WO 2011/ 160704PCT/ EP2010/ 067019 1 CONTROLLI NG A RATE AT WHI CH ADAPTER

| NTERRUPTI ON REQUESTS ARE PROCESSED BACKGROUND This invention relates, in
general , wo 20ntoToupt i on processing within a conputing Pemm@re@nmer™iy and in
particular, to controlling processing of interruption requests generated
from adapters of the conputing environmknt. In sone conputing environnents,
such as those based on the z/Architecture(r) offered by International

Busi ness Machi nes Corporation, Arnonk, New York, interruptions requested by
i nput/output (I/0O adapters are assigned to interruption subclasses. These

subcl assescONTROEEENG A KA TRHNPWAICHWPAPATER IRTERHTETIONEOPESARS for
processing by an operating systemof a processor. In order for a processor

of the conputing environment to pXREFROCESSER erruptions of an

i nterruption subclass (I1SC), the processor is to be enabled for that

subcl ass. d, it may process the interruptions of that subclass,
but not (ﬁ‘&/}gﬁhﬁe@su ljél asses for which it is 15not enabled. Miltiple
processors may be enabled for a subclass, and therefore, multiple

pr ocessorthigtiaye@dnaolaey,ingohdryl, pr deespiiog proetSingupitisin heobmpugngy en subcl ass.
In US Patent No. 7,065,598, issued June 20, 2006, Connor et al., "Method,
System  SAUTQERGTE WddR PRKISHRE AR oM INE MFEEINE 9 MtF Etiog Feqycels geacrated

provi ded (3,82 8,18t HoGe C§1§ﬁﬁﬁ aRsoamtic! e of manufacture for adjusting
interrupt levels. A current systeminterrupt rate at a 20conput ati onal

device is determ ned, wherein the current systeminterrupt rate is a sum of
i nt er r uptln s@ne sompwmgzenyiranatits,sudt ad thoey bagpd o theey Atchiiectange offsredhye

current stemi rrupt, rate i s conpared w at Jeast, one.thresho

ht e rupttbp B SR Corb SRR PhPY Al PRI SRl
conpar i SQf,ingf/outpue (IFQPddapReerahisdthel @Y Rlterhiptiddistisd fde At THRBe dubcREded REe
generating agent of the plurality of interrupt generating agents. 25US

Pt ent  NaSedz fgogstans, inj ygidiginghg/ingerruptions fovmreeasingly & operatingtsyptenpnf a
Processi rﬁgocessor‘

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

interruption 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 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 subclass.

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 computational
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, each
corresponding to a different class of interrupts. A write queue posts servicing required by the

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



System " describes an interrupt processing system having an interrupt

hol ding regi sters, each corresponding to a different class of interrupts. A
wite quewe 2postes7oger vi ci ng required by the interrupt heCaiErgowegiosters. An
interrupt vector register has bit positions corresponding to WO

2011/ 160704PCT/ EP2010/ 067019 2 different classes of interrupts. A read
queue has inputs coupled to the plurality of interrupt holding registers
and to the interrupt vector register. Detection logic is coupled betwen an
arbiter, {ifdeRldie oMihttRuRRIA QA UILERRSnp AP0 IRN GRS SIRFalitPSf infcRdupt

i ndi cati ng when an interrupt has passed fromthe wite arbiter to tﬁe

pr ocessomhplditg regstasstidiy thhmtérnpevedipt regises PEedtion degic pamspdibatvercnapt ; (c)
enabl i ng t.h of, the bit sitions correspondi ng.tq.the detected

hter r uperEs St ] Inch e A RS S R CPEEFESEDH D lshife SBEEL

i ndi cat i ngefrist RSHYIsed REnT Y Writ€aBREr hAhe Sroekkseie (Bdcrdtifd aRSn@fruptdlakr upt ;
and (d) wherein the data stored in the interrupt vector register is passed
t @ t he probeedawssedrnisuypt: {Henpldg thoeireoldhe bit Resitiens qosiesprardagttothe 101 n US

Pat ent . ssued S QQ% al. .. r 1 upt
Paci ng P%eBgFg%ﬁFgﬁéfgg %H%F?ﬁggg ap%gfgﬁéggiggghi?ﬁ%ﬁq#%?hgggP%%%?Fﬁl t he
nunber ofrequitcatchtifol Such dbddcted dlan st @tertupt] anggdpwates the daa Sdcbd @ thé scl osed.

A pacing . unit is used.to register attenpted data transfers (events) froma
dat a t r anEFERPIRFIOT FegisierappisapfitodBrpracesor thraughdhg rad quene pod thejapitefed
thresholqd%kg}t. Wien the nunber of events reaches the threshold linmt, an

i nterrupt I'sS generated to the CPU. BRI EF SUMVARY I n accordance with
an aspect of the present invention, a capability is provided to control how
mehy pr odedSoPacrd™N®. 6@ 61305 exst¢d/Sqeptavles S AG3, Atlescn gpals “Irderrept dlavieg in

interrup uhcl ass nd/ or 20t o contr.ol the rate which interrupts, are
bei g pr L LEaRHaleisApR B 6 elaopforbhfehe b arabfbilRy 1l
advant agesnaefuddt Qteeesh th Rraugly difigosed N ipatial ubth isustBtdRGistR GRS dafa0
claim 1, and correspondi ng system and conputer program product for
cont r ol | itragsferst(eyants tropr & gete siapgfey mmfatomﬁnFU@né compares By vademtout Wsag
envi ron F. DE PTI THE T WO
o o n e ey SRME TinGE SRR bt S et o m&nGTa e dAmehAie

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



ot her objects, features, and advantages of the invention are apparent from
the followi ng detail ed description taken in conjunction with the
acconpanywogodrmuiongs i n whi ch: FI G | A depceiEP2anac®ipodi nent
of a computing environment to incorporate and use 5one or nore aspects of
the present invention; FIG 1B deéicts one enbodi nent of a centra
processi ng conplex in which a host is executing one or nore guests, in
accordance with an aspect of the present invention; FI G 2A depicts

one enmboch® ohicers, Fe%ﬁéi,eéncp&i%thées@f YRV &MoARED Pt fbhetht @(QIOQ\HQ% of FIG

1A, in accordance with an aspect of the present invention; 10FIG 2B
depi ct s ailpddessribiaeti taken inglonfunctidrewitt headdcempdnysysdrewings i whichnd the 1/ 0
hub of FIG 1A, in accordance with an aspect of the present invention;

FI G 2C depicts one enbodi nent of entries of a guest adapter interruption

table (GAIT) ug€dlAcpietYndaRHOJMhdnDoRDcAEPRET @ irbBeite HRBEpokAY 8t 1N,
FI G 2D depicts one enbodi nent of a guest interruption state area (Qd SA

used i n PHaetBRBRFHOEctHPE the DresarigBvantion; t he present invention; FIG 2E
depi cts one enbodi nent of entries of an adapter interruption forwarding

table (AIFT) y5gd;p Bﬁ@%@%Elg@f[?l%g?i\fﬂettlpoﬁpc&%gﬁrg?&%ﬁgQ?rg&[&%ﬁWhiélpé/ﬁ"(mt hon;

FIG 3 depicts one e I men an overvie C to process
nmessage skgnadihgdne ot moragicsBNia acemrdance dviflr omsacapt dregyredent meeaiodance with
an aspect of the present 20invention; FIG 4 depicts one exanple of a state

di agram depi cting e transitions between vari.pous. interruption pr ssi ng
mdes. 1 acodiont dcrlmTa e of frtier BieBatey Rrp e and e TEE o O
depi cts QRB of FOI ATBRLc R dcSRlithlanta8hdcuBE the Prdsemtif®ingiohNst ructi on used in
accordance with an aspect of the present invention; 25FI Gs. 5B-5D depi ct

exanpl es of contents of fields used by the Set Interruption Controls
i st ructi on off1@| 2B depctsjapothecanlbpsmentyif tirthes dawdeef sysfem memepeaithe 1/0

inventio b 0¥\PI(§.01]PE',/ ift QQC%Q&%QJ%%%%%G%@ZP e pf}esent invention;

FIG. 2C depicts one embodiment of entries 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 arca (GISA) used in

15 accordance with an aspect 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;

FIG. 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 aspect 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;



FI G 5E depicts one exanple of an adapter interruption paranmeters bl ock
(AI'PB) used in accordance with an aspect of the present invention;

FIG 6 depocvs/womienbodi ment of the logic to control trReTERR@0AGTOWNI Ch
interrupts are processed, in accordance with an aspect of the present
invention; 5FIG 7 depicts one embodi nefit of the logic to control the rate
at which interrupts are processed by a guest, in accordance wth an aspect
of the present invention; FI G 8 depicts one enbodi mrent of the state
transition di 39625k @fpifik Gne SxdriiIE BEEn SERLE ihBSufAPRkhARk Bk amp®Ne nmode
to another in a virtual environnent, in accordance wth an aspect of the
present iusskemtacorrdank@FYith arogspdepil dtespreseet mybgdinent of a Modify PCl
Function Controls instruction used in accordance with an aspect of the
present inventd@an, . Fl B i n ' of..a ftield d by
Phe a1y paF EUhdEnsh cebReverDefre tRaoh SRORTEh Chan b ridae ™

an aspectprédesdciSinpicesigiiceiwiedit 4speGt of the present inventionl G 9C depi cts one
enbodi ment of another field used by the Mddify PCl Function 15Controls

instruction of FIG 9A in accordance with an aspect of the present
i mvention;  FIG. Fepictypng é@ﬁe@@eah%f BAIRSS Reeptral t%? Fde eb\ﬁhléﬁﬂ@ewpt%\are

functi On,piré‘gegjsreﬁ%ki_a%egl, cha{élcgah% BEch AdpeASHM t Wbt aspect of the

present inventio epi cts one enbodi nent of "an overvi ew of
the logic of the Modify PCl Function Controls instruction, in accordance
wi th an aspectFIGf 8 temctpoes embodimesnef the staRFnGtion Hiageqm of El@refugthbiodi ment
of the I%%i .c.as&oci.tat ed fvrvith are isterthadapter ilnt erru titons og(gatrn?ti on
that may ‘GRCUPREMT IR TOREY O BRGEIR AOH EOHPEIEL T 8P on, i n
accor dang@thMr 43pai 0B 8RefEscf ink&iRioRr esent invention; FIG 12 depicts one
enbodi nent of tﬁe | ogi ¢ associated with an unregi ster adapter

i nterruptions operation that may be sPecifi, ed by the Modify PCl Function
Ght rol s 25i ndlPud idspictsione sabadiaame el yModify PE dpaetiongfontris Wssueion used

i nvent i o e MRA0L ik GRTQARETH FEPRAOL QBTGNS

FIG. 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

15 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 a register adapter
interruptions operation that may be specified by the Modify PCI Function Controls

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

FIG. 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;



FI G 13A depicts one enbodi nent of a Call Logical Processor instruction
used in accordance with an aspect of the present invention; FI G
13B depi cwe 20ne16emobodi nent of a request bl ock used by tireTERRO106TYIT Al
Processor instruction of FIG 13A for a_list operation, in accordance with

an aspect of the 5Spresent invention; 5 FI G 13C depicts one enbodi nent
of a response block for the list operation of FIG 13B, in accordance with
an aspect of the present invention; FI G 13D depicts one enbodi nent

of a function EiGsi3£atHivs 688 mbhdidkaPs BROLET¥ELMN MBcASREGInRliod hedRA esent
i nvention; 10FI G 14A depicts one enbodi nent of a request bl ock used by the

Cal | Logiaceird®ce pathsaraspens of thetprenentohveHten, 13A for a query function
operation, in accordance with an aspect of the present invention;

FIG 148 depi g pne,erhod) TEnbe Rl (ASRANSPLBLOGKA IS L bey gygly functi on

operation of 'naccordance w an aspect o € presen

i nvent i oProcksdor GistrhooriGIITC 33 aTer € ogeirast, ihc@rdade esth dlaegdct upgd by the
Call Logical Processor instruction of FIG 13A for a query group operation,
i ® accor (PAGHER AWIKHOBN aspect of the present invention; FIG 15B

depi cts one enbodi nent of a response block for the query group operation of

FIG 15A In 34601 faAGKWoh8 cABoARRACS LlesdiSe BIOES RdMlihd RUSPELABN oRPI G 16

depi cts one enbodi ment” of a conputer program product I ncorporating one or
nmor e aspddBsinodccotdengereittemt aspavterfithopresent inventidni, 17 depi cts one enbodi nent
of a host conputer systemto incorporate and use one or nore aspects of the
present inventdan; . FI 8.depicts a further exanple.of a
Computer syst &t B deririssrseabaiiresbohBRiorehY sl Ui iR ar S G RiBartsent
i nvent i oRgpecV¥t RO pildsdQf b6/ EP2010/ 067019 6 FIG 19 depicts anot her
exanpl e of a conputer system conprising a conputer network to incorporate
and use one or_ nore aspects of the present invention, )
10 FIG. 14A depicts one 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;



FI G 20 depicts one enbodi nent of various elenents of a conputer systemto
5i ncorporate and use one or nore aspects of the present invention;

FIG 21Awepitisomae enbodi ment of the execution unit ofPCTHEP2e0MpIOLLr
systemof FIG 20 to incorporate and use one or nore aspects of the present
i nvention; FIG 21B deplcés one enbodi nent of the branch unit
of the conputer system 10of FIG 20 to incorporate and use one or nore
aspects of the present invention; FI G 21C depicts one enbodi nent of
the |Oad/StOrqﬂgﬂlédaﬁaﬁQ&nﬁ&ﬂ&%&ﬁk(ﬁ%&%ﬁﬁhﬂ%sﬁﬁ&hcggphgngﬁcorporate and
use one or nore aspects of the present invention; FIG 22
depi cts @nmpewboctmelﬂto mcoranraeerﬂmdatsedn@otsmowspwsecpf thvpte@mtt 0 incorporate
15and use onf nore aspects of the present invention. DETAILED

DESCRI PTI'ON" ﬂ’accordance wi th an aspect of the present invention, a
capability is provided to control a rate at which interruption requests are
processed. ThIRGC2MEEHUts bAEEMBREMIBIEYIaFigud dlemeftn v esmpltePsyReas®ors to
performinterrupt processing. To request an interrupt, 1n one exanple, an
adapt er IREOTRAIAS A SSRQE WiNRTARERECHH di RIBINEHVENEI r equest. The MBI
request is then converted into an input/output (1/0O adapter event
notification, pig. M 66ye8n0EmBBAIRAPEhE bcciigh Gt BF heRbfpet and a
request is m e to present an interruption to an operating systen1(or ot her
sof t war e sysemnhlf &G ottheringrpgremad ust ole orﬁmomaawds dfehepmsenthe term
operating S sten1|ncludes operating systemdevice drivers. In one

embodi nentV %lple interruption requests (e.g., MslIs) fromone or nore
adapters are coal esced into a single |nterrupt|on to the operating system
but with respeggi Y it 0Ad trhBOTIRARCIT tREBRAE 06 Y 8 c CompicEfsins set . For
instance, if the 1/0O hub has already received an MSI request, has in turn,
ptbvi ded OéﬁIGrﬁ(btprlmefﬁtera@d@é%QHQQf rporeRBpeckr thhpResInh IWERUQIET on i s stil |
pendi ng, then if the hub receives one or nore other Msls, the CPU does not
present an adgigi QI@P 1%1&% %pé 6&191entT$}e[h9[baO}s{Hr§{lﬁi'r'8Ffh%oﬁ]@{?r!eﬁces and
represents the plurality o request wever, one or Snore indicators
associ at agstentofi Fé@c20 ddédrpanel and eqeiesd oranercskpdcks cfahe pfdssiponsi ve to
presenting the |nterrupt|on to the operating system another interruption
may be prE$8HPEEAThis interruption may be handl ed by either the same CPU
or another CPU. Thus, there may be nultiple requests being handl ed

concurrently lygmu Hép%t? ofrd Hﬁbodlﬂleﬁ‘ﬁﬁ%ﬁl@%ﬁﬁﬁe&‘héﬁ c&paePRtenPfo ihbGphragsent
invention, a control is provided to throttle t

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 control a
rate at which interruption requests are processed. This control includes 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 is then converted into an input/output (I/O) 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 system 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



10del i very of adapter interruption requests from adapter functions. For

i nstance, responsive to an adapter interruption being presented to the
oper at i ngwveystierwp7oat her i nterrupti ons are suppressed, bRCTiERdII0OAG™IS ar e
set responsive to those suppressed interruptions. Suppression is continued
until, for instance, the operating systémdeternmines, if at all, that

addi tional processors (e.g., CPUs) are needed in processing the indicators
(e.g., the rate of adapter 15 interruptions exceeds a predefined

threshol g)qicabisQEMaol YiRktahce, if thlllo hitehdsntlcad RESvERMEMBE 88 REORASH @¢tnand
the operati nge system has conpleted its event” handling, the operating system

may det empndvided dnaintesupperesgien té 8 CRY, hohthet intreagheidn isAtillneoding, thom rithe

further inferruptions are I n ain. . As used ein,. . the term

" atapt o Hop TSRS 680R: BHG FhesMSR, AR RESY Yot o5t 58 it dlin Bk or o
adapt er, TheQ&E Hfibi@htRHAIBS18¢es abll Ydr&GH@RIY SluRdiapd EVIST RGuead agbREver e type
of input/output adapter, etc.). In one enbodi ment, an adapter includes one

adapt er fipe indigptorsieswevieted wikh eachaddisiatid deduspitase stthséddapt er may i ncl ude a
plurality of adapter functions. One or nore aspects of the present

inventio i | t L . ion
or a pl urrkae?éc'?lfb%]& b gg%%%@ﬁ%ﬁ%@%@é)ﬁg??(gﬁgtoﬁél}a',tlﬁg %%'?ﬁg aglgglﬁg es rlglislg% ed
25her ei nbe poaptted. Thisusteduptivinenahbnbeabddybywéithir thdapie CPLUcCinodrer CRLG. , PC
function)_ unl ess ot herw se noted. One enbodi nent of conputing environnment
to incoré@?%tt TS ALY, énﬁlﬁsledﬁq%%&%d@g&ga?nctuﬁrént&l B EROTR G8R on i s

described with reference to FIG 1. In one exanple, a conputing environnment

100 is arpysdorMngé Withe8a¥sdct 6f thepedeMintdMishNAtInRBals PRKEH AL IhidRtdhaes
30Corporation. Systemz(r) is based on the z/Architecture(r) offered by

| Ht er nat idghedry Bl gdapéss gntesptROIred UGB ATrPaRNERA01Qj006 7Ba0ing andsc Hispessive to

Cor por at iaora]l.da I?erti%{' | s {ier?ﬁeridi ng. thedtﬁ)/t rchirgt%{:t urtegﬂréhalrr %tdes%r inber% in an

| BMr) puBI PO O SR PERE P SAFC T PR P TP LRSS ET SHES o?m@pgr%ﬁli on," |IBM
Publ i cat iseppriied, PH2 Ardich&IL afd ket fegfinkie Yo B0 suppBIVkdd) intcBiptiens. Huppressish

z/ Architecture(r) are registered trademarks of International Business

Machi nes iCennbigresd vH, fopnimtmre. theopovging. sysemelctaaes. ifigedl shas addiHondy be

i st {: f ol
sl neas TORCHOACE Hr gDt AR T RbcRURUE 1nBRERR (e, Bt BHOBHIARRL ot i ng
ersvi r onmettrriftibns petacdes prdefingd thrsskoldp nAltahatpredy; éS4l thg indicdtsrs (RUsgen102

coupled to a system nenory 104 (a.k.a., i.n menmry) . via a nmenory
control | #FOcEREd aii“g tl&dﬁ)@?élngmt%hﬁ%wglet%gzﬁs eae%rglﬁ?%laag, gw&@égaéma §vsigmt 102
I ssues a nﬁ%fa(fété?ﬁliﬂg t'hgltesuppression is no longer needed. At such a point, further interruptions

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, etc.). 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



10request that includes an address used to access system nenory. The
address included in the request is typically not directly usable to access
syst em nmeworyi1l/mom4t herefore, it is translated to an adecesP2eloas7ons
directly usable in accessing systemnenory. The address is translated via a
transl ati on mechani sm ( XLATE) 108. For §xanple, the address is translated
froma virtual address to a real or absolute address using, for instance,
dynam ¢ address 15translation (DAT). The request, including the address

(transl atgghhidc (RSSRIHRA WetailSrep AARIMEIZ /MY HIREREY £00EIBbtLM aHOBMT N one
exanpl e, menory controller 106 s conprised of hardware and is used to

ar bi t r at @ublvatian ceiided, dz/Anchitsyisreeninvemtor 9f Qprtatian, nidd M tPabhcatioa Nee Bd2¢* s

consi ste i.s arbi ti al erfernmed, for. requests r.ecei,ved from CPUs
To0" o6 Cur-odob gty ehd v S REh oI Pt R et SRS Tire
t he cent AINtPMAESTS BOGinbiRINM Schitdd & s pi &, A rhiDBKENER VWIS t OtHePnsnisd @y menor y
104 to gain access to the systemnenory. In one exanple, adapter 110 is a

PeY i pher dicretbmgp ke mgijtered freesmaks. trapenyirks or poduetagmes of frpanatjongfiBpsiaesst hat
i ncl udes NI Rk O?agtfo%l ?rf%%%tcig%gﬁ?ieﬁ PCl function issues a request that is
pu u

routed to an 1 nput/ou e.'g., a PCl hub) via one or nore
swtches (e.g., PCle 25switches) 114. In one exanple, the input/output hub
i s conpr ilsede efanide,doaipeting achitetinregt Dleincludense @ tnadre comclh proesssinphenits

i nput/ out h i ncjydes, for insta , root conplex.116 that recejves
the requégpbﬁ}ﬁfﬁ“&ug tt%ﬂ.symm%%ﬁgﬁf (i BATPROT UCPOEY SHRUes
that iS UpgAThACRRL (RN fhefloh P Fo4 NRTRIN RESSHRg LA RludsQ ERANEHi

message signal ed interruption (MSl), as exanples. ' '
2011/ 160 7OnRSThERPRJLdYsGB 2dd@sQusthits acdsh eysten meppyi Hedddesamchddd esthe

translation and protectjion unit 118 which accesses informtion used for

el thor "t FRTISNA® BIPCHE Thisrocl peete Brtes YRE GRER: B EREESL S r anst at i on
and pr ot eehilRd ¥ht addk&s TR if ditRall ki heacredn@s§stb @ Mémagdrigs addeabike to
access system nenory. Then, the request initiated fromthée adapter, 5

i ncl udi ndranslated vigrssiranstadion gencbaysm (X LATE) 188 d Feoexampy, yhecasidrasp I teanshy@ vi a,
for inst - f The r ntr forms its
arbitrat %%%E%H%Pufati)é(vgﬁésgstg? eal %5%@@35&(%%5@%@%%% a%f éééio yh%ﬁ{cea??fets% t he
syt em nermsiyti@t (OAE). appropriate time. For an MSI request, information in
address translation and protection unit 118 is obtained to facilitate

conversion of the. I\/FI .re ueg& to an |/ O adapter event natification, as
cluding the address (translated, if necessary), is received by memory

descri bed he@rBIcE: i
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 is a Peripheral Component Interconnect (PCI) or PCI Express

(PClIe) 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, including

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

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



In a further enbodinent, in addition to or instead of one or nore of

central processing units 102, a central processing conplex, such as the one
shown i n WOGH111B970ks coupl ed to menory controller 106. POTHEPRE006TNS CUl ar
exanpl e, central processing conplex 150 prOV|des virtual machi ne support.
Central processing conplex 150 i ncl udes? for instance, one or nore virtual
15machi nes 152, one or nore central processors 154, and at |east one
hypervi sor 156, each of which is described bel ow. The virtual nachine
support  afhid RRIrG&S Y fr8lidBd REGSRIIRGs HaRI R d%?ﬁ‘d)t@@cﬁ)ntlﬂﬁ ARty adRsseper at e

| arge numbers of virtual machines, each capabl e of executing a guest
operatlngﬂ®ysuenmm@$ﬁﬁ§mbﬁﬁhs[EﬁéﬂmmkﬂMSé6MumﬁrtuaI machi ne 152 is capabl e
of functioning as a separate system 20That is, each virtual machi ne can be
I ndepend%n; MgngatefaA% ee&fd%e% %ags"faﬁison a%a Hrc?[%clztpo% u%)ftslll% rHlayat?gnsBlP trhgtagdrvemsst h

di fferent progra operating sy or appli ion~programrunning in a

virtual naehhd@cRnReHE fo &&en@yae@%@fﬁ@ryt a'han ftbé beqand icicinel Gloén ¥ stiger, but
inreality, onlé@a portion of it may be avai | abl e. In this particular

exXanpl e, deding e tragslatedreddeess. rupmyied tq geRo=spnFeHel 106 via.{aT Btapgre an
25”E”Dryéﬂi-ﬁcﬁm\éh{oﬁfﬁﬁ s TRC hfh% Q%Sh@&lé% II%MMJ arORERGY and fb%&@% gy real
acC as | e

menory. virt nachlne virtua near nenory space.

physi cal reqesuwitlethcaraaslotedadddeys thythesysicsiomeib6y atshe ippaspréatdAnhy per vi sor ,
and the shared physical resources are dispatched by the hypervisor to the
guest op

ati stens,. as heede to neet. t rocessi nds. This
VeI R LT Rl T A R RN GBS G R Ry et
30oper at ifglitadsdortBrsBAG tHeaVBNK e%h@s@lto &hﬁoedaaq@menﬁn&ﬁfc%& QS dédcBibed
controlled by the VM WO 2011/ 160704PCT/ EP2010/ 067019 10 hypervi sor, since

tHe | ar gderwimber of guests typically precludes the hypervisor from sinply
partitioning and assigning the hardware resources to the configured guest.
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publication

Publ i cat i10D, NeentrdGadc&9A¢ cOdplerfurhas th2ht.shbkant FEL. 1B, acasplidso hixfory €
physi cal processor resources that are assignable to a virtual nmachine. For
i nst ance copirelisidPo. nﬁbt}hiwrtwiarleﬁémalﬁe%engﬁbpr@rw%%@géon@b%lép P Geessdrral, eac h

of which r
' %&Hgg%ﬁﬁﬁoﬁm B(Fénu% ﬁcéﬁ pl%eﬁ\??/lﬁolﬁ R{rq v(?n%Q Irtlﬁ}#{{gmc A

t hat may na ocate to t rtu

162 are meachgesl 1§53, omypenmrcscnntrﬁBlﬁ‘rocdhsoreﬂéﬁrmndat leiai;teonh;hppﬂvlseot%mycltmf
inplemented .in fir e running on processors 154 or 10may be a part of a
host oper 1?%6‘@§§&yﬁi g¥cuting on the machine. In one exanple, hypervisor
156 is a VM hypervisor, such as zNMr) offered by International Business

Machi nes TaRRAATAaBRine AifPdtof tiNe¥éntar #océ?@ﬁﬁMﬁb\ggxrﬁmld&f the Bbflify) tol cperate

described in an | BM publication entitled " neral | nformation Manua
| BM Publ ilarge hembeie of @rral madingseackipgpadoat cxecuting a guest operating system 158,

such as z/Linux. Each virtual machine 152 is capable of functioning as a separate system.
20 That is, 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



15As used herein, firmvare includes, e.g., the mcrocode, mllicode and/or
macr ocode of the processor. It includes, for instance, the hardware-|evel

i nstruct iwo0an@d™r data structures used in inplenentat ipom/ErRothiogieey - | evel
machi ne code. In one enbodinent, it includes, for instance, proprietary
code that is typically delivered as ni cidocode that includes trusted
software or mcrocode specific to the underlying hardware and controls
operating system 20access to the system hardware. Referring to FIGs. | A and

1B, one Qfndmistr, 3HRP HRY 18 fRUnibSSHEERS $RAGIS HO R thd Wy RS sitddB) S) -
These intérruptions are converted to I/ adaEter event notifications to one
or nore Qputaninggndpstigneg therhawhyarh résndicestodhs cenfgusast gugsid Qneeoranorgor e

i nterruption requested.. An erating syste . be_an gperating system
that |5 AOLR Gaesry dioa Gaduis BBREPh Py doPuk B Se by ot (oog.

ZNMr)) . Ri@nfndQhildst @p&ratifd Sy e ESMIMEbI¥aATdnANS Statas Biyrorc Detadsr 2001t he 1/ 0

hub and nenory are used, as described with reference to FIGs. 2A-2B. In

particular, FIG 2A degicts one enbodi ment of the structures used to
priesent &FNHAHPPEBSAYdpt AgRhYSIEHDWHSOF fesaRrcEh AR agsIgEbicdmaHErali s not a

guest, a %cﬁglgfp F%Pingﬁﬂ-&éf Rl ﬁagﬂﬁ@? O8I RIS Ofe 61}}’131?1?16 %1&5‘%&%55‘6??, daliPor

present an a ter event notification to a guest.
2011/ 160 WARGEPER2QY Ol 067 Sil9e dfla plinasal priogessesresdunes Weinthatymayoid dyplahacaliys not
shown, bui be used. Th upl ed to@z?%/, tem nme A@md/ or

ma 1/ Q hub may .be ¢ ry
processoraIQ“Baﬁgdd‘iortg%YWa]otPa i -S’%‘ﬁb@?g%tlrsglaﬁem?nﬁé gveet RGA2A, in

one exampkgmpRY SheRPRANMaAIE il HARSd AR R ar8 PR iAo b&syst Y589, usabl e
in facilitating interruption processing. In this exanple, system nenory

5104 i nclmeyds aparbelzphost oparttery gypicimoexcbitingwectho matinBVIin @@0cxamglean opt i onal
adapter interruption ry bit | SB sociated with_a particul ar
St or . MrhevEoR Ly S e M bk Rahateh Bt Bl oo fERAEY Mt Befcaprer. 11
one exanmighiRd T RIratidit, ArieRk, MW Kotk VORE 8hbdfihchSofd/ $MTAk GedtiBENHI HN
array of one or nore indicators (e.g., bits) in nmain storage that are
associ at dBMwutHicatomeiaisicd r'z/ Vel g GengraPgformatign Manya) " 1B PublieationNa. he

adapt er idEﬁ&éb‘lt-@xf@g}“io yector represent Ml vector numbers. A bit that is
set to one’in"an Ar yin(9l cates a condition or type of event for the

associ ated adapter. In the exanple of a PCl function, each bit in the
aksoci at ed vbBWerer, fieaparcdacludesan glyBie matdcile, nithérodt andor inkhcracqd offthknct i on

supports only one ,ﬁl;gl vector, its A%ang includes a single bit; if a PC

functi on PERRSHOFL ¥ qusp\%é inrIncedhe brrdwarer lgved imstruptiens sadior dA@ SHREtUsSy
used in implementation of higher-level machine code. In one embodiment, it includes, for
instance, proprietary code that is typically delivered as microcode that includes trusted
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 to I/O 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 executed by a host (e.g., zZVM®). To facilitate this processing, various
data structures in the I/O hub and memory are 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



15M8l vector. In the exanple depicted in FIG 2A, the PCl function supports
multiple MSI vectors (e.g., 3), and therefore, there are nultiple bits
(e.g., 3)wWOnoBw0200. Each bit corresponds to a parti cRCIIEPRMONGT01E. g. ,
bit O of the AIBV, when set to one, indicates a conpleted operation; bit 1
of the AIBV, when set to one, correspon]ds to an error event; etc. As shown,
bit 1 is set, in this exanple. 20l n one particular exanple, an instruction
(e.g., a Mbdify PG Function Controls instruction) is used to designate an

Al BV for (ResPEoufcdnat heﬂlor;?eaﬁfofu'ef:ﬁldoy shdWf buehy HE hiic@n T Ryl sal Ssued by
the operating system and executed by a processor, specifies the identity of

the PCl fcampled tmsystehremambry anddragecckse 264 diveaty arhea amsaoryeentialiet.udes t he
Al BV, the offset fromthat | ocation to the first bit of the AIBV, and the

nurber OfR ?ertlﬁ%ttohﬁltG Cz%b c exagti) eA |s3|13 rnAn 2qu§| %&de?%ng II%SI%tCFag on any

byt e bound ary and an e opera I ng sysat emt he

f1 exi bi | istryctufes psdbic tnttemﬁtaﬁti uﬁf:rrﬂpﬂdnlmb&sﬁd@plrﬁth% oxBinfledsyeith h@uus range
of bits and bytes. The |dent|t%/ of the PCl function, in one exanple, is

i el uded 104 inclydes @p pdapterapigrapion bif Meatord AIRY) AP@ andyen Qlléit%lal #49pter nst ance, an
bl p
onant oq Tt sullfharl B\ AREPI LIRSl ed Rt by iRl Ak AT TRfEIEy bOan

static \ADBROdntl &l GRHBARCATHERISH @r@ed0ddptk? | dentifier and nmay be used as an

index to a function table to |ocate a particular entry); and an instance

nunber i ch Indlpﬁgtaﬁs t he part.i cul ar inf(ioance of this functiop handle. For
i nst ance, 88T AR ARICE HETUPHAD RLNBTRT +8) 18 ASHISHI IMCHYON AL PR ALY S inber i s

Increrrentrﬁdtet&natawig atdjeﬁvmanﬁgtaagetﬁaum%socﬁt& SHngh h@pidrqedl & pcg used
to locate a function tablé entry 5in a function table that incfudes one or

md} e ent duresionFgFhg bitstin tlseadapiee nmrrumlroe bttwtestootepmenthﬁl: véater thianhdtse Air e

used as dex_ into the tabe oIo ate rt| uIar function
Vool e oty AR i AR oBhies 3 e fieh BaelhRk P Rvar Ry s he il | oo
associ at @dafgtéd. ThyRcdagiple S PEXRAPiE, chdh BTBY: thO&dsUElg e NIBVUSHIHRFH It iS
regar di ng\ﬁt he status of its associated adapter function, and it may include

one or %1 Yf@tnrc dherghare iEnPEy funstipe e@mﬁé@nly@n@M%@&t% et R incailles a
entries T 3f§§éPh§1rcu d#élﬁ%bﬁ@muﬁ B SRE& tsaﬂ% ﬁtﬁﬂtlﬁélﬁ&es A o
usé ovi de cer

i nformati o aln services elr respective adapt er
fimnct i onM§kevegtor. hdﬂfe&SSmpl‘ealeﬁicEHdi 10F]GI A ahe BOT ﬁpfcames@pbg); mu(tide M&

operating system and in one enbodi.nent, _is SI an opague
i dent i fi &Fctars (€ 35&&6@@@6*;3@ thesgiaicengHPledits feg AP B Al 8%? %c(x?*amﬁm e, there

is an Al ?%ré%%n&soﬂbat iQAARL B, ¢ Bk &ﬁh@ﬁiwe@h&l%%& ifadtagator (e.g.,

bit) ass dwth the adaptéer”"An AISB that’ i's one
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 (e.g., a Modify PCI Function Controls instruction)
is used to designate an AIBV 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, the main storage location of the area 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 into 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 enable indicator that indicates whether the PCI

30 function handle is enabled; a PCI function number that identifies the function (this is a static



i ndi cates that one or nore bits have been set to one in an Al BV associ ated
with the AISB. The AISB is optional, and there may be one for each adapter,
one for esohloseleemted adapter, or one for a group of adapTaEP3010l06700Ne
particular inplenentation for PClI functions, an instruction (e.g., the

Modi fy PCI 20Functions Control s i nst ruch? on) is used to designate an Al SB
for a PCI function. Specifically, the instruction, which is issued by the
operating system and executed by a processor, specifies the identity of the

PCl f unctiiQmificearnd ma)&t)@uié@r&g L& )ndck 6 a MRicRoR ttﬂ)‘l@ﬁelo&é%@bh@l@ulﬁf eﬂtﬂ@ #ldem that
i ncl udes the Al SB, e offset fromthat |ocation to the AISB, arid an

adapt er iimstance mpmb@mvvhluhmo;atmm partiaulzomstenceid fé s fenctionthendlci Reli cat i ng

any bi L BouHA g FEdhS frklint b R pdfs R SHROER RPN BRRRY o Dok

t he Al SBpr@fiddathéw Mseandé aphbés Thatfindion dahdlg l}@&b’%d R R@eteQf fulkdtion taBle ehtyy es.
The operating systemmay assign a single AISB to multiple PC functions.

TH s assoith AnssoRtAblq fhplinplugssong aringe shiiigs.eFerunstancg. ene or meferbés of the such

mut 1 pl e ol heR0E et ORLF B TR b0 T BBl WSy G RIEE KRBT
Al BV and titecitySBriar fan@@inntield choy inchaidd ﬁrﬁ“@ﬁmloh@e@tr@dg iitQ a@odﬁwd(RﬁIt abl e

entry 206 of a device table 208 |located in I/O hub 112. In one exanple
devi ce t aBIEiopogoy %Xﬁlna)éeatﬂe@awn@m f VEHRUSIAdicHEE eeafBB AR BAUAARItDr ot ect i on

unit of I

each of \t/%/%?) cﬁéﬁqsﬁg Si gne &?ghgﬁprg%z@ glupgghggre@a%pgeyﬁ lﬁ?g% ?[gﬁmn?k%&%gew ce
tHbl e entto !pc%ﬁiewme tabdesntacsnforntdes adaptdr ifelotion. Whe d@lcmtybb@npmpuncam@d usi ng,

for |nsta the a ove- ment i oned |nstru%i.on. The v Wf on or nore of

t he flel %“06%8 %PFOES’&FFE a1l SEVEES &Y ?lb{fé%ﬁ‘ﬁ%a C’ém% ‘#he fields
i ncl ude: ahﬂ‘tte@srt'ié%ﬂla'tleﬂ ipBebas® céskﬁg) %%e b]?@ht‘ﬁ%ts%éteﬁﬂ tnemaﬁareumdﬂan

subcl ass for the |nterrupt|on The identifies a maskabl e class of
adapt er ientbedmgnt.i ipsisnpd han Omemnmﬁats@fdbﬁt adaptbri th a priority with which
the operating systemw || process the interruption; Al BV Address (@ 216:

Provi des ’I1t1 Ed tlc'.)n ?qnthggslgl\fusn t& ddr 1?%?6 ?r{]eré ﬂedn%gh%f}gr !1}3 C%ge

| ocati on t he particul-ar ada e unc
assi gned ifidudcd Ia&n@@éﬂn@.&aﬁo&b& g., binf atsyocw]tEd\bvBH th¥ {dapter 2A8: AIAB tahtfis eﬁe I nto the
mai n storage |location to the begl nni ng of the

indicates 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 each adapter, one for each selected adapter,

or one for a group of adapters.

In one particular implementation for PCI functions, an instruction (¢.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
location of the area that includes the AISB, the offset from that location to the AISB, and an
adapter interruption summary notification 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 summary bit. Therefore, such an AISB that is one indicates

30 that the operating system should scan multiple AIBVs.



Al BV; Al SB Address (@ 220: Provides, e.g., an absolute address of the
begi nning of the storage |ocation that includes the AISB for this PCl
functi on,wof2otiheomper ati ng system has desi gnat ed an Al SBCTAR2018B8671019 set
222: An offset into the main storage |ocation to the Al SB; Adapter
Interruption Sunmary Notification Enabl Bnment Cont r ol (Enabl e) 224: This
control indicates whether there is an Al SB; Nunber of Interruptions (NJ)
226: I ndicates the maxi num nunber of MSlI vectors allowed for this PCl

functi on,n Whe BxA8919 thOAIEREhAhORDB aklpBwed: todR!RAIRENS o @HAAH RIS tabidre
DTE may include nore, less or different information. In one enbodi ment, the

devi ce t &birg28m0f gfd@\oceb@bl@swa lcbqarcedan;i/éi? hilz Ul Zar Injome exgmaplei dﬁvlqeé@fnleéﬂimy an
adapter is cat.ed usi i.nsta . reque r.dentifier (RID)

(and/ or :30‘6&) PR s [t R R G s sk SR ko T8l 14 har ess)

| ocated in a request issued by the adapter (e.g., PCl function 210). The

r equest omMdviRe(teblg 208 tchfebbhec (\flahbll% HResi20¥] Aagh of GhichishRNGed tda pusicalunber
devi ce nunber and function nunb is included in the h%guest as well as
ar addr egdanter fyactipded Of ¥ deviee ﬁahlte@mrwé% inghigdep @ gyaber of figdds sy mieb®RI D and

the addr %%Eulat%ﬁ%sﬁg fé![r gﬁganfsé’ éhee%‘t%ve -rfertBRL LR g%rx&ﬁlﬂr G$8 IRNEs éﬁ&{E[Hanc(rQAM

230) via e contents a essabl e nmenory 1's used t
provi de afi therﬁtéd(s arabased oRqrolicy stdocenfiptiatiGANVEkarap ladebthotik tdis phodudznt r i es,

wi th each entry corresponding to an index into the device table. Each CAM
entry include i nst ance, elved R D

mat ches t he vj?%gﬁﬁtmg%% f‘ﬁ&ﬁl‘én{@yja?e:% aflﬁrgewoqsﬂgaﬁ%r %g]ﬁondl ng

devi ce tabl e ijRe@¥ptich. USRASEAddRERS & niRRaIEVhGSotaa b8 BRFuptiod @bt thy bd he
10out put of the Cﬁv is used to index into device table 208. If there is no

nt ch, the regelogatbdpuitikepripgtydvidicahgddhe ¢panatorctrestemniidldiraesss 1c a CAM or

ot her | ookup |s not . needed and the RID is used as the index.) The |ocated
DTE is used iN S?g%esslng an interrupt request, as described herein. In one
particul ar exanple, if the interrupt request is for a guest (e.g., a

pageabl e stor agsVliAdhdes @UESLS: Progides, @.¢\aM afsstic)adexecolt tho@edinniag pattei cul ar

zone or logical partition, then the
storage location that 1ncludes the AIBYV for the particular adapter function assigned

to this device table entry;

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

AISB Address (@) 220: Provides, ¢.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 AISB;

20 AISB Offset 222: An offset into the main storage location to the AISB;

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

control indicates whether there is 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



device table entry also includes a zone field 228, as shown in FIG 2B.
This field indicates the zone to which the guest belongs. In another
enbodi nerw9 20hvsoforel d i s not used, or may be used evenPCH/EPRa0A6T00NS wher e
guests are not provided (e.g., to designate a zone or logical partition in
whi ch an operating systemis running) 26 n one exanple, in the

z/ Architecture(r), a pageable guest is interpretively executed via the
Start Interpretive Execution (SIE) instruction, at |evel 2 of

i nter pr etalied)lodafid ih 'asr&?fégrteissukﬂ By Itl‘i@dcﬁﬁ!er Rag t pE] RMclidPA). YR8 NSOF
executes the SIE instruction to béegin t [ ogical partition in 6%y5|ca
fixed nedPr(y.g. Iaf16le\/(arh)e $pscifyiegofpe matanay adyps nambem devied nirobdreatl fipmtipnt i on,

it issues the . SIE jns tlon t.0 ex ute i ual chi nes |n
s vy SupUEp L e O By ek e SR G S P RRERE Brsthfol PR Taer

SIE, and r¢diRstz Muding the RIBi 290 thksRiSesh, e prodidel o, I, ef@tﬁitéﬂté aldecssaBler r upt

processing for guesa§0)other data structures are used, sone of which are

stored i mdwEy ( 9 . Ganidsvotdhe Al the ontanty addressablevrgmay 1s uEddepl es of
these str %:\;14% ﬁislh Vﬁﬁé Cﬁ&qggﬁlp lh% (?e]\\s{l@ %Q&E]s/ I&lﬁﬁé&%ﬁggs E\?ﬁﬁ%@(fh CF@IZI‘ 19 15

In one eX nenDry I'nstance or war Al SB
array 2720ﬁﬁq)oﬁdlgg€($ﬁn adapies therdeeice Wyitlé. oBadhabA®I el if¢lu@ebdhe Faluvef ali ng
Al SB arrgé 272 is an array of AISBs that is used in conjunction with the

guest adapPer hifpk Bstangs: thereecamdel omatebes the nalup cosaings efinst HsColt-get ed
to a gue%ﬁe&{ % h\?&ewcmgblé dRndi g (o ?Qe%é &é@léeﬂﬁﬂﬂ%g@t@ﬁaﬁ?% SAl SBs

of each PCl the host has assigned to a guest or whi'ch the
hdst, on oluqimabf thﬁfCAMes giedgo indes imteglgeist tablp 2fadf Greren antmatdt, itlid mad:wah

t t |l t [N host st b t of th
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conj unct ikgD iwhidy dshe eV richeNgeoLdSBI B taiPp Q%Es%{ﬂ@a!ﬂ%ﬁéﬁﬁ?ﬂ% udf oVl

request is targeted to the host or one of its guests, and to a guest,
whi ch guelsscribThéergin. s a one-to-one correspondence between indicators (e.g.,
bits) in the forwarding AISB array and the GAIT entries. This neans that

when a blhrl 011? P&JﬁS’ul‘;P {XV\%{ (flé nigth 1n§§ ﬁJt rg%fzgt it %ﬁrta cﬁt_lll%stctn aggﬁgéa%?e é’\tgtragg spondi ng

GAIT i nfor on con orma er even

N i fi catmhoald dusstNeslea V%N’dgu’eg) ‘eﬂécutlﬂguﬁwlp@hanaxf fhe b ®giaepartitiss abérathed wi t h
the AISB indicator (e.g and the corresponding GAIT entr 15When a

GAl T ent [§vicg tqbéf‘e@tlar?ésq mehud%maled"@id e ay shayen ind1§. 2B ailihisAfigle indicaigse
target ofyd £b€r‘zh %Sbvh GaHE ﬁﬁes ﬁel&ﬁgt%h he %ﬁothéé’k‘?ﬁbo%ﬁélt ff‘srﬁeflé{ isl ot Us&dofRdy does

not contain e de I ned~v e target of request 1s a guest
Fur t her mbe@seddyen it hlwatlangeherefguaqns AfSinot ppueist! (¢.8., & dusestite ddvae GAlo'glaaht r y

i ncludes the. faoll g]tlnformatlon as depicted in FIG 2C: the host
address RAUTGRAL 3t 106? WG SYSINP SHUBIE) he PCI function 290: the host

address of a guest 20interruption state area (G SA) 291; and the guest
i Y er r uptrh 8Re SHRGIIASS tHeG)/ Bfehité@dre 04 pddible guest is interpretively executed via the

Start Interpretive Execution (SIE) instruction, at level 2 of interpretation. For instance, the

logical partition (LPAR) hypervisor executes the SIE instruction to begin the logical

partition in physical, fixed memory. If z/ZVM® is the operating system in that logical

partition, it issues the SIE instruction to execute its guests (virtual) machines in its V=V
25 (virtual) storage. Therefore, the LPAR hypervisor uses level-1 SIE, and the zZVM®

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.



adapter interruption to be generated for the guest. Further details
regarding a guest interruption state area (A SA) 276 are provided with

ref erencewbaofiG702D. | n one exanple, G SA 276 is a conPCBIEPRAI0OK70IN Whi ch
the guest adapter interruption is nmade pending. In accordance with an
aspect of the present invention, 25it ilRcl udes, for instance, a si ngl e
interruption node mask (SIMM 277, which is a mask that has one bit per
guest interruption subclass and is used to indicate i f the i nterruption

nmode for i} BRe SURHIATD st Iﬁeﬁl&% ?ﬁOrlEélﬁdésnfo‘?riﬁs%chb Od"foPW%mgQ@IS@e@rHy' bednhel ow

a no interruptions node mask (N 279, which is a mask that has one bit
per guestguﬁsﬁtaéﬁpf@rpmeampmlb@bés(ﬁ!’d 2%eﬁom@rdmwAé%B errpy 27216 anrrray odipt i on

node for I.SC.is the no interr. i ons de, .as scrl bel.ow,. an
e 1 onAISEs ki Bt REeRicBhy SanThe PR AROGr itBndRRb el o AR TR ofine
guest t haysy ﬂaqhésdﬁ&aﬂge@uwagﬁ@st boits Bost! Whatdriviirdafg ATSER A APint RBeSUBbGbASSES
(I'SCs); and an interruption WD 2011/160704PCT/ EP2010/ 067019 16 al ert nask

(19AM) 28 AISRA P& pachP Crfardiion thakost ba sssigperhi®l mgpesioand Tguedich thhashenexanpl e,
h bit | k
hor i ny - SHERERTRANE, i Fecloscinl ok e WM o AR R BB SpAERERIRSE | i

or addr esflo@fted inchod staragsbyle bogdtiecucht (G4l E/\ZM@) as well as in a 5state
description 280. The state descri ptl on is, for instance, a control bl ock

mai nt ai n host that de a V|rtual CPU for uest to
i nt er pret |g8ﬁ3tﬁ§?m%am@ﬁ¥1p?‘?ﬂﬁé‘£’ Alw cqie coiwction wite @% a&é}@%étlgﬁnd

there is ,00¢38daMhy wﬁ@ﬁer@lnsﬁsﬁ’ qugé{%far%e'téli tb 'ﬂﬁéhc?sﬁ@f)&l{er@ﬂfs guIil? ehere, if

the guest is defined to have multiple virtual CPUs, nultiple state
descri pt itoaguest.evimal goest.nEkcrbys 4 dre-toesic coaamndénoaﬁbﬁwenmgatm (¢.pebus)i gi n

of the add 10t sane dl ti.on to t abpve uest

o rory CTRIEOp SIS a5t e Al RS LBy bRab G ORR T b BT )
there is fevab@ing MEBRral ivdet 2Bchcand the @H#RSPorIIBVGAIT MforBAion GdfGinsAl SB
array 282 includes a plurality of indicators 202' (e.g., AlISBs), each of

whi ch mayoerdisg sxpamatipnnin #lagier Yot adhﬁqaélpn lsnmédw@mgcﬁﬂr the arimela@atheer ,
when one, 0 e ne in the
adapt or S AEERRTLY B ine O3 p b APR(Te b el B iR SR B it o1
15 When a GAIT entry is used and includes a defined value (e.g., all zeros), the target of the
MSI request is the host. When a GAIT 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 interruption state area (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 one 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 (IPM) 281, which is a mask associated with the guest

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



Al BV array 284 includes one or nore AIBVs 200" (e.g., 3 in this exanple),
and each AIBV 200', as described above with reference to AIBV 200, is a

si ngl e diwensilowo®wrr ay of one or nore indicators (e.g., PoTtEPROW6EtO1Ar €
associated with an I/O adapter. Each bit in the Al BV, 20when one, indicates
a condition or type of event for the askociated 1/0 adapter. In addition to
the data structures in host and guest nenory, a data structure referred to
as an adapter interruption forwarding table (AIFT) 285 is naintained in

secure MRl ¥, E80AM)R3T ShRR FEARHRE eralY cH8ihbRding Rfa ?&&jé. EﬁaneteQQm?H,eSt . The
adapter interruption forwarding table is used by systemfirmvare to

det er mi nea¢l binm thBmasle(gestSIMEVt MiNgdt.dBM andd AN giasled dgsembddtlicogini n 25whi ch a
host and guest are rfunni n%tThe AltF%Ci s indexed by the zone nunber that
i dent i fi S8TEHSOYICET PP £i8R {3 whi ch a PCI function is assigned. Wen
an AIFT entry is used and the entry includes a defined value (e.g., all

zeros), thexhap@s!thebripheradartesf tay ensAnolidsidraaddiin GAIT I7eaPPell & inng
systemrunning in the designated | ogical partition. Wen an AIFT entry is

used and statedSptitpnd¥s Thsttaonesaripiams fRemskae. parnol tlogk mpptwReddyuses
the for “@ﬁéjﬁd}%ha el &/V%rﬁpﬂg‘ﬂ»ﬁ%é Egﬁ@&% %@Z&éﬂt%rétztiﬂ R A AR L Re GAI'T
to determne 1f the target of the adapter event notification 1s a host or a
guest runmniqug GISAtikesddggr gadst,pad thdre @uncland only @xdiSlAeper @geshownisi n FI G

2E, an Al FT entr AlLFT 285 includes, for instance. Th dress of the

f or war di ﬁaﬂ;ﬂﬁ@@ r ?E@re#ﬁe,ﬂ!ﬁ@e U % ffe%lﬁ_e% Qs mEyPls g §P§g4@u§fpﬂ=ﬁeﬂiﬂsngt h
295 of 1 hgsd-RFVRY £t MehihhinB BY iihost, Radl fSyhidlEbRind R o@@ilpTof the Sefdrdss@IL 11 €S;
The address of the GAIT 296 in the partition's storage; The host

i Ht er r uptthosansuBi§2ass (1 SC) 297 associated with MBI requests that are to be
forwarded to guests for that partition; and 10A single interruption node

mask (Sl which.is set.b faor instance, a Set. | terruptions Cantrol
(516 i b PO g 3u0R iRl AR PRy S HCRRIL PRt
i nt er r uptin Best SWREIr A Sherd Rer &l ALSRRAehy X8Qran@%aipsteATBANgiayt 18! APESEAISE)

system executes the SIC instruction specifyi ngs single-interruption node for
| SC 4, t leray @8inclydss p phwralfy of mdigatarh a0k » ASBY1 Cach opaichThw bsf i r miar e

uses thi scls&)icfatédowgl? gfﬁ 96 QMQ&%P ofnd Rids ?(ﬁlsdhtl} (6% Qda&a?er,rkgﬁétpét%f {nlchtal[eg Mt '389 Gr when
15 more bits have been set to one in the adapter interruption bit vector (AIBV) associated with

the /O adapter.

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

20 when one, indicates a condition or type of event for the associated I/O 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 MSI request is targeted to a logical partition in

25 which a host and guest are running. The AIFT 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



presenting an interruption. 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 hawoaniiMsd70addr ess 232 and associ ated data 234. Pha/HP2@oletw1Tonpar es
at least a part of the received address to a value in a MSI conpare
register 20250. If there is a match, theh an interruption (e.g., MSI) is
bei ng request ed, as opposed to a DVA operation. The reason for the request
(i.e., type of event that has occurred) is indicated in associated data
234. For QXBMRa9.an@ MR QAITHR &t@hitdg tﬂeoﬁé/rg%{ 8€the Qtﬁléﬁe@veﬁt%tl@i@&?mﬁﬁﬁ ngged to
specify a particular interrupt vector (i.e., vector) that indicates
t he reas@rna(gev%mlul)nng@‘lfh@lqgmaepfrrupomon request recei ved fromthe adapter is
converted into an 1/ 0O adapter event notifi cati on. That is, one or nore

i ndi cat Of3 oge %:pgdn% 197§ sﬁow 1§BIGA‘I %Vgng?lﬂ]‘ gfnﬁPl"ly%@m %33 £ s‘[get and an
interruption e opera ng syste of gues i S régueste if one
WO 2011/ 160704PCT/ EP2010/ 067019 18 is not already pending. In one

enbodi ment, milhkiapi@sd otthe forphiding AESRBIeSiBin(tRe gartitiMBh Sosf'y) GroraRe29dr  nor e
adapters are coal esced into a single interruption to the operating system

b with resp ive V and Al SB,.i n tions. For insta jf | /O hub
al r eady r |1?}531Ag% Wgﬂ ¢ fQuygeding artiy, 19 hityy anf)Pgmegg@Taﬁlq} rruption

request to a pRrRRessor, and 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 nore otTHileradeBBSsOfthﬁ@@@%@@ﬁlem@ﬁlt@elﬁét@@@,addr tional interruptions.
The one interruption replaces and represents the plurality of Ml requests.

However, one (;Ir TBLGne Lﬁ? onaﬁl%cﬁgst 1§@gbé¢’a at?& W%rlﬁSIAileg ést%at'hgt a% kol l!)e set.

10Further det ar S regar conver

interruption rf@q\wﬂ!@dd)totgﬁlemfolr/tlﬁt@ﬁlr&mbﬁ,rarﬁvent notification are described
below. Initially, details regarding converting an M5l to an |/ O adapter

event notification to be presented .t ratin sy tem t hat 's not a
gifest are desctPiBelg nteHEptiompede ek TV 3&% fw;étrsmnﬁ@ to an

|/ O adapt er eygRi-uHdsfdaabl @]C? Rlsﬁﬁctﬂfneéé‘s'ahﬁéiiﬁe@oﬁ guest operati ng system
are described. 15Referring to 3, in one exanple, to convert an NSI

request to an I/O adapter event notification, certain initialization is
per formed, STERCBDO.in iy inagk lepicsémds i mtdromtion hebcdper Ahémbpreyrodelor perforns a

nunber of steps. t figure a ada ter event .notification
Ui an vei r eqgubgie FRE RSP RlRaRaR b el Bl SRR ELs BN S b gur ec:
al though, in oftb@lpt@iacddATISC 4i the éanlthethat bien inta PRk Ss sct fcdnediTig ot her
tlyspes of adapter 20funct|ons

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 I/O hub. This packet has an MSI address 232 and associated data 234. The
I/O hub compares at least a part of the received address to a value in a MSI compare register
20 250. Ifthere is a match, then an interruption (e.g., MSI) is being requested, as opposed to a
DMA operation. The reason for the request (i.e., 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 specify a particular interrupt vector (i.e., an MSI vector) that indicates the reason

(event).

25 The interruption request received from the adapter is converted into an 1/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



I n one enbodi ment, as part of initialization, a determnation is made as to
the PCl functions in the configuration. As an exanple, an instruction, such
as a QuerwoLpsf16dT8t ructi on, is used to obtain a |ist ofCrhP2BCosTouncti ons
assigned to the requesting configuration (e.g., assigned to a particular
operating systemy. This information is I6bt ai ned from a confi guration data
25structure that maintains this information. Next, for each of the PC
functions in the list, a determination is made as to the Msl address to be
used for i{ h& JREhdyf peRaIg0In B ctbE AL Bfuli®lc MR ﬁ)h%(%léﬂé RO, M5 Pi¥orthhe

PCl function. Thé MsI address is determ ned based on the characteristics of
the |/ O lonboamdre idapeysare gpilescpthingd aisingiesinfenziption wthe Pheratingsystenp butvs|

vectors supported i se pol.i and 30i s confj ble. W)

051/ 160 7R EHIERsL 3B &5 (3 aB e oo Py En o R bl oy alBivon, ¢ ne
Al BV is abdepeataadSBequet, lhagsn tiig, ]]Abaaed hih inét¥uptioR r@tg@st&asarﬁ%@ssotrmd
operating systemdetermnes the allocation of the AIBV to allow for

ef¥ i ci entthghieeriiongs ol pensing (creprier arpaisesnyr apgthei 41 iptepageen bis nohbed ass
f adapt , V ters. t
i acent Troe N8 KRB g ARGV, PO AR BT Bo i R SRR,

zer 0s, andnre ehicsMSis, atlPPErdochh@ rgetigrhicqidd Dpoesdldhicopiicnss fteioht ed (e. g.,
using a Mdify PCl Function Controls instruction). This operation registers
the Al Bv,nterabtiqnagsplaggsend sepresents theplyealitop! Med s3qugyei BRYCYNEPISRAICIYES) and
t he adaptAﬁB\eryngrogH@ﬁ '@rbng%m&é/mﬁ&ggﬁisgn enabl ement control. These
paraneters are stored rn a device table entry corresponding to the PCl
function for which initialization is perforned. 10Then, the PCl function's
cdhf i gur alfurther dgfadercgsrdwy dongertinSpe MSIi (oadthyr, adahter MBtrrendidnesgicsintd MS1/O

vector coynt are witten intg th figyratjon dress..space of the PCl
ot on Adtes s EalitoreEir e dpreaBre Borgn el Ere B bR Bh e Bl & ra
functi on MChUHarD addphdtcabittnstifitatRAAb BE PrPRE@ R arl SYekHRHgRYstBmThat i@not a
configuration sgace, an |/ O space, and one or nobre nenory spaces.)

15Ther eafeguest arqidaseigpdo gdeepefton detallperardingctangerting pn dévlde and/QuadapBIr everi ch
i's conver t vent notificatijon, STEP.302. For exanple,

dur 1 ng. ofeiel @0 R BRRLREHDF Bleal it keSS GRuraE. o ve o e
typically nakes sonme information available to the operating systemt hat
descr i beRdfdreng anBiG.i30m onEhluxamg b sec@neare an MSTaregucst ©ps 1@ adgetirevemt or der to
convert the PC| function est tg an |/ O adapter. event notification

. s MBI
to the op@HHEARE: mlp&@ Z?i_eﬂmggg#%rﬂ@é; STRP 808% Pyring myddzatign.iteh of t he
event 1 0 ol Lfiferh BLESHNDLARD BF EFIBILAAELS ah 8887 EA0: af Mbidr Sverthe P

function cords a description of the event Th one nore adapter-specific

event - deswtifipdtioonds etMSireyestt dudtisiexesnde, or ied, PGldnndtiontbemgeonfigursgist em

. Thj i ncl di the t ft t, I
Fecor o ng et st STARIRELT.ohesh B R ehemar oo B ise o 87w lF ac e by
thie PCl frgngiohen specifying the MSI address and the MsI vector nunber, as

well as a requestor ID. The request is received by the 1/0 hub, and

responsive to receiving the request, the requestor IDin the request is
used to Hpeat empepdimgaly pgpart ahindiadiption, # deterrpalin ismppdetap gnthePid tpnagonub

conpares . I .POr | f i e M . lyue in
corma e Bl 58 B5LAL PSS, OR9EERsy kU5 QRSN AR, K24
to obtain a list 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 I/O hub and the
system in which it is installed. The number of MSI vectors supported is based on policy and

30 is configurable.



30MSl address has been specified, and thus, an MSI has been requested.
Thereafter, a determnation is nmade as to whether the MSI vector specified
in the reayoestrics7ohess than or WO 2011/ 160704PCT/ EP201@eCOA&POMO/02D1€qUal t O
the nunber of interruptions (NO) allowed for this function. If the NS
vector nunber is greater than NO, an efor is indicated. Otherw se, the

I /O hub issues a set bit function to set the appropriate AIBV bit in
storage. The appropriate bit is determ ned by adding the Ml vector nunber

to the A'A@Mltﬁfnaﬁ§tfo§%ﬁ'ﬁdl%dti&nt@1@ Ay ﬁ%ll&@a‘@écﬁ a§ Vel ¥s BRAISS, Sy gcmg this

a nunber of bits fromthe Al BV address specif in the devicé table entry.
Mor eover ,0ng Examplal tBBohestitgentededitgminesdhe alﬂmaum@oﬁnhlb MBé’stoaﬂlgwtfom t
function sing the A he A

ress t S ff in the
devi ce t&%fﬁ)cée“grli’f?“g?m%%%ne Oﬁ“b %a%ar%%&%%l At y%asﬁ%?%ﬂ}%cﬁa&h n§8‘é (e.g.,
by the CRLh@ple] heATBR) fasstd@odhA@ipRes ma bl SRR t6 @leﬁ&herl srh@IpHB&dy
pendlng To make this determnation, a pending 10i ndicator is used. For

i st ance and AJSRa@rnglacaigl ead elearzd o pEpGand A regite adzsyer gtt@rmlon@p@@ﬁ@w of a
v ronmePrT sl it BEARP PLE Finc R AFRRSRNEDbpk ofbif PP D igers o

then it itse AEBYV, tht AISB] the d8C etaelyiumeér,ofpﬁteﬁ&ptsonsglvm veaop)) etidethandagaot her
i nterruption request is nqQt requested. Therefore, subsequent interruption

request s IHFBURIECHEHRYE a%&}cattﬁ@ eaﬁ%em@weg&m a@k@éﬁd@arﬁ@ﬁaﬁr?@e stetsdrin gne

parti cul @ﬁﬁc ion
subclassere\z;lﬁéc(lm;ﬁ{ar(él;‘}%)(’}raglre i ng Ingggggg¥aﬂx%ﬁﬁgmyﬁgggﬁﬂ %?%ﬁggubclass
aHB|gnedTmﬁnuhePCéﬁuesbmmgnﬁhmnﬁmompm&1$heMmmdSpaﬂﬁmﬂWhﬁmPMSIahbmkmdi
Asynchr o I one or nore progessors check endl tor

bar ti cul AT ko SBiAEs SEH S b T Fop BRuTEH ¥ SeAE B dioRe

enbodi merh)siRehtwitlPfhe E)Fh‘%zldd@cilbéiﬁifﬂfon"“@ﬁlrbne%glﬁﬁble' QPC@ﬂﬁfétmﬁ chﬁfd"ey Rt S are
enabl ed for that processor (i.e., for its operating system). |f one of the

pr ocessomduralety e pildress sphegts, nbladingdi. ¢ at ernfiguratien space, ar BOtspateesndpndort he

ot her processors enablef for the sane | SC (and zone in another enbodi nent)
to handl &YRETI PR The processor to handle the interrupt then
presents the interruption to the operating system STEP 304, as descri bed

bed ow. 23lhereagen dhamncepsnation, arCaspreibn afaytdeserpleaBevisi, ivmiarnts icofiverRd @ &ssi ng
associated wth presenting the |nterrupt|on to the op atlng ) sten1|s
dependentd#giergyentrasificainn. sA&EPrmfde Foaciample, dusing pofranpm eyhcaaP¢ldhngtine

adapt er  funeLio Eg&e‘%ﬁ& ah meﬁi LP?JI 11y HhACE WAhE MEorbhat Bn avSifibld @Mth E'Ig r&tﬁﬁa‘)f the

adapter functio an adapter Interruption suppr cility
IS provi dyﬂemmhhtalsmﬂaeaﬂleatomdltlhn.aﬁihlptcelusei onedi o stéPhits oéac id ordyr toncl udes,
for instance, nodes . : .

convert t rP%? ﬁlIng[ilOIl'S %SI request to an I/O adapter event notification to the operating

20 system.

For instance, initially, a description of the event to which the interruption is requested is
recorded. That is, 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 information.

25 Additionally, a request is initiated 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 1/0 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 MSI has been requested. Thereafter, a

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



30adapter interruptions for adapter functions: WO

2011/ 160704PCT/ EP2010/ 067019 21 Al interruptions node: Al pending adapter
i nt erruptwonsiffwn7oadapt er functions may be recogni zed amrdT(EPe&IONsA9
subject to the |ISC enabl enent. The adapter interruption suppression

facility is placed in the all interrupti’ons node for all 1SCs follow ng an
/O systemreset. The adapter interruption suppression facility is placed
5in the all interruptions node for a specific |ISC foll ow ng successf ul

comp! et | Qfuffto tcHunitRP bARERrupRoREINO N LRSS UPHIrs RRRLGR! K hOBISIUELbPN that
e

specifies the a interruptions node for a particular |SC, Singl

i nt er r upmutpemsgeeatek thimyOb apemwir gndicated r (pharamef the Iabladt issuck amettlions may

be recogni zed and present ed, suhiect, .t o | SC enabl enent.. . For i nst.ance, when
maki o3 QeRgondns R TRRF SRS Hhdhdoras THE ThETERY oo LEHRarss

i Nt er r upta @ing SKPPISE $8dtONnfndser kd the AOBANGESt becifitd iNehd dibvRkIthle bARsanmpde for
the 1SC, which is described below The adapter interruption suq%fressi on

faxility displasingcbig amymbse o bifgiremithe AHBY geldises shseiicd ot thy dspise tablecentisc

f ol | ow st ul t [ I
st puct PASEERETT Al ASRHEL Bt Bhab Bl BE B AR IBNIPN 150,
i nt er r uptAISBs usinglthe AASBideresk aicethe WISBaffseequirs tisvida tablcadapt ers subject to

the adapter interruption suppression facility for the |I1SC are ignored. The

no interrupti.ons node remains in effect until the operati systemissues a
Set Int erlﬁ_ﬂ‘ﬁfbt“il B CBREHERG I"l_rﬁig"te‘r’rﬂ@_@'il‘ﬁi‘hlsé"baé@i (Fygi’ﬁ?éj th Eﬁgrortlﬁ_ghﬂ%as to
I nterr Uptyafipr HHﬂﬁer?ﬁzptfoH%cﬁieE't% lﬁlééa{gl?%h&'iﬁg' 98 nRL&his AbtcHBinhliod, APcAdiAgy St em

reset is performed. 200ne exanp of ‘a state transition diagramshowng the
vHr i ous mteatoriis usiwhi kot ethtange, Rl j@ndhg iddicahon?, (FG. 2A, . PBDsoystiam reset i s
performed and al.l interr igns,_ are aIE)‘.tij d. At 2 single.interruption
mode i o SErPT paskeSar 23 e § Eedb BYS racsheliner R oo EhHinedgRIS ety
the |1 SC and midygrbseincuitirap, RUSCKANSH {s RASct! BeR @ it Bt e1f M Rtal@ASy sofit 4,
fromthe no interruptions node, a single interruption node is provided or
at 5, an Dpsodessing reomplatonyl gnother 2Berayption rpqusyt id adt repugstaslerlheraferm si ngl e

i nterruptj t r.all interr O mde. To
transt £ SioBatbane anETIRRlE W dEaMPERGL B i e SR E R R
instruction is used, in one exanple. One enbodi nent of this instruction is
descri bednwhé partiedler €aapld, ohdrt ay bbAnd fendisy the iattlr @dr interfpton Subiclass) ande

example, a Set Interruption Controls instruction 500 ,
i theref%re, the pendlng 1ncﬁcator otI tile %nterruptlon subclass ass?gned 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.c., for its operating system). If one
of the processors determines 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 interruption to the operating system is dependent on an interruptions mode (a.k.a.,
control mode) set for the adapter function that issued the interruption (i.c., set for the ISC of
the adapter function). In particular, an adapter interruption suppress facility is provided and
associated with adapter functions. This facility includes, for instance, three modes of

30 adapter interruptions for adapter functions:



30i ncl udes an opcode 502 specifying that this is the Set Interruption
Controls instruction; a first WD 2011/160704PCT/ EP2010/ 067019 22 field
(Field l1)wbadiiwetoadi ng a | ocation (e.g., a register) trar/EPp@oio6bToes an
operation control 510 (FIG 5B) for the instruction; a second field (Field
2) 506 that designates a |ocation (e.g.z,1 a register) that contains an

i nterruption subclass 520 (FIG 5C) for the operation control designated by
Field 1; and a third field (Field 3) 508, which as showmn in FIG 5D,

i ncl udes St he Aipgit&alptiaAdmness Rfl pridiadapiRér ihfdbEplictRIbOMPRE AITRESESMEY 0ck
(AI'PB) 530, descri beg bel ow. In one exanple, operation control 510 may be

encoded as f olbkgeewgn@edend pickentast, swljeqdte dudSWUsdablempnat. ddgptenter nt er r upt i on
suppression facility is set .to.allow the present.ation.of al d

it er rupt | ons EgbPeir PG ReRul i iRad AR Rl Bil, & AFREIES

I nterruption MpERiind Ae [@IARIRH rosétt amhe URptONinRuRPIi@S SipPrestias ifAdility id Slasett
10to allow the presentation of a single adapter interruption request for

t e desi gnat edn theall igighypdensrmodedape specifin &G fafowing sueepseiyt ompletiomet,
desi gnat ed | Sg%ﬁ%?% dJeE’gﬁg?%%%@ﬁ%&@&@%&@%’&@ tosg%iﬁgé ﬁl%ta'llcﬂ?terrg%tions

| nt erruption er event notiticatl I'nterpretati
control s incl uwaeld fona phreicadeler i nterruption paraneters bl ock designated
by Field 3 are set. 150ne exanple of the AIPB 530 is described with

reference to ElLG, 5E. As. depicted, AIPB 530.includes, for instance:
Forwar di ng Al SEEAF PAGTURligh gddes gosin ipgn‘?lP%PHeIHé’éPSﬁ%rt aé@pfgr BBWR%@W% Al SB

array that is psgdohDed oM HREHQ UYL tol1RE &Hﬁ%ﬁeﬁt@ﬁ%%{sﬂn@é,%ﬁdﬂ%&l&ﬁg tabl e

(GAIT) and the specCified adapter event notification forwarding interruption
sifbcl ass ( AFI the alap@detteruitios pahdinpehe aodadaicedaptat starmptioosuppecssiest t hat

is signaled b 1 1 /0 ad er i.s targeted to.a.p abl e, st or age e guest.
vhen the forvdrag R EE M Eay HatiodEh tod dp SR IRE Fhind A dRi. o e

interruption rgguesited ftcdpti®Sippradbien tidigyfiopmeddinnge &%@iﬁéwio@q&s&ss i's
not zero, the target of the interruption request is further determ ned from

the AFl and t Her anetificiBGlelewingdapecsssiilrmoamnletjoniof therdes|late(rapion Contles s
534: This fi eliﬁjstt%'éﬁé/ﬂ glgts sp%giﬁes 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 I/O subsystem reset is performed.

20 One example of a state transition diagram showing 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 is 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 interruption mode, a request can be made for all

interruptions mode.

To transition between some of the modes, a Set Interruption Controls instruction is used, in
one example. One embodiment of this instruction is described with reference to FIGs. 5A-
S5E. As depicted in FIG. 5A, in one example, a Set Interruption Controls instruction 500

30 includes an opcode 502 specifying that this is the Set Interruption Controls instruction; a first



address of the GAIT to be used to determ ne whether an adapter interruption
request that is signaled by an |I/O adapter is targeted to a pageabl e

st orage mwoeoguwstos and if WO 2011/ 160704PCT/ EP2010/ 06 POTEP2B0M06TOgEt €d t O
such a guest, the GAIT is also used for_the setting of guest Al SBs, and for
the delivery of adapter interruption re?e?uests to the guest. Adapter Event
Notification Forwarding Interruption Subclass (AFl) 536: This field

i ndi cates an |1 SC val ue. A pending and presentable interruption on this ISC

I ni tiat egjepf {F%lé%@@ﬂncﬁl\ﬂﬁ{gta 1Be4tioh! (6.%?,ia%gi&t‘éf)"tﬁétcibr&gﬁ&raﬁhc‘cﬁ)%%tiomﬁﬁt?&y the
contents of the forwarding "AlSB array and the GAIT are used to further
det er mi n& 10 EIG. &g der thyostrugiongaegtond dicld (Fiadd 2upia hat desgnetss 8 ldaation (c.g.,

applicable 1/0O pters for the corr ondi When an j.nterruption
equest - Feekg PRGRRGRs 18 bRSuRE BRI i VLA BRRAFUIHE, Che
AFl fiel diesi%ﬁtﬂed BY BRId Pfantihehird Fiekir(BRId IN50¥WhRS B sRGYE abF . S firg@ied Onode
guest and the forwarding Al SB array and GAIT are used to determ ne the

act ual t dhglegicehysidress pf guadapier dfterpptiondupinesters piask (ARBX §¥adessrbed bdowat ed

in the forwarding Al SB array. Wen an interruption request is made from an

| i cabl f h I I ted by the AFI
?Pgl h?at ﬁgo o?}\%a%ﬁ%?’r?ggf&?g%kéﬁogt;lgg]&&gggng%dt%%l%gggd?essydo ﬁot apply

and the target of interruption 15requests for the corresponding I1SCis the
host . For war diOrSet AlSBtoruptignd Bogeh ThéAddpyerS@8rrufitiinssuppebdon fadiltpaisest tohe

| ength of the forwarding Al SB arr in bits, or the Tinunits of GAIT
ent i o5, RespdHEMBE P ddinar al of st oaie s ot fon e Ract | on,
one or nore interruption controls are set, based on the operation controls
specified i n Rigdt®idsle WhaPuftoe MedclerRfadapter erRpebathpRessRAt@lityliggitcat es
set all interruptions node or set single interruptions node, Field 2

i Htl udes a valt@alleye ghegnatcntagion kéa singlsradapier merspben sekicstder thidergnated

i nterruption tr i 3 Vv e of. rati
control s indi gg‘?eé %Seeﬁﬁ%{%gggpg?rslg%/egﬁlwcﬁg]iehp‘?%saﬁ(!ghne Olpersl é&g(rie af Ilaeoslﬁlgg%%stefi ol s,
the second operand address (Field 3) is a |ogical address of an 25adapter
i nterruption pRasanelaptes EbtraNot{fidhir) Intdiaiption outtes ThHeeadaptet evains t 0 be set.
The adapter interruption paranmeters block js sgc? by .a host to facilitate
the interpret &PP@%‘USP Ipterpagtatiqn Cocnﬁ@lsfll%?%ﬁ’dd‘i“ﬁge AL FUPTRIPREAPLFE| ons

originating framdd-QoadaPbEFRIASaRGAt€d With the adapter event
notification facility for pageabl e storage node guests.

15 One example of the AIPB 530 is described with reference to FIG. SE. As depicted, 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 subclass (AFI) to

20 determine whether an adapter interruption request that is signaled by an 1/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 (GAIT) 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 I/O adapter is targeted to a pageable storage mode guest, and if



In one exanple, the set value of the operation control is stored in a

| ocation (e.g., control 30bl ock) accessible to firmvare and the operating
system W2B011667D60704PCT/ EP2010/ 067019 24 One enbodi meot/ErRomioe7oiDgi C
associated with presenting adapter interruption requests to an operating
systemtaking into account the int errup%i ons node set for the adapter
function (e.g., 1SC) is described with reference to FIG 6. Referring to
FIG 6, initially, the processor presents the interruption to the operating
system S5STEP§88ed I@lchlaSucithhe 05 A0S 8R6 wd&f BF MN8RingRALuEHAIDBE Gl Gor
indicator is set and presents the interruption to the opéerating system In
one parti cul atheddivptyef adapiceintarmiption rqseesds fogthe guéscat ors: a CPU-faci ng
pendi ng indicator, which is the indicator checked by the processor
(referred to \ S ndi ng_ 1 ndi. r n hub-faci tndi-cat or,
wnich 1 set, MAPEEENh R FERGLEMRFEN ko PR B BN AT D TCHER
hub. The use additess IS@validi £ pttisg Akl FrefcntdbieintcdRHeion b chiDE OiMitiates
Responsive to presenting the_interruption to the operating system the

processor (e. ¢he adapierfEiné poidicasippiforacrdipg prasesss waerehy gercapientsed theont r ol
node for the | IS i ! i NRLRS i

determ nati on ffﬁglalﬁ%%%gg?/ggﬁg&%%g}eﬁéﬂg%ﬂg%ge ogg?%%ri on cglr?'?[ B%Tar%égl(%oes.t i

t he i nterrupt igones) obideriuptidheqsestgfremi app Beablepl/ © adaproddor thbeorrdspordippnsi ve

to presenting e dnterruption to the operating syste the interr i ons
mode aut onat i & yYVhaneits PeryRLon WﬂBe%lﬁfga‘{er#%P%}}ﬁg?léﬁﬁg}eﬁéa@Fr St @%Z_. In
this node, theeRrREEPERIhe AT I, ihetafddof ﬁl%'irﬁgrrhﬁﬂincr%}%eéﬁag&able%?otr%g't to
0), STEP 606, but the hub-facing indicator renmains set” (e.g., =1), EP

60B. Thus, tondie guesced sor fotwarmgakle Brardyrund rAlft &c uscdte detommarttbel and to

the hub an interrupt is al read esent ed, so,other.interrupts are
20suppr eased. “onel st ey S5 BLARTRLEEE s8R i Surti R B el not ance,
the operati ng fselr@iny daSB it e svivehhferrapion Ve SRSt RlRadeei hebSslicabk not,
the operating system processes the set Al BVs, as described bel ow

Ot herwi se, thedeperiar PnSG9theethap thede§sdosiganpd bitherh BBScldriic ArBvedingor
exanple, it c S r Vo A I | f 80, i e Al to
25deter i ne ¢ P oLy o cer A GATT s B ot sp P ungsh HEE o s lomB 1
spst em r enenbesquebtoor the adrir@pondihg 1SE@isAhSEsstand Al BVs. Furthernore, it
remenbers for which adapter each AISB and Al BV represents. Therefore, it
may maintain a formof a control

b] ock t her. t t th
i ncl udes the IFOEXVIBIRAIGE W%ée%é?ﬁééfé53%%{;%%%@@2@3@5%? HsriCusa G
Al SBs, Al BVs a"il&tﬁ tA_@SB'agragllﬁf?‘ﬂl@g, %) theld‘tAHsﬁ%n_titg'o§G%qmtehﬁies.bl ock to

30facilitate the location of "an AI'BV based on its associated AISB. In a
further enbodinent, an AISB is not used. in that situation, the control
bl ock i s Resgahstve td excrusng He Ssaterudten GEnBYls 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 interruptions 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 block is used by a host to facilitate the interpretation of (that
18, the forwarding of) adapter interruptions originating from 1/O 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.



WO 2011/ 160704PCT/ EP2010/ 067019 25 Responsive to |l ocating the one or nore
Al BVs, the operating system scans the Al BVs and processes any Al BVs. It

processeswoOhlelwdm®ar upti on in a manner consi stent w th PrhE/Ereasantoed event
(e.g., provides status). For exanple, with a storage adapter, an event nmay
i ndi cate that an operation has conpl et et This results in the operating

system checking status stored by 5 the adapter to see if the operation

conpl eted successfully and al so details of the operation. In the case of a
storage IHRGmioRimertSf & 1bfiea&@k1aRA WiRprebdiing ali#ptECAlriupOon fiBestd@dRher is
now avail able in system nenory and can be processed. The operating system
cont i nueSpPetisg systeam thkpreoipwsascewtt tiy ingernptjensinedsset forttheydapter dursdion by t he

i nterrupt pr nted to the,operati tem or a suppressed interrupt.

Duri ng pr(%g'e@@nl&%sfm%‘iWéthirgﬁfeélﬁ? goggﬁt%he operating system may det er nine,
in accordance with an aspect of the present invention, that another

i Nt er r upResdreibg € PES. [@ @6tdlye thedIrb 8ot Prabnth Basihtcoiiption foahe PpEEEFESHiSteh)
process set event indicators. In one exanple, this nay be based on policy
arnd i s reddroWurldst . thegrodepsor defeanings hat e RekiRg BHIGHEY ¥t ARBIRICERALY he
operatin %ﬁ’ . % Ef I L VI 0Og: a
rate fas'? 1<laérsl¥1t a%hélgﬁ} %Ela?%‘?‘gﬁ%ﬁe’ﬁaﬁl ng&%ht}ﬁ/cﬁl%a}%g%@@%,e@g% aﬁ%{\goygét}%% (i.e.,

t he oper atdicegosy atE@-Caimpopentlingehdicgonedsch & e mdicatdl Bsked Thile proedsgbrbe
determ ned_.in a nunber of ys,. i.ncl udin onparing.the nunber of .set bits
recei ved (GHer&ydip |a'5’?%f>_ a&éﬁfpp_ lé_élcf‘@%aalﬂ‘ﬁ? E%th-_ e Yo clotsiieh in

mechani s Rspl¥R®Yio 9&%%111% b Ink&Rup®iSh $¢ uedl i fh BRIHUEE Mhe ySOEF APRT R iRGcAYSRE €M
may have conpleted processing of aIC{ indicators, and prior to exiting the
eMent hansfuether dascmiged telldvow addi tional interruptions to re- 20i nvoke the
event handler. If the operating systemdeterm nes that another interrupt is
not need and therefare,.the control .nmode i.s not tq,be changed, | NQU RY
612, "t hercepdfiser BiHE s BB Rt skl e the St

Q her wi s €irminaee) AReidtch hethet SINisBATHRHs hRréIand dedbr RASCLiotheistnd@y a single
or all interruptions node, STEP 614. This is performed, in one exanple, by

25usi ng tierreeiton meds: INRUIBN 0080 rithisdascravmationds Mrae by akdclmetthe staeedcont r ol
node bei LN i i r 1 q j e, the
CPU 1 aci aein et oall B B IR AIiAIRL Bl BBl ThERLMR BR% TGS | 0
ZEy 0s) . Thsponsivh@rprasenting therintpirupteaueshe oseratapaiyvenh, die ihteauptidns riddes e

i ndicators wl| %%e set .to.one enabling a processor to h%ndl e tr“a

i nt er r upRHGRAticyly Bensitions e 2P TEYPAYI Grods1 9 T BE 604. In this mode, the

processor resets the CPU-facing indicator (e.g., sets it to 0), STEP 606, but the hub-facing

indicator 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, it 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 AISBs and AIBVs. Furthermore, it remembers for which
adapter each 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 facilitate 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.



Returning to INQU RY 602, if it is determned that the operating systemis
not in a single interruption node, then it is assuned that it is in an al

i nt erruptwonsimsam4and t he processor resets both the CPBCam2iwoefoaci ng
indicators (e.g., to zero), STEP 620. This enables other interrupts to be
posted by the hub and other interrupts o be provi ded to an operating
system 5Further, the operating system processes the Al SB and Al BV

i ndi cators, as described above, STEP 622. This concl udes processing. As
descri be® 3R th bAERY fheQRc bPnBONXBEVL M8 GRriYRls &QcANcRAaRE ATBYVEM
notification to an operating systen1that is not a gquest, in a further
enbodi rre mrocesdee a@sdéblB‘és Bypeedesseo thef incaupoen mea/mbenep comgtiens avithgha prygersed

(e.qg., ageabl e urt her tal eqar di convertin n 108l
eauest - SO E R ptaRS bt Frierel: M SR HLOR PG Be RSO

Ref er ri ngnagaiafloh Baddommpleted.i Mhik |r@s|ulty1n 68 bp&hfing wstdna&heélahg@famssstd}@d bor med,
STEP 300. In this exanple, host initialization and guest Initialization are

peX f or medhe &gptor fstegnbide opereliomcomarleter whedeasfihwmandoisq detailgrdiihe erergtionst  pC)

function &h ﬁhac%%?ﬁhegﬁg ﬁeggft%fs i} an $hd9%ibn Mek ﬁ%a&afasreﬁ Bl hRl s ﬁtﬁ]\gBo ‘

array an hen regis ers ocations and 'l eng
15t he f orvaitabloig sAtSIB rasmery aaddat bepfelbsked.n, for instance, the adapter
interruption forwarding table (AIFT). In one exanple, the Set Interruption

Controls _jnstruction, is used to reg er the l.ocati d lengths of the
f or war di J&GRPQTB“% F%\%Pm FORLINEY TO SCRR q‘flsa%rpc%‘ﬁé%tlbfﬂisé%gaﬁ essy Yl“f?lff‘e%ert E%tﬂ?eon

subcl ass Bt BedeBtel%o ?h%%pgﬂl%ﬁg LRt REbr 8d@Rk8k&d {ntf@%up@r Buﬁﬁ%bﬂﬁgéilﬁgcbf

guests. Agai n in one exanple, an instruction, such as th

2@ nt er r it mdmaﬁosqtthemwratmgtsysmmrmy deitegrmirse ch acmosba«zﬁ With ahiaspecindfoherat i on.
This informat. tained in f.or the partjtion for
ahi oh ¢ herBL T PO T T EE oh B 41esying af PB4 BRBAEG guest
initiali 2a8dedr tAp@U&S setREEAAhIBatBrsNUNBEE cQimPIASKS i ek Do FolicyanBE
functions for adapter event notification via an MSI request. In one

exanpl e, regeafiguraplsr d'opinstanec, 28ickpsmingtion ony b@ﬁmdeuhy\ib«@pqrwégeswt@ﬁttﬂlﬁtdhs
cause an a'd%}t&r ﬁo?fﬁcgt?o&s'}? V%f a%’&%iat%; '%aesrte%ftﬁ ncan bE%uH&?t‘i ﬁagl‘af RGhé ON for
n, as descri bed  bel st

each inter ni't Wi nes the

PA f unCtoIpeﬂa&n@.EIﬂ;tdﬂil@ o¢,ahé betitaig s@ﬁtefrﬂd‘anﬂbﬁ tﬁhelytprdba§s thc casiBVsh Dhie
exanpl e, the guest issues an_instructjon g. Query List instruction)
to obtai ﬁovlﬁ&elqetﬁmmedm@ﬁ npppRet eforays, laﬁbdtnrgu@mpﬁgﬂg ttmumberg $hPEY cept ed by

the host dc%ﬁ%ﬁ%ﬁ g@& d‘?e uﬁ%@&%@d fo thiRhd 1A 3L '08 E’?rg& tﬁﬁgpﬁl%&ha!ﬁ?sﬁl. A fafi3dy

det erm ne ctions are assigne
possibilities 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
either 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 (e.g., to zeros). Then,
when an interrupt request is received at the hub, those indicators will be set to one enabling a

processor to handle the interruption.



WO 2011/ 160704PCT/ EP2010/ 067019 27 host, responsive to interception of the
guest request for the PCl functions, the host constructs and returns a
response wo 20het6gwest and i ncl udes only those PCl functipomgErPadivo6Tous t her
assigned to the guest by the host. Thereafter, for each PCl function of the
guest configuration, certain processi n926i s perfornmed. 5For instance, a
determnation is made as to the M5l address to be used for the PCl function
and the nunber of MSI vectors supported by the PCl function. In one

exanpl e, gdpgnMBlto RAOUERY 402, A6 8 UBIARM 4 ol the pRHHEhY sEFAHRS AdISH b Uakicon t hat
provi des characteristics comon to a group of adapter” functions, and the
nunber ofintMBipticeicnedss thenphis rssthadythathieis RCkn &1l mé¢riuptions mode el t prénsssor

capabilities .of. 1h a r.. . The .host uring itsnitialization, has 10
e iRyl RS aR -l R e W 2t ATRp OB, THR o o o
t he guestinteRupHE Bslbe I\}!’;S&@ed he GO AT b't%rsinﬂa?ﬁlpfs&b BE PEoradJdas RABPEratifg tfR&nguest
that includes the | address and the nmaxi num nunber of MSI vectors.

Addi t i ondiurther, theeoparagve isstein percasses theasISReand ABY mdicafasy asidescaigd atiays. Al BV
and Al SB &'t 6‘52' qqltqstgoqlcﬂlggs 'Ijaic&%l%lgi zed to zeros, and a register adapter
: I &d.

i nterruption opération IS specl 15Responsi ve to the requested register
adapter interruption operation, the host intercepts the operation and

per f or ms Asalpsatibredtabove, i dtiomol codesting en MS13d anadapt@iavontngtifingiopuesh Al BV
in host storage (that is, fixing the guest page in host nmenory and paking
it non- pé?@%ré‘Hg%WStqfﬁFl%aﬁ@rl}Ot?ﬁu? éngtf@gleerseﬁé’eamﬂ& th, adqpeg VeSO BAOR! s 0

pins the n%e&téar@ﬁe%dit@a%ﬁ%t (é%?ﬁ%g ablENR1c 9 SEuARS 10RTs ABardimb ot Ofink N
forwarding "AISB array and inpficitfTy, the correspondi ng 20 T entry to the
PO f unctNIBinrequdst tr anatdaptet yyeni hotifiratigh 8B gmadt aieamonIECsepwdi fi ed by the guest
are the sane AISB and | SC registered previously by the guest (for another

PO By LD RN, LRGP R

assi gned P reques I's're co%ies t he

guest i nteirmpR! haan st Ch@siBarddRst iARia@GAltibnake ftforhied! Fer Buanée, apesd hdsed an
Al SB, the host copies the host address of the guest 25AISB and its offset

i nto GAl Tnitiplizagion @rrwhearthe fipps Phd Sunctiopisessignrd iguesiestity a3mstelidcgisathicon from
its stat At j T e host
execut os g PiSBAD Ry A, TRk ngiegtilR i 1Btadsh? e bF

i 165t r uct itlnfortvardapesiSByartdyeandeal 6AST iadapingtanda) tieradapicr mnsTuppien at i on and
desi gnates the foll o&%@g)i nfor mat i 0[0%: t he host address End guest offset of

: n

the guestOTRAEYNE {able Al ampEnthoorct KEerryriop {OnBSNATUSHO R} Ut He
forvar di Rgrdghsht (AL LRYIARShE NEGHQ e ANARLRIAISERrAYOSL T Nt errupt Fon

subcl ass pter; and~the nunber of "MSl's spécified by the guest.

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 instructions 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 already determined which PCI functions are assigned to the



WO 2011/ 160704PCT/ EP2010/ 067019 28 Responsive to executing the Mdify PCl
Function Controls instruction, a device table entry corresponding to the
PCl functworrofiomwotehi ch initialization is being perfornegCrere@bmctoed, and
the various paranmeters are stored in the device table entry. For instance,
t he guest AIBV, the host-sel ected formépbing Al SB; the host ISC, and the
nunber of interruptions are set to 5val ues obtained fromconfiguring the
function. Further, various information is registered in the GAIT,

i ncl udi NGosf RIpd R/ GRercbitRontIThe %ﬁ@f Re8est A RS PSPRunBfiords e BHGTondhRR the
guest |1SC, and the address of the SA for the guest. This conpletes the
regi st r atthdretpme eesponse to tiithgrestadndancluddsenbOhosaPCl funatiensadroffigberat i on
space is w.itten., Specifically, the MSI address and MsSI vector count are
witten iaﬁstl%nefiﬁg tl&eoﬁﬁe?td?}’rtﬁ? }“8% address space of the PCl function
10consistent with the previous registration. This conpl etes guest

initiali Zakteaner, BrhaePenfuntGoef the kit Gon fitutkdtidhn] Zataliprocessingdepsadnlyll i s
converted to an 1/ O adapter event notification, STEP 302, Initially, a
descri pt iFghIstangg e defespinagigh isymadaastth dhg Mok pddrpssite fe jused fagthedt(dfupgion
recor ded. I b S; UL t he c
specifyiﬁaégﬁghb%%?gg%gggg&gﬁﬁﬁﬁﬁgh%ébqg%g?gﬁﬂﬁuﬁ%egvnggkﬁépﬁ’g%ngI

r equest orddss ifletermmgdiasing iaueer Grogdindtbuchiyn thae ptovideh ebharactdristes pomsgiovne t o

receiving the request, the.requesior ID i e request is used to |ocate
the devi Y exppelainy ﬁlafthnﬁeané ¢ FYR qriogﬁ\gfé]}r‘f?@tqgs' @pﬁaﬁectﬁﬁ%ﬁrl’éﬁ at | east
a porti oy RkiohRerRAHbR R da aﬁiﬁﬁesrcﬁqlhheez&agi’&r.t he RSt VARIHE ifsnitiNgzaMBh, lﬁ@gpar e

register. If they are equal, an M5l | ei ng requested. Thereafter,

det er i naltefeominicd thre ddormsativo, addghérefore, hesphBivey cinterceptiom ef the gecit fcbmehaingd, t he
20request, is less than or equal to the nunmber. of interyuptio NOI

2l oved £ RashranphSandFer i R psebSietS YRGS hiripuPSah PSRt e an
error i s ph3dheatRehbebhRISMys&orst he 1/ O hub issues a set bit function to set
the appropriate AIBV bit in storage. The appropriate bit is determ ned by

addi ng the MSI vector nunber to the Al BV offset specified in the device
t abl e entAdditiangllni thp NGB Y g allefiatedaanyipthay thefAIBBt ¥ apy.okhe B X apY AdgBraes s

speci fiedyj 5. i I . i: i t he
nost ser SIbBQETARACE ARR Failtebter BT b AN on st BURL, | e
I set | Rebpmspees theAbfbstedatgiktasadapein imemuedniopetacisi, the bosa@ecrcepts the
Moreover, if an Al SB_has been designated, the |/O huh uses a set hit.

funct i on OPErateR aqqRerQras regjstratigny H‘g‘lszlﬁﬂéd%uf%é?m(“ﬁ%’ PANHRE BeAUCHAEINE) , the

Al SB addrhe%t@rigge 4he isﬁhgﬁiegqtﬁ% ggésg g@gennthbﬁ RGNS SNl mh(ﬁlr%am\%y.pag%aeﬂep, based

on t he manner whi ¢ t"up 1ts registratio
2011/ 160 Ro4RGTIER29UB! GETHEE aB NISB, thedostreler pinpthc guest ifISBrmhosisforagee bi t

(h 15 Lk 05 DOE L 1 B 0, LRI 09, M SR LAY, 1 oot She 200
Snzud mtT:a P;eiCﬁf}jl}TieaI{ﬂ%%’tro] l@lee BEL fubfrich. - AlRerMtRly, ifdhé RIS ah& tiRNSEAPBEIAE] BY Blat  OF
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. Ifthe 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

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



Next, in one enbodiment, a determnation is nade (e.g., by the CPU or the
| /O hub) as to 5 whether an interruption request is already pending. That
i's, the peodongieshredi cator (e.g., CPU-facing pending i ndipcatepe)ioios7ochecked
to see if it is set. If it is set, then it is not set again.
Asynchronously, one or nobre processors Zheck the pendi ng indicator. In
particul ar, each processor enabled for the I SC (and zone) polls on the

i ndi cator when, for instance, interrupts 10are enabled for that processor.

I'f one OfRegﬁﬁlsWeQS eR&ting qﬁtl\q{‘)ﬂ'{f}nﬁél Fhatioh r@%n{rﬂg'lﬁﬁﬁl‘éﬁoﬁ % ®Slce tble entry
arbitrates wth the othef enabl ed processors to handl e the interruption,

STEP 304 coffgsmadmgéo thed® Glritegtiondor, whieh ifitialimatior isksang pdirmoh e selestedy and

specified in the ada nre est to.locat et e ALFT for
SheC] ot g PhelehS pRASRIEL wk MoPL L iaRhe ARGk Opb o B8t IRl R W
firmar e hehegkstcateinmeding PSB! fif EEISY; kiEihddasbar Qﬁhteﬂ@@hd&va% setge. 9.,
all zeros). If the AIFT entry includes the defined value, there is no host

rdnni ng galiss ebtamed iem eifigaring Hictfimgtion, Farben M@l%arpﬁoématiqw& FRipercdmn i s
made pe”%é‘@A{[?rm&H&ngoi%!r ﬁ%*anE’@ @é fidsP Qﬁidrgs%% HHHED dnd AR r?l‘é%,fd%%f‘e tl_( or

for the operati’ng sys rtions are conlgtj hi s
i nt er r uptiSOnaridstht bédreRat dhec@IS¥s fdieﬁe:gudsedrlﬁbmmwas kherrefistr &tiv®eprd eess.
presenting an interruption to an operating systemthat is not a guest. 20If

the Al FT _en does i ncl| udethe defined val ue, ni ng t there is a
host r unrﬁ‘ﬁ P lrae CtipRe OBIZYTREMN Hage B¥ithg SRR S t@aﬁff €% ng
whet her the Mfﬁ@e@h‘&?%bﬁﬂt%ﬁ% Ratt8amnto G cB &Mﬁﬁrésﬁ‘%ﬁc& BP’EHeqthrfﬁRéﬂ%%t i's
equal to the I1SCin the AIFT entry. t | SC specif as part of the

adhpt er icnbhsstenipriitothe pwucestregisiaslonotThmwaipld:tbtegueslonltmhz#t@nAl FT entry, the
adapter interruption request is not targeted to a guest, and is nade

pendi ng f the lo a rtiti.on |dent|f| one
Phe. oot SiowplEu E Phifrme B HlAlgt <sERRab S Risabatd e oRF 1O BREles Rlssf o
t he presegtifiedioaNSTRP 802 URiti01y, b dc@AipEHE6 Atht RYers ¥t whch Fatinfctrupén 8 guest .

Ot herwi se, the |SC specified as part of the adapter interruption request
does equafquenied fssecqrded. hzéddxtlmallé/nﬁ Fefucyraitiged bratheid fanpaien spedifyingrtheipt i on

request | Slta?ofdge%gﬁﬁd {h%tl\asﬂ%%fch nuﬁﬁgtr%‘s')weﬁ@é‘@& deSt3P I})]h‘fh@\%éd‘ti%ﬁtqk R cALPB

array ad ress an entry £6°8
20511/ 1605@4&(170&1%3%@&&@6’&1@: tB(}ecanmgﬂw aguedd, 82 Iaqnm;ordbsn tvakcqubsbig uséde

host | ooking for indicators ( ) .that are t to one. For each

[ ndi cat oo (Rl the dgage gy GR&Y ?qrﬂée PO inkiien bt/ S i campron ai kast eportion

cor r espongi g, (¥ itAL Eé/qureﬁ WHPHE SRIuE Rdthe NG &ﬁﬁ&'ire register. If they are equal, an
MSI is being requested.

Thereafter, a determination is made as to whether the MSI 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 I/O 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 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 registration of the
interruption 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 I/O hub uses a set bit function to set the
AISB, using the zone 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



Initially, a determnation is nmade as to whether the GAIT entry includes a
defined value 5(e.g., all zeros), neaning that the adapter interruption is
not tar geweadotiaearoguest, | NQUI RY 750. If the GAIT entryPdoEP20mobivde t he
defined value, the adapter interruption is made pending for the host. The
interrupt is presented to the host as d&cribed above. However, if the GAIT
entry does not include the defined value neaning that the adapter
interruption is targeted to the correspondi ng guest, then a nunber of steps

are perfof %aneﬁ'uégorpfﬁ%}hﬁﬁ@n,tthgbﬁ R Ji RAIhOhosk RESBIRRGHrENERE AISB
notification to the guest. For exanple, if the guest Al SB addreSs in the

GAl T ent rayrag geboshotoragac Notkethat iff éfei systdmvdsiesi sot(sipport thel settingrod g singlenlat, guest
Al SB addre ﬁ @@ﬂ t he ue%% Al SB %Hfs%f re used to set the gquest AISB to
one. . Fur (HARDIE PHks M P8O o 1 HIC S P, AP o eY5E Opp T Indisaton i

the GAIT entry is used to nake the interruption pending in the G SA for the

guest. | Nexednbaan@Bodikht, anlcRspmatiornfs rhate (2 2RLEIRNCPUM e I/OmubRss tpart  of
this process, the interruption node is set for the adapter function (i.e.,
t Fe 1 SC) Whethep ap nbseapbion requestds plipadydsndinge Toafris.rthe Benging iBAE9108EHS n t he
guest in Wpt | t.eq. . r . i bed
above, {1 bRt Yenih ifaBHER i (Aot lole RIORRD, S Rieat ol LORTSH

i nt erruptagans are queued for pageabl e guests, and in accordance with an
aspect of the present invention, the A SA is extended to include 20two bit

masks - one for sinpgle interruption npd S| and one for no

interr upﬁsaﬂ%mm@@?ww TOFEHAT Ce R R SRS C%tabpff@@&w&}ﬁrt e
managed fe8cesoY bRt foY tHNKIOLAESLRY PHRS orPfhe GMESAS: wRInD € ihdMhcs! @tcBrubfs
tracked in a per-guest data structure in host nmenory rather than in

debi cat edr pddet thhaprdeessar. 1{ @reeoidhe piocessers pletsrmings thehthepndissar isisefvént i on
pertain tg.guests, W thout dedicated interr i on. har dwar, In this
iPorEEhn e IR orl Rt RES SRk bR Gl ol ST,

parti cul ar exgﬁg> 1'on subcl ass.
The follow ng represents an exanple of the interruption node for the guest

| SC. Sl MWld is@de the mtahdpt.ithé Birmupicigastheeoss nuishddvispatficd ib,thdNiddtdrsc = 0 -
single-interruption node; and WO 2011/160704PCT/ EP2010/ 067019 ]
interruption request to locate 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 handled 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 equal to the ISC in the AIFT entry. If the 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.¢., 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 AIFT entry to scan the



31 SIMMisc =1, NNMMisc =1 - no-interruptions node. To set the single
and all interruption node controls, the Set Interruption Controls
instructiwo2os/ie8®d. It is interpreted by perform ng anPCmEPeélook®d updat e
on these masks and the interruption pending mask (IPM, which serializes
agai nst other accesses to the G SA As Han exanple, to set the all
interruptions node for a given ISC, the bit position indexed by the ISCin
the SIMM and NIMM fields of the G SA are set to zero. Further, to set the

si ngl e i G5&FAMAL IAASBIRAS dedif@utdd By 0 Tbkt 196kihD flﬁ%&qcéwrswg., b§ thit akdget & MM
field is set toone and in the N'MMfield to zero. For the no interruptions
node, thenbi Fopesh ndocatonttiaxestt iy ond¢he BB ware ubgs iSorataomdinhearfdspdmiingr e

set to 1. When .an_adapter. interruption is nade pending for an ISCin the
G SA theGj%lgh ?@Wtﬂﬁmo%%sgt%%trlgd]lcﬁt%rrogat ed and updated as appropriate: |f
SIMMisc=0 (all interruptions node), the interruption is made pending in

| PM i sc, Iaifgllylasdet@h@idtionds insddaytbaviveds kife GATNesHeRchyed AMfiRd.vallde SI MM
and NIMM bits are |eft unchanged. (Interruptions posted in all_interruption
node | ead@ gt B Zeredle MEBHIAE ik Hescpdpptcr ingirimtios dsnot Axgetrl i BaestEANQYIRY e

i nterrupticgn t [ ' [ ' I ' d host
alerting 7:52 gﬁg?rMngcfmﬁ?fiB%i%lgfgg% g%rhbe;‘lﬁ?A :&es’gﬁen ﬁﬂ%égp%ﬁoﬂr\{!ohﬁ a ?sc IS
al so set pendidg &ir thdhest t Theintdrhips isretdeatidgo shet roahas desatibetirabovesi ngl e to no

i nterruptions node on posting an interruption. 20If SIMMisc=1 and

NI MM i sc= no i.nter tions, node)., then the interruption request is
Nmor ca. Hig'Rn i hS A ) 2T S oA P g Cagimainn F §nidy e
A SA. TheptbRgRemt ik eRe@bdtotRE 86 @eshOndhMMiandndl MIAEE ofBeps ReRHBENdIHO t he

exi sting interlocked updated used to post the interruption. This ensures
tHht a coaspbtetr fevardng of heradiptendvisatdnotidivatietoithe guess Farexpaple Hghof t he

S P80 A AR OGS BE b RAE  bR SGYBL A PGSR o

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 (SIMM) 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, each mask has one bit per guest interruption subclass. The

following represents an example of the interruption mode for the guest ISC:
SIMM.isc = 0 — all-interruptions mode;

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



interruption alerting mask (1AM of the GSAis set to one), a host
alerting adapter interruption is nmade pending. The setting of the IPMbit

i s equi vavermnittiwotohe CPU s pendi ng i ndi cator and wheneveCTEPQUESE70CPU
enables for the 1SC, the interruption is presented to the guest CPU absent
host 5intervention. At the time the IPMlbit is set to one, the bit
specifying that an adapter interruption is pending for PCl functions is set
in the adapter interruption source nmask corresponding to the G SC.

Responsi ve to g3RiN iRRG- I hevifVLd 2 1thg FrSAptdnPreaessor enabled for the
guest | SC determ nes that this indicator has been set and presents the
interruption to the guest operating system 10This processing is described
further viotsst thefmglannd allonermgption mpde coniraly tha $rs Intarreptiandtensiply wstmeation
pendi ng i.n the. .G SA SCI ahov TEP 700. roce [ I 1'ing on
Phis | parouedy il Re S R B o P qp B GRE RN 21 &

enabl ed, imtbrrift@seithdinkitask IIPVTY, thdid Hoderib Bzds AgaiaReIIRdr iabeks St b € GISAEPAY 02.
Responsive to receiving this indication, the operating system begins
processi #Y CEHYPPIS o sal BB al Acrapmipns mede fpior siven S (gdhe bif pedtigihidexcdbydinep
704. Duri 1 hi f i d ] ef: t he
it er rupt o eI FRE SR ol PR QI o SEhER G, 2 o RS 1
keepi ng patceuptidnhmgda dedsi pugpitionendexdted ibydhcEtComshe SN fi¢gld does tonaic amdkie a

change. ver, .if the operating systemdeternines that apother interrupt
request F@%W%ﬁﬁl&&%zﬁén Pﬁ&e OHBRTHpP APRses i ROSHORAT %@dgywlﬁé, for
i nst ance ;, iResiHa haNe MM Rl R LRt ¢l s instruction, as described 20above,
STEP 708. This controls the rate of interrupt processing. Further details

regarding the Modify PCl Function Controls instruction used to register

adhpt er iMharangskapion mt¢rsundies dy inbéalpdnding for aRES @y tha 184, @ llonng dithbrgi f y

PCl Funct.i.on Cacgni]gn%:\% 5% truction 900 includes, for instance, an op code
R

902 i ndi é%lt i a?’@?prﬁﬁrﬁ%?'i on Controls instruction; a first field

904 specifying a location at which various 25information is included

regar di ng t he [agapheisc=Fou@d tintefuptns wideh thdr@tngtiah ismade jradageah ePsl.isd, e

bei ng established; and a second field 906 specifying a location from which
a PCl functi od{ he¥iestingots psTfeared ifragyested pyiMeaige. %%S%M@%IW Ritse

| ocati ons desi i e ' WO
2011/ 160704 p&%&%%’%%é% 1{59%5%{’% 3%5%%? ?1':11 {eﬁéé}tf %égﬁgﬁgﬁegg%F Q?%]@Wg% apt er
fincti on on behehdnged.) whi ch the nodify instruction is being perfornmed; an
address space 912 designhating an address space in system nenory associ at ed

wi th the adap function i,ghat ed by the function handle; an operation
control 914 wh MRS PSS St s BES Pt RdnFim Pl dudpt or
function; and psh@hssn P iRMMECKbsPAIBMInGES p& TR, if edpEdENBy AR kOISt uct i on
when the instruction co]r\'?)l etes with a

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, IAM, SIMM, or NIMM fields in
the GISA.

The inspection and update to SIMM and NIMM are incorporated into the existing
interlocked updated used to post the interruption. This ensures that a consistent state is
25 maintained, 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



predefi ned code. In one enbodi nent, the function handl e includes, for

i nstance, an enable indicator indicating whether the handle is enabled, a
functi on worzbavicotvat i dentifies an adapter function (thiPSTIERP2&096719 C
identifier and nmay be used to index into a function table); and an instance
number 10specifying the particul ar inst¥nce of this function handle. There
is one function handle for each adapter function, and it is used to |ocate
a function table entry (FTE) within the function table. Each function table

entry i ngh kﬁﬂﬁ&ﬁhgﬁﬁ@%(@@Mﬁ&ﬁh@tﬁSﬁ@Q&Q&)9&%?&h&@§ﬁﬁﬁ@&hﬁﬂﬁ@SSPCiated
with its adapter funciion. As one exanple, a function table entry includes:

151 nst ancdefeiuptiveris nBde pefdied.d i ndi cates a particul ar instance of the
adapter function handl e associated with the function table entry; Device

bl N . Qr- i bl
nai ces, - CReRrIAdEY b i iiat & ARLeSR 20 ndRhE PRV EGC AU Ann, o

t abl e entOPU ¢AIbks. forlie 18C ahe imaeu@ion 1D sdes ©ahd aldseCPUtabs@s hpgr adapt er
function, and each 20entry includes information associated with its adapter

f uhct i on IFRYERERI- gyt thatisierhe 1OY bilsie settte ops. deissnesifyiag that on adapicradapt er
runct | on if@rfnon oAl R P01 AifRkioheRIESH e aNddr A ORI ABuLE !k NI L O
ed wt €.g.,

reguests associ at t he adapter function instructions).
Each devicomedpabliiagemtheyGISE. associ ated with one address space within system
menory assigned to the adapter function. An adapter function nay have one

funct | on Reaeyenanagrsme Teh e oS! haptarts aRls g it e b O HaR R on
i s busy; thmiz%Ma@&%%?éﬁ%ﬁg’&%@ée%ﬂﬁé%téﬂuﬂa%ﬁ@aﬁ{ey%ubﬁioyelaaﬁﬁ sydidhcat or:

This field indicates whether recovery has been initiated for the adapter
fihct i on;Thirepratessingns dasefiilesst fortheritlsrefigrenag o fido cat butialyetheenterrhptiaoper at i ng

LS S A sH O AT b Fon BLDSH BhaiSS

enabl ed (&dightor dst@Rais@Bht tRtt B8l két, and when it is enabled, it presents the
interruption to the operating system, STEP 702. Responsive to receiving this indication, the
operating system 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 to 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 interruptions is described herein. Referring to FIG. 9A, a Modify PCI Function
Controls instruction 900 includes, for instance, an op code 902 indicating the Modify PCI
Function Controls instruction; 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 field 906 specifying a location from which a PCI
function information block (FIB) is fetched. The contents of the locations designated by
Fields 1 and 2 are further described below.

In one 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



Requestor ldentifier (RID): This is an identifier of the adapter function,
and includes, for instance, a bus nunber, a device nunber and a function
nunber. Iwoena/exaapl e, this field is used for accessesPofi/ER2@o0670gur at i on
space of the adapter 10function. (Menory of an adapter may be defined as
address spaces, including, for instance3 a configuration space, an I/O
space, and/or one or nore nenory spaces.) |In one exanple, the configuration
space may be accessed by specifying the configuration space in an

i nstruct iR id $eBedtHEhahdIg oPﬂf_%raﬁﬁ%t@IgﬁJ%&’t%ﬂH bl R HRR oAy akdt@diod B the
adapter function. Specified in the instruction is an offset into 15the
confi gur émeingrpesfpan@{? andddressnpecd i draiznheng srealdress spasatie system approopr i at e
function table entry that ipncludes the RID. , The fir e recejives the

ot r uct o it b et Rlee! PR S Faoleh o s b SO E! |
uses the ok RHich GRAGERR oPpefabifitl @Sbe p&fdrhRd drehd ldhpt@Tehndtide; ddd@thudborg eat es
a request to access the adapter. The |ocation of the adapter function is
based on %iheh Ropideysatus ﬁ%aﬁﬁn&tﬁe iggivetion when thegnstgistion oprppletes wath a

confi gur%gé'&%pn&f)%ca% of the adapter function. Base Address Register (BAR) (1
ton): ThisTire I'ncludes a plurality of unsigned integers, designated as
BAR - BARE, which are associated with the originally specified adapter

f unct i on,In andembaedimeuathecfinaion lmhdle isdlodwdforr mstanec, kasaaldd drddssorriadicsingr s

associ ated with the adapt functi.on. Each BAR specifies the startin
25addr es_é"cllﬁfvﬂeéﬂ}?é}?ﬁiﬂﬁ IS Bledof ICEPR puE ervﬁli‘tﬁfi?ﬁt{%ﬁé a5 AHI Er ﬁmetqhaw,% aand
also | ndiseat &frkifer 4Ry Obe ALRERRICS A6 & fuldiidh il VAR NPfstahed furfbepd or 32

bit menory space, or a ' I/ O space, as exanpl'es; I'n one exanple, it is
uded f or spotlyssetbe partinelanmygtagspaciehmfuiaionlha®lls pdbercos onhianetdaphaadlcffonct i on.

For instancge,, a ffset provided in an ipstructipn to Ss, WO
2011/ 160 76T e bePe 16+ SE L adnfls 4 REERT bR e BEE T aniviBe val ue i n
t he base fagidioasshie. eBach BhictRRIO61E ahed intlddBs bh@aidl fEemSRACAJIGR SRt ed in
the instruction to obtain the address to be used to access the adapter

f unct i on.Infpreataddsscrsatepudb its ddamnteriuaetionr d\e aedxpmplehe fungsen tablg anry

identifi Gfr?clﬁc{%% address space within the adapter function to be accessed and
t he 5corresponding BAR to be used; Size 1....n: This field includes a
plurality of unsigned integers, designated as SIZE - SIZEn. The value of a
Sixe field, wisnamom™Nzeed, Thedichbridicates Agagicatr afstadac bf thdddggsr fapaom W t h
each entry correspondi ,n%dt 0 a previ-ousl3f descri bed BAR Further details

regar di ng’ BARNaRde gpspeiatedavidheths fimsdign frbile gty
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 (e.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;



101. When a BAR is not inplenented for an adapter function, the BAR field
and its corresponding size field are both stored as zeros. 2. Wen a BAR
field repvezentsomist her an 1/ O address space or a 32-bi PCrEPRO1Y/06eTHdY €SS
space, the corresponding size field is non-zero and represents the size of
t he address space. 153. Wen a BAR fieFﬂ‘represents a 64-bit nmenory address
space, a. The BARE field represents the |east significant address bits.

b. The next consecutive BAR'+1l field represents the nost significant

address bits. Recovery Initiated Indicator: This I8 HEREH QSRR REcoobARRs bt &l Mitiaded
non-zero and represents the size of the 20address space. °d. The

cor r espondi ng @1 tAEaddptérifenadions not meani ngful and is stored as zero.
Internal Routing Information: This information is used to perform

par ti cul ar T oW Lpg. 10 e A0aRN ek i) YiSR. 06, b ARLANGEn fadPt
processor chip, and hub addr essi ng i Nt of mat i on, as exanpl es.

2011/ 160704 PCTbEPAQRO4DHTH TohcBibn has Ankorex @b o, t he busy indi cator,
permanent error state indicator, and recovery initiated indicator are set
based on nonitorjng performed by the fir re. Further, the permssion

i mdi cator is @é@?leﬁ 1C?t%t%%§?%ﬂﬁ%léﬁ%1’f%?ﬁ tag adaptey fymtiopagenabicdr(Bgti on i s
based on confijguralidLo=iRin tion discovered during a bus wal k by the
processor (e.g., firﬁmar% o%ﬂgthe processor). OQher fields my be set based
on configuration, initialization, and/or events. In other enbodiments, the
functi on t abl dRegnestyr Identifien RUUDe Ty is anlidensifior ofdhé fdapgartiunatioorarelt i on. The

i nformation included. may, depend on the erations supported by .or enabl ed
for t he. adapt &t FcRr BROEE AR PRTRS 2 RPGCC R OF A Aa BB oE ol d 2
designates a | ogical address 920 of a PCl 10function information bl ock

(FI'B), which itneh¢igesnplafthis fld Qusée@abtichds ana asstiraloddpactadtiee adapnet i on.
The function information block is used to update a device table entry
alft/ or functi dwnatign eMempryof(ayadgptsemay de defipd asagdeses snages, Wcludingaéoradapt er

Luncton Toe ST o A PSR TLELIE L Bty ) o
In one example, the co,nﬁguration space may be accessed by specifying the .
configuration space in an instruction issued by the operating system (or other
configuration) to the adapter function. Specified in the instruction is an offset into

15 the configuration space and a function handle 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 I/O hub, and the 1/O hub creates a request to access the adapter. The

location 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 I/O 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 I/O space, as examples;

In one example, it is used for accesses to memory space and/or 1/0 space of the

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



15Further details regarding a function information block (FIB) are
described with reference to FIG 9D. In one enbodinent, a function

i nf or mat iwo 2bl10ik70950 i ncl udes the follow ng fields: FoPeRIEPR®Q/06DMS s fi el d
specifies the format of the FIB. I nterception Control 952:
This field is used to indicate whether 3tjuest execution of 20specific
instructions by a pageabl e node guest results in instruction interception;
Error Indication 954: This field includes the error state indication for

di rect menory ,agaestindh RAARUAL theWAhd HRhd BRS ad MR YeLRRr BisbciaRdS&th the- 9
1), one or nore errors have been detected while performng direct nenory

access or adaptléresy spaes desggniatsd ih ghre ingtenctidapt ebtaihiheaddoess t@ B¢ nsed/tSpotess

Bl ocked 956: Thi s, fjel.d i.ndi cates, whet her. | [storge . operations are

bl ocked: v SBuErakHabes) BB GhurBehu e e R h B Vitto8ss: mhis
field includesdanifiefnel.adRes spaedivitin thohddphe fastaiphes bé Heretdc@and Ween the bit
is set (e.g., 1), the adapter function is considered to be enabled for 1/0

oper ations; AdedireseongpgdiRiybsesded 960: This field includes a direct
menory access 5enabl enent control for an adapter function. Wen the field

Is set (e.g.. g ﬁi..hemma@%&fegsiﬁm %?ﬁl?éigrﬁéd iﬁt%gg‘rssde%%ngt@&ﬁs gfyys field
i ndi cates the size of the page or other dnit of Treno y to be accessed by a
DVA nenory ac®&EBE,. RE vabase afide Asld, ¢RBM)oBLR0, rEficsentd tht dize of eadhaddreaddr ess

for an address space in 10 system nenory assjgned to.th dapter function.
I t representsSP?F@W@MPGWWP%‘FSPB P%g%wmouglﬁdaa%@émﬁncuon is

allowed to use for direct nenory access to the specified DVA address space;

PCl - Addr g98thbd dBtdils(Eedin® BAR I SizE bRl fbsErfRud3RN. s the highest virtual
address that an adapter function is allowed to access within the specified
DVA address space; . . . ,

10 1. When a BAR is not implemented for an adapter function, the BAR field and its

corresponding size field are both stored as zeros.

2. When a BAR field represents either an I/0 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,1; field represents the most significant address

bits.

c. 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.



151 nput/ Qut put Address Transl ati on Pointer (IQAT) 966: The i nput/output
address transl ation pointer designates the first of any translation tables
used by awB@biwieptowal address translation, or it may di PegiEHPRod@siognat e t he
absol ute address of a frane of storage that is the result of translation;

I nterruption Subclass (1SC) 968: This fifld includes the interruption

subcl ass used to 20present adapter interruptions for the adapter function;
Nunber of Interruptions (NO) 970: This field designates the nunber of

di stinct j BhetLmié, M 6RIERIIBAELPLEShnkRN crff? sBdaRbRAtoL URAE@Rery iRitRtddi el d
al so defines the size, ih bits, of the adapter interruption bi't vector

desi gnat eetigaforzare addpsadron moritaringtricormed by thetfomvadd r Bethearibic parapssem

interruption bit vector offset fields; 25Adaptes.|.nterruption Bit Vector
address. (A 99 TR afted ety ERORSBAT ib@Bi o RO SRR e
i nt er r uptcbfgiRhtionviR€drRatib® Hist RRrRACARINGIa Hud Rallk BY the PRb&esyR ¢é 8! fikBwasasd 1 n
i nterrupt processi n&ﬂwV\D 2011/ 160704PCT/ EP2010/ 067019 38 Adapt er

| it er r uptthoprogissonye fieds seay bymet baphd en porfighrafipne jnitidizatione apd/pseentst t he

first ad [l . i [ k- j rot r ion;

Adapt er Ieﬂgl]tbglrelrr %%%?%ﬁ%g%h@lgﬁgﬂ%ﬁ{?%gédjénégjsﬁl?%%g‘)dggufggq%fosf dﬁf?f'éé‘%% provi des an
addr ess defsigatain. Nthetih@raatapt @eluted @ay dpidndpnshigrapdrytidas tsuppulticd byios
optionally used in 5interrupt processing;, Adapter Interruption Sunmary Bit
Of f set 97Bablatfog thy @\aatebiﬁﬁ\?B%s the offset into the adapter interruption
summary bit vector; Function Measurenent Bl ock (FMB) Address 980: This

field prodidasie AFRTIDCE FPoR ex@nip) B1dIPD dEBESHELITRIcaP RS YS6dr 4 PCEol | ect

measur enents regarding the adapter 10functron; Function Measurenent Bl ock
Kely 982: fiimitionfinfetrdationdiloded 1B h vdudeisslukesinfaymatior sxgatdies fnuassediand

measur enent bl ock: S ry..Bit Notification trol 984: .This field

"l at 6 UL e o ARG Iffiaon BREKTBEEE BRIHG® (odee DS YT uet i on
Aut hor i zahlp fu?@ﬁ@ﬂﬂta@ﬁ%ntﬁk(bisothbﬂbé'aﬂo‘ﬁ) HB86iated vial s BipR MhRitdar Thepageabl e
storage node guest is authorized to execute PCl instructions w thout host

i nt er ventipfgrmatgpmds 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 field is used to indicate whether guest execution of

20 specific instructions 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 interruption

for the adapter function;

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



Address Transl ation Format 987: This field indicates a selected format for
address translation of the highest |evel translation table to be used in
transl at iwo 208/1g070420segnment tabl e, region 3rd, etc). TRETAPRECI06TI19

i nformation bl ock designated in the Mdify PCl Function Controls
instruction is used to nodify a sel ect el device table entry, a function
table entry and/or other firmmvare controls associated with the adapter
function designated in the instruction. By nodifying the device table

entry, functi @ertRbLEoeilyoBNAfE fifldRESudds MBRLIR GOt oRtrS) fof' ﬁfetaﬁﬁl%‘ter
or

services are 25 provided for the adapter. These services include,

i nstance, adaptmtionniVéranuhe bivisset eeciklr Bls thetadaptst anttomsis coeudiredtorsr st at e;
reset Ioad/storq@q%fcﬁﬁg&?set functi on nmeasurenment paraneters; and set

i nterception ¢ORTTOIT SHHIP160704PCT/ EP2010/ 067019 39 One enbodi ment  of
the | ogic associated wth the Mddify PCl Function Controls instruction is

descri bed wi t nddedseSpaGeR doistErt&960:0Thik Hicth@clRyaPligsct bftendrnsédeskct i on s
i ssued by an operating system (or other configuration) and executed by the

processor (e. ghablemegapigl fasaredapty funcsiopp Sy anithgyfigldds egin(c-gn 1} ek xanpl es

herein, the i@ﬁ%ﬁ&%%% S%an@g@pter 5functions are PCl based. However, in
ot her exanples, a different adapter architecture and correspondi ng

instructions may be used. In one exanple, the operating system provides the
f ol | owi ng operPape8izc @61 h&hisfedd indidaten ti{eesizp of thepageerrothemoni of egim®ietosbe
designated by the instr ﬁ@%%ﬁﬁi the PCl function handle; the DVA address
space identi f{%&§°SS 3Hb§ CBATES:; and an address of the function

10i nformati on bl ock. Referring to FIG 10, initially, a determnation is

made as to wheihegasé RadfecdIFBA Yozl 1T Al fid baseMadichyfoPeh afdtBgtspadt ikont r ol s
instruction is installed, INQUJRY 1000. This determ nation is nade by, for

i st ance, chedkstery magmeryd@segiadrto sheordapter function. It sepressats thalopsst viskalbl ock.

If the facility,li i - ' di L i vj , STEP
1002, 1501 her i gis®s %l BBRRLEEH o AEGERN B0 GPRKS o eSO
was issued by speppRgERM 2 addrogsageccaode guest (or ot her guest), | NQU RY 1004.
If yes, the host operating systemw || enulate the operation for that
guest, STEP 1006. O herw se, a ermnatjon is de.as to whether one or
more of the oa’_é?r%’d%e%ﬁémw(%ﬁéggw ﬂ@@%ﬁy ISDIGEENFOF DigSH e agdress that

det erm nati on 4}, $qiRderufdidnds WG OEh 488 s 3FELEHS s?éciiti&leDgﬁﬁt HarEdsQPace;

information block is on a double word boundary. 1n one exanple, this is
Ol%t onal Input/Output Address Translation Pointer (IOAT) 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) 968: 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 fields;

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;



| f the operands are not aligned, then an exception condition is provided,
STEP 1010. O herwise, a determnation is made as to whether the function

i nf or mat iwo 2bl1oisi70ks accessi bl e, I NQUI RY 1012. |If not, PREEPaNMOAROEPti ON
condition is provided, STEP 1014. Ot herwise, a determnation is made as to
whet her the handl e provided in the opeh%%ds of the 25Modi fy PCl Function
Controls instruction is enabled, INQU RY 1016. In one exanple, this

determ nation is made by checking an enable indicator in the handle. If the
handl e is not enabl éderriiRR M0 VEXELOH QY 780N AN sHRifRANd Sl o ShERrd018.
WD 2011/ 160704PCT/ EP2010/ 067019 40 function table entry corresponding to

t he adapter f adenteontetptiombit Meapebinfor dreaddapter &mstier,s are to be
established. A determnation is nmade as to whether the function table entry
was found, | Y 22. | f t n_ex i condition i rovi ded,
STEP 1024. orNhgeéraRteé il,geri“f‘pt% negﬁ'“gﬁomn%“?y 'gh"&?%??‘fsﬁs (gﬁugfég g?%g?ﬁ%ge!dosf Y@%ﬁf ion is a
guest, | NQUI R¥ddR2SHdesidhetindthe adgaet in@frupaarditnh@ary(tit, Gvhichi iDbpti@RNY ues o t he
host) is provided, STEP 1028. This inquiry may be ignored if the

confi gur at i on IMETHRItPTACESHBZt or ot her aut horizations may be checked, if
designated. A determnation is then nade as to whether the function is
enabl ed, | NQUI e : ig5ed i31] j i :

checki ng an e%P%Q%%mﬁ;%ogﬁnﬁﬁ%@?g%%%ﬁ ?{g Ifg&? gﬁﬁ% f/ftﬁelcﬁsgfml%slthﬁot
enabl ed, t hen adaptexioepupbon swmdartyi winvacrpr ovi ded, STEP 1032. |f the
function is enabled, then a determ nation is made as to whether recovery is

active, INQURY 1034 .. If rec ry | ctive determ.ned by a recover
"ndi cator i OHECRIerBRTab I E D R oo dri R SR e e TS
provi ded, STER filfdfon ti@NaIent blbck @AYEEYlIdct mBNurdhdnty Rgaldi@nthd adapidrher
determnation is made as to whether the function is busy, 15 | NQU RY 1038.

THl s det er mi ndtieiani s made by checking the busy indicator in the function
table entry. If the function is busy, then a busy condition is provided,

STEP 1040. W't g it 1 A ] i i.nst ead
of dropped. Itha { %tﬁ@%%%ﬁf&oﬁ&??ﬁ é\%trk ?{J{S‘? ?ﬁ%ﬁ&gtdtlég?%e%%? aggetsge%ﬁ”r?g#%srsl IS
made as to whehdfnctidremtasnasnmamnbionk:or mati on bl ock format is valid, | NQU RY

1042. For instance, the format field of the FIB 20is checked to determ ne

if this format, is su rted b e system .If it j.s invalid, then an
exception coné@?FﬁﬁyE&P%?%gﬁﬂéﬂkgg¥ﬁéﬁ%ﬁzg?s%@dﬂ “ﬁﬁﬁ%@?@ﬁtpﬁ?SVhation

bl lock format isgmualy Bit vEi&bdnd Weliher determ nation is made as to whether
the operation control specified in the operands of the instruction is
valid, INQU RY 1046. That is, is the operation control one of the specified
ober ati on contlagrustipnAutherigationsFokeaO86n Thistfiald isjused tpvdgtéraing whetherrp
exception 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 table, 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 firmware
controls associated with the adapter function designated in the instruction. By modifying the
device table entry, function table entry and/or other firmware controls, certain services are
25 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.



25condition is provided, STEP 1048. However, if the operation control is
valid, then processing continues with the specific operation control being
speci f i edwoOl2n1106@70@xanpl e, the operation control is a regraprerioacnpt er
interruptions operation, which is used for controlling adapter

interrupti ons. Responsive to this operation control, the adapter function
paraneters relevant to adapter interruptions are set in the device table
entry based 30on the appropriate contents of the function infornmation

bl ock.  \MJe2dpblfR O e b GEEARLR R ARHPiE MENE, BOPRHIBR CoRfrok ARk thueGh<
associated wth this operation is described wth reference to FIG 11. As
one exanyd éssctibesl wiplereferdsceftorF1Ghi @ pmeaxiople, thiiletruatien shssachbyafir om t he

function information bl ock, include.for ins ce; an interruption subclass
(150 : nmBarnEs st oDt conbuiticelt e i Aderah et arPURETon by
vect or ofckediting MDfRYating sSHBMBIY the dk@inblck Gkeir) fhd B truc@idn AA@ R Per
interruption summary bit vector offset (ABVS0); an adapter interruption bit
vextor ( @@Mpn&@r@rPéshaseain dHawevarapeter pramares, pdifbrens adnrtesarphiteciiee prr

(AISB) a Ref. i.ng. t 1, initially, a determination is nmade as
to whet hg?ﬁgﬁénglﬁgﬁ%&ﬁlg? |Sr{ﬁa r]%euqbsfé'ons (NO's) specified in the FIBis
greater than a nodel -dependent maxi num 101 NQUI RY 1100. If so, then an
except i orfn ooteanpde) thsoprravighgstemPreHdSORe fdlvavg bperahdstth ehaninsdoertioof

interruptions is not greater than t del - dependen Xi mu then a
further degelhPifati raqr_% ir%glﬁardéieagn%t&r OBy Teen hdﬁ%é@"ng?ﬂ"&qd&p@?%ns
added topWia [daRt §fack McafifidPbh Qﬁer,gﬁ(gn Y8tloP an@hh 984rcf NP thd AALERYD 1
greater than a nodel -dependent maxi num | NQUI RY 1104. 1f so, then an

elcept i onnfoondianitdeck. s provi ded, STEP 1106. If the NO plus 15the AIBVOis
not greater than a nodel -dependent maxi mum then a further determination is

made as tp . whet he AL BY address. plus. th S ) K..houndary,

oo Ry 1R68NRE RO 08, O By e it ety 1o, RREGFT s Ry SO ek on
is provi dedodi§TPEI fdidion QohadWiistruchodlBligMJAAINQUIRY 1WedeTaR t o whet her
sufficient resources are available for any resources needed, STEP 1112. |If
t her e ar éeteemingtipn jsanadetbys &y dugtanss, cheplapg an indicagstsiaspd Do &yrgitancent i s

pro\/i ded, 1 M . i i: i s ..mad: .

apt er ieamselak dr gl s o oL LTLRRGRNcd RuRE pRAAG, WPERARDS,
| 15 one erfibeiwizent detetrhmatimuisandde ad @d ehathaetic strobdakwagisare byra papeablof t he
paraneters (e.g., in the DIE/FTE). |In particular, paranmeters associ ated
with int lregsnedrsgucst (Opothsr syt ,%%Uﬂﬁ%étz%.lflws,tﬂﬁreh%f ergting ystsapwillht ed,
then the AL Bl dperafiSh lifikerRd. §PEPIDBEI rUPLS. |f the adapter is already
regi stered, then an exceptiomr condition I's provided, STEP 1118. Q herwi se,
the interruption paraneters are obtained fromthe FIB and placed in the
devi ce t dBhervasst o yictarmdinaiien omaddeyrs to whether @sraresgorfthegptiands ironligrdsl e

entry (F er. specified | ocati.on). so,, a | ,,enahl ene
i vat on UG, FRSEoE Fifntt & el R mpd @ o e MR S e
PRy anet erfgndtidh Gydfithatiod BEEDE Sh al dduBKkMARE IbBIndEE BlincidRample, this is optional.

If 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. If not, 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 enabled, INQUIRY 1016. In 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, then the handle is used to 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



30t he DTE and optionally, in the FTE based on the information retrieved
fromthe function WD 2011/160704PCT/ EP2010/ 067019 42 i nformation bl ock.
These parwoevarsoioncl ude, for instance, the ISC, NO, APBY®P280/0610BVSO,

Al BV address and the Al SB address. In addition to the above, another
operation control that can be specifi edd s an unr egi ster adapter

i nterruptions operation, an exanple of which is described with reference to
FIG 12. 5Wth this operation, the adapter function paraneters relevant to
adapt er if@oh Wid RrAlRrdsfisiRling BRhEAdApRY fhiRti6h ®r dich bﬁérﬁﬁ&ﬁal arafheters
determ nation is mad€e as to V\,hgther the adapter specified by the function
handl e i srqfedicsisebbsheflor interrupts, INQU RY 1200. If not, then an
exception condi ti on is provided, STEP 1202. O herw se, the i nterruption

par anet er,s fun n 0

corresporﬁjfierﬂe:; na 10n o ?ﬂt af)ilg aStlo I?e%%{rtge gue tlé O{aggreélsyw%ﬁ;ﬁﬁggﬁﬂﬂ lrQ 2%'ne
exanmpl e, If ﬁtﬁ§ﬁﬁeﬁ> aﬁ af@bﬁdsls ccbtﬂi@thdiﬂlg ptdVedddSETENDN24 ADBNME 158, if teBBGTiguthiidh
address and Al SB address. As descri bed above, in one enbodi rrent to obtain

t e i nf ortlingdhe %@aqt@mn@aahesadml&w 9% theh angxestion copdiHan (F8-ocessor
f d
Flo 1 iieb@idtiethe (319 EBROMPITER QLR Pk AR T O feforka iRy >t o4 11

i nstruct iconfii3&@n mmbuajgsesanr mpﬁrmhomammﬂena]y:i&&hed(hdcﬁ’tdlemgnatbdat it is the
Call Logical Processor instruction; and an indication for a comand 1304.

| t hi di ¢ d f | t hat
Hosort boss TR TBtRaa (1 B ore hrDar Danrcne N ARBlRaN R 105 Patrsest
bl ock i s dgRFRIGIY dIndilRiof WHBNIby ERRRPLAS cRibIE %&@%r iR OR! ek

correspondi ng response bl ocks for ‘various commands are described with
rf er encentrp HiiGs not eBbigBtheRef execphign condifial isyredded, STEPIB32a request
block for a Iist PCl functions command is provided. The |ist PCl functions

comand II? thlé %E%:tl%ﬁ 1§) ta% eﬁ f’ﬁe}l 'a%i%tteﬁ%mat%n els%ﬁc(fe a? @(? wtth?Er Iae gve;flf %s &H@g to the

requesting configura oper a A request
INQUIRY 1034. If recovery 18 active as determined by a recovery 1ndlcat0r in the function

table entry, then an exception condition is provided, STEP 1036. However, if recovery is
not active, then a further determination is made as to whether the function is busy,

15 INQUIRY 1038. This determination is made by checking the busy indicator in the function
table entry. Ifthe function is 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 is provided, STEP 1044. If the function 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 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

25 condition is provided, STEP 1048. However, if the operation control 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.



25bl ock 1320 includes a nunber of parameters, such as, for instance: Length
field 1322: This field indicates the I ength of the request block; Conmand
Code 1324wOThiigiehiogl d i ndi cates the list PCl functions eomreadp/oereds WO
2011/ 160704PCT/ EP2010/ 067019 43 Resune Token 1326: This field is an integer
that is used to either start a new |ist4lPCl functions conmand or resune a
previous list PClI functions command, as described in further detail bel ow.
When the resune token field in the command request bl ock includes, for

i nstance,oR e?n%%irﬁ&lt of the8b ?ic aGolRY ! \Lﬁi thif oﬂ%%ltio‘h% 88scAP& With FEHURSE t%d . Wen
the resunme token field inclTudes, for instance, a non-zero val ue, which was

r et ur ned Hoohl.aApoeyéampld,ithe ofRGINdS derghisopsratiomendh arg abomddniemiton of a
previous Jdist of.PCl .functions js requested.. Responsiye to. Lssuing an

br ocessi nyPERE Titodlocks HsPusedut Bt A jaerigRte b ubglapy UPChAMDERAE | ons
command, i@ RS BoWEPQYOT)Sart £daptdnad pnaibediorekctqQAIBNO)! £5pemss bl ock
IS 10depfcf£g@}n Fl%i 1%%?)I% oﬁg exaﬁgﬁg,na responseeg%gck %350 fo?@é | i st

PA f unctiPBAeatioartting Al Piuig@sruptiensramasydiigverss 2 isqt{AB ¥3Q); dn pédahterat es t he
| engt h of. RS : This fi i ndi cat
| enoth Ol B dEARPASSARSY) BRSO Rt Rl Sy Bhhi et o8 2

i ndi cat egAISB) ®/ldr®f. one or nore PCl functions 15avail able to the requesting
operating system Resunme Token 1358: This field indicates whether a

continuatj qn .of evious list of PCL functions i equested. 1n one
exanpl e, Refiaring %aFﬁsldnJéuttaé%%d?tﬁﬂ?lﬁémneﬁHééﬁ aﬁroow_ﬁetéﬁﬂﬂf RemPEine token in
the responsguRlASKNSLS sp&lifed Blthe B isf 304k (REP ARIALLNGEd Rt hRASInhGAUES T ng

configuration are represented in the | function list; if the resune
210t oken IINQUHEYr Eifedf sdy timokaniexcopgion canditivhe presidad 12 davhever,ebthonse

bl ock is not zer.o, additi.onal PCl fungction ssigned to the, re

oont 1 gur A0BR s pletyina sktrer it OB BT tut ity et AERber ¢ ¢ e
resune t @kRimindtidhe harRURSs wWhk@eKthe huhdtr SRR rAPHotsNRJECRIUAB adHK4&N i n the
response block is zero, fromthe resune point, renalnln%:PCI functions

assi gned interrupieon gyrstariofigetad O gAHAY Oois greater thpr @ swdeldependans nigainys; ;
when bot N RARYEPHIRE 1F QAR anLxbdFioh TGN AFoli8SR TP PR Hr Ak NP e ©
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 does span the 4k boundary, then an exception 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 determination is made as to whether adapter interruptions are already registered
for this function, STEP 1116. In one embodiment, this would be determined by checking
one or more of the parameters (e.g., in the DTE/FTE). In particular, parameters associated
with interruptions, 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 in 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 to adapter interruption are set in

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



fromthe resune point, additional PClI functions assigned to the requesting
configuration may exi st that have not been represented in any associ ated
PCl functworollsd704The resunme token remains valid for amCirmgedtionstoed peri od
of time after WO 2011/160704PCT/ EP2010/ 067019 44 being returned, but it
may be invalid due to a variety of nodet2 dependent reasons, including
system | oad el apse tine; Mdel Dependent Data 1360: This field includes
data that depends on the system Nunber of PCl Functions 1362:

Thi's fi elighingidalios. Fﬂf‘esé@ﬁ%ﬁ@ﬁksﬁiﬂ@ﬁ&é,f&finﬁ@hcéiﬁéﬁ@@ KA, AHpPOr §ed by the
facility; and Entry Size 1364: This field indicates the size of each entry

in the PAIBMMEAIBY #ddsess arditheh®lSBoatdadsbs regardi ng the PCl function i st
are described with reference to FIG 13D. In one exanple, the PCl function

list incl . lural it f.entri n h eniry 1 i ncl ude he
For | ow ndt PR aoh G e AP0 Y sl EOTR o5 by el f BEbEER !
I ndi cat esdifier ihfcRuptdemt @eraida.0m &afplddtbhith e desdritrdpafitichgerielto FUBCLD. on;
Vendor 1D 1372: This field identifies the manufacturer of the |/ O adapter
associ at SHithihihopdsgtiong theadapaaiungtigraparpefetsirglgvant to adapter interruptmprpee j on

I dentifieg,1374: This field includes a persistent identifier of the PCl
15function; Function Handle 1376: This field identifies a PCl function. The
PCl function handle stored is a general handl e when a specified bit of the
handl e i Ref@riog taRld.il2, ingiadly, £detbingidatiemnid nededaeto whetherltht adaptayspecifidd bshe

PCl functjon is disabled, .a er.al PCl i le is stored..|f the
Pa f uncthofmp ol taarcaie A gaeer. M 01205 HafurEne SEgtan A'Pa
functi on BaMELE isl protiREd, STEPOI®2EXARR e, BRNiSbaLSYN fReMAAErsan tHeRhknctiAl Ch
differs fromthe PCl function ID, which is persistent and is set for the

11G e of tt#lde entQy Eonflicylocatioronnd ediresppnding deviee @blefangee scotp Brat.e 1378:

his field-ndi h h f i on. A s,
For i nst NSRS ahdRe P dheb dfmtors o 1RO hAVBNEES. ne. 25

t he stat aIBSO; dBVOddeds aMhAISB ad&tandby, the PCl function handle is the
general PCI function handl e, and when configured, it is either the general

or enabled PCl _function handl e dependi ng .on whether. the PCl function is
enabl ed. 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 includes 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 2011/ 160704PCT/ EP2010/ 067019 45 Subsequent to obtaining the |ist of
adapter functions, information nay be obtained regarding the attributes of
a sel ect edof2o0nctsd™r as desi gnated by a specified PCl fumrcriEreoloasie. This
informati on may be obtained by issuing a CLP instruction with a query
functi on command. One” enbodi nerft3 of the request block for a query
PCl function command is described with 5reference to FIG 14A. In one
exanpl e, request bl ock 1400 includes, for instance: Length field 1402: This

field indi cat ggshie ToRADI I6OITHiN eIl GOMEREcoB! ﬂhgi(i's UGB 18l A0 4ist B ;55

field indicates the query PCl function command; and Function Handl e 1406:
This field i ndinatiess edrempP@] of ignoné o nravandlist REl ynctiqye wematandr aselvadrilted) t hat
desi gnates the E%! fgqc%% n to be queried. 10Responsive to issuing the Cal
Logi cal Proced3BFChEee P& 8 for the query PQ function command, a
response block is returned. One enbodi nent of the response block is

depi cted in FlVGenl#Breshmeasieenefiddiil the c@mhREP etpest Miaakkndddl, forédsuaes, 4 he
follow ng: Length 1452: This field indicates the | ength of the response
bllck; Respondalucedecreasnew Jinf of BGldppctiongisgagessted. SYhgn e sysumg dolecarfivdthd;

1SFunction G %%!%fdeg,ufké ARtandlaShohl Rldlvdi ) LaAlPRad Q&ﬁ%oﬁé%{ggégésqguﬂqﬁ il

identifier. A ctron dgroup identifier 1s use rate a group of
PCl functi ons fimdtionaceemand, aatohtimbtibe sf ¢ prausdises A fuoctivas éd rqassted.
characteristics). Each PCI function with the sanme PClI function group

identifier has.the.sane set of attributes;. Function I D 1458: The PC
it on Hebataivg 16 iROME aBf procgemts thr an B eicaLProepsst S QR ST IN BRLl |
speci i eduRyioh§€oRGhnd, Wneijoas: haadlsec@nd] @n%%hlbt)afméda@f%ﬂefr_@sp%seltmgcﬂ %0

configuration definition; Physical Channel Adapter 1460: This val ue
r Bpr esentdspigtedod EIG deie nldeme ckatepiei 4 resparisohlosk 18h@ fargdest POhfukctionse physi ca
I/ O adapt er mhichlc rresponds to the PCl function; 25Base Address Registers
( BARs) 1F9m%wfﬂé§%u#?is field includes a plurality of unsigned integers,
designated as BAR - BAR', which are associated with the

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

15 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 PCI function list; 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 zero, 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 PCI functions assigned to the requesting
configuration may exist that have not been represented in any associated PCI

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



WO 2011/ 160704PCT/ EP2010/ 067019 46 originally specified PC function, and
whose val ues are also stored in the base address registers associated with
the PCl fwocbilowo70Each BAR specifies the starting addre®sTaP2@omemmey space
or 1/0O space within the adapter, and al so indicates the type of address
space, that is whether it is a 64 or 3%%bit nemory space, or a 32 bit 51/0
space, as exanples; Size 1....n 1464: This field includes a plurality of
unsi gned integers, designated as SIZEO- SIZE". The value of a Size field,

when non- zer 0 he@RERBRAL ButliBap be Sivafid BRCH AAHIESST RORS BcYinlbntqB&BnENt Iy
corresponding to a previously descri bed BAR Start Avail able

DVA 1466: Thi sndlidihglsystah isddslapse tildy ess whi ch i ndi cat es t he 10begi nni ng of
a range of PCl addresses that are available for DVA operations; End

Avai | abl e DVA,1468+ This fiel d,iknc . yal.ue j i.hdi cat t he end of
a range of PCP%§%%F§ggE%n%?§?q3?@ g@%ﬁ%&ﬁ 8%9%%¢%akﬁg%3Fg%V%hQESY%ggﬂdition
to obtaining attributes regarding the specific adapter function, attributes
may al so be obNahteedf PEgAuLHtings I he2: drids ficldhiadicatecihy desirmhtmsiuhibeebf BOI These
common attributes may 15be obtai hed fromissuing a CLP instruction with a
query PCl fundbncgiangiunprtedhndisdaciity; an¢onmand i's used to obtain a set of
characteristics that are supported for a group of one or nore PCl functions

desi gnat ed by st stRerielt athiPRid hiifichdaRe SEOUPed SR i @ pch Hikiohuget | on

group identifier is used to associate a group of PCI”functions wt e

same set of characteristics. One enbodi ment of request block for the query
PCl function diugby ¢oabregaiding sheddslciungienn st ere desdréred voth reéergnogto FEA. | n

one exanpl e, r.eguest bl ock 1500, j-n¢l udes. .t he fol | ow ng. ngth field 1502:
T trend | ndoBainent hegPaPLl fnEsT il bkl M i et s oa:
This field indhgatess ildRidasigk o IR ink iistrhQdngidaneaaip@nd; and 25Functi on
G oup ID 1506: This field specifies the PClI function group identifier for
which attributes are to be obtained. , ,

10 Device ID 1370: This field indicates the 1/O adapter associated with the

corresponding PCI function;

Vendor ID 1372: This field identifies the manufacturer of the I/0 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 is a general handle when a specified bit of the handle is zero, and it is an
enabled handle when that bit is one. If the PCI function is disabled, a general PCI
function handle is stored. Ifthe 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/O 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.



WO 2011/ 160704PCT/ EP2010/ 067019 47 Responsive to issuing and processing the
Call Logical Processor instruction with a query PCl function group command,
a responswolbneioios returned. One enbodi nent of the respomgP200061019 s
depicted in FIG 15B. In one exanple, a response bl ock 1550 i ncl udes:

Length Field 1552: This field |nd|cate§5the | ength of the response bl ock;
5Response Code 1554: This field indicates a status of the comrand; Nunber
of Interruptions 1556: This field indicates the maxi num nunber of

consecut igygsdYfRbntE 6 bAMIMHIRE %rstsof(dda oF ﬁin@ttl@l{sr RS o 8 YR thel IbEi it @ st ink hat
are supported by the PCl facility for each PCl function in the spécified

PCl funcﬂh@ﬁﬁgmﬁmmfaFHedpdﬁsmbbeawdﬁﬂgnMnﬁbwagmemfe&BChﬁn@@pnbmuﬂe This
interruptions are in of. 10zerp. t 0 048. x.a Ver si on
555 | Thionna R i O ab8T AL i binE A0 BudioB i b dusfy RuliPER Finap] S
supported by the PCl facility to which the group of PClI functions

desi gnat e¥helymboldem&R o€ tHel regudsblo gt R q'ud@rnc'lf ﬁ,lﬁétloalr@nﬁhdr@Cﬂﬂ @ékcribed with

Frame 1562; This field indicates the frame ( age) sizes supported for

1 /%0 addr éafsrens o4 dtfodn oNpasRRIFERGUES raw dbeudes Orinptantse4: This is
a val ue |nd|cat|ng the approximate time interval (e.g., in mlliseconds) at

whi ch the PCl g@tﬂf@d‘lmsl’m?ﬁ?lﬁtmcmff@&h%% gﬂfj@ftth@%%est bloc DVA

Addr ess Space Nh 566: This Is ue used to Indicate |ch bits in a
PCl 20address are used to identify a DVA address space; and MSI Address
1568: This i s GonvaidndeCodeatdOis Tihes fodd inslecitdsdhe quesy BEé fimictjombommiad:rangt i on
requests. The query list and function commands described above retrieve

o e on Sl 0l TGS BB b L B

det er mi ne t he chaslad)itha debighdies thd @O EiincaibAl talbd Glidtiedes its basic
characteristics. This information is stored by the firmvare into the

function table entry (FTE) for each adapter. Accessibility to the adapter
i deter rﬁeﬁwswé%ﬁswgﬂeﬂ ‘P%lyL@@@alﬁ’yO%SS%@&zmti?qm7@4@@113/ Bebbetes7019 48

system adgiRishr 2L 01%991 R 1salleﬁ9‘ﬂ§(?t0119é/ e&b&dﬁ?@{]@oﬂtﬁ@ Rs Oé&h@e B1bBk is c!(}‘folc%he ry

list and function ¢ S can en retrieve this information and store it
in the|r1mEHhebﬁ1wﬁcmespmn§b,&kﬁpkﬁehkmkﬂgﬁmhﬁhmasﬂhébbmemgting system

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 attributes (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 /0O

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 includes a plurality of
unsigned integers, designated as BAR, — BAR,,, which are associated with the



Further, the group information is based on a given systemI|/O
infrastructure and the 5capabilities of the firmmvare and the I/O hub. This
may be stwoedil/wotohe FTE or any ot her conveni ent | ocati @oTHEPROl0ALN9
retrieval during the query processing. In particular, the query group
conmand retrieves the information and stfores it in its response bl ock
accessible to the operating system |In accordance with an aspect of the
present invention, fine-grained controls are provided to 10throttle the
delivery of a%@hﬁﬂy Pt dduRt ﬂﬁ&lénoa@d“wﬁ@&rx%ﬁdeggresé‘[ﬁ &8cd [haR®aGONt rol s
provide the operating systemwi th the capability to control the nunber of

i nterruptions apiémsh n@glswm asaddiatGPudth tbarBCt ﬁm@mr@ach@fé&@m%ﬁbs tihbtertingr t her
enabl es the nu o) runnuﬁ%ﬂgnter Hﬂ?ﬁﬁ §4qdlln fas fo& PC
functions to B r@fﬁsn‘? oﬁnF@afy PH SPEEY AZ st Agre° %au%s Bh of an
instruction, f@gfe FdlBpaesakdtedwhaherdt glavmrlﬁ%n @smbfy%law@t aG0 b@an be
15processed by any of those enabled CPUs. An instruction does not need to
be execut ed o/ @&se.@Ykamplegne exanpl e, a control is provided to the
operating systemthat enables the operating systen1to suppress requests for
addi tional ad r i -

peci o type Tactsh A obo) e pkAG FIREREY of WEFL ARt Seneleds
recogni ti on ofSIAER0S17H;l hadalpt ef aiSMediaimmhenmoneﬁmséprésantsalm sm&t @ffqauipt i on
subcl ass. This provides aga ter interruption handling initi t on a
single CPU. A& Er&ﬁ“gspa%e WHB it YR ROFICRO AP 2GS YARHSPheseR Uis

mai nt ai ni ng pace (e.g., within a defined range or based on thresholds) wth

the arrival ofsuiewyAtAR BMAYEN: TRURERALhONSes MAdAAT: hrRahdasapker
interruption i s necessary. This reduces the context sw tching overhead that

wdll d be i ncubegitning cdddingeet DCL addigsses RS prstarpae fos AEVIAMperarens; i f t he

operating systemdeterm nes that adapter event notifications are arriving

at 2 rate thatgs, [AThEDNAYLRAT R SUTLANL Y DADYSd e cantngler al | o

t he operating sy s 0 Trenov erruption suppression so that
an additional rafgapifelcnaamewwmatm alV@ﬂBlﬂ&Sfor@lﬂAb@efaﬁ@@gnl zed by anot her

CPU, thereby giving an additional initiative to adapter 30interruption

handl i ng 1t1021(1) ‘gbléb]fgggl%%ﬁ%{lt%sp %e%:!ail(r) 11(1)g6tzlg ]égecél}fg 1c 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. In one example, request block 1500

includes 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.



Further, in another aspect, when the interruptions node is the no
interruptions node and there is no nore work for the operating systemto
per form (Wbabiisp7owhen all the Al SBs and Al BVs are zer oOpPCTIHPRO10/06T03% i NQ
system can choose to place the system back in single interruption node or
in all interruptions node. This enabl es*’t he operating systemto perform
50t her types of work until another interruption request is posted. In the
enbodi ments descri bed herein, the adapters are PCl adapters. PCl, as used
herei n, mREGIRIVEQ %ﬁ(in@%@bf‘&c@ss‘h%ﬁh@ Q‘%Hl%gm@?ﬁ%@ﬁs&ginkt%&ioﬁ%ﬂl _
specification as defined by the Peripheral Conponent |nterconnec peci al
| nt er est PGldugstioP@roud @mniangwe pespsisg. bdaskyihorverned.i Qot aabedinisot ofrtbe 11 it ed

| i er connegp st SPRERE FEY e, MRGHERE g oies BORRea RIBAEE 0 ¢ et

defines a bi-directional conmunication protocol for transactions between
|/ O adapt ers apdgihdséld9¥s2:eThis fRA BdRFIUR I6&ith 0NtheatHoascpsyl ated in
packets according to the PCle standard for transm ssion on a PCle bus.
Transactions qQriginating at I/Q adapters and ending at host systens are
referred to afeopBuahade laita Wgﬁ@. nfflsqfﬁ%méfawi%ﬂge ©MeAeati ng at host

systens and termnating at 1/0O adapters are referred to as downbound

transactions. ﬁﬁﬁoe?gkﬁltéﬁlﬁﬁioﬁgl’sié Pias §41daRdiPALNM e ARl Rtnubedbf ect i onal
links that are paired (e.g., one upbound link, one downbound Iink) to form

the PCle bus. cPhsecRGiceMSt sentianrminitsranfa ntidemedioarsdegubdicabetheyache PCl - SI G
As will be appreciated killed.i e art, .aspect the present
Mhvent o may serespemo BEl BTty Ry henfehBbadts B AT SRsIRAY i A

product . Accorgghiidl the RSB NEII@F LB Mhea@RAber TTIRBE IRl BYe f_hQK@rah%@of or m of
an entirely hardware enbodi nent, an entirely software enbodi nent (i ncl uding

f10 mar e, r esizdiorte 258t wems cxpmples- code, etc.) or an enmbodi ment conbi ni ng
sof tware and hardware aspects that may all generally be referred to herein

as a "Ci 1 cui Uy pgule” TAL G aMSHENTs (EYLLRRI IR ePCPSRERL AL uhhe. present
s Mo R IREAs AL

i nvention 25may ormof a conputer program ct e ied in one
or nore conputseppdreddgbhePOticiliny &) whiall thtgerooppLPEr funetddaldesigpatedbathecode
enbodi ed t hereon., erg conbi%ﬁtLgn of on%>%r nore conputer readable

medi um(s) may SBEIRG FELEaup rsatitegse pdichedadabl e medi um may be a conput er
readabl e storage nmedi um A conputer readable storage nedium may be, for

exanpl e, but m@imé ii 582 €thil AcldaRdiBAESThE T (oFBAIRG LizEs supPOREd BHR1/O address
el ectromagnetic, infrared or sem conductor system apparatus, or device, or

ally suitabl e d¢ondatierti on of the foregoing. Mre specific exanples (a
non- exhaustive list) of the WD 2011/160704PCT/ EP2010/067019 50

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 1566: 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



conput er readabl e storage nmediuminclude the follow ng: an electrical
connection having one or nore wires, a portable conputer diskette, a hard
di sk, a repdomwimemess nmenory (RAM), a read-only nenory @ROWP01an6@IASabl e
programuabl e read-only nmenory (EPROM or Flash nmenory), an optical fiber, a
portabl e conpact disc read-only nenory 4li’»g(CDRCM an optical storage

devi ce, a nmagnetic storage device, or any suitable conbination of the
foregoing. In the context of this document, a conputer readabl e storage
medi um MyB8 Jafnil@NsH Bldss IRELUBy TEtwLa S ARIATH Ple GlcBY Bstan®haRtism f or
use by or“in connection with an iNnstruction execution system apparatus, or
devi ce. Refgrandsgantben taprigsichis iformationrrad sscae|ie their respeplivarespameg blaaks
product 900 i‘Q%ltu?lgsd for 10itnstance, one or nore computer readabl e storage
nmedi a 16G2°PTY°StBIE é’Sﬁ%ﬂ?éF’s f'®adabl e program code neans or |ogic 1604
thereon to provide and facilitate one or nore aspects of the present

I nvent i OfFurther, tHRr@@iRiRfratieor MIRLEE 9Biven CPIRHITE infrrg@asble af@dicum may be

transmtted using an appropriate nedi ur’rJF including but not limted to
wi el ess capgbiliics 9é thegpipvwae and terd/Q huh. e Thigmay Psestqred inghe ERY oggny athce

conbi nat i : | f 1M

oper at; o yarent Ml RER Ak DMRI B o AP oAt e 36 pRRCHIL L By

conbi nat igosupodononendartriveeethp ifgrmativinragd Iseomeplia geiss, responkelblionig agoa st e« the

ori ented programm ng | anguage, such as Java, Smalltalk, C++ or the |ike,
and conv@RF1AERAPYSHYScedur al programmi ng | anguages, such as the "C'
programm ng | anguage, assenbler or 20sim |l ar programm ng | anguages. The
program GRAMBMcEXRE U AsRt bf Bk HprabntliRRentd R firk- SAMBY L&trolP Ak yyi@dY fohe
user's conputer, as a stand-al one software package, partly on the user's
chput er thnattleghe delvconofaadapien intcreuptions tor angypeeding sgstymo i hegeecontrabtpeovdarput er
or ser very: dRLANE LALLeLPERNALI0 0 MRS, COTPUT Gl RV RE, GoMNegE ed o
the user & SOMPUESY > tRrOUGH a0 Yy pe® S Ret Wolk T RelUdi Ry °& POEal '8f ea

net wor k (aumUmncamMai@fe?lfsx@@nm Ik fu2B Vb les Bie fuhghee ONTRTE r@thik@y be nade

to an external conputer or exanple, through the Internet using an

| nt er net iMeirypticn Impdlingiaplys fopnBEE Ainstigys tohe cprigaliedt In poemrrgnwihongswelki bed
herei n wi . il ol i.0 . - di ns of
ot hods. ApiPLBTE rAic, PYSACR L hittd e ORSer e’ h PR Gliol ARBETT
eibodi mepirecesded thiyaniy 0¥ eoke onablddtCRWS. | Abénstradéosdoas dot et tebe bixdeliedlonof t he
30fl owchart illustrations and/or bl ock diagrans, and conbi nations of bl ocks
in the fI°8#chBYt WO 2011/ 160704PCT/ EP2010/ 067019 51 illustrations and/ or

bl ock di agrans, can be inplenented by conputer programinstructions. These

conput er 1pHRY é;@a%ﬂ 105t dotebi B BRoEY 8 %hd’('i&ﬂtﬂl%@y&t@m%h&%%ﬂ%&% ogéraang ener al
pur pose conputer, special purpose conputer, of other programmabl e data

processi nystappaserpuess requeste durcd ddionalaidipter insuriptivhafromhdaptasfunciadansgng,,
whi ch XS laiItS]gec\ll .1ca ty&)re],esu&g 8¢ ﬁéﬁ%r t?lfe e;[ltri]ree 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 (e.g., within a defined range or based on thresholds) with the
arrival of new adapter event indications, no additional 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.



5conputer or other progranmabl e data processing apparatus, create nmeans for
i npl ementing the functions/acts specified in the flowhart and/or bl ock

di agr am bWwockiiaromktocks. These comput er program i nstrucPCoOEP20mp6BNs0o be
stored in a conputer readable nmediumthat can direct a conputer, other
progranmmabl e data processi ng appar at us,4%r other devices to function in a
particul ar manner, such that the instructions stored in the conputer
readabl e 10nedi um produce an article of manufacture including instructions

whi ch i M, @RENth dddendr Wkl WHeAMe BRBGHIibRAnbdL & ik 4d i%’t’&ﬁl%ﬁ&nsaiﬂgéél)éndm ock

1
di agram bl ock or bl ocks. The conputer programinstructions may al so be
| oaded orhaye & noompistweerk for the opgrriseg systeabloepadta (fradbsewbemy! thopEiSBsasd or
ot her devj to cause a series of operational steps.to.b erfornmed on the
comput er BRI BT EL PR Shebne SR d b D Ehgie B RarT T eed vk Bindice a
conput er ihtBRh SRS @i @ﬂ&r&ex&u%ibnfs hafdet Mhisl dhableY tHel PREatiB k pler XS p&HENON
t he conputer or other progranmmabl e apparatus provi de processes for
i fpl enentotheg tynse of watk wH 8nefbersintepapiion wquesh i ppstedt onwchart and/ or bl ock
di agram bl ock or bl ocks. The flowchart and bl ock diagranms in the figures

H1ustr atl&tﬁe@n@d?ﬁéﬁt?&és‘dﬁﬁed ﬁéﬂﬁig} ﬂ'h%éédjt%r% %1{36815@1 &Bﬁ{ei’st. I ofy gtﬁgﬂeme

i npl ementations of systens, nethods an uter program produ
20accor direfgrstto augadaptss enfiloicned isconding hea pCedeaset] spenifietioons dtfinddiiysthe

regard, each block in the flowhart or. bl ock diagr y represent a
modul e, ?@5%%91,5%3%9&i%ﬁcweetg%)é,mmifﬁst@ﬁw HSigHle or more executabl e
I nstruct @RSy pAbig lcBRVIRITRN! ﬂn@ﬂﬂh@%u?ﬁ@t%ﬁﬂt&ﬂtlo! POI &ApCleUnE bhORMrBdulard t Shoul d

al so be noted that, in sone altéernative inplenentations, the functions
ndt ed i n ckimaplel the Pcrplicraddoampagnt lnferednmccricgress R El) isrn ¢camepohigfueed. For

le, .t bl 5 i i i.n fact, b t ed
Cubst ant MRy S SaERR IR et EESEROIE: ety ieond BXEEHTR™ n 1 ne
reverse QefRien IARRADEH NS HIRANssh@nst Ut icomatuinicktibmvipl u@iﬁsdlatea\ﬂiﬂ pacRét§0 be
noted that each bl ock of the block diagrans and/or flowchart illustration,

and conbiaperilivado dic Kflostandirg foreansmassiondinggf Gledbuandramsadtiophengineting at
il lustrat) [Wagel! te i.al se r.e- based systens
t hat per fl/:)dr)?ﬁlatpﬁ%pggg%qdﬁ? %rﬁg fsélgtg?ﬁxgﬁegr%gep% gé‘?éé’ Q@Drouggﬁt%?na '"Bhs of s peci al
pLe pose hNashweriohs afidinatipatt st §yR&hisudt it@hsnatind@ 1/0 adapters are referred to as
2011/ 160704PCT/ EP2010/ 067019 52 , , , . ,
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
25 may take the form of a computer program product embodied in one or more computer

readable medium(s) having computer readable program code embodied thereon.

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



In addition to the above, one or nore aspects of the present invention may
be provided, offered, deployed, managed, serviced, etc. by a service

provi der wbaoaffeerrd nanagenment of custoner environnment sPCE@EP20086BMCE, t he
service provider can create, maintain, support, etc. computer code and/or a
conputer infrastructure that perforns ofe or nore aspects of the 5present

i nvention for one or nore custoners. In return, the service provider may
recei ve paynent fromthe custonmer under a subscription and/or fee

agr eementyon@tcf XAAMIE StorAIMddi@R M dlvdeQhe BIoRMMAT dVabdtricd REnRLIYA G&iRg OVi der
may receive paynent fromthe sale of advertising content to one or nore
third pamong esmornwoes agopetlt cofmpuisediskete ahaidiigkn rirardomagecapphénsatyi on may

be deplo or rformng o 10nor e, aspect s th esent invention.
ne ore YBANTRE R B el QB TR 1P E el BN GHh e
conput er (EPROAS b BREHMEMERA! abbgichpfiter 4 ?(Kﬁﬂb%‘&)tﬁp’acﬂ@iﬁ@re@&%gl ®e®bryt he
present invention. As a further aspect of the present invention, a

cormput i ngCPnROAS: prueptisebsteipge Hevieks 9| oagagtie SATHEE drvige. ionery) futableg conput er
readabl e I tin [ by e | i ion

w th the S3REthSr B IRTRHL " SXRb ATk M R EIn, SRR HBRIRARE O

t he presemidiimventbcany tAgibleincdivhuthahedn @apacdr 9dretaheopresentisd bwarihi on, a
process for integrating conmputing.infrastructure conprising integrating
conmput er SPBEHMN ¥ithSdNSIACHOBCXSHIIRR Bstesy SPRARiNEPTIEVISFovi ded. The conput er
system conprises a conputer readable medium in which the 20conputer medium
ConMpri Sex fdfin ho'ﬁﬁé R1GSREGE Snelfxallp®, RIcERBMHer Pﬂ)‘g?aﬂﬁ Bﬁﬁluct-@lfé iQ0&es! for

conbination wth the conputer systemis capable of perform ng one or nore

akdpect s afstanive, preces emtre computet wadablt sthipgg medar i60l o sotoaineimdrscatable

descri bed above, .these are .0 xanmpl es. Epr | e, computin

v r onnBHEod RER gt E dedt FEETBL Brovi e AT e P B ashsrs 96 e
aspects ZROfrelddeiRe@sANt i nvention. As exanples, servers other than System
z(r) servers, such as Power Systens servers or other servers offered by

I nt ernati onal Busi ness Machi nes Corporation, or servers of other conpanies
can i ncl Kaegrapgsedagabedichanacpmppichraadrde sicd it maybpsengniged uHBeg present
inventio . -al t. i . I [ D.p:Lh r PCl
ub.ar e cBpePHRRaledifth. AUERe o AT AT, Bl A R AR BB o
heve to receassayshiabecoitldmamnddtiedfoscgoargt of the server, but can sinply be
consi dered as being coupled to system

Computer program code for carrying out operations for aspects of the present invention may
be written in any combination of one 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 each block of the

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



WO 2011/ 160704PCT/ EP2010/ 067019 53 nenory and/ or ot her conponents of a
conputing environnent. The conputing environnent need not be a server.

Furt her, wbthough7otabl es are descri bed, any data struct ece/EPanoberoused and
the termtable is to include all such data structures. Yet further,

al t hough the adapters are PCl based, ond or nore aspects of the present

i nvention are usable with other adapters or 5 other I/0O conponents. Adapter
and PCl adapter are just exanples. Mreover, the device table entries,
functi on ifiallaGoRnti R HIRRYirarhl, RER bé’ﬁhdﬁleﬁ‘éﬁtk!&wrcﬁﬁ TRY plodfdntl AR tr@igRs. | €SS
or different information than described herein.  Further, although

i nst ruct iThws comeputieyeegrbmdndimctons may beproyeictl 4 a phicessor pha gerteel purpose

enbodi nent s {'nstrucl'ii ons  may nat be used. Instqaﬁt the bi.ts aretsett

wi t hout USTRYCEAPPATHRPE SATPRGHYT SEREPrOFEITE 0 A& A paE g os o

10Fur t herprodiich @imdcHine Ssueh t16® MRUhitAGtBRY WhdhexRttte ¥R pRREdsbr 1@ one or
nore aspects of the present invention. As an exanple, a data processing
syst em sEPIRBICE OF fheispregiapynaditidast PELESING apgatsrusgfrass ewdes fos implgpicatingat

i ncl udes t . i t. gl to menory
el enent s tﬁ@%ﬁﬁsﬁﬁg%ﬁn&%ﬁ& ?ﬂ%%ﬁ%&éajeq@%e(% g Qlﬁlryé&gyd%%%%}ré i nst ance,

| ocal nenory enpl oyed during actual execution of the program code, bul k

st or age, Thbsnangatdrerogamriystivctiicts paprisabe ttonplan arcpnputer agpdaldé nadidneast

sone programc de in order to reduce tge qnun‘oer of tinmes code nust be

retri evedd CHIBIAL R COMBHEH AT P HGARRAR G B OFSOE FRRAHUE: 05 PtT PR ces
(i ncl udi ng fdaHbn BOY pdrtitilhetakRr, S6Y BAAHISnstHeBPAYSted ROBLhAGuEL WGt

DASD, tape, CDs, D\}E)s, thunb drives and other nenory nedia, etc.) can be
ckdupl ed tmeedivrne peoydsicean aiticlverf nolinuérstury inphudity wstginctions whichnimpégnenOthe

control l ers.. Net wor k. .20adapter s | s e . coupled to the systemto enable
Che. dat a roREs -G5S PR E ol aPed BpratRsu el Sulpdony ocessi ng
systens or renote printers or storage devices through intervening private
or publ i ThaebWPLS profede iMtruc@ils endiRd@Be loadwd drtdietaaputeaodrrare just a few
of the available types of network adapters. Referring to FIG 17,

r epr esentPASTYEMEBIRIBHENPECSHINS APPASES. Q6 RPISE BpViespde 6#HSS QOO e PP BHent one
or nore e |, vent | - tative
host _comsiper Soaueees h TE R Eahito B BBl ARAR U BRUESL 2
ciimput er pneduoe ¥ competer ingEame@bkd ptoeragash 6R0the imsrusadils valsich ££3cutetarthaces to
storage nedi a devi ces 5011 and networks 5010 for comyunjcating with other
conput er §0@puf§m‘sof§?roprpa@mm%b > ApPREMESHIO gD PTACessed i IMAISMeRf g then

ar chi t eCtF#{&ioH@X%Q SheTicalif Mt f?cﬁ:&&l%'aﬂ%% Yiolck AhoRfh bRRK 0B BREEN t ect ed
functionality. The 'CPU 5001 nay have dynam c agdress transl ati on (DAT) 5003
for transform ng program addresses (virtual addresses) into real addresses
of nmenor yhe Alowoh2 a1d bleok 0upaEnisER2I1 fgwesdlugrdd 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). It 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 substantially concurrently, or the blocks may
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, and
combinations of blocks in the block diagrams and/or flowchart illustration, can be
implemented by special purpose hardware-based systems that perform the specified

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



DAT typically includes a translation | ookaside buffer (TLB) 5007 for
caching translations so that |ater accesses to the bl ock of conputer nenory
5002 do w0 20aigedT0O® t he del ay of address translation. TypireEekéosmwizache
5009 is enpl oyed between conputer nenory 5002 and the processor 5001. The
cache 5009 may be hierarchical having J ar ge cache available to nore 5than
one CPU and snaller, faster (lower |evel) caches between the | arge cache
and each CPU. In sone inplenentations, the |ower |evel caches are split to
provi de 3RRAJIAGLL AWabGHEbnEHTRER dsPectd ¥ShE PRbd® hveRtiGhinag bapebwiRlia
accesses. In one enbodi ment, an instruction is fetched from nenory 5002 by
an i nst r wéferedndédoysid, managed0@avivida cte. bne havBOOLvidinevlionftarumenageniest efecoded
in an inst rtucti on.decodten%mit 5006 1<131nd di sIFat](éfbed (with ot.hter ;

10i nst r uctHERE" FHIQBMEM b SEIMRERTS ¢ ST FSRTONEET B b dP4 R A APOB ini t s
5008. TyRbeBldeY cSRVAUA a@¥BPULck AFradititerea RS AO ISR EMAske abictsyfakdl e an
arithmetic execution unit, a floating point execution unit and a branch

i st r uct iPEesCRIBYGIIOB Aot ATietor MKHe csiemenyc {1 hurnsthe gyise GEOMYCr Y T8%A¥Ut i on
unit, ac i i £ A i menory as
nocded. PR RR O R RS n et -ANEUELIERS0GEHT ERChER. B Sl mror y
5002, a YhiditvadllgboblecriativiclybOdSsetwie malidyr manedces e iphgmattdass thendrrofcont r ol
of the instruction being executed, Instructions may be executed in hardware
ci rcui t s a8rertising FORFRHAP ORF eF Betdard Prtikivar e) or by a conbi nation of bot h.
As noted, a conputer systemincludes information in |ocal (or main)
storage, 1R8n¥alpkctdT tRAGEESS iiEntidH, 8k ﬁﬁ%icﬁﬂ@n ARY bk BRI GOLSr 38YoHIADER: or
recordi ng. Sone aspects of addressing 20include the format of addresses,

t He concepirc efpcadiar gssprspat myentidne Asagricausmpigptis dsplogthdredssepplia@tdnt he
manner in whi.ch one tépe of adq{ﬁss S traaﬁéltate t 0 anot her tﬁ$§ Offth

addr ess. “SORESSP RGN HESOBIPYIE MTFEIUHLE PsrREHRMETH R o0F GhiearestsBreiyl the

| ocat i ongyresMi ilvaitiohage provides the systemw th directly addressable
fast-access storage of data. Both data and prograns are to be | oaded into
mai n storage (frominput devices) before they can be 25processed. Miin
storage ey URBPLAsECE @& therPresspeingeriiones compufingrinfadaissrd nry b dspleyedyes,
someti me |.ed . i.stypieally i ol ith a
SPU or anefPE P EEERE: cdARGRd:BIS KR AR weoRBYTS llok, 3 SATHAE o

phoysi cal icomabinutédn with arccongatiag syktah ineipalsit of pgdormen anasremgenspatd of not
observabl e by the program 30Separate caches may be nmaintai ned for

i nst ruct iRMRCHEIYVEIPat a operands. Information within a cache is

mai ntai ned in contiguous bytes on an integral boundary called a cache WO
2011/ 160 TQARCTHERRO LA OETARD RARIACKION. GACASs lor Aokind bltputhi! Short) . A
nodel may provi de an EXTRACT CACHE ATTRI BUTE i nstruction which returns the
si ze of anfeathetutd erenpirpingyintegratiag woupitenepdalils oodsrinip dle MREFEYSEMDATAb@nd
PREFETCH DAT@ RELATI VE LONG, i nstructions which %f{)ects.the pr.ef ef chi ng of
storage PR he! AP PSP RLEP GREPERSEORP U 14080 dpeiur g "R a 5From

tde cach@omputer 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 invention.

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



Storage is viewed as a long horizontal string of bits. For nost operations,
accesses to storage proceed in a left-to-right sequence. The string of bits
i s subdi woediywbdm4units of eight bits. An eight-bit uniPCTiEP2€ilobmd9 a byt e,
which is the basic building block of all information formats. Each byte

l ocation in storage is identified by a¥nique nonnegative integer, which 10
is the address of that byte |location or, sinply, the byte address. Adjacent
byte | ocations have consecutive addresses, starting with O on the left and
proceedi Rgtphdtyand/ef Bt‘h%loccfﬂl@ﬁ'én@ BHH oM utn@gfv?r%ﬁﬁénta MEheWRSipANRE o ifAmEnt
integers and are 24, 31, bits. Information is transmtted between
storage andl Bot®RY sorven Emhmeqlthsugisvbteemecxieecrldgﬁdeanycﬂat?astgmup cof bdyseds, at

a tine. Unless ot

2/ e ohi « 400 e PRI ESSRRE SN ik ad el Qs AT e i Bush ipaerise

| ef t most JRyPET Bised, e OF ﬁié)Pe as-jSB@s Bﬂfﬂé%es@ﬁt iBydreion lafe §9aBleGViEHdthbSadapiehedr
|EPI|ed or ex I|C|tly specified g the operation to be perforned. When used

a CPUO&F%JQWWPOUSH@J( ddppist anshkEkadapter areljed cxamples.dMoyyavar, thedayieegr oup
of byt es»taﬂlg?nt il fﬁ&%ﬁ%ﬁ&e ?Tﬁﬂé‘s %{ A& olf'l%etr% &%Ergét)mes nﬁa{é} ﬁclﬁ@eem% éﬂ?e%% §d ina

left-to-rig equence Chl ure S are

sonet i mesliffeteriffamhtdorathat Hescribédhereind @nrthd, hishoagt iddiubonsiaghdesodbedoi t s as
the "l oworder” bits., Bit nunbers are not storage addresses, however. Only
bytes cafClé Wk exstdnbitstin %ﬁ@re&%@daﬁemﬁdwmuams 1Y Botd¥e usedhyngtepd) the or age,

the entifg,Oy& {F\]ﬁh@lﬁ‘%ﬁﬁ%% msTHl%tl&&tl@lahﬂoﬁlepﬁrf‘an)@ﬁ?arrﬁé@gﬁ;}l@d 0 through 7,

fron1|eft to right he z/ Architecture s in an address
may be nunbered 8- 31 or 40-63 for 24-bit addresses, or 1-31 or 33-63 for
310 bit adurtbers eter types/ofiaaoenpmltingen@obtmﬁ@& faprbeaafittitm pBaddmessepecty¥tthe n any
ot her fixed-1|en th format of

1 th bt Ki th f t
ot o Cons SRRl Tt St 4 e Prop B ity it B TR g Bighr® T

detect | Oréxe@'ﬁﬁ% E‘r’bg%rﬁfc%@f@'uﬁaﬁl@fhaﬁ HchuRe$ htQBast Qﬁl@{)@)rced@&rs%oﬁﬁl@@ KirbdttySormay be
transmtted w each byte or with a grou Such check bits are

gener at ednditgcdyrta mé@prsyelwemﬁéhrmgim pystean Scaiﬁmrtlerb@rymlerr@@tts pckidatipnl | ed by
the pr Ogrlﬂs'%nfc?l% A9enttp &g‘iog%g {18 g&iﬁélexécq%hgfg%’ﬁ?ﬁéraﬁf cot¥ Uk st§9§he”

t he Iengt oraeo eration

ars i nst ruad lcaﬂma nﬁé’n@orgzlvﬂhal px@vﬁialtanpaalbzasma@e J)ﬂa)ﬁkdlsﬂ @Iﬁ@tﬂiogﬂahi &llcéaordee one,
two, four, or . WD 2011/ 160704PCT/ EP2010/ 067019 56 si xteen bytes.
Lar ger f |t‘éFQﬂi§C?rﬁ§9 nyEbERRf tiraes foge nshee Teatvicd dompbisk stegs duBg IcEsgt RN of a

storage-operand field is not inplied but is stated explicitly, the field is

said to fiﬁﬁﬁﬁ/(%tylﬁro'r@@ &?edlé“e?gﬁl@ludl %r bRl il GEgLd] kQWa%délsﬁgﬁ }Séf ingn | ength

by increnents one byte (or wth sone Instrucétions, in ' es”of two
byt es or devikes, Dﬁﬂmtpﬂ)ée@)l)s Divers, thurhﬂrdmtes ond pthepiamedy inadisstto) aagebet he

contents of 0 tions ar t hat are ncI ded in the
desi gnat S8URPLILfhe SRR e AT Reo TR gr e ERB RGN pelio i NSOl or age my
bgy gr eat %ﬂaﬁt&@@n&y@s& ‘&r&hble@fto tRaybtesl td RO thedal Bfcessing systern 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 are 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 (i.¢., central storage) 5002, as well as I/O 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 translation (DAT) 5003

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



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
addr ess iwoaonudedbiopl e of the I ength of 10 the unit in bypCegP28pacioa? nanes
are given to fields of 2, 4, 8 and 16 bytes on an integral boundary. A

hal fword is a group of two consecutive<%&tes on a two-byte boundary and is
the basic building block of instructions. A wrd is a group of four
consecutive bytes on a four-byte boundary. A doubleword is a group of eight
consecut ipygr %@a%ly%cléd[bs%‘ t%&l’aﬁb{ﬁ RoRUMIR Yer (PLBYSOWORE chchiry RIS so16
consecutive bytes on a 16-byte boundary. Wen 15storage addresses designate
hal f wor dghat\werascesdesutbltsblods of @nmpuq@ad@mrdsﬁ%i de nbt regnye theplckiy@dddicen of

t he addr cont ree four ri st ZEero

e a0 oS ST el 0D N R s MRS e R0 5 Pt 11
storage QpedeaddS00f. méaché@@ﬂ%ﬁ&y BoBicERcHIO hRAYE abﬁ%é\ dadh¥ a@dilaBr®thore
requi rements. On devices that inplenent iﬁgarate caches for |nstruct|ons

ard dat a t]@%’efr@r@fsU apd i ﬁa@am@owgd@wém G5 Usewesagbe fasgreeaghe and ¢pshpr ogr am
stores i a et ched,
regar dl e?s}q%)f In E{%%llp Ile{}‘ﬁ nfta{t g‘% \gﬁ%ﬁ?\/eeg ges\{e Léeﬁ%l}l%sseﬁgu@ tio %HR? E%%e \tv

subs equemédeycafo(hmfa)edlstrhatmnﬁtdhmmdndrmm accéd9es. |In\oﬁabm®ad1my1t he iptactioiced by
software (sonetines referred to licensed internal cod firmare,

mi cr o- codechsd frem npcsppsy SPPZ By b gutrysiipn fehiunke 004 vip %qabesM?% hRgoul d be
consi ste i [ t war e
program (P:llzl)dI\ﬁ|C1L\t/1\ﬂ|1 féhhﬁtca eg 1?2155 Hitsﬂlgag%ne%g%]%e ﬁﬁﬁ{/g{%i a%% d? aﬁ}%} (c\%ﬁ ?/tﬁ%]::cessed by
ptlocessonnsbdotiomsfin Stuae Iambbdimestsé o BOGtonereduiog une omusito5Fe Typdially devi ces
5011, such a e or ard drIVﬁB The .sof t ware

, dr i
or ogr am CHUEd 25 gy Blirs iy St L SR ahmerie SRR B use

with a d%@tuﬁ%ﬁ&ﬁ§é&e@1§h&%ﬁﬁ@iﬂd bt hassteucibB KedduBion (R ITHE in¥@uctdAq§ CD- ROM
The code may be distributed on such nedia, or may be distributed to users
WO 2011/ ES@W@EP&M@MWM@C@M@ mman@&@@menstmhm §pesﬂ"@§ registstsgrage of
one conputer system Qv a net 5010 to, Qth st ens r_use
by user & TgrorER hEE Fap QbR St Q0080 oF SR Fori Mool

opEr at i Ngo&lysséreAInMI00ht I&thﬁdIEMGfabl@ﬁﬁ i1Rder abitrd 10T Efedgith@RoRbeinpe vari ous
conput er conponents and one or nore application prograns. 5Program code is
nor mal | y cpedyérs. fingrmcsiony mae beretrcateddy perdWsrr1dirouss oh intermgd nyepgodsi gher -
speed co t is available for processing by
processogﬁﬁﬁg%e§§ﬁ%f? lﬁgléﬁﬁgﬁgﬁ ‘met hods for enbodying software program

code in nenory, on physical nmedia, and/or distributing software code via
net wor ks Asrmtade hicokopoten sy wichides otfodpetionrnin heal @ saim swdadeeaewall adr ogr am

code, when created and sto on a i ble di u i ncl udi )
’ rcldlress?ng, protect%n andr regerence ancti al?aglge recording. ?orge aspects o?giddressmg

20 include the format of addresses, the concept of address spaces, the various types of

addresses, and the manner in which one type of address is translated to another type of
address. Some of main storage includes permanently assigned storage locations. Main
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 I/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



10but not limted to electronic nenory nodules (RAM, flash nenory, Conpact
Discs (CDs), DVDs, Magnetic Tape and the like is often referred to as a

" conmput erwprogr@niopr oduct . The conput er program producPCRERRUNI0619
typically readabl e by a processing circuit preferably in a conputer system
for execution by the processing circuit?® FIG 18 illustrates a
representative workstation or server hardware systemin which the 15present
invention may be practiced. The system 5020 of FIG 18 conprises a

repr esenty@d\® cRaRQine QFPEHEL ForSUsH £ M ARALI maY piovRR & IDETRACEI cAofpUter, a
wor kstation or a server, including optional” peripheral devices. The base

conput er SNRIGHHD iktrigteinudleish mterns therspree fproaclslswris bsE26 Aamade nmysalso

OBl o1 R PR RS S RTE R A AR IR PRRARTRIL (070

20t echni ¢@@ésts tlaeRURiRUMaRhS hiethp dee &% $Rfrub@ifcatRe HEMB idlcBRe rAath
| ong-term storage 5027 which can include a hard drive (including any of

megnet i ¢ fipseithg cadB; DVD and Fl ash Menory for exanple) or a tape drive for
exanpl e. The system 5021 might also include a user interface adapter, which

connects Stt&gﬁéqg gﬁégﬂﬂ{goaé ectslﬁﬁ)% h%gz%)gta\f gﬁrr%% RE Lk % ? fg ﬁlogp(gpr e%tio'ﬁ?,ra%cé-sgé &b fs@g%

devi ces, suc eyboar use I nter/scanner
and/ or 2pratchéin i kftetofrighe selpenae SThewhringho fdan idaibdivdadsieto units ef Eigbebidevi ce,

such as touch .sensjtive screen,. digitized enfry pad, .etc.. The bus al so
connect s ‘! ARYpTEYIHEGRL 5 Wi i ths b bea9 Rt pBEROEH! fHFEGPD ¢ o the
m Cr opr 0GRl PRAGW Bediolif @dogégg]f}%reh@ﬁed ﬂ;h@%ﬁﬁg\éla ﬁéﬂélf‘éga?tilveflﬁ%g&omﬂ' cate

wi th other conputers or network ~ conput er’s of "a netmork adapt er
cHpabl e of the adungsi efghatriytslo2gioni arhsimphethedryke &b2&ss. Adjaeqit byt Ot ivoy kave

dapt i ti . ch | t i .Eth t d .
At or nat (S0BTg  NHEOLG S 5 0 e O BLP S g o v BUERAAER ace.
such as oy dRRRs MOURALALIGATOARGEERROMOROBTOM6BG  cel | ul ar di gital packet

data) card. The system 5021 may be associated with such other conputers in
a Local Area Network (LAN) or a Wde Area Network (WAN), or the system 5021
can be a lpformpiion iy tiangmittes briaweey storagerran g Sher wrhamalmsbnisient oot or aet c.

ALl of the dsIY"Alhe “(%gllgé‘ssot}ﬁ‘@insetaﬁi)géigr@gﬁﬁgp@%@&eﬁ ltlfeﬁ%{i{it%@tﬂe@“é

har dwar e "and software, are nown in €S a data
priocessi pgoupadfibytds idObthge s adiireted byethpr efseadt biytewdnlid groupaYhberupbaaifi ced.

The data processing network 5040 may include_a plurality of jndiyidual

net wor ks, DY&8 dhthgLrauRegs Féh@sl@Pﬁ%‘? Ao ielighly Saewﬁ%ﬁv Hﬂ@ﬂ% on E%p%?ﬁlorm%ii-ch may

L0 9 SRS s opChphurer e T 108, 0BG B4,

LANs nay biyees] incfondrethncaiee 2/ Aachirhtunaly btomemusbemdph ardeft-td-yigtfsequence. 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 is accessed. The bits in a byte are numbered 0 through 7, from left to right (in, e.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 is said to have a fixed length, which can be one, two, four, eight, or



intelligent workstations coupled to a host processor. Still referring to
FIG 19, the networks may al so include nmai nframe conputers or servers, such
as a gat ewaypovowpuwieer (client server 5046) or applicati eeTE&PeMeN60NENDt €
server 5048 which may access a data repository and may al so be accessed
directly froma workstation 155045). Afﬁhtemay conput er 5046 serves as a
point of entry into each individual network. A gateway is needed when
connecti ng one networking protocol to another. The gateway 5046 may be

prefer ab's&t@e%%&?L&@_e@ﬁ@&é"&ﬁ BEIMREdY oF ind RELEARKs SOEn Y IcBxAmRLe) by
means of a commruni cati ons |Iﬂi The gateway 5046 may al so be directly

coupl ed tstorageeonsranaddrodd ook Snpliciddme is50¢d cgiGRly, §64B]d B4 tadiavga mariable
icati li.nk.  Th t t be i npl t tilizi

N oSer qeieiv it b RS o T 1 e S e P ek R B O RUF fot B ™

Machi nes ifsefp@ea! indmultiPRE @F té ByteOBEsthéraftiltiplet P Whén int$mnaiign i ffaceli9n

sof tware programm ng code which may enbody the present invention may be

actessed syagchdicpppicas b pnlchescdivie lheatinns penicBlodl thaioie inshigled ét thest or age

medi a 502,: i dnive.

25progra%%$ﬁ%ﬂggggaﬁg§ béﬁgﬁ%%%?éghg%ﬂgiég%gﬂg&$§9ngyiﬁﬁ&%%%§ﬁmﬁ%t|% for
use W t h tiee dagth opriectds beigg sysédem such as a di skette, hard drive, or
CD-ROM The code may be distributed on such nedia, or may be distributed to
users 5050, 5051 fromthe menory or storage. of one conputer sysfemover a
et vor k RGTETHERS S5 RATRA08\753 WS G 18?89%70‘&@@%1%“%%&: AP A {st ens.
VO 2011/ LGAZOARGT! RE2DAA OGAR1R. 56 AhLPRIGbRYELYIreNEa AGHEBTIAG. ARG Ty

be enbodied in e menory 5025, and accesse processor 5026 "Using
tHe procebsant inytesSphciprmagreann gigercodeldsa 2udes, aad 16potcatonmrg istggtabm whi ch

control s,the, funct,i and interaction of t.he various c ter.co nent s
and one SPUNKIE STBTNOE Pote'Brib gt MisCostss N EPY G b DEIRIELORBIAATY Spaged
Sfrom st eragRidBeldteTleck ¢fAndth@hiosd aefoMEER Yo RdATo M @hsecutivd Bytayad 4 abl e
for processing by the processor 5026. The techni ques and net hods for

enmbodyi ndowditabeundare gk demhlengoiddsle sravpred gty consacybiyg diytealonmp gicht-baisd/ or
di stributin of r via n r r.e | Kk il t. be
further EP?%H@-e§uégﬁﬁﬁgg&ﬁgaPéﬁﬁ§3€§§”§%%%%ﬁ%ﬁg}%gﬁgﬁ%quoﬁ% gﬁmg
tengi bl e storalicid{dssus |desipinge hatfwmas, Wodds tdetblcotdseaid Quideordmebimmpgul es
(RAM), flash 10rr,1=:rn)rék,g Conpact Di scs §CD5 , DVDs, Magnetic Tape and the
like is GPRTEIFIAEPRPF B addreascantaipoifnuter: thicodi dpaigiiiuest Zeromie. conput er
program [ -
D o cr abroy Anshf kBt Lfl B8ph Yo SRR Breb o L PRI MLty
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 instructions 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



The cache that is nost readily available to the processor (normally faster
and snmal |l er than 150t her caches of the processor) is the |lowest (L1 or

| evel oneyocatliwomad main store (main nenory) is the hi ghegtr2010Metoicache
(L3 if there are 3 levels). The |l owest | evel cache is often divided into an
i nstruction cache (I-Cache) holding machine instructions to be executed and
a data cache (D Cache) holding data operands. Referring to FIG 20, an
exenpl ary processor enbodi ment is depicted for processor 5026. 20Typically
one or Ngsen bEMFSr REmSACID2 P IR rc AP LWt Q/sRH SRY aTRARIK SBI@EKS N
order to inprove processor performance. The cache 5053 is a high speed
buf f er hothir agmpetehseystanmeor nfe byausorsyo fdathothératystame. | i kel y to be used.

Typi cal cache lines are 64, 128 or 256 bytes of nenory data. Separate
caches ar. ften enpl oved for. . caching instr | ops,.than far hi ng ,dat a.
Gache condrant e dReiyines HeiGRC 8 OfsaMBLONRH Py A% s GRGN B
25caches)inttmciéd enthpravdudednipyitey 3bipoientsSdhd@pe oah@a¢ hppriastiodeproghergwn in the
art. Main nenory storage 5025 of a processor systemis often referred to as

a ache. Programgpde sswsmaly Baaseh ey biates mediadeyicsr0d AdntesolBycllighest or age
5025 15 %ﬁ)@tsd[ogfpﬁge%g{og%e?%ﬁ%ﬁvﬁ% f RELANAL fop phouloifiB6NBroRLAGESOd, e
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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 example. 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 system 5021 may communicate using a wireless interface, such as a CDPD



the current program counter value is saved in the program status word al ong
with other state information about the program being executed (such as
condi t i orwoadasep70and a new program counter val ue is | oade®ppaionsiony t o an
instruction of a new program nodule to be executed. A branch taken
operation is perforned in order to perrﬁ&: the programto nake deci sions or
20l oop within the program by |oading the result of the branch instruction
into the program counter 5061. Typically an instruction fetch unit 5055 is
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performarithnmetic operations on operands accordi hg to the opcode of the
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ei t her fn% neqpr¥ %025 5arch%te§t§d regi sters 5059 or froman i medi at e
field of WHESFHYTHEFINR BEPRG LI BIPEESBESul ts of the execution, when

stored, are stored either in menory 5025, registers 5059 or in other

machi ne IsallldéRiend SUAG. 88 tBORdtHOkksBY A§eihsudPDMifRghSEehfutaldr kdigerk, ke) . A
processor 5026 typically has one or nore units 5057, 5058, 5060 for
execut i ngueth® F greyHorenauterieliqng servercG4ehor apefiestionrigrvics (Fmate sevgr Sadd
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5059, a decode/di spatch un
15 5045). 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

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.



store unit 5060, and other 5065 processor units by way of interfacing |ogic
5071. An execution unit 5057 may enpl oy several register circuits 5067,
5068, 50680n011eh™4i nformati on that the arithnetic | ogi eCumpRo10AE10Y9 5066

wi |l operate on. The ALU perfornms arithnetic operations such as add,
subtract, nultiply and divide as well s | ogi cal function 15such as and, or
and exclusive-or (XOR), rotate and shift. Preferably the ALU supports

speci al i zed operations that are design dependent. Qther circuits may
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function on the operands, For exanple, an_ADD instruction may be executed
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or one of, the two source  re er The executi nit prefer t lize
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that is ¢3RaRb&sGhe Bﬁé&l@ﬁt@f%l?mVeﬁédrﬁlSlﬁePJysﬂeﬁﬂﬂoP@iecﬁﬁ&%ﬁz MHredsdn@s Shift,
Rotate, And, O and well as a variéty of algebraic functions

i ncl udi n@lralmy of add, subtract, nultiply, divide. Some ALUs 5066 are
desi gned for scalar operations and some for floating point. Data may be Big

or Littl & gy ape FRED Wi e ProduPt ol alt PLRF b bR 204, T2
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since eit a negative value or a p ue 1 n S
r equi r es aahataycache (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 are 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 are 64, 128 or 256 bytes
of memory data. Separate 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 ctc) 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.



10 an addition within the ALU Nunbers are commonly described in shorthand,
where a 12 bit field defines an address of a 4,096 byte block and is
comonl y wexeri/tse4as a 4 Kbyte (Kil obyte) bl ock, for epamppeo1oRefoayring to
FIG 21B, branch instruction information for executing a branch instruction
is typically sent to a branch unit 5058Uhich often enploys a branch

predi ction al gorithmsuch 15as a branch history table 5082 to predict the
out cone of the branch before other conditional operations are conplete. The
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5080. The branch unit 5058 nmay communi cate with general registers 5059,
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prlogr am eke@piraoncomnteeny mcreoguidriy aa apenhesdquasto the huymber df/b@tds mif €rer amptenon

signal causing a t. switch or | i -threading activity.30Qof. a

ol tr al 1 ¢ g ge D g e (Sl Trirueion b CemburiRe i Odedt e iebically G e
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currently executing program and then WO 2011 160704PCT/ EP2010//067019 63
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informatiQ aved in har re regi sters.or in nory, for exanple.
Srate bRt rod tpPBrErmsPy LA S ot TS T o LT FRUEh b B hG ¢o
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information and architected register content. A context switch Sactivity

can be exks QIrEatpIogr4A QAT &abICHiE AVES In the Progamistiusor ogradans, Wighethat statg
system pr. 0 i ] | CO- I i Nt ernal
code. (Lt 0§ prarilboh! HEHRFa G ot AE R0 oo Rofif SRERAAL, ol SRR Ghobilk
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i mredi ate operanﬂ usi ng.the v?lue of a, portion %f the instruction, may
A branch taken operation 1s pertformed in order to permit the program to make decisions 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 behalf of the
processor 5026. The fetch unit either fetches “next sequential instructions”, target
instructions of branch taken instructions, 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, a 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



10provi de one or nore register fields explicitly pointing to either general
pur pose regi sters or special purpose registers (floating point registers
for exanpwe)oiffieerounst ructi on may utilize inplied regi sPerErP2@ensioid ed by
an opcode field as operands. The instruction may utilize nmenory | ocations
for operands. A nenory |ocation of an dﬂerand may be provided by a
register, an imedi ate field, or a conbination of registers and i medi ate
field as 15exenplified by the z/Architecture(r) long displacenent facility

wher ei n tREohASEIMAS 50IY, 4858 980.2ARAREWBA RN 8057 Al Iypdanyr&giwt er and an
imrediate field (displacenent field) that are added togetKer to provide the
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The | oad/store unit 5060 may 25be specul ative and nay access nenory in a

sequence that is t-of-qrder relative to instructio equence, however the
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These virtual  addresses are virtual in that they are redirected to physi cal
specialized operations that are design dependent. Other circuits may provide other
architected facilities 5072 including condition codes and recovery support logic for example.
Typically the result of an ALU operation is held in an output 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 instruction for example 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 fields 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)
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f unct i on addrekuuif the donditwplcedestneat hee branch requirement of the branch instruction, a 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 I/O interruption 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



i ndi vidual instruction or operation. In an enul ation environnent, a host
conputer includes, for instance, a nenory to store instructions and dat a;
an i nstruwoi2on/feetoah unit to fetch instructions from nmeROTEP20IH/06T19
optionally, provide |ocal buffering for the fetched instruction; an

i nstruction decode unit to 15receive tHS fetched instructions and to
determ ne the type of instructions that have been fetched; and an
instruction execution unit to execute the instructions. Execution may

i ncl ude hQadisRe: Hajrmhalifh Qodht %ﬁ&h&ﬁ%gﬂ‘aﬁ%ﬂ?@é%d Ak ifiSriialod RAcke t o
menory froma register; or performng sone type of arithnetic or 'l ogi cal

oper at i orsaveaisndieltdaram wgdtemyom inenefewyder @mmple Iﬁawnefom@tm pefeeddh unit is

i npl enent ed i.n re. nstan t he perat be| n .or med by
L o Bk bRt ounBL viE bR R 1 e PR LR RGP SRR Ad g0

sof t war e.coyl ek irenlaiohYnfolMatidnEid k¢ ai¥eied dEgidtbt @atRE ARGhicREswitch
instructions are used byd%rogran’mers usual ly today "C' programmers, often

by’ way ofactavi ibeerergpppd by dnidovere qiFaidts, dppbeatigatbregiamstapeeding SYHe8 st or age

medi um eé%gmg éFﬁ cftire ’&88& IEIC coge %1(1%hczddg‘r09 ﬂhént% &ggl)coxilggﬁlrci)) aﬁ&gv&r or

alternati |nes e ecut I'ng “ot'her "arc ure

enul atedlmﬁoﬁlhlﬁatﬁi)ﬁ stl ng and in future IBMr) mainfrane servers and on
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Li nux can be used as wel| as machi nés which use enulation by Hercul es (see
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emul at ed rgé’lg)[&? Eh %meJ Q?e f?erﬂij,lo‘% | @fhbination of registers and immediate field as

15 exemplified by the z/Architecture® long displacement facility wherein the instruction defines
a base register, an index register and an immediate field (displacement field) that are added
together to provide the address of the operand in memory for example. Location herein

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
5053 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 instructions were executed in order. A load/store unit 5060 may communicate
with general registers 5059, decode/dispatch unit 5056, cache/memory interface 5053 or
other elements 5083 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
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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 1/0, caches, TLBs and memory,
interlocked for coherency. 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 exclusive state, a changed state, an invalid state and the like in order

to facilitate sharing.

25 I/O units 5054 (FIG. 20) provide the processor with means for attaching to peripheral
devices including tape, disc, printers, displays, and networks for example. I/O units are often
presented to the computer program by software drivers. In mainframes, such as the System
z" from IBM®, channel adapters and open system adapters are I/O units of the mainframe

that provide the communications between the operating system and peripheral devices.



Lethin et al; and U S. Letters Patent No. 5,790,825, entitled "Method for
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intended _to include the plural forns .as |1, unless the context clearly
In one example, each unit 1s implemented in software. For instance, the operations being

20 performed by the units are implemented 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 running Linux on a wide variety of machines using hardware
manufactured by IBM®, Intel®, AMD ", 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.org) , or FSI (Fundamental Software, Inc) (see



i ndi cates otherwse. It will be further understood that the terns
"conprises" and/or "conprising”, when used in this specification, specify
t he presenoeoafiéstoat ed features, integers, steps, operaPComEP0ieloeToeNnt s,
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nore other features, integers, steps, dﬁbrations, el enents, conponents
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suppr ess énitadHp sConEPbicHisFaY IBBRFraTIERYSE AR I erSt aiing DB feebviers ofynamic
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mechanisms, context switch mechanisms, Time of Day (TOD) clocks and architected
interfaces to 1/O 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 function emulating a function
of an emulated processor is implemented, for example, in a “C” subroutine 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 Incompatible Instructions on a Target Processor”, by Scalzi et al; and U.S. Letters

Patent No. 5,574,873, entitled “Decoding Guest Instruction to Directly Access Emulation



interrupt requests are not being processed tinely or an indication that
event indicators set responsive to other interruptions requests have been
processedyvoand/wnmgent i ng the anot her interrupt request PCO/EPR@OOPBIALI NG
system 2. The nmethod of claim1l, wherein the one or nore set event

i ndicators conprise one or 20 nore adagt’er event indicators set in an
adapter interruption vector accessible to the operating system the adapter
interruption vector corresponding to the adapter and included in an array
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met hod of claim4, wherein the nethod further conprises; recejving_by a hub
coupl ed thswﬂreutaer%f*ptnery pHhersatiystRee 2 vaigy of kRO W Yawus to; achisye cmulatiop g€pnsi ve
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t he secon I ng I ndicator aim1 erein an
ihlerrupwkmhdnnﬁdeﬂtor t he adapter as set by t he 10 operating systemis a
single interruption node, and wherein the presenting the interrupt request

aut omat i es t.he.i nter t.i ons rm i.nterr.u

the o | bEIEE PBRSTREAS" PLET bIorr Ry sude i orpre et L EopBRa g
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set for an interruption subclass and applies to a plurality of processors,

and wher 80A2.ithehesd aptcessor €CR LAY aglan emulatediBistpreeessprt(Povistughisst ass.

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 a sequence & access/decode routine which may decode the

25 host instruction(s) accessed to determine a native instruction execution routine 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 1/O 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



8. The method of claim7, wherein the interruption subclass exclusively

I ncl udes one type of adapter, and wherein the interruptions node is set for
t hat typewof2o0uadaptoer . 9. The nethod of claim1l, wheP€eTrEPRI10/06T9EY at i ng
systemis a guest operating systemand the first pending indicator and the
second pendi ng indicator are stored in @& guest interruption 20state area in
host nmenory. 10. A system conprising nean adapted for carrying out all the
steps of the method according to any preceding nethod claim 11. A

conput er RFGGHAR: 6PIR RN Dni BEHTNC EhaNS hfaﬁfwé%@ﬁﬁ& bﬂgoﬂ%ngﬁlek midjatieps of
t he nethod according to any preceding nethod claim when said conputer

pr ogr am ipsoasesctotastist2BoprogessoniilfBen coykitipgthe ﬁlIlCthIl of the host computer 5000'".

The terminology used herein is for the purpose of describing particular embodiments only

and is not intended to be limiting of the invention. As used herein, the singular forms “a”

5 “an” and “the” are intended to include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the terms “comprises” and/or
“comprising”, when used in this specification, specify the presence of stated features,
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

10 and/or groups thereof.

The corresponding structures, materials, acts, and equivalents of all means or step plus
function elements in the claims below, if any, are intended to include any structure, material,
or act for performing the function in combination with other claimed elements as specifically
claimed. The description of the present invention has been presented for purposes of

15 illustration and description, but is not intended to be exhaustive or limited to the invention in
the form disclosed. Many modifications and variations will be apparent to those of ordinary
skill in the art without departing from the scope and spirit of the invention. The embodiment
was chosen and described in order to 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 invention for various embodiment with various modifications as are suited to the particular

use contemplated.
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CLAIMS

1. A method for controlling interrupt processing in a computing environment,

comprising steps of:

determining that a first pending indicator has been set indicating an interrupt request

by an adapter of the computing environment;

presenting the interrupt request to an operating system, the 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, in response to the presenting, the first pending indicator indicating to one or
more processors that an interrupt request is not pending, wherein a second pending indicator

remains set to suppress other interrupt requests from being made pending;

determining that the first pending indicator has been set indicating another interrupt
request has been made pending, the first pending indicator set responsive to a determination
that at least one other interruption request is not to be suppressed, this determination
responsive to at least one of an indication that event indicators set responsive to other
interrupt requests are not being processed timely or an indication that event indicators set

responsive to other interruptions requests have been processed; and
presenting the another interrupt request to the operating system.

2. The method of claim 1, wherein the one or more set event indicators comprise one or
more adapter event indicators set in an adapter interruption vector accessible to the operating
system, the adapter interruption vector corresponding to the adapter and included in an array

of one or more adapter interruption vectors accessible to the operating system.

3. The method of claim 1, wherein the first pending indicator is set indicating another
interrupt request responsive to the operating system determining that a rate at which interrupt
indicators are being set to be processed by the operating system exceeds a defined value or

event indicators to be processed have been processed.
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4. The method of claim 3, wherein the first pending indicator is set responsive to an
instruction issued by the operating system resetting the second pending indicator and
responsive to the another interrupt request being issued by the adapter resulting in the setting

of the second pending indicator reset by the instruction.
5. The method of claim 4, wherein the method further comprises:
receiving by a hub coupled to the adapter the another interrupt request; and

responsive to receiving the interrupt request, setting the first pending

indicator and the second pending indicator.

6. The method of claim 1, wherein an interruptions mode for the adapter as set by the
operating 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 first pending indicator.

7. The method of claim 6, wherein the interruptions mode is set for an interruption
subclass and applies to a plurality of processors, and wherein the adapter is included in the

interruptions subclass.

8. The method of claim 7, wherein the interruption subclass exclusively includes one

type of adapter, and wherein the interruptions mode is set for that type of adapter.

9. The method of claim 1, wherein the operating system is a guest operating system and
the first pending indicator and the second pending indicator are stored in a guest interruption

state area in host memory.

10. A system comprising mean adapted for carrying out all the steps of the method

according to any preceding method claim.

11. A computer program comprising instructions for carrying out all the steps of the
method according to any preceding method claim, when said computer program is executed

on a computer system.



