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backward compatibility, wherein newer PCI systems will support older PCI peripheral
devices.

Various devices including input and/or output (I/0) peripheral devices may seek
to interrupt a processor in a computer system. When associated with a PCI bus, the
devices are sometimes referred to as PCI agents. To interrupt a processor, the PCI
agent may send one or more of interrupt request signals INTA#, INTB#, INTC#, or
INTD# to an interrupt controller. The interrupt controller responds by providing an
interrupt message to a processor. The interrupt controller receives the interrupt request
signal through interrupt input pins. The interrupt input pins are sometimes called
interrupt request (IRQ) pins, which are connected through IRQ lines to the PCI bus.
There may be an interrupt router between the peripherals and the interrupt controller.

There are two types of signaling semantics for interrupt signals received by
interrupt controllers: (1) edge triggered interrupt semantics and (2) level triggered
interrupt semantics. With edge triggered interrupts, every time an edge (e.g., positive
going edge) is detected at an interrupt input pin, the interrupt controller triggers an
interrupt event. A problem with edge triggered interrupts is that the interrupt controller
may miss an edge of a second interrupt if it occurs before a first interrupt is serviced.

Accordingly, in the case of edge triggered interrupts, typically only one peripheral

device is connected to the interrupt input pin.
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There are two types of signaling semantics for interrupt signals received
by interrupt controllers: (1) edge triggered interrupt semantics.and (2)
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In response to detecting a change to the particular voltage level at the interrupt input
pin, an interrupt message is sent to a processor and a state bit is set in an I/O redireclion
table in the interrupt controller. The state bit is reset when an end-of-interrupt (EOI)
signal is received by the interrupt controller. If an interrupt signal having the particular
voltage level is still detected at the interrupt input port after the EOI is received,
another interrupt message is sent to a processor.

Interrupt controllers have a limited number of interrupt input pins. Under the
present technology, as more peripheral devices are added to a computer system, the
number of interrupt input pins will need to be increased or peripheral devices may need
to wait longer for service of interrupts.

Accordingly, there is a need for an improved system for providing interrupt
requests from peripheral devices to processors.

Summary of the Invention

In one embodiment of the invention, an apparatus includes address and data
ports to receive an interrupt request signal in the form of address signals and data
signals. The apparatus also includes decode logic to receive at least some of the address
signals and data signals and provide a decoded signal at one of several decode output
lines of the decode logic. A redirection table includes a send pending bit that is set

responsive to the decode signal.
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2 the system of FIG. 1.

FIG. 3 is a block diagram representation of one embodiment of the interrupt
controller in the system of FIG. 1.

FIG. 4 is a block diagram representation of one embodiment of send pending bits
and related circuitry in the I/O redirection table of FIGS. 2 and 3.

FIG. § is a block diagram representation of an exemplary peripheral device.

FIG. 6 is a block diagram representation of an alternative embodiment of a host
bridge in the system of FIG. 1. .

Detailed Description of Preferred Embediments

Referring to FIG. 1, a computer system 10 includes a processor 12, a host bridge
16, and an I/O bus 20, which may be implemented according to PCI specifications.
Processor 12 includes an interrupt controller 24, which may be an advance
programmable interrupt controller (APIC). Processor 12 is coupled to host bridge 16
through a processor bus 26 and a serial bus 28, which may be an APIC serial bus. In
some embodiments, host bridge 16 is referred to as a North Bridge and processor bus 26
is referred to as a front side bus or parallel bus.

Serial bus 28 may provide interrupt messages from an interrupt controller 34 in
host bridge 16 to interrupt controller 24. Interrupt controller 34 may be an APIC.
Serial bus 28, which may include two data conductors and a clock signal conductor, may

also provide signals from processor 12 to interrupt controller 34, such as end-of-



Brief Description of the Draw ngs The invention wll be understood
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part of host bridge 16). In another embodiment, interrupt ports 38 are considered part

of host bridge 16, but not interrupt controller 34. The difference is not important so
Jong as interrupt controller 38 receives interrupt request signals.

Host bridge 16 also includes address, data & other ports 42 through which
address, data, and other signals are received from or provided to address, data & other
lines 44. Ports 42 may be pins, other structure, or any other conductor. Ports 38 and
42 may be simply continuations of lines 40 and 44. Interrupt controller 34 receives at
least some of the address, data, and/or other signals passing through ports 42. Some or
all of the address, daia, and other signals received at porté 42 are used in host bridge 16
and elsewhere for various putposes other than interrupts. Lines 40 and 44, as well as
the various other linés described herein, may be conventional conductor traces or
various other forms of conductors. Depending on the embodiment of the invention,
lines 40 and 44 maybe considered part of or separate from bus 20.

System 10 includes peripheral devices that may interrupt processor 12 through
providing interrupt réquest signals to interrupt controller 34. Examples of peripheral
devices and related interconnections are illustrated in FIG. 1. Peripheral device 50 is
coupled to I/0 bus 20 through interrupt line(s) 62 and through address, data & other
lines 64. To interrupt processor 12, peripheral device 50 provides an interrupt request
signal (e.g., INTA#) on interrupt line(s) 62. The interrupt request signal is passed
through bus 20 and interrupt lines 40 to interrupt ports 38. Interrupt controller 34

responds to the interrupt request signal by providing an appropriate interrupt message

to processor 12 or another processor (not shown in FIG. 1.

il



Processaor 12 includes an interrupt controller 24, which may be an advance
programmable interrupt controller (APIC). Processor 12 is coupled to host
bridge 16 through a processor bus 26 and a serial bus 28, which may be an
API C serial bus. In sonme enbodinents, host bridge 16 is referred to as a
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processor (in the case of a multi-processor system not shown in FIG. 1).

Accordingly, host bridge 16 may provide interrupt messages to processor 12 or
another processor in response to interrupt request signals from two types of peripheral
devices. A first type of peripheral device (e.g., peripheral device 50) provides interrupt
request signals (e.g., INTA#) through dedicated interrupt line(s). The interrupt request
signals are received by interrupt controller 34 through interrupt ports 38. A second
type of peripheral device (e.g., peripheral device 52) provides interrupt request signals-
(e.g., including a PC] write cycle) through, for example, address and data lines. The
interrupt request signals are received by interrupt controller 34 through address, data &
other lines 44.

Peripheral devices 54, 56, and 58 illustrate other possible interfaces between
peripheral devices and bus 20. Peripheral device 54 is coupled to bus 20 through an
adapter 72. Adapter 72 may conduct interrupt signals through line(s) 74 and address,
data & other signals through lines 76. Interrupt request signals that are provided on
conductors 74 are passed by bus 20 to interrupt lines 40. Peripheral device 54 is like
peripheral device 52 in that it provides interrupt request signals through address, data
and other signals, not through an interrupt line(s) 74. Therefore, in the case of
peripheral device 54, there are no interrupt request signals on interrupt lines 74.
However, a peripheral device like peripheral device 50 could be connected to adapter
72. In that case, adapter 74 would include interrupt signals on line(s) 74. Alternatively,
some adapters could include only lines 76 and not line(s) 74. Peripheral devices 56 and

58 are coupled to bus 20 through a bridge 82. Interrupt request signals are conducted



interrupt ports 38 are considered part of interrupt controller 34 (and,
therefore, also part of host bridge 16). In another enbodi nent, interfupt
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processor 12 or another processor (not s
4 encode/decode logic 148. In the case of sending the interrupt message over processor

bus 26, processor 12 would include decode circuitry to detect the interrupt message and
interrupt controller 24 would understand the message.

In response to receiving an interrupt request signal, at least a portion of which is
in the form of address signals, interrupt controller 34 provides an interrupt message to
serial bus 28 or processor bus 26. In one embodiment, host bridge 16 can direct the
interrupt message either through serial bus 28 or processor bus 26 depending on a bit in
control logic 130.

The interrupt message over processor bus 26 could include an address
identifying the processor to receive the interrupt. Host bridge 16 could include lowest
priority redirection circuitry to redirect the interrupt to the processor having the lowest
ptiority in the case of a multi-processor system. The circuitry could keep track of task
priorities of the various processors in a multi-processor system. Interrupt controller 34
or other circuitry in host bridge 16 could detect whether processor 12 includes serial bus
capabilities and/or the ability to accept interrupt messages by processor bus 26. In the
case where processor 12 does not include an interrupt controller and decode circuitry

that understands an interrupt message over processor bus 26, interrupt controller 34




Peri pheral device 52 is coupled to I/O bus 20 through address, data & other
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may be an assertion or a deassertion signal. The interrupt request assertion/deassertion
signals on conductors 124 may be the same as the interrupt request signals on
conductors 120. In that case, I/O redirection table 128 could treat the signals
identically.

Referring to FIG. 3, in one embodiment, decoding logic 122 includes an address
decoder 158 and a data decoder 160. If a particular address or an address within a
particular range is received, address decoder 158 provides a signal to control logic 130
on conductor(s) 162 indicating that an interrupt request signal is being provided to
interrupt controller 34 through address and data lines 152 and 154, which are connected
to lines 114 and 116. In one embodiment, an address indicating an interrupt request
signal includes a base plus an offset. As an example, the base could be FEC00000h
(where h = hex). The offset could be 20h. The base may be programmable by the
processor, operating system, or other hardware or software. Control logic 130 provides
an enabling signal on conductor(s) 164 to data decoder 160. In one embodiment, data
decoder 160 decodes the 8 least significant bits (LSBs) of the data signal and asserts one
of X decode output lines 124, depending on the state of the data bits. If there are 8 data
bits, there may be up to 256 decode output lines 124.

Holding registers 170 include a register for each one of decode output lines 124,
Each of the holding register holds the voltage state on a corresponding one of decode

output lines 124. In turn, lines 172 provide signals representing the voltage state held in



peripheral devices and bus 20. Peripheral device 54 is coupled to bus 20

t hrough an adapter 72. Adapter 72 mamy conduct interrupt signals through
line(s) 74 and address, data & other signals through lines 76. Interrupt
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I ncl udes address ports 104, data ports 106, and other ports 10
conductors 154 control whether an assertion or deassertion signal 1s providledona .
particular one of decode output lines 124.

Referring to FIGS. 3 and 4, lines 172 include lines 172-0, 172-1, ..., 172-X-1,
each connected to a different one of holding registers 170. Interrupt lines 120 include
interrupt lines 120-0, 120-1, 120-2, ..., 120-N-1, each connected to a different one of
interrupt ports 38. In the embodiment of FIG. 4, I/O redirection table 128 includes X
entries, which each include a “send pending” (SP) bit (which may be called a delivery
status bit). When an SP bit is set, an interrupt message is sent to a processor. SP bits 0
- N-1 are set (e.g., to a logic high voltage) when the output of a corresponding OR-gate
190, 192, 194, ..., 196 is asserted. The OR-gates have inputs of one of lines 120 and
one of lines 172. Accordingly, an interrupt signal to either one of ports 38 or to
decoding logic 122 may cause one of SP bits 0 -N-1 to be set. For example, SP bit Q is
set when either interrupt line 120-0 or line 172-0 is set. (The OR-gates could be
replaced with other logic if SP bits are set through a low voltage. There could be
inverters between interrupt ports 38 and the OR gates.) SP bits N - X-1 are set when a
corresponding one of lines 172-N - 172-X-1 is asserted. In this way, there may be a
greater number of SP bits than interrupt ports 38. (Note that in the some embodiments
and in certain circumstances, the states of the SP bits 0 - X-1 may be controlled by
signals other than those from lines 120 or 172.) '

Interrupt controller 34 may support scalability for edge triggered interrupt
request signals. In the case of edge triggered interrupts on lines 152 and 154, data
decoder 160 assserts one of lines 124. The corresponding one of holding registers 170 is

set, causing a correponding one of lines 172 to be asserted. Assertion of one of lines
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i denti fying tiiggdédmepboreset WheteiinteniphBas bebesuctzifully BstiveRiiofdgee 16 coul d
include |l owest priority redirection circuitry to redirect the interrupt to
the processorastgiAtadgneshage meghanisnp I mitiple intrripigequasi@sssttion reaisten - pr ocessor
O or e, COefitbhd afe S STFP bl U Ao B8 R S bR e | 1S

pr ocessors rocessor system errup ot her

circuitry i n lliHéﬁ tielhrefddge thbﬁieaﬁuh&ldrﬂy eﬁdmtdﬂﬂptrwémpﬁ@%&ﬁ&me&ZTh@cl udes
serial bus capabllltles and/or the ability to accept interrupt nessages by
processor bus ei!evmlr!ﬁC?mste@awéhmae@cﬁ%mw%melz does not include an

|t errupt cont 1ol | Gt AR BGRAPLRLL B TRl Bhert NSHE NS R el et UP'

nessage over processor erru
6 a line that is shared by multiple devices, that device may issue an interrupt request

operation on the first activation of the interrupt. When the interrupt signal goes
inactive, the device may issue an interrupt request deassertion message to interrupt
controller 34. Interrupt controller 34 maintains the activation of the corresponding
holding register bit until the deassertion message is received. The constraint of this
mechanism is that both the device collecting the input events and the interrupt
controller are cognizant that the interrupt request is configured as a level triggered
interrupt event. For these events, the interrupt request deassertion register transactions
may be required for correct operation. Signals on lines 116 or 118 may indicated
whether an edge or level triggered interrupt signal is involved.

In the embodiment of FIG. 4, I/O redirection table 128 also includes interrupt
request register (IRR) bits 0, 1, ..., X-1, which are used in the case of level triggered
interrupts. The SP bit is reset when the IRR bit is set. The IRR bit is set when an
interrupt message is accepted by the processor. Either a level assert message is issued
and not retried on processor bus 16 or a message on serial bus 28 is accepted. The IRR

bit is reset when an EOI message is received. For both serial and parallel bus delivery,



WD 99/ 32971 could direct the interrupt nessage over serial bus 28 rather
t han over processor bus 26. Host bridge 16 nmay include queues (not"
shown) to hold various interrupt signals and ot her signals. Interrupt
control l er-34 may include queues to hold interrupt request si gnal s.
Control | ogiwodeddeAassi sts in various functions of interruplcragbddssiol er 34.
An interrupt request signal may be provided in the form of address and data
signals (and perhaps other signals) through ports 42 and captured by
interrupt SRR igresaiqvith a,wate tp ths cersesponding Bk rsgisten hecvestopolptithies al |
or part of theRdhEISctéHbId of thidred: 'ﬁgpg{ bits as being an interrupt
request signal. In one enbodi nent, deco |trr¥g | ogi c 122 provides a decoded
si gnal on conduct $hen aR ihtertupt Bevieed) adieassertion digral Becodded by gireageripheraly be an
assertion or a . deassertion siggﬁ%%rThe i request

1 € t . .
asserti on/ dededes tojdgepde logic,lo2y @B%B‘ﬁ g‘éslégﬁl?“ﬁﬁ?spﬁ@“ﬁw@l‘g% as the
i nt t : Sl : ] : /O
o DY el £ 01 OB B B

Ref erri ng t ochiréspordiing $P binss thsizerli nent, decodi ng | ogi ¢ 122 incl udes an
addr ess decoder 158 and a data decoder 160. If a particular address or an

address within a FIG.pdHustraies detailsof gae ¢mbadiraent obperipheralidsuise § coddess158
provi des a si,gnal [oJol] 0 cond or.(,S 2 lpdi gating
Phat an i nt orriig oS BEERE Buhepldd its a0 B B G- bl i BE, K8
control | er 34ntérflipd deitrolldl1 RiSsovided iftatrapt réquest sikhals 4 1ehEtbomelar (i b 6f
connected to_lines 114 and 116. In one enbodi nent, an address indicating
an interrupt addgesdines 180. The interrupt request signal may also include bits on data lines 182

and/or other lines 184. In one embodiment, interrupt controller 174 includes a data
register(s) the contents of which control whether peripheral device 52 sends interrupt
request signals in the form of an interrupt signal to a dedicated interrupt port or in the
form of address and data signals, and particular details regarding the signals.

An advantage of the invention is that level triggered interrupts on interrupt lines
40 may be replaced by write cycle messages or other address signal based messages. In
one embodiment, the write cycle message may identify the origin of the interrupt
request. Further, the number of send pending bits may be easily increased without the
adding dedicated interrupt lines.

Interrupt controller 34 may support multiple interrupt request signal input
mechanisms. However, in order to avoid any race conditions that may occur, in one
embodiment, only one mechanism per interrupt request signal is supported at a given
time. The interaction of the various arrival times and rates may be identical to the
dedicated port (e.g., pin) approach. Multiple activations of an event from a device will
elicit the interrupt request assertion/deassertion signal which may provide a model
consistent with the operation of the dedicated port.

Each interrupt controller may have a unique address for configurability and any
access to this address space, regardless of the initiating resource may reach the final

destination. As an example, if a system contains two I/O buses, the first contains the
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signal includes a base plus an offset. As an exanple, the base could be
FECOOOGOh . (where h = hex). The offset could be 20h. The base may be
programabl e by the processor, operating system or other hardware or
software. Control |ogic 130 provides an enabling signal or(s)
164 to data WOSH ! 160. In one enbodi nent, data decoderg%é@'g%g%” es the
8 least significant bits (LSBs) of the data signal and asserts one of X
decode output.lines 124. depending.on the.state of th ata.bi.ts. |f there
are 8 datar . neping fiies SHE RRea PrbtiEuRHeling boHirele: Tneuhimpline

Hol di ng r egi sH&vice, thfughHisd Mﬁlﬁle%ddﬁﬁloﬂ}ﬁriné@ﬁptﬁ?@&ltﬂiﬂer, ﬁfard@@@d@le@ﬂt put

| ines 124. _Each of the holding register holds the voltage state on a
cor r espondi ngdiserting n iderpipbrequesh assprtion sigead o the interrupting eontrollemdpterthat provi de
?' gnals e%egg; é‘rzn %&xg gch\égllehgc%enoﬁea\tﬁ?e ah‘es{dgcalr’npath for interrupts that is different

PCT/ US98/ 2650 ghan i shti@ il idhidryS Stdfling the tichnipOregBt Sds&ion Sig®®maye. 9., has
a logic high voltage) through an asSertion signal on the correspondi ng one
of lines 124 &avk theclfet of flushingugh previveswsiritansactigisgnal on the correspondi ng

one of lines 124. The difference be nd.te assertion and deassertion
signal s may be mer é£§Y GRARG-FDOAIMEth he enbodi nent, a different

address on conduct g spkSicaRdod) ot WHBSS: ifbraRSAHslsIRIFhoFasSer ti on

signal is

components, features, and conductors, a discussion of which is not necessary to
understand the invention and inclusion of which would tend to obscure the invention.
Furthermore, in constructing an embodiment of the invention, there are design tradeoffs
and choices, which would vary depending on the embodiment. There are a variety of
ways of implementing the illustrated and unillustrated components.

The borders of the boxes in the figures are for illustrative purposes and do not
restrict the boundaries of the components, which may overlap. The relative size of the
illustrative components does not to suggest actual relative sizes. Arrows show
principle data flow in one embodiment, but not every signal, such as requests for data
flow. As used herein “logic” does not mean that software control cannot be involved.
The term “conductor” is intended to be interpreted broadly and includes devices that
conduct although they also have some insulating properties. There may be intermediate
components or conductors between the illustrated components and conductors.

The interrupt message provided by interrupt controller 34 to interrupt controller
24 may be somewhat altered in host bridge 16, processor bus 26, and/or serial bus 28
prior to it being received by interrupt controller 24. For example, bits of the interrupt
message provided by interrupt controller 34 could be inverted or encoded. Address bits
could be added by encode/decode logic or other circuitry.

In one embodiment, host bridge 16 does not include the capability to send
interrupt messages over processor bus 26. In that embodiment, conductors might not

connect I/O redirection table 128 to encode/decode logic 148. As shown in FIG. 5, in
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provi ded on decode output lines 124. I n another enbodinent, different data
signals on conductors 154 control whether an assertion or deassertion-
signal is provided on a particul ar one of decode output |ines 124.
Referring to FIGS. 3 and 4, lines 172 include lines 172-0, 172-1, ...,

172-X-1, eaghosponect ed to a different one of hol di ng reg,;cs,t,@s,@é&p
Interrupt lines 120 incl ude Interrupt lines 120-0, 120-1, 120-2, ...,

120-N-1, each connected to a different one of interrupt ports 38, In the
enbodi ment of anpthgr embodinedt,hodi brisge 16doetsaubt igcladsthe mplabitiestoxmdémerrbﬂs, whi ch

each include a "send pendi ‘gs (fP%h 09’6‘? c {il g a . delivery
status bit). Wls(g?gegﬂv% F 28 Infha fﬁﬁg‘? g‘ﬁ‘g et 1o a
processor. SPasb&c‘idie&ondu&ﬂrrséreﬁéﬂnéﬁ‘ded(x@h&tbndf@ 18. |09| ¢ high voltage) when
t he out put of a corresponding OR-gate 190 ..., 196 is asserted.

The OR-gates have Ihmpmrsb@ﬁmm,ea signal pmprocese bus2s is thmh signiahcln therfirst

Accordi ngly, an r .Sign to either .,one of 0 codi ng
gt ¢ 125 st Skmghadt it el Rt nlePryb e e s Fecieql feshasth D1 "8
s  set whenpiejstingle t&ﬂlﬁﬁ"fe‘ﬂﬂ@éted 1011 20 thg s&ond | Fﬂﬁe 1A Ankt AvE# bits d£00C

OR-gates could be replaced wth other logic i bits are set through a

| ow vol t age. ihdieate phmdauddsenannmmde and AbS¥# audeib6 biteof 0lindigae fogicsl8 and t he
OR gates.) SP, bits - X- set _when_a ., .corresponding

172-N - 172- x@“?@‘%é@éﬂ é&l?# d Ao ditsaf 11 indigste 5 mé?@é@&t hber of
SP bits than jpfeLdduiizsPossHS anSabdaik {oasd&)e dye sone enbodiments and in
certain circunstances, 1Fhe 8t at ebs 2!? tgflg }gi&tr{é 0 - X-1 may be controlled
by si gnal s ot herThellmidingregistefsrand SP ibitemayjl Béinguarallglvijh respect to conductbesr r upt
controller 34 _may support scalability for edge triggered interrupt

request si gnai'%4 In the case of edge triggered |nterrupts on lines 152 and

154, data  decodep itk 235K 5% dBGPhavk OBt o Blage iy One of

hol di ng registers 1 set, causing a epon I ng ne 0 Inés 172 to
be asserted. z&smwrﬂnpmoutaf batweenathe pdripReral devices (interrupting agents or PCI devices)
8 and the interrupt controller. Decode logic 122 may be outside interrupt controller 34,

The phrase “in one embodiment” means that the particular feature, structure, or
characteristic following the phrase is included in at least one embodiment of the
invention, and may be included in more than one embodiment of the invention. Also,
the appearances of the phrase “in one embodiment” in various places in the
specification are not necessarily all referring to the same one embodiment.

The term “connected” and “coupled” and related terms are used in an
operational sense and are not necessarily limited to a direct connection or coupling. If
the specification states a component or feature “may”, “can”, “could”, or “might” be
included or have a characteristic, that particular component or feature is not required to
be included or have the characteristic. The term “responsive” includes completely or
partially responsive.

Those skilled in the art having the benefit of this disclosure will appreciate that
many other variations from the foregoing description and drawings may be made within

the scope of the present invention. Accordingly, it is the following claims including any

amendments thereto that define the scope of the invention.
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172 causes the corresponding one of SP bits is set. Wien the SP bit is set,
the particul ar one of holding registers 170 is reset through conductors
178. This I/Oredirection entry may be then entered into the interrupt
delivery rotation schene to be delivered at the appropriate tine. There is
no need to i WQ98¥1an interrupt request deassertion regi stBT/E38250 on
when the interrupt event is renoved, because the activation of the signal
itself may indicate that one and only %ﬁdﬂ%errupt event, wil| be. :
signaled. As with the input pin schene, tThe SP bit of anlm}' WMW '

as edge trigogwhads cieiynelés: r eset when the interrupt has b mm”fmf
delivered on the associ ated nessage nmechanism If nmultiple int efrupt s %
request assertion rlegi stdyapppatusqogpesinge received to the same 1/0
redirection table e f he i nterrupt has been. del.i yered t he
destination only ona{éhllre% %r%rdg{ﬁﬁjoé\s/gon&eceﬁ%ya emrﬁ%q% %c{%gsgg i“%“%éﬁ v%’fgr i s
consi stent wi t fidkdResighel dndided sighdls;schene. Wth respect to |evel
triggered interrupts, when a device signals an interrupt for a line that

i s shared by nul ti plesodedogie toreceivent ledss soneofithyaddess signals and tata signals andquest
operation on the fi.rst.activation of the interrupt. \Wien the interru

si gnal goes in Cpg?‘(}%efaq%gée&é{ﬁnaléat ﬂ’éey‘)fitsg‘é"ff’ég%ﬁ‘?d? ﬂ"ﬁ@‘ftrhﬂfﬁor}lﬂéeq‘ﬁé‘é elgﬂ‘ésagért i on
message to interrups redREMIBR tdbRiindlfding £5<AH priffingi thatGd ic@?qsﬁfhs:%'td‘ﬁ@' ns the
activation of the corresponding holding register bit until the deassertion
message i s recd¢opdeksignihe constraint of this mechanismis that both the

device collecting the inQut events.and the interrupt ntroller. are
cogni zant that the fnter ﬁqur%tﬂﬁ%fs"?a“?‘s"'%ﬁ?ﬁ’@‘g‘ﬂ‘é’béj%léﬁgmgé‘igé"lterlﬂfaft@rﬁé?ted

in response to assertion of the decoding signal.

3. The apparatus of claim 1, wherein the interrupt request signal is in the
form of the address signals, the data signals, and other signals.

4. The apparatus of claim 1, wherein the apparatus is a bridge.

S. An apparatus, comprising:

dedicated interrupt ports to receive an interrupt request signal;

address and data ports capable of receiving an interrupt request signal in the
form of address signals and data signals;

decode logic to provide a decode signal at one of several decode output lines in
response to reception of the interrupt request signal in the form of address signals and
data signals;

a redirection table including a send pending bit to be set in response to either the
interrupt request signal at the dedicated interrupt ports or in response to the decode
signal.

6. The apparatus of claim 5, wherein OR gates are positioned between the
interrupt ports, some of the decode lines, and the redirection table.

7. An apparatus, comprising:

dedicated interrupt ports to receive an interrupt request signal from interrupt

request lines;
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I nterrupt event. For these events, the interrupt request deassertion

L —

regi ster transactions may be require t operation. Signals on
lines 116 or 118 may i ndi cated \“\““g m\\m\a r level triggered interrupt
signal is involved. In A s ment *of FIG 4, |/Oredirection

tabl e 128 aljgfyohpat udes interrupt” request register (|RR) porusosResod, .. .,
X-1, which are used in the case of level triggered interrupts. The SP bit
is reset when the IRR bit is set. The IRR bit is set when an interrupt

nessage i s acceni@tbsbind it RERTFREATe pdthdsbRhd duud Gl 55T L eSS AgGe i S

I ssued and not retried on ‘processor 16 or a nessage on serial bus 28
i s accepted. Theddettie logibitd receive &t deabt soimenf the aliddessrand datg signals angltei ved. For
both serial and parallel bus del '1yery,

9 de@ﬁ‘éaﬂﬂﬁf‘b‘i’tmﬂ“ﬁ‘r%&@l iy i te to the corresponding EO

regi ster, the ve ' £, hkEeCt i on
entry. i S8 oH T BRERER oded 6 B S CHEL e DuceE o
provi ded by ahdiie@detddp hsicio reteiveke interiprreqeest sighat fradahe infermpt mutstahé | RR bi t
Is reset, the corresponding holding register is set, then therg is another
i ht er r upt MQIPWPUCWSMUM"E@MWdFﬂ%%%qf inspepaesetherap toprovide e hen set .
FIG 5 iIIusttr at es detail s of one enbodi nent of peripheral device 52.
Address, datBoe otHEE nes 68 include address |ines 180, data |ines 182,

and other lines 384. #We apparatus of claim 7, wherein the interrupt request signal provided
by the decode logic is identical to the interrupt request signal provided by the dedicated
interrupt ports.
9. The apparatus of claim 7, wherein the redirecton and control circuitry
includes an /O redirection table.
10.  The apparatus of claim 7, wherein the decode logic is included in an
interrupt controller.
11.  An apparatus, comprising: | | o
dedicated interrupt ports to receive an interrupt reéuest signal from interrupt
request lines;
address and data ports to receive éddress and data signals;
decode logic to receive at least some of the address and data signals and to
decode an interrupt request signal from them; and
an /O redirection table coupled to the dedicated interrupt request ports and the
decode logic to receive the interrupt request signal from the interrupt ports and the
interrupt request signal from the decode logic and in response thereto to provide an
interrupt message. | |
12.  The apparatus of claim 11, wherein the interrupt request signal provided
by the decode logic is identical to the interrupt request signal provided by the dedicated
interrupt ports. _
13.  The apparatus of claim 11, wherein the decode logic is included in an

interrupt controller.
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interrupt controller 174 provides interrupt request signals to at |east
sone of the bits of address lines 180. The int upt request signal may
al so include bits on data |lines utm“j B‘{\I i nes 184. In one
embodi ment, interrupt controll erﬁ ata regi s %sé
contents of WRCR2bntrol whet her *pefi p‘heral devi ce 52 sen |n err upt
request signals in the formof an interrupt signal to a ded| cated interrupt
port or in the form of ﬁddress and data signals, and particular details
regardi ng the si gng\‘ computer SXSIEmyCABANSIE of t he i nvention is that |evel
triggered int errupgﬁr g&sérnt errupt lines 40 may be replaced by wite cycle
nmessages or ot her gress si gnal based nessages. In one enbodi nent, the
wite cycle messaganlmyms,dentlfy the origin of the interrupt request.
Further, the nunber of send, pendi % bits 78)() asily increased w thout
the addi ng dedi caP@iPheml devicspeonnpdiedto the VOdus; apdhi o r upt control I er 34 may
support nultiple i Qm‘i%%“ %?uest signal input nmechanisnms. However, in
order to avoid any race con ions that may occur, in one enbodi rrent, only
one mechani sm per i nt er dedidatedanterapt poitgakcdive mupRAtptaeqrbt sigral;ven t'i ne.
The interaction of the various arrival times and rates may be identical to
the dedicated port (e. gaddl‘?ﬁsﬁl)d%PW@NCCWFP#%?SM@EH%W&EWA%S of an event
froma device will eli C'dgcod:t,]ﬁ) lcqgeerchggt k['aes est 83 gtritl on/ slsertl 0

signal which may provide a ogel o EonaT & toﬁ he o atl r?gg?l ?'h

dedi cated port. Eachtd@b@{dagpﬁtemig@&gtgrgnmmuﬁ gndini que address
for configurability and any access to this address space, regardless of the

initiating resource nay reditgetipniand Cf’mmilc"@é%! qudémtheﬂgdlaﬁeéxwmpé if a
system contains two 1/0O busesequg Sofl [

10 & lo Em tto feceive the interrupt request

signal from the interrupt ports and the interrupt request signal
from the decode logic and in response thereto to provide an
interrupt message.

15.  The system of claim 14, wherein at least one of the peripheral devices
provide interrupt request signals through the dedicated interrupt ports and at least ene
of the peripheral devices provides interrupt request signals in the form of write cycles
through the address and data ports.

16.  The system of claim 14, wherein at least one of the peripheral devices
can provide address and data signals to the decode logic for decoding an interrupt

request signal from them.
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WD 99/ 32971 interrupting device and the second contains the interrupting
controller. The interrupting device, through the uni que address of the ,
interrupting controller, nay be capabl e of directing an interrupt request
assertion sig 9 he interrupting controller. Note that . this nessaging
schene does no Pégﬂ re a 'sidecar’ path for interrupts thatPGTEUSFR45EL ent
than the path to main nenory. Signaling the interrupt request assértion’

si gnal may have the effect of flusht g any previous wite transactions.

Addi ti onal Information and Enbodi nents The specification does not
describe or illustrate various ents, features, and
conductors, a discussion of whi¢h i SPROCES8S®Rsary] to under stand t he

i nventi on and incl usi on of whi cl e~tend to obsicure the invention.

Furthernore, in constructing an{e ﬁi Nt of Hae i nvention, there are
design tradeoffs and_choi ces, ju syl d vary ependi ng on the

enbodi ment. There are19\c%"5ety of F—ways of—Typtenenting the illustrated
and unillustrated conponen ™~ The bor s of the boxes in the
figures are for illustrative purpdSeSERALdo Mt pROGESORCt the boundar i es
of the conponents, which may overd8ap. BWS r@Bafive gige of the
illustrative conponents does not tovsuggest ackual relative sizes. Arrows

show principle data flow in one enbodiyegty, but not eyery signal, such as
requests for data flow As jused hereigrih@gi ' does n¢t nean that
software control cannot be irvol ved. The term "eBnducfor” is intended to
be interpreted broadly and i qCTUdes uew TES at conduct al t hough they
al so have sone insul ating prcpe‘Nt URThe r34npy be intednediate

conponents or conductors Q% GQNTIFI@LI'LIERJS'[I‘& ed conpondnts and conductors.
v d

The interrupt nessage pro pb ™9l l4ger 34 to interrupt
controller 24 may be sone éf) @g% tidge 16, processor bus
26, and/or serjal bus 28 pr ved by i nterrupt

control | er 280y exanpl e, bi ts of thef 'Nﬁf DIFA & message provi ded by
i nterrupt C%@rﬁgg‘l er 34 COUiNT bT| |nver/L=d oro Paed Address bits

Fly s
LINES LINES -
LINES 20 ~ 1/0 BUS
\l‘ F 3 r 44 “ . F F 3 K- /'
~es 74 ] 76— INT I 64 o8
l - L UNES 162 NS 1\84 o
PERIPH ADAPTER PERIPH | DATA& | BRIDGE
DEVICE | 72 DEVICE |.OTHER 82
52 : 50 | LINES , :
‘_\ 78 ‘ k 90 . 92“v /- 88
—
ol e e e
54 PERIPH PERIPH
DEVICE DEVICE
56 . 58 -

FIG. 1
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coul d be added by encode/ decode |logic or other circuitry.
enbodi nent, - host bridge 1.6 does not
i nterrupt nmessages over processor bus 26.

m ght not ~ W@@MI8Mt |/O redirection table 128 to encode/ dBEBHSS26Pc 148.

As shown in FIG 5, in

anot her enbodi nent,
i nterrupt messages over serial
controller

host bridge 16 does not

bus 28.

I n one

I ncl ude the capability to send
I n that enbodi nent,

conductors

11

I ncl ude the capability to send
In that enbodi nent,
144 and associ ated conductors are not

seri al bus
i ncluded in host bridge

16. I n one enbodi nent, a signal on processor bus 26 is two phase
signal. In the first phase, if an Aa3# ke is O, the interrupt transaction
type is fixed (directed); if the Aa3# bit is 1, the type is redirected or

EQ .

In the second phase,
desti nati on node,

Ab5# and Ab6# bits of 00 indicate physical

and Ab5# and Ab6# bits of 01 indi

' destination
node. Ab5# and Ab6# bit | 1 indicate an EQ. Aa3?§?§ﬁ§%| ts of 0 and
1 and Aa3#, Ab5#, and s of 110 are reserxed. The hol di ng
registers and SP bits na { N rallel with respe to conductor§{ +-
Interrupt controller 34 does n have to be pa bT host kgi dge_1 e
may be 28 5 f %RI E

h 4 A

SERIAL BUS ENCODE/
CONTROLLER DECODE

: LOGIC 148

3

[
>

)
<

v v

CONTROL

I’10

REDIR PROCESSING
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an interrupt router between the peripheral devices (interrupting agents or
PCl devices) and the interrupt controller. Decode |ogic 122 nay be outside
interrupt controller 34. The phrase "in one enbodi nent"” neans that
the parti cul f re, structure, or characteristic foll oy hr ase
(S included"?&”g§ﬁ+£ast one enbodi nent of the .invention, aﬁ%ﬂ%§§B§29 .

i ncluded in nore than one enbodi nent of the invention. Al so, the

appear ances of the phrase "in one enbodinment” in various places in the
specification are not necessarily all referring to the sanme one enbodi nent.
The term "connected"” and "coupled" and related terns are used in an
operational sense and are not necessaridpglimted to a direct connection or
coupling. If the specification states a conmponent or feature "may", "can",
"could", or "mght" be included or have a characteristic, that particular
conponent or feature is not required to be included or have the :

characteristic. The term "responsive" includes conpletely or \RagEH X
responsi ve. Those skilled in the art having Iq;tn gﬁ{é§ 'ﬁ
di sclosure will appreciatd that many ot her variﬁtiqﬁ% rgm-t % g

description and dfaw ngs nay be nade wthin thefscope of the present
i nvention. Accordlngly, itjis the follow ng clalns including any anmenfnents
thereto that defipe the—scope—pf the fnvention—

12 CLAI M5 {What i | hi med
is: 11O CONTROL at 1s cipine

< > LOGIC
REDIR 164
TABLE 130 |

128 178 DECODE OUTPUT
% Tj‘ 2 62| ~LINES (UP TO 250)
172

170
— N— 124

J

HOLDING
/| REGISTERS || ADDRESS DATA

N INT DECODER DECODER |«

LINES 158 160

120 7y 7'y

DECODING
PORTS LOGIC 122

\——

J

8 LSB

J

/__ /—"—

INTERRUPT | 20  ADDRESS |%) 154 | DATA
LINES LINES LINES

FIG. 3
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1. An apparatus, conpri sing: address and data ports to receive
an interrupt request signal in the formof address signals and data

si gnal s; decode logic to receive at |east sonme of the address
signals and eademsdgnal s and to provide a decoded signal aRCTHRISRESIGever al

decode output lines of the decode |ogic; and a redirection table

including a send pending bit that is set responsive to the decode signal.
2. The apparatus of claim1, further including a holding register that
are set in response to assertion of the decoding signal. 3. The
apparatus of claim1, wherein the |nterryg request signal is in the form
of the address signals, the data S|gnaI§ and ot her signals. 4,
The apparatus of claim1l, wherein the apparatus is a bridge. 5.

An apparatus, conpri sing:
i nterrupt request signal;
recei ving an interrupt
data signal s;

several decode out put

dedi cated interrupt ports to receive an
addr ess anq ata ports capabl e of
request S|gnal in f address signals and
decode | ogi égﬁ% cﬁé@@ﬁe signal at one of

lines inr Don on of the interrupt

request signal in the forn1of address signal s and data signals; a
redi rection table includijn 8end|ng bit to be set in response to
either the interrupt reque ﬁJBEgHﬁ% at the gledtTared—mt er UpT—pPOTTSOr |i n
response to the decode—si 6. The a paratus of claim§5,
wherein OR gates are posifioned bet Sl?ltBé porlt RRsBe0of tihe
decode |ines, and thee;?d recthgn | 990 An apparatus
conprising: LINE 172-0 a{(ﬁj{‘é ?£6r1rupt por to—recetrye arfrnterroupt
request signal frominter
] SPBIT 1 IRRBIT 1
LINE 172-1 -~/ (LIN?IZO-Z 192
) SPBIT 2 IRR BIT 2
194 |
LINE 172-2-/
INT
LINE 120-N-1
D:—. SP BIT N-1 IRR BIT N-1
LINE 172-N-1 196
J » SPBITN IRRBITN
LINE 172-N '
-/ » SP BIT X-1 IRR BIT X-1
LINE 172-X-1
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request 1|ines; 13

address and data ports to receive address and data signals; -« decode
logic to receive at | east sonme of the address and data signals and to
decode an jinterrupt request signal fromthenm and redi rection and

control circiPP?%upl ed to the dedicated interrupt requelt™PRIPREY and t he
decode logic to receive the interrupt request signal fromthe interrupt
ports and the interrupt request sygnal fromthe decode logic and in
response thereto to provide an interrupt nessage. 8. The
apparatus of claim 7, wherein the interrupt request signal provided by the
decode logic is identical to the interrupt request signal provided by the
dedi cated interrupt ports. 9. The apparatus of claim7, wherein
the redirecton and control circuitry includes an I/Oredirection table.

10. The aﬁﬁhﬁaLg;HSf claim7, m?erein t decode logic is included in an
interrupt control | era \-180]J"‘-f@§ ap arq%ﬂs, conpri si ng:
' |

ADDRESS DATA OTHER

LINES LINES | LINES
! ; ~
INTERRUPT L 52
CONTROLLER | 74 —
PERIPHERAL
DEVICE
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dedi cated interrupt ports to receive an interrupt request signal from

interrupt - request |ines; address and data ports to receive
address and data signal s; decode logic to receive at |east sone of
the address amngodsistbmr signals and to decode an interrupt regorbbosaksptal
fromthem and an I/Oredirection table coupled to the dedi-cated

I nterrupt request ports and the decode logic to receive the interrupt
request signal fromthe interrupt ports and the interrupt request signal
fromthe decode logic and in response thereto to provide an interrupt

nmessage. 12. The apparatus of claim 11, wherein the interrupt
request signal provided by the decode Ioﬂisc Is identical to the interrupt
request signal provided by the dedicated i nterrupt ports. 13.
The apparatus of claim 11, wherein the decode logic is included in an
i nterrupt controller. ' A 14
14. A conputer system conprising: apfo : an |/ O bus;
peri pheral devices connected to the I/ O bus; /g}dilﬁﬁ@@ESSOR
26 BUS
ENCODE/ | gamome
DECODE — 16
LO(:?:IC 148 —
—
Vo '
REDIR CONT PROCESSING
+— LOGIC CIRCUITRY
TABLE 130
128 — 138
INT DECODE
CONT CIRCUITRY
1 124 122
34 \ F § 4
120 104 106 108
INT —]
PORTS _\/&‘p ()“'1 T D e =4
38 ng?rs DATA | OTHER
PORTS | PORTS
T 42
N e
~1 40 /\ADD CN 18N
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LINES v U v LINES ¥ LINES

"FIG. 6

SUBSTITUTE SHEET (RULE 26)



a bri

I nterrupt

dge i ncl udi ng:
request signal;

address and data si gnal s;

addr

decamd@qix0bs 49 r eC Ggun

dedicated interrupt ports to receive an

ess and data poriae

sone of the adl€EFE and datv&msﬂgﬁwﬂlﬁwmwﬁmommuﬂm &$70 decode an
interrup h ' Lon;

cont 1 ol - BYiERGATRONAL, A IcATAN FlAE 5 g TR EATEI Co0PERA B R8Ar? e
reque$tn Wltaﬁfmdﬂi‘eteﬂﬁ Flassifration f e | 0gi c|t 0 |ErBtv@iciatEnblictibendpt 1 eqUFSY 99/32971
si gnal f Go6FYMleE, 13rMder rupt ports angAthe interrupt re uest s gha

from {he decode | ogic and in respohse t(ﬁ)e'?“é‘i“ﬁm'fag 6‘@ ! July 1999 (01.07.99)
i nter S of ] el S
one of (zsg'?ée"ﬁér“?'gﬁ%méf“q aevt ces Sffé‘éﬁg‘zﬁ%y 1@@%#@%"%&? HES I%lgﬁ é"ﬂ?‘@‘ucg h
dedi cat2®dntirmti@ulFiipd DagoOr t 91 Deaghba 1998 @EISHS) Pne OLZ IdAeUe @Bams (dﬁilwlrmm DK, DK
provigles interrupt request signals in the fom ég? %§§ﬁ§%§2g$§%ﬁ%§@ﬂﬁéﬂge
addr e$ gp@ndiydetaa pOrts. 16. The et €U VaND,

| east [ one 8991102 per i Pivewnter 19BVIBLET) C Y/ provmel\/ﬂacwm:MWsM&n@ NaPh PSi nalSDt
the d¢code | ogic for decoding an interrypt r%ﬁq%ssf;%ﬁs '“’% mmm A

(71) Applicant (for all designated States except US): INTEL COR-
PORATION {US/US]), 2200 Mission College Boulevard,
Santa Clara, CA 95052 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): PAWLOWSK]I, Stephen, S.
[US/US]; 6624 S.W. 158th Avenue, Beaverton, OR 97007
(Us).

(74) Agents: TAYLOR, Edwin, H. et al.; Blakely, Sokoloff, Taylor
& Zafman LLP, 7th floor, 12400 Wilshire Boulevard, Los
Angeles, CA 90025 (US).

Published

KE, LS, MW, SD, SZ, UG ZW) Eurasmn patent (AM, AZ,
BY, KG, KZ, MD, RU, TI, TM), European patent (AT, BE,
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE), OAPI patent (BE, BJ, CF, CG, CI, CM, GA,
GN, GW, ML, MR, NE, SN, TD, TG).

With international search report.

Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.
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{57) Abstract
In one embodiment of the invention, PROOSSSOR
an apparatus (10) includes address and data INT 2 12
ports (104, 106) to receive an interrupt request CON = -
signal in the form of address signals and data 10\ y F
signals (44). The apparatus (10) also includes ™
decode logic (122) to receive at least some 28 SEIEISAL 28/ PROBCUESSOR
of the address signals and data signals (44) 4
and provide a decoded signal at one of several HOST
decode output lines (124) of the decode logic BRIDGE 18
(122). A redirection table (128) includes a -
send pending bit that is set responsive to INTERRUPT 34
the decode signal. In another embodiment, 38 CONTROLLER —
an apparatus (10) includes dedicated interrupt
ports (33) to receive an interrupt request ~ PéﬂRT‘rs dﬁgggﬁs 2
signal. The apparatus (10) also includes ADD
address and data ports (104, 106) capable of DATA 2 r_'\ ADD, DATA &
receiving an interrupt request signal in the  GTHER INT 7 40 OTHER
form of address signals and data signals (114, LINES LINES 44 LINES /-2?4- /O BUS
116), and decode logic (122) to provide a F
decode signal at one of several decode output [~ 688 74| 76 u':;s\ (82 N~ & 86
lines (124) in response to reception of the ADD, -
interrupt request signal in the form of address PERIPH ADAPTER PERIPH | DATA& | BRIDGE
signals and data signals (114, 116). DEVICE 2 DEVICE |-OTHER 82
52 50 | LINES
s 80 92" 88
o Y i
54 PERIPH PERIPH
DEVICE DEVICE
58 88




