm%mpﬂ'&ﬂ@g lmglahéérﬁ‘g@@mocessorprg%eessor 10 or

t he upgrade_pr 9. I @ﬂ[ bus
16. For oné“%’?gggf @gm ,;‘25‘}?2 %%g?%ge‘& %g&gena ofﬁr? géessE)pSr h%/lsl? éﬁ}écﬁeﬂ‘s 16 is
al ways dri- _ M R - term ned by t he CPUTYPE pin
22. ‘ﬁﬂc@éo{%{a%\% ce pg\ifg?écsg%te?qugi rcuit 20 nonitors the system
bus 16 and ‘15 detects input/output cycles on the systembus 16 that are
targeted for the * display device 18 or the disk subsystem 19. The

devi ce gover CcoOrMHeOtomputerCsystethtfuthedeiopeprises & devidenmnrsllerorulipledn on
the system bus 16 for an access to a device in a powered down or sleep
node st at e .to Bampiethé upgrade/ OEMisignah o dietermine iwbether e OEMhe addr essed

i nput/out put device for an 20 access does not return a ready signal over
t he syst emprocessor of the npgrade processor is the bus owner of the systembus. The

)

device controller is coupléd to transfer an interrupt to the OEM processor

if the upgrade/OEM signal indicates that the OEM processor is the bus | {
10 owner of the system bus during an access over the system bus that causes

an exception. The device controller is coupled to transfer 'aﬁ interrupt to

the upgrade processor if the upgrade/OEM signal indicates that the

upgrade processor is the bus owner of the system bus during the access

- over the system bus that causes the exception.
15
Other objects, features and advahtages of the present invention will
be apparent from the accompanying drawings, and from the detailed

description that follows below.



pr edet er I nterval . If a bus tinme-out to the display
: devi ce 18“&%’@ di sk subsystem 19 is = detected, thenACHEINTE® powver

control circuit 20 senses the state Qf ythe 25 upgr_ade/ CEM si gnal on the
system bus 16 to determ ne whet her the CEM WO 96/ 00976

PCT/ US95/ 07308 .- 11 - ' processor
10 or the upgrade processor 12 initiated the input/output access t hat
caused the bus tinme-out. The devi ce pover control circuit 20

accordingly directs the syJdRIEFIESCRET] [IHE DRAWINGS he i nt er nal
interrupt controller of the CEM processor 10 or to the I nternal interrupt
5 controller of the upgrade processor 12. The OEM processor 10 or the
upgr ade processorg}é t hen executes .a,system nagene t m)de i nt errupt
routine to restor %eaem@yseaonﬁﬁﬁwmtsd YAy exmpleapd Aot at e

state for sufag %Ll?onx% n? e 1gures of the accompanymg drawings in which like

5 references mdlcate smular elements, and in which:

Figure 1 illustrates a computer system for one embodiment which
comprises a pair of processors, a memory subsysfem, a display device, a

disk subsystem, and a device power control circuit;

10
Figure 2 illustrates a processor for one embodiment which
comprises a processor core, an interrupt control circuit, a dual processor
control circuit, a bus in’_cerface circuit,_ and a cache memory;
15 Figure 3 shows a timing diagram that illustrates a pair of pipelined

communication transactions over the system bus by the OEM and upgrade

processors for one embodiment;

Figure 4 shows a flow diagram that illustrates the processing of an
20 input/output access over the system bus by the device power control

circuit for one embodiment.



10 Figure 2 illustrates the processor 10 for one enbodi nent. The
processo %prr ses a processor core 40, an interrupt control circuit
a {"ﬁggﬁ processor control circuit 44, a bus int ePEHUSIY7348yi t 46,

and a cache menory 50. The progessor 12 is substantially sinmlar to
t he processor 10. 15 The processor core 40 conprises a set of

I nstruction fetch circuitry and instruction decode circuitry for
fetching instructions over the system bus 16 and for decoding the
fetched instructions. The processor core 40 - . further conprises a set
of execution units for executi NQEIARERIIESCRIPT I nstructions. For one
enbodi nent, the processor core 40 fetches and 20 executes instructions
over the system bus 16 according to the I nt el M cropr ocessor

b oceseor mode dpigpRe 1 llustrats PEERBLFEY sikterh {H0l40% B PPt e ot at e
of 1 1e_ CPU ol eystdif 1 106%n$e4ese8&9%t9;roseeafﬂo ghaqyih 44 sampies

the state o
5 memory subsystem 14, a display device 18, a disk subsystem 19, and a

device power control circuit 20. The input/output devices of the
computer system 100 comprise the memory subsystem 14, the display
device 18, and the disk subsystem 19. The pfocesésots 10and 12
communicate with the mput/ output devices of the computer system 100

10 over a system bus 16.

The device power control circuit 20 Ij'arovides_a. set of .po'vrrer mode
functions for the display device 18 and the disk.”'subsystem 19. The device
power control circuit 20 selects a power on state, a power off state, and a set

15  of sleep ‘mode states for the disp'l'ay'devizce"lsl and the disk subsystem 19 via

asetof power control signals 25.

The device power control circuit 20 monitors accesses to the display
device 18 and the disk subsystem 19 over the system bus 16 The accesses
20 tothe dlsplay device 18 and the disk subsystem 19 may ortgmate from
either the processor 10 or the processor 12. The device power control
circuit 20 sets the disk subsystem 19 to a powef off or a sleep mode state if
an input/output access to the disk subsystem 19 is not detected for a
- predetermined time interval. The device power control circuit 20 powers

25 down the disk subsystem 19 in order to reduce electrical current demands
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assertion of a reset (RESET) signal angthe system bus 16. The dual
processor control circuit 44 then sets the processor 10 into the CEM
processor node because the CPUTYPE pin 22 is at a | ow voltage | evel. 5
In a simlar manner, a dual processor control circuit in the processor

12 sanples a high voltage state on the CPUTYPE pin 24 and . accordingly
sets the procusadattery (netsshawnlferrthescopmpitter spstefpd@0. The device powerrhe

interrupt control circuit 42 is coupled to a set of interrupf 10 _control
lines of the cOpstad syt 2&perfaams @ grplas funstienpdpr rﬂi\%gésm%ysfealce 18. system
bus 16 include a programmable interrupt controller clock (PI C_CLK)

signal, a pair of programmable interrupt controller data - (PIC_DATA O

d PIC DATA 1 i ' i j
o0 PLCDATA.L) S0 ecelh fo ALSRATHIBEREIN toghe PSR, A v
eceTves o Sl S0 341248t Kifcnon iy SNSRI Mgl dipraard o2t

external int ghalRfatne (@Mﬁb@éﬂs@#ﬁxd&&&nt 1888 Hrbadssor modd. L TRe t he
processor 10 or the processor 12 according to programmabl e 20 interrupt

control | er. i diOBM bt apgrddinpiovessvt muae féneadh prdoédsdrdoand 12is PI.C_DATA 1
signals. The processor 10 and the processor 12 each mai ntain a uni que

i nternal progietermiried by aevoltage inpanat firrespanding CPAN NS pint & o
hardware to target an interrupt nessage to either the
voltage ona CPU_TYPE pin 22 of the processor 10 causes the processor 10
10  to function in the OEM processor mode. A high voltage level on a
CPU_TYPE pin 24 of the processor 12 causes the processor 12 to function in

the upgrade processor mode.

- The processors 10 and 12 each contain an internal interrupt
15 _controller. The internal interrupt controllers in the processors 10 and 12
communicate receive external interrupt requests via an interrupt portion
of the system bus 16. The external interrupt requests to the processors 10
_ and 12 include system management interrupts (SMIs). The device power
control circuit 20 issues a system management interrupt over the interrupt
20 portion of the system bus 16 to indicate that a device timeout has occurred
during an access by the processor 10 or.the processor 12 to an input/output

device in a powered off or sleep mode state.

The processors 10 and 12 each contain an internal bus interface

25 . circuit that enables communication over the system bus 16. The internal
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processor 10 of the processor 12. System managenent interrupts are WO

96/ 00976 WO 96/00976 5/ 07308
- 13 - directed to the processors 10 and 12 via coPrCrTé‘Esgg/g |%g _
system management interrupt (SM¥ pins. The bus : L%

interface circuit 46 enables comrmuni cation transactions for 5 the
processor 10 over the system bus 16. The processor 10 arbitrates for
control of the systembus 16 with the processor 12 via a set of request

fﬁFS#Ei’g)e o Bt i B PR oot i 1 pi 1 SRR R0 e bzs
10 o reri AR flenahishl for ASHamaling KRARRIE O e yfedl g R T 1
The bus i nt gLaaBirhtisy nedh@nisin %S\HBie;sQaa_Eﬁ o’fltﬁg_tpreéeéspg £ angARFSS)

signal lines, and a set of data (DATA) signa I'nes on t system bus 16.

The addr ess réquest DvnarsBifabf the$fstah Blaetce ybtadiowterdRipeovdy fetdiBtdrnocessor
15 10 to perform nmenory accesses and input/output accesses over the system

bus 16 a8 wbls amsl tontitereaftérarelinquish contrelsofothersystem dystn bus 16.
The bus interface circuit 46 is also coupled to a set of byte enable
The OEM processor 10 drives an upgrade/OEM signal over the
system bus 16. The upgfade/ OEM signal indica‘tés whether the OEM
processor 10 or the upgrade pfoceséor 12 is the current bus master of the - '
10 system bus 16. For one émbodiment, the upgrade/OEM sig?tal on the
| system bus 16 is always driven by the OEM proéesSor 10 as determined by
the CPU_TYPE pin 22. |

. The device po"w'ér control circuit 20 monitors the system bus 16 and
15  detects input/output cycles on the system bus 16 that are targefed' for the
display device 18 or the disk subsystem 19. The device power control
circuit 20 detects a biis time-out condition on the system bus 16 for an
access to a device 1n a p’oWefed dowﬁ or sleep mode state. The bus time-
out condition is indicated if the addressed inpti’t/ output device for an
20  access does not return a ready signal over the syétem bu; 16 within a

 predetermined time interval.

If a bus time-out to the display device 18 or the disk subsystem 19is -
detected, then the device power control circuit 20 senses the state of the

25  upgrade/OEM signal on the system bus 16 to determine whether the OEM



(BE[ 0: 3]) wo 7d i nes_on the system bus 16. The byte enablﬂ%{,ﬁ@g@ﬁoﬁdi cate
e

:20 the valid data bytes transferred over the data signal l'ines-o

syst em bus 16. | A Hddi tion, the byte enabl e signal

i nes of the system bus 16 provide a progranmabl e interrupt controller
identifier (PIC.ID) for the processors .25 10 and 12 during reset of the
conputer system 100. The bus interface WO 96/ 00976

PCT/ US95/ 07308 uit 46

| at ches the DPFeCesePy 1907 the uwtsdsngmeeser %gvheteﬁe@edspwew'@gé@ccess
' | i td 16 The PI C | to the byt
habe s gttt bt SRR SO HiE dvier RAoiditll 28" 0 e P
trol 1CEM
g?gcregsor rmde usesél?h Qﬁctaﬁhﬁsystem m?r‘fﬁ%é‘? i?‘h&%.gg g&gtr\]% {eep% gnal i nes
at reset as tiﬂ@rﬂfptoé&tttdllérrd%e OEM gﬁ-@&&@ﬂ?‘@@kﬁ’ tbthelihtihal Hﬁé‘tﬂu er for

the interrupt control .circuit bus interface circCuit in

the processokoaoller bhtheipgritie Proresstror2. The OBMraesssonl0es the
programuabl e interrupt identifier for the internal ~interrupt

controller ofuptgmdo (proesssor 122hexy exemtbs Iags)ﬁstmnlmhmymahtemdgnata'rupt

routine to restore the addressed mput/ output dev1ce to an appropnate

state for subsequent access.

10 Flgure 2 1llustrates the processor 10 for one embodlment The
processor 10 compnses a processor core 40, an mterrupt control circuit 42, a
dual processor control circuit 44, a bus interface circuit 46, and a cache

memory 50 The processor 12is substannally smular to the processor 10.

15 The processor core 40 comprises a set of instruction fetch circuitry
and instruction decode circuitry for fetching instructions over the system
bus 16 and for decoding the fetched mstructlons The processor core 40
further compnses a set of execution units for executing the fetched
mstruchons For one embodxment the processor core 40 fetches and

20 - executes mstructmns over the system bus 16 accordmg to the Intel

Mtcroprocessor Archrtecture

The processor 10 functxons in either the OEM processor mode or the
upgrade processor mode accordmg to the state of the CPU TYPE pin 22.
25 The dual processor control circuit 44 samples the state of the CPU_TYPE



of the systembus 16 at reset and by inverting the |east significant bit of *
t he wodgpbeg P C ID fromthe byte enable signal |ines ade
processor 15 12 inverts the least significant bit of therd;ﬂ%ség% ensure

that the CEM processor 10 and the upgrade processor 12 use different =
pr ogr ammabl e interrupt controller identifiers to determ.ne the proper
target for interrupt messages transferred over the system bus 16 via

the PIC DATA O, 1 signals. 20 The devi ce power control

circuit 20 stqres the progranpmable . interrupt identifier for, the OEM
processor T3 &R%dﬁ%@?&’&j@wéra@é%%@ﬁsﬁﬁ signal %ﬁ%sﬁt‘?‘?‘et?u%}é'y PR the
| east significant bit. The di.fferi,ng, proagr bl e LNt enru
dont i 11 or uaf BRbeetice coniFol reyit uf dndh 8k R R pSesser 10uple b BFM s
properly di : JRUE g@ﬁ’]iﬂﬁ S LL t.0 .ei t{he WO
06/ 00076  Protessdr ol B &k o= P22 a?a.lngwgﬁlﬁﬁé%/ 07308
- 15 - processor 10 or the upgrade processor 12 over the system bus
16. Al ternatively, the device power control circuit 20 directs system
nmanagengnt i nt e Wpdignildromafifer,al dudlpradesstr cor@rell Grdudt iheheM  pi ns of
the processors 10 and 12. _ - _ ' _

processor 12 samples a high voltage state on the CPU_TYPE pin 24 and

accordingly sets the processor 12 into the upgrade prbcéssor mode.

The interrupt control circuit 42 is coupled to a set of interrupt N |
10 control lines bf the systerﬁ 'bu_sl 16. The intérrupt control 11n§s of the |
sysfem bus 16 include a pfogrémmab’le _inferrupt cdn&oller clock |
(PIC_CLK) signal, a pair of ?rogrammable interrupt controller data
('PIC__DATA_..O' and PIC_DATA;i) s.ig.nals,l and 'a'system ma;tagement
interrupt active (SMI_ACTIVE) signal.
5 : | |
The iniarrupt control circuit .2 receives interi‘upt inessagés ovef_ the
System bus 16 that in'dicate. external Ihardwa.r'e.ititérrup.t'é ih the computer
system '10(_) . The external intefrupts on thé-syst.em bus 16 are targefed for
either the prdcessor 10 or thé processor 12 ai;coxﬁirig to a:programmable
20 interrupt controller identifier t:anéfefréd over tﬁe PIC_DATA__O and
PIC_DATA_1 signals. The processor 10 and the proééssor 12 each
maintain a unique internal programmable interrupt identifier that
enablés éxtéfnal h.ardwar'e'_lto target an interrupt ine.s.s'age..tb either the

proc.ssor 10 ¢ e processor 12, System management interrupts are



5 .WO%IOT)Q’?G bus interface circuit 46 is coupled to a _cl OCkﬁ{é”SﬁéjCK)

signal |ine “for the systembus 16 as well as an addr e FETAS?

( ADDRESSSTROBE) signal line, a ngxt address (NEXTADDRESS) signal Iine
and a cache enabl e (CACHEENABLE) signal line of the system bus 16.
The address 10 strobe signal indicates that a valid address is driven over
the address |ines of the system bus 16. The next address signal

i ndi cates whether a new - address cycle is all.omed on the system bus 16
and the cachdirested)te thegrraressors 10 apd 12hvacorespendingsyste® current data
transfer cycle on the systemb 6 . I's cacheable to the cache nenory
50. 15 managemgnd IBtRITHRE PIRS-rcuit 46 is also coupled to a

VRl TE/ READ si gnal line, a WRI TEBACK/ WRI TETHRU si gnal line, and a
BURSTREADY signal line of the system bus 16. The WRI TE/ READ si gnal of

the system 4 ndical bus
16 is a wite or gﬂéd’]‘{% elfagéy £§c gi%%g%{h%{a?%AW%%%%%ﬁgﬁ ﬁcgp on "
‘the systen b processot010 S¥ErGhk&ysae b8 16! M PdcBEor G8CIBitrA 1S for
transferred over- the system bus 16 causes a cache line state
transition tgortfoldfihessysterfbud T Wwithckhe!protessor 12 via a set of request
(REQUEST) and grant (GRANT) signal lines on the system bus 16. The
bus interface circuit 46 uses the request and grant signal lines on the

system bus 16 to obtain control over the system bus 16 as a bus master and

10 to relinquish control over the system bus 16 to the processor 12.

-The bus interface circuit 46 is coupled to a set of address (ADDRESS) |
signal lines, and a set of data (DATA) signal lines on the system bus 16.
The address and data signal lines of the system bus 16 enable the processor
15 10 to perform memory accesses and input/output accesses over the system

bus 16 as well as instruction fetch cycles over the system bus 16.

The bus interface circuit 46 is also coupled to a set of byte enable
(BE[0:3]) signal lines on the system bus 16. The byte enable lines indicate
20 the valid data bytes transferred over the data signal lines of the system bus
16.

In addition, the byte enable signal lines of the system bus 16 provide
a programmable interrupt controller identifier (PIC_ID) for the processors

25 10 and 12 during reset of the computer system 100. The bus interface



The bus interface circuit 46 always drives the UPGRADE/ CEM 25 signal line °
of the syWO®00A16 16. The bus interface circuit 46 drives ptpuseswo7os WO

96/ 00976 - PCT/ US95/ 07308

- 16- UPGRADE/ CEM si gnal | i ne o~ indi cate whether the OEM processor %
10 or t he UPGRADE processor 12 is the current owner of the system bus

16 according to the bus arbitration performed via the REQUEST and the
GRANT signal lines of the system bus 16. 5 The UPGRADE/ OEM
signal in copdiicid ichid the! e BY A6 e byte enabldifighal HES a4 B ¥higt her the
processor 10 or whether the processor 12 1's in a system nmanagenent

node (SVM fs@gnal(lw&ﬁséﬁéiﬁﬁﬁfmél%%rétéﬁcbh@lé. IThe PIC_ID! 8 RIrd@iPoh®y theytsitem 100.
The SMM i ndi cation provided by the 10 UPGRADE/ OEM.and SM _ACTI VE signal s

i s useful fcnable signaklinesiof the systérhviarscl Glatreget by the dehirequowert eontsolst em
100. . . Figure 3 is atimng diagramthat illustrates a pair of
pi pel i ned  circuit 20. ' a .

5
The processor 10 in the OEM processor mode uses the PIC_ID
sampled on the byte enable signal lines at reset as the unique internal

programmable intérrupt identifier for the interrupt control circuit 42.

10 A bus interface circuit in the processor 12 in the upgrade processor
mode determines a programmable interrupt identifier for fhe internal
interrupt controller of the processor 12 by sampling the byte enable signals
of the system bus 16 at reset and by inverting the least significant bit of the
sampled PIC_ID from the byte enable signal lines. The upgrade processor

15 . .12 inverts the least significant bit of the PIC_ID to ensure that the OEM
processor 10 and the upgrade processor 12 use different programmable
interrupt controller identifiers to determiné the proper target for interrupt
messages transferred over the system bus 16 via the PIC_DATA_0,1
signals.

20

The device power conﬁol circuit 20 stores the prc;grammable
interrupt identifier for the OEM processor 10 and the upgrade processor 12
which differ only in the least significant bit. The differing programmable
interrupt identifiers PIC_ID enable the device power conirol ‘circuit 20 to

25 properly direct a system management interrupt to either the OEM



conmuni catweél@%gactlons over the system bus 16 by the processors 10 15

-and 12 for ‘on di nent : The ADDRESSSTROBE sP§GAAISIP NI of
the system bus 16 is driven by eifgher the processor 10 or the

pt ocessor 12 accor di ng to the current bus ownershi p of the system bus
16. The WRI TE/ READ signal line of the 20 systembus 16 as well as the
~address, data, and byte enable signal |ines of the system bus 16 are
driven by ei ther the OEM processor 10 or the upgrade processor. 12

according to pmceéinrrmwr thesupgwraclespriogessor lR@vey she system bes 16.

The CLOCK sig gil | i ne of the systembus 16 is driven by external = 25
hardware in t %%Yﬁlé!r t@éewmewmqmgsecwystem WD 96/ 00976
PCT/ US95/ 07308

CACHE._ENABLE, TAT2SORCREARISRT RS % 5aparats SMhinput SIgmlﬁes@ the A9 pingaf
lines are dri ﬁ?enppc}f:eg o‘é&‘iﬁ%n%oﬁ" ed to the system

5
The bus interface circuit 46 is eoup_led to a clock (CLOCK) signal line
for the system bus 16 as well as an address strobe (_ADDRESS_STROBE)
signal line, a next address (NEXT_ADDRESS) signai line and a cache
enable (CACHE_ENABLE) signal line of the system bus 16. The address
10~ strobe srgnal indicates that a vahd address is driven over the address lines
of the system bus 16. The rtext address signal indicates whether a new
address cydle is allowed on the system bus 16 and the cache enable signal
lme mdlcates whether the current data transfer cycle on the system bus 16
is cacheable to the cache memory 50.
15 o .
The bus interface circuit 46 is also coupled to a WRITE/READ signal
line, a WRITEBACK/WRITETHRU signal line, and a BURST_READY
| signal line of the system bus 16. The WRITE/READ signal of the system
bus 16 indicates whether current cycle on the system bus 16 is a write or a
20 read cycle The WRITEBACK/ WRITE'I'HRU 51gnal lme on the system bus
16 mdxcates whether the current cache line transferred over the system bus

16 causes a cache line state transition to an exclusive or a shared state.

o The bus interface circuit 46 always drives the UPGRADE/OEM
25 51gnal hne of the system bus 16. The bus 1nterface circuit 46 drives the



bus 16 according to the type of comrunication transaction underway. 5

The UP y signal line on the systembus 16 is al way driven by

t he CEE/I;?;r ocessor 10. The UPGRADE/ CEM si gnal |ine does Ec'rmﬁ%fm?:‘ﬁange
~ownership according to changes in bug ewnership of the system bus 16 ~
bet ween the processors 10 and 12. 10 At time t2, the CEM

processor 10 asserts the ADDRESS STROBE signal to indicate a valid
address on the address |ines of the system bus 16 for a data transfer
cycle initiated t he OEM processaor 10. At tinme gr ade
processor I@’%B@ﬁ éOEMSMSS@RME%ﬁ’ yheath erntherQEM,gr@eﬁssorl °E)us 16 to

s v abe L GRREE Prost e B MRty SinS ob Mk SR B o :6 X L‘”h
Lo 1 ow st aErpingap e t‘*?%ﬁ?%ﬁﬁ"s?@%@ g hEREQUEST and the 1T 1O
as i nd EQ?&%“%W%%@[E@%%E%@QQ st&ﬂf"tﬁé“rs pereen times o and 2 10

The UPGRADE/OEM signal in conjunction with the SMI_ACTIVE

| signal indicates whether the processor 10 or whether the processor 12 is in
a system management mode (SMM) for power management functions in
the computer system 100. The SMM indication provided by the | |
10 UPGRADE/ OEM and SMI ACTIVE srgnals is useful for hardware and
software debuggmg in the computer system 100. | |

'Pigure 3isa txmmg dragram that illustrates a pair of pipelined
communication transactions over the system bus 16 by the processors 10

15 and 12 for o'n_e embodiment.

The ADDRESS S'I‘ROBE srgnal line of the system bus 16 is driven
| by either the processor 10 or the processor 12 accordmg to the current bus
ownership of the system bus 16. The WRITE /READ srgnal line of the
20 system bus 16 as well as the address, data, and byte enable signal hnes of
| the system bus 16 are driven by erther the OEM processor 10 or the upgrade

processor 12 accordmg to the current bus ownership of the system bus 16.

The CLOCK signal line of the syster:. sus 16 is driven by external
25 hardware in the computer system 100. The NEXT_ADDRESS, the



The devi ce

ower control circuit 20 senses the state of the

di sk subsystem 19, is in a powered down or sleep node state, then the

devi ce power BEM'F_&E&D?{csgnalzbnesam driveh dyudersercompled tynthe $ystemt o

determ ne whether to direct a system managepent interrupt to_either the

CEM pr ocessobud 36 accorsing igrthe dype 6 eomypunicatipndrepsAcion Jsarwamnt r ol

circuit 20 accordingly selects the appropriate PIC ID for the processor

or 10 12 and transfers a system nmanagenent interrupt rressage via the

M DATA g ANl | TRET ARt FSERE AT k8 o B SRR BTG ShanbD.,
ith h
Slr E)cggsor 12&fi§e§|ﬂy ﬂ%l%rjg& Bf#eég%é}g%%{fﬁ%nbagenen émf‘er r%ﬁ?ﬁ%gt&e% ©

not change ownership according to changes in bus ownership of the

- system bus 16 between the processors 10 and 12.

10

15

20

At time t2, the OEM processor 10 asserts the ADDRESS_STROBE
signal to indicate a valid address on the address lines of the 'system bus 16
for a data transfer cycle initiated by the OEM processor 10. At time t5, the
upgrade processor 12 asserts the ADDRESS_STROBE signal on the system
bus 16 to indicate a valid address on the address lines of the éystem bus 16

for a data transfer cycle initiated by the upgrade processor 12.

Between times t3 and t4 the UPGRADE_OEM signal transitions
from a high to low state to indicate that the OEM processor 10 is bus
master during the data transfer sequence that occurs between times t6 and

t10 as indicated by the BURST_READY signal line.

The device power control circuit 20 senses the state of the
UPGRADE_OEM signal line on the system bus 16 to determine whether

the processor 10 or the processor 12 originated the data transfer cycle

- UPGRADECEMY@? 6 line on the systembus 16 to deterni ne WRETABPS07308 t he
processor 10 or the processor 12 orighpated the data transfer cycle
WD 96/ 00976 -
PCT/ US95/ 07308 - - 18 - bet ween
tinmes t6 and t10 to the addressed i nput/output device indicated by t he
address signal lines of the systembus 16 during tine t2. | f
t he addr esseCACHE ENABLE, dee WRITEBAQK/ WRITETSRUY arldvihee 18 or 5 the

10



Figure 4 is a flow diagramthat illustrates the processing of an

i nput / outypBlogagysess over the system bus 16 by the device %ﬁ%ﬁ@%ﬁm

circuit 20 for one enbodi nent. At block 70, the device po

circuit 20 senses an access over the Hystem bus 16 to one of the 20

I nput / out put devices including the display device 18 and the disk
subsystem 19. Thereafter -at decision block 72, if a device

ti me-out does not occur to t he addressed i nput/output device then the

L b aieer s B R (10,1p 8 a e SRpBE/ WP tevick RaflSlesEy
/ /
:Dgguglsgﬁt 83 08 gﬁiregs 8@?1 (%lgﬁlgfé}t‘e a%%t?g\ lBlf'is B? (gl&{mlgztlrrgeggn control pr oceeds

to deci sion bI ock 74. At decision block 74, the device power
control circuit 20 determ nes 5 whether the UPGRADE/ OEM si gnal on the

system bus 16 i SI@t?t‘éQ{&di@sseﬁf input/output device, either the display device 18 or
5 the disk subsystem 19, is in a powered down or sleep mode state, then the
device power control circuit 20 samples the UPGRADE/ OEM signal line to
determine whether to direct a system management interfupt to either the
OEM processor 10 or the upgrade processor 12. The device power control
circuit 20 accordingly selects the appropriate PIC_ID for the processor 10 or
10 12 and transfers a system management interrupt message via the
PIC_DATA signal lines of the system bus | 16 with the selected PIC_ID.
Alternatively,'the device powér control circuit 20 accordingly selects either
the SMI input to the processor 10 or the SMI input to the processor 12 to
~ direct the system management interrupt.
15
Figure 4 is a flow diagram that illustrates the processing of an
input/output access over the system bus 16 by the device'pOWer control
circuit 20 for one embodiment. At block 70, the device power control
circuit 20 senses an access over the system bus 16 to one of the
20 input/output devices including the display device 18 and the disk
subsystem 19. i

Thereafter at decision block 72, if a device time-out does not occur to .
the addressed input/output device then the transaction over the system

25 Dbus continues as normal. If a device time-out to the addressed



f he UPG?A%QF:,%’%gnaI is asserted at decision block 74, then control
)C

. proceeds t0.bl'OCK 78. - At bl ock 78, the device pFEPSEYMBo|
circuit 20 issues a system 10 nmanagejgent interrupt to the upgrade
processor 12. The devi ce power control circuit 20 identifies the
upgrade processor 12 as the target for the system managenent i nterrupt
by transferring the PIC ID corresponding to ~the upgrade processor 12
over the PICDATA |lines during the system managenent interrupt nessage.
15 inpattowpupdrrive/dyes edcynat desision blesket2; shem coniael preseeds ock
74, " then coptrol proceeds to block 76. At block 76, the device power
control . tQ) @n es a system managenent interrupt to.the OEM
processor 10. ' The device power control circuit 20 identifies the CEM

processor 10 as a 20 target for the system managenent interrupt by
he Pl C_DATA | | nedtirgn block % BRHERCE hler ur GrARF S5 Wtertiing? "
5 whether the UPGRADE/OEM signal on the system bus 16 is asserted. If
the UPGRADE/OEM signal is asserted at decision block 74, then control
proceeds to block 78. | |

At block 78 ,the device power control circuit 20 issueé a syst.em. |
10 ~management interrupt to the upgrade processor 12. The device power
control circuit 20 identifies the upgrade processor 12 és the target for the |
system management interrupt by transferring the PIC_ID corresponding to
the upgrade processor 12 over the PIC_DATA lines during the system
management interrupt message.
15
If the UPGRADE/OEM .signal is not asserted at decision block 74,
then control proceeds to block 76. At block 76, the device power control
circuit 20 issues a system management intefrupt to the OEM processor 10.
The device power control circuit 20 identifies the OEM processor 10 as a
20 target for the system management interrupt by transferring the PIC_ID
corresponding to the OEM processor 10 over the PIC_DATA lines during

the interrupt message.
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PCT/ US95/; . - 20- = The
UPGRADE/ SI gnal can also direct the BURST READY  SGH*SAB0Ri t her
the processor 10 or 12 as appropriategn a system having separate
BURST_READY inputs to the processors 10 and 12. 5 In the
.foregm ng specification the invention has been described with

reference to specific exenplary enbodi ments thereof. It will, however, be

evi dent that various nodifications-and changes nay be nade. thereto
wi t hout departi nghe WRGRADE/ XM signalqan 418@! diveshshe BURRT IREARY on as set
forth in the ag ended cl.ains. The _specjfication and draw ngs .are 10

accor di ngl ySig8 - thegprosessor L}thraﬂ JeapRIQRIiatein R sy SF%@t}P%Vé’E‘g ve sense.

' \381-/9 glsgglgg%q;grate BURST_READY inputs to the processors 10 arﬁlz

- CLAI M5 V\hatlsclalmedls

5 In the foregomg spec1f1cat10n the invention has been described with
reference to specxfic exemplary embodiments thereof It w111 however, be
evident that various modifications and changes may be made thereto

without departing from the broader spirit and scope of the invention as set

forth in the appended claims. The specification and drawings are {

10  accordingly to be regarded as illustrative rather than a restrictive sense.

-



1. A COpYgiRo7SYySt em conprising a processor having a typ’pcarggs?% 38
- P%n a

-that indicates whether the processor is
single processor or a dual processor Zp J;er system oECrag| an upgrade
processor in the dual processor conputell systmeng: d:hesrpr oce} sor having an
upgr ade/ OEM out put pin coupled to transﬁerta@n—{rpgrm |gnal over

a systembus if the type input pin indicates the OEM processor, the 10
upgr ade/ CEM si gnal i ndi cati ng whet her the CEM processor er—the

upgr ade processor is a bus owner of t

conput er sy .1 wherein the processor co;mlmilﬂ juﬂ M“E

I nterface CWIISE sto sanple an interrupt ide I " " II f 15
signal lines, the bus |nterface circuit inverting a Ieast S|gn|f|cant bi t

of the interrupt identifier if the type input pin indicates that the

processor | the Ao ni!g% stem
of claim 2, Sl\/\/nerel nt Si %2%&]{%&?? n%“%rocgis%r havngé]ﬁ tﬁgﬁﬂgﬁ R le -
si gnal | isnesthat uﬁix%ﬂfés%héthér tl'i@pr@deﬁscﬁai@%ﬁpléd‘a@ah@Ele_rocesscll" i9ha
transition of a reset pin of the processor he: conput er
system of clsihgledrocesson o aCAuAl processor comhiter system 6088 aﬁldpg&aa@ur)l ed to

transfer the interrupt identifier over the 'signal |ines.
processor in the dual processor computer system, the processor having an

-

upgrade/OEM output pin coupled to transfer an upgrade/ OEM signal over
a system bus if the type input pin indicates the OEM processor, the
10 upgrade/OEM signal indicating- whether the OEM processor or the

upgrade processor is a bus owner of the system bus.

2. The computer system' of claim 1, wherein the processor compriSes a

bus mterface circuit coupled to sample an interrupt identifier on a set of
15 signal lmes, the bus interface circuit inverting a least 51gmf1cant b1t of the

interrupt identifier if the type input pin indicates that the processor is the

upgrade processor.

3. The computer system of cléim 2, wherein the signal lines comprise
20 aset of byte enable signal lines of a system bus that are sampled on a low to

h1gh transition of a reset pm of the processor

4.  The computer system of claxm 2 further compnsmg a device

controller coupled to transfer the mterrupt identifier over the 51gnal lines.
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-22- The conputer system of claim4, wherein '
controll g‘r’ogéow%sanpl es the upgrade/ CEM signal to determ h’gﬁﬁﬁg fiiaps

: .ocessor 4 92the bus owner Of the system bus.
6. The ¢ ﬁ'put Bt system ofl £l aim5, wherein the devi M\] mummz
coupl ed t __¢1,Lan‘§TbT“~aln’Jl nterffupt to the OEM processorc‘m“m
si gnal indicat 65 T hat—ire=EE processor is the bus owner tLhe system bus
during an access_over the system bus_that requires the |nt erru 10 7.

The conput e$- sysifbﬁtcsmmtsr §ystemyeé claim nhwhessincthecdriire cppiro sr
coupled to transfer an inter rade SS he

ungade/ CEl\ﬁasIPB]rs?é ﬁ?ﬁ&%&é@é%@&@ tﬂrﬁ%p r‘@i‘@g‘ﬂ ﬁFééMte bus owner
of the t durin cce temb th re t he
Mnerrupt ; Bceor 4 i3l TESRecbF e ity Sh A 88 T e R L™
upgr adabl e mul ti processor conputer system conprising the steps of :-

sanpling a type input pin that indicates an OEM processor in a . single

processqy 0g, a dyRb B B SYstefTBF cRimSY Sivieté&h tﬁ@ dRGEAESN #6llePisOCessor
I n the dual processor. orrputer system :

coupled to transfer an interrupt to the OEM processor if the upgrade/OEM

signal indicates that the OEM processor is the bus owner of the system bus

during an access over the system bus that requir_es?che interrupt.

10 7 The computer system of claim 5, wherein': the device controller is
coupled to transfer an interrupt to tlte upgrade p_roc_essor if the |
upgrade/OEM signal indicates that the upgrade processor is the bus owner
of the”system_ bus during an access over the system Bus that requires the-
interrupt. | | o

15

8. A method for indicating bus ownershrp in an upgradable
multxprocessor computer system, comprising the steps of:

sampling a type input pin that indicates an OEM processor in a
smgle processor or a dual processor computer system or an upgrade

20 processor in the dual processor computer system;

transferring an upgrade/ OEM signal over a system bus if the type -
input pin indicates the OEM processor, the upgrade/ OEM signal indicating
whether the OEM processor or the ungrade processor is a bus owner of the

 system bus.
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t ransf er ri{ygbeiigefPar ade/ OEM si gnal over ;fasystembusfi% hecriREs07308 | NPUL
. pin indicates the OEM processor, the up r"’é:d.é;/---'_CE_l\_/_I‘g"g;hél‘ i n‘gl cating
whet her the CEM processor or the upgsras proglﬁ;iﬂﬁgazhng owner of the

S ITmlﬂTﬂlﬂiﬂTlTllllllllll | 23 . o The method of

claim8, further torfpritsi hg the steps of sanpling an “interrupt

bit 'of the [t or r HE PRBREIGh GRIT £, FHGREY SRMPRIRE o S1oai et RaP g Apgr ade
Conpr i se. a sitersppt MentifeiCon 8 od? o Qi trfo andt SV el Te ERIAGHRET
method of o1 2t OF¢he jihePipt idenkhErE tlelypd infut PREIndiLies i lperde | 1°

over the Si”g@"ﬂcebéd??s by a device controller in the conputer system
12. The hod of claim 11, further conprising the step of sanpling 15°
t he upgrade/ OEM signal to determ ne whether the CEM processor or the

10.  The method of claim 9, wherein the signal lines comprise a set of
byte enable signal lines of a system bus that are sampled on a low to high

transition of a reset pin.

10 11. The method of claim 9, wherein the interrupt identifier is
transferred over the signal lines by a device controller in the computer

system.

12.  The method of claim 11, further comprising the step of sampling
15  the upgrade/OEM signal to determine whether the OEM processor or the

upgrade processor is the bus owner of the system bus.

13.  The method of claim 12, further comprising the step of transferring
an interrupt to the OEM processor if the upgrade/OEM signal indicates
20  that the OEM processor is the bus owner of the system bus during an access

over the system bus that requires the interrupt.

14.  The method of claim 12, further comprising the step of transferring

an interrupt to the upgrade processor if the upgrade/OEM signal indicates
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upgrade processor is the bus owner of the system bus. The

nmet hod of claim 12, further conprising the step of transf %07308
|nterrupwq98/°t)?"7§ CEM processor if the upgrade/ OEM si gnal |n Icates 20 that
the OEM processor is the bus owner of24t he system bus during an access

over the SyStﬁ‘—_@;leﬁ—H&a:t——rgqu> the interrupt. 14. The met hod of
claim12, furtlher»tsc@npﬂ sih@gitHe||step of transferring an interrupt to
t he upgrade pr. \ocessow iRt h'e up:gjade/ OEM si gnal i ndi cat es WO 96/ 00976

PCT/ US95/ 0730 t hat the
upgr ade pr ohas sive ngradﬁepmS%mJn\érthéfbuﬁ t%"’%%ﬁs@feﬁhebﬁﬁt% rbi“ﬁdi‘grlf‘g an access

over the system bus that requir i\ the int erruP
' access over the system bus that requires the interrupt.
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