WO 2011/160704PCT/EP2010/067019 CONTROLLING A RATE AT WHICH ADAPTER
INTERRUPTIOI(\I) 2F§F/ GL({,II,ESTS ARE PROCESSED BACKGROUND This invention relates, in general,
to |nterrupt|on processing Within a computing 5environment, and in partlgﬁw 8! 38?1t%9|hng processing
of interruption requests generated from adapters of the computing environment. In some computing
environments, such as those based on the z/Architecture(r) offered by International Business
Machines Corporation, Armonk, New York, interruptions requested by input/output (1/0O) adapters are

assigned to interruption subclasses. These subclasses are 10used, for instance, in prioritizing the
interruptions fofSYSE&L el B{r AnBobEFatit grsiidtein gl AFTrBRISEBERR GPAE PR RERIGEEES0r of the

computing environment to process the interpiptieneoafessierruption subclass (ISC), the processor is
to be enabled for that subclass. When enabled, it may process the interruptions of that subclass, but
not of other syhgtgssgsyferyhich it is 15not enabled. Multiple processors may be enabled for a
subclass, and therefore, multiple processors may be concurrently processing interrupts for a given
subclass. In P%t‘%rﬁ% (I)\Ino]r€ t(e)<;651ﬁ598 i s ed Jun .20 r%cc)é)? Co nor eg al. ';M{ethod System, and
Article of Manufacture for Adj ustméﬁn fuptnL qn|5Jrovu§eill(11‘gare a me?ﬁné1 System and article of
manufacture Wﬁﬁmiﬁgﬁﬂdté’rmﬁfq@% [ WW?@ﬁﬂ%mﬁﬁg faRtatpHeE @lqae%cg@mmﬁétlonal device

is determinedgyhanehictb e rRHErQM R Siem RtarURt rate is a sum of interrupt rates from a plurality of
interrupt generating agents. The current system interrupt rate is compared with at least one threshold

interrupt rate gsspriated with e comaniational deyice.Basaten e semparisan.ag nterrupt

moderation level is adj usted at an interrupt generating agent of the plurality of interrupt generating
agents. 25u51¢§w%3?‘@%*é\4§h@§m€%%ﬂsﬁsn oo rin Al At Bl ™MpHaR BT FEEessing

System," desesibas:ssuipte TPt jdrpeessingsSyatdm hasngan ntelswet hvidinguegistersreach
corr%pondln%to zxdlffeﬁ:‘nt class of lnterr LS, A write Ggueue osts§erV|C|ngd{m uired b&/fthe interrupt
S
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Processor.

In order for a processor of the computing environment to process the interruptions of an

interruption subclass (ISC), the processor s to be enabled for that subclass. When enabled,

it may process the interruptions of that subclass, but not of other subclasses for which it is
15 not enabled. Multiple processors may be enabled for a subclass, and therefore, multiple

processors may be concurrently processing interrupts for a given subclags.

In US Patent No. 7,065,598, issued June 20, 2006, Connor et al., “Method, System, and
Article of Manufacture for Adjusting Interrupt Levels,” provided are a method, system and
article of manufacture for adjusting interrupt levels. A current system interrupt rate at a

20 computational device is determined, wherein the current system interrupt rate is a sum of
interrupt rates from a plurality of interrupt generating agents. The current system interrupt
rate is compared with at least one threshold interrupt rate associated with the computationat
device. Based on the comparison, an interrupt moderation level is adjusted at an interrupt

generating agent of the plurality of interrupt generating agents.

25 US Patent No. 7,398,343, issued July 8, 2008, Marmash et al., “Interrupt Processing
System,” describes an interrupt processing system having an interrupt holding registers, cach
corresponding to a different class of interrupts. A write queue posts servicing required by the

mterrupt holding registers. An interrupt vector register has bit positions corresponding to



WO 2011/160704PCT/EP2010/067019 2 different classes of interrupts. A read queue has inputs
poupled to the \n%l%ﬂif%o% i_nterrupt holding rggisters and to the interruptygﬁﬁ)rﬂ;?gd?;&{g Dgtegtion logic
is coupled betweén an arf)lter, fed by the write and read queues, and a processor for: (a) indicating
when an interrupt has passed from the write arbiter2o the processor; (b) detecting the interrupt class
Sof such passed interrupt; (c) enabling the one of the bit positions corresponding to the detected
interrupt class in the interrupt vector register to store a state indicating the servicing requirement for
such detectedidiasstofastemiiptcanp{d) whepeimdthes datetstonptidrictite ilterhupe Vettonregister is

passed to the,Biggessar Iroue, the ieaf.AurYsaBd e BIRILELSRIECRIHRIR Waatent No.
6,615,305 issued September 2, 2003, Olesen et al., "Interrupt Pacing in Data Transfer Unit," an

apparatus and"AT&tHEE TieoMitsIRrG RIS HEHTBEPO iRt dar i tiet bR MIf®enerates to a CPU
is disclosed. Anpacinddinidsd see idd agistenatiamptesdateotiahisiers ey dnrtstéraom aldata transfer

unit tg) aCPU e];.rgd re%%pdst_vﬁbue t%% user defiﬂglgg{%resh[old limit, Whgn tpoet&umber of events

om _
reaches the tﬁr’egﬁ%?&sl%niﬁl an | t’ecu%ial i§ ggr?él?acfe to the CPU. BRIEE SUMMARY  In

accordance wittceipidasisanpofithtin RS BIRTHDETRIEN Teeisip AbHiejRia Hriviter O ARSI KW many

Processors arg &RReIHant Vo QRessin gl pia fer Mg ike R iRteriup! subalass,apgd/or 20to control
the rate at whjch interrupts are being processed. The s ortc%nungs f the prior art are overcome and
gﬂ %%a% % b the e t

advantages at& BBVt TRFEIGH TEBrOVRIdHPEIa e

o4& aceor n%l 0cC 'aunlII1 %rafrtled corresponding
system and cegisp@ter program product for controlling interrupt processing in a multiple processor
computing environment. 25

10 In US Patent No. 6,615,305 issued September 2, 2003, Olesen et al., “Interrupt Pacing in
Data Transfer Unit,” an apparatus and method for controlling the number of mterrupts a data
transfer unit generates to a CPU 1s disclosed. A pacing unit is used to register attempted data
transfers (events) from a data transfer unit to a CPU and compares this value to & user
defined threshold limit. When the number of events reaches the threshold limit, an interrupt

15 is generated to the CPU.

BRIEF SUMMARY

In accordance with an aspect of the present invention, a capability is provided to control how
many processors are concurrently processing interrupts for a given interrupt subclass, and/or

20 to control the rate at which interrupts are being processed.

The shortcomings of the prior art are overcome and advantages are provided through the
provision of a method , according to claim 1, and corresponding system and computer
program product for controlling interrupt processing in a multiple processor computing

environment.

25
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

One or more aspects of the present invention are particularly pointed out and distinctly

claimed as examples in the claims at the conclusion of the specification. The foregoing and



BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS One or more aspects of the
present invention are particularly pointed out and distinctly claimed as examples in the claims at the
conclusion of 8 %Oﬂgf?ﬂ@ﬂtion. The foregoing and WO 2011/160704PCHY 189687019 3 other
objects, features, and advantages of the invention age apparent from the following detailed description
taken in conjunction with the accompanying drawings in which: FIG. |IA depicts one
embodiment of a computing environment to incorporate and use 5one or more aspects of the present
invention;  dfié obBcde picis anane mbociupsnif dicicentkal progessingioampdaxiiswidgich a host is
executing one,Qr more. ts,.in aG i ¢t of the present invention; FIG. 2A
depicts one e%%)%{nﬁntﬁebr?# §§rtt Eee? e(%él su%%fﬁsoy\{}ls‘%gtr%ﬁrﬁgr%%rrn and §1Ber?\f81 Rub of FIG. 1A, in
accordance with an aspect of the present invention; 10FIG. 2B depicts another embodiment of further

details of system memmnaaigithsHOQ-RAVRIGhIIGT Moifpasepdaneawinanaspasiahthapresent
invengion; FIG. 2C degicts 0 %IembOQiment.of entries of a guest adapter interruption table (GAIT)

ne or morg aspects or the ent 1nvention. . . .
used 1n accordance with an aspec Sfthe present invention; FIG. 2D depicts one embodiment

of a guest interruption state area (GISA) used in 15accordance with an aspect of the present invention;
FIG. 2E depicts one' &hiBdifakiH SreftpRaBrUnLdspet RtsripgSATBI AR tAI8SAIFT) used in
accordance withanmspect oidhe:presantmueiationyith an aspect of the present invention;

FIG. 2A depicts one embodiment of further details of system memory and the O

hub of FIG. 1A, in accordance with an aspect of the present invention;

10 FI1G. 2B depicts another embodiment of further details of system memory and the /O

hub of FIG. 1A, in accordance with an aspect of the present invention,;

FIG. 2C depicts one embodiment of entrics of a guest adapter interruption table

(GAIT) used in accordance with an aspect of the present invention;

FIG. 2D depicts one embodiment of a guest interruption state area (GISA) used in

15 accordance with an agpect of the present invention;

FIG. 2E depicts one embodiment of entries of an adapter interruption forwarding

table (AIFT) used in accordance with an aspect of the present invention;

F1G. 3 depicts one embodiment of an overview of the logic to process message
signaled interruptions received from adapters, in accordance with an aspect of the present

20 invention;

FIG. 4 depicts one example of a state diagram depicting the transitions between

various interruption processing modes, in accordance with an agpect of the present invention;

FIG. 5A depicts one embodiment of a Set Interruption Controls instruction used in

accordance with an aspect of the present invention;

25 FIGs. 5B-5D depict examples of contents of fields used by the Set Interruption

Controls instruction of FIG. 5A, in accordance with an aspect of the present invention;



FIG. 3 depicts one embodiment of an overview of the logic to process message signaled interruptions
received from ada%ters in accordance with an aspect of the present 20invention; FIG. 4 depicts one
example of a LT éﬁ% B depicting the transitions between various in@?ﬂﬂfﬁﬂ%ﬂlﬁf&:‘@ssing modes, in
accordance with an aspect of the present invention;4  FIG. 5A depicts one embodiment of a Set
Interruption Controls instruction used in accordance with an aspect of the present invention; 25FIGs.
5B-5D depict examples of contents of fields used by the Set Interruption Controls instruction of FIG.
5A, in accordance Witk aiE aspiettak themppésein adgntidnte MO R0LH A Q/0MBE TAEMR010/067019 4

FIG. 5E depicfs.gne.example Q,]Etgg@ﬂgg&p&f&}é&gég@gﬂrp&gﬂeters block (AIPB) used in accordance

with an aspect of the present invention; . 6 depicts one embodiment of the logic to control the

rate at which interruplta aPrgFErocessedb;)rgi.accor%ahnce with an aslptﬁct of the é)_r?g.ent invention; 5FIG. 7
Nt O i

depicts one embodiment OFtHE IS CES BOMTET thed ¥ A8 GIOWRTE TG IS MRS hPEEERS §By a guest, in

accordance withcasiais pestcofdheprebentaspeentichs presdai@n@mdiepicts one embodiment of the state
transition diagram of FIG. 4 further depicting transitioning from one mode to another in a virtual
envirénment, in accoidandepwitvan-aspethafbrripregenbiavertian hRREGHA Bepicisane
embodiment f@cM%gig Pqél unetion Controls instructio tifysed in accordance with an aspect of the
. [» ] & g o t t " . .
present inven |ront;asq IG-0B dlgplcct%rorrmlgee“rﬁ odiment %?aeff)erﬁeﬁlséng %yl?ﬁe Modify PCI Function

Controls instruction G, 9A, in accqordance wjth an aspect of the present invention;
Iglfd: |8 depfg\fs hd em%ocgmento tge states ansttion c%ag?am of FIG. 4 turther

depicting transitioning from one mode to another in a virtual cnvironment, in accordance

with an aspect of the present invention;

10 FIG. 9A depicts one embodiment of a Modify PCI Function Controls instruction used

i accordance with an aspect of the present invention;

FI1G. 9B depicts one embodiment of a field used by the Modify PCI Function

Controls instruction of FIG. 9A, in accordance with an aspect of the present invention;

FIG, 9C depicts one embodiment of another field used by the Modify PCI Function

i5 Controls instruction of FIG. 9A, in accordance with an aspect of the present invention;

FIG. 9D depicts one embodiment of the contents of a function information block

(FIB) used in accordance with an aspect of the present invention,

FIG. 10 depicts one embodiment of an overview of the logic of the Modify PCI

Function Controls instruction, in accordance with an aspect of the present invention;,

20 FIG. 11 depicts one embodiment of the logic associated with & register adapter
interruptions operation that may be specified by the Modify PCI Function Controls

instruction, in accordance with an aspect of the present invention;

F1G. 12 depicts one embodiment of the logic associated with an unregister adapter
interruptions operation that may be specified by the Modify PCI Function Controls

25 instruction, in accordance with an aspect of the present invention;



FIG. 9C depicts one embodiment of another field used by the Modify PC1 Function 15Controls
instruction of FIG. 9A, in accordance with an aspect of the present invention; FIG. 9D depicts one
embodiment of h& ¥8%t&kts of a function information block (FIB) used irf QE%Fab%OééOWith an aspect of
the present invention; FIG. 10 depicts one embadiment of an overview of the logic of the Modify
PCI Function Controls instruction, in accordance with an aspect of the present invention; 20FIG. 11
depicts one embodiment of the logic associated with a register adapter interruptions operation that
may be specified byFliie MadifyiRCirewndiidinCmntt oIS SispctiDProkraccorgantenwstid &an aspect of the

present inveng@cta'ﬂﬁh@e gﬂ?[hcg%pgg:[ggcpglet hadiment of the logic associated with an unregister adapter

interruptions operation that may be specified by the Modify PCI Function Controls 25instruction, in
accordance with an o({ the present invention, WO 2011/160704PCT/EP2010/0670195  FIG.
13A depicts one em odﬁggn “BFR &5if né’ﬁ?égl%tr%?caé%’ u?s‘itrl%si%)rﬁ{((: |c§”:rc71I % éh -llér{%é‘é)(%%%aa(nce with an
aspect of the Presssyorimyeedion;of FIG. B ar3Bidepicticona esniyddimtenttioimaspepiestiisiock used by
the Call Logic&l@&gm@gstruction of FIG. 13A for a list operation, in accordance with an aspect of
the Spresent invention; FIG. 13C depicts one embodiment of a response block for the list operation

of FIG. 138, in accogglange with, %ﬁé@ﬁ%&&%ﬁ&% é’f%%%%ﬁt%’ 2% the Ea'; Spsanod RISS one

embodiment of a function list entry used in accordance with an aspect of the present invention; 10FIG.
14A depicts oréRrisseRRdateor i raiiaetsloER psEd By & Call Logical Processor instruction of FIG.
13A for a query function operation, in accordance with an aspect of the present invention;

F1G. 13D depicts one embodiment of a function list entry used in accordance with an

aspect of the present invention;

10 FIG. 14A depicts onc embodiment of a request block used by the Call Logical
Processor instruction of FIG. 13A for a query function operation, in accordance with an

aspect of the present invention;

FIG. 14B depicts one embodiment of a response block for the query function

operation of FIG. 14A, in accordance with an aspect of the present invention,;

15 FIG. 15A depicts one embodiment of a request block used by the Call Logical
Processor instruction of FIG. 13A for a query group operation, in accordance with an aspect

of the present invention;

FIG. 15B depicts one embodiment of a response block for the query group operation

of FIG. 15A, in accordance with an aspect of the present invention;

20 FIG. 16 depicts one embodiment of a computer program product incorporating one or

more aspects of the present invention;

FIG. 17 depicts one embodiment of a host computer system to incorporate

and use one or more aspects of the present invention,

FIG. 18 depicts a further example of a computer system to incorporate and

25 use one or more aspects of the present invention;



FIG. 14B depicts one embodiment of a response block for the query function operation of FIG. 14A, in
accordance with an aspect of the present invention; isFIG. 15A depicts bodiment of a request
block used by‘?’r?en&gﬂ‘%%ical Processor instruction of FIG. 13A for a qgg@%%’b%%é?auon, in
accordance with an aspect of the present invention;¢  FIG. 15B depicts one embodiment of a
response block for the query group operation of FIG. 15A, in accordance with an aspect of the present
invention; 20FIG. 16 depicts one embodiment of a computer program product incorporating one or
more aspects of thefifedenepnvemish;r cxafh®.ol 7 depiotsr oyrcembogitsiegatof a host computer system

to incorporate.and USe ane,OfIRYE ASRESEY ALINRRIESERLIBNENIR e present  FIG- 18 depicts a

further example of a computer system to incorporate and 25use one or more aspects of the present
invention; WE&8191460704PCT/EP2010/067019 6  FIG. 19 depicts another example of a
computer system comprising a computer network to incorporate and use one or more aspects of the
present invention; FIG. 20 gqgictoong epieedimet efisoainme pnety afiv ceralesishissfta computer system

to Sincorporatg3nduse.Ane:ohinarenasPasts O bihe: presentinugition;  FIG. 2IA depicts one
embodiment of the execution unit of the computer system of FIG. 20 to incorporate and use one or

more aspects of thegpreseAtJAVEOAR  mbodimenfdFinCIRARRIIRIPHERTAAGIEN Of the branch unit of

the computer system 100f FIG. 20 to incorporate and use one or more aspects of the present
invention;  BREMAITHepe BRI 8 HEFadrREsFbHIE 8T8 computer system of FIG.
20 to incorporatemad; use one or more aspects of the present invention; and FIG. 22 depicts
one embodiment of an emulated host computer system to incorporate 15and use one or more aspects

of the present inventigh. P IALE DLDEBCRIRI OMhe branch unit of the computer system

10 of FIG. 20 1o incorporate and use one or more aspects of the present invention;

FIG. 21C depicts one embodiment of the load/store unit of the computer
system of FIG. 20 to incorporate and use one or more aspects of the present

invention; and

FIG. 22 depicts one embodiment of an emulated host computer system to incorporate

15 and use one or more aspects of the present invention.

DETAILED DESCRIPTION

In accordance with an aspect of the present invention, a capability is provided to contiol a
rate at which interruption requests are processed. This control inclides managing the

20 number of processors to perform interrupt processing.

To request an interrupt, In one example, an adapter issues a message signaled interruption
(MSI) request. The MSI request 18 then converted into an input/output (YO} adapter event
notification, in which one or more specific indicators are set and a request is made to present
an interruption to an operating system (or other software, such as other programs, etc). As

25 used herein, the term operating systemn includes operating system device drivers.

In one embodiment, multiple interruption requests {e.g., MSIs) from one or more adapters

are coalesced into a single interruption to the operating system, but with respective



In accordance with an aspect of the present invention, a capability is provided to control a rate at
which interrupwz)n 5?396%%? are processed. This control includes managp(égrthe 20number of
processors to per%orm Interrupt processing. To request an interrupt, in on é‘%?’azﬁ%ﬁff’éf i adapter issues
a message signaled interruption (MST) request. The MSI request is then converted into an
input/output (I/0O) adapter event notification, in which one or more specific indicators are set and a
request is made to present an interruption to an operating system (or other software, such as other
programs, etchdiw@susedhersiandheftémiy@pebdting systerrcincid dedSparatisg Isystemrmlevice

drivers. In ong, emACAIMEGRL-IPHIRIL BLEISURNON 1RAUESTHR(2-8 Ml PR.ANE |LITAER adapters are
coalesced into a single interruption to the ogjeratln? s%stem, but with respective WO

2011/160704BETREB S FORB 701 FhAdEb sk FYLPIES T AhadEoRA e Bli¥ady received
an MSI requeStchas intttipsiprovidedsand népresptiond paueit of QR and ek intersuption is still

pending, then,f Ine, Bl JRCRVER 0P A IA/EAIRSLYSI3.4hs. G does not present an additional

interruption. The one Interruption replaces and represents the p uraﬁty of MSI requests. However, one
or 5more indicators ass?ciatedtwitqheaq(h adg[jitiona&éegue‘s.t are still set. Responsive to presenting the
interruption to 1H8 BPErafng A S ASTR SRR IS ERIRS B P SXHBSH ™R MiBtion may be
handled by eititer thrtsdnieh€ Plromamother € Rundibdiby thidre tearbe(RlltiplardéqueéBis being handled
concurrently @ﬁﬁ@,%@%?ﬁé%ﬂﬂiﬁ&%&géﬁpﬁe%maﬁx@i@é@&@uﬂ%ﬁﬁ? R&saapn¥epton, a controlis

provided to throttle the 10delivery of adapter interruption requests from adapter functions. For

instance, respensive i an, adapter é”é%ﬁ&%@“Qe%e%?i”\geﬁ’t’igée&ég%r%‘? Iqh%o%ﬁ?%é”&g%(%?%@' other
mterruptlons are_suppresse , | ut %&_catorspare se respohswe_ (0] th&se_ suppresse If:l erruptlons.
Suppfession idctuFtind edrpistinfeFipdea eaeteloperdtney Srtdmsd Swrininos:. ifcapalivhiat additional

processors (esgadeitShianapaderldpriensssNgdbp-lacicalars CothalBeerale ighadapter 15
interruptions exceedsfggeg(%ﬁned threshold). Altern%}ivel , If all the indicators have been processed
em

and the operating $ys AL COMTELET TREPOURTE AaRaThY NS S PATHY S e i PR%S #8termine that

suppression i aotlgnge nnide thedisiinsu che atpoinngfsysher iistemmuptioistale illowiddionte again. As
used herein, the Jarats AdaieTNGLIARS ANY ﬁ)‘@&@fn%‘i’@é’ﬁﬁfic(&cgs’@@! aQ8 AdgpigLy2Pnetwork

adapter, processing adapter, cryptographic adapter, PCl adapter, other tyéze of input/output adapter,
etc.)In one EMBEHHAENE S e iR Bes i aalprethedb! e ldbaohstherdmbodiments,
an adapter mayoirsiatiend thiurpdityinf adapieniunetidnsd Bneor MotBnasihe cis:ofihespresent invention

are applicabieWhellenAN AdARIRINGICR.DF,BFRRIRLRCHRR LR ALY Sl AdRRIRL functions.
Further, in the examples presented
are allowed once again.
As used herein, the term "adapter” includes any type of adapter (e.g., storage adapter,
20 network adapter, processing adapter, cryptographic adapter, PCI adapter, other type of
input/output adapter, ctc.). In one embodiment, an adapter includes one adapter function.
However, in other embodiments, an adapter may include a plurality of adapter functions.
One or more aspects of the present invention are applicable whether an adapter includes one
adapter function or a plurality of adapter functions. Further, in the examples presented
25 herein, adapter is used interchangeably with adapter function (e.g., PCI function) unless

otherwise noted.

One embodiment of a computing environment to incorporate and use one or more aspects of
the present invention is described with reference to FIG. 1. In one example, a computing
environment 100 is a System z* server offered by International Business Machines

30 Corporation. System z* is based on the z/Architecture® offered by International Business



25herein, adapter is used interchangeably with adapter function (e.g., PCI function) unless otherwise

noted. One embodiment of a computing environment to incorporate and_use one or more aspects of
WO 2018160704 . PCTEP20T0M6 1019 :
the present invention Is described with reference to FIG. 1. In one example, a computing environment

100 is a System z(r) server offered by International Business Machines 30Corporation. System z(r) is
based on the z/Architecture(r) offered by International Business WO
2011/160704PCT/EP2010/067019 8 Machines Corporation. Details regarding the z/Architecture(r) are
described in avaBi¢s)GoubtiedtionEmiticdgazlidgchitettmistBrimeplesdof@peration]BMEM Publication

No. SA22- 78?1%%&5& bruagy, 20Q9:1RM{r., ﬁéﬁ%éﬁm Ef@%@tﬁéﬁ* RSNEstHIEit AR agistered

trademarks of International Business Machines Cprporation, Armopk, New York. Other names used
Sherein may B& Yedisterayaatiihaili e kBt proghtesiumesorensrrbtieiaralisiness
Machines Cokgasatiastiondthetiresmpanies (opaeexampencoiputiag eovionmentudao includes one
or mae central piocesSIDA MR (R Q2 EQURIGE IS B SYSIPMMeman: 4043 main memory)
via a memory controller 106. To access sysiem memory 104, a central processing unit fﬁgz issues a
read or write MaddrrsstamataHenioshacaBrass used to access system memory. The address
included in the request is typically not directly usable to access system memory, and therefore, it is
translated to dm@address thabispdirectyvirsaipkatin Mcoessing sy stemrmmeniciyrideesagdress is translated

via a translati@@p@sq@%ﬁgp@%@&%eﬁwmgﬁ}%fﬂc}%ﬁé IS/ iranslated, tamdarual

address to a real or absolute address using, for instance, dynamic address 15translation (DAT). The

request, includfifg TR GRS ARYNR AT HEHR RF)TeIEHR UBI LR B YRR TokilSller 106. In one
exarfiple, memagrycanirolbrdtOmisidomprisea atdeasdyvaie anctdsyl Sbd dddarbitratedtariaceess to the

system memqy, anckia alffaln e AeIA Sansisteney, Jhis Atilialign s psrfoimed for requests

received from CPUs 102, as well as for requests 20received from™one or more adapters 110. Like the
central procedgitpisdite i digaiotstdsidsedivastile s tcsyuterpyanTBrans Togddiraedess to the
system memarysdat@neLxamplgicadapientiis a PeriphemiGompanenrtdnisennast(LL!) or PCI

Express (PCle) ada p?r{h ?ti]incl des gne or more PCI functions. A PCI function issues a request that
o outod (o at REAT P ES 115 (g, S BEF BN Ui i B HRALE, R (e e
15 translation (DAT).

The request, including the address (translated, if necessary), is received by memory
controller 106. In one example, memory controller 106 is comprised of hardware and is
used to arbitrate for access to the system memory and to maintain the memory's consistency.
This arbitration is performed for requests received from CPUs 102, as well as for requests

20 received from one or more adapters 110. Like the central processing units, the adapters issue

requests to system memory 104 to gain access to the system memory.

In one example, adapter 110 18 a Peripheral Component Interconnect (PCI) or PCI Express

(PCle) adapter that includes one or more PCI functions. A PCI function issues a request that

is routed to an input/output hub 112 (e.g., a PCI hub) via one or more switches (e.g., PCle
25 switches) 114. In one example, the input/output hub is comprised of hardware, inchuding

one or more state machines.

The input/output hub includes, for instance, a root complex 116 that receives the request
from a switch. The request includes an input/output address that is used to perform a direct

memorty access {DMA) or to request a message signaled interruption (MSI), as examples.



25switches) 114. In one example, the input/output hub is comprised of hardware, including one or
more state machines. The input/output hub includes, for instance, a root complex 116 that receives the
request from 2 QAEHI P request includes an input/output address tha’t‘g’l’fgé‘&%%@ﬁ‘orm a direct
memory access (DMA) or to request a message sigpaled interruption (MSI), as examples. WO
2011/160704PCT/EP2010/067019 9 This address is provided to an address translation and protection
unit 118 which accesses information used for either the DMA or the MSI request. For a DMA
operation, addtessdisnsiaperyvidadiprotediion waikkit.rmayiweslatathe stldtedsdeqanaddress usable

to access sys%mﬁgﬁo&%d&gleaﬂg%{c?ﬂwgmﬁ'@@%ﬁ ,’%@‘%J‘he adapter, 5 including the translated

address, is provided to memory controller 106 via, tance, an I/0O-to-memory bus 120. The

memory contrlgcl)lrer Fgforms its ar ic%ration apd. forvgrds the rewgft with the translated address to the

system memory At The apisrapTiafs e MEBIHANA) FEUTESE Wb IS Boh TRt s L ¥4R¥ ation and

protection unitolzh8:idroktainkd t@d@@ﬂﬂ&t@mm@@h”ﬁfem@mu@qmw ﬁml/fhea;daptmr event
notifigation, as, deaeiaRg NG kA W IR RERANMER) I Adlias: t.0Rinigad.pne of more of

central processing units 102, a central processing compleX, such as the one shown in FIG. 1B, is
coupled to mefidRRIRYEIRE 168, W?ﬁ?%‘éfﬁi&‘tﬂ%?lﬁé’ﬁﬁ&@%%f@fmrﬁ%@rﬁ?ﬁfé’x 150 provides
virtual machinegagparh. teemninalaprdedssin g chmplexnhériog udes dfordpstantas one or more virtual
15machines 152, one or more central processors 154, and at least one hypervisor 156, each of which

is described bajpyy MIBE-Vifisial inTaching.SHpRad:of thaLRAta RIECeSSINGEIMAlELRINIGes the ability

to operate large numbers of. virtyal ines, each capable of executing a guest operating system
NIRRT S8 50 L KA RIRG 428 dpaPLte system. 20

158, such as ZITiMtX. Gal
Thatif's, eachiwirival machine can be independently reset, execute a guest operating system, and
operate with different programs. An operating system or application program running in a virtual
machine appeaarsfieiiwa¢embetiesstitnaddiiand compiate sSystammbtd dn cedlilyhrestysiagarkion of it may
e available. inhis.palitkiarcxample, hemedel ofyirtualmachioes ds 8 Vo rpdel i which the
25memory of a virtual machine is"backed by virtual memory, instead of real memory. ach

controller 106. In this particular example, central processing complex 150 provides virtual

machine support. Central processing complex 150 includes, for instance, one or more virtual

13 machines 152, one or more central processors 154, and at least one hypervisor 156, each of

which is described below.

The virtual machine support of the central processing complex provides the ability to operate
large numbers of virtual machines, each capable of executing a guest operating system 158,
such as z/Linux. Each virtual machine 152 is capable of functioning as a separate system,
20 That 1s, each virtual machine can be independently reset, execute a guest operating system,
and operate with different programs. An operating system or application program running in
a virtual machine appears to have access to a full and complete system, but in reality, only a

portion of it may be available.

In this particular example, the model of virtual machines is a V=V model, in which the

25 memory of a virtual machine is backed by virtual memory, instead of real memory. Each
virtual machine has a virtual linear memory space. The physical resources are owned by
hypervisor 156, such as a VM hypervisor, and the shared physical resources are dispatched
by the hypervisor to the guest operating systems, as needed, to meet their processing
demands. This V=V virtual machine model assumes that the interactions between the guest

30 operating systems and the physical shared machine resources are controlled by the VM



virtual machine has a virtual linear memory space. The physical resources are owned by hypervisor
156, such as a VM hypervisor, and the shared physical resources are dispatched by the hypervisor to
the guest ope%ﬂﬁ&lyfg%%s, as needed, to meet their processing dema%%@*ﬁ’?i’é’ R} irtual machine
model assumes that the interactions between the gugst 30operating systems and the physical shared
machine resources are controlled by the VM WO 2011/160704PCT/EP2010/067019 10 hypervisor,
since the large number of guests typically precludes the hypervisor from simply partitioning and
assigning the hastvikare dasolirdes:tatihdeatiguedygleltt. b ids e lemspestisiohaivply model are
further descrihed.i IBM. icat] itled "z/VM: Running Guest Operating. Systems," IBM
Publication N%S%ﬂéﬁﬁ%%%%%@ﬁggé thr%g&lo%%g %e%co\eér!:{t;l?;fop{%ecgglsg s 154 %?’eqéﬂe;%ﬂ%?r&ocessor
resources thatBFeta’Eighabletdehar - fiahshaesifed morndBidriedlicstomentitenii#e 52 includes one or

more logical ([eeassTrs:caphaiwIvehaapresentasibaia shaseof.aphypicalreeessor resource 154
that may be dynamically allocated to the virtual machine. Virtual machines 152 are managed by

hypervisor 156.£% §XaraRIGS 1 NERYRS IS RAX e MBeMERIed Indmyats JURRIAg on processors

154 or 10may be a part of a host operating system_executing on the machine. In one example,

hypervisor 15B3&/M Fy ol S A IR NG s O 1R Ol mers AR PR s & e sehfA flines
Corporation, AdrivbrkpiensYadnk: Gheenfbedjmienpofzidiviirds cdeserihed-ayds BMnpuklication

entiled "2V e/ WYOATANHAL R, BYEHRIICASOD NG, GC24.5991:08, gy 2003. 15As

used herein, firmware includes, e.g., the microcode, millico or macrocode of the processor. It
includes, for iREtERESS; T RFaivar& RS Bl USHHdHarPE B eRTOSEEs idiRiplementation of

highay-level maghiae sadef inmaneRahadinent Hdnehides Homnsiance propkigtary code that is

typically delivered as nyggocoWhat includes fruste _ft\%are r microcode, specific to the underlying
VM i SOT, § USINess
hardware and COntrots opeirsaatlng sﬁ?t%"‘r’ﬁ“%roa‘é%eassé{% eosfgicelny E%a{%%g?gé é}fsé?ric’r’b to FIGs. 1A and

1B, one or mavechitspteramtipisdumenkaSayd eflyn Seckintedinpiontz(NgTsy deseiiedrterruptions are

converted to g\pganiakieyentmetificatipns o.Ane RLMAAH SRAIAINGRY Pams:HBwhich indicators are
set and one o circg igite[gu%%tioggj re requested. An operating system may be an operating system
that is not a guest ¢ P guest 2 8 rating system executed by a host (e.g., zZ/VM(r)). To facilitate this
processing, various data structures in the 1/0 hub and memory are used, as described with reference
to FIGs. 2A-285 hsHdrieimere I ddpici olé BisHsanhatiseisensivionararcederf thepresent an

adapter evenprotificatitrida@esppe iattag: systamdhatdseret insgusinand/Fl Gat 2 Briepigts one
30embodimeny, of fhe Sflueties e o plesPLANadapler cyent nptiication o 7 guegt, In
instance, proprietary code that is typically delivered as microcode that includes frusted
software or microcode specific to the underlying hardware and controls operating system

20 access to the system hardware.

Referring to FIGs. 1A and 1B, one or more adapters may issue message signaled
interruptions (MSIs). These interruptions are converted fo I/0O adapter event notifications to
one or more operating systems, in which indicators are set and one or more interruptions are
requested. An operating system may be an operating system that is not a guest or a guest

25 operating system exccuted by a host (c.g., zVM®). To facilitate this processing, various
data structures in the I/O hub and memory arc used, as described with reference to FIGs. 2A-
2B.

In particular, FIG. 2A depicts one embodiment of the structures used to present an adapter
event notification to an operating system that is not a guest, and FIG, 2B depicts one

30 embodiment of the structures used to present an adapter event notification to a guest. In



WO 2011/160704PCT/EP2010/067019 11 these figures, the memory controller is not shown, but may

be used. The I/Q hub may be coupled to system memory and/or processor 254{51%}%&&/ orvia a 4
memory contr‘gl?e%?]ﬁé%’rrmg to FIG. 2A, in one example, system memory?fﬁ%mc?ucf]es one or more

data structures usable in facilitating interruption praidessing. In this example, system memory 5104
includes an adapter interruption bit vector (AIBV) 200 and an optional adapter interruption summary bit
(AISB) 202 associated with a particular adapter. There may be an AIBV and a corresponding AISB for
each adapterthivoifgexamplesadapterintiernyptioshisitnybotor200 isd.sifiglédimensipbearray of one or

more indicatogs,(6.0.its) in Ml S\arAge ihakase-3ssnciated Wiih, an.agdarisr g, a PCI 10function).

The bits in the adapter interruption’bit vector represent MSIvector numbers. A bit that is set to one in
an AIBV indicates a condjtion or. type of event for the assocjated adapter. In the example of a PCI
function, eactt BT S BLboraled T oSS RS A TSI Seto0  AaHer & & POl function
supports onlystmguSivbbtor s8¢ incloddnasirngiansit; it £1P Slafapletisnteupporesinultiple MSI
vectoys, its AIRY igludes oRg-Rit RRM-LBMR biactas: [ATle)eamRiedericierkindil. 2A, the PCI
function supports multiple MST yectors $e.%é‘3 , and theéqfo[e ,therewgre m ig{le bit??ég.i%., 3) in AIBV
200. Each bit CISHEESSHEE AR BateE elehtosiycdsitt PR AN Her S3E (89508 Hhdicates a
completed opatB¥omdbitdresthed AlBMSHHencset ddeptae, corresponds to an error event; etc. As shown,
bit 1 is set, in this example. 20In one particular example, an instruction (e.g., a Modify PCI Function

Controls instructgnisispseddap designaieianh Bvidor@ RGsiuslstinneSpacifiealy oiaeinstruction,
which is issued by.the operating system and executed by a processor, specifies the jdentity of the PCI
function, the M SUFA0E ot oF e e am i O s THSRTRC LTS o Tt loomtion to
the fif'st bit of frestiBY Thnbitthia Hariseicombirstian deripiRetmesaBVS e s ABRPdiay be allocated

on any byte beuagdagysand aRybihkasndat..t8is alrwedhe gperatngsysi@ruiiadleubility to pack the
i one examplB T AL EE At HEAE: e B RATEREIOEL, FOF SNGE i enable
indicator that M8lcates wWiethénthe ST S0tunctiopphanclity isne bl erdster FE MilMCiioiudesmber that
identifies the M}_ﬁéig{ﬂ; ({Hipes fta0e supports multiple MSI vectors, its AIBV includes one bit per
15 MST vector. Tn the example depicted in FIG. 2A, the PCI function supports multiple MSI

vectors (e.g., 3), and therefore, there are multiple bits (e.g., 3} in AIBV 200, Each bit

corresponds to a particular event, e.g., bit 0 of the AIBV, when set to one, indicates a

completed operation; bit 1 of the AIBV, when set to one, corresponds to an error event; etc.

As shown, bit 1 is set, in this example.

20 In one particular example, an instruction {.g., a Modify PCI Function Controls instruction)
is used to designate an AIBV for a PCI fimction. Specifically, the instruction, which is
issued by the operating system and executed by a processor, specifies the identity of the PCI
function, the main storage location of the arca that includes the AIBV, the offset from that
location to the first bit of the AIBV, and the number of bits that comprise the AIBV. An

25 AIBV may be allocated on any byte boundary and any bit boundary. This allows the
operating system the flexibility to pack the AIBVs of multiple adapters inte a contiguous
range of bits and bytes.

The identity of the PCI function, in one example, is included in a function handle. A
function handle includes, for instance, an cnable indicator that indicates whether the PCI

30 function handie is enabled; a PCI function number that identifics the function (this is a stafic



WO 2011/160704PCT/EP2010/067019 12 identifier and may be used as an index to a function table to
locate a particular ent%)i. and an instance number winch indicates the particular instance of this
function hand® °PEHK {3hce, each time the function handle is enabled,Ptﬁlémilﬁzs({g'ﬁﬁgéﬂﬁumber is
incremented to provide a new instance number. Th&2function handle is used to locate a function table
entry 5in a function table that includes one or more entries. For instance, one or more bits of the
function handle are used as an index into the function table to locate a particular function table entry.
The function tabhefentiydinelytiessidfaymaitidexregaficici @ its:blsso diatedePGtifuhctomy Fardexample, it

may include vargns indigalqiseaatding ins stalus ahlisesseeiaed adanieifuneion. and it may

include one or more device table entry indices used 10 to locate device table entries for this adapter
function. The BEWCE esplBItHELIRB LR I S thdBE TSR TR R bR Earenietifor their
respective adapteddunetionsde@gruatdre Iddransiatidandidey fupd pracassifiycidothe emeyating system,

the handle, in,one, cmbodimant; ISsimaly.an opaaus idendfier.ofthe sdapierol Inaddifn to the AIBV,
A 0 nc e indicator (e.g., bit)

in this exampf'e, there is an or the adapter, which 15includes a single indic.
associated wittnghierdiagienromcd B Brueisia dhinBiedies ik B ec e mBTE Biks RBgEMeen set to one

in an AIBV asgggiaked. with theASBLHITkeABEhisoptionakiand dhare.mayshrige for each adapter,
one for each ?ﬁlectedQQaQter or.one for I[;;:lge[rou of adapters. In gne articularfjﬁngplementation for PCI

functions, an BiH9&ion (8.61?,1%%1% ifl)}c H%’crhécnéo SRS et iion iIS"used to designate an

AISB for a PCbforietidndSpadifictily, thé instuctibde witich iwissieddoybiheperdtineg wydtem and

exegyted by aPRERIRALSREE RSt IdentipbibeRGH funktioni(e duidhehandiglsthe main storage
location of the area that includes the AISB, the offset from that location to_the AISB, and an adapter

interruption ORI ROHRLARBN CraBTERATLIT CoRBT HtHcstRig There RS BURGEA $5bit. An AISB may
be allocated crdey byt doundasryuansarysini)bglindarypdiissaliowsittie bpellatingsystem the

flexibility to pagk the AISBS p@%lﬁiB{% dapters infe a.con gy?us range of bits and bytes.  The

operating system may assign a'single AISB to multiple PCI functions. This associates multiple AIBVs
with a single suminary bit, Therefore, such an AIRE hat s Raedisaies. A0Mat g operating system
should scan multiple AIBVS.
15 includes a single indicator (e.g., bit) associated with the adapter. An AISB that is one
mdicates that one or more bits have been set to one in an AIBV associated with the AISB.
The AISB is optional, and there may be one for cach adapter, one for each selected adapter,

or one for a group of adapters.

In one particular implementation for PCI functions, an istruction (e.g., the Modify PCI

20 Functions Controls instruction) is used to designate an AISB for a PCI function,
Specifically, the instruction, which is issued by the operating system and executed by a
processor, specifies the identity of the PCI function (e.g., the handle), the main storage
Jocation of the area that includes the AISB, the offset from that location to the AISB, and an
adapter interruption summary snotification enablement control indicating there is a summary

25 bit. An AISB may be allocated on any byte boundary and any bit boundary. This allows the
operating system the flexibility to pack the AISBs of multiple adapters into a contiguous
range of bits and bytes.

The operating system may assign a single AISB to multiple PCI functions. This associates
multiple AIBVs with a single suramary bit, Therefore, such an AISB that is one indicates

30 that the operating system should scan multiple AIBVs.



WO 2011/160704PCT/EP2010/067019 13 In one example, the AIBV and the AISB are pointed to by
addresses located in a device table entry 206 of a device table 208 located in I/O hub 112. In one
example, devi®EABE Y% s located within the address translation and PICEEABIYEHRT the 1/0 hub.
Device table 208 includes one or more entries 206, gach of which is assigned to a particular 5 adapter
function 210. A device table entry 206 includes a number of fields, which may be populated using, for
instance, the above-mentioned instruction. The values of one or more of the fields are based on policy
and/or configuradiarexkai) phe ATE thendi ebd s\ st ueepd tedrispiioni Sedvelass (S G2k dictnditates an
interruption sulelaandar i RISHPtAR LLEd Ry IeNNTes 3,Baskabic carsof aganigy (nieruptions

that may be 10associated with a priority with which the opéerating system will process the interruption;
A1BV Addres¥ e 2itipisiddisseignskitoasedlotel stiaresd of thel S&h#tning of the storage location
that includes the AIBV for the particular adapter function assigned to this device table entry; 15AIBV
Offset 218: AdDeffsetibi2Benviaiiassioragertoeativiestéihedobginning: of théxAlBM; aBRAddress (co
220: Rrovides, ?qermamoiw@e adeeess g RedidRing Lt the siorage:losatian natkingludes the
AISB for this PCI function, if the operating system has designated an AISB; 20A1SB Offset 222: An
offset into the PREHFStotsige BERTEHTo hre MISEmRHaRE I RGP dASHHIN AR NGtifRon
Enablement Ganbroli{Hnable)s224n Fhlisycortoldndigatemhiethes therfats @add iBidtumber of
Interruptions (NOI) 226: Indicates the maximum number of MS1 vectors allowed for this PCI function,

with zero indicating nene.alionad.RHiothen embedimenisHibaREE MAKIEEMEe more, less or
different information, WO 2011{%@?5?8?2@6[ EP201%867 19

Interruption. ntifies a maskable class of adapter interruptions that may be
10 associated with a priority with which the operating system will process the
interruption;

AIBV Address (@) 216: Provides, e.g., an absolute address of the beginning of the
storage location that includes the AIBV for the particular adapter function assigned

to this device table entry;

15 AIBV Offset 218: An offsct into the main storage location to the beginning of the
AIBV;

AISB Address (@) 220: Provides, e.g., an absolute address of the beginning of the
storage location that includes the AISB for this PCI function, if the operating system
has designated an AISRB;

20 AISB Offsct 222: An offet into the main storage location to the AISB;

Adapter Interruption Summary Notification Enablement Control (Enable) 224: This

control indicates whether there 1s an AISB;

Number of Interruptions (NOI) 226: Indicates the maximum number of MSI vectors

allowed for this PCI function, with zero indicating none allowed.
25 In other embodiments, the DTE may include more, less or different information.

In one embodiment, the device table entry to be used for a particular interruption request by

an adapter is located using, for instance, a requestor identifier (RID) (and/or a portion of the



14 address) located in a request issued by the adapter (e.g., PCI function 210). The requestor ID (e.g.,
a 16-bit value speci ing for instance, a bus number, device number and function number) is included
in the request, W ff%\gﬁén address to be used for the interrupt. The re&%&?ﬁzﬁ}ﬁ?ﬁ&iﬁ% the RID and
the address, are provided to, e.g., a contents addressable 5memory (CAM 230) via, e.g., a switch, and
the contents addressable memory is used to provide an index value. For instance, the CAM includes
multiple entries, with each entry corresponding to an index into the device table. Each CAM entry
includes the valdiessf lad®Ho iifa foqupstancs, ithéiredepvedcRI[(POIdtchesnthtdyallie cantaibed in an entry
in the CAM, th FoueSROBAAISHER AN INARNE UG Indacaiade.deHss RIRARIEY That is, the

10output of the Is used to index int6 device table 208. If there Is no match, the received packet is
discarded. (ISt EmBelbREeIammt 6t Bk btdfss ot ied &y %adrtReRI DTS used as the
index.) The logaied:BitkdsySeOINIDRIQCHS S84 i eevpiatguest, aSaestriaactResRIn. In one
particular example, if [ upt reguest is for a. guest (e.q. ageable storage 15mode guest; i.e.,
BV guest) B R e R S DR By st
includes a zof&fiERizp2gleaydhpwivinerraee e THidfiatiidivatdelesatrona id easicentie guest
belongs. In a%&%%p&mha@gﬁm@ﬂmetmﬁtﬂ%@l &éﬁ;&tmﬁid Eﬁéwgnﬁ_?%’cﬁlﬂﬁﬁtiﬁ Siiyadens where gu_est)s
are not provi e.g., ta designate a zon ogic rtition In wnich an operating system Is running).
20in one exartiiie, T IRASTAYGNISAETTAT, 5 BABEabTo Lt ML SeeRtES Oithe Start
Interpretive EXecutimsp(@iEgidstrectibls, inddeietRdimersrétalioncEgriénstancéhahie, lbgical partition
(LPAR) hyperyisqr exaruias e SEnstuctonda peain daedogical partiian i plysicak diked memory.

If z/VNe is the operating system in that logical partition, it issues the S1E instruction to execute its
guests (virtuaPPRiSCH e s %Vh%mg‘ifﬂﬁ%réw REFESE Y IPRRAHISE AN Suses level-1
S1E, and the RIVIVeshiypaivisaicusebhlelvek2dSMEE Toufadilitateckytérsutiprongs stagefaraguests, other
data structure&egcrlg}bgc?gg,e%(?me of which are stored in host memory 270, and others are in guest
memory 271. Examples of these structures are described below. WO

2011/160704 CT/EP%O%}%/%?OlP 1510 one exam Iet, .hgst memo 270 inclg es, for instance, a
forwarding Al Iéenpaa‘y 23t anda Sules ea‘ﬁﬁ&‘@’r iﬁféﬁ%&igﬁ t&ofe ((g%;ﬁ)pﬁ%_ o‘W&%%ing AISB array
272 1§ an arragpukAIBRs! that - Vsandn conjinetion mitivthe gue st ddapiaribtenuibtiothtable to

determine if ap.-M3lcieQuest indataetad to.8.8usH ofdts@sto he-ferwarding AlRBArtaxdncludes the

host
the zone to which the guest belongs. 1n another embodiment, this field is not used, or may

be used even in situations where guests are not provided (e.g., to designate a zone or logical

partition in which an operating system is running).

20 In one example, in the z/Architecture®, a pageable guest is interpretively executed via the
Start Interpretive Execution (SIE) instruction, at level 2 of interpretation. For mstance, the
logical partition (LPAR) hypervisor executes the SIE instruction to begin the logical
partition in physical, fixed memory. [fz/V M™ is the operating system in that logical
partition, it issues the SIE instruction to execufe its guests (virtual) machines in its V=V

25 (virtual) storage. Therefore, the LPAR hypervisor uses level-1 SIE, and the z/VM®

hypervisor uses level-2 SIE.

To facilitate interrupt processing for guests, other data structures are used, some of which are
stored in host memory 270, and others are in guest memory 271, Examples of these

structures are described below.



5AISBs of each PCI function the host has assigned to a guest and for which the host, on behalf of the
guest, is requestin ada[?ter event notification interruption. Such an array is allocated in host storage
by a host of th‘é’%ﬁ%&]fg.&f, z/VM(r)). The guest adapter interruption tabé"wm‘g%@gﬁl?n conjunction
with the forwarding AISB array to detain ine whethersan MSI request is targeted to the host or one of
its guests, and if 10to a guest, which guest. There is a one-to-one correspondence between indicators
(e.g., bits) in the forwarding AISB array and the GAIT entries. This means that when a bit in the
forwarding AlSBarrayipkehds anemand thénchitasoriaing @A fbriniatmatBeertanTa odvarding
information, a ] | ificationA pending for dapterfor the guest associated with
the AISB indic%l%?%g%g{ﬁﬁg%nd} 1%!rglquci:;(l)grrr(’g]lspo ing %ﬂ%%lﬁlﬁf/m %a\fvnh r??é’ﬂ?%%ﬁrﬁs used and
includes a defife8svaRié ussd. AP eRsEY e dbg et et adarhasermssn ivkisdnésepitdhaa GAIT entry
is used and daes ReLeanaiR:the definedi\alwendhe t&&e%&ﬁﬁgM@H@ﬁwﬁﬁkiﬁc@s&ﬂiﬁb&urthermore,
when_the targ an.MSl| est.is est, the GAIT entry includes the following information, as
depic%ed in Flg.%é?%ﬁgc cI)l;sEtgad‘1(fr£(}=;'(3'sns%};19r1H Sg Gof Sg%gt]llneéi Efu%g? %\'lg%g ?8? éc%’éf\%)ﬁcﬁgn 290; the host
address of a gaksf olienptiorrstereoa rdan(SISA)N 20t iegip e guestmtEmliptionrsybclass (GISC)

292 for the adaptardntensptiorie pgag@)@p@;g@lgt%ttk@%gwwwther details regarding a guest
interruption state area (GISA) 276 are provided with reference to FIG. 2D. In one example, GISA 276

s a control blagk InWhigh, 109, Guest ARt PIRITHBIAN.I5 MAdS REAMINg:IN AGordaage with an
u e %

aspect of the present invention, 25it includes, for instance, a smg interruption méde mask (SIMM)

277, which is AL HANHESI BB Bt HMSHIRSEEhit FESHEHSIB MRS A 78 et itsichte if the
interroiption medefestheBuolassTadihes singledrigsripiioponiese, rswdesaiihethhalow; 8o
interruptions made mask. (NI 279, which | ask thalt%has one bit per quest interruption subclass
and used to ir%?(ggtgri?/ % in errupatlff)drY ?ﬁlggréc g‘ﬁﬁc} %‘85 ist AI(Serﬁ%aﬁlﬁttg?gu%gfgﬁ:b??glng? as described
30below; an ifteraudtie s Feheirey naskoGPMN 8T, aptiishriviapiaskl asdooktiedopithithe guest that
includes indicgjQFs-iatpamthaliyobintenuptionsihelassesi(IEshAnd ARIMEHUBHO T WO
2011/160704PCT/E-P20%040621101119 }2}% gl,eét mtask (IA%/JQ) 28§%hwh|c IS aQ-OthSEU r¥ask corresponding to a
guest. In one %?gfﬁﬁﬁg?m ed with the mdicator {e.g., bif} and the corresponding eniry,
15 When a GAIT entry is used and includes a defined value (¢.g., all zeros), the target of the
MSIT request is the host. When a GATT entry is used and does not contain the defined value,
the target of the MSI request is a guest. Furthermore, when the target of an MSI request is a
guest, the GAIT entry includes the following information, as depicted in FIG. 2C: the host
address and offset of the guest AISB for the PCI function 290; the host address of a guest
20 mterruption state arca (GISA) 291; and the guest interruption subclass (GISC) 292 for the

adapter interruption to be generated for the guest.

Further details regarding a guest interruption state area (GISA) 276 are provided with
reference to FIG. 2D. In one example, GISA 276 is a control block in which the guest
adapter interruption is made pending. In accordance with an aspect of the present invention,

25 it includes, for instance, a single interruption mode mask (SIMM) 277, which is a mask that
has one bit per guest interruption subclass and is used to indicate if the interruption mode for
the subclass is the single interruption mode, as described below; a no interruptions mode
mask (NIMM) 279, which is a mask that has onc bit per guest interruption subclass and used
to indicate if the interruption mode for the ISC is the no interruptions mode, as described

30 below; an interruption pending mask (1PM) 281, which is a mask associated with the guest

that includes indicators for a plurality of interruption subclasses (ISCs); and an interruption



each bit in the masks (e.g., SIMM, NIMM, IPM and JAM masks described herein) corresponds one for
one with a guest ISC. As examples, the origin or address of the GISA is designated in GAIT 274, as
well as in a 5t l&e&tBtion 280. The state description is, for instance PR¢BRMIBY 158k maintained by
the host that defines a virtual CPU for a guest to thednterpretation hardware/firmware. A unique GISA
is used per guest, and there is one and only one GISA per guest, in this embodiment. Therefore, if the
guest is defined to have multiple virtual CPUs, multiple state descriptions are maintained by the host,
each of whicmmmamsrmwm@nv@ﬁrhasaa@&@smﬂ&heeam@ ESAgh@sﬁdﬂiHﬁ@eE&ﬁﬂﬁeabOVe in guest

memory (WhICh Jspinn d, . e f| % mor here is a guest ATSB
array 282 and a gﬁest arr éﬁ@l %%g%i/grray Hllﬁ% u %ﬁ‘é’% P lt}raF{ of indicators 202’
(e.g., AISBS), C@é@ﬁ@ﬁ%ﬁi@hf?ﬁayeb’éﬁbéa@ﬁéﬁ@@wrth an I/0 adapter. The A1SB for an 1/0 adapter,

when one, indicates that one or 15more bits have been set to one in the adapter interruption bit vector
(AIBV) associatettamithetheud/@igid aptedratBYta@ls 384 dechndes areAdl titreBY s 200 (e.g., 3 in this

example). and,gach AR, 20R) 4% esthed Al WINEIerence I8 MBN,200,5,2 sfple cimension

array of one or more indicators (e.g., that are associated with an VO ada bit in the
ATBV, 20whefhoifst thidsiiaes 4 vonalfdn dpigpa st evbnimsrasetiusbebat/ floradsptér. In addition to
the data structuies: iGiBask and geeat-membheraidaia ﬁi&uﬁﬂyr@léﬂﬂﬂl@ﬁe@ﬁt&t@lﬂr agapter interruption

R o AR A B S e Releiaat i Ol e

nor the guest apter interruption forwar table Is use y sys em frrmw fermine if an
MST request i$1&ipétatias aaeesrpartsdadh W@ﬁ@ﬁwﬁ%@m@ﬂémwdmgﬁsﬂﬁe AIFT is
indexged by the.zeng-murber that identifies the logical partition to which a PCI function is assigned.
When an AIFT entry is used and the entry includes a defined value (e.g., all zeros), the target of the

adapter evennofificafiands U6 ParAIGSYRIAMHRAING] Rneiaelge%r%arﬁgdmﬁl jtion. When an

MET entry is used and the entry does not contain the defined value, the firmware'u es t ie forwarding
WO 2011/160762%@*?@@0%6?@&?@1’9%?‘&%@%&% apra e AP Yoeieifine st $Brget of the
adapter eventaﬁayrﬂeammaahﬂaraa@aagueﬁawmamgergther%graabipaftm@rh Mhm@ example, as

shown in FIG gm:?tndA zthl 9@ a IFTT%§§$§%|¥01‘%% I@z{&]as];[%r W el-;lg%eaga 1Cd es(%{le}p gngogyv arding
AISB array in t e partrtrons ost's torage
more bits have been set to one in the adapter interruption bit vector (AIBV) associated with

the I/O adapter.

AIBV array 284 includes one or more AIBVs 200' (¢.g., 3 in this example), and each AIBV
200', as described above with reference to AIBV 200, is a single dimension array of one ot
more indicators {e.g., bits) that are associated with an /O adapter. Each bitin the AJRV,

20 when one, indicates a condition or type of event for the associated /0 adapter.

In addition to the data structures in host and guest memory, a data structure referred to as an
adapter interruption forwarding table (AIFT) 285 is maintained in secure memory 286 that is
accessible by neither the host nor the guest. The adapter interruption forwarding table is
used by system firmware to determine if an MST request is targeted to a logical partition in
25 which a host and guest are running. The ATFT is indexed by the zone number that identifies
the logical partition to which a PCI function is assigned. When an AIFT entry is used and
the entry includes a defined value (e.g., all zeros), the target of the adapter event notification
is the operating system running in the designated logical partition. When an AIFT entry is

used and the entry does not contain the defined value, the firmware uses the forwarding



5The length 295 of the forwarding AISB array, in bits, and of the GAIT in GAIT entries; The address of

the GAIT 296 \i{)oth(% /%rtj[g‘?n's storage; The host interruption subclass (ISC) 297 associated with MSI
requests that aré BB varded to guests for that partition; and 10A siﬁﬁ %‘é‘rﬂ(ﬁgﬂbgn mode mask

(SIMM), which is set by, for instance, a Set Interruptions Control (SIC) instruction, described below.
Each bit in this mask represents an interruption subclass. Therefore, and, for example, when the
operating system executes the SIC instruction specifying single-interruption mode for 1SC 4, the result
is that bit 4 in Ai8baask isdsiét 16 AdAar Therdbfirhtharezise$ thisdaittto descidetifibaiheistodsansition to

no-interruptiogs /pede.When RIeReRINd 3R-pgruption. Returning to FIG. 2A and/or FIG. 2B, to

request an interruption, adapter function 210 sends a packet to the 1/0O hub. This packet has an MSI

address 232 and associated data 234 10 ompar st rt of the received address to
avalue in a h?gi)lé%%%%{ﬁee’rgsg?sﬁ?&nzlﬁﬂg?? fhaélpéH ?s"%%gt%ﬁ% en anﬂfﬁtlgd?rf]p? TORSE: MSO0 is being
requested, as opposed to a DMA operation. The reason for the request (i.e., type of event that has
occurred) is indicated' r4EEERAEY AT 988 AR avanibile SHEEIMBI ! tisagd tder bits of the
data are used to specify a particular interrupt vector (i.e., an MSI vector) that indicates the reason
(evert). 25The interfliptidntretflieyithe detvatifie iy tieaadnpnils eohobite§ D iam NG adapter event
notification. That is,ngQr more indicators (e.g., one or more AIBVs and optionally an AISB) are set
and an interruption to the operating system (host or guest) is requested, if one WO

2011/160704PCT/ER20LQ/06 7012 &3.i5 994 Alisady-RERALI8g,40.0ne embodiment, multiple interruption

requests (e.g., MSIs) from one or more adapters are coalesced into a single interruption to the

operating system, byt wifh iespeciive AMBN.2nd 9B indications, Fordnstance, e /Q hub has
already received an request, has, in turn, provided an interruption reau tto a |8r8c§ssor, and
forwarded to guests for that partition; and

10 A single interruption mode mask (SIMM), which is set by, for instance, a Set

Interruptions Control (SIC) instruction, described below.

Each bit in this mask represents an interruption subclass. Therefore, and, for
example, when the operating system executes the SIC instruction specifying single-
interruption mode for ISC 4, the result is that bit 4 in the mask is set to one. The

15 firmware uses this bit to decide whether to transition to no-interruptions mode when

presenting an interruption.

Returning to FIG. 2A and/or FIG. 2B, to request an interruption, adapter function 210 sends
a packet to the 1/0 hub. This packet has an MSI address 232 and associated data 234. The
/O hub compares at least a part of the received address to a value in a MSI compare register
20 250. If there is a match, then an interruption (e.g., MSI) is being requested, as opposed to a
DMA operation. The reason for the request (i.¢., type of event that has occurred) is
indicated in associated data 234, For example, one or more of the low order bits of the data
are used to spectfy a particular interrupt vector {i.e., sn MSI vector) that indicates the reason

(event).

25 The interruption request received from the adapter is converted into an I/O adapter event
notification. That is, one or more indicators (e.g., one or more AIBVs and optionally an

AISB) are set and an interruption to the operating system (host or guest) is requested, if one



5that interruption is still pending (e g, for one reason or another, the interruption has not been
presented to the operating system (e.g., interrupts are disabled)), then if the hub receives one or more
other MSls, th8 CPU/ Y888 not generate additional interruptions. The ong(fﬁ@??ﬁfi}(ﬂ?ﬁ"?aplaces and '
represents the plurality of MSI requests. However, gne or more AIBVs and optionally one or more
AISBs are still set. 10Further details regarding converting an MSI (or other adapter interruption
request) to an 1/0 adapter event notification are described below. Initially, details regarding converting
an MSI to an l{Qeadapidyr ewdiinotiiieatendohenpraskipte chionantdpetatisg sy stenstipt-&onot a guest
are desc”bedoJé'L‘?@%&fé%ﬁaﬂf%@%r&%ﬂé%mn%g‘é%{ i%%xgeﬁlfu §c!1i}9o%ﬂelé ; eﬁgggégezﬁi?n\é?ﬂﬁt”"t'f'Ca“on to

be presented to a guest operating system are desctibed. | 5Referring to FIG. 3, in one example, to
convert an MSfifetersstits alB}ovatabtBriedietionstifieasitree il Mitink dabuederformed, STEP
300. During iniiglizationviteqRerating e yste proeifarmsi-pupibe resters toraerfigurgian adapter for

an adbapter ev nt.notific?tion viehan MSI equest. In this examgl , itg’ls a PCI function b in% configured;
. %Iat mterruption 18 5%1 Pe 111, é% 0T QN 1£aSon Of al tger the inte honcl}as aot%ee .
although, in other embBdimen s, itcan ther adapters, including other types of adaptér 20functions.

In one embodiemtediy prropirpvitalyatoie-a detarminatiodiserinddidhas tglthbub Gicfivsstions in the

configuration. /\sai2 SxaMipes, ak: INBIILCUOR,SHEBrAS AR MistiRsisHction, ihysed to obtain a list of
the PCI functions assigned to the requestin%gonfi%;rationée.g., assigned to a particular operating

system). This THGHRAHOHRAL S (10 S8 Fro A Eon g U A O G Bl I th AP RSiIR s this
information. NgiVioméaphohlyeRC fumctibhSiutheilistita determination is made as to the MS1
address to be used for the PCI function and the number of MSI vectors supported by the PCI function.
The MSI addresslisrdetanminedihasesvonithachaasteiisics ghthadupid angdhpsystem in which it

is installed. The number of MSI vectors supparied is ed on policy and 30is configurable. WO
20111160704 B EPUL BIORTOLS 16 Kt by for S P i A B AT e ilocated, as well
as the AISB, iMahe i BRedpshplenttheibpsieningPsysieniaddtermingstihesatiocdiionofte AIBV to

allow for efficigntprecRssingiofoReAt-MataRdapiRss: Mcalin PaAseR Y the/olasset adapter For

example, the AIBVs for storage adad:ters may be located ad%c%nt to each other. The AIBV 5and AISB
: Gt bperation is specified (e.g.,

are allocated AHH'EE874R 10 IEIFLCAIT #1e REr S5t

using a Modify PCI Function Controls instruction). This operation registers the AIBV, the AISB, the
1SC,Tthe numBéfamstErRlpLonE pRESKYBElerS) BRThe A RitdeiptiBrR&mshsER)notification
enablement cosifehtibhose: paiameienisiare siaveddn suuavioe. tabkieng by cesmsparding to the PCI
function for which 'nitiali%ation [ Iperform%d.

optraimg system perfornis a number of steps to configure an adapter for an adapter event

notification via an MSI request. In this example, it is a PCI function being configured;

although, in other embodiments, it can be other adapters, including other types of adapter

20 functions.

In one embodiment, as part of initialization, a determination is made as to the PCI functions
in the configuration. As an example, an instruction, such as a Query List instruction, is used
to obtain a hist of the PCI functions assigned to the requesting configuration (e.g., assigned to
a particular operating system). This information is obtained from a configuration data

25 structure that maintains this information.

Next, for each of the PCI functions in the list, a determination is made as to the MSI address
to be used for the PCI function and the number of MSI vectors supported by the PCI

function. The MSI address is determined based on the characteristics of the /O hub and the
system in which it is installed. The number of MSI vectors supported is based on policy and

30 is configurable.



10Then, the PCI function's configuration space is written. Specifically, the MSI address and MSI vector
count are written into the configuration address space of the PCI function consistent with the previous

registration. (m’%ﬁ%‘&?g%e, a PC1 function includes a plurality of addr%gy%ﬁéﬁé?q’ﬁ%luding e.g., a

configuration space, an 1/O space, and one or morg$nemory spaces.) 15Thereafter, during operation,
a PCI function may generate an MSI, which is converted to an adapter event notification, STEP 302.
For example, during operation, when a PCI function wishes to generate an MS1, it typically makes
some informatidditnmailgbfer tadh&@penating SystéRVihaildesedibasvitiie:carAMIBR, T Ris.cauSses one or

more steps to AceuLin Qragl . canvertihe Lalimnstions MaLredurskia o Q. adapter event
S Iy, alé] f

notification to the operating 20system. For instance, initia escription of the event to which the
interruption is%ﬁé‘s@é&%ﬂ%& OFTHCIIAPET P EP RN RS Fetibiifscl  edcfipitien EPthe event in one
or more adapteisprcific N fdeserpiodreseidindsttdaiur agatanad Hon nNstante: KIsystem
memory. This, include recording the type of the event..as well as recording additional information.
25A ditionallﬁ%aég%:é% ?egolﬁ‘llﬁsatgn B:E!/g?ﬁeex%éle funcé |(ci)ﬁr§ E% afr%) rem?ﬁglllpamé) re s%dé(r)%lfhe MSI vector
number, as w&lP&§ fequestsa Dotz PedHesttisrEeeimdibyrisaond Kbl carrdtiesissivsive to receiving
the request, the regesterdiin dhageaueshisisesiirlogaiadhvgevissiahla antdaethe PCI
function. The J/O hub compares at Jeast a%%{)tion of the agdr ss in the request with the value in the
MSI compare TEGTEREPIFY g?goél%%ﬁl,ofh FSOMEI R S RELBESH &5etHiedi®and thus, an MSI
has been requestedatiihererfiercspastemmirnbtiBalisunttde fas whivkhethaizthieMSievibetarispecified in the

requgst is less{BaNRM W ERAIH LOTAARGT 4 c@%@{%%&a%&qg,adhwﬁ@ J4draRer,f interruptions

(NOT) allowed for this function. If the MST vector number is greater than NOI, an error is indicated.
Otherwise, th& O iy RUREE Qe BiiHHeR SRRt e pioprste s VWit iActBrage. The
appropriate bitdss@eterwiined by-adaingzifiefidbl Uackar svumberaodhaAdRY bfisdtspecified in the
device table e LRy gt\"%g&?gggg'g&gh{' %&Hg@ r O&Q%EJ om th %B}(iﬂggr&ss specified in the device
table entry. M}(g)lréoggr, if an AISAB hésf?lg’een e’s%?iate , tIEleuI))lOS'%u j Uses épsegt’f)ilrt%%ﬁ%ﬂron to set the
AISB, using tHPKIBBTRHGTRES N the AISB offset in the device table entry. Next, in one embodiment,
a determination is made (e.g., by the CPU or I/O hub) as to whether an interruption request is already
pending. To nlakesafigs, detoeniration, afdrdingohOmdigatoris asds].Fdrithstantesredending indicator
252 (FIG. 2A'aﬁ$ﬁc12§%r§tﬁ§§§cﬁgion, STEP 302. For example, during operation, when a PCI function

wishes to generate an MSI, it typically makes some information available to the operating

system that describes the condition, This causes one or more steps to occur in order to

convert the PCT function's MSI request to an 1/0 adapter event notification to the operating

20 system.

For instance, mitially, & description of the event to which the interruption is requested is
recorded. That 1s, the PCI function records a description of the event in one or more adapter-
specific event-description-recording structures stored, for instance, in system memory. This
may include recording the type of the event, as well as recording additional mformation.

25 Additionally, a request 15 inttiated by the PCI function specifying the MSI address and the
MSI vector number, as well as a requestor ID. The request is received by the I/0 hub, and
responsive to receiving the request, the requestor ID in the request is used to locate the
device table entry for the PCI function. The I/O hub compares at least a portion of the
address in the request with the value in the MSI compare register. If they are equal, then an

30 MSI address has been specified, and thus, an MST has been requested. Thereafter, a

determination is made as to whether the MSI vecfor specified in the request is less than or



memory of a processor 254, which is accessible to processors of the computing environment that may
process the inte&ryﬂet,ﬂi&}_{c{uecked. If it is not set, then it is set. If it is alreadcy set, processing is complete
and another ir}?’errupltion request is not requested. Therefore, subsequeﬁt iﬁfgﬁ‘ [t‘fg??]rgequests are
encompassed by the one request already pending.25In one particular example, there may be one
pending indicator per interruption subclass, and therefore, the pending indicator of the interruption
subclass assigned to the requesting function is the indicator that is checked. Asynchronously, one or
more processars:tiatk thalipentlimgrmplivasd () pénticul &y dachiuptace SSoevidbleddor the ISC (and
zone in anothgr, epbediment) ety Prine inclisaiRhienRIRL IRRIARS RNISIEVRIS Afp enabled for

that processor (i.e., for'its operating system). If one of the processors determines that the indicator is
set, it arbitratdS R {AEHIRCIBIBEREESHBAN B 8 #5488 RS R AY s SR TRBE I er
embodiment) dadhartievMieistermpiicn «d e piacesSar tpdadndle the deter upidhempresents the
interryption (0,4, opeTig, SYEr STRE, S04 andeasibed baloys 28inaceordance yih an aspect
of the present inventidn, processing associated wit presentihg the interruption to the B{)eratlng
system is depdftreritioH dhihtBriapliesicpsaava. hal/ @ buerptambeé PEduteriane aetdpter function that

issued the intansmticmgige, Askfaidhes|9Q @f s BdapienfuRclion) dypadigylar, an adapter
interruption suppress facility is provided and associated with adapter functions. This facility includes,

for instance, tee Moges,phafadantar ierHRHqDS (8L ("e‘?ﬂ‘&?‘%ﬁy eetPRSHINUD) as to ,
2011/160704PCT/EP2010/067019 21 All interruptions mode: All pending adapter interruptions for

adapter functiSREA7 FUCFEHIGRITEYCE Y Predsmaingub] ottt sttt dthe adapter
interription suipjicess i ndaiciliyr inyplaced triithe @ihdnteorgFtarsinpaeion 2l S&eadfallowing an 1/0

System reset. ThnAtaRIgHnierAon upwessian el isplpesd Bin e Alliusiypons mode for 2

L ; 1 : .
specific ISC following successful completion of, for instance, a Set Interruption Controls instruction that

specifies the ARiAMRIHSGONSEHETEF & shttietdal | S & nisgldiendritigslioll hsadealsislle pending

interruption fosragiagigrifunetions mambadesegnizesh anpRresanted guliectie 8¢, enablement. For
instance, when making.lOthe adaI%ter ipterru tion en(gci%gfhthe mode gf ]trhe ada (}%r interruption
0

suppression f%tucblﬁ%}uce ailglﬁgeél%J Lf%ot e %Slr?tkérrerﬁp??omr% me or the r@&e,swahi%aﬁ%p desibed below. The

ada%er interruption suppression facility is placed in the si%%lle interruption mode for a specific ISC

follolwing sucdBSSRMEBHEHERUE tHES Aanbstphe eHAIiskior per interruption subclass, and

therefore, the pending indicator of the interruption subclass assigned to the requesting

function is the indicator that is checked.

Asynchronously, one or more processors check the pending indicator. In particular, each
processor enabled for the ISC (and zone in another embodiment) polls on the indicator when,
20 for instance, interrupts are enabled for that processor (i.e., for its operating system). Ifone
of the processors defermines that the indicator is set, it arbitrates with the other processors
- enabled for the same ISC (and zone in another embodiment) to handle the interruption. The
processor to handle the interrupt then presents the interruption to the operating system, STEP
304, as described below,

25 In accordance with an aspect of the present invention, processing associated with presenting
the mnterruption to the operating system is dependent on an mterruptions mode (ak.a.,
control mode) set for the adapter function that ssued the interruption (i.e., set for the 1SC of
the adapter function). In particular, an adapter interruption suppress facility is provided and
associated with adapter functions. This facility includes, for mstance, three modes of

30 adapter interruptions for adapter functions:



instruction that specifies the single interruption mode for the ISC; 15No interruptions mode: Adapter
interruption requests from adapters subject to the adapter interruption suppression facility for the ISC
are ignored. g ﬁ‘}c}liﬂfg??ﬁptions mode remains in effect until the operaﬁﬁglg%%’(%ﬁ?%%es a Set
Interruption Controls instruction specifying either theiall interruptions mode or the single interruption
mode, or until I/O subsystem reset is performed. 200ne example of a state transition diagram showing
the various modes is depicted in FIG. 4. As shown, at 1, an 1/O system reset is performed and all
interruptions are alloviladteAt2ioassingle intepenpiiordapaensesepfontie S AfBcammadapter

interruption is recoggnggg)gg[zga%ﬁ% l E&ﬂeﬁ]%JQ%%VHRHQEE@Qrgd%lg&g\eﬁi.“‘?ﬁé at&;‘qg@rinterruptions. At 4,

from the no interruptions mode, a single interruption mode is P_row d or at 5, an all interruptions mode
25may be provided HEFHERTRIRSTIER Riltripabrembdee & istrmatieshrdniacd! foCall interruptions
mode. To transition habseensomeaidhe00es aHek nteriyplandoabitals MmstiyGiipmndsiused, in one
exargole. One embaodiment.of this instruc 'é)gmls ge&?FiPﬁ%‘?QEP &%erenge Qtﬁ)llFCIOGS'I SRS As depicted
in FIG. 5A, in one examp?e, ae§rélﬂn erruption &ahtrols instruction 500 30inciudes an optode 502
specifying that this i§tHestSee| Btee dEeRPEShEOITHHsttitHoR i gpctifics the all nterruptions
2011/160704PCT/ERQ1RM6R1221field (Field 1) 504 including a location (e.g., a register) that
specifies an operation control 510 (FIG. 5B) for the instruction; a second field (Field 2) 506 that

designates a |°Cati%@&nté{ﬁ9§§ﬁ%&ga%8{?%% 'i&%rﬂﬂlg‘(ﬁﬁ%ﬂ; ;BH fvRelass RRQRIGRC) |f0r the

operation control designated by Field 1; and a third field (Field 3) 508, which as shown in FIG. 5D,
includes 5the logicaPatfdPeBESTaaA Basiied MbsFruioY SRRt TSR P BY SR04 BE cribed
below. In one examgie :opesatian-eaitiigl-pdiddnay hede peadad asfolRws)SaihMbdatarruptions

Mode: The adapter interruption suppression facility is set llow the, presentation qf all adapter
interruptions requesy’[%acg‘l‘1 Iggr%ﬁgg Ses(?gn?al%géﬁlgiu})_m ) ﬂg&%&g@gﬁigﬁﬁg%fﬁ(@ g%'?%(‘em adapter
interruption suppres L - 13 4 § AeAfLption
i i ShsridaripitpierspteD eV &piey érnlteh bl sipgliodermmbeinreupti
request for the designalegkcific ISC following successful completion of the Set Interruption Controls

imstruction that specifies the single interruption mode for the ISC;

15 No interruptions mode: Adapter interruption requests from adapters subject to the
adapter interruption suppression facility for the ISC are ignored. The no
interruptions mode remains in effect until the operating system issues a Set
Interruption Controls instruction specifying either the all interruptions mode or the

single interruption mode, or until 170 subsystem reset is performed.

20 One example of a state transition diagram showmg the various modes is depicted in FIG. 4.
As shown, at 1, an I/O system reset is performed and all interruptions are allowed. At 2, a
single interruption mode is set for the ISC. At 3, an adapter interruption 1is recognized for
the ISC and the interruption mode transitions to no interruptions. At 4, from the no
interruptions mode, a single interruption mode is provided or at 5, an all interruptions mode

25 may be provided. Further, from single mterruption mode, a request can be made for all

imterruptions mode.

To trangition between some of the modes, a Set Interruption Controls instruction is used, m
one example. One embodiment of this instruction is described with reference to FIGs. SA-
5E. As depicted in FIG. 5A, in one example, a Set Interruption Controls instruction 500

30 inciudes an opcode 302 specifying that this is the Set Interruption Controls instruction; a first



1SC. Subsequent adapter interruption requests for the designated ISC are suppressed. 2-Set Adapter

Event Notificati%nz(l)tiltgr&]%‘tion Control: The adapter event notification intl()er reigiagilgrgﬁgolntrols included in
the adapter interrupt]ion parameters block designated by Field 3 are set. FoGRE eﬁarﬁﬁle of the AIPB

530 is described with reference to FIG. 5E. As depizted, AIPB 530 includes, for instance: Forwarding
AISB Array Address 532: This field designates a forwarding AISB array that is used in conjunction with
the guest adapter interruption table (GAIT) and the specified adapter event notification forwarding
interruption sutetlass (AP 1316 i2dddtermimetivhétheraargadapten ipteifgptionpragiestdailis signaled by

an 110 adaptes;ig (@geiggin aPAgaRRIG SIQLRGE ’H&S‘?ﬁﬂﬁl‘@%-s\é\éﬂﬁﬁ e f?iéé@aﬁ%’&&iéﬁi%?‘”ay

address is zero, the target of the interruption request is the host, When the forwarding AiSB array

address is nof f%%’éfefpléf??é?@@ﬁ@ﬁﬂ?éﬂ%??ﬁﬁﬁéﬁ Fégtiedl (€ driHer et ARFTatPH 69ttRE API and the
GAIT. 25GuesdtAgdapiebintetduption atablefitGART i Asidres s-had af kis diekd providgsnandaddress of the

GAIT:to be u determine whether an adapter interruption, r hat.s signal an 1/0

5 SR8, 45Tl 3 AdaRt P d

- adapter is targeteg 0a pé%sgggen $to zt;legrénrreﬁ)%%%% %rt?néene ﬁfﬁﬁx‘?‘b@@% 0%%@@%@%10/067019
23 targeted tq such a guest, the GAIT is o used for the setting of guest AISBs, and for the delivery

of adamter INQIUION TR LTSGR0 At e EVSH N SRRt on Fonvarding Interruption

Subclass (AFT) 536: This field indicates an ISC value. A pending and presentable interruption on this
ISC initiates 5the adhptefBVRiSTHBHRTEAB fo MEp et IRéEEEop peeB O Rte tEcbothe

forwarding AISB arrahangdcthecdilonks ssechiefusthenaisisirainethemtargetdiosied maest) of
interruption requests from applicable 1/0 adapters for the corresponding ISC. When an interruption

request is made from&n gRplqaRieBEAPIEsJor The G designaiach Ry hesabTeligldy thg.target of the
interryption may be a pageeible storage X ) , i
10 to aliow the presentafion of a single adapter interruption request for the designated

ISC. Subsequent adapter interruption requests for the designated ISC are suppressed.

2-Set Adapter Event Notification Interruption Control: The adapter event
notification interpretation controls included in the adapter interruption parameters

block designated by Field 3 are set.

15 One example of the AIPB 530 is described with reference to FIG. 5E. As depicted, AIPB

530 inchudes, for mnstance:

Forwarding AISB Array Address 532: This field designates a forwarding AISB
array that is used in conjunction with the guest adapter interruption table (GAIT) and
the specified adapter event notification forwarding interruption subclass {AFT) to

20 determine whether an adapter interruption request that is signaled by an I/O adapter

is targeted to a pageable storage mode guest.

When the forwarding AISB array address is zero, the target of the interruption
request is the host. When the forwarding AISB array address is not zero, the target

of the interruption request is further determined from the AFI and the GAIT.

25 Guest Adapter Interruption Table (GATT) Address 534: This field provides an
address of the GAIT to be used to determine whether an adapter interruption request

that is signaled by an 17O adapter is targeted to a pageable storage mode guest, and if



10mode guest and the forwarding AISB array and GAIT are used to determine the actual target (host
or guest) of any. adalpter event notifications indicated in the forwarding Al I? array, When an
0 201 1/160704 TTEP2010/0

interruption requezs i<fade from an applicable adapter for an ISC othef g’&l%esignated by

the AFT field, the forwarding AISB array address afal the GAIT address do not apply and the target of
“interruption 15requests for the corresponding ISC is the host. Forwarding AISB Array Length (FAAL)
538: This field indicates the length of the forwarding AISB array in bits, or the GAIT in units of GAIT
entries. Responsivede@zesuting theSethntekiliptiehcGontrolsnstitictiofigase /AR Bworediterruption

controls are set, bagedioR the IReRIoR.CANKYIR SBacfied #LEield 1. When the value of the 20

operation control indicates set all interruptions mode or set sirigle interruptions mode, Field 2 includes

a value designating the interruption.subclass for which the interruption Qﬁ{ is to be.set. When the

value of the operatié‘){rtllgpécorn Fgfgtﬁ{gfgg%%gnsﬁeotnga%%rneteréqﬁ]f&r?o.éf(l:%}éfios%ﬁn e g%?a igﬁeg%%trols, the

second operand adéwés: 8- a SLEQ) aprerinteriuptron! #heters bloc
d d adévésg el Cyvidva Idgicall Bd drdsy ez oA AP Inea iiptidn iphie block

(AIfP%? that iﬂclude&ﬁbgdﬁg@ﬁr@d%qu&ﬁaéﬁ{e{ B@m@@ﬁi&é%fr?&&%ﬁ!%@%ﬁ@%&ﬁ@&@@k is us$d by/a host
to facilitate the interpretatjon at is, the fo ing of) adapter interruptions originating from 1/0
adapters associatet?’ﬂ?’t?ﬁﬁé %%é\%?&%%ﬁ%ﬁ%ﬁﬁﬁgnu g%ﬁﬂ%ﬁ%ﬁ&%ﬁ%ﬁe %@8?5’[& tﬁ%ﬁeg 'guests.

In one example, thegsett velimeofithiooparatio fiaprmpidsbeidie ddepriobationefergpasntgol 30block)

accessible to firmwase anehihe,PRREAING SYHR i MR 204 A QT HRERERZOAY/AE 949 24 One
embodiment of the logic associated with resentlng adapter interruption requests to an operating
iﬁ'f‘e‘ﬁﬂp@fg

system taking into CEIREHY frcthi e SR RS TR RS SIS AIBREERCY S188%F is described

withlﬁeference to FlGo&e @eie&ﬂ@@é@&%{dﬁgmmmmmgmméantﬁtﬂmimm@ption_ to the
operating system. SEIER 00 thAl 5. (0e AaceRsprAsleminar. fat i pendingindicator s set and

presents the interruption to the operafting System. In one particular example, there are two pending
indicators: a CPU-fdeiig fBadiSiAdratSDSie i T fidRaast @H@&@%Wﬂ@ﬁr%%%sor (referred to
above as the pendiragagﬁgjqalteﬁhmdt@m&fﬁeir@ja@ﬂfg@mg wwmwld.nﬁ@ﬁpﬁjﬁﬁ.ﬂn@ receiving an
interruption request Aﬁggl the hHQf The pse 8];& ésd%l_tggso dlcr)'lgé %%oqs 1 |§nfurthe scribed below.

array address an ply and the targef of mterruption

15 requests for the corresponding ISC is the host.

Forwarding AISB Array Length (FAAL) 538: This field indicates the length of the
forwarding AISB array in bits, or the GAIT in units of GAIT entries.

Responsive to executing the Set Interruption Controls instruction, one or more interruption
controls are set, based on the operation controls specified in Field 1. When the value of the
20 operation .control indicates set all interruptions mode or set single mterruptions mode, Field
2 includes a value designating the interruption subclass for which the interruption control is

to be set.

When the value of the operations controls indicates set adapter event notification
interpretation controls, the second operand address (Field 3} is a logical address of an

25 adapter interruption parameters block (AIPB) that includes the controls to be set. The
adapter interruption parameters biock is used by a host to facilitate the interpretation of (that
is, the forwarding of) adapter inferruptions originating from I/0 adapters associated with the

adapter event notification facility for pageable storage mode guests.

In one example, the set value of the operation control is stored in a location (e.g., control

30 block) accessible to firmware and the operating system.



Responsive to presenting the interruption to the operating system, the processor (e.g., firmware)
determines whether the interruptions control mode for the ISC is the single interruption mode,
INQUIRY 602V PHE UL hination is made by checking the stored oper folTE3heSf Pafue. 1f the
interruptions mode is the single interruption mode, tlien 15responsive to presenting the interruption to
the operating system, the interruptions mode automatically transitions into a no interruptions mode,
STEP 604. In this mode, the processor resets the CPU-facing indicator (e.g., sets it to 0), STEP 606,
but the hub-fadirgiifditatert maihgiset{egtecd)hPlddG6Q8dipasirtorthg ipiacgssartthere are no
interrupts (0 b, BLeREISA, ARk B R HISHRLIS AV sRAY preseRtethaR Alerrerrupts are

20suppressed. The operating system processes the indicators. For instance, the operating system
determines wifethét @ry Krompydrathagistarede Fo the operating system processes the set AIBVs,
as described below. Otherwise, the operating system processes any set AISBs and AIBVs. For
example, it cHxdksingothEr. gnnii8Bslaaetsdf sosintsgbs tieiSehto REdetertinneyshenlocation of

one oy more AtEMS;qror@XPRRIE piDE-QBEIRER:SWSIEMHEReMErR NG lacations pklbg AISBS and

AIBVs. Furthermore, it remembers for which adapter each AISB and AIBV represents, Therefore, it

may maintain BT BHER0 PRISERS P HiREr (hPRSSRATIIY BT RFEs & BE5h81S of AISBS and
AIBVs and théndisscsatictPbefireepAkBRsnAlBMs ehatadaiptéxddfharidie)d busesptbissontrol block to

SOfaciliate heacalian £1,30 £1RY:BaRee AR AeaRPIlEd ALRE dRAGIIEEFIRodment, an AISB is

not used, in that situation, the control block is used to locate the particular AIBV. W
2011/160704 P PIEPS0 T OBEFIIS RESHSHRIGE foTo8sting tHeors Bl Hiotd™miBdisaigre operating
systegn scansihiaAdBisscangiprasesses any AIBVs. It processes the interruption in a manner
consistent with the presented event (e.g., provides status). For example, with a storage adapter, an

event may indicgis-that @erarationhas somplated. Thisresulisdn.the pResalinggystem checking

status stored hy 5 the adapter to see if the operation completed successfully and also details of the

. | Iy
operation. In tHEYAE S e 0iBra T aEd PN RHARHRRES AN WY R s A% 18R Ethe adapter is now
available in systemptiremene ANDESR Y 60Rrdties sedmiihetioper atidg lgysbeckRicptitirtesdo scan and

process set biis teqardlgss il ey WHESREINNR QIR PIESENTRA-IGIRG ARGLARY System or a

suppressed interrupt. During processing of 10the indicators, the operating system may determine, in
accdrance WiFPERS I RoBEeaTRE e SEFRTRUEM oS SRstARe thsimtdrUpeeHBinas s fresented
allowing at leastoongiathes PRAGR3SI:te 1y otass Eeheve it, RTIIAL0ES. tprenexample, this may be

based on po';ﬁ%éé‘sgo%%eﬂ% ORfiguratle; Lo dns gxn'@?%,%e seg{e{t{'ﬂﬁtl%’. iy %%}’b%ﬁﬁé%‘@ﬁ%&%%e operating
system that thie adapter event nofifications are arriving at a raté taster than can be curréntly handled
by the mdicator remains set (e.g., =1), STEP 608. Thus, to the processor there are no interrupts to

be presented and to the hub an interrupt is already presented, so other interrupts are

20 suppressed.

The operating system processes the indicators. For instance, the operating system
determines whether any AISBs are registered. If not, the operating system processes the set
AIBVs, as described below. Otherwise, the operating system processes any set AISBs and
AIBVs, For example, # checks whether any AISBs are set. If so, it uses the AISB to

25 determine the location of one or more AIBVs. For example, the operating system
remembers the locations of the AISBg and ATBVs, TFurthermore, it remembers for which
adapter cach AISB and AIBV represents. Therefore, it may maintain a form of a control
block or other data structure that includes the locations of AISBs and AIBVs and the
association between AISBs, AIBVs and adapter id (handle). It uses this control block to

30 factlitate the location of an AIBV based on its associated AISB. In a further embodiment, an

AISB is not used. in that situation, the control block is used to locate the particular AIBV.



150perating system (i.e., the operating system cannot timely process the set AIBVs). This could be
determined in_a number of ways, including comparing the number of set bits received or still to be
processed to TSI by some other mechanism. Many possibiIitigggﬁgﬂlﬂ(?fg?ﬁ%tively, the
operating system may have completed processing of all indicators, and prior to exiting the event
handler, it may allow additional interruptions to re- 20invoke the event handler. If the operating system
determines that another interrupt is not needed, and therefore, the control mode is not to be changed,
INQUIRY 612 ¢hendhe toperatingsystem contialBspliecgssinggdhesindicaions: QiBdiwise, the

operating SyS};@E@eﬁQ@’Aﬂfﬁﬁ%&%H@k@&g%Oa.xﬁhé t%ﬂsjﬁ'gI%&{n@'é&@ﬁ%ﬁ%ﬁﬁﬂ@ﬂ?&%&eﬁEp 614.

This is performed, in oné example, by 25using the Set Interruptions Controls command. Responsive to
the control m&Y&WéiRgRERY s TRE EMgloTterlsidiibt dnmaerfiptions Aisdnthddmts-Hing indicator
and the hub-fagisgrindicaiocarp eledradi(e-gultaZ@rs)ritie sywhar Rpiniedup! eidast is received at
the hub, those indjcators will.be set to.one engbling a processor,tq handle the interruption. WO

2011160704 DL HEDS0L 0k 00 D8RRt GO B B L B AL the operating
system is notlihthcsitiglefinstarigstiordrioeie, ahidifeioa sy the datsarid iSam dhe afeinee uptions mode and

the processor:tgggis Boththe &R 9nddvah-factag.ipdicators (e.g., to zero), STEP 620. This enables
other interrupts to be posted by the hub and other interrupts to be provided to an operating system.

SFurther, the epesaling SYSIEI, BERARIRES 106 A Fr-a1ad @J%\,{g&@ GRS aR-dsRerbed apove, STEP

622. This concludes processing. As described above, in addition to convertirig an MSIto an adapter
event notificaliBHP T SPEFLIM S PREHNNBISIETROT 2syDiIststH BIRITREr BB HIRTEHNER adapter
evenpnotificatiermiaydie prosemnidotoa-guest @@mapagealsigiuesihuiherdataids regarding
converting an 10MSJ1 request to an.adapter event netification t uest are now described. Referring
caain to Fla. B e R S B R AR SR P I S8, oot itirion
and guest initiafgeioHaPE pRepETTEdt mdicHietantendenngiioshintiatibationd on sk théifirst PC1

function is assighgrbie:aguestindnast alesates theforvardinghaBataimangihe &Alfe The host
then registers %;lletI(nggt;io?lsnafgddengéhsaof 15th§ flgagiw r?'?g#?ISB ﬁrraé/ arf],g[ % Ag (IS% for instance,
the adapter inteiPISH FRVAraing abI8 (AT A EHE S AR (R ELH R CBhntroLs
instrliction, is ersedite vegistdr thehouatighs ayitktengths ofigie forwear dingMMIBValr dhis

could be determined in a number of ways, including comparing the number of sct bits

received or still to be processed to a threshold or by some other mechanism. Many

possibilitics exist. Alternatively, the operating system may have completed processing of all

indicators, and prior to exiting the event handler, it may allow additional interruptions to re-

20 invoke the event handler.

If the operating system determines that another interrupt is not needed, and therefore, the
control mode is not to be changed, INQUIRY 612, then the operating system continues
processing the indicators. Otherwise, the operating system changes the control mode to
cither a single or all interruptions mode, STEP 614. This is performed, in one example, by

25 using the Set Interruptions Controls command.

Responsive to the control mode being set to the single interruption or all interruptions mode,
the CPU-facing indicator and the hub-facing indicator are cleared (¢.g., to zcros). Then,
when an interrupt request is received at the hub, those indicators will be set to one enabling a

processor to handle the mterruption.



Further, the host specifies the host interruption subclass that is to be assigned to PCI adapters that are

assigned to gygsts; A, in one example, an instruction, such as the SgtZQntekuRtipn Controls
instruction, is used to specify this information. This information also retained in the AIFT entry for the

partition for which the host is running. This concludé® host initialization. During guest initialization, a
guest performs a number of tasks to configure its PCI functions for adapter event notification via an
MS1 request. In one exam%Ie, one or more of the 25instructions that invoke these functions cause an

interception t&*tHETRST BNQURRYetO7e ftihés Ho'sttanek it fioRsF SIREHTFESR e PRioh 2adeléscribed below.
Initially, the gugstdeiarmimrsHbe iPE hdunesipns andine epniiguiption fas shiahtiias.aseess. In one

example, thea%ﬁ]esE3 ﬁ%esc%lns ru%tlgw %t %ré Lgtzlfgg r %%)Eﬁ taln t[i*&e |IS&]Of PCI

functions, and this instruction is in ercep Ince daring ost initialization, the host has
already dete|nmdlme¢eR@$tﬁdﬁmibﬁ@épr@é9§rghe@mnméoW@rmiqdm@fmm@mmmommom 27

host,gesponspgderi metsRRIRE afithe %@%&@%@ﬁs@%ﬁh%ﬁ@%ﬁ%@ﬂﬁ@%%&i@&t gQRgtructs and
returns a reswﬁ%t&%uest and includes only those PCI functions also further aSS|gned to the

guest by the et n%?d@a@ﬁoﬁfﬁl?‘énctlon of the guest configuration, certain processing is
performed. 5For instance, a determination is made as to the MSI address to be used for the PCI

function and thedrsribi BPNIST FtHoR e SRRGHEE BYYHE 1o@n RGO ISHEERIRIPIE the MSI

address is det@mtﬂ@@wﬂgta@tem@ﬁ@mﬂms&ruﬁ&mmﬂaaim&@waﬂea@ﬁawiaﬁmlstjﬁﬁdaammon to a
group of adapter unctlon ?and the mber of ’\13 I vect%or rgm%()pey tth PCI funct|on is based on

the capabilities gf the a ‘f‘ﬁge tgduP n%e |a zatlon eter Fr?elafe%hlsglntformanon

and ltﬁereforeM‘elslﬁG\iﬁsﬁNe ® @ﬁﬁ@?@@pﬁ@hneﬁfﬁéﬂgﬂé%ﬁ@B?ﬁﬁﬁm,"ﬂﬁ‘esh@@dconstructs and returns a
response to the guest that includes the MSI address and the maximum number of MS1 vectors.
Additionally, tRefAlBY ds:alle@ddied’, asedll, asrthe ALSBatioanypdfrenciBSTERA08IIBtake allocated and

initialized to zgrag, ANG,a FGGIHEHAHARIGRINSIBEOR. ARR! BURRHS- 3P GG ance, during host
initialization {or when the first PCI function is assigned to a guest), a host allocates the
forwarding AISB array and the GAIT. The host then registers the locations and lengths of
15 the forwarding AISB array and the GAIT in, for instance, the adapter interruption
forwarding table (ATFT). In one example, the Set Interruption Controls instruction, is used

to register the locations and lengths of the forwarding AISB array.

Further, the host specifies the host interruption subclass that is to be assigned to PCI adapters
that are assigned to guests. Again, in one example, an instruction, such as the Set

20 Interruption Controls instruction, is used to specify this information. This information is
also retained in the AIFT entry for the partition for which the host is running. This

concludes host initialization.

During guest initialization, a guest performs a number of tasks to configure its PCI functions
for adapter event notification via an MSI request. In one example, one or more of the
25 ingtructions that invoke these functions cause an interception to the host, and therefore, the

host takes action for each interception, as described below.

Initially, the guest determines the PCI functions and the configuration for which it has
access, In one example, the guest issues an instruction (e.g., a Query List instruction) to
obtain the list of PCI functions, and this instruction is intercepted by the host. Since during

30 host initialization, the host has akeady determined which PCI functions are assigned to the



15Responsive to the requested register adapter interruption operation, the host intercepts the
operation and performs registration. This includes, for instance, pinning the guest AIBV in host storage
(that is, fixing € gui&eeyitige in host memory and making it non-pageabR)TEethedsiithe guest
specified an AISB, the host also pins the guest ABB,in host storage. The host assigns an AISB from
the forwarding AISB array and implicitly, the corresponding 20GAIT entry to the PCI function.
Alternatively, if the AISB and the ISC specified by the guest are the same AISB and ISC registered

previously by fag; quERh(or AnALELRG! Siactiem) R LPREMeYy eFf NG 5aMe fRvaIding4I1SB and

GAIT entry assigned for that prior request. This reduces overhead. The host copies the guest
interruption slﬂ?glﬁgrﬂﬁfbr?ﬂ@@ﬁﬁ%?r%ﬁs‘if‘ﬂqé@%f e ot i RrstonhalndettBgpies the host
address of thexguest 25MtSBeariy ite dffset into GAIT entry. Further, the host copies the guest GISA
designation from its state description into the GAIT entry. On behalf of the guest, the host executes an

Instruction, such-rsaMepificPedifunstian GROKRLSE istueton, Qshreily thgegisteradapter
interrgptions eration and designates.the oIIowi% i%fé){p%ion:t e ho addre?ﬁ[ nd guest offset of
the host

the gdest AIBV TS AOSt AHAFEEE4ERa BHSHS &8 ‘41 R SR fEBarray
assigned to thaxathamenbthefhidst nterraptivntsyldoldssHor fhetadapterpaacutipdentheidSE of MSIs
specified by the QLest s MehROL M A MAREGHIER RRAUAS/ 7R RESRORSINE IR ExeaHling the Modify

PCI Function ControLs ipstructign, a device table entry corresponding to the PCI function for which

initialization is"DAHG B AIRET TWsHIRE &t B RBTAHONY Beametare it BtdieBGh the device table
entry. For instamceythiebguestnAtB Wptlel inest-Sdlecigdcforitarting dtnB ittheioskibe hand the number

of Infgrruptiong i ik i wAlvGR ANAINEAHaN.C ARG e UOGHAN, FUTHRL Yaiqupynformation

is registered in the GAIT, including, for instance, the host address and offset of the guest AISB, the
guest ISC, aniiEHesh RILES SIS fSRpBGdaE erpistes insledes thed IRlgrdtrasompescess.
Thereafter, thesR@Gkfunetissesgonfipwaban space is written. Specifically, the MS1 address and MSI
vector count are written into the configuration address space of the PCI function 10consistent with the

previous regisiatiathalidis:compleies guast intializalion Fubseghentio Rarermingdpitiplization, a

received MSI ﬁl converted to ifn go adapter event notification, STEP 302. Initially, a description of the
event for which DF&SAAFHIBHBITTE IR GUR&Y i& RSP KU BHEI, APRstitast Wshitisfed by the PC1
functibn speciRangthecMSicachress anpbthedMBtvectormombersamyedl iastanequgstbs 1D. This

request Is recgheedidr:RY % R ARShReSRRNENEQ ‘BERIMNOJG IBAHERL. NG fgAyegior 1D In the

t
request is used to locate the device table entry for the PCI function. The /O hub compares at least a
portion of the BRtIFsEaethit Fefimetinghenetendeipstmemn dulwskins i grirargganey are equal, an
MSI is being regtiestéfhe guest specified an AISB, the host also pins the guest AISB in host storage.

The host assigns an AISB from the forwarding AISB array and implicitly, the corresponding

20 GAIT entry to the PCI function. Alternatively, if the AISB and the ISC specified by the
guest are the same AISB and ISC registered previously by the guest (for another PCI
function), the host may use the same forwarding AISB and GAIT entry assigned for that
prior request. This reduces overhead. The host copies the guest interruption subclass into
the GAIT array. If the guest specified an AISB, the host copies the host address of the guest

25 AISB and its offset into GAIT entry. Further, the host copies the guest GISA designation
from its state description into the GAIT entry.

On behalf of the guest, the host executes an instruction, such as a Modify PCI Function

Controls instruction, to specify the register adapter interruptions operation and designates the

following information: the host address and guest offset of the guest AIBV; the host address
30 and offset of the host AISB and the forwarding AISB array assigned to the adapter; the host

mterruption subclass for the adapter; and the number of MSIs specified by the guest.



Thereafter, a determination is made as to whether the MSI vector number specified in the 20request is

less than or e umber of interruptions (NOIs) allowed for this Qn. | MSI vector
number is greg%@r&%ﬁlﬁr%%l%ﬁ an error is indicated. Otherwise, the 1/0 hu;t?ll}s%il%goégs% 9bit function to

set the appropriate AIBV bit in storage. The approp?tte bit is determined by adding the MSI vector
number to the AIBV offset specified in the device table entry and displacing this a number of bits from
the AIBV address specified in the 25 device table entry. Based on the manner in which the host sets
up the registr&tereefithcoiptervtipg 8 Mot ANd i usiditGbrital setrigctihe, gulssicAtEe tdityhas been

pinned in hoststQEagiRng tMRISRYSniliBh B SRihasPeRAdRsionatedtheHQ hubdiaes Aset bit
function to set the AISB, uagTilr%‘g the zonei,u%ger (as a relocation zone), the AISB addres% and the

AISB offset 301 YHECHEUEETBR RS AGHNT BALEIBIF 8 mERREFHhith R KR S Up its
registration VH@t20EiHA60 RO PGETAETR 04008 16 C9229 1bf thenheterfuptiominformatiang the bit that is set

Is theshost AR, g, foryvasd] 'Egn%@%gﬁ@ﬁlﬂcﬂf?&t BIRRGS,NOE kLG AYSie,dpgs not support
the setting of a sgglle bit, multiple bits may be set ;e.g., a byte) to indicate an adapter event or

summary indit5tien! NEstuiRgriadmiBEintEnos AafEANE Afdbeiey ARPHRE 81 or the 1/0
hub) as to whettesndnhintediuptignheeGiiestistalready Tandingyithatlis rihetpendingdadicator (e.g.,
CPU-facing pending indicator) is checked to see if it is set. If it is set, then it is not set again.

Asynchronously, ene-0tee RIRESSsersRhrINGRENING \ndisaterdnpaficulay «&aEl processor
enabled for the %fs}g(;ﬁéand zone) polls on the indicator when, for instance, in errlﬁt@ioare enabled for

that processof® VS S PG B EBH R HT PRE TRUEHRE 3dhESnARs Qb ArbitRi with the other
enabfed processosetowitndbepthedntecaigtionn STEPGOd cFe hastdietiednterrupt, the firmware uses
the zone number specified in the adapter interruption request to locate the AR 1 entry for the logical
partition (zongubRespaisive fieacaiing e AhEd resvikyd this figowaeeehecks whathes thenAIFT entry

includes a defiped, 1ovalue .9, Al efos) e AR sntty naludas dhe defined value, there is no
host running guests In the logical parttioh, and the adapter interruption IS made Bendlng for the logical

partition identifigeb$igdtieceoidedn iradieptolior tmsheraiied pstnBG Aousgicalcpdyiitions are

configured). Thisi inteewntiomisien-bandieshas desarihec-ahevs wish Teferenes 1o Breseating an
ntequPtion (e, opetting system that = 1ot ghest, 201 fhe AIET iy, dqes 1oLy the defined

to locate the device table entry for the PCI function. The ¥/O lub compares at least a portion
of the address in the request with the value in the MSI compare register. 1f they are equal, an

MST is being requested.

Thereafter, a determination is made as to whether the MST vector number specified in the

20 request is less than or equal to the number of interruptions (NOIs) allowed for this function.
if the MSI vector number is greater than NOI, an error is indicated. Otherwise, the /0 hub
issues a set bit function to set the appropriate AIBV bit in storage. The appropriate bit is
determined by adding the MSI vector number to the AIBV offset specified m the device
table entry and displacing this a number of bits from the AIBV address specified in the

25 device table cniry, Based on the manner in which the host scts up the registration of the
mterruption information, the bit that is set is the guest AIBV that has been pinned in host

storage.

Moreover, if an AISB has been designated, the /0 hub uses a set bit function to sct the
AISB, using the zonc number (as a relocation zone), the AISB address and the AISB offset

30 in the device table entry. Again, based on the manner in which the host set up its registration



one or more guests, then processing continues with checking whether the ISC specified as part of the

adapter interrwgg&{ﬁ%%t is equal to the ISC in the MET entry. If the %%g;gag?%)‘dgﬁ gspan of the
ap

adapter interruption request does not equal the ISC in the ART entry, the a er interruption request
is not targeted to a guest, and is made pending for Be logical 25partition identified by the zone number
(i.e., the host). Processing then proceeds as described above with reference to the presenting an
interruption to an operating system that is not a guest. Otherwise, the ISC specified as part of the
adapter interraptiennterurisndpesetonl feebiSTHs tise iR e S Briodhirforiratiie d8Bpter

interruption regugsh isotatasted teAarestHNS SAHIPWALR Wsesihg Rnyrrding:AlRB;array address
and length in th@tglFTentr E]o SC?F the. WO 2%%31160704PCT/EP2010 067019 30 forwarding AISB

array designafSHRFRE R0 Ritfgrct THECRBIEReG™ Bitey ThaER 8 SEPSh 898 ¥hch indicator
that is set to one, the firmware uses information in the corresponding GAIT entry to process that
indicator. Initidifft-d"dermbRatitints frgeRateniHeHe fuge %’Afﬁ(é%ﬂrg?fiﬂ@l&/&@h)(ﬂéfmed value
5(e.gs, all zereakmeeaningtpidhe-adapteninieypiptian iset targeterite.aguess: INQUIRY 750. If the
GAIT entry d include the.defined value, th apter.interruptian.is made pending for the host. The
interrupt is pr%%%%r}gﬁ%%negﬂ%s gé%at(:(éslér? %C§ eagb%\?%? fgvl\?es\?lérF tl(?l{; Sef’egz}}cin(gnltgri}oéc(%:ets not include the
defined valueagf@aning that the adapter interruption is targeted to the corresponding guest, then a
number of steps are perfoimed to 10 complete the forwarding of the adapter event notification to the
guest. For examplayinthsiguestoAtSi addressirtitg GAbEndntgyrdaesndhipaitdda eefined value (e.g.,

il 26109). the BHEL A LBl Adarene e d. e s b Al o lTRalals: Wieh 16 3R SiRat OB to one.

Further, the guest interruption subclass in the GISA designation in the GAIT entry is used to make the
interfiption péffcifRpiFr e Ergrorsistie 1 0ol hoRiesrtiarcdstrmings BEbe inshirerisielent
invention, as peaiitrafthistpracess; tashindeiaptionmadeds setifesathsiasautep fiwaction (i.e., the ISC). In
one example, interruption mode controls are provided in the guest

To handle the interrupt, the firmware uses the zone number specified in the adapter
interruption request to Jocate the AIFT entry for the logical partition (zone). Responsive to
locating the AIFT entry, the firmware checks whether the AIFT entry includes a defined

15 value (e.g., all zeros). Ifthe AIFT entry includes the defined value, there is no host running
guests in the logical partition, and the adapter interruption is made pending for the logical
partition identified by the zone number (or for the operating systems if no logical partitions
are configured). This interruption is then handied as described above with reference to

presenting an interruption to an operating system that is not a guest.

20 If the AIFT entry does not include the defined value, meaning that there is a host running
one or more guests, then processing continues with checking whether the ISC specified as
part of the adapter interruption request is eqﬁal to the ISC m the AIFT entry. Ifthe ISC
specified as part of the adapter interruption request does not equal the ISC in the AIFT entry,
the adapter interruption request is not targeted to a guest, and is made pending for the logical

25 partition identified by the zone number (i.e., the host). Processing then proceeds as
described above with reference to the presenting an interruption to an operating system that

is not a guest.

Otherwise, the ISC specified as part of the adapter interruption request does equal the ISC in
the AIFT entry, meaning that the adapter interruption request is targeted to a guest. The
30 firmware uses the forwarding AISB array address and length in the ATFT entry to scan the



interruption state area (GISA) for pageable guests. As described above, the guest interruption state
area is where pending adapter interruptions are queued for pageable guests, and in accordance with
an aspect of tpgé) ﬁ?éﬁ??f?ﬁventlon the GISA is extended to include ZOtﬁgﬂﬁPﬁ%‘g&@"%ne for single
interruption mode (SIMM) and one for no interruptigies mode (NIMM). This allows interruption
suppression to be managed for a virtually unlimited number of guests, since the state is tracked in a
per-guest data structure in host memory rather than in dedicated per-guest hardware. (One or more
aspects of thevprasding iInIAMtinaypRestaintto gubstsowiihodiigl édivdiedonterpiptiontiardwatec) 25in this

particular exaygples 3¢l ani 1o e, B AR OHestIBIURIon Buflass, The. [alloying. ppresents

an example e interruption mode for the guést 1SC: SIMM.isc = 0 - all-interruptions mode
S1MM.isc = 1ONTIMVIISE 2roresiribrbipdieription mode; and WO 2011/160704PCT/EP2010/067019
31 SIMM.isc = 1, NIMM.isc = 1 - no-interruptions mode. To set the single and all interruption mode
controls, the %ﬁdﬁwﬂdpmam@dmmlglmgmmmbmswm mterprétdds bydglerfdrmimg an interlocked

update on thege ”b%%o@)"%EQ%&Q%&%H&'Q&&%“H&QQ@%@BM& which sefializesqgainst other

accesses to the GSA. As 5an example, to set the all interruptions mode for a given 1SC, the bit

position indexed bgf theYtaE TRt RRRF AR RARARF fidte oP SIS ATSFRIBRING RS Further, to set
the single intgrenptigifortbelry sha bitipesitions indexed loy tHrdd SGsidctaaSdMbdviield is set to one and in
the N1MM field to zero. For the no interruptions mode, the bit position indexed by the ISC in the SIMM

and NIMM fiejgs.akersetite &A10WhenRe 1@)@@Qﬂ@ﬁdﬁf@ﬂ%@biﬁu@ﬁgﬁlﬁﬁﬁﬂiﬂ&ef@ﬁz@ﬂe}sc in the GISA,
the following blts are. |nterro%gted and u dated as ap c{irot%nate § M Isc=0 (gll nter%J tlons mode),
in

the interruptioh & TRAARS Pél “ﬁfb?\ﬂ OGBS BITHY T RSHO RS HIREEELEY By 1aM.isc.
The8IMIVI anmmlwmhblfgrweﬂeﬁczﬁihhmw s{imtertiptidng p?o@ﬁadlmtaﬁqnt@mpinoﬁ frode leave the

mode lsunCh‘;ﬁﬁgteﬂIi‘.B address in the GAIT entry does not include a defined value {e.g., all zeros), the
guest AISB address and the guest AISB offset are used to set the guest AISB to one.

Further, the guest interruption subclass in the GISA designation in the GAIT entry is used to
make the interruption pending in the GISA for the guest. In accordance with an aspect of the
15 present invention, as part of this process, the interruption mode is set for the adapter function
(i.e., the ISC). In one example, interruption mode controls are provided in the guest
interruption state area (GISA}) for pageable guests. As described above, the guest
interruption state area is where pending adapter interruptions are queued for pageable guests,
and in accordance with an aspect of the present invention, the GISA is extended to include
20 two bit masks — one for single interruption mode (STMM) and one for no interruptions mode
(NIMM). This allows interruption suppression to be managed for a virtually unlimited
number of guests, since the state is tracked in a per-guest data structure in host memory
rather than in dedicated per-guest hardware. {One or more aspects of the present invention

pertain to guests without dedicated interruption hardware.)

25 In this particular example, cach mask has one bit per guest interruption subclass. The

following represents an example of the interruption mode for the guest ISC:
SIMM.isc = § — all-interruptions mode;

SIMM.isc = 1, NIMM.isc = 0 — single-mterruption mode; and



If SIMM.isc=1 and NIMM.isc=0 (single interruption mode), the interruption is made pending in IPM.isc,
and host alerting is perfolined, if requested by IAM.isc. In addition, NIMM.isc is also set to 1 at this
time. This refl¥¢t¢4 H4h&tion from s gle to no interruptions mode on po&itgF &l & lbtion. 201f
SIMM.isc=1 and NIMM.isc=1 (no interruptions mode}), then the interruption request is ignored. No
change is made to the 1PM, 1AM, SIMM, or NIMM fields in the G1SA. The inspection and update to
SIMM and NIMM are incorporated into the existing interlocked updated used to post the interruption.
This ensures that a snisistent Staledig 2bmaintainedrapthaeniatizes the posting of the interruption
against other GISA activity such as interruption presentation or SIC interpretation. In addition to the

above, as part@tdompandingfaepdapier@yent aotificatiomicsthe.auestidh best-alertinddsrequested for
the GISC (e.g., the t:g carrespon ‘ang to the GISC in the WO 2011/160704PCT/EP2010/067019 32

interruption alSriY MaASEITRIAT G YRS CrERIL LS tH e, BHEL LBARG A Fhterruption is made
pending. Theis&ttimgiof fredif2ivhiit SPFaGUwblaNtctithes GRULS gondingindicater@isd. whenever a guest

CPU gnables forhe 1SG, theiptarrlianisiesenisd 1 hesusst GPY ahseptibagteigiervention. At

the time the IPM bit is set to one, the bit's em}%ig that an adapter interruption is pending for PCI
functions is sétintHEcaddPlermieMiddeire stk RIESFFERBTRATIY S e Eises s ponsive to
setting the IPMténriihec il atprbeessane ndbled fotithesgue sid SO/me kimines dhatdhig! imdicator has

been set and pr. interrupt > guest.operating,system...10This processingis described
further with retfaéﬁgrﬁ\(?ﬁgg Ii—‘%lic]!aEg %g(?lnlﬁgﬂtﬁgtﬁge?ﬁ%ﬁ}%ﬁﬁ%# ;851‘;1 (r;ﬁqah e Iég%sé?ﬁa #%1%%@?&3 rfa‘é?d escribed
above, STEPTT. A ead SoMAb iRl scrcttisiinbicator determines that the bit has been set, and when
it is enabled, it presents the interruption to the operating system, STEP 702. Responsive to receiving
this ifdicationMire epedating wystercbegmsippecdsgifty anys et ABBIand tad Bllamdigatiorsieas described

above, 15STER. 404, During,this-ArRcesRIpH.the operating system determines whether the

If SIMM.isc=0 (all interruptions mode), the interruption is made pending in IPM.isc,
and host alerting is performed if requested by IAM.isc. The SIMM and NIMM bits
are left unchanged. (Interruptions posted in all interruption mode leave the mode

13 unchanged.)

If SIMM.isc=1 and NIMM.isc=0 (single interruption mode), the interruption is made
pending in IPM.isc, and host alerting is performed, if requested by IAM.isc. In
addition, NIMM.isc is also set to 1 at this time. This reflects a transition from single

to no interruptions mode on posting an interruption.

20 If SIMM.isc=1 and NIMM.isc=1 (no interruptions mode), then the interruption
request is ignored. No change is made to the IPM, 1AM, SIMM, or NIMM ficlds in
the GISA.

The inspection and update to SIMM and NIMM are incorporated into the existing
interiocked updated used to post the interruption. This ensures that a consistent state is
25 maimntained, and serializes the posting of the interruption against other GISA activity such as

interruption presentation or SIC interpretation.

In addition to the above, as part of forwarding the adapter event notification to the guest, if

host alerting is requested for the GISC (e.g., the bit corresponding to the GISC in the



interruptions control mode is to be changed, STEP 706. That is, if it is keeping pace with processing

the set indical;a,rézmgml}ogoes not make a change. However, if the oper{;\gP&@ﬁ %Eg(}ggetermines that
another interrupt request is to be made pending, then it changes the control mode using, for instance,

the Set Interruption Controls instruction, as describ&d 20above, STEP 708. This controls the rate of
interrupt processing. Further details regarding the Modify PCI Function Controls instruction used to
register adapter interruptions is described herein. Referring to FIG. 9A, a Modify PCI Function Controls
instruction 90BN e RsHIEStaricd AMN 0pteoESA0R sridiceningethestviedifig PBPEUNCction Controls
instruction; a fixskfigidPRmapesdng a location at which various 25information is included regarding
the adapter function for which the operational parameters are being established; and a second field

206 specilying AT eMUIER adihinelian dvoupatian.incdf i felehad oLjag contents of

the locations design by Fields 1 and 2 are further described below. In one embodiment, Field

1 designates SigerraRirs&iste [thathn drseestipaid b srTsthiathsriust A3 ShbialikerIG. 9B, the contents

of thes registetinelugianfoninatansera fanCtion handia 1@ WRALHI 607 ARGLFEP2010/067019 33

that identifies.the hatndle of the a apter ungtion.pn behalf of which the _modifL}I instrL{ction is being
mteérdl 101 18 Petl 16% Oor NCNIONS 18 set 1) the adapter mterry 1%011 SOUrce mask . .
performed; an address space designating an address space In S)PS em memory associated with

the adapter fuitete ebagaate B the function handle; an operation control 914 which specifies the
operation to be performed for the adapter function; and status 916 5which provides status regarding
the instructioReshemithadnstivg tisnfEvhipletds With arpradefimetladide o pre Btbiadiment, the function

handle includas, ot inglensRnensbls ngicalnr indlsainguheshe dhehaodia s, snahled. a function

number that identifies an adapter function (this is a static identifier and may be used to index into a
functbn table} A ISR S EEFERITEF BB HECIRFFGh & SaRticul BB RsdU Mg Rdrigtion handle.
There is one funttigndiandehtoh SachatapibedahoioBTERD bisAupeddadossataadutgtion table entry

(FTE) within tha {ynction.iahie. st MNELORable nivyncludes gperational parameters andor other
information associated with its a&apter unction, A3 one example, a ?uhgﬁon_ta% e entry includes:
15Instance NiBePiThie felerieieamstanpartict d2inBeipeesise thecapiapteihiy disdvardle associated

with the functigr:taltesQthY begins processing any set AISB and AIBV indicators, as described above,
15 STEP 704. During this processing, the operating system determines whether the
interruptions control mode is fo be changed, STEP 706. That is, if it is keeping pace with
processing the set indicators, then it does not make a change. However, if the operating
system determines that another interrupt request is to be made pending, then it changes the
control mode using, for instance, the Set Interruption Controls instruction, as described

20 above, STEP 708. This controls the rate of interrupt processing.

Further details regarding the Modify PCI Function Controls instruction used to register
adapter mterruptions is described herein, Referring to FIG. 9A, a Modify PCI Function
Controls instruction 900 includes, for instance, an op code 902 indicating the Modify PCT
Function Controls mstruction; a first field 904 specifying a location at which various

25 information is included regarding the adapter function for which the operational parameters
are being established; and a second ficld 906 specifying a location from which a PCI
function information block (FIB) is fetched. The contents of the locations designated by
Ficlds 1 and 2 are further described below.

In onc embodiment, Field 1 designates a general register that includes various information.

30 As shown in FIG. 9B, the contents of the register include, for instance, a function handle 910



Device Table Entry (DTE) Index 1...n: There may be one or more device table indices, and each index
is an index int i ble to locate a device table entry (DTE). There are one or more device table
entries per adgvp é%%ﬁ?:#jgn and each 20entry includes information assdciated with 7i?égadapter
function, including information used to process requésts of the adapter function (e.g., DMA requests,
MSI requests) and information relating to requests associated with the adapter function (e.g., PCI
instructions). Each device table entry is associated with one address space within system memory
assigned to thbahdapiée{tirechiod s thd agiptcfdmotion sndpthie vhisihemmdife iasdrass spaces within

system memapyassighesio dheiadapiprfuaetign; Busy indigator This.figlddndicatesyhether the

adapter functi’ovr] |s_fbusy; Permanent Error State Ipdicator. This field indicates whether the adapter
function is in AFETREHhERT BiFSRTdI e S5T91160 Yo s QR B/ 6FOARS S REV R ry Initiated
Indicator: Thigfielchividipatéewhethperaeacuéryphdsesd fotritiatécp forithetiacdapiesitndion; Permission

Indicaor: This,fie ndigatss.whelher fhe eReraling YRR THIDG. 0.5ntal e adapter function has

authority to do so; 5Enable Indica is field indicates whether the adapter function is enabled (e.g.,
1-enabled, 0=irsshrsd e questor Identifier (MD): This is an identifier of the adapter function, and
includes, for instance, a bus number, a device number and a function number. In one example, this
field is used fdr erscersbedngn, donfigetatbrndlsanduEshridstpies. BofemabliondiivMentoligasihan adapter

may be defingghasaddressisnasesiaciudingoforinstange iR faniayraion SRAGHAmIQ space, and/or
one or more memary spaces,) In gne example, the confi%iuration space may be accessed by

specifying theCOR A0 AN IaRe M Usr iIICtBIP i SRsG By AR o AR ES R BHEBST other
confl§uration)stedifisradbptert futotionasSpedificdhinctive nsttlactitinns ianneffisetintddabtbéconfiguration

space and a fupgtion handleysed iR 1% aRPIORHRIS. IMBRIGR Y (FTE) within the
function table. Each function table entry includes operational parameters and/or other
information associated with its adapter function. As one example, a function table entry

inclhudes:

15 Instance Number: This field indicates a particular instance of the adapter function

handie associated with the function table entry,

Device Table Entry (DTE) Index 1..n: There may be one or more device table
indices, and each index is an index into a device table to locate a device table entry
(DTE). There are one or more device table entries per adapter function, and each

20 entry includes information associated with its adapter function, including information
used to process requests of the adapter function (e.g., DMA requests, MSI requests)
and information relating to requests associated with the adapter function (¢.g., PCI
instructions). Each device table entry is associated with one address space within
system memory assigned to the adapter function. An adapter function may have one

25 or more address spaces within system memory assigned to the adapter function.
Busy Indicator: This field indicates whether the adapter function is busy;

Permanent Error State Indicator: This field indicates whether the adapter function is

in a permanent error state;



table entry that includes the RID. The firmware receives the instruction and determines it is for a
configuration space. Therefore, it uses the RID to generate a request to the I/O hub, and the 1/0 hub
creates a reqUEStHB'468%%4s the adapter. The location of the adapter funBH&HEEHALEH dn the RID, and
the offset specifies an offset 20into the configuratiopsspace of the adapter function. Base Address
Register (BAR) (1 to n): This field includes a plurality of unsigned integers, designated as BARD -
BAR,", which are associated with the originally specified adapter function, and whose values are also

stored in the base aRciessregisietsansasiates\vithi theiagaptachwetion-hachiBARgpegifies the
starting 25address %rat memory space or I/0 space within the adapter function, and also indicates the
type of address space, %hafi@ whether it is a 64 or 32 bit memory space, or a 32 bit I1/0O space, as
examples; In one example, it is used for accesses to memary space and/or I/O space of the adapter

function. For instande" BRSSO A d Gl MUt SRS ta prgem tying to
2011/160704PCT/ER2600 0186140119 Ionadiaptes futhotiondsiadsatied to the value in the base address
register associated with the address space designated in the instruction to obtain the address to be

used3o access the gmlapignfindionhlirrdgess:spasadsapttisspravded i dheinsteuction identifies
the address space vsfilt"hind clsgg q__dggtﬁr(fi Inction to be accessed and the 5corresponding BAR to be
used; Size 1....n: Thlsfﬁle]:J includés’ a lurality of unsigned integers, designated as SIZE - SIZE". The
value of a Size field, when non-zero, represents, the size of each address space with each entry

corresponding to a M‘”&fﬁ@l@ﬁ’é@éﬁlg ARIES AR EeyEsef b aranty BRA® U Size are described
below. 10l. When a BARIds fetimplemebieduabansadaptaniubation, e BibRrfieltkand its
corresponding size field are both stored as zeros. 2. When a BAR field represents either an 1/0

address space or a BeshitenaipRlyhadeiiass ehass: Ahe:sey e aRanding.siefipldsnonmsee and
repr?é:ents the size ?f the address space. 153. Wheg%?%%gﬁ%fleld (%epresents a ?4-b|t riggmory address

spadd, a. The BAR S PegrALaRiS Sh BEGI G gitRa AT ReGrsgu e spoces inclading
instance, a configuration space, an I/0 space, and/or one or more memory spaces.)
in one example, the configuration space may be accessed by specifying the
configuration space in an instruction issued by the operating system (or other
configuration} fo the adapter function. Specified in the instruction is an offset into

15 the configuration space and a function handie used to locate the appropriate function
table entry that includes the RID. The firmware receives the instruction and
determines it is for a configuration space. Therefore, it uses the RID to generate a
request to the /O hub, and the I/0 hub creates a request to access the adapter. The
iocation of the adapter function is based on the RID, and the offset specifies an offset

20 into the configuration space of the adapter function.

Base Address Register (BAR) (1 to n}: This field includes a plurality of unsigned
integers, designated as BARy — BAR,, which are associated with the originally
specified adapter function, and whose values are also stored in the base address
registers associated with the adapter function. Each BAR specifies the starting

25 address of a memory space or 1/0 space within the adapter function, and also
indicates the type of address space, that is whether it is a 64 or 32 bit memory space,

or a 32 bit 170 space, as examples;

In one example, it is used for accesses to memory space and/or 1/Q space of the

adapter function. For instance, an offset provided in an instruction to access the



b. The next consecutive BAR"+, field represents the most significant address bits. c. The

correspondinq@@g" ﬁ[@is non-zero and represents the size of the 20%%(%@?5015 ace. d. The
corresponding E leld is not meaningful and is stored as zero. Interna Igéouﬂng Information: This

information is used to perform particular routing to thie adapter. It includes, for instance, node,
processor chip, and hub addressing information, as examples. WO 2011/160704PCT/EP2010/067019
36 In one example, the busy indicator, permanent error state indicator, and recovery initiated indicator
are set based on meditoeirfgnoesformedtbiotihe firhmiaths Pasethddretsacpstenissionieticétdrds set, for

instance, based on palicy; gad- WsiBARIRfamatenisPRsefhanroniaualon infanmatien discovered

during a bus walk b¥ the processor (e.g., firmware of 5the roces_sorC?t., Other fields may be set based
on configuration, initSIEXAER 1EEEr dDSANITSS SPRET SrIBBERTeRed it B ible entry may
include more, less aridifféeentinddrematiane Fhehnfermaiienfinclisded mayccepead drr the operations

suppgrted by or ena&@gggﬂﬁggégﬁ%egeﬂdg&pon. Referring to FIG. 9C, in one example, Field 2

designates a logical address 920 of a PCI 10 function information block (FIB), which includes

information regardlnsqza ass?]%?t%g%{?daptgr funﬁltrlccd?W '(I)'pe function mformatlontbloc‘l%i (]}Jsed to update

, 3 ¢ § tevers, designated ¢ — :
a device table entry and/or function abl}(%uer?tsri? IZor OtHeT 1565 T%A‘n)”é% GeiatsdWith the'a apter function.

The information is stdZdd intheaRiBrdabmg frildalizetionrardforeponfic thtiowcofittrstadipter, and/or
responsive to particyla.evantaci Surhgt deiailss eaasing. aifunstianinfarmation block (FIB) are

described with reference to FIG. 9D. In one embodiment, a function information block 950 includes the

following ﬁel(ifﬁrlﬁ%r ?%1%55‘%"‘;;%%%%&Sﬁﬁggg%sa’tpge@m%tb%} J@e FIB. Interception Control

952: This field is used to indicate er guest execution of 20specific instructions by a pageable

mode guest results in {nstruction interception; Error Indicgtion 954: This fi Itgrén_ ludes the error state
indicleaotion for direct e e&az;%%r}ééé%orﬁ (@é’ﬁ?%tref%%rr?ﬂﬁﬁ%?’f?%ﬁ%%tﬁée% i é&#i(@@.lfsl), one or
more errors have beernradptectstswhilel perfdutlingdifeceemmmory access or adapter interruption for the
adapter function; 25Load/Store Blocked 956: This field indicates whether load/store operations are

2. When a BAR field represents either an I/O address space or a 32-bit memory
address space, the corresponding size field is non-zero and represents the size of the

address space.
15 3. When a BAR field represents a 64-bit memory address space,
a. The BAR, field represents the least significant address bits,

b. The next consecutive BAR,.; field represents the most significant address

bits.

¢. The corresponding SIZE, field is non-zero and represents the size of the

20 address space.
d. The corresponding SIZE, . field is not meaningful and is stored as zero.

Internal Routing Information: This information is used to perform particular routing
to the adapter. It includes, for instance, node, processor chip, and hub addressing

information, as examples.

25 Status Indication: This provides an indication of, for instance, whether load/store

operations are blocked or the adapter is in the error state, as well as other indications.



blocked; WO 2011/160704PCT/EP2010/067019 37 PCI Function Valid 958: This field includes an
enablement control for the adapter function. When the bit is set (e.g., 1), the adapter function is
considered to B8 eH&B18H for 1/0 operations; Address Space Registeredng&Fﬁ?ﬁ@%éW includes a
direct memory access 5enablement control for an agapter function. When the field is set (e.g., 1) direct
memory access is enabled; Page Size 961: This field indicates the size of the page or other unit of
memory to be accessed by a DMA memory access; PCl Base Address (PBA) 962: This field is a base
address for amaddreamppate sl Gmsystempremay assignedid theragdaptenfenchidaiudt represents the

lowest virtual agdr ss that an, glag)}% Y ciongg%llng;%pﬁgy fgrd'* memary aceess to the
specified DMAnaﬁc(‘%)ésgcsbﬁécdeﬁ; PCl Aé[érélsg EFm_ﬂ PAL 564?%& i'emgr’esﬁéﬁtsnﬁ%ﬁghest virtual
address that arfEdipte sfufetioridacal R ioralies e hiith B IR dpstiien D& ERIdress space;
15Input/OutpubAridressn TranslatianiReinterdd0mE). 306 whheninpeipdpi-addresstransiation pointer
des!gyates th%flrst of anﬁ (;{r)a}pcsrlgtlﬂg tablgs us?gs e%yoa PCl virtual ad 1ess transl%gn{] or |‘t may directly

designate the' AbESIUTE Addresd Of 3 frame of s Orage that 15 the resu of fransfation: o

Interruption Sbibelssi®aNess; hhikufislen tdllscat thesintetndptisnesitsekishifipsen to 20present
adapter interryptionsifar the adapisndyncierdhupnberof terrpHans NI .8491 ] bis field designates

the number of distinct interryption codes accepted for an adapter function. This field also defines the
size, in bits, of WA Yot AHRIFUBASHPBit vector designated by an adapter interruption bit vector
address and adapter interruption bit vector offset fields; 25Adapter Interruption Bit Vector Address
(AIBV) 972: TR gb@(g‘fﬁgg,éﬁ wagregyle. Field 2 designates a logical address 920 of a PCI

16 function information biock (FIB), which includes information regarding an associated
adapter function. The function information block is used to update a device table entry
and/or function table entry (or other location) associated with the adapter function, The
information is stored in the FIB during initialization and/or configuration of the adapter,

and/or responsive to particular events.

15 Further details regarding a function information block (FIB) are described with reference to
FIG. 9D. In one embodiment, a function information block 950 includes the following

fields:
Format 951: This field specifies the format of the FIB.

Interception Control 952: This fieid is used to indicate whether guest execution of

20 specific mstructions by a pageable mode guest results in instruction interception;

Error Indication 954: This field includes the error state indication for direct memory
access and adapter interruptions. When the bit is set (e.g., 1), one or more errors
have been detected while performing direct memory access or adapter interrgption

for the adapter function;

25 Load/Store Blocked 956: This field indicates whether load/store operations are
blocked;



of the adapter interruption bit vector for the adapter function. This vector is used in interrupt
processing; WO 2011/160704PCT/EP2010/067019 38 Adapter Interruption Bit Vector Offset 974: This
field specifies tHe Sl EFthe first adapter interruption bit vector bit for tRETFAptEPFRetion;

Adapter Interruption Summary Bit Address (AISB) 9%76: This field provides an address designating the
adapter interruption summary bit, which is optionally used in 5Sinterrupt processing; Adapter
Interruption Summary Bit Offset 978: This field provides the offset into the adapter interruption
summary bit vector; Fuatietiov¥asdicemertiBinekifcMB) AddressR80cohhis fielthpramides an address
of a function measurement k to collect measurements regarding the adapter 10function;
Function Measuremfe%ﬁltc %%fée éeeri/ g%%t Lf'ﬁi‘% }ﬁé%d%’c?’uedde%%ﬁ %gggrsl Sé}?ﬂgggcﬂ:%(ejtgs% fhe function
measurement block SStipthiary Birmistifiesition Control 984: This field indicates whether there is a
summary bit vector being used; 15Instruction Authorization Token 986: This field is used to determine
whether a pageable Atdragemadeegisestd SduthbiiZeditodndsut dilRE hnstryciens without host

intervention; and Adgdress. LrRRsIREeRFOrRahIBm s fiﬁ!ﬁel{‘ﬁ@ﬁé?&?s%d&g?; [giat for address

translation of the highest level translation table to be used in translation (e.g., 20segment table, region
3rd, etc). The functiGFFPIBrATAESHSEREEEGesignated in the Modify PCI Function Controls instruction is
used to modify a selected device table entry, a function table entry and/or other firmware controls
associated with the Bekgptize frictibrsdesignditettiilthaznetibetor: ByirodifjingrheadewWds table entry,

function table entry gadior otherfimwaig.epEels, certain services are 25 provided for the adapter.
These services include, for instance, adapter interruptions; address translations; reset error state;

reset load/store blogieds Set {URCIORBAISARY CRRKRMAMEIR S1A0d RELINIGIRSPLoRSQNtrol.
10 system memory assigned to the adapter function. It represents the lowest virtual
address that an adapter function is allowed to use for direct memory access to the

specified DMA address space;

PCI Address Limit (PAL) 964: This ficld represents the highest virtual address that

an adapter function is allowed to access within the specified DMA address space;

15 Input/Output Address Transiation Pointer (I0AT) 966: The input/output address
translation pointer designates the first of any translation tables used by a PCI virtual
address translation, or it may directly designate the absolute address of a frame of

storage that is the result of translation;

Interruption Subclass (ISC) $68: This field includes the interruption subclass used to

20 present adapter interruptions for the adapter function;

Number of Interruptions (NOI) 970: This field designates the number of distinct
interruption codes accepted for an adapter function. This field also defines the size,
in bits, of the adapter interruption bit vector designated by an adapter interruption bit

vector address and adapter interruption bit vector offset ficlds;

25 Adapter Interruption Bit Vector Address (AIBV) 972: This field specifies an address
of the adapter interruption bit vector for the adapter function. This vector is used in

interrupt processing;



WO 2011/160704PCT/EP2010/067019 39 One embodiment of the logic associated with the Modify
PC1 Function Controls instruction is described with reference to FIG. 10. In one example, the
instruction is iS&U&H H¥HAtoperating system (or other configuration) and"&X&EHEY WY e processor
(e.g., firmware) executing the operating system. In tige examples herein, the instruction and adapter
5functions are PCI based. However, in other examples, a different adapter architecture and
corresponding instructions may be used. In one example, the operating system provides the following
operands to the instadafien ﬁ&e@uﬂﬁo@mmem@feﬁe@ismrsmmna{&imyﬁhﬁ imstustioayirthe PCI
function handle; the DMA qdres§On ace | 1 tlffer 10 ‘18 ra%on control and an address of the

function 10|nformat|on% oc eﬁuepferrlng 16 it |n|t|a etermination is made as to whether the

facility allowing for a glodlf\[%‘F Cl Func élon Controls nstructlon IS mstalle?é INQUIRY 1000. This
determination is mat THEEAR UBW@&.%% EdicAtoP Stk a i 57 SRS 28 control block. If
the facility is not instelllests dmgmmglthn ghnchtiorispiovidedySi BR WHORis di@thbruiseina
detergination is mage.as t% t‘h[%r the instruction was issued by a pageable storage mode guest (or
other guest), INQUIRY 16) It yes, the host operating system will emulate the operation for that

guest, STEP 1006. l%é ge%vp%n?g leotregmnz%lgml faq%,?gs her one tEletH?fs? of thﬁloperands are

el nto
aligned, INQUIRY or Instance, a |on is‘made as dres¥ of the
20function informatisHbRaeRis arepdouble wWardgsundary. In one example, this is optional. If the
operands are not aligned, then an exception condition is provided, STEP 1010. Otherwise, a
determination is maBaesotoMdagthercth @ fuhaiidiBinfakinatiORObI0blk REoreskiklen INQIRY 1012. If

not, then an exceptipR,candition 45 Brevidrd JLE 10kt Qihenise, adalgrpination s made as to

whether the handle provided in the operands of the 25Modify PCI Function Controls instruction is
enabféd, INQUIRY °Th one example, this determination is made by checking an enable indicator
in the handle. If the handle is not enabled, then an exception condition is provided, STEP 1018. If the
handle is enabled, therrtive MansikstisddiddoNer 4te :a Tum dtibhitablkeemtnarcSTER ©0R0sThat is, at least

a portion of the hangle is ussicas ar-iRdexide the function table to locate the

Summary Bit Netification Control 984: This field indicates whether there is a

summuary bit vector being used;

15 Instruction Authorization Token 986: This field is used to determine whether a
pageable storage mode guest is authorized to execute PCI instructions without host

intervention; and

Address Translation Format 987: This field indicates a selected format for address
translation of the highest level translation table to be used in translation (e.g.,

20 segment tabie, region 3rd, etc).

The function information block designated in the Modify PCI Function Controls instruction
is used to modify a selected device table entry, a function table entry and/or other frmware
controls associated with the adapter function designated in the instruction. By modifying the
device table entry, function table enfry and/or other firmware controls, certain services are
23 provided for the adapter. These services include, for instance, adapter interruptions; address
translations; reset error state; reset load/store blocked; set function measurement parameters;

and set interception control.



WO 2011/160704PCT/EP2010/067019 40 function table entry corresponding to the adapter function
for which operational parameters are to be established. A deteimination is made as to whether the
function table BRAWHETund, INQUIRY 1022. If not, then an exceptionfESARBAIE Yibvided, STEP
1024. Otherwise, if the configuration 5 issuing the instruction is a guest, INQUIRY 1026, then an
exception condition (e.g., interception to the host) is provided, STEP 1028. This inquiry may be
ignored if the configuration is not a guest or other authorizations may be checked, if designated. A

determinationdadbebdtiade: as de warthesdhe-dunidiion MMnstred FINLHR¥nE0RGdruanshexample, this
determlnatlon Is;made he kin indicator in the function.table 10 If it is not enabled,
Bedy 9 AL e i

he T
then an exceptlon COI’] thﬂ 1I—g %ﬂl‘eOVI &8&%61?%?6 func Illéﬁulg lgﬁé a determination is

made as to wﬁ@?ﬁ’élﬂﬂééw@’@r@isoﬁ@t'VG?WWWWW%@W@@Y@W/@ as derenmnined by a
recovery indicatQiim . funstion iabisentiyadbenprexsention srpditien Aﬁdoi@d\ﬂ@@d STEP 1036.
Howesver if re &ove% IS ng{tg}?.étlvgt en a furthe{ﬁdeterm natio E made as to gl/{ hether the function is
busy,”15 INQUIKY TH4E FRTA oA TSRS BY eh 8 U RE M 8BRS FFiSstsreiAthe function
table entry. If thedpnatios isshusionheayabugyl.condition is provided, STEP 1040. With the busy

condition, the instruction can be retried, instead of dropped. If the function is not busy, then a further
determinationtisomasgenasdaiwbethenthe funciiomdefarmnplionBloskfaimab maalichlRUIRY 1042. For
instance, the format fleld of the FIB 20is che k to det rmine if at is supported by the
system. If it |s]z(|)n%/a Cé!hn’g)rﬁeel%lg%ﬂ%nec nagltlogﬁ %eﬁlrlé%/l ean)sﬂfj—fé)%gy % ?h g’nbtf?on information
block format @Vﬁ‘}lﬂd‘m‘éﬁsaﬁﬁ?riﬁ%mé@te%ﬂﬁ%@w|@M@&@%%W@%ﬁ@ﬁﬁé@1§é¢aﬂon control specified
in theyoperangs@tihedngsarction is valid, INQUIRY 1046. That is, is the operation control one of the
specified operation controls for this instruction. If it is invalid, then an exception 25condition is

provided, STER048 HHaNeYs itk Jgﬁ%{%%ﬁgmc%am% mgm&ﬂgmggmwm with the

specific operation control being sp In one example, the operation control is a register adapter
interruptions GparatsR' %ﬁ%ﬁtigﬁg@a’%‘r‘&gﬁ%%ﬂfh’é %B%éﬂﬂﬁfé i6PY- Ré&ponsive to this operation
control, the adapteridunatifknmaasdm die issteleyantdordapteidmeivpiibnsfareaetdn the device table
entry based o1 biock. I the facility is not installed, an exception condition is provided, STEP 1002.
15 Otherwise, a determination is made as to whether the instruction was issued by a pageable
storage mode guest (or other guest), INQUIRY 1004. 1f yes, the host operating system will

emulate the operation for that guest, STEP 1006.

Otherwise, a determination is made as to whether one or more of the operands are ali gned,
INQUIRY 1008, For instance, a determination is made as to whether the address of the

20 function information block is on a double word boundary. In one example, this is optional.
1f the operands are not aligned, then an exception condition is provided, STEP 1010.
Otherwise, a determination is made as to whether the function information block is
accessible, INQUIRY 1012, Ifnot, then an exception condition is provided, STEP 1014,
Otherwise, a determination is made as to whether the handle provided in the operands of the

25 Modify PCI Function Controls instruction is cnabled, INQUIRY 1016. In one cxample, this
determination 1s made by checking an enable indicator in the handle, Ifthe handle is not

enabled, then an exception condition is provided, STEP 1018.

If the handle is enabled, then the handle is used {o locate a function table entry, STEP 1020.

That is, at least a portion of the handle is used as an index into the function table to locate the



300n the appropriate contents of the function information block. WO
2011/160704PCT/EP2010/067019 41 One embodiment of the logic associated with this operation is
described witi A% FIG. 11. As one example, the operands for #fi&/BPEM{61 vhich are
obtained from the function information block, includgfor instance: an interruption subclass (ISC);
number of interruptions allowed (NOD; an adapter interruption bit vector offset (AIBVO0); a summary 5
notification (S); an adapter interruption summary bit vector offset (ABVS0); an adapter interruption bit
vector (AIBV)faddiessbrigranadapteidinien thatianpsaman B vactapAlSBhadaresseReferring to
FIG. 11, initialdlye,t%l eeéset[lrgl]iighat&on is made as to whether the number of interruptions (NOIs) specified in
the FIB is greater than a rﬁoae'l-dependent maximum, 10INQUIRY 1100. If so, then an exception
condition is provided, STEP 902, However, if the number of interruptions is not greater than the
model-dependetft FHARAHOMS T 244 RS et HATARD iRl FEe s fBWANI%&tﬁg nlthber of
interruptions afidedtenthecadapterdntétiopiigndvitive IGEDf§24. (NAErAiBMOiscgréatesttivan a
modaf-depensient maimu N QUIR L4 e henan sxcentiancondiiian is provided, STEP

1106. If the NOI plus 15the AIBVO is not greater than a model-dependent maximum, then a further
determination#EHRHE S WPt e BN HadPess Ptk onsparsdedkisBundary, INQUIRY
1108. If it doesospgurdtien 4knboripaaryy: thes antexeemiicreenditioniisiprolddesh:&TEP 1110. Otherwise,
a determination is made as to whether sufficient resources are available for any resources needed,

STEP 1112. Ihtharenare et suificient-rasswrascthemaercerign.40sanditan;issprayiged, STEP
1114. Otherwise, a deterg%ination Is made, as to whether adapter interruptjons are already registered

for this functiSA &Y &8 TETTH SMBEGIRISHECRE Motitr e aErringt BYERBARRTY one or more
of thid) parameters. (& ¢.isinothwDIEE AHER ngpariticulardipemanpeterdedsSSDEPaté82with interruptions, such
as NOT are checked. If the fields are populated, then the adapter is 25registered for interrupts. If the
adapter is alrepgly fegisieredudbien anrexaeptioncpnditinmisprovidads:$IbRdid&Otherwise, the
interruption p tained from the FIB and placed in the device table eptry and optionally,
i the GorreanihTs ol o S G N Srg R A e R S B Biement
indicator is seleiettivrD HER STEPIH@OoTABIPISSthie PR FSREROW FarBmeters Hakopasmts adapter

interruption asg,sgtin 3Athe RXRanbamienal b Fioasehonbeiprmgion retrieved from
the ction
ek

INQUIRY 1038. This determination is made by checking the busy indicator in the function
table entry. 1f the function s busy, then a busy condition is provided, STEP 1040. With the

busy condition, the instruction can be retried, instead of dropped.

if the function is not busy, then a further determination is made as to whether the function
information block format is valid, INQUIRY 1042, For instance, the format field of the FIB

20 is checked to determine if this format is supported by the system. If it is invalid, then an
exception condition 18 provided, STEP 1044, If the fumction information block format is
valid, then a further determination is made as to whether the operation control specified in
the operands of the instruction is vaiid, INQUIRY 1046. That is, is the operation control one
of the specified operation controls for this instruction. If it is invalid, then an exception

25 condition is provided, STEP 1048. However, if the operation controi is valid, then

processing continues with the specific operation control being specified.

In one example, the operation control is a register adapter interruptions operation, which is
used for controlling adapter interruptions. Responsive to this operation control, the adapter
function parameters relevant to adapter interruptions are set in the device table entry based

30 on the appropriate contents of the function information block.



WO 20H1160704PCT/EP2010/067019 42 information block. These parameters include, for instance,

the ISC, NOT A(\)IBV(;), S. AIBVSO, ATBV address and the AISB address, In addition to the above,
201171 07‘).% e ] . P(‘tT/EPZUtL0/067UI9 .
another operation control that can be specified is an unregister adapter interruptions operation, an

example of which is described with reference to FI@112. 5With this operation, the adapter function
parameters relevant to adapter interruption are reset. Referring to FIG. 12, initially, a determination is
made as to whether the adapter specified by the function handle is registered for interrupts, INQUIRY
1200. If not, titex embeswetiohtbohditiomisipral/idédhs TRPAQ0R . dSthéadisahthéimteraption

parameters ingfiee fnalionLtakle eRTYQLANEE BRAeRLBRdARIEIPARGING AEVI¢R: table entry are
set to zeros, INQUIRY 1204, In one example, these parameters include the ISC, NOT, AIBVO, S,

AIBSO, ATM/ B8 S BB AT Bt dieda AR dRE ¥ e 4 B VR PP B BATD It Bs dHtain the
information reigardipgoanséicdapieNin ciionjp:Gallbrogitat Proeessofias{Aliion)s usethaone
embaqdiment of this Instruction, | ' inF NowWn, } X e. g Call Logical
Proc%ssor (C%%%Hﬁas{%%gﬁgr%%%agg%%%ﬁ%g@ go&vg%%%%%gr@ E?&é@%@%&r@%ﬁ r(%’ %%E%ﬁtsﬁ%he Call Logical
Processor instHEiBHO B SaiH SEENORigress ctith Afaidaris ot crRiing asamslebitnisipidication is an
address of a reqeeshhiasck that describes the command to be performed, and the information in the
request block is dependent on the command. Examples of request 20blocks and corresponding

response blogksdor vasiens sommands. ae.aescrbed with \&ierenc o Genk3Br15B. Referring
initially to FIG, 1313, a rg&lﬁj)est block for a list PCI functions command %%rowde,d. The list PCI

functions comMERETOHLEPIS srscific d dhof B girttidhahaiedrs dasnseisiiiPequesting
configuration (HQUIRTE reudstinghopenatieepsystamiitibnraquest 2bISIER B2 Hnelvde s eherumber of

parameters, sych.as, /L insianeeiLengin.fel 13g2: This field ndicates, he 1gnath; of the request
block; Command Code 1324: This field indicates the list PC1 functions command; and
determination is made as to whether the number of interruptions added to the adapter

interruption bit vector offset (NOI + AIBVO) is greater than a model-dependent maximum,
INQUIRY 1104. If so, then an exception condition is provided, STEP 1106. If the NOT plus

15 the AIBVO is not greater than a model-dependent maximum, then a further determination is
made as to whether the AIBV address plus the NOI spans a 4k boundary, INQUIRY 1108,
If it docs span the 4k boundary, then an cxeeption condition is provided, STEP 1110.
Otherwise, a determination is made as to whether sufficient resources are available for any
resources needed, STEP 1112. If there are not sufficient resources, then an exception

20 condition is provided, STEP 1114,

Otherwise, a determinatior is made as to whether adapter mterruptions are already registered
for this function, STEP 1116, In one embodiment, this would be determined by checking
one or more of the parameters (c.g., in the DTE/FTE). In particular, parameters associated
with iterruptions, such as NOI, are checked. If the fields are populated, then the adapter is
25 registered for interrupts. If the adapter is already registered, then an exception condition is
provided, STEP 1118. Otherwise, the interruption parameters are obtained from the FIB and
placed i the device table entry and optionally, in the corresponding function table entry
(FTE) (or other specified location). Also, an MSI enablement indicator is set in the DTE,
STEP 1120. That is, the PCI function parameters relevant fo adapter interruption are set in

30 the DTE and optionally, i the FTE based on the information retrieved from the function



WO 2011/160704PCT/EP2010/067019 43 Resume Token 1326: This field is an integer that is used to
either start a new list PCI functions command or resume a previous list PCI functions command, as
described in fuitfiét’ddtdiPbhelow. When the resume token field in the corRTERRICBAHGEIP block includes,
for instance, a 5 value of zero, a new list of PCI fungfons is requested. When the resume token field
includes, for instance, a non-zero value, which was returned from a previous list PCI functions
command, a continuation of a previous list of PCI functions is requested. Responsive to issuing and

processing thenGathd:RaicRLRrasesspr-insidctionir adistRtet funakenseemimang, @ response block is
returned. One@%?%}im of.the ‘r(esréa%nsﬁ%%)% is 10depicted in FIG. | 3C. In one example, a
response bloc fora i§1fi EP ATRIBAY ﬂf%ﬁ%d includes: Length field 1352: This field indicates
the length of the response block; Response Code 1354: This field indicates a status of the command;
PCI Function Bi&d4888 i abans-iantisted gafsroraie! graterd persiisetioas weaiigible to the

requesting opetajiagisystgmsReserenl ekerakpadThikfielddadsateshethatasontinuation of a

previqus list ofRC| functions is, e%,esfteg[;lLi In.one exam le Whergr;‘ﬁ‘r sume token in the request
block and the resume tbken ifi the rélg[%nsnec ﬁ%gﬁmal}lgt%esrig}egﬁ% I udﬁ’?: 1OnS Ae jst}%%derﬁ to the

requesting cofff§lration are represented in the PC1 function list; if the resume 20token in the request
block is zero and the resume token in the response block is not zero, additional PCI functions
assigned to thefegnese E0Bfitlunatiolnradeexisithat Favedo et beeheteprdsenteainpthdilistyif the

resume token i {6 (BA4ERADIRCk R0k AR/ RARGING: i iErRONss Higck s zero, from

the resume point, remaining PCI functions assigned to the requesting configuration are represented in
25the list; whéRMS iR TRE i feStokeheh HbveyiediantrrerpiohaEsmstrsardhsdingientrom the
resume point, talsle gienaloP&l-funetionsas sigragotaiihedetyesiingneoniigwationrsiay exist that have

oot orPSRIRE A ARSRAAIGHE AALRNAR{5Y DG ASRYTRE. VAT ARSVAITS valld foran

AIBSQ, AIBV address and AISB address.
As described above, in one embodiment, to obtain the information regarding an adapter
function, a Call Logical Processor instruction is used. One embodiment of this instruction is

15 depicted in FIG. 13A. As shown, in one example, a Call Logical Processor (CLP)
instruction 1300 mcludes an operation code 1302 indicating that it is the Call Logical
Processor instruction; and an indication for a command 1304, In one example, this
indication is an address of a request block that describes the command to be performed, and
the information in the request block is dependent on the command. Examples of request

20 blocks and corresponding response blocks for various commands are described with

reference to FIGs. 13B-15B.

Referring initially to FIG. 13B, a request block for a list PCI functions command is
provided. The list PCI functions command is used to obtain a list of PCI functions that are
assigned to the requesting configuration (e.g., the requesting operating system). A request

25 block 1320 includes a number of parameters, such as, for instance:
Length field 1322: This field indicates the length of the request block;

Command Code 1324: This field indicates the list PCI functions command; and



WO 2011160704PCT/EP2010/067019 44 being returned, but it may be invalid due to a variety of
model depencﬁgt Eﬁﬁ?&'@f including system load elapse time; Model D%%m%%ﬁ 91360: This field
a 2 Thi

includes data epends on the system; Number of PCI Functions is field indicates
the maximum number of PCI 5functions supported % the facility; and Entry Size 1364: This field
indicates the size of each entry i.n the PCI function list. Further details regarding the PC1 function list
are described with reference to FIG. 13D. In one example, the PCI function list includes a plurality of
entries and each enRssuB5Bdheiides: tAbisdlkbiving: imfogen dtiors wshin eikampie: ABHdHRAD 1370: This

field indicates the I/Q adgpieh Asspgiated with.thecoutesPenpinefif (nrian; Mendom 1372: This
field identifies the manufacturer of the I/O adapter associated with the corresponding PC1 function;

Function Identifier 1374 4%i€481¢5K& udes a persistent identifier of the PCI 15function; Function
Handle 1376: This field identifies a PCI function. The PCI function handle stored is a general handle
when a specified bit'ShthéparaTeei®bay§eldnitl fasupnsraBrsdcrdrene Bttt thiat BiSEsna. If the PCI

function is disabled \aigeserabPGLiungtiarbpndigiss sioregedidhevich funationdsasabled, an enabled
PCI function 20 handl? IS s red,t‘A PCI function Qand_[ﬁ.i not, in one gxample, 35}2& beyond an
IPL, which differs froni the PCITUncton 15 Which 1S persistent and is set for the e of the 1/0
configuration definitionstamd ComfigdrationiState S7erTHis:fibi dhBiddtestihes statauefitide PCL
function. When this indicator is, for instance, zero, the state is standby, and when, for instance, one,
25 the state iRegnfigivead.idiherain standiiyy the RC I iynetidnobanal enis-theogeémeralbFC1 function

handle, and gﬁgﬁ% QNIgured, ! iﬁ%ﬁ%&f&&%?&ﬁﬁl&t BaRIGE BeL i BEHRN Npls, Aepending on

whether the unction Is ena _
10 depicted in FIG. 13C. In one example, a response block 1350 for a list PCI functions

cormand includes:
Length field 1352: This field indicates the length of the response block;
Response Code 1354: This field indicates a status of the command;

PCI Function List 1356: This field indicates a list of one or more PCI functions

13 available to the requesting operating system;

Resume Token 1358: This field indicates whether a continuation of a previous list of
PCI functions is requested. In one example, when the resume token in the request
block and the resume token in the response block are zero, all PCI functions assigned
to the requesting configuration are represented in the PCT function hst; if the resume
20 token in the request block is zero and the resume token in the response block is not
zero, additional PCI functions assigned to the request configuration may exist that
have not been represented in the list; if the resume token in the request block is not
zero and the resume token in the response block is zere, from the resume point,
remaining PCI functions assigned to the requesting configuration are represented in
25 the list; when both the resume tokens in the request and response block are not zero
from the resume point, additional PCT functions assigned to the requesting
configuration may exist that have not been represented in any associated PCl

function list. The resume token remains valid for an indefinite period of time after



WO 2011/160704PCT/EP2010/067019 45 Subsequent to obtaining the list of adapter functions,
information may be obtained regarding the albibutes of a selected function as designated by a
specified PCI flifi¢ibi fiaftile. This information may be obtained by issufifg’& e #éfliction with a
guery function command. One embodiment of the request block for a query PCI function
command is described with 5reference to FIG. 14A. In one example, request block 1400 includes, for
instance: Length field 1402: This field indicates the length of the request block; Command Code 1404

This field indicates therguentRE biunchenteamaani-and Fubstiomblandieddos: rihisfield includes
the PCI function hanuq&?u&?‘ri% enelg%(lj%[ eréallé)rln%d) that designates the PCI function to be queried.
10Responsive to issuing the a[ﬂr]_'oglca Bracessor instruction for the guery PCT function command, a
response block is returned, One embodiment of the response block is depicted in FIG. 14B. In one

example, a respons® BIGCRPSBE M Aaies W Ko dPtustss e 455 densid SRR GRS the length of

the response block; Response Code 1454: This field indicates a status of the command; 15Function
Group ID 1456: This\feNeifiRatda uaeop T fiinclivh GrdupdisentithsrmaparrgnebencgRstp identifier is
used fo associate a gRuprekifeddunstionspithya:sgt of attributes (also referred to herein as
characteristics). Each PCI function with the same PCI function group identifier has the same set of

attributes;  Functign IR, 1458; The PCIfunction iddsia Bersistentidentifiss of faaRGlfunction

20originally specified by the PCI function handle and is set for the life of the 1/0O configuration

definition; Physical Ghannel Adapter 1460: Thisvalue represents a model dependent identification of
the location of the p%?@%é%ﬁ&légc% afé%n\ﬁﬁ?g-&giﬁggﬁ%]n%ﬁ Ic?t?ﬁéc %Ff‘_ﬂ%%ﬁ%%& %Ee‘l \ddress
Registers (BARs) 1.1HP148 20 ¢iistfieidl thechbd denat plubislliebides a plurality of entries and each

entry 1356 includes the following information, as an example:

10 Device 1D 1370: This field indicates the 1/0 adapter associated with the

corresponding PCI function;

Vendor ID 1372: This field identifies the manufacturer of the /O adapter associated
with the corresponding PCI function;

Function Identifier 1374: This field includes a persistent identifier of the PCI

15 function;

- Function Handle 1376: This field identifies a PCI function. The PCI function handle
stored 15 a general handle when a specified bit of the handle is zero, and it is an
enabled handle when that bit 1s one. 1fthe PCI function is disabled, a general PCI
function handle is stored. 1 the PCI function is enabled, an enabled PCI function

20 handle is stored. A PCI function handle is not, in one example, persistent beyond an
IPL., which differs from the PCI function ID, which is persistent and is set for the life

of the I/G configuration definition; and

Configuration State 1378: This field indicates the state of the PCI function. When

this indicator is, for instance, zero, the state is standby, and when, for instance, one,
25 the state is configured. When in standby, the PCI function handle is the general PCI

function handle, and when configured, it is either the general or enabled PCI function

handle depending on whether the PCI function is enabled.



unsigned integers, designated as BARO - BARE, which are associated with the WO
2011/160704PCTT1'2010/067019 46 originally specified PCI function, and whose values are also
stored in the BRR&AHUTELS registers associated with the PCI function. E%%ﬁ%ﬁ'ﬁ“’%ﬁé’é?ﬁes the starting
address of a memory space or VO space within thetadapter, and also indicates the type of address
space, that is whether it is a 64 or 32 bit memory space, or a 32 bit 51/0 space, as examples; Size
1....n 1464: This field includes a plurality of unsigned integers, designated as SIZED- SIZED. The
value of a Siz&ufigighovhienenizets; li¢proskepts thecsizs. ofifeachiad dresbespadeciitizadiol entry

corresponding.(0, g BeVIOHEN. AESGNRA BAR e icnaod by YL ANAIPLITOME, LARR: Thip feld includes

an address which indicates the 10beginning of a range of PCI addresses that are available for DMA
operations; E REPATRHRTE DAV 458 PR it TS SR e R T AR TG of range of

PCI addresses that are available for DMA operations. In addition to obtaining attributes regarding the
specific adapfersambtidimeattabbitasawalybosh e obinBdlrégetidirgg teagdcufetaabidcliibles this

function. Thesgrcommenaftibates piRY.dabeARirined framissHngRGbPrRauetion with a query PCI
function group command. This command is used to obtain a set of characteristics that are supported

for a group of one of éﬂ%ﬁ%@ﬁhﬁ‘éﬂ?%@ﬁﬂﬁﬂ%%@tﬁé’l%@gﬁ%?ﬁjig? &glglgag’tion group identifier. A

PCI function group identifier is used to associate a group of PCI functions with the same set of

characteristics. OneCembod' entSggtgqjljﬁg,tﬁglg%dggrth%quer E;II unction roup ZOCCPmmand IS
| i ; | f‘ies 5 ue{}blﬁ)obk % 0%1 d. an

described with refersfic8'to 1 In ohe example, reques ncludes the following:
Length field 1502: This field indicates the length of the request block; Command Code 1504: This field
indicates the query PEFaRETH!SIG0p cOHfidArRdssebhtivierdipde E 806195 Held specifies
the PCI function grauptigentifiedddpwirichartibttesare te: eobiained.

10 Responsive to issuing the Call Logical Processor instruction for the query PCI function
command, a response block is returned. One embodiment of the response block is depicted

in FIG, 14B, In one example, a response block 1250 meludes the following:
Length 1452: This field indicates the length of the response block;
Response Code 1454: This field indicates a status of the command;

15 Function Group ID 1456: This field indicates the PCI function group identifier. A
PCI function group identifier is used to associate a group of PCI functions with a set
of atiributes (also referred to herein as characteristics). Each PCI function with the

same PCI function group identifier has the same set of attributes;

Function ID 1458: The PCI function id is a persistent identifier of the PCI function
20 originally specified by the PCI function handle and is set for the life of the /O

configuration definition,

Physical Channel Adapter 1460: This value represents a model dependent
identification of the location of the physical I/O adapter which corresponds to the
PCI function,

25 Base Address Registers (BARs) 1..n 1462: This field mcludes a plurality of

unsigned integers, designated as BAR, — BAR,, which are associated with the



WO 2011/160704PCT/EP2010/067019 47 Responsive to issuing and processing the Call Logical
Processor instruction with a query PCI function group command, a response block is returned. One

embodiment é?’%’é”r’é’sﬁﬁgﬁse block is depicted in FIG. 15B. In one exanﬁﬁaﬁzﬂég’%’ﬁ% block 1550

includes: Length Field 1552: This field indic@tes the length of the response block; 5Response
Code 1554: This field indicates a status of the command; Number of Interruptions 1556: This field
indicates the maximum number of consecutive MSI vector numbers (i.e., interruption event indicators)
that are supported byihalRGictatHity o fieatbnPGH funstonlindhe: apectiied R@idtmetion group. The

possible valid value Jthen [ % rrupti ' L f .10,2.948, In one
SISO At S SR E o

example; Version 1558: This field indicates the version of N t
PCI facility to whichadfesatip BFPCY farenidpargistbtt By tiérpetielretigissfiidentifier are
attached; e dkBas Thiscfigld indisatesithesframestorpaga)sizeaaupparast for 1/0
address 15trans|ati<i}6 L\Aeasgsr%}r‘{g%n Block Update Interval 1564: This is a value indicating the
approximate time in ervgilc(eé.g., in |T|S§econds) at which the PCI function measurement block is

updating; DMA Address_S ace Mask 1566: This is a value used to‘indicatre Which bits in a
PCI 20address are §%&d toqdéﬁ‘iﬁg%lﬁﬁiﬁ DHresa Ry AhPRESPRGIREES 1882 A% s a value that
is to be used for meSkdye Sigial ifiteruipticiar&iguésts. Wite spreryrlisteandcfuntiicizeofermands

described above retgjl%ygs%fg gg@@ﬂﬁ@a@ﬁ)Q&@&JQ%@&%%F&Jg&w&[{ggﬁ@&ﬁ@gd@g@ﬂzaﬂon time, or after

a hot plug of an adapter, firmware 25performs a bus walk to determine the location of the adapter and
determines its basic_characteristics, This. information. is,stored by.the firmware into the function table
ety (FT8) for eact RIADEI A ORI 10 10 ST HeASC e DAGFBI ABfcy set by a WO
2011M60704PCT/ER201:0y0 67010243 f PCI addresses that are available for DMA operations;

End Available DMA 1468: This field includes a value which indicates the end of a

range of PCI addresses that are available for DMA operations.

In addition to obtaining attributes regarding the specific adapter function, attributes may also
be obtained regarding the group that includes this function. These common attributes may

15 be obtained from issuing a CLP instruction with a query PCI function group command. This
command is used to obtain a set of characteristics that are supported for a group of one or
more PCI functions designated by the specified PCI function group identifier. A PCI
function group identifier is used to associate a group of PCI functions with the same set of
characteristics, One embodiment of request block for the query PCI function group

20 command is described with reference to FIG. 15A. Inone example, request block 1500

mchudes the following:
Length field 1502: This field indicates the length of the request block;

Command Code 1504: This field indicates the query PCI function group command;

and

25 Function Group ID 1506: This field specifies the PCI function group identifier for

which attributes are to be obtained.



system administrator and is also set by firmware into the FTE. The query list and function commands

can th(_en retrl%‘\{g Hfﬁ 1|ﬁn%‘f%q’natlon and.store it In thelr respective rgsponngt%I/%}q Es)i ﬂa}(%ggls%smle to the
operating system. Further, the group information is based on a given system Infrastructure and the

5capabilities of the firmware and the 1/O hub. This d#ay be stored in the FTE or any other convenient
location for later retrieval during the query processing. In particular, the query group command
retrieves the information and stores it in its response block accessible to the operating system. In
accordance Wigyransasgedsofnhengmeerssiny thation, firpcgrBinedscomyolstarevptovidedito 10throttle the

delivery of adapief{peH URIANSIR-2ROPRIANNG BXRiEM ThESE ennitalsRiRMide ihr operating system

with the capability to control the number of interruptions pending for all CPUs, and therefore,
presented. THISTORRISh AR i MufBel 5 CIRIE Rl irtaprtiBR Pramdirte s for PC1
functions to be controlled. In one aspect, with one single execution of an instruction, for any CPUs

enabled for a given hseghdirihteyrdptidi fald beieBpr8denel phikaipepivBie@nabled CPUs. An

instruction does not need to be executed on each CPU. In one example, a control is provided to the
operating system thBteneadsl€odheé Bperbiinf sy siennts suppresStreqoestsfor additional adapter
interruptions from adapter functions (e.g., of a specific type, such as PCI) for the entire configuration,
responsive to recogniiiar:obaResinglnadaste TNkl pidtarenyesifamam nisweion subclass. This
provides adapter |ntgorrggje%gg‘rzlemdég%}nﬁg%%ggtﬁ%_?ﬁl le, CPU. As | ng as mg interruption handling

n
. . tiqn event ;
on the single CPU is maintaining pace (e.g., within’a defi Y nrchl‘r[%le%r1 ased on ?ﬁ?esholds) with the

arrival of new adaptemeeesst Widicdtfonsciity serdisn adiagien intéerepsdirdsPhédessiary. This reduces
the context switching.querhgaghtomiovaulcybednsrires.bw additinnal Adapier RFiRtarHuons. However,

if th? operating system deéeé%gines that ada} ter event notifications are arriving at a rate that is faster
t

“than (Q,an be currentﬁ?li‘?atﬁ R LoRtPSIE dllow the operating system to remove the adapter

interruption suppression so that an additional adapter interruption request can be recognized by
another CPU, thereB§§iving 3 daiifiskandigiaivectsmisanbihsdinteprspireHamdhing. wo
2011/160704PCT/ERZHIVOEY kP CI facility to which the group of PCI functions designated by the

specified PCI group identifier are attached;

Frame 1562: This ficld indicates the frame (or page) sizes supported for /O address

15 translation;

Measurement Block Update Interval 1564 This is a value indicating the
approximate time interval (e.g., in milliseconds) at which the PCI function

measurement block is updating;

DMA Address Space Mask 1366: This is a value used to indicate which bits in a PCI
20 address are used to identify a DMA address space; and

MSI Address 1568: This is a value that is to be used for message signal interruption

requests,

The query list and function commands described above retrieve information from, for

instance, the function table. At initialization time, or after a hot plug of an adapter, firmware
25 performs a bus walk to determine the location of the adapter and determines its basic

characteristics. This information is stored by the firmware into the function table entry

(FTE) for each adapter. Accessibility to the adapter is determined based on policy set by a



49 Further, in another aspect, when the interruptions mode is the no interruptions mode and there is

no more work for the ogaerating system to perform (that is, when all the AISBs and AIBVs are zero), the
operating syst‘é’r‘f’l TiHiEHGbse to place the system back in single interru;ﬁ%ﬁEﬁ?Bﬁé‘}ﬁP}ﬁ all

interruptions mode. This enables the operating systgm to perform 5other types of work until another
interruption request is posted. In the embodiments described herein, the adapters are PCl adapters.
PCI, as used herein, refers to any adapters implemented according to a PCl-based specification as
defined by theRerphietaiGovpatenilibterconfiect Hpeciahb BT ST rQupy(RCAn8 ixjction
(www.pcisig.comhome), inclyding buknot imited o, PGLRrRCIRIn.ghe parficular Hgexample, the
Peripheral Component Interconnect Express (PCle) is a component &ef interconnect standard that
defines a bi-dieetioHaresinmaHERiSHpidtocol for transactions between 1/0O adapters and host
systems. PCle communications are encapsulated in packets according to the PCle standard for
transmission &nréePClie o, Hfansastiondoagimatipycatsl/Cerddp tefsandterdimytiat host systems are

referrgd to as éd??&ﬁ’t‘ﬂé! FaRsartions dulianraalens i iginaling.AlashSygiemns.andigrminating at /0

adapters are referred to as downbound transactions. The PCle topology is based on point-to-point
unidirectional JATREMAHL ‘aratipaifsdater getisval dprrsiig Sy B TS bBIRH MRS {§96Hthe PCle bus.
The PCle stagdantdsrmaiataitiizdearic piibtishécd bydtherfGl iSiGref it hechpprasitited thy one skilled
in the art, aspg}%;at% tg%gﬁgsent invention may be 20embodied as a system, method or computer
program product. Accor ingly, aspects of the present invention may take the form of an entirely

hardware emtiogjime t, an e t‘irelg so_ft\g1 re embodiment (i?cluding firmware, reside% oftware,
micro-code, e %.“}Cﬁ?ré]ﬁ“%%t fifrERt LoMBifig BORKAR and HarWAre AEPE TS TRay gfpall generally
be réferred tothetdirttaglaliteincoitydpirdutiatvptidsy stemdpEurtizensionre, Hepectstoflthyeoprésent invention
25may take the form, of ACQMPWIET REQQFATHRr ALk SMRORIGHIN ARG SRMRR FAMTRYIGE readable

medium(s) havirl}gacpmputer readable pro(gram code embodied thereon. Amécomb,ination of one or
more computét feRds AR heraform @R Eybe biiTager rreb s a0 THEih may be a
computer readablesiondgeadinediuka.fé e0inputasreadablenstoralgdmoeediupeanaytbendaingikample, but
not limited to, . GlRGER0ICH MAGARHG PRoRUsel SlsliamAnelie Rl fe.ar semicanductor system.
apparatus, or device, or any suitablé combination of the foregoing. More specific examples (a

non-exhaustiviBarser st tha\ o ea 111 6e7 6RPE THE Btdeisderigot need to be executed on
each CPU.

In one example, a control is provided to the operating system that enables the operating
system to suppress requests for additional adapter interruptions from adapter functions (¢.g.,
of a specific type, such as PCI) for the entire configuration, responsive to recognition of a

20 single adapter interruption request for an interruption subclass, This provides adapter
interruption handling initiative on a single CPU. As long as the interruption handling on the
single CPU is maintaining pace (¢.g., within a defined range or based on thresholds) with the
arrtval of new adapter event indications, no addtional adapter interruption is necessary.
This reduces the context switching overhead that would be incurred by additional adapter

25 interruptions.

However, if the operating system determines that adapter event notifications are arriving at a
rate that is faster than can be currently handled, the controls allow the operating system to
remove the adapter interruption suppression so that an additional adapter interruption request
can be recognized by another CPU, thereby giving an additional initiative to adapter

30 interruption handling,



50 computer readable storage medium include the following: an electrical connection having one or
more wires, a portable computer diskette, a hard disk, a random access memor SRAM), a read-only
memory (RO P&Rlélﬂgggﬁle programmable read-only memory (EPROI\X%VH&@?Q ?ﬁ@ﬁory), an optical
fiber, a portable compact disc read-only memory 5(@D-ROM), an optical storage device, a magnetic
storage device, or any suitable combination of the foregoing. In the context of this document, a
computer readable storage medium may be any tangible medium that can contain or store a program
for use by or iRuctwanéctionhadthyrent nditu diointexepitic meysie the appacaiysions tevicaxdReferring now

10 FIG. 16, In At SXAle. A:eoMmPHIBIRIAAANLAANBEAOR NG B insiasse . pne or more

computer readable storage media 1 602 to storé computer readable prorggam code means or logic
1604 thereon A3 Y8 iAEEN A GNERES AEsGPTRBh &g sidfaths preésedernedige  Program code

embodied on aeapuiehseadahlelimediumisaaynbe: rans rbiaek b ng a0 AP PrapHateeageium,

inclu%ing but not limited Wilreleﬁs, wireling, [(%Btical fiber (gable R(f, 15etc., or any suitable combination
.0 e&tarﬁf]eso WOTK Untl anothar 1.1%te pt1on request 18 oétei .
of the foregoing. puter program code for carrying out oﬁjera Ions for aspects of the present

invention may be written in any combination of one or more rc;grammin(%ﬂ'lrar]gua es, including an
object oriented PO GFEIHIMTEARITRGL DEEh e HpErs 'eﬁél' 8PS o thefiRE SIS Ronventional
procedural progieanmrimgatanguaigeds sechdas dveitg topr dgidmmingcafiguiages dsBemblethor 20similar
programming l’f‘%ﬂﬁfr@&%J&%@W@E&ﬁ%{%ﬂ%@%l?ﬁ%é¥%§dg%r bqgllg}e user's computer, partly on the

user's computer, as a stand-alone software package, partl he user's computer and partly on a

.S . 2 P :
remote compUteY BPeitreN SR e Fehetee uhiipatErbiddeniel antihs- IdnerseElaHd, the remote
compuiter may-hessnetlathlerihedseiseompuiendaroygaRClypR otaapsi, Reluding a local area
network (LAN) or g wid %&‘?aaar’%?f‘é‘{o IeRR(YYAN). of the sonnecti E‘n{”?gmbc%;g%‘?-‘ 39 an gxternal
computer (for example, tfwoug the Intemnet using an ntern_elf . envice Provi er). Rspec?s of the
present inventieiiv ereldeadsitrie dqd fsisi syrisrafdieheemivivetnng ustrationeahd/ecksttck diagrams

of methods, appRaraisESHSIEMS)Ae-CERRUISRREQA! 3/ POdusts aesridindde-gmbadiments of the
invention. It Wf'l/lobgdunderstc?od that each block of th?%g%owch t ill?uéstrations and/or block diagrams,

and combinatione SPBTS RS TAYRE HOREREHTN A 57548 B 161887019

15 Transactions originating at host systems and terminating at /O adapters are referred to as
downbound transactions. The PCle topology is based on point-to-point unidirectional links
that are paired (e.g., one upbound link, one downbound link) to form the PCle bus. The
PCle standard is maintained and published by the PCI-SIG.

As will be appreciated by one skilled in the art, aspects of the present invention may be
20 embodied as a system, method or computer program product. Accordingly, aspects of the
present invention may take the form of an entirely hardware embodiment, an entirely
software embodiment (including firmware, resident software, micro-code, etc.) or an
embodiment combining software and hardware aspects that may all generally be referred to
herein as a "circuit," "module" or "system”. Furthermore, aspects of the present invention
23 may take the form of a computer program product embodied in one or more computer

readabic medium(s) having computer readable program code embodied therzon,

Any combination of one or more computer readable medium(s) may be utilized. The

computer readable medium may be a computer readable storage medium. A computer

readable storage medium may be, for example, but not limited to, an electronic, magnetic,
30 optical, electromagnetic, infrared or semiconductor system, apparatus, or device, or any

suitable combination of the foregoing. More specific examples (a non-exhaustive list) of the



51 illustrations and/or block diagrams, can be implemented by computer program instructions. These

computer program instructions may be provided to a processor of a generalkpurglz)é())se computer, special

purpose compu'f)é%?lolflg%(}ér programmable data processing apparatus td %Fé&ﬁ% ! %W‘Wgchine, such that

the instructions, which execute via the processor ofsthe Scomputer or other programmable data
processing apparatus, create means for implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks. These computer program instructions may also be stored in a
computer readeaiblerereditshithatrezandiioct adompoids]lothey: programmablerdetiarpodessing

apparatus, or giher deNices (o, uean.in-aRarisklat manRersushhah hednsirystigns stored in the

computer readable 10medium produce an article of manufacture including instructions which

implement thd Fineticrraergbe e T R HolRar ARIRF BIBMO [ 5GP BIBER S blocks. The
computer proge@ROnstiURtcnsdmayy plaodpeacodiied opteceomieiatherpragrasmable data
processing aneajailiePrMALJeviass 10 ause. assrles. ol aperaional ieps, lg;be performed on the
computer, other prograr’nma%fe akppaFatus or other devices proi luce’a computer implemented
process such $aPRiMst thaibireocAnake sttt v fHiscnsipEr HEBEBICDFERIAMRIBIE apparatus

provide processgripringplemenkas the dunstionstacts spacified n.the dewehartandiemblock diagram
block or blocks. The.flow part.and Cl%flock diagrams in the fi?ures illustrate the architecture, functionality,
n

. __conpnectio 1th an anstruction execution system, apparatus, or de .
and operation O?JpOSS?DTé Implementations O syﬁems, e Igll(l)j S and”@gmputer program products

according to various embodiments of the present invention. In this regard, each block in the flowchart

or block diagrBffE MRy PEIPIIENT & HOBRIRE S TETRTBIEORIREE ST Radect WRidRckslsiofites one or more
exeddétable insisuctionstar implamenitagrthdspecified togitaldihetionsS)otishautdalse be noted that,

in some altengtye mplementations he knclionsy aieshnRIRd Y08 ot gl e order noted

in the figures. For example, two blocks 25shown in succession may, in fact, be executed substantially
concurrently, BEEBIbERS TR sometimes be executed in the reverse order, depending upon the
functionality involved. It will also be noted that each block of the block diagrams and/or flowchart
illustration, antawmbindtiombadiddlotksimthieebioslkidiagedims aag/lortfiowchad linstration, can be

implemented by, spegial RuRASH DatdyatehraetyRiemadiatRe i he sareilipg 3¢functions or

acts, or combinations of special purpose hardware and computer instructions. WO
201171607048ETIERIF¥OIBIS ARG B3Ion of the foregoing.
Computer program code for carrying out operations for aspects of the present invention may
be written in any combination of on¢ or more programming languages, including an object
oriented programming language, such as Java, Smalltalk, C++ or the like, and conventional
procedural programming languages, such as the "C" programming language, assembler or
20 similar programming languages. The program code may execute entirely on the user's
computer, partly on the user's computer, as a stand-alone software package, partly on the
user's computer and partly on a remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be connected to the user's computer
through any type of network, including a local area network (LAN) or a wide area network
25 {(WAN), or the connection may be made to an external computer (for example, through the

Internet using an Internet Service Provider).

Aspects of the present invention are described herein with reference to flowchart illustrations
and/or block diagrams of methods, apparatus (systems) and computer program products
according to embodiments of the invention. It will be understood that cach block of the

30 flowchart iliustrations and/or block diagrams, and combinations of blocks in the flowchart



In addition to the above, one or more aspects of the present invention may be provided, offered,
deployed, managed, serviced, etc. by a service provider who offers management of customer
environments.“lf?ﬁeilﬁé‘t%?ﬁ?:“e, the service provider can create, maintain, sti B?ﬁ"é({@%'é?nputer code
and/or a computer infrastructure that performs one or more aspects of the 5present invention for one
or more customers. in return, the service provider may receive payment from the customer under a
subscription and/or fee agreement, as examples. Additionally or alternatively, the service provider may
receive paymghkiroionthedatdlotiaduerisingcontentitooneal by nratputhintqasticsstnoioasaspect of the
present inventi ication ) fi formi e Omo. ects of the
Present inventn A R B R mputer
infrastructure SYETEBIeSHE e FEPA 6 eTBIHo A8 ASpeRiestrines HedsEnt et PAREsifrther aspect of
the present inyeatian: acemyutiagbairasiieiitiemmayne depiayed: canpRIisieg trtegrating computer
readasble code into a comtgglj[inlg S ster’gleiga%hich the code 15in combinatiorgo\lgviith hig cgmputing

system is cap%%?gué?rﬁgr(form grone Of more 'ré)ﬁ%%%goaﬁ%aéapur%géeﬁfelrIR/egIﬁ ion. IR%feye?nanf%rther aspect

of the presenthaietions/acisransesisdon thedlpraieingt cotp ek hrssmbdeck@cbingbtising integrating
computer readable code into a computer system may be provided. The computer system comprises a
computer readadie aneplitmpirpwini distth e id0caorypite beveditdinh camppisesreebdr mdieraspects of the

present inverign..Jiie code iaAmAINATGR WIhe COMAMEL SYRISE A GRARNR A e aming one or

more aspects of the present invention. Althdugh various embodiments are descri ove, these are

only examplef® FBF R RITEHRHIARE e AVFORR B &I STt sepitdctissersatciteatpitate and use
one mr more aspRes pbofdha presedt nvefiianeAs BaR plas.sonterbiethepamSystem z(r) servers,
such as Power, Syslels sevel L oReL sevels affsred by niernajiona) Bisiness Machines
Corporation, or servers of other companies can include, use and/or &netit ffom one or more aspects
of the present invention. Further, although in the example herein, the adapters and PCI hub are

considered a PPN R S HEF S BB Y AR RO JUHOIRR o s essarily be
30consideredpaoparhohbiredseryescit canpsinplybeaicodsiderad asdbeingicovfiec ddogystem

steps to be performed on the computer, other programmable apparatus or other devices to
15 produce a computer implemented process such that the instructions which execute on the
computer or other programmable apparatus provide processes for implementing the

functions/acts specified in the flowchart and/or block diagram block or blocks.

The flowchart and block diagrams in the figures illustrate the architecture, functionality, and
operation of possible implementations of systems, methods and computer program products
20 | according to various embodiments of the present invention, In this regard, each block in the
flowchart or block diagrams may represent a module, segment, or portion of code, which
comprises one or more executable instructions for implementing the specified logical
function(s). Tt should also be noted that, in some alternative implementations, the functions
noted in the block may occur out of the order noted in the figures. For example, two blocks
25 shown in succession may, in fact, be executed substantialiy concurrently, or the blocks may
sometimes be executed in the reverse order, depending upon the functionality involved. It
will also be noted that cach block of the block diagrams and/or flowchart illustration, and
combinations of blocks in the block diagrams and/or flowchart iltustration, can be
impiemented by special purpose hardware-based systems that perform the specified

30 functions or acts, or combinations of special purpose hardware and computer instructions.



WO 2011/160704PCT/EP2010/067019 53 memory and/or other components of a computing
environment. The computing environment need not be a server. Further, although tables are
described, anQN@a?t%gf%E%re can be used and the term table is to includ& ¥FSULHEEAE structures. Yet
further, although the adapters are PCI based, one grzmore aspects of the present invention are usable
with other adapters or 5 other 1/0 components. Adapter and PCI adapter are just examples. Moreover,
the device table entries, function table entries and/or other data structures may include more, less or
different informatidhithan wlesboiae drleeratprfauphes calthqughdnsiitielions.ane: desadied herein to set

certain bits, in gther %&E}

BRdimen.RSINSIONS [RY.NOLbe sed Insiead the bits are setithout using
an instruction. Many other variations are possible. 16I9—5urtﬁe , other types of compuifing environments
can benefit froHOREr SAHERE &P brS TR HNECH RSEAY MERTITA: B8 gREamiplanasater pricessing

system suitablig 6 siaiag ANYOL HRRHETERIOAAN: a0t edsasable thahdnclusles arlgast two

processors C%légled dlrec'glc}/ﬂL r mdweg:gl% to memo?/ lements throu%h a sy

Sent 1mve OT ONE GF More customery, I return, the se %tem bus. The memory
eleménts inclade, for mél%ance, ocal memaory emp 'oyieoc&lﬁ?ingeg%% ¥ BXed trig?%feﬁ?évf)rogram code,

bulk storage, MSarrhicaehshmerionevuniéh probidiptemporarfstegrgoot.atleastrdeme program code in

order to reduce;thg.numbesRfimes coslenyst hevatieysdfrom. bulk.stemae AuLinggxecution.
Input/Output or, 110 devices (including, but not limited to, keyboards, displays, pointing devices, DASD,

tape, CDs, DS HHTRH HAVES SHPomYr HEiHER/%hedia, etc.) can be coupled to the system either

directly or through intervening 1/0 controllers. Network 20adapters may also be coupled to the system
to enable the HRBEFEEEEHY BySBHINGBito Aadigpiod trblteicaiate plocesEinyystemis or remote

printeys or stoxagededses thy gHgbmintetvemin\pHvats oI bl REtwarkss Magdsmasigable modems,
and Ethernet cards. are Jgst a few of tthei%xr/ailable Ey#)es f netwg[lrk ada?pters. ReferringfttgeFlG. 17,

representativéloc%%lﬁ%sﬁ)en‘fédg”fgaf?—lmd’élt eéom%ﬁtj & System DO S RpIement o For More aspects of

the present inpeptibrinsgoiiportrayed. The representative host computer 5000 comprises one or more
CPUs 5001 in communication with computer memory (i.e., central storage) 5002, as well as 1/0
interfaces to sterafjetimedirdeviteodl iandeiwatsphilfoncommy ncatadapitheather computers
or SANs and ' ; | lj ith an architecture having an architected instruction
set and 30arc%%§é%§§g§l %L?I? g%ﬁ%ﬁi%%‘%?@&é%%f\%g@ haé?/()gn 8&%%%#05 %%ld}%qsvs 1&@%%5%& (DAT) 5003
for transformify protraiATaH b ke SeMDIiA P ETRIFES SERAYA tof RSB HA R STORSERTSPE 2 WO
2011/160704R 4 HER203:4064019

As yet a further aspect of the present invention, a process for integrating computing
infrastructure comprising integrating computer readable code into a computer system may be
provided. The computer system comprises a computer readable medium, in which the

20 computer medium comprises one or more aspects of the present invention. The code in
combination with the computer system is capable of performing one or more aspects of the

present mvention.

Although various embodiments are described above, these are only examples. For example,
computing environments of other architectures can incorporate and use one or more aspects
25 of the present invention. As examples, servers other than System z® servers, such as Power
Systems servers or other servers offered by International Business Machines Corporation, or
servers of other companies can include, use and/or benefit from one or more aspects of the
present mvention. Further, although in the example herein, the adapters and PCI hub are
considered a part of the server, in other embodiments, they do not have to necessarily be

30 considercd a part of the server, but can simply be considered as being coupled to system



54 DAT typically includes a translation lookaside buffer (TLB) 5007 for caching translations so that
later accesses to the block of computer memory 5002 do not require the delay of address translation.
Typically, a ca‘m@%%@@employed between computer memory 5002 anfd’ é%?@ég}égor 5001. The
cache 5009 may be hierarchical having a large cacke available to more 5than one CPU and smaller,
faster (lower level) caches between the large cache and each CPU. In some implementations, the
lower level caches are split to provide separate low level caches for instruction fetching and data
accesses. In arenembeimeht; asripsicutiich o igtetecfirdrnmemofyS0@d ynannmsimmetion fetch unit

5004 via a caghe 2002 0K Ipstietion.is, desadad.In AR IDsIUEUep decodr unit 006 and dispatched

(with other 10instructions in some embodiménts) to instruction execution unit or units 5008. Typically
several executigritGAfE S8 e BRiloy it faxampiersn ARthEte Bheralidls adPiEYioating point
execution unitaratakanchdrstruetaspexestiionunii hhentstretianis exestiedhytheoexecution

unit, accessing.o nds from instruction ified registers or memory as needed, If. an operand is to
be a§:essed gg%%?%orm ored 'fr%%{prg%%%ﬁﬁ&%?{%%fg Jlicl)%gfsat%fgeesunl %%?rfy%??ccgm}cﬁandles the
access undertedntelios thadnetriabliomiberigExeshee dathstretionsan sy bécaxaeusd dh hardware
circuits or in inteenal Micrarads dimawerer orbyia combinatinn of bethcAmnateshsasamputer system
includes information in Io%r.maing torage, as well as addressing, protection, anéi1 rgference and
change recordiig” Eotfie GEELals-3F @8?8&‘3‘.%‘8%%1&%@%%%@&%%%% 5 8EesEBE thE Roncept of
address spackts thesstaridus:ttypes of asdressesyamdothe makrnersiaraiistibéne type of address is
translated to another type of address. Some of main storage includes permanently assigned storage
locatipns. Mairugteraga-provicesdhapsysiemvwiindiectly aeddreseabladastaccessatarage of data.
Both data and pragrams are 1.0 laderlinte main.storade (fram. nputdeyices) pafgre they can be
25processed.”Main storage may include Gne oOr more snia er, faster-access butfer storages,
sometimes cattedusagneesraicensisasissapbic Batyinshiyikivet ipasssoriassepsoitcauoiplUslisechi 970 processor.

The effects, exgeptignPadiosnansseal the physicabeonstrustionane uramefdistingt starage media are
generally not observalble by the ro%Eam OSeparatF caches ntl?l}% be maintafi{welgiuﬁggtinstructions and
conti e

for data operaRaE TS IO iR 2 & CRENS FRa i BT SEHom KM BOBTSy s B Ar T gral

boundary called! axcherematOvAod S1GOFO4 PETAERROAB/065t04:8t 560l pekeome emhrarliprsidor line, for

short). A modg] mavdRvideRn EXTRAGE GACHEATIR kﬁh&%@%&g@%ﬂ ighgtygns the size of a
cache line in bytes. A model may also provide PREFETCH DATA and PREFETCH DATA RELATIVE

LONG nstruciionsathishofeste. e RIRIRIANNG oL 1ARS e 6 Sala RpInstytign,cache or the
devices, DASD, tape, CDs, DVDs, thumb drives and other memory media, etc.) can be
coupled to the system either directly or through intervening 1O controllers. Network
20 adapters may also be coupled to the system to enable the data processing system to become
coupled to other data processing systems or remote printers or storage devices through
intervening private or public networks. Modems, cable modems, and Ethernet cards arce just

a few of the available types of network adapters.

Referring to FIG. 17, representative components of a Host Computer system 5000 to

25 implement one or more aspects of the present invention are portrayed. The representative
host computer 5000 comprises one or more CPUs 5001 in communication with computer
memory (1.¢., central storage) 5002, as well as 1/0 interfaces to storage media devices 5011
and networks 5010 for communicating with other computers or SANs and the like. The
CPU 5001 is compliant with an architecture having an architected instruction set and

30 architected functionality. The CPU 5001 may have dynamic address transiation (DAT) 5003

for transforming program addresses {virtual addresses) into real addresses of memory. A



5from the cache. Storage is viewed as a long horizontal string of bits. For most operations, accesses
to storage proceed in a left-to-right sequence. The string of bits is subdivided into units of eight bits. An
eight-bit unit iswcc:)azlf’éalgof){iﬁte, which is the basic building block of all information formats. Each byte
location in storage is identified by a uniqgue nonneg#&tive integer, which 10 is the address of that byte
location or, simply, the byte address. Adjacent byte locations have consecutive addresses, starting
with 0 on the left and proceeding in a left-to-right sequence. Addresses are unsigned binary integers
and are 24, 3DA0r Hhibilly. iinfotmatiomdktirarnisoritted batorddh o0 doanackin@Pihgrtaohannel

subsystem ong.bidte o2 agR0LREES AR tilend RSP SR aReGHIEs I ofolinstance, the
z/Architecture(r), a 15group of bytes in storage is addressed by the leftmost byte of the group. The

number of by{EIHHAR GraiFHY etfrsPimPiRt BPRQBHLRRFaGHERY e sper Sl o™e performed.
When used inpgo&Rbl op@Eratiangaigr ooy afdyie sitsseaied wdialda WWithndachagndlyombdes, in, for
instance, the z/Archit re its are numbered in a left-tp-right seguence.. In the z/Architecture, the
et bits 2o B e e the
"low-order" bifsP BitthsprIsdrrkracattistsr fydoriresdsacrowe et Ol vjtcsraHDeaddressed To
operate on ingividvalhbits:plerhyieivstamomdbs caiitebytenis ResansRsekng hitsintbyte are
numbered O through.7, from left to right (in, e.g...the. z/Archi re). The bits in ap address may be
numbered 8- it%gr%wgpg%%e}nﬁﬁéﬁgg& r%%é%%?%irmf %iCQF %ggé%jg}r flqﬁﬁleaﬁg)réesi%%; they are
numbered O-68sforeap deBuldd fe ssasstinvitiomdapsdotingriiRé dreditttbanar it ethsltiple bytes, the bits
makjpg up the fermaiang caRsesHiya-RYRbered aiarting Hem.f FoiAdeses gfieior detection, and
in preferably for correction, one or more g eck bjts may be transghitted with each byte or with a group

of bytes. SUCKTRECRBRYAPSYE AT ST A RIS By A AR SR CARASPAe directly controlled
by the progralﬁinaspgrmgal mﬁﬁw&m@xpwgﬁdﬂ%mﬁnbﬁwﬁ@y@& Mamtlltienlégwgth of a .
storage-operagdielehis ipelied v, e Retaian code ofaR nsiiGion, laesfieldis saighto have a fixed
length, which can be one, two, four, eight, or 2011/160704PCT/EP2010/067019 56 sixteen bytes.
Larger fields rEPHE tisiderfol 8B ARS gt librreogtise hitResfeaTginTef e ragReshet&hd field is not
implied but is statedrexplicitys the dildhimsridlio raxe anvarabtelefgib indautableblgngth operands can
vary in Iengthel:%i crements of one (ft(l-:-% or yg&l@n%%, ggﬁasgﬁ%,&gonsini@ tLéllatgples of two bytes or other

. cuted.” Instructons ma 5 OF Tliﬂ" INICTOCOUC ;
multiples). When information is place storage, the contents of only those byte locations are

replaced that di@nifigikidedir frebiasdignaidwteld, even though the width of the physical path to
storage may be greater than the length of the field being stored. _
Ags noted, a computer system inciudes information in local (or main) storage, as well as

addressing, protection, and reference and change recording. Some aspects of addressing
20 include the format of addresses, the concept of address spaces, the various types of
addresses, and the manner in which ong type of address is transiated to another type of
address. Some of main storage includes permanently assigned storage locations. Mam
storage provides the system with directly addressable fast-access storage of data, Both data
and programs are to be loaded into main storage {from input devices) before they can be

25 processed.

Main storage may include one or more smaller, faster-access buffer storages, sometimes
called caches. A cache is typically physically associated with a CPU or an 1/O processor.
The effects, except on performance, of the physical construction and use of distinct storage

media are generally not observable by the program.

30 Separate caches may be maintained for instructions and for data operands. Information

within a cache is maintained in contiguous bytes on an integral boundary called a cache



Certain units of information are to be on an integral boundary in storage. A boundary is called integral
for a unit of information when its storage address is a multiple of the length of 10 the unit in bytes.
Special named"&&HIENTH fields of 2, 4, 8, and 16 bytes on an integral HotiRRAN O HaIfword is a
group of two consecutive bytes on a two-byte boundary and is the basic building block of instructions.
A word is a group of four consecutive bytes on a four-byte boundary. A doubleword is a group of eight
consecutive bytes on an eight-byte boundary. A quadword is a group of 16 consecutive bytes on a

16-byte boundaryk ¥ bendibstarage adirssesadasinate bafiwerdsE words: tloullewords, and

quadwords, the bioarrepreseniation,of the address coniain ane, twa [hiee, ot fouy rightmost zero
bits, respectively. INSFUCHONS are 10 b on Wwo-bDyte mtegrar boundaries. The storage operands of most

instructions domsdhEEEDBIAd AR Bl gniiSREFEGGidiiamsR BmdeviceStHatnsmpitirentselparate

caches for insigpgtions aegdata opgsands.@ SORicant 404y RAY ReHeXpes! if:the program
stores into a cache line from which instructions are subsequently fetched, regardless of whether the

storealters thBSASHTEHDS that are subsequently fetched. In one embodiment, the invention may be
practiced by software (sometimes referred to licensed internal code, firmware, micro-code, milli-code,
pico-code andtPi@dds VispbrosRpadR e NI BenshididteRe et AR HiEe mirfsEstio NP TRESferring to
FIG. 17, softwate«eadg ek aedpwkighe-erabodias-theoprasentinveniiomis W@ﬁ%&sid by
rocessor 5001 of host system 5000 from, long-term storage, medi vices 5011, such as a
FC):D-ROM drivé%ntgﬁqe?%ﬁ\}lé] %ﬁ%ﬁgﬂ r|g e?’ﬁ?@sl.cl) Ttv%%r%sbcr%léiggg c?cl)o g (r%%/' ngogpnagglaied on any of a
variety of knopiaiediazfdbisdasitivaitaterproeedyiri fedystennisuchoarcaatiiskateacharkidirive, 300r
CD-ROM. Thesepdgimay hamdisiibuwedionsuahpnedianok maybe Aistibitedtoussrs MO

2011/160704PCT/EP20§L§)4067019 57 from computer memory 5002 or storage of one computer
55 e e iehiotor testigrnash

system over & RERVOIK SotHE B MBUtErs SlieH SiREPEstems. The

software progralircodeinciudesdadnneperativigs systemuHichocomtrids the function and interaction of the
various computer components and one or more application programs. 5Program code is normally
paged from stoiageaediadaviae:50dit tantheraglativelChigbek-cspeedcompetes&iorager002 where it

is available for Ip{loc%sigg g% processor 5001. The teggné?%eﬁ)and metht%gg /@E g{‘g&ggyirjg software

0 [¢) C88 OINETWISE spe T Insiance, 4 g
program code’in mem ry, on physical media, and/or distr buting sotﬁware code via networks are well

knowh and willraet plebftrtie ptaizetissedrasedihy Prdgfamstbide oWwhearereatBis anatstored on a tangible
medium (inclugiR@in the group is either implied or explicitly specified by the operation to be performed.

When used in a CPU operation, a group of bytes is called a field. Within each group of
bytes, in, for instance, the z/Architecture®, bits are numbered in a left-to-right sequence. In
the z/Architecture®, the leftmost bits are sometimes referred to as the “high-order” bits and

20 the rightmost bits as the “low-order” bits. Bit numbers are not storage addresses, however.
Only bytes can be addressed. To operate on individual bits of a byte in storage, the entire
byte 1s accessed. The bits in a byte are numbered 0 through 7, from left to right (in, ¢.g., the
z/Architecture®). The bits in an address may be numbered 8-31 or 40-63 for 24-bit
addresses, or 1-31 or 33-63 for 31-bit addresses; they are numbered 0-63 for 64-bit

25 addresses. Within any other fixed-length format of multiple bytes, the bits making up the
format are consecutively numbered starting from 0. For purposes of error detection, and in
preferably for correction, one or more check bits may be transmitted with each byte or with a
group of bytes. Such check bits are generated automatically by the machine and cannot be
directly controlled by the program. Storage capacities are expressed in number of bytes.

30 When the length of a storage-operand field is implied by the operation code of an

instruction, the field 1s said to have a fixed length, which can be one, two, four, eight, or



10but not limited to electronic memory modules (RAM), flash memory, Compact Discs (CDs), DVDs,
Magnetic Tape and the like is often referred to as a "computer prop-am product”. The computer
program prodﬁ‘é‘? MEdE s typically readable by a processing circuit pr Fé];jggwli?{ﬂg7%]c?mputer system
for execution by the processing circuit. FIG. 18 illustekates a representative workstation or server
hardware system in which the 15present invention may be practiced. The system 5020 of FIG. 18
comprises a representative base computer system 5021, such as a personal computer, a workstation
or a server, indhuchingyoptibngkpitiphera|tddvigbs] bheobadescompute Mdystam 15021 dficludes one or
more processgis.s058.ANd f.bus STRIBKESR £ARAECLARKSRaRle RTIMPIGHIOD.Retgrn the

processor(s) 5026 and the other components of the system 5021 in accordance with known
20techniques *TEE by & el et PROPAE£YE BB R B e MR HGF SO APk BYig (it tsFaye 5027
which can includaaibardndrivieinciieingaay ofomagnetic B dish & ibMRiand Flash Memory for
exankole) or a fape drive for&ggpogke. The.s stem 5021 m[g)pt aéstg includelacigé%r&terface adapter,

. orage, the conte e h ocationg are replaced that are M
which connec%s ?1% mlcroprocessor%glfé Vi efhe %us %o ONné or more in erface devices, such as a

keyboard 502desépacddiel80sn thowidtdirsediinel tbosrwerd enth2s errae interbacecaievibes, which can
be any user interiacendevicgic-sisids@Hauch sensitive screen, digitized entry pad. etc. The bus also
connects a display device 5022, such as an LCD screen or monitor, to the microprocessor 5026 via a

display adapter,.The syelem SARLMAXORINICAIRMIROINRLCATIRUIES OLAstAks of computers

by way of a network adapter capable of communicating 5028 with a network 5029. Example 30network
adapters are EoMRtDISRALBRS EHapaferTaken ViR et e dena ime Al getheef system
5021¢may connaisiicatedsingpauirrlassadateiface, stlehds a GDRD 1 §¥aes on an integral

20111607040 CTIER2010/067019 58 (el

lar. digital packet date) casd, The syslem, 3021 may be
associated with such other compute a Local Area etworT((L )o a Wide Area Network (WAN),

or the systemtBobasiednilding ieheinnsiehspusdrard i argemenfonitbraretiae boissmer, etc. All of
- these configurgtiopge 3suvelhasdhe ARFRNatecARTeRisatiRishadwaeand softwmake, are Sknown

in the art. FIG, 19 |llustrates a data processing network 5040 in which the present invention may be
oractced. Th U BrosclRiR MR TR BUHO AT A DR SRR ks, such as a
wireléss netweirkagndddwivedi matmor ke Bachinfwerdshimblp drefs ded phuatitgsofinbiivddual workstations

5041, 5042, 5043504k Addlitionalys @ haseskilstinhe.ask ilikaaRpsgsiake, one or more LANS

may be included, where a LAN may comprise a plurality of .
respectively. Instructions are to be on two-byte integral boundaries. The storage operands

of most instructions do not have boundary-alignment requirements.

On devices that implement separate caches for instructions and data operands, a significant
20 delay may be experienced if the program stores into a cache line from which mstructions are
subsequently fetched, regardless of whether the store alters the instructions that are

subsequently fetched.

In one embodiment, the invention may be practiced by software {sometimes referred to
licensed internal code, firmware, micro-code, milli-code, pico-code and the like, any of

25 which would be consistent with the present invention). Referring to FIG. 17, software
program code which embodies the present invention is typically accessed by processor 5001
of the host system 5000 from long-term storage media devices 5011, such as a CD-ROM
drive, tape drive or hard drive. The software program code may be embodied on any of a
variety of known media for use with a data processing system, such as a diskette, hard drive,

30 or CD-ROM. The code may be distributed on such media, or may be distributed to users



intelligent workstations coupled to a host processor. Still referring to FIG. 19, the networks may also
include mainframe computers or servers, such as a gateway computer (client server 5046) or
application sewgﬁﬂféfﬁ?gf@server 5048 which may access a data reposi &V’Q’ﬁ&lm@ﬁso be accessed
directly from a workstation 155045). A gateway computer 5046 serves as a point of entry into each
individual network. A gateway is needed when connecting one networking protocol to another. The
gateway 5046 may be preferably coupled to another network (the Internet 5047 for example) by
means of a caramumigationselincy The gatewae D04 nayalache:disetly cawpleddotane or more

workstations E‘()) Aéllt05194u% r5504;€3e ?9&411;1 ingls%rg% Smclérg&%%igq&%nk The gateway computer 20may be

implemented utilizing n?B eServert ySystemzr server available from International Business

Machines Corporation. Referring concurrently to FIG. 18 and F|G, 19, software programming code
which may emgBay i HPEGSHT FUSTION haly BRHERESERATDY Bl FRORRSADS B0 BPtHe system 5020
from long-termistecageaniddiesO tosyorasanobD=ROM dnverarchand dinseniressoftware

25programming, code MRYLeSmRAdIet aR.aWak8 YAHeh ALIWRMRdiR.IRN HSGih a data

processing system, such as a disKette, hard drive, or CD-ROM. The code may be distributed on such
media, or mayN5e R IEIE 30T, Bisst Habl dhe HsATERF BY Bigfayer sPbhe @ mputer system
over a networkdmafiracomptibes ysismsforusebyrugers.af suehnikerosysiems:si¥MO

20111160704&%%%%9118@ %%t!;g RELIEIAIVElY, IS PIIAramming. code May hgsmbadied in the

memory 5025, and accesse e processor 5026 using the processor bus. Such programming code

includes an opitatitg Bystent WETeR edinrpletacnipbishrame prerapgbic stdivnydrdudisdpmputer

comppnents andRNeHIY eiapplicationdyagsiams BOSRH Riegraseedeismasnmaiy paggd 5from
storage mediqﬁ@%?ﬁg hi%h- eed memor .5025 where,if is available for rocessi%%clgy the processor

5026. The techniqlies an ‘ethods for emﬁsboy?ﬁlgres%?f:v%a?'gs paro(g};OrTz}:inr%}rtﬁ}fr‘Pg0 o%%%omemory, on

physical medidhagmipridigritstingredithamd ivode tidmbywended laly wetbkesown cangdiwill not be further

discussed hergig.R5RgaM&RsRReMCreated ard sieredQR-atangiblg medium (including but not
limited to electronic memory modules (RAM), flash 20memory, Compact Discs (CDs), DVDs, Magnetic

Tape and the H@ II% ?lflh%ﬂ“art%g%”r’g&ets%ﬁ&@e workstation or server hardware system i which the

i5 presernt invention may be practiced. The system 5020 of FIG. 18 comprises a representative
base computer system 5021, such as a personal computer, a workstation or a server,
including optional peripheral devices. The base computer system 5021 includes one or more
processors 5026 and a bus employed to connect and enable communication between the
processor(s) 5026 and the other components of the system 3021 in accordance with known

20 techniques, The bus connects the processor 5026 to memory 5025 and long-term storage
5027 which can include a hard drive (including any of magnetic media, CD, DVD and Flash
Memory for example) or a tape drive for exampic. The system 5021 might also include a
user interface adapter, which connects the microprocessor 5026 via the bus to one or more
interface devices, such as a keyboard 5024, a mouse 5023, a printer/scanner 5030 and/or

25 other interface devices, which can be any user interface device, such as a touch sensitive
screen, digitized entry pad, etc. The bus also connects a display device 5022, such as an

LCD screen or monitor, to the microprocessor 5026 via a display adapter.

The system 5021 may communicate with other computers or networks of computers by way
of a network adapter capable of communicating 5028 with a network 5029, Example
30 network adapters are communications channels, token ring, Ethernet or modems.

Alternatively, the systern 5021 may commumicate using a wireless interface, such as a CDPD



"computer program product”. The computer program product medium is typically readable by a

processing cirgu > ly in a computer system for execution by the I ircuit. The cache
that is most re&a}gi ﬁ@gﬁz"%m to the processor (normally faster and smattger ?Ear? l@g}g&‘% %r caches of the

processor) is the lowest (LI or level one) cache andhain store (main memory) is the highest level
cache (L3 if there are 3 levels). The lowest level cache is often divided into an instruction cache
(1-Cache) holding machine instructions to be executed and a data cache (D-Cache) holding data
operands. Refes¥liHgy werpEpazBetalytekentip[Ehy provesisl enbbuivierittixl daibictet d6ieprocessor 5026.
20Typically oggngutBars levels al-cachee953 &8 smnrloyediq m{wrmdx blagks ingrder to
improve proc%ﬁ%ﬁzr ggrfqrrr]anc,e.‘The cache 5053 is a high speegd buffer holding cac 8%'!”65 of
memory data HL ST ML €8 B GLEH TYSIcAT REERE N el AP, OTBEFT 86 B BFfemory data.
Separate cachesigueraftenae mgloyel: fgrpoachingdnstiustivnssthaderccadhigydata:€ache coherence

(synchronizatign.of gemies.of lines in memory and the 25caches) is often provided by various "snoop"
algorithms well known in the art. Main memory storage 5025 of a processor system is often referred to

as a cache. | CesSSOr sys having 4 level che 5053, main storage 5025 is sometimes
oterren 1o a5 e UL Sy b AR 1S B al st P BB 2 B BHSt the
non-volatile steraE{DASDatmpe et e didbrionalednaped ity etard idash wioiee 5025

2011116070415 GL I FROLY6 019 ) ApIOgaT CoLer (TSHacto couer) Eogt keep rack of i
PC | _ rogram counter. (instryction counter) 5| eeps track of the
wdress o € SUHURL TREORATR 14 e 1o et Jebrcaiae B 14 JTAFERAESTC procescor
64 bits and canbeciriencated 1OB L 6N2MintbetoSugpbriprior dditessingntimitsa Ahprdigraiin counter is
typically embodigglin.a,RR\WA(Rrogsap $ia s 4 ddl Q@ computer such that it persists 5during context

switching. Thus, a program in progress, having a program counter value, may be interrupted by, for

example, the rating sys (centext switch from the program environment to the operating system
ervironment) e B pr o T S S Logram s o
active, and th&:pheg rspt SHirempiHHeiPS weyvef #ato peranteptdystareidagett viie f94tperating

system is exegulingnahyRically, diRe RERevaRY GaLNes it Incrementes by:aR amauatesyal to the
i RISC (Reduced. Instruction Set, Computing) instructions are

numpser of byti]e(?4 f tRe current instructéj 4? C (| IStructic f ng) |
typically fixed length 'mﬁ%f%wéylﬁglf&%m% g)%efﬁg%ra bS8 @orr‘ﬁlﬁ)’u i(rzf"&1 ilr{%gf‘rflﬁéiloﬂg Are't pically
variable lengtbativstructionisbi e iBvEgtidgchitactme i arec@8Cdnstthetichs having aléngth of 2,4 or
6 bytes. The RIQosamSUmietaRRk is Madifiedhy:£ et aLan e Swich aperalonatdra
communications link. The gateway 5046 may also be directly coupled to one or more
workstations 5041, 5042, 5043, 5044 using a communications link. The gateway computer
20 may be implemented utilizing an IBM eServer System z* server available from

International Business Machines Corporation.

Referring concurrently to FIG. 18 and FIG. 19, software programming code which may
embody the present invention may be accessed by the processor 5026 of the system 5020
from long-term storage media 5027, such as a CD-ROM drive or hard drive. The software
25 programming code may be embodied on any of a variety of known media for use with a data
processing system, such as a diskette, hard drive, or CD-ROM. The code may be distributed
on such media, or may be distributed to users 5050, 5051 from the memory or storage of one
computer system over a network to other computer systems for use by users of such other

systems.



15 branch taken operation of a branch instruction for example. In a context switch operation, the

current progr%gggl%&g%alue is saved in the program status word alongc\e(}égzgwjﬁ&ﬂgte informe_ltion
about the program being executed (such as condition codes), and a new program counter value is

loaded pointing to an instruction of a new program fodule to be executed. A branch taken operation is
performed in order to permit the program to make decisions or 20loop within the program by loading
the result of the branch instruction into the program counter 5061. Typically an instruction fetch unit
5055 is employédnifetehiingmgetionsgadde el bé thdbphodas dor 5026y e fetshagitseither fetches

"next sequentiglinsiUCiNSHIRIARLIASIPMGIQRS &fsb@%']gi@@%ﬁlﬁ%ﬁw&&@ﬁ%hﬁésf iggt instructions of a
program following a 25contex Z;ﬁ\%itc E‘g‘mdeé’% Instrucgion etch ur%its often employ prefetch techniques
to speculativel) PrereR T HOTRSFHL LS BRI fRAIRSEEIARE R SREREFBPHiStructions might be

used. For examplenenfetold omitomay:fetaiidbidypeszcinn SIRTtitn ghat todiudesthdlpexgsiequential
nsirugtion andddiianabbyleset ey sequaalal pelsydiong « IR IRAGHINSEHOns are then

executed by the processor 5026. In an'embodiment, the 30fetched instruction(s) are passed to a
dispatch unit S3606F 1196 18tén Tritestidnnss satchethatule sededrag sevetorteand e rwards

information akedt ihexdeaededinsinaCHeR{S atd/ M 201} GOTH4AR COUER2QI0I6H1 9/E1L appropriate

units 5057, 5038,,2060. A1, SXeehtion it sORR. ML b BIcally ecelve information about degoded

I
. - : . whi d .
arithmetic instructions from ﬁ1e Instruction fetch unit’5 gjgran Wlﬁ Ber%(r:?ﬁaaerlt met?éeoﬁé]ratlons on

operands accér@ifily tecthenpprdudingian Smiled dn cloreranasavey prodidsdité- Whe B cution unit 5057
prefegably eithenfsemananierny AT Rarotectodsegistars 20PB onftam as ragmediatadield of the
instruction bejng executed. Resulés 91‘ zl}grexecugon, when st%re ,are stored eit1t11er i'}[ emory 5025,
registers 5059°0F 1 GtHaY MAchine Rardwars Teuch A8 EERTET TegiBErE PEWP FEGIsIEIEaRd the like). A
processor 5028 typicatirisasonermitndie nitoBHET, 5868, §06C fornmxectmngodresignction of the
instruction. Refgsring to FIG. 2IA, an execution unit 5057 may

The cache that 18 most readily available to the processor (normally faster and smaller than
15 other caches of the processor) is the lowest (L1 or level one) cache and main store (main

memory} is the highest level cache (1.3 if there are 3 levels). The lowest level cache 1s ofien

divided into an instruction cache (I-Cache) holding machine insiructions to be executed and

a data cache (D-Cache) holding data operands.

Referring to FIG. 20, an exemplary processor embodiment is depicted for processor 5026.

20 Typically one or more levels of cache 5053 arc employed to buffer memory blocks in order
to improve processor performance. The cache 5053 is a high speed buffer holding cache
lines of memory data that are likely to be used. Typical cache lines arc 64, 128 or 256 bytes
of memory data. Scparate caches are often employed for caching instructions than for
caching data. Cache coherence (synchronization of copies of lines in memory and the

25 caches) is often provided by various “snoop” algorithms well known in the art. Main
memory storage 5025 of a processor system is often referred to as a cache. In a processor
system having 4 levels of cache 5053, main storage 5025 is sometimes referred to as the
level 5 (L5) cache since it is typically faster and only holds a portion of the non-volatile
storage (DASD, tape etc) that is available to a computer system. Main storage 5025

30 “caches” pages of data paged in and out of the main storage 5025 by the operating system.



10communicate with architected general registers 5059, a decode/dispatch unit 5056, a load store unit
5060, and other 5065 processor units by way of interfacing logic 5071. An execution unit 5057 may
employ severdl (r)é‘!&%/tlero Bitcuits 5067, 5068, 5069 to hold information th&FHE AN logic unit
(ALU) 5066 will operate on, The ALU performs aritifhetic operations such as add, subtract, multiply
and divide as well as logical function 15such as and, or and exclusive-or (XOR), rotate and shift.
Preferably the ALU supports specialized operations that are design dependent. Other circuits may
provide other ahipectedizciliiesr&dis? inchuding cbkditiondode$antlirassodrysupport logic for

example. Typigally. e result.of,am Ak Y 0RSrRHGR is NEld R A0 QUL FRQISISE SirgH{EBQ7P which can

forward the result to a variety of other processing functions. There are many arrangements 200f
processor unité?® I BRENEhHESETHtBY 1 SHYOMRSIISEHS HREARItS ré BYesemanvEditierstanding of
one embodimgpicafin ADBRIASIHUCHOW (praxanype:ywontt) beaexaguiedsiriahaxqeution unit 5057 having

arlthrguetlc anqj Ioglccal nfg%ncstlonc%ll% '{;% a floatlaglgigo%gt }QS%EVHC“Q” for examL%Ie Woulﬁjlebe executed in a

. . A¥iyh 9] 1 SWIE . , & PIOPT v a Ta {fervalue, . .
floatlng pomt exe&ut!on aving specia |zedpﬁogat|ng 'OI capaabﬁl . 5%0 .reTera%I} , an execution unit
operates on op&r&adsTderiafdy. By srirRlgUEaoRSHYTeITsIPRINep alx6 pedde et Hedegedon on the
operands. Foegtampia: @nARRNSEUGHoR ayde.axecutethy anEXRIMAN HripR5 hen operands

found in two reI%isters 5059 id ntiflﬁa i eregister.ﬁelds f the inﬁgruction. The fx%(]:eution unit 5057

performs the Sritfmetitadaition on'two o%re HOS aRdE g?é%nt%e SOVESHE i Wi ﬁoperand where the

third operand th&) btz triethregistseronsonedof the thworsouaestegisterexcThienexdepidetiyunit preferably

utilizgs an AritRMESiE koBiGARIL (ALLY MO ROLLLEAFRET/ ERRAA0UPE7ALR 62:ROGE that is capable
of performing a variety of Iczﬁlcal fungtlons such as Shift, Rotate, And, Or and XOR, as well as a variety

of algebraic fHEHSHL in&TditE SHHSF B BHY ST PAS RIS 1SRG S SR TS BE586 are designed
for scalar opekatidnstala B €domftodtisgupaintS D atanmaipnd enBig danch are (whexiéy theildast significant

byte s at the highest A RAaddiensh o MR i ibese R RRShAIGAIERINE [y ¢ fre lowest

or ¢ bytes. The Program counter 5061 is modified by either a context switch operation or a
15 branch taken operation of a branch instruction for example. In a context switch operation,

the current program counter value is saved in the program status word along with other state

information about the program being executed {such as condition codes), and a new program

counter value is loaded pointing to an instruction of a new program module to be executed.

A branch taken operation is performed in order to permit the program to make dec¢isions or
20 loop within the program by loading the result of the branch instruction into the program

counter 5061.

Typically an instruction fetch unit 5055 is employed to fetch instructions on behaif of the
processor 5026. The fetch unit either fetches “pext sequential instructions”, target
instructions of branch taken mstructions, or first instructions of a program following a

25 context switch, Modern Instruction fetch units often employ prefetch techniques to
speculatively prefetch instructions based on the likelihood that the prefetched instructions
might be used. For example, & fetch unit may fetch 16 bytes of instruction that includes the

next sequential instruction and additional bytes of further sequential instructions.

The fetched instructions are then executed by the processor 5026. In an embodiment, the
30 fetched instruction{s) are passed to a dispatch unit 5056 of the fetch unit. The dispatch unit

decodes the instruction(s) and forwards information about the decoded instruction(s) to



depending on architecture. The IBM z/Architecture(r) is Big Endian. Signed fields may be sign and

magnitude, I's t or 2's complement depending on architectur ' ment number is
advantageous‘glk’?%ilaﬁz:tlt(?1 t[ﬂz LU does not need to design a subtract capabﬁlﬁt@érglocﬁé%eli]ﬂgr a negative

value or a positive value in 2's complement require§lonly 10 an addition within the ALU. Numbers are
commonly described in shorthand, where a 12 bit field defines an address of a 4,096 byte block and is
commonly described as a 4 Kbyte (Kilobyte) block, for example Referring to FIG. 21B, branch
instruction infepmeticieloniex8utiHy & BRahchinsaativoniy BFtall) seivetly setranach unit 5058 which

often employs,2BraNGcH BRAICIR HaRtR-SHER.dRAT RoRrARCAMISIAEY fable,rR88st peedict the
outcome of the gig)an h befgre other conditional operations are c%mplete. T tgf%argtet of the current

O AN B FEREIEG T SRR UM ARTE S RSOt Lo 8RS LB IBRG i98rations are

branch instructi
complete. Whepethel congitioiizt op draticast erevoo ifijféteditdigpasel dtive lyeexegdted.branch

instructions ate citherGampletedserdiscardeshRasd eriihg GRNALIANS A G, condiiignal operation and

the speculated 20outcome. A typical branch instruction may test condition codes and branch to a

target addres&sFifedhartien i ed et e Bt FEBEHR MERPET e DiERHINSEUEEBN, a target
address may bcatacHaiethhhvaed (errsavesalrolimbess, nEWdingenes:dabntiisy register fields or an
immediate field of the instruction for example. The branch unit 5058 may employ an ALU 5074 having

a plurality of inpuyt registes RIRGHIERIRA%AS 0RO EBmaRihianth &1 Qi uebregistenciewt 5080. The branch
unit 5058 may, commu]pt'{ga,te with gbener | registers 5059, decode diﬁﬁa%ﬁ? unit 5056 or other circuits

5073, for exampraCTRESBEHNBI b SETO08 S indructidRS TSR B8 (t8&%or a variety of reasons
including a contextuswitehvitlitimtbdebiphgeopelr sty sySiein, deprdgidspeshoeptdlior dredr causing a
context switch, a0 J{Q SHRITHRIQRSISNA! GaHSIRY & Wiﬁ@ﬂ@{@:ﬁi-ﬁ@ igading.activity 30of a
plurality of programs (in a multi-threaded environmgr\)%t, for exampl referably a context switch action

. . . . e
saves state infSHHADIAGINT DEFFEMAY SXERLEFSISFCGRIT ARy tA8HB WA to hold
2011/160704 REGHERA0MLE! @G7H1h6Edtads stata info inmion iabattanatHEcpragrasibeing invoked.

State inormayg Ay §e saveA NG ISBISIEIRAL IESENcIor eI Bigig nformation

preferably comprises a program counter value pointing to a next instruction t0 be executed, condition

codds, memotytahandtiohriskeraiaienoant Aretnetsad dyfstdr dortdntha/deraRpeiitch Sactivity can
be exercised kyehaichi iR GHEH S 0RR LA R PHOgEAM S RPRIAIING BYSIRBVide other

architected facilities 5072 including condition codes and recovery support logic for example,

Typically the resuit of an ALU operation is held in an cutput register circuit 5070 which can

forward the result to a variety of other processing functions. There are many arrangements
20 of processor units, the present description is only intended to provide a representative

understanding of one embodiment.

An ADD mstruction for exampic would be executed in an execution unit 5057 having
arithmetic and logical functionality while a floating point instruction for example would be
executed in a floating point execution having specialized floating point capability.

25 Preferably, an execution unit operates on operands identified by an instruction by performing
an opcode defined function on the operands. For example, an ADD instruction may be
executed by an execution unit 5057 on operands found in two registers 5059 identified by

register ficlds of the instruction.

The execution unit 5057 performs the arithmetic addition on two operands and stores the
30 result in a third operand where the third operand may be a third register or one of the two

source registers. The execution unit preferably utilizes an Arithmetic Logic Unit (ALU)



programs or firmware code (microcode, pico-code or licensed internal code (LIC)) alone or in
combination. Q‘v processor accesses operands according to instruction defined methods. The
instruction may prowc}e an immediate operand using the value of a porti%ﬂ%ﬁpﬁ%’é‘}f?@ﬁ{?ction, may
10provide one or more register fields explicitly pointiag to either general purpose registers or special
purpose registers (floating point registers for example). The instruction may utilize implied registers
identified by an opcode field as operands. The instruction may utilize memory locations for operands.
A memory locifértef argperarigderfaynie: proaidechbip goe disteigranivhrethiateiedt;, amé combination

of registers ang} immefate fiaicas aexePRllisd by e BRI Dk ong gisplacement facily

wherein the instruction defines a base register, an index register and an immediate field (displacement
field) that are BalEY 1958 RePt Hrivide thE HadreieddritieBle rRRETATHRIh N P edatiiie. Location
herein typicallyoimplirsaadocadiBiy Patiainwhemory{maitstirag ey nesshotigiwisstindicated. Referring
to FIG. 2W, a processof accesses stara ing.a load/store unit 5060. The 20load/store unit 5060
may perform éﬁoa%%perhtﬁ)nnbi/% vt”fgfn%%eﬁf?}g Saalgrrléécsa%fg glts’aathtg% g)&%sa{]ﬁé%na%ﬁ%ry 5053 and

loading the opEPsRdite & rsgiirshsnsbhe FRIMaHHF HiesweTy 15853 Hpdatiors et fsarforhs a store

operation by ghfainingibsagdresseiikatargeb rpRerachitmrpRAIA SO 3-and $ieking ehata obtained
from a registe(go?no 9or another. memory 505%;'8%?(%&9%&}@ tar tet ?ﬁ%r d locati n irg memory 5053.
The load/storé Ut e&?@b F’ﬁayernge spegﬁ?é}"ﬁve an Fnay aCCEsehiER o?y ﬁ’?l%nfesdluerﬁ%e that is
out-of-order rekpibditosinstreidion segtiehvdphowasitivreideditsios sanmitcb880risitoaneihtain the
appegrance t@@i@a{@mﬁlnattﬁamg%ﬁﬂﬁé&@@ﬁ%@ﬁ@&@%{%@@&%ﬁé@?m&%mfay 053
communicate with general register ecode/dispatch unit , cache/memory interface or

other element? ARG TEMprse 6 P ERPSTAIY Fed8 B R Lo MPEIA6HH 305090 to

calculate storage)aduiessesanplito provide pipeline sequencing to keep operations in- order. Some
operations may be out of order but the load/store unit provides functionality to WO

2011/160704RGAARR20 FI06 70, 8-t imadtathienauiophaige ipReEalANSB-aRRaRIARABE Program as
having been Q%{gg ly%gﬁit ooa{ ?arﬁc Sulusit\g’&g%qug\é\{lno%geghe?ng{éys a branch prediction algorithm such
15 as a branch history table 5082 to predict the outcome of the branch before other conditional
operations are compicte. The target of the current branch instruction will be fetched and
speculatively executed before the conditional operations are complete. When the conditional
operations are completed the speculatively executed branch instructions are either completed
or discarded based on the conditions of the conditional operation and the speculated
20 outcome. A typical branch instruction may test condition codes and branch to a target
address if the condition codes meet the branch requirement of the branch instruction, & target
address may be calculated based on several numbers including ones found in register fields
or an immediate field of the instruction for example. The branch unit 5058 may employ an
ALU 5074 having a plurality of input register circuits 5075, 5076, 5077 and an output
25 register circuit 5080, The branch unit 5058 may communicate with general registers 5059,

decode dispatch unit 5056 or other circuits 5073, for example.

The execution of a group of instructions can be interrupted for a variety of reasons including

a context switch initiated by an operating system, a program exception or error causing a

context switch, an /O mterruption signal causing a context switch or multi-threading activity
30 of a plurality of programs (in a multi-threaded environment), for example. Preferably a

context switch action saves state information about a currently executing program and then



Preferably addresses that an application program "sees" are often referred to as virtual addresses.
Virtual addres%%szarﬁggﬂletimes referred to as "logical addresses" and 81;[ %l{\)/l% /&gggresses". These
virtual addresses are virtual in that they are redirected to physical memory location by one of a variety
of dynamic address translation (DAT) technologieséacluding, but not limited to, simply prefixing a
virtual address with an offset value, translating the virtual address via one or more translation tables,
the translation tables preferably comprising at least a segment table and a page table alone or in
combination, bepreferdbfyithvosednie mdtibtetvguing angentiokpbiftitg tdaherpemeaabie. In the
zIArchitecture(y). iRy QLEANSRIPRILAPHAed. Naldng. aisGIRNJIrtdaRlRya region second

table, a region third table, a segment table and an optional page table, The performance of the
address transPAfBR IS SRENTATDIBVRET Y RN B ARSHBITSERALES BrifeietTiass Wich comprises
entries mappiagia,tuskadaidssdoiabassiociatedrphiysiedlrdbmemanyniocationefeiemtries are

created when (e DA, a0slales A ViRl addiess usipa e Tanslalion ablss, Subseauent use of the

virtual address can then utilize the éntry of the fast TLB rather than thé slow séquential translation
table accesseOFEBCHEAY RS R (FSFRLEER PsoacodtivtiGriebiacamertalddrithirgsifluding LRU
(Least Recentlygdsehationthe case where the processor is a processor of a multi-processor system,
each processor 20has responsibility to keep shared resources, such as I/0O, caches, TLBs and

memory, interjogked.for coharensu-TunicaliinsnPaRTiarnRlagieswilble wilizednmaintaining

cache coherency. In a snogp environment, each cache line may bc marked as, being in any one of a
shared state, BAYEXEISHAL Lrapeds t%ﬂ%?ﬁ'@‘?éh@fé%l?eawlimﬁiﬂl R Sh T HETTRERP T to facilitate
sharing. 251/Granits 6054 (Fds r&tprisiittecthBoiie pessop witkitmeansio patpashingstecperipheral

devices includig;(pns isc. ALAIeI8, ispIaYS: AU SRS IOC ARSI B Aften

presented to the computer program by software drivers. In mainframes, such as the System z(r) from
IBM(r), channBrilisdpteitsnt apBaddstappsrfisieidaa rprendhitshsritsausiammantéitaat provide the
communicationsnhgiwendferongaing. systemoanid patpbeialogenieemaWrovided by a _
2011/160704§>CT{EP2010/0(gztgJﬁ%tlQS Further, ofher types of computing environments can benefit from

e LSC{ anfl me Of & Com o a%‘lnste S an .
one or more asﬁec S0 e presen Ihvention. As an ex ple, an environment may include an

emulator (e.g soTlifes br therréhshiaritien lmiechamsemsytif wWiich ey tharsrastnidefiues (including,
for instance, instiGiQRIEXEFHIIRR ey chitastas funclions reslchiss R s d@NskatiRLJand architected
Sregisters) or 3 SHSE! Sraelie STRSHh{C: 000 B NRING CRTRUIENSY IR DN, 2

typically implies a location in main memory (main storage) unless otherwise indicated.

Referring to FIG. 21C, a processor accesses storage using a load/store unit 5060. The

20 load/store unit 5060 may perform a load operation by obtaining the address of the target
operand in memory 5053 and loading the operand in a register 5059 or another memory
5033 location, or may perform a store operation by obtaining the address of the target
operand in memory 5053 and storing data obtained from a register 5059 or another memory
5053 location in the target operand location in memory 5053, The load/store unit 5060 may

25 be speculative and may access memory in a sequence that is out-of-order relative to
instruction sequence, however the load/store unit 5060 is to maintain the appearance to
programs that mstructions were executed in order. A load/store unit 5060 may communicate
with general registers 5059, decode/dispatch unit 5056, cache/memory interface 5033 or
other elements 3083 and comprises various register circuits, ALUs 5085 and control logic

30 5090 to calculate storage addresses and to provide pipeline sequencing to keep operations in-

order. Some operations may be out of order but the load/store unit provides functionality to



processor and memory). In such an environment, one or more emulation functions of the emulator can

implement one or more aSJ)ects of the present invention, even though a com%)uter executing the

emulator mang\izé}%ﬂc?fﬁgrent architecture than the capabilities being ehOlAEH KE TR example, in

emulation mode, the specific instruction or operatiof410being emulated is decoded, and an appropriate
emulation function is built to implement the individual instruction or operation. In an emulation
environment, a host computer includes, for instance, a memory to store instructions and data; an

instruction fetelrluritdofetChriks rpotions fooppraetdry ranghdo eploiellycqrovitedodal buffering for the
fetched instrugtipn: aniinsiryction degode unit to 15receive the fetched instructions and to detelmine
the type of instructions that have been fetched; and an instruction execution unit to execute the

instructions. Exegylion may. ineludeJoading, data iaig,a.edister figm memory: Storing data back to
memory froma register; or performing Some tyae% arithmetic or logica operaflon, as determined by
the decode ursddipsisne Eixam pldresshgrristimpleniermet i Shitivelreldrspasistancelfariéroperations

beings20perfosmaed by thesiRits-ake Amﬁa%&aﬁk@a%&mw&wm%mﬁgwm emulator software.
More particular%ﬁé%z mainframe, architected machine i structi%r]és are used by programmers, usually

today "C" prodf PSRNy S 0AD BF S PP A Eao R T AL Pt U B SPed in the
storage mediumlrdang Jetexe toticet hatiehfyinrafRbz Architelctdnets) WBMnoSemveriuer alternatively in
machines execyling; Q! ACIGRINIE S IR CABRE ATHiaiadhts e exisiing Andi future IBM(r)

mainframe servers and on other machines of 1B1M(r) (ge.g., Power Systems servers and System x(r)
Servers). Thelr &ar e aiiad thisi criiee R R GABRES B IvBaS A B 6P BIPRHines using
hardiware mapuitciiredhbydBMeratteh (theAMBEyanthothels pBesitkds exeaeution on that hardware

3ounder a ZIAJIMESILIG) HLGAMNEHSER A RN S MASINGS WEh de ATLIalgn.Py Heroules

(see www.hercules-390.0rg) , or FST (Fundamental Software,
2011/160704PETERYIS1 10870 hordble, a segment table and an optional page table. The

performance of the address translation is often improved by utilizing a tranglation lookaside
buffer (TLB) which comprises entries mapping a virtual address to an associated physical
15 memory location. The entries are created when the DAT translates a virtual address using
the translation tables. Subsequent use of the virtual address can then utilize the entry of the
fast TLB rather than the slow sequential translation table accesses. TLB content may be

managed by a variety of replacement algorithms including LRU (Least Recently used).

In the case where the processor is a processor of a multi-processor system, each processor

20 has responsibility to keep shared resources, such as /0, caches, TLBs and memory,
interlocked for cohercncy. Typically, “snoop” technologies will be utilized in maintaining
cache coherency. In a snoop environment, each cache line may be marked as being in any
one of a shared state, an exchusive state, a changed state, an invalid state and the like in order

to facilitate sharing.

25 VO units 5054 (FIG. 20) provide the processor with means for attaching to peripheral
devices including tape, disc, printers, displays, and networks for example. /0 units are often
presented to the computer program by software drivers. In mainframes, such as the System
2" from IBM®, channel adapters and open system adapters are /O units of the mainframe

that provide the communications between the operating system and peripheral devices.



www.funsoft.com), where generally execution is in an emulation mode. In emulation mode, emulation
software is executed b(y a native processor to emulate the architecture of an emulated Jrocessor. The
) WO 2011160704 . . itheh GHER2010/06701 :
native processor typically executes emulation software comprising either firmware or a 5native
operating system to perform emulation of the emulated processor. The emulation software is
responsible for fetching and executing instructions of the emulated processor architecture. The
emulation software maintains an emulated program counter to keep track of instruction boundaries.
The emulatiofstiftwatbenigyfetoty opetiog merermulated mzdhifennstroctions apatimetand convert

the one or mqje emulatedonachine insiiuctionsta, A-lRear e sRanding groun ot nativa machine

instructions for execution by the native processor. These converted instructions may be cached such
that a faster cUR/BTSIIM BAATTRSREBIMDlih & N Seivthistin airy the erntladise L5HHE% s to maintain
the architectusistrutesofthewmulaiédqpro fessonarhbiiectdksotandatassuie operatiat systems and

eppligations wilien {PLihe Smulalesrenesses anersts conecifunemers ine.emulaton software

is 15to provide fesources identifie the emulated processor architecture mc_ucﬁr?'g, but not limited to,
control registé¥SCeiepictal parstEk fagisters cvaRicpbRicreiee smalamicadireestiansiation
function includingsegmentirblas antbpage: lables tanexamphereisaptvaesapisms, context switch

mechanisms, Time of Daé{; TO gclo ks and rchit%ctt]pd 'inter{laces to 1/O subs SI;[ ms such that an
. onn;lpu’{er exe tngt cmulator mayz%ge aqai erept arc HCC’E%@ than t%\e aga iI1ES
operating sysfe or an application program esignedto run on the emulated processor, can be run

on the native prosesgdtbdvikptitewmpiationsofvaracde spe sificiivstrsitivnhbeingeerenated is
decqged, andya;subrpulingiisicivg o Parionn thedunglianefiha:ndvidugldnsiiatiansAn emulation

software function gﬁagl,ating a function of an emulated processor is implemented, for example, in a "C"

subroutine or BFVEM G SEEEIRR GRRF#i¥thod of providing a driver for the specific hardware as will be

within the skill of those in the art after understanding the description of the preferred embodiment.
Various softwHya S Hpanareoamtiiatdn haremy shiiadsy, BURHEthItBEeY IS SPters Patent No.

5,551,013, entitlestiMultipr aerssomian e EmuiRtionnsty-Beauseeieinl anhU.S. Letters
Patent No. 6,009 2{9% entltlgedioclf;ﬁp d Targtet Routines Eor OE ulat%g% Incompatible

. 0 ‘tld.F , PEQVEH u%ecr:essfin h%ft‘esiig%lé% ntsj on. an zn]g_g ction dec .
Instructions onpa_ argel rocessor", y Scalzl 6t & ;_and .S. Le_tters f;\tientn 8- B574,873, entitled
"Decddding Guestitashaictibade fivedens Artesterrminationtyyvof 26116 O#PeT/FP2010/067019 67

fetched; and an instruction cxecution unit to cxecute the instructions. Execution may include
loading data into a register from memory; storing data back to memory from a register; or
performing some type of arithmetic or Jogical operation, as determined by the decode unit.
In one example, each unit is implemented in software. For instance, the operations being

20 performed by the units are impiemented as one or more subroutines within emulator

software.

More particularly, in a mainframe, architected machine instructions are used by
programmers, usually today “C” programmers, often by way of a compiler application.
These instructions stored in the storage medium may be executed natively in a

25 z/Architecture®™ IBM® Server, or alternatively in machines executing other architectures.
They can be emulated in the existing and in future IBM® mainframe servers and on other
machines of IBM® (e.g., Power Systems servers and System x* Servers). They can be
executed In machines ruming Linux on a wide variety of machines using hardware
manufactured by IBM®, Intel®, AMDm, and others. Besides execution on that hardware

30 under a z/Architecture”, Linux can be used as well as machines which use emulation by

Hercules (see www hercules-390.0rg) , or FSI (Fundamental Software, Tnc) (see



Routines that Emulate the Guest Instructions”, by Davidian et al; and U.S. Letters Patent No.
6,308,255, entit(l)e%}:‘ﬁ Brjirgetrical Multiprocessing Bus and Chipset Used f% CI:,o Iacesgor Support
Allowing Non-RdVE'E8de to Run in a System", by Gorishek et at and J S EEHtErS Patent No.
6,463,582, entitled "Dynamic Optimizing Object Co6é Translator for 5Architecture Emulation and
Dynamic Optimizing Object Code Translation Method", by Lethin et al; and U.S. Letters Patent No.
5,790,825, entitled "Method for Emulating Guest Instructions on a Host Computer Through Dynamic
Recompilationvef-fostlihstms tionst goyeBlly frautioandimaryrothiérs mildstiateralvagietyodé.known ways
to achieve emullafion a0 RS UctoRfosmal architeeled fo5 aitfereRbmAching (7.4 target machine
available to those 10skilled in the art. In FIG. 22, an example of an emulated host computer system
5092 is provid8tH e BRAGHREs a host computer system 5000' of a host architecture. In the emulated
host computer system 5092, the host processor (CPU) 5091 is an emulated host processor (or virtual
host processorer eansises ErieiHltatatep poBeaser S 693 avinRy s ffehehfimative Mstruction 15
set architectupg: thaspthahofheRreGRsERM 2091.0d1he hoshrampuiet BP0 THheemuwated host
computer systeg 5092 has mgl[yg)r 5094 ac%essible to.the emulat}(%gepgl)]ﬁ,es or 5093. In the example
is

embodiment, e e SRPBBOAS P AT it WS ESRTHLRE P hisHiBH) 456Htidn and an
emulation rowinks:8087 pbertionlaice fudstacompotensne rmorais0 96 isaaveilaivte ttokpepdresins of the
emulated hostenmpHieh BOSRACSOFAIPGFRIRRST CORMRURE 2Qarchlle slurerThe Ry akaR.Processor

5093 executes native instructions of an architected instruction set of an architecture other than that of

the emulated BrELELSA5BE TS KABE RS POE Ao ST B PP B RSTSHYB UBes memory 5007,
and rhay accessraiodinggtruptidmiorexediitioimfnomia pfegraruiivhbsticanmterorsymory 5096 by

employing ong,ar mare nsfrytion(s) abtained in 2 SeAente.& acgessidacads foutine which may

decode the 25host instruction(s) accessed to deteimine a native instruction execution routine for
emulating the#fsAeabphet thiorEEsirditbtibh e ionie SFCItiBL thike AFehHefiHEd¥sF the host
computer systgmdbafdaamrchitesivextayda e Wateddy-aghitagieskianct ivsppusinrss including such

facilities as genegal purpose rpgeigters, control re ister§ d)ipamic address translation and.l/O
WrIttell for the emulated processor fedgera COITCC ]¥ urtherfn?.re t%eoemu aron so Wai‘f 5]
subsystem support and processor cache, for example. The emulatioh 30routines may also take

advdAtage of fupexidtes woniRebldantifind brildativHaprdpessHO59BIsHER Belybrb il jisters and
dynamic transiatien ©f Mikel RELIesSRaMN HNPEQY W Qs2Ad O RARESIERRAA/967019 68
performance of he_emulationéﬁlﬁjtjnes. %ecial harc{w%li]e an off-I? g e %ines may ?Iso tt)e provided to
assist the prof&Eey BHYS IR HIGHLGHE YR S Bf o Rt F’l‘bs?%%m%ﬁ OO0, THE e Minology used
herein is for tnegumose afitessrbihgrpertioste: €mibedienidhlylocks and architected

interfaces to /0 subsystems such that an operating system or an application program
20 designed to run on the emulated processor, can be run on the native processor having the

emulation software.

A specific instruction being emulated is decoded, and a subroutine is called to perform the
function of the individual instruction. An emulation software finction emulating a function
of an emulated processor is implemented, for example, in a “C” subrouting or driver, or

25 some other method of providing a driver for the specific hardware as will be within the skill
of those in the art after understanding the description of the preferred embodiment. Various
software and hardware emulation patents including, but not limited to U.S, Letters Patent
No. 5,551,013, entitled “Multiprocessor for Hardware Emulation”, by Beausoleil et al.; and
U.S. Letters Patent No. 6,009,261, entitled “Preprocessing of Stored Target Routines for

30 Emulating Tncompatible Instructions on a Target Processor”, by Scalzi et al; and U.S. Letters

Patent No. 5,574,873, entitled “Decoding Guest Instruction fo Directly Access Emuiation



and is not intended to be limiting of the invention. As used herein, the singular forms "a", 5"an" and

"the" are inte gto [ e the plural folios as well, unless the context ¢ indi s otherwise. It
will be furthé'rn‘gﬁ glrgt{(%gjgghat the terms "comprises” and/or "comprisinghgé%v?%%g%%gﬁ% this

specification, specify the presence of stated featurds, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of one or more other features, integers,
steps, operations, elements, components 10and/or groups thereof. The corresponding structures,
materials, act8oaimtedeivaieits dkdivnsebnsionste)p plidfihotionklew &his lintttre Bigimddelow, if any,

are intended peludecatatugiiEateHialy ek ashiorRerRrmpddhe.nGteRincambinarion with

other claimed elements as specifically claimed. The description of the present invention has been
presented for PEASESe LS IS NEREHEH G GEEBtior SHR is Mt IHEEAE ¢ i BEERETIE Ve or limited

to the inven_tiqmimth&e.f&mcﬁ&nlesﬁﬂ;dl\?ﬂamamiomﬁﬁmﬁhmg@mdcy@aﬁwnmglw{bbﬁ;zapparent to thqse of
ordingry skill .t SR AERAEIE R ANR SRR NG SRIGL oL MG IRKRARR, The embodiment

was chosen and described in order to best explain the principles of the invention and the practical
application, ah8%8 éhdbabthers SreyBatey Skilt IRM e afttbithddstieth @ thevbifeentish for various
embodiment Withwaiiaussmerificalinns-ad e glilechte d ke pagititian usEGonernptated b9 CLAIMS

1A computer}prograrp(fr&)duct f%cgn olling inteirupt rocessing‘ip a omeputirL environment, the

TIC TTail nd many otners, Husirate a varigly o6 Known ways 10 achicve ¢rxarion of an .
computer program product coPﬁpnsmg: ~_anon-transitory com u?er. readable storage medium
readable by alptoEaesifigseirEeliitemd S0 ddiTmsttuetidis for essetitiorbyetheirleéssing circuit for
perfegming a gpathpg gRMprising: determining that a CPU-facing pending indicator has been set
indicating an interrupt request by an adapter of the computing environment;

In FIG. 22, an example of an emulated host computer system 5092 is provided that emulates
a host computer systern 5000" of a host architecture. In the emulated host computer system
5092, the host processor (CPU) 5091 is an emutated host processor (or virtual host
processor) and comprises an emulation processor 5093 having a different native instruction

15 set architecture than that of the processor 5091 of the host computer 5000". The emulated
host computer system 5092 has memory 5094 accessible to the emulation processor 5093.
In the example embodiment, the memory 5094 is partitioned into a host computer memory
5096 portion and an emulation routines 5097 portion, The host computer memory 5096 is
available to programs of the emulated host computer 5092 according to host computer

20 architecture. The emulation processor 5093 executes native instructions of an architected
instruction set of an architecture other than that of the emulated processor 5091, the native
instructions obtained from emulation routines memory 5097, and may access a host
instruction for execution from a program in host computer memory 5096 by employing one
or more instruction(s) obtained in & sequence & access/decode routine which may decode the

25 host instruction(s) accessed to determine a native instruction execution routing for emulating
the function of the host instruction accessed. Other facilities that are defined for the host
computer system 5000 architecture may be emulated by architected facilities routines,
including such facilities as general purpose registers, control registers, dynamic address
translation and 170 subsystem support and processor cache, for example. The emulation

30 routines may also take advantage of functions available in the emulation processor 5093

(such as general registers and dynamic translation of virtual addresses) to improve



presenting the interrupt request to a selected operating system, the 10 selected operating system to

process one qE mare set avent indicators corresponding to the interruptlggg}t(;%l%gu%e or more other
set event indicators corresponding to one or more other interrupt requests; resetting, based on the

presenting, the CPU-facing pending indicator indic&fing to one or more processors that an interrupt
request is not pending, 15 wherein a hub-facing pending indicator remains set to indicate to a hub an
interrupt is already presented and to suppress other interrupt requests from being made pending;
resetting the BaBoraEnig pehdirrguatioamiiinsasSacon! dehupyaid eficlmeonsise ety diole another

interrupt requggtig-BemadeRepdingdhaehangs. 28:-p womitelimaderbasadanpa:deesmination that
event notifications are arriving at a rate faster than can be currently handled and that another interrupt

request is o b, pressnied ALQWIRG.AL eRSLANG ST PIOGESAA O RIAGPERRRLAYROLcators;

determining that the CP g@gendl_ng indicator has been set 25indicating another interrupt request
has been mad&dgealiftcidkd torer SradmgidhesRitRe AmtssfUt B e sie bR & BPerating system of
one @ more opftatifgisySiemsended & ildiedeampliar pragram-grogiiesafictaimst sdagrein the one or
more set event d’nd@cat Is comqgi‘sv : Ioor%efug{hg%%ggg(p& reyent ti,}{rzl}gli‘cators.se‘t, I(,Ql 3gradapter interruption

1C4TES OTHETWISE S CONNTISSS .
vector 5 accessible to the selecte operating system, the adapter interruption vector corresponding to

the adapter armPiriEistied Hhanwerhip Sromeoiqisre weaprehimsrenprionwestéid aetessible to the

selected operaig:gystiloperaticns] BRHAMPHEbIOGFaR R0 G Abelalue Wb prelmEaeCPU-facing
pending |ndlcg§%r115 s%t |nd|cat|ng %Elé)t er mterru%t re&uest based onlthe selected operating system

10 determining KPR TATS 2 R |n¥efr:|@ﬁ% InAIEaTorS e %%G]Ir'%‘éi(}sfléqt e%(énbsré: S88E; Hy the selected
opeldting systefpegtawdtherddfined value or event indicators to be processed have been processed.
4. The computer program product of claim 3, wherein the CPU-facing pending indicator is set based

on an instructinie tesiteshhiiith ensetecie chapaiRiingssystequiesatiing thencans or step plus

function clements in the claims below, if any, are intended to include any structure, material,
or act for performing the function in combination with other claimed clements as specifically
claimed. The description of the present invention has been presented for purposes of

15 iltustration and description, but is not intended to be exhaustive or limited fo the invention in
the form disclosed. Many modifications and variations will be apparent to those of ordinary
skill in the art without depariing from the scope and spirit of the invention. The embodiment
was chosen and described in order o best explain the principles of the invention and the
practical application, and to enable others of ordinary skill in the art to understand the

20 imvention for various embodiment with various modifications as are suited to the particular

use contemplated.



15hub-facing pending indicator and based on the another interrupt request being issued by the
adapter resulting in the setting of the hub-facing pending indicator reset by the instruction. 5. The
computer program product of claim 4, wherein the method further comprises: receiving by a hub
coupled to the adapter the another interrupt reque&® and 20based on receiving the interrupt request,
setting the CPU-facing pending indicator and the hub-facing pending indicator. 6. The computer
program product of claim I, wherein an interrupt&qu@%gde for the adapter as set by the selected
operating system is a single interruption mode, and wherein the presenting the interrupt request
automatically changes the interruptions mode to a no 25interruptions mode, the no interruptions mode
resulting in the fesettinty ofotingusP Upkacirgpendigtindicacontrdliing  ifiteTigtcomypatemgragram

product %ﬁ{?ﬁﬂxﬁg wherein éﬁﬁ {Hg_e(gg%%;{gdggg% g{ﬁﬁggﬁ%rm%@%m .tion subclass and applies to a

plurality of processors, and wherein t [ ude Interruptions subclass. 8. The
computer program product of claim 7, wherein the interruption subclass 5exclusively includes one type

of adapter, and wherefh tRB-TFRBHGBY GiReRiBEe Redatfopigraesy pedransndble by a processing

5 circuit and storing instructions for execution by the processing circuit for performing a

method comprising:

determining that a CPU-facing pending indicator has been set

indicating an interrupt request by an adapter of the computing environment;

presenting the interrupt request to a selected operating system, the
10 selected operating system to process one or more set event indicators
corresponding to the interrupt request and one or more other set event

indicators corresponding to one or more other interrupt requests;

resetting, based on the presenting, the CPU-facing pending indicator

indicating to one or more processors that an interrupt request is not pending,

15 wherein a hub-facing pending indicator remains set to indicate to a hub an
interrupt is already presented and to suppress other interrupt requests from

being made pending;

resetting the hub-facing pending indicator, based on a change in a

control mode to allow another interrupt request to be made pending, the change

20 in control mode based on a determination that event notifications are arriving
at a rate faster than can be currently handled and that another interrupt request

is to be presented allowing at least one other processor to process set event

indicators;

determining that the CPU-facing pending indicator has been set

25 indicating another interrupt request has been made pending; and



9. The computer program product of claim 1, wherein the selected operating system is a guest
operating system and the CPU-facing pending indicator and the hub-facing pending indicator are
stored in a guest interruption state area in host memory. 1010.A computer program product of
controlling interrupt processing in a computing envrr%nment, the computer program product
comprising: _..a ngn-transitory computer readable storaIga .medium reasdable by a processing circuit
and storBq IReH Uz H0RS IS Eke E%PSH? by o TS SrEE Y S5aPrShntRg grn‘}’éﬁE%d)%%ﬁ%l %sing:
15preseﬁfi%r18n§?1 interrupt request by an adapter of the computing enviromnent to an operating system,
the operating system r ne_or mor , t indicataors corresponding to the interrupt
request, and W%%rein ?ﬁn%gﬁi%ﬁéﬁg %&%ﬁ%&%ﬁ%@%%%‘p%ﬁ? %{:gs{%gi% ﬁ‘%%&%i%rﬁs%g&%%?and
based onndiegtresepmimegsawionoaticalty ahatginyaitaidiertoptkmsmandel @0esettionghtéondapter to a no
integuptions.Jpie.erein anpUe ierupk iRayestds.pel rssented fo s preraling eislem but
event indicators for one or more other interrupt réquests Bre setto be processed by the opé€rating
system. fik Feptormpdtechdygranapductdboiim morevddentin themethodferthsraccesshiprises
changinqhtggeilgg%g.l i&gﬁr{gg %l?&ck to the single interruption mode, based on a 25detelmination that
other interrupt requests are ot being processed timely. 72 12.A computer system for controlling
interrupt processing in a computing environment, the computer system comprising: a memory; and

a processor in commuhRGESHSWIh RFETHEIAIUGineh sldthel corhprisiar hystenl Sreesnnentod o
perfoon gmethadissaidimethodCoMRISIRkerrupt request, based on the selected operating system

10 determining that a rate at which interrupt indicators are being set to be processed by the
selected operating system exceeds a defined value or event indicators to be processed have

been processed.

4. The computer program product of claim 3, wherein the CPU-facing pending
indicator is set based on an instruction issued by the selected operating system resetting the
15 hub-facing pending indicator and based on the another interrupt request being issued by the

adapter resulting in the setting of the hub-facing pending indicator reset by the instruction.

5. The computer program product of claim 4, wherein the method further

comprises:
receiving by a hub coupled to the adapter the another interrupt request; and

20 based on receiving the interrupt request, setting the CPU-facing pending

indicator and the hub-facing pending indicator.

6. The computer program product of claim 1, wherein an interruptions mode for
the adapter as set by the selected operating system is a single interruption mode, and wherein
the presenting the interrupt request automatically changes the interruptions mode to a no

25  interruptions mode, the no interruptions mode resulting in the resetting of the CPU-facing

pending indicator.



determining that a CPU-facing pending indicator has been set indicating an interrupt request by an
adapter of the computing environment; presenting the interrupt request to a selected operating
system, the selected operating system to process one or more set event indicators 10corresponding to
the interrupt request and one or more other set evért indicators corresponding to one or more other
interrupt requesés; setting, in response to gwe prfers ntin%, the CPU-facing pending indicator
indicating to oné ‘or mor8%5tSEBELH PTREFEh RRISHTU R 8%’6‘@3 iSRGt PR BB B SRR fScing
pending kedi¢atanmremeaing et touindigaterdo apbbltian ipleriupt isfahoasiaresantediandtoisappress
other interrupt requests from gein made penqain : resetting the hub-facing pending indicator,
based or?éaé)%lﬁf;gl?iu}ég’ﬁt? f ARGIE RS S & BBt er interrupt request to be made pending, the
change in control mode based on a deteunination that event notifications are arriving 20 at a rate
faster than can Be curfEmtlydrapatiedpangt thapambtttes infeirupt, refussh ihto ihepresentedballewing at

Ieas[sone otper rocessor to process set event indicators:. .. deteunining that (tgliue.CP -facing pending
eas f % : .
indicator Ras been set |1r11((§f8a(ﬁﬁag %ﬁfe% |ﬁ?%?¥h%?‘£‘a§%rsétl géeblgeeﬁm éléggspglr? |?1és; ahd %{pﬂrgetsentlng
the anottgrdmtBadaptaequest to one operating system of one or more operating systems. 73 13.

The computer system of claim 12, wherein the one or more set event indicators comprise one or more

adapter event indicatorg, seL i, A QIaRISHLIRIGHURHL Y eGIRRAGCaR IRl Qe SeleCied RPRTRINT
system, the adapter interruption vector corresponding to the adapter and included in an arrayof one or
more adApHSHInte i EPENOVEEBRE areensitig thatdseleetng Boperatingieyistennd the hb-Tasengomputer
system lelgifn: huivdsrah (e R fackependieindiaierlsissodiaiag another interrupt
request based on the selected operating system determining that a rate at which inten-upt indicators
are being set to be processed b%/ the selected operating system exceeds a defined value or event

indithtors to be Yocesie FHARE HedHqsdresBEAUH 1 8T TRV B Be FEGEEth Srersitings, Wharein the
CPU-facingnpendihenineieatentSthe computer program product comprising:

a non-transitory computer readable storage medium readable by a processing
circuit and storing instructions for execution by the processing circuit for performing a

method comprising:

15 presenting an interrupt request by an adapter of the computing
environment to an operating system, the operating system to process one or
more set event indicators corresponding to the interrupt request, and wherein

an interruptions mode set for the adapter is a single interruptions mode; and

based on the presenting, automatically changing the interruptions mode
20 set for the adapter to a no interruptions mode, wherein another interrupt request
is not presented to the operating system but event indicators for one or more

other interrupt requests are set to be processed by the operating system.

11.  The computer program product of claim 10, wherein the method further
comprises changing the interruptions mode back to the single interruption mode, based on a

25  determination that other interrupt requests are not being processed timely.



set based on an instruction issued by the selected operating system resetting the hub-facing pending
indicator and based on the another interrupt request being issued by the adapter resulting in the
setting of the hub-facing pending indicator reset by the instruction. 16. The computer system of
claim 15, wherein the method further comprises: 15teceiving by a hub coupled to the adapter the

another interruqtzrequ st; and based or}receigjcg the intgrru%ire uest, setting the CPL#.-facing

pending indicator ‘and ecﬂlﬁjlgj%geéinsgspglﬁldinogr indica ol%?lg v hgrcé):‘raﬁy%iﬂ?l%rlélysatecr:rtl)r(}:rﬂp cIAim 12,

wherein exvintemaptjohs conge thorstheadameriasiget by the selected operating system is a single
interruption mode, and wherein the 20 presenting the interrupt request automatically changes the
Jinterruptions mode to g&grﬁgg;’rgggons mode, the no interruptions mode resulting in the resetting of
the CPU-facing pending indicdtor. 18. The computer system of claim 12, wherein the selected

operating system is a guest operating system and the CPU-facing pending indicator and the
hub-facing pending 25HRIRGHSPAHE CBYEYHFAIGHE S EIFUPRHON SN SR TherfosePHEh SYiem 4

19. 4 method ofscontrling iBEHRLPHOGRERINTH BamRUERgReNment, the method comprising:
determining, by a processor of the computing environment, that a CPU-facing pending indicator has
been set indicating an interrupt request by, an adapter. of the 5computing environment; presenting,
by the processor, the interrup SHegtRRE glgtelé‘ct(gﬁb%%ﬁ%g%‘i%%ﬁ f%] 1St aso;’)beereéiins tsystem
to process one or moradehaugnhindieaipr sccprradpondidgiethe intermplrag astandmene or more
other set event indicators corresponding to one or more other interrupt requests; 10resetting, based on

the presenting, the CPU-faci IS gi gt' dlg t%' d}g i ope QL mare processq tttl,}fi‘t an interrupt
request is not pending, wheng)?rﬁ3 %lﬁurfg-faﬂgng %ené{iang ﬁg |ca%r re%rr?aélns setlgtjo ian%'s%atge% to a hub an
interrupt is already preséetied armbtetisgppressiother pnveeriptregwestsdronsiieiagemadslivetding;

resgiting the hub-facing, pending NAIEAAL, BASGA.BP R5HAN9EE BLOUWOMBRAIG ther set event

indicators corresponding to one or more other interrupt requests;

resetting, in response to the presenting, the CPU-facing pending

indicator indicating to one or more processors that an mterrupt request 1s not

pending, wherein a hub-facing pending indicator remains set to indicate to a

15 hub an interrupt is already presented and to suppress other interrupt requests

from being made pending;

resetting the hub-facing pending indicator, based on a change in a
control mode to allow another interrupt request to be made pending, the change
in control mode based on a determination that event notifications are arriving

20 at a rate faster than can be currently handled and that another interrupt request
is to be presented allowing at least one other processor to process set event

indicators;

determining that the CPU-facing pending indicator has been set

indicating another interrupt request has been made pending; and

25 presenting the another interrupt request to one operating system of one

Or more operating systems.



15 to allow another interrupt request to be made pending, the change in control mode based on a
determination that event notifications are arriving at a rate faster than can be currently handled and
that another interrupt request is to be presented aIJé wing at least one other processor to process set
event indicators; determining, by the processor or another processor, that the CPU-facing

20pending indigator ha been et indisating-anathes ISR [egusstwas made pending: and
presenting, by the processor or another processor, the another interrupt request to one operating
system ghoneier mnerer operatidgrsystems indicaR@s Themethddppéciatmris evhereior the#blefacing

pending jndicator is set 25indicating angther.interrupt request based on the selected operating system
Ceterm i e G e R R R e
operatingrslystemiek ce ed sragefihedt valveor alaphtindicatptstobetprocesssbhavelisesneptatessed.
21.T§we rge(t}pa%dnofqu@gg 19, wherein an interruptions mode for the adapter as set by the operating
selected gysten‘igiéya single interruption mode, and wherein the presenting the 5interrupt request
automatically changes the interruptions mode to a no interruptions mode, the no interruptions mode

resulting in the FésettifgdfoPERPUTseY belathAnicaep the CPU-facing pending indicator is

set indicating another interrupt request based on the selected operating system determining
that a rate at which interrupt indicators are being set to be processed by the selected operating

system exceeds a defined value or event indicators to be processed have been processed.

10 15, The computer system of claim 14, wherein the CPU-facing pending indicator is
set based on an instruction issued by the selected operating system resetting the hub-facing
pending indicator and based on the another interrupt request being issued by the adapter

resulting in the setting of the hub-facing pending indicator reset by the instruction.
16.  The computer system of claim 15, wherein the method further comprises:
15 receiving by a hub coupled to the adapter the another interrupt request; and

based on receiving the interrupt request, setting the CPU-facing pending

indicator and the hub-facing pending indicator.

17.  The computer system of claim 12, wherein an interruptions mode for the

adapter as set by the selected operating system is a single interruption mode, and wherein the

20 presenting the interrupt request automatically changes the interruptions mode to a no
interruptions mode, the no interruptions mode resulting in the resetting of the CPU-facing

pending indicator.

18.  The computer system of claim 12, wherein the selected operating system is a
guest operating system and the CPU-facing pending indicator and the hub-facing pending

25  indicator are stored in a guest interruption state area in host memory.
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19. A method of controlling interrupt processing in a computing environment, the

method comprising:

determining, by a processor of the computing environment, that a CPU-facing
pending indicator has been set indicating an interrupt request by an adapter of the

computing environment;

presenting, by the processor, the interrupt request to a selected operating
system, the selected operating system to process one or more set event indicators
corresponding to the interrupt request and one or more other set event indicators

corresponding to one or more other interrupt requests;

resetting, based on the presenting, the CPU-facing pending indicator indicating
to one or more processors that an interrupt request is not pending, wherein a hub-
facing pending indicator remains set to indicate to a hub an interrupt is already

presented and to suppress other interrupt requests from being made pending;

resetting the hub-facing pending indicator, based on a change in a control mode
to allow another interrupt request to be made pending, the change in control mode
based on a determination that event notifications are arriving at a rate faster than can
be currently handled and that another interrupt request is to be presented allowing at

least one other processor to process set event indicators;

determining, by the processor or another processor, that the CPU-facing
pending indicator has been set indicating another interrupt request was made pending;

and

presenting, by the processor or another processor, the another interrupt request

to one operating system of one or more operating systems.

20. The method of claim 19, wherein the CPU-facing pending indicator is set

indicating another interrupt request based on the selected operating system determining that a
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rate at which interrupt indicators are being set to be processed by the selected operating

system exceeds a defined value or event indicators to be processed have been processed.

21.  The method of claim 19, wherein an interruptions mode for the adapter as set
by the operating selected system is a single interruption mode, and wherein the presenting the
interrupt request automatically changes the interruptions mode to a no interruptions mode, the

no interruptions mode resulting in the resetting of the CPU-facing pending indicator.



