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THE I NVENTION 1. Field of the Invention 5 The present invention

rel ates to conputer system peri.pheral connections. Mre particularly, the
present invention relates to interrupt handling for conputer systens having
-mul ti pl e peripheral buses. 2. Reservation of Copyright 10 A portion
of the disclosure of this patent docunment contains material which is _
subj ect to copyright protection. The copyright owner has no objection to

the facsimle reproduction R nTpe OW he pat ent
di scl osure, as it appears ilr??ﬁe atlegn) gﬂﬁ-ggﬁgn%?k ic%@pg{['ent file or

records, but otherw se (GONVERTERLANDPSERECTION SMEGHANESM 3. Art

Background In the conputer industry, one widely accepted system
architecture for stand al one systens has been the AT system design. 20

Conput er system not her boar ds . s BROKGROUNDS OF/STHE INVENFEDNal | y i ncl ude
a standardi zed i nput/output (1/0O bus for providing inter-system

1. Field of the Invention

5 'The present invention relates to computer system peripheral
connections. More particularly, the present invention relates to interrupt

handling for computer systems having multiple peripheral buses.

2. Reservation _of Copyright

10 : A portion of the disclosure of this patent document contains
material which is subject to copyright protection. The copyright owner
has no objection to the facsimile reproduction by anyone of the patent
document o'r the patent disclosure, as.it appears in the Patent and |
Trademark Office patent file or records, but otherwise reserves all

15  copyright rights whatsoever.

3. Art Backdaround

in the computer industry, one widely accepted system
architecture for stand alone systems has been the AT system design.
20 Computer system motherboards supporting this system type generally

“include a standardized input/output (I/0) bus for providing inter-system
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conmuni ogbiogpeagbet ween t he vari ous system conponents. For -
systenis central processing unit (CPU) will utilize this g&?@g&&’%’t‘m eving -

and writing data to the system's hard disk drive or other storage devices.
Such system bus standards include the well-known 5 | SA and El SA standards
“to which, for exanple, a hard disk drive nmay be connected through an
Integrated Drive Electronics (IDE) interface. As conputer processor
technol ogy has devel oped, the traditional bSA, EISA and other 1/0O bus
standards have proven i nadequate to serve conputer systens wth advanced

For use as a proaareno R EROduBER e dorill SEHR o fiitnte SERBw ot 1 han
previousl y exi siid @J%hé%?&‘éﬁ{ 2en t‘FQPpn%%hB'ﬁgﬂ?An WB@%PL u'ii’&ﬁ{l]%gg?e“

(PCl) bus is quickl y receiving w acceptanc

The PCl bus st alod 2edieningvante writing dhtﬁlt@%é)ép&éfndé hard disk amwamew that
is 15 independent of new processor technol 0gies and increased processor
storage devices. Such system bus standards include the well-known
5 ISA and EISA standards to which, for example, a hard disk drive may be

connected through an Integrated Drive Electronics (IDE) interface.

As computer processor technology has developed ‘the traditional

ISA, EISA and other I/0 bus standards have proven inadequate to serve
computer systems with advanced processors. There has recently been

10 introduced a new I/O bus standard for use as a primary /O bus which
provides a much greater bandwidth than previoOSIy existing bus
standards. The Peripheral Component Interconnect (PCI) bus is quickly'
receiving wide acceptance in the computer.industry. The PCI bus |
standard provides for a high bandwidth. and a flexibility that is

15 independent of new processor technologies and increased processor
speed. At this time, computer system architects are primarily designing
speed sensitive peripherals such as graphics accelerators and SCSI

disk drive controllers to be utilized with the PC! bus.

| Computer system's designed today that incorporate PCl bus
20 capabilities generally also include a slower, ee'condary IO bus such as
the ones described above, for compaﬁbility with numerous existing,
previously designed peripheral devices. . There are a number of
differences between the PCI bus standard and the previous I/O bus

| standards, particularly with respect to the various interrupt protocols.
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speed sensi.tive peripherals such as graphics accelerators and SCSI di sk

drive controllers to be utilized with the PCl bus. Conputer systenis

desi gned today that incorporate PCl bus 20 capabilities generally also
I nclude a slower, secondary 1/0O bus such as the ones descri bed above, for
conmpatibility with numerous existing, previously designed peripheral

devi ces. There are a nunber of differences begween the PCl bus standard and .
the previous I/0O bus standards, particularly with respect to the various
I nterrupt prot ocol§
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or ex us architectures provides for

16 interrupt si gna_éiﬁnal%?@@koéfhn@ﬂtﬁ féa%ﬁfd@gfbﬁfdtw%rediffé@mébgéi_@reenées)omébl e

uses. The PCl bus oh the ot and provides for four shared interrupts,
INTRIA: D], with eapglbhaorthblothbt hahdbrovided foe 16H sHared ifterrupts, INTREAD],

different interrupt protocols for the two bus standards descri bed above
~goes deeper than twitheacheshaned byaali sigtsodn tHeoBE| bus.

5 - The different ihterrupt protocols for the two bus standards
described above goes deeper than the number and naming of those
designated interrupts. The greater difficulty in reconciling interrupts in a
computer system architecture having both a PCI bus and ISA bus is that
the PCl interrupts are defined to be active Iow, level sensitive interrupts

10  while the ISA bus specification defines interrupts to be low-to-high,
edge sensitive interrupté. The PC AT compatible interrupt structure,
through a master/slave interrupt controller pair, supports sixteen active

“high edge sensitive interrupts. Out of these possible sixteen interrupts,.
an AT system dedicates five for bare minimum configurations, an

15 additional six are used in a normal system environment having floppy
and IDE drive support, two serial ports, a paralle'l port and PS/2 mouse

support, leaving only five available for use wifh add-in cards.

The PCI bus specification requires four active low, level sensitive
interrupt pins for each slot supported and defines their use as hardware
20 shareable. That meané that multiple PCI devices can drive the same
interrupt line or that multiple PCl interrupt lines can be driven by
different devices but may result in a single interrupt being generated to
the system interrupt controller to be serviced by a shared interrupt

driver.



designated interrupts. The greater difficulty in reconciling interrupts in
a conmputWe 960834 m archi t ecture having both a PCl bus and PEAUS4%073921t hat
the PCl interrupts are defined to be active low, |level sensitive interrupts .
10 while the I SA bus specification defines interrupts to be |owto-high,
edge sensitive interrupts. The PC AT conpatible interrupt structure,
through a master/slave interrupt controller pair, supports sixteen active
hi gh edge sensitive interrupts. Qut of these possible sixteen interrupts,
an AT system dedicates five for bare m ni i conf | gurations, an 15

addi tional six. are used in a normal system environnment having floppy and
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computer syétem for enhanced computer system operation.
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Due to the.small nunber of available interrupts in a PC AT system coupl ed

with the addition of PCl based add-in cards, it can be seen that an
interrupt sharing technique is clearly needed. It would be advant ageous,
and is therefore an object of the present invention, to 5 provi de a
mechani smfor integrating dissimlar interrupt protocols into a conputer
system for enhanced conputer system operati orb- WO 96/ 00940

PCT/ US95/ 07392 -5- SUMVARY OF THE PRESENT | NVENTION From the foregoing it
can be appreciated that a conputer systenm s performance nay be enhanced by

providing a mechani smfor ISUMMARY rOEr THE sPRESENTcNYENTIOMNg to

differing interrupt protocols. 5 Accordingly, it is an object of the

_present invention to provide a nmethod and apparatus for integrating

_interrupts generated i nFm@hejépfggo‘wgtihcan be appreciated that a computer

- | system's performance may be énhanced by providing a mechanism for
.handlirig interrﬁbts generated according to differing interrupt protocols.

5 " Accordingly, it is an object of the present invention to provide a method

and apparatus for intégrating interrupts generated in accordance yvith
'dissimi.lar interrupt protocbls. Pénicularly. it is an ob_ject of the present
invention to provide a Ievél—to-edge conversion mechanism for
integrating interrupts compliant with the PCI bus standard in a computer

10 system having a secondary I/O bus and already equipped for handling
interrupts generated by agents on the secondary /O bus. These and
other objects of the present invention a;'e provided by introducing

interrupt conversion circuitry for processing interrupts generated by

agents on the PCI bus.

15 In one embodiment of ihe present invention, a computer system
is implemehted having a PCl bus as a primary IO bus and an ISA bus
as a secondary /0 bus. A programmable logic device is coupled to
receive interrupts generated by agents on the PCl bus. The
programmable logic device serves to convert the active low, level

20 sensitive interrupts compliant with the PCI standard to the low-to-high,
edge sensitive interrupts- defined by the ISA bus specification. P_CI
égent interrupts, once converted to the appropriate interrupt protocol,
are then provided to the system’s resident interrupt confroller for

notifying the CPU of a pending interrupt.



dissimlar interrupt protocols. Particularly, it is an object of the
present WO9EH®4bn to provide a | evel -to-edge conversi on nBEHERISATBI20r

integrating interrupts conpliant with the PCl bus standard in a conputer 10 ,

system having a secondary 1/ 0O bus and al ready equi pped for handling
interrupts generated by agents on the secondary |/O bus. These and ot her
obj ects of the present invention are provided by introducing interrupt
conversion circuitry for processing interrypts generated by agents on the
PCl bus. 15 I n one enbodi nent of the present invention, a conputer

systemis inplenmented having a PCl bus as a primary I/0O bus and an | SA bus
as a secondary |/ O b&ne anpiastimaahabihe pegest imentieniadse @hdas 8o recei ve

devi ce. serves t SoLBRIR TSIl BTSN kriaskie FRUEP! restSeREiINGrA er r pt s
nterr upt s deri RediUR TG BietRen S8 prvid o e Rest eI ER AR s o v once
yst e o reoi dente e R o RiareLig! s itol e d BRI D i g
interrupt. 5  conversion logic for selecting a desired IRQ line to be used in routing
interrupts from the PCI bi_Js to the inférrupt controller. This facilitates the
using of a single interrupt signal from the program"mable.lo'gic device io

the interrupt controller.
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One enbodlg’é)rﬁmé}?‘wt he present invention also includes a softvvar ég@i%l |y

Bl OS) witeable control register for selecting a particular |1SA IRQ
interrupt to provide to the systens interrupt controller. The control

regi ster provides select control lines to the interrupt 5 conver si on
logic for selecting a desired IRQline to be used in routing interrupts
fromthe PCl bus to the interrupt controller. 5This facilitates the using of.
a single interrupt signal. fromthe progrannab?e | ogi c device to the

I nterrupt controller. WO 96/ 00940

PCT/ US95/ 07392 -7- BRI EF T, T ' , features
and advant ages of the pres WMMe fol |l owi ng
detail ed description in which: FIGURE 1 illustrates a bl ock diagram of a
O ere o™ © 2 ChirhgTiuieds iafited diiPadantiofd oPteprasRPImenibhno

one enbodi nent:

will be apparent from the following detailed description in which:

FIGURE 1 illustrates a block diagram of a computer system
'5  architecture using a hierarchy of buses incorporating one embodiment

of the présent invention.

FIGURE 2 illustrates a logic diagram indicating the inputs.and
outputs to the programmable logic to be implemented in one

embodiment of the present invention.

10 ' FIGURE 3 illustrates a state diagram to be implemented by the
programmable logic for converting PCl interrupts to ISA compliant
interrupts by the pfogra’mmable iogic implemented in one embodiment

of the present inventidn.

FIGURE 4 illustrates another state diagram which may be
15 implemented by the programmable logic for converting PCl interrupts to
ISA compliant interrupts in another embodiment of the present

invention.



of the present invention. FIGURE 2 illustrates a | ogic diagramindicating
t he i npwWoIss4mUt puts to the programmuable | ogic to be i nptrwsssiedos n one
enbodi nent of the present invention. 10 FIGURE 3 illustrates a state .
diagramto be inplenented by the programrabl e |ogic for converting PCl
interrupts to | SA conpliant interrupts by the programmabl e | ogic

I npl emrented in one enbodi nent of the present invention. FIGURE 4

illustrates another state diagram which may be 15 inplenmented by the
programmabl e 1 ogic for converting PCl intedupts to | SA conpliant :
interrupts in another enbodi nent of the present invention. WD 96/ 00940
PCT/ US95/ 07392 - 8- DETAI LED DESCRI PTI ON G: THE PRESEI\FI‘ I N\/EI\FI'I O\I A et hod
and. apparatus arebiE bk D _f ) g JEN :

having nultiple |/ O buses that fol |l ow differi ng i nterrupt

. A method and apparatus are provided for mterrupt handling in a
computer system having multiple /O buses that follow differing interrupt
protocols. In this detailed description., one emb_ooiment of a computer

5 ' system which includes both a PCI bus and an ISA bus is described. it
should be understood that this is for the p'urpose of illqstration_ énd is not
provided as a limitation in that the present invention. may be practiced
on other computer systems where it is desirable to utilize multiple buses
that foliow different interrupt protocols. :Throughout;t'hi's detailed

10  description, nume:;ous spéciﬁc details are set forth such as particular
signal names, bus protocols and logic device types, in order to provide
a. fhorough understanding of the present invention. It will be
appreciated by one having ordinary skill in the art that the preSen.t
invention 'may be pracﬁced without such specif'ic details. In other

15 instances, well-known components, structures and techniques have not
been described in detail in order to avoid ob'scuring:the subject matter
of the present invention. In addition, signal names identified in this
detailed description are not intended to imply the active state of a given -
signal (active high or active low) but are simply used to name interface

20 signals for discussion.

Referring now to Fig. 1, a computer system architecture which
may incorporate the present invention is illustrated. The computer
system architecture of Fig. 1 is illustrated so as to highlight the

hierarchical bus organization of the architecture. It can be seen that the



p?otocols. In this detail ed description, one enbodi nent of a r.5
system V\him?w&?ﬂdes both a PCl bus and an | SA bus is descrll’(g@@%g{o?”%houl d
be understood that this is for the purpose of illustration and is not
provided as a limtation in that the present invention may be practiced on
ot her conputer systens where it is desirable to utilize nultiple buses that
follow different interrupt protocols. Throughout  this detailed 10
description, numerous specific details are seg.forth such as particular

si gnal names, bus protocols and |ogic device types, in order to provide a
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order to avoid obspygiottinthRieSWdirt®) iRBS 4! aBbrdsadginRisezeahd idare Nheona. |
addition, signal nanmes_identified in this detailed description are not

i ntended to inply btherathbedintsgms ethef addrgsy andsdayadines meay be rhuliplexedaot i ve
|l ow) but are sinply used to nane interface 20 signals for discussion.
Referring now to. Febarelcormmmmspighal pathst krHaist bus és usuallywtiésignediyo meet the

i ncorporate the present invention is illustrated. The conputer system _
architecture of Fi geeds 0§ high perfeemance somputing lasgaciatgd withavhatever type of

‘processor is implemented for CPU 10.

In some computer system architectures, the computer system's
“main memory will be directly coupled to the processor Host bus. In the
10 illustrated implementation, the DRAM main memory 18 is coupled to the
Host bus through the Host/PCI bus bridge 25. The Host/PCI bus bridge
25 is used as a bridge between the Host bus 20 and the system's PCI
bus 30. The PClI bus, as described above, serves as the primary I/O bus
for the computer system and was designed to address the growing
15  industry needs for a standardized local bus that ié not directly
dependent on the speed and size of a computer system's processor
bus. The PCI bus 30 as illustrated in Fig. 1 is shown separated into
control lines 31 and address/data lines 32. The Host/PCl bus bridge 25
monitors the Host bus 20 and the PCl bus lines 31 and 32, and
20 determines whether a transaction is designated for the computer
system's main memor-y system 18 or whéthe_r a CPU request should be
propagated down the hierarchy of buses, the next step being down to

the PCI bus 30. _



hi erarchi cal bus organi zation of the architecture. It can be seen that the
WO 96/ 0 & 96/00940 PECT/USESAY 7892392
conput er system s central processing unit (CPU) 10 communicates with its
SRAM cache 15 over a Host bus 20. In one enbodi nent, the Host bus 20

I ncludes control lines 21, address lines 22 and data |lines 23. I n other
enbodi ments, the address and data |lines nmay be nultiplexed to 5 share
common signal paths. A Host bus-is usually designed to neet the needs of

hi gh perfornmance conputing associ ated w t ' Ghat ever type of processor is

I npl emented for CPU 10. In sone conputer system architectures, the conputer

system s mai n menory THEr ishewn seupledcioubediCl bus B ipdigedsbreaBH bus. In
the Fost bus t hEEULHCL N8 AELEH Fof r4saLing PAYENSE! SPHESRAESIaNad 6,80 br | dge 25
etsed 352 O bABRIBRE R Tod PR oo P GRS R B 15, 20
TPl et TSRS BA) il e J2CF e e O bradns L B
: 5  invention. Such add-in cards may include graphics accelerators, disk
drive controllers, and speed sensitive peripherals which may take
advantage of the abilities of the PCI local bus 30. There is also shown
coupled between the address/data lines 32 of the PCI bus and the Host |
bus a collection of buffers; denoted LBX butters 34 which are used to
10  buffer data transfers between the two buses 20 and 30. The LBX buffers
34 are implemented to com'pensat_e'for the varying speeds that the two
buses'may be opefa_tin_g at and enhance system performance by
allowing for concur.rency between the Host bus 20 and PCI bus 30,
giving each bus greater fhroughput and decreased latency. In
15 alternative embodiments, the LBX buffe_ré may be replaced by other

buffering mechanisms so long as the data transterring functionality

between the host bus, main memory and primary /O bus is maintained.

There is finally shown in Fig. 1, a secondary 170 bus 40 which in
the illustrated embodiment is a peripheral I/O bus compliéht with the ISA
20 bus standard. The teachings of ihe present invention may of course be
extended to computer systems having other secondary I/O buses, such
as an EISA bus or other bus having a different interrupt protocol than
the PCIl bus. Coupled to the ISA bus 40 are four /O slots 41, 42, 43 and
44 which may be used for receiving various peripherals. On-board

25 peripherals 45 such as floppy disk drives.' hard disk drives equipped



dependent i defaosereed and size of a conputer system s procaaaprsosissoz The
PCl bus 30 as illustrated in Fig. 1 is shown separated into control |ines

31 and address/data lines 32. The Host/PCl bus bridge 25 nonitors the Host
bus 20 and the PCl bus lines 31 and 32, and 20 det ermi nes whet her a

transaction is designated for the conputer system's main nenory system 18
or. whet her a CPU request shoul d be propagated down the hierarchy of buses, -
t he next step being down to the PCl bus 30. -11-WD 96/ 00940 _
PCT/ US95/ 07392 -10- There is shown coupled to the PCl bus 30 in Fig. 1

three PCl slots 36witR A ISE 3faddird iRty Paid BIR Heriphsrale nodmaligned to
be conpliant with the PCI bus standard. The conputer system may, of course,

enpl oy any nunber agsddiates! witls conpusén systéme arp aftiehaldsignga Bgletndn the
i nvention. Such add-in cards may include graphics accelerators, disk drive

controllers, and sgystdmismotherboaned cindrao pbkreguireramiQ slakehigiharne: prgyidsd
the abilities of the PCl | ocal bus 30. There is al so shown
' for other add-in card upgrades. The on-board peripherals 45 do
5 electrically reside on the ISA bus 40. In general, the /O bus 40 is a
slower bus than the PCI bus 30 but is still included in newer computer

systems to maintain compatibility with previously designed. peripherals.

Having both an IISA bus and a PCl bus allbws personal computer
"platforms built around the PCI bué as a primary /O bus to leverage the
10 large ISA product base. The ISA bus provides 24-bit addressing and a
- 16-bit datapath. An EISA'IIO bus allows a personal computer platform

built around the PCI bus asa pri'mary /O bus to leverage the large

EISA/ISA product base. Along with compatibility for 16-bit and 8-bit ISA

hardware and software, the EISA bus provides for 32-bit addressing |
15  and a 32-bit datapath. Of course, other secondary I/O buses may

provide similar features.

Coupled between the PCI bus 30 and the ISA bus 40 of the
computer architectu're of Fig. 1 is illustrated a system /O (S1O)
component 35. The SIO compohent 35 prbvide,s the bridge between

20 the PCl bus and the ISA bus and may incorporate the logic for
interfacing the ISA bus 40 with the PCI bus 30 as well as incorporating
suppornt for any necessary DMA co.ntrollers and interrupt control logic.
For example, if a tradiﬁonal hard disk drive having an IDE ihtercbn_nect

is present in I/O slot 41 and that IDE drive requests a transaction with



coupl ed between the address/data lines 32 of the PCl bus and the Host bus a

col | ect i wo 9afoodngf f ers, denoted LBX buffers 34 which are us&fd‘."yé}sé%” buf f er
data transfers between the two buses 20 and 30. The LBX bufters are

i npl emented to conpensate for the varying speeds that the two buses nay be
operating at and enhance system performance by allow ng for concurrency

bet ween the Host bus 20 and PClI bus 30, giving each bus greater throughput
and decreased latency. I'n 15 alternative enbodi nments, the LBX buffers may
be replaced by other buffering nmechani sns.g® |l ong as the data transferring -
functionality between the host bus, main nmenory and primary |/O bus is '

mei nt ai ned. Thexige CPU,itha!IDE oWl Qilg:ﬁgﬂan %frtemﬁggyg%m(cﬁmwo whi ch

in the illustrated enbodinment 1s a pe era dant wth the

| SA 20  bus st secbyrized hie a pivwhhnBarddisk kiverReess bWHS%%E@?n.”WhQﬁ course

be extended to conputer systens having other secondafy I/0O buses, such as

an El SA bus or theheamputerrsysterg racogrizes entlRCht 4imtepupRivkiioaictéitanthehe ' PC
bus. Coupled to the I SA bus 40 are four I/O slots 41, 42, 43 and 44 which

may be used for NEEessay wydedor ageessing phehard diskrdrivear d 25  peri pheral s 45
such as ‘floppy disk drives, hard disk drives equipped

5 In the computer architecture implemented according to Fig. 1,
the SIO component 35 includes interrupt controllefs_. such as the Intel
82C59 interrupt controller, configured to be responsive to interrupts
compliant with ISA bus interrupts. The 'SIO co'mbonent 35 will resolve
interrupts from various sources th.rough progrémmable‘ arbitration

| | 1.0 schemes and present a si'n.g_le interrupt fo the CPU to act to éxecute an

appropriate interrupt service routine.

As described, agents residing in a PC! slot on the PCI bus sharé
four PCI designated, level sensitive interrupts. 'in the computer
architecture configuration illustrated in Fig. 1, each of the PCl slots is

15  coupled so that PCI agents will provide their interrupts to a.
programmable logic device identified as interrupt PAL 50. The
cbnfiguration énd programming of ihe ihtei'rupt PAL 50 will be described
in more detail further herein. Essentially,' the _func_tion of the interrupf
PAL 50 is to .conve'.rt the active low, level sensitive PCI intérrupts into the

20  low-to-high, edge sensitive interrupts requiréd- by the. ISA bus standard.
The i’ntefrupt PAL 50 provides the édge senéitiv’e interrupt to the SIO
component 35 in response to a PCI in_terrupt requested by any Iand all of

the PCI agehts.
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wth an | @ngf@ﬂgcfgrd i nterconnect, and other peripherals nor%glz%%;

associated with conputer systens are often designed right on the systenis
not her board and do not require an I/O slot which are provided for other
add-in card upgrades. The on-board peripherals 45 do 5 electrically reside
on the I SA bus 40. In general, the I/O bus 40 is a slower bus than the PCl -
bus 30 but is still included in newer conputgp.systens to maintain
conpatibility with previously designed peripherals. Having both an | SA bus

ey i PRS0 A T e 2
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urI't around the
170 bus to | everaggrovited fHedSofla® qu'iﬁaw BNOSY WineableAloMt®| Vegdibter 48 which .
conpatibility for 16-bjt and 8-bit |SA hardware and software, the ElI SA bus

provi des for 32-bi¢ortelsls eeondinds to teaihterrdgt PAL Steforplivebtingwhichusiwgle ot her
secondary 1/O buses may provide similar features. Coupled between the PCl
bus 30 and t he 5 SARQsigial ¢ pravdde to the SIO component 35. In one embodiment the
| select lines are controlled by an IO write to the lower 2 bits of IQ address
73h. Other registers or latches may be used for the storage element 48
and may reside at different |0 or memory locations. The internal
operation of the control register 48 and the interrupt PAL 50 will be

10 described in more detail further herein.

Referring now to Fig. 2, a more detailéd .diagram of the interrupt -
PAL 50 ao utilized by one embodiment of the presént'invention is |
illustrated. In one embodiment of the present invention, the
programmable logic may comprise an 85C220 EPLD manutfactured by
15 the Intel Corporation. Of course, other programmable logic capable of
executing the functionality to be de'sc_ribed below may prove suitable for_ _
other implementations. The PAL 50 receives all of the shared interrupts
from the PCI agents coupled to the PCI bus 30. ‘The combined shared
interrupts are OR'ed tog'ether by gate logic 55 and the result is provided
20 to'state machine 60 by a signal denoted INT. Thus, any PCI agent
signaling any interrupt will cause the INT signal to go active to the state

machine 60, which is clocked by a PCICLK signal.

The state machine logic 60 in the programmable logic block 50,

in addition to receiving the PCICLK timing signal and the logical OR of



conputer_architecture of Fig. 1 is illustrated a system!/O (SIO conponent
35. The YP&®WAhonent 35 provides the bridge between 20 PREUSEIOBM and

. the ISA bus and may incorporate the logic for interfacing the | SA bus 40
with the PCI bus 30 as well as incorporating support for any necessary DVA
controllers and interrupt control logic. For exanple, if a traditional hard
di sk drive having an IDE interconnect is present iin I/O slot 41 and that

| DE drive requests a transacti-on with 96/ 00940 -

PCT/ US95/ 07392 -12- the CPU, the IDE drive B ‘siignal an interrupt, |IRQ
14, which wll be cogni zed as a primary hard disk drive access by the
system Wien thg’%gﬁd t &18ETHRiSs @!ﬁ?g’ﬂcfé’§séhe'luﬂ1@alﬁgﬂﬂtféqmGB?,Slp%/ will

L e R SA B e d e RO B Felh B S0 g 60
Commonent 3 BB B et o, B Bpkubt e Bl v
Wi th I SA bus integdit Sin g B§ tb Sar¥BIgRE thaBrestits thd ERHVSA bus. The
5 INTR signal suppliéd to the CPU from the SIQ' component 35 is the
interrupt request generated by the SIO which. causes the CPU to
process an interrupt service routine (ISR). Uﬁon- completion of
performance of an ISR, the CPU clears the INTR signa!l by writing an
“end of interrupt” command to the SIO’s interﬁ]pt' controller interface.
10 The state machine logic 60 is also proVi_ded with the select
control signals SELO and SEL1. In the illustrajftéd embodiment, a PCI
agent inter_rupt will be fdrwarded to the SIO czo__.mponent 35 (Fig. 1)
through one of the IRQ lines: IRQQ, IRQ10 or IBQ1 1. The choice 6f
which IRQ signal is provided to the SIO component 35 is determined by
15 the bits set in the select register 48 (Fig. .1) which is writeable by the
system’s configuration software. Of course, otﬁér IRQ signals may be
used for indicating a PCI interrupt to the SIO cémpbnent 35. Note that if
more than four possible IRQs are provided f_orj. -then inore than two bits
will be required to be set in the SEL register 48 and additional select
20 lines to the PAL 50 will be required. The sélecf_ed control bits, in
addition to being provided to the state r_na_chiné logic 60, are also
~ provided to the ISA IRQ select multiplexer 5_2. Whén the state machine
logic 60 sends an active. IRQ signal as a controﬁl signal to the select
multiplexer 52, the multiplexer 52 provides the éelééted IRQ signal to

25 the SIO component 35 responsive to the select bits and the control



i'nterrupts i ous sources throtugh—progranmabl e ar bi t r ap&Hsoiyrzes
schenes an&tdp%(gas‘%ﬁ a. Fhinfieer HalB&h RePifced © the CPU to act to execute an

appropriate interrupt s As described, agents residing in a
PCl slot on the PCl bus mL == '
interrupts. In the conmput re confi gur at

desi gnat ed, _Level—seaskti :
[ o) dHeETT
1, each of the PCl slots is 15 coupl ed so that Pl ageresinCEP
their interrupts to a programmuabl e | ogic deviige :!-:-———--'a as—Tnterrupt PAL
50. The configuration and programm ng of the interrupt PAL 50 will be
described in more g@,@gt' I YA %ﬁﬁq}&b%@pf}-o l%t\%fét?iatlhlelﬁe t}it'éqsh!éaett%ghc@fiet he

I nterrupt PAL 50 i convert the active evel sensitive

interrupts into thgh2¢0 IRYVOLRHU G the SHOShBERISOACLY S ThiY iSthe Pésetrstatei afede by
the | SA bus s;t-andarcfg The |ntfebrdr?upt PAL 50 provides the edge sensitive .

interrupt to the SERLCREEPA8Né0 2ORESERHRUIEEMUSt Be EChfiguredrorum IR@ailk beed
by any and.all of the PCl agents. WO 96/ 00940
PCT/ US95/ 07392 - 13processed from PCI agents.

5 Fig. 3 illustrates a state diagram to be implemented by one
embodiment of the state machine logic 60 illustrated in Fig. 2
Attached as a Appendix A to this disclosure is a listing of one
embodiment bf a program for programming the prdgrammabl_e logic
dev.ic'e 50 to implemént the state diagram shown in Fig. 3. Note that

10  each state identifies a three digit control code at its bottom. These
| correspond to the values of state vériables B2, B1 and BO, respectively,
in each state as they are utilized throughout_the' source code listing

attached as App.e'ndix A

- The state machine diégram begins at idle state 300 upon reset.
15 The state machine in this example is synchronous, transitioning from
- state-to-state on a PCICLK rising edge. The state machine remains in
the idle state as long as the INT signal is inactive, indicating that no PCI

interrupts are being assertéd by any PCl agents.

When the INT signal goes active to the state machine 60, it
‘20 transitions to N1 state 310 on the next PCICLK input.. Once the state
| machine has achieved N1 state 310, it asserts the IRQ active signal to
the ISA IRQ select mﬁltiplexer 52 for providing. the selected IRQ to the
~S1O component 35. If the INTA signal i.s already active when the state

machine logic is in N1 state 310, the state machine will remain in the N1



It was noted above that various |IRQ signals may be utilized for si.gnal i ng
an | SA | weaoéegoao t o t he SI O conponent 35. There is thus pr

sof tware (usual

ly BIOS) witeable control register 48 whi c cont r67:gs sel ect

lines to the interrupt PAL 50 for directing which single 5 | RQ si gnal

to

provide to the SI O conmponent 35. In one enbodiment the select lines are
controlled by an 10 wite to the lower 2 bits of 10 address 73h. O her
regi sters or latches may be used for the storage el ement 48 and may reside
“at different 10 or nmenory locations. The i4l6ernal -operation of the control
regi ster 48 and the interrupt PAL 50 will ‘be 10 described in nore detail

further herein. fefer AhREtneWNTA Sipal @heﬁtﬁ@&l%té'%éﬁﬂlﬁéjﬂ@t%&ﬁ@%@fthéhe
|nterrupt PAL 50 as utilized by one enbodi nent of the present 1 nvention is

illustrated. |n Nhetatebiodicates that thé CRY ésettrently exédting &
| ogi ¢ may conprise an 85C220 EPLD manufactured by 15 the

P@@@@gyammbl e
nt el

Cor poration. Of reguested mttefecuptpsergucembne Thei stateamabhineolillenatardnsiipr he
functionality to be descri bed bel o prove suitable for other

i mpl ement at i ons.ram&hp A §tﬁtﬁ@d@|tﬁébe 2 sigte 8RO untihthad!NTA signabgeesr om t he
PCl agents cgupl ed to th@&p&ng&hg@ne q:l'é e conbi ned shared interrupts are
t

OR ed toget hdr HQaﬁté‘f% n
machi ne 60 by aﬁél%'l%d nﬂF&P&ﬁd | NT. Thus, any P.CI agent

r kas,cempleted hangling 2oe previguslye

The state machine may transition from the N1 state 310 back to

the |dle state 300 if the INT sngnal goes inactive while in the N1 state.

This may mdlcate that the PCI agent requestmg the mterrupt no longer

10

_requires the interrupt to be handled by the CPU. This is not to be

. expected but may occur. Additionally, in the illustrated embodiment of

15

the present inve"ntion, if both the SEL1 and SELO séléét bits go.inactive_,

the state machin_e will return to the idle state 300. This may indicate a
selection made by the opérating system that no PCl interrupts are to be

acknowledged. In alternative émbodiments. null SEL1 and SELO

~values may be defined to indicate a particular IRQ signal, or a default

20

IRQ signal.

Once the CPU has cleared the INTA signal, if it was active, the
state machine transitions from the N1 state 310 to the N2 state 320 on

the next PCICLK input. In this state, the IRQ signal continues to be

__driven from the programmable logic device 50 so long as the INT .signal

to the state machine logic remains active or the select signals do not go
inactive. The state machine remains in the N2 state 320 so long as the

INTA signal remains inactive indicating that the CPU is not responding



si gnal i ng CIN rrupt will cause the INT signal to go actlp@ﬁ fsjoipystat e
machi ne 60, - G?OQ%&i s clocked by a PClICLK signal. The state mac,l?ne  ogi ¢ 60

in the programmabl e | ogic block 50, in addition to receiving the PCl CLK
timng signal and the |ogical OR:-of WD 96/ 00940

PCT/ US95/ 07392 -14- the PCl agent interrupts, also receives the I NTR signal
fromthe SIO conponent 35, identified as I NTA at the state machi ne side of
the transaction and a systemreset signal. lj7one enbodinent, the EPLD is
Teset on pin 8 by the sane signal that resets the entire | SA bus. The 5

I NTR si gnal suppligd . ) [ LBt grrupt
request gener ated aé;ﬂg&%ﬁ%%gg]awsheSni@é%@@%?@%g@ etgﬁﬂr\{t@ é'rfr upt
service routine (I; tis F! NhidhoRayvt beetHePU
clears the I NTR si @@a@%%ﬂtﬁﬁ%ﬁgf%ﬂ?@é ﬁ{gﬁgﬁg{@b’éom%nd atyo t he .
SIO s interrupt comémipgenetatid By the PEI agent, thdligh &iispessibienthat the GRU 60

Is also provided wth the select control signals SELO and SEL1. In the
i 11 ustrated enbodi isereispoadifglto a different interrupt. When the INTA signal does go
5 active, the state machine transitions to N3 state 330 where it remains as
long as the INTA signal remains active. The state machine continues to
provide the IR_O' signal to the ISA IRQ select multipléxer 52 while in the
N3 state. A deactivation of the SEL1 and SELO select controls will
cause the machine to return to the idle state 300.'oth'en~i'se the state
10  machine will remain in the N3 state 330 as long as thé INTA signal is

active.

When the INTA signal again goes inactive, it indicates that the.
CPU has completed execution of an interrupt service routine (ISR) |
which may have been the ISR required by the PCl agent signaling the
15 interrupt, though not necessarily. The state machine will then transition
through R1 state 340, R2 state 350 and R2 state 360, residing in each
state for one cycle of the PCICLK timing signal. During this period, the
IRQ signal will no longer be active and the SIO component 35 will not

be receiving an IRQ from the interrupt PAL 50.

20 From the R3 state 360, the state machine returns to the idle state
- 300. If the CPU has just executed an ISR for the PCl agent, the
"procedure should have cleared the PCI agent's interrupt request, then it

is likely that th.e INT signal will be inactive. However, if the CPU had

been responding to a different interrupt when the state machine was in



agent interrupt will be forwarded to the SI O conponent 35 (Fig.. 1) through
one of tW@%ﬂ@?‘Wl nes: IRQ, IRQL 0 or IRQL1. The choi ce ofpoymisysnhisR) si gnal
is provided to the SIO conponent 35 is determined by 15 the bits set in
the select register 48 (Fig. 1) which is witeable by the systenis
configuration software. O course, other I RQ signals may be used for
indicating a PCl interrupt to the Sl O conponent 35. Note that if nore than
four possible IR are provided for, then nore than two bits will be _
required to be set in the SEL regi ster 48-%d additional select 20 |ines
to the PAL 50 wil|l be required. The selected control bits, in addition to
bei ng provi ded N3 $tate §Bat@em&mqm& have beeo a differartdSRowbichdeaiisied thee | SA
| RQ sel ect rmlt'h@.tﬁxer Wien the state nmachine | ogic 60 sends an active

| RQ signal as a ¥ §?@Hdr’a?‘6’9c ha tgal %‘(ﬁmrﬂ!ﬂ% ?’ﬁﬂ@i@lﬂ theat the iNT

i | h -
Fesponsi ve. to-t RONEL S 8 aEfus finii 1o i, stalk Machies Ge; %b@ht?' casethe
PCT/ US95/ 07392 gilps nSASHIRY will ﬂaﬂ%oﬁ%‘ﬁqlﬁ@%e P16 F0hGn8 NT RESE Al 'S

used to encode | |
S5 to repeat the process described above on the next PCICLK input.

It should be understood that the series of states following the N3
state 330 through the R1, R2 and R3 states 340, 350 and 360, back
through the idle state 300__and to the N1 state 310 provides a necessary
delay. ltis this delay and the switching off and back on.of the IRQ signal

10  from the interrupt PAL 50 that converts the PCI compliant leve! sensitive |
| interrupt received by the interrupt PAL 50 to the low-to-high edge
sensitive interrupt driven to the interrupt controller of the SIO component

35 as an ISA IRQ compliant signal.

Fig. 4 illustrates a more general state dlagram to be

15 lmplemented by one embodiment of state machine logic 60. The state
diagram illustrated in Fig. 4 includes the states 300, 310, 320 and 330
described above with respect to Fig. 3. In Fig. 4, the R1, R2 and R3
states are replaced by delay state 400. The speciﬁc.i.mplementation of
Fig. 3 required three PCI clock signals of delay before returning to the

20 idle state 300 to ensure a proper placing of the high-to-low edge
sensitive interrupt to the SIO component 35. In some embodiments, a
different delay period m_ey be required and is encombassed and

accounted for by the delay state 400 incorporated in Fig. 4.



that no | R@@oguaese t 0 the SIO should occur. This is the resepefiddsiish t he
SEL REG 48, so at RESET the bits nmust be configured or no IRQwII| be

processed from PCl agents. 5 Fig. 3illustrates a state diagramto
be i npl emented by one enbodi nent of the state machine logic 60 illustrated
in Fig. 2. Attached as a Appendix A to this disclosure is a listing of one
enbodi nent of a program for.progranm ng the programmabl e | ogic device 50 to
“inplement the state diagram shown i.n Fig. 3.-idete that 10 each state
identifies a three digit control code at its bottom These correspond to

the values of state varTaBleRaBinuSbedh YeBElibs@ANRBERNALN fof haPRBRifigt e as
they are utilized throughout the source code |listing attached as Appendi x

A’ The state nachi digsidnigriamraggipistoedls idl £complterdytampavirgseiore than The
state machine in this exanple is synchronous. transitioning from

stat e-to-state on endthSlefmentedrii duge. Alfftought theepraseifti ineenteorahas bieent he
idle state as long as the INT signal is inactive, indicating that no PCl
interrupts are bei @@saiiastinderpg airvaripas exgeedimentsdnwillee rNprediatedibygoes
active to the state machine 60, it 20 transitigns to N1 state 310 on the
next PCl CLK i nput .heseskilled igxtheanihativasionsdnegdificatinng and aftaiatioss gnighnt

asser ts the IRQ acttaé \ﬁ?ac?ei al%lou% 8eparting from the spirit and scope of the present
invention. For example, it is possible to implement a programmable
logic desigh using a clock other than the PCICLK. Similarly, an
asynchronous implementation is conceivable. The invention should,

10 therefore, be measured in terms of the claims which follow.



the | SA elect multiplexer 52 for providing the selected IRQto the SIO
conponent™ 100940 ¢ he | NTA si gnal is already active when t hECHUS85®78%2chi ne
logic is in N1l state 310, the state machine will remain in the Nl WO
96/ 00940 ' PCT/ US95/ 07392 - 16-
state. An active tNFfA—sigral when the state nmachine first achieves the N1

state indj CPU is currently executing a previ-ously requested
i nt erruptg@'ﬁﬁumahwﬂm The state nmachi 98 will not transiti'on fromthe
Nl state 0t te 320 until theé<¥NTA signal goes 5 inactive,

I ndicating that the CPU has conpl eted handling the: previously signaled .
interrupt.. The state nachine may transitjon fromthe N1 state 310 back to
the idle state 300 if the INT signal goé?sL—Al!uMéiye;_V\hile in the N1 state.
This may indicate that the PCl agent requesting the interrupt no | onger 10
requires the infg () .Jnandled by the CPU. This is not to be expected
bu'? may occur. bAvggléﬁi{gocr%%'ﬁé#'srn t he ill>lustrat ed enbodi nent of the present
invention, if both the SEL1 and SELO select bits go inactive,

1. A computer system comprising: -
5 a central proéessing unit (CPU), =

‘a host bus coupled to the CPU for conveying signals to and from
the CPU; o o

an /0 bus coupled to communicate with the CPU over the host
bus, the I/O bus being compliant with a first bu:s standard for providing a
10 communications path between the computer system and periphefal
devices, wherein interrupts propagated over the I/O bus are of a first

interrupt type;

an interrupt controller coupled to communicate with the CPU, the
interrupt controller being r'esponsiye to interrupts of a second interrupt

15  type for signaling interrupts to the CPU;

an interrupt converter coupled to said interrupt controller and
coupled to receive interrupts of said first interrupt type geherated by
agents of séid I/0 bus, said interrupt cbnvenér for p.rovi.ding an interrupt
of the second interrupt type to the interrupt controller in response to |

20 receiving interrupt of the first interrupt type.



the state oRe&g08040M | | return to the idle state 300. This meyct/shsaaie a
sel ection nmade by the operating systemthat no PCl interrupts are to be 15
acknow edged. In alternative enbodi nents, null SEL1 and SELO val ues may be
defined to indi M%RQ signal, or a default 1 RQ signal. Once
t he CPU has cl eangs; | NTA si , 1f it was active, the state machine
transitions fron?ﬂl{”l (ﬂ’m to the N2 state 320 on 20 the next '
PCICLK input. In # mml RQ signal €ntinues to be driven fromthe
- programuabl e |1 ogic device"50%so«1ong as the INT signal to the state machine
| ogic remains active or the select signals do not go inactive. The state
machine remains in the N2 state 320 so long as the INTA signal remains
inactive indicating that the CPU is not responding WD 96/ 00940
PCT/ US95/ 07392 -17- to &2ny i Mthercamputeegysiem ollaim tihehéndiriirdegupts afghen
goes active, it indicates that the CPUis responding to an interrupt which
may be the interrufitstdepepme myehgensitiveteryptstand imdergeptsofitke sesan@ type hat

t he CPU re s
: are edge sensitive interrupts.

5
3. The computer system of claim 2 wherein said interrupt
converter comprises:
circuitry for performing a logical OR operation of the interrupt
lines from all agents on the 1/0O bus; and
10 state machine circuitry' coupled to and responsive to the circuitry

for performing the logical OR operation, the state machine circuitry for

outputting an edge sensitive interrupt signal.



is responding to a different interrupt. Wen the I NTA signal does-go 5
active, Wwaoéeosd0e nachine transitions to N3 state 330 Merm,ﬁsgg;gﬁggbns as

| ong as the INTA signal remains active. The state machi ne continues to
prowde the 1RQ signal to+the | SA IRQ select nultiplexer 52 while in the N3
.State. A deactivation of the SEL1 and SELO sel ect controls wll cause the
machl ne to “l“ m*wt“!uﬂﬂ e state 300, otherwise the state 10 machine
will remsu 330 as long as the INTA signal is active. Wen
the I NTA sighal® again goes inactive, it ingpcates that the CPU has

conpl eted execution of an interrupt service routine (I1SR) which may have
been the ISR required by the PCl agent signaling the 15 interrupt, though
not necessari |y, The 41 at CTRHIDGIoN Systdrh o ol R/G Wiehdinthe Bate Féchinat ©
340, R2 state 350 and R2 state 360, residing in each state for one cycle of
t he PClI CLK ti m ogesatgaaccomiingrig thélfellqyemgcsﬂatetdhagtdﬂﬁ} signal will no |onger
be active and the SILO conponent 35 will .not be receiving an RQ fromthe

i nterrupt PAL 50. 20 Fromthe R3 sTte 360, the state nachine
returns to the idle state 300. If the CPU hgs just executed an ISR for the
PCl agent, the procedure shoul d have cl g 0 the PCI agent's interrupt
request, then it is likely that the LN . be inactive. Hovvever

if the CPU had

wherein when the state machine is in the N1, N2 and N3 states
5 the state machine circuitry outputs an edge sensitive interrupt signal,
when the state machine is in the Delay state the state machine circuitry
outputs no interrupt signal, the INT signal comprising an active result-of |
the logical OR of the interrupt lines from all agents on the /O bus, the
INTA signal comprising a signal from the CPU indicating that it is

10  processing an interrupt.



lﬂeen respo%gggmya a different interrupt when the state nmachedusssnrion

WO 96/ 00940 - PCT/ US95/ 07392 -
18- N3 state 330, then it woul d have been a different ISR which caused the
I'NTA signal to go inactive. In that event, it is expected that the INT
signal is stj | jpput to the state machine 60, in which case the
stgte machi nmmlﬂnllm"“ml[l”m fromthe idle state 300 to the N1 state 310 5
to repeat the*processmdesdcrtbed above on the-28xt PCICLK input. It should
be understood that the series of states follow ng the N3 state 330 through
the Rl, R2 and R3 states 340, 350 and 360, back through the idle state 300
and to the Nl state 3105proviTtescampeteesgsteyn detlaim 3 whemein Hies stié ayachine
the switching off and back on of the IRQ signal 10 fromthe interrupt PAL
50 that converts tbpeRtes accptdirgto tmmllommgstatee'hagfamrupt recei ved by
the interrupt PAL 50 to the | owto-high edge sensitive interrupt driven to
the interrupt controller of the SIO conpone 35 as an | SA I RQ corrpl I ant
'signal. Fig. 4 illustrates a nore general ta e diagramto be

wherein when the state machine is in the N1, N2 and N3 states
5 the state machine circuitry outputs an edge sensitive interrupt signal, the
INT signal comprising an active result of the logical OR of the interrupt
lines from all agents on the /O bus, the INTA signal comprising a signal
from the CPU indicating that it is processing an interrupt, the R1, R2 and
R3 states comprising successive state machine states where the state

10 machine circuitry outputs no interrupt signal.

6. The computer system of claim 3 wherein said interrupt

converter further comprises multiplexing logic coupled to said state



15 inplenmented by one enbodi ment of state machine logic 60. The state
diagram MO #9098t ed in Fig. 4 includes the states 300, 310pcE$Hsansh2330

describwi\ﬂ;_f&?;?ct to Fig. 3. In Fig. 4, the Rl, R2 and R3 states
are repl aced by delay s e 400. The specific inplenmentation of Fig. 3
require signals of delay before returning to the 20 idle
state 33Jyummyﬂﬂﬁmuﬂmbper pl aci ng of the high-to-low edge sensitive
interrupt t§ the % O conponent 35. In sone enbodinments, a different delay
period may be required and is enconpassed @fd accounted for by the del ay
state 400 incorporated in Fig. 4. WO 96/ 00940 - '

PCT/ US95/ 07392 - machinecciecuitry fohioutingesaid edgeiseaditizve imehapt sigrfaiito a

harnoni zing dissimlar interrupt protocols in a conputer system having nore
than one i npl ene$Rlggted intesnupt inputieousaidinteriupt centroliatvent i on has been
described in terns of various enbodinents, it will be appreciated by 5

those skilled in the art that various nodifications and alterations m ght
be made without departing fromthe spirit and scope of the present :

7. The computer system of claim 6 further comprising a
5 programmable storage element coup]ed to said multiplexing logic for
controlling said multiplexing logic to direct said edge sensitive interrupt

to said selected interrupt input.

8. The computer system of 'claim 1 wherein said first bus
10 standard comprises the Peripheral Component interconnect (PCl)

standard.

9. A.level s_ensitiVe to edge sensitive interrupt converter for
use in a computer system having a CPU and peripheral agents that
15 generate level sensitive interrupts wherein said computér system
incorporates an interrupt controller responsive to edge sensitive

interrupts, the interrupt converter comprising:

circuitry for pérforming a logical OR opei’ation of interrupt signals
- generaied by ali periph’era'l agenis which generaté level sensitive |

20 interrupt signals; and



i Nvention. {y@yosfyeddp! €, it is possible to inplenent a prograrpEibshPRhC
- design using a clock other than the PG CLK Simlarly, an asynchronous

i npl enent a The invention should, 10 therefore, be

measured in i ms which follow. WD 96/ 00940
 PCT/ US95/ 07:@'“%““’“9@! clainmed is: 1. A conputer system

conpri si ng: c L ral processing unit (CPU); a host bus coupl ed
to the CPU for conveying signals to and fromidge CPU; an 1/0O bus coupled to
conmmuni cate with the CPU over the host bus, the I/O bus being conpliant

with a first bus standar ﬁ’gﬁ%’ﬁ@ﬁ'ﬁ?’ °§“%£‘é’%ﬂ]er We%tthgrb?rcgﬁf)}‘fot?a ween

the conputer systemand p In 1nterrupts propagated

~overthe I/0O bus are @tffoﬁn'h rthb lb%garow)&pémen feNoLitpuRidgiah edgetdenisithie
coupl ed to comuni cate Wlt t he

interrupt signal to said interrupt controller when a level sensitive

inter?upt signal is detected.

10.  The interrupt converter of claim 9 wherein the logic

circuitry operates according to the following state machine model:

INT

wherein when the state machine is in the N1, N2 and N3 states
10 the state machine circuitry outputs an edge sensitive interrupt signal,
when the state machine is ih the .Delay state the state machine ciréuitry
outputs no interi'u_pt signal, the INT signal comprising an active résult of

the logical OR operation of the interrupt lines from all agents on the /O



i nterrupt controller being responsive'to interrupts of a second interrupt
15 typeVea86iegnal ing interrupts to the CPU, an interruppcrasygiizos
coupled to terrupt controller and coupled to receive interrupts of
said first nterruEt type genérated by agents of said I/O bus, said

i nt errupt c:”mw"ﬂ mmmrmml ding an interrupt of the second interrupt type
to the inte i'n response to 20 receiving interrupt of the
first interrupt type." = WO 96/00940 : _ :
PCT/ US95/ 07392 -21- 2. The conputer sy@femof claim 1 wherein interrupts
of the first type are |l evel sensitive interrupts and interrupts of the
second type ar dusidre dNh4isignal camprisingessigsaldrom thbC R ipditating yedtém of
claim2 wherein said interrupt converter conprises: circuitry for
performing a Id@l%ﬁ?e@m%ﬁér'aﬁrmiof the int errupt lines fromall agents on
the 1/0 bus; and

11.  The interrupt converter of claim 9 wherein the logic

S circuitry operates according to the following state machine model:

wherein when the state machine is in the N1, N2 and N3 states
the state machine circuitn& outputs an edge sensitive interrupt signal, the
INT signal comprising an actiVe result of the Iogiéal' OR operation of the
10  interrupt lines from all agents on the I/O bus, the INTA signal comprising
a signal from the CPU indicating that it is brbcessing an interrupt, the
R1, R2 and R3 é.tates COmbriSing éucc’:essive state maChine states where

the state machine circuitry outputs no interrupt Signal.



10 chine circuitry coupled to and responsive
circuitry f é%@’?‘grm ng the |l ogical OR operation, the stat ePenglghégzogsn

circuitry ge sensitive interrupt signal. WO 96/ 00940
PCT/ US95/ 07 =22 The conputer systemof claim3 wherein the state
machi ne opejﬁﬂlﬂmﬂ&}m!mw the follow ng state diagram [err] wherein
when the st iyl ' the NI, N2 and N3 states 5 the state machi ne

circuitry outputs an edge sensitive interrupt,$ignal, when the state
machine is in the Delay state the state machi%e circuitry outputs no

i nt t [ |, the I NL si |, | Si I, .t of i |
perrupt s onal, the 10T 51 oBil COTBN] SLT. 0 RELLSy Lo e B g o
conprising a si gnaly i oLt AR s S ifiiiihg idgib Rodfled ©F SAESTABY an

i nterrupt. _
machine circuitry for routing said edge sensitive interrupt signal to a

selected interrupt input to said interrupt controller.

5
13. The interrupt converter of claim 12 further comprising a
programmable storage element coupled to said multiplexing logic for
controlling said multiplexing logic to direct said edge sensitive interrupt
to said selected interrupt input.
10

14. A method of processing interrupts in & computer system
having a CPU and an interrupt controller responsive to interrupts of a
first interrupt type wherein some peripheral agents of said computer
system generate interrupts of a second interrupt type, said method

15 comprising the steps of:
" detecting interrupts of said second interrupt type;

. generating an interrupt 'signal compliant with said first interrupt

type responsive to a detected interrupt of said second interrupt type; and

providing said interrupt signal compliant with said first interrupt

20 type to said 'interrupt controller for interrupt handiing.



WD 96/ 00940 PCT/ US95/ 07392
5. THYOS6MP4Per system of claim 3 wherein the state na@dIESISPEOAL S
according to the following state diagram [err] wherein when the state
machine is i-A—theNE—NZ and N3 states 5 the state machine circuitry
out puts an edggqe i i ' '\“krupt signal, the INT signal conprising an -
active resul tTE!ﬂMB““M“" of the interrupt lines fromall agents on
the I/0O bus, t cNTA stgnal conprising a sjgnal fromthe CPU indicating
that it is processing an interrupt, the RI28R2 and R3 states conpri sing
successive state machine states where the state 10 machine circuitry
outputs no interrupt $bgnallheenethotinf alainpii¢ avhergint said dirstantarrm typeer ei n
said interrupt converter further conprises nultiplexing |Logic coupled to
said state W YBPHB8s @dge sensitive interrupts and said second interrupt type

PCT/ US95/ 07392 - 24- matchi| ne.circui 'tr.r¥ for routé n% sa‘j d edr% sensi Ei ve
interrupt signal corgpyses evel sensitive interrupts, said step of generating an interrupt -
signal compliant with said first interrupt type comprises the step of |

5 following the following state machine modet:

wherein when the state machine is in the N1, N2 and N3 states
the state machine model outputs an edge sensitive interrupt signal to
| the interrupt controller, when the state machine is in the Delay state the
10  state machine circuitry outputs no interrupt signal, the INT signal
comprising an active result of the logical OR operation of the interrupt
lines trom all peripheral 'agents_ that generate interrupts of said second
' interrupt type, the INTA signal compri'sing a signal from the CPU

indicating that it is processing an interrupt.

15



sel ected i I nput to said interrupt controller. 7. ter
il i

systemof clalm urther conprising a 5 progranmabl e st orage

coupl eg—to——saird—uttiptexing logic for controlling said nultiplexing |ogic

to dire ' - [ ltive interrupt to said selected interrupt input.
8. Tmlliﬁm&mﬁngpm of claim1 wherein said first bus 10 standard
conpri ses e Pers pheer al Conponent Interconnect (PCl) standard. 9. A

| evel sensitive to edge sensitive interrupt g@verter for use in a conputer
system having a CPU and peri pheral agents that 15 generate | evel

sensitive interrupts whggei Nyl doGIPOE QLint Y 3 LitiBr A% tiRferalbtiphér r upt

_ . &ﬁﬂ) EI?F%
control ler responsive to edge sensitive interrupts, the interrupt converter
conpri sing: circui gsMpiges RRIgeCSEASIIAinté1aif 3 landFs 4@ Seabh@ interupt tyie upt
signals generated by all peripheral agents which generate |evel sensitive
20 interrupt sigoemprisesdevel SéRsAvEARMAlpts, said step of generating an interrupt

- PCT/ US95/ 07392

signal compliant with said first interrupt type comprises the step of

5 following the following state machine model:

wherein when the state machine is in the N1, N2 and N3 states
the state machine model outputs an edge sensitive interrupt signal to
the interrupt controller, the INT signal comprising an active result of the
10 logical OR operatidn of the interrupt lines from all peripheral agents that
generate interrupts of said second interrupt type, the INTA signal
comprising a sigrial from the CPU indicating that it is processing an
" interrupt, the R1, R2 and R3 states comprising successive state machine

states where the state machine circuitry outputs no interrupt signal.

15



-25- logic circuitry coupted to and responsive to the circuitry for
perforrrg‘ﬂb!"quyol ogi cal OR operation for outputting an edgRCHESS003%2¢e

i nterrupt S|_gggl_’t_g,s_a_l_d_i_mreu—upt controller when a | evel sensitive
interrupt signal is detecte The interrupt converter of claim?9
wherein the Iﬂ“lmml“ L\mﬁr ates accor di ng to the following state

machi ne nodel en the state machine is in the N1, N2 and N3
states 10 thé sfate rrachl ne circuitry %@puts an edge sensitive interrupt
signal, when the state nachine is in the Tay state the state machine
circuitry outputs no interrupt signal, the |INT signal conprising an active
‘result of the |ogical7OR &peraethed foClalﬁbelﬁ'#léMfmmPﬂ?ﬁ@Q the stepPil agent s
onthe I/0O WD 96/.00940

PCT/ US95/ 07392 SI9HNG 5eatrol Rits |'<Rﬁ17i'f1§'r'gr?aﬁe'86??&'P&%fﬁgmd"elr“g‘ﬁa?ra"ﬂ iMRIMURE cPU

i ndi cati ng th"ﬂ‘tcontroller

5 18. The method of claim 17 wherein said providing said
interrupt signal siep comprises the step of providing said interrupt signal

to said selected interrupt input responsive to said control bits.



i°s processiyRgogiidodgit €rrupt. 11.  The interrupt converter of mdmigds@rssherein
the logic 5 circuitry operates according to the follow ng state nachine

nmodel : [err] wherein when the state nmachine is in the NI, N2 and N3 states
t'the state machine circuitry outputs an edge sensitive interrupt signal, the
I'NT signal conprising an active result of the logical OR operation of the
10 interrupt lines fromall agents on the |I/0O bus, the |INTA signal
conprising a signal fromthe CPU indicating that it is processing an
interrupt, the Rl, R2 and R3-states conp4i si ng successive state nmachine

states where the state machine circuitry outputs no interrupt signal. WO
96/ 00940 PCT/ US95/ 07392
-27- 12. The interrupt converter of claim9 wherein said interrupt
converter further conprises | tiplexing | ogic coupled to said state

machine circuitry for routing |sai ¢gege [s¥nsitive interrupt signal to a
selected interrupt input to sgid interrupt controller.

1 Intr
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5 13. ThayboRkseday Pt converter of claim 12 further conpr|5|§en%-%mnmn
programmabl e ‘st orage el ement coupled to said nmultiplexing logic

controlling said multiplexing logic to direct said edge sen5|t|ve |nterrupt
to said selected interrupt input. 10 14. A met hod of processing
interrupts in a conputer systemhaving a CPU and an interrupt controller
responsive to interrupts of a first interrupt type wherein sone peripheral

: agents of said conputer systemgenerate interrupts of a second interrupt
type, said nethod 15 conprising the steps of: detecting interrupts of
sai d second interrupt type; generating a@/4 nterrupt signal conpliant with
said first interrupt type responsive to a detected interrupt of said second
interrupt type; and providing said interrupt signal conpliant with said
first interrupt 20 type to said interrupt controller for interrupt

handl i ng. WO 96/ 00940

PCT/ US95/ 07392
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-'28- 15. W6 oéibiolied of claim 14 wherein said first interruppcinggssinroz
conpri ses edge sensitive interrupts and said second interrupt type

conprises |level sensitive interrupts, said step of generating an interrupt
signal conmpliant with said first interrupt type conprises the step of 5
following the follow ng state nmachine nodel: [err] wherein when the state
machine is in the N1, N2 and N3 states the state machi ne nodel outputs an
edge sensitive interrupt signal to the interrupt controller, when the state
machine is in the Delay state the 10 3Mate nmachine circuitry outputs no
interrupt signal, the INT signal conprising an active result of the | ogical
OR operation of the interrupt lines fromall peripheral agents that
generate interrupts of said second interrupt type, the |INTA signal
conprising a signal fromthe CPU indiggﬁ&ﬂg that it is processing an
interrupt. 15 WO 96/ 00940

PCT/ US95/ 07392 STATE MACHINE

INT

INTA

Figure 3



_ég_ 16. W@ ogRbdagd of claim 14 wherein said first interrup?m%égﬁywngz

conpri ses edge sensitive interrupts and said second interrup

conprises |level sensitive interrupts, said step of generating an interrupt
si.gnal conpliant with said first interrupt type conprises the step of 5
following the follow ng state nmachine nodel: [err] wherein when the state
machine is in the N1, N2 and N3 states the state machi ne nodel outputs an
~edge sensitive interrupt signal to the interrupt controller, the |INT signal
conprising an active result of the 10 | ogi cal OR operation of the
interrupt lines fromall peripheral agem/4 that generate interrupts of said
second interrupt type, the INTA signal conprising a signal fromthe CPU
indicating that it-is processing an interrupt, the Rl, R2 and R3 states .
conpri sing successive state machi ne states where the state machine
circuitry outputs no interrupt signal. 15 WD 96/ 00940

PCT/ US95/ 07392

Figure 4



-30-° r “net hod of claim 14 further corrprisingthe oring
cont g% 6{‘;5 gudent Ifying a selected interrupt:input to sai é’??%pt

' 5 18. The nethod of claim 17 wherein sa| d_provi di ng
“interrupt signal step conprises the step of=p ---“”ﬂ

to said selected interrupt input responsy\REPLA \REPLACEME] % troI bits.

-15-
- signal. In one embodiment, one state of these bils is used to encode_

that no IRQ output to the SIO should occur. This is the reset state of the
SEL REG 48, so at 'RESET the bits must be configured or no IRQ will be

processed from PCI agents.

5 Fig. 3 illustrates a state diagram to be implemented by one
embodiment of the state machine logic 60 illustrated in Fig. 2.
) | Attached as a Appendix A to this disclosure is a listing of one
embodiment of a program for programming the programmable logic
device 50 to implement the state diagram shown in Fig. 3. Note that
10  each state identifies a three digit control code at its bottom. These
correspond to the values of state variables B2, B1 a.nd BO, respectively,

in each state as they are utilized throughout the source code listing
attached as Appendix-A-
The state machine diagram begins at idle state 300 upon reset.
15  The state machine in this example is synchronous, transitioning from
T state-to-state on a PCICLK rising edge. The state machine remains in

the idle state as long as the INT signal is inactive, indicating that no PCI

interrupts are being asserted by any PCl agents.

When fhe INT signal goes active 1o the state machine 60, it
20 transitions to N1 state 310 on the next PCICLK input. Once the state
machine has achieved N1 state 310, it asséns the IRQ active signal 10
the ISA IRQ select multiplexer 52 for providing the selected IRQ to the
| SiO';cémponéh; 35. I the INTA signal is already active when the state

macHifie iogic is in N1 state 310, the state machine will remain in the N1
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