MULTI PLE PROGRAMVABLE | NTERRUPT CONTROLLERS IN A MULTI - PROCE%%QSY%H%I
FI ELD GF- 1 NVENTI ON The present invention pertains to the fiel

mul ti-processor conputer systens and nore specifically to inp U{:gu
devices for use in such systenms. BACKGROUND OF THE | NVENTI ON R~

systens which utilize programmable interrupt controllers (PICs) in a single
processor environnment are well known in the prior art. Intel corporation's
part nurtber 8259A is an exanple of a PIC gs(lsed i n such single processor _
systenms.' The PICs serve as interface units between the input/output (1/0
devices and the processor in handling interrupt requests. The PIC accepts

an interrupt requast 1fipem tPROIIEAIAYABES ANTEFSPUPT TONTROIIUPRSS equest

to the processor on an intqgN UpRt MUINA-PROCESSOR YSihem nterrupt request
fromthe PIC, the processor generally initiates an interrupt acknow edge

cycle. In the interrupt acknow edge cycle, the PIC sends an interrupt
vector to the processor, which identifies an interrupt handler routine in
t he proces&EHELDTREF JNVENTINexecut es the interrupt handl er routine to
handl e the '

The present invention pertains to the field of multi-processor computer systems

and more specifically to input/output devices for use in such systems.

D VE N

Cémputer systems which utilize programmable interrupt controllers (PICs) in a
singlé processor environment are well known in the brior art. Intel corporation's part
number 8259A is an example of a PIC used in such single processor systems. The
PICs serve as interface units bétween the input/output (I/0) devices and the processor
in handling interrupt requests. The PIC accepts an interrupt request from the /O
devices-and issues an interrupt request to the processor on an interrupt line. On
receiving the interrupt request from the PIC, the processor generally initiates an
interrupt ackn_owledge cycle. in the interrupt acknowledge cycle, the PIC sends.an
interrupt vector to the processor, which identifies an interrupt handler .routine in the
processor. The processor eie‘cutes the interrupt handier routine to hanale the
interrupt pending on the l/O device. |

With the advent of muiti-processor computer systems, interrupt management
system:s that 'dynamicaily distribute the interrupt among the processors ﬁave been
implemented. Intel's Advanced Programmable Interrupt Controller Architecture is an
example of such a system. Typically, such an interrupt management system includes
at least three functional components: 1. Advanced Programmable Interrupt
Controllers (APIC) that provide interface lines on which I/O devices or PICs.send

"interrupts into the system 2. Processors with modules to receive and service the



interrupt pending on the I/O device. Wth the advent of nulti-processor
conputer systens, interrupt nmanagenent systens that dynamcally distribute
the interrupt anong the processors have been inplenented. Intel's Advanced
Programmabl e I nterrupt Controller Architecture is an exanple of such a
system Typically, such an interrupt managenent system i ncludes at | east
three functional conponents: 1. Advanced Progranmable Interrupt Controllers
(APIC) that provide interface lines on which I/O devices or PICs. send
interrupts into the system 2. Processors ®i th modul es to receive and
service the -2- interrupt requests fromthe 1/0O devices and 3. a bus

that conneGhig,lperaRiuBSRIFMh theflO deifeebPadda. AHENIAN chitatis tHY plotefRislaRg.
the 1/0O device or the PICthat is connected directly to the APIC sends an
i nterrupt shgARiCs.o the APIC. In response, the APIC broadcasts

When an interrupt is pending, the I/O device or the PIC that is connected directly
to the APIC sends an interrupt signal to the APIC. In response, the APIC broadcasts
an inte}rupt reqﬁest data packet on the bus. The interrupt request data packet
contains a first field set to the identification number of the destination processor, a
second field set to identify the type of device causing the interrupt and a third field sét
to the interrupt vector.

On receiving the interrupt reqhest data packet, each of the prbcessors examines
the first ﬁeld to determine if the interrupt request is directed to it. The 'processor then
uses the interrupt vector in the third field to determine the address of the interrupt
service routine. The processor executes the interrupt service routine {o process the
interrupt.

One of the basic requirements of a multi—processbr system is to support PICs so

' as to be backward compatible with the prior application base. In this case, the PICs
generally interface with the APICs using the interface lines of the APIC. The PICis
connected to the I/O devices and provides the interface between the APIC and these
i/O devices. The APIC may have other l/O devices connected directly on the other
interface lines.

When an /0 device connécted toa PIC h'a_s an interrupt pending to be |
processed, it sends an interrupt request signal to the PIC. In response, the PIC sends
another signal to the APIC on'the interface lines. The APIC broadcasts an interrupt
request data packet on the bus to which all the processors couple. (n the ir:':terrupt
request data packet, the first field is set to the identification number of proce;ssor to
which the interrupt is to be directed 10; and the second field is set to identify the type of
device causing the interrupt. The APIC does not use the third field that is used to

specity an intercupt vector. The processor, which processes the interrupt, gets the



an interrupt request data packet on the bus. The interrupt request data
packet contains a first field set to the identification nunber of the
destination processor, a second field set to identify the type of device
causing the interrupt and a third field set to the interrupt vector. On
receiving the interrupt request data packet, each of the processors
examnes the first field to determne if the interrupt request is directed
to it. The processor then uses the interrupt vector in the third field to
determ ne the address of the interrupt service routine. The processor
executes the interrupt service routine to process the interrupt. One of the
basi c requi ineereipt vedfor ot iHe PIORMES SOHscteheimdrfupt acknbdwledde Blcie FhReas to
be backward conpatible with the prior application base. In this case, the
Pl Cs gener aPlogepspredefiercnings ah inlegupPsalyicggioniing basddore Hfesioteriupheectof anthe
APIC. The PICis connected to the 1/ 0 d%¥kcea aggﬁgrovideﬁ the interface
bet ween t hePHISEESER e RieEuPt pendiag opdae I deyigs SCHINGdNG SRICE o8ty ces
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only one PIC can be supported in a given multi-processor system. This is because
there is.no field in the interrupt request data packet to identify the PiC that initially
caused the APIC to send the interrupt request data packet. What is rieeded is a
mechanism to identify the _PiC that has sent the interrupt request when multiple PICs
are present in the multi-processor system so that the resulting interfupt ackndwledge

cycle can be directed to the identified PIC. This will enable the multi-processor system

to support multiple PICs.



processed, it sends an interrupt request signal to the PIC. In response,
the PI C sends another signal to the APIC on the interface lines. The APIC
broadcasts an interrupt request data packet on the bus to which all the
processors couple. In the interrupt request data packet, the first field is
set to the identification nunber of processor to which the interrupt is to
be directed to; and the second field is set to identify the type of device
causing the interrupt. The APIC does not yse the third field that is used
to specify an interrupt vector. The processor, which processes the

I nterrupt, gets the -3- interrupt vector fromthe PIC in a subsequent

i nterrupt aBUNMABYQEOEYTHE. INNENIIONSSOr determ nes an interrupt service
routi ne based on the interrupt vector and processes the interrupt pending
on the I/0O device by executing the service routine. However, these

nul ti- processor Hheski@seyisinuentiosualiows thegmeraiondeiavpiiele Araammimatle interPpC

can be supported i iven |ti-processor system This i because
ppcon‘roﬂers'}P?C)gnn a mu 1-procegsor sysfem emysronment. e a va\ncegl

programmable interrupt controllers {(APIC) provide interface between the processors
and the peripheral devices. The peripheral devices include a second /O device and a
PIC. Tt;e PIC further provides interface between a first IfO device and the APIC. The
processors are connected to the APICs by means of a first bus.
The first /0O device sends an interrupt request signal-to the PIC when t-he first 1/O
device has an interrupt pending to be proceésed. The PIC in response sends another
. interrupt request signal to the APIC. The APIC assembles an intérrupt request data
packet in response to the interrupt request signal from the PIC. The interrupt request
data packet contains a third field set to an unique identification number of the PIC
which had sent the interrupt request. The APIC sets the same third field to an interrupt
vector corresponding to the second /O device in response to an interrupt request from
the second I/O device that directly interfaces with the APIC. The APIC sets a first field
in the interrupt request data packet to an unique identification number of the
destination processor. The APlC further sets a second field in the interrupt request
data packet to a value corresponding to the type of the device that is..se'nding' the
interrupt request siénal.
The APIC broadcasts the intercupt request data packet on the first bus. The
| processor, to which the interrupt is directed o, receives the inferrupt request data
packet on the first bus. The processor examines the fields in the packet received to
determine the type of device causihg the interrupt.
if the type of device causing the interrupt is a PIC, the processor uses the PIC
identification number in the third field to identify the specilic PIC causing the interrupt.

" The processor initiates communication with the PIC to get an interrupt vector



there is no field in the interrupt request data packet to identify the PIC
that initially caused the APIC to send the interrupt request data packet.
What is needed is a mechanismto identify the PIC that has sent the
interrupt request when nmultiple PICs are present in the nmulti-processor
system so that the resulting interrupt acknow edge cycle can be directed to
the identified PIC. This wll enable the nulti-processor systemto support
mul tiple PICs. -4- SUWARY OF THE | NVENTI ON The present invention

all ows the operation of multiple progranmeble interrupt controllers (PIC
in a nulti-processor system environnment. The advanced progranmabl e
interrupt GOMeEFGARRG td Nl ffebt RO el e thal AIGiREEd BRI IMRSIpt ARIUBEV QEROK e 3N

t he peripheral devices. The peripheral devices include a second 1/ O device
and a Pl C. deveePhdcaiedtiiban D devidesthiemrecéssoe gblstthe éneaupti vestoridoDespondiag
and the APIC.

to the seecond I/O device from the third field in the interrupt request data packet. The
processor identifies an interrupt processing routine based on the interrupt vector and
processes the interrupt pending on the I/0O device-. .

Thus, a multi-processor system that supports multiple PiCs, as well as other I/O

devices, is described.



processors are connected to the APICs by neans of a first bus.. The first
1/ O device sends an interrupt request signal to the PIC when the first 1/0
device has an interrupt pending to be processed. The PIC in response sends
anot her interrupt request 'signal to the APIC. The APIC assenbl es an
interrupt request data packet in response to the interrupt request signal
fromthe PIC. The interrupt request data packet contains a third field set
to an unique identification nunber of th& PIC which had sent the interrupt
request. The APIC sets the sane third field to an interrupt vector
correspond i i ponse to:an interrupt request
fromthe g%'gg:hﬁ%t Fgf/" ce‘;i pﬁﬁegﬁm}?lﬂ rfaces with the APIC. The APIC
sets a first field in the interrupt request data packet to an uni que

i dentificati onimtnbiregding BpecifiaitionathednvgiidaassticenldeschbeE Wit iehenset s a
second field in the interrupt request data packet to a val ue correspondi ng
to the type speciiipexeraplageembatiments tirgecig It Wi, hawveyerupe evidgoblbat vasigusl . The

APIC b d . he i d h i ., Th
or ocessor MeagpiopdaREsmaGRe Mads e ea o et bomvibe Bivatarun
request daly BAEKeko0R HiFlbdith 45t R HBSHDRAGCA RIS s e i el ds i

t he packet "receive
specifications and drawings are, accordingly, to be regarded illustrative rather than

restrictive.

Figure 1 is a block diagram of a computer system in accordance with the

present invention.

Figure 2A is the packet format used by the APIC to communicate with the

processor when an interrupt request is received from-a PIC.

Figure 28 isl the packet format used by the APIC to communicate with the

processor when an interrupt request is received from an /O device other than a PIC.

Figure 3A is a flow chart depicting the steps for processing an jnterrupt from a
device coupled to a programmable intefrupt controller(PIC) in accordance with the

present invention.

Figure 3B is a flow chart depicting the steps for processing an interrupt from a

- device coupled to the APIC in accordance with the present invention.



determ ne the type of device causing the interrupt. If the type of device
causing the interrupt is a PIC, the processor uses the PIC identification
nunber in the third field to identify the specific PIC causing the
interrupt. The processor initiates communication with the PIC to get an

I nterrupt vector -5- corresponding to the first 1/0O device that
originated the interrupt request. If the type of device indicated is an I/0O
device, the processor gets the interrupt vector corresponding to the second
/O device fromthe third field in the infEWrupt request data packet. The
processor identifies an interrupt processing routine based on the |nterrupt
vector and pEOCcLs$as DiestpipfigRt pending on the |/ 0O device. Thus, a

mul ti-processor systemthat supports nultiple PICs, as well as other 1/0
devices, is described.

A multi-processor computer system that supports multiple programmable

-interrupt controllers (PIC) is described. Numerous specific details are set forth in this
description in order to provide a thorough-understanding of the invention. [t will be
obvious, however to one skilled in the art that these. specuflc details need not be used
to practtce the present invention. In other instances, well-known system components
and circuits have not been described in detail in order to avoid obscuring the present
invention.

Fiéure 1 shows a multi-processor computer system 199 comprisiné a processor
101 coupled to an APIC 104 via a bus 111. Each of the processors has an unique
processor identification number associated with it. A programmable interrupt
controller PIC 102 and an 1/O device 106 such as a disk drive use the interface lines
109-A and 109-B respectively to send an interrupt request to APIC 104. In one
embodiment, APIC 104 supports 240 such interface lines.. In a preferred embodiment,
there can be more than one PIC interfacing with APIC 104. Similarly, there can be
more than one APIC in a multi-processor computer system 199 in accordance with the
present invention. Each of PICs in the multi-processor system has a unique PIC
identification number associated with it. ) -

The PIC 102 provides input lines 112-A to 112-P for receiving interrupt request
signals from various IfO devices. For example, an /O device 105 uses line 112-Ato
send an interrupt request to PIC 102. In response, PIC 102 sends an interrupt request
signal to APIC 104 on interface line 109-A. On the other hand, I/O device 106 sends
an interrupt request signal directly to APIC 104 when an interrupt is pending on 1/O
device 106. In response to an interrupt request from PIC 102 or /O deviée 108, APIC

104 broadcasts an interrupt request data packet on bus 111. The processor 101



BRI EF DESCRI PTI ON OF THE DRAW NGS I n the foregoing specification, the

I nvention has been described with reference to specific exenplary

enbodi ments thereof. It will, however, be evident that various nodification
and changes nay be made thereto wi thout departing fromthe broader spirit
and scope of the invention as set forth in the appended clains. The
specifications and drawi ngs are, accordingly, to be regarded illustrative
rather than restrictive. Figure 1 is a block diagram of a conmputer system

i n accordance with the present invention.-8Figure 2A is the packet format
used by the APIC to comunicate with the processor when an interrupt

request is received froma PIC  Fiqgure 2B i packet format use

APILC o coffERITEn e DITRl FRAussbERd ek Eian by Tl RippeT e aepuBti i
received fr,ﬁa},@aebl ydevice other than a PIC. Figure 3Ais a flow chart
depicting the steps for processing an interrupt froma

The multi-processor computer system further comprises a communication
device 103 for providing interface between processor 101 and a PIC 102. The
communication device 103 uses a bus 107 to communicate with p;rocessor 107. The
communication device 103 uses an interrupt acknowledge line 113 to signal an
interrupt acknowledge cycle to PIC. The PIC 102 uses bus 108 to send an interrupt

. vector, corresponding to the /O device that initiated the interrupt process request to the
communication device 103.

Figure 2a shows the format of the interrupt request data packet, the APIC 104
broadcasts on bus 111 in response to an interrupt request from PIC 102 on interface
line 109-A. The packet comprises three fields. The first field specifies the destination
processor to which the interrupt request is directed to. In a preferred embodiment,
specific values are defined to specify a group of processors. In the case of a single
processor being specified, the unique processor identification of the intended
processor is used. The second field specifies the type of device that sent the interrupt
request to the APIC 104. Ina preteired embodiment a value of 7 specifies that a
device of type 'PIC has sent the interrupt-request to the APIC. However, it will be
obvious to one skilled in the art the present invention can be practiced with a'different
set of values without departing from the spirit of the present invention. When the
second field indicates that a device of type PIC sent the interrupt request,.-'the third field
specifies the PIC identification of the PIC 102 in the field. This field is subsequently
used by communication device 103 to identify which of the multiple PICs actually sent
the interrupt request to the APIC.

Similarly figure 2b shows the format of the interrupt request data packet the

. APIC 104 broadcasts in response to a interrupt request from /O device 108 which

interfaces directly to" APIC 104. The first and second fields are used similar to in figure



device coupled to a programmable interrupt controller(PIC) in accordance
with the present invention. Figure 3Bis a flow chart depicting.the steps
for processing an interrupt froma device coupled to the APIC in accordance
with the present invention. -7- DETAILED DESCRI PTION A nulti-processor
conput er systemthat supports nultiple progranmable interrupt controllers
(PIC) is described. Nunerous specific details are set forth in this
description in order to provide a thorough understandi ng of the invention.
It will be obvious, however to one skilled-in the art that these. specific
details need not be used to practice the present invention. In other

e MR R Sk B GATAARGERe S ThS B S ok 88
type of the device that sent the interrupt request on the interface lines of APIC 104. In
the case when the type of device is not a PIC, the third field is set to an interrupt vector
corresponding to I/O device 106. The interrupt vector identifies a interrupt service
routine in processor 101. In a preferred embodiment, the interrupt vector table is
stored in APIC 104 and can be sel by the user. | |

Figure 3A shows a flow-chart illustrating the processing of an interrupt on the 1/O
device 105 coupled to PIC 102 in accordance with the present invention. In step 202,
/O device 105 determines if there is a interrupt pendi_ng that needs t6 be processed.
When an interrupt is pending, /O device 105 sends an interrupt request signal to PIC
102 using line 112-A in step 203. In response, PIC 102 receives the interrupt request
and sends an interrupt request signal to APIC 104 on line 109-A in step 204. _

APIC 104 receives the interrupt reﬁuest signal and assembles a interrupt
request data packet in step 205 in accordance with format in Figure 3A. The first field
is set to the unique identification number of the processor, if the interrupt is to be
directed to a single processor. On the other hand, if a group identification number may
also be specified to specify a group. The second field is set to a value 07 to indicate
that a device of type PIC has sent the inierrupl request to APIC 104. -T hé third field is
set to the PIC identification number of PIC 102.

APIC 104 broadcasts the packet thus assembled on bus 111 in step 205. All
the processors 'in the multi-processor system, including the processor 101, receive the
packet in step 206. Each of the processors examines the first field to see if the value in
the first field matches the processor’'s own unique processor identification number in
step 207. |f there is a match, processor 101 determines that the interrupt is directed to
it. If the destination address specifies a group of processors, the processors in the

group may engage in an arbitration process to determine which processor should



Figure 1 shows a multi-processor conputer system 199 conprising a processor
101 coupled to an APIC 104 via a bus 111. Each of the processors has an

uni que processor identification nunber associated with it. A programrabl e
interrupt controller PIC 102 and an 1/0O device 106 such as a disk drive use
the interface lines 109-A, and 109-B respectively to send an interrupt
request to APIC 104. In one enbodi nent, APIC 104 supports 240 such
interface lines. In a preferred enbodi ment, there can be nore than one PIC
interfacing with APIC 104. Sinilarly, théPe can be nore than one APICin a
mul ti-processor conputer systen1199 in accordance wth the present

i nventi on. héﬂﬁé’ln—fgm%r [.i i J)lti n’i%fé&tlgrzﬁehﬂé qalﬁ‘yf'lglghlgl nes

i dentification nunber assoc provi es I nput

112-A to 1rh2erRxp‘t@éqd@@e;bmb@@drnmrcrs@trdg &ﬁalmiket%l igredp208.0m various 1/ 0
devices. For exanple;, an 1/0O device 105 uses |line 112-A to send an

i nterrupt requdé pracessra 0ois. dellermlesqbtmbe }hGRDrGB mosm@eamerwptereqmpst
request S|gnal to APIC 104 on ace line On the ot her hand, 1/0
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step 209. This third field contains the PIC identification number of PIC 102 that sent
the interrupl request signal to APIC 104. The communication device 103 uses the PIC
identification number to identify PIC 102 among the mutltiple PICs present in the multi-
processor system. The communication device 102 initiates an intern:upt acknowledge

- cycle with the PIC thus determined in step 210. In step 211, the PIC sends and
communication device 103 receives an interrupt vector corresponding o the interrupt
pending on /O device 105 coupled to PIC 102 that iniliated the interrupt processing.
The communication device 102 passes the interrupt vector to processor 101 in step
212. Processor 101 receives the interrupt vecto; and identifies the corresponding
interrupt service routine in step 213. In a preferred embodiment, the interrupt vector is
a pointer to the address of an interrupt service routine in the processor. Processor 101
then executes the interrupt service routine to process the interrupt pending on /O
device 105 that initiated the interrupt request.

Similarly figure 3B shows a flow chart describing the processing of an interrupt
from [/O device 106 that interfaces directly to APIC 104. n step 252, /O device 106
determines if there is interrupt pending that needs to be serviced by a processor in the
multi-processor system. When it determines so, l/O device 106 sends a signalto APIC
104 in step 253.

On receiving the signal, APIC 104 assembles an interrupt request data packet
in accordance with the format in Figure 2b. The first field is sel to the processor

_ identification number of the processor to which the interrupt is to be directed to. The

field may also specify a value to specify a group of processors. The second field is set



104 broadcasts an interrupt request data packet on bus 111. The processor
101 -8- receives the interrupt request data packet on bus 111 and
processes the interrupt if it is directed to it. The nulti-processor
conput er system further conprises a conmuni cation device 103 for providing
interface between processor 101 and a PIC 102. The communi cati on device 103
uses a bus 107 to comrunicate with processor 107. The comruni cati on device
103 uses an interrupt acknow edge line 113 to signal an interrupt

acknow edge cycle to PIC. The PIC 102 usedlbus 108 to send an interrupt
vector, corresponding to the 1/O device that initiated the interrupt

D OEe®, nalEs b ARl B o URLESob g ¥ RE B0 BT
response tovaflot V4i6E CHREspSGISS to IAPBRIEE 1862 AR xp RIS BfeCinterrupt vector table
is stored in APIC 104 in a preferred embodiment.

in step 254, APIC 104 broadcasts the interrupt request data packet assembled
on bus 111. All the processors coupled to bus 111 receive the interrupt request data
packet in step 255. Processor 101. then determines if the interrupt request is directed
to it based on the value in first field of the packel in step 256. If the value corresponds
to multiple processors, the processors engage in an arbitration schgme to determine
which processor is to process thé interrupt. If the processor determines that the
interrupt request is not directed to it, it discards the interrupt request data packet.

The processor 101 determines that the type of I/O device 106 sending the
interrupt request to the APIC is not a PIC based on the value in the second field in the
interrupt request data packet. The processor gets the interrupt vector from the third
field in the interrupt request data packet. The processor then uses the interrupt vecior
to determine the interrupt service routine. In the present embodiment, the interrupt
vector field is a pointer to the memory address of interrupt service routine. In step 256,
the processor processes the pending interrupt using the interrupt service routine thus
determined. _

Thus tﬁe present invention describes a multi-processor system in which multiple

PICs are supported.
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i ne 109-A. The packet conprises three fields. The first field specifies
the destination processor to which the interrupt request is directed to. In
a preferred enbodinment, specific values are defined to specify a group,of

processors. |n thaniesiwe Hof BanBenlagtde processor bei ng qppps f9HEdT HAS BEBI que
Ii ﬁl nt ended. processor g usedgrdfepecond
=h

processor identifi i
field specifies th e
API C 104. In a pref enbodi ment a val ue of 7 specifies that a device of

e that sent the intdg
type PIC has sent the interrupt request t¥the APIC. However, it will be
obvious to one skilled in the art the present invention can be practiced
with a differgppsset of values without departing fromthe spirit of the
present invention. Wen the second field indicates that a device of type
PIC sent the interrupt request, the third field specifies the PIC
identification of the PIC 102 in the field. This field is subsequently used
by communi cat i oMVieR$$ cleim@Bist o i dentify which of the nultiple PICs actually
sent the interrupt request to the APIC. Simlarly figure 2b shows the

format of the interrupt request data packet the APIC 104 broadcasts in
response to a iﬂterrﬁ‘ﬁ?”lf"é’gﬁ%esisof PEHET/ e U0 &L 19856 ORRIPEPFESHPR SRILBYIL-

directly t%ré@s@o}gésler{%rﬁérfsﬂg:and second fields are used simlar to in-

figure

a-ﬁrsl bus coupled to said at least oné brocessor;

a first interrupt controller coupled to said first bus, said first interrupt controller
having a first predetermined identification number;

a ;‘;econd interrupt controller coupled to said first bus and said first interrupt
controller; . |

a first /O device coupled to said firs! interrupt controlier, said /O device sending
a first interrupt request signal to said first interrupt controller when an interrupt is
pending on said first /O device, said first interrupt cpntroller further sending a second
interrupt request signal to said second interrupt controller in response {o said first
interrupt request signal; and

a second /O device coupled to said second interrupt controller, said second l/O
device sending a third interrupt request signal to said second interrupt controller _when

~an interrupt request is pending on said second I/O device.

2. The multi-processor system of claim 1 wherein said second interrupt
controller broadcasts a interrupt request data packet on said first bus in response to
said second interrupt request signal, said interrupt request data packet comprising a

third field set to said first predetermined identification number.

3. The multi-processor system of claim 2 wherein said second interrupt

* controller broadcasts said interrupt request data packet in response to said third

R A AR A



-9- 2a. The first fiel d'specifies t he destination processor. -The second
field specifies the type of the device that sent the interrupt request on

the interface lines of APIC 104. In the case when the—t —af i 5 not
a PI C, t h@&his $lieetdfia$ Besh Beplasedset to an interrupt vector J@K@E%Wgﬁf%‘l /0
pt seReRlA6EBoutind in

devi ce 106. _ vector identifies a interr
processor : rred enbodi nent, the interr vector table is
stored in A and can be set by the user. Figure 3A shows a flowchart

illustrating the processing of an interrdgt on the 1/0 device 105 coupl ed
to.PIC 102 in accordance with the present invention. In step 202, 1/0

devi ce 105pdet i AR g{gngb%gﬁ thﬁ% ﬂlﬁ!dﬁ%&ﬁé }4%tg@ﬁﬂi&%&%&o’?%@ﬁésﬁﬁ(@ﬁ upt

processed. Wien an interrupt 1s p ce 1 sends an i

request signalid secdidd/QQRvice| SgidlintBRuptlviofor idediififg AGEcohd intesBeNSRvicE! C
102 receives the interrupt request and sends an Interrupt request signal to
APl C 104 oteuting¢o pagess isaidsni@rupOgending on said second I/O device.

4, The multi-processor system of claim 3 wherein said inlerrupt request data
packet further comprises:

a first field for specifying a destination processor; and

a second field for specifying a type of device coﬁpled to said-second interrupt
controlier that has caused said sec'ond. interrupt controller broadcast said interrupt

request dé\ta packet.

5. The multi-processor system of claim 4 wherein said at least one

processor includes receiving means to receive said interrupt request data packet;

6. The multi-processor system of claim 5 wherein said processor includes
examination means for examining said first, second and third fields in said interrupt
request data packet received, said first field being used to determine if said packet is
directed to said at least one processor, said examination means further examining
said second field to éi'etermine if said type of device coupled to said second interrupt
controller causing said second interrupt -controller to broadcast said interrupt request

et

data packet is a first interrupt controller.

7. The multi-processor system of claim 6 wherein said processor further
comprises:
means to identify said first interrupt controller based on said third field when

said examination means determines said type of device coupled to said second

e
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API C 104 receives the interrupt request signal and assenbles a interrupt
request. dat ax | I n accordance with format in Eigt 3A. The

first field is -seiﬁgﬁmpmmque i dentification nu 'ﬂgﬁ(g BEtThe AR BiEdis o'r, i f
Jol g

t he i nt er r uphiy A ted to a single proces FtLIAgE@t-her and,
( ‘ ‘ nber may al so be speci| .
The second fi : value 07 to indicate that, a device of type PIC

[«
I f a group i-'di ‘ roup.
has sent the interrupt request.to APIC 10 4 The third field is set to the
PIC identification nunber of PIC 102. APIC'104 broadcasts the packet thus
assenbl ed on bus 111 in step 205. All the processors in the nulti-processor
system i nclnyehrug donaoPsr0SASHRY saif SecoRERitartugt RenpaiRk @ bidadst sisadd tefasth
of the processors examnes the first field to see if the value in the first
fi el d mat cheanuelkedgdrgaekslos aslirsiuntarmipg cenioltesearsbor i denti fi cati on nunber in
step 207. If there is a match, processor 101 deternipes that the interrupt
is directed to i $OMPUNICREORSGANSHPT eeMaWGaliag wibSaid Wst inteyrunl sogtroller, said

DI 00eSSOr S gl Bl 9835 ool Perdif 409 4RI A AR Sor Aeds PABAGA R

process to T0C _
interrupt vector, said first interrupt vector identifying a first interrupt service routine to

process.said pending interrupt.

8. The multi-processor system of claim 7 wherein said communication
means comprises:
an external circuitry coupled to said first interrupt controller ; and

a second bus coupled to said processor and said external circuit;

9. The multi-processor system of claim 8 wherein said processor processes

interrupt pending on said first /O device based on said first interrupt service vector.

10.  The multi-processor system of claim 9 wherein said interrupt request data

pacléet is received by all processors coupled to said bus.

1t.  The multi-processor system of claim 10 wherein said third field can

specify more than one processors.

12.  The multi-processor system of claim 11 wherein said processor
determines said second interrupt vector bésed on said third field if said examination
means determines that said type of device is not a first interrupt controller, said
processor identifying said second interrupt service routine based on said second

interrupt vector and proceésing said interrupt pending on said second /O device.
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-10- handle the interrupt. If processor 101 is determ ned not to be the one

to handl e the ——processor 101 discards the packets in step
208. |f procesgQishdPiasinted&bdg1 Ned to be the one to process the interrupt

request, proces Wmﬂg s the third field in_the interrupt request
dat a packet toF :lﬁﬂl evice 103 requesting TS SHEET terrupt
acknow edge cyc ﬂ . Thi's third field cdgntaln E o %@EN

i dentification nunber of PIC 102 that se_ié_ t he i ntl lgnal to
API C 104. The communi cation device 103 uses the PIC identification nunber
to identify PIC 102 anong the nultiple PICs present in the nmulti- processor
system The conmBini Odkimilitigeytastod Systemi dfichli@st 2Whbries&idRt Isxtkaawl edge
cycle with the PIC thus determned 1n step 210. In step 21 1, the PIC sends
and commurproaes$sen pdeceisses $88 intecrplpending ontsaid fifst /Qedavine executispeaidi ng to
the interrupt pending on_1/0O device 105 coupled to PIC 102 that initiated
forrdoY Seedss

the interrfl OYUiN&ne comuni cation device 102 passes the interrupt
vector to processor 101 in step 212. Processor 101 receives the interrupt
vector and identifies the correspondi ng '

14. A method of processing interrupts in a multi-processor system including

at least a first processor, comprising the steps of: .
- sending a first interrupt request signal from a first /O device to a first interrupt

controller when an interrupt is pending on said first I/O device;

sending a second interrupt request signal from said first interrﬁpt controller to a
second interrupt controller in response to said first interrupt request sfgnal, said first
interrupt controller having a predetermined idehtiﬁcation number; and

assembling an interrupt request data packet in response to said second
interrupt request signal in said second interrupt controller, said interrupt request data

packet comprising a third field set to said predetermined identification number.

15. The method of processing an interrupt of claim .14 further comprising the
steps of:

sending a third interrupt requést signal fr_om a second /O devioe to said second
interrupt controller when an interrupt is pending on said second I/O device; aﬁd

assembling said interrupt request data packet in response to said third interrupt
request signal in said second interrupt controller,'sai.'d'third field being set to a second

interrupt vector corresponding to said second 1O device.

16. The method of processing an interrupt of claim 15 further comprising the
steps of:
setling a first field in said interrupt request data packet in said second interrupt

controller to a processor identification number of said at least one processor;

e
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interrupt s

ervice routine in step 213.

In a preferred enbodi nent,

t he

I nt errupt—veetoer—s—a—potnter to the address of an interrupt service
routine "i‘m&ﬁ%et@faé)ﬁe% Rfiaced™r OCessor 101 then executes the interrupt service

routine to
the interr
t he proces

:

to API C 104.

pendi ng tha
system Whe

terrupt pending on I/O devj{ee-
mlarly figure 3B shows a

mﬂﬂ ﬂH ﬂrlﬂrrupt fromlI/O device 106

H

at ed

fﬂ(bl\& SHEET: HAS BEENHI ng

t hat |HEPQA¢E{;:es dijrectly

]
§
In step 252, 1/0 device 106 dgterm nes
t needs to be serviced by a processor in
nit determnes so, |/O device 106 sends

T L Nere st rupt
the nulti-processor
a signal to APIC 104 in

step 253. On recsilingg sehendligiddh saidirh@niPdreasesinddie packelitotdypept dedgeiest

dat a packet

i n_accordance with the format in Figure

2b. The first field is

set to the ﬁ‘?%@%é’@r‘“f%@!ﬂ‘l“? F’é‘&tﬁe@ﬁ“ﬁdﬁB@SPP‘dfO“t“}?Be‘p?BEessor to which .the

I nterrupt i
specify a g

fohg 3 r%%é:é?%F%& fﬁ%ﬂt{'%g o‘ﬁ% ga Fﬁ'[’?‘ CO%’RT%%EI% saa.é!%l %%s{ Sne
processor.

17.  The method of processing interrupt of claim 16 further comprising the
steps of: -

receiving said interrupt request data packet by said at least one processor;

determining if said interrupt request data packet is directed to said at least one

processor based on said second field;
ignoring said interrupt request data packet if said

is not directed to said at least one processor;

interrupt reqtiestj_ data packet

determining if type of device coupled to said second interrupt controller causing

said interrupt request data packet to be sent is a first interrupt controller;

determining if said first interrupt controller sent said third interrupt request signal

based on said third field if the interrupt request is determined to be of first interrupt

controller type; and

obtaining a first interrupt vector from said first interrupt controller to said at least

one processor.

18.

The step of obtaining a vector of claim 17 further comprising the steps of:

initiating an interrupt acknowledge cycle between said at least one processor

and said first interrupt controller; and

said first interrupt controller sending and said at least one processor receiving a

first interrupt vector.

[
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-11- to a value to indicate the type of 1/0O device 106. The third field is

set to an interrupt vector value corresponding to I/O device 106. As

expl ai ned, the |nterru t vector table is stored in AP|G, ].%) . s red
p

enbodi nent. I n % 4 broadcasts the intefru
packet assenbl ed the processors couplee
the interrupt re in step 255. Processor

determnes if the |nterrupt request is d|1r_/.ect ed to it based on the value in

first field of the packet in step 256. If 'the value corresponds to nmultiple
processors, the processors engage in an arbitration schene to determ ne

whi ch processorig.s tThepmetessoltdigim 18 firthedcomipfisédthepstos e prcedsihgrsaidies
that the interrupt request is not directed to it, it discards the interrupt
request daméerpaum@ndmnrmpavd@e@mssoaoas@b@@swdest inteanupt Mectepe of 1/ 0
device 106 sending the interrupt request to the APIC is not a PIC based on
the value in the second field in the interrupt request data packet. The
processor gets e i I r.upt
request data paée{[ ﬂﬁrer{elg?%jcéé Bgéﬁ%ﬁmérn%t% E*e&lgrrﬁ e?rfﬁréljt'é}véeo R rsnrigo{h
determ ne &lpsiopt errupt service routine. In the present enbodinment, the

i nterrupt

determining a second mterrupl vector based on said third field of said interrupt
request dala packet if type of device sending to interrupt ;equest to said second
interrupt controller is determined not to be a first interrupt controller;

pro..cessing interrupt pending on said second /O device bas_ed on said second

interrupt vector.
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vector field is a pointer to the nmenory address of interrupt service
routine. In step 256, the processor processes the pending interrupt using
the interrupt service routine thus determ ned. Thus the present invention
describes a nulti-processor systemin which nultiple PICs are supported.
-12 - CLAIMS 1. A mul ti-processor systemconprising: a first bus coupled
to said at |east one processor; a first I/0O device operable to generate a
first interrupt request signal when an in%grrupt?is pendi ng thereon; a
first interrupt controller, coupled to said first I/0O device and having a

. first device type value and a predeterm ned identification nunber, operable
to ABSTRACT ' '

MULTIPLE PROGRAMMABLE INTERRUPT CONTROLLERS IN A MULTI-PROCESSOR SYSTEM
A multi-processor system that supports mulliple programmable interrupt

controllers (PIC). An advanced programmable interrupt controller (APIC) provides
interface between the processors and the PICs. The APIC provides interfacc_a between
processors and other I/O devices also. The APIC sends an interrupt request data
packet m;ith a first field set to a processor identification number, a second field set to a
type of the device that sent interrupt request and a third field. The third field is set to an
interrupt vector if the device sending the interrupt request to the APIC is a dévice otiwer
than PIC. The third field is set to a predetermined identification number of the PIC if
the interrupt request is from the PIC. A prOceséor. to which the interrupt is directed to,
receives the packet. If the interrupt request is from a PIC, the processor uses the third
i@dmquymmhdmemmmwPmmmmamwmwmmhﬂméMmebhmna
device, other than a PIC, the processor uses the thir_d field to determine an interrupt

veclor corresponding to the device.

Figure 1



generate a second interrupt request signal in response to said first
interrupt request signal; a second interfupt: controller, coupled to said
first bus and to said first interrupt controller, operable to broadcast an
i nterrupt request data packet on said first bus in response to said second
interrupt request signal, said interrupi,gequest dat a packet conprising a
second ‘fi el g—set—+t+o—sal-dfirst i —at-tve—ant—a—th-+e—etd-—set--t o
said predetgrmined identification nunber; a second |/O device, having
second devi de type val ue and coupl to said second interrupt controll ¢r,
operabl e to|send aibhird interrupt_sequest sigmais to said second intergupt

control | er when anA nt@2Au q i 918endingZaon said second |/ 0O devijce;
said second jipnte 6upt ol | er bei pg=urt'her oppraldze to s3i d
interrupt rdaugsgisdatia patket in response(to said %@%r i nterrupt requgst
signal, said pecond fli ero™j n said inﬂéﬁfﬁkt regue ta packet being| et
to said secdnd device type val %€ and} s third field therein being s to
a second intlerrupt vector forrespondf ng to sai digmecond|!/ PrdryveEsoand
i dentifying fan interrupt -109A e _
. 112P DA 111
1098 L)
106 <
—>{ APIC
iro —
"DEVICE - )
109X X 199
FIGURE 1
281 282 283 284
ped Z ~ e
DESTINATION DEVICE PIC 1D OTHER
ADDRESS TYPE : INFORMATION
FIGURE 2A
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Z . Z Z Z
DESTINATION DEVICE  INTERRUPT OTHER -
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service routine to process said interrupt pending on said second I/0O

devi ce;

based on said second field and said third field;
interrupt controller;

coupled to said first

a processor operable to identify said first

I nterrupt controller
a conmuni cati on devi ce

and a second bus coupled to

sai d processor and said communi cation deyjge.
The multi-processor system of claim 1 erein said processor processes

said interrupt
service vector

pendi ng on | J\
received fro LLASt

communi cati on devi ce and said setond bus. 3.

of claim1 wherein said interrup

1devi ce based on a first
interrupt controller via said
The nul ti-processor system
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data packet is received by all processors coupled to said bus. 4. The
mul ti-processor systemof claim1 wherein said third field can specify nore
than one first interrupt controller. 5. The nul ti-processor system of
claim 1 Aherein said processor determ nes said second interrupt vector
based on said third field if said secon®/Bield is not set to said first
devi ce type val ue, said processor u#doig sai d second interrupt service
routi ne based on said secondsigrer NIpt vector to process said interrupt
pendi ng on said second I/ —6. The mul ti-processor system of
claim 1 wherein said processof,.processes said interrupt pending on said
first 1/0 device by executing yw first interrupt service routine
corresponding to a first interffupt 288Rvi ce ve¢tor received fromsaid first
‘interrupt controllrer via ' gl cation device and said second bus. 7.
A method of processing gy ti{processor system conprising:
a first I/0 device ge et-+tpt request signal when an

YO DEVICE SENDS
SIGNAL TO APIC

, 254
7
APIC ASSEMBLES
PACKET AND
ZROADCASTS
PACKET ON BUS |
J, 255
: _ -~
PROCESSORS

RECEIVE THE PACKET

INTERRUPT NO
DIRECTED TO THIS

PROCESSOR
?

PROCESSOR . '
P;%CESSES DISCARD PACKET

INTERRUPT

L‘ -t ol et
A

|
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interrupt is pending therefrom a first interrupt controller generating a

second interrupt request signal in'response to said first interrupt
signal ; , REPLACEMENT SHEET -14- a second interrupt cofp=ekler

request

broadcasting an interrupt request data packet on a firs{ REPLAOEMERSPSAS

pRTLE

said second interrupt request signal, saig1'qjerrupt requ
conprising a second field set to a val ue ing

first interrupt controller and a third field set to a vpl jie

i cating the]devi

"2

said first inizrrgtpt controller; a processor receivingjpatre—

request data

fromsaid bus, identifying said figpt interrupt
controll er based on said second field and said third fi| E'I"d-—ﬁe-q-uest-i_n.g_a.n.ﬁ

receiving a first interrupt service vector fromsaid first

at-err ||pf

1. A multi-processor system comprising:

a first bus coupled to said at least one processor,

a first /O device operable to generate a first interrupt request signal
when an interrupt is pending thereon;

a first interrupt controller, coupled to said first I/O device and having a
first device type value and a predetermined identification number, operable to
generate a second interrupt request signal in response to said first interrupt
request signal; |

a second interrupt controller, coupled to said first bus and to said first
interrupt controller, operable to broadcast an interrupt request data packet on
'said first bus in response to said second interrupt request signal, said interrupt
request data packet comprising a second field set to said first device type
value and a third field set to said predetermined identification number;

a second 1/O device, having a second device type value and coupled to
said second interrupt controller, operable to send a third interrupt request
signal to said second interrupt controller when an interrupt request is pending
on said second I/O device;

said second interrupt controller being further operable to broadcast said
interrupt request data packet in response to said third interrupt request signal,

said second field in said interrupt request data packet being set to said second

device type value and said third field therein being set to a second interrupt

vector corresponding to said second I/O device and identifying an interrupt
service routine to process said interrupt pendihg on said second |/O device;

a processor operable to identify said first interrupt controller based on
said second field and said third field,

a communication device coupled to said first interrupt controller; and

a second bus coupled to said processor and “said communication

device.

) O O
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interrupt controller on a second bus, and using a first upt__service
routine corresponding to said first interrupt service v @E?LABEMPNPQﬁﬁiT
said interrupt pending on said first 1/0 device; a sec nd evice
sending a third interrupt request signal to said secong @ {14U t
controller when an interrupt request is q?pdlng on said spcbn %)%%LICE
sai d second interrupt controller broadcasting on said ffi rsé—bys—sald—0I
interrupt request data packet in response to said thirg interrupt request
signal, said second field within said interrupt reques
set to a val2e |n76heamudg-woeew| s;steyrpeobfclammsemﬁrem /!{alde\nroeem

saldthlrdfleldthere beln oasecogln} rru '
cor r espondi ngfOCESILH ds B‘ﬁ&r gon z§ﬁ5p ISty lé '§§o %Eé?’\/i%&@éli d
I nterrupt reiﬂgﬁ-gjptdééﬁj %Efor‘;feglgfgﬁg flobd 5aid BESE int<tRIB EnihSlier did ssgond

I/ O device ba on sal secon and using a second 1 nterrupt service

routine corréspaumicationcdedcaland salibsedonerbugt servi ce vector extracted
fromsaid third field to process said interrupt pending

3. The multi-processor system of claim 1 wherein said interrupt requést

data packet is received by all procéssors coupled to said bus.

4. The multi-processor system of claim 1 wherein said third field can

specify more than one first interrupt controller.

5. The multi-processor system of claim 1 wherein said processor
determines said second interrupt vector based on said third field if said second
field is not set to said first device type value, said processor using said second
interrupt service routine based on said second interrupt vector to process said

interrupt pending on said second 1/O device.

6. The multi-processor system of claim 1 wherein said processor
processes said interrupt pending on said first I/O device by executing a first
interrupt service routine corresponding to a first interrupt service vector
received from said first interrupt controller via said communication device and

said second bus.

7. A method of processing interrupts in a multi-processor system
comprising:

a first /O device generating a first interrupt request signal when an
interrupt is pending therefrom;

a first interrupt controlier generating a second interrupt request signal in

response to said first interrupt request signal;

T L L L e




on said second I/0 device. | REPLACEMENT SHEET
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a second interrupt controller broadcasting an interrupt request data

packet on a first bus in response to said second interrupt request signal, said

~ interrupt request data packet comprising a second field set to a value indicating

the device type of said first interrupt controller and a third field set to a value
identifying said first interrupt controller;

a processor receiving said interrupt request data packet from said bus,
identifying said first interrupt controller based on said second field and said
third field, requesting and. receiving a first interrupt service vector from said first
interrupt controller on a second bus, and using a first interrupt service routine
corresponding to said first interrupt service vector to process said interrupt

| pending on said first 1/O device;

a second /O device sending a third interrupt request signal to said
second interrupt controller when an interrupt requéét is pending on said seécond
I/O device;

said second interrupt controller broadcasting on said first bus said
interrupt request data packet in response to said third interrupt request signal,
said second field within said interrupt request data packet being set to a value
indicating the device type of said second 1/O device and said third field therein
being set to a second interrupt vector corresponding to said second /O device;
and

said processor receiving said interrupt request data packet from said
first bus, identifying said second /O device based on said second field, and
using a second interrupt service routine corresponding to said second interrupt
service vector extracted from said third field to process said interrupt pending

on said second /O device.
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