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FIELD OF THE INVENTION

10 This invention relates to the management of interrupt request messages in a

multiprocessor system.

. BACKGROUND OF THE INVENTION
Input/ourput peripheral equipment, including such computer items as
15 ptintcrs, scanncrs, and display devices, require intermittent servicing by a host
processor in order to ensure proper functioning. Services, for example, may include
data delivery, data capture, and/or control sigttals. Each peripheral will typically
_ have a different servicing schedule that is not only dependent on the typc. ef d-c\'/icc
but also on its programmed usage. The host processor is required to multiplcx its
20  servicing activity amongst these devices in accordance with their individual ttceds
while runntng one or more background programs. Two methods for advising the
host of a service need have been used: polled device and device interrupt methods.
In the former method, each peripheral device is periodically checked to see if aflag

has been set indicating a service request, while, in the latter method, the device
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whi l e runni ng one or nore background progranms. Two nethods for advising the
host of a service need have been used: polled device and device interrupt
nmet hods. In the former nethod, each peripheral device is periodically
checked to see if has been set indicating a service request, while, in the
| atter nethod, the device REPLACED SHEETS SG -2- service request
Is routed to an interrupt controller that can interrupt the host, forcing a
branch fromits current programto a special interrupt service routine. The
interrupt nmethod i s advant ageous because the .jjost does not have to devote
unnecessary clock cycles for polling. It is this latter nethod that the
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conputer network servicing a nunber of users, it woul
unnecessary clock cycles for polling. Itis this latter mcthod that the present
5 invention addresses. The specific problem addressed by the current invention is the
management of interrupts in a multiprocessor system environment.

Multiprocessor systems, often a set of networked computers having common
peripheral devices, create a challenge in the design of interrupt control methods. For
instance, in the case of a computer network servicing a number of users, it would be

10 highly desirable to distribute the interrupt handling load in some optimum fashion.
Processors that are processing high priority jobs should be relieved of this obligation
when processors with lower priority jobs are availablcj Processors operating at the
lowest priority should be uniformly burdened by the interrupt servicing requests.
Also, special circumstances may require that a particular I/O device be serviced

15 cxélusivcly by a preselected (or focus) processor. Thus, the current invention
addresses the problem of optimum dynamic and static interrupt servicing in -
multiprocessor systems. | .

Prior art, exemplified by Intel's 82CS59A and 82380 programmable interrupt
controllers (PICs), are designed to accept a number of external interrupt request

20 i.nputs.‘ The essential structure of such controllers, shown in Figure 1, consists of six
major blocks: ' ~

-

IRR: Interrupt Request Register 11 stores all interrupt levels (IRQx) ontirey

16 requesting service;



10 highly desirable to distribute the interrupt handling load in sone
opti mum fashi on. Processors that are processing high priority jobs should
be relieved of this obligation when processors with lower priority jobs are
avai |l abl e. Processors operating at the |lowest priority should be uniformy
burdened by the interrupt servicing requests. Al so, special circunstances
may require that a particular I/0O device be serviced 15 exclusively by a
presel ected (or focus) processor. Thus, the current invention addresses the
probl em of optimum dynam ¢ and static interrdpt servicing in nultiprocessor
systens. Prior art, exenplified by Intel's 82C59A and 82380 programuabl e
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interrupt request 20 I nputs.” The essential structure of such controlle
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Regi ster 11 stores all interrupt levels (I ) on 16 requesting service;
- 3- A (EOI);

IMR: Interrupt Mask Register 13 stores the bits indicating which IRQ lines
5 16 are to be masked or disabled by operating on IRR11;

VR: Vector Registers 19, a set of registers, one for each IRQ line 16, stores
the preprogrammed interrupt vector number supplied to the host
processor on data bus 17, containing all the necessary information for
the host to service the request;

10 PR: Priority Resolver 15, a logic block that determines the priority of the
bits set in IRR11, the highest priority is selected and strobed into the
corresponding bit of ISR12 during an interrupt acknowledge cycle
(INTA) from the host processor;

Control Logic: Coordinates the overall operations of the other internal

15 blocks within the same PIC, activates the host input interrupt (INT)
line 19 when one or more bits of IRR11 are active, enables VR19 to -
drive the imcrrupt vector onto data bus 17 during an.lNTA cycle, and

| inhibits all interrupts with priority equal or Iowcf than tha{ being
currently scrvfccd.

20 Several different methods have been used to assign priority to the various

IRQ lines 16, inclludin'g:
D fully nested mode,

2) automaltic rotation—equal priority devices, made and



| SR Interrupt Service Register 12 stores all interrupt |levels which are
bei ng serviced, status being updated upon recei pt of an end-of-interrupt
(EA); IMR Interrupt Mask Register 13 stores the bits indicating which | RQ
lines 5 16 are to be nasked or disabled by operating on

| RR11; VR Vector Registers 19, a set of registers, one for each IRQIine
16, stores the preprogranmed interrupt vector nunber supplied to the host
processor on data bus 17, containing all the necessary information for the
host to service the request; 10 PR -#riority Resolver 15, a logic
bl ock that determines the priority of the bits set in IRRL1l, the highest

priority is selected gnd sgﬁ&mgrdtmd},igﬁcmﬁmppﬁdgg bit of ISR12 during
an interrupt acknow edge cycle (INTA) fromthe host processor, Control

Logi c: Coor di nates t h¥heYlhehdstednaodd, soppor@ia mibliglévelRterupt Sfutalre 1® which all
bl ocks within the same PIC, activates the host input interrupt (INT) line

19 when one or noftheBRQsinpét lifeR15 ase srrarged fiom Righbdt esloweiOpricritglr typicalliye
i nterrupt vector onto data bus 17 during an I NTA cycle, and inhibits all
interrupts with BrQQis asgigaed tie highdsopmorityhwhile IRO7 isthe dpwest.

5 Automatic rotation of priorities when the interrupting devices are of equal
priority is accomplished by rotating (circular shifting) the assigned priorities so that
the most recently served IRQ line is assigned the lowest priority. In this way,
accessibility to interrupt service tends to be statistically leveled for each of the
competing devices.

10 The specific rotation method gives the user versatility by allowing the user to
select which IRQ line is to receive the lowest priority, all other IRQ lines are then
assigned sequentially (circularly) higher priorities.

From-thc foregoing description, it may be seen that PIC structures of the type
described accommodate uniprocessor systems with multipic peripheral devices but

15  do not accommodate multiprocessor systems with multiple shared peripheral devices

to which the present invention is addressed.



currently serviced. 20 Several different nethods have been used to
assign priority to the various IRQ lines 16, including: 1) fully nested
node, 2) automatic rotation-equal priority devices, nade and -4- 3)
specific rotation-specific priority node. The fully nested node, supports a
multilevel interrupt structure in which all of the IRQ input lines 16 are
arranged from highest to |owest priority: typically IRQO is assigned the

hi ghest priority, while IRQ7 is the lowest. 5 Automatic rotation
of priorities when the interrupting devices #re of equal priority is
acconplished by rotating (circular shifting) the assigned priorities so

that the nost reSEUMMAREORTHERQVENEIQIS assigned the |owest priority. In
this way, accessibility to interrupt service tends to be statistically

| evel ed for each of thes denbjdc nfjthdeviressinvention to provide a multiprocessor
prc_:gr_ammablc interrupt controller (MPIC) system including, but not limited to, the
following capabilites:
5 1) a separate Interrupt Bus, distinct from the memory (or system) bus,
for communication of interrupt request (IRQ) and IRQ receipt

acknowledgment signals, and for IRQ service arbitration between

eligible servers;

2) interrupt servicing of multiple 1/0 peripheral subsystems, each with
10 its own set of interrupt lines; |
3) static as well as dynamic multiprocessor interrupt management;
4) prof;rammablc interrupt vector and steering information for each IRQ
pin;
S5) interprocessor interrupts allowing any processor to interrupt any other
15 | for dynamic reallocation of interrupt tasks;
6) operating system defined programmable reallocation of interrupt
tasks; and
7) support of sysicm-widc functions related to r;onmaskable i;ncrrupt

(NMlIs), processor reset, and system debugging.
20 The present invention achieves these capabilities by means of a MPIC
System structure that includes three major subsystem components:

1) an Interrupt Bus, separate and distinct from the memory (system)-busy



10 The specific rotation nethod gives the user versatility by
allowing the user to select which IRQline is to receive the | onest
priority, all other IRQIlines are then assigned sequentially (circularly)
hi gher priorities. Fromthe foregoing description, it may be seen that PIC
structures of the type described accommbdate uni processor systens with

mul tiple peripheral devices but 15 do not acconmmopdate multi processor
systens with nmultiple shared peripheral devices to which the present
invention is addressed. -5- SUMMARY OF THB-INVENTION It is the object of
the current invention to provide a multiprocessor progranmble interrupt

control ler (MPIC) sysgm i nalQlindgruptdeliveey uhit D@ bdnfectéd® thellhewipdBus

capabilities: 5 1) a separate Interrupt Bus, distinct fromthe

menmory (or system bus, fomndoasniof #RQ@ing)having e redifettioe tibisfor ptdeedsoand

| RQ recei pt acknowl edgnent signals, and for | RQ service arbitration between
selection and interrupt priority and vector information; and

3) a processor associated interrupt acceptance unit (IAU) connected to
5 the Interrupt Bus for managing interrupt requests for a specific

system processor including acceptance acknowledgment, IRQ
pending, nesting and masking operations, and interprocessor interrupt
management.

More specifically, the present invention uses a three-wire synchronous bus,

10 two wires for data, one wire for the clock, and one of the two data wires for bus and
lowest priority arbitration.
Also, a clustered hierarchical interrupt control system comprising multiple

MPIC systems interconnected by a cluster manager is disclosed for use when the

basic MPIC capacity for interrupt message sources and destinations is exceeded.



eligible servers; 2) Interrupt servicing of nmultiple 1/0O periphera
subsystens, each with 10 its own set of interrupt lines; 3)
static as well as dynamic nultiprocessor interrupt nmanagenent; 4)
programmabl e i nterrupt vector and steering information for each IRQ pin; 5)
I nterprocessor interrupts allow ng any processor to interrupt any other 15
for dynam c reallocation of interrupt tasks; 6) operating system defined
programuabl e real | ocati on of interrupt tasks; and 7) support of
systemw de functions related to nonnmaskabl e-ynterrupt (NMs), processor
reset, and system debuggi ng. 20 The present invention achieves

these capabiliti gfripg ﬁgg@rgr@! gqg ﬁﬁ)ﬁ&g@@&;%ct ure that includes three
maj or subsystem Cconponents: a s, separate and distinct
fromthe nmemory ( SY§t e present invention may be understood more fully from the detailed
_____dcsr_:rip___ti_pn given i:elow and from the accompanying drawings of the preferred
embodiments of the invention which, however, should not be taken to limit the
5 invention to the specific embodiment but are for explanation and understanding
only.
Figure 1 depicts a block diagram of 2 common prior art uniprocessor
programmable interrupt conrrpllcr.
Figure 2 is a block diagram of the preferred multiprocessor programmable
10 interrupt controller (MPIC) system.
Figure 3 shows the architcctufc of an Interrupt Dclivc.ry Unit (IDU).
Figure 4 shows the I/O Select Register bit assigiment.
Figure 5 shows the I/O ID Register bit assignment.
Figure 6 shows the I/O Version Register bit assignment.
15 Figure 7 shows the Redirection Table Entry bit assignment layout.
Figure 8 shows the architecture of an Intcxfupt Acceptance Unit (IAU).
Figure 9 shows the IAU ID Register bit assignment.
Figure 10 shows the use of a Cluster Manager for interconnecting upto 15
MPIC systems.
20 Figure 11 shows the IAU Destination Format Register bit assignment.
Figure 12 shows the IAU Logical Destination Register bit assignment.
Figure 13 shows the IAU Local Vector Table bit assignment layout.

Figure 14 shows the IAU Interrupt Command Register bit assignment _layout.



-6- 2) an 1/0 interrupt delivery unit (IDU) connected to the Interrupt
Bus and to a set of IRQ pins, having a redirection table for processor
selection and interrupt priority and vector information; and 3) a
processor associated interrupt acceptance unit (LAU) connected to 5 )
the Interrupt Bus for managing interrupt requests for a specific system
processor including acceptance acknow edgnent, | RQ pendi ng, nesting and
maski ng operations, and interprocessor interrupt managenent. More
specifically, the present invention uses a t&ree-wire synchronous bus, 10
two wires for data, one wire for the clock, and one of the two data wires
for bus and | owest prHigiiet )5 shobistihalRIOISRALRIOTM®R Kit &sigaeee.hi er ar chi cal
interrupt control system conprising nmultiple MPIC systens interconnected by
a cluster manager is Hgewelld@sisd flow diaganwbicthe LAY ib@supt d®tfTawzaotdsy. f or

i nterrupt nmessage sources and destinations i s exceeded.

Figure 17 shows the IAU Task Priority Register bit assignment.

Figure 18 shows the IAU Spurious Interrupt Vector Register bit assignment.
5 Figure 19 shows the IAU End-of-Interrupt register bit assignment.
Figure 20 shows the IAU Remote Register.
Figure 21 shows the IAU Version Register bit assignment.
Figure 22 shows the EOQI priority message format for level-triggered
interrupts. |
10 Figure 23 shows the short message format.
Figure 24 shows the IAU Interrupt Bus Status cycles decoding.
Figure 25 shows the lowest priority without focus processor message format.
Figure 26 shows the Remote Read message format.
Figure 27 shows the IAU Error Status Register bit assignment.

15 Figure 28 shows the Divide Configuration Register bit assignment.

Figure 29 shows the IAU Times Vector Table format.



-7- BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention nmay be
understood nore fully fromthe detail ed description given bel ow and from

t he acconpanying drawi ngs of the preferred enbodi nents- of the invention
whi ch, however, should not be taken to limt the 5 i nvention to the
speci fic enbodi nent but are for explanation and understanding only. Figure
1 depicts a block diagramof a conmon prior art uniprocessor programmable
interrupt controller. Figure 2 is a block diagramof the preferred

mul ti processor progranmmable 10 interrupt cortroller (MPIC) system Figure
3 shows the architecture of an Interrupt Delivery Unit (IDU). Figure 4

shows the |/ 0 SeDESCReTIONDFITHE RREFGRRED EMBODIMENTIRPWs the I/O 1D

Regi ster bit assignnent. Figure 6 shows the I/O Version Register bit

assi gnnent. 15 A fRudriprecessatprogramineabicitianapt canrollab(MPED) is ebdribed. In

assignnent |ayout. figure 8 shows the architecture of an Interrupt

Accept ance Unit {heAollowiriggdaserigtian, oumerdue spotific @xiitisgre sefonshtinasdérga peoitide
a thorough understanding of the preferred embodiment of the present invention.

5  However, it will be apparent to one skilled in the art that the present invention may
be practiced without these specific details. Also, well-known circuits have not been
shown in detail, or have been shown in block diagram form, in order to avoid
unnecessarily obscuring the present invention.

Additionally, in describing the present invention, reference is made to signal
10  names peculiar to the currently preferred embodiment. Reference to these specific

names should not be construed as a limitation on the spirit or scope of the present

invention.

A, Overview of the Architecture

15 The multiprocessor programmable interrupt controller (MPIC) system is
designed to accommodate interrupt servicing in a multiprocessor environment.
Current practice is mainly concerned with uniprocessor systems in which the
interrupt of a number of peripheral units are serviced by a single pr;)ccss;)r aided by
a programmable interrupt controller (PIC). In a multii)rocessor, it is often desirable

20  to share the burden of interrupt servicing among the group of Similar processes.
This. implies the ability to b‘rbadéast interrupt service requests to the pertinent group
of processes and a mechanism for determining the equitable assignment of thetasks

amongst the processors. The uniprocessor design problem is significantly simpler:



Figure 10 shows the use of a Cluster Manager for interconnecting up to 15
MPI C systens. 20 Figure 11 shows the | AU Destination Fornat

Regi ster bit assignment. Figure 12 shows the | AU Logi cal Destination

Regi ster bit assignnent. Figure 13 shows the | AU Local; Vector Table bit
assignnment |ayout. Figure 14 shows the | AU Interrupt CGommand Regi ster bit
assi gnnent | ayout. Figure 15 shows the IRR, ISR, and TWMR bit assignnent.
Figure 16 is a flow diagramof the I AU interrupt acceptance process. Figure
17 shows the I AU Task Priority Register bit-1@ssignment. Figure 18 shows the
| AU Spurious Interrupt Vector Register bit assignnent. 5 Figure 19

shows the | AU Eind-POC-deBicRied4flthe Sdbéds6F assighs 2 pAbAI T8 Rhch fntedHy] eSiNG) t he
| AU Renpte Register. Figure 21 shows thae ngfJ \%ers?gﬁ Reginsterpeltr)%? "

assi gnment . Fi i oZders tewsqiidseadcokdifg toihetaysi girapa@eiibosntdelivers the

| evel -triggered interrupts.
necessary information to the processor to timely initiate the appropriate servicing
subroutine.

5 The MPIC system provides both static and dynamic interrupt task
assignment to the various processors. When operating in a purely static mode, it
functions much as a PIC in a uniprocessor system assigning each interrupt according
to a prescribed schedule.

When operating in a dynamic mode, the MPIC manages interrupt task

10  assignments by taking into consideration the relative task priority between the
‘processors.

It is expected that more typical usage would entail elements of both static
and dynamic interrupt management. Static assignment r-ni ght be made, for example,
when licensing considerations preclude the shared use of servicing software. Under

15  other circumstances, it may be desirable to restrict the interrupt servicing task to a
subset of processors that share a common peripheral subsystem. In the extreme
case, all processors are subject to interrupt requests from all peripheral subsystems.

Figure 2 is a‘block diagram of the preferred MPIC sy-Stcfn 100. It t;onsists of
four major parts: a Memory (or System) Bus 110; an Interrupt Bus 115 which is

20  distinct from mcmoq" bus 110; a multiplicity of proccssof units (CPUs) 112
interfaced to Memory Bus 110 by Memory Bus Interface (MBI/F) 117 and to

Interrupt Bus 115 by Interrupt Acceptance Units (LAUSs) 114; and at least one I/G-



10 Figure 23 shows the short nmessage format. Figure 24 shows the

| AU I nterrupt Bus Status cycles decoding. Figure 25 shows the | owest
priority without focus processor nessage format. Figure 26 shows the Renote
Read nessage format. Figure 27 shows the AU Error Status Register bit
assignnment. 15 Figure 28 shows the Divide Configuration Register
bit assignnent. Figure 29 shows the I AU Times Vector Table format. -9-
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT(S) A rmnul ti processor progranmabl e
interrupt controller (MPIC) is described. Inithe foll ow ng description,
nunmerous specific details are set forth, in order to provide a thorough

under st andi ng_of Sthxgsier] B infra8P RAMVERRKy Bhs mﬁfé[\/w ﬁ'g?‘fftﬁg'éc%:(é\dﬁlrﬁ)

However, it will be apparent to one skilled int se
i nvention may bellB &gt iodagnbpt Basl 14 bf&ﬂcﬁ@ﬁ@éliv@rﬂ%i@kﬂlﬂ]) Also, wel | -known

circuits have not been shown in detai or have been shown in bl ock diagram
form in order to avol/® subsystem 116 may be a single device with multiple interrupt request
(IRQ) lines connecting to IDU 113 or a collection of devices, each with one or more
5 IRQlines 119. In the preferred embodiment, each IDU 113 may accommodate up to

16 IRQ input lines. Consequently, MBI/F 118 may be a single or multiple interface
unit for coupling I/O Subsystems 116 to Memory Bus 110.

In the preferred embodiment, LAU 114 is resident on the CPU 112 chip for
more efficient signal coupling. Also, MBI/F 117 may be unnecessary if the CPU

10 Bus 120 protocol is compatible with that of Memory Bus 110.

It is important to recognize that the architecture of Figure 2 provides
Interrupt Bus 115 for routing of interrupt-related control messages between system
elements, thus reducing the traffic that must be carried by Memory Bus 110.
Memory Bus 110 is only used for the actual servicing of the IRQ and is not required

15 for IRQ arbitration, assignment, and acceptance acknowledgment.

Each IDU accepts up to 16 IRQs on input lines 119 and broadcasts to all
IAUs 114 over Interrupt Bus 115 an appropriately formatted IRQ message for each
active IRQ input line. The IRQ message contains all necessary infonnatit;n for
identifying the IRQ source and its priority.

20 Each IAU 114 examines the broadcast message and decides whether to

accept it. If the IRQ message is tentatively accepted by more than one IAU, and
arbitration procedure is invoked between competing units. The IAU with the lowest

priority wins the arbitration and accepts the IRQ, pending delivery to its associated



unnecessarily obscuring the present invention. Additionally, in describing
the present invention, reference is nade to signal 10 nanmes peculiar to
the currently preferred enbodi nent. Reference to these specific nanes
shoul d not be construed as a limtation on the spirit or scope of the
present invention. A Overview of the Architecture 15 The

mul ti processor progranmable interrupt controller (MPIC) systemis designed
to accommopdate interrupt servicing in a nmultiprocessor environnment. Current
practice is mainly concerned with uni processgg- syst-ens in which the

I nterrupt of a nunber of peripheral units are serviced by a single

processor ai ded @Su’i R{s?t eﬂﬁg‘f‘ fovi 5&@%@(@#&?@%8&%@3 anh@\fz\ﬂdlc aélrlrupt

mul ti processor, 1'S.0 rabl'e en o

servicing anong Ha@ra&wﬂmlm it$Iochl FheRiGRAER :@czsu'mob&%} {fte@itlidulsd ©
broadcast interrupt-service requests to the pe?tlnent group of processes
and a nechani sm (INTR}¢inRérfiptiabhdwWied RAUNTAY! £dandiod MeripqEQINe t asks
anongst the processors. The uniprocessor design problen1|s significantly
simpl er: IAU 114 not only accepts IRQs broadcast on Interrupt Bus 114 but can

5  generate interprocessor interrupts. It further provides a timer to its associated CPU.

B. Interrupt Control
The interrupt control function of all IDUs 113 and IAUs 114 is collectively
responsible for delivering interrupts from interrupt sources to interrupt destinations
10  in the multiprocessor system. An interrupt is an event that indicates that a certain
condition somewhere in the system requires the attention of one or more processors
in order to deal with this condition. The action taken by a processor in response to
an interrupt is referred to as servicing the interrupt or handling tﬁc interrupt.
| Each interrupt in the system has an identity that distinguishes the interrupt
15  from other interrupts in the system. This identity is commonly referred to as the
vecior of the interrupt. The vector allows the processor to find the right handler for
the interrupt. When a processor accepts an interrupt, it uses the vector to locate the
entry point of the handler in its interrupt table. The architecture support; 240
distinct vectors with values in the range 16 to 255.
20 Each interrupt has an interrupt priority that determines the timeliness with
which the interrupt should be serviced relative to the other activities of the
processors. The architecture allows fér 16 possible interrupt priorities: zero being-

the lowest priority and 15 being the highest. A value of 15 in Task Priority R;:gistcr



-10- the PIC dedicated to the processor assigns a priority to each
interrupt request (IRQ Iline, orders the request according to the assigned
priorities and delivers the necessary information to the processor to
tinmely initiate the appropriate servicing subroutine. 5 The MPIC
system provi des both static and dynamic interrupt task assignnment to the
various processors. Wien operating in a purely static node, it functions
much as a PIC in a uni processor system assi'gning each interrupt according
to a prescribed schedul e. When operating in d3dynam c node, the MPIC
manages interrupt task 10 assignnments by taking into consideration the

relative task pricppRj Wllbﬁﬁ%%ﬂ’ AINGteP ?E&-&Srﬁeﬁ fequirk MIWR@E{O@ Bt g'g?r e

typi cal usage woul d entail elenents of both static dynam c interrupt

nmanagement .. St at ife@65d 4 NFHREhTHIGAL HREITRMIL of fndm¥ BTP@vicHEeD id r'nél%ﬂﬁ—gé'ﬂ

consi derations preckude the shared use of servicing software. Unde
ot her circumst andems,senticing)B. ben desirtmisipeiotioy isdmplied by ith @edtor; @heRA,

servicing task to a subset of processors that share a common peri pheral
subsystem | n thpriektyeMectosdé, all processors are subject to interrupt
requests fromall peripheral subsystens.
5 Sixteen different interrupt vectors can share a single interrupt priority.
Because each IAU 114 can only keep pending two interrupts in a given |
priority class, it is preferred that the number of interrupts in a class be limited to two
when only a single CPU is operating. However, for a multiprocessor processor
operation with a number, N, of CPUs functioning, the preferred number of pended
10  interrupts per class is N/2.

Typically, a priority model would organize the interrupt priorities from high

(15) to low (0) as follows:

‘ Type of Interrupt
Priority Class | Class 2
15 System Event System Event
14 Interprocessor Interprocessor
13 Local CPU Local CPU
12 | Timer , Timer
11-2 |l /0 1/0
1 || Application Procedure Call | Delayed Procedure Call
0 l| - Reserved Reserved*

Thus, system events requiring urgent alicntion, such as power failure, etc.)
15  have the highest priority, followed by interprocessor (CPU) interrupts, local CPU
related interrupts, IAU t_imcr interrupts, I/O interrupts, and procedure call related
interrupts. In this example, priority 0 is not used. |
IRQs arc generated by a number of sources within the multiprocessor system

including: external (I/0) devices, local (to CPU) devices, IAU 114 timers, and



Figure 2 is a block diagramof the preferred MPIC system 100. It consists
of four major parts: a Menory (or System) Bus 110; an Interrupt Bus 115
which is 20 distinct fromnenory bus 110; a nultiplicity of processor
units (CPUs) 112 interfaced to Menory Bus 110 by Menory Bus Interface
(MBI/F) 117 and to Interrupt Bus 115 by Interrupt Acceptance Units (LAUs)
- 114; and at least one I/O Subsystem 116 interfaced to Menory Bus 110 by
Menory Bus Interface (MBI/F) 118 and to Interrupt Bus 115 by Interrupt
Delivery Unit (I1DU) 113. 1/0O subsystem 116 may. be a single device with
mul tiple interrupt request (IRQ Iines connecti ng to IDU 113 or a

I 1 ect f degipgs 2 I 19, I1n t
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si gnal coupl ing. Also, MBI/F 117 may be unnecessary if the Bus 120

protocol is conpsippbitefsbftivatdeif-iaterpts) picBiptivd d¢heduling, Tablc Look-asxdc Buffer
5  (TLB) flushing, and interrupt forwarding. A processor generates interrupts by

- writing to the Interrupt Commahd Register (ICR) in its local IAU.

C. IDU Structure
IDU 114, shown in Figure 3, consists of a set of IRQ pins for accepting 1/0
10 Interrupt Lines 119, an Interrupt Redirection Table 201, and a Message Unit 202 for
sending and receiving interrupt control related messages from Interrupt Bus 115.
The Redirection Table has a Destination (DEST) modc_:, and vector entry for each of
the 16 I/O interrupt lines. Activating an Interrupt Line selects the corresponding
table entry and delivers it'to Send/Receive Unit 202 for formatting an appropriate
15 IRQ message for broadcast on Interrupt Bus 115. The contents of Redirection Table
201 is under softwarc control. Each table entry register is 64 bits wide. All registers
are accessed using 32-bit reads and stores. Each IDU 114 is located at a unique
address. '
In addition, each IDU 114 has five 32-bit If/O Registers (203-207).
20 Select Register 204 selects which I/0 register's contents is to appear in
Window Register 203 by a softwax_'c write to the lower 8 bits (bits 0-7), as shown in
Figure 4. This permits software fnanipulation of the contents of the other four #€

Registers.



It is inportant to recognize that the architecture of Figure 2 provides
Interrupt Bus 115 for routing of interrupt-related control nessages between
system el enents, thus reducing the traffic that nust be carried by Menory
Bus 110. Menory Bus 110 is only used for the actual servicing of the IRQ
and is not required 15 for IRQ arbitration, assignnent, and acceptance
acknow edgnent. Each |1 DU accepts up to 16 IRQ@ on input lines 119 and
broadcasts to all I AUs 114 over Interrupt Bus 115 an appropriately
formatted | RQ message for each active IRQ inpit |ine. The I RQ nessage
contains all necessary information for identifying the RQ source and its

feci des hether to acoept it T the T e e e belPRed Py ScReReaiser,
nore than one | AM)4.and arbitration procedure is invoked between conpeting
units. The AU wWth-the lowest priority wins the arbitration and accepts
the 1 RQ pendi ng del i @ Registeri20§ casmositld EMJ 4-bit iH2atifidtion Aode whichléehied as
provi des nesting and masking of interrupts and handl es all :

, ' the physical name of the IDU. Each IDU is assigned a unique name (ID). The bit

5 assignment is shown in Figure 5. At power-up, it is reset to zero. Its contents must
| be supplied by software before use.

Arbitration Register 206 contains the bus arbitration priority for the IDU. Its
initial contents are derived from the ID in ID Register 205. A rotating priority
scheme fs used for Interrupt Bus arbitration wherein the winner of the arbitration

10.  becomes the lowest priority agent and assumes an arbitration ID of zero. All other
bus agents, except the agent whose arbitration ID is 15, increment their ID by one.
The agent with ID = 15 takes the winner's ID and increments it by one. Arbitration
IDs are adjusted only for messages that are transmitted successfully. Successfully
transmitted means no CS error or acceptance error was reported for that message.

15  Arbitration register 206 is loaded with contents of ID register 205 during a level-
triggered INIT with deassert message.

Version Register 207 identifies implementation versions of the IDU. The
register bit map of Figure 6 shows that bits 0-7 are assignc& to the \;crsior; number
and are hardwired, read-only. Bits 16-23 represent the maximum assigned vector

20  index value, Ny, of redirection table 201. Each IDU can accept up to 16 interrupt
lines, and each MPIC system can accommodate 240 interrupt vectors (0 < n £239)
5o that, for a full capacity system with 15 IDUs, nmax = 15, 31, 47, 63, ..., 224, 239-

with one np,x assigned 1o each IDU's Version Register 207.



interactions with its |ocal processor including the CPU protocol for

I nterrupt request (INTR), interrupt acknow edge (I NTA), and end of
interrupt (EQ). 1AU 114 not only accepts | RQs broadcast on Interrupt Bus
114 but can 5 generate interprocessor interrupts. It further provides a
timer to its associated CPU. B. I ntem pt Control The interrupt control.
function of all I1DUs 113 and I AUs 114 is collectively responsible for
delivering interrupts frominterrupt sources to interrupt destinations 10
in the multiprocessor system An interrupt isiéan event that indicates that
a certain condition sonmewhere in the systemrequires the attention of one
or more processors in ThelRediteztide Jlablyi 200 Hahh dedioited tndyfor Ech BRérodt ikl §in.
by a processor in response to an interrupt is referred to as servicing the
i nterrupt or handlemptdnefiimesupuptaritFacdompi¢telynnpdiated td the poyisioansfitls an
identity that distinguishes the interrupt 15 fromother interrupts in the
system This i derfiliysigal igtesenpiinpluy pinetnethe 83Ut dnsseadt snftwaze can dexfide for each pin
interrupt. The vector allows the processor to find the right handler for
the interrupt. WiBRVidusHywhas ywanscbpvectan(and therefopsithe prionsd of thee vector to

| ocate the entry point of the handler in its, interrupt table. The
architecture éup SFESPORNERNLETTURL O %c‘lf%rc's'c%“fjﬁ" | Bifs thePPERsing Sy ghermeanialso

,[Zﬁg i |2(r)rel i ness Wsp%ﬁ?yhthic%g%%{ lpJ tantr;' o Qctiwr):toer rhEgll!lpgctiBtr:)i, gvrhicﬁ:)t/:r Ehréai%te(rjreutptexrsm nes
signaled as edges or levels, as well as the destination and delivery mode of the |
interrupt. The information in the Redirection Table is used to translate the interrupt
manifestation on the corresponding interrupt pin into a MPIC system message.

10 In order for a signal on edge-sensitive Interrupt Input Lines 119 to be
recognized as a valid edge (and not a glitch), the input level on dic pin must remain
asserted until IDU 113 broadcasts the corresponding message over the Interrupt Bus
and the message has been accepted by the destination(s) specified in the destination
field. Only then will the source IDU be able to recognize a new edge on that

15  interrupt input pin. That new edge will only result in a new invocation of the
handler if its acceptance by the destination IAU causes an Interrupt Request Register
(IRR) bit to go from zero to 1. (In other words, if the interrupt wasn't already
pending at the destination.) N .

The minimum number of entries in the Redirection Table in the IDU
20  implementation should be 16. The I/O Version Register contains the number of
entries in that IDU's redirection table. The layout of an entry in the Redirection

Table 201 is as shown in Figure 7.

- Each redirection table entry is a 64-bit string defined as follows:



whi ch the interrupt should be serviced relative to the other activities of
the processors. The architecture allows for 16 possible interrupt
priorities: zero being the |lowest priority and 15 being the highest. A
value of 15 in Task Priority Register’ -13- (TPR) will mask off all
interrupts which require interrupt vectors. Priority of interrupt A"is
hi gher than" the priority of interrupt Bif servicing Ais nore urgent than
servicing B. An interrupt's priority is inplied by its vector; nanely,
priority = Vector/16. 5 Si xt een diffldrent interrupt vectors can
share a single interrupt priority. Because each | AU 114 can only keep
pending two interrupt VECTORINER e Védrbryfiald &sth, 8-bik fiell qonediding etk inkeatupr he
‘nunber of interrupts in a class be limted to two when only a single CPU is
oper ati ng. Howeveectof for thislintetrupt. O¢e@saovalyes oxesderwaepdOand ke (exkh a nunber,
N, of CPUs functioning, the preferred number of pended 10 interrupts per
class is N 2. Typical IBELEVERYMODESdE): WenDeliverydMudgés 2 Acbit hgld thaipt
priorities from high . L ' .
. specifies how the IAUs listed in the destination field should act upon reception of
5 thissignal. Note that certain Delivery Modes will only operate as intended when
used in conjunction with a specific Trigger Mode. These restrictions are indicated in
the table below for each Delivery Mode.
| 000 (Fixed): means deliver the signal to the INTR (maskable interrupt) input
of all processor cores listed in the destination. Trigger Mode for
10 . "fixed" Delivery Mode can be edge or level.

001 (Lowest Priority): means deliver the signal to the INTR input of the
processor core that is executing at the lowest priority among all the
processors listed in the specified destination. Trigger Mode for
“lowest priority” Delivery Mode can be edge or level.

15 010 (SMI): means System Management Interrupt. A delivery mode equal to
“SMI" requires an "cdgc" Trigger Mode. The Vector information is
ignored but should be programmed to all zeroes.

100 (NMI): means deliver the signal to the NMI (nonmaskable ir.utcrrupt)
input of all proccsso‘r.corcs listed in the destination, vector

20 | information is ignored. "NMI" is treated as an “"edge" triggered
interrupt even if it is programmed as a "level” triggered interrupt.

101 (INIT): means deliver the signal to all processor cores listed in the

destination by asScrting the INIT signal. All addressed IAUs will



(15) to low (0) as follows: Type of Interrupt Priority Class 1

Class 2 15 System Event System Event 14

| nt er processor | nt er processor 13 Local CPU

Local CPU 12 Ti mer ) Timer 11-2

1/ 0 1/01 Application Procedure Call Del ayed
Procedure Call O Reserved Reserved Thus,

system events requiring urgent attention, such as power failure, etc.) 15
have the highest priority, followed by interpBocessor (CPU) interrupts,
|l ocal CPU related interrupts, 1AU tinmer interrupts, 1/0 interrupts, and

procedure call related intassuuitdeir IRIT Blafe. GXETRY Awafy iridd 36 40 "edgerot used.
| R are generated by a nunber of sources within the nmultiprocessor system

i ncludi ng: external (1/0 déggetabintdrapakvdr if pfdgimahed bthesyis¢. AU 114 ti nmers,
and ) 111 (ExtINT): means deliver the signal to the INTR input of all processor
cores listed in the destination as an interrupt that originated in an
S externally connected (Intel 8259A-compatible) interrupt controller.
The Interrupt Acknowledgment (INTA) cycle that corresponds to this
ExtINT delivery will be routed to the external controller that is
expected to supply the vector. A Delivery Mode of "ExtINT"
requires an "edge” Trigger Mode.
10 DESTINATION MODE([11]: This field determines the imcrp;ctation of the
Destination ﬁéld as follows:
0 (Physical Mode): in Physical Mode, a destination IAU is identified by its
ID. Bits 56-59 of the Destination field specify the 4-bit IAU.
1 (Logical Mode): in Logical Mode, destinations are identified by matching
1S on Logical Destination under the control of the Destination Format
Register and Logical Destination Register in each IAU. Bits 56-63
(8 MSB) of the Destination field specify the 8-bit IAUID.
DELIVERY STATUS(12): Delivery Status is a 1-bit ficld that contains the
current status of the delivery of this interrupt. Two states are defined:
20 0 (Idle): means that there is currently no activity for this interrupt; and
1 (Send Pending): indicates that the interrupt has been injected, but its
delivery is iemporarily held up due to the Interrupt Bus being busy;-en |

the inability of the receiving IAU 10 accept that interrupt at that time.



-14- CPUs. IRQ® fromI/O or devices local to a CPU nay activate their
Interrupt Lines 119 by using either signal edge transitions or signal

| evels. 1AU tinmers generate an on-chip internal interrupt. A CPU may

i nterrupt another CPU or sets of CPUs in support of software
self-interrupts, preenptive scheduling, Table Look-aside Buffer 5 (TLB)
flushing, and interrupt forwardi ng. A processor generates interrupts by
witing to the Interrupt Cormand Register (ICR) in its local IAU. C -1 DU
Structure I1DU 114, shown in Figure 3, consisfgs of a set of IRQ pins for
accepting I/0 10 Interrupt Lines 119, an Interrupt Redirection Table 201,

messages 11 om [y eny Bsd® THae A Bl PR iRl PG of £ BT

(DEST) node, anduor8rd@hoittdcy Hifpiceach of the 16 I/ O interrupt |ines.
Activating an Interyupt Line selects the corresponding table entry and

delivers it to Send/ ReCFERRUMT INBOZT PN POUARIT Y (13):2ThAR MR RS Fied e bolarity RQ
nmessage for broadcast on Interrupt Bus 115. The contents of "Redirection

Tabl e 201 is undéeachointeraipe sightitdonhectéi@hthé fldrbugk Pirds\of RO €A vaduebd¥ 22kd S
wi de. All registers are accessed using 32-bit reads and stores. Each |1DU
114 is | ocat®d aeaas theisjgrel is high, and a value of 1 means the signal is low active.

REMOTE IRR[14]: This bit is used for level-triggered interrupts; its
meaning is undefined for edge-triggered interrupts. For level-triggered interrupts,
this bit is set when IAUs accept the level interrupt sent by the IDU. Remote IRR bit
is reset when an interrupt input line level is inactive or an End-of-lntcrrupt (EOD)

10  message is received from an IAU.

TRIGGER MODE(15): The Trigger Mode field indicates the type of signal
on the interrupt pin that triggers an interrupt. Zero indicates edge-sensitive, and 1
indicates level-sensitive. |

MASK][16]): Use this bit to mask injection of this interrupt. Zero indicates

15  that injection of this interrupt is not masked. An edge or level on an interrupt pin
that is not masked results in the delivery of the interrupt to the destination. One (1)
indicates that injcction of this interrupt is masked. Edgé-sensitivc interrupts
signaled on a masked interrupt input pin are simply ignored (i.e., it is not c.iclivcrcd
and is not held pending). Level-asserts or dcasscfts occurring on a masked level-

20  sensitive pin are also ignored and have no's.idc effects. Changing the mask bit from
unmasked to masked after the interrupt was accepted by an IAU has no effect on that
interrupt. This behavior will be identical to the case in which the interrupting device™

withdraws the interrupt before that interrupt is posted to the processor. It is the



address. In addition, each IDU 114 has five 32-bit 1/0O Registers (203-207).
20 Sel ect Register 204 selects which I/Oregister's contents is to
appear in Wndow Regi ster 203 by a software wite to the lower 8 bits (bits
0-7), as shown in Figure 4. This permts software mani pul ati on of the
contents of the other four Registers. -15- Wndow Regi ster 203 i s mapped
onto the register selected by Select Register 204. |1 D Register 205 contains
the IDU 4-bit identification code which serves as the physical nane of the
I DU. Each IDU is assigned a unique name (|D)g-The bit .5 assignnment is
shown in Figure 5. At power-up, it is reset to zero. Its contents rrust be

U 1 o0, DY 301 LUty 4t P B e . 015
1D in ID Regist efnt&%t nfesEdpetal BlerPicc@libd ¥y an IAU but before the interrupt is dispensed
to_th; processor.
BUFFER FLUSH ENABLE[17]): This bit controls the flushing of I/O
5  Registers on a per-interrupt basis. When this bit is set to zero, the I/O Register must
be flushed before the I/O interrupt is sent to the IAUs. When this bit is set to one,
the flushing of I/O Register is not required before sending the I/0 interrupt to the
IAUs.
DESTINATION(S6:63): If the Destination Mode of this entry is "Physical
10  Mode," then bits 56-59 contain an IAU ID. If Logic;al Mode, then the Destination
field potentially defines a set of processors. Bits 56-63 of the Destination field

specify the logical destination address.

D. TAU Structure
15 The IAU is responsible for the local processor interrupt sources, interrupt
acceptance, dispensing interrupts to the processor, and sending interprocessor
interrupts. Depending on the Delivery Mode of the .in.tcrrupt, none, some, or all
IAUs can accept an interrupt. An IAU accepts an interrupt 'only if it will deliver the
interrupt to its processor. Accepting an interrupt is purely an inter-MPIC matter;
20 dispensing an intcn;upt 1o the local processor only involves an IAU and its
associated processor. Figure 8 is a block diagram of an IAU.
Software interacts with the IAU by reading and writing its registers. The—

intent is that the register set of each ITAU appear at an identical address for each



schenme is used for Interrupt Bus arbitration wherein the w nner of the
arbitration 10 becones the | owest priority agent and assunmes an
arbitration ID of zero. Al other bus agents, except the agent whose
arbitration IDis 15, increnent their ID by one. The agent with ID = 15
takes the winner's ID and increnents it by one. Arbitration IDs are
adjusted only for nessages that are transmtted successfully. Successfully
transmtted neans no CS error or acceptance error was reported for that
nessage. 15 Arbitration register 206 is |ddded with contents of |ID

regi ster 205 during a level- triggered INIT with deassert nessage. Version

Regi ster 207 i denddekices Softlag /&4t theh Qfe MERIShiAbadtreds i@ codddl intbeuptegi st er

bit map of Figure 6 shows that bits 0-7 are assigned to the version nunber
and are har dwi r éadepeadahilyrdfywhich peoctGor,3n thepmelsipricedsbesyseen, [isicaaasiygneding
vector 20 I ndex val ue, nmax, of redirection table 201. Each |1 DU can
accept up to 16theewsier upt |ines, and each MPI C system can accommodate 240
interrupt vectors (0 < n < 239) so that, for a full capacity Séstemwith 15

| DUs, nnmax = 15, 31, U adgssss space (gemoryspasehion therdl dtved s HEEQ 0880 khaxpu s

Version Regi § ' erfor2 Z??Zbit address and reserves 4k bytes of memory. Typically, software would
access [DUs very infrequently, while access to the IAUs is performance-critical.
Locating the local unit in memory space yields best performance since software
writes to the IAU registers can be postcd at the processor. Note that write posting
works as long as the INTA (interrupt acknowledge) cycle forces a flush of ail

10  buffered writes by the processor doing the INTA.

All registers are _acccssed.by unique addresses and by using 32-bit loads and .
stores. This implies that, to modify a field (e.g., bit, byte) in any register, the whole
32-bit register must be read, the field modified, and the 32 bits written back. Also,
registers that are described as 64 or 256 bits wide are accessed as multiple

15 independent 32-bit registers.

Register description fields containing r's or <RESERVED> or <reserved>
are reserved by the architecture. Reserved fields will read as all zeroes.

The destination of an interrupt can be zero, one, all, or a group of processors
in the system. A different destination can be specified for each interrupt. The

20  sender specifies destination of an interrupt in one of two Destination Modes:

Physical Mode and Logical Mode.



-16- The Redirection Table 201 has a dedicated entry for each interrupt

I nput pin. The notion of interrupt priority is conpletely unrelated to the
position of the physical interrupt input pin on the IDU Instead, software
can decide for each pin individually what it wants the vector (and
therefore the priority) of the 5 corresponding interrupt to be. For each
I ndi vi dual pin, the operating systemcan al so specify the signal polarity
(low active or high active), whether the interrupt is signaled as edges or
| evel s, as well as the destination and delivdy node of the interrupt. The
i nformation in<the Redirection Table is used to translate the interrupt

mani festati on on the Ja@hyCiERONBHOAhE BERIMALEH pratdsdit Spifddl Ky £¥RiBEYU-bit ID.

nmessage. 10 In order for a signal on edge-sensitive lnterrupt |nput
Lines 119 to be Omgagiigiedestinadon/ et 4 Broadgit (Ul IDQF aB odikd) Icah be spdtefiddRlthis
| evel on the pin nust remain asserted until |1DU 113 broadcasts the

correspondi ng nesxige over the Interrupt Bus and the nessage has been
accepted by the destination(s) specified in the destination field. Only
then will the source BaghIDY arid AW bas 2 cxgimérabataonminsaebkyenidniD.hFhe IB serves
interrupt input pin. That new edge will only result in a new invocation of

the handl er ?f 2§ 3 Physiesamecfishe MRICamit i ThetlDoa loaded stpayvess-upn It canche tepd
Request Register (IRR) bit to go fromzero to 1. (In other words, if the
interrupt wasn' tby&p&g)a.wt all nmes without any side effects. .
In the Physical Mode, the ID is used to specify destination information. In
the preferred embodiment, a maximum of 15 IAUs are supported. An ID of all 1s
denotes a broadcast to all IAUs. Figure 9 shows the bit assignments of the IAU ID
10 register 301.
In the Logical Mode, destinations are specified usin g an 8-bit Logical
Destination Field. All IAUs contain an 8-bit field in Logical Destination Register
(LDR) 302 against which the Destination Field of intcr;'upt is matched to determine
if the receiver is being targeted by the interrupt. An additional 8-bit Destination
15 Format Register (DFR) 302 in each JAU .deﬁncs exactly how the Destination Field is
compared against the LDR. In other words, DFR 302 defines the interpretation of
the Logical Mode destination information. The 4 bits (bits 24 to 27) of the
Destination Format Register is always fixed with 1s. Figures 10 anc.l 11 sl;ow the
bits assignment for DFR 302 and LDR 303. |
20 DFR 302 and LDR 303 can be programmed to achieve a Flat Model interrupt
delivery mode of the cluster-based delivery mode.
For the Flat Model, bits 28-31 of the DFR 302 must be ;ﬁrogrammcd o ls—

Bits 0-27 of the DFR are always ls.



pendi ng at the destination.) The m ni mum nunber of entries in the

Redi rection Table in the 1DU 20 | npl enment ati on should be 16. The /0O
Ver si on Regi ster contains the nunber of entries in that I1DU s redirection
table. The layout of an entry in the Redirection Table 201 is as shown in
Figure 7. Each redirection table entry is a 64-bit string defined as

fol | ows: -17- VECTOR[0:7]: The Vector field is an 8-bit field containing
the interrupt vector for this interrupt. Vector val ues range between 10 and
FE (‘hex). DELI VERY MODE[ 8: 10]: The Delivery #Bde is a 3-bit field that
specifies howthe 1AUs listed in the destination field should act upon

reception of 5  this gignals. zzmt@fxh@aes@ﬁﬁéfainrﬁomlubxafa«nbéaﬁefedvuslaldceaaae
operate as intended when used in conjunction with a specific Trigger Mbde.

These restricti ofildr Bhis fidischphrediagginkitht EDRebOME LAU. gatardi8lal bicmyiclbde.
000 (Fixed): neans deliver the S|gnal to the I NTR (maskabl e interrupt)
I nput (i.e., if at least one of the corresponding pair of bits of the Destination Field and
LDR match), this IAU is selected for interrupt delivery. Each bit position in the
5  Destination Field corresponds to an individual IAU. this scheme allows the
specification of arbitrary groups of IAUs simply by setting thé member's bits to one,
but only allows a maximum of eight IAUs in a system.
Broadcast to all is achieved by setting all 8 bits of destination to 1s. This
selects all IAUs in the MPIC system.
10 For the Cluster Model, bits 28-31 of the FDR should be programmed to
zeroes. In this model, there are two connection schemes: Flat Cluster and
Hierarchical Cluster.
In the Flat Cluster Model, all clusters are connét:tcd on a single Interrupt
Bus. Bits 28-31 of the Destination Field are the encoded address of the destination
15  cluster which is compared against bits 28-31 of the LDR to determine if the IAU is
part of the cluster. The lower four Eits of the Destination Field and bits 24-27 of the
LDR are compared to identify individua! IAUs within the cluster. 'Arbitrary sets of
proccss;)rs within a cluster can be specified by naming the cluster and sc.tting the bits -
in the LDR destination field (bits 24-27) for the selected mcmbcrs. in the cluster. In _
20  this mode, 15 clusicers each having four processors can be supported. But the
arbitration 1D supports only 15 agents on the Interrupt Bus, and hence the total

number of processors supported in this mode is limited by the MPIC ID. Broadeas



of all processor cores listed in the destination. Trigger Mde for 10
"fixed" Delivery Mdde can be edge or level. 001 (Lowest Priority): neans
deliver the signal to the INTR i nput of the processor core that is
executing at the lowest priority anong all the processors listed in the
specified destination. Trigger Mdde for "lowest priority" Delivery Mde can
be edge or level. 15 010 (SM): neans System Managenent Interrupt.
A delivery node equal to "SM" requires an "edge" Trigger Mdyde. The Vector
information is ignored but should be progran®d to all zeroes. 100 (NM):
means deliver the signal to the NM (nonmaskable interrupt) input of all

processor cores {d#ffRGchvédBy SQ8hg Eﬁhbﬁﬂlauéﬁ?%@{o 120This guarantees a match on all
information is ignored. "NM" is treated as an "edge" triggered interrupt

even if it is pregsersyes adl seledtandlUstinicggeciasted. nterrupt . 101 (INIT):
means deliver the stgnal to all processor cores listed in the destination
by asserting the | NI Tirsihgrhdgdrarchidal Gtidrer dMaeditl,|fslusietd are connected through
hierarchical Interrupt Buses. Cluster managers handle the message passing between
5 Interrupt Buses.
Figure 10, a hierarchical Cluster Model, Shows the connection of 15 MPIC
Interrupt Buses (I-Bus 0-14), each bus associated with one of 15 clusters (Clusters
0-14) that are coupled through Cluster Manager 600. It should be noted that, for the
sake of clarity, Figure 10 does not show a common system (memory) bus coupled to
10 the CPUs and peripheral units served by the IDUs. IRQs and related messages are
restricted to the various I-Buses. The actual IRQ servicing is done on the common
system bus (not shown).
Cluster Manager 600 includes a set of Send Logic Unit 602 and a Receive
Logic Unit 603 pairs, each Send/Receive pair coupled to its own I-Bus and to
15  Internal Bus 601 of Cluster Manager 600. The Send and Receive Logic Units (602
and 603) access to Internal Bus 601 is controlled by Arbitration and Control Unit
605 which resolves any contentions for control of Internal Bus 601 Receive Logic
603 includes a queue for temporarily storing destination address mformauon
designating the intended target clusters and logic for decoding the target address.
20  Send Logic 602 accepts address information from Internal Bus 601 that is destined
to its associated cluster and acts as an IDU on the associatcd I-Bus. In this manner,
any agent in any of the clusters can éommunicatc interrupt-related messages to—

agents in any or all other clusters.



assunme their INIT state. INIT is always treated as an "edge" triggered

I nterrupt even if progranmed ot herwi se. 111 (ExtINT): neans deliver the
signal to the INTR input of all processor cores listed in the destination
as an interrupt that originated in an' 5 externally connected
(I'ntel 8259A-conpatible) interrupt controller. The Interrupt Acknow edgnent
(I'NTA) cycle that corresponds to this ExtINT-delivery will be routed to the
external controller that is expected to supply the vector. A Delivery Mde
of "ExtINT" requires an "edge" Trigger Mbde.-20 _ DESTI NATI ON

MODE[ 11]: This field determ nes the interpretation of the Destination field

as follows: 0 (Physicah iMeemplkdf I
identified by its ID. Bltt s 56- %9%01?%& i cné\@%[{sﬁ(r\?ﬂ%ﬁlsig (gf?zg%de)g? §%dﬁe%1x -bit

AU 1 (Logi cal M)Gik)arc siov® GirGath Musker. Hahé caraér ORPleticfrdiidRdach ireghshy
mat chi ng 15 on Logical Destination under the control of the

Desti nati on For nﬂnnxmgbslﬁefgcandnd:l()@mgaﬂlc Restivenaidi Send Rogicsiat acting asah apéid
Bits 56-63 (8 MSB) of the Destination field specify the 8-bit 1AUID.
DELI VERY STATUS[ Hyweveslthe any oBagantisypies can e farfedfasdbn asthe taraintumbes of hgents
5 doesnot exceed 15. For example, a cluster may have 13 processors, one IDU and a
cluster manager port and each cluster may vary the mix of agent types. Each Cluster
Manager 600 is also limited 10 15 Send/Receive Logic Units (602, 603) because of

the addressing limitations described below. Thus, if each cluster were to have 13

processors and one IDU, the cluster system could handle 195 CPUs and 15 IDUs.

10 There are two basic modes in which a cluster system may operate:
1) Inmra-Cluster Opcfation; or
2) Inter-Cluster Operation.

The Intra-Cluster operating mode is concerned with the delivery of interrupts

within a cluster. The Inter-Cluster mode is concerned with communicating interrupt
15  messages between clusters.

In the Intra-Cluster mode, for the delivery of 1/0 interrupts, IPls, NMI, INIT,
or SMI by an agent in a cluster to another agent(s) in the same clu§tcr, physical- |
destination mode is used. The following del-ivcry modes can be used by .an agent to
communicate to another agent(s) in the same cluster.

20 I/O Interrupts: Fix Delivery mode: one or all (physical addressing mode
only); Lowest Priority: Lowest Priority with broadcast (physical destination mode

only).



current status of the delivery of this interrupt. Two states are defi ned:
20 O (Idle): neans that there is currently no activity for this
interrupt; and 1 (Send Pending): indicates that the interrupt has been
injected, but its delivery is tenporarily held up due to the Interrupt Bus
bei ng busy the inability of the receiving |AU to accept that interrupt at
that tine. -19- Delivery Status is software read-only; software wites
tothis field (as part of a 32-bit word) do not affect this bit. | NTERRUPT
| NPUT PIN POLARI TY[ 13]: This bit specifies ti® polarity of each interrupt
signal connected to the interrupt pins of the IDU. A value of zero 5

the si | is h
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nmeani ng i s undef Le%stfmforﬁﬁggotvesm%ﬁdwnﬂtb%ardupstz %phyEQ&l ae@,ﬁﬁénanrmea@&ﬂg).
interrupts, this bit- is set when | AUs "accept the level interrupt sent

the 1 DU. Renote | RR bNMI,SMEINITMRRedDelivirefiode! ohd\dtdll (ﬂhpﬁcﬁl&ié@dmdtﬁm
i nacti ve or an End-of-Interrupt (EQ)
mode only). |
5 Remote Read: Fixed Delivery mode: one only (physical destination mode
only).

To communicate between clusters, the logical _dcstination mode (with
hierarchical cluster) is used. In this mode, bits 28-31 of thc Destination Format
Register should be programmed 10 zeros and bits 24-27 should be used to address

10  the agent(s) in that cluster. Both the cluster field (bits 28-31) and the agent field
| (bits 24-27) of the logical destination address are used as encoded fields. A value of
15 in the cluster field indicates a broadcast to all clusters and a value of 15 in the
agents' field indicates all agents in that cluster. To sclect all agents in all clusters, a
value of 15 should be placed in both the cluster and agent fields.
15 The following delivery modes are for communicating between clusters.

I/0 Interrupts: Fixed Delivery mode: one or all (logical destination mbdc
only); Lowest Priority: Lowest Priority with broadcast (logical dcs.tination mode
only). .

IPIs: Fixed Delivery mode: one or all (logical destination mode only);

.20 Lowest Priority: Lowest Priority with broadcast (logical destination mode only).

NMI, SMI, INIT: Fixed Delivery mode: one or all (logical destination
mode only).

__Remote Read: Not supported between clusters.



10 nmessage is received froman | AU. TRI GGER MODE[ 15]: The Trigger Mode
field indicates the type of signal on the interrupt pin that triggers an
interrupt. Zero indicates edge-sensitive, and 1 indicates |evel-sensitive.
MASK[ 16]: Use this bit to mask injection of this interrupt. Zero indicates
15 that injection of this interrupt is not nmasked. An edge or |evel on an
interrupt pin that is not masked results in the delivery of the interrupt
to the destination. One (1) indicates that injection of this interrupt is
masked. Edge-sensitive interrupts signal ed o27a masked interrupt input pin
are sinply ignored (i.e., it is not delivered and is not held pending).

Level -asserts or deasqedrtlﬁtt:?-@l':’srtér'dﬂﬁraﬁanthgéﬁ 911Jh@‘é@r‘xdcr%ﬂxster%@rﬂﬁ'atrwﬁaﬁé{h
are al so ignored and have no side effects angi ng the mask from

unmasked to naskeggighlt ®ktAdHROnirdd dveplts msacﬁgmrm&gemdﬁacﬁtashmﬁagect
~on that interrupt. Fhis behavior will be identical to the case in which the

i nterrupting devipuegitin theReative Lagic Ditie603eceibehoee, dbrides theaiddtens inférmation
posted to the processor. It is the - 20-
to determine the destination cluster. Cluster Manager Controller 605 acquires
5  Internal Bus 601 and puts the message in the Send Logic Unit 602 of the target
cluster. Send Logic Unit of the target cluster acquires its I-Bus, converts the
message from the logical destination mode to the physical destination mode and
broadcasts it over its I-Bus. Iq this manner, any cluster can send ix{tcrrupt messages
to any or all clusters.
10 Each processor has a processor priority that reflects the relative importance
of the code the processor is currently executing. This code can be part of a process
or thread, or can be an interrupt handler. A processor's priority fluctuates as a
processor switches threads, a thread or handler raises and lowers its priority level to
mask out interrupt handlers, and the processor enters an interrupt handler and returns
15 froman intérrupt handler to a previously interrupted activity.

A processor is lowest priority within a given group of processors if its
processor priority is the lowest of all proccssors in the group. Notc that more than
one processor can be lowcst priority in a gwen group.

A processor is the focus of an interrupt if it is currently servicing that

20  interrupt, or if it currently has a request pending for the interrupt. Focus processor

checking can be enabled/disabled by programming the bit 9 of the Spurious Interrupt

Vector Register.



software's responsibility to deal with the case where the Mask bit is set
after the interrupt nessage has been accepted by an TAU but before the
interrupt is dispensed to the processor. BUFFER FLUSH ENABLE[ 17]: This bit
controls the flushing of 1/0O5 Regi Sters on a per-interrupt basis. \Wen
this bit is set to zero, the |1/O Register nust be flushed before the I/0
interrupt is sent to the AUs. Wien this bit is set to one, the flushing of
|/ O Register is not required before sending the I/Ointerrupt to the |AUs.
DESTI NATI ON[ 56: 63]: If the Destination Mdde @8-this entry is "Physical 10
Mode, " then bits 56-59 contain an AU ID. If Logical Mde, then the

Destination field pot afletbl delfRhy Bifodif hn RiclRSEREO  Recdls!is iARAH; o

the Destination field specify the gl cal destindtion addressS.

Structure 15 the interrtipe systéiniad oA CSMAL $DD € DefiVerl Recdrifidle AP FRES He
i nterrupt sources, rnterrupt acceptance, dispensing interrupts to the

processor, and seslicigg processpr wtie$s ddcal DAE T iy pbmpletBensliing an end-Beiddedraper ¥
Mode of the interrupt, none, sone, or all | AUs can accept an interrupt. An
| AU accepts an i (E@Drogpimand w itsflocal IAU. | Onlglthargtastalieelevdre infophation regarding
processor. Accepting an interrupt is purely an inter-MPIC matter,
that occurrence of the interrupt been erased. The interrupt system guarantees
exactly-once acceptance semantics of interrupts to the specified destinations.

Clearly, a single-edge interrupt or level interrupt counts as a single
occurrence of an interrupt. In uniprocessor syétcms, an occurrence of an interrupt
that is already pending cannot be distinguished from the previous occurrence. All

10 occurrences are recorded in the same interrupt IRR bit. They are therefore treated as
“the same" interrupt occurrence.

For lowest-priority delivery mode, the identical behavior can be achieved in
a multiprocessor system by delivering an interrupt first to its focus processor (if it
currently has one). If an interrupt has a focus processor, then the interrupt will be

15  delivered to the interrupt's focus processor independent of priority information.

Each edge occurring on an edge-triggered intei'rubt input pin is clearly a_'onc-
shot event; each occurrence of an edge is delivered. An active lev;l on a level-
triggered interrupt input pin represents more of a "continuous event." Repeatedly,
broadcasting an interrupt message while the level is active would cause flooding of

20  the Interrupt Bus and, in effect, transmits very little useful information since thé
same proccssof (the focus) would have to be the target.

Instead, for level-triggered interrupts, the JAUs recreate the state of the

interrupt input pin at the destination JAU. The source IDU accomplishes this t-)y



20 dispensing an interrupt to the |local processor only involves an | AU
and its associated processor. Figure 8 is a block diagramof an | AU
Software interacts with the AU by reading and witing its registers. The-
intent is that the register set of each | AU appear at an identical address
for each processor. Software can then use an identical address to
control interrupts independently of which processor, in the nmultiprocessor
system is currently running the code. The address space (nenory space) for
the AU is fixed at FEEO 0000 (hex) 5 for -BR-bit address and reserves 4k
bytes of nmenory. Typically, software would access |IDUs very infrequently,

whil e access to &d&ﬁxn'g%’ésﬂa& mag Qémﬁggtegéhmaﬁ% Abegg&w tt %&;ﬁteg tﬁ,lmlep{gfr

in menory space yields best per sl nce so t wa

regi sters can beep@migai)ah réé’lﬁcrpéreﬁﬁswr'rhé\@ésﬁnithﬁ:tm‘w kérﬂsﬁﬁ%:éﬁmr ks as
|l ong as the I NTA (interrupt acknowl edge) cycle forces a flush of all 10

buf fered writes rhysshfreropliOTHSSRI @S A fchford IR bit Alben nms: firshalevehitesend
by uni que addresses and by using 32-bit | oads and.
is serviced by the destination IAU. Then, the relevant IDU resets the remote
5  Interrupt Request Register (IRR) bit of that level interrupt.

Because IAUs have storage in the IRR for pending only two interrupts pér
class, there is a possibility that the IAU cannot accept further interrupts in that same
class. In this case, the IAU notifies the sender by means of the status cycle of the
message to “retry” the same interrupt again later.

10 The IDU scans its interrupt lines sequentially (from top to bottom) in a
circular fashion. When it sees an interrupt active and its delivery status bit is set
(i.e., send pending), it will ransmit that interrupt onto the Interrupt Bus. If that
interrupt is not accepted by any IAU because its holding rcgi#tcr is busy, or because
of a check sum error, or a no response error, the IDU does not reset its delivery

15  status bit to idle for that interrupt but goes to the next interrupt line and continues
scanning. The IDU goes back to the interrupt which needs the “retry” only when its
turn comes in the scan _scqucnéc..

The IPI (Interprocessor Interrupt) messages, which also use the Inftcrrupt
Bus, follow the same rules for message retrys.

20 ' Répcatcd message retrys on the Interrupt Bus result in a loss of useful
bandwidth. Ideally, retrys can be minimized by using following techniques. Retrys
resulting from nonacceptance of messages by the destination IAU because of -

nonavailability of holding buffer space can be minimized by the sending IDU's use



stores. This inplies that, to nodify a field (e.g., bit, byte) in any

regi ster, the whole 32-bit register nust be read, the field nodified, and
the 32 bits witten back. Al so, registers that are described as 64 or 256
bits wide are accessed as multiple 15 i ndependent 32-bit registers.

Regi ster description fields containing r's or <RESERVED> or <reserved> are
reserved by the architecture. Reserved fields will read as all zeroes. The
destination of an interrupt can be zero, one, all, or a group of processors
in the system A different destination can bg-specified for each interrupt.
The 20 sender specifies destination of an interrupt in one of two

Dest i nati on Nbdeéf:hé’ﬂ%%ﬂrr(&)@'Bd\ébcﬂ&x%‘s‘!io'noc&%;f&@é&dggg&koffindc'l}iég%_%i&p%%%i :g%}lglcka

Mode, the destination essor s speci a un

singl e destinatiQm Sfofordceadfttlentol sfddld bt Brnftfed 3 En@&et%%onrgﬁ'? aR@mﬁRe&iféﬂsed

in this node. Each +DU and I'AU has a regi ster that conta he uhits
The I D serves  reating it as hard error. It is software's responsibility to intervene to stop the retrys

caused by check sum and acceptance errors.

5 Remote Read messages are always accepted unless there is a check sum
error. There is no retry for Remote Read message. NMI, SMI, INIT, and ExtINT
interrupts are retried for check sum and acceptance errors. These interrupts are

- always accepted by the IAUs if there is no check sum or acceptance errors.
The MPIC supports two modes for selecting the destination processor: Fixed
10  Priority and Lowest Priority. Fixed Priority is a static distribution mode, while
Lowest Priority is a dynamic mode.
In fixed redirection mode, the interrupt is unconditionally delivered to all
IAUSs that match on the destination information supplied with thc'intcrrupt. Note
that for 1/0 device interrupts, typically onlyl a single IAU would be listed in the
15  destination. Priority and focus information are ignored. If the priority of a
destination processor is higher than or equal to the priority of the interrupt, then the
interrupt is held pending locally in the dcstinagion processor's local.IAU. When the
processor priority becomes low enough, the pcnding interrupt is dis_pcnsc‘d to the
processor by its local IAU.
20 Fixed redirection allows static distribution of the interrupt load across all
processors. It also allows existing sin gle-threaded device drivers to function in a

multiprocessor system environment. It requires that software bind the driver to-a--



5 as a physical nane of the MPIC unit. The IDis |oaded at power-up. It
can be read by software at all tinmes without any side effects. In the
Physical Mode, the IDis used to specify destination information. In the
preferred enbodi ment, a maxi mum of 15 | AUs are supported. An ID of all 1s
denotes a broadcast to all IAUs. Figure 9 shows the bit assignnents of the
AU ID 10 register 301. In the Logical Mde, destinations are specified
using an 8-bit Logical Destination Field. All 1AUs contain an 8-bit field
in Logical Destination Register (LDR) 302 ag?inst whi ch the Destination
Field of interrupt is matched to determne if the receiver is being

targeted by the nterrupt. An additio 8-bit Dest|nation 15 For mat

Regi ster (DFR) 352“?3‘%&%‘?%}%3? iﬂ'ffe@)qi%‘?:‘ﬁ%"}?cﬂ%"t%é IHETPPLS 42 PRI thatel d i s
conpared agai nst t Ess ER In other words, DFR 302 defines the
interpretation oP TEE ‘ogi cal Mode destination information. The 4 bits

P oir s 16 and 13 -shour PREHBERUCSeARIRL R il U ALARNR i il 2
DFR 302 and LDR fsdngifs A€ oRé fPRRPEdnEPdAGRASHEwh ﬁahwwgﬁegtri\ Dg,g]u{%i s

delivery node of the cluster-based delivery node. For the
28-31 of the DFRvAGE Ifufidre RitansrRQIracBEsst i§ &t the lowest priority, then the unique

~

arbitration ID is used to break ties. For lowest priority dynamic delivery, the
interrupt will always be taken by its focus processor if it has one. Only IAUs which
have a free or available holding register for the priority class will participate in the
lowest priority arbitration.

10 The Lowest P_riority delivery method assures minimum interruption of high
priority tasks. Because each IAU only knows its own associated processor priority,
determining the lowest priority processor is done by arbitration on the Interrupt Bus.

All IDUs and IAUs communicét_c during interrupt delivery. Interrupt
information is exchanged between different MPIC units on a dedicated three-wire

15 Interrupt Bus in the form of broadcast messages. The format of these MPIC
messages is not visible 10 software.

The 4-bit arbitration ID (Arb ID Register 307) is derived from the contents bf
ID Register 301. MPIC employs rotating priority scheme for bus arbitrat.ion. The
Arb IDs are updated every time a message is transmitted successfully. Each IAU
20  usingacommon Interrupt Bus should have a unique ID. The Arbitration ID is also
used to resolve ties during lowest priority arbitration.
The Redirection Table of IDU 113 (Figure 3) serves to steer interrupts that

originate in the I/O subsystems (o the processors. Local Vector Table 332 of IEigurc
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Bits 0-27 of the DFR are al ways 1s. -23- Also, bits 24-31 of the
destination information are interpreted as a decoded field. This field is
conpared agai nst the LDR of the 1AU. If there is a bit match (i.e., if at

| east one of the corresponding pair of bits of the Destination Field and
LDR match), this IAU is selected for interrupt delivery. Each bit position
in the 5 Destination Field corresponds to an individual 1'AU. this schene
all ows the specification of arbitrary groups of IAUs sinply by setting the
menber's bits to one, but only allows a maxigum of eight LAUs in a system
Broadcast to all is achieved by setting aII bits of destination to Is.
This selects all 1AUs in the MPIC system or. the Cl uster

Mbdel , bits 28- 38 i0fs %%vmf@mmra!pfféhyr%reém@ Pdh%E)FB'egmﬁSﬁ%S\L*& R5ak!

(Do, e ve, SoURCELh N SehSHE LT et ot 1B Alrgh Frasher 1
In.tcrrupt 1, and Error Interrupt, as shown in Fxgurc 13.

The assigned bit fields of Figure 13 are as follows:

S VECTOR[0:7): This is the vector bit field to use when generating an
interrupt for this entry. The vector values range between 10 and FE(hex).

DELIVERY MODE(7:10]): This field only exists for the Local Interrupt
entries 1 and 2, and has the same meaning as the Delivery Mode in Redirection
Table 201 of the IDU shown in Figure 3. The Timer entry generates edge-triggered

10  maskable interrupts to the local processor. Delivery Mode ficld does not exists for
Timer interrupt entry.

DELIVERY STATUS[12]): Dclivéry Status in Local Vector Table entries is
identical 1o Delivery Status in _thc Redirection Table 201 (Idle, Send Pending). This
field is software read-only.

15 INTERRUPT INPUT PIN POLARITY([13]): This bit specifies the polarity
of each interrupt signal connected to the interrupt pins of the JAU. A value of zero
mcaﬁs the signai is high active, and a value of 1 means the signal is low zfctiv.e.

REMOTE IRR[14]: This bit is used for level-triggered interrupts; its
meaning is undefined for edge-triggered interrupts. For level-triggered interrupts,

20  this bitis set when the acceptance logic of the IAU accepts the interrupt. Remote
IRR bit is reset when the corresponding line level of Interrupt Input lines 119 of the

IDU is inactive or an EOI message is received from the IAU.



Bus. Bits 28-31 of the Destination Field are the encoded address of the
destination 15 cluster which is conpared against bits 28-31 of the LDR to
determine if the lAUis part of the cluster. The |ower four bits of the
Destination Field and bits 24-27 of the LDR are conpared to identify

I ndividual IAUs within the cluster. Arbitrary sets of processors within a
cluster can be specified by nam ng the cluster and setting the bits in the
LDR destination field (bits 24-27) for the gglected nmenbers in the cluster.
In 20 this nmode, 15 clusters each having four processors can be

suppor t ed. But the'ar'PkFG@}E' g«;é@ﬁ%ﬁp%ksrn%gwm%ﬁc%Qﬂkﬁﬁg{lﬁﬁgcewggé?%ig%{ﬂt

Bus, and hence the total nu 0cesso supporte
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destination bits te 1. This guarantees a match on all clusters;
sel ect all | AUs iidic@a¢kvel-sentigive. ORIytRE IQtaPIadrhlpt pids c&h BE beSeriaARH as Ehgd-

clusters are connected through hierarchical Interrupt Buses.  Custer
manager s handl e or hevetrasgresl. PHAR! gerffh WA WaPs weditd & ddgp i BUs s ..
5 MASK([16]: Zero enables injection of the interrupt; 1 masks injection of the
interrupt.
TIMER MODE(17]: Zero indicates one-shot mode; one indicates periodic
mode. (This field is only defined for the Timer entry.)
A processor generates interprocessor interrupts (IPIs) by writing to Interrupt
10 Command Register (ICR) 305 in its local IAU. Conceptually, this can be thought of
as the processor providing ah interrupt Redirection Table Entry on the fly. Not
surprisingly, the layout of Interrupt Command Register 305 resembles that of an
entry in Redirection Table 201 of Figure 3. Note that the format of this register
allows a processor to generate an edge-triggered interrupt. A processor may use this
15 1o forward device interrupts originzilly accepted by it to other processors. This can
also be a useful debug feawre. All in'lcrproccssor interrupts are treated as edge-
triggered even if programmed otherwise.
All ﬁclds of ICR 305 are read-write by software with the exception of the
Delivery Status and Remote Rcad Sfatus fields which are read-only. Wriﬁng a
26 32-bit word to an ICR that contains an interrupt vector causes the interrupt message
to be sent. |
The bit assignments for ICR 305 are shown in Figure 14 and are described-adem

follows:



Figure 10, a hierarchical Custer Mdel, shows the connection of 15 MPIC
Interrupt Buses (I-Bus 0-14), each bus associated with one of 15 clusters
(Clusters 0-14) that are coupled through C uster Manager 600. It should be
noted that, for the sake of clarity, Figure 10 does not show a common
system (nenory) bus coupled to 10 the CPUs and peripheral units served by
the I1DUs. 1RQ and rel ated nessages are restricted to the various |-Buses.
The actual 1 RQ servicing is done on the com®wn system bus (not shown).

Cl uster Manager 600 includes a set of Send Logic Unit 602 and a Receive

Logi ¢ tnit 603 palr SypearOREensll FRelots: PALnEoMR! tlintdnid: Bediiehs Eﬂ"ﬁleﬁ‘gg.c

to 15 Internal Bus 601 of C uster Mnhager eceive

Units (602 and BeBerpdkizss tRethbletdaal" tﬁ’éh&h@&'%ct'o?ﬁEHrHoEQJﬂ@tﬂcQMdr%?bettrh@t' on
and Control Unit 605 which resolves any contentions for control I nt er nal

Bus 601. Recei vegisegicb&fadiimdetdasiealAllieue for tenporarily storing
destination address infornmation designating the intended target clusters
and | ogic for decodi BELANERYAMOGDE{8d0EsThe Déliverpdislicliogidchiofieldagsept S
address information fromlInternal Bus 601 that is destined to its

associ at ed €l usPesifightiowsheslAdds Hsted buhodestinatiereSddishoidd ake Brus rebepriohniof
manner, any agent in any of the clusters can communicate interrupt-related
messages to- adBi§tsiEmah Ha byt all|intemrpegssarinisrapts behave as edge-triggered

interrupts (except for a spcczal case of INIT dcscnbcd later) even if they are -
programmed as level-triggered interrupts.
000 (Fixed): means deliver the signal on the INTR signal of all processor
10 cores listed in the destination. Always edge-triggered. Trigger Mode
and level information are don'i care. |
001 (Lowest Priority): means deliver the signal on the INTR signal of the
prbccssgr core that is executing at the léwc’st px‘iority among all the
processors listed in the specified destination. Always edge-triggered.
15 Trigger Mode and level information are don't care.
010 (SMI): means System Management Imcrfupt. A delivery mode equal 1o
"SMI" is treated as an "edge” triggered interrupt. The vector

information is ignored. Trigger Mode and level information are don't
care.

e

~720 - 011 (Remote Read): is a request to a remote LAU to send the value of one of
its registers over the Interrupt Bus. The register is selected by
providing its address in the Vector field. The register value is latchedom

by the sending IAU and stored in the Remote Register where it can be



-25- In the exanple of Figure 10, eight CPUs (with associated | AUs) and six
| DUs are shown for each cluster. In the current inplenentation, each I|-Bus
is limted to 15 agents including the Receive and Send Logic pair acting as
an agent. However, the m x of agent types can be varied as long as the
total nunber of agents 5 does not exceed 15. For exanple, a cluster may
have 13 processors, one IDU and a cluster nanager port and each cluster may
vary the m x of agent types. Each C uster _g{g_nager 600 is also limted to 15
Send/ Receive Logic Units (602, 603) becausé~of the addressing |limtations
descri bed bel ow. Thus, if each cluster were to have 13 processors and one

I DU, the cluster system d& By Hgrlasad piogsssepUd RelivensModeief “"Remote Read” Ther e
are two basic nodes in which a cluster. system may operate: 1) -

Intra-C uster Qperation; 6Augysan edge{EgeeNiQder Operation. The

wthin a ol uster. THOORNREDS et Gvep e siebel e RAGmRicHr A ooy
interrupt listed in the dcstin'ation_, vector information is ignored. "NMI" is
5 ' treated as an "edge” triggered intcffupt even if it is programmed as a
"level” triggered interrupt. Tri ggér Mode and level information are
don't care. |
101 (INIT): ‘means deliver the signal to all processor cores listed in the
destination by asserting the INIT signal. All addrcsscd IAUs will |
10 assume their INIT state. INIT is always treated as an “edge”
| ufggcrcd interrupt even if programmed otherwise except for the *
following special case. When INIT is programmed with Trigger
M-odc = "level” and Level Mode = 0 (i.e., deassert), it wiﬂ be
_interpreted as a synchronization message to all MPIC agents to
15 - synchronize their Arb IDs with their MPIC IDs. Hereafter, this
.mcssag.c' is referred to as “INIT Deassert.” When INIT is
programmed as an “edge” triggered in.térrupt. “Level” information is
don't care.
DESTINATION MODE[11]): The interpretation of this field is identical to
20. the Destination Mode field in Rcdirc;tion Table 201. |
| DELIVERY STATUS[12]): A value of zero means there is no activity for
tﬁis interrupt. A value of 1 means delivery of this interrupt i$ temporarily held-Gp—esem

due to the Interrupt Bus being busy or the receiving IAU not having a free interrupt



15 messages between clusters. In the Intra-Custer node, for the delivery
of I/Ointerrupts, IPls, NM, INIT, or SM by an agent in a cluster to

anot her agent(s) in the same cluster, physical destination node is used.
The follow ng delivery nodes can be used by an agent to communicate to

anot her agent(s) in the sanme cluster. 20 1/0 Interrupts: Fix
Delivery node: one or all (physical addressing node only); Lowest Priority:
Lowest Priority with broadcast (physical deg¢ination node only). - 26-

| Pls: Fixed Delivery node: one or all (physical destination node only);

Lovest o L it B Ui AL, Boadect (pStRe desgallon, oce
gﬁls;i ?g%;gPCZ})dlgoechJ%gsﬁegrﬁrﬁg%éAg Mi}ﬁ)esgptthg apRgr%gr:iat'éic)ér%xd bﬁ)% 1h\</:ecrnyorrg8\ 5s One
’ register and will reay the mcssagc; Software determines the number of retry
- allowed before treating it as a hard error.
5 - LEVEL([14]): This bit is used for the Spccial case of INIT delivery mode
described above. For all other delivery modes, this bit is a don't care.
TRIGGER MODE(15]: This field is used for the Special case of INIT
delivery mode described above. For all other delivery modes, this bit is a don't care.
REMOTE READ STATUS[16:17]: This field indicates the status of the
10 daua contained in the Remote Read register. This field is read-only to software.
thn'évcr software writes to the -lr'xtcrru_pf Comr.nanc;i- Register 305. using Delivery.
Mode "Remote Read,” the Remote Read status becomes “in-progress” (waiting for
the remote data t'.o arrive). The remote MPIC agent is expected to respond in a fixed
amount of Interrupt Bus cycles. If the remote agent is unable 1o do so, then the
15  Remote Read status becomes "Invalid.” If sucécssful. the Remote Read status
resolves to "Vﬁlid." Software should poll this field to determine complctiqn and
success of the Rcmoré Read command. This 2-bit code has the following
interpretation:
00 (invalid): the contcni of the Remote Read Register is invalid. This is the
ZQ - case aftera Rcmotcﬂ éead command issued and the remote agent was

unable to deliver the Register content in time or the message had a

check sum error. ) R

R T L



To comuni cate between clusters, the |ogical destination node (wWth

hi erarchical cluster) is used. In this node, bits 28-31 of the Destination
Format Regi ster should be programmed to zeros and bits 24-27 should be used
to address 10 the agent(s) in that cluster. Both the cluster field (bits

28-31) and the agent field (bits 24-27) of the |ogical destination address

are used as encoded fields. A value of 15 in the cluster field indicates a
broadcast to all clusters and a value of 1534 n the agents' field indicates

all agents in that cluster. To select all ‘agents in all clusters, a value

of 15 should be placed in both the cluster and agent fields. 15 . .
The foll owi ng del i vePy (RdieEesy o2 Rsmoto Rt reamnnhhasdieqr sued. gad drig IAY/ip

I nt ts: Fixed Delivery npode:. qgne or all (logical destination node
oﬂl )e/; r UEO\?\/estI Priarity: Lé’\%g'tgefﬁ‘? &Grdiaf‘vo\fbi“?‘ﬁ’ %?“gég"c%‘?m? R&ditcal destination
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clusters. 5 - DESTINATION SHORTHAND(18:19]: This field indicates whether a
shorthand notatioﬁ is used to specify the destination of the int_crmpt by the shorthand
code used. Destination Shorthénds do not use the 8-bit Destination field and can be
sent by software with a single 32-bit write 10 the IAU Interrupt Command Register
305. The 2-bit code is interpreted as follows:
10 00 (dest-field): means ihat no shorthand is used. The destination is specified
" in the 32-bit Destination ficld in the second word (bits 32-63) of the
Interrupt Command Register 305.
01 (self): .' means that the same IAU is the sole destination of the intcrfupt.
This is useful for software interrupts. The Destination field in the
15 ' Interrupt Command Régis:cr is ignored. In this mode, Lowest
.Prion'ly and Remote Read delivery modes are not supported.
10 (all-incl.-scif): means that the interrupt is to be sent to “all” processors in
the system including the proécssor sending the interrupt. The sending
IAU broadcasts a message with destination field set to all onés.
20 o Global TLB (cache table look-aside buffer) flush and broadcasting
timer intérhxpts zll.rc typical uses for this mode. In.this'mode, Lowest

Priority and Remote Read delivery modes are not supported. ———-—-—



-27- For Inter-Cluster operation, the agent in the sender cluster sends a
message in logical destination node over its |I-Bus. Custer Manager 600
accepts the nessage, puts it in the-Receive Logic Unit 603 receive queue,
decodes the address information to determine the destination cluster.

Cl uster Manager Controller 605 acquires 5 I nternal Bus 601 and puts the
nessage in the Send Logic Unit 602 of the target cluster. Send Logic Unit
of the target cluster acquires its |-Bus, nverts the nmessage fromthe

| ogi cal destination node to the physical déstination node and broadcasts it
over its I-Bus. In thIS manner, any cluster. can send interrupt nessages to

any or all clusters.lligll-excl- -self): "E&‘Ehﬂ‘ﬁF Bed8BRPHA L0 BE b S 'orpr?ﬁcﬁm vy
ooy “Ehecit o T SRS By S S B S et
e, o0 LIV ETupL handl e A Ak B b i B oA RS,
el QUL 1Pt YL 9 I PSR LR AR o
interruptedsactivity. a boot processor (init) and also for TLB flush where “self" is flushed
| using the processor flush instruction.
DESTINATION[56:63]: This ﬁcld is only u;cd when the Destination
Shorthand is set to “dest-field." If Destination Mode is Physical Mode, then the bits
56-59 contain an IAU ID. If Logical Médc, then the interpretation of the 8-bit
10 Destination ficld further depends on the Destination Format Register 303 and LDR
7302 il the IAUS. ' :
All IAUs receive all mt_:séagcs broadcast over the Interrupt Bus. The JAU
first checks if it ig the message destination by matching the l8-bit Destination field in
the message against its ID register (in the physical address mode) or LDR 302 under
15  control of its Destination Format Register, in the logical address mode. All IAUs
that match are s;aid to "belong 1o the group.”
Once an AU determines it is a destination, it checks the availability of a slot
in the Interrupt Request Register (IRR) for that paﬁicular interrupt (except for NMI,
SMI, INIT, ExtINT). In the fixed delivery mode, if a slot fs not available, the IAU
20  will put “retry” status on the bus during the status cyi:ic. If it can accept the
interrupt, it waits until .the status cycle to see any other agent has put "reject” or
“retry” status on l"l:1c bus. If th(;ré is no reject or retry status on the bus, the AU

accepts the interrupt.

FX



A processor is lowest priority within a given group of processors if its
processor priority is the lowest of all processors in the group. Note that
nore than one processor can be |owest priority in a given group. A
processor is the focus of an interrupt if it is currently servicing that 20
interrupt, or if it currently has a request pending for the interrupt.
Focus processor checking can be enabl ed/ di sabl ed by programm ng the bit 9
of the Spurious Interrupt Vector Register.3g. -28- Interrupt delivery
begins with an interrupt source injecting its interrupt into the interrupt
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specified destinations. Cearly, a sing I nterrupt or |evel 1 nterrupt
counts as a siKRgé®in the destination unconditionally assert the corresponding output signal to the

5  associated processor. ISR, IRR, etc. are byp_asscd for these types of ihtcrrupts, and
vector information is not defined except for SMI. For SMI, vector field must be
programmed to zero for future compatibility.

Because IAUs caﬁ accept i'.mcrrupts from their local ICR and Interrupt Bus,
there will be contention between these interrupts for the IAUs acceptance resources.
10 In case of contention, the Interrupt. Bus has the highest priority follbwcd by the ICR
and local inférrupts. | . | C
Each IAU contains IRR, ISR, and TMR registers in register group 312 of
Figure 8, and fonﬁaucd_as shown in Figurc 15, that play a role in the acceptance of
interrupts and in dispensing the accepted interrupts to the !6cal processor. The
15  Interrupt Request Register (IRR) contains the interrupts accepted by the IAU (up to
two deep) but nbt yet dispensed (; the associated proécssof. The In Service Register
(ISR) contains the interrupts that arc'currcmly in service by the processor, i.e., the
.interrupts that have been dispénsed to the processor but for which the processor has
not yet signaled the End-of—Ihlcrrupl (EQI).
20 o Each interrupt has an associated vector that determines the pﬁorﬁy of the
interrupt. When an interrupt is b.ei;ng serviced, all equal or. lower priority interrupts

are automatically masked by the 1AU. e



occurrence of an interrupt. In uniprocessor systens, an occurrence of an

I nterrupt that
Al'l 10 occurrences are recorded in the same interrupt IRR

occurrence.

I s al ready pendi ng cannot be distinguished fromthe previous

bit. They are therefore treated as "the same" interrupt occurrence. For

| owest-priority delivery node, the identical behavior can be achieved in a
mul ti processor system by delivering an interrupt first to its focus
processor (if it currently has one). If amgnterrupt has a focus processor
then the interrupt will be 15 delivered to the interrupt's focus
processor independ
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nt er s and, ect transmts very

usef ul i nfor MRROB: & d1Efed HEhS e RO TSR BRis bdtMRrhp PUSINTR W Seh Ay e tvRE

“the target.

Instead, for level-triggered interrupts, the I AUs recreate the

state of the ipi @iheiatl, tHERlthe RicAl IAU WAL sctRdH deddderGiicdsdid o IEIFO when tHeU
acconpl i shes thi-s by

10

15

20

EOI cycle for that interrupt occurs.

ISR, IRR, and TMR registers are read-only by software. Each of these
256-bit registers is accessed as eight separate 32-bit registers. The processor masks
interrupts by writing 1o the local IAU's Task Priority Register (described below).

Each of these registers (IRR, ISR, TMR) is scén by software as a bit array of .
256 bits where b-it i track; the imcr'z;upt with vector “i." These rcgistcrs; are .
software only and bits 0-15 are reserved. |

TMR (Tri};ger Mode Register): Upon acceptance of an interrupt, the TMR
bit is cleared (zero) for cdgc-trigg_créd interrupts and sct_(l) for level triggered
interrupts. If TMR bit value is zero, nothing happens. IF TMR bit value is 1, then
the local IAU sends an EOI message to all IDUs during the EOI cycle of that
interrupt. |

IRR (Interrupt Request Registér): It contains the active interrupt requests

- that have been accepted, but not yet dispensed by this IAU. A bitin IRR is set when
the IAU accepts the interrupt 'arlad_is cleared when the INTA cycle occurs.

ISR (In Service Register): It marks the interrupts that have been delivered
to the processor, but that have not been fully scrviccd-(End-of-Im-crrupt NOL YCI———=wem

received). The ISR register reflects the current state of the processor's interrupt



-29- tracking the state of the appropriate destination |AU s Interrupt
Request Register (or pending bit) in register group 312. The destination

| AU sends an inter-MPIC nessage to all IDUs to reset the renote IRR bit
when the EQ for that level interrupt is serviced by the destination |AU
Then, the relevant LDU resets the renote 5 I nterrupt Request Register

(IRR) bit of that level interrupt. Because | AUs have storage in the IRR for
pending only two interrupts per class, thergjis a possibility that the | AU
cannot accept further interrupts in that sane class. In this case, the | AU

tifi th d .th Iat | f t tQ "retry"
o s | he R R R A Yoo B 508 Bl
an' i nt or rupt - acESYalRcer SRSl poety ek pitls A At aE redRrigSPongliff Tt bR e
pending), it w U_asts&aﬁggﬁgt;/&gg ci‘{)‘ﬂ??rc[)sg&tmgﬂtlgdshe Interrupt Bus. If that

interrupt is not accépte ecause 1'ts holding register is busy,

or because of a check, g4dmieh E@{hc'm,?sm%amﬁ%gggfss ﬂfcrcirgq-idl%g@&%%t&@t

reset its delivery 15 status bit to idle for t I nterrupt bul gdes to

the next intsrrgpi fdddagh pAOriGABVAINTREseSeFiRRWe uddibol (BHpeRESy Bidfdchk0 t he
I nterrupt which needs the "retry" only en its
' interrupt and trigger level informadon before it is passed onto IRR and TMR
registers, respectively. The registers are software transparent.
Figure 16isa flow diagram of the interrupt acceptance process of th; IAU.
The .procc_ss begins at step 500 in which the IAU is awaiting an interrupt request
10 message (IRQ) from the Interrupt Bus. Upon receipt of the IRQ, the IAU checks to
see if it is designated as a destination in step 501, and if not, the IAU discard_'s the
message and returns to step 500. If the [AU is a designated destihadon._stcp 503
checks if the IR‘Q isaan NMI. SMI INIT, ExtINT or an RR (remote-real) type of
" interrupt and, if so, accepts the message in step 504 and returns to step 5.00. If not,
15  the process proceeds to step 505 where the delivery mode is checked. If itis fixed
mode delivery, step S06 checks to see if an interrupt slot is available and, if not, sets
the status bit to rétry in step 507, discards the message in step 502 and retumns to step
500._ If an interrupt slot is available, step 508 checks if the status is-a retry and, if so,
discards the message in step 502 anaixh‘én returns 10 step 500. If it is not a retry, the
20_ IAU accepts the message in step 509 and returns to step'500. If the délivcry mode in
step 505 is lowest priority, step 510 checks if the IAU is a focus and, if so, accepts
the mcssagc.in step S13. Otherwise, the process moves 10 step 512 where it cheelegee

if another tAU is a focus and, if so, discards the message in step 513 and prozzccds



turn comes in the scan sequence. The IPl (Interprocessor Interrupt)
nmessages, which also use the Interrupt Bus, follow the sane rules for
message retrys. 20 Repeat ed nessage retrys on the Interrupt Bus
result in a loss of useful bandwi dth. Ideally, retrys can be mnim zed by
using follow ng techniques. Retrys resulting from nonacceptance of nessages
by the destination | AU because of nonavailability of hol ding buffer space
can be mnimzed by the sending IDU s use _43.-30- of the Interrupt Bus
transm ssi on exponenti al backoff nmethod. Retrys due to check sumerror or

t g d Limited t t Lry.att .before
Ereari ng. it ns WekdBSIep 500, 1t bths b s S ATRRE B R i iR ABle: o
t th t _ d t 4. D . '
Pomnt & ond mocaREHAR, s 056l I RN ARG R SPO'RER disthrding Wem orror

There is no retmysshgs iFREPEE. @&@r&ﬁéﬁﬁ%ﬁm&% sioMsavhilble a?ﬁ}ﬁaﬁér‘i {NT
interrupts are retried for check suman acceﬁ?ance errors. ese
interrupts are invoked in step 516 and, if the IAU wins the arbitration in step 517, it accepts the
5  message and retums to step S00. If the IAU loses the arbitration, 'tﬁc message is
discarded in step 502, and the process returns to step 500.

Eac_h IAU tracks the priority of its local processor. Processor priority may
change each time the processor switches tasks (process, thread), the processor's
current task raises or lowers its priority, the processor enters an interrupt handler, or

10 the processor returns from an interrupt handler.

Task switching and rask pn'bfity changc§ are the result of t.:xplicit software
action. The _opcr;uing systcﬁl may define a number of task scheduling clzisscs.
Alternatively, dif?crcnt_ classes can be assigned to user code versus system code. If
tasks in diff;rcnt classes are executing when an interrupt cémcs in, then it may be

15  advantageous to interrupt the processor currently running the task in the lcasz.
important clasé. CIcarly,’ if lonc processor is idle while others are doing work, the
MkpmwsmmebuMoMbmm@mhmaﬂdmmdmammﬂmhMWMS
that there is use in defining priority levels below all interrupt levels that can

] participate in lowest priority delivery selection.

20 At times, the opcratihg system may need to block out interrupts from being
serviced. For example, to synchronize access 10 a shared data structure between a
device driver and its interrupt handler, the driver raiscs its priority so that it is equat—=—

to, or higher than, the interrupt’s priority.



al ways accepted by the IAUs if there is no check sumor acceptance errors.
The MPI C supports two nodes for selecting the destination processor: Fixed
10 Priority and Lowest Priority. Fixed Priority is a static distribution
node, while Lowest Priority is a dynamc node. In fixed redirection node,
the interrupt is unconditionally delivered to all 1AUs that match on the
destination information supplied with the interrupt. Note that for 1/0O
device interrupts, typically only a single |AU would be listed in the 15
destination. Priority and focus information are ignored. If the priority of
a destination processQr is
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bind the driver t0 _ I
-5  priorities, while the 4 LSB provide more precision. Priorities are best notated as x:y,
where x is the value of the 4 MSB and y is the value of the 4 LSB. For cxar.nplc,

" TPR valies {0:y}, with 0 <=y <= 15 (and zero in the 4 MSB), can be used to
represent the priorities of the 1ask scheduling ¢lasscs described above (y =0 for idle;
y=1 for backgro_und;' etc.). Ekccpt for interrupts with vectors 0-15 (which are often

10  predefined by the processor) which -all have :bﬁority 0:0, the priorities of other alt
interrupts and their handlers is {x:0} with 1 <=x <=15and is ab;)\}c the base task
priorities {0:y}. Note that-y is only used in lowest priority arbimration. For example,
interrupt vector -123 has priority 7:0 (i.e., the integer part of 123/16 =7)and can be
masked by any task that raises its priority to a value equal or h_igh;r than 7:0. Figure

15 17 shows the bit assignments for TPR 314. |

From -the information in th.é IAU's Task Priority chiﬁtcr and the priority
information derived from the IAU's .In Service chiﬁter, the IAU coxhputes the
Processor Priority value and stores it in the.'Processor Priority Register 306. The
Prpccssor Priority value.is compuied as the maxir_nu_m of: Task Pr'io:_'it.y_(4 MSB),

20  and the priority of the highest order ISR bit set ((vector/ 16);0)._ Thi; value is used to
determine whether or not a pending interrupt can be dispensed to the processor.

| The IAU computes the pﬁority of the next infcrrupt 1o be accepted in the——===

lowest priority mode by using the values in TPR, ISR, and IRR registers. The



-31- fixed processor. and set up the IDUto direct the device's interrupts
to only that processor. -Under the Lowest Priority delivery nethod, the
processor that will handle the interrupt is the one in the specified
destination with the | owest processor priority 5 value. |If nore than one
processor is at the lowest priority, then the unique arbitration IDis used
to break ties. For lowest priority dynamc delivery, the interrupt wll
al ways be taken by its focus processor if i_é4_has one. Only I AUs which have
a free or available holding register for the priority class wll
participate in the |owest priority arbitration. 10 The Lowest
Priority delivef9mppiedyalugdssipeed inthei lawastipatosity AprilratirrolD Registas 308 of Figure
t asks. Because gag_\kﬁélAU only knows its own associ ated processor priority,
det er ni ni ng t he® GREPFOPEY WAlre i cpmpuicd 88 the wayisHen pfy TaskiRriogity §hMnBr He
Interrupt Bus. ALl .| apd, | AUs ¢ ni cage during interrupt . deliver.
I nterrupt i nforﬂ’ﬁ?‘l’"é’%gc %Bﬁ%ﬁ&&&?wwésh&m%féhﬁgﬂ?’ 3L Yo %ﬁhcdg‘%hcs‘
dedi cated three-w.r . terr ABus. in the form of broadcast nessages.
The format of Rk TPt sobQeshiatiy-oF Biis halits b Bop ARRREOT RPHT BT
arbitrationgdD Wé&-{:@oﬁ%k&%h&%@r}j s derived fromthe contents of :
' Once an AU accepts an interrupt, it guarantees the delivery of the interrupt
to its local processor. Dispensing a maskable interrupt to the local processor begins
when the IAU delivers the interrupt to its processor core. If the processor has
interrupts enabled, it will service the interrupt. The IAU delivers the 8-bit vector of
10 the highest priority pending interrupt to the processor core during the INTA cyc'lc.
The INT/INTA protocol causes the intcrri:pt's ISR bit 1o be set and IRR bit to be
cleared. The IAU will mask all the pending interrupts equal to, or less than, the
priority level of the current ISR until the EOI for the current interrupt is received.
| A situation may occur when the processor raises its Task Prionty at or above
15  the level of the interrupt for which the local processor INT signal is currently being
asserted. When the INTA cycle is issued, the interrupt that was 1o be dispensed has
become masked. In this case, the associated IAU will return a Spurious Interrupt
Vector to the processor core. Dispensing the Spurious Interrupt Vector does not
' _a__ffcct the ISR registers, so the software handler for this vector should just return
20  without EOI. If the vector is shared with a valid interrupt, then the handler can read

the vector's bit in the ISR register to-check if it is invoked for the valid interrupt (ISR

bit set) or not (ISR bit clear). Given the mn'ge of 256 vectors, overloading the ———==



| D Regi ster 301. MPIC enploys rotating priority scheme for bus arbitration.
The Arb IDs are updated every tine a nessage is transmtted successfully.
Each | AU 20 using a common |Interrupt Bus should have a unique ID. The
Arbitration IDis also used to resolve ties during |owest priority
arbitration. The Redirection Table of I1DU 113 (Figure 3) serves to steer
interrupts that originate in the 1/0 subsystems .to the processors. Loca
Vect or Table 332 of Figure -32- 8 is itgsequivalent for interrupts that
are restricted to the | ocal processor. The Eocal Vect or Tabl e 332 contains

four 32-bit entries: .Tiner Lgcal é_nterrupt 0, Local] Interrupt 1, and _Error
Interrupt, as i‘rﬁgbﬂﬁ’s "ﬁtcﬁf"ﬁfu‘?'g $yali HE“&%FW(P‘B‘?GE“’HP&C&Q“HP EPEAGHES- 1Bher e

ahen gener at | g RR VRS o BR (LA S GEe Pt ues ?aﬁée”se
PR i e AR
Mode in Redir eféfsb&ﬂis to INIT, NMI, SMI, and RR messages. Pending interrupts in the IRR and
5 ISR registers will be kept and will require masking or handling by the local .
processor. The IAU must be explicitly enabled before it can start accepting other
Interrupt Bus messages. When disabled, system software mﬁst avoid loading ICR
(Interrupt Command Register) 305 if no interrupt message mansmission is to be
allowed. However, a disabled IAU listcn§ to all Interrupt Bus messages in order to
10  keepits ArbID in Arb ID chisicr_ 307 up 10 date with the rest of the system [AUs.
- Softéare in the local processor can énablc or disa-bl_c the associated IAU By '
programming bit 8 of Spurious Interrupt Vector (SIV) Register 325 (Figure 18).
Also, bit 9 of the SIV chistcr'cnablés or disablcs'focus processor checking when in
the lowest priority delivery mode. |
15 Figure 18 shows the bit assignments for SIV Register 325. Bits 0-7 are
' hardwired logical ones for release during an INTA cycle when all pending interrupts
are masked or when no interrupt (IRR) is pending. Bit 8, when zero, places the IAU
in the disabled state. Bit 9, when set 1o logical zero, enables focus processor
checking. |
20 Bcfo_rc returning from the interrupt handler, sofiware must issue an End-of-
Interrupt (EOI) command to its associ;;tcd IAU _EOI Register 315. This tells the
IAU 1o clear the highest priority bit in the ISR register because the .iﬁtcrmpt 1S RO——wm——

longer in service. Upon receiving the EOI, the IAU goes through pribritizatioﬁ by



Table 201 of the IDU shown in Figure 3. The Timer entry generates
edge-triggered 10 maskabl e interrupts to the | ocal processor. Delivery
Mode field does not exists for Tinmer interrupt entry. DELIVERY STATUS[ 12]:
Delivery Status in Local Vector Table entries is identical to Delivery
Status in the Redirection Table 201 (Idle, Send Pending). This field is
sof tware read-only. 15 | NTERRUPT | NPUT PIN POLARI TY[ 13]: This bit
specifies the polarity of each interrupt siggal connected to the interrupt
pins of the I AU. A value of zero neans the signal is high active, and a

| f 1 is.the signal is.| tive. .REMOTE IRR[14]: This bit i d
or Tovel -tr1 oty TAIERE npt e ReLBReAN Rraie atH Mot Presiovs e rrpifgbr od
i nt ts. For j | it ek , hi s bt is.set when th
accept ance | og & e (hdnh 409, ERhARE RNt reibss oL br phigt G tRE Bk sy

when the correspeadi gk pRgy)evel of Interrupt Input lines 119 of the |DU
is inactive or an-EQ nessage is received fromthe | AU TRI GGER

MODE[ 15] : The Tri ggempdadeceiial dnBwli FIERighEL i YPthe ASRIEGSRL is for a level-
5 n—iggcr_cd intcrrﬁpt, the JAU scnds an EOI méssagc to all IDUs to deassert the
corresponding Remote IRR bif. ‘As shown in Figure 19, the choice of code for EOI
- is arbitrary.
Because all IAUs typ_ically occupy the same address range, an IAU's
registers can only be accessed by the associated local processor. From a system
10 debugging point of view, this means that a large amount of state information could
become inai:c;ssiblc if its associated processor hangs up for whatever reason. To
assist in the debugging of multiprocessor systems, the IAUs suppoﬁ a mechanism
that provides rcéd-onl_y access 10 any register in any L;nhcr IAU in the system.
To read any register in a “remote” IAU, the processor writes to the Interrupt
15  Command Register 305 specifying a Delivery Mode of “Remote Read.” The remote
IAU is spcciﬁ-cd in thc; Dcstiﬁation f.':cld'of the Interrupt Command _chist;r in the
usual fashion. Debug software selcct§ a single IAU by using the target IAU IDin
physical destination mode. Because no vector is associated with remote register
access, the Vector field in the Intcrru.pt'Command Register is used 1o select the
20  individual remote 32-bit register td be read. The selector value corresponds to the
address (offset) of the register in l'hc. IAU's address space. Sending a "Remote Read”
command results in sending a MPIC message on the Imcrrppt Bus. The destinaticames

IAU responds by placing the 32-bit content of the selected register on the Interrupt



on the local interrupt pin that triggers an interrupt: zero indicates
edge-sensitive; 1 indicates |evel-sensitive. Only the local interrupt pins
can be programmed as edge- or level-triggered. Tiner interrupt is always
treated as edge triggered. 5 MASK[ 16] : Zero enabl es injection of
the interrupt; 1 masks injection of the interrupt. TIMER MODER] 17]: Zero

I ndi cat es one-shot node; one indicates periodic node. (This field is only
defined for the Timer entry.) A processor ggnerates interprocessor
interrupts (IPIs) by witing to Interrupt 1 Command Regi ster (ICR) 305

1oLt hocel | A HRESRLA e 1 0 ) AOLR Rl Bl RE550
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feature. Al interprocessor interrupts are treated as edge-"triggered even
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with the exception of the Delivery Status and Refiote Read Status fields
whi ch are read-FREY.0000.ti ng a :
Each IAU contains a hardwired Version Register 317 that identifies different
implementations by their version code. This allows software 10 provide
compatibility between different implementations. Version Register 317 also stores a
10 hardivirc’:‘d Local Vector Tabfc_ entry corresponding 1o the highest entry in the DU
. R.cdircction. Table. Fii;-urc 21 shows the bit assignments of the Version Register.
Each IAU has a RESET input signal connected to its local processor Reset
line. Both the IAU and the processor are reset simultaneously. All IAUs obtain
their IDs at the falling edge of Reset.
15 ~ After a power-up Reset, IRR, ISR, TMR, ICR, TPR, Holding Registers,
Timer Inital Count Registers, Timer Count Register, RR, LDR, and Divide
Configuration Register are reset to logical zero. Local Vector Téble entries are reset
to zero except that the Mask bits are set to 1s. Destination Format register is reset to
a]l' 1s. IAU ID Register values are loaded from the processor. All i'ntcrnal_statc
20 machine states are reset. Aléo,'thc Interrupt Bus is disabled by setting bit 8 of the
Spurious Interrupt Véctor Register to zero. |
Initialization Reset (INIT) has lhé same cffect as power-up Reset éxccpt-ma&-—-

the IAU ID Register is not loaded by the processor. Af ter an INIT Deassert message



20 32-bit word to an ICR that contains an interrupt vector causes the

I nterrupt nessage to be sent. The bit assignnents for ICR 305 are shown in
Figure 14 and are described foll ows: -34- VECTOR[0:7]: The vector 1D
identifying the interrupt being sent. If the Delivery Mdde is "Renote
Read," then the Vector field contains the address of the register to be
read in the renote | AU. DELI VERY MODE[ 8:10]: The Delivery Mdde is a 3-bit
field that 5 specifies howthe IAUs listgg.in the destination field
shoul d act upon reception of this signal. Note that all interprocessor

i nt ts beh - tr d.i fo al ,case
of NI T desor | BLOrRarar pdilsiBRd it nredsioD REAEEY Vi SpBY pfuned

t t 00 del i th I the | NTR signal of all
or ocesanr 10 IDRLEEN3OTEANS HE T YEL Lhe o e eeti nati on Al vays

edge-tri ggered. Trigger Mbde

E. Interrupt Bus

5 In one embodiment, the Interrupt Bus 110 is a'thrcc-wirc'synchrbnous bus
connecting all IDUs and IAUs. Two of the wires are used for data cransrhission and
the third is a clock. Only one of the data transmission wires is required for Interrupt
Bus arbitration. -

The Interrupt Bus is logically a wire-OR, and electrically an open-drain,

10  connection providing for both bus use arbitration, and arbitration for lowest priority.
Being open-drain, the bus is ruh at-a "cbmfortablc“ spécd .su;:h that dc§ign-spcciﬁc
termination tuning is not rcéuircd. Furthermore, each MPIC ag'cnt receiving a
message or paniéipatiqg in an arbitration must be given enough time in a single bus
éyclc 'to latch the b.us and_pcrforrh some simple logic operations on the latched

15  information in order to determine whether-the next drive cycle must be inhibited.
The Interrupt éus 110 speed operates at approximately 16 MHz.

All the values mentioned in the protocol description below are logical values;
ie., “Bus Driven® is logical. 1 and "Bus Not Driven® is logical zero. The electrical
values are zero for logical 1, and one for logical 0.

20 The Interrupt Bus 1 10.uscs one wire arbitration to win the bus ownership. A
rotating priority scheme is us#d for bus arbitration. The winner of the arbitration
becomes the lowest priority agent and assumes an Arb ID of zero. All other ageaiSpm

except the ﬁgcnt whose Arb ID is'cqual to 15, increment their Arb IDs by one. "Arb



and level information are don't care. 001 (Lowest Priority): neans deliver
the signal on the INTR signal of the processor core that is executing at
the lowest priority anong all the processors listed in the specified
destination. A ways edge-triggered. 15 Trigger Mde and
| evel information are don't care. 010 (SM): means System Managenent
Interrupt. A delivery node equal to "SM" is treated as an "edge" triggered
interrupt. The vector information is ignoredg Trigger Mde and |evel
information are don't care. 20 011 ?Rennte Read): is a request to
sters over the Interrupt

te AU t end the e of ope of itgr
Bue The 1ogi o0 IS e baratint aensor Sruped e b s sages ot RJEATG ol g
ng.

‘ ' ' “hed _by . di d i h
Rogi ster wher o Mgl & Wit i Bins 0o Riber Skl R rdle ol FronEt oy
.Nbde of "Renntengggga .

A MPIC agent can acquire the Interrupt Bus using two different priority

-
~

5 schemes: Normal or EOI. EQI has the higlh_cSt priority. EOI pribn'zy is used to send
EOI messages for level interrupts from IAU to IDU. When an égcnt requests the bus
with EOI pﬁority, all others requesting the bus with normal pﬁoﬁtics back off.

A bus arbitration cycle starts by the agent driving a start cyélc (bit 0 = eoi,
- .bit 1 = 1) on the Interrupt Bus. Bit 0 = 1 indicates "EOI" priority, and bit0 =0
10 indicates normal priority. Bit 1 should be 1.
For cycles 2-5, the'agent drives the Arbitration ID onto bit 0 of the bus.
Hi gh—ordc_r ID bits are driven first, successive cycles proceeding to the low bits of
the ID. All losi_:r;s in a given cycle drop off the bus using every subsequent cycle as a
tie breaker for the previous cycle. This procedure provides “fairness" by ensuring
15 that any agcnt cannot get the bus more than once before any other agent has a
chance. Thus,. if all agents try to access the bus simultaneously, repeated application
of this procedure will guarantee that each agent accesses the bus only .once before all
agents have had acccss.. |
| ...:A.-ficrwbus arbitration, the Q;inrier is granted exclusive use of the bus and will
20  drive its actual mcssﬁgc on the bﬁs. MPIC messages come in four forrhals: 14 cycle
| EOI message, 21 cycle Short message, 32 cycle Lowest Priority message, and 39
cycle Remote Read message. All agents on the Interrupt Bus know the length of-afeee

| interrupt message by checking the appropriate fields in the message.



requires an edge Trigger Mdde. 100 (NM): neans deliver the signal to the
NM input of all processor cores |listed in the destination, vector
information is ignored. "NM" is 5 - treated as an "edge"
triggered interrupt even if it is programmed as a "level™ triggered
interrupt. Trigger Mdde and |l evel information are don't care. 101 (INT):
nmeans deliver the signal to all processor cores listed in the destination
by asserting the INIT signal. Al addressg%}lAUB will 10

assunme their INIT state. INIT is always treated as an "edge" triggered

interrupt even if programed ot herw se except for the follow ng speci-al
case. Wien INIT is Peolgrelrnigeered inieryntyfrom aplid) o ag B9} an Y pOgGs!  Mode =

2111161 o SoanSetdpenluth! oSS heSh SRl RSP 0B , £ ©
MPI C I Ds. Her _t.hi ' f d "I.NL T De L. " W
0T 12 b ooy gl e TSRS B A i R B TuPRRS B o <
don't care. DEZIINATLEN NOLR) 1hve aHIE e TRY B &18ld: Ale BHU Mifurdde i A o ew

i dentical to
5 interrupt. Figure 22 shows the protocdl format for the EQOI message for level-

riggered interrupts. _
Short messages are used for thc dclivcry of Fixf:d, NM.I, SMI; Reset, ExtINT,
and LP with focus processor interrupts and are formatted as shown in Figure 23.
The delivery mode bits (M[0:2]) specify the short message format that takes 21 bus
10 cycles.
| C;clcs 1 is the start cycle. '(Syclcs 2-5 are for bus arbitration, as described
earlier. MPIC ID bits are sent on the bus one bit at a time. Only one data bus bit is
used for this. Thc‘othcr bit should be zero.
Cycles 6 and 7 together give Destination mode and Delivery mode bits.
15 Cycle8 gchs Level and Trigger mode information.
Cycles 10-13 are the 8-bit intcfmpt Vector. The Vector is only defined for
Delivery Modes Fixed and Lowest priority. For Delivery Mode of "Remote R.cad,“
the Vector field contain; the address of the register t§ be read remotely.
If DM is zero (Physical Mode), then cycles 15 and 16 are the MPIC ID and
20 . cycles 13 and 14 are zero. If DM is 1 (Logical Mode), then cycl'cs 13-16 are the
8-bit Dcstin:nion Field. The interpretation of the Logical Mode 8-bit Destination
field is pcrformcd.b'y the local units using the Destination Format Register.  —————mem

Shorthands of “all-including-self* and “all-excluding-self” both use Physical )



20 the Destination Mdde field in Redirection Table 201. DELI VERY
STATUS[ 12] : A val ue of zero neans there is no activity for this interrupt.
A val ue of 1 neans delivery of this-interrupt is tenporarily held up due to
the Interrupt Bus being busy or the receiving | AU not having a free

I nterrupt -36- slot to accept the interrupt. If the nmessage encounters a
Checksum (CS) error or a no response error, the AUwWII| set the
appropriate error bit in the error status rsggister and will retry the

nessage. Software determ nes the nunber of retry aIIovved before treating it

Case of INT aRsSarienmad aECRPreRaAYn torarias MEAETD Hut Plar i b
Speci al case. o SHPFAE R AR MRAP g Sy ah LA SR fo LiPbuhy P

nmodes, this bitypiSa gt don't care. REMOTE READ STATUS[16:17]: This field
I ndi cates the status of the 10 data contained in the Renote Read

register. This fiel dcyde IBaG CRcksiiA (E9f V@ tke data in cycles 6-16. This field is the
5 cumulative add (mod 4) of all data bits (DM, M0-3, L, TM, V0-7, DO-7). The

(single) agent driving the message provides Checksum in cycle 17.
Cycle 18 is a postamble cycle driven as 00 by all agents to perform various
internal computations based on the information contained in the received fncssagc.
One of thc computations takes the computed Checksum of the data received in
10 cycles 6-16 and compares it. against the value m é')r;:lc 18. If any agent computes a
different checksum than the '(.)nc.pé'ssc;i'-in cycle 17, then that agent will signal an
error on the Interrupt Bus in cycle 19 by driving itas 11. If this happens, all agents
will assume the rﬁcssagc was never sent and the sender must try sending the
message again, which includes rearbitrating for the Interrupt Bus. lﬁ Lowest
15 Priority delivery, when the interrupt has a focus processor, the focus processor will
indicate this b)-v driving 10 during cycle 19. This tells all the other agents that the
interrupt has been accepted, the arbitration is preempted, and short message format
is used. Cycle 19 and 20 indi'czﬁc the status of the message, i.e., accepted, check
sum error, retry, of errof. Figure 24 show.‘v; ﬂuc status signals combinations and their
20  meanings for all delivery modes. |
The Lowest Priority (without focus processor) message format of Figure 25
is used to deliver an interrupt in the Lowest Priority Mode in which it does not-hast .,

a focus process. Cycles 1-21, for this message, is same as for the short message’



Whenever software writes to the Interrupt Conmand Regi ster 305 using
Delivery. Mdde "Renpte Read," the Renpte Read status becones "in-progress”
(waiting for the renote data to arrive). The renote MPIC agent is expected
to respond in a fixed amount of Interrupt Bus cycles. If the renpte agent
I's unable to do so, then the 15 Renot e Read st atus becones “Invalid." If
successful, the Renpte Read status resolves to "Valid." Software should
poll this field to deternine conpl etion and,success of the Renpte Read
command. This 2-bit code has the follomnng |nterpretat|on 00 (invalid):

th tent of the R hi the 20

case after aORgeFS?%S‘—?e”gaV% e S0 adenghes HiBer S oS gereesshas Ut & 1o
del the R d heck

I3 0L (i pr RGOS A o Bedd otk IR 1R SRR prrn e o s | AL
i's waiting for dy@f‘cs@qti‘% 48 R lo'Frbinaf ot 12 1660R bRioRB Nocessor. The processor

which take part in the arbitration drive their processor priority on the Interrupt Bus.

5  Only IAUs which have “free interrupt slots” in IRR will participate in the lowest
priprity arbitration, |

Cycle 29-32 are used 1o break tie in case two more processors have lowest
priority. The bus arbitration IDs are used to break the tie. Cycle 33 is an idle cycle.

The Remote Read message is used by an IAU for reading the register in

10 another IAU. The message format is same as short message for the first 21 cycles.
'Cyclc 21-36 contdin the remote register address data. The status information in
cycle 37 specifies if the data. is good or not. Remote Read cycle is always successful
(although the data may be valid Or invalid) in that it is never retried. The reason for
this is that Remote Read is a debug feature, and a "hung” remote LA U that is unable

15 1o respond should not cause the debugger to hang. Figure 26 shows the message
format. . _

Euch IAU has an Error Status Register (Figure 2;1) which records all the
errors detected by that unit. This register is a read-only register and the bits in the
register, except for the “reserve” bi(._ get reset once they are read. The "reserve” bit

20  isresetas aresult of an INIT m'c_ssagc. Whenever a bit is set in this register, a
TRAP will be generated to the processor core (through the error signal). Until the
local processor reads this register, more errors can accumnulate. Detecting the crror—emse

on the Interrupt Bus is the IAU's responsibility. 1DUs do not have Error Status

PR
CELAR



10 (valid): the nost recent Renpte Read conmand has conpl eted, and the
renote register content in the Renbte Read Register is valid. 5

DESTI NATI ON SHORTHAND[ 18: 19]: This field indicates whether a shorthand
notation is used to specify the destination of the interrupt by the

short hand code used; Destination Shorthands do not use the 8-bit
Destination field and can be sent by software with a single 32-bit wite to
the 1 AU Interrupt Command Regi ster 305. Thg2-bit code is interpreted as

follows: 10 00 (dest-field): nmeans that no shorthand is used. The
destination is _specified in the 32-bjt. Destination f.ield.i e_second.word
(bits 32-63) oﬁ‘etgrﬁéﬂﬁﬁf“g!‘?feﬁ&d@ﬁh?&ﬁtf‘@é"gi eFTY0s8EgE- %&8?‘? S PREEARAY Nat

th TAU s, t | e destipati. he. i to TS, | tyl f
Sof tware i nt er pEus SHE GERSRAPY §in? PRbRt i Hsisitlle anl beiork SThE GRS 1 €1
I nt t Co | . S ] ' . t Priorit d
Romt e Read dotTEey ok oagaiighs s balb ahd S BPPEE R 1) roane

that the interrupt isscnagéoﬁgﬁ-a.n@ PAURELs thil (REAS SR Erldt Bit\WhéY R Wt a

i ncl udi ng the processor sendi ng e Interrupt. The sending | AU broadcasts a
nmessage W th destination dHegk um@rok fordd theRRESIt seif). d obal
TLB (cache tabl e | ook-aside buffer) flush and broadcasting

Receive CS Error: The IAU sets this bit when it detects a check sum error

for a message that was received by it
Send Accept Error: The IAU sets this error bit when it detects that the
message it sent was not accepted by any agent on the bus.
10 Receive Acccg. t Error: The IAU sets this error bit when the message it
received was not accepted by imy agént on the bus, includiﬁ'g itself.
end Illegal Vector: This bit is set when the IAU detects an illegal vector in
thé message that it is sending on the bus.
| Receive Illegal Vector: This bit is set when the IAU detects an illegal vector
15 in the message it received. This includes the illegal vector code ip
-thc Lpé_al Vector Tablc-imcrrupts and s;lf interrupts from ICR.
lllegal Reg. Address: This bit is S;:I when the local processor tries to access a
register that is not implemented in the associated IAU.
Arbitration is also used to find the IAU with the lowest processor priority.
20_ Lowest-priority (LP) arbitration uses the value of t_hc IAU's Processor Priority value
appended with a 4-bit Arbitration ID to break ties in case there are multiple IAUs
executing at the lowest priority. All 8 bits of the Processor Priority Register are———m

used for LP arbitration.

LR



timer interrupts are typical uses for this node. In this node, Lowest
Priority and Renpte Read delivery nodes are not supported. -38- 11
(all-excl-self): means that the interrupt is to be sent to "all" processors
in the systemwi th the exception of the processor sending the interrupt.
The | AU broadcasts a nessage wth the Physical Destination Wode field and
ID field set to all 1s. All-excl-self is useful for selection of 5

a boot processor (init) and also for TLB flggsh where "self" is flushed
using the processor flush instruction. DESTINATI ON[56:63]: This field is
only used when the Destination Shorthand is set to "dest-field." If
Destination Nbde i s Physical Mde, then the bits 56-59 contain an IAU ID

| f Logi cal etation of the 8-bit 10 Desti nati on
field further g:ependrct'] g i nati on Format Regi ster 303 and LDR 302 in
tTE_g | AL AL TAUs MEgitk®) 8bdiilESSa gL s iiBa PR mAYRE bidey s tURE LRUS-

the local processor. MPIC uses the CPU Bus Clock to gencra_tc its clock base. The
5 timer can be programmed to Qpéralc in cithcf one-shot mode or periodic mode. The
~ timer can be conﬁgurcd to interrupt the local processor with an arbi'trary vector. A
Divide Co‘nﬁguration Register is provided for ﬁsc by software to select the timer
clock frequency for the timer operation.
Figure 28 shows the format of the Divide Configuration Register 321. Bits
10 3,1, and O contain 1h§ coded divide-by factor which is applied to the CPU Bus
Clock to produce divided-by factors of 1, 2, 4, 8, 16, 32, 64, and 128. -
Software starts a :im_ér going by programming its Initial Count Register 320.
The timer copies this value into the Current Count chistcr 319 and starts counting
down ét the rate of one count for timer élock puise. The IAU timer has a
15 programmable mode Which can be One-Shot or Periodic. After a timer reaches zero
in One-Shot 'mbdc, the timer simply stays at zero until it is reprogrammed. In
Periodic mode, the timer au‘tomatical_ly reloads its Current Count Register from the
Initial Count Register and starts counting down again. |
The timer interrupt generation can be disabled or enabled, and an arbitrary
20 interrupt vector can be specified. When enabled and the timer reaches zero, an
interrupt is generated at the IAU. Timcr-gcncrafcd interrupts are always treated as

" edges. They can only generate maskable interrupts 10 the local processor.  ————eeem

mAE



first checks if it is the nessage destination by matching the 8-bit
Destination field in the nessage against its ID register (in the physical
address node) or LDR 302 under 15 - control of its Destination Format
Regi ster, in the logical address node. All 1AUs that match arc said to
"belong to the group.” Once an AU determnes it is a destination, it
checks the availability of a slot in the Interrupt Request Register (IRR
for that particular interrupt (except for_#\jlyl, SM, INT, ExtINT). In the
fixed delivery node, if a slot is not available, the AU 20 w Il put
"retry" status on the bus during.the status cycle._|f it can accept the
interrupt, it wait<OMGSCHHRW éﬁsd%tcEVBtlrﬁasﬂ‘Bgésé@e@k?s B iy Dasg it camBe put
"reject" or "r, the bus. If thepe is Qo reject qr retry
status on the Sg%@_,ymtq?etﬁ% X%aggrcoé: g F¥1 é‘:‘ﬁdmg_e‘F? QBF?"[ élou-"é g-cgﬁsﬁr?ﬂrethlsomest
priority delivaestBes AbS AL hﬁgq%‘ J: LK | ot S i.lable wll
participate i X’ {-%og I 0\,\,539%% t(k)l’l t)/t&g?%it a ?p(#rlﬂé ﬁp Ié?}nse%gﬁé% sﬁés{&tlg %a

delivered for rédd-ont} Nsep pagh! saf@hndrefhkihe pdritfthhafild mbAttbtin g of user programs can
5  be supported.

If desired, software can ensure that periodic timer interrupts on the different
IAUs are staggcrcd such that they do not all deliver their interrupt (e.g., a time slice
'intcrrupt) to their local proccss.orft'_tl?; same time. This staggering avoids bursts of
- contention for shared resources fii{i‘sﬁ,mcachc lines, dispatch qucuc locks).
10  Randomness occurring “naturally” may be 'sufﬁcicm (o ensure staggering. .

“The Timer ;/écmr format used in Local Vector Table 3é2 is shown in Fi gurc-

29. Vector[0:7] is the 8-bit interrupt vector to be used when the timcr_ generates an

interrupt. Bit 12 is the delivery status bit. Bit 16 is used to indicate masked or not

masked, and bit 17 indicates one-shot or periodic timer mode.

15



listed in the destination unconditionally assert the correspondi ng out put
signal to the 5 associ ated processor. ISR, IRR etc. are bypassed for
these types of interrupts, and vector information is not defined except for .
SM. For SM, vector field nust be programmed to zero for—future

conpatibility. Because | AUs can accept interrupts from thei
I nterrupt Bus, there will be contention between these mter”'l'mm“)'@mmillll
| AUs acceptance resources. 10 In case of.sgontention, the Imtefrupt Bus =«
has the highest priority followed by the ICR and |ocal interrupts. Each | AU
contains IRR, Md TMR registers in register group 312 of Figure 8, and
formatted as s Figure 15, that play a role in the acceptance of
interrupts and 'ﬁa[qgspemngdgg the accepted interrupts to the |ocal

processor. The IS FRERET pt Request Register (IRR) contains the

i nterrupts accqpt ed {1-&# P@E‘tﬁ Y gﬁgﬂ%) Bt ordiRE (MBtCYHyvsRANRd tO
the associ a?edqb‘r oce'gg%%l.l égerr( r\%ca?%egi ) (tar (1 SR)(conft)?iyﬁs t he
interrupts yhat are fr#i@AGH ¥ nhiliSRedds6sydnt MYinl PERARMOR sydterl bus [d1east
interrupts that have been di spensed to-the processor but for which the

processor hgs not yenej@parititrilRabsREnDVith AlserdfierrhfiQeduesPéignal lines, andEach
I nterrupt has an associ ated vector that determnes the priority of the

interrupt. Yhen an iadteass tiot procesben uiges Sthe vinuditocaakér programnuabld ioweruppri ori ty
interrupts

5 controller system comprising:
6 a) a three-wire synchronous interrupt bus, one wire for an interrupt bus
7 synchronizing clock signal, a first and second data wire for data
8 communication, and the first data wire élso used for arbitration
9 messages for control of the interrupt bus; |
10 b) an interrupt delivery unit (IDU) connected to the interrupt bus
11 | cdmpri;ing:
12 | i) a set of interrupt request signal input pins for accepting
13 interrupt rcqu'cst signals from a set of /O peripheral interrupt
14 request lines, an interrupt request signal indicated by
15 . activating a corresponding input pin;
16 it) a redirection table, coupled to the interrupt request signal
17 input pins, for selecting an interrupt request message
18 | : corresponding to the active input pins, the interrupt request
19 message comprising an interrupt vector containing interrupt
20 pri;)ri(y level, servicing mode, and processor selection .
21 _ ' information; )

This Sheet Has Been Replaced
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are automatically nmasked by the | AU -40- The Trigger Mde Register

(TVMR) indicates-whether an interrupt is edge or level. This information is
transmtted with Lot request nessage and reflects the
Trigger Mbde bit 1““"3“""“” ,'ml EE Redi rection Table 201 entry. The IRR
bit is cleared at t*hecsamne #ine bit is set during the I NTA cycle. If
the TMR 5 bit value is 1, then the local 1AUwill send a deassert nmessage
to all 1DUs when the EQ cycle for that intgrrupt occurs. ISR |IRR and TMR
regi sters are read-only by software. Each of these 256-bit regi sters is

accessed agzei ght separ atgeJSZ IIH ﬂg grd‘a&? Sth Iélﬁ‘re {! I?g coz{ndq§2tac16\' nter'ru%s

by witing to the |ocal |or| egs escri
Each of thege registers (IRR b&RforB¥Rdd §“§qﬁg ray
of 256 bits where bit "i" tracks tohre I nt gr? pt r@reé@i%:ﬂ@{eqpéhﬁgrﬁk&agé

registers ade software only angn BielifiteBupboif gnd €5€rved. TMR (Trigger Mode

Regi ster): Upon acceptance of an interrupt, the TMR
25 iv) means, couplcd tothei mtcrrupt bus, connected to the first data

26 wire of the interrupt bus for arbitrating for control of the
27 ihtcrrupt bus; and
28 ¢) . aninterrupt acceptance unit (IAU) connected to the interrupt bus and
29 to an associated processor comprising:
30 1) “means for rccci'ving interrupt request messages that have been
31 broadcast on the interrupt bus;
32 h ) means for accepting interrupt requests for which the
33 associated processor is cligible to service;
34 iii) - means for pending accepted interrupt request messages until
35 the associated processor is available to service the interrupt
36 | request;
37 : iv) means for_broadcasting interrupt request messages on the
38 interrupt bus;
39 v) means for arbitrating control of the interrupt bus conriected 10
40 the first data wire of the interrupt bus; and
41 | - vi) means for lowest priority mode arbitration on the interrupt bus
42 between IAUs eligible 10 service a given in.lcn'upt request, -
43 wherein an IAU associated with an cligible pfoccs;sor ————vms—
44 . operating on a task of lowest priority relative 10 all other

heet Has Been Replaced .
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bit is cleared (zero) for edge-triggered interrupts and set (1) for |evel
triggered 15 interrupts. If TMR bit value is zero, nothing happens. I|IF

TMR bit value is 1, then the local I'AU sends an EQ nessagete—all—1DUs
during the EO cycle of that interrupt. IRR (Interrupt Requ ' : ,
It contains the active interrupt requests that have been acmmﬂzﬂﬂ"mﬂ"m)mm
yet dispensed by this AU A bit in IRRIis set when 20 t he*| AU acceap *
the interrupt and is cleared when the | NTA-£8/cl e occurs. ISR (In Service
Register): It marks the interrupts that have been delivered to the

rocessor, 4sut that have not b | = Of <.l yet
Iroecei ved). The ISR register re?F%i(?{c;ﬁrﬁ%%l%ﬁ%ﬁ%mgﬁg%ggfe t%g{%ﬁ%&g{s}g [r' S
interrupt 46 -41- stack. |SR bidqueqr the highest priority IRRis set during
the I NTA cycle. Dwing the EO cycle, the highest priority ISR bit is
cleared and, if the corresponding TMR bit was set, an EO nessage w || be
'sent to all IDUs. In addition to the IRR ISR, and TMR registers, there are
Hol di ng Regilst e&s  The controller of claim 1 wherein the IDU means and the IAU means for

2 interrupt bus arbitration are cach logically-OR connected to the interrupt bus
3 for arbitration of the control of the interrupt bus, cacﬁ IAU and IDU having a
4 preassigncd uniqﬁc. fixed length, binary coded arbitration identification
5 number assigned from a Sct of integers rangin;g from zero to N - 1, where N
6 is the total number of IDUs and IA.Us, hereinafter referred to as agents, the
7 agents using a method of arbitration comprising the following steps:
8 a) each agent dcsin’ng control of the inIcrrilp't-'bUS at a given instant 6f
9 time arbitrates, by serially driving the first data wire with its
10 - arbitration ideﬁtiﬁcation nurpbcr. one bi-t per bus cycle in descending
5 S | order of bit significance; |
12 b) each agent of step (a) monitoring the first data wire for each interrupt
13 bus cycle of the arbitration procedure so tha, if the first data wire is
14 in a logically assc'rtcd.state in any given arbitration cycle when its
15 corrcspohding bit of its arbitration identification is not logically
16 asserted, a'non-a_sscrting agent loses and drops out of the arbitration;
17 and
18 . c) repeating steps (a) and. (b) ﬁﬁtil all bits of the arbitration identification
19 | : number have been exhausted so that an agent remaining after the last .,
20 bit is applied wins the arbitration and control of the interrupt bus. . '
[
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5 311 for each priority level. These registers are used to tenporarily

store the interrupt and trigger |evel,,l Lon before it is passed onto
| RR and TMR registers, respectively. Iﬂwm ’ ,E H sof t ware
transparent. Figure 16 is a flow dia L upt acceptance

process of the I AU. The process begins at step 500 in which the AU is
awai ting an interrupt request 10 nmessage (IRQ fromthe Interrupt Bus.
Upon receipt of the IRQ the I AU checks tasgee if it is designated as a
destination in step 501, and if not, the I AU discards the nessage and
returns to step 500. If the AU is a designated destination, step 503
checks if the IRQis a an NM, SM, INT, ExtINT or an RR(renote-real) type
of interrupp and, | friQonBGAERirtidil® JRaSAURe kdicd®R i9RAARA yed broBed:e

step 500. It not, . e process proceeds to step 505 where~the delivery

mode is chegked. |f ght adjSsliltRE arbREiRioH SHdnriBitMtionShiBRbROBE EdehGEntin ofd b f an
interrupt slot is available and, if not, sets the status bit to retry in

step 507, dyscards tdig@rib&eaadnrhéntSF GRerbd]? réjidstattighmendanaigspalbéidgiblef an
interrupt slot is available, step 508 checks if the status is a retry and,
i f so, discards the presssgs thoadjieingiidcedort dobgprisingtthe fllavang seps:500. [ it
Is not aretry, the 20 | AU accepts the nessage in step 509 and returns to
step 500. 15 the dela)ver yhewireningagdneis #5§iEnedsan arbieatiop ideptificgtionsnumpba 0
checks if the AU is a focus and, if so, accepts the nmessage in step 513.

O herwi se, $he process nages to step 512 where it checks '

7 b) incrementing by one the arbitration identification number of all other
8 - agents except the agent with arbitration identification number N - 1;
9 and

10 c) .assigniﬁg the arbimration identification of the winning agent to the

11 ~agent with arbitration identification of N - 1.
1 4. | The controller of claim 2 wherein the agents are electrically open-drain
2 connected 1o the interrupt bus for reduced loading on the interrupt bus when
3 not dri\;cn by an agent.
1 5. The controller of claim 1 wherein the means for lowest priority mode
2 arbitration for finding an éligiblc procéssor with the current lowest priority
3 task further comprises a process that comprises the followipg steps:
4 a) assigning to each IAU a lowest priority 1ask number corresponding to
5 cach IAU associated p.réccsso’r a curTent processor task priority;— ——ease
6 b) forming a logical complc.mcnt of each lowest priority task number;

# .
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I f another AU is a focus and, if so, discards the nessage in step 513 and

pr oceeds -42- back to step 500 If no focus exists, step 514 checks if
interrupt slot is availabl ets the status to retry and

an
returns to step ﬂll!lﬂ"l Il Il mu ng the massage in step 502. Ctherwise, if
an interrupt slo bitration is invoked in step 516 and, if
the 1AU wins the arbltratlon I N step 517, it accepts the 5 nmessage and

returns to step 500. If the | AU | oses t he agdai tration, the nessage is
di scarded in step 502, and the process returns to step 500. Each | AU tracks

th t fit I P t h h
Lime e pr fcessor | svi t chERMEIERE [AY SREEEAT 18y 'a? rﬂ'wt Hol i duio &
current tasg raises or l OYéth ﬂetn%ﬁtcﬁrle\%s't on?%ﬂ?s r be zo%bn%?r;g}: up{ ¢ oS er

i nterrupt handl er,- or € processor - retdrns

Task sw tchpng and task Pib Rkt b‘?ﬂﬂ'?lg&%n&'rgngfbﬁt*b‘?déreéﬂﬂén%tgfa ?é@lfbrﬁéatch

software action. The operafling system nay I ne a’nu

schedul i ng10l asses. Al term&_tdu\[(,eblysclg(g]{éﬁq@nt cl asses can be assigned to
usercode versus system code. If ' '

11 - d) each eligible IAU monitoring the first data wire for each interrupt bus
12 clock cycle so that, if the first data wire is logically asserted when a
13 " given IAU's corresponding bit is not asseried, the given IAU drops
14 out of the lowest priority mode arbitration and all other eligible
15 processors continue arbitration; and
16 e) repeating stcps.(c) and (d) unuil lall bits of the complemented :lowesr
17 - priority task number has been used 2nd a single .IAU rcmains, ih-c'
18 remaining IAU bcing'thc lowest priority mode arbitration winner.
I 6 The process of claim 5 wherein step (a) further comprises appending to each
2 IAU lowest priority task number, each JAU's arbitration identificadon
3 _ numbct as a field of lower order bits for the purpose of selecting a lowest
4 priority mode winner when more than one eligible processor's task is of
5 equal lowest priority. |

17 The controller of claim 1-wherein the IAU further comprises means for an

2 IAU 1o request reading the contents of a register with a preassigned address

3 in a target IAU, each IAU having a préassigncd binary coded identification—emse
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tasks in different classes are executing when an interrupt conmes in, then
It may be 15 advant ageous to interrupt the processor currently running
the task in the least inportant class. Clearly, if one processor is idle

while others are doing work, the idle processor would be t '
for servicing the interrupt. This inplies that there is us¥@ﬂiﬂﬁuinﬂuuﬂlﬁﬁ“
priority levels below all interrupt levels that can partic *
priority delivery selection. 20 -#L- tinmes, the operating system
may need to block out interrupts from being serviced. For exanple, to
synchroni ze, access to shar data stru ' hyer and
its interr u4pt handl 3?{"%1%@cdl?‘ﬂ{/recrqug%l%easrg%n;dgce%ﬁ?%ér@?é} rgg(gtgﬁgggirg&rés@equal'

to, or higher than, cnt)rgﬁﬁgingﬂ{crfd?#% ééfg_ri ty. -43- The | AU supports this

via its Task Priority Register ) of Figure 8. Software that wants
to make useggof this,js requiddth siysicaf Msthddon rhédd &finthipPbirdikistge hange by
updating the Task Priority Registér. TPR 314 is 8 bits wide providing up to
256 distinct priorities. géldergh MSB of this register correspond to the 16

I nt errupt :

8 b) specifying the target IAU identification number as the address of the
9 : destination;
10 | c) plading a number corresponding to the add__rcss of the register whose
11 contents are to be read and causing the target IAU to place the
12  contents of the addressed register on the interrupt bus; and
13 d) reading of the register contents on the imcrfupt bus by the TAU
14 requesting the remote IAU register read.
1 8 A method for acceptance of intcrrupt service request message by an interrupt
2 acceptance unit in 2 multiprocessor programmable interrupt contrdl system
3 comprising: a system bus; at least one processor; a multiplicity of I/O
4 pcn’phcfal units with interrupt request lines; an interrupt bus, distinct from
5 the system, for intcrrupt. request related messages; at least one interrupt
6 delivery unit (IDU) connected to the interrupt request lines of the I/O
7 peripheral units for accepting interrupt requests from the I/O peripheral unit
8 interrupt request lines and connected to the interrupt bu; for broadcasting
9 imérrupt rt-:q_uésts arbitrating for control of the interrupt bus; an interrupt
10 ac.ccpmncc unit (IAU) a5so¢im.cd with each processor ciigiﬁlc to scw_ice%-—w-
11 interrupt requests, connected 1o its associated processor.and to the interrupt
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5 priorities, while the 4 LSB provide nore precision. Priorities are best
notated as x:y, where x is the val ue VBB and Is the value of the
4 LSB. For exanple, TPR val ues (Oy)Th“ﬂTIEEIﬂJMIII&I“E (and zero in the 4
VMBB), can be used to represent the pri [ Wask schedul i ng

cl asses descri bed above (y = 0 for idle; y = 1 for background; etc.).

Except for interrupts with vectors 0-15 (which are often 10 pr edefi ned by
t he processor) which all have priority 0:062the priorities of other all
interrupts and their handlers is {x:0} with 1 <= x <= 15 and is above the
base task loritie Nat e - Vel ggsedj, -gﬁg‘?{t riQrif
arbitrati O% For ex2#%%%??\1%%&%8%{%3%%?&% S prtlhgr“lhty :bolﬂ(%&gb%la{% he
i nteger par3 of 123/iﬂ{§rrﬁi)t7r):q@ék@s foRWhik® im%hgiilebyomadca%gtilﬂaémfp@-lrélﬁ?cdl ts
priority to a value equal or higher than 7:0. Figure 15 17 shows the bit
assi gnnent B f or _TPRn¥k4agek/ fornibieatingffor coaioDof the inttreuptAds sfof dedadbiduaig t y
Regi ster and the priority information derived fromthe AUs In Service
Regi ster, lhe | AU cimpotps gtheraied byessssocRiddgrotessorpandeforachisatmgorithe i n
the Processor Priority Register 306. The Processor Priority value is

comput ed akf t he maxisenvinieg of araikerrapt mquesy with AUBRher ocessemaligide wricovice y  of
the highest order ISR bit set ((vector/16):0). This value is used to

det er mi ne Whet her othevsquestpbaaictipd fat aqceptprcecafintsaupl sspdps equess bylem

processor.  _The |1 AU conputes the pri orit% of the next interrupt to be
accept ed il® the 1nterrupt acceptance unit (IAU) compnsing the following steps:

19 a) monitorin g the interrupt bus for an interrupt service request message;
20 b) decoding the message for the intended dcsrination group of IAUs

21 associated with processors eligible to service the interrupt request

22. . message and diséarding the message if not 'cli:giblc, atherwise

23 ~ proceeding 1 0 step (c);

24 c) decoding the message for message type and, if it is for a system-wide,
25 o nonmaskable interrupt, accepting the interrupt message for delivery
26 to it_s associated protchor,'Olherwisc proceeding to step (d);

27 d) .dccoding the message for delivery mode and, if it is for a fixed

28 'dclivcry mode:

29 ' i) checking if an interrupt pending slot is available and, if not,
30 setting message states (o RETRY, otherwise proceeding to

31 . _ step (ii);

32 | ii) checking if status of the message is RETRY and, if so,

33 | discarding.thc message, otherwise accepting the MeEssage— e
34 " and, if it is for a lowest prioﬁty delivery mode: )

: :-,M'-.' -
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| owest priority node by using the values in TPR, ISR, and IRR registers.
The -44- conputed value is stored in the owest priority Arbitration ID
Regi ster 307 of Fiqure 8 The priority value is conputed as the maxi num of :

((vector/16) ;yo§f‘illﬂfmllﬂlﬁllﬂll}ll“llll:t b the i ghast order IR bit set

((vector/16):0). This val ue *s Used duri ng arbitration as part of 5
| owest-priority interrupt delivery. Once ag3d AU accepts an interrupt, it
guarantees the delivery of the interrupt to its |local processor. D spensing

a maskabl eg nterrupt to yhe | geale B Ao RIS i Gl fod SeblgL | ver s

the interrupt to its processor core. e processor nterrupts
enabl ed, igg wi |l service the jntey (06, 1A, SIREbHEY Sie itSsdebbineMist OF
of 10 the highest priority 6endiﬁgeé%?errﬁpt tot gﬁ%rgces§§$'co$e guring

the INTA @ycle. The I NT/INTA praeedia .t@ggﬁjg@ HeltRwv:i nterrupt's ISR bit to be
set and IRR bit to be cleared. The AU wWII mask all the pending interrupts

equal to, 38 |ess than, iihe pdeefrhining €\4aYy other IAE icalt et b and] iflsot he EC
for the current interrupt is received. :

39 discarding the mchagc; otherwise proceeding to step (iii);
40 iit) determining if an intcrrupt. pending slot is available and, if
41 ' not, -scxfing the intcrfupt request status to RETRY, otherwise
42 proceeding to step (iv); and |
43 v) arbitrating with remaining eligible IAUs for lowest priority
44 current processor task, and if an IAU wins the arbitration,
45 ' "~ accepting the intcrruﬁt request message for scr\;icing and all.
46 othcr$ discarding the message.

1 9 | A method for arbitrat.ing for control of a bus using a single wirc on which

2 competing bus agents are each logically-OR connected to the single wire;

3 each ag-cm that is allowed to compete for control is preassigned a unique,

4 prescribed bit length, binary coded arbitration identification number,

5 assigned from a set of integers ranging from zero to N - 1 where N is the

6 total number of allowed competing agents; each agent desiring control

7 executes the method comprising the following steps synchronously with a
8 clock: |
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A situation may occur when the pro ' k Priority at or
above 15 the level of the interrupt “m uﬂcal processor | NT
signal is currently being asserted. V\Hm“”lm m e is issued, the
“interrupt that was to be dispensed has*betone rasked.* In this case, the
associated AU wW Il return a Spurious Interrupt Vector ito the processor
core. Dispensing the Spurious Interrupt Vector does not affect the ISR

regi sters, so the software handler for thiségector should just return 20
without EO. If the vector is shared with a valid interrupt, then the

handl er cang ead the_yvect QL i o I:st.ef: kkidd 1S

I nvoked for 9'[he val iéc’]) i nt ggfrrlﬁug?bhéé&cgﬁ?léset %lﬁoa?slﬁgﬁﬁtﬁ%ﬁﬁgfﬁe[g%. G ven
the range ofp 256 vectors, ,G¥@E} Qﬁgbﬁg)cfv&%ck cyc1élﬁfde§9é”di%§rdbp§ﬂ§ifum with a
valid interrupt is not expected to bé common practice. e Spurious

I nterrupt Mgctor returnedsgnifidificd; AU iI's programmable. Al IAUs initialize
in a disabled state after power-up. A disabled IAU only responds to INT,
NM, SM, ard RR nmesbpgesmdn@oting thd sifigle mifistat dutifi@eddiitlaukikysle doSietermine

registers will be kept and will require masking or. handling by the | ocal
13 if the single wire state is asserted when the corresponding bit of a

14 particular cycle iS asserted for a given agent, and if not, the given

15 : agént loses and drops out of the arbitration; and

16 c) repeating steps (a) and (b) until all prescribed bits are exhausted so

17 that an agent remaining after the last bit is drivcn.on the single wire is
18 the winner of the arbitration.

—

10. A MPIC hierarchical cluster systém for increasing the interrupt servicing
capacity of a MPIC system by infcrconnccting individual MPIC systems, '
rcfcfrcd to as clusters, to form a single interrupt controller system of greater
capacity, wherein iﬁtcrrup( control messages (including interrupt service
rcqucs;f, status, and receipt acknowledgment messages) are communicated
bctwcen_cluszers, the .hi_crarchical cluster system comprising:

a) a mﬁltipli_city of clusters wherein each cluster comprises:
i) an interrupt bus for use in communicating interrupt control

messages; and

Y] [~<] ~) o W H w o

e
(o]

ii) at least one interrupt bus agent for receiving interrupt control

Pt
Pt

messages from the interrupt bus and for broadcasting interpiem
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processor. The | AU nust be explicitly enabled before it can start accepting
ot her Interrupt Bus nessages. When di sabl ed, system software nmust avoid

| oading I1CR (Interrupt Command Register) 305 if no interrupt nessage
transmission is to be allowed. However, a disabled | AU | istemm "mulu"ﬂ”““l
Interrupt Bus nmessages in order to 10 keep its Arb IDin A cHis ik 118
307 up to date with the rest of the system|AUs. Software in the | ocal
processor can enable or disable the associ@sed | AU by progranm ng bit 8 of
Spurious Interrupt Vector (SIV) Register 325 (Figure 18). Also, bit 9 of

the SIV Regjpster enables or di ) | Ln the

| owest pri g)Fi ty delivery m)de.C%?gbﬁieésgg&sﬁ%ﬁgﬁgg&?@tﬁgv%} uﬁgg}ﬁgﬁgcé

assi gnmentgz for SIV Regi ster 32fceBldupidd-id i SddptBid; §dla | 0gi cal ones for
rel ease during an-I NTA cycle when all "pending I nt grruﬁts are masked or when
no interrupd (IRR) by peadhidter didagss foriRErcdie@nnP RGR&EMubEbE Yok fhet he

di sabled state. Bit 9. when set to |ogical zero, enables focus processor
checking. B Betmigplicityuohelogess) thimddeerindmagétgiimprsin:er, sof tware
nmust issue an End-of- Interrupt (EQ) command to its associated | AU EQ

Regi ster 3U%. This tellsikhe lAlirtematbesyr the hi ghest priority bit in the

| SR register because the interrupt is no longer in. service. Upon receivVving
the EQ, the | AU goes t hiidugh aprilgplicityof seod/repgive interfaces, one for each cluster,

18 each for coupling the interface bus of a specific cluster to the

19 internal bus;'

20 11t) a controller, connected to the intemal bus, for supervising

21 arbitration of the internal bus, for controlling each of the

22 PR multiplicity of scnci/rccciv‘c interfaces, and for routing

23 : interrupt control messages between send/receive interfaces in

24 o accordance with a destination code provided in each message.
1 11. The cluster system of élaim 10 wherein communication and distributing of

an imcfrupt control message is controlled by use of the following method:

a)  the interrupt bus agent encodes within the broadcast message a
destination field comprising a déstinmion local agent address and a
destination cluster code;

.b) each agent on the imcrfupt bus of the onginating clusfcr examines the
destination cluster cédc, and, if it is for a different cluster, ali agents

on the originating interrupt bus ignore the message except for the— e

ol [e) \I_G\' th H w b

associated send/receive interface of the cluster manager which latches
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-46- returning to the next hi ghest_priority activity. This 'can be a
previously interrupted handler (fro endi n |nterrupt request
(fromIRR), or an interrupted task (I DIHSIH) !US Upon recei ving an

EQ if the highest bit inthe ISR evel triggered
interrupt, the I AU sends an EO nessage to aI to deassert t he
correspondi ng Renote IRR bit. As shown in Figure 19, the choice of code for
EQ is arbitrary. Because all I'AUs typical g? occupy the sanme address range,
an AU s registers can only be accessed by the associated | ocal processor.
From a system 10 debuggi ng point of view, this neans that |.ar ge_anount
of state i} ormation couFEPB%’GFrﬂ‘qrﬁ%E%QFtﬁF‘élstth‘ CrREEYE CALEE MBI BE essor

hangs up fﬁr what ever reason. To assist in the debugging of nultiprocessor

systens, t'te | AUs. suppor £ “é‘cﬁgéﬂ *smthat provides read-only access to any
150 *the Hhooetsor hg} t e dbstiioRERAEBY (L Qub f nBed HithehSbeialba® "F oL "

13 " send/receive interface of the cluster manager is interpreted by the

14 ' cluster managcr and comrﬁuhicatcd to one or more destination

15 send/receive interfaces selected in accordanbc with the destinaton

16 " cluster code; and

17 d) each selected send/receive interface latches the message and

18 broadcasts the mcssagé over its associated interrupt bus to the other

19 cluster agents.
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15 Command Regi ster 305 specifying a Delivery Mode of "Renote Read." The
renote AU is specified in the Destination field of the Interrupt Command
Regi ster in the usual fashion. Debug software selects a single | AU by using
the target 1AU ID in physical destination node. Because no vector is
associated wth renote regi ster access, the Vector field in the Interrupt
Command Regi ster is used to select the 20 i ndi vidual renpote 32-bit

regi ster to be Iy select or val ue corgzes onds to the address (of fset)
of the registery] gﬁ @gl_RN% Wohaw BOLLFR$HSEERead” conmand
results in sengErgaM éﬁﬁ%@ HeCP DI H’ﬁTeP?WBp HERS The destination | AU
responds by placing the 32-bit content oi the selected register on the

I nterrupt - 47-  BYS mulifirSces@biiSiopfniafle Ritertd}Rt c8R6licrgMPAD) Syterh haphmced

in the Renote Register 304 where software can get at it using regular
regi ster accessnteRupitifus] dis@hctlffid (hEg s8R @iend?@Pbis, €5t HaBd B0 ine@ it request
read-only. The contents of the Renpte Register is avail able when the
Del i very Stat ugIRQ@) fetaeed mtsagemtEdﬁhrmmstegtpshasmnMdemtmmr@t actdpdinet
again. As shown in Figure 20, Renpte Register 304 is at address

5  unit (IAU) coupled 1o the interrupt bus for the acceptance of IRQs and for

broadcasting of IRQs generated by its associated on-chip processor. /O device
interrupt lines are connccicd 1o one or more interrupt delivery units (IDUs) that are
each coupled to the intcn‘upi bus for broadcasting of I/O-generated IRQs. The
imc_rrupt bus is a synchronous three-wire bus having one clock wire and two data

10 wires for 2-bit parallcl-scﬁal data fransmission._ Arbirtration for control of the
interrupt bus by the I.A'U-'s and IDU$ uses oné of the data wifcs._ Lowest priority IRQ
delivery mode uses a simila’f one-wire ubi’&ation procedure for dctcrmini'ng which
IAU has the lowcgt current pﬁority task running' inits aSsociatcd on-chip proccssor.
A modiﬁcution to the lowest priority mode arbitration procedure also provides -

15  means for uniform distribution of IRQs to eligible processors. The actual servicing
of the IRQs is donc by means of the system bus.

A MPIC cluster system provides a means for interconnecting individual

MPIC systems into an expanded interrupt controller system whenever the interrupt
handling capacity of an individual MPIC system (cluStcr) is exceeded by using a

20  cluster manager.

{(Figure 2)

JE A



FFEO_00C0. Each I AU contains a hardwi red Version Register 317 that
identifies different inplenentations by their version code. This all ows
software to provide conpatibility between different inplenentations.
Versi on Register 317 also stores a 10 hardw red Local Vector Table entry
corresponding to the highest entry ig gﬁe | DU Redirection Table. Figure 21
shows the bit assignnents of the Ver { Regi ster. Each | AU has a RESET

i nput signal connected to its |local processor Reset line. Both the | AU and
the processor are reset sinultaneously. Al 1 AUs obtain their IDs at the
falling edge of Reset. 15 After a power-up Reset. IRR ISR TMR
ICR, TPR, Holding Registers, Tiner Initial Count Registers, Tiner Count
Regi ster, RR, LDR, and Divide Configuration Register are reset to | ogical
zero. Local Vector Table entries are reset to zero except that the Mask
bits are set to 1s. Destination Format register is reset to all 1s. 1T1AUID
Regi ster values are | oaded fromthe processor. Al internal state 20
machi ne states are reset. Also, the Interrupt Bus is disabled by setting
bit 8 of the Spurious Interrupt Vector Register to zero. Initialization
Reset (INIT) has the sane effect as power-up Reset except that the AU ID
Regi ster is not- | oaded by the processor. After an INIT Deassert nessage

wl : r——""—=""="—="="—=""—= 7
. L5 ' |
54 bl o | < it Lo
L I o I
o | ~ bt
=2 < - 10
! : a ) = 1=
. —t— _ Tl
0 Egéso i || faifw]<rfofol~ 1S SiZ
N m]%c‘:’zEG 0] ™ olololelelololo |E <!
=29356 N Tjxajalaa e | Ol =
0] Euioa I B RS ES > Flig
L Cy | O I Q=
1 l <[>18
x I Py . D lz
2 l . — Q Ig
= ' iy = |5
. ' O o 1y
EE { ~— = ICD
< Nell) I 1< D
=g - | l : =
Zcax = B £~/< :8
| @ o | @
: ! |
Y
WU
RVR_AUMIT OO
clefelelefeRele,
oo o o

|

|

|

|

|

|

|

|
FIG. |
PRIOR ART



-48- is broadcast, all 1AUs |oad their Arbitration ID Register 307 with
values fromtheir I D Registers 301. E Interrupt Bus 5 In one
enbodi ment, the Interrupt Bus 110 is a three-wire synchronous bus
connecting all IDUs and I AUs. Two of the wires are used for data

transm ssion and the third is a clock. Only one of the data transm ssion
wires is required for Interrupt Bus gigltratlon The Interrupt Bus is
logically a wire-OR, and elect et P ke, nection
providing for . ' ' ;

priority. Being apen- dLF]II’I the bus is run at a e such

t hat design-speclfic term naki on tuning is not r qU|red Furthernnre each
MPI C agent recegijving a nessage or participating ¢n an arbitration nust be
gi ven enough t

i n a sfrgte; bus to | gtoir t1rey bu nd perform sone
sinple | ogic opefations ‘3m?ﬁgyl H22615 ﬂ@éﬂhgt”dﬁFPﬁ order to

det erm ne whet heff t he next Ive %ycle nmust be i1 &hi bited.
| 120 20
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2 [0 |- Iz [tau 14

%
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<

v
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The Interrupt Bus 110 speed operates at approximately 16 MHz. Al the

val ues nentioned in the protocol description below are |ogical val ues;

i.e., "Bus Driven" is logical 1 and-"Bus Not Driven" is logical zero. The
el ectrical values are zero for logical 1, and one for logical 0. 20

The Interrupt Bus 110 uses one wire arbitration to wn the bus ownership. A
rotating priority schenme is used for bus arbitration. The wi nner of the
arbitration becones the |owest priority 338nt and assunes an Arb I D of
zero. Al other agents except the agent whose Arb IDis equal to 15,
increnent- their Arb IDs by one. Arb -49- 1Ds are changed (i ncrenmented or
assuned) only for nmessages that are transmtted successfully. A nmessage is
transmtted successfully if no error was reported for that nessage. A MPIC
agent can acquire the Interrupt Bus using two different priority 5

schenmes: Normal or EO. EO has the highest priority. EQ priority i.s used
to send EO nessages for level interrupts fromIlAU to | DU. Wen an agent
requests the bus3 8 7 0

| - 8-BIT REG
RESERVED ADDRESS

-ADDRESS: FECO xO00
VALUE AFTER RESET: O

FIG. 4

32827 24 ' | 0

rerr| D ' RESERVED?

VALUE AFTER RESET: O

D =4-8BIT
) r = RESERVED
3l - 24 23 e 5 8 7 0
reserved MIE\Z)rSIT??%D 'R‘freservew VERSION |

VALUE AFTER RESET = OOOFQOwv
vv = VERSION #

FIG. 6



with EO priority, all others requesting the bus with normal priorities
back off. A bus arbitration cycle starts by the agent driving a start cycle
(bit O = eo0i, bit 1 =1) onthe Interrupt Bus. Bit 0 = 1 indicates "EOL"
priority, and bit 0 = 0 10 i ndi cates normal priority. Bit | should be 1.
For cycles 2-5, the agent drives the Arbitration ID onto bit 0 of the bus.
Hi gh-order 1D bits are driven first, successive cycles proceeding to the
low bits of the ID. All losers in a ghygn cycle drop off the bus using
every subsequent cycle as a tie breaker for the previous cycle. This
procedure provides "fairness" by ensuring 15 that any agent cannot get

the bus nore th@ once before [gnycotherq agent|3hasl,'_a qhqm:ee Tpus, if apl

agents try to aceess—the bus—similtanequsly rene plication of this

procedure will gFaKRESERVEﬁt ¢ach the* b s on WEBEGTOReflor e

all agents have ' o e iret—s—granted
excl usi ve us fﬁﬁﬁgﬁou&%w.ﬂl i ts ac ua ssage on the bus.
MPI C messageb =clohb!'SHhDISABLED mat s 14 clycle FO nefsdge| 21 cycle Short
nmessage, 32 cycle Lowest Priority , 39 clyclje Renote Read
nmessage. ents on the Interrupt Busf know the |ength|of an interrupt
message by ché&kﬁ.ﬁﬁ ARTERRESETat ¢ f| el [dNTRRRE ThesdageDELIVERY MODE
000I0000(h) : INPUT 000 FIXED

PIN 001 LOWEST
POLARITY |- ~ PRIORITY

ADDRESS: SEE APPENDIX A O =HIGH - 010 SMi
| = LOW - Ot |l <reserved
(00
101
|
]

NMI

INIT
O <reserved
| ExtiNT

LDESTINATION MODE
O PHYSICAL
| LOGICAL

DELIVERY STATUS
O IDLE
I SEND PENDING

REMOTE IRR

TRIGGER MODE
O EDGE
| LEVEL

MASK

O NOT MASKED
[ MASKED

63 56 | 32
DEST. FIELD RESERVED |
| VALUE AFTER RESET: O

FIG, 7



-50- For level-triggered interrupts froman AU to an IDU, an EQ priority
nessage i s used. The nessage includes the interrupt priority vector
(V[0:7]). The IDU receiving the nmessage resets the Renbte IRR bit for that
interrupt. If the interrupt signal is still active after the IRRDbit is
reset, the IDUwII| treat it as a new 5 interrupt. Figure 22 shows the
protocol format for the EO nessage for |level- triggered interrupts. Short
nmessages are used for the delivery of Fixed, NM, SM, Reset, ExtINT, and
LP with focus processor interrupts and/d8e formatted as shown in Fi gure 23.
The delivery node bits (MO0:2]) specify the short message format that takes
21 bus 10 cycles. Cycles 1 is the start cycle. Cycles 2-5 are for bus

arbitration, as desgs blts are sent on the bus one bit
at atime. Only oné c%ttéa bugﬁbﬁ“@@é #i s. The otiNdA bi EXSHNII dINER
zero. Cycles |6 ampyRiDMgSt he Destinatio e and Del iﬂvery kode bi ts*
15 Oycle 8|gi vigTLRERS, and| *ﬁﬁﬂ.w‘m REGISTER"| |

VERSION REG ]| —»

TASK PRIORITY

—Th 3';5 “* REGISTER
~_[CURRENT - J
| COUNT REG. gzo l 314
INITIAL COUNT L | v
REGISTER = [ _
DIVIDE CONFIG. |32 [+ | ~ PRIORITIZER 313

REGISTER | | ' | 312
o rf75"‘*7%51““‘:5\<‘7“;‘1
LOCAL VECTABLE e - 1

|
| V[FISRT Vv F-T[S[R] V l
| _ 322| 1| |
ol MER |7 f | ¥ TMR, ISR, IRR REGISTERS |
LINTO LOCAL | EPUPUSSIE SR AR D Jd
| INTERRUPT O [+ |
LNTI ™ ocaL - 3l
— . . . 7
"INTERRUPT | SR G U A
& 305 | |
______ |
|l WTERRUPT OR] VY TIR| V |
[TlLcommanpres [F 7] L " HOLDING REGISTERS |
| 304 | 307?\5.5%&3&0%” REGISTER
] ARB.D SELECT
RMOTE . [ [ LREGSTER. / _ “VECTOR | 310
D O [PROCESSOR PR,
REGISTER ~"|PRIORITY __ i il
LOGICAL | = ACCEPTANCE | M
DEST. REGISTER [\ ¥ s06 | LOGC 309
DESTINATION | 302 3 DEST.MODE
FORMAT REG. \3 03 8 VECTOR
SEND/RECEIVE
LOGIC 308

FIG. 8 L
)%

INTERRUPT BUS 115



Cycles 10- 13 are the 8-bit interrupt Vector. The Vector is only defined
for Delivery Mddes Fixed and Lowest priority. For Delivery Mde of "Renote
Read," the Vector field contains the address of the register to be read
remotely. If DMis zero (Physical Mde), then cycles 15 and 16 are the MPIC
| D and 20 cycles 13 and 14 are zero. If DMis 1 (Logical Mde), then
cycles 13-16 are the 8-bit Destination Field. The interpretation of the
Logical Mode 8-bit Destination field is perforned by the |ocal units using
t he Destination Format Register. Sho?%ﬁ%nds of "all-including-self" and
"al | -excl udi ng-sel f" both use Physi cal -51- Destination node and a
destination field containing MPIC ID value of all 1s. The sending MPIC
agent knows whether it should or should not respond to its own nessage.
Cycle 17 is a Checksum (CS) over the data in cycles 6-16. This field is the
5 cunul ative add (nod 4) .of all data bits (DM M>3, L, TM VO 7, DO 7).
The (single) agent driving the nmessage provides Checksumin cycle 17.
99y Uo7 24 o

reer N}S‘C RESERVED»

ADDRESS: FEEQ_0020

FIG. 9

3| 28 | s U - | . . O

RESERVED» ALL 1's

ADDRESS: FEEQ_OOEO

1 0000 = CLUSTER MODE; _ )
1111=FLAT MODE VALUE AFTER RESET: FFFF

FIG. 11

3 - 24 | ' °
LOGICAL DEST ' RESERVED»

FIELD

- ADDRESS: FEEQ_OODO
~ VALUE AFTER RESET: 0000

- FIG. 12



Cycle 18 is a postanble cycle driven as 00 by all agents to performvarious
I nternal conputations based on the information contained in the received
nmessage. One of the conputations takes the conputed Checksum of the data
received in 10 cycles 6-16 and conpares it against the value in cycle 18.
I f any agent conputes a different checksumthan the one passed in cycle 17,
then that agent wll signal an error on the Interrupt Bus in cycle 19 by
driving it as 11.- If this happens, all agents will assunme the nmessage was
never sent and the sender nust try séA& ng the nessage again, which

I ncludes rearbitrating for the Interrupt Bus. In Lowest 15 Priority
delivery, when the interrupt has a focus processor, the focus processor
wil.l indicate this by driving 10 during cycle 19. This tells all the other
agents that the interfrupt has been accepted, the arbitration is preenpted,
and short ﬁessage fofgat is uééd. Cycle 19 and 20 indfcate the status of |
the nessage, i.e., adespted, check sumerror, retry, pr error. FRigure 24

|
. . . . |
shows the st dipnuF=gi g égs conbi mations and their 20  peafTe|f qreal | |
delivery nodgss| Fle Il Ques hority (without focus prbcepsdd | mdspage I
f ormat of 'Fig%e 5 s’ u Ideliver an interrupt ih t%. CoyedtgPriority
: ; . 4 : | . 1 i |

Mode in | ch—f—doeg no a focus process. -Cycle Z+—1 or| 2thi s
message, ij$~pang as for tb I_nessage IE ol :
e, o 10 | Ll [
E—Ts . ! 3 R 7 e Aol
loll Sl 1 g | @ 15155 a*l
2l 2 IEEREES YAl !
IS Rolll £ |E2E | oo el
| | E%S ol | . ]
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-52- discussed above. Status cycle 19 identifies if there is a focus
processor (10), and a status value of 11 in cycle 20 indicates the need for
| owest priority arbitration. Cycles-21-28 are used to arbitrate for the

| owest priority processor. The processor which take part in the arbitration
drive their processor priority on the Interrupt Bus. 5 Only I AUs which
have "free interrupt slots” in IRRwII participate in the lowest priority
arbhitration. Cycle 29-32 are used to break tie in case two nore processors
have | owest priority. The bus arbit?&8 on IDs are used to break the tie.
Cycle 33 is an idle cycle. The Renpte Read nessage is used by an | AU for
reading the register in 10 anot her | AU. The nessage fornmat is sane as
short nessage for the first 21 cycles. Cycle 21-36 contain the renote
reglster address Blata. The stauws thdﬁnatlon i@ cycle 37 sped?fles if theg

data is goo.ﬁ% T. Renote Repd gyclle 75 atways—guccessfut
‘data may be Rd orresesved) |n {hat ifress neyer retnesedvedhe r eWEQTORr

this is that not e Read—Ts—a—dgbt featt e a rel 'IIUIIU —EHte FAU-t-hat
i s unable 15 |MERMQB shoula ndt cause the d%bmess IREBO BB@@e 26
shows the rressa@eONE—SHOT | DELIVERY | VALUE AFTER RESET:
. O IDLE
- | SEND :
MASK —— PENDING DELIVERY MODE
O NOT ' 000 FIXED
MASKED 00! <qeserved’
I MASKED ™ — O10 SMi* (OPTIONAL)
O EDGE Ol | <«reserved .

1 LEVEL. IOONML .

- : 1 [O1 INIT* (OPTIONAL)
- ' 110 ¢«reserved

| REMOTE LT ExdNT

RR

INTERRUPT INPUT
PIN POLARITY

3 | ¥y vy vy vy O 70
LINTO ‘reserved - r VECTOR
LNTI | . ‘reserved: . r | VECTOR

' reserved resvd | ceserved VECTOR
ERROR INT 6 15 B 2 |

| ADDRESS: FEEO_0350
| | ~ ADDRESS: FEEQ_0360
FIG. I3  ADDRESS: FEEQ_0370

VALUE AFTER RESET
00010000



format. Each | AU has an Error Status Register (Figure 27) which records all

the errors detected by that unit.

the bits in

the regi ster, except for the "reserve" bit,

are read. The "reserve" bit

Whenever a bit is set in this register,

This register is a read-only register and

get reset once they

20 is reset as a result of an INIT nessage.

processor core (through the error signal).

this register,

Interrupt Bus is the AU s responsibility.

-53- Regi sters and hence do not partici i)ate in_the error Io%gi

participate in tBE Bus Statulcy@ d¢ & '

The 4rTOr regi rqr bt defymit
.eé*ne

any errors.

a TRAP wil |l
Until the | ocal
more errors can accunul apglg Detecting the error.

be generated to the
processor . reads

on the

| DUs do not have Error Status

hdfti 1 Y3t held Ous 10r

ng. The | DUs
fhas det ec®ed

Figure 27. Send (S fh8SSF

detects a 5

CS Error: The I AU sets this bitl{whenl it}de

ons ar e gi

| AU |set s{t ii s| CHeck $u E?fgrelglvt‘?[gﬁfrdﬁy "

DEST. SHORTHAND
00: DEST FIELD

Ol: SELF

10: ALL INCL SEL
I 1: ALL EXCL SELF

ADDRESS: FEEO_0300
VALUE AFTER RESET: O

che Sufn eKr

for a rr?sag
ects a check

I
I
{
[
—D

It sent. Recerve
sjum error

DELIVERY MODE

FIXED
LOWEST
PRIORITY

SMI

REMOTE REAC
NMI

INIT

reserved’
<reserved

ESTINATION MODE

O PHYSICAL
| LOGICAL

DELIVERY STATUS

O IDLE -
I SEND PENDING

—TRIGGER MODE

O = DE-ASSERT
| = ASSERT

63 56

REMOTE REA
STATUS -

0O0: INVALID

TRIGGER MODE

O EDGE
| LEVEL

D

O | IN PROGRESS

10: VALID

| |: creserved> -

32

DEST. FIELD

aqeserved’

FIG. 14

ADDRESS: FEEO_O3IO
VALUE AFTER RESET: O



for a nessage that was received by it. Send Accept Error: The 1 AU sets this
error bit when it detects that the nessage it sent was not accepted by any
agent on the bus. 10 Recei ve Accept Error: The |1 AU sets this error
bit when the nmessage it received was not accepted by any agent on the bus,

including itself. Send Illegal Vector: This bit is set when the | AU detects

an illegal vector in the nessage that it is sending on the bus. Receive

Il egal Vector: This bit is set when 1ggegl AU detects an illegal vector 15
in the nmessage it received. This includes the illegal vector code in the
Local Vector Table interrupts and self interrupts fromICR 1|llegal Reg.
Address: This bidzd s set when the | ocal -processor trigs ﬁ access

regi ster that i t inplenented in the associated I bitratiolff is al so

used to find the JAUwith the | owest processor pr| or| ty] &eserved

Lowest-priority (EPy—arbrtratromuses thevatueof—the .A‘ S l'lu)c~ﬁgé
Priority value appended with a 4-bit Arbitration IDto r-!QR‘eFY%‘i i ase

there are nultiple | AUs executing at the | owest priority.¢esbrded §STRR t he
Processor Priority Regrster—areused—for—tP-arbt+t+ration:

ADDRESS: SEE APPENDIX A

FIG. 15 VALUE AFTER RESET: O
3 _' | | 8 7 0
- - TASK
RESERVED: PRIORITY

ADDRESS: FEEO_0080
VALUE AFTER RESET: O

FIG. I7

3 : O 9 87 0
RESERVED> IR INEN
FOC E—.
US PROCESSOR CHECKING ONT ENABLED
O: ENABLED 7 O: UNIT DISABLED
|: DISABLED | 1: UNIT ENABLED )
' | - SPURIOUS VECTOR
FIG, I8 - . ADDRESS: FEEO_OOFO
‘ L VALUE AFTER RESET:
: ' O0O0O0OFF

* PROGRAMMABLE



-54- itecture . Each | AU contains one 32-bit w de

progr anmabl e b&a timer for 'iuse by the | ocal processor. MPIC uses the CPU
Bus -\QOOWM" geee ‘% its clock base.. The 5 timer can be programed to
oper aéﬁ uggl“ ' ~¥e- shot rrbd_e or periodic node. The tinmer can be
configured to i t the local processor with an arbitrary vector. A

Di vi de Configuration Register is providedifam8 use by software to select the

ti-mer clock frequency for the tinmer ¢p & RFI gure 28 shows the fornat

of the Divide Configuration Register 3%%% 1 3,, 1, and 0 contain the

coded di vi dg=By Tactor which is apprtie A us G ock to produce
32,9800 an

di vi ded-by tactors of 1, 2, 4, 8, 16 , 128. Software starts a
timer goingjby programming its Initial Cou Regi ster 320. The tiner copiep
this valu e Current Count Regi st and starts counting down at
the rate junt for tiner NOo AU tinmer has a 15
pr ogr ammapl Whi Ch can be One- c. After a tiner reaches
zero in jode, the timer sinply Zeb®luntil it is
r epr ogr anme YES '
(SMI, INIT, EXT INIT, RR MSG 1}
?
. ? 503 504
LOWEST PRIORITY
ST?SUS ACCEPT
£ RETRY MSG —=1
507 SiL
; " Yes . | - YES[ACCEPT
| : - ' MSG
£ 513 4
ACCEPT
» MSG
509 A
STRIUS ARBITRATE
515 Sle
NO YES|ACCEPT |
. FOCUS ™ MSG
FIG. 16 > e

Si7



Periodic node, the timer automatically reloads its Current Count Register
fromthe Initial Count Register and starts counting down again. The tiner

i nterrupt generation can be disabled or enabled, and an arbitrary 20

i nterrupt vector can be specified. Wen enabled and the tinmer reaches zero,
an interrupt .is generated at the 1AU. Tinmer-generated interrupts are al ways
treated as edges. They can only gengym e nmaskable interrupts to the | ocal
processor. -55- Atiner set up with its interrupt  masked is useful as a
time base that can be sanpled by the |ocal processor by reading the Current
Count Register for the purpose of neasuring time intervals. By mapping the
| AU s register space into a read-only user page, safe and efficient

per f or mance nﬁﬁ|tor|ng of user prograns can 5 be supported()lf desi red,

sof tware can enSuUre that—perrodictimer—Tterrupts—on—the—dif{ferent | AUs
are ﬂammraitkh&%&xﬂkykmwwﬁkmmﬁ&X&&XN%KmXMEKMmt(eg.,a
time slice interfupt)—to therr—tocat—processor—at—the—sare—ti ne. This
staggering avoi ds bursts of x = DONT CARE '
' | . ADDRESS: FEEQ_00BO
FlG l9 VALUE AFTER RESET: O
3l o

| ADDRESS: FEEQ_00CO
FIG. 20 VALUE AFTER RESET: O

3 2423 16156 87 0

‘reserved ‘gle%(RlY_VT weserved’| VERSION

VALUE AFTER RESET = O00200vv

FIG. 21 vv = VERSION #

ADDRESS: FEEQ_0030

3 - 8 7 6 5 4 3 2 | o]

ILLEGAL[RECENVE]SEND | o~ [RECEME[SEND [RECENE[SEND
<RESERVED> |REGC, |ILLEGAL [ILLFGAL SFRVEDSACCEPT [ACCEPT|CS {CS §
| ADRS. | VECTOR |VECTOR “[ERROR |ERROR [ERROR |ERROR

. ADDRESS: FEEQ_0280
= FIG, 27  VALUE AFTER RESET: 0



contention for shared resources (bus, cache lines, dispatch queue, |ocks).
10 Randommess occurring "naturally" may be sufficient to ensure staggering.
The Tinmer Vector format used in Local Vector Table 322 is shown in Figure
29. Vector[0:7] is the 8-bit interrupt vector to be used when the tinmer
generates an interrupt. Bit 12 is the delivery status bit. Bit 16 is used
to indicate masked or not nasked, and bit 17 indicates one-shot or periodic
ti mer node. 15 -56- 1. A nul ti pFdd8ssor programmabl e interrupt
controller (MPIC) systemfor operation in a nultiprocessor system having a
common system bus, at |east one I/O peripheral subsystemw th a set of

i nterrupt request signal lines, and at | east two processor units, the MPIC
system conpri sing: a) a three-wire synchronous interrupt bus, one wre
for an interrupt bus synchronizing clock signal, a first and second data
wire for data comuni cation, the first data wire also used for arbitration

nmessages for

CYCLE BIT 0 BIT 1
1: eoi 1 0 1=NORMAL, 1 1=EOI
-2 ArbID3 0 ARBITRATION ID BITS 3 THRU O
3 ArbID2 0 - |
4; ArbID1 0

5: ArbIDO 0

6: V7 V6 INTERRUPT VECTOR V7 — VO
7: V5 V4 -
-8t V3 - V2

9: V1 VO

10: C (o CHECK SUM

11: 0 0 POSTAMBLE

12: A A ~ STATUS CYCLE O

13: A1 A1 STATUS CYCLE 1

14: 0 0 IDLE

FIG. 22

St
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~control of the interrupt bus, b) an interrupt delivery unit (IDU)
connected to the interrupt bus conprising; i) a set of interrupt
request signal input pins for accepting interrupt request signals froma
set of 1/0O peripheral interrupt request lines, an interrupt request signa

i ndi cated by activating a corresponding input pin; ii) a redirection
tabl e, coupled to the interrupt requ?ﬁhssignal i nput pins, for selecting an
i nterrupt request nessage correspondifig-to the active input pins, the

i nterrupt request nessage conprising an interrupt vector containing
interrupt priority level, servicing node, and processor selection
information; iii) nmeans, coupled to the redirection table and to the
interrupt bus, for broadcasting the interrupt nmessage on the interrupt bus;
and Dat e: -57-

CYCLE BIT O BIT 1

1: eoi 1 0 1=NORMAL, 1 1=EOI

2: ArbID3 0 ARBITRATION ID BITS 3 THRU O
3: ArbID2 0

4: ArbID1 0

5: ArbIDO 0

6: DM M2 DM=DESTINATION MODE

7: M1 MO M2—-MO=DEUIVERY MODE

8: L ™ L=LEVEL,TM=TRIGGER MODE
9: V7 V6 ' V7-VO=INTERRUPT VECTOR
10: \') V4

11: V3 . V2

122 = W1 VO

13: D7 D6 DESTINATION

14; D5 D4

15: D3 D2

16: D1 ' DO

17: C C - CHECK SUM FOR CYCLES 6—16
18: 0 0 POSTAMBLE _

19: A A STATUS CYCLE O

20: - Al Al - STATUS CYCLE 1

21: 0 0 IDLE

FIG. 23



I V) means, coupled to the interrupt bus, connected to the first data wre
of the interrupt bus for arbitrating for control of the interrupt bus; and
c) an interrupt acceptance unit -(I1 AU) connected to the interrupt bus and
to an associ ated processor conprising: i) means for receiving interrupt
request mnessages broadcast on the interrupt bus; ii) means for accepting
I nterrupt request nessages which t h&*8%oci at ed pr@cessor Is eligible to
service; iii) nmeans for pending accepted interryggt request messges until
the associated processor is available to servicg_ezﬁe interrupt redyest
message; iVv)¥| neangyfor broadcagjing interrupiel@%guest nmessages on the

interrupt b V) tl-_'means for at-_bitrating corﬂ:r’"lzof the interr bus

connectedtdi' he finsp-Bata w reofl inter@ <K@s; and vi) ans for

an | AU to regpest r@ t he coﬁe@t of a regi with a preadgigned
s
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preassi gned identification nunber, the I AU requesting a renote | AU register

read by: a) sel ecting a physical destination node of interrupt bus
nmessage delivery; Date: -58- b) speci fying the target | AU
i dentification nunber as the address of the destination, c) pl aci ng a

nunber corresponding to the address ‘of the register whose contents are to
be read and causing the target AU to place the contents of the addressed
register on the interrupt bus; and d) 1ggeding of the register contents on

e A Poe! Pt CBHELEY, LA Y, T eduesplingy Lne Temte LA oo ster read. 2
- 1: eoi 1 0 1=NORMAL, 1 1=EOI
2: ArbID3 0 ARBITRATION ID BMS 3 THRU O
3: "ArbID2 0 "
4: ArbID1 0
5: ArbIDO 0 _
6: DM M2 DM=DESTINATION MODE
7 M1 MO M2—-MO=DELIVERY MODE
8: L ™ L=LEVEL,TM=TRIGGER MODE
9: V7 V6 V7—-VO=INTERRUPT VECTOR
10: © V5 V4 :
11: V3 V2
12: V1 Vo)
13: D7 D6 DESTINATION
14: D5 - D4 :
15: D3 .D2
16: . D1 DO
17 C C CHECK' SUM FOR CYCLES 6-16
18: 0 0 POSTAMBLE °
19; A A STATUS CYCLE O
20: A1 A1 STATUS CYCLE 1
21: P7 - 0 INVERTED PROCESSOR PRIORITY P7-PO
22: P& 0 )
23:; PS 0
24: P4 0
25: . P3 0
26: P2 0
27: P1 0
28: PO 0 |
29: ArbID3 0 ARBITRATION ID 3—0 -
30: ArbID2 0
31: ArbID1 0
32: ArbID1 0
33: 0 0 IDLE

FIG. 25



controller (MPIC) systemfor operation in a nultiprocessor system having a
common system bus, at |east one |/O peripheral subsystemwth a set of

i nt-errupt request signal lines, and at | east two processor units, the

mul ti processor programable interrupt controller systemincluding a
three-wire synchronous interrupt bus, one 1\/yi %g for an interrupt bus
synchroni zi ng cl Q¥gLEI gn@iT @ firstpand sedbil data wire for data

communi cation, apd the fiTst data wire also u eg far- bitra& Qn nessages
for control of the inter 3t bus, an interrup‘s ?IMUHH

ti

; . TEA)
connected to the?interruffdBds, andOan i nt er rARBITRATION dBc8ITHIi 3 THRU) O
connected to the3dinterruparbld2s and po an associ ated processor, the nethod

for operating an, VPl C syst conpriging a nethod of operating an | AU
conpri si ng: 15‘9 a) irbp@hcepti né on a set of interrupt request signal

i nput pins, inté®rupt reAmd®O signabs froma set of I/0O peripheral
interrupt requesg; | ines, pgn interrugh requestpgl oAbk MSDEY

activating a cor-i:espondi m i nput pi “0 M2—MO=DELIVERY MODE

8: L ™ L=LEVEL,TM=TRIGGER MODE
9: v7 V6 V7—-VO=INTERRUPT VECTOR
10: V5 V4 '
11: V3 V2
122, Vi Vo

13: D7 D6 DESTINATION
14: D5 D4
18: D3 D2
186: D1 DO
17: C C CHECK SUM FOR CYCLES 6-16"
18: 0 0 POSTAMBLE
19: A A STATUS CYCLE O

20: Al _ Al STATUS CYCLE 1

21: d31 d30 REMOTE REGISTER DATA 31-0
22: d29 d28

23; d27 . d26

24 d25 d24

.25: d23 d22

- 26: d21 d20

27: di9 dis

28: di7 di6

29: - d15 di4

30: di13 di2

31: dit d10

32: d09 d08

33: d07 do6

34: do5 - do4 '
35: do3 d02

-36: do1 d0o0 _

37: S S DATA STATUS:11=VALID, 00=INVALID
38: C C CHECK SUM FOR DATA d31—d00
39: 0 0 IDLE

FIG. 26



b) sel ecting an interrupt request nessage froman IDU redirection
tabl e, coupled to the interrupt request signal input pins corresponding to
the active input pins, the interrupt request nessage conprising an
interrupt vector containing interrupt priority level, servicing node, and
processor selection information; c) broadcasting the interrupt nessage
on the |nterrupt bus; d) arbitrating for control of the interrupt bus
when access’ is reqU|red by an | DU t d84t®adcast an interrupt message; e)
receiving interrupt request nessages that have been broadcast on the

i nterrupt bus; f) accepting interrupt request nessages which the

associ ated processor is eligible to service; ) pendlng accept ed

i nterrupt reguest nessages until the aSSOCIated process i ayai | able to
service the i Merrupt request nessage; broadcasti rupt equest

messages on tHe 1 nterrupt busB§55 |trat|ng controL difnfhe 1 ntérrupt
bus connected [t6 the first d ’?%Eg the interrupt bu é%d )

arbitrating |owest priority node arbitration on the_lnterTEpt bu? bet ween
ADDRESS: FEEO_O3EO '

VALUE AFTER RESET: O | DIVIDE BY
000 DIVIDE BY 2
00| DIVIDE BY 4
010 DIVIDE BY 8

FlG. 28 N | ? DIVIDE BY 16
I
- |
I

[

00 DIVIDE BY 32

Ol DIVIDE BY 64
110 DIVIDE BY 128

| | DIVIDE BY |

3 B BT 2 7 0

“reserved |00 reserved <> | VECTOR
T T | L— DELIVERY STATUS
TIMER MODE —MASK | O: IDLE
O: ONE-SHOT - 0:NOT MASKED !: SEND PENDING
1: PERIODIC - |: MASKED |
- o ADDRESS: FEE0_0320
FIG. 29 VALUE AFTER RESET: O's

EXCEPT FOR MASK



— ' 3¢-8 o’
hAUs.ellglbIe to service a given |nterrupt request, wherein an IZ?%S
aSSOC|ated with.an.eligible processor operating on a task of | owest
pr|or|ty . -60- relative to all other el igible processors is selected to
service the given interrupt request; the method.for..operating. an. MLC
system further conprising a method for an 1AU to reqiestE L gdling ke  SG
contents of a register with a preassi gned addrieds: steargetsd AUic eaghi LLAU
having a preassigned identification nugger, t hie | {Auu=ﬁquestr gﬁa@n@nﬁtQJMAU
regi ster read using a method conprising the fol liovi :
sel ecting a physical destination node of |nterrqptpbg 3 :%i
speci fyi ng«t arget |1 AU identification nunber as the address of the”
destinatig;rll*éﬁgé pl aci ng a nunber correspon |@9 o) % 6,@ddr.ess gk /the
regi ster whose contents are to be read and ca -nglthewLéT‘ ALt place
the contents of the addressed register on the interrupt bus; and

L.J-

1. A multiprocessor programmable interrupt controller (MPIC) system for
operation in a multiprocessor system having a éommon system bus, at least one I/O
peripheral subs;stem with a set of interrupt request signal lines, and at least two
processor units, the MPIC system comprising:

2)  athrec-wire synchronous interrupt bus, one wire for an interrupt bus
synchronizing clock signal, a first and second data wire for flata
communication, the first data wire also used for arbitration messages for
control of the interrupt bus;

b) an interrupt delivery unit (IDU) connected to the interrupt bus comprising:
1) a set of interrupt request signal input pins for accepting interrupt

request signals from a set of IO peripheral interrupt request lines,
an interrupt request signal indicated by activating a corresponding
input pin;

ii) a redirection table, coupled to the interrupt request signal input
pins, for selecting an interrupt request message corresponding to
the active input pins, the interrupt request message comprising an
interrupt vector containing interrupt priority level, servicing mode,
and processor selection information;

i) means, coupled to the redirection table and to the interrupt bus, for

broadcasting the interrupt message on the interrupt bus; and
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d} , readi ng the register contents on the |nterrupt bus by the | AU
requestl ng the renote | AU register. read

-57 -

iv)  means, coupled to the interrupt bus, connected to the first data wire
of the interrupt bus for arbitrating for control of the interrupt bus;
and

c) ' ~an iﬁtemxpt acceptance unit (IAU) connected to the interrupt bus and to an
associated processor com;;ﬁsing: "

1) means for receiving interrupt re‘quesf messages broadcast on the
interrupt bus;

ii) means for accepting interrupt request messages which the
associated processor is eligible to service;

ili)  means for pending accepted interrupt request messages until the
associated processor is available to service the interrupt request
message;

iv)  means for broadcasting interrupt request messages on the interrupt
bus;

v) means for arbitrating control of the interrupt bus connected to the
first data wire of the interrupt bus; anci

vi)  means for an JAU to request reading the contents of a register with
a preassigned address in a target IAU, each JAU having a

preassigned identification number, the JAU requesting a remote

IAU register read by:
a) selecting a physical destination mode of interrupt bus
_ nﬁessage delivery;
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b) specifying the target IAU identification number as the
address of the destination;
©) placing a number corresponding to the address of the
register whose contents are to be read and causing the
- - target IAU to place the contents of the addressed register on
the interrupt bus; and
d) reading of the register contents on the interrupt bus by the

TAU requesting the remote IAU register read.

2. A method for operating a multiprocessor programmable interrupt
controller (MPIC) system for operation in a multiprocessor system having a common
system bus, at least one I/O peripheral subsystem with a set of interrupt request signal
lines, and at least two processor units, the multiprocess‘or programmable interrupt
controller system including a three-wire synchronous interrupt bus, one wire for an
interrupt bus synchronizing clock signal, a first and second dat; wire for data
communication, and the first data wire also used for arbitration messages for control of
the interrupt bus, an interrupt delivery unit (IDU) connected to the interrupt bus, and an
interrupt acceptance unit (IAU) comnected to the interrupt bus and to an associated
processor,

the method for operating an MPIC system comprising a method of operating.an

IAU comprising:
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a) accepting on a set of interrupt request signal input pins, interrupt request
signals from a set of /O peripheral interrupt request lines, an interrupt
request signal indjcated by activating a corresponding input pin;

b) selecting an interrupt request message from an IDU redirection table,

“ coupled to the inter{ﬁpt request signal input pins comresponding to the
active input pins, the interrupt request message comprising an interrupt
vector containing interrupt priority level, servicing mode, and processor
selection information;

c) broadcasting the intermpt message on the infermpt bus;

d) arbitrating for control of the interrupt bus when access is required by an
IDU to broadcast an interrupt message;

&) ‘receiving interrupt request messages that have been broadcast on the
interrupt bus;

f) accepting interrupt request messages which the associated processor is
eligible to service;

g) pending accepted internupt request messages until the associated processor
is available to service the interrupt request message;

h) broadcasting interrupt request messages on th_e interrupt bus;

i) arbitrating control of the interrupt bus connected to the first data wire of
the interrupt bus; and

) ardbitrating lowest priority mode arbitration on the interrupt bus between
JAUs eligible to service a given interrupt request, wherein an IAU
associated with an eligible processor operating on a task of lowest priority
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relative to all other eligible processors is selected to service the given

Interrupt request;

the method for operating an MPIC system further comprising a method for an IAU to

Tequest reading the contents of a register with a preassigned address in a target IAU, each

IAU having a preassigned identification number, the JAU requestmg aremote JAU

register read using a method comprising the following steps:

a) selecting a physical destination mode of interrupt bus message delivery;

b) specifying the target IAU identification number as the address of the
destination;

c) placing a number corresponding to the address of the register whose
contents are to be read and causing the target IAU to place the contents of
the addressed register on the interrupt bus; and

d) | reading the register contents on the interrupt bus by the IAU requesting the

remote JAU register read.
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